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Introduction

Membrane Transport is crucial for all organisms. Transport systems bring in external
nutrients and eliminates harmful toxins. These transporters are both importers and exporters.
Transporters are diverse since they must achieve many different tasks. ATP-binding cassettes
,ABC transporters, have ATP binding domains with the presence of a a phosphate-binding loop
and a short consensus sequence “‘LSGGQ” (1). These transporters are characterized by the
ATP binding subunit. An ABC transporters are integral membrane proteins that have two
nucleotide-binding domains (NBD) and two transmembrane domains (TMDs). ABC transporters
are located in the plasma membrane but often go through conformational changes thus allowing
them to change directions of transport. ABC transports are increasingly significant as they make
up the largest protein family. In humans there are 48 ABC transporters which carry importance
since they have been linked to many disease such as cystic fibrosis and cancer.

Glycerol-3-phosphate (Gro3P) is participates in glycolysis, gluconeogenesis, lipid
synthesis and Gro3P electron transfer to mitochondria (2). Gro3P transport plays a key role in
metabolic regulation. New research has identified that there is a Glycerol- 3-phosphate

phosphatase (Gro3PP) that converts Gro3P to glycerol. This research can now be used to

identify treatments for diabetic individuals.
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Figure 1: Pathway of the glycerol-3-phosphate transporters in E.coli. (3)

This supports ugpB, ugpA, ugpE, and ugpC are a part of an operon. To promote transcription of
the operon cyclic-AMP Crp, P-PhoB. The genes ugpB, ugpA, ugpE, ugpC are a part of an
operon as supported by the IGM/M database results. The 50s and 30s represent ribosomal
subunits which all for translation to occur. The end results is the formation of proteins UgpA,

UgpB, UgpC and UgpE.

The E.coli K12 MG1655 locus tags involved with glycerol-3-phosphate transport are
b3450 ,b3451,b3452 and b3453 (3). Throughout this paper locus tags beginning with b indicate
an Escherichia coli gene. The genes involved in this system are ugpA, ugpB, ugpC, and ugpE
which can be identified in Figure 1. These genes compose an operon as seen in Figure 1. The
proteins involved are UgpA, UgpB, UgpC and UgpE. These genes are found in E. coli and in
M.ruber (26). The ugpA is b3452 in E.coli and mrub_0320 in M.ruber which functions as the an
ABC transporter permease. The ugpB is b3453 in E.coli and mrub_0322 in M.ruber which
functions as the ABC transporter periplasmic binding protein. The ugpC is b3450 which
functions as the ABC transporter ATPase. The ugpE is b3451 in E.coli and mrub_321 in
M.ruber which functions as an ABC transporter permease.

Meiothermus ruber is the study organism used in this research to compare to
Escherichia coli. M.ruber is studied because the organism has phylogenetic diversity with
respect to Escherichia coli . Using M. ruber as a study model organism has many benefits,

which include improved identification of orthologs, improved phylogenetic anchoring, gene

discovery, and classification of microbes (4). M. ruber physical features allow for effective



research (5). One feature is its ability to grow at high temperatures allowing for flexibility in
research conditions. Since the organism is a thermophile its able to resist denaturing thus
allowing for better results (7). It is important to study these ABC transporters because they are
used in metabolism of drugs. This research can be related to how humans become resistant to
certain drugs(10).
Purpose

The purpose of this study is to identify orthologs between E.coli and M.ruber within the
glycerol-3-phosphate transport system. It is proposed that mrub_0320 gene is an ortholog of the
b3452 gene, mrub_0321 gene is an ortholog of the b3451 gene, mrub_0322 gene is an ortholog
of the b3453 gene, mrub_2366 gene is an ortholog of the b3450 gene found in Escherichia coli
coding for Glycerol-3-phosphate. Once orthologous genes are confirmed, we can then begin to
look into amino acid substitutions within these proteins (specifically alanine) to see how they

affect the functionality of the protein (6).

Material and Methods

To begin the comparison between the E. coli and M. ruber genes of interest, a BLAST
was performed, comparing the amino acid sequence of both in order to determine whether they
were orthologous to one another (11, 12). This produce some an E-value, as well as a Bit
Score, which helped determine exactly how similar the two genes were to each other.

We then began the process of confirming the location of the M. ruber GOI’s start codon.
The E. coli GOI did not have to go through this process, because their start codon has been
previously confirmed. IMG/M (27), BLAST (11, 12), T-Coffee (29), and Weblogo (30) were used
to look at the possible open-reading frames, obtain a variety of similar sequences from other

known species, compare with a multiple sequence alignment, and to create a visual



representation of this visual comparison to understand the conservation of the amino acids,
respectively. With the combination of these programs, and the final visual of results, we are able
to have a better understanding of how conserved these genes are relative to other species.

To have a better understanding of the possible orthologs between the E. coli and M.
ruber GOI, we used multiple programs to determine more about the protein structure and
function. To begin, TMHMM was used to determine how many, if at all, transmembrane domains
there were for each protein (15). SignalP (19) was used to estimate if a signal peptide was a
part of the protein, and LipoP (20) was used to see if there was a signal peptide or lipoprotein as
a part of the structure of the protein. P-SORT B (13) and Phobius (14) we used to identify the
probability of where exactly these proteins were located within the cell membrane. We then
looked at the protein families of our GOI's proteins were a part of. CDD (31) produced a
possible member of the COG family, Pfam (22, 23) produced a possible Pfam family connection,
TIGRfam (21) produced a possible TIGRfam family connection, and finally PDB (24, 25) was
able to give us a possible protein domains that were connected to our proteins of interest.

Lastly, the possibility of these genes being in an operon was researched. IMG/M (27)
database was used, and with the help of KEGG (26), images were produced in order to have a
better idea of the function and location of the genes. Top COG hits were also used and
compared in order to have better confirmation of a presence of an operon (27). In all these
comparisons, each of these steps were taken to get a complete viewpoint of the compared
genes.

Results

Comparing E.coli b3450 and M. ruber Mrub_ 2366

When forming a comparison between the pairs of genes in question, tables were formed, like

Table 1, which summarizes the results obtained from numerous bioinformatic tools to compare



E.coli b3450 and mrub_ 2366. When looking at the comparison of E-values, the closer to 0.0
indicates that the genes are unlikely to be similar by chance. The original BLAST performed was
against the two specific genes of interest, b3450 and mrub_2366 (11). The COG number
identified through the CDD database was the same for both genes, with slightly varied E-values
(31). Using the cellular localization databases (TMHMM (15), SignalP (19), LipoP (20),
PSORT-B (13), and Phobius (14)) both genes were confirmed to have the same location. Both
TIGRfam (21) and Pfam (22, 23) database show the same protein family between the two
genes, with similar E-values. Protein Database showed different proteins of similarities (24, 25).
For both E. coli and M. rub systems, the genes were found within the ABC transporter page

(KEGG map 02010) (26).

Bioinformatics Tool Used b3450 mrub_2366
Blast against opposite Score: 357

genome E-value:2e-123

CDD Data Cog Number: COG3839

ABC-type sugar transport system, ATPase component
[Carbohydrate transport and metabolism]

E-value: 1.89e-180 E-value: 0
Cellular Localization Embedded in the inner plasma membrane
TIGRfam - Protein Family TIGR00968

sulfate ABC transporter, ATP-bin
E-value: 8.9e-94 E-value: 5.5e-90
Pfam - Protein Family PF00005
ABC trans

E-value: 4.4e-31 E-value: 1.3e-28

Protein Database Entity 3 containing Chain S, T Sugar binding protein

E-value: 3.72838E-99
E-value: 3.7532E-111

KEGG Pathway Map ABC transporters (02010)

Table 1. Comparison of b3450 and mrub_2366



To begin the analysis of these sets of gene in the sn-glycerol-3-phosphate ABC
transporter pathway, multiple databases were used. Through the use of KEGG, the amino acid
sequences of both b3450 and mrub_2366 were found and used for analysis (26). A slight
variation in this specific analysis comes from the fact that mrub_2366 does not seem to be a
part of the sn-glycerol-3-phosphate specifically, as seen in Figure 2. Through further research
into the KEGG data, as well as a BLAST was performed to identify what possible gene could be
a part of this system,, mrub_2366 was found to be the ATP-binding domain for many different

monosaccharides, including sn-glycerol-3-phosphate (11).
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Figure 2. KEGG map of E. coli and M. ruber monosaccharide ABC transporters. Shown above
are the structures for the ABC transporters of various monosaccharides in both the E. coli (left)
and M. ruber (right) genomes. Our GOls are found within UgpB (b3453), UgpA (b3452), UgpE
(b3451), and UgpC (b3450) in the E. coligenome, and UgpB (mrub_0322), UgpA (mrub_0321),
UgpE (mrub_0320), and MalK (mrub_2366) in the M. ruber genome, all circled in red(26).

