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ABSTRACT. Synthetic model helical peptides, Acetyl-W(EAAARR}yamide with'3C=0 specifically labeled

alanine segments in repeats- 1,2 or 4,5 were studied in agueoug®solution as a function of temperature

using Fourier transform infrared spectroscopy and two-dimensional correlation analysi$3CF@
provided a probe which was sensitive to the carbonyl stretch in the peptide bonds of the alanine residues
at the amino terminal end in one peptide as compared to the probe in the carboxy terminal end of the
other peptide during thermal perturbation. The relative stability of each terminal end was examined; the
more stable terminal was determined to be the amino terminal end. Also studied were the glutamate and
arginine side-chain modes involved in the salt bridging interaction. Two-dimensional correlation analysis
enabled enhanced resolution in the spectral region of 43200 cnt?, and thus, the order in which

these vibrational modes were perturbed as a function of increasing temperature were established.

Marqusee and Baldwirl} as well as Shoemake2)(first performed as described by Graffl). Briefly, the dynamic
studied peptides of variable chain length and their tendencyspectral information is obtained & using
for helical conformation in aqueous solution. Marqusee’s — A -
group also studied variably spaced Gluys* salt bridges Dy, = Fyi — A fori=1tot (1)
to probe the stabilizing effect this weak interaction had on whereF,; is the matrix representation of the experimental
the helix structure by circular dichroism (CB)his study data as a function of frequency, perturbationt andA, is
was extended by Stellwagen’s group—6) in early 1990s the average of all spectra measured within the temperature
to further study residue replacement within the alanine range of interest.
sequence repeat in Ac-YEAAAKEAXAKEAAAKA-amide A complex matrixC,s is generated using the dynamic
to explore the helix dipole and the salt bridges within this spectral information. The cross-correlation of this matrix is
model peptide. They also studied the effects caused by pHthe cross product of itself with the transpose of its complex
and ionic strength on the stability of the helix. A model ~T
alpha-helical peptide [Ac-W(EAAARRA-NH], first studied -
by Stellwagen’s group7(—10) using CD and NMR was also T _ —
used to study helicity. In the late 1990s Prendergast group Cut > Cup = Reluppd +1Mll1id = Ot Yoz (2)
(11) revisited the chain length dependence study using thewherel,. ., is the cross correlation intensity matrix, for the
following peptide sequence Ac-W(EAAAR)-NH, for n = real and imaginary parts which represent the synchronous
1—7 via FT-IR, two-dimensional correlation analysis and CD. correlation, 6,1, and asynchronous correlatiom vz,
This peptide has proven to be insightful in regards to its respectively.
secondary structure and its stability during thermal unfolding. Reported herein are the results of two-dimensional cor-

Two-dimensional correlation analysis was first described élation and curve-fit analysis performed on the infrared
by Noda (L2—15) as a technique that could resolve complex spec’;ra of two specifically labelédC helical pgpt|des as a
bands such as the amide | band. Since 1989 this techniqudunction of temperature. These labeled peptides were used
has been applied to the study ofHD exchange in proteins to probe the stap|llty of th_e carboxy and amino termma.l ends
(16, 17), protein unfolding {8, 19), and in the study of model ~ ©f @ model helical peptide, Ac-W(EAAABA-NH:. This
peptides {1). In the present study, correlation analysis was aPProach has allowed for the simultaneously studyof
and 1°C labeled carbonyl stretching modes, as well as the
carboxylate vibrations of the glutamate side chains, and hence
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purification. Deionized KO (18 MQ) and D,O 99.9% Atom
D (Cambridge Isotope Laboratories, Inc., Andover, MA) L
were used as indicated below. Phosphate buffer, 1 mM
(Sigma Chemical Co., St. Louis, MO), 10 mM NaCl in
99.9% D, and RO at pD= 6.6 were used for spectroscopic
studies. The model helical peptidéC-labeled peptide bond
carbonyls for alanines in= 1,2 or 4,5 for Ac-W(EAAAR}-
A-NH;, were synthesized at the protein core facility at Mayo -
Clinic Foundation. These synthetic peptides were subjected
through two steps in preparation of the sample for FT-IR 1300 1300 1500 1800
spectroscopic studies. The first was extensive dialysis against
0.1 N HCI to remove trifluoracetic acid (TFA). Second, was
the complete H-D exchange by repeated lyophilization and Ficure 1: Overlaid spectra of fully FD exchanged3C=O labeled
redissolving the sample and reference pODTrifluoroacetic ;lx;ggdes EAC'W('%)AAARM'NHZJ in the spectral region of 1390
. - . . - cntl, at 20°C in 10 mM phosphate buffer at pD 6.6:)
acid (TFA) from Sigma Chemical Co., in St. Louis, MO was  janine labeled carbonyls in = 4,5 repeats and (-- 9 = 1,2

