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Screening for small subunit of ADP-glucose pyrophosphorylase (AGPase) 
from sago palm using custom designed oligonucleotides 

Rosni Binti Ismail 

Resource Biotechnology 

Faculty of Resource Science and Technology 


University Malaysia Sarawak (UNIMAS) 


ABSTRACT 

The first part of this study involved an attempt to isolate the small subunit of ADP
glucose pyrophosphorylase (AGPase). Two primers were constructed based on 
previous published conserved amino acid sequences of the small subunit of 
AGPase. Out of these, only one set of primer (ha2AGP), manage to produce a 
desired PCR product. PCR amplification using this primer gave 3 bands products 
with the sizes range from 250bp to 500bp. When transformed into E. coli JMI 09, 
few white colonies were observed on the LB agar plate. The plasmid was 
successfully isolated but PCR amplification of the isolated plasmid failed to 
amplify the inserted DNA fragments. Restriction enzyme digestion with EcoRI to 
the isolated plasmid also did not give any desired results. The second part of the 
study was to obtain the protein concentration in young and photosynthetic leaves 
of sago palm. Protein extraction was successfully accomplished. Protein band was 
detected when run under nondenaturing PAGE condition and stained using 
Coomassie blue. 

Keywords: AGPase gene, PCR, E. coli JMI09, SDS-PAGE. 

ABSTRAK 

Bahagian pertama kajian ini melibalkan percubaan unluk memencilkan subunit 
kecil bagi gen A GPase. Dua sel primer telah dibina berdasarkan jujukan acid 
amino kekal bagi subunit kedl gen AGPase yang telah diterbitkan. Namun, hanya 
satu set primer (ha2AGP) sahaja yang berjaya menghasilkan produk peR yang 
dikehendaki. Amplifikasi menggunakan primer ini lelah menghasilkan 3 jalur yang 
saiznya di anlara 250bp hingga 500bp. Apabila ditransformasikan ke dalam E. 
coli JM109, beberapa koloni pulih lelah dikesan di atas plat LB agar. Pemencilan 
pia mid telah berjaya dilakukan, tetapi amplifikasi peR ke atas plasmid lersebut 
tidak dapat mengamlifikasi fragmen DNA yang lalah dilonkan ke dalamnya. 
Tindakan enzyme pembatasan EcoRI ke atas plasmid tersebut juga tidak berjaya 
menghasilkan produk yang dikehendaki. Bahagian kedua kajian ini adalah untuk 
mendapatkan kepekalan protein daun muda dan daun berfotosinlesis pokok sagu. 
Pemencilan protein telah berjaya dilakukan. Jalur-jalur protein dapat dilihat 
setelah ditindak dengan "nondenaturing PAGE" dan "coomassie biru stained". 

Kala kunci: Gen A GPase, peR, E. coli JM109, SDS-PAGE 
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CHAPTER 1 

INTRODUCTION 

1.1 Sago Palm Background 

Sago palm or better known as 'rumbia' belongs to the Lepidocaryoid 

subfamily of the Arecaceae (Palmeae). It is a very important starch-producing 

plant, which grows well in the swampy lowlands area with a minimum care 

(Othman, 1991). The microscopic anatomy of sago palm pith explains the 

scientific name of the sago palm, Metroxylon, where, metra meaning pith and 

xylon meaning xylem. Probably, sago palm was one of the first plants used by man 

in South-east Asia and Oceania (Ave, 1977). Sagu has been planted commercially 

in Papua New Guinea, Indonesia, Malaysia, Thailand and Philippines. The total 

acreage for this crop has been estimated to be more than 3.75 million hectares 

(Flach, 1997). 

In Malaysia, Sarawak is the main state for sago plantation where 75% of 

the sago planting areas is located in Mukah, Igan, and Oya, district of Sibu 

division. Sago palm has been claimed to have the potential of yielding 37 tonnes of 

starch per hectare, making it highly competitive with other starch producing crops 

(Anon; 1992). The high commercial value of sago starch has generated interest 

among a number of countries in order to carry out studies on the sago palm. Thus, 

in an effort to improve the sago starch production, commercial cultivation using 

modern estate management techniques has been initiated by Sarawak's land 

Custody and Development Authority (LCDA). A research unit of the LCDA, 

known as Crop and Research Application Unit (CRAUN) has been set up to 
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conduct research and development on sago planting and commercialization. 

CRAUN has been involved in the collection and conservation of sago varieties 

having desirable agronomic characters. 

1.2 Sago Commercial Value (starch) 

Sago palm starch as any other starch is almost pure carbohydrate. 

