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A group of four conse cutive genes from the Kytococcus sedentarius
microorganism (Ksed 08250- Ksed 08280) were studied and annotated
using the online data base GENI-ACT. This study wa s done to prove
the computer correcilyannotated the genome Kytoco ccu s sedentarius.
The Genbank proposed gene product name for each gene was
assessed in terms o f the basic genefic information, sequence-based
similarity data, strucure-based evidence, cellular lo caliza ion data,
enzymatic function, presence or absence of gene duplication and
degradation, and the possibility of horizontal gene tansfer. The
proteins studied were analyzed using BLAST, CDD, T-Coffee, and
many other online data bases. We also used WebLogo to create
visuals to understand the genome better. Afier-school STEM (science,
technology, engineering, and math) programs such as this are new in
Eden High School, but they are very popular and growing in
interest  These topics help increase knowledge, get teens exdited
aboutthem, help build real-life skills, and prepare themfor jobs.

Introduction

Kyto coccus  sedentarius was originally discovered in a marine
environment, spedfically sea water, on a microscope sliide in 1944 but
hasalso been found on human skin (Sims,2009). Previously da ssified
under the genus Micrococeus, it was later redassified under the
Kyto coccus genus. The bacterium also falls under the actinobadterial
family name Dermaco cca ceae (Sims et al., 2009) and is dassified as
chemoorgantrophic, which means that it obtains energy from the
oxidation of carbon compounds (induding amino a dds). Ksed is also
known to be non-motile, non-endospore forming, nonencapsulated,
strictly aerobic, gram-positi ve, catala se posifive ,and o xidase positive. | t
is a spherical bacterium commonly found in te trads, irregular dusters ,
and cubical packets of eight Optimal growth conditons are in
temperatures from 25-37° C in conditons rich in amino adds,
spedifically methionine and sodium chloride at con centrations under
10% (wWA). Though relatively harmless to most humans, a sudyby
Longshaw etal.(2002), suggests Kyto coccus sedentariusproduces two
callus dige sing enzymes and is responsible for the symptoms of the
pited keratolysis skin disorder. It hasalso beennotedin rare case s that
Ksed causes fatal pneumonia inimmunosuppressed patients(Chaudary
etat.2010). Species of Kyto coccus are commonlyre sistant to penicillin
and methidllin as well(Chaudaryetat 2010)

The Kytoco ccus genome i's the subject of this study. Produced by DNA,
genomes are sets of instructions based on a four letter sequence of
adenine, gyto sine, guanine, and thymine. The Ksed genome was firs t
sequenced in 2009 by D. Sims et al. and was determined to be
2,758,024 bp long and a single replicon genome that has 2,639 protein
codings and 64 RNA genes. Often known as “decoding”, genome
sequendngis the collecting and finding of the order of nudeotides in a
DNA sequence. Each gene within the genome is assigned a locus tag
by researches to betier identfy each. Genomes of Kytococou's
sedentarius were placed in GENFACT for groups to confrm the
computer results that were received through a Genome Online
Database called GenBank. Students took the resul ts from GenBankand
compared them to other amino add sequences found among other
common organisms and bacterium using programs like Blast, CCD, T-
Coffee, and WebLogo. Manual annotation of genomes is important to
confirm computer results and further understand the biologyof

organisms. Kytococcu's sedentarius was chosen spedfically for for
numerous reasons, the main three being that this ba derium has the
potential to be a source of natural oligoketide antibiotics ( Sims et al.,
2009) such as monensin; has been found to be responsible for varying
infection s in duding valve endocardifis, hemorrhagic pneumonia, pitted
keratolysis as previou sly mentioned, and other opportunist ¢ infe cion s
(Sime tal., 2009);and has yet to be studied en tirely (Sims et al., 2009) .
Manual annotatons of Kyfococcus —sedentarius are crudal in
understanding the genome and how it works.

Method and Materials

NI-A / enl-actorg/) were used to

complete Kytococcus sedentarius genome annotation. The modules are
desaribed below:

Modules Activities Questions
Module 1- Basic DNA Coordinates and What is the sequence of
Information Module Sequence, Protein my gene and protein?

