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Molecular Study of the (rpoB) Gene as a Diagnostic Tool
in Acinetobacter baumannii and the Identification of the
Mutations in this Gene Led to Rifampicin Resistance

Safaa Hadi Hussein, Mayaada Salall Mahdi
Department of Medical and Molecular Biotechnology, College of Biotechnology, Al-Nahrain University, Baghdad, Iraq

Background: Rifampicins are bactericidal antibiotics that prevent the synthesis of RNA by interacting with the rpoB-gene encoded
bacterial RNA polymerase beta subunit. The rpoB gene has emerged as a pivotal candidate gene for bacterial diagnostics and
phylogenetic investigations. In recent years, the Acinetobacter baumannii acquired a prominent interesting as a result of their high
resistance to broad spectrum of antibiotics. Objective: The current study was designed to identify the sequence of rpoB gene, the
mutation led to rifampicin resistance and compared them to standard isolates in the NCBI and sensitive isolates in Iraq (local
control). Materials and Methods: Three hundred samples in total were gathered from patients with various infections in Medical
City Hospital during the period from July 1, 2022 to January 30, 2023. The Vitek 2 system was used to identify bacterial isolates,
cultural media (blood agar, macconkey agar, chromagar™) and the partial sequence of the rpoB gene whereas Kirby-Bauer method
was used to test antibiotic susceptibility. Results: Total genomic DNA was extracted from the most resistant (MDR) thirty bacterial
isolates in order to genetically identified by PCR and sent for sequencing. PCR and DNA sequence analysis of rpoB revealed that
the RIF-resistance determining region (RRDR) of the rpoB gene had been modified in at least nine of the isolates. And the 21 of the
isolates with no mutation, six mutations were discovered (CAA, ATG, GGA, ACT, GCA, GAT), four of them are novel mutation
G114G, T249T, A348A, and D444D (Silent mutation) identified for the first time in Iraq when compared with sensitive isolates
(local control). Most A. baumannii isolates with rpoB gene mutations exhibited the rifampicin resistance in 8 isolates (88.8%), only
one isolate with rpoB gene mutation was sensitive to rifampicin. Conclusion: At the end, the molecular analysis showed that rpoB
gene mutations in some isolates play a significant role in rifampicin resistance, particularly if the mutation at the rpoB-binding site
to rifampicin.
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INTRODUCTION isolates, the RNA polymerase b-subunit-encoding “rpoB”

. gene has become a core gene candidate for phylogenetic
Th? \.No'rld H'ealth Organization (WHO) recently ranked studies and bacterial identification. Along with the 16S
antibiotic resistance as one of the top three threats to

human health. The most prevalent and harmful MDR rRNA gene, rpoB has enhanced the analysis of bacterial

.. communities, assisted in the discovery of new bacterial

pathogens are referred to by the abbreviation ESKAPE, . . . Very .

. “« . species, and assisted in the tracking of mutations that
which stands for “Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumonia, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter spp.”!
During wars in “Lebanon, Afghanistan, and Iraq.” One
of the most common pathogens, A. baumannii, is in
charge of numerous MDR infection outbreaks in combat
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result in rifampicin resistance.’! Alternating conserved
and variable regions can be found in the rpoB gene." For
preserved regions with an internal variable region, broad-
spectrum primers can be created. It has been possible to
examine bacteria from the same group or closely related
groups using various rpoB gene fragments. The rpoB gene
fragment used for identification determines the cut-off
for bacterial identification using the rpoB gene sequence:
correct species identification depends on a rpoB gene
fragment sequence similarity of at least “94%-95% * for
300-600" bp.! A rpoB gene-fragment sequence similarity
of at least 96%-97% is required for “600-825” bp. The
bacterial RNA polymerase subunit encoded by the rpoB
gene interacts with rifampicins, which are bactericidal
antibiotics that prevent the synthesis of RNA. Examples of
rifampicins include rifampicin, rifabutin, rifapentine, and
rifaximin. Rifampicin is the most frequently prescribed
first-line treatment for many bacterial diseases among
these. Rifampin resistance is a growing problem in both
produced and third-world nations.® Patients with immune
system disorders face a more challenging situation when
dealing with this issue.”’ So, for the effective management
of bacterial diseases, antibiotic resistance detection at an
early stage is of the highest priority. Some studies have
revealed the genetic causes of bacterial isolates’ resistance
to anti-bacterial antibiotics.'”

The rpoB gene, which encodes the RNA polymerase beta
subunit, is the most likely site of point mutations, small
insertions, and deletions that result in rifampin resistance.!'!

Aim of the study

The aim of this study was to investigate the use of the
rpoB gene as a diagnostic tool in A. bauumannii and the
identification of the mutation in this gene led to rifampicin
resistance.

MaTteriaLs AND METHODS

Samples collection

Three hundred samples in total were gathered from patients
with various infections (burns, wound, sputum and urine
samples) in Medical City Hospital during the period
from (July 1, 2022) to (January 30, 2023). All samples
were collected by sterile cotton swaps from both genders
aged 16-60 years and children aged 1-12 years, and then
streaked on MacConkey agar and blood agar incubated
for 24h at 37°C.

