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The goal of this study is to elucidate the difference in the intermolecular interactions be-

tween two small, homogeneous peptides, namely deca-arginine (R10) and deca-lysine (K10).

Oligoarginines and oligolysines are cationic antimicrobial peptides that generate membrane

failure.

Despite their similarities, oligo-arginines of 6 to 14 amino acids readily translocate across

lipid bilayers while oligo-lysines do not. The difference in the interaction of R10 and K10

with lipid bilayer can be analyzed by looking into the following aspects:1

• peptide-peptide interactions and cooperative action;

• peptide-lipid head group interaction and extent of surface adsorption;

• pore formation and stabilization;

• charge regulation in the membrane core.

We focus on peptide-peptide interactions between R10 and K10 in aqueous solution. Both

peptides are fully charged random coils (Figure 1), however cation-cation contact pairing

between guanidinium (Gdm) moieties2,3 of arginine side chains (Figure 2) can potentially

lead to a net attraction between R10 chains and ultimately to the formation of aggregates.
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Figure 1: Probability distributions of the radius of gyration (Rg) of R10 and K10 obtained
from MD simulations using the AMBER ff03W force field as proposed by Best et al. and
the TIP4P/2005 water model.
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Figure 2: Radial distribution functions between carbon atoms directly bonded to the side
chain nitrogen atoms of lysine (CE) and arginine (CZ) in K10 and R10, respectively. The
first peak in the red curve corresponds to Gdm-Gdm stacking interactions.
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The seemingly counterintuitive like-charge Gdm-Gdm attraction may be instrumental to

the formation and stabilization of transmembrane pores and may determine a cooperative

action in the translocation process.4

Preliminary atomistic Molecular Dynamics (MD) simulations showed the presence of a

metastable dimeric state in which two R10 chains are hooked to each other by means of

Gdm-Gdm stacking interactions and two salt bridges formed between terminal carboxyl

groups and Gdm moieties (Figure 3).

Figure 3: R10 dimer observed in MD simulations using the AMBER ff03W force field as
proposed by Best et al. and the TIP4P/2005 water model. The two terminal residues of
each peptide are explicitly shown while the blue and green ribbons represent the rest of the
two bound chains.

In order to investigate the interplay between repulsive/attractive electrostatic and van

der Waals interactions, in September 2015 we performed SAXS-measurements at BM29 on

R10 and K10 in different solution conditions differing in peptide concentration, salt concen-

tration and type of salt.

The salt solutions have concentration 10, 100, 300 mM and we used both NaCl and GdmCl.

The former simply screens the electrostatic interactions while GdmCl is is a monomeric

proxy of arginine which may compete with the internal Gdm-Gdm stacking and weaken the

postulated net attraction between R10 chains.
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Our results show that electrostatic repulsions are the dominant interactions between K10

chains in aqueous environment (right panels in Figures 4, 5). Efficient screening is achieved

only at 300 mM ionic strength both in NaCl and GdnCl solutions (right panels in Figure 6).

On the other hand, in R10 solutions repulsive and attractive interactions counteract at all

salt conditions (left panels in Figures 4, 5, 6). Interestingly, attractive interactions become

dominant at low ionic strength where the collected SAXS spectra suggest the presence of

R10 aggregates (left panels in Figure 4).

The experimental observations support a dimeric state characterized by a strong electrostatic

interaction as observed in MD simulations.

By comparing our results on the more concentrated R10 solutions in NaCl and GdmCl 300

mM (left panels in Figure 6), it can be inferred that Gdm ions do compete with inter-

molecular attractive arginine-arginine interactions diminishing the strength of the attraction

between R10 chains.

From our SAXS experiment we observe qualitative differences in the interactions between

R10 and K10 chains that can be interpreted on the basis of MD simulation results. However

the quality of our SAXS data was affected by two major problems:

• capillary fouling presumably due to peptide adsorption on the wall and radiation dam-

age (measurements are performed with 2 s exposure time);

• inaccuracy of our concentration measurements performed with the NanoDrop2000 spec-

trophotometer at 214 nm.

We are planning to improve the accuracy of our concentration measurements in order to

collect new SAXS data that could be used for quantitative studies (e.g. to determine the

aggregation number of R10 in concentrated solutions).

To our knowledge this study has not been published before, and it is a step towards a more

thorough understanding of the role of arginine in peptide-peptide and peptide-biomembrane
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interactions.

We are grateful to Dr. Petra Pernot at ESRF, Grenoble for providing assistance in using

beamline BM29.
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Figure 4: Small-angle X-ray scattering experiments on R10 and K10 concentration series in
Tris buffer pH 7.8 at 293.15 K. (a) Concentration normalized scattered intensity I(q)/c as a
function of the scattering vector, q, for solutions 10 mM NaCl/GdmCl.
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Figure 5: Small-angle X-ray scattering experiments on R10 and K10 concentration series in
Tris buffer pH 7.8 at 293.15 K. (a) Concentration normalized scattered intensity I(q)/c as a
function of the scattering vector, q, for solutions 100 mM NaCl/GdmCl.

5



0

0.2

0.4

0.6

0.8

1

1 2 3 4

I(q
)/c

q  / nm-1

R10 300mM GdmCl

5.9 g/l

10.9 g/l

11.6 g/l

23.6 g/l

41.9 g/l

46.5 g/l

0

0.2

0.4

0.6

0.8

1

I(q
)/c

R10 300mM NaCl

2.52 g/l

5.16 g/l

9.93 g/l

10.9 g/l

40.0 g/l

44.2 g/l

1 2 3 4

0

0.2

0.4

0.6

0.8

1

I(q
)/c

q  / nm-1

K10 300mM GdmCl

2.84 g/l

4.37 g/l

10.7 g/l

18.2 g/l

38.8 g/l

39.1 g/l

0

0.2

0.4

0.6

0.8

1

I(q
)/c

K10 300mM NaCl

2.68 g/l

5.12 g/l

9.44 g/l

35.6 g/l

Figure 6: Small-angle X-ray scattering experiments on R10 and K10 concentration series in
Tris buffer pH 7.8 at 293.15 K. (a) Concentration normalized scattered intensity I(q)/c as a
function of the scattering vector, q, for solutions 300 mM NaCl/GdmCl.
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