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ABSTRACT 

A variety of bacteria, yeasts, and fungi colonize the aerial parts of plants termed as phyllosphere. Study of phylloshpere 

has gained considerable attention focusing on new non-invasive methods and bio-control agents of plant-associated 

microorganisms. The present study was designed to isolate microbes from phyllosphere of Olea europaea and assess 

their biofilm forming ability. Further, correlation between biofilm formation and ultraviolet (UV) radiation was 

observed. In total, four strains L1, L2, L3 and L4 were screened and purified from phyllosphere of O. europaea. 

Biochemical characterization and 16srRNA sequencing identified these strains as Erwinia herbicola (MN905123), 

Micrococcus luteus (MN905159), Pseudomonas syringae (MN905161) and Bacillus subtilis (MN905164). Physiological 

characterization revealed that strains exhibited optimum growth at pH 7 and temperature 37°C. Biofilm formation 

showed B. subtilis as the strongest biofilm former. Afterwards, UV radiation at various time intervals i.e., 3, 4, and 15 

minutes indicated that bacterial biofilm was resistant upto 10 minutes UV exposure. A significant decrease (p≤0.01) in 

biofilm formation of mutant strains was observed after 15 minutes UV exposure thus pointing towards significantly 

reduced activity of the DNA repair gene. This study provided evidence that environments exposed to desiccation and/ 

ambient UV radiations could principally select for highly resistant microbial biofilms organisms against ionizing 

radiations, enabling these to withstand extreme conditions. 
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INTRODUCTION 

 The aerial parts of plants are generally inhabited 

by various types of fungi, bacteria and yeasts. Few 

microbial species can be isolated from within the plant 

tissues while some are normally obtained from even 

healthy plant surfaces. Microbial colonization on the 

aerial parts of plant called as epiphytes and their potential 

role for pollution remediation and plant growth demands 

for in depth investigation of their community and 

diversity (Espenshade et al., 2019). The leaf microbial 

communities (Epiphytes) differ greatly in size and 

number among and within plants of same species over 

short period of time as well as over the growing season. 

This bacterial diversification may be due to variable 

physical and nutritional conditions prevailing in 

phyllosphere (Bringel and Couée, 2015). It is also evident 

that they play an important role in biogeochemical 

cycling and this role varies in biofilm mode (Bridier et 

al., 2017). 

 Leaf surface represent a biological desert due to 

direct exposure to harsh environmental conditions, 

ultraviolet (UV) radiation, drought and high fluctuations 

of daily temperature (de Oliveira et al., 2019). Microbes 

present on the leaf surface are also directly exposed to 

UV radiation, but it doesn’t affect their high colonization 

ability. Irreversible and cytotoxic damage caused by UV 

results in formation of thymine-thymine dimers. 

Microbial community on leaf has evolved various 

molecular mechanisms to protect their DNA (Sinha and 

Hader, 2002). Among these, significantly reported one is 

their ability of biofilm formation. It has reported that 

bacterial strategy to biofilm formation is their ability to 

increase the activity of DNA repair gene, hence 

preventing UV damage (Balint-Kurti et al., 2010). 

Additionally, UV effect on leaf is counterbalanced by 

protection strategies both by plants and epiphytes. These 

include photochemical quenching, production of UV 

absorbing compounds (i.e., flavones and flavones 

glycosides, scytonemin (cyanobacteria) and 

phlorotannins), shading by carbonate layers, 
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morphological changes, changing pigment contents, 

downregulation of photosystem II and chloroplast 

clumping (Sharon et al., 2011). 

 Olea europaea (Olive) is the oldest cultivated 

plant in world. It is good source of edible oil. The 

nutritional and medicinal value alongwith free fat content 

is ideal for health. It is particularly used in textile 

industry, food preservation, and various cosmetic 

purposes (Bracci et al., 2011). Relatively little research 

has been conducted on phyllosphere microbiology in 

contrast to other bacterial colonized surfaces. Until now 

only a few genera of culturable bacteria have been found 

to dominate the phyllosphere (Müller et al., 2015). 

Preliminary results from biofilm abundance in 

phyllosphere indicated that biofilm bacteria constitute 

between about 10 to 40% of bacterial population on 

leaves of O. europaea (Bracci et al., 2011) following 

different methods used to quantify its formation (Edziri et 

al., 2019). Keeping in view the importance of this crop 

and phyllosphre significance, this study was designed to 

investigate microbial population of O. europaea and 

analyse its biofilm formation. Additionally, a correlation 

between biofilm formation and UV exposure was 

monitored to understand plant strategies to cope with 

harsh conditions. 

