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Executive summary: Bacteria biosynthesize secondary metabolites (collaterals) or in other words a large class of
biologically active bio compounds, which have applications in agriculture and the pharmaceutical industry. If knowledge’s
about bacilli are more advanced (focused on practical applications has enzymes) in the case of actinomycetes the most
information has been obtained from studies on the production of antibiotics. The purpose of this paper is to summarize the
information on the biosynthesis of metabolites (collateral bio compounds) and Inhibit bio compounds relevant to
agriculture and the pharmaceutical industry. The paper brings information on the genes encoding the biosynthesis of
important bio substances in terms of agriculture, pharmaceutical and antibiotic activity of metabolites (collateral bio
compounds).
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General remarks
Actinomyces produce a number of enzymes that help degrade organic plant material, lignin, and chitin.
Notwithstanding of diversity of their structures, bioactive collateral metabolites are synthesized from simple units used
in living organisms for the biosynthesis of cellular structures. These units comprise amino acids, acetate, propionate,
sugars, nucleotides etc. Normally to their structure and type of biosynthesis, collaterals metabolites are divided to form
different groups. The production of bioactive collaterals metabolites in actinomycetes isolated from nature is before low
in most cases. Actinomyces that are isolated from nature (wild type strains) produce small amounts of collateral
metabolites. Actinomyces are typical bacteria (”ray fungus”); are Gram–positive filamentous rods that are not acid fast
and are nonmotile. The cell wall peptidoglycan contains muramic acid, N–acetylglucosamine, glutamic acid, and one or
two supplementary amino acids. Actinomyces species have lysine or lysine plus ornithine in the peptidoglycan. Most
strains of A. viscosus and A. naeslundii bear well-developed long, thin surface fibrils.

