
LSM3241 - Bioinformatics and Biocomputing
 
Tutorial
· Session 1: Molecular database development (week3-5).
Aim

The aim of this tutorial is to provide an easy guide about the development of a simple database of protein inhibitors. It includes the steps for 

1. obtaining information about a protein under study

2. data mining of inhibitors of a protein

3. obtaining information about each searched inhibitor

4. generating a database

Content

Background Information: Protein inhibitors 
Protein inhibitor search

1. Background Information: Protein inhibitors

Inhibition of disease-related proteins is a primary strategy for disease treatment
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Protein inhibitors are normally small molecules capable of binding either to the active site (blocking) or other site (locking the protein into inactive conformation). Many clinical drugs are protein inhibitors

HIV-1 Protease inhibitor                                          HIV-1 reverse transcriptase inhibitor
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New drugs approved in 2003

How many of them are protein inhibitors? Some descriptions may not be easily interpreted. Thus you are suggested to scan over the description of all of the drugs listed below, and raise your question in the classroom or by e-mail. This also gives you an idea which company is doing well in producing new drugs in 2003 and what info needs to be provided regarding to the mechanism of a drug.
Note that antagonists refer to ‘inhibitors’ of receptors. Sometimes, ‘inhibition’ may not be so obviously described. For instance, the following sentence describes a drug as an ‘inhibitor’ of a viral envelope glycoprotein: Enfuvirtide binds to the first heptad-repeat (HR1) in the gp41 subunit of the viral envelope glycoprotein and prevents the conformational changes required for the fusion of viral and cellular membranes.

Believe or not, there are newly approved drugs whose mechanism is still unknown.
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Drug Name: Crestor (rosuvastatin calcium)

Company: AstraZeneca

Approval Status: Approved August 2003

Treatment for: Hypercholesterolemia

Mechanism of Action: Rosuvastatin is an inhibitor of HMG-CoA reductase, an enzyme that catalyzes the conversion of HMG-CoA to mevalonate, an early and rate-limiting step in cholesterol biosynthesis. Rosuvastatin reduces cholesterol by increasing the number of low-density lipoprotein (LDL) receptors on the cell-surface to enhance uptake and catabolism of LDL. It also inhibits hepatic synthesis of hepatic very-low-density lipoprotein (VLDL), which reduces the total number of VLDL and LDL particles. The treatment reduces triglycerides (TG) and produces increases in high-density lipoprotein cholesterol (HDL-C.)

Drug Name: Levitra (vardenafil)

Company: Bayer / GlaxoSmithKline

Approval Status: Approved September 2003

Treatment for: Erectile Dysfunction

Mechanism of Action: Levitra is a selective inhibitor of cyclic guanosine monophosphate (cGMP)-specific phosphodiesterase type 5 (PDE5). Erection of the penis is initiated by the relaxation of smooth muscle in the corpus cavernosum, one of a pair of sponge-like regions in the penis. When aroused, nitric oxide is released from nerve endings and endothelial cells in the corpus cavernosum. Nitric oxide activates the enzyme guanylate cyclase resulting in increased synthesis of cyclic guanosine monophosphate (cGMP) in the smooth muscle cells of the corpus cavernosum. The cGMP triggers smooth muscle relaxation, increasing blood flow into the penis, resulting in erection.
Drug Name: Amevive (alefacept)

Company: Biogen

Approval Status: Approved January 2003

Treatment for: Psoriasis

Mechanism of Action: Amevive (alefacept) is an immunosuppressive dimeric fusion protein that consists of the extracellular CD2-binding portion of the human leukocyte function antigen-3 (LFA-3) linked to the Fc (hinge, CH2 and CH3 domains) portion of human IgG1. Alefacept is produced by recombinant DNA technology in a Chinese Hamster Ovary (CHO) mammalian cell expression system. Amevive interferes with lymphocyte activation by specifically binding to the lymphocyte antigen, CD2, and inhibiting LFA-3/CD2 interaction. Activation of T lymphocytes involving the interaction between LFA-3 on antigen-presenting cells and CD2 on T lymphocytes plays a role in the pathophysiology of chronic plaque psoriasis. The majority of T lymphocytes in psoriatic lesions are of the memory effector phenotype characterized by the presence of the CD45RO marker? express activation markers (e.g., CD25, CD69) and release inflammatory cytokines, such as interferon y. Amevive also causes a reduction in subsets of CD2+ T lymphocytes (primarily CD45RO+), presumably by bridging between CD2 on target lymphocytes and immunoglobulin Fc receptors on cytotoxic cells, such as natural killer cells. Treatment with Amevive results in a reduction in circulating total CD4+ and CD8+ T lymphocyte counts. CD2 is also expressed at low levels on the surface of natural killer cells and certain bone marrow B-lymphocytes.
Drug Name: Finacea (azelaic acid) Gel, 15%

