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viruses of bacteria (bacteriophages).
Practical IMPORTANCE of THE phenomenon of bacteriophagia
           I. STUDENTS’ INDEPENDENT STUDY  PROGRAM

1. The structure of bacteriophages. The forms of bacteriophages.

2. Chemical structure and properties of bacteriophages.

3. The types of interaction of phage and bacterial cell. The notion about a prophage. Lysogenic bacteria.  Phage conversion, its value.

4. The phases of interaction of bacteriophage and bacterial cell (reproduction of phages).

5. The methods of receipt,  study and titration of bacteriophages.

6. Practical usage of phenomenon of  bacteriophagia: indication of causative agents, bacterial phagovar determining, reaction of successive growth of the titer of specific phage, therapy, prophylaxis.
          ВACTERIOPHAGE,  also called phage or bacterial virus ,  any of a group of viruses that infect bacteria. Bacteriophages were discovered independently by Frederick  W.Twort  in Great Britain (1915) and Félix D’Hérelle in France (1917). D’Hérelle coined the term bacteriophage, meaning “bacteria eater,” to describe the agent’s bacteriocidal ability. Bacteriophages also infect the single-celled prokaryotic organisms known archaea.
Bacteria are host to a special group of viruses called bacteriophage, or «phage», which pass through fine-porous filters and develop at the expense of reproducing bacteria (N. Gamaleya, 1892; F. Twort, 1915; F. D'Herelle, 1917). 
Although any given phage is highly host-specific, it is probable that every known type of bacterium serves as host to one or more phages. Phages have not been successfully used in therapy. They are important, however, because they furnish ideal materials for studying host-parasite rela​tionships, virus multiplication, and molecular ge​netics.
                                         PROPERTIES OF PHAGE
One group of phages has been studied more ex​tensively than any other: certain phages that attack Escherichia coli strain B (coliphages). Of the numer​ous coliphages, 7 have been selected for intensive study. Unless otherwise noted, the information given below applies to this group, which has been numbered Tl through T7.
          Thousands of varieties of phage exist, each of which may infect only one type or a few types of bacteria. Phages are classified in a number of virus families; some examples include  Inoviridae,  Microviridae,  Rudiviridae  and Tectiviridae.
        Like all viruses, phages are simple organisms that consist of a core of genetic material (nucleic acid) surrounded by protein capsid. 
        The nucleic acid may be either DNA or RNA and may be double-stranded or single-stranded. There are three basic structural forms of phage: an icosahedral (20-sided) head with a tail, an icosahedral head without a tail, and a filamentous form.
Morphology. A typical phage particle consists of a “head” and a “tail”. The head represents a tightly packed core of nucleic acid surrounded by a protein coat, or capsid. The protein capsid of the head is made up of identical subunits, packed to form a prismatic structure, usually hexagonal in cross section. The smallest known phage has a head diameter of 25 nm; others range from 55 Х 40 nm up to 100 X 70 nm.[image: image35.png]


 A phage is approximately 100 times smaller than a typical bacterium.
   The phage tail varies tremendously in its com​plexity from one phage to another. The most complex tail is found in phage T2 and in a number of other coli and typhoid phages. 
  In these phages, the tail consists of at least 3 parts: a hollow core, ranging from 6 to 10 nm in width; a contractile sheath, ranging from 15 to 25 nm in width; and a terminal base-plate, hexagonal in shape, to which may be attached prongs, tail fibers, or both. 
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   Electron micrographs of phage preparations embedded in electron-dense material such as phosphotungstate show the phages to exist in 2 states: in one, the head contrasts highly with the medium, the sheath is expanded, and the base-plate appears to have a series of prongs. 
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In the second state, the head is of low contrast, the sheath is contracted, and the base​-plate is now revealed to have 6 fibers attached to it. 
The former state presumably represents active phage, con​taining nucleic acid; the latter state presumably repre​sents phage that has ejected its nucleic acid (eg, into a host cell). These 2 states are diagrammed in Figure.
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Figure 3.  Diagrams of phage T2 on electron micrographic observation.
A number of other tail morphologies have been reported. In some of these, sheaths are visible but the contracted state has not been observed; and in one case no sheath can be seen. 
The phages also vary with respect to the terminal structure of the tail: some have base-plates, some have «knobs» and some appear to lack specific terminal structures.

The phage tail is the adsorption organ for those phages that possess them. Some phages lack tails al​together; in the RNA phages, for example, the capsid is a simple icosahedron.

Although most phages have the head-and-tail structure described above, some filamentous phages have been discovered that possess a very different morphology. One of these,  has been characterized in some detail. It is a rod-shaped struc​ture measuring 6 nm in diameter and 800 nm in length. 
It contains DNA and protein, which are complexed in a manner that is not completely understood. The DNA may be intertwined with the protein, rather than form​ing a core.
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Chemistry.  Phage particles contain only protein and one kind of nucleic acid. 
      Most phages contain only DNA; how​ever, phages that contain only RNA are also known.
      In the T-even phages, the nucleic acid makes up about 50% of the dry weight and consists of a single molecule (called the phage chromosome) with a molecular weight of 1.3 x 108, sufficient to code for about 200 different proteins of molecular weight 30,000.  

       In phages T2, T4, and T6, a unique base (hydroxyl methyl cytosine) is present to which are attached short chains of glucose units. 
      This pyrimidine has never been found in the nucleic acid of the uninfected bacterial host.

The proteins that make up the head, the core, the sheath, and the tail fibers are distinct from each other; in each case, the structure appears to be made of repeating subunits.

An unusual phage called PM2 has been isolated from a culture of a marine pseudomonad. PM2 is a double-stranded DNA phage in which the virion is surrounded by a lipoprotein  membrane and contains 2 enzymes: an endonuclease that converts the phage DNA to the linear form within the host, and a DNA-dependent RNA polymerase.

The resistance of phages to physical and chemical factors is greater than that of the corresponding microbes. 
Phages with stand high pressures (up to 6000 atmospheres), are resistant to the action of radiant energy, and maintain their activity in a pH range from 2.5 to 8.5. 
In sealed ampoules phages do not lose their lytic properties for 5-6 and even 12-13 years and can be preserved for relatively long periods in glycerin. 
Phages perish quickly under the effect of boiling, acids, ultraviolet rays and chemical disinfectants. 
In relation to resistance phages are intermediate between the vegetative forms of bacteria and spores. 
Some substances (thymol, chloroform) and enzyme poisons (cyanide, fluoride, dinitrophenol) have no effect on phages, but cause bacteria to perish or inhibit their growth. 
These preparations are used for maintaining phages in cultures and for destroying bacteria, actinomycetes and fungi.
The specific action of phages.  Phages possess both species and type specificity. 
       On solid nutrient medium types Tl, T3, and T7 E. coli phages form large colonies, types T2, T4, and T6 produce small colonies. These types also differ morphologically. 
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The classification of phages is based on morphology, chemical structure, type of nucleic acid, and their interaction with the bacterial cell. All phages are divided into DNA- and RNA-containing. 
The relation of phages to sex differentiation of bacteria is taken into account in determination of additional taxonomic signs. 
It has been established that one group of phages affects only male bacteria (F+), another group only female bacteria (F–), while a third group of phages is indifferent in respect to sex differentiation of cells. Phages are marked by a specific effect on the corresponding bacterial species.
 Each phage has its own host in which it lives as a parasite and reproduces. Staphylococci have 40 phage types, E coli 50, S. typhi 56, S. paratyphi A 11, S. schottmueleri B 7, Corynebacterium diphtheriae 19, Vibrio cholerae 9, etc.
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PHAGE GENETICS. Phage particles exhibit the same 2 fundamental genetic properties that are characteristic of organized cells: general stability of type and a low rate of herita​ble variation.
Phage Mutation. All phage properties are controlled by phage genes and are subject to change through gene muta​tion. 
Most of our knowledge concerning the chemical basis of mutation comes from studies on phage genetics.
Phage Recombination. If a bacterium simultaneously adsorbs 2 related but slightly different DNA phage particles, both can infect and reproduce; on lysis, the cell releases both types. When this occurs, many of the progeny are observed to be recombinants. 
Recombination takes place between pairs of phage DNA molecules and is repeated many times between different, random pairs of replicating phage DNA before maturation. 
Three-way recombinants are therefore possible in a cell si​multaneously infected with 3 parental phage types.
Genetic Maps. The relative positions on the phage chromosome of mutant loci involved in phage structure or phage reproduction can be determined by a combination of genetic and physical mapping procedures. 
In genetic mapping, 2 different mutants are propagated simulta​neously in the same host cell, and the frequency of their recombination is measured: the lower the fre​quency, the shorter the distance between the 2 loci. 
In physical mapping, heteroduplexes are made between single strands of DNA from normal phage and deletion mutants; examination in the electron microscope re​veals the location of the deletion in the form of a non-base-paired region.

