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About 35% of acute myeloid leukemias (AML) are characterized by the presence of a mutant 

form of the NPM protein. NPM capacity of preserving stability and function of Arf, a protein 
with an important role in tumor suppression, is lost in mutant NPM (NPMmut). The objective of 
our research project is to attempt to characterize the interaction between NPM wild-type (WT) 
or the leukemic mutant with Arf in order to restore Arf activity in cancer cells. 

Our initial experimental plan required large scale production of the proteins of interest and 
their use in biochemical assays. Unfortunately, we encountered a number of technical problems 
and were unable to produce good amount of purified full length recombinant Arf protein, due to 
the fact that this protein is high insoluble. Thus, based on our laboratory results and literature 
data, we identified several regions of Arf and NPM which could be involved in the interaction 
between these two proteins. Specifically, literature data shows that Arf N-terminal region is 
required for NPM binding, and that this region is sufficient for p53 activation. With regard to 
NPM, as also confirmed in our laboratory, an hypothetical interaction site has been identified in 
the C-terminal region. This region is of particular interest as it is also the region implicated in 
the identified mutations in AMLs. Accordingly, we cloned Arf N-terminal region, together with 
the C-terminal region of NPM or the leukemic mutant, respectively, in a bicistronic vector for 
their bacterial co-expression. They will be used to try to co-crystallize the Arf N-terminal region 
together with the WT protein or the NPMmut. The crystal structure will be resolved in order to 
examine at molecular level any structural dissimilarity between the NPM-Arf and the NPMmut-
Arf complex, which could explain different biological effects. 

In addition, we have recently embarked upon a different strategy, which requires the use of 
imaging technology in order to study interaction dynamics between our proteins of interest. In 
more details, the two proteins were fused to a photoactivable GFP protein, (PA-GFP), that is a 
protein that becomes fluorescent after irradiation exposure (wavelength 400 nm). The main 
advantages of this technique are due to two key features: 

– the irreversibility of the photoactivation process, so that activated molecules remain in the 
activated state until their degradation, thus allowing measurement of their half life; 

– the possibility of limiting this process to restricted regions of the intracellular 
environment (i.e. it is possible to photoactivate a single nucleolous). 

These characteristics allow following of the spatial redistribution of the luminous signal, 
which is an indicator of the dynamic properties of molecules.  

Preliminary results indicate that nucleolar co-localization of Arf and NPM is maintained 
through different mechanisms: photoactivation of PAGFP-NPM molecules inside a single 
nucleolus in fact showed a highly dynamic behaviour of these, with a rapid redistribution of the 
luminous signal into the nucleoplasm and in adjacent nucleoli; in contrast, photoactivation of 
PAGFP-Arf molecules in the same cellular compartment showed a much more static behaviour, 
with almost total absence of a mobile fraction. We will carry out experiments of in vivo 
competition between NPM WT and NPMmut, in order to study NPMmut effects on Arf 
localization and half life. 
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Purification of protein complexes binding NPM 

As previously described, we identified by MALDI-TOF mass spectrometry analysis several 
potential proteins interacting with NPM1. We focused our attention on a group of proteins 
implicated in the control of DNA topology and chromatin modeling. Some of these had already 
been described in literature as interacting with NPM (e.g. topo2α, HDAC); others, instead, have 
been validated by us (e.g. snf2h, ACF1, WSTF). In particular, we are concentrating on two 
NPM1 interacting proteins, which are especially interesting with regard to the control and 
organization of chromatin structure (CTCF) or to DNA damage repair mechanisms (KAP-1).  

In both cases, we are setting up a series of biological assays, which will allow us to confirm 
NPM1 direct involvement in controlling the activities of these two proteins.  

In parallel, we are purifying and sequencing NPM2 and NPMmut interactors so that, by 
comparison, we can gain information on the common or uncommon cellular pathways of action 
of the various forms of NPM. Furthermore, since the proteins obtained are numerous and acting 
in diverse cellular regions, we are aiming to determine, by chromatographic separation, how 
many cellular complexes include NPM1. Indeed, is quite unlikely that all identified proteins can 
be part of a single complex. These data will be particular important to be able to determine how 
many cellular functions require NPM activity and how these functions can be involved in 
tumour development. The information obtained will be useful in developing novel target 
therapeutic strategies. 

 


