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Weight (1,000 g)

] 5 6 7 8 9 10 11 12
Month
Aboveground Underground Mother New Whole plant
=~ plant weight — ' plant weight ~~ tuber ~ "~ " tuber = weight
, 1990

Fig 1. Changes of fresh weight in the different plant parts of yam during
growth period at Taichung in 1988. Liuet al, 1990
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10
1992

, 1992

B, C
Wanasundera and Ravindran, 1994
diosgenin

Medicina steroids

1994 70R01

15 ,
17

A B;
Abe, 1973 Coursey, 1967

D. colettii

, 1999

Pall and Chen, 1988

70W04
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A WD

, 1999

Omonigo and Ikenebomeh, 2000

, 2000

Beck and Ziegler, 1989

a-1,4

a -14



Wanasundera and Ravindran, 1994

Table 1. Nutrition composition of tubers of different cultivars of D. alata.

Wanasundera and Ravindran, 1994

% Dry weght basis
Moisture Totd energy VitaminC
Cultivar Crude Crude Soluble
(%) Crude fat Ash Starch (keca /1009) (mg/1009)
protein fiber sugar
Ini ala 73.1 7.9 11 15 3.0 75.6 11 353 15.8
Kahata ala 71.0 7.0 12 12 3.7 77.1 11 369 19.9
Kombuwalli 74.8 6.7 1.0 1.8 3.8 82.8 12 380 13.0
Raja ala 69.9 7.4 1.0 1.4 2.8 83.3 13 383 ND
Rtaala 77.1 7.9 10 16 3.6 76.5 1.2 355 18.5
Thumbata 775 7.5 10 16 3.6 77.1 0.9 357 24.7
Hingurala 65.5 7.3 1.0 1.6 3.0 84.3 15 357 15.8
Mean £ SD 727 +40 74 £0410+£0315+£0234+£04 795+£34 12+01 365+ 116 18.0 £ 3.7




20 30 a
-1,6 2,000 500,000

70 80 20 30 Preiss, 1990 ,1998

Steup et al.,
1983 Beck and Ziegler, 1989
(ADP-glu-cosepyrophosphorylase) (soluble
and granule-bound starch synthase) (branching enzyme)
(starch phosphorylase)
phosphorolysis amylolyss  Nidsen and Sitt,
1997
, 1998 starch phosphory-
lase a - (a -amylase) [ - (B -amylase)
a - a - B -

, 1998 Paulo et al., 1997

Pi
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Starch

B -amylase

Starch phosphorylase
o -amylase

Maltose

Glucose 1-phosphate
Hexose kinase
Phosphoglucomutase

Glucose 6-phosphate Glucose

Glucose 6-phosphate isomerase

Fructose 6-phosphate

l

Fructose 6-phosphate  + UDP-glucose

Sucrose phosphate synthase

v
Sucrose 6-phosphate + UDP-glucose

S

v Pi
Sucrose

llnvertase

Glucose + Fructose

, 1998

Fig 2. Possible pathways of starch catabolism.  Huang and Liu, 1998
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a-14
10
B - a-1,4
, 1998
B -
B -
1B -
B - Kuhu 1924
B - B -

dextrin Beatriz et al., 1996

Boyce and Volenec, 1992

Bacillus megterium  B. circulans

Pseudomonas sp.  Streptomyces sp.
2. B -
B - a -
a - Yamaguchi et al., 1999
a - B -

limiting

B. polymixa



B -

(Bestriz et al., 1996)

Table 2. Propertiesof [3 -amylases (Bestriz et al., 1996)

MW Optima Optimal Stable pH
Source pl
(kDa) pH temperature( ) range

Sweet potato 197 4.5~5.0 60 5.0~8.0 4.77
Soybean 61.7 6.0 45 5.0~10.0 5.0~59
Wheat 64.2 5.2 45~9.2 6.0
Malt 5.2 4.5~8.0 6.0
Mustard 58 5.8~6.2 3.0-80 4.6-4.8
Pea 56 6.0 4.35
Barley 56 5.2 >50 4.5~8.0 6.0
Ichoimo 60 6.0 55 43~85 5.0-5.2
Sorghum 20 5.0~5.5 30~40 4.3~8.5
Taro tuber® 66 and 67 5.0 60
Maize 65 4.40
Kiwi 6.0 35
Bacillus megaterium NO. 32 67 6.5 5.0~7.5 9.1
Bacillus polymxa NCIB

67 6.8 37 6.4~7.2

8158

Bacillus polymixa N° 72 a4 7.0~8.0 45 4.0~9.0 8.35
Bacilluscereus var.

