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Solution thermochemistry of concanavalin A tetramer
conformers measured by variable-temperature ESI-IMS-MS
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Abstract

Variable-temperature nano-electrospray ionization coupled with ion mobility spectrometry-mass
spectrometry is used to investigate the thermal denaturation of the tetrameric protein concanavalin
A. As the solution temperature is increased, changes in mass spectra and collision cross section
distributions provide evidence for discrete structural changes that occur at temperatures that are
~40 to 50 degrees below the temperature required for tetramer dissociation. The subtle structural
changes are associated with four distinct tetramer conformations with unique melting
temperatures. Gibbs-Helmholtz analysis of the free energies determined with respect to the most
abundant “native” state yields heat capacities of AC, =1.6 + 0.3, -2.2+ 0.4, and =29 £ 1.6 kJ-K
~Lmol~1, and temperature dependent enthalpies and entropies for the three non-native
conformations. Analysis of the thermochemistry indicates that the high-temperature products are
entropically stable until the threshold for tetramer dissociation, and changes in heat capacity are
consistent with increases in solvation of polar residues. Our findings suggest these high-
temperature non-native states result from an increase in disorder at surface exposed regions. Such
studies provide valuable insight towards the structural details of non-native states.
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Introduction

The protein data bank (PDB) now contains more than 150,000 structures, making it a
tremendous resource for efforts aimed at predicting!-2 and designing proteins.3-” While in
recent years the accuracy of computed structures has improved markedly, most predictions
focus on native conformations — only a small fraction of available data describe non-native
or partially-folded forms (e.g., intermediates or denatured states).1:8-10 Characterization of
these conformations will provide a better understanding of why different structures are
favored. And, non-native structures are key to understanding fundamental aspects of
proteostasis, the molecular origins of aging, as well as the etiology of misfolding based
diseases, such as Alzheimer’s and Parkinson’s.11-13 Studies of non-native states are difficult
because these species are often disfavored; thus, the abundances of non-native states are low
and they are often transient in nature as they may reform the native state. Additionally, non-
native structures are especially sensitive to changes in solvent composition,14-17 pH,18.19
heat,2%-21 and small molecule binding.22:23

A number of research groups have developed variable temperature (vT) electrospray
ionization (ESI) sources to allow mass spectrometry (MS) readouts of structural changes that
are induced in solution upon heating.21-33 We recently combined these methods with ion
mobility spectrometry (IMS) and found that it is possible to follow structural transitions
associated with denaturation in remarkable detail. Inclusion of IMS provides a means of
separating different conformations that are trapped upon evaporative cooling of ESI droplets.
Compact (folded structures) with smaller collision cross sections have higher mobilities than
elongated (unfolded) conformations.34 By incrementally heating the protein solution it is
possible to follow the equilibrium distribution of structures that is produced upon thermally
denaturing the native state.

In this work, we use VT-ESI-IMS-MS to study the thermal denaturation of homotetrameric
concanavalin A (ConA) from C. ensiformis (Scheme 1). ConA is a lectin commonly used in
affinity and enrichment chromatography. Monomers (MW ~26 kDa) consist almost entirely
of B-sheet structures3® and can bind one transition metal (typically Mn2*), one Ca2*, and
one saccharide in the active site.36 ConA dimerizes at acidic pH;37:38 above pH ~6, the
protonation states of key acidic and basic residues (e.g., His-51 and His-127) promote the
formation of the tetrameric form. Saccharide-bound tetramers have D, symmetry whereas
ligand-free forms have equivalent interfaces between monomer units, arranging the dimers
of dimers in a pseudo tetrahedron.39 Differential scanning calorimetry studies indicate that
tetrameric ConA is quite thermally stable and irreversibly dissociates at the melting
temperature (T, ~ 350 K).40:41 Below, we show that ligand-free tetramers undergo a subtle
structural change prior to complex disassembly and tetramer dissociation. Analysis of IMS
results provides evidence that the structural rearrangement involves four distinct species. We
have developed and applied a model based on a Gibbs-Helmholtz analysis to capture insight
to the enthalpy, entropy, and heat capacity changes for each state. We find that, prior
dissociation, the thermochemistry for the products of melting are consistent with an
enhancement in interactions of the complex with the bulk solvent — predissociative states
that exist over a broad temperature range (~315 to ~345 K). Beyond this temperature, the
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signal for the tetramer disappears because the protein precipitates. We interpret the loss of
signal as an irreversible dissociation event.