6



Through the use of the BLAST database the images in Figure 3 are produced(11). The
sequence alignment between b3450 and mrub_2366 shows the similarities in their amino acid
sequences. The query lines represent the amino acid sequence of b3450 and subject line
represents mrub_2366. The line between the two shows the highly conserved amino acids with
that amino acid in the space. The addition sign indicates that the two amino acids are similar in
functional groups. The E-value is 2e-123 which is very low indicating that the similarity in results
are not due to chance. This similarity in amino acid sequences suggest that b3450 and

mrub_2366 are orthologs.

Range 1: 1 to 365 GenPept Graphics

Score Expect Method Identities Positives Gaps
357 bits(917) 2e-123 Compositional matrix adjust. 183/365(50%) 247/365(67%) 10/365(2%)

Query 1 MAGLEKLQAVTKSWDGKTQVIKPLTLDVADGEF IVMVGPSGCGKSTLLRMVAGLERVTEGD 60
MA ++L+ + K + GK +K L+ DGEF+V VGPSGCGK+T LRM+AGLE +TEG
Sbject 1 MAKIRLEHIYKRYGGKVTAVKDFNLETEDGEFVVFVGPSGCGKTTTLRMIAGLEDITEGK 60

Query 61 IWINDQRVTEMEPKDRGIAMVFONYALYPHMSVEENMAWGLKIRGMGKQQIAERVKEAAR 120
++I D+ V ++ PKDR IAMVFQNYALYPHM+V ENMA+GL++R + + +I RVKEAAR
Sbjct 61 LYIGDRLVNDVPPKDRDIAMVFQONYALYPHMNVYENMAFGLRLRRVPRDEIDRRVKEAAR 120

Query 121 ILELDGLLKRRPRELSGGQRQRVAMGRAIVRDPAVFLFDEPLSNLDAKLRVOMRLELQQL 180
I+++D LL R+PRELSGGQRQRVAMGRAIVR+P VFLFDEPLSNLDAKLRV+MR E+ +L
Sbjct 121 IIKIDHLLNRKPRELSGGQRQRVAMGRAIVREPKVFLFDEPLSNLDAKLRVEMRAEISKL 180
Query 181 HRRLKTTSLYVTHDQVEAMTLAQRVMVMNGGVAEQIGTPVEVYEKPASLFVASFIGSPAM 240
RRL T++YVTHDQVEAMTL QR++VM G Q+ TP+ +¥+ P + FVA FIGSP+M
Sbjct 181 QRRLGVTTVYVTHDQVEAMTLGQRIVVMKDGEVLQVDTPLNLYDFPETKFVAGFIGSPSM 240
Query 241 NLLTGRVNNEGTHFELDG-GIELPLN----GGYRQYAGRKMTLGIRPEHIALSS-—---— Q 290
N + RV EG + GG++ N Y G+++ +GIRPEHI L +
Sbjct 241 NFIRTRVQVEGGNAYFVGEGFKVKTNQTLGASLMPYNGKEVWMGIRPEHIGLKGWTTIPE 300
Query 291 AEGGVPMVMDTLEILGADNLAHGRWGEQKLVVRLAHQERPTAGSTLWLHLAENQLHLFDG 350
E + ++ +E LGAD H + 4+ G T+ L + ++LH F+
Sbjct 301 GENVIKGRVEVVEPLGADTEVHVDVAGHMMTAKVDGHALVRTGDIVELLVDTSKLHAFEV 360
Query 351 ETGQR 355

E ++
Sbjct 361 EGNEK 365

Figure 3. The BLAST database showed that when the protein sequence of b3450 is BLAST ed
against Meiothermus ruber the results show mrub_ 2366 has a low E-value indicating
similarities within the two protein amino acid sequences, showing a high chance for orthologous
genes between the two species (11).

Having confirmed that b3450 and mrub_2366 have significant sequence similarity, the focus



then turned to learning more about these proteins in regards to cell localization. In order to
identify whether or not these proteins have transmembrane domains, the TMHMM database
was used (15-18). Figure 4 shows the results of the TMHMM analysis. Using the known amino
acid sequences, the database calculated which sections would be found throughout the cellular
membrane. In the case of b4350 and mrub_2366, there were no transmembrane domains
found. This result is expected since the function of both of these genes involve binding to ATP.

In order to bind, they need to be located outside of the membrane.

TMHMM posterior probabilities for eco:b3450
12 TMHMM posterior probabilities for mrb:Mrub_2366

08
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Figure 4. The bioinformatics database TMHMM was used to develop two graphs indicating
cellular localization of b3450 and mrub_ 2366. The left image indicates the E. coli b3450 and
the right image indicates mrub_ 2366. The similarities between the two graphs indicate a
similarity in cellular localization between genes. Although these two graphs show no deviation, if
there were any deviations present through the graph, it would indicate the presence of
transmembrane helices. (15-18)

Also important for cell localization, is understanding whether our GOI create proteins that
contain signal peptides, or some derivative of them. For this question, the database SignalP
was used (19,20). Again, the amino acid sequences of b3450 and mrub_2366 were used within
the database. Figure 5 shows the results of both of these analyses. In both cases, there is
minimal strength of signal peptide probability. The SignalP results indicate that there is too low

of a probability for both genes to have signal peptides in their protein sequences.
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Figure 5. The bioinformatics database SignalP was used to develop two graphs indicating
cellular localization of b3450 and mrub_ 2366. The left image indicates the E. coli b3450 and
the right image indicates mrub_ 2366. The similarities between the two graphs indicate a
similarity in cellular localization between genes. Strong signals in these graphs would indicate
the possible presence of a signal peptide on the proteins. (19-20)

To help in the conclusion of cellular location of these proteins, PSORT-B and Phobius were two
other databases used (13,14). Again, amino acid sequences of b3450 and mrub_2366 were
used. The databases would use theoretical amino acid sequences to determine possible
intra-protein interactions that would determine the location relative to the cell membrane. With
both of these genes, the PSORT-B indicated that both proteins were located on or around the
cytoplasmic membrane. The Phobius graphs, shown in Figure 6, also indicate that these
proteins are located in the non-cytoplasmic region. The combination of these two results help
confirm that b3450 and mrub_2366 are truly ATP-binding domains, that are located directly on
the cytoplasmic membrane, with a very small amount actually located in the cytoplasm of the

cell.
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Figure 6. The bioinformatics database Phobius was used to develop two graphs indicating
cellular localization of b3450 and mrub_ 2366. The left image indicates the E. coli b3450 and
the right image indicates mrub_ 2366. The similarities between the two graphs indicate a
similarity in cellular localization between genes(14).

With a better idea of where b3450 and mrub_2366 are localized as proteins, the Pfam database
was used in order to further clarify how similar the two genes are (22). As seen in Figure 7,
when comparing b3450 and mrub_2366 to a consensus sequence, there is a large amount of
similarity, which can be seen by the large amount of shades of green found in the 4th row of

each sequence. This helps confirm that the two GOI are orthologous to one another.
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Figure 7. The database Pfam was used to create aligned sequences of b3450 and mrub_ 2366
for comparison. The top sequence is b3450 and the bottom is mrub_2366. An example of
conserved amino acid sequences can be seen in the red box. As seen by the green line of both
images the two sequences which supports b3450 and mrub_ 2366 as orthologs (22).

