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ABSTRACT: Fungi are among the main biological producers in today’s modern world. There are several
cases of luxuries in universal trade with fungal origin. Antibiotics which produce more than 60 years, are
among most valuable fungal productions which have lots of health consumption for humans. Based on
current statistics, in our country approximately 700 tone antibiotics are consuming which 100% of them
are imported from abroad. The origin source of these antibiotics is microorganisms like fungi and bacteria
which could be taken into grant for antibiotic industry. In present study existence of genes involved in
Penicillin biosynthesis were investigated in two species of Penicillium. In this study first P. moldavicum, P.
chrysogenum fungi were cultured in PDB media and 8 days after their full growth, antibiotic extraction was
conducted. After drying, the samples were solved in 1 milliliter of acetonitrile and were analyzed by HPLC.
Chromatogram gained from injecting both two types was fully compatible with chromatogram of the
standard sample. Level of penicillin G extracted in species P. moldavicum is 172.05 microgram in milliliter
and in species P. chrysogenum is 75.04 microgram in milliliter. According to key role of penicillin in
industry, these studies need to more research to optimization of Penicillin G biosynthesis.
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INTRODUCTION
Penicillin identified by Feleming in 1928. Industry production of penicillin was improve after the Second World
War, and until now was counted one of Important antibiotics in beta lactam group. These antibiotics were used to
fight with human and animal diseases and they have a key role in therapeutic conditions (22). Due to being resistant
of bacteria, the identification of new species is necessary. Penicillin biosynthesis is a good model for studying of
secondary metabolites production in filamentous fungi. The biosynthesis of beta lactam antibiotics by microorganisms has an important role in molecular genetics and biochemistry studies. One of great aspects of filamentous
fungi is production of secondary metabolites such as antibiotics, anti-viroid components (23). Sequencing of Fungi
genomes had shown that numerous genes involved in Polyketide, non-ribosomal peptides and different enzymes
involved in secondary metabolites biosynthesis (24). Our study showed the penicillin G content in Penicillium species.
In some plant-pathogenic fungi, secondary metabolites are extracted from plant materials. The plant replies to
fungal infection by producing antifungal plant metabolites defenses against some fungal attack (2,12). Although,
Auto-inducers are well known as regulators of secondary metabolism and differentiation factors in bacteria (12,13),
they are largely unknown in fungi (14,15).
Nowadays, the HPLC coupled with a variety of detectors apply to most of the mentioned methods, The
chromatographic efficiency of the reversed phase separations is superior, and the penicillin degradation is minimized
by more moderate pH values (6).The absorbance spectrophotometry in the ultraviolet (UV) region is the most
common detection method (1,5,7). The highest absorbance is in excitation wavelengths in the range of 20 & 230 NM.
The detection limit has been measured as low as 0.1- 0.5 pg/ml (1,8) to determine directly. Due to the large number
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of compounds display absorbance at these wavelengths, peak overlap can be complicated in complex biological
samples.
MATERIALS AND METHODS
Culture conditions
The isolates were isolated from agriculture soils and their antibacterial properties were checked before. Then,
the fungus isolate was inoculated on PDA (Potato Dextrose Agar) medium, (including: potato, dextrose and agar on
1 L deionized water). The agar plates were incubated at 25°C for 7 days. Then, spore suspensions were prepared
and cultured on a liquid specific medium (yeast extract, sucrose on 1 L deionized water) to induce antibiotic
production.
Antibiotics Extraction
Chloroform and butyl acetate were used to separate antibiotics from culture media. After the filtration of impurities
and mycelia and spores from the medium, temperature of the medium was reduced to 0 - 4°C with pH about 2. So,
this condition, prepares better pen G transfer to ethyl acetate (17,18). At this step, solvent and the medium are in
different phases and should be separated (19). Using a separating funnel, the ethyl acetate was included with
penicillin extracted from the medium. to complete separation of the phases a centrifuge step at 5000 rpm (11).
HPLC analysis
Pen G (sodium salt) was proceed from Sigma Chemical Co. (St. Louis, MO, USA). Formic acid of p.a. Grade,
Acetonitrile of HPLC grade from Merck (Darmstadt, Germany) and ammonium acetate of HPLC grade were prepared
from Fluka (Steinheim, Germany), and Purified water (18.2 MOcm) was from Aria Shimi (Tehran, Iran).
The fungi were fermented in broth specific media of penicillin synthesis (3 gr yeast extract and 21 gr sucrose in one
liter of pure distilled water). Samples from the supernatant were taken after 7 days incubation at room temperature
on a rotary shaker, with 120 rpm. 50 µl of both the unprocessed supernatant and an ethyl acetate-extracted fraction
were analyzed with a high performance liquid chromatography (HPLC) waters with a C18 column at 25°C, and the
flow rate was 0.2 ml/min. Penicillin G at a concentration of 0.1 mg/ml was used as the control sample. The mobile
phase consisted of 0.1% formic acid in water with 1 mM ammonium acetate (solvent A, pH 2.7) and acetonitrile
(solvent B).
RESULTS AND DISCUSSION
The chromatograms of extracted samples had complete coincidence with standard in Pen G related peaks
(Figure 1). This result confirmed the presence of Penicillin G in obtaining extractions.