35 7.0 50 5.0~10.0
mycoides
Pseudomonas sp BQO6 37 6.5~7.4 45~55 6.5~8.0

13



aeurone layer scutellum B -

Subbarao et al., 1998

1
B -
Arabidopsisthaliana ( )
B - , 1998
B -
Satoru et al., 1995 Jahua 1999
B -
2
abscisic acid (
ploygalacturonic acid  chitosan) B -
, 1998 indole-3-acetic acid
B - Purgatto et al., 2001
3
B -
B -
B - 75
80 2 Wang, 1992 B -

B_
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Wang, 1992

1991 B - Isoamylase
pullulanase
Araet al., 1995
B - Nielsen and Sitt, 1997
B -
Kouess
etal., 1990
q -
B - Ugochukwu et al., 1977
B - Takahashhi 1966
Nagamo B - ;
1998 1991 Ara Ichoimo B -
34 161U/ mg pH 6.0 pH 4.3
8.5 60 60 kDa
B - 1998
B - Arai
pH 6.0 pH 6.0 8.0
55 267.6 kDa 355

kDa
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Dioscorea alata L. var. purpurea M.

Pouch
D. alata L. D. alata L.
1 soluble starch , potassium sodium tartate
2. Sgma Bromphenol blue , Coomassie brilliant blue R-250,

glycine, Tris ( hydroxymethyl ) aminomethane, 3,5-dinitrosalicylic
acid ( DNS), maltose, 2-mercaptoethanol, maize starch, potato starch,
N,N,N" ,N’ -tetra-methyl-ethlenediamine, rice starch

3. Bio-rad 40 % acrylamide / Bis solution , ammonium
persulfate , Coomassie brilliant blue R-250, protein assay reagent

4, Alorich 5,5 -Dithiobis(2-nitrobenoic acid)(DTNB)

Tris 10 mM |Tris-HCl , pH7.0, 10 mM
B -mercapethanol , 4 MM EDTA
Tris 10 mins 24000

xg 4 15 mins

16



(b)

a b
Fig 3. The tuber (@) and the cross-section of tuber (b ) of Dioscorea

alata L. var. purpurea M. Pouch
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1 B -
soluble starch
2- 3,5-dinitrosalicylic acid , DNS
15mL 1.5 SmM -
37 5mins 0.5mL 37
0O 1 0 0.5mL
DNS 100 5mins
4 mL 590 nm 0.5mL 0
10mg/ ml DNS
1
1 min 1y | 1y mole
DNS 5935 100 mL
2N NaOH 150 g 250 mL
500 mL
2.
Bio-Rad protein assay reagent 5
1mL 5| 5
595 nm
BSA 0 4 8 16 32 ug/ml
595 nm
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1 B -
3
2.
25 16
5
Duncan
B -

1

Tris
cetylpyridinium  cpc 4

24000 g 4 20
2.

Wako , Diadysis membrane , Sze27 4

19
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24000x g 4 15

20 1

Brookfield viscometer

60 rpm

Did reading x Factor Viscosity in centipoises

Factor : 5
5.
2
electrophoresiscell
140
%
2 3
0.05 M
A (a)
B -

1.5%
Bio-rad , Versatile mini-protein 3
pH 8.3  Tris-glycine
1
Coomeassie brilliant blue R-250
15%
pH 54 37

15



05mL 15 1.5mL 30~80
B -
2.
10
3. pH B -
02M 01M pH
8 4 8 pH -
B - pH B -
4. pH
pH -
1
B - pH
5 B -
Wako
1.5mL 1.5% 37 5mins
0.5mL 37 1
6 B - Km
0.2~1.5% 15mL