Depending on the way the starch is extracted, it may contain other nutrients, but 

the amounts of these are negligible. Starch with moisture content of 12% would 

provide approximately 352kcal or 1470 kJ per 100g (Flach, 1984). The granular 

size of sago palm starch ranges from about 5 Jlm to 80 Jlm with an average of 

about 30 Jlm. Only the granular size of potato starch is the same whereas all other 

starch is smaller (Griffin, 1977). Sago starch consists of 27% amylose and 73% 

amylopectin (Ito et aI., 1979). According to Sim (1977), sago starch has several 

advantages over other starches; 

l. 	 it produces sizing pastes of lower viscosity at a given concentration than 

such pastes from maize and potato, 

ii. 	 sago pastes are less inclined to gelate under cooling than maize pastes, and 

are therefore easier to handle, 

1Il. 	 sago pastes show low retrogradation; their stability in viscosity is high 

when kept for long periods at near boiling points, provided they are boiled 

for two hours before use. 

Besides, sago starch is still preferred for custards, especially in the U.S.A. This is 

because the large starch grains open up during gelatinization, giving the gel a 

pleasant texture. Thus, for a restricted part of the starch market, sago starch maybe 

J 
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sold at a premium as compared to maize starch (Vegter, 1983). As a result of the 

high commercial value of the sago starch, numbers of countries had generated 

studies on the sago palm. One of the approaches to increase the productivity and 

the nutritional value of sago is by improving the rate of starch biosynthesis. 

1.3 Starch Biosynthesis in Plants 

The site of starch synthesis in leaf and photosynthetic tissue is in the 

chloroplast, whereas for seed and other reserve tissues are in the amyloplast, a non

photosynthetic organelle (Preiss et al., 1998). In the chloroplasts, the carbon fixed 

by the Calvin cycle is channeled along the pathway starting at fructose 6-phosphate 

(F6P). F6P is converted to ADP-glucose by the action of the enzymes 

phosphoglucoisomerase (PGI), phosphoglucomutase (PGM), and ADP-glucose 

pyrophosphorylase (AGPase). Figure 1 illustrates the biosynthesis pathway of 

ADP-glucose in the chloroplast. ADP-glucose serves as a direct precursor for 

starch production, which involves a complex array of enzymes including different 

starch synthases, branching enzyme, and more than likely, other unidentified 

proteins (Andersson et aI., 1995). Starch synthases (of which there are commonly 

considered to be two major classes, 'granule bound' and 'soluble', with a number 

of isofonns of each) add glucose units to the non-reducing ends of amylose and 

amylopectin molecules (Tester et al., 2004). Starch comprises two D-glucose 

homopolymers, amylose and amylopectin. Amylose is essentially a linear 

molecule, in which glucosyl monomers are joined via 0-1,4 linkages. Whereas, 

amylopectin is the more abundant polymer in starch, contains linear chains of 

j 
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various lengths. Approximately 5% of the glucosyl units in amylopectin are joined 

via cr- l,6linkages, which introduce chain branches. 

ribulose 1,6
...• biphosphate 

!Calvin 
.. .. 

.. \ cycle 
3-phosphoglycerate

.. 

.. 


..... 
... .... ··········l 

CO2 

frri~tose 6- .~- fructose .~- triose P 
phosphate biphosphate 

phosphoglucose 

isomerase 


ATP 

ADP-glucose 
pyrophosphorylase 

phosphoglucomutase 

glucose 6- glucose 1
ADP-glucosephosphate phosphate 

pyrophosphate 

1 
alkaline inorganic 

pyrophosphate 

2 x phosphate 

Figure): Biosynthesis pathway of ADP-glucose in the chloroplast (Smith & Martin, \993). 

5 




,.. 


1.4 ADP-glucose pyropbospborylase (AGPase) 

ADP-glucose pyrophosphorylase (AGPase) is a major enzyme controlling 

starch synthesis, and has been demonstrated in many different plant species. This 

enzyme plays a key role in the modulation of photosynthetic efficiency in source 

tissues and also determines the level of storage starch in sink tissues, thus 

influencing overall crop yield potentia) (Salamone et ai., 2000). It catalyzes the 

first step of starch biosynthesis by generating the sugar nucleotide ADP-glucose 

and inorganic pyrophosphate (Pi) from glucose-I-phosphate and A TP. ADP

glucose functions as the glucosyl donor for glucan synthesis by starch synthase. 

The catalytic activity of AGPase is allosterically regulated. 

