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W B EBREE Themomyces louginoss FERHASEF R T 0T #ibits 14d, SR BEH
BRI, DEAE -Toyopearl @ F3c# 247, Butyl —Toyopearl g /K 2 47, Sephacry!
S —300 4+ TR FPLC MonoQ 78B4, BB TRRERKY RN, 4k
SRR AR RIS . PR FRE FIDNS 3 8UE AT RO &, 2 2B R iRk
At T R, (EE A R MRR; Y2 TLC B s SER O _RE%HE. dit
REAE Ny o —JE#i®. A SDS—PAGE H) Sephacryl S 300 4 T ZHMES T8 N 5600,
AREE. MUY BREREMPH K OST M45~ 50, FEpHI6KHT, MENT
REEN, 0T 4R th, JHEE 4% KFREEE; WE 70T MEFED%N Omin, SET
HEHMIEER. BYWEEANES o KRED.

KA WUEE. Themomyces lonuginosus, o —FEH

o— MRS (x—amylase, EC 3.2.1.1.) B—FEFRIEEN ERE. SRRk
MNETE. EFEHCBEERE REhELAESETRI N T EREY - ©
CEME Bé E¥ SAXTLVFEATSHER. REF - EHHBR
RHWAXHEHEN. ATEREFEEN T VHE BHEAMERI®R=EE
MR E k. EJLE, MEHEE (thermophilic fung)) h A BB T M a— ¢
BEHHRSIEANMER. B AJLHEREE (Mucor pusillus Talaromyces
emersonii: Thermomyces lanuginosus) L BFAT K o — FEkE 2", HENREL
RAXTERIPIFMRE. & CHEN P ESE 2 0% UE B Themomyces lanuginosus
o — JE BB I i1k B — M

1w F %
11 B, BFEEEFES
111 BEFRR: Thermonmyces lanuginosus i YEE 53 353548,

*ERBEERHGFRE L AE ST,
EXF 196441 A 20 HEl.
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108 w % B ¥ # &

112 % (YPS): 1000ml HF b & afHRMER 150y BMEBE 40y
K,HPO,3H,0 1.0g MgSO, 7TH,0 0.5g Vogel's M B L €M 0.1 ml., kL% i pH
2 6.514,
V13 53R &: ¥ Thermomyces lanuginosus 3R FEE 30% BiEH) YPS Bl k% 5t &
BT, S0C 3% 7d 55, A& 0.05% (v /v) Triton X-100 WEEKE T 4o4E
. MESA SR BERAMMATFERE (BEZEAMTFREFHES 1001/ F). £ 1ml
HFEIF RS S SOml 9 YPS ki B =M (3L408E). S0C £4TF
Bk 3R 14d f5, 33k, 8000g .0 30min, | iRCYHERRKD.
12 EyEMENTE

RIS LM E B SN EDY. 2ml 1% RSB, 1.2ml 0.1mol /L pH4.6
MRt ohik. 0.4ml 0.5mol /L CaCLEFITF (60T) 5, 0.6 ml Bk, 60T &
TN 10min f5, #10.8ml 1mol /L HCI & k&R, WRE 1 ml 2 5 8 s ¥ p i
2ml, 7620 nm LI AREER. — MRS BN E UHE S HKE 10mg 5T %
HEHWE. '
13 o Eaie
131 GRRESHRIUE: MBI E SRR % EMAE 90%, d&E. 8000g &L
30min, F LW, HEERT/E 0.05mol /L pH 5.0 fESERZE MR, #£0.05mol /L
pH 5.0 HIREBRZE mb P& 7 24 h,
1.3.2 DEAE-Toyopearl & 73 #EHr: ¥ EH SRR T2 0.05mol /L pH 5.0 fAL

M 2% rh ik T- 45 6 DEAE —Toyopearl # ( DEAE —Toyopearl ¥ 3% H Z& TOSOH ##£< -

HES, HEADMA1L.0x20cm). BEA %A 240ml 0.05mol /L pH 5.0 BERS 22 rh i 3%
RE A A)E, T 120ml 0.05mol /L pH 5.0 fYREES S rpii A1 120ml 4 0.3 mol /L
NaCl (R 2E sl P AT LR PEBE SRR, ik 0.75ml /min, 3min i 2E 1 . EWE
WEFBEIS. HITBRKEN.

