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Effects of Confinement and Crowding in Protein Folding
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Al. Lotnikow 32/46, 02-668 Warsaw, Poland
E-mail: mwoj@ifpan.edu.pl

We consider folding and unfolding of a protein containechinita sphere of radiu®. We use a
coarse-grained geometry based model. We find that the fptdire is essentially independent
of R but the possible unfolded structures do dependronSeveral proteins placed within
the sphere fold mostly independent of one another unlesintmoeluces attractive interactions
between them. Attractive interactions between molecute® Istrong influence on the folding
times.

1 Introduction

Many experimental and theoretical studies of proteinslirev@ery low protein concentra-
tions. In cells, however, the proteins are confined to cotpamts and come with high
concentrations It is thus interesting to assess the role of confinement eswiding theo-
retically by first considering simple models.

Previous theoretical studies of confinentehhave been focused on thermodynamics.
The confinment has been found to lead to a greater thermodgrséability, broader and
taller specific heat and more compact unfolded conformstian

Recently, we have studied effects of molecular crowdingaaging on protein folding
within a simple molecular dynamics modelHere, we provide a brief account of these
studies.

2 Model

We used the coarse-grained Go-like model, where amino acéesepresented by beads.
The beads interact by a potential that maintains chain tggoand enforces the local
backbone stiffenss through the chirality tefmEhe native contacts are described by
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wherer;; describes the distance between the bead centers. By taking r;‘j‘lti”e/{’/ﬁ
the potential acquires a minimum at a distan;g@”e that is found in the native structure
of the protein. The repulsive potential that keeps protesidie the sphere may be written
as

Vot (1) = 45{(5%)12_(5%)6]4-6, 5; < 4 s;=R—r; @
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wherer; is a distance of théth center to the origin of the spherA&,is the radius of the
sphere.

The attractive interaction between separate moleculedrizduced in simplified way.
When dealing with several identical proteins, it is nattwessume that if a pair of amino
acids forms the native contact in one molecule, the samepamino acids, but belonging
to different molecules, will also interact. The strength,of such an interaction is an input
to the modelling. We take
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ande; is considered to be weaker thafrom Eq.1. We have determined the folding times,
troia, defined as the median over the set of 301 trajectories. Tdiméptime of a molecule

is defined as the first time at which all of its native contactsestablished simultaneously.

For several molecules, test of the presence of the nativiactsnare performed for each

molecule separately. The simulations were performed famin — the small, one domain,

«-( protein with the PDB code 1CRN.

3 Results

We computed ;s of crambin in spheres with various radii ranging frdin= 1000A
down to18A (corresponding to the smalest sphere that may fit the craimidhe native
state). The starting structures for folding were obtaimedugh thermal unfolding at a high
temperature in sphere of radily. To evaluate the influence of the starting structures on
t+o1q We also study folding in an unbounded space. Results of tielations are presented
on Fig.1A.
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Figure 1. A: Folding time of crambin computed with differestarting structure sets (corresponding to various
indicated choices oRp). The left panel shows folding in an infinite space and thatrjganel in a sphere of a
finite radius radius? = Rp. B: Folding scenarios of crambin computed with differertrsitg structure setffy
describes the radius of sphere in the unfolding simulatiah produce the starting structures for folding). Left
panel shows folding in infinite space, right panel foldingphere of radius? = R (the same radius as for the
unfolding procedure).

There is no influence of the starting structures anq, Fig.1A (left panel), and there
is only a weak influence the sphere sizetgp, as shown in Fig.1A (right panel). Thus
the confinement does not change the folding times of proteitess one considers very
tight confinement conditions under which the protein banebywes. We also find that even
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though the sequencing of folding events depends on the elwithe startingR, the
confinement itself does not affect it, see Fig1B.

We now consider the crowding phenomena and place severdiprio one36A-
sphere. We calculate,;q for one, two, eight and twelve molecules. The simplest case
is when the only inter-molecular interactions are only du¢he excluded volume. The
corresponding results are presented in Fig.2A. It is segtthie number of molecules that
are present does not change an individual folding time.
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Figure 2. A: Folding times for different number of proteinghin the sphere. B: Folding times for four crambins
on different interaction strength. The inset shows thetiivacof misfolded structures.

The situation changes when attractive inter-molecularattions are added. Fig.2B
showst ¢4 for R=36 A. Fore; < 0.5¢, troia IS nearly the same as fey=0. However,
for larger values ot;, ;.4 raises significantly. Eventually, all structures get micéal,
because of aggregation.
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