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ABSTRACT 

The universal and extensive usage of Sulfur Mustard gas (SM) as a 

disqualification chemical warfare potential in the past century has demonstrated its 

long-term toxic impacts. Sulfur mustard (SM), also known as mustard gas, is an 

alkylating compound used as a chemical weapon in World War I and by Iraqi forces 

against Iranians and indigenous Iraqi Kurds during the Iran–Iraq War of the 1980s. 

We can notice the carcinogenic effects of exposure to SM gas. The present study 

characterizes Bioinformatics analysis of the structural and biochemical effect of the 

chemical weapon mustard gas on the P53 protein and cell death. Inactivation of the 

p53 gene is essentially due to small mutations (missense and nonsense mutations or 

insertions/deletions of several nucleotides.  For this study we used from Primary 

databases (experimental results directly into database), secondary databases (results 

of analysis of primary databases) and aggregate of many databases (Links to other 

data items, combination of data and consolidation of data).The database used 

includes: IARC TP53, P53web site-free, UniProt, NCBI and PDB format. Also, we 

used from some software in methodology such as PYMOL and CROMACS for 

visualizing, molecular dynamics simulation and analysis. We assay the most 

important of P53 region means that DNA-binding domain(DBD) from the point of 

view protein stability after mutation and the its effects on cell cycle arrest (cell 

death).The results have shown that all missense mutations selected in this case had 

caused remarkable flexibility and stability on DBD of the P53.Structural alterations 

had not been observed in DNA-binding domain, so it may be through functional 

changes in the certain amino acid residues and bounding linkage to DNA. 

 
 
 
 
 

 

vii 



 
 

 
 

 

 

 

ABSTRAK 

Penggunaan berleluasa sulfur mustard sebagai agen kimia berbahaya telah 

terbukti membawa kesan tosik yang berpanjangan.  Sulfur mustard (SM) juga 

dikenali sebagai gas mustar, merupakan bahan beralkali yang digunakan sebagai 

senjata di Perang Dunia I dan pihak tentera Iraq dalam menentang pihak Iran juga 

puak-puak Iraq Kurdis semasa perang Iran-Iraq dalam tahun 1980. Pendedahan SM 

membawa kesan karsinogenik. Kajian semasa mengklasifikasikan analisa 

bioinformatik ke atas struktur dan kesan biokimia senjata gas mustard terhadap 

protein p53 dan sel mati. Penyahaktifan gen p53 secara asasnya disebabkan oleh 

mutasi gen (mutasi tidak logik atau penambahan/pengurangan beberapa 

nukleotida).Pangkalan data utama (keputusan eksperimen yang langsung dimasukkan 

ke dalam pangkalan data), Pangkalan data sekunder (analisa keputusan dari 

pangkalan data utama) dan agregat pangkalan data (menghubungkan ke data 

lain,kombinasi data dan konsolidasi data) telah digunakan dalam kajian ini. 

Pangkalan data lain yang digunakan termasuklah: IRAC TP53, P53 laman sesawang, 

UniProt, NCBI dan format PDB. Selain itu, perisian PYMOL dan CROMACS juga 

digunakan bagi tujuan visualisasi, simulasi dinamik molekul dan analisis. Kami 

assay yang paling penting P53region bermakna bahawa DNA mengikat 

domain(DBD) dari sudut pandangan protein kestabilan selepas mutasi dan kesannya 

terhadap kitaran menangkap sel (sel mati). Keputusan telah menunjukkan bahawa 

semua mutasi missense dipilih dalam kes ini telah menyebabkan fleksibiliti yang luar 

biasa dan kestabilan di DBD daripada P53 yang. Perubahan struktur itu tidak 

dipelihara dalam DBD, jadi ia mungkin melalui perubahan berfungsi dalam sisa-sisa 

asid amino tertentu dan Mengehad hubungan untuk DNA. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of study 

