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Abstract 

The fatty acid composition of bacterial isolates remains stable under standardized 

culture conditions, which makes it a useful taxonomic marker. The present study aims to 

characterize the diversity and quantity of fatty acid methyl esters (FAME) profiles of 

cultivable bacterial isolates collected along the southwest coast of India. Based on the 

similarity indices (range: >0.3 - 0.7) of the FAME profiles, the isolates were aggregated into 

10 families, 11 genera and 19 species of cultured isolates. The following classes of bacteria 

were found:  Bacilli, Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, and 

Actinobacteria, which also included a few pathogens such as Pseudomonas, Staphylococcus 

and Bacillus sp. The hydroxyl FAMEs 2-hydroxydodecanoic acid (C12:0 2OH), 2-

hydroxypentadecanoic acid (C15:0 2OH),3-hydroxy 14-methylpentadecanoic acid (C16:0iso 

3OH), 3 hydroxy hexadecenoic acid (C16:0 3OH) and3-hydroxy 15-methylhexadecanoic acid 

(C17:0iso 3OH), as well as the unsaturated FAMEs (11Z)-11-hexadecenoic acid (C16:1 ɷ5c), 

were exclusively associated with the isolates from Mangalore samples. Similarly, FAMEs 2-

hydroxydecanoic acid (C10:0 2OH), 9-methyldecanoic acid (C11:0iso), undecanoic acid (C11:0), 

tridecanoic acid (C13:0), 10-methylhexadecanoic acid (C16:0 10-CH3) and (7Z)-7-hexadecenoic 

acid (C16:1 ɷ9c) occurred only in the isolates from Trivandrum samples. However, the 

isolates from Goa did not possess a signature FAME profile. The reproducibility of the GC-

MIDI bacterial identification system was evaluated using 16S rRNA gene sequencing 

techniques for selected isolates.  
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Introduction 

The uniqueness of the fatty acids present in a microbial species enables the compounds to be 

used as chemotaxonomic biomarkers [1]. Microbial acyl chains constitute the hydrophobic 

part of the cell membrane [2] and are enzymatically synthesized through the type II fatty acid 

biosynthesis pathway [3]. The plasma membrane of bacterial cells acts as a semipermeable 

barrier that facilitates the entry of nutrients and metabolites while preventing the undesirable 

molecules from passing into the cell [4]. Mutation or gain/loss of plasmids does not affect the 

cellular fatty acid pattern [5], which opens the possibility of creating a huge library of 

different microbes with which unknown bacteria can be compared and identified [6]. The 

Sherlock MIDI System employs this method for the identification and characterization of 

bacteria. The computerized system identifies fatty acids (9:0-20:0) and compares the 

individual percentages with libraries containing stored databases [1]. 

The Sherlock System presents the results based on a Similarity Index (SI), which is an 

expression of how close an unknown fatty acid profile is when compared with the mean fatty 

acid composition of the strains present in the library. By this comparison, the system enlists 

the closest match to the unknown strain [6]. The fatty acids are converted to fatty acid methyl 

esters (FAMEs) to overcome the difficulty in analysing highly polar lipids using gas 

chromatography [7] 

Fatty acids with carbon numbers ranging between 6 and 14 are described as medium-

chain fatty acids (MCFAs) [8]. In bacterial cells, no significant changes in the cellular fatty 

acid composition could usually be detected within a short period as it is highly conserved [5]. 

The fatty acid composition of a strain is stable under highly standardized culture conditions. 

Over 300 fatty acids have so far been identified in cultivable bacteria. The differences in the 

position of double bonds, chain length and the binding of functional groups among these fatty 

acids have allowed them to be utilized as taxonomic markers [9,6]. The use of FAME 

signatures to identify human [10-13], fish [14], plant [15] and other animal [16] pathogens 

has been widely reported. However, it should be noted that a single bacterial species may 

exhibit differences in the fatty acid composition depending on the environment to which it is 

exposed [17], since it is an adaptive mechanism that helps the bacteria to survive in the 

changing environment. Thus, it is important to maintain uniform growth conditions while 

attempting to taxonomically classify bacteria based on their membrane lipid composition. 

This study aims to decode the diversity and quantity of medium-chain fatty acids in bacteria 

isolated from different transects along the southwest coast of India. We also strive to 



ascertain the presence of any signature FAME profiles that are unique to the oxic and anoxic 

layers. 

 

Materials and methods 

Environmental sampling and parameters 

Sampling was carried out on the research vessel Sindhu Sankalp (cruise no. SSK113) in 

January 2018. Seawater samples were collected from three different locations along the 

southwest coast of India, from the stations: Goa (Lat. 15°22.99'N, Long. 72°46.81'E), 

Mangalore (Lat. 12°50.79'N, Long. 73°56.80' E) and Trivandrum (Lat. 08°34.00' N, Long. 

76°10.32' E) (Fig. 1). Niskin sampler bottles (12 L each) attached to a CTD sampler (Sea-

Bird Scientific, 2016: conductivity-temperature-depth sensor) were used for this purpose. The 

sampling zone extended from the water surface to a depth of 600 m, which included the 

chlorophyll maxima layer, in all the three stations. Environmental parameters viz., 

conductivity, depth, temperature, dissolved oxygen, turbidity, and fluorescence were 

measured using sensors mounted on the CTD devise (Sea-Bird Scientific, USA). 

