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ABSTRACT: Natural organic compounds produced byraoeganisms are important screening target forreetyaof bioactive
substances. Some bacteria which are normally stiBleepre daily reverting to resistant forms. Oistpremise, the search for
new and potent antimicrobial substances especitiilyse that will be able to check the developmernt/@ resurgence of
resistant strains is the basis for this work. Tine af this study was to isolate and characterizes¢horganisms that can produce
antimicrobial metabolites of fatty acid origin, itffect, and investigate the bacteriocidal actgitiof the metabolites by
determining the rate of killing of the test agemietabolites obtained frorlebsiella aerogenes (CWS) andBacillus pumilus
(IWS) were found to exhibit anti-microbial propesi against a wide range of organisms. The metabplEWS and IWS,
resulted in diameters of zone of inhibition of a3 17 mm when tested agaifstudomonas aeruginosa, and 17 and 18 mm
when tested again®acillus subtilis respectively. The bacteriocidal activity showedtth concentration of 0.15 mg Tbf
Klebsiella aerogenes metabolites reduced the population Becillus subtilis from 2.4 x 10 to 1.3 x 16 cfu mI* at 10 min
incubation period. There was no significant differe in the population density Bécillus subtilis after 10 min exposure to 0.15
mg mit of Bacillus pumilus metabolites (4.0 x 70to 3.5 x 16 cfu mr?). A similar trend was obtained fétseudomonas
aeruginosa with both metabolites. A low minimum inhibitory coentration (MIC) of 0.05 mg il for (CWS) and 0.05 and 5.0
mg mi* for (IWS) in Pseudomonas aeruginosa andBacillus subtilis were obtainedespectively. The infra-red spectral analysis
(IR) of the metabolites revealed several functigralps like carboxylic acid, aldehyde and estebaayl. A component of each
of the metabolites corresponded to 10-hydroxyoctaniaic acid R value of 0.35. It can be concluded that the mettdsol
produced byKlebsiella aerogenes andBacillus pumilus can serve as effective antimicrobial agents.
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Introduction

For a very long time in history different rakblites have been screened for their biologicices including
antimicrobial activities. Natural organic compournmsduced by microorganisms are important screetairggt for
a variety of bioactive substances (Chhiekal., 2007). However, the rate of discovery of novelssahces from
microorganisms, especially from actinomycetes oktrial origin has recently decreased (Takizaina., 1993).
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Many microorganisms are increasingly becongjstant at a fast rate to many of the drugsecty used in
medical practice (Pihlajamaki al., 2002; Rantalat al., 2005). Some - Gram-negative bacteria (@sgudomonas,
Proteus, andSalmonella) have been known to be resistant to some commady drugs and members of the genus
Saphylococcus, which are normally susceptible are daily revertio resistant forms (Oloke, 1989). The relevance
of information obtained on the resistance of baater antibiotics is to appreciate the magnitudehef problems
and establish baselines for taking action (Capsbkl., 2000). On this premise, the search for new anéntot
antimicrobial substances especially, those thdthwilable to check the development and/or resusgehcesistant
strains or forms of organism under control is Hasis for this work. The aim of this study was dolate and
characterize those organisms that can produce ienbibial metabolites of fatty acid origin,its effeand investigate
the bacteriocidal activities of the metabolitesdeyermining the rate of killing of the test agents.

Materialsand Methods
Sample source

The leaf samples used include fresh leavekantana camara L. (verbenaceae) — Lantana (Ewon-agogo),
Hibiscus Sabdariffa L. (Malvaceae) — Rosella (Isapa) @aligainvillea spectabilis all from the University of Lagos,

Akoka-Yaba, Lagos (Table 1). Soil and water samplssd were obtained from the University campus and
ljeshatedo community in Aguda, Lagos.

Table 1 Sample names with their corresponding £ode

Samples Code
Lantana camara LC
Hibiscus sabdariffe HS
Bougainvillea spectabilis BS
ljesha water sample IWS
ljesha soil sample ISS
Campus water samples CWS
Campus soil sample CSS

Test organisms

The test organisms used for screening fomatitdacterial activity were obtained from the Ussity Teaching
Hospital, Idi-Araba, Lagos. They includeseudomonas spp Proteus spp Klebsiella spp Lactobacillus sppl,
Candida albicans, Salmonella spp Bacillus subtilis, Saphylococcus aureus, and Lactobacillus spp2 The
microorganisms were subcultured on yeast extraat signts.

