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Abstract

Introduction. Random amplified polymorphic DNA (RAPD) is a technique used in the
laboratory to detect polymorphism and slight genetic differences between closely related
species and construct the genetic dendrogram among variety species to represent the
relationships between the strains in the same species.

Purpose. Detect the Carbapenem resistant Pseudomonas aeruginosa strains isolated
from infected burn and to determine the variety of protein forming bla . alleles.
Materials and methods. Identical, closely related and unrelated strains were identified.
The RAPD bands of each strain were quantified in base pairs (bp) according to the ladder’s
bands, the RAPD pattern data for all strains were processed using the Unweighted Pair
Group Method with Arithmetic Mean (UPGMA) algorithm developed. The sequence
of nucleotides was converted to an amino acid sequence by translate the nucleotide
sequence into protein sequence.

Results. Twenty-eight P. aeruginosa isolates that have identical patterns of antibiotic
resistance were divided into 9 groups based on their resistance genes. Group A showed
strain 26 and 28 were identicals, group B showed strain 7, 8 and 12 identicals, group C
showed the strains 51, 37, 43 and 53 not related and group D showed the strains 5 and
19 considered not related and the other groups (E, F, G, H and I) each has a noval result.
Carbapenem bla,,,, , allele in 19 - P. aeruginosa and 23 - P. azotoformans have mutation
alter two amino acids leading to change the protein structure, in the same vein, allele in
23 - P. azotoformans but with one amino acid changing.

Conclusions. The distribution of the same strains of P. aeruginosa among individuals
indicating the ability of this strain for transmission and Some mutations were active
because it changing the amino acid following the protein structure resulting a difference
in antibiotic susceptibility.
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Capa I Xyaxyp' D<, MyHadd k. A6a anb-Abb6ac?, Axba A. Abbac’
' YHuepcutet Tu-Kap, Tu-Kap, Mpak
2 YHusepcuteT bacpeol, bacpa, Upak

BoiaBneHme wrammoB Pseudomonas aeruginosa,
YyCTOMNUMBbIX K KapbaneHeMam, BblAeNEeHHbIX 13 OYaroB
0X0roBow nHeKuunmn, n pazHoobpasua 6enkos,
obpasyowmx annenu bla

KOHNUKT MHTEpecoB: He 3asBnieH.

Bknap aBTopoB: Capa Xyaxyp — KOHLEeNTyanu3aums, KypupoBaHue faHHbIX, UCCIEA0BaHIE, METOLONONS, afMUHNCTPUPOBA-
HWe NPOoeKTa, NporpamMmmHoe obecneyeHue, BanuaaLys, HanvcaHe nepBoHayYaIbHOro YepPHOBYIKA, PELIEH3NPOBaHNE 1 PefaK-
TMpoBaHve; MyHadd A6a Anb-AGGac — KOHUENTyanu3auus, KyprupoBaHue AaHHbIX, METOAOJOMS, PyKOBOACTBO, BanvaaLus,
BU3yanu3auyus, HanvucaHve nepBoHaYanbHOro YePHOBIKA, PELIEH3VPOBaHIE 1 PefaKTUpoBaHue; Axba A66ac — KoHLenTyanmsa-
LM, KyprpOoBaHWe AaHHbIX, METOAOMON A, PYKOBOACTBO, BalIMAALIMSA, BU3yann3aLuus, HanmcaHme NepBoHayanbHOro YepHOBYIKa,
peLeH3npoBaHIe 1 pefakTUpoBaHue.
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Pesiome

BBepeHue. MeTog cnyvariHon amnnudurkauuy nonumopoHon JHK (RAPD) ncnonb3syetcs
B J1abOPATOPHbIX YCIOBUAX A5 BbIABNEHNA NONMMOPOU3MA 11 HE3HAUNTENbHbIX FreHETU-
YeCKMX pasnuunini Mexay 65IM3KOPOACTBEHHbIMY BUAAMU Y MOCTPOEHMNS TEHETUYECKON
AeHAporpaMmMbl Cpeaun pasfinyHbIX BUAOB, OTpakalolwlen POACTBEHHble CBA3M Mexay
LUTaMMaMy OQHOTO BUAa.

Llenb. BbiaBuTb Wtammbl Pseudomonas aeruginosa, yctoliurBble K KapbaneHemam, Bblae-
NEHHbIX U3 NHOGULMPOBAHHBIX OXOTOB, 1 ONPeAeNUTb PasHoObpa3sne 6enoK-o06pasyLLnx
annenenbla, ..

