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Biochemical Studies on Amylase from Chinese yam
(Dioscorea batatas Decne).

Purification and Properties of #-Amylase

Mio TAKAHASHI and TOKUJI SHIMOMURA

(Department of Agricultural Chemistry, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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B BE<T 9 —EERAR S EHREL T D,
ERHHETE

1 g JoRRIBE (1963 RO 1964 4F) 0
£F (Dioscorea batatas Decne) % A\, F 7= AEI '
CCHiRoD b D& —E V=,

2 # H: WEMERIHEobOR, TIo—
Z, TivrRyg F /IXTRKABKHERM LD Schoch @
WRED L - THMLIL D%, <= b4 Y THEILE
BRSNS I —R Yy DT a-su=2 b S 574 -1
L OGRS o b DR, TIn—X, TIox
7 FVvOBEBSERLS, 5-Y= buy ) FUERRED TILg
#, 370, 250 ¥ TH - 1o

3 HHaFPIS—EORAY: sHha-TI 77—+
VRIS DD I X - TR L 722,

4 ERHMERUZOMESE

Wk 12% FEERY (3:1 0% Mcllvaine ©
TR A S 1) Smé LSRR (BERIEHEARERIC I f3
B X5 ICHEHERHR) 1 mé ORIGEY, 37°C OfERK
¢ 15 HEIRUG &, HBETTHE % Somogyi D R
REKBED LD, v v b~ LTERE L, 20D
EHTTLARMIC L uM <=0 b — 2B ERT HRBERREY
1B & LTz,

HiEt: 2 - rEAARCTILIEOT 37— €]
MOWEEW & v iz, 10 M D 7 a — 2 METTEE
Mg 1 mé, Mcllvaine OfEEW (pH 6.2) 1mé &R
% 1 mé DRISEE Y 37°C DERAE T 10 SR H%
a v RIRMK 5 ml iz CHERRIGOEIEE 2 v RE
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mO% W1E

6% [FFRC TR, 3 v RIEMIE 1M 2 (ks ) ¥
2HE01IM 3y FHWK lmé & 1N EFE 199 mé &
RALTUE27c, 3 vHEBEAEZ660my Tlem D
B CTID, 2 OFKHTF T2 vREAESY 10% (K
TRHEEEEYD > CLHAE L,

5 PEiEME: WEMNT, BERRPo®#E 1mg 240
OFFFHM TR T, BRRPOEREI I 7oy~
F—nRiT LD, BEEESEIL 280 my OREEREC X
of:o

6 BEESkKE: EERESKELNe F -
FU v AREETR (pH 8.18) & BEERREENR (PH 5.0 F 7oiX
53) THEEEH No.51 Lo —2.Te5— A (FF
g “OXOID”) U TfTie » oo FITI20.05g @
Ta sz s/ —neTw—, 2ml OXEEEE 1lg DiE1L
BB EBKTEELY 100mé & Lic7ea7 =/
— T ov—FEFE BT,

RBRER

1 HEORHE: HCNEIRIEFOTI7 -+
TEHTFEEIC X - TET 5, £ORMEIL Fig. 1 koR&
N5, IR, RAcEEOETARL, ZFELZE
Fé L LIHUERIMA LENcRRKE RS, KF
WY DT LB L CRET S LG0T B A &
EIEED ¥ ¥ THRERRETH B,

HEORFR AV IHAECIE, BEFEAYMAT LAREKCT
10°C o L, #— ¥z AV TEE, BRE5HEL
TR A BRE L, B LICHERFY AV 256
i, RFER A AREK T 2 REIER TRl LIRS B
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Enzyme activity (uniis/fresh wt. gr.)
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Seasonal Changes of Amylase-activity
of Chinese yam.

Fig. 1.

®—®: commercial source (1963. 10-1964. 8)
O—OQ : stored in a cellar all the year round
(1963. 10-1964. 7)

Amylase activity was an average value from two-
five pieces of Chinese yam.