Today’s civilized world, in spite of international treaties and agreement that 

have banned the utilization and accumulation of chemical weapons, some countries 

continue to hold a significant amount of stockpile as part of their legacy arsenal or 

for deterrent purposes. The relative ease to manufacture these chemical weapons 

makes them the “poor man’s weapons of mass destruction”. In recent years, these 

weapons are used frequently because of low cost production and lack of antidote to 

chemical weapons. During the Iraq–Iran war (1981–1989), vast of chemical weapons 

as an example mustard gas has caused serious injuries, morbidity, mortality, toxicity 

and chronic side effects in vital organs such as eye, skin and especially the 

respiratory system. Mustard gas commonly is a class of relate to cytotoxic and 

vesicant chemical warfare with the power to form wide blisters on the exposed skin 

and in the lungs (Nishimoto et al., 1983, 1988; Yamakido et al., 1996). Pure sulfur 

mustards are colorless, viscous liquids at room temperature. Sulfur Mustard gas (bis, 

2-chloroethyl-sulphid) is a strong Alkylation agent like opium/fix. Inhalation of the 

mustard gas (MG), a bi-functional alkylating agent will cause severe lung damage 

because of the mutagenic and carcinogenic alkylating agents which can targets the 

DNA. Mustard gas formula is (SCl2 + 2 C2H4 → (Cl-CH2CH2)2S). It can be 

synthesized by treating sulfur dichloride with ethylene in Depretz (Balali, 2005). 

Mustard gas creates a very reactive intermediate (Figure1) and tends to 

permanently alkylate the guanine nucleotide in DNA strands, which prevents cellular 

division and causes  the initiation of programmed cell death or apoptosis and the 
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damaged DNA will have caused the development of lung cancer (Khalili, 2009 and 

Ghanei, 2010). 

 

 

 

 

 

Figure1.1: Chemical structure. Mustard gas (bis (chloroethyl) thioether) alkylating a 

DNA amine base. This compound can eliminate a chloride ion via intermolecular 

nucleophilic replacing to create a cyclic sulfonium ion. Through binding to the amino 

group of the DNA strand causes damage to DNA 

(www.bt.cdc.gov/agent/sulfurmustard) 

 

Mustard gas is an alkylating compound that is able to exchange hydrogen for 

an alkyl group to a specific place on a molecule. Alkylating agents assault the 

nitrogen, oxygen or sulfur molecule. Common alkylating agents are: Methyl iodide 

(or other haloalkanes), dimethylsulfate and some carboxylic acid alkyl esters. These 

chemical compounds link with various nucleophilic groups in nucleic acids and 

proteins, causing mutagenic, carcinogenic, or cytotoxic effects associated cancer 

(Bignold, 2006). There is evidence that the carcinogenicity of SM gas activates by 

genotoxic mechanism of action that complicates DNA alkylation leading to cross-

link configuration and inhibition of DNA synthesis and repair, point mutation. 

Mustard gas makes cancer of the lung (Figure 1.2). 

The protein 53 or tumor protein 53 (known as human p53) is a tumor 

suppressor protein that is encoded by the TP53 gene and is involved in the 

pathogenesis of malignant disease. The genetic abnormalities of the TP53 gene (p53) 

are the most common cause of lung cancer. This is because of the P53 mechanism 

including anticancer function, and has a role in apoptosis, genomic firmness, and 

inhibition of angiogenesis (http://www.p53.free.fr) TP53 is used as a marker for early 

detection, prognosis and as a therapeutic option. 
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Figure 1.2:  The sulfur mustard induces DNA damage. A high concentration of 

sulfur mustard (SM) over activates PARP (poly-ADP ribolysation of cellular 

proteins). with diminish NAD+ and ATP, it eventuate to necrotic cell death.DNA 

damage due to SM does via activation of PARP, but does not the intracellular NAD+ 

pool. Activated PARP undergoes auto-modification, so it can cause cell cycle arrest, 

DNA damage repair and apoptotic cell death (Kehek et al., 2009).  

