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Abstract. Microorganisms inhabiting cold environments have an incredible potential to produce secondary 

metabolites including antibacterial, antifungal and antiviral compounds. The aim of the study was to evaluate the 

possibility of using cold adapted bacteria isolated from Passu glacier for the production of antimicrobial 

metabolites. Agar well diffusion assay was used to select four best antimicrobial compound producers coded as 

HTP12, HTP13, HTP36 and LTP10. These strains were identified as Alcaligenes faecalis, Pseudochrobactrum 

saccharolyticum, Alcaligenes pakistanensis and Alcaligenes pakistanensis, respectively, by their phylogenetic 

analysis. The media, temperature, incubation time and pH were optimized for antimicrobial compound 

production. The effect of nitrogen sources, carbon sources and salts on antibiotic production was also determined. 

Alcaligenes pakistanensis (LTP10) showed the best antimicrobial activity in Luria Bertani broth, at 25°C, pH 7 

and incubation time of 96 hrs against various bacterial ATCC strains and clinical isolates. Yeast extract increased 

antibiotic activity of Alcaligenes pakistanensis (LTP10) while glucose, starch, tryptophan, threonine, L-leucine, 

arginine, NaCl and KCl decreased the activity. This study concludes that the psychrophilic bacteria are abundant, 

undiscovered, and good producers of antimicrobial metabolites under optimum conditions. This will lead to the 

discovery of potent and novel metabolites which could be of medical and industrial importance. 

Keywords: psychrophilic bacteria, Alcaligenes pakistanensis, agar well diffusion assay, antimicrobial 

metabolites, antibiotic production optimization 

Introduction 

The environment which is not suitable and is considered severe for the survival of human 

beings is referred to as extreme environment and most of the world’s extreme environments 

are low temperature environments. These low temperature environments provide harsh 

conditions for the survival and growth of organisms but still harbour a large persistent 

community of microbes. These persistent microbes have adaptations to cope with the 

challenges of low temperature environments for their survival and successful colonization 

(Margesin et al., 2002; Furhan, 2020). There are a lot of microorganisms reported that have 

the ability to adapt and even show best growth and survival in harsh conditions like low or 

absent oxygen, high salt concentration, less nutrient availability and oxidative stress which 

occurs due to low temperature environments (D’Amico et al., 2006; Yarzábal, 2016). Cold-

loving microbes have adapted several different mechanisms such as production of high 

amounts of fatty acids, proteins and non-polar carotenoids for excess fluidity of membrane, 

possess cold adapted enzymes and containing cold acclimation proteins (caps), antifreeze 
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proteins and cryoprotectants that enable them to surmount the adverse effects of low 

temperature (Morgan-Kiss et al., 2006; Collins and Margesin, 2019). In cold environment 

low availability of nutrients stimulate the microorganisms to release antimicrobial 

compounds which empower them to decrease the inter-species competition for nutrients 

(Yogabaanu et al., 2017; Artini et al., 2019). Such extraordinary characteristics of cold-

adapted microorganisms have increased the possibility of using these as a novel source of 

industrially important antimicrobial compounds (Paun et al., 2021). This attracts the 

consideration of most scientists because these environments are not extensively explored and 

there is a maximum chance of novel species with capability of new antibiotics production 

(Bruntner et al., 2005; Núñez-Montero et al., 2019). A number of reports confirm 

antimicrobial compounds from cold environment but are mostly restricted to Polar Regions 

only (Rampelotto et al., 2016). As antibiotic resistance is becoming a worldwide problem, 

exploring extreme environments like glaciers for antibiotic producing bacteria is really 

significant. 

Antimicrobial metabolites production by microorganisms depends upon availability of 

specific cultural conditions such as temperature, pH, incubation time, medium composition, 

carbon sources, nitrogen sources, salts etc. The primary objective of this research was to study 

the effect of different cultural conditions for maximum production of antimicrobial 

compounds from bacterial isolates of Passu glacier. There is limited information available 

concerning the antimicrobial metabolites from microorganisms inhabiting glaciers and rarely 

from Karakoram mountain range. Thus, in this study, bacterial strains isolated from Passu 

glacier, were evaluated for antimicrobial compounds production. To investigate such kind of 

unexplored habitat, for the microorganisms with the ability to produce novel antimicrobial 

metabolites, is an important need of the time. 

