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 Abstract 

 

 Curtobacterium flaccumfaciens induces a bacterial wilt disease in many kinds of plants, 

including Olea europaea. The current study intends to isolate and identify C. flaccumfaciens, 

from the nodes of O. europaea based on morphological, biochemical and molecular features. 

The pure colonies were subjected to multiple tests included gram stain, motility, oxidase, 

catalase and antibiotic sensitivity. The findings showed that C. flaccumfaciens strains were 

motile gram-positive short rods, catalase positive, oxidase-negative and catalase- positive. C. 

flaccumfaciens sensitivity against 9 antibiotics was tested using the disc diffusion method. 

The results revealed that the 5 strains varied in their antibiotic resistance pattern, however, 

SHGH3 strain is more sensitive to the antibiotics tested compared to the other strains and 

Meropenem is more efficient than others. The 16S rRNA sequences of the strains SHGH1, 

SHGH2, SHGH3, SHGH4, and SHGH5 strains were submitted to NCBI and given the 

accession numbers: OQ799009, OQ7990010, OQ799011, OQ799012, OR230004, 

respectively. Sequences showed a homology of (99.49%, 97.36%, 99.20%, 99.00%, and 

99.32%,) with deposited sequences in GenBank carrying the accessions: KP898898, 

MT323132, KT614051, MK389451, and MN826580, respectively. The findings of the 

current study helps to better understanding C. flaccumfaciens in morphological, molecular, 

and biochemical aspects and shows for the first time the isolation of C. flaccumfaciens from 

the nodes of O. europaea.  
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 1. Introduction 

 

 The genus Curtobacterium is a member of the Mcrobacteriaceae family and the phylum 

Actinomycetota (formerly known as Actinobacteria) [1]. Certain Curtobacterium strains are 

plant pathogenic [2], while many are categorized as either rhizobacteria that promote plant 

development or endophytes that potentially reduce the host’s abiotic stresses [3-5]. The C. 

flaccumfaciens species includes a number of closely  associated plant pathogens of economic 

and agricultural significance that are divided into different pathovars with varying host levels. 

These pathovars include C. flaccumfaciens pv. betae (Betae vulgaris), C. flaccumfaciens pv. 

flaccumfaciens (Phaseolus vulgaris), C. flaccumfaciens pv. basellae (Basella alba) and many 

others [6-7]. C. flaccumfaciens is gram-positive, with an irregular form of short rods [2, 8]. 

The stains are orange and yellow in color, motile and never generate endospores, aerobic, 

oxidase-negative, catalase-positive [9-10]. In fact, the majority of research on Curtobacterium 
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emphasizes how economically significant a plant pathogen it is [11, 12]. According to reports 

on five continents, the most well-studied pathovar, C. flaccumfaciens pv. flaccumfaciens, is 

the cause of bacterial wilt in dry beans [13, 14]. Even among an individual host, the disease 

exhibits a high level of phenotypic and genetic variability [15, 16]. The 30S subunit of a 

bacterial ribosome, also known as SSU rRNA, is made up of 16S ribosomal RNA, commonly 

referred to as 16S rRNA. It provides the majority of the SSU structure and binds to the Shine-

Dalgarno sequence [17]. Since the 16S rRNA gene is highly conserved throughout several 

species of bacteria, it is employed for phylogenetic analyses. Due to the discovery that 16S 

rRNA sequences from distantly associated bacterial lineages have identical functions, it is 

proposed that the 16S rRNA gene can serve as a credible molecular clock [18, 19]. The 16S 

rRNA gene sequences feature hypervariable sites alongside highly conserved regions that 

may deliver species-specific  hallmark sequences helpful for identifying bacteria [20]. As a 

quick and affordable solution for phenotypic approaches to bacterial identification, the 

sequencing of 16S rRNA genes has consequently gained popularity in microbiology studies 

[21]. One of the oldest cultivated crops, Olea europaea, needs less in regards to the use of 

agricultural supplies [22]. Given that olive-associated bacteria have demonstrated various 

plant growth promoting features both in vitro [23] and in vivo [24], it is likely that interaction 

with desirable soil microorganisms also contributes to the adaptation of olives. Due to the 

lack of studies that show the relationship between C. flaccumfaciens and the olive (O. 

europaea) as a host,  the current manuscript aimed to investigate the phenotypic, molecular, 

and biochemical properties of this bacterium. 