 Some procedures have been used to produce de​tailed maps of phage chromosomes.  
 The genes lettered A-W on the map were originally iden​tified as conditional lethal mutations that were sup​pressed in a host strain carrying a particular suppressor gene; their functions were later identified by electron microscopy and biochemical analyses.

Phage genomes vary widely in size. The smallest known phage genome, that of the RNA phage MS2, has only 3 genes, as described above. 
In contrast, the largest phages contain sufficient DNA to code for about 200 proteins of average size; genes are present for coat proteins, morphogenesis, enzymes and regu​lators of phage replication, glycosylation of phage DNA, inhibitors of host restriction enzymes, enzymes that degrade host DNA, DNA repair enzymes, recom​bination enzymes, and proteins involved in integration and excision of prophage DNA.
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                           LIFE CYCLES OF PHAGE AND HOST
Figure  summarizes the potential life cycles of bacterial cells infected with double-stranded DNA phages. 
Single-stranded DNA phages and RNA phages are discussed in later sections. Fig.  shows the following:
(1) Life cycle of uninfected bacterium. An uninfected bacterium may reproduce by binary fission, showing no involvement with phage.
(2) Adsorption of free phage. When an uninfected bacterium is exposed to free phage, infection will take place if the cell is sensitive. 
Bacteria may also be genetically resistant to phage infection; such cells lack the necessary receptors on their surfaces. 

When infection takes place, the phage is adsorbed onto the cell surface and the nucleic acid of the phage penetrates the cell. In this state phage nucleic acid is called “vegetative phage”.
(3) Lytic infection. The injected vegetative phage material may be reproduced, forming many replicas. 
These mature be acquisition of protein coats, following which the host cell lyses and free phage is liberated.

(4) Reduction of vegetative phage to prophage. Many phages, termed “temperate”, are capable of reduction to prophage as alternative to producing a lytic infection. The bacterium is now lysogenic; after an indeterminate number of cell division, one of its progeny may lyse and liberate invective phage.

(5) Loss of prophage.  Occasionally a lysogenic bacterium may lose its prophage, remaining viable as an uninfected cell.
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                                              Phage-host life cycles
Life cycles of bacteriophages


             During infection a phage attaches to a bacterium and inserts its genetic material into the cell. After that a phage usually follows one of two life cycles, lytic (virulent) or lysogenic(temperate). 
         Lytic phages take over the machinery of the cell to make phage components. They then destroy, or lyse, the cell, releasing new phage particles. 
         Lysogenic phages incorporate their nucleic acid into the chromosome of the host cell and replicate with it as a unit without destroying the cell. Under certain conditions lysogenic phages can be induced to follow a lytic cycle.

         Other life cycles, including pseudolysogeny and chronic infection, also exist. In pseudolysogeny a bacteriophage enters a cell but neither co-opts cell-replication machinery nor integrates stably into the host genome. 
        Pseudolysogeny occurs when a host cell encounters unfavourable growth conditions and appears to play an important role in phage survival by enabling the preservation of the phage genome until host growth conditions have become advantageous again. In chronic infection new phage particles are produced continuously over long periods of time but without apparent cell killing.
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METHODS OF STUDY

Assay. Since phages (like all viruses) multiply only within living cells, and since their size precludes direct observation except with the electron microscope, it is necessary to follow their activities by indirect means.
 For this purpose, advantage is taken of the fact that one phage particle introduced into a crowded layer of di​viding bacteria on a nutrient agar plate will produce a more or less clear zone of lysis in the opaque film of bacterial growth. 
                                [image: image14.jpg]



            Different phage plaque types (1 – large colonies; 2 – small colonies)    
This zone of  lysis is called a «plaque»;  it results from the fact that the initially infected host cell bursts (lysis) and liberates dozens of new phage particles, which then infect neighbouring cells. 
This process is repeated cyclically until bacterial growth on the plate ceases as a result of exhaustion of nutrients and accumulation of toxic products. 
When handled properly, each phage particle produces one plaque; any material containing phage can thus be titrated by making suitable dilutions and plating    mea​sured samples with an excess of sensitive bacteria. 
The plaque count is analogous to the colony count for bacterial titration.

Isolation and Purification.  In order to study the physical and chemical properties of phage, it is necessary to prepare a large batch of purified virus as free as possible of host cell material. 
       For this purpose, a liquid culture of the host bacterium is inoculated with phage and incubated until the culture is completely lysed. 
      The now clear culture fluid, or lysate, contains in suspension only viral parti​cles and bacterial debris. 
      These materials are easily separated from each other by differential centrifugation. 
       The centrifuged pellet of phage material can be resuspended and washed in the centrifuge as often as needed and may then be used for chemical and physical analysis in the laboratory or for electron microscopy.

                     Role in laboratory research
         Phages have played an important role in laboratory research. The first phages studied were those designated type 1 (T1) to type 7 (T7). 
        The T-even phages, T2, T4, and T6, were used as model systems for the study of virus multiplication.
        In 1952 Alfred Day Hershey and Martha Chase used the T2 bacteriophage in a famous experiment in which they demonstrated that only the nucleic acids of phage molecules were required for their replication within bacteria. 
        The results of the experiment supported the theory that DNA is the genetic material. 
         For his work with bacteriophages, Hershey was awarded the Nobel Prize for Physiology or Medicine in 1969. 
         He shared the award with biologists Salvador Luria and Max Delbrück, whose experiments with the T1 phage in 1943 (the fluctuation test) showed that phage resistance in bacteria was the product of spontaneous mutation and not a direct response to environmental factors. 
        Certain phages, such as lambda, Mu, and M13, are used in recombinant DNA technology. 
        The phage ϕX174 was the first organism to have its entire nucleotide sequence determined, a feat that was accomplished by Frederick Sanger and colleagues in 1977.http://www.nikeairmaxfreerun.com 
Phage Display


          One of the laboratory techniques employed in studying different protein interactions is Phage Display. 
         With this in vitro screening method, protein ligands and macromolecules can be easily identified and interactions between protein and protein, peptide and protein, & DNA and protein can be studied further.

History of Phage Display

        The first described instance of Phage Display occurred in 1985, when George P. Smith fused a peptide with a gene III from a filamentous phage. He filed a patent detailing the process of generating phage display libraries in the same year.     
       Eventually, further development of Phage Display technology led by different groups from the MRC Laboratory of Molecular Biology, as well as from The Scripps Research Institute, led to the possibility of displaying proteins for the purpose of therapeutic protein engineering. 
      The technique has been continuously improved to screen and amplify huge collections of proteins showing the connection of phenotype and genotype better.

Structure
A filamentous phage has a diameter of around 6.5 nanometers, with a length that depends on the size of its genome. It comes from a huge family of bacterial viruses that also infect other forms of bacteria. 
It contains a small genome with an intergenic region containing the necessary sequences for the replication and encapsidation of DNA.
A phage particle consists of five coat proteins. The particle has a hollow tube that houses so many copies of the primary coat protein. 
There are also binding interactions between the adjacent subunits’ hydrophobic midsections. One end of the particle is blunt, and the other is sharp.
 The blunt end contains plenty of copies of the two tiniest ribosomally translated proteins, while the sharp end contains around only 5 copies of the pIII and pVI genes, which are necessary for the detachment of the phage from the cell membrane.

