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Amplification of gene expression of the most productive colony type of Amycolatopsis mediterranei
strain N1 under stress of chloramphenicol, resulted in isolation of a variant NCH with productivity of
2.56 g/l compared to 1.15 g/l by the parent strain N1 (2.2 fold increase) . This amplified variant has a
further advantage of reduced variation in colony morphology with predominance of the most productive
colony type. Using variant NCH, modification of the fermentation medium F1 by the addition of 0.1%
yeast extract or the use of 1.8% KNOg3 resulted in 3.8 and 5.8-fold increase in productivity, respectively,
compared to strain N1. When the F1 medium was replaced by a new medium F2 containing soytone,
instead of the particulate constituents (peanut meal and soybean meal) the yield by variant NCH
reached 7.85 g/l (6.8-fold increase). Modification of the F2 medium by addition of glycerol or the
replacement of glucose by glucose syrup decreased rifamycin B production. Changing the
concentration of soytone increased the yield only slightly while replacing it with peptone or tryptone or
the addition of 1 % corn steep liquor failed to increase the yield. On the other hand, the addition of 0.1
% yeast extract, or the replacement of 0.6% (NH4)2SO4 by 1.2% KNO3 or 0.4% NH4NO3 to F2 medium led
to 8.2, 10.2 and 10.4-fold increase in productivity, respectively, compared to productivity of strain N1 in
F1 medium. The change in the concentrations of either MgSO4 or CaCOg3, the use of different types of
antifoams and the use of higher concentrations of sodium diethyl barbiturate did not significantly
influence the yield. These collective optimization attempts thus resulted in a 10.4-fold increase in
productivity, from 1.15to 11.99 g/l.
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INTRODUCTION

Attempts have been made to improve fermentation and
downstream processing parameters for better yieds of
rifamycins. Continuous efforts since 1960 have led to the
development of several industrial strains  of
Amycolatopsis mediterranei either with the ability to
produce higher amounts of rifamycin B or mutant strains
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that could directly produce active rifamycins and their
derivatives (Chiao et al., 1988; Lal et al., 1995; Lancini
and Hengeller, 1971; Lysko and Gorskaia, 1986;
Ghisalba et al., 1982; Schupp and Divers 1986). Gene
amplification is of widespread occurrence in prokaryotic
and eukaryotic organisms (Anderson and Roth,1977;
Schimke et al., 1982) where selection for increased gene
dosage can be applied to generate strains that carry
multiple copies of a gene and consequently high gene
expression products (Young,1984).

Biotechnology production processes are the result of
time-consuming, expensive research. For each producing



strain, the medium and the other process parameters
must be adjusted to allow the maximal expression of the
producing capacity. It is obvious that such informations
are industrial properties, and for rifamycin, the
composition of the media actually used for industrial
production are not published. However, some information
can be extrapolated from published laboratory data and
patent literature that give a fairly good idea of the most
suitable ingredients and their concentrations (Lancini and
Cavalleri, 1997; Pape and Rehm, 1985).

Our previous attempts to improve rifamycin B
productivity of the industrial strain N1 by selection of the
best producing colony type and by modifying the
fermentation medium F1 resulted in an increase in the
yield from 0.5 to 2.92 g/l (El-Tayeb et al., 2004). This is
much lower than the economically viable yield. Therefore,
in this study, we tried two approaches: the improvement
of the producer strain by gene amplification and studying
different physiological parameters for the process
including media constituents.

MATERIALS AND METHODS
Bacterial strains

A. mediterranei — RCP 1001 mutant strain N1 was obtained from El-
Nasr Company for Pharmaceutical Chemicals, Egypt.

Chemicals

Chemicals used throughout this work were of laboratory reagent grade

unless otherwise indicated. Glucose, KNO3, NH4NO3, NaNO; and
propylene glycol were the products of ADWIC, Egypt. Sodium diethyl
barbiturate (SDB) was the product of Grindstedvaerket A/S,

Denmark. Potassium sodium tartarate tetrahydrate,
3,5dinitrosalicylic acid, CaCOg3, MgS04.7H20, FeSO4.7H 20,
KH2PO4, ZnS04.7H20, CoCly.6H20, (NH4)2SO4 and NaOH were
the products of E. Merck, Darmstadt, Germany. Glacial acetic acid
was the product of Aldrich Ltd, England. Chloramphenicol was
obtained from Chemical Industries Development Co. (CID), Egypt.
Sunflower oil was obtained from local commercial suppliers.

