Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2022

Supplementary Information

for the article

Structure and Diffusive dynamics of Aspartate a-decarboxylase
(ADC) liganded with D-Serine in aqueous solution

Tushar Raskar?3** Stephan Niebling®*, Juliette M. Devos'2, Briony A. Yorke®,
Michael Hartlein'2, Nils Huse?, V. Trevor Forsyth!%%* Tilo Seydel'*, Arwen R. Pearson®*

! Institut Max von Laue - Paul Langevin, 71 Avenue des Martyrs, Grenoble 38000, France
2 Partnership for Structural Biology, 71 Avenue des Martyrs, Grenoble 38000, France
3 Institute for Nanostructure and Solid State Physics, Hamburg Centre for Ultrafast Imaging, Universitit
Hamburg, Luruper Chaussee 149, Hamburg, 22761, Germany
4 BEuropean Molecular Biology Laboratory, Hamburg outstation, NotkestraBe 85, 22607 Hamburg, Germany
5 School of Chemistry and Bioscience, University of Bradford, Bradford, BD7 1DP, UK
6 Faculty of Natural Sciences, Keele University, Staffordshire, ST5 5BG, UK
** present address: Department of Bioengineering, University of California San Francisco, USA

1 Amber99SB-ILDN force-field HB1  H1 0.08320 8
parameters HB2 H1 0.08320 9
0G OH -0.65637 10
All parameters given below are in the Gromacs HG HO 0.44926 1
format. We followed the Gromacs manual for C C 0.68350 12
adding the residues: 0c1 02 -0.68620 13
http://www.gromacs.org/Documentation/ 0c2 02 -0.68620 14
How-tos/Adding_a_Residue_to_a_Force_ [ bonds ]
Field N H1
N H2
1.1 Atom types, charges and bonded N H3
interactions N CA
CA HA
The lines below were added to aminoacids.rtp in CA CB
the force field folder. Atom names in the pdb CA C
need to be adjusted accordingly before process- CB  HB1
ing. CB  HB2
; New residue for standalone serine CB 0G
[ SSE ] o6 HG
C 0Cc1
[ atoms ] ¢ oco
N N3 -0.20564 1 .
HI  H 0.25303 2 [ impropers ]
H2 H 0.25303 3 cA oct ¢ oc2
H3 H 0.25303 4 .
cA CT 0.03897 5 ; New residue for pyruvoyl
HA HP 0.07843 6 [ PYR ]
CB  CT 0.05876 7 [ atoms ]
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C C
0 0
C2 C
02 0
C3 CT
H31 HC
H32 HC
H33 HC
[ bonds ]
C +N
C 0
C Cc2
Cc2 02
C2 C3
C3 H31
C3 H32
C3 H33

[ impropers

c2

+N

.62928
.58190
.35434
.45699
.12122
.05883
.05883
.05883

1.1.1 Addition of hydrogens

This file is necessary, if hydrogens have to be
added to the pdb structure. Please add the fol-

lowing lines to aminoacids.hdb.
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2 Additional figures on the
crystal structure and MD
simulations

CD2

Translation of atom names in pdb Figure S1: Hydrogen bonding network between
to force-field names

Please add this to the file aminoacids.arn.

SSE
SSE

O0XT

0c2
0C1

the alternate conformations in subunit 1 (top)
and subunit 3 (bottom) from the crystal struc-
ture of ADC-D-Serine complex showing the
slightly different interaction patterns
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Figure S2: Histograms for the average C,-C, distances for the individual subunits between HIS-
21 — GLY-24 (top) and between TYR-22 — GLY-24 (bottom) for apo-ADC (blue) and D-Serine
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Figure S3: RMSD of the MD simulation allowing for an estimation of the duration of the equili-

bration.
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ADC Apo (310 K)
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Figure S4: DSSP (hydrogen bond estimation algorithm) calculation for the trajectories of apo ADC
and the ADC D-Serine complex at 310 K. The chains are separated by dashed red lines.
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Figure S5: Distance between HIS-21 and GLY-24: the loop opens up as a result of ligand binding
which involves a change in distance between Ca atoms of the terminal residues HIS-21 and GLY-24
from ~ 7.5 to 10.5 A (displacement by ~ 3 A).
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3 Additional fit parameters for

(IN5)

The figure [S6] reports the energy resolution
function of IN5 for this experiment, and the fig-
ures [S7] [S8] [S9| report the additional fit parame-
ters according to equation 2 of the main article.
The apparent elastic contribution Ij displayed
in figure [5§]is reasonably consistent with a ther-
mal Debye-Waller (or Lamb-Méossbauer) factor
of proteins that are immobile on the observation
time scale of the IN5 experiment given by its
energy resolution.
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Figure S6: Energy resolution of the time-of-flight
spectrometer IN5 for the employed cylindrical
sample geometry with 22 mm cylinder diameter,
for ¢ = 0.6 A=, measured using Vanadium foil
as the sample (symbols). The solid lines rep-
resent Gaussian functions and their sum fitted
to the measured data. The sum of Gaussians is
used to analytically describe the resolution func-
tion.

