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Table I-1 Measurement of Amylase Activity by Phadebas or Pantrac Method.

Phadebas Pantrac  Activity staining*

a-Amylase (Pancreas) + + +
a-Amylase (Malt) + + +
a-Amylase (B.stearo) + + +
B-Amylase (Soybean) + + )
B-Amylase ( B.cereus) + + .
B-Amylase (Alfalfa ) t + -
a-Glucosidase (Rice) - - -
a-Glucosidase (Yeast) - . .
B-Amylase+a-Glucosidase * + -
Isoamylase - - .
Pullulanase - - -
Glucoamylase - + +

* Activity staining of each enzyme in Ampholine gels was performed by using
B-limit dextrin as substrate.



Table I-2 Estimation of a- or p-Amylase in Various Plants.

Pantrac Phadebas  Pantrac 3,5-DNS Amylase

(U/ml) (U/mix10-2) /Phadebas (Non./Ca) type
Rice (seeds) 0.38 0.028 13.4 11.09 B>a
Wheat (seeds) 48.33 - oo >0 oo >0 B
Barley (seeds) 17.94 - oo >() 00 >() B
Yam (stems) 2.21 - o >() 00 >0 B
Wasabi (stems) 182.04 0.412 441.8 9.1 B>a
Sweet potato (roots) 93.98 0.138 679.0 147.5 B
Carrot (roots) 0.18 0.118 1.5 1.1 o>>pB
Radish (roots) 0.34 0.007 46.6 oo >() B>>a
Cabbage (leaves) 0.81 0.043 18.8 18.8 B>
Kudzu (roots) 2.15 0.052 41.7 oo >() B>a
Mung bean. (seeds) 0.13 0.444 0.3 1.9 o> P
Alfalfa (seeds) 0.36 0.074 4.9 4.5 B>a
Alfalfa (seedlings) 1.00 0.043 23.5 19.4 B>a
Soybean (seeds) 61.76 - o >() o0 >() B

a: o - Amylase B: B-Amylase
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Fig. I-1 Activity Staining of a-, and B-Amylases after Isoelectrofocusing on
Ampholine Gels. = Amylases in the gels were allowed to react with
either p-limit dextrin (D) or soluble starch (S).
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Fig. I-2 Schematic Zymograms of Amylases in Various Plants after Isoelectro-
focusing on Ampholine Gels.
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— 17 —



He, B—73I5— YRS BFHETDIEELALE2RFSHBORABIZIOVWTED
TARBBLIUC a2 1A HETTORLELEZTLFNIT, #7357 - EH
MOBILERNL, TORERETablel — 1 2R LA, a—7 35— HEMERT
Phadebasti Tid., 2 HOREABVWHETH -2, EDTALBHKRIZIE, ROH
HRET8., 06 TH->-bDn, 1. T8I TCELIFWAILAE, B -7 35—
P2 RYPantracE T EF S HORBABWETH > 22, Ca?*Bu@E@c
FEACRELE, ZAhSORR2S, 2HORBIZEa—735—¥AR,. 5H

ORBIZIE B -7

y2Zi

S—YMRFUFETI LD R HEEE N L,

CEXKBBRDT

Y22

S—YOEERAE

Figurell — 2107 YRS A 5 I 2Bw, AT T8 -VU3Iy bTH
ANV UVEEBELABEOENBRAORERER LA, ABRET T2V E
LeaTcld, HEONYIRBOSH A, B -V

14

vy FFFADMY T ERBWAERMA
T, Bz 1 KON Y RFRBO oNEZEDLL, ZONRXRYREFa—-—735—¥
tExoh, BMIIBEBEBEOB — 735 - F¥74 97— LB EETDRELEEZLOD

5, B~-7

22

S—tYDONRNY FEIRERFOLITIZONTELI RY, £/ a-7 37
— DN RIEH>T o7,

Figurell = 312, 1 EESA VIV EHACTEERERKB®. TBERT V7
VEEBUILAEHRAOBEEERL, S5 UHENYy Ty -2, 2-ME%® M
XEBBEEMABNBEDE -7 35 - EiEMDpantractk O flEH 2 R L 1,
2-ME*#HHNy 7y —ilMxTs, BEEOENAZONLDL>E, EHEREA
WWEBNRNYRE, F7AV 74— 2T, BRFERBEOETI >N TEL &>k,

L ZIAT, FUARSAENTIR, FIZ1EXDa—-TFIS—F¥DNANLREHEED

Y

B~73I5—YONYERBRHEINEN, 1 EESAVFVTIE, BAEADLE -7

~
X
~

N1

—EeExXOoNhBN N2 hAaroA, TOEEZL, 1TS54

EPRAVWAKE%, FLEREBMETY S UTICL - Iy RFEARNY VUERER

1t

ZHWT, e L, Fig, I — 2@ lanecAB L YlaneBr* AhiE, T YVHMNTH

52, D% Y laneBT (B —V

14

vy hFEXFAMNY CEHE) NYRNRXEAR S A,
ZTOEEITZ, laneADSEKDODNY RN B -FIS—¥THBIEEERLTWS,
OEBEEMHORENY

Figurel — 42, a—, RUB -7 IS FEHDODHFHFLERLA, B -7 35



Table II-1 Effects of Ca and EDTA on the Amylase Activities
Extracted from Germinating (2 days or S days) Seeds.

Assay Bernfeld Pantrac Decreasing Degree Phadebas
(AU/ml) (IU/ml) of Blue Value (%) (U/ml)
2 days
control 0.46 0.21 79 8.06
+EDTA 10 mM  0.32 0.17 25 1.78
+Ca 10 mM 70°C 0.22 0.03 70 4.58
5 days
control 0.88 0.54 41 2.93
+EDTA 10 mM 0.68 0.47 4 0.24