Company: Berlex Laboratories,

Approval Status: January 2003

Treatment for: Inflammatory papules and pustules of mild to moderate rosacea.

Mechanism of Action: Finacea (azelaic acid) Gel, 15%, contains azelaic acid, a naturally occurring saturated dicarboxylic acid. Azelaic acid is a white, odorless crystalline solid that is poorly soluble in water, but well soluble in alcohol. The mechanism by which azelaic acid interferes with the pathogenic events in rosacea is unknown, but an anti-inflammatory effect was found in vitro. Azelaic acid is mainly excreted unchanged in the urine, but undergoes some ?oxidation to shorter chain dicarboxylic acids.

Drug Name: Aldurazyme (laronidase)

Company: Genzyme General

Approval Status: Approved May 2003

Treatment for: Mucopolysaccharidosis I

Mechanism of Action: Aldurazyme (laronidase), an enzyme replacement therapy is a polymorphic variant of the human enzyme, ?-L-iduronidase that is produced by recombinant DNA technology in a Chinese hamster ovary cell line. By replacing the missing enzyme, Aldurazyme helps the body break down the glycosaminoglycans (GAG) that builds up in cells and tissues. Regular replacement of the enzyme alpha-L-iduronidase with Aldurazyme helps prevent the buildup of GAG. Aldurazyme was shown to significantly reduce the levels of GAG excreted in the urine, and decrease the size of livers enlarged by the disorder. This showed that the drug works effectively at a biochemical level.

Drug Name: Fabrazyme (agalsidase beta)

Company: Genzyme General

Approval Status: Approved April 2003

Treatment for: Fabry Disease

Mechanism of Action: Fabrazyme is recombinant human’ galactosidase A enzyme with the same amino acid sequence as the native enzyme. Purified agalsidase beta is a homodimeric glycoprotein. It is produced by recombinant DNA technology in a Chinese Hamster Ovary mammalian cell expression. Fabrazyme is intended to provide an exogenous source of a-galactosidase A in Fabry disease subjects. Preclinical and clinical studies evaluating a limited number of cell types indicated that Fabrazyme would catalyze the hydrolysis of glycosphingolipids including GL-3.

Drug Name: Aloxi (palonosetron)

Company: MGI Pharma / Helsinn Healthcare

Approval Status: Approved August 2003

Treatment for: Chemotherapy side effects

Mechanism of Action: Palonosetron is a selective serotonin subtype 3 (5-HT3) receptor antagonist with a strong binding affinity. 5-HT3 receptors are located on the nerve terminals of the vagus in the periphery and centrally in the chemoreceptor trigger zone of the area postrema. Cancer chemotherapy is associated with nausea and vomiting when serotonin is released from the enterochromaffin cells of the small intestine activates 5-HT3 receptors located on vagal afferents and activates the vomiting reflex. Palonosetron may also block ion channels involved in ventricular polarization may prolong action potential duration. The effect of palonosetron on blood pressure, heart rate, and ECG parameters including QTc were comparable to ondansetron and dolasetron in clinical trials.

Drug Name: Emend (aprepitant)

Company: Merck

Approval Status: Approved March 2003

Treatment for: Chemotherapy-induced Nausea and Vomiting

Mechanism of Action: Emend’ main ingredient, aprepitant, is a selective high-affinity antagonist of human substance P/neurokinin 1 (NK1) receptors. Unlike other chemotherapy-induced side effect treatments, it has little or no affinity for serotonin (5-HT3), dopamine, and corticosteroid receptors. 

