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ABSTRACT

Rifamycin SV is abroad-spectrum antibiotic wideded in human drug therapy. Cell immobilization ehance
the productivity of secondary metabolites such msbatics. The purpose of the present work is nbance the
yields of rifamycin by immobilization of mutantastr of Amycolatopsis mediterranei OVA5-E7.Calciuligireate
was found effective and suitable for improving pheductivity of rifamycin SV under repeated batemfentation
compared to other matrices. Rifamycin SV productith immobilized A.mediterranei cells was bettatmc made
of 2% alginate and 3% calcium chloride with 1h eigritime and maintained at pH 7.0 while the tempemtvas
maintained at 28°C for a period of 6 days. Them§ain SV production increased to 6396 mg/L whiethdgid 1.5
folds higher quantity of antibiotic than free cetlaltured under similar conditions.The cell leakdgem the Ca-
alginate matric is 0.94 mg/ml enabling five repehtbatch fermentations with each batch lasting for 6
days.Similarly, the yields from other immobilizatimatrices are 4865mg/L in k-Carrageenan, 4620 nmig/agar-
agar, 4552 mg/L in polyacrylamide and 4401 mg/Inggielatin.Compared to earlier scientific repoi@a-alginate
entrapped cells of Amycolatopsis mediterraneia laitt) fine-tuned fermentation parameters as repbtiere were
found effective for repeated batch submerged fetatiens towards maximizing the rifamycin SV yields.

Keywords: rifamycin SV productionAmycolatopsis mediterranaiell immobilization, alginate matrice, repeated
batch fermentation

INTRODUCTION

In human drug therapy, antibiotic production is ofi¢he key areas in the field of applied microb@} and modern
medicine attracting the attention of scientific gpe world-wide.Self immobilization of microorganismn films,
floccules and pellets is a wide spread occurrenc@a common phenomenon observed in nature. The fise o
immobilized cells in bioprocesses however is atnadly recent development that took place globalty.recent
times much interest is being focused on the usenofobilized cells; many organisms have been imniwdgl by
various methods for enhancing the production ofousr compounds. Antibiotics being secondary metsmhre
synthesized after exponential growth phase of rhiatacells in case of free cell cultures [1-5]idtinteresting to
note that immobilization uncouples growth and meliéd production without affecting secretion of iidtics in to
extracellular medium. There is a paucity of infotima on the application of immobilized cell in tpeoduction of
antibiotics, which needs focus and scientific aiten

Presently, cell immobilization is a useful techréqio investigate the potential of new bio-industgeoduction
processes. This technique has been used to incpeadaction of several kinds of antibiotics and nianyprove,
occasionally, the yields. The application of immizieid cells so asto improve microbial antibiotioguction is one
of the main areas of modern biotechnology [1,2;8he potential of immobilization is to maintain aghi
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concentration of cells and provide the requireddition for continuous production of antibiotic witht the need to
grow cells, further. Cell immobilization can proeidgnany operational and economical advantages suptofonged
metabolic activities, reuse of biocatalyst and preing washing out of cells at higher fermentafiow rates [1-5].

Rifamycin is one of the most potent and broad-spettantibiotic used against bacterial pathogensiarad key
component of anti-tuberculosis and retro-virusteglalisease therapy. Rifamycin’s (e.g., rifamycjr&®¥/, etc) are a
family of antibacterial antibiotics produced by theil bacteriumAmycolatopsis mediterranelhese rifamycins
belong to a class of antibiotics known as ansansyaimich are medically important macrolide antilwsiproduced
by actinomycetes in which an ansachain is linketivinnon-adjacent positions of an aromatic nucleus.

Earlier, we developed an efficient strain namalynycolatopsis mediterran@VA5-E7 by successive mutations
with UV and EtBr. Now, to enhance the rifamycin Igiee further we tried to refine and evaluate diffdre
immobilization matrices and the fermentation coiodis.