+Ca 10 mM 709C 0.12 0.06 25 1.62
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pH starch ~ B-limit dextrin
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Fig. I1-2 Separation and Detection of a-Amylase in dry and Germinating
Seedlings of Alfalfa on Ampholine Gels. B-Amylase (a, b, c, d, €)
(identified as g-amy in the Figure) were detected in an Immobiline gel
when the enzymes in the gel were allowed to react with soluble starch
(lane A) but not when the gel was incubated in -limit dextrin (lane B).
a-Amylase was not detected in the Immobiline gel. a-Amylase (a-amy)
was detected in an Ampholine gel with either soluble starch or g-limit
dextrin as substrate. 3-Amylase (a-¢) reacted only with soluble starch.
The number of each lane indicates the number of days after germination
(lane 0: the sample from dry seeds).
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Fig. II-3 Changes in B-Amylase Activity during Germination of Alfalfa Seeds.
Upper figure: isoelectrofocusing of crude extracts on an Immobiline
Plate. Isoforms were visualized by active staining using soluble starch
or B-limit dextrin. Lower figure: total activity of B-amylase in crude
extracts during seed germination. Extraction was carried out in the
presence (@) or absence (0) of 20 mM 2-mercaptoethanol.
Lane A, enzyme preparation from seeds, and lane B, enzyme
preparation from germinating seed (5 day).
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Fig. 11-4 Increases in p-Amylase Activity and Decreases in a-Amylase Activity
in Cotyledons of Alfalfa. p-Amylase activity and a-amylase activity
in cotyledons (@), hypocotyls @) and radicles () were assayed by
Pantrac and Phadebas tests, respectively. Numbers on the abscissa
represent days after germination. In the case of samples of dry seeds
(0 day) or germinating seeds soon after imbibition (1 day), the entire
seedlings were used for the assays @).
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Fig. II-5 Elution Profile of Alfalfa g-Amylase by Ton-exchange Chromatography
on the S-Sepharose Column.
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Fig. I1-8 Polyacrylamide Gel Electrophoresis of Alfalfa p-Amylase. Purified
alfalfa p-amylase (about 25 ug) was run on a 7% polyacrylamide gel at
pH 9.5. The gel was stained with Coomassie Brilliant Blue R-250.



Table II-2 Summary of Purification of Alfalfa g-Amylase.

Purification Total Total Specific Yield Rate of

step protein activity  activity (%)  Purification
(mg) (A.U.) (A.U/mg)

Crude extract 7300 1995 0.3 100 1

(NH4)2S04 761 809 1.1 41 4
25-65% satn.

S-Sepharose 50 604 12 30 40

Q-Sepharose 32 483 15 24 50

Gel filtration 2.2 290 132 15 440

Chromatofocusing 0.2 215 1077 11 3590
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Fig. II-9 Mutarotation of Sugars Formed by Alfalfa p-Amylase. The purified
alfalfa amylase (3 A.U.) was allowed to react with the soluble starch
dissolved in 50 mM acetate buffer, pH 5.4, in a polarimeter cell
incubated at constant temperature (25°C). Changes of optical rotation
of sugars formed after the enzyme attack were scanned with a PM-70
High Sensitive Automatic Polarimeter. a, changes of optical rotation
(Aa) corresponding at the finishing point of the enzyme action;

x, changes of optical rotation corresponding at any point during the
conversion process of g-maltose formed into a-maltose. The first
order rate constant was calculated to be 1.27/min.
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Fig. I1-10 Isoelectrofocusing of -Amylase. Five fractions after chromato-
focusing were isoelectrophoresed on an Immobiline Plate (pH range
4.5-5.4) and visualized by active staining. Lane C; crude enzyme
solution.
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Fig. I1-12 Isoelectrofocusing of Each of Five Purified Isoforms.

Five isoforms (a-e) isolated by cation-exchange chromatography
were isoelectrophoresed and stained with Coomassie blue R.
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Fig. 11-13 SDS-Polyacrylamide Gel Electrophoresis of Five Isoforms.
Each isoform (a-e) was electrophoresed on 7.5-15% acrylamide
gradient gels. M of isoforms was determined by using protein

standards (Pharmacia-LKB).



Table II-3 Amino Acid Compositions of Five Isoforms of 3-Amylase*

Amino acid Isoform
a b C d e

Asn 69 61 67 67 55

Thr 18 19 19 19 16

Ser 40 4 39 41 35

Gln 66 77 71 70 64

Pro 32 34 35 37 38
Gly 63 74 59 59 73
Ala 33 37 37 38 38
Val 31 39 38 37 39
Met 10 12 14 13 5
Ile 29 34 34 34 38
Leu 48 53 55 54 62
Tyr 23 17 24 23 23
Phe 22 24 25 24 28
Lys 37 22 22 23 26
His 12 9 8 9 9
Arg 24 16 13 14 19
Total 557 572 560 562 568

* Number of residues per M 61,000 protein.



Fig. II-14 Test for Immunological Reactivity of Anti-g-amylase (isoform c)
Serum against Each g-Amylase Isoform (a, b, ¢, d, €) or Soybean
B-Amylase (S).
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Table II-4 Purification of a-Amylase from Germinating Seedlings of Alfalfa

Purification Volume Protein Total Specific Yield Purification

step (ml) (mg) activity activity (%) (fold)
(U) (U/mg)
Crude extract 3,300 3,208 25,740 8.02 100 1
30-65% (NH4)2S04 500 873.5 10,400 11.91  40.4 1.5
B-Cyclodextrin
sepharose 6B 2 0.3 2,000 6,666 7.8 831

Superose 12 0.1 0.0224 400 17,857 1.6 2,227




Fig. II-15 Homogeneity of Purified a-Amylase. Purified a-amylase was
subjected to isoelectrophoresis on an Ampholine gel and stained
with Coomassie blue R (lane A) or by activity staining with p-
limited dextrin as substrate (lane B). Purified «-amylase was

subjected to electropholesis in the presence of SDS on Excel gel
and stained with silver (lane C).
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Fig. II-16 Determination of Sugars Generated by a-Amylase.
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Fig. I1-17 Effects of Cycloheximide and Actinomycin D on the Activity of g-
and a-Amylases during Germination.
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Fig. 11-18 Inhibition of the Increase in B-Amylase Activity by Cycloheximide
Actinomycin D in Germinating Seedlings of Alfalfa.
B-Amylases (a-¢; indicated as p-amy in the Figure) were separated
in an Immobiline gels and visualized by activity staining.



B EE. ZZroa—oN—, T X, X X FE
ERE T I BT D a — . KRB — 7T S
— = ¥ PE o> Z== Hb

FNI77 NI 7R TIFTOREFRBBTO7IS—EHEMHOLHEBELA-BER. X
ROLDEFERDIFHEABEMIIR-A, FTIT, TDED N8 —-0n, f
DRANMEYETFORFRBRB LBV TR s hDDOTRBEVWAIAEEXT, 7N
77077 B UTrifolicae (Y » T2 v w) BHIZBT 20— /N~
(Trifoliuvm repens) 52, A RFBIrHTCODa -~ T7IS—EHEHOEHIZD
wWTHShTWHRWF X* (Phaseolus angularis) . &4 X (Glycine max
Merr.) ii2WTa—, RUB-—73IS—¥HEHOLTH 2FEHENERVCE L KB %
THELE,

