Japan soci ety of Home Economics

BARKESE Vol.42 No.6 515~522 (1991)

Ganoderma lucidum No. 15 OpEHET 2
TIT—¥DKHLE ZzZOWY

KB B T B H B ¥

(TERFREER)
¥ 2FE9IASERE

Purification and Properties of Amylase Produced by Ganoderma lucidum No. 15
Nobuko Onno and Takaaki Fujn

Faculty of Horticulture, Chiba University, Matsudo, Chiba 271

A starch-saccharifying enzyme, amylase, extracellularly produced by Ganoderma lucidum No.
15 was purified to homogeneity by CM-cellulose chromatography and gel filtration on Bio-gel
P-150 and Toyopear] HW 55F, and its properties were examined. The molecular weight of the
enzyme was estimated to be 53,000 by gel filtration and 54,000 by SDS-polyacrylamide gel elec-
trophoresis, indicating that it is monomeric. The optimum pH for its activity was 5.0. The
optimum temperature was 50°C. The enzyme was stable within the range of 0-40°C and pH
4.0-9.0. Its isoelectric point was 6.8. The K, value for soluble starch was 0.83%. The en-
zyme was capable of hydrolyzing some raw starches but potato. In the case of wheat and corn
starches, the starch-digesting rates were about 18.6 and 16.69, of those of cooked starches, respec-
tively. The enzyme was suggested to be glucoamylase because it produced only glucose from

starch.

(Received September 5, 1990)
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ChET, BFRENEBEEOILDEHBE IS
LR EDLDTARD o1, HE, BFEYFBLT
BADEEHORENRIND I ORI > TETS.
B BEBYL TA fuiX Polyporus versicolor, Trametes
sanguinea, Irpex lacteus 7o XU T AEK T m
FT—H, kAT —H, 7ITF—-EDL5LEEMK
DR, Ty —-EO XS RLBETERSEOREN
Benzb-® Xy, I lacteus, T. ostreiformis iz}
REWT, RAMRTHHY VX F REEEROLER
B+ 5B L ¥ T 1012 ¥ ¢- Polyporaceae
(Frs2vhrd) CRTHIO0 P BEERYE
WTHL00BD, chix7es7—ER I/ ArhF—+
REDHRAEROYRICIHLDOT, FEERIMELD
LEER, ARECIERATAZEVELLAC IR T

613).

BFHED7 1 5 —-CBL T, BT, Corticium rolfsii
AHU9627 o4 EET 5BEVETCAHYER, EpH T
BRI BT IHEX L > TV B LD, BbIhX
hTw39% bhbhd, KELIERTE7 $5-¥
CBALT, x4 ERE LD DICHEKCTERAEY
v, Bont-EREKCOVCTETFORFY ML TE
7210 L Liess, AEOBERVGECERIN TS
b7, TOMRLFHEROFM OV TIHLIAK S
nTuiou,

PlED X5 B FEBI, MEREES L THEKE
gLEZBNRD. T2 T, bhbhiihi Tcofsghs
LML T, BMEAEKELTHEELLONE{E%h
TW5DOTRIEVHhEEXBRA, YA/ 2 v rBHT
B+ 50 hLc@lko Ba ¥ T\, Ganoderma lu-
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cidum No. 15 B L T, FOEMT 5 CARIREERC
DWTALEREHELRNLTELY. BT OFE
#Hhv Ay () EHTh, HL<hLE0XGI M5
RTWB30THY, LARBETRHEY vV EROSLE
EERBACOVTOFRELER LD, T ATH
BZOWTLEILA (R TV 5L DTH 5.

A #4&3, Ganoderma lucidum No. 15 p\lCEAE
THT I F—EEREL, ToOBEILFENEERTOWV
TRAEMZ - b DTH 5.

2. RWKE

(1) EREKE TOREHE

HERER, RAERMEMRKFERE T LD FHR
E X W45 X hi- Ganoderma lucidum No. 15 ¥4 B\
7e.

BRI AET F-F* A e —2ERHEER Y B\,
28'C T7~10 ABEER YT, 4C OERBH TR
L. REEKI2 AL CHRERY L.

