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SUPPLEMENTARY METHODS

Prolyl oligopeptidase purification. Protein Expression. E. coli BL21 competent cells were transformed
with pETM10 hPOP. A starter culture of LB medium (100 mL) containing kanamycin (50 mg mL™) was
inoculated with one colony and was incubated overnight at 37 °C with shaking. After 16 h, four cultures
of LB (4 x 1000 mL) containing kanamycin (50 mg mL™) were inoculated with the overnight culture (20
mL). The inoculated cultures were incubated at 37 °C and 220 rpm until the OD600 was between 0.3 and
0.5 (3 h). The temperature was lowered to 18 °C, after one hour of temperature equilibration IPTG was
added (final concentration of 0.5 mM), and induction was allowed to proceed for 5 h. Cells were harvested
by centrifugation (4000g, 15 min, 4 °C), and the pellet was resuspended in suspension buffer (50 mL) [Tris-
HCI (10 mM), NaCl (300 mM), B-mercaptoethanol (5 mM), imidazole (1 mM), and 5% glycerol, pH 8] and
sonicated for four cycles (2 min of sonication/2 min of rest; pulse, 0.5 intensity; duty, 0.5), while the
sample was kept on ice (Branson sonifier 450, Emerson industrial automation, United States). After
sonication, the sample was centrifuged (40000g, 30 min, 4 °C), and the supernatant was used immediately
for POP purification. An affinity column was used (10 mL, Toyopearl, AF-Chelate-650M) for purification.
The supernatant was applied at a flow rate of 0.5 mL min-1 to a column previously equilibrated with 2
column volumes of NiSO4 (0.2 M) followed by 5 column volumes of suspension buffer. The column was
then washed with 5 column volumes of suspension buffer, then 5 column volumes of washing buffer [Tris-
HClI (20 mM), NaCl (300 mM), B-mercaptoethanol (5 mM), imidazole (15 mM), and 5% glycerol, pH 8]. The
elution was then performed with 4 column volumes of elution buffer [Tris-HCI (20 mM), NaCl (300 mM),
B-mercaptoethanol (5 mM), imidazole (500 mM), and 5% glycerol, pH 8]. Fractions (4 mL) were collected
during the entire elution. Fractions testing positive for POP activity were analyzed by SDS-PAGE and
stained with phastgel blue R (GE Healthcare, sweden). POP-containing fractions were combined and
subjected to size exclusion chromatography (HiLoad 16/60 Superdex75 prep grade on a GE Healthcare

Akta Avant system) with [Tris-HCI (20 mM), NaCl (150 mM), benzamidine (5 mM), EDTA (1 mM), B-


https://www.gelifesciences.com/shop/chromatography/chromatography-systems/akta-avant-p-06264

mercaptoethanol [5 mM], and 5% glycerol, pH 8] as the running buffer. The purified enzyme was dialyzed
into the appropriate buffer. Recombinant hPOP was quantified by measuring the absorbance at 280 nm
using an extinction coefficient calculated by the following equation (¢ = nTrp*5000 + nTyr*1490 +

nCys*125, 129090 L-mol™ -cm™ for POP).

Baseline correction. In order to correct for sloped baselines, a common artifact in ITC experiments, a
baseline correction procedure was implemented for both kinetics of inhibition and initiation experiments.
This procedure involves fitting lines to the final flat (usually last ~200 s) portion of each injection
(Supplementary Fig. 1a). Each of these lines is extrapolated back to the beginning of the respective
injection in order to establish a full baseline for each injection. The full baseline is then subtracted from

the raw data for each injection to give the baseline-corrected data (Supplementary Fig. 1b).
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Supplementary Figure 1. Baseline correction of raw data for inhibition experiment using compound 1.
a) Raw data including pre injection delay (0-1000 s) and 4 injections (1st injection 0.4 pL over 0.8 s,
subsequent 3 injections 13 pL over 26 s) of compound 1 (7 uM in syringe) into cell containing POP and
TRH (1.32 nM and 13 mM) using a Malvern ITC-200 (blue line). Orange, yellow, purple and green lines
show the baselines for injections 1, 2 3 and 4 respectively. b) Baseline corrected ITC kinetics of inhibition
data.

Blank subtraction. ITC injections are accompanied by heat produced due to the dilution of the contents
of the syringe into the cell as well as the mechanical injection process itself. This heat is detected during
and immediately following the injection, partially obscuring the desired signal for an amount of time that

depends on the response function of the calorimeter. We have found that the most robust way to



circumvent these injection artifacts is to employ a blank experiment performed identically to the actual
experiment except without either no enzyme or no substrate. The blank experiment is used to determine
when the injection artifact ends (Twank) and is used as the starting point for the data analysis of each
injection (see ITC kinetics fitting scripts). Note that twiank is approximately given by Tinj + 3xT,, where Ty is
the length of the injection and 1, is the empirical calorimeter response time (=10 s for a Malvern ITC-200
and =20 s for a Malvern VP-ITC), although the best estimate is obtained directly from the blank injections

(Supplementary Fig. 2).
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Supplementary Figure 2. Determination of Tpnk for inhibition experiment using compound 1. a) Blank
experiment injections for inhibition experiment of compound 1. This experiment is performed under
exactly the same conditions as actual experiment except with no POP. Tynk is determined to be time it
takes the signal to return to baseline after an injection (dashed line at 70 s). b) Overlay of injections from
inhibition experiment of compound 1 black dashed line represents the value for Tyjank.

Kinetics of inhibition model. Simple competitive enzyme inhibition is described by the following kinetic

scheme
kOff kl kcat
El= E+I1+S =ES - E+P (D
Kon K_q

where E, S, P, and | represent the enzyme, substrate, product, and inhibitor, respectively. The potency of
an inhibitor is typically described by its inhibition constant, Ki = kos/kon, Or by the concentration required

to achieve 50% steady-state inhibition at a given substrate concentration, 1Cso = Ki(1+[S]/Km), where Ky, is



the Michaelis constant, Km = (k-1+keat)/ki.t Although measuring these equilibrium parameters represents a
key step in drug optimization, it is also increasingly of interest to know how quickly the enzyme loses
activity once an inhibitor is added and how quickly activity is restored if the free inhibitor is removed, as
discussed above. These dynamic processes are largely governed by the association rate, kon, and the
disassociation rate kos, which is the inverse of the residence time, tr=1/kotr. The instantaneous rate of

enzyme catalysis is given by the Michaelis-Menten equation

d _ _ kcat([E]tot - [EI])[S]
a1 = Feal ST = Ko + 5] 2
while the kinetics of inhibition are given by
d
2 LBl = konlE1LI] = kopy[ET] 3)

