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      PREFACE


    


  




  

    The fourth volume of Frontiers in Clinical Drug Research – Anti Infectives comprises six chapters that cover a variety of topics including, prolonging antibiotic life, biofilms in medical devices and various antiviral drugs.




    In the first chapter, Tolmasky reviews pharmacological strategies that can be used to improve the efficacy of antibiotics in the body. These strategies are important in the wake of an ongoing crisis of multi-drug resistant organisms. In the second chapter, Uda et al. review the information about catalytic antibodies that can act as antiviral medicines against specific virus targets including the rabies and influenza viruses.




    In chapter 3, Castilla et al. review the recent advances in drugs that target arenaviruses, pathogens that are responsible for haemorrhagic fever which is endemic to South America. In the fourth chapter, Ramírez and colleagues discuss the new role of steroids as therapeutic agents in viral infections.




    In chapter 5, Freire et al., provide an overview on the production and utilization of monoclonal antibodies as therapeutic agents, including their use for treating infectious diseases. In the last chapter, Azevedo et al. discuss different proposals for combating microfilms that form in medical indwelling devices (MIDs) in the body. Advances on this front can help medical professionals and engineers in keeping such devices longer in the body. Limiting infections caused by such biofilms also has clear benefits to patients.




    I hope that the readers will be pleased with the excellent and comprehensive reviews presented in this book in areas of contemporary importance.




    Finally, I would like to thank all the editorial staff of Bentham Science Publishers, particularly Dr. Faryal Sami, Mr. Shehzad Naqvi and Mr. Mahmood Alam for their technical support.

Prof. Atta-ur-Rahman, FRS


    Honorary Life Fellow,


    Kings College,


    University of Cambridge,


    Cambridge,


    UK
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      Abstract




      Antibiotic resistance occurs through several mechanisms that can coexist simultaneously in the same cell. The main ones include modification of the target, reduced permeability, export by active efflux pumps, sequestration of the drug by tight binding to an endogenous molecule, and enzymatic inactivation of the antibiotic molecule. The development of new antibiotics, a path currently being pursued by several laboratories using different approaches, is an obvious answer to the problem of resistance. However, this solution has not yielded the results one would expect; few new antimicrobials have been generated in the past decades. This article illustrates alternative methodologies that are being explored to produce chemicals that, although not having antimicrobial properties, act as potentiators such that combination therapies including the antibiotic and the adjuvant can overcome resistance. These compounds can achieve the expected outcome by inhibition of expression of resistance traits or interference with the function of components of resistance mechanisms.
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      INTRODUCTION




      Evidence of attempts to find means to fight infection goes back more than a thousand years when infections were not remotely understood, but their consequences were commonly felt. However, like with other kinds of conditions, treatments were rudimentary and success elusive. However, the discovery of penicillin, and later other antibiotics, produced one of the greatest triumphs in the history of the fight between humans and disease. Infections that once were a death




      warrant became treatable, and as time went by and medicine advanced, antibiotics became essential for procedures to treat other conditions. Surgery, treatment of cancer and other chronic diseases, organ transplants, orthopedic implants, or selected dentistry procedures would be impossible without the ability to control infection with antibiotics [1-7].




      Unfortunately, many circumstances, some avoidable and some not, led to development and dissemination of antibiotic resistance [8, 9]. As a consequence, a growing number of pathogens are acquiring multiple resistance traits that make them able to survive and thrive in the presence of several antibiotics. Furthermore, strains resistant to all or nearly all available antibiotics have already developed [10]. The magnitude of the problem has attracted the interest of numerous organizations and governments, and it has been identified as one of the greatest threats to human health [8, 11-14].




      There are several mechanisms by which bacteria resist the action of antibiotics [15]. Based on their characteristics these mechanisms are classified into three broad categories: intrinsic, adaptive, and acquired. Intrinsic resistance to an antibacterial agent is due to structural or functional features of the bacterium such as low permeability due to the structure of the cell envelope [16]. In the case of adaptive resistance, there is a temporary decrease in the susceptibility to the drug due to alterations in gene expression. A typical example of adaptive resistance is formation of a biofilm [17, 18]. Acquired resistance occurs when the cells import genetic material through the different gene transfer mechanisms such as conjugation, transduction, or transformation [19-22]. These mechanisms promote active horizontal transfer, which makes them responsible for the active dissemination of antibiotic resistance currently being observed in the clinics. Although the most obvious solution to the problem would be to find or design new classes of antibiotics, the reality is that the number of new antibiotics in development is dangerously low with respect to the speed at which bacteria acquire resistance traits [23, 24]. In addition to the quest for new classes of antibiotics other strategies are being pursued that could add ammunition against multiresistant infections. These strategies include the search for new scaffolds within existing antibiotic families [25], derivatization and modification of existing antibiotics [25-27], generation of hybrid molecules containing more than one antibiotic [28], or design of compounds that act as adjuvant or potentiators of existing antibiotics by interfering with resistance [29-32]. This article presents an overview of research advances in identifying these compounds. The magnitude of the data on the search for compounds that inhibit expression of genes involved in resistance or interfere with the action of components of resistance mechanisms is such that the information included should be considered representative rather than a comprehensive.


    




    

      INHIBITION OF COMPONENTS OF RESISTANCE MECHANISMS




      

        Efflux Pumps




        Efflux pumps are systems that can transport compounds outside the cell. A remarkable characteristic of these systems is their lack of specificity for the compounds they can expel. As a consequence, an efflux pump can detoxify the cells when they are exposed to several antibiotics [33-36]. Overexpression of efflux pumps has been associated with levels of resistance of clinical relevance [36-38]. The promiscuous nature of these antibiotic resistance systems makes them serious candidates to be targeted by inhibitors.




        There are five kinds of efflux pumps recognized in prokaryotes, one of them known as Resistance Nodulation Division (RND) is found only in Gram-negative bacteria and is composed of a multi-protein complex that spans the inner and outer membranes [39]. All four other groups, the major facilitator (MFS) superfamily, the adenosine triphosphate (ATP)-binding cassette (ABC) superfamily, the small multidrug resistance (SMR) family [14], and the multidrug and toxic compound extrusion (MATE) family, are found in Gram-negative and Gram-positive bacteria [33-36]. The first report of resistance to antibiotics mediated by extrusion described a plasmid-mediated Escherichia coli system capable of transporting tetracycline outside the cell [40]. Efflux pumps described later were encoded by the chromosome as well as plasmids [41]. Therefore, efflux pump-mediated resistance can be intrinsic or acquired. In the following paragraphs, there is a description of selected advances in the quest to find inhibitors of efflux pumps. For more comprehensive descriptions the reader is referred to some recent excellent reviews [33, 34, 42-48].




        Inhibitors of efflux pumps would have the potential to act as adjuvants of several antibiotic substrates of the targeted pump. About two decades ago the natural product reserpine (Fig. 1A) was shown to inhibit NorA, a Staphylococcus aureus member of the MFS family efflux pump, the most relevant in Gram-positive bacteria [37, 49]. In its presence, the minimal inhibitory concentration of fluoroquinolones was significantly reduced, and the emergence of resistant mutants was prevented [37]. Later other plant-derived inhibitors were isolated that were modified to obtain more active inhibitors [50-52]. Analysis of a collection of over hundred chalcone derivatives permitted to isolate two N,N-dimethylaminoethoxyphenyl derivatives (Fig. 1B) that showed higher than 98% inhibition of efflux in S. aureus when measured using ethidium bromide as substrate [53]. Other inhibitors of the NorA efflux pump include N-cinnamoylphenalkylamide and 3,4-dihydronaphth-2-yl-propenoic acid derivatives, the natural alkaloid piperine and synthetic analogs, substituted indols, derivatives of benzyloxybezylamine and benzimidazole, and others [43, 48, 54-56].




        Overexpression of RND efflux pumps plays a major role in resistance to antimicrobials in Gram-negative pathogens [42]. Interestingly, the relevance of these efflux pumps in pathogenicity is enhanced by their additional roles in biofilm formation and as virulence factors [36, 57-59]. Therefore, inhibition of RND efflux pumps could overcome the resistance to certain antibiotics and reduce the virulence of the infecting agent. The first known class of RND efflux pump inhibitors in P. aeruginosa, which can host multiple efflux pumps (MexAB-OprM; MexCD-OprJ; MexEF-OprN; MexXY-OprM; MexJK-OprM; MexVW-OprM) [60], were derivatives of a dipeptide amide lead compound that showed 8-fold potentiation of the activity of levofloxacin [61]. The most active derivatives achieved the same level of potentiation at 5 μg/ml, and one of them was validated using a murine neutropenic thigh model of infection (Fig. 1C) [61]. Other peptidomimetics were derived that showed improved stability [62], higher activity [63], and reduced toxicity [64]. Unfortunately, in spite of the improvements achieved on these compounds, the toxicity levels could never be reduced to acceptable levels [44]. Quinoline, arylpiperazine, pyridopyrimidine, arylhydantoin, and pyranopyridine derivatives also showed inhibitory activity of RND efflux pumps. Different quinolone derivatives restored susceptibility to a variety of antibiotics including tetracyclines, chloramphenicol, and norfloxacin by interfering with the AcrAB-TolC efflux transporter in Klebsiella pneumoniae and Enterobacter aerogenes isolates [65-67]. Arylpiperazine derivatives showed inhibitory activity against both E. coli AcrAB and AcrEF efflux pumps [68]. At least one compound, 1-(1-Naphthylmethyl)-piperazine (Fig. 1D), increased susceptibility to antimicrobials with different efficiency in E. coli and other Enterobacteriaceae as well as in Vibrio cholera and Acinetobacter baumannii [69-71]. These studies included a comparison to the effect of another known inhibitor of efflux pumps, phenyl-arginine-β-naphthylamide (Fig. 1E), which showed significant differences in its effect depending on the bacterial species and drugs tested [69-71]. Derivatives of pyridopyrimidine showed inhibitory activity against the P. aeruginosa MexAB-OprM efflux pump and the lead compound, D13-9001 (Fig. 1F), potentiated the activity of levofloxacin and aztreonam [72]. A pyranopyridine derivative, MBX2319 (Fig. 1G), which inhibits the AcrAB-TolC efflux pump in E. coli and other Enterobacteriaceae, was identified through a high-throughput assay that screened 183,400 small molecules [73]. In the presence of this compound, the MICs of several antimicrobials known to be substrates of the efflux pump were significantly decreased. In addition, the compound was also active, albeit with less potency, against P. aeruginosa [73]. Structure activity relationship analyses permitted to design derivatives of MBX2319 such as compound MBX3796 (Fig. 1G), with enhanced or similar potency, but higher solubility and stability as well as tolerable toxicity [42].
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Fig. (1))