Materials and methods 

Test organisms 

ATCC strains such as Escherichia coli (ATCC 25922), Salmonella enterica (ATCC 

14028), Bacillus subtilis (ATCC 6633), Staphylococcus aureus (ATCC 25923), 

Pseudomonas aeruginosa (ATCC 27853), and Staphylococcus epidermidis (ATCC 12228) 

were used as test organisms in the current study. Similarly, clinical isolates of Escherichia 

coli, Psuedomonas aeruginosa, Staphylococcus aureus, Salmonella enterica, Candida 

albicans and Candida krusei (collected from Pakistan Institute of Medical Sciences hospital) 

were also used as test organisms. 

Screening of isolates for antimicrobial activity 

A total of 28 bacterial isolates from Passu glacier with antibiotic activity were available at 

Applied Environmental and Geomicrobiology Lab, Quaid-i-Azam University, Islamabad. 

Out of these, 11 isolates (HTP9, HTP12, HTP13, HTP14, HTP19, HTP27, HTP36, HTP37, 

HTP38, LTP8 and LTP10) were selected on basis of their high antimicrobial activity. Spot-

on-lawn and agar well diffusion assays were used for the confirmation of their antimicrobial 

potential. 

Spot-on-lawn method 

This method was used for screening of antibacterial compound producing bacterial 

isolates against ATCC bacterial strains. Sterile normal saline was used for the preparation of 
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inoculum of test strains using 0.5 McFarland standards. Bacterial cells suspensions in normal 

saline was dipped by sterile cotton swab and streaked uniformly over the plate surface 

containing Mueller-Hinton agar (MHA) to pledge uniform circulation of the inoculum. The 

plates were left undisturbed for one hour in the laminar flow hood and the bacterial cultures 

were spotted on MHA plates inoculated with test microorganisms. The plates were kept at 

15°C for 3 days and then at 37°C for 24 hours. The appearance of clear zone of inhibition 

around spots of isolated strains verified the antibacterial activity. 

Agar well diffusion assay 

Isolates HTP12, HTP13, HTP36 and LTP10 were selected on the basis of their best 

antimicrobial activity as shown by spot-on-lawn method. These isolates were inoculated in 

Luria-Bertani broth and incubated at 15oC for 7 days. After every 24 hrs, samples were taken 

from the broth and subjected to centrifugation. The agar well diffusion assay was used for 

analysis of the cell free supernatant, so obtained (Hwanhlem et al., 2017). 

Identification of isolates 

DNA extraction 

The DNA of isolated strains was extracted chemically by phenol-chloroform method 

(Wright et al., 2017). Gel electrophoresis confirmed the extraction of DNA. 

Polymerase chain reaction 

The samples of isolated DNA were then amplified by polymerase chain reaction using 

16SrRNA primer. Primary denaturation temperature was 96°C for 5 minutes followed by 32 

cycles of denaturation, annealing and extension. The temperatures for denaturation, annealing 

and extension were 94°C for 2 minutes, 55°C for 1 minute and 72°C for 1.5 minutes 

respectively. The final extension was carried out at 72°C for 10 minutes. 

Phylogenetic analysis 

ClustalW program executed in MEGA 4.0 was used to study Phylogenetic analysis of 

isolates (Mahtab et al., 2019). The phylogenetic analysis revealed the sequences of DNA and 

the analogous sequences were downloaded from National Center for Biotechnology 

Information (NCBI). After aligning all the sequences, Neighbor Joining method in MEGA4.0 

was used for creating phylogenetic tree. The significance of the created tree was studied by 

Bootstrap analysis (1000 replicate). 

Optimum growth conditions of isolates 

Effect of incubation period on growth 

The isolated strains were incubated in Luria-Bertani broth at 15°C for 6 days to determine 

their optimum incubation period by taking their absorbance (OD) at 600 nm after every 24 

hours using UV/Visible spectrophotometer. 

Effect of temperature on growth 

The isolated strains were grown at different temperatures in Luria-Bertani broth (i.e., 5, 

15, 25 and 35°C) to determine their optimum growth temperature by taking their absorbance 

(OD) after every 24 hours using UV/Visible spectrophotometer. 
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Effect of pH on growth  

The isolated strains were incubated at different pH (i.e., pH 5.0, 7.0 and 9.0) to determine 

their optimum growth pH by taking their absorbance (OD) at 600 nm after every 24 hours 

using UV/Visible spectrophotometer. 

