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Figure 1.8: Generalized model of insertion and exit mechanism of
pHLIP. Single-tryptophan pHLIP variants at positions 6 (green), 17 (blue)
and 30 (red). Insertion of pHLIP via initial embedding, partial folding and
finally, insertion to transmembrane conformation. Exit pathway involves desta-
bilization of the transmembrane peptide followed by exit. [37]

the peptide and then use it to compare biodistributions of the wild-type pHLIP

variant between healthy and tumor tissues via a pharmacokinetic model. They

were able to identify crucial factors that affect tumor targeting and delivery of

pHLIP such as enhanced permeability and retention (EPR) effect and variations

of intracelullar pH, two very well know factors that vary between tumors tissues;

and pHLIP variants that are able to perform better than the wild-type pHLIP,

thus improving our knowledge for the development of new pHLIP sequences that

might enhance tumor targeting and efficient drug delivery.

Another research study concentrated on the effect of the variations of the intra- and

inter-tumor pH on the delivery of magnetic nanoparticles (MNP’s) with pHLIP[41].

They were able to show that pHLIP-modified MNP’s accumulated more effectively

on tumor cells with pH 6.4 than at pH 7.2, and that pHLIP-modified MNP’s were

retained longer by the tumor cells as compared to non-pHLIP MNP’s.

Although these studies bring us closer towards using pH Low Insertion Peptides

in clinical trials, there is still much to be understood, hence the focus of this

research. In the next few chapters we will be covering how deprotonation of

transmembrane pHLIP modifies the stability of the lipid-peptide system and the

mapping of the initial steps towards exit of the peptide, the effects of pHLIP
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insertion on membrane fluctuations and diffusion coefficients, and the relationship

between salt concentration and conformational changes of pHLIP.
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Chapter 2

Methods

Proteins and membrane systems have been studied using a wide range of experi-

mental techniques, however high resolution data normally requires static systems

(x-ray) while the analysis of processes in real time normally requires high con-

centration samples (NMR)[1]. Molecular dynamics (MD) simulations is a compu-

tational technique that uses Newton’s second law of motion to mimic real time

processes of biological systems with atomic resolution. Thus MD is able to provide

more detailed information of the system (Fig. 2.1).

Figure 2.1: Molecular dynamics as a higher resolution technique.
Graphical depiction of the resolution of current experimental versus molecular
dynamics (MD) simulations. MD allows to research short biological processes
at the atomic level, hence avoiding loss of detailed information of the system.[1]
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In order to use MD simulations, we need the three-dimensional coordinates of each

atom with respect to all other atoms in a protein which are normally obtained

through x-ray crystallography[2, 3], NMR spectroscopy[4, 5] or cryo-electron spec-

troscopy[6, 7]. Other files needed are a topology file, which defines how each atom

is bonded to one another, and the corresponding force fields, a series of mathemat-

ical models that depict the interaction between atoms using the following formula:

Vtotal = Vbond + Vangle + Vdihedral + Vimproper + VLJ + Vcoulomb (2.1)

Where Vbond and Vangle describe the contributions to the potential energy of the

system by the harmonic oscillators corresponding to the stretching and bending

movements between atoms connected by a bond; Vdihedral and Vimproper are the

contributions to the potential energy of the system corresponding to the clock-

wise torsional rotations between 2 planes, each formed by 3 bonded atoms, i.e:

sinusoidal oscillations; VLJ corresponds to the intermolecular pairwise potential

between 2 atoms or molecules. Specifically, it account for the attractive and re-

pulsive interactions between atoms as a function of the distance between them,

and its described with the following equation:

VLJ(r) = 4ε[(
σ

r
)12 − (

σ

r
)6] (2.2)

Where (σ/r)12) accounts for the repulsive interactions and (σ/r)6) accounts for the

attractive interactions between 2 atoms.

Finally, Vcoulomb corresponding to the potential energy of the electrostatic interac-

tion between 2 charged atoms, i.e: Coulomb potential:

F =
k ∗Q1 ∗Q2

d2
(2.3)

The MD software uses the potential values obtained for each atom to calculate

the new positions by solving Newton’s second law of motions[8]:

x(t+ ∆t) = x(t) + ∆t[v(t) + ∆tf(t)/2m] (2.4)


