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The Tubulin Tyrosination Cycle: A Palestinian Challenge! 
 

The cell maintains its shape and normal 
intracellular milieu in part by having an 
extensive network of protein polymers termed 
the cytoskeleton. The cytoskeleton consists of 
three major components: actin filaments, 
intermediate filaments and microtubules, each 
facilitating a range of activities within the cell1. 
 
Microtubules are hollow rod-like polymers 
(figure 1). They fulfill a varied range of 
functions including maintenance of cell integrity, 
forming a spindle that facilitates chromosome 
separation and as a protein polymer ‘track’ for 
intracellular transport by molecular motors such 
as kinesin and dynein. Each microtubule is made 
of 13 protofilaments consisting of linearly 
arranged tubulin molecules. Each molecule is a 
dimer of two closely related monomers α and β 
tubulin, each having a molecular weight of 50 
kDa. Tubulin dimers show micro-heterogeneity 
on Isoelectric focusing gels (figure 2) in part due 
to tubulin being encoded by a multi-gene family 
and in part due to an extensive range of 
posttranslational modifications. Tubulin’s 
posttranslational modifications are varied and 
include acetylation, glutamylation, glycation, 
phosphorylation and tyrosination2. The atomic 
structure of the tubulin molecule was recently 
described (figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Microtubules as seen by negative staining  
under an electron icroscope. From Haitham Idriss, 
Ph.D.  thesis (1990), University of London. 
 

Tyrosination is a posttranslational modification, 
which is unique to tubulin. It involves the cyclic 
removal and re-addition of a tyrosine residue 
from the c-terminus of α-tubulin by two 
enzymes termed tubulin tyrosine 
carboxypeptidase (TTCP) and tubulin tyrosine 
ligase (TTL). The initial modification is removal 
of tyrosine since α-tubulin is normally encoded 
with a c-terminal tyrosine. TTL is also capable of 
adding derivatives and analogues of tyrosine 
such as phenylalanine, dopa and nitrotyrosine3. 
The modification was first reported by Barra et 
al in 1973 and has since been the subject of 
investigation by a number of laboratories world-
wide.  The precise function of this modification 
is currently not confirmed and a number of 
proposals have been made. The modification has 
been observed in a number of pathological 
conditions such as cancer and heart disease. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Isoform complexity of chick brain tubulin. 
Tubulin was fractionated on Isoelectric focusing (IEF) 
gels and transferred to nitrocellulose (N/C), as 
described elsewhere (Idriss, et al. 1999). Lanes 1: IEF 
gel stained with coomassie blue. Lanes 2, 3, 4 and 5: 
Immunostaining of N/C sheets with YL 1/2 
(recognises tyrosinated tubulin), YL 1/2 (after 
digestion of tubulin with Carboxypeptidase A), 6-11-
B-1 (recognises acetylated tubulin) and KMX-1 
(recognises α-tubulin) monoclonal antibodies 
respectively. From Haitham Idriss, Ph.D., D.I.C  thesis 
(1990), University of London, Imperial College. 
 
My interest in this modification started when I 
joined Imperial College of Science and 
Technology (currently and Medicine) for a 
collaborative Ph.D. with Wellcome Research 
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Laboratories (currently GlaxosmithKline) in 
1986 in the UK. I showed that the modification 
had insignificant influence on the assembly 
kinetics of microtubules in vitro4. Since then a 
number of advances were made including the 
observations that TTL is suppressed in breast 
cancer and that TTL (irreversibly?) incorporates 
nitrotyrosine onto α-tubulin. Based on literature 
surveys, I proposed that the modification serves 
as a sensor for abnormality within cells, 
triggering apoptosis when tyrosine is chemically 
modified within a cell to nitrotyrosine (for 
example)5, a kind of early mechanism for 
eliminating abnormal cells that has the potential 
to turn cancerous or had been recently infected, 
example by a virus6,7. This ensures only normal 
cells are maintained within tissues. Failure of 
this microtubule-based apoptotic mechanism was 
proposed to facilitate multiplication of abnormal 
cells or allow sufficient incubation period for 
viruses to multiply6,7. 
 

Figure 3. Ribbon diagram of the tubulin dimer 
modified from (Erickson, 1998) and based on original 
work from Nogales et al (1997)2. The diagram shows 
the nucleotide binding sites. 
 
This modification, including incorporation of 
analogues of tyrosine, is of particular relevance 
in cancer and heart disease. Both are of 
significant occurance in Palestine. The tubulin 
tyrosination cycle was declared a Palestinian 
interest at the 2nd regional conference on medical 
journals in the WHO Eastern Mediterranean 
region in Saudi Arabia in 1425 (2004). By that 
time sufficient input from Palestine had occurred 
to warrant it being a national interest.  
 
It will be a challenge to set up laboratories in 
Palestine to study this modification in relation to 

known pathological conditions8. AnNajah 
University in Nablus-Palestine is a candidate 
institute to adopt such project(s). Funding would 
be of paramount importance to ensure Palestine 
remains at the competitive edge of such state-of-
the-art research in the world. One may think this 
is an easy task for a nation like Palestine that was 
historically wealthy, had it not been for the 
events of 1948. However, the topic of Palestinian 
national wealth and funding of Palestinian 
research is a complex and important one and is 
beyond the scope of this editorial. Nevertheless, I 
am optimistic that despite of this, Palestine 
eventually would play a major part in 
deciphering the signals that tyrosine and its 
analogues confer in the cell through tubulin, in 
order to regulate its internal milieu. Tubulin and 
potentially TTL are good candidates for anti-
cancer therapy. Less is known thus far about 
TTCP. 
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