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Oddéleni fyziky biomolekul
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Proteiny

Klifove biomalekuly edpovidajici mimo jiné za erey- ™ ukledrni magnetickd rezonan ce (NMR) S )
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klepiimu pochopeni jgho unkce adynamice studovanych mokkul a jjich komples.
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ods are applicable to s:rnolas of virtually 2ny moaoronological form. For proteins
is includes solution (aqueous and non-aqueous), suspensions, precipitates, gels,

crystals, and polycrystalline and amorphous solids. Data obtained from a given

ohological state are generally transferable to another morphological state of the
has important practical benefits — for example, in comparing the molecular
in the crystal with that prevailing in solution.

surll saunol2 volum= is required for these methods (approximately 10 ./ is sufficient for
spectroscopy and approximately 20 ./ for FT-IR spectroscopy). This represents
many other structural methods, including X-ray crystallography and NMR

] IR absorption processes occur on a time scale that is very short (~ 105 s) in
time scales of fluorescence (> 10 s) and NMR phenomena (= 10 s). Thus,
copy is suitable for tirma-rasofvad stucdios of biological processes that are
escence and magnetic resonance methods.

2 By daitaoasa of IR and Raman spacira of proteins, nucleic acids, and their
biomolecules as well) for which reliable band assignments, normal mode
a-structure correlations have been made, This facilitates interpretation of the

onal spectra obtained from proteins, nucleic acids and their complexes.
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volumes are sufficient for Raman and IR analyses, relatively fhigh
3otz goncanirations are required (= 10-100 pg/ul).

highly proolzmatic sofvenis for IR speciroscopy (unlike Raman
,O produce relatively little interference with Raman spectrum

scattering is inherently week compared to other light absorption or
s, considerable sarmola ourification ancd cara in samola handling is
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solute. This represents a significant advantage over IR spectroscopy, where
highly problematic solvents.

intensities comes from molecular vibrations including large change in
For proteins, Raman spectra are dominated by bands assignable to main
gaatlela cratas, ararmezliic sida cnains, suliur coniaining side chains and side-chain carooxyls.
ated hydrocarbon groups is intrinsically rather week, large number of such
otein result in a few relatively strong bands associated with group frequencies
ne substituents. In case of nucleic acids, spectra are dominated by bands
; of purine and pyrimidine rings and backbone phosphate groups.

dramatically enhanced (by several orders of magnitude) when energy of the

ance with a molecular electronic transition of a chromophore. The structural

chromophore can be obtained from relatively dilute solution. Important is

Jafaeiiviiy of rasonanea annnacamant.
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modeisobservedneaﬂ‘. ver, in infrared spectra no

d an intense IR band occurs near 1750 cm1.

IS symmetric, i.e. it corresponds

N T \
=0 oscillators, /O-H O . /O O

R—C, SR R=C{ JC-R
antisymmetric or out-of-phase oi--. H-O o-\;m H-O
~1680 cm’ ~1750 cmi'

common center (1715 cm™) RAMAN ACTIVE INFRARED ACTIVE
Id absorb and Raman scatter. ‘

int2rmolzcular viorational coupling, is expected when fwo identical or
nz:2rly idantical oscillators ara in proximal contact and their association generates a symmetry
or osatcdosymmairy 2/2mant ( typically center of inversion or rotational axis).

oOroigins Bly lairge splitting observed in the IR amide | modes of antiparallel
B snaat siruciuras (~ 60 crmn') has been explained in terms of vibrational coupling.
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indole ring mode near 880 cm-!, which involves both ring
) group, is sensitive to hydirogen bondiing. Raman spectra of 3-
mental conditions as the infrared spectra, demonstrate that
es as tfihe mole fraction of dioxane in solution increases.
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ndel of a peptide group in trans conformation.
2ct the structure of the main polypeptide chain

e of side chains (R, R,, ...).



Vgl Saaeiraseaay ciplel greaidiel Sirtle itz

Amide | Amide |l

06 -
Q 1
8 + HZO \ﬂ
©
0
S Amide A + 1H_O Amide I
L0 142
< g4t / + 7 HO

Amide I'
02 |- X .

- — side chains
OO 1 I L) l L) l L] I L} I T l L] ] T I T l T l L I T l 1 l 1 l L
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000

Wavenumber (cm-1)

tein in H,O (bold line) and D,0 (thin line).
y 6 and 20 um for H,O and D,0O, respectively.