05mL 37 1
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0.5mL 1.5 15mL

Arrhenius
logk=logA —Ea(1/T)/23R
Vm Vm

Vm

8. B -
1mM 5mM
CusO, 5H,O0 CaCl, 2H,O0 FeSO, 7H,O HgCl, KCI
MgSO, - 0.05M, pH 5.5

0. B -
1mM 5mM

EDTA  CaCl, EDTA PMSF -
0.05M, pH 5.5

Km

NaCl

ZnCl,



Tris

30-40
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Fig 4. Comparison of [3 -amylase specific activity of different yams.
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B -
Table 3. Comparison of3 -amylase specific activity in Dioscorea alata

L. var. purpurea M. Pouch tubers.

Amylaseunit  Protein concentration  Specific activity

Tuber
(1 mole/ min) (pg/lpul) (unit/ p g)

1 77.68 5.38 14.44

2 71.85 5.65 12.72

3 104.70 5.98 1751

4 81.92 5.73 14.30

5 55.95 6.67 8.39

6 97.28 6.39 15.22
Average 81.56 5.95 13.76

SD. 17.59 0.50 3.06
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B -
Table 4. Comparison of (3 -amylase specific activity in a Dioscorea

alata L. var. purpurea M. Pouch tuber.

Amylaseunit  Protein concentration  Specific activity

(u mole/ min) (pg/lpul) (unit/ pg)
Bud - 1.108 -
Middle
6.67 11.377 0.586
segment

Tal segment 4 15.415 0.259

26



16 25
25 20
16 10 15
10 4

2095 5139 1535 985 wunit/ pg

15
, 1984
Glycoprotein
1984
31.8% 43.1 % 8.3%
cpc
A 2 Ccpc
B

2% cpc
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16 B -
Table 5. Changesof [3 -amylase specific activity in Dioscorea alata L.

va. purpurea M. Pouch tubers during the course of storage.

Specific activity (unit/ p g)

Days 16 25
0 13.34 + 3.780%F 11.29 + 5,630
5 28.09 + 3.310* 25.63 + 6.340 %
10 2439 + 18.56 % 10.70 + 3.030 ™
15 17.25 + 10.21 %% 19.38 + 3.970 ™
20 26.17 + 6.360 % 20.94 + 2.340%*

‘Means = S.D. meansin the same column ( a~d ) and same row( w ~

z) followed by different letters are significantly different (p < 0.05)
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Table 6. Different procedures to remove sticky materialsin Dioscorea alata L. var. purpurea M. Pouch tubers.

Procedure B

Crude

extract

Crude

—» 2 % cpc —» Methanol
extract

Amylaseunit ( g mole/ min)
Protein concentration (u g/ p 1)
Specific activity (unit /u g)

Viscosity (centipoises)

86.37
5.200
16.61

138.0

Procedure A
—» 2 % cpc —»Didyds—» Methanol
66.58 64.07 62.9
3.560 2.910 2.520
18.70 22.02 24.96
78.00 139.5 117.3

63.47 64.50 69.93
5.140 3.490 2.250
12.35 18.48 31.08
139.5 92.25 80.25
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207 KD 52.5KD 2% cpc

band cpc
B -

Coomassie Brilliant Blue R-250

200 KD

60 1998
55 Dicko 1999 (Curculigo
pilosa) P - 55 B -



207 KD
118 KD

M: marker 1: purificated sweet potato B -amylase

2: white yam 3: crude extract
4: 2 % cpc added crude extract  5: didyzed crude extract
6: methanol trested crude extract 7: crude extract

8: 2 % cpc added crude extract 9: methanol treated crude extract

Fig 5. Zymograms of [3 -amylase of Dioscorea alata L. var.

purpurea M. Pouch tubers.
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207 KD

118 KD
81 KD

52.5KD

M: marker 1: purificated sweet potato 3 -amylase

2: white yam 3: crude extract
4: 2 % cpc added crude extract  5: dialyzed crude extract
6: methanol trested crude extract 7: crude extract

8: 2 % cpc added crude extract 9: methanol treated crude extract
(7.5%)

Fig 6. Polyacrylamide gel electrophoresisof [3 -amylase of Dioscorea

alata L. var. purpurea M. Pouch tubers.
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Fig 7. Effect of tempereture on the activity of [3 -amylase of Dioscorea

alata L. var. purpurea M. Pouch tubers.
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Specific activity (unit/i g)
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0 1 1 1 1 ]
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Fig 9. Effect of pH on the activity of [3 -amylase of Dioscorea alata L.

var. purpurea M. Pouch tubers.
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Fig 10. Stability of [ -amylase of Dioscorea alata L. var. purpurea M.
Pouch tubers at pH 6.0.
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Fig 11. Effects of various substrates on the 3 -amylase activities of

Dioscorea alata L. var. purpurea M. Pouch tubers.



