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Simulation Procedure

The AMBER 10 suite of programs®' was used to conduct all the simulations presented in this work.
To model the nucleic acid we used a 21 base-pair double-stranded ,B—DNASZ’S3 generated with the
nucgen module of AMBER 10. The force field parameters for the residue types of the ester-based
2b-dendrons were obtained following a well validated procedure® using the antechamber module
of AMBER 10. The Newkome-type 3b-dendrons were created and studied in our previous work.>?
G1-2b, G2-2b and G3-2b dendrons were solvated in a TIP3P%* water box extending 12 A from the
solute and, in order to guarantee the neutrality of the system, a suitable number of counterions were
added using the /eap module of AMBER 10. All the systems were then minimized and equilibrated
for 10 ns in NPT conditions to obtain a reliable configuration for the dendrons in solution. From the
corresponding equilibrated final configurations, water molecules and counterions were removed,
and G1-2b, G2-2b and G3-2b were placed in proximity of the DNA major groove following a

835253 Thys, three final molecular complexes were obtained. The resulting

validated procedure.
structures were again solvated in a water box extending 12 A from the solute and the proper amount
of Na" and CI ions was added in two steps — firstly to guarantee the system neutrality and then to

reproduce the relevant salt concentrations of 150 mM NacCl in the solution. Table S1 reports the

details of the simulated systems.

Table S1 Details of molecular systems simulated in this work.

Number of | Number of

Water Na® and water Total

[NaCl] Dendron DNA box - b number of
Complex a CI atoms molecules .
(mM) charge charge volume . . atom in the
3 in the in the
(A%) system
system system

G1-2b 150 +6 -40 220953 46 6883 22150

G2-2b 150 +12 -40 262696 54 8209 26285

G3-2b 150 +24 -40 365676 67 11536 36485

G1-3b° 150 +9 -40 321840 89 7847 25149

G2-3b° 150 +27 -40 470895 99 11885 37843

*The 21 base-pair DNA has an overall charge of -40 because the terminal nucleotides do not carry a
charge in the model. ® The total amount of counterions is the sum of the Na* and CI” atoms required

for system neutralization and to reproduce the experimental ionic concentration of 150 mMm. ¢ Data
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for G1-3b and G2-3b dendrons are taken from our previous work and here reported for
comparison. >

Each system was initially minimized and then equilibrated 50 ps MD simulation in NVT conditions
to reach the simulation temperature of 300 K. Other 50 ps of density equilibration MD run followed
in NPT conditions. The production MD lasted for 10 ns in NPT periodic boundary condition at 300
K and 1 atm, using a time step of 2 femtoseconds, the Langevin thermostat and a cutoff of 10 A.
The particle mesh Ewald®® (PME) approach was used to treat the long-range electrostatic effects
and all bonds involving hydrogen atoms were constrained using the SHAKE algorithm.>’

All of the molecular dynamics simulations were conducted using the sander.MPI and pmemd
module of AMBER 10 and the parm99 all-atom force field by Cornell et al.>® working in parallel on
128 processors of the Cray XTS5 calculation cluster of the CSCS Swiss National Supercomputer

Centre of Manno (Switzerland).

Free energy of binding

The energetic analysis for each dendron-DNA complex was performed for 200 snapshots taken
from the equilibrated phase the MD trajectory. The binding free energy for each ligand/receptor
systems, AGping, Was calculated following the Molecular Mechanics/Poisson-Boltzmann Surface
Area method (MM-PBSA)*’ as:

AGuind = AHpind — TASpind (S1)
AHyping = AEgas + AGgql (S2)
Following Eq. (S2), the average enthalpic contribution (AHyinq) Was calculated as the sum of the
gas-phase in vacuo non-bond energies (AEys = AEq. + AE,qw) and the solvation free energies
(AGsory = AGpp + AGyp).>"°

The polar term of AGsww (AGps) was calculated according to the Poisson-Boltzmann (PB)
approach,®'' and the non-polar contribution to the solvation energy was calculated as AGyp = Y

(SASA) + B, where y= 0.00542 kcal/A%, B = 0.92 kcal/mol, and SASA is the solvent-accessible
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surface calculated with the MSMS program.” ~ The normal-mode analysis approach was finally

applied to 20 MD frames for the calculation of the entropic term (-TAS).5"

All of the enthalpic,
entropic and total free energies of binding were then normalized per-charged spermine group

(AHpindg, -TASping and AGying, Table 1 in the paper) to allow a direct comparison between the

different families and generations of dendrons.

Per-residue decomposition

We performed a per-residue decomposition of the receptor/ligand interaction energy to explore the
uniformity of the binding interaction at the dendron-DNA interface. With this procedure it was
possible to quantify the affinity of each residue of the dendron for the nucleic acid. Our previous
study on Newkome-type spermine dendrons® demonstrated that the binding between positive
charges of the spermine units and negative charged P atoms within the DNA strands are orders of
magnitude higher than the total contribution given by the other residues that compose the dendrons.
All the binding affinity is consequently focussed on the surface SPM ligands. Table S2 reports
contributions of each of the SPM units to the binding for the all the systems of interest (data for the
3b-dendrons were taken from our prior publication).>* Each single SPM ligand is identified by a
numerical index.

The energetic components reported in Table S2 can be defined by Eq. (S3). These values represent
the attraction expressed by each SPM unit toward the DNA. Negative energy values indicate

attraction.

