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Abstract: Growth pattern and antimicrobial profile of Nocardia levis MK-VL_113 were studied on Yeast

extract-Malt extract –Dextrose broth. An attempt has been made to evaluate the optimal cultural conditions

for obtaining high yields of bioactive metabolites. The optimum temperature and pH for bioactive

metabolite production of the strain were recorded as 30 C and 6.5 respectively. Production of bioactiveo

metabolites by the strain was high in maltose tryptone broth as compared to other tested media tested. The

strain utilized sucrose and tryptone as good carbon and nitrogen sources for the elaboration of bioactive

metabolites. The secondary metabolites exhibited high antimicrobial activity against a variety of Gram

positive, Gram negative bacteria and fungi. This is the first report on the optimization studies of bioactive

metabolites by N. levis.  
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INTRODUCTION

Microbes have been proved as a natural reservoir

for bioactive metabolites since past decades.

Actinomycetes producing potent antibiotics with broad

pharmacological and agricultural profile  have received[1]

special attention for resolving the problem of antibiotic

resistance to conventional drugs . In the present era,[2]

bioactive metabolites from pathogenic actinomycetes

particularly Nocardia spp. have been focused due to

their unique and diverse metabolic pathways against the

life threatening resistant pathogens . As a part of our[3 ]

ongoing research on bioactive metabolites of Nocardia

spp., one promising strain with good antimicrobial

potential was identified as Nocardia levis MK-VL_113

isolated from the laterite soils. The strain has been

deposited in NCBI genbank with an accession number

FJ209734. The components of the culture medium and

the conditions in which the organisms are cultured

often  influence the production of bioactive

metabolites . An attempt was made in the present[4 ,5 ,6 ,7 ,8 ,9]

study to optimize the cultural conditions for enhancing

the production of bioactive metabolites by the strain.

MATERIALS AND METHODS

Isolation: The strain Nocardia levis MK-VL_113 was

isolated from laterite soils of Guntur by using soil

dilution technique on asparagine-glycerol salts (AG)

agar medium containing 0.1% L-asparagine, 1%

2 4glycerol, 0.1% K HPO , 0.1% trace salt solution (pH

7.2). The strain was maintained on Yeast extract-Malt

extract-Dextrose (YMD) agar medium at 4 C .o [10]

Growth Pattern and Bioassay: To study the growth

pattern and antimicrobial profile, one week old culture

of N. levis was cultivated in AG broth (seed medium)

at 35 C for 24 h. Seed culture at a rate of 10% waso

transferred to the production medium comprising of

0.4% yeast extract, 1% malt extract,  0.4% dextrose,

30.2% CaCo   with pH 7.2. The fermentation process

was allowed to run at 35 C for 7 days. Growth of theo

strain was expressed as dry weight of the biomass per

100 ml of culture medium while the production of

bioactive metabolites was measured in terms of

diameter of inhibition zone against the microbes tested.

The culture filtrates harvested at regular intervals were

extracted with ethyl acetate and evaporated to dryness

under vacuum at 35 C. The residues thus obtained wereo

dissolved in dimethyl sulphoxide at a concentration of

1000 µg/ml and tested for antimicrobial activity against

the test organisms such as Bacillus cereus (MTCC

430), Escherichia coli (MTCC 40), Staphylococcus

aureus (MTCC 96), Pseudomonas aeruginosa (MTCC

424) and Candida albicans (MTCC 183) by employing

agar well diffusion method . [11]

Optimization of Fermentation Process: Bioactive

metabolite production of the strain was optimized by

using different cultural parameters viz., pH,



J. App. Sci. Res., 5(12): 2138-2147, 2009

2139

temperature, culture media, carbon and nitrogen sources

and minerals.

pH: Influence of initial pH on growth and bioactive

metabolite production of the strain was determined by

adjusting the pH of production medium ranging from

4-8. The optimal pH achieved at this step was used for

further study .[12]