Fundamentally, inactivation of the p53 gene is pro or due to small mutations 

(missense and nonsense mutations or insertions/deletions of several nucleotides). The 

most common mutations critically damage sequence-specific DNA-binding and 

transactivation, especially the TP53 missense mutations in human cancers appertains 

with their functional effects (Joerger et al., 2006). In humans, TP53 gene located on 

the short arm of chromosome 17 (17p13.1) and has 393 amino acids. Alkylating 

agents has been shown to activate the mutant p53 that are used for cancer therapy. 

Studies have shown that the MG affects the p53 by causing mutations within exon 5-

8. These mutations were predominately G to A transition. In some cases, there were 

multiple p53 point mutations (Khalili, 2009). Other research has shown the presence 

of mutations in exon 4-9 or an alteration at codon 278 (CCT→CCA) (Karami, 2007). 
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 1.2 Problem statement 

Currently, there is limited knowledge on how the alkylating agent of the mustard 

gas affects the five domains of p53 3D structures and it potential role as a gene 

suppressor affecting the process of apoptosis. Moreover to date, there is no any 

bioinformatics analysis of damaged 3D structure of p53 by alkylation agents as which 

can demonstrate a precise modeling and simulating of them upon to mutations. In 

addition, majority of collected data which came from clinical and laboratory experiments 

depicted p53 manipulated by alkylation agents at transcription level with few indication 

of these results on post-translation and modification of protein structure. In addition, the 

types of mutation that can occur on the p53 domains caused by the alkylation factors are 

not well understood. Thus, building a precise model of these manipulations can be useful 

for better understanding of p53 mutated structure and designing new effective drugs 

where final structure of protein is targeted. 

 

1.3 Aim of the study 

The purpose of this study is to investigate the possible effects of 

sulfur mustard on the tertiary structure of proteins 53 as well as study the 

domains of the Tp53 that are more susceptible to conformation changes due 

to alkylation effects. The data for this project will be sourced by both 

bioinformatics databases and experimental results available in the public 

domain. The data that is gathered from these databases will be analyzed 

using bioinformatics software to simulate the effect of alkylation agent. 
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1.4 Objectives of the study 

1.3.1     Finding out the effects of SM gas on Tp53 and protein structure 

and dynamics 

1.3.2    Determining the sequence, domain and conformation of the 

mutated of p53 and modeling the type of mutated  

1.3.3    Comparing and analyzing the structural dynamics between the 

Wild type and mutation of the p53 due to the effect of MG 

 

1.5 Significance of the study 

This study will help to understand the MG effects on the p53 structure and 

conformational changes via simulation. The obtained output enables to interpret 

useful information regarding the alkylating agent pathway on DNA. On the other 

hand, data will help us about reverse mutation via simulating and modeling of the 

mutation by using bioinformatics’ tools. 

 

1.6 Scope of the study 

In this research, the focus will be on Tp53 mutation in lung cancer that 

related to effects of MG. The information will be gathered from both bioinformatics 

databases and experimental results. The data will be mined, mapped and modeled 

using bioinformatics web-based tools and at the end, comparing the protein structure 

of the mutated and wild type of Tp53. 

 

 

 

 

 



75 
 

REFERENCES 

 

Allen, W. J., Capelluto, D. G. S., Finkielstein, C. V., and Bevan, D. R. (2010). 
Modeling the Relationship between the p53 C-Terminal Domain and Its 
Binding PartnersUsing Molecular Dynamics. J. Phys. Chem. 114, 13201–
13213. 

Auerbach. C. and Robson, J. M. (1947). Tests of chemicalsubstances for mutagenic 
action. Proc R Soc Edinb Biol. 62, 284–291.  

Bai, L., and Zhu1, W. G. (2006). p53: Structure, Function and Therapeutic 
Applications. Journal of Cancer Molecules. 2(4), 141-153.  