How it works

        Phage Display is a method wherein a library of phage particles that express very diverse peptides is generated. The objective is to choose those that will bind a desired target; the target can be a protein, a peptide, or a piece of DNA.

The most often used vector to build a random peptide display is the filamentous phage M13. In this display, the DNA which encodes the peptide or protein of interest is integrated into the pIII or pVI gene. 
       To make sure that the fragments are completely inserted into the three possible reading frames, multiple cloning sites are sometimes employed, allowing the proper translation of the cDNA in its correct frame. The DNA hybrid and the phage gene are then put inside E. coli bacterial cells. 
       Examples of these bacterial cells include XL1-Blue E. coli, SS320, TG1, and ER2738. The peptide or protein of interest is eventually expressed in either the minor or major coat protein

If another kind of vector is used, for example, a phagemid vector or simplified display construct vector, a helper phage must infect the E. coli cells; otherwise, the phage particles will not be separated from the E. coli cells. 
      A helper phage activates the packaging of the phage DNA and assembles the mature virions with their corresponding protein fragments, which are included in the outer coating of the minor or major protein coat.

      The generated phage library is then screened by addition into a microtiter plate containing immobilised target proteins or DNA sequences. 
      Phages displaying a protein that bind to one target will remain, while the other phages can be discarded through washing. The remaining phage particles can be used to multiply the phage by infecting them into bacteria, thus increasing the diversity of the peptide display library.

Applications

       The fast isolation of particular ligands through phage display has a wide variety of applications like epitope mapping, analyzing different protein interactions, vaccine development, drug design, and therapeutic target validation.
        Phage display is also used to pick inhibitors for the active and allosteric sites of G-protein binding modulatory peptides, enzymes, and receptor antagonists and agonists.

        Determining the proper protein partners can be useful to identify the functions of various proteins. For drug discovery and design, Phage Display is employed in protein engineering or in vitro protein evolution. 
       Therapeutic targeting with phage display is also primarily used to diagnose and determine tumour antigens, which is useful for cancer research.

        Antibody Phage Display significantly improved the discovery and development of antibody drugs. Phage display for antibody libraries paved the way for rapid vaccine design and therapy. 
          These libraries are used to learn more about the human immune system and to create human antibodies in vitro with the use of diverse synthetic substances.

          Phage Display can be used in conjunction with other techniques, and with enough support and studies, more applications for it can be discovered.

Phage indication method «streaming down drop»
a drop of the phage streaming down over the bacterial lawn                            

(
monitoring of the bacterial growth over the streaming down area

(
growth – -

no growth – +
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1. Рlatting of the investigated bacterial strain to get bacterial lawn on an agar plate

2. Рlacing drops of the solution containing type phages

3. Incubation
4. «Sterile spots» («plaques») monitoring
5. Phage type = a list of type phages causing lysis of the bacterial strain
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                          PHAGE REPRODUCTION

The bacteriophage phenomenon depends on the age of the culture, the concentration of bacteria, phage activity, bacterial phage resistance, composition of the nutrient medium, temperature and other factors. 
It is manifested in four main phases occurring in succession: adsorption, penetration into the cell, intracellular development, and liberation of phages.
Adsorption. The kinetics of phage adsorption have been thoroughly analyzed, and the process has been shown to be a first-order reaction; the rate of adsorption is proportional to the concentration of both the phage and the bacterium. 
Under optimal conditions, the ob​served rates are compatible with the assumption that almost every collision between phage and host cell results in adsorption. 
If the bacteria are mixed with an excess of phage, adsorption will continue until as many as 300 particles are adsorbed per cell.

Before the phage can be adsorbed onto the host cell, the phage surface must be modified by attachment of positively charged cations (the nature and number of cations varying from one phage to another, for example, bivalent cations Ca ++, Mg++) and, in some cases, the amino acid tryptophan.
 Each phage is quite specific with regard to the cofactors required for adsorption.
The bacterial surface, i.e., the cell wall, is complex and heterogeneous.
 In gram-negative bacteria, there appear to be 3 distinct layers: an inner layer composed of peptidoglycan, the outer membrane, and lipopolysaccharide. 
Different bacterial strains are highly specific with regard to the phages that they will adsorb. 
For example, a strain able to adsorb phages T2, T4, and T6 can give rise to mutants unable to adsorb one or another of these viruses. 
This specificity has been found to reside in the cell wall; when cell walls are isolated and purified, they exhibit the same adsorption patterns as the cells from which they are prepared. 
The factors in the cell wall responsi​ble for adsorption appear to be discrete, localized «re​ceptors»; the receptors for phages T3, T4, and T7 reside in the lipopolysaccharide layer, whereas the receptors for phages T2 and T6 reside in the outer membrane. 
  Ability to adsorb phage is obviously a factor in the determination of bacterial sensitivity to infection.

In certain phages (eg, phages T2, T4, T6), the attachment of phage particles (or of empty phage capsids) causes a profound change in the cell membrane: at low phage multiplicities, the membrane becomes permeable to small molecules; and at high multi​plicities the cell lyses («lysis from without»). 
Even a single phage or ghost particle will affect the mem​brane, causing not only a permeability change but also the inhibition of host DNA and protein synthesis.
Penetration. Phages with contractile tails, such as the T-even phages, behave as hypodermic syringes, injecting the phage DNA into the cell. In phage T4, it has 
been found that the triggering of DNA injection requires the maintenance of a membrane potential by the host cell.

The filamentous DNA phages penetrate the host cell by a different mechanism. The entire phage structure penetrates the cell wall; the major protein of the phage coat is then deposited on the cell membrane, which is penetrated by the phage DNA.
A minor coat protein enters the cytoplasm along with the  DNA. [image: image19.jpg]The first step in the multiplication of a virus
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Intracellular Development of DNA Phages. 
    Some phages always lyse their host cells shortly after infection, generally in a matter of minutes and usually before the host cell can divide again. 
             The process of intracellular development is as follows:

     (1) For several minutes following infection (eclipse period), active phage is not detectable by artificially induced premature lysis (eg, by sonic oscil​lation). During this period, a number of new proteins («early proteins») are synthesized.     
     These include cer​tain enzymes necessary for the synthesis of phage DNA: a new DNA polymerase, new kinases for the formation of nucleoside triphosphates, and a new thymidylate synthetase. 
   The T-even phages (T2, T4, T6), which incorporate hydroxymethyl cytosine in​stead of cytosine into their DNA, also cause the ap​pearance of a series of enzymes needed for the synthe​sis of hydroxymethyl cytosine, as well as an enzyme that destroys the deoxycytidine triphosphate of the host. 
   Later on in the eclipse period, «late proteins» appear, which include the subunits of the phage head and tail as well as lysozyme that degrades the peptidoglycan layer of the host cell wall. 
   All of these enzymes and phage proteins are synthesized by the host cell using the genetic information provided by the phage DNA.

        (2) During the eclipse period, up to several hundred new phage chromosomes are produced; as fast as they are formed, they undergo random exchanges of genetic material (see below).

       In many phages, the linear DNA molecule that enters the cell has cohesive ends consisting of short complementary base sequences. 
      Base pairing of these cohesive ends converts the DNA from the linear to the circular form; circularization is completed by a ligase-catalyzed sealing of the single-stranded gaps. 
     Replication then occurs in the circular state, by either a simple-circle or a rolling-circle mechanism.

         (3)  The protein subunits of the phage head and tail aggregate spontaneously (self-assemble) to form the complete capsid. In the case of a complex capsid such as that of phage T4, capsid formation results from the coming together of 3 independent subassembly lines: one each for the head, the tail, and the tail fibers. 
  Each subassembly proceeds in a defined sequence of protein additions.