1997
Wako

Dicko 1999 C.pilosa P -
1.5 mg/mL 1.8 mg/mL
1.7 mg/mL 2.3 mg/mL

Km
02% 15%
15%
y=0.005x + 0.0028
B - 357.1 y mole/ p L
min  Km 1.786 % Km 0.18 % , 1998
C. pilosa Dicko et al., 1999 B - Km
15 mg/mL 1.8 mg/mL 1.7 mg/mL
2.3 mg/mL
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Fig 12. Effect of starch concentration on the reaction rate catalyzed by

B -amylase of Dioscorea alata L. var. purpurea M. Pouch tubers .
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Fig 13. TheKm of [3 -amylaseof Dioscorea alata L. var. purpurea M.

Pouch tubers.

41



X + 15.207
1998

EDTA

1977 EDTA

y =-3263.3

B - 717.954 cd / mole
B - 5066.0 ca / mole
B -
B -
5mM
, 1977
B -
PMSF EDTA EDTA 1 mM CaCl,
B -
PM SF
EDTA
EDTA :
B -
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y =-3263.3x + 15.207
R*=0.9729
6 \\4\
2 L
0 1 1 1 1 1 |
0.0028 0.0029 0.003 0.0031 0.0032 0.0033 0.0034

uT

B -
Fig 14. The Energy activity of [3 -amylase of Dioscorea alata L. var.

purpurea M. Pouch tubers.



B -
Table 7. Effects of various meta ionson the [3 -amylase activities of

Dioscorea alata L. var. purpurea M. Pouch tubers.

Metd ions Residud activity (%)

1 mM 5 mM
None 100 100.0
NaCl 93.79 91.72
KCI 99.60 98.77
CaCl, 92.56 87.59
CuSO;, 94.63 63.38
MgSO, 98.77 103.7
ZnCl, 103.32 107.9
HgCl, 2343 0
FeSO, 93.39 85.73




B -
Table 8. Effects of various inhibitors onthe 3 -amylase activities of

Dioscorea alata L. var. purpurea M. Pouch tubers.

Inhibitor Residua activity (%)
1mM 5 mM
None 100 100.0
Urea 92.97 90.08
PM SF 115.72 116.1
EDTA 101.66 107.5
EDTA plus CaCl, 91.31 92.14




serine proteases

fluoride urea

PCMB

PCMB

Ara 1995
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Wang 1992

1998 01 mM



B -

2. pH

207 KD

60 60
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718.0 cd / mole

Uea £ -
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a - endo-amylase  Dettori-Campus et al., 1992
Nigam and Singh, 1995 a -
a - a - Bacullus licheniformis

B. amylolofaciens B. stearothermophilus Aspergillus niger A. aryzae
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B - 75 Shen et al., 1988
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1993 7. T-complex 8. T-DNA  onc

Koncz et al., 1989
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vir
Grimdey 1986 agroinfection
82 %
vir
T-DNA
Ti Thomashow et
al., 1980 T-DNA vir
Hoekemaet al., 1984 McCormick 1986
Ti
Holbrook and Miki, 1985 nopaine
octopine nopaine
tzs trans-zedtin
2.
vir
vir

AS
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1990

1989

et al., 1991

kanamy- cin

vir

nurse culture

vir

Schafer et al., 1987

AS

Sahi et al.,

T-DNA

Charest et al,

Godwin



tissue culture

explant
plantet
, 1999
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Thermoanaerobacter thermo-

sulfurigenes 3 - SUHA
ptAmy ptAmy-sp ptAmy-ct

ptAmy-tp famyloplast
2.
CM 1
1. Bio-rad 40 % acrylamide / Bis solution , protein assay
2. Duchef Ticarcillin/ clavulanic acid ( Timentin)
3. GibcoBRL alpha-Naphtha eneacetic acid , Murashige & Skoog
Sat mixture .