Typical enzyme assays employ spectroscopic,” 2 chromatographic,® # or electrophoretic,* techniques to
monitor the concentrations of products or substrates, thereby yielding rates of catalysis. To measure K; or
ICso values, the enzyme is allowed equilibrate thoroughly with an inhibitor, such that [EI] can be
considered time-invariant, depending only on the amount of inhibitor added. To characterize kon Or kos,
the pre-equilibration time with the inhibitor is varied,” or substrate and product concentrations are

measured while [El] gradually changes due to inhibitor association or dissociation.®

Covalent Inhibition. One complication of covalent inhibitors is that their binding mechanisms are usually
considered to have at least two distinct steps. %78 The enzyme and inhibitor first interact non-covalently

(El) and subsequently form a covalent bond (E-I), according to equation 4.

ky ke
E+1= El 2E—1 4)
ko, ke



where k, and k., are second and first order rate constants describing the non-covalent association and
dissociation of the inhibitor, while k. and k.. are first order rate constants describing formation and
breakage of the covalent bond, respectively. When (k., + k¢) >> ka[/], El does not accumulate appreciably
as a kinetic intermediate and the kinetics of inhibition are indistinguishable from those of simple non-
covalent inhibition.> * Formation of the inhibited state (El + E-1) follows equation 3 with an apparent
association rate constant:

knkc
ketk_p

! —
kOTL_

5)

When this kinetic condition is not met, bi-phasic inhibition is obtained, characterized by rapid formation
of El followed by gradual conversion to E-1.>7 Similarly, when k.>>k. or ke>>k.,, dissociation is kinetically
first order with an apparent rate constant:

Kenk—c
Kopr = ketk_n (6)

When k.n>>kezk., dissociation is biphasic with rapid dissociation of El followed by gradual loss of E-I. In
some cases, biphasic inhibition kinetics are observed experimentally, giving information on the
microscopic parameters in Scheme 2.% % In many cases however, binding is empirically monophasic and

the apparent association and dissociation represent the experimentally-accessible physical parameters.

ITC kinetics fitting Scripts. All fitting routines were performed using in-house MATLAB scripts. Differential

equations were integrated numerically in 0.01s integration steps. For kinetics of inhibition experiments:

[S]¢,i * ([Eo]t,i — [ET]¢)

[ESles =[5+ K, )
d[P];

[dgt’ = keqr * [Es]t,i (8)

[E]t,i = [Eo]t,i - [El]t,i - [Es]t,i 9)



d[El],

= ky * [Elp; * (Ie; — k—p * [EIl¢; — [EIle; * Rairi

dt
d[ET],;
(ENesari = — 5 *dt + [l
d[I;;
dtt'l = —ky* [Ele; * Ui + kg * [Ellg; + Ulsyr * Raiy — [ei * Rairi
afIl,
Nerari = —+de + [
d[S]e; d[P]e;
dt“ = —[S]¢i * Raui — dt”
d[S]e;
[Slt+aci = th *dt + [S]e;
d[E,]
dot o= —[Eolei * Rairi

[Eoltati = i = dt + [Eple;

For kinetics of initiation experiments:

[STe * ([Eo]t,i — [El]¢)
[S]t,i + Km

[ES]t,i =

d[P]e,i
dt

[Elei = [Eolei — [Elle; — [ES]e;

= kcat * [ES]t,i

dlEl];; K
ac - K [Elei* [e; — kg * [EIle; — [EIlg; * Rairi + [EXlsyr * Rairi
d[ET],;
(ENesari = — 5 *dt + [l
dllle;
i —ky * [Ele; * [Ie; + kg * [ETle; + [I1sry * Rairi —

d[l];
Merari = — =+ de + [

d[S]:; - d[P]g;

(1t * Rairi

(10)

(11)

(12)

(13)

(14)

(15)

(16)

17)

(18)

(19)
(20)

(21)

(22)

(23)

(24)

(25)



a[Sl.;
[S)erari = — g * dt +[S]eq (26)
dlE,];;
d‘; Y= —[Eolei * Raiv (27)
dlE,ls;
[Eolttari = d—(;t'l *dt + [Eple; (28)

For both inhibition and initiation experiments the ket and Kn are the catalytic rate and the Michaelis-
Menten constants for TRH respectively. [Eo]:i is the total concentration of enzyme for time =t for injection
i and [N, [Elei, [S)ti, [Ellti, and [ES]:; are the concentrations of free inhibitor, free enzyme, free substrate,
enzyme inhibitor complex, and enzyme substrate complex in the cell at time = t for the i" injection
respectively. k, and k.; are the association rate dissociation rate of the inhibitor respectively. The dilution
rate (Rai,) is the rate of dilution occurs for injection i; this is equal to dV/dt*1/V i during the injection and
0 otherwise. Here dV/dt is the rate of injection and V. is the volume of the cell.

For ITC inhibition experiments [/]s,ris the concentration of inhibitor in the syringe. The initial conditions
for the first injection (i = 1) are [Eolt=1,i=1 = [Eo]cell, [/t=1,i=1=0, [Slt=1,1,=1 = [Scen and [E/]t=1,=1 =0. For subsequent
injections (i > 1) the initial conditions were set as [Eolt=1, = [Eolt=ttot,i-1, [[Tt=1,i=[/]t=ttot,i-1, [Slt=1,i = [S]t=ttot,i-1 and
[El]t=1,i = [Elli=ttot;i-1 Where tw: is the total time between injections and [Eolcen / [Slcen are the initial
concentrations of enzyme/substrate in the cell (ie. i=1, t=0).

For ITC initiation experiments [E/]s,r, [/1syr and [Elsyrare calculated via the binding polynomial using the total
concentrations of enzyme and inhibitor in the syringe and the strength of the inhibitor K;= k/k,.!* The
initial conditions for the first injection (i = 1) are [Eolt=1,=1 = 0, [/t=1,i=1 =0, [S]¢t=1,i=1 = [S]cen and [E/]¢=1,-1=0. For
subsequent injections (i > 1) the initial conditions were set as [Eol=1,; = [Eolt=ttoti-1, [[]t=1,i =[Nt=ttot,i-1, [Se=1,i =
[Sle=ttot,-1 @and [El]e=1= [El]e=ttor,i1 Where tior is the total time between injections and [Eolcen / [Sleen are the
initial concentrations of enzyme/substrate in the cell.