2. Experimental

2.1 General

All reagents were purchased from Sigma Aldrich (St. Louis, MO). All solvents were of the
highest purity. ConA stock solutions were prepared at 100 pM in 150 mM ammonium
acetate adjusted to pH ~ 6.9. Prior to analysis, solutions were desalted using Amicon 10K
MWCO filters. Working solutions were prepared to 10 pM.

Electrospray capillaries (1.5 mm OD x 0.78 mm ID, filamented) were pulled to ~1-5 pm
inner diameter using a Sutter Instruments P97 Flaming/Brown micropipette puller. ESI was
initiated by applying a 0.8 — 1.1 kV potential to a platinum wire inserted into the analyte
solution. A Waters Synapt G2 HDMS instrument was used for all IMS-MS experiments. The
factory ESI source was removed and interlocks overridden. Our prototype vt-nESI source
was coupled to the instrument to allow for temperature control of the analyte solution (see
Supplementary Materials for more details). The heater and temperature control circuit were
designed in house and based on our previous design.2! Source conditions were optimized to
minimize collisional activation.#243 Typical instrument parameters are as follows: source
block temperature, 25°C; sampling cone, 30 — 35 V; extraction cone, 1 — 1.5 V; backing
pressure, 5 — 10 mbar; trap gas pressure, ~5.0 x 1072 mbar. Collision cross sections in N,
buffer gas were estimated using the protocol developed by Ruotolo et al. using ubiquitin,
transthyretin, and myoglobin as calibrants.44

2.2 Data Analysis.

IMS-MS spectra were collected at different temperatures from 298 to 349 K (26 to 76 °C);
beyond this temperature, ConA irreversibly disassembles and forms insoluble aggregates.4°
All IMS-MS data were processed using UniDec*® and TwimExtract*6 software packages.
The peak centers and relative abundances for were determined by fitting a Gaussian function
to each IMS peak at every temperature using the non-linear peak fitting tool in OriginPro
(OriginLab, Northampton, MA). Relative abundances were used to compute equilibrium
constants K, which were referenced to conformer B,

I(T)

SO =1m

0]

where K;(T) is the equilibrium constant of conformer jat temperature 7, determined by
dividing its intensity 1;(T) at T by the intensity of B (Ig(T)). Temperature-dependent
equilibrium constants were used to directly calculate the Gibbs free energy AG(T) using,

AG(T) = — RTIn(K¢4(T)) 2

where R is the gas constant. To account for changes in heat capacity, a Gibbs-Helmholtz
analysis of AG vs temperature datasets was carried out. This was accomplished by a non-
linear least-squares optimization of the values of AH, and AS,, the enthalpies and entropies
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determined at the reference temperature, Ty, (fixed at 298 K) and heat capacity (ACp) using
Equation 3,47

AG(T) = AH, — TAS, + AC,[T - T, — Tln(Tl)] ®)
T

Temperature-dependent enthalpies AH(T) and entropies AS(T) are calculated from equations
4 and 5, respectively.

AH(T) = AH, + AC(T — T)) @)

AS(T) = 4S, + ACpln(Tl) ©)
T

Equation 3 was coded into Python 3.6 and made use of numpy,*8 scipy,#® and matplotlib>®
libraries. Uncertainties represent one standard deviation about the mean for three
independent measurements. Theoretical collision cross sections were calculated from the
crystal structure (PDB: 5cna) using IMPACT®? by averaging over 32 individual calculations.

3. Results and Discussion

3.1 Analysis of structural change by MS charge state shifts.

Figure 1 shows mass spectra for ConA collected at T = 299, 319, and 339 K. Analysis of the
mass spectrum collected at 299 K shows peaks between m/z = 4500 and 5500 which are
signatures of the intact tetramer; a smaller charge state series can be found between m/z =
3200 — 3700 that are consistent with the mass of the dimeric form. Analysis of all mass
spectra indicate that the narrow charge state envelope for the tetramer remains the dominant
species across all temperatures sampled.

At low solution temperatures, the charge state envelope for the tetramers is centered about
the 21+ ion. As the solution temperature is increased, the charge state distribution shifts to
favor the 22+ species. The shift from low to high charge state is a signature of a structural
change and is interpreted as a melting transition.242 Interestingly, the dimer and monomer
species do not substantially increase in abundance even at high temperatures, indicating the
tetramer remains the most stable species in solution. While we do not observe tetramer
dissociation, close inspection of solutions exposed to ~350 K for prolonged time shows
evidence for precipitation, consistent with irreversible dissociation and aggregate formation.