Identification of bacterial isolates

All clinical samples were cultured for 24h on chromagar,
MacConkey agar, and blood agar at 37°C. Each bacterial
isolate was identified using morphological, microscopic,
and biochemical tests such as “oxidase, catalase, triple sugar
iron agar (TSI), indole production, urease production,
and citrate utilization.” With a 98% confidence level,

the Vitek-2 system was used to accurately identify each
bacterial isolate. Finally, the isolates were identified using
the rpoB gene for molecular identification.

Antibiotic susceptibility test

Kirby-Bauer method was used to conduct an antibiotic
susceptibility test in accordance with CLSI (2021)
guidelines. Eighty eight A. baumannii isolates previously
identified by morphological traits and the VITEK-2
system participated in this test were cultured in SmL
of nutrient broth and incubated at 37°C for 24h. The
bacterial broth was centrifuged at 5000 rpm for 5 min; then
the supernatant was removed and the bacterial precipitate
was diluted until it reached 0.5 McFarland turbidity
standard, which contains approximately 1-2 x 10¥ CFU/
mL. Following that, a sterile cotton swab was dipped in
a bacterial suspension and any excess liquid was removed
by pressing on the side of the tube before streaking on
Muller-Hinton agar medium in various directions. Each
antibiotic disk was then gently pressed on the agar surface
with the help of “sterile forceps” after the inoculated
plates had been left at room temperature for 10min to
allow excess moisture to be absorbed. At 37°C, the plates
were incubated for 24 h. After incubation, a ruler was used
to measure the diameter of the inhibition zone, which
was then compared to the standard value for each drug
as published by “CLSI” (2021). The inhibition zone is
defined as the area around the disk that has no obvious
visible growth.

DNA extraction

The genomic DNA of rifampicin resistant A. baumannii
(30) clinical isolates was extracted using a commercial
purification system (Promega, USA). Using a
spectrophotometer (NanoDrop) the DNA’s purity and
quantity were determined by measuring optical density
(OD). The extracted DNA was then stored for future use
at —20°C.

PCR reaction mixture

The primers, nuclease-free water, and master mix were all
contained in the 0.2mL Eppendorf tube. The total volume
of PCR mixture was 25 pL as shown in Table 1.

Table 1: Reaction mixture of PCR

Components Reaction Final
volume (uL) concentration
Master mix (2X) 12.5 1%
Forward primer (10 pM) 1 0.4 uM
Reverse primer (10 pM) 1 0.4 uM
DNA template 2 <250 ng
Nuclease free water 8.5 -
Final volume 25 -
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Table 2: PCR amplification program of rpoB for A. baumannii

Steps Time (min) Temperature (°C) No. of cycles
Initial denaturation 95 1
Denaturation 95 30
Annealing 0.5 60

Extension for rpoB 0.75 72

Final extension 5 72 1
Table 3: Primers and their sequences

Primer Sequence (5'-3) Primer size (bp) Tm GC% Product size (bp) References
rpoB-F GAGCGTGCTGTTAAAGAGCG 20 65 55 750 Current study
rpoB-R GCCACGGTTTGCGATTACAC 20 65 55 Current study

LR BT L L LT 1)

L)

2000 M L
0 0 0

750 bp

Figure 1: Amplified rpoB gene of thirty bacterial isolates of A. baumannii using specific primers (rpoB-F and rpoB-R). Electrophoresis was done using

1% agarose for that70 vV

The thermal cycler was filled with the PCR tubes to begin
amplification reaction according to the specific program
for each primer pair as in Table 2. In this study, the primers
were applied as shown in Table 3.

Sequencing

The isolates were delivered to the Macrogen Company
for sanger method sequencing; then an alignment of
nucleotides sequencing of rpoB gene was compared with
sensitive isolates and standard isolate in NCBI center and
the phylogenetic tree were done by CLC WORKBENCH
bioinformatics software according to the partial rpoB
sequence.

Ethical approval

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. It was carried out with patients verbal and
analytical approval before sample was taken. The study
protocol and the subject information and consent form
were reviewed and approved by a local ethics committee
according to the document number 12 (including
the number and the date in June 4, 2022) to get this
approval.

ResuLts

Among the total of (300) samples, the findings revealed
that 103 isolates (34.3%) were gram-positive and 109
isolates (36.3%) were gram-negative. Only 88 isolates
(29.3%) shared the same morphological and biochemical
characteristics as A. baumannii. Only 12 isolates
were sensitive to rifampin, and the 30 most rifampin-
resistant isolates were selected for molecular study and
sequencing.

The detection of rpoB gene was done by using “rpoB-F
and rpoB R” primers, and the size of the amplified
fragment was 750 bp as shown in Figure 1.

Lane M: 100 bpDNA ladder

Variations in rpoB gene of Acinetobacter baumannii

Six mutations were discovered (CAA, ATG, GGA,
ACT, GCA, and GAT). Table 4 describes the types of
mutations, their positions, and their effects on gene
expression. The rpoB gene’s (RRDR) substitution
mutations changed one base to another and resulted
in either no change in the protein that was produced,
known as silent mutations (sense mutation), or a change
that resulted in an exchange of the produced protein
(missense mutations).
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The sequence of rpoB gene was aligned with control isolates
(sensitive isolates 29,30) and with NCBI (standard isolate).