(1) EBRF &
OREBEYE; Jo—N—BTF (FF1RBYE) 1l gk 2 4FMABE. BKE L
BE25CT,. WERBIULTRFSI L, BETLOBAEEH2RET D -0
. Bdh (hypocotyl) . F 3 (cotyledon) . %4 (radicle) 49 =, FF 1
Ars6HDIHhsE BE, 1 OmMEBANXYy 77— (pH6. 0) 100m]l
PTRETFFA AL, ACTRANYy 77— L 1IBBEHRLE. ELOBTHE
EHE10O0mle L, BMEERLHELL, $LEBRFETFTRUCREFIH, 6 H
DFEPORBEMBBEI Om l 2 HMEERL, SnmlOoRANy 77 —ILBMES
#, #0% (8000rpm, 10%) ., LELtSBAEI KB CHL -,
FAXBT, ¥4 XBFE, 7J0- N RARBRULURHFEIELE, FHEEBETLHL»L-HEHT
IS -UHMHEBEERBL A,
QOBAERRER;, a -7 35— ¥ EWH I Phadebastk®, p -7 35— ¥ EHIE

Zi

Pantractk 2 # BRI E L ~.
OFHEABKKkE®E; LKB 211 7Multiphor I @ EXKKkBHEE
(Pharmacia-LKB) & v, Y Vid, 7&K S4 7 (pH4, 0-6. 5) R
. 1 ETESA U5 ) (pH4., 0—-6. 0) #FwA, kBKM4tE, B &
(1), BIEB1I&H (1) LRLEBYTHE, kBZEOTIVEB -V I v b
FTEAMN) VRUAMBRT VT2 ERBCAVERRA 2T > A, FHBE, 81

B (1) xR/ L K~



(2) ZB&ER

Figure I — 127 0-N—%FFBFOEREDa—-, RUB-73I5—H

14

7,

FHoORFMFPTcOLLERLAE, 75— EEHREFERIIOLBD 5 h -,

14

S—EEMEEHEML .
F-EOFRRABRKBOD

BEHIZLIYV a—-T7I5-CEHEIRBRDSLENR. B -7
Fig. M- 212, 7a—-N—-—FREFFEFa-7

Vi

BRERLE, PUvRIAVITINVTODE -V Iy bFHRAMIVEREOE.ERA
DOFER, LMEF BEIN, BHEELNOFESL TNV, 2AD 2 FBRHN
7~ (lane 7,8,9). 2O H6D7I5—HE., a—-F73I5—ET, FEARETNEN
4, 2¢4., 5THY, EBRBFLIVEZSHFELE, ELTAEES T VTN
TR RREhAE D>~ (lane 4,5,6), 1 FEESA VI TOABEM. T VT
CHEBEHOWAGMBEAOKER, BRFI3H., 6RO FEILAKDONY KRB A
2 (lane 2,3), Zh bR -735—-—H7T, EBHAEELFNh4. 2, 4. 3,
4. 5, 4. 6THY. RFEFECRAROCTFERUIIVEIFELE, SR, T08 -
vy hFEFAMIUEEBELABAIT., EHLEE

14

\d
V27

S—¥F¥ONRYRNIEp -V
RNl TH - /=,
Wiz, Fig. I-3127X%, LA ADREBETO7IS-VYEHROEILLEY

VESAVEFLVERWT, BREKBBEDOL -V Iy FFFAMNUVEREEE LA

EHRCOERER LA, 7XFTE, PVYESAVTVTDORE -V Iy T X
ZMYCEBHEYHCATGHERAOMBR, | ADODNFREAL, ZDa -7 35—
ﬁmﬁyﬁﬁ‘%%3H#66HK#HT%<@ﬁtOLﬁb‘4%654yf
WT, N NRBEAGhr-s 2 (Fig.ll—-4)

4 XTWE, 7HRSAVTINVERBNT, BEEKBHHBEOL -V Iy FFHFAL

VYR EHEELAEAEHRAORR, a - 735 —FYERBRFEOHETFTIZODOA TEVN
v RERo A (Fig.M—-3), LML, F1EESA T ATR, N FRBhR
Mho /s (Fig.ll—4) ,

(3) &%

70— N—DRFBDT7 IS —EEREH NI -V ERANLEER, a -7 35
—~VYERHEIREFRERFPCRLL, B-T3IS—PHEERIRFERFPTHEMETL
o ZHEHEBRONRNEI - EeHFTHY, VLI 7N 7 70HEL2{ALTH-

oo Eh. BHBRBAOBRE. 2KADa-73I5—-FeE2HLNEZNFE, 4K



DR —-—73I5—HeEXL B3NN ERXBERE, LT, a-73I5—¥E&EX
ENBENYERERAEBEESA Y ILVTENRYEIERBEALLZWE ODDBHEREBD 5 h ~,
COBGE, FILT N TTILONTERBOONTWSE Z L, B,

HHEBERPD a -7

11

S—¥iE, Po4=2FA4 v NS4 —BETE -7

S—HeHEIh, Th¥Tho7I>5—FR, ABUET VTV EORBERD

11

DoHFELSE, a—-RUEB-T7IS—ETHBLRAEL X,

IHED>IZ, AU Trifolieae (¥Y+v P20 V) BUIBTBETNTFNT P ED
O—N—l280WT, FOREFBEO7 IS -~ EEHREH A2 -0 BRECEHRE PO
BThde O REKENERIXEB LS =,

FAXE, BREEBBCHBRBFPILSEh T VW2 -T7IS—VYEHXREFE

4,

FHTRBCEML, -7 IS EHEHARBREBEVWETH -2, BEShTWD T
VRYDRFBFHROTIS—EEMHEEHRAE2 -V AL TTH- 2P,

4 Xk, BFPIULZBLILEEATWE S —7I5—HEMEN. BPERTZ
ERALSHATWE DY BREBRCEFHFULEEATNSD a—7 35— ¥ FEMEM
W eRHErERs A, FA4A X a-7 35— EYHEHE, BEREKDHIZRK
HLU, REBBTOHEMERLAEDIE, ZOF— AR YDTTHE, BT, 7
W72 7770 —-—N—Da—-F3I5—HFLRAHKE 7XF, 44X Da—-73
S—t¥bH, 1EESA VSV HRTR, BHRREAESY R LTHREBEAZVWEHER
BoHHN kK,



o -Amyiase B-Amylase

3
2r
E -
= E
7)) 2 - ) -
-
3 o
8 8
& EqF
: .9 :
2 ® £
L 5
-
OMO)
0O 1 2 3 4 5 6 0O 1 2 3 4 5 6
Days after germination Days after germination

Fig. I1I-1 Changes in o-Amylase Activity and p-Amylase Activity during
Germination of Clover Seeds. a-Amylase activity and -amylase
activity in whole seedling @), cotyledons (@), hypocotyls @) and
radicles (O),were assayed by Phadebas and Pantrac tests, respectively.
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Fig. I1I-2 Detection of 8-Amylase and a-Amylases in Dry Seeds and Cotyledons
of Clover on Immobiline Gels and Ampholine gels. #-Amylase was
detected in an Immobiline gel when the enzymes in the gel were
allowed to react with soluble starch (lane 1, 2, 3) but not when the gel
was incubated in p-limit dextrin (lane 4, 5, 6). a-Amylase was not
detected in the Immobiline, but detected in an Ampholine gel with §-
limit dextrin as substrate (lane 7, 8, 9). The samples in lanes 1, 4 and
7 were prepared from dry seeds. The samples in lanes 2, 5 and 8, and
lanes 3, 6 and 9 were prepared from cotyledons on the 3rd and 6th

day, respectively.
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Fig. II1-3 Changes of «- and g-Amylase Activities during Germination of
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Fig. I11-4 Activity Staining of a-Amylases on Ampholine (A) or Immobiline
Gels (I).
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Table IV-1 Classification of a-Amylases by Activity