used for spectral subtraction of traces of this compound from alanine segment labeled carbonyls. The spectral features shown are
the desired sample. the overlapped amidéand amide I*bands, glutamate and arginine

Met_hods: FT-IR Spectroscopyo pgrform the FT-IR Elet‘jne&gt.waln modes, and overlapped HOD andDNdeformation
experiment fully H-D exchanged peptide the sample was
redissolved in 1 mM phosphate buffer, 10 mM NacCl in ' ' -
99.9% D, DO at pD= 6.6. A 25uL aliquot of 48 mg/mL
of the peptide was deposited on a 49 nxm mm custom
milled CaF, window with a 41um path length and a second
Cak, window was used to seal the sample. A reference cell
was prepared similarly. Temperature within the cell was
controlled via a Neslab circulating bath (Newington, NH)
and monitored with a thermocouple positioned in close
contact with the sample. The temperature accuracy was
estimated to be within 1C. Routinely, 10 min were allowed R . .
for thermal equilibrium to be reached before spectral 1550 1600 1650 1700
acquisition was begun. The instrument used for these Wavenumber /cm-
experiments was an FTS-40 Bio-Rad (Cambridge, MA) with Egure 2: Superimposed spectra of Ac-W(EAAAR)NH, (—)
custom sample shuttle and interface. Typically, 512 scans[from previously published work (11)] and the= 1,2 13C=0
were co-added, apodized with a triangular function and labéeled Ac-W(EAAARIA-NH, (---) in the spectral region of
Fourier transformed to provide a resolution of 4 épwith égggﬁg%%ﬁgge% 20°C. The spectra have been normalized and
data encoded every 2 cth Sixteen spectra were collected '
at sequential increments of temperature, allowing for thermal region of 1526-1750 cnt are comprised of the overlapped
equilibrium, and used in the two-dimensional FT-IR cor- bands at 1635 cn for the amide 1band @0—24) at 1598
relation analysis. TFA spectra were obtained using a Mattsoncm™*, the amide I* band (labeled and HD exchanged)
Infinity series 60 MHz interferometer with a shuttle and (25—27), at 1550 cm* (glutamate) and 1585 and 1611 ¢in
custom built dual chamber cell holder. The instrument was are the arginine symmetric and asymmetric stretch, respec-
continuously purged with a dry air generator from Whatman. tively. Furthermore, in the spectral region of 1400800
This TFA sample was applied between two 49 mrd mm cm', at 1450 cm' are the HOD bending and -AD
custom milled CagFwindows (Spectral Systems, Hopewell deformation bands which overlap each other and several
Junction, NJ) with a 4@m path length in a similar manner lower intensity bands to be assigned in a future study. These
as described above. Spectral data for the TFA sample wasbands include the Ciicissoring, end methyl, the amide il
obtained by acquiring 512 scans and apodized with a band and several carboxylate vibrational modes. The intensity
triangular function and Fourier transformed to provide a of the HOD band as compared to the amideband is
resolution of 4 cm?® with data encoded every 2 cfh indicative of a fully exchanged peptide thus allowing for

Two-dimensional FT-IR correlation analysis was per- SuPsequent study of the side-chain modes involved in salt
formed using MathCad 2000 Professional (MathSoft, Inc., Pridging interaction within this peptide. These side-chain
Cambridge, MA) software. The curve-fitting routines were Modes have been assigned previously by Chirdgazage (
done using Grams 3.01 (Galactic Industries Corp., Salem, SUP€rimposed spectra at 20 of the unlabeled peptide and