Balali, M., and Hefazi, M. (2005). The Clinical Toxicology of Sulfur Mustard. 
Archives of Iranian Medicine. 8(3), 162 - 179. 

Balali, M., and Mousavi, S. H. (2008). Chronic Health Effects of Sulfur Mustard 
Exposure with Special Reference to Iranian Veterans. Emerging Health treats 
Journal.1, 1-7.  

Bharatham1, N., Chi, S. W., and Yoon, H. S. (2011). Molecular Basis of Bcl-XL-p53 
Interaction: Insights from Molecular Dynamics Simulations. PLoS ONE. 
6(10), 14-26.  

Bignold, L. P. (2006). Alkylating Agents and DNA Polymerases. International 
Institute of Anticancer Research. 26, 1327-1336. 

Bijani, Kh., And Moghadamnia, A. A. (2002). Long-Term Effects of Chemical 
Weapons on Respiratorytract in Iraq–Iran War Victims Living in Babol 
(North of Iran). Ecotoxicology and Environmental Safety. 53(3), 422–424. 

Bumroongkita, K., Rannalab, B., Traisathitc, P., Srikummoola, M., Wongchaia, Y., 
and Kangwanponga, D. (2008). TP53 gene mutations of lung cancer patients 
in upper northern Thailand and environmental risk factors. Cancer Genetics 
and Cytogenetics. 185(1), 7-20.  

Chena, J., Wangc, J., Xua, B., Zhuc, W., and Li, G. (2011). Insight into mechanism 
of small molecule inhibitors of the MDM2–p53 interaction: Molecular 
dynamics simulation and free energy analysis. Journal of Molecular 
Graphics and Modelling. 46-53.  

Cho, Y., Forina, S., Jeffrey, P. D., and Pavletich, N. P. (1994). Crystal Structure of a 
p53 tumor suppressor-DNA complex: Understanding tumorigenic mutations. 
Science. 256, 346-355.   



76 
 

Demir, O., Baronio, R., Salehi, F., Wassman, C.D., and Hall, L. (2011). Ensemble-
Based Computational Approach Discriminates Functional Activity of p53. 
Cancer and Rescue Mutants. 7(10), 227-238.                                                        

Emad, A., and Rezaian, G. R. (1997). The Diversity of the Effects of Sulfur Mustard 
Gas Inhalation on Respiratory System 10 Years after a Single, Heavy 
Exposure Analysis of 197 Cases. Chest. 112, 734-738. 

Fahmy OG & Fahmy MJ (1971). Mutability at specificeuchromatic and 
heterochromatic loci with alkylatingand nitroso compounds in Drosophila 
melanogaster.Mutat Res. 13, 19–34.  

Fox, M., and Scott, D. (1980). The genetic toxicology ofnitrogen and sulphur 
mustard. Mutat Res. 75, 131–168. 

Fridman, J.S., and Lowe, S.W. (2003). Control of apoptosis by p53. Incyte 
Corporation, Wilmington, DE 19880, USA. 

Ghanei, M., and Amini Harandi, A. (2010). Lung Carcinogenicity of Sulfur Mustard. 
Clinical Lung Cancer. 11(1), 13-17.  

Ghanei, M., and Mokhtar, M. (2004).  Bronchiolitis Obliteranse following Exposure 
to Sulfur Mustard: Chest High Resolution Computed Tomography.  
European Journal of Radiology. 52, 164-169. 

Heston, W. E. (1953b). Occurrence of tumors in miceinjected subcutaneously with 
sulfur mustard andnitrogen mustard. J Natl Cancer Inst. 14, 131-140.  

Horn, H. F., and Vousden, K. H. (2007). Coping with stress: Multipleways to 
activate p53. Oncogene. 26, 1306–1316. 

Huang, C. L., Taki, T., Adachi, M., Konishi, T., Higashiyama, M., and Miyake, M. 
(1998). Mutations in exon 7 and 8 of p53 as poor prognostic factors in 
patients with non-small cell lung cancer. Oncogene. 16, 2469- 2477. 