        Chemical structures of representative inhibitors of efflux pumps. A. Reserpine. B. Chalcone derivatives (compounds 9 and 10 in [53]). C. Dipeptide amide derivative (compound 5 in [61]). D. 1-(1-Naphthylmethyl)-piperazine. E. phenyl-arginine-β-naphthylamide. F. Pyridopyrimidine derivative (compound D13-9001 in [72]). G. Pyranopyridine derivatives (compounds MBX2319 and MBX3796 in [42, 73]).

      




      

        Inactivating Enzymes




        Enzymatic inactivation of antibiotics by hydrolysis or addition of chemical groups to the molecule is prevalent in the clinical setting. Hundreds of β-lactamases and aminoglycoside modifying enzymes have been described [21, 74, 75]. These mechanisms of resistance are particularly problematic because these enzymes' coding genes are usually found in mobile genetic elements that confer them the capability to reach virtually all bacterial types [21, 75-78]. Per the relevance of these mechanisms, finding enzymatic inhibitors that can circumvent resistance is of critical importance.




        

          Inhibitors of β-lactamases




          β-lactam antibiotics are the most prescribed antimicrobials; they are highly effective against Gram-negative and Gram-positive infections and present low toxicity [79]. Since the introduction of these antibiotic in the clinics, bacteria started developing resistance, mainly through β-lactamase enzymes that catalyze the disruption of the β-lactam ring through a hydrolytic reaction. To tackle this problem, researchers looked for related versions of β-lactams (Fig. 2A) that were resistant to known β-lactamases or inhibitors of these enzymes that could be administered in combination with the antibiotic. However, although these strategies prolong the useful life of the antibiotics, bacteria most probably will continue developing new β-lactamase enzymes that will require the introduction of newer β-lactams and inhibitors.




          Production of β-lactamases is one of the leading causes of resistance to β-lactams. The first β-lactamases were found several decades ago, and the large number and variety known to date led to different classification schemes [80, 81]. A common classification scheme considers their amino acid sequences as the criterion for grouping into four classes (A – D) [80]. The search for inhibitors of β-lactamases that can be administered in combination with the β-lactam to treat a resistant infection has been the most successful attempt to reverse resistance using this strategy. Clavulanic acid is a natural β-lactamase inhibitor produced by Streptomyces clavuligerus (Fig. 2B) [82]. It was identified several decades ago, it was the first inhibitor introduced in the clinics, and it is still in use in combination with ampicillin or ticarcillin [83]. Currently more combinations are being researched to increase the power and scope of action of clavulanic acid [84]. Other successful inhibitory compounds were penicillanic acid sulfones, two of which were approved for use in the clinics (Fig. 2B) [85, 86]. One of these inhibitors, sulbactam, is used in combination with ampicillin [87, 88], and the other, tazobactam, is combined with piperacillin, cefoperazone or ceftolozane [89-91]. One more β-lactamase inhibitor is approved for human use, the diazabicyclooctane avibactam (Fig. 2B) [92, 93], which is used in combination ceftazidime [91, 94]. Other potential inhibitors are undergoing clinical trials and could soon be introduced in the clinics [79].
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Fig. (2))


          Chemical structures of representative β-lactams and β-lactamase inhibitors. A. Classes of β-lactams. R, Chemical groups occupy these positions originating different antibiotics of the same group. B. Chemical structures of β-lactamase inhibitors.

        




        

          Inhibitors of Aminoglycoside Modifying Enzymes




          Aminoglycosides are a diverse group of antibiotics that share some basic structural characteristics. They include an aminocyclitol nucleus (streptamine, 2- deoxystreptamine, streptidine, or fortamine) attached to amino sugars by glycosidic bonds (Fig. 3A). Also, other compounds that do not strictly conform to this structure are also considered aminoglycosides. An example is spectinomycin, in which the aminocyclitol is bound to the non-amino sugar actinospectose (Fig. 3A) [95]. Aminoglycosides are effective in the treatment of infections caused by aerobic Gram-negative bacteria and, in combination with other antibiotics, some Gram-positive bacteria [96]. They are also used to treat mycobacterial infections including tuberculosis [97-100]. Unfortunately, aminoglycosides present significant toxicity dangers. Nephrotoxicity, which can be reversible, is most commonly presented as nonoliguric acute kidney injury [101, 102]. Ototoxicity manifestations are permanent hearing loss and temporary vestibular hypofunction [103]. On the bright side, various drugs that could protect against these effects are being tested [104-106]. Although resistance to aminoglycoside antibiotics occurs through different mechanisms that can coexist in the same cells [75, 100, 107], phosphorylation, acetylation, or nucleotidylation mediated by aminoglycoside modifying enzymes are the most clinically relevant [30, 75, 76, 100, 108, 109]. These enzymes, aminoglycoside N-acetyltransferases, aminoglycoside O-nucleotidyltransferases, and aminoglycoside O- phosphotransferases, catalyze the addition of the chemical groups at –OH or –NH2 groups of the aminocyclitol or the sugar moieties. Although localization experiments have been limited, by the available information [110, 111], these enzymes are presumed to be cytoplasmic. Known aminoglycoside modifying enzymes are numerous, and the genes are found in a high variety of genetic environments [22]. Their high impact in clinical resistance has led researchers to try to replicate the success achieved against β-lactamases with the use of inhibitors of the resistance enzyme. The first kind of inhibitors of aminoglycoside modifying enzymes to be explored were bisubstrates, i.e., compounds in which the two substrates are covalently linked. Besides their potential as part of combination therapies, these compounds were instrumental in mechanistic and structural analyses [30, 112-120]. In spite of their robustness as inhibitors in vitro, most of these compounds showed poor ability to induce a significant reduction in levels of resistance in cells in culture, most probably due to inability to penetrate the cell envelope and reach the cytosol. Successful approaches to improve penetration and activity in cells in culture include the design of an aminoglycoside-pantetheine prodrug that is converted to a bisubstrate inhibitor in the cytosol [119] and the synthesis of truncated aminoglycoside-coenzyme A bisubstrate analogs [115]. Cationic peptides [121], non-carbohydrate diamine derivatives [122], barbituric acid analogs [123], small molecules identified by computer prediction [123, 124] or designed based on an NMR-guided fragment-based approach [125], as well as other compounds including natural products [126-128], are examples of compounds that inhibit different aminoglycoside modifying enzymes but showed modest activity in cells in culture at best. The structural relations between eukaryotic protein kinases and aminoglycoside O-phosphotransferases permitted to assay already known compounds, many of which turned out to be inhibitors of the phosphorylation of aminoglycosides [129-132]. In a recent work, two pyrazolopyrimidine derivatives (Fig. 3B) in combination with kanamycin inhibited growth of a resistant E. coli that harbored the APH(3′)-Ia aminoglycoside O-phosphotransferase [132]. Computer docking was also successful in identifying two allosteric inhibitors of the APH(3′)-IIIa and APH(2′)-IVa enzymes from a 100,000 compounds library [133]. Eis (enhanced intracellular survival) is a particular case within aminoglycoside acetyltransferases, it catalyzes acetylation at multiple locations of the antibiotics and is found in many kanamycin- and amikacin-resistant Mycobacterium tuberculosis clinical strains [134-136]. Identification of inhibitors of this enzyme was intensely pursued, and as a consequence, several different compounds and scaffolds were selected, some of them effective in vivo [137-139]. An illustrative example is a recent study that described a compound that reduced the resistance levels of a kanamycin-resistant M. tuberculosis strain to susceptibility when combined with kanamycin (Fig. 3B) [139].




          
[image: ]


Fig. (3))


          Chemical structures of representative aminoglycosides and aminoglycoside modifying enzyme inhibitors. A. Three representative aminoglycosides. B. PP, two pyrazolopyrimidine derivatives; 2c, 3-(1,3- dioxolano)-2-indolinone core with an m-fluoro-phenyl substituent.