I solation of microorganisms and inoculation of culture media

Soil Samples (10g) were weighed into 90 métefiile distilled water in a test tube and shoiorously. The
soil particles were allowed to settle. One ml opesmatant was transferred to a special broth mediontaining
MgSQ, (0.2g9), KHPO, (1 g) and groundnut oil (1 ml) in 100 ml of sterdistilled water. This was allowed to stand
for three days with intermittent shaken. It wasntletreaked unto a nitrogen-free agar medium congithe
following composition: glucose (4%), KRO, (0.1%), MgSQ (0.02%) and agar powder (1% W)v. The isolates
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obtained were subcultured using yeast extract §3&g 100 mf) at 37C for 18-24 h. Pure isolates were
maintained on yeast extract agar. The isolates vesgspended in yeast extract broth for subseqalysis. The
procedure was also repeated for the water samplesi(in 90 ml sterile distilled water). Leaves wgiaced in 10
ml of sterile distilled water containing 0.1g of KPD,. After 2 to 3 days, 1 ml of the solution was skexhon a
nitrogen-free medium.

The isolates obtained were inoculated int@ bl of SMD medium composed per litre of glucos, g;
KH,PQ,, 5 g; soy bean meal, 5 g; yeast extract, 5 g; g&%E0D, 0.5 g; MNnSQH,0, 0.008 g; ZnS© 0.014 g and
nicotinic acid, 0.01 dDifco manual, 1984; Yorimitset al., 2005).The medium was adjusted to pH 7.0 with dilute
hydrochloric acid before seeding with isolates amclbated at 3@ for 24 h. After 24 h of growth on SMD
medium, 5 g of sterile lactose was added to ea¢hmdOSMD Medium cultured bottle. This was incubafed
another 48 h and thereafter 3 ml of sterile groumdil was then added to the culture medium. It imasibated for
72 h at 37C with intermittent shaking, thereafter, the cudtloroth was acidified to pH 2.0 with 6N hydrochéori
acid. The ether portion containing the metabolites left in an open beaker to evaporate. After exaton it was
kept in a MacCarthney bottles which was preserndatié freezer for further analysis (Hetal., 1992).

Deter mination of MIC.

The value of the bacteriostatic (growth intidn) activity of the metabolites were quantitativexpressed as the
Minimum Inhibitory Concentration (MIC) which wereettrmined using the paper disc method. An 18 hhbrot
culture of each bacterium was used to seed s@dlifeast extract agar plate. Paper discs of simitneters (7
mm) were obtained by punch perforation of filtepges and oven sterilized at £&0for 1 h. The sterile discs were
dipped into a tween-80 solution of each metabaigieg sterile forceps and aseptically layered ah#oinoculated
yeast extract agar. Paper discs dipped in tweearDtetracycline solution of known concentratiorsved as
negative and positive controls. Zones of inhibisigim mm) were measured after 24 h of incubation.

Deter mination of microcidal rate

The bacteriocidal activities of the metatesion the test microorganismere demonstrated by determining the
viability of the bacterial cells by means of vialdeunts using the surface plating techniques asrittes by
Kolawole (1985)A 3 ml volume of each metabolite solution containth05 mg mif of the metabolites in tween-80
was mixed with 3 ml of a 24 h broth cultures of ikelates. They acted as reactant mixtures or stéak the
analysis. The suspension was held at room temperanud mixed thoroughly for 3 min. Samples (0.5 mére
transferred at pre-determined intervals of timéa @20, 30 and 60 mins) into 4.5 ml of recovery medin test
tubes, shaken thoroughly and diluted serially lefdating out by spreading 0.2 ml on yeast extageir. The plates
were incubated at 3€ for 18-24 h. Controls for these experiments cxnsli of 3 ml of organism suspension mixed
in 3 ml of 50% tween-80.

Chromatographic separation

Crude extracts of the metabolites contaimeaction products were subjected to Thin Layer elatography
(TLC) to separate the components. Thin Layer Chtography (TLC) was carried out on 0.25 mm layersibta
gel GF254 (Marck) prepared on glass plates (5 bgr@a®r 20 by 20 cm) with a Quick fit industries spders. The
purity of each spot was ascertained by differetibsaof petroleum ether to diethyl ether and glaekeetic acid
(90:10:1) as developing solvents. This was obseweter UV light. The locating reagents was a sotutf 0.1%
2,7-dichlorofluorescence in methanol. The plateseveprayed with 60 ml of methanol and 0.5 ml 68, with a
spray gun, after warming to develop a brown colour.

Infrared (IR) Analysis
The Bulk Scientific IR (Model M500) transpatenvindows (Nacl disc) was used as sample holdee fivo
metabolites with better antimicrobial property (IVd8d CWS) were smeared on the holder and scannéuediR

machine . The presence of any functional groupnénhetabolic structure was confirmed by IR spectnalysis in
an intense absorption band at a specific wave nufehe).