Temperature: The optimum temperature for cell

growth and bioactive metabolite yield was assayed by

incubating the production medium at different

temperatures varying from 20-40 C, maintaining allo

other conditions at optimum levels .[13]

Media: To evaluate the suitable media for growth and

bioactive metabolite production, the strain was cultured

in 12 different media such as oat meal broth (ISP-3),

starch inorganic salts broth (ISP-4), glycerol-asparagine

broth (ISP-5), tyrosine broth (ISP-7), starch casein salts

broth, starch yeast extract broth, gauze broth, maltose

tryptone broth, modified Czapek-Dox broth, asparagine-

glucose broth, malt extract broth and soyabean meal

broth . During the fermentation process, cell growth[12]

and the yield of bioactive metabolites by the strain

were recorded. The medium in which the strain

exhibits optimum levels of bioactive metabolites was

fixed for further studies.

Carbon and Nitrogen Sources: To study the influence

of carbon sources on cell growth and bioactive

metabolites of the strain, the production medium was

supplemented with different carbon sources such as

fructose, galactose, glucose, glycerol, lactose, mannitol,

sorbitol, starch, sucrose and xylose each at a level of

1% (w/v) by keeping the other ingredients constant.

Influence of various levels of best carbon source (1-

5%) on bioactive metabolite production was examined.

Similarly, the influence of nitrogen sources on

antibiotic yield was investigated by adding different

nitrogen sources like ammonium oxalate, ammonium

sulphate, asparagine, casein, Diammonium hydrogen

orthophosphate, glutamine, glycine, malt extract,

peptone, potassium nitrate, sodium nitrate, tryptone,

tyrosine, urea and yeast extract each at a concentration

of 0.5% (w/v) to the production medium containing an

optimum amount of the superior carbon source. Further,

the actual concentration of nitrogen source (0.5-2%)

supporting optimal yields of bioactive metabolites was

also recorded .[14]

Minerals: Impact of minerals on the production of

biomass and bioactive metabolites was determined by

2 4supplementing different minerals viz., KH PO ,

2 4 4. 2 4 . 2K HPO , NaCl, KCl, MgSO 7H O, FeSO 7H O and

4. 2ZnSO 7H O at the rate of 0.05% (w/v) to the

production medium .[15]

Statistical Analysis: Results on cell growth and the

production of bioactive metabolites by N. levis under

different cultural conditions tested are statistically

analyzed with One-way and Two-way Analysis of

Variance (ANOVA) respectively. 

The metabolites produced by the strain under

optimized conditions were tested against B. cereus, B.

megaterium (NCIM 2187), B. subtilis (MTCC 441),

Corynebacterium  diphtheriae (MTCC 116), E. coli,

Proteus vulgaris (ATCC 6380), P. aeruginosa, P.

solanacearum (NCIM 5103), Serratia marcescens

(MTCC 118), S. aureus, S. epidermis (MTCC 120),

Xanthomonas  malvacearum  (NCIM 2954), X.

campestris (NCIM 2310) and fungi including

Aspergillus flavus, A. niger, Alternaria alternata, C.

albicans, Curvularia lunata, Fusarium oxysporum

(MTCC 218) and Penicillium citrinum  by using agar

plate diffusion assay .[11]

RESULTS AND DISCUSSION

Growth Pattern and Bioassay: The growth pattern of

N. levis was studied on YMD broth. Log phase of the

strain extended from log phase after 24 h to 72 h.