Figure 1. Chromatogram resulting from injection of penicillin G standard to HPLC system

In this study, two Penicillium spp were investigated. For all tested species, the extraction process was performed
and their HPLC chromatograms were obtained. After comparing chromatograms with standard sample, the retention
time of standard was similar with extracting samples from fungal media. Accordingly, chromatograms, the presence
of penicillin G was confirmed in all surveyed isolates (Figure 2).
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Figure 2. The obtained Chromatogram from extracted culture filtrates of P. molavicum. The marked oval shows Pen G peak

The penicillin content was calculated in extracted samples helping penicillin G in standard chromatogram. The
penicillin content of P. moldavicum and P. chrysogenum were estimated about 172.05 µg/ml 75.04 µg/ml,
respectively.
In a survey, the production of penicillin G (benzyl penicillin) was evaluated in fungal culture media that the results
showed the quality of extracted antibiotic increased using ultrafiltration (20). In research conducted by (13),
antimicrobial activity of 200 Penicillium isolates which isolated from soils of different regions of Brazil were evaluated.
In the mentioned study, the survival of P. chrysogenum spores in front of UV rays and their antibiotics production
was studied. The results showed that, changes in P. chrysogenum, which were due to mutations, can lead to increase
in penicillin production (7). Recently, a study in metabolome of P. chrysogenum indicated that using different inter
cell concentrations of amino acid precursors for penicillin production (AAA, Val and Cys) can evaluate the level of
penicillin production. The results showed that often the production speed is depended on several factors such as
energy providing or the level of enzymes or transformers all of which are not well known. In previous studies, different
media were used to penicillin production. In another study, other media which including yeast extract, sucrose on
deionized water, and ethyl acetate were applied for antibiotic extraction (21). However, the obtained results in both
were perfectly consistent with results of this survey. In order to separate penicillin in river’s water, HPLC and LC-MS
methods were carried out. In the mentioned study, the mobile phase was prepared as follows: solvent A, Ammonium
acetate and formic acid 1%; solvent B, acetonitrile. Considering the mentioned chromatograms, many other
metabolites except penicillin G were observed. Maybe these metabolites are precursors of penicillin G such Penicillic
acid, Penicilloic acid, Isopenicillic acid, Penicilloaldehyde, Ampicillin, Penicillin V, Oxacillin, Dicloxacillin and
Cloxacillin which were identified by HPLC and providing their metabolite standards can be identified clearly.
REFERENCES
Ariyo BT, Bucke C and TKeshaverz T. 1997. Alginate oligosaccharides as enhancers of penicillin production in cultures of
Penicillium chrysogenum. Biotechnology and Bioengineering 53:17-20.
Babaiy N. 2008. Antimicrobial characterization of Streptomyces and fungi isolated from soils of Amol forest and deserts of Kahrizak
and Hasan Abad Research and development 79:119-126.
Brakhage AA. 1998. Molecular regulation of β-lactam biosynthesis in filamentous fungi. Microbiology and Molecular Biology
Reviews 62:547-585.
Burns M and van Dijck PWM. 2002. The development of the penicillin production process in Delft, The Netherlands, during World
War II under Nazi occupation. Advances in Applied Microbiology. Vol 51 51185-200.
Cole M. 1966. Microbial synthesis of penicillins. Process Biochem 1:334-338.
Diez B, Barredo J, Alvarez E, Cantrol J, Solingen P, Groenen M and Veenstra A. 1989. Two genes involved in penicillin
biosynthesis are linked in a 5.1 kb salt fragment in the genome of penicillium chrysogenum. Molecular and General
Genetics MGG. 218: 572-576
GANG L, CASQUEIRO J, GUTIERREZ S, KOSALKOVA K, CASTILLO NI and MARTIN JF. 2001. Elicitation of penicillin
biosynthesis by alginate in Penicillium chrysogenum, exerted on pcbAB, pcbC, and penDE genes at the transcriptional
level. Journal of microbiology and biotechnology 11:812-818.
Hendrickx S, Roets E, Hoogmartens J and Vanderhaeghe H. 1984. Identification of penicillins by thin-layer chromatography.
Journal of Chromatography A 291:211-218.
Hossain MM and Dean J. 2008. Extraction of penicillin G from aqueous solutions: Analysis of reaction equilibrium and mass
transfer. Separation and Purification Technology 62:437-443.
Laich F, Fierro F, Cardoza RE and Martin JF. 1999. Organization of the gene cluster for biosynthesis of penicillin in Penicillium
nalgiovense and antibiotic production in cured dry sausages. Applied and environmental microbiology 65:1236-1240.