1. The antibiotic activity of collaterals metabolites
The chemical composition and cellular location of some Actinomyces antigens are known. One group of saccharide
antigens is cell-wall associated, protease resistant, and heat stable. A. viscosus also has an amphipathic antigen that is a
fatty acid-substituted heteropolysaccharide and different from the teichoic and lipoteichoic acids found in most Gram–
positive bacteria. The actinomycetes, especially the group of Streptomyces are known as specialized bio compounds
potential antibiotic biosynthesis; summarizing three quarters of natural substances with antibiotic potential.
Natural substances with potential antibiotic synthesized by streptomycetes (of acetylCoA and phosphoenolpyruvate,
and subsequently methylated through methionine as the methyl donor), have different chemical structure and can be
classified into different types, while bio compounds with a similar function by bacteria of the genus Bacillus
biosynthesized or other groups (lactic bacteria, Enterobacteriaceae, Pseudomonas sp.) are mainly peptides or peptides
modified. Constituents of genus Bacillus are able to synthesize natural substances with antibiotic potential, as collateral
metabolites in late logarithmic growth phase or early stationary phase. It was identified over 169 natural substances
with antibiotic potential. B subtilis can synthesize 68 kinds of natural substances with antibiotic potential, while only 23
B. brevis synthesize natural substances with potential antibiotic (1).
Many natural substances with antibiotic potential synthesized by bacilli are active against Gram–positive, but there
are exceptions. Most natural substances with antibiotic potential synthesized by bacilli are peptides, but may belong to
other classes of bio compounds (amyl glycoside and phosphoric triennial). There is a controversy regarding the function
of natural substances with antibiotic potential from bacteria of the Bacillus genus.
They are synthesized during sporulation, so it is believed that natural substances with antibiotic potential is a link to
of a biochemical processes that occur in the transition from vegetative state to enhance (2).
Many strains of bacilli synthesizers of bio compounds with antimicrobial activity were subjected to special analysis
of molecular mapping, identification and cloning of genes encoded (3).
Collateral bio compounds (metabolites) have antibiotic activity due to its ability to inhibit primary metabolic
processes. Most act as anti–metabolites, as their functional similarity with normal metabolites allows binding to target
sites and interfere with normal activity. By products generated from a given metabolic pathway inhibits another
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metabolic pathway, their activity depends entirely of the configuration of natural substance with potential antibiotic
configuration and distribution of functional groups at their level (4).
Since there is no strict correlation between natural substance with antibiotic potential and metabolic pathways the
substance is synthesized, it is questionable assertion that all collateral bio compounds show some biological activity,
given that they often have significance only for human and less for the synthesizer body (5).
Although the research on potential pharmacodynamics of natural substances were related mainly to the antibacterial
activity, are now studied the action of the substance on some types of eukaryotic cells. An example is monensin,
originally identified in cultures of S. cinnamonensis, that presently is use as bacteriostatic/coccidiostatic (used in poultry
farming, antiparasitic compounds with a broad spectrum of activity against nematodes and arthropods, substances with
antitumor activity, immunosuppresses, thrombolytic etc.) or as growth stimulator at animals (6).
A serious problem in case of producing substances with antibiotic potential is their means of synthesizing bacteria
resistant to these agents that inhibit the growth or other essential biochemical processes.
To eliminate the effect of growth inhibition, synthesizers bacteria may experience more resistance mechanisms:
modification of membrane permeability or inactivate toxic metabolite (7).
Because the natural substance with antibiotic potential are removed outside of the cell as they are synthesized, cell
inactivation does not affect extracellular product efficiency. A study of antibiotic resistance in bacterial strains sensitive
("target") showed that natural substances with antibiotic potential excreted in the environment and acting in the vicinity
of the body synthesizer has the significance of factors involved in the competition for resources.
Resistance to natural substances with potential antibiotic production has been observed in many bacterial collection
strains isolated before their introduction into practice what suggests that bacterial populations come into contact with
bio compounds in their natural life (8).
Some metabolites (collateral bio compounds) are toxic and even they don’t have big antibiotic value, they can
increase the activity of other natural substances with antibiotic potential , without that was installed the resistance of
many bacterial strains. An example is the clavulanic acid synthetized by strains of S. clavuligerus that has small
antibiotic activity, but determine an increment of action of some substances with antibiotic potential β–lactams by
inhibition of β–lactamase synthetized by target bacterial strain. Natural substances with antibiotic potential known today
used in practice can by classified after: mode of action, chemical nature, action spectrum etc.
An approach to the structure of natural substances with antibiotic potential consider them, along with a large number
of metabolites synthesized by both bacteria and fungi or plants can be grouped into a family of bio compounds called
poliketide (9). Polyketides are a comprehensive group of collaterals metabolites synthesized by decarboxylative
condensation malonyl units often with subsequent cyclization of the polyketo chain. Al, that bio compounds have keto
groups at carbon atomic level in different positions into the molecule with antibiotic potential. Bio compounds from this
class are: tetracyclines, antracyclins, erythromycin, rifampicin or rifapentine, granaticin, avermectin (synthetized by de
streptomyces), aurantinin (synthetized by Bacillus sp.) mupirocin (synthetized by Pseudomonas sp.) (10) and many other
substances synthetized by eukaryotic cells: micotoxins, indoles, flavonoids, etc.
1.1. Antibiotics that inhibits the synthesis of cellular wall
After the discovery of penicillin by Fleming in 1929, a large number of natural substances potentially related to this
antibiotic were isolated, they having common chemical structure (are β–lactams) and mode of action (inhibition of
bacterial cell wall synthesis). Although penicillin was found to be synthesized by fungi, was proved that natural
substances with potential antibiotic similar and can be summarized by some species of Streptomyces as: S. clavuligerus,
S. lipmanii, S. lactamgens, S. cattleya (11).
There were also synthetized β–lactams and other bio compounds that affect the functions of plasmatic membrane.
Such an example is nistratin, antifungal synthetized by some species of Streptomyce. Another group is represented by
polymyxins, bacitracins and gramicidin, substances with antibiotic potential polypeptides synthesized by bacteria called
Bacillus (B. polymixa, B. licheniformis, B. brevis). That bio compounds increases plasma membrane permeability which
results in massive output of amino acids or of derivatives of purine and pyrimidine bacteria, ultimately leading to cell
death. Bacitracin acts on cell wall synthesis, resulting in inhibition of peptidoglycan biosynthesis of Gram–negative
bacteria.
1.2. Antibiotics that inhibit protein synthesis
Of natural substances with antibiotic potential affecting protein synthesis, an important place is occupied by
aminoglycosides, tetracycline and chloramphenicol; all three groups were synthesized by species of the genus
Streptomyces. Aminoglycosides are an important group of natural substances with antibiotic potential that have the main
component some saccharidess. The first antibiotic in this group was discovered in 1944 is streptomycin synthetized by
S. griseus, after which other aminoglycosides were isolated from bacteria belonging to the genera mainly Streptomyces
and Micromonospora: gentamicin synthetized by species of Micromonospora, neomycin synthesised by S. fradiae,
ribostamycin synthesised by S. ribosidificus, kanamycin biosynthesised by de strains of S. kanamyceticus, butirosin
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synthetized by B. circulans etc. (12). Aminoglycosides are substances with antibiotic potential with a large spectrum of
action used for treatment of some infections produced by strains of E. coli, Klebsiella sp., Proteus sp., Enterobacter sp.
There are experimental dates that shows the importance of ribosomes as most important that determine the protein
synthesis. The effects of aminoglycoside on bacteria are considered the consequence of their interaction with ribosomes.
Together with the interference with protein synthesis, aminoglycoside are inducing damage to plasmatic membrane,
affects cellular respiration RNA accumulation and leads ultimately cell death. Regarding the mechanism of bacterial
resistance to the action of these substances synthesizers potential antibiotic has shown that they have different strategies
such as the production of enzymes that inactivate the antibiotic or change situs of action (13).
Bacteria synthesizers of aminoglycosides are synthesised also and enzymes that modify antibiotic substances
potential: aminoglycoside phosphotransferase enzyme (APH) and acetyltransferases (AAC) (14).
Those bacteria (S. kanamyceticus, S. tenebrarius) can synthetize all enzymes that change situs of substances with
antibiotic potential (eg ribosomal situs) by methylation action of RNAr.
Tetracycline represent an heterogenic group of substances with antibiotic potential synthesised especially by bacteria
from type Streptomyces that they have in common the same base chemical structure (15), but are different according to
the chemical groups (16) that bound to this structure: oxitetracycline (synthetized by S. rimosus), tetracycline
(synthetized by S. viridofaciens), chlortetracycline (bio synthetized by S. aureofaciens). Tetracycline present a large
spectrum of action being bacteriostatic for different Gram positive and Gram negative bacteria (exception strains of
Salmonella, Proteus and Pseudomonas) and bactericides in big concentrations (17).
The main target of action of that substances with antibiotic potential protein synthesis, because don’t have obvious
effects on the DNA, RNA or cellular wall. It seems that there is a strong bound of the de subunit 70S of ribosomes that
determine the inhibitor effect of the natural substance antibiotic potential (18).
Tetracycline has a weak link with the subunit30S that affects the blocking of connection aminoacil–RNAt to this
subunit and longer polypeptidic chains. Self-resistance of synthesizer bacteria can include also the changing of normal
target situs, intracellular inactivation of the antibiotic or quick elimination. Chloramphenicol is a compound with
antibiotic potential, with a large action spectrum, that was isolated in 1947 from filtrate of culture of S. venezuelae.
The action of chloramphenicol is that it blocks RNAm connected at ribosomes that has as result inhibition of protein
synthesis (forming peptide bound) (19).
1.3. Antibiotics that inhibits replication and transcription the genetic information
From all natural substances with antibiotic potential that prevent DNA replication and synthesis of RNAm we can
mention the novobiocins, coumermicin and rifamycins.
Novobiocin is a natural substance with antibiotic potential and a complex structure syntetised by S. sphaeroides with
bacteriostatic effect over the bacterias, especially from acid environment.
Similar as action is coumermicin A, a natural substance with antibiotic potential isolated from cultures of S.
rishinensis and S. hazeliensis (20). At smaller concentrations of novobiocin and cumermicin A the only affected is
replication of DNA from sensitive cells, not the transcription process. The two natural substances with antibiotic
potential can affect the action of ADN girase, enzyme that determine over twisting of DNA molecule, that explain the
replication inhibition of transcription genetic information (21).
The resistance at novobiocin of the synthesis bacteria S. sphaeroides is determined of the gene gyr B with its product,
DNA girase B resistant to the action of the antibiotic (22). Rifamycins, with the represented typically rifampicin is
representing a group of natural substances with l antibiotic potential macrocyclic that acts, over mycobacteria and Gram
positive bacteria. There mechanism of action is about inhibition of transcription of genetic information by blocking the
action of RNA–polymerase enzymes. Another antibiotic with inhibitory–restrictive of action over the nucleic acids is
granaticin, quionic antibiotic, isolated from cultures of S. olivaceus and S. violaceoruber.
His „in vitro” action is manifested, at prokaryotes and eukaryotes, over the synthesis of DNA, RNA and proteins.
Granaticin has antitumoral effects in leukemia L1210 and P388 and cytotoxic effect for cells KB (23).