     (4)  Maturation consists of irreversible combina​tion of phage nucleic acid with a protein coat. 
 The mature particle is a morphologically typical infectious virus and no longer reproduces in the cell in which it was formed. 
     If the cells are artificially lysed late in the eclipse period, immature phage particles are found in which the DNA and protein are not yet irreversibly attached, so that the DNA is easily removed.
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Lysis and Liberation of New Phage.  Phage synthesis continues until the cell disintegrates, liberating infectious phage. 
  The cell bursts as a result of osmotic pressure after the cell wall has been weakened by the phage lysozyme. 
  The ex​ceptions are the filamentous DNA phages, in which the mature virus particles are extruded through the cell wall without killing the host.
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                               REPLICATION OF RNA PHAGES
When a molecule of viral RNA enters the cyto​plasm of the host cell, it is immediately recognized as messenger RNA by the ribosomes, which bind to it and initiate its translation into viral proteins. 
One such viral protein is a complex enzyme, RNA polymerase. This enzyme brings about the replication of the viral RNA: it polymerizes the ribonucleoside triphosphates of adenine, guanine, cytosine, and uracil, using viral RNA as template.

The first step in the process of RNA replication is the formation of double-stranded intermediates, in which the entering viral RNA strand (called the “plus” strand) is hydrogen-bonded to the complemen​tary «minus» strand synthesized by the polymerase. 
The polymerase now uses the double-stranded molecule as a template for the repeated synthesis of new plus strands, each new plus strand displacing the previous one from the double-stranded intermediate.

As the newly synthesized plus strands are re​leased from the replicative intermediate, they are either used by the polymerase to form a new double-stranded intermediate or are assembled into mature virions by the attachment of coat protein subunits.

The complete nucleotide sequence of one RNA phage, MS2, has been determined. It is a single molecule, 3566 nucleotides in length, and contains 3 functional genes coding respectively for the RNA polymerase, the coat protein, and a second protein called the «A protein».
 The single-stranded RNA molecule is capable of folding back on itself and form​ing double-stranded regions by base-pairing; the sec​ondary structure that results appears to play a major role in the regulation of viral RNA replication and translation.
A bacteriophage (phage) is a virus that replicates inside of a bacterial cell, and consists of nothing more than a piece of nucleic acid encapsu​lated in a protective protein coat. 
        Depending on the phage, the nucleic acid can be DNA or RNA, double-stranded or single-stranded, and can have a size from about 3,000 bases (3 genes) to about 200,000 bases (200 genes). 
       The typical replicative cycle begins with; attachment of the phage to receptors on the cell surface, followed by injection of the nucleic acid into the bacterial cell, leaving all or most of the protein outside the cell.
 [Note: This is in contrast to viral infection of vertebrate cells, where the entire virus is taken up by the cell, and its nucleic acid released intracellularly].    
      The phage nucleic acid takes over the cell's biosynthetic machinery to replicate its own genetic material, and to synthesize phage-specific proteins. These proteins consist of phage-specific enzymes and proteins of the phage coat.  
     When sufficient coat proteins and new phage DNA have accumulated. these components self-assemble into mature phage particles with the DNA encapsulated by the phage coat. Release of the new phage parti​cles is accomplished by a phage-specific enzyme (a lysozyme) that dis​solves the bacterial cell wall. 

         The number of phage particles in a sample can be determined by a simple and rapid plaque assay. If a single phage particle is immobilized in a confluent bacterial lawn growing on a nutrient agar surface this phage, within a few hours, will produce mil​lions of progeny at the expense of neighboring bacterial cells, leaving a visible "hole" or plaque in the otherwise opaque lawn. 
Phages are classified as virulent and temperate depending
on the nature of their relationship to the host bacterium.
Virulent phage
          Infection  of  a bac​terium with a virulent phage inevitably results in the death of the cell by lysis, with release of newly replicated phage particles. 
          Under optimal conditions, a bacterial cell infected with only one phage particle can produce hundreds of progeny phage in twenty minutes. 
         Examples of extensively studied virulent phage, all of which are able to replicate in E. coli, are T2, T4, T7 (all double-stranded DNA). OX174 and MS-13 (both single-stranded DNA), and MS-2 (single-stranded RNA). 
          Generally, phage that attack one bac​terial species do not attack other bacterial species.
Temperate phage
           A bacterium infected with a temperate phage can have the same fate as a bacterium infected with a virulent phage (lysis rapidly following infection). 
            However, an alternative outcome is also possible, namely, after entering the cell, the phage DNA, rather than replicating autonomously, can fuse or integrate with the chromosome of the host cell. In this state (the prophage state), the expression of phage genes is repressed indefinitely by a protein, termed the repressor, encoded within the phage genome. 
            No new phage particles are produced, the host cell survives, and the phage DNA replicates as part of the host chromosome 
[Note: The temperate bacteriophage lambda is the most thoroughly understood of all complex viruses.]
                                                            LYSOGENY
Prophage  (“temperate phages”) fail to lyse the cells they infect and then appear to reproduce synchronously with the host for many generations. 
Their presence can be demonstrated, however, because every so often one of the progeny of the infected bacterium will lyse and liberate infectious phage. 
To detect this event it is necessary to use a sensitive indicator strain of bac​terium, i.e., one that is lysed by the phage. 
The bacteria that liberate the phage are called “lysogenic”; when a few lysogenic bacteria are plated with an excess of sensitive bacteria, each lysogenic bacterium grows into a colony in which are liberated a few phage parti​cles. 
These particles immediately infect neighbouring sensitive cells, with the result that plaques appear in the film of bacterial growth; in the centre of each plaque is a colony of the lysogenic bacterium.

A culture of lysogenic bacteria can also be centrifuged, removing the cells and leaving the temperate phage particles in the supernatant. Their number can be measured by plating suitable dilutions of the super​natant on a sensitive bacterial indicator strain and counting typical plaques.

The release of infectious phage in a culture of lysogenic bacteria is restricted to a very few cells of any given generation. 
For example, in one bacterial type about 1 in 200 lyse and liberate phage during each generation; in another type it may be 1 in 50,000. 
The remainder of the cells, however, retain the potentiality to produce active phage and transmit this potentiality to their off spring for an indefinite number of genera​tions.

   With the rare exceptions mentioned, lysogenic bacteria contain no detectable phage, either as mor​phologic, serologic, or infectious entities. 
However, the fact that they carry the potentiality to produce, generations later, phage with a predetermined set of characteristics means that each cell must contain one or more specific noninfectious structures endowed with genetic continuity. This structure is termed «prophage».

Lysogenic bacteria. Lysogenic bacteria are bacteria that carry a prophage;  the  phenomenon is termed lysogeny, and the bacterial cell is said to be lysogenized. Nonlysogenic bacteria can be made lysogenic by infecjtion with a temperate phage. 
        The association of prophage and bacte​rial cell is highly stable, but can be destabilized by various! treatments, such as exposure to ultraviolet light, that damage the host DNA.
          When DNA damage occurs, repression of phage genes is j lifted, the prophage excises from the host chromosome, replicates autonomously, and produces progeny phage particles. The host cei is lysed just as with a virulent phage.     

The emergence of the virus from its latent prophage state is called induction.   

            Lysogenic bacteria sometimes have properties strikingly different from their nonlysogenic counterparts, for example, Corynebacterium diphtheriae is pathogenic
because it carries a prophage that pos​sesses a gene (the fox gene) that encodes the diphtheria toxin.  Strains of  C. diphtheriae that lack the prophage are non​pathogenic. Similarly, lysogenic strains of group A streptococcus [Streptococcus pyogenes) produce pyrogenic exotoxins . 
           The acquisition by bacteria of properties;   due to the presence of a prophage is called lysogenic conversion.
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 In some interactions between lysogenic phages and bacteria, lysogenic conversion may occur. 
  It is when a temperate phage induces a change in the phenotype of the bacteria infected that is not part of a usual phage cycle.