PCR and DNA sequence analysis of rpoB showed that nine
of the isolates carried at least one mutation at (RRDR) of
the rpoB gene and the 21 of the isolates with no mutation.
The most common variation (Silent mutation), found in
nine isolates (30%), was the substitution of ACA to ACT
at position 249. The rest of the silent mutations were
as follows: substitution of GCT to GCA found in eight
isolates (26.6%) at position 348, substitution of GGC to
GGA found in five isolates (16.6%) at position 114, and
a less prevalent mutation was a substitution of GAC to
GAT found in two isolates (6.6%) at position 444. Also
there are two missense mutations. Substitution of histidine
with glutamine at position 60 was detected in four isolates
(13.3%); this mutation had previously appeared in a study in
Italy by, and the substitution of isoleucine with methionine
at position 198 was detected in five isolates (16.6%). Most
A. baumannii isolates with rpoB gene mutations exhibited
the rifampicin resistance in eight isolates (88.8%), only one
isolate with rpoB gene mutation was sensitive to rifampicin,
and this isolate was the only one that did not contain
mutations in the drug-binding site (No. 10). In addition,
another isolate (No. 35) was resistant to rifampicin, but it
contained two silent mutations outside the binding sites.

rpoB partial sequence analysis and alignment with
standard isolate in NCBI of four novel rpoB gene
mutations in the target region:

ACT

The sequencing outcome showed that SNP A — T [Table 4].
The noticed SNP was a silent mutation; it was substitution
variation, “the Codon ACA was changed into codon ACT.”
The altered codon continued to encode the identical amino
acid (threonine), so this point mutation had no impact on
the expression of the gene; this variation was found in nine
(30%) isolates (2, 3, 6, 8, 11, 12, 25, 26, 27). The partial
sequencing profile of rpoB gene who shows this variation
in resistant isolates when compared to the sensitive isolates
(local control) as shown in Figures 2 and 3, respectively.

Then an alignment of nucleotides sequencing of 750 pb
gene who shows no variation in resistant isolates when
compared with standard isolate in NCBI center using
automated sequencer and analyzed by BLAST data, as
shown in Figure 4.

GCA

The sequencing outcome showed that SNP T — A
[Table 4]. The noticed SNP was a silent mutation; it was
substitution variation, “the codon GCT was changed into

Table 4: Variations in rpoB gene in Acinetobacter baumannii isolates

No. Mutation Type Position Wild type Mutated Change of Effect on Kind of No. of
codon codon amino acid* translation mutation isolates
1 T—>A Substitution 60 CAT CAA H—-Q Missense Point 4
mutation mutation
2 C->G Substitution 198 ATC ATG I-M Missense Point 5
mutation mutation
3 C—oA Substitution 114 GGC GGA GG Silent Point 5
mutation mutation
4 A—>T Substitution 249 ACA ACT T->T Silent Point 9
mutation mutation
5 T—-A Substitution 348 GCT GCA A—A Silent Point 8
mutation mutation
6 C->T Substitution 444 GAC GAT D—-D Silent Point 2
mutation mutation
H: histidine, Q: glutamine, I: isoleucine, M: methionine, G: glycine, T: threonine, A: alanine, D: aspartate
 ABI Ch C:\Users\Admi loads\HC00647010\002F _rpoB-F.ab1 [E]E
— '-' E" Selected: none Sample: 002F_rpoB-F | File: C:Users\ Admin Downloads HC00647010'002F_rpoB-F.abl
A A A CT CA}%O_-\CC c A GS%OT T A G AT G

Figure 2: Nucleotide sequencing profile of rpoB gene for resistant (test) Acinetobacter baumannii isolates

|~
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ABI Ch Ci\Users\Admin\D

1C00647010\030F _rpoB-F.ab1

320 330
A A A CA CCAT A C C G

""" ‘: 1 Selected none | Sample: 030F_rpoB-F | Fila: C:\Users\ Admin Downloads HC00647010/030F_rpoB-F.abl

340
A A G

Figure 3: Nucleotide sequencing profile of rpoB gene for sensitive (control 29, 30) Acinetobacter baumannii isolates

Acinetobacter baumannii strain VB82 chromosome, complete genome

Sequence ID: CP050385.1 Length: 4210906 Number of Matches: 1

Range 1: 4051008 to 403515350 GenBank Graphics

Score Expect Identities Gaps Strand

992 bits(S37) 0.0 531/543(99%) ©/S43(0%) Plus/Plus

Query 1 GGTTCAAGCCAGTTATCTCAGTTTATG <c<ATTA c GA GA ACAA 60O
IIIIIIlllI IlllllIIIIIIIIIIIIHIIIIIIIIlIllI PTinti Il IIIII

Sbjct 4eS1ees GGTTCAAG GTTATCTCAGT TTATGGACCAAAAC ATTATCTGAGATTACACAT 4051067

Query 61 CGTCGTGTATCTGCGCTTGGTCCT TAACACGTGAACGTGCAGGATTCGAA 12
IIIIIIIllIIlIlIl Illlllllllllllllllllllll i1 III il

Sbict <aesiess CGTCGTGT TCTGCGCTT ACGT GAACG AGGATTCGAA 4051127

Query 121 TACGTGACGTACACCAAACTCACTATGGTCGTGTTTGTCCAATTGAA. ACT CTGAAGGT 18e
IIIIIIIIIIIII ISESESNN] IIIII |ll|||lll|l|l|ll| 11 IIII IIIII