Immobilization and repeated batch fermentationsifamycin production are well known [2, 5].

The purpose of the present investigation was tdysthe immobilization of mutandmycolatopsis mediterranei
OVAB5-E7 cells for higher rifamycin SV productioning different entrapment matrices namely calciugirete, k-
Carrageenan, polyacrylamide, agar-agar and getpin The reusability of immobilized cells for rifggin SV
production under repeated batch fermentation cimmditwas also investigated and the results arepted.

EXPERIMENTAL SECTION

Cultureisolate

A mutant strain oAmycolatopsis mediterran@VA5-E7, producer of rifamycin SV was used in firesent study.
The mother strainA. mediterranei (NCIM 5008) was obtained from National Collectioof Industrial
Microorganisms (NCIM) and Gene Bank, a nationallitgchoused at Pune, India. The strain was mutatgd UV
radiations followed by chemical mutagenesis withi@ium Bromide (EtBr) which eventually lead us tevdlop a
new efficient strain, named as OVA5-E7.

Inoculum preparation

Inoculum was prepared by transferring 5 ml susmpengirepared from 5 days old slant culture, into 2580
Erlenmeyer flasks containing 100 ml of sterile inlben medium. The composition of the inoculum mediwas
(g/L): glucose 20, peptone 5.0, yeast extract Bi@at extract 5.0, enzymatic hydrolysate caseinagdb sodium
chloride 1.5 with a pH of 7. The flasks were inciéohon a rotary shaker at 200 rpm at 28°C for Zdayter
incubation the culture was transferred into a letétbe and centrifuged for 5 minutes at 1200 rphe supernatant
was discarded and the culture pellet suspendedLiMQphosphate buffer.The obtainedvegetativecelisewused to
inoculate shake flask in immobilization studies.

Medium for rifamycin SV production by immobilization

Medium used for immobilization studies containd Jg20.0 glucose, 3.0 KO, 1.5 K;HPO,, 1.0 MgSQ.7 H,0,
0.016 FeSQ7 H,0, 0.001 Zn acetate, 5.0 yeast extract, 5.0 pepidme pH was adjusted to 7.0 with 0.1 NaOH. A
50 ml of medium was distributed into each flaskobefautoclaving. Glucose was sterilized separatety added to
the cultivation medium before inoculation.

Optimization for immaobilization

Sodium alginate

Various concentrations of sodium alginate (0.51.5, 2, 2.5 and 3 w/v) were used to prepare theldedodium
alginate and calcium chloride were used to prepalgthate beads. Sodium alginate solution was peepay
dissolving appropriate amount of sodium alginatd@® ml of hot distilled water separately. The teois were
stirred vigorously for 10 min to obtain thick andiform slurry without any un-dissolve clumps. Theme was
sterilized by autoclaving. Both alginate slurry aredl suspension (10% v/v) were mixed and stir@d1f0 min to
get uniform mixture. The slurry was taken into #esyringe and then added drop wise into 3% caicalloride
solution from 5 cm height and kept it for curingd@C for 1 h. Then the beads were washed withlestemter for 3
to 4 times and preserved at 4°C if not used imntelgiaAll the operations were carried out asepljcainder
laminar flow unit. The beads were transferred iptoduction medium and incubated at 28°C for 14ZHe cell
mass and rifamycin SV production at different tinné$éermentation were estimated.
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CacCl, concentration

The concentration of cationic solution has a sigaiit effect on the gelling behavior of alginater Ehe evaluation
of bead stability, immobilization procedure wasrigat out with different concentration of calciumafide solution
(1, 2, 3 4 and 5 %). All the fermentation experitseand assays were carried out as per the geneeddure
described earlier.