Staining on Immobiline Gels.

o-Amylase Immobiline Ampholine
Rice + +
Wasabi - + +
Cabbege + +
Clover - +
Mung bean - +
Black gram - +
Small red bean - +
Broad bean - +
Pea - +
Soybean - +
Kudzu - +
Alfalfa - +




Rice Clover Pea

Spring Mysore
Locust Mimosa vetch ythorn

Fig. IV-1 Elucidation of a Common Property by Isoelectrofocusing of a-
Amylases from Leguminous Plants. «-Amylase from Rice, Clover,
Pea, Kudzu, Locust, Mimosa, Spring vetch and Mysore thorn were
isoelectrophoresed on Ampholine gels (A) or Immobiline gels (I).
All the gels were visualized by activity staining.
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Fig. IV-2 Isoelectrofocusing of a-Amylase from Alfalfa and Mung Bean on

Ampholine and Immobiline Gels.

Act.: the gels were visualized by activity staining. CBB: the gel
were stained by using Coomassie brilliant blue R 250.

Left figure (A): isoelectrofocusing of purified a-amylase from alfalfa
on Am)pholine gels (lane 1 and lane 3) and Immobiline gels (lane 2 and

lane 4).
Right figure (B): isoelectrofocusing of purified a-amylase from mung
bean on Ampholine gels (lane 1 and lane 3) and Immobiline gels

(lane 2 and lane 4).
About 0.5 ug of each a-amylase was applied onto the gels (lane 1 and
lane 2). About 3 ug of purified a-amylase was applied onto the gels
(lane A-3, 4 and lane B-4). About 10 pug of purified a-amylase was
applied onto the gel (lane B-3).
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Fig. IV-3 Isoelectrofocusing of a-Amylases from Malt and Pancreas on
Ampholine and Immobiline Gels.  All the gels were visualized by
activity staining. Left figure (A): Isoelectrofocusing of a-amylase from
malt. Right figure (B): isoelectrofocusing of a-amylase from pancreas.
One microgram of each a-amylase was applied onto the Ampholine
gels (lane A-1 and lane B-1). One microgram of each a-amylase was
applied onto the Immobiline gels (lane A-2 and lane B-2).

The mixtures of purified a-amylase (1 pg, malt) and an aliquot of
crude extracts of mung bean was applied onto the Immobiline gels
(lane A-3). The mixtures of purified a-amylase (1 pg, pancreas) and
an aliquot of a solution of crude mung bean extracts was applied onto
the Immobiline gels (lane B-3).
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Fig. IV-4 Isoelectrofocusing on Immobiline Gels Swollen with Distilled

Water Containing 0.25% Ampholine. The purified a-amylase
(0.5 pg) from mung bean was applied on different positions on
Immobiline gels swollen with distilled water ([>) (lane 1, 2, and 3).
The purified a-amylase (0.5 ug) from mung bean and purified a-
amylase (0.5 pg)from alfalfa were applied onto the Immobiline gels
swollen with distilled water containing 0.25% ampholine (pH range
3.5-9.5) (lane 4, 5). All the gels were visualized by activity staining.
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Fig. IV-5 Determination of Sugars Generated by the Action of Alfalfa,
Mung bean, Malt and Pancreas a-Amylases to Maltotriose.



Conc. of sugars (/uM)

Conc.of sugars (/AM)

Maltotetraose

Alfalfa Mung bean
00 - @G
O G2
AN . A G3
N\ D G4
50 A
| 1 1 | | i | S| [| |
0 "1 2 345 6 1 23 4 56 7
Malt Pancreas
00 =
£
50

O 1 2 3 4 5 6

1

> 3 4 5 6 7

Reaction time (h)

Fig. IV-6 Determination of Sugars Generated by the Action of Alfalfa,
Mung bean, Malt and Pancreas a-Amylases to Maltotetraose.



Maltoheptaose

=
5 Alfalfa Mung bean
Z 190} @G
S, O G2
- AG3
- N G4
o
S 50F
o)
) (D/O//O’—C
(&) :ﬁ
0" 1 2 3 4 5 6 1234 5 6 7
E Malt Pancreas
=
o 100F
[4+]
o
3
[75)
5 50}
2
c
o
@)
1 | | 1 1 1 ] | | 1 L
0 1234 5 6 1 234 5 6 7
Reaction time (h)

Fig. IV-7 Determination of Sugars Generated by the Action of Alfalfa,
Mung bean, Malt and Pancreas a-Amylases to Maltoheptaose.
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Fig. IV-8 Hydropathy Profiles of a-Amylases from Mung Bean, Barley, and
Rice. Each region in the amino acid sequence, which is expressed
as an arrow (I, II, and III), is different in hydrophobicity among the
sequences of three a-amylases.
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Barley MIGW|WP
Rice MIGW Lp

Fig. IV-9 Amino Acid Sequence of a Hydrophilic Region for a-Amylase
from Mung Bean.
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S, ARLADNAG, 72— VHlH<T, AREBETDELEHICEBML,
TH - THEHIIRL A,

2) 7o b, 282 -V EE®R, T a—- NV EKREL, Blunting kit
(Z®EHE) ©1 0 Xbuffer 1aule@BEARK8puletMx<T, 70C 5454~
*aR—Fr#%, 37CI2 ¥ L. T4DNApolymerase 1 ul ®iMx., 37%C
TOSPRIKBEIEE, KGEFa—TEXKkhizs &, DNA dilution buffer
(Bilunting kit)® 1 00wl Mx., 7/ — Vi, T4/ —~LEEBSE,-,

3) ¥F—FHoE; UKL 200 LOTERNRy 77 —1Z8BHM»L, T4PNK
buffer 1 Ou L., BWEFEA68ul, 100mM ATPI1Iul,

T 4 polynucleotide kinase(l0unit/ul1)2 u 1l 2iMx., 3 7°CT 2HMHKIE.
T —JHHBL, TE /- ELAE, THhEDNA dilution buffer

(Blunting kit)2 O p 1B L., SAy—Yarv@REELTHWE,

7.