Sbict 4eS1128 GTACGTGACGTACACCAAACTCACTATGGTCGTGTTTGTCCAATTGAAACT «os1187

Query isa CAAACATTGGTTTGATGAACTCGCTTTCTGTATACGCAAAAG GAC TTCG TTC 249
IIIIIIIllIIIllIll [N IlllllllIlllllllllllllllllI lIII

Sbict 4es1i11ss CAAACATTGGTTTGATCAACTCGCTTTCTGTATACGCAAAAG TGACTTCGGT T 4051247

Query 241 GAAACTCCATACCGCAAAGTTGT. CGTGTAACTGATGATGTTGAA 30e
IIIIII IIlll IIIIIIIIIIIIIIIIIIIIII II lIIIIl

Sbjict 4esi248 TTG CAAAG GAATATT <os51327

Query 302 TCTGCA, GAAGTAGGTACTGTTAT TGCACAGGCCGAC TCTGCAGTAGATAAAG. 36e
III II IlIIIlllllIlIIlIIIlIIIllllllllllllllllllllllll IIIIII

Sbict 4|4es1i13es TCT AGGTACTGTTATTGCACAGGCCGACTCTGCAGTAGA 4951367

Query 361 GGCAACTTAACAGAAGAAT TCGTTTCTGT TCGTCATCAAGGTGAATTCGTACGTATGCCG 420
SRS IlIIIIlIIIlIIIIIIIIIII|Il|llll|ll|l||lll||l|l

Sbjct 4951368 GGCAACT AAGAA GTTTCTGT ATCAAG GTACGTATGCCG 4051427

Query 421 CCTGAAAAAGTAACGCATATGGACGTTTCTGCACAGCAGGTAGTATCTGTTGCTGCATCA 480
IIIIIIlIIlI| PrEppepnnpnnnnnennnnnennnnsnnenneintngl

Sbict aesi142s8 CCTGAAAAAGT AACGCATATGGACGTTTCTGCACAGCAGGTAGTATCTGTTGCTGCATCA 4951487

Query 481 CTTATTCCATTCCT TGAACACGATGACGCAAACCGTGCGCTCATGGGT TCAAACA sae
RSN RSN NY! III IIIIIIIlllllIIIIIIIIIIIIIIIIIIIIIIIIII

Sbict 4|aosiass CYYATTCCAYYCCYYGAA GCGCTCATG 4051547

Query Sa1 ??T sa3

Sbjct 4esS1S548 CGT 4251550

Figure 4: Using BLAST, the alignment of the A. baumannii variation’s rpoB gene sequence at position (249) was examined. The query number denotes

the current results, while the subject denotes the reference sequence

= e i
Sample: 025F_rpoB-F |File: C:\Users\ Admin Downloads HC00647010/025F_rpoB-F.abl
430 440
G T A G A T A A G A T G G C A A C T s Al
225087, 17: 424,
»

Figure 5: Nucleotide sequencing profile of rpoB gene for resistant (test) Acinetobacter baumannii isolates

codon GCA.” The altered codon continued to encode the
identical amino acid (Alanine), so this point mutation had
no impact on the expression of the gene; this variation
was found in 8 (26.6%) isolates (2, 3, 8, 11, 12, 27, 26, 25).
The partial sequencing profile of rpoB gene who shows
this variation in resistant isolates when compared to the
sensitive isolates (local control) as shown in Figures 5 and
6, respectively.

Then an alignment of nucleotides sequencing of rpoB
gene who shows no variation in resistant isolates when

compared with standard isolate in NCBI center using
automated sequencer and analyzed by BLAST data, as
shown in Figure 7.

GGA

The sequencing outcome showed that SNP C — A
[Table 4]. The noticed SNP was a silent mutation; it was
substitution mutation. “The codon GGC was changed
into GGA.” The altered codon continued to encode the
identical amino acid (Glycine), so this point mutation had
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farci e AdminD 007 pop-Fab =
2 \i”  Setected none | S2mple: 030F_rpoB-F [File: C: Usens\Ademin Downloads HC00647010/030F _rpoB-Fabl
420 430 440
T (o T G C T G T A G AT A A G A T G G C A A C T T A
S LN A 5086, 28 423 \ = i AN A AN -/ X
| » ]

Figure 6: Nucleotide sequencing profile of rpoB gene for sensitive (control 29, 39) Acinetobacter baumannii isolates

Sequence 1D: CP040056.1

Range 1: 16135989 to 1616531 GenBank Graphics

Score Expect Identities

Query 121
Sbjct 1616109

Query 181

Acinetobacter baumannii strain VB35435 chromosome, complete genome
Length: 4011931 Number of Matches: 1

1003 bits(533) o.0 S43/543(100%) 0/S543(0%) Plus/Plus

Query 1 GGTTCAAGCCAGTTATCTCAGT TTATGGACCAAAACAACCCATTATCTGAGATTACACAT 6@
lllIlIIIIIllIIlIIIIlllIIIIIIIIIIII!IIIIlIlIllIIIIlIIIIlIIIIl