Sequence Where is it located in the
genome?
Module 2- Sequence- Blast, CDD, T-Coffee, Is my sequence similar to
Based Similarity Data WebLogo ofher sequences in

Genbank?
Module 3- Structure-Based | TIGRiam, Pfam, PDB ‘Are there functional
Evidence domains in my protein?
Module 4- Cellular Gram Stain, TMHMM, s my protein in the
Localization Data SignalP, PSORT, Phobius | cytoplasm, secreted or
embedded in the

Module 5- Alternative
Open Reading Frame

MG Sequence Viewer For | Has the amino acid
Altemate ORF Search sequence of my protein
been called correctly by
the computer?

In what process does my
protein take part?

‘Ate there ofher forms of
my gene in the bacterium?
Is my gene functional?

WModule 6- Enzymatic KEGG, MetaCyc, EC
Function Number,

Module 7- Gene Paralog, Pseudogene
Duplication/Gene
D

Module 8- Evidence for | Phylogenetic Tree, Has my gene co-evolved

Horizontal Gene Transfer with other genes in the
genome?

WModule 9- RNA RFAM Does my gene encode a

functional RNA?
Review data from all Does the student proposed
modules name of the gene agree
with that proposed by the
automated computer
annotation? Are any
changes proposed to the
pipeline

Final Annotation

Results
Kvtococous _sedentarius08250:

The proposed product of this gene by GENFACTwas a cupin
domain-containing protein. This gene productprediction was supported
by the top amino add sequence hitsin BLAST, the PDB search that
matched the sequence with Cupin 2 conserved barrel domain protein
from Leplotrichia buccalis (as pictured),and the CDD search that found
the amino acd sequence to relate to Cupin domain protein related fo
quercetin dioxygenase.

Figure 1: The above image is a computer-generated prediction of
the structure of the Cupin 2 conserved barreldomain protein.

Kytocoocus _sedentarius08260:

The gene is showing to be a septum formation inhibitor Maf thatis lacks
transmembrane helixes, which supports the original prediction which
said the Maf would be found in the cellular cytoplasm. Al computer
called predicions remained very consistent throughout the
experimentaton. The sequence length was 573 base pairs, and 190
amino adds. The DNA coordinates turned out to be
840769...841341. The gene is believed to be found in the organism
Ornithinimicrobium pekingense, as shown through BLAST.
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Figure 2: The diagram above shows that the inhibitor Maf lacks
transmembrane helixes.

Kitocooous _sedentarius08270:

The proposed product of this gene by GENFACT was an ABC-type
multdrug transportsystemand ATPase and permease component. This
gene product proposal was supported by the top BL AST hits for the
aminoacdd sequence of Badillu s subtilis and Puta tive multidrug export
ATP-binding/permease protein YgaD, the presence of well-curated
protein functional domains within the amino add sequence, the
transmembrane topography of the amino add sequence which
predicted three transmembrane helices, and the cellular location of the
amino add sequence which was determined to be in the cytoplasmic
membrane.

Figure 3: This picture, made using the protein sequence of
Ksed_08270,depicts HMM logo resulting from the PFAM tool. The
key functionalistructural residues of ABC Transporter PF00005,
namely G18,G21, G23,and K24.

Kvtococous _sedentarius08280:

The initial proposed product of this gene by GENI-ACT was an ABC-
type bacteriodn lantbiotic exporter withN-terminal double-glycine
peptidase domain. The gene proposalwas supported well by the top
BLAST hits for the amino acid sequence. The transmembrane
topographyofthe amino acd sequence also showed very similar to the
proposal. The T-COFFEE and Weblogo also showed very similar
results to the gene. Therefore the proposed annotaton o f the geneis
thatitis an ABC-type baderiocinfantbiotic exporter with N-termina |
double-glydne peptidase domain.
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Figure 4: This shows the presence of 4 transmembrane helixes for
Kytococcus sedentarius 08280.

Conclusion

The proposed gene annotations do not differ from the
proposed gene products accordingto GENI-ACT.

Gene Locus Geni-Act Products Proposed Annotations
08250 Cupin Domain-Containing Protein | Cupin Domain-Containing Protein
08260 Septum Formation Inhibitor Maf | Septum Formation Inhibitor Maf

'ABC-type multidrug transport ABC-type multidrug transport
system, ATPase and permease | system, ATPase and permease
08270 component component

ABC-type — ABCHpe "
exporter with N-terminal exporter with N-terminal
08280 double-glycine peptidase domain | double-glycine peptidase domain
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