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ABSTRACT 

 

The taxonomic classification and unique characteristics of an air-borne 

actinomycete exhibiting a dark orange pigmentation were determined by 

polyphasic analysis. The colony appeared as a contaminant in an agar plate 

culture of the marine luminous bacterium: Vibrio fischeri USTCMS 1026. 

Subsequent investigation identified the actinomycete contaminant as MP 1066 

for Mycobacterium phlei USTCMS 1066 but was later found to have 

morphological, physiological, biochemical and genotypic characteristics 

compatible with member species of the genus Gordonia. BLAST comparison 

of MP 1066 yielded 100% 16S rDNA sequence alignment with Gordonia 

terrae so the strain was renamed as Gordonia terrae USTCMS 1066. Its 

antimicrobial susceptibility profile is similar to that of the pathogenic 

mycobacteria yielding small MICs and large inhibition zones against the 

antibiotics: ampicillin (AMP), azithromycin (AZT), amoxicillin-clavulanic 

acid (AUC), ciprofloxacin (CIP), ethambutol (ETHAM), isoniazid (INH), 

rifampicin (RIF), tetracycline (TET), sulfamethoxazole – trimethoprim (SXT), 

and streptomycin (STREP). In addition, the crude ethanolic extracts of 

Acanthella carteri, Alstonia scholaris Lunasia amara Blanco, Momordica 

charantia, Wrightia antidysenterica, Zingiber officinale and the pure synthetic 

imidazole: 1,3-bis(4-methylphenyl) imidazolium chloride likewise inhibited 

strongly the growth of Gordonia terrae USTCMS 1066. Substances that 

strongly inhibited Gordonia terrae USTCMS 1066 were also observed to be 

strongly inhibitory to Mycobacterium tuberculosis indicative of its suitability 

as an initial assay organism for the screening of anti-TB natural products and 

synthetic compounds most specially for laboratories that are not equipped with 

Biosafety Level III facilities.  
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INTRODUCTION 

In the taxonomy of the prokaryotes, the suborder Corynebacterineae in 

the order Actinomycetales contains the genera: Corynebacterium, Dietzia, 

Gordonia, Mycobacterium, Nocardia, Skermania, Rhodococcus, 

Tsukamurella, Turicella and Williamsia (Goodfellow et al., 1999). In 1971, 

the creation of the genus Gordona as proposed by Tsukamura for usage in 

microbial taxonomy (Tsukamura, 1971), fell into neglect but in 1988 it was re-

established by Stackebrandt and his co-workers (Stackebrandt et al., 1988). 

Recently, the genus name Gordona was changed to Gordonia which as of 

present is composed of several recognized species some of which are 

Gordonia aichiensis, G. bronchialis, G. otitidis, G. terrae, G. bronchialis, G. 

rubropertincta and G. sputi (Tsukamura, 1978). The unrooted phylogenetic 

tree showed a high level of phylogenetic similarities between the Gordoniae 

and the Mycobacteria which can cause confusion among their member species 

when they are classified and identified in laboratories. Phenotypically, the 

species of Gordonia exhibit a high degree of similarity with the fast-growing 

and non-fastidious Mycobacteria. The genera: Gordonia and Mycobacterium 

are both mycolic acid producing Actinomycetes rendering them selectively 

acid-fast. However, Gordonia may be distinguished from the Mycobacteria in 

producing significantly shorter cell wall mycolic acids of 48-66 carbons long 

with 4 double bonds as compared to the 60 to 90 longer carbon chains for the 

Mycobacteria (Stackebrandt et al., 1988).  

Moreover, the member species of Gordonia are one of the most widely 

distributed bacteria in nature based on their highly varied natural habitats. 

They have been isolated from dust, soil, farm, seawater, sludge, swamp, 

poultry, and foodstuffs as well as from the catheters, saliva and phlegm of 

patients with respiratory diseases.  At present, there is an increasing interest in 

the species of Gordonia due to their potential medical concerns as well as 

pharmaceutical and biotechnological applications. From the medical stand 

point, some species are notably known for being extremely rare pathogens of 

immunocompromised patients (Kageyama et al., 2006; Grisold et al., 2007). 

Two species of Gordonia were recently implicated in five cases of 

bacteraemia in patients with underlying chronic diseases (Brust et al., 2009). 

Many species were also found to be good sources of novel enzymes of 

industrial importance (Kim et al., 1999). Others can be harnessed for their 

biodegradation of numerous xenobiotics and environmental pollutants, such as 

the methyl and ethylpyridines (Lee et al., 2001) and the nitriles (Brandao et al., 

2001). Some species were also found to be producers of foaming agents or 

biosurfactants for utilization in the activated sludge plants (Stainsby et al., 

2001). Lastly, several species were also used for soil bioremediation and 
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wastewater treatment processes (Franzetti et al., 2009) and they were also 

found to be excellent sources of numerous food-grade carotenoid pigments 

(Veiga-Crespo, 2005). Because of these notable industrial and commercial 

applications, increasing numbers of Gordonia species have been searched, 

isolated and studied by biotechnologists from various unique environmental 

sources. 