The instantaneous heat of injection h(t) is calculated using the enthalpy of the reaction AH..: and the total

volume of the cell according to:



d[P]¢,
hi(t) = AH¢qp * Veey * T (29)
Prior to convolution the offset is adjusted such that the hi(t = 0) =0 and the initial portion of each transient

is zero padded with ~500s in order to avoid artifacts from the convolution. The instantaneous heat curve

is then numerically convoluted with an empirical response function'? according to:

gi() = () ® f(t) (30)

Where f(t) is the empirical response function, gi(t) is the resulting calculated signal, and the convolution

is defined according to:

t
h(®) ® £ () =jf@Mﬁ—ﬂdr 31)

The calculated instrument output, gi(t), was digitally resampled in second intervals to match the
experimental calorimeter output. For all compound the k; and K; were floated along with AH..: in order to
account for inaccuracies in the enzyme concentration. In the case of compound 3 a stoichiometric N value
was also floated (ie. [Eolceliactual = N*[Eolcen a@s in ordinary binding ITC experiments) while minimizing the

target function (equation 32) using the MATLAB fminsearch function according to:

tiot

M
RSS =) Y (gi®) — hi(®))? (32)

i=1 t=Tplank

Where b;(t) is the experimental curve generated by injection i. Note that that in most experiments the
first injection was omitted from the fitting (ie. i would start at 2 in equation 32 above) due to diffusion

from the syringe tip. twt is the time between injection, M is the total number injections and Tpank is the

10



beginning of the data analysis period which is determined using blank experiments (see baseline

correction and blank subtraction).

Global fits for ITC kinetics. Global fits fitting routines were performed as above except with a global set

of kinetic parameters. The target functions were calculated according to:

RSSinnin RSSinit

RSStotar = (;tht o) + (;Ztmt b ()
trot — Tpimk < t= Toink ~ IR ttot — Tpink ~ = Think LI

(33)

Spectroscopy Fitting Scripts. All fitting routines were performed using in house MATLAB scripts.
Differential equations were integrated numerically in 0.01s integration steps. For spectroscopic kinetics

of inhibition and initiation experiments:

[S1e * ([Eo]: — [ET]e)

[ES)e = = (34
dElpt]t = keqr * ES], (35)

[E]l; = [Eole — [EI], — [ES]; (36)
d[jtl]t = ky * [E], * [I]; — k_y * [EI], (37)
[Ell¢rar = %* dt + [EI], (38)
% = —ky * [E], * [I]; + k_ * [EI], (39)
[erar = %* dt + [11; (40)
[STear = % «dt +[S], (42)

11



Plevae = S0t de + [P, (43)

Where [E,]:; is the total concentration of enzyme at time =t for and [/];, [E]s, [S]:, [P):, [EN:, [ES]: are the
concentrations of free inhibitor, free enzyme, free substrate, product, enzyme inhibitor complex, and
enzyme substrate complexin the well plate at time =t. k; and k., are the association rate dissociation rate
of the inhibitor respectively. The initial concentrations of the various species were used as the initial
conditions for the fitting scripts. For both UV-Vis inhibition and initiation experiments the ket and K are
the catalytic rate and the Michaelis-Menten constant respectively for ZPG-pN. For NMR spectroscopy
experiments the Michaelis-Menten constants for TRH were used.

For both NMR and UV-VIs spectroscopy experiments the product concentration [P]; was digitally
resampled in order to match the experimental output. For UV-Vis spectroscopy the k;, Ki enzyme
concentration, and intercept yowere floated while minimizing the target function (equation 44) using the

fminsearch function. according to:

ttot
RSS = ) (IPleesy = ([Plecaic + 0))° (44

t=0
Where [Pliexp, and [Pliexp are the experimental and calculated concentration of product at time t = 0
respectively. For NMR spectroscopy experiments the substrate concentration [S]; was digitally resampled
in order to match the experimental output. The values of k;, yo as well as a conversion factor S. were
floated while minimizing the target function (equation 45) using the MATLAB fminsearch function

according to:

tiot

RSS = Z(SC # [STeexp — ([Slecatc + o)) (45)
t=0

12



Prolyl oligopeptidase enthalpy of catalysis and Michaelis-Menten parameters.
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Supplementary Figure 3. Prolyl oligopeptidase and TRH enthalpy of catalysis. 3 injections (15 pL over 30

s
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s) of Thyrotropin-releasing Hormone (TRH) (5.5 mM in syringe) into cell containing POP (250 nM in Cell)
at 30°C in buffer described above. Experiment was carried out using a Malvern VP-ITC.

o

Supplementary Figure 4. Michaelis-Menten plot for prolyl oligopeptidase with TRH. 5 injections (8 pL, 6
pL, 15 pL, 20 pL, 50 pL, 80 pL and 90 pL over 165,12 s,30s,40s, 100 s, 160 s, 180 s respectively) of
Thyrotropin-releasing Hormone (TRH) (27.6 mM in syringe) into cell containing POP (2.5 nM in Cell) at
30°C in buffer described above. The enzyme velocity at several concentrations of substrate (black open
circles) was extracted using the methods described in'® and fit to Michaelis-Menten kinetics (blue curve).
Experiment was carried out in Malvern VP-ITC.
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Supplementary Table 1. Summalc'jy of prolyl oligoeeptidase enzyme parameters with TRH. Determined
by ITC using techniques presented by Gomez et al.t3

AHca -6.72 £ 0.06 Kcal mol™?
Keat 42.19 st
Km 975 uM

Enthalpy of binding in kinetics of inhibition and initiation experiments. In the kinetics of inhibition and
initiation experiments performed here, the instrument measures both the heat generated by enzymatic
catalysis and the heat produced due direct interaction of the inhibitor with the enzyme. In order to
estimate the relative magnitudes of these two effects, the enthalpy of binding was directly measured
using an ordinary ITC binding experiment at a concentration of POP significantly higher (approx. 100 to
1000-fold greater, 5 uM) than those used in kinetics of inhibition and initiation experiments
(Supplementary Fig. 5). Binding data were then modelled at the concentrations of enzyme and inhibitor
and injection size and spacing used for the kinetic experiment for compound 5, with representative
instrumental noise estimated from the baselines, AHuing taken from Supplementary Table 2 and K; taken

as a previously reported value (0.5 nM)** (Supplementary Fig. 6).

4}

(=]

)

Heat/mol Injectant (Kcal mo|'1)
S

0 1 2 3
Molar Ratio (Inhibitor/Protein)

Supplementary Figure 5. Compound 5 prolyl oligopeptidase binding experiments. Compound 5 (90 uM)
was titrated into 5 uM POP in cell using a Malvern ITC-200 calorimeter. First injection is 0.1uL (not shown)
and subsequent 8 injections are 4.3 pL. Molar ratio of compound 5/POP vs Total Heat for each injection
peak (open black circles) with fit (red line).
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Supplementary Table 2. Summary of compound 5 prolyl oligopeptidase binding parameters.

