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ABSTRACT 

Isolation of small subunit ADP-glucose pyrophosphorylase (AGPase) gene from sago palm 
(Metrorylon sagu) was perfonned. Two sets of primers, namely haAGP and ha2AGP, were used 
in this study and both primers yielded PCR products. From all the multiple PCR bands generated 
by both of primers, only two PCR fragments generated by primer set haAGP and one PCR 
fragment amplified using ha2AGP were used for subsequent study. The sizes of the PCR 
fragment selected were 380bp, 600bp and 700bp. The PCR fragments were later cloned into 
pUC19 and transformed into E. coli 1M 1 09 competent cells. However, neither PCR amplification 
using M13 primers nor restriction digestion using BamHI obtain successful cloning results. The 
sequence of the PCR product was obtained through direct PCR fragment sequencing. However, 
the sequence derived did not show homology to other small subunit of AGPase gene when 
analyzed through NCBI BLAST. 

Keywords: AGPase gene, PCR, E. coli 1M 109, pUCI9. 

A BS TRAK 

Pemel1cilkan subunit kedl bagi gen A GPase untuk pokok sagu telah dijalankan. Dua set primer, 
haA GP dan ha2AGP telah digunakan dalam projek ini dan telah menghasilkan produk PCR 
yang dikehendaki. Daripada semua produk PCR yang terhasil daripada kedua-dua primer 
tersebut. hanya dua fragmen dipilih bagi set primer haAGP dan satu fragmen dipilih bagi set 
primer ha2A GP untuk kerja yang seterusnya. Saiz bagi fragmen PCR yang dipilih adalah 380bp, 
600bp dan 700bp. Fragmen PCR setemsnya diklonkan ke dalam pUCl9 dan ditransformasikan 
ke dalam sel kompeten E. coli JMI09. Namun, amplifikasi PCR dengan primer M13 dan 
tindakan enzim pembatasan BamHI gagal memberi sebarang keputuasn yang membuktikan 
kejayaannya. Jujukan produk PCR telah diperolehi melalui penjujukan langsung fragmen PCR. 
Namu II, keputusan jujukan yang didapati tidak mempamerkan sebarang homologi dengan gen 
subunit kedl A GPase lain apabi/a dianalisis melalui NCB! BLAST 

Kata lamd: GenAGPase. PCR, E. coliJMI09,pUC19 
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CHAPTERl 

INTRODUCTION 

The sago palm (Metroxylon sagu) can be found in swampy areas of South East Asia regions 

such as Malaysia and Indonesia due to its suitability towards the peat soil which is found 

abundant there. In Sarawak, sago palms are planted for its starch which carries the ability to 

produce numerous products in different industries. Being a reputable starch producer in the 

world market, Sarawak government has then established a research station namely Crop and 

Research Application Unit (CRAUN) to explore and exploit the plant. 

Starch, a compact form of excess glucose molecules produced during photosynthesis, can be 

stored for later use in plants (Horton et al., 2002). It is formed by a polymer of glucose 

molecules which occurs in two main forms, amylose and amylopectin. Amylose consists 

predominantly of linear chains of glucose monomers linked by I,4-glycosidic bonds while 

amylopectin consists of the chains of amylose but branched by the addition of I,6-glycosidic 

bonds (Horton et aI., 2002). 

The synthesis of starch in plant cells begins with ADP-glucose pyrophosphorylase (AGPase), 

an enzyme which catalyses the reaction of glucose-I-phosphate with ATP to form ADP

glucose (Figure I). The ADP-glucose is then used as a substrate to build up a starch molecule 

by adding glucose units to the end of a growing polymer chain, using the starch synthase 

enzyme. For the branches in the amylopectin chain, starch branching enzymes (SBEs) are 
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introduced, which hydrolyse l,4-glycosidic bonds, creating 1,6-glycosidic bonds with other 

glucose units. 
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Figure 1. The simplified representation of the normal pathway of starch synthesis in plants. 

Adapted from Andrew Gray, 2005, retrieved [online] at the World Wide Web: 

http://www.andrewgray.com/essays/starch.htrn 


ADP-glucose pyrophosphorylase (AGPase) is an enzyme that catalyzes the key step for starch 

biosynthesis in plants by catalyses the conversion of glucose-I-phosphate with ATP to ADP-

glucose (Au et aI., 2002). It appears to be an attractive biotechnological target for increasing 

starch synthesis in plants (Gray, 2003). According to Okita and his colleague (cited in Au et 

ai., 2002) this enzyme is a heterotetramer containing two large (S) and two small (B) subunits. 