Isolation and enumeration of bacteria 

One-hundred microlitres of each sample were pipetted and directly inoculated on nutrient 

agar plates (HiMedia, India). The spread plate method was adopted, and the inoculated plates 

were incubated at 28°C for a maximum of 48 hours. Colonies with unique morphologies were 

chosen for sub-culturing. Each strain was further reviewed on trypticase soy base agar 

(TSBA), a medium suggested for the cultivation of aerobes for FAME MIDI analysis, as per 

the manufacturer’s protocol (MIS Operating Manual, September 2012) 

Fatty acid extraction and FAME analysis 

A loopful of bacterial cells, weighing approximately 40 mg, was harvested from the 3rd 

quadrant (as these cells are in the rapid growth stage and are hence best suited for FAME 

extraction and quantification [18]) using a 4mm inoculation loop and transferred to the 

bottom of a clean glass tube with Teflon screw caps. The FAMEs were prepared and analysed 

from whole-cell fatty acids of bacterial strains according to the methods detailed in the MIS 

operating manual (Sherlock Microbial Identification System version 6.2, MIDI, Inc., Newark, 

DE, USA). Briefly, the fatty acids released by the process of saponification using NaOH were 

esterified with 6N HCl. The FAMEs were extracted using 1:1 (v/v) solution of methyl-tert-



butyl ether and hexane, which led to the separation into an upper organic phase and a lower 

aqueous phase. The latter was pipetted out and discarded. This step was followed by a base 

wash with NaOH, and the upper phase (two-thirds volume) was transferred into a GC vial (2 

ml) and sealed (with Teflon-lined cap). The gas chromatograph (7890A; Hewlett Packard, 

Rolling Meadows, IL) containing a fused silica column and a flame ionization detector was 

used to quantify FAMEs. Based on the equivalent chain lengths, individual FAMEs were 

recognized using Sherlock’s pattern recognition software (Sherlock Microbial Identification 

System version 6.2Microbial ID, Inc, Newark, DE, USA). Prior to each batch of analysis and 

after every 10 samples, calibration standards were analysed. The generalized approach for 

naming FAMEs based on their structural properties can be found elsewhere [18,19,6,1].  

DNA extraction, amplification, 16S rRNA sequencing, and phylogeny  

Eight bacterial isolates were selected from three transects for cross-validating the FAME 

bacterial identification system with molecular identification through 16S rRNA gene 

sequencing. DNA was isolated following the procedure of the DNAeasy Power Lyzer 

Microbial Kit (Qiagen, India). The extracted DNA was stored at -20°C until further analysis. 

PCR amplification was performed with a total volume of 25µl (Nexus Mastercycler, 

Eppendorf, USA). Takara GT PCR Master Mix (Takara Bio, Japan) was used to amplify the 

DNA. The reaction mixture consisted of 12.5 μl of PCR Master Mix, 1 μl each of forward 

and reverse primers, 1 μl of template DNA and 9.5 μl of distilled water. The primer pair                                                                

(27F 5'-AGAGTTTGATCCTGGCTCAG-3' and 1492R 5'-GGTTACCTTGTTACGACTT-3') 

was used for 16S rRNA gene amplification, and the PCR conditions specified by Miller et al. 

[20] were adopted. The PCR products were then visualized on 1.5% agarose and sequenced 

using Genetic Analyser (Applied Biosystem, 3130XL, USA). The forward and reverse 

sequences were manually checked using Bioedit and prepared the contig files for respective 

bacterial isolates [21]. The prepared contigs were used as query sequences in NCBI BLAST. 

The five most similar sequences were selected from BLAST hits and aligned using Clustal W 

and the phylogenetic tree was constructed using Molecular Evolutionary Genetic Analysis 

(MEGA) ver. 7 [22-25]. 

Statistical analysis 

The FAME profiles of the 51 bacterial morphotypes were determined from the relative 

masses of individual FAMEs created for each isolate by adopting the method used by Duran 

et al. [26]. 



Results and discussion 

Comparison of bacterial diversity from different stations using FAME profiles 

From the three transects, only 51 isolates were selected for FAME analysis. An initial 

screening was performed through observation and only morphologically different colonies 

were picked. However, not all of them were able to grow on TSBA, which resulted in the 

final selection of 51 isolates. The relative mass ranges and their prevalence (ratio of the 

isolates containing the FAME to the total number of isolates within the station) were 

determined to find whether the FAME signatures were transect-specific (Table 1). Since the 

relative mass, of the FAME C16:0, was unity after normalization of the area responses, it was 

not included in the tabulation [26]. 

Even though the sampled locations were relatively close, unique FAME profiles could 

be observed among the three stations. Mangalore and Trivandrum isolates had a unique 

FAME signature, whereas those from Goa did not have any signature FAME profile (Table 

1). The hydroxyl FAMEs 12:0 2OH, 15:0 2OH, 16:0 iso 3OH, 16:0 3OH, 17:0 iso 3OH, as 

well as the unsaturated FAMEs 16:1 w5c, were found only within the isolates from 

Mangalore samples, among which, 12:0 2OH was most prevalent (47.4%), while 17:0 iso 

3OH and 18:1 w5c were least prevalent (10.5%). Similarly, FAMEs 10:0 2OH, 11:0 iso, 

11:0, 13:0, 16:0 10-methyl and 16:1 w9c was detected only in the isolates from the 

Trivandrum samples, among which 11:0 was most prevalent (29.4%), while 10:0 2OH and 

11:0 iso were least prevalent (5.9%). Nonetheless, the Goa isolates did not contain unique 

FAME profiles unlike those from the rest of the stations. For instance, FAMEs 16:1 w7c 

alcohol, 16:1 w11c and 12:1 3OH were equally prevalent in Mangalore and Trivandrum 

stations but were absent in the Goa isolates. According to Haack et al. [27], 16:1 w7c alcohol 

and 16:1 w11c are characteristic of Bacillus sp. In our study too, Bacillus sp. was found to be 

more prevalent in Mangalore and Trivandrum than in Goa. However, for one Goa isolate 

identified as Bacillus alcalophilus, the SIM index was rather low (0.17) when compared with 

the Bacillus sp. isolated from Mangalore and Trivandrum. This may be attributed to the 

presence of certain FAMEs exclusively in the isolates from the latter two stations and their 

complete absence in the Goa isolates. 