AHping -22.2 £ 0.1 Kcal mol™*
N 0.93+£0.03
Ki -

0.02

Power (ucal 5'1)
o

-0.02 '
0 500 1000

Time (s)
Supplementary Figure 6. Modelling heat of binding in kinetics of inhibition experiments. Modelled
kinetics of inhibition experiment with compound 5 using only contributions from the heats of binding.
It is apparent that at the concentrations used in this study the heats of binding are negligible and can be
omitted from the analysis. We estimate that heats of binding only become significant (>2x the noise) if

either the binding enthalpy or POP concentration are over 200-fold greater than what was measured/used

in this study.
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SUPPLEMENTARY NOTE 1 - RESULTS

Fits for ITC kinetics of inhibition and initiation experiments
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Supplementary Figure 7. Kinetics of inhibition experiment using compound 1. a) Baseline corrected data.
4 injections (1st injection 0.4 pL over 0.8 s, subsequent 3 injections 13 plL over 26 s) of compound 1 (7 uM
in syringe) into cell containing POP and TRH (1.32 nM and 13 mM) at 30°C in buffer described above using
a Malvern ITC-200. a) Overlay of injections 2 (open blue circles), 3 (open orange circles), and 4 (open
yellow circles) from baseline corrected ITC kinetics of inhibition data. Fit using the kinetics of inhibition
model described above (black lines). Only fitted portion of the experimental curves are shown.
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Supplementary Figure 8. Kinetics of initiation experiment using compound 1. a) Baseline corrected data,
6 injections (1st injection 25 pL over 50 s, subsequent 3 injections 20 L over 40 s) of pre-incubated POP
and compound 1 (100 nM and 878 nM respectively in syringe) into the cell containing TRH (11 mM) at
30°C in buffer described above using a Malvern VP-ITC. b) Overlay of injections 2 (open blue circles), 3
(open orange circles), 4 (open yellow circles), 5 (open purple circles) from baseline corrected ITC kinetics
of inhibition data. Fit using kinetics of inhibition model described above (black lines). Only fitted portion
of the experimental curves are shown.
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Supplementary Figure 9. Global fit for compound 1. Results of global fit between (a) inhibition
experiment and (b) initiation experiment for compound 1.
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Supplementary Figure 10. Kinetics of inhibition experiment using compound 2. a) Baseline corrected
data. 7 injections (all 4.5 pL over 9 s) of compound 2 (87.5 uM in syringe) into cell containing POP and TRH
(5.4 nM and 18 mM) at 30°C in buffer described above using a Malvern ITC-200. b) Overlay of injections 1
(open orange circles), 2 (open yellow circles), 3 (open purple circles) and 6 (open green circles) from
baseline corrected ITC kinetics of inhibition data. Fit using the kinetics of inhibition model described above
(black lines). Only 4 curves are shown for clarity only, all injections except the first was used in the fitting
routine. Only fitted portion of the experimental curves are shown.
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Supplementary Figure 11. Kinetics of initiation experiment using compound 2. a) Baseline corrected data,
8 injections (1st injection 0.2 uL over 0.4 s, subsequent 7 injections 2 uL over 4 s) of pre-incubated POP
and compound 2 (200 nM and 16.2 uM respectively in syringe) into the cell containing TRH (17.3 mM) at
30°C in buffer described above using a Malvern ITC-200. b) Overlay of injections 2 (open blue circles), 3
(open orange circles), 4 (open yellow circles), 5 (open purple circles) from baseline corrected ITC kinetics
of inhibition data. Fit using kinetics of inhibition model described above (black lines). Only fitted portion
of the experimental curves are shown.
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Supplementary Figure 12. Global fit for compound 2. Results of global fit between (a) inhibition
experiment and (b) initiation experiment for compound 2.
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Supplementary Figure 13. Kinetics of inhibition experiment using compound 3. a) Baseline corrected
data. 7 injections (1st injection 0.3 pL over 0.6 s, subsequent 6 injections 5 pL over 8 s) of compound 3
(462 nM in syringe) into cell containing POP and TRH (7.64 nM and 25.2 mM) at 30°C in buffer described
above using a Malvern ITC-200. b) Overlay of injections 2 (open orange circles), 3 (open yellow circles), 4
(open purple circles) and 6 (open green circles) from baseline corrected ITC kinetics of inhibition data. Fit
using the kinetics of inhibition model described above (black lines). Only 4 curves are shown for clarity
only, all injections except the first was used in the fitting routine. Only fitted portion of the experimental
curves are shown.
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Supplementary Figure 14. Kinetics of inhibition experiment using compound 4. a) Baseline corrected
data. 7 injections (1st injection 0.3 uL over 0.6 s, subsequent 6 injections 4 uL over 8 s) of compound 4
(500 nM in syringe) into cell containing POP and TRH (14.8 nM and 20 mM) at 30°C in buffer described
above using a Malvern ITC-200. b) Overlay of injections 2 (open orange circles), 4 (open yellow circles), 5
(open purple circles) and 7 (open green circles) from baseline corrected ITC kinetics of inhibition data. Fit
using the kinetics of inhibition model described above (black lines). Only 4 curves are shown for clarity

only, all injections except the first was used in the fitting. Only fitted portion of the experimental curves
are shown.
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Supplementary Figure 15. Kinetics of initiation experiment using compound 4. a) Baseline corrected data,
7 injections (1st injection 0.3 pL over 0.6 s, subsequent 6 injections 2.9 pL over 5.8 s) of pre-incubated
POP and compound 4 (88.1 nM and 500 nM respectively in syringe) into the cell containing TRH (6.9 mM)
at 30°C in buffer described above using a Malvern ITC-200. b) Overlay of injections 2 (open orange circles),
4 (open yellow circles), 5 (open purple circles) and 7 (open green circles) from baseline corrected ITC
kinetics of inhibition data. Fit using the kinetics of inhibition model described above (black lines). Only 4
curves are shown for clarity only, all injections except the first was used in the fitting. Only fitted portion
of the experimental curves are shown.
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Supplementary Figure 16. Global fit for compound 4. Results of global fit between (a) inhibition
experiment and (b) initiation experiment for compound 4.
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Supplementary Figure 17. Kinetics of inhibition experiment using compound 5. a) Baseline corrected
data. 3 injections (1st injection 0.1 pL over 0.2 s, subsequent 2 injections 3.5 pL over 7 s) of compound 5
(11.7 uM in syringe) into cell containing POP and TRH (3.1 nM and 13.8 mM) at 30°C in buffer described
above using a Malvern ITC-200. b) Overlay of injections 2 (open blue circles), 3 (open orange circles) from
baseline corrected ITC kinetics of inhibition data. Fit using the kinetics of inhibition model described above
(black lines). All injections except the first was used in the fitting routine. Only fitted portion of the curves

are shown.

