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ABSTRACT

Thermophilic bacterial cultures of Bacillus species capable of producing

antibiotic bacitracin were isolated from local habitats and were screened for the

production of bacitracin. Culture No. 39 gave the maximum yield of bacitracin

(37.2 I.U/mL) whereas rest of the cultures produced less quantify of bacitracin. It

was identified as Bacillus licheniformis. The culture Bacillus /icheniformis 39 was

mutated by both UV irradiation and NTG (N-methyl-N-nitro-nitrosoguanidine).

The mutatedstrainwas designated as Bacillus licheriformis M-39.

In submerged fermentation, 20 hours old vegetative inoculuim (5% v/v)

gave the maximum yield of bacitracin when the culture was grown in medium

containing L-glulamic acid, L-alanine, citric acid and inorganic salts. It was found

that amino acids L-glutamic acid, L-alanine, the divalent metal ions (Mg, Fe and

Mn) sodium dihydrogen phosphate were essential for bacitracin production

whereas Na2S04 and CaCI2 were deleted from the medium as they decreased

the bacitracin yield.

Carbohydrates in the form of sugars and starches were employed for the

production of bacitracin. Among sugars glucose gave the maximum yield of

antibiotic and among starches, soluble starch was found best suited for bacitracin

[XV



production. Glucose also proved as interfering carbon source so it gave maximum

yield at 0.5% (w/v) concentration after its complete consumption. Soluble starch

also used at slowly utilized carbon source in addition to glucose to fulfill thewas

carbon needs of cultures after the depletion of glucose. Catabolife repression of

glucose was also studied in addition to the effect of various organic acids on the

production of bacitracin and citric acid gave the maximum yield.

Organic and inorganic nitrogen sources were tried to enhance the yield of

bacitracin but they were found ineffective in the presence amino acids of the

fermentation medium. Effect of bacitracin constituent amino acid, their

sterioisomers, and some other amino acids were studied on bacitracin production.

L-leucine increased the bacitracin yield upto 72% on 1.0 g/l addition. Bacitracin

yield was further increased to 15 % when a combination of five other amino acids

was used with L-leucine.

Inhibition of antibiotic bacitracin on its own production was studied. The

inhibition increased upto 140 I.U/mL addition bacitracin in fermentation medium

at the start of fermentation. The inhibition was due to the formation of chelating

complex with divalent metal ions. The inhibitory effect of bacitracin was maximum

with 6.0 mM concentration of Mn2+ .
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To economize the feasibility of the process agricultural by-products such as

corn steep-liquor, soybean, corn, sunflower and cotton seed meals were tried in

place of amino acids. The results obtained by using soybean meal were

encouraging. The optimal medium for the submerged fermentation of bacitracin

contained soybean meal, glucose, starch, citric acid and mineral salts produced

bacitracin 94.3 I.U/mL at the flask level.

The environmental factors such as incubation temperature, initial pH,

aeration and agitation rates were also optimized. The optimum bacitracin yield

(156.4 I.U/mL) was obtained in 30 L fermenter with working volume 15 L at 37

C° with initial pH of 7.0. The agitation and aeration rates were 250 rpm and

1.0 L/L/min respectively.

The production of bacitracin was also carried out by solid state fermentation

by using soybean meal as solid substrate. The other agricultural by-products were also

tried but did not give better yield than soybean meal. Carbohydrate and nitrogen

sources were also found ineffective to increase the antibiotic yield.

Isolation of bacitracin from the fermented broth was carried out by its

precipitation as metal salt by divalent metal ions. Zn2 +was found the most suited

for this purpose and it gave the maximum percentage recovery of 67.4% and

antibiotic activity of 6.9 I.U/mL in the optimized conditions of temperature, pH

and carrier quantity.
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CHAPTER 1

INTRODUCTION AND LITERATURE SURVEY

Antibiotics are the chemical compounds which are derived from the

microorganisms and have the capacity of inhibiting the growth and even

destroying the microorganisms in dilute solutions. The first bacterial antibiotic

tyrothricin was discovered by Dubos in 1939. It was obtained from a spore

bearing soil Bacillus, Bacillus brevis, which was grown by surface culture in the

medium containing salts, peptone or hydrolysed casein or by the submerged

culture in a medium containing glucose, salts and mixture of various amino

acids.

Several antibiotics are produced by Bacillus subtilis and related organisms like

tyrocidine and gramicidin by Bacillus brevis (Bodanszky and Perlman, 1969;

Kurahashi, 1974), mlycobacillin by Bacillus subtilis (Sengupta et al. 1971)

polymyxin by Bacillus polymyxa (Vogler and Studer 1966) and colistin by

Bacillus colistinus (Suzuki et al. 1963) and all these antibiotics appeared to

polypeptides in nature.

Another antibiotic derived from a strain of Bacillus subtilis isolated by Johson et

al.{1945) from the debrided tissue taken from a compound fracture of tibia of a 7

years old girl “Margaret Tracy” was named “Bacitracin” in the honour of the

young patient.
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The gram - positive aerobic spore-forming Bacillus from which bacitracin was

produced, was first classified as a member of Bacillus subtilis, had been placed

in the category of Bacillus licheniformis by Maleney et al.(1952) while Newton

and Abraham(1953,a) showed that bacitracin was consisted of a group of closely

related peptides. Bacitracin is mainly active against gram-positive bacteria,

particularly all gram-positive cocci, gram-positive bacilli including the Clostridia,

corynebacteria and spirochetes in a concentration range of 50-500 ppm. It is

largely inactive against gram-negative rods but some activity against neisseria is

observed. Susceptible organisms are generally inhibited by 0.005 to 2.0

units/mL in broth, and include many strains of the following species Actinomyces

israeli, Clostridium perfringes, Clostridium sporogenes, Clostridium tetani,

Corynebacterium diphthehae, Corynebacterium xerosis, Diplococcus

pneumoniae, Micrococcus pyogenes var aureus, Micrococcus pyrogenes var

albus, Neisseria gonorrhoeae, Sarcina latea, Streptococcus viridans and

Treponema pallidum (Jawetz, 1956).

Bacitracin affects protein synthesis, cell wall synthesis and membrane functions.

It is exclusively used as a topical antibiotic in the treatment of infections and

often supplemented with antibiotics such as polymyxin B and neomycin to make

a broad spectrum combination preparation (Brunnar, 1965). Bacitracin is an

important feed supplement for a number of animal species. It improves the

weight gain and feed efficiency when added in a concentration range of 5-100

ppm.
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1.1 PROPERTIES OF PEPTIDE ANTIBIOTICS

I. Peptide antibiotics are generally much smaller than proteins. Their molecular

weights range from 270 (bacilysin) to about 4500 licheniformin.

II. Generally, a family of closely related peptides rather than a single substance

is produced by an organism. The members may differ from each other by one

or at most, a few amino acid residues (Sarges and Witkop, 1965).

III. Most of the peptide antibiotics formed by the organisms are composed

entirely of amino acids whereas others may contain amino acids plus other

constituents, (Katz, 1968).

IV. Most of the peptides are cyclic structures, however, a few are linear,

(e.g. edeine, linear gramicidins). Besides the cyclic nature of a molecule,

there may be usual linkages or arrangements of the amino acids in the

antibiotics. Bacitracin provides an example, for it possesses a thiazoline ring

(derived from condensation of cysteine and isoleucine), a cyclic hexapeptide,

as well as an amide bond between the p-carboxyl group of aspartic acid and

the epsilon amino group of lysine (Weinberg, 1970).

V. Peptide antibiotics are generally resistant to hydrolysis by peptidases and

proteases of animals and plant origin although a few are susceptible to

enzymatic attack. (Katz, 1971).

3



VI. Peptide antibiotics are generally resistant to hydrolysis by peptidases and

proteases of animals and plant origin although a few are susceptible to

enzymatic attack. (Katz, 1971).

1.2 STRUCTURE OF BACITRACIN

Bacitracins are produced at relatively high levels by strains of Bacillus

licheniformis. At least ten bacitracins are known. Craig et al. (1969) proved that

the major and the most potent component is bacitracin A. Newton and Abraham

(1953, a) reported that bacitracin A is a peptide containing the amino acids

isoleucine, cysteine, lysince, glutamic acid, leucine, ornithine, phenylalanine,

histidine and aspartic acid. The ionizable functions were shown to be one free

amino group, the 6-amino group of ornithine, two free carboxyl groups, and the

imidazole group of histidine. It was suggested that bacitracin A had a cyclic

structure in which one carboxyl group is condensed with e-amino group of lysine.

Bernlohr and Novelli (1960,1963), reported that bacitracin A was consisted of 12

amino acids which are combined together in a manner which involves nine

a -peptide linkages, a thiazoline ring and two unusual peptide linkages, one of

these peptide linkages incorporates the amino group of lysine, and the other, the

p-carboxyl group of aspartic acid.

The presence of D-amino acids in bacitracin was initially reported by Sharp et al

.(1949). Later it was shown by Ressler and Kasheilikar (1966) and Galardy et al.

(1971) that glutamic acid, ornithine, phenylalanine and asparagine occur as D-
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amino acids. Thus in the detailed structure of bacitracin (Fig i) the upper right

portion, the thiazotine ring represents a cyclic condensation product derived

from N-terminal isoleucine residue and cysteine residue. The antibiotic activity is

believed to be associated with the heterocyclic ring.

The empirical formula of bacitracin A is Ce3Hio30i6N,7S. In bacitracin B, one of

the L-isoleucine residue ia substituted with L-valine (Craig and Konigsberg,

1957). The substitution of one of the amino acids in the bacitracin molecule

reflects the substrate unspecificity of the multienzyme complex in Bacillus

licheniformis which carries out the formation of bacitracin; (Froyshov and Laland,

1974; Froyshov, 1978 a) and in general, bacitracin A and B represents more

than 96% of the total microbiological activity in bacitracin.

It has been observed that bacitracin A is transformed to bacitracin F in neutral or

slightly alkaline solution (Craig and Konigsberg 1957) as shown in Fig ii. The

ketothiazole in bacitracin F (oxidized bacitracin A and B) usually makes up less

than 2% by weight of the total bacitracin present. A more rapid oxidation of

bacitracin is observed in the presence of Cu24 ions (Newton and Abraham,

1953 b). Other transformation products of bacitracin are microbiologically

inactive deamidobacitracins.Under alkaline conditions (NaOH), the amide group

of L-asparagine is lost. In commercial lot of bacitracin, the minor components

bacitracins C,D,E and G had reported by Newton and Abraham (1953 b).
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1.3 UNIT OF BACITRACIN

One international unit of bacitracin corresponds to 13.5 pg of Second

International Standard of bacitracin (Lightbown et al. 1964). One unit of

antibiotic activity is defined as the amount of bacitracin in 0.2 mL of culture

supernatant solution that will cause 1 mm inhibition zone outside the cylinder

(Bernlohr and Novelli 1963).

1.4 PRODUCTION OF BACITRACIN

1.4.1 STRAIN

The original bacitracin producing organism was called Bacillus subtilis

strain Tracy I. Later it was classified as a variant of Bacillus licheniformis

(Snoke, 1960). Although some other antibiotics are also produced by

these strains. Subtilin, bacilysin, bacillomycin, subsporin, eumycin etc. are

the antibiotics produced by Bacillus subtilis where as three antibiotics

bacitracin, licheniformin and proticin are produced by Bacillus

licheniformis (Katz and Demain, 1977). The production of the different

antibiotics by the same strain depends upon the composition of the

medium and the environmental conditions like incubation temperature, pH

etc.
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Strain improvement and the media development are considered to be the

key factors in antibiotic production.Traditional strain improvement

involves mutation and selection of mutants. To induce mutants, ultraviolet

irradiation, alkylating agents and the acridines have frequently been used.

Instresting mutants may be those which are, high producers of a certain

metabolite, nonproducer of a certain metabolite, resistant to

bacteriophages and display better growth characteristics and yield than

the parent strain .

Liyong et al. (1988 a, 1988 b) carried out the improvement of antibiotic bacitracin

producing strain Bacillus licheniformis SIPI 86-10 by UV irradiation and

cultivating the mutants or agar medium containing Fe2+ (1000pg FeSCVmL)

pantothenic acid (3000pg/mL) or by selection the mutants that grew rapidly on

media containing high concentrations of FeS04, pantothenic acid, VO3ÿ,

bacitracin, isoleucine or thiourea. The addition of pantothenic acid (433 pg/mL)

in the fermentation medium enhanced the bacitracin production by the mutant

strain.

Paleckova and Smekal (1981) carried out the mutation of the Bacillus

licheniformis by treating the suspension of its cells and spores in pH 7.0

phosphate buffer and three times with 0.5 M ethyl methanesulfonate for three

hours after each treatment, the strain with maximum production of bacitracin was

selected and precultured for 20-24 hours shaking at 33°C in a medium
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containing soybean meal, sucrose and mineral salts and then cultured for 42

hours at 33°C in a similar medium containing peanut meal and starch instead of

soybean meal to yield 460-480 I.U/mL medium. Optionally, the prodution

medium contained 0.0025-0.01 gram calcium pantothenate per mL.

Leukin et al. (1986) lowered the proteolytic activity by mutagenesis of vegetative

cells of Bacillus licheniformis with N-methyl-N-nitro-N- nitrosoguanidine. Six

mutants with lowered serine exoprotease activity in the culture fluid were

isolated. Synthesis of bacitracin and sporulation by the mutants were impaired.

The two conclusion finalized were that serine exoprotease was responsible for

phosphate regulation of bacitracin biosynthesis and sporulation at the level of

amino acid pool formation in the meduim and simultaneous changing of three

features in the mutant might be due to a single pleiotropic mutation or to multiple

mutation independently induced by nitrosoguanidine.

Dulaney (1954) and Delic et al.(1970) justified the better yield of antibiotic

bacitracin by mutation by suggesting that blocking of alternate pathways of

intermediates or blocking of further degratation of the antibiotic whereas Demain

(1972b and 1973) had forwarded the interesting hypothesis, that superior

mutants have altered the control mechanism for antibiotic synthesis.

Bacitracin is produced by a complex enzyme bacitracin synthetase of molecular

weight 800,000 by the strain Bacillus licheniformis (Froyshov, 1974; Froyshov,
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and Mathiesen 1979). This complex enzyme is composed of three

complementary fractions, component I, II and III. Ishihara and Shimura (1974)

described that all three fractions were required for maximal bacitracin synthesis,

a combination of any two components is less than 25% as active as the three

fractions together. The enzyme component I has a molecular weight of 200,000

and activates L-isoleucine, L-cysteine, L-leucine, and L-glutamic acid. The

second fraction (Component II) has a similar molecular weight (210,000) but only

activates L-lysine and L-ornithine, whereas the third fraction (component III)

possesses a molecular weight of 380,000 and activates L-phenylalanine, L-

histidine, L-aspartic acid, L-asparagine and L-isoleucine (or L-valine). Ogawa et

al. (1981) described that amino acid acitvation by the complex enzyme bacitracin

synthetase required ATP and Mg2*, and it was noted that aminoacyl adenylates

are formed, subsequently, the amino acids are thioester-bound to the enzyme

before polymerization occurs on the polyenzyme.

1.4.1 FERMENTATION MEDIA

For the production of antibiotic bacitracin different types of fermentation media

were used by several workers as media is considered a key factor for the

maximum yield. Several workers have used synthetic media (Hendlin, 1949;

Bernlohr and Novelli, 1963;) Haviik, 1974a). The main object of using the

synthetic media was also to optimize the parameters which influenced both the

growth of bacteria and bacitracin production. Synthetic media containing amino
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acids as nitrogen and carbon source were used in the submerged fermentation

of antibiotic bacitracin.

Darker (1951), Zorn (1961) and Smekal et al. (1979) declared the complex

media containing soybean meal, starch, dextrin or sugar as enrich media for the

production of bacitracin. Anker et al. (1948) used different media containing

tryptone, beef infusion, and glutamic acid as nitrogen sources and salts K2H P04,

KH2P04MgS04, MnS04, NaCI, FeS04l CuS04 for the production of bacitracin

The addition of 1% glucose or corn steep liquor to the tryptone medium did not

increase the bacitracin titers as compared to other synthetic media containing

L-glutamic acid as nitrogen source. Potassium phosphate salts played dual role

of buffering agent and phosphate requirement.

Haavik (1974 a) produced bacitracin by cultivating Bacillus licheniformis in the

synthetic medium containing L-glutamic acid, citric acid, L-alanine, salts and

observed that production of bacitracin was closely paraded with the growth in the

medium without glucose. Addition of 2% glucose inhibited bacitracin production

during the first hours of growth, whereas growth was not affected and bacitracin

was produced mainly during the latter stages of growth. The inhibitory effect of

glucose upon the early stage of bacitracin production was prevented by

neutralizing the culture fluid with CaC03. This inhibitory effect of glucose was

found due to lowering of pH by its metabolism. Addition of 0.5% glucose
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markedly increased the maximum titre of bacitracin. This stimulatory effect was

also due to the effect of glucose metabolism upon the pH of the medium.

Rogister et ai. (1992) studied the influence of the culture conditions such as

effect of medium composition, temperature and efficiency of agitation and

aeration on bacitracin production in batch culture. In starch broth increasing

agitation improved aeration and led to a better growth and increased the

bacitracin production while in case of peptone broth this result was not

observed. The amount of bacitracin released as a function of time was found to

be proportional to the increase in biomass. The relationship between bacitracin

released and biomass was not significantly affected by temperature or by the

addition of phosphate. Bacitracin production was found very sensitive to extreme

pH values although cell growth was slightly affected.

Suzuki et al. (1988) investigated the effect of glucose feeding on bacitracin

production by fed-batch culture of Bacillus licheniformis. The bacitracin secretion

was induced after the glucose initially contained (2% w/v) in the medium was

completely consumed and reached to 340 I.U/mL in batch cultivation. Further

addition of glucose however, decreased bacitracin biosynthesis. The effect of

glucose feeding was investigated in two ways, the pH - stat modal feeding

method and CO2 - dependent feeding method. When 50 g/L of defatted soybean

meal was used, the bacitracin reached to 670 I.U/mL with pH - stat modal
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feeding method and 610 I.U/mL with C02 - dependent feeding method

respectively.

Methods for the biosynthesis of bacitracin started from static procedures in

flasks and bottles production (Keko et al. 1953; Flickinger and Perlman, 1979).

Bacitracin is now manufactured by submerged culture technique from

Licheniformis group of Bacillus (Harvey, 1980). Several workers have carried out

studies on medium composition that would give the best yield of antibiotic.

Smekal et al.(1979) reported the yield of 60-90 I.U/mL of bacitracin while Kurima

et al. (1974) found out 52 I.U/mL and the medium used by these workers

contained soybean meal, starch, glucose, MgS04 and MnS04. Addition of

sunflower meal to the medium also gave high yield of bacitracin (Ganchev and

Kozhukharova 1948). Seizo and Hisanori (1985) developed a medium for the

production of bacitracin along with heat resistant a-amylase and alkaline

protease. The medium contained wet beer cake and alkali(or buffer) as main

carbon and nitrogen sources. 50mL precultured Bacillus licheniformis 12195 was

cultured on medium of 1.0 gram wet beer cake (H20 content 80%) and 5 mL

phosphate buffer (pH 7.0) under shaking for 3 days at 45°C. The yield of

bacitracin was 30 I.U/mL.
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1.5 FACTORS EFFECTING THE PRODUCTION OF BACITRACIN

1.5.1 TEMPERATURE

Egrov et al.(1983a) studied the effect of temperature on synthetic liquid

medium; at temperature ranging from 30 - 60°C . It was found that

optimum temperature was 50°C but the production of bacitracin was

completely stopped at 60°C. Hendlin (1949) studied the effect of

temperature on the rate of bacitracin production. Maximum titre was

obtained at 1 - 2 days, 3 - 4 days, 4 - 5 days, respectively at 37° °C, 28°C

and 24°C Thus showing that the rate of bacitracin varied directly with the

incubation temperature. Smith and Weinberg (1962) studied the effect of

autoclaving on the biological properties of bacitracin and found that the

bacteriostatic property was quite labile where as the other properties, that

is, inhibition of enzyme synthesis and lysis were more heat resistant

Smekel (1978) investigated the effect of temperature on the synthesis of

bacitracin by Bacillus licheniformis in a medium containing peanut meal, soybean

meal, sucrose, starch and minerals. The optimum temperature 34°C was found

for the maximum antibiotic yield of 240 - 280 I.U/mL. Andras et al.(1986) studied

the effect of temperature shifting of the production of bacitracin by modified

Bacillus strain. The cultivation temperature of 39°C was maintained for the first 9

hours fermentation, then it was decreased to 36°C at a rate of 1°C per hour and
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maintained until the end of fermentation. The yield of bacitracin enhanced to

817 I.U/mL.

1.5.2 EFFECT OF AERATION

Since Bacillus licheniformis is an aerobic bacteria, so oxygen enriched aeration

have considerable influence on bacitracin production and bacterial growth.

Hendlin (1949) studied the effect of aeration by varrying the quantities of

medium from 20 - 100 mL in 250 ml_ flasks. The flasks containing 20, 40 and 60

mL of medium showed more rapid growth and bacitracin production than the

flasks containing 80 and 100 mL of the medium. Variation in the volume affected

only the rate of growth and antibiotic production but had no significant effect on

the maximum cell and bacitracin yield.

Flickinger and Perlman (1979) studied the physiological effects of controlling the

dissolved oxygen tensions at 0.01, 0.02 and 0.05 atmosphere by the use of

oxygen enriched aeration during growth and bacitracin production. Upto 2.35

fold increase in the final bacitracin yield and 4 fold increase in the rate of

bacitracin synthesis was observed in response of oxygen enriched aeration. The

increase in the antibiotic respiratory activity had an increase in the specific

productivity of the culture. Oxygen enrichment of the aeration decreased medium

carbohydrate uptake.

Jurecic et al.(1984) also carried out the production of bacitracin by Bacillus

licheniformis in pilot plant and industrial fermenters (0.125 and 80 m3
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respectively) by oxygen enriched aeration while Andras et al.(1986) achieved

the bacitracin yield of 817 I.U/mL by aerating the medium at rate of 0.5 l/L/min

Gavrilescu and Roman (1993) declared 17 - 64% energy saving and better

aeration in the result of investigation of bacitracin production in an airlift

bioreactor.

1.5.3 EFFECT OF pH

Bacitracin production by Bacillus licheniformis is greatly affected by pH of the

medium. Hendlin (1949) and Haavik (1974 a) have shown that if the buffer

capacity of the medium is carefully manipulated, a marked increase in the

antibiotic production can be obtained. The optimum pH ranges from 7 - 8 for the

submerged fermentation. Both high and low pH values inhibit the bacitracin

synthesis. Haavik (1974 c) suggested that the inhibition of bacitracin production

at low pH is due to the inhibitory effect on the enzyme activities.

Olgierd (1966) suggested the optimum pH range 6.5 - 7.5 for bacitracin

production by culturing an iron adapted strain of Bacillus licheniformis on

pasteurized medium composed of soya and fish meal, starch and inorganic

compounds. Rogister et al.(1992) investigated and concluded that bacitracin

production was very sensitive to extreme pH values in the synthetic as well as in

the complex medium although cell growth was only slightly affected.
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1.5.4 EFFECT OF CARBOHYDRATES

Hendlin (1949) studied the effect of several carbon sources in a medium

comprising mainly of amino acids and found that the bacteria was enable to grow

properly in a medium containing amino acids as sole source of carbon and

energy. However, in the presence of different sugars at 0.5% (w/v)

concentrations, the antibiotic production was increased since and many other

carbohydrates are readily utilized by Bacillus licheniformis. Snoke (1961)

reported that glucose markedly stimulated the synthesis of bacitracin in a

defined medium. However, if sugar is omitted from the medium, the protoplasts

undergo disruption and thus incapable of carrying out antibiotic production.

Haavik (1974 a, 1974 c) investigated the effect of glucose on bacitracin

production by Bacillus licheniformis. According to the findings, addition of 0.5%

glucose markedly enhanced the titre of bacitracin during the later stage of

growth. The stimulation was due to the effect of glucose metabolism upon the pH

of the medium . If too much glucose was added, reduction in bacitracin synthesis

was found. The inhibitory effect was due to long duration of low pH for most of

the period of active growth. The pH was believed to be lowered by the organic

acids, acetic acid, pyruvic acid etc. produced as a result of glucose metabolism.

These organic acids in their undissociated form penetrate the bacterial

membrane relatively easily and hence create a low internal pH upon

dissociation. This low internal pH strongly inhibited the bacitracin production.
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Carbohydrates were used as carbon source in the fermentation media for the

production of antibiotics i.e. glucose for actinomycin (Gallo and Katz ,1972),

maltose for siomycin (Kimura ,1967) sucrose for cephalosporin (Domain ,1963).