The drug has been shown in preclinical trials to inhibit emesis induced by cytotoxic chemotherapeutic agents, such as cisplatin, via central actions. In addition, animal and human studies using Positron Emission Tomography (PET) have shown that it crosses the blood brain barrier and occupies brain NK1 receptors. It also augments the activity of the 5-HT3-receptor antagonist ondansetron and the corticosteroid dexamethasone and inhibits both the acute and delayed phases of cisplatin-induced emesis.

Drug Name: Oxytrol (oxybutynin transdermal system)

Company: Watson Pharmaceuticals

Approval Status: Approved March 2003

Treatment for: Overactive Bladder

Mechanism of Action: Oxybutynin is an antispasmodic, anticholinergic agent. The active ingredient is dissolved in the thin layer of adhesive that sticks the patch to the skin. Oxytrol delivers the medicine slowly and constantly through the skin and into the bloodstream for the 3 or 4 days that the patch is worn. Oxytrol's transdermal delivery system delivers 3.9 mg per day of oxybutynin consistently and continuously through the skin into the bloodstream, bypassing initial metabolism in the liver and the gastrointestinal tract that occurs with oral medications, providing relief of overactive bladder symptoms for up to four days. Patients who have urinary retention, gastric retention, uncontrolled narrow-angle glaucoma or hypersensitivity to oxybutynin or other components of Oxytrol should not use Oxytrol.

Drug Name: Bexxar

Company: Corixa

Approval Status: Approved June 2003

Treatment for: Non-Hodgkin's Lymphoma

Mechanism of Action: Tositumomab is a murine IgG2a lambda monoclonal antibody directed against the CD20 antigen, which is found on the surface of normal and malignant B lymphocytes. Tositumomab is produced in an antibiotic-free culture of mammalian cells and is composed of two murine gamma 2a heavy chains of 451 amino acids each and two lambda light chains of 220 amino acids each. Iodine 131 Tositumomab is a radio-iodinated derivative of Tositumomab that has been covalently linked to Iodine-131. Unbound radio-iodine and other reactants have been removed by chromatographic purification steps. Iodine I 131 Tositumomab is supplied as a sterile, clear, preservative-free liquid for IV administration. Possible mechanisms of action of the BEXXAR therapeutic regimen include induction of apoptosis, complement- dependent cytotoxicity (CDC), and antibody-dependent cellular cytotoxicity (ADCC) mediated by the antibody. Additionally, cell death is associated with ionizing radiation from the radioisotope.

Drug Name: Reyataz (atazanavir sulfate)

Company: Bristol-Myers Squibb

Approval Status: Approved July 2003

Treatment for: HIV Infection

Mechanism of Action: Atazanavir, an azapeptide HIV-1 protease inhibitor, selectively inhibits the virus-specific processing of viral Gag and Gag-Pol polyproteins in HIV-1 infected cells, preventing formation of mature virions. Atazanavir exhibits anti-HIV-1 activity with a mean EC50 in the absence of human serum of 2 to 5 nM against a variety of laboratory and clinical HIV-1 isolates grown in peripheral blood mononuclear cells, macrophages, CEM-SS cells, and MT-2 cells.

Drug Name: Zemaira (alpha1-proteinase inhibitor)

Company: Aventis Behring

Approval Status: Approved July 2003

Treatment for: Alpha1-proteinase inhibitor deficiency

Mechanism of Action: Alpha1-proteinase inhibitor (A1-PI) deficiency is a chronic, hereditary disorder that can cause severe tissue damage and death. Pulmonary diseases, such as emphysema, are one of the main results of A1-PI deficiency. Emphysema is caused by the protease-antiprotease imbalance in the lungs which causes inflammation and tissue damage. A1-PI is the primary antiprotease in the lower respiratory tract, where it inhibits neutrophil elastase (NE), an enzyme that destroys pulmonary tissue. Those individuals without A1PI deficiency produce sufficient A1-PI to control the NE produced by activated neutrophils and are thus able to prevent inappropriate damage to lung tissue by NE. Zemaira acts to increase and maintain serum levels and lung epithelial lining fluid (ELF) levels of A1-PI. Low blood levels of A1-PI are also associated with liver disease and liver cirrhosis.
Drug Name: Fuzeon (enfuvirtide)

Company: Trimeris / Hoffmann-La Roche

Approval Status: Approved March 2003

Treatment for: HIV Infection

Mechanism of Action

Fuzeon blocks HIV’ ability to infect healthy CD4 cells. When used with other anti- HIV medicines, Fuzeon can reduce the amount of HIV in the blood and increase the number of CD4 cells. This may keep the immune system healthy, so it can help fight infection. The active ingredient, enfuvirtide, interferes with the entry of HIV-1 into cells by inhibiting fusion of viral and cellular membranes. Enfuvirtide binds to the first heptad-repeat (HR1) in the gp41 subunit of the viral envelope glycoprotein and prevents the conformational changes required for the fusion of viral and cellular membranes.

