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Figure 1. Over view of various levels of a potato starch granule organization. Amylose and amylopectin are two
components of starch granules
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Figure 2. Starch biosynthetic pathway in potato tuber. For more information about enzymes (A-G) involved in
the pathway, see table 1
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Table 1. Summary of different genes involved in biosynthesis of potato tuber starch

w5 Il o 05 b Jos
Enzyme Location Gene Name Function
o 5555 5 SHSUDP & 5,50 s
Sucrose Synthase Cytosol Susy The conversion of sucrose to UDP glucose
and fructose
Phosphoglucomutases el skl 5 J g s p UDP-GLc ;I GLc-1-P .
EC 2.7.5.1) gm
( e Cytosol and Amyloplast Catalyzes Glc-6P «<» Glc-1P
ADP-glucose w%}.ﬂ 3 J g ATP ,GLc-1-P ;| ADP-GLc .
Pyrophosphorylase c osoi a;ld Amvlo iast AP Catalyzes formation of ADP-GIc from Glc-1P
(EC. 2.7.7.27) Yyt ylop and ATP
Granule-Bound Starch synthase (£l & Joaze) oy gl Sl s
' Amyloplast (attached to the Gbssl :
(EC. 2.4.1.21) ; Synthesises amylose
grain)
Granule-Bound Starch synthase (als 4 Juaze) oty slel Sl
I Gbssll el
(EC. 2.4.21) Amyloplasgﬁ:it;a;ched o the Synthesises amylopectin
Soluble Starch Synthase | (Jstme 362 2 Ss O shaal s
(E.C.2.4.1.21) Amyloplas;ﬁ:it;e;ched to the Synthesises amylopectin
Soluble Starch Synthase 1 (gl 3B 53) Jgom st Skl s
(E.C.2.4.1.21) : Sssl : :
o e Cytosol-solution Synthesises amylopectin
Soluble Starch Synthase 111 (J sk 36 53) ol sl i Sy el
E.C.24.121) - Sss - :
(EC. 241 Amyloplast (Solution) Synthesises amylopectin
“ ta 6390 ) &;M‘)Lj_}l:ﬂi 6aj.:>v_|)oH o);Jmma(\—i) ladad Jil
Starch-Branching Enzyme | (wls ol Jl- 53 s
(EC.2.4.1.18) . Sbel Transfers a segment of a a(1-4) glucan chain
Amyloplast (Partially attached to . - o
the grain) to a primary hydroxyl group in a similar
9 glucan chain
60/..:9;.])' OH ojjf J?r-d “ oV =¢) oladas Jll
Starch-Branching Enzyme 11 oy skl Shell el b s K
(EC.2.4.1.18) Amyloplast Transfers a segment of a a(1-4) glucan chain
to a primary hydroxyl group in a similar
glucan chain
Gl Gl Cad e 4 O(V-1) ladad JLas]
Disproportionating Enzyme Sy sheo Dpe-P OO =8) oy S L S50 o 0y
(E.C.2.4.1.25) Amyloplast Transfers a segment of a a(1-4) glucan chain
to a new position in an acceptor, which may
be glucose or another a(1-4) glucan
< S el bl AL(V-T) gl se
De-Branching Enzyme D 5ol Db S skl 0= gladigm oo
(EC. 3.2.1.41) Amvloplast € Hydrolyses the a(1-6)-glucosidic linkages in
yiop amylopectin
L C3 b yo 4 ATP U550 50 B lins Jlssl
a-Glucan Water dikinase oty sl Welk oSkl Olazsl s LS IS C6
(EC.2.7.9.9) Amyloplast Adds the B-phosphate group of ATP to either

the C-3 or the C-6 of a glucosy! residue of
amylopectin.



http://dx.doi.org/10.29252/pgr.1.2.1
https://dorl.net/dor/20.1001.1.23831367.1393.1.2.1.8
https://pgr.lu.ac.ir/article-1-31-en.html

[ Downloaded from pgr.lu.ac.ir on 2024-05-01 ]

[ DOR: 20.1001.1.23831367.1393.1.2.1.8 ]

[ DOI: 10.29252/pgr.1.2.1]