In the legends, ADC-lig. denotes ADC lig-
anded, i.e. complexed, with D-Serine.

neutron time-of-flight spectra
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Figure S7: Summary of the fit parameters for
the intensities of the Lorentzians £(7y) (top) and
L(T') (bottom) associated with the proteins in
the samples, for the samples as assigned in the
legends. The error bars account for the 1 - ¢
confidence bounds of the fits.
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Figure S8: Fit results for the elastic contribu-
tion I5 in equation 2 of the main article (bot-
tom), for the samples as assigned in the legends.
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Figure S9: Width I''ys of the Lorentzian ac-
counting for fast internal diffusive motions ob-
served on IN5 (equation 2 of the main part)
for D-Serine liganded ADC at different tempera-
tures (symbols) and fits using the jump diffusion
model (equation 5 of the main part), the fit pa-
rameters being reported in the legend.
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4 Dynamic light scattering

Using DLS, a time autocorrelation function was
measured over the angular range 30-150 ° (figure
S10). The correlation function for a monodis-
perse sample is given as

9'(q,t) = aexp(—2Tt). (1)
In case of more than one populations of clusters
with different diffusion coefficients, the following
equation is used as the fit function:

gl(q, t) = a1 exp(—2T'1t) + ag exp(—2I'at)

+ azexp(—2T'st) + ..., (2)

where T' is the decay rate and ¢ the time. The
first order autocorrelation function was treated
as a monoexponential decay (equation [1]) in or-
der to extract the decay rate.

I' can then be plotted versus q? which follows
Fickian diffusion,

oT' = Dyg?, (3)
where Dy is the translational diffusion coefficient
and ¢ is the momentum transfer defined as

o(t)

where 6 is the scattering angle, ng the refrac-
tive index of the sample, and A the wavelength
of the incident beam. Due to the linear rela-
tion of I" and q? (equation [3) a linear fit of the
g-dependence gives the long-time translational
diffusion coefficient D; (figure [S11]).
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Figure S10: Top: DLS data recorded at © =
120° and single-exponential fit (equation (1)) of
the autocorrelation function g~! for D-Serine lig-
anded ADC at ¢, = 15mg/mL and T" = 298K
versus correlation time ¢. Bottom: DLS data
recorded at 70, 80,100,120, 140° for the same
sample. Symbols represent the data whereas the
solid line represents the fit.
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Figure S11: Linear fit of the decay rate obtained
from the DLS data for D-Serine liganded ADC
(squares) and apo-ADC (circles) at 15 mg/mL
protein concentration
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5 Radial hydrogen density dis-
tribution calculated from the
pdb files
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Figure S12: Radial hydrogen density distribu-
tion calculated from the respective pdb files for
ADC tetramers without ligand, ADC dimers lig-
anded with D-Serine, and ADC tetramers lig-
anded with D-Serine, respectively, as assigned in
the legend.

6 Apparent hydrodynamic ra-

dius and cluster size assum-
ing compact spherical clus-

ters
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Figure S13: Apparent hydrodynamic radius

R}, app calculated using equation 9 from the main
part of the manuscript. The radius calculated
from the QENS results (cf. assignment in the
legend) only represents an apparent radius —
which largely underestimates the actual radius
—, because the rotational and translational con-
tributions to the diffusion coefficient have not
been separated (cf. figure . The hydrody-
namic radius calculated from the HYDROPRO
(denoted ‘HYD’ in the legend) and DLS results
is exact, because these methods directly provide
the translational diffusion coefficient. The dif-
ferent solvent viscosities in the presence and ab-
sence of excess D-Serine have been taken into
account (cf. table S1 in this Supporting Informa-
tion). Since the apparent radius underestimates
the actual radius, a crowding-induced enhanced
cluster formation can be deduced when compar-
ing to the dilute limit (HYDROPRO and DLS).