Through the IMG/M database the genes b3450 and mrub_2366 were analyzed using

color by KEGG as shown in Figure 8 (26,27). Color by KEGG coordinates function of genes with
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colors. The two GOl are indicated by the red line above the gene. The top panel is the E.coli
gene b3450 and the bottom is mrub_2366 which are colored green and purple respectively.
Both of these colors indicate they are involved in membrane transport. This confirms these

genes are ABC transporters and that they are orthologs since they have the same function.
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Figure 8. The IMG/M database and the color by KEGG function was used to analyze b3450
and mrub_ 2366. The top image represents b3450 and the bottom image represents
mrub_2366. The red line indicates the gene of interest. The color of the genes represent their
function. The E.coli green gene and the M. ruber purple gene represent the fact that these
gene’s function involves membrane transport (26,27).

Comparing E.coli b3451 and M. ruber mrub_0321

We continue to do the same process defined above with a new set of genes, b3451 and
mrub_0321, both of which are classified as UgpE in their respective genomes. Again, for ease
of understanding, Table 2 summarizes the results obtained from numerous bioinformatic tools to
compare E.coli b3451 and mrub_0321. When looking at the comparison of E-values, the closer
to 0.0 indicates that the genes are unlikely to be similar by chance. The original BLAST
performed was against the two specific genes of interest, b3451 and mrub_0321 (11). The COG

number identified through the CDD database was the same for both genes, with slightly varied
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E-values (31). Using the cellular localization databases (TMHMM (15), SignalP (19), LipoP (20),
PSORT-B (13), and Phobius (14)), both genes were confirmed to have the same location.
TIGRfam for b3451 did not identify a protein family, but it did for mrub_0321 (21). Pfam
database show the same protein family between the two genes, with similar E-values (21, 22).
Protein Database showed identical proteins for both genes (24, 25). For both E. coli and M. rub

systems, the genes were found within the ABC transporter page (KEGG map 02010) (26).

Bioinformatics Tool Used E.coli Gene b3451 mrub_0321
BLAST genome Score: 130 bits
E-value: 4e-41
CDD Data COG Number: COG0345
ABC-type glycerol-3-phosphate transport system, permease
component
E-value: 5.52e-77 E-value: 1.29e-57
Cellular Localization Transmembrane in the inner plasma membrane
TIGRfam- Protein Family No TIGRfam found TIGR01581
NifC-like ABC-type porter
E-value: N/a E-value: 6.1e-07
Pfam- Protein Family Pf00528
BPD_trans_1
E-value: 2.1e-22 E-value: 2.1e-17

4TQU - Entity 2 containing Chain N

Protein Database

E-value:7.90769E-7 E-value: 6.3694E-8

KEGG Pathway Map ABC transporters (02010)

Table 2. Comparison of b3451 and mrub_0321

Through the use of KEGG, the amino acid sequences of both b3451 and mrub_0321
were found and used for analysis (26). This time, they are clearly identified in Figure 2 in the

sn-glycerol-3-phosphate section of the pathway, marked as UgpE in their respective genomes.
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Through the use of the BLAST database the images in Figure 9 are produced (11). The
sequence alignment between b3451 and mrub_0321 shows the similarities in their amino acid
sequences. The query lines represent the amino acid sequence of b3451 and subject line
represents mrub_0321. The line between the two shows the highly conserved amino acids with
that amino acid in the space. The addition sign indicates that the two amino acids are similar in
functional groups. The E-value, which is close to zero, indicates that the similarity in results are
not due to chance. This similarity in amino acid sequences suggest that b3451 and mrub_0321

are orthologs.

Range 1: 72 to 276 Graphics ¥ Next Match
Score Expect Method Identities Positives Gaps

130 bits(328) 4e-41 Compositional matrix adjust. 75/205(37%) 115/205(56%) 2/205(0%)
Query 65 PILRYLLNSLGVSLAITLGVLLTSATLGYALARVRFAGQSLLFGFVVGLLLIPDEVTFLP 124
P R LLNS ++ +ITLG + S +A+ RF ++L F + L++P EV P
Sbjet 72  PFWRMLLNSFVMAFSITLGKITVSMLSAFAIVWFRFPLRNLFFWMIFITLMLPVEVRIFP 131
Query 125 RYLLVQELGWINSYWALIVPFLASPLGIFLMRQFLKSLPQDLFDAARIDGAGHLRTLWYV 184
++ L ++5Y L +P +AS FL RQF +LP +L +AARIDGA +R +
Sbjet 132 TVEVIANLQMLDSYAGLTLPLMASATATFLFRQFFMTLPDELVEAARIDGASPMRFFCDI 191
Query 185 ALPLAAPALGALGALSFLGAWNMYLWPLVVINQNEMKTAQIAI-AQVQSVE-VSSWNVVA 242
PL+ L AL ++F+ WN YLWPL++I  ++ T I ++E + WNV
Sbjct 192 VFPLSKTNLAALFVITFIYGWNQYLWPLLIITDVDLGTTVAGIKGMIATGEGTTEWNSVM 251
Query 243 AAAVLVLLPTLLAFLLAQRAFIRGI 267

A +L L+P ++ L+ QRAF+RG+
Sbjct 252 VAMLLTLIPPVVIVLVMQRAFVRGL 276

Figure 9. The BLAST database showed that when the protein sequence of b3451 is BLAST ed
against Meiothermus ruber the results show mrub_ 0321 has a low E-value indicating
similarities within the two protein amino acid sequences, showing a high chance for orthologous
genes between the two species (11).

Having confirmed that b3451 and mrub_0321 have significant sequence similarity, the focus
then turned to learning more about these proteins in regards to cell localization. In order to
identify whether or not these proteins have transmembrane domains, the TMHMM database
was used (15-18). Figure 10 shows the results of the TMHMM analysis for this gene
comparison. Using the known amino acid sequences, the database calculated which sections

would be found throughout the cellular membrane. In the case of b4351 and mrub_0321, there
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were 6 transmembrane domains found. This result is expected for these two genes, because
they have been previously identified as the permease component of the ABC transporter,
meaning that there needs to be transmembrane domains in order the protein to transport

products (26).

TMHMM posterior probabilities for ecob3451 TMHMM posterior probabilities for mrb:Mmub_0321
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Figure 10. The bioinformatics database TMHMM was used to develop two graphs indicating
cellular localization of b3451 and mrub_ 0321. The left image indicates the E. coli b3451 and
the right image indicates mrub_ 0321. The similarities between the two graphs indicate a
similarity in cellular localization between genes. Both graphs show clear deviations in the graph
that define a transmembrane domain within the protein species. A total number of 6 can be
found on each graph (15-18).

Also important for cell localization, is understanding whether our GOI create proteins that

contain signal peptides, or some derivative of them. For this question, the database SignalP

was used (19,20). Again, the amino acid sequences of b3451 and mrub_0321 were used within

the database. Figure 11 shows the results of both of these analyses. In both cases, there is
minimal strength of signal peptide probability. The SignalP results indicate that there is too low

of a probability for both genes to have signal peptides in their protein sequences.
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SignalP-4.1 prediction (gram- networks): eco_b3451 SignalP-4.1 prediction (gram- networks): mrb_Mrub_0321

S Tt o TR e TFrrTTT T

Figure 11. The bioinformatics database SignalP was used to develop two graphs indicating
cellular localization of b3451 and mrub_ 0321. The left image indicates the E. coli b3451 and
the right image indicates mrub_ 0321. The similarities between the two graphs indicate a
similarity in cellular localization between genes. Strong signals in these graphs would indicate
the possible presence of a signal peptide on the proteins, which is clearly not seen in both of
these cases (19-20).