Media

Tryptone, peptone, yeast extract, malt extract, beef extract, skim
milk, soytone, and bacto agar were the products of Difco
Laboratories, Detroit, U.S.A. Corn steep liquor and glucose syrup
were obtained from the Egyptian Co. for Manufacture of Starch and
Glucose, Egypt. Oat flakes, soybean meal and peanut meal were
obtained from local commercial suppliers.

Media used for propagation, selection and maintenance as well
as the vegetative medium V1 and the fermentation medium F1 were
those previously reported by El-Tayeb et al. (2004). The vegetative
medium V2 (Lee and Rho, 1994) is composed of: glucose, 20.0 g;
yeast extract, 5.0 g; tryptone, 2.5 g; malt extract, 5.0 g and distilled
water to 1000.0 ml. The pH of was adjusted to
7.0. The fermentation medium F2 (Lee and Rho, 1994) is
composed of: dextrose, 120.0 g; soytone, 35.0 g; (NH4)2S04, 6.0 g;
KH;PO4, 1.0 g; CaCOg3, 8.5 g; MgS0O4.7H >0, 0.8 g; sodium diethyl
barbiturate, 1.0 g and distilled water to 1000.0 ml. The pH was
adjusted to 7.1.

Methods

The methods used for maintenance, propagation, selection,
preparation of inoculum and production of rifamycin B in shake
flasks as well as determination of remaining glucose concentration
and assay of rifamycin B were those previously reported by El-
Tayeb et al. (2004). Yields of rifamycin B indicated are those
obtained on day 8, unless otherwise indicated.The biomass was
determined by dry cell weight method as described by Virgilio et al.
(1964).

Gene amplification

Gene amplification was carried out as described by Kallio et al.
(1987). A 5% v/v inoculum of strain N1 was added to a flask
containing 100 ml vegetative medium (V1) containing 15 pg/ml
chloramphenicol. The shake flask was incubated for 3 days at 28°C.
One ml of this culture was used to inoculate another flask
containing 30 pg/ml of the antibiotic, then the shake flask was
incubated for 3 days at 28°C and the procedure was repeated using
60 pg/ml chloramphenicol. Several aliquots of 1 ml of the last
culture were transferred onto the surface of Bennett's agar plates
containing 120 pg/ml chloramphenicol. These plates were
incubated for 12 —15 days at 28°C. Typical colonies (El-Tayeb et
al., 2004) were selected and cultured onto the surface of Q/2 agar
slants, incubated for 8 days at 28°C and used for propagation and
selection. The variant obtained, NCH, was maintained as
lyophylized material in skim milk.

RESULTS

The variant NCH was compared to strain N1 for
productivity in F1 medium (Figure 1) whereby it produced
2.56 g/l compared to 1.15 g/l by strain N1. The pattern of
productivity by both cultures was somewhat similar, with
variant NCH showing higher slope of increase between
days 6 and 8. Both sugar consumption and pH were
similar with both strains. The variant NCH showed the
same colonial morphology and  microscopical
characteristics as the parent strain N1 on Bennett’'s agar
and F1 medium. However, it showed less variation in
colony morphology with the predominence of the best
productive colony type.

Modification of the F1 medium was carried out by the
addition of yeast extract and by changing the
concentrations of each of glucose and KH>PO4 as well as
replacing (NH4)2SO4 by KNOj3 (Figure 2). Addition of
0.1% vyeast extract after 2 days of incubation increased
rifamycin B production from 2.56 to 4.32 g/l (68%), while
the use of 0.9 and 1.8% KNO3 markedly increased
rifamycin B production from 2.56 to 6.33 g/l (2.5-fold) and
to 6.72 g/l (2.6-fold), respectively. Upon microscopical
examination, It was observed that KNO3 decreased
branching and fragmentation of the mycelia in the
fermentation medium. On the other hand, the use of
glucose in concentrations above or below 14% (control)
reduced the yield by 15-17% (Figure 2). In addition, the
use of KH2PO4 in concentrations above 0.1% (control)
caused a marked decrease (37-45%) in the yield (Figure
2). Thus, these optimization attempts of the fermentation
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Figure 1. Comparison between strain N1 and variant NCH with
respect to rifamycin B production (P), remaining glucose
concentration (S) and pH in F1 medium.
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Figure 2. Effect of different modifications in F1 medium on
rifamycin B production by variant NCH.

process using variant NCH resulted in a significant
increase in the yield from 2.56 g/l to a maximum of 6.72
g/l (2.6-fold).