LCHEEAMH, ChADDMERE T 3 7 — € ORIk
& LTHG e, D ABEREENR (pH 6.98) Thit 4% &K
TR DB AN TR RCTEEDE D » 1R E Lo
Fliik & oK Y, COFERCHOCTIIAG,
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Fig. 2. Amylase-activity Curve in Original
Extract.

a. original extract
b. p-amylase treated with acid
¢. a-amylase treated with heat

Experimental conditions, see text.
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Chinese yam’'s aqueous extract
1 precipitated with Pb-acetate (basic)

Precipitate )

extracted with MclIlvaine buffer (pH 6.6)
Filtrate

treated with cold acetone (1:1-1:3)
Precipitate

dialyzed against distd. water, kept at pH 3.2
for 40min. at room temp.
Filtrate
treated with Ca-phosphate gel
Adsorbate
eluted with phosphate buffer (pH 738)
Eluate
passed through Sephadex G-100 column with
M/15 phosphate buffer (pH 6.64)
uated soln.
dialyzed against 0.05M acetate buffer at pH
6.2, passed through DEAE-Cellulose column
equilibrated with 0.05M acetate buffer,
eluted gradiently (0.IM —— 025M acetate buffer)
Eluate
passed through Sephadex G-100 Column with
M/15 phosphate buffer
Enzyme solution

Fig. 3.

E

Purification of Chinese yam $-Amylase.

B Mcllvaine OEMTR (pH 6.64) t—BpihiE4+5%, =
ORMERIFOECHBEYTRL, ZhERE AT &
KO BRY 5, ZORKEXREORT £ v T
MIBL, WBLEOSERC X - CkE, FrEBEY 3
EEOT € b Y TUEL, TlRrEOsE X b E0E
AR LT 5 BIENT 5, BRIl E RO IoENT
WA 2N oFEERC pH 3.2 1 SR L iR € 40 SRR
D, T ORI X » THRBRFONEWIEAD S
IO LTI L, £ uBREE A E L R
b, WilAEBkRE L%, ERBERK T pH S5
L, DAMI VY AT VBT 5, BERS
BRI TR, pH 7.38 © b ABSERIE© 3 BT
T5, COBMEEFOT &+ YU, DABALY Y
LT VIR RET, M/15 b ABERTR CBME LI 7
7w 2 A2 G-100 DA 5 2B L1, Fig 4R 3M0
<, D ABEEIR TR T 5 L T o0E‘EO E— 7 238
bh, 7317 —EERLREO - 7@ bhi,
DT 7 — BEEODH5EE 0.05 M OFRERE
& (pH 6.2) X UTHENE, F UBER CFELL:
DEAE-+rvu— 2 & 5 2108 L, [ AR ik
#%, 0.1M & 0.25M o pH 6.2 DOEFEEIZHEIK € gradient
elution 477\, FIZ 05 M O UEERE TR L1
FHIRAEL Fig. 5 IemRah il Th b,
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Fig. 4. Column Chromatography of Chinese
yam B-Amylase on Sephadex G-100.
@ — @ : absorbancy at 280 my; O O : amy-
lase activity ; sample, 45 ml; column (3X33cm),
equilibrated with 1/15 M phosphate buffer (pH
6.64) ; flow rate, 0.8 ml/min; each fraction, 5 ml.
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Fig. 5. Column Chromatography of Chinese

yam 8-Amylase on DEAE-Cellulose.
®— @ : absorbancy at 280 mpy; O — O : amy-
lase activity ; sample, 30 ml; column (3X6cm),
equilibrated with 0.05 M acetate buffer (pH 6.2);
elution (0.1 M—0.25M, gradient, 0.5M); flow rate,
1 ml/min. ; each fraction, 10 ml.
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Fig. 6. Column Chromatography of Chinese
yam B-Amylase on Sephadex G-100.

