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ABSTRACT
Tylosin is a macrolide antibiotic used as veterinary drug and growth promoter. Attempts
were made for over expression of tylosin through random mutagenesis of Streptomyces
fradiae NRRL-2702 using ultraviolet (UV) and gamma (γ) irradiations. After 100 and 120
seconds exposure of UV (λ=300 nm), spore suspension of wild type strain exhibited 5% and
8% survival rate, respectively and these exposure times were found suitable to isolate the
most potent mutant colonies. 300 colonies appeared on the agar plates at above mentioned
exposure times including six morphologically altered colony types. Initially, all these
colonies were screened for tylosin production using Bacillus subtilis bioassay and it was
found that only morphologically altered colonies (UV-1, UV-2, UV-3, UV-4, UV-5 and
UV-6) indicated tylosin production. Furthermore, HPLC analysis revealed an increase of 2.7
fold in tylosin yield (1500 mg/l) by one of the morphological mutants i.e., UV-2 in complex
medium which was improved to 1750 mg/l as compared to the wild type strain (620 mg/l)
by optimizing fermentation conditions in chemically defined media. The values of different
kinetic parameters such as dry cell mass (21 g/l), maximum specific growth rate, μmax (0.052
h-1) and specific tylosin productivity qp (1.36 mg/g/h) were also higher in mutant UV-2 as
compared to wild type strain. To further improve the stability and productivity of mutant
UV-2, it was subjected to another round of mutagenesis by gamma irradiation using

60

Co

source. As a result of this treatment, another morphologically altered mutant (γ-1) with an
enhanced expression of tylosin up to 2500 mg/l in complex medium was obtained. Use of
chemically defined media promoted tylosin production up to 3800 mg/l by this mutant γ-1 in
the presence of glucose+lactose (45 g/l) and sodium glutamate (12.5 g/l) as carbon and
nitrogen sources, respectively. In addition, much higher value of qp (3.34 mg/gh) was
observed in case of mutant γ-1 as compared to wild strain (0.81 mg/gh). Moreover, UV
irradiation associated changes were observed to be unstable with loss of tylosin expression
whereas, mutant γ-1 displayed high stability on subsequent culturing even after 3 years of
storage at -72°C.
Furthermore, solid state fermentation system (SSF) was also developed for tylosin
production with mutant γ-1 and wild type strains by using various economically cheaper and
easily available agro-industrial wastes. Wheat bran as solid substrate gave highest
ix

production (2500 µg of tylosin/g substrate) by mutant γ-1 against wild type strain (300 µg
tylosin/g substrate). The tylosin yield was further improved to 4500 µg/g substrate at
optimized conditions of 70% moisture level, 10% inoculum (v/w), pH 9.2, temperature
30°C, supplemented with lactose and sodium glutamate on 9th day. Wild type strain
displayed reduced production of tylosin (655 µg tylosin/g substrate) in SSF even after
optimization of process parameters. This study has shown that solid state fermentation
system significantly enhanced the tylosin yield by mutant γ-1. In this way, an overall
increase of 6.87 fold in tylosin yield was achieved through a combination of UV and gamma
irradiation mutagenesis and fermentation screening by mutant γ-1.
Additionally, to acquire some more knowledge about enhanced expression of tylosin in
mutant γ-1, molecular studies were attempted to explore any change in the regulatory genes
(tylQ, tylP, tylS, tylR & tylT) of tyl cluster. Expression analysis by RT-PCR revealed that
tylQ was switched off earlier in mutant γ-1 as compared to wild type strain, although there
was no change in the sequence of tylQ gene from both the strains. On the other hand, the
analysis of tylP indicated no change in expression pattern between wild type and mutant γ-1
strains but there was difference of a single base and a substitution mutation of T

A was

recorded at position 214 in 420bp product of tylP gene. Moreover, the deduced protein
sequences of tylP gene from wild type and mutant γ-1 indicated that the point mutation
resulted in the change of single amino acid i.e., serine to threonine (S

T) at position 72.

Furthermore, RT-PCR remained unsuccessful to detect the expression of three other
regulatory genes i.e., tylS, tylR and tylT. So, routine PCR was used to amplify these genes,
which revealed that there was no change in the nucleotide sequence of these genes either
from mutant γ-1 or wild type strain. However, the sequences of these genes could be a
valuable addition in databases because these were not available previously for this particular
strain of Streptomyces fradiae NRRL-2702.

x

CHAPTER 1

INTRODUCTION AND REVIEW OF LITRATURE

Antibiotics are the antimicrobial agents produced by a microorganism (bacteria or fungi)
that it sends outside its cell to damage or kill another microorganism. Waksman and
Woodruff (1941) used the word antibiotic for the first time to describe any small molecule
made by a microbe that antagonizes the growth of other microbes. The development of
penicillin along with streptomycin, chloramphenicol and tetracycline started the antibiotic
age from 1945-1955 (Clardy et al., 2009). Technically, antibiotics can be referred as
microbial products but these antimicrobial agents can also be synthesized in the laboratory
to use against harmful microorganisms in our environment (Harley et al., 1993). The term
‘antibiotic’ is normally reserved for a diverse range of compounds both natural and semisynthetic that possess antimicrobial activity (Kanfer et al., 1998). Antibiotics include a broad
group of chemical compounds with a wide range of different molecular targets in fighting
against infectious diseases. Our ability to produce these compounds in most cases by
fermentation has impacted tremendously the field of medicines. Currently, antibiotics are
obtained by chemical synthesis, such as the sulfa drugs (e.g. sulfamethoxazole), or by
chemical modification of compounds of natural origin (e.g. monocycline and doxycycline).
Many antibiotics are relatively small molecules with a molecular weight of less than 1000
Da (Kirby, 1944; Roken et al., 2007).
Antibiotics can be grouped either by their nature or mechanism of action. They can be
divided into different sub-groups such as β-lactams, quinolones, tetracyclines, macrolides,
sulphonamides etc. They are often complex molecules which may possess different
functionalities within the same molecule. Therefore, under different pH conditions,
antibiotics can be neutral, cationic, anionic, or zwitterionic and due to the different
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functionalities within a single molecule, their physico-chemical and biological properties
may change with pH (Kummerer, 2009).
Antibiotics are used for therapeutic purposes to prevent the development of disease in
humans and animals. The use of antibiotics as therapeutic agent is often at higher dose than
in subtheraputic purpose. Animal Health Institute (AHI, 2002) reported the use of antibiotics
in millions of kilograms (Fig. 1.1).

Aminoglycosides (1.2%)

Other antibiotics** (28.89%)

Ionophores/Arsenicals*(47.50%)

Tetracyclines (15.80%)
Penicillins (4.30%)

Sulfonamides (2.30%)

Fluoroquinolones (0.19%

Fig. 1.1 Utilization of antibiotics. Amounts shown in parentheses indicate percentages of total antibiotics
(*indicated the antibiotics developed for animal production and not related to traditional antibiotics, ** consist
of cephalosporins, macrolides, lincosamides, polypeptides, streptogramins and other minor compounds)
(Sharma et al., 2006).

1.1 VETERINARY ANTIBIOTICS
The use of veterinary pharmaceuticals or antibiotics has become an integral part of the
growing animal food industry (AHI, 2002; NASS, 2002). The drugs approved for agriculture
to improve the animal health and management mostly consisted of antibiotics (Kanfer et al.,
1998). Ever since the accidental discovery of penicillin by Alexander Fleming in 1928,
hundreds of other antibiotics have appeared in the market and are available for use in human
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and animals to treat diseases, as growth promoters and to improve feed efficiency (Addison,
1984). Antibiotics play a major role in modern agriculture and livestock industries and their
use has been increased globally. One of the major uses of antibiotics is to enhance growth
and feed efficiency in healthy livestock (Levy, 1992). For example, in 1997 the consumption
of antibiotics in Denmark has been increased than 150,000 Kg and among them about
100,000 Kg were used as growth promoters (Jensen, 2001). While, there was 80-fold
increase in the use of antibiotics for growth promotion within a span of four decades in the
US (USA Today, 1998). The use of antibiotics in animal feed in the US has increased from
91,000 Kg in 1950 to 9.3 million Kg in 1999 (AHI, 2002). Among 9.3 million Kg of
antibiotics used, about 8 million Kg were used for treatment and control of diseases and only
1.3 million Kg were spent to improve feed efficiency and growth promotion (Levy, 1998).
In the UK, certain classes of antibiotics were incorporated into the feed of animals in order
to improve their growth rates (VMD, 2001). So, antimicrobial agents are widely used for
animals all over the world. United States of America was indicated as the biggest national
market for antibacterials with sales of 1.3 billion dollars in 1999, while China ranked as the
second largest market (Theta Report USA, 2000). Furthermore, it was calculated that use of
antibiotics by pigs and poultry industry each accounted for one third of the global sales,
followed by cattle with 24% consumption (Theta Report USA, 2000).
Agriculture sector of Pakistan has a major share (23.3%) to the GDP and provide
employment to 42.1% of the total workforce (Bagum and Yasmeen, 2001). In this way, it
plays a dominant role in the economy of Pakistan. Almost 68% of the country’s population
lives in rural areas and is directly or indirectly involved in agriculture for their livelihood
(Baig and Khan, 2006). Livestock is an important sector of agriculture in Pakistan which
accounts for 49.1% of agricultural products and about 11.4% of the GDP (Government of
Pakistan, 2005; Sagir et al., 2005) The role of livestock in rural economy can be realized
from the fact that 30-35 million rural population is engaged with livestock, having 2-3
buffalo/cattle and 5-6 goat/sheep per family which support them to earn 30-40% of their
income from it. The bacterial and viral diseases cause outbreaks and result in huge mortality
if suitable therapy is not applied at proper time. Antibiotics can manage the animal diseases
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effectively when used in time (Khan et al., 2007). But the major concern is the cost of these
drugs because the demand is increasing constantly with the improvement of the people’s
living standard with a corresponding increase in the demand of antibiotics and growth
promoters.
1.2 TYLOSIN
The present studies are concerning one of these compounds tylosin, reported first by
McGuire et al. (1961) and used as an antibacterial drug for veterinary section. This antibiotic
was introduced in the drug market in Finland about 40 years before in the form of tablet
under the trade name Tylan® which was marketed as a useful medicine for the treatment of
different bacterial infections in animals (Westermarck et al., 2005). It was described in the
very first report about tylosin that it was markedly effective against Gram-positive as well as
certain Gram-negative bacteria and Mycobacteria, while it was found to be inactive against
Enterobacteriacae (McGuire et al., 1961). It has also been proved to be useful against
Chlamydia psittaci (Gingerich et al., 1977), Streptococcus pyogenes and Streptococcus
pneumonia (Herd, 1990) and mycoplasma causing species (Laak et al., 1993). It is useful
for the treatment of respiratory infections, leptospiroses and mycoplasmosis caused by
Gram’s positive and Gram’s negative bacteria. Moreover, it also has an application as a feed
supplement for growth stimulation of young animals (Lyutskanova et al., 2005).
1.2.1 Chemical structure of tylosin
Tylosin is a 16-membered macrolide antibiotic containing a combination of four factors,
tylosin A, tylosin B, tylosin C, and tylosin D, of which at least 80% is tylosin A (Deptt. of
Health and Human Services, 2001). The constituent components of these factors consist of a
polyketide lactone (tylonolide) substituted with two or three deoxyhexose sugars namely
mycinose, mycaminose and mycarose (Fig. 1.2).
Some workers used different terminologies for these factors; e.g., term descomycosin was
employed for tylosin B, macrocin for tylosin C, relomycin was synonymous with tylosin D
while tylosin A was referred as simply tylosin (Bhuwapathanapun and Grey, 1977). The
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structure of main factor, tylosin A is considered as the structure of antibiotic tylosin. Soon
after its isolation its structure was outlined as consisting of a substituted 16-membered
lacton (tylonolide) and three sugars viz. one amino sugar namely mycaminose and two
neutral sugars mycinose and mycarose (Hamill et al., 1961).

Fig. 1.2 Structure of tylosin (Cundliffe et al., 2001).

The detailed structure of tylosin was elucidated by Morin and Gorman (1964) and Morin et
al. (1970). The chemical structure of various factors has been outlined by Van-Leeuwen,
(1968) (Table 1.1).

Table: 1.1 Chemical structures of various factors of tylosin.

Factor

R1

R2

Tylosin A

-CHO

-CH3

mycarose

Tylosin B

-CHO

-CH3

-H

Tylosin C

-CHO

-H

mycarose

Tylosin D

-CH2OH

-CH3

mycarose

5

R3

1.2.2 General features of tylosin
It is highly soluble in water but is unstable in acidic medium. It is available in various
preparations as feed water additives and is administered as per oral or intramuscular or
intravenous.
Following two preparation are commonly used (CNCC China, 2001):
•

Tylosin tartarate: (C46H77NO17)2C4H6O2 having molecular weight of 1982.31, is well
absorbed from intestine with oral administration.

•

Tylosin phosphate: (C46H77NO17H3PO4) having molecular weight of 1014.11 shows
comparatively limited absorption.

Tylosin molecule is very large but it is highly soluble in lipids and due to this property it
penetrates various membranes of cells. As a kind of specific antibiotic for poultry and
livestock, it has some special strong points of having wide antibacterial spectrum, good
absorption capacity and only small dosage is needed when used as feed additive.
1.2.3 Mechanism of tylosin action
The macrolides inhibit bacterial protein synthesis by effecting translocation. Their action
may be bactericidal or bacteriostatic depending on the concentration and the type of
microorganism. These drugs get bound to the 50S subunit of ribosomal RNA of
microorganism (Rang et al., 1999).
1.2.4 Uses of tylosin
Tylosin is an effective veterinary antibiotic and has been reported to cure various diseases in
animals. Mycoplasma causing species, Mycobacterium bovis, Mycoplasma dispar and
Ureplasma diversum were found susceptible to tylosin. Therefore, this antibiotic was
recommended to be used for treating mycoplasma infections in pneumonic calves (Laak et
al., 1993). Tylosin is regarded as one of the best drugs against mycoplasma and it has
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efficiently prevented and cured this disease in goats (Guss, 1992), in pigeons (Chalmers,
1998), in rats (Ducommum, 1999) and in poultry (Ogata, 1973). Tylosin has also been
demonstrated to control American foulbrood disease in honeybees (Hitchcock et al., 1970)
and its effectiveness against this disease has also been confirmed by studies on Apismellifera
(Peng et al., 1996). Terramycin is the only antibiotic officially approved for the control of
this disease but practically tylosin has proved as a better alternate, being more stable and
twice as strong as terramycin (Kochansky et al ., 1998) and its over dose is not toxic to
larvae (Mussen, 2001). Safe over dose of tylosin was also noted for inflammatory bowel
disease in dogs (Richard, 2001). As prophylactic agent, the use of tylosin reduced the
incidence of liver abscesses in cattle (Stock and Mader, 1997). Many antimicrobial agents
have been reported to cause immuno-supression in animals but tylosin enhances immune
function. No significant difference in adherent splenocyte chemotaxis was found between
tylosin treated and control chicken birds (Baba et al., 1998).
As growth promoter, it caused 3-5% improvement in weight gain and feed efficiency of
cattle (Stock and Mader, 1997). According to a survey report from National Animal Health
Monitoring System USA, tylosin was included in feed or water of 42.3% cattle as a health or
production management tool in USA during 1999 (NAHMS-USA, 2000) and in Canada it
was used to promote growth of pigs in starter ratio on 38.62% farm during 1990’s (Dunlop
and McEven, 1997). From a survey it was also noted that the best selling antimicrobial
agents in the world were oxytetracycline and tylosin (Theta Report USA, 2000).
Investigations from Ireland also confirmed that tylosin promoted growth in various animals
(Lynch, 2000). This enhancement in growth can be attributed to its effect during food
digestion. There are reports that tylosin increases the microbial activity in colon and
enhances content of yeast in stomach and small intestine of growing pigs. Furthermore, the
addition of tylosin in feed decreases pH in small intestine and colon and the composition of
organic acids also changes (Pedersen et al., 2000). Due to high efficiency of tylosin it has
become the most commonly used agent for growth promotion in swine production (Engberg
et al., 2001). Recent findings indicate that tylosin is very effective in treating recurrent
diarrhea in domestic animals (Kilpinen et al., 2011).
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Tylosin has strong anti-inflammatory properties than other antibiotics like tilmicosin by
depressing the production of inflammatory mediators in the lungs of animals (Er and Yazar,
2012). According to a survey chlortetracycline had the highest estimated use of 533,973 Kg.
The second and third highest estimates were tylosin and oxytetracycline with estimated
annual uses of 165,803 Kg and 154,956 Kg respectively (Apley et al., 2012). The estimates
presented here were constructed to accurately reflect available data related to production
practices and to provide an example of a scientific approach to estimate the use of
antimicrobial compounds in production animals (Apley et al., 2012).
1.3

STREPTOMYCES (THE LARGEST ANTIBIOTIC PRODUCING GENUS)

Streptomyces belong to family Streptomycetacae in order Actinomycetales (Tanaka and
Omura, 1990). None of the Streptomycetes are pathogenic but are aerobic saprophytes.
Nutritionally, the Streptomycetes are quite versatile, a wide variety of carbon sources such
as sugars, organic acids, oils, amino acids and some aromatic compounds can be utilized.
Most of them produce extracellular hydrolytic enzymes that permit utilization of
polysaccharides (starch, cellulose and hemi cellulose), proteins, fats, hydrocarbons and
lignin etc. (Madigan et al., 1997). Streptomyces filaments are usually 0.55-1.0 μm in
diameter having indefinite length, lacking cross walls in vegetative phase, growth occurs at
the tips of filaments and is often accompanied with branching (Frobisher, 1978). Unlike
molds, colonies of Streptomyces which range in diameter from 1mm to several millimeters
do not spread much on agar and possess much thinner hyphae than any typical fungus. The
colonies give wooly or velvety appearance and often are adherent to medium due to the
presence of subsurface mycelia. For most species the optimum temperature is 25ºC
(Madigan et al., 1997). Streptomyces genus has long been recognized as a rich source of
useful secondary metabolites and a major source of new bioactive molecules (Takahashi and
Omura, 2003; Berdy, 2005). The species belonging to this genus constitute 50% of the total
population of soil actinomycetes and 70-80% of commercially and medicinally useful
antibiotics have been derived from this genus (Thakur et al., 2007). The role of genus
Streptomyces in commercial production of antibiotics is very important and it has
revolutionized clinical medicine area. Many antibiotics from Streptomycetes have found

8

practical application in human and veterinary medicine, agriculture and industry e.g.,
erythromycin, neomycin, streptomycin and tylosin etc. (Madigan et al., 1997).
1.3.1 Streptomyces fradiae
Three species of Streptomyces have been reported as producer of tylosin i.e., Streptomyces
fradiae (McGuire et al., 1961), Streptomyces rimosus (Pape and Brillinger, 1973) and
Streptomyces hygroscopicus (Jensen et al., 1964). Commercially, tylosin is being produced
from the fermentation by Streptomyces fradiae (Seno et al., 1977).
In this project Streptomyces fradiae (Waksman and Curtis, 1916) was used. It is one of those
species that are source of more than one antibiotic. It has numerous strains producing
various antibiotics such as neomycine, streptolin, tylosin etc. The current studies were
carried out with tylosin producing Streptomyces strain NRRL-2702 (McGuire et al., 1961).
1.3.2 Biosynthesis of tylosin
The structural genes for biosynthesis of tylosin (tyl genes) are clustered within a defined
region (≈85 kb) of the Streptomyces fradiae genome and are flanked by the resistance
determinants tylrB and tylrC (Baltz et al., 1988). The tyl cluster of Streptomyces fradiae
consists of 43 contiguous genes. These include a block of five polyketide synthase mega
genes (tylGI-GV; ≈41 kb), upstream of which are 12 open reading frames (orfs 1, 1a-11) and
further 26 genes (orfs 1*-26*) lie downstream of tylG (Fig. 1.3) (Cundliffe, 2008).
Biosynthetic pathway of tylosin is divided into two steps. First step is the synthesis of
tylactone which is derived from two acetates, five propionates and one butyrate (Omura et
al., 1997). Second step is the conversion of tylactone to tylosin by the attachment of three
de-oxyhexose sugars (D-mycaminose, 6-deoxy-D-allose and L-mycarose) to a 16-atom
polyketide tylacton ring (Morin and Gorman, 1964). Addition of sugars proceeds in a
preferred way (mycaminose is always added first) after which the de-oxyallose moiety is
changed into D-mycinose via bis-O-methylation (Baltz and Seno, 1988). At the same time
the polyketide lactone is also hydroxylated at carbon 20 and carbon 23, the latter being the
site at which deoxyallose is subsequently added.
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Macrocin O-methyltransferase (MOMT), the enzyme that catalyses the terminals step in
tylosin biosynthesis, encoding gene was studied by partial sequence analysis of MOMT. The
probes complementary to MOMT were hybridized with a library of Streptomyces fradiae
DNA (Fishman et al., 1987), including a 2.3kb fragment that expressed MOMT activity
when cloned in S. lividans. The same DNA fragment also restored tylosin production in a
tylF mutant of Streptomyces fradiae that otherwise accumulated macrocin (3-O-demethyl
tylosin). Latter on the polyketide synthase genes together with DNA adjacent to tylosin
resistance genes (tylrB and tylrC) were sequenced (Rosteck et al., 1991). Recently, the rest
of the DNA between tylrB and tylrC has been sequenced (Bate and Cundliffe, 1999; Bate et
al., 1999) and functions have been assigned to specific gene products by a combination of
database comparisons, enzyme analysis, complementation of tyl mutants, and targeted gene
disruptions.

Fig. 1.3 The tylosin-biosynthetic gene cluster of Streptomyces fradiae. The contiguous cluster of 43 genes
occupies about 85kb. The five tylG mega genes cover about 41kb. Upstream of tylG, 12 genes (orfs 1, 1a, 211) occupy about 15kb. Downstream of tylG, 26 genes (designated 1*-26*) occupy about 29kb. DNA regions
subjected to sequence comparisons between ancestral and derived strains are shown as grey arrows (genes) and
cross hatched boxes (promoters) (Cundliffe, 2008).
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1.3.3 Regulatory genes in tyl cluster
Secondary metabolism in actinomycetes is typically controlled by pathway specific
regulatory genes that are commonly clustered together with structural genes for the
respective pathways (Chater and Bibb, 1997). Perhaps the most remarkable feature of the
Tyl cluster is an island of several regulatory genes (including tylP, tylQ, tylS, tylT) located
downstream of tylG and separated by over 65kb from yet another regulator, tylR (orf7), that
lies on the opposite side of the tylG block (Fig. 1.3) (Cundliffe, 2008). Tylosin production in
Streptomyces fradiae is controlled by interplay between a repressor (tylQ) and an activator
(tylS) during regulation of tylR (Fig. 1.4). The latter encodes a pathway-specific activator
that controls most of the tylosin-biosynthetic (tyl) genes that are subject to regulation
(Stratigopoulos et al., 2004).
Prominent among such regulatory genes are those that encode proteins of the SARP family
i.e. Streptomyces Antibiotic Regulatory Proteins (Wietzorrek and Bibb, 1997). The tylosin
biosynthetic gene cluster of Streptomyces fradiae is remarkable in harboring at least five
regulatory genes, two of which (tylS and tylT) encode proteins of the SARP family (Bate et
al., 2002). These are typically transcriptional activators and commonly, single SARPs have
been found associated with specific antibiotic-biosynthetic gene clusters. In this respect, the
tyl cluster is unique in containing two SARP-encoding genes, tylS and tylT. Moreover, gene
disruption analysis has revealed a third gene, tylR that also appears to be a pathway-specific
regulator of tylosin production (Bate et al., 1999).
Antibiotic production in actinomycetes is also influenced by pleiotropic regulatory genes
that may additionally control morphological differentiation. Such genes are not usually
located within antibiotic-biosynthetic clusters but remarkably, the tyl cluster contains two of
them, tylP and tylQ. The former is deduced to encode a γ-butyrolactone receptor that might
plausibly control expression of tylQ, which is another candidate transcriptional regulator.
This working hypothesis is derived from similarity with other systems, most notably the
virginiamycin-biosynthetic pathway in Streptomyces virginiae (Nakano et al., 1998) in
which γ -butyrolactones known as butanolides bind to the product of barA (a deduced
orthologue of TylP) and thereby de-repress expression of a second regulatory gene, barB (an
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orthologue of tylQ). The DNA sequencing has shown that the tylosin biosynthetic gene
cluster within which four open reading frames utilize the rare TTA codon, contains at least
five candidate regulatory genes, one of which (tylP) encodes a γ-butyrolactone signal
receptor for which tylQ is a probable target. The genes tylS and tylT encode pathwayspecific regulatory proteins of the Streptomyces antibiotic regulatory protein (SARP) family
and a fifth, tylR, has been shown by mutational analysis to control various aspects of tylosin
production (Bate et al., 1999).

Fig. 1.4 Model for regulation of tylosin production by Streptomyces fradiae. Transcription of tylosinbiosynthetic genes is activated by the TylR protein. Expression of tylR is controlled in a complementary
fashion by interplay between the activators tylS plus tylU and the repressor, tylQ. At early stages of
fermentation, it is proposed that tylP is auto-repressed (Stratigopoulos et al., 2002). At that time, tylQ represses
tylR (Stratigopoulos and Cundliffe, 2002) and therefore the tylosin-biosynthetic gene cluster is not expressed,
even though tylS is present and tylU is accordingly activated (Stratigopoulos et al., 2004). Later during
fermentation, γ-butyrolactone(s) are proposed to derepress tylP, where upon tylP would repress tylQ
(Stratigopoulos et al., 2002a), allowing tylS (in concert with tylU) to activate tylR. As transcription of tylQ can
be silenced in tylP-KO strains, there must be at least one other mechanism for repression of tylQ
(Stratigopoulos et al., 2002b).
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1.4