337



NISEB Journal Volume 11, No. 4 (2011)

Results

The result of the zone of inhibition of metéites against test organisms showed that the rokted produced
by Klebsiella aerogenes andBacillus pumilus were active against almost all the test organism$able 2, zones of
inhibition of 10 and 7 mm were observed for the twetabolites respectively, when tested ageitegthylococcus
aureus. The diameters obtained when the metabolites vested againgPseudomonas aeruginosa were 13 and 17
mm while that ofBacillus subtilis were 17 and 18 mm respectively. The metabolitexiypred byNorcadia
madunae was less active than the metabolites produced hifi Kbebsiella aerogenes and Bacillus pumilus.
Metabolites were prepared from seven organisms.enewy the metabolites froiilebsiella aerogenes andBacillus
pumilus exhibited more antimicrobial activities. Also, @hthe metabolite dflorcadia madunae was tested against
Candida albicans and Bacillus subtilis, the diameters of the zone of inhibition obtainedrevé1l and 14 mm
respectively while the values obtained for the relites produced bacillus pumillus when tested against the
pathogenic organisms were 12 and 18 mm respectively

Table 2: Zone of inhibition of metabolites against test organisms

Name of organism IWS CWS CSS LC BS T-80
Diameter of zones of inhibition (mm)*

Staphylococcus aureus 7 10 6 IA 1A 1A
Pseudomonas aeruginosa 17 13 1A 7 9 1A
Lactobacillus plantarum 5 6 7 6 1A 1A
'(-;n‘jt;?;cr']')' us spp2 IA 12 11 IA IA A
Klebsiella spp 1A 9 7 6 1A 1A
Proteus spp 7 8 7 8 10 1A
Bacillus subtilis 18 17 1A 14 7 1A
Salmonella spp 16 8 8 IA 12 IA
Candida albicans 12 IA 9 11 1A 1A

IWS, 50%v/v of metabolite produced By pumilus;, CWS, 50% v/v of metabolite produced Kyaerogenes; LC, 50% v/v ofN.
madunae; CSS, 50% v/v metabolite from Campus soil samB; 5-% v/v of metabolite from Bougainvillea spédilia; T-80,
Tween-80 used as solvent; IA, Inactive. *Each vadumean of three replicates.

The MIC’s of the metabolite agair&timonella spp are 0.5mg/ml and 5.0mg/ml while agai@aidida albicans
are 50 mg/ml and 0.5mg/ml respectively (Table 3).
The MIC'’s of Bacillus pumillus metabolite were higher and therefore less actiem t those of the metabolite
produced byKlebsiella aerogenes. Generally, the two metabolites showed active awtiofiial properties (Table 3).

Table 3: Minimum Inhibitory Concentration (MIC) Produced by metaboliteson tested isolates

Name of organism IWS CWS DMSO
Minimum Inhibitory Concentration (mg/ml)*
Pseudomonas aeruginosa 0.05 0.05 1A
Lactobacillus spp2(2™ strain) 0.05 5.0 1A
Bacillus subtilis 5.0 0.05 1A
Salmonella spp 0.5 5.0 IA
Candida albicans 50 0.5 IA

IWS, metabolite byBacillus pumilus; CWS, metabolite byKlebsiella aerogenes; DMSO, (Dimethyl sulfur oxide), vehicle
control; IA, Inactive; *Each value is an averagewd readings.
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Bacteriocidal activities of the metabolites

The bacteriocidal activity showed that a @oriration of 0.15 mg rifl of the Klebsiella aerogenes metabolites
reduced the population &acillus subtilis from 2.4 x 16 to 1.3 x 10 cfu mi* at 10 min incubation period. There
was no significant difference in the population signof Bacillus subtilis after 10 min exposure to 0.15 mg f
Bacillus pumilus metabolites (4.0 x T0to 3.5 x 10 cfu mI*). A similar trend was obtained fétseudomonas
aeruginosa with both metabolites. The cidal action of the atelites on bottBacillus subtilis and Pseudomonas
aeruginosa was achieved after 60 min of exposure to 0.15 mg ofl the metabolite (Figs. 1 and 2). At a
concentration of 0.15 mg thl the metabolite produced tBacillus pumilus inhibited the growth of 1.0 x 1G&ells
ml™ of Bacillus subtilis after 1 h of
interaction. Also, the same applies to the metébgplioduced b¥Klebsiella aerogenes (Figs.1 and 2).
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Fig.1 Cidal activity of Pseudomonas aeruginosa by 0.15 mg mi™* of IWS metabolite
Each point represents the average of three determinations
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Fig. 2 Cidal activity of Bacillus subtilis by 0.15 mg ml™ of CWS metabolite
Each point represents the average of three determinations