NH) program. Origin 6 program was used to plot curve- the n= 1,2 labeled peptide are shown in 'Figure 2. The
fitted data. additional shoulder at 1598 crhobserved only in the labeled

peptide spectrum, is assigned as that of'fie=0 labeled
RESULTS a-helix band. Thus, shifting the-helix band by about 37
cm™?%, from 1635 cm? (unlabeledo-helix) to 1598 cm?t
FT-IR Spectroscopyl'ypical FT-IR spectra af = 20°C, (labeleda-helix). The labeled peptides were subjected to
for the fully exchanged H-D labeled 6 = 1,2 andn = 4,5) thermal perturbation and typical spectra are shown in Figure
peptides, in the spectral region of 1300750 cm! are 3. The overlaid spectra shown in Figure 3, have been TFA
shown in Figure 1. The band assignments for the spectralsubtracted and baseline corrected, no other data manipulation
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' : . labeleda-helix), 1630 cm? (unlabeledx-helix), and at 1660
cm~! (random coil). The auto peak at 1599 chadue to the
n = 4,513C=0 labeleda-helix has the characteristic ridges
as described previoushl 1), this auto peak loses the ridge
appearance at high temperature and is shifted by about 3
wavenumbers to 1601 crh(Figure 4C), suggesting that the
thermal denaturation process has already occurred at the
carboxy terminal end of the peptide. The= 1,2 labeled
o-helix band is also shifted upon increasing temperature from
1598 cm! (Figure 5A) to 1600 cm' (Figure 5C). Contrary
to then = 4,5 labeled peptide, the = 1,2 labeled peptide
is still undergoing thermal transition at high temperatures,
thus suggesting that the amino terminal end undergoes
unfolding after the carboxy terminal end. Furthermore, in
Figure 4, panels A and C, and Figure 5, panels A and C, are
the auto peaks for the unlabelaehelix band at 1636 crt
with its characteristic ridges, due to the shifting of this band
(1620-1651 cn1?) in response to the thermal denaturation
process. The random coil observed at 1660 tffFigures
4A and 5A) and 1670 cmt (Figures 4C and 5C), which
1;50 16I00 16I50 1700 result from the unWinding of the helix. The glutamate auto
Wavenumber / cm- peak at 1550 cmt for the n = 4,5 labeled peptide is not

FIGURE 3: Overlai ; label ides in th ral observed_ i.n the synchronous plot that comprise_spectra above
re(;liJon gf 1(5)23 137(35 Eﬁﬁ ﬁodrﬁc_ ; kt)(? Ego(p;e("}i)dﬁ : 4,t5 Zﬁé’ ?é; % the transition temperature (480 °C) of the peptide shown
n=1,2. The spectra have only been baseline corrected and residuain Figure 4C. This result is consistent with the asynchronous
TFA subtracted. plot discussed below. The absence of this peak in the plot at
high temperature is due to the lack of change in frequency
was performed. Subtraction of this narrow band was done and intensity of this band in this temperature interval. Yet,
mainly to simplify the 2D-FT-IR plots. Spectral features this glutamate peak is still present in the= 1,2 labeled
shown in Figure 3 are due to the sum effect of the labeled peptide at high-temperature Figure 5C. Thus, confirming that
and unlabeled backbone, as well as the side-chain vibrationalhe carboxy terminal end undergoes unfolding prior to the
modes, yet characteristic band shifts due to thermal unfolding amino terminal end. More importantly, is the presence of
can still be discerned. Changes in the spectral features suchhe 1575 cm? peak due to the arginine symmetric stretch,
as intensity and position are observed for the aniidenide which is shown in Figure 5A, but is absent above the
I*" bands and side chains suggesting that all modes aretransition temperature Figure 5C. The disappearance of this
thermally affected and that denaturation of the peptide has1575 cmi! peak (arginine symmetric stretching mode) is due
occurred. to the breaking of the salt bridge interaction. In addition,
2D-FT-IR.The use of 2D-FT-IR to resolve complex bands this concomitant shift of the glutamate side-chain band with
has been proven to be useful in this study as shown in Figuresthat of thea-helix suggest that the helix is stabilized by both
4 and 5. In general, a position specific thermal denaturation the hydrogen bonding and the salt bridging between the side-
study was carried-out by monitoring the auto peaks and cross-chain carboxylates and the primary amines of the arginine
peaks associated with the-helical bands (labeled and residues. More importantly, the salt bridge interaction could
unlabeled). For the 2D-plots, the spectral data acquired wasalso explain the unusually low wavenumber observed for
divided into two data sets as pre-thermal transition (temper- the a-helix band at 1630 crit. The vibrational mode of the
ature interval 6-40 °C) and the post-thermal transition peptide carbonyls is affected by the rigidity of the helix. As
(temperature interval 4685 °C). As a result, eight spectra  shown for this model peptide, the flexibility of this helix is
were analyzed in each two-dimensional correlation analysis limited by the salt bridging that is formed between the
shown in Figures 4 and 5. The average of each data set waglutamate and the arginine. Similar results have been reported
used to obtain the dynamic spectral information. However, by others {, 6—8).
the first temperature spectrum, for each data set, was also The sign of the cross-peaks in these synchronous plots
used to obtain the dynamic spectral informaticiata not can be associated with frequency changes that occur simul-
showr) and no appreciable differences on the synchronoustaneously as proposed by NodiB{-15). These changes in
and asynchronous contour plots were observed; only thefrequency occur because the dipole moment of different
intensity of the peaks was affected. For reasons of directfunctional groups are reorienting simultaneously and are
comparison with previously published work, the results strongly interacting. This event would define a cooperative
reported herein include only the average spectral comparisoneffect. Positive cross-peaks indicate that the reorientation is
Synchronous 2D-IR Correlation Analysiaformation on similar while, the negative cross-peaks indicate different
the vibrational modes that are changing due to the perturba-reorientations of the functional groups involved. The syn-
tion can be discerned directly from the auto peaks observedchronous plots shown in Figures 4 and 5, have positive cross-
in the synchronous plots. The assignment of the auto peakspeaks associated with the labeled and unlabeled helix (1600
for the synchronous contour plots in Figures 4 and 5, and 1636 cm?!, respectively) and glutamate band (1565
comprise of 1550 cmi (glutamate), 1599 cmt (*3C=0 cm 1), suggesting same reorientation of the dipole moment.
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Ficure 4: Two-dimensional correlation plots for time= 4,5 13C=0 labeled peptide below the transition temperature (i-e4®@°C). (A)
Synchronous and (B) asynchronous, and above the transition temperature i85, °4%). (C) Synchronous and (D) asynchronous.