To further increase the yield of rifamycin B using variant
NCH, we resorted to radical modification of both the
vegetative and the fermentation media. In addition to

Figure 3. Comparison between F1 and F2 media with respect to
rifamycin B production (P), remaining glucose concentration (S),
biomass (X) and pH by variant NCH.

failing to reach the desired yield, F1 medium was a
particulate medium in which following biomass production
was not possible through either dry cell weight or
turbidity. We thus shifted to a soluble medium, F2. It was
thought appropriate then to also shift the vegetative
medium to a particle free one, V2. This approach resulted
in an increase of rifamycin B production from 2.56 to 7.85
g/l (3.1-fold) when compared to production by variant
NCH on unmodified F1 medium (Figure 3). Using F2
medium we noted that while biomass formation started
immediately and reached its peak after 4 days,
production started only on day 2 and reached its
maximum on day 8.

Further optimization of rifamycin B production by the
variant NCH in F2 medium included changes of most of
its ingredients, their concentrations and the time of their
addition and the results are presented in Table 1. In all
cases, rifamycin B production, remaining glucose
concentration, biomass and pH were followed in a time
course. The carbon sources glucose syrup and glycerol,
the nitrogen sources peptone, tryptone, corn steep liquor,
soytone at a concentration of less than 3% and
concentrations of (NHg)2SO4 as well as different

concentrations of MgSO4 and CaCOg3 failed to increase
the yield (Table 1 and Figures 4 and 5). Different
concentrations of SDB and different types of antifoam
gave comparable yields (Table 1). On the other hand, the
addition of 0.1 % yeast extract after 2 days of incubation
(Table 1) increased the yield from 7.85 to 9.49 g/l (21%)
and the replacement of (NH4)2SO4 with 0.6 t01.2% KNO3

or with 0.05 to 0.8% NH4NO 3 increased rifamycin B
production and the highest yield was achieved with 1.2%



Table 1. Effect of different modifications in F2 medium* on rifamycin B production by variant NCH on day 8.

Variable factors Conc. Rifamycin B Variable factors Conc. Rifamycin B
(9%) conc. (g/) (9%) conc. (g/l)
Carbon Source ] Glucose syrup"”’ 5.0 6.11
Glycerol™ 6.0 6.56 10.0 6.22
6.0@ 7.68 15.0 6.34
20.0 3.52
25.0 1.84
Inorganic Nitrogen Organic Nitrogen
(NH4)2S0a4 0.4 7.65 Soytone 2.0 5.86
(0.6) 7.85 2.5 6.95
0.8 6.93 3.0 7.76
@ 0.96 6.79 (3.5) 7.85
KNOQOs 0.6 8.76 4.0 7.71
0.9 8.85 ®) 45 7.69
1.2 11.76 Tryptone 35 6.5
1.8 459 Peptone'™ 35 6.28
NHaNO3' 0.05 11.56 Yeast extract'® 0.1 9.49
0.1 11.73 Corn steep quuorm 1.0 6.69
0.2 11.88
0.4 11.99
0.6 10.32
0.8 9.07
MgSOa4 0.04 5.80 CaCOs3 0.6 7.55
(0.08) 7.85 (0.85) 7.85
0.12 7.90 1.1 7.70
0.16 6.27
spe® (0.1) 7.85 Antifoam
0.15 7.97 Low density
0.17 8.13 silicone oil 0.2 7.62
0.2 7.91 High density
silicone oil 0.2 7.63
Sunflower oil 0.2 7.57

*The concentrations of the F2 medium (control) are between brackets.

(1) Glycerol added after 1 day of incubation.

(2) Glycerol added after 3 days of incubation.

(3) Instead of glucose.

(4) Instead of (NH4)2S04.

(5) Instead of soytone.

(6) Yeast extract added after 2 days of incubation.
(7) Corn steep liquor added after 1 day of incubation.
(8) Sodium diethyl barbiturate.

KNO3 or 0.4% NH4NO3 which increased the yield from
7.85 to 11.76 (50%) and 11.99 g/l (53%), respectively
(Table 1 and Figure 6).