Optimization of antimicrobial activity 

Luria-Bertani broth was used for preparation of inoculum and incubated at 15oC. After 

every 24 hrs, samples were taken from the broth for a total of 120 hours. The production of 

antimicrobial compounds in culture medium was determined by agar well diffusion assay 

(Hwanhlem et al., 2017). The antimicrobial activity of the four isolates were determined in 

three parallel experiments. 

Incubation time 

The incubation time effect on antimicrobial compound production was confirmed by 

taking samples after every 24 hours for 120 hours. 

Incubation temperature 

The optimum antibiotic production by selected isolates was studied at different 

temperatures i.e. 5, 15, 25 and 35ºC. 

Incubation pH  

The antibiotic activity of the selected isolates was determined at different pH values i.e., 

4.0, 5.0 and 9.0. 

Medium selection 

To determine the optimum production of antibacterial compounds by selected isolates, 

Nutrient broth (NB), Tryptic soya broth (TSB) and Luria Bertani (LB) broth were used as 

culture media. 

Effect of carbon sources 

To evaluate the carbon source effect on the production of antimicrobial metabolites, the 

selected isolates were grown in Luria-Bertani media containing additional glucose and starch 

in 1 and 2% concentration. 

Effect of nitrogen sources 

Luria-Bertani broth containing additional tryptophan, threonine, L-leucine, arginine and 

yeast extract in 1% concentration was used to evaluate the effect of nitrogen sources on the 

production of antimicrobial metabolites. 

Effect of salts 

To determine the effect of salts on the production of antimicrobial compounds, the selected 

isolates were inoculated in Luria-Bertani media containing additional NaCl (2 and 3%) and 

KCl (1 and 2%). 
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Antibacterial and antifungal activity against clinical isolates 

Alcaligenes pakistanensis (LTP10) was found to be the best antimicrobial compounds 

producer and was inoculated in Luria-bertani broth and incubated at 25ºC at pH 7 for 96 

hours. After 96 hours, the antibacterial and antifungal activity of cell free supernatant of 

Alcaligenes pakistanensis (LTP10) was evaluated against clinical isolates of Staphylococcus 

aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella enterica, Candida albicans 

and Candida krusei, that were collected from Pakistan Institute of Medical Sciences hospital 

(PIMS), by agar well diffusion technique. 

Antibiotic sensitivity test of isolates 

Antibiotics sensitivity of selected isolates Alcaligenes faecalis (HTP12), 

Pseudochrobactrum saccharolyticum (HTP13), Alcaligenes pakistanensis (HTP36) and 

Alcaligenes pakistanensis (LTP10) against various available antibiotics discs in the market 

was analyzed by Kirby-Bauer disc diffusion method according to the guidelines of the CLSI 

(clinical and laboratory standards institute) 2013. The plates were transferred to incubator 

kept at 15°C for 72 hrs. Zone of inhibition was observed and noted after 24 hours of 

incubation. 

Statistical analysis 

The difference in activity at different culture conditions was analyzed statistically by 

measuring their standard deviation and p-value. The p-value was calculated using T.Test in 

Microsoft Excel 365 to determine the statistical significance of the differences in zone of 

inhibition under different culture conditions. 

Results 

In the present study, a total of eleven bacterial isolates coded as HTP12, HTP13, HTP14, 

HTP19, HTP27, HTP36, HTP37, HTP38, LTP8 and LTP10 from Passu glacier were 

selected. On the basis of their antimicrobial activity, it was found that LTP10 showed better 

activity. 

Screening of bacterial isolates for antimicrobial activity 

The selected strains were screened for antagonistic activity by using spot-on-lawn and 

agar well diffusion assay against ATCC test strains. After 72 hrs of incubation, the 

antimicrobial activity was confirmed by the zone of inhibition around the spots of isolates as 

shown in Table 1. 

Out of eleven isolated strains, four isolates HTP12, HTP13, HTP36 and LTP10 showed 

maximum zone of inhibition against test strains. These 4 strains were again evaluated by agar 

well diffusion assay and their zone of inhibition was measured in mm as shown in Fig. 1. 