STRAIN IMPROVEMENT

Due to continuous need for veterinary antibiotics and feed additives, extensive studies are in
progress in various parts of the world to develop better strains of antimicrobial agents
producing microorganisms. Moreover, the efficient process development to increase the
economy of their production is also of vital interest. Improvement of the productivity of
commercially viable microbiotic strains is an important field in microbiology, especially
when wild-type strains isolated from nature produce only a low level of antibiotics. Titer
improvement is a constant requirement in the fermentation industry. A great deal of effort
and resources is therefore committed to improving antibiotic-producing strains to meet
commercial requirements (Zhang et al., 2002).
In general, strain improvement is considered one of the main factors involved in the
achievement of higher titers of industrial metabolites (Podojil et al., 1984). Strain
improvement is an essential part of process development in fermentation industry for the
production of antibiotics on commercial scale. Yield increase upto 100 fold or more can
usually be attained through an extensive strain development program (Demain and Adrio,
2008). The major requirement for the development of industrially important strain is
economics, since the metabolite concentrations produced by wild type strains are usually too
low for the processes to be cost-effective (Demain et al., 1999). Baltz (2001) recommended
that in many cases strain improvement has been achieved by using natural methods of
genetic recombination which, bring together genetic elements from two different genomes
into one unit to form new genotypes, however the most effective strategy is mutagenesis.
The derivatives or mutants obtained by this route are subjected to screening and selection to
get the strains whose characteristics are more specifically suited to the industrial
fermentation process (Elander, 1967; Bos and Stadler, 1996).
Genetic manipulations are used in industry to obtain strains that produce hundreds or
thousands of times more product than that produced by the originally isolated strain. These
strain improvement programs traditionally employ classical random approach mainly
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including mutagenesis followed by fermentation screening. This strategy of random
mutation and screening has proven itself many times during the past century making it the
best option for strain improvement today and in the foreseeable future. Today these
techniques are supplemented by modern strategic technologies developed via advances in
molecular biology, recombinant DNA technology and genetics. The progress in strain
improvement has increased fermentation productivity and decreased costs tremendously.
These genetic programs also play major role to achieve other goals such as the elimination
of undesirable products or analogs, discovery of new antibiotics, and deciphering of
biosynthetic pathways (Vinci and Byng, 1999; Demain and Adrio, 2000; Demain, 2006;
Chen et al., 2010).
1.4.1 Mutagenesis
The foundation for strain improvement program was based upon efficient, random and
chemically induced mutagenesis coupled with highly reproducible fermentation and product
assays (Baltz, 2001). The Streptomyces genome (6000-7500 Kb) is about 1.5 times larger
than the genome of Escherichia coli (4700Kb) and it has high GC content of about 71-76%
(Mohamedin, 1993). Members of genus Streptomycetes, like other actinomycetes are
remarkable for a characteristic that is genetic instability, intra-strain morphological
variability and co-relation between morphology and antibiotic production (Schrempf, 1982).
Many different traits such as spore formation, aerial mycelium, antibiotic production and
resistance, enzymes of arginine biosynthesis are subjected to a permanent loss with a
frequency of 0.1-1% of the progeny of mutant colonies. This loss of function is the result of
the deletion of DNA fragment, often associated with amplification of neighboring DNA
fragment (Giancarlo and Rolando, 1993). A variety of heritable changes affecting colony
morphology and colour are induced in Streptomyces by exposure of the spores to ultraviolet
and gamma rays (Jose and Arnold, 2005). Most of the changes are associated with
instabilities which give rise to further variation during growth and spore formation. These
instabilities persist indefinitely in most lines of descent and give new variant types each
having its own pattern of instability. Sometimes, product regulatory mutants obtained in
basic genetic studies are found to be altered in colonial morphology, thus such
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morphological mutants are very important in the strain improvement activities (Jose and
Arnold, 2005).
There are several genetic and molecular methods useful for the improvement of secondary
metabolite production. They include the classical random chemical mutagenesis, rational
selection of spontaneous or induced mutations, transposition mutagenesis, targeted deletions
and duplications and genetic recombination by protoplast fusion. With the rapid
developments in genomics, transcript analysis, proteomics, metabolic reconstructions and
metabolic flux analysis, these technologies are also likely to become valuable tools to aid in
strain development. The exposure of different species of Streptomyces to various mutagenic
agents has led to the isolation of several high producer antibiotic mutants (Cheng et al., 200l;
El-Bondkly and Khattab, 2004).
1.4.2 Random mutagenesis
Random mutagenesis and fermentation screening have also been reported as an effective
way to improve the productivity of industrial microbial cultures (Parekh et al., 2000). It
provides a mean by which production costs can be reduced through increase in productivity
or reduction of manufacturing costs (Lee and Rho, 1999). A variety of chemical and
physical mutagens like methyl-methane sulfonate (MMS), hydroxylamine (HA), ethylmethane

sulfonate

(EMS),

N-methyl-N-nitro-N-nitronitrosoguanidine

(MNNG),

ultraviolet/gamma rays and X-rays are commonly used for antibiotic yield improvement in
Streptomyces (Baltz and Matsushima, 1980; Baltz, 1999). These mutagens induce
modifications of the base sequences of DNA that result in base pair substitutions, frame shift
mutations, or large deletions that go unrepaired (Kieser et al., 2000). The main advantages
of random mutagenesis are that high levels of mutagenesis can be achieved by certain
chemical mutagens and that mutagenesis can be carried out with little or no knowledge of
what mutations would be beneficial. Mutant screening operations can be manual or highly
automated (Queener and Lively, 1986; Vinci and Byng, 1999). A shortcoming of random
mutagenesis is that most effective chemical mutagens induce a very limited spectrum of
base-pair substitutions. The efficiency of mutagenesis to spectinomycin resistance has been
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studied in Streptomyces fradiae (Baltz and Stonesifer, 1985a, b; Baltz, 1986a, b; Baltz,
1999). Among the tested mutagens, N-methyl-N-nitro-N-nitrosoguanide (MNNG) was
found to be the most efficient and UV-light the least efficient. The mutagenic efficiency of
MNNG was enhanced by treating cells in the presence of chloramphenicol (Baltz and
Stonesifer, 1985b). It is reported that MNNG is the most potent and the most efficient in
generating the optimal yield of desired mutants (Baltz, 1986). But the major limitation of
MNNG is its specificity that it produces GC to AT transition mutations almost exclusively.
The most effective way to broaden the spectrum of base pair substitutions for yield
improvement is to develop a protocol for AT → CG transversions. So far, no chemical
mutagen has been reported that can induce AT to CG transversions (Baltz, 2001).
The specificity of base-pair substitutions induced by mutagenic agents has been studied
extensively in Escherichia coli (Coulondre and Miller, 1977). The MNNG induces
mutations by the transition pathway 99% of the time, and 95% of these are GC to AT
transitions (Miller, 1983). The other mutagens that are relatively efficient to induce
mutations in Streptomyces fradiae, ethyl methane sulfonate induces GC to AT transition
mutations almost exclusively, and 4-nitroquinoline-1-oxide induces GC to AT transitions
about 90% of the time. The UV-light induces a wider variety of mutations, but it is too weak
to be very useful in Actinomycetes (Baltz, 1999). The most widely used mutagens are
methylmethane sulfonate (MMS), hydroxylamine (HA), ethylmethane sulfonate (EMS),
nitrosoguanidine (NTG), and UV irradiation. These mutagens were arranged with reference
to their efficiency against Streptomyces as follows: NTG ≥ MMS > EMS > HA > UV (Baltz,
1985a, b; Baltz, 1999).
The spectrum of potential amino acid substitutions induced by different transition or
transversion pathways at dominant Streptomycete codons has been analysed (Baltz, 1998b).
The GC to AT transition pathway cannot induce mutations at amino acids Phe, Ile, Asn or
Lys, nor can it generate codons for Ala, Gly or Pro amino acids. Among the other base-pair
substitution pathways, the AT to GC transversion pathway is strikingly complementary to
the GC to AT transition pathway (Baltz, 1998b). The best way to broaden the spectrum of
base-pair substitutions for yield improvement, therefore, is to develop a protocol for AT to
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GC transversions. Unfortunately, no chemical mutagen induces AT to GC transversions
(Baltz, 2001).
1.4.3 Mutations induced by ionizing radiations
Early experiments showed that ionizing radiations kill microorganisms through their direct
and indirect effect (Yarmonenko, 1988). The death of microorganisms is a consequence of
the direct ionizing action of high-energy radiations. Most studies have indicated that the
lethal damage of microbial DNA (resulting in loss of its ability to reproduce) is a primary
cause of lethality, beside the damage to other sensitive and critical molecules (Ingram and
Roberts, 1980). Ionizing radiations as a mutagenic agent has been reported by Wong and
Smith (1978). Morse and Carter (1949) observed that in the irradiated cells of E. coli, RNA
content per cell increased by five to ten folds and DNA and nitrogen from two to three folds
during the lag phase. Mutagenic effects are expected to increase as the irradiation dose
increased. On the other hand, for such mutation to be expressed, the mutated
microorganisms must survive and multiply. Low dose irradiation of microorganisms may
produce mutations which may cause an increase in products of ultimate importance such as
antibiotic, organic acids, amino acids, vitamins, alcohols etc. (Casaret, 1968).
Ultraviolet (UV) irradiation is one of the most widely used mutagens, particularly in
screening of mutants for application in industrial biotechnology (Shigematsu et al., 2010). A
rapid and precise identification of highly productive mutants and verification of their
productivity after UV irradiation will therefore play a vital role in mutagenesis. Ultraviolet
light on the other hand induces a broad spectrum of point mutations for example in
Escherichia coli (Miller, 1983) but appears to be a weak mutagen in Streptomyces fradiae
(Baltz, 1986a, b). It is known that UV and gamma rays irradiated actionmycete spores yield
high proportion of mutant colonies (Kelner, 1949) but the gamma rays are more effective in
producing stable mutants than UV (Newcomb, 1953).
To obtain the best results, it is possible to combine various mutagens, for example, exposure
to UV and nitrosoguanidine. The UV irradiation and exposure to nitrosoguanidine as well as
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protoplast formation and regeneration were used to improve the antibiotic activity of tylosin
producing Streptomyces fradiae strains (Lyutskanova et al., 2005). Variants exceeding the
activity of the initial producer strain by 0.5-28.3% were obtained. The most active variants
were produced by a combined exposure to UV and nitrosoguanidine, as well as upon
regeneration of protoplasts formed from the cells of clones produced by UV irradiation
(Lyutskanova et al., 2005). A tylosin hyper-producing mutant of Streptomyces fradiae
MNU20 was also isolated from 3500 variants obtained after MNNG or UV- treatment of
Streptomyces fradiae NRRL-2702. Streptomyces fradiae MNU20 was able to produce 159
mg of tylosin per gram biomass, indicating that tylosin productivity in Streptomyces fradiae
NRRL-2702 was increased by 14-fold after mutation and medium optimization. The effect
of valine, succinate and natural zeolite on the production of tylosin was investigated using
the optimal medium, these substances essentially enhanced tylosin production up to 349 mg
per gram biomass (Lee and Rho, 1999).
Recent reports have indicated that Streptomycetes can contain extensive amounts of
reiterated DNA (Fishman and Hershberger, 1983) trait common to eukaryotic but not to
prokaryotic organisms. Thus the Streptomycetes may occupy an evolutionary position more
advanced than the common unicellular eubacteria. Mechanisms of mutagenesis in tylosin
producing Streptomyces fradiae have been reported by Baltz (1982) and Baltz et al. (1983).
They reported that most induced mutagenesis in Streptomyces fradiae is genetically
controlled and appears to occur by error-prone DNA repair mechanism. The error-avoidance
mechanisms in Streptomyces fradiae appear to be more highly evolved than those in E. coli
and closely resemble those observed in the eukaryote Saccharomyces cerevisiae. Thus,
Streptomyces fradiae appears to occupy an evolutionary position somewhere between
simple eubacteria and lower fungi in its response to potentially mutagenic chemicals and
radiations. Therefore, the best way to broaden the spectrum of base-pair substitutions for
yield improvement in Streptomyces is to develop a protocol for AT to CG transversions
(Baltz, 2001).
The 60Co-gamma irradiation has the capability to induce AT to GC transversions (Xie et al.,
2004). So, one of the most effective mutagens that has been used in improving the yield of
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antibiotics (Qi-Hongyun et al., 1988) and enzymes (Awny et al., 1992) in Streptomycetes is
gamma irradiation. The efficacy and potential of gamma irradiation in improving the tylosin
yield of the producing strain Streptomyces fradiae No. 93 has been studied (Zulaybar et al.,
1997). But combined effect of UV and gamma irradiation mutagenesis on tylosin production
from Streptomymyces fradiae NRRL-2702 was first time reported by us (Khaliq et al.,
2009a) during this study.
1.4.4 Mutations leading to over expression of tylosin in Streptomyces fradiae NRRL2702
Previously, tylosin over expressing mutants of Streptomyces fradiae was obtained by using
NTG as mutagenic agent with the optimal dose of 3000 mg/ml for mycelium mutation
(Nittayu et al., 1992). The total, 27 mutants were selected and out of them 9 were found to
be superior tylosin producers. The productivities of these mutants varied between 0.94-1.26
mg/ml in comparison with 0.9 mg/ml by the parent strain. Moreover, in the same study,
further strain improvement by protoplasts fusion revealed that only 100 mg/ml of NTG was
required. Twenty five mutants after protoplast fusion were selected and only 14 among them
were found to be superior in tylosin production with the productivities between 0.92-1.37
mg/ml (Nittayu et al., 1992). In another experiment the exposure of wild-type tylosin
producing strain of Streptomyces fradiae to mutagenic agents resulted in the isolation of
several tylosin hyper producing mutants. Examination of these mutants indicated that
improved tylosin production was related to increased hydrolytic activities and cell growth.
The wild type strain showed lower levels of hydrolytic enzymes activities (protease,
amylase, lipase and esterase) and attained a lower cell density than the mutants (BrahimiHorn et al., 1992).
Zulaybar et al. (1997) reported the effect of gamma radiation mutagenesis on Streptomyces
fradiae No. 93 to increase tylosin yield. A dose of 0.6 and 15 KGY resulted in mortality of
55 and 100% respectively. Preliminary assay by the agar plug method revealed that about
16% of the mutant isolates produced larger zone of inhibition as compared to the parent
strain using Micrococcus luteus as test organism. These mutant isolates were further assayed
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using the cup cylinder method to find out tylosin yield. Streptomyces fradiae No.93-46, a
mutant isolate previously exposed to 1.0 KGY produced 50% higher yield than the wild type
strain by using locally formulated medium. However, after repeated assays within a period
of 10 months, tylosin yield gradually declined to a level even lower than that of the parent
strain. The effect of gamma rays may also be unfavorable as in this case tylosin nonproducing mutants were also formed.
Raymundo et al. (1998) mutagenized Streptomyces fradiae NRRL-2702 using a combination
of N-methyl-N-nitro-N-nitrosoguanidin (MNNG) and ultraviolet (UV) radiations to improve
tylosin yield. An increase of 86.47% was obtained when colonies of Streptomyces fradiae
were exposed to MNNG. Out of 144 colonies mutant No. 93 was found to be highest tylosin
producer as determined by the zone of inhibition formed by this mutant against Micrococcus
luteus. Further strain improvement of this mutant was carried out using UV and MNNG-UV
double mutagenesis. Out of 43 mutant isolates screened only 34 isolates (28 UV treated)
showed higher yield of tylosin. However, only three mutant isolates (two MNNG treated and
one MNNG-UV treated) were found to possess significantly higher yields than the parent
strain. An increase of 69% in tylosin yield was observed with NA-3 mutant, obtained
through combined MNNG-UV mutagenesis. However, most of the improved strains were
not stable and only the MNNG treated mutant strain No.93 remained stable even after three
years (Raymundo et al., 1998). Another tylosin hyper producing mutant of Streptomyces
fradiae MNU20 was developed by Lee and Rho (1999) by screening about 3500 colonies
appeared after MNNG and UV treatment of Streptomyces fradiae NRRL-2702. This mutant
(S. fradiae MNU20) was able to produce 159 mg of tylosin/g of biomass at optimum
fermentation conditions indicating that tylosin productivity in Streptomyces fradiae NRRL2702 was increased 14 folds by mutation and medium optimization.
Apart from UV and gamma irradiation mutagenesis, Fang et al. (2005) reported an increase
in tylosin yield after space flight mutation of Streptomyces fradiae 9940S (+)-86. After
space experiments and the screening tests in the laboratory, 48 mutant strains were obtained
which promoted the production of tylosin by 20% or more at shaker level. Highest yield of
tylosin (14950 µg/ml) was exhibited by one mutant strain, which indicated an increase of
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91.5%. Comparing the results of three tests, it was found that the outer space environment
can lead to a cumulative mutation. After the medium scale tests and production experiments,
strain T1-156-84-23 was finally chosen to be used for tylosin production and its output was
increased by 18% (Fang et al., 2005).
Recently in order to increase tylosin production by Streptomyces fradiae two mutagens, UV
and Ethylmethanesulfonate (EMS) were used. Optimum conditions for obtaining mutants by
UV radiation were determined using a UV source lamp at a distance of 20 cm for 40-60
seconds. When EMS was used at 4% (w/v) concentration, the best mutants were obtained
after 30 minutes of exposure to the mutagen. In the first mutation step, which was done by
UV radiation, high tylosin producing strains were isolated by plaque agar method as the first
screening step. For the second step of screening, a mutant strain (U24) with a production of
0.892 mg tylosin/ ml was isolated, which was 1.27 times more productive than the wild type.
The secondary mutation step on this mutant strain was performed by EMS. Finally, a mutant
strain (UE1) with a production of 2.18 mg tylosin/ml was obtained, which was 3.12 times
more productive than the wild type (Zareh et al., 2011).
1.5 FERMENTATION
In fermentation process the breakdown of sugars (such as glucose or maltose) takes place
yielding pyruvic acid and then usually to lactic acid. More precisely, it is the breakdown of a
monosaccharide such as glucose, maltose or galactose. Fermentation is also called the
glycolytic (glycol=sugar, lytic = breakdown) cycle and this is the process by which
facultative bacteria generate ATP in the absence of oxygen. Fermentation can be classified
into following types.

•
•

Submerged or liquid fermentation.
Solid state fermentation.
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1.5.1 Submerged or liquid fermentation
Submerged cultures and culture media are usually used to produce antibiotics. Culture
conditions affect the kind and quantity of antibiotic production. Moreover, the medium
constitution together with the metabolic capacity of the producing organism greatly affects
antibiotic biosynthesis (Yang and Ling, 1989).
1.5.1.1 Effect of carbon and nitrogen sources on the production of antibiotics in
complex media
Growth of microorganisms and amount of tylosin produced vary with different carbon
sources and the scientists are in search of the most suitable source for this purpose. It was
shown that a change in carbon source from an organic acid to glycerol shifted antibiotic
production from growth-associated mode to production during idiophase (Aharonowitz and
Demain, 1979). Carbon catabolite regulation can also be avoided by using a complex
medium containing a carbon source with low solubility. Vegetable oils are generally
insoluble in culture medium and can replace glucose for antibiotic production. Experimental
results proved this view point as there are reports that fatty oils proved very effective carbon
source for penicillin production (Pan et al., 1969). Soybean oil had been successfully used as
the sole carbon source to cultivate Streptomyces fradiae for neomycin production. It is also
noted that concentration of antibiotic formed increased almost linearly with culture time and
was reached to maximum at 79 hours (Ohta et al., 1995).
Various vegetable oils have been tested as carbon source for the production of tylosin by
Streptomyces fradiae and rapseed oil proved to be the best among all with strain T-1558
(Lee, 1997). Investigations were carried out to find the reason for higher production as
compared with glucose and starch. For this, tylosin production was monitored by measuring
activity of methylmelonyl-CoA carboxytransferase, the enzyme that catalyzes the formation
of the tylosin precursor (protylonolide). It was observed that its activity depended on the
nature of carbon source used. It was further noted that with rapseed oil the intracellular
concentration of propionic acid, a precursor to protylonolide was 4.3 and 2.1 fold higher
than that with glucose and starch medium respectively. Furthermore, the addition of
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propionic acid to glucose medium increased the yield of tylosin by 4.7 fold as compared to
the yield without propionic acid, suggesting that in glucose medium intracellular propionic
acid is a limiting factor. So, it is important to keep intracellular short chain fatty acids at a
high level during cultivation of Streptomyces fradiae. In addition to vegetable oils as energy
source for growth of Streptomyces fradiae and tylosin production, lipid, glycerol and fatty
acids except oleic acid have also been regarded as suitable source. Palmitic acid produced
the highest yields (0.84 mg∕g cell mass) and maximum rates of dry cell mass (8.9 mg∕ml)
after 168 hours of incubation (Lee, 1997).
1.5.1.2 Effect of carbon and nitrogen sources on the production of antibiotics in
chemically defined media
Mainly work is done on the production of tylosin in media containing complex carbon and
nitrogen sources. Very few workers have reported the production of tylosin in synthetic
media. Glucose is the best carbon and energy source for the growth of numerous antibioticproducing microorganisms. However, rapid utilization of glucose decreased the biosynthesis
of many antibiotics (Revilla et al., 1984). Therefore, it is suggested that a medium
containing glucose plus a second carbon source should be used. Glucose is generally used
first, thereby suppressing antibiotic production. At latter stage when glucose is depleted or
its concentration falls below the repressing threshold, the second carbon source is used to
continue the antibiotic formation. One way to overcome carbon catabolite repression is to
feed glucose slowly to the culture (Solter and Jonson, 1954).
Stark et al. (1961) published a detailed study on the effects of carbon source, amino acids,
methylated fatty acids and inorganic components on mycelial growth and tylosin
biosynthesis. The optimum medium developed by these workers consisted of the following
contents (g/l): NaCl 2.0, MgSO4 5.0, CoCl2.6H2O 0.001, iron ammonium citrate 1.0,
ZnSO4.7H2O 0.01, CaCO3 3.0, glycine 7.0, L-alanine 2.0, L-valine 1.0, betaine 5.0,
methyloleate 25.0 mM and K2HPO4 2.3. Gray and Bhuwapathanpun (1980) modified the
above medium by the substitution of CaCl2 for CaCO3 and sodium glutamate instead of
glycine, valine and alanine to prepare a soluble medium suitable for use. Gray and
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Bhuwapathanapun (1980) described a batch fermentation studies by using a synthetic
medium in chemostat cultures, where there were high initial rates of specific tylosin
production during the period of active growth of the culture. These high rates rapidly
decreased after 48 h and it was not possible to maintain the high initial rates by linear feeds
of either the complete medium or medium components. Vu-Trong and Gray (1982) showed
that it was possible to maintain high values of specific tylosin production throughout the
fermentation if the correct levels of glucose and sodium glutamate were fed in square wave
profiles to the fermentation broth.
Nitrogen atoms are present in the structure of many antibiotics and antibiotics are also
derived from nitrogen containing primary metabolites (Bredy, 1974). There are many reports
that the type and concentration of nitrogen source in the fermentation medium influence the
antibiotic production by actinomycetes (Bensilmane et al., 1995). The nitrogen sources used
in industry are natural ones showing a wide variety of origin and protein amounts. The most
striking difference in composition of the natural nitrogen sources may be the amino acids
which are decomposed by particular extracellular proteases (Choi et al., 2000). Thus, the
type of amino acids is very important for the production of antibiotics and various nitrogen
sources can be used to enhance the production of antibiotics like tylosin. The effect of
different amino acids on the production of protylonolide by a mutant of Streptomyces
fradiae strain 261 was studied and it was observed that valine and leucin enhanced the
production of protylonolide (Omura et al., 1984). Sometimes a combination of amino acids
works better. A chemically defined medium for the production of actinomycin D by
Streptomyces parvulus was proposed. It was found that although a number of single amino
acids were suitable for the synthesis of this antibiotic but a combination of histidine and
glutamic acid proved better nitrogen source to attain highest yield (Williams and Katz,
1977).
The effect of different amino acids has also been studied to increase tylosin production.
Valine and succinate were tried in chemically defined medium for tylosin production by
Streptomyces fradiae (Lee and Rho, 1999) because these two provide tylosin precursors i.e.
propionate and n-butyrate (Omura et al., 1984). Addition of valine alone also enhanced
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tylosin production (Lee and Lee, 1987). It exhibited a greater effect than succinate but
gradual increase in the concentration of valine beyond 1.0g∕l led to a corresponding decrease
in tylosin production. It was recommended that in tylosin production pathway ammonium is
one of the units formed by splitting of valine which represses valine dehydrogenase enzyme,
already identified as repressible site (Omura et al., 1983). The repressive effect of adding
more valine may be an indication of the fact that excessive valine is likely to produce a large
quantity of ammonium ions. This argument seems logical because the addition of
ammonium ion-trapping agents like natural zeolite and magnesium phosphate to the culture
medium reduced the repressive effect (Demain, 1985). An increase of tylosin yield from 86
µg∕ml in control to 340 µg∕ml by the addition of magnesium phosphate to fermentation
medium of Streptomyces fradiae confirmed this viewpoint (Omura et al., 1982).
The effect of fatty acids on the biosynthesis of lactone, a precursor of tylosin-protylonolide
in Streptomyces fradiae was studied and it was indicated that fatty acids also play a role to
restore the suppression of lactone. It was observed that its production decreased in
chemically defined medium containing high level of NH4+ but restored by adding lower fatty
acids. Inspite to serve as precursors for protylonolide biosynthesis, it was proposed that
ammonium ions also suppressed the relevant amino acid metabolism thereby reducing
protylonolide formation (Omura et al., 1984). The role of valine catabolism in tylosin
production by Streptomyces fradiae was studied and it was found as a major source of fatty
acid precursors for macrolide biosynthesis (Tang et al., 1994). Enzyme activities involved in
the metabolism of aspartate amino acids were evaluated to elucidate the repression
mechanism of ammonium ions on the biosynthesis of tylosin in Streptomyces fradiae. It was
observed that aspartate aminotransferase was essential for both cell growth and tylosin
production. However, the activity of threonine dehydratase and valine dehydrogenase was
repressed by supplemented ammonium ions at concentrations higher than 50 mM. Tylosin
production (Yp∕x) was increased to 2.5 and 6.8 mg∕g of biomass by wild type and its mutant
respectively after incubation with 25mM aspartate for three days which was repressed to 1.3
and 5.6 mg∕g respectively by supplementation of medium with 25 mM ammonium sulfate
(Lee and Lee, 1991). Maximum value of tylosin production rate (qtyl) of 1.13 mg∕g∕h was

25

calculated at the specific growth rate (µ) of 0.05 ∕ h. But the tylosin production rate was
found to decrease with increasing levels of specific growth rate after reaching a rate of 0.1
∕h, in which ammonium ion was accumulated (Lee, 1997).
A different repression pattern of tylosin production by ammonium ions was exhibited by a
tylosin hyper producer mutant strain SMF-2306 as compared with parent strain NRRL-2702
(Lee and Lee, 1995). During the elucidation of the mechanism of this repression it was
found that mutant strain was superior to parent strain in the biosynthesis of glutamine
synthetase involved in ammonium assimilation and in the biosynthesis of threonine
dehydratase that provides precursors necessary for tylosin production (Lee and Lee, 1995).
Vancura et al. (1987) also observed that addition of threonine increased tylosin production.
In another study maximum tylosin production was achieved with mixture of gluten and
pharma media (Choi et al., 1998). Combination of glutamic acid and aspartic acid in equal
ratio in a range of 0-20 g∕l was also tested; both the acids were found ineffective for cell
growth or tylosin production in Streptomyces fradiae (Choi et al., 2000).
1.5.2 SOLID STATE FERMENTATION (SSF)
Solid state fermentation is characterized as fermentation process that employed a solid
support which has low moisture content and occurs in non-septic and natural state (Nigam
and Singh, 1994). In industrial applications, this natural process can be utilized in a
controlled way to produce a desired product. The low moisture content allows fermentation
to be carried out by a limited number of microorganisms, mainly yeast and fungi, although
some bacteria have also been used (Pandey et al., 2000). Typical examples of SSF are
traditional fermentations such as Japanese “koji” which uses steamed rice as solid substrate
inoculated with solid strains of mould Aspergillus oryzae.
The SSF can be divided into two types depending on the nature of solid phase used. The first
and most commonly used system involves cultivation on natural substrates. In this system,
SSF uses natural materials that serve both as a support and a nutrient source. These materials
are typically starch or cellulose based agriculture products or agro-industrial sources such as
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grains and grains byproducts, cassava, potato, beans and sugar beet pulp (Pandey, 1992).
The second system which is not used frequently, involves cultivation on an inert support
saturated with a liquid media. The solid support of the second, which can be of natural
origin, serves only as an anchor point for the microorganism. Materials proposed include
polyurethane foam (PUF), sugar cane abases and vermiculite (Barrios-Gozalez and Mejia,
1996).
Solid-state fermentation processes were almost ignored in Western countries during about
forty years. This situation has changed in the last fifteen years owing to the high potential of
SSF techniques in socioeconomic and/or profit-economic applications such as composting
of wastes, ensiling of grasses, upgrading of ligno-cellulosic products or staple foods, and the
production of enzymes, organic acids and fermented foods. Now research on the selection of
suitable substrate for SSF has mainly been centered on agro-industrial residues due to their
potential advantage for filamentous fungi, which are capable of penetrating into the hardest
of these solid substrates, aided by the presence of turgor pressure at the tip of the mycelium
(Ramachandran et al., 2004). In addition, the utilization of these agro-industrial wastes, on
the one hand, provides alternative substrates and helps in solving pollution problems, which
otherwise may cause their disposal issue (Pandey et al., 1999).
1.5.2.1 Advantages of solid state fermentation
Solid state fermentation offers a large number of advantages for the production of bulk
chemicals and enzymes (Soccol et al., 1994). Bacteria, yeasts and fungi can grow on solid
substrates, and find application in SSF process. Yeasts can be used for the production of
ethanol and for food or feed applications (Castaneda et al., 1992). But the most important
group of microorganisms is filamentous fungi that can be used in SSF process due to their
biochemical, physiological, and enzymological properties (Mienda et al., 2011). The SSF
has been focused mainly to the production of feed, hydrolytic enzymes, organic acids,
gibberellins, flavors and biopesticides. In addition to traditional fermentations new versions
of SSF have been suggested for the production of antibiotics (Barrios-Gozalez et al., 1988),
secondary metabolites (Terjo-Hernandez et al., 1993) and enriched food stuffs (Senez et al.,
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1980). Antibiotics are required in huge number in the continual fight against bacterial
diseases and so research has concentrated on producing them at the highest concentration
with minimal energy inputs. Antibiotics traditionally produced by liquid fermentation or
submerged fermentation but yields tended to be low in relation to the energy input and
moreover, extensive downstream processing were also required (Balakrishna and Pandey,
1996).
Most of the recent research activity on SSF is being done in developing nations as a possible
alternative for conventional submerged fermentation which is the main process in
pharmaceutical and food industries in industrialized nations. The SSF seems to have
following advantages over liquid substrate fermentation (LSF).
•

The SSF offers lower operating costs and investment outlays due to less downstream
processing than submerged fermentation (Mudgett et al., 1992; Perez-correa and Agosin,
1999).

•

The SSF process is of special interest for the countries with the abundance of biomass
and agro industrial waste that can be used as cheap raw materials. Cellullolytic materials
are abundantly available globally and can be used by a number of microorganisms (Yang
and Swei, 1996).

•

Antibiotic activity was also found to decrease after prolonged incubation during liquid
fermentation, due to cell autolysis. Yang and Ling (1989) showed that tetracycline was
produced on day 3rd of the fermentation on sweet potato residue and reached to maximal
value on days 5th to 6th. Tetracycline production in submerged fermentation decreased
after prolonged fermentation, due to cell autolysis.

•

The mycelial morphology of microorganisms like Streptomycetes predominately used
for secondary metabolite production is well suited to grow on a solid support. This can
also have harmful effect on antibiotic production in liquid media because highly viscous
liquid media are required for successful metabolite production and this can interfere with
oxygen transfer. Moreover, the filamentous morphology of these microorganisms and
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the secretion of metabolites into the fermentation media cause further increase in
viscosity. Therefore, SSF technology can be exploited as an alternative, allowing better
oxygen circulation (Elibol and Mavituna, 1997).