Sbjct 1615989 TCAAGCCAGTTATCTCAGT TTATGGACCAAAACAACCCATTATCTGAGATTACACAT 1616048

Query 61 AAACGTCGTGTATCTGCGCTTGGTCCTGGTGGTTTAACA CGYGAACGTGCAGGCYTCGAA 12e
IIIIIlIIIllIlIllIIIlIlIIIIIIIIIlI POLERERRR PR ERR RNttt

Sbjct 1616049 CGTCGTGTATCTGCGCTTGGTCCTGGT! GGTTTAACACGTGAACGTGCAGGCYTCGAA 1616108

GTACGTGACGTACACCAAACTCACTATGGTCGTGTTTGTCCAATTGAAACTCCTGAAGGT  18e
lIlIllIIIlIIIIllIIIlIIIIlIIIIIlIIIlIIIIlIlIIIIIIIlIIIlIIIIll
GTACGTGACGTACACCAAACTCACTATGGTCGTGTTTGTCCAATTGAAACTCCTGAAGG

ATTGGTTTGATCAACTCGCTTTCTGTATACGCAAAAGCGAA
lIlIlIlIIlIIlIllIIllllIIlIlIIIIIIIlIIIIlIlIIIIlIlllIIIlIIIIl

Sbjct 1616169 CAAACATTGGTTTGATCAACTCGCTTTCTGTATAC GAATGACTTCGGTTTC 1616228

Query 241 TGGAAACTCCATACCGCAAAGTTGTAGATGGTCGTGTAACTGATGATGTTGAATATTTA 30e
lllIIIIIIIIIIIIIIIIIIIIllIIIIIllIIlIIIIlIlIllIIIllIIIllIIIll

Sbjct 1616229 TGGAAACTCCATACCGCAAAGTTGTAGATGGTCGTGTAACTGATGATGTTGAATATTTA 1616288

Query 301 TCYGCAATYGAAGAAGTAGGTACYGYYAYYG(ACAGGCCGACTCY?TFGTAGATAAAGAT 36e
PERRR R R R R R e e et e et i e e e rrvinnnntetinl

Sbict 1616289 TCTGCAATTGAAGAAGTAGGTACTGTTATTGCACAGGCCGACTCTGCAGTAGATAAAGAT 1616348

Query 361 CAA T AAC GAAGAAYYCGYYTCYGYYCGYCAYCAAGGTGAA TCGTACGTATGCC a2e
III 111 IIlI llIIIIIIIIIIIIIIIIIIlIII[IIIIlIIIIHIIII!

Sbjct 1616349 GGCAA CTT c TCGTTTCTGTTCGTCATCAAGG TTCGTACGTATGCCG 1616408

Query 421 CCTGAAAAAGTAACGCATATGGATGTTTCTGCACAGCAGGTAGTATCTGTTGCTGCATC 4ase
IIlI TLrLerntl lIIIIIIIIIlIlIIlIIlIlIIIIlIlIlIIlIIIIIIllIIII

Sbjct 1616409 AAAAA GTA CGCATATGG»TGTTTCTGCACAGCAGGTAGYATCTGYTGCYGCAYC 1616468

Query 4381 CTTATTCCATTCCTTGAACACGATGACGCAAACCGTGCGCTCATGGGT CAAA sae
lIIIlllIIllIIIlIIIIlIIIIlIIIIlIIIIlIIIIlIlIIIIII III Ill

Sbjct 1616469 TTATTCCATTCCTTGAACACGATGACGCAAACCGTGCGCTCATGGGT TC ACA TG(AA 1616528

Query S41 CGT 543

Sbjct 1616529 CGT 1616531

Gaps Strand

1616168
TGACTTCGGTTTC 24e

Figure 7: Using BLAST, the alignment of the A.baumannii variation’s rpoB gene sequence at position (348) was examined. The query number denotes

the current results, whereas the subject denotes the reference sequence

no impact on the expression of the gene. This variation
was found in five (16.6%) isolates (2, 3, 8, 12, and 26).
The partial sequencing profile of rpoB gene who shows
this variation in resistant isolates when compared to the
sensitive isolates (local control) as shown in Figures 8 and
9 respectively.

Then an alignment of nucleotides sequencing of rpoB
gene who shows no variation in resistant isolates when
compared with standard isolate in NCBI center using
automated sequencer and analyzed by BLAST data, as
shown in Figure 10.

GAT

The sequencing outcome showed that SNP C — T
[Table 4]. The noticed SNP was a silent mutation; it was
substitution mutations. The codon “GAC was changed
into codon GAT.” The altered codon continued to
encode the identical amino acid (Aspartate), so this point
mutation had no impact on the expression of the gene,

these variation was found in 2 (6.6%) isolates (25, 27).
The partial sequencing profile of rpoB gene who shows
this variation in resistant isolates when compared to the
sensitive isolates (local control) as shown in Figures 11
and 12, respectively.

Then an alignment of nucleotides sequencing of rpoB
gene who shows no variation in resistant isolates when
compared with standard isolate in NCBI center using
automated sequencer and analyzed by BLAST data, as
shown in Figure 13.