Hussain, S. P., and Harris, C. C. (1998). Molecular epidemiology of human cancer: 
contribution ofmutation spectra studies of tumor suppressor genes. Cancer 
Res. 58, 4023–4037. 

Joerger, A. C., and Fersht, A. R. (2010). The Tumor Suppressor p53: From 
Structures to Drug Discovery. Cold Spring Harbor Laboratory Press. 2(6), 9-
19. 

Kaar, J. L., and Basse, N. (2010). Stabilization of mutant p53 via alkylation of 
cysteines and effects On DNA binding. Medical Research Council Centre for 
Protein Engineering, Cambridge. 19 (12), 2267-2278.  



77 
 

Karami, A., Biramijamal, F., Ghanei, M., Arjmand, S., Eshraghi, M., and Khalilpoor, 
A. (2007). New p53 Gene Mutation in non-Cancerous Mustard Gas Exposed 
Lung. Iranian Journal of Basic Medical Sciences. 10(2), 111-117.  

khalili, A. (2009). Mustard Gas Exposure And Carcinogenesis Of Lung. Mutat Res. 
678(1), 1–6. 

Kondo, N. T. A. (2010). DNA Damage Induced by Alkylating Agents and Repair 
Pathways. Journal of Nucleic Acids. 54, 1-7. 

Limaverde-Sousa, G., de Andrade Barreto, E., Ferreira, C. G., and Casali-da-Rocha, 
J. C. (2013). Simulation of the mutation F76del on the von Hippel–Lindau 
tumor suppressor protein: Mechanism of the disease and implications for 
drug development. Proteins. 81, 349–363 

Ludlum, D. B., Kent, S., and Mehta, J. R. (1986). Formation of O6-
ethylthioethylguanine in DNAby reaction with the sulfur mustard, chloroethyl 
sulfide, and its apparent lack ofrepair by O6-alkylguanine-DNA 
alkyltransferase. Carcinogenesis. 7, 1203-1206. 

Maisonneuve, A., Callebat, I., Debordes, L., and Coppet, L. (1994). Distribution of 
[14C]sulfur mustard in rats after intravenous exposure. Toxicol Appl 
Pharmacol. 125, 281–287.  

Merabet, A., Houlleberghs, H., Maclagan, K., Akanho,E., Bui, T. T. T., Pagano, B., 
Drake,A. F., Fraternali, F.,  and Nikolova, P. V. (2010). Mutants of the 
tumour suppressor p53 L1 loop as second-site suppressors for restoring DNA 
binding to oncogenic p53 mutations: Structural and biochemical insights. 
Biochemical Journal Immediate Publication. 427(2):225-236.  

Nishimoto, Y., Yamakido, M., and Shigenobu, T. (1983).Long-term observation of 
poison gas workers withspecial reference to respiratory cancers. J UOEH. 5, 
89–94.  

 Papirmeister, B. (1993). Excitement in vesicant research – yesterday, today, and 
tomorrow. Proceedings of conference on the medical defense bioscience 
review. Held in Baltimore, Maryland on 10–13 May. 1, 1–14. 

Patrick, A. E., and James F. D. (2009). A Large-Scale Quantitative Proteomic 
Approach to Identifying Sulfur Mustard-Induced Protein Phosphorylation 
Cascades. Chemical research in toxicology. 23(11), 18-25.  

Perera. J., Thomas, A. (1986). Britain's victims of mustard gas disaster. National 
academic press, New Scientist. 109, 26-27. 



78 
 

Pirolli, D., Alinovi, C.C., Capoluongo, E., Satta, M. A., Concolino, P., Giardina, B., 
and De Rosa, M. D. (2011). Insight into a Novel p53 Single Point Mutation 
(G389E) by Molecular Dynamics Simulations. Int. J. Mol. Sci. 12, 128-140. 