Matepuanbi n metogbl. bbinv naeHTUGULMPOBaHbI UAEHTUYHbIE, 6NTM3KOPOACTBEHHbIE
1 HepOoACTBEHHble WTammbl. RAPD-nonockl KaXkgoro wramma KonmyeCcTBEHHO onpefe-
NANUCH B Napax OCHOBaHMIN B COOTBETCTBMM C NONOCaMM Ha LWKane. [laHHble o natTep-
Hax RAPD gns Bcex WUTammoB 06pabaTbiBaIvCh C MCMOMb30BaHMEM Pa3paboTaHHOro ai-
ropuTMa HEB3BELLUEHHOIO MAPHOIO rPyNMnoBOro aHanM3a co CPefHUM aprdmeTnyecKm
(UPGMA). MocnepoBaTeNlbHOCTb HYK/1IeOTMAOB Obila npeobpa3oBaHa B aMWHOKWCIOT-
HYI0 MOC/efoBaTe/lbHOCTb NyTEM TPAHCAALMN HYKNEOTUAHOW NocnefoBaTeSIbHOCTA B
6enkoByto.

Pesynbratbl. [IBagLaTb BoceMb 13051ATOB P. aeruginosa ¢ ngeHTMUYHbIMU Npodunsamm
AHTUOVOTUKOPE3NCTEHTHOCTY ObINIV pa3fesieHbl Ha 9 rpynn B 3aBMCUMOCTY OT X FEHOB
pe3ncTeHTHOCTY. B rpynne A wrammbl 26 1 28 6b1v MOEHTUYHDI, B rpynne B — wtammbl 7,
81 12, Brpynne Cwrammbl 51, 37,43 1 53 He GbINn poACTBEHHbIMU, B rpynne D wrammbl
5 1 19 cuntanncb HEPOACTBEHHbIMYU, @ B oCTanbHbIx rpynnax (E, F, G, H u 1) pe3synbtaTthl
Gbinn HoBbIMM. Annenb kapbaneHnema bla, .,y 19 - P. aeruginosa u 23 - P. azotoformans
nMeeT MyTaunio, N3MEHAIOLLYIO fIB€ aMUHOKNUCNOTbI, YTO NPUBOANT K N3MEHEHWIO CTPYK-
Typbl 6enka. AHanornyHo, annenb y 23 - P. azotoformans, Ho c U3MeHeHneM OAHON aMu-
HOKWNCNOTBHI.
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BbiBoAbl. PacnpocTpaHeHne ogHNX 1 Tex »e WwTammoB P. aeruginosa cpeaun ocoben yka-
3bIBaeT Ha CNOCOBHOCTb 3TOrO WTaMMa K nepefiaye, a HEKOTopble MyTaLmy 6bIv akTUB-
HbIMW, MOCKOMNbKY OHW U3MEHANN aMUHOKUCIIOTY B CTPYKType 6enka, YTo npuBoauio K
pasHuLe B BOCMPUUMUYNBOCTY K aHTUONOTHKaM.

KnioueBble cnoBa: Kapb6aneHem, RAPD, 6enok, P. aeruginosa, nHpekunmoHHoe 3a6o-
neBaHue

B INTRODUCTION

Random amplified polymorphic DNA (RAPD) is performed by using short primer of
10 bases, containing 30-70% of GC content with low annealing temperature, the short
primer can pair to the template in a multi-locus with a different size of band and numbers
measuring by electrophoresis [1]. RAPD is fast, cheaper and can perform to detect the
strains of variety bacterial species without sequence of nucleotides [2]. The detection
of the strains level of bacteria is important to determination the source of the bacterial
infection, furthermore, to detect the suitable drug for treatment [3].

Carbapenems are beta-lactam antibiotics containing a beta-lactam ring and a five-
membered ring, which is unsaturated and contains a carbon atom instead of a sulfur atom,
thus differing from the penicillin ring [4, 5]. This unique molecular structure has remarkable
stability towards most beta-lactamases including extended-spectrum beta-lactamases [6].
Substitutions of a few amino acids in a protein sequence resulting from genetic mutations
alter the enzyme’s structure, greatly broadening the spectrum of antibiotics susceptible to
hydrolysis. Rapid mutations are possible, and in certain instances, microorganisms have
developed antibiotic resistance while undergoing treatment [7]. In general, the position
of a single nucleotide alteration predominantly dictates the occurrence of a mutation, a
heterozygous mutation arises when a modification in the base sequence modifies a codon,
substituting one amino acid in the protein with another, the severity of the heterozygous
mutation is contingent upon the location and characteristics of the substituted amino
acid. Mutations in amino acids that are conserved among proteins in phylogenetically
related species typically impact the active site or the tertiary structure of the protein [8, 9].