 

 2. Methodology 

 

 Samples collection  

 Approximately 100 samples were collected from the nodes of O. europaea trees (figure 

1) from different regions of Nineveh Governorate, including University of Mosul, Al-Arabi 

district, Al-Fadhiliya, and Bashiqa using sterile bottles during the period 1/6-8/2023. Later, 

the samples were labelled and transferred to the laboratory, and they were washed with tap 

water to remove dust and contaminants. After that, the samples were sterilized with 10% 

sodium hypochlorite for 10 min [25], then the nodes were washed well with distilled water 

D.W to remove the bleach substance. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1. Nodes of Olive (O. europaea ) tree 
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 Sterilization of culture media and solutions 

      The synthetic and ready-made media and solutions that are not affected by heat are 

sterilized using an autoclave at a temperature of 121 0C under pressure 2 bar for 20 min [26]. 

Tools and surfaces were sterilized with 70% alcohol. 
  

 Isolation and cultivation of C. flaccumfaciens 

        The nodes were crushed thoroughly with a ceramic mortar, and immersed in 

physiological normal saline to maintain bacterial viability. The bacteria were incubated 

overnight at 28 0C for 24 h. Nutrient agar medium was prepared according to the instructions 

of the manufacturer of  Neogen/ UK (Spanish). This was done by dissolving 28 g of  nutrient 

agar in 1 liter of  D.W. The overnight cultures that were grown on petri dishes containing NA 

medium were incubated at 28 0C for 72 h, and examined for growth and color change [2]. 

 Morphological analysis 

 The phenotypic characteristics of grown colonies on nutrient agar medium were 

identified, including the shape, size, color and edge of these cells. 

 Biochemical analysis 

 Assessment of Gram stain 

 A swab of bacterial isolates was placed on a clean glass slide, a drop of crystal violet 

dye was added for 1 min, the slide was washed with dH2O. The iodine was applied to the slide 

for 1 min, and washed again with dH2O. Then, alcohol was added to the slide for 10 sec, and 

washed with distilled water. The safranin was added for 1 min. The cells were screened under 

the light microscope using an oil lens (100x). If the bacteria maintained the crystal violet 

stain, then the test is positive for gram stain [27]. 

 Oxidase enzyme activity 

       This reagent was prepared by dissolving 1 g of tetramethyl-p-phenylenediamine 

dihydrochloride in 100 mL of distilled sterile water [28]. A colony grown on NA medium was 

transferred onto filter paper using sterile wooden sticks, then a drop of the oxidase reagent 

was added to it. The color changing to purple within 30 to 60 sec is evidence of enzyme 

production [29]. 

 Catalase enzyme activity 

      The 3% hydrogen peroxide solution was prepared from 30% of the original solution 

[30]. The bacteria cells were placed on a sterile glass slide using sterile wooden sticks, a drop 

of catalase reagent was added to the slide. The positive test gives air bubbles [28]. 

 Assessment of Motility 

      A semi-solid medium of 0.5% agar and 8% gelatin was prepared and inoculated with a 

colony of bacteria using a stabbing method, and incubated at 28 0C for 24 h. The test is 

considered positive, if the bacterial growth spreads outside the stab line of inoculation [31]. 

      Assessment of antibiotic sensitivity 

      In order to conduct the antibiotic sensitivity test for C. flaccumfaciens strains using the 

agar disc diffusion method [32],  the following antibiotics were chosen to perform this test: 

Amikacin, Ciprofloxacin, Trimethoprim, Meropenem, Chloramphenicol, and Gentamicin all 

with (10 μg), Nitrofurantoin (100 μg), Cefixime (5 μg), and Cefotaxime (30 μg) from 

Bioanalyse company/ Türkiye. The antibiotic discs were placed on petri dishes containing C. 

flaccumfaciens grown on NA medium. The inhibition zone diameter was measured in 

millimeters using a caliper. 

 Molecular analysis 

 The C. flaccumfaciens genomic DNA was extracted using a bacteria DNA isolation kit 

(GEE150, GEE1.5K) provided by Geneaid /Taiwan. DNA concentrations were determined 

using the Nanodrop 2000 [33]. PCR was detected in a 20 μl GoTaq® G2 green master mix 

provided by Promega corporation/USA. The 27F 5' AGAGTTTGATCMTGGCTCAG 3' and 

1522R 5' AAGGAGGTGATCCARCCGCA 3' primers were utilized to amplify the 16S rRNA 

region  [34]. The PCR condition was set up as following: initial denaturation at 95 0C for 

three minutes, 30 cycles of denaturation at 95 0C for thirty seconds, annealing at 55 0C for 
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thirty seconds, extension at 72 0C for thirty seconds, final extension at 72 0C for seven 

minutes. The PCR product was run on a 1% agarose (w/v) gel. One hundred bp DNA ladder 

(New England Biolabs, UK) was utilized as a marker. The PCR products were sent for 

sequencing to Psomagen company/ USA. The sequences were inspected for homology with 

deposited sequences in GenBank  https://blast.ncbi.nlm.nih.gov/Blast.cgi  

 

 3. Results and discussion 

 

 Morphological identification 

 The 5 grown strains on NA medium of C. flaccumfaciens were diagnosed 

phenotypically in terms of the color, size, shape, and edge. The colonies appeared yellow to 

orange in color, smooth and shiny with a sharp edge (figure 2). 