A plot of the average charge state as a function of solution temperature shows that the shift
from low to high charge state is gradual (Figure 1, right panel). A fit of this sigmoidal
transition yields a melting temperature Ty, = 316 + 2 K. This is far below the expected
melting temperature for ConA, which has been reported to be Ty, ~ 353 K.0 The subtle shift
in charge with increasing temperature is evidence for a structural change that precedes
tetramer dissociation. The mass spectrum recorded after cooling the T = 343 K solution is
nearly identical to a mass spectrum collected for an unheated sample (see Supplementary
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Information). Because thermal dissociation of ConA leads to aggregation, the shift in charge
must therefore be reporting on a reversible structural change involving the tetrameric form.

IMS analysis of structures involved in thermal denaturation.

Insight about the structures involved in the melting transition can be gleaned by examining
the IMS collision cross section distributions. Because only the solution temperature is
varied, these spectra can be analyzed to obtain insight about the structural changes that
occurred in solution as well as report on their relative abundances. Figure 2 shows the
collision cross section distributions for each charge state at three representative solution
temperatures. Analysis of the low temperature collision cross section distribution for 19+
ions shows two peaks centered at 57.8 and 60.8 nm?, respectively, which comprise <1% of
the total ion population. The collision cross section distribution for the 20+ charge state,
which contributes to ~10% of the total ion signal at low temperatures, is also comprised of
two peaks - a small signal at Q = 57.7 nm2 amid a major peak at Q = 60.8 nm?2. The
dominant species present at low temperatures is the peak centered at Q = 60.6 nm? that
populates the collision cross section distribution for the 21+ charge state. The 22+ species is
also comprised of a single peak centered at Q = 60.9 nm?2 which makes up ~20% of the
population at low temperatures. Finally, the collision cross section distributions for the low
abundance 23+ charge state is made up of a sharp signal at Q = 61.6 nm? and a lower
mobility shoulder at Q = 64.2 nm? — two peaks that are only formed in appreciable quantities
at temperatures greater than ~ 320 K. Experimental collision cross sections for these ions are
all near the calculated value Qg,;c = 60.8 nm?2 from the atomic coordinates of the crystal
structure, indicating that these signals are reporting on a distribution of structurally similar
conformations.

As the solution temperature is increased, the populations of the peaks in the 19+ and 20+
collision cross section distributions decreases. These four signals respond with similar
temperature dependencies, and as previously described,?! we cannot rule out the possibility
that IMS peaks with similar collision cross sections that also respond alike to changes in
temperature arise from a common solution phase conformer. Therefore, we group these
signals together and assign them as conformer A. Conformer B is made up of the single IMS
peak in the 21+ charge state which also decreases in abundance as temperature is increased.
The two species which emerge at elevated temperatures are conformer C (the single feature
in 22+) and the low abundance signals in the collision cross section distributions are 23+
assigned as conformer D.

Figure 3 shows a plot of the relative abundances at each temperature for these four
conformations (i.e., melting curves). It is interesting to consider the loss of conformers A
and B in more detail. Conformer A decreases from ~12% to ~5% of the total population
from low to high temperatures and has a melting temperature of T, = 310 + 3 K. Conformer
B, which is the dominant species at low solution temperatures, decreases from ~70% to
~40% of the total population at high temperatures, and has T, = 318 + 2 K. These mobility-
derived melting curves have T, values that are nearly 40 K lower than the value measured
for the ensemble average determined from calorimetry measurements.4041 This requires that
two structurally similar species undergo distinct structural rearrangements far below the
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temperature required to dissociate the complex — else their melting curves would be
identical.

This analysis can be extended to the products of melting. Conformer C, which is the
dominant product of melting, begins at ~13% of the total population at T =299 K and
increases to ~50% at T = 333 K with midpoint formation temperature Tf = 315+ 1 K. The
low abundance conformer D emerges with increases in solution temperature and has T¢ =
327 + 2 K. Differences in the temperature profiles and formation temperatures for these
species provides further evidence for two distinct products of melting which retain enough
stability to resist dissociation.