133 Butyl - Toyopearl iKE#r: DEAE B )5 ) 88 i B A B8R 8 Z A 50%
Ji. WY EE 0% A EHEKEEN 0.05mol /L pH 5.0 B &G4 »h il F 45 19 Butyl -
Toyopearl #£ (Butyl—Toyopearl ¥ i & H & TOSOH #k X 2#H = &, B X/hb R
1.0x20cm). BEEA LR 120ml & 50% WAMER SR 0.05mol /L pH 5.0 BEREZE »p
WU E Ap A7, B 150ml & 50% A EFHE A 0.05mol /L pH 5.0 BSEZ mh
B 150ml A F AR 0.05mol /L pHS.O BB E MM HAITEERE R, HiE
0.75ml /min, 4min Y8 15, BHEWESEBRE ASEEE.CH (Centriplus—30,
%[ Amicon, Inc. 24E]*=5) WEZE 2ml F5HIT4 FHER.

134 Sephacryl S—300 f-FifR#: #§ Butyl — Toyopearl B#7/5 #4874 2 ml MW i T
£ 0.05mol /L pH 5.0 BEERZE " H I #5 &Y Sephacryl S—300 & (Sephacryl S—300 % &
7 Pharmacia 2> "] F= 4. BEK/PpK 1.6x100cm). BEEH 0.05mol /L pH 5.0 B A&
ZrhBER, WK 0.4ml /min, 2.5min Y | F, EHEWEEERY. FBEEL
FRAHE | ml J531T FPLC MonoQ BEF 82 H.

135 FPLC MonoQ BB FXXHEH: B4 FRENFRHN Iml BB T2 005
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24 FEN%: BREE Thermomyces langinosus BE35E o JEMREETA{E Rt 109

mol /L pH 5.0 B§BR % v -4 ¥ MonoQ HR 5 /54 (Pharmacia 22 7)P=#&). MER
6 10ml 0.05mol /L pHS.0 BEBE B P BE I F Ay A2, EfJ Sml 0.05mol /L
pH 5.0 (SRS ZE phi A Sml 4 0.15mol /L NaCl )41 [F128 ¥ 3 o #4728 145 45 FF 26 56
BJ5H 50ml & 0.15mol /L NaCl # 0.05mol /L pH 5.0 B8 28 rh 3 #) 50ml % 0.2
mol /L NaCl f§ 0.05mol /L pH 5.0 BB rp R TRMEB YRR, B XN I ml /min,
I'min 58 1 . TEHEERA SDS - BERMBLREEER B Ik ahA.

FREHABRYE4C £ THIT. B A Pharmacia /4 7 1 % 5 5 ¥ X
(UV-M 1) #irem.
14 EAZERETE

BEHSEMEH Lowry Y, BI4 MK & E .
15 SDS—-RENERIEREX (SDS—PAGE) EETEREA

H SDS—PAGE #ih o — BB AWM ECH 4 TR, BREE R 10%, 7
BEAMLEBEUTARERBEARLABAE=HNES TEREERED. «-EHBE
SDS—-PAGE 7, & EH" J5ErigtEgal.
1.6 Sephaayl S-300 # FiREHMESFR

8 Sephacryl 8—300 43 FifEtrilt bW « — MBI F&. JrkR 1.34. 5
HEEARF L.
17 EBEMSEERR

100 ul 2% AT 3EH. 100ul 0.1mol /L pHA4.6 BEREZ W3 (4 0.05mol /L
CaCl,) B&JG, 200 pl 268§ %, 60 TR 2h 5, BUR M & #H1THZEE(TLC).
EHAMREEAEZFERNEGEE KRNI ETEHE -8 -K (5:3:2) BN,
BAW R 0% HEME K. EH KN PK6F SILICA GEL 60A (Whatman 4 @&
E&)mw
18 EBKBERNE

Sml 1% WARAIERE®K. 3ml 0.1mol /L pH46 BEE W, tml 0.5mol /L
CaCl, AB MMM (60T) J7, M 1.5ml B, 60T FREFRREAME (0, 5. 10
20, 30. 60, 120min) FEFE, AHIMERKPERBAEENERENOE. EHE
EARER VL, EEEREH DNS &,