          Zn+2 and other metal ions were recently found to inhibit the enzymatic acetylation of aminoglycosides by some aminoglycoside N-acetyltransferases [140-142]. The ability of ZnCl2 to interfere with AAC(6′)-Ib-mediated resistance to amikacin was assessed in clinical A. baumannii, K. pneumoniae, and E. coli strains, In all cases, there was a significant reduction of the resistance levels, but the concentrations needed to observe this effect were 2 mM or higher, probably due to low permeability or the action of efflux pumps. Instead, when a coordination complex between zinc and the ionophore pyrithione (Fig. 3B), which facilitates the internalization of Zn+2 inside cells [143] was used, the concentration required for phenotypic conversion to susceptibility was reduced ~1000-fold [140, 142]. Similar results were obtained when analyzing the inhibitory characteristics of Cu+2 [140-142]. The mechanism of inhibition by metal ions remains to be confirmed. However, since a) Zn+2 and Cu+2 salts inhibit acetylation catalyzed by diverse aminoglycoside modifying enzymes [142] and b) aminoglycosides possess multiple hydroxyl and amine groups on different rings, which results in numerous potential coordination sites for metal ions [144], it is possible that inhibition occurs through protection of the substrate aminoglycoside through formation of a coordination complex with the cation.


        


      


    




    

      INHIBITION OF EXPRESSION OF COMPONENTS OF RESISTANCE MECHANISMS




      

        Antisense Technologies




        Antisense inhibition of gene expression as the basis for new therapies was researched for about two decades with limited success. For a long time only one drug, fomivirsen, was approved for clinical use [145]. However, continuing efforts led to the development of mipomersen, a phosphorothioate oligonucleotide in which the sugar residues are deoxyribose in the middle and 2'-O-methoxyethyl-modified ribose at the ends of the molecule, for the treatment of homozygous familial hypercholesterolemia; and eteplirsen, a phosphorodiamidate morpholino antisense oligonucleotide for the treatment of Duchenne muscular dystrophy that works modulating splicing [146-149]. In addition, numerous compounds are presently in clinical trials [150-154]. Different laboratories are making major progress in overcoming the main challenges (development of nuclease resistant analogs and facilitation of penetration into the target cells) for reducing antisense technologies to practice [31, 152, 155-164]. As a consequence, research on antisense technologies is experiencing renewed interest and expectations. Although the advances in antisense technologies applied to prokaryotes still lag in comparison to those that target other human diseases, several strategies have been tried in bacteria with mixed results [155, 156, 165-171]. This section will describe representative examples of the utilization of antisense technologies to inhibit expression of resistance genes.




        Inhibition of expression of the blaTEM gene by an antisense was first shown using a photoactivatable oligonucleotide containing psoralen monoadducts, which induce a stable cross-link within the target sequence upon activation. A 9-mer containing a psoralen 4',5'-monoadduct complementary to this gene reduced the levels of resistance to ampicillin of an E. coli strain [172, 173]. Significant levels of inhibition of expression of blaTEM and concomitantly resistance to ampicillin were also achieved using 15-mer peptide nucleic acid oligomers [174]. Peptide nucleic are promising nuclease resistant analogs that have been used to downregulate multiple genes [175]. Cell penetration of these oligomers was mainly achieved by conjugation to cell penetrating peptides but also using other methodologies such as incorporation into liposomes or in association to nanoparticles. The proposed mechanism of inhibition of expression of blaTEM by the 15-mer peptide nucleic acid oligomer was proposed to be translation steric hindrance [174]. Mono- and di-DNAzymes were also successfully used to inhibit expression of blaTEM [176]. One of the initial applications of EGS (external guide sequence) technology was to reduce expression of blaTEM [177]. EGS technology takes advantage of the endogenous RNase P ability to cleave a target RNA molecule if the appropriate structure is formed when interacting with a short antisense RNA or suitable analog [31, 155, 166, 178]. This technology was later used to inhibit expression of diverse genes [31, 165, 179] including cat [177] and aac(6')-Ib [180-183], genes specifying resistance to chloramphenicol [184] and aminoglycosides [76, 185], respectively. It is worth mentioning that some of the work done on EGS technology applied to prokaryotic systems was done transcribing the oligoribonucleotide EGS from recombinant plasmids and the endogenous RNase P-mediated degradation of a target mRNA [165, 181, 186, 187]. This general strategy, while useful to provide proof of concept, is not viable to reduce the concept to practice. For this purpose, the EGSs must be added to the cell’s environment and penetrate the cell envelope without being degraded by environ-mental or cellular nucleases. Recent progress showed that phosphorodiamidate morpholino oligonucleotides covalently bound to permeabilizer peptides and chimeric gapmers composed of locked nucleic acids at the ends and deoxyribonucleotide residues in the middle covalently bound to a permeabilizer peptide were suitable nuclease resistant analogs for EGS technology [179, 188-190]. Inhibition of expression of aac(6')-Ib and concomitantly reversal of resistance to amikacin in a clinical A. baumannii strain was also achieved using a chimeric oligonucleotide composed of 2',4'-bridge nucleic acid-NC and deoxyribonucleotide residues covalently bound to the (RXR)4XB (“X” and “B” stand for 6-aminohexanoic acid and β-alanine, respectively) cell penetrating peptide (Fig. 4) [171]. This antisense compound was designed to target a duplicated region at the N-terminus coding region of an allele of the aac(6')-Ib gene that is found in numerous Gram-negative isolates [76, 171, 191].




        Restoration of susceptibility to NDM-1 mediated carbapenem resistant bacteria was achieved using a phosphorodiamidate morpholino oligomer conjugated to a cell penetrating peptide [192]. Overcoming resistance to carbapenem is crucial because of the rise of multidrug resistant pathogens for which treatment options are becoming extremely limited [193-197]. Cell penetrating peptide-conjugated phosphorodiamidate morpholino antisense oligomers were also used to reduce expression of many other genes in bacteria [198].




        
[image: ]


Fig. (4))


        Chemical structure of an oligomer that targets an aac(6')-Ib allele. A. Chemical structure of a cell penetrating peptide bound to a chimeric antisense oligomer. X, 6-aminohexanoic acid; B, β-alanine; bold, 2',4'-bridge nucleic acid-NC residue. B. Chemical structure of a 2',4'-bridge nucleic acid-NC residue. C. Nucleotide and amino acid sequences of the N-terminus coding region of the aac(6')-Ib allele present in A. baumannii A155 and other bacteria [171]. The lines on top identify the regions within direct repeats that are complementary to the antisense oligomer.



        Resistance to oxacillin in methicillin-resistant Staphylococcus aureus (MRSA) was reversed using a sensitization strategy by two different research groups [199, 200]. MRSA strains harbor the mecA gene, which codes for a modified penicillin binding protein (PBP), known as PBP2a, that has low affinity for β-lactams. As a consequence strains producing both PBP and PBP2a resist the action of these antibiotics that only inhibit PBP [201]. A liposome-encapsulated phosphor-othioate analog [199] or a cell penetrating peptide-bound peptide nucleic acid analog [200] significantly reduced resistance to oxacillin. Similar effect was achieved using an antisense cell penetrating peptide-bound peptide nucleic acid that targets the MRSA ftsZ gene [200, 202]. The inhibition of expression of ftsZ to sensitize cells to antibiotics can be an alternative to the numerous attempts of designing and antibiotic antisense that targets ftsZ [165, 203-206]. Antisense inhibition of expression of the acrA gene, which codes for a component of the AcrAB-TolC efflux system, resulted in increased susceptibility to several antibiotics [170].


      


    




    

      CONCLUDING REMARKS




      Multidrug resistant bacterial infections are a cause of death and compromised health across the world [207, 208]. Bacterial pathogens are rapidly acquiring resistance to the existing drugs and the number of new antibiotics in development is dangerously low [23, 24]. As a result, the costs of treatment are increasing, and a growing number of patients are succumbing to these infections. Furthermore, the increase in hard to treat or even untreatable bacteria also threatens medical procedures like surgery, treatment of cancer and other chronic diseases, organ transplants, dental work, and care for premature infants [4-7]. Although there will not be replacement for the finding and design of new kinds of antibiotics, extending the life of existing ones is an essential complement in the fight to keep infectious diseases and their consequences in check. This article provided illustrative examples of the efforts by numerous research groups to find compounds that in combination with antibiotics can defeat resistant bacteria.


    


  




  

    

      CONFLICT OF INTEREST




      The author (editor) declares no conflict of interest, financial or otherwise.


    




    ACKNOWLEDGEMENTS




    Authors’ work cited in this review article was funded by Public Health Service Grant 2R15AI047115 from the National Institutes of Health.




    REFERENCES




    

      

        	



        	

      




      

        	
[1]



        	Aubin GG, Portillo ME, Trampuz A, Corvec S. Propionibacterium acnes, an emerging pathogen: from acne to implant-infections, from phylotype to resistance. Med Mal Infect 2014; 44: 241-50.


        [http://dx.doi.org/10.1016/j.medmal.2014.02.004]

      




      

        	
[2]



        	Dumford DM, III, Skalweit M. Antibiotic-resistant infections and treatment challenges in the immunocompromised host. Infect Dis Clin North Am 2016; 30: 465-89.


        [http://dx.doi.org/10.1016/j.idc.2016.02.008]

      




      

        	
[3]



        	Khalifa L, Shlezinger M, Beyth S. Phage therapy against Enterococcus faecalis in dental root canals. J Oral Microbiol 2016; 8: 32157.


        [http://dx.doi.org/10.3402/jom.v8.32157]

      




      

        	
[4]



        	Perez F, Adachi J, Bonomo RA. Antibiotic-resistant gram-negative bacterial infections in patients with cancer. Clin Infect Dis 2014; 59 (Suppl. 5): S335-9.


        [http://dx.doi.org/10.1093/cid/ciu612]

      




      

        	
[5]



        	Spellberg B, Blaser M, Guidos RJ. Combating antimicrobial resistance: policy recommendations to save lives. Clin Infect Dis 2011; 52 (Suppl. 5): S397-428.