B MATERIALS AND METHODS

Sample collection

Out of 57 swabs obtained from patients with burn infections from the previous study
(under publishing / Khudhur et al., 2025), 28 P. aeruginosa were identified by 16S rDNA
sequencing for testing RAPD.

Random amplified polymorphic DNA (RAPD)

The RAPD primer sequence was 5-ACGGGAGCAA-3 and 5-GGCTGCAATG-3 Nielsen et
al. [10]. The total volume of 25 ul comprised 12 ul of Go Taq Green master mix (Promega,
USA), 7 pl of Nuclease-Free water (Bioneer, Korea), 4 ul of DNA template, and 2 pul of
primer. The thermocycler (Bioneer, Korea) conditions for amplification included an initial
denaturation at 95 °C for 5 minutes, followed by 45 cycles of denaturation at 94 °C for
1 minute, annealing at 37 °C for 1 minute, and extension at 72 °C for 2 minutes, concluding
with a final extension at 72 °C for 5 minutes. A 100 bp DNA ladder (Promega, USA) was
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utilized alongside 1.5% agarose powder, 100 ml of TBE buffer, and 0.5 pg/ml of ethidium
bromide. Agarose gel electrophoresis was carried out to find the identical P. aeruginosa
strain bands under a UV transilluminator (Wisd, Korea). All isolates’ RAPD band distances
were determined using Microsoft Word based on the ladder’s bands and the results were
imported into the "Unweighted pair group method with Arithmetic mean" (UPGMA)
programmed to display as a dendrogram [11].

Data analysis

Identical, closely related and unrelated strains were identified. The RAPD bands of each
strain were quantified in base pairs (bp) according to the ladder’s bands as per Olorunfemi
et al. [12], the RAPD pattern data for all strains were processed using the Unweighted
Pair Group Method with Arithmetic Mean (UPGMA) algorithm developed and refined by
Garcia-Vallve and Puigbo [11]. Within, RAPD patterns of individual strains were compared
based on the index of similarity between samples Chansiripornchai et al. [13], developing
a mathematical model by computing a similarity matrix converting similarity coefficients
into a distance matrix (with a Distance Matrix value of "0.000" signifying identical strains)
and performing clustering to generate a dendrogram from a collection of variables in
order to investigate genetic variation, particularly in challenging or closely related RAPD
patterns. This sort of computational analysis facilitates direct comparisons without the
necessity of counting bands, which is particularly crucial following resolution loss due to
manuscript duplication through photocopying [14].

Drawing 3D shape of carbapenem protein

1. The sequence of nucleotides was converted to an amino acid sequence by translate
the nucleotide sequence into protein sequence (http://reverse-complement.com/
translate-protein/ROOT).

2. The correct sequence of amino acids was determined for each carbapenem gene with
comparison to the Escherichia coli Ec7 strain from GenBank.

3. The Phyre 2V.2.0 program and Swiss-Model program were used to draw the 3D shape
of proteins and determine the different amino acids (https://swissmodel.expasy.org/
interactive).

Statistical analysis
One-way ANOVA were performed to evaluate the differences among the studied tests
using SPSS version 17.0, P<0.05 were considered as statistically significant [15].

B RESULT

Bio typing P. aeruginosa by antibiotic resistant genes

Twenty eight P. aeruginosa isolates that have identical patterns to carbapenems
antibiotic resistance from the previous study were divided into 9 groups based on their
resistance genes: group A of 9 isolates having 3 identical genes (bla_, .., bla,,, , and
OmpA), group B of 8 isolates having 2 genes (bla,, ,,and bla ), group C of 4 isolates
contain 2 genes (bla_, ., and OmpA), group D of 2 isolates contain 4 genes (bla
bla

blavIM and OmpA) and the other groups each has a noval result (Table 1).