Glucose behaved as an interfering carbon source in the production of several

antibiotics, i.e. chloromphenical (Smith and Hinman ,1963), neomycin

(Majumdar, 1971) and bacitracin Haavik (1974a) so some other noninterfering

carbon souces i.e. salts of organic acid were used as carbon source by Martin

and Demain (1980). Qadeer et al. (1988) studied the effect of carbohydrates

including glucose, mannose, sucrose, lactose and beet molasses on the

production of antibiotic bacitracin in 10L fermenters and found maximum titre of

antibiotic after 28 hours fermentation when sucrose or mannose were added to

the medium containing soybean meal and salts. Choi and Jong (1993)

suggested the addition of glucose as carbon source in a synthetic medium to

increase the bacitracin yield by 4 - 5 fold.

1.5.5 EFFECT OF METAL IONS

The effect of metal ions on bacitracin production and bacterial growth has also

been studied. Froyshov et al. (1980) Egorov et al. (1985) have revealed that

different metal ions result in different level of activity. Mg2+ and Mn2* are found to

be very essential for growth of bacteria and bacitracin production. Froyshov

et al.(1980) have shown that certain metal ions such as Co2*, antagonizes the
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stimulatory effect of Mg2+ and Mn2+. However, Co2+ alone have stimulatory effect

on bacitracin formation. Cu2+ and Ca2+ have also shown to decrease the

antibiotic production.

Haavik (1976) studied the inhibitory effect of divalent metal ions in excess

amounts to the producer strain Bacillus ticheniformis and found that the normal

function of the peptide antibiotic during the growth might be to promote metal

ions uptake. The most marked stimulation of the bacitracin inhibitory effect was

found with Mn2+, Co2+ and Zn2+. Kuzovnikova and Zhdonow (1991) showed the

peculairities of action of complex of EDTA and cations of a-transition metal

manganese (Mn2+) on the growth of Bacillus licheniformis which differ in

bacitracin biosynthesis levels. The growth of subcolonies which produced high

levels of bacitracin were more resistant to high dose of EDTA as compared to

those with low level of biosynthesis but on the other hand Mn2+ resistant colonies

were found among the colonies with different level of bacitracin production.

The effect of inorganic phosphate on antibiotic synthesis have been studied by

Haavik (1974 b). It was found that control of pH resulted in fast growth and

higher antibiotic production in the presence of 0.2 - 20.0 g/L of phosphate. Thus

it seems that metal ion may play a vital role in the use of chemical energy by the

enzyme bacitracin synthetase (Froyshov et al. 1980).
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1.5.6 EFFECT OF AMINO ACIDS

The effect of amino acids on the bacitracin production had also been studied by

Haavik (1979) that the high-yielding mutants of Bacillus licheniformis produced

only small amount of bacitracin in chemically defined medium. However Haavik

and Vessia (1978) showed that addition of L-leucine markedly stimulated

bacitracin production by acting as an inducer of enzyme, bacitracin synthetase

Also L-leucine restored the mutant strain to its place as a superior producer as

compared to the parent strain of Bacillus licheniformis. This indicates that the two

strains had differences in their amino acids control mechanism.

Haavik (1981) also studied the effect of other amino acids on bacitracin

production by Bacillus licheniformis. The worker showed that L-glutamic acid was

repalced by different amino acids, only L-proline, L-alanine or L-omithine gave

good results. When combinations of amino acids were used, L-histidine,

L-phenylalanine stimulated bacitracin production where as D-phenylalnine

inhibited the bacitracin production. Inclusion of L-valine with L-leucine,

L-phenylalanine, L-histidine, L-aspartic acid and L-isoleucine enhanced the

formation of bacitracin but when L-valine was added singly, it inhibited bacitracin

synthesis.
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1.6 ISOLATION OF BACITRACIN FROM FERMENTED BROTH

The isolation and purification of the antibiotic from the fermented broth has great

influence on the economy of the manufacturing process. A number of methods

are used for the recovery of the polypeptide antibiotic from the fermented mash

depending upon the use of antibiotic bacitracin.

1.6.1 ISOLATION BY PRECIPITATION

For the preparation of feed grade products, direct precipitation of bacitracin in

the fermented broth by salts of divalent cations is common. Before final drying,

precipitated bacitracin is concentrated by filteration, centrifugation {Chornock,

1957) or evaporation (Baron, 1956). The product is dried either by drum drying

or spray drying. Judit et al. (1993) prepared zinc bacitracin for feed supplement

which can be stored at high temperature as 60° C over extended period of time

without loss of potency. Fermented juice was acidified to pH 2.2 with H2SO4 and

microfiltered. The filteration residue was washed with acidified water, filtered and

the filtrate subjected reverse osmosis. The product was combined with the

original microfiIterate and treated with ZnSO* to precipitate after the pH

adjustment to 7.5 with NaOH. The overall recovery of bacitracin activity was

78.6%.

Vernon (1987) prepared the bacitracin-polyether antibiotic metal ion complex for

the veterinary medicine use. A solution containing 2.5 g zinc lasalocid and 3.0 g
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bacitracin in methanol was stirred for 24 hours to have 2.3 g of crystalized solid

bacitracin - lasalocid - zinc complex. Szarka et al. (1970) isolated bacitracin (I)

as a feed additive from aqueous fermentation by precipitation with a

naphthalene sulfonic acid HCHO condensation product (II) in the presence of

ZnS04 forming a l-ll complex. Thus 6L of 33% II and 0.1g of ZnS04were added

to 500 mL of fermentation filtrate at pH 3.5 containing 232 I.U/mL. The pH was

adjusted to 7.5 with NaOH. The precipitate was dried to give 5.3g of product

containing 41.8% bacitracin.

Hodge et al. (1975) isolated bacitracin from the fermented medium as an

insoluble complex of sulfonic acid. Filtered fermented medium containing 200

units bacitracin / mL and excess of Ca2+ was acidified to pH 4.5 and mixed with

25% solution of sodium dodecyl benzene-sulfonate at 20mL/L medium. The

precipitate when dried, assayed 8.7 units/mg for a yield of 93%. The calcium

bacitracin dodecylbenzene sulfonate complex had fungicidal activity and

inhibited necrotic enteritis in brioler chicks.

Bacitracin is also isolated by precipitation other divalent metal ions like

nickel- bacitracin (Zorn, 1959) manganese-bacitracin (Zorn, 1961) and

cobalt-bacitracin (Zorn, 1962). Oystese (1979) prepared bacitracin with

improved by adding 0.5 - 0.7 g Zn2+/g bacitracin to a fermentation broth to

precipitate
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Zn-bacitracin and then by adding a carrier such as CaC03 to 50 - 100% by

weight based on dry matter, followed by agitation and spray drying. After

addition of ZnCI2 to fermented broth, the pH was djusted to 6.5 - 6.8, and heated

at 90°C for 4 hours, and then cooled to room temperature. Losses of bacitracin

were 40, 35, 30 and 26% with the addition of 1.45, 2.9, 4.3 and 5.8g Zn2Vg

bacitracin with Zn-bacitracin collected after the addition of 0.5g Zn27g, and pH

6.7 for precipitation, the broth was concentrated and mixed with 50-100% CaCoa

with spray drying at air inlet temperature of 350, 400 and 450° C, the recovery

was best (102.5%) with CaC03 and inlet temperature of 400°C. Storage and

conditioning stability tests with corn kernels, swine feed and laying hen feed

showed considerable improvement in stability over a drum dried Zn - bacitracin

preparation.

1.6.2 ISOLATION OF BACITRACIN BY CHROMATOGRAPIC TECHNIQUES

For the pharmaceutical purposes bacitracin can be recovered, purified from the

fermented broth on ion exchanger followed by solvent extraction (Hoff 1972) and

finally precipitation with divalent metal ions. Brain (1958) seperated bacitracin

from fermented liquors by adsorption on cation exchangers containing carboxylic

groups in the acidic state. Poly cross linked with divinyl benzene is preferred. A

low degree of cross linking is required so that the resin remains permeable to

the large bacitracin molecules. Elution of antibiotic can be carried out with dilute

acids or bases at pH <3 or >7 or mixture of dilute mineral acids and organic

solvent.
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Stretton and Wats (1969) separated bacitracin on paper and silica gel plates in

four developing solvent systems. Addition of NaCI traces to the developing

solvent reduced tailing in paper chromatography. Also the antibiotic was

separated and estimated by electrophoresis on cellulose acetate and paper

strips at 400 and 700 V.

1.6.3 ISOLATION OF BACITRACIN BY SOLVENT EXTRACTION

The bacitracins are readily isolated from the fermented broth at pH 7.0 by

n-butanol extraction and subsequently transfered to an aqueous phase at pH 3.0

(Johnson et al. 1945). Merton and Peter (1964) described a procedure for

isolation and purification which involved the addition of an alkyl phosphate and

water immisible organic solvent such as isobutanol, benzene and kerosine (I) to

the broth. The pH was adjusted to 7.1 with NaOH and the layers were

seperated. The I layer was washed with water containing 34% sodium-EDTA salt

and twice with water. The organic layer was first shaken with water at pH 2.0 and

again with water at pH 1.9. The combined aqueous extract was adjusted to pH

5.6 with Ba(OH)2 and decolourized. Then it was concentrated at reduced

pressure and precipitated with methanol to get pure bacitracin.

Pabst (1966) precipitated bacitracin with ligno sulfonate. The seperated

precipitate was dissolved at pH 4.5 -9.0 and extracted with an organic solvent

like amylalcohol, cyclohexanol or butanol and extracted the bacitracin into
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aqueous phase at pH 2.0 - 4.0. It was separated from the aqueous solution by

freeze drying at pH 5.0 - 7.0.

1.7 PROPERTIES OF BACITRACIN

Purified bacitracin is a white, amorphous, hygroscopic powder that is readily

soluble in polar solvents. The antimicrobial potency of commercial bacitracin

(free base) is on the order of 70-74 I.U/mg (Lightbown et al. 1964). The

maximum stability of bacitracin in solutions is in the pH range 5-6, with

decreased stability outside this range. The isoelectric point for bacitracin A is 7.1

and that for bacitracin F is 6.0. The corresponding values for bacitracin B and F

are similar. (Froyshov, 1978a). The thiazoline ring in the microbiologically active

peptides exhibits an absorption maximum at 253 nm (Newton and Abraham,

1953b), while the thiazole ring of bacitracin F gives a maximum at 288 nm.

Furthermore, the thiazoline and the thiazole rings provide two different pulse

polarograms. Bacitracin shows remarkable resistance against the action of

proteolytic enzymes like trypsin, pepsin, ficin and ficus protease (Hickey, 1964).

Bacitracin is readily hydrolyzed by acid. Under mild alkaline conditions the

thiazoline ring of bacitracin is oxidized to a ketothiazole, and bacitracin F is

formed (Ressler and Kasheilikar, 1966). In 0.1 N NaOH the amide group of the

C-terminal amino acid aspargine is readily lost. The solubility of bacitracin

(pharmaceutical grade), zinc bacitracin (pharmaceutical grade), and oxidized

bacitracin at 25°C show the detection limit 0.002 mg/mL. Bacitracin is soluble in
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water, methyl and ethyl alcohols, glacial acetic acid and formamide, slightly

solublein n-propyl and other alcohols, insoluble in ether, chloroform and several

other organic solvents. It is a very stable antibiotic. In water at 100°C, 85% of the

activity remains after 30 minutes and at refrigerator temperatures, full activity is

retained for about 3 weeks. It is most stable at pH 5.0-6.0. At pH 1.6 at 37°C,

about 60% of the activity is lost in 24 hours. It is inactivated by ultraviolet light.

Under proper conditions, bacitracin may be precipitated by the agents like

ammonium molybdate, ammonium rhodanilate, azobenzene p-sulfonic acid,

benzoic acid, divalent metal ions, methylene disalicylic acid, molybic acid,

phosphomolybdic acid, phosphotungstic acid, picric acid, picrolonic acid,

salicylic acid. (Hickey, 1964).

1.7.1 METAL BINDING PROPERTIES OF BACITRACIN

Bacitacin precipitates from aqueous solution by the addition of divalent metal

ions. Under proper conditions bacitracin is also precipitated by molybdate,

methylene disalicylate and other agents. (Baron, 1956, Lewis et al. 1965;

Chornock, 1957; Zorn, 1959; Ziffere and Caiarney, 1962; Hodge et al. 1975).

Divalent metal ions are essential for antimicrobial activity of bacitracin. The most

active ions were found to be Cd2\ Mn2\ and Zn2+ (Weinberg, 1958, 1960; Alder

and Snoke, 1962). The interaction between bacitracin and divalent metal ions

had been domonstrated by a number of techniques, including potentiometric,

titration, optical absorption, optical rotatory dispersion and NMR studies. By
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titration studies Garbutt et al. (1961) found the following aparent order of metal

binding.

Cu2*>Ni2*>Co2+=Zn2+>Mn2+

Bacitracin has been found to be the most stable as its zinc salt. The formation of

zinc bacitracin complex was studied by Craing et al. (1969) and Cornell and

Guiney (1970). Their NMR studies indicated that the thiazoline ring and the

nitrogen in the 3-position in the imidazole ring of the histidine residue provide

two coordination sites for the metal ion. The association constant of zinc

bacitracin was estimated to be 2.5x103 at pH 6.34. Commercial pharmaceutical

zinc bacitracin had a zinc content of 4-6%. The binding properties of Ni2\ Cu2*

and Mn2* to bacitracin are similar to that of Zn2+ (Weinberg, 1964, Washylishen

and Graham, 1975).

1.8 MODE OF ACTION OF BACITRACIN

1.8.1 FUCTION IN THE PRODUCER ORGANISM

Peptide antibiotics in the producer organisms have been described a wide

variety of roles, ranging from evolutionary relics and waste products to elevated

control in metabolism (Weinberg, 1970). Incase of bacitracin it has been shown

that the antibiotic is normally produced during active growth and may also have

a function during growth (Haavik 1974a). The normal function of bacitracin

during growth of Bacillus licheniformis may be to promote the uptake of essential
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divalent metal ions from soils poor in that element. Bacitracin probably acts as a

"helper molecule" which modifies the cell membrane in some way so that it takes

up the metal more readily.

Haavik (1976) found that relatively high (10-30 I.U/mL) concentrations of

bacitracin were needed to inhibit growth of the producer organism, but in mineral

salt solutions of sublethal level much lower antibiotic concentrations (5 I.U/mL)

inhibited growth. Manganese, cobalt, nickel, copper, and zinc all had their toxic

effects magnified by bacitracin. This effect was antogonized by magnesium. It

was suggested that bacitracin promotes an increase of the uptake of several

divalent cations from anionic “waiting sites” on the cell walls. Bacitracin, which

also attaches to the memberane, was suggested to mediate cation transfer to the

cell membrane and further into the cell by an “intetrated cation exchange

system”.

The role of bacitracin as a trigger for sporulation was ruled out by the isolation of

a zero producer of bacitracin which sporulates normally (Haavik and

Thomassen, 1973). The absence of bacitracin production was due to a defect in

bacitracin synthetase (Haavik and Froyshov, 1975; Froyshov, 1975).

1.8.2 ANTIMICROBIAL ACTIVITY

Bacitracin is mainly active against gram-positive bacteria. The

gram-negative bacteria are generally considered resistant to zinc bacitracin.
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(Weinbreg 1967). Bacitracin affects both membrane functions, cell wall

synthesis, and protein synthesis in the cells.

MEMBRANE PERMEABILITYa)

Bacitracin seems to affect the membrane permeability of gram-positive bacteria.

Protoplasts of Bacillus licheniformis is rapidly lysed in the presence of bacitracin

and zinc or cadmium ions at concentrations which also inhibit the growth of whole

cells (Snoke and Cornell, 1965). The growth of protoplasts did not require

peptidoglycan biosynthesis and , as expected, bacitracin, in contrast to

penicillin, affected protoplast growth (Shockman and Lampen, 1962). By electron

microscopic studies, morphological changes of plasma membranes are observed

after bacitracin treatment. This may be due to the surface-active properties of

bacitracin action on membranes is not yet clear.

b) CELL WALL SYNTHESIS

Bacitracin inhibits cell wall synthesis. Concentrations of bacitracin which have

no effect on protein synthesis cause the accumulation of peptidoglycan

precursors. Siewert and Strominger (1976) demonstrated that bacitracin inhibits

the dephosporylation of the pyrophosphate derivative of the 55 -carbon

isoprenol lipid, which is an intermediate in the peptidoglycan synthesis. In the

presence of bacitracin and magnesium, isopreyl pyrophosphate accumulated at

higher levels.
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The precise way in which bacitracin binds to its target is not known. It is most

likely to be via a divalent metal ion bridge in addition to secondary hydrophobic

and van der Waals interactions (Storm, 1974). There is a reasonable correlation

between antibiotic activity and binding constants for the different bacitracins

(Storm and Toscano, 1979). Maximum binding required a divalent cation and the

greatest affinity for the pyrophosphate function was seen in the presence of Zn2+,

Cd2*, or Mg2* in decreasing order. Similarly, it iwas known that a divalent cation

is required for antibiotic activity, with Zn2* and Cd2+ being most effective

(Weinberg, 1958).

c) FUNCTION AS FEED ADDITIVE

It has also shown that zinc bacitracin causes lesins in the cell wall of intestianal

Escherichia coli (Walton, 1977). The thinner intestinal wall in germ free animals

may account for an increased weight gain and feed utilization. It has been

observed that the thickening of the intestinal wall observed conventionally

reared animals can be prevented by the addition of zinc bacitracin to the feed

(King, 1976). Addition of bacitracin to the feed may affect the activity and

synthesis of certain liver enzymes and increase the level of proteases and

amylases in the digestive tract of laying hens (Makarova, 1976).
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d) OTHER INTERACTIONS

Bacitracin interacts with several enzyme systems. It affects the biosynthesis of

p-galactosidases and the a-hemolysin in bacteria. Bacitracin inhibits the

biodegradation of p-endorphin by exopeptidases (Patthy et al. 1977).

Furthermore, bacitracin inhibits the enzymatic inactivation of glucagon, the

degradation of the thyrotropin and luteinizing hormone releasing factor,

respiration of rat liver mitochondria, carboxylic proteinases and the high-affinity

binding of oc2-macroglobulin to plasma membranes (Dickson, et al. 1981). The

presence of bacitracin resulted in high extracellular protein production in Bacillus

brevis strains (Udaka, 1979).

e) CLINICAL USES

Bacitracin has limited clinical usefulness as illness caused by

gram-negative Bacilli which are not susceptible to bacitracin. However, it is used

against pyogenic gram positive infections of the eye, ear, mouth and skin. Also

effective against surgical infections including carbuncles, felons, superficial and

deep abscesses etc. (Harvey, 1980).

f) NON CLINICAL USES

Bacitracin finds commercial applications as supplement in poultry feed and also

in certain live stock. Serveral experiments have been performed to assess the
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credibility of this antibiotic for reducing the infections diseases and increasing

the feed efficiency (Slavik, 1973).

1.9 OBJECTTIVES

The objectives of the present study are as:

Isoation, secreening and identification of bacitracin producing bacteriala)

culture as Bacillus licheniformis.

b) Nutritional studies of the selected culture in shake flask including different

parameters as initial pH of the culture medium, time course of cultivation

and effect of carbohydrates, organic and inorganic nitrogen soucers,

organic acids and their soduim salts, amino acids, inhibition of bacitracin

on its own production.

c) Utilization of agricultural by-products in bacitracin synthesis by

submerged as well as by solid state fermentation.

d) Production of bacitracin in 2L and 30L fermenters, and optimization of

cultural conditions
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Effect of divalent metal ions on isolation of bacitracin from fermentede)

broth and optimization of conditions for isolation of antibiotic as zinc-

bacitracin.
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CHAPTER 2

MATERIALS AND METHODS

2.1 MATERIALS

I. Microorganism

The culture Bacillus licheniformis M-39 used in this study was isolated from

local natural sources.

II. Test Organism

Micrococcus leuteus (CN 5537) provided by Wellcome Laboratory Karachi,

was used as test organism for the determination of bacitracin potency.

III. Shaker

A rotary shaker of Gallen Kamp (orbital incubator Model H-400) was used in this

research work.

IV. pH Meter

A pH meter of Model DDK. MG-7 was used for the determination of pH in this

study.

V. Colorimeter

Spectronic 20 was used in this work to measure the optical density of culture

broth.
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VI. Refrigerated Centrifuge

Refrigerated centrifuges Model H-1500 FR of Kukusan Ensinki Co. Ltd. Japan

and Model PR-2 of International Equipment Co. USA were used to find the cell

biomass and removal of cells and other solid particles from the fermented broth.

VII.Freeze Dryer

A freeze dryer of Model FD-1 of Eyela Tokyo Rikakikai Co. Ltd Japan was used

in the preservation of culture Bacillus licheniformis.

VIII.Fermenters

Fermenters of 2L of Eyela Tokyo Rikakikai Co. Ltd. Japan and 30 L of B.E.

Marubishi. Japan Model MSJ-N2 were used for the production of bacitracin.

IX. Standard Sample of Zinc Bacitracin

Zinc bacitracin (69 I.U/mg) was kindly supplied by Wellcome Laboratory Karachi.

2.2 METHODS

I. Microbiological Assay of Bacitracin

Bacitracin potency was determined by agar diffusion method (William,1977).

II. Standard Stock Solution of Antibiotic

The stock solution of antibiotic potency (45 I.U/mL) was prepared by using

N/100 HCI as diluent. The stock solution was stored in refrigerator.

III. Phosphate Buffer

It was prepared by mixing 0.2 M KH2P04and 0.2 M K2HP04
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IV. Isolation of Antibiotic as Zinc Sait

The isolation of antibiotic from the fermented broth as zinc-bacitracin was

carried out by method of Kindrak and Gallagher (1978).

V. Estimation of Glucose

Residual glucose was determined by Somogyi method (1952).
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CHAPTER 3

EXPERIMENTAL

3.1 ISOLATION OF MICROORGANISIM

The selective Tryptone - Yeast extract (TYE) Agar medium was used for the isolation of

Bacillus licheniformis (APHA 1960). The medium (Table 3.1) was sterilized by

autoclaving at 121°C for 15 minutes. The petriplates were separately sterilized in an

ovan at 180°C for 4 hours. After cooling, Tryptone-Yeast extract Agar medium was

poured asceptically into petriplates. Each petriplate contained 15 mL of the medium.

For the isolation of antibiotic resistant bacterial cultures, bacitracin (10 I.U/mL) was

also added to the medium. About 60 thermophilic Bacillus licheniformis strains were

isolated from various milk samples. 10 -15 mL of the milk sample was given heat shock

at 90°C for a time interval of 5, 10 and 15 minutes by placing in water bath. Then it

was cooled abruptly to 10°C by placing in chilled water. 0.5 mL of the above sample

was poured into petriplates containing TYE agar medium containing 10 I.U/mL

bacitracin for the isolation of bacitracin resistant bacterial cultures. The petriplates were

incubated at 37°C for 24 hours. Single individual colonies were picked up by streaking

and growing the selected cultures on the plates having the same medium. Separate

colonies were then picked up and sub- cultured on TYE agar slants and incubated for

24 hours at 37°C. The slants were stored in a refrigerator. The selected cultures were

identified according to the methods of Bergey’s Mannual of Determinative Bacteriology

(1974) and it was found to be Bacillus licheniformis.
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TABLE - 3.1

TRYPTONE YEAST EXTRACT AGAR MEDIUM

Concentration g/LIngredient

5.0Tryptone

2.5Yeast extract

1.0Glucose

15Agar

pH = 7.0
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3.2 SCREENING METHODS

Screening tests were performed by different strains of Bacillus species isolated

from different milk samples. Cultures of Bacillus species were grown in an

inoculum medium (Stokes, 1955). The pH of the medium (Table-3.2) was

adjusted at 7.0 before sterilization. 25 ml_ medium was distributed in 250 mL

conical flask and sterilized for 15 minutes at 15 psi pressure. On cooling to room

temperature it was inoculated with two loopfull of the test organism from slant

culture and incubated on rotary shaker for 20 hours at 37°C.The screening of the

cultures capable to produce the antibiotic bacitracin was carried out by using 5%

(v/v) vegetative inoculum in the fermentation medium (Cornell & Snoke, 1964).

The pH of medium (Table-3.3) was adjusted to 7.0 with 1 N NaOH before

autoclaving at 121°C for 15 minutes. The inoculated flasks containing 50 mL of

the medium were incubated at 37°C on a rotary shaker for 48 hours.

