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A gene from the microorganism Staphylococcus aureus

(SAITT1 2000280) was annotated using the collaborative genome
annotation website GENI-ACT. The Genbank proposed gene product
name for the gene was assessed in terms of the general genomic
information, amino acid sequence-based similarity data, structure-
based evidence from the amino acid sequence, cellular localization

Staphylococcus aureus 2000280 Annotation:

The initial proposed product for this gene is Methicillin-resistance
regulatory protein MecR1 and throughout this investigation and
annotation of this gene, all evidence supports this original annotation.

BLAST RESULTS:
The significant BLAST results, depict gene products very similar to

As shown in Figure 1.2, an operon contains structural genes which
RNA polymerases transcribes into mRNA. The mRNA then in turn is
translated at the ribosome into amino acids that make up proteins. Also
present in the operon is the promoter region where the RNA
polymerase first attaches to transcribe the structural genes. Lastly, the
regulator gene codes for a gene product that can either prohibit or allow
the transcription of the structural genes by changing the shape of the
repressor prohibiting or allowing it to bind to operator site. If the

As shown in figure 1.3, there are many penicillin binding proteins, and
MecA one the proteins, has the lowest affinity for beta lactam
antibiotic. Consequently, if beta lactam antibiotic is present a bacterial
cell can still transcribe MecA and in turn biosynthesize peptidoglycan.
As long as peptidoglycan is being produced the beta lactam antibiotic
will not kill the Staphylococcus aureus bacteria and it will appear
antibiotic resistant. Although the pathway from the MecR1 coding gene
to bacterial resistance appears complicated, it is truly this gene that is

data, potential alternative open reading frames, structure-based
evidence, enzymatic function, gene duplication and degradation,
evidence for horizontal gene ftransfer, and RNA. The Genbank
proposed gene product name did not differ significantly from the
proposed gene annotation for the gene.

Methicillin-resistance regulatory protein MecR1. For example the top
two BLAST results are Peptidase M56 family in Staphylococcus
epidermidis W23144 and beta-lactam sensor/signal transducer MecR1
in Staphylococcus argenteus These two proteins serve very similar
functions in very similar organisms to Methicillin-resistance regulatory
protein MecR1 in Staphylococcus aureus and therefore support the
original annotation that the gene produces Methicillin-resistance
regulatory protein MecR1.

repressor is allowed to bind to the operator site than RNA polymerase at the root of bacterial resistance in Staphylococcus aureus and other
cannot transcribe the structural genes (Mader et al., 2016) bacteria.

A Note Regarding Horizontal Gene Transfer:

Figure 1.3 shows the horizontal gene transfer of a resistance gene via a
plasma and is the mechanism that allows bacterial resistance to spread
so far and so fast.

MecA Requlation:

Staphylococcus aureus is gram stain positive bacteria. This organism is I MMTLQ IHTGG | NLKKKN | YS | RKLGVG LASVT _ M et ST M e, ™ N
small and a non-motile cocci bacteria. This round bacteria is usually ";h@;ug LSGGVIPAANAAQHDEAQQANAEYQVILIN K ey
- - =2 MPRNLNADQRNGFE | QSLKDDPSQSANVLGEAQK _| At S e T
found in cluster§ that resemble grapes. As a resglt, the greek preﬁx ~ LNDSOAPKADACQONNENKDOOSAEYE | LINMPN =) . : - I _— L
staphylo-, meaning grape like, and the Latin suffix -cocus, meaning - LNEAGRNGE | QSLKDDPSQSITNVLGEAKKILNE _ W y = =1 — {ﬁ :
round, came together to form the genus name Staphylococcus. ﬁé}%‘iﬁ?‘igéﬁﬁﬁ%ggfgiig iﬁ%@gﬁégfg% . o —vlo—(5 : e - =pn EE
: : : : =z INGE | QSLKDDPSQSANLL ~EAKKLN==QAPKA _ " ) = _ 1 __ e N S
According to Mandal, surgeon S.|r Alexander Ogston first d|scover§d - DNKENKEQQNAEYE LLHLPNL - EEQBRNGE L QS i ——— il S -
Staphylococcus aureus in surgical pus around the year 1800 in “I LKDDPSVSKE | LAEAKKLNDAQAPKEEDNKE [ — ’f\_ L -
Scotland (Mandal, 2009). ~: IGKEDSNKPGKEDRGNKPGKED _ _ _ . _ _ _—acoese - | ) R —rEITRIL =ETTLL,
| “i s eoNsS KPP GKEDGNKPGKEDNNKPGKEDRGNKE | 2 10— St 3 .
~: IGKEDNSKPGKEDGNKPGKEDNKPGKEDGNKE 7 e 2 =
Also according to Mandal, S. aureus can cause an array of illness ~: I GKEDNNKPGKEDGNKPGKEDGNKPGKEDGNGYV _ e = g e
ranging skin infections to life threatening food poisonings. One third of “1HVVKPGDTVND LAKANGTLARK LAADNKLADK _ [ 7 oy R Ee——l B -
. . . . . ~:1INM | KPGQELVVDKKCOPANHADANKAQALPETLG e o e e e
the public carries S. aureus in or on their noses, pharynx, or skin. - EENPE | GLT IVEGGLSLALGAALLAGBRBEL NG, i - i S S -
other infection weakens the body. Once, weakened S. aureus then can me— | T | == -\
cause an infection which can be life threaten. As an example, Moreover, Figure 1.1 is WebLogo plot showing the conservation of the L b e e e | T
Methicillin-resistant Staphylococcus aureus, commonly referred to as gene relative to the significant BLAST results. The large letters ey 8 e Patm Mo e e b et of oot
MRSA, is a life threatening infection in many cases (Mandal, 2009). throughout the entire extent of the plot supports the claim that the ey b . o WY TP SO TH5 DIOSYITNE BT pEpnayaan
gene is very well conserved and is very similar to many other genes in o |
the Gene bank. In turn, a very well conserved WebLogo plot further T
supports the conclusion that the gene was correctly annotated and s | _ _ o
—— - The Geni-Act proposed gene product did not differ significantly from