Cationic solutions

Different cationic solutions such as Ba@rCl, in addition to Cagl(3%) were used to prepare the alginate beads
containing cells as described earlier, the sucegssll immobilization in gels mainly depends upgbe gel stability

to withstand compactness problem during fermemapoocess. The fermentation and assay was carsed a
described earlier

Curing time

To study the effect of curing time of beads onmij@in SV production, the beads were cured for diffé time
periods (1, 2, 4, 6 and overnight). Equal numbebedds from each curing time were transferred pméaluction
medium and incubated at 28°C for 144 h. The ferat@mt and assay was carried as described earlier.

Polyacrylamide

Two ml chilled cell suspension was prepared in 1Cchilled sterile water. To 10 ml of sterile 0.2 phosphate
buffer pH 7.0 the following chemicals were added52g acrylamide, 0.15 g methylene bisacrylamid®,nig
ammonium per sulphate and 1 ml TEMED. Then thdethitell suspension and chilled potassium phosghafer
were mixed well and poured into sterile flat bottodninches diameter petriplates. After polymerizatio
(solidification) the acrylamide gel was cut intouadsize cubes (5x5x5nfjnand transferred to 0.2 M phosphate
buffer pH 7.0 and kept in a refrigerator for 1 n éring. The cubes were washed 3 to 4 times wihls distilled
water and transferred to production medium in EbsKs. The flasks were incubated at 28°C for 144é dell
mass and rifamycin SV production at different tinné$ermentation were estimated.

Agar-agar

Agar-agar was dissolved in 18 ml of 0.9% sodiunodtle solution to get final concentration of 1%bisiling tubes
and sterilized by autoclaving. To a molten agaetafaintained at 40°C, a 10% level (2 ml) of cefipmnsion was
added and mixed well for few seconds (without fergnfoam) and then poured into sterile flat bottostriplates

and allowed to solidify. After solidification thelidified agar was cut into equal size cubes (5x5%F), and then
added to sterile and transferred to 0.2 M phospbatfer pH 7.0 and kept in a refrigerator for 1dn €uring. The
cubes were washed 3 to 4 times with sterile déstilvater and transferred into production mediuriin flakes.

The flasks were incubated at 28°C and the sampecolected after 144 hr.

Gelatin

Two ml cell suspension was added to 18 ml molterilst4% gelatin solution at 46 and the mixture was poured
into a sterile petridish. The gel was over layength 10 ml of 5% sterile gultaraldehyde solutiom fardening at
room temperature. The resulting film was cut isieall cubes (85x5mnt) and the cubes were washed thoroughly
with sterile distilled water to remove excess galidehyde and then added to sterile 0.2 M phosghatter pH 7.0
and kept in the refrigerator (1 h) for curing. &fturing, phosphate buffer was decanted and thescwere washed
with sterile distilled water for 3 to 4 times. Atie above operations were carried out under steoifeitions in a
laminar flow unit. Then the cubes were transferr@cgroduction medium in EM flasks. The fermentatiwas
allowed to take place by incubating the flasks &Con rotary shaker (200 rpm) for 120 h. The omlss and
rifamycin SV production at different times of fermation were estimated.

k-Carrageenan

About 800 mg was weighed and added to 18 ml of%.9w/v) NaCl. It was dissolved by gently heatingdan
sterilized by autoclaving. To a molterncarrageenan tube at 40°C, a 10 % cell suspensagnadded, mixed well
and pour into flat bottom petriplates. After sdiicktion thek-carrageenan entrapped cells were cut into eqpal si
cubes (5x5x5 mM) and added to sterile 2 % potassium chloride ®oiuand kept at 4°C for 1 h for curing. The
cubes were washed for 2 to 3 times with sterilélgid water and transferred to production mediul #asks. The
fermentation was carried out at 28°C for 120 h.Thk mass and rifamycin SV production at differéintes of
fermentation were estimated