3.3 BIO ASSAY OF BACITRACIN

3.3.1 Composition of Culture Medium for Test Organism

The composition of the culture medium used for the growth and preservation of

the test organism recommended by Leu et al.(1971) is shown in Table 3.4.The

pH of the medium was adjusted at 7.0 before the addition of agar. The medium

was sterilized at 121°C for 15 minutes. The slants of this medium were used for

the growth and preservation of the test organism.
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TABLE - 3.2

COMPOSITION OF INOCULUM MEDIUM

Concentration g/LIngredient

Beef extract 3.0

Tryptone 10.0

Glucose 5.0

Sodium chloride 5.0

Manganese chloride 0.0167

pH = 7.0
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TABLE - 3.3

COMPOSITION OF SCREENING MEDIUM

Concentration g/LIngredient

L- glutamic acid 12.0

Citric acid 2.0

Magnesium sulphate 0.1

Manganese sulphate 0.01

Di-potassium hydrogen
phosphate

0.4

Ferric chloride 0.025

pH = 7.0
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TABLE - 3.4

COMPOSITION OF CULTURE MEDIUM FOR TEST ORGANISM

Ingredient Concentration g/L

1.0Beef extract

Yeast extract 2.0

5.0Peptone

Sodium chloride 5.0

Agar 15.0

pH =7.0
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3.3.2 Bio - Assay Medium

The medium used for the growth and preservation of the test organism was also

used for bioassay. 20 mL of the sterilized medium was asceptically poured in the

sterile petriplates and was allowed to congeal. Then 4 mL of the melted medium,

which was previously inoculated with predetermined concentration of

Micrococcus leutus (CN-5537), was spread uniformly over the first layer and was

allowed to solidify. Four wells of 0.8 cm diameter were made in each plate

asceptically with stainless steel borer of uniform edge and size. The two

opposite wells were filled with working standard of 1:4 dilution marked Si, S2 and

the remaining two were filled with the sample whose potency was to be

determined in the same dilution with marks Ti, T2 respectively. The plates were

incubated for 24 hours at 37°C. Clear zones of inhibition were developed and

diameter of the inhibited zones were measured and compared with the known

standard.

The potency of the antibiotic sample was calculated as:

i) Difference due to doses:

E = 1/2 [(T2+S2) - (T,+S,)]

ii) Difference due to sample:

F = 1/2 [(T2+T,) - (S2+S,)]

iii) Log ratio of doses:

= log 4
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iv) Slope:

B = E/I

M = F/B

v) Potency ratio:

Antilog M.

vi) Potency of sample = Potency of standard x antilog M = X units / ml.

Where

S2 = Standard High (in concentration)

Si = Standard Low (in concentration)

T2 = Test High

T, = Test Low

3.4 MEASUREMENT OF DRY CELL MASS

Dry weight of the cells were determined by following methods

(Suzuki etal 1976).

i) Gravimetrically.

ii) Photometrically.

i) Gravimetric Measurement of Cell Mass

20.0 mL of suspension of culture broth was centrifuged in a pre-weighed

centrifuge tube at 10,000 rpm for 15 minutes. The cell mass was washed

twice with distilled water and dried at 105°C till constant weight.
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ii) Photometric Measurement of Cell Mass

Optical density of the suspension was measured with spectrophotometer

at 620 n.m. using 10 times diluted fermented broth. Dry weight of the cell

was then read from the corresponding caliberated curve (O.D reading at

620 n.m verses dry cell weight) prepared previously.

3.5 FERMENTATION STUDIES

3.5.1 Stock Culture

Pure and high yielding culture of Bacillus licheniformis was maintained on TYE

agar medium (Table-3.1). The ingrediants were dissolved in distilled water. The

Sub culturing was

made after every fortnight. Slants were incubated at 37°C for 48 hours and then

stored in refrigerator at 4°C for further use.

pH of the medium was adjusted with NaOH or HCI.

3.5.2 Maintenance of Cultures

Following methods were employed for the maintenance of the cultures.

1. The isolated cultures were maintained on TYE agar medium

(Table 3.1).

The slants after incubation were stored in the refrigerator at 4°C. (Porter,

1975)

2. The cultures of Bacillus licheniformis were also preserved as spores in Mc¬

Cartney bottles containing neutral sterilized sand.

The bottles were stored in refrigerator at 4°C. (Pridham and Hesseltine 1975)
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3. Lyophilization or freeze drying of the cultures was carried out for long term

storage. A thick spore suspension of Bacillus licheniformis was placed in a

small vial for freezing.

The vials were then connected to a high vaccum line apparatus. The water

present in the suspension was evaporated under the vacuum. The vials were

sealed and stored in refrigerator at 4°C. (Fortney and Thoma, 1977).

3.5.3 Inoculum Development

25 ml. of inoculum medium (Table-3.2) was taken in 250 mL conical flask and

was sterilized at 121°C for 15 minutes. It was then cooled to room temperature

and inoculated asceptically with two loopfull culture of Bacillus licheniformis. The

flask was incubated at 37°C on a rotary shaker for 20 hours. The size of the

inoculum was 5% (v/v) in submerged fermentation and 10% (v/w) in solid state

fermentation.

3.6 CULTURE MEDIA

In the submerged fermentation ten different culture media as given below were

used for the production of antibiotic bacitracin.

M-1. (g/L)

Bacto - Soytone, 20.0; Bactopeptone, 10.0; Glucose, 10.0; K2S04, 1.0; MnS04

H20, 0.01; (Haavik and Thomassen, 1973).
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M -2. (g/L)

Sodium lactate, 5.0; Yeast extract, 3.0; K2HPO4, 1.0; Soluble starch, 2.0;

MgS04.7H20, 0.2; 40% of soybean extract. (Snoke, 1960)

M - 3. (g/L)

L - Glutamic acid, 5.0; KH2P04, 0.5; K2HP04, 0.5; MgSO4.7H20, 0.2;

MnS04.4H20, 0.01; NaCI, 0.01; FeS04, 7H20, 0.01; CuS04.7H20, 0.01;

2 mL of saturated solution of CaH4(P04)2 in distilled water. (Prescott and Dunn,

1949).

M-4. (g/L)

Glucose, 10.0; Lactic acid, 1.0; CaC03l 6.0; (NH4)2S04t 2.0, MgS04.7H20, 0.2;

K2HP04, 0.1 ; KH2P04, 0.1; FeS04. 7H20, 0.01, MnS04> 0.01; (Superk et al.1985)

M - 5. (g/L)

Defatted soya flour, 50.0 ; Potato flour, 20.0; CaC03, 10.0; MgS04.7H20, 3.3;

(NH4)2 S04; 2.0; MnSO4.5H20, 0.1 (Konstancja et al. 1977)

M - 6. (g/L)

L - Glutamic acid, 20.0, L - Alanine, 0.2; Citric acid, 1.0; NaH2P04.2H20; 2.0 KCI,

0.5; Na2S04, 0.5; MgCI2.6H20, 0.2; CaCI2 2H20, 0.01; FeS04.7H20, 0.01;

MnS04.H20, 0.01.(Haavik 1974a)
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M - 7. (g/L)

Glucose, 3.6 ; Ammonium lactate, 5.35; Citric acid, 0.312; MgS04l 1.0; Ferrous

ammonium sulphate, 0.025; NaCI, 0.4; KCI 0.4; O-phosphoric acid, 0.450.

(Bernlohr and Novelli, 1959)

M - 8. (g/L)

Defatted soybean meal, 50.0; Glucose, 10.0; MgS04, 3.0, (Suzuki et al. 1988)

M - 9. (g/L)

Glucose, 2.7; Na2HP04.12H20, 14.32; KH2P04, 4.5; NH4CI, 0.535;

MgSO4.7H2O,0.12.3, MnCI2.4H20, 0.01, FeS04.7H20, 0.003; CaCI2. 6H20, 0.02

(Hanlon and Hodges, 1981)

M -10 (g/L)

Defatted soybean meal, 45.0; Potato flour, 20.0; Lactic acid, 2.0; CaCO3,4.0;

MgS04.7H20, 1.0; MnS04.5H20, 0.1; KH2P04. 0.1; (NH4)2S04, 2.0; (Marian et al.

1976)

The pH level in range of 5.0 to 9.0 was studied in order to find the optimum pH

while during the fermentation experiments the initial pH was adjusted at 7.0.

Different organic as well as inorganic nitrogen sources were used for the

production of antibiotic bacitracin. Inorganic nitrogen sources were added to the

medium to provide 0.1% nitrogen and organic sources were used to 2.0%(w/v)
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concentrations. Medium M - 6 was used as the basal medium. Complex organic

sources such as soybean meal, corn steep liquor, sunflower meal or corn meal

were also employed in the fermentation medium. The effect of different carbon

sources on the biosynthesis of antibiotic were also evaluated. These sources

included moncyji and polysaccharides. The effects of constituent amino acids of

bacitracin, their steroisomers and some other amino acids on the production of

bacitracin were also studied by adding individually and in the combined form.

3.7 SUBMERGED FERMENTATION

3.7.1 Shake Flask

The submerged fermentation in 250mL shake flask was carried out in triplicate,

containing 50 mL of medium. Fermentation medium was autoclaved at 121°C for

15 minutes. The medium was inoculated with 20 hours old vegetative inoculum

(5% v/v). After inoculation the flasks were incubated at 37°C on a Gallen -Kamp

orbital shaker with 150 rpm. After 48 hours of incubation, the flasks were

removed from the shaker. The fermentation broth was centrifuged at 10,000 rpm

for 15 minutes and the supernatents were assayed for bacitracin potency.

Results in this report are average values of at least three parallel experiments.

3.7.2 Stirred Fermenters

The scale up production of the antibiotic bacitracin was carried out by the

submerged fermentation in the fermenters of 2L and 30L capacity. The working

volumes were kept at 1L and 15 L in the 2L and 30 L fermenters respectively.

The medium used for the antibiotic production contained amino acids, salts,
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glucose, defatted soybean meal. The mediums was poured into fermenters and

sterlized at 121°C for 45 minutes by passing steam through outer jackets. The

size of the vegetative inoculum (20 hour old) added to the sterilized medium was

5% (v/v). The rate of agitation and aeration was 100 - 300 rpm and 0.5 -1.5 v/v /

min. respectively. The initial pH was adjusted at 7.0 by adding NaOH or HCI.

Foaming during the fermentation was controlled by adding polyethylene glycol

and the temperature of the fermentor was kept at 37°C by circulating water

through the outer jacket. The samples for the analysis were withdrawn under

asceptic conditions during fermentation.

3.8 Solid State Fermentation (S.S.F)

The Solid State Fermentation (S.S.F) was carried out in one litre conical flask.

Soybean meal or wheat bran was used as solid substrate for the production of

antibiotic by Bacillus licheniformis M-39. 30gms of the substrate (soybean meal)

was moistened with 15 - 20 mL of phosphate buffer (pH 7.0) in each flask. The

flasks were pluged with cotton wool and sterilized in the autoclave at 121°C for

30 minutes. After cooling, the soybean meal was inoculated asceptically with 20

hours old vegetative inoculum at the rate of 10% (v/w). After mixing, the flasks

were incubated at 37°C for 48 hours. The flasks were shaken thoroughly after 24

hours. The antibiotic was extracted by adding 300 mL of N/100 HCI solution to

the fermented substrate. The flasks were placed on a rotary shaker for 15

minutes for extraction of antibiotic in the medium. The suspension was squeezed
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through the muslin cloth and then centrifuged at 10,000 rpm at 4°C for 15

minutes, the supernatent was used for the antibiotic assay.

In the solid state fermentation, the effect of initial moisture level of the substrate

and incubation temperature were studied. In addition to the depth of substrate

layer, the effect of addition of different agricultural by - products such as wheat

bran, mustard seed meal, sunflower meal and corn meal to the soybean meal

were evaluated.

3.9 Isolation of the Antibiotic Bacitracin

The fermented broth was centrifuged at 10,000 rpm for 15 minutes in a

refrigerated centrifuge at 4°C in order to remove the cells and solid suspended

particles. The clear supernatent solution was used for the isolation of antibiotic.

200 ml_ fermented broth was acidified to pH 3.5 using cone. H2S04 . After adding

1.06 gms of ZnCI2, the whole broth was shaken for 15 minutes. The pH was

adjusted to 7.0 and shaked for another one hour at 60°C. To this mixture 0.66

gms finely divided CaC03 was added and centrifuged. The cake of zinc -

bacitracin was dried in hot air oven at 37°C till the constant weight.

Effects of different divalent metal ions, their concentration, pH adjustment of the

filterate for the isolation of bacitracin as metal salt were studied. The reaction

temperature of bacitracin with metal ions and association of carrier with

bacitracin salt was also studied to obtain the maximum yield.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 ISOLATION OF MICROORGANISM

A total of 60 isolates of Bacillus species were isolated form milk samples

collected from different localities of Lahore. For isolation of microbes,

10 - 15 mL of the milk sample was given heat shock at 90°C for 5 - 15 minutes

by placing in water bath. Then it was cooled to 10°C by placing in chilled water.

Milk sample 0.5 mL was poured in petriplates containing Tryptone-Yeast extract

Agar medium containing 10.0 I.U/mL bacitracin. The petriplates were incubated

at 37°C for 24 hours. Single individual colonies were picked up and by streaking,

were grown on petriplates having the same medium. Separate colonies were

then subcultured to agar slants. The isolated cultures were maintained on

Tryptone-Yeast extract Agar medium.

4.2 SCREENING OF MICROORGANISMS

The preliminary screening was carried out with the isolates of Bacillus species to

determine their ability to produce antibiotic bacitracin (Table 4.1). Two loopfull

cell mass of each organism grown on agar slants were inoculated into 25mL

medium contained in 250 mL cotton plugged conical flask. The flasks were

incubated on rotary shaker at 150 rpm at 37°C for 20 hours. Conical
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TABLE 4.1

SCREENING OF LOCALLY ISOLATED BACILLUS

SPECIES FOR THE PRODUCTION OF BACITRACIN

Bacitracin Strain No. Bactracin Strain No. BactracinStrain No.

I.U/mL I.U/mLI.U/mL

B-41B-1 13.4 B-21 12.4 32.4

B-22 25.1 B-42 15.6B-2 16.8

B-3 B-23 B-43 28.522.8

B-4 15.3 B-24 23.4 B-44 21.2

B-5 B-2525.6 16.8 B-45 17.5

B-6 B-26 34.3 B-46 24.8

B-7 18.5 B-27 22.9 B-47 13.8

B-8 B-2833.0 26.6 B-48 18.3

B-9 23.8 B-29 13.5 B-49 18.9

B-10 24.4 B-30 20.4 B-50 9.4

B-11 6.8 B-31 25.6 B-51 23.5

B-12 B-3221.2 14.7 B-52 20.1

B-13 27.4 B-33 B-539.8 20.9

B-14 20.6 B-34 31.2 B-54 17.2

B-15 18.7 B-35 11.5 B-55 23.6

B-16 13.5 B-36 20.4 B-56 14.5

B-17 23.8 B-37 29.6 B-57 8.5

B-18 29.6 B-38 14.5 B-58 23.0

B-19 17.8 *B-39 37.2 B-59 25.2

B-20 25.5 B-40 22 4 B-60 8.5

* Selected culture.
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flasks containing 50 mL of medium M-6 (Haavik 1974a) were inoculated with 24

hours old inoculum at rate of 5% (v/v) and were incubated at 37°C for

48 hours on the rotary shaker at 150 rpm. The culture supernatent obtained after

centrifugation at 10,000 rpm for 15 minutes in the refrigerated centrifuge at 4°C,

was analyzed for antibiotic potency. Only one strain (B-39) produced bacitracin

exceeding 35 I.U/mL of culture broth i.e. 37.2 I.U/mL. 4 strains 30-35 I.U/mL,

29 strain 20-30 I.U/mL, 19 strains 11-20 I.U/mL, 5 strains less than 10 I.U/mL

and two strains were unproductive. Therefore, strain Bacillus-39 was selected for

further studies.

4.3 IDENTIFICATION OF THE SELECTED STRAIN

4.3.1 Taxonomic characteristics of Bacillus strain B-39

a) Morphological Characteristics

The strain of Bacillus 39 was motile, gram positive and rod shaped 0.6 to

0.8 by 1.5 to 3.0 micron in size, not in chain, and showed abundant,

rough, opaque adherent, spreading with hairy out growth. (Table 4.2)

b) Physiological Characteristics

The organism grew well on most of the media showing opaque to

off-white growth (Table 4.2). The strain was found capable for utilizing

sucrose, glucose, lactose, mannitol, xylose and rhamnose as carbon

source (Table 4.3). On the basis of the these characteristics the strain B-
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TABLE 4.2

MORPHOLOGICAL AND PHYSIOLOGICAL CHARACTERISTICS

OF THE STRAIN B-39

0.6 to 0.8 by 1.5 to 3.0 micron, not in chain motile,

gram positive, sporangia not definitely swollen.

Growth abundant, rough, opaque adherent

spreading, with hairy outgrowths, matt surface

clear with heavy, wrinkled, tough pellicle,

flocculent.

Growth heavy, rugose, extruded droplets.

Hairy outgrowth from line of inoculation.

Growth slow, off white to brownish red.

Rod

Nutrient agar slant

Nutrient Broth

Glucose agar slants

Glucose nitrate agar slant

Growth heavy, wrinkled, spreading, pink.Potato

Hydrolysis of starch Positive

Citrates utilization

Reduction of nitrate to nitrite

Acetylmethylcarbinol production

Milk agar streak plate

NaCI broth

Gelatin liquefaction

Temperature for growth

Utilized

Positive

Positive

Narrow zone of hydrolysis of the casein

Good growth in 5 to 8% NaCI broth

Positive

Optimum between 32° and 45°C. Maximum

temperature of growth between 50° and 56°C
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TABLE 4.3

UTILIZATION OF CARBOHYDRATES BY STRAIN B-39

Carbon source Growth

Sucrose +

Glucose +

Lactose +

Mannitol +

Xylose +

Rhamnose +

Raffinose

Galactose

(+) Utilized.

(-) Not-utilized.
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39 was identified as Bacillus licheniformis, as described in Bergey's

Manual of Determinative Bacteriology.

4.4 CULTURE IMPROVEMENT

After the selection of organism, the antibiotic bacitracin production by the

bacterium must be improved for developing an economically feasible process. In

principle there are two possibilities for improving strains, that is mutation or by

genetic manipulation. Demain and 1972a) had described many methods

for selecting regulatory mutants. For antibiotic production the best method in this

case is mutation by irradiation or with chemicals such as alkylating agents

(Balassa 1969).

/

UV irradiation and treatment with NTG (N-methyl-N-nitro-N-nitrosoguanidine)

were employed in this work for the development of strains for higher yield of the

antibiotic bacitracin. Bacterial cells at the logarithmic growth phase were

collected by centrifugation at 10,000 rpm. The cells were washed with saline

water and diluted to about 2 x 106 to 1 x 10® cells per mL. Subsequently, UV light

irradiation with a 15 W UV lamp at 20 cm distance was carried out for the

induction of mutation. The UV irradiation treatment was followed by NTG

treatment as described by Adelberg et al. (1965).

After the UV irradiation and NTG treatment LD 99.9 (lethal dose 99.9%) for each

treatment was determined by plating on TYE agar Medium. The selection
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criteria of mutants were based on morphological change and constitutiveness for

the antibiotic bacitracin production.

Treatment with UV light for different time intervals (5 - 40 minutes) appeared to

induce mutation. Six constitutive mutants were isolated according to the

selection criteria described above. For selection of mutant with high antibiotic

potency, one of these strains with better antibiotic yield was treated with mild UV

light repeatedly. The mutant thus obtained was designated as Bacillus

licheniformis M - 39. In the result of methods adopted for the culture

improvement, a large number of positive bacitracin producing mutants were

obtained with a survival rate of 0.1%. The main problem of the selection

programme for screening of negative or reversible mutants was solved by

picking up only large colonies, after the treatment with mutagenes (Calam,

1964).

4.5 SUBMERGED FERMENTATION IN SHAKE FLASKS

A series of experiments were carried out to obtain the high yield of the antibiotic

by changing the environmental conditions and different constituents of the

fermentation medium M - 6 in shake flasks.

4.5.1 AGE OF INOCULUM

The vegetative inoculum was used to inoculate shake flasks containing 50mL

medium (Table 3.3), The vegetative inoculum was developed on rotary shaker.
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TABLE 4.4

EFFECT OF AGE OF INOCULUM ON THE PRODUCTION OF BACITRACIN

Bacitracininoculum age

(hrs) I.U/mL

12 15.4

31.816

20 58.2

24 45.3

28 37.3

32 22.6

Shake flask culture for 48 hours at 150 rpm at 37° with medium M-6
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The inoculum (5% v/v) of different ages (12-32 hours) was used to inoculate

fermentation medium. The fermented broths were assayed for antibiotic potency

after 48 hours (Table 4.4). A considerable increase in bacitracin production was

observed when 20 hours old inoculum was employed, although 16 hours old

inoculum was potent enough to produce antibiotic bacitracin. Further increase in

the incubation time did not improve the antibiotic formation.

Age of vegetative inoculum i.e20 hours old for the high yield of bacitracin is also

in agreement with the findings of Qadeer et al. (1988) who developed inoculum

Bacillus Jicheniformis for the production of the same antibiotic.

4.5.2 SIZE OF INOCULUM

The size of 20 hours old vegetative inoculum was varied from 3 to 10% (v/v).

The fermentation medium M-6 was inoculated by varying the size of inoculum.

The flasks were incubated on rotary shaker for 48 hours at 37°C. The

biosynthesis of antibiotic was increased sharply with the increase in the size of

inoculum upto 5%(v/v), but beyond this size, no significant increase was

observed in the antibiotic production (Table 4.5). In the subsequent studies 5%

(v/v) inoculum was used.

4.5.3 SELECTION OF CULTURE MEDIA

Ten fermentation media used by different workers were compared for the

production of antibiotic bacitracin. 50 mL of each medium contained in 250 mL
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TABLE 4.5

EFFECT OF SIZE OF INOCULUM ON THE PRODUCTION OF BACITRACIN

Inoculum size Bacitracin

I.U/mL(% v/v)

3 18.4

54.75

7 58.0

9 61.7

10 62.3

Shake flask culture for 48 hours at 150 rpm at 37° with medium M-6
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conical flask, was inoculated with 5% (v/v) vegetative inoculum (20 hours old)

under asceptic conditions and incubated on rotary shaker (150 rpm) at 37°C for

48 hours. Among the various media, three media M-5, M-6 and M-8 used by

Konstancja et al. (1977), Haavik (1974a) and Suzuki et al. (1988) respectively

were found to be more effective than others (Table 4.6). The antibiotic

production was less in rest of the media. The highest yield of the antibiotic

bacitracin in M-6 was due to the presence of L-glutamic acid, a constituent of

bacitracin and this result resembled with the findings of Snoke (1961) that L-

amino acid entered the cell was converted to its opitcal isomer for the synthesis

of bacitracin. The other media giving reasonable production of antibiotic

bacitracin contained defatted soya flour and soybean meal also in agreement

with results of Freeney and Allen (1958) who described the medium'

containing soybean meal as enrich medium for the production of bacitracin.

4.5.4 COMPOSITION OF MEDIUM.EFFECT OF L-GLUTAMIC ACID, CITRIC ACID,

L-ALANINE AND SALTS.

The concentration of each constituent of medium M-6 was varied in order to

have the optimum level of each. The antibiotic yield was maximum after 48 hours

of fermentation using L-glutamic acid as the main nitrogen source. The

concentration of L-glutamic acid was varied upto 25 g/L (Fig 1). The bacitracin

yield was found to be maximum, 68.3 I.U/mL, at the concentration of 12.5 g/L of

L-glutamic acid. Futher addition of L-glutamic acid into the basal medium

decreased the bacitracin production. The cell biomass at pH 8.4 was 0.278
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TABLE 4.6

SELECTION OF CULTURE MEDIA FOR THE PRODUCTION OF BACITRACIN

Medium Bacitracin

I.U/mL

M-1 22.6

M-2 15.8

M-3 26.4

M-4 22.5

M-5 38.6

M-6 56.9

M-7 19.3

M-8 40.2

M-9 31.6

M-10 28.2

Shake flask culture for 48 hours at 150 rpm at 37° the medium M-6
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mg/mL and increased with increasing the concentration of L-glutamic acid. The

consumption of L-glutamic acid for the production of bacitracin is in accordance

with the findings of Hendlin (1949) who described the utilization of L-glutamic

acid by the microorganism for growth and bacitracin production as sole nitrogen

source. Froyshov(1978b) and Froyshov et al. (1980) proposed that both the L-

isomers of the bacitracin constituent amino acid» D-glutamic acid, D-

phenylalanine, D-aspartic acid which also occur in bacitracin supported its

synthesis in the presence of divalent cations like Mn2*, Mg2* and Fe2*.