3.3 Thermal denaturation of ConA involves a gradual structural change.

Figure 4 shows that coupled to the changes in IMS peak population is a subtle shift in peak
center. At low-solution temperatures, each dominant IMS peak is centered near 60 nm2,
indicating the conformers have closely related topologies. As the solution temperature
increases, the peak centers within each collision cross section distribution shift (also
delineated by the dashed lines in Figure 2). For example, the peak centers for conformers B
and C show a slight increase at elevated temperatures. As these are the major signals at every
temperature, we anticipate they are reporting on the dominant solution-phase structures.
Some conformers shift to lower collision cross sections with increases in temperature, as is
observed for the feature at ~58.1 nm? in 19+ and the shoulder at ~64.0 nm? in the 23+
charge state. This may suggest the presence of several additional unique but low abundance
conformations not captured by comparing temperature-dependent abundance profiles.
However, these changes are linear with respect to temperature and therefore do not behave
as typical cooperative melting transitions. We conservatively do not interpret these as
discrete melting events, but instead consider the possibility that the changes may originate
from differences in protonation state (i.e., protomers). Nonetheless we observe that on
average, the abundant features in each collision cross section distribution shift to higher
values. Figure 4 illustrates this by plotting the weighted average collision cross section at
each solution temperature, which has an excellent correlation with temperature and provides
a clue that the structural rearrangement involves an extremely subtle change in topology.

In the absence of saccharides, tetrameric ConA has essentially equivalent monomers
arranged in a pseudo-tetrahedron. Any structural change within a subunit must also occur
symmetrically across entire complex. We consider two possibilities that may give rise to
such a subtle structural change with a clear temperature dependence: (1) regions on the
surface of each subunit lose some elements of structure, causing them to unfold, and/or (2)
the entire complex expands isotropically due to weakened intermolecular forces between
subunits. Whatever the underlying motion may be, the tetrameric form must remain intact.
Both cases result in a gradual thermal expansion of the tetrameric complex. Since IMS
measurements are unable to distinguish between such topological subtleties with absolute
certainty, we cannot rule out either case. However, we would expect the latter case to result
in exposure of several titratable amino acid side chains (e.g., His-51, His-127) that are
expected to capture protons during the process of ESI.52 These residues form key
intramolecular interactions in the interface between subunits. Changes to the protonation
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states of these species will alter the hydrogen bonding patterns and increase the Coulomb
repulsion between subunits. In this scenario, the intact tetramer would likely not survive the
transfer to the gas-phase. Therefore, we consider the former case to be more likely.

3.4 Capturing the thermodynamics mediating the structural rearrangement.

The ability to monitor the abundances of both native and non-native conformations with
such high fidelity provides the rare opportunity to capture their thermodynamic stabilities.
Figure 5A shows a plot of the calculated Gibbs free energy as a function of solution
temperature for each conformer (using Eqgs. 1 and 2). The curvature of these plots is a
signature of a heat capacity change. Therefore, we fit these data to the non-linear form of the
Gibbs-Helmholtz equation*” (Eq. 3) to determine the enthalpy and entropy at 298 K and
associated change in AC,. The solid lines in Figure 5A show the model has excellent
agreement with data; the derived values for AH®, AS®, and AC,, (at 298 K) are listed in Table
1 and plotted in Figure 5B.

Fersht,3 Privalov,>* Sharp,®® and Sturtevant®® have argued that these thermochemical values
provide insight about some molecular details involved with thermal denaturation. Folded
structures are stabilized by intramolecular contacts (e.g., salt-bridges, hydrogen bonds,
sidechain packing). This stabilization (a decrease in enthalpy) occurs at the expense of
configurational freedom (AS). As the temperature is increased, many of the stabilizing
intramolecular bonding interactions (in the folded state) are lost; this allows the protein to
adopt new conformations and the new structures that are formed are expected to have a
greater configurational entropy and a less favorable enthalpy. From this, one expects that the
native state will have a higher AC, than the denatured forms. However, the thermodynamic
contributions from the solvent must also be considered. As less ordered forms of the protein
are favored at elevated temperatures, ordered water networks can assemble around exposed
non-polar residues leading to an increase in AC,, of the denatured states. The formation of
these “icebergs” maximizes the number of favorable hydrogen bonds formed between the
solvent molecules, consequently restricting their accessible configurations. As temperature
is increased, these hydrogen bonding networks also become unstable and the loss of these
structures also contribute to an increase in AC, in the denatured conformations. In contrast,
interaction between water and exposed polar residues cause AC,, to be small or negative, and
decreases the overall order of the solvent, resulting in a favorable AS component (more
conformational freedom) at the expense of AH (i.e., arising from fewer hydrogen bonding
interactions). The effects of polar and non-polar solvation are additive and is the major
contribution to heat capacity differences between the native and “denatured” forms. Because
the hydrophobic effect is the driving force behind folding, heat-denatured forms are
expected to have an enhancement in non-polar solvation as these residues emerge from
buried regions in the folded polypeptide, i.e., the overall AC is positive.53