1.5.2.2 Effect of medium composition on the production of antibiotics in solid state
fermentation
Change in the nature and type of carbon or nitrogen sources and trace elements have been
reported to affect antibiotic biosynthesis in Streptomycetes (Abbanat et al., 1999) through
the catabolic repression phenomenon (Lopez et al., 2003). In SSF, the selection of suitable
solid substrate for the fermentation process is a critical factor and involves the screening of a
number of agro-industrial materials for microbial growth and product formation. Several
studies have been reported for the production of antibiotics using the SSF (Murthy et al.,
1999; Robinson et al. 2001; Farzana et al. 2005, Tabaraie et al., 2012; Vastrad and
neelagund, 2012).
The effect of various additional nutrients on neomycin (an antibiotic) production was
studied by Adinarayana et al. (2003). It was observed that dextrin supported maximum
neomycin yield (11250 mg/Kg) followed by tapioca starch (8285 mg/Kg) and jowar starch
(8115 mg/Kg). Neomycin production was decreased with the addition of other
carbohydrates when compared with the control (Adinarayana et al., 2003). Among the
nitrogen sources, corn steep liquor (8350 mg/ Kg) gave maximum yield followed by
soybean meal (8245 mg/Kg) and sodium glutamate (8150 mg/ Kg), while sodium nitrate and
soya peptone showed similar titers. Lower neomycin titers were observed when trypton and
L-aspartic acid were used as nitrogen source. Moreover, an excellent neomycin titer (9850
mg/Kg) was achieved by using mineral salt solution. These studies indicated that the
minerals have a key role in the biosynthesis of antibiotics. The requirement of the metal ion
like iron, zinc, magnesium and calcium for neomycin production by Streptomyces fradiae
3535 was also reported (Majumddar and Majunddar, 1967). In a review, Weinburg (1978)
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reported that iron, zinc and magnesium ions are the most critical in antibiotic production.
Among all the supplementary nutrients, dextrin, raspberry seed powder, and mineral salt
solution were found to be superior nutrient for increased production of neomycin. The effect
of different oil cakes and raspberry seed powder was studied on neomycine production in
SSF and maximum neomycin titer (10755 mg/Kg) was obtained with raspberry seed powder
followed by sesame (8834 mg/Kg) and groundnut oil cake (8709 mg/Kg) while, a decrease
in the yield of antibiotic was seen with coconut oil cake. During production of tetracycline
in SSF by Streptomyces strains using agricultural waste, peanut shells was found as the most
affective substrate (4.36 mg/g) followed by cassava peels (2.16 mg/g) (Adinarayana et al.,
2003).
1.5.2.3 Effect of environmental conditions on the production of antibiotics in solid state
fermentation
In SSF processes, the solid substrate not only supplies the nutrients to the culture but also
serves as an anchorage for the microbial cells. Among the several factors, which are
important for microbial growth and activity, the most critical are the kind and size of the
substrate and moisture levels (Liu and Tzeng, 1999). Generally, smaller substrate particles
provide a larger surface area for microbial attack but if they are too small, it may result in
substrate agglomeration as well as poor growth. In contrast, larger particles provide better
aeration but a limited surface for microbial attack. Therefore, a compromised particular size
must be used for each particular process (Pandey et al., 1999).
Moisture contents, inoculum size, temperature, pH and incubation period are also very
important factors to get optimum production of antibiotics in SSF. The maximum production
of neomycin (10755 mg/g substrate) by a mutant strain of Streptomyces marinensin in SSF
was achieved by employing wheat rawa with raspberry seed powder as supplementary
nutrients, 80% of initial moisture content, pH 7.5, incubation temperature 30ºC, inoculum
0.5% (w/w) dry cell mass and incubation period of 10 days (Ellaiah et al., 2004). An initial
moisture content of 50-70% was found favorable for tetracyclin production and maximum
yield (4.1 mg/g) was obtained at 68%. Tetracyclin production decreased at moisture contents
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lower than 50% because the substrate was too dry for cell growth and antibiotic production.
At moisture content higher than 68%, tetracycline production gradually decreased while at
initial moisture content of 80% total tetracycline yield was only 0.01 mg/g dry substrate
because the togetherness of the substrate prevented gas exchange (Agnes et al., 2005)..
The optimal pH for tetracycline production was the same as the original pH of peanut shells
(5.35-5.60), therefore, no pH adjustment is required for tetracycline production in SSF. The
tetracycline production was detected on the third day of incubation and had maximal activity
at 5th day and decreased gradually within a month (Agnes et al., 2005). The optimal
temperature for antibiotic production was dependent on the test organism (Yang, 1993).
1.6 SCOPE AND OBJECTIVES OF CURRENT STUDY
The currant studies were carried out to explore the combined effect of UV and gamma
irradiation mutagenesis on morphology and activity of tylosin producing Streptomyces
fradiae NRRL-2702 and to optimize fermentation conditions. To investigate the regulation
and physiology of tylosin production, use of defined carbon and nitrogen sources in a
chemically defined medium were explored as these sources are thought to exert complex
regulation on gene expression and enzyme activities for polyketide synthesis. The studies
were also conducted to design the SSF system for the production of tylosin by wild type
Streptomyces fradiae and its tylosin over expressing mutant γ-1 and have been reported
(Khaliq et al., 2009b). The investigations were also carried out to find out the influence of
various factors such as carbon and nitrogen sources, temperature, pH, and moisture levels to
evaluate process affecting kinetic parameters for optimization of tylosin biosynthesis.
Moreover, it was also tried to point out the pattern of mutation that led to over expression of
tylosin. So, the main objectives of this study were:
•

UV irradiation mutagenesis of Streptomyces fradiae NRRL-2702.

•

Production of tylosin in complex medium by wild type and mutant strains.

•

Screening and selection of hyper-producing mutants using Bacillus subtilis bioassay and
High Performance Liquid Chromatography (HPLC).
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•

Study of kinetic parameters on different carbon and nitrogen sources by wild type and
tylosin over expressing mutant strain in chemically defined medium.

•

Gamma irradiation mutagenesis of wild type and hyper producing mutant obtained after
UV irradiation mutagenesis.

•

Further screening of mutant colonies appeared after gamma irradiation mutagenesis of
wild type Streptomyces fradiae NRRL-2702 and its tylosin over expressing mutant by
using above methods and selection of mutant with more improved expression of tylosin.

•

Development of solid state fermentation system for tylosin production by over
expressing mutant.

•

Molecular characterization of regulatory genes (tylQ, tylP, tylS, tylR and tylT) to
interpret mutations leading to over expression of tylosin.
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CHAPTER 2

2. MATERIALS AND METHODS

2.1 MICROORGANISM AND MEDIA
Streptomyces fradiae NRRL-2702 (ATCC Number 19609) was obtained from National
Center for Agricultural Utilization Research, USA. Its spores were preserved in a dormant
state in 15% glycerol stock. The cells were revived to an active state of growth by
transferring them to reviving medium or seed medium.
2.2 REVIVING MEDIUM
The stock culture of Streptomyces fradiae NRRL-2702 was revived in ISP-2 medium
(Shirling and Gottlieb, 1966) with slight modifications by using both liquid and solid media.
2.2.1 Liquid medium (Seed medium)
The composition of this medium was as follows:

Component

% (w∕v)

Glucose

0.4

Yeast extract

0.5

Peptone

1.0

Seed medium

All components were weighed and dissolved in distilled water. The pH was adjusted to 7.2
with 1N HCl or KOH. The medium was autoclaved at 121ºC and 15 psi for 20 minutes.
After cooling, the medium was inoculated with pellet of Streptomyces fradiae NRRL-2702
obtained after centrifugation of 5 ml aliquot of stock culture. Inoculated medium was
incubated at 30°C and 170 rpm for 72 hours to get maximum growth. This culture was
stored at 4ºC to be used as seed stock in further studies.

2.2.1 Solid medium
Agar (2.4%) was added to the components of above mentioned liquid seed medium for the
preparation of solid medium. After preparation as given above, the medium was autoclaved,
cooled and poured into pre-autoclaved Petri plates. After solidifying, these plates were
incubated at 30ºC for one day to cheek any contamination. Next day, a loop full of seed
culture taken from stock culture was streaked on the surface of the solid medium in Petri
plates. These plates were incubated at 30ºC. Colonies appeared on the next day but
incubation was carried out for three days. Purity of the culture was confirmed by
microscopic examination. These Petri plates were stored at 4ºC for further use.
2.3 PREPARATION OF INOCULA
A loop full of seed stock culture was inoculated into 50 ml of liquid seed medium (reviving
medium) in a 250 ml Erlenmeyer flask. The cells were grown at 30ºC for 48 hours on a
rotatory shaker at 170 rpm. This seed culture broth was divided into 5ml portions and was
frozen at -72ºC, which were used as inocula for growth in vegetative medium.
2.3.1 Vegetative medium
Vegetative medium reported by Choi et al. (1998) with some modification was used to
prepare inocula for production medium.
Components

% (w∕v)

Soluble starch

2.0

Tryptone soybroth

2.0

Yeast extract

0.3

CaCO3

0.3

K2HPO4

0.1

MgSO4

0.0025

Vegetative medium

All the components were weighed, dissolved in distilled water and pH was adjusted to 7.2.
Medium was sterilized by autoclaving at 121ºC and 15 psi for 20 minutes. This medium was
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cooled and inoculated with seed culture (10%v/v). For this purpose, multiple 5 ml stocks of
seed culture frozen at -72ºC were thawed and used for inoculation. Inoculated medium was
incubated at 30ºC for two days on a rotatory shaker at 170 rpm. These cultures were
prepared for wild type and each mutant strain to inoculate the production medium (complex
& chemically defined).
2.4 PRODUCTION OF TYLOSIN IN COMPLEX MEDIUM
The production of tylosin was carried out in complex medium reported by Choi et al. (1998)
with some modifications.
Components

% (w∕v)

Tryptone

4g

Linseed oil

6 ml

K2HPO4

0.05 g

CaCO3

0.3 g

KCl

0.1 g

KOH

0.1 g

Trace element solution

1 ml

Production medium

The composition of trace element solution was as follows:
Components

% (w∕v)

FeCl2

0.5

ZnCl2

0.6

MnCl2

0.1

CoCl2

0.3

Trace element solution

Production medium (42 ml) without linseed oil was autoclaved in 250 ml Erlenmeyer flasks
and cooled to room temperature. The linseed oil (3 ml) was steam-sterilized separately,
cooled to room temperature and was added to the production medium. The production
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medium (45 ml) was inoculated with 10% inoculum (5 ml) taken from vegetative medium.
These flasks were incubated at 30ºC at 250 rpm for 192 hours.
2.5 IRRADIATION MUTAGENESIS
2.5.1 Ultraviolet irradiation of Streptomyces fradiae NRRL-2702
Spore suspensions (106 spores/ml) taken from freshly grown Streptomyces fradiae NRRL2702 in vegetative medium were irradiated with UV light from the bulb of a UV stratalinker
λ (300) at a distance of 6 cm for 20, 40, 60, 80, 100, 120, 140 and 160 seconds. All the
manipulations were carried out in the dark to avoid photoreactions (Delic et al., 1970). After
each UV exposure, the wild type and UV treated cell suspensions were diluted 10 times and
spreaded over the agar medium in the Petri plates. These plates were incubated at 30°C for
72 hrs. Individual colonies appeared after 72 hours on each screening plate and control
plates were separately counted. The survival rate (%) was calculated using following
equation.

Surviving colonies appeared on each screening
Survival rate (%) =

Total colonies appeared on the control plate

x 100

2.5.2 Screening and selection of hyper producing mutants
Screening and selection of hyper producing mutants were carried out by monitoring the
production of tylosin in complex medium by wild type Streptomyces fradiae NRRL-2702
and by each colony that appeared after UV treatment on agar plates. For this purpose, wild
type Streptomyces fradiae NRRL-2702 and colonies appeared on agar plates after UV
exposures were grown in vegetative medium and 5 ml of this growth (10% v/v) was
transferred to complex production medium (50 ml medium∕250 ml flask). Linseed oil (6%)
and tryptone (4%) were used as carbon and nitrogen sources respectively. These flasks were
incubated at 30ºC and 250 rpm. Samples in 5ml aliquots were taken after regular intervals of
time (i.e. 24, 48, 72, 96, 120, 144, 168 and 192 hours of incubation). The screening and
selection of mutant colonies with increased expression of tylosin were performed using
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Bacillus subtilis bioassay followed by high performance liquid chromatography analysis. All
the experiments in this study were conducted in triplicate flasks and values were the mean of
three replicates.
2.5.2.1 Bacillus subtilis bioassay
The disc diffusion bioassay that utilized the anti-bacterial property of tylosin to produce a
zone of inhibition against Bacillus subtilis strain ATCC 6633 was developed with some
modifications of the method described by Gesheva, (1994) for qualitative analysis of tylosin
produced in fermentation broth by wild type and mutant colonies. The detail of this assay is
given below:
i.

The suspension of Bacillus subtilis spores (106 spores/ml) was prepared (from seven
day old culture maintained on 2.3% nutrient agar) in normal saline (0.85%, preautoclaved). Spore count was carried out using a haemocytometer.

ii.

Autoclaved nutrient agar (30 ml, 2.3%) seeded with 100 µl spores suspension was
poured into a 150 mm pre-sterilized Petri plate and allowed to solidify.

iii.

Culture broth (3 ml) each from production medium of wild type, each mutant and
control were taken and centrifuged at 11000 rpm for 25 minutes. The supernatants were
used for bioassay.

iv.

Supernatants (40 µl) from fermentation broth of each mutant and wild type were
transferred to filter paper discs (pre-autoclaved). Discs containing 40 µl of supernatant
from negative control were also prepared. The sterilized filter discs with known
concentration of pure tylosin were used as positive standard. These discs were dried and
placed on bioassay plates with the help of sterilized forceps.

v.

These plates were incubated at 37ºC for 24 hours.

vi.

Zones of inhibitions around the discs were measured in millimeters.

2.5.2.2 High performance liquid chromatography (HPLC)
Samples from fermentation broths were prepared for HPLC analysis according to the
following procedure.
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• Sample preparation
An aliquot of 1 ml of culture broth was added to a test tube already containing 5 ml of
methanol. This sample was vortexed gently and then centrifuged at 11000 rpm for 25
minutes. Samples for HPLC were prepared in three different ways.
i. After centrifugation, 1 ml upper layer was taken for HPLC analysis.
ii. After centrifugation, upper 5 ml layer was separated in a beaker and evaporated to 1 ml
that was used for HPLC analysis.
iii. After centrifugation, upper 5 ml layer was separated in a beaker, evaporated to dryness
and these contents were re-dissolved in 1 ml methanol and used for HPLC analysis.
Samples prepared by different methods gave similar results. So, the simplest method was
adopted. Analytical grade tylosin (100 ppm solution) was used as standard for HPLC
analysis.
• Analysis conditions
Tylosin concentrations were measured with HPLC analysis (Varian, Prostar, Germany),
involving following conditions used by Lee and Rho (1999), which is a modification of
procedure described by Kennedy (1978).

Detector:

UV at 280 nm

Column:

Thermohypersil-keystone (C18), (150 X 4.6 mm, 5U hypersil).

Mobile Phase: 40% (v/v) acetonitrile and 2% (v/v) mono-ethanolamine
Flow rate:

1.2 ml/min

All solvents used for HPLC analysis are of analytical grade and were filtered to remove
particulates, if any, prior to use.
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2.6 BATCH CULTURE STUDIES FOR TYLOSIN PRODUCTION BY WILD-TYPE
AND TYLOSIN OVER EXPRESSING MUTANT UV-2 IN CHEMICALLY
DEFINED MEDIA
Experiments were performed to study the production of tylosin by wild type and tylosin over
expressing mutant UV-2 in chemically defined media reported by Gray and Vu-Trong,
(1987) and Omura et al. (1983) with few modifications. The following constituents were
used to prepare this medium.

Components

% (w/v)

K2HPO4

05 g

KH2PO4

05 g

FeSO4.7H2O

0.2 g

MnSO4.4H2O

0.1g

ZnSO4.7H2O

0.2 g

MgSO4.7H2O

0.1 g

CaCl2.2H2O

20 mg

CuCl2.2H2O

05 mg

H3BO3

11 mg

(NH4)6Mo7O24.4H2O

Chemically defined medium

05 mg

2.6.1 Effect of various carbon sources on tylosin production by mutant UV-2
The effects of different carbon sources on the production of tylosin and related kinetic
parameters by wild type and tylosin over expressing mutant UV-2 of Streptomyces fradiae
NRRL-2702 were studied in chemically defined medium. Different carbon sources,
separately or in combination, including glucose, lactose, sucrose, fructose, glycerol,
glucose+lactose, glucose+sucrose, glucose+fructose and glucose+glycerol at a concentration
of 45 g/l using tryptone (12.5 g/l) as nitrogen source were tested. Carbon sources were added
to each flask after sterilizing separately. Total volume in each flask was 45 ml before
inoculation and 5 ml of inoculum prepared in vegetative medium was added to each flask.
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These flasks were incubated on rotary shaker at 250 rpm for 240 hours at constant
temperature of 30ºC. Samples in 5 ml aliquots were taken after 24, 42, 72, 96, 120, 144, 168,
192, 216 and 240 hours of inoculation.
2.6.2 Effect of various nitrogen sources on tylosin production mutant UV-2
The effects of different nitrogen sources, tryptone, NH4NO3, L-aspartate, L-alanine, corn
steep liquor, (NH4)2SO4 and mono sodium-glutamate at a concentration of 12.5 g/l on tylosin
production were studied

in the presence of previously optimized carbon source

(glucose+lactose, 22.5+22.5 g/l).
2.6.3 Measurement of cell mass, tylosin and sugars
Mycelial dry weight was determined as dry cell mass (DCM) according to the procedure
described by Haq and Daud (1995). Pellets were used for dry biomass determination. For
this purpose, they were washed twice with distilled water and dried at 80ºC till constant
weight was obtained in a pre-weighed beaker. The concentration of sugars was estimated
spectrophotometrically by DNS method (Tasun et al., 1970). A M350 UV-Visible doublebeam spectrophotometer (Camspec) was used for measuring color intensity at required
wavelength. The pH was checked and samples were prepared for tylosin analysis by HPLC
as described previously.
2.6.4 Study of kinetic parameters
Different kinetic parameters including specific growth rate μ (h-1), product yield co-efficient
(Yp/x), specific productivity (qp), Luedeking ± Piret relationship parameters (α & β) were
calculated by using Luedeking Piret model (Luedeking and Piret, 1959). Dry cell mass (g/l)
after growth on different carbon and nitrogen sources was determined on triplicate samples.
Th e μ (h-1) was calculated from plots of log natural (ln) of cell mass against time of
fermentation. Product yield co-efficient (Yp/x) was determined by using the relationship (Yp/x
=

dp / dx). Specific rate of product formation was determine by the relationship (qp = μ x

Yp/x) and different values of μ obtained at different concentrations of substrate were plotted
against qp to calculate α, β and qp by the equation. (qp = μ x α + β).
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2.7

GAMMA-IRRADIATION MUTAGENESIS OF STREPTOMYCES FRADIAE

NRRL-2702 AND ITS TYLOSIN OVER EXPRESSING MUTANT UV-2
After screening using bioassay and HPLC analysis, only one mutant UV-2, producing higher
yield of tylosin compared to the wild type strain, was selected for further improvement
through γ- irradiation mutagenesis. Different doses of gamma irradiation [5, 10, 15, 20, 25,
30, 35 and 40 Kilo Gray (KGY)] from 60Co source were given to the spore suspensions (106
spores / ml) of both wild type and mutant UV-2 strains separately.
After exposure of gamma irradiation, the spore suspensions of both wild type and UV-2
mutant were diluted 10 times and spreaded on agar medium in the Petri plates. The plates
were incubated at 30°C for 72 hours. Individual colonies appeared after 72 hours on each
screening plate (gamma irradiated spore suspension of wild type and mutant UV-2) and
control plates (mutant UV-2 and wild type spore suspension without irradiation) were
separately counted. The survival rates (%) after gamma irradiation were calculated as
described previously for UV mutants in section 2.5.1.
2.7.1 Screening and selection of hyper producing mutants
The colonies appeared on agar plates after spreading the gamma irradiated spore suspension
of wild type and UV-2 mutant were grown separately in vegetative medium and 5 ml of this
growth (10% v/v) was transferred to complex production medium (50 ml medium
∕25 0 ml
flask). Linseed oil (6%) and tryptone (4%) were used as carbon and nitrogen sources
respectively. These flasks were incubated at 30ºC and 250 rpm and samples in 5 ml aliquots
were taken after 24, 48, 72, 96, 120, 144, 168 and 192 hrs of incubation for analysis. The
screening and selection of mutant colonies with increased expression of tylosin was
performed using Bacillus subtilis bioassay followed by HPLC analysis as described
previously for UV mutants. Only one mutant γ-1 obtained after gamma irradiation of mutant
UV-2 showed increased expression of tylosin and it was selected for further studies.

41

2.8 BATCH CULTURE STUDIES FOR TYLOSIN PRODUCTION BY WILD TYPE
AND MUTANT GAMMA-1 IN CHEMICALLY DEFINED MEDIA
Different experiments were performed to study the production of tylosin by wild type and
tylosin over expressing mutant γ-1 in chemically defined media.
2.8.1 Effect of various carbon sources on tylosin production by mutant γ-1
The effects of different carbon sources on the production of tylosin and related kinetic
parameters by wild type and mutant γ-1 strains of Streptomyces fradiae NRRL-2702 were
studied in chemically defined media. Different carbon sources including glucose, lactose,
sucrose, fructose, glycerol, glucose+lactose, glucose+sucrose, glucose+fructose and
glucose+glycerol at a concentration of 45 g/l using tryptone (12.5 g/l) as nitrogen source
were tested. Carbon sources were added separately to each flask after steriliziation. Total
volume in each flask was 44 ml before inoculation and 5 ml of inoculum prepared in
vegetative medium was added to respective flask. These flasks were incubated at 30ºC and
250 rpm for 10 days. Samples in 5 ml aliquots were taken after 24, 42, 72, 96, 120, 144, 168,
192, 216 and 240 hours of inoculation for analysis.
2.8.2 Effect of various nitrogen sources on tylosin production by mutant γ-1
The effects of different nitrogen sources, tryptone, NH4NO3, L-aspartate, L-alanine, corn
steep liquor, (NH4)2SO4 and mono sodium-glutamate at a concentration of 12.5 g/l were
studied in the presence of glucose+lactose (22.5+22.5 g/l) as the sole carbon source.
2.8.3 Measurement of cell mass, tylosin and sugars
Measurements of cell mass, tylosin concentration and sugars were carried out as the
procedure mentioned earlier (section 2.6.3).
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2.8.4 Study of kinetic parameters of mutant γ-1
Different kinetic parameters including specific growth rate μ (h-1), product yield co-efficient
(Yp/x), specific productivity (qp), Luedeking±Piret relationship parameters (α & β) were
calculated as given previously (section 2.6.4).
2.9

DEVELOPMENT OF SOLID STATE FERMENTATION SYSTEM FOR THE

PRODUCTION OF TYLOSIN BY WILD TYPE AND MUTANT GAMMA-1
STRAINS OF STREPTOMYCES FRADIAE NRRL-2702
Streptomyces fradiae NRRL-2702 and its mutant γ-1 developed after UV followed by
gamma irradiation mutagenesis were used in this study. The spores of both these strains had
been preserved in a dormant state in sterile bovine serum at -72°C. The cultures were
revived to an active state of growth by transferring to the reviving medium (section 2.2)
2.9.1 Preparation of inocula for solid state fermentation
Inocula were prepared by transferring a loop full of seed culture to 50 ml of vegetative
medium in a 250 ml capacity Erlenmeyer flask. The flasks were incubated on a rotary shaker
at 170 rpm at 30ºC. After three days, the whole culture was harvested by centrifugation at
1000 rpm for 10 minutes and the cell pellet was washed thoroughly with saline solution.
2.9.2 Solid state fermentation medium
The production of tylosin by Streptomyces fradiae NRRL- 2702 and its mutant (γ-1) was
carried out in 250 ml Erlenmeyer flasks containing 10 g of wheat bran and 1 ml of salt
solution separately in triplicate. The composition of salt solution used was (gl-1): K2HPO4
0.5, MgSO4.7H2O 0.5, FeSO4.7H2O, 0.01 and NaCl, 0.5. After autoclaving, flasks were
allowed to cool to room temperature, inoculated with a 5% inoculum (108 spores ml-1) and
were incubated at 30ºC for 12 days under appropriate experimental conditions.
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2.9.3 Tylosin extraction
At the end of fermentation, the whole contents of each flask were treated with 50 ml of
distilled water and agitated thoroughly on a magnetic shaker for 30 min. The whole contents
were filtered through sterile muslin cloth and residues were again treated with another
aliquot of 50 ml of distilled water as previously and subsequently filtered. The filtrates were
pooled, centrifuged and the final clear supernatant was used as the antibiotic source.
2.9.4 Tylosin assay
The disc diffusion bioassay method that utilizes the anti-bacterial property of tylosin to
produce a zone of inhibition against Bacillus subtilis was used.
2.9.5 High performance liquid chromatography (HPLC) analysis
Quantification of tylosin produced in all experiments was carried out using HPLC.
Supernatants taken after antibiotic extraction were filtered through 0.45 mm pore size filter
paper and used for HPLC analysis using mobile phase and other conditions described
previously (section 2.5.2.2).
2.9.6 Process optimization for tylosin production by mutant γ-1 in solid state
fermentation
Solid state fermentation experiments were conducted to optimize different chemical and
physical parameters affecting tylosin production by Streptomyces fradiae NRRL-2702 and
its mutant γ-1. All the experiments were conducted after medium sterilization at 121°C for
20 minutes and using 5% (v/w) inoculum having cell count 108 spores ml-1. The inoculated
flasks were incubated statically at 30°C with stirring at 170 rpm for 1 hour once a day for 12
days. The pH and antibiotic bioassay was monitored in all cases. All the experiments were
conducted in triplicate with average results reported.
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2.9.6.1 Effect of substrate on tylosin production by mutant γ-1 in solid state
fermentation
Various solid substrates such as wheat bran, almond seed cake, mustard seed cake, cotton
seed cake, sesame seed cake, coconut cake, linseed cake and kalonji cake were procured
from local market and were used to study their effects on tylosin production in solid state
fermentation separately. Moisture, protein and crude lipid contents of above substrates are
given in Table 2. 1.
2.9.6.2 Effect of initial moisture content on tylosin production by mutant γ-1 in solid
state fermentation
Various moisture levels (ranging from 50% to 80%, v/w) were used d in the substrate
medium to study their effect on tylosin production. Flasks containing 10 g of substrate
(wheat bran), additional carbon source (1% lactose) and 0.5 g sodium glutamate at pH 7.2
and 30ºC were moistened with distilled water to obtain desired levels of humidity.
Table: 2.1 Moisture, protein and lipid contents of solid substrates used for tylosin
production by wild type Streptomyces fradiae NRRL-2702 and mutant γ-1 in
SSF.
Sample

Moisture (%)

Protein (%)

Crude Lipids (%)

Wheat bran

8.48

20.35

3.28

Almond seed cake

6.7

04.40

4.50

Kalongi cake
(Nigella sativa)

NA

NA

NA

Coconut cake

4.5

25.20

7.6

Mustard seed cake

6.10

38.5

19.82

Sesame seed cake

4.81

35.6

17.90

Cotton seed cake

9.90

40.30

10.60

Linseed cake

2.20

30.09

25.17

NA= Not available
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2.9.6.3 Effect of inoculums size, pH and temperature on tylosin production by mutant
γ-1 in solid state fermentation
The effect of inoculum size on tylosin production was studied by adding 2.5, 5, 7.5, 10, 12.5
and 15% (v/w) of inoculum having cell count 108 spores/ml to the fermentation medium. To
investigate the effect of the initial pH of substrate on tylosin prodution, the experiments
were conducted using initial pH values of 5.2, 6.2, 7.2, 8.2, 9.2, 10.2 and 11.2 at previously
optimized conditions.

The effect of temperatures on the production of tylosin was

investigated by incubation of the experimental flasks at 25, 30, 35 40 and 45 °C.
2.9.6.4 Effect of additional carbon sources on tylosin production by mutant γ-1 in solid
state fermentation
Effect of additional carbon sources on tylosin production was investigated in the presence of
solid substrate giving maximum tylosin yield during substrate screening i.e. wheat bran (10
g). The moisture content, inoculums size, pH of the substrate and incubation temperature
was kept at their optimum levels. The carbon sources tested were glucose, lactose, fructose
and sucrose, soluble starch and lactose+glucose at 1% concentration. The sugars were steam
sterilized separately and then added to sterilized media.
2.9.6.7 Effect of nitrogen sources on tylosin production by mutant γ-1 in solid state
fermentation
The effect of different nitrogen sources on tylosin production by both wild Streptomyces
fradiae and mutant γ-1 strains was investigated in the presence of best substrate (wheat
bran) and additional carbon source (lactose). The nitrogen sources used were sodium
glutamate, peptone, NH4NO3, (NH4)2 SO4, tryptone and L-aspartate at a concentration of 0.5
g/10 g of substrate.
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2.10 IDENTIFICATION OF MUTATIONS LEADING TO OVER EXPRESSION OF
TYLOSIN
2.10.1 Isolation of total RNA from Streptomyces fradiae mycelium
The RNA was isolated by the procedure described by Stratigopoulos and Cundliffe (2002a)
with some modifications as given below.
i.

