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ABSTRACT 

Bacterial isolates RT4, RTPM4, RT6 and MS1-3 capable of growth on caffeine (3-5 g/L) as a 

sole source of carbon and nitrogen were isolated from hot water spring situated in 32.0268° N, 

77.3511° E (hot springs) and 32.1109° N, 76.5363° E (tea garden) of North West Himalayas. 

Complete caffeine degradation was observed at 102 h of incubation. Unlike other bacterial 

isolates, MS1-3 also utilized xanthine (2.5 g/L) as sole source of carbon and nitrogen. Caffeine 

degradation was measured in cell free extracts using NBT assay. The temperature and pH optima 

for growth and caffeine degradation were 30ᵒC and 7 respectively for RTPM4 218 U/mg, RT6 

(781.25 U/mg), and RT4 (179.68 U/mg). Bacterial isolate MS1-3 showed optimal growth at pH 6 

and temperature 30-50ᵒC. Moreover, bacterial isolate MS1-3 could degrade caffeine even at 55ᵒC 

382.8 (U/mg). Urea as a nitrogen source enhanced the caffeine degrading activity of RTPM4. 

HPLC analysis of cell free medium of MS1-3 showed degradation of caffeine to theobromine, 

theophylline and xanthine at 42 hrs and to xanthine at 102 hrs. 16s rDNA analysis identified 

RT4, RT4 and RTPM4 as Pseudomonas putida and MS1-3 as Bacillus licheniformis. All the 

three P. putida showed phylogenetic divergence and appear in a separate phylogenetic clad. 

Bacillus licheniformis MS1-3 isolate was unique and evolved in parallel to Bacillus species.  
Keywords: NBT, Bacillus licheniformis, Pseudomonas putida, caffeine, phylogenetic, caffeine degradation 
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INTRODUCTION 

Caffeine (1, 3, 7-trimethylxantheine) is a 

plant alkaloid and is a member of a class of 

drugs known as methylxanthines [1]. 

Caffeine is the most widely consumed 

psychoactive drug in the world [2]. It is 

present in leaves, seeds, and fruits of many 

plant species of which coffee, tea, guarana, 

cocoa and yerba mate are the most well 

known [3]. It is a major human dietary 

ingredient and is found in common beverages 

and food products such as coffee, tea, 

chocolates and cold drinks [4]. Caffeine is 

used in many pharmaceutical preparations 

like apectol, anacin, dristan, vivarin, darvon, 

excedrin, percodan, soma, synalogos, 

butabital, norgesic and prolamine [5]. 

Caffeine acts as a central nervous system 

stimulant by antagonising adenosine in 

binding to the adenosine receptors [6, 7]. 

Low doses produce stimulation, including 

increase in alertness and concentration, 

which is often perceived as desirable, 

whereas excessive ingestion (> 250 mg) 

leads to state of intoxication called 

caffeinism [8]. Despite the stimulatory 

actions and medicinal value of caffeine, a 

growing belief that ingestion of caffeine can 

have adverse effects on health has increased 

the demand for decaffeinated beverages. 

Microorganisms capable of degrading 

caffeine have been isolated from natural 

environments. These include Rhodococcus, 

Pseudomonas putida, Leifsonia, Aspergillus 

niger, and Penicillium roquefortii [9]. 

Extensive study has been carried out in 

exploring metabolism mechanism of caffeine 

in Pseudomonas as it is easily cultivated on 

caffeine. Thus Pseudomonas has a wide role 

in decaffeination, bioremediation of 

contaminated waste waters and soil 

containing caffeine as a pollutant. Such 

decaffeinating enzymes can also be used in 

detection of caffeine in human body in 

diagnostic procedures and in beverages and 

food items. Recently diagnostic test has been 

developed, which utilizes caffeine 

dehydrogenase in a diagnostic assay [10]. 

The aim of this study was to identify caffeine 

degrading microbes from Manikaran hot 

spring located in suburbs of Himachal 

Pradesh. Till date, there is no report on the 

isolation and characterization of caffeine 

degrading microorganisms form thermal hot 

spring and tea garden soil of this region.  

MATERIALS AND METHODS 

Isolation of caffeine degrading bacteria 

For isolation of caffeine degrading bacteria, 

5 g of soil sample and 5 mL water sample 

were collected from hot water spring of 

Manikaran and Vashisht respectively, 
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situated in Kullu district of Himachal 

Pradesh, India. Soil sample was collected 

from tea garden of Palampur, Kangra district 

of Himachal Pradesh, India. Soil and water 

samples were enriched in M9 liquid media 

(pH 7) containing 0.25% (w/v) caffeine as 

sole source of carbon and nitrogen for 7 days 

at 30ᵒC. Samples were centrifuged at 

2,000 rpm for 2 min and the resultant 

supernatant was re-centrifuged at 5000 rpm 

for 10 min to pellet the enriched bacterial 

cells. Serial dilutions of supernatant up to 10-

4 were prepared and 500 µL sample of each 

dilution was spread on nutrient agar plates 

and M9 medium containing 0.25% caffeine 

(w/v). The petriplates were incubated at 

37oC, 40oC, 50oC, 60oC, 70oC for 36-48 

hours or until isolated colonies were formed. 