After that it exhibited stationary phase upto 144 h of

incubation, then declined (Fig. 1). The secondary

metabolites obtained from four-day old culture showed

high antimicrobial activity against the test microbes. Of

all the tested ones, C. albicans followed by B. cereus

were highly sensitive to the metabolites elaborated by

the strain. Nocardicyclins and Chemomicin A obtained

from four-day culture broth of N. pseudobrasiliensis

and N. mediterranei subsp. kanglensis 1747-64

exhibited good antitumor and antimicrobial potential

respectively . Metabolites collected from four-day[16 ,17]

old culture of Streptomyces psammoticus also showed

good antibacterial activity on methicillin resistant

Staphylococcus aureus .[18]

Initial pH: Of the pH levels tested, production of

bioactive metabolites and biomass were high at pH 6.5

and 7 respectively (Fig. 2). Glazebrook et al.[19]

observed  high produc tivity o f 5 -H ydroxy-4-

oxonorvaline by S. akiyoshiensis at the initial pH

values ranging between 6.3 and 6.6 while Gupte and

Naik optimized the pH as 6.5 for the production of[20] 

a new tetraene polyene antibiotic, HA-2-91 from S.

arenae var ukrainiana. A new angucyclinone antibiotic,

chemomicin A was isolated from culture broth of

Nocardia mediterranei subsp. kanglensis 1747-64

grown at pH 6.5 .[17]
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Fig. 1: Growth pattern and the production of bioactive metabolites by Nocardia levis on YMD broth

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.

Fig. 2: Effect of pH on cell growth and bioactive metabolite yield of Nocardia levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.
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Temperature: The effect of temperature on biomass

and bioactive metabolite production of the strain was

recorded (Fig. 3). Cell growth and the yield of

bioactive metabolites were found to be optimum when

the strain was cultured at 30 C indicating its mesophilico

nature. Actinomycetes such as S. galbus , S. rochei[21]

G164 , S. hygroscopicus , Thermomonospora sp. ,[22] [13] [23]

S. marinensis , S. fradiae, S. lavendualae, S.[24]

fulvissimus  showed optimum levels of antibiotic[6]

production at 30 C.o

Culture media: Production of biomass and bioactive

metabolites by the strain were recorded by cultured it

on twelve different media (Fig. 4). Of the tested ones,

maltose tryptone broth favored high rates of bioactive

metabolites followed by asparagine-glucose and

modified Czapek-Dox broths whereas the production of

biomass was high in tyrosine broth followed by

asparagine-glycerol and starch inorganic salts broths.

Test organisms such as B. cereus, C. albicans and S.

aureus exhibited high sensitivity towards the

metabolites produced by the strain. The metabolites of

the strain had no effect on C. albicans when it was

cultured in oat meal broth. Krassilnikov  suggested[25 ]

that the ability of microbes to form antibiotics is not a

fixed property but can either be greatly increased or

completely lost depending on the conditions in which

they are grown. 

Carbon Sources: Impact of several carbon sources on

biomass and bioactive metabolite yield was shown in

Fig. 5. Among the carbon sources tested, lactose and

fructose were favored as good carbon sources for

biomass production whereas the yield of bioactive

metabolites was high with sucrose followed by lactose.

Sucrose as the best carbon source for antibiotic

production of S. rochei G164 was reported by

Chattopadhyay and Sen .[22]

As sucrose is the most preferred carbon source for

bioactive metabolite production by the strain, different

levels of sucrose (1-5%) were tested to determine its

optimal concentration on bioactive metabolite yield.

Medium containing 2% sucrose supported high levels

of biomass and bioactive metabolite production by the

strain (Fig. 6). Farid et al.  and Gupte and[15]

Kulkarni  optimized the cultural conditions for the[23]

production of natamycin and an antifungal antibiotic by

S. natalensis and Thermomonospora sp. (MTCC 3340)

respectively and reported high productivity when the

strains were cultured on the medium containing 2%

glucose.

