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sulfate proteoglycans) supported dimerization or polymerization of the FGFRs
are thought to be required to activate the signaling pathway. The D2 domain is
suggested to bind with both HSPGs and FGFs to form a ternary complex.
Xray and NMR solution structures of the D2 domain have been analyzed us-
ing the CAPTURE cation-pi program. The CAPTURE program indicates cat-
ion-pi interactions between residues Y155:R152(Xray), W191:R203 (NMR)
and possibly F237:K151 (Xray). Biophysical characterization of the mutants
at each cation and pi pair, identified by CAPTURE, shows a significant desta-
bilization resulting from the Y155A, W191A and R203E mutations. Results
from differential scanning calorimetry show a reduction in melting tempera-
ture by 10-14 °C for Y155A, W191 and R203 mutants of D2. The reduction
in the stability of the D2 domain is corroborated by results of ANS binding,
thermal denaturation and a limited trypsin digestion experiments. The HSQC
of D2 Y155A shows limited chemical shift perturbation of residues in the vi-
cinity of the mutation site. The W191A and R203E mutations show significant
1H-15N chemical shift perturbations in their HSQC spectra. The results ob-
tained in this study show that cation-pi interactions contribute significantly
to the thermodynamic stability of proteins. In addition, our results indicate
that cation-pi predictions made on the solution NMR structures are more re-
liable than those predicted based on crystal structures.
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Proteins can sample a variety of partially folded conformations during the tran-
sition between the unfolded and native states. Some proteins never significantly
populate these high-energy states and fold by an apparently two-state process.
What factors govern which conformations are accessible to a protein as it folds?
We have attempted to re-route the folding of ribonuclease H from E. coli by
manipulating its regional stability. Using phi-value analysis, we compare the
structures of the transition states for folding of RNases H that fold with and
without a detectable partially folded intermediate and find that both versions
of RNase H fold through a similar trajectory with similar high energy confor-
mations. In light of the general importance of this species on the folding path-
way, we attempted to populate the intermediate at equilibrium by destabilizing
the region of the protein that is unfolded in this form. Surprisingly, a single
change at Ile 25 (I25A) resulted in the equilibrium population of the interme-
diate under near-native conditions. The intermediate was undetectable in a se-
ries of HSQC’s, revealing the dynamic nature of this partially unfolded form on
the timescale of NMR detection. The dynamic nature of the RNase H interme-
diate may be important for its role as an on-pathway, productive species that
promotes efficient folding.
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There is a large class of small, water-soluble molecules broadly referred to as
osmolytes that may stabilize or destabilize biomacromolecular structures. For
example, trimethylamine N-oxide (TMAO) and glycine betaine are prominent
stabilizers of proteins, while urea is a strong denaturant. Although these osmo-
lytes have been employed in protein studies for more than 70 years, the mech-
anisms of their action are still largely unknown. One reason for this deficiency
is the lack of direct thermodynamic data that can be used to quantify solute-sol-
vent interactions versus solute-osmolyte interactions. In this work, we use high
precision densimetry and ultrasonic velocimetry to examine the solvation prop-
erties of amino acid side chains and the peptide group in binary mixtures of
water and TMAO or glycine betaine. Specifically, we report the partial molar
volume, V°, and adiabatic compressibility, Ks°, of N-acetyl amino acid amides
(alanine, valine, leucine, isoleucine, phenylalanine) and oligoglycines (Gly)1-5
in binary mixtures containing 0 to 4 M TMAO or glycine betaine. We use our
volumetric results to evaluate the osmolyte-dependent group contributions of
amino acid side chains and the peptide group. We analyze these osmolyte-de-
pendent group numbers to evaluate the binding constants and elementary
changes in volume and compressibility accompanying the replacement of water
of hydration in the vicinity of the solutes with a TMAO or glycine betaine mol-
ecule. We compare these data with similar results previously obtained in our
laboratory for the interactions of urea with protein groups. In general, we dis-
cuss the implications of our results for elucidating the mechanism of stabiliza-
tion/destabilization of protein structures by osmolytes.