L-alanine acted as inducer in the fermentation for the production of antibiotic

bacitracin. At a concentration of 0.5 g/L, the yield of bacitracin was maximum i.e.

81.2 I.U/mL of fermented broth (Fig 2). Haavik (1981) confirmed the inducer role

of amino acids (L-alanine) in bacitracin synthesis and described that amino

acids present in medium are rapidly taken up by microbial cells which contained

pools of free and combined acids and amino acids are precursors of both

bacitracin synthetase and bacitracin itself.

Citric acid played a vital role in the production of antibiotic bacitracin. The use

of phosphate in the presence of metal ions, led to the formation of the highly

insoluble salts making the metal ions unavailable to the microorganism. The

addition of organic acids such as citric acid led to the formation of soluble

coordinate complexes with metal ions, thus making them available to the

microorganism. Due to this vital role of citric acid, its effect on bacitracin
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production was studied (Fig 3). The maximum bacitracin yield, the cell biomass

and pH at 1.0g/L concentration, were 57.0 I.U/mL, 0.356 mg/mL and 8.4

respectively.

Further increase in the concentration of citric acid decreased the bacitracin

production during the phase of citrate utilization (Bobtelsky and Jordan, 1945).

Many inorganic constituents of the fermentation media could be added in excess

without inhibiting the antibiotic synthesis, inorganic phosphate, however, was

very critical (Fig 4). The concentration of NaH2P04 was increased upto 5.0 g/L

The bacitracin yield was first increased and reached maximum i.e. 52.1 I.U/mL,

at 1.5 g/L concentration of NaH2P04. On further increasing the concentration of

phosphate, inhibition in the bacitracin production was observed and at

concentration of 3.0 g/L, bacitracin yield decreased to 38.2 I.U/mL and it was

again restored to 47.4 I.U/mL at concentration of 4.5g/L NaH2P04 The pH of the

fermented broth also followed the same pattern but the cell biomass was

maximum, 0.335 mg/mL, for the optimal concentration of NaH2P04 and then

decreased on increasing the concentration of phosphate salt. The effect of

phosphate in the variation of the bacitracin production might be explained that

bacitracin formed the chelating complex with phosphate ions (NaH2P04

concentration 3.0 g/L), made them unavailable for the fermentation and hence

the bacitracin production faced a decline. Further increase in phosphate ions

concentration insured their availability for fermentation process and increased
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the bacitracin production again. The chelating action of bacitracin was described

by Wyatt (1964).

The critical role of phosphate in the form of NaH2P04 resembled with the

findings of Hill et al. (1949) and Haavik (1974 b) for bacitracin production and for

other antibiotics like novobiocin (Hoeksema and Smith, 1961), monamycin

(Hall and Hassall, 1970), and polymyxin (Chigaleichik et al. 1973).

Fig 5 shows the effect of KCI concentration upto 1.0 g/L, which was doubled as

mentioned by Haavik (1974a), in medium M-6. The maximum yield (61.5 I.U/mL)

of bacitracin was found at a concentration of 0.5 g/L. There was no difference in

the optimal level of KCI found in the present studies and the requirement of the

same salt mentioned by Haavik (1974a ). The cell biomass and pH of the

fermented broth were found to be 0.315 mg/mL and 8.5 respectively. The

variation in K+ concentration had no effect in pH change for fermentation medium

M-6.

Fig 6 shows the effect of different concentrations of Na2S04 on the production of

antibiotic bacitracin. The concentration of Na2S04 was varied upto 1.0 g/L.

Presence of the said salt was not found in favour of bacitracin production but it

slightly inhibited the antibiotic yield. Acidity produced in the result of liberation of

sulphate ions and consumption of sodium ions, pH variation was found

inversely proportional to the concentration of Na2S04 The cell biomass
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increased from 0.278 to a maximum value of 0.329 mg/mL on the addition of

0.7 g/L Na2S04 and then decreased sharply on further addition of Na2S04. As

the maximum yield of bacitracin (52.2 I.U/mL) was observed in the absence of

Na2S04 so its deletion from the fermentation medium M-6 in the subsequent

studies was in agreement with the findings of Hendilin (1949) that the

neutralization of glutamic acid by NaOH and utilization of NaH2P04 insured

sufficient Na+ ions whereas S042' were not found important for bacitracin

production.

The effects of Mg2* concentration, as MgCI2 ,6H20, on biosynthesis of bacitracin

was investigated (Fig 7). Experimental evidence showed that Mg2* was the most

essential for growth of Bacillus licheniformis and bacitracin production. The

concentration of the salt was varied upto 0.4 g/L. The maximum bacitracin yield,

46.3 I.U/mL, was obtained at a concentration of 0.2 g/L and further increase of

MgCI2 . 6H20 resulted in the decrease of bacitracin production. The cell biomass

increased continuously from 0.234 to 0.448 mg/mL with the increase of

MgCI2.6H20 concentration, pH of the fermented broth also increased in the

similar manner i.e. from 7.7 to 8.9.The essentiallity of Mg2* for the growth and

secondary metabolite was in agreement with conclusion drawn by Feeney and

Garibaldi (1948) and Zorn (1960). The decrease of the bacitracin

production with increase of Mg2* beyond the optimal level was also explained by

Froyshov et.al (1980) that inhibitory effect in bacitracin production increased

with increasing the concentration of Mg2* . The complex formed between
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bacitracin and metal ion exerted feedback inhibition on the enzyme bacitracin

synthetase activity.

Ca2+ in the form of Ca Cl2 * 2H20 inhibited the production of bacitracin

(Fig 8). The maximum yield of bacitracin (50.2 I.U/mL) was found in the absence

of CaCI2 . 2H20 and it decreased to 40.8 I.U/mL with the highest concentration

(0.02g/L). The cell biomass was found to increased directly with the increase of

Ca2+ and pH of the fermented broth attained the maximum value 9.0 at 0.016 g/L

CaCI2 2H20 and then decreased to 8.5 for the extreme level of calcium salt.

Hendlin (1949) also described the unnecessity of Ca2f and Cu2* for bacitracin

production. Due to the inhibitory effect of CaCI2. 2H20 upon bacitracin

production, addition of Ca2+ to the fermentation medium M-6 was deleted in the

subsequent studies.

Iron is one of the divalent metallic ions which greatly influenced the bacitracin

production Fig 9 shows the effect of iron as FeS04. 7H20 on the production of

antibiotic bacitracin. The concentration of iron salt was varied upto 0.02 g/L in

the fermentation medium M-6. The bacitracin potency was found to be maximum

i.e 53.2 I.U/mL at the concentration of 0.01 g/L while it was 31.5 I.U/mL in the

absence of iron salt and 34.4 I.U/mL at the highest concentration added to the

medium. The pH of the fermented broth showed a decline from 8.6 to 8.2 on

increasing the iron salt concentration. The cell biomass found to be maximum

(0.385 mg/mL) on the same optimal concentration of FeS04.7H20 in the
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bacitracin production by Bacillus licheniformis M-39 in medium M-6. The results

of present studies are in agreement with the findings of Liyong etal. (1988a)

who suggested Fe2+ as an essential metal ion for the improvement of culture and

bacitracin production.

The effect of Mn2* on the production of antibiotic bacitracin was shown in Fig 10

in a concentration range upto 0.025 g/L. The bacitracin yield and cell biomass

markedly increased due to the variation in MnS04.H20 concentration. The

maximum yield of bacitracin was 54.6 I.U/mL at on optimal level of 0.015 g/L

whereas the maximum growth was observed at 0.0125 g/L. The pH of the

fermented broth almost remained the same i.e. 8.6 with both these

concentrations. This optimal level of MnS04H20 was little bit higher that

described by Haavik (1974a) for the medium M-6 but is in agreement with the

results of Ganchev and Kozhukarova (1985). The antibiotic yield was found to

be 30.8 I.U/mL without the addition of MnS04.H20 to the fermentation medium

and 13.4 I.U/mL at concentration of 0.025 g/L. This vital role of Mn2+ for the

antibiotic production is jnÿgreement with the findings of Zhdanov(1989). The

rapid decrease in the bacitracin yield might be due to the chelating character of

antibiotic with Mn2+ as described by Wasylishen and Graham (1975).
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4.5.5 EFFECT OF CARBOHYDRATES

An adequate supply of the carbon energy source is critical for the optimal growth

and product formation. The culture Bacillus licheniformis M-39 was cultivated in

the basal medium M-6 in which citric acid was used as carbon source. It acts as

slowly utilized carbon source. Rapidly utilized carbon sources monosaccharides

and disaccharides were added to the fermentation medium before sterilization to

investigate their effect on the production of bacitracin. Some other slowly utilized

carbon sources like dextrin and starches including corn, potato, wheat and rice

starches were also added to study their effect on antibiotic production. Each

carbon source was added separately at a concentration of 0.5%(w/v) (Table

4.7). Glucose showed the highest production of antibiotic (78.5 I.U/mL). Lactose

and soluble starch, however, stimulated the bacitracin production to a lesser

extent as compared to glucose but the cell biomass in case of soluble starch was

equal to that of glucose (0.426 mg/mL). The cell biomass in case of lactose

utilization as carbon source was less (0.408 mg/mL). The pH of the fermented

broth was found to be 8.4 and 8.6 when lactose and soluble starch were added

as carbon source which were higher than that of glucose (8.3).

The bacitracin yield was decreased by the addition of xylose, ribose, fructose,

maltose, mannose, galactose, raffinose, sorbitol and sucrose as the carbon

energy source. The bacitracin yield also decreased when polysaccharides were

used as carbon source. The cell biomass in case of all the carbohydrates was

increased as compared to the control (0.307 mg/mL) and it was maximum (0.492
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TABLE 4.7

EFFECT OF CARBOHYDRATES ON THE PRODUCTION OF BACITRACIN

BacitracinCell biomass

mg/mL

Final pHCarbohydrate

added

0.5% (W/V)

I.U/mL

51.90.4598.4Xylose

Ribose 43.20.3868.6

65.20.4088.4Lactose

Glucose

Fractose

78.50.4268.3

0.345 45.88.6

50.78.5 0.394Maltose

0.410 49.6Mannose 8.5

56.30.492Rhamnose 8.4

49.5Galactose 8.6 0.368

0.391 45.3Raffinose 8.7

Sorbitol 0.428 47.58.6

Sucrose 8.4 0.398 54.5

0.441 51.7Dextrin 8.7

Soluble Starch

Com starch

Potato starch

0.4268.6 64.2

8.5 0.403 59.5

8.7 0.437 60.4

8.5Wheat starch 0.32 54.7

Rice starch 8.6 0.445 56.5

Control 8.7 0.307 55.4
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mg/mL) for rhamnose. The final pH of the fermented broth for all the

carbohydrates as carbon source was higher than 8.0 but change of pH was not

found in sequence with the bacitracin yield. Qadeer et al. (1988) studied the

effect of various sugars like glucose, mannose, sucrose, lactose on the

production of bacitracin by Bacillus licheniformis in starch-glucose, soybean

meal complex medium. The maximum yield of bacitracin was obtained when

starch and glucose were replaced by sucrose.

a) EFFECT OF GLUCOSE ON THE PRODUCTION OF BACITRACIN

Glucose was found to be an excellent carbon source for the promotion of cell

biomass and bacitracin production when added to the fermentation medium M-6

within a certain limit. The effect of different concentrations of glucose on the

bacitracin production was studied (Fig-11). The bacitracin yield increased

markedly from 54.3 I.U/mL to 73.5 I.U/mL on the addition of 0.5%(w/v) glucose.

The bacitracin production, however, decreased in order of increasing the

glucose concentration which was found to be 36.2 and 13.6 I.U/mL for the

addition of 1.0% and 2.0%(w/v) glucose respectively.

The effect of glucose concentration on pH change during fermentation was

studied (Fig-12). The initial pH of the fermentation medium for all the glucose

concentrations was adjusted to 7.0. The pH of the fermented broth increased

continuously during the fermentation for medium M-6 (without glucose) and

reached to level of 8.8 after 48 hours.
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By the addition of glucose to medium M-6 in 0.5% and 1.0% (w/v)

concentrations, the pH increased slightly at the begining of fermentation, then it

sharply dropped to 6.1 and 5.6 respectively, 18 hours after the initiation of

fermentation. The neutral pH value was attained after 24 hours fermentation in

case of 0.5%(w/v) glucose concentration and after 31 hours for 1.0%(w/v)

glucose concentration after the utilization of glucose. The pH of the fermentation

medium remained constant for about initial six hours during the fermentation with

2.0%(w/v) glucose concentration then it fluctuated between pH values of 5.0 and

8.0 with the passage of time. The final pH of the fermented broth, after 48 hours

fermentation were found to be 8.8, 8.1, 7.6 and 7.3 for medium M-6 (without

glucose) for 0.5, 1.0 and 2.0%(w/v) glucose concentrations respectively.

Fig-13 shows the effect of glucose concentrations on the cell growth of Bacillus

licheniformis M-39. The production of cell biomass was found to be increased

with the increase in glucose concentration upto 1.0%(w/v) in the fermentation

medium M-6. The maximum cell biomass was found to be 0.448 mg/ml_ when

glucose concentration was 1.0%(w/v) and it decreased in order of 0.434, 0.413

and 0.316 mg/mL after 48 hours fermentation for glucose concentrations of 0.5,

2.0%(w/v) and medium M-6 (without glucose) respectively.

No doubt, the glucose was found to an excellent carbon source for growth of

Bacillus licheniformis M-39 and not only it interfered the bacitracin production
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(Haavik 1974a) but also effect other antibiotics such as streptomycin (Demain

and Inamine 1970), indolmycin (Hurley and Bialek 1974), kanamycin (Basak and

Mojumder 1973) and cephamycin (Aharonowitz and Demain 1978). The

production of bacitracin by Bacillus licheniformis M-39 was found to be closely

parallel with the growth in a synthetic medium M-6 (without glucose) The

inhibition of bacitracin production was found to be increased with increasing the

concentration of glucose above 0.5%(w/v) (Fig 11).

Glucose metabolism stimulated the bacitracin production due to lowering of pH

below 7.0 to less extent and for short period of time in case of 0.5%(w/v) addition

but on further addition of glucose resulted in the reduction of bacitracin

production due to long duration of low pH value during active growth (Fig-12 and

13) These findings were in agreement with postulated pH value 8.0 for optimal

production of antibiotic bacitracin (Snoke, 1961) by protoplasts of Bacillus

licheniformis as such pH value was not achieved before the completion of

fermentation in case of 1.0(w/v) and 2.0%(w/v) glucose concentration (Fig-12).

The inhibitory effect of glucose on bacitracin production was confirmed by

results of Haavik (1974c) who reported that breakdown of glucose 2.0% (w/v) or

rapidly metabolized carbohydrates were associated with a drop of pH (5.5)

during the initial period of incubation due to the formation of organic acids.
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b) UTILIZATION OF GLUCOSE DURING THE FERMENTATION

Addition of glucose to the fermentation medium M-6 markedly increased the

production of antibiotic bacitracin within certain limits (0.5% w/v). Above this

concentration its addition inhibited the bacitracin production (Fig-11). As glucose

is considered as interfering carbon energy source in the production of bacitracin

so its consumption during the fermentations was studied (Fig-14). 24 hours after

the inoculation concentration of glucose in the fermentation medium was found

to be 0.09%, 0.37% and 0.67% with the addition of 0.5%, 1.0% and 2.0%

glucose respectively at the start of fermentation. The bacitracin yields were

found to be 9.4 I.U/mL, 3.8 I.U/mL and 2.1 I.U/mL at this time (Fig-11).

After 42 hours fermentation glucose was almost depleted in case of

0.5% (w/v) addition but it was found at a level of 0.16% and 0.33% on the

addition of 1.0% and 2.0% respectively. The conclusion that maximum

production of bacitracin on the complete utilization of glucose is in agreement

with the findings of Bernlohr and Novelli (1963) that within an hour after the

exhaustion of glucose from the medium, bacitracin began to appear.

c) EFFECT OF LACTOSE ON BACITRACIN PRODUCTION

The effect of lactose as carbon energy source on the production of antibiotic

bacitracin by Bacillus licheniformis M-39 was studied (Fig-15). The maximum

yield of bacitracin was less by using lactose as carbon source as compared with

glucose. The optimal level of lactose was found to be 0.5% (w/v) for the
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maximum production of bacitracin (65.5 I.U/mL) while the final pH of the

fermented broth and cell biomass were 8.5 and 0.405 mg/mL respectively.

Further increase in the lactose concentration decreased the bacitracin

production and pH of the fermented broth while cell biomass production was

increased. Bacitracin yield, final pH of fermented broth and cell biomass were

found to be 49.6 I.U/mL, 8.1 and 0.434 mg/mL on the addition of lactose

1.0%(w/v) while these results for the addition of 1.0%(w/v) glucose were 36.2

I.U/mL, 7.7 and 0.389 mg/mL respectively (Fig-11,12 and 13) so lactose proved

itself not as an interfering carbon source for the production of bacitracin. The

utilization of lactose as carbon energy source for the production of antibiotic was

in accordance with the studies of Soltero and Johnson (1953) who achieved a

yield (500-600 U/mL) of antibiotic pencillin by Penicillium chrysogenum using

lactose as a carbon source. Lactose also enhanced the bacitracin production

although this enhancement is less as compared to glucose when both were

added at the same concentrations (0.5%w/v). Audha and Russell (1986) found

that antibiotic and cell biomass production, sugar and nitrogen consumption

were in balance when lactose was used as carbon source.

d) EFFECT OF SOLUBLE STARCH CONCENTRATION ON THE PRODUCTION

OF BACITRACIN

Fig-16 shows the effect of soluble starch as carbon source for the production of

bacitracin in medium M-6 by Bacillus licheniformis M-39. The concentration of

soluble starch in the fermentation medium was varied upto 1%(w/v). The
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optimum concentration was found to 0.5%(w/v) which enhanced the bacitracin

production from 56.0 I.U/mL to 63.4 I.U/mL. The cell biomass and pH of the

fermented broth were 0.414 mg/mL and 8.6 respectively at this optimal level of

starch. The final pH values of the fermented broth at different concentrations

were approximately the same but the cell biomass production increased

continuously with increasing the concentration of soluble starch. The drastic

change of pH during the fermentation was not observed as in the case of

glucose (Fig 12) so soluble starch is also not found an interfering carbon energy

source for antibiotic production. Paul and Banerjee (1983) used soluble starch

1%(w/v) as carbon source to have the maximum yield (44 pg/mL) of antifungal

antibiotic by Streptomyces galbus. They also described that cell biomass

accumulation was found greater with starch than with glucose.

COMBINED EFFECT OF GLUCOSE AND SOLUBLE STARCH ON THEe)

PRODUCTION OF BACITRACIN

The combined effect of the addition of glucose and soluble starch on the

production of bacitracin by Bacillus licheniformis M-39 was studied. Both, the

glucose and soluble starch were added in equal amount upto 1%(w/v) each (Fig-

17). The bacitracin yield was found to be maximum (92.0 I.U/mL) at the

concentration 0.5%(w/v) of each glucose and starch while the pH of the

fermented broth and cell biomass were found to be 8.4 and 0.445 mg/mL

respectively. The bacitracin production was increased from 55.1 I.U/mL to 92.0

I.U/mL at the optimal concentration of combination of glucose and starch (rapidly
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and slowly utilizable carbon sources). The bacitracin yields were 73.5 I.U/mL

(Fig 11) and 63.4 I.U/mL (Fig 16) when glucose and soluble starch were used as

carbon source separately at the same concentrations respectively. The marked

increase in bacitracin yield in the medium containing glucose and slowly utilized

carbon source starch was due to the reason that glucose was first utilized either

in the absence or minute production of antibiotic bacitracin.After the glucose

depletion, the second slowly utilized carbon source was then used for the

antibiotic biosynthesis. The use of slowly utilized carbon source in addition to

glucose for the optimal antibiotic production was in agreement with the findings

of Demain (1968). Eduard et at. (1984) studied the combined effect of sucrose

and soluble starch on the production of bacitracin by Bacillus licheniformis in the

medium containing peanut meal and soybean meal and obtained a

yield of 380 I.U/mL.

4.5.6 EFFECT OF INDUCERS ON THE PRODUCTION OF BACITRACIN

Certain compounds were used as inducers to enhance the yield of the

secondary metabolites (antibiotic bacitracin) and L- alanine was used for the

same purpose by Haavik (1974,a) in medium M-6. Effect of some other

compounds as inducer for the production of antibiotic was studied (Table 4.8 ).

The maximum yield of the bacitracin (44.6 I.U/mL) was found by the addition of

0.2g/L adenine in the medium M-6 after deleting L-alanine. The bacitracin

production was found to be decreased in order of riboflavin (40.3 I.U/mL),
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pantothenic acid (36.5 I.U/mL), thiamine (35.4 I.U/mL), p-aminobenzoic acid

(33.7 I.U/mL), guanine (32.8 I.U/mL), biotin (30.6 I.U/mL) andpyridoxamine(29.5

I.U/mL) whereas the cell biomass for riboflavin (0.486 mg/mL) was greater than

that of adenine (0.447 mg/ml). For other compounds no particular sequence was

observed for the growth of the cells of Bacillus licheniformis M-39, however final

pH of the fermented broth varied from 8.2 to 8.4. All the compounds used as

inducers increased the bacitracin yield as well as the cell biomass as compared

to the control. Daijie (1990) discussed the role of inducers to increase the

bacitracin yield- While Haavik (1981) used amino acids as inducers to enhance

the bacitracin production by Bacillus licheniformis in synthetic medium and found

that L-histidine induced the antibiotic with final yield of 157 I.U/mL.Egorove et

al.(1983 b) induced the biosynthesis of bacitracin and exoprotease by Bacillus

licheniformis by addition of various proteins and mixture of amino acids (0.5 %

w/v) and Smekal et al.(1979) used pantothenic acid and p- alanine (0.25 - 1.0

g/L) as inducers in production of bacitracin by Bacillus licheniformis in a

medium containing peanut meal, soybean meal and minerals.

a) EFFECT OF ADENINE

The effect of various concentrations of adenine as an inducer on bacitracin

production was studied (Fig 18). The concentration of adenine was varied by

adding it upto 0.4 g/L into the fermentation medium M-6 (deleting L-alanine). Its

optimal concentration for the best yield of bacitracin (47.5 I.U/mL) was found to

be 0.2 g/L. The cell growth (0.478 mg/mL) was maximum at the concentration of
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TABLE 4.8

EFFECT OF INDUCERS ON THE PRODUCTION OF BACITRACIN

Cell biomass BacitracinFinal pHInducers

0.2 g/L I.U/mLmg/mL

0.447 44.6Adenine 8.4

0.434 32.8Guanine 8.3

Riboflavin 8.4 0.486 40.3

Pantothenic acid 8.3 0.396 36.5

Thiamine 8.2 0.450 35.4

Pyridoxamine 8.2 0.412 29.5

Biotin 8.3 0.441 30.6

b-Aminobenzoic 8.3 0.386 33.7

acid

Control

(deleting L-a!anine)

8.0 0.172 28.4
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0.24 g/L. The optimal concentration was found to be same as described by

Haavik (1974, a) for L-alanine in medium M-6 but the bacitracin yield was 81.2

I.U/mL for the addition of 0.5 g/L of L-alanine (Fig 2). On the basis of present

studies L-alanine is considered to be the best inducer for bacitracin production

as described by Haavik (1974a).

4.5.7 EFFECT OF ORGANIC ACIDS ON THE PRODUCTION OF BACITRACIN

The organic acids such as citric acid and lactic acid were used by various

workers as carbon source for the production of antibiotic bacitracin

(Haavik 1974a and Supek et al. 1985). The addition of citric acid eliminated the

turbidity previously encountered in the fermentation medium and made it far

better for reproducibility of replicate results. The metals bonded as citrate

complexes formed by the addition of citric acid were not utilized by some

microorganisms but such was not in the case of Bacillus species (Hendlin, 1949)

since no metal deficiency was observed in the presence of citrates.