Viagrlioikll Saeirgseday ciflel aradiif) SictieitzE

BLITIF SLIOFE o))

Cystathione B-synthase protein
buffer
—— difference

absorbance

1700 1600 1500 1400

2800 2600 2400 2200 2000 1800 1600 1400 1200 1000

wavenumber (cm™)

one B-synthase in TrisHCI buffer pH 8.0 (red) at
placed between a pair of CaF, windows
together with buffer spectrum (blue) and after

).




Vgl Saaeiraseaay ciplel greaidiel Sirtle itz

(]
3]
c
©
Ke]
=
[}
n
Ko
©

random coil

>

random coil

1700 1650 1600 1700 1650 1600
wavenumber (cm™) wavenumber (cm™)
d VCD (right) spectra of polypeptides dissolved in
-sheet poly(LK) with high salt (middle), and random
2u and K is L-Lys. IR and VCD spectra are normalized to




RAPIOQUANITCANGHL0L P/ OLe]/IESCLoA Al SUUICIUIIEC

180 200 220 240 260 1700 1600 1500 1700 1600 1500

wavenumber (cm™) wavenumber (cm™)

amide | & Il) and VCD (right, amide | & Il) spectra for
secondary structures - myoglobin (red, 77% a, 0% B),
)trypsin (black, 12% a, 32% ), concanavalin A (violet, 0%
d VCD spectra are normalized to A, = 1 for the amide I.

wavelength (nm)



RapIa qUARNITICANBI Ol prolell Seconaaly stiteciire;

Protein reference set and secondary structure as determined by X-ray studies (Kabsch and Sander)

Protein Type PDB helix B-sheet turn bend other
code
1 Alcohol dehydrogenase aB 4ADH 24.9 20.6 14.7 13.6 26.2
2 Carbonic anhydrase BB 1CA2  16.0 28.9 12.9 15.2 27.0
3 Chymotrypsinogen A BB 2CGA 143 32.2 14.3 12.7 26.5
4 Chymotrypsin type Il BB 5CHA  11.8 32.1 11.4 14.4 30.4
5 Concanavalin A BB 3CNA 0.0 40.5 9.3 19.8 30.4
6 Cytochrome c oo 1CYT  42.7 0.0 15.5 8.7 33.0
7 Glutathion reductase B 2GRS = 29.3 18.7 10.4 19.3 22.3
8 Hemoglobin aa 1HCO  62.7 0.0 18.8 6.6 11.9
9 A-imunoglobuline BB 1REI 2.8 47.7 14.0 11.2 24.3
10 Lactate dehydrogenase aB 4LDH  36.8 11.3 14.3 13.1 24.6
11 Lyzozyme aB 7LYZ  38.8 7.8 20.9 16.3 16.3
12 Myoglobin aa 1IMBN = 77.1 0.0 9.8 1.9 11.1
13 Ribonuclease A aB 1RN3  21.0 34.7 11.3 14.5 18.6
14 Ribonuclease S ap 1RNS  20.8 35.2 7.2 14.4 22.4
15 Subtilisin BPN B 1SBT  30.2 17.8 15.3 12.0 24.7
16 Superoxid dismutase BB 2SOD 2.0 38.4 14.6 20.5 24.5
17 Triosephosphate isomerase af 1TIM 45.8 17.0 7.3 8.9 21.1
18 Trypsin inhibitor aB 3PTI 20.7 24.1 6.9 19.0 29.3
19  Trypsin BB 3PTN 9.9 32.3 14.8 17.9 25.1
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ce set) from individual spectra.
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Kabsch a Sander
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>nt bands resolution by mathematical procedures (calculation of
ond derivative of the spectrum or Fourier self-deconvolution)

the component bands at the positions found
of the component bands to secondary structures

2t of spectra from proteins with known structure to
arm-recognition calculations (amide I, amide | & II)

juction to a few independent subspectra (e.g. by means of principal
2nt method of factor analysis — PC/FA)

on fits to fractional components of secondary structure (FC)




Table 3. Errors in predictions of «-helix and B-sheet fractions from optimal models for individual spectroscopic methods
Helix Sheet