To confirm the previous conclusion of no signal peptide, another database was used, known as
LipoP (20). This database is similar to SignalP, but focuses more clearly on lipoproteins. Figure
12 shows the LipoP results from both b3451 and mrub_0321. Although the results from b3451
do show some higher probability levels for signal peptides in the form of Signal Peptide | (Spl), it
is still not high enough to be very probable. The probability for mrub_0321 is much, much lower.

LipoP predictions for eco_b3451

14 # mrb_Mrub_0321 TMH score=7.46796 margin=7.668873

1 # Cut-off=-3

5o mrb_Mrub_0321 LipoPl.0:Best TMH 1 1 7.46796

A ™ mrb_Mrub 0321  LipoPl.0:Margin TMH 1 1 7.668873
2 . mrb_Mrub_0321 LipoPl.0:Class CY¥YT 1 1 -0.200913
g 4

2 | m— Spl

O | e CYT

2 I] # NO PLOT made - less than 4 putative cleavage sites predicted

10 20 30 40 50 60 70

Figure 12. The bioinformatics database LipoP was used to develop two graphs indicating
probability of lipoproteins for b3451 and mrub_ 0321. The left image indicates the E. coli b3451
and the right image indicates mrub_ 0321. The b3451 graph shows a very slight probability for a
signal protein to be present, but the data above the graph shows the probability is still relatively
low. In the case of mrub_0321, there was no graph present, which indicates an extremely low
chance of any signal peptide or lipoprotein to be present. Strong signals in these graphs would
indicate the possible presence of a lipoprotein as a part of the proteins, which is clearly not seen
in these cases (20).
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To help in the conclusion of cellular location of these proteins, PSORT-B and Phobius were two
other databases used (13,14). Again, amino acid sequences of b3451 and mrub_0321 were
used. The databases would use theoretical amino acid sequences to determine possible
intra-protein interactions that would determine the location relative to the cell membrane. With
both of these genes, the PSORT-B indicated that both proteins were located on or around the
cytoplasmic membrane. The Phobius graphs, shown in Figure 13, also indicates that these
proteins are located both in the non-cytoplasmic and cytoplasmic region, further confirming the
presence of transmembrane domains. The combination of these two results help confirm that
b3451 and mrub_0321 are truly permease domains, that are located throughout the inner

membrane of the respective bacteria.

Phobius posterior probabilities for mrb:Mrub_0321
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Figure 13. The bioinformatics database Phobius was used to develop two graphs indicating
cellular localization of b3451 and mrub_ 0321. The left image indicates the E. coli b3451 and
the right image indicates mrub_ 0321. The similarities between the two graphs indicate a
similarity in cellular localization between genes. The constant change between cytoplasmic
(green) and non cytoplasmic (blue) helps confirm the presence of transmembrane domains
located on the inner bacterial membrane (14).

With a better idea of where b3451 and mrub_0321 are localized as proteins, the Pfam database
was used in order to further clarify how similar the two genes are (22). As seen in Figure 14,

when comparing b3451 and mrub_0321 to the same consensus sequence, there is a large
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amount of similarity, which can be seen by the large amount of shades of green found in the 4th

row of each sequence. This helps confirm that the two GOI are orthologous to one another.

#HMM liGilaalnrnkkldkllrpliivllslPsfvlail...lvlvfvilsilghlilpviillllsaapyvrlirraalrslpkdlveaaralGasrwgifrkvvlPnalppiitglil,
#MATCH +lGE +a -+ +F 1] A 1) 4R v 1 + lg+ + ++++++ + a p+ +i++r++l+slpidl aar++Gat+ +++++vilP+atp + ++ +1
#PP 5777177. ggagg389gggggggggggggggggg?75433 ______ igwsnwaw*tt-trnwuntawuanwrawnwtnttnwuwtnwnwtuwtxtnwrgtnrrutknwuwuawtnt
#SEQ 5] \ ’ :

afggllglavlleflgswpGlgtllleailgydyseis.nggvlalviavlllinlvadilgrll

+f gt ++itdl HEEE F €+ o+ o+ o+ 8 n++tatvit+ld +1l++ + gr++

**""999999999999998388345555555555555 555555556555
PIl WNVVAARAVLVLLPTLLAFLLAQRA

#HMM 11Gilaa...lnrnkkldkllrpliivllslPsfvlaillvlvfvilsilghlilpviillllsaapyvrlirraalrslpkdlveaaralGasrwgifrkvvl
#MATCH ++b+lta o+ FrrElEElE rEibELELPE v AV ++ 1+ 1 ++ ++1 l+a +++++++r+++ +lp++lveaar++Gas+ + f+ +v+
#PP 66'}'??????sgtt*tttttttt**itﬁtt*t*t*tﬁﬁssss 3563ngggggg*tttttttyx*tttttyytthttﬁytxttttttx*ntttttyy*ttw
#SEQ TLEP SATATFLFRQFFMTLPDELVEAARIDGASPMRFFCDIVE

PnalppiitglilafggllgdavlileflgswpGlgtllleailgydyseis...nggvlalviavlllnlvadilgrlldprv
Pttt bbb bbb+ 1gttd + 4+ + et nodbdadbbt bbb bbb bgQrdt + 4
Rk kk ok kA kA ARk kR kR ok E iik**r***************g99999999**ii**i*i*iii*ii*i*********ggg?é

TLIPPVVIVLVMORA

Figure 14. The database Pfam was used to create aligned sequences of b3451 and mrub_ 0321
for comparison. The top sequence is b3451 and the bottom is mrub_0321. An example of
conserved amino acid sequences can be seen in the red box. As seen by the green line of both
images the two sequences which supports b3451 and mrub_ 0321 as orthologs (22).

Through the IMG/M database the genes b3451 and mrub_0321 were analyzed using
color by KEGG as shown in Figure 15 (26,27). Color by KEGG coordinates function of genes
with colors. The two GOI are indicated by the red line above the gene. The top panel is the
E.coli gene b3451 and the bottom is mrub_0321 which are colored green and purple
respectively. Both of these colors indicate they are involved in membrane transport. This
confirms these genes are ABC transporters and that they are orthologs since they have the

same function.
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Figure 15. The IMG/M database and the color by KEGG function was used to analyze b3451
and mrub_ 0321. The top image represents b3451 and the bottom image represents
mrub_0321. The red line indicates the gene of interest. The color of the genes represent their
function. The E.coli green gene and the M. ruber purple gene represent the fact that both of
these gene’s function involves membrane transport (26,27).

Comparing E. coli b3452 and M. ruber mrub_0320

We continue to do the same process defined above with a new set of genes, b3451 and
mrub_0321, both of which are classified as UgpE in their respective genomes. Again, for ease
of understanding, Table 3 summarizes the results obtained from numerous bioinformatic tools to
compare E.coli b3452 and mrub_ 0320. When looking at the comparison of E-values, the closer
to 0.0 indicates that the genes are unlikely to be similar by chance. The original BLAST
performed was against the two specific genes of interest, b3452 and mrub_0320 (11). The COG
number identified through the CDD database was the same for both genes, with slightly varied
E-values (31). Using the cellular localization databases (TMHMM (15), SignalP (19), LipoP (20),
PSORT-B (13), and Phobius (14)), both genes were confirmed to have the same location.
TIGRfam has varied results between the two genes, with two different TIGRfam numbers
showing up (21). Pfam database shows the same protein family between the two genes, with

similar E-values (22, 23). Protein Database showed different proteins of similarities (24, 25). For
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both E. coli and M. rub systems, the genes were found within the ABC transporter page (KEGG

map 02010) (26).