2. Actions on living cells
Many natural substances with potential antibiotic not used in clinical practice due to their toxic action on animal cells.
The toxic effects resulting from direct action on one of the primary metabolism pathways, pathways that are
universal on the energy or gene expression. Toxicity to animal cells do not always result in the same reaction inhibition
is target organisms. Amphomycin that interfere with membrane transport intermediaries murein from bacteria to
eukaryotic cells causes a block glycosylation. Some natural substances with potential antibiotic activity showed a
growth inhibition of several types of organisms began to be used as antitumor substances due to their toxicity on the
cells that proliferate rapidly. Among these substances occupy an important place anthracyclines and bleomycin,
substances synthesized by species of the genus Streptomyces (24).
Originally discovered as antibacterial agents, it turned out that the two families of substance binds specifically by
intercalation, the DNA molecules and bleomycin and cause cleavage of DNA chains. Selective cytotoxicity of
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bleomycin resulting in decreased activity of an enzyme inactivation of tumor cells. Another type of enzyme inhibitors
produced antimicrobial or antitumor activity is represented by small protein, containing a chromophore prosthetic group
that intercalate in DNA macromolecules, changing their structure (25). Some collateral metabolites show specific
pharmacological animal, in which case they do not have a general cytotoxicity, but their pharmacological action may
sometimes be extremely toxic. An example is a vasodilator action bio compounds isolated from S. aureofaciens but this
is not accompanied by toxicity and antibiotic activity.
Another bio compounds MY–336A, isolated from cultures of S. gabonae exerts antagonistic action of β–adrenergic
receptors with a pharmacological action so selective, nontoxic (26).
In case of amicourmamycin A isolated from B. pumilus was initially stated an antibiotic action and after was proved
to have also anti-inflammatory action on tested animals (27). Among bio substances initially isolated by screening for
antibiotic activity experiments were found some who act to modulate the immune response.
For example, IC201 substance isolated from S. fimbriatus and S cirratus as antitumor agent has been shown to have
activating and action on macrophages. Another bio compounds, macrolides FK 506 isolated from S. tsukubaensis
during selection experiments of substances that inhibit the production of interleukin–2 has been shown to have
immunosuppressive action (28).
2.1. Insecticidal Activity of Actinomycetes
It was showed that many collateral metabolites produced by streptomyces in particular have insecticidal action.
Some of them, like some natural collateral substances with potential macrolides antibiotic polienic, blocks cellular
respiration or inhibit protein synthesis in eukaryotes, thus nonspecific agents. Other collateral metabolites, such
nikkomycin (group of peptidyl nucleoside antibiotics with potent fungicidal, insecticidal and acaricidal activities) have
specific action inhibiting chitin syntheses and thus act on the chitinous cell walls at insects (29).
Mibelmycin (another antibiotic), synthetized by Streptomyces hygroscopicus subsp. Aureolacrimosus does not have
antibacterial effect but acts selective on insects with also anthelmintic activity and acaricide effect. In one study, were
isolated after a complex process of selection over actinomycete strains cultures, a new substance with an insecticide and
acaricide mode of action (30).
An insecticide action is made possible by the biosynthesis of one bacterial strain (with chitin hydrolysis activity) of
chitinase that acts directly over the pathogen insect coatings (produce antimicrobial peptides known as defensins and
cecropins). Microbial collateral metabolites also exhibit all right herbicide and pesticide activities and are
biodegradable.
Though, microbial herbicides and pesticides only rarely used (e.g. bialaphos) due to their high price. Biological
control is slow but can be long-drawn, low-priced, and inoffensive to living organisms and the ecosystem; it neither
eliminates the pathogen nor the disease, but brings them into normal balance. On the other part stereptomyces collateral
metabolites not only effective against insect but may also boost the insect yourselves from other microbial pathogen and
other insect as in wasps which cultures a strain of antibiotic–producing S. philanthi within experienced glands on her
antenna. S. philanthi then excrete antibiotics in to the cocoons, protecting the beewalf larvae from harmful pathogen.