OXA-48"
NDM-1/
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Table 1
Biotyping P. aeruginosa according to the antibiotic resistant genes

la\::l:l;ll‘:ltd;‘s:;,erslztza:t : bIaOXA-48 blaNDM-1 blawm bIaKPC bIaIMP OmpA Groups
20 + + - - - *

2 21 + + - - - *

3 25 + + - - - *

4 26 + + - - - +

5 28 + + - - - * A

6 29 + + - - - *

7 30 + + - - - *

8 36 + + - - - *

9 39 + + - - - *

10 + + - - - -

n 7 + + - - - -

12 8 + + - - -

13 12 + + - - - - B

14 24 + + - - - -

15 27 + + - - - -

16 31 + + - - - -

17 42 + + - - - -

18 51 + - - - - *

19 37 + - - - - + C

20 43 + - - - - *

21 53 + - - - - *

22 5 + + + - - *

23 19 + + + - - * i

24 4 - + + - - + E

25 14 - + - - - * F

26 50 - - - - - + G

27 52 + - - - - - H

28 56 - + - - - - !

P. aeruginosa strains

Each above of identical group result (A, B, C and D) was tested separately for RAPD.
Group A showed strain No. 26 identical to strain No. 28 (Fig. 1, 2).

Group B showed strain No. 7 identical to clinical strains No. 8 and 12 (Fig. 3. 4).

Group C showed the strains No. 51, 37, 43 and 53 were consider not related (Fig. 5, 6).

Group D showed the strains No. 5 and 19 considered not related (Fig. 7, 8).

Protein structure of Carbapenem (bla, ) allele

The previous study of sequence and analysis of bla,, , gene for the three species
of Pseudomonas including 19 - P. aeruginosa, 23 - P. azotoformans and Acinetobacter
baumannii showed three different alleles distributed in these genera according to point
mutations (under publishing / Khudhur et al., 2025). Following, changing the amino
acids (Fig. 9). The first allele is represented by isolate No. 19 - P. aeruginosa that differed
from isolate No. 16 — Acinetobacter baumannii and P. azotoformans (identical to the type
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Fig. 1. Agarose gel electrophoresis (1.5%) showed RAPD patterns of P. aeruginosa. Lane L: 25/100 bp
Mixed DNA ladder. Lines 20, 21, 25, 26, 28, 29, 30, 36 and 39: bacterial isolates. Strains No. 26 and 28
were identical

strain Escherichia coli Ec7) by one amino acid (Valine instead of Lysine respectively). The
protein shape or structure was changed (Fig. 10). The second one is represented by isolate
No. 19 - P. aeruginosa that differed from isolate No. 16 and 23 (identical to Escherichia coli
Ec7) by one amino acid (Methionine instead of Lysine respectively). The protein shape or
structure was changed (Fig. 8). Finally, is represented by isolate No. 23 - P. azotoformans
that differed from isolate No. 16 and 19 (identical to Escherichia coli Ec7) by one amino
acid (serine instead of arginine respectively). The protein shape or structure was changed
(Fig. 12).

30
20

F 36
- 25

21

28
I 26

Fig. 2. Dendogram of P. aeruginosa strains (No. 20, 21, 25, 26, 28, 29, 30, 36 and 39) performed by
variables related to RAPD bands using the Unweighted Pair Group Method with Arithmetic mean
(UPGMA) algorithm. Strains No. 26 identical to No. 28
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Fig. 3. Agarose gel electrophoresis (1.5%) showed RAPD patterns of P. aeruginosa. Lane L: 25/100 bp
Mixed DNA ladder. Lines 2, 7, 8, 12, 24, 27, 31 and 42: bacterial isolates. Strains No. 7, 8 and 12 were
identical

2

7
8

12

Y

31

27

42

Fig. 4. Dendogram of P. aeruginosa strains (No. 2, 7, 8, 12, 24, 27, 31 and 42) performed by variables
related to RAPD bands using the Unweighted Pair Group Method with Arithmetic mean (UPGMA)
algorithm. Strains No. 7, 8 and 12 were identical

Fig. 5. Agarose gel electrophoresis (1.5%) showed RAPD patterns of P. aeruginosa. Lane L: 25/100 bp
Mixed DNA ladder, lines: 51, 37, 43 and 53 bacterial isolates (no identical strains)
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53

51

43

37

Fig. 6. Dendogram of P. aeruginosa strains (37, 43, 51 and 53) performed by variables related to RAPD
band using the Unweighted Pair Group Method with Arithmetic mean (UPGMA) algorithm (no identical
strains)