DISCUSSION

Although our previous optimization attempts to improve
the fermentation process using strain N1 in F1 medium
increased rifamycin B production, the yield was too low to

be used for an economically viable technology and some
variation in colony types continued to be observed (El-
Tayeb et al., 2004). To obtain higher yields and to
overcome the problem of variation in colony types,
another approach to improve the strain had to be tried.
Gene amplification as a method of strain improvement
had been successfully used with Bacillus subtilis
producing a-amylase (EL-Tayeb et al., 2000; Kallio et al.,
1987). By application of gene amplification to N1 strain
(by exposing the parent strain N1 to increasing
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Figure 4. Effect of replacing glucose with different concentrations of glucose syrup in F2 medium on rifamycin B
production (A), remaining reducing sugars (B), biomass (C) and pH (D) by variant NCH.

concentrations of chloramphenicol), we achieved 2.2-fold
higher yield (Figure 1) with less colony variation and
predominance of the most productive colony type.

The increase in the production of rifamycin B after
treatment of the parent strain with chloramphenicol could
be explained by the finding of Lenski et al. (1994) that
repeated subculture of a plasmid—containing strain under
selective conditions eventually gave rise to a variant of
the plasmid that was much more stable in the absence of
selection than the original form of the plasmid. Salyers
and Amabile-Cuevas (1997) suggested that exposure of
a bacterium with a newly acquired plasmid or conjugative
transposon to antibiotic concentrations high enough to be
slightly selective but low enough to allow bacteria to
replicate could foster adaptive mutations that have the
effect of fixing the element in its new host. They further

suggested that any gene carried on the plasmid would
have the chance during this period of selective pressure
to increase their expression levels or to adopt to a better
fit with their new host. On the basis of the above
explanations, one may suspect the possible presence of
plasmids in colony type 1 which are involved in the
biosynthesis of rifamycin. Although Ghisalba et al. (1984)
reported that no plasmids have been isolated from
Nocardia mediterranei ATCC 13685 and its mutants and
indicated that plasmids do not play a significant role in
rifamycin  biosynthesis, a genetically manipulated
industrial strain such as strain N1 may show different
genomic constitution. However, it should also be noted
that, Kallio et al. (1987) studied a-amylase production by
Bacillus subtilis in two different gene expression systems
where a-amylase gene was incorporated either into a
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Figure 6. Effect of replacing (NH4)2SO4 with KNO3 in F2 medium
on rifamycin B production (P), remaining glucose concentration (S)
and pH by variant NCH.

plasmid or in the chromosome. They found that gene
amplification by chloramphenicol resulted in higher
amplification of the chromosomally encoded gene copies

for a-amylase than in plasmid containing or the parental
strains. Further genetic studies on variant NCH are
needed in order to determine whether the amplification of
the gene for rifamycin B biosynthesis is plasmid or/and
chromosomally encoded.

Optimization of the process using variant NCH in F1
medium by the addition of yeast extract, changing

concentrations of either glucose or KH2POg4 or replacing

(NHg) 2S04 by KNO3 gave results which were similar to
those previously obtained with strain N1 ((El-Tayeb et al.,
2004). When glucose concentrations above or below the
control were used the yield decreased by 15-17% (Figure
2). In conclusion, optimization of rifamycin B production
by variant NCH using a modified F1 medium increased
the yield from 2.56 g/l to a maximum of 6.72 g/l (2.6-fold).

To further increase the yield of rifamycin B we shifted to
soluble media, V2 and F2, recommended by Lee and
Rho (1994). This approach resulted in a 3.1-fold increase
of rifamycin B yield by variant NCH from 2.56 to 7.85 g/l
as compared to production in the unmodified F1 medium.
This increase in the yield was associated with a marked
increase in the apparent rate of glucose consumption till
day 4 along with a decrease in pH from day 2 to day 4
(Figure 3). After day 4, the apparent rate of glucose
consumption decreased, with F2 medium, along with a
rise in pH from 6.5 to 7.7 while higher remaining glucose
concentration was still available with F1 medium. The rise
in pH after day 4 is possibly due to the disappearance of
carbohydrates and the metabolism of the intermediate
organic acids accumulated, as well as the slow release
and metabolism of nitrogenous materials from proteins.
Lee et al. (1983) concluded that the utilization of glucose
at the idiophase is an influencing factor for rifamycin B
production, since almost all the carbon units in the
rifamycin B molecule are derived from glucose. They
added that the optimal pH condition in the idiophase was
found to be in the range of pH 7.0 to 7.5.