Taxonomy of culturable isolates 

Sherlock MIDI assigns species nomenclature by quantitatively assessing the FAME profiles 

apart from detecting the presence/absence scenarios. For a strong species diagnosis, an SI 



value of 0.7 or above was considered valid. Among the SIM indices allotted to the samples, 

only 13.72% (7 nos.) could be identified to the species level (Table 2), demonstrating the 

prevalence of uncommon bacterial isolates in the coastal waters. Among the identified 

isolates, five belonged to Pseudomonas aeruginosa GC-subgroup A and the remaining fell 

under Pseudomonas putida-biotype A and Staphylococcus epidermidis-GC subgroup. 

Relaxing the 0.7 SI to 0.3 allowed the aggregation of the FAME profiles into 10 families, 11 

genera and 19 species of cultured isolates. Upon comparison with literature, it was found that 

most of the isolates could be classified as either human pathogens [28-40] or environmental 

samples [41-45] (Table S2). Owing to the presence of isolates belonging to the class of 

human pathogens, we validated our findings with 16S rRNA identification and the results 

were congruent. 

 All sampled stations had both oxic and anoxic layers of waters whose environmental 

parameters have been listed in Table 3. Dissolved oxygen (DO) content of the oxic layer 

varied from 3.54 to 6.05 mg/L over the depth of 5-100 m, and in the anoxic layers, the DO 

varied from 0 to 0.64 mg/L (100-600m) (Table 3). There was a total of 21 and 30 bacterial 

isolates from the oxic and the anoxic layers, respectively. The research to ascertain the 

influence of DO on the profiles did not yield any FAME signatures that were unique to oxic 

or anoxic layers. The current study also helped in profiling the FAME signatures of 

Pseudomonas aeruginosa GC-subgroup A isolated from the oxic (M6) and anoxic layers 

(M7, M8, M9 and M10) of Mangalore station (Table S1); however, no unique FAME 

signatures were found based on the oxygen availability in the water column. This observation 

highlights the fact that the FAME profiles of bacteria chiefly depend on the nutrient media in 

which they are grown and DO has no significant role in it.  

16S rRNA gene sequencing identified the bacterial isolates G4, T14, and M13 as 

Staphylococcus sp., G9, G10 and T11 as Pseudomonas sp. and T17, T8, T3 and T1 as 

Bacillus sp.  The phylogram built using the sequences aided in grouping the species from the 

present study with those of the GenBank reference sequences in their respective clades (Fig. 

2). The taxonomy of the GC-MIDI system and GenBank BLAST analysis was found to be 

congruent. Although the SIM indices were with a comparatively low (0.4 and 0.58 for G9 and 

T1, respectively), the bacterial identification through GC-MIDI was accurate up to the 

species level those isolates. And whereas for the other six bacterial isolates, the results of the 

MIDI and 16SrRNA identification were matched up to the genus level. These results suggest 

that employing the FAME profiles for bacterial identification is more reliable up to the genus 



level when compared with the species-level identification for any preliminary evaluation of 

coastal bacterial diversity. 

Even though the SI value of the strain G1 was only 0.4 and hence could not be 

regarded as an appropriate match according to the standard MIDI protocol (MIS Operating 

Manual September 2012), it is worth noting that the 16S rRNA data also yielded identical 

results up to the species level. This result validates the efficiency of GC-MIDI, a tool that has 

been widely employed in recent studies [46-55].  Moreover, Fykse et al. [56] had carried out 

a similar study to establish the congruency of GC-MIDI and16S rRNA data, and it was 

observed that 70% of the isolates demonstrated identical results in both methods. 

The identification of a huge number of environmental bacterial isolates directly 

through 16S rRNA sequencing as part of preliminary screening is not a cost-effective 

method. Therefore, GC-MIDI analysis of fatty acids comes handy for initial screening, and it 

narrows down the number of samples to be later subjected to 16S rRNA sequencing. The 

results of this investigation prove that the FAME method of bacterial identification is both 

simple and economical [57]. Based on the MIDI software SI values in the range of 0.7-0.9 

can be considered for a valid genus-level identification and those below 0.7 need to be further 

confirmed using 16S rRNA analysis for environmental monitoring. The Sherlock System has 

been described by previous studies to be a sensitive and cost-effective tool for the preliminary 

screening of some bacterial species as well as for substantiating the molecular identification 

performed using 16SrRNA approaches. Nonetheless, the method has its own limitations for 

accurate, high-confidence identification of environmental bacteria, which invariably can be 

achieved only through high-throughput sequencing.   

Conclusions 

The FAME profiles of 51 cultivable marine bacterial isolates from three different transects 

along the southwest coast of India exhibited qualitative and quantitative transect-specific 

differences under the study conditions. However, the parameters influencing such variations 

remain largely unknown. It was further noticed that most of the isolates are human pathogens, 

and the route through which they enter the deep-sea waters is yet to be investigated. More 

research is needed to determine the mechanisms responsible for the transect specificity and to 

assess the temporal and spatial FAME profiles. 