Identification of isolates by phylogenetic analysis 

The result of BLAST of total 4 strains show that there are 3 different strains having 90% 

or more than 90% identity with their respective specie. The isolated strains were identified as 

Alcaligenes faecalis (KF641844), Pseudochrobactrum saccharolyticum (KX977558) and 

Alcaligenes pakistanensis (AB968096) as shown in Table 2 and Fig. 2. 
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Table 1. Antimicrobial activity of isolates against ATCC bacterial strains by spot-on-lawn 

assay 

Isolates 
Staphylococcus 

aureus 
Bacillus subtilis 

Staphylococcus 

epidermidis 
Escherichia coli 

Pseudomonas 

aeruginosa 

Salmonella 

enterica 

HTP9 + - - + - - 

HTP12 +++ ++ + ++ ++ + 

HTP13 ++ ++ + + + - 

HTP14 ++ ++ + +++ ++ + 

HTP19 ++ - + +++ ++ - 

HTP27 - ++ - - - + 

HTP36 ++ ++ + ++ +++ - 

HTP37 + - + + - - 

HTP38 + - - ++ - + 

LTP8 ++ +++ ++ ++ +++ - 

LTP10 +++ +++ ++ ++ ++ ++ 

Inhibition zone: +++ = strong (> 15 mm), ++ = moderate (10-15 mm), + = low (5-9 mm), - = no activity 

 

 

Figure 1. Zone of inhibition (mm) of isolates against ATCC test strains by agar well diffusion 

assay after 72 hours. Error bars represent standard deviation (SD) of triplicate measurements 

of zone of inhibition (mm) 

 

 
Table 2. Identification of isolates by their phylogenetic analysis 

Isolates Homologous species Groups Identity %age 

HTP 12 
Alcaligenes faecalis 

(KF641844) 

Proteobacteria 

Betaproteobacteria 

Burkholderiales 

Alcaligenaceae 

99.80 

HTP13 
Pseudochrobactrum saccharolyticum 

(KX977558) 

Proteobacteria 

Alpha Proteobacteria 

Rhizobiales 

Brucellaceae 

Pseudochrobactrum 

99.02 

HTP36 
Alcaligenes pakistanensis 

(AB968096) 

Proteobacteria 

Betaproteobacteria 

Burkholderiales 

Alcaligenaceae 

100.00 

LTP 10 
Alcaligenes pakistanensis 

(AB968096) 

Proteobacteria 

Betaproteobacteria 

Burkholderiales 

Alcaligenaceae 

99.68 
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Figure 2. Phylogenetic relation of study samples with other similar strains downloaded from 

NCBI 

 

 

Optimum growth conditions of isolates 

The optimum incubation period for growth shown by selected isolates Alcaligenes 

faecalis (HTP12), Pseudochrobactrum saccharolyticum (HTP13), Alcaligenes 

pakistanensis (HTP36) and Alcaligenes pakistanensis (LTP10) was found to be 72 hours. 

The three isolates Alcaligenes faecalis (HTP12), Pseudochrobactrum saccharolyticum 

(HTP13), Alcaligenes pakistanensis (HTP36) revealed maximum growth at temperature 

of 25ºC and pH 7.0 while isolate Alcaligenes pakistanensis (LTP10) has shown maximum 

growth at 15 ºC and pH 7.0 as shown in Figs. 3, 4, 5. 

 

Figure 3. Effect of incubation period on growth of isolates 
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Figure 4. Effect of temperature on growth of isolates 

 

 

Figure 5. Effect of pH on growth of isolates 
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Optimization of antimicrobial compound production 

The production of antibacterial compounds by the isolated strains was confirmed by 

agar well diffusion assay. The best activity was shown by Alcaligenes pakistanensis 

(LTP10). Different cultural conditions like selection of growth media, incubation time, 

temperature, pH and addition of carbon sources, nitrogen sources and salts were 

considered. 

Effect of time of incubation 

All the four isolates have demonstrated maximum antimicrobial activity after 96 hours 

of incubation. The difference in antimicrobial activity at different incubation time was 

significant statistically (P < 0.05). The maximum antimicrobial activity of Alcaligenes 

pakistanensis (LTP10) and Alcaligenes pakistanensis (HTP36) was found against 

Escherichia coli (ATCC 25922) and Bacillus subtilis (ATCC 6633) respectively with 

20±1 mm zone of inhibition as shown in Fig. 6. 

 

Figure 6. Zone of inhibition (mm) of isolates against test strains at various incubation periods. 