Further attempts to optimize rifamycin B production by
variant NCH in F2 medium were carried out by changing
most of its ingredients, their concentrations and the time
of their additions. The fermentation process lasts for 8
days and a consistent lag time of about 48 h was
observed before the beginning of antibiotic production.
Ghisalba et al. (1984) mentioned that the long lag phase
observed during the fermentation of A. mediterranei is
one of the problems encountered in rifamycin B
production. However, they did not give any suggestion as
to how this problem may be overcome.

Replacing glucose with the less expensive glucose
syrup (5-30%) decreased the yield. The use of 5, 10 and
15% glucose syrup decreased biomass till day 5 and
consequently antibiotic production by 19 to 22% along
with high pH values (above 7.5) in the trophophase
(Figure 4). Taking into consideration that the glucose
syrup used was prepared by acid hydrolysis of starch and
hence contained mainly dextrins, maltose and low



content of glucose, this rise in pH may point to a possible
establishment of a critical balance in utilization of
glucose, dextrins, and amino acids released from soluble
proteins of the medium as energy sources with dextrins
being least favored. With such possibility, a slight rise of
pH could be expected as a result of release of ammonia
from amino acids along with continuous consumption of
intermediate organic acids produced during metabolic
activity. However, the higher concentrations of glucose
syrup (20-30%) markedly decreased the yield by 55 to
82%. It is possible that these high concentrations of
glucose syrup might contain some undesirable
ingredients such as hydroxy-methyl furfural, which led to
inhibition of rifamycin B biosynthesis even though the
results do not suggest inhibition of biomass production
(Figure 4). It is interesting that with all the tested
concentrations of glucose syrup, the pattern of remaining
reducing sugars was somewhat similar and differed from
the control, showing a slower rate of carbohydrate
utilization. It seems that the organism continuously
replenishes the reducing sugars by hydrolysing more
higher saccharides.

Since A. mediterranei can utilize either glucose or
glycerate as a precursor for the biosynthesis of 3-amino-
5-hydroxybenzoic acid which is the chain initiator
molecule in the biosynthesis of rifamycins (White et al.,
1974), we used a supplement of 6% glycerol to the F2
medium containing 12% glucose after 1 or 3 days of
incubation (Figure 5). The addition of glycerol after 1 day
was associated with reduced biomass during the
idiophase with somewhat lower rifamycin B production,
while its addition after 3 days led to a similar reduction in
biomass but the yield was comparable to the control.

As for the content of organic nitrogen sources in F2
medium, the soytone concentrations of 3% and higher
gave comparable rifamycin B production while lower
concentrations resulted in some reduction of the yield
(Table 1). Replacement of soytone by other enzymatically
hydrolyzed proteins such as tryptone and peptone (Table
1) slightly decreased the yield. The addition of 0.1% yeast
extract after 2 days increased the antibiotic yield by 21%
(Table 1). In contrast, the use of 1% corn steep liquor
after 1 day decreased the yield along with a marked
decrease in pH during the idiophase, while the biomass
was comparable to the control (Figure 5). Yeast extract
here is regarded more as a source of cofactors than of
nitrogen nutrients. In one sense corn steep liquor is a
comparable substrate. However, since it did not produce
the same effect one may assume that corn steep liquor
acts as a nitrgen source but not as a source of
stimulatory cofactors such as the B-factor present in
yeast extract (Kawaguchi et al., 1984, 1988). This
conclusion should be taken in conjunction with the
observed lower pH which corn steep liquor produced after
day 4 which is not favorable for antibiotic production (Lee
et al.,, 1983). In this respect, Krishna et al. (2000)
reported that some organic nitrogen compounds do not

stimulate rifamycin SV production because of feed back
effects which are strain specific. As for inorganic nitrogen

sources, 0.4% (NH4) 2SOg4 led to a rifamycin B yield
comparable to the control (0.6%), while higher
concentrations (0.8—1%) resulted in a slight reduction in
yield (Table 1). Lee and Rho (1994) suggested that the
use of high concentrations of ammonium ion repressed
rifamycin B production.