        [http://dx.doi.org/10.1093/cid/cir153]

      




      

        	
[6]



        	Teillant A, Gandra S, Barter D, Morgan DJ, Laxminarayan R. Potential burden of antibiotic resistance on surgery and cancer chemotherapy antibiotic prophylaxis in the USA: a literature review and modelling study. Lancet Infect Dis 2015; 15: 1429-37.


        [http://dx.doi.org/10.1016/S1473-3099(15)00270-4]

      




      

        	
[7]



        	Zowawi HM, Harris PN, Roberts MJ. The emerging threat of multidrug-resistant gram-negative bacteria in urology. Nat Rev Urol 2015; 12: 570-84.


        [http://dx.doi.org/10.1038/nrurol.2015.199]

      




      

        	
[8]



        	Boucher HW, Bakken JS, Murray BE. The United Nations and the urgent need for coordinated global action in the fight against antimicrobial resistance. Ann Intern Med 2016; 165: 812-3.


        [http://dx.doi.org/10.7326/M16-2079]

      




      

        	
[9]



        	McKellar MR, Chernew ME, Fendrick AM. The economics of resistant pathogens and antibiotic innovation. Am J Manag Care 2014; 20: 193-7.

      




      

        	
[10]



        	Watkins RR, Bonomo RA. Overview: global and local impact of antibiotic resistance. Infect Dis Clin North Am 2016; 30: 313-22.


        [http://dx.doi.org/10.1016/j.idc.2016.02.001]

      




      

        	
[11]



        	Centers for Disease Control and PreventionAntibiotic resistance threats in the United States 2013.

      




      

        	
[12]



        	Infectious Diseases Society of AmericaInfectious Diseases Society of America’s (IDSA) Statement Promoting Anti-Infective Development and Antimicrobial Stewardship through the US Food and Drug Administration Prescription Drug User Fee Act (PDUFA). Reauthorization 2012. Available at:http://www.idsociety.org/uploadedfiles/idsa/policy_and_advocacy/current_topics_and_issues/ advancing_product_research_and_development/bad_bugs_no_drugs/statements/idsa pdufa gain testimony 030812 final.pdf


      




      

        	
[13]



        	Infectious Diseases Society of AmericaThe 10 x '20 Initiative: pursuing a global commitment to develop 10 new antibacterial drugs by 2020. Clin Infect Dis 2010; 50: 1081-3.


        [http://dx.doi.org/10.1086/652237]

      




      

        	
[14]



        	The White HouseNational action plan for combating antibiotic-resistant bacteria 2015.

      




      

        	
[15]



        	Lin J, Nishino K, Roberts MC, Tolmasky M, Aminov RI, Zhang L. Mechanisms of antibiotic resistance. Front Microbiol 2015; 6: 34.


        [http://dx.doi.org/10.3389/fmicb.2015.00034]

      




      

        	
[16]



        	Cox G, Wright GD. Intrinsic antibiotic resistance: mechanisms, origins, challenges and solutions. Int J Med Microbiol 2013; 303: 287-92.


        [http://dx.doi.org/10.1016/j.ijmm.2013.02.009]

      




      

        	
[17]



        	Fernandez L, Hancock RE. Adaptive and mutational resistance: role of porins and efflux pumps in drug resistance. Clin Microbiol Rev 2012; 25: 661-81.


        [http://dx.doi.org/10.1128/CMR.00043-12]

      




      

        	
[18]



        	Sandoval-Motta S, Aldana M. Adaptive resistance to antibiotics in bacteria: a systems biology perspective. Wiley Interdiscip Rev Syst Biol Med 2016; 8: 253-67.


        [http://dx.doi.org/10.1002/wsbm.1335]

      




      

        	
[19]



        	Garneau-Tsodikova S, Labby KJ. Mechanisms of resistance to aminoglycoside antibiotics: overview and perspectives. MedChemComm 2016; 7: 11-27.


        [http://dx.doi.org/10.1039/C5MD00344J]

      




      

        	
[20]



        	Poirel L, Nordmann P. Acquired carbapenem-hydrolyzing beta-lactamases and their genetic support. Curr Pharm Biotechnol 2002; 3: 117-27.


        [http://dx.doi.org/10.2174/1389201023378427]

      




      

        	
[21]



        	Tolmasky ME. Bacterial resistance to aminoglycosides and beta-lactams: the Tn1331 transposon paradigm. Front Biosci 2000; 5: D20-9.


        [http://dx.doi.org/10.2741/A493]

      




      

        	
[22]



        	Tolmasky ME. Bonomo RA, Tolmasky ME. Overview of dissemination mechanisms of genes coding for resistance to antibiotics. In: Bonomo RA, Tolmasky ME, eds. Enzyme-Mediated Resistance to Antibiotics Mechanisms, Dissemination and Prospects for Inhibition. Washington, DC: ASM Press 2007. pp. 267-70.


        [http://dx.doi.org/10.1128/9781555815615.ch16]

      




      

        	
[23]



        	Boucher HW, Talbot GH, Benjamin DK, Jr, Bradley J, Guidos RJ, Jones RN. 10 x '20 Progress--development of new drugs active against gram-negative bacilli: an update from the Infectious Diseases Society of America. Clin Infect Dis 2013; 56: 1685-94.


        [http://dx.doi.org/10.1093/cid/cit152]

      




      

        	
[24]



        	Tommasi R, Brown DG, Walkup GK, Manchester JI, Miller AA. ESKAPEing the labyrinth of antibacterial discovery. Nat Rev Drug Discov 2015; 14: 529-42.


        [http://dx.doi.org/10.1038/nrd4572]

      




      

        	
[25]



        	Chandrika NT, Garneau-Tsodikova S. A review of patents (2011-2015) towards combating resistance to and toxicity of aminoglycosides. MedChemComm 2016; 7: 50-68.


        [http://dx.doi.org/10.1039/C5MD00453E]

      




      

        	
[26]



        	Wright PM, Seiple IB, Myers AG. The evolving role of chemical synthesis in antibacterial drug discovery. Angew Chem Int Ed Engl 2014; 53: 8840-69.


        [http://dx.doi.org/10.1002/anie.201310843]

      




      

        	
[27]



        	Schmidt M, Harmuth S, Barth ER. Conjugation of Ciprofloxacin with Poly(2-oxazoline)s and Polyethylene Glycol via End Groups. Bioconjug Chem 2015; 26: 1950-62.


        [http://dx.doi.org/10.1021/acs.bioconjchem.5b00393]

      




      

        	
[28]



        	Maianti JP, Hanessian S. Structural hybridization of three aminoglycoside antibiotics yields a potent broad-spectrum bactericide that eludes bacterial resistance enzymes. MedChemComm 2015; 7: 170-7.


        [http://dx.doi.org/10.1039/C5MD00429B]

      




      

        	
[29]



        	Worthington RJ, Melander C. Combination approaches to combat multidrug-resistant bacteria. Trends Biotechnol 2013; 31: 177-84.


        [http://dx.doi.org/10.1016/j.tibtech.2012.12.006]

      




      

        	
[30]



        	Vong K, Auclair K. Understanding and overcoming aminoglycoside resistance caused by N-6'-acetyltransferase. MedChemComm 2012; 212: 397-407.


        [http://dx.doi.org/10.1039/c2md00253a]

      




      

        	
[31]



        	Davies-Sala C, Soler-Bistue A, Bonomo RA, Zorreguieta A, Tolmasky ME. External guide sequence technology: a path to development of novel antimicrobial therapeutics. Ann N Y Acad Sci 2015; 1354: 98-110.


        [http://dx.doi.org/10.1111/nyas.12755]

      




      

        	
[32]



        	Labby KJ, Garneau-Tsodikova S. Strategies to overcome the action of aminoglycoside-modifying enzymes for treating resistant bacterial infections. Future Med Chem 2013; 5: 1285-309.


        [http://dx.doi.org/10.4155/fmc.13.80]

      




      

        	
[33]



        	Blanco P, Hernando-Amado S, Reales-Calderon JA. Bacterial multidrug efflux pumps: much more than antibiotic resistance determinants. Microorganisms 2016. p. 4.

      




      

        	
[34]



        	Lomovskaya O, Zgurskaya HI, Totrov M, Watkins WJ. Waltzing transporters and 'the dance macabre' between humans and bacteria. Nat Rev Drug Discov 2007; 6: 56-65.


        [http://dx.doi.org/10.1038/nrd2200]

      




      

        	
[35]



        	Delmar JA, Su CC, Yu EW. Bacterial multidrug efflux transporters. Annu Rev Biophys 2014; 43: 93-117.


        [http://dx.doi.org/10.1146/annurev-biophys-051013-022855]

      




      

        	
[36]



        	Li XZ, Plesiat P, Nikaido H. The challenge of efflux-mediated antibiotic resistance in Gram-negative bacteria. Clin Microbiol Rev 2015; 28: 337-418.


        [http://dx.doi.org/10.1128/CMR.00117-14]

      




      

        	
[37]



        	Markham PN, Neyfakh AA. Inhibition of the multidrug transporter NorA prevents emergence of norfloxacin resistance in Staphylococcus aureus. Antimicrob Agents Chemother 1996; 40: 2673-4.

      




      

        	
[38]



        	Piddock LJ. Clinically relevant chromosomally encoded multidrug resistance efflux pumps in bacteria. Clin Microbiol Rev 2006; 19: 382-402.