E= Ecomplex - (Edendron + EDNA) (83)

The gas-phase energies (Egs) for each residue are composed of electrostatic and van der Waals in

vacuo interaction contributions (E¢e and Eyqy, respectively) according to Eq. (S4).
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Egas = Eele + Evaw (S4)

The in vacuo gas-phase energy for each residue (E,,s) is then corrected for solvation to give the total
energy FEi. Since the Poisson-Boltzmann solvation methodis not supported by the mm pbsa.pl
script of AMBER 10 does not support for residue energy decomposition, we adopted the
Generalized Born method to correct the gas-phase energies for solvation. Energy decomposition for
non-polar contributions to desolvation was calculated with the LCPO method.>'* However, the
trends from the two approaches are in excellent agreement, and this deconvolution approach is
particularly useful as it allows us to determine the relative binding effects of each individual

residue, and from this, the level of interaction uniformity at the binding interface.

Table S2 Interaction energies (Ey) determined for individual SPM residues of the 2b- and 3b-
dendrons interacting with DNA at 150 mM NaCl. Ey represents the total in vacuo energy after the

correction for salvation and are expressed in kcal mol™.

G1-2b G2-2b G3-2b G1-3b° G2-3b°

SpM™ E\o (kcal mol™) E\o (kcal mol™) E\ot (kcal mol™) E\o (kcal mol™) Eot (kcal mol™)
1 -23.7£2.0 -14.5+2.4 -8.9+2.3 -11.8£2.0 -18.3£1.7

2 -20.7+3.5 -10.0+3.1 -16.1+£2.2 -23.1+4.0 29.4+3.5

3 -22.3+1.3 -24.1£2.7 -20.7+3.2 -28.9+2.9

4 -18.4+2.3 -22.242.7 -36.1£5.5

5 -7.9+0.4 -23.6+2.5

6 -24.0+1.8 -9.5+0.4

7 -22.1+2.4 -18.1+3.4

8 -20.5+3.1 9.7+1.5

9 -18.4+2.1
Avg+SD -22.2+2.1 -20.4+2.8 -21.5£3.0 -21.9+1.7 -24.7+7.7

[a] Interaction energies Ei are reported for all the SPM residues (identified by numbers in
column 1). [b] Ei values for G1-3b and G2-3b complexes were calculated in our previous work.S?
[c] Mean E (Avg) and the related standard deviation (SD) are calculated over the SPMs that
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actively participate to the binding (Ei < -15 kcal mol” — evidenced in bold). SD values reflect the
uniformity of binding.

References

S1

S2

S3
S4
S5

S6
S7

S8

S9

S10
S11
S12
S13
S14

Case, D.A.; Darden, T.A.; Cheatham, T.E. ef a. AMBER 10, University of California, San Francisco, CA USA,
2008.

(a) G. M. Pavan, A. Danani, S. Pricl, D. K. Smith, J. Am. Chem. Soc., 2009, 131, 9686-9694. (b) S. P. Jones, G.
M. Pavan, A. Danani, S. Pricl, D. K. Smith, Chem. Eur. J., 2010, 16, 4519-4532.

G. M. Pavan, M. A. Kostiainen, A. Danani, J. Phys. Chem. B., 2010, 114, 5686—-5693.
Jorgensen W. L.; Chandrasekhar, J.; Madura, J. D.; Impey, R. W.; Klein, M. L. J. Chem. Phys. 1983, 79, 926-35.

(a) G. M. Pavan, L. Albertazzi, A. Danani, J Phys Chem B, 2010, 114, 2667-2675. (b) G. M. Pavan, M. A.
Mintzer, E. E. Simanek, O. M. Merkel, T. Kissel, A. Danani, Biomacromolecules, 2010, 11, 721-730. (¢) G. M.
Pavan, P. Posocco, A. Tagliabue, M. Maly, A. Malek, A. Danani, E. M. Ragg, C. Catapano, S. Pricl, Chem. Eur.
J., 2010, DOI: 10.1002/chem.200903258.

T. Darden, D. York, L. Pedersen, J. Chem. Phys., 1998, 98, 10089-10092.

a) Ryckaert, J.-P.; Ciccotti, G.; Berendsen, H. J. C. J. Comput. Phys. 1977, 23, 327. b) Krautler, V.; van
Gunsteren, W. F.; Hanenberger, P. H. J. Comput. Chem. 2001, 5, 501.

Cornell, W. D.; Cieplak, P.; Bayly, C. I.; Gould, L. R.; Merz, K. M.; Ferguson, D. M.; Spellmeyer, D. C.; Fox, T.;
Caldwell, J. W.; Kollman, P. A. J. Am. Chem. Soc. 1995, 117, 5179-5197.

Srinivasan, J.; Cheatham, T. E.Cieplak, P.; Kollman, P. A.; Case, D. A. J. Am. Chem. Soc. 1998, 120, 9401-09.
Andricioaei, I.; Karplus, M. J. Chem. Phys. 2001, 115, 6289-92.

Jayaram, B.; Sprous, D.; Beveridge, D. L.; J. Phys. Chem. 1998, 102, 9571-9576.

Sitkoff, D.; Sharp, K. A.; Honig, B. J. Phys. Chem. 1994, 98, 1978-1988.

Sanner, M. F.; Olson, A. J.; Spehner, J. C. Biopolymers. 1996, 38, 305-20.

Weiser, J.; Shenkin, P. S.; Clark Still. W. J. Comput. Chem. 1999, 20, 217-230.

S6




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