Based on a polyphasic taxonomic approach, this study determined the 

identity of an orange microbial contaminant based on its morphological, 

cultural, physiological, genotypic and biochemical characteristics as well as its 

antimicrobial susceptibility profile. This rapidly growing actinomycete was 

tentatively identified as MP 1066 for Mycobacterium phlei USTCMS 1066. 

Mycobacterium phlei is a commonly encountered air-borne contaminant in the 

laboratory which is described as a fast-growing, orange pigmented, acid-fast 

and mesophilic rods. In addition, the determination of its antimicrobial 

susceptibility profile can provide fresh direction for research on its possible 

use as an initial assay organism for the screening of anti-TB pure chemical 

compounds and natural products. Nevertheless, it was evident from the 

resulting genotypic characterization that the orange actinomycete should be 

recognized taxonomically as Gordonia terrae USTCMS 1066 

 

MATERIALS AND METHODS 

 

Isolation of MP 1066. The strain was an airborne contaminant that 

appeared after 3 days in a plate culture of the marine luminous bacterium: 

Vibrio fischeri USTCMS 1026. The agar medium is composed of tryptone, 

yeast extract, glycerol and agar with a high 3% (w/v) sodium chloride 

concentration. This bacterial isolate which was noted for its unusual deep 

orange pigmented colony, was assigned the code MP 1066 for Mycobacterium 

phlei USTCMS 1066 and was subsequently deposited in the University of 

Santo Tomas Collection of Microbial Strains (USTCMS). 

Maintenance and cultivation of organisms. Working cultures of strain 

MP 1066 were prepared as broth and slant cultures in luria-bertani agar and in 

tryptic soy broth/agar supplemented with 0.5% yeast extract. The strain was 

preserved in an ultra-low freezer (- 82 o C) as suspensions in ampoules of 50% 

(w/v) glycerol.  

Prototrophic growth in methanol and ethanol. The ability of strain MP 

1066 to grow in minimal medium was tested using a chemically defined 

medium composed of sodium nitrate 2.0 g, potassium chloride 0.5 g, 

magnesium chloride dihydrate 0.5 g, ferrous sulphate heptahydrate 0.01 g, 

calcium chloride dihydrate 0.01 g, and trace metals. Separate carbon sources 

came solely from 95% ethanol (AR) added at 10.0 ml and methanol (AR) at 

10.0 ml volumes.  All the components were mixed and dissolved in 1000 ml 

distilled water, pH adjusted to 7.0 ± 0.3 and dispensed as 200 ml volumes in 

500 ml Erlenmeyer flasks which provided a large surface area for maximum 
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non-agitated aeration. The medium was sterilized by autoclaving at 121 o C for 

15 to 20 minutes. Strain MP 1066 was inoculated in the minimal medium and 

incubated at 30 
o 
C without shaking. 

Phenotypic characterizations of MP 1066. The morphology of isolate 

MP 1066 was elucidated microscopically by Gram-staining and acid-fast 

staining methods.  Cultural characteristics were determined based on the color 

and patterns of colonial appearances in various culture media. Its physiological 

characteristics like growth temperatures as well as tolerance to increasing 

concentration of sodium chloride was also investigated in tryptone yeast 

extract based culture medium as previously described. Biochemical 

characterizations were based on the utilization of various sugars, production of 

specific enzymes, metabolic assimilation and degradation of different organic 

compounds. 

Determination of the antimicrobial susceptibility profile. The 

antimicrobial susceptibility profile was done using the paper-disc agar-

diffusion method and the MIC was determined using a two-fold broth 

macrodilution method in Mueller-Hinton culture medium (Quinto and Santos, 

2005). A 0.5 McFarland turbidimetric standard adjusted cell suspension was 

prepared by vortexing a loopful of a 24-hour old slant culture of MP 1066 in 

sterile physiological saline with 0.1% Tween 80. The standardized suspension 

was swabbed on Mueller-Hinton agar plates for the paper-disc agar diffusion 

assay.  Paper-discs of 6 mm diameter were prepared from Whatman # 2 filter 

papers and sterilized inside glass petri dishes in an oven at 120 o C for 3 hours.  

After sterilization, the paper-discs were dipped in the prepared aqueous or 

ethanolic solutions of the antibacterial agents and natural product extracts and 

were placed on the test organism swabbed agar plates. The swabbed agar 

plates with the paper discs were incubated inverted at 30 o C. The standard 

antibiotics tested and their amount in one paper-disc of 6 mm diameter were 

ampicillin (20 µg), azithromycin dihydrate (20 µg), clavulanate potassium (5 

µg) – amoxicillin trihydrate (10 µg), ciprofloxacin HCl (20 µg), ethambutol 

HCl (16 µg), isoniazid (16 µg), rifampicin (18 µg), tetracycline HCl (20 µg), 

sulfamethoxazole (16 µg) - trimethoprim (3.2 µg) and streptomycin sulfate (20 

µg). Paper discs were likewise immersed in the crude ethanolic extracts (30% 

w/v) in physiological saline containing 0.1% Tween 80.  The crude ethanolic 

extracts were prepared from the tissue of the marine sponge: Acanthella 

carteri and from the dried leaves of Alstonia scholaris, Brassica integrifolia, 

Lagerstromia speciosa, Lunasia amara Blanco, Momordica charantia, Parkia 

timoriana, Villaria odorata, Wrightia antidysenterica and dried rhizomes of 

Zingiber officinale. In addition, an ethanol solution of a 500 µg/mL of 1,3-

bis(4-methylphenyl) imidazolium chloride was prepared from a synthesized 

pure compound. The paper-disc antimicrobial assay of the antibiotics, pure 

compound and the ethanolic extracts were done in triplicate for each 

concentration and dilution level.  Susceptibility or resistance of 

Mycobacterium tuberculosis H37Rv to the natural product extracts used were 

based on previous anti-TB assay studies conducted by the 

Phytochemistry/Natural Products Division of UST Research Center for the 



   