® —® : absorbancy at 280mp; O - O: amy-
lase activity ; sample, 60 ml; column (3X36 cm),
equilibrated with M/15 phosphate buffer (pH 6.64) ;

flow rate, 0.8 ml/min.; each fraction, 5 ml.
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Table 1. Purification of Chinese yam B-Amylase
- Specific
Procedure Vol. Act(iZ\lr)ity* A’Ict(?ltily NH/II%Z (ﬁglttl:/llt\},) (Ecgl)\?it}tr (a)/(b)
(mé) (units/m8) (%) mg.  PU)
Original Extract*** 2000 0.61 100 1.07 0.57 554 0.011
Pb-Filtrate 800 113 74.3 0.733 1.54 41.8 0.027
First Acetone ppt. 200 3.62 59.3 0.902 401 58.4 0.062
First Ca-Phosphate Gel Extract 114 5.19 84.5 0.389 13.57 52.9 0.098
Second Acetone ppt. 40 12.80 425 0525 2436 98.4 0.13
Second Ca-Phosphate Gel Extract 36 12.50 36.9 0.288  43.44 62.5 0.20
(SFeiff;‘l’dESneZF;}r’;‘gegoﬂli‘g’;“ Fraction| 39 984 256 0069 14230 468 021
* 1 unit=1 pM maltose/min., 37°C at pH 6.6.
** 1 DU=10% decrease of blue value.
#kk 750 g of fresh Chinese yam was treated.
THIv= M7 74 —%fTla>12 02
Fig. 6 W/RE N BHAL, —oD7 I 5 —¥iEHELY D 2
e~ NELRI, 2 0sf
I OGEEEEMRR E LTARBR TRV, 3
RO BBRIEC I 1 B 1 P O—f% Table 1 1R 2 ot
To T ORBIREIC X > TRYIOHEMBEIC ST, # g
233 FEOIERE L2 -7 3 7 —¥niEBRT, _g_'_; 005k

4 EEEROBR(CFOEE &

1), EARERKEIX: RBEEERC OV TERER , . . . .
Bihern— 2.7 47— b “OXOID” ¢, ~o#~ L) %0 280 30
nF b)Y SRR ERERRE IR O e s o & T A, Wavelength (ma)

Fig. 7T @R_RTL—2DN Y FaRLic, DNV FHR Fig. 8. Ultraviolet Absorption Spectra of

T —CEREL KT B LR, kB —RT kT —
FHE & 05 cm FODMA L LK 4% 05M, pH6.2 DEE
BARE TR T 30 it tR, 1.2% OWEEBRMICIE X
HCHED T,

a) %

T

Fig. 7. Electrophoretic Diagrams on Cellulose
Acetate Strips.

(+)

a) Veronal-Na buffer of pH 8.18, electrophoretic
time, 2 hrs. at 1.2mA/cm, 12.2-16.3 V/cm.

b) 0.05M acetate buffer of pH 5.0, electrophoretic
time, 2 hrs. at 0.61 mA/cm, 35-30 V/cm.

Chinese yam $-Amylase from Frac-
tions in Fig. 6.

2). EHNEEALR =7 b FEREEFEOWIN R R 2
bt Fig. 8 &R0 < 280 my FITICERR BN A 7R T
FEEHE L TREMNL LD TH - 7,

3. pH CEEEMENE: BEW1ml, fix o pH ©
Mcllvaine #£#% 1 mé & 1.6% AJEHEENS 3 mé ORE
W 37°C 1z 15 S5fifg » fotk, TOBIENHWE L
oo Fig. 9 Rk3n< pH 6.2 2% pH 6.5 i KiGHEA»
-1,

4). RELBEREE: 1.6% EEBH 3mé & pH
6.2 D Mcllvaine &% 1 mé DREAR A4 D RET
5 48] preincubation L7:7%, BFREK 1mfé %inz TR
IEEE, FORTIHRE Ui, Fig 10 x4 <
50°C %% 55°C TRAIGHE LR L7,

5. pH L %5Et: . pH ZEik % MR (AR
Hob D) EREREHREOTECOVTHANL, BRR1
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801

60f

Relative activity (%)

20+

Fig. 9. pH-Activity Curve of Chinese yam
B-Amylase.

reaction condition, see text.