Error bars represent standard deviation (SD) of triplicate measurements of zone of inhibition 

(mm). P < 0.05 

 

 

Effect of culture medium 

Nutrient broth (NB), tryptic soya broth (TSB) and Luria-Bertani (LB) broth were used 

to evaluate maximum antimicrobial activity of selected isolates. The difference in 

antimicrobial activity of all the four isolates in different culture media was significant 

statistically (P < 0.05). The cell free supernatants of all the four isolates from Luria-
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bertani broth have confirmed maximum activity against test organisms. The best activity 

was shown by Alcaligenes pakistanensis (LTP10) against Staphylococcus aureus (ATCC 

25923) and Escherichia coli (ATCC 25922) with zone of inhibition of 20.7±1.5 mm and 

21±1 mm respectively as shown in Fig. 7. 

 

Figure 7. Zone of inhibition (mm) of isolates against test strains in different culture media. 

Error bars represent standard deviation (SD) of triplicate measurements of zone of inhibition 

(mm). P < 0.05 

 

 

Effect of temperature 

The difference in antimicrobial activity of all the four isolates at different temperature 

was significant statistically (P < 0.05). The isolated strains have shown maximum 

antimicrobial activity at 25°C after 96 hours of incubation in Luria-Bertani broth. The 

maximum zone of inhibition of 20.3±2.1 mm was shown by Alcaligenes pakistanensis 

(LTP10) against Staphylococcus aureus (ATCC 25923) as shown in Fig. 8. 

Effect of pH 

The difference in antimicrobial activity at different pH was significant statistically 

(P < 0.05). All the four isolates have confirmed maximum antimicrobial activity at pH 7. 

The maximum antimicrobial activity was shown by Alcaligenes pakistanensis (LTP10) 

against Staphylococcus aureus (ATCC 25923) with 23.3±0.6 mm zone of inhibition 

(Fig. 9). 
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Figure 8. Zone of inhibition (mm) of isolates against test strains at different temperatures. 

Error bars represent standard deviation (SD) of triplicate measurements of zone of inhibition 

(mm). P < 0.05 

 

 

Figure 9. Zone of inhibition (mm) of isolates against test strains at different pH. Error bars 

represent standard deviation (SD) of triplicate measurements of zone of inhibition (mm). P < 

0.05 
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Effect of carbon sources 

The addition of carbon sources to culture media found to have negative effect on the 

antimicrobial activity of isolated strains. The antibacterial activity in terms of zones of 

inhibition was decreased by 2 to 8 mm against Staphylococcus aureus (ATCC 25923) and 

Escherichia coli (ATCC 25922) by addition of glucose and starch in 1% and 2% 

concentrations as given Table 3. 

 
Table 3. Effect of carbon sources on antibiotic activity of isolates 

Isolates 

Zone of inhibition (Mean value in mm ± SD) of isolates in against S. aureus & E. Coli 

Staphylococcus aureus Escherichia coli 

*Control 
Glucose 

(1%) 

Glucose 

(2%) 

Starch 

(1%) 

Starch 

(2%) 
*Control 

Glucose 

(1%) 

Glucose 

(2%) 

Starch 

(1%) 

Starch 

(2%) 

HTP12 15 ± 1.5 13 ± 1.3 10 ± 1.2 14 ± 0.6 13 ± 0.7 18 ± 1.5 13 ± 1.2 15 ± 0.5 15 ± 0.5 14 ± 1.0 

HTP13 17 ± 2.0 14 ± 0.7 11 ± 1.5 15 ± 1.7 14 ± 1.8 20 ± 1.3 15 ± 2.0 16 ± 1.4 17 ± 0.3 16 ± 1.2 

HTP36 16 ± 1.0 14 ± 0.6 12 ± 0.5 13 ± 1.3 13 ± 2.0 14 ± 0.5 12 ± 0.5 10 ± 1.5 14 ± 0.6 12 ± 0.8 

LTP10 21 ± 1.3 16 ± 1.0 15 ± 0.3 15 ± 1.2 16 ± 1.0 21 ± 0.3 17 ± 0.8 16 ± 0.3 18 ± 0.4 13 ± 0.6 

*Control = Isolate culture in Luria-Bertani broth 

 

 

Effect of nitrogen sources 

The addition of different nitrogen sources such as amino acids and yeast extract have 

varying effects on antimicrobial production of isolated strains. Tryptophan, threonine, 

L-leucine and arginine have decreased the antimicrobial activity of isolates while yeast 

extract has increased the activity. Alcaligenes pakistanensis (LTP10) has shown an 

increase of 3 mm against Escherichia coli (ATCC 25922) with addition of 1% yeast 

extract. Similarly, antimicrobial activity of Alcaligenes pakistanensis (HTP36) against 

Staphylococcus aureus (ATCC 25923) was increased by 2 mm after addition of 1% yeast 

extract as given in Table 4. 