However, in some plant species like potato, rice and Arabidopsis, only one small subunit is 

found (Noh et ai., 2004). According to Smith-White and Preiss (1992), there are at least two 

main groups of AGPase polypeptides that exist in plants - the small subunit which has a 

3 


http://www.andrewgray.com/essays/starch.htrn


greater selective pressure to retain a particular primary structure and the large subunit which 

is further divided into two subgroups, based on the type oftissue where the gene is expressed. 

The purpose ofthis research centres upon the fact that limited studies have been performed on 

the AGPase gene of sago palm. The AGPase gene plays an important role in the starch 

biosynthesis pathway. Thus, preliminary attempt to isolate and characterize the respective 

gene is important for further analysis and exploitations. This attempt will enable other 

possible manipulations to be carried out on the crop for purposes, perhaps in industrial 

aspects. 

The main aims for this study include: 

1. 	 Optimization the PCR condition for the putative AGPase small subunit gene from 

genomic DNA 

11. 	 Cloning ofthe putative A GPase small subunit gene from genomic DNA. 
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CHAPTER 2 

LITERA TURE REVIEW 

2.1 Sago Palm 

Sago Palm (Metroxylon sagu) is a tropical, swamp-inhabiting palm (Othman, 1991) which is 

found abundance in South East Asia regions such as Malaysia, Indonesia, Mindanao and New 

Guinea (Rauwerdink, 1986). This is due to the aptness of the plant to the wetlands where 

other crop plantation is impossible. According to Flach (1997), sago is commercially planted 

in more than 3.75 million hectares in Southeast Asia and Pacific regions. 

Palms accumulate starch, a source of carbohydrate, in the pith of their trunk (Rauwerdink, 

1986). Among aU the species ofMe troxylon , only M. sagu and M. salomonense are exploited 

for their starch content. However, according to Rauwerdink (1986), M. sagu is more reputable 

for being the starch producer due to its domination in nature. In rural areas, sago palms are 

important crop for its usefulness, especially as staple food for the locals (Kyburz, 1996). 

In Sarawak, sago plays an important role in contributing to the economy. According to Flach 

(1997), sago starch has been exported since the early 19th century and its production of sago 

starch ranks fou rth among the agricultural export commodities of Sarawak (Flach, 1997). In 

addition, Sarawak gains its fame for being the principle exporter of sago starch to the world 

market (Tie et al., 1991). This is due to the abundance of peat soil, a type of soil which is 

~ itable for sago plantation, in Sarawak areas especially in Mukah, Igan and Oya-Dalat 
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districts of Sibu division and Balingian. It covers about 1.5 million hectares of the whole 

Sarawak (Flach, 1997), producing 50,000 ton ofair-dry starch, worth RM431 million. 

The usage of sago palm is summarized in the flow chart in Figure 2. According to the chart, 

the whole sago palm tree, from the trunk to the leaflets, can be utilized in different industries. 

Both the leaflets and rachis are used in house building while the cortex of the trunk is used for 

firing in paper factory. The most exploited part of the sago palm tree is its pith. Starch, which 

is found abundance in its pith, is employed in numerous industries . 

howe building 
ale. 

dried as an 
p<()()IISSing aninailMd~ ::estaJch } 
~ refuse waler --.-jl lettiliz .. r 

adl-'v.... 
gels 

paper industry medicinal 
appllcalion 

Figure 2. Summary of the many uses of Sago Palm in a flow chart. Adapted from Michiel Flach, 1997. 
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Besides being the staple food for the locals, sago starch has being exploited to make 

numerous types of commercial products, especially as foodstuff. In food industries, it is 

utilized to produce noodle, vermicelli, monosodium glutamate, high fructose syrup in fruit 

canning and soft drinks, glucose, maltose, dextrose, biscuit and sago pearl (Zulpilip et at., 

1991). 