2 X
21 EBNSLRET

HEMRAHME TR, DEAE—Toyopearl 1 # Z#7. Butyl —Toyopearl
#i7K B #1. Sephacryl S—300 4> 1 % )2 # f1 FPLC MonoQ B ¥ X E W 5, £
SDS—PAGE sk #iikh, Dok h—&ELH, SR ATHEEOH R ENEH
(A1), {LEHRMHY=RMAEHERLE L

HiRGZS SDS -~ B MBI kM E. S TFERNS6000 (A D). 4M5HE#EER
—EH#4T Sephacryl $—300 2+ FFF 27T, ZEEHIEBAOERBIATHRAERS PHRBM L
Mo (TR N4000 WUEBMER WMSEnEAZEA (67000) FillshE

© PERZRMEIFRITATEBSSHIEL http://journals. im. ac.

cn



110 W o4& B ¥ W 3%

#F1 Thermomyces laouginosus o —SER RIS
Table 1 Punfication of a—amylase from Thermomyces lanuginosus

¥ L &R 8 &EA g [ 2= g adfu
Step Total volume  Total protein SA Total activity Yield Purification
/ml fmg /U - mg”! /U % fold
Crude Extract 86 172.40 6.0 1032.0 100.00 1.0
90% (NH,),S0, 7 8.8 21.30 828.0 80.23 36
DEAE —Toyopearl 24 7.2 78.33 564.0 54.65 13.1
Butyl — Toyopearl 17 204 141.70 290 28.00 2.6
Sephacryl S—300 6 0.30 172.00 51.6 5.00 5.7
FPLC MonoQ 8 0.24 200.00 43.0 4.65 333

94 000

67.000

43 000

30 000

17 500

[o}
A B c AR
2 Thermomyces lamginosus a -85
B | Thermomyces lameginosus o 3¢ ¥R PER S SR = 2 AT
SDS Rk MEHRErER A ZHE (M), Bo-RRBSERRMNG
A GRMEER, Boa-Emms; C EHRA. W=y, C w5 (G).
Figl SDS—-PAGE of a—amalyse from Thermomyces Fig2 TLC of hydroiysates from soluble starch
lanuginosus and standard protein samples with a—amylase from Thermomyces lamginasus
A.Standard proteins B.x—amylase: A.Maltose(M); B.Hydrolysate from soluble
C.Activity staining starch; C.Glucose {G).

(430000 MUBEBLABIEGE (BRI . BHIARENBRATE.
SESRYERENE, FRE TLCahEFEMOBHERE (H2), ER%R
TEBMRA «— TEH BT
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28 ZX )% ERREW Thermomyces lamuginosus A 5E o —SE MR AL R Il

22 EN—RER
221 RNRBERE: ARFABRETHMESEESE. SRRE3. MEHWBRESEE N
65C .

2

oe
=3

i)
o

HAE 1E Relative activity/ %
g
FA 3T E ¥E Relative activity/ %

b2
@

=

20 40 60 80 100
/T
B3 i EN Thermonyces lamginosus o —3E B 4 pH if Thermomyces lanuginosus o —3g 8y
BEENNE Y MR YR M
Fig.3 Effect of temperature on activity of Figd Effect of pH on activity of x—amylase
a—amylase from Thermornyces lamginosus from Thermormyees lamuginosus

222 RNEEpH: EARPHENERI W - IrERENB PN BENE. &+
W4, WEFEHEE pH4.5 ~ 5.0,

223 BB TH: SEES501Imol /LEEKREE (pH46, 4 0.05mol /L
CaCl)) EARRE FRBEAR GBS BEKBFSH, £ 60T X TREE LA
SRBAIRETE R 100%, ZFHRWE 5. Thermomyces lanuginosus ) o — TE 4 8§ A 5 5 H#
BEt, BESOT £GTRBEEN; 60T HFHE Lh, mﬁﬁa%%&alﬁﬁﬁﬁ 0T
AR 10 min,

224 EHEDERM: KR SR, BEMBER NG DNS 38 E K g LG
HREEAY, DBHESNEDHEEE R 100% ZB5EFEH PNPG RN EH
TICHWMEBFEERER LEEHEERNNE LR, FRNEK2 ZMEKHEE
B, RN BRAKRRE ), RREKEE IR PNPG.