(2) BRH5E

BEABEBE ORI AR AN IR - 2217,

IR THIE Y A\ T 28C T4~5HM, ==
= —HEEH 5.0cm BB ETL vF+aX—}L
To. PSS & L T, =EA A SHIBEK, 0.5g;.
¥, 3.0g; F¥ARbte—x, 20g #XHK 100ml =
HML, ch¥-pH 6.0 CHELI-0L, 2.0g ORE
BWEEPMEzA—+ 27 v —7TC 1.25kg/cm? T 20 4y 15
BL-boxfVl. ok, (ERLCER =4 2§
HIHERTHS. BREEOI-DOEERL, EILFIR
BEEOY +—VIEGRABLLEAYHERD, Ch
iz 16ml OBEAKE ML V-V v 7TV F—-T3H
MABLTreox— b 2WBL, ZOEARF rE 0
F*—t0 L5ml REXEREHERSL 100m] = BREL -
DY, 28C T6 B, 150rpm DOERIRE 5 % FH
TiTol. MREEROBBEM L L TIHYIRT
v, 3.0g; M=% 2, 0.2g; WIHEHETAH, 2.0g;
NH,NO;, 0.18g; MgSO,:-7H;O, 0.03g; ~ 4 — v 80,
0.1g #7&™MAK 100ml =ML, pH 6.0 = HEL -
30 100ml % 500ml Z=A75 2 a2k AhFA&ETF
THRE L THV.

(3) HBEREOMY

LRREREY T 7S — e — F THBLTERGE YA
L, B6hAPRICT0 7 aME 15 X5 Hilk7 v ==
vakxtcnd, BLSMIZL DI TAYYED, =
hic 0.5mM CaCly 4 2t 10mM i MBIES &

(PH 5.0) 2V EMx BRL, Zh*RAEEHRLAHAVT
4C CH—BAGEHR Lo b o ABERR & L.

4) 7:5-¥OHN

CM-+a—x (Whatman) £ # VX7 e~< 7
57 4—=&34 4% P-150 (Bio-RAD) ¥ LU b = -2
—n HW-55F (Y -) oA A8%FVEH L.
CHNBDBRIEILITNT4AC Tt 1A V]I m=<
P77 74—k, EENSESK CEELL 7 CM-+
re—RAh3 s (266x80cm) #FATIT-7. =h
CHERRYRE XY, 0~0.5M » NaCl OREIR
® 500 ml DBEHE Y B CHEH LA, H#id 2ml/min
T, BHEE 10ml FO8H| L1

Bontc7 7 —viEKBES Y, BEEEEIR CEEL
Lzt A ¥Aah5a (1.5¢x70cm) ¥ AT ¥ b
B THE L. BEiE 20ml/hr THEHL, &7
52> avit Sml FORM|LE. ZOEEEYYED
TRELIDOL b+ a.t—1 HW-55F % 5 & (1.5¢ x 70
cm) ¥AWT, kA FrArBGi L& ET
YALBETo17z. BohicT § 5 —EiEk@Egy & ER
B HBSRER L LTUTORRICA .

(5) 74 A7 BRKBE:

F 4 A7 BIRBEAFHPOHECKpH 8.2 A
FEYVTI2IATIFYAXH T 4mA/ 35 LADOER
WTERICTfTo/c. BEEEARERKLS0mM + Y 2-
7y v vigli (pH 8.3) A L1, KBk » i
TS HBCER L1 7T iV ayr AV BEYH
WREL, 7% MMBRTRELL. ¥, ERESL
% 0.2cm OFXMHKGINT L, 1.0ml o FEEHE
T 4C TH 12 MIBRL, BROMER2TV £ Ml
BV TERERYIEL, EHERORELH LM
L.