80r

60

Relative activity (%)

20

Temperature °C

Fig. 10. Temperature-Activity Curve of
Chinese yam §-Amylase.

reaction condition, see text.

mé & f 4 o pH o Mcllvaine E#K 2 mé DR B WK
A 25°C 1T 4 B Bk 24 FERSR - 7078, 1N Eifig,
FrE INKEMEF v Y v aCpH 64 CHEL, 28
ENbml Tinh L 51 L, 1.6% uEHEN 3Smé &
pH 6.2 Mcllvaine 2K 1 ml iz CRIE S ¥ REITT
NEWE Lic, Fig. 11 R30 < HikHEL pH 6.0 s
B 8.0 DEIH T, FEULESEL pH 6.2 05 7.2 O T &
TETH » 120 24 B CIRRETERL X  Ten o 12,

6). M. EEEW 1mé L pH6.2 @ Mcllvaine §%
R 1 mé DR AT 2 OIMER 16 75/H 5\ 1L 47§

_Relat('ve activity (%)

Fig. 11. pH-Stability Curve of Chinese
yam g-Amylase.

O—0O: crude prep. (25°C, 4 hrs.)
®—— @ : purified prep. (25°C, 4 hrs.)
o ®: ” (25°C, 24 hrs))

reaction condition, see text.
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Temperature , C

Fig. 12. Temperature-Stability Curve of
Chinese yam S-Amylase.

®—@®: 15min, pH 6.2
O 0O: 4hrs, pH 62

reaction condition, see text.

MR - fot®, pH BEEOBAE & A UM CRAEES
A RkDiz, Fig 12 RT0<, 15 5H T 8°C ¢
RETHD, AEHETIL5C F CRETH - 12,

7). HeORECHTAER: BEE LT Ak
WHy, 7iIvw—R, TInRsFy, wbF ) IHEL
wN b P YA - R G, SRR TFig 1BIREh s,
A GRIOIUGHE, SPEONIGRESRC 27 a-7 1 5
—ExINA B EEBLHHEREER, —F, BAKCH
LRE -7 17— EaRMUICEECESMER D L&
DB R, 2D &L, BT 5 —2iig
 a-T 37— X¥EEATHINIEET T, HEICK
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o~ amylase
B0 | %
60

40
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Degree of hydrolysis (%)

w

o 1 2 34 56 78 0 s,
Time

Fig. 13. Action of Chinese yam B-amylase on

Several Kinds of Substrate.

A ——A amylopectin (ca. 250 glucose units)

®—® soluble starch

X-—-X amylose (ca. 370 glucose units)

O—0O malto-oligosaccharide (8 and 7glucose
units)

[J—] maltotriose

The reaction mixture consisting of 256 mé of
1.2% substrate solution containing Mecllvaine
buffer (pH 6.2} and 10 m¢ of enzyme solution was
kept at 37°C. At definite intervals degree of
hydrolysis was determined.

Table 2. Effect of SH-reagents

Inhibitor Cysteine Rzrgtal;?tl;‘g
(M) (M) (%)
(1) PCMB

0 0 100
2.05x10-5 0 55

6.25x10-5 0 0
2.00x10-5 2.00x10-3 188.3
0 2.00%x10-3 187.8

(2) Mono-lodo acetate

2.05x10-3 0 8.3

5.00%10-3 0 0
1.66 X103 3.3x10-3 1337
8.30x10-4 3.3x10-3 156.7

A mixture containing 1 mé of enzyme solution.,
1 mé of Mcllvaine buffer (pH 6.2) and PCMB
or mono-iodo acetate was brought to 4 md,
preincubated at 37°C for 5 min, and added with 3
mé of 1.6% soluble starch and 1 m¢ of Mcllvaine
buffer (pH 6.2) to determine amylase activity. In
case cysteine was added immediately after pre-
incubation, the substrate solution was added after
30 min..

