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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Master of Science 

 

MOLECULAR CHARACTERIZATION AND HOMOLOGY MODELING OF 

SHORT-CHAIN DEHYDROGENASE (GcSDR) AND NDP-SUGAR 

EPIMERASES (GcNSEs) cDNAs FROM Gracilaria changii 

 

By 

NUR ANISZA HANOUM BINTI NASERON 

October 2014 

 

Chairman : Ho Chai Ling, PhD 

Faculty : Biotechnology and Biomolecular Sciences 

 

Gracilaria changii is a source of agar in Malaysia. Despite its economic importance, 

many of its genes are unknown. The objective of this study was to characterize the 

sequence and functions of three novel proteins from G. changii using an approach 

that combines molecular biology and bioinformatics. Amino acid sequence analysis 

of Gracilaria changii short-chain dehydrogenase (GcSDR) showed that the 

GxxxGxG co-enzyme binding motif and the YxxxK active-site motif are well 

conserved. GcSDR transcript encoded 282 amino acids with a predicted molecular 

mass of 48 kDa. The open reading frame (ORF) of GcSDR was successfully cloned 

into pET32a(+) and expressed as a soluble protein in Escherichia coli strain BL21 

(DE3) pLysS. Recombinant GcSDR showed the highest activities when 

pyruvaldehyde dimethyl acetal was used as a substrate compared to alcohols and 

steroid, with a Km value of 174.1 mM and a Vmax value of 0.87 µmol of product 

formed min-1 mg-1. GcSDR favoured NADPH rather than NADH, NADP+ and NAD+ 

as its primary co-factor. The three-dimensional structure of GcSDR was predicted 

using the crystal structure of a short-chain dehydrogenase (SDR) from Streptomyces 

avermitilis which shares 34.5 % identities. Virtual screening showed that CMP-N-

acetyl-beta-neuraminate(2-)  has the highest possibility to be the substrate of GcSDR 

with a total binding energy of -157.336 kJ/mol. The Gracilaria changii NDP-sugar 

epimerase 1 (GcNSE1) transcript encoded 576 amino acids (82 kDa) while 

Gracilaria changii NDP-sugar epimerase 2 (GcNSE2) encoded 401 amino acids   

(62 kDa). GcNSE1 shared high identities with the NADH: ubiquinone 

oxidoreductase complex I from Fischerella sp. JSC-11 while GcNSE2 has high 

identities with several NAD dependent epimerases/dehydratases. GcNSE1 possesses 

conserved co-enzyme binding pattern GxxxGxG and active site motif YxxxK for 

SDRs, while GcNSE2 has an atypical SDR co-enzyme binding site (GGxxxxG) and 

active site motif (YxxxN). The ORFs of GcNSE1 and GcNSE2 were cloned into 

pET32a(+) and transformed into E. coli strain BL21 (DE3) pLysS. Both recombinant 

GcNSE1 and GcNSE2 were produced as insoluble proteins. The insoluble fractions 

of both GcNSE1 and GcNSE2 were solubilized and refolded to produce soluble 
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proteins. Threading using i-TASSER was performed for GcNSE1 using the X-ray 

structure of a tyrosine-phosphorylated protein from Arabidopsis thaliana 

(At5g02240) as template. The 3D structure of GcNSE2 was predicted using the 

crystal structure of Thermus thermophilus Hb8 UDP-glucose 4-epimerase complex 

with NAD. Virtual screening showed that UDP-D-glucose with the lowest total 

binding energy (-180.755 kJ/mol) could be the possible substrate of GcNSE2. The 5’ 

flanking regions of GcSDR, GcNSE1 and GcNSE2 were analyzed and putative cis-

regulatory elements (CREs) were predicted. The light responsive elements were 

frequently found in the 5’-flanking regions of GcSDR, GcNSE1 and GcNSE2 

indicating that these three proteins might be regulated by light. The full length gene 

sequences encoding these three cDNAs have no introns. In conclusion, the approach 

used in this study has shed lights on the amino acid sequences and putative functions 

of three unknown seaweed proteins. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains 

 

PENCIRIAN MOLEKUL DAN PERMODELAN HOMOLOGI cDNA 

DEHIDROGENASE RANTAI PENDEK (GcSDR) DAN NDP-GULA 

EPIMERASE (GcNSEs) DARI Gracilaria changii 

 

Oleh 

NUR ANISZA HANOUM BINTI NASERON 

Oktober 2014 

 

Pengerusi : Ho Chai Ling, PhD 

Fakulti : Bioteknologi dan Sains Biomolekul 

 