Analysis of the AC,, values in Figure 5B shows that the magnitudes are small, suggesting
that the conformers share a common structural motif. The positive AC,, for conformer A'is a
signature of non-polar amino acid solvation, whereas the negative AC,, values for conformers
C and D are indicative of solvation of hydrophilic residues by water. The negative ACp,
values for the product conformers was unexpected, as high-temperature unfolded states
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typically have more hydrophobic residues exposed to the surrounding solvent as compared
to compact, folded forms. Deviation from this expected trend suggests the product
conformers adopt flexible structures that contribute to an overall decrease in solvent-protein
order.

The AC,, terms cause the AH and AS to have a significant temperature dependence. Also
shown in Figure 5B are the enthalpies and entropies at three representative temperatures
calculated from Eq. 2 and Eq. 3. At 298 K, conformer A is the most energetically favorable
species at the expense of an unfavorable entropic component. Conformers C and D are both
formed unfavorably with respect to enthalpy and are instead stabilized by the increase in
entropy. As temperature is increased, the enthalpic component for conformer A is driven to
values that are increasingly more positive (i.e., unfavorable). By 333 K, the entropy becomes
stabilizing amid an unfavorable enthalpic component; the abundance of this species
decreases at increased temperatures, likely because the increase in entropy is not enough to
compensate the destabilizing enthalpic component. Conformers C and D are stable at high
temperatures. At 319 K, both are formed endothermically and are therefore stabilized by the
entropic components. The 333 K thermochemistry shows the values for entropy have
decreased but remains positive; these species are still formed endothermically.

Both high temperature products are entropically stabilized, have increased collision cross
sections at high temperatures, and have negative AC, values. These factors suggest that
formation of conformers C and D provide an increase in the disorder of the system. Most
importantly, amid this structural change, the tetramer is still stable in solution. Therefore,
any conformational changes responsible for forming these high temperature species is
anticipated to arise from an increase in disorder at the surface exposed regions rather than a
loss of structure in the major fold or a breakdown in the subunit interfaces responsible for
stabilizing the tetramer.3% This would lead to an increase in the overall configurational
entropy of the protein and enhance the solvent-protein interactions at regions that are already
surface exposed. This would not significantly increase AC,, since these regions are already
interacting with solvent. We anticipate that the increase in disorder at the surface exposed
loops and turns would provide more opportunities for intermolecular solvent-conformation
interactions and would allow the hydrogen bonding network present in the bulk to extend
closer to the protein complex. While we cannot eliminate the possibility that the entire
complex expands isotropically, this would likely create cavities between subunits that can be
occupied by solvent (like in the active site)37-38:36.39 which increases the order significantly.

ature-dependent enthalpies and entropies.

Capturing changes in the heat capacity provides the rare opportunity to determine the
temperature-dependent enthalpies and entropies in a conformationally-resolved fashion.
Figure 6 plots the enthalpies, entropies, and Gibbs free-energies for conformers A, C, and D
calculated from Eq. (2), (3), and AG = AH — TAS. Visual inspection of the low temperature
region shows that conformer A is the only favored form. Analysis of the enthalpic and
entropic components indicate that conformer A maintains stability by enthalpy amid an
unfavorable entropic component. As temperature is increased, the dashed and dotted lines
coalesce, indicating that the entropic penalty is minimized at the expense of energy. Thus,
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while the system becomes more accessible at increased temperatures, fewer strong
interactions are available. This is likely the reason that this species is not made in
appreciable quantities at high temperatures. Interestingly, the enthalpic and entropic terms
for conformers C and D are not only different, they show a sign inversion with respect to
those found for conformer A. In other words, at low temperatures, these conformers are the
enthalpically disfavored, but entropically preferred forms of ConA. Analysis of the
magnitudes of the entropy and enthalpy values shows their summation will result in similar
free energies (i.e., AG * 25 kJ mol~1) across the temperature range, in good agreement with
the notion that folding and assembly result from a delicate balance of marginally-stabilizing
interactions.>3

