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Bacteriophages are viruses of bacteria that have received significant attention in the last decades due to 

their potential as an alternative to the antibiotics, as well as their applicability in the selective control of 

bacterial species harmful to food. In this context, this work reports the partial results of a viral filtrate 

named P4CSa that was obtained with the bacterium Staphylococcus aureus and characterized by the 

viral host range and the restriction fragment length polymorphism technique. The results indicate that 

the phage P4CSa probably belongs to the order Caudovirales, it presents a polyvalent host range, and it 

can be preserved for the long term in the form of filtrated lysates stored at 4°C, suggesting that the 

phage P4CSa may have the potential for the development of a pharmaceutical product indicated for the 

biocontrol of pathogenic bacteria. 
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INTRODUCTION 
 

  The bacterial resistance to the antibiotics is a 

biological phenomenon that is reported as a clinical 

problem since the year 1950 (1), representing a public 

health threat because it reduces the effective 

therapeutic options against bacterial infections and 

increases the duration, cost, and clinical complications 

in the course of the treatment (2).  

  Highlighting that the bacterial resistance generates 

longer periods of disease and transmission that 

consequently contribute to the occurrence of epidemic 

events of emergency and reemergence of infectious 

diseases (3-5). Therefore, in this context, the 

bacteriophages represent a viable strategy against 

bacterial resistance due to their capability of infecting 

and killing bacteria (6). 

  Thus, illustrating the applicability of the 

bacteriophages as anti-bacterial agents, Imkin and 

Nasanit (7) reported 2 bacteriophages that are stable 

in association with souring pads and dishwashing 

sponges that may be useful to prevent the 

contamination and growth of Salmonella spp. in 

residues of food in dishes. Yin et al. (8) reported the 

isolation of 3 bacteriophages with the capability of 

infecting and lyse the foodborne pathogen Vibrio 

haemolyticus with potential employability for the 

biocontrol of this bacterium in the aquaculture.  

Regarding the use of bacteriophages in the treatment 

of bacterial infections in human beings, Wright et al. 

(9) reported the complete recovery of 24 patients with 

chronic otitis caused by Pseudomonas aeruginosa  

 

resistant to multiple antibiotics. According to several 

previous studies, cases of bacterial infections were 

successfully treated or partially improved after the 

administration of bacteriophages (10, 11). 

  Demonstrating these pieces of evidence presented in 

the recent scientific literature that many scientists are 

seeking for bacteriophages as a tool for the biocontrol 

of bacterial pathogens, as well as an alternative to the 

antibiotics in the therapeutics. Therefore, this work 

aimed to prospect bacteriophages in samples of a 

water body linked to the Amazon River in an urban 

perimeter where the biological and chemical 

contamination is considered high, for then isolate and 

characterize bacteriophages with potential 

biotechnological employability in the control of 

pathogenic bacteria and possibly to treat bacterial 

infections. 
 

MATERIALS AND METHODS 

 
  Sample collection. The samples were collected from urban sewage 

discharged into a water body related to the Amazon river (coordinates 0° 

0.112'N 51° 4.219'W) in an area called Pedrinhas. The collection procedure 

consisted of the transfer of the sewage to sterile cone tubes with the aid of a 

sterile Pasteur pipette carefully manipulated to avoid cross-contamination, 

then the samples were identified, packaged in a box of polystyrene filled with 

ice, and transported to the microbiology facility of the toxicology and 

pharmaceutical chemistry of the Faculty of Pharmacy from the Federal 

University of Amapá. The sample reported in this work was named P4C, 

standing for Pedrinhas 4th collection. 

  Viral enrichment and isolation. The viral enrichment is a procedure 

necessary to amplify the number of viruses in the sample and facilitate their 

isolation. For this purpose, this study used Müeller Hinton (MH) broth, solid 

(1.5% agar), and soft agar (0.6% agar) purchase from Kasvi ® (São José do 

Pinhais, PR, Brazil), and the bacterial host Staphylococcus aureus ATCC 

6338 for isolation of bacteriophages as they are obligatory parasites of 

bacteria, that was purchased from the American Type Cell Culture 
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(Manassas, VA, USA). 

