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ABSTRACT 

Abstract of thesis presented to the Department of Cell and Molecular Biology in 

fulfilment of the requirement for the degree of Bachelor of Science (HONS.) Cell and 

Molecular Biology 

 

OPTIMIZATION OF RECOMBINANT VANADIUM-DEPENDENT 

HALOPEROXIDASES PRODUCTION FROM GRACILARIA CHANGII 

By 

SHAUNIE NG MAY QI 

June 2015 

 

Chair: Associate Professor Dr. Ho Chai Ling, PhD 

Faculty: Faculty of Biotechnology and Biomolecular Sciences 

 

Vanadium-dependent haloperoxidases (VHPOs) belong to one of the three classes of 

haloperoxidases which can oxidize halogens including chloride (Cl
-
), bromide (Br

-
), 

and iodide (I
-
). Chemical halogenation of organic compounds typically requires harsh 

conditions. Hence, biohalogenation has gained increasing research interest. As 

vanadium-dependent haloperoxidases are enzymes that catalyze halogenation of 

organic compounds, they are very valuable due to their potential applications in 

various industries as well as their stability and tolerance for different conditions. This 

study aims to optimize the recombinant protein expression conditions, for potentially 
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large scale production of vanadium-dependent bromoperoxidase 2 (GcVBPO2) that 

was previously isolated from Gracilaria changii. GcVBPO2 sequence in pET32a(+) 

was transformed into expression host Escherichia coli BL21(DE3) pLySs and induced 

at various temperatures. GcVBPO2 was found to be soluble when induced with 

0.5mM Isopropyl β-D-1-thiogalactopyranoside (IPTG) for 16 hours in Luria-Bertani 

(LB) broth culture at 20°C. Purification of GcVBPO2 was performed using His-tag 

purification, and subsequently analysed with Western blot. 

Keywords: protein expression, haloperoxidase, Gracilaria changii 
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ABSTRAK 

Abstrak tesis yang dikemukakan kepada Jabatan Biologi Sel dan Molekul sebagai 

memenuhi keperluan untuk ijazah Bacelor Sains (Kepujian) Biologi Sel dan Molekul 

PENGOPTIMUMAN PENGHASILAN PROTEIN RECOMBINAN 

VANADIUM-DEPENDENT HALOPEROXIDASE DARI GRACILARIA 

CHANGII 

Oleh 

SHAUNIE NG MAY QI 

JUN 2015 

 

Pengerusi : Profesor Madya Dr. Ho Chai Ling 

Fakulti: Fakulti Bioteknologi dan Sains Biomolekul 

 

Vanadium-dependent haloperoxidase (VHPO) tergolong dalam salah satu daripada 

tiga kelas haloperoxidase yang boleh mengoksidakan halogen termasuk klorida (Cl
-
), 

bromida (Br
-
), dan iodida (I

-
). Halogenasi kimia sebatian organik biasanya 

memerlukan keadaan yang ketara. Oleh itu, kaedah biohalogenasi telah mendapat 

perhatian yang kian meningkat dalam penyelidikan. Oleh kerana Vanadium-dependent 

haloperoxidase merupakan enzim yang memangkinkan sebatian organik halogenasi, ia 

bernilai tinggi kerana aplikasinya dalam pelbagai industri serta kestabilan dan 

toleransinya dalam pelbagai keadaan. Kajian ini bertujuan untuk mengoptimumkan 

keadaan penghasilan protein rekombinan, bagi pengeluaran vanadium-dependent 

bromoperoxidase peroxidase 2 (GcVBPO2) yang sebelum ini telah diasingkan 
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daripada Gracilaria changii, dalam skala besar. Urutan GcVBPO2 dalam pET32a (+) 

telah ditransformasikan ke dalam hos ungkapan Escherichia coli BL21 (DE3) pLySs 

dan dirangsangkan pada beberapa suhu. GcVBPO2 didapati terlarut apabila 

diinduksikan dengan 0.5mm Isopropyl β-D-1-thiogalactopyranoside (IPTG) selama 16 

jam dalam kultur Luria-Bertani (LB) pada suhu 20°C. Purifikasi GcVBPO2 dilakukan 

dengan menggunakan penulenan His-tag, dan seterusnya dianalisis dengan Western 

blot. 

Kata kunci: Ungkapan protein, haloperoxidase, Gracilaria changii 
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CHAPTER 1 

INTRODUCTION 

1. Introduction 

Gracilaria changii (G. changii) is a red seaweed known for its high agar yield and gel 

strength. It is found abundantly in Malaysia (Phang et al., 1996). Seaweeds are plant-

like macro marine algae that live in coastal areas, attached to rocks or other 

substratum. Seaweeds have many applications as food, medicine, and others 

(Chapman, 1970).  