31 

Philippine Journal of Systematic Biology Vol. VIII  (June 2014) 

Natural and Applied Sciences (RCNAS). The extracts were sent to the 

Department of Pharmaceutical Science, University of Chicago for the assay 

against Mycobacterium tuberculosis H37Rv. in addition, information regarding 

the anti-TB properties of the extracts and chemicals were also compared with 

results from recently published peer reviewed scientific papers.  

16S rDNA sequencing. Genotypic characterization of strain MP 1066 

using 16S rRNA gene sequencing was done by Macrogen (World Meridian 

Venture Center, Seoul; South Korea). The isolation of chromosomal DNA, 

PCR amplification and direct sequencing of purified PCR products made used 

of 4 universal eubacterial primers: 518F and 27F, 800R and 1492R. The 

resultant 16S rDNA sequence was aligned manually with the corresponding 

sequences of the type strains retrieved from the databases of GenBank. The 

resultant dataset contained information on an almost complete gene sequence 

of 1223 nucleotides for MP 1066.  

Synthesis of 1,3-bis(4-methylphenyl) imidazolium chloride. The 1,3-

bis(4-methylphenyl) imidazolium chloride was synthesized by stoichiometric 

addition of paraformaldehyde (1.51 g, 50 mmol, Merck), in 15 ml of dry 

toluene (Merck) to a solution of p-toluidine (10.72 g, 100 mmol, Fluka) in 15 

mL toluene. After the addition was completed, the mixture was heated to 100
 o 

C until the entire solid was dissolved. The mixture was cooled to 40 
o 

C and 

8.3 ml of aqueous 6N HCl was slowly added to the reaction mixture. The 

mixture was stirred for 5 minutes, 6 ml of 40% glyoxal (50 mmol, Fluka) was 

added. The resulting mixture was stirred for 5 minutes at room temperature 

and then heated to 100 
0 

C in an oil bath for 2 hours. A dark solid was formed 

while the reaction mixture was still hot. The reaction mixture was allowed to 

cool to room temperature. The resulting solid was triturated in 20 ml 

acetonitrile (Scharlau) and filtered off to give crude 1,3-bis(4-methylphenyl) 

imidazolium chloride. The crude product was repeatedly recrystallized with 

acetone-methanol mixture to yield 0.88 g (50% yield). 

Physico-chemical characterizations of the purity of the synthesized 1,3-

bis(4-methylphenyl) imidazolium chloride. The melting point of the synthetic 

imidazolium was determined using Fischer Johns melting point apparatus. Its 

IR spectra were recorded from KBr discs with a Shimadzu FT-IR 8500TM in 

the region 4000–400 cm–1. The IH and 13C spectra were recorded either on a 

Bruker Avance 300 MHz, the 1H at 300 MHz and 13C at 75 MHz with TMS as 

internal standard. Two dimensional NMR measurements were analyzed using 

Bruker Avance 600 cryo (600 MHz for 1H and 150 MHz for 13C. The ESI-MS 

was taken using ThermoQuest Finnigan TSQ 7000 instrument. 

 

RESULTS AND DISCUSSION 

The member species of Gordonia: Stackebrandt, Smida and Collins nom. 

rev. gen. nov., are described accordingly as Gram-positive, slightly acid-fast 

short rods or coccoids which exhibit a rod-coccus life cycle. However, mycelia 

are not formed by this group of darkly colored actinomycetes. They are also 
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non-motile and neither conidia nor endospores are produced. Being Gram-

positive renders them highly susceptible to the action of the peptidoglycan-

digesting enzyme: lysozyme. Growth of this group of bacteria occurs at 28 o C 

and 37°C but not at 45°C. They are also obligate aerobic chemoorganotrophs 

with an oxidative type metabolism for carbohydrates. A wide range of organic 

compounds can be utilized as sole sources of carbon for their energy needs and 

growth. They are also catalase positive but oxidase negative, they reduce 

nitrate to nitrite and they are also urease positive. Casein, cellulose, chitin, 

elastin and xylan are not degraded. For the arylsulphatase test, they are 

negative. Their cell wall peptidoglycan composition is based on meso-

diaminopimelic acid (variation Aly) indicative that the glycan moiety of 

peptidoglycan contains N-glycolylmuramic acid. Cell wall sugars are 

arabinose and galactose. Mycolic acids are present that are approximately 48 

to 66 carbons long for Gordonia while Mycobacteria have 60 to 90 carbons. It 

is only through the length of the carbon atom chain of mycolic acids that the 

two closely related genera can be differentiated taxonoimically (Stackebrandt 

et al., 1988).  Identification of isolates based mainly on phenotypic 

characterizations can lead to a mixed up of the member species of Gordonia 

and the rapidly growing and nonclinical species of Mycobacterium. In this 

study, a similar outcome was obtained when the phenotypic characterizations 

initially identified the orange pigmented isolate as Mycobacterium phlei but 

upon further genotypic characterization using 16S rRNA gene sequencing, the 

taxonomic identification revealed the organism as Gordonia terrae.   

