Sickle Cell Anemia Project

Computational Molecular Biology

by

Michael Smith

________________________________________________________________________

Step 1 : Obtain an overview of sickle cell anemia
The first step of this project involved obtaining an overview of sickle cell anemia and in the process familiarizing myself with the condition. By performing a Google (www.google.com) search with the key words sickle cell anemia, I came across the websites of the The Sickle Cell Information Center at Emory University (www.scinfo.org) and The Sickle Cell Disease Association of America (http://www.sicklecelldisease.org). Both sites contain a wealth of information, about sickle cell anemia, and relevant exerts are presented below. 

________________________________________________________________________

Sickle Cell Anemia Overview
Sickle cell disease is an inherited blood disorder that affects red blood cells. People with sickle cell disease have red blood cells that contain mostly hemoglobin* S, an abnormal type of hemoglobin. Sometimes these red blood cells become sickle-shaped (crescent shaped) and have difficulty passing through small blood vessels. 
When sickle-shaped cells block small blood vessels, less blood can reach that part of the body. Tissue that does not receive a normal blood flow eventually becomes damaged. This is what causes the complications of sickle cell disease. There is currently no universal cure for sickle cell disease.
Hemoglobin  is the main substance of the red blood cell. It helps red blood cells carry oxygen from the air in our lungs to all parts of the body. Normal red blood cells contain hemoglobin A. Hemoglobin S and hemoglobin C are abnormal types of hemoglobin.  Normal red blood cells are soft and round and can squeeze through tiny blood tubes (vessels). Normally, red blood cells live for about 120 days before new ones replace them.
People with sickle cell conditions make a different form of hemoglobin A called hemoglobin S (S stands for sickle). Red blood cells containing mostly hemoglobin S do not live as long as normal red blood cells (normally about 16 days). They also become stiff, distorted in shape and have difficulty passing through the body’s small blood vessels. When sickle-shaped cells block small blood vessels, less blood can reach that part of the body. Tissue that does not receive a normal blood flow eventually becomes damaged. This is what causes the complications of sickle cell disease. 
You inherit the abnormal hemoglobin from your parents, who may be carriers with sickle cell trait or parents with sickle cell disease. You can not catch it. You are born with the sickle cell hemoglobin and it is present for life. If you inherit only one sickle gene, you have sickle cell trait. If you inherit two sickle cell genes you have sickle cell disease.
Sickle cell trait is a person who carries one sickle hemoglobin producing gene inherited from their parents and one normal hemoglobin gene. Normal hemoglobin is called type A. Sickle hemoglobin called S. Sickle cell trait is the presence of hemoglobin AS on the hemoglobin electrophoresis. This will NOT cause sickle cell disease. Other hemoglobin traits common in the United States are AC and AE traits.

A simple blood test followed by a laboratory technique called Hemoglobin Electrophoresis will determine the type of hemoglobin you have. When you pass an electric charge through a solution of hemoglobin, distinct hemoglobins move different distances, depending on their composition. This technique differentiates between normal hemoglobin (A), Sickle hemoglobin (S), and other different kinds of hemoglobin (such as C, D, E, etc.).
Sickle cells are destroyed rapidly in the body of people with the disease causing anemia, jaundice and the formation of gallstones. The sickle cells also block the flow of blood through vessels resulting in lung tissue damage (acute chest syndrome), pain episodes (arms, legs, chest and abdomen), stroke and priapism (painful prolonged erection). It also causes damage to most organs including the spleen, kidneys and liver. Damage to the spleen makes sickle cell disease patients, especially young children, easily overwhelmed by certain bacterial infections.

Health maintenance for patients with sickle cell disease starts with early diagnosis, preferably in the newborn period and includes penicillin prophylaxis, vaccination against pneumococcus bacteria and folic acid supplementation.

Treatment of complications often includes antibiotics, pain management, intravenous fluids, blood transfusion and surgery all backed by psychosocial support. Like all patients with chronic disease patients are best managed in a comprehensive multi-disciplinary program of care.

________________________________________________________________________

Step 2 : Obtain information on the gene responsible for sickle cell anemia
The second step of this project involved information specifically on the gene responsible for sickle cell anemia. Similar to Step 1, this step involved a Google search but this time with the key words sickle cell gene. The websites of The Oak Ride National Laboratory (www.ornl.gov ) and The Centers of Disease Control (www.cdc.gov) were of great use for obtaining the needed information.