Meanwhile, the random coil band (1660 cthnshown in labeleda-helical band (Figure 5C). The glutamate band is
Figures 4A and 5A or 1670 cm shown in Figures 4C and  still present in the synchronous plot at high temperatures,
5C) has associated cross-peaks that are negative, thereforsuggesting that the glutamate side chain at the amino terminal
having a different reorientation than that observed for the end is still being thermally perturbed. Finally, the labeled
o-helix and glutamates. o-helical band is observed to have the ridge effect also
Although the synchronous plot has not been used to suggesting continued thermal transition, at the amino terminal
determine the chronological order of events, in this study it end.
is possible to highlight several of these events due to the Asynchronous 2D-IR Correlation AnalysiEhe asynchro-
separation of the spectral data into two separate temperatureous plots shown in panels B and D in Figures 4 and 5,
intervals (pre- and post-thermal transition). The glutamate provide information on the decoupling events that occur for
auto peak is non existent (no change due to perturbation isthen = 4,5 andn = 1,2 peptide, respectively. Several cross-
occurring) at high temperatures (Figure 4C), suggesting thepeaks, shown in Figure 4B, associated with the arginine
salt bridge interaction has been broken inithe 4,5 labeled modes (symmetric and asymmetric stretch) at 60875
peptide. This event is followed by the disappearance of the cm™! suggest that these vibrational modes are not coupled.
ridge effect in the labeledi-helical band suggesting the In addition, the 16061630 cnm! (arginine asymmetric
carboxy terminal end has undergone transition. The unfolding stretch and the unlabeled-helix band) are also none
of the carboxy terminal end is followed by breaking of the interacting. These cross-peaks are absent in the asynchronous
glutamate/arginine salt bridge a band at 1575 t(Figure plot after the thermal transition has occurred (Figure 4D),
5A) associated exclusively with the side-chain modes asthus suggesting that these arginine peaks are no longer
determined from simulation studies performesafuscript changing. These results were confirmed in the simulation
in preparatior). The breaking of the salt bridges at the carried out (data not shown). Similarly, the asynchronous
carboxy terminal end is followed by the transition of the plots for then = 1,2 peptide (Figure 5, panels B and D).
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Ficure 5: Two-dimensional correlation for the = 1,2 13C=0 labeled peptide below the transition temperature (i.e4®°C). (A)
Synchronous and (B) asynchronous, and above the transition temperature {85,°4%). (C) Synchronous and (D) asynchronous plots.