Nitrogen Sources: The effect of different nitrogen

sources on the production of biomass and bioactive

metabolites of the strain was studied. (Fig. 7). Among

the fifteen nitrogen sources tested, tryptone served as

the best nitrogen source for biomass as well as

bioactive metabolite production. Culture medium

amended with other sources like potassium nitrate and

urea favored the production of antibacterial metabolites

by the strain whereas the medium incorporated with

peptone and ammonium oxalate individually supported

better yields of antifungal metabolites. Though the

strain utilized amino acids like tyrosine, asparagine,

glutamine and glycine, the ability of it to produce

biomass and bioactive metabolites was less as

compared to that of tryptone. Growth and antibiotic

production were found to be governed by nitrogen

sources  and the utilization of nitrogen sources for the[26]

production of bioactive metabolites seems to be

different among actinomycete strains. Chattopadhyay

and Sen  and Han et al.  recorded peptone as the[22] [27]

suitable nitrogen source for obtaining optimal yields of

bioactive metabolites by S. rochei G164 and S. scabiei

PK-A41 respectively. Potassium nitrate and peptone

supported high rates of bioactive metabolite elaboration

from Streptomyces sp. J12  and S. fradiae  while[12] [6]

calcium nitrate, ammonium nitrate and peptone in case

of S. lavendulae and S. fulvissimus .  [6]

Influence of different concentrations of tryptone on

the production of bioactive metabolites is presented in

Fig. 8. It is noted that the tryptone at a concentration

of 2% and 1% showed optimal yields of biomass and

bioactive metabolites respectively. Gupte and

Kulkarni  recorded optimum rates of antibiotic[28 ,23]

production on the culture medium containing soybean

meal (1%) as nitrogen source by S. chattanoogensis

and Thermomonospora sp. (MTCC 3340).

Minerals: Impact of minerals on the yield of biomass

and bioactive metabolites of the strain is presented in

2 4Fig. 9. As compared to other minerals tested, K HPO

slightly enhanced the production of cell mass and

bioactive metabolites of the strain but a rapid fall was

4 4observed with FeSO  and ZnSO .  In S. fradiae, high

yields of neomycin are recorded in the medium

2 4 amended with K HPO whereas its production was

declined in case of media supplemented with

4 2ZnSO .7H O. Other sources like NaCl had no effect on

the neomycin production of the strain .[29]

Statistical Analysis: Data obtained on cell growth and

bioactive metabolite yield of N. levis are analyzed by

One-way and Two-way ANOVA respectively and the

differences between the treatments were statistically

significant at 5%.

The secondary metabolites obtained from the strain

under optimized cultural conditions (2% sucrose, 1%

2 4tryptone, 0.05% K HPO , incubation period 4 days, pH

6.5 and temperature 30 C) showed strong antimicrobialo
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Fig. 3: Effect of temperature on cell growth and bioactive metabolite yield of Nocardia levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.

Fig. 4: Effect of culture media on cell growth and bioactive metabolite yield of Nocardia levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.
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Fig. 5: Effect of carbon sources on cell growth and bioactive metabolite yield of Nocardia levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.

Fig. 6: Effect of different concentrations of sucrose on cell growth and bioactive metabolite yield of Nocardia

levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.
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Fig. 7: Effect of nitrogen sources on cell growth and bioactive metabolite yield of Nocardia levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.

Fig. 8: Effect of different concentrations of tryptone on cell growth and bioactive metabolite yield of Nocardia

levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way
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ANOVA respectively and found to be significant at 5%.

Fig. 9: Effect of minerals on cell growth and bioactive metabolite yield of Nocardia levis

*Data on cell growth and bioactive metabolite yield were statistically analyzed by One-way and Two-way

ANOVA respectively and found to be significant at 5%.

activity against a variety of Gram positive, Gram

negative bacteria and fungi (Table 1). Among the

bacteria tested, S. epidermis followed by B. cereus, S.

aureus, Corynebacterium  diphtheriae, E. coli and P.

solanacearum  appeared to be highly sensitive to the

metabolites produced by the strain. Metabolites of N.

levis are highly inhibitory to C. albicans followed by

A. niger, F. oxysporum  and P. citrinum .

The bioactive metabolite profile of Nocardia spp.

is very broad as it includes a variety of antibacterial,

antifungal, antitumor, cytotoxic and immunosuppressive

c o m p o u nd s .  C y to to x ic  a n t ib io t i c s  su c h  a s

brasiliquinones A, B and C has been obtained from N.

brasiliensis IFM 0089 . Imai et al.  reported[30] [31]

antibacterial activity of the metabolites of N.

brasiliensis. Brasilidine A, a new cytotoxic isonitrile

containing indole alkaloid was recorded from N.

brasiliensis .  Momose et al.  isolated a new[32] [33]

anthracycline antibiotic, nothramicin from Nocardia sp.