(6) A FROWPELE

REHEOMUBERERO 5 F R IZABD 4 A1
P-150 » 5 a2 VT AHBZ L Y RD-. TR~
— # — ¥ Mann Research Laboratories. Inc. (New
York) @ cytochrome ¢ (12,400), myoglobin (17, 800),
chymotrypsinogen (25,000), ovalbumin (45, 000),
albumin (67,000), %\ tz, FFoABEF + Y v A
(SDS)-Z#Ea¥ D 4> FHix, Weber 52 ¢ SDS-4» 1
BIXBECH - T 0.1% SDS 8t 0.1M ¥ VB
F ) ASEK (PH 7.2) # B\ 8mA/# 5 ADE
Bifiv 5 2 kBX¢, EBDF + 27 BEIKE AR
BEELRD, TOKBRIVETELL. i, kxBEo
it 0.25 % Coomasie brilliant blue i % A\ Hu
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(7) EBEOHEY:

2% #i13 Catsimpooles?® o HEZHW /L ERAE
SukBZc X b WE L. kBhix Ampholine (pH 3~
10, LKB) ¥ LAV 72 VA7 $ PRV, BE
B+ 0.2M KR, — B 0.2M =51 VU7
TVBBEAWVT 4C KT 0.14mA/% 5 AOBRT
Fote. BBYEDO ¥ LZ, “hi 0.2cm THEXRYIML,
1. 0ml D7E@AHTH 12 BERIBER O R 21T\, £ D
BHEDO7 : 5 —CESEHRETAE L bR PH &
JE L1,

8) R——P B2} STT 4 —

BERICERYE— =27 v<= 2357 4 —%fTW
AELL. R—n—=2r<}t 7357 1+ XEFEHK
No. 50 (2x40cm) ¥\, n-7 & /) —A-E Y L v-K
(6:4:3, v/v/v) ORBEHR+S TEREC I > TT-
. BoRBT7T =Y vAE7 2 - BERXFERLC.

(9) BEEEREE

7 15 —EiEMi, 1M KREsK PH4) 2%
OB D X5 BB LUILAIRETARER (it
FTH) PEBELL, Thi 3.0ml, EEREK 1.0ml
DEAEKY 30C T2 HMRIEEE, EULLETEY
3b-o =t r7 X —ABEXAVT 450nm 1 5%
XELYRE L TERLRDL:. BEEHO 1 B (U)
Rz DEBETT1I 4B 1pmol O 7L 2 —AHYDOE
T ERET A RERR L LTERLL

(10) 2 v A7BOER

RUAPER, BMET7TAT S vEER L LT Lowry
P DHEIE - TERLI.

3. RRBIUER
(1) G. lucidum No.15 7 3 5 — ¥ DY
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Fig. 1. Gel filtration of amylase produced by Ganoderma

lucidum No. 15

The column was eluted with 10 mm sodium acetate
buffer (pH 5.0) containing 0.5 mm calcium chloride.
------ ,absorbance at 280 nm; @, enzyme activity.

ARFEMLUTEOESRBESI Y BEL, ChiERRL
Lt 2hib, CM-xar—2% B\ A+ 35Kk
ru= 257 4—, A4 FHFAP-150 I HVNT b A s
— 1 HW-55F %\ ¥ A A8% T\ (Fig. 1), HE¥
T LTIER16% T, 265K ¥ CHELCHESE
40 (U/mg # v <7 B) OBREXBHTENTEL.
B oL Table 1 ©BEBH L 4. BERERIZF
V72 YAT I FiebUye SDS-EY 727V 07 3 ¥y
VESKBHICE—D & v 7B A Vb e (Fig
2).

(2) 7:i5—¥DHEHEA

1) pH o %W

ABEO7 5 —-¥0Kk#E PH 12 45 ThHolo. Th
i3, Rhizopus niveus D /N =27 I 5—EE—B T DK
BThHot. BAEWEROLOTIY a-7 17 — ¥ OR

Table 1. Summary of purification of amylase produced by Ganoderma lucidum No. 15

Puri ﬁgalion \'rIc‘)(l)::lne Protein TOt:g t:::f}):mc igte:;f:; Yi;:ld Purification
procedure (ml) (mg) (U) (U/mg) (%) (fold)
Culture filtrate 122 5,770 874 0. 151 100 1.00
709, sat. (NH,;)eSO, 28.0 1,370 630 0. 460 72 3.05
CM-cellulose 37.0 74.0 588 7.95 67 52.6
Bio-gel P-150 13.5 20.3 349 17.2 40 114
Toyopearl HW-55F 2.90 1. 45 58.0 40.0 16 265
(517) 17
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A

Polyacrylamide gel electrophoresis of amylase

B

Fig. 2.