3. Activity on vegetal cells
Some collateral bio compounds products from bacteria of type Streptomyces have phytotoxic and antifungal action.
Herbicides synthetized by S. Sagonensis are nucleosides with phytotoxic action for dicotyledonous plants (31).
They inhibit the fungal development. Another substances as herbimycin synthetized by S. hygroscopicus have small
antibiotic action, instead are toxic for vegetal cells. Herbimycin A inhibition development of tabacco mosaic virus and
has antitumoral action for animal cells (32).
Another substance, homoalanosin, synthetized by S. galileus is an antimetabolite aspartic acids and glutamic acid,
being applied insecticide and herbicides (33; 34). Many researchers have published data on species belonging to the
genus Bacillus ability to inhibit the growth of phytopathogenic fungi (35).
In most cases biological combat of fungi involves using biotic facts from environment. Studies have shown the
capacity of some strains of Bacillus subtilis to combat different phytopathogenic fungi, like: Macrophomina
phaseolina–pathogen at peas (36), Rhizoctomia solani–pathogen at peas (37), beans and wheat seeds (38), Fusarium
oxysporum and Phytyum ultinacere–pathogens at tomato (39).
The most common species of the genus Bacillus have shown the ability to prevent and combat the development of
diseases caused by phytopathogenic fungi is: Bacillus subtilis, Bacillus licheniformis, Bacillus polymyxa, Bacillus
cereus. Studies on the suitability of these bacterial species in biological control were based on the property to synthesize
high boost resistance and longevity in natural environmental conditions, the resulting possibility of obtaining and
marketing in a manner similar to chemical fungicides.
In the fight for micro nutrients available to an arsenal of chemicals that inhibit bio compounds competitive
organizations. Many of these bio compounds in origin and can be synthesized ribosomal peptide or nonribozomal.
Many of Bacillus subtilis strains produce a number of substances such lipo oligopeptidic, iturin range, with
antifungal activity, hemolytic and natural substances with potential antibiotic properties.