Repeated batch fer mentation with immobilized cells

This is an important commercial parameter, becdlneemain advantage of immobilized system is itsgastor
multiple batches. Hence an attempt was made to/ shedreusability of immobilized beads. The reulsigbof the
immobilized beads was tested in batch system. Regdmtch fermentation with immobilized cells ofifanatrices
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viz. alginate, polyacrylamide, k-carrageenan,agmrand gelatin which showed higher rifamycin S\édurction
than that of free cells was carried out to evaltla¢eantibiotic production capacity. The beads/kdowere prepared
and used for rifamycin SV production. The ferméntamedium was replaced after every 120 h incolpatdr k-
carrageenan, gelatin, and after 144 h for alginadéyacrylamide, agar-agar immobilized cells. Thariobilized
cells were washed twice with 50 ml of sterile salsolution. 50 ml of fresh production medium wasex and
again incubated. The above process was repeatiédhané was no significant rifamycin yield. Thetifiotic titers
of different cycles were measured.

Analytical methods

Quantitative estimation of rifamycin is one of tingportant areas of pharmaceutical analysis; it pexformed by
microbiological assay using.Coli 2345 and chromatographic techniques (HPLC).Theinool effluents were
monitored at 254 nm. Samples were eluted with aggisolutions contain potassium phosphate buffeetoaitrile
(55:45). Always 20ul of sample was loaded for analysis at 25°C. Thefipd test samples using reverse phase
column RP-C18, 254 nm showed an identical peakatodsrd rifamycin SV.

RESULTSAND DISCUSSION

Optimization of fermentation parameters

Cell immobilization is one of the common techniquesfermentation process used to increase the bvesH
concentration and productivity [1-7]. Here the gefian of final product from immobilized cells i:sg@er when
compared to suspended free cell cultures. The garpbthis investigation was to study the effecAofycolatopsis
mediterraneiOVA5-E7 cells immobilized in various matrices sotagnhance the yields of rifamycin SV. The five
important matrices used are calcium alginatearrageenan, polyacrylamide, agar-agar and gelktia.reusability
of immobilized cells for rifamycin SV production der repeated batch fermentation was finally replbrte

Sodium alginate concentrations

Ca-alginate was reported suitable for cyclosponméduction by immobilizingAspergillus terreugl].In order to
evaluate the stability of Ca-alginate beads immifain production as well various concentrationsiginate (0.5, 1,
1.5, 2 and 3 w/v) were used to immobilizeycolatopsis mediterran€@VA5-E7. In the present study, our results
indicated that Ca-alginate concentration playsaamiment role in rifamycin SV production. The resultere shown
in Fig. 1 and Table 1-3. The antibiotic titer reddawith increased alginate concentration above &) ( This may
be due to reduced porosity in the beads limitirg nibtrients and oxygen diffusion. It was found tB% alginate
and 6 days batch incubation period were optimumditimms to enhance the antibiotic out put. Rifamy&8V
production increased to 6396 mg/L which accountslf folds higher antibiotic than free cells untiex given set
of conditions. The cell leakage from the Ca-algénaiatric is just 0.94 mg/ml compared to all otlremiobilization
matrices. On the contrary, 4% alginate beads wiéhag gum as hardening agent were earlier usedthgro
scientific groups [4] to yield 2393 mg/L of rifampcSV in 3 days fermentation period that could épeated for 5
batches. By comparing the earlier reports [4] wdtlr study, the influence and importance of porositd
fermentation period on rifamycin SV production @elgis byA. mediterranetan be clearly visualised.

Similar findings were also reported in the prodoctof oxytetracycline by immobilizeStreptomyces rimosu6].

Other research groups cited that 4% alginate wtsritban other concentrations for the productirytetracycline
where there was a significant decrease in theleakage from the beads as the concentration ohatkgiwas
increased [4]. However, this was not true with €éindings. In our study, 2%Ca-alginate concentratihrowed
higher antibiotic productivity and beads intactnestich was similarly to xylanase production usiBgcillus
pumilus[3].

