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ABSTRACT

Rifamycins are broad spectrum and important antibiotics used in the treatment of pathogenic diseases. They are
generally produced by the fermentative cultivation of Amycolatopsis mediterranei, using submerged cultivation
system. The medium composition greatly influences the antibiotic production. Trace elements are one of the major
factors need to be optimized to enhance the production of rifamycins. In the present work, we investigated the
possible improvement of rifamycins B and SV production through the addition of vermiculite (dehydrated
magnesi um-aluminum-ion silicate) as a cheap and affordabl e source of trace elements. The obtained results showed
that the addition of 20 g/L vermiculite gave the highest volumetric production of rifamycins B and SV (767.5 and
1265 mg/L for Rif B and SV, respectively). Moreover, addition of vermiculite at the beginning of the cultivation
resulted in the highest volumetric productivities in comparison to control cultivation (770 and 1305 mg/mL of
rifamycin B and SV, respectively). Comparative growth curve kinetics between vermiculite-supplemented medium
and vermiculite free medium demonstrated that vermiculite significantly enhanced cell growth, cell growth rate,
glucose consumption rate, as well as the production rates of both rifamycins B and SV compared to cultivation
without vermiculite. In addition, vermiculite supplementation increased both maximal volumetric productivity and
production rates increased by about 32 and 52% for rifamycin B and SV, respectively, as compared to vermiculite-
free cultivation.
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INTRODUCTION

Rifamycins are a group of antibiotics belong toaamgcin family and include different members sucliRits B, O,
S, and SV). This antibiotic family is characteridzegtheir unique structure, which comprises an aronatgety
bridged by an aliphatic chain. The importance &dmiycins is based on their wide medical applicatisnbroad
spectrum antibiotics against large group of miceobelong to G+ve and G-ve bacteria. Moreover, nj@mis one
of the best medicine of choice in the treatmertubérculosis, leprosy, AIDS-related mycobactemétction, peptic
ulcer, and toxoplasma infection [1-3]. In additiorecent research reported on the anti-inflammatang
immunomodulatory activities of rifamycin SV [4]. Madays, rifamycins and rifamycins-derivatives arespnt in
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the pharmaceutical market under different trade esarauch as: rifampicin, rimactane, rifampin, riftitou
rifapentine, rifalazil, rifadin, rifaximin[5]. Rifmycins are produced by the actinomycet@sycolatopsis
mediterranei in either submerged culture or in solid state famtation[6,7]. However, the industrial productioh o
this antibiotic is carried out in submerged cultggstem either in batch or in fed-batch culturé@]8Moreover,
many studies were also carried out for the produactf rifamycins using immobilized cell systemsrémluce the
production time and increase the antibiotic yiel®-13]. HoweverA. mediterranei produces different types of
rifamycins and is characterized by high strainafgopulation variation. In our previous study[14§ characterized
the highly rifamycin producing colony which syntimsmainly rifa B and rifa SV (the most importanembers of
the rifamycin family and highly considered as staytcompounds for the production of new generasemi-
synthetic antibiotics). The production of rifamysirby A. mediterranei is highly affected by the medium
composition and cultivation conditions [8, 9, 1Bk reported by many researchers, the productiosecbndary
metabolites such as antibiotics by microorganissnisighly affected by inorganic trace elements [8-They act
as important enzyme catalysts in many metabolibvpays. Vermiculite (dehydrated magnesium-aluminom-i
silicate) is a common material with many industaald agricultural applications. It is widely usedimdustries as
insulation material, packing material, additive fioeproof, soilless growing media, seed germinaticoil
conditioner, and egg incubation. More recently dolasn its mineral content, it was also used as mmediupplement
during bacterial and fungal inoculant preparationsubmerged solid state and submerged culture23P0h
addition, vermiculite supplementation to the fertation medium showed positive impacts on citridgmioduction

by Aspergillus niger[23].