 
Table 4. Effect of nitrogen sources on antibiotic activity of isolates 

Isolates 

Zone of inhibition (Mean value in mm ± SD) of isolates in against S. aureus & E. Coli 

Staphylococcus aureus 

**Control *Trp *Thr *Leu *Arg *Y.E. 

HTP12 16 ± 0.5 12 ± 1.5 -- 11 ± 1.2 13 ± 0.7 16 ± 2.0 

HTP13 17 ± 1.2 14 ± 0.5 13 ± 1.5 15 ± 0.6 -- 16 ± 1.2 

HTP36 18 ± 0.6 13 ± 0.6 14 ± 0.5 12 ± 0.8 10 ± 0.3 20 ± 0.3 

LTP10 20 ± 0.3 14 ± 1.2 -- 13 ± 1.1 16 ± 1.2 21 ± 0.6 
 Escherichia coli 

HTP12 17 ± 1.2 -- 15 ± 1.5 14 ± 0.5 10 ± 0.6 15 ± 1.3 

HTP13 19 ± 0.5 16 ± 1.0 14 ± 1.5 -- -- 21 ± 1.5 

HTP36 15 ± 1.7 10 ± 0.5 -- 13 ± 1.0 12 ± 0.3 16 ± 1.0 

LTP10 19 ± 0.5 -- 12 ± 0.5 -- 16 ± 0.5 22 ± 1.7 

*Trp = Tryptophan, Thr = threonine, Leu = L-leucine, Arg = Arginine, Y.E. = Yeast extract, **Control 

= Isolate culture in Luria-Bertani broth 
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Effect of salts 

Sodium chloride (2% and 3%) and potassium chloride (1% and 2%) were added to 

culture media separately. High concentration of salts in culture media resulted in lowering 

or diminishing the antimicrobial activity of isolates as given in Table 5. 

 
Table 5. Effect of salts on antibiotic activity of isolates 

Isolates 

Zone of inhibition of isolates in (Mean value in mm ± SD) against S. aureus & E. Coli 

Staphylococcus aureus Escherichia coli 

*Control NaCl (2%) NaCl (3%) Control KCl (1%) KCl (2%) 

HTP12 17 ± 0.4 13 ± 0.5 10 ± 0.6 15 ± 0.6 10 ± 0.7 -- 

HTP13 16 ± 0.3 12 ± 0.8 -- 16 ± 1.3 12 ± 1.3 9 ± 0.3 

HTP36 19 ± 1.3 12 ± 1.0 -- 15 ± 0.5 11 ± 0.5 8 ± 0.6 

LTP10 21 ± 1.6 15 ± 1.2 10 ± 1.3 20 ± 0.5 14 ± 1.7 -- 

*Control = Isolate culture in Luria-Bertani broth containing 1 % NaCl (w/v) 

 

 

Antibacterial and antifungal activity of Alcaligenes pakistanensis against clinical 

isolates 

The best antibiotic producer strain Alcaligenes pakistanensis (LTP10) was evaluated 

for its antimicrobial activity against clinical bacterial and fungal isolates. It was found 

that the cell free supernatant of culture medium of Alcaligenes pakistanensis (LTP10) 

after 96 hours of incubation at the optimized conditions has shown good activity against 

clinical isolates of Staphylococcus aureus, Escherichia coli, Psuedomonas aeruginosa, 

Salmonella enterica and Candida albicans while no activity was confirmed against 

Candida krusei as shown in Fig. 10. 

 

Figure 10. Zone of inhibition (mm) of CFS of Alcaligenes pakistanensis (LTP10) against 

clinical isolates. The bars represent standard deviation (SD) of triplicate measurements of zone 

of inhibition (mm) 

 

 

Antibiotic sensitivity test of isolates 

Antibiotic discs were used for testing sensitivity of isolated strains. The isolate 

Alcaligenes pakistanensis (LTP10) was resistant to penicillin, monobactams, 

cephalosporins, quinolones, metronidazole, carbapenem, macrolide, oxazolidinone and 
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glycopeptide while sensitive to ceftaroline, imipenem, cefepime, meropenem, and 

ticarcillin as given in Table 6. 