Individual colonies were successively 

streaked three times on M9 agar medium 

containing 0.25 % (w/v) caffeine to obtain 

pure bacterial cultures. The purity of 

bacterial isolates was further verified under 

the light microscope and Gram’s staining 

[11]. The pure bacterial cultures capable of 

caffeine degradation (MS1-3, RT4, RTPM4 

and RT6) were maintained on M9 medium 

containing 0.25% (w/v) caffeine (pH 7.0) at 

4oC and as glycerol (25 % v/v) stocks at -

80oC.  

Growth of caffeine degrading bacterial 

isolates in caffeine and xanthine 

derivatives. To find out the optimum 

concentration of caffeine for bacterial 

growth, MS1-3, RT4, RTPM4, and RT6 were 

grown in different concentration of caffeine 

ranging from 0.1 to 1 % (w/v) for 48 h at 

30ᵒC with shaking at 200 rpm. Bacterial 

growth was measured at 600 nm and caffeine 

degradation at 273 nm for different time 

period. Bacterial isolate MS1-3, RT4, RT6 

and RTPM4 were also tested for their ability 

to degrade different xanthine derivatives such 

as theobromine, theophylline and xanthine 

itself at 0.25 % (w/v). 

Effect of physical parameters on growth 

and caffeine degradation 

Effect of Temperature 

For finding relation between growth and 

utilization of caffeine as a sole source of 

carbon and nitrogen at different 

temperatures, MS1-3, RT4, RT6 and RTPM4 

were grown in M9 liquid medium containing 

0.25 % caffeine (w/v), and were incubated at 

temperature ranging from 25 to 50ᵒC for 42 h 

of incubation at 200 rpm. Growth was 

measured at 600 nm and caffeine degrading 

enzyme activity was determined using NBT 

assay [9]. Crude enzyme was prepared by 

disrupting cells of MS1-3, RTPM4, RT6 and 

RT4, each suspended in lysing buffer 50 mM 
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sodium phosphate buffer (pH 7.5), 10 mM β 

mercaptoethanol, 0.01% lysozyme for 2 h at 

30ᵒC. Supernatant obtained after 

centrifugation at 10,000 rpm was used as 

intracellular source of crude enzyme. NBT 

assay was performed using 10 µg of each 

crude enzyme containing 50 mM sodium 

phosphate buffer, 0.5 mM caffeine, 0.5 mM 

NBT. NBT assay reaction mixture of each 

isolate were incubated at different 

temperatures ranging from 30-75ᵒC. 

Formation of formazan was measured at 566 

nm. 

Effect of pH Effect of pH on growth and 

caffeine degrading activity was determined 

by growing MS1-3, RT4, RT6 and RTPM4 at 

different pH ranging from 3 to 9. NBT assay 

was performed at different pH ranging from 

3 to 9 and reaction mixture was incubated at 

30ᵒC. 

Effect of chemical parameters on growth 

and caffeine degradation 

Carbon sources 

To study the relation between growth and 

caffeine utilization in presence of alternate 

carbon source, NBT assay was performed 

using crude enzyme extracts of MS1-3, 

RTPM4, RT6 and MS1-3 grown in M9 

medium containing 0.25% caffeine (as a 

nitrogen source) supplemented with different 

sugars (2 % each of glucose, galactose, 

lactose, sucrose, starch, maltose or trehalose) 

as a carbon source. Growth was measured at 

600 nm.  

Nitrogen sources 

 To study relation between growth and 

caffeine utilization in presence of alternate 

nitrogen source, NBT assay was performed 

using crude enzyme extracts of MS1-3, 

RTPM4, RT6 and RT4 grown in M9 medium 

containing 0.25% (w/v) caffeine (as a carbon 

source) supplemented with different nitrogen 

source (2 % each of CAH, ammonium 

chloride, urea, peptone or yeast extract). 

Growth was measured at 600 nm. 

Caffeine degradation analysis of MS1-3 

using HPLC 

 MS1-3 was precultured in 10 mL of M9 

liquid medium containing 0.25 % (w/v) 

caffeine (pH 7.0) and incubated at 30 °C in 

an orbital shaker at 200 rpm. Caffeine 

degradation by MS1-3 was measured by 

HPLC fitted with C18 column. The 500 µL of 

clear culture supernatant was analyzed at 0, 

24 and 102 h of incubation by measuring 

absorbance at 273 nm. Standard solutions 

and samples were filtered through a 0.25 mm 

nylon membrane filter before being injected 

into the HPLC unit. Samples were separated 

on a Hypersil BDS C-18 column (4.6 by 50 

mm). Methanol-water-acetic acid (25:75:0.5, 

vol/vol/vol) was used as the mobile phase 



Thakur et al                                                                                                                                   Research Article 
 

 
1873 

IJBPAS, August, 2016, 5(8) 

with a flow rate of 0.5 mL/min and UV-

visible absorption spectra was recorded. 

Identification and phylogenetic analysis of 

caffeine degrading bacteria 

Genomic DNA was isolated from MS1-3, 

RTPM4, RT6 and RT4 [12].16s rDNA gene 

amplification was carried out using 16S 

rDNA specific primers 27F, 1492R in 25 µL 

reaction mixture [13]. Amplified PCR 

products were sequenced on both strand and 

nucleotide sequences were submitted to 

Genbank  (http://www.ncbi.nlm.nih.gov/genbank/). 