Cultures of wild type Streptomyces fradiae NRRL-2702 and its tylosin over
expressing derivative γ-1 were inoculated with 108 spores/ml into tryptic soy broth
(50 ml of TSB per 250 ml flask), grown with an orbital shaking at 250 rpm and
28°C for RNA isolation.

ii.

Mycelia were separated for RNA isolation after 24, 48 and 72 hours of incubation
from fermentation broth of both wild type and mutant γ-1 strains by filtration and
were frozen by immersion in liquid nitrogen.

iii.

Frozen mycelia were then broken by shearing (without thawing) in a French Press.

iv.

Added 1 ml of TRIZOL® reagent (Life Technologies, Cat# 15596026) in the frozen
lysate and homogenized.

v.

Incubated the homogenized samples for 5 minutes at 30°C to permit the complete
dissociation of nucleo-protein complexes.

vi.

Centrifuged to remove all cell debris and transferred the supernatant to new tubes.

vii.

Added 0.2 ml of chloroform per 1ml of TRIZOL reagent. Caped the sample tubes
securely and vortexed vigorously for 15 seconds.

viii.
ix.

Incubated the samples at room temperature for 2-3 minutes.
These nucleic acids preparations were treated with DNase 1 (DNA free Kit,
Fermentas) according to the instructions.

x.

Centrifuged the samples at no more than 12000 rpm for 15 minutes at 2-8°C.

xi.

After centrifugation mixture was separated into lower red, phenol chloroform phase,
an interphase and a colourless upper aqueous phase.

xii.

Transferred the upper aqueous phase carefully into fresh tubes.

xiii.

Precipitated the RNA from the aqueous phase by mixing with 0.5 ml isopropyl
alcohol.

xiv.

Incubated the samples at room temperature for 10 minutes.
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xv.

Centrifuged the samples for 10 minutes at not more than 12000 rpm and 2-4°C.

xvi.

The RNA precipitated in the form of gel like pellet on the side and bottom of the
tubes.

xvii.

Removed the supernatant completely and washed the RNA pellet with 75% ethanol
by adding 1 ml of ethanol per 1 ml of TRIZOL reagent used for initial
homogenization.

xviii.

Vortexed and centrifuged the samples at 7500 rpm and 2-8°C for 5 minutes.

xix.

Repeated the washing procedure two times.

xx.

Air dried the pellet for 5-10 minutes.

xxi.

Dissolved the RNA pellet in 100 µl of RNase free water.

2.10.2 One step RT-PCR
Transcript detection analysis was carried out by SuperScript One-step RT-PCR with
Platinum Taq® (Invitrogen, Cat#10920-042) plus 0.5 µg of total RNA as template following
the method described by Stratigopoulos and Cundliffe (2002a). Dimethyl sulfoxide (5%
v/v), was added to all PCR reactions along with RNase inhibitor (Fermentas; 29.4 U per
reaction). The SuperScript Platinum Taq® Kit was used which consisted of two components
i.e. RT/ Platinum® Taq Mix and 2X reaction mixture. The RT/ Platinum® Taq Mix
contained a mixture of SuperScript® Reverse Transcriptase and Platinum® Taq DNA
polymerase for optimal cDNA synthesis and PCR amplification. The 2X Reaction Mix
consisted of a buffer system optimized for reverse transcription and PCR amplification,
Mg2+ optimized for universal use, deoxyribonucleotide triphosphates and stabilizers.
The composition of reaction mixture used was as follows.
Components

Volume/50µl

Final concentration

Reaction buffer

25 µl

1X

Template RNA

05 µl

0.5 µg

Forward primer (10 µM)

01 µl

0.2 µM

Reverse primer (10 µM)

01 µl

0.2 µM

RT Platinum® Taq Mix

01 µl

-----

Autoclaved distilled water

17 µl to make 50 µl
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-----

The RT-PCR reaction conditions were as follows:
First strand cDNA synthesis at 50°C for 30 mins followed by 94°C for 2 minutes.
Amplification, 1 cycle (94°C for 1 min, 52°C for 1 min, and 72°C for 1 min) followed by 24
cycles of [94°C for 1 min, 55°C for 1 min, and 72°C for 1 min]. The sets of primers (1923mers) with average melting point (Tm) value of 60°C described by Stratigopoulos and
Cundliffe (2002a) were used to amplify about 400bp products for regulatory genes of Tyl
cluster from wild type Streptomyces fradiae NRRL-2702 and its tylosin over expressing
mutant γ-1. The sequences of primers are given in Table 2. Applied 5µl of RT-PCR products
to a 1% agarose gel and stained DNA with ethidium bromide (10 mg/ml) after
electrophoresis in 40 mM Tris-acetate, 1mM EDTA (1X TAE) buffer.
Preparation of agarose gel (1%) for DNA electrophoresis
For visualization of DNA a band following protocol was adopted.
1. For 1% agarose gel, desired amount of agarose was taken in a flask containing TAE
buffer (1.0 X) and was melted in microwave oven.
2. Melted agarose was cooled to 45-55°C and poured onto the gel-casting tray. A comb was
inserted into it.
3. Air bubbles were removed, if any, underneath the comb or on the surface of gel and the
gel was allowed to solidify at room temperature.
4. After solidification of gel, the comb was removed carefully to avoid tearing of wells.
5. The gel casting tray, containing gel, was placed in electrophoretic tank, having 1.0 X
TAE buffer in it. An aliquot of 2 µl ethidium bromide (10mg/ml) was added to the tank.
6.

DNA samples were mixed with appropriate volume of loading dye and loaded into the
wells with a micropipette.

7. Voltage was set at 70 KV. Movement of dye indicated the migration of DNA from
anode to cathode through gel.
8. When dye covered the distance sufficient for separation of DNA fragments, the power
supply was turned off.
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9.

DNA fragments were visualized under UV light in gel documentation system (Bio-Rad)
and photographed.

Table: 2.2 Primers for RT-PCR.
S.No. Primers

Sequences 5́

3́

1

tylQ-RT-5́
tylQ-RT-3́

AGAGCAAGAAGATGCTGGCC
GATTCCAGAATCCGGTGACC

Forward primer for tylQ
Reverse Primer for tylQ

2

tylP-RT-5́
tylP-RT-3́

ATCGCGGAGATCCTCAAGAG
AGGATGTTCGACAGGATCTGG

Forward primer for tylP
Reverse Primer for tylP

3

tylS-RT-5́
tylS-RT-3́

TGCAGTTACGGGAGCTGATC
GTGCAGATTCTCATGGGTGC

Forward primer for tylS
Reverse Primer for tylS

4

tylR-RT-5́
tylR-RT-3́

TGCAGTTACGGGAGCTGATC
GTGCAGATTCTCATGGGTGC

Forward primer for tylR
Reverse primer for tylR

5

tylT-RT-5́
tylT-RT-3́

GCTGGAGATCCTGTACGAGATG
AGAGCTATCTGACGGCGGTT

Forward primer for tylT
Reverse primer for tylT

Description

2.10.4 Isolation of genomic DNA
Genomic DNAs of wild type Streptomyces fradiae and its tylosin over expressing mutant γ1 were isolated using salt extraction method (Aljanabi and Martinez, 1997).

2.10.4.1 Salt extraction method for the genomic DNA isolation
For salt extraction method of genomic DNA isolation, following chemicals and procedures
were used.

2.10.4.1.1 Chemicals for salt extraction method
i.

Homogenizing buffer (0.4 M NaCl, 10 mM Tris HCl (pH:8), 2 mM EDTA (pH:8)

ii.

20% SDS

iii.

6M NaCl

iv.

20 mg/ml proteinase K
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2.10.4.1.2 Procedure for salt extraction method
i.

1.5 ml of culture broths of wild type and mutant γ-1 strains of Streptomyces fradiae
NRRL-2702 were taken in appendrophe tubes.

ii.

The appendrophes containing cultural broths were centrifuged using a micro-centrifuge
at 10,000 rpm for 10 minutes at 4°C.

iii.

Pellets were taken and supernatants were discarded.

iv.

Then 400 µl of homogenizing buffer was added in the appendrophes containing pellets
and vortexed.

v.

Then 80 µl of 20% SDS was added to each of the appendrophes for cell lyses.

vi.

Added 8 µl of proteinase K.

vii.

Incubated in a water bath at 55 to 65°C for one and a half hour.

viii.

Added 300 µl of 6M NaCl solution and vortexed for 30 seconds.

ix.

Centrifuged at 10,000 rpm for 30 minutes at 4°C.

x.

Supernatants were transferred to autoclaved appendrophe tubes.

xi.

Added equal volume of chilled iso-propanol.

xii.

Incubated at -20°C over night.

xiii.

Centrifuged at 10,000 rpm for 20 minutes at 4°C.

xiv.

The supernatants were discarded and the pellets were washed with 300 µl of 70%
ethanol and centrifuge at 10000 rpm for 10 minutes at 4°C.

xv.

The pellets were dried and dissolved in 100 µl of de-ionized water.

xvi.

The isolated DNA was visualized on 1% agarose gel.

2.10.4.2 PCR amplification of tylS, tylR and tylT genes
The genomic DNAs of wild type Streptomyces fradiae NRRL-2702 and its tylosin over
producing mutant γ-1 were used as template for the PCR amplification of three regulatory
genes (tylS, tylR and tylT) which could not be amplified by reverse transcriptase polymerase
chain reactions (RT-PCR). In PCR reactions proofreading Pfu DNA polymerase (Fermentas,
Cat # EP0571)) was used. The following set of primers described by Stratigopoulos and
Cundliffe (2002b) were used for PCR amplification of these genes (Table 2.3).
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Table: 2.3. Primers used for PCR amplification of tylS, tylR and tylT.
Sr. No.

Primers (5́-3́ )

Target
(Orfs)
CTCGAAGCTTTCTGCAAGCGGGCGGGAGTC
tylS
GGAGGAATTCTACCCCGCGGCGGAGAACCG

Product Size
(bp)
2016

2.

GGGTCTAGATCATGCCGTCGCTCT
CCTCTCTAGAGGTGTCATGAGCGCC

tylR

1319

3.

CCGCAAGCTTGTGGCCGGTCGCCGCCACCG
CGGTGAATTCTCAGAAGGTCGGCGGTGTAC

tylT

1235

1.

The composition of reaction mixture was as follows:
Components

Volume/25 µl

10X Pfu buffer with MgSO4

2.5 µl

Template DNA

05 µl

Forward primer (10 µM)

1 µl

Reverse primer (10 µM)

1 µl

Pfu DNA polymerase (2.5 U/ µl)

0.2 µl
2 µl

25 mM MgCl2
DNTPs

0.2 µl

Autoclaved distilled water

13.1 to make 25 µl

The PCR conditions were as follows: Denaturation at 94°C for 2 minutes; amplification, 1
cycle (94°C for 1 min, 52°C for 1 min, and 72°C for 1 min) followed by 24 cycles (94°C for
1 min, 55°C for 1 min, and 72°C for 1 min). The PCR products obtained were visualized by
agarose gel (1%) electrophoresis.
2.10.4.3 Sequencing of amplified RT-PCR and PCR products
DNA sequencing was carried out commercially by Macrogen, Korea by an automated
sequencer and they were asked to use Taq-FS DNA polymerase along with dye terminator
chemistry in order to better incorporate bases during DNA sequencing. For each amplified
product/gene, two independent PCR products were sequenced. The DNA sequences were
generated from both strands edited independently using Sequence Scanner (version 1.0) and
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aligned in overlapping fashion using Cap3 Sequence Assembly Program (Huang and
Madan, 1999).
2.10.4.4 Blast analysis of the sequenced genes
Homology searches were made against the GenBank nucleotide databases by using BlastN
and BlastP (Altschul et al., 1997) for the predicted nucleotide and protein matches. Using
these tools comparison of wild type Streptomyces fradiae NRRL-2702 and its tylosin over
expressing mutant γ-1 was also studied.
2.10.4.5 Construction of Phylogenetics tree for regulatory proteins encoded by tylQ,
tylP, tylS, tylR and tylT genes
The gene sequences were translated into amino acid sequences using standard codon and
BlastP (Altschul et al., 1997) analysis was done to find the closely related protein sequences
available in GenBank and aligned with the protein sequences of above mentioned regulatory
genes of wild type Streptomyces fradiae NRRL-2702 and its tylosin over expressing mutant
γ-1 using CLUSTALX (Thompson et al., 1997). The aligned sequences were used to
construct a distance matrix, after the generation of 100 bootstrap sets that were subsequently
used to construct a phylogenetic tree, by neighbor-joining method, using TREECON
software.
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CHAPTER 3

3. RESULTS AND DISCUSSIONS

3.1 MICROORGANISMS AND THEIR GROWTH
The culture of Streptomyces fradiae NRRL-2702 was revived in seed medium and it was
observed that initially colonies were soft on agar plates but after 4-5 days of incubation at
30°C the colonies became hard with powdery appearance due to the development of aerial
mycelia and spores (Fig. 3.1).
a

b

Fig. 3.1 Growth of wild type Streptomyces fradiae NRRL-2702 on solid seed medium. (a) Soft colonies, (b)
Hard colonies after developing aerial mycelia and spores.

Moreover, microscopic examination revealed that no filamentous growth was exhibited by
soft colonies but hard colonies showed the development of filaments (Fig. 3.2) because
genus Streptomyces has remarkably complex developmental cycle with two differentiated
mycelial structures, a substrate (vegetative) mycelium and an aerial (reproductive) mycelium
(Kieser et al., 2000). Aerial hyphae develop by simple branching from substrate mycelium
(Hoopwood et al., 1961) and the tips of aerial mycelium differentiate into spore chains
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(Chater, 1984) which emerge from the colony surface into the air (Flardha and Buttler,
2009). Most of the antibiotics by Streptomyces are not produced during the period of active
growth of the cells but these start to appear efficiently when the growth rate slows down. In
colonies growing on solid media, this decrease in growth rate occurs as the aerial hyphae
begin to develop from the substrate mycelia, whereas in liquid medium the production is
stimulated at transition stage when biomass changes from exponential phase towards
stationary phase (Chater and Merrick, 1979).

b

a

Fig. 3.2 Phase contrast image (100X) of cells from soft colony (a) and cells from hard colony (b) of wild
type Streptomyces fradiae NRRL-2702.

3.1.1 Production of tylosin by wild type Streptomyces fradiae NRRL-2702 in complex
production medium
Initially, complex medium with linseed oil (6%) as carbon source was used for the
production of tylosin and it was found that wild type strain of Streptomyces fradiae NRRL2702 was producing maximum of 550 mg tylosin/l after 192 hours of incubation at 30°C.
3.2 UV IRRADIATION MUTAGENESIS OF STREPTOMYCES FRADIAE NRRL2702
Induction of mutation followed by selection of mutants with enhanced expression of
antibiotics is still an important approach to meet the industrial demand (Parekh et al., 2000;
Gromyko et al., 2004). Previously, the exposure of various species of Streptomyces to
different mutagens led to the isolation of several mutant strains with increased antibiotics
production (Brown et al., 1997; Cheng et al., 2001; El-Bondkly and Khattab, 2004;
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Lyutskanove et al., 2005) but a combination of UV and gamma irradiation mutagenesis was
not reported earlier to enhance the production of tylosin by Streptomyces fradiae NRRL2702. In present studies initially different doses of UV light exposure were given to the
spore suspension of Streptomyces fradiae NRRL-2702 for 20-160 seconds to obtain mutants
with increased expression of tylosin (Khaliq et al., 2009a). Viable colony forming units
(CFU) were calculated on each exposure to determine percentage survival. The UV
exposure for 100 and 120 seconds resulted in 8 and 5% survival rates of the cells
respectively, which was found to be suitable to isolate maximum mutant colonies (Figure
3.3).
Error Bar = ± SD (Standard Deviation)

Fig. 3.3 Survival rates after UV irradiation mutagenesis of wild type Streptomyces fradiae NRRL-2702.

3.2.1 Morphological mutants obtained after UV irradiation mutagenesis of wild type
Streptomyces fradiae NRRL-2702
Six morphological variants were obtained on agar plates at 8% and 5% survival rates
respectively. Based on the differences in colony morphology, these variants were designated
as UV-1, UV-3 and UV-6 for 8% survival rate and UV-2, UV-4 and UV-5 for 5% survival
rate. It has been reported earlier that UV exposure to Sporothrix schenckii strains resulted in
a high frequency of morphological variants that ranged from 10-3 to 10-1 depending on the
strain and dose of UV (Torres-Guerrer and Aerenas-Lopez, 1998).
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The colonies of morphological mutants obtained in this study after UV irradiation
mutagenesis of wild type Streptomyces fradiae NRRL-2702 were hard in texture, larger in
size and different in shape from each other and to that of wild type strain (Fig. 3.4, Table
3.1). Among these mutants UV-3 was off-white, while mutant UV-1 and UV-6 were
yellowish in colour with the production of light brown pigment on agar plates. Moreover,
colonies of UV-2, UV-4 and UV-5 were milky white in appearance while UV-4 had slightly
grayish aerial mycelia after spore formation. All of these three mutants produced dark brown
pigmentation on agar plates after sporulation (Fig. 3.4). Morphological changes related to
antibiotic production after UV-irradiation mutagenesis in Streptomyces have also been
described by different authors (Klanova et al., 1977; Blumauerova et al., 1978) but Zulaybar
et al. (1992) reported that morphological and cultural characteristics of Streptomyces fradiae
NRRL-2702 mutants were not different from the parent strain. However, differences in their
ability to utilize carbon and nitrogen sources were noted. Some morphological changes in
Streptomyces coelicolor was also linked to altered pigment production and enhanced
antibiotic sensitivity due to transposon insertion (Gehring et al., 2000).

3.2.2 Screening and selection of UV mutants of Streptomyces fradiae NRRL-2702 with
enhanced expression of tylosin in complex production medium
Previously, it has been reported that long chain fatty acids stimulated the production of
tylosin by supplying precursors for the synthesis of polyketide aglycon and tylactone (Baltz
and Seno, 1988) and oils are considered as cheaper source of long chain fatty acids. Tylosin
production in flask and jar fermentor cultures of Streptomyces fradiae using different oils
was reported by Choi et al. (1996). Among these oils, rapeseed oil proved to be the best
carbon source for tylosin production.
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Wild type Streptomyces fradiae NRRL-2702

UV-1

UV-2

UV-3

UV-4

UV-5

UV-6

Fig. 3.4 Morphologically changed mutants of Streptomyces fradiae NRRL-2702 after UV exposure
of 100-120 seconds. Mutants UV-1, UV-3 and UV-6 were obtained after UV exposure of 100
seconds. Mutants UV-2, UV-4 and UV-5 were obtained after UV exposure of 120 seconds.
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Table: 3.1 Comparison of morphological and cultural characteristics of wild type Streptomyces fradiae NRRL-2702 and its UV
mutants.

Characteristics

Wild type

UV-1

UV-2

UV-3

UV-4

UV-5

UV-6

1- Colony morphology
Shape
Colour
Texture
2- Vegetative Growth
3- Aerial mycelium
4- Substrate mycelium
5- Soluble pigment
6- Shape of spore chains
7- Melanin formation

Round
White
Hard
Rich
White
White
-ve
Spiral
-ve

Round
Yellow
Hard
Moderate
Yellow
Yellow
Light brown
Spiral
Light brown

Round
Whitish grey
Hard
Rich
Whitish grey
Light brown
Brown
Spiral
Brown

Wrinkled
Off-white
Hard
Moderate
Off-white
White
-ve
Spiral
-ve

Round
Grey
Hard
Rich
Grey
White
Brown
Spiral
Dark brown

Round
Powdery
Hard
Rich
White
Light brown
Dark brown
Spiral
Brown

Slightly wrinkled
White Yellow
Hard
Moderate
White
Yellow
Light brow
Spiral
Light brown
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In present studies, all colonies (300) appeared on agar plates at above mentioned survival
rates including morphologically altered colony types were cultured in complex production
medium using 6% linseed oil as carbon source at 30°C and 250 rpm for 264 hours. The
samples were taken at regular intervals of time of 24 hours. The fermentation broths were
initially screened by Bacillus subtilis bioassay using ATCC 6633 strain and it was observed
that only morphologically altered colony types (UV-1, UV-2, UV-3, UV-4, UV-5 and UV6) indicated the production of tylosin by producing maximum zones of inhibitions after 144
to 168 hours of incubation. Mutants UV-2 (38 mm), UV-4 (22 mm) and UV-5 (18 mm) gave
larger zones of inhibition as compared to parent strain of Streptomyces fradiae NRRL-2702
(14 mm), while UV-1 (12 mm) UV-3 (10 mm) and UV-6 (8 mm) produced smaller zones of
inhibition on bioassay plate after 168 hours of incubation at 30°C (Fig. 3.5).

+ve Control
-ve Control
Wild type

UV-1

UV-2

UV-3

UV-5

UV-4

UV-6

Fig. 3.5 Zone of inhibition (mm) produced by wild type strain of Streptomyces fradiae NRRL-2702
and its UV mutants against Bacillus subtilis strain ATCC 6633.
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3.2.3 High performance liquid chromatography analysis (HPLC) of tylosin production
by wild type strain and UV mutants of Streptomyces fradiae NRRL-2702
Quantitative determination of tylosin yield was carried out by HPLC analysis (Fig. 3.6).
Samples were taken from fermentation broth at regular intervals of time and subjected to
HPLC analysis. It was noted that mutants (UV-1, UV-3, UV-4, UV- 5 and UV-6) produced
maximum tylosin yield up to 450, 325, 900, 750 and 340 mg/l respectively in the complex
medium. The mutant UV-2 which formed largest zone of inhibition on bioassay plates
exhibited 2.7 fold increase (1500 mg/l) in tylosin yield as compared to that of wild type
strain of Streptomyces fradiae NRRL-2702 (550 mg/l) after 192 hours of incubation (Fig.
3.7). Zareh et al. (2011) used a combination of UV and ethylmethanesulfonate (EMS) to
enhance tylosin yield by Streptomyces fradiae. The UV radiations from a UV lamp at a
distance of 20 cm were given for 40-60 seconds and mutant was isolated with 1.27 times
(0.892 mg of tylosin/ml) over expression of tylosin as compared to wild type strain. After
that a 30 minutes exposure of 40% EMS to this mutant, which further increased tylosin yield
to 2.18 mg/ml which was 3.12 times more than wild type. In our studies, UV-irradiation
mutagenesis alone resulted in 2.7 fold increase in tylosin yield. In previous studies, rapeseed
oil and palm oil were reported as suitable carbon sources for growth and tylosin production
by Streptomyces fradiae NRRL-2702 after 168 hours of incubation in complex medium
(Choi et al., 1996; Lee et al., 1997).
Relative percentage activities of UV mutants were also calculated considering wild type as
100% and mutant UV-2 showed 224% increase in tylosin yield while, the least one is 48%
by mutant UV-6 (Table 3.2). Recently, mutation due to space flight of Streptomyces fradiae
9940S caused some phenotypic changes which were related to the tylosin production (Fang
et al., 2005). Moreover, mutants of Streptomyces fradiae in which γ-butyrolactone protein
receptor (TylP) was disrupted, resulting in earlier sporulation on solid media as compared to
that of wild type strain as TylP may modulate both tylosin production and morphological
differentiation (Stratigopoulos et al., 2002b). Similarly, inactivation of the γ-butyrolactone
receptor proteins elicited such effects on sporulation and antibiotic production in
Streptomyces griseus (Miyake et al., 1990) and Streptomyces coelicolor (Onaka et al., 1998).
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Absorbance (mAU)

Tylosin (Standard)

Tylosin (Wild Type)

Tylosin (Mutant UV-2)

Time (minutes)
Fig. 3.6 HPLC analysis showing tylosin production by wild Streptomyces fradiae NRRL-2702 and mutant
UV-2.
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Error Bar = ±SD (Standard Deviation)

Fig. 3.7 Tylosin yield by wild type Streptomyces fradiae NRRL-2702 and its UV mutants in complex
production medium at 30°C and 250 rpm.

Table: 3.2 Relative yield of tylosin by UV mutants to wild type Streptomyces fradiae
NRRL-2702.

Strain

Tylosin Yield (mg/l)

Relative Yield (%)

NRRL-2702

550±05

100

UV-1

450±04

82

UV-2

1500±12

273

UV-3

325±04

59

UV-4

900±07

164

UV-5

750±06

136

UV-6

340±03
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Values are means of three sets of replicates.
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3.2.4 Batch culture kinetics of tylosin production by wild type and mutant UV-2 of
Streptomyces fradiae NRRL-2702 in chemically defined media
For the development of successful industrial fermentation process, the mutation and
fermentation parts of the improvement program go hand-in-hand. Mutants often respond to
changes in fermentation medium and conditions in different ways as compared to the parent
strain (Demain, 2002 and 2006). Development of fermentation process in the laboratory
heavily depends upon the selection of suitable medium. Chemically defined media are still
not frequently developed for industrial processes, they do exhibit favourable characteristics
at large scale that are not observed with traditional complex media (Zhang and Gresham,
1999). Therefore, chemically defined media were used to evaluate growth and production
affecting kinetic parameters for wild type and mutant UV-2 strains of Streptomyces fradiae
using different carbon and nitrogen sources.
3.2.4.1 Effect of different carbon sources on tylosin production by wild type and
mutant UV-2 of Streptomyces fradiae NRRL-2702 in chemically defined media
Designing an appropriate fermentation medium is of critical importance in the production of
secondary metabolites particularly antibiotics (Gao et al., 2009). Based on the prior
knowledge of developing a suitable medium, appropriate modifications in the fermentation
medium must be made by selecting suitable carbon and nitrogen sources because regulatory
mechanisms that inhibit the synthesis of product and activity of enzymes involved must be
avoided to get optimum growth and product yield (Sanches and Demain, 2002; Jia et al.,
2008). Therefore, the effect of different carbon sources on the production of tylosin by wild
type and tylosin over expressing mutant UV-2 strains of Streptomyces fradiae NRRL-2702
were studied in chemically defined media. Moreover, different kinetic parameters such as
specific productivity (qp), Luedeking±Piret relationship parameters such as growth
dependent product formation (α), growth independent product formation (β) and maximum
specific growth rate (µmax) were also evaluated. Different carbon sources including
monosaccharides (glucose, fructose and glycerol), disaccharides (lactose and sucrose) and
different combinations of monosaccharides and disaccharides were used at a concentration
of 45 g/l using tryptone (12.5 g/l) as nitrogen source. Maximum production of tylosin by
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wild type (600 mg/l) and mutant UV-2 (1600 mg/l) strains were achieved when a
combination of glucose+lactose and lactose alone were used respectively as carbon source
(Table 3.4). Maximum values of dry cell mass (21 g/l), and other kinetic parameters such as
qp (1.36 mg/g/h), α (0.250) and β (1.35) by mutant UV-2 were also observed on
glucose+lactose (Table 3.3 and 3.4). The value of substrate utilization rate (Qs) was
maximum on glucose by both by wild type and mutant UV-2 strains but maximum specific
growth rate μmax (0.053 h-1 and 0.050 h-1) was achieved on glycerol and glucose by wild type
and mutant UV-2 respectively. These results indicated that mutant UV-2 was better able to
grow on glucose as compared to wild type strain which showed optimum growth rate on
glycerol. Moreover, tylosin yield (1000 mg/l) on glucose by mutant UV-2 was significantly
higher than parent strain (225 mg/l) (Table 3.3), indicating that a different mechanism of
catabolite repression may occur in mutant UV-2 as compared to wild type strain. Specific
tylosin productivity qp (0.72 mg/g/h) of wild type strain was higher on lactose as compared
to mutant UV-2, which exhibited maximum specific productivity of tylosin (1.36 mg/g/h) on
glucose+lactose. The mutant UV-2 was also actively producing tylosin on sucrose and
glycerol as compared to wild type strain. But the production of tylosin by mutant UV-2 was
lower (180 mg/ l) than wild type strain (200 mg/l) when a combination of glycerol and
glucose was used (Table 3.3). Previously, it has been reported that in microorganisms, the
biosynthesis of secondary metabolites is frequently inhibited by rapidly utilized carbon
sources such as glucose and several other carbohydrates (Demain, 1999). It has also been
described that formation of macrolide antibiotic tylosin was also inhibited by glucose
parallel to the inhibition of other secondary metabolites (Sprinkmeyer and Pape, 1978). In
our studies, mutant UV-2 showed better tylosin yield (1000 mg/l) in the presence of glucose
in the fermentation medium as compared to wild type strain (225 mg/l). The details of
different kinetic parameters for growth and tylosin production by wild type and mutant UV2 are given in Tables 3.3 and 3.4. In chemically defined medium, maximum production of
tylosin was also attained relatively earlier at 168 hours of fermentation as compared to
complex medium (192 hours). The tylosin production by wild type and mutant UV-2 strains
on different carbon sources was available (Fig. 3.8).
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Error Bar = ±SD (Standard Deviation)

Control

Mutant UV-2

Wild Type

Fig. 3.8 Maximum production of tylosin on different carbon sources (45 g/l) by wild type and mutant UV2 strains of Streptomyces fradiae NRRL-2702 in chemically defined media.