Vol /) W/ LS K55 sla s

<5 (Terada et al., 2000) ~, (et al, 2010
SDNA s s, 5,k 51 .. (Torney et al., 2007)
L e slasialis 0,06 8 Wil 1)5 S 55
S W TS s e Slasie

ol W8 55 oS 55 GDNA sla fs)
o P

Sl K e saze sl Kal 5l Oliis 0 2SU
oalinal Jlais;ge llee Dl pat Ly plaanalls A5
Gl g 5 s, onl 5l e 4 3 0 Liles S
Al dal gt o lal ab g s

LUy 5 I S 4wl sl s ol
Gl o g ot

oot B dles S e Olide ardS gans 5 b
Fosm 33 5S53 Sl GediSUS slaos alubs
Lol IS 3 oS58 GDNA Glais; 4wl
5L sl 6l Ol il pees 55 .S slo] IS
Sl 05 Gila bl 551p SaS 4 b LS iy
Sodé 53 GBSSI o 3T (soeSuS SLMRNA (sansr 5
ool games (Visser et al., 1991) Wgd e
Sl gl Sl MS G
et bl BB IS 45 S o I 5 1y plaazalis
Amylose free; ) kol 1L garalis & 45 walis -l
borin Kz Slopas Sl d sede (@mf
Ll )52y (63 54 pamie

L laaalss W5 o Sskal doys 2alS 4 S
G el e S s lais 5 o glls Slio st
L s Gl ol Slssar 4 g L
Lol Skel Cod b doys oS 55 glaaalis Jloss
Glaaalss i A3l SV oSGkl b oaglis o
Flae 5 Caslie e 5l Ghie Sl Lol 1
Glas 8 hls gols 5 1A Cmo 53 5 Aes LS
OLan 5 L da opl w0 s gl sl e Jlsl
Sty glan 5T 0l Ol 28l L dadls (Yo e)
I, slaaralil ( wejeuw > (SBEA, SBEB) B 5 A

A 5 UM s S aoded @B 5 Oseedital o
W oomesr 5 ST e b b il 5 SexsTy
= S @adate glaas = e > aalis LUy 05
Llodd a3ly i3 (Freeze-Thaw) Ous 33 5yt

.(Perera and Hoover, 1999)
O b 3lpe S 4l O bl ¢y Cmis 3
0Lz o3 sl e oolinal bl Ly 5 Saal Al
OH copal slaos 8 coolpe oo b analid Jlas
Glr S8 slaasly C6 5 C3 €2 lacn S s
«(CH3CO-) furl dile g5 Sl slaoy § w1y 55
Lawal, 2004; ) das o (POs) olivd 5 (CHs-) e
Bl Jeel glaes 8 (Perera and Hoover, 1999
wile LaOlS IS LT aly (slae iy o gy RS
O V3 Gams A & g0l Sl s el skal
53 S8l RS sl S Sy il el
R I IE RN TIP TS g e
wherd sled s, cpl (Xu et al, 2004) &k55 .
e (J}'S\v.aa} Gl 0 C)Jw S ol oans ke
ey Gl SIS 0550555 il bossls aslsl
Sl e DS 55 olse Sl eslinal 4 e e IS
s & islis 5 gle mlo (plad S5 )
Glawps daes gled Sl Jlas ¢l 2L
el 5l sbesd slpe Ll ilulir 3Ll
2 Smee G bl e 5l S e el
o350 el il Sleg plend sla iy sl
e Ol (JoS0 50 a8l gl 5 iy L
ey ol Slosas Ll pleaalis Ll s
LS 5 oS s by mlo K5 s ol b
Lol & 3L s g 5l o walid S (16 S«
doldl 5 il sl ol ol U glewd sl
ol QLS ess el (e (gl AL b pns LB
Nazaraian-Firouzabadi et al., ) ;s jcww dilo (gl

2007; Nazarian-Firouzabadi et al.,, 2007a;
Nazarian-Firouzabadi et al., 2012; Nazarian-
Firouzabadi et al., 2007b; Nazarian Firouzabadi et

Regina ) ;> «(Regina et al., 2006) f.x;§ «al., 2007


http://dx.doi.org/10.29252/pgr.1.2.1
https://dorl.net/dor/20.1001.1.23831367.1393.1.2.1.8
https://pgr.lu.ac.ir/article-1-31-en.html

[ Downloaded from pgr.lu.ac.ir on 2024-05-01 ]

[ DOR: 20.1001.1.23831367.1393.1.2.1.8 ]

[ DOI: 10.29252/pgr.1.2.1]