225 REERBETFHMEHEMNER: EMEREFMARFNERE T, FHAKRE
#0.05mol /L. ZEARAERMFT R EMIEHE. UAMERE FHUBE N 100%, FHRRE
3. BETHEAREAER AEETHERETHR. HEBS THXEEEaMHER,
HPgEf WEFARETFHHERRK.

226 FEKEER: BESERRNFREEE, 25000 # a0 s E R iE
Bk, SRREG ZMSEMENG. F20min ARBHERAETHE 33%, il
FMIER R A 10% (LI Omin BY3EHE H 100%, 120 min §E B R 100%), &
A NIRRT
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112 m o ®wm ¥ #H &
&2 Thermomyces lamginosus « -SEHRAI DS it
Table 2 The substrate specificity of x—amylase from Thermorpees lanuginosus
I3 L) HX & 7} HST RS
Substrate /% Relative activity /%, Substrate /%4 Relative activity /%
Starch 00 Maltose 0
Dextran 20 PNPG 0
Glycogen 12
%3 SEETY Thamomyces lanuginosus o —TE G REIE N B
Table 3 Effect of metal cations on the activity of a—amylase from Themmompres lanuginosus
ERET MR EE &R BT #Hox N
Metallic ion Relative activity /% Metallic ion Relative activity /94
Cacl, 120 FeCl, 62
NaCl 9 ZnCl, 8
BaCl, 82 CuCl, 47
Mg, % HeCl, #“
MnCl, 91 HO 100
120
2 =+
100/ =100 100 "'S
® L
~ 80 g 80 80
£ 2 -§
= 60 % 60 160 k:
g =4 ¥
3 @ E 40 140 ;:
3 & 0} 20 g
% 20 bl o]
l‘E a 'l 1 1 i 1L 0 ‘-’ﬁ
a2 20 40 60 80 100 120

£/ min

35 Thermomyces lonuginosus @ —JE K&
etk
Fig.5 Kinetics of thermostability of &—amylase
from Thermomyces lanuginosus
150, 260T; 370T; 480 .

¢/ min

B 6 Thermomyces lamginosus o3¢ B3t
b AL E S

L3k, 2 FEUE.
Fig.6 Time course of hydrolysis of soluble starch

by the x—amylase from Thermmompces lamginosus
L.Starch; 2 Reducing sugar.

AU EGRIHTAIRL 4B R R — M «— SEMRS.

3 Wik

Jensen % H} DEAE & T8 BEH MG A RH B L B E KL T Thenmomyces
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2 FE)N%: EHATE Thermomyces lauginosus ST « — MBI A4k R i 113

lamuginosus ) o — TR, AT L9 2545, HIERIEFEBPA 262U /mg 1EHE
660U /mg’. RXERALRAUM T HHE o~ €M, ik 3334%, FHIEH 6.0
U/mgfEF 200U /mg, WPyEmMEL. AW BEERESR /%40
G

AR Thermomyces lanuginosus «— JEMAE 5 Jensen £ AL I BN o — SE XS
M, FEMEEAMEMSY, CIRATEER M «—ENME. 4l o— eSS
AR NS, SRR R, Jensen ALY « - MG S T M
EBRNE, AFYNAEFERNTESEY XTRER G TR S &SR e
TLC F&#iA IR AE.

Jensen Sl Thermomyces lanuginosus ¥£ YPS Mifk 56 F SO C K4F F#p L35 5
14d GRemM it e, RITERA TN TE. BRI ENERALRGE
B, SERMATEIE—EREN Y, BERERRERE. —2E0EK, REES,
EXHEB AR AR, BRI —REN - FR RN BRE SR FE. % Themonyces
lonugiosus I E MM EN CREFBREFENBEAYD. BN EESHEE
Talaromyces emersonii ifj o — JE ¥ BE 2RI E. coli 1AM HeLa 47 i i £ 158 ",

Thermomyces lanuginosus 5} 3%, 4@ F R FE AR BORKHE. Bix
W RBRARDEREENTE IR EHRTHER (SEKH). Hit. ZE/H
TREMER, FAEHE WIS

WEEE Thermomyces lanuginosus REBEY T HE K FREER B —MEHM,
HAREB A BB AW AR E N R RS, ZEP RN «— 3R R H B 3
MK EBEM (mesophilic fung) Aspergillus oryzae $1 A. awamori ity o — 3 WRELL B
F1% NOVO 2 Al ) “Fungamyl” AW «— MM AER A RBEERHARERENE
BNV, e Tl AR Y. %o M E AT Bkt BF7658 o — 32
MM EGE pH R 1 ~ 2 pH Bfy, XTEEANAENWIT S LAENE. 85 ©
WM o - EMBEG R —, FRFH «— TR IR0, Bl HZEkTE
AMIREAEEE L.