 

 



References 

1. Morey A, Oliveira ACM, Himelbloom BH (2013) Identification of Seafood Bacteria from 

Cellular Fatty Acid Analysis via the Sherlock® Microbial Identification System. Journal of 

Biology and Life Science 4 (2). doi:10.5296/jbls.v4i2.3272 

2. Da Costa MS, Albuquerque L, Nobre MF, Wait R (2011) The identification of fatty acids 

in bacteria. In:  Methods in Microbiology, vol 38. Elsevier, pp 183-196 

3. White SW, Zheng J, Zhang Y-M, Rock CO (2005) The structural biology of type II fatty 

acid biosynthesis. Annu Rev Biochem 74:791-831 

4. Diomande SE, Guinebretière M-H, Broussolle V, Brillard J (2015) Role of fatty acids in 

Bacillus environmental adaptation. Frontiers in microbiology 6:813 

5. Bertone S, Giacomini M, Ruggiero C, Piccarolo C, Calegari L (1996) Automated systems 

for identification of heterotrophic marine bacteria on the basis of their Fatty Acid 

composition. Appl Environ Microbiol 62 (6):2122-2132 

6. Kunitsky C, Osterhout G, Sasser M (2006) Identification of microorganisms using fatty 

acid methyl ester (FAME) analysis and the MIDI Sherlock Microbial Identification System. 

Encyclopedia of rapid microbiological methods 3:1-18 

7. Tang B, Row KH (2013) Development of gas chromatography analysis of fatty acids in 

marine organisms. J Chromatogr Sci 51 (7):599-607. doi:10.1093/chromsci/bmt005 

8. Traul K, Driedger A, Ingle D, Nakhasi D (2000) Review of the toxicologic properties of 

medium-chain triglycerides. Food and chemical toxicology 38 (1):79-98 

9. Dawyndt P, Vancanneyt M, Snauwaert C, De Baets B, De Meyer H, Swings J (2006) 

Mining fatty acid databases for detection of novel compounds in aerobic bacteria. Journal of 

microbiological methods 66 (3):410-433 

10. Kotilainen P, Huovinen P, Eerola E (1991) Application of gas-liquid chromatographic 

analysis of cellular fatty acids for species identification and typing of coagulase-negative 

staphylococci. Journal of clinical microbiology 29 (2):315-322 

11. Osterhout GJ, Shull VH, Dick JD (1991) Identification of clinical isolates of gram-

negative nonfermentative bacteria by an automated cellular fatty acid identification system. 

Journal of Clinical Microbiology 29 (9):1822-1830 

12. Inglis TJ, Aravena-Roman M, Ching S, Croft K, Wuthiekanun V, Mee BJ (2003) Cellular 

fatty acid profile distinguishes Burkholderia pseudomallei from avirulent Burkholderia 

thailandensis. Journal of clinical microbiology 41 (10):4812-4814 

13. Van den Velde S, Lagrou K, Desmet K, Wauters G, Verhaegen J (2006) Species 

identification of corynebacteria by cellular fatty acid analysis. Diagnostic microbiology and 

infectious disease 54 (2):99-104 

14. Piñeiro‐Vidal M, Pazos F, Santos Y (2008) Fatty acid analysis as a chemotaxonomic tool 

for taxonomic and epidemiological characterization of four fish pathogenic Tenacibaculum 

species. Letters in applied microbiology 46 (5):548-554 



15. Stead D, Sellwood J, Wilson J, Viney I (1992) Evaluation of a commercial microbial 

identification system based on fatty acid profiles for rapid, accurate identification of plant 

pathogenic bacteria. Journal of Applied Bacteriology 72 (4):315-321 

16. Steele M, McNab W, Read S, Poppe C, Harris L, Lammerding A, Odumeru J (1997) 

Analysis of whole-cell fatty acid profiles of verotoxigenic Escherichia coli and Salmonella 

enteritidis with the microbial identification system. Appl Environ Microbiol 63 (2):757-760 

17. Sohlenkamp C, Geiger O (2016) Bacterial membrane lipids: diversity in structures and 

pathways. FEMS microbiology reviews 40 (1):133-159 

18. Sasser M (1990) Identification of bacteria by gas chromatography of cellular fatty acids. 

MIDI technical note 101. Newark, DE: MIDI inc, 

19. Haznedaroğlu BZ, Zitomer DH, Hughes-Strange GB, Duran M (2005) Whole-cell fatty 

acid composition of total coliforms to predict sources of fecal contamination. Journal of 

Environmental Engineering 131 (10):1426-1432 

20. Miller CS, Handley KM, Wrighton KC, Frischkorn KR, Thomas BC, Banfield JF (2013) 

Short-read assembly of full-length 16S amplicons reveals bacterial diversity in subsurface 

sediments. PloS one 8 (2):e56018 

21.Hall, Tom A. "BioEdit: a user-friendly biological sequence alignment editor and analysis 

program for Windows 95/98/NT." Nucleic acids symposium series. Vol. 41. No. 41. 

[London]: Information Retrieval Ltd., c1979-c2000., 1999. 

22. Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, McWilliam H, 

Valentin F, Wallace IM, Wilm A, Lopez R (2007) Clustal W and Clustal X version 2.0. 

bioinformatics 23 (21):2947-2948 

23. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic local alignment 

search tool. Journal of molecular biology 215 (3):403-410 

24. Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG (1997) The 

CLUSTAL_X windows interface: flexible strategies for multiple sequence alignment aided 

by quality analysis tools. Nucleic acids research 25 (24):4876-4882 

25. Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: molecular evolutionary 

genetics analysis across computing platforms. Molecular biology and evolution 35 (6):1547-

1549 

26. Duran M, Haznedaroğlu BZ, Zitomer DH (2006) Microbial source tracking using host 

specific FAME profiles of fecal coliforms. Water research 40 (1):67-74 

27. Haack SK, Garchow H, Odelson DA, Forney LJ, Klug MJ (1994) Accuracy, 

reproducibility, and interpretation of fatty acid methyl ester profiles of model bacterial 

communities. Appl Environ Microbiol 60 (7):2483-2493 

28. Attie O, Jayaprakash A, Shah H, Paulsen IT, Morino M, Takahashi Y, Narumi I, 

Sachidanandam R, Satoh K, Ito M (2014) Draft genome sequence of Bacillus alcalophilus 

AV1934, a classic alkaliphile isolated from human feces in 1934. Genome Announc 2 

(6):e01175-01114 



29. Ümit EG, Ümit HC, Kuloðlu F, Demir AM (2014) Multiple Liver and Muscle Abscesses 

and Sepsis with Bacillus pantothenticus in a Leukemia Patient/Bir Lösemi Hastasinda 

Bacillus pantothenticus ile Multipl Karaciger ve Kas Abseleri. Turkish Journal of 

Haematology 31 (3):321 

30. Ponce-Alonso M, Del Campo R, Fortun J, Cantón R, Morosini M-I (2017) First 

description of late recurrence of catheter-associated bacteraemia due to Cellulosimicrobium 

cellulans. Enfermedades infecciosas y microbiologia clinica 35 (2):131 

31. Frickmann H, Hahn A, Skusa R, Mund N, Viehweger V, Köller T, Köller K, Schwarz 

NG, Becker K, Warnke P (2018) Comparison of the etiological relevance of Staphylococcus 

haemolyticus and Staphylococcus hominis. European Journal of Clinical Microbiology & 

Infectious Diseases 37 (8):1539-1545 

32. Hong JS, Yoon E-J, Song W, Seo YB, Shin S, Park M-J, Jeong SH, Lee K (2018) 

Molecular Characterization of Pseudomonas putida Group Isolates Carrying bla VIM-2 

Disseminated in a University Hospital in Korea. Microbial Drug Resistance 24 (5):627-634 

33. Huse H, Miller S, Chandrasekaran S, Hindler J, Lawhon S, Bemis D, Westblade L, 

Humphries R (2018) Evaluation of oxacillin and cefoxitin disk diffusion and MIC 

breakpoints established by the clinical and laboratory standards institute for detection of 

mecA-mediated oxacillin resistance in Staphylococcus schleiferi. Journal of clinical 

microbiology 56 (2):e01653-01617 

34. Ianiro G, Rizzatti G, Plomer M, Lopetuso L, Scaldaferri F, Franceschi F, Cammarota G, 

Gasbarrini A (2018) Bacillus clausii for the treatment of acute diarrhea in children: a 

systematic review and meta-analysis of randomized controlled trials. Nutrients 10 (8):1074 

35. Imhof L, Schrading S, Braunschweig T, Steinau G, Spillner JW, Puzik A, Lassay L, 

Kontny U (2018) Abscessing Infection by Streptococcus mitis Mimicking Metastatic Lesions 

in a 5-Year-Old Girl With Nephroblastoma: A Case Report. Journal of pediatric 

hematology/oncology 40 (7):e429-e431 

36. Le KY, Park MD, Otto M (2018) Immune evasion mechanisms of Staphylococcus 

epidermidis biofilm infection. Frontiers in microbiology 9:359 

37. Sethi S, Haworth C, Davis A, Gonda I, Froehlich J, O'Donnell A (2018) Safety and 

tolerability of ARD-3150, inhaled liposomal ciprofloxacin, in patients with bronchiectasis 

and chronic pseudomonas aeruginosa infection: results from two phase 3 trials. In:  D23. 

Adult cf and non-cf bronchiectasis. American Thoracic Society, pp A6280-A6280 

38. Stabler SN, Mack B, McCormack G, Cheng MP (2018) Brevundimonas vesicularis 

Causing Bilateral Pneumosepsis in an Immunocompetent Adult: A Case Report and 

Literature Review. The Canadian journal of hospital pharmacy 71 (3):208-210 

39. Tarr GA, Shringi S, Phipps AI, Besser TE, Mayer J, Oltean HN, Wakefield J, Tarr PI, 

Rabinowitz P (2018) Geogenomic Segregation and Temporal Trends of Human Pathogenic 

Escherichia coli O157: H7, Washington, USA, 2005–2014. Emerging infectious diseases 24 

(1):32 



40. Halabi Z, Mocadie M, El Zein S, Kanj SS (2019) Pseudomonas stutzeri prosthetic valve 

endocarditis: A case report and review of the literature. Journal of infection and public health 

12 (3):434-437 

41. Pasquarelli F, Spera A, Cantarella L, Cantarella M (2015) Biodegradation of bromoxynil 

using the cascade enzymatic system nitrile hydratase/amidase from Microbacterium 

imperiale CBS 498-74. Comparison between free enzymes and resting cells. RSC Advances 

5 (46):36913-36923 

42. Nielsen TK, Rasmussen M, Demanèche S, Cecillon S, Vogel TM, Hansen LH (2017) 

Evolution of sphingomonad gene clusters related to pesticide catabolism revealed by genome 

sequence and mobilomics of Sphingobium herbicidovorans MH. Genome biology and 

evolution 9 (9):2477-2490 

43. Carreira C, Mestre O, Nunes RF, Moura I, Pauleta SR (2018) Genomic organization, gene 

expression and activity profile of Marinobacter hydrocarbonoclasticus denitrification 

enzymes. PeerJ 6:e5603 

44. Kumar A, Saini HS, Kumar S (2018) Bioleaching of gold and silver from waste printed 

circuit boards by Pseudomonas balearica SAE1 isolated from an e-waste recycling facility. 