In most cases, the AGPase are highly activated by 3-phosphoglycerate 

(3PGA) and inhibited by inorganic phosphate (Pi). All of the AGPase from higher 

plants studied so far, including the potato tuber enzyme, are heterotetramers 

composed of two distinct subunits (Okita et ai., 1990). Even though there is little 

difference in molecular mass, use of the terms "large" for the 51-kD subunit and 

"small" for the 50-kD subunit has been retained, because they have homology to 

the large and small subunits, respectively. The small subunit of higher plant 

AGPase is highly conserved; whereas the similarity among different large subunit 

is lower. It has been speculated that the two plant subunits were originally derived 

from the same gene. It also has been suggested that the major function of the large 

subunit is to modify regulatory properties ofthe small subunit, which is the subunit 

primarily involved in catalysis (Ballicora et ai., 1995). According to Andersson et 

ai., (1 995), there are varieties of data underscores the importance of AGPase in 

starch synthesis; 
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I. 	 AGPase is localized in chloroplasts and amyloplasts. 

II. 	 kinetics models led to conclusion that 3-PGA and Pi, play an important role 

in controlling starch synthesis in vivo. 

III. 	 mutants deficient for AGPase also have reduced levels of starch ,and 

IV. 	 transgenic plants in which AGPase activity was modulated showed altered 

levels of starch. 

Most studies on AGPase are focusing on crop plants accumulating high 

levels of starch and fruit-producing plants, such as barley, wheat, potato, maize, 

tomato, melon, and watermelon. By utilizing a mutant Arabidopsis with 

dramatically reduced level of the enzymes, quantitative measurements shows that 

AGPase is more important in controlling the rate of starch synthesis than other 

enzymes of the pathway from hexose phosphate to starch in the chloroplast 

(Neuhaus & Stitt, 1990). In order to understand the regulation of the starch 

biosynthesis process and to enable improvement of sago starch production using 

genetic manipulation techniques, the complete biosynthesis pathway must be 

elucidated. Therefore, AGPase have been choose in this studies as it catalyzes the 

conversion of glucose-I-phosphate to ADP-glucose, the substrates of starch 

polymers and mainly because the ability of this enzymes in determining the rate of 

the starch yield in sago palm. The recombinant technology, which involved 

polymerase chain reaction (peR) and cloning method can be use to obtain the 

result of this study. 
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1.5 Proteins Analysis 

Polyacrylamide gel electrophoresis (PAGE) is a widely used technique for 

separating proteins. The most widely used method was developed by Laemmli 

(1970) using the denaturing (SOS) discontinuous method. SDS-PAGE stands for 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The purpose of the 

SOS detergent is to take the protein from its native shape, where it is an anionic 

detergent that binds quantitatively to proteins, giving them linearity and uniform 

charge, so that they can be separated solely on the basis of their size. This protocol 

relies on the presence of SDS (sodium dodecyl sulfate) and B-mercaptoethanol to 

denature the proteins, dissociate the proteins into subunits, and to coat them with 

negative charges (SDS). Thus, this method is capable of separating molecules, 

which differ by a single unit charge. SOS-PAGE has a number of uses, which 

include: 

• Establishing protein size 

• Protein identification 

• Determining sample purity 

• Identifying disulfide bonds 

• Quantifying proteins 

Nondenaturing gel electrophoresis, also called native gel electrophoresis, 

separates proteins based on their sizes and charge. Proteins, which are more highly 

charged at the pH of the separating gel, have a greater mobility. In addition, the 

condition for nondenaturing gel electrophoresis minimizes protein denaturation 

(Bollag and Edelstein, 1991). 
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1.6 Objectives of the Study 

The main objectives of this study are: 

1. to isoJate and characterized the putative AGPase gene 

11. to obtain a preliminary data on protein analysis 

iii. to test for custom design primer specific for small subunit of AGPase 

IsoLation and characterization of the genes involved in starch biosynthesis 

is an important step for detennining the factors that control the quality and quantity 

of starch produced in sago plant. In order to apply molecular techniques for genetic 

improvement of sago palm, the underlying genetic and biochemical basic of starch 

biosynthesis must be applied. In this study, the main objective was to isolate the 

putative AGPase gene and to prove the existence of this gene in the sago palm and 

subsequently analyze its structural organization including nucleotide sequence of 

the gene. With this infonnation, complete understanding of the starch biosynthesis 

pathway may be possible and enabling genetic manipulations to be carried out on 

this crop for various industrial purposes. 

The second objective of this study is to collect preliminary data on protein 

analysis by using non-denaturing polyacrylamide gel electrophoresis. The 

infonnation obtain from the protein analysis may be use for further protein or 

isozymes studies and references on the sago palm. 
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away and I ml of wash buffer was added. The pellet was dislodged by agitating the 

tube, and then left to stand at room temperature for 30 minutes. 