VCD
Al

VCD
AII

VCD
Al

Protcin name

o-Chymotrypsinogen A 2.4 1.9 1.2 2.7 4.9 11.4 1.4 0.6 2.1 3.8 8.8 0.7 0.2 0.2
Alcohol dehydrogenase 7.3 35 9.7 14.0 0.9 1.6 20 89 12.5 7.2 7.9 17 37 4.5
o Chymotrypsin type II 1.7 0.5 7.9 6.6 6.5 1.3 1.0 1.3 041 1.3 3.7 2.1 6.0 1.0
Concanavalin A 16.8 5.2 3.9 9.2 12.7 16.3 12.7 4.3 4.1 9.6 4.4 12.2 13.0 10.4
Carbonic anhydrase 5.1 2.3 13.9 11.3 13.1 2.4 8.7 6.5 5.3 11.9 13.5 7.9 1.0 10.6
Cytochrome ¢ 6.6 10.8 1.8 7.3 2.7 7.3 12.2 13.8 15.7 1.9 11.9 4.1 1.9 19.2
Glutathione reductase 1.5 9.5 2.5 6.3 2.4 4.2 1.9 1.2 3.7 6.4 6.0 32 6.6 0.9
Hemoglobin 1.9 0.8 2.5 2.9 2.0 0.1 1.1 2.9 0.8 10.3 11.3 10.3 4.8 10.0
A-lmmunoglobulin 13.5 13.1 2.0 3.1 34 14.9 2.8 13.8 17.2 10.0 12.9 7.4 15.0 2.5
Lactate dehydrogenase 5.6 13.7 4.5 9.5 5.6 23.3 4.1 4.6 3.8 3.9 11.7 0.7 7.3 2.2
Lysozyme 22.4 12.1 0.2 23.3 1.0 12.1 4.5 2.4 5.0 1.8 9.2 3.3 14.1 0.7
Myoglobin 18.6 16.5 15.8 18.2 17.4 28.5 5.3 3.3 0.5 35 0.9 2.9 4.7 11.8
Ribonuclease A 1.6 13.4 7.6 3.4 10.1 9.6 1.8 8.1 9.3 9.6 10.6 9.3 4.1 10.1
Ribonuclease S 9.7 2.1 6.9 2.7 13.6 10.7 2.2 0.1 7.7 5.6 3.2 12.8 1.4 6.0
Subtilisin BPN' 0.7 3.8 7.6 4.7 13.7 0.8 74 33 0.7 5.9 1.8 17.4 13.0 4.3
Superoxide dismutase 25.2 6.0 12.7 15.0 3.1 2.3 17.3 16.5 10.2 6.0 3.8 8.3 3.9 5.2
Triose phosph.isomerase 1.1 4.8 0.1 1.1 1.8 9.8 1.0 10.7 2.9 4.5 1.7 6.5 2.8 10.5
Trypsin inhibitor 0.9 7.1 21.4 16.6 22.9 6.7 9.9 7.0 8.6 14.2 7.2 14.5 4.5 0.2
Trypsin 5.0 8.3 11.8 1.9 9.6 8.1 0.5 0.2 2.5 3.4 6.3 2.0 5.8 6.9

Table 4. Frrors in predictions of a-helix and B-sheet fractions from optimal models for combinations of spectroscopic methods

