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Microfluidic diffusional sizing

A microfluidic diffusional sizing design with the measurement
channel passing through the field of view four times was used
in the present experiments (Fig. 1 and SI Fig. 1a). The channel is
300 um wide, and profiles were collected at points 1 mm, 10 mm,
20 mm, and 40 mm along the diffusion channel.

CaM interacts with AQPO to form a complex. Fractional contri-
butions from the isolated (¢) and bound protein () result in the
observed diffusion coefficient (D,;,). Here, the observed species
is labelled CaM and the total concentration of observed protein
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The K, for the interaction with the binding partner (a), can be
expressed in terms of ¢ and the total concentrations in the sample,

¢; and a;:
c-a ¢ (ar—cr+c)
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The expression (Eqn. 2) was solved for ¢, giving a quadratic
equation with the solution!
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Equations 1 and 3 were combined and used to fit the data
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(SI Fig. 1b).

Depending on the method used, one or two CaM molecules
have been reported to bind AQPO with K; values ranging from
<100 nM to 40 uM.%> We were able to fit the data with a single
binding site and K,;. However, the observed binding curves could
also be compatible with the sequential cooperative binding of two
CaM per AQPO tetramer, as previously reported.® In addition, we
therefore investigated whether a model with the sequential bind-
ing of two CaM to each AQPO tetramer with two K, values (K,
K> would improve the fit to the data (SI Fig. 1c).

c-a
Koy = — 4
ca
c-ca
K = (5)
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Where the total CaM and AQP concentrations were

¢ = c+ca+2-cra (6)

a; = a+ca+ca 7
Giving three potential states for CaM

c ca cra
Dops = Do —+Deg — +Deyg - —
Ct Ct C

(8)

The above equations were solved for ¢, the concentration of un-
bound CaM, and the data fitted with D, D4, D¢,a, K41, and Ky
as fitting parameters (SI Fig. 1c). The inclusion of additional free
parameters (the size of a complex with two CaM bound and a sec-
ond K,;) did not improve the fit markedly. The resulting diffusion
coefficients for one and two CaM bound corresponded to radii of
6.3 nm and 7.0 nm. We have therefore applied the simplest model
that would describe the data in this study.
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Fig. 1 (a) Schematic of the microfluidic device design used in this study.
The channel passes through the detection region four times in order to
collect data for diffusion at multiple time points within a single image. (b)
Observed D for 1 uM CaM as a function of AQPO concentration. Fitting
the data with one binding site per tetramer results in a K; of 1.3 uM. (c)
Fit to the diffusion data with two K, values and two sequential binding
events to allow for cooperativity gives K;; =2.4 uM and K;; =2.4 uM.
The shaded areas covers a factor 2 in the K4 values and the fitted
diffusion coefficients + the mean percentage error on the measured D.
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Fig. 2 The observed s of CaM against an increasing concentration of
AQP2 tetramer. Errorbars represent the standard deviation of three
independent measurement repeats for each sample concentration.

Microfluidic free flow electrophoresis
Microfluidic free flow electrophoresis was applied in the study
of CaM binding to AQP isoforms, including AQP2. Unlike the
interaction with AQPO, CaM did not show binding to AQP2 by
either microfluidic diffusional sizing or free flow electrophoresis
(Fig. 2b and SI Fig. 2).

In a similar manner to D, the observed electrophoretic mo-
bility reports on the fractional contributions from bound and iso-
lated protein (Eqn. 9).

Ct—¢C

9
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In order to analyse the electrophoretic mobility change in re-
sponse to complex formation, we employed an analogous ap-
proach to the analysis outlined above for the diffusional sizing
data. The electrophoresis measurements were performed with
either CaM or AQPO in excess (Fig. 4 and SI Fig. 3). All data
analysis was carried out using Python. We adapted the analysis
script depending on which binding partner was observed (CaM-
AlexaFluor488 or unlabelled AQPO). As in the case of the dif-
fusional sizing data, we tested models with one binding site or
two sequential binding events per AQPO tetramer. The result-
ing u, values for one and two CaM bound were close (-0.28 and
-0.12 x107% m?>v-!s~! for CaM-AlexaFluor488, and -0.48 and
-0.49x10~8 m?V—!s~! for intrinsic AQPO fluorescence).

The resulting K; values indicated micromolar affinity with
strong positive cooperativity. The data is thus compatible with
two CaM molecules binding to each AQPO tetramer. However,
the inclusion of a second binding site and K, value did not im-
proved the fit markedly when comparing the residuals. The data
for these experimental conditions does therefore not definitively
show that two CaM bind AQPO in low salt buffer.

The microfluidic measurements were performed in a buffer
with relatively low salt content to minimise charge screening by
solvent ions (10 mM Tris-HCl, 10 mM NaCl, 0.03% DDM, pH 7.5,
with 0.1 mM CaCl,). Calmodulin carries a considerable negative
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Fig. 3 (a) Data fits for 1 binding site per AQPO tetramer. Left, the
observed pqps for 1 M CaM in the presence of increasing AQPO. Right,
the observed p, for 1.25 uM AQPO tetramer as a function of CaM
concentration. (b) Data from (a) fitted to a model with sequential
binding to two sites per AQPO tetramer and two K, values. The shaded
areas covers a factor 2 in the Ky values and the fitted diffusion
coefficients + the mean percentage error on the measured .

charge (Fig. 4d), electrostatic repulsion between CaM molecules
could therefore favour the binding of one rather than two CaM
per tetramer. Previous studies of CaM binding to full-length AQPO
were performed at higher salt concentrations (20 mM Tris, pH
7.5, 100 mM NaCl, 1 mM CaCl2, 5% glycerol, 0.05% DDM).>
Analysis of CaM binding to peptide ligands, found the target-
affinity and Ca®* binding to be affected by the salt concentra-
tion. %7 Binding to full-length proteins and the number of binding
sites used may therefore also be affected by the ionic strength.

In addition, we used the Adair equation as applied in previ-
ous studies to describe the electrophoretic mobility measurements
for 1.25 uM AQPO tetramer in the presence of increasing CaM,
SI Fig. 4.°> The Adair equation with two binding sites also de-
scribes the data. The observed mobility is expressed as

(.uac_.ua)'Kdl 'C+(“Cza_.ua)'Kd2'C2 (10)

Hobs = Ha - 1+Kd1'C+Kd2‘C2

Where u, is the electrophoretic mobility for unbound AQPO.
The concentration of free CaM was isolated from
Ky -c+Kp -C2

Yy = ¢ 11
Ct C+1+Kd1~C+Kd2'6‘2 1n

In this case, we observed positive cooperativity with K, val-
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ues in the micromolar range, in line with previous findings and
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Fig. 4 (a) Using the Adair equation to fit the observed s for 1.25 uM
AQPO tetramer as a function of CaM concentration. (b) Zoom of

0-5 uM CaM in (a). The shaded areas covers a factor 2 in the K,
values and the fitted diffusion coefficients + the mean percentage error
on the measured Lps-

the data analysis above.> The fit to the data was not notably im-
proved by the inclusion of additional free parameters relative to
the 1:1 interaction. In the main text, we therefore describe the
data using the simplest model of one CaM binding to each AQPO
tetramer.
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