4. MDBIio kanamycin , Streptomycin

5. Sigma acetosyringone , Dimethyl sulfoxide (DMSO )

3,5-dinitrosalicylic acid ( DNS), maltose,2-mercaptoethanal,

myo-inositol , nicotinic acid , thiamine HCl , trans-Zeatin riboside, Tris
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Fig 16. Constructs of B -amylase gene.
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Fig 17. Non-transformed potato seedling.



( hydroxymethyl ) aminomethane, potassium sodium tartate , pyrideoxin

HCI .
6. soluble starch
1
DNA ptAmy ptAmy-sp ptAmy-ct  ptAmy-tp
DNA 200 ng
2u | 100u |
Cuvette Bio-Rad Gene Pulser ( R450) (25
KV , 25 uFd, 200 ohms) DNA
08ml LB 1~-2 250 mg/ ml
100 p g/ mi kanamycin M9
50u | 28 4
4 M9 250 p g/ mi
100 p g/ ml M9 28 2
0.1cm H.H. ( high hormone medium )
M9 100 |  5mlLB
(250 p g/ ml ,100 u g/ mi 20u M
Acetosyringone ) 28 18 cocultivation
201 M Acetosyringone MS30 ODgno

0.01 H.H 10
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LSR1

2.
9 LSR1 LSR1/KT
LSR2 LSR3 LSR4
LSR4 LSR4/
KT
CM /KT CM /KT
MT /KT
3
MT 3
1. B -
potato microtuber -
0.1 M ,NaOAC, pH 4.8, 10 mM CaCl, , ImM DTT ,1mM
PMSF

1 21000 x g4 5
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Bio-ray protein assay reagent 5
1ml 5ul 5
595 nm
BSA 0 4 8 16 32 pg/ml

595 nm
B -
1 Jankenecht et al., 1991 Hoffmann et al.,1991
B -
BL21 LB / CARB agar plate 37 18
5ml LB/ CARB 37
16 1mi 50mLB/CARB 3 4
ODgpo 0.6 0.8 200 | OIMIPTG 25 7
7000 x g 15 5ml 50 mM Tris-HCI pH
8.0, 2mM EDTA 50u | lysozyme 100u g/ ml
05ml 1 Triton X-100 30 15
XL-2020 SONICATOR-output level 4 on10
seconds, off 10 seconds 30 4 18000x g
15 E. coli BL21J -
2. SDS-PAGE
7.5 4
Bio-rad , Versatile mini-protein 3 electrophoresis cell pH8.3
Tris-glycine 100 1

Coomassie brilliant blue R-250 1 2 3
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B (b)

3.
E. coli E. coli 50u | 150
M 30 37 50 60 70 80 1 DNS
4,
E. coli E. coli
60 10 20 30 40 50 60 90
120 150u | 60 1 DNS
5. Km
0.3 15%
Km
6.
5 pL 1.0 10plL 30~80
B - logK
Arrhenius
logk=logA —Ea(1/T)/23R
Vm Vm logVm



Spectra/ Por & molecular porous membrane

tubing, MWCO : 12~14,000

2. B -
soluble starch
2- DNS
1 unit 1y mole
150l 10 60 5
50u | 60 20 60 0
1 100p | DNS 100 5
1ml 540 nm
200 p | O 5y mole/ml DNS
3.
60
10 20 30 40 50 60 90 120 150y | 60

1 DNS

73



kanamycin

ptAmy ptAmy-sp ptAmy-ct  ptAmy-tp

LSR1 LSRS NAA
LSR4

ptAmy  ptAmy-sp

ptAmy-ct
ptAmy-tp
CM /KT
E. coli BL21
B - Thermoanaerobacter ther mosulfu-

rigenes 75 80 1.5kb T.
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LSR2 (a) LSR4 (b)
Fig 18. Screening of calli on medium in transfection.

Potato leavesin LSR2 medium(a), Potato leavesin LSR4

medium(b).
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LSR4

Fig 19. Plantlet regeneraton form callus in the LSR4 medium.
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Fig 20. Transgenic plants (&) and microtubers (b).



Table 9. Summary of current transgenic potato lines in Prof. Fu’ s laboratory.

