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Introduction

In order to understand the function and working mechanism of the intrinsically disordered

salivary protein Histatin 5, it is required to know its structure and function in solution. By

comparing simulation data from both atomistic molecular dynamics (MD) simulations and

from coarse-grained Monte Carlo (MC) simulations with experimental data, the greatest

understanding of such a system is achieved. It has however been discovered that differ-

ent simulation models give rise to different structural properties when studying them as a

function of temperature (see Figure 1), rendering it impossible to know which simulation

method to rely on without any complementary experimental data. To solve this problem,

small-angle X-ray scattering (SAXS) measurements of Histatin 5 at different temperatures

are vital. Thus, the aim of this project was two-fold: (i) to study structural and thermo-

dynamic properties of Histatin 5 to obtain a more thorough understanding of its biological

function, and (ii) to further develop and validate atomistic and coarse-grained simulation

models for intrinsically disordered proteins (IPD’s).

Histatin 5 is an intrisically disordered salivary protein which has been used as the model
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IPD in our group due to it being very typical and representative for the IDP family. The pro-

tein is a short cationic peptide (24 amino acids and net charge +5 at pH 7) with a molecular

weight of approximately 3 kDa. It has many known biological functions, of which one of the

most important is its anti-fungal activity. The protein is also known to adopt random-coil

conformation under physiological pH and at a temperature of approximately 20 ◦C. Previ-

ous studies have shown that heating induces a contraction of the conformational ensemble

of many IDP’s.1–3 Is is thus hypothesized that Histatin 5 will show similar behaviour.

Figure 1: The radius of gyration as a function of the temperature for Histatin 5 in different
simulations models.
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Results and discussion

SAXS measurements on Histatin 5 were performed at BM29 in July 2016. The experiments

were performed at pH 7, either completely salt free or in 140 mM NaCl. The concentration of

the protein was varied in the range of 0.54-5.65 mg/ml. The measurements were performed

at different temperatures in the range of 5-55.7 ◦C. The results showed that the radius of

gyration, Rg, of Histatin 5 increases slightly with temperature until at least 37 ◦C, after

which it decreases rapidly, see Table 1. Thus, the experimental results have proven that

neither of the previously mentioned simulation methods have been able to correctly capture

the temperature dependence of Histatin 5. The initial trend in increased radius of gyration

is similar to that of the coarse-grained MC method (see Figure 1), but the sudden decrease

after 37.0 ◦C is however not observed at all. The only simulation method to result in such a

decrease in radius of gyration is the atomistic MD simulation using the Amber ff99SB-ILDN

force field in combination with the TIP4P-D water model. This method does however show

a constant decrease with increased temperature and is thus not appropriate for this purpose

either.

Table 1: The radius of gyration of Histatin 5 at different temperatures as obtained from the
distance distribution function.

T (◦C) Rg (nm)
5 1.39
10 1.37
20 1.41
27 1.40
37 1.44
50 1.28

55.7 1.29

The Kratky plot of Histatin 5 at two selected temperatures can be seen in Figure 2. The

figure shows an increase to a plateau for both cases, indicating random chain conformation.

Thus, even though a heat-induced collapse was observed in the radius of gyration at high
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enough temperatures, the general shape and stiffness of the protein was found to be relatively

unchanged. Comparisons to simulations are yet to be done.

Figure 2: Kratky plot of Histatin 5 at two selected temperatures. The gray curve represents
the data from measurements at 37.0 ◦C (310.0 K), with a radius of gyration of 1.44 nm.
The red curve represents the data from measurements at 55.7 ◦C (328.7 K), with a radius of
gyration of 1.29 nm.

Since it is now known that the simulation models are insufficient to capture the temperature-

induced behavior of Histatin 5, studies have been initiated to investigate why and how this

can be improved. For example, the temperature dependence of the dielectric constant in the

water models used in the atomistic MD simulations is currently being investigated. Prelim-

inary results indicates that although the actual value of the dielectric constant may deviate

depending on what model is used, the general trend of the temperature dependence is still

neatly captured.
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