According to Zulpilip et al. (1991), sago crop supplements for both com and tapioca starch in 

manufacturing monosodium glutamate and glucose. This fact gives us the privilege of more 

raw materials in production industry. Besides foodstuff, they also claimed that sago can also 

be utilized in other related industries such as paper, textile, plastic, adhesive and alcohol. In 

addition, Zulpilip et al. (1991) also stated the future prospect ofthis carbohydrate source is to 

be used in gas and fuel production, that is, energy cropping. 

Sago starch and its derivatives are widely exploited in manufacturing papers, textiles and 

adhesives (Gray, 2003). In addition, their biodegradable and renewable nature causes them to 

be an environmentally-friendly alternative for synthetic additives in many other products, 

such as biodegradable plastics and packaging materials, detergents, pharmaceutical tablets, 

pesticides and cosmetics (Gray, 2003; Meyer, 1998). 

Due to its high commercial value, interests in sago palm and sago starch studies are generated 

among some countries, mostly agricultural-based countries that are also contributing in sago 

production (Commercial Agriculture: Crops b. Sago). The purpose of their study is to 

ve the yield of the plant in order to intensifY its production. In 1982, the Sarawak 
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government established a specialized research station on both peat and sago palm (Flach, 

1997). Near Mukah, the Sarawak Land Custody and Development Authority (LCDA) 

developed the world s first large-scale commercial plantation of 7700 hectares. In 1993, a 

second plantation of 1600 hectares was established near Oya. 

In 1993, the Crop and Research Application Unit (CRAUN), a research unit under Sarawak's 

Land Custody and Development Authority (LCDA) was established by the Sarawak State 

Government. However, in 1997, this research unit was corporatised and known as CRAUN 

Research Sdn. Bhd. (CRAUN Research Sdn. Bhd.: History). The main purpose of this 

research unit is to conduct research and development on sago planting and commercialization. 

This has lead to the increment of the total sago cultivation area from 19,720 hectares to 

28,000 hectares (Commercial Agriculture: Crops b. Sago). 

2.2 ADP-glucose pyrophosphorylase (A GPase) Small Subunit Gene 

ADP-glucose pyrophosphorylase (AGPase; EC 2.7.7.27), an enzyme which catalyzes the 

formation of ADP-glucose and pyrophosphate from glucose-I-phosphate and ATP exists in 

both bacteria and in plants. In bacteria, this enzyme is part of the glycogen synthesis pathway 

which will catalyze the formation of glycogen. Simultaneously, this enzyme plays the initial 

role in starch biosynthesis pathway in plants. According to Preiss (cited in Thorbj0msen et aI., 

2000), this enzyme has been demonstrated in both lower plants and higher plants, which 

includes monocots and dicots. 
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In 1990, Okita and.hi colleague (cited in Au et aI., 2002) reported that the plant AGPase is 

beterotetrameric, composed of two large and two small subunits, giving rise to the (12(32 

heterotetrameric native enzyme. This is further supported by Smith-White and Preiss (1992), 

which suggest that the large subunit has two subgroups, indicating two different tissue

specific large subunjts. They also claimed that although the small subunit has not 

demonstrated tissue-specific subgroups, it had show a slight but distinct division into a 

grouping based on the source of the protein, whether it comes from either monocot or dicot 

plants. In addition, Smith-White and Preiss (1992) also proposed that the two subunits can be 

differentiated by their molecular weights and genetic origins. 

Multiple cDNA clones encoding isoforms of AGPase have being isolated from maize (Bhave 

el al., 1990), potato (Nakata et al., 1991), sugar beet (Muller-Rober et aI., 1995), wheat 

(Olive et al., 1989), barley (Villand et aI., 1992), Arabidopsis (Villand et al., 1993), sweet 

potato (Ham et al., 2000), chickpea, Cieer arietinum L. (Singh et aI., 2002), oil plant, Perilla 

Jruteseens (Choi et al. , 2001), pea (Pisum sativum) cotyledons (Burgess et al., 1997) and 

tomato (Park and Chung, 1998; Chen et al., 1998). Fruit-producing plants like watennelon, 

Citru/lus vulgaris S. (Kim et aI., 1998) and oriental melon by Park et al. (cited in Kim et al., 

2002) are also being cloned and studied. Besides the crops and plants mentioned above, low 

starch content plant like Chinese cabbage, Brassiea rapa L. is also studied (Kim et al., 2002). 