A: Electrophoresis of native amylase on polyacryl-
amide gel (7.5%). B: Electrophoresis of denatured
amylase on SDS-polyacrylamide gel (10%,).

& PH (2 6.0 itk b DHH\. Livl, Bacillus [§
Ozt pH2.0, Fioific pH 10.5 i@ pH %4
T5304H 0, BHPLHEHEFE O D ORZASRIL
57DV WMEIRTVB®, -7 1 53— Tix pH
5~6 {HLWIEH PH 23 0bonH <L, A¥EOR
HPH BEOW7 i 7—¥IhIETFREMCH -
(Fig. 3). &iz pH LEHR RSV TRBRLAEBSE, &8

DOFEFIX PH 4.5~9.0 ORBTRETH o, DIl
X R.delemer DERFT A 7027 15 —EH pH 4.0~
9.0 DR TEETH DD ERIFR—DHETDH 722,
2) EREOESE
AMEORFEEIL50C THo7:. ¥4 pH 50
BT 50C T30 HKCHTI0GDOFESELEA LI
(Fig. 4). ABEEH 50C ¥ B2 % L 2B iBEHlRYES =
i, B a7 i 5 —HEEBIL TV,

3) B A
ABROLEAILPH6.8 TH - 1o (Fig. 5). R. niveus
DI/AAT IS ¥DLiur pH 8.5 LBETh T
5W,

4 T E

AL FAEL P-150 HRGIEALBORR I HER
LIc AR O TR’ 53,000 THh -1 (Fig. 6A). —H,
SDS-K Y727 Y173 F¥ABRRKBTCHE LGB
%, 55,000 /R L7 (Fig.6B). ZhbHDERY H, AR
1 53, 000~55,000 DR FB*¥HTLE/ =—Th 5
LHE L. KEPD a-7 1 5 - XD FRi 50,000
BIRTH D0, B.macerans HFE D § D3 145,000 & =
NHEI OB ARECLDOLHEIR TV BB, —7,
a7 IF—EEROVWTRR -7 15 —-EIh EFK
& < 55,000~75,000 D b DA% |EXIH T 52,
Fl, -7 I 5 —HHREAERE—DEY T+ Fh
Lieb EINTWBA, Bosubtillis © a-7 i1 5— ¥ D
IOCHEBE B LA - bbb bDLHEET D™,
73, G.lucidum D3UWE 57 $ 53—k 74 V¥4
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Fig. 3.

pH

Effects of pH on activity and stability of amylase

A: The enzyme activity was measured under the standard assay conditions
using following buffers: @, 10 mum sodium acetate buffer; A, 10 mm potas-

sium phosphate buffer;

M, 10 mM carbonate-bicarbonate buffer. B: The

enzyme was preincubated in each buffer indicated in A at 30°C for 30 min.
The remaining activity was measured under the standard assay conditions.
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Fig. 4. Effects of temperature on activity and stability

of amylase

A: The enzyme activity was measured under the stan-
dard assay conditions at various temperatures. B: The
enzyme was preincubated for 1 hr at each temperature
as indicated. The remaining activity was measured
under the standard assay conditions.

Enzyme activity (ug/ml)

3.0

10 20 30
Number of gel-section

Fig. 5. Isoelectric focusing of amylase by polyacrylamide

gel with Ampholine as a carrier ampholites

Gels were cut by 0.2 cm length. Amylase activity and
pH of each section were measured. ——, amylase activ-

ity; @, pH.

LADFEEXTT L O RRRVBEIB ORI o1,
5) &BRA A VicbURAMEERNOMERBECRIE
THE
Table 2 K ZELB A + v L BFEFOBRERICEK X
ETEEY R L. AMEFi3 Cut, Hg?+, Ag*, Fer* 1o
I OB GEEYZIT. — B a-7 I3 - RS

2 1

X 8E albumin

- amylase

5 ovalbumin

®

z

5 2 ;

= r chymotrypsinogen

31
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Fraction number
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= 0.6f ovalbumin

3 L

£ 0.41

v

E O.ZT‘ albumin

=
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Fig. 6. Determination of the molecular weight of amy-
lase by gel filtration on Bio-gel P-150 and by
SDS-polyacrylamide gel electrophoresis

A: Gel filtration on Bio-gel P-150. M, standard: cyto-
chrome ¢, 12,400; mioglobin, 67,000; ovalbumin, 45,000
albumin, 67,000. B: SDS-polyacrylamide gel electro-
phoresis. M, standard: chymotrypsinogen, 25,000; oval-
bumin, 67,000.