4) R7ZA—-—DRMYW; 75 AINPUCLI9%EHTBE. col i.
HB1O1%LBEH (RKBESOug/ mlo7 U VEM) S5mlilH
H#%, 37Cec—Me>HER (FiFR) LA, ZOBEEBR3Im 1 E2300mil
OLBEH#H (KBRESOug,/ mld7YEYYVEM) omMax, 37CTt—®
FBeoE® (AKR) Lr, BEEHBE20C, 8000rpmTI1 O4FELBL
T, $HL, A2 5m1lDOD50mMbPIA-HBEENy 77y — (pHT7. 5) i
e, >UVars X LA AMELE (corex tube) IZB LA, | Omg
/) mlBEDODRNasel® 5O0ul®tmaxc. L, 20T1l. TmloOV Y
F—LW® (1 0mg nl) 2mMmx, B¥ricBMLAE, 0C., 10454 *Fa

RXR—=hkL, 2m1®D0. 5N EDTA%Mx. 0Cic1 05 KEL. 2. 1



ml®dDO. 4 %Triton-X100%M&x, 0OCT6 O0OHMHKEEL . KiZ, 0T,
8000rpmT7O0MELSBEL ~Z, LHERVBM I IFERELE
(NUNC) iZzBL, 0. 25mldo5M NaCl#Mxk, TNEMMY =z
J—=NTHHEL., DOWTTNEfSfy ) —J): 700K LAL (1 : 1) CTHH
Lk XBER2YzFNV—FLTC2RE®RL, =T—FVE2EE LA, YY)
4 XL, BEL~ABRLE (corex-tube) 2B L, 2m1ldD5M NaCcCl,
4mlD30OBPRYVZTFLY>ZYIA—=NLE6000%MA, OCT—HKELDN
AW~ 0C, 10000rpmT209#ELLT. DNAOUKE2E
. i 1. Sm!IDTENy 7y —iZBEL., 1. 6 gDnEbvIY LE ]
OOouloxFow L7704 RBE (1 0mg  /ul) 2Ma, BELAF 22—
JiZBL, 20CT, 55000rpm, | 6MBRELLAE, BELE, F2
— iUV EYT, RIVA—DNADODNAN Y R E2EHH4THRVETRY, Ty X2 RN
7Fa—TJUIUBL, n—-T 22— VTAL4EMEL, TFIVLTOIA NERE
B, PEFNIT—FILVTHBRIEROEOS%TE ) —LEME, —20CT~—
AHBEL~AZ, 12000rpm, 1 0%9#ELL, BBE200uldTENRNy 7
FoBML, Tz -Vl T -FNVEER T2 -V UHBL. LEE
4 00ulDTERNy 77— 28BML, 40pu lF>9%EL., —20CTHEL
= (0, 8ug,/ nwlBEOPUCEEL),
BuwT, PUCI1 9®Smal ki,

PUC198 10ug (89 u lCHEKXKTRE)

l1OXT Ry 77— (FHEE) 10wl

1% B S A (Bovine Serum Albumin) 1 'l

Smal 1 wpl
OREBEERBEL, 30C, 1BMEEI®AE, KAEBE7HAO0— 2 ER KB ICH#
L, BEHRDOPUC L 9N FEGYY WL, L7 bOoxzV—YaryTEHRLEZ,
BUILAEZADNAW, 74—, T—-FV&EHE, T4 -V UEBET-> ~.
MEE2 100 Il TERNRy Iy —1ZBH»L., 10XCIPRyT7y— 30ul,
WEAk 170wpwl, CIP (Calf Intestine Phosphatase) 1. 5 u 1l %1%,
37C, 30HKRMEEE, 56CIL1 5494 vFa—+%, 10XTNER

vy77— 35ul, 20%SDS 8. 75 ul, BEHK 6. 25pul%xm



AT, #2BE%350pul&lL. 68C, 1EBMAYFax—-—bbLA, 72—
M, T—FNVHERE, T84 - VUBEIEAEDBDELI00u]l TERYy 77—
%mu\54¢»yaymmxaa—éﬁﬁutc

5) avE—FY bELDORAY

E. coli JMI1O9HEMDZY+u—LAb+y250ul%5mlnLB
B ma, 37TCT—-KBime H>HER (FiFKER) LA, BRME3Im] %
300mlOLBEE#IzMA, 37CTHRESERE (KEH) L. O. D. 650ff
ABO. 6RIFIT LD FTHRELA (2-3EM) . HHEHEERVZIFL VHEEDL
F (NUNC) iz#EL, 0CT3 091 >»FaxX—hbL, 3000rpmT<T
109@ELE. 1EADFa— T2 50mMEEANLITIL (0OCZRELE
HbD) 25mlEMA, BPLrUdEKERBEBEI A, OCIL1IKMKER., 4°C
T, 2500rpm, 59MEFELL, 5m1ID50mMELILIYYL-20%
JYVto—N (0OCUEZBRELADLD) 2MA, BEEEZ2BPHLIBBIEEL, Tv
NRURNZ7Fa—-—Til500uldFo>5FL. ~80CTCHREL /.

6) AT —YarvBLUP bR T —RA—Yay

R Z - LUTHEBRLELAZPUCTIY (Smalphy b, CIPUE)
3ul (300ng) i, 19— DNA (Z>FYPCRMH, 75> it
BLrovxF—HCo#H) 441 (0. 6 ug) #2MX. & 512, Blunting kit
(EW®E) o Ligation solution A 9 u 1. Ligation solution B 4 pu 1
EMma. 16C 3 09M>Ay—bRGEEfT2/-. ZORGE (20up 1) 42
l1OXTCMRy 77— 20ul, HEA 10ul, a>F¥—F> i
150ul®Mx, 0CT20914>vFax— 4k, 42CT90BL—bYa
I L, PSR T —X—YarvIgh, BRIZ1O0SKEL., L BXM#
Iml%®Mx., 37CT6 094 yFax—-rLEDOLB, 0. 3ml %,
LBF#HEHS (1. 5%K, +7>E2Y>Yy 50ug/ml, +Xgal
(6-7Rpx-4-7080~-3-A4AYRYL-B-DHSZ27+YFK) 40mg/
1. + T PTG (AYVFOEN—-—B-—D—-FF+-HS27 NS5 YK) 48mg
1) LAF Ly FL, 37TCTC—HBEHL .