Ca.C|2

The alginate beads were prepared with various carat@ons of cation (1, 2, 3, 4, and 5 %) for rifagim SV

production. It is evident from the results showrfig. 2 that calcium chloride concentration (3%3 laasignificant
effect on rifamycin SV production. When 1% CaGblution was used, the gelling was relatively slamd it

required more time for curing. A central core wasearved inside the bead. At higher concentratidnsalzium

chloride (5%), the gelling was instantaneous anddraing effect was noticed. The beads prepared 18ii and 2%
calcium chloride solution were irregular in shap@ereas the beads prepared with 3% and higher otatiens of
calcium chloride were spherical in shape. The &tiib production from the beads prepared with 3%Clzavas

found to be higher when compared to the beads prdpaith other higher concentrations. The beadpgyeel with

1% and 2% calcium chloride were disintegrated leyehd of fermentation. Hence in our study, the bgadpared
with 3% calcium chloride were found to be optimuon &lginate gelling and maximized the rifamycin 8896

mg/L) production. Stability of the beads increageéth an increase in calcium chloride concentratiRaports have
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shown that Nisin production was enhanced usinghbatal fed-batch fermentation with Ca-alginate imiticdz
cell cultures [7], which is in concurrence with dimdings.

Table.1l: Rifamycin SV production with immobilized cells of A. mediterranel OVA5-E7 in different matrices

S.No Matrices No. of batchs | Rifamycin SV (mg/L)
1 Free cells 1 4328(+42.1)
2 Ca-alginate 6 6396(+32.8)
3 Poly acryl amide] 3 4552(+82.5)
4 Agar-Agar 4 4621(+54.6)
5. K-Carrageenan 5 4865(+34.8)
6. | Gelatin 3 4401(+53.2)

Table2: Rifamycin SV production in repeated batch fermentation using immobilized cells of A. mediterranei OVA5-E7 with different

matrices
Matrices Batch No. | Rifamycin SV (mg/L) | Cell leakage (mg/ml)
1 6396 0.94
2 6201 1.12
Alginate matric 3 5936 1.34
4 5634 1.72
5 4876 1.91
6 1976 3.5
1 4552 1.22
Polyacrylamide 2 4023 1.78
3 2819 2.25
1 4865 1.06
2 4237 1.21
K-Carrageenan 3 3821 1.85
4 2854 2.13
5 2256 2.41
1 4620 1.27
Agar-agar 2 4021 2.67
3 3128 3.09
4 2013 2.86
1 4401 1.27
Gelatin 2 3109 2.48
3 1089 3.26

Table 3: Total Rifamycin SV yieldsin repeated batch fermentation with different immobilizing matrices

Matrices Period/batch (days) No. of batches Total fermentation Total yield of Rifamycin
to repeat days SV (grams)
Free cells 9 1 9 4.328 +0.421
Ca-alginate 6 5 30 29.043+0.33
Poly acryl amide 6 3 18 11.394+0.82
Agar-Agar 6 4 24 13.782+0.546
K-Carrageenan 5 5 25 18.033+0.348
Gelatin 5 2 10 7.510+0.532

Cationic solutions

The alginate beads were prepared and evaluatedGai@h, BaCl and SrCJ (3%) for the production of rifamycin
SV and the results were shown in Fig. 3. Curioutslg, results indicated that antibiotic productioasvhigher with
the calcium alginate beads (6038 mg/L) when contpari¢h strontium alginate (3290 mg/L) and bariurgiahte
(3451 mg/L). Lower antibiotic production with bamuand strontium alginate beads was recorded beaafuse
reduced porosity. Presence of Caf@sulted in better porosity and therefore ledighér production of antibiotic.
Although the alginate beads prepared with Ba@ld SrCJ eventuallu yielded beads with good strength, Ca@k
used to prepare the beads in all further experisnbatause of its higher yield, better porosity kmweer cost. The
calcium alginate beads got disintegrated withinnSiButes, whereas the barium alginate and strontilgmate
beads were stable until 48 h. Hence, our presemstigation inferred that the gel stability washag with BaC)
and SrCJwhen compared with Cag£IHowever, CaGlgave better porous beads and higher productiontdfiatic
as observed when compared with other two otheorsiin use.

