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MATHEMATICAL DESCRIPTION OF THE DSC MODEL AND OF THE FITTING

PROCEDURE

Among the variety of biophysical techniques available, differential scanning calorimetry
would seem to be the best choice to detect any equilibrium conformation(s) that might be
populated during unfolding. The two unfolding transitions observed for Erbin-PDZ and PSD95-
PDZ2 in Fig. 2 over all protein concentrations undoubtedly indicate the existence of not less than
three well defined macroscopic states during unfolding. Both endotherms distance themselves
from each other along the T-axis concomitantly with an increase in protein concentration,
suggesting some degree of association of the intermediate state. The effect of protein
concentration on DSC traces has been described elsewhere in some other examples and is a
consequence of the increase in population of the associated species concomitant with protein
concentration [1,2]. Thus, at the low PDZ concentrations used in thermal unfolding experiments
the associated intermediate populates in a lesser extent (Supplementary Figure S1). This
behaviour is shown in Fig. 2, where the behaviour of the DSC trace at 40-50 uM is more that of a
single-transition than those obtained at higher protein concentrations, where both endothermic

effects are well distinguished.

The three-state model including two equilibriums with an oligomeric intermediate (N =

(1/n)I, = U), initially used to analyze the calorimetric traces has been previously described [3].

The more complex three-state model displaying three equilibriums presents three conformational
states plus the self-association of one of them in equilibrium. Thus, if we consider that the

intermediate state self-associates with a certain n stoichiometry, we obtain the following scheme:
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Thus, there are three equilibrium processes: the first one corresponding to N = |, with a Ky
equilibrium constant; the second one to the complete domain unfolding, I = U, whose

equilibrium constant is K,y and the third one, to the association equilibrium I = (1/n) I,,, whose

equilibrium constant is defined by K.

The populations of the native, intermediate, oligomeric intermediate and unfolded states
(named as fy, fi, fin ¥y fu respectively), can be calculated as a function of the total protein

concentration, P, by means of the following expressions:
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Because in every moment the sum of the populations of the conformational states has to be

equal to the unit (f, + f, + f, + f,, =1 ), the next equation can be easily deduced:
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The equilibrium constants can be defined as a function of the populations as follows:
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And, by reorganizing this expression, we will find:
P
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Since f,,=(1—f,—f, - f) and, taking into account that fy = f;/ Ky, and fy = K.y-f;, we can

write the next expression as a function of the unique unknown magnitude, f;:

n-K, " Ky, P f"+(1+Ky, +Ky K ) f—Ky, =0 (7)

By solving Eq. 7 it is possible to deduce the thermodynamic information of the system. In
order to obtain the value of f, we have applied a numerical approach, such as Newton’s method,
used to solve potential equations of the general formula g(x,)=0. This is an iterative method,

where the initial estimate (x,) progressively approaches the correct value according to:

n+1 n g '(Xn ) (8)



where X,+1 represents the value of the tangent line to the g(x,) function at x,. We can confirm

that 10 calculations are enough for a precise definition of the f; value.

To complete the equations of this model it is necessary to define the heat capacities of the four

conformational states, always defined as a linear function of temperature:
C,y =a+b-T Native state
C,, =c+d-T Unfolded state
C,n =h+1i-T Oligomeric intermediate state (9)
C, =p+q-T Intermediate state

To define the enthalpy values for every involved process, the reference temperatures Ty.;, Ti-u

and T,.jn, related to the enthalpy values AHy. (Tn-1), AHyu (Ti-u) Y AHn (Ti-in) are considered:

AH,, =AH, (T, )+ ((p—a)-(T-T,, ))J{(q —b)- (T2 -7 ))
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In a similar way, changes in entropy can be also estimated, from the relationship

—dH/ _ .dT iving place to the next equations:
ds=dH/=c,.dT/ givingp q
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AS y =85, (T )+ [(p ~c) In[% jj +(g-d)-(T-7,,)) (11)
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In this case, ASn-1 (Tn-1), ASiu (T1-u) Y ASian (Tin) Values are defined by:
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From the known equations AG = AH-T-AS and AG = -RTInK, the values of equilibrium

constants and hence the populations can be estimated as a function of temperature. Finally, the

global enthalpy change of the unfolding process is expressed by the sum of each of the enthalpies

of the different state, weighted by its respective population:
AH=AH, - f, + (AHN—I +AH,, ) fot (AHI—U +AH,_, ) fn (13)

The global heat capacity of the process, which is measured experimentally, corresponds to the
heat capacity of the native state plus the enthalpy dependence on the temperature upon
unfolding, as indicated by the relation C, = Cyy + d4H/dT. Such function has been used to

achieve the non-linear analysis of C, vs T experimental data.