Nucleotide BLAST 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi)   was 

performed with 16sr DNA gene of each 

MS1-3, RTPM4, RT6 and RT4 and 

Phylogenetic tree was constructed using 

MEGA 6 (http://en.bio-

soft.net/tree/MEGA.html) and blast hits 

showing more than 99% homology. 

RESULTS 

Caffeine degrading bacteria isolated form 

thermal hot spring and soil of tea garden:  

Caffeine degrading bacterial isolates 

RTPM4, RT6 and RT4 were Gram- negative, 

whereas MS1-3 was Gram-positive. All the 

four bacterial isolates were rod shaped when 

observed under the microscope and creamish 

in color. Optimum concentration of caffeine 

for the growth of MS1-3 and RTPM4 was 

0.3% (w/v), whereas RT6 and RT4 had 

optimum concentration of caffeine at 0.4 % 

and 0.5 % (w/v) respectively. RT6 and RT4 

could tolerate 0.7 % (w/v) of caffeine, 

whereas MS1-3 and RTPM4 could tolerate 

only 0.6 % and 0.5 % caffeine respectively 

(Fig. 1A). During the exponential phase of 

growth, there was a concomitant utilization 

of caffeine by RTPM4, MS1-3, RT6 and RT4 

isolate and 90-95% caffeine was utilized by 

102 h of incubation (Fig. 1C). Interestingly, 

MS1-3 also showed growth on theophylline, 

theobromine and xanthine, but comparatively 

reduced growth as compared to caffeine (Fig. 

1C). 

Bacterial isolated MS1-3 is thermophile 

and degrade caffeine optimally at 55°C: 

Bacterial isolate RT6, RT4 and RTPM4 

showed optimum growth at 30oC, but growth 

of MS1-3 was not affected even up to 50 oC 

(Fig 2A). Optimum caffeine degradation 

activity was observed at 55°C for MS1-3 

(1875 U/mg), 50oC for (859.37 U/mg), and 

45oC for RT6 and RTPM4 (835.9 and 484.3 

U/mg respectively) as shown in Fig. 2B. 

Caffeine degradation was indirectly 

measured by the reduction of NBT to form 

blue formazan (NBT2+). Caffeine degrading 

activity of MS1-3 isolate was reduced to 50% 

at 60oC. All the bacterial isolates showed 

optimum growth and caffeine degradation at 

pH 7, except  bacterial isolate MS1-3, which 

http://www.ncbi.nlm.nih.gov/genbank/).
https://blast.ncbi.nlm.nih.gov/Blast.cgi)
http://en.bio-
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showed optimum growth and caffeine 

degradation at pH 6 (Fig. 2C-D). RTPM4, 

RT6 and RT4 could not tolerate acidic pH ≤ 

5 and alkaline pH ≥ 8, whereas bacteria 

isolate MS1-3 could not tolerate acidic pH ≤ 

3 and alkaline pH ≥ 8. Further, growth of 

microbial cultures and caffeine degradation 

assays were performed at optimum 

temperature and pH. This data suggest the 

role of oxidase enzyme in caffeine 

degradation.  

Caffeine degradation enzyme activity is 

inducible by carbon and nitrogen sources: 

In general, all the four bacterial isolates were 

capable of utilizing wide range of carbon 

sources (glucose, lactose, sucrose, starch, 

maltose, trehalose, caffeine, and sorbitol), 

except galactose. Specifically, bacterial 

isolate RT4 and RTPM4 showed trace 

growth in medium supplemented with 

sorbitol. Optimum growth was observed in 

medium supplemented with glucose (RT6, 

RT4, RTPM4), followed by caffeine (MS1-

3), and trehalose (RT6, RTPM4 and MS1-3) 

as shown in Fig. 2A. Comparable growth was 

observed in medium supplemented with 

lactose, sucrose, starch, and maltose. All the 

four bacterial isolates grown in presence of 

caffeine, bacterial isolate MS1-3 grown in 

presence of caffeine, lactose and sucrose, and 

bacterial isolate RT4 grown in presence of 

sucrose showed comparable caffeine 

degradation activity. Caffeine degradation 

activity was inhibited, when bacterial isolates 

were grown in presence of trehalose, 

maltose, and lactose (except RT6). Though 

bacterial isolates RT4, RT6, RTPM4 and 

MS1-3 showed growth in presence of starch, 

but caffeine degradation activity was 

completely inhibited (Fig. 2B). Similarly, 

cultures grown in presence of lactose (RT4 

and RTPM4) and trehalose (MS1-3) did not 

show caffeine degradation enzyme activity. 

In conclusion, glucose and lactose for RT6 

and sucrose for RT6 and RT4 showed 

induction of caffeine degradation very much 

similar to that of caffeine. 

Comparatively, supplementation of yeast 

extract, peptone, and urea inhibited the 

growth of all the bacterial isolates, whereas 

ammonium chloride specifically inhibited the 

growth of MS1-3 and RT4 (Fig. 2C). 

Caffeine degradation enzyme activity was 

induced in presence of casein acid 

hydrolysate (CAH) for RT4, ammonium 

chloride for RTPM4, and urea and caffeine 

for RT6, RT4, and RTPM4 isolates (Fig. 