 
Table 6. Sensitivity of selected isolates against antibiotic discs 

Isolated strains Resistant to antibiotics Sensitive to antibiotics 

Alcaligenes faecalis HTP12 

Penicillin G Ticarcillin 

Cephalosporin Nalidixic acid 

Quinolones Meropenem 

Monobactams Piperacillin 

Carbapenem 

Ertapenem 
 

Pseudochrobactrum saccharolyticum HTP13 

Penicillin Ceftaroline 

Macrolide Imipenem 

Cephalosporins Nalidixic acid 

Quinolones Ertapenem 

Oxazolidinone Piperacillin 

Glycopeptide  

Alcaligenes pakistanensis HTP36 

Penicillin Ceftaroline 

Monobactams Imipenem 

Cephalosporins Cefepime 

Quinolones Meropenem 

Metronidazole Ticarcillin 

Macrolide Carbapenem 

Oxazolidinone  

Glycopeptide  

Alcaligenes pakistanensis LTP10 

Penicillin Ceftaroline 

Monobactams Imipenem 

Cephalosporins Cefepime 

Quinolones Meropenem 

Metronidazole Ticarcillin 

Carbapenem  

Macrolide  

Oxazolidinone  

Glycopeptide  

 

 

Discussion 

Microbial secondary metabolites are the source of vital bioactive compounds which 

can be used for the cure of microbial diseases. However, main threat to clinical settings 

and hospitals is the emergence of multidrug resistant microorganisms (Dantas et al., 

2008). That’s why researcher and scientists have an increasing curiosity to discover novel 

antimicrobial compounds from unexplored area which can solve problem of drug 

resistance up to certain limit (Selvameenal et al., 2009). According to Sanchez et al. 

(2009) psychrophilic microorganisms are known as a possible source of novel 

antimicrobial metabolites. 
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In the present work, the bacterial strains, having the ability to produce secondary 

metabolites isolated from Passu glaciers were monitored to produce antimicrobial 

metabolites by using agar well diffusion assay (Wefky et al., 2009; Abd-Elnaby et al., 

2016). The reason for selecting isolates from Passu glacier was to find out antimicrobial 

metabolites producing microorganisms in that unexplored area. The temperature of that 

region is less than 0°C, and at such a low temperature, the microorganisms that are present 

are psychrophiles and psychrotrophs and suffer some harsh conditions such as nutrient 

deficiency, oxidative stress, high salt concentration, competition and stressful 

environment, which stimulate the genes responsible for the production of antimicrobial 

metabolites. Bruntner et al. (2005) reported a novel antibiotic Frigocyclinone produced 

by a Streptomyces griseus strain isolated from Antarctica. These antmicrobial metabolites 

help the producer organisms to compete and survive in such environment (Oyedele and 

Ogunbanwo, 2014). 

A total of four bacterial isolates were selected among antibiotic producing isolates 

from Passu glacier. These isolates were coded as HTP12, HTP13, HTP36 and LTP10 and 

were identified as Alcaligenes faecalis, Pseudochrobactrum saccharolyticum, 

Alcaligenes pakistanensis and Alcaligenes pakistanensis respectively, through 

phylogenetic analysis. Among these bacterial strains, Alcaligenes pakistanensis (LTP10) 

showed greater activity and maximum zone of inhibition. Alcaligenes faecalis (HTP6) 

was found to be active against selected ATCC strains [Staphylococcus aureus (ATCC 

25923) and Pseudomonas aeruginosa (ATCC 27853)] and various clinical isolates 

(S. aureus, E. faecalis, Candida albicans and Aspergillus fumigatus) (Rafiq et al., 2016). 

Fandi et al. (2014) reported antimicrobial activities in terms of zones of inhibition (mm) 

of some thermophiles, isolated from Jordan hot springs, against Staphylococcus aureus, 

Bacillus subtilis, Escherichia coli and fungal pathogenic strains. 