For the analysis of the DSC traces of Erbin-PDZ and PSD95-PDZ2 shown in Figure 2 and
obtained at different protein concentrations we took it, as is assumed by the model, that a single
set of thermodynamic magnitudes should be compatible with all the experimental traces, their

differences being a consequence of the changes in equilibrium induced by variations in protein



concentration. Thus we undertook an overall analysis to obtain the same heat-capacity Cpn(T),
Cou(T), Cpi(T) and Cpin(T) functions (Eq. 9) for the five experiments, as well as the Ty, and AH,.
in(T1-in) parameters related to the association-dissociation process. The Ty, Ti-u, AHn- (Tna), AH,-
u (T1-u), AHn (Tian) and parameters were fitted individually for each experiment in an attempt to
assess the standard error associated to this value from the average. Supplementary Table S1
shows the values, including the errors, for all the thermodynamic magnitudes. Calculations were

made using Sigma Plot 2000 (Systat Software Inc.).
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Table S1. Thermodynamic parameters of the thermal unfolding of PSD95-PDZ3*°*%%"  Erbin-

PDZ and PSD95-PDZ2 in 50 mM potassium phosphate pH 7.5 obtained from the analysis of

DSC experiments (Figure 2).

Tt AHNG(Tna)  AGN(298) Ty AHy(Tiy)  AGLy(298)  To' AHpn(Tim)® AGn(343) 7
PDZ domain

(°C) kJ-mol? kJ-mol*? (°C) kJ-mol? kJ-mol* (°C) kJ-mol? kJ-mol*
PSD95-

302-392 52+3 250 + 20 28+8 79+3 215+10 17+ 6 125+ 4 -135+ 15 -27+5

PDZ3
Erbin-PDZ 63+2 391+16 61+7 109+1 165+ 16 26+5 126+ 3 58+ 7 -20+4
PSD95-PDZ2 61+1 312+4 42 +5 78+1 157+ 4 27+2 135+1 -153+1 -19+4

* Taken from Murciano-Calles J., Martinez J.C., Marin-Argany M., Villegas S., Cobos E.S.
(2014) A thermodynamic study of the third PDZ domain of MAGUK neuronal protein PSD-95

reveals a complex three-state folding behaviour. Biophysical Chemistry 185 1-7.

# Since the analysis is done including several traces, which are obtained at different
concentrations of protein, the concentration-dependent thermodynamic magnitudes of the

association equilibrium I 2 (1/n) In were calculated at a reference concentration of 100 uM.
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Figure S1. Distribution of populations of the different PDZ states for the different protein
concentrations assayed by DSC. The colour code is the same than that of Figure 2. An increase
on Is-state population can be seen on protein concentration.



Figure S2. Transmission electron microscopy (TEM) analysis after incubation of the
different PDZ domains at 60 °C during 24 hours. From left to right and from top to bottom:
Erbin-PDZ, PSD95-PDZ2, nNOS-PDZ and Z02-PDZ2. The horizontal black bar corresponds

with a length of 200 nm.
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Figure S3. Growth kinetics of ThT fluorescence emission. 8 mg-mL™* PDZ samples (3
mg-mL™ in the case of nNOS-PDZ) were incubated in the presence of 12 pM of ThT at pH 7.5.
The upper panel shows the temperature dependence of fluorescence emission at 485 nm. In the
lower panel the time dependence of fluorescence signal versus incubation time at 60 °C is
plotted.
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Figure S4. A comparison between different PSD95-PDZ3 constructs. The X-ray structure of
the longer construct is shown at the top (PDB Code: 1BE9), followed by a distribution of the
secondary structure elements within the sequence. The graph below collects the DSC profiles
obtained for the three constructs at 1.5 mg-mL™ in 50 mM K-phosphate buffer pH 7.5. The

colour code is kept in all panels.
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