Without access to the chemical analysis of cell wall mycolic acid, which 

is the chemical signature of the acid-fast bacteria and relying only on 

phenotypic characterizations from API and other related laboratory 

biochemical tests, the orange pigmented isolate was initially classified as a fast 

growing Mycobacterium sp. and identified as Mycobacterium phlei USTCMS 

1066. However, 16S rDNA sequencing reclassified and identified the isolate 

taxonomically as Gordonia terrae USTCMS 1066. Results of this study 

showed that the species of Gordoniae and Mycobacteria can be distinguished 

from each other not only through the expensive method of mycolic acid 

analysis but also through the cheaper 16S rRNA gene sequencing method. The 

16S rRNA gene analysis of MP 1066 was carried out using four eubacterial 

universal primers. Subsequently, a BLAST search of the almost complete 16S 

rRNA gene sequence (1223 bp) was performed using the data of the National 

Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov) and 

retrieved from GenBank. Results of 100% alignment based on the almost 

complete gene sequences of the ribosomal RNA gene were achieved with 

Gordonia terrae, with the accession numbers: AB355992.1 and AY 995559.1 

(Max Score = 2259, Total Score = 2259, Query Coverage = 100%, E value = 
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0.0, Max Identity = 100%). The genotypic characterization revealed that the 

isolate MP 1066 unambiguously belongs to the genus Gordonia with 

Gordonia terrae being the closest fit (100% similarity).  

Recent medical studies have shown increasing cases of infections caused 

by Gordonia terrae earning for it the title of an emerging pathogen. Many 

Gram-positive Actinomycetes, including the Gordoniae, are difficult to 

identify at both the genus and species level by conventional microbiological 

culturing technique and phenotypic characterizations. When Gordonia species 

are isolated and cultured, they may be dismissed as contaminating diptheroids 

or misidentified as the fast growing Mycobacteria, Rhodococcus or Nocardia. 

However, 16S rRNA gene sequencing as proven by this study also provides a 

definitive result for distinguishing the Gordonia species from the fast growing 

Mycobacteria. Resorting to 16S rRNA gene sequencing technique in the 

identification protocol for Gram-positive and acid-fast bacilli, 

Gordonia species were gradually being isolated and identified as invasive 

pathogens in many hospitals (Blaschke et al., 2012).  In a related study, 

bacteriological examination by Gram-staining of granulomatous exudates 

yielded a purulent content, but no bacteria were detected in the stained 

specimen. However upon culturing of the purulent sample in standard culture 

media in aerobic condition for 5 days at 37°C numerous small smooth, pinkish 

Gram-positive, acid-fast and pleomorphic rods were obtained. Biochemical 

characterization using the API CORYNE strip (bioMérieux, Marcy-l'Etoile, 

France) identified the bacterium as Rhodococcus sp. However, definitive 

identification of the isolate as Gordonia terrae was upheld and finalized by the 

results of 16S rRNA gene sequencing performed at the French Nocardiosis 

Observatory (Blanc et al., 2007). In a similar finding, conclusive identification 

of clinical isolates as Gordonia species that were previously identified as 

member species of Rhodococcus using biochemical testing was likewise 

achieved using partial 16S rRNA gene sequencing (Brust et al., 2009).  And so 

in this study, isolate MP 1066 was definitely identified and renamed Gordonia 

terrae USTCMS 1066 and deposited at the University of Santo Tomas 

Collection of Microbial Strains. It was the first for the local microbial culture 

collections and in Philippine microbiology that an indigenous species of 

Gordonia was isolated, studied and deposited.  

Fig. 1 shows the acid-fast morphology of Gordonia terrae USTCMS 1066 

with its numerous short rods to almost coccoid shapes without the formation of 

other cellular structures like endospores, conidia and hyphae. The cultural 

growth exhibiting deep red pigmentation in czapek dox-glucose agar is 

depicted in Fig 2. It manifests distinct yellow pigmentation when grown in 

nutrient agar (NA) and orange pigmentation in tryptic soy agar (TSA) as can 
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be seen in fig. 3. These different pigments from yellow to orange to red and at 

times pinkish are indicative of its ability 

derivatives of the carotenoid pigment. As demonstrated in fig. 4, the isolate is 

a highly aerobic bacterium as can be seen by its thick surface 

called pellicle on tryptic soy broth contained in test tubes. In a

rapidly growing, non-clinical and prototrophic bacterium, whose optimum 

growth temperature is at 30 
o
 C. No growth occurred below 5 

o C. It can also grow in 6% (w/v) NaCl which classifies it as a halophile. 

Colonies of Gordonia terrae USTCMS 1066 appeared 15 hours after 

inoculation at 30 o C in luria-bertani agar plates and in nutrient agar plates. 