7)) v o—rDiE Y E

FVA I =—DHlEAKEEZONDLOE, BELAMNBETL B



# (+72EYUY) DA2/296RTb—F (NUNC) 2249 EFf, 377C
T-REHEL, 20%0 7YV ton—A by I ERMBLE,
SmlOLBE#MIZLEE VLo - VA My 72 1HEEHEEL, 37CT—
gL, @E»S TS AIFE, GIRLAMBEOI =AYy -V IRV THE
L. 1. 5bmlOTy Ry FII7Fa—-—TJuBEE AR, 12000 T pm,
L oMELL, HEEED L, 500p0 lDOSTETANy 77 — 2B Il 8HE
L. 40u lOY Yy F—u6 (1 0mg ml) #Mx, 100CT60Hx
aX—=hfFNLAE, 14000rpm T2 O09BBLE. ACELEREMNBRTERWE,
50uld3MEBY—% (pH6., 0) 26 00ulonsy oy —0%Mm
X, —80CiIL1 5% HKEL, 12000rpm, 109MELE. KK EBA,
EHERL2URE, 200 1MPRNase (5 0ug/ml) BEEMA, BB
Br, 7z /- NVHdH, T-FILEEFR T4/ - UERSE, BELUKE
100ul TERYy 77— ILBRBRI Y,
Bohr75AIRNDNA*7HO XX VERKBIZHEL T, K& s
L7z, W56 0R—ZDPCRMAVHMARENRTVWE TS XAIFEREY, £h
P e LT, BUOPCRBETZAE>PERANL, HELAE TS 23y NI,
a—73I5—VYOEBEFEMARAXL TS AINTHELHEL, Z0MAEDL X
7. AR RAN G/ 7R 2 & fho N Al DR N
@ Y a-7I5-—YRETOBHSEEREN O R EH®

1) PUCHENA®BAZINAPUCI 92 F T2 70—>HE*%, LBHEH
(+7>¥2Uy) CT500miIfg’LAE, PLVAVY YRAETTSZ3I KDN
A RBELE, 7LAVY Y AKIE, HRBELEDL (8000rpm, 1 04)
L. B72E#220mldSol. 1IZMBL, H3ABWHELE (YU aTF 4 X,
50mlZ&) 2KIZSEL, 2) hiYYF—L#H (1 0meg./m1l. 10
MMM ZEBNYy 77— ILBM) IlmleSol. T10mlizhEThoF
a—=7IMA, BHLPIRERELAE, BBEIC10-205MEBLEEZ, XA LE
Sol. 7. 5ml%¥2hFhizMx, BA4L., XkT, 109KBLT, B
e LCx¥r, BL (4000rpm, 15%) LTHBALEEZ, HFLOED
g (YYaF4X, 50ml1A) UBL, 0. 6ADTYTONR) —LEMA.
L<KBEELE KE1 O KE®%, B4 (10000rpm, 104) LTHE

— 80 —



BE80%TE ) —VLTHEK. EXHBIE, TERyZ77—10mliiH
¥, RNase®BH (10mg  ml) 50ul®mMx. 37°C. 3 049M
fY¥%ax—ptLz, TNESH Tz —A i, TNEMMI ) —N /70
ORNL A7 IN (25: 24 1) i, 700KV AL/ AV P INTIL
- (24 1) Ml T-FALERE 2ADHFSABELE (YYaFa X,
50mlZ&E) t4®#L, 5M NaCl#%®2ml, 30% (w,/v) PEG
6 000MAmlEtMA., OCCT—HHKEBELA, L (10000rpm., 20
7)) %, uER 1. SmlIODTENRNYy 7y —ZBBXE -,

2) BELOBMUILIAI2HY, BoNnNAT52A 3y RDNASBELOBEIZ LY
WM LA, 7523y FOTEB®!L. 5ml. #Hibvswal. 6g. =TFY
vALhTJOw 4K (1 0mg,/ m1l) 100ul%, 4. Sml BHOHEELDL
(Beckman) Fa—7 1 AXIZAHh, 60000 rpm, 24BHBELLA. Fd
B, FHUEEHSE (22G6GX1) T, T5RAI RNV FERVWER>TITy RV R
NTFa—TILED -,

BoOhEBE, 72— ALHHBEL, T8 —-L®kEH%., TENY 75 —200
w LICHEBRIE, 7T/ —VHE, T-FAUEE, T4 LHRBE. TEAXY
77 -200pu lZEMLTEHBERNEL, 500 lF>9F L CHEREL -

(1. 06 pug/ nl),
3) - T 2AOPE; TSAIFDNA4ul (44 g) 2. denature

solution (2N NaOH 2mMEDTA) 21, BEXKL 4 ul %2l
37TCTSHh14>Fa—rLDNA%RZMXE, nutrization solution
(MEEB7 > E=9L) 8ul&100%Ta,—J)L100ul%Mmx,

-~ 7T0CTLooMMBBLE, BoNAUEBEREKXI., SulTcHEM»L, 10X
B buffer (TAKARA 7DEAZA ¥-Jivaxybd) 1. 5w l, M1 3 primer (XRE &
K754 ~v—) luletmxTce2E® 1 2p01&L, 60CT2045M1>*%a
R=hFL, 75427V Vv T8, 7L/ YVEER (large fragment)
1 w1l &32p —C TP (deoxycytidine 5 -(alpha-p32)triphosphate) 2 u 1 %
mxtHizAL, ddATP, ddCTP, ddGTP, ddTTPKRILADA4
ADFa—T7i3. bpulFo24%L. 37TCC200MEBEEE F 1R
B lulEWx, a6l 200HMEMBESERL, stop solution *® 6 u 1 WX,



95CT3 oM, —AHEKS B, XHBLAEADSL, 3. S5l T >BREBAD
FNILT TS AL,

FHNE8 BTV UNLTFTIRSLT, FHKkEIEZ1I1000V, 1| 2mAT, Ak
BHE 2200V, 25mATH T/, SRRy 77 —~3ETBERYy 77—
= H o,

kB %, YNV EWhatnanIMMABMIZB LI X, 7T5CTT O HMEZTHBSEXE,

A= bSOFTST7 4 —%1T> 7,

HEY 2 b

2XCTAB: 2% Cetyl trimethy ammonium bromide (CTAB) ,
0. 1M Tris-HClpH8. 0, 1. 4M NacCl ,
1 % Polyvinylpyrolidone (P V P)

1 0%CTAB#®: 10% CTAB, 0. 7TM NaC

h#EBE Ny 77— 1% CTAB, 5mM Tris-HCl pHS8&. 0,

10mM EDTA
TENyZ7»—:10mM Tris-HCl pHS8. 0, 1 mM EDTA
] OXRNasei#l: 10ug,/ mlRNase A

TAERy 77 —: 40mM Tris-acetate p H8. 0, lmM EDTA

6 Xdye: 0. 2 5% Bromophenol Blue (B PB) , 0. 25% Xylene
Cyanol (X C), 3 0% glycerol
L BE:#: 1 % Bacto trypton , O. 5 % Bacto yeast extract, 1 % N a C 1
TNERy Z77—:50mM Tris-HCl pH7. 5, 1 00mM NacCl,
0. 5mM EDTA
1 OXTNRNwyw 77wy —: 330mM Tris-acetate pH 7. 9,
1 00mM Mg-acetate, 5 mM Dithiothreitol,
6 6 0mM K —acetate
CIPHRy 7y —:50mM Tris-HCl pH 7. 5, I1mM MgCl1l,,
0. I1mM ZnCl,, 1 mM Spermidine
TCMANy 77v—: 10mM Tris-HCl pH 7. 5, 10mM CacCl,,