 Changes can often involve the external membrane of the cell by making it impervious to other phages or even by increasing the pathogenic capability of the bacteria for a host.
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The Nature of Prophage. Two entirely different prophage states are found in different phages. In one state, discovered in phage X, the prophage consists of a molecule of DNA inte​grated with the host chromosome. 
    The chromosomes of E coli and of phage X are circular; the length of the phage chromosome is about one-fiftieth that of the bacterial chromosome. 
Both the phage and bacterial chromosomes carry a specific attachment site. 
   The bacterial attachment site is immediately adjacent to the gal locus; the phage attachment site is similarly located at a specific point on the phage ge​netic map. 
When ( infects a cell of E coli, recombina​tion between the 2 attachment sites occurs, with the result that the 2 circles are integrated. 
    This integration process requires the action of a phage gene product: phage mutants defective in this gene (the int locus) are unable to lysogenize the cell.

A number of coliphages are of the ( type: their prophages integrate with the host chromosome at spe​cific attachment sites. 
 One phage, called Mu, is un​usual in that it is capable of integrating at totally random sites on the chromosome, including sites within bacterial genes. 
Such integrations result in the inactivation of the gene in question and produce the appearance of mutations.

   In the other state, discovered in phage PI, the phage chromosome circularizes and enters a state of «quiescent» replication that is synchronous with that of the host; no phage proteins are formed. 
  The prophage in the «PI type» of system is not integrated with the chromosome; its replication is analogous to that of plasmids.
Further Properties of the Lysogenic System
A. Immunity. Lysogenic bacteria are immune to infection by phage of the type already carried in the cell as prophage. 
When nonlysogenic cells are exposed to temperate phage, many permit phage multiplication and are lysed, while other cells are lysogenized. 
Once a cell carries prophage, however, neither it nor its progeny can be lysed by homologous phage. 
Adsorp​tion takes place, but the adsorbed phage simply per​sists without reproducing and is quickly “diluted out” by continued cell division.
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             Figure. The integration of prophage and host chromosome. 
(1) The phage DNA is injected into the host. 
(2) The ends of the phage DNA are covalently joined to form a circular element. 
(3) Pairing occurs between a sequence of bases adjacent to the ga/ locus and a homologous sequence on the phage DNA. 
(4) Breakage and reciprocal rejoining («crossing over») within the region of pairing integrates the 2 circular DNA structures. The integrated phage DNA is called prophage. The length of ( DNA has been exaggerated for diagrammatic purposes. It is actually 1 -2% of the chromosomal length.

It has been shown that temperate phages cause the appearance in the cytoplasm of a repressor substance that inhibits multiplication of vegetative phage.
 Repressor also blocks the detachment of prophage (which otherwise would occur by the reversal of the integra​tion process described above) as well as the expression of other phage genes (eg, formation of phage proteins). 
 The establishment of the lysogenic state is thus depen​dent on the production and action of repressor. The X repressor has been isolated and characterized as a pro​tein that specifically binds to ( DNA.

  The immunity of a lysogenic cell to homologous phage, mediated by a repressor, is clearly different from the phenomenon of «resistance» to virulent phage exhibited by certain bacteria. In the latter case, resistance is caused by failure to adsorb the phage.
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B. Induction.  «Vegetative phage» is defined as rapidly reproducing phage on its way to mature infec​tive phage, whereas «prophage» reproduces synchro​nously with the host cell. On rare occasions prophage «spontaneously» develops into vegetative (and later into mature) phage. This accounts for the sporadic cell lysis and liberation of infectious particles in a lysogenic culture.
 However, the prophage of practi​cally every cell of certain lysogenic cultures can be induced by various treatments to form and liberate infectious phage. 
For example, ultraviolet light will induce phage formation and liberation by most of the cells in a lysogenic culture at a dose that would kill very few nonlysogenic bacteria.

Induction requires the inactivation or destruction of repressor molecules present in the cell. 
Phage mu​tants have been obtained that produce thermolabile repressors: these phages can be induced simply by raising the temperature to 44 °C.    

Agents such as ul​traviolet light that damage host DNA induce prophage development by the following series of reactions the end result of which is the inactivation of phage repressor: 
(1) The DNA lesions are recognized by specific endonucleases that digest a short segment of one strand. 
(2) The single-stranded regions thus formed bind a protein called the recA protein (product of the recA gene), which acts as a protease. 
(3) The recA protein cleaves the phage repressor molecules, which have also bound to the single-stranded regions of DNA. Oligonucleotides, produced in the first step, are required to activate repressor cleavage.
C. Mutation to Virulence. When virulent phage is mixed with bacterial cells, all of the infected cells lyse. 
When temperate phage is mixed with non​lysogenic bacteria, some of the cells reproduce the phage and are lysed, while others are lysogenized.

Temperate phage can mutate to the virulent state. Two types of virulent mutants have been found. 
In one type, the mutation has made the phage resistant to the repressor, so that it can multiply even in lysogenic cells that are otherwise immune; in the other type, the phage has lost the ability to produce repressor.
 Virulent mu​tants of temperate phages are quite different from the naturally virulent phages such as T2. 
The latter cause the appearance of enzymes that degrade host DNA and stop the synthesis of ribosomal RNA, whereas the former do not interfere with the normal metabolism of the host in this manner.
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D. Effect on Genotype of Host. When a lysogenic phage, grown on host «A» infects and lysogenizes host «B»  of a different genotype, some of the cells of host “B” may acquire one or more closely linked genes from host “A”. 
For example, if the phage is grown in a lactose-nonfermenting host, about 1 in every million cells infected becomes lactose-fermenting. The transferred property is heritable. This phenomenon, called «transduction». 

In other instances, phage genes may themselves determine new host properties. For example, the toxin of Corynebacterium diphtheriae and the toxins of many clostridia are determined by genes carried in prophage DNA. 
In Salmonella, phage infection con​fers a new antigenic surface structure on the host cell. 
The acquisition of new cell properties as the result of phage infection is called «phage conversion».

 Phage conversion differs from transduction in that the genes controlling the new properties are found only in the phage genome and never in the chromosome of the host bacterium.
Usually it is difficult to recognize lysogenic bacteria because lysogenic and nonlysogenic cells appear identical. 
But in a few situations, the prophage supplies genetic information such that the lysogenic bacteria exhibit a new characteristic (new phenotype), not displayed by the nonlysogenic cell, a phenomenon called lysogenic conversion. 
Lysogenic conversion has some interesting manifestations in pathogenic bacteria that only exert certain determinants of virulence when they are in a lysogenized state. 
Hence, Corynebacterium diphtheriae can only produce the toxin responsible for the disease if it carries a temperate virus called phage beta. 
Only lysogenized streptococci  produce the erythrogenic toxin (pyrogenic exotoxin) which causes the skin rash of scarlet fever; and some  botulinum toxins are synthesized only by lysogenized strains of C. botulinum.
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Corynebacterium diphtheriae only produces diphtheria toxin when lysogenized by beta phage.
C. diphtheriae strains that lack the prophage do not produce diphtheria toxin and do not cause the disease diphtheria. 
Surprisingly, the genetic information for production of the toxin is found to be on the phage chromosome, rather than the bacterial chromosome. 
         A similar phenomenon to lysogenic conversion exists in the relationship between an animal tumor virus and its host cell. In both instances, viral DNA is incorporated into the host cell genome, and there is a coincidental change in the phenotype of the cell. 
Some human cancers may be caused by viruses which establish a state in human cells analogous to lysogeny in bacteria.
Lysogenic  Infections. 
       Bacteriophage Lambda, the lysogenic phage that infects E. coli. Bock laboratories. University of Wisconsin-Madison.
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      Lysogenic or temperate infection rarely results in lysis of the bacterial host cell. Lysogenic viruses, such as lambda which infects E. coli, have a different strategy than lytic viruses for their replication.  
After penetration, the virus DNA integrates into the  bacterial chromosome and it becomes replicated every time the cell duplicates its chromosomal DNA during normal cell division. 
The life cycle of a lysogenic bacteriophage is illustrated below.
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The lysogenic cycle of a temperate bacteriophage such as lambda. 