 

 

 

 

 

 

 

 

  

a b 

 

Figure 2. Phenotypic features of C. flaccumfaciens. a) colonies with yellow color, b) colonies with 
orange color 

  

 Biochemical identification 

 Gram stain test 

 The test was accomplished as previously described above. The bacterial cells were 

stained in purple or blue color with a short rod shape, this indicates that the cells are gram 

positive (figure 3). 

 

 

Figure 3. Microscopic screening of gram staining test of C. flaccumfaciens. The colonies are colored 

purple or blue, and they are gram positive bacteria   

  

 Oxidase enzyme test 

 A drop of the oxidase reagent was added to a filter paper containing an overnight 

culture of  C. flaccumfaciens. The color does not change to purple, and this is evidence of the 

absence of an oxidase enzyme (figure 4). 

B A 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Figure 4. Oxidase test of C. flaccumfaciens . An Oxidase-negative, as no color changes 

 

 Catalase enzyme test 

          A drop of catalase reagent was added to a glass slide containing a colony of C. 

flaccumfaciens. The appearance of air bubbles on a slide is evidence of the ability of these 

bacteria to produce catalase enzymes (figure 5).  

 

 
 

Figure 5. Catalase test of C. flaccumfaciens. A Catalase-positive, as air bubbles appeared on the slide 

  

 Motility test 

       A semi-solid medium was inoculated with bacterial colonies, and kept overnight at 28 

°C. The result showed growth spread outside the inoculation stab line (figure 6).   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Motility test. A semi-solid medium shows a positive result, as the bacterial growth was 

spread beyond the stab line of inoculation   



 Sh. Yaseen Taha et al.: Morphological, biochemical, and molecular identification of ... 

88 
 

 Antibiotics sensitivity test 

        The Amikacin, Ciprofloxacin, Trimethoprim, Meropenem, Chloramphenicol, 

Gentamicin, Nitrofurantoin, Cefixime, and Cefotaxime antibiotics were used to accomplish 

the sensitivity test of C. flaccumfaciens. using agar disc diffusion method . The growth 

inhibition zones in SHGH1, SHGH2, SHGH3, SHGH4, and SHGH5 strains were (2.0, 2.1, 

3.1, 2.4, 1.5 mm), (2.8, 2.6, 3.4, 2.8, 0.9 mm), (2.5, 2.1, 3.6, 2.0, 0.0 mm), (2.8, 3.6, 3.5, 2.0, 

2.0 mm ), (1.8, 2.0, 3.8, 1.6, 1.8 mm), (2.5, 2.0, 3.5, 2.3, 1.1 mm), and (1.4, 0.8 , 0.5, 0.2 , 1.0 

mm ) with the above antibiotics, respectively, except Cefixime, and Cefotaxime  antibiotics, 

which they did not effect on  these strains (figure 7). The results revealed that the SHGH3 

strain is more sensitive to used antibiotics than other strains, and Meropenem is a more 

effective antibiotic than others. 
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Figure 7. Antibiotics sensitivity of C. flaccumfaciens strains.a) SHGH1 strain b) SHGH2 strain c) 

SHGH3 strain d) SHGH4 strain e) SHGH5 strain 
 

 Molecular identification 

       The 16S rRNA gene is used for genetics analysis because it is highly conserved across 

many species of bacteria. The 16S rRNA full region of C. flaccumfaciens was amplified using 

27F and 1522R primers, see (Section 2.5). The running agarose gel was visualized by a UV 

transilluminator (figure 8). Retrieved sequences were blasted in NCBI database for homology 

search. The 16S rRNA sequences of SHGH1 (OQ799009), SHGH2 (OQ7990010), SHGH3 

(OQ799011), SHGH4 (OQ799012), and SHGH5 (OR230004) strains showed a homology of 

(99.49%, 97.36%, 99.20%, 99.00%, and 99.32%,) with deposited sequences in NCBI 

(Accessions: KP898898, MT323132, KT614051, MK389451, and MN826580 ), respectively. 
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Figure 8. Amplified 16S rRNA region of C. flaccumfaciens. The Agarose gel image shows: Lane (1) 

100 bp DNA ladder, lanes (2-6) 16S rRNA gene product amplified for SHGH1, SHGH2, SHGH3, 
SHGH4, and SHGH5 strains, respectively. Fragment size is 1495 bp 

 

Phenotypic diagnosis of the colonies was carried out using the color, size, shape, and 

edge characteristics. The colonies had a yellow to orange color, smooth, shiny, sharp edges. 

