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ABSTRACT 

The aim of this experiment was to identify and characterize the enzyme ferredoxin 

NADP
+
 reductase from Bacillus sp. The gene was cloned and expressed in 

Escherichia  coli system  by using pEt102 TOPO vector as a host. The recombinant 

E. coli was cultured in Luria Bertani broth, and it was being induced with isopropyl-

β-thioga-lactopyranoside (IPTG). Next, the expression culture was spun down by 

high speed centrifugation. Pellet was collected and resuspended with binding buffer 

and then sonicated. Centrifugation was repeated until the supernatant was collected 

and loaded on nickel-Sepharose chromatography. The purified ferredoxin NADP
+ 

reductase was a protein with molecular mass of approximately 54kDa based on 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). NADPH 

was a good electron donor meanwhile the electron acceptor was a 2,6-

Dichlorophenolindophenol (DCPIP) in a diapharose assay. Furthermore, the 

maximum activity for this enzyme was observed at 25℃  and at pH 7. It had been 

proven that this enzyme could withstand for 120 minutes at 25℃ and at pH10. 

Results from experiment suggested that ferredoxin NADP
+
 reductase can be grouped 

as an oxidoreductase enzyme which had a capability to facilitate the reaction 

between NADP
+
/ NADPH with ferredoxin. 
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ABSTRAK 

Tujuan eksperimen ini adalah untuk mengenal pasti dan mencirikan enzim 

feredoksin NADP
+
 reduktase yang berasal daripada Bacillus sp. Gen ini telah 

diklonkan dan diexpresskan dalam sistem Escherichia coli sebagai perumah dengan 

menggunakan vektor pEt102 TOPO. Selepas itu, rekombinan E. coli telah 

ditumbuhkan di dalam media Luria Bertani, dan ia telah dirangsangkan dengan 

menggunakan Isopropil-β-thioga-lactopyranoside (IPTG). Seterusnya, sell hidup 

telah diemparkan dengan menggunakan pengempar berkelajuan tinggi. Pelet 

dikumpulkan dan diampaikan dengan menggunakan penimbal pengikat dan 

kemudian disonikasikan. Pengemparan ini diulang sehingga supernatan dikumpulkan 

dan dimuatkan pada kromatografi nikel sepharose. Dalam kajian ini, feredoksin 

NADP
+
 reduktase merupakan protein dengan kandungan jisim molekul kira-kira 54 

kDa dengan menggunakan elektroforesis gel poliakrilamida-sodium dodesil sulfate 

(SDS-PAGE). NADPH merupakan penderma elektron yang bagus sementara 

penerima elektron adalah 2,6-Diklorofenolindofenol (DCPIP) dalam cerakin 

diafharosa. Tambahan pula, aktiviti maksimum bagi enzim ini diperhatikan pada 

suhu 25 ℃ dan pada pH 7. Ia telah dibuktikan bahawa enzim ini boleh bertahan 

sehingga 120 minit pada 25 ℃ dan pH 10. Keputusan experimen menunjukkan 

bahawa feredoksin NADP
+
 reduktase boleh dikelaskan sebagai enzim 

oksidoreduktase yang mempunyai keupayaan untuk memudahkan tindak balas antara 

NADP
+
 / NADPH dengan feredoksin. 
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CHAPTER 1 

1.0 INTRODUCTION  

1.1 GENERAL   

Ferredoxin NADP+ reductase (FNR) is an enzyme that catalyzes the chemical 

reaction between ferredoxin and NADPH. At the end of the reaction it will form a 

product called oxidized ferredoxin and NADPH. This enzyme contains FAD as a 

flavin cofactor to increase the rate of reaction. Below is equation for reaction: 

(Cassan, et. al., 2005; Berg, et. al., 2007) 

2 ferredoxin (red) + NADP+ + H+ ↔2 ferredoxin (ox) + NADPH 

This enzyme belongs into a group of oxidoreductases. An electron donor for this 

enzyme is iron-sulfur proteins while the electron acceptors are NADP+ or NAD+. 

Furthermore, ferredoxin NADP+ reductases can be classed into two unrelated protein 

families. The first protein family is plant type ferredoxin NADP+ reductase which 

also can be further divided into two subclasses which are plastidic FNRs in plants 

and the bacterial FNRs. The second protein family is glutathione-reductase-type 

FNRs which usually found in the mitochondria of eukaryotes (Aliverti, et. al., 2008). 

Commonly, this enzyme has several roles and one of its functions is the enzyme 

takes part in photosynthesis in order to transport the electrons between flavodoxin or 

ferredoxin and NADPH (Knaff and Hirasawa, 1991; Sétif, 2001). Another function 

of this enzyme can be seen in non-photosynthetic organisms where the FNR 

provides reduced ferredoxin for various metabolic pathways including nitrogen 

fixation, terpenoid biosynthesis, steroid metabolism, oxidative stress response, and 

iron–sulfur protein biogenesis (Aliverti, et. al., 2008). 
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There are a few disadvantages regarding of ferredoxin and ferredoxin NADP+ 

reductase in the reaction. For instance, in the electron transport chain, the rate 

limiting step is the release of the first oxidized ferredoxin molecule after the FAD is 

being reduced with one electron. This step can be inhibited by the presence of 

oxidized ferredoxin and stimulated by the existence of NADP+ (Carrillo, et. al., 

2003). Next, the binding affinity of the enzyme towards ferredoxin can be decreased 

by binding of NADP+ to the enzyme (Medina, 2009). Furthermore, in the absence of 

light, ferredoxin NADP+ reductase is inhibited thus electron cycling from ferredoxin 

to NADPH cannot occur (Talts, et. al., 2007). In addition, the second-order rate 

constant for the first reduction of ferredoxin-NADP+ reductase was 20% slower 

when NADP+ is present,  in line with the existence of ternary complexes (ferredoxin-

NADP+ reductase)-NADP+-ferredoxin. 

Spectrophotometric assay which is known as a continuous assay can be used for 

detection in enzyme assay. The procedure is simple, selective, non-destructive and 

also because it is very sensitive. By using spectrophotometer it can be used to 

measure the concentration of NADH changes when it react with ferredoxin at  

340nm (Stryer, 1988). 

In addition, one of a successful biotechnological application of enzyme reductase is 

ferredoxin NADP+ reductase can be a drug to fight against apicomplexia human 

parasites. This parasite eventually has the ability to spread diseases such as malaria 

and congenital disease. This enzyme will reside inside the apicoplast which is an 

organelle that being required for the survival of the pathogen (Aliverti, et. al., 2008). 

One of the factors why ferredoxin NADP+ reductase can be used as potential drug is 

because in host organism it does not have any homologous proteins. Moreover, 

apicomplexan and plant enzymes have mostly identical structure thus if the electron 
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flow from ferredoxin NADP+ reductase to ferredoxin is being blocked it will 

eventually may kill the parasites itself. The electron flow from ferredoxin NADP+ 

reductase to ferredoxin is being blocked by either inhibit the ferredoxin NADP+ 

reductase activity or it interaction between the substrate itself which is ferrodoxin 

(Seeber, et al., 2005).  

1.2 PROBLEM STATEMENT   

The characteristic and function of ferredoxin NADP+ reductase from Bacillus sp. are 

still unknown.   

1.3 OBJECTIVE    

1. To purify and characterize ferredoxin NADP+ reductase from Bacillus sp. 
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