Bioinformatics Tool Used E.coli Gene b3452 mrub_0320
BLAST genome Score: 134 bits
E-value: 1e-41
CDD Data COG Number: COG1175
ABC-type sugar transport system, permease component

E-value: 2.10e-82 E-value: 1.62e-74
Cellular Localization Transmembrane in the inner plasma membrane
TIGRfam- Protein Family TIGR01581 TIGR00969

E-value: 0.00015 E-value: 3.9e-09
Pfam- Protein Family Pf00528

Binding-protein-dependent transport system inner membrane

E-value: 5.2e-20 E-value: 1.5e-19

Protein Database 3FH6
Entity 1 containing Chain F, H
E-value:4.22747E-15 E-value: 5.33363E-11

KEGG Pathway Map ABC transporters (02010)

Table 3. Comparison of b3452 and mrub_0320

Through the use of KEGG, the amino acid sequences of both b3452 and mrub_0320
were found and used for analysis (26). This time, they are clearly identified in Figure 2 in the
sn-glycerol-3-phosphate section of the pathway, marked as UgpA in their respective genomes.
Through the use of the BLAST database the image in Figure 16 is produced (11). The sequence
alignment between b3452 and mrub_0320 shows the similarities in their amino acid sequences.
The query lines represent the amino acid sequence of b3452 and subject line represents

mrub_0320. The line between the two shows the highly conserved amino acids with that amino
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acid in the space. The addition sign indicates that the two amino acids are similar in functional
groups. The E-value, which is close to zero, indicates that the similarity in results are not due to
chance. This similarity in amino acid sequences suggest that b3452 and mrub_0320 are

orthologs.

Range 1: 16 to 295 Graphics

Score Expect Method Identities Positives Gaps
134 bits(336) le-41 Compositional matrix adjust. 91/281(32%) 143/281(50%) 2/281(0%)
Query 31 LLLVPGLLLLLVFTVWPTLNAFWLSFHRENLLGTERDWVGLANYAEMLRDPAFWRAVGAT 90
LL+ P L++ ++F +WP AWS + G +VGL N+ + D + + T
Sbjct 16 LLVAPQLIITVIFFIWPAGEALWYSLOSVDPFGFSSQFVGLDNFVTLFHDSYYLDSFWTT 75
Query 091 FLFAAIVVPVQLLLGLLAALMVARPFPGVALFRTLFFLTTAVPTAVAAVAWGWYLHPIGG 150
F+ V LL+ L. A +V G ++TL L AV AVAAV W + +P G
Sbjct 76 IKFSTFVIVSGLLVSLFFAALVEYIVRGSRFYQTLMLLPYAVAPAVAAVLWIFLFNPGRG 135
Query 151 TVNRWLEAVGLPAQPWLTSPELALPTLAIVTAWAGVGFTAILLTAGLQQIPEDLYEAART 210
+ +L G S + A+ + +W_+ F =+ AILQIP LEAA T
Sbjct 136 LITHFLAEFGYDWNHAQNSGQ-AMFLVVFASVWKQISYNFLFFYAALQSIPRSLIEAAAT 194
Query 211 DGAGAWRQFWHITLPMLSP-TLFLVALLTVLTSLTAFGQIHLLTRGGPMESTTVWIYRIY 269
DGAG R+F+ I LP+++P + FL+ + V F I T GGP+++TT IY+IY
Sbjct 195 DGAGPIRRFFKIALPLIAPVSFFLLVVNLVYAFFDTFPVIDAATSGGPVQATTTLIYKIY 254
Query 270 QDAFFNFRFSYAAAQSVALFLVLLLLAALQOFRGLGRRVHYE 310

++ F + +AAQSV L ++++L +QFR + +V Y+
Sbjct 255 REGFTGLDLASSAARQSVVLMFLVIVLTVVQFRYVESKVRYQ 295

Figure 16. The BLAST database showed that when the protein sequence of b3452 is BLAST ed
against Meiothermus ruber the results show mrub_ 0320 has a low E-value indicating
similarities within the two protein amino acid sequences, showing a high chance for orthologous
genes between the two species (11).

Having confirmed that b3452 and mrub_0320 have significant sequence similarity, the focus
then turned to learning more about these proteins in regards to cell localization. In order to
identify whether or not these proteins have transmembrane domains, the TMHMM database
was used (15-18). Figure 17 shows the results of the TMHMM analysis for this gene
comparison. Using the known amino acid sequences, the database calculated which sections
would be found throughout the cellular membrane. In the case of b4352 and mrub_0320, there
were 6 transmembrane domains found. This result is expected for these two genes, because

they have been previously identified as the permease component of the ABC transporter,
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meaning that there needs to be transmembrane domains in order the protein to transport

products (26).

TMHMM posterior probabilities for eco:b3462 TMHMM posterior probabilities for mrb:Mrub_0320
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Figure 17. The bioinformatics database TMHMM was used to develop two graphs indicating
cellular localization of b3452 and mrub_ 0320. The left image indicates the E. coli b3452 and
the right image indicates mrub_ 0320. The similarities between the two graphs indicate a
similarity in cellular localization between genes. Both graphs show clear deviations in the graph
that define a transmembrane domain within the protein species. A total number of 6 can be
found on each graph (15-18).

Also important for cell localization, is understanding whether our GOI create proteins that
contain signal peptides, or some derivative of them. For this question, the database SignalP
was used (19,20). Again, the amino acid sequences of b3452 and mrub_0320 were used within
the database. Figure 18 shows the results of both of these analyses. In both cases, there is
minimal strength of signal peptide probability. The SignalP results indicate that there is too low

of a probability for both genes to have signal peptides in their protein sequences.

SignalP-4.1 prediction (gram- networks): eco_b3452 SignalP-4.1 prediction (gram- networks): mrb_Mrub_0320
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Figure 18. The bioinformatics database SignalP was used to develop two graphs indicating
cellular localization of b3452 and mrub_ 0320. The left image indicates the E. coli b3452 and
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the right image indicates mrub_ 0320. The similarities between the two graphs indicate a
similarity in cellular localization between genes. Strong signals in these graphs would indicate
the possible presence of a signal peptide on the proteins, which is clearly not seen in both of
these cases (19-20).

To help in the conclusion of cellular location of these proteins, PSORT-B and Phobius were two
other databases used (13,14). Again, amino acid sequences of b3452 and mrub_0320 were
used. The databases would use theoretical amino acid sequences to determine possible
intra-protein interactions that would determine the location relative to the cell membrane. With
both of these genes, the PSORT-B indicated that both proteins were located on or around the
cytoplasmic membrane. The Phobius graphs, shown in Figure 19, also indicates that these
proteins are located both in the non-cytoplasmic and cytoplasmic region, further confirming the
presence of transmembrane domains. The combination of these two results help confirm that
b3452 and mrub_0320 are truly permease domains, that are located throughout the inner

membrane of the respective bacteria.

Phobius posterior probabilities for eco:b3452 Phobius posterior probabilities for mrb:Mrub_0320
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Figure 19. The bioinformatics database Phobius was used to develop two graphs indicating
cellular localization of b3452 and mrub_ 0320. The left image indicates the E. coli b3452 and
the right image indicates mrub_ 0320. The similarities between the two graphs indicate a
similarity in cellular localization between genes. The constant change between cytoplasmic
(green) and noncytoplasmic (blue) helps confirm the presence of transmembrane domains
located on the inner bacterial membrane (14).
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With a better idea of where b3452 and mrub_0320 are localized as proteins, the Pfam database
was used in order to further clarify how similar the two genes are (22). As seen in Figure 20,
when comparing b3452 and mrub_0320 to the same consensus sequence, there is a large
amount of similarity, which can be seen by the large amount of shades of green found in the 4th

row of each sequence. This helps confirm that the two GOI are orthologous to one another/.