        [http://dx.doi.org/10.1128/CMR.19.2.382-402.2006]

      




      

        	
[39]



        	Nikaido H. Multidrug efflux pumps of gram-negative bacteria. J Bacteriol 1996; 178: 5853-9.


        [http://dx.doi.org/10.1128/jb.178.20.5853-5859.1996]

      




      

        	
[40]



        	McMurry L, Petrucci RE, Jr, Levy SB. Active efflux of tetracycline encoded by four genetically different tetracycline resistance determinants in Escherichia coli. Proc Natl Acad Sci USA 1980; 77: 3974-7.


        [http://dx.doi.org/10.1073/pnas.77.7.3974]

      




      

        	
[41]



        	George AM, Levy SB. Amplifiable resistance to tetracycline, chloramphenicol, and other antibiotics in Escherichia coli: involvement of a non-plasmid-determined efflux of tetracycline. J Bacteriol 1983; 155: 531-40.

      




      

        	
[42]



        	Aron Z, Opperman TJ. Optimization of a novel series of pyranopyridine RND efflux pump inhibitors. Curr Opin Microbiol 2016; 33: 1-6.


        [http://dx.doi.org/10.1016/j.mib.2016.05.007]

      




      

        	
[43]



        	Handzlik J, Matys A, Kiec-Kononowicz K. Recent advances in multi-drug resistance (MDR) efflux pump inhibitors of Gram-positive bacteria S. aureus. Antibiotics (Basel) 2013; 2: 28-45.


        [http://dx.doi.org/10.3390/antibiotics2010028]

      




      

        	
[44]



        	Lomovskaya O, Bostian KA. Practical applications and feasibility of efflux pump inhibitors in the clinic--a vision for applied use. Biochem Pharmacol 2006; 71: 910-8.


        [http://dx.doi.org/10.1016/j.bcp.2005.12.008]

      




      

        	
[45]



        	Schindler BD, Kaatz GW. Multidrug efflux pumps of Gram-positive bacteria. Drug Resist Updat 2016; 27: 1-13.


        [http://dx.doi.org/10.1016/j.drup.2016.04.003]

      




      

        	
[46]



        	Song L, Wu X. Development of efflux pump inhibitors in antituberculosis therapy. Int J Antimicrob Agents 2016; 47: 421-9.


        [http://dx.doi.org/10.1016/j.ijantimicag.2016.04.007]

      




      

        	
[47]



        	Mahmood HY, Jamshidi S, Sutton JM, Rahman KM. Current advances in developing inhibitors of bacterial multidrug efflux pumps. Curr Med Chem 2016; 23: 1062-81.


        [http://dx.doi.org/10.2174/0929867323666160304150522]

      




      

        	
[48]



        	Jamshidi S, Sutton JM, Rahman KM. An overview of bacterial efflux pumps and computational approaches to study efflux pump inhibitors. Future Med Chem 2016; 8: 195-210.


        [http://dx.doi.org/10.4155/fmc.15.173]

      




      

        	
[49]



        	Kaatz GW, Seo SM. Inducible NorA-mediated multidrug resistance in Staphylococcus aureus. Antimicrob Agents Chemother 1995; 39: 2650-5.


        [http://dx.doi.org/10.1128/AAC.39.12.2650]

      




      

        	
[50]



        	Sabatini S, Gosetto F, Manfroni G, Tabarrini O, Kaatz GW, Patel D. Evolution from a natural flavones nucleus to obtain 2-(4-Propoxyphenyl)quinoline derivatives as potent inhibitors of the S. aureus NorA efflux pump. J Med Chem 2011; 54: 5722-36.


        [http://dx.doi.org/10.1021/jm200370y]

      




      

        	
[51]



        	Thota N, Koul S, Reddy MV, Sangwan PL, Khan IA, Kumar A. Citral derived amides as potent bacterial NorA efflux pump inhibitors. Bioorg Med Chem 2008; 16: 6535-43.


        [http://dx.doi.org/10.1016/j.bmc.2008.05.030]

      




      

        	
[52]



        	Holler JG, Christensen SB, Slotved HC. Novel inhibitory activity of the Staphylococcus aureus NorA efflux pump by a kaempferol rhamnoside isolated from Persea lingue Nees. J Antimicrob Chemother 2012; 67: 1138-44.


        [http://dx.doi.org/10.1093/jac/dks005]

      




      

        	
[53]



        	Holler JG, Slotved HC, Molgaard P, Olsen CE, Christensen SB. Chalcone inhibitors of the NorA efflux pump in Staphylococcus aureus whole cells and enriched everted membrane vesicles. Bioorg Med Chem 2012; 20: 4514-21.


        [http://dx.doi.org/10.1016/j.bmc.2012.05.025]

      




      

        	
[54]



        	Michalet S, Cartier G, David B. N-caffeoylphenalkylamide derivatives as bacterial efflux pump inhibitors. Bioorg Med Chem Lett 2007; 17: 1755-8.


        [http://dx.doi.org/10.1016/j.bmcl.2006.12.059]

      




      

        	
[55]



        	Thota N, Reddy MV, Kumar A. Substituted dihydronaphthalenes as efflux pump inhibitors of Staphylococcus aureus. Eur J Med Chem 2010; 45: 3607-16.


        [http://dx.doi.org/10.1016/j.ejmech.2010.05.006]

      




      

        	
[56]



        	German N, Kaatz GW, Kerns RJ. Synthesis and evaluation of PSSRI-based inhibitors of Staphylococcus aureus multidrug efflux pumps. Bioorg Med Chem Lett 2008; 18: 1368-73.


        [http://dx.doi.org/10.1016/j.bmcl.2008.01.014]

      




      

        	
[57]



        	Bina XR, Provenzano D, Nguyen N, Bina JE. Vibrio cholerae RND family efflux systems are required for antimicrobial resistance, optimal virulence factor production, and colonization of the infant mouse small intestine. Infect Immun 2008; 76: 3595-605.


        [http://dx.doi.org/10.1128/IAI.01620-07]

      




      

        	
[58]



        	Sakhtah H, Koyama L, Zhang Y. The Pseudomonas aeruginosa efflux pump MexGHI-OpmD transports a natural phenazine that controls gene expression and biofilm development. Proc Natl Acad Sci USA 2016; 113: E3538-47.


        [http://dx.doi.org/10.1073/pnas.1600424113]

      




      

        	
[59]



        	Yoon EJ, Balloy V, Fiette L, Chignard M, Courvalin P, Grillot-Courvalin C. Contribution of the Ade resistance-nodulation-cell division-type efflux pumps to fitness and pathogenesis of Acinetobacter baumannii. MBio 2016; 7(3): pii: e00697-16.


        [http://dx.doi.org/10.1128/mBio.00697-16]

      




      

        	
[60]



        	Pai H, Kim J, Kim J, Lee JH, Choe KW, Gotoh N. Carbapenem resistance mechanisms in Pseudomonas aeruginosa clinical isolates. Antimicrob Agents Chemother 2001; 45: 480-4.


        [http://dx.doi.org/10.1128/AAC.45.2.480-484.2001]

      




      

        	
[61]



        	Renau TE, Leger R, Flamme EM. Inhibitors of efflux pumps in Pseudomonas aeruginosa potentiate the activity of the fluoroquinolone antibacterial levofloxacin. J Med Chem 1999; 42: 4928-31.


        [http://dx.doi.org/10.1021/jm9904598]

      




      

        	
[62]



        	Renau TE, Leger R, Flamme EM. Addressing the stability of C-capped dipeptide efflux pump inhibitors that potentiate the activity of levofloxacin in Pseudomonas aeruginosa. Bioorg Med Chem Lett 2001; 11: 663-7.


        [http://dx.doi.org/10.1016/S0960-894X(01)00033-6]

      




      

        	
[63]



        	Renau TE, Leger R, Yen R. Peptidomimetics of efflux pump inhibitors potentiate the activity of levofloxacin in Pseudomonas aeruginosa. Bioorg Med Chem Lett 2002; 12: 763-6.


        [http://dx.doi.org/10.1016/S0960-894X(02)00006-9]

      




      

        	
[64]



        	Renau TE, Leger R, Filonova L. Conformationally-restricted analogues of efflux pump inhibitors that potentiate the activity of levofloxacin in Pseudomonas aeruginosa. Bioorg Med Chem Lett 2003; 13: 2755-8.


        [http://dx.doi.org/10.1016/S0960-894X(03)00556-0]

      




      

        	
[65]



        	Chevalier J, Bredin J, Mahamoud A, Mallea M, Barbe J, Pages JM. Inhibitors of antibiotic efflux in resistant Enterobacter aerogenes and Klebsiella pneumoniae strains. Antimicrob Agents Chemother 2004; 48: 1043-6.


        [http://dx.doi.org/10.1128/AAC.48.3.1043-1046.2004]

      




      

        	
[66]



        	Ghisalberti D, Mahamoud A, Chevalier J. Chloroquinolines block antibiotic efflux pumps in antibiotic-resistant Enterobacter aerogenes isolates. Int J Antimicrob Agents 2006; 27: 565-9.


        [http://dx.doi.org/10.1016/j.ijantimicag.2006.03.010]

      




      

        	
[67]



        	Mahamoud A, Chevalier J, Davin-Regli A, Barbe J, Pages JM. Quinoline derivatives as promising inhibitors of antibiotic efflux pump in multidrug resistant Enterobacter aerogenes isolates. Curr Drug Targets 2006; 7: 843-7.