Phylogenetic tree of Acinetobacter baumannii

The rpoB partial sequences were delivered as.abl
chromatogram files. The sequence files were viewed,
trimmed, and examined using the BioEdit sequence
alignment editor version 7. BioEdit was also used to check
for and correct sequencing errors. Molecular Evolutionary
Genetics Analysis (MEGA11) software was used for multiple
sequence alignment with Clustal W and phylogenetic analyses.
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ABICH C\Users\ IC00647010\026F _rpoB-F.ab1 [E=NEcE ==
=& Selected none |Sample: 026F_rpoB-F |File: C:Users' Admin Downloads HC00647010/026F_rpoB-Fabl
190 200 210
A G G AT T €C G A A G T AC G T G A C G T A C ¢ ©
A o an
i 2l
Figure 8: Nucleotide sequencing profile of rpoB gene for resistant (test) Acinetobacter baumannii isolates
—_— 1
ABI Ch C:\Users\Admin\D IC00647010\030F _rpoB-F.ab1 [ o)==
" N Selected none |Sample: 030F_rpoB-F |File: C:Users'Adenin Downloads HC00647010'030F _rpoB-F.abl
190 200 210
G €C A G G C T T CG A AG T ACGT G AC G T AC A C
2285,16: 1 e .
= 2]
Figure 9: Nucleotide sequencing profile of rpoB gene for sensitive (control 29,30) Acinetobacter baumannii isolates
Acinetobacter baumannii strain VB82 chromosome, complete genome
Sequence 1D: CP050385.1 Length: 4210906 Number of Matches: 1
Range 1: 4051008 to 4051550 GenBank Graphics
Score Expeact Identties Gaps Strand
992 bits(S37) 0.0 541/543(99%) O/S43(0%) Plus/Plus
Query 1 GGTTCAAGCCAGTTATCTCAGTTTATGGACCAARAAC AACCCAYTAYC AGATTACAC 60
IIIIIIIlllllIlIIlIlIIIIIIIIIIlIIIIIlIlIlIIIll IIIIIlIlI
Sbjct 4es1ees TTC CAGTTATCTCAGTTTATGGACCAAAACAACCCATT. AT GA AT 49051067
Query 61 AAACGTCG TGTATCTGCGCYTGGTCCTGGT GTTTAACACGTGAACGT »\'ﬁ# GAA 120
DT T T TT T T T T DT i TL T ||||||
Sbict 4251e68 AAACGTCGTGTA TGCGCTTGGTCCTGGT ACGTGAACGTGCAGGATTCGAA 49051127
Query 121 ACGTG CGT &AACTCAC ATGGTCGTGTTTGTCCAA AAACTCCTGAAGGT ise
SRR RENN lIlI SRS NEN llIIlllIIIIIIIlIllIlIIIIIIIIIIlIlII
Sbict 451128 TAC TGACGTACACCAAACTCACTATGGTCGTGTTITGTCCAAT TCC 4051187
Query 181 CCAAACATTGGTTTGATGAACTCGCTTTCTGTATACGCAAAAGCGAATGACTTCGGTTTC 24e
III|IlIllIIlIIIIl lIIlIlIIlIIIIIIIlIIIIlIllIlIIlIlIIIIIlIlII
Sbict 4©s51188 CCAAACATTGGTTTGATCAACTCGCTTTCTGTATACGCAAAAG GACTTCGGTTTC 49051247
Query 241 GAAACTCCATACCGCARAGTTGT. TCGTGTAACTGATGATGTTGAATATTTA 30@
IIIIIIIllllllllllllIllIlIIlIIlIlIIIIIIIlIIIIlIIIII IIIIIIIII
Sbict 4es1248 ACTCCATACCGCA, TAGATGGTCGTGTAACTGATGATGTTG ATT 4051307
Query 3e1 TCT TAG GTACTGYYATYGCACAGGCCGACYCTGCAG AGA 36e
IIIlllllllllllIllIlIIlIlIIIIIIIIIIIIIIIIIl [SRSEN! IIIIlIlII
Sbict 40es13es TCTGCAATTG GGTACTGTTATTGCACAGGCCGACTCT GCAGTAGAY 4951367
Query 361 TCGTTTCTGTTCGTCATCAAGGTGAATTCGTACGTATGCCG a2
|||1||m||||||||||||1|n|||||||||||||||1n||n|x||||1||1||||
Sbijct 4©s51368 TCGTTTCTGTTCGTCATCAAGGTGAATTCGTACGTATGCCG <951427
Query 421 GAAAAAGTAACGCATATGGACGTTTCTGCACAGCAGGTAGTATCTGTTGCTGCA CA ase
IIIIIlIlIIIlIlIIIIlIllIlllllIIIlIIllllllIllIlIIlIllIIIIlIlI
Sbict 4051428 AACGCATATGGACGTTTCTGCACAGCAGGTAGTATCTGTTGCTGCATC 4951487
Query 481 CTTAT Y(( CCTTGAACA(GAYGACGC C(G GCGCTCATGGGTTCAAACATGC sae
I LLELIT I T T T ] nmunmmmnmm
Sbjct 4es1i1ass CTYTATTCCATTCC CACG GACGCAAACCGTGCGCTCATG TCAAACATGCAA 4051547
Query Ssa1 ﬁ'ﬂ" 543
Sbjct 4@51548 <GT 49051550

Figure 10: Using BLAST, the alignment of the A. baumannii variation’s rpoB gene sequence at position (114) was examined. The query number
denotes the current results, whereas the subject denotes the reference sequence

Figure 14 clarifies the phylogenetic tree of 30 4. baumannii
isolates depending upon the partial rpo B sequences.