      Temperate viruses usually do not kill the host bacterial cells they infect. 
Their chromosome becomes integrated into a specific section of the host cell chromosome. 
Such phage DNA is called prophage and the host bacteria are said to be lysogenized. 
In the prophage state all the phage genes except one are repressed. None of the usual early proteins or structural proteins are formed.
     The phage gene that is expressed is an important one because it codes for the synthesis of a repressor molecule that prevents the synthesis of phage enzymes and proteins required for the lytic cycle. 
If the synthesis of the repressor molecule stops or if the repressor becomes inactivated, an enzyme encoded by the prophage is synthesized which excises the viral DNA from the bacterial chromosome. 
This excised DNA (the phage genome) can now behave like a lytic virus, that is to produce new viral particles and eventually lyse the host cell (see diagram above). 
This spontaneous derepression is a rare event occurring about one in 10,000 divisions of a lysogenic bacterium., but it assures that new phage are formed which can proceed to infect other cells.
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Lytic Infections 
         The T-phages, T1 through T7,  are referred to as lytic phages because they always bring about the lysis and death of their host cell, the bacterium E. coli. T-phages contain double-stranded DNA as their genetic material.
         In addition to their protein coat or capsid (also referred to as the "head"), T-phages also possess a tail and some related structures.
      A diagram and electron micrograph of bacteriophage T4 is shown below. The tail includes a core, a tail sheath, base plate, tail pins, and tail fibers, all of which are composed of different proteins. 
      The tail and related  structures of bacteriophages are generally involved in attachment of the phage and securing the entry of the viral nucleic acid into the host cell.
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Left. Electron Micrograph of bacteriophage T4. Right. Model of phage T4. 
     The phage possesses a genome of linear ds DNA contained within an icosahedral head. The tail consists of a hollow core through which the DNA is injected into the host cell. The tail fibers are involved with recognition of specific viral "receptors" on the bacterial cell surface. 


        Before viral infection, the cell is involved in replication of its own DNA and transcription and translation of its own genetic information to carry out biosynthesis, growth and cell division. 
       After infection, the viral DNA takes over the machinery of the host cell and uses it to produce the nucleic acids and proteins needed for production of new virus particles. Viral DNA replaces the host cell DNA as a template for both replication (to produce more viral DNA) and transcription (to produce viral mRNA). 
       Viral mRNAs are then translated, using host cell ribosomes, tRNAs and amino acids, into viral proteins such as the coat or tail proteins. 
       The process of DNA replication, synthesis of proteins, and viral assembly is a carefully coordinated and timed event. The overall process of lytic infection is diagrammed in the figure below. 
        Discussion of the specific steps follows. 

  
The lytic cycle of a bacterial virus, e.g. bacteriophage T4.

       The first step in the replication of the phage in its host cell is called adsorption. The phage particle undergoes a chance collision at a chemically complementary site on the bacterial surface, then adheres to that site by means of its tail fibers.
       Following adsorption, the phage injects its DNA into the bacterial cell. The tail sheath contracts and the core is driven through the wall to the membrane. This process is called penetration and it may be both mechanical and enzymatic.  

       Phage T4 packages a bit of lysozyme in the base of its tail from a previous infection and then uses the lysozyme to degrade a portion of the bacterial cell wall for insertion of the tail core. 
      The DNA is injected into the periplasm of the bacterium, and generally it is not

known how the DNA penetrates the membrane. 

The adsorption and penetration  processes are illustrated below.
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Adsorption, penetration and injection of bacteriophage T4 DNA into an E. coli cell. T4 attaches to an outer membrane porin protein, ompC. 

        Immediately after injection of the viral DNA there is a process initiated called synthesis of early proteins. This refers to the transcription and translation of a section of the phage DNA to make a set of proteins that are needed to replicate the phage DNA. 
      Among the early proteins produced are a repair enzyme to repair the hole in the bacterial cell wall, a DNAase enzyme that degrades the host DNA into precursors of phage DNA, and a virus specific DNA polymerase that will copy and replicate phage DNA. 
      During this period the cell's energy-generating and protein-synthesizing abilities are maintained, but they have been subverted by the virus. 
     The result is the synthesis of several copies of the phage DNA.
The next step is the synthesis of late proteins. Each of the several replicated copies of the phage DNA can now be used for transcription and translation of a second set of proteins called the late proteins. 
      The late proteins are mainly structural proteins that make up the capsomeres and the various components of the tail assembly. 
      Lysozyme is also a late protein that will be packaged in the tail of the phage and be used to escape from the host cell during the last step of the replication process.
      Having replicated all of their parts, there follows an assembly process. The proteins that make up the capsomeres assemble themselves into the heads and "reel in" a copy of the phage DNA.
     The tail and accessory structures assemble and incorporate a bit of lysozyme in the tail plate. The viruses arrange their escape from the host cell during the assembly process.
      While the viruses are assembling, lysozyme is being produced as a late viral protein. 
       Part of this lysozome is used to escape from the host cell by lysing the cell wall peptiodglycan from the inside. 
      This accomplishes the lysis of the host cell and the release of the mature viruses, which spread to nearby cells, infect them, and complete the cycle. 
      The life cycle of a T-phage takes about 25-35 minutes to complete. Because the host cells are ultimately killed by lysis, this type of viral infection is referred to as lytic infection. 

                   Genetic Regulation of Phage Reproduction.
 The vegetative and prophage modes of temperate phage reproduction are regulated by a complex series of genes that govern the transcription of different  seg​ments of the phage DNA. 

It should be recalled that ( DNA is circularized immediately after penetration of the cell membrane and that the circular DNA may be replicated and ulti​mately combined with coat proteins to form mature virions, or alternatively may be integrated into the host chromosome by a recombinational event.
A. Regulation of Vegetative Replication and Maturation.  

      Gene activity involved in productive phage growth occurs in 3 phases: 
(1) In the «immediate-early» phase, transcription initiates at promoters Pl and Pr proceeds left and right respec​tively, and terminates at the ends of the N and cro genes. 
These termination sites are designated t[, and tri; some rightward transcripts extend further, to ter​mination site trz. 
          (2) In the «delayed-early « phase, the N gene product (protein) acts as an antitermination factor, allowing the above transcriptions to extend further through the genes for replication, recombina​tion, and regulation. 
           (3) In the «late» phase, the cro protein acts at operators ol and or to reduce the initiation of early mRNA transcription from promoters pl and pr respectively. Also, Q protein activates rightward transcription from the promoter P'r, which continues through the lysis, head, and tail genes.
          (Re​member that the genome is circular, the m and m' ends being joined during this phase.)

B. Regulation of Lysogenic Development. 
    Dif​ferent genes are involved in the establishment and maintenance of lysogeny: 
         (1) In the «establishment» phase, the ell and cIII proteins activate leftward tran​scription from the promoters Pe and P1, thus transcrib​ing the cl and int genes; 
the ell and cIII proteins also inhibit rightward transcription of the lysis genes. 
          (2) In the «maintenance» phase, the cl protein acts at operators Ol and Jr to repress nearly all transcription from promoters Pl and Pr. 
              The cl protein also regu​lates its own synthesis by controlling leftward tran​scription from the promoter Pm.         

             Transcription from this site is stimulated by low cl protein concentrations and inhibited by high cl protein concentrations.

   The choice between the lytic and lysogenic modes of phage development depends on the relative concen​trations of the cl protein (the «( repressor») and the cro protein; the former is required for lysogeny and the latter for lytic growth. 
Both proteins bind to 3 repressor binding sites within the Or operator; whether tran​scription from the adjacent Pr promotor is inhibited or stimulated depends on their patterns of binding.

C. DNA Replication. 
         Replication starts at the site marked ori and requires the activities of the       pro​teins coded by phage genes 0 and P.