Helix Sheet
ECD+ VCD H:O VCD ?H:0 VCD H:0 ECD+ ECD+ VCD 2H;0+ VCD H:0

Protein name VCD H-O || ECD+DF +DF +DF Al+All VCD H.O ECD+DF  FTIR DF AI+AII

o-Chymotrypsinogen A 1.4 0.8 1.5 3.1 5.5 1.7 2.8 1.7 7.2 6.5

Alcohol dehydrogenase 2.0 1.5 2.9 5.6 2.6 2.7 72 0.2 1.8 8.3

o-Chymotrypsin type 11 1.0 3.5 1.6 2.2 4.2 2.8 6.6 1.2 2.5 0.2

Concanavalin A 12.7 7.3 1.8 8.9 4.6 9.9 3.9 2.3 2.2 3.9

Carbonic anhydrase 8.7 10.4 10.9 9.7 16.4 12.4 8.5 9.8 10.1 11.9

Cylochrome ¢ 12.2 5.7 4.8 5.9 6.6 3.1 8.4 6.9 8.0 0.2

Glutathionc reductasc 1.9 5.1 0.0 2.5 3.3 4.0 6.8 4.4 2.9 0.6

I lemoglobin 1.1 3.6 1.1 4.8 3.3 4.6 10.5 3.4 5.2 10.1

A-Immunoglobulin 2.8 8.0 1.4 7.8 0.6 4.0 9.5 16.8 17.0 1.6

Lactate dchydrogcnasc 4.1 0.0 4.1 13.6 2.1 6.2 3.5 5.1 5.2 4.7

T.ysozyme 4.5 1.9 0.4 9.5 6.2 6.2 2.3 2.4 2.1 8.2

Myoglobin 5.3 1.2 15.8 12.7 17.3 0.8 2.2 1.9 1.5 0.0

Ribonuclease A 1.8 2.9 10.8 6.1 9.0 11.9 6.8 9.6 8.3 12.9

Ribonuclcasc S 2.2 3.7 6.0 74 11.9 9.1 3.9 11.6 8.4 4.1

Subtilisin BPIN' 7.4 7.2 8.8 9.6 5.3 11.8 0.9 5.2 1.1 1.7

Superoxide dismutase 17.3 19.2 22.6 17.5 15.1 1.3 7.1 9.9 14.6 5.1

Triose phosph.isomerase 1.0 5.8 3.7 2.2 1.7 3.8 1.7 8.2 4.1 4.4

Trypsin inhibitor 9.9 3.8 19.4 17.3 18.5 7.1 2.9 17.0 15.4 13.4

Trypsin 0.5 2.8 1.1 2.5 341 1.0 0.5 0.6 0.3 2.5




FT-IR system thatis specially,
designed for proteintanalysis:

IS a
dedicated flow=threugh
transmission cell for the
measurement of water
solved proteins.

FT-IR Proteomics

After the successful human genocme project provided
almost endless information about possible sequences of
proteins, Proteomics will have to provide the means to cre-
ate, analyze and to understand structure and function rela-
tionships of these many proteins. Fourier Transform
Infrared spectroscopy has contributed to protein structure
analysis in the past but was not very attractive to many
researchers, since it cannot reveal a 3D picture of the pro-
tein structure in contrast to ¥-ray crystallography and NMRE
spectroscopy. However, the restrictions of the latter meth-
ods (the need of crystals or small water-soluble proteins)
provide infrared methods with a serious advantage. Using
IR spectroscopy proteins can be studied in agueocus solu-
tion regardless of their molecular weight. Moreover, IR is
capable to reveal conformational changes from solved pro-
teins with very high sensitivity. It is therefore a very suitable
tool for the control of protein stability or for the monitoring
of induced unfolding/refolding processes.

Confocheck™ is a dedicated and compact FTIR system for
fast and easy determination of protein secondary structure.
Its specific configuration facilitates a fast data acquisition
with a high sample throughput controlled by an user friend-
Iy software interface.  Within fractions of a minute, high
quality spectra from proteins in solution are acquired.
Afterwards, quantitative determination of secondary struc-
ture elements (c-heli, f-strand) from the analyzed protein
samples is accomplished within seconds via pattern recog-
nition methods based on a growing protein spectra library.
Confocheck™ is also designed to follow temperature

induced protein

Figure 1. | conformational

changes by
| FTIR. Therefore,
an inteqrated
cooling thermo-
stat  modulates
the temperature
at the internal
flow-through
transmission cell
very accurately.
Automatically,
measurements are recorded for the specified temperature
range with a selected increment, whereby the water vapor
i= subtracted from the received spectra subseguently.
Representative results showing the temperature-induced
unfeldingfrefolding from the enzyme RNase A are summa-
rized in figures 1 and 2. In Fig 1 the protein spectra for dif-
ferent temperatures are displayed. It is obvious that during

o B::c Bi5C Besc BisC

the heating the B-sheet was unfolded indicated by the peak
at 1641 cmrl. Every temperature is represented by two
traces, which were obtained during the heating and subse-
quent cooling cycle, respectively. The similarity between
both traces at any temperature reveals that the heating
induced unfolding process was completely reversible and
the protein was renatured during the cooling procedure
afterwards. The complete protein absorption change dur-
ing the temperature cycling is shown as a 2ZD-false color
plot in Fig. 2.

To introduce additional capabilities such as online dialysis,
an ATR design is avaiable for protein studies - BioATRCell™
I. This accessory, which is completely compatible with the
hardware and software from

Confocheck™, is also wvery

35°C

suited  to  study  protein

aggregation and assembling "

processes.  Furthermore,

protein stability can be test- 79 G

ed on native proteins, differ- i

ent pH and salt conditicns,

after introducing mutations 35°C

or for storage dependen- | 500 em’ 17e% sm
cies. In addition, protein-

protein, protein-DNA,  pro-
tein-substrate and protein-ligand binding can be studied
using the different options of the ATR accessory. Low
molecular weight compounds can be applied to the protein
of investigation by dialysis. The dialysis membrane feature
is essential as it avoids protein dilution during the experi-
ment. Typically, the experimental results combine binding
kinetics with detailed molecular information from the pro-
teinfligand during interaction.