        [http://dx.doi.org/10.2174/138945006777709557]

      




      

        	
[68]



        	Bohnert JA, Kern WV. Selected arylpiperazines are capable of reversing multidrug resistance in Escherichia coli overexpressing RND efflux pumps. Antimicrob Agents Chemother 2005; 49: 849-52.


        [http://dx.doi.org/10.1128/AAC.49.2.849-852.2005]

      




      

        	
[69]



        	Bina XR, Philippart JA, Bina JE. Effect of the efflux inhibitors 1-(1-naphthylmethyl)-piperazine and phenyl-arginine-beta-naphthylamide on antimicrobial susceptibility and virulence factor production in Vibrio cholerae. J Antimicrob Chemother 2009; 63: 103-8.


        [http://dx.doi.org/10.1093/jac/dkn466]

      




      

        	
[70]



        	Schumacher A, Steinke P, Bohnert JA, Akova M, Jonas D, Kern WV. Effect of 1-(1-naphthylmethyl)- piperazine, a novel putative efflux pump inhibitor, on antimicrobial drug susceptibility in clinical isolates of Enterobacteriaceae other than Escherichia coli. J Antimicrob Chemother 2006; 57: 344-8.


        [http://dx.doi.org/10.1093/jac/dki446]

      




      

        	
[71]



        	Pannek S, Higgins PG, Steinke P. Multidrug efflux inhibition in Acinetobacter baumannii: comparison between 1-(1-naphthylmethyl)-piperazine and phenyl-arginine-beta-naphthylamide. J Antimicrob Chemother 2006; 57: 970-4.


        [http://dx.doi.org/10.1093/jac/dkl081]

      




      

        	
[72]



        	Yoshida K, Nakayama K, Ohtsuka M. MexAB-OprM specific efflux pump inhibitors in Pseudomonas aeruginosa. Part 7: highly soluble and in vivo active quaternary ammonium analogue D13-9001, a potential preclinical candidate. Bioorg Med Chem 2007; 15: 7087-97.


        [http://dx.doi.org/10.1016/j.bmc.2007.07.039]

      




      

        	
[73]



        	Opperman TJ, Kwasny SM, Kim HS. Characterization of a novel pyranopyridine inhibitor of the AcrAB efflux pump of Escherichia coli. Antimicrob Agents Chemother 2014; 58: 722-33.


        [http://dx.doi.org/10.1128/AAC.01866-13]

      




      

        	
[74]



        	Bush K. Proliferation and significance of clinically relevant beta-lactamases. Ann N Y Acad Sci 2013; 1277: 84-90.


        [http://dx.doi.org/10.1111/nyas.12023]

      




      

        	
[75]



        	Ramirez MS, Tolmasky ME. Aminoglycoside modifying enzymes. Drug Resist Updat 2010; 13: 151-71.


        [http://dx.doi.org/10.1016/j.drup.2010.08.003]

      




      

        	
[76]



        	Ramirez MS, Nikolaidis N, Tolmasky ME. Rise and dissemination of aminoglycoside resistance: the aac(6')-Ib paradigm. Front Microbiol 2013; 4: 121.


        [http://dx.doi.org/10.3389/fmicb.2013.00121]

      




      

        	
[77]



        	Schwarz S, Shen J, Wendlandt S. Plasmid-mediated antimicrobial resistance in Staphylococci and ther Firmicutes. Microbiol Spectr 2014; 2: PLAS-0020-2014.


        [http://dx.doi.org/10.1128/microbiolspec.PLAS-0020-2014]

      




      

        	
[78]



        	Ramirez MS, Traglia GM, Lin DL, Tran T, Tolmasky ME. Plasmid-mediated antibiotic resistance and virulence in Gram-negatives: the Klebsiella pneumoniae paradigm. Microbiol Spectr 2014; 2: PLAS-0016-2013.


        [http://dx.doi.org/10.1128/microbiolspec.PLAS-0016-2013]

      




      

        	
[79]



        	Bush K, Bradford PA. Beta-lactams and Beta-lactamase inhibitors: An overview. Cold Spring Harb Perspect Med 20166.

      




      

        	
[80]



        	Ambler RP. The structure of beta-lactamases. Philos Trans R Soc Lond B Biol Sci 1980; 289: 321-31.


        [http://dx.doi.org/10.1098/rstb.1980.0049]

      




      

        	
[81]



        	Bush K, Jacoby GA. Updated functional classification of beta-lactamases. Antimicrob Agents Chemother 2010; 54: 969-76.


        [http://dx.doi.org/10.1128/AAC.01009-09]

      




      

        	
[82]



        	Reading C, Cole M. Clavulanic acid: a beta-lactamase-inhiting beta-lactam from Streptomyces clavuligerus. Antimicrob Agents Chemother 1977; 11: 852-7.


        [http://dx.doi.org/10.1128/AAC.11.5.852]

      




      

        	
[83]



        	Drawz SM, Bonomo RA. Three decades of beta-lactamase inhibitors. Clin Microbiol Rev 2010; 23: 160-201.


        [http://dx.doi.org/10.1128/CMR.00037-09]

      




      

        	
[84]



        	Livermore DM, Hope R, Mushtaq S, Warner M. Orthodox and unorthodox clavulanate combinations against extended-spectrum beta-lactamase producers. Clin Microbiol Infect 2008; 14 (Suppl. 1): 189-93.


        [http://dx.doi.org/10.1111/j.1469-0691.2007.01858.x]

      




      

        	
[85]



        	Aronoff SC, Jacobs MR, Johenning S, Yamabe S. Comparative activities of the beta-lactamase inhibitors YTR 830, sodium clavulanate, and sulbactam combined with amoxicillin or ampicillin. Antimicrob Agents Chemother 1984; 26: 580-2.


        [http://dx.doi.org/10.1128/AAC.26.4.580]

      




      

        	
[86]



        	English AR, Retsema JA, Girard AE, Lynch JE, Barth WE. CP-45,899, a beta-lactamase inhibitor that extends the antibacterial spectrum of beta-lactams: initial bacteriological characterization. Antimicrob Agents Chemother 1978; 14: 414-9.


        [http://dx.doi.org/10.1128/AAC.14.3.414]

      




      

        	
[87]



        	Neu HC. Beta-lactamases, beta-lactamase inhibitors, and skin and skin-structure infections. J Am Acad Dermatol 1990; 22: 896-904.


        [http://dx.doi.org/10.1016/0190-9622(90)70121-W]

      




      

        	
[88]



        	Adnan S, Paterson DL, Lipman J, Roberts JA. Ampicillin/sulbactam: its potential use in treating infections in critically ill patients. Int J Antimicrob Agents 2013; 42: 384-9.


        [http://dx.doi.org/10.1016/j.ijantimicag.2013.07.012]

      




      

        	
[89]



        	Lister PD. Beta-lactamase inhibitor combinations with extended-spectrum penicillins: factors influencing antibacterial activity against enterobacteriaceae and Pseudomonas aeruginosa. Pharmacotherapy 2000; 20: 213S-8S.


        [http://dx.doi.org/10.1592/phco.20.14.213S.35045]

      




      

        	
[90]



        	Goodlet KJ, Nicolau DP, Nailor MD. Ceftolozane/tazobactam and ceftazidime/avibactam for the treatment of complicated intra-abdominal infections. Ther Clin Risk Manag 2016; 12: 1811-26.


        [http://dx.doi.org/10.2147/TCRM.S120811]

      




      

        	
[91]



        	van Duin D, Bonomo RA. Ceftazidime/Avibactam and Ceftolozane/Tazobactam: Second-generation beta-Lactam/beta-Lactamase Inhibitor Combinations. Clin Infect Dis 2016; 63: 234-41.


        [http://dx.doi.org/10.1093/cid/ciw243]

      




      

        	
[92]



        	Coleman K. Diazabicyclooctanes (DBOs): a potent new class of non-beta-lactam beta-lactamase inhibitors. Curr Opin Microbiol 2011; 14: 550-5.


        [http://dx.doi.org/10.1016/j.mib.2011.07.026]

      




      

        	
[93]



        	Ehmann DE, Jahic H, Ross PL, Gu RF, Hu J, Kern G. Avibactam is a covalent, reversible, non-beta-lactam beta-lactamase inhibitor. Proc Natl Acad Sci USA 2012; 109: 11663-8.


        [http://dx.doi.org/10.1073/pnas.1205073109]

      




      

        	
[94]



        	Sharma R, Eun Park T, Moy S. Ceftazidime-avibactam: a novel cephalosporin/beta-Lactamase inhibitor combination for the treatment of resistant gram-negative organisms. Clin Ther 2016; 38: 431-44.


        [http://dx.doi.org/10.1016/j.clinthera.2016.01.018]

      




      

        	
[95]



        	Mouton J. Grayson L, Crowe S, McCarthy J, et al. Spectinomycin. In: Grayson L, Crowe S, McCarthy J, Mills J, Mouton J, Norrby S, Paterson D, Pfaller M, eds. Kucer's the use of antibiotics. (6th ed.) Washington, DC: ASM Press 2010. pp. 1030-3.


        [http://dx.doi.org/10.1201/b13787-92]

      




      

        	
[96]



        	Radigan EA, Gilchrist NA, Miller MA. Management of aminoglycosides in the intensive care unit. J Intensive Care Med 2010; 25: 327-42.


        [http://dx.doi.org/10.1177/0885066610377968]

      




      

        	
[97]



        	Avent ML, Rogers BA, Cheng AC, Paterson DL. Current use of aminoglycosides: indications, pharmacokinetics and monitoring for toxicity. Intern Med J 2011; 41: 441-9.


