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Mechanism of Selective Urea Permeation through a Bacterial Urea
Transporter

Elena J. Levin, Matthias Quick, Ming Zhou.
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In addition to its function as an intermediate in nitrogen metabolism, the small
molecule urea plays an important role in the homeostasis of osmolarity and
fluid volume in many organisms, including mammals, which concentrate
urea in the kidney to produce the osmotic gradient necessary for water re-ab-
sorption. Because urea is highly polar and consequently poorly permeable
through lipid bilayers, specialized urea transporters have evolved to increase
its rate of diffusion across cell membranes. To better understand how urea
transporters achieve the rapid and selective transport of urea, we have solved
the 2.3 A structure of a urea transporter from the bacterium Desulfovibrio vul-
garis (dvUT), which has significant homology to mammalian urea transporters.
The dvUT fold contains two homologous domains related by a two-fold pseu-
dosymmetry axis perpendicular to the plane of the membrane. Each protomer
contains a continuous membrane-spanning pore, suggesting that the protein
operates by a channel-like rather than transporter-like mechanism. The con-
stricted selectivity filter at the center of pore can accommodate dehydrated
urea molecules passing in single file. Urea is stabilized by backbone and side
chain oxygen atoms that provide continuous coordination as it progresses
through the filter, and by well-positioned a-helix dipoles. We are now using
a variety of functional assays to probe the physical and chemical interactions
involved in the transport mechanism, as well as interactions between dvUT
and various high-affinity UT blockers.
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The amyloid-f peptide (AB) plays a central role in the mechanism of Alzheimer’s
disease (AD), being the main constituent of the plaque deposits found in AD
brains. AP amyloid formation is due to a conformational switching to a
B-enriched structure. However, the relevance of the plaques to the pathogenesis
is unclear and evidences indicate that A toxicity is mediated by soluble oligo-
mers. Our strategy to inhibit aggregation involves re-conversion of A confor-
mation by adsorption to nanoparticles (NPs). We have shown that fluorinated
NPs induce a-helical rich structures on AP and inhibit fibrillogenesis, whereas
their hydrogenated analogues lead to aggregation (Figure 1). In order to test
the influence of the zeta potential of NPs on the peptide structure, NPs without
fluorine were synthesized by sulfonation and sulfation of polystyrene, leading
to microgels and latexes. Studies about the conformational behaviour and olig-
omerization/cytotoxicity of AP in the A Bt ks
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HAMLET (human alpha-lactalbumin made lethal to tumor cells) is a tumorici-
dal complex consisting of partially unfolded protein and fatty acid, and was first
identified in casein fractions of human breast milk. The complex can be pro-
duced from its pure components through a modified chromatographic proce-
dure where pre-applied oleic acid binds with partially-unfolded o-lactalbumin
on the stationary phase in situ. Because native o-lactalbumin itself cannot
trigger cell death, HAMLET’s remarkable tumor-selective cytotoxicity has
been strongly correlated with the conformational change of the protein upon
forming the complex, but whether a recovery to the native state subsequently
occurs upon entering the tumor cell is yet unclear. To this end, we utilize a re-
combinant variant of human a-lactalbumin in which all eight cysteine residues
are substituted for alanines (rHLA“ll'AI“), rendering the protein non-native and
biologically inactive under all conditions. The HAMLET analogue formed
from the complex of rHLA™*! and oleic acid (tHLA*""-0A) exhibited
equivalent strong tumoricidal activity against lymphoma and carcinoma cell
lines, and was shown to accumulate within the nuclei of tumor cells, thus repro-
ducing the cellular trafficking pattern of HAMLET. In contrast, the fatty acid-
free tHLA™1? protein associated with the tumor cell surface but was not in-
ternalized and lacked any cytotoxic activity. Structurally, whereas HAMLET
exhibited some residual native character in terms of NMR chemical shift dis-
persion, tTHLA™*!%_0OA showed significant differences to HAMLET, and in
fact was found to be devoid of any tertiary packing. The results identify o-lact-
albumin as a protein with strikingly different functions in the native and par-
tially unfolded states. We posit that partial unfolding offers another significant
route of functional diversification for proteins within the cell.
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Neutron spin-echo (NSE) spectroscopy was used to study structural fluctuations
that occur in hemoglobin (Hb) and myoglobin (Mb) in solution. Using NSE
data to very high momentum transfer, q ( ~ 0.62 A-1), the internal dynamics
of these proteins were characterized at the level of the dynamical pair correla-
tion function and self-correlation function in the time range of several picosec-
onds to a few nanoseconds. Comparison of data from the two homologous pro-
teins collected at different temperatures and protein concentrations was used to
assess the contributions to the data made by translational and rotational diffu-
sion and internal modes of motion. The temperature dependence of the decay
times can be attributed to changes in viscosity and temperature of the solvent
as predicted by the Stokes-Einstein relationship. This is true for contributions
from both diffusion and internal modes of motion indicating an intimate rela-
tionship between the internal dynamics of the proteins and the viscosity of
the solvent. Viscosity change associated with protein concentration can account
for changes in diffusion observed at different concentrations, but is apparently
not the only factor involved in the changes in internal dynamics observed with
change in protein concentration. Comparison of data from Hb and Mb at low q
indicate an unexpectedly rapid motion of the hemoglobin a.p-dimers relative to
one another. These observations are consistent with the notion that movements
of structural elements along paths of intrinsically low free energy - as may form
during evolution to expedite conformational changes between different
functional states - are a major factor in determining the dynamic behavior of
proteins in solution.
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Infrared (IR) spectroscopy of proteins often focuses on the relationship between
the amide I band and polypeptide secondary structure; IR spectra has been used
to probe backbone conformation on a wide range of samples (solution, films,
gels, and solids), at a broad range of time scales (from ns to days), and as a func-
tion of a variety of perturbations (solvent, ionic strength, presence of lipid
membrane). Often ignored is the solvent dependence of the amide I mode. Sol-
vent-backbone hydrogen bonding can have a large effect on the observed amide
I frequency (1). In this work, we demonstrate that the temperature dependence
of amide I bands can be used to determine the solvent exposure of the peptide
backbone. We have compared the IR spectra as a function of temperature in
a number of different protein systems, including small, alanine-based peptides
that form alpha-helices in solution; short peptides that aggregate to form
fibrous, beta-sheet rich fibrous structures; short, dynamic peptides lacking reg-
ular secondary structure; membrane-embedded peptides; and globular proteins.
When backbone groups are buried from solvent, the amide I band frequencies
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