Table 3. Effect of Salts

Salts Variation in Activity

(10-2 M) (%)
Control 100
NazSO4 100
K>S0, 100
MgSO4 95.6
CuS0y 0
Ca-acetate 100
HgCl, 0
KCl 100
KNOg 100
KCN 100

After a mixture containing 1 mé of 10-2 M
salt solution, 1 m¢ of acetate buffer (pH 6.2) and
1 mé¢ of enzyme solution was preincubated at
37°C for 5 min., amylase activity was determined
under the same condition as in Table 2.

THRFEFTIT—HOERIL, TIarsFY, 73
g—2, v bA ) TEDIETH D, RISKIICEWT
BT 1o—2DB@NTIiaxsFrIh#kLi, <
W Ry R — R, TOEBTTIRE L SRS h
726

8. SHREoEM: SHRIKTHsH PCMB &=/
3 — FEEROBRER T 5RO TiL Table 2
R TH B, BEEL10-5M o PCMB & 10-3M
DE /T~ FEEEC L - CESCHE i, 103 M
DY RF 4 Y OEIMIBERESE YR EE 3, Hic
BOEAE TIEELTAEBE S - 1,

9). oS BOEBORERL Tabled TR0
{THbH, BEFD -7 315 —+i%, Cut L Hgt ik »
TEEHEIhftorF4 v &7 =4 vIXHEFERY
FEAELICID 5 T2,

% -3

EY¥ED -7 15 —EHBHL, TORRILENLEEC
DG TIRNT,
RKEOFHICHT - T, HORFLHERRE L
L DO H Az, BUERA & Lo OREHHZEL
L AEEDET LS TR R IS5 &
b, MO, Aodolb, I oRMESRE -
T 5 7o DR EIRTETH - 1o,

EFOEH, HDWIEERCOVTL, &IET 230
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FL, CORBYIKMEED SEERIC L > TIHER X ¥
feE#HE LT05A, AEBRCK TR o
PRBEOWBE T, SLTHERET I 5 —€ED
SR TR Tl » fo, & THARIR A 268K
XU THEN, SEETEERC BRI 5 EWE

PRRESHII L, T 5 — ¥ & D5 L THE TR T
BEFRESA G, B, ARD QEFOMES WE 5 T [ g
) EREEAT OB L b ORI, TS5 — i D g T g
RO AT L LW LTS, ARBTLRLE 5 | 1,2
L5 EFEOHBEWLT L 7 — ¥R bic/uno &8 2 3
- ]
oo, - 0.8f ds 2
BELL, T - CUEEDCRCEL OB F ) 1s &
EDRERTC D, H5WEEEN LTHVCEEAIRE 0 o . A N, ,

CHHDLTIHENTDHDIRT ¢ 7 — ML IIEEE
It WOTHAHH,

BEURIEh O » VB 7 7 7 v 2 X G-T5 (coase)
& G200 LV C RN £ 7 77 v 2 2 G-100 23% 1
TR AB,

Fig. 4 & Fig. 5 IR THL, €7 75 v 7 2 G-100 &
DEAE-2ra—2DHFbs0= 05374~ 1%~

77— EiEER S D—2D Y — 7 &b 2 7opi Fig. 14,
Fig. 15 iR340<, BB L > Tk 7 I 5 —¥iEfEor
— IO GHEIRE 2 ENRED BRI, Thobh,
Sephadex G-100 D # 5 & TIXH LM 2 FT HhR

50

0 10 20 30 40 50 60 70 80
Fraction number

Fig. 14. Column Chromatography of Chinese

yam f-Amylase on Sephadex G-100.
®—@® : absorbancy at 280 my; O O : amy-
lase activity ; sample, 51 m#; column (3X30 cm),
equilibrated with M/15 phosphate buffer (pH 6.64) ;
flow rate, 0.8 ml/min.; each fraction, 4 mé.