MJ896-43F17 active against Mycobacterium  spp.

P r o d u c t i o n  o f  n o c a r d i c y c l in  A  f r o m  N .

pseudobrasiliensis was described by Tanaka et al.[16]

and tested its antitumor activity against P388 leukemia

and its multi-drug resistant cell line of P388/ADR.

Tsuda et al.  reported the production of Nocarasins[34]

A, B and C by N. brasiliensis IFM 0677 which were

inhibitory to N. asteroides and Mycobacterium

smegmatis. The strain N. brasiliiensis IFM 0466 was

found to be an erythromycin E producer . Metabolites[35]

of N. asteroides SCRC-A2359 such as amamistatins A

and B were inhibitory to human tumor cell lines .[36]

Nemoto et al.  reported a new antitumor substance,[37]

asterobactin from N. asteroides IFM 0959. Komatsu et

al.  isolated brasilinolides and brasilicardin A with[38 ,39]

good immunosuppressive potential from N. brasiliensis

IFM 0406. Mukai et al.  reported novel antifungal[40]

antibiotics, transvalencin A and transvalencin Z from

N. transvalensis IFM 10065. A new angucyclinone

antibiotic, chemomicin A possessing antimicrobial

activity against B. subtilis and Enterococcus faecium

was extracted from the culture broth of N. mediterranei

subsp. kanglensis 1747-64 . Bioactive metabolites[17]

such as chrysophanol 8-methyl ether, asphodelin; 4,7’-

bichrysophanol, justicidin B and ayamycin; 1,1-

dichloro-4-ethyl-5-(4-nitro-phenyl)-hexan-2-one were

isolated from Nocardia sp. ALAA 2000 . Two novel[41]

antibiotics, neocitreamicins I and II with good

antibacterial activity against methicillin resistant

Staphylococcus aureus and vancomycin resistant E.

faecalis were extracted from a Nocardia strain

G0655 . [42]

A perusal of literature clearly indicates the

Nocardia spp. as potential agents for screening novel

bioactive compounds. In the present study, optimal

conditions for the production of bioactive metabolites

by N. levis MK-VL_113 were determined and the

metabolites thus extracted showed good antimicrobial

activity against Gram positive, Gram negative bacteria

and fungi. Hence, further studies regarding the

purification and characterization of potent bioactive



J. App. Sci. Res., 5(12): 2138-2147, 2009

2146

metabolites produced by the strain are in progress. This

is the first report on the optimization studies of

bioactive metabolites of N. levis.

Table 1: Antimicrobial activities of bioactive m etabolites produced

by Nocardia levis M K-VL_113 under optim ized

conditions

S. No. Test organism Zone of inhibition 

(mm)

Bacteria

1 Bacillus cereus 35

2 B . megaterium 29

3 B . subtilis 18

4 Corynebacterium diphtheriae 33

5 Escherichia coli 32

6 Proteus vulgaris 22

7 Pseudomonas aeruginosa 26

8 P . solanacearum 30

9 Serratia marcescens 26.5

10 Staphylococcus aureus 34

11 S. epidermis 36

12 Xanthomonas malvacearum 27

13 X . campestris 26

Fungi

14 Candida albicans 35

15 Alternata alternata 10

16 Aspergillus flavus 15

17 A . niger 25

18 A . terreus 16

19 Curvularia lunata 11

20 Fusarium oxysporum 23

21 Penicillium citrinum 20
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