The DNA was pelleted for a second time at 13,000 rpm for 2 minutes at 4 

°C. The supernatant was poured away and the tube was left to air dry for 

approximately IS minutes. The DNA pellet was dissolved in 100fli of TE buffer 

and stored at 4 °c until required. 

2.1.2 Qualitative estimation of DNA by agarose gel electrophoresis 

5fll of the DNA preparation was loaded with 2fll of 6x gel loading dye into 

a 1% agarose gel with 2fll of ethidium bromide. 5fll of Ii, HindlII DNA ladder was 

loaded beside the DNA sample as a marker. The gel electrophoresis was carried 

out at 110 volts for I hour in 1 x T AE running buffer. 

2.1.3 Quantification of DNA by UV spectrophotometer analysis 

5fll of DNA was diluted with 450fll distilled deionized water in a quartz 

cuvette. The absorbance of diluted DNA sample at A23o, A26o, and A280 was read. 

A230 should be less than A260 and maybe same as the A2so. An A260 of 1 corresponds 

to approximately 50flg/ml of double-stranded DNA in a 1cm quartz cuvette. The 

ratio of A260: A2so was calculated and the good quality of DNA must be in the 

range of 1.8-2.0. 
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2.1.4 Polymerase Chain Reaction 

Two sets of primers were used in this study. The primers were designed 

based on conserved amino acid regions of the small subunit of AGPase from 

published information sequences and from previous studies of AGPase from 

variety of starch producing plants such as Citrullus lanatus, Solanum tuberosum 

and Cicer arietinum and designed by using DNAstar software. The primers were 

aliquoted and dil uted to a final concentration of 25pmol/~I , to avoid repeated 

thawing and freezing and stored at -20°C until used. The sequences of these 

primers are shown in Table 1, below: 

Table 1: Primers used for amplification of AGPase gene. 

1 SEQUENCES1PRIMERS 

15'- AACTGCATCAATAGTGGCAT- 3'1 haAGP-F 

15'-TTCCAATATCCTCCCAGTAGT -3' 1 haAGP-R 

15'- GAAGTTATTCCTCCTGCAAC -3' 1 ha2AGP-F 

15'- GATATCAGCATCAAGCAT- 3' 1 ha2AGP-R 

The PCR mixture included template DNA molecule, a set of primer 

(forward and reverse primer), lOmM dNTP mix, 10x PCR buffer without 

magnesium chloride, 25mM MgCh, Taq DNA polymerase and sterile water. The 

12 



compositions of peR reaction mixture are shows in table 2 whereas the parameter 

for PCR method shows in the table 2. 

Table 2: The composition of PCR reaction mixture. 

Reagents volume 

Plant genomic DNA 2~1 

25mM MgCh 3~1 

10mM dNTPs 1~l 

25pmoWI of primers 2~1 

lO X PCR buffer 2.5 ~l 

Taq DNA polymerase 0.5~1 

Sterile ultra pure water 14 ~l 

Final volume 25\-11 

Table 3: The parameters for PCR methods 

Steps Temperature (OC) Time (min) 

1 Initial denaturation 94 2 

2 Denaturation 94 1 

3 Annealing 55 1 

4 Elongation 72 1.30 

5 Step return to step 2 for 30 cycle 

6 Final extension 72 5 

13 




Gel electrophoresis of PCR products have been carried on the concentration of 

agarose gel 1.0%. 5,...1 of the PCR reaction was mixed with 1,...1 of 6x gel loading 

dye. 

2.1.5 Elution of PCR product from agarose gel 

The PCR product was extracted from agarose gel using the QIAquick Gel 

Extraction Kit (Qiagen). The agarose gel was visualized under a UV 

transilluminator and the area containing the PCR product was excised from the gel 

by using a clean, sharp scalpel. The gel slice was then transferred into a 1.5ml 

microcentrifuge tube and the weight of the gel slice was determined. The 

subsequent steps were undertaken following the manufacturer's recommendation. 