________________________________________________________________________

Sickle Cell Gene Information
Official Gene Symbol: HBB

Name of Gene Product: hemoglobin, beta 

Alternate Name of Gene Product: beta globin

Locus: 11p15.5 The HBB gene is found in region 15.5 on the short (p) arm of human chromosome 11. 

Size: The HBB gene's 3 coding regions (exons) are scattered over 1600 base pairs of genomic DNA. Exons translated into the HBB polypeptide chain are interspersed with segments of noncoding DNA (introns). After transcription, introns are spliced out and exons are pieced together to form a 626-bp mRNA transcript that is translated into the 147-amino acid sequence of the HBB polypeptide chain.

mRNA sequence
1   acatttgctt ctgacacaac tgtgttcact agcaacctca aacagacacc atggtgcatc

61  tgactcctga ggagaagtct gccgttactg ccctgtgggg caaggtgaac gtggatgaag

121 ttggtggtga ggccctgggc aggctgctgg tggtctaccc ttggacccag aggttctttg

181 agtcctttgg ggatctgtcc actcctgatg ctgttatggg caaccctaag gtgaaggctc

241 atggcaagaa agtgctcggt gcctttagtg atggcctggc tcacctggac aacctcaagg

301 gcacctttgc cacactgagt gagctgcact gtgacaagct gcacgtggat cctgagaact

361 tcaggctcct gggcaacgtg ctggtctgtg tgctggccca tcactttggc aaagaattca

421 ccccaccagt gcaggctgcc tatcagaaag tggtggctgg tgtggctaat gccctggccc

481 acaagtatca ctaagctcgc tttcttgctg tccaatttct attaaaggtt cctttgttcc

541 ctaagtccaa ctactaaact gggggatatt atgaagggcc ttgagcatct ggattctgcc

601 taataaaaaa catttatttt cattgc

Amino Acid Sequence (HBB)
m 1  vhltpeeks avtalwgkvn vdevggealg rllvvypwtq rffesfgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Note: The first AUG is translated as methionine (m) but that amino acid is removed from the polypeptide chain and the next amino acid, valine (v), is the first amino acid in the mature polypeptide chain. 
Sickle cell disease is caused by a variant of the β-globin gene called sickle hemoglobin (Hb S ). Inherited autosomal recessively, either two copies of Hb S or one copy of Hb S plus another β-globin variant (such as Hb C) are required for disease expression.
The β-globin gene is located on the short arm of chromosome 11. It is a member of the globin gene family, a group of genes involved in oxygen transport. Other members of this gene family include the α-, γ-, δ- ε-, and ξ-globin genes. The globin genes are developmentally regulated, such that certain genes are expressed at specific times during human development. Two β –globin protein chains combine with two α -globin protein chains and a heme to form the predominant hemoglobin (Hb) found in human adults.

________________________________________________________________________
Step 3 : Obtain known gene variants

The third step of this project involved searching for known gene variants or mutations of the gene responsible for sickle cell anemia (HBB). Similar to the two preceding steps, a Google search was executed with the key words sickle cell gene variants. The websites of the Centers of Disease Control and the Gene Globin Center of Pennsylvania State University (globin.cse.psu.edu) were of great value in obtaining this information.
________________________________________________________________________
Known Gene Variants (Mutations)
Over 475 β-globin gene variants exist, and several result in life-threatening illness.
With respect to the sickle cell (Hb S) variant, the molecular nature is a substitution of valine for glutamic acid at the sixth amino acid position in the β-globin gene. Individuals of African descent exhibit the highest frequency of at-risk genotypes associated with Hb S. However, individuals of Mediterranean, Caribbean, South and Central American, Arab, and East Indian descent also exhibit high frequencies of at-risk genotypes

The following table presents known variations of the HBB gene that involve single base changes. Only ten examples are presented, however hundreds exits and complete list can be found at the website of the Gene Globin Center.

Known variations of the HBB gene (single base changes)

	Hb Name
	Reside Number
	Amino Acid Substitution
	Gene Mutation

	Deer Lodge
	2
	His->Arg
	CAC->CGC

	S
	6
	Glu->Val
	GAG->GTG

	Yusa
	21
	Asp->Tyr
	GAT->TAT

	Yokohama
	31
	Leu->Pro
	CTG->CCG

	Arta
	45
	Phe->Cys
	TTT->TGT

	Yatsushiro
	60
	Val->Leu
	GTG->CTG

	Kofu
	84
	Thr->Ile
	ACC->ATC

	Djelfa
	98
	Val->Ala
	GTG->GCG

	Wien
	130
	Tyr->Asp
	TAT->GAT

	Kodaira
	146
	His->Gln
	CAC->CAA


The following table presents known variations of the HBB gene that involve multiple base changes. Only ten examples are presented, however a complete list can be found at the website of the Gene Globin Center.