UV-Vis and NMR Spectroscopy experiments
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Supplementary Figure 18. UV-Vis inhibition experiment using compound 1. POP and colorimetric
substrate ZGP-pNA (1 nM and 80 uM respectively) were spiked with compound 1 (final concentration of
105 nM). The absorbance at 405 nm was monitored as a function of time which was converted to a
concentration of p-Nitroanaline (open blue circles). The data was fit using inhibition scripts described

above (black line).
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Supplementary Figure 19. UV-Vis initiation experiments using compound 1. POP and compound 1 at an
original concentration of (277 nM and 1.5 uM respectively) are diluted 100-fold into buffer containing
ZGP-pNA (80 uM). The intensity of the peak at 405 nm was monitored with time and converted to a
concentration of p-Nitroanaline (open blue circles). The data was fit using initiation scripts similar to those
described above (black line).
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Supplementary Figure 20. NMR inhibition experiment using compound 5. POP and TRH (50 nM and 5
mM respectively) were spiked with compound 5 (final concentration of 50 nM). The peak corresponding
to TRH at 8 ppm monitored as a function of time which was converted to a concentration of TRH (open
blue circles). The data were fit using inhibition scripts described above (black line).
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Statistical analysis of errors. Errors were calculated using residual sum of squares contour plots. This was
accomplished by performing a grid search for each pair of fitted parameters for each fit and calculating

the RSS at each point. The confidence level (CL) at each RSS value was calculated as®®

RSS; ;
CL;; =F Wo_q). (2L M, Dof (46)
L] CDF RSSmm M ’ ’

where F.qis the F distribution cumulative density function and RSSminis the residual sum of squares at the

minimum found via fitting. RSS;;is the RSS at the point i,j for each the i/j™" pair of fitted parameters. Dof is
the degrees of freedom of the fit and M is the total number of fitted parameters. The resulting %CL
contour plots are shown below with the 95%CL contour as a black dotted line, for selected pairs of

parameters. Errors are shown in Table 1 of the main text and Supplementary Table 3.
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Supplementary Figure 21. Confidence level contour plots for ITC experiments using compound 1. Error
surfaces for each Opair of fitted parameters for a)-c) kinetics of inhibition experiment, d)-f) kinetics of

initiation experiment and, g)-1) global fit between inhibition and initiation experiment. Dotted line
highlights the 95%CL. The largest error value at the 95%CL is reported for each parameter.
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Supplementary Figure 22. Confidence level contour plots for UV-VIS experiments using compound 1.
Error surfaces for pairs of fitted parameters for a) inhibition experiment, b) initiation experiment. Dotted
line highlights the 95%CL. The largest error value at the 95%CL is reported for each parameter.
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Supplementary Figure 23. Confidence level contour plots for ITC experiments using compound 2. Error
surfaces for each pair of fitted parameters for a) kinetics of inhibition experiment, b) kinetics of initiation
experiment and, c)-e) global fit between inhibition and initiation experiment. Dotted line highlights the
95%CL. The largest error value at the 95%CL is reported for each parameter.
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Supplementary Figure 24. Confidence level contour plots for ITC experiments using compound 3. Error
surfaces for each pair of fitted parameters for a)-f) kinetics of inhibition experiment. Dotted line highlights
the 95%CL. The largest error value at the 95%CL is reported for each parameter.
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Supplementary Figure 25. Confidence level contour plots for ITC experiments using compound 4. Error
surfaces for each pair of fitted parameters for a)-c) kinetics of inhibition experiment, d)-f) kinetics of
initiation experiment and, g)-1) global fit between inhibition and initiation experiment. Dotted lines
highlight the 95%CL. The largest error value at the 95%CL is reported for each parameter.
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Supplementary Figure 26. Confidence level contour plots for ITC experiments using compound 5. Error
surfaces for each pair of fitted parameters for kinetics of inhibition experiment. Dotted line highlights the
95%CL. The largest error value at the 95%CL is reported for each parameter.
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Supplementary Figure 27. Confidence level contour plots for NMR experiments using compound 5. Error
surfaces for each pair of fitted parameters for kinetics of inhibition experiment. Dotted line highlights the
95%CL. The largest error value at the 95%CL is reported for each parameter.

Supplementary Table 3. Kinetic and thermodynamic parameters.

Cpd Experiment Kkon x10°M?1s?  kotr x10%4s1  KinM bAHcat kcal mol
1 ITC Inhib. 1.12 £ 0.02 43.12£0.9 384+04 -6.69+0.02

ITC Init. 1.212+0.01 82.1+04 58.7+05 -5.86+0.01

ITC Global 1.68 +0.02 72+1 426+£04 -6.32%0.02,-6.18 £0.01

UV-VIS 1.43 £0.02 31.4+£0.3 9473+ 2
2 ITC Inhib. -- -- 597 + 28 -6.79 £0.03

ITC Init. -- -- 744 + 16 -10.88 + 0.06

ITC Global - -- 618 £ 10 -6.79 £ 0.05, -11.07 £ 0.03
3 ITCInhib. 1555+0.4 9+15 0.063 =+ -9.91+0.03

0.01

4 ITC Inhib. 44 +1 2492+ 7 56+0.1 -5.33+0.03

ITC Init. 200+ 1 261+9 13.1+£04 -7.19+0.04

ITC Global 25.2+0.2 250+ 8 9.72+0.3 -6.85+0.03,-6.41+0.02
5 ITC Inhib. 4.18 +£0.04 <1.05 <25 -7.97 £0.01

NMR 54+0.7 -- --

Lit4 0.7 3 0.5

acalculated using K; = Koft/Kon

bAH_. are floated in order account for uncertainties in enzyme concentration as the magnitude of the heat flow is directly proportional to [Eo]AH.,. Since the inhibition
and initiation experiments are run separately, different AH, correction terms can be obtained for the two experiments.
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SUPPLEMENTARY NOTE 2 - GENERAL CONSIDERATIONS

1 - Introduction

The following is intended to assist potential users with experimental design and data interpretation and
also explores the ranges of applicability for the techniques. Guidelines are given for selecting enzyme,
substrate, and inhibitor concentrations, largely based on the Malvern ITC-200 instrument and the physical
parameters of the POP/inhibitor system studied here (AHct , Km, Keat, kon and Ki). We expect these
guidelines to apply generally but the precise values will depend to some extent on the system under
investigation and the instrument used. For POP, we estimate the upper and lower limits for measurable
Kon, Koff, values to be (8x10° and 3x10° Ms?) and (0.1 and 5x10* s) respectively. The lower limits for the
Ki values are estimated to be 30 pM for inhibition experiments and 1 pM for initiation experiments

respectively.

2 - Instrument parameters

2.1 - Pre injection delay

For optimal results, it is advisable to allow the baseline to reach a steady power level prior to starting the
experiment. We used long pre-injection delays of 1000-2000s in order to ensure baseline stability.