  The enrichment, prospection and isolation procedures were performed 

according to protocol mentioned elsewhere (12). For the enrichment, 10 ml of 

sewage was mixed with 9 ml of MH broth and 1 mL of an overnight 

inoculum of the bacterial host in an Erlenmeyer flask that was gently mixed 

and incubated at 37°C for 24 h. The enrichment culture was centrifuged with 

chloroform (1:1 volume/volume) at 3000 rpm for 30 min and the aqueous 

phase was collected, filtrated through syringe filters with a pore size of 0.45 

μm, serially diluted to 10-6 and cultivated by the double agar layer technique. 

  The double agar layer technique consisted in the addition of 100 μl of the 

filtrated lysate serially diluted and 100 μl of an overnight bacterial host to 3 

ml of MH soft agar in a tube assay that was gently mixed and poured onto 

MH agar plates. After the solidification of the soft agar layer plates were 

incubated at 37°C for 24 h, and the lysate plaques formed were collected, 

enriched and cultured for three consecutive times to assure the isolation of a 

bacteriophage. 

  After the completion of these procedures, the bacteriophage obtained was 

named P4CSa, standing for Pedrinhas 4th collection obtained 

with Staphylococcus aureus. 

  Host range analysis. The host range of the phage P4CSa was evaluated to 

identify the capability of the phage to infect different bacteria species. The 

method employed was the one described by Gregoracci (13) and Costa et al. 

(14) that consists in the preparation of serial dilutions of the viral filtrate from 

which 100 μl was transferred to a tube with MH soft agar followed by the 

addition of 150 μl of an overnight culture of bacterial hosts. The tube was 

gently mixed and poured onto plates of MH agar, after the solidification of 

the up layer of agar, the plates were incubated at 37° C for 24 h, then the 

lysate plaques formed were counted and the viral titers were determined 

according to the equation below: 

 

 

  The bacterial hosts used in this assay were Escherichia coli ATCC 8739, 

Enterococcus faecalis ATCC 29212, Klebsiella pneumoniae ATCC 4352, 

Proteus mirabilis ATCC 15290, and Pseudomonas aeruginosa ATCC 2583 

(purchased from the American Type Cell Culture ®, Manassas, VA, USA). 

The assay was performed in triplicate with each bacterial host, and the results 

are expressed as the mean of the lysate plaques with its standard deviation, 

and the viral titer in PFU x ml-1 (Plaque forming units per milliliter). 

  Stability analysis for the long term storage. The filtrate of the phage 

P4CSa lysate was stored at 4°C in a refrigerator according to Golec et al. (15) 

and the viability of the phage was evaluated by its capability of infecting and 

form lyse plaques in the bacterium host. Therefore, to get access to the virus 

viability under this condition of storage, the double agar layer technique as 

described above, according to Mirzaei and Nilsson (12) was adopted. The 

cultures to test the phage P4CSa stability were performed with a periodicity 

from one week to six months.  

  Molecular characterization by RFLP. Initially, the viral precipitation 

method described by Gregorraci (13) was employed for the obtained of a 

viral super concentrated solution whose nucleic acids were extracted with 

commercial kits (Quick-DNA/Viral RNA kit, Zymo Research ®, Irvine, CA, 

USA) following the instructions of the manufacturer. Then the genome 

obtained was digested with the enzymes Eco RI and Hind III for 1 hour at 

37°C according to the manufacturer (Thermo Fisher ®, Waltham, MA, USA), 

and the fragments were resolved in agarose gel (1%, w/v), stained with 

ethidium bromide and visualized in UV transilluminator. 