Known variations of the HBB gene (multiple base changes)

	Hb Name
	Reside Number
	Amino Acid Substitution
	Gene Mutation

	S-Antilles
	6
	Glu->Val
	GAG->GTG

	
	23
	Val->Ile
	GTT->ATT

	C-Ziquinchor
	6
	Glu->Val
	GAG->GTG

	
	58
	Pro->Arg
	CCT->CGT

	C-Harlem
	6
	Glu->Val
	GAG->GTG

	
	73
	Asp->Asn
	GAT->AAT

	S-Providence
	6
	Glu->Val
	GAG->GTG

	
	82
	Lys->Asn->Asp
	AAG->AAT or AAC

	S-Oman
	6
	Glu->Val
	GAG->GTG

	
	121
	Glu->Lys
	GAA->AAA

	S-Travis
	6
	Glu->Val
	GAG->GTG

	
	142
	Ala->Val
	GCC->GTC

	Arlington Park
	6
	Glu->Lys
	GAG->AAG

	
	95
	Lys->Glu
	AAG->GAG

	T-Cambodia
	26
	Glu->Lys
	GAG->AAG

	
	121
	Glu->Gln
	GAA->CAA

	Grenoble
	51
	Pro->Ser
	CCT->TCT

	
	52
	Asp->Asn
	GAT->AAT

	Poissy
	56
	Gly->Arg
	GGC->CGC

	
	86
	Ala->Pro
	GCC->CCC


________________________________________________________________________
Step 4 : Protein Secondary Structure Prediction

Step four involves predicting the secondary structure of proteins that are produced by the normal and mutated genes. The tables in the preceding section detail the changes in the amino acid sequences as a result of gene mutation. These amino acid sequences were fed into the SSPro protein secondary prediction system (http://www.igb.uci.edu/tools/scratch/)

HBB Sequence and Predicted Secondary Structure
Pri. Structure : VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKV

Sec. Structure : CCCCHHHHHHHHHHHCCCCHHHHHHHHHHHHHEECHHHHHHHHHCCCCCCHCHHCCCCCH
Pri. Structure : KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK

Sec. Structure : HHCHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCHHHHHHHHHHHHHHHHHHHCC

Pri. Structure : EFTPPVQAAYQKVVAGVANALAHKYH

Sec. Structure : CCCHHHHHHHHHHHHHHHHHHHHHCC

The following mutated sequences have predicted secondary structures equal to that of the HBB sequence. (The mutated amino acids are in bold font)

Note : Recall the HBB sequence is that produced by normal (non-mutated) genes

Hb S

  1  vhltpveks avtalwgkvn vdevggealg rllvvypwtq rffesfgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Yusa

  1  vhltpeeks avtalwgkvn vyevggealg rllvvypwtq rffesfgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Deer Lodge Sequence

  1  vrltpeeks avtalwgkvn vdevggealg rllvvypwtq rffesfgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Yokohama

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffesfgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Arta

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb S-Antilles

  1  vhltpveks avtalwgkvn vdeiggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb C-Ziquinchor

  1  vhltpveks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnrk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb S-Providence

  1  vhltpveks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nldgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb S-Travis

  1  vhltpveks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alvhkyh

Hb Grenoble

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tsnavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Kodaira

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyq
Hb S-Oman

  1  vhltpveks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 kkftppvqaa yqkvvagvan alahkyh

Hb C-Harlem

  1  vhltpveks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsnglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Wien

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa dqkvvagvan alahkyh

The following mutated amino acid sequences have the predicted secondary structure shown below:
CCCCHHHHHHHHHHHCCCCHHHHHHHHHHHHHEECHHHHHHHHHCCCCCCHHHHCCCCCH
HHCHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCHHHHHHHHHHHHHHHHHHHCC
CCCHHHHHHHHHHHHHHHHHHHHHCC
This differs only slightly from the predicted secondary structure for the HBB sequence. The double underlined bold font H, in the above secondary structure, has a C predicted in the equivalent position in the HBB secondary structure prediction.