Keeping in view these facts, effect of various organic acids on the production of

antibiotic bacitracin was studied by deleting citric acid from fermentation medium

M-6 (Table 4.9). Each of tartaric acid, phthalic acid, oxalic acid, lactic acid or

gluconic acid was added in the range of 0.5 g/L to 1.5g/L. Among these, lactic

acid gave the best yield with maximum cell growth i.e. 51.7 I.U/mL and 0.372

mg/mL respectively at the concentration of 1.0g/L while the final pH of the

fermented broth was found to be 8.5. The cell growth on the addition of tartaric
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TABLE 4.9

EFFECT OF ORGANIC ACID ON THE PRODUCTION OF BACITRACIN

Cell biomass BacitracinConcentration Final pHOrganic acid added

I.U/mLmg/mLg/L

7.6 25.20.3680.5

0.365

0.342

38.51.0 7.4Tartaric acid

20.51.5 7.2

0.2650.5 8.0 28.6

Phthalic acid 1.0 7.9 0.343 46.8

1.5 7.7 0.235 22.5

0.5 7.4 0.296 20.3

Oxalic add 1.0 7.1 0.324 18.2

1.5 7.0 0.317 13.8

0.5 8.6 0.305 43.2

Lactic acid 1.0 8.5 0.372 51.7

1.5 8.4 0.328 42.5

0.5 7.5 0.305 15.6

Gluconic acid 1.0 7.3 0.372 25.8

1.5 7.2 0.328 22.9

Control

(deleting dtric add)

0.215 27.38.4
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acid or gluconic acid was comparable with that of lactic acid but the product

concentration and pH of the fermented broth were quite low at the same

concentrations of these acids. Phthalic acid did not inhibit the production of

bacitracin and cell biomass but pH of the fermented broth was low as compared

to lactic acid. This behavior of phthalic acid resembled with the findings of

Haavik (1974 c).

Oxalic acid gave the least yield of bacitracin (18.2 I.U/mL) and final pH of the

fermented broth was found to be the lowest (7.1)at a concentration 1.0g/L. The

maximum yield of bacitracin with the highest pH of the fermented broth and the

minimum yield of the antibiotic with low pH was confirmed with the findings of

Ishihara et al. (1968) who described that low pH caused by the dissociation of

organic acids inhibited the bacitracin production. As the maximum yield of

bacitracin (51.7 I.U/mL) obtained by adding lactic acid was low as compared to

the yield obtained by citric acid (57.0 I.U/mL)byBacillus licheniformis (Fig.3) .

When both were added at same concentration of (1.0g/L) so citric acid is found

best suited for the production of bacitracin.

4.5.8 UTILIZATION OF SODIUM SALTS OF ORGANIC ACIDS AS CARBON

SOURCE FOR THE PRODUCTION OF BACITRACIN

Effect of noninterfering carbon source in the form of sodium salts of various

organic acids was studied for the production of antibiotic bacitracin

by using Bacillus licheniformis M-39 in the fermentation medium M-6. These
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were added in the concentrations equivalent to carbon source in 0.5% glucose

(Table 4.10).

Bacitracin yield, cell biomass and pH of the fermented broth were maximum i.e.

54.1 I.U/mL , 0.396 mg/mL and 8.5 respectively when sodium citrate was used

as carbon source. A decrease in the bacitracin yield was to be found in order of

sodium lactate (48.5 I.U/mL), sodium tartrate (45.3 I.U/mL), sodium phthalate

(44.8 I.U/mL), sodium gluconate (38.7 I.U/mL), sodium oxalate (32.4 I.U/mL).

The cell biomass and pH of the fermented broth were changed randomly.

Darker (1951) used sodium salts of organic acids i.e. acetic acid , oxalic acid ,

tartaric acid and calsium salts of gluconic acid , citric acid and lactic acid but the

superioritly of sodium citrate over the other salts was also confirmed by the

findings of Hendlin (1949) that the phosphate added to the fermentation medium

in the presence of metal ions formed highly insoluble salts making the metal

ions unavailable to the microorganism.

The addition of citric acid or the presence of its sodium salt provided citrates for

the formation of soluble coordinate complexes with metal ions thus making them

available to the microorganism.
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TABLE 4.10

UTILIZATION OF SODIUM SALTS OF ORGANIC ACIDS AS CARBON SOURCE FOR THE

PRODUCTION OF BACITRACIN

Carbon source Final pH Cell biomass Bacitracin

added mg/mL I.U/mL

Citric acid 8.5 0.396 54.1

Tartaric acid 8.0 0.385 45.3

Pythalic acid 7.8 0.359 44.8

Oxalic acid 8.1 0.352 32.4

Lactic acid 8.4 0.387 48.5

Gluconic acid 7.9 0.315 38.7

Glucose (Control) 8.4 0.428 75.3

Acids added as sodium salts at concentrations equivalent to carbon source in 0.5 % glucose.
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EFFECT OF SODIUM CITRATE ON THE PRODUCTION OFa)

BACITRACIN

Fig-19 shows the effect of different concentrations of sodium citrate as a carbon

source on the production of antibiotic bacitracin. The maximum yield of

bacitracin (54.7 I.U/mL) was found by the addition of 8.0g/L sodium citrate,

equivalent to carbon source in 0.49 % glucose. The bacitracin synthesis

decreased on increasing the concentration of sodium citrate. The cell biomass

and pH of the fermented broth were 0.406 mg/mL and 8.5 respectively. Keko et

al.(1953) obtained the maximum yield of bacitracin by adding 0.5%(w/v) calcium

lactate to fermentation medium containing soyabean meal, starch and CaC03

which differed with the findings of present studies . The reason may be the

difference in the composition of the fermentation media as soyabean meal was

used as nitrogen source by Keko et al.(1953) whereas L-glutamic acid was used

in medium M-6 for the same purpose .

The maximum yield of bacitracin (54.7 I.U/mL) on the utilization of sodium citrate

as carbon source was less as compared to glucose (Fig 11) , so glucose is used

as carbon source in the subsequent studies.

4.5.9 ROLE OF CATABOLITE REPRESSION AND ORGANIC ACIDS

Mechanisms such as catabolite regulation or lowering of pH caused by

interfering carbon source, glucose, during. The fermentation of antibiotic

bacitracin were investigated.
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a) EFFECT OF pH LOWERING BY HCI ON THE PRODUCTION OF BACITRACIN

The effect of pH lowering by HCI on the production of antibiotic bacitracin by

Bacillus licheniformis M-39 in medium M-6 during the course of fermentation

was studied (Table 4.11). The initial pH of the medium was adjusted at 7.0 and

gradually lowered to 6.8 and 5.6 by adding I N HCI at 12 and 18 hours

respectively after the addition of inoculum to fermentation medium. The levels of

pH at these intervals (12 and 18 hours) were kept resembling with pH lowered at

the same time intervals by addition of 1.0%(w/v) glucose to the same medium.

The pH started to increase with consequent production of bacitracin 18 hours

after the inoculation. The bacitracin yield was found to be maximum (56.2

I.U/mL) at 48 hours of incubation at 37°C at a rotation of 150 rpm. The pH of the

fermented broth at this instant was 7.8. Further incubation resulted in decrease

in bacitracin production with the increase of broth pH. The inhibition of bacitracin

production was not observed when drastic lowering of pH was carried out by HCI

but it was due to the decrease in pH at the initial stages of fermentation on the

addition of glucose at a level of 1.0%(w/v). This inhibitory effect of glucose on

the production of bacitracin is in agreement with the results of Demain (1968),

Laishley and Bernlohr (1986) who suggested that enzymes present in Bacillus

licheniformis which could be coincidently induced by amino acids to a very high

level and their sunthesis was repressed by the addition of glucose. This clearly

demonstrated the catabolite repression. This catabolite repression control

occured when cells were grown on glucose and this control decreased when

cells were grown on some other carbon source by these workers.

106



TABLE 4.11

EFFECT OF pH LOWERING BY HCI ON THE PRODUCTION OF BACITRACIN

BY BACILLUS LICHENIFORMIS M-39 IN MEDIUM M-6

Incubation time pH of fermented

broth

Cell biomass

mg/mL

Bacitracin

(hrs) I.U/mL

7.06

12 6.8 0.032

18 5.6 0.058

6.424 0.125 4.0

30 6.8 0.154 9.2

36 7.1 0.284 21.2

42 7.5 0.359 29.8

48 7.8 0.372 56.2

54 8.0 0.385 46.6

60 8.1 0.364 36.5
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b) EFFECT OF ORGANIC ACIDS PRODUCED IN CATABOLITE REPRESSION

BY GLUCOSE

The effect of lowering of pH by the organic acids produced in the result of

glucose metabolism on the production of bacitracin by Bacillus licheniformis was

studied (Table 4.12). Bacitracin production was markedly inhibited by the

addition of 1.0%(w/v) glucose to the fermentation medium M-6. This inhibitory

effect was due to the lowered pH and undissociated organic acids (acetic acid

and pyruvic acid) produced by the metabolism of glucose. To confirm the

inhibitory effect of these acids upon the bacitracin production, these acids were

added in equal concentrations and the pH of fermentation medium was lowered

to the same extent at same time intervals as in case of addition of 1.0%(w/v)

glucose to medium M-6 (Fig 12).

The bacitracin production (20.8 I.U/mL) was apparently inhibited after 48 hours

fermentation while it was 54.3 I.U/mL in control medium M-6 and 36.2 I.U/mL on

the addition of 1%(w/v) glucose (Fig 11). The pH and cell biomass were found to

be 7.5 and 0.324 mg/mL respectively (Table 4.12). This inhibitory effect of these

organic acids on the bacitracin production was in agreement with the findings of

Dawes and Foster (1953) who proved that the toxicity of organic acids was pH

dependent. However no inhibitory effect of sodium acetate and sodium pyruvate

on bacitacin production was observed when they are added to the medium M-6

in equal concentrations (0.5% w/v each). The bacitracin yield was recovered to a
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TABLE 4.12

EFFECT OF pH LOWERING BY ACETIC AND PYRUVIC ACIDS ON THE PRODUCTION OF

BACITRACIN

Incubation time pH of fermented

broth

Cell biomass Bacitracin

(hrs) mg/mL I.U/mL

6 7.0

12 6.8 0.028

18 5.6 0.062

24 6.3 0.135 5.6

30 6.8 0.182 10.4

36 7.0 0.252 16.8

42 7.3 0.306 19.3

48 7.5 0.324 20.8

54 7.5 0.309 19.2

60 7.6 0.294 18.4
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level of 48.4 I.U/mL and final pH and cell biomass were observed 8.5 and 0.432

mg/mL respectively after 48 hours fermentation (Table 4.13).

The conclusion, that sodium acetate and sodium pyruvate had no inhibitory

effect upon bacitracin production when added at neutral pH is in agreement

with the findings of Haavik (1974 c) who described that inhibitory effect was due

to the lowered pH and undissociated organic acids produced by the metabolism

of glucose. To investigate either acetic acid or pyruvic acid had inhibitory effect

upon bacitracin production, both of these were added to the fermentation

medium separately for lowering its pH.

c) EFFECT OF pH LOWERING BY ACETIC ACID

The pH of the fermentation medium M-6 was lowered by the addition of acetic

acid during the bacitracin fermentation by Bacillus licheniformis

M-39 to investigate its effect on antibiotic production (Table 4.14). The pH was

changed to 6.5 after at 12 and 5.5 after 18 hours of fermentation. The pH started

to increase due to deamination of amino acids present in the medium. The

bacitracin production as well as the growth were completely inhibited and found

to be only 8.4 I.U/mL and 0.098 mg/mL respectively after 48 hours of

fermentation. Paigen and Williams (1970) also observed the catabolite

repression in carbohydrate utilization in the production of secondary metabolites.
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TABLE 4.13

EFFECT OF SODIUM ACETATE / PYRUVATE ON BACITRACIN PRODUCTION

Cell biomass

mg/mL

Incubation time pH of fermented

broth

Bacitracin

(hrs) I.U/mL

6 7.1

12 7.2 0.028

18 7.3 0.054

24 7.6 0.126 4.6

30 8.0 0.218 12.4

36 8.2 0.324 22.6

42 8.3 0.381 30.5

48 8.5 0.432 48.4

54 8.6 0.418 37.2

60 8.6 0.402 35.6
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TABLE 4.14

EFFECT OF pH LOWERING BY ACETIC ACID ON THE PRODUCTION OF

BACITRACIN

Incubation time

(hrs)

Cell biomass

mg/mL

pH of fermented

broth

Bacitracin

I.U/mL

7.06

12 6.5 0.021

18 5.5 0.038

24 6.0 0.052 5.1

30 6.3 0.068 7.3

36 6.6 0.082 7.9

42 6.8 0.091 8.2

48 6.9 0.098 8.4

54 7.0 0.108 8.3

60 7.1 0.119 8.1
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d) EFFECT OF pH LOWERING BY PYRUVIC ACID

The effect of pH lowering on bacitracin production in medium M-6 by the addition

of pyruvic acid was studied (Table 4.15). Bacitracin inhibition was found upto

less extent as compared to that caused by acetic acid. The maximum potency of

bacitracin production was 23.8 I.U/mL but no inhibition was found in the growth

of Bacillus licheniformis M-39 cells. The cell biomass (0.347 mg/mL) was

comparable to the control medium M-6. The inhibitory effect of acetic acid upon

cell growth and bacitracin production is in agreement with the findings of Haavik

(1974 c) that the inhibitory effect was due to the lowered pH and undissociated

organic acids produced by the metabolism of glucose.

e) EFFECT OF CALCIUM CARBONATE

Effect of the addition of CaC03 (0.5%w/v) on the production of antibiotic and pH

change during the fermentation in medium M-6 with 1%(w/v) glucose was

studied (Table 4.16). The maximum bacitracin yield, without addition of CaC03 ,

obtained after 48 hours fermentation was 37.5 I.U/mL and the final pH of the

fermentation broth was found to be 7.7 while the initial pH was adjusted at 7.0.

During fermentation there was slight increase in pH after 6 hours incubation,

then it started to fall and attained a minimum value of 5.6 after 18 hours

fermentation with bacitracin potency of 3.0 I.U/mL. After this time the pH of the

broth and bacitracin production started to increase. The decline and rise in pH

was due to catabolic reaction of glucose and deamination of amino acids present

in the medium M-6 respectively.
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TABLE 4.15

EFFECT OF pH LOWERING BY PYRUVIC ACIDS ON THE PRODUCTION OF

BACITRACIN

pH of fermented

broth

Cell biomass

mg/mL

Incubation time Bacitracin

(hrs) I.U/mL

7.16

12 6.8 0.036

18 5.4 0.073

24 5.6 0.153 6.7

30 6.9 0.206 113

36 7.1 0.268 18.1

42 7.5 0.319 20.2

48 7.7 0.347 23.8

54 7.8 0.321 21.4

60 7.9 0.304 18.9

114



TABLE 4.16

EFFECT OF 0.5% CaCOj BACITRACIN PRODUCTION AND CHANGE IN pH OF

MIDIUM M-6 WITH 1.0% GLUCOSE DURING FERMENTATION

1Incubation time Without calcium carbonate calcium carbonate (0.5%W/V)

(hrs)

pH of fermented

both

Bacitracin

I.U/mL

pH of fermented

broth

Bacitracin I.U/mL

7.16 7.1

12 6.8 7.3

18 5.6 3.0 7 5 4 1

24 6.5 4.1 7.9 6.4

30 6.9 7.8 8.2 11.5

36 7.4 17.9 8.3 29 4

42 7.6 26.5 8.4 26.2

48 7.7 37.5 8.5 50 3

54 7.8 32.8 8.6 47.6

60 7.9 30.3 8.7 41.5
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The inhibitory effect of glucose, due to low pH produced during the metabolism,

was prevented by the addition of CaC03 to the medium. On the addition of

calcium salt, pH of the medium did not decrease during the fermentation due to

the neutralization of acids produced in the result of glucose catabolism. The

bacitracin yield became maximum (50.3 I.U/mL) at the end of 48 hours

fermentation while the final pH of the fermented broth was found to be 8.5.

The prevention of glucose inhibitory effect due to the neutralization of the

fermented broth is in agreement with the findings of Haavik (1974 a) who

suggested that apparently the formation of bacitracin was not under catabolite

repression control of glucose since the inhibitory effect of glucose was

prevented by neutralization of broth with CaC03. An initial fall of pH and

inhibition of product formation during the fermentation had been reported in the

production of other antibiotics, penicillin (Jarvis and Johson 1947), polymyxcin

(Paulas 1967) and ninsin (Hurst and Dring, 1968) when glucose was a main

constituent of their fermentation media.

4.5.10 EFFECT OF NITROGEN ON THE PRODUCTION OF BACITRACIN

Nitrogen utilized by microorganism control the regulatory mechanism in bacteria,

yeast and mold for the production of antibiotics (Dubois et al. 1974 and

Magasanik et al. 1974 and). These nitrogen sources include readily used

inorganic nitrogen sources (Choi and Jong, 1993) and organic nitrogen sources
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(Egorov et al. 1986). The effect of both of these two sources on the production of

antibiotic bacitracin by Bacillus licheniformis M-39 in the medium M-6 were

studied.

a) INORGANIC SOURCES

Table 4.17 shows the effect of inorganic nitrogen sources on the production of

antibiotic bacitracin. Two main classes of inorganic nitrogen sources, ammonium

nitrogen or nitrate nitrogen sources, were tried for this purpose. Among the

ammonium nitrogen sources, the addition of ammonium sulphate at a level of

0.1% nitrogen, gave the maximum yield of bacitracin, 43.5 I.U/mL which was less

as compared to the control, 52.8 I.U/mL. The antibiotic yield decreased in case

of other ammonium salts in the order of di-ammonium hydrogen phosphate (38.5

I.U/mL), ammonium di-hydrogen phosphate (25.6 I.U/ml), ammonium carbonate

(20.1 I.U/mL), ammonium oxalate (16.8 I.U/mL), ammonium acetate (12.8

I.U/mL) and ammonium chloride (12.6 I.U/mL).

Among the nitrate nitrogen sources, sodium nitrate produced the highest

quantity of bacitracin, 25.4 I.U/mL and the yield decreased in order of potassium

nitrate (20.3 I.U/mL) and ammonium nitrate (19.6 I.U/mL). The bacitracin yield in

both types inorganic nitrogen sources, was quite low as compared with control

while it was greater for ammonium sulphate (43.5 I.U/mL) as compared to that of

sodium nitrate (25.4 I.U/mL). The better yield of bacitracin for ammonium

sulphate as compared to other inorganic nitrogen sources is in agreement with
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TABLE 4.17

EFFECT OF INORGANIC NITROGEN ON THE PRODUCTION OF BACITRACIN

Inorganic nitrogen

source (0.1% N)

Final pH Cell biomass Bacitracin

mg/mL I.U/mL

8.2Ammonium sulphate

Ammonium acetate

0.187 43.5

8.4 0.236 12.8

8.4 0.218 20.1Ammonium carbonate

Ammonium oxalate 8.5 0.241 16.8

Ammonium chloride

Ammonium di-hydrogen

phosphate

Di-ammonium hydrogen

phosphate

Sodium nitrate

Potassium nitrate

Ammonium nitrate

Control

8.4 0.208 12.6

8.5 0.258 25.6

8.6 0.288 38.5

8.4 0.235 25.4

8.3 0.257 20.3

0.2688.2 19.6

8.6 0.283 52.8
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the findings of Sandov et al. (1978) while the inhibitory effect of inorganic

nitrogen sources upon antibiotic production is in accordance with the results as

reported by Martin and Demain (1980) that inorganic nitrogen sources had

adverse effect on the production of antibiotics in the presence of organic

nitrogen sources.

(i) EFFECT OF AMMONIUM SULPHATE

The effect of ammonium sulphate on the production of antibiotic bacitracin

by Bacillus licheniformis M-39 was studied (Fig-20). This inorganic

nitrogen source had no stimulatory effect on the bacitracin production in

the presence of organic nitrogen source glutamic acid as constituent of

fermentation medium M-6. The bacitracin yield found to be decreased

continuously on increasing ammonium sulphate concentration. At nitrogen

level 0.1% (w/v) bacitracin yield was 42.1 I.U/mL and it decreased to 28.8

I.U/mL when the nitrogen level was raised to 0.5% (w/v) while the yield in

the control culture was 47.2 I.U/mL The biomass and pH of the fermented

broth decreased continuously by increasing the inorganic nitrogen

content. The decrease in the antibiotic production, on addition of

ammonium sulphate, was attributed due to the acidity produced on the

utilization of ammonium ions. The inferiority role of inorganic nitrogen

source for antibiotic production is in accordance with the findings of

Martin and Demain (1980).
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b) EFFECT OF ORGANIC NITROGEN SOURCES

Effect of addition of organic nitrogen sources including peptone, tryptone,

casein hydrolyzate, milk casein, yeast, beef and malt extracts, on the

production of antibiotic bacitracin was studied (Table 4.18). Each of these

was added separately at a concentration of 2.0%(w/v) to the fermentation

medium M-6. Among these, the yield obtained on the addition of beef

extract, tryptone and yeast extract were comparable with the control and

were found to be in decreasing order of 53.8 I.U/mL, 52.4 I.U/mL and 48.9

I.U/mL respectively while the other organic nitrogen source peptone, casein

hydrolyzate, malt extract and milk casein markedly decrease the bacitracin

production. The cell biomass was increased on the addition of each of the

organic nitrogen source and the pH variations were found non-systematic.

The organic nitrogen sources showed less inhibitory effect on bacitracin

production as compared with inorganic sources (Table 4.17). Thomas

(1976) utilized yeast, meat products and casein hydrolyzate as nitrogen

source for antibiotic production.

i) EFFECT OF BEEF EXTRACT

The effect of addition of beef extract as a nitrogen source on the production

of bacitracin was studied (Fig 21). The bacitracin yield was found to be 52.0

I.U/mL in the control medium.The activity approximately remained the same

throughout the experiment upto 5%(w/v) with the addition of beef extract. The

cell mass increased tremendously from 0.295 to 0.498 mg/mL for extreme
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TABLE 4.18

EFFECT OF ORGANIC NITROGEN SOURCE ON THE PRODUCTION OF

BACITRACIN

Organic nitrogen source Final pH Cell biomass Bacitracin

(2.0% W/V) mg/mL I.U/mL

Peptone 8.3 0.358 38.6

Tryptonc 8.6 0.347 52.4

Casein-hydrolyzate 8.4 0.338 40.!

Yeast-extract 8.2 0.363 48.9

Beef-extract 8.8 0.429 53.8

Malt-extract 8.5 0.386 39.2

Milk casein 8.5 0.371 33.8

Control 8.6 0.298 58.5
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level of beef extract added where as pH decreased from 8.7 to 8.6 upto

2.0%(w/v) and then increased to 8.9 for 5.0%(w/v) with the addition of beef

extract.

The ineffectiveness of beef extract on the production of bacitracin was due to

organic nitrogen already present in the fermentation medium in the form of

amino acids and this is in agreement with the suggestion made by Paul and

Banerjee (1983) that organic nitrogen source would only promote the

antibiotic production if the producing microorganism was deficient in amino

acids synthesis.

ii) EFFECT OF YEAST EXTRACT

Fig 22 shows the effect of addition of yeast extract on the production of

bacitracin. The bacitracin production was decreased from 52.0 I.U/mL to 48.5

I.U/mL upto 3.5%(w/v) addition of yeast extract and then decreased sharply

to 37.5 I.U/mL on attaining the concentration of yeast extract 5.0%(w/v).

Same pattern was also observed in the change of final pH of the fermented

broth. The cell biomass was found to be increased sharply from 0.315

mg/mL to 0.552 mg/mL. At the level of 2.0%(w/v) of yeast extract, bacitracin

yield, cell biomass and final pH of the fermented broth were found to be 49.0

I.U/mL, 0.428 mg/mL and 8.3 respectively. The stimulation of growth and

inhibition of bacitracin production on addition of yeast extract are in

accordance with the findings of Paul and Banerjee (1983) that organic
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nitrogen source would only promote the antibiotic production if the producing

organism was deficient in amino acid synthesis or the fermentation media

was unable to meet the nitiogen requirements of the microorganism.

iii) EFFECT OF TRYPTONE

The effect of various concentrations of tryptone on the production of

antibiotic bacitracin was studied (Fig 23). The tryptone showed the inhibitory

effect on the production of bacitracin from 56.7 I.U/mL to

37.0 I.U/mL upto the addition of 5% (w/v). The pH of the fermented broth also

decreased from 8.8 to 8.2 on increasing the tryptone concentration while

growth of Bacillus licheniformis M-39 continuously increased. The bacitracin

yield, pH of fermented broth and cell biomass were found to be 51.3 I.U/mL,

8.6 and 0.326 mg/mL respectively at 2%(w/v) concentration of tryptone. The

inhibitory effect of tryptone on the bacitracin production is in agreement with

the findings of Egrove et al. (1983 b) who described that tryptone induced

maximum protease formation and sporulation but glutamine suppressed

these processes and stimulated bacitracin production.