 

RESULTS  
 

  The enrichment assay for the bacteriophages showed 

a viral titer of 5.3  10
5
 PFU  ml

-1
. Indicating a 

considerable abundance of phages with the capability 

of infecting and lysing the host Staphylococcus aureus 

ATCC 6338 in the sewage sample analyzed. 

The phage P4CSa presented plaques with a circular 

shape and 0.64 (± 0.15) mm in diameters as shown in 

Figure 1. 

  Regarding the ability to infect different bacteria, 

beside infect and lyse Staphylococcus aureus ATCC 

6338, the phage P4CSa was also effective against 

Escherichia coli ATCC 8739 and Pseudomonas 

aeruginosa ATCC 2583 presenting viral titers that 

ranged from 10
4
 to 10

7
 PFU  ml

-1
. The viral titers of 

the phage P4CSa filtrate per host tested are presented 

in Table 1. During six months of study, aliquots of  

the filtrate of the phage P4CSa lysate were stored 

under 4°C at the laboratory refrigerator and cultured 

with the bacterial host Staphylococcus aureus ATCC 

6338, resulting in the formation of lysates at all the 

time these were assayed. 

  This result demonstrates that the filtrate of the phage 

P4CSa lysate can resist the conditions of storage 

adopted in this study. This preservation condition can 

be suggested for long term storage of formulations 

contenting this phage. 

 

  The results of the restriction enzymes digestion can 

be seen in Figure 2, it is possible to observe the 

restriction fragments of the DNA of the phage λ with 

Eco RI and with Hind III, followed by the digested 

P4CSa genome with Eco RI, the P4CSa genome 

digested with Hind III, and the genomic P4CSa, while 

the wells with the identification STD is from a 

different phage obtained with Escherichia coli ATCC 

8739 whose chemical composition of the genome was 

confirmed to be ds DNA. This other phage was used 

as standard for comparison of the results of the 

molecular biology assays conducted with the phage 

P4CSa. 

 
DISCUSSION 

 

  The viral titer obtained in this work is a little lower 

than those reported by Elbreki et al. (16) which 

informs that the concentrations of phage in sewage 

samples often presents values in the order of 10
8
 

phages × ml
-1

 to 10
10

 phages × ml
-1

. 

  But two facts may explain this difference. The first is 

related to the method employed, which used 

chloroform, a solvent that is harmful to phages having 

lipid rich structures such as, envelops and lipoproteins 

(17). And the second concern is host specificity of 

some phages (18). Therefore, the results obtained 

cannot address the abundance and diversity of the 

bacteriophages in the sewage sample analyzed, but it 

demonstrates that sewage might be a good source of 

bacteriophages able to infect and lyse the 

bacterium Staphylococcus aureus, as also 

demonstrated by Synnott et al. (19), Wang et al. (20), 

and Nasser et al. (21) that successfully isolated phages 

 

Figure 1. The lysates formed by the 

P4CSa phage over the bacterial growth.  
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with high biotechnological potential from sewage 

samples. Highlighting that the presence of 

bacteriophages depends on the availability of bacterial 

hosts in the environment (22). 

  Regarding the morphological properties of the 

plaques, according to Saad et al. (23), the small size of 

the plaques observed suggests that the phage P4CSa 

might present a large viral particle, but a transmission 

electron microscopy analysis is necessary to confirm 

this prediction.  

  With respect to the host range, it represents the 

number of strains a bacteriophage is capable of 

infecting, and it can be classified as broad when the 

virus infects several strains of the same genus or 

different species, narrow when the virus can infect 

just specific bacterial strains, usually of the same 

species, monovalent when the virus infects a single 

bacterial species, or polyvalent when the phage can 

infect more than one bacterial species (24). 

  Since the phage P4CSa could infect the species, 

Staphylococcus aureus ATCC 6338, Escherichia coli 

ATCC 8739 and Pseudomonas aeruginosa ATCC 

2583, its host range is considered polyvalent. 