#HMM 11Gilaa..InenkkldkllrpliivllslPefvlaillvive.....ccvoneeneanes vilsilghlilpviillllsaapyvrlirraalrslpkdlveaaralGasrwgifrkvvl
#MATCH 14444 a + 4 4+bbd #4114 Fhbid + v oatlidb+f + 4 ghbdd vhbddbdd b4 yebléddaaltstpriliean sdGattbbbfakb+l
#PP 555565567777jgggggggggggggggggggggggggggggsggg-ttttttu-tttttggggttttttg--nmnn--tnmttuatttn-g.aatttttt--ttttttt-tnrnr
#SEQ ; jlithflaefgydwNHAQNSGOAMFLYVEASVWKQISYNFLFFYAALQSIPRSLIEARATDGAGPIRRFFKIAL

PnalppiitglilafggllggavileflgswpG.lgtllleailgydyseis...nggvlalviavlllnlvadilgrlldprvr

P+t+pt [+ +lttbttdttt At + bEEEG b o+ by + +++  wHtt+ldddtd + rHE 4vre

ek ok *'****"'**BBEB977777?77?T?BSBEBBSBBEBBBBSBSBB89999999999999999999999999999998
#HMM illjzilaa. .lnrnkkldkllrplidvl1elPefviaillvivE.....covvveemannnss vilsilghlilpviillllsaapyvrlirraalrelpkdlveaaralGasrwgif
#MATCH +1 laa ++r +++ Ll+r+l++++ P+ v at + + + +1++ +  ++it+H+ 4+ H+ atlitiptdltieaar++Gat wt £
#PP 789**:**:999**nl:*kﬁ*aﬁi:ﬁ*:t*:**:k*ggggagaagg9999999**k**l:**1999999999383381*****:**l**i**z**A**A**k*****:**:**k***ﬁ**
#SEQ leavglpe LAIVTAWAGVGFTAILLTAGLOQI PEDLYEAARIDGAGAWROF

tglilafggllggavlleflgswpGlgtllleailgydyseis. . .nggvlalviavlllinlvadilgrlldpr

++1++ 1+ 4 4l e e by 4 +++ vit+ltl+l+a + r 1 +r
Bfehded hibuhohbtotoh ""*****'“""'*’***9999933888888888883777?8?5555666666666666666666666655
WHITHPMLSPTL SYAAAQSVALFLVLLLLAALOFRCLGRR

Figure 20. The database Pfam was used to create aligned sequences of b3452 and mrub_ 0320
for comparison. The top sequence is b3452 and the bottom is mrub_0320. An example of
conserved amino acid sequences can be seen in the red box. As seen by the green line of both
images the two sequences which supports b3452 and mrub_ 0320 as orthologs (22).

Through the IMG/M database the genes b3452 and mrub_0320 were analyzed using
color by KEGG as shown in Figure 21 (26,27). Color by KEGG coordinates function of genes
with colors. The two GOl are indicated by the red line above the gene. The top panel is the
E.coli gene b3452 and the bottom is mrub_0320 which are colored green and purple
respectively. Both of these colors indicate they are involved in membrane transport. This
confirms these genes are ABC transporters and that they are orthologs since they have the

same function.
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Figure 21. The IMG/M database and the color by KEGG function was used to analyze b3452
and mrub_ 0320. The top image represents b3452 and the bottom image represents
mrub_0320. The red line indicates the gene of interest. The color of the genes represent their
function. The E.coli green gene and the M. ruber purple gene represent the fact that both of
these gene’s function involves membrane transport (26,27).

Comparing E. coli b3453 and M. ruber mrub_0322

We continue to do the same process defined above with a new set of genes, b3453 and
mrub_0322, both of which are classified as UgpB in their respective genomes. Again, for ease
of understanding, Table 4 summarizes the results obtained from numerous bioinformatic tools to
compare E.coli b3453 and mrub_ 0322. When looking at the comparison of E-values, the closer
to 0.0 indicates that the genes are unlikely to be similar by chance. The original BLAST
performed was against the two specific genes of interest, b3453 and mrub_0322 (11). The COG
number identified through the CDD database was the same for both genes, with slightly varied
E-values (31). Using the cellular localization databases (TMHMM (15), SignalP (19), LipoP (20),
PSORT-B (13), and Phobius (14)), both genes were confirmed to have the same location. Pfam
(22, 23) database shows the same protein family between the two genes, with similar E-values,

while neither gene had a hit with TIGRfam (21). Protein Database showed different proteins of
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similarities. For both E. coli and M. rub systems, the genes were found within the ABC

transporter page (KEGG map 02010) (26).

Bioinformatics Tool Used E.coli Gene b_3453 mrub_0322
BLAST genome Score: 187 bits
E-value: 5e-59
CDD Data COG Number: COG1653
ABC-type glycerol-3-phosphate transport system, periplasmic
component
E-value: 4.91e-72 E-value: 3.76e-60
Cellular Localization Anchored to the periplasmic side of the inner membrane
TIGRfam- Protein Family No TIGRfam Number Found
E-value: n/a E-value: n/a
Pfam- Protein Family PF13416
SPB_bac 8
E-value: 9.2e-46 E-value: 1.3e-45
Protein Database Entity 1 containing Chain A
E-value: 0.0 E-value: 5.22839e-46
KEGG Pathway Map ABC transporters (02010)

Table 4. Comparison of b_3453 and mrub_0322

Through the use of KEGG, the amino acid sequences of both b3453 and mrub_0322
were found and used for analysis (26). This time, they are clearly identified in Figure 2 in the
sn-glycerol-3-phosphate section of the pathway, marked as UgpB in their respective genomes.
Through the use of the BLAST database the image in Figure 22 is produced (11). The sequence
alignment between b3453 and mrub_0322 shows the similarities in their amino acid sequences.
The query lines represent the amino acid sequence of b3453 and subject line represents
mrub_0322. The line between the two shows the highly conserved amino acids with that amino

acid in the space. The addition sign indicates that the two amino acids are similar in functional
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groups. The E-value, which is close to zero, indicates that the similarity in results are not due to
chance. This similarity in amino acid sequences suggest that b3453 and mrub_0322 are

orthologs.

Range 1: 1 to 438 GenPept Graphics

Score Expect Method Identities Positives Gaps
910 bits(2351) 0.0 Compositional matrix adjust. 438/438(100%) 438/438(100%) 0/438(0%)

Query 1 MEKPLHYTASALALGLALMGNAQAVTTIPFWHSMEGELGKEVDSLAQRFNAENPDYKIVPT 60
MKPLHYTASALALGLALMGNAQAVTTIPFWHSMEGELGKEVDSLAQRFNAENPDYKIVPT
Sbjet: 1 MEKPLHYTASALALGLALMGNAQAVTTIPFWHSMEGELGKEVDSLAQRFNAENPDYKIVPT 60

Query 61 YRGNYEQNLSAGIAAFRTGNAPAILQVYEVGTATMMASKAIRPVYDVFKEAGIQFDESQF 120
YKGNYEQNLSAGIAAFRTGNAPAILQVYEVGTATMMASKAIKPVYDVFKEAGIQFDESQF
Sbject 61 YKGNYEQNLSAGIAAFRTGNAPAILQVYEVGTATMMASKAIKPVYDVFKEAGIQFDESQF 120

Query 121 VPTVSGYYSDSKTGHLLSQPFNSSTPVLYYNKDAFKKAGLDPEQPPKTWQODLADYAAKLK 180
VPTVSGYYSDSKTGHLLSQPFNSSTPVLYYNKDAFKKAGLDPEQPPKTWQDLADYAAKLK
Sbjct 121 VPTVSGYYSDSKTGHLLSQPFNSSTPVLYYNKDAFKKAGLDPEQPPKTWQDLADYAAKLK 180

Query 181 ASGMKCGYASGWQGWIQLENFSAWNGLPFASKNNGFDGTDAVLEFNKPEQVKHIAMLEEM 240
ASGMKCGYASGWQGWIQLENFSAWNGLPFASKNNGFDGTDAVLEFNKPEQVKHIAMLEEM
Sbjct 181 ASGMKCGYASGWQGWIQLENFSAWNGLPFASKNNGFDGTDAVLEFNKPEQVKHIAMLEEM 240