Current microbiology 75 (2):194-201 

45. Roşca M, Hlihor R-M, Cozma P, Drăgoi EN, Diaconu M, Silva B, Tavares T, Gavrilescu 

M (2018) Comparison of Rhodotorula sp. and Bacillus megaterium in the removal of 

cadmium ions from liquid effluents. Green Processing and Synthesis 7 (1):74-88 

46. Sharmili A, Ramasamy P (2016) Fatty Acid Methyl Ester (FAME) analysis of moderately 

thermophilic bacteria isolated from the coramandal coast, Chennai, Tamilnadu. Eur J Exp 

Biol 6:1-7 

47. Ramesh C, Mohanraju R, Narayana S, Murthy K, Karthick P (2017) Isolation and cellular 

fatty acid profile analyzation of two marine bioluminescent bacteria.  

48. VV S, Patil M, Dharmadhikari S (2012) FAME and 16srDNA sequence analysis of 

halophilic bacteria from solar salterns of Goa: A comparative study. International Journal of 

Scientific and Research Publications 209 

49. Li C, Cano A, Acosta‐Martinez V, Veum KS, Moore‐Kucera J (2020) A comparison 

between fatty acid methyl ester profiling methods (PLFA and EL‐FAME) as soil health 

indicators. Soil Science Society of America Journal 84 (4):1153-1169 

50. Dahal RH, Kim J (2019) Glaciihabitans arcticus sp. nov., a psychrotolerant bacterium 

isolated from Arctic soil. International Journal of Systematic and Evolutionary Microbiology 

69 (8):2492-2497 

51. Singh VK, Mishra A, Jha B (2019) 3-Benzyl-hexahydro-pyrrolo [1, 2-a] pyrazine-1, 4-

dione extracted from Exiguobacterium indicum showed anti-biofilm activity against 

Pseudomonas aeruginosa by attenuating quorum sensing. Frontiers in microbiology 10:1269 

52. Dahal RH, Chaudhary DK, Kim D-U, Kim J (2020) Luteolibacter luteus sp. nov., isolated 

from stream bank soil. Archives of Microbiology:1-6 



53. Dione N, Lo CI, Raoult D, Fenollar F, Fournier P-E (2020) Clostridium 

massiliamazoniense sp. nov., New Bacterial Species Isolated from Stool Sample of a 

Volunteer Brazilian. Current Microbiology 77 (9):2008-2015 

54. Ippoliti P, Nargi F, Han J, Casale A, Walsh M, Boettcher T, Dettman J (2020) Highly 

accurate classification of biological spores by culture medium for forensic attribution using 

multiple chemical signature types and machine learning. Analytical and Bioanalytical 

Chemistry:1-13 

55. Dahal RH, Chaudhary DK, Kim D-U, Pandey RP, Kim J (2020) Chryseobacterium 

antibioticum sp. nov. with antimicrobial activity against Gram-negative bacteria, isolated 

from Arctic soil. The Journal of Antibiotics:1-9 

56. Fykse EM, Tjärnhage T, Humppi T, Eggen VS, Ingebretsen A, Skogan G, Olofsson G, 

Wästerby P, Gradmark P-Å, Larsson A (2015) Identification of airborne bacteria by 16S 

rDNA sequencing, MALDI-TOF MS and the MIDI microbial identification system. 

Aerobiologia 31 (3):271-281 

57. Balser TC, Liang C, Gutknecht JL (2019) Linking microbial community analysis and 

ecosystem studies: a rapid lipid analysis protocol for high throughput. Soil Ecology Letters 1 

(1-2):22-32 

 

 

 

 

 

 

 

 

 

 

 



TABLES 

Table 1: Relative mass ranges and relative occurrences of FAMEs within each transect 

sampled 

Table 2: Species naming attempted by Sherlock-MIDI based on the FAME profiling 

Table 3: Physicochemical parameters of the sampling locations 

Figure Legends 

Fig. 1: Sampling stations along the coastal waters of southwest India 

Fig. 2: The evolutionary history was inferred by using the Maximum Likelihood method and 

the Tamura 3-parameter model. The percentage of trees in which the associated taxa clustered 

together is shown next to the branches. The tree is drawn to scale, with branch lengths 

measured in the number of substitutions per site. All other sequences (denoted by accession 

numbers followed by species name) were obtained from GenBank, including the 18S rRNA 

sequence of Candida ooitensis, which was used as the outgroup.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1: Relative mass range and relative percentage of FAMEs within each transect 

sampled 

 
GOA (15)a MANGALORE (19) TRIVANDRUM (17) 

FAME 
Range  

(relative percentage) 

Range  

(relative percentage) 

Range  

(relative percentage) 

10:0 0-0.03 (26.7)b 0-0.04 (52.6) 0-0.66 (35.3) 

10:0 2OH 0 0 0-0.15 (5.9) 

10:0 3OH 0-0.11 (60) 0-0.23 (57.9) 0-0.08 (11.8) 

11:0 iso 0 0 0-0.45 (5.9) 