The cross-peaks at 1558570 cm! (glutamate and arginine  agree with the results described in the synchronous plots
symmetric stretch, respectively) are present at low temper-described above.
ature (Figure 5B), but absent at the temperature interval 40  Curve-Fitting Analysis.The number of bands and their
85 °C (Figure 5D), suggesting that there is a change in the positions were determined from the two-dimensional plots
nature of the interaction. shown in Figures 4 and 5. The author is assuming two things.
Once the nature of the interaction has been establishedFirst, that the random coil band for tF€=0O labeled portion
during the thermal unfolding process, then one can determineof the peptide is very low in intensity and will not be
the order of events for this model peptide. The= 4,5 considered for this curve-fitting analysis. Second, the overall
labeled peptide shown in Figure 4, panels B and D, can beeffect observed in the unlabeled random coil band will be
summarized as the break of salt bridge interaction (1575 the same as that of tHéC=O labeled random coil mode.
cm1, arginine symmetric modes are no longer present), Typical, curve-fitted spectra are shown in Figures 6 and 7.
followed by the random coil (1670 cm changing prior to All of the subbands used in the fit have been properly
the labeled helix (1611 cm) which in turn undergoes assigned to a particular vibration and were corroborated by
transition prior to the unlabeled helix (1640 ¢t Further- the band positions determined in the 2D-FT-IR plots ac-
more, for then = 1,2 labeled peptide shown in Figure 5, cording to the temperature range the spectrum was acquired.
panels B and D, can be summarized as follows. The In addition, simulation of the 2D-FT-IR plotsn@nuscript
glutamate (1550 cnt) and arginine (1575 cm) salt bridge in preparatior) for the amide ' band along with the
interaction breaks followed by the random coil (1670 ¢&m glutamate vibration for spectra obtained above the peptides
changes prior to the unlabeled helix (1640¢jmand as a  transition temperature rendered similar contour features, thus
last transition, is the labeled helix at 1611 ¢mirhese results  increasing the confidence in the procedure used for this study.
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FIGURE 6: Typical curve-fitted spectra dfC=0 labeled peptide at the= 4,5 end at (A) 20C and (B) 80°C. All subbands used for the
curve-fit have been assigned to a vibrational mode.
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Ficure 8: Temperature dependence plots for both labeled peptides. In general, the closed symbols are=fo4 théabeled peptide and

the open symbols are for the= 1,2 labeled peptide: (a) arginine symmetric stretching mode (squares); (b) arginine asymmetric stretching
mode (diamonds); (c) glutamate stretching mode (connected squares); (d) random coil band (circles).

Frequencies for each subband were plotted as a function ofsuggested in the synchronous plots for these vibrational
temperature are shown in Figures 8 and 9. These results arenodes.

in good agreement with those reported for the chain length

In all the temperature dependence plots shown in Figure

dependence studyt 1) and also corroborate the cooperativity 8 for the side-chain vibrational modes and the random coil
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Ficure 9: Temperature dependence plots of the peptide carbonyl stretching mode for both peptides: (a) unlbblke@) n= 1,2 and
(v) n=4,5; (b) labeledxr-helix (A) n= 1,2 and &) n = 4,5. A sigmoidal curve is observed suggesting a cooperative thermal transition
for both peptides.