1422

© FORMATEX 2013

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

Chemical structure of these substances was determined by various methods {mass spectrometry (MS), gel
chromatography, thin layer chromatography (TLC), liquid chromatography (HPLC).
Protein component of these substances is the oligopeptides composed of seven amino acids and lipid component
containing long carbon chain fatty acids (C14–C16) (40). Thus, iturin AL content the heptapeptide (Asn–Tyr–Asn–Gln–
Pro–Ser–Asn) and mixture of β–amino fatty acid chain can vary from C14–C16. Iturin D and iturin E content the
heptapeptide (3 Asp, 1 Glu, 1 Pro, 1 Ser, 1 Tyr) and mixture of β–amino fatty acid chain can vary from C14–C16,
differing from iturin A through the presence of carboxyl groups at iturin D and a carboxymethyl group at iturin E.
Mycosubtilin (and/or bacillomysin), is a substance from iturin family, contain a cyclic heptapeptide (Asn, Tyr, Asn,
Gln, Pro, Ser, Asn) linked to a β–amino fatty acid.
Also surfactin and fengycin, for the iturin family, contain a β–hydroxy fatty acid (lipopeptides) and bacillomycin
contain a β–amino fatty acid. More intensive studies were performed with a substance synthesized by several species of
Streptomyces (S. hygroscopicus, S. viridochromogenes) and were named phosphinothricyl–alanyl-alanine (PTT), also
known as bialaphos. This substance was initially selected for its antibiotic activity after which been observed she has in
fact a far more complex action. The active component of phosphinothricyl–alanyl-alanine is phosphinothricin, which
inhibitor of glutamine synthetase activity of vegetal plants, giving it a strong herbicidal action (41).
Many of metabolites (biocompounds collateral) produced by various microorganisms were tested for their possible
action on enzymes. When the system assay involving key enzymes in pharmacological processes from animals, many
secondary metabolites have been detected as with physiological activity "in vivo".
Many of those biocompounds have been found to be protease inhibitors, variously active against pepsin, papain,
trypsin, chymotrypsin, catepsin, elastase, renin, aminopeptidase B, leucine aminopeptidase etc. (42). Among the
protease inhibitors isolated from actinomycetes some of acting on the renin or on a zinc exopeptidase converting
angiotensin to angiotensin II. The research carried out on microbial cultures has allowed isolation of inhibitors and
other enzymes. This applies for glucosidase inhibitors (43), for cAMP, kinase etc.