S8



Daro
D¢,aro
Duic
D¢ uic

- Dioaro
Dy 10.4P0

- Dssuic |
Dy 58116

280K) [A2/ns]

Dapo,qENS
Drig,qens ||

Daro,nLs
Duic,pLs

D(T

,’7‘>_"‘>. ~27

0.0 0.1 0.2 0.3 0.4 0.5

Figure S14: The considerations on the cluster
hydrodynamic radius (figure can be carried
even further: Assuming compact spherical clus-
ters and the radial hydrogen density distribution
pr (1) = 4romr?O(Rp, cluster — ) With the normal-
ization factor ry and Heaviside step function ©
(which reasonably approximates a distribution
as in figure , the theoretical translational
D, and apparent D = D(Dy, D,) diffusion coeffi-
cients can be calculated as explained in the main
part of the manuscript. To this effect, the cluster
hydrodyamic radius R cluster has been assumed
to follow the simple volume scaling Rj, cluster =
(n-R})(M/3) where n is the number of tetramers
in the cluster and Rp the tetramer hydrody-
namic radius from HYDROPRO. The above fig-
ure is identical to figure 8 in the main part of
the article, but contains additional dash-dotted
and dotted lines representing the cluster D and
Dy, respectively, assuming n = 10 tetramers for
the apo form of ADC and n = 58 tetramers
for ADC liganded with D-Serine. With these
crude assumptions, the experimental values for
D measured with QENS can be described. The
corresponding cluster radii in these assumptions
amount to R cluster = 63.8 A for the apo form
and 127.0 A for the liganded form.
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7 Tabled HYDROPRO input and output parameters and exper-
imental diffusion coefficients

Table S1: HYDROPRO input and output parameters for apo-ADC (pdb 1AWS8) and D-Serine
liganded ADC (pdb TA8Y from this work) structures, respectively, for the temperatures 7" = 280,
295 and 310 K. The hydrodynamic radius Ry, was not directly taken from the HYDROPRO output,
but calculated from the HYDROPRO output for the translational diffusion coefficient D; via the
Stokes-Einstein relation (equation (9) of the main text) for ¢ = 0.

ADC-APO | ADC-APO | ADC-APO | ADC-LIG | ADC-LIG | ADC-LIG
PDB file (tetramer) 1AWS 1AWS 1AWS TA8Y TA8Y TA8Y
Radius of elements in primary model (A) 2.90 2.90 2.90 2.90 2.90 2.9
Temperature (K) 280 295 310 280 295 310
Solvent viscosity (pure D20) (poise) 0.01830 0.01175 0.00830 0.01976 0.01270 0.00896
Molecular weight (Da) 50391 50391 50391 50811 50811 50811
Solute partial specific volume (cm”3/g) 0.702 0.702 0.702 0.702 0.702 0.702
Solution density (g/cm"3) 1.110 1.110 1.110 1.110 1.110 1.110
Translational diffusion coefficient Dy(¢=0) (cm"2/s) | 3.784E-07 | 6.209E-07 | 9.236E-07 | 3.163E-07 | 5.188E-07 | 7.721E-07
Radius of gyration (cm) 2.257E-07 | 2.257TE-07 | 2.257E-07 | 2.446E-07 | 2.446E-07 | 2.446E-07
Hydrodynamic radius Ry, (cm) 2.962E-07 | 2.962E-07 | 2.962E-07 | 3.281E-07 | 3.279E-07 | 3.282E-07
Volume (cm”3) 8.235E-20 | 8.235E-20 | 8.235E-20 | 9.476E-20 | 9.476E-20 | 9.476E-20
Rotational diffusion coefficient (D, (¢=0)) (5 -1) 3.174E 106 | 5.208E 106 | 7.74TE+06 | 2.124E106 | 3.434E+06 | 5.185E106

Table S2: Diffusion coefficients obtained from QENS, DLS and HYDROPRO at T' = 295K, and
hydrodynamic radius calculated from the DLS results using the Stokes-Einstein relation. The errors
denote 67% confidence bounds on the fits and do not account for systematic errors arising from the
choice of the model. Note that the hydrodynamic radii Ry, have been calculated from D; accounting
for the different viscosities in the presence and absence of excess D-Serine in the solvent (cf. table
1 above).

QENS D(p=0.09) | DLS Dy(¢ =~ 0) HYDROPRO D;(p=0) | DLS R,
ADC-APO | (2.82+0.03) A%/ns | (4.3040.03) A%/ns | 6.21 A%/ns (4.2840.03) nm
ADC-LIG | (1.39£0.02) A?/ns | (4.054+0.02) A%/ns | 5.19 A%/ns (4.2040.02) nm
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