Our previous studies demonstrated the potentidicgiion of vermiculite to support oxytetracyclipeoduction by
Streptomyces rimosug24]. This research was focused on the evaluatibrvesmiculite suitability to support
rifamycins B and SV production as cheap sourcé&@nced inorganic nutrients required for antilsigtioduction.

EXPERIMENTAL SECTION

Microorganism, propagation and selection

Amycolatopsis mediterranei ATCC 21789 was used in this study for Rifamycin ®1&V production. This strain
was initially obtained from American Type Culturellection (University Boulverad Manassas, VA, USAhe
strain was first propagated in ISP-2 medium comga¥e(g/L): malt extract, 10.0; yeast extract, 4a0d glucose,
4.0.

Propagation and selection of highly producer colony

The grown vegetative cells were sub-cultured onngéi's agar medium for colony selection [14].Thigdium
have the following composition in (g/L): yeast exdt, 1.0; enzymatic hydrolysate of casein, 2.0syeatract, 1.0;
glucose, 12.0; and agar 20.0. The pH was adjust@d?t before sterilization. The inoculated platesevincubated
at 28°C for 14 days. Of different colonies arisentloe agar plate, small dark red colony was seleatel further
propagated on Q2 maintenance medium composed lof (gfast extract, 4.0; malt extract, 10.0; gluces@; oat
flakes, 20.0 and agar 20.0. After 8 days cultivatibie arisen colonies were used to inoculate atigetmedium to
support high cell growth. The vegetative mediumtaired (g/L):glucose, 20.0; yeast extract, 5.0; Kg3H,O,
0.016, KHPQ,, 3.0; zinc acetate, 0.001, and the pH of the nredivas adjusted to 7.0 pH before sterilization.
Cultivation was carried out in 250 mL Erlenmeyeaast of 50 mL broth. The inoculated flasks were bated at
28°C for 48 h on a rotary shaker at 200 rpm. Thuvgrcells were used to inoculate fermentation madiu a final
concentration of 5% (v/v).

Rifamycin production medium

The initial fermentation medium for rifamycins pradion was composed of (g/L): glucose, 40.0; yeastact, 5.0;
KH,PGQ,, 3.0; K,HPG,, 1.5; MgSQ.7H,0, 0.016, zinc acetate, 0.001, the pH was adjustgd) before sterilization
[8]. Glucose was sterilized separately and addebeaultivation medium before inoculation. Theduotated flasks
were incubated at 28°C for 7 days at 200 rpm oaryashaker. In vermiculite supplemented culturesmiculite

was added to the fermentation medium in differemcentrations ranged between (0 to 40 g/L) befandligation.

Sample preparation and deter mination of total dry weight

Samples in the form of three flasks (50 mL eachieweithdrawn at different time intervals during tbeltivation

for analysis. Samples were filtered using dry ame-vpeighed filter paper (Whatman filter paper N¢. The

supernatants were taken for determination of gles@sl antibiotic activity. The filtered biomass weasshed twice
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by distilled water and subsequently dried in annoak100°C for a constant weight. In case of veutitee medium
which contains insoluble fractions, the differenbetween the weight of the inoculated and unindedlanedium
was taken as the cell dry weight.

Rifamycins deter mination

Rifamycin B and SV were determined in the filtrag#ng spectrophotometric method as described bgdgRatucci
et al. [25]. Samples were prepared for the assaghigig two 1 mL aliquots of broth. One aliquot wastly diluted
1:6 with buffer A (acetate buffer of pH 4.63) ame tother was similarly diluted with buffer B (whickmposed of
buffer A with addition of 0.1 NaNg w/v) as the blank. After shaking for 5 min, badimples were filtered using
Whatman filter paper No. 1. Buffer A treated sampies measured using spectrophotometer (Smart Sp@, 3
BioRad, USA) against their blank at 425 nm to dutee rifamycin B concentration. Rifamycin SV wasal
determined similarly at 447 nm.