Further studies possible with Confocheck™ f BioATRCell™ I:

@ Unrestricted secondary structure analysis and
classification of proteins.

@ Tertiary interactions of amino acid side chains
in proteins,

@ Thermal and chemical stability of proteins and
DMNA/RNA structures.

@ Study of protein-protein and protein-DMNA interactions

@ Monitoring denaturation {unfolding), refolding and
aggregation of proteins,

@ Investigation of binding effects on protein and
DMNA/RMNA structuras,

@ Light and thermally-induced kinetics studies.
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W3 mode (ca. 1550 cm) — involving C2=C3 stretching of pyrrole nucleus

» Direct correlation between the Raman frequency of W3 and the absolute value of the torsional angle
(|x21]) of the C2-C3-CB-Ca network has been established by comparing Raman spectra of appropriate
tryptophan derivatives with molecular conformations revealed in X-ray crystal structures.

» The correlation is applicable to both proteins solutions and solids.

» In case of proteins containing more than one Trp residue, the Raman peak position, bandwidth and
band shape give information about the distribution of side-chain conformations of Trp residues.

W3 Frequency /cm™

Relationship between the frequency of tryptophan normal

o mode W3 and the side-chain torsion 2! (Miura et al. J.

20 Raman Spectrosc. 20 (1989) 667). Different symbols
refer to different tryptophan model compounds.
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> A pair of Raman bands observed near 1360 and 1340 cm! in proteins containing Trp has been assigned to
Fermi resonance (involving W7 fundamental expected at 1350 cm' and one or more combination modes of
out-of-plane vibrations).

> The relative intensity ratio |,350/l434¢ iS @ sensitive marker of the amphiphatic environment of the indole ring.

> l1360/l1340 iINCreases with increases hydrophobicity, exhibiting values near

l1360/11340 = 0.65-0.92 in hydrophylic environment

l1360/l1340 = 1.23-1.32 in hydrophobic environment

> In off-resonance Raman spectra, 1360 cm' band intensity is used as the marker of hydrophobicity,
because the 1340 cm™! peak is usually overlapped by the C-H bending modes of aliphatic chains.

Raman spectra in the region 1300-1400 cm-"
of solutions of 3-methylindole in

a) methanol

b) dimethylformamide

c) dioxane

d) o-dichlorobenzene

e) benzene

f) toluene

g) CS,

h) n-hexane

Intensity —»

’mm

| . —
1400 1300 1350 1400 1300 1350
wavenumber/cm™!
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W6 mode (ca. 1430 cm-') — substantial contribution from indole N-H in-plane bending

» Raman frequency of the W6 mode exhibits a strong dependence upon the strength of hydrogen
bonding of the NH donor

> W6 shifts from 1422 cm-' (no hydrogen bonding) to 1441 cm-* (strong hydrogen bonding to an
appropriate acceptor.

» Easily observed in UVRR employing 266 nm excitation. In off-resonance Raman spectra usually
obscured by more intense C-H bending modes of aliphatic side chains.

W17 mode (ca. 880 cm-1)

» deformation of the six-membered ring and the imino group displacement

» W17 frequency is sensitive to hydrogen bonding

» W17 shifts from 883 cm! (no hydrogen bonding) to 871 cm-' (strong hydrogen bonding)
» W17 exhibits a distinct intensity increase in very strong hydrophobic conditions.

W18 mode (760 cm-1)
» indole ring-breathing vibration

» the most intense Raman band in off-resonance spectra of proteins — useful analytical indicator of
tryptophan in proteins

» Additionally, its intensity is sensitive to the amphiphatic environment of indole ring — increases if the
hydrophobicity of the indole environment is decreased.
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Tyrosine Fermi doublet at ca. 850 and 830 cm!

> A pair of Raman bands observed near 850 and 830 cm! in proteins containing Tyr has been
assigned to Fermi resonance (involving Y1 fundamental expected at 840 cm' and Y16a overtone,
occurring near 420 cm).

» The relative intensity ratio lg5/lg3, is @ unambiguous marker of the hydrogen bonding state. In a
protein containing more than one Tyr lg54/lg5, reflects the average of the hydrogen bonding states of
all the tyrosines.