2D).  

Bacterial isolate MS1-3 metabolizes 

caffeine and produce xanthine: Caffeine 

degradation assay measured using NBT 

suggested a role of oxidase in caffeine 
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degradation. Since bacterial isoalte MS1-3 

retained caffeine degradation activity at 

55oC, we analyzed the caffeine degradation 

through HPLC analysis. At 24 h of 

incubation, spent medium showed the 

presence of caffeine, theophylline, 

theobromine, and xanthine with retention 

time of 6.015, 4.528, 3.490, and 2.577 min 

respectively (Fig. 3C). A caffeine peak at 

6.015 min was also detected at 0 h of 

incubation of MS1-3 isolate in M9 medium 

supplemented with caffeine (Fig. 3B). Very 

surprisingly, at 102 h of incubation of MS1-3 

in caffeine containing medium, caffeine, 

theophylline, and theobromine were 

undetectable and  xanthine peak was 

observed in contrast to 0 h (Fig. 3B). Since, 

NBT assay suggested the role of oxidase 

enzyme and HPLC analysis showed the 

xanthine as one of the intermediate in 

caffeine degradation, we propose that 

caffeine undergo demethylation and produce 

xanthine, which is further processed by 

oxidation to produce uric acid (Fig. 6).  

Caffeine degrading Pseudomonas spp. and 

Bacillus licheniformis were identified from 

thermal hotspring and soil of tea garden: 

To identify the bacterial isolates, 16S rDNA 

gene was PCR amplified using total genomic 

DNA (Figure 5A) and PCR product of 

approximately 1.5 kb was detected in all the 

four bacterial isolates (Fig 5B). PCR-

amplified 16s rDNAs were sequenced on 

both the strands and submitted in the Gen 

bank database with accession number 

KM012010.1 (RT4), KJ907483.1 (RTPM4), 

KM012011.1(RT6) as different strains of 

Pseudomonas putida and KF885931.1 as 

Bacillus licheniformis (MS1-3). The blast 

hits showing more than 99% homology with 

Pseudomonas putida and 99% homology 

with B. Bacillus licheniformis were subjected 

to phylogenetic analysis All the three 

Psudomonas spp. were distantly related, 

whereas Bacillus licheniformis showed a 

unique divergence from known Bacillus 

licheniformis strains (Fig. 5C-D).  

DISCUSSION 

Four caffeine degrading bacterial strains 

(MS1-3, RT4, RT6, and RTPM4) have been 

isolated from water and soil sample of 

Manikaran and Vashisht hot springs and soil 

of tea garden. All the four bacterial isolate 

could degrade caffeine (3-5 g/L) as a sole 

source of carbon and nitrogen. MS1-3 isolate 

could also grow specifically on theophilline, 

theobromine, and xanthine as a sole carbon 

and nitrogen source, albeit reduced growth in 

comparison to caffeine. More than 90% 

caffeine degradation was observed at 90 h of 

incubation. Pseudomonas sp NCIM 5235, 

isolated from soil of coffee plantation area of 
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Ooty, was capable of utilizing 1.2 g/L 

caffeine as the sole source of carbon and 

nitrogen [14]. Pseudomonas alcaligenes CFR 

1708, isolated from soil sample of coffee 

Board, Mysore, India showed maximum 

degradation of caffeine (1 g/L), which 

occurred in less than 4 h. Pseudomonas 

alcaligenes CFR 1708 caffeine-degrading 

capability was exhibited up to a 

concentration of 5 g/L and higher 

concentration of caffeine proved to be 

inhibitory for its growth [15]. All the 16S 

rDNA sequences of all the bacteria have been 

submitted to the NCBI GenBank databases 

under the accession nos KJ907483.1(1447 

bp), KM012010.1 (1328 bp), KM012011.1 

(1326 bp), KF885931.1 (1319 bp), which 

identified bacterial isolates RT4, RT6 and 

RTPM4 as Pseudomonas putida, and MS1-3 

was identified as Bacillus licheniformis. As 

Pseudomonas is known to degrade toxic 

compounds, we could get Pseudomonas as a 

caffeine degrading bacteria from three 

different sites. We were successful in 

isolating rare caffeine degrading Bacillus 

licheniformis, as there are few reports of 

caffeine degradation by this genus.  

The temperature optima for growth of 

RT4, RT6, and RTPM4 were 30oC, but the 

growth of Bacillus licheniformis MS1-3 was 

not inhibited even at 50oC. Crude proteins 

from Bacillus licheniformis MS1-3 isolate 

showed optimum caffeine degrading activity 

at 55oC, which may be due to the reason that 

Bacillus licheniformis was isolated from hot 

springs, where temperature ranged from 90-

100oC. Similarly, P. putida isolated from the 

same location also showed caffeine 

degradation activity at temperature 45-50oC, 

but four times less caffeine degradation 

activity as compared to Bacillus 

licheniformis MS1-3 isolate. The optimum 

growth and caffeine degradation was 

observed at pH 7 for all the three P. putida, 

whereas pH 6 was optimum for optimum 

growth and caffeine degradation activity of 

Bacillus licheniformis. Optimum temperature 

for the growth of Pseudomonas putida CBB5 

was 29oC and was grown in media 

supplemented with soytone [16]. 