Qiang, L. U., Yu. H., and Luo, R. (2007). Molecular Dynamics Simulations of p53 
DNA-Binding Domain. The Journal of Physical Chemistry. 39, 11538–
11545.  

Roberts,  J.J, Pascoe, J. M., Smith, B. A., and Crathorn, A. R. (1971b). Quantitative 
aspects of the repair of alkylated DNA incultured mammalian cells. Chem 
Biol Interact. 3, 49–68. 

Roberts, J. J., Brent, T. P., and Crathorn, A. R. (1971a). Evidence forthe inactivation 
and repair of the mammalian DNAtemplate after alkylation by mustard gas 
and halfmustard gas. Eur J Cancer. 7, 515–524. 

Sasser, L. B.,  Cushing, J. A., and Dacre, J. C. (1996). Two-generationreproduction 
study of sulfur mustard in rats. ReprodToxicol. 10, 311–319.  

Sedlacek, Z., Kodet, R., Poustka,  A., and Goetz, P. (1998). A database of germline 
p53 mutations in cancer-prone families. Nucleic Acids Res. 26, 214-215. 

Shohrati, M., Ghanei, M. Pourshams, N., Jafari, M, Aslani, J., and Norozi Faskhami, 
A. A. (2008). Late pulmonary complications of sulfur mustard on antioxidant 
system enzymes. Journal of Koasar. 13(1), 65-70. 

Soussi, T., and Be´roud, C. (2003). Significance of TP53 Mutations in Human 
Cancer: A Critical Analysis of Mutations at CpG Dinucleotides. Human 
mutation.21, 192-200.  

Soussi, T., Dehouche, K., and Béroud, C. (2000). p53 Website and Analysis of p53 
Gene Mutations inHuman Cancer: Forging a Link BetweenEpidemiology and 
Carcinogenesis. Human Mutation. 15, 105-113. 

Strachan, T., and Read, A. P. (1999). Human Molecular Genetics 2. BIOS Scientific 
Publishers,Oxford, UK. 

Suad, O. R. H., Rozenberg, H., Brosh, R., Diskin-Posner, Y., Kessler, N., Shimon, L. 
J. W., Frolow. F., Liran, A., Rotter, V., and Shakked, Z. (2009). Structural 
Basis of Restoring Sequence-Specific DNA Binding and Transactivation 
toMutantp53 by Suppressor Mutations.  J. Mol. Biol.  385, 249–265. 

Toyooka, S., Tsuda, T, and Gazdar, A. F. (2003). The TP53 gene,tobacco exposure, 
and lung cancer. Hum Mutat. 21, 229-239. 

Walker, I.G. (1971). Intrastrand bifunctional alkylation of DNA in mammalian cells 
treated with mustard gas. Can J Biochem. 49, 332–336.  



79 
 

Wheeler, G. P. (1962). Studies related to the mechanisms of cytotoxic alkylating 
agents: a review. Cancer Res. 22, 651 – 688. 

Wulf, H. C, Aasted, A., Darre, E., and Niebuhr, E. (1985). Sisterchromatid 
exchanges in fishermen exposed to leakingmustard gas shells. Lancet. 1, 690–
691. Yamakido, M., Ishioka, S., Hiyama, K., and Maeda, A. (1996). Former 
poison gas workers and cancer: incidenceand inhibition of tumor formation 
by treatment withbiological response modifier N-CWS. Environ 
HealthPerspect.104, 3485–3488.  

Wynand, P. R., and Bernd, K. (2012). DNA damage-induced apoptosis: From 
specific DNA lesions to the DNA damage response and apoptosis-Mini 
review. Elsevier, Cancer letters. 332(2), 237-248. 

Yu, M. (2012). Computational Modeling of Protein Dynamics with GROMACS and 
Java. Master's thesis. San Jose State University. Pp. 267.  


	RitaEsmailiMFBSK2013ABS
	RitaEsmailiMFBSK2013TOC
	RitaEsmailiMFBSK2013CHAP1
	RitaEsmailiMFBSK2013REF