8 % X ®

[1] Somuti G A, Steinberg D H. Indest Microbiol, 1980, 21: 327 ~ 337.

[2] Bunm L, McHale L. McHale A P. Exyme Microb Technol, 1989, 1L 370 ~ 375,

[3] Jensen B, Olsen J, Allermann K. Can J Microbil, 1988, 34 218 ~ 223,

[4] Jensen B, Wiebe M G, Robson G D er al. Mycol Res, 1993, 97. 665 ~ 669.

(5] Lowry O H. Rosebriugh N J, Randall R J. J Biol Chemn. 1951, 193 265.

[6] Laemmlh U K. Natwe, 1970, 27. 630 ~ 685.

[7) Chung Y C, Kobayashi T, Kanai K er ol Appl Microbiol Biotechnol, 1995, 6l: 1502 ~ 1506,

[8] Somogyi M. J Biol Chern, 1952, 195. 19 ~ 23.

[9] Jensen B, ) Olsen. Enzyme Microbiol Technol, 1992, 14 112 ~ 116.

{10] Bunni L, Coleman D C, McHale L er al. Biotechnology Letters, 1992, 14 1109 ~ 1114,

[11] Bunni L, Hackett T J, McHale L er al. Biotechnology Letters, 1993, 18 1095 ~ 1100,

[12] Domsh K H, Gams W, Anderson T H. Compendium of soil fung. Vol 1. London: Academic Press, 1980.
- TN

© PERFRMEDMRAATESHEL http://journals. im. ac. cn



114 w4t ®wm v RPE -

[13] Brock T B. Thermophilic Microorganisms and Life at High Temperture. New York: Springer Verlag, 1978,

[14] Sills A M, Sauders M E, Stewart G G. Indiust Microbiol, 1983, 24 295 ~ 303.

[15] BheBa R, Aliosaar L Can J Microbiol, 1985, 31: 149 ~ 153.

[16] Novo Industri A /$ Fungamyl, 1982

[17] Fogarty W M, Kelly C T. Recent Advanced in Microbial Amylases. In: Fogarty W M, Kelly C T Microbial
Enzymes and Biotechnology, 2nd ed. London and New York: Flsevier Science Publishers LTD, 1990. 71~ 132.

PURIFICATION AND PROPERTIES OF A THERMOSTABLE
a—AMYLASE FROM THE THERMOPHILIC FUNGUS
THERMOMYCES LANUGINOSUS

Li Duochuan Yang Yijun Peng Youliang Shen Chongyao
(Department of Plans Pathology, China Agriculiural University. Beijing 100094}
Zhou Peijin Huang Yicun
(Institute of Microbiology, Academia Sinica, Beijing 10008C)

Abstract A thermostable x—amylase from the culture supernatant from 14—day—old
static cultures grown on soluble starch of the thermophilic fungus Thermomyces
lanuginasus was purified to SDS—PAGE homogenous by ammonium sulfate fraction,
DEAE-Toyopearl chromatography, Butyl —Toyopeari chromatography, Sephacryl
S—300 chromatography and FPLC MoroQ chromatography. The hydrolysis of
soluble starch by the purified @ —amylase resulted in maltose and glucose as the end
production. The molecular weight of the enzyme estimated with SDS—PAGE and
Sephacryl S—-300 was 56 000. The optimum condition for activity were pH 4.5 — 5.0,
temperature 65 C. The o—amylase was thermostable at 50 C. The enzyme retained
94% activity after 1h at 60 C. The half life time of the enzyme was 10min at
70 C. The addition of Ca? had a stabilizing effect on the enzyme. Soluble starch
was completely degraded by the «—amylase, whereas glycogen and dextran were
hydrolysed to a lesser extent.

Key words Theromophilic fungi, Thermormyces lanuginosus, o —amylase
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