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Introduction Hstl and Sirt2 Mutants

The S.M.A.R.T. (Students Modeling A Research Topic)
Team Program is coordinated by The Center of Biomolecular
Modeling (CBM) at the Milwaukee School of Engineering under
Director, Tim Herman. Through discussions with a cooperating
scientist, students study a protein or biological complex being
investigated in the laboratory. Using primary literature and
PDB files, students created RP-RasMol scripts, highlighting
structure and function of the protein or complex. These
scripts are transferred into PLY files which are used to create
physical models using rapid prototyping technology (ZCorp
Color Printer, SLS) at the CBM. These models become
valuable teaching and research tools for the cooperating
scientists and the high school teacher. Students become
engaged in an active relationship with a scientist who is a
dynamic part of the research community.

In this script, mutations were made to the yeast Sir2 and Hst1 protein. However, the yeast Sir2 has not yet been
crystallized in x-ray diffraction, so displayed here is the human SirT2 protein. The yeast Sir2 has about 200
additional amino acids on the N-terminus that the human protein does not have, but the similarities in the
enzymatic core are significant and therefore the visualization of human Sir2 can be used.*

Mutations were made to Hst1, a protein in the family of the Sirtuins, at residues 266 to 325 by putting the
section of Sir2 residues 314 to 379 in its place (yellow). A co-immunoprecipitation to detect the presence of the
Hstl mutant in an Rfm1-Sum1 complex failed, indicating 266-325 in Hst1 is required for Hst1 mediated
repression. In another more specific case, in Sir2 the mutants N378Q and L3791 were made (red). In the
alignment of yeast Sir2 and Hst1, this mutation essentially is a substitution of the amino acids at that location
(Hst1 has Q and I originally there). The results of this show that the Sir2 mutant was able to repress as well as
wild type Hst1. To support to the significance of the amino acid substitution, changing the corresponding amino
acids in Hst1 (Q324N, 1325L) leads to decreased levels of repression. More mutations were also made to Sir2 to
see which other amino acids specifically affect repression. K320, 1321, M334, 356, T357, T371 (orange),
W323A, P326G, Y345A (yellow), and H322A were all attempted mutants with only the last one showing positive
results with Rfm1 interaction (cyan). One common characteristic of the successful mutants is that the amino
acids changed all lie around the zinc finger. The zinc is a common motif throughout most Sirtuin family proteins.
Therefore, it can be deduced that zinc finger plays an important role in Sirtuin mediated gene repression. 4
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The Pingry S.M.A.R.T. Team project focused on the Sirtuin protein family. The students studied the structural motifs and
functional areas of the various sirtuin proteins. The students modeled the NAD-binding site and highlighted structural aspects
that are linked to gene silencing and repression. Considering the conservation of function across the sirtuin family, the students
modeled the conserved and semi-conserved regions within the many sirtuin proteins. Lastly, the students modeled the
mutations made within Sir2 to see how these mutants affected the protein’s ability as a histone deacetylase.

PDB ID: 1J8F
Script prepared in
ol by Michael
Fernando.

Background
Histones are the protein components of
nucleosomes. The histone tail has positively
charged residues, with a significant number
of lysines, which are strongly attracted to
the negatively charged DNA backbone
creating a tightly wound knot of DNA.
Histone tails protrude from the histone
octamer. These histone tails help wind the
DNA by binding to the minor groove, which
can play a role in transcriptional regulation.
Sirtuins regulate DNA availability through
modification of the histone tails.

This image shows the various mutants that
were made to Sir2 to try and locate what is
important for Rfm1 interaction.

This image shows the chimera of Hst1 at
266 to 325 replaced with Sir2 at 314-379.