MATERIALS AND METHODS 

Sampling of Plant material: This study was performed 

in Microbiology Laboratory, Department of Zoology, GC 

University, Lahore -. Sampling of leaves from O. 

europaea (Voucher No=GC.Herb.Bot.2742) was done 

from plants at the National Agricultural Research Centre 

(NARC), Islamabad.  

Bacterial strains isolation and purification: 2.5g leaves 

of O. europaea were washed with phosphate buffer saline 

(PBS) for 5 minutes by shaking at 120 rpm. Afterwards, 

leaves were removed and rinsed with sterile PBS. Both 

suspensions were mixed and 10ml from the original wash 

was plated on nutrient agar. Strains were isolated and 

purified after multiple rounds of streaking and 

restreaking. Following Bergey’s manual of systemic 

bacteriology, isolated strains were characterized on the 

basis of cell shape, arrangement, size, motility, gram 

staining and capsule staining. Gram staining shows the 

major differences between the Gram positive and Gram 

negative cell walls on the basis of peptidoglycan (a 

carbohydrate), teichoic acid and lipopolysaccharides 

(LPS). Gram positive bacteria appear purple and Gram 

negative as red after staining performed. Capsule staining 

is used to identify the presence of thick and firmly 

attached polysaccharide-rich structure (glycocalyx) 

external to the cell wall called capsule. It is also called as 

negative staining since background (the slide) and the 

bacteria are stained, but the capsule is not stained. The 

capsule appears as a clear unstained zone around the 

bacterial cell. Endospore staining was performed after 

one week incubation at 37◦C. It is used to stain endospore 

which is the survival mechanism of the mostly Gram 

positive bacterial species such as Clostridium and 

Bacillus as well as other species. Purified isolated 

colonies were further characterized on MacConkey agar 

(Sigma), blood agar (Merck) and chocolate agar (Oxoid 

CM55) following Gerhardt et al. (1994).  

Biochemical Characterization and 16srRNA 

Sequencing: Biochemical tests including catalase, citrate 

utilization, indole, tryptophan deaminase, methyl red, 

H2S production, voges proskauer and urease were 

performed to characterize bacterial strains (Gerhardt et 

al., 1994). Physiological characterization was done on the 

basis of growth curve, variable temperatures (25°C, 37°C 

and 50°C) and pH (5, 7, 9 and 12). 16S rRNA gene 

sequencing was performed using forward primer (16S-

27F 5′-AGAGTTTGATCCTGGCTCAG-3′) and reverse 

primer (16S-1522R 5′-  

AAGGAGGTGATCCAGCCGCA-3′) (Liaqat et al., 

2016). PCR reaction mixture consists of 10 × PCR Buffer 

5 µl, 4 × dNTPs (10 mmol/l) 4 µl, TaqDNA polymerase 

(5 U/µl) 0.5 µl, upstream and downstream primer 

(concentration, 50 µmol/l) each 1 µl, template 1 µl, and 

ultra-pure water to a final volume of 50 µl. The reaction 

conditions were: 95°C denaturation for 5 min, 35 cycles 

of 94°C denaturation 1 min, 53-55°C annealing 1 min, 

72°C extension 1 min and a final extension at 72°C for 10 

min. The PCR products were gel purified, sequenced and 

analysed using Chromas Lite software.  

Biofilm Formation: Biofilm formation was assessed 

using two methods. In first method, Congo red medium 

was prepared to culture isolated bacteria followed by 

incubation for 24 hours at 37°C. Black colony formation 

indicated biofilm formation ability (Liaqat et al., 2016). 

For air liquid interface cover slip assay, biofilm 

formation was analyzed by measuring bacteria attached 

to the cover slips under light microscope (Data not 

shown). Quantification of biofilm was done by dissolving 

crystal violet stained attached cell mass in 33% acetic 

acid and O.D measurement at 523nm (Liaqat et al., 

2016). 

Construction of Mutants by UV Exposure: 

Modification of Miller's protocol (1992) was applied to 

induce mutation in isolated strains via UV irradiation. 

The UV irradiation was carried out by placing cell 

suspension in laminar flow cabinet and exposing for 5, 10 

and 15 minutes. About 100 µl of each suspension from 

control and mutant strains was plated and incubated in 

dark for 24 hours at 37°C. Viable colonies were counted. 