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Tools such as crystallography and hydrogen exchange (HX) have revealed
a wealth of knowledge about protein function, folding, and dynamics. Here
we explore the use of thiol exchange (SX) to gain further insight into the
energy landscape of E. coli ribonuclease H (RNase H). Similar to HX, SX
investigates the solvent accessibility and conformational fluctuations of spe-
cific positions in a protein, but while HX measures exchange of the backbone
amide proton, SX takes advantage of cysteine’s unique reactivity to measure
solvent accessibility of the side chain. Native state SX results for a hypersta-
bilized mutant of E. coli RNase H reveal a partially unfolded form (PUF) at
equilibrium with the native state, as is seen by HX. The structured regions of
the PUFs measured by the two techniques agree overall, with some slight dif-
ferences due to probing the side chain rather than the backbone. Moreover,
while for some positions the SX experiments revealed this equilibrium infor-
mation, the same experiments yielded direct kinetic information about pro-
tein opening events. Thus, in one set of experiments we have measured
both kinetic and equilibrium parameters describing the folding of E. coli
RNase H.

Enzymes
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We obtain high yield heterologous expression of ATP7B (Wilson disease)
protein in COS1 cells infected with adenovirus vector. The recombinant pro-
tein recovered with the microsomal fraction of the infected cells undergoes
high levels of phosphorylation with ATP through the minute time scale,
most of which involves serine residues (Ser478, Ser*®!, Ser''?! and Ser1453),
as demonstrated by proteolysis and mass spectrometry (J Biol Chem. 2009;
284:21307-16). We now find that incubation within the second time scale
yields mostly alkali labile phosphorylation which we attribute to formation
of phosphoenzyme catalytic intermediate (EP). In fact, this rapid phosphory-
lation does not occur following D'"?’N (conserved catalytic aspartate in
P-ATPases) or C983A/C985A (transmembrane copper binding domain site)
mutations. The WT phosphoenzyme intermediate reaches steady state levels
within 2 seconds, and undergoes 3 sec”' turnover at 30 °C. We also find
that the H1069Q mutant (nucleotide binding domain mutation found in Wil-
son disease) does not form the catalytic phosphoenzyme intermediate within
the second time scale, and reduces phosphorylation of serine residues as
well. Finally, we find that an extensive deletion eliminating the first five
out of six copper sites of the N-metal binding domain (NMBD, a unique fea-
ture of ATP7A and B which is not present in other P-type ATPase) does not
interfere with formation and rapid turnover of phosphorylated enzyme inter-
mediate. It is noteworthy that, as in previous work with the bacterial copper
ATPase CopA (J Biol Chem. 2008; 283: 22541-9), mutation of the NMBD
copper site close to the A domain sequence slows substrate utilization kinet-
ics, indicating interference with A and N domains movements. (Supported by
5 R0O1 HL069830-08).
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Phospholipases are interfacial enzymes that catalyze hydrolysis of lipids in
membranes. Their activity is significantly higher at the surface of lipid aggre-
gates than on monomeric substrates. Enzymatic activity occurs in three sequen-
tial steps of 1. enzyme-interface binding; 2. bound enzyme-lipid binding at the
active site; 3. lipid hydrolysis. The interface binding in step 1 puts the enzyme
in an "open" conformation. In recent work we formulated a specific role for the
complex formed in step 2 between the membrane-bound enzyme and phospho-
lipid in the rate of hydrolytic cleavage of the lipid, which involves the thermo-
dynamic properties of the complex. In this work we present results of thermo-
dynamic characterization of the enzyme-lipid complex in vesicles. Existence of
an energy barrier for the complex formation is postulated. The heat capacity of
the formation of the complex in vesicles was measured by Differential Scan-
ning Calorimetry. The DSC thermograms indicate the existence of a peak in
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the heat capacity associated with the formation of the complex. The position of
the peak gives the energy of the barrier. The peak position and width depend on
lipid chain length and saturation and physicochemical properties of the mem-
brane. The energy barrier is crucial to the determination of the level of enzy-
matic activity and is hypothesized to be the microscopic origin of the "interface
quality effects". Results of activity measurements showing precisely the role of
the barrier are presented.