These results are consistent with [9, 35, 36]. Biochemical tests included gram stain test, 

oxidase activity, catalase activity, motility test, and antibiotic susceptibility test.  The bacterial 

cells were positive for the gram stain test, and were stained in a blue or purple color (figure 

3). This might be as a result of peptidoglycan being present in the cell walls of gram-positive 

bacteria [10], [37]. Our results concur well with [7, 38]. The oxidase test was negative with 

cultured C. flaccumfaciens  strains, as there was no color changing to purple (figure 4). This 

may mean that these bacteria do not have the cytochrome c oxidase that oxidizes the test 

reagent, [39]. This result matches with [7, 10, 40]. Moreover, the result of the catalase test 

was positive, as the air bubbles were observed on the slide (figure 5), it means that these 

bacteria are able to produce catalase enzymes. The catalase enzyme is synthesized by aerobic 

bacteria, to protect from the toxic or oxidative damage of hydrogen peroxide of secondary 

products of oxygen  metabolism [41, 42]. These findings are consistent with [7, 9, 28]. 

Furthermore, a semi-solid medium inoculated with C. flaccumfaciens was used to test 

motility. The result revealed that the bacteria growth had spread beyond the inoculation line 

(figure 6). It seems likely that this bacteria is motile. The motile bacteria actually produce a 

diffuse, spreading growth which is visible to the naked eye [43]. Our results are in line with 

[7, 10]. In addition, the sensitivity of C. flaccumfaciens for antibiotics was determined using 

the agar disc diffusion method. The C. flaccumfaciens sensitivity for antibiotics has been 

determined using the agar disc diffusion method. The results highlighted that all strains were 

sensitive to Meropenem, Chloramphenicol, Gentamicin, Amikacin, Ciprofloxacin, 

Nitrofurantoin, and Trimethoprim, while they were resistant to Cefixime and Cefotaxime 

(figure 7). The stronger antibiotic was Meropenem, where the growth inhibition zone was 

(2.8, 3.6, 3.5, 2.0, 2.0 mm), then Ciprofloxacin (2.8, 2.6, 3.4, 2.8, 0.9 mm). It could be 

because the gram-positive bacterium lacks the lipopolysaccharides layer found in Gram-

negative bacteria [44, 45]. This makes it easier for cell-wall active antibiotics to reach their 

target (peptidoglycan layer). However, the reasons may be why the gram-positive bacteria 

develop the resistance to antibiotics (Cefixime and Cefotaxime ) are either by production of β-

lactamases, an enzyme that breaks down antibiotics, or by altering the native penicillin-

binding protein genes to reduce the affinity and sensitivity of the desired site, the (PBP) [46], 

[47]. The molecular analysis was done through the 16S rRNA region, a highly conserved 

sequence in bacteria. The result showed a homology of 99.49%, 97.36%, 99.20%, 99.00%, 

and 99.32% for the strains SHGH1, SHGH2, SHGH3, SHGH4, and SHGH5 (OR230004) 

with the submitted sequences in GenBank (Accessions: KP898898, MT323132, KT614051, 

MK389451, and MN826580), respectively, see (figures 9-13). Orthologs, paralogs, and 

100 bp 

500 bp 

1500 bp 

1     2      3      4       5       6 
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xenologs are the possible explanation and the reasons for shared ancestral sequences that 

resulted via speciation, duplication, or horizontal gene transfer, respectively [48]. 

 

 4. Conclusion 
 

 C. flaccumfaciens is yellow-orange in color, a short rod shape, smooth, and shiny with a 

sharp edge. C. flaccumfaciens is a gram-positive bacterium, motile, oxidase-negative, 

catalase-positive, sensitive to Amikacin, Ciprofloxacin, Trimethoprim, Meropenem, 

Chloramphenicol, Gen-tamicin, and Nitrofurantoin antibiotics, resistance to Cefixime and 

Cefotaxime antibiotics. The 16S rRNA sequences of SHGH1, SHGH2, SHGH3, SHGH4, and 

SHGH5 strains were found to be a homology of 99.49%, 97.36%, 99.20%, 99.00%, and 

99.32% with deposited sequences in NCBI (Accessions: KP898898, MT323132, KT614051, 

MK389451, and MN826580 ), respectively. 
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