Since nitrate stimulates rifamycin production by its
regulatory effect on lipid and rifamycin biosynthetic
pathways (Rui-Shen et al., 1979), we replaced
(NH4)2S04 in F2 medium with different concentrations of
KNO3 and NH4NO3 .The use of 0.6, 0.9 and 1.2% KNOs3
in F2 medium, led to an increase in rifamycin B
production by 12, 13 and 50%, respectively (Table 1 and
Figure 6). It is to be noted that 1.2% KNO3 contains an
equivalent nitrogen as 0.6% (NH4)2SO4 present in F2
medium (control). A similar increase has been previously
observed when using KNO3 in F1 medium with variant
NCH (Figure 2) and strain N1 (EL-Tayeb et al., 2004). In
contrast, the use of 1.8% KNO3 led to 42% decrease in
rifamycin B production, along with an increase in pH
observed all over the time course of the fermentation,
which also affected growth.

When (NH4)2S04 was replaced by 0.05-0.8% NH4NO3
(Table 1) rifamycin B production increased from 7.85 g/l
to a maximum vyield of 11.99 g/l (53%). All the tested
concentrations also showed almost the same pattern of
glucose consumption and of biomass production but
slight differences in pH patterns. This is in contrast with
the findings of Lysko and Gorskaia (1986) who tested
different inorganic nitrogen sources, and found that
(NH4)2S04 but not NH4NO 3, NH4Cl and NaNO3 provided
optimum pH levels for antibiotic production. This
disagreement may be due to differences in strains, since
Rui—Shen et al. (1979) reported that some strains did not
utilize nitrate as a nitrogen source and that the effect of
nitrate is strain specific.

Although SDB was reported to act as an activator or an
inhibitor of certain enzymes associated with rifamycin B
production, causing a shift toward the production of
rifamycin B (Lal et al.,, 1995, Mejia et al., 1998),
concentrations of SDB above that present in F2 medium
(0.1%) slightly increased the vyield of rifamycin B (Table
1). Similarly, changes in concentrations of MgSO 4 and

CaCO3 did not cause a major shift in antibiotic yield
(Table 1). Since antifoams, which are necessary when
the process is conducted in a stirred tank fermentor, may
affect growth and consequently antibiotic production,
different types of antifoams namely, low and high density
silicone oils and sunflower oil were tested. They all
resulted in comparable antibiotic yields (Table 1).

In conclusion, the application of gene amplification
technique increased rifamycin B production from 1.15 to
2.56 g/l (2.2- fold) and reduced morphological colony
variation. Modification of the fermentation medium F1
increased the yield from 2.56 to 6.72 g/l (2.6-fold). When



the V1 and the F1 media were radically replaced by V2
and F2 media, the yield increased from 2.56 to 7.85 g/l
(3.1-fold). Modification of the F2 medium by the addition
of 0.1% yeast extract after 2 days of incubation or the use

of either 1.2% KNOs3 or 0.4% NH4NOg3, instead of (NH

4)2S0y4, increased the yield from 7.85 to 9.49, 11.76 and
11.99 g/l, respectively. These yields are promising for
further optimization for industrial production.

ACKNOWLEDGMENTS

This research was supported by Linkage Il Project No.
208 funded by the Foreign Relations Coordination Unit of
the Supreme Council of Egyptian Universities. The
research was conducted at the Microbial Biotechnology
Center, which was established with the support of the
United Nations Environment Program. The authors thank
Dr. R.W. Coughlin, Professor of chemical engineering,
University of Connecticut and co-principal investigator of
the Linkage Project for technical assistance and valuable
discussions and suggestions for this research.

REFERENCES

Anderson RP, Roth JR (1977). Tandem genetic duplications in phage
and bacteria. Ann. Rev. Gen. 31: 473-505.

Chiao JS, Xia TH, Ni LY, Gu WL, Jin ZK, Mei BG, Zhang YF (1988).
Studies on the metabolic regulation of rifamycin SV biosynthesis. In:
Okami Y, Beppu T, Ogawara H (eds.) Biology of Actinomycetes 88.
Tokyo: Japan. Scientific Societies Press, pp 412-417.

EL-Tayeb OM, Hashem A, Mohammad F, Aboulwafa M (2000).
Optimization of the industrial production of bacterial alpha amylase in
Egypt 1. Strain selection and improvement. Proceedings of the tenth
Microbiology Conference, Cairo, Egypt, Nov, pp 419-438.

El-Tayeb OM, Salama AA, Hussein MMM, El-Sedawy HF (2004).
Optimization of industrial production of rifamycin B by Amycolatopsis
mediterranei I. the role of colony morphology and nitrogen sources in
productivity. Afr. J. Biotechnol. 3: 266-272.