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Photorhabdus luminescens is a pathogenic bacterium that produces many toxic
proteins. Previously primarily known to target insects, Photorhabdus has been
studied for its potential use in agriculture and the control of pests. However,
Photorhabdus infections of humans are now beginning to be seen in the United
States and Australia. The mono-ADP-ribosyltransferases (mARTSs) are an en-
zyme class produced by numerous pathogenic bacteria and participate in dis-
eases in plants and animals, including humans. We have discovered and char-
acterized a novel mART from P. luminescens, which has been named Photox.
This 46 kDa toxin shows high homology to other actin-targeting mARTs in key
catalytic regions and a similar core catalytic fold. Furthermore, Photox shows
in vivo cytotoxic activity against yeast, and growth recovery with the substitu-
tion of alanine for catalytic residues. In vitro, enzymatic activity is quite high
(Kears 2235 + 270 min~') and comparable with that of iota toxin from Clostrid-
ium perfringens. Substitutions of hallmark catalytic residues within Photox re-
sult in decreases in mART activity up to 20,000-fold. This toxin specifically
ADP-ribosylates actin at Argl77, targeting each of alpha-, beta-, and
gamma-actin isoforms, and inhibiting regular polymerization of actin fila-
ments. By epifluorescent microscopy, Photox has been seen to associate with
actin within yeast cells. After nearly a decade since the last addition to this
enzyme family, Photox is the newest actin-targeting ADP-ribosyltransferase.
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Mechanical and hydrothermal pretreatment of biomass produces cellulose-rich
particles with high-surface area to volume ratio. In addition, pretreated particles
with sizes on the order of 1000-micron’® manifest diverse features, including
sub-micrometer thin sheets and irregular yet voluminous, porous globules,
with fibrous protrusions on the surface. Many of these features are observable
on one single particle. These complex and porous particles are also observed
to have numerous tunnels and crevices that can represent extensive pore volume
for enzyme diffusion and provide additional surface area for cell-wall degrading
enzymes to bind and react. To study the kinetics of cell-wall degrading enzymes
binding to pre-treated biomass, we use confocal fluorescence microscopy, and
take time-lapse, cross-sectional images of pretreated particles incubated in en-
zyme solution. By image reconstruction in both temporal and spatial domains,
we attempt to elucidate cell-wall degrading enzymes binding kinetics.
Pretreated wood particles are first immobilized on glass surface by droplet
drying method, and re-hydrated with sodium acetate buffer. At room tempera-
ture, fluorescently labeled Thermobifida fusca cellulases — CelSA, Cel6B and
Cel9A — of varying concentrations in sodium acetate buffer are added to the
substrates. We use confocal microscope to record the fluorescence intensity
of immobilized particles. Over a period of hours, enzyme binding is observable
from increasing fluorescence intensity of the particles. Of the three enzymes,
Cel6B has the highest affinity, while Cel9A the lowest. In addition, by compar-
ing fluorescence and scanning electron microscope images, we note cellulase
preferentially bind to the parts of particles with low auto-fluorescence, and
with fibrous or sheet-like features, indicating presence of large number of
accessible enzyme binding sites.
