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Haemoglobin and Globin Genes 

Haemoglobin 

The haemoglobin molecule is made of four subunits, each 

consisting of a globin chain and a haem group. The globins include 

two -like and two -like chains containing 141 and 146 amino 

acids respectively. The sequence of amino acids in the globin 

chains, some being polar and the others non-polar, results in 

attractive or repulsive forces between the amino acids. This 

results in a characteristic coiling up of the chains to form 

secondary and tertiary structures. The four individual subunits 

are held together by attractive forces between the amino acids 

on the opposing globin chains to give a quaternary structure to 

the complete molecule (Figure 2.1). 

Each subunit of haemoglobin molecule contains a haem pocket 

that is occupied by the iron containing haem group. An important 

function of the haem pocket is to keep the iron in a reduced state 

that allows binding and release of oxygen when required.
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Structure & function relationship 

The most important function of haemoglobin is to carry oxygen 

from the lungs to the tissues. One gram of haemoglobin can bind 

1.34 ml of oxygen. The oxygen is reversibly bound to iron in the 

haem group that must remain in a reduced (ferrous) state. This 

is achieved by a peculiar arrangement in which the non-polar 

amino acids line the haem pocket and keep the iron in a reduced 

state. 

The functional requirements of haemoglobin molecule demand 

that it should remain soluble and maintain a stable tetrameric 

structure with some mobility between the subunits allowing 

passage of oxygen in and out of the molecule. Solubility of 

haemoglobin is dependent on the amino acids facing the exterior 

of the molecule. In sickle haemoglobin, for example, replacement 

of an externally facing amino acid can grossly affect the overall 

solubility of the molecule. The stability of the tetrameric structure 

is maintained by contacts between the amino acids of each chain 

and those on the different chains facing each other. An amino acid 

substitution in a critical location can alter the overall stability of 

the tetramer and may result in an unstable haemoglobin. 

Globin genes 

The globin chains are encoded by an - and a -globin gene 

cluster located on the chromosomes 16 and 11 respectively 

(Figure 2.2). 

-globin gene cluster 

The human -globin gene cluster resides near the telomere of the 

short arm of chromosome 16 and it spans approximately 30 kb. It 

includes an embryonic gene (), two adult genes (1 and 2), three 

pseudo-genes (1, 2, 1), and a gene of unknown significance 

(1). 
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-globin gene cluster 

The -globin gene cluster spans approximately 60 kb on the short 

arm of chromosome 11. It comprises an embryonic gene (), the 

duplicated fetal genes (), a pseudo -gene, a minor adult gene 

(), and an adult -gene. 

 

 

Figure 2.1. The quaternary structure of haemoglobin molecule showing 

four individual subunits held together. Each subunit also contains a 

haem pocket. 

 

Structure of globin genes 

The intron-exon structure of the globin genes remains constant 

throughout the vertebrates. The globin genes are compact, one 

to two kb in size, and have three coding regions (exons) that are 

interrupted by two intervening sequences (IVS or introns) of 

variable length (Figure 2.2). The two IVS regions in the -globin 

genes are located between codons 31 and 32 and between codons 

99 and 100. In -globin gene the IVS regions interrupt the 
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sequences between codons 30 and 31 and between codons 104 

and 105. The IVS-I is shorter than the IVS-II in the - and the -

genes whereas the IVS-II in the -genes is considerably shorter 

than in the -globin genes. 

 

 

Figure 2.2. Organization of the α- and the β-globin gene complexes on 

the chromosomes 16 and 11 respectively. The structure of the human 

globin genes remains the same; each gene has three coding regions 

(exons) separated by two intervening sequences (IVS). The 5’ un-

translated region (UTR) contains the transcriptional promoter region and 

the 3’ UTR contains the termination and the poly-A tail. 

 

Function of globin genes 

The - and the -globin loci are activated towards the end of third 

week of gestation. There is a transition during development from 

production of embryonic haemoglobin (Hb Portland, 22; Hb 

Gower-1 22; Hb Gower-2 22), to fetal haemoglobin (Hb-F, 

22), and adult haemoglobins (Hb-A, 22; Hb-A2, 22). The 

-globin gene expression remains constant throughout life. The 

protein products of the 1- and the 2-genes are identical; 

however, a steady state level of the 2- mRNA predominates over 

the 1- mRNA by approximately 3:1. On the other hand , -, and 

-globin gene expression is down-regulated and the -globin gene 
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expression increases with transition from the fetal to the adult 

haematopoiesis. The  to -globin switching is normally complete 

by six months after birth. 

Temporal control 

The globin genes are expressed in a developmental sequence. As 

the development proceeds site of erythropoiesis shifts from yolk 

sac in the early embryo, to liver in the fetal life, and finally to 

bone marrow in the postnatal life. The term Locus Control Region 

(LCR), has been used to describe cis-acting sequences 

responsible for controlling the sequential expression of the -like 

globin genes (Figure 2.2). The existence of a LCR for the -globin 

cluster has been suggested in the sequences upstream from the 

-globin gene. 

Promoter function 

The region located upstream to the coding sequence of many 

structural genes which controls an individual gene expression and 

provides a site for binding of a RNA polymerase is called promoter 

region. The "TATA" or "ATA" box located approximately 25-30 bp 

upstream from the initiation site in the -like and the -like globin 

genes plays an important role in locating the site at which the 

transcription gets initiated. Another important component is the 

"CCAAT" box located approximately 80 bp upstream from the 

transcription initiation site. 

Transcription 

The transcription initiation site for the globin genes correspond to 

the Cap site located 50 bp upstream from the initiation codon 

(AUG) which also marks the 5' end of the mature cytoplasmic 

mRNA. The transcription includes exons, introns and sequences 

beyond the highly conserved 3' "AATAAA" polyadenylation site. 

Post transcriptional processing 

The 5'- end of the transcript is capped by addition of a methylated 
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guanylic acid residue. Another important post transcriptional 

event is the splicing in which the introns are removed from the 

transcript. The first two nucleotides at the 5'- and the 3'- end of 

the intron are essential for splicing. Nearly all eukaryotic genes 

have a highly conserved "GT" sequence at the 5'- end and an 

"AG" sequence at the 3'- end of every intron. 

Translation 

The mRNA transcript is transported out of the nucleus and acts 

as template on which the amino acid residues are sequentially 

added to form the globin. The process is initiated at the initiation 

codon (AUG) and is terminated when a stop codon (UAA) is 

encountered. 
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