Query 241 NKKGDFSYVGRKDESTEKFYNGDCAMTTASSGSLANIREYAKFNYGVGMMPYDADAKDAP 300
NKKGDFSYVGRKDESTEKFYNGDCAMTTASSGSLANIREYAKFNYGVGMMPYDADAKDAP
Sbjct 241 NKKGDFSYVGRKDESTEKFYNGDCAMTTASSGSLANIREYAKFNYGVGMMPYDADAKDAP 300

Query 301 OQNAITGGASLWVMQGKDKETYTGVAKFLDFLAKPENAAEWHQKTGYLPITKAAYDLTREQ 360
ONATIGGASLWVMQGKDKETY TGVAKFLDFLAKPENAAEWHQKTGYLPITKAAYDLTREQ
Sbjct 301 QNAIIGGASLWVMQGKDKETYTGVAKFLDFLAKPENAAEWHQKTGYLPITKAAYDLTREQ 360

Query 361 GFYERKNPGADTATRQMLNKPPLPFTKGLRLGNMPQIRVIVDEELESVWIGKKTPQQALDT 420
GFYEKNPGADTATROQMLNKPPLPFTKGLRLGNMPQIRVIVDEELESVWTGKKTPQQALDT
Sbjct 361 GFYEKNPGADTATRQMLNKPPLPFTKGLRLGNMPQIRVIVDEELESVWTGKKTPQQALDT 420

Query 421 AVERGNQLLRRFEKSTKS 438
AVERGNQLLRRFEKSTKS
Sbjct 421 AVERGNQLLRRFEKSTKS 438

M NAwmlaad .. MPanDant MRranhine

Figure 22. The BLAST database showed that when the protein sequence of b3453 is BLAST ed
against Meiothermus ruber the results show mrub_ 0322 has a low E-value indicating
similarities within the two protein amino acid sequences, showing a high chance for orthologous
genes between the two species (11).

Having confirmed that b3453 and mrub_0322 have significant sequence similarity, the focus
then turned to learning more about these proteins in regards to cell localization. In order to
identify whether or not these proteins have transmembrane domains, the TMHMM database
was used (15-18). Figure 23 shows the results of the TMHMM analysis for this gene
comparison. Using the known amino acid sequences, the database calculated which sections
would be found throughout the cellular membrane. In the case of b4353 and mrub_0322, there

were no transmembrane domains found. This result is expected for these two genes, because
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they have been previously identified as the substrate binding component of the ABC transporter,
meaning that the protein needs to be on the outside of the cell membrane in order to interact

with the substrate (26).

# eco:b3453 Length: 438 # mrb:Mrub 0322 Length: 435

# eco:b3453 Number of predicted TMHs: 0 # mrb:Mrub_0322 Number of predicted TMHS: 0

# eco:b3453 Exp number of AAs in TMHs: 9.38383999999999998 # mrb:Mrub 0322 Exp number of AAs in TMHs: 7.94971
# eco:b3453 Exp number, first 60 AAs: 9.35256 # mrb:Mrub_0322 Exp number, first 60 AAs: 7.88565
# eco:b3d53 Total prob of N-in: 0.42671 # mrb:Mrub_0322 Total prob of N-in: 0.40355
eco:b3453 TMHEMM2 . 0 outside i 438 mrb:Mrub_0322 TMHMM2.0 outside 5 435

TMHMM posterior probabilities for eco:b3463 TMHMM posterior probabilities for mrb:Mrub_0322
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Figure 23. The bioinformatics database TMHMM was used to develop two graphs indicating
cellular localization of b3453 and mrub_0322. The left image indicates the E. coli b3453 and the
right image indicates mrub_ 0322. The similarities between the two graphs indicate a similarity
in cellular localization between genes. Although these two graphs show no deviation, if there
were any deviations present through the graph, it would indicate the presence of
transmembrane helices. (15-18)

Also important for cell localization, is understanding whether our GOI create proteins that
contain signal peptides, or some derivative of them. For this question, the database SignalP
was used (19,20). Again, the amino acid sequences of b3453 and mrub_0322 were used within
the database. Figure 24 shows the results of both of these analyses. In the case of b3453, there
is a significant probability that the protein does contain a signal peptide. The SignalP results
indicate that there is too low of a probability for the mrub_0322 gene to have signal peptides in

their protein sequences.
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Figure 25. The bioinformatics database SignalP was used to develop two graphs indicating
cellular localization of b3453 and mrub_ 0322. The left image indicates the E. coli b3453 and
the right image indicates mrub_ 0322. The similarities between the two graphs indicate a
similarity in cellular localization between genes. Strong signals in these graphs would indicate
the possible presence of a signal peptide on the proteins, which is clearly seen in b3453, but not
in mrub_0322 (19-20).

To confirm the previous conclusion of a presence of signal peptide, another database was used,
known as LipoP (20). This database is similar to SignalP, but focuses more clearly on
lipoproteins. Figure 26 shows the LipoP results from both b3453 and mrub_0322. The results
from b3453 do show some higher probability levels for signal peptides in the form of Signal

Peptide | (Spl). The probability for mrub_0322 is much lower.
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Figure 26. The bioinformatics database LipoP was used to develop two graphs indicating
probability of lipoproteins for b3453 and mrub_ 0322. The left image indicates the E. coli b3453
and the right image indicates mrub_ 0322. The b3453 graph shows significant probability for a
signal protein to be present, but the data for mrub_0322 shows the probability is still relatively
low. Strong signals in these graphs would indicate the possible presence of a lipoprotein as a
part of the proteins, which is clearly not seen in these cases (20).
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To help in the conclusion of cellular location of these proteins, PSORT-B and Phobius were two
other databases used (13,14). Again, amino acid sequences of b3453 and mrub_0322 were
used. The databases would use theoretical amino acid sequences to determine possible
intra-protein interactions that would determine the location relative to the cell membrane. With
both of these genes, the PSORT-B indicated that both proteins were located on or around the
periplasm. The Phobius graphs, shown in Figure 27, also indicates that these proteins are
located in the non-cytoplasmic region, further confirming the idea of them being in the
periplasm. The combination of these two results help confirm that b3453 and mrub_0322 are
truly substrate domains, that are located throughout the periplasm of the respective bacteria to

help bring in the desired substrate, in this case sn-glycerol-3-phosphate.

Phobius posterior probabilities for mrb:Mrub_0322
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Figure 27. The bioinformatics database Phobius was used to develop two graphs indicating
cellular localization of b3453 and mrub_ 0322. The left image indicates the E. coli b3453 and
the right image indicates mrub_0322. The similarities between the two graphs indicate a
similarity in cellular localization between genes(14).

With a better idea of where b3453 and mrub_0322 are localized as proteins, the Pfam database
was used in order to further clarify how similar the two genes are (22). As seen in Figure 28,
when comparing b3453 and mrub_0322 to a consensus sequence, there is a large amount of
similarity, which can be seen by the large amount of shades of green found in the 4th row of

each sequence. This helps confirm that the two GOI are orthologous to one another.
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Figure 28. The database Pfam was used to create aligned sequences of b3453 and mrub_ 0322
for comparison. The top sequence is b3453 and the bottom is mrub_0322. As seen by the green
line of both images the two sequences which supports b3453 and mrub_ 0322 as orthologs
(22).

Through the IMG/M database the genes b3453 and mrub_0322 were analyzed using
color by KEGG as shown in Figure 29 (26,27). Color by KEGG coordinates function of genes
with colors. The two GOI are indicated by the red line above the gene. The top panel is the
E.coli gene b3453 and the bottom is mrub_0322 which are colored green and purple
respectively. Both of these colors indicate they are involved in membrane transport. This
confirms these genes are ABC transporters and that they are orthologs since they have the

same function.
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Figure 29. The IMG/M database and the color by KEGG function was used to analyze b3453
and mrub_ 0322. The top image represents b3453 and the bottom image represents
mrub_0322. The red line indicates the gene of interest. The color of the genes represent their
function. The E.coli green gene and the M. ruber purple gene represent the fact that both of
these gene’s function involves membrane transport (26,27).