band for then = 4,5 labeled peptide, a lower transition then = 6 peptide with specifi¢3C=0 label in the terminal
temperature is observed, suggesting that the peptide begingnds as well as the middle portion of the peptide.
to unfold in then = 4,5 end. The arginine symmetric stretch In this study, TFA was not an issue since the synthetic
temperature dependence shown in Figure 8A has a differentpeptides were extensively dialyzed against 0.1 N HCI and
behavior to the arginine asymmetric stretch temperature the traces of the contaminant were subtracted from the raw
dependence shown in Figure 8B. The differences in the spectra obtained. In addition, the spectra plotted were above
arginine symmetric and asymmetric curves (Figure 8, panelsand below the peptide’s transition temperature, thus enhanc-
A and B, respectively) could be due to the coupling of the ing the resolution of the spectra obtained even further. This
arginine and the glutamate carboxylates. In addition, the simplified the resulting two-dimensional plots shown herein.
glutamate has a linear dependence with temperature (FigureThis procedure also achieved a confidence in the temporal
8C), this behavior was also observed in the previous work assignment of band position observed during the thermal
(11) suggesting a simple transition (as salt bridge interacting denaturation process.
and non-interacting) different from that observed for the  Future studies will involve the proper band assignment in
arginine side-chain vibrational modes. In Figure 8D, for the the spectral region of 13601400 cm! to confirm the
random coil subband shows that the thermal transition for carboxylate modes for glutamate and the coupling effects
then = 4,5 occurs prior to the = 1,2 although they = 4,5 with the methylene vibrational modes of the arginine residue.
is more stable at low and hlgh temperatures. The temperature Two-dimensional correlation ana|ysis has been used to
dependence plots for the side-chain modes and random coile|ucidate this mechanism of peptide unfolding. The phase
are in good accord with the temperature dependence plotsinformation obtained suggests that the salt bridge between
shown in Figure 9, panels A and B, for th€=0 labeled  the glutamates (1567 crf) and the arginines (1606 and 1596
a-helix and the unlabeledi-helix for both peptides. A c¢m2) break prior to the helix unwinding (1599 cr 13C
sigmoidal curve is observed in both plots suggesting a |abeleda-helix band) to generate the denatured peptide. In
cooperative thermal denaturation process for both peptides.addition, the glutamate cross-peak was correlated to the auto
Once again the = 1,2 labeled peptide (Figure 9B) has a peaks of the unlabeled-helix and random coil, suggesting
higher transition temperature than the= 4,5. a strong interaction and thus defining the cooperativity during
thermal denaturation process, i €., one event must occur prior
DISCUSSION to the other in the order described above with a strong
The a-helix as a structural motif is very common among interaction between these vibrational modes.
proteins, by studying this model helical peptide one can gain  In the curve-fitting analysis, there is a concomitant
insight in the stability of thex-helix and thus carry this  decrease in intensity the-helix subband (1636 cm) and
information over to proteins with secondary structure motifs increase in intensity the random coil subband (1656¢m
comprised of helices. These experiments have also demonin addition, a shift in the glutamate band was also observed,
strated the usefulness of 2D-FT-IR to simultaneously study suggesting that this vibrational mode is correlated to the
amide | and amide 'F bands {*C=O labeled peptide peptides secondary structure. The wavenumber vs temper-
carbonyls of certain alanine residues) along with contributing ature plots show a transition temperature of about 60, 75,
side-chain modes for peptide unfolding. Different regions and 60°C for the'2C=0 peptide bonds andC=0n = 1,2
of the o-helical peptide have been simultaneously studied andn = 4,5 peptide bonds, respectively. Thus, suggesting
by using 3C=0 during its synthesis and thus providing that amino terminal end is more stable than the carboxy
position specific information that would enable the investiga- terminal end.
tor to elucidate the mechanism of unfolding. In this study, = The side-chain modes are sensitive to the different dipole
the amino and carboxy terminal ends were labeled, becausdransition moments during the thermal unfolding process of
the peptide synthesized [Ac-W(EAAAR-NH;] wasn = the helix. The two-dimensional plots also confirmed the
5. Thus, allowing us to probe the peptide during thermal correlation between the side chains and the backbone. The
denaturation. Future experiments, to be carried-out in Dr. strong correlation between the glutamate cross-peaks and the
Frank Prendergast’s laboratory at Mayo Clinic, will involve o-helical and random coil auto peaks suggest that the
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glutamate and arginine salt bridge contributes significantly

toward the stability of this model peptide.
The unfolding of a helix is actually a sequential change
of interactions that were originally present in the helix (i.e.,

orientation of functional groups, such as the carbonyls in
the peptide bonds, are stabilized by intramolecular hydrogen 10.
bonding and salt bridging interactions). These experiments
demonstrate the usefulness of two-dimensional correlation 11-

analysis first described by NodaZ—15) to provide detailed

information on peptide unfolding. Moreover, this method can 1,
also be applied to proteins to probe structural changes due 13,

to perturbation or due to interactions with other proteins.

The use of site-directed isotope labeling can be applied to
specific regions of interest in a protein and thus probe the
changes that occur. More importantly, determine how these
changes affect the proteins structure, stability and function.
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