2.2 - Injection volume

It is advisable to follow the minimum and maximum injection volume guidelines provided by the
instrument manufacturer. Injections that are too large can produce artifacts due to temperature
differences between the injectant and the cell contents.? The largest injection size used in this study using

the Malvern ITC-200 is 13 pL in the inhibition experiments with compound 1. Injections that are too small
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can lead to large relative errors in volume, partly due to diffusion of the injectant from the tip of the

syringe between injections. We used a minimum injection size of 2 pL.
2.3 — Spacing between injections

We recommend inter-injection spacing long enough for the signal to completely stabilize at each new
plateau (according to the kinetics of the inhibitor) and to accurately evaluate the new baseline (and

additional 200-300s) after each injection.

3 - Kinetic limitations

3.1 - Upper kinetic rate limits

The upper and lower limits for rate constants are largely determined by the magnitude of the change in
power signal, the instrument noise level, and the response time of the instrument. In order to estimate
the minimum signal to noise ratio (SNRmin) required to extract reliable rate constants from single
exponentially-decaying data, a series of datasets were generated according to S(t) = SNRxexp{—kreactt} +
o(t), sampled in 1-second intervals, with Kreact= 0.1 s, SNR varying from 11 to 3.9, and values of o(t) drawn
randomly from a Gaussian distribution with a mean of 0 and standard deviation of 1 (1000 curves for each
SNR). Each curve was fit individually to Sst(t) = Axexp{—kreactt} while floating the values of A and kreact. The
relative error of kreact at each value of SNR was calculated as the standard deviation divided by the true
value of the parameter (0.1 s) (Supplementary Fig. 28). We find that reliable rate constants can be
extracted when the magnitude is at least 4-fold greater than the baseline noise, i.e. SNRmin = 4, which is

consistent with experimental data (Supplementary Fig. 29).

For estimating the upper kinetic limit, we take the short-timescale baseline noise to be Qgms = 0.0017 pcal

s’t. Assuming that the signal decays exponentially from the end of the injection (tiy) to the beginning of
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the analysis period (Ttiank, See above), i.e. for approximately 3xt,, where T, is the instrument response time,

the maximum extractable rate is given by

Kmax = (BTr)_lln {L} (47)

SNRminXQRrMs

The average AQiy over all compounds is ~0.1 ucal s in this study, giving a rough upper limit of 0.09 s,
which corresponds to the maximum extractable dissociation rate. To estimate the maximum extractable
association rate, we assume an inhibitor concentration of 11 nM (used for compound 3) giving an

approximate maximum of 8.1 x 106 M? % for similar systems.
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Supplementary Figure 28. Monte Carlo simulations of first order kinetics experiments. Relative error of
the kreact VS the signal to noise ratio (SNR).
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Supplementary Figure 29. Experimental confirmation of SNRmin. a) Second, b) third and c) fourth injection
of kinetics of inhibition experiment using compound 1. Vertical dashed lines were placed at Tinj and Toiank
in a). Horizontal dashed line was placed where the experimental curve passes Toiank for all injections. The
AQunj calculated as the difference between the maximum signal and the horizontal dashed line for a) is
0.029 pcal s, b) is 0.008 pcal s* and c) is 0.0015 ucal s* making the SNR ~17, 4.7 and 0.9 respectively.
When individually fit the curves from panel a) and b) can be used to extract precise kinetic rates while c)
cannot. This is consistent with the data form the simulations above.

3.2 - Lower kinetic rate limits

The lower limit for measurable kinetics is largely determined by the rate of baseline drift and the
magnitude of the change in power signal. In order to estimate the baseline drift, we performed several
experiments consisting of long baseline measurements with no injections. We then calculated the root-

mean-square deviation in power as a function of time according to

Qus(™ = J((0(©) — 0t + 1)) (48)
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Supplementary Figure 30. Qrms Vs. T. 5 x 9000s experiments with pre injection delays of 2000s with buffer
described in the materials and methods section were run and analysed individually using equation 48
then averaged together. Only the first 8000s is shown as the Qgrms values become increasingly poorly
defined for large T. The inset shows first 220s.

Qrms Shows a rapid rise as short times due to random noise and fast-timescale fluctuations, followed by a
more gradual increase corresponding to long-timescale drift, reaching 0.025 pcal s after 8000s. The
kinetic ITC signals have 95% reached their new baselines after a length of time given by 4/k. We can thus

use a plot of Qgrms(t) and the magnitude of the signal, AQwta, to estimate the longest accessible rate

constants by finding the value of knin Which satisfies

4
Qs (7= —) X SNRynin = BQun (49)

min
For the baseline measurements made here, Qrus appears to increases linearly with t, the Qrms plot shown
in Supplementary Fig. 30 fits well to a line starting at T = 50 s yielding a slope and intercept of 2.89 x 10
®and 2.99 x 107 respectively. Using an average AQin of 0.1 pcal s™ and Qrms = 0.0017 ucal s2, this gives an
approximate kmin of 5.26 x 10 s, which corresponds to the minimum value of kot and, for an inhibitor
concentration of 193 nM (inhibition experiments with compound 5), this gives a minimum association

rate of 2.73 x 103 Mt s,
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4 - Kinetics of inhibition experiments

4.1 - Measuring thermodynamic and kinetic properties for an enzyme-substrate pair
It is recommended that the AHcat, keat and Km values are measured prior to designing experiments, for

instance by the procedure of Gomez et al3 (see Prolyl oligopeptidase enthalpy of catalysis and Michaelis-

Menten parameters).

4.2 - Enzyme and substrate concentrations
4.2.1 - Maximizing signal in inhibition experiments
The sensitivity of the kinetics experiments is optimized by maximizing the changes in heat flow. In the case

of inhibition experiments, this is achieved by maximizing the total heat flow due to catalysis

kcat * Eo,cell *§
Kp+ S

AQtotar = AHcat * Veenr (50)