D. Integration and Excision of Prophage. 
          The a-a' attachment site is recognized by the int protein, catalyzing integration by crossing over at a specific attachment site on the host chromosome. 
          Excision, brought about by a second crossover event, requires the activities of both the int and xis proteins.

E. Cleavage of the Circular DNA. 
         Prior to its packaging in virions the circular DNA must be cleaved at a specific site (m-m') to form linear molecules. 
         This requires the activity  of  the A protein as well  as the presence  of  phage head precursors.
                        Restriction and Modification. 
The phenomena of restriction and modification were discovered as a result of their effects on phage multiplication. It was ob​served that if phage ( is grown in E coli strain K12, only about 1 in 104 particles can multiply in strain B. 
The few that succeed, however, liberate progeny that infect B with an efficiency of 1.0 but infect strain K12 with an efficiency of 10-4.

  It was shown that DNA of particles formed in K 12 is modified by a K12 enzyme so as to be immune to degradation in K12. 
In strain B, however, the DNA of such particles is rapidly degraded by the restricting enzyme of the host.
  The few particles that escape restriction are modified by the specific modification enzyme of strain B; the progeny formed are now sus​ceptible to degradation in K12 but not in B. 
   The mod​ifying enzymes have been shown to act by methylating bases at specific sites in the DNA.

Certain temperate phages carry genes that govern the formation of new modification and restriction en​zymes in the host. 
Thus, E coli cells carrying PI prophage will degrade all DNA not modified in a Pi-containing cell.

A given restricting enzyme recognizes a particular site on DNA and causes cleavage at that site unless the site has already been protected by the homologous modifying enzyme. 
Restriction appears to be a mechanism by which a cell protects itself against invasion by foreign DNA. 
Some phages have been found to have mechanisms for resist​ing restriction: Phages T3 and T7, for example, pro​duce an early protein that inhibits the host restriction endonuclease; in other cases, the phage codes for en​zymes that modify its DNA (eg, by glycosylation) so as to block the action of the restriction enzymes.
                      Distribution of phages in nature. 
Phages are wide-spread in nature. Wherever bacteria are   found – in the animal body, in body secretions, in water, drainage waters and in museum cultures, conditions may be created for the development of phages. 
Specific phages have been found in the intestine of animals, birds, humans, and also in galls of plants. and in nodules and legumes. Phage has been isolated from milk, vegetables and fruits.

River water, sea water and drainage waters quite frequently contain an abundance of phages in relation to various microbes including pathogenic (cholera vibrio, bacteria of enteric fever, paratyphoid, dysentery) organisms.

Sick people and animals, carriers and convalescents serve as the main source of phages against pathogenic microbes. 
In sick people the phage can be found not only in the intestinal contents, but in the urine, blood, sputum, saliva, pus, nasal exudate, etc. 
Іt is extremely easy to isolate the phage during the period of convalescence. 
The phage is employed for the determination of species and type specificity of the isolated cultures. This method has been named phage diagnostics.

The discovery of different phages against pathogenic microbes in the environment (water, soil) illustrates the presence in a given area of sick people and animals which excrete the corresponding agents or phages. 
This can be employed in giving an additional characteristic of the sanitary-epidemic state of water sources and the soil. 

The isolation of the phage from the material under investigation has been carried out by a special direct method and an accumulation method. F. Sergienko. 
G. Katsnelson and M. Sutton. V. Timakov and D. Goldfarb devised a method for the rapid discovery of pathogenic bacteria in the environment with the help of the reaction of successive growth of the titre of the specific phage.
 Production of a phage and the determination of its activity. 
The phage is obtained by adding a special maternal phage into vats with broth cultures, which are kept for one day  at 370C and then filtered. The filtrate is checked for purity, sterility, harmlessness and activity (potency).
Bacteriophage typing. Utilization of Phages for Identifying the Isolated Bacteria
        Phagosensitive test is used as one of the means useful in deter​mining the species and genus of the bacteria studied.
The technique.
 Streak the tested culture on plates with solid nutri​ent medium, dry the inoculated medium and, using a bacteriological loop or a Pasteur pipette, transfer on its surface drops of the phage cor​responding to the working solution indicated on the label. 
Before this procedure, check whether the actual titer of the bacteriophage corre​sponds to that denoted on the label. 
The inoculated cultures are placed into an incubator for 12-18 hours. The lytic action of the bacteriophage is determined by the appearance of transparent ("negative') spots. 
A positive result allows classification of the studied bacteria with the corresponding genus or species.

Bacterial phagovars (phagotypes) are determined for the sake of epidemiological analysis and to identify the source of infection in intesti​nal, staphylococcal, diphtherial and other infections.

Dry plates with 1.5 % meat infusion agar, draw squares on the bottom of the plate with their number being equal to the number of bacte​riophages in the batch, and mark them. 
After that streak and dry a 3-4-hour broth bacterial culture and transfer onto each square a drop of the corresponding phage in the test dilution.
Place the cultures into incubator for 12-18 hours and determine the range of the culture sensitivity to defi​nite bacteriophages judging by the lytic effect. 
Occasionally, following 2-3-hour incubation plates with culture and phages are refrigerated for 12 hours at 4°C, reincubated in a heating block for 5-6 hours, and then the results are read. 
Detennination of the sensitivity range makes it possible to refer a given culture to a definite phagovar or phagogroup.
              Practical importance of the phage in medicine. 
Arising from the data obtained on the  mechanism of phage activity, phages have been used in prophylaxis and medical treatment against dysentery, enteric fever, paratyphoid, cholera, plague, anaerobic. staphylococcal, streptococcal, and other diseases. 
Bacteriophagia is used in the diagnosis of certain infectious diseases. 
With the help of special phages the species and types of isolated bacteria of the typhoid-dysentery group, staphylococci. causative agents of plague, cholera, etc.. are determined.

Phages are often very harmful in the manufacture of antibiotics and sour milk products as a result of inhibiting beneficial microorganisms.

At present due to the introduction of antibiotics into practice phage therapy and prophylaxis of infectious disease are used to a limited extent.

Lysogenic bacteria are most suitable biological models for studying the interaction of the virus and cell the mechanisms of toxigenicity, the biological efficacy of ionizing radiation, and other problems.

The phage is now used widely as a model in genetic research.
 The structure and function of the gene may be determined more exactly by means of this model.
Phage therapy
            Soon after making their discovery, Twort and d’Hérelle began to use phages in treating human bacterial diseases such as bubonic plague and cholera.
            Phage therapy was not successful, and after the discovery of antibiotics in the 1940s, it was virtually abandoned. With the rise of antibiotic-resistant bacteria, however, the therapeutic potential of phages has received renewed attention.


           What comes to mind when you hear the word “bacteria”? Most people, if not all, will answer “disease,” “sickness,” or “bad for the health.” 
          What not all people know is there are actually both good and bad bacteria and some bacterial species are probiotic – bacteria that are helpful to its host. 
In fact, bacterial infections can be treated with bacteriophages: viruses that have the ability to infect and fight harmful bacteria, culminating in their destruction. 
          Bacteriophage or phage therapy is therefore very useful in various fields like medicine, veterinary science, dentistry, and even agriculture.

History of Phage Therapy

          Bacteriophages were discovered by two people: the English bacteriologist Frederick Twort in 1915 and the French-Canadian microbiologist Felix d’Herelle in 1917. 
           Immediately after their discovery, the thought of using phages to fight bacterial infections was already apparent. D’Herelle began testing the therapeutic effects that phages may have on chickens and cows first and the tests were successful. 

           Eventually, human tests were conducted and the development of phage therapy became more extensive especially with the foundation of the Eliavia Institute in 1923; the pharmaceutical company Eli Lilly began the commercialization of phage therapy in the US during the 1940s. 
          During the Second World War, phages were used to treat bacterial diseases among soldiers of the Soviet Union, particularly gangrene and dysentery. 
         The development of antibiotics in the 1950s led to a temporary setback on phage therapy as the use of antibiotics became more favourable. 
         However, there has been a renewed interest in the development and employment of phage therapy in more applications.
Advantages over Antibiotics

        Viruses and bacteria evolve over time and can develop a resistance to antibiotics. 
        In theory, this resistance can also apply to phages, but it may be less difficult to overcome compared to antibiotics.