The utilization of carbon source and morphology varies between many antibiotic producing
Streptomyces. Production of several antibiotics by Streptomyces has been shown to be
influenced by glucose, which commonly is an excellent carbon source for cell growth
(Demain and Fang, 1995). The examples of many secondary metabolites have been reported
to be repressed by the presence of glucose in the medium during their production (Demain,
1989). Other carbohydrates such as glycerol, maltose, mannose, sucrose and xylose have
also been reported to interfere with the production of secondary metabolites (Demain and
Fang, 1995). However, the exact mechanism of catabolite repression in Streptomyces is not
understood clearly, but looks to be unique in the way it regulates the carbon consumption
rate (Paulsen, 1996).
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Table: 3.3 Kinetic parameters for growth and substrate utilization by wild type and mutant UV-2 of Streptomyces fradiae NRRL-2702
on different carbon sources in chemically defined media.

μmax (h-1)

Dry cell mass (g/l)

Wild type

Qs (g/l/h)

Carbon Source

Wild Type

Mutant UV-2

Mutant UV-2

Wild type

Mutant

Glucose

14±0.610abc

15±0.660bc

0.033±0.001c

0.052±0.006a

0.200±0.012b

Lactose

18±0.750a

20±1.650ab

0.045±0.005a

0.048±0.004b

0.194±0.011bc

0.280±0.024e

Sucrose

09±0.420de

12±0.530e

0.023±0.001d

0.025±0.002d

0.175±0.008bc

0.182±0.007g

Fructose

10±0.450cde

09±0.622f

0.019±0.001d

0.020±0.002e

0.150±0.009bc

0.185±0.001h

Glycerol

16±0.800ab

17±0.832d

0.050±0.007a

0.051±0.003a

ND

ND

Lac+Glu

13±0.630bcd

21±1.542ab

0.038±0.004b

0.050±0.006a

0.210±0.015ab

0.291±0.019b

Suc+Glu

08±0.450e

14±0.582bc

0.015±0.001d

0.039±0.003c

0.110±0.010c

0.232±0.023c

Fru+Glu

06±0.332e

18±1.310abd

0.022±0.002 d

0.035±0.003d

0.126±0.018bc

0.300±0.020ad

Gly+Glu

13±0.562bcd

12±0.534e

0.030±0.002c

0.028±0.002d

ND

ND

UV-2
0.320±0.028a

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly (p< 0.05). ND (not determined).
μmax= Maximum specific growth rate
Qs= Volumetric rate of substrate utilization
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Table: 3.4 Kinetic parameters for production of tylosin by wild type and mutant UV-2 of Streptomyces fradiae NRRL-2702 on
different carbon sources in chemically defined media.
Tylosin (mg/l)

α

qp (mg/g/h)

Carbon Source Wild type Mutant UV-2 Wild type

Mutant UV-2 Wild type

β

Mutant UV-2

Wild type

Mutant UV-2

Glucose

225±07 f

1000±34c

0.21±0.007ef 1.20±0.043c

0.031±0.001d

0.162±0.026c 0.20±0.011e 1.04±0.013c

Lactose

600±21a

1300±42b

0.72±0.031a

0.125±0.022a

0.227±0 .03b

0.81±0.036a 1.12±0.032b

Sucrose

245±90e

750±22g

0.31±0.010de 1.06±0.008h

0.040±0.003cd 0.125±0.002h

0.30±0.007f 0.93±0.022f

Fructose

340±11d

290±05i

0.35±0.012d

0.26±0.002i

0.035±0.002c

0.33±0.008d 0.23±0.002g

Glycerol

525±21b

892±24h

0.60±0.030b

0.99±0.050d 0.100±0.031b

0.145±0.022d 0.67±0.024b 0.97±0.025d

Lac.+Glu.

475±17c

1600±55a

0.47±0.022c

1.36±0.080a

0.085±0.006b

0.250±0.047a 0.45±0.021c 1.35±0.072a

Suc.+Glu.

000±00h

900±30d

0.00±0.000g

1.04±0.006e 0.000±0.000e

0.125±0.004e 0.00±0.000f 1.00±0.025d

Fru+Glu

000±00h

1200±40e

0.00±0.000g

1.29±0.045f

0.000±0.000e

0.132±0.031f 0.00±0.000f 1.25±0.027e

Gly+Glu

200±80g

180±05f

0.18±0.008f 0.14±0.007g

0.028±0.001d

0.020±0.007g 0.18±0.002e

1.15±0.037b

0.025±0.001i

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly (p< 0.05).
qp= Specific productivity
α= Growth dependent product formation
β= Growth independent product formation
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0.12±0.010e

3.2.4.2 Effect of different nitrogen sources on tylosin production by wild type and
mutant UV-2 of Streptomyces fradiae NRRL-2702 in chemically defined media
The effect of different nitrogen sources such as NH4NO3, L-aspartate, L-alanine, corn steep
liquor, (NH4)2SO4 and sodium glutamate at a concentration of 12.5 g/l on tylosin yield were
evaluated in chemically defined media in the presence of optimized carbon source
(glucose+lactose at concentration of 22.5+22.5 g/l). Maximum tylosin production by wild
type (620 mg/l) and mutant UV-2 (1750 mg/l) of Streptomyces fradiae NRRL-2702 was
observed with mono-sodium glutamate and L-aspartae respectively (Table 3.5). But the
tylosin yield (620 mg/l) by wild type strain did not improve significantly on above
mentioned nitrogen sources as compared to yield (600 mg/l) at previously used nitrogen
source (tryptone). The variations in other kinetic parameters by wild type and mutant UV-2
strains were seen on different nitrogen sources used (Table 3.5). Aammonium nitrate (225
mg/l) and ammonium sulphate (458 mg/l) lowered the tylosin yield sharply by mutant UV-2
as exhibited by wild type strain. It was noted that protylonolide (a lactone precursor of
tylosin) biosynthesis was regulated by ammonium ion concentration in a chemically defined
medium leading to lower production of tylosin (Omura et al., 1984). Moreover, the specific
formation rates of threonine dehydratase (TDT), which is an important enzyme of tylosin
biosynthetic pathway were also repressed by high levels of specific ammonium ion uptake
rate (Lee et al., 1997). The activities of tylosin production by mutant UV-2 were also lower
on L-alanine (1550 mg/l) and corn steep liquor (1300 mg/l) (Table 3.5) as compared to
tryptone (1600 mg/l). The values for maximum specific productivity qp (0.81 and 2.00
mg/g/h), growth dependent product formation, α (0.160 and 0.330) and growth independent
product formation, β (0.80 and 1.98) by wild type and tylosin over expressing mutant UV-2
was also maximum on mono sodium glutamate and L-aspartate respectively. Previously,
Gray and Bhuwapathanapun (1980) reported the production of tylosin and related
compounds by Streptomyces fradiae NRRL-2702 in chemostate cultures by using different
nitrogen sources in soluble synthetic medium. The maximum value of specific growth (µmax)
was 0.017 h-1 and value of qtylosin was 0.71 mg tylosin/g/h but the addition of sodium
glutamate increased this value to 1.1 mg tylosin/g/h. Moreover, the production of tylosin
followed the same pattern of trophase-idiopahse kinetics as indicated in our experiments by
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showing the larger value of growth independent product formation (β) as compared to the
growth dependent product formation (α). The details of different kinetic parameters at other
nitrogen sources by both the strain are given in Table 3.6. Moreover, comparison of tylosin
production by wild type and mutant UV-2 strains at different nitrogen sources is given in
Figure 3.9.

Sodium glutamate

(NH4)2SO4

Corn steep liquor

L-alanine

L-aspartae

NH4NO3

Error Bar = ±SD (Standard Deviation)

Nitrogensources
sources
Nitrogen
Mutant UV-2

Wild Type

Fig. 3.9 Maximum production of tylosin on different nitrogen sources (12.5 g/l) using optimized carbon
source (glucose (22.5 g/l) + lactose (22.5 g/l) by wild type and mutant UV-2 strains of Streptomyces
fradiae NRRL-2702 in chemically defined media.
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Table: 3.5 Kinetic parameters for tylosin production by wild type and mutant UV-2 of Streptomyces fradiae NRRL-2702 on different
nitrogen sources in chemically defined media.

Tylosin (mg/l)

α

qp (mg/g/h)

Mutant UV-2 Wild type

Mutant UV-2

Wild Type

β

Nitrogen Source
Mutant UV-2

Wild Type

Mutant UV-2

NH4NO3

110±06f

225±15f

0.11±0.002f 0.24±0.007f 0.031±0.001f 0.058±0.002f 0.10±0.008e 0.21±0.010f

L-aspartate

500±20b

1750±100b

0.62±0.040b 2.00±0.061b 0.145±0.021b 0.310±0.007b 0.60±0.022b 1.95±0.062b

L-alanine

450±18c

1550±72c

0.52±0.033c 1.81±0.043c 0.139±0.004c 0.290±0.010c 0.59± 0.025 b 1.76±0.043c

Corn steepliquor

400±14d

1300±44d

0.44±0.021d 1.42±0.031d 0.092±0.001d 0.190±0.009d 0.43±0.020c

1.39±0.029d

(NH4)2SO4

235±08e

458±30e

0.22±0.003e 0.43±0.009e 0.077±0.003e 0.042±0.001e 0.18±0.002d

0.41±0.018e

Sodiumglutamate

620±22a

1650±125a

0.81±0.710a

1.90±0.052a

1.98±0.052a 0.210±0.018a 0.295±0.009a 0.80±0.031a

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly (p< 0.05).
qp= Specific productivity
α= Growth dependent product formation
β= Growth independent product formation

71

Wild Type

3.3 GAMMA IRRADIATION MUTAGENESIS OF WILD TYPE STREPTOMYCES
FRDIAE NRRL-2702 AND ITS TYLOSIN OVER EXPRESSING MUTANT UV-2
The combined effect of UV and gamma irradiation mutagenesis on tylosin production by
Streptomyces fradiae NRRL-2702 has been reported first time during this study (Khaliq et
al., 2009a). Previously, the exposure of antibiotic producing Streptomyces to gamma
radiation dose (12 KGY) resulted in an increase of antibiotic production and carbon sources
utilization rate (Moussa et al., 2005). Therefore, to see the effect of gamma irradiation on
tylosin yield as well as on stability of tylosin over expressing mutants, wild type and mutant
UV-2 strains were subjected to further mutagenesis by using
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Co source of gamma

irradiation. It was noted that the percentage survival rates of gamma irradiated wild type and
mutant UV-2 strains did not differ significantly (Fig. 3.10).

Error Bar = ±SD (Standard Deviation)

Fig. 3.10 Survival rates after γ- irradiation treatment of wild Streptomyces fradiae NRRL-2702 (□)
and tylosin hyper producing mutant UV-2 (■).

Moreover, no change in colony morphology was observed after spreading the gamma
irradiated wild type spore suspension on agar plates. However, spreading of mutant UV-2
spore suspension after 25 KGY exposures of gamma rays resulted in 10% survival rate and
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appearance of one morphological variant γ-1 with change in colony morphology like
increase in size (5-6 mm in diameter), raised/undulate margins and dark brown pigmentation
onto the agar plates. A comparison of colony morphology on agar plates of wild type,
mutant UV-2 and mutant γ-1 strains is given in Figure 3.11.

a

b

c

Fig 3.11 Comparison of colony morphology of wild type (a), mutant UV-2 (b) and mutant γ-1(c) strains
on agar plates (Khaliq et al., 2009a).

3.3.1 Screening and selection of gamma irradiated mutants of Streptomyces fradiae
NRRL-2702 with enhanced expression of tylosin in complex production medium
All the colonies appeared after gamma irradiation of wild type (250 colonies) and mutant
UV-2 (150 colonies) spore suspensions were screened to test tylosin production in complex
medium. After screening, no colony from gamma irradiated wild type spore suspension was
found to produce tylosin while tylosin production was only indicated by mutant colonies that
appeared after spreading gamma irradiation spore suspension of mutant UV-2. Different
colonies (γ-2, γ-3, γ-4 and γ-5) having no change in morphology produced tylosin but the
activities were much lower as compared to wild type strain (Figure 3.12). However, mutant
γ-1 produced 2500 mg/of tylosin in complex media using 6% linseed oil as carbon source at
30°C and 250 rpm after 168 hours of incubation determined by HPLC analysis. The
comparison of tylosin production by wild type and colonies appeared after gamma
irradiation of mutant UV-2 is given in Figure 3.13. This increase in tylosin production by
using a combination of UV and gamma irradiation mutagenesis was greater (Khaliq et al.,
2009a) than reported earlier (0.5-28.3%) after exposure to UV and MNNG in combination
with protoplast formation and regeneration (Lyutskanova et al., 2005).
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γ-2

γ-1
γ-3

γ-4
γ-5

Fig. 3.12

Zone of inhibition (mm) produced by different colonies appeared after gamma

irradiation mutagenesis of tylosin over expressing mutant UV-2 spore suspension against Bacillus
subtilis strain ATCC 6633.

Error Bar = ±SD (Standard Deviation)

Fig. 3.13 Tylosin yield by wild type Streptomyces fradiae NRRL-2702 and mutant colonies (

●

□

■

○

-W,

-γ-2,
-γ-3,
-γ-4 and
-γ-5 obtained after gamma irradiation mutagenesis of mutant UV-2
in complex production medium at 30°C and 250 rpm.
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3.3.2 Batch culture kinetics of growth and tylosin production by wild type and mutant
γ-1 of Streptomyces fradiae NRRL-2702 in chemically defined media
The initial and important step to improve the secondary metabolite production by
Streptomyces is the optimization of media components. The different carbon and nitrogen
sources play a critical role as a source of precursors and energies for synthesis of biomass
building blocks and secondary metabolite production (Wang et al., 2008 and 2010).
Therefore, chemically defined media were used to evaluate growth and production affecting
kinetic parameters for wild type and mutant γ-1 strains using different carbon and nitrogen
sources.
3.3.2.1 Effect of different carbon sources on tylosin production by wild type and
mutant γ-1 of Streptomyces fradiae NRRL-2702 in chemically defined media
The regulation of carbon utilization is of central importance in the gene expression pathways
for both morphological development and antibiotic production in Streptomyces species
(Ruiz et al., 2010). The antibiotics are usually formed during late growth phase and their
synthesis is greatly influenced by the type and concentration of nutrients formulating the
culture media. Among these nutrients, the effect of carbon source is under attention by
researchers and industry. Different mechanisms have been reported to explain the negative
carbon catabolite effects on antibiotics production and their knowledge and manipulation
have been considered necessary either for setting fermentations or for strain improvement
(Ruiz et al., 2010).
In present studies the evaluation of different carbon sources for tylosin production by
tylosin over expressing mutant γ-1 was carried out using tryptone as a sole nitrogen source
in chemically defined media (Khaliq et al., 2009a). The batch fermentation of Streptomyces
fradiae NRRL-2702 and tylosin over expressing mutant γ-1 showed typical, secondary
metabolism kinetics of tylosin biosynthesis in chemically defined media and its synthesis
occurred during the stationary growth phase (Fig. 3.14) as shown by mutant UV-2. Both
strains were able to grow on all carbon sources tested. However, the maximum dry cell mass
(24 g/l) was obtained in the presence of glucose+lactose followed by lactose (22 g/l) while
fructose alone gave the lowest value of dry cell mass (8 g/l) in case of mutant γ-1 (Table
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3.6). Maximum values of volumetric rate of substrate utilization (Qs) and specific growth
rate (µmax) were 0.350 g/l/h and 0.060 h-1 respectively in the medium containing glucose by
mutant γ-1 while fructose gave the lowest values of Qs (0.089 g/l/h) and µmax (0.014 h-1). The
maximum dry biomass in the case of wild type strain was obtained in the presence of lactose
(18 g/l) while the µmax (0.050 h-1) was highest on glycerol (Table 3.6). Long ago, it had been
reported that in most actinomycetes, glucose was an excellent carbon source for growth
compared to glycerol (Waksman and Joffe, 1920). However, exceptions include
Streptomyces clavuligerus, a cephamycin producer which could not utilize glucose but
glycerol favoured its growth while the synthesis of antibiotic was inhibited (Aharonowitz
and Demain, 1979). In our studies (Khaliq et al., 2009a), wild type strain indicated similar
type of mechanism by showing very low yield of tylosin on glucose (Table 3.6). But mutant
γ-1 exhibited adequate yield of tylosin in the presence of glucose which indicated that a
different mechanism of carbon catabolite repression might be present in this mutant γ-1
making it suitable for scale up production of antibiotic.

Tylosin (mg/l)

Dry Cell Mass (g/l)

Error Bar = ±SD (Standard Deviation)

Incubation Time (h)
Fig. 3.14 Cell mass formation, tylosin production and substrate utilization kinetics of wild type and
mutant γ-1 strains on lactose+glucose. Cell mass formation (
production (

○) wild type (●) mutant γ-1; tylosin

□) wild type (■) mutant γ-1; substrate utilization (Δ) wild type () mutant γ-1.
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Table: 3.6 Kinetic parameters for growth and substrate utilization by wild type and mutant γ-1 of Streptomyces fradiae NRRL-2702
on different carbon sources in chemically defined media.

μmax(h-1)

Dry cell mass (g/l)

Qs (g/l/h)

Mutantγ-1

Wild Type

Mutant γ-1

20±0.960abc 0.033±0.002c

0.060±0.007a

0.200±0.011b

0.350±0.025a

18±0.800a

22±1.750ab

0.045±0.004a

0.052±0.005b

0.194±0.010bc

0.260±0.018e

Sucrose

09±0.422de

11±0.622ef

0.023±0.001d

0.026±0.002d

0.175±0.009bc

0.192±0.009 g

Fructose

10±0.550cde 08±0.510f

0.019±0.001d

0.014±0.002e

0.150±0.009bc

0.089±0.002h

Glycerol

16±0.780ab

13±0.724def 0.050±0.006a

0.039±0.003c

ND

ND

Lac+Glu

13±0.600bcd

24±1.910a

0.038±0.003b

0.055±0.005a

0.210±0.010ab

0.311±0.018b

Suc+Glu

08±0.410e

18±0.922bcd 0.015±0.001d

0.039±0.002c

0.110±0.010c

0.300±0.023c

Fru+Glu

06±0.322e

16±0.810cde 0.022±0.002 d

0.033±0.002d

0.126±0.008bc

0.288±0.018d

Gly+Glu

13±0.552bcd

15±0.602cde 0.030±0.002c

0.038±0.003c

ND

Carbon Source

Wild type

Glucose

14±0.710abc

Lactose

Mutantγ-1

Wild Type

ND

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly (p< 0.05). ND (not determined).
μmax= Maximum specific growth rate
Qs= Volumetric rate of substrate utilization
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Maximum tylosin production (3000 mg/l) was obtained in cultures supplemented with
lactose+glucose followed by cultures containing lactose (2600 mg/l) only by mutant γ-1.
The maximum yield of tylosin by mutant γ-1 (3000 mg/l, Table 3.7) on lactose+glucose was
almost double as compared to that by mutant UV-2 (1750 mg/l) (Table 3.5). Moreover,
mutant UV-2 was able to better utilize glycerol and fructose and produced higher tylosin
activities (Table 3.3) than wild type strain but mutant γ-1 showed very low yield of tylosin
on these carbon sources (Table 3.6). The activity of wild type strain was not very much
improved in chemically defined media. Maximum tylosin yield (600 mg/l) by wild type
strain was obtained in media containing lactose and lower tylosin activities (225 mg/l) were
observed in the presence of glucose as given in previous section (3.2.4) of kinetic studies by
mutant UV-2. Cultures containing sucrose and fructose also produced detectable amounts of
tylosin while no tylosin activity was seen in the case of sucrose + glucose and fructose +
glucose by wild type strain (Table 3.7). The comparison of tylosin yield by wild type,
mutant UV-2 and mutant γ-1 on different carbon sources is given in figure 3.15.
Other kinetic parameters such as specific productivity qp (2.82 mg/g/h), the values of
Luedeking±Piret relationships i.e. growth dependent product formation α (0.350) and
growth independent product formation β (2.80) were maximum on lactose+glucose for
mutant γ-1 while highest values of all these parameters for wild type strain were observed
with lactose although they were much lower as compared to the mutant γ-1 (Table 3.7).
These findings indicated that gamma irradiation mutagenesis caused more changes in
biosynthetic pathway of mutant UV-2 of Streptomyces fradiae NRRL-2702 leading to
mutant γ-1, which had altered abilities to utilize carbon source and production of tylosin as
compared to the mutant UV-2 and wild type strains. Moreover, catabolite inhibition of
secondary metabolism (idiolite production) by a specific carbon source can occur due to the
inactivation of enzymes necessary for idiolite production (Schrader and Blevins, 2001).
Glucose and other readily metabolizable carbon sources, which supported rich growth were
also responsible for repression of enzymes involved in the secondary metabolism (Demain,
1989). On the other hand, a mixture of glucose and lactose had proved to be good carbon
sources for tylosin biosynthesis by both mutants (UV-2 and γ-1) as compared to wild type
strain which having maximum tylosin yield in the presence of lactose only. So the combined
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use of glucose and lactose may espouse the above mechanism for tylosin biosynthesis during
stationary phase when glucose was depleted from the fermentation broth. Previously, a study
of induction of increased amount of antifungal produced by Streptomyces rochei G164 strain
by varying the cultural conditions indicated that maximum activity was obtained with
sucrose as carbon source and peptone as nitrogen source (Chattopadhyay and Sen, 1997).
However, sucrose, ammonium sulphate and yeast extract repressed antimicrobial agent
production (Laidi et al., 2008). Other reports stated that maximum growth and antibiotic
production was obtained in glycerol and glucose as carbon source (Oskay et al., 2010), while
according to Parveen et al. (2008), the best carbon sources for the production of
actinomycin-D by Streptomyces halstedii and Streptomyces anulatus, were fructose and
galactose, respectively. Moreover, the values of growth independent product formation (β)
were significantly higher as compared to growth dependent product formation (α) by mutant
γ-1 which indicated that maximum tylosin production was obtained in stationary phase. In
the previous studies, using batch fermentation technique maximum specific rate of tylosin
synthesis (qp) occurred during active growth of Streptomyces fradiae (Vu-Trong and Gray,
1982).
Error Bar = ±SD (Standard Deviation)

Control

Wild Type

Mutant UV-2

Mutant γ-1

Fig. 3.15 Maximum production of tylosin by wild type, mutant UV-2 and mutant γ-1 strains of Streptomyces
fradiae NRRL-2702 on different carbon sources (45 g/l) in chemically defined medium.
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Table: 3.7 Kinetic parameters for production of tylosin by wild type and mutant γ-1 of Streptomyces fradiae NRRL-2702 on
different carbon sources in chemically defined media.
Tylosin (mg/l)

α

qp (mg/g/h)

Carbon Source Wild Type Mutant γ-1 Wild Type

Mutant γ-1

Wild Type

β
Mutant γ-1

Wild Type

Mutant γ-1

Glucose

225±08 f

1600±65c

0.21±0.008ef 1.49±0.045c

0.031±0.001d 0.170±0.022c 0.20±0.010e 1.48±0.012c

Lactose

600±23a

2600±82b

0.72±0.032a

0.125±0.020a 0.240±0 .03b

Sucrose

245±10e

580±22g

0.31±0.010de 0.87±0.008h

0.040±0.002cd 0.080±0.002h 0.03±0.007f 0.85±0.024f

Fructose

340±12d

190±05i

0.35±0.012d

0.18±0.002i

0.048±0.002c

Glycerol

525±20b

300±10h

0.60±0.030b

1.38±0.040d 0.100±0.030b 0.150±0.022d 0.67±0.025b 1.37±0.023d

Lac.+Glu.

475±18c

3000±110a 0.47±0.021c

Suc.+Glu.

000±00h

1100±42d 0.00±0.000g 1.32±0.033e

0.000±0.000e 0.135±0.004e 0.00±0.000f 1.31±0.022d

Fru+Glu

000±00h

1000±40e 0.00±0.000g 1.20±0.009f

0.000±0.000e 0.122±0.032f 0.00±0.000f 1.00±0.025e

Gly+Glu

200±06g

880±35f 0.18±0.007f 1.00±0.007g

0.028±0.001d 0.098±0.006g 0.18±0.002e 0.99±0.010e

2.21±0.057b

0.81±0.035a 2.20±0.031b

0.025±0.001i 0.33±0.008d 0.17±0.002g

2.82±0.080a 0.085±0.006b 0.350±0.047a 0.45±0.020c

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly (p< 0.05).
qp= Specific productivity
α= Growth dependent product formation
β= Growth independent product formation
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2.80±0.071a

3.3.2.2 Effect of different nitrogen sources on tylosin production by wild type and
mutant γ-1of Streptomyces fradiae NRRL-2702 in chemically defined media
Attempts to improve the production of tylosin by mutant γ-1 further involved the use of
different nitrogen sources using lactose+glucose as the sole carbon source because the level
of antibiotic production may be greatly influenced by the nature and type of nitrogen sources
supplied in the culture medium (Mansour et al., 1996). Both wild type and mutant γ-1 gave
maximum tylosin production 620 mg/l and 3800 mg/l respectively in the presence of sodium
glutamate followed by L-aspartate (Table 3.8) as compared to mutant UV-2, which showed
maximum tylosin yield (1750 mg/l) in the presence of L-aspartae. The comparison of
maximum yield of tylosin on different nitrogen sources by wild type, mutant UV-2 and
mutant γ-1 is given in Figure 3.16. This increase in tylosin yield was greater than reported
earlier (3490 mg/l) after combined chemical and UV mutations followed by media
optimization for Streptomyces fradiae NRRL-2702 by Lee and Rho, (1999). In our study
6.12 fold increase in tylosin production was achieved compared to that of parent strain by
irradiation mutagenesis (UV and gamma) and subsequent medium optimization (Khaliq et
al., 2009a).
High yield of tylosin was obtained on other nitrogen sources such as L-alanine and corn
steep liquor. However, cultures containing easily metabolizable nitrogen sources like
NH4SO4, NH4NO3, showed low levels of tylosin as indicated in case of mutant UV-2.
Glutamate has been shown to be an excellent source of nitrogen for the growth and tylosin
production by mutant γ-1 and the values of different kinetic parameters such as qp (3.34
mg/g/h), α (0.370) and β (3.32) were improved greatly by using sodium glutamate as
nitrogen source for mutant γ-1 (Table 3.8). Chemically defined media containing glutamate
as sole nitrogen source allowed rapid growth without a prolonged lag phase. Therefore,
glutamate seemed to be the efficient nitrogen source for growth of Streptomyces among all
the mineral and organic sources used (Williuams and Katz, 1977) and preferred to
ammonium in Streptomyces gresiofuscus (Zhang et al., 1996). There was a marked
improvement in the values of qp γ-1 and it was much higher than the value of qp (0.81
mg/g/h) obtained for wild type strain and values reported earlier for batch culture (0.33
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mg/g/h) (Lee and Lee, 1993) and for continuous cultures (1.13 mg/g/h) (Lee et al., 1997) of
wild type Streptomyces fradiae NRRL-2702.

Sodium glutamate

(NH4)2SO4

Corn steep liquor

L-alanine

L-aspartae

NH4NO3

Error Bar = ±SD (Standard Deviation)

Nitrogen sources

Wild Type

Mutant UV-2

Mutant γ-1

Fig. 3.16 Maximum production of tylosin by wild type, mutant UV-2 and mutant γ-1 strains of
Streptomyces fradiae NRRL-2702 on different nitrogen sources (12.5 g/l) in chemically defined
media.
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Table: 3.8 Kinetic parameters for tylosin production by wild type and mutant γ-1 of Streptomyces fradiae NRRL-2702 on different
nitrogen sources in chemically media.

Tylosin (mg/l)
Nitrogen Source Wild Type Mutant γ-1
300±15f

qp (mg/g/h)
Wild Type

Mutant γ-1 Wild Type

α

β
Mutant γ-1

Wild Type

Mutant γ-1

NH4NO3

110±07f

0.11±0.002 f 0.31±0.005 f 0.030±0.001 f 0.042±0.002 f 0.10±0.008 e 0.30±0.010f

L-aspartate

500±22b

2800±100b 0.62±0.040 b 3.00±0.071 b 0.145±0.021 b 0.310±0.006 b 0.60±0.022 b 2.95±0.052b

L-alanine

450±20c

1700±72c

0.52±0.033 c 1.81±0.043 c 0.139±0.004 c 0.205±0.010 c 0.59± 0.025 b 1.80±0.010c

Corn steepliquor

400±15d

1300±44d

0.44±0.021 d 1.57±0.030 d 0.092±0.001 d 0.170±0.011 d 0.43±0.020c

1.56±0.009d

(NH4)2SO4

235±10e

758±30e

0.22±0.003 e 0.98±0.070 e 0.077±0.003 e 0.092±0.001 e 0.18±0.002d

0.96±0.008e

Sodiumglutamate

620±25a

3800±125a

0.81±0.710a

3.32±0.072a

3.34±0.082 a 0.210±0.018 a 0.370±0.009 a 0.80±0.031a

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly (p< 0.05).
qp= Specific productivity
α= Growth dependent product formation
β= Growth independent product formation
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3.3.2.3. Comparison of stability of wild type and tylosin over expressing mutants UV-2
and γ-1 of Streptomyces fradiae NRRL-2702 for the production of tylosin
Periodic bioassays and HPLC analysis were used to study the inherent stability of elevated
tylosin production in the selected morphological variants. It was observed that antibiotic
activity decreased during successive re-plating along with loss of phenotypic changes in
case of UV mutants. The tylosin yield of mutant UV-2 was reduced from 1750 mg/l to a
level of 225 mg/l that was even lower than wild type strain. On the other hand, mutant γ-1
was highly stable both in phenotypic characters and tylosin production and gave
reproducible yield of tylosin even after 3 years of storage at -72°C (Table 3.9). It is
intriguing that post-irradiation of UV mutant by γ-rays not only increased tylosin production
but also enhanced the stability of mutant in all respects. Moreover, use of lactose+glucose
as carbon source along with glutamate as nitrogen source in chemically defined media
further increased tylosin yield. These studies indicated the potential of such mutants for
scale up production of target compounds or antibiotics by mutation and subsequent medium
optimization.
Previously, it has been reported that mutations that led to increase in tylosin production was
shown to be unstable during storage and successive re-plating (Lyutskanova et al., 2005;
Zulaybar et al., 1997). Among physical mutagenic agents UV radiation induces pyrimidine
dimerization by frame shift transition from GC to AT base pair (Chopra, 2005) and these
mutations may revert back or lose their productivity due to photo-reactivation. However,
gamma rays were found to be most energetic and highly ionizing which caused mutations as
single or double strand breakage of DNA by deletion or structural changes. So, gamma rays
have drawn extensive attention of researchers and breeding experts due to their prominent
role in strain improvement for higher yield of the products (Huma et al., 2012).
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Table: 3.9 Stability of wild Streptomyces fradiae NRRL-2702, mutant UV-2 and mutant γ-1 strains after the storage period of 3-years
at 72°C.

