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In eukaryotic cells, DNA is packaged and organized into

Chromosome

chromatin to fit into the cell’s nucleus and to preserve genomic

integrity. The basic unit of chromatin is the nucleosome, which

Chromatin fiber

is composed of approximately 147 base pairs of newly Nucleosomes
synthesized DNA wrapped around a histone octamer (Figure 1).
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This process of forming nucleosomes occurs immediately after

DNA replication and is called replication-coupled nucleosome
Figure 1. DNA is wrapped around a histone

octamer (yellow circle) to form a nucleosome.
assembly.? e

. Many nucleosomes will fit together to form a
chromatin.
NHGRI, www.genome.gov

During replication-coupled nucleosome assembly, a protein

known as proliferating cell nuclear antigen (PCNA) encircles the newly synthesized DNA and
recruits the necessary proteins to form a nucleosome.® One of these proteins is chromatin

assembly factor 1 (CAF-1). Once CAF-1 is bound to PCNA at the replication fork, it deposits



histones onto the DNA. The interaction between CAF-1 and PCNA is important as it is required

for replication-coupled nucleosome assembly.® CAF-1 is thought to bind PCNA through its

PCNA-Interacting peptide (PIP) motif; however, the exact mechanism through which PCNA and

CAF-1 interact are not yet known.3

During S-phase, PCNA is post-translationally modified
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by the addition of a small ubiquitin-like modifier (SUMO). Figure 2. lllustration of the location of the PIP and

SIM motif on the CAF-1 protein.

Interestingly, CAF-1 contains a SUMO-interacting motif
(SIM) downstream of the PIP motif (Figure 2). In the Dieckman
lab, we hypothesize that the purpose of this SIM is to bind to
the SUMO on PCNA to help recruit CAF-1 to the replication
fork. Preliminary work in our lab has shown CAF-1 has a higher

affinity for SUMO-PCNA than unmodified PCNA (Figure 3).
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Figure 3. ELISA of CAF-1 Binding to
SUMO-PCNA (green) and unmodified
PCNA (blue).

My project aims to determine the structural mechanism of interaction between SUMO-

PCNA and CAF-1 using small angle X-ray scattering (SAXS). In this method, purified protein (in

solution) is placed in front of an X-ray beam, producing a diffraction pattern that is used to

determine a myriad of structural information about the structure and dynamics. For example,

we can create a P(r) plot, which describes the location of every electron in the protein complex.

4 This plot provides the Dmax value which tells us the maximum distance two electrons are away

from each other. We pair this data with molecular

simulations to determine the structure of the protein
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Figure 4. The P(r) plot for wildtype
SUMO-PCNA-CAF-1. This shows the Dmax
is 146.




complex. We have completed SAXS for the wildtype SUMO- A A
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PCNA-CAF-1 complex (Figure 4). We thought that the PIP \zmﬁv jz“”“ﬁ”
and the SIM could help to stabilize the SUMO on PCNA, so Figure 5. lllistration of SUMO-PCNA

bound to CAF-1. (A) is the PIP
mutant, so the PIP can’t PCNA, but
we developed 2 mutants: A PIP mutant and SIM mutant the SIM can bind to SUMO. (B) is
the SIM mutant, where the PIP can

bind PCNA, but the SIM can not
(Figure 5). We then completed SAXS on the mutants and b::d SUMO.

found that they had larger Dmax values than
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the wildtype, indicating the electrons were
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further apart and thus more flexible (Figure e e

Figure 6. P(r) curve for the PIP Mutant (A) and the SIM

6) Moving forward. 1 will be working to Mutant (B). They both have higher Dmax values than the
. ’

wildtype, meaning that they have greater flexibiliy.

develop a double mutant, where both the PIP and the SIM are mutated. By running SAXS on the
double mutant, we will verify that the PIP and the SIM of CAF-1 help to stabilize SUMO on
PCNA. By pairing SAXS with molecular simulations, we will determine the structure of the
SUMO-PCNA- CAF-1 interaction. The structure and dynamics of the SUMO-PCNA-CAF-1 complex
is important in understanding how replication-coupled nucleosome assembly occurs in cells to
maintain genomic integrity.
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Graduate School in Biochemistry
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