Fig. 7. Agarose gel electrophoresis (1.5%) showed RAPD patterns of P. aeruginosa. Lane L: 25/100 bp
Mixed DNA ladder, lines: bacterial isolates No. 5 and 19 (no identical strains)

Fig. 8. Dendogram of P. aeruginosa strains (5 and 19) performed by variables related to RAPD band
using the Unweighted Pair Group Method with Arithmetic mean (UPGMA) algorithm (no identical
strains)

Note: * 3 and 6 are out groups (control).
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Fig. 9. The amino acid sequence of 3 NDM-1 alleles including isolate No. 19 - P. aeruginosa (Valine and
Methionine), No. 23 - P. azotoformans (serine), and No. 16 (without amino acid changing) with their type
strain Escherichia coli Ec7

B DISCUSSION

Rapid molecular approaches such as RAPD-PCR have exhibited significant specificity
and sensitivity in characterizing bacterial isolates, hence facilitating epidemiological
investigations on the spread of P. aeruginosa isolates within a certain environment
Mahdi et al. [16]. The 28 P. aeruginosa isolates were underused for screening toward
the 6 antibiotics genes. Group A showed 2 strains (26 and 28) from two patients have
identical strains of P. aeruginosa strain, group B showed 3 strains (7, 8 and 12) from 3
patients were identical, these samples can be identical because they belong to the
same ancestor and they were taken from the same source from which the sample was
isolated thus could will be transmitted from one patient to another. Group D have two
identical strains (3 and 6). However, the presence of identical strains indicates that the
entire strain has been transmitted between people, not just the gene, which indicates the
risk of the infection spreading more widely. Moreover, the ability of a strain to transport
among different patients could be responsible of many pathogenic gene transes missed
by Horizontal gene transfer [17]. While, group C which have 4 different strains they were
all non-identical even they isolated from the same source, making these strains very
dangerous because resistance genes move quickly between different strains. The allele
in 19 - P. aeruginosa have two amino acids altered were substituted from Valine instead
of Lysine and Methionine instead of Lysine leading to the change in the protein structure.
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On the other hand, one amino acid was substituted from Serine instead of Arginine in
23 - P. azotoformans leading to the change in the protein structure. Despite the fact that
there is a mutation in the allele of 16 — A. baumannii, the amino acid does not change,
and as a result, the protein does not alter. The important explanation of this mutations
is some gene or point mutation doesn’t change the amino acid calling silent mutation

Escherichia coli Ec7
23 - P. azotoformans
16 — A. baumannii

L 19 - P. aeruginosa J

Fig. 10. Three-dimensional shapes of bla, , alleles by Swiss-Model program NDM-1 protein of
Escherichia coli Ec7, 23 - P. azotoformans and 16 - A. baumannii isolate comparing with NDM-1 protein
of No. 19 - P. aeruginosa mutated by valine instated of lysine was changed in the shape
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as recorded by study of Zankari et al. [18]. But the dangerous mutation when it has the
ability to change the amino acid to another producing a different protein, then a different
action. However, mutations that impact fewer essential portions of the protein typically
have consequences that are not very large, and the activity may still be significant.

Escherichia coli Ec7
23 - P. azotoformans

19-P. i
16 — A. baumannii aeruginosa

Fig. 11. Three-dimensional shapes of bla,, , alleles by Swiss-Model program NDM-1 protein of
Escherichia coli Ec7, 23 - P. azotoformans and 16 - A. baumannii isolate comparing with NDM-1 protein
of No. 19 - P. aeruginosa mutated by methionine instated of lysine was changed in the shape

310 "Clinical infectology and parasitology", 2025, volume 14, N2 3



OpuruHanbHble nccnefoBaHyA %
Original Research

Escherichia coli Ec7
19 - P. aeruginosa

16 — A. baumannii 23 - P. azotoformans

Fig. 12. Three-dimensional shapes of bla , , alleles by Swiss-Model program NDM-1 protein of
Escherichia coli Ec7, 19 - P. aeruginosa and 16 - A. baumannii isolate, and NDM-1 protein of No. 23 -
P. azotoformans mutated by serine instated of arginine was changed in the shape

B CONCLUSIONS

The distribution of the same strains of P. aeruginosa among individuals indicating the
ability of this strain for transmission and Some mutations were active because it changing
the amino acid following the protein structure resulting a difference in antibiotic
susceptibility.
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