Similar to sponges, bacteria and various other marine organisms, seaweeds synthesize 

organohalogens, organic compounds containing at least one halogen. In the presence 

of hydrogen peroxide, haloperoxidases (HPOs) can oxidize halogens. HPOs may have 

a role in the defence system of seaweeds since some of the halogenated compounds 

such as hypobromous acid (HOBr) are bacteriacidal (Wever et al., 2001).  

Vanadium-dependent haloperoxidases (VHPOs) belong to one of the three classes of 

HPOs. VHPOs are named according to the most electronegative halogen they can 

oxidize. Vanadium-dependent chloroperoxidase (VCPO) is a vanadium enzyme that 

can oxidize chloride (Cl
-
), bromide (Br

-
) and iodide (I

-
); vanadium-dependent 

bromoperoxidase (VBPO) can oxidize bromide (Br
-
) and iodide (I

-
); while vanadium-

dependent iodoperoxidase (VIPO) can only oxidize iodide (I
-
)  (Colin et al., 2003). 

VHPOs can halogenate organic compounds in vivo thus were suggested to serve as a 

component of an allelopathic defense system (Johnson et al., 2011). These 

halogenated compounds in algae have antimicrobial and bioactive properties (Butler et 
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al., 2004). Apart from having important defensive roles in nature, VHPOs are also 

potentially useful in various industries in the catalyzation of halogenated organic 

compounds (Baharum et al., 2013). As such, VHPOs are very valuable and of high 

research interest due to their potential applications in various industries as well as their 

stability and tolerance for different conditions (de Boer et al., 1987; Renirie et al., 

2003). They are used to catalyze oxygen transfer to organic compounds in the 

presence of vanadium and hydrogen peroxide, producing valuable halogenated natural 

products (Chen et al., 2008). 

VBPOs have previously been isolated from various marine algae, expressed and 

characterized (Baharum et al., 2003; Colin et al., 2003; de Boer et al., 1986). 

GcVBPO1 from G. changii was expressed in Escherichia coli (E. coli) BL21 (DE3) 

pLysS, fused with His-tag as a recombinant protein of 84kDa, and was found to be 

able to catalyze the oxidation of Br
-
 and I

-
 in the presence of vanadium. pH values 

close to that of seawater were found to be optimum for GcVBPO1 activity (Baharum 

et al., 2003). Since the studies on VBPOs from marine algae are still limiting 

(Baharum et al., 2003), this study aims to optimize the culture conditions following 

transformation of pET32a(+) containing the open reading frame (ORF) of GcVBPO2 

from G. changii into E. coli BL21 (DE3) to maximize the protein yield of GvVBPO2. 

The findings would be potentially useful to determine the most efficient way to 

produce these proteins in large scale for industrial usage. 

Foreign genes can be introduced into cells and be expressed to produce recombinant 

proteins. In a previous study, the cDNA encoding GcVBPO2 from G. changii was 

succesfully cloned into pET32a(+) vector with His-tag at the N-terminus. Vector 
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pET32a under the regulation of T7 promoter can be induced using isopropyl β-D-1-

thiogalactopyranoside (IPTG) for protein expression (Peti et al., 2007). Since gene 

expression is affected by the culture environment (López-Maury et al., 2008), different 

culture conditions with different parameters will affect the yield and quality of the 

expressed protein. This study aims to transform GcVBPO2 into expression host 

Escherichia coli BL21 (DE3) pLySs, and to optimize the expression of recombinant 

GcVBPO2 under various conditions. 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

36 
 

REFERENCES 

Allen, R. (1975). Halide dependence of the myeloperoxidase-mediated antimicrobial 

system of the polymorphonuclear leukocyte in the phenomenon of electronic 

excitation. Biochemical and Biophysical Research Communications, 63, 675-

683.  

Armisen, R. (1995). World-wide use and importance of Gracilaria. Journal of Applied 

Phycology, 7, 231-243.  

Asplund, G. & Grimvall, A. (1991). Organohalogens in nature. Environmental Science 

& Technology, 25, 1346-1350.  

Baharum, H., Chu, W. C., Teo, S. S., Ng, K. Y., Abdul Rahim, R. & Ho, C. L. (2013). 

Molecular cloning, homology modeling and site-directed mutagenesis of 

vanadium-dependent bromoperoxidase (GcVBPO1) from Gracilaria changii 

(Rhodophyta). Phytochemistry, 92, 49-59.  

