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AGPL2, AGPS2, SSI, SSIIa, SSIIb, SSIIIa, SSIIIb, SSIVb, BEI, BEIIa, BEIIb, ISA1, 
PUL
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SSI SS 60-70%
(Cao et al. 1999)

(Fujita et al. 
in press) SSI SSI SSI

DP6-7 A B1

2-6 DP8-12 A
SSI

SS

SSI (e7, i2-1, i2-2, i4)

(-/-) (Molar %)

(+/+) ( Molar %) DP6-7, 16-19

DP8-12 4 SSI SSI 0=e7<i2-1<i2-2<i4 SSI

SSI
SSI SSI SSIIa

SSIIIa SS SSI SSI

SSIIa

Nakamura et al. 2002; Umemoto et al. 2002
S DP 10

24-29% L
DP 10 15-20% 3

7 DP 10 SSIIa



SSIIa S
Nakamura et al. 2005 SSIIa in vitro

SSIIa Nakamura et al. 
2005

SSI SSIIa SSIIIa

(  area %) SSI SSIIa

SSIIIa DP20

SSI SSIIIa SSI

SSIIIa DP33-60

SSI, SSIIa, SSIIIa

SSI

SSIIIa SSI SSIIa

SSIIa SSI SSIIIa

SS

1 SSI BE DP6-7 A B1

SSI SSIIa SSIIIa



SSIII dull-1
SSIIIa SSIIIa SSIIIa

SSI

DP20 SSI

DP33-60 B2, B3

2, 3 B 50%

SSIIIa B2, B3

SSIIIa dull-1

SSI, SSIIa, SSIIIa

(DP8-12) (DP11-24) (DP33-60)

Nakamura 2002; Fujita et al. in press BE DP6-7

SSI SSI DP8-12 SSIIa

SSIIIa

SS

SS
SSI, SSIIa, SSIIIa SSIIb, SSIIIb, SSIVb

Ohdan et al. 2005

BE
BEI, BEIIa, BEIIb BE BEI

DP 37
12 DP 21

Satoh et al. 2003
BEIIa BEIIb BEII 1

BEIIa BEIIb
amylose-extender (ae)

DP 17
DP 37

“ ” Nishi et al. 2001; Nakamura 2002
BEIIb

BE

BEIIb SS BE
ae

A B )

BEIIa
Satoh et al. 

BEIIa BEIIb BEI
BEIIa

BEIIb BEIIb
BEIIa ae

Kubo et al. 
BEI BEIIb



BEIIb
BEI BEIIa

BEIIb
BE

BEI, BEIIa, BEIIb
3

in vitro

BEI BEII

BE
BE

SSIIa L L
S BEIIb

ae
BEIIb

ISA1

DBE
-1,4 DBE -1,4

Phytoglycogen

L-Amylopectin 

S-Amylopectin 

ae-Amylopectin 

SSIIa 

BEIIb 

ISA1

BEIIb-Overexpressed 

BEIIb 



DBE
Nakamura 2002; Ball and Morell 2003 DBE ISA PUL

ISA

ISA

ISA1, ISA2, ISA3 3 PUL
1990 ISA1 sugary-1 (sug1)

ISA1 PUL DBE
sug1 Nakamura et al. 

1996, 1997; Kubo et al. 1999 ISA1 Fujita et al. 2003, 
Kubo et al., 2005 ISA1

sug1
-

Wong et al. 2003
ISA

ISA ISA1 ISA2
Hussain et al. 2003 ISA

ISA1 ISA2 ISA3
Kubo et al. 2005

ISA
ISA Utsumi and 

Nakamura 2006 ISA1 ISA1 ISA2
ISA1

ISA1 ISA2

sug-1 ISA1 PUL
sug-1 PUL

(Nakamura et al. 1997) PUL

PUL PUL (e10)
6% (i16)PUL ISA1

PUL

DMSO
PUL

SSIIa, BEIIb, ISA1 SS, BE, DBE

BEIIa
SSIIa, BEIIb, ISA1

-1,6
-1,4



SS BE DBE

“Two step branching and improper branches clearing model”

”Two step branching and 
improper branches clearing model” (Nakamura 2002)

-1,6 BE 2
DBE -1,6

Starch Branching Enzymes (BE)
BEI B1, B2, B3

BEIIa BEIIb BEI
BEIIb (Ae) A DP<13

Soluble Starch Synthases (SS)
SSI   DP6,7 DP8-12

SSIIa Crystalline lamellae A

SSIIIa (Dul-1) B1 B2, B3

Starch Debranching Enzymes (DBE)
Isoamylase1 (Sugary-1)

Pullulanase

I. Synthesis of the preceding

cluster completed

II. Formation of branches

and trimming

Amorphous lamellae

IV. Formation of branches

and trimming

(Crystalline lamellae)

V. Elongation of -1,4 chains

VI. Synthesis of the new cluster

completed

BEI BEIIa, BEIIb

ISA, PUL

SSIII SSI, SSIIa

BEIIb

ISA, PUL

SSIIa (SSI)

III. Elongation of -1,4 chains

I. Synthesis of the preceding

cluster completed

II. Formation of branches

and trimming

Amorphous lamellae

IV. Formation of branches

and trimming

(Crystalline lamellae)

V. Elongation of -1,4 chains

VI. Synthesis of the new cluster

completed

BEI BEIIa, BEIIb

ISA, PUL

SSIII SSI, SSIIa

BEIIb

ISA, PUL

SSIIa (SSI)