        [http://dx.doi.org/10.1111/j.1445-5994.2011.02452.x]

      




      

        	
[98]



        	Jackson J, Chen C, Buising K. Aminoglycosides: how should we use them in the 21st century? Curr Opin Infect Dis 2013; 26: 516-25.


        [http://dx.doi.org/10.1097/QCO.0000000000000012]

      




      

        	
[99]



        	Yao J, Moellering R. Murray P, Baron E, Jorgensen J, Pfaller M, Yolken R. Antibacterial agents. In: Murray P, Baron E, Jorgensen J, Pfaller M, Yolken R, eds. Manual of clinical microbiology. Washington, DC: ASM Press 2003. pp. 1031-73.

      




      

        	
[100]



        	Houghton JL, Green KD, Chen W, Garneau-Tsodikova S. The future of aminoglycosides: the end or renaissance? ChemBioChem 2010; 11: 880-902.


        [http://dx.doi.org/10.1002/cbic.200900779]

      




      

        	
[101]



        	Martinez-Salgado C, Lopez-Hernandez FJ, Lopez-Novoa JM. Glomerular nephrotoxicity of aminoglycosides. Toxicol Appl Pharmacol 2007; 223: 86-98.


        [http://dx.doi.org/10.1016/j.taap.2007.05.004]

      




      

        	
[102]



        	McWilliam SJ, Antoine DJ, Smyth RL, Pirmohamed M. Aminoglycoside-induced nephrotoxicity in children. Pediatr Nephrol 2016.


        [http://dx.doi.org/10.1007/s00467-016-3533-z]

      




      

        	
[103]



        	Guthrie OW. Aminoglycoside induced ototoxicity. Toxicology 2008; 249: 91-6.


        [http://dx.doi.org/10.1016/j.tox.2008.04.015]

      




      

        	
[104]



        	Vicente-Vicente L, Casanova AG, Hernandez-Sanchez MT, Pescador M, Lopez-Hernandez FJ, Morales AI. A systematic meta-analysis on the efficacy of pre-clinically tested nephroprotectants at preventing aminoglycoside nephrotoxicity. Toxicology 2016; 377: 14-24.


        [http://dx.doi.org/10.1016/j.tox.2016.12.003]

      




      

        	
[105]



        	Schacht J, Talaska AE, Rybak LP. Cisplatin and aminoglycoside antibiotics: hearing loss and its prevention. Anat Rec (Hoboken) 2012; 295: 1837-50.


        [http://dx.doi.org/10.1002/ar.22578]

      




      

        	
[106]



        	Aladag I, Guven M, Songu M. Prevention of gentamicin ototoxicity with N-acetylcysteine and vitamin A. J Laryngol Otol 2016; 130: 440-6.


        [http://dx.doi.org/10.1017/S0022215116000992]

      




      

        	
[107]



        	Magnet S, Blanchard JS. Molecular insights into aminoglycoside action and resistance. Chem Rev 2005; 105: 477-98.


        [http://dx.doi.org/10.1021/cr0301088]

      




      

        	
[108]



        	Shaw KJ, Rather PN, Hare RS, Miller GH. Molecular genetics of aminoglycoside resistance genes and familial relationships of the aminoglycoside-modifying enzymes. Microbiol Rev 1993; 57: 138-63.

      




      

        	
[109]



        	Favrot L, Blanchard JS, Vergnolle O. Bacterial GCN5-Related N-Acetyltransferases: From Resistance to Regulation. Biochemistry 2016; 55: 989-1002.


        [http://dx.doi.org/10.1021/acs.biochem.5b01269]

      




      

        	
[110]



        	Dery KJ, Soballe B, Witherspoon MS. The aminoglycoside 6'-N-acetyltransferase type Ib encoded by Tn1331 is evenly distributed within the cell's cytoplasm. Antimicrob Agents Chemother 2003; 47: 2897-902.


        [http://dx.doi.org/10.1128/AAC.47.9.2897-2902.2003]

      




      

        	
[111]



        	Perlin MH, Lerner SA. Localization of an amikacin 3'-phosphotransferase in Escherichia coli. J Bacteriol 1981; 147: 320-5.

      




      

        	
[112]



        	Gao F, Yan X, Baettig OM, Berghuis AM, Auclair K. Regio- and chemoselective 6'-N-derivatization of aminoglycosides: bisubstrate inhibitors as probes to study aminoglycoside 6'-N-acetyltransferases. Angew Chem Int Ed Engl 2005; 44: 6859-62.


        [http://dx.doi.org/10.1002/anie.200501399]

      




      

        	
[113]



        	Williams JW, Northrop DB. Synthesis of a tight-binding, multisubstrate analog inhibitor of gentamicin acetyltransferase I. J Antibiot (Tokyo) 1979; 32: 1147-54.


        [http://dx.doi.org/10.7164/antibiotics.32.1147]

      




      

        	
[114]



        	Draker KA, Northrop DB, Wright GD. Kinetic mechanism of the GCN5-related chromosomal aminoglycoside acetyltransferase AAC(6')-Ii from Enterococcus faecium: evidence of dimer subunit cooperativity. Biochemistry 2003; 42: 6565-74.


        [http://dx.doi.org/10.1021/bi034148h]

      




      

        	
[115]



        	Gao F, Yan X, Shakya T. Synthesis and structure-activity relationships of truncated bisubstrate inhibitors of aminoglycoside 6'-N-acetyltransferases. J Med Chem 2006; 49: 5273-81.


        [http://dx.doi.org/10.1021/jm060732n]

      




      

        	
[116]



        	Gao F, Yan X, Zahr O, Larsen A, Vong K, Auclair K. Synthesis and use of sulfonamide-, sulfoxide-, or sulfone-containing aminoglycoside-CoA bisubstrates as mechanistic probes for aminoglycoside N-6'-acetyltransferase. Bioorg Med Chem Lett 2008; 18: 5518-22.


        [http://dx.doi.org/10.1016/j.bmcl.2008.09.004]

      




      

        	
[117]



        	Gao F, Yan X, Auclair K. Synthesis of a phosphonate-linked aminoglycoside-coenzyme a bisubstrate and use in mechanistic studies of an enzyme involved in aminoglycoside resistance. Chemistry 2009; 15: 2064-70.


        [http://dx.doi.org/10.1002/chem.200802172]

      




      

        	
[118]



        	Magalhaes ML, Vetting MW, Gao F, Freiburger L, Auclair K, Blanchard JS. Kinetic and structural analysis of bisubstrate inhibition of the Salmonella enterica aminoglycoside 6'-N-acetyltransferase. Biochemistry 2008; 47: 579-84.


        [http://dx.doi.org/10.1021/bi701957c]

      




      

        	
[119]



        	Vong K, Tam IS, Yan X, Auclair K. Inhibitors of aminoglycoside resistance activated in cells. ACS Chem Biol 2012; 7: 470-5.


        [http://dx.doi.org/10.1021/cb200366u]

      




      

        	
[120]



        	Liu M, Haddad J, Azucena E, Kotra LP, Kirzhner M, Mobashery S. Tethered bisubstrate derivatives as probes for mechanism and as inhibitors of aminoglycoside 3'-phosphotransferases. J Org Chem 2000; 65: 7422-31.


        [http://dx.doi.org/10.1021/jo000589k]

      




      

        	
[121]



        	Boehr DD, Draker KA, Koteva K, Bains M, Hancock RE, Wright GD. Broad-spectrum peptide inhibitors of aminoglycoside antibiotic resistance enzymes. Chem Biol 2003; 10: 189-96.


        [http://dx.doi.org/10.1016/S1074-5521(03)00026-7]

      




      

        	
[122]



        	Welch KT, Virga KG, Whittemore NA. Discovery of non-carbohydrate inhibitors of aminoglycoside-modifying enzymes. Bioorg Med Chem 2005; 13: 6252-63.


        [http://dx.doi.org/10.1016/j.bmc.2005.06.059]

      




      

        	
[123]



        	Lin DL, Tran T, Adams C, Alam JY, Herron SR, Tolmasky ME. Inhibitors of the aminoglycoside 6'-N-acetyltransferase type Ib [AAC(6')-Ib] identified by in silico molecular docking. Bioorg Med Chem Lett 2013; 23: 5694-8.


        [http://dx.doi.org/10.1016/j.bmcl.2013.08.016]

      




      

        	
[124]



        	Chiem K, Jani S, Fuentes BA, Lin DL, Rasche ME, Tolmasky ME. Identification of an inhibitor of the aminoglycoside 6′-N-acetyltransferase type Ib [AAC(6′)-Ib] by glide molecular docking. MedChemComm 2016; 7: 184-9.


        [http://dx.doi.org/10.1039/C5MD00316D]

      




      

        	
[125]



        	Lombes T, Begis G, Maurice F. NMR-guided fragment-based approach for the design of AAC(6')-Ib ligands. ChemBioChem 2008; 9: 1368-71.


        [http://dx.doi.org/10.1002/cbic.200700677]

      




      

        	
[126]



        	Iwatsuki M, Ishimori T, Yamamoto T, et al. Biverlactones A–D, new circumventors of arbekacin resistance in MRSA, produced by Penicillium sp. FKI-4429. Tetrahedron 2011; 67: 6644-8.


        [http://dx.doi.org/10.1016/j.tet.2011.05.061]

      




      

        	
[127]



        	Suga T, Ishii T, Iwatsuki M. Aranorosin circumvents arbekacin-resistance in MRSA by inhibiting the bifunctional enzyme AAC(6')/APH(2”). J Antibiot (Tokyo) 2012; 65: 527-9.