However, more tests with different strains of these 

bacterial species are necessary to evaluate if the phage 

P4CSa has a broad or a narrow host range. Because 

the interaction between the bacteriophage and the 

bacterial host is determined by genetic factors related 

to the expression of surface molecules used by the 

phages for the recognition and initiation of the 

infection process (25), attributing selectivity of the 

virus by the host, which can limit the number of 

strains these viruses may infect according to the 

genetic variability among the bacteria regarding the 

molecules used by the phages as receptors (26, 27). 

  In this context, regarding the P4CSa potential 

applicability, according to Shende et al. (28), the 

bacteriophages with the host range of the polyvalent 

type are strong candidates for the therapeutic 

application against common bacterial pathogens as an 

alternative to the antibiotics. Especially if they have a 

broad host range that allows the recognition of 

different receptors in the bacterial cell, increasing the 

likelihood of success in the treatments where there is 

little information about the identity of the etiologic 

agent, also prevents the development of resistance in 

the bacteria against the phages when used 

therapeutically in combination with different 

bacteriophages in the form of phage cocktails (26, 29, 

30). 

  Concerning the sensitivity and resistance of the 

phages to environmental stresses, this is a very 

important characteristic that must be considered for 

the therapeutic and biotechnological applications (26, 

31), since the resistance/sensitivity to environmental 

stress is an intrinsic characteristic of each virus and 

there is no universal method for their storage (15). 

Therefore, it must be determined experimentally for 

each bacteriophage isolate. 

  In this study, it was demonstrated that the lysate 

Table 1. Host range of the phage P4CSa. 

Bacterial Host 

Dilution used 

in the plaque 

count 

PFU count ±SD PFU  ml-1 

S. aureus ATCC 6338 10-3 201.66 (±3.51) 2.0x106 

E. coli ATCC 8739 10-4 167 (±7.57) 1.7x107 

P. aeruginosa ATCC 2583 10-2 41.33 (±5.51) 1x104 

E. faecalis ATCC 29212 10-1-10-6 0 0 

K. pneumoniae ATCC 4352 10-1-10-6 0 0 

P. mirabilis ATCC 15290 10-1-10-6 0 0 

 

                                                   

Figure 2. Electrophoresis of the restriction digestion. 
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  In this study, it was demonstrated that the lysate 

filtrate of phage P4CSa can be kept viable at 4°C for 

more than six months. This finding also suggests the 

storage temperature be considered in the preparation 

and storage of pharmaceutical formulations containing 

the phage P4CSa. 

  The method adopted for obtaining of nucleic acids 

demonstrates to be not effective because it didn't 

provide an adequate amount of genetic material for 

the observation of restriction fragments; however, it 

was enough to conclude that the genetic material of 

the phage P4CSa is composed of double-strand DNA. 

According to Ackermann (32) and Ackermann & 

Prangishvili (33), the classification of the 

bacteriophages is based on the presence of common 

features that are hierarchically organized into order 

and families, considering the morphology of the viral 

particle as the main criteria for the classification of 

these viruses, followed by the composition of the 

genetic material, genomic architecture, and structural 

elements. 

  Therefore, even though the molecular 

characterization by restriction fragment length 

polymorphism did not provide observable of 

fragments, due to the stereospecificity of the enzymes 

Eco RI and Hind III by ds DNA in the regions with 

GAATTC / CTTAAG and AAGCTT / TTCGA, 

respectively (34, 35, 36), it is possible to affirm that 

the genetic material of the phage P4CSa is composed 

of double-strand DNA, and the comparison with the 

STD sample results reinforces this conclusion since its 

genome is composed of ds DNA, since this sample 

belongs to the family Myoviridae, order Caudovirales. 

Therefore, following the reasoning adopted in the 

classification of the bacteriophages, and the 

methodological approach (site of collection, 

prospection, isolation, and host range), it is possible to 

infer the phage P4CSa belongs to the order 

Caudovirales. 