Maximum tylosin concentration (mg/l)
Storage period

Wild
Type

Mutant
UV-1

Mutant
UV-2

Mutant
UV-3

Mutant
UV-4

Mutant
UV-5

Initial tylosin yield

Mutant
UV-6

620±20a

450±16a

1500±45a

325±12a

900±26a

750±20a

340±14a

3800±133a

After 3 months

595±15a

200±12b

1000±35b

120±09b

445±18b

400±13b

145±08b

3775±100a

After 6 months

600±18a

140±07c

400±22c

040±07c

170±12c

130±10c

075±05c

3800±087a

After 9 month

610±18a

000±00d

225±08d

000±00d

055±06d

030±06d

000±00d

3780±080a

After 3 years

620±20a

000±00d

000±00e

000±00e

000±00e

000±00e

000±00e

3700±133a

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly (p< 0.05).

85

Mutant
γ-1

3.4 DEVELOPMENT OF SOLID STATE FERMENTATION FOR THE
PRODUCTION OF TYLOSIN BY STREPTOMYCES FRADIAE NRRL-2702 AND
ITS GAMMA IRRADIATED MUTANT GAMMA-1
Several studies have been published on the production of fine chemicals (Vandenberghe et
al. 2000), enzymes (Rajoka et al. 2006), antibiotics (Kota and Sridhar, 1998) and
immunosuppressant’s (Ellaiah et al. 2004) in solid state fermentation SSF. Processes
involving solid state fermentation (SSF) are particularly attractive for industrial application,
offering higher production yields and differential expression of microbial metabolites
compared with submerged fermentation (Rainbauet, 1998). The production of many
antibiotics particularly cephamycin (Kota and Sridhar, 199), oxytetracycline (Yang and
Swei, 1996), iturin (Ohno et al., 1996), neomycin (Adinarayana et al., 2003), penicillin
(Barrios-Gonzalez et al., 1998), rifamycins (Mahalaxami et al., 2010) and cephlosporin C
(Tabaraia et al., 2012) had been reported in SSF. As solid state fermentation system for
tylosin production was not reported before this study (Khaliq et al., 2009b), therefore, the
studies were carried out to develop solid state fermentation system (SSF) for biosynthesis of
tylosin from Streptomyces fradiae NRRL-2702 and its gamma irradiated mutant γ-1 using
agrowastes that were indgenously available at economical rates. Various process affecting
parameters were also optimized to get optimum production of tylosin using SSF. Amongst
several factors, which are important for microbial growth and activity, the most critical
include substrate, moisture content, inculum size, pH, temperature etc.
3.4.1. Effect of substrate on the production of tylosin by wild type and mutant γ-1 of
Streptomyces fradiae NRRL-2702 in solid state fermentation
The nature of the solid substrate employed is the most important factor affecting solid state
fermentation process and its selection depends upon several factors mainly related to cost
and availability and thus may involve the screening of several agro-industrial residues
(Ellaiah et al., 2004). In solid state fermentation (SSF), the solid substrate not only supplies
the nutrients to the culture, but also serves as an anchorage for the microbial cells. As no
substrate was reported earlier for the production of tylosin in SSF, so we screened different
substrates i.e. wheat bran, almond seed cake, mustard seed cake, cotton seed cake, sesame
seed cake, coconut cake, linseed cake and kalonji cake (10 g/ flask) using 5% inoculums
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level (w/w) to select most favorable and cost effective one. Tylosin production by mutant γ1 of Streptomyces fradiae NRRL-2702 varied with type and nature of the substrate (Table
3.10). To some extent, all the substrates supported the production of tylosin by mutant γ-1 in
SSF but wheat bran was found the most suitable substrate and maximum tylosin yield (2500
µg/g substrate) was obtained on wheat bran followed by almond seed cake by mutant γ-1.
While low tylosin activities were observed on all other substrates. This may be due to the
fact that all other substrates are rich in lipid contents (Table 2.1) as compared to wheat bran
which could make the solid medium dense and thus resulting in low availability of oxygen
and nutrients to the growing cells. Moreover, wheat rawa (coarsely ground whole kernel of
wheat) and wheat bran have also been reported as the most suitable substrates for
cephalosporin C and neomycin production in SSF (Adinarayana et al., 2003; Ellaiah et al.,
2004). Wild type strain of Streptomyces fradiae NRRL-2702 produced very small amount of
tylosin in SSF using wheat bran and almond seed cake while it did not show any tylosin
activity on all other substrates used (Table 3.10). It was indicated that wild type strain might
not had the ability to produce tylosin using raw substrates. Moreover, utilization of substrate
by microorganisms for SSF depends upon several factors mainly related to metabolic
pathways and other environmental conditions required for their growth and productivity.
The substrates that provide all nutrients required by the microorganisms for growth and
production should be considered as ideal substrates (Vastrad and Neelagund, 2012).
3.4.2 Effect of moisture level on the production of tylosin by wild type and mutant γ-1
of Streptomyces fradiae NRRL-2702 in solid state fermentation
To test the effect of moisture contents on tylosin production in SSF by mutant γ-1 and wild
type strain different moisture contents (50-80% v/w) were used. The maximum tylosin yield
(3600 µg/g substrate) was observed at 70% initial moisture content by mutant γ-1 at day 9 of
incubation at 30°C.
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Table: 3.10 Effect of substrate on tylosin production by wild type and mutant γ-1of Streptomyces fradiae NRRL-2702 in solid
state fermentation.

Substrates

Tylosin (µg/g substrate)
Wild type

Mutant γ-1

Wheat bran

300±15 b

2500±35a

Almond seed cake

100±07a

2200±30f

Kalongi cake
(Nigella sativa)

000±00 c

0800±22g

Coconut cake

000±00 c

0580±15e

Mustard seed cake

000±00 c

0450±14b

Sesame seed cake

000±00 c

0390±12d

Cotton seed cake

000±00 c

0340±10c

Linseed cake

000±00 c

0190±06h

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ significantly
(p<0.05).
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A decrease in tylosin yield was seen when moisture contents were much higher or lower
than the optimum level while, no significant change in tylosin production was observed by
wild type strain at all moisture levels (Fig. 3.17). The importance of substrate moisture level
in SSF for the production and secretion of secondary metabolites has been well established
(Balakrishna and Pandey, 1996). Low moisture levels decrease the solubility and availability
of nutrients, minimize heat exchange and oxygen transfer rates thus lowering the activity of
microbial cultures resulting in reduced productivity (Carrizales et al., 1981). Higher
substrate moisture in SSF resulted in less productivity due to reduced mass transfer process
such as diffusion of solutes and gases to the cells during fermentation process.

Error Bar = ±SD (Standard Deviation)

Fig. 3.17 Effect of moisture level on tylosin production by wild type Streptomyces fradiae NRRL2702 () and mutant γ-1 () in solid state fermentation.

3.4.3 Effect of inoculum size on the production of tylosin by wild type and mutant γ-1
of Streptomyces fradiae NRRL-2702 in solid state fermentation
Provision of optimum level of inoculum is also very critical in solid state fermentation. A
low inoculum density may give insufficient biomass causing reduced product formation,
where as a higher inoculum than optimum may produce too much biomass and may deplete
the nutrients necessary for secondary metabolite production (Mudgetti et al., 1992).
89

Maximum titer of tylosin was obtained at 10% (v/w) inoculum level and yield was increased
up to 3800 µg/g substrate by mutant γ-1 at day 9 of incubation (Fig. 3.18). Wild type strain
displayed very slight improvement in tylosin yield (550 µg/g substrate) after optimizing
inoculum level.
Error Bar = ±SD (Standard Deviation)

Fig. 3.18 Effect of inoculum size (v/w) on tylosin production by wild type Streptomyces fradiae NRRL2702 () and mutant γ-1() in solid state fermentation.

3.4.4 Effect of pH on the production of tylosin by wild type and mutant γ-1 of
Streptomyces fradiae NRRL-2702 in solid state fermentation
Different initial pH values (5.2, 6.2, 7.2, 8.2, 9.2, 10.2 and 11.2) were used to determine
optimum medium pH for higher tylosin activities in solid state fermentation. It was observed
that pH values below 7.2 resulted in decreased tylosin production while, alkaline pH(s)
enhaced tylosin yield because metabolic activities of the microorganisms could be very
much sensitive to the pH changes (Ellaiah et al., 2004). Yield was increased to 3920 µg/g
substrate at pH 9.2 after day 9 of incubation by mutant γ-1 (Table 3.11). But wild type
strain did not show significant increase in tylosin yield (575 µg of tylosin/g substrate) (Fig.
3.19).
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Table: 3.11 Effect of pH on tylosin production by wild type and mutant γ-1 of Streptomyces fradiae NRRL-2702 in
solid state fermentation.

pH Value

5.2
6.2
7.2
8.2
9.2
10.2
11.2

Maximum Tylosin (µg/g substrate)
Wild Type

Mutant γ-1

000±00a
072±05b
400±16c
422±18c
575±20d
411±14c
245±10e

0250±03a
1060±22b
3800±65c
3875±72c
3920±80c
3433±55d
2800±40e

Day of Incubation

11
11
9
9
9
10
10

Values are means of three sets of replicates. Within columns, values followed by different superscript letters differ
Significantly (p< 0.05).
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Error Bar = ±SD (Standard Deviation)

Fig. 3.19 Effect of pH on tylosin production by wild type Streptomyces fradiae NRRL-2702 () and
mutant γ-1() in solid state fermentation.

3.4.5 Effect of temprature on the production of tylosin by wild type and mutant γ-1 of
Streptomyces fradiae NRRL-2702 in solid state fermentation
Previously, in this study all experiments for the production of tylosin were carried out at
30°C. Now, the effect of different temperatures (25, 30, 35, 40 and 45°C) on tylosin yield
was also studied using optimized substrate (wheat bran, 10 g/flask), moisture contents (70%,
v/w), inoculum size (10% v/w) and pH (9.2). Maximum tylosin production (3920 µg/g
substrate) was observed again at 30°C. The tylosin yield decreased gradually at higher
temperatures above 30°C (Fig. 3.20). So a shift in tylosin yield was seen by changing
temperature of the fermentation medium and it was noted that low and high temperatures
showed negative effect on tylosin production by both strains. Previously, optimum
temperature of 30°C was reported for neomycin production in SSF using Streptomyces
marinensis NUV5 (Ellaiah et al., 2004), while according to another report by Howard
(1952) the optimum temperature for neomycin production by Streptomyces fradiae was
28°C.
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Error Bar = ±SD (Standard Deviation)

Fig. 3.20 Effect of temperature on tylosin production by wild type Streptomyces fradiae NRRL-2702 () and
mutant (γ-1) () in solid state fermentation.

3.4.5 Effect of incubation period on the production of tylosin by wild type and mutant
γ-1 of Streptomyces fradiae NRRL-2702 in solidstate fermentation
Different incubation periods using optimized parameters (70% substrate moisture level, 10%
inoculum size, 9.2 pH and 30ºC temperature) were employed to study their effect on tylosin
production. Detectable tylosin yield was attained on day 4 and maximum tylosin production
(3920 and 550 µg/g substrate) was achieved on day 9 of incubation by mutant γ-1 and wild
type strain respectively after which there was a decrease in tylosin yield (Fig. 3.20). So, in
our studies maximum yield of tylosin was achieved than reported recently for maximum
production of neomycin (6453 µg/g substrate) in SSF after 12 days of incubation (Vastrad
and Neelagund, 2011).

3.4.6 Effect of additional carbon sources on the production of tylosin by wild type and
mutant γ-1 of Streptomyces fradiae NRRL-2702 in solid state fermentation
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The maximum tylosin production was achieved by mutant γ-1 (4200 µg/g substrate) when
1% (w/w) lactose was used as an additional carbon source in the fermentation medium.
Glucose, fructose, soluble starch and lactose+glucose did not show significant increase in
tylosin yield while sucrose caused a decrease in tylosin production. Additional carbon
sources in fermentation medium did not significantly enhance tylosin production in case of

Tylosin Conc. (µg/g substrate)

wild type strain (600 µg/g substrate).

Error Bar = ±SD (Standard Deviation)
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Fig. 3.21 Effect of incubation period on tylosin production by Streptomyces fradiae NRRL-2702 () and its
mutant γ-1() in solid state fermentation.

It has been reported that disaccharides and polysaccharides stimulated secondary metabolite
production (Asagbra et al., 2005). Moreover, in case of cephalosporin C the antibiotic yield
increased by the addition of different sugars as additives in fermentation medium
(Adinarayana et al., 2003). In this study, maximum cell mass was obtained using glucose as
additional carbon source in the fermentation medium for both wild type (0.15 g/10 g
substrate) and mutant γ-1 strains (0.22 g/10 g substrate) followed by lactose but glucose
alone did not increase tylosin yield. All other carbon sources yielded less biomass (Fig.
3.22). Glucose and other readily available carbon sources, which supported rich growth were
also responsible for repression of enzymes involved in the secondary metabolism (Robinson
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et al., 2001). Amongst disaccharides used, lactose proved to be the most suitable carbon
source for tylosin biosynthesis by mutant γ -1.

Error Bar = ±SD (Standard Deviation)

Additional carbon sources
Fig. 3.22 Effect of additional carbon sources on tylosin production (
(

)(

)(

) and cell mass formation

) by wild type Streptomyces fradiae NRRL-2702 and mutant γ-1 respectively in the presence of

wheat bran in solid state fermentation.

3.4.7 Effect of nitrogen sources on the production of tylosin by wild type and mutant γ1 of Streptomyces fradiae NRRL-2702 in solid state fermentation
The effect of different nitrogen sources on tylosin production was also investigated using
wheat bran as substrate and lactose as additional carbon source respectively. Among organic
nitrogen sources used, sodium glutamate supported maximum tylosin production (4500 µg/g
substrate). Tryptone and aspragine did not show significant effect on tylosin yield. Wild
type strain displayed only slight increase (655 µg/g substrate) in tylosin yield on the addition
of sodium glutamate in the fermentation medium (Fig. 3.23). Sodium glutamate also
improved cell mass and produced 0.18 g/10 g substrate and 0.24 g/10g substrate of biomass
for wild type and mutant γ-1 strains respectively. Readily available inorganic nitrogen
sources such as NH4NO3, (NH4)2SO4 suppressed tylosin yield as well as cell mass formation
(Fig. 3.23). The repression of enzymes involved in the formation of antibiotics has been
found to be related to the rapid metabolism of the nitrogen sources especially ammonium
sulfate (Lee and Lee, 1994). Glutamate is not a readily metabolizable nitrogen source.
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Moreover, it did not stimulate ammonia production unless the pH was acidic while
maximum tylosin titers were achieved at alkaline pH conditions (Flythe and Russel, 2006).
Cultures containing easily available ammonium ions such as NH4NO3 and (NH4)2 SO4
produced low levels of biomass as well as tylosin, which might be due to the fact that the
synthesis of tylactone is repressed by ammonium ion (Omura et al,. 1983). Threonine
dehydratase (TDT) was also repressed by ammonium ion that is a key enzyme involved in
providing the building block (propionate) for tylosin formation (Lee and Lee, 1993). As
solid state fermentation has not been reported previously for tylosin production, but these
studies proved to be very useful regarding tylosin biosynthesis and optimization of cultural
conditions in SSF using less expensive raw materials as substrates. Moreover, there is an
overall increase of 6.87-fold in tylosin yield as compared to wild type strain by this mutant
γ-1 after medium optimization. Therefore, this approach may be helpful in future studies to
introduce stable and beneficial changes in genetic information of industrially important
microorganisms for the improvement of product yield and lowering cost economics.
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Error Bar = ±SD (Standard Deviation)
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Fig. 3.23 Effect of nitrogen sources on tylosin production (

)(

) and cell mass formation (

)(

)

by wild type Streptomyces fradiae NRRL-2702 and mutant γ-1 respectively in the presences of wheat
bran+lactose in solid state fermentation.
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3.5

MOLECULAR

ANALYSIS

OF

MUTATIONS

LEADING

TO

OVER

EXPRESSION OF TYLOSIN IN MUTANT GAMMA-1 OF STREPTOMYCES
FRADIAE NRRL-2702.
As secondary metabolites are frequently the end result of complex, highly regulated
biosynthetic process, a variety of changes in the genome may be necessary for the selection
of high yielding derivatives of a wild strain. Baltz, (2001) suggested that in many cases
strain improvement has been achieved using natural methods of genetic recombination,
which bring together genetic elements from two different genomes into one unit to form new
genotypes. However, the most effective strategy is mutagenesis. The mutagens induce
modifications of the base sequences of DNA that result in base pair substitutions, frame shift
mutations, or large deletions that go unrepaired (Kieser et al., 2000). The derivatives or
mutants obtained are then subjected to screening and selection to get the strains whose
characteristics are more specifically suited to the industrial fermentation process (Elander,
1967; Bos and Stadler, 1996). The characterization of beneficial mutation is also an
important part of strain improvement program to get knowledge about underlying
mechanism that may be useful addition for future studies.
Tylosin biosynthesis is controlled in cascade fashion by multiple transcriptional regulators
acting positively or negatively with the help of signaling ligand that works as a classical
inducer (Cundliffe, 2008). Tylosin biosynthetic gene cluster contains at least five regulatory
genes (Bate et al., 1999). One of which (tylP) encodes a γ-butyrolactone signal receptor for
which tylQ is a possible target. Two other tylS and tylT encode pathway-specific regulatory
proteins of the Streptomyces antibiotic regulatory protein (SARP) family and a fifth, tylR,
has been shown by mutational analysis to control various aspects of tylosin production (Bate
et al., 1999). The role of products of regulatory genes have been characterized by a
combination of gene expression analysis and fermentation studies, using engineered strains
of Streptomyces fradiae in which specific genes were inactivated or over-expressed
(Cundliffe, 2008).
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The aim of following part of work was molecular characterization of regulatory genes (tylQ,
tylP, tylS, tylR and tylT) to interpret mutations leading to over expression of tylosin either by
expression analysis or sequencing analysis of these genes. In GenBank, very few records
were found regarding the sequences of these genes. Moreover, the sequences of these
regulatory genes for this strain of wild type Streptomyces frdaiae NRRL-2702 were not
available previously in GenBank database. Therefore, different sets of primers reported
previously for reverse transcriptase polymerase chain reactions (RT-PCR)/expression
analysis of tylosin regulatory genes (Stratigopoulos and Cundliffe, 2002a) were synthesized
(Table 2.1) and were used to study the expression of these genes at different fermentation
time intervals (24, 48 and 72 hours of incubation) e.g., before and after the onset of tylosin
biosynthesis. For this purpose both the strains e.g. wild type Streptomyces fradiae NRRL2702 and its tylosin over expressing mutant γ-1 were grown in tryptic soy broth for the
production of tylosin because this medium was reported for early onset of tylosin. The total
mycelial RNA of wild type Streptomyces fradiae NRRL-2702 and mutant γ-1 was extracted
after 24, 48 and 72 hrs of fermentation (Fig. 3.24). The RNA was used as template for one
step RT-PCR to study the expression of tylQ, tylP, tylS, tylR and tylT by both the strains to
amplify about 400bp products of these genes.
3.5.1 Expression analysis of tylQ gene from wild type and tylosin over expressing
mutant γ-1 of Streptomyces fradiae NRRL-2702 by RT-PCR
Expression analysis of tylQ by RT-PCR indicated that tylQ transcript was present in wild
type and tylosin over expressing mutant γ-1 after 24 hours of fermentation before the onset
of tylosin production. After 48 hours, the expression of tylQ was only seen in wild type
strain while it was not indicated by mutant γ-1. After 72 hours of fermentation, transcript of
tylQ was absent in both the strains of wild type Streptomyces fradiae NRRL-2702 and
mutant γ-1 (Fig. 3.25). It was also observed that production of tylosin was detected at 48
hours of incubation by mutant γ-1 while it was not detected by wild type strain at 48 hours
of incubation.
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Fig. 3.24 Total mycelial RNA isolation from wild type and tylosin over expressing gamma irradiated
mutant γ-1 of Streptomyces fradiae NRRL-2702 after 24 hours of incubation. Lane: 1, Low range
RNA ladder (Fermentass); 2, Total mycelial RNA isolated from wild type Streptomyces fradiae
NRRL-2702; 3, Total mycelial RNA isolated from tylosin over expressing mutant γ-1. Similarly RNA
was also isolated after 48 and 72 hours of incubation from wild type and mutant γ-1 strains of
Streptomyces fradiae NRRL-2702.

So, there was an early onset of tylosin biosynthesis by mutant γ-1 as compared to wild type
strain. The expression analysis after 72 hours of fermentation showed the absence of tylQ
transcript by wild type as well as mutant γ-1 strain. Moreover, sequencing results using both
forward as well as reverse primers from both the strains did not indicate any change in the
DNA sequence of 406bp RT-PCR product of tylQ gene (Accession # KC422450) amplified
at different time intervals of fermentation. The nucleotide Blast (BlastN) analysis of 406bp
DNA sequences of tylQ gene from wild type Streptomyces fradiae NRRL-2702 and tylosin
over expressing mutant γ-1 showed 93% identity with Streptomyces fradiae tylosin
biosynthetic gene cluster complete sequence (Accession # AF145049.1).
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Fig. 3.25 Gene expression analysis by RT-PCR of tylQ gene by wild type Streptomyces fradiae
NRRL-2702 and tylosin over expressing mutant γ-1 using total mycelial RNA as template that was
isolated before the onset of tylosin production (after 24 hours), during the production of tylosin (after
48 and 72 hours of incubation. Lanes: 1, 1kb DNA ladder (Fermentas SM0313); 2, tylQ gene from
wild type strain; 3. tylQ gene from tylosin over expressing mutant γ-1; 4, tylQ gene from wild type
strain; 5 tylQ gene from tylosin over expressing mutant γ-1 (no expression); 6, tylQ gene from wild
type strain (no expression); 7, tylQ gene from tylosin over expressing mutant γ-1 (no expression); 8,
Negative control, containing pfu DNA polymerase but lacking reverse transcriptase (no
amplification).

The deduced amino acid sequence was obtained by translating the DNA sequence of tylQ
gene and it was subjected to protein blast analysis (BlastP). In protein blast analysis, the top
hit indicated 95% query coverage and 45% identity with hypothetical transcriptional
regulator tylQ [Streptomyces fradiae] (Accession # AAD4080.3) and the results for top hits
of both wild type and mutant γ-1 are shown in Table 3.12.
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Table: 3.12 BlastP analysis of tylQ obtained through RT-PCR from wild type Streptomyces
fradiae NRRL-2702 and its tylosin over expressing mutant γ-1.

Gene

Size

tylQ(Wild)

406bp

tylQ(mutant γ-1)

406bp

Top data base hit
(BlastP)
Hypothetical transcriptional regulator
tylQ [Streptomyces fradiae]
Hypothetical transcriptional regulator
tylQ [Streptomyces fradiae]

Identities
122/138(88%)

122/138(88%)

Although there was no change in tylQ gene sequence of parent and mutant γ-1 strains but
previously the sequence of this regulatory gene for this particular strain (Streptomyces
fradiae NRRL-2702) was not found in databases. Therefore, the sequence was submitted to
GenBank (Accession # KC422450). Moreover, the distance matrix tree showing relatedness
of tylQ regulatory protein of Streptomyces fradiae NRRL-2702 with other reported
transcriptional regulators of this family of Streptomyces and other bacteria is presented in
Figure 3.26. Among regulatory genes, tylQ has emerged as a key factor. Several genes of tyl
cluster including a positive regulator tylS was probably expressed constitutively, only tylQ
was observed to remain silent during secondary metabolism. Previously, it has been studied
that TylQ protein is a transcriptional repressor that blocked tylosin biosynthesis by
controlling the expression of tylR (transcriptional activator) and tylQ must be switched off or
at least down regulated before the onset of tylosin biosynthesis (Stratigopoulos and
Cundliffe, 2002a) and it was the only silent gene in tyl cluster after tylosin production had
commenced (Stratigopoulos et al., 2002). In our studies, tylQ transcript was present in both
wild type and tylosin over expressing mutant γ-1 before the onset of tylosin production after
24 hrs of fermentation. While it was absent after 48 hrs in mutant γ-1 when tylosin was
started to produce. It was present in wild type strain even after 48 hrs of fermentation
indicating that it disappeared late after 72 hrs of fermentation instead of 48 hrs as in case of
mutant γ-1 and there is also late onset of tylosin production by parent strain. The product of
tylQ gene was reported as a repressor of tylosin biosynthesis so, these observations
illustrated that its early switching off may be related to the over expression of tylosin by
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mutant γ-1 because TylQ protein might repress some genes required for tylosin biosynthesis
(Stratigopoulos and Cundliffe, 2002a,b) but further studies are needed to explore complete
underlying mechanism. Because sequencing results indicated that there was no change in the
sequence of tylQ gene obtained from both wild type and mutant γ-1 strains.

0.1
Transcriptional regulator [Metallosphaera yellowstonensis MK1]
(ZP09704920.1)

100

Transcriptional regulator, TetR family [Desulfotomaculum
gibsoniae- DSM 7213] (ZP_09099523.1)

72

Regulatory protein [Streptomyces coelicolor A3(2)] (NP_630384.1 )
100

Regulatory protein [Streptomyces lividans TK24] (ZP_06527455.1)

Putative TetR family regulatory protein [Streptomyces aureofaciens] (ADM72833.1)

43

TetR family receptor protein [Streptomyces rochei](NP_851501.1)
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Hypothetical transcriptional regulator TylQ [Streptomyces fradiae] ( AAD40803.1)
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TetR-type regulator [Streptomyces pristinaespiralis] (CBW45767.1)
Regulatory protein [Streptomyces tsukubaensis NRRL18488] (ZP_10066767.1)
Conserved hypothetical protein [Streptomyces ghanaensis ATCC 14672] (ZP_06582147.1)

Fig. 3.26 Distance matrix tree showing relatedness of TylQ regulatory protein of Streptomyces fradiae NRRL2702 with other reported transcriptional regulators of this family of Streptomyces and other bacteria. Numbers
at branch nodes are bootstrap values, expressed as percentages of 100 replicates (only values >50% are
shown). Bar 0.1 substitutions per nucleotide position.
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3.5.2 Expression analysis of tylP gene from wild type and tylosin over expressing
mutant γ-1 of Streptomyces fradiae NRRL-2702 by RT-PCR
Expression analysis of tylP gene by RT-PCR indicated that tylP transcript was not present in
wild type and tylosin over expressing mutant γ-1 after 24 hrs of fermentation before the
onset of tylosin production. After 48 and 72 hrs of fermentation, the expression of tylP was
detected in both wild type as well as in mutant γ-1 strains of Streptomyces fradiae NRRL2702 (Fig. 3.27) and no difference was seen in the expression of tylP by RT-PCR.
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100 bp
750 bp
500 bp
420bp

250 bp
Strain

-ve Wild γ-1 Wild γ-1 Wild γ-1

Gene (TylP)

48h 24h 24h 48h 48h 72h 72h

Fig. 3.27 Gene expression analysis by RT-PCR for tylP gene by wild type Streptomyces fradiae
NRRL-2702 and tylosin over expressing mutant γ-1 using total mycelia RNA as template that was
isolated before the onset of tylosin production (after 24 hours), during the production of tylosin (after
48 and 72 hours of incubation). Lanes: 1, 1kb DNA ladder (Fermentas SM0313); 2, negative control
containing pfu DNA polymerase but lacking reverse transcriptase (no amplification). 3; tylP gene
from wild type strain (no expression); 4, tylP gene from tylosin over expressing mutant γ-1 (no
expression); 5, tylP gene from wild type strain; 6, tylP gene from tylosin over expressing mutant (γ1); 7, tylP gene from wild type strain; 8, tylP gene from tylosin over expressing mutant γ-1
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But there was difference in onset of tylosin production as there was an early onset as well as
over expression of tylosin by mutant γ-1 (Fig. 3.28) as compared to wild type strain.