        [http://dx.doi.org/10.1038/ja.2012.53]

      




      

        	
[128]



        	Szychowski J, Kondo J, Zahr O. Inhibition of aminoglycoside-deactivating enzymes APH(3')-IIIa and AAC(6')-Ii by amphiphilic paromomycin O2”-ether analogues. ChemMedChem 2011; 6: 1961-6.


        [http://dx.doi.org/10.1002/cmdc.201100346]

      




      

        	
[129]



        	Burk DL, Berghuis AM. Protein kinase inhibitors and antibiotic resistance. Pharmacol Ther 2002; 93: 283-92.


        [http://dx.doi.org/10.1016/S0163-7258(02)00197-3]

      




      

        	
[130]



        	Daigle DM, McKay GA, Wright GD. Inhibition of aminoglycoside antibiotic resistance enzymes by protein kinase inhibitors. J Biol Chem 1997; 272: 24755-8.


        [http://dx.doi.org/10.1074/jbc.272.40.24755]

      




      

        	
[131]



        	Fong DH, Xiong B, Hwang J, Berghuis AM. Crystal structures of two aminoglycoside kinases bound with a eukaryotic protein kinase inhibitor. PLoS One 2011; 6: e19589.


        [http://dx.doi.org/10.1371/journal.pone.0019589]

      




      

        	
[132]



        	Stogios PJ, Spanogiannopoulos P, Evdokimova E. Structure-guided optimization of protein kinase inhibitors reverses aminoglycoside antibiotic resistance. Biochem J 2013; 454: 191-200.


        [http://dx.doi.org/10.1042/BJ20130317]

      




      

        	
[133]



        	Leban N, Kaplan E, Chaloin L, Godreuil S, Lionne C. Kinetic characterization and molecular docking of novel allosteric inhibitors of aminoglycoside phosphotransferases. Biochim Biophys Acta 2017; 1861: 3464-73.

      




      

        	
[134]



        	Houghton JL, Biswas T, Chen W, Tsodikov OV, Garneau-Tsodikova S. Chemical and structural insights into the regioversatility of the aminoglycoside acetyltransferase Eis. ChemBioChem 2013; 14: 2127-35.


        [http://dx.doi.org/10.1002/cbic.201300359]

      




      

        	
[135]



        	Tsodikov OV, Green KD, Garneau-Tsodikova S. A random sequential mechanism of aminoglycoside acetylation by Mycobacterium tuberculosis Eis protein. PLoS One 2014; 9: e92370.


        [http://dx.doi.org/10.1371/journal.pone.0092370]

      




      

        	
[136]



        	Jennings BC, Labby KJ, Green KD, Garneau-Tsodikova S. Redesign of substrate specificity and identification of the aminoglycoside binding residues of Eis from Mycobacterium tuberculosis. Biochemistry 2013; 52: 5125-32.


        [http://dx.doi.org/10.1021/bi4002985]

      




      

        	
[137]



        	Green KD, Chen W, Garneau-Tsodikova S. Identification and characterization of inhibitors of the aminoglycoside resistance acetyltransferase Eis from Mycobacterium tuberculosis. ChemMedChem 2012; 7: 73-7.


        [http://dx.doi.org/10.1002/cmdc.201100332]

      




      

        	
[138]



        	Garzan A, Willby MJ, Green KD, Gajadeera CS, Hou C, Tsodikov OV. Sulfonamide-based inhibitors of aminoglycoside acetyltransferase Eis abolish resistance to kanamycin in Mycobacterium tuberculosis. J Med Chem 2016; 59: 10619-28.


        [http://dx.doi.org/10.1021/acs.jmedchem.6b01161]

      




      

        	
[139]



        	Garzan A, Willby MJ, Green KD, Tsodikov OV, Posey JE, Garneau-Tsodikova S. Discovery and optimization of two Eis inhibitor families as kanamycin adjuvants against drug-resistant M. tuberculosis. ACS Med Chem Lett 2016; 7: 1219-21.


        [http://dx.doi.org/10.1021/acsmedchemlett.6b00261]

      




      

        	
[140]



        	Lin DL, Tran T, Alam JY, Herron SR, Ramirez MS, Tolmasky ME. Inhibition of aminoglycoside 6'-N-acetyltransferase type Ib by zinc: reversal of amikacin resistance in Acinetobacter baumannii and Escherichia coli by a zinc ionophore. Antimicrob Agents Chemother 2014; 58: 4238-41.


        [http://dx.doi.org/10.1128/AAC.00129-14]

      




      

        	
[141]



        	Chiem K, Fuentes BA, Lin DL, Tran T, Jackson A, Ramirez MS. Inhibition of aminoglycoside 6'-N-acetyltransferase type Ib-mediated amikacin resistance in Klebsiella pneumoniae by zinc and copper pyrithione. Antimicrob Agents Chemother 2015; 59: 5851-3.


        [http://dx.doi.org/10.1128/AAC.01106-15]

      




      

        	
[142]



        	Li Y, Green KD, Johnson BR, Garneau-Tsodikova S. Inhibition of aminoglycoside acetyltransferase resistance enzymes by metal salts. Antimicrob Agents Chemother 2015; 59: 4148-56.


        [http://dx.doi.org/10.1128/AAC.00885-15]

      




      

        	
[143]



        	te Velthuis AJ, van den Worm SH, Sims AC, Baric RS, Snijder EJ, van Hemert MJ. Zn(2+) inhibits coronavirus and arterivirus RNA polymerase activity in vitro and zinc ionophores block the replication of these viruses in cell culture. PLoS Pathog 2010; 6: e1001176.


        [http://dx.doi.org/10.1371/journal.ppat.1001176]

      




      

        	
[144]



        	Patwardhan A, Cowan JA. Influence of charge and structure on the coordination chemistry of copper aminoglycosides. Dalton Trans 2011; 40: 1795-801.


        [http://dx.doi.org/10.1039/c0dt00704h]

      




      

        	
[145]



        	Marwick C. First “antisense” drug will treat CMV retinitis. JAMA 1998; 280: 871.


        [http://dx.doi.org/10.1001/jama.280.10.871-JMN0909-6-1]

      




      

        	
[146]



        	Raal FJ, Santos RD, Blom DJ. Mipomersen, an apolipoprotein B synthesis inhibitor, for lowering of LDL cholesterol concentrations in patients with homozygous familial hypercholesterolaemia: a randomised, double-blind, placebo-controlled trial. Lancet 2010; 375: 998-1006.


        [http://dx.doi.org/10.1016/S0140-6736(10)60284-X]

      




      

        	
[147]



        	Ricotta DN, Frishman W. Mipomersen: a safe and effective antisense therapy adjunct to statins in patients with hypercholesterolemia. Cardiol Rev 2012; 20: 90-5.

      




      

        	
[148]



        	Niks EH, Aartsma-Rus A. Exon skipping: a first in class strategy for Duchenne muscular dystrophy. Expert Opin Biol Ther 2017; 17: 225-36.


        [http://dx.doi.org/10.1080/14712598.2017.1271872]

      




      

        	
[149]



        	Aartsma-Rus A, Krieg A. FDA approves eteplirsen for Duchenne muscular dystrophy: the next chapter in the eteplirsen saga. Nucleic Acid Ther 2017; 27: 1-3.


        [http://dx.doi.org/10.1089/nat.2016.0657]

      




      

        	
[150]



        	Aartsma-Rus A. New momentum for the field of oligonucleotide therapeutics. Mol Ther 2016; 24: 193-4.


        [http://dx.doi.org/10.1038/mt.2016.14]

      




      

        	
[151]



        	McClorey G, Wood MJ. An overview of the clinical application of antisense oligonucleotides for RNA-targeting therapies. Curr Opin Pharmacol 2015; 24: 52-8.


        [http://dx.doi.org/10.1016/j.coph.2015.07.005]

      




      

        	
[152]



        	Malik R, Roy I. Making sense of therapeutics using antisense technology. Expert Opin Drug Discov 2011; 6: 507-26.


        [http://dx.doi.org/10.1517/17460441.2011.565744]

      




      

        	
[153]



        	Burnett JC, Rossi JJ. RNA-based therapeutics: current progress and future prospects. Chem Biol 2012; 19: 60-71.


        [http://dx.doi.org/10.1016/j.chembiol.2011.12.008]

      





OEBPS/Images/9781681084879-C1_F4.jpg
AACGATGTTACGC REBTBIGCAGTCG:
NDVTQQGS R.





OEBPS/Images/cover.jpg
elSBN: 978-1-68108-487-9 elSSN: 2352-3212
ISBN: 978-1-68108-488-6 ISSN: 2452-3208

Frontiers in Clinical Drug Research

Volume 4

(Anti Infectives)

Editor: ...
Atta-ur-Rahman, FRS Bentham € Books





OEBPS/Images/9781681084879-C1_F2.jpg
Q 2 on o

D r R s, “« S o

i’ &=t
R

N \

HK P P
‘coon \coon

Penicillin Cephalosporin Carbapenem  Monobactam

F0 ;:r“j%

Tazobactam Sulhﬂuum e






OEBPS/Images/bentham_logo.jpg





OEBPS/Images/9781681084879-C1_F3.jpg
o oz
\_X_ﬂ&,m m“

Kanamycin B Streptomycin

ﬁ%

i

PP2

.

Spectinomyein

Zinc pyrithione





OEBPS/Images/9781681084879-C1_F1.jpg
)4
J
Resri Conpound 10
c D
@
Gl P ——.