Curing timeon rifamycin SV production

The results shown in Fig. 4 indicated that thennifain SV production (5355 mg/L) with the beads cufer 1 h
was higher than the beads cured for higher durafibe solubilization time of the beads increaseth wicreased
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curing time. Thus, from the results it was infertedt curing time of 1 h is optimum for the forneatiof stable

calcium alginate beads which in turn improved thébéotic production. Increase in curing time reedlin hard
beads with less antibiotic production.

Fig. 1: Effect of various concentrations of sodium alginate on rifamycin SV production

7000
6000 -
5000 -

4000 -
3000
2000
1000 -
0
0.5 1 15 2 2.5 3

Percentage of Na-alginate

Rifamycin SV (ug/ml)

Fig. 2: Effect of various concentrations of calcium chloride on rifamycin SV production
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Polyacrylamide matric

Polyacrylamide was successfully used for immobiigra of many enzyme systems [8]. The results olethion
rifamycin SV production using cells immobilized polyacrylamide matric are presented in Table. 1e Thta
indicated that there was a gradual increase imgitan SV production from 48 h onwards upto 96 hwduwer, on
further increase in incubation period no signifitgmcrease in the production rate was observeaxiMum yield
and steady production was observed between 964d 1f incubation. Best rifamycin SV yield (4552 fiagwas
obtained after 120 h of incubation. Antibiotic yledchieved by this method was higher than the yobldined by
entrapment in gelatin. The incubation period pectbavas 6 days. Cell leakage increased graduatly wcrease of
fermentation period and was more (1.29 mg/ml) whempared to other matrices except for agar andtigela
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Polyacrylamide matric was used successfully in ittmnobilization of cells for the production of primya
metabolites [9]. However, there is a scarcity dbimation on the production of secondary metabsléspecially
antibiotics, using immobilized cells entrapped iolyacrylamide gel matrices. Whole cells B&cillus sp for

production of bacitracin [10] by immobilizing in [yacrylamide gel prepared by using 5% total acrytlm(95%
acrylamide monomer and 5% N, N'-methylene-bis-acmjtie).

Fig. 3: Effect of curing time on rifamycin SV production
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Fig. 4: Effect of various cationic solutions on rifamycin SV production
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Agar-agar immobilization

Natural polymer like agar at 2% (w/v) is also enygld for immobilization ofA. mediterraneiThe results indicated
that the rifamycin SV production was initiated frat8 h onwards and reached a maximum level by 184620
mg/L) (Table 1-3). Rifamycin yield achieved by thigethod was lower than the yield obtained by emteq in
alginate and k-Carageenan. The incubation periodngximum antibiotic production (144 h) was howelager
when compared to other matrices. Earlier [5], glaesl was used to reduce the fermentation periochf4 days to
two days (half of the time period) to achieve thene quantity of rifamycin B and SV. Cell leakageagar matric
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started from 48 h onwards and increased graduaillly imcrease in fermentation period. Cell leakageapar
matricwas more (1.29 mg/ml) when compared to otherices used in our study, except for alginate.

Fig. 5: Rifamycin SV production using k-carrageenan matric at different timeintervals
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Gelatin

The results showed that the rifamycin SV titer @azed from 48 h of fermentation and reached a maximevel
(4401 mg/L) by 120 h (Table 1). Our results alsdidate that antibiotic yield was less when compdceftee cell
fermentation. The cell leakage increased graduwailly increase of fermentation period. Cell leakages also more
(1.67 mg/ml) among all the matrices. Because o€y Wigh leakage of cells from the matric, the glowf the
organism and the antibiotic production was lesebBbly, both gultaraldehyde (used for cross linkivith gelatin)
and polyacrylamide monomers were toxic for thescétlelatively good titers of rifamycin SV were dbtad withk-
carrageenan and agar. Calcium alginate beads agpéare quite stable. These results are in acooedaith
earlier reports [11], where they used alginate ifitimed cells for the production of tetracyclinend lower yields
with k-carrageenan and polyacrylamide blocks comparedidimate may be due to the low diffusibility of the
nutrients and oxygen into the matrices. Lower pobidn in agar matric could be attributed to highell leakage
while gelatin may be due to toxicity of the crosking agent gultaraldehyde.