The NAD-Binding Site
The structure of Archaeoglobus

ANINOAGIDS OF AMINO ACIDS o fulgidus Sir2-Af1 complexed with NAD

NAD-¥ ammNG (Nicotinamide Adenine Dinucleotide) is seen
NovBee EuAve  NUMBER nave  in PDB file 1ICI. The Sir2-Af1 protein shares
twenty-six percent sequence identity with
SIRT2.1 They both contain the signature
zinc atom and a similar large domain. The
NAD molecule is bound in a pocket between
the large and small domains of Sir2-Af1.
Sir2-Af1 is dependent on the NAD to
complete its function as a histone
deacetylase. The Sir2-Af1 can not remove
acetyl groups from the histone tails without

The image shows a protein
complex attached to the
histone tails removing acetyl
groups. The right picture
shows acetylated histones.
(image from Alberts et a., Molecular

PDB ID: 1EQZ Blology of the Cel, 1994)

Structural Motifs Within Sirtuins

The Rossman fold, which is a typical motif for binding nucleotides is found at the NAD-binding site. Additionally it
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(1ICI).* Another structural motif among sirtuins is the presence of a zinc finger. This zinc finger contains four cysteines
that interact with the zinc. This homology between various sirtuins is visible again when comparing SirT2 to Sir2-Af1.

The A, B, and C Sites of NAD-Binding

The NAD-binding site is divided into three regions. The A Site is the
location where the adenine-ribose moiety of NAD is bound. It consists of
mainly hydrophobic residues. The B Site is the location where the
nicotinamide-ribose moiety is bound. The C site, although it is not in the
direct vicinity of NAD, it forms hydrogen bonds with a water molecule. It
has been observed that without this interaction within the C Site,
enzymatic activity is hindered.
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Conservation Within Sirtuin Family

Using the PDB file 1Q1A, which shows yeast Hst2, we created models that highlight conserved and semi-conserved
amino acids between yeast Sir2 and yeast Hst2, members of the Sirtuin family of proteins that are homologous. The
residues colored orange in this model represent conserved areas, in which the amino acids have the same general
properties. The regions colored yellow represent the strict conservation of amino acids; the amino acids in these
regions are the same in either protein. It has been shown (Zhao, et al.) that the amino acid sequences of yeast Hst2
and Sir2 are also conserved among other members of the Sirtuin family of proteins. Because the amino acids
necessary to the function of the yeast Sir2 family have not yet been fully determined, the information regarding
conserved amino acids in Hst2 is necessary when performing mutational analysis. By identifying the amino acids that
are essential to the protein’s function and observing their interactions, we can determine which amino acids will be
important in other homologs of Sir2 and Hst2. In these models, we attempt to show the most important interactions
and structural motifs of the protein; the zinc finger domain (green), an acetyl lysine representing a histone tail (blue),
and the OAD serving as the NAD (red).

The acetyl lysine in the three images below represent a portion of the histone H4 tail containing a high frequency of
lysine residues. This region of the histone is a common modification site that can lead to transcriptional regulation.
This may include phosphorylation, methylation, and acetylation. Sir2 has been implicated in the role of transcriptional
silencing at yeast mating type loci and telomeric regions. The histone tails in the regions where Hst2 and Sir2 attach
are hypoacetylateds. The lysines in the histone H4 tail are positively charged, and are attracted to the negatively
charged DNA backbone. Acetyl groups, which are also positively charged, are attached to the lysines and weaken the
histone-DNA attraction, making the DNA transcriptionally available. When Sir2 deacetylates the Iyslnes, DNA is bound
to the histone complex making the DNA transcriptionally unavailable.
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The conserved amino acids
are colored yellow and
orange. Amino acids involved
in the binding of OAD and the
Acetyl Lysine are shown with
their sidechains. OAD and
Acetyl Lysine are shown in
spacefill

Figure by Zhao, et a.
Residues with semi conserved and strict
conservation between yeast Hst2 and yeast
Sir2 are indicated in dark and light shading.
Residues that contact NAD+ and the histone
H4 peptide substrates in the ternary complex
are indicated with closed triangles and
circles.

Left:
The colored regions show
conserved and strictly
conserved residues between
yHst2 and ySir2 while the non-
conserved areas remain in
backbone.
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