Discussion

Under normal and pathophysiological conditions, all cells in
an organism express housekeeping genes, which are typically
constitutive genes required for basic cellular function
maintenance.'>"¥) The results revealed that 30 out of 30
isolates (100%) have rpoB gene. A number of issues arise

when using 16S sequencing, including primer bias, gene copy
number, PCR or sequencing artifacts, and contamination.
Metabarcoding approaches that target a taxonomically
relevant marker, such as the rpoB gene, are a potential
alternative, allowing at least some of these challenges to be
overcome." Rifampicin resistance is caused by mutations
in the rpoB gene, and these modifications reduce the affinity
of RNAP for rifampin.'® When bacteria are exposed
to environmental stresses, the bacteria get adapted by
coordinated transcriptional changes; this is called bacterial
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Figure 11: Nucleotide sequencing profile of rpoB gene for resistant (test) A. baumannii isolates
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Figure 12: Nucleotide sequencing profile of rpoB gene for sensitive (control 29, 30) A. baumannii isolates

[Acinetobacter baumannii strain VB35435 chromosome, complete genome

Sequence ID: CP040056.,1 Length: 4011931 Number of Matches: 1

Range 1: 16135989 to 1616531 GenBank CGraphics

Score Expect Identities Gaps Strand

1003 bits(S43) ©.0 S43/543(100%) O/S33(0%) Plus/Plus

Query 1 GOGT TCAAGCCAGTTATCTCAGTTTATGCGACCAAAACAACCCATTATCTGAGATTACACA 1]
IllIlllIlIlIIlIIIIlIIlIIlIIIIIIIIIIllIlIllIIIIlIIIIIIIIIIIlI

Sbjct 1615989 GOTTCAAGCCAGTTATCTCAGTTTATGGACCAAAACAACCCATTATCTGAGATTACACA 1616048

Query 61 COTCGTGTATCTGCGCTTGGTCCT GG GGTTTAACACGTGAACGTGCAGGCTTCGAA i12e
I lllllllllllllllllllllll 11l II IllIlIllIIIIlIIIIIIIIlIllI

Sbjct 1616049 SHEETETATETELEL 188118 TAACACGTGAACGTGCAGGCTTC 1616108

Query 121 GTACGTGACGTACACCAAACTCACTATGG TGTTTGTCCAATTGAAACTCCTGAAG ise
Trrnnpnnnpnnennnnnngniitl IlIllllIIlIIIIIIIIIIIIIlIIII

Sbjct 1616109 GTACGTGACGTACACCAAACTCACTATGG TGTTTGTCCAATT ACTCCTGAAGG 1616168

Query is1 CCAAACATTGGTTTGATCAACTCGCTTTC ATACGCAAAAGCGAATGACTTCGGTTTC 24e
TELRER LRl AN IIIIIII 1111

Sbjct 1616169 CCAAACATTGGTTTGATCAACTCGCTTTC ATACGCAAAAGCGAAT GGTYTC 1616228

Query 241 TTGGAAACTCCATACCGCARAGTTGTAGA TCGTGTAACTGATGATGTTGAATATTTA 300
TRvRRennn e nngnntl TERRRRR e enuennennninl

Sbict 1616229 TTGGAAACTCCATACCGCARAAGT TG TAGATCGTCGTGTAACTGATGATGTTGAATATTTA 1616288

Query 301 TCTGCAATTGAAGAAGTAGGTACTGTTATTGCACAGGCCGACTCTGCAGTAGATAAAGAT 360
1111 IIlllllIlIIlIlIllIIlIIIIIIIllIllIIIHIIIIIIIIIIIIIIIIII

Sbjct 1616289 TCTG GTAGGTACTGTTATTGCACAGGCCGACTCTGCAGTAGATAAAG 1616348

Query 361 GGCAAC AATTCGTTTCTGTTCGTCATCAAGGTGAATTCGTACGTATGCCG 420
IllIlllllllIIlIlIIlIIIIIIIIIlIIIIlIIIIlIIlIllIlIIIIIIIIlIIlI

Sbijct 1616349 GGC TTCGTTTCTGT TTCGTACGTATGCCG 1616428

Query 421 CTCAAAAAGTAACGCATATG, I GTTTCTGCACAGCAGGTAGTATCTGTTGCTGCATCA 4asQ
Illllllllllllllllllll PRRRn Rttt}

Sbjct 1616<e9 AACGCATATGGATGTTTCTGCACAGCAGGTAGTATCTGTTGCTGCATCA 1616468

Query 481 CTTATTCCATTCCTTGAACACGATGA CGTGCGCTCATGGGTTCAAA sae
Illllllllllll lIIlII|IllIlIlIIIIlIllIlIIlIHIIIIIIIIIIIIIlI