2.1.6 Calcium Chloride (CaCh) bacterial Competent Cell preparation 

E. coli JMl 09 was obtained from stock culture and inoculated into 5ml of 

Luria Broth (LB) before incubated overnight at 37°C with shaking at 200rpm until 

an 00600 reading of about 0.5. The cells were then cooled on iced for 

approximately 20 minutes. The culture was transferred into 50ml Falcon tubes and 

centrifuged at 3500rpm for 5 minutes. After centrifugation, the supernatant was 

discarded and the cells pellets were resuspended in 25ml of ice-cold 100mM of 

Calcium Chloride. Glycerol stocks were prepared by adding 200,...1 of aliquots from 

each tube were transferred into 1.5ml Eppendorf tubes. The Eppendorf tubes were 

snap frozen in liquid nitrogen prior to being stored at -80°C. 
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2.1.7 Cloning of the PCR fragment 

The purified PCR fragments were ligated into the pGEM®-T Easy Vector 

supplied by Promega. The protocols for ligation and transformation were based on 

the manufacturer's recommendation. A positive control and background control 

were also set up together with the standard reaction as suggested by the supplier. 

The reaction was incubated overnight at 4°C for the maximum number of 

transformants. The composition for ligation reaction mixture is as in table 4 below. 

After the ligation steps, transformation was carried out using the E. coli 

JMI09 competent cells. The transformation procedures were initiated by mixing 

50",1 cold suspended E. coli JM 109 competent cells with 15).11 ligation product. 

The mixture is incubated on ice for 30 minutes before a heat shock at 42°C for 1 

minute. Then the tubes were immediately returned into ice for 2 minutes. 950).11 of 

LB medium was added to the tubes and incubated in a shaker incubator set at 37°C 

for 1 hour 30 minutes prior to plating on a 25ml pre-warmed LB agar plates 

containing 25).11 of ampicillin (50mg/).11), 20).11 of X-Gal (20).1g/).11) and 100).11 of 

IPTG. The plates were incubated at 37°C for overnight. 

Table 4: Composition of ligation reaction mixture 

Reagents I Volume ().1l) 

2X Rapid ligation buffer 8.0 

pGEM®-T (50ng) 1.0 

PCRproduct 5.0 

T4 DNA ligase (3 Weiss units/ ).1l) 1.0 

Final volume 15 

15 
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2.1.8 Plasmid Isolation 

The plasmid isolation was carried according to the method suggested by 

Zyskind & Bernstein (1992). Single white colonies after the transformation steps 

was inoculated into 5 ml of Luria Broth (LB), and incubated overnight with shaker 

at 31'C. The next day, the cells were pelleted by centrifuging at 1300 rpm for 10 

minutes and the supernatant was discarded. Then, the cells were resuspended in 

200lli of ice cold Solution 1 (GTE solution). The pellet was dissolved by vortexing 

and leave on ice for 10 minutes. 300lli of freshly prepared Solution 2 (lysis 

solution) was added and inverts 10 times before incubate on ice for another 10 

minutes. Then, 300lll of Solution 3 (Potassium acetate, acetic acid and sterile 

water) was added and incubated on ice for 10 minutes. 

After 10 minutes, the solution was centrifuge at 1300 rpm for 10 minutes. 

The supernatant, which containing the plasmids were transferred to a new 1.5ml 

Eppendorf tubes. Equal volume of phenol:chloroform:isoamylalcohol was added 

and further centrifugation was done with the same condition as previous. The 

upper layer was transferred to a new 1.5ml Eppendorf tubes and 1110 volume of 

3M sodium acetate and 2/3 volume of isopropanol was added. The mixture was left 

to stand at -20°C before pelleting the solution at 13000rpm for 5 minutes the 

following day by. The supernatant was discarded and the pellets were resuspended 

with cold ethanol, re-pelleted at 13000rpm for 5 minutes and discard as much of 

the supernatant as possible. Allow the pellet to air dry for 15 minutes at room 

temperature, before dissolving the pellet in TE buffer and store at -20°C until used. 
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2.1.9 peR amplification of the isolated vector 

The isolated plasmids were subjected to PCR with primers T7/SP6 that is 

known to flank the pGEM-T Easy Vector at the cloned sites. This method IS 

essential to verify the presence of the insert DNA fragments in the vector. 

PCR reaction was carried out at 51°C, 53°C, 54°C for 30 cycles by using 

primer T7/SP6. The parameters for the PCR cycle are the same as in Table 3, 

except for the annealing temperature. Whereas, the composition for the reaction 

mixture is as shown in the table 5 below: 

Table 5: The composition ofPCR reaction mixture for primer set T7/SP6. 

volume 

Isolated plasmid vector 2~1 

25mMMgC}z 3.5~1 

10mMdNTPs 2~1 

1.52pmol/~1 T7 primer 1~l 

1.60pmoV~1 SP6 primer 1~l 

lOX PCR buffer 5~1 

Taq DNA polymerase 1~l 

Sterile ultra pure water 9.5~1 

Final volume 25~1 

Reagents 
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