4.5.11 EFFECT OF DIVALENT METAL IONS ON THE PRODUCTION OF

BACITRACIN

Among the important factors influencing the growth of the microorganism and

quantitative yield of antibiotic are the mineral constituents of the fermentation

medium so the effect of the addition of different divalent metal ions to the
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medium M-6 (after deleting Fe24, Mg24, Mn24) was studied (Table 4.19).

Deionized water was used in the experiments. At higher concentration (5x1OÿM)

only Ni2+ gave the better yield of bacitracin as compared to its lower

concentration (1 x 10'4M). The bacitracin potency at higher concentration was

found to be 28.9 I.U/mL while at the lower level it was 27.2 I.U/mL. The other

ions Ba2\ Co2+, Cu2\ Hg24, Sn2\ Sr2* and Zn24 gave better yield at low

concentrations as compared to higher ionic concentrations. The maximum

production of antibiotic (28.2 I.U/mL) was in case of Sn24 addition and it

decreased in order of Sr2*(27.5 I.U/mL), Zn24 and Co24(26.6 I.U/mL), Hg24(25.8

I.U/mL), Cuz*(23.4 I.U/mL) and Ba24(18.5 I.U/mL). The maximum yield of

bacitracin for higher concentration of Ni24(28.9 I.U/mL) and for lower

concentration of Sn24(28.2 I.U/mL) was found less as compared to the control

(without the addition of any divalent metal ion, 32.5 I.U/mL), so these ions were

found not essential for the bacitracin production.

The influencing effect of divalent metal ions on the production of bacitracin was

described by Weinberg (1958). The adverse effect of divalent metal ions (Table

4.19) found for the production of bacitracin is in accordance with findings of

Froyshov and Laland (1974) and Froyshov et al. (1980) who concluded that only

Mg24, Fe2+, and Mn24 stimulated the bacitracin production and its activity while

the other divalent metal ions did not enhance the bacitracin production.

128



TABLE 4.19

EFFECT OF DIVALENT METAL IONS ON THE PRODUCTION OF

BACITRACIN

Final pH Cell biomass

mg/mL

BacitracinMetal ions Ions

conecentration I.U/mL

M

lxlO'4

5x10
"4

8.4 0.176BaCI(.2H}0 18.5

0.153 10.38.2

1x 10"
4

5x10'
4

C0CI2.6H2O 8.4 0.183 26.6

8.3 0.161 20.4

1x10
4

5xl0'4
CUS04.5H2O 8.4 0.173 23.4

8.2 0.145 18.6

1x10
4

5x10'
4

HgS04.6H2o 8.4 0.190 25.8

8.2 0.168 20.3

1x10
4

5x10
4

1x 10’ 4

5x10
4

NiCl2.6H2o 8.4 0.206 27.2

0.2328.3 28.9

SnCI2 8.3 0.188 28.2

8.2 0.183 26.4

lxlO4

5x10
4

SrCl2. 6H2o 8.3 0.178 27.5

8.3 0.193 19.8

1x10
4

5x10'
4

ZnS04.7H2o 8.4 0.183 26.6

8.2 0.177 21.3

Control Nil 8.5 0.225 32.5
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4.5.12 FEED BACK REGULATION OF BACITRACIN OF ITS OWN BIOSYNTHESIS

Feedback regulation of antibiotics of their own synthesis were described for

many antibiotics, i.e. chloramphenical (Jones and Westlake, 1974)

staphylomycin. (Yanagimoto and Terui, 1971) and aurodox (Lia et al. 1977).

Bacitracin showed the inhibitory effect on its own production when it was added

to fermentation medium M-6 in the presence of metal ions

Mg2+, Fe2+, and Mn2* (Table 4.20). The bacitracin was added upto 200 I.U/mL at

the start of the fermentation. The yield of bacitracin was decreased to 39.2

I.U/mL with the addition of 140 I.U/mL bacitracin which was 58.6 I.U/mL for

control. Further increase in the bacitracin concentration in the fermentation

media did not decrease its yield and found to be 38.4 I.U/mL for 200 I.U/mL

concentration. Also cell biomass as well as the pH of fermented broth did not

decrease when the concentration of bacitracin was increased beyond 140

I.U/mL.

The inhibitory effect of bacitracin on its own production is in accordance with

findings of Demain (1976) and Flaavik (1975 and 1976) who described that

addition of bacitracin to the fermentation media inhibited the activity of bacitracin

synthetase due to the formation of its chelating complex with divalent metal ions.
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TABLE 4.20

INHIBITORY EFFECT OF BACITRACIN CONCENTRATION ON ITS OWN PRODUCTION IN

MEDIUM M-6 BY BACILLUS LICHENIFOMIS M-39

Concentration of Total

Bacitracin added Final pH Cell biomass Bacitracin Bacitracin yield

l.U/mLl.U/mL mg/mL I.U/mL

(a) (b) (b-a)

20 8.5 0.328 78.1 58.1

40 8.4 0.317 96.4 56.4

60 8.4 0.311 113.5 53.5

80 8.3 0.305 130.4 50.4

100 8.0 0.299 147.8 47.8

120 7.8 0.282 163.7 43.7

140 7.6 0.276 179.2 39.2

160 7.6 0.275 198.8 38.8

180 7.5 0.270 218.5 38.5

200 7.5 0.268 238.4 38.4

Control 8.5 0.325 198.6 58.6
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INHIBITORY EFFECT OF BACITRACIN IN THE PRESENCE OF DIVALENTa)

METAL IONS.

The inhibitory effect of bacitracin, 140 I.U/mL, on its own production by Bacillus

licheniformis M-39 in the presence of divalent metal ions was studied (Table

4.21). The three control media used was medium M-6 in which Mg2*, Mn2*, and

Fe2* were added separately while the addition of rest of two divalent ions was

deleted Bacitracin (140.0 I.U/mL), was added in each medium before the

fermentation started.

The concentration of each metal ion was increased upto 10.0 mM while the

inhibition increased markedly upto 6.0 mM concentration. Maximum inhibition

was observed on the addition of Mn2* and the inhibitory effect was found to

decreased in order to Mg2+ and Fe2*. The bacitracin yields were found to be 14.8

I.U/mL, 23.1 I.U/mL and 30.6 I.U/mL for mediums in which 6.0 mM of Mn2*, Mg2+

and Fe2*were added respectively in presence of 140 I.U/mL bacitracin. Addition

of bacitracin to the bacitracin systhetase inhibited the antibiotic production in

presence of higher concentration of divalent metal ions. Haavik (1976) and

Froyshovet al. (1980) described that chelating tendency of bacitracin for divalent

metal ions made them unavailable for its own production. The cell biomass and

pH of the fermented broth decreased with increase in bacitracin inhibition.
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TABLE 4.21

INHIBITORY EFFECT OF BACITRACIN (140 I.U/mL) ON ITS OWN PRODUCTION AT DIFFERENT IONS

CONCENTRATION

2+Mn2+2+ FeMgMetal ions

CellCell Bacitracin FinalBacitracin Final BacitracinFinal cellconcentration

biomass yield pH biomass yieldbiomass yield pHpH(m M)

l.U/mL I.U/mLmg/mL I.U/mL mg/mL mg/mL

336.40.286 39.4 7.3 0.2557.6 0.27039.11.0 7.7

0.23634.4 30.2 7.4 0.2372.0 0.235 33.17.47.5

29.6 0.183 23.6 7.3 0.1960.211 7.3 31.94.0 7.4

30.623.1 7.2 0.1786.0 0.174 7.2 0.148 14.87.2

0.165 13.9 0.16922.0 0.142 7.1 30.28.0 7.2 7.1

0.159 0.136 13.5 7.1 0.171 29.821.5 7.110 7.2

0.2640.282 40.8 7.6 0.275 7.5 38.57.6 41.5Control

Bacitracin yield mentioned after subtraction of added bacitracin (140 I.U/mL)



4.5.13 EFFECT OF AMINO ACIDS ON THE PRODUCTION OF BACITRACIN

Antibiotic bacitracin is a poly peptide in nature formed by certain amino acids

and amino acids played a vital role in its production. Haavik and Vessia (1978)

described that the amino acid pools in the cells of

Bacillus licheniformis seemed to be of critical importance to the amount of

bacitracin produced. These pools consisted of L-amino acids as well as

D-amino acids. The bacterial cells have efficient uptake mechanisms for most of

the amino acids present in the medium which may result in an increased

concentration of amino acids in cell pool and consequently bacitracin production

also increased (Quay et al. 1977). Therefore, effects of addition of constituent

amino acids of bacitracin, their stereoisomers and nonconstituent amino acids as

nitrogen source were studied for the production of bacitracin by Bacillus

licheniformis M-39 in medium M-6 from which amino acids already present were

deleted (control).

Addition of amino acids to different chemically defined media and effect of amino

acid combinations upon the bacitracin production were also studied.

EFFECT OF THE CONSTITUENT AMINO ACIDSa)

The effect of the 10 constituent amino acids was studied on the prodcution of

antibiotic bacitracin. Each constituent amino acid was added at a concentration

of 1.0 g/L to the medium M-6 after deleting amino acids already present. The

maximum increase in the bacitracin yield, 72.4% was observed in the presence
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of L-leucine in the fermentation medium and the stimulating effect of amino acids

upon the bacitracin production found to be decreased in order of 53.4%, 18.5%

and 8.9% for L-histidine D-glutamic acid and L-isoleucine repectively (Table

4.22). In contorl the bacitracin potency was taken as 100%, three D-isomers D-

aspartic acid, D-ornithine and D-phenylalanine did not increase the bacitracin

production and this is in agrement with the results of Pfaendar et al. (1973) who

reported that constituent D-amino acids of bacitracin had no stimulatory effect on

bacitracin production.

The inhibitory effect of D-phenylalanine on the production of bacitracin was also

reported by Snoke (1961) provided L-phenylalanine was not present in the

medium. He suggested that L-amino acid entered the cell and it then converted

to its L-isomer whereas L-phenylalanine could be utilized as such. In contrast to

the above findings Froyshov and Laland (1974) had shown that D-isomers of

glutamic acid and phenylalanine could support the bacitracin production in their

cell free preparation of Bacillus licheniformis ATCC 10716. The stimulatory effect

of D-glutamic acid on bacitracin production in the present studies is in

agreement with the results reported by Froyshov and Laland (1974).

L-leucine gave the maximum cell biomass and the highest increase in the yield

of antibiotic bacitracin i.e. 0.475 mg/mL and 72.4% respectively. Quay and

Oxender (1976) reported the central role of leucine in metabolism by stimulating

or inhibiting several important enzymes whereas Fraser and Newman (1975)

suggested that intracellular leucine levels may serve as a signal for nitrogen

135



TABLE 4.22

EFFECT OF THE CONSTITUENT AMINO ACIDS ON THE PRODUCTION OF

BACITRACIN

Final pH Cell biomass

mg/mL

BacitracinAmino acid added

(l.Og/L) percentage potency

L - Asparagine 8.9 0.3% 92.1

96.1D - Aspartic acid 8.7 0.354

L - Cysteine 8.8 0.407 78.7

D - Glutamic acid 8.9 0.392 118.5

L - Histidine 8.9 0.416 153.4

L - lsoleucine 9.0 0.432 108.9

L - Leucine 9.0 0.475 172.4

L - Lysine 8.7 0.386 86.5

D - Ornithine 8.7 0.398 76.8

D - Phenylalanine 8.8 0.413 78.7

Control 8.6 0.382 100
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scavenging during the periods of amino acid imbalance therefore leucine levels

and high bacitracin production is an interesting possibility while Haavik and

Froyshov (1982) described that L-leucine was the only constituent amino acid of

bacitracin which was able to place Bacillus licheniformis as a superior producer

in the chemical defined medium.

b) EFFECT OF CONSTITUENT AMINO ACID STEREOISOMERS

The addition of constituent amino acids steroisomers in the medium M-6 after

deletion of amino acids already present markedly affected the bacitracin

production by Bacillus licheniformis M-39. (Table 4.23). Both, the stimulatory

and inhibitory effects on bacitracin production were observed. L-ornithine, L-

phenylalanine and L-aspartic acid increased the antibiotic yield to 24.5, 23.4 and

13.9% respectively while D-asparagine, D-cysteine, L-glutamic acid, D-histidine,

D-lsoleucine, D-leucine and D-lysine had inhibitory effect.

The effect of amino acids on bacitracin production depends upon the amino acid

uptake by the bacterial cells, the presence of amino acids in the medium which

may result in an increased concentration of amino acids inside the cells. (Quay

et al. 1977; Whipp and Pittard, 1977) and the presence of isomerase activity in

the bacitracin synthesis (Froyshov and Laland, 1974). The stimulatory effect of

L-aspartic acid and L-phenylalanine is also in agreement with the findings of

Drew and Demain (1977) for some of the amino acids behavior as inducers for

bacitracin synthesis. The growth of Bacillus licheniformis M-39 decreased in
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TABLE 4.23

EFFECT OF THE CONSTITUENT AMINO ACIDS STEREOISIMERS ON THE

PRODUCTION OF BACITRACIN

Amino acid added Final pH Cell biomass Bacitracin

(l.Og/L) mg/mL percentage potency

D - Asparagine 8.7 0.386 43.4

L - Aspartic acit 0.4188.8 113.9

D - Cysteine 8.6 0.382 55.3

L - Glutamic acid 8.9 0.403 96.3

D - Histidine 8.7 0.395 92.5

D - Isoleucine 8.5 0.357 78.8

D - Leucine 8.7 0.411 65.4

D - Lysine 8.6 0.392 34.8

L - Ornithine 9.0 0.425 124.5

L - Phenylalanine 9.0 0.429 123.4

Control 8.5 0.371 100
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order of L-phenylalanine, L-ornithine and L-aspartic acid and was found to be

0.429mg/mL, 0.425mg/mL and 0.418mg/mL respectively.

c) EFFECT OF NONCONSTITUENTS AMINO ACIDS

Amino acids effect bacitracin production whether they are constituent amino

acids, stereoisomers of the constituent amino acids or nonconstituent amino

acids of bacitracin. The nonconstituents amino acids, L-proline, L-alanine and L-

methionine enhanced the bacitracin production upto 27.5 , 22.7 and 16.4%

respectively as compared with the control medium (M-6) after deleting amino

acids already present while the growth was markedly increased to 0.410 mg/mL

in case of L-methionine only (Table 4.24). The other nonconstituents amino

acids, L-arginine, L-glutamine, L-serine, L-threonine, L-tryptophan, L-valine and

glycine had inhibitory effect on bacitracin production. The stimulatory and

inhibitory effects of nonconstituent amino acids on the bacitracin production was

reported by Haavik (1979) by suggesting a connection between composition of

the amino acid pool and amount of bacitracin produced

Freundlich et al. (1962) and Datta (1969) described that the bacterial cells

contain internal pools of free amino acids. Most of the usual L-amino acids are

present in low concentrations while a few are present in higher concentrations

and the addition of amino acids to the fermentation medium resulted the

alteration of amino acid pool in the cell which stimulated or inhibited the

bacitracin production. Britten and Mc-Clure (1962) also explained that bacitracin
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TABLE 4.24

EFFECT OF THE NONCONSTITUENT AMINO ACIDS ON THE PRODUCTION OF

BACITRACIN

BacitracinCell biomassAmino acid added Final pH

mg/mL(l.Og/L) percentage potency

8.5L - Alanine 0.386 122.7

0.376 60.38.6L - Arginine

L - Glutamine 8.5 0.342 17.2

L - Methionine 8.8 0.410 116.4

L - Proline 8.7 0.397 127.5

L - Serine 8.8 0.425 89.5

L - Threonine 8.7 0.408 80.4

L - Tryptophan 8.7 0.421 81.2

L - Valine 8.6 0.389 41.6

Glycine 8.7 0.409 70.8

Control 8.5 0.381 100
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production and composition of amino acid pool depended upon the particular

medium used for the growth of Bacillus licheniformis.

d) EFFECTS OF AMINO ACIDS IN DIFFERENT DEFINED MEDIA

The effects of the addition of various amino acids in different defined media for

the production of antibiotic bacitracin were studied (Table 4.25) The amino

acids were added singly to the different chemically defined media (1.0g/L). The

amino acids of medium M-6 was substituted with L-alanine, L-ornithine, L-proline

and the new media obtained were designated the names MA-6, MO-6 and MP-6

respectively.

Only L-histidine, L-phenylalanine and D-phenylalanine showed the marked

effect upon bacitracin production in all the four media, although to different

degrees. L-histidine and L-phenylalanine stimulated while D-phenylalanine

inhibited the bacitracin production in all the four chemically defined media

The most striking effects were seen with D-phenylalanine, which resulted in

more than 70% inhibition of bacitracin in the medium based on

L-proline and with L-phenylalanine which resulted in an increase of about 58% in

the same medium. D-aspartic acid showed a pronounced stimulatory effect for

the mediums based on L-ornithine and L-proline while this effect was not sharp

for control (without addition of amino acids).
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TABLE 4.25

EFFECT OF SOME AMINO ACIDS ON THE PRODUCTION OF BACITRACIN

IN DIFFERENT DEFINED MEDIA

Amino acid added Percentage production of bacitracin in media

(1-0 g/L) MO-6Control MA-6 MP-6

L-Asparaginc 8.52 66.4 124.5 97.8

D-Aspartic acid 108.5 79.3 148.3 137.4

L-Aspartic acid 1 16.1 106.0 102.5 91.8

L-Cysteine 70.8 118.5 128.1 104.5

D-Glutamic acid 108.9 67.8 103.4 93.7

L-Histidine 135.8 156.5 143.8 135.7

L-lsoleucine 93.5 28.3 35.4 68.5

L-Leucine 127.5 38.5 95.4 138.4

D-Ornithine 65.0 64.5 69.6 120.3

D-Phenylalanine 68.5 53.5 58.4 29.5

L-Phenylalanine 128.5 143.5 138.4 158.3

Control 100 100 100 100
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The stimulatory effect of L-histidine, L-phenylalanine and the inhibitory effect of

D-phenylalanine in all the four media confirmed the regulatory role of these amino

acids in Bacillus licheniformis for the production of bacitracin. These findings are

in accordance with the results of Havvik (1981) that the composition of the amino

acid pool in cells of Bacillus licheniformis was of critical importance to the

amount of bacitracin produced.

Seven of the amino acids were found to be stimulatory upon bacitracin

production in the medium MO-6, six for both the medium control MP-6 and only

four for medium MA-6.

e) EFFECT OF COMBINATIONS OF AMINO ACIDS

The bacitracin is a polypeptide antibiotic which consists of twelve amino acid

residues, some of which possesses the D-configuration. Four of these are

branched chain amino acids (isoleucine-3 and leucine-1). The regulation of

amino acid formation would probably affect the biosynthesis and yield of

antibiotic by Bacillus licheniformis M-39 so the effects of some combinations of

amino acids upon bacitracin production were studied (Table 4.26) in medium M-

6 (after deleting amino acids already present). The L-alanine of medium M-6 was

replaced by L-leucine due to highest productivity of bacitracin (Table 4.22) and

as described by Haavik (1979). Havvik and Froyshov (1982) also described the

inducer role of L-leucine as substrate amino acid in production of bacitracin. The

addition of L-phenylalanine inhibited the bacitracin production by 10.4%. The
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TABLE 4.26

EFFECT OF SOME COMBINATIONS OF AMINO ACIDS ON THE PRODUCTION OF

BACITRACIN

Amino acids added Final pH Cell Bacitracin

(1.0 g/L each) biomass percenta

ing/mL ge

potency

L-leu 8.6 0.4 11 100

L- leu + L-Phe 0.4298.7 89.6

L- leu + L-Phe + L-Iiis 8.8 0.394 107.9

L- leu + L-Phe + L-His + Asp 8.8 0.403 110.5

L- leu + L-Phe + L-His + Asp + L-lle 8.9 0.418 93.4

L- leu + L-Phe + L-His + Asp + L-Ile + L-Val 9.0 0.458 116.8
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addition of L-histidine and L-aspartic acids to the previous combinations

increased the yields upto 7.9 and 10.5% respectively whereas on the further

addition of L-isoleucine, bacitracin synthesis was inhibited once again upto

6.6%. At last inclusion of L-valine restored the high productivity of mutant strain

Bacillus licheniformis M-39 and resulted an increase of bacitracin production

upto 16.8%.

The results of present studies are in contrast with the findings of Haavik (1981)

as the inhibitory effects were not found by L-phenylalnine and

L-isoleucine. The variation of these results might be due to the difference in

morphogical character as mutants of the same cultures exhibited the different

characters.

f) EFFECT OF L-VALINE

The amino acid L-valine had an inhibitory effect on the production of antibiotic

bacitracin by Bacillus licheniformis M-39 when it was added singly to medium

M-6 (L-alanine replaced by 1 Og/L L-leucine). Table 4.27 shows a reduction in

bacitracin yield (35.5%) when L-valine was added in the presence of L-leucine

while the yield due to the presence of L-leucine was considered as 100%

(control). The reduction in bacitracin production was also found to be 27 5 and

15.5% when L-valine (1.0g/L) was added to the combinations (L-leu, L-phen)

and (L-leu+L-phe+L-his) respectively. The increase in the bacitracin yield was

to be found when L-valine was added to two other combinations (L-leu + L-phe +
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TABLE 4.27

EFFECT OF L-VALINE ON THE PRODUCTION OF BACITRACIN

Amino acid added Final pH Cell Bacitracin

(1.0 g/L each) biomass percentag

e potencymg/mL

8.6 0.406L- leu 100

L - leu - L- Val 8.8 0.412 64.5

L - leu+ L- Phe 8.7 0.436 103.5

L - leu +L- Phe+L-Val 8.7 0.425 72.5

L - leu+ L- Phe+ L-His 8.8 0.415 112.4

L - leu+ L -Phe+ L-His+L-Val 8.6 0.385 84.5

L - leu+ L- Phe+ L-His+ L-Asp

L - leu+ L- Phe+ L-His+ L-Asp+L-Val

8.8 0.431 108.3

8.8 0.449 112.5

L - leu+ L- Phe+ L-His-I- L-Asp+L-Ile

L - leu+L- Phe+L-His+L-Asp+L-Ile+L-Val

8.9 0.429 105.7

9.0 0.472 115.2
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L-his+ L-asp) and (L-leu+L-phe+L-his +L-asp+L-ile) upto 12.5% and 15.2%

respectively. The cell biomass and final pH of the fermented broth also

increased as compared to the control for those combinations which enhanced

the bacitracin yield on the addition of L-valine. This behavior of L-valine is in

agreement with the findings of Haavik (1981).

4.5.14 SUBSTITUTION OF AMINO ACIDS BY AGRICULTURAL BY-PRODUCTS FOR

THE PRODUCTION OF BACITRACIN

Amino acids were the main constituents of the fermentation medium M-6 used

for the production of antibiotic bacitracin by Bacillus licheniformis M-39. From L-

glutamic acid and L-alanine, the latter was replaced by a combination L-leucine,

L-phenylalanine, L-histidine, L-asparagine, L-isoleucine and L-valine in the

control basal medium. The choice of medium components depends on cost and

availability of ingredients, product recovery and quality of the recovered product

Keeping in view the above facts, amino acids were replaced by such agricultural

by-products which could provide amino acids in the form of protein to meet the

basic requirements for the production of antibiotic.

The agricultural by-products including corn meal, corn steep-liquor, defatted

soybean meal, sunflower meal and cotton seed meal were employed for the

same purpose (Table 4.28). Each agricultural by-product was added at a

concentration of 2% (w/v). Among these, defatted soybean meal gave the
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TABLE 4.28

SUBSTITUTION OF AMINO ACIDS BY AGRICULTURAL BY-PRODUCTS FOR THE

PRODUCTION OF BACITRACIN

Agricultural by-products

(2% W/V)

Final pH of fermented

broth

Bacitracin yield

I.U/mL

Corn meal 7.8 11.8

Corn steep-liquor 7.3 9.8

Soybean meal 7.9 57.4

Sunflower meal 7.5 35.8

Cotton seed meal 7.4 24.5

Basal medium (control) 8.6 60.4
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maximum yield of bacitracin (57.4 I.U/mL) and final pH of the fermented broth

was found to be 7.9.