The small subunit in higher plant AGPase is highly conserved when compared with the large 

subunit. In other words, the small subunit shares a higher structural homology between 

~erent plant species (Nakata et al., 1991). According to Au and colleagues (2002), the size 
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of the small subunits range from 50 to 55 kDa. The numbers of small subunit of cDNAs 

identified are more limited compared to the large subunit. 

Thus far, various researches have been made on the A GPase small subunit gene in other 

plants. This gene has been reported to be divided into a few types. Organ-specific small 

subunit has been reported for a few plants, such as maize (Prioul et al., 1994) and bean, Vida 

foba L. (Weber et aI. , 1995). Non-organ specific small subunit isoforms are isolated from 

sweet potato (Bae and Liu, 1997), chickpea, Cicer arietinum L. (Singh et al., 2002), pea 

(Pisum sativum) cotyledons (Burgess et aI., 1997) and oil plant, Perilla jnltescens (Choi et al., 

2001). However, potato (Nakata et aI., 1991), rice (Anderson et al., 1989), tomato (Chen et 

01., 1998), sugar beet (Muller-Rober et al., 1995), watermelon (Kim et aI., 1998), Chinese 

cabbage, Brassica rapa L. (Kim et aI., 2002), wheat (Ainsworth et al., 1993), Arabidopsis 

(Villand et al., 1993) and barley (Villand et al., 1992) have only yielded a single small 

subunit gene. In the case of barley, this single gene yields two different transcript of small 

subunit due to the mechanism ofalternative splicing (Thomj0msen et aI., 1996). 

Plant species like lower plants, monocots and dicots need this gene for the pathway of starch 

biosynthesis (Au et al., 2002). In Singh et al. (2002), they quoted Preiss that the rate of starch 

biosynthesis is controlled by the levels of the small effector molecules which allosterically 

regulate the catalytic activity in AGPase. According to him, the AGPase enzyme is activated 

by 3-phosphoglycerate (3PGA) but inhibited by an inorganic phosphate, orthophosphate (Pi), 

especially in the higher plants. In addition, Hwang et al. (2005) has proposed that the 

teric regulation of the higher plant ADP-glucose pyrophosphorylase is a product of 
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taYnergistic interaction between the small and large subunit. Nonetheless, some studies have 

:also shown that the allosteric regulatory property may not be the universal feature of all 

AGPase. Barley endosperm was reported to be insensitive to the regulation of AGPase to 3

phosphoglycerate and orthophosphate (Kleczkowski et aI., 1993). This finding is further 

supported by Kleczkowski (2000) suggesting the regulation of the AGPase in barley is 

proceeded via a non-cooperative mechanism, where neither of the effectors induces any 

allosteric response. 

To date, many discoveries are generated contributing to the further perception to the ADP

glucose pyrophosphorylase enzyme, especially on the small subunit. Characterization of an 

Arabidopsis locus has suggested the stability of the large subunit required the presence of the 

small subunit (Wang et aI., 1998). Research on the small subunit of potato tuber by Kavakli 

et al. (2001) and Frueauf et al. (2003) have proven the small subunit to be catalytic although 

different methods have being applied in both of the researches. For potato and maize, recent 

findings reported that both large and small subunits of AGPase are regulatory (Cross et al., 

2004). The following year, Cross and her team discovered that a polymorphic motif exists in 

the small subunit which modulates interactions between the small and large subunits. 

In this project, genomic DNA will initially be isolated from sago palm leaves and Polymerase 

Chain Reaction (PCR) will then be applied to fish out the AGPase gene using non specific 

primers. Isolated fragments will be cloned into a vector and subsequently be sequenced and 

analyzed. 

11 




CHAPTER 3 


MATERIAL AND METHODS 


oung leaves of the sago palm were obtained from the plant house of Faculty of Resource 

ience and Technology, University Malaysia Sarawak for the isolation ofgenomic DNA. 