Glucose determination
Glucose concentration in the fermentation broth wesasured by enzymatic methods using automatedsguc
analyzer (Biochemical analyzer 2700, Yellow Spritggruments, OH, USA).

RESULTSAND DISCUSSION

Effect of different vermiculite concentration on rifamycins production

This experiment was designed to investigate thecefif the addition of different concentrationsvefmiculite on
the production of rifamycins B and SV. From theadhed results presented in Figure 1, it can be #emnthe
addition of different vermiculite concentrationsdhao noticeable effect on cell growth, where thelidoh of
varying concentrations (10-50 g/L) only increasetl growth from the control (no addition) by abd6% in all
applied concentrations. On the other hand, verntécalldition significantly affected the productiofirifamycins B
and SV. It can be observed that increasing the ieaitite concentrations up to 20 g/L increased tb&umetric
production of both rifamycin types, where the maadimproduction was obtained (767.5 and 1265 mg/LRirB
and SV, respectively). This increase correspondabimut 29 47% increase from the values obtainedoirtrol
culture (595 and 860 mg/L for Rif B and SV, respady). Concerning the data of the yield coeffid®iiYpy), it
can also be seen that the maximal values of thenyi€in yields in terms of cell growth are obtaired20 g/L of
vermiculite (96.5 and 159.1 mg Rif B and SV/g cetksspectively). It previous research, vermicuéitiition to
culture medium showed positive effect on citricdaeind oxytetracycline production [23,24]. In thisidy, the
significant increase in rifamycins volumetric amgksific antibiotic production is due that vermitealinclude some
important trace elements which are necessary famsicins production such as iron and magnesiunrolsrion
level in fermentation medium showed specific retpria role in many secondary metabolites productinpn
actinomycetes such as in case of Collisymycin Asymthesis byStreptomyces sp. and iturin A production by
Bacillus amyloliquefaciens[26,27]. However, addition of iron to the cultivati medium should not exceed certain
level otherwise it became inhibitory to differenétabolites biosynthesis [24,26].

Effect of vermiculite addition time on rifamycins production

This experiment was conducted to investigate thecebf time of addition of vermiculite to the duktion medium
on the production of rifamycinx B and SV. The résubbtaine din Table 1 shows clearly that the #aldiof
vermiculite significantly affected the productioffi lsoth rifamycins. However, the maximal productioh both
rifamycin B and SV was obtained when the vermieulilas added at the beginning of the cultivatiore faximal
volumetric production of 770 and 1305 mg/mL of mifigcin B and SV was obtained when the vermiculites wa
added at 0 h. The addition of vermiculite afterl gglowth progression resulted in a gradual decreasthe
volumetric productivity reaching the minimal valué&5 and 900 mg/L for Rif B and SV, respectivelygre
obtained when the vermiculite was added after @8 bultivation. Similarly, the maximal specific poctivities
were also recorded (97.5 and 165.2 mg/g cellsRfbB and SV, respectively) when the vermiculitesnadded at
the beginning of the cultivation. Afterwards, theesific productivity decreased gradually reachihgit minimal
values when vermiculite was added after 96 h ofivation. This is attributed to the parallel desedn the
volumetric productivity of both rifamycins.
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Figure 1: Effect of different vermiculite concentrationson the cell growth and both of volumetric and specific rifamycins production by
A.mediterranei after 144 hourscultivation in submerged culture

Table 1: Effect of ver miculite addition time on the cell growth and rifamycins volumetric and specific production by A.mediterranei

Addition time Final pH CDW | Rifamycin B | Rifamycin SV | Yitagix | Yritasvix
[h] [glL] [mg/L] [mg/L] [mg/g] | [mg/q]
0 7.1 7.9 770 1305 97.5 165.2
24 7.0 7.8 735 1220 94.2) 156.4
48 6.9 7.4 630 910 85.1 123.
72 7.0 7.5 608 902 81.1 120.
96 6.9 7.5 605 900 80.1 120.
Control (without) 6.7 7.6 598 890 78.7 1170