Afterwards, motility and biofilm formation of mutant 

strains was analysed as mentioned in above section. 
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Statistical Analysis: Data regarding growth curve, pH 

and temperature was analysed and presented as mean and 

sem. Using the statistical software SPSS Version 15.0 

(Windows Evaluation Version), one way ANOVA 

followed by post hoc Turkey was used to determine the 

effect of UV radiations on bacterial biofilms (P ˂ 0.05).  

RESULTS AND DISCUSSION 

 The phyllosphere, dominated by photosynthetic 

leaves, comprises of plant aerial parts and is one of the 

most important microbial habitats in ecosystem. 

Phyllosphere microbiology has gained considerable 

attention due to various natural processes taking place 

between plants, atmosphere and microbial life. It is an 

area of deep and merging concern with aim to identify, 

and investigate host evolutionary relatedness and 

adaptability of plant functional traits to host ecological 

strategies for resource nurturing and growth/mortality 

tradeoffs (Guo et al., 2014). This study was performed to 

isolate and identify bacteria from phyllosphere of O. 

europea. Furthermore, their biofilm forming ability as 

well as the correlation between biofilm formation and UV 

radiations was investigated.  

 First objective of the study was to isolate and 

identify culturable organisms from O. europea leaf 

surface. Among 25 isolates, a total of four strains were 

purified. Morphological characterization showed 

variations in size, margin and elevation. Some strains 

were glistering, smooth, round, regular and elevated, 

while others were mucoid, small, and round (Table 1). 

Two strains (L3, L4) were Gram’s positive and others 

two (L1, L2) were Gram negative. Except for L3, all 

strains were motile (Table 2). Biochemical 

characterization revealed that all strains observed in this 

study were catalase positive. Three of the strains (L2, L3 

and L3) were citrate positive, using citrate as sole carbon. 

All strains were negative for methyl red test except for L1 

indicating their ability to catabolize glucose. Only one 

(L1) strain showed positive result for indole test. Three of 

the strains (L2, L3 and L4) were urease positive. All 

strains showed growth on blood agar without any 

hemolysis (Data not shown). Allegrucci and Sauer (2007) 

observed similar morphological and biochemical 

variations in strains isolated from biofilms. Next, we 

performed 16S rRNA gene sequencing to identify the 

strains upto species level. 16S rRNA gene sequencing is a 

more convincing method to identify bacteria upto species 

level, giving us an opportunity to recognize even novel 

and noncultured bacteria (Yang et al., 2001). It was 

observed that isolated strain LI was closely related 

to Erwinia herbicola, L2 with Micrococcus luteus, L3 

with Pseudomonas syringae and L4 with Bacillus 

subtilis. These were registered in the GenBank Database 

with the accession numbers MN905123, MN905159, 

MN905161 and MN905164 respectively. Finally, a 

phylogenetic tree was constructed using MEGA 10 

software and the genetic distance of each strain was 

determined (Fig. 1). Similar findings were reported by 

Koh et al. (2007), previously, who observed that 

epiphytic bacterial community was highly diverse and 

largely composed of P. syringae followed by other less 

dominant strains including strains belonging to Bacillus 

and Micrococcus species.  

 Following 16S rRNA gene sequencing, 

physiological characterization of four identified strains 

was performed by monitoring growth, temperature and 

pH. Growth curve kinetic indicated that isolated bacteria 

showed variations in lag, log and stationary phase in this 

study. E. herbicola showed 4 hour long lag phase 

followed by 4 hour log phase and 2 hours stationary 

phase. P. syringae exhibited a 3 hours lag phase, 4 hours 

log phase followed by 3 hours stationary phase. Likewise, 

in M. luteus, growth curve data showed lag phase of 2 

hours, log phase of 5 hours and stationary phase of 4 

hours. In case of B. subtilis, 5 hours long log phase 

followed by 3 hours long stationary phase was observed 

(Fig. 2). Decline after 18 hours growth phase observed in 

most strains in this study might be due to depleted 

nutrients with passage of time particularly due to strains 

growth in batch culture (Liaqat et al., 2009). Though, 

isolates showed growth over a wide range of pH (5, 7, 9, 

and 12). However, best growth was observed at pH 7, 

showing detrimental effect of acidic pH (Fig. 3). This 

also indicates that isolated strains were alkaliphilic and 

their survival in the medium might be due to presence of 

abundant amino acids as well as carbohydrates in their 

cell walls (De Lemos Esteves et al., 2005). Regarding 

temperature, all strains were mesophilic, preferring 37°C 

for best growth (Fig. 4). Below this temperature, 

enzymatic activity of isolated strains might be decreased 

hence affecting the rates of enzyme catalyzed reactions. 