3.1 Isolation oftotal genomic DNA 

Isolation ofgenomic DNA from young sago leaves was performed based on the CT AB (Cetyl 

, ethyl ammonium bromide) extraction method by Doyle & Doyle (1990) with some 

odifications by Gill ies and Bush. Approximately 0.1 g of young sago leaves were grinded in 

'quid nitrogen before transferred into 1.5 ml centrifuge tube containing 1 ml of preheated 

crAB buffer. The mixture was incubated in 65°C for an hour. Then, 400 J!l of 

orofonn:isoamylalcohol (CIA) was added to the tube and mixed gently. The mixture was 

en centrifuged at 13,000 IJJm for 5 minutes. The upper aqueous layer was transferred to a 

ew 1.5 ml centrifuge tube and added with 600 J!l ice-cold propan-2-01 and mixture was 

'xed gently, The tubes were left to stand at -20°C for overnight. The tubes were then 

trifuged at 13,000 IJJm for 2 minutes and the supernatant was discarded. After that, 1 mlof 

ash buffer was added to wash the pellet, followed by a centrifugation at the same condition 

entioned earlier. The supernatant was discarded and the pellet is left air-dried. Finally, the 

diet is dissolved in sterile distilled water and stored in -20°C. 

12 
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Qualitative estimation of the genomic DNA on agarose gel electrophoresis 

the genomic DNA samples, 3 ~I ofeach sample was loaded into 1 % agarose gel and gel 

lm1~hc.res· was performed to determine the presence and quality of the genomic DNA. 

DNA quantification by spectrophotometer 

quantitation was carried out by adding 5 ~I of DNA to 495 ~l of sterile distilled water 

a quartz cuvette before quantified using Ultrospec® 1100 pro. The absorbance of diluted 

samples at the wavelengths of 260 nm and 280 nm (A26o and A28o) was measured. The 

ofA26o:A28o was subsequently calculated based on the reading on the spectrophotometer. 

high purity DNA product will give the A26o:A28o ratio in the range of 1.8 to 2.0 (Brown, 

). The formula for this calculation is indicated as (Brown, 2001): 

DNA concentration (~gll) = A260 X 50 Jlglml x Dilution Factor 

total amount of the extracted DNA was calculated based on the concentration of DNA 

Polymerase Chain Reaction 

'01'mu~rru;e chain reaction (PCR) was performed using Biometra Thermal Cycler, Eppendorf 

.,.iIlSlICn::yClC::.r Gradient and Biometra TGradient. The PCR was performed using recombinant 

polymerase (Fermentas, USA). Two sets of primers, namely haAGP and ha2AGP (1 st 

Malaysia) derived from Ismail (2005) were used in this reaction. Both primer sets are 

"'::In-sDecific and designed based on conserved amino acid regions of the small subunit of 

from other starch producing plants such as Citrt/Illts lanatus, Solanum tuberosum 

13 




eker arietinum. The sequences for both sets of primers are shown in the Table 1. The 

mixture forprimerhaAGP and ha2AGP were shown in Table 2. 

Table I. The sequences of the primers used in PCR amplification, both forward and reverse. 

Primer Name Sequence 

haAGP-F 5'  AACTGCA TCAA T AGTGGCAT  3' 

haAGP-R 5'  TTCCAAT A TCCTCCCAGTAGT - 3' 

ha2AGP-F 5'  GAAGTT A TTCCTCCTGCAAC - 3' 

ha2AGP-R 5'  GATATCAGCATCAAGCAT - 3' 

Table 2. The composition ofPCR reaction mixture per 25 j.l\ reaction. 

Volume (Jll)
Reagents 

Primer haAGP Primer ha2AGP 

lOX PCR buffer 2.5 2.5 

2mMdNTPs 2.5 2.5 

10 pmoVll1 primer (forward) 1.0 1.0 

10 pmoVll1 primer (reverse) 1.0 1.0 

1 uJ III Taq polymerase 1.0 1.0 

Template DNA 1.0 1.0 

25mMMgCh 2.5 2.0 

Sterile dH20 13.5 14.0 

Final Volume 25.0 25.0 

annealing temperature gradients and magnesium chloride (MgCh) gradients were 

for primer sets haAGP and primer sets ha2AGP to optimize the primers ' 

!lDdlitiClns. The range of annealing temperature gradients used in primer sets haAGP and 

sets ha2AGP were 43°C to 49°C and 50°C to 60°C, respectively. Six different MgCh 

14 
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jlbc41'JDb1lti4:>nS were perfonned on both primers sets. They are 1.0 mM, 1.5 mM, 2.0 mM, 2.5 

3.0 mM and 3.5 mM. The PCR parameters for both primers are as listed in Table 3. 