As the temperature is increased, the entropy and enthalpy values for each conformation
converge towards zero but are still correlated such that their summation will always yield
similar free energies. As an example, at T = 300 K, AH, = 82.2 + 16.1 kJ-mol~1 and, -TAS¢
=-78.1 + 15.5 kd-mol~1, resulting in a free energy of AGc = 4.1 +3.1 kJ-mol™1, and at T =
365 K, AHc = —60.6 + 11.9 kJ-mol~1 and ~TAS¢ = 62.2 + 12.4 kJ-mol~1, yielding AG¢ =
1.6 = 0.5 kJ-mol~L. This trend is consistent across all temperatures sampled; convergence of
the AH and —TAS components such that only a narrow range of free energies is accessible is
a signature of an increasingly rugged landscape, which facilitates the coexistence of several
structures. Our calculations indicate that conformer A should be reestablished as the
preferred state above T = 350 K. But, at this temperature, the system overcomes the barrier
for tetramer dissociation creating a competing kinetic process that precludes our ability to
probe equilibria.

ary and Conclusions

VT-ESI-IMS-MS was used to study tetrameric ConA. The temperature-dependent MS data
provided a clue for a reversible structural change that precedes tetramer dissociation.
Analysis of the abundances of peaks in each collision cross section distribution provided
evidence for four unique conformations that have discrete T, values far below the melting
temperature of 350 K reported for tetramer dissociation.#%41 Collision cross sections for all
conformers were found to shift linearly with increasing temperature. We interpret this
continuous change as evidence that the structural change corresponds to a uniform change
throughout the complexes. The structural change is reversible, indicating the subtle
rearrangement does not induce large changes to the overall topology. Plots of free energy
versus temperature for each conformer were analyzed using the Gibbs-Helmholtz relation
and temperature dependent thermochemistry was reported. Heat capacities for product states
C and D were consistent with solvation of polar residues; the favorable entropic components
suggest the structural change involves a loss of structure unfolding at solvent-exposed
regions. Entropy stabilized these high-temperature forms up to the point of tetramer
dissociation. While not directly observed, calculation of the thermochemistry at
temperatures inaccessible to experiment (due to complex dissociation or aggregation) can be
used to further understand the driving forces responsible for establishing structure.
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Highlights
. Concanavalin A tetramers undergo a reversible structural change before
dissociation
. Four conformations were found by analyzing temperature-dependent ion
mobility data
. Gibbs-Helmholtz analysis was used determine the thermochemistry of each
state
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(left) mass spectral data recorded at representative solution temperatures; (right) average
charge state as a function of solution temperature. The melting temperature of 316 £ 2 K
indicates a structural change prior to dissociation. Blue shaded region designates reported
Tm values for tetramer dissociation.
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Figure 2.
Collision cross section distributions for each charge state of ConA. Shaded regions denote

each conformer: A — peach, B — green, C — purple, D — yellow. Dotted lines indicate the
position of the peak center at 299 K.

Int J Mass Spectrom. Author manuscript; available in PMC 2020 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

El-Baba and Clemmer

0.75 —

0.50

relative abundance

0.00 D assaasd

0.25 - A

oTe
s e ) 4 .

1l

293

Figure 3.

303 313 323 333 343 353
solution temperature (K)

Abundance profile for each conformer as a function of solution temperature. T, values for
each conformer are: A-310+3K; B-318+2K; C-315+2K; D-327 + 2 K. Blue
shaded region designates reported Ty, values for tetramer dissociation.
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Plots showing peak center as a function of solution temperature for each signal (left) and the
weighted average (right) across each collision cross section distribution.
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(A) Gibbs-Helmholtz plot of calculated AG as a function of solution temperature and (B)
heat capacities and thermodynamic values at 298 K, 319 K, and 333 K. AG values
determined with respect to conformer B.
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Calculated thermodynamic values from 270 — 375 K.
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Structure of concanavalin A shown in two different views (PDB: 5cna). The different colors

delineate individual monomer units.

Scheme 1.
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Table 1.

Thermochemistry of conformers A, C, and D at 298 K.

Conformer AH° AS° -TAS® AC,
(kImol™ty  (@Kimol?)  (kImol) (kK LlmolY)
-50.4+3.1 -179.8+95 53.6+28 16+0.3
C 86.6 = 17.0 275.1x 54.7 -82.0+£16.3 -22%04
148.6 £42.6 446.3+1415 -133.0%+42.2 -29+1.6

a\/alues are for a 150 mM ammonium acetate solution at pH 6.9.
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