This results in reducing the metabolic functions by 

abruptly dispersing cellular components (Yang and Zhou, 

2004). The isolation of variety of bacteria belonging to 

different genera on phyllosphere of O. europaea showed 

their ability to tolerate a wide range of environmental 

conditions (Yang and Zhou, 2004). 

 Phyllosphere bacteria use a variety of methods 

to adopt themselves to changing environments. Often, 

they protect themselves by secreting extracellular 

polymeric substances (EPS) enclosed communities called 

biofilms and thus preventing excessive UV exposure and 

extreme evaporation (Pointing et al., 2007). Congo red 

method was initially chosen to assess qualitative biofilm 

formation in all four bacteria. It was observed that only 

one strain (25%) B. subtilis had biofilm forming ability as 

showed by black crystalline morphology (Fig. 5). This 

led us to use liquid interface cover slip assay, a more 

reliable method (Liaqat et al., 2009) for monitoring 

biofilm forming potential of isolates. Interestingly, using 

this assay, we observed that all isolates have ability to 
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adhere and form robust biofilm on glass surfaces. 

Bacteria on leaf surface produce biofilm to protect 

against harsh environment including UV damage. 

Previous studies have shown that biofilm formation is a 

common phenomenon prevalent in both Gram positive 

and Gram negative bacteria (O’Toole and Kolter, 1998; 

Liaqat et al., 2009). However, B. subtilis was observed to 

be the best biofilm former on glass surfaces. The highest 

biofilm formation was observed in B. subtilis followed by 

P. syringae, M. luteus and E. herbicola. A decrease in 

biofilm formation was observed after 24 hours in all 

isolates (Fig. 6). The highest biofilm formation observed 

in B. subtilis might be due to increased EPS production. 

Davey and O'Toole (2000) reported that EPS protect cells 

from UV radiation, osmotic shocks and diversified pH. It 

forms a highly hydrated layer surrounding bacterial 

colonies and thus protect against desiccation/drying 

(Monier and Lindow, 2003).  

Table 1. Colony morphology of bacterial strains isolated from phyllosphere of O. europaea. 
 

Strains Shape Color Margin Elevation Optical characters Texture 

L1 Circular  Yellow  Entire  Raised  Translucent  Moist  

L2 Circular Off White Irregular  Raised Transparent Dry 

L3 Circular Yellow Entire  Convex  Opaque  Dry 

L4 Circular  White  Irregular  Convex  Opaque  Dull  
 

Table 2. Growth of bacterial strains isolated from phyllosphere of O. europaea on different media. 
 

Strains Blood agar EMB Gram Staining Endospore Staining Capsule Staining Motility Test 

L1 Γ _ _ _ _ + 

L2 Β _ _ + + + 

L3 Γ _ + _ _ _ 

L4 Γ + + + _ + 
 

Table 3. Biochemical tests of bacterial strains isolated from phyllosphere of O. europaea. 
 

Sr.  

No. 

Biochemical Tests Bacterial strains 

L1 L2 L3 L4 

1. Catalase test + + + + 

2. Citrate utilization test _ + + + 

3. H2S production test _ _ _ _ 

4. Tryptophan Deaminase test _ _ + _ 

5. Indole test + _ _ _ 

6. Voges Proskauer test + _ _ _ 

7. Methyl Red test + _ _ _ 

8. Sucrose Fermentation test _ + _ + 

9. Glucose Fermentation test _ _ _ + 

10. Lactose Fermentation test _ + _ + 

11. Denitrification test _ _ _ _ 

12. Urease test _ + + + 
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 Plant canopy provides shade to underlying 

leaves, however, bacteria present on leaves use various 

ways such as biofilm production, chromophores 

production etc. to protect against damaging UV radiation. 