Hb Kofu

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgifatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Yatsushiro

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 lkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb Poissy

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmrnpk

 60 vkahgkkvlg afsdglahld nlkgtfptls elhcdklhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

Hb T-Cambodia

  1  vhltpeeks avtalwgkvn vdevggkalg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhvd penfrllgnv lvcvlahhfg

120 kqftppvqaa yqkvvagvan alahkyh

Hb Arlington Park

  1  vhltpkeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdelhvd penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh
Hb Djelfa

  1  vhltpeeks avtalwgkvn vdevggealg rplvvypwtq rffescgdls tpdavmgnpk

 60 vkahgkkvlg afsdglahld nlkgtfatls elhcdklhad penfrllgnv lvcvlahhfg

120 keftppvqaa yqkvvagvan alahkyh

________________________________________________________________________

Step 5 : Protein Tertiary Structure Prediction
Step five involves predicting the tertiary structure of proteins that are produced by the normal and mutated genes. The tertiary structures of HBB , Hb S and Hb Arlington Park sequences are presented here. The amino acid sequences were fed into the CPH Models Server (http://www.cbs.dtu.dk/services/CPHmodels/index.html). In addition to producing three dimensional protein structure images, this site also produces a file of atomic coordinates. These files were imported into the RasMol visualization tool and exported into a GIF image format, which were then imported into this document.

By visually examining these images, it is difficult to notice the structure differences. To verify that the structures are different, I used the MS DOS command FC to compare the atomic coordinate files. The FC command takes two file names as parameters and outputs the differences among the files. Using this command, I verified that there were atomic coordinate differences among the files thereby proving that structural differences do indeed exists.
Predicted HBB Structure
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Predicted Structure of Hb S
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Predicted Structure of Hb Arlington Park Structure
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________________________________________________________________________

Step 6 : Examine Unknown Gene Mutations and Resulting Protein Structure

Step 6 involved examining the protein structures that result from unknown gene mutations. I created such mutations by randomly altering certain bases. ________________________________________________________________________

The following table details two unknown mutations

	Hb Name
	Reside Number
	Amino Acid Substitution
	Gene Mutation

	MSmith1
	1
	Val->Met
	GUG->AUG

	
	5
	Pro->Leu
	CCU->CCC

	
	20
	Val->Met
	GUG->AUG

	
	21
	Asp->Glu
	GAU->GAG

	
	146
	His->Val
	CAC->CUC

	MSmith2
	6
	Glu->Val
	GAG->GTG

	
	100
	Pro->Ala
	CCU->GCU

	
	101
	Glu->Ala
	GAG->GCU

	
	102
	Asn->Ser
	AAC->AGC


Primary and Predicted Secondary Structures of MSmith1 (mutated amino acids are in bold font)

Pri. Structure : MHLTLEEKSAVTALWGKVNMEEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKV

Sec. Structure : CCCCHHHHHHHHHHHCCCCHHHHHHHHHHHHHEECHHHHHHHHHCCCCCCHCHHCCCCCH

Pri. Structure : KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK

Sec. Structure : HHCHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCHHHHHHHHHHHHHHHHHHHCC

Pri. Structure : EFTPPVQAAYQKVVAGVANALAHKYV
Sec. Structure : CCCHHHHHHHHHHHHHHHHHHHHCCC

This differs from the predicted secondary structure for the HBB sequence in that the bold font, double underlined C is predicted to be an H in the secondary structure of the HBB sequence 
Predicted Tertiary Structure of MSmith1
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Primary and Predicted Secondary Structures of MSmith2 (mutated amino acids are in bold font)
Pri. Structure : VHLTPVEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKV

Sec. Structure : CCCCHHHHHHHHHHHCCCCHHHHHHHHHHHHHEECHHHHHHHHHCCCCCCHCHHCCCCCH

Pri. Structure : KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDAASFRLLGNVLVCVLAHHFGK

Sec. Structure : HHCHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCCCCCHHHHHHHHHHHHHHHHHHHCC

Pri. Structure : EFTPPVQAAYQKVVAGVANALAHKYH

Sec. Structure : CCCHHHHHHHHHHHHHHHHHHHHHCC
This predicted secondary structure is the same as that of the predicted secondary structure of the HBB sequence
Predicted Tertiary Structure of MSmith2
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