Pseudomonas sp isolated from roots of 

Coffea Arabica showed caffeine degradation 

at alkaline pH of 8-8.5 and attained optimum 

growth after 30 h of incubation [17]. 

Though, most of the carbon and 

nitrogen source did not stimulate growth or 

caffeine degradation, supplementation of 

urea as nitrogen source (caffeine as carbon 

source) in the growth medium marginally 

induced the caffeine degradation activity. 

Supplementation of growth medium with 

galactose completely inhibited the growth of 
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all the four isolates, whereas growth medium 

containing sorbitol drastically inhibited the 

growth of RT4 and RTPM4. Caesin acid 

hydrolysate (CAH) and ammonium chloride 

stimulated the growth of RTPM4 and MS1-3 

in presence of caffeine, whereas growth of 

RT6 was enhanced in medium containing 

CAH and caffeine. Supplementation of urea, 

peptone and yeast extract inhibited the 

growth of all the four isolates. Fructose was 

the most suitable carbon source for the 

growth and tryptone was most suitable 

nitrogen source for growth of P putida 

No.352 [18]. Caffeine degradation by 

Pseudomonas sp. GSC 1182 was increased 

when medium containing caffeine was 

supplemented with carbon source such as 

galactose fructose and lactose, and was 

decreased when grown in medium 

supplemented with urea and ammonium 

sulphate [19]. Carbohydrate sources like 

glucose and sucrose in the minimal media 

showed minimal effect on growth pattern of 

bacteria at low concentration of caffeine, 

except that the lag phase was much more 

prolonged in the sucrose containing media 

(65 h) as compared to glucose (24-48 h) at 

the same concentration of caffeine [20]. 

Ammonium sulphate also enhanced growth 

of Aspregillus tamarii on caffeine [21]. There 

was significant decrease in caffeine content 

of leaves of Camellia sinensis, when Bacillus 

licheniformis was sprayed on leaves and 

showed significant decrease in caffeine 

content by 24 h [22].  

 HPLC analysis of caffeine 

degradation products of Bacillus 

licheniformis MS1-3 at 24 h of incubation 

showed the presence of caffeine and its 

demethylated product as theobromine, 

theophylline and xanthine. Analysis of 

degradation products at 102 h of incubation 

showed the complete disappearance of 

caffeine, theophylline, and theobromine, but 

increase in appearance of xanthine. This data 

suggest the demethylation as first step of 

caffeine degradation in Bacillus licheniformis 

MS1-3. Degradation products of 

Pseudomonas putida isolated from waste 

water sample of Irvine Ranch water district 

(Irvine CA) included xanthine derivatives 

[23]. HPLC analysis of spent media re-

moved at different times from CBB5 

growing in soytone-supplemented M9-

caffeine medium showed retention times 

identical to those of theobromine, 7-

methylxanthine paraxanthine, xanthine, and 

uric acid [16]. 

Pseudomonas putida RT4 was closely 

related to Pseudomonas sp, a root endophyte 

isolated from native plant of republic of 

Korea (KM252967.1) and Pseudomonas 
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putida JQ581 capable of degrading nicotine 

and nicotinic acid (KT726936). 

Pseudomonas putida RTPM4 was located 

with the phylogenetic branch of hydrogen-

oxidizing bacteria, isolated from rhizosphere 

soil of Medicago sativa (EU807444.1). 

Pseudomonas putida RT6 share a 

phylogenetic clad with cholesterol- and 

deoxycholate-degrading bacteria isolated 

from soil samples [24]. Bacillus 

licheniformis MS1-3 isolate was unique and 

located in a phylogenetic branch of Bacillus 

sp (LT161882.1, isolated from water sample 

of Sambhar lake, India), Bacillus sonorensis 

strain CM2H3L, isolated from fish gut 

(KF623291.1), and Bacillus sp. B-1-29B, 

isolated form Alcyonium digitatum from the 

Baltic Sea [25]. The phylogenic analysis 

clearly suggests that the Bacillus 

licheniformis MS1-3 is a novel bacterial 

isolate capable of caffeine degradation. 

Based on NBT assay and detection of 

xanthine as one the intermediate, 

demethylation and oxdative pathway of 

caffeine degradation has been proposed in 

Bacillus licheniformis MS1-3 isolate (Fig. 6). 
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Figure 1. Growth of caffeine degrading bacterial isolates: A. Determination of optimum concentration of caffeine for the 
growth of MS1-3, RTPM4, RT6 and RT4. Bacterial isolates were grown in M9 liquid medium containing 0.1 - 1 % 

caffeine (w/v) for 42 h at 30ᵒC and absorbance was measured at 600 nm. B. Bacterial isolates MS1-3, RTPM4, RT6 and 
RT4 were grown in presence of 0.6 %, 0.3 %, 0.3 % and 0.5 % (w/v) caffeine respectively. Growth was measured at 