III. Elongation of -1,4 chains



Nakamura 2002

SS BE
SSIIIa-BEI SSIIa-BEIIb

DBE
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6-

Toyota et al. 2005
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ADP ADP

ATP
ATP ATP

TCA

2002

AGPase, SS, BE, DBE, PHO, DPE Ohdan et al. 2005

AGPase, 
SS, GBSS, BE, DBE, Phosphorylase (PHO), Disproportionating enzyme (DPE)

4
Ohdan et al. 2005



TPT, GPT, PPT, BT1, NTT, GlcT, 
MT 16 (Toyota et al. 2005)

Real-time PCR

G1 G2
G3

G4

9

Ohdan et al. 2005

ADG BT1-1

Toyota et al. 2005 TPT, PTT, NTT

SSIIa, 
SSIIIa, BEIIb, ISA1 GBSSI

AGPS2b, AGPL2 AGPase
ADG



3
SS, BE, DBE [SSI, SSII, SSIII, SSIV; BEI, 

BEII; DBE (ISA, PUL ]

Smith et al. 2005
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4 M
IR36

SSIIa SSIIa
IR36

[ -1,4 DP 24
DP 10 ]

SSIIa Nakamura et al. 2005
L SSIIa

1 A L 1 B SSIIa

1 C SSIIa L S

L S
Nakamura et al. 

2002
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ae BEIIb BEIIb

Tanaka et al. 2004 A BEIIb
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BEIIb
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BEIIb
water-soluble polysaccharides C

BEIIb BEIIb

BEIIb

BE BE

RNAi RNA BE
BE (BEI+BEIIa), (BEI+BEIIb), (BEIIa+BEIIb), 
(BEI+BEIIa+BEIIb) (BEI+BEIIb)

(BEI)
(BEIIb) T1
(BEI+BEIIb) 75%
(BEIIa+BEIIb) 30%

BEI BEIIa BEIIb

BEI BEIIa

RNAi BE T1
Itoh et al. 2006

BE cDNA ae
ae

T1
BE

BE 

BE BE a BE BE a

BE b BE BE b BE a BE b BE BE a BE b

BE 

BE BE a BE BE a

BE b BE BE b BE a BE b BE BE a BE b

WT

EM557
-BE

EM19
-BE a

EM10
-BE b

WT

EM557
-BE

EM19
-BE a

EM10
-BE b



BEI BEIIa ae
BE BEIIb

1 ae EM10 BE (cDNA)
Sawada et al. 

DBE
ISA1 sugary-1 (sug-1) ISA1

ISA sug-1 ISA1
ISA RNAi ISA1

ISA2
ISA1 ISA 6%

(Anti-ISA) sug-1
16.2% DP12

DP13-23 A
12.3

B sug-1
Anti-ISA

C

WT EM 10 Chlorella BE

A. 

WT EM 10 Chlorella BE

A. 

WT + Chlorella BE EM 10+Chlorella BE

B.

WT + Chlorella BE EM 10+Chlorella BE

B.



(Fujita et al. 2003)

Fujita et al. 2003
A. sug-1 (EM935), Anti-ISA (#G5) S; 600 g

P; 600g (Nip-P)
(  peak area, %) sug-1, Anti-ISA

B: Anti-ISA, sug-1 SEM Anti-ISA
sug-1 Bar=5µm

C: Anti-ISA sug-1 sug-1 (EM935)
Anti-ISA

16.2%

sug-1 ISA1 ISA
Kubo et al. 2005 sug-1

1 A
B

ISA1

C ISA1



ISA1

-1 ISA1
Kubo et al. 2005

EM914

ISA1 DP 12 α-1,4



sug-1 ISA-cDNA sug-1

ISA

1 -1 EM914 ISA (cDNA)
Francisco Jr. et al. 

ISA1 ISA2
ISA1 ISA1-ISA2 2

RNAi ISA1 ISA2
1 T1 ISA1

sug1 ISA
ISA2 ISA1

ISA
RNAi ISA

ISA1 ISA1

A.

Taichung Line #22 EM 914

A.

Taichung Line #22 EM 914

B.B.



RNAi ISA ISA Utsumi 
et al. 1, 4, 2, 3, ISA1 5, ISA2 A B
ISA1-ISA2 C ISA1

SSIIa, BEIIb, ISA1

________________________________________________________________________________ 

BEIIb ISA1

SSIIa, BEIIb, ISA1

BEIIb, ISA1 
X BEIIb, ISA1 

BEIIb, ISA1 
BEIIb, ISA1 
SSIIa, BEIIb, ISA1 

________________________________________________________________________________ 

A
B
C

A
B
C

A
B
C

A
B
C



RNAi

Jobling 2004

Itoh et al. 2003

BE



-

UDP- Nyvall et al. 1999

ADP-

DBE ISA1
AGPase SS BE DBE 

Chlamydomonas

26 DP 
 8 DP  37 DP 
 37 3.3 – 4.6 %

 DP 10-11 
 DP 4-8

Nakamura et al. 2005 Cyanobacterium sp. MBIC10216 



Nakamura et al. 2005
DP  8 30-75% DP  37 

DP  37 3.3 – 4.6 %
DP  8 #20, Myxosarcina

burmensis; #23, Synechococcus sp. BG043511; #25, Cyanobacterium sp. MBIC10216
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