Sbict 1616469 TATTCCATTCCTTGAACACGATGACGCAAACCGTGCGCTCATGGGT TCAA, 1616528

Query sa1 ??T s43

Sbijct 1616529 CcGT 1616531

Figure 13: Using BLAST, the alignment of the A.baumannii variation’s rpoB gene sequence at position (444) was examined. The query number
denotes the current results, whereas the subject denotes the reference sequence

stress responses.'” When these phenotypic processes are
exhausted and the majority of cells are either killed or have
their growth inhibited, there is a strong selective pressure for
the emergence of adaptive mutations that confer resistance.
Among these stressors are nutritional deficiencies, DNA
damage, temperature changes, and antibiotic exposure.
All of these universal stress responses have components
that may lead to an increase in genetic variability. Multiple
stress responses include the upregulation and activation
of error-prone DNA polymerases, the downregulation of

error-correcting enzymes, and the movement of mobile
genetic elements.'® Mutations in the rpoB/rpoC genes, which
encode the 5 and " subunits of (RNAP) core enzyme, these
two subunits, which make up the enzyme’s active site and
account for 80% of its total mass, can help the enzyme adapt
to a variety of environmental and antibiotic stresses.'” The
high rates of conservation of housekeeping genes like the
RNAPC (rpoB and rpoC) have a proclivity to rapidly acquire
adaptive mutations that alter their sequences in response to a
variety of selective pressures. The bacterial RNA polymerase
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Figure 14: Phylogenetic tree of the 8 resistant local isolates of A. baumannii compared to sensitive control (two local isolate) based on the partial
sequence of rpoB gene Done by CLC WORKBENCH bioinformatics software

can be used as a model to comprehend fundamental ideas at
play in all cellular RNA polymerases because of this extensive
conservation.?” These mutations caused modifications to the
RNA polymerase active site in the amino acids surrounding
the RIF-binding pocket.”!! Mutations are more common in
the amino acid residues of the RNAP -subunit active site,
such as aspartic acid and histidine, which are involved in
drug binding.”? The most effective mutations for promoting
adaptive responses are those that replace the glutamine (Q)
and histidine (H) residues in the cluster I region of rpoB.
They cause the bacteria to behave differently on a global
scale, causing them to use alternative substrates, engage in
secondary metabolism, produce spores or germinate, or
develop antibiotic hetero-resistance.” In our study, both
mutations occurred such as H60Q (missense mutation) and
D 444 D (Silent mutation), in addition to other mutations
that occurs outside of those regions 1198M (missense
mutation), A348A, G114G, T249T, (Silent mutation), and
the silent mutations are a novel mutation in local isolates
identified for the first time in Iraq when compared with
sensitive isolates (local control) as shown in Figures 2
and 3. RIF’s effectiveness, like that of other antibacterial

agents, can be determined by the degree to which various
Acinetobacter isolates are sensitive to this compound and this
might be because of the microbial isolate’s unique resistance
mechanisms, which could involve altering the antibiotic’s
permeability, modifying the target’s enzymatic structure, and
chromosomal changes to the (RNAP) -subunit rpoB target
gene.’ However, silent mutation behaves differently than
standard antibiotic resistance mutations. Usually they involve
modifying the genetic code so that a different chain of amino
acids with distinct functions is produced when the genetic
material is “read” by ribosomes and translated into a protein.
The same amino acid chain is produced by this mutation, but
the structure of the crucial mRNA intermediate is altered,
making ribosomes unable to read the protein’s code and
produce it.?¥ Some bacteria develop rpoB mutations, and
the majority of the mutated residues are in hotspots that
are kept across species and are referred to as the (RRDR).
The majority of mutations are point mutations, even though
there have been some small insertions “1-2 codons” and
deletions “2-3 codons” found.? The phylogenetic tree
done by CLC WORKBENCH bioinformatics software,
a branching diagram or tree illustrating the relationships

-Medical Journal of Babylon | Volume 22 | Issue 4 | October-December 2025




Hussein and Mahdi: Molecular study of the (rpoB) gene as a diagnostic tool in Acinetobacter baumannii

between various biological species or other entities based
on their genetic or physical similarities and differences.?!
The genetic divergence between the isolates was determined
according to a value of bootstrapping. Numerous studies
have shown the value of using the RNA polymerase (rpoB)
subunit gene for phylogenetic analysis and Brucella strain
identification, especially in highly homologous isolates.
apditionally, novel bacterial species can be found and the
bacterial community can be studied thanks to rpoB-based
genotyping.”” The bacterial “rpoB and rpoC” sequences are
sufficiently kept to allow for the use of those genes as slowly
evolving phylogenetic markers.”® With hardly any overlap
between the various conditions, the adaptation to various
conditions involves a specific set of RNAPC positions.
apditionally, positions involved in adaptation tend to be even
more conserved in bacteria than other RNAPC positions
when combined across conditions, and they also tend to be
located closer to the protein complex’s active site. Finally,
we show that when resources are scarce, adaptations within
non-RNAPC housekeeping genes occur frequently within
the more conserved areas of these proteins.!')

ConcLUSION

The molecular study revealed that mutations of rpoB genes
in some isolates play a major role in rifampicin resistant,
especially if the mutation at the binding site of rpoB to
rifampicin. Four novel mutations such as G114G, T249T,
A348A, and D444D (silent mutation) are identified for the
first time in Iraq when compared with the sensitive isolates
(local control). The rpoB gene can be used as a diagnostic
tool at the species and subspecies level.
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