Barnett, P., Kruitbosch, D., Hemrika, W., Dekker, H. & Wever, R. (1997). The 

regulation of the vanadium chloroperoxidase from Curvularia inaequalis. 

Biochimica et Biophysica Acta (BBA) - Gene Structure and Expression, 1352, 

73-84.  

Bengtson, P., Bastviken, D. & Ã–berg, G. (2012). Possible roles of reactive chlorine 

II: assessing biotic chlorination as a way for organisms to handle oxygen stress. 

Environmental Microbiology, 15, 991-1000.  

Berg, J., Tymoczko, J., Stryer, L. & Stryer, L. (2002). Biochemistry. New York: W.H. 

Freeman. 

Bisswanger, H. (2008). Enzyme kinetics. Weinheim: Wiley-VCH. 

Brown, B., Hadley, M. & Page, R. (2008). Heterologous high-level E. coli expression, 

purification and biophysical characterization of the spine-associated RapGAP 

(SPAR) PDZ domain. Protein Expression and Purification, 62, 9-14.  

Butler, A. & Carter-Franklin, J. (2004). The role of vanadium bromoperoxidase in the 



© C
OPYRIG

HT U
PM

37 
 

biosynthesis of halogenated marine natural products. Natural Products 

Report, 21, 180.  

Butler, A. & Walker, J. (1993). Marine haloperoxidases. Chemical Reviews, 93, 1937-

1944.  

Carter, J., Beatty, K., Simpson, M., & Butler, A. (2002). Reactivity of recombinant 

and mutant vanadium bromoperoxidase from the red alga Corallina officinalis. 

Journal of Inorganic Biochemistry, 91, 59-69.  

Chapman, V.J. (1970). Seaweeds and their uses (p. 334). London: Methuen.  

Chen, X., & van Pée, K. (2008). Catalytic mechanisms, basic roles, and 

biotechnological and environmental significance of halogenating enzymes. Acta 

Biochimica et Biophysica Sinica, 40, 183-193.  

Chou, C.P. 2007. Engineering cell physiology to enhance recombinant protein 

production in Escherichia coli. Applied Microbiology and Biotechnology, 

76:521-532 

Colin, C., Leblanc, C., Wagner, E., Delage, L., Leize-Wagner, E., & Van Dorsselaer, 

A., Kloareg, B., &Potin, P. (2003). The brown algal kelp Laminaria digitata 

features distinct bromoperoxidase and iodoperoxidase activities. Journal of 

Biological Chemistry, 278, 23545-23552.  

Crans, D., Smee, J., Gaidamauskas, E., & Yang, L. (2004). The chemistry and 

biochemistry of vanadium and the biological activities exerted by vanadium 

compounds. Chemical Reviews, 104, 849-902.  

Daber, Robert et al. (2007). Structural Analysis Of Lac Repressor Bound To Allosteric 

Effectors. Journal of Molecular Biology 370.4: 609-619. 

de Boer, E., Plat, H., Tromp, M. G., Wever, R., Franssen, M. C., & van der Plas, H. 

C., Meijer, E. M. & Schoemaker, H. E. (1987). Vanadium containing 

bromoperoxidase: An example of an oxidoreductase with high operational 

stability in aqueous and organic media. Biotechnology and Bioengineering, 30, 



© C
OPYRIG

HT U
PM

38 
 

607-610.  

Eloranta, P., & Kwandrans, J. (2004). Indicator value of freshwater red algae in 

running waters for water quality assessment. International Journal of 

Oceanography and Hydrobiology, 33. 

Francis, D.M., & Page, R. (2010). Strategies to Optimize Protein Expression in E. 

coli. Current Protocols in Protein Science. 

http://onlinelibrary.wiley.com/doi/10.1002/0471140864.ps0524s61/pdf  

[accessed 16 January 2015] 

Gribble, G. (1992). Naturally Occurring Organohalogen Compounds-A Survey. 

Journal of Natural Products, 55, 1353-1395.  

Gribble, G. (2004). Amazing Organohalogens. American Scientist. 

Grodberg, J., & Dunn, J. (1988). ompT encodes the Escherichia coli outer membrane 

protease that cleaves T7 RNA polymerase during purification. Journal of 

Bacteriology, 170. 

Gschwend, P., Macfarlane, J., & Newman, K. (1985). Volatile halogenated organic 

compounds released to seawater from temperate marine macroalgae. Science, 

227, 1033-1035.  

Hasan, Z., Renirie, R., Kerkman, R., Ruijssenaars, H., Hartog, A., & Wever, R. 