HOBAREL LU0 oRERICH LT Ca?t ¥ ERT
BH®, G lucidium O7 $ 5 —CTETUIED L Ot
EEITFDLRah ot T, AERXE/ 2 - Vil
B p-rruiny VRESEMI YD SH HEFIC X
> CHFEEZIT.

6) EHEBEOMREHCRIETVER

TABEETABCHT2EXERD I 1= ) 2BH (Kn)
% Lineweaver-Burk Xz} &3\ UKDt (Fig. 7).
ABERD Kn fHi20.83 BOEERLI.

7) HETAMCHTAHER L RICERY

Aspergillus sp. K27 % C. rolfsii, Streptococcus bovis
T ERETABRTENIOE7 I 7—-E¥REETH L
MREVGE IR T 33 Flor 5339, Aspergillus
awamori Dy N 27 35 — L iIMERA L XAt T
ABDOBERMA DD &R L. FEBRTIX G
lucidum D7 3 5 —Ep\E T A BT B OMEYRT
NESD, TLBETARSRN L ORBY KA~ T
HTABRTRE (%) XHANL.

(ETABRIRID/ UL TA B #RTI) X 100

FTOKREAFEOBRIINETAK (18.6%), v =E
w2y TAH (16.5%) LHEHNE\VETAROSHE
A @tc (Table 3), Lal, v+H4ETARR
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Table 2. Effects of various reagents on activity of

amylase
Compound Relative
(concentration) cnzyme activity

%)
None (1 mm) 100
FeSO, (1 mm) 18
FeCl; (1 mm) 2
CoCl; (1 mm) 92
NiClg (1 mm) 74
HgCl, (1 mu) 7
CaCl, (1 mm) 100
ZnCl; (1 mm) 83
CuSOy, (1 mm) 52
AgNO; (1 mm) 15
MgClp (1 mm) 89
p-Chloromercuribenzoate (1 mm) 52
N-Ethylmaleimide (1 mu) 100
Iodoacetamide (1 mm) 18
Dithiothreitol (1 mm) 111
Cystein (1 mm) 101
Sodium dodecyl sulfate (1 mu) 103
Toriton X100 (0.05%) 92
Tween 80 (0.05%) 96

The assay mixture containing 12 ug of the enzyme
was incubated in the presence of each reagent.

E
E
<
N
E
— 8
2
-
€3]
3
>
0.1
1.0 S 2.0
-1.07 0 1.0 2.0

Concentration of soluble starch 1/S (%)
Fig. 7. Effects of concentration of soluble starch on
activity of amylase

The assay mixture contained 12 ug of the enzyme. The
activity was measured under the standard assay condi-
tions with various concentrations of soluble starch.

LU TIEEEZHLDTEL, IETCAHBOIYER
SCARD 1 BT ERVETH 1. CABNOHR
BFORBEICIIRED, LN TT7 I35 -¥RESD

Table 3. Raw stacrh digesting ability of amylase

Raw starch
Starch digesting ability
(%)*
Wheat 18.6
Corn 16.5
Sweet potato 5.8
Potato 0.2

Raw and cooked starches (8 mg) were incubated with
about 30 ug of the enzyme in 0.8 ml of 100 mm so-
dium acetate buffer (pH 4.5) for 30 to 60 min at 40
°C, respectively. The reaction mixtures were gently
strirred. Reducing sugar produced during the incuba-
tion was determined by the method using 3,6-dinitro-
phthalate. * (Amount of reducing sugar produced
from raw starch)/(amount of reducing sugar produc-
ed from cooked starch) x 100,

«—— front

«—— origin

ABCD EFGHTIJ
Fig. 8. Paper chromatograms of hydrolysates by am-
ylase

Raw starches (8 mg) were incubated with 30 ug of the
enzyme in 0.8 ml of 100 mum sodium acetate buffer (pH
4.5) for 12 hr at 40°C, and cooked starches (8 mg) were
incubated with 3 ug of the enzyme. A, glucose; B, mal-
tose; C, maltotriose; D, maltotetraose; E, cooked wheat
starch; F, raw wheat starch; G, cooked sweet potato
starch; H, raw sweet potato starch; I, cooked potato
starch; J, raw potato starch.