600 nm and caffeine degradation was measured at 273 nm, at 12 h interval, till 114 h of incubation at 30ᵒC. C. Bacterial 
isolates MS1-3, RTPM4, RT4 and RT6 were grown in M9 liquid containing 0.25 % (w/v) xanthine and xanthine 

derivatives as indicated for 42 h at 30ᵒC. 
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Figure 2. Effect of temperature and pH on growth and caffeine degrading enzyme activity: A. Bacterial isolates MS1-3, 
RTPM4, RT6 and RT4 were grown in M9 liquid medium containing 0.25 % (w/v) caffeine and were incubated at 25, 30, 
35, 40, 45 and 50ᵒC for 42 h and growth was determined at OD 600 nm. B. Caffeine degrading enzyme activity in cell free 
extracts of MS1-3, RTPM4, RT6 and RT4 was measured at different temperature (30-75ᵒC) using NBT assay. Bacterial 

isolates MS1-3, RTPM4, RT6 and RT4 were grown in M9 liquid medium containing 0.25 % (w/v) caffeine at pH 3, 4, 5, 6, 
7, 8, and 9 for 42 h at 30ᵒC. Growth was determined at 600 nm (C) and caffeine degrading enzyme activity was measured 

at different pH (3-9) using NBT assay (D). 
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Figure 3.  Effect of different carbon and nitrogen sources on the growth and caffeine degrading enzyme activity A. 
Bacterial isolate MS1-3, RTPM4, RT6 and RT4 were grown in M9 liquid medium containing 0.25 % (w/v) caffeine 

(nitrogen source) and different carbon sources such as glucose galactose, lactose, sucrose, starch, maltose, trehalose and 
growth was determined at OD 600 nm. B. Caffeine degrading enzyme activity was defined as nmoles/mg/min was detected 

with NBT assay. MS1-3, RTPM4, RT6 and RT4 were grown in M9 liquid medium containing 0.25 % (w/v) caffeine 
(carbon source) and different nitrogen sources such as CAH, ammonium chloride, urea, peptone or yeast extract and 

growth was determined at  600 nm (C). Caffeine degrading enzyme activity was defined as nmoles/mg/min was detected 
with NBT assay. 
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Figure 4. Caffeine degradation analysis of MS1-3 using RP-HPLC: HPLC chromatograms of M9 medium without 

caffeine supplementation (A), Medium containing 0.25% (w/v) caffeine (B), spent free medium of MS1-3grown in M9 
medium containing caffeine at 24 h of incubation (C), and spent free medium of MS1-3grown in M9 medium containing 

caffeine at 102 h of incubation (D). 
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Figure 5. Identification of caffeine degrading bacterial isolates by 16s rDNA amplification and phylogenetic analysis Total 
genomic DNA was isolated from MS1-3, RTPM4, RT6 and RT4  (A) and subjected to 16s rDNA amplification  
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Figure 5 B: Phylogenetic tree was constructed using 16s rDNA of Pseudomonas putida (RT4, RT6, RTPM4) and BLAST 
hits showing more than 99% homology 

 

 

 

 gi|10567516|gb|AF094745.1| Pseudomonas putida strain ATCC 11172 16S ribosomal RNA gene partial sequence
 gi|440658036|gb|KC178588.1| Pseudomonas putida strain Cl-14 16S ribosomal RNA gene partial sequence
 gi|214092511|gb|FJ416144.1| Pseudomonas sp. BSw10041N 16S ribosomal RNA partial sequence
 gi|33638236|gb|AY344806.1| Pseudomonas sp. WSCIII 16S ribosomal RNA gene partial sequence

 gi|298155582|gb|HM045838.1| Pseudomonas sp. WJ14 16S ribosomal RNA gene partial sequence
 gi|930058104|gb|KT325856.1| Pseudomonas sp. TGPNP13 16S ribosomal RNA gene partial sequence
 gi|121755470|gb|DQ912807.1| Pseudomonas putida strain ZX-PKU-004 16S ribosomal RNA gene partial sequence

 gi|725096691|gb|KM252967.1| Pseudomonas sp. CR 4-06 16S ribosomal RNA gene partial sequence
 gi|940676088|gb|KT726936.1| Pseudomonas putida strain JQ581 16S ribosomal RNA gene partial sequence

 gi|687880358|gb|KM012010.1| Pseudomonas putida strain RT4 16S ribosomal RNA gene partial sequence
 gi|219553216|gb|FJ588702.1| Pseudomonas fluorescens strain HDY-8 16S ribosomal RNA gene partial sequence
 gi|383465331|gb|JN695040.1| Pseudomonas putida strain U 16S ribosomal RNA gene partial sequence
 gi|631252453|ref|NR_113651.1| Pseudomonas putida strain NBRC 14164 16S ribosomal RNA gene partial sequence

 gi|1001905991|gb|KU570339.1| Pseudomonas alkylphenolia strain G-R-1-1 16S ribosomal RNA gene partial sequence
 gi|145688405|gb|EF526503.1| Pseudomonas putida 16S ribosomal RNA gene partial sequence

 gi|908860988|gb|KP671491.1| Pseudomonas sp. GA07 16S ribosomal RNA gene partial sequence
 gi|219553217|gb|FJ588703.1| Pseudomonas fluorescens strain HDY-9 16S ribosomal RNA gene partial sequence
 gi|380083800|gb|JQ446441.1| Pseudomonas putida strain Y6 16S ribosomal RNA gene partial sequence
 gi|209779297|gb|FJ262368.1| Pseudomonas putida strain WH3 16S ribosomal RNA gene partial sequence