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We present a molecular dynamics (MD) study of Candida antarctica Lipase B
(CALB) in organic media. This enzyme is used as catalyst in numerous indus-

trial applications, often in organic solvents at rather dry conditions. It has been
seen that the solvent e.g. impacts activity, selectivity and stability, and that
careful selection of solvent can be very beneficial. It is therefore highly desir-
able to gain a better understanding of how enzymes behave in organic media. In
this study, we focus on the flexibility and hydration level of the enzyme in
different solvents, namely acetone, tert-butanol, methyl tert-butyl ether and
hexane, under varying hydration conditions. While only minor structural
differences are seen in the different media, we do observe that the flexibility,
characterized by the root-mean square fluctuations, increases with increasing
hydration level. The hydration level is in turn affected by the organic solvent
properties. We observe that in polar solvents, more water is necessary to attain
the same hydration levels as in non-polar solvents.

In order to investigate effects on flexibility purely originating from the organic
solvent species, we compare results obtained from simulations carried out in
different solvents, but where the hydration levels of the enzyme are similar.
In experiments, one often accomplishes this by fixing the (thermodynamic) wa-
ter activity. We will present a scheme for conducting MD simulations at fixed
water activity, whose purpose is to make the calculations more compatible with
this kind of experiments.

We have also extended our studies to include the effect of solvent on the sta-
bility of the Michaelis-Menten complex, formed by CALB and an ester
substrate. Results for near-attack conformation populations for forming the
tetrahedral intermediate will be discussed.
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The phosphate-binding loop (P-loop) or Walker A sequence is a common fea-
ture of a large number of ATP and GTP binding proteins including kinases, cy-
toskeleton and DNA motors, membrane pumps and transporters. All known
P-loop containing proteins are able to sense the difference between bound
NTP and NDP via their P-loop which allows for hydrolyzing the beta-gamma
phosphate bond of a nucleotide triphosphate. An exception to the rule is the en-
zyme dUTPase which specifically hydrolyses the alpha-beta pyrophosphate
bond in dUTP into dUMP and PPi. Peculiarly, the target cleavage site and
the catalytic water are in place in both dUDP and dUTP containing structures
but only dUTP is hydrolyzed. We created mutations within the P-loop of human
dUTPase to only perturb the gamma phosphate coordination of the bound nu-
cleotide. Kinetic and thermodynamic data obtained with the mutants indicate
that the P-loop only slightly affects nucleotide binding but accelerates cleavage
of the alpha-beta pyrophosphate bond by several orders of magnitude. Unre-
lated bifunctional dUDP/dUTPase enzymes catalyze both dUDP and dUTP hy-
drolysis and do not contain a P-loop-like structure. Similarly, all other known
nucleotide pyrophosphatases that couple hydrolysis to another reaction (e.g.
DNA/RNA polymerases, ligases) lack the P-loop. Our investigations lead to
the conclusion that uniquely, the P-loop provides negative discrimination
against the hydrolysis of dUDP at the alpha-beta pyrophosphate bond by
dUTPase. The physiological role of dUTPase is to keep cellular dUTP:dTTP
ratios low in order to prevent uracil incorporation into newly synthesized
DNA. In this respect, dUTP is the harmful species whereas dUDP is indifferent
and its hydrolysis is probably wasteful. The P-loop was likely acquired by
dUTPase to distinguish between the two potential NDP and NTP substrates
whereas other pyrophosphatases do so via a coupled reaction or hydrolyze both.
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Reduction of disulfide bonds is essential in lysosomal degradation of proteins.
When delivered to the lysosomal lumen, proteins are denatured and subse-
quently proteolyzed. The acidic environment of the lysosome facilitates struc-
tural denaturation of the proteins; however, it also disfavors reduction of di-
sulfide bonds by conventional means. Indeed, none of the thioredoxin or
glutathione systems that confer reduction in the cytosol show reducing capac-
ity at this low pH, thus necessitating the action of GILT, a newly discovered
acidophilic reductase. GILT has optimal reducing capacity around pH 4 and
has recently been implicated in a number of immunological processes, includ-
ing bacterial infection and antigen processing by human immune cells. Still,
very little is known today about the catalytic mechanism of this enzyme,
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