  Because the phages from the order Caudovirales 

have genetic material composed of ds DNA, it is 

possible the exclusion of phages possessing their 

genome made of ss DNA as the viruses of the families 

Microviridae and Inoviridae, and those whose genetic 

material is made of RNA, as the viruses of the family 

Leviviridae (32, 33, 37-39). 

  Being also possible to exclude the phages from 

group Salterprovirus and the families Guttaviridae 

and Cystoviridae, because these viruses have their 

genomes made of segmented ds DNA, and in the 

electrophoresis of the genomic material of the phage 

P4CSa it was observed just one band, not several 

bands as seen in the viruses with segmented genomes 

(32, 33, 37). 

  Considering the use of chloroform in the obtaining 

and isolation processes, the viral families contenting 

structures that are rich in lipids can be excluded, such 

as the families Corticoviridae, Cystoviridae, 

Rudiviridae, Lipothrixviridae, Plamaviridae, 

Fuseloviridae, Tectviridae, and Globulaviridae (32, 

33, 37-39). 

  Also, being possible to exclude the 

family Ampulaviridae due to the ability to infect a 

single host of the species Acidum convivator, the 

family Clavaviridae which infects hyperthermophilic 

archaea, and the family Bicaudoviridae that is 

obtained in aquatic environments with temperatures in 

the order of 75-90°C (33, 37, 38, 39). 
 

CONCLUSION 
 

  The results demonstrate that the phage P4CSa can 

infect different bacteria species and that the filtrate of 

culture lysates is a suitable way to preserve the phage 

for the long term. However, these results are 

preliminary and wider characterization studies are 

needed, such as the classification of the isolate by 

transmission electron microscopy to determine the 

viral family to which the phage belongs as established 

by the International Committee for Virus Taxonomy 

(40).  

  Molecular assays to assure the absence of island of 

pathogenicity and resistance genes to antibiotics in the 

viral genome must be conducted to ensure safety in 

the therapeutic application, as well as a wider analysis 

of the host range involving a greater diversity of 

bacteria, mainly clinical isolates (24). And stability 

analyzes of the phage P4CSa considering different 

environmental conditions such as pH, temperature and 

ionic strength need to be conducted for determining 

the ideal conditions for the production and storage of 

future formulations containing this phage as an 

antibacterial agent (26). 

  The Applications of bacteriophages is still an open 

field, involving the therapeutic use, hospital 

sanitization, the promotion of food safety by 

preventing foodborne pathogens, tool for the bacterial 

biocontrol in any industrial sectors in which the 

contamination by bacteria represents a problem in 

production (41). Therefore, the research on 

bacteriophage biology and their biotechnological 

application is promising and still is a field little 

explored in Brazil. 
 

ACKNOWLEDGEMENTS 
 

  We are thankful to Dr. Emerson Augusto Castilho 

Martins, Dr. Mayara Amoras Teles Fujishima, and Dr. 

Carolina Miranda de Souza for the support in the 

microbiological and molecular assays, and Dr. Lilian 

Grace da Silva Solon for the help with the revisions. 
 

REFERENCES 

1. Ventola CL. 2015. The antibiotic resistance crisis: causes and threats. 

P. & T. 40:277-83. PMID: 25859123; PMCID: PMC4378521. 

2. Costa ALP and Silva Junior ACS. 2017. Resistência bacteriana aos 

antibióticos e Saúde Pública: uma breve revisão de literatura. Estação 

Científica (UNIFAP). 7:45-47.  

3. Siettos CI and Russo L. 2013. Mathematical modeling of infectious 

disease dynamics. Virulence. 4:295-306. 

4. Cohen ML. 2000. Changing patterns of infectious disease. Nature. 

406:762-7. 

 



Stam. J. Microbiol. 2020;10(1):20-24                                                                                     Characterization of phage obtained with S. aureus 

 

24 

 

5. Heymann DL and Dar OA. 2014. Prevention is better than cure for 

emerging infectious diseases. BMJ. 21:1499-1499.  