Growth LSR4  box
Construct Strong Week (shooting/callus)
ptAMY - - 3/7
PLAMY -2(4) 7 4 ]
PtAMY-3(2) 5 2 ]
PLAMY -4(3) 14 0 ]
PtAMY-5(2) 7 2 ]
PLAMY-6(1) 1 1 _
PLAMY-7(3) 13 0 ;
PtAMY -sp - - 2/3
PtAMY -sp-1(4) 10 5 -
PtAMY -ct - - 12/26
PtAMY -ct-1(1) 1 0 ]
PLAMY -ct-2(1) 1 1 ]

PLAMY-tp - - 416
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thermosulfurigenesp - cDNA PCR E. coli

BL21 E. coli BL21
B -
E. coli BL21 IPTG E.
coli BL21 Tris
20mg/ 12y |
E. coli BL21 IPTG
81 KD E. coli BL21
1
E.coli BL21 p - 60
60 1
Aspergillus niger B -
70 thermophilic Bacillus a - 75

80 Gashaw and Amare, 1999

2.Km
y = 0.0236x + 0.0073
E. coli BL21 B - 137.0 y mole/ mL / min
Km 3.2%

y =-312.67x + 1.712
66.29 cd / mole

I



29.9kD >
20.7KD _,,

1. Marker 2: E. coli BL21 without recombiact gene
3:AddIPTGInE. coli BL21 4 :E. coli BL21 without IPTG
5:AddIPTGInE. coli BL21 6 : E. coli BL21 without IPTG

7~10: Transgenic plants.

E. coli BL21 SDS-page

Fig 21. SDS-PAGE of E. coli BL21.



specific activity(i mole/i L)

30 |
20 |
10
*— < & < 4 —
O | | | | | ]
30 37 50 60 70 80
Temp( )

o E. coli BL21 without recombiant protein, = E. coli BL21

E.coliBL21 B -
Fig 22. Effect of temperature on the activity of (3 -amylase from E.

coli BL21.
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40

Relative activity (%)

20
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Timeat 60 (mins)

E. coli BL21B - 60

Fig 23. Thermostability of 3 -amylase fromE. coli BL21in 60

82

120



1/v

01 - y = 0.0236x + 0.0073
R?=0.9892
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Fig24. TheKmof [ -amylasefrom E. coli BL21.
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Fig 25. The activation energy of 3 -amylasefrom E. coli BL21.



Reducing sugar conten

(imolefiL)

Time (hr)

e nontransgenic plant, = transgenic plant

B -
Fig 26. Removal of reducing sugar in crude [3 -amylase extract from

potato microtubers.
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Fig 27. Inactivation of endogenous 3 -amylasein potato microtubers.
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B -

ptAmy-sp ptAmy-sp 1E
ptAmy ptAmy 2A ptAmy 5B  ptAmy 7F
ptAmy-sp 1K ptAmy 2K
ptAmy-sp 1E
E. coli BL 21 60 1



B_

Table 10. Assay3 -amylase in current of transgenic constructsin Prof. Fu' s

laboratory.
: Protein - . .

o Amylase un-lt concentration Specific activity F;sltla\t;:vtye

M mole/ min /oyl M mole/ pg (fold)

No

transformation 7.15 2.29 312 1.00
E. coil BL21 129.3 3.38 38.3 12.3
ptAmy-sp 1A 5.68 2.24 253 0.81
ptAmy-sp 1E 28.9 1.69 17.1 5.48
ptAmy-sp 1F - 154 - -
ptAmy-sp 1K 5.87 197 2.98 0.96
ptAmy 2A 1.77 1.15 6.75 2.17
ptAmy 2C 4,72 2.05 2.30 0.74
ptAmy 2H 6.73 1.90 3.53 1.13
ptAmy 2K 6.37 1.89 3.37 1.08
ptAmy 3A - 1.85 - -
ptAmy 4C 7.08 3.24 2.18 0.70
ptAmy 4E - 2.64 - -
ptAmy 5A - 2.34 - -
ptAmy 5B 9.40 1.34 7.02 2.25
ptAmy 6A - 2.14 - -
ptAmy 7A - 1.22 - -
ptAmy 7D - 212 - -
ptAmy 7F 8.00 157 5.10 1.64
PtAmy-ct 2 - 165 - -




