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Effect of Antibiotics on Growth and L-glutamic Acid

Fermentation by the Mutant Micrococcus glutamicus AB
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An experimental study was conducted to investigate the effects of varying
concentrations (10-30 ug/ml) of different antibiotics namely penicillin G, erythromycin,
chrompheniol, streptomycin, tetracycline and gentamicin added to the fermentation broth at
different time intervals (0-48h) on growth and l-glutamic acid production by the biotin-
auxotrophic mutant Micrococcus glutamicus AB, . All these antibiotics showed determental
effect on both growth & l-glutamic acid production.
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Thefermentative production of |-glutamic
acid using I-glutamic acid was started by Kyowa
hakko Kogyo Co. Ltd. Successfully in 1956. The
[-glutamate producing bacteria like Micrococcus
glutamicus, Brevibacterium roseum,
Brevibacterium lactofermentum, Brevibacterium
flavum etc. are Gram+ve, non spore-forming and
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nonmotile and require biotin for growth®. The
effects of different antibiotics on growth and
L-amino acid production were reported by many
authors*®,

Considering the reviews, the present
study was intended to investigate the effects of
different antibiotics namely penicillin
G, erythromycin, chloramphenicopl, streptomycin,
tetracycline and gentamicin on growth and
[-glutamic acid accumulation by the mutant
Micrococcus glutamicusAB .

MATERIAL AND METHODS

Microor ganism

Micrococcus glutamicus AB, ,, a biotin
requiring auxotrophic mutant derived from a
regulatory mutant Micrococcus glutamicus AB, by
induced mutation in our laboratory was used
throughtou the study®.
Synthetic medium used for |-glutamic acid
production

The composition of the synthetic medium
used for I-glutamic acid production was asfollows:
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glucose, 9.0%; (NH,),HPO,, 1.4%; K,HPO,, 0.15%;
MgSO,.7H,0, 0.03%; CaCO,, 0.04%; FeSO,.7H,0,
5.0ug/ml; ZnSO,.7H,0, 10. pg/ml; MnSO,.4H,0,
1.0 pg/ml; and biotin, 0.2 pug/ml; pH 6.5,

Fermentation was carried out using
shake flask method on arotary shaker (150 rpm)
in 100 ml Erlenmayer conical flask containing 20
ml mineral salt medium for 72hat 29°C. Themedium
was inoculated with 4.0% (v/v) of 48h old seed
culture (6.0x104 cells) of Micrococcus
glutamicusAB, "
Addition of antibioticsto the synthetic medium

The effects of varying concentrations
(10.0—30.0 pg/ml) of different antibiotics namely
penicillin, erythromycin, chloramphenicol,
streptomycin, tetracycline and gentamicin added
at different time intervals (0-48 h) on growth and
[-glutamic acid production by this mutant were
investigated.
Analysis of Amino acid

Descending paper chromatography was
employed for detecting L-glutamic acid in culture
medium and was run for 18h on awatman No. 1
chromatographic paper. Solvent system used
include, n-butanol : acetic acid : water (2: 1: 1).
The spots were visualized by spraying with a
solution of 0.2% ninhydrinin acetone by spraying
with a solution of 0.2% ninhydrin in acetone and
guantitative estimation of L-glutamic acid in the
suspension was done using colorimetric estimation
method 213,
Estimation of Dry Cell Weight (DCW)

After centrifugation, afew ml of 1.0(M)
HCIl was poured into the preci pitate of the bacterial
cells and calcium carbonate to dissolve calcium
carbonate. The remaining bacterial cells were
washed with water and dried at 100°C until cell
weight remain constant?#.
Satistical analysis

All datawere expressed asmean + SEM,
were n = 6. The data were analyzed by one way
ANOVA followed by Dunett’s post hoc multiple
comparison test using “ prism 4.0” software (Graph
pad Inc., USA). A “p” value less than 0.05 was
considered significant and lessthan 0.01 ashighly
significant.
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RESULTSAND DISCUSSION

The effect of different antibiotics
on growth and |-glutamic acid production
by the biotin-auxotrophic mutant Micrococcus
glutamicusAB, ,, were depicted in Fig. 1a-6c.