Table 3 . The parameters for PCR reaction. 

Steps Temperature (0C) Time (min) 

I Initial denaturation 94 2 

2 Denaturation 94 

3 Annealing X* 

4 Elongation 72 1.5 

Step return to step 2 for 40 cycles 

5 Final extension 72 7 

·X indicates the gradient annealing temperature used in the PCR amplification 

DNA excision from agarose gel 

SpinClean™/PowerCleanTM gel extraction kit by Mbiotech was used for DNA extraction 

the agarose gel. The methods undertaken followed the manufacturer's recommendations. 

KCM Bacterial Competent Cell Preparation 

coli JMI09 (promega, USA) was derived and inoculated into 5 ml of Luria 

(LB) broth before incubating overnight at 3rC with shaking at 200 rpm. From the 

, I m1 was added to LB broth (for a I in 100 dilution) and shaken in shaker until the 

reading reached approximately 0.4 to 0.5. The culture flask was swirled in an ice bath 

2 minutes to pre-chill the cells. Later, the cells were transferred into sterile, pre-chilled 

tubes and centrifuged at 5000 rpm for 10 minutes at 4°C. The pellet was resuspended 

IS 




I 0 olume of ice cold TSS. Finally, the aliquoted cells were transferred to pre-chilled 

Eppcndorftubes and snap-frozen in liquid nitrogen prior to storage at -80°C. 

CloDiag of the peR fragment 

PeR fragments were ligated into the pUC19 (Fennentas, USA). The vector was 

digested using the restriction enzyme (RE) BamHI (Promega, USA). The vector was 

dephosphorylated with Calf Intestine Alkaline Phosphatase (ClAP) (Fennentas, USA). 

PCR fragments were ligated into dephosphorylated vector with the aid of two adaptors, 

T4 DNA ligase. The sequences of the adaptors are as stated in Table 4. 

Table 4. The sequences of the adaptors used in ligation. 

Adaptors Sequence 

Adaptor-l 5'  GA TCCCCGGGT - 3' 

Adaptor-2 5'  GGGCCCC - 3' 

the ligated vectors wjth the desired PCR fragments were transfonned into KCM 

competent cell. The transfonnation procedures were initiated by thawing an aliquot 

cells on ice. A second tube containing 20 III of 5X KCM was set up. The ligated vector 

peR fragments were added to the latter tube and topped up with water to a total volume 

100 J.tl. The tube was kept on ice before 100 III of the cell suspension was added into it. 

tube was kept on ice for 20 minutes prior to a heat shock treatment at 37°C for 5 minutes. 

ml of pre-wanned LB broth was added to the tube and incubated at 37°C for 1 hour in 

.....lIh~ltnr. The cells were finally spread on LB agar plates containing ampicillin (100Ilg/ml), 

(50J.1g/J.11) and IPTG (O.5mM) and incubate at 37°C for overnight. 
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Plasmid isolation 

alkaline lysis method according to Sambrook et al. (1989) was perfonned for plasmid 

of white colonies obtained from the transfonnation plates. Single white colonies 

inoculated into 5 ml ofLuria Bertani (LB) broth with ampicillin (100~g/ml), incubated 

at 37°C and shaken at 200 rpm. The cells were then pelleted by centrifuging at 

rpm for 30 seconds at 4°C and resuspended in 100 ~l of ice cold Solution I, followed 

°gorous vortexing. 200 J.11 of freshly prepared Solution II was added and the tubes were 

10 times before 150 J.11 of ice cold Solution III was added. The tubes were kept on ice 

S minutes before centrifuging at 10,400 rpm for 5 minutes at 4°C. The supernatant was 

1rBDsferred to new, sterile Eppendorf tubes and the plasm ids were precipitated using 2 

ofethanol and mixed thoroughly by inverting and allowed to stand for 2 minutes at 

temperature. The tube were centrifuged at 10,400 rpm for 5 minutes at 4°C to pellet 

plasmids and washed with 1 ml of 70% cold ethanol. The tubes were centrifuged again as 

pellet the plasmids. The pellets were left to air-dry for 10 minutes before 

IISIN:Il4:1ed in 40 ~l ofsterile distilled water and stored at -20°C. 
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