6. Reardon S. 2014. Phage therapy gets revitalized. Nature. 5:15-16. 

7. Imklin N and Nasanit R. 2020. Characterization of Salmonella 

bacteriophages and their potential use in dishwashing materials. J. 

Appl. Microbiol. 129:266-277.  

8. Yin Y, Ni P, Liu D. Yang S, Almeida A, Guo Q et al. 

2019. Bacteriophage Potential against Vibrio parahaemolyticus 

Biofilms. Food Control. 98:156-163. 

9. Wright A, Hawkins CH, Änggård EE and Harper DR. 2009. A 

controlled clinical trial of a therapeutic bacteriophage preparation in 

chronic otitis due to antibiotic-resistant Pseudomonas aeruginosa; A 

preliminary report of efficacy. Clin. Otolaryngol. 34:349-57.  

10. Herridge WP, Shibu P, O’Shea J, Brook TC and Hoyles L. 2020. 

Bacteriophages of Klebsiella spp., their diversity and potential 

therapeutic uses. J. Med. Microbiol. 69:176-194.  

11. McAuliffe O, Coffey A, O’Mahony J, Endersen L, Ross RP and Hill 

C. 2014. Phage Therapy in the Food Industry. Annu Rev Food Sci 

Technol. 5:327-349.  

12. Mirzaei MK and Nilsson AS. 2015. Isolation of phages for phage 

therapy: A comparison of spot tests and efficiency of plating analyses 

for determination of host range and efficacy. PLoS One. 10:11-13. 

13. Gregorraci GB. 2006. Levantamento de bacteriófagos líticos: 

Isolamento e caracterização de vírus provenientes de esgoto comum 

com potencial aplicação antimicrobiana. Available at: 

http://repositorio.unicamp.br/handle/REPOSIP/317032.  

14. Costa ALP, Neto OAR, Souza ACF and Resque RL. 2019. Análise da 

amplitude de hospedeiros de vírus bacterianos isolados de amostras de 

esgoto doméstico da cidade de Macapá. Rev. Arq. Científicos. 2:59-

63.  

15. Golec P, Dąbrowski K, Hejnowicz MS, Gozdek A, Łoś JM, Węgrzyn 

G et al. 2011. A reliable method for storage of tailed phages. J. 

Microbiol. Methods. 84:486-489. 

16. Elbreki M, Ross RP, Hill C, O’Mahony J, McAuliffe O and Coffey A. 

2014. Bacteriophages and Their Derivatives as Biotherapeutic Agents 

in Disease Prevention and Treatment. J. Viruses. 2014:1-20.  

17. Ackermann HW. 2007. 5500 Phages examined in the electron 

microscope. Arch. Virol. 152:227-43. 

18. Tan GH, Nordin MS and Napsiah AB. 2008. Isolation and 

characterization of lytic bacteriophages from sewage water. J. Trop. 

Agric. Food Sci. 36:287-291.  

19. Synnott AJ, Kuang Y, Kurimoto M, Yamamichi K, Iwano H and 

Tanji Y. 2009. Isolation from Sewage Influent and Characterization of 

Novel Staphylococcus aureus Bacteriophages with Wide Host Ranges 

and Potent Lytic Capabilities. Appl. Environ. Microbiol. 75:4483-

4490.  

20. Wang J, Zhao F, Sun H, Wang Q, Zhang C, Liu W et al. 2019. 

Isolation and characterization of the Staphylococcus aureus 

bacteriophage vB_SauS_SA2. AIMS. Microbiol. 5:285-307.  

21. Nasser A, Azizian R, Tabasi M, Khezerloo JK, Heravi FS, Kalani MT 

et al. 2019. Specification of bacteriophage isolated against clinical 

methicillin-resistant Staphylococcus aureus. Osong Public Health  

Res. Perspect. 10:20-24.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22. Ackermann HW. 2001. Frequency of morphological phage 

descriptions in the year 2000 Brief Review. Arch. Virol. 146:843-857. 