This fast growth rate is also observed among rapidly growing and non

mycobacterial species like Mycobacterium phlei 

smegmatis. As regards its biochemical characteristics, this isolate is positive 

for the production of catalase, urease, esculin, arginine dihydrolase, and nitrate 

reduction but negative for gelatinase test, casein hydrolysis 

Catalase test of a loopful of the strain when done in 3 mL of 3% hydrogen 

peroxide contained in a regular sized test tube is described as highly active 

with the effervescence overflowing out of the tube in 2 minutes. It is also 

positive for glucose, mannitol, gluconate, maltose and citrate assimilation as 

sole carbon sources but negative for arabinose, mannose, n

caprate, adipate and phenylacetate. It grew with methanol or

carbon source indicative of its prototrophic met

be described as a methylotrophic and an ethylotrophic organism for growing in 

these simple alcohols with only one and two carbon atoms. It also fermented 

glucose, fructose, sucrose and maltose but negative for lactose, cell

inositol. 

Figure 1. Acid-fast short rods to coccoid cells (1000X)
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be seen in fig. 3. These different pigments from yellow to orange to red and at 

times pinkish are indicative of its ability to produce different chemical 

derivatives of the carotenoid pigment. As demonstrated in fig. 4, the isolate is 

a highly aerobic bacterium as can be seen by its thick surface mat-like growth 

n tryptic soy broth contained in test tubes. In addition, it is a 

clinical and prototrophic bacterium, whose optimum 

C. No growth occurred below 5 
o
 C and above 50 

C. It can also grow in 6% (w/v) NaCl which classifies it as a halophile. 

USTCMS 1066 appeared 15 hours after 

bertani agar plates and in nutrient agar plates. 

This fast growth rate is also observed among rapidly growing and non-clinical 

Mycobacterium phlei and Mycobacterium 

. As regards its biochemical characteristics, this isolate is positive 

for the production of catalase, urease, esculin, arginine dihydrolase, and nitrate 

reduction but negative for gelatinase test, casein hydrolysis test and PNPG. 

Catalase test of a loopful of the strain when done in 3 mL of 3% hydrogen 

peroxide contained in a regular sized test tube is described as highly active 

with the effervescence overflowing out of the tube in 2 minutes. It is also 

ol, gluconate, maltose and citrate assimilation as 

sole carbon sources but negative for arabinose, mannose, n-acetylglucosamine, 

etate. It grew with methanol or ethanol as a sole 

ts prototrophic metabolic stature. This isolate can 

be described as a methylotrophic and an ethylotrophic organism for growing in 

these simple alcohols with only one and two carbon atoms. It also fermented 

glucose, fructose, sucrose and maltose but negative for lactose, cellobiose and 

 
fast short rods to coccoid cells (1000X) 
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Figure 2. Dry red colonial growth in Czapek Dox

Figure 3. Orange growth in TSA (left) and yellowish in NA (right)

Table 1 gives the results of the broad antimicrobial susceptibility profile 

of Gordonia terrae USTCMS 1066 when tested ag

natural product extracts and a pure synthetic compound. 

susceptibility profile of Gordonia terrae

of the pathogenic mycobacteria exhibiting

standard anti-TB antibiotics: rifampicin and streptomycin yielding 33.5 mm 

(MIC = 6.0 µg/ml) and 40.0 mm (MIC = 1.4 µg/ml) inhibitio

respectively.  Gordonia terrae  USTCMS 
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Dry red colonial growth in Czapek Dox-Glucose Agar 

 

 

Orange growth in TSA (left) and yellowish in NA (right) 

 

 

Table 1 gives the results of the broad antimicrobial susceptibility profile 

USTCMS 1066 when tested against several antibiotics, 

extracts and a pure synthetic compound. The antimicrobial 

terrae USTCMS 1066 is very similar to that 

the pathogenic mycobacteria exhibiting strong susceptibility to the primary  

TB antibiotics: rifampicin and streptomycin yielding 33.5 mm 

(MIC = 6.0 µg/ml) and 40.0 mm (MIC = 1.4 µg/ml) inhibition zones 

USTCMS  1066  is  more   susceptible to 
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Figure 4. Thick orange pellicle growth on tryptic soy broth

 

streptomycin than to rifampicin as shown by its lower MIC to streptomycin. 

The strain is also highly susceptible to the sulfamethoxazole

drug combination yielding an inhibition zone of 47.5 mm and an MIC of 1.1 

µg/ml. The combined sulfamethoxazole

agent kills bacteria by inhibiting the synthesis of a very important anabolic 

metabolite: folic acid or folate. However, the highest inhibitory activity among 

all antibiotics tested was obtained w

spectrum antibiotic, yielding 62.5 mm inhibition zone and an MIC of 0.8 

µg/ml. Ciprofloxacin is a bactericidal fluoroquinolone antibiotic inhibiting a 

key enzyme involved in DNA replication which is an essential process in cell 

division. The antibiotic ciprofloxacin i

against many bacterial infections. Next to ciprofloxacin, the beta

inhibitor and antibiotic pair: amoxicillin

inhibition zone and an MIC of 0.9 µg/ml. It is probable that clavulanate, a

beta-lactamase inhibitor, still has no contribution to the observed significant 

antibacterial activity since the non-clinically isolated 

wild-type strain and have not been exposed yet to any of the beta

antibiotics. This is also supported by its large inhibition zone to another beta

lactam antibiotoic: ampicillin. Ampicillin gave an inhibition zone of 36.0 mm 

and an MIC of 4.6 µg/ml. The high susceptibility

beta-lactam antibiotics like amoxicillin and ampicillin is indicative of the 

inherent Gram-positive nature of the 

Mycobacteria and Nocardia species. Since the beta

bacteria by preventing cell wall formation due to 

peptidoglycan synthesis, Gram-positive bacteria are more susceptible than the 

Gram-negative bacteria due to their cell wall’s much bigger peptidoglycan 

content.  It is peptidoglycan which provides strength and maintains the overall 

integrity of the bacterial cell wall. Gordonia terrae 

observed to be highly susceptible to the broad
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Thick orange pellicle growth on tryptic soy broth 