All these antibiotics studied showed
determental effectson growth and |-glutamic acid
production.

Penicillin G, beingamember of 3-lactam
antibioticsinhibitsthe formation of peptidoglycan
cross-linksinthe bacterial cell wall. TheB-lactam
moiety of the antibiotic binds to the enzyme-DO-
transpeptidase which helps in cross linking
between peptidoglycan strands of bacterial cell
wall. Thus the growth of bacterial cell wall
continue to function, leading to cytolysis. On the
other hand, as peptidoglycan synthesis becomes
inhibited, aminoglycosides penetral e the bacterial
cell, allowing its disruption of protein synthesis
within the cell*15,

Erythromycin shows bacteriocidal
activity by binding to the 50S subunit of the
bacterial ribosome. It interferes with aminoacyl
translocation, preventing translocation of the
t-RNA from A siteto Psite of theribosome, leading
to inhibition of polypeptide synthesis'e.

Chloramphenicol, bacteriostatic agent,
binds to A2451 and A2452 residues in the 23S
rRNA of 50S ribosomal sub unit, inhibits peptide
bond formation .

Streptomycin bindsto S12 protein of 30S
ribosomal subunits, inhibiting the bond formation
between formylmethionyl-tRNA and 30S subunit,
preventing inhibition of protein synthesis which
ultimately leads to death of microbial cells 8.

Tetracyclineinhibits protein synthesisby
blocking the attachment of aminoacyl-tRNA tothe
30S subunit of 70S ribosome?®.

Gentamicin is a bacteriocidal antibiotic,
binds to the 30S subunit of bacterial ribosome,
thus, inhibits protein synthesis 2.

Thus, from this present study, it can be
tentatively concluded that all the antibioticsstudied
adversely affects on growth and I-glutamic acid
accumulation in the fermentation broth by the
mutant Micrococcus glutamicus AB, .
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Fig. 1(a). Effect of Penicillin G on growth & L-glutamic acid production
by Micrococcus glutagmicus AB,  added to the fermentation broth at Ohr
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Fig. 1(b). Effect of Penicillin G on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,, added to the fermentation broth at 24hr
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Fig. 1(c). Effect of Penicillin G on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,; added to the fermentation broth at 48hr
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Fig. 2(a). Effect of erythromycin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB,, added to the fermentation broth at Ohr
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Fig. 2(b). Effect of erythromycin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,, added to the fermentation broth at 24hr
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Fig. 2(c). Effect of erythromycin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,; added to the fermentation broth at 48hr
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Fig. 3(a). Effect of chloramphenicol on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ) added to the fermentation broth at Ohr
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Fig. 3(b). Effect of chloramphenicol on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,  added to the fermentation broth at 24hr
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Fig. 3(c). Effect of chloramphenicol on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,, added to the fermentation broth at 48hr
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Fig. 4(a). Effect of streptomycin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,, added to the fermentation broth at O hr
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Fig. 4(b). Effect of streptomycin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, , added to the fermentation broth at 24 hr
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Fig. 4(c). Effect of streptomycin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, , added to the fermentation broth at 48 hr
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Fig. 5(a). Effect of tetracycline on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ) added to the fermentation broth at Ohr
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Fig. 5(b). Effect of tetracycline on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, ,, added to the fermentation broth at 24 hr
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Fig. 5(c). Effect of tetracycline on growth & L-glutamic acid production
by Micrococcus glutagmicus AB100 added to the fermentation broth at 48 hr
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Fig. 6(a). Effect of gentamicin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, , added to the fermentation broth at Ohr
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Fig. 5(b). Effect of gentamicin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, , added to the fermentation broth at 24 hr
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Fig. 6(c). Effect of gentamicin on growth & L-glutamic acid production
by Micrococcus glutagmicus AB, , added to the fermentation broth at 48 hr

J. Pure & Appl. Microbiol., 6(1), March 2012.



10.

GANGULY & BANIK: EFFECT OF ANTIBIOTICS ON Micrococcus glutamicus 279

REFERENCES

Sano, C., History of glutamate production. Am
J Clin Nutr., 2009; 90: 728S-732S.