23. Saad AM, Soliman AM, Kawasaki T, Fujie M, Nariya H, Shimamoto 

T et al. 2019. Systemic method to isolate large bacteriophages for use 

in biocontrol of a wide-range of pathogenic bacteria. J. Biosci. 

Bioeng. 127:73-8.  

24. Ross A, Ward S and Hyman P. 2016. More Is Better: Selecting for 

Broad Host Range Bacteriophages. Front Microbiol. 7:1-6.  

25. Rohwer F and Edwards R. 2002. The Phage Proteomic Tree: a 

Genome-Based Taxonomy for Phage. J. Bacteriol. 184:4529-35.  

26. Casey E, van Sinderen D and Mahony J. 2018. In vitro characteristics 

of phages to guide ‘real life’ phage therapy suitability. Viruses. 10:1-

20.  

27. León M and Bastías R. 2015. Virulence reduction in bacteriophage 

resistant bacteria. Front. Microbiol. 6:343.  

28. Shende RK, Hirpurkar SD, Sannat C, Rawat N and Pandey V. 2017. 

Isolation and characterization of bacteriophages with lytic activity 

against common bacterial pathogens. Vet. World. 10:973-8.  

29. Gill JJ and Hyman P. 2010. Phage Choice, Isolation, and Preparation 

for Phage Therapy. Curr. Pharm. Biotechnol. 11:2-14. 

30. Kingwell K. 2015. Bacteriophage therapies re-enter clinical trials. 

Nat. Rev. Drug Discov. 14:515-516.  

31. Nasr-eldin MA, El-maaty SAA, El-dougdoug KA and Hazaa MM. 

2018. Characterization and development of a phage cocktail for 

Escherichia coli causing gastrointestinal diseases. J. Basic Environ. 

Sci. 5:115-22. 

32. Ackermann H-W. 2011. Bacteriophage Taxonomy. Microbiol. Aust. 

32:90-94. 

33. Ackermann HW and Prangishvili D. 2012. Prokaryote viruses studied 

by electron microscopy. Arch. Virol. 157:1843-9.  

34. Wittek R, Menna A, Schümperli D, Stoffel S, Müller HK and Wyler 

R. 1977. HindIII and Sst I restriction sites mapped on rabbit poxvirus 

and vaccinia virus DNA. J. Virol. 23:669-78.  

35. Loenen WAM, Dryden DTF, Raleigh EA, Wilson GG and Murray 

NE. 2014. Highlights of the DNA cutters: a short history of the 

restriction enzymes. Nucleic Acids Res. 42:3-19.  

36. Hepfer CE and Turchi SL. 1989. An introduction to restriction 

mapping of DNA. Biochem. Educ. 17:48-50. 

37. Jończyk E, Kłak M, Międzybrodzki R and Górski A. 2011. The 

influence of external factors on bacteriophages—review. Folia. 

Microbiol. 56:191-200.  

38. Mäntynen S, Sundberg L-R, Oksanen H and Poranen M. 2019. Half a 

Century of Research on Membrane-Containing Bacteriophages: 

Bringing New Concepts to Modern Virology. Viruses. 11:1-17.  

39. Prangishvili D, Mochzuki T, Liu Y and Krupovic M. 2019. ICTV 

virus taxonomy profile: Clavaviridae. J. Gen. Virol. 100:1267-1268.  

40. Nelson D. 2004. Phage taxonomy: We agree to disagree. J. Bacteriol. 

186:7029-7031.  

41. Pelfrene E, Willebrand E, Cavaleiro Sanches A, Sebris Z and Cavaleri 

M. 2016. Bacteriophage therapy: A regulatory perspective. J. 

Antimicrob. Chemother. 71:2071-2074.  

 

http://repositorio.unicamp.br/handle/REPOSIP/317032