as shown by its lower MIC to streptomycin. 

The strain is also highly susceptible to the sulfamethoxazole-trimethoprim 

drug combination yielding an inhibition zone of 47.5 mm and an MIC of 1.1 

µg/ml. The combined sulfamethoxazole-trimethoprim synthetic antibacterial 

agent kills bacteria by inhibiting the synthesis of a very important anabolic 

. However, the highest inhibitory activity among 

with ciprofloxacin, a synthetic broad-

ibiotic, yielding 62.5 mm inhibition zone and an MIC of 0.8 

µg/ml. Ciprofloxacin is a bactericidal fluoroquinolone antibiotic inhibiting a 

key enzyme involved in DNA replication which is an essential process in cell 

iprofloxacin is well-known for its high potency 

Next to ciprofloxacin, the beta-lactamase 

: amoxicillin-clavulanate gave a 60.0 mm 

inhibition zone and an MIC of 0.9 µg/ml. It is probable that clavulanate, a 

lactamase inhibitor, still has no contribution to the observed significant 

clinically isolated Gordonia terrae is a 

type strain and have not been exposed yet to any of the beta-lactam 

o supported by its large inhibition zone to another beta-

lactam antibiotoic: ampicillin. Ampicillin gave an inhibition zone of 36.0 mm 

susceptibility to the penicillin derivative or 

antibiotics like amoxicillin and ampicillin is indicative of the 

positive nature of the Actinomycetes like Gordonia, 

es. Since the beta-lactam antibiotics kill 

bacteria by preventing cell wall formation due to the inhibition of 

positive bacteria are more susceptible than the 

negative bacteria due to their cell wall’s much bigger peptidoglycan 

content.  It is peptidoglycan which provides strength and maintains the overall 

Gordonia terrae USTCMS 1066 was also 

observed to be highly susceptible to the broad-spectrum antibiotics: 
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tetracycline and azithromycin yielding 38.0 mm (MIC = 2.7µg/ml) and 28.5 

mm (MIC = 5.3 µg/ml) inhibition zones respectively. Tetracycline, a 

polyketide antibiotic and azithromycin, a macrolide antibiotic kill bacteria by 

inhibiting protein synthesis. 

Moreover, Gordonia terrae USTCMS 1066 is also moderately susceptible 

to the synthetic ant-TB compounds: ethambutol (ETHAM) and isoniazid 

(INH) as shown by the inhibition zones of 12.5 mm (MIC = 100 µg/ml) and 

17.0 mm (MIC = 32.0 µg/ml) respectively. Fig. 6 shows the antibacterial 

activity of the synthetic compounds: INH and ethambutol (upper photo) and 

the anti-TB antibiotic: streptomycin (lower photo) on Gordonia terrae 

USTCMS 1066. Both isoniazid and ethambutol kill Mycobacteria by 

inhibiting the synthesis of mycolic acid which is an important component of 

their cell wall. The MIC of isoniazid at 32.0 µg/ml for Gordonia terrae 

USTCMS 1066 was lower compared to the isoniazid susceptibility of 

Mycobacterium phlei, Mycobacterium smegmatis and Mycobacterium 

fortuitum with their MIC values ranging from 50 to 100 µg/ml (Orlean et al., 

1978). The Gordonia strain was more susceptible to isoniazid compared to the 

rapidly growing and non-fastidious mycobacteria. However, the MIC of 

isoniazid for the virulent Mycobacterium tuberculosis (Mtb) strains that were 

clinically isolated from Iranian patients ranged from 0.2 to 3.2 µg/ml 

(Moaddab et al., 2011). In a related study, Cyanamon et al., (1999) obtained 

similar MIC values for Mtb; they established the MIC of isoniazid resistance 

within the range of 0.2 to 5.0 µg/ml for the clinical strain isolated from TB 

patients in South Africa. In addition, they also showed that the MIC of INH 

was much lower for the standard TB strains than for the clinical isolates. The 

standard strains: Mycobacterium tuberculosis H37Rv (ATCC 25618) and 

Mycobacterium tuberculosis Erdman (ATCC 35801) yielded MIC for INH of 

0.03 and 0.015 µg/ml respectively. Nevertheless, in comparison with 

Gordonia terrae USTCMS 1066, the reported MIC values of INH for Mtb, 

both for the standard and clinical isolates, were much lower indicative of 

Gordonia’s higher natural resistance. However, when compared with the fast 

growing mycobacteria like Mycobacterium phlei, Mycobacterium smegmatis 

and Mycobacterium fortuitum, Gordonia terrae USTCMS 1066 showed more 

susceptibility to INH with its lower MIC. With increasing exposures of people 

to Actinomycetes, there is a need to determine the antimicrobial susceptibility 

profile of species from this bacterial group. Gordonia, Mycobacterium and 

Nocardia are known opportunistic pathogens which can cause serious diseases 

among the elderly, diabetics, cancer-patients and immune-deficient patients. 