 gi|848631005|gb|KP762566.1| Pseudomonas putida strain IHB B 13625 16S ribosomal RNA gene partial sequence
 gi|385047447|gb|JQ782896.1| Pseudomonas putida strain SAs-14 16S ribosomal RNA gene partial sequence

 gi|929985426|gb|KT767778.1| Pseudomonas putida strain H10 16S ribosomal RNA gene partial sequence
 gi|239735950|gb|FJ976654.1| Pseudomonas sp. SP2 16S ribosomal RNA gene partial sequence

 gi|325660503|gb|HQ242743.1| Pseudomonas putida isolate PSB30 16S ribosomal RNA gene partial sequence
 gi|1031488771|gb|KX083533.1| Pseudomonas putida strain FQ-45 16S ribosomal RNA gene partial sequence

 gi|687880362|gb|KM012011.1| Pseudomonas putida strain RT6 16S ribosomal RNA gene partial sequence
 gi|528081180|gb|KF312477.1| Pseudomonas sp. SJ45 16S ribosomal RNA gene partial sequence

 gi|163770022|gb|EU312075.1| Pseudomonas sp. Pds-4 16S ribosomal RNA gene partial sequence
 gi|10567510|gb|AF094739.1| Pseudomonas putida strain ATCC 17485 16S ribosomal RNA gene partial sequence

 gi|157143506|gb|EU118780.1| Pseudomonas putida strain AGL 14 16S ribosomal RNA gene partial sequence
 gi|559795492|gb|KF712894.1| Pseudomonas putida strain IARI-KP6 16S ribosomal RNA gene partial sequence

 gi|70931371|gb|DQ112332.1| Pseudomonas putida strain RS-4 16S ribosomal RNA gene partial sequence
 gi|1032528975|gb|KX279648.1| Pseudomonas putida strain FB15 16S ribosomal RNA gene partial sequence

 gi|312981564|gb|HM755541.1| Pseudomonas sp. C-S-NA6 16S ribosomal RNA gene partial sequence
 gi|312981587|gb|HM755564.1| Pseudomonas sp. C-S-PDA3 16S ribosomal RNA gene partial sequence
 gi|902947385|gb|KP771807.1| Pseudomonas putida strain C132 16S ribosomal RNA gene partial sequence
 gi|636558423|ref|NR_114479.1| Pseudomonas putida strain ATCC 12633 16S ribosomal RNA gene partial sequence

 gi|30519877|dbj|AB109776.1| Pseudomonas putida gene for 16S rRNA partial sequence strain: KF715
 gi|409194152|gb|JX675235.1| Pseudomonas sp. m4(2012) 16S ribosomal RNA gene partial sequence

 gi|1032528974|gb|KX279647.1| Pseudomonas putida strain FB13 16S ribosomal RNA gene partial sequence
 gi|585635422|gb|KF896122.1| Pseudomonas sp. SR11 16S ribosomal RNA gene partial sequence

 gi|672590171|gb|KJ907483.1| Pseudomonas putida strain PM4 16S ribosomal RNA gene partial sequence
 gi|193297433|gb|EU807744.1| Pseudomonas sp. WMQ-7 16S ribosomal RNA gene partial sequence
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Figure 5 C: BLAST search showing more than 99% homology with 16s rDNA of Bacillus licheniformis MS1-3 were 
subjected to phylogenetci analysis using MEGA 7. 

 
 

 gi|126567892|gb|EF423608.1| Bacillus licheniformis strain BCRC 12826 16S ribosomal RNA gene partial sequence
 gi|3925814|dbj|AB020201.1| Bacillus sp. DNA for 16S ribosomal RNA strain TGS1050

 gi|966038567|gb|KT583359.1| Bacillus sp. B-1-29A 16S ribosomal RNA gene partial sequence
 gi|399630966|gb|JX237845.1| Bacillus licheniformis strain BaDB09 16S ribosomal RNA gene partial sequence
 gi|399630818|gb|JX237839.1| Bacillus licheniformis strain BaDB03 16S ribosomal RNA gene partial sequence

 gi|399630866|gb|JX237841.1| Bacillus licheniformis strain BaDB05 16S ribosomal RNA gene partial sequence
 gi|1026248192|gb|KX028865.1| Bacillus licheniformis 16S ribosomal RNA gene partial sequence

 gi|829040197|gb|KP418813.1| Bacillus licheniformis strain Y-1 16S ribosomal RNA gene partial sequence
 gi|985741576|gb|KU663669.1| Bacillus licheniformis strain AA6-5 16S ribosomal RNA gene partial sequence
 gi|312031|emb|X68416.1| B.licheniformis gene for 16S rRNA
 gi|281192852|gb|GU191917.1| Bacillus licheniformis strain SB 3131 16S ribosomal RNA gene partial sequence

 gi|224021826|gb|FJ641023.1| Bacillus licheniformis strain IMAUB1009 16S ribosomal RNA gene partial sequence
 gi|459926511|gb|KC519424.1| Bacillus licheniformis strain TG20 16S ribosomal RNA gene partial sequence
 gi|126013181|gb|EF405624.1| Bacillus sp. CCBAU 10724 16S ribosomal RNA gene partial sequence