While studying effect of UV radiations on bacterial 

biofilm, we observed that UV radiations resulted in 

biofilm reduction in all four strains including E. 

herbicola, M. luteus, P. syringae and B. subtilis. Non-

significant reduction (p ≤0.05) in biofilm formation was 

observed in mutant strains after 5 and 10 minutes of UV 

exposure compared to wild type (Figs. 7-8) . While, 

highly significant reduction (p<0.001) in biofilm 

formation of isolated strains was observed after 15 

minutes of UV exposure (Fig. 9). B. subtilis was observed 

to be most resistant strain against UV radiations, while E. 

herbicola showed minimal resistance. Sinha and Hader 
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(2002) reported that different bacteria modify their 

genetic machineries in different ways to control their 

DNA integrity thus escaping cytotoxic andirreversible 

DNA damage.  

 
Fig. 1. Analysis of sequence evolution of unknown bacteria L1, L2, L3 and L4 using16S rRNA gene homology. 

Phylogenetic tree was constructed using MEGA 10 software and the genetic distance of each strain was 

determined.  

 
Fig. 2. Growth curve of bacterial strains (E. herbicola, P. syringae, M. luteus and B. subtilis) isolated from 

minimally processed fruit of O. europaea. Bacteria were grown in LB medium over a period of 12 hours. 

OD600 was measured at respective time intervals. Data obtained was average of three independent 

experiments. 
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Fig. 3. Effect of pH on bacterial strains. Bacterial strains (E. herbicola, P. syringae, M. luteus and B. subtilis) were 

isolated from minimally processed fruit of O. europaea. Bacteria were grown in LB medium over a period 

of 12 hours at various pH (5, 7, 9 and 12). OD600 was measured and Data obtained was average of three 

independent experiments. 

 
Fig. 4. Effect of temperature on bacterial strains. Bacterial strains (E. herbicola, P. syringae, M. luteus and B. 

subtilis) were isolated from minimally processes fruit of O. europaea. Bacteria were grown in LB medium 

over a period of 12 hours at various temperatures (30, 37 and 50◦C). OD600 was measured and data 

obtained was average of three independent experiments. 
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Fig. 5. Biofilm formation by Congo red method: a) Black coloration produced by B. subtilis showed positive 

results b) Red coloration by P. syringae showed negative results. 

 
Fig. 6. Time course of biofilm formation assay by four strains (E. herbicola, P. syringae, M. luteus and B. subtilis) 

Bacteria were grown overnight and diluted in fresh LB medium assayed for biofilm formation at 06, 12 

and 18 and 24 hours. Data was obtained from average of three independent experiments.  
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Fig. 7. Effect of UV radiations on biofilm formation. Bacterial strains (E. herbicola, P. syringae, M. luteus and B. 

subtilis) were exposed to UV light for 5 minutes. Quantification of biofilm was done at 523 nm. Data was 

obtained from average of three independent experiments. One-way analysis of variance (ANOVA) with 

post hoc Turkey was used to determine the independent effect of UV irradiation on the different strains. 

Bars with different superscript are significantly different at P ≤ 0.05. 

 
Fig. 8. Effect of UV radiations on Biofilm Formation. Bacterial strains (E. herbicola, P. syringae, M. luteus and B. 

subtilis) were exposed to UV light for 10 minutes. Quantification of biofilm was done at 523 nm. Data was 

obtained from average of three independent experiments. One-way analysis of variance (ANOVA) with 

post hoc Turkey was used to determine the independent effect of UV irradiation on the different strains. 

Bars with different superscript are significantly different at P ≤ 0.05. 
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Figure 9. Effect of UV radiations on Biofilm Formation. Bacterial strains (E. herbicola, P. syringae, M. luteus and 

B. subtilis) were exposed to UV light for 15 minutes. Quantification of biofilm was done at 523 nm. Highly 

significantly reduced biofilm was observed by mutant strains compared to wild type. Data was obtained 

from average of three independent experiments. One-way analysis of variance (ANOVA) with post hoc 

Turkey was used to determine the independent effect of UV irradiation on the different strains. Bars with 

different superscript are significantly different at P ≤ 0.05. 

 

Conclusions: The phyllosphere is an important habitat to 

study microbial ecology from both scientific and 

economic perspective. Isolated microbes and their 

biofilm formation study will have important practical 

applications to better understand communication as well 

as interactions among plant and microbes. Furthermore, 

correlation between leaf microbial biofilm and UV 

radiations provided evidence that biofilm communities 

growing in sunlight exposed areas are well adapted to 

high levels of ionizing radiations such as UV radiations, 

hence enabling them to withstand changing 

environmental conditions.  
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