Kinoshita, S., Udaka, S., Shimalnoto, M. Studies
on amino acid fermentation, Part |. Production
of L-glutamic acid by various microorganisms.
J. Gen. Appl. Microbioal., 1957; 3: 193-205.
Vdaka, S. Screening method for microorganisms
accumulating metabolites and its use in the
isolation of Micrococcus glutamicus. J
Bacteriol., 1960; 79 : 754-755.

Matsuo, T., Oyama, Y., Tanemoto, H., Hashida,
W. and Terramoto, S. Fermentative production
of glutamic acid and its application X. Effect of
antibiotics on the glutamic acid fermentation.
Part 111. Effect of penicillin and biotin. Amino
Acids and Nucleic Acids., 1966; 12 915-924.
Birnbaum, J and Demain, A. L. Reversal by
citrate of theiodoacetate and Fluorideinhibition
of glutamic acid production by
Corynebacterium glutamicum. Appl. Microbiol .,
1969; 18(2): 287-288.

Sen, S. k. and chatterjee, S. P. Influence of
antibiotics and trace salts on lysine production
by Arthrobacter globifovmis. Folia Microbiol.,
1983; 28: 292-300.

Israilides, C. J., Weir,A. N. and Bull, A. T. Effect
of antibiotic an lysine production in free and
immobilized cells of Bacillus subtilis. Appl.
Microbiol. Biotechnol., 1989; 32: 134-136.
Ekwealor, A. and Obeta, J. A. N. Antibiotic and
surfatout effects on lysine accumulation by
Bacillus megaterium. Afr. J. Biotechnol., 2008;
7(10): 1550-1553.

Ganguly, S. and Banik, A. K. Induced mutation
and selection of High yielding strain of
Micrococcus glutamicus for glutamic acid
production. J. Indian Chem. Soc., 2010; 87(6):
711-721.

Ganguly, S. & Banik, A. K. Role of Complex
nutrients on production of L-glutamic acid by a

12.

13.

14.

15.

16.

17.

18.

19.

20.

mutant Micrococcus glutamcus AB, .. Int. J.
Pharm. Biol-Sci., 2011; 2(3) (In press).
Ganguly, S. and Banik, A. K. Optimization of
physical conditions for the production of |-
glutamic acid by a mutant Micrococcus
glutamicus AB100. Int. J. Pharm. Biol-Sci.,
2011; 2(2) : 711-721.

Chinard, F. P. Photomeric estimation of proline
and ornithine. J. Biol. Chem., 1952; 199:
91-95.

Spies, J. R. Colorimetric procedures for amino
acids. Methods in Enzymol., 1957; 3: 468-471.
Shah, A. H., Hameed, A. and Khan, G. M.
Optimization of culture conditionsfor L-lysine
fermentation by Corynebacterium glutamicum.
On line J. Biol-<ci., 2002; 2(3): 151-156.
Fleming, A. On the antibacterial action of
cultures of apenicillium, with special reference
to their use in the isolation of B. influenza. Br.
J. Exp. Pathol., 1929; 10(3): 226-236.

Mims, C., DCKYell, H. M., Goering, R. V.,
Roitt, |., Wakelin, D. & Zuckerman, M : Medica
Microbiology. In : Attacking the enemy :
Antimicrobiol Agents and Chemotherapy :
Macrolides. London : Mosby Ltd, 2004, pp.
489.

Jardetzky, O. Studies on the Mechanism of
Action of Chloramphenilol. J. Biol. Chem.,
1963; 238(7): 2498-2508.

Sharma, D., Cukras, A. R., Rogers, E. J.,
Southworth, D. R. & Green, R. Mutational
analysis of 512 protein and implicationsfor the
accuracy of decoding by the ribosome. J. Mol.
Biol., 207; 374(4): 1065-1076.

Zaki, D., Galal, O., Hazino-wahba, S.A., Morsi,
K.l. & Wakell, E. A. Microbiological production
of lysine. Nutr. Rep. int., 1982; 26 : 537-546.
Hendriks, J. G. E., Van Horn, J. R., Van der Mei
H. C. & Busscher, H. J. Backgrounds of
antibiotic-loaded bone cement and prosthesis-
related infection. Biomaterials, 2004; 25(3) :
545-556.

J. Pure & Appl. Microbiol., 6(1), March 2012.