Where AHtis the enthalpy of catalysis, Vcenis the volume of the cell, kcatand Km are the catalytic rate and
Michaelis-Menten constant respectively, S is the total amount of substrate in the cell and E, caiis the total
amount of enzyme in the cell. This is particularly true as the signal is split into multiple AQinj increments.
AQuotai Ccan be optimized by maximizing the amount of enzyme and using saturating substrate
concentrations. As well, when several different substrates are available, the ones with the largest | AHcat|
values are preferable. Under the experimental conditions used in this study we calculate the baseline
noise level to be 0.0017 ucal s™. In the experiments presented here the smallest SNR was obtained in
inhibition experiments with compound 2 (see Supplementary Fig. 10). Here the total AQotal = 0.2 pcal s2,
SNR = 67. Split between 7 injections, this gives an average SNR per injection of just under 10.
4.2.2 — Steady rate enzyme kinetics in inhibition experiments
In order to achieve a steady baseline signal, substrate concentrations must remain either fully saturating

or essentially constant at a sub-saturating level. Significant depletion of substrate over the course of an
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experiment it will lead to large baseline drift, making the results difficult to interpret. It is therefore
important to ensure that

kcat * (Eo,cell> * S

s> K, +5 Texp

6D

Where tep is the total time of the experiment and angled brackets indicate the average free enzyme
concentration over the course of the experiment. All of the experiments performed in this study were
prepared such that the left hand side of equation 51 is at 5-fold or more greater than the right hand side.
4.2.3 - c-value and its implications for experimental design
In standard ITC assays, the c-value is calculated as Kp/[M], where Kp is the equilibrium dissociation
constant and [M] is the concentration of macromolecule in the cell. When designing enzyme inhibition
kinetics studies, a modified c-value can be calculated as ICso/[E,], as the amount of inhibitor needed to
achieve 50% inhibition is not equal to the K;, in general. For competitive inhibitors ICso= K; x (1+ S/K:), for
uncompetitive inhibitors 1Cso = Ki x (1+ S/Km) %, and for noncompetitive inhibitors, 1Cs=K;. At very high c-
values (greater than about 5.8), it becomes difficult to extract reliable K; values (see 4.4.2 — Monte Carlo
simulations for the lower K; limit). The c-value can be lowered by decreasing the concentration of enzyme

and by altering concentration of substrate in the case of competitive and uncompetitive inhibitors.

4.3 - Inhibitor concentration

4.3.1 - Tailoring inhibition kinetics
The majority of the inhibition experiments performed in this study have a large excess of inhibitor
compared to enzyme present in the cell. This means that the change in inhibitor concentration will be

negligible throughout and during an injection making it possible to express the rate of inhibition in terms

of a pseudo first order rate constant (kon” = Kon X [/]cen) With units of s* where [/]cenis the concentration of
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inhibitor in the cell following each injection. It is therefore possible to tune the effective kinetics in the
inhibition experiments by altering the concentration of inhibitor.

4.3.2 — Decreasing inhibitor concentration
For compounds with very rapid binding kinetics it is possible to decrease the inhibitor concentration such
that kon” is smaller than the upper kinetic rate limit (see 3.1 - Upper kinetic rate limits). One difficulty with
decreasing the inhibitor concentration is that it leads to a smaller change in the fractional inhibition of the
enzyme and therefore a smaller signal (AQin;). For example, we were unable to measure the kinetics of
inhibition for compound 2 due to its large Ki. High concentrations of inhibitor were required to achieve
measurable AQin; signals, such that ko.n" was far above the upper kinetics rate limit. In contrast, compound
4 bound much more tightly allowing much smaller concentrations of inhibitor to be used, such that kon’
was measurable.

4.3.3 — Increasing inhibitor concentration
In principle it is always possible to increase the inhibitor concentration such that kon’ is larger than the
lower rate limit (see 3.2 - Lower rate kinetic limits). In cases where both ko, and K; are very low this may
lead to Kibecoming experimentally inaccessible. Raising the concentration of a slow binding inhibitor in
order to increase koo’ can lead to the enzyme becoming saturated with inhibitor after the first injection,

as seen for compound 5.

4.4 - Limitations for the K;

4.4.1 - Upper limit for K;
In principle, the only factor setting the upper limit for K; (lower limit for affinity) is the magnitude of the
changes in heat flow with each injection. This can be maximized by increasing the inhibitor concentration
(limited by inhibitor solubility) and enzyme concentration (taking care not to overly deplete the substrate;

see 4.2 - Enzyme and substrate concentrations). For competitive inhibitors lowering the substrate
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concentration will help raise the c-value and increase the amount of binding with each injection, but will
limit the amount of enzyme that can be used, due to substrate depletion during the experiment. In this
study the highest K; values we measured was for compound 2 (~650 nM). Lower affinities (larger Ki’s) are
measurable but not necessarily of practical interest for drug design.
4.4.2 — Monte Carlo simulations for the lower K; limit

The lower limit for measurable K; values largely depends on the modified c-value (see Section 4.2.3 c-
value and its implications for experimental design). Note that the dependence on the c-value differs from
ITC experiments performed in standard binding mode as these detect the heat released directly by binding
whereas the kinetic assays detect binding indirectly as the change in heat released by catalysis. In order
to map out the lower limit, we performed a Monte Carlo analysis in which data were simulated using POP
enzymatic parameters, with baseline noise (0.0017 pcal s), 1% error in the injection size (Malvern ITC-
200 manual). Enzyme concentrations were set at 5 nM, substrate concentration at 25 mM, values of K;
varied from 10 nM to 10 pM, and inhibitor concentrations ranged 1 uM for high K;simulations to 50nM
for low Ki simulations. In order save computational time a simplified (fast-limit) version of the inhibition
model was used to simulate and fit data in which all injected inhibitor binds instantaneously. 1000
synthetic datasets were generated for each value of Ki. Each data set was fit individually and the relative
error in K was calculated as the standard deviation divided by the value of the parameter (Supplementary

Fig. 31).
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Supplementary Figure 31. Monte Carlo simulations of inhibition experiments. Relative error of the Kivs
the —|0g10(Ki).

Robust K; values are obtained down to a value of about ~0.1 nM at which point the relative error begins
to increase rapidly. At —logi0(10.5) (32pM) the relative error is approximately 50% making this an
approximate lower limit measuring K; with the kinetics of inhibition experiment Note that at the
concentrations used in the simulation, this corresponds to a c-value of 5.8. Our lowest experimental K;
was 60 pM for compound 3. The estimated relative experimental error was approximately 15%, which is
consistent with the errors calculated in these simulations. When measuring high affinities, it can be helpful
to reduce the enzyme concentration as much as possible and to adjust the substrate concentration to

increase the ICso. (see 4.2 — Enzyme and substrate concentrations).
4.5 - Setting up inhibition experiments

1. Clean the ITC thoroughly as per manufacturer’s instructions.

2. Pre-equilibrate ITC to the experimental temperature to help the baseline reach
equilibrium more rapidly once the experiment is initiated.

3. Select experimental parameters — all the experimental parameters (injection size, length
etc. see 2- Instrument parameters) should be chosen at this time so that the experiment
is ready to initialize.

4. Make enzyme and substrate solutions separately to ensure that substrate is not
consumed prior to the experiment being initiated.

5. Load syringe with inhibitor — the inhibitor should be dissolved in a buffer that most closely
matches the buffer in the cell in order to minimize dilution artifacts.