DMEL TAROREC L > TR S, Zhil, 28D
ETLLARTANDOER cHBEVRELY, FHE
BAOKREX (BB ) vBiry) ¥tz b2i¥x
LRTW3., 4 TTARLEIFRIACLV)
DIBLTVBHEIRTVWBEN®, KEEOKRIIEHL
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Fig.8 347 : 5—¥RIBETARLBILTAHC
ST AERCOWT, EROLORIEERBEY -1 —7
et /5374 —%BAVTEARNLLOTHS. £OKER,
By F4TTCARBCEWTR IV 2—-AZIXLDHEL
TH Y THEOERNBD Lhish oo, D TABIC
FOTIERSIOBELILYDT, LdrI/ra—RE
—BT A RICERY DAL KRH S hic.

ChLORER LD, G lucdum (34 TARDMELR
T57 37 —¥RELEL, AEECIDTARDOIRE
B LTz 7 a—A0xp Kl &h, 4+ Iy
BRI RIEh ol D, KBERI I/ NV2T T~
ETHHZ ENTHRINI. ABEO pH ZioxiT 5%
BREEO /27 15 —€EBAMUENRVEEIRATY
5, ChETCTRBEINTVWHEEDO/ V2T 7 —¥
ZoOWT, TAH O ME P LTiL R delmar, R
niveus, A. niger DEENRLICE A BRI T T 53,
G. lucidum DEBEENTABTR LT EDL BVLOHRE
YRTHESIPRSERF LI bl AT
»r. ¥t, IAaTIiF—HITARIY 71z
—ADZEXERTHEVDRTVWBDT, ZOHAREL
THHRHATHLENR IR TV 5.

T CrETFE C.rolfsii AHU9627 124 TA B MEE
PETET7 15 —EHABEIRTVLEWID, ORI
WEEEM IR TV oo, G lucidum OBEFEOWLE
OB BIRETHEMCTS 2 LI TERVY, §8%
FRDOBIchBEZATHS.

4 B B

Ganoderma lucidium No. 15 pi Bt i EETHT £ 5
—ERA AR I e ST T 4 —, PASHBERTX
DEVTZTZ7IAT : FABKKE (PAGE) ficig—
b ECRENL, TOoNE YA

(1) AR, FOHTFEN ¥ HBHER X b 53,000,
SDS-PAGE iz £ b 55,000 TH % LHEEZIhicZ &b,
)R —hbItBT EARINI.

(2) AMEOEEOBH PH 135.0, BERE 3 55C
THote. ¥i, ZBAX6.8ERLI. BEiX 0~40
'C, pH 4.5~9.0 0@ETRETH o 1c.

3) TEHETARCHTS Kn fHi383% Tholt.

(4) A@sEOEM L Cu?t Hg?* Fer* Ag*, =/, a-—
FEERE, p-7 mrm A A7 VEBEBEBIZY - THEI M.

(5) AMRIREOETARIH L THIEAL, &
LUK by ERr 2 v OETARCHT ATHERIR, £h

ZFhaBltLbDD18.6%, 16.5% DfExmRLI:.
LaLiedib, v 4 e TARCHLTRREAL
ERLIsh o1,

(6) AMFEIZ, “hbDOTAMYEHRELLRILT,
INa—ADZREERTAIENSILAT I T —HED
—ETHB LHEEINL.

Ribiz, BlESEREEE LERRAERERX
LEREBOBRATHF, AWELTLDBCHIIE
BB BRI & ¥ LML FREHEEEER,
¥, EREBH I BT FAE BRI
FHRCEI R LET.
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