 gi|943492834|gb|KR909301.1| Bacillus licheniformis strain N9 16S ribosomal RNA gene partial sequence
 gi|460185536|gb|KC514131.1| Bacillus licheniformis strain OAct428 16S ribosomal RNA gene partial sequence
 gi|53987054|gb|AY750906.1| Bacillus licheniformis strain EHD 16S ribosomal RNA gene partial sequence

 gi|406829971|gb|JX442929.1| Bacillus sonorensis strain RMS02 16S ribosomal RNA gene partial sequence
 gi|166359634|gb|EU384246.1| Bacillus sp. By138(B) Ydz-ss 16S ribosomal RNA gene partial sequence
 gi|224548855|dbj|AB489107.1| Bacillus licheniformis gene for 16S rRNA partial sequence

 gi|459926504|gb|KC519417.1| Bacillus licheniformis strain APT47 16S ribosomal RNA gene partial sequence
 gi|665506738|gb|KJ855782.1| Bacillus licheniformis strain PB13 16S ribosomal RNA gene partial sequence

 gi|399630941|gb|JX237844.1| Bacillus licheniformis strain BaDB08 16S ribosomal RNA gene partial sequence
 gi|399630917|gb|JX237843.1| Bacillus licheniformis strain BaDB07 16S ribosomal RNA gene partial sequence

 gi|27448212|gb|AF372616.1| Bacillus licheniformis strain Mo1 16S ribosomal RNA gene partial sequence
 gi|723266063|gb|KM378594.1| Bacillus licheniformis strain BCL-8 16S ribosomal RNA gene partial sequence

 gi|354994110|gb|JN792201.1| Bacillus sp. KKCVCW 16S ribosomal RNA gene partial sequence
 gi|766546110|gb|KP120938.1| Bacillus sonorensis strain T5 16S ribosomal RNA gene partial sequence

 gi|966038568|gb|KT583360.1| Bacillus sp. B-1-29B 16S ribosomal RNA gene partial sequence
 gi|554595729|gb|KF623291.1| Bacillus sonorensis strain CM2H3L 16S ribosomal RNA gene partial sequence
 gi|1008904160|emb|LT161882.1| Bacillus sp. SMB5 partial 16S rRNA gene strain SMB5 isolate SL51-R
 gi|570710075|gb|KF885931.1| Bacillus licheniformis strain SU:MS1-3 16S ribosomal RNA gene partial sequence

 gi|1026604963|gb|KX036560.1| Bacillus licheniformis strain SIB_Zn_R4 16S ribosomal RNA gene partial sequence
 gi|758939824|gb|KP739986.1| Bacillus licheniformis strain ACT-52B 16S ribosomal RNA gene partial sequence
 gi|77176812|gb|DQ212968.1| Bacillus licheniformis strain CICC10106 16S ribosomal RNA gene partial sequence
 gi|987651386|gb|KT597927.1| Bacillus sp. K3 16S ribosomal RNA gene partial sequence
 gi|320386884|gb|HQ634209.1| Bacillus licheniformis strain YC3-A 16S ribosomal RNA gene partial sequence

 gi|943286649|gb|KT868524.1| Bacillus sonorensis strain RP2 16S ribosomal RNA gene partial sequence
 gi|636559963|ref|NR_116023.1| Bacillus licheniformis strain BCRC 11702 16S ribosomal RNA gene partial sequence
 gi|224021830|gb|FJ641027.1| Bacillus licheniformis strain IMAUB1014 16S ribosomal RNA gene partial sequence

 gi|827085703|gb|KR902570.1| Bacillus sp. 10(2015) 16S ribosomal RNA gene partial sequence
 gi|168218587|emb|AM910588.1| Bacillus licheniformis partial 16S rRNA gene genomovar III strain 68.5

 gi|963775704|gb|KT922011.1| Bacillus licheniformis strain I-A-E-34 16S ribosomal RNA gene partial sequence
 gi|676873554|gb|KJ933861.1| Bacillus licheniformis strain PS-6 16S ribosomal RNA gene partial sequence
 gi|987651967|gb|KT597928.1| Bacillus sp. K14 16S ribosomal RNA gene partial sequence

 gi|355398965|gb|JN791357.1| Bacillus licheniformis strain ML36 16S ribosomal RNA gene partial sequence
 gi|685167185|gb|KJ777136.1| Bacillus sp. KP3(2014) 16S ribosomal RNA gene partial sequence

 gi|281192841|gb|GU191906.1| Bacillus licheniformis strain SB 3181 16S ribosomal RNA gene partial sequence
 gi|399630841|gb|JX237840.1| Bacillus licheniformis strain BaDB04 16S ribosomal RNA gene partial sequence
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Figure 6: Proposed pathway of caffeine demethylation followed by xanthine oxidation in Bacillus licheniformis MS1-3. 
Caffeine undergoes demethylation and result in the production of theobromine, theophylline, or paraxanthine. Further 

demethylation leads to the generation of xanthine, which gets oxidized to produce uric acid. 
CONCLUSION 

In summary, we isolated highly diverged P. 

putida capable of caffeine degradation from 

different locations (hot water spring 

Manikaran and Vashist and tea garden soil, 

Palampur) situated in snowy mountains of 

North West Himalayas. Bacillus 

licheniformis MS1-3 is theromphilic bacteria 

capable of degrading caffeine via 

demethylation and xanthine oxidation at 

elevated temperature. 
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