Drug Name: Velcade (bortezomib)

Company: Millennium Pharmaceuticals

Approval Status: Approved May 2003

Treatment for: Multiple Myeloma

Mechanism of Action: Based on preclinical studies, bortezomib seems to be cytotoxic to a variety of cancer cell types in vitro. Bortezomib causes a delay in tumor growth in vivo in nonclinical tumor models, including multiple myeloma. The compound bortezomib is a reversible inhibitor of the chymotrypsin-like activity of the 26S proteasome in mammalian cells. The 26S proteasome is a large protein complex that degrades ubiquitinated proteins. These pathway plays an essential role in regulating the intracellular concentration of specific proteins, thereby maintaining balance within cells. Inhibition of the 26S proteasome prevents this targeted proteolysis which can affect multiple signaling cascades within the cell. This disruption of normal mechanisms can lead to cancer cell death.

Drug Name: UroXatral (alfuzosin HCl extended-release tablets)

Company: Sanofi-Synthelabo

Approval Status: Approved June 2003

Treatment for: Benign Prostatic Hyperplasia

Mechanism of Action: UroXatral (alfuzosin HCl extended-release) is a selective antagonist of post-synaptic alpha1-adrenoreceptors, which are located in the prostate, bladder base, bladder neck, prostatic capsule and prostatic urethra. Blockade of these adrenoreceptors can cause smooth muscle in the bladder neck and prostate to relax, resulting in an improvement in urine flow and a reduction in symptoms of BPH.

Drug Name: Namenda (memantine HCl)

Company: Forest Laboratories

Approval Status: Approved October 2003

Treatment for: Alzheimer's Disease

Mechanism of Action: Currently, all drugs approved for the treatment of Alzheimer’in U.S. belong to a class of drugs called acetylcholinesterase inhibitors. Namenda, a low to moderate affinity NMDA (N-methyl-D-aspartate) receptor antagonist is thought to selectively block the effects associated with abnormal transmission of the neurotransmitter glutamate, while allowing for the physiological transmission associated with normal cell functioning. The overexcitation of NMDA receptors by the neurotransmitter glutamate may facilitate Alzheimer's disease since glutamate is found in the neural pathways associated with learning and memory. Abnormal levels of glutamate may be responsible for neuronal cell dysfunction and the eventual cell death observed in Alzheimer's disease.

Drug Name: Iressa (gefitinib)

Company: AstraZeneca

Approval Status: Approved May 2003

Treatment for: Non-Small-Cell Lung Cancer

Mechanism of Action: Gefitinib is an EGFR tyrosine kinase inhibitor. It works by binding to the intracellular enzyme (tyrosine kinase) of the EGFR to directly block signals turned on by triggers outside or inside the cell. 

The activity of epidermal growth factor and its receptor, the EGFR, have been identified as key drivers in the process of cell growth and replication. Heightened activity at the EGF receptor, whether caused by an increase in the concentration of ligand around the cell, an increase in receptor numbers or a decrease in receptor turnover or receptor mutation, can lead to an increase in the drive for the cell to replicate. There is now a body of evidence to show that the EGFR-mediated drive is increased in a wide variety of solid tumours, including non-small cell lung cancer, prostate cancer, breast cancer, gastric cancer, colon cancer, ovarian cancer and tumours of the head and neck. Gefitinib is an anilinoquinazoline with the chemical name 4-Quinazolinamine. The mechanism of the clinical antitumor action of gefitinib is not fully characterized. Gefitinib inhibits the intracellular phosphorylation of numerous tyrosine kinases associated with transmembrane cell surface receptors, including the tyrosine kinases associated with the epidermal growth factor receptor (EGFR-TK). EGFR is expressed on the cell surface of many normal cells and cancer cells. No clinical studies have been performed that demonstrate a correlation between EGFR receptor expression and response to gefitinib.