10mM MgCl,



STET:8% Sucrose, 0, 5% Triton X1 00, 50mM .EDTA,

50mM Tris-HCl pH 8. 0,
Sol. I: 50mM Glucose, 2 5mM Tris-HCl pHS8. 0,

10mM EDTA

Sol, I': 0. 2M NaOH, 1% SDS
Sol. II: 5M K —acetate, 1 1., 5% (v/v) Glacial acetic acid
Stop solution: 9 5 % Formamido, 0. 1% XC, 0. 1% BPB
TBESNyZ7y—: 89 mM Tris, 8 9 mM Boric acid, 2 mM EDTA
(2) EZEBRER
Figure V-1 (lane 2,5) iZ#h¥hVUal b RUZVFURFETLYVH
HL-RaEADNADEBERKBHETEE:LTY. Zhid, RKOZRULUEALSI DD
THBILERLTWD, TEZITCIhSODNAESHBBIZLT, 6 TS A< —
7= —VY XK, Polynmerase Chain Reaction (PCR) izl Y., 560D
DYVas by RUTZTVYRIDa-7IS5—EBEFLEHBIEAHER H559
boOWEMAFEH/r (Fig. V-1, lane 3, 6) , YUaZ boDTSS54<w—1¢
54— 2Mix, 561 b TCHWEIZDT., ZTOHEHAFE a-7353—H
BEFO—WEEALNL, KIZ, TVFYORNEEETFE, LY PO b -
Yarik, EHWESKAEL, VooBIEE, PUC19MDSma l liRICERXE,
ABE-EERSE, 15@OoMsrBRAKESL, 205, 3KIZN560
bDBAMANAR F—l@BEXIh B e BHBLADT (Fig. V- 2,
fane 3, 4, 5) . ZhFNDODTSAIFDNAZHBHRH-IER TSI vET = —
Vv Jad, PCRECTHEBL, BEREBTF v I LABER 1HKOTS 3
ROBKIZHME 6 ObDB A MHBWX N~ (Fig. V-2, lane 7) . 28I T, I®D
BROBABSOBEERMNE*M 13747 RES5TILYUN—ATS4T—2HL
T, IFAFHRUCTEHEERENORE RS, SHUREINLAAEREEINESE
LT, BRTSAR—%2ERL, V-V ZTVARDTSAT - LT, ZOF
Ao HEERMNEREL A (Fig.V-3), Yas by, 4 LF¥ 4«32k
ENDa-73I5—YEEBETFOMBTE2HMoOHEEEIN L LERFT LR, £F
SARELABEENIE. TR0 a-7IS—VPYEBETFO—BTHE I LE
RLTWwWs, EERAZ2BRULBERALEAER, < XREWZFY,. YL



FEEDa-FIF—EHTFHOEAHRRAEROBFEEER VL L L (Fig. V
—4) ., roBLOT I BENE, A XTEMIGWLPTAHALAFTEMI

CWWPELBAMTY I BTHD MY T 77y (W) REREEL TR,

1

YL FTAEXTCEMIGVKP, TV FY T3 LLGIKPEeZREN, BAK
FIJBMTHBEUIVERELLBRLTVWA ZeBHHALE, o8, RESILLT

vREYDa—7 5S—VPREFOBHEERS & MAMDD S E S & GenBank5 —

yZi

AR—IAMDOERBELAER, FYMTPXXONBHEHIEETT. 5%DKERY
R HL. A2 AT LEREDa—TFTIFT—ELOREHPELIEE58-59%0D
FEOI—-%2HFTDHIEeNHBL A,

(3) B8

EHEHE, YARBEBWDa—T73I5-FPOBIKBHBHERARAL, FORRA
CH L TEBEMA, ABFORMENFBE LR TILEND L J L 2RBBL L.
FITETEFO-RHBEL+HAB BT I2HYOBROBBE L HEKBRI L -2, 2L
TERMBBEROEHTRLALIIL, PARERTHE Y al by BLTT Y RY

/v,

Da—-7I5— ¥ FHILEHENLZEAEOBRBVERLD Y., FiZ, B OHED

D a-—7

117

S— Yo FOMEBMMLE, HAERBWZEEHLMILE, 20D
DL BENRBEESKPIHNRBIBESERDZ2ENIIO>VWTIR, S8BRHT
RETHDIN, PR ELVMBOBELALZLIIAFNEDOr Y V7 XX R
YRV Da-T7IS—HEHZFO—HHLVRIDE, aBEIOHMIX., BRSO ZL,
BEBECHLTREZT A TCW2 a - 735 ¥H5FEhThiiFAERY—0DH3H
BEBWARN- 229, TOAICELT, TOBRKBMWMERLY, a—-7 35—
POWEMRBRRIIRBELLVWE WS BNVNEDERZELEFELAR Y, LELABKMEHE
BiE, a- 735 ¥R FOFRZZBRORGEBE»SKA T, W1 373/ BB
EN-KBEBUHFEELTSY, BB IOREFHERCIBELTVWE EEX N5,
TORBIE., TABEBND a -7

n

- EoF+OTEILEEXD LTEEND
53, BB, TRUDa-T7I5—FPRETFR A XRFTFLXREDa -7
IS YBEF (58-59%) VY, ALY ANBEDOTYNTAXDa—7
IS VYREFLHAEXBVOR (77, 5%) . W ARFHELE Zh FThO
a-7IZ—¥YDH5FELOHBAEEL TRL T3,



Fig. V-1 PCR Amplification of a-Amylase Genes of Leguminous Plants.

lane 1:
lane 2:
lane 3:
lane 4:
lane S:
lane 6:

A-HindIIl

chromosomal DNA from mung bean

PCR amplified fragment for mung bean DNA
A»-Hind III marker

chromosomal DNA from pea

PCR amplified fragment for pea DNA



560b

12345 6 7

Fig. V-2 Identification of a-Amylase Gene Inserted into Plasmid Vector
(PUC 19) by PCR.
lane 1: a -Hind III marker, lane 2: PUC19 vector
lane 3, 4, 5: PUC 19 vector carring foreign genes
lane 6: A-Hind III marker, lane 7: PCR amplified fragment



I
Pisum 5 -GGTATTTATTGTATITTTGAGGGTGGAACTCCAGATTCAAAGCTTGATTGGGGTCCATCT

..............................................

¥igna 5 -GGAATATATTGTATCTTTGAAGGTGGTACTCCAGATTCACGCCAAGATTGGGGTCCATCT

1
TTCATTTGCAAAGGCGACACCACTTATTCCGATGGCAAAGGAAACGATGATACAGGAGAG

..........................................