The infrared (IR) spectral analyses of the metadmlproduced biklebsiella aerogenes andBacillus pumilus both
have close ranges of absorptions. The intense piimoiband at 1745.7 ch(Figs. 3 and 4) showed the presence of
an ester carbonyl in both samples; IWS and CWS lmétas. Absorptions at both 2858.3-2931.3 and 3863
produced aldehyde and carboxylic acids respectividlys confirming strong suspicion of 10-hydroxymt#caenoic
acid.
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Fig. 4: Infrared analysis for CWS metabolite

The result of the thin layer chromatograpmalgsis showed that the metabolites are made ugiffefrent
components with the following Rralues: 0.69 for metabolite produced Ngrcadia madunae; 0.35, 0.45 for
Klebsiella aerogenes metabolite, and 0.35, 0.75 fBacillus pumilus metabolite respectively (Figure 5).
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FIG. 6. Thin layer chromatography of the metabolites {spocations) of IWS,CWS and LC using
petroleumether/diethyl ether/glacial acetic acid:{9:1 by vol) as solvent.
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Discussion

Metabolites were prepared from seven organidAwsvever, the metabolites froilebsiella aerogenes and
Bacillus pumilus exhibited more antimicrobial activities.The moretige metabolites produced bilebsiela
aerogenes and Bacillus pumilus compared to others are probably because they inotitase constituents which
enhance antibacterial potency as revealed by thandtysis, substituents like carboxylic acids, ettgrbonyl,
aldehyde and even aromatic rings that have beewrkrio contribute to antimicrobial properties of atmtlites
(Figures 3 and 4). The result obtained in the clatographic analysis of the metaboliteskdébsiella aerogenes
and Bacillus pumilus and the compound with Rvalue of 0.345 formed (Figs.5), is closely relatedwhat was
obtained in literature by Koritalet al., (1989). This compound is suspected strongly ¢o 19- hydroxyl
octadecaenoic acid (spot A) — A novel lipoidal aatént ( Manreset al.,1990).

Houet al., (1993) postulated the pathway for the bioconeersf oleic acid to 10-hydroxyloctadecanoic acid.
Oleic acid is first converted to HOD (an intermediproducts). During this step, one hydroxyl graintroduced
at C-10 (s) and a doubled bond is shifted from €s%o C-8 trans, suggesting that there may beatt 12 or more
enzymes involved in this first step for cis-traehifted isomerization of the double bond and furtimgroxylation
introducing a hydroxyl group at C-7 (s). The DODOhweays mentioned below is the bioconversional potsl for
the metabolites produced.

9 COOH

10

Hydroxylation with doulde bond migration

9 COOH
10
HOD /\/\/\/\ /\/\/\/\/
A 8
Hydroxylation HO
OH
OOH Y

VAV A VAN WAV AN AN AN

HOD, 10 — hydroxy — 8 — octadecanoic acid
DOD, 7, 10 — dihydroxy — 8 (E) — octadecanoic acid.

Figure 7: A postulated pathway for bioconversion abéic acid to DOD by strain PR3 frofseudomonas
aeruginosa (Houet al., 1993).
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The infrared (IR) spectral analyses of thetaelites from the two organisms showed that bathehclose
ranges of absorption. The intense absorption bod46.7 crit (Figs.3 and 4) show the presence of ester carbonyl
in both samples. Absorptions at 2858.3-2931.3 aB#33cm® will produce aldehyde and carboxylic acid
respectively which further confirms the presencearbonyl groups which could either be hydroxylketostearic
acids . Based on the spectral measurements andctiveparisons with values in literature, the suspiof 10-
hydroxyl octadecaenoic acid in the metabolite &samable (Tulloch, 1980; Tulloch, 1985). Antibaigleagents are
natural products of bacteria or derivatives of thefoducts which kill (bactericidal) or inhibit thgrowth
(bacteriostatic) of the organisms. It forms partted self preservation mechanisms by which the abies prevent
overcrowding with their own or other species (Mistsl., 1993). Antibacterial agents are undoubtedly invialeia
in the treatment and prevention of infections. Bate factors such as use and abuse of drugs, dsigjance
bacterial strains, loss of confidence by usergpstd and re-infection of diseases and high cosintibacterial
agents led to their limitations (Ghosleahl., 1996).

It can be concluded from all the tests and expermearried out that the metabolites producedbgbsiella
aerogenes andBacillus pumilus had better antimicrobial activities on the tegiamisms and therefore can serve as
effective antimicrobial agents .
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