Kinetics of cell growth and production of rifamycin B and SV by A. mediterranei with and without
ver miculite supplementation

The present experiment described the kinetics Ibfgcewth, glucose consumption and production édiriycin B
and SV byA. mediterranei cultivated in medium containing vermiculite in cpamison to cultivation performed in
vermiculite-free medium. From Figure 2, it can Heady seen that cells grew exponentially with tiineboth
cultivations without entering a lag phase, and remtedhe stationary growth phase after 96 h. At timag, the
maximal cell growth reached 7.1 and 7.9 g/L fottigations without and with vermiculite, respectiyeBy the end
of the cultivation time, the maximal cell growthtalmed in cultivation with vermiculite (8.03 g/L)as about 8.5%
from that obtained in cultivation without vermidgli(7.4 g/L). It is noteworthy to mention that tbell growth rate
in vermiculite cultivation (0.082 g/L/h) was abdlit% higher than the growth rate obtained in cultdrawithout
vermiculite (0.074 g/L/h). Concomitantly, the grawgi cells in cultivation with vermiculite consumedlcpse
rapidly and with a glucose consumption rate of 8.88./h, which is about 9% higher than the glucosesumption
rate obtained in cultivation without vermiculite.§84 g/L/h). Concerning rifamycin productivity,aan be clearly
observed that the production of both Rif B and &vréased with time in both vermiculite-supplemerded free
cultivations, until reaching the maximum at 12GHen decreased by the end of the cultivation. Hanev can be
seen that the maximal volumetric productivitiesRif B and SV (790 and 1320 mg/L, respectively) ermiculite
cultivation were higher than those obtained in Jeutite-free cultivation (598 and 870 mg/L). Thigroesponds to
about 32 and 51.7% increase in vermiculite-suppieete cultivations for rifamycin B and SV, respeetiu
Looking to the data of the production rate of rifanims B and SV in both cultivations, it can be atved that the
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Rif B production rate increased from 4.98 to 6.58/loth in vermiculite-free and supplemented cultioat
respectively, corresponding to an increase of 38%hée production rate. Similarly, the Rif SV protion rate
increased by about 52% in vermiculite-supplementétlire compared to vermiculite-free culture.
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Figure2: Time profilefor the changes of cell growth, glucose consumption, rifamycins production, pH during cultivation of A.
mediterranel in submerged. (Openedand closed symbols represent theresults of cultivation in medium with and without ver miculite
addition, respectively)
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Figure 3: The specific production for rifamycins B and SV during cultivation time (Opened and closed symbolsrepresent the results of
medium with and without ver miculite addition, respectively)
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The results shown in Figure 3 represent the spepifbductivities of both rifamycin B and SV duriegltivation

times in vermiculite-supplemented and vermiculieef medium. It can be clearly seen that duringfitke 72 h of
cultivation the specific productivities remained niar less constant. However, from 72 h to 96 brahwvas a
marked increase in the values obtained for theipgroductivities of both rifamycin B and SV iroth cultures.
On the other hand, the obtained results showedtligatifamycin B specific productivity generallycireased in
vermiculite cultivation by a value ranging from 120 28.9% over the cultivation period. For rifarimy&V, the

specific productivity showed a more significantriease, which ranged from 34.5 to 67.4% during thiévation

process.

CONCLUSION

The results of this study clearly demonstrate Weamiculite addition to the cultivation medium hetbeginning of
cultivation enhances antibiotic production withaignificant effect on biomass production. Therefore can
conclude that the increase in antibiotic producieomainly attributed to the increase in metabalitivity toward
antibiotic production through the addition of somecessary trace elements such as iron and magnegiich
enhance rifamycins biosynthetic pathway. Vermieukthould be considered as cheap trace elementesaurc
microbial cell fermentation for secondary metatesliproduction.
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