TTCATTTGCAGAGATGACACTGCATATTICTGATGGCACTGGAAACAATGACAGTGGAGAG

GATTATCAAGCTGCACCTGACATTGATCATCTCAATCCACAAGTACAAAGAGAGTTATCT

............................................

GGATATCATGCTGCACCTGACATTGATCATCTCAATCCACAGGTGCAAAGAGAGTTGTCA

GAATGGATGAACAGGCTCAAAACCGAAATTGGATTTTCCGGTTGGAGGTTCGATTTCGAC

GAATGGATGAACTGGCTCAAAACTGAGATTGGTTTTGATGATTGGAGGTTTGATTTTGTG

2
AAAGGTTATGOCTCCTAGTATAACCAAAATTTACGTGGAACAAACTAAACCAGATTTTGCA

...........................................

AAGGGCTATGCCCCTAGCATCTCCAAGATCTATATGGAACAGACTAAGCCAGATTTTGCA

GITTGGAGAGTTATGGAACTCACTTTICTAACGGTAATGACGGGAAGATTAACTATAATCAA

GTAGGTGAGAAAGTTGATTCTATCTCATATGGGCAGGATGGGAAGCCAAACTATAACCAA

GATGCGGCTAGAGGTGAACTTGTCAACTGGGTTGACGTAGTCGGTGGCGGGATTGTTAAC

.............

GATAGTCATCGTGGGGCACTGGTGAATTGGGTTGAATCTGCAGGTGGAGCTATT ACT

GCATTTGATTTTACCACCAAAGGGATTCTTCAAGCTGCTGTACAAGGTGAACTATGGAGG

..........................................

GCATTTGATTTCACAACAAAAGGAATTCTTCAGGCTGCTGTGCAAGGAGAATTGTGGAGG

Hydro
TTGAAAGATTCGAACGGAAAACCACCTGGATTGATCGGTATAIAAACCCGAAAATGGTGTA

TGATAGATCCAAATGGCAAGCCTCCTGGAATGATTGGTGTGAANCCAGANAATGCAGTA
11
ACGTTCATTGACAACCACGACACT-3’ K

...................

ACTTTCATTGATAACCATGACACT-3

Fig. V-3 Partial Nucleotide Sequence of a-Amylase Genes of Pisum sativa
and Vigna mungo.
I, primer 1 for PCR, 1II; primer 2 for PCR,
1; primer for sequencing, 2; primer for sequencing,
Hydro; Hydrophilic region, K; Lysine



Pisunm GlY

Vigna 124GIY

SEW

. .

NQD

NGV

.........

NAV

CIFEGGTPDSKLDWGPSFICKGDTTYSDGKGNDDDGEDYQAAPDIDHLNPQVQREL

..................................

CIFEGGTPDSRQDWGPSFICRDDTAYSDGTGNNDSGEGYDAAPDIDHLNPQVQREL

MNWLKTEIG WRFOFVKGYAPSITKIYMEQTKPDFAVGELWNSLSNGNDGKINY

.......................................

SHRGALVNWVESAGGAI TAFDFTTKGILQAAVQGELWRLIDPNGKPPG

B
FTDNHD

FIDNHDTI310

Fig. V-4 Partial Amino Acid Sequence of a-Amylase from Pisum sativa
and Vigna mungo.
A; Homologus region Il in a-amylase
B; Homologus region I1I in a-amylase
Hydro; Hydrophilic region, K; Lysine
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1) BYHBHEXEDOD7IS—VYHEHATEORPET-72BER, - 735 —-HYI3E
Bz, p-nitrophenyl-a -maltopentaosided® & *hexaoside® f v 3 Pantrac.

a—-—F3IS—FPUEHB-IABHEABAHET > % B 2 PhadebastE M@ L FHE T

y/7]

BB ENYBE LA, o, Phadebashrid a — 73> —VEHoRBRBEIIHE VIR
HERL KL,
2) ANMEERRAVWT, EBRMWAEFETIIOT

EHZHORRE,. EXR2PSEBEHLEIATWE LD (RFEBRBRCa-—-T73I5—¥

yZz

S-EtEMNLBEREL .

EHESMEARL, B-7IS— ¥ BHUEEREFPUIFENS) L E—BL 2w
NREWEE N,

3) PUyRSAVINVERVIEEABEKBRLL, " VHDa—-T73I5—-¥%
B—Y3Iw hFERAMNYVERREE, avHEAVIAEAY Y LTCESERATSZ 2

2.

sy, HERBRPDa - 735 ¥ Enit, 1TS54V TVERV
ZHEBEREBERUKBELL, YIVHOE - T7IS—EA2ABMETF VTV ERBEEE
HREaTDE ity HERBTOSEROEELAEZB -73I5—E¥71 VK
— LRSS,

4) EHAEBICEZIUBBRLIY., YXREDT7T VT 77 7 OWBERFPIC

B a—-7

141

S—¥ARAFEh, BF I O>hTEMNBLLTOLLSDIZE LT, 8 -

7

yZi

S— YR, BEBBTEMEANLE 0> BAHMATSNE,

5) PAT P AT s BFNDa—, RUB-73I5—CDSEDOT7 AV &—bt
ELEWMFECEIN TN —RBIHENEL, AOoOBAOREZEFO, €01
RPN T NI BEBFCAONAAL) OREREBR S b,

6) hoHlE (BHAUEELERKBE) 2M T, 70— K—, £1X,
TAXXDOBFBBIIBY B a—, RUB-F7IS—UEROETH &R L~ &R,
P77 7N 77 EE LC#E” Trifolieae” BT 3 70— N—HFERFIZ., 77
PNy BERMTLRARDOY S5 CEBRR (a -7 I5—COMDL S -7
IS COHMK) ERLA, FAXE., BRAFH AR HEETBA -7 35

—ERBA L, a - T IS-—EEMEREMOL AL, ~-F, TAFEFIHRFRE T,

14

a— 737~ FYEMHBIRWI DN, A -T7I5 - ¥YEHELEELEVIEHET]E
énf:o



7)) P77 0A 77, 283—RN— A4 X, FXF¥, Valby, TrvRoikg¥
TAREHD a - T I —¥HTFE., 1A ELESAVTF N TEBAERKE 217-
EHA SV PEERCKBEST. 2OREL. BHRAFBL W B ER
L., COBKIKBARER, ~AREHUADa -7 3I5-FiILEBD SHh T,
oRMEEREFIBLTII AR Da-TFTIS—HE, RUB -7

VZi

S—-¥YO&ERA

ENBE BRI R I,

Yi

8) ZO®KHEE., Varsbhy, PLI27 V7 70HBa—-73I5—-F¥TLRDH

h, TARDa—-73IS5S—¥LFoLELENRECBRET I AEELERBD -, *

L

ST, TV ERYDa-FPIS—FREEFOPCREENAR%

1
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