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Amyloid fibril deposition is associated with over 20 degenerative human diseases, including

Alzheimer's, Parkinson's, and prion diseases. Although research over the last few years has
revealed the morphology and structural features of amyloid fibrils, knowledge about the
thermodynamics of amyloid fibril formation and its thermal unfolding is limited. First, we describe

the thermodynamic studies of 32 microglobulin amyloid formation by means of isothermal titration

calorimeter. Then, we outline the unique thermal response of its mature amyloid fibrils in
comparison with the thermal unfolding of the native form.
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Fig.1 Schematic illustration showing how the peptides

associate to form amyloid fibrils. Amyloid fibrils
as shown by atomic force microscopy images
are formed with several pieces of protofilament
that consist of 3-sheets. The strands of f-sheets
are continuously hydorogen-bonded in the direction
of the long axis of the fibrils (cross j-structure).
The distances between f-strands and between the
B -sheets are about 4.7 A and 10 A, respectively.
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Representation of the alternative folding processes
of B2 m. Taken from a literature.® (a) folding
of the native globular state. (b) Seed-dependent
amyloid fibril extension. The acid-unfolded 2
m molecules extend the seeds taking up the

ordered cross-f3 sheet structure.
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Fig.3 Kinetics of f2 m amyloid fibril extension
monitored by ITC at 37C (taken from a
literature.®). (a) Heat effect on the fibril
extension followed the injection of seeds at a
final concentration of 15 ug ml-! into 0.1 mg
B2 m monomer solution (line 1).
Overlapped three lines represent the reference
measurements, i.e., buffer to buffer (line 2),
buffer to monomers (line 3), and seeds to buffer

ml- !

(line 4). (b) Enthalpy change of the extension
reaction as a function of time (continuous line).
Dotted lines represent the exponential fitting
curve. (c¢) Fibril extension reaction of 2 m
under the same experimental conditions observed
by thioflavin T(ThT) fluorescence. Dotted line
represents the exponential fitting curve
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Table 1 Unfolding thermodynamic parameters of the native 2 m and of the amyloid form.®

AH / kJ mol !

y —TAS / kJ mol ! AG 2/ kJ mol-! AC,/kJ mol-'K-!
T
Native Amyloid Native Amyloid Native Amyloid Native Amyloid
10 23.2+5 —142+3 2.6+1.8 52.6+£3 258+1.8 38.4+03
25 107.2+5 57.6+2 —833+4 —159+2 239+09 41.7+0.2 5.6+04 478 +£0.21
37 174.7 +8 124+3  —155.6+6.5 —80+3 19.1+£04 43.9+0.2

2 For the native, the thermodynamic parameters were estimated from thermal transition curves followed by CD

spectroscopy. For the amyloid form, the apparent AG values were used as an estimation.
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Fig.4

Heating rate / C/h

Thermal response of 2 m amyloid fibrils measured by DSC at pH 2.5 (taken from a literature!® and partly

modified). (a) Representative DSC thermograms of 2 m amyloid fibril solution. The fibril concentrations
were varied from 0.015 to 0.28 mg ml-!; 1:0.015, 2:0.025, 3:0.04, 4:0.075, 5:0.125, 6:0.17, 7:0.2, 8:0.28 mg
ml—1. The heating rate was 60 C/h. (b) DSC thermogram of native $2 m at pH 7.0. The 82 m concentration
and heating rate were 0.125 mg ml ! and 40 C/h, respectively. (¢) DSC thermograms of $2 m amyloid fibrils

(0.1 mg ml-") from 10°C to 68 C at various heating rates.

Heating was performed twice at each heating rate.

The heating rates were 1:15. 2:20, 3:30, 4:40, 5:50, 6:60, 7:70, 8:80, and 9:90 C/h. (d) Heating rate
dependence of Qi.67. The Q2067 values were evaluated over the temperature range from 20C to 67 C on the
basis of the area calculation and plotted as the negative values (exothermic reaction).
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35)TT7T InA F#MEZIZK S, DSCHIEZiT- 72
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Fig.5 Kinetic thermal response of Af amyloid fibrils

at pH 7.2 (taken from a literature'® and partly
modified). (a) DSC thermograms of Af(1-40)
amyloid fibril solutions. The fibril concentrations
were varied from 0.02 to 0.17 mg ml -1; 1:0.02,
2:0.04; 3:0.07, 4:0.09, 5:0.13, 6:0.17. The heating
rate was 60 Ch-!. (b) Heating rate dependence
of 02.67. l: AB(1-40) amyloid fibrils (0.09
mg ml-1); @ AB(25-35) amyloid fibrils (0.04
mg ml-1). The continuous line is for f2 m
amyloid fibrils (0.1 mg ml-') and the same as
that in Fig.4(d).
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