Ghisalba O, Auden JAL, Schupp T, Nuesch J (1984). The rifamycins:
properties, biosynthesis and fermentation. In: Vandamme E (ed.)
Biotechnology of Industrial Antibiotics. Basel, Marcel Decker, Inc.
New York, pp 281-327.

Ghisalba O, Roos R, Schupp T, Niesch J (1982). Transformation of
rifamycin S into rifamycin B and L. A vision of the current biosynthetic
hypothesis. J. Antibiot. 35: 74-80.

Kallio P, Palva A, Palva | (1987). Enhancement of alpha amylase
production by integrating and amplifying the alpha amylase gene of
B. amyloliquifaciens in the genome of B. subtilis. Appl. Microbiol.
Biotechnol. 27: 64-71.

Kawaguchi T, Asahi T, Satoh T, Uozumi T, Beppu T (1984). B-factor, an
essential regulatory substance inducing the production of rifamycin in
a Nocardia sp. J. Antibiot. 37: 1587-1589.

Kawaguchi T, Azuma M, Horinouchi S, Beppu T (1988). Effect of B-
factor and its analogous on rifamycin biosynthesis in Nocardia sp. J.
Antibiot. 41: 360-365.

Krishna MPS, Venkateswarlu G, Venkateswar-Rao L (2000). Effect of
uracil on rifamycin SV production by Amycolatopsis mediterranei
MV35R. Lett. Appl. Microbiol. 31(1): 73-76.

Lal R, Khanna M, Hardeep K, Srivastava N, Tripathi KK Lal S (1995).
Rifamycins: Strain improvement program. Crit. Rev. Microbiol. 21(1):
19-30.

Lancini G, Cavalleri B (1997). Rifamycins. In: Strohl WR (ed)
Biotechnology of Industrial Antibiotics. Marcel Decker, New York, pp
521-549.

Lancini GC, Hengeller C (1971). U.S. patent 3; 597,324. Cited in:
Biotechnology of Industrial Antibiotics(1997). Strohl, WR (ed) 2" ed.
Marcel Decker, New York, pp. 537.

Lee JG, Choi CY, Seong BL, Han MH (1983). Optimal pH profile in
rifamycin B fermentation. Ferment. Technol. 61: 49-53.

Lee KJ, Rho YT (1994). Quantitative analysis of mycelium
morphological characteristics and rifamycin B production using
Nocardia mediterranei. J. Biotechnol. 36: 239-245.

Lenski RE, Simpson SC, Nguyen TT (1994). Genetic analysis of a
plasmid -encoded, host genotype-specific enhancement of bacterial
fitness. J. Bacteriol. 176: 3140-3147.

Lysko AV, Gorskaia SV (1986). Effect of various forms of inorganic
nitrogen on biosynthesis of rifamycin B. J. Antibiot. Med. Biotechnol.
31: 519.

Mejia A, Javier BG, Gustavo VG (1998). Overproduction of rifamycin B
by Amycolatopsis mediterranei and its relationship with the toxic
effect of barbital on growth. J. Antibiot. 51: 58-63.

Pape H, Rehm HJ (1985). Microbial Products. In: Rehm HJ, Reed G
(eds) Biotechnology. VCH, pp 436-457.

Rui-Shen J, Yu-mei C, Meng-gan W, Weiling G (1979). Studies on the
metabolic regulation of biosynthesis of rifamycin by Nocardia
mediterranei. Acta Phytophysiol. Sinica. 5: 395-401.

Salyers AA, Amabile-Cuevas CF (1997). Why are antibiotic resistance
genes so resistant to elimination. Antimicrob. Agents Chemother.
41(11): 2321-2325.

Schimke RT, Brown PC, Kaufman RJ. (1982). Gene amplification and
drug resistance in mammalian cells. Natl Cancer Inst Monogr. 60:79-
86.

Schupp T, Divers M (1986). Protoplast preparation and regeneration in
Nocardia mediterranei. FEMS Microbiol. Lett. 36: 159-162.

Virgilio A, Marcelli E, Agrimino A (1964). Aeration-agitation studies on
the rifamycin fermentation. Biotech. Bioeng. 6: 271-283.

White RJ, Martinelli E, Lancini GC (1974). Ansamycin biogenesis:
Studies on a novel rifamycin isolated from a mutant strain of Nocardia
mediterranei. Proc. Nat. Acad. Sci. U.S.A. 71: 3260-3264.

Young M (1984). Gene amplification in Bacillus subtilis. J. Gen.
Microbiol. 130: 1613-1621.