This study established the antimicrobial susceptibility profile of a wild-type 

and nonclinical strain of Gordonia terrae and it has been found to be very 

susceptible to all antibiotics assayed like ciprofloxacin, sulfamethoxazole-

trimethoprim, rifampicin, streptomycin, azithromycin, tetracycline and the 

beta-lactam antibiotics: ampicillin and amoxicillin. Results of this study 

showed that all commercially available antibiotics can be used for the effective 

treatment and prevention of infections on vulnerable individuals caused by 

Gordonia species (Grisold et al., 2007).  
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Table 1. Antimicrobial susceptibility profile of Gordonia terrae USTCMS 1066 against some standard antibiotics, imidazolium 

chloride and crude ethanolic extracts.  

Antibiotics and Synthetic Compounds 

Mean 

Inhibition 

Zone (mm) 

MIC 
Plant Extracts 

Mean 

Inhibition 

Zone 

(mm) (µg/ml) 

ampicillin (20 µg) 36.0 4.6 Acanthella carteri 13.0 

azithromycin dihydrate (20 µg) 28.5 5.3 Alstonia scholaris 14.0 

clavulanate potassium (5 µg) - amoxicillin trihydrate (10 µg) 60.0 0.3 Brassica integrifolia - 

0.6 

ciprofloxacin HCl (20 µg) 62.5 0.8 Lagerstromia speciosa - 

ethambutol HCl (16 µg) 12.5 100.0 Lunasia amara Blanco 15.5 

isoniazid (16 µg) 17.0 32.0 Momordica charantia 12.0 

streptomycin sulfate (20 µg) 40.0 1.4 Parkia timoriana - 

rifampicin (18 µg) 33.5 6.0 Villaria odorata - 

tetracycline HCl (20 µg) 38.0 2.7 Wrightia antidysenterica 11.5 

sulfamethoxazole (16 µg) - trimethoprim (3.2 µg) 47.5 0.9 Zingiber officinale 12.5 

0.2 

1,3-bis(4-methylphenyl) imidazolium chloride (10 µg) 18.5 25     
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The search for new anti-TB secondary metabolites has recently gained 

urgency due to the emergence of multi-drug resistant strains of Mycobacterium 

tuberculosis. WHO has recently declared that TB is making a major comeback 

as an infectious disease which was almost successfully eradicated in the past 

through the use of isoniazid and the standard TB antibiotics: streptomycin and 

rifampicin. The anti-TB screening of synthetic chemical compounds and 

natural product extracts using Mycobacterium tuberculosis requires a biosafety 

level III laboratory according to the Center for Disease Control and Prevention 

(CDC), the U.S. National Institutes of Health (NIH) and the World Health 

Organization (WHO) because of its well established air-borne infectiousness, 

serious pathogenicity and high mortality. However, a Biosafety Level III 

laboratory is beyond the capabilities of most research institutions in the 

Philippines and other developing countries because of the cost and 

sophistication of the facilities required. In addition, the pathogenic 

Mycobacteria are fastidious as regards their nutritional requirements making 

them grow slowly with colonies appearing at more than 7 days in their 

expensive specialized culture media. These restrictions imposed by the use of 

a Biosafety Level III Laboratory and the demanding growth requirements of 

Mycobacterium tuberculosis for the bioassay of potential anti-TB chemical 

compounds and extracts can now be addressed by using Gordonia terrae as a 

suitable substitute for the initial screening process. Extracts and compounds 

that yielded significant inhibitory activity against wild-type and nonclinical 

strains of Gordonia terrae can then be assayed further against Mycobacterium 

tuberculosis H37Rv in sophisticated Biosafety Level III laboratories found in 

developed countries. This study has proven the efficacy of using a non-

pathogenic, non-fastidious and rapidly growing Gordonia terrae USTCMS 

1066 as the initial test organism for the screening of synthetic compounds and 

natural product extracts of plant and microbial origins for anti-TB activity. To 

further corroborate this assumption, table 1 showed that the extracts with 

known inhibitory activity against Mycobacterium tuberculosis H37Rv like 

Acanthella carteri, Alstonia scholaris, Lunasia amara, Momordica charantia, 

Wrightia antidysenterica, and Zingiber officinale also exhibited significant 

inhibitory activity against Gordonia terrae USTCMS 1066 (Copp, 2003; 

Frame et al., 1998; Molly et al., 2012; Aguinaldo et al., 2007). The ethanolic 

extracts of Acanthella carteri, Alstonia scholaris and Lunasia amara produced 

the biggest inhibition zones against Gordonia terrae USTCMS 1066. The 

extracts of Brassica integrifolia, Lagerstroemia speciosa, Parkia timoriana 

and Villaria odorata that yielded no inhibitions against Gordonia terrae 

USTCMS 1066 were also found to be negative for inhibitory activity against 

Mycobacterium tuberculosis H37Rv (Frame et al., 1998; Esfahani, 2014). 