11:0 0 0 0-0.35 (29.4) 

12:0 0-0.3 (80) 0-0.35 (68.4) 0-0.73 (58.8) 

12:0 2OH 0 0-0.23 (47.4) 0 

12:1 3OH 0 0-0.6 (42.1) 0-0.24 (5.9) 

12:0 3OH 0-0.1 (66.7) 0-0.23 (42.1) 0-0.26 (17.6) 

13:0 iso 0-0.1 (53.3) 0-0.11 (31.6) 0-0.22 (76.5) 

13:0 anteiso 0-0.04 (26.7) 0-0.1 (10.5) 0-0.06 (17.6) 

13:0 0 0 0-0.38 (23.5) 

14:0 iso 0-0.99 (33.3) 0-0.31 (31.6) 0-2.33 (76.5) 

14:0 3OH/16:1 iso I 0-0.1 (13.3) 0-0.18 (5.3) 0-0.08 (11.8) 

14:0 2OH 0 0-0.49 (26.3) 0-0.17 (5.9) 

14:0 0-0.42 (100) 0.02-0.26 (100) 0-0.82 (94.1) 

15:0 iso 0-4.03 (66.7) 0-12.3 (52.6) 0-19.63 (94.1) 

15:0 iso 3OH 0 0-9.47 (21.1) 0-0.08 (5.9) 

15:0 anteiso 0-7.32 (40) 0-15.17 (52.6) 0-47.54 (76.5) 

15:0 2OH 0 0-0.02 (31.6) 0 

15:0 0-0.13 (86.7) 0-0.25 (89.5) 0-0.33 (58.8) 

16:0 iso 0-1.36 (33.3) 0-2.8 (52.6) 0-4.64 (76.5) 

16:0 iso 3OH 0 0-0.03 (15.8) 0 

16:0 3OH 0 0-0.12 (10.5) 0 

16:0 2OH 0-0.08 (6.7) 0-0.12 (15.8) 0 

16:0 10-methyl 0 0 0-0.03 (11.8) 

16:1 w7c alcohol 0 0-0.52 (15.8) 0-1.38 (35.3) 

16:1 2OH 0-0.08 (13.3) 0-0.1 (10.5) 0-0.18 (5.9) 

16:1 w5c 0 0-0.13 (31.6) 0 

16:1 w7c/16:1 w6c 0-1.13 (86.7) 0-0.05 (94.7) 0-1.13 (58.8) 

16:1 w9c 0 0 0-0.19 (11.8) 

16:1 w11c 0 0-0.15 (15.8) 0-0.43 (35.3) 

17:0 iso 0-1.21 (80) 0-2.73 (52.6) 0-6.9 (94.1) 

17:0 iso 3OH 0 0-0.14 (10.5) 0 

17:0 anteiso 0-1.6 (33.3) 0-5.15 (52.6) 0-21.98 (76.5) 

17:0 cyclo 0-0.5 (66.7) 0-0.21 (52.6) 0-0.17 (23.5) 

17:0 0-0.13 (53.3) 0-0.1 (42.1) 0-0.41 (41.2) 

17:1 anteiso w9c 0-0.04 (13.3) 0 0-0.11 (23.5) 

17:1 iso w9c 0 0-0.08 (15.8) 0 

17:1 iso w10c 0 0-0.42 (21.1) 0-0.59 (11.8) 

17:1 w7c 0-0.05 (26.7) 0-1.7 (31.6) 0 



17:1 w6c 0 0-0.11 (15.8) 0 

17:1 w8c 0.01-0.08 (26.7) 0-0.03 (36.8) 0-0.15 (17.6) 

17:1 iso I/anteiso B 0 0- 0.27 (15.8) 0-0.49 (11.8) 

17:0 2OH 0 0-0.03 (10.5) 0 

18:0 iso 0-0.42 (26.7) 0-0.94 (10.5) 0-1.77 (35.3) 

18:3 w6c (6,9,12) 0-0.07 (13.3) 0-0.03 (10.5) 0 

18:1 w7c 0.03-1.96 (93.3) 0-4.36 (89.5) 0-1.5 (52.9) 

18:1 w7c 11-methyl 0-0.43 (40) 0-0.57 (21.1) 0-0.12 (11.8) 

18:1 w5c 0 0-0.13 (21.1) 0 

18:1 w9c 0-0.17 (33.3) 0-0.11 (26.3) 0-2.03 (35.3) 

18:2 w6 9c/18:0 ante 0-0.02 (13.3) 0-0.06 (10.5) 0 

18:0 0.02-3.19 (100) 0.02-3.83 (100) 0.03-6.38 (100) 

19:0 iso 0-0.51 (46.7) 0-0.97 (10.5) 0-6.91 (35.3) 

19:0 anteiso 0-0.74 (26.7) 0-1.66 (10.5) 0-12.01 (41.2) 

19:0 cyclo w8c 0-0.36 (60) 0-0.06 (73.7) 0-0.11 (17.6) 

19:0 0-0.27 (26.7) 0-0.27 (5.3) 0-0.65 (35.3) 

20:0 iso 0-0.22 (20) 0-0.23 (5.3) 0-0.56 (17.6) 

20:0 0-5.22 (33.3) 0-4.98 (15.8) 0-11.01 (41.2) 
 

aNumber of isolates analysed from the transect 

 
bPercentage isolates carrying that particular FAME (not indicated) 

 

Values in bold case, are unique fatty acids which are absent in only one station or two 

stations 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2: Species naming attempted by Sherlock-MIDI based on FAME profiling 