K-Carrageenan

Amycolatopsis mediterran€@VA5-E7 cells were immobilized in the-Carrageenan (4%) matric and used for the
production of rifamycin SV (Fig. 5).The fermentatitime period for each batch was fixed at 5 day® Tesults
indicate that there is an increase in rifamycin @dduction from 48 h onwards till 96 h (4865 mgAnd later a
negligible increase in rifamycin yields were obsstvThe maximum yield rifamycin SV was found to 4#65
mg/L at 120 h (Table 1-3). Antibiotic yield achielvédy this method was lower than the yield obtairsd
entrapment in Ca-alginate. Cell leakage increageth 120 h but the leakage was less (1.2 mg/ml)ywduenpared

to other matrices except alginate.There were aréports were available usingCarrageenan as entrapment matric
i.e. immobilization ofPencillium chrysogenuroells for the production of penicillin [10], resgiizely. The rate of
cell leakage could be lowered by hardening theagidl potassium cations.

Repeated batch fer mentation with immobilized cells

In repeated batch fermentation, a gradual decrigaséamycin SV yield per batch was observed as lthé&ches
progress (Table 2 & 3).0On the opposite, a grach@kiase in cell leakage from the gel or matric alas observed
during repeated fermentations. The beads entrajppealginate matric were stable up to 5 batches gad
disintegrated during the"6batch operation, while in most other cases, matds stable up to 3 batches and got
disrupted during the"4batch with an exception to agar and gelatin wisisbwed cell leakage during th& Batch
itself.

Our results again indicated that the productivifyritamycin SV in alginate matric was higher tharat of k-
carrageenan, polyacrylamide, agar-agar and gefatiti the cycles. Low yields with gelatin and adpocks may be
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due to diffusional resistances of the nutrients amxggen into the matrices for cell metobilizatioBarlier,
erythromycin was produced b$treptomyces erythreusntrapped in Ca-alginate beads under repeated batc
fermentation (48 h of each batch) successfully 1@ batches (30 days) [12]. Similarly, good levels o
oxytetracycline was produced for a period of 28sd@ccounting for 7 batches) usi8grimosesells immobilized

in 4% Ca-alginate [4]. Further, immobilized celirghg tank reactor produced penicillin for 25 dapsa steady
state [13].

The antibiotic production and cell leakage in fiiéferent matrices during the repeated batch fetatem were
shown in Table 2. From the data obtained in preseries, it is clear, that the cells immobilizedGa-alginate
were efficient in rifamycin SV production in shaktask method of repeated batch fermentation whenpased to
the free cells and immobilized with other carrigkdditionally, the other advantage with Ca-alginatatric is that it
is economical, non-toxic and just mild conditiomse aufficient to prepare the biocatalyst.

CONCLUSION

The industrial production of rifamycin uses fredlcén submerged fermentation which require longeubation
periods where most of the nutrients are utilisedniarobial cell growth during the early phases. tBa contrary,
here the immobilization of mutatmycolatopsis mediterrangiith 2% alginate, 3% calcium chloride, 1 h curing
time at pH 7.0 and temperature 28°C for a perioél @dys was found to yield 6396 mg/L rifamycin S¥ieh is 1.5
folds higher production than fermentation in fredl culture, under a given set of parameters. Téel@akage from
Ca-alginate matric was nominal (0.94 mg/ml). Thos30 days, 5 repeated batch fermentations cad yielre than
29 g/L of rifamycin SV which is a costly broad-sr@m antibiotic. To our knowledge, this antibiogield is better
than the previous reports published, so far.
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