Overall, these results verified the suitability of using Gordonia terrae as an 

initial test organism for the screening of anti-TB natural product extracts and 

synthetic compounds. Using this pigmented actinomycete as the initial 

screening test organism, should render the screening process for anti-TB 

activity simpler, rapid, inexpensive and accessible to a wider number of 

researchers from developing countries. 
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The synthetic compound: 1, 3-bis(4-methylphenyl) imidazolium chloride 

whose chemical structure is shown in Fig. 5 can be classified chemically as an 

imidazole, nitroheterocyclic and aromatic heterocylic compound. When the 

nitroheterocyclic ring becomes a cation or acquires a positive charge as shown 

in Fig. 5 it becomes known as imidazolium. The melting point determination 

of the synthetic imidazolium yielded 250-252 o C. IR data in cm-1: 1537 

(phenyl) and 1512 (C=N). The H-NMR (CD3OD) analysis showed δ (in ppm); 

10.02 (t, J=1.6 Hz, 1H, C2-H), 8.25 (C4,5-H), 7.75 (d, J=8.5 Hz, 4H, Ar), 7.47 

(d, J=8.2 Hz, 4H, Ar), and 2.45 (methyl, 6H) while the 13C-NMR (CD3OD) 

analysis have δ (in ppm) 134.9 (t, C2), 123.5 (C4,5), 133.9, 123.2, 131.9 and 

142.2  (phenyl), 21.1 (methyl). ESI-MS gave a molecular ion peak that 

registered at m/z 249 which corresponds to the imidazolium cation for 

C17H17N2. The mass of the salt cannot be determined.  

The imidazoles are highly bioactive compounds that find significant 

pharmaceutical application as drugs exhibiting antibacterial, antifungal, 

antimycobacterial, trypanocidal, anti-HIV and antileishmanial activities 

(Mital, 2009). In this study, 1,3-bis(4-methylphenyl) imidazolium chloride 

showed significant inhibitory activity against Gordonia terrae USTCMS 1066 

with an inhibition zone of 18.5 mm and an MIC of 25.0 µg/ml. This MIC 

value is similar to the MIC of the alkylimidazoles obtained against 

Staphylococcus aureus at 10 µg/ml, Pseudomonas aeruginosa at 39 µg/ml and 

Escherichia coli at 19 µg/ml (Mital, 2009). However, another derivative of the 

imidazoles, the nitroimidazoles exerted much better antibacterial activity as 

shown by the much lower MIC of 1µg/ml against Bacillus subtilis (Mital, 

2009). This could be attributed to the higher solubility of the nitroimidazoles 

in an aqueous medium compared to the alkylimidazoles and so are able to 

penetrate bacterial cells faster and interact destructively against the life 

sustaining cellular structures of the target organisms.  This significant 

antibacterial activity of imidazolium is also supported by previous studies that 

the imidazoles have been determined to be strongly inhibitory to the member 

species of Rhodococcus, Nocardia and Gordonia groups (Dabbs et al., 2003). 

The synthetic compound: 1,3-bis(4-methylphenyl) imidazolium chloride being 

hydrophobic, aromatic and positively charged should make it bind strongly to 

the hydrophobic and negatively charged mycolic acid rich cell wall of the 

species of Gordonia and Mycobacterium as well as for Nocardia. According to 

Edwards (1986), the antimicrobial activity of the imidazoles to cells is due to 

their metabolic conversion into reactive free radicals. Once inside the cells 

these free radicals will react with cellular biomolecules like nucleic acids and 

proteins destroying their structural integrity and consequently resulting in the 

death of the cells. Another possible mode of action for imidazolium based on 

its structure can be attributed to the cleavage of the bond attached to the 

positively charged nitrogen of the imidazole ring. The resulting reaction 

creates a stable cyclic amine. Concomitantly, a positively charged phenyl ring 

can be formed which will subsequently undergo a swift electrophilic attack 

from a hydroxyl group universally found in water-based medium. Binding of 

the hydroxyl group to the phenyl ring will form various phenolic compounds. 
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Phenolic compounds are potent classes of bactericidal agents because they can 

cause the rapid denaturation of cellular proteins.  

 

 
Figure 5. Structural formula of 1,3-bis(4-methylphenyl) imidazolium 

 

Recently, PA-824 a bicyclic nitroimidazole showed promise as a potent 

novel drug for the treatment of tuberculosis. It exhibited bactericidal activity 

during the first phase of therapy that was similar to the action of isoniazid in 

humans. When PA-824 is combined with isoniazid, the emergence of 

isoniazid-resistant strains was prevented. More importantly, PA-824 targeted 

and killed the tubercle bacilli that survived the initial intensive treatment with 

the standard anti-TB drugs: rifampicin, isoniazid, and pyrazinamide. These 

findings by Tyagi et al., (2005) strongly supported the use of PA-824 in 

combination with the contemporary anti-TB drugs for the treatment of drug-

susceptible and multi-drug resistant strains of tuberculosis among humans. 
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Figure 6. Zones of inhibition for the synthetic 

streptomycin (lower) 
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Zones of inhibition for the synthetic anti-TB agents (upper); and 
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