Stations Isolatesa Peak named 

(%) 

Similarity indexb Suggested species name 

 

 

 

 

 

 

 

 

GOA 

G1 95.9  NO MATCHc 

G2 94.6 0.38 Streptococcus mitis 

G3 99.3  NO MATCH 

G4 99.4 0.65 Staphylococcus epidermidis-GC subgroup B 

G5 96.9 0.61 Brevundimonasvesicularis 

G6 99.2 0.17 Bacillus alcalophilus 

G7 96.1 0.27 Variovoraxparadoxus-GC subgroup B 

G8 86.7  NO MATCH 

G9 99.3 0.40 Pseudomonas stutzeri 

G10 99.4 0.61 Pseudomonas stutzeri 

G11 98.1 0.55 Escherichia coli-GC subgroup D 

G12 97.2 0.51 Escherichia-coli-GC subgroup D 

G13 99.3 0.34 Pseudomonas stutzeri 

G14 99.3 0.57 Staphylococcus epidermidis-GC subgroup B 

G15 99.7 0.56 Cellulosimicrobiumcellulans-GC subgroup B 

 

 

 

 

 

 

 

 

 

 

 

MANGALORE 

M1 99.5 0.12 Aquaspirillumpolymorphum 

M2 99.6 0.46 Microbacterium imperial 

M3 99.2 0.43 Staphylococcus schleiferi 

M4 99.6 0.50 Virgibacilluspantothenticus 

M5 98.8 0.25 Photorhabdusluminescens-luminescens 

M6 99.0 0.89 Pseudomonas aeruginosa-GC subgroup A 

M7 99.2 0.92 Pseudomonas aeruginosa-GC subgroup A 

M8 99.3 0.87 Pseudomonas aeruginosa-GC subgroup A 

M9 99.6 0.92 Pseudomonas aeruginosa-GC subgroup A 

M10 99.0 0.95 Pseudomonas aeruginosa-GC subgroup A 

M11 97.0 0.76 Pseudomonas putida-biotype A 

M12 99.5 0.39 Sphingobiumherbicidovorans 

M13 99.8 0.49 Staphylococcus schleiferi 

M14 99.7 0.58 Staphylococcus hominis-hominis 

M15 94.9 0.45 Bacillus clausii 

M16 97.6 0.55 Pseudomonas aeruginosa-GC subgroup A 

M17 99.4 0.39 Pseudomonas stutzeri 



M18 99.8 0.13 Pseudomonas aeruginosa-GC subgroup A 

M19 99.8 0.14 Brevundimonasvesicularis 

 

 

 

 

 

 

 

 

 

TRIVANDRUM 

T1 85.4 0.58 Bacillus megaterium-GC subgroup A 

T2 99.7 0.40 Staphylococcus schleiferi 

T3 99.5 0.74 Staphylococcus epidermidis-GC subgroup B 

T4 98.4 0.39 Staphylococcus schleiferi 

T5 96.1 0.55 Staphylococcus hominis-hominis 

T6 99.9 0.47 Bacillus clausii 

T7 92.1 0.18 Bacillus alcalophilus 

T8 99.4 0.52 Marinobacterhydrocarbonoclasticus 

T9 99.2 0.48 Marinobacterhydrocarbonoclasticus 

T10 95.3 0.15 Bacillus-GC group 22 

T11 98.0 0.55 Pseudomonas balearica 

T12 98.3  NO MATCH 

T13 99.8 0.34 Bacillus-GC group 22 

T14 99.8 0.48 Staphylococcus hominis-hominis 

T15 100.0 0.63 Staphylococcus hominis-hominis 

T16 96.2  NO MATCH 

T17 95.8 0.50 Bacillusalcalophilus 

 

aG, M and T represents the cultivable bacterial isolates retrieved from Goa, Mangalore and 

Trivandrum, respectively and number indicates the isolate number. 

b The Similarity Index is a numerical value, which expresses how closely the fatty acid 

composition of an unknown compares with the mean fatty acid composition of the strains 

used to create the Sherlock MIDI library entry listed as its match. 

c NO MATCH indicates low value of similarity index which do not find any matching with 

the reference library. 
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Table 3: Physicochemical parameters of sampling locations 

 Oxic sampling parameters  Anoxic sampling parameters 

Environmental parameters/ 

sampling stations 

Goa (Samples 

G1 to G6) 

Mangalore 

(Samples M1 

to M6) 

Trivandrum 

(Samples T1 

to T9) 

Goa (Samples G7 

to G15) 

Mangalore 

(Samples M7 

to M19) 

Trivandrum 

(Samples T10 

to T17) 

Dissolved Oxygen (mg.L-1) 

5.90 ± 0.0 5.41 ± 0.62 5.56 ± 0.44 0.06 ± 0.01 0.08 ± 0.05 0.56 ± 0.08 

Depth (m) 

5-54 5-100 5-100 200-590 200-600 200-561 

Temperature (°C) 

27.91 ± 0.03 28.2 ± 0.54 28.43 ± 0.29 12.58 ± 1.21 10.23 ± 1.37 11.84 ± 1.27 

Salinity (psu) 

35.78 ± 0.04 36.22 ± 0.38 34.74 ± 1.06 35.44 ± 0.04 35.28 ± 0.06 35.16 ± 0.02 

Density (mg.L-1) 

1023.13 ± 0.09 1023.43 ± 

0.47 

1022.28 ± 

0.83 

1028.59 ± 0.75 1026.44 ± 

0.30 

1028.45 ± 0.73 
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Fig. 1 
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                                                                 Fig. 2 