Drug Name: Boniva (ibandronate sodium)

Company: Hoffman La Roche

Approval Status: Approved May 2003

Treatment for: Osteoporosis: Mechanism of Action: Ibandronate, a nitrogen-containing bisphosphonate, inhibits osteoclast-mediated bone resorption and turnover. The agent has an ifinity for hydroxyapatite, which constitutes the mineral matrix element of bone. Treatment has been shown to reduce the elevated rate of bone turnover in postmenopausal women, leading to a gain in overall bone mass. Ibandronate has resulted in decreased biochemical markers of bone tunrover including urinary C-terminal telopeptide of type I collagen (uCTX) and serum osteocalcin.

2. Information retrieval 
To build a database, the first step is to retrieve relevant information. As in our case of protein inhibitor database, the protein targets and the chemical properties of an inhibitor are interested. 
The information on inhibitors and their targets, although very important and useful, has not yet been well sorted, which require us to mine the literature to find them. One comprehensive biomedical search engine can be found at PUBMED (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed). If we are interested in the inhibitors of a particular protein, we can just simply search the database using both the protein name and the keyword “inhibitor”. Other combinations of keywords may also work. A good choice of keywords will help to focus you on the most relevant group of literature. In your report, you are expected to write out the keywords you used to search this database and give a brief discussion of your choice. Also, many other sources are available for you to find inhibitors of a target.
The chemical properties of an inhibitor are much easier to be found. There are many big chemical databases available online.  ChemIDPuls (http://chem.sis.nlm.nih.gov/chemidplus/) is one of them.
In order to facilitate the loading of information onto the database server, the information collected shall be stored in a formatted manner. Here we use an Excel spreadsheet with 8 columns, storing the information of “Inhibitor Name”, “Protein Target”, “CAS Number”, “Formula”, “Systematic Name”, “Synonyms”, “Classification”, and “Notes” respectively.  The first line of this spreadsheet is the header line. In case of that multiple values need to be stored in a single column, such as multiple synonyms of a chemical need to be stored in the “synonym” column, these values are separated by the symbol of  double vertical bar ( || ). To allow users assess the quality of data in a database, references to the information source, such as some publications or other databases, should be provided. References to the information collected are stored in the following way: first, each reference is given a unique identifier. These identifiers, quoted by the symbol “`”, are inserted right after the information. The identifiers and the complete citation information of references are stored in another spreadsheet. In this project, we have no requirement on the format of citation information. However, you should make your citation format consistent in your work and provide citation information detail enough for others to find the information source. A sample file of the spread sheet can be found in IVLE workbin. But note these files are just an example showing you the spread sheet file format. It does not mean that the information in the sample file is satisfactorily detailed and well referenced.  
3. Loading data 
There are many ways to load data onto a database server. The Oracle database server provided a tool, SQLLoader, designed for this task. However, as this is not a database management course, we just use the simplest approach to load data, which is using the SQL “insert” statement.

Before elaborating the procedure to load data, the database structure we use in this project need to be explained first.
Here, we use ontology like databases structure to store inhibitor information, which include 3 tables, “INHIBITOR”, “REL” and “REF”. 
The “INHIBITOR” table stores most of the information in a quadruple form: (“Inhibitor ID”, “Relationship ID”, “Attribute Value”, and “Reference ID”). The definition of “Relationship ID” is stored in the table “REL” and the references are stored in the table “REF”. For example, aspirin is an inhibitor of COX-I is represented as (“INH001”, “2”, “COX-I”, “REF001”), where “INH001” is the unique identifier of aspirin, “2” is the unique identifier of the relationship between an inhibitor and its protein target, “COX-I” is the target, and “REF001” points to the reference, where this piece of information come from, in the table “REF”. Ignoring the “Reference ID” element, the other three elements resemble the three main elements of a sentence, the subject, predicate and object. Therefore, they can virtually be used to represent any knowledge in the science domain. And taking advantage of this versatile data structure, a single query and browse interface can be built for multiple purposes. In fact, such a system has been implemented and is providing query and browse services for 4 public databases. The detailed data structure in illustrated in the following table and the idea of using such a data structure is elaborated in-depth in the Chapter 2 of Mr. Chen Xin’s PhD thesis “Computer aided drug design: drug-target directed in-silico approaches”.
	Table Name
	Column Name
	Column Type (Length)
	Explanation