Relative activity (fold)

16 1

0 ' ' i i i i o
0 10 20 30 40 50 60 90 120

Timeat 60 (mins)

e ptAmy-splE, = non-transgenic plant

ptAmy-sp 1E B - 60
Fig 28. Thermostability of 3 -amylase from ptAmy-sp 1E at 60



E. coli BL21

IPTG E. coli BL21
60 60 Km 32
% 137.0u0 mole/ p L/ min 66.29 ca /
mole
B - 4

60 20

B - ptAmy-sp 1E ptAmy 2A
ptAmy 5B ptAmy 7F
ptAmy-sp 1E E. coli BL 21 60 1
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1998

42(11,12) : 355~360

1994
S5 47/~-51
1977
B -amylase Isoamylase
29(1):54~60 1991
41(4) : 237~250 1995
3:29~-36
1975
153:48~52 1998
122 : 32~35 1996 .
31
115 130 1997
5:8~22 199

47(3~4) : 112~119 1999
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Appendix Table 1. The composition of separating and stacking gel.

Separatinggel (7.5%)

Deonized water 445 ml
40 % acrylamide/ bis 250 ml
1.5 M Tris-HCl (pH 8.8) 2.50 ml
10 % APS 50u |
TEMED 5l

Stacking gel (4% )

Deonized water 3.05 ml
40 % acrylamide/ bis 0.67 ml
05M Tris-HCl ( pH 6.8) 1.25 ml
10 % APS 504 |
TEMED 5l




(A) Bio-rad A
Appendix Table2( A). Standard A from Bio-rad.

Protein MW
Myosin 207000
B -galactosidase 118000
Bovine serum albumin 81000
Ovabumin 52500
Carbonic anhydrase 36200
Soybean trypsin inhibitor 29900
Lysozyme 20700
Aprotinin 7100




(B) Bio-rad B
Appendix Table 2 ( B ). Standard B from Bio-rad.

Protein MW
Myosin 207000
B -galactosidase 118000
Bovine serum albumin 81000
Ovabumin 52500
Carbonic anhydrase 36200
Soybean trypsin inhibitor 29900
Lysozyme 20700
Aprotinin 7100
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Appendix Table 3. The composition of Agrobacterium tumefaciens
transformation medium.

M9 plate ( 250 ml )

composition

H,O 2225 ml
Agar 59
10x M9 At 25ml
1M MgSO, 0.5 ml
20% sucrose 2.5 ml
B1(1mg/m) 250y |
1M CaCl, 25 p |
Streptomycin (250 mg/ ml ) 250y |
Kanamycin (100 mg/ ml ) 250u |

M9 liquid ( 250 ml )

composition

H,O 2225 ml
Agar 59
10x M9 it 25 ml
1M MgSO, 0.5ml
20% sucrose 25ml
B1(1mg/ml) 250 |
1M CaCl, 25 p |
Streptomycin (250 mg / ml ) 250 |

Kanamycin (100 mg/ ml ) 250y |
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Appendix Table 4. The composition of medium used for plant regeneration.

Plant tissue culture medium (1L )

Composition H.H LSR1 LSRVUKT LSR2 LSR3 LSR4 CM CM/KT MT MT/KT
MS salt 43¢ 43¢ 43¢ 43¢ 43¢ 43¢ 43¢ 43¢ 43¢ 43¢
MS vitamins 10 ml 10 ml 10 ml 10 ml 10 ml 10 ml 10 ml 10 ml 10 ml 10 ml
Surcose 30g 30g 30g 30g 30g 30g 30¢g 30g 80¢g 809
Gdrite 29 29 29 29 29 29 29 29 29 29
NAA (1 mg/ml) 5ml 100y | 100u | 20u | - - - - - -
ZR (1 mg/ml) 5ml 1ml 1ml 1ml 2ml 2ml - - - -
GA; (1 mg/ml) - 10 p | 10p | 20u | 20u | 10 ml - - - -
(ngoe';t:g ) i o5m  1m 1ml 1mi 1m ] 1m
F?Soam; /nml ) i 025m  05ml  05m  05m 05mi ] 05mi
STS - - - - - 667y | - - - -
6BA - - - - - - - - 10 ml 10 ml
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