(2006). Laboratory-evolved Vanadium Chloroperoxidase Exhibits 100-Fold 

Higher Halogenating Activity at Alkaline pH: Catalytic Effects from First and 

Second Coordination Sphere Mutations. Journal of Biological Chemistry, 281, 

9738-9744.  

Hemrika, W., Renirie, R., Dekker, H., Barnett, P., & Wever, R. (1997). From 

phosphatases to vanadium peroxidases: A similar architecture of the active site. 

Proceedings of The National Academy of Sciences, 94, 2145-2149.  

Herrera-Rodriguez, L., Khan, F., Robins, K., & Meyer, H. (2015). Perspectives on 

biotechnological halogenation. Chemistry Today, 29. 



© C
OPYRIG

HT U
PM

39 
 

Hoekstra, E., Verhagen, F., Field, J., Leer, E., & Brinkman, U. (1998). Natural 

production of chloroform by fungi. Phytochemistry, 49, 91-97.  

Huisman, O., D'Ari, R., & Gottesman, S. (1984). Cell-division control in Escherichia 

coli: specific induction of the SOS function SfiA protein is sufficient to block 

septation. Proceedings Of The National Academy Of Sciences, 81, 4490-4494.  

Indergaard, M. (1983). The aquatic resource I. The wild marine plants: a global 

bioresource. Biomass Utilization. 

Johnson T.L., Palenik B., & Brahamsha B. (2011). Characterization of a functional 

vanadium-dependent bromoperoxidase in the marine cyanobacterium 

Synechococcus sp. CC93111. Journal of Phycology, 47, 792-801. 

Kringstad, K., De Sousa, F., & Stroemberg, L. (1985). Studies on the chlorination of 

chlorolignins and humic acid. Environmental Science & Technology, 19, 427-

431.  

Lawrence, S. (2013). The Many Benefits of Red Algae (with Product Picks). One 

Green Planet. http://www.onegreenplanet.org/vegan-health/the-many-benefits-

of-red-algae-with-product-picks [accessed 16 January 2015] 

Littler, M., & Littler, D. (1984). Models of tropical reef biogenesis: the contribution of 

algae. Progress in Phycological Research, 3. 

López-Maury L., Marguerat S., & Bähler J. (2008). Tuning gene expression to 

changing environments: from rapid responses to evolutionary adaptation. Nature 

Reviews Genetics, 9, 583-593. 

Manley, S., & Barbero, P. (2001). Physiological constraints on bromoform (CHBr3) 

production by Ulva lactuca (Chlorophyta). Limnology and Oceanography, 46, 

1392-1399.  

McHugh, D. (2001). Prospects for seaweed production in developing countries. FAO 

Fisheries Circular. 



© C
OPYRIG

HT U
PM

40 
 

Meister Winter, G., & Butler, A. (1996). Inactivation of vanadium bromoperoxidase: 

formation of 2-Oxohistidine. Biochemistry, 35, 11805-11811.  

Messerschmidt, A., & Wever, R. (1996). X-ray structure of a vanadium-containing 

enzyme: chloroperoxidase from the fungus Curvularia inaequalis. Proceedings of 

The National Academy of Sciences, 93, 392-396.  

Michibata, H. (2012). Vanadium. Dordrecht: Springer. 

Moffatt, B., & Studier, F. (1987). T7 lysozyme inhibits transcription by T7 RNA 

polymerase. Cell, 49, 221-227.  

Nardello, V., Marko, J., Vermeersch, G., & Aubry, J. (1995). 90Mo NMR and kinetic 

studies of peroxomolybdic intermediates involved in the catalytic 

disproportionation of hydrogen peroxide by molybdate ions. Inorganic 

Chemistry, 34, 4950-4957.  

Peti, W., & Page, R. (2007). Strategies to maximize heterologous protein expression in 

Escherichia coli with minimal cost. Protein Expression and Purification, 51, 1-

10.  

Phang, S.M. (1994). Some species of Gracilaria from Peninsular Malaysia and 

Singapore. Taxonomy of Economic Seaweeds With Reference To Some Pacific 

and Caribbean Species, 4. 

Phang, S.M., Shaharuddin, S., Noraishah, H., & Sasekumar, A. (1996). Studies on 

Gracilaria changii (Gracilariales, Rhodophyta) from Malaysian mangroves. 

Hydrobiologia, 326-327, 347-352.  

Phillips, T., VanBogelen, R., & Neidhardt, F. (1984). lon gene product of Escherichia 

coli is a heat-shock protein. Journal Of Bacteriology, 159. 

