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Computational procedure

The construction and parametrization of the molecular models used in this study were carried out
using the AMBER 11 suite of programs.>* The starting molecular model for the larger G2-2kPEG
dendrimer was constructed as composed by different residues® in accordance with our previous
study on a fluorescent sensor built on this scaffold.>® The internal G2 PAMAM dendrimer was
composed by a central (CEN) unit, the repetitive units that constitute the branched dendritic
scaffold (BRA) and the 16 terminal surface groups (END). The dendrimer’s surface amines were
conjugated to 16 linear PEG chains composed by 44 PolyEthilene Glycol (PEG) monomers each
(molecular weight of each PEG chain: 2 kDa).>** The starting configurations for G2, G2+ and G2-
550PEG were obtained respectively by deletion or shortening of the PEG chains of G2-2kPEG
(12 PEG residues compose a single 550 Da PEG chain). At neutral pH (=7.4) G2-550PEG and G2-
2KPEG are both neutral. In the same condition, the surface amines of G2+ are naturally protonated
(NH3"), leading to a theoretical net charge of +16 e. The native dendrimer was studied also at high
pH (>10). In this condition G2 is uncharged and decorated by neutral NH, surface groups. The
same conditions were also maintained in the DLS experiments for consistency.

All the non-standard residues composing the dendrimers were parametrized according to the
validated procedure adopted by our group in previous studies on dendrimers® and dendrons.>® The
partial charges were obtained using the AM1-BCC®® calculation method within the antechamber®’
module of AmberTools 1.4 (AMBER 11). Parameters and force field types were assigned
consistently with the “general AMBER force field (GAFF)” (gaff.dat).>®

The dendrimers were solvated in a periodic box containing TIP3P water molecules® extending 12
A from the solute atoms. A suitable number of CI~ and Na" ions were added in the system — using
the leap module within AMBER 11 to reproduce the experimental ionic concentration of 150 mM
NacCl. In particular, the ions were added in the periodic systems with the standard addlons utility of

leap — i.e., they were placed onto a shell around the solute using a Coulombic potential on a grid.

S2



Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013

Eventual superposing water molecules were replaced with ions. The parm99 all-atom force field by

Cornell et al.5*°

was used for the standard residues present in the systems.

After preliminary minimization, each of the three systems underwent 100 ns of well-tempered
metadynamics simulation (WT-MetaD).>** All the simulation work was conducted using the
NAMD 2.8 software®? and the PLUMED 1.3 plugin.>*®* The WT-MetaD simulations were
conducted in NPT periodic boundary condition at temperature of 300 K and pressure of 1 atm,
using a time step of 2 femtoseconds, the Langevin thermostat and a 8 A cutoff. The particle mesh

Ewald>**

(PME) approach was used to treat the long-range electrostatic effects and the RATTLE
algorithm was used on the bonds involving Hydrogen atoms. 5%

The radius of gyration (Rgy) and the coordination between the PEG atoms were used as collective
variables (CV1 and CV2 respectively) — i.e., as descriptors of the behavior of these molecules in

solution. In PLUMED 1.3,%** CV1 (radius of gyration) is expressed according to Eq. S1:

2 X ri—Tcom!?
Sgyr = /Zl]"—m (S1-CV1)

where the center of mass is defined as:

_Xirimy
Tcom = STmg (S2)

After a first trial phase where the simulation parameters were tuned properly, the gaussian
SIGMA for CV1 was set to 0.1 A for G2, G2+ and G2-550PEG, and to 0.15 A for G2-2kPEG
respectively. A HILLS height of 0.6 kcal mol™ was used in all cases. Upper wall limit for the CV1
(Ry) variable were fixed to 21.0 A and 42.0 A for G2-550PEG and G2-2kPEG respectively, as it
was evident that higher Rg values were not energetically accessible. No upper wall limit for the
CV1 variable was used for G2 and G2+.

The coordination number collective variable (COORD - CV2) to count the total number of

contacts between atoms in the group A with those in the group B is defined as:

Scoord = Diea ZjEB Sij (S3-CV2)
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Where the individual contributions s;; are defined as:

1 for r;; = 0
Tij n
s =4 1-(2) (S4)
ly % for rij > 0
1_ L
To
and where:
ryj ==l (59)

In this case, groups A and B are coincident as CV2 was defined as the number of contacts of PEG
atoms with themselves. The values of the ro, n and m parameters were thus fixed to 7.5, 6 and 10
respectively. The gaussian SIGMA for CV2 were set to 25.0 and 50.0 for G2-550PEG and G2-
2kPEG respectively. Due to the consistent computational effort required for these kind of
simulations, while for G2-550PEG all of the PEG Oxygen atoms were considered for CV2, this
number was reduced to one PEG Oxygen every two for the larger G2-2kPEG. For the WT-MetaD
simulations of G2 and G2+ CV2 was not used as PEG was not present.

The free energy surfaces (FESs) were obtained from the WT-MetaD trajectories as calculated
respect to Ry and the number of contacts between PEG’s atoms (these additional FES plots for G2-
550PEG and G2-2KPEG are reported in Figure S1). Data extracted from the WT-MetaD
trajectories were also processed and reweighted>® further in order to obtain the free energy surfaces
(FES) calculated with respect to the molecular radius of gyration (Ry) and solvent accessible surface
area (SASA), which provide a more transparent picture. Also in the case G2, where Ry was used as
unique CV during the simulation, data from WT-MetaD simulation were reweighted to express the
FES calculated as a function of Ry and SASA (see Figure S2).