4. Final remarks
The information in this paper reflect the particularities of bacteria and the importance they have both theoretical and
practical, is to obtain compounds with applications in medicine, food, detergents etc. or in kind, as important links of
the mechanisms of degradation and recycling of organic waste typically existing in soil.
Knowing their equipment enzyme biosynthesis of their potential as its genetic determinism and modern techniques
related to those of bioassay and cell provides a good study of the characteristics of these bacteria, including taxonomy
of the group and lead to obtaining recombinant strains genetic able to catabolize or anabolic with increased efficiency
bio compounds with some practical importance.
Acknowledgments This work has been supported by the PNII-PCCA research contract 106/26.07.2012

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]

Chen W, Wang Y, Li D, Li L, Xiao Q, Zhou Q. Draft genome sequence of Brevibacillus brevis strain X23, a biocontrol agent
against bacterial wilt. Journal of Bacteriology. 2012;194(23):6634–5.
Faille C, Bénézech T, Blel W, Ronse A, Ronse G, Clarisse M, Slomianny C. Role of mechanical vs. chemical action in the
removal of adherent Bacillus spores during CIP procedures. Food microbiology. 2013;33(2):149–57.
Jensen A, Fagö–Olsen H, Sørensen CH, Kilian M. Molecular mapping to species level of the tonsillar crypt microbiota
associated with health and recurrent tonsillitis. PLoS One. 2013;8(2):e56418.
Wise AA, Price CW. Four additional genes in the sigB operon of Bacillus subtilis that control activity of the general stress
factor sigma B in response to environmental signals. Journal of Bacteriology. 1995;177(1):123–33.
Almeida Da Silva PE, Palomino JC. Molecular basis and mechanisms of drug resistance in Mycobacterium tuberculosis:
classical and new drugs. Journal of Antimicrobial Chemotherapy. 2011;66(7):1417–30.
Piatkowska M, Jedziniak P, Zmudzki J. Residues of veterinary medicinal products and coccidiostats in eggs–causes, control and
results of surveillance program in Poland. Polish journal of veterinary sciences. 2012;15(4):803–12.
Nakao S, Komagoe K, Inoue T, Katsu T. Comparative study of the membrane–permeabilizing activities of mastoparans and
related histamine–releasing agents in bacteria, erythrocytes, and mast cells. Biochimica et Biophysica Acta. 2011; 1808(1):490–
7.
Beneduzi A, Ambrosini A, Passaglia LM. Plant growth–promoting rhizobacteria (PGPR): Their potential as antagonists and
biocontrol agents. Genetics and molecular biology. 2012;35(4 (suppl)):1044–51.
Pallecchi L, Bartoloni A, Riccobono E, Fernandez C, Mantella A, Magnelli D, Mannini D, Strohmeyer M, Bartalesi F,
Rodriguez H, Gotuzzo E, Rossolini GM. Quinolone resistance in absence of selective pressure: the experience of a very remote
community in the Amazon forest. PLoS Neglected Tropical Diseases. 2012;6(8):e1790.
Chakraborty B, Chakraborty S, Basu AK, Aditya B, Sinha TP, Dhar TM, Saha C. Isolation and characterization of
Pseudomonas sp. STM 997 from soil sample having potentiality to degrade 3,6–dimethyl–1–keto–1,2,3,4–tetrahydrocarbazole:
a novel approach. Applied biochemistry and biotechnology. 2012; 168(7):1765–77.