> With visible excitation, the ratio lg5/lg5, ranges from 0.3 (phenolic OH is a strong hydrogen bond
donor — ,buried” tyrosine) to 2.5 (strong hydrogen acceptor — ,exposed” tyrosine).
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» nearly pure group frequency
» intrinsically high Raman intensity

» it occurs in the region which is essentially devoid of interference from any other Raman bands of
proteins or aqueous solvent

» the band frequency is sensitive to hydrogen bonding of the S-H donor and acceptor groups
» the band intensity is a measure of molecular concentration of thiol groups in the protein
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Dependence of the Raman S-H frequency and bandwidth on hydrogen bonding

Hydrogen-bonding
state of S-H group

No hydrogen bond
S acceptor

Weak S-H donor
Moderate S-H donor

Strong S-H donor

S-H donor and S acceptor

S-H frequency
(cm 1)

25812589
2590-2595
2575-2580
2560-2575
2525-2560

2565-2575

Band width
{cm V)

12--17
12-17
20-25
25-30
35-60

30-40

Examples

Thiols in CCl, (dilute)

Thiols in CHCI,

Thiol neat liquids;
thiols in thiocthers
Thiols in acetone;
crystal structures
Thiols in dimethylacet-
amide; crystal structures

Thiols in H,O
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1500 2000 2500
-1
Wavenumber (cm )

rimeric tailspike protein at 10°C. The inset at upper right,
interval 2480-2620 cm-!, exhibits the composite

565 and 2585 cm-1) of the eight cysteine residues per
ontribution. From Raso et al. J. Mol. Biol. 307 (2001) 899.
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Spectral contributions and hydrogen-bond strengths of
cysteine sulfhydryl groups of the native P22 tailspike protein

Residue Raman S-H band? Hydrogen-bond
strength®

Cys169 2565 Moderate
Cys267 2550 (90 %) Strong
Wild Type 2585 (10 %) Very weak
P A B Cys287 2550 (63 %) Strong
2585 (37 %) Very weak
,,,,,,, Cys290 2585 Very weak

C169S Cys4b8 2550 Strong
2 Cys496 2585 Very weak
C2678 2 & Cys613 2530 Very strong
7777777 < Cys635 2576 Weak

C267S W . T .
."/_/\\J\/\- ? Raman band center (in cm™ units). Numbers in parenth-

eses are the percentages of total intensity contributed by the

™ specified cysteine sulfhydryl at the indicated em™ value.
% W * Based upon the results reported by Li & Thomas.™

Raman Intensity
> >0
N
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| [72]
\
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Q
=
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2550
2

C4965 WMW'“EM A.  The Raman S-H profiles observed for the wild-type
«/\—\“’\\.N tailspike and for each of eight Cys — Ser mutants, as

jfi}/_\’\/\‘_‘ W e ed-
****** B. Raman difference spectra computed as mutant minus

C635S 6358 2

M e, e wild-type, for each of the eight Cys —> Ser mutants. In
M TSR each trace, the S-H Raman signature of the mutated Cys

2500 2540 2580 2620 ) 2500 2540 2580 2620 site is revealed as a negative band.

-1 -1

cm cm




IXCALHISINAUCCANR QlIIerelIceISPeLl GBS CoPY

N,

N

Difference

FELL RS
g cc al-_'l

bl

Fig. 14. Principle of reaction-induced IR difference spectroscopy. The protein is prepared in state A and
the IR absotrbance of this state is characterized. Then the reaction from state A to state B is triggered in
the IR cuvette and the absorbance of state B measured. From the two absorbance spectra, a difference
spectrum is calculated which shows the absorbance changes due to the reaction. Negative bands are
characteristic of the initial state A (in light grey) and positive bands of the final state B (in dark grey).
Several causes for absorbance changes are discussed in the text.

Barth & Zscherp, Quater. Rev. Biophys. 35, 369 (2002).
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Fig. 13. Temperature-dependent IR spectra of the ¢-amylase inhibitor tendamistat, a small S-sheet pro-
tein. With a midpoint temperature of 82 “C, the wild-type protein unfolds and adopts an irregular struc-
ture. This leads to a broad amide I band centred at 1650 cm ™! (left). Mutation of the three Pro residues to
Ala does not significantly alter the amide I band at room temperature (right). However, heating the Pro-
free protein results in a downshift of the amide I maximum indicating aggregation of the sample. More-
over, the transition is already observed at 67 °C (C. Zscherp, H. Aygiin, J. W. Engels & W. Mintele,
unpublished obsetvations).

From Barth & Zscherp, Quater. Rev. Biophys. 35, 369 (2002).
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