The FES expressed as function of Ry and SASA identified clear minima for G2-550PEG and G2-
2KPEG at low Rq and SASA values (see Figure 2 in the main paper). These minima indicate that at
the equilibrium the dendrimers are folded. Two major minima with similar shape can be seen for

both molecules — one lying between Ry=14-17 A and SASA~8000-12000 A? for G2-550PEG, and
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another one for G2-2kPEG comprised between Ry=23-25 A and SASA~19000-23000 A®. The
same is true for G2 — the FES in Figure S2 shows a minimum between Ry=10-15 A and
SASA~3000-4500 A% The FES of G2+ is different. The minimum is broader (R4~12-19.5 A and
SASA~4000-5750 A?) the FES is smoother. This is consistent with a more open configuration of
G2+ in solution and a higher flexibility due to the fact that the surface of G2+ is charged. Since
only the dark zones reported in the FES are energetically accessible (Figure 2, main text, and Figure
S2 for G2), the WT-MetaD trajectories of all the molecules were processed with the CatDCD 4.0
plugin of VMD.3!" All the configurations out of the minima were discarded and new trajectories
collecting only the most energetically accessible configurations were obtained. These new
minimum trajectories were used to calculate the molecular size, the theoretical density (according to
a spherical model) and the water mass fraction absorbed by each dendrimer. These quantities were
obtained using the ptraj module of AMBER 11.

The same minimum trajectories were used to compute the solvation energy (Gso) of G2, G2+,
G2-550PEG and G2-2kPEG with the mm_pbsa.pl module of AMBER 11 and according to the
MM-PBSA approach.>*® The solvation energies were obtained as Gs = Gpg + Gnp,>*° where the

polar component of Gpg was evaluated using the Poisson-Boltzmann®%

(PB) approach with a
numerical solver implemented in the pbsa program of AMBER 11.52! The non-polar contribution to
the solvation energy was calculated as Gyp = y (SASA) + B, in which y = 0.00542 kcal/A?, p = 0.92
kcal/mol. The solvent-accessible surface data, SASA, used for the WT-MetaD reweighting were
estimated for all the molecules with the MSMS program.>** Solvation energies were then

normalized according to the molecular weight (Mw) of each molecule. Solvation and density data

for G2 and G2+ are reported in Figure S2b and S3b.
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Experimental procedure

The G2 ethylenediamine core PAMAM dendrimer was purchased from Sigma Aldrich and used
without further purification. NHS-activated PEGs (MW=550 Da and MW=2 kDa) were purchased
from Laysan Bio. The polydispersity index (PDI) for the PEG purchased from Laysan Bio does not
exceed 1.05. The synthetic procedure and the characterization of G2 PAMAM-PEG conjugates
have been previously reported by our group.>® For dynamic light scattering (DLS) measurements
the pegylated dendrimers (G2-550PEG and G2-2kPEG) were dissolved in water with 150 mM
NaCl at pH=7.4. Since we were interested in the study of the influence of different pegylation on
the dendrimers hydrophilicity, G2 PAMAM dendrimer was measured both at neutral (=7.4 — G2+)
and high pH (=10 — G2). DLS measurements were obtained by means of a Zetasizer Nano ZS90
(Malvern Instruments) equipped with a He-Ne 633 nm laser. The temperature in the cell

compartment was set to 300 K.

Additional FES plots and size data for G2, G2+, G2-550PEG and G2-2KPEG
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Figure S1. The free energy surfaces (FES) of G2-550PEG (a) and G2-2kPEG (b) obtained from
WT-MetaT simulations and calculated with respect to PEG Oxygen atoms coordination (number of
contacts: y axis) and radius of gyration (Rq — X axis). Isolines identify free energy differences of 4
ko T. The darkest the FES region are the most energetically accessible, and are representative of the
most probable molecular configurations. In the count of PEG coordination (y axis) all the PEG
Oxygens were considered for G2-550PEG, while the atom number was decreased to one Oxygen

every two in the case of G2-2kPEG (b).

Figure S2. The free energy surfaces (FES) of G2 (a) obtained from WT-MetaT simulations and

calculated respect solvent accessible surface area (SASA -y axis) and radius of gyration (Rq — x
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axis). Isolines identify free energy differences of 4 kyT. The darkest the FES region are the most
energetically accessible, and are representative of the most probable molecullar configurations. The
dendrimer is colored by atom (C: grey, O: red, N: blue and H: white). Explicit water molecules and
CI” and Na’ ions are not shown for clarity. Density and solvation energy data for G2 for the

configurations corresponding to the minimum region.

Figure S3. free energy surfaces (FES) of G2+ (a) obtained from WT-MetaT simulations and
calculated respect solvent accessible surface area (SASA -y axis) and radius of gyration (Rq — X
axis). Isolines identify free energy differences of 4 ky,T. The darkest the FES region are the most

energetically accessible, and are representative of the most probable molecular configurations. The
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dendrimer is colored by atom (C: grey, O: red, N: blue and H: white). Explicit water molecules and
CI” and Na" ions are not shown for clarity. Density and solvation energy data for G2+ for the

configurations corresponding to the minimum region.

Figure S4. Hydrodynamic radius (Rp) data of the G2+ dendrimer (left peaks) obtained from
dynamic light scattering (DLS) experiments (black) and WT-MetaD simulation (red). G2-550PEG

and G2-2kPEG data are reported for comparison.
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Additional DLS data

Figure S5. Autocorrelation curves with cumulant method fit for the DLS measurements.
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