The antibiotic production for other agricultural by-products was found to be

decreased in order of sunflower meal (35 8 I.U/mL), cotton seed meal (24.5

I.U/mL), corn meal (11.8 I.U/mL) and corn steep-liquor (9.8 I.U/mL). Among all

the agricultural by-products the final pH (7.9) of the fermented broth was

observed to be highest on the replacement of amino acids by soybean meal The

bacitracin yield was found to be close to that of basal medium M-6 when the

amino acids of this medium were replaced by soybean meal The production of

bacitracin in a competitive quantity on the replacement of amino acids by

soybean meal is in agreement with the findings of Supek et al (1985) who

declared the complex medium as an enrich medium for the production of

bacitracin by Bacillus licheniformis which contained soybean meal to have better

yield. Cohen (1957) and Smekal (1978) used the agricultural by-products like

peanut meal and soybean meal alongwith carbohydrate sucrose and starch for

the production of antibiotic bacitracin by Bacillus licheniformis

a) EFFECT OF DEFATTED SOYBEAN MEAL AND SUNFLOWER MEAL ON THE

PRODUCTION OF BACITRACIN

The effect of concentrations of the two agricultural by-products (defatted

soybean meal and sunflower meal) which gave better yield of bacitracin as

compared to others, were investigated (Fig 24). The concentration of soybean
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meal and sunflower meal was varied upto 10% (w/v) separately. The optimal

concentrations were found to be 5%(w/v) and 6%(w/v) for soybean meal and

sunflower meal respectively and bacitracin yields for these concentrations were

97.5 I.U/mL and 72.3 I.U/mL. On increasing the concentrations of these two

agricultural by-products beyond these levels, bacitracin production decreased

The final pH of the fermented broths were found increasing in parallel with the

concentrations of the soybean meal and sunflower meal and found to be 7 9 and

7.8 respectively at the optimal concentrations of these agricultural by- products.

The better yield of bacitracin by using defatted soybean meal in place of amino

acids is in accordance with the result reported by Zorn (1960) who used

soybean flour, corn starch and salts in his complex fermentation medium for the

production of bacitracin by Bacillus licheniformis.

4.5.15 EFFECT OF AERATION

In order to compare the effect of aeration on the bacterial cell mass and

bacitracin production, the different volumes such as 25,50, 75, 100 and 125 mL

of the medium M-6 was taken into 250 mL flask. After incubation the

fermentation was carried out for 48 hours. The shake flasks used have the same

size and form and shaking was done under the same conditions. The lesser was

the volume of the medium present in the flask, the higher was the oxygen supply

to the culture. The bacitracin potency was slightly increased from 58.5 to 60.9

I.U/mL when volume of the medium in flask was changed from 25mL to 50mL

and cell biomass was varied from 0.308 mg/mL to 0.335 mg/mL (Table 4.29).
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Both the bacitracin yield and cell biomass adversely affected when the volume

was increased beyond 50mL/flask.

The bacitracin yield was only 9.6 I.U/mL and cell biomass formations was poor

(0.079 mg/mL) when 125 mL of the medium was present in the flask. The flasks

when shaken on rotary mechanical shaker provided aeration for the

microorganisms. The bacitracin production was maximum when 50mL of

fermentation medium was present in the flask. Further increase in the volume

resulted in lowering the antibiotic production due to lesser agitation, which

resulted in poor oxygen supply to the culture. The optimum volume of production

medium (50mLV250mL flask) is in agreement with the finidings of Hendlin (1949)

who found that the flask containing medium upto 60mL showed more rapid

growth and bacitracin production.

4.5.16 INFLUENCE OF INITIAL pH OF CULTURE MEDIUM ON THE PRODUCTION

OF BACITRACIN

The influence of initial pH of the fermentation medium on the production of

antibiotic bacitracin was investigated. The pH of the basal medium was varied

from 5.0 to 9.0. The pH of the medium was altered with 2N NaOH or HCI and it

was determined after autoclaving. The pH during the fermentation was allowed

to fluctuate and the bacitracin potency was determined 48 hours after

inoculation. The production of bacitracin was significantly influenced by the

initial pH value of the culture medium, M-6.
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TABLE 4.29

EFFECT OF AERATION ON THE PRODUCTION OF BACITRACIN

Volume of medium in Cell biomass Bacitracin yield

I.U/mL

Final pH

250 mL flask (mL) mg/mL

25 8.6 0.308 58.5

50 8.7 0.335 60.9

75 8.5 0.281 42.8

100 8.3 0.156 27.3

125 8.0 0.079 9.6
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Initial pH of 6.5 to 7.5, in general, was found beneficial for antibiotic synthesis

(Fig 25). In all cases the final pH became alkaline with the exception of initial pH

5.0. Optimum bacitracin production (45.2 I.U/mL) however, was reached at initial

pH 7.0 after 48 hours of cultivation while the final pH was found to be 8.6. The

increase of initial pH value from 5.0 to 7.0 was paraded with the antibiotic

production from 11.8 I.U/mL to 45.2 I.U/mL and cell biomass production from

0.161 mg/mL to 0.386 mg/mL.A gradual decrease in the bacitracin and cell

biomass production was found at higher initial pH values than 7.0. Thus for

further studies the initial pH 7.0 was used in the cultivation of Bacillus

licheniformis M-39 which falls in the best suited range 6.5 to 7 5 as mentioned by

Olgierd (1966) for the production of bacitracin by Bacillus licheniformis.

4.5.17 EFFECT OF INCUBATION TEMPERATURE

The effect of incubation temperature on the production of antibiotic bacitracin

was studied. The incubation temperature was varied form 20°C to 60°C. Initially

bacitracin production was enhanced with the rise in temperature (Table 4 30).

The maximum yield of bacitracin (62.2 I.U/mL) along with cell biomass and

highest pH of the fermented broth were obtained at 37°C. The production of

bacitracin by Bacillus licheniformis in medium M-6 was paralled with the growth

of the microorganism and final pH of the fermented broth. The optimal cell

biomass and final pH were found to be 0.325 mg/mL and 8.6 respectively when

the fermentation was carried out at 37°C. When the incubation temperature was
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TABLE 4.30

EFFECT OF INCUBATION TEMPERATURE ON THE PRODUCTION OF

BACITRACIN

Cell biomass

mg/mL

Bacitracin yield

I.U/mL

Incubation temperature Final pH

(C°)

20 7.3 0.083 8.7

7.6 19.825 0.147

0.243 42.330 8.3

0.28935 8.5 55.0

37 8.6 0.325 62.1

40 8.6 0.311 56.5

45 8.4 0.238 39.6

50 7.8 26.70.135

55 7.5 0.096 9.8

60 7.2 0.065 2.4
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raised above 40°C, there was an abrupt fall in bacitracin yield and cell biomass

The optimal temperature for the production of bacitracin was found to be 37°C

and is in agreement with findings of Sandov et al. (1978) who produced

bacitracin by strains of Bacillus licheniformis and Bacillus subtilis previously

treated with isoleucine hydroxamate..

4.5.18 THE OPTIMUM MEDIUM FOR BACITRACIN PRODUCTION

Table 4.31 shows the composition of the optimum medium for the production of

antibiotic bacitracin by Bacillus licheniformis M-39 and the Fig 26 represents the

time course of the bacitracin production in the optimum medium (M-11).

In the optimum medium, the pH value decreased in the initial hours of

fermentation and attained a value of 6.1 after 48 hours it was increased upto 8 1

The bacitracin production enhanced rapidly as the pH of the fermented broth

started to increase after attaining the minimum value of 6.1. The maximum

production of bacitracin (98.2 I.U/mL) in the fermented broth was observed 48

hours after the inoculation. On prolonged incubation, the antibiotic production

started to decrease. The bacitracin production was found to be parallel with the

cell growth of the microorganism Bacillus licheniformis M-39

The replacement of amino acids by soybean meal in the fermentation medium

for the production of bacitracin by Bacillus licheniformis M-39 is in accordance
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TABLE 4.31

COMPOSITION OF THE OPTIMUM MEDIUM (M-ll) FOR THE PRODUCTION OF

BACITRACIN BY BACILLUS LICHENIFORMIS M-39.

Ingredients Concentration g/L

Defatted soybean meal 50.0

Glucose 5.0

Soluble starch 5.0

Citric acid 1.0

Sodium di-hydrogen phosphate 1.5

Potasium chloride 0.5

Magnesium chloride 0.2

Ferrous sulphate 0.01

Manganese sulphate 0.015

Initial pH = 7.0

158



BACITRACIN

CELL BIOMASS

P. H.

LOO, rO-5 r loo

-90FO-480-

E

*s eo -03 -8 0
in

I3 X
Q.

Q
2 CD
U 22ÿ0- -02 u •70 u.

ui
t Uu
<
CD

0 120- -6 0

00 1-5-0
0 12 24 36 48 60

FERMENTATION TIME ( hr )

Fig.26 TIME COURSE OF BACITRACIN PRODUCTION

IN OPTIMUM MEDIUM

139



with the composition of fermentation media used by Cohen (1957), Marian et al.

(1976), Smekal (1978) and Eduard et al. (1984) for the production of bacitracin.

4.5.19 COMPARISON OF MEDIUM M-11 WITH MEDIUM M-6

Unless otherwise stated culture experiments were carried out thereafter with this

medium named M-11. Fig 27 shows the comparative effect of medium

components on the cell growth of Bacillus licheniformis M-39, the antibiotic

production and the pH of the fermented broth. Cultivation was carried out with

media M-6 and M-11 at 37°C in shake flasks The production of antibiotic

bacitracin was greater in medium M-11 as compared to the medium M-6. The

synthesis of bacitracin was maximum 48 hours after the incubation in both the

media (94.3 I.U/mL in medium M-11 and 58.1 I.U/mL in medium M-6). Similarly

the cell biomass production was also enhanced with medium M-11. The final pH

of the fermented broth was found to be higher in case of medium M-6 as

compared to the medium M-11 due to the deamination of amino acids of the

medium M-6.

4.6 PRODUCTION OF ANTIBIOTIC BACITRACIN IN STIRRED FERMENTERS

After optimizing the cultural conditions in shake flasks, further scale up studies

were carried out in 2 and 30 litre fermenters with working volumes of 1 and 15

litre respectively with medium M-11.
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4.6.1 EFFECT OF AERATION

The supply of oxygen (aeration) to the aerobic culture is very critical for the

synthesis of enzyme or metabolites. Only dissolved oxygen becomes available

to the microorganism for its propagation in metabolites formation. To investigate

the effect of aeration and agitation on the production of antibiotic bacitracin, a

series of batch culture were run using Bacillus licheniformis M-39. The rate of

agitation was 100, 200, 250 and 300 rpm with different rates of aeration (0.5 to

1.5 L/L/min). During the course of fermentation, pH, residual glucose, cell

biomass and antibiotic potency were estimated.

a) AERATION AT 100 rpm

Effect of aeration rate (0.5 to 1.5 L/L/min) on the production of antibiotic

bacitracin was studied when agitation rate was kept at 100 rpm (Fig 28). The

maximum potency of bacitracin was obtained with an aeration rate of 1.5

L/L/min. The total time of fermentation was reduced from 48 hours to 40 hours,

as compared to the fermentation time noted with 0.5 L or

1.0 L/L/min aeration rates. The maximum yield of bacitracin was found to 123.2

I.U/mL with 1.5 L/L/min and for other aeration rates of 1.0 L and

0.5 L/L/min it was 79.8 I.U/mL and 59.9 I.U/mL respectively for 48 hours

fermentation. Increase in the aeration rate from 1.0 to 1.5 L/L/min resulted in an

increase of 54.4% bacitracin yield and from 0.5 to 1.5 L/L/min increase in

antibiotic yield was found to be 105.7%.
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The residual glucose, the pH of fermented broth were found to be 0.022%(w/v)

and 7.6 respectively at an aeration rate of 1.5 L/L/min after 40 hours

fermentation {Table 4.32).

b) AERATION AT 200 rpm

Fig 29 shows the effect of aeration rate (0.5 to 1.5 L/L/min) at a fixed agitation

rate of 200 rpm. The maximum yield of bacitracin (134.5 I.U/mL) was found to be

at 1.5 L/L/min aeration rate after 40 hours fermentation, for aeration rates of 1.0

L and 0.5 L/L/min, it was 107.4 I.U/mL and 86.8 I.U/mL respectively.

Approximately the same yields of bacitracin were observed for an aeration rates

of 0.5 and 1.0 L/L/min after 32 and 40 hours fermentation. The production of

bacitracin decreased markedly by prolonging the fermentation time from the

optimal time at 200 rpm. The glucose was utilized completely and final pH of the

fermented broth was found to 7.7 in case of aeration rate of 1.5 L/L/min (Table

4.33).

c) AERATION AT 250 rpm

The optimal air flow for maximum bacitracin production when the rate of agitation

was 250 rpm was found to be 1.0 L/L/min (Fig 30). Increasing the flow rate from

0.5L to 1.0 L/L/min resulted in an increase of 27.0% in bacitracin yield (from

115.8 to 147.1 I.U/mL) and the fermentation time was reduced from 40 to 32

hours. Further increase in aeration rate was not found beneficial for increasing

the bacitracin production. The consumption of sugar was completed in 1.0 and
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EFFECT OF AERATION ON THE PRODUCTION OF BACITRACIN AT 250 RPM
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TABLE 4.32

EFFECT OF AERATION ON THE PRODUCTION OF BACITRACIN BY

BACILLUS LICHEMFORMIS M-39 AT 100 RPM

Cell biomassResidual glucoseFinal pHAeration rate

mg/mL(%W/V)L/L/min

0.3940.0560.5 7.4

0.4270.0387.51.0

0.4867.6 0.0221.5

TABLE 4.33

EFFECT OF AERATION ON THE PRODUCTION OF BACITRACIN BY

BACILLUS LICHENIFORMIS M-39 AT 200 RPM

Aeration rate Final pH Residual glucose Cell biomass

(%W/V)L/L/min mg/mL

0.5 0.047.5 0.419

1.0 7.5 0.013 0.458

1.5 7.7 0.492

167



1.5 L/L/min but residual glucose (0.025% w/v) was observed when air flow rate

was 0.5 L/L/min. The final pH of the fermented broth in these experiments was

found between 7.5 to 7.9. (Table 4.34)

d) AERATION AT 300 rpm

The production of antibiotic bacitracin was found to be sensitive towards more

aeration and agitation (Fig 31). The maximum yield was 115.8 I.U/mL with an

aeration rate of 0 5 L/L/min at an agitation of 300 rpm after 48 hours. At this

stage an increase of aeration rate resulted in the decrease of bacitracin

production which was found to be 25.5% and 33.1% when aeration rates were

increased from 0.5 to 1.0 L/L/min and from 0.5 to 1.5 L/L/min respectively. The

residual glucose was found for all the three aeration rates whereas pH of

fermented broth ranged form 7 4 to 7.6 (Table 4.35).

4.6.2 EFFECT OF INITIAL pH

In order to investigate the corelation among the pH, cell biomass and bacitracin

production, three sets of experiments A, B and C were designed by adjusting the

initial pH values at 6.5, 7.0 and 7.5 respectively. One litre of medium M-11 was

introduced in the 2L fermenter. The rates of agitation and aeration were kept at

250 rpm and 1.0 L/L/min respectively (Table 4.36).

In experiment A, it took 48 hours to get the maximum bacitracin yield and cell

biomass (126.5 I.U/mL and 0.452 mg/mL) while in B the maximum yield of
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TABLE 4.34

EFFECT OF AERATION ON THE PRODUCTION OF BACITRACIN BY

BACILLUS LICHENIFORMIS M-39 AT 250 RPM

Cell biomassResidual glucoseFinal pHAeration rate

mg/mL(96W/V)L/L/min

0.4370.0257.50.5

0.4987.91.0

0.4797.71.5

TABLE 4.35

EFFECT OF AERATION ON THE PRODUCTION OF BACITRACIN BY

BACILLUS LICHENIFORMIS M-39 AT 300 RPM

Aeration rate Final pH Residual glucose Cell biomass

L/L/min (%W/V) mg/mL

0.5 7.6 0.028 0.418

1.0 7.5 0.058 0.399

1.5 0.0837.4 0.385
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TABLE 4.36

EFFECT OF INITIAL pH OF THE FERMENTATION MEDIUM M-1I ON THE PRODUCTION OF BACITRACIN IN 2L FERMENTER

AT 250 R.P.M WITH AERATION RATE I.OL/L/MIN.

Experiment A Experiment B Experiment CFermentation

ResidualCell biomass Cell biomass Bacitracin Cell biomasstime Bacitracin Residual

glucose

(% w/v)

Bacitracin Residual

yieldmg/mL) mg/mL) glucose yield mg/mL)(hours) yield glucose

(% w/v)(I.U/mL) (% w/v) (I.U/mL)(I.U/mL)

0.46 0.045 0.0310.008 0.38 2.5 0.428 1.9 3.5

0.086 18.616 0.042 0.119 28.4 0.125 0.053 0.01113.8

0.347 0.0240.098 0.048 68.5 38.524 26.5 0.135

32 0.183 0.031 158.3 72.7 0.285 0.01260.3 0.516

40 0.379 0.008 0.50394.6 135.8 137.8 0.479

92.50.452 0.485 102.948 126.5 0.485

76.80.438 0.457 0.46156 108.5 71.5

Experiments: A = Initial pH 6.5 B = Initial pH 7.0 C = Initial pH 7.5



bacitracin and cell biomass (158.3 I.U/mL and 0.516 mg/mL) was attained in 32

hours and for C, optimal time for maximum yield of antibiotic and cell biomass

(137.8 I.U/mL and 0.479 mg/mL) was found to be 40 hours. The glucose was

completely consumed in experiment B within 24 hours and for experiment C with

in 40 hours and for experiment A within 48 hours.

4.6.3 STUDIES IN 30L STIRRED FERMENTER

On the basis of the results obtained in shake flasks and 2L fermenters,

production of antibiotic bacitracin was carried out in 30 L glass stainless steel

double jaket fermenter with 13-18 liter working volume.

The medium M-11 was used for scale up studies. The fermentation medium was

introduced into the fermenter vessel and then it was sterilized at 121°C for 45

minutes by passing steam through the outer jaket. The medium was cooled to

desired temperature, 37°C, by circulating tap water through the outer jacket.

After cooling, the fermentation medium was inoculated asceptically with 20 hours

old vegetative inoculum. During the course of fermentation, air was supplied at

the rate of 1.0 L/L/min. Mechanically driven agitator was run at 250 rpm and

temperature was maintained at 37°C. The initial pH of the broth was adjusted at

7.0. The fermentation period was 32 hours. The fermentation was run with

variable volumes of fermentation media (Table 4.37).
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TABLE 4.37

DATA OF CULTIVATION

Cell biomass BacitracinNo of run Medium Final pH

Volume (L) (mg/mL)

13 0.4781 7.7 158.8

7.8 0.481 157.32 14

3 15 7.9 0.492 156.4

4 16 7.9 0.485 152.5

0.4635 17 7.8 150.3

6 18 7.7 0.472 151.4

The culture was grown at 37°C in medium M-ll in Marubishi fermenter of 30 L

capacity. Air flow 1.0 L/L/min Agitation 250 rpm. Initial pH of broth 7.0.
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The production of antibiotic bacitracin from different fermentation runs were

almost of the same magnitude.

4.7 SOLID STATE FERMENTATION

Time course for the production of antibiotic bacitracin by Bacillus lichenifromis M

-39 in solid state fermentation was investigated (Fig 32). The antibiotic

produced, was extracted from the solid substrate and assayed for the bacitracin

potency. The antibiotic potency was determined 24, 48, 72 and 96 hours after

inoculation. The synthesis of antibiotic reached maximum 48 hours after

inoculation (46.3 I.U/mL). On further incubation, however the production of

antibiotic bacitracin was decreased due to proteolysis or exhaustion of nutrients.

The incubation period of 48 hours was used for subsequent studies.

The production of bacitracin was carried out using the agricultural

by-product defatted soybean meal as the solid substrate which is in accordance

with the usage of agricultural by-products for bacitracin production by Younus et

al. (1992) and the studies of Qadeer et al. (1975 and 1980) for enzyme

production. The synthesis of metabolite reached maximum 48 hours after

inoculation and this optimum incubation time is in accordance with the findings

of Oyashiki et al. (1989) for the production of amylolytic enzymes by solid

substrate fermentation.

174



50-i

40 -

|30

=>

z

I20-
D
OD

10 -

214 60O 46 7236

INCUBATION TIME (hr)

Fig. 32 TIME COURSE FOR THE PRODUCTION OF BACITRACIN

BY BACILLUS LICHENIFORMIS M-39

175



4.71 EFFECT OF INITIAL MOISTURE OF THE SUBSTRATE

(SOYBEAN MEAL)

For the propagation of aerobic organisms, the moisture content of the substrate

in solid-state fermentation is of great importance for the control of the porosity of

the substrate. Moistening resulted in swelling of the substrate, and its easier

utilization by microorganisms. The moisture level was so adjusted that the

culture could grow naturally and utilize the metabolites to produce enzymes or

other products. In order to investigate the effect of the initial moisture of the

substrate on the production of antibiotic bacitracin, the culture was grown in

different levels of moisture (50 - 65 % v/w). The bacitracin yield was found

maximum 54 2 I.U/mL at 55% moisture level with a short log time (Fig 33) when

soybean meal was used as substrate. The production of antibiotic was greatly

affected at other moisture levels. At higher level of moisture the supply of oxygen

and porosity of the subsrate was greatly affected and caused a decrease in the

antibiotic production. In the subsequent studies therefore, the moisture was kept

at 55% (v/w) level by using soybean meal only as solid substrate.

The solid substrate must be in a form that allows free circulation of air, it must

become so gummy that individual particles may adhere togethernot

Consequently, the amount of moisture must be kept at an optimum level so that

microorganisms can grow properly. Typically, a minimum moisture content of 12

% exists below which microbiological activity ceases.
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Laukerics et al. (1984) suggested the moisture level in solid substrate

fermentation between 30 - 80% and Silman (1980) recommended 50% moisture

for the synthesis of enzyme L-galactosidase using Aspergillus awamori.

4.7.2 EFFECT OF CULTIVATION TEMPERATURE

Another environmental factor that affects the antibiotic bacitracin production in

solid state fermentation is the incubation temperature. Control of temperature

and moisture contents of the fermenting soybean meal could pose problems,

since metabolic heat output and water losses from the culture could be high. In

order to find out the optimum temperature for the production of bacitracin, the

culture Bacillus licheniformis M-39 was grown in defatted soybean meal having

55% initial moisture at five different temperatures 25°C, 30°C, 35°C, 37°C, and

40°C (Fig-34 ). Bacitracin formation was maximum at 37°C (43.8 I.U/mlÿ,

although the lag time of the bacitracin production at 37°C was longer than that

observed at 40°C. The production at 40°C was close to the production at 37°C.

At 25°C the lag time was long and the production of bacitracin was low.

To increase the bacitracin yield, the cultivation temperature was changed to

reduce the lag phase. The effect of the temperature change from 40°C to

different temperature on the production of bacitracin was studied

(Fig 35). The solid substrate fermentation was initially carried out at 40°C for 18

hours. After that the flasks were incubated at different temperatures The

bacitracin potency was assayed after 30 hours of incubation at different
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temperatures. An increase in the bacitracin yield was observed with a change in

temperature from 40°C to 37°C. The order of bacitracin production for all other

temperatures was same in both the cases by conducting entire fermentation at

same temperature or by shifting the temperature from 40°C to a lower

temperature 37°C for better yield of bacitracin after 18 hours incubation.

By comparing the different temperatures for the production of antibiotic

bacitracin (Fig-34), the maximum production was achieved 48 hours after

inoculation at 37°C (43.8 I.U/mL). The lag period for the antibiotic production at

40°C was short but the bacitracin yield was a little bit low (39.4 I.U/mL). The lag

time was long and the production of bacitracin was least at 25°C. These findings

agree with the results of Silman (1980) and Laukevics et al. (1984) for the

production of various enzymes using mold and bacterial culture.

The bacitracin production was increased by shifting temperature from 40°C to

37°C. (Fig 35). This is in accordance with findings of Shellenberger (1947) who

suggested to warm the mold bran layer in the beginning and to cool when the

growth becomes rapid. Andras et al. (1986) also shifted the cultivation

temperature to increase the bacitracin yield. They carried out the fermentation at

39°C for first 9 hours and then cultivation temperature was decreased to 36°C (at

rate of 1°C/hr) and then this temperature was held until the end of fermentation.
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4.7.3 EFFECT OF DEPTH OF SOYBEAN MEAL ON THE PRODUCTION OF

BACITRACIN

For the proper growth of bacteria or mold on solid substrate, the thickness of the

substrate layer is of critical importance. Generally thickness of 1.5 to 3.5 cm

being most commonly used. The effect of depth of soybean meal was studied

with varying concentrations (10-60 g/flask) which resulted in different depths of

substrate (0.4 - 4.3 cm) in one litre conical flask (Table 4.38). The production of

bacitracin was maximum in flask containing 10 g soybean meal with 0.4cm depth

(7840 I.U/flask). The bacitracin yield was affected by increasing the depth of

soybean meal. The overall production of antibiotic was maximum at 1.4 cm

thickness containing 30g soybean meal in one litre conical flask (20490

I.U/flask). Thus for subsequent studies 30g of soybean meal in one litre flask

was used for production of antibiotic.