does in fact produce Methicillin-resistance regulatory protein MecR1 Figure 1.3- The KEGG Pathway Map of Function of MecR1 in regulation of peptidoglycan
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Modules of the GENI-ACT (htip://www.geni-act.org/) were used to
complete Staphylococcus aureus genome annotation . The modules
are described below:

the proposed gene annotation for the gene and as such, the genes
appear to be correctly annotated by the computer database. These
results support that SAI1T1_2000280 forms Methicillin-resistance
regulatory protein MecR1 which aids in the bacterial resistant nature of
Staphylococcus aureus.

Gene Locus Proposed Annotation

As shown in the top right hand side of Figure 1.3, after being produced
by the regulator gene SAI1T1_2000280, MecR1 is modified into
regulator protein Mecl. Mecl than stimulates the transcription of the
structural genes that code for penicillin binding protein, MecA. As
shown in the middle of Figure 1.3, the penicillin binding proteins, such
as MecA aid in the biosynthesis of peptidoglycan. Peptidoglycan makes

Function of Methicillin-resistance requlatory protein MecR1:

As stated in the introduction, Staphylococcus aureus is an infection
causing gram positive bacteria that can develop bacterial resistance.
The regulatory protein MecR1 plays a critical role in the bacteria
developing bacterial resistance and the mechanism by which MecR1
contributes to the resistance will be explained below.

Modules Activities Questions Investigated

Module 1- Basic Information = DNA Coordinates and What is the sequence of my
Module Sequence, Protein Sequence gene and protein? Where is
it located in the genome?

Module 2- Sequence-Based Blast, CDD, T-Coffee,
Similarity Data WebLogo

Is my sequence similar to
other sequences in
Genbank?

Module 3- Cellular Gram Stain, TMHMM, Is my protein in the , ,

Localization Data SignalP, PSORT, Phobius  cytoplasm, secreted o Bacterial Oberons: up the cj‘elll lwaIIs of bacteria and ’Fherefore IS nepessary for the growth S Methicillin-resistance requlatory protein MecR1
membrane? al VD - | and division of the bacteria cells. Without peptidoglycan,

Module 4- Alternative Open IMG Sequence Viewer For Has the amino acid ACCOrdlng tO Mader et aI., prOkaryOteS regmate gene expreSS|0n StaphleCOCCUS aureus iS unab|e to SurVive_ A more CompleX KEGG

Reading Frame Alternate ORF Search sequence of my protein been

called correctly by the

through a unit of DNA called an operon. An operon has a few general Pathway Map of the biosynthesis of peptidoglycan is shown in Figure

computer? components (Mader et al., 2016). 14
Module 5- Structure-Based TIGRfam, Pfam, PDB Are there functional domains C
Evidence in my protein? . Y
promoter operator The Role of MecA in Bacterial Resistance: Mader, S. S., & Windelspecht, M. (2016). AP Edition: Biology Textbook
Modu!e 6- Enzymatic KEGG, MetaCyc, E.C. In what process does my regulator gene | L Cipe— o — — S _ _ (Twelfth ed ) NeW York NY MCGraW HI” EdUCatiOn
Function Number, protein take part? /\_,,/'x.\\ " ey As stated above, penicillin binding proteins aid in the biosynthesis of ) R | '
' - Pt e g—— : ST T
Module 7- Gene Duplication/ Paralog, Pseudogene Are there other forms of my / -/ - .—_s;ructu—f;l genes peptld09|yCan- PemCl”m or Other beta laCtam antlblO“CS, SUCh as Mandal, A., Dr,. (2009, December 9) What 1S StaphyIOCOCCUS

Gene Degradation gene in the bacterium? Is

Aureus? Retrieved May 17, 2017.

my gene functional? »’ When the repressor methicillin, function by binding to the penicillin binding protein, hence
Module 8- Evidence for Phylogenetic Tree, Has my gene co-evolved Figure 1.2- l ";;‘ggp':;o:‘;ﬁjgg;d_ the name of the protein. This prevents the protein from synthesizing
rioneontal Gene franstr genome? o Generic Operon g o peptidoglycan. Without peptidoglycan, the bacterial cell ends of dying .
Module 9- RNA RFAM Does my gene encode a ! ”act: ;ves - as stated above. Supported by NSF ITEST StrategleS Award Number 1311902

functional RNA?
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