0.05M acetate buffer Sk 05M
N +24

. 24 N _
[ E
g R 420 &
S 20 4 480 Y £
= 3{ A <60 Vo g
= i | oo 3
164 2 i 440 oy = LI
2 i’ Iat 2 v 3
@ 1 | A j ! ' E
D12 0 Pt ) ! ! 112 o
© Fig. 5 1 b N
K| 9- 0.5M acetate butfer ' ‘ 2
S 08k o ' ] g
a =T ' \ N
© ‘ AR 5

'

'

!

13

Fraction number

Fig. 15.

on DEAE-Cellulose.

®— @ : absorbancy at 280 mp; O

Column Chromatography of Chinese yam 3-Amylase

O : amylase activity ; sample,

36 mé; column (L.3X7 cm), equilibrated with 0.05 M acetate buffer
(pH 6.2); flow rate 0.8 mé/min.; each fraction, 4 mé.

ZTEEM AL, DEAE-+n o —2D% 5 & TIHRE
ShPcmlTse—7 (£—2 1) & 05 M OEEREIEHE
Wk - THEilahse—2 (-2 1) Tt bhi,
Fig. 510 b1 BB A E HIC 0.5 M OBEEEFETY THIl
XA, Fig 8 iRt X okl a# 85, ch

3 Fig 15— 7 11 ickM4T3.)

-2 1lte—s I Hxx77F v 72 G100 TH2
0w b 3T 4 =705 &, Fig 16 KRTU< S BT
HRDT 25— EEMT—DD Y v — T E~2 4+ LT
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Fig. 16. Column Chromatography of Chinese yam S-Amylase
on Sephadex G-100.
®——@® : absorbancy at 280 myu; O - O : amylase activity ; sample,
each 20 m¢; column (2X20cm), equilibrated with M/15 phosphate
buffer (pH 6.64); flow rate, 0.6 m{/min.; each fraction, 4 mé.
- 0 e &HLTw%B, F# P. Graber & Jean Daussantl® 3,
Peak I @ RED §-7 £ 7 — € LEOEED f-7 8 7 — ¢ (25
a) FRNCIER U Chp 2 n3i6 itk & ERKENZ &} 5 BEIE
Peak HRCTDEBE LTS, a-7 5 — B L CILES
MEHIT—ERDABAI VY VLS VDIu= b 73
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Summary

1. Seasonal changes of amylase activity of Chinese
yam harvested in fall were observed.

2. Chinese yam g-amylase was purified by chro-
matography on DEAE-cellulose and on Sephadex G-
100 as final procedure. The procedure of purification
gave f-amylase preparation with specific activity 233
times greater than that of the original extract.

The homogeneity of the purified enzyme was proved
by paper electrophoresis on cellulose acetate strip.

3. The properties of Chinese yam g-amylase were
as follows :

1) The enzyme exhibited maximal absorption at
280 my in ultraviolet absorption spectra.

2) The enzyme hydrolyzed starch producing only
maltose as reducing sugar and the rate of hydrolysis
decreased in the following order: amylopectin, amy-
lose and malto-oligosaccharide.

3) Optimum pH was 6.2 to 6.45 and the temperature
optimum was 50 to 55°C.

4) The enzyme was stable in the range of pH 6.2
to 7.2 at 25°C for 4 hours.

5) The enzyme lost all the enzymatic activity at
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70°C in 15 minutes. Hg*, but other cations and anions had no effects.
6) The enzyme was found to be a sulfhydryl 4. On occasion two fractions of the enzyme were

enzyme which was completly inhibited by SH- obtained by column chromatography, and they differed

reagents and activated by cysteine. from each other electrophoretically, but their en-

7) The enzyme was strongly inhibited by Cu* and zymatic properties were always the same.