The production of bacitracin was affected by increasing the thickness of

substrate. A thinner layer of the substrate usually gave higher yield, but

occupied more area and reduced the overall yield and increased the cost of the

fermentation process. Above the thikness of 1.4cm the production of antibiotic

bacitracin was decreased. Hesseltin (1972) used 50 g polished rice in 300 ml

Erlenmeyer flask, while Toyama (1976) used two stage rotary tray system with

thickness of 4.5 cm of wheat bran for the production of enzymes. Qadeer et al.

(1980) recommended the thickness of 1.8 cm for the production of enzymes.
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TABLE 4.38

EFFECT OF THE DEPTH OF SOYBEAN MEAL ON THE PRODUCTION OF

BACITRACIN

Depth of soybean meal

(cm)

Bacitracin yield

I.U/mL

Bacitracin yield

I.U/flask

Weight of soybean meal

(g)

0.4 78.4 784010

0.8 72.520 14500

68.330 1.4 20490

40 2.1 50.4 20160

50 3.0 26.6 13300

60 4.3 9.5 5700
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4.7.4 EFFECT OF DIFFERENT NITROGEN SOURCES

The presence of carbon and nitrogen sources in the fermentation medium

for the production of antibiotics are important factors. The production of

antibiotic bacitracin by Bacillus licheniformis M - 39 was studied by adding

different nitrogen sources to the defatted soybean meal (Table 4.39).

Nitrogen source (0.5 w/v) was dissolved in the diluent and mixed with

soybean meal. The soybean meal absorbed all the water containing

nutrients. Among the nitrogen sources examined, the production of

bacitracin was found to be maximum (43.9 I.U/mL) in the flasks which

contained di-ammonium hydrogen phosphate. The addition of nitrogen

source decreased the bacitracin yield in the order of NH4H2P04>NaNC>3>

(NH4)2S04>NH4N03>(NH4)2C03>NH4CI>Urea. The production of acitracin

by Bacillus licheniformis M-39 was maximum in control culture having

soybean meal (58.6 I.U/mL).

It is generally accepted rule in fermentation technology that production of

specific enzyme or secondary metabolite by microorganisms is

stimulated when the culture medium in which the organism grows

contains the substrate to be attacked by the enzyme. For antibiotic

production Sukharevich et al. (1988) used only the complex nitrogen

sources such as soybean meal, corn meal corn steep-liquor

or sunflower meal had shown that inorganic salts are poor nitrogen
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TABLE 4.39

EFFECT OF THE DIFFERENT NITROGEN SOURCES ON THE PRODUCTION OF

BACITRACIN

Weight of soybean

meal

BacitracinNitrogen source

I.U/mL

(g)

Ammonium di-hydrogen phosphate 30 34.5

Di-ammonium hydrogen phosphate 30 43.9

Ammonium chloride 30 24.5

Ammonium nitrate 30 26.8

Ammonium sulphate 30 27.3

Ammonium carbonate 30 25.5

Sodium nitrate 30 30.8

Urea 30 16.4

Soybean meal (control) 30 58.6
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sources and they are not essential for the antibiotics production in presence of

organic nitrogen source.

4.7.5 EFFECT OF DIFFERENT CARBOHYDRATES

The effect of addition of carbohydrates as carbon sources on the production of

bacitracin by Bacillus licheniformis M-39 in solid state fermentation was studied.

All the carbon sources tested were dissolved separately in the diluent and then

mixed with soybean meal. The concentration of carbohydrates added to solid

substrate was 0.5%(w/w). The control flasks were also run in parallel containing

only soybean meal. The results indicated in (Table 4.40) showed that the

antibiotic production was maximum (39.8 I.U/mL) when glucose was present in

the substrate (soybean meal). The production of bacitracin decreased in the

order of soluble starch (35.8 I.U/mL), dextrin (33.4 I.U/mL), maltose (32.6

I.U/mL), galactose (31 0 IU/mL), lactose(29.3 I.U/mL), xylose (24.5 I.U/mL),

fructose (24.3 I.U/mL), sucrose (22.3 I.U/mL) and molasses (20.3 I.U/mL).

The production of bacitracin in the control flask (53.7 I.U/mL) was greater as

compared to glucose (39.8 I.U/mL). The addition of carbohydrates to the

fermentation medium was not essential for the production of bacitracin. The

unnecessity of carbohydrate for the bacitracin production is in agreement with

the findings of Inamine et al. (1969) who found glucose as an repressor for the

production of antibiotics in complex fermentation mediums.
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TABLE 4.40

EFFECT OF DIFFERENT CARBOHYDRATES ON THE PRODUCTION OF

BACITRACIN

Weight of soybean mealCarbohydrate added

(0.5% W/W)

Bacitracin

I.U/mL(g)

30 39.8Glucose

30 24.3Fructose

30Galactose 31.0

30Maltose 32.6

Sucrose 30 22.3

Xylose 30 24.5

Lactose 30 29.3

Soluble starch 30 35.8

Dextrin 30 33.4

Molasses 30 20.3

Control 30 57.3
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4.7.6 EFFECT OF AGRICULTURAL BY - PRODUCTS

A perquisite for good enzyme and metabolite production is a high percentage of

assimiablle protein, preferably of plant origin. Defatted soybean meal, peanut

meal, sunflower meal or mixture of such ingredients in varying concentration are

found to give excellent results. Poor quality cereals having only feed value are

generally useable for enzyme or metabolite production. Different agricultural by¬

products such as mustard seed, sunflower and corn meals, rice and wheat bran

were evaluated for the production of antibiotic bacitracin by solid state

fermentation. The control culture using only soybean meal was also run in

parallel. Among all the substrates tried, deffated soybean meal gave the best

results of bacitracin production (Table 4.41). Soybean meal proved to be an

ideal substrate having bacitracin yield 59.2 I.U/mL. The production of antibiotic

was decreased in the order of wheat bran (35.8 I.U/mL), mustard seed meal

(31.4 I.U/mL), sunflower meal (27.2 I.U/mL), corn meal (24.5 I.U/mL) and rice

bran (8.3 I.U/mL). Rice bran gave the lowest yield of bacitracin (8.3 I.U/mL). Low

yield of antibiotic may be due to lack of porosity of substrate, hence the aeration

in substrates, like sunflower meal, corn meal and rice bran was affected. The

use of soybean meal as substrate for the production of bacitracin is in

accordance with the findings of Kurima et al. (1974).
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TABLE 4.41

EFFECT OF THE AGRICULTURAL BY-PRODUCTS ON THE PRODUCTION OF

BACITRACIN

Agricultural by-product Weight of substrate Bacitracin

(g) l.U/mL

30Wheat bran 35.8

Sunflower meal 30 27.2

Com meal 30 24.5

Rice bran 30 8.3

Mustard seed meal 30 31.4

Soybean meal (Control) 30 59.2
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4.7.7 EFFECT OF PARTIAL REPLACEMENT OF SOYBEAN MEAL BY

SUNFLOWER MEAL, CORN MEAL, MUSTARD SEED MEAL AND WHEAT

BRAN

Further effect of partial replacement of soybean meal by wheat bran, sunflower

meal, corn meal, mustard seed meal were studied for the production of antibiotic

bacitracin by Bacillus licheniformis M -39. A three level factorial design of

experiments were used to evaluate the effect of partial replacement of these

agricultural by- products for the production of bacitracin by solid state

fermentation (Table 4.42). The production of antibiotic in the mixture of soybean

meal and wheat bran (3:1) was maximum (75.8 I.U/mL) and it decreased when

the amount of wheat bran was increased. Other combinations of sunflower meal,

corn meal and mustard seed meal with soybean meal gave lesser yield of

bacitracin as compared with control. Use of more than one agricultural by¬

product for the production of antibiotic bacitracin is in agreement with the studies

of Eduard et al. (1984) as they used soybean meal and peanut meal for higher

yield of bacitracin.

4.8 ISOLATION OF BACITRACIN FROM FERMENTED BROTH

The isolation and purification of the antibiotic from fermented mash has great

influence on the economy of manufacturing process. A number of methods for

the isolation of bacitracin were employed by several workers including the

precipitation by salts of metallic ions (Crisler and Weinberg, 1963) methylene

190



TABLE 4.42

EFFECT OF PARTIAL REPLACEMENT OF SOYBEEN MEAL BY SUNFLOWER

MEAL CORN MEAL, MUSTARD SEED MEAL AND WHEAT BRAN ON

BACITRACIN PRODUCTION

SunflowerDefatted Wheat bran Corn meal Mustard Bacitracin

soybean

meal (g)

meal seed meal I.U/mL

(g) (g)(g) (g)

7.5 22.5 45.1

15.0 15.0 61.3

22.5 7.5 75.8

7.5 22.5 29.5

15.0 15.0 37.5

22.5 7.5 40.4

7.5 22.5 24.5

15.0 15.0 32.4

22.5 7.5 43.1

7.5 22.5 35.3

15.0 15.0 29.4

22.5 7.5 23.8

Control 60.2
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disalicylic acid (Baron, 1956), lignin sulfuric acid (Ziffer and Cairney 1962)

hydroxymethane sulfonic acid (Lewis et al. 1965).

Further more bacitracin was isolated by absorbing on solid carriers like

bentonite (Charney, 1952; Wehrmeister, 1956) and celite (Monroe and Ward,

1967). The isolation of the antibiotic bacitracin was also carried out by zone

electrophoresis (Porath, 1954), disk electrophoresis (Dubost and Pascal, 1970)

and by reversed - phase chromatography (Tsuji et al.1974).

Among all of these methods, precipitation of antibiotic bacitracin by divalent

metallic ions was proved to be the most feasible method by Adler and Snoke

(1962), so the isolation of bacitracin in the present studies was carried out by

different divalent metal ions.

4.8.1 EFFECT OF DIVALENT METAL IONS ON ISOLATION OF BACITRACIN

Different divalent metal ions Fe2*, Ni2*, Cd2*, Zn2*, Co2* Mn2* and Cu2* were

employed for the complex formation with the antibiotic bacitracin (Table 4.43).

These metallic ions were added to the fermented broth at the concentrations of

0.01 M and 0.05 M after the removal of mycelia by centrifugation and adjusting

the pH at 3.5. The percentage recovery of the antibiotic bacitracin was found to

be higher at concentration of 0.05 M in case of all the divalent metal ions except

Cd2*.
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TABLE 4.43

EFFECT OF DIVALENT METAL IONS ON THE ISOLATION OF BACITRACIN FROM

200mL FERMENTED BROTH CONTAINING 31000 UNITS OF BACITRACIN

Weight of

dried metal

Total units Activity in

dried metal

ConcentrationMetal ions Percentage

of metal ions of bacitracinused recovery

salt of in dried saltM

bacitracin metal salt bacitracin

(g) l.U/mg

2+ 31930.01 0.968 3.3 10.3Fe

0.05 3.527 15872 4.5 51.2

2+Ni 0.01 41851.495 2.8 13.5

3.3660.05 16492 4.9 53.2

2+Cd 1.1960.01 5384 4.5 17.4

0.05 3902 12.61.027 3.8

2-1
0.01Zn 1.042 4477 4.3 14.4

0.05 2.503 16519 6.6 53.3

Co2' 0.01 1.450 2176 1.5 7.0

0.05 2.578 13406 43.25.2

Mn2' 0.01 1.987 5762 2.9 18.6

0.05 3.389 3.812877 41.5

Cu2' 0.01 1.699 3908 2.3 12.6

0.05 176363.327 5.3 56.8

193



The maximum percentage recovery (56.8%) was observed on the addition of

Cu2+ and maximum activity of antibiotic (6.6 I.U/mg) in the dried metal salt was

found in case of Zn-bacitracin complex. The bacitracin recovery was found to be

decreased in order of Zn2* (53.3%) and Ni2* (53.2%), Fe2* (51.2%), Co2* (43.2%)

and Mn2* (41.5%). In case of Cd2+, the percentage recovery was 17.4% by the

addition of 0.01M ions and it decreased to 12.6% for 0.05 M. The order found for

the tendency toward complex formation is Cu>Zn>Ni>Fe>Co>Mn at the ions

concentration of 0.05 M. The order of complex formation of bacitracin with metal

ion described by (Wasylishen and Graham, 1975) and Garbutt et al. (1961), was

Cu>Ni>(Zn, Co)>Mn, which resembles with the results of present studies incase

of the extreme metal ions Cu2* and Mn2* but differ with the middle members Zn2*

and Co2*.

The percentage recovery of the bacitracin is independent of the atomic weight of

the divalent metal ion and the site of its binding in bacitracin as the imidazole

group of the histidine was involved in complex formation with Cu, Ni, Co and Zn

(Wasylishen and Graham (1975) and no proportionality of bacitracin recovery

was found to the atomic weight of these metal ions.

4.8.2 EFFECT OF Cu2* CONCENTRATION ON ISOLATION OF BACITRACIN

The effect of the Cu ions concentration on the isolation of bacitracin as

Cu - bacitracin complex was studied (Table 4.44). The Cu2* concentration was

varied upto 0.06 M in 200mL fermented broth containing 30425 I.U bacitracin.
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TABLE 4.44

EFFECT OF Cu2+ CONCENTRATION ON THE ISOLATION OF BACITRACIN FROM 200

mL FERMENTED BROTH CONTAINING 30425 UNITS OF BACITRACIN

Weight of dried

copper salt of

bacitracin

Total units of Activity of

antibiotic in

PercentageConcentration

bacitracin inof Cu ions recovery

copper saltM copper

bacitracin(g)

I.U/mg

4381 3.7 14.40.01 1.184

1.951 8975 4.60.02 29.5

0.03 2.404 12261 5.1 40.3

2.800 16520 5.90.04 54.3

2.5660.05 15760 6.2 51.8

0.06 3.121 15395 6.0 50.6
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The optimum concentration of Cu ions was found to be 0.04 M for the maximum

percentage recovery (54.3 %) as Cu-bacitracin complex. Further increase in the

Cu ions concentration decreased the percentage recovery but 0.05 M Cu ions

addition gave the maximum activity of antibiotic (6.2 l.U/mg) in dried metal salt of

bacitracin.

Garbutt et al. (1961) described that the Cu ions had the maximum complex

formation tendency for bacitracin. Mellor and Maley (1949) found that this

tendency of Cu ions is less as compared to Pd ions and is irrespective of the

nature of ligand involved but Adler and Snoke (1962) declared Cu2* inactive for

the bacitracin activity. The stability of Cu-bacitracin complex is greater than Mn-

bacitracin complex (Wasylishen and Graham, 1975) but is less than Zn-

bacitracin complex (Gross, 1954).

4.8.3 EFFECT OF Zn2+ CONCENTRATION ON ISOLATION OF BACITRACIN

Bacitracin can be precipitated from aqueous fermentate as its zinc salt. Various

water soluble zinc salts can be used for this purpose but ZnCI2 is preferable

(Craig et al. 1969). After removal of mycelia by centrifugation and adjusting the

pH 3.5 of 200mL of fermented broth containing 31520 I.U of bacitracin, Zn ions

were added as ZnCI2. The concentration of Zn ions was increased upto 0.06 M

(Table 4.45). The maximum percentage recovery (69.7 %) and activity of

antibiotic in Zin-bacitracin (6.8 I.U/mg) was found at 0.04 M Zn2* concentration.

The increase of Zn2* concentration beyond this level decreased both the
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TABLE 4.45

EFFECT OF Zn2+ CONCENTRATION ON THE ISOLATION OF BACITRACIN FROM

200 mL FERMENTED BROTH CONTAINED 31520 UNITS OF BACITRACIN

Weight of dried

zinc salt of

bacitracin (g)

Total units of Activity of

antibiotic in

Concentration

of Zn2+

Percentage

bacitracin in recovery

zinc bacitracin zinc bacitracinM

I.U/mg

0.01 0.984 4034 12.84.1

0.02 2.655 11946 4.5 37.9

0.03 3.059 16516 5.4 52.4

0.04 3.231 21969 6.8 69.7

0.05 3.294 17428 5.3 55.3

0.06 3.121 15353 4.9 48.7
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TABLE 4.46

EFFECT OF Nl2+ CONCENTRATION ON THE ISOLATION OF BACITRACIN FROM 200

mL FERMENTED BROTH CONTAINING 29640 UNITS OF BACITRACIN

Activity of

antibiotic in

Concentration Weight of dried

nickel salt of

bacitracin (g)

Total units of Percentage

recoveryof Ni ions bacitracin in

nickel salt nickelM

bacitracin

I.U/mg

0.01 1.143 4001 3.5 13.5

0.02 2.211 10611 4.8 35.8

0.03 2.773 15531 5.6 52.4

0.04 2.694 15353 5.7 51.8

0.05 2.854 15413 5.4 52.0

0.06 2.807 14879 5.3 50.2
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percentage recovery and activity of antibiotic in the dried Zn-bacitracin salt. The

complexing character of Zn2* for bacitracin is less than that of Cu2* but the

Zn- bacitracin complex was found to be the most stable on prolonged storage

and elevated temperature (Weinberg, 1967; Stone, and Strominger, 1971). Mac

Donald et al. (1974) described that Zn2* also enhanced the antimicrobial activity

of bacitracin.

4.8.4 EFFECT OF Ni2* CONCENTRATION ON ISOLATION OF BACITRACIN

Table 4.46 shows the effect of Ni ions concentration on the isolation of antibiotic

bacitracin. After removal of cells and solid suspended particles by centrifugation

from 200mL fermented broth containing 29640 I.U of bacitracin, the Ni ions were

added upto the concentration of 0.06 M in form of NiCI2. The optimum

concentration of Ni2+ for maximum percentage recovery (52.4%) was found to be

0.03 M and for maximum activity of antibiotic (5.7 I.U/mg) in Ni-bacitracin

complex was found in 0.04 M. The complex formation of Ni2* with bacitracin was

less as compared with Cu2* but in accordance with the studies of Wasylishen

and Graham (1975).

4.8.5 EFFECT OF pH ON THE ISOLATION OF ZINC BACITRATION

Prior to the addition of water soluble zinc salt, the fermented broth was acidified

to a pH of 3.5 with H2S04. When the pH was raised after the addition of divalent

metal ions antibiotic was precipitated at its zinc salt.
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To study the influence of pH on precipitation of bacitracin as its zinc salt, the

precipitation process was carried out at different pH in a range of 6.0 - 8.0

(Table 4.47). The optimum pH for the best recovery of antibiotic was found to be

7.0. The optimum percentage recovery (60.3%) with maximum activity (5.8

I.U/mg) of the antibiotic were observed at neutral pH. Above and below the

neutral pH, both the percentage recovery and antibiotic activity in Zn-bacitracin

complex decreased gradually. Miescher (1974) suggested that pH 7.0 was best

suited for the optimum recovery of bacitracin as Zn-bacitracin salt by using ZnCI2

as Zn ions source.

4.8.6 EFFECT OF TEMPERATURE ON ISOLATION OF ZINC BACITRACIN

The rate of reaction of Zn2* with bacitracin is generally influenced by

temperature. Thus the effect of temperature on the combination of Zn2* with

bacitracin to form zinc-bacitracin was studied (Table 4.48). 200mL of fermented

broth containing 27500 I.U bacitracin at neutral pH was shaken for one hour at

different temperatures. The optimum percentage recovery (64.5%) and antibiotic

activity (5.3 I.U/mg) in Zn-bacitracin complex was found to be at 60°C. Rise of

temperature above 60°C did not show significant effect on the recovery of zinc-

bacitracin. The optimum temperature of 60°C for the reaction between Zn2* and

bacitracin at pH 7.0 was found to be in agreement with the finding of Chomock

(1957).
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TABLE 4.47

EFFECT OF pH ON ISOLATION OF ZINC BACITRACIN FROM 200mL FERMENTED

BROTH CONTAINING 267S9 UNITS OF BACITRACIN

Activity of

antibiotic in

Weight of dried

zinc-bacitracin

Total units of PercentagepH of

fermented bacitracin in recovery

zinc- bacitracinzinc saltbroth (6)

l.U/mg

48.46.0 4.047 12951 3.2

6.2 3.710 13727 3.7 51.3

6.4 3.292 14155 4.3 52.9

6.6 2.938 14396 4.9 53.8

6.8 2.844 15359 5.4 57.4

7.0 161362.782 5.8 60.3

2.8247.2 15814 5.6 59.1

2.954 156547.4 5.3 58.5

153067.6 3.001 5.1 57.2

7.8 2.809 14610 5.2 54.6

8.0 2.639 13459 5.1 50.3
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TABLE 4.48

EFFECT OF TEPERATURE ON THE ISOLATION OF ZINC BACITRACIN FROM

200 mL FERMENTED BROTH CONTAINING 27500 UNITS OF BACITRACIN

Weight of

dried

Total units of Activity of

antibotic in

Temperature of

fermented

broth °C

Percentage

bacitracin in recovery

zinc-bacitracin zinc salt zinc-bacitracin

I.U/mg

30 16335 4.43.712 59.4

3.384 1658240 4.9 60.3

3.37450 17545 5.2 63.8

60 3.347 17737 5.3 64.5

70 3.402 17352 5.1 63.1

80 3.321 17270 5.2 62.8
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4.8.7 EFFECT OF CaC03 (AS A CARRIER) ON THE ISOLATION OF ZINC

BACITRACIN

The intimate association of zinc bacitracin with finely divided CaC03 as a carrier

not only increases the mechanical strength and stability of the antibiotic but also

increases its yield by increasing the specific gravity of particles (Oystese, 1979).

Table 4.49 shows the effect of CaC03 on the isolation of zinc bacitracin from 200

mL fermented broth containing 28400 I.U bacitracin. The CaC03 was added upto

a concentration of 1000 mg after addition of ZnCI2 and neutralization of the

fermented broth. The maximum percentage recovery (66.8%) and antibiotic

activity (6.8 I.U/mg) in zinc-bacitracin was achieved on the addition of

600mg/200mL fermented broth i.e 3.0g/L. Further increase in CaC03

concentration decreased the percentage recovery as well as the antibiotic

activity in Zn-bacitracin.

4.8.8 ISOLATION OF ZINC BACITRACIN UNDER OPTIMAL CONDITIONS

The isolation of bacitracin as its zinc salt from 1,2,3 and 5 L of fermented broth

was carried out under the optimized conditions (Table 4.50) After removing the

cells and solid suspended particles, pH was adjusted at 3.5 and then ZnCI2 was

added.

The pH was adjusted at 7.0 and a temperature of 60°C was maintained for the

precipitation of zinc-bacitracin. The CaC03 was added as a carrier and

centrifuged. The zinc-bacitracin cake was dried at 37°C till the constant weight.
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TABLE 4.49

EFFECT OF CaC03 AS A CARRIER ON ISOLATION OF ZINC BACITRACIN FROM

200mL FERMENTED BROTH CONTAINING 28400 UNITS OF BACITRACIN

Weight of Total units ofConcentration Activity of

antibiotic in

Percentage

of CaC03

added

dried bacitracin in recovery

zinc-bacitracinzinc-bacitracin zinc salt

(mg) I.U/mg(g)

15733 5.90.00 2.667 55.4

2 863200 18034 6.3 63.5

400 2.853 18261 6.4 64.3

600 2.789 18971 6.8 66.8

800 3.031 18488 6.1 65.1

1000 3.184 18147 63.95.7
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The percentage recovery and activity of the antibioticibacitracin was obtained

in ranges of 64.8% - 65.7% and 6.6 I.U/mg - 6.9 I.U/mg respectively.
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TABLE 4.50

ISOLATION OF ZINC BACITRACIN UNDER OPTIMAL CONDITIONS

Precipitated zinc - bacitracinFermented broth

Weight of dried Total units in Activity

I.U/mg

Percentage

recoveryBacitracin Total dried saltVolume salt

(L) yield bacitracin <g)

(I.U/mL) I. U

S
CN

152.2 1,52,200 14.943 98,625 6.61 64.8

29.2492 152.2 3.04,400 2,01.817 6.9 66.3

4.45.500 3.00,2673 148.5 44.157 6.8 67.4

7,50.000 72,463 4,92,750150.0 6.84 65.7
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