Phue, J., Lee, S., Trinh, L., & Shiloach, J. (2008). Modified Escherichia coli B 

(BL21), a superior producer of plasmid DNA compared with Escherichia coli K 

(DH5α). Biotechnology and Bioengineering, 101, 831-836.  



© C
OPYRIG

HT U
PM

41 
 

Porath, J., Carlsson, J., Olsson, I., & Belfrage, G. (1975). Metal chelate affinity 

chromatography, a new approach to protein fractionation. Nature, 258, 598-599.  

Renirie, R., Pierlot, C., Aubry, J., Hartog, A., Schoemaker, H., Alsters, P., & Wever, 

R. (2003). Vanadium chloroperoxidase as a catalyst for hydrogen peroxide 

disproportionation to singlet oxygen in mildly acidic aqueous environment. 

Advanced Synthesis & Catalysis, 345, 849-858.  

Sambrook, J., & Russell, D. (2001). Molecular cloning (3rd ed.). Cold Spring Harbor, 

N.Y.: Cold Spring Harbor Laboratory Press. 

Schijndel, J., Barnett, P., Roelse, J., Vollenbroek, E., & Wever, R. (1994). The 

Stability and Steady-State Kinetics of Vanadium Chloroperoxidase from the 

Fungus Curvularia Inaequalis. European Journal of Biochemistry, 225, 151-157.  

Sharp, P., & Li, W. (1987). The codon adaptation index-a measure of directional 

synonymous codon usage bias, and its potential applications. Nucleic Acids 

Research, 15, 1281-1295.  

Simmons, E., & Ellis, M. (1972). Dematiaceous Hyphomycetes. Mycologia, 64, 932.  

Soedjak, H., & Butler, A. (1991). Mechanism of dioxygen formation catalyzed by 

vanadium bromoperoxidase from Macrocystis pyrifera and Fucus distichus: 

steady state kinetic analysis and comparison to the mechanism of V-BrPO from 

Ascophyllum nodosum. Biochimica et Biophysica Acta (BBA) - Protein Structure 

and Molecular Enzymology, 1079, 1-7.  

Soedjak, H., Walker, J., & Butler, A. (1995). Inhibition and inactivation of vanadium 

bromoperoxidase by the substrate hydrogen peroxide and further mechanistic 

studies. Biochemistry, 34, 12689-12696.  

Studier, F. (1991). Use of bacteriophage T7 lysozyme to improve an inducible T7 

expression system. Journal of Molecular Biology, 219, 37-44.  

Studier, F., & Moffatt, B. (1986). Use of bacteriophage T7 RNA polymerase to direct 

selective high-level expression of cloned genes. Journal of Molecular Biology, 



© C
OPYRIG

HT U
PM

42 
 

189, 113-130.  

Thomas, D. (2002). Seaweeds. Washington, D.C.: Smithsonian Institution Press in 

association with the Natural History Museum, London. 

Verhaeghe, E., Buisson, D., Zekri, E., Leblanc, C., Potin, P., & Ambroise, Y. (2008). 

A colorimetric assay for steady-state analyses of iodo- and bromoperoxidase 

activities. Analytical Biochemistry, 379, 60-65.  

Volontè, F., Marinelli, F., Gastaldo, L., Sacchi, S., Pilone, M.S., Pollegioni, L., and 

Molla, G. 2008. Optimization of glutaryl-7- aminocephalosporanic acid acylase 

expression in E. coli. Protein Expression and Purification, 61:131-137. 

Wever R., & Hemrika W. (2006). Vanadium Haloperoxidase. Handbook of 

Metalloproteins, 7, 1417-1428. 

Wever, R., Krenn, B., De Boer, E., Offenberg, H., & Plat, H. (1988). Structure and 

function of vanadium-containing bromoperoxidases. Progresses in Clinical and 

Biological Research, 274. 

Wever, R., Plat, H., & de Boer, E. (1985). Isolation procedure and some properties of 

the bromoperoxidase from the seaweed Ascophyllum nodosum. Biochimica et 

Biophysica Acta (BBA) - Protein Structure and Molecular Enzymology, 830, 181-

186.  

Yeo, Y. (2009). Production, purification, and characterization of soluble NADH-

Flavin oxidoreductase (StyB) from Pseudomonas putida SN1. Journal of 

Microbiology and Biotechnology, 19, 362-367.  

Yin, J., Li, G., Ren, X., & Herrler, G. (2007). Select what you need: A comparative 

evaluation of the advantages and limitations of frequently used expression 

systems for foreign genes. Journal of Biotechnology, 127, 335-347.  

 

 


	1
	2
	3
	4
	5 turnitin