© FORMATEX 2013

1423

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[11] Kanini GS, Katsifas EA, Savvides AL, Hatzinikolaou DG, Karagouni AD. Greek indigenous streptomycetes as biocontrol
agents against the soil–borne fungal plant pathogen Rhizoctonia solani. Journal of Applied Microbiology. 2013; doi:
10.1111/jam.12138.
[12] Kudo F, Eguchi T. Biosynthetic enzymes for the aminoglycosides butirosin and neomycin. Methods in Enzymology. 2009;
459:493–519.
[13] Galán JC, González–Candelas F, Rolain JM, Cantón R. Antibiotics as selectors and accelerators of diversity in the mechanisms
of resistance: from the resistome to genetic plasticity in the β–lactamases world. Frontiers in Microbiology. 2013; 4:9.
[14] Subba B, Kurumbang NP, Jung YS, Yoon YJ, Lee HC, Liou K, Sohng JK. Production of aminoglycosides in non–
aminoglycoside producing Streptomyces lividans TK24. Bioorganic & Medicinal Chemistry Letters. 2007; 17(7):1892–6.
[15] Pickens LB, Sawaya MR, Rasool H, Pashkov I, Yeates TO, Tang Y. Structural and biochemical characterization of the
salicylyl–acyltranferase SsfX3 from a tetracycline biosynthetic pathway, Journal of Biological Chemistry. 2011; 286(48):
41539–51.
[16] Wang P, Gao X, Chooi YH, Deng Z, Tang Y. Genetic characterization of enzymes involved in the priming steps of
oxytetracycline biosynthesis in Streptomyces rimosus. Microbiology. 2011; 157(Pt 8):2401–9.
[17] Pickens LB, Tang Y. Decoding and engineering tetracycline biosynthesis. Metabolic Engineering. 2009; 11(2):69–75.
[18] Dreier I, Kumar S, Søndergaard H, Rasmussen ML, Hansen LH, List NH, Kongsted J, Vester B, Nielsen P. A click chemistry
approach to pleuromutilin derivatives, part 2: conjugates with acyclic nucleosides and their ribosomal binding and antibacterial
activity. Journal of Medicinal Chemistry. 2012; 55(5):2067–77.
[19] Buurman ET, Foulk MA, Gao N, Laganas VA, McKinney DC, Moustakas DT, Rose JA, Shapiro AB, Fleming PR. Novel
rapidly diversifiable antimicrobial RNA polymerase switch region inhibitors with confirmed mode of action in Haemophilus
influenzae. Journal of Bacteriology. 2012;194(20):5504–12.
[20] del Castillo I, Vizán JL, Rodríguez–Sáinz MC, Moreno F. An unusual mechanism for resistance to the antibiotic coumermycin
A1. Proceedings of the National Academy of Science of the United States of America. 1991;88(19):8860–4.
[21] Tao J, Han J, Wu H, Hu X, Deng J, Fleming J, Maxwell A, Bi L, Mi K. Mycobacterium fluoroquinolone resistance protein B, a
novel small GTPase, is involved in the regulation of DNA gyrase and drug resistance. Nucleic Acids Research.
2013;41(4):2370–2381.
[22] Moeller R, Reitz G, Li Z, Klein S, Nicholson WL. Multifactorial resistance of Bacillus subtilis spores to high–energy proton
radiation: role of spore structural components and the homologous recombination and non–homologous end joining DNA repair
pathways. Astrobiology. 2012; 12(11):1069–77.
[23] Stachowiak R, Lyzniak M, Budziszewska BK, Roeske K, Bielecki J, Hoser G, Kawiak J. Cytotoxicity of bacterial metabolic
products, including listeriolysin O, on leukocyte targets. Journal of Biomedicine and Biotechnology. 2012; 2012:954375.
[24] Köberl M, Ramadan EM, Adam M, Cardinale M, Hallmann J, Heuer H, Smalla K, Berg G. Bacillus and Streptomyces were
selected as broad–spectrum antagonists against soilborne pathogens from arid areas in Egypt. FEMS Microbiology Letters.
2013. doi: 10.1111/1574–6968.12089.
[25] Walker JV, Nitiss KC, Jensen LH, Mayne C, Hu T, Jensen PB, Sehested M, Hsieh T, Nitiss JL. A mutation in human
topoisomerase II alpha whose expression is lethal in DNA repair–deficient yeast cells. Journal of biological chemistry. 2004;
279(25):25947–54.
[26] Matsubara A, Miyashita T, Inamoto R, Mori N. Presence of adrenergic receptors in rat endolymphatic sac epithelial cells.
Journal of Membrane Biology. 2013; 246(2):109–14.
[27] Lee DK, Kim MJ, Ham JW, An HM, Cha MK, Lee SW, Park CI, Shin SH, Lee KO, Kim KJ, Ha NJ. In vitro evaluation of
antibacterial activities and anti–inflammatory effects of Bifidobacterium spp. addressing acne vulgaris. Archives of Pharmacal
Research. 2012; 35(6):1065–71.
[28] Macciò A, Madeddu C, Chessa P, Panzone F, Lissoni P, Mantovani G. Oxytocin both increases proliferative response of
peripheral blood lymphomonocytes to phytohemagglutinin and reverses immunosuppressive estrogen activity. In Vivo. 2010;
24(2):157–63.
[29] Wang XJ, Zhang J, Liu CX, Gong DL, Zhang H, Wang JD, Yan YJ, Xiang WS. A novel macrocyclic lactone with insecticidal
bioactivity from Streptomyces microflavus neau3. Bioorganic & Medicinal Chemistry Letters. 2011; 21(18):5145–8.
[30] Huang J, Wu S, Ye G. Molecular characterization of the sigma class gutathione S–transferase from Chilo suppressalis and
expression analysis upon bacterial and insecticidal challenge. Journal of Economic Entomology. 2011;104(6):2046–53.
[31] Koodkaew I, Sunohara Y, Matsuyama S, Matsumoto H. Phytotoxic action mechanism of hapalocyclamide in lettuce seedlings.
Plant Physiol Biochem. 2012; 58:23–8.
[32] Liu C, Nelson RS. The cell biology of Tobacco mosaic virus replication and movement. Frontiers in plant science. 2013; 4:12.
doi: 10.3389/fpls.2013.00012.
[33] Costa LG, Giordano G, Guizzetti M, Vitalone A. Neurotoxicity of pesticides: a brief review. Frontiers in Bioscience.
2008;13:1240–9.
[34] Casida JE. Pest toxicology: the primary mechanisms of pesticide action. Chemical Research in Toxicology. 2009; 22(4):609–19.
[35] Ortega–Morales BO, Ortega–Morales FN, Lara–Reyna J, De la Rosa–García SC, Martínez–Hernández A, Montero–M J.
Antagonism of Bacillus spp. isolated from marine biofilms against terrestrial phytopathogenic fungi. Marine Biotechnology
(NY). 2009; 11(3):375–83.
[36] Sharmin S, Azam MS, Islam MS, Sajib AA, Mahmood N, Hasan AM, Ahmed R, Sultana K, Khan H. Xyloglucan
endotransglycosylase/hydrolase genes from a susceptible and resistant jute species show opposite expression pattern following
Macrophomina phaseolina infection. Communicative & integrative biology. 2012; 5(6):598–606.
[37] Shukla P, Walia S, Ahluwalia V, Parmar BS, Nair MG. Activity of alkanediol alkanoates against pathogenic plant fungi
Rhizoctonia solani and Sclerotium rolfsii. Natural product communications. 2012; 7(9):1219–22.

