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Scientific interest, major achievements and collabo rators

Research projects in the laboratory focus on two types of ion channels of T-
lymphocytes, the voltage-gated K+ channel, Kv1.3, and the Ca2+-activated K+
channel, IKCal. These channels are important for the regulation of membrane
potential dependent processes in T cells, such as mitogen-stimulated proliferation.
Understanding the biophysical properties of Kv1.3 and its regulation may be critical to
our comprehension of T-cell physiology and immune responsiveness. Past and
ongoing research projects in the laboratory fall into three major categories:

1. Molecular pharmacology of T-cell ion channels. Our main focus is on peptide
toxins isolated from scorpion venoms and the aim is to identify toxins that

block these channels with high affinity and selectivity. Since block of Kv1.3 channels
inhibits proliferation, these blockers could serve as templates for the development of
high affinity and high specificity drugs for the treatment of diseases affecting the
immune system. In the past we have identified one of the highest affinity Kv1.3
inhibitors, Pi2, from the scorpion Pandinus imperator (Kd: 44 pM) (J Membr Biol
2001;179:13-25.). We also identified the first Kv1.3 blocker (Tc32) lacking the
essential diad of critically positioned amino acids previously claimed to be required
for K+ channel recognition (Biochim Biophys Acta 2002;1601:123-131.). Anuroctoxin,
a peptide blocker of Kv1.3 channels described recently in our laboratory, is highly
selective for Kv1.3 channels over other Shaker-related voltage-gated potassium
channels and the Ca2+-activated K+ channels of T lymphocytes (Mol Pharmacol.
2005; 67:1034-44.). Due to its high selectivity and affinity for Kv1.3, Anuroctoxin is
currently tested for its in vivo immunosuppressive effect.

Major collaborator: Prof. Lourival Possani, National Autonomous University of
Mexico, Mexico, Dept. of Molecular Recognition and Structural Biology

2. Distribution of Kv1.3 channels in the lymphocyte membrane. The lateral
distribution of Kv1.3 channels in the T-cell membrane was studied to reveal
intermolecular interactions between the channel and the surrounding membrane
lipids and functionally important proteins. In these experiments we combined
electrophysiology with advanced fluorescence microscopy and flow cytometry. We
found that Kv1.3 channels are non-randomly distributed in the plasma membrane
and their distribution shows significant overlap with that of T cell receptor/CD3
molecules; the two molecules are in molecular proximity (Proc Natl Acad Sci U S A
2003;100:2592-2597). Kv1.3 channels are redistributed in the membrane of cytotoxic
lymphocytes when they come into contact with a target cell and an immunological
synapse is formed between them (Proc Natl Acad Sci U S A 2004;101:1285-1290).
We also described the lipid raft association of Kv1.3 channels and the significant
effect of the modification of the cholesterol content of the plasma membrane of T
cells on the activation and inactivation kinetics of Kv1.3 channels (Pflugers Arch
2003;445:674-682). The relocation of Kv1.3 channels into different membrane
domains and in the proximity of signaling molecules gathered at the immunological
synapse probably plays a role in the fine tuning of the signal transduction pathway of
T cells (Trends Immunol 2004. 25:565-569).

3. Biophysics of Kv1.3 channels: Inactivation of voltage-gated potassium channels
limits the K+ conductance available for the membrane-potential control of the cells.
Analyzing the inactivation kinetics of homo- and heterotetrameric channels



composed of mutant and wild-type subunits we showed that the four subunits of a
given channel interact cooperatively to determine the inactivation rate (Biophys J
1995;69:896-904). Based on this framework of experimental approach and
mathematical analysis we described that subunits of teterameric channels assembled
during the biogenesis do not dissociate and re-associate in the plasma membrane (J
Gen Physiol 1996;107:409-420). Using biophysical and molecular biological methods
our laboratory identified the molecular mechanism being responsible for the effects of
the extracellular acidification on the inactivation kinetics of Kv1.3 channels. We
showed that protonation of His399 in the channel pore creates an energy barrier for
K+ ions to leave the pore thereby slowing inactivation (Am J Physiol Cell Physiol
2004;287:C1067-C1076).

Major collaborator: Prof. Carol Deutsch, University of Pennsylvania, USA, Dept. of
Physiology.
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