6. Mix enzyme and substrate to initiate catalysis.
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7. Load the enzyme-substrate mixture into reaction cell.
8. Initiate experiment

5 - Kinetics of initiation experiments

5.1 - Measuring thermodynamic and kinetic properties for an enzyme-substrate pair
See section 4.1 - Measuring thermodynamic and kinetic properties for an enzyme-substrate pair
5.2 - Enzyme and substrate concentrations

5.2.1 — Maximizing signal in initiation experiments
As for the kinetics of inhibition experiment, the total signal for a kinetics of initiation ITC experiment is
maximized by using the largest concentrations of enzyme and substrate available. The magnitude of the
signal can be calculated as above using equation 50 (see 4.1.1 - Maximizing signal in inhibition
experiments), calculating Eoceil @S Eosyr+(1-€XP(-Vinjtotal/Veell)) Where Vinjotal is the total volume injected
throughout the experiment.

5.2.2 - Steady rate enzyme kinetics in initiation experiments
Similarly to the kinetics of inhibition experiments, substrate concentrations must remain constant or
saturating in kinetics of initiation experiments in order to keep a steady rate of catalysis (see 4.2.2 — Steady
rate enzyme kinetics in inhibition experiments). Equation 51 can once again be used, calculating Eo ceias
Eo,syr-€XP(-Vinj total/ Veen). All of the experiments performed in this study were prepared such that the left
hand side of equation 51 is at a minimum over 5 times the right hand side. This introduces an upper limit
for the enzyme concentration and a lower limit for the substrate concentration initiation experiments.

5.2.3 - Substrate concentration
In principle having a large substrate concentration is always advantageous in kinetics of initiation

experiments, this is because it maximizes signal and ensures steady rate kinetics (see 5.2.1 and 5.2.2
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above). In the case of competitive inhibitors, high concentrations of substrate also favour enzyme-

inhibitor dissociation (see 5.4 — Optimizing signal due to dissociation).

5.3 — Limitations for the K;

5.3.1 - Upper limit for K;
Similarly to the kinetics of inhibition experiments, the main factor setting the upper limit for K; (lower limit
for affinity) is the magnitude of the changes in heat flow with each injection. This can be maximized by
increasing the concentrations of inhibitor and enzyme in the syringe, taking care not to overly deplete the
substrate. For competitive inhibitors increasing the substrate concentration will help lower the c-value
and increase the amount of dissociation that occurs with each injection (see 5.4 — Optimizing signal due
to dissociation below). In this study the highest K; value we measured was for compound 2 (675 = nM).
Lower affinities (larger Ki’s) are measurable but not necessarily of practical interest for drug design.

5.3.2 — Monte Carlo simulations for the lower K; limit
In order to estimate the lowest K; values measurable by this technique, we performed a Monte Carlo
analysis in which data were simulated using POP enzymatic parameters, with baseline noise (0.0017 pcal
s?) and 1% error in the size in the injection (Malvern ITC-200 manual). Simulated values of K; varied from
10 nM to 0.1 pM with enzyme concentrations ranging from 800 nM for the high K; to 400 nM for the low
Ki. Inhibitor concentrations were set to 1.2x[E,]sr and the substrate to 20 mM. In order save
computational time a simplified (fast-limit) version of the initiation model was used to simulate and fit
data in which all injected El complex dissociates instantaneously. 1000 synthetic datasets were generated
for each value of K;. Each data set was fit individually and the relative error in K; was calculated as the

standard deviation divided by the value of the parameter (Supplementary Fig. 32).
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Supplementary Figure 32. Monte Carlo simulations of initiation experiments. Relative error of the Kivs
the —logio(Ki).

Ki values are accurately reproduced down to a value of about 0.01 nM, at which point the relative error
begins to increase sharply. At ~—logio(12) (1 pM) the relative error is approximately 30% making this an
approximate lower limit for extractable Ki's using the kinetics of inhibition experiment. In this study the
lowest K; we measured was 13 nM using compound 4. This is far above the limit calculated in the
simulation above. Note that the compounds that bound more tightly exhibited dissociation rates that

were too slow to measure (compound 3 and 5).

5.4 - Optimizing signal due to dissociation

5.4.1 - Dissociation of enzyme-inhibitor complex due to dilution
The magnitude of the signal in a kinetics of initiation experiment depends on the number of injected El
complexes that dissociate following an injection. Thus it is advisable to maximize the dilution factor by
setting the injection volume to the minimum value recommended (see 2.2 — Injection volume). The
concentration of the inhibitor should ideally be several-fold larger than the K; in the syringe to maximize

binding and on the order of the ICso or lower in the cell after the injection to ensure that dissociation
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occurs. Note that dilution from 100xK; to 10xICsp does not lead to much dissociation. For competitive
inhibitors, maximizing the concentration of substrate increases the ICsp and promotes dissociation. The
concentration of enzyme in the syringe is ideally at a maximum, provided that it is lower than the
concentration of the inhibitor in the syringe and does not overly deplete the substrate in the cell (see

section 5.2 — Enzyme and substrate concentrations).

5.5 - Setting up initiation experiments

1. Pre-incubate enzyme and inhibitor allowing for sufficient time for the enzyme-
complex to form. In our study we pre-incubate for approximately two hours.**

2. Clean the ITC thoroughly as per manufacturer’s instructions.

3. Pre-equilibrate ITC to the experimental temperature to help the baseline reach
equilibrium more rapidly once the experiment is initiated.

4. Select experimental parameters — all the experimental parameters (injection size,
length etc. see 2 - Instrument parameters section) should be chosen at this time so
that the experiment is ready to initialize.

5. Load syringe with the enzyme-inhibitor complex— this should be prepared in buffer
that most closely matched the buffer in the cell in order to minimize dilution artifacts.

6. Add substrate solution to reaction cell.

7. Initiate experiment

** In the case of enzyme-inhibitor pairs with extremely slow association kinetics longer pre-incubation

times may be necessary.

6 - Data analysis workflow

Once the experiment is complete the data is ready for analysis. Data can be analysed using the following
workflow.

1. Data extraction — only the raw output provided by the instrument (power as a function of
time) is needed for analysis.
2. Baseline correction — generally data must be baseline corrected (see Baseline correction;
Supplementary Fig. 1).
a. The last portion of each injection (see 2.3 — Spacing between injections) should now
be a flat horizontal line (see Baseline correction; Supplementary Fig. 2).
b. The injections can either be analysed as a single continuous experiment or each
injection as a separate experiment with different initial conditions.
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3. Blank subtraction — blank experiments can be performed (identically to actual experiments
except without enzyme or substrate; see Blank subtraction) —for determination of start-
points for data analysis.

4. The kinetic trace(s) can now be fit in order to extract thermodynamic and kinetic information
(see ITC kinetics fitting scripts).
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