The isolated strains were incubated at various pH, temperature and incubation periods 

in different culture media to determine optimum pH, temperature and incubation period 

for their growth. The selected strains were found to grow at low temperature of 5°C up to 

maximum of 35°C with maximum growth at 15-25°C in Luria-Bertani broth. These were 

grouped as psychrotrophs which are cold‐loving organisms, having an optimal 

temperature for growth at above 15°C (Yuan et al., 2017). Margesin et al. (1994) reported 

that psychrophilic bacteria have shown best growth at around 15°C after 3 days of 

incubation. The isolates showed maximum growth at neutral pH 7 after 72 hours of 

incubation period. Heather and Vanderzant (1957) reported that psychrophiles showed 

maximum growth at environment having neutral pH and temperature around 15°C. 

The production of secondary metabolites by microbes is dependent on different 

physical factors. In the current research work, the effect of different parameters such as 

pH, temperature, time of incubation and culture media were also considered for 

production of active metabolites. The maximum antibiotic production by isolates was 

noted at 25°C and pH 7 after 96 hours of incubation. There was decline in antimicrobials 

production as temperature increases and pH increases or decreases. Awais et al. (2007) 

and Gebreel et al. (2008) confirmed that bacitracin was produced by Bacillus sp. at 

temperature range of 25°C to 30°C and pH 7. Oyedele and Ogunbanwo (2014) reported 

that Bacillus subtilis showed maximum antagonistic activity after 96 hrs of incubation. 

An important factor in designing of successful laboratory experiments is medium 

formulation. The components of culture media must contain the elements required for the 

growth and secondary metabolites production (Abd-Elnaby et al., 2016). The isolated 

strains were inoculated in LB broth along with extra sources of carbon such as glucose 



Rabbani et al.: Effect of various culture conditions on the antimicrobial activity by bacteria from Passu glacier, Pakistan 

- 2074 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(3):2059-2076. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2003_20592076 

© 2022, ALÖKI Kft., Budapest, Hungary 

(1% and 2%) and starch (1% and 2%) separately and incubated for 96 hours at 25°C and 

pH 7. The cell free supernatant from culture broth of Alcaligenes pakistanensis (LTP10) 

with 1-2% glucose and starch has shown a decrease in zone of inhibition by 2-5 mm 

against Staphylococcus aureus and Escherichia coli. The effect of nitrogen sources was 

also studied on the antibiotic production of isolates. Nitrogen sources such as tryptophan, 

threonine, L-leucine, arginine and yeast extract were added separately to LB broth which 

was inoculated with isolates and incubated for 96 hours at 25°C and pH 7. The activity 

of Alcaligenes pakistanensis (LTP10) incubated in LB broth with 1 % yeast extract was 

increased by 3 mm against Escherichia coli while that of Alcaligenes pakistanensis 

HTP36 increased by 2 mm against Staphylococcus aureus. Rinker and Kelly (2000) 

reported the effects of different sources of carbon and nitrogen on the growth and 

production of antimicrobial metabolites by Thermococcus sp. 

The isolates used in this study have shown resistance to a number of antibiotic classes. 

Alcaligenes pakistanensis (LTP10) was resistant to greater number of antibiotics. To 

protect themselves from their own antibiotics, antibiotic producing bacteria restrain 

different complicated mechanisms. The major mechanisms of self-defense in antibiotic 

producing microorganisms include antibiotic modification, antibiotic target modification, 

antibiotic efflux, antibiotic target bypass, antibiotic target protection and antibiotic 

sequestration by special proteins (Peterson and Kaur, 2018). An interesting fact is that the 

genes responsible for self-resistance are nearly all the time crowded together with the 

genes for biosynthesis of antibiotics, and their expression is co-regulated (Mak et al., 

2014). Thus resistance to a number of antibiotics by Alcaligenes pakistanensis (LTP10) 

ensures its greater potential of antibiotic production. 

Conclusion 

This research work was designed to search for microorganisms from Passu glacier 

capable of producing antimicrobial metabolites and optimizing conditions for maximum 

antimicrobial compound production by isolates. The findings of this study recommends 

that the antimicrobial compounds produced by the isolates of Passu glaciers should be 

characterized and identified by analytical techniques like HPLC, LCMS and NMR in 

order to find their nature. It is also recommended that extreme environments like glaciers, 

deep seas, oceans, deserts, hot springs, marine environments etc should be explored to 

find out microorganisms having the ability to produce novel antimicrobial compounds. 
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