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A. Personal Statement

For over 40 years my research has focused on the molecular aspects of the ion-transporting X,K-
ATPases (X=Na or H): receptors for cardiotonic and anti-ulcer drugs. Most important contributions in
the field are determination of the complete primary structure and transmembrane spatial organization
of Na,K-ATPase and discovery of family of closely related human genes encoding different X,K-
ATPases. My laboratory pioneered in discovery of the hitherto unknown human ion pump encoded by
ATP12A gene (alias ATP1AL1), which | later named non-gastric H,K-ATPase, a new type of human
receptor for cardiotonic steroids. Major parts of these studies performed at UT-COMLS were continually
supported by NIH grants R55 and as Project Il of a Program Project Grant.

In the framework of these Grants my Lab discovered f a new member of the X,K-ATPase gene family,
termed ATP1B4. It took us years of intense research to elucidate that orthologous ATP1B4 genes
encoding the Na,K-ATPase BetaM subunit in lower vertebrates, were co-opted for new functions in
placental mammals. Eutherian BetaM completely lost its ancestral role and became the only currently
known atrial cardiac and skeletal muscle-specific protein of the inner nuclear membrane that
possesses the ability to regulate gene expression and signal transduction.

The evolutionary mystery of the radical change in BetaM functions has led me in an absolutely new
and exciting area of research directed to understanding the physiologically important necessity that
trigger ATP1B4 gene co-option and elucidation of the evolutionarily acquired functions of BetaM in
placental mammals.

Through ablation of X-chromosome Atplb4 gene in mice, we have determined that eutherian-specific
functons of BetaM are physiologically essential, even might be necessary for survival of placental
mammals in natural conditions, and that they provide an evolutionary advantage. On the other hand,
our experimental data revealed an essential role of BetaM in development of pathways regulating
metabolism of adult placental mammals including their predisposition to obesity.
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1982 USSR National State Prize for Outstanding Achievements in Science
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C. Contributions to Science

1. My early investigations in the area of ion-transporting X,K-ATPases were focused on structure of Na,K-
ATPase using a combination of protein chemistry and molecular biology methods. Our group pioneered in
determination of the complete primary structure of both subunits of pig Na,K-ATPase and discovery of family of
closely related human genes encoding different X,K-ATPases.
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2. Determination of the Na,K-ATPase primary structure initiated more detailed studies of the enzyme molecule.
Several original experimental approaches were developed in my laboratory to directly probe the Na,K-ATPase
structure. These include a unique procedure of stepwise limited proteolysis of the native Na,K-ATPase, the
differential analysis of the secondary structure of hydrophilic and hydrophobic domains, the hydrophobic
photolabeling of the intramembrane domains and vectorial lactoperoxidase iodination of the alpha-subunit C-
terminus. Several components of the active site were identified by affinity modification with substrate analogs.
These experimental data were used to build the first model of the Na,K-ATPase transmembrane spatial
organization.
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d. Vladimirova, N.M., Potapenko, N.A., Sachs, G., and Modyanov, N.N. (1995) Determination of the
sidedness of the carboxy-terminus of the Na*/K*-ATPase a-subunit using lactoperoxidase

iodination. Biochim. Biophys. Acta 1233:175-184.

3. Further clarification of the functional status of the ATP12a encoded human protein and its animal homologs
form the third distinct group of X,K-ATPases,that | designated as non-gastric H,K-ATPases. The ability of the
alpha subunit of non-H,K-ATPase to assemble with different known beta-subunits was analyzed using
expression in Xenopus oocytes. For the first time, my laboratory was able to analyze directly the enzymatic
properties of a human non-H,K-ATPase using the baculovirus expression system. Our studies revealed the
important role of the non-gastric H,K-ATPase in regulation of potassium balance during pregnancy. Most
importantly, our recent experimental data argue that non-gastric H,K-ATPase is a potential therapeutic target
for proton pump inhibitors and potassium-competitive acid blockers
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subunits Am. J. Physiol., Cell Physiol. 283: C305-C314
d. Min JY, Ocampo CJ, Stevens WW, Price CPE, Thompson CF, Homma T, Huang JH,Norton JE, Suh
LA, Pothoven KL, Conley DB, Welch KC, Shintani-Smith S, Peters AT, Grammer LC 3rd, Harris KE,
Hulse KE, Kato A, Modyanov NN, Kern RC, Schleimer RP, Tan BK. (2017) Proton pump inhibitors
decrease eotaxin-3/CCL26 expression in patients with chronic rhinosinusitis with nasal polyps:
Possible role of the non-gastric H,K-ATPase.Journal of Allergy and Clinical Immunology,139: 130-141
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M, Castillo Bahena A, Jager TE, Lawson C, Chesla DW, Pestov N, Modyanov NN, Prokop J,Neubig
RR, Uhal BD, Girgis RE, Xiaopeng Li.(2023) Targeting ATP12A, a non-gastric proton pump alpha
subunit, for idiopathic pulmonary fibrosis treatment. . Am J Respir Cell Mol Biol. 68:638-650..
4. | have pioneered in the discovery of a hitherto unknown member of the X,K-ATPase gene family, termed
ATP1B4. Vertebrate ATP1B4 genes represent a rare instance of orthologous gene co-option that transformed
Na,K-ATPase BetaM subunit of lower vertebrates into skeletal and atrial cardiac muscle-specific regulator of
transcription in placental mammals. To understand the physiological role of the eutherian BetaM and to elucidate
impact of ATP1B4 co-option on mammalian evolution, we developed knockout mouse model.
Up to now we have determined that loss of BetaM results in lower body weight and growth retardation leading
to high mortality of knockout neonates. Strong down-regulation of genes implicated in lipid metabolism and
thermoregulation in skeletal muscle of neonatal knockout mice indicates the importance of BetaM in critical
period of perinatal development. On the other hand, Atp1b4 disruption has caused profound beneficial effect on
metabolic parameters of adult knockout males, which have lower body fat, exhibit enhanced metabolic rate and
are resistant to high-fat diet-induced obesity. Thus, evolutionary acquired functions of BetaM also play a role in
development of pathways regulating metabolism of adult placental mammals including their predisposition to
obesity. Currently, my research in this direction is focused on elucidation of BetaM’s functional role in regulatory
networks controlling myocardial gene expression in normal and pathophysiological conditions using knockout
mouse model.
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