24hrs

48hrs

72hrs

a

24hrs

48hrs

72hrss

b

Fig. 3.28 Bioassay of tylosin production against Bacillus subtilis strain (ATCC 6633) by (a) wild
type Streptomyces fradiae NRRL-2702; (b) tylosin over expressing mutant γ-1 after 24, 48 and 72
hours of incubation.

Stratiogopoulos et al. (2002b) has been observed previously that TylP protein inhibited
reporter gene expression powerfully in Streptomyces lividans indicating that tylP is under
auto-regulation and may be repressed by its own product. The tylP negatively controlled the
tylQ promoter although tylQ was switched off in tylP disrupted strains even before the onset
of antibiotic production. Under the latter condition when tylP was inactivated or disrupted,
tylosin expression was enhanced while, over expression of tylP resulted in the reduction of
tylosin yield accompanied by rarely detectable transcription of other genes involved in
tylosin biosynthesis. The tylP also repressed tylS (a transcriptional activator essential for
tylosin biosynthesis), for these reasons it was concluded that tylP acted as a repressor during
tylosin biosynthesis.
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In addition, tylP influenced morphological differentiation in Streptomyces fradiae. Strains in
which tylP was disrupted sporulated significantly earlier than wild type on solid media, and
in liquid culture, displayed hyper fragmentation (Bignell et al., 2007). The RT-PCR products
of tylP gene (420bp) obtained from wild type and mutant γ-1 strains were sequenced for
three times to avoid errors in sequencing by using both forward as well as reverse primers.
After every sequencing it was found that there was a difference of one base at position 214
where T was substituted by A in mutant γ-1 as compared to wild type strain (Fig. 3.29). The
nucleotide blast (BlastN) analysis of this 420bp DNA sequences of tylP from wild type
(Accession # KC432576) and mutant γ-1 (Accession # KC432577) indicated 95% identity
with Streptomyces fradiae tylosin-biosynthetic regulatory gene cluster, complete sequence
(Accession # AF145049.1) and query coverage was 100%.

1
60
Wild Type ATCGCGGAGATCCTCAAGAGCTCCGGGGTGACCAAGGCAGCGCTGTACTTCCACTTCACG
Mutant γ-1 ATCGCGGAGATCCTCAAGAGCTCCGGGGTGACCAAGGCAGCGCTGTACTTCCACTTCACG

61
120
Wild Type TCCAAGGAGCAGCTCGCGCAGGAACGCGTGCTGACGAGTCAGCTCCGGGCCGTGCCCCCG
Mutant γ-1 TCCAAGGAGCAGCTCGCGCAGGAACGCGTGCTGACGAGTCAGCTCCGGGCCGTGCCCCCG

121
180
Wild Type GTGGAGGAACAGCGACTCGTCCTCCAACAGATCATCGACGAGACGCTGCTGCTGGCCCAA
Mutant γ-1 GTGGAGGAACAGCGACTCGTCCTCCAACAGATCATCGACGAGACGCTGCTGCTGGCCCAA

214

181
240
214
Wild Type CTGCTCAGCAAGGCCGATCCGCTGGTGCGCGGCTCTGTCCGGCTCACGGTGGAGCCGGGC
Mutant γ-1 CTGCTCAGCAAGGCCGATCCGCTGGTGCGCGGCACTGTCCGGCTCACGGTGGAGCCGGGC

241
300
Wild Type GCCCCCAGGGACGCGCTGGACCGCAGGGCGCCGATGCAGGAGTGGATCGGCCACGGCACG
Mutant γ-1 GCCCCCAGGGACGCGCTGGACCGCAGGGCGCCGATGCAGGAGTGGATCGGCCACGGCACG

300
360
Wild Type GACCTCCTCAGAAGGGCCGAGGCGGCCGGTGAACTGCTGCCGCGCGGCCTCGATGTCGAC
Mutant γ-1 GACCTCCTCAGAAGGGCCGAGGCGGCCGGTGAACTGCTGCCGCGCGGCCTCGATGTCGAC

Fig. 3.29 Alignment of nucleotide sequences of tylP gene (420bp) obtained by RT-PCR from wild type and
tylosin over expressing mutant γ-1 of Streptomyces fradiae NRRL-2702 showing a single base substitution of
T by A (red) at position 214.
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The tylP sequences were translated to locate any change in amino acids sequences due to
substitution of one base (T

A) in tylP sequence of mutant γ-1 as compared to the wild

type strain. The amino acid sequences indicated, a change of serine to threonine (S

T) in

mutant γ-1 at position 72 (Fig. 3.30). The amino acid sequences of wild type and mutant γ-1
strain were subjected to protein blast analysis (BlastP). In protein blast analysis, the top hit
indicated 91% and 90% identity with gamma-butyrolactone receptor protein TylP
[Streptomyces fradiae] (Accession # AAD40801.1) respectively (Table 8). The distance
matrix tree of closely related protein available in database was also constructed and it has
been observed that deduced amino acid sequence of TylP by both wild type and mutant γ-1
strains are closely related and occupied common cluster along with previously reported γbutyrolactone receptors of Streptomyces fradiae (Fig. 3.31).

1
20
40
60
72
Wild Type IAEILKSSGVTKAALYFHFTSKEQLAQERVLTSQLRAVPPVEEQRLVLQQIIDETLLLAQLLSKADPLVRGSVRLTVEPG
Mutant γ-1 IAEILKSSGVTKAALYFHFTSKEQLAQERVLTSQLRAVPPVEEQRLVLQQIIDETLLLAQLLSKADPLVRGTVRLTVEPG
100
120
140

Fig. 3.30 Alignment of amino acids sequences of wild type and tylosin over expressing mutant γ-1 indicating
the change of serine (S) to threonine (T) at position 72.

Table: 3.13 BlastP analyses of tylP obtained through RT-PCR from wild type Streptomyce
fradiae NRRL-2702 (W) and its tylosin over expressing mutant γ-1.
Gene

Size

tylP(Wild type)

420bp

tylP(Mutant γ-1)

420bp

Top data base hit
(BLASTP)
Gamma-butyrolactone receptor protein
TylP [Streptomyces fradiae]

Identities

Gamma-butyrolactone receptor protein
TylP [Streptomyces fradiae]

120/133 (90%)
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121/133 (91%)

80

In our studies, although there was no difference detected in the expression of tylP by RTPCR but there was a single base substitution of T

A at position 214 (Fig. 3.29) in

tylosin over expressing mutant γ-1 that resulted in different amino acid at position 72 from
serine

threonine (Fig. 3.30). Previously, few changes of significant importance have

been reported within the tylosin biosynthetic gene cluster of Streptomyces fradiae during an
empirical strain improvement program (Stratigopoulos and Cundliffe, 2002b) but no
mutation was detected in polyketide synthase genes or in other tyl promoters although the
full set was probably not analyzed. However, amongst five regulatory genes only tylQ was
altered by a single point mutation (T

A transversion at position 147 had occurred

during strain development changing histidine to glutamine) that inactivated its product.
Since point mutations affecting antibiotic biosynthetic enzymes may have played major role
in strain improvement for enhancing tylosin yield. There was another possibility of
uncharacterized mutations that may occur outside the tyl cluster and are related to increased
expression of tylosin (Stratigopoulos and Cundliffe, 2002b).

In our studies, similar type of point mutation was observed in tylP instead of tylQ and this
change in tylP may have significant effect on tylQ due to which it disappeared earlier in
mutant γ-1 as compared to wild type strain and its repressing action on tylS and tylR
(activator of tylosin biosynthesis) might had been altered. Moreover, this change in tylP can
also affect its own auto-regulation and its negative control on other genes of tyl cluster
because reversible phosphorylation of proteins is an important regulatory mechanism that
occurs in both prokaryotic and eukaryotic organisms (Ciesla et al., 2011). Kinases
phosphorylate proteins and phosphatases dephosphorylate proteins. Many enzymes and
receptors are switched “on” or “off” by phosphorylation and dephosphorylation. Reversible
phosphorylation results in a conformational change in the structure in many enzymes and
receptors, causing them to become activated or deactivated. Phosphorylation usually occurs
on serine, threonine, tyrosine and histidine residues in eukaryotic proteins (Ciesla et al.,
2011). Histidine phosphorylation of eukaryotic proteins appears to be much more frequent
than tyrosine phosphorylation (Ciesla et al., 2011). In prokaryotic proteins, phosphorylation
occurs on the serine, threonine, tyrosine, histidine or arginine or lysine residues (Deutscher
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et al., 2005). The addition of a phosphate (PO4) molecule to a polar R group of an amino
acid residue can turn a hydrophobic portion of a protein into a polar and extremely
hydrophilic portion of molecule. In this way, it can introduce a conformational change in the
structure of the protein via interaction with other hydrophobic and hydrophilic residues in
the protein. So, this change in one amino acid (serine

threonine) may result in any

conformational change in TylP protein structure that altered its effect on tylQ, leading to
over expression of tylosin.

97
67
100

84

100

100

TylP [Wild type Streptomyces fradiae NRRL-2702 (KC432576)
Butyrolactone receptor [Streptomyces fradiae] (AAD12171.1)

TylP [Streptomyces fradiae] (AAD40801.1)

97

97

TylP [Mutant γ-1 of Streptomyces fradiae NRRL-2702 (KC432577)

Butyrolactone autoregulator receptor protein [Streptomyces clavuligerus
ATCC 27064] (ZP_06776073.1
Gamma-butyrolactone receptor protein [Streptomyces avermitilis MA-680]
(NP_824882.1)
Autoregulator receptor protein [Streptomyces ghanaensis ATCC
14672](ZP_06582152.1)
Gamma-butyrolactone-binding protein [Streptomyces hygroscopicus
subsp. Jinggangensis 5008](YP_006249463).1
Regulatory protein TetR [Streptomyces griseus XylebKG-1]
(ZP_08233615.1)
A-factor receptor protein [Arthrobacter sp. Rue61a] (YP_006662450.1)
TetR family transcriptional regulator [Rhodococcus erythropolis
PR4]Y(P_002768849.1)
Gamma-butyrolactone receptor KsbA [Kitasatospora setae KM-6054] (YP_004907591.1)

Putative gamma-butyrolactone binding protein [Streptomyces sp. W007] (ZP_09403871.1)

Fig. 3.31 Distance matrix tree showing relatedness of TylP regulatory protein of Streptomyces fradiae NRRL2702 with other reported transcriptional regulators of this family of Streptomyces and other bacteria as well.
Numbers at branch nodes are bootstrap values, expressed as percentages of 100 replicates (only values >50%
are shown). Bar 0.1 substitutions per nucleotide position.
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3.5.3 Sequence analyses of tylS, tylR and tylT from wild type and tylosin over expressing
mutant γ-1 of Streptomyces fradiae NRRL-2702 by RT-PCR by PCR
Different sets of primers available in literature as well new sets of primers synthesized with
the help of sequences available in database were used to study expression of these genes by
RT-PCR. However, RT-PCR remained unsuccessful to amplify tylS, tylR and tylT genes.
Therefore, sequence analyses of these genes were performed by routine PCR using genomic
DNA of wild type and tylosin over expressing mutant γ-1 strains of Streptomyces fradiae
NRRL-2702 (Fig. 3.23). The primer sequences (Table 2.3) for the amplification of these
genes were obtained from the work of Stratigopoulos and Cundliffe, (2002b).

1

2

3

100bp
750bp
500bp
250bp

Fig. 3.32 Genomic DNA extraction from wild type Streptomyces fradiae NRRL-2702 and tylosin
over expressing mutant γ-1. Lanes: 1, 1kb DNA ladder (Fermentas SM0313); 2, Genomic DNA
isolated from wild type Streptomyces fradiae NRRL-2702; 3, Genomic DNA isolated from tylosin
over expressing mutant γ-1.
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3.5.3.1 Sequence analysis of tylS gene from wild type and tylosin over expressing
mutant γ-1 of Streptomyces fradiae NRRL-2702
It has been reported earlier with the help of targeted gene disruption, fermentation analysis
and RT-PCR that tylS is essential for tylosin production and controls the expression of tylR
(activator of tylosin biosynthesis) plus at least one other gene involved in polyketide
metabolism or regulation (Bate et al., 2002). In present studies a PCR product of 2023bp of
tylS was obtained from both wild type and mutant γ-1 strains. Sequences analysis of this
2023bp product of tylS indicated that there was no difference in the sequence of wild type
and mutant γ-1 strains. The blast (BlastN) analysis of tylS from Streptomyces fradiae
NRRL-2702 showed 98% identity and 89% query coverage to Streptomyces fradiae tylosinbiosynthetic regulatory gene cluster, complete sequence (Accession # AF145049.1).
1

2

3

2000bp

4

2024bp

Fig. 3.33 PCR amplification of tylS gene from wild type Streptomyces fradiae NRRL-2702 and
tylosin over expressing mutant γ-1. Lanes: 1, 1kb DNA ladder (Fermentas SM0313); 2, Negative
control, containing Pfu DNA polymerase but lacking template DNA (no amplification); 3, tylS gene
from wild type Streptomyces fradiae NRRL-2702; 4, tylS gene from tylosin over expressing mutant γ1.
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The sequence was translated and deduced amino acid sequence was subjected to protein
blast (BlastP) analysis. The Blast P analysis indicated 87% homology of this tylS product to
hypothetical pathway specific regulatory protein TylS [Streptomyces fradiae] (Accession #
AAD40804.1). The results of tope hit are given in Table 3.14. The sequence of tylS for
Streptomyces fradiae NRRL-2702 was submitted to Genbank (Accession # KC432578).
Previously, no sequence was available in database for tylS by this particular strain database.

Table: 3.14 BlastP analyses of tylS gene from wild type Streptomyces fradiae NRRL-2702
and its tylosin over expressing mutant γ-1.

Gene

Size

tylS(Wild Type)

2023bp

tylS (Mutant γ-1)

2023bp

Top data base hit
Identities
(BlastP)
Hypothetical pathway specific regulatory 251/285 (88%)
protein TylS [Streptomyces fradiae]
Hypothetical pathway specific regulatory
protein TylS [Streptomyces fradiae]

251/285 (88%)

Moreover, a distance matrix tree of deduced amino acids sequences of this regulatory gene
was constructed (Fig. 3.34) to study its position among other reported protein of the
Streptomyces antibiotic regulatory protein family (SARP) and it exhibited a close relation
with hypothetical pathway specific regulatory protein of Streptomyces fradiae. The tylS is an
important regulatory gene and during tylosin production tylS regulates directly or indirectly
the expression of tylR, the product of which activate deoxyhexose metabolism, which lead to
the synthesis and incorporation of all three tylosin sugars (Bate et al., 2002). But no
mutation was detected in the sequence of this gene by tylosin over expressing mutant γ-1.
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SARPfamily regulatory protein[Streptomyces pristinaespiralis
100 ATCC25486] (ZP_06913857.1)
SARP-typeregulator [Streptomyces pristinaespiralis] (CBW45766.1)

67
100
100

SARPfamilyregulator [Streptomycessp.C](ZP_07291681.1)
Putative SARPfamilypathway specific regulatory protein[Streptomyces
aureofaciens](ADM72834.1)
Hypothetical pathway specific regulatory protein TylS [Streptomyces
100 fradiae](AAD40804.1)

TylS[StreptomycesfradiaeNRRL-2702](KC432578)
51
60
100

65

DNA-bindingtranscriptional activator of the SARPfamily [Saccharomonospora
viridisDSM43017](YP_003135169.1)
SARP family transcriptional regulator [Catenulispora acidiphila DSM 44928]
(YP_003117194.1)
Putativetranscriptional regulator, SARPfamily [Micromonosporalupini str. Lupac08]
(ZP_10087882.1)
Transcriptional regulator, SARPfamily [Micromonosporalupinistr. Lupac08] (ZP_10091876.1)

Putative SARP-family transcriptional activator [Actinoplanes missouriensis 431]
(YP_005464786.1)
Regulatory proteinDnrI [StreptomyceshygroscopicusATCC53653] (ZP_07294930.1)

Fig. 3.34 Distance matrix tree showing relatedness of TylS regulatory protein of Streptomyces fradiae NRRL2702 with other reported transcriptional regulators of this family of Streptomyces and other bacteria. Numbers
at branch nodes are bootstrap values, expressed as percentages of 100 replicates (only values >40% are
shown). Bar 0.1 substitutions per nucleotide position.

3.5.3.2 Sequences analysis of tylR gene from wild type and tylosin over expressing
mutant γ-1 of Streptomyces fradiae NRRL-2702
The tylR encodes a pathway specific activator that controls most of the tylosin biosynthetic
(tyl) genes, which are subjected to regulation. The tylR controls multiple genes that encode
the synthesis of tylosin sugars, polyketide ring oxidation and one of the polyketide synthase
(PKS) megagenes. Moreover, tylosin production levels increased when tylS and tylR over
expressed in wild type Streptomyces fradiae and yield increment of industrial significance
were achieved by similar manipulation of an over expressed mutant strain (Stratigopoulos et
al., 2004; Bate et al., 2006). In our studies, the tylR gene was amplified from wild type and
tylosin over expressing mutant γ-1 of Streptomyces fradiae NRRL-2702 to find out any
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difference in its sequence between these two strains that might have occurred by mutation.
The PCR product of 1306bp (Fig. 3.35) was amplified from both the strains. Sequences
analysis of these 1306bp products of tylR revealed that there was no change in the sequence
of this gene in both the strains.
1

2

3

4

1306bp
1000bp
750bp
500bp
250bp
Fig. 3.35 PCR amplification of tylR gene from wild type Streptomyces fradiae NRRL-2702 and
tylosin over expressing mutant γ-1. Lanes: 1, 1kb DNA ladder (Fermentas SM0313); 2,3 tylR gene
from wild type Streptomyces fradiae NRRL-2702; 4, tylR gene from tylosin over expressing mutant γ1; 5, Negative control, containing Pfu DNA polymerase but lacking template DNA (no amplification).

The blast (BlastN) analysis of tylR sequence showed 77% identity and 96% query coverage
with Streptomyces fradiae cytochrome P-450, dTDP-glucose synthase, dTDP-glucose
dehydratase, thioesterase, tylCVI, and tylR genes, complete cds; and unknown gene
(Accession # U08223.2). The sequence of tylR gene was submitted to Genbank (Accession #
KC432579). The sequence was translated and deduced amino acids sequence was subjected
to protein blast (BlastP) analysis. The BlastP analysis indicated 94% identity of this TylR
protein by wild type and mutant γ-1 strains of Streptomyces fradiae NRRL-2702 with TylR
protein from Streptomyces fradiae (Accession # AAF29380.1).
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80
92
53

Putative transposase [Streptomyces acidiscabies 84-104] ( ZP_10449227.1)
ISX08 transposes [Streptomyces venezuelae ATCC 10712] (YP_006878060.1)
Putative transposase [Kitasatospora setae KM-6054] (YP_004907552.1)
Putative transposase [Streptomyces chartreusis NRRL 12338] (ZP_09961841.1)

98

Transposase [Rhodococcus pyridinivorans AK37] (ZP_09311303.1)
100
100

100

ISRSO17-transposase protein [Azotobacter vinelandii DJ]( YP_002798854.1)
Transposase [Azospirillum sp. B510] (YP_003448057.1)

100

Regulatory protein AcyB2 – [Streptomyces sp] (JC2032)

TylR [Streptomyces fradiae NRRL-2702]
100
62

TylR [Streptomyces fradiae] (AAF18991.1)
TylR [Streptomyces fradiae] (AAF29380.1)

Putative regulatory protein [Streptomyces eurythermus] (ABW91154.1)
Fig. 3.36 Distance matrix tree showing relatedness of TylR regulatory protein of Streptomyces fradiae NRRL2702 with other reported transcriptional regulators of this family of Streptomyces and other bacteria. Numbers
at branch nodes are bootstrap values, expressed as percentages of 100 replicates (only values >40% are
shown). Bar 0.1 substitutions per nucleotide position.

The results of tope hit are given in Table 3.15. A distance matrix tree was also constructed
by using available sequences of this family of regulatory proteins in the database. It has been
indicated by this tree that deduced TylR protein of Streptomyces frdaiae NRRL-2702 was
closely related to previously reported tylR products of Streptomyces fradiae (Fig. 3.36).
Table: 3.15 BLastP analysis of tylR gene from wild type Streptomyces fradiae NRRL 2702
and its tylosin over expressing mutant γ-1
Gene

Size
1306bp

Top data base hit
(BlastP)
TylR [Streptomyces fradiae]

tylR(Wild Type)
tylR(Mutant γ-1)

402/427 (94%)

1306bp

TylR [Streptomyces fradiae]

402/427 (94%)
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Identities

3.5.3.3 Sequence analysis of tylT gene from wild type and tylosin over expressing
mutant γ-1 of Streptomyces fradiae NRRL-2702
In many organisms, over a dozen of additional genes have been characterized by sequence
analysis and deduced to encode Streptomyces antibiotic regulatory protein (SARP) including
TylS and TylT in Streptomyces fradiae. Amongst five regulatory genes TylS and TylT are
convergent to each other and congregated in a regulatory subcluster that is separated by
about 60Kb from tylR. Proteins encoded by tylT and tylR are closely related to each other
and to other SARPs in the databases (Bate et al., 1999). In present studies, PCR product of
1241bp for tylT was amplified from both wild type and tylosin over expressing mutant γ-1
strains. Sequence analysis of this 1241bp product of tylT showed that there was no change in
the sequence of wild type and mutant γ-1 strains. The blast (BlastN) analysis of tylT
sequence showed 78% identity and 96% query coverage with Streptomyces fradiae tylosinbiosynthetic regulatory gene cluster, complete sequence (Accession # AF145049.1).
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1241bp

100bp
750bp
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250bp

Fig. 3.37 PCR amplification of tylT gene from wild type Streptomyces fradiae NRRL-2702 and
tylosin over expressing mutant γ-1 using genomic DNA as template. Lanes: 1, 1kb DNA ladder
(Fermentas SM0313); 2,3 tylT gene from wild type Streptomyces fradiae NRRL-2702; 4, tylT gene
from tylosin over expressing mutant γ-1; 5, Negative control, containing Pfu DNA polymerase but
lacking template DNA (no amplification).
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The sequence was translated to deduced amino acids sequence and subjected to protein blast
(BlastP) analysis, which indicated 94% identity of this TylT protein from wild type and
mutant γ-1 strains of Streptomyces fradiae NRRL-2702 with hypothetical pathway specific
regulatory protein TylT [Streptomyces fradiae] (Accession # AAD40805.1). The results of
tope hit are given in Table 3.16.
Table: 3.16 BlastP analyses of the tylT gene sequences from wild type Streptomyces
fradiae NRRL-2702 and its tylosin over expressing mutant γ-1.
Gene

Size

tylT(Wild Type)

1241bp

tylT(Mutant γ-1)

1241bp

Top data base hit
Identities
(BlastP)
Hypothetical pathway specific regulatory 377/399(94%)
protein TylT [Streptomyces fradiae]
Hypothetical pathway specific regulatory
protein TylT [Streptomyces fradiae]

377/399(94%)

The role of tylT in tylosin biosynthesis was studied by disrupting tylT gene and this
disruption did not alter the level and timing of sporulation. Moreover, growth of such strain
in tylosin production medium still produced tylosin although at somewhat reduced level
relative to wild type strain. But an obligatory role of tylT for tylosin biosynthesis was
established and yet it remains an enigmatic (Bate et al., 2002). A distance matrix tree of tylT
product was also plotted with the help of closely related protein sequences available in
databases after protein blast analysis and showed almost 100% similarity of other pathway
regulatory proteins of Streptomyces (Fig. 3.38).Previous studies involving various
actinomycetes, first revealed that increased expression of pathway-specific activator genes
typically stimulated antibiotic production whereas inactivation of such genes had the
opposite effect. Applying gene knockout (KO) analysis to candidate tyl activators, it became
clear that tylT is not essential for tylosin production, whereas disruption of tylS or tylR
completely stopped the accumulation of tylosin (Bate et al., 1999; Bate et al., 2002).
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Regulatory protein [Streptomyces ghanaensis ATCC 14672]
(ZP_06582140.1)
100 Hypothetical pathway specific regulatory protein TylT
[Streptomyces fradiae](AAD40805.1)
60

100

TylT [Streptomyces fradiae NRRL-2702](KC432579)
Regulatory protein [Streptomyces pristinaespiralis ATCC 25486]
(ZP_06913886.1)

97

pathway specific regulatory protein [Streptomyces virginiae] (BAF50715.1)

51

98

SARP family transcriptional regulator [Streptosporangiumroseum DSM 43021] YP_003339821.1

100

DNA-binding transcriptional activator of the SARP family
[Saccharomonospora xinjiangensis XJ-54] (ZP_09985720.1)
Putative SARP family pathway specific regulatory
protein [Streptomyces ambofaciens] (AAR30165.2)
Transcriptional regulator [Micromonospora echinospora subsp. challisensis]
(ADB23404.1)
PutativeAfsR family transcriptional regulator [Kitasatospora setae KM-6054] ( YP_004904497.1
100

86
100

SARP family transcriptional regulator [Frankia sp. EAN1pec] (YP_001510008.1)
Transcriptional regulator RedD [Streptomyces coelicolor A3(2)] (NP_629999.1)

Fig. 3.38 Distance matrix tree showing relatedness of tylT regulatory protein of Streptomyces fradiae NRRL2702 with other reported transcriptional regulators of this family of Streptomyces and other bacteria. Numbers
at branch nodes are bootstrap values, expressed as percentages of 100 replicates (only values >40% are
shown). Bar 0.1 substitutions per nucleotide position.