1424

© FORMATEX 2013

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[38] Bohlooli A, Okhovvat SM, Javan–Nikkhah M. Pathogenicity of some Rhizoctonia solaniz isolates associated with root/collar
rots on the cultivars of bean in greenhouse. Communications in Agricultural and Applied Biological Sciences. 2006; 71(3 Pt
B):1197–202.
[39] Kumar SP, Patel SK, Kapopara RG, Jasrai YT, Pandya HA. Evolutionary and molecular aspects of Indian tomato leaf curl virus
coat protein. International Journal of Plant Genomics. 2012; 2012:417935.
[40] Gros M, Rodríguez–Mozaz S, Barceló D. Rapid analysis of multiclass antibiotic residues and some of their metabolites in
hospital, urban wastewater and river water by ultra–high–performance liquid chromatography coupled to quadrupole–linear ion
trap tandem mass spectrometry. Journal of Chromatography A. 2013. doi:pii: S0021–9673(13)00037–X.
10.1016/j.chroma.2012.12.072.
[41] Fischer BB, Rüfenacht K, Dannenhauer K, Wiesendanger M, Eggen RI. Multiple stressor effects of high light irradiance and
photosynthetic herbicides on growth and survival of the green alga Chlamydomonas reinhardtii. Environmental Toxicology and
Chemistry. 2010; 29(10):2211–9.
[42] Ribeiro SF, Silva MS, Da Cunha M, Carvalho AO, Dias GB, Rabelo G, Mello EO, Santa–Catarina C, Rodrigues R, Gomes
VM. Capsicum annuum L. trypsin inhibitor as a template scaffold for new drug development against pathogenic yeast. Antonie
Van Leeuwenhoek. 2012; 101(3):657–70.
[43] Ramchandran L, Shah NP. Proteolytic profiles and angiotensin–I converting enzyme and alpha–glucosidase inhibitory activities
of selected lactic acid bacteria. Journal of Food Science, 2008;73(2): M75–81.

© FORMATEX 2013

1425