Gracilaria changii merupakan satu sumber agar di Malaysia. Walaupun ia 

mempunyai kepentingan ekonomi, kebanyakan gennya tidak diketahui. Objektif 

kajian ini adalah untuk mencirikan jujukan dan fungsi bagi tiga protein baru daripada 

G. changii menggunakan kaedah yang menggabungkan biologi molekul dan 

bioinformatik. Analisis jujukan asid amino Gracilaria changii dehidrogenase rantai 

pendek (GcSDR) menunjukkan bahawa motif pengikatan ko-enzim GxxxGxG dan 

motif tapak aktif YxxxK adalah terpelihara. GcSDR mengkod 282 asid amino 

dengan anggaran jisim molekulnya 48 kDa. Rangka bacaan terbuka (ORF) bagi 

GcSDR berjaya diklon ke dalam pET32a(+) dan dihasilkan sebagai protein larut di 

dalam Escherichia coli BL21 (DE3) pLysS. Rekombinan GcSDR menunjukkan 

aktiviti tertinggi apabila piruvaldehid dimetil asetal digunakan sebagai substrat 

berbanding alkohol dan steroid, dengan nilai Km 174.1 mM dan nilai Vmax 0.87 µmol 

produk terbentuk min-1 mg-1. GcSDR lebih cenderung kepada NADPH berbanding 

NADH, NADP+ dan NAD+ sebagai ko-faktor utama. Struktur tiga dimensi GcSDR 

diramal menggunakan struktur kristal dehidrogenase rantai pendek (SDR) daripada 

Streptomyces avermitilis yang mempunyai identiti sebanyak 34.5 %. Saringan maya 

menunjukkan CMP-N-asetil-beta-neuraminat (2-) mempunyai kebarangkalian 

tertinggi sebagai substrat bagi GcSDR dengan jumlah tenaga pengikatan terendah 

iaitu -157.336 kJ/mol. Transkrip Gracilaria changii NDP-gula epimerase 1 

(GcNSE1) mengkod 576 asid amino (82 kDa) sementara Gracilaria changii NDP-

gula epimerase 2 (GcNSE2) mengkod 401 asid amino (62 kDa). GcNSE1 berkongsi 

identiti tertinggi dengan NADH: ubikuinon oksidoreduktase kompleks I daripada 

Fischerella sp. JSC-11 manakala GcNSE2 mempunyai identiti tertinggi dengan 

beberapa epimerase/dehidratase berpandukan NAD. GcNSE1 memiliki corak 

pengikatan ko-enzim terpelihara GxxxGxG dan motif tapak aktif YxxxK untuk SDR, 

sementara GcNSE2 mempunyai tapak pengikatan ko-enzim SDR atipikal 

(GGxxxxG) dan motif tapak aktif (YxxxN). ORF bagi GcNSE1 dan GcNSE2 telah 

diklon ke dalam pET32a(+) dan ditransformasi ke dalam E. coli BL21 (DE3) pLysS. 

Kedua-dua rekombinan GcNSE1 dan GcNSE2 dihasilkan sebagai protein tidak larut. 
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Fraksi tidak larut GcNSE1 dan GcNSE2 telah dilarut dan dilipat semula untuk 

menghasilkan protein larut. Kaedah bebenang menggunakan i-TASSER telah 

dilakukan untuk GcNSE1 menggunakan struktur sinar-X protein tirosin-terfosfat 

daripada Arabidopsis thaliana (At5g02240) sebagai templat. Struktur 3D bagi 

GcNSE2 diramalkan menggunakan struktur kristal dari Thermus thermophilus Hb8 

UDP-glukosa 4-epimerase yang berkompleks dengan NAD. Penyaringan maya 

menunjukkan bahawa UDP-D-glucosa dengan tenaga pengikatan terendah (-180.755 

kJ/mol) mungkin merupakan substrat yang sesuai untuk GcNSE2. Bahagian pengapit 

5’ bagi GcSDR, GcNSE1 dan GcNSE2 telah dianalisis dan elemen pengawalaturan-

cis (CREs) telah diramal. Elemen pengawalan cahaya kerap dijumpai di bahagian 

pengapit 5’ bagi GcSDR, GcNSE1 dan GcNSE2 menunjukkan bahawa ketiga-tiga 

protein ini mungkin dikawal oleh cahaya. Jujukan gen penuh yang mengkodkan 

ketiga-tiga cDNA tidak mempunyai sebarang intron. Kesimpulannya, kaedah yang 

digunakan dalam kajian ini telah memberikan maklumat tambahan mengenai jujukan 

dan fungsi putatif bagi tiga protein rumpai laut yang tidak diketahui. 
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