355, O s

JS) Wt S5 s i Sl a5l ol 8188
sl ‘uﬁ;j Olalr 5 A aui a5 (g sbolea (¥
3575 CBM ol ay s & dlail 6l o3 SO
Oad s Jee 3 bl Gl &S Sase s sl
(Starch SBD s ol a4 Ll atils Sty analis
Janecek et al., ) 5,5 » S| Binding Domain)
oo S e it ¥ SS 5 &S (g sboles (2003
N @bl 55 b 5 C bl o3 b e 3T opl 55 SBD
Sl Ko b yasd ool slis s b 5l ayls Sl 3
2o S IS S s S s ade Sl A
S R RN I Vo BV N WY BCIUUI IO U AR R R WL
T Slhesat GeliS sl e slasnll

.(Schwall et al., 2000) oul axuilis _olands

OLLS 3 ek sw M5 5 il o gu (59w

s skl Seslie dals b oaglis 53 5 w8 Wy
Schwall et al., ) weils (Aoys e 31 i) 5V
.(2000

O KS 4wl Clogrs 53 i
b SL slass

Slap T doss Vo Bl & das e 0L Sl
Il sy pgrge e SaS 4y 505 S sh
Carbohydrate Binding Domain; ) laool,dms s S 4
JaneCek et al., ) .55 e 55 (g3l iy 4 (CBD
Ly gr e oSG s W by 5T ) (2003
e b ks s a1 ol 515 Sah s edes
Sopots oSt sl Tl 5l sl sl el
A3 o 0L Sldllas Llas S 515 andllas 5,50 335

1) Aspergillus niger glucoamylase

m. Glucoamylase 1 CBM20 m

2) Rhizopus oryzae glucoamylase

I CBM21 x{ Glucoamylase 'm

3) Paenibacillus polymyxa a,R-amylase

I R-Amylase

1 CBM25 I CBM25 I g-Amylase 1AmyCn

4) Lactobacillus manihotivorans a-amylase

B o-Amylase 1AmyC' cBM26 I CBM26 ¥ CBM26 I CBM26 I

5) Thermoactinomyces vulgaris a-amylase
I CBM34 I a-Amylase 'AmyCn

6) Thermotoga maritima pullulanase

E CBM41 I Pullulanase ! a-Amylase 1 Pullulanase =

& el ladul s2ps ol WSBD [(Starch Binding Domain) SBD sl sl ol SSles Sl =Y IS

CDD(Conserved ol o iy olosl 2 IS cnl i o (Glisoamnis CAZY (G035 oSS 53 (g3mts (slaes S

Sl o sl | ttp://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi . 31 4, Domain Database)

Figure 3. An illustration of various starch-binding domains architecture. Various SBDs are classified in different
groups according to their amino acid sequence similarities deposited in Cazy database. Conserved Domain
Database (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) was use to draw the figure
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B) A transgenic starch granule expressing E.coli glycogen branching enzyme (glgB)
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Abstract

Starch, a complex carbohydrate, is a polymer of glucose residues. It occurs in two main forms:
amylose, consisting of predominantly linear chains of glucose units linked by a(1-4) glycosidic bonds,
and amylopectin, in which the chains are highly branched by the addition of a(1-6) glycosidic bonds.
Depending upon the plant species and the site of storage, the proportion between these two
components varies. In most plant species, amylose comprises about 20% of the starch and the rest is
amylopectin. Although in its native form it has some applications in food and non-food industries, the
properties of currently available starches (native starch) do not comply with most industrial standard
and enhanced commercial applications. To obtain starches with particular properties such as starches
with lower retrogradation and more freeze-thaw stability, starch is often chemically modified.
Manipulation of the starch structure with chemical reactions or additives will eventually impart certain
properties which are desired for industrial uses. Techniques including cross-linking (to strengthen
against shear) or acetylation (to reduce the retrogradation) are the most common starch modifications.
The use of chemicals, however, may not only cause concern over health and safety, but there is also a
cost involved with the chemical modification. Knocking out/ over expression of genes involved in
starch biosynthesis, has resulted to alteration of starch physic-chemical properties. Production of
biopolymers consisting of glucose residues linked by a(1-3) and a(1-6) or an alternatives [(a(1-3,6),
a(1-4,6)] of these linkages, are among hot topics in polysaccharides research fields.
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