	INHIBITOR
	SUB
	Text (10 characters)
	Unique identifier of the inhibitor

	
	REL
	Integer (3 digits)
	Unique identifier of the relationship

	
	OBJ
	Text (2000 characters)
	Attribute value

	
	RF
	Text (10 characters)
	Unique identifier of the reference

	
	UPD
	Date
	Housekeeping field, last update time

	REL
	RES
	Integer (3 digits)
	Unique identifier of the relationship

	
	DES
	Text (300 characters)
	Description of the relationship

	
	ORD
	Integer (3 digits)
	Priority (when being displayed on webpage)

	REF
	RF
	Text (10 characters)
	Unique identifier of the reference

	
	CIT
	Text (1000 characters)
	Citation information of the reference


In order to re-format our information according to the above data structure, we need to first define the relationships and populate the table “REL”. For example, we can define 1..8 as the unique identifiers for the relationships of “Inhibitor Name”, “Protein Target”, “CAS Number”, “Formula”, “Systematic Name”, “Synonyms”, “Classification”, and “Notes”.  The corresponding SQL statements to load the relationship data is given in loadREL.sql.txt (in IVLE workbin).
According to the above relationship definitions, SQL statements can be generated to load the information in the Excel files. We use a PERL program called SQLgen.pl (in IVLE workbin) to generate the SQL scripts automatically. To prepare the input file for the PERL program,  open the inhibitor information Excel file and then save it as an CSV file (choose “CSV (Comma delimitated)(*.CSV)” in the “Save as type” drop-down box)  named “inhibitorinput.csv”, then open the reference Excel file and save it as an CSV file named  “referenceinput.csv”.  After the two csv files generated, copy the SQLgen.pl program into the same directory as these two csv files, and run it. It will generate two files called “loadINHIBITOR.sql.txt” and “loadRF.sql.txt”. They should look like the two sample files in IVLE workbin.
The next step is to operate the database.  Here we use SQL*PLUS WORKSHEET (Caution, not SQL*PLUS) to communicate with the database server. This programme can be found through the path: Start -> Programmes -> Oracle - OraHome92 -> Application Development -> SQLPlus Workseet. When it is started, you will be prompted to enter your user name (your matriculation number), your password (“lsm3241” by default. You can change it later following the instructions in “Other Necessary SQL Scripts .txt” in IVLE), and Service (the connection string, which can be found in “Other Necessary SQL Scripts .txt”). If SQLPlus Worksheet has successfully connected to the database server, you will see a word “connected” appearing in the result window of its interface. Its interface looks like the following picture.
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You can enter and edit your SQL commands in the command window. Your SQL statements won’t be executed unless you press the execution button with the symbol of a thunderbolt. The result of your SQL statements will be shown in the result window.
After connected to the database server, we need to first establish the table structures. The SQL statements used to create tables can be found in “Other Necessary SQL Scripts .txt”.  You should be able to see “Table created” three times in the result window normally.

The second step is to populate the tables that have been just created. This is as simple as copy the scripts in loadINHIBITOR.sql.txt, loadRF.sql.txt and LoadREL.sql.txt into the command window and press the execution button. If no error is reported, your database is ready to be searched.
To modify the data you loaded, you can use the UPDATE SQL statement. However, a more simple and straightforward way is to delete all the data loaded previously and then re-load the new version. In general, the data in the table “REL” does not need to be changed. The SQL statements used to completely delete data from a table can be found in Other Necessary SQL Scripts .txt”.
The 3D structure of the inhibitors you found need to be uploaded to another server separately. You need to name the structure after its CAS number and save it as pdb format. For example, aspirin structure will have the file name 50-78-2.pdb.  After you have collected all the structure files, upload them onto the server:

xin.cz3.nus.edu.sg (just put at the root directory). Use your NUS account name and password is initialized with “lsm3241”. This account and password is different from your Oracle account and Database viewing account. You need to change it separately.

3. Viewing data 
After the data are ready, you can view your database at http://bidd.nus.edu.sg/group/teach/submit/login.asp. You need to provide your matriculation number and your password (by default “lsm3241”) to view your data. Note this password is independent of the oracle database password. Changing any one of them won’t affect the other. 
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