Conclusion

Throughout the use of many bioinformatics tools it can be concluded that mrub_0320
gene is an ortholog of the b3452 gene, mrub_0321 gene is an ortholog of the b3451
gene,mrub_0322 gene is an ortholog of the b3453 gene, mrub_2366 gene is an ortholog of the
b3450 gene. Although there are some instances of differences between results of ortholog pairs
the majority of evidence indicates their distinct similarities. Since the two organisms are distantly
related it may have contributed to the slight differences in analysis. All of the following genes are
part of operons that involve membrane transport as shown in figure 8,15,21 and 29 by the color
by KEGG database(26,27).

The first gene pair analyzed was mrub_2366 and b3450 to confirm they are orthologs.
Numerous bioinformatics tools were used to support that these two genes are orthologs. The
first task done to begin analysis was to blast the nucleotide sequences of mrub_2366 against

b3450. The BLAST results gave a low E-value indicating these genes are highly related and not
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due to chance (11). These genes have the same COG (31), TIGRfam (21) and Pfam (22, 23)
numbers which is another piece of evidence proving they are orthologs. The last key piece of
evidence is that all of the cellular localization database data matches. The overall cellular
localization is the inner plasma membrane for both genes (TMHMM (15, 16, 17, 18), SignalP
(19), LipoP (20), PSORT-B (15), Phobius (14)). For both E. coli and M. rub systems, the genes
were found within the ABC transporter page (KEGG map 02010) (26).The only difference in
data found was through the protein database where the two genes represent different proteins
which could be due to an incomplete database (25).This piece can be disregarded because of
the significant number of evidence gathered that confirms mrub_2366 and b3450 being
orthologs.

The same process defined above is completed with the second set of genes, b3451 and
mrub_0321, both of which are classified as UgpE in their respective genomes. As seen in Table
2 the BLAST results show a low E-value indicating theses genes are indeed orthologs and not
likely similar by chance(11). The COG and Pfam numbers are the same for both genes (22,23).
The cellular localization databases (TMHMM (15), SignalP (19), LipoP (20), PSORT-B (13), and
Phobius (14)), both genes were confirmed to have the same location on the inner plasma
membrane. Protein Database showed identical proteins for both genes (24, 25). For both E. coli
and M. rub systems, the genes were found within the ABC transporter page (KEGG map 02010)
(26). The only piece of data that differed between mrub_0321 and b3451 was the TIGRfam
database did not give the same value since b3451 did not yield any hits (21). This result does
not conclude against their similarity but just yields inconclusive. The overall conclusion remains
that b3451 and mrub_0321 are orthologs.

The third gene pair analyzed was mrub_0320 and b3452 both of which are classified as

UgpA in their respective genomes (26). Again, for ease of understanding, Table 3 summarizes
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the results obtained from numerous bioinformatic tools to compare E.coli b3452 and mrub__
0320. The BLAST performed comparing these genes produced a low E-value indicating the
genes to be orthologs (11). The COG number identified through the CDD database was the
same for both genes, with slightly varied E-values (31). Using the cellular localization databases
(TMHMM (15), SignalP (19), LipoP (20), PSORT-B (13), and Phobius (14)), both genes were
confirmed to have the same location. TIGRfam has varied results between the two genes, with
two different TIGRfam numbers showing up (21). Pfam database shows the same protein family
between the two genes, with similar E-values (22, 23). Protein Database showed different
proteins of similarities (24, 25). For both E. coli and M. rub systems, the genes were found
within the ABC transporter page (KEGG map 02010) (26). Nearly all forms of data helps
conclude that b3452 and mrub_0320 are orthologous; Regardless of TIGRfam results, this
connection is strong.

The last gene pair analyzed was mrub_0322 and b3453, both of which are classified as
UgpB in their respective genomes. Again, for ease of understanding, Table 4 summarizes the
results obtained from numerous bioinformatic tools to compare E.coli b3453 and mrub_ 0322.
The BLAST database gave a low E-value indicating the genes to be orthologs not by chance
(11). The COG number identified through the CDD database was the same for both genes, with
slightly varied E-values (31). Using the cellular localization databases (TMHMM (15), SignalP
(19), LipoP (20), PSORT-B (13), and Phobius (14)), both genes were confirmed to have the
same location. Pfam (22, 23) database shows the same protein family between the two genes,
with similar E-values, while neither gene had a hit with TIGRfam (21). No hit in TIGRfam leads
to inconclusive results but because the several other pieces of evidence are strong it can be

concluded they are orthologs. Protein Database showed the same protein with different

33



E-values (24,25). For both E. coli and M. rub systems, the genes were found within the ABC

transporter page (KEGG map 02010) (26).

Finally, site directed mutagenesis was studied by using NEB changer bioinformatics to

change a highly conserved amino acid into alanine (28). The substitution was completed on

ugpA (mrub_0320) at amino acid F44 to an alanine. The result of this change is shown in the

left side of Figure 30 below. The Threonine in the amino acid sequence from KEGG is at

position 44 since that is a highly conserved amino acid found by the weblogo database. The

nucleotide sequence was substituted at position 130 to 132. Then the same procedure was

done with b3452 however the substitution was from position 123 to 125 from a Threonine to an

alanine shown in Figure 30 on the right side.

NEBaseChanger Summary - Fri Feb 09 2018

Input sequence:mrb:Mrub_0320
Type of mutagenesis: substitution
Mutagenesis region: 130 to 132

Replace/insert: GCC
Result

S R A AL AASVRU RTILA
F Q G s cC * C S P S G L
VP GLLULULTILVFAVWTEP
GTTCCAGGGCTGCTCTTGCTGCTAGTGTTCgCcCcGTCTGGCCTA
CAAGGTCCCGACGAGAACGACGATCACAAGCGGCAGACCGGAT

Required Primers

IName (F/R) Oligo (Uppercase = target-specific primer) Len % GC Tm

Q5SDM_2/10/2018_F GCTAGTGTTCgCCGTCTGGCCTA 23 61
Q5SDM_2/10/2018_R AGCAAGAGCAGCCCTGGAAC 20 60

* Ta (recommended annealing temperature)

NEBaseChanger Summary - Fri Feb 09 2018

Input sequence:eco:b3452
Type of mutagenesis: substitution
Mutagenesis region: 123 to 125

Replace/insert: GCA
Result

A G E AL WY S L Q s VD
C GRS VV VL AR ATZ KT RR R
L RAKRTU CGT RTCI KA AS I
CTGCGGGCGAAGCGTTGTGGTACTCGCTgcaAAGCGTCGATC
GACGCCCGCTTCGCAACACCATGAGCGACGTTTCGCAGCTAG

Required Primers

IName (F/R) Oligo (Uppercase = target-specific primer) Len % GC Tm

Q5SDM_2/10/2018_F GGTACTCGCTgcaAAGCGTCGATC 24 58
Q5SDM_2/10/2018_R ACAACGCTTCGCCCGCAG 18 67

* Ta (recommended annealing temperature)

Figure 30. The site-directed mutagenesis of mrub_0320 and b3452 to substitute a Threonine for
Alanine. The left side of the image represents the M.ruber gene mrub_0320 and the right side is

the E.coli ortholog b3452.

The sequences above must then undergo functional genomics to allow analysis of the

data. Functional genomics, such as the complementation test, will show the substitution in the



highly conserved amino acid, threonine, to alanine will cause a change in protein function. This
change in function detected indicates the substitution caused a change in protein structure
ultimately affecting its function. This study can be used to further research on orthologous genes
in Meiothermus ruber and Escherichia coli ABC transporters involved in sn-glycerol -
3-phosphate. This research has been shown to be linked to ABC transport systems involving
sn-glycerol - 3-phosphate. These transport systems are linked to diabetes, cancer, and many
other metabolic diseases research. These disease have high prevalence around the world
indicated further research is necessary to continue to understand their metabolic pathways to

develop more efficient treatment.
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