605

J Nov. Appl Sci., 4 (5): 603-606, 2015

Lara F, del Carmen Mateos R, Vázquez G and Sánchez S. 1982. Induction of penicillin biosynthesis by L-glutamate in Penicillium
chrysogenum. Biochemical and biophysical research communications 105:172-178.
Li D, Yang M, Hu J, Zhang Y, Chang H and Jin F. 2008. Determination of penicillin G and its degradation products in a penicillin
production wastewater treatment plant and the receiving river. Water Research 42:307-317.
Martín JF, Ullán RV and García‐Estrada C. 2010. Regulation and compartmentalization of β‐lactam biosynthesis. Microbial
biotechnology 3:285-299.
Matsumoto M, Ohtani T and Kondo K. 2007. Comparison of solvent extraction and supported liquid membrane permeation using
an ionic liquid for concentrating penicillin G. Journal of membrane science 289:92-96.
Oskay M. 2009. Antifungal and antibacterial compounds from Streptomyces strains. African Journal of Biotechnology 8.
Petit P, Lucas EM, Abreu LM, Pfenning LH and Takahashi JA. 2009. Novel antimicrobial secondary metabolites from a Penicillium
sp. isolated from Brazilian cerrado soil. Electronic Journal of Biotechnology 12:8-9.
Reschke M and Schügerl K. 1984. Reactive extraction of penicillin I: Stability of penicillin G in the presence of carriers and
relationships for distribution coefficients and degrees. The Chemical Engineering Journal 28:B1-B9.
Roncal T, Cordobés S, Sterner O and Ugalde U. 2002. Conidiation in Penicillium cyclopium is induced by conidiogenone, an
endogenous diterpene. Eukaryotic cell 1:823-829.
Roncal T, Cordobés S, Ugalde U, He Y and Sterner O. 2002. Novel diterpenes with potent conidiation inducing activity.
Tetrahedron letters 43:6799-6802.
Shwab EK and Keller NP. 2008. Regulation of secondary metabolite production in filamentous ascomycetes. Mycological research
112:225-230.
Stephen Queener W. 1990. molecular biology of penicillin and cephalosporin biosynthesis. Antimicrobial agents and
chemotherapy
Veerapagu M, Jeya K and Ponmurugan K. 2008. Mutational effect of Penicillium chrysogenum on Antibiotic Production. Advanced
Biotech:16-19.
Wang Y, Angelatos AS, Dunstan DE and Caruso F. 2007. Infiltration of macromolecules into nanoporous silica particles.
Macromolecules 40:7594-7600.
Yang C and Cussler E. 2000. Reactive extraction of penicillin G in hollow‐fiber and hollow‐fiber fabric modules. Biotechnology
and Bioengineering 69:66-73.

606