The functional relationship between these two genes was clarified by expression analysis
and it was revealed that tylR transcript was lost in tylS-KO strain so, tylR was controlled by
tylS. Such analysis also revealed a regulated expression of tylT. This enigmatic gene was
expressed in the wild type during tylosin synthesis and at least to that extent it appeared not
to be defective although its function remained unclear. The dominance of tylR was
confirmed when tylosin production was restored in a tylS-KO strain by increased expression
of tylR using a heterologous promoter, but not by increasing the expression of tylS in tylRKO strain. Under these conditions, tylR appeared necessary and sufficient for activation of
tyl biosynthetic genes (Stratigopoulos et al., 2004). But no changes in the sequences of these
three genes were detected from tylosin over expressing mutant γ-1. Whereas, alteration in
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tylP sequence and tylQ expression was seen in tylosin over expressing morphological
mutant γ-1 indicating that engineering of these two genes can play important role in altering
morphology as well as to stimulate antibiotic production by Streptomyces fradiae.
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CHAPTER 4

4. GENERAL DISCUSSION AND CONCLUSIONS

The use of veterinary antibiotics has become an integral part of the growing animal food
industry (AHI, 2002). Antibiotics play a major role in modern agriculture and livestock
industries and their use has been increased in many developed nations. One of the major
uses of antibiotics is to enhance growth and feed efficiency in healthy livestock (Levy,
1992). Agriculture sector of Pakistan contributes about 23.3% to the GDP and provided
employment to 42.1% of people. In this way, it plays a dominant role in the economy of
Pakistan. Livestock is an important sector of agriculture in Pakistan which accounts for
49.1% of agricultural products and about 11.4% of the GDP (Government of Pak., 2005;
Sagir et al., 2005). The role of livestock in rural economy of Pakistan can be realized from
the fact that 30-35 million rural population is engaged with livestock (Khan et al., 2007).
The bacterial and viral diseases cause outbreaks and result in huge mortality if suitable
therapy is not applied at proper time. Antibiotics can manage the animal diseases
effectively when used in time. But the major concern is the cost of these drugs because the
demand is increasing constantly with the improvement of the people’s living standard
(Sagir et al., 2005).
Due to continuous need for veterinary antibiotics and feed additives, extensive studies are
in progress in various parts of the world to develop better strains of antimicrobial agents
producing microorganisms. Moreover, the efficient process development to increase the
economy of their production is also of vital interest. Titer improvement is a constant
requirement in the fermentation industry. A great deal of effort and resources is therefore
committed to improving antibiotic-producing strains to meet commercial requirements.
Therefore, to meet this increasing demand of agriculture sector for antibiotics and growth
promoters, most of the R&D institutes in Pakistan are trying to develop technologies for
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scale up production of these drugs locally at low costs. National Institute for
Biotechnology and Genetic Engineering (NIBGE) is a well known research institute
located in Faisalabad, Pakistan is also involved in many research projects related to the
development of agriculture and livestock in Pakistan. So, in current study, work was
carried out to develop and explore some basic protocols for enhanced production of a
veterinary antibiotic and growth promoter tylosin at relatively low cost.
Actinomycetes are well known for their ability to produce a wide variety of antibiotics and
other secondary metabolites such as pigments, toxins etc. (Ikeda et al., 2003). Most
commercial antibiotics are produced by Streptomyces species by fermentation (Riley et al.,
2000). Tylosin is a macrolide veterinary antibiotic and growth promoter, commercially
produced by Streptomyces fradiae. For commercial production of antibiotics, it is essential
to increase their yield and productivity. The productivity of fermentation processes are
heavily dependent on the development of superior strains via mutagenesis, random
screening procedures and optimization of the chemical and physical environments to which
an organism is exposed (Jose and Arnold, 2005). In present studies, attempts were made to
obtained tylosin over expressing stable mutants of Streptomyces fradiae NRRL-2702
through a combination of UV and gamma irradiation mutagenesis. The UV rays are
reported as an effective mutagenic agent to enhance antibiotic yield in Streptomyce (Gohar
et al., 2006; Khattab and El-Bondkly, 2006; Akbarzadeh et al., 2007).
Mostly the wavelengths effective for mutagenesis were reported between 200 to 300 nm
with an optimum at 254 nm, which is the maximum absorption wavelength of DNA
(Khattab and El-Bondkly, 2006).
In our studies, initially UV irradiation exposure at 300 nm was given for different times.
An exposure for longer times as 100 and 120 seconds resulted in the development of six
morphologically altered variants (Fig. 3.4) of the parent strain at 8% and 5% survival rates
respectively (Fig. 3.3). Usually survival percentages decreased gradually with increasing
exposure time but in case of morphological mutants, an opposite trend was observed and
the number of morphological mutants increased after longer exposures (Khattab and ElBondkly, 2006).
121

Screening of about 300 colonies appeared on agar plates after treatment by different UV
doses indicated that only morphological variants produced tylosin. A 2.7 fold increase in
tylosin yield was obtained by mutant UV-2 (1500 mg/l) in complex medium as compared
to wild type strain (550 mg/l) (Fig 3.5 and 3.7). Previously, the combination of UV and
chemical mutagens was reported to enhance antibiotic yield by Streptomces (Baltz and
Matsushima, 1980; Baltz, 1999). Among the tested mutagens, N-methyl-N-nitro-Nnitrosoguanide (MNNG) was the most efficient in Streptomyces and it induced mutations
by the transition pathway 99% of the time, and 95% of these are GC to AT transitions
(Miller, 1983).
The most effective way to broaden the spectrum of base pair substitutions for yield
improvement is to develop a protocol for AT to CG transversions. So far, no chemical
mutagen has been reported that can induce AT to CG transversions (Baltz, 2001).
Exposure of the spores to ultraviolet rays induced a wider variety of changes related to
product as well as colony morphology and colour in Streptomyces (Baltz, 1999;
Shigematsu et al., 2010). But most of the changes were unstable and further variation
occurred during growth and spore formation (Jose and Arnold, 2005).
Furthermore, commercial production of an antibiotic requires the use of a fairly stable
strain with consistent high productivity. Such a consistency could be a function of both the
strain and of the process (El-Tayeb et al., 2004). Chemically defined media are still not
frequently developed for industrial processes, they do exhibit favorable characteristics at
large scale that are not observed with traditional complex media (Zhang and Gresham,
1999). Therefore, in present studies chemically defined media were used to evaluate
growth and production affecting kinetic parameters for wild type and mutant UV-2 strains
using different carbon and nitrogen sources. Production of tylosin was improved further to
1750 mg/l and 620 mg/l by mutant UV-2 and wild type strains respectively in chemically
defined media (Table 3.3 and 3.4).
It was known that UV and gamma rays irradiated Streptomyces spores yielded high
proportion of mutant colonies but the gamma rays were proved to be more effective in
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producing stable mutants than UV rays (Kelner, 1949). The

60

Co-gamma irradiation has

the capability to induce AT to GC transversions (Xie et al., 2004). So, one of the most
effective mutagens that has been used in improving the yield of antibiotics (Qi-Hongyun et
al., 1988) and enzymes (Awny et al., 1992) in Streptomycetes is gamma irradiation. The
efficacy and potential of gamma irradiation in improving the tylosin yield of the producing
strain Streptomyces fradiae No. 93 has been reported by Zulaybar et al. (1997). But
combined effect of UV and gamma irradiation mutagenesis on tylosin production from
Streptomymyces fradiae NRRL-2702 was reported first time by us (Khaliq et al., 2009a).
Therefore, to study the effect of gamma irradiation on wild type and tylosin over
expressing mutant UV-2 of Streptomyces fradiae, spore suspension of both the strains were
subjected to gamma irradiation mutagenesis using 60Co. Again one morphologically altered
colony type mutant γ-1, was appeared on agar plate at 10% survival rate after 25 KGY
exposure of gamma radiation (Fig. 3.10) while, no morphological mutant was obtained by
wild type strain. Moreover, screening of about 250 colonies appeared after gamma
irradiation of wild type and mutant UV-2 illustrated that increased tylosin yield (2500
mg/l) as compared to wild type strain was only obtained by morphological mutant γ-1
initially in complex medium.
A combination of UV and gamma irradiation mutagenesis of Streptomyces fardiae NRRL2702 in this study resulted in almost 6 fold increase in tylosin yield initially in complex
medium which is much greater than reported earlier after combine exposure to various
mutagenic agents such as UV radiation, MNNG in combination with protoplast
regeneration and gamma irradiation alone (Nittayu et al., 1992; Zulaybar et al., 1997
Lyutskanova et al., 2005; Zareh et al., 2011). Recently, mutation due to space flight of
Streptomyces fradiae 9940S caused some phenotypic changes which were related to the
tylosin production (Fang et al., 2005). Moreover, Cheng et al. (2001) reported about 60124% improvement in the yield of rapamycin by Streptomyces hygroscopicus FC904 by
NTG and UV mutagenesis after 30 seconds exposure. A 133% increase was achieved in
rifamycin production by Amycolatopsis mediterranei after UV mutagenesis (Abbass,
2000). An improvement of 15% and 58% in the yield of clavulanic acid and cephamycin
antibiotic respectively was obtained through induction of combined drug resistant
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mutations by UV light than parent strain of Streptomyces clavuligeries NRRL-3585 (ElBondkly and Khattab, 2004).
Regulation of carbon utilization is of central importance in the gene expression pathways
for both morphological development and antibiotic production in Streptomyces species. A
critical role is played by carbon source in the fermentation medium because it provides
precursors for secondary metabolites and energies for synthesis of biomass building blocks
(Jia et al., 2009; Wang et al., 2010). Therefore, study of the effect of medium components
and environmental conditions are an initial and essential step to enhance metabolite
production by genus Streptomyces.
In the present studies, production of tylosin in chemically defined medium by mutant γ-1
was evaluated at different carbon sources and nitrogen sources. Initially, effect of different
carbon sources on kinetic parameters was studied using tryptone as a sole nitrogen source.
Mutant γ-1 was able to grow in all carbon sources tested. However, maximum dry cell
mass (24 g/l) was obtained in the presence of glucose+lactose. Maximum values of
volumetric rate of substrate utilization (Qs) and specific growth rate (µmax) were 0.350 g/l h
and 0.060 h-1 respectively in the medium containing glucose by mutant γ-1 while fructose
gave the lowest values of Qs (0.089 g/l h) and µmax (0.014 h-1). The maximum dry biomass
in case of wild strain was obtained in the presence of lactose (18 g/l) while the µmax (0.050
h-1) was highest on glycerol (Table 3.6). Moreover, maximum tylosin yield (3000 mg/l)
was obtained in cultures supplemented with lactose + glucose followed by cultures
containing lactose (2600 mg/l) only. The activity of wild type strain was not very much
improved in chemically defined medium and maximum tylosin yield (600 mg/l) was found
in media containing lactose and lower tylosin activities (225 mg/l) were observed when
glucose was used as a sole carbon source (Table 3.7).
It has been reported that in most actinomycetes, glucose was an excellent carbon source for
growth compared to glycerol (Waksman and Joffe, 1920). However, rapid utilization of
glucose decreased the synthesis of many antibiotics (Revilla et al., 1984). Therefore, it was
suggested that a medium containing glucose plus a second carbon source should be used.
Glucose is generally used first, thereby suppressing antibiotic production. At latter stage
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when glucose is depleted or its concentration falls below the repressing threshold, the
second carbon source is used to continue the antibiotic formation. The same mechanism
may involve in enhancing the yield of tylosin by mutant γ-1 in the presence of
glucose+lactose although this mutant was able to produce a reasonable amount of tylosin
(1600 mg/l) in the presence of glucose as compared to wild type strain (225 mg/l) (Table
3.7). One way to overcome carbon catabolite repression is to feed glucose slowly to the
culture medium (Solter and Jonson, 1954). However, Streptomyces clavuligerus, a
cephamycin producer could not utilize glucose but glycerol favoured its growth and
production (Aharonowitz and Demain, 1978). Several investigations illustrated that
glycerol is a more efficient carbon source than glucose for the production of some
microbial products such as propionic acid and lycopene (Liu et al., 2011; Kim et al., 2011).
In another experiment, the mutagenesis of tylosin producing Streptomyces fradiae by
different mutagenic agents resulted in the isolation of several tylosin over expressing
mutants. Examination of these mutants indicated that improved tylosin production was
related to increased hydrolytic activities and cell growth. The wild type strain showed
lower levels of hydrolytic enzymes activities (protease, amylase, lipase and esterase) and
attained a lower cell density than the mutants (Brahimi-Horn et al., 1992). Lower cell mass
densities were also indicated in our studies by wild type strain as compared to mutant γ-1.
It is also possible that gamma radiation might induce some changes in the cell membrane
of mutant γ-1 strain thus the excretion of the antibiotic was increased as described by
Waksman and Lechevalier, (1962). The values of different kinetic parameters such as
specific productivity qp (2.82 mg/g/h), growth dependent product formation α (0.350) and
growth independent product formation β (2.80) were also maximum on lactose+glucose by
mutant γ-1, while, highest values of all these parameters for wild type strain were observed
with lactose only although they were much lower as compared to the mutant γ-1 (Table
3.7). These findings indicated that irradiation mutagenesis caused certain changes in
biosynthetic pathway of parent Streptomyces fradiae leading to mutant γ-1 which has
altered abilities to utilize carbon source and production of tylosin as compared to the wild
type strain. Moreover, catabolite inhibition of secondary metabolism (idiolite production)
by a specific carbon source can occur due to the inactivation of enzymes necessary for
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idiolite production (Schrader and Blevins, 2001). Glucose and other readily metabolizable
carbon sources, which supported rich growth were also responsible for the repression of
enzymes involved in the secondary metabolism (Demain, 1989). A mixture of glucose and
lactose on the other hand proved to be good carbon source for tylosin biosynthesis by
mutant γ-1 as compared to wild type strain which gave maximum tylosin yield in the
presence of lactose only. So the combined use of glucose and lactose may espouse the
above mechanism for tylosin biosynthesis during stationary phase when glucose was
depleted from the fermentation broth. Moreover, significantly higher values of growth
independent product formation β as compared to growth dependent product formation α,
exhibited by mutant γ-1 indicated that maximum tylosin production was achieved at late
stationary phase. In the previous studies, using batch fermentation technique, maximum
specific rate of tylosin synthesis (qp) occurred during active growth of Streptomyces
fradiae (Vu-Trong and Gray, 1982). But the batch fermentation of Streptomyces fradiae
NRRL-2702 and tylosin over expressing mutant γ-1 showed typical secondary metabolism
kinetics of tylosin biosynthesis (Fig. 3.14).
In order to develop effective medium composition, the role of different nitrogen sources on
growth and tylosin production by mutant γ-1 was also evaluated in the presence of
optimized carbon sources (glucose+lactose) because the level of antibiotic production may
be greatly influenced by the nature and type of nitrogen sources supplied in the culture
medium (Mansour et al., 1996). ). Among various nitrogen sources used maximum value
of tylosin production of 620 mg/l and 3800 mg/l by wild type and mutant γ-1 strain was
obtained in the presences of sodium glutamate followed by L-aspartate (Table 3.8). This
increase in tylosin yield was higher than reported earlier (3490 mg/l) after combined
chemical and UV mutation followed by medium optimization for Streptomyces fradiae
NRRL-2702 (Lee and Rho, 1999). In this way, a 6.12 fold increase in tylosin yield was
achieved compared to that of parent strain by irradiation mutagenesis (UV and gamma)
and subsequent medium optimization. The rich yield of tylosin was also obtained on other
nitrogen sources such as L-alanine and corn steep liquor. However, cultures containing
readily metabolizable nitrogen sources like NH4SO4 and NH4NO3, showed low levels of
tylosin yield, which might be due to the fact that the most important step in tylosin
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biosynthesis has been reported to be the conversion of tylactone to tylosin. Moreover, the
formation of tylactone was repressed by ammonium ion (Omura et al., 1984). The reason
behind good growth and tylosin yield in the presence of L-aspartate may be due to
following mechanism because it has been studied that aspartate amino transferase (ASAT)
is related to cell growth and tylosin production (Kang and Lee, 1987a and b; Lee and Lee,
1991). Aspartate is the starting compound in the biosynthesis of aspartate family of amino
acids and should be adequately supplied for the synthesis of cell mass in growth phases.
However, under limitation of available nitrogen in fermentation medium, cell growth is
retarded and further cell growth is ceased to start secondary metabolism (tylosin
biosynthesis). Under certain conditions threonine that is biosynthesized from aspartate
during growth phase, metabolized to propionate and butyrate that may be used for tylosin
biosynthesis. But availability of high level of ammonium ions, lowered the expression of
threonine dehydratase enzyme, which caused a decrease in the level of carboxylic acids
derived from threonine and reduced the tylosin biosynthesis (Omura et al., 1984; Lee and
Lee, 1991).
Glutamate has been shown to be an excellent source of nitrogen for the growth and tylosin
production by mutant γ-1 and the values of other kinetic parameters such as qp (3.34
mg/g/h), α (0.370) and β (3.32) were further improved on sodium glutamate by mutant γ-1.
There was a marked improvement in the values of qp and it was much higher than the value
of qp (0.81 mg/g/h) obtained by wild type strain (Table 3.8) and reported earlier for batch
culture (Lee and Lee, 1993), chemostat cultures (Gray and Bhuwapathanapum, 1980) and
for continuous cultures (Lee, 1997) of Streptomyces fradiae NRRL-2702.
The results of present studies indicated that alternate UV and gamma irradiation
mutagenesis could induce production related morphological changes in Streptomyces
fradiae NRRL-2702. Moreover, periodic bioassays and HPLC analysis after regular
intervals of time to study the inherent stability of elevated tylosin expression in the
selected morphological variants revealed that antibiotic yield decreased during successive
re-plating along with the loss of phenotypic changes in case of UV mutants. The tylosin
yield of mutant UV-2 was reduced from 1750 mg/l to a level (225 mg/l) which is even
lower than parent strain. On the other hand, mutant γ-1 was highly stable both in
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phenotypic characters and tylosin production and gave reproducible yield of tylosin even
after 3 years of storage at -72°C (Table 3.9). It is intriguing that post-irradiation of UV
mutant by γ-rays not only increased tylosin production but also improved the stability of
mutant in all respects. Previously, mutations that led to increase in tylosin production were
shown to be unstable during storage and successive re-plating (Zulaybar et al., 1997;
Lyutskanova et al., 2005). Moreover, use of lactose+glucose as carbon source along with
glutamate as nitrogen source in chemically defined media further enhanced tylosin
production. Therefore, these studies may be useful to establish the potential use of such
mutants for scale up production of target antibiotics.
Antibiotics are traditionally produced by liquid fermentation and their yields tend to be low
in relation to the energy input (Tomasini et al. 1997). The production of secondary
metabolites by solid state fermentation allowed a more concentrated product at low
manufacturing cost by utilizing unprocessed and moderately processed raw materials
(Adinarayana et al. 2003). Success in achieving higher titers of antibiotics by SSF
(Robinson et al. 2001; Farzana et al. 2005, Tabaraie et al., 2012; Vastrad and Neelagund,
2012) encouraged us to develop SSF for tylosin production. Moreover, submerged
fermentation has been usually employed for commercial production of tylosin previously
(Lyutskanova et al., 2005).

In the present work, the study was undertaken to optimize the SSF conditions for the
production of tylosin by Streptomyces fradiae NRRL-2702 and its tylosin over expressing
mutant γ-1. The selection of suitable substrate for SSF depends mainly upon the cost and
availability. The substrate that provides all nutrients required for growth and production by
the microorganisms growing in it should be considered as an ideal substrate. Previously,
no substrate was reported for the production of tylosin in SSF. The production medium
used in this study was very simple, using agro-industrial wastes like wheat bran and
different oil cakes as substrate. Wheat bran supported maximum tylosin yield by mutant γ1 as compared to wild type strain which displayed much lower tylosin yield in SSF (Table
3.10). So, it was indicated that wild type strain may not have the ability to produce tylosin
using low cost raw substrates.
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Moisture is a key parameter to control growth of microorganisms and antibiotic production
in SSF because intensity of microbial growth usually depends on the initial moisture level
and indirectly affects the production titer (Pandey, 1992; Ashok, 2003). Seven moisture
levels ranging from 55 to 80% were used to study their effect on tylosin production and
highest tylosin yield was obtained at 70% initial moisture contents (Fig. 3.17).
Provision of optimum level of inoculum is also very critical in SSF because optimum
biomass formation was achieved by the increment in inocula size. Therefore, it is
important to provide optimum level of inocula in fermentation medium (Mahalaxmi et al.,
2010). Mutant γ-1 and the parent strain produced maximum tylosin at 10% inoculum size
and 70% substrate moisture level after day 9 of incubation (Fig. 3.18 and 3.21). The effects
of pH and temperature on the production of tylosin in the range of 5.2 to 11.2 and 25 to
45°C respectively were also studied and maximum tylosin (3920 µg/g substrate)
production was achieved at pH 9.2 and 30°C. Moreover, lower and higher pH and
temperature values other than optimum resulted in decrease of tylosin yield (Table 3.11,
Fig. 3.19 and 3.20) because metabolic activities of the microorganisms were very much
sensitive to the pH and temperature changes (Ellaiah et al., 2004).
Tylosin production increased up to 4000 µg/g on wheat bran by mutant γ-1 when 1%
lactose was used as additional carbon source in the fermentation medium. It has been
reported that disaccharides and polysaccharides stimulated secondary metabolite
production (Asagbra et al., 2005). However, addition of carbon sources in fermentation
medium did not significantly improve tylosin yield in case of wild type strain. These
results illustrated that mutant γ-1 acquired altered ability to utilize carbon source and
production of tylosin as compared to the wild-type strain. The maximum cell mass was
achieved for both wild type and mutant γ-1 strains using glucose in the fermentation
medium as additional carbon source but glucose did not significantly enhance tylosin yield
(Fig. 3.22). Amongst disaccharides used, lactose proved to be better carbon source for
tylosin biosynthesis by mutant γ -1 in this study. The addition of sodium glutamate in the
fermentation medium further enhanced cell mass formation as well as tylosin production
up to 4500 µg/g substrate as compared to wild type strain (655 µg/g substrate) (Fig. 3.23).
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Glutamate is generally speaking not a readily available nitrogen source. Moreover, it did
not stimulate ammonia production unless the pH was acidic while maximum tylosin titers
were achieved at alkaline pH conditions (Flythe and Russel, 2006). Cultures containing
easily available ammonium ions such as NH4NO3 and (NH4)2 SO4 produced low levels of
biomass as well as tylosin, which might be due to the repression of enzymes by ammonium
ions involved in tylosin biosynthesis (Omura et al., 1983). Threonine dehydratase (TDT)
was also repressed by ammonium ions that is a key enzyme involved in providing the
building block (propionate) for tylosin formation (Lee and Lee 1993).
Solid state fermentation (SSF) has not been reported previously for tylosin production. So
these studies proved to be very useful regarding tylosin biosynthesis and optimization of
cultural conditions in SSF using less expensive raw materials as substrates. Moreover,
there was a significant increase in tylosin yield by mutant γ-1 in SSF than submerged
fermentation.
Tylosin biosynthetic gene cluster contains 43 genes and occupies about 1% of the
Streptomyces fradiae genome (Cundliffe, 1999). Amongst these 43 genes, tyl cluster of
Streptomyces fradiae is distinctly extravagant with three resistance genes plus at least five
regulators (tylQ, tylP, tylS, tylR & tylT). It was reported that tylP might be a gamma
butyrolactone receptor (GBL) that controlled antibiotic production as well as some
morphological differentiation (Folcher et al., 2001). Such genes are not usually located
within antibiotic-biosynthetic clusters but remarkably, the tyl cluster contains two of them,
tylP and tylQ. The former is deduced to encode a γ-butyrolactone receptor that might
plausibly control expression of tylQ, which is another candidate transcriptional regulator.
So, tylP is a butyrolactone responsive regulator of undetermined function and it was
suggested that it might be a transcriptional repressor (Bate et al., 1999). Secondary
metabolism and sometimes sporulation in Streptomycetes are regulated by gammabutyrolactones by binding to specific receptor proteins such as TylP (a deduced gammabutyrolactones protein receptor) in tylosin producing Streptomyces fradiae. Gammabutyrolactones after binding to their receptor protein (TylP) dissociated it from the target
DNA and released it from transcriptional repression (Bignell et al., 2007).

130

The tylR has been identified as global activator of tyl cluster by gene disruption and
fermentation analysis (Bate et al., 1999) and it positively controls most of the tylosin
biosynthetic genes that are subject to regulation. The tylR controls the multiple genes that
encode the synthesis as well as addition of all three tylosin sugars plus polyketide ring
oxidation and one of the polyketide synthase mega genes (tylG1) (Stratigopoulose et al.,
2004). The tylQ is a transcriptional repressor that blocks tylosin biosynthesis by negatively
controlling activator tylR. For starting tylosin biosynthesis, tylQ must be switched off,
hence, it is also the only gene that remains silent during secondary metabolism and it is
also under the negative control of tylP. The other two genes, tylS and tylT, come under the
family Streptomyces antibiotics regulatory protein (SARP). It has been reported that tylS is
essential for tylosin synthesis because it positively controls tylR (a global activator of
tylosin biosynthesis) plus another gene involved in polyketide metabolism while, tylT is
not essential for tylosin biosynthesis (Bate et al., 2002).
Inspite of all above mentioned informations, very little is known about genetic changes
related to increased production in industrial antibiotic producing actinomycetes. We were
also interested to gain some knowledge about over expression of tylosin in mutant γ-1 of
Streptomyces fradiae NRRL-2702 at molecular level and wanted to know whether this
increase was due to any change in tylR and SARP encoding genes (tylS, tylT) that control
tylR or it may be related to any mutation in tylP and tylQ. Therefore, molecular
characterization of regulatory genes to interpret mutations leading to over expression of
tylosin in mutant γ-1 was attempted.
Expression studies by RT-PCR revealed that tylQ was switched off earlier in mutant γ-1 as
compared to wild type stain (Fig. 3.25), although there was no change in the sequence of
tylQ gene in both the strains. The analysis of tylP also indicated no change in expression
between wild type and mutant γ-1 strain (Fig. 3.27) but there was difference of single base
at position 214 and a substitution mutation of T

A (Fig. 3.29) had recorded.

Moreover, the deduced protein sequences of TylP gene indicated that when translated, this
point mutation resulted in the change of one amino acid serine to threonine (S

T) at

position 72 (Fig. 3.30). Stratigopoulos and Cundliffe (2002b) reported similar kind of point
mutation in tylQ gene in a mutant of Streptomyces with several times enhanced expression
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of tylosin which was developed by Seno and Baltz (1982) after several rounds of
mutagenesis by UV, nitrous acid and nitrosoguinidine. Reversible phosphorylation results
in a conformational change in the structure in many enzymes and receptors, causing them
to become activated or deactivated. Phosphorylation usually occurs on serine, threonine,
tyrosine and histidine residues in eukaryotic proteins (Ciesla et al., 2011).
In prokaryotic proteins, phosphorylation occurs on the serine, threonine, tyrosine, histidine
or arginine or lysine residues. The addition of a phosphate (PO4) molecule to a polar R
group of an amino acid residue can turn a hydrophobic portion of a protein into a polar and
extremely hydrophilic portion of molecule. In this way, it can introduce a conformational
change in the structure of the protein via interaction with other hydrophobic and
hydrophilic residues in the protein (Deutscher et al., 2005). So, this change of serine to
threonine in mutant γ-1 may cause a conformational change in the tylP gene product that
alters its effect on tylQ and may be on other genes of regulatory cluster of tylosin
biosynthesis. As RT-PCR remained unsuccessful to detect the expression and consequently
sequence of three other genes i.e., tylS, tylR and tylT. So, routine PCR was used to amplify
these three genes and sequencing of amplified products did not reveal any change in the
sequence of these genes. Therefore, we could not explore the changes in these genes at
molecular level after combined UV and gamma irradiation mutagenesis related to over
expression of tylosin by mutant γ-1. However, the sequences of these genes will be a
valuable addition in databases because these were not available previously for this
particular strain of Streptomyces fradiae NRRL-2702.
Furthermore, tylP negatively controls tylQ and inspection of tylQ promoter region
indicated a partially palindromic sequence (Folcher et al., 2001), similar to consensus
sequence of auto-regulatory element targeted by GBL receptors like TylP (Kitani et al.,
1999; Yamazaki et al., 2004; Takano, 2006). Moreover, similar sequences were also found
in tylP and tylS promoters, so it was point of interest that tylP might control any or all of
these promoters. Expression analysis of tylP in engineered strains was studied and it was
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noted that tylP inhibited its own as well as tylQ promoter with less inhibition of tylS
(Takano, 2006). Theses observation clearly indicated that tylP not only controls tylQ (a
repressor represses a repressor) but exhibited negative control on tylS (activate tylR i.e.,
global activator of tylosin biosynthetic genes) and it also represses tylP in powerful autoregulatory fashion. In other words, all the genes involved in the regulation of tylR are
controlled by GBL receptor protein (TylP) (Stratigopoulose et al., 2002a; Stratigopoulose
et al., 2004).
In our studies, although, expression of tylP was not different in wild type and tylosin over
expressing mutant γ-1, but single point mutation may cause some changes in it at
functional level and its control over other regulatory genes due to which tylosin yield was
increased by mutant γ-1. Inspite that, tylP also acts as pleotropic regulator and involved in
morphological differentiation of Streptomyces, it controls tylosin biosynthesis by affecting
the mycelial levels, tylS and consequently tylR, which directly influences the tylosin
production (Stratigopoulos et al., 2002a; Bignell et al., 2007; Chundliffe, 2008)). Due to
this reason, over expression of tylP, down regulated tylQ as well as tylS and resulted in
reduced yield of tylosin by mutant strains in which tylP was over expressed. On the other
hand, tylosin yield was increased by the strain in which tylP was disrupted, although tylQ
was still shunt down in these strains, when tylosin productions started (Stratigopoulose et
al., 2002).
Morphological changes during the course of antibiotic production (Treskatis et al., 1997)
have already been demonstrated, especially, during the transition from trophophase to
idiophase (Treskatis et al., 1997). Morphological mutant Streptomyces noursei NG7.19
with aberrant morphogenesis and higher production was also selected in a classical strain
improvement program (Oleno et al., 2008). Mutant γ-1 is also a morphological mutant and
this change in tylP elicited such responses in this mutant after mutagenesis but we cannot
say that tylP is the sole agent that controls the expression of tylQ and more investigations
are needed to fully explore this. The process for production of antibiotics involves
complicated signal transmissions, which has not been fully understood yet. Signals from
pleiotropic regulators which not only control morphological differentiation, antibiotic
production but also influence several secondary metabolic pathways are transmitted to
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pathway-specific regulators that switch on the transcription of the biosynthesis-related
genes (Bibb, 2005). A combination of classic and modern techniques was used in this
study to induce genetic variations, selection of potent strains to enhance the yield of tylosin
antibiotic and to some extent, efforts were made to explore the mechanism behind this
increased expression. Therefore, it is suggested that, efficient strains can be designed by
combination of classic and modern techniques, in order to achieve commercial
pharmaceutical aims. On the other hand, industrial production of antibiotics is not much
grown in developing countries so, these countries should have to investigate this industry,
which is achievable by scientific research, native infrastructure and collaboration with
developed countries. These techniques can also be shifted to enhance the yield of other
biopharmaceutical products and secondary metabolites to fulfill demand of industry at
larger scale.

Today the total volume of the Pakistan pharmaceutical market is about 1.64 billion US$
and share of veterinary health products is about 0.08 billion US$ (Economic Survey of
Pakistan, Ministry of Livestock & Dairy Development, 2011), among which, the major
contributors (28%) are of veterinary antibiotics. Pakistan’s Pharmaceutical industry has
essentially developed as a formulation and packaging industry with no emphasis on R&D.
About 95% of all raw-materials have to be imported from countries like China, Japan, U.K
and Germany etc. Furthermore, after adding local in-puts and local processing, Pakistani
products become expensive and uncompetitive compared to their Indian or Chinese
counterparts. So, we need to develop local sources of raw materials of pharmaceutical
nature. The native production of raw materials with improved formulations and
improvement in production methods would play an important role in lowering the prices of
many drugs, especially veterinary drugs including tylosin to make it available to low
income farmers. Till now, no local pharmaceutical company is synthesizing raw material
for tylosin production in Pakistan. All the raw materials used in tylosin preparation are
imported from China, Japan, Germany and U.K etc. These countries are using different
strains of Streptomyces fradiae including NRRL-2702 to synthesize tylosin and the
increase in tylosin expression in our experiments is comparable or even better than
reported previously (Lee et al., 1997). Therefore, such type of research and development
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regarding improvement in the biosynthesis of biological materials used for the preparation
of medicines/drugs would be a very useful way forward and may be helpful in promoting
local formulations for the production of veterinary drugs like tylosin.
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