       Because phages are target specific, meaning only a one or very few bacterial strains are targeted upon, it is easier to develop new phages than new antibiotics. 
      A time period of only a few days or weeks is needed to acquire new phages for resistant strains of bacteria, whereas it can take years to obtain new antibiotics.    

     When resisting bacteria evolve, the assigned phages also evolve, so when super bacterium appears, an equivalent super phage fights it as long as the phage is derived from the same environment.

      Compared to antibiotics, phages go deeper into the infected area. Antibiotics, on the other hand, have concentration properties that quickly decrease as they go below the surface of the infection. 
        The replication of phages is concentrated on the infected area where they are needed the most, while antibiotics are metabolized and removed from the body. In addition, secondary resistance does not happen among phages, but happens quite often among antibiotics. 
       Secondary resistance is acquired and occurs when there aren’t enough blood drug levels.

       Certain infections in people and experimentally infected animals have been proven to be more effectively treated with phage therapy than using antibiotics. Since 1966, the average success rate of studies that used phages in various ways (systematically, topically, intravenously, or orally) is from 80 to 95%, with minimal or no allergic and/or gastrointestinal side effects. 
       The infections studied are from E. coli, Acinetobacter, Psuedomonas, and  Staphylococcus aureus. Multiple side effects like allergies, intestinal disorders, and yeast infections have been observed when using antibiotics.

    Applications

      Fighting and destroying bacterial infections (both in humans and animals) are the  primary applications of phage therapy, but it can also be employed for other uses. It can be the key to fighting the NDM-1, a gene that can be included in the DNA of bacteria, enabling them to resist antibiotics. 
     Waste water from sewage systems are not really considered waste because it is a rich source of phage strains for various kinds of bacteria that lead to the most up-to-date medicines. 
      Skin grafting for extensive wounds, trauma, burns, and skin cancer can also be improved by using phage therapy to lessen the Psuedomonas aeruginosa infection. Some experiments for cells in tissue culture have also discovered antitumor agents in phages. 
        Bacteria cause food to spoil faster, and phages have been studied for their potential to increase the freshness of food and decrease the incidents of food spoilage.

Phage therapy has many other potential benefits and giving it ample support can pave the way to a healthier future.
        Phage therapy is the therapeutic use of lytic bacteriophages to treat pathogenic bacterial infections. 
        Phage therapy is an alternative to antibiotics being developed for clinical use by research groups in Eastern Europe and the U.S. 
       After having been extensively used and developed mainly in former Soviet Union countries for about 90 years, phage therapies for a variety of bacterial and poly microbial infections are now becoming available on an experimental basis in other countries, including the U.S. 
       The principles of phage therapy have potential applications not only in human medicine, but also in dentistry, veterinary science, food science and agriculture.
        An important benefit of phage therapy is derived from the observation that bacteriophages are much more specific than most antibiotics that are in clinical use.      

         Theoretically, phage therapy is harmless to the eucaryotic host undergoing therapy, and it should not affect the beneficial normal flora of the host. 
          Phage therapy also has few, if any, side effects, as opposed to drugs, and does not stress the liver. 
          Since phages are self-replicating in their target bacterial cell, a single, small dose is theoretically efficacious. 
         On the other hand, this specificity may also be disadvantageous because a specific phage will only kill a bacterium if it is a match to the specific subspecies. 
          Thus, phage mixtures may be applied to improve the chances of success, or clinical samples can be taken and an appropriate phage identified and grown.
          Phages are currently being used therapeutically to treat bacterial infections that do not respond to conventional antibiotics, particularly in the country of Georgia. 
          They are reported to be especially successful where bacteria have constructed a biofilm composed of a polysaccharide matrix that antibiotics cannot penetrate.
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Protocol.     Theme:   Bacteriophage.

  Questions for the learning.
1. Morphology, structure and other biological properties of the bacteriophage.

2. Interaction between phages and bacterial cell. Virulent and moderate phages.

3. Lysogenic, phage conversion.

4. Usage of bacteriophages for microbial indication and identification, for therapy and prophylaxis.

Independent work.

1. Name the term:
             “Bacteriophage”_______________________________________________________________________________________________________________________
______________________________________________________________________________

______________________________________________________________________________  
  Structure of the bacteriophage


                          ____________________________________________

                                                                                           ____________________________________________

                                                                                           ____________________________________________

                                                                                           ____________________________________________

                                                                                           ____________________________________________

                                                                                           ____________________________________________

                                                                                           ____________________________________________

2. Perform the experiment with bacteriophage for the species indication of the examining microorganism.
Experiment  of the phage - indication
   Description  of the experiment     


                                                                                       ___________________________________________

                                                                                          ___________________________________________
                                                                                          ___________________________________________

                                                                                          ___________________________________________

                                                                                          ___________________________________________

                                                                                          ___________________________________________

                                                                                          ____________________________________________
           Plate agar put to the thermostate for incubation at 370C  for 24 hours. 
3. Classification of the bacteriophage on  morphology
1)_____________________________________________________________________________ 2)_____________________________________________________________________________
3)____________________________________________________________________________
4)_____________________________________________________________________________
5)_____________________________________________________________________________
4. Characteristic  of the bacteriophage groups. 

	According specificity

	
	

	
	

	
	

	According  interaction with bacterial сеll    

	
	

	
	


5.  Usage of bacteriophages  for therapy and prophylaxis.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________                                                                
6.        Меthod of phage indication of the causative  agent . 


                                 Drops of phage                                                                                


_______________                               __________________

          Plate agar put to the thermostate for incubation at 370C  for 24 hours. 
7.  Method of  bacteriophage  titration   by Appelmann.    
 Dilutions 

of phage
 
Тiter of phage  _____________________
ІI. Students Practical activities

1. To carry out bacteriophages titration by Appelman’s technique.

2. To carry  out the phagotyping of Staphylococcus aureus.

3. To familiarize with the method of bacteriophages isolation.

4. To study electron microphotographs of bacteriophages.

5. To familiarize with different bacteriophages used for diagnostic, treatment and prophylaxis.
ІIІ. Tests and  assignments for self–assessment

Choose the correct answers:
1. Bacteriophages are:

a – small microorganisms, which are filtrated through bacterial filters, b – mycoplasmas, c – viruses of bacteria, d – macro- and microphages.
2. By their morphology phages are divided on:
a - phages with icosahedral head and process, b – cubic, c – filamentous, d –- pleomorphic.
3. The phages perish quickly under the effect of boiling, acids, ultraviolet rays, chemical disinfectants.
4. There are some types of interaction of phages and sensitive cells: 

a – productive (lytic) infection, b – abortive infection, c – lysogeny (virogeny).

5. The formation of "early" enzymes are taken under the control of the genetical apparatus of cells.

6. The lysogenic cultures are under certain conditions capable to product of temperate phages.
7. It is possible to titrate the phages with the help of:

a – Gracia method; b – Appelman's method; c – Loeffler method.

8. For what purpose is used differential and diagnostic phages?

9. For what it is possible to utillize the staphylococcal bacteriophage (fluid, ointment, suppositories)?
Insert the necessary words:

10. The phages consist from ..., surrounded by .... . For large phages is typical ... structure, presence of ..., ... and ..., which is ended by ... .

11. The main phases of interaction of a bacteriophage and sensitive cell are:
a - adsorption (reversible and irreversible), b – penetration, c – ..., d – … .

12. The change of properties of a cell under influence of the expression of the bacteriophage genes is named ... .

Real​-life situation to be solved:

13. On the Petri dish with 1,5 % of meat-peptone agar the 18 hour broth culture of microorganisms were streaked. 
In 10 minutes on the dried surface of the medium a few drops of filtrate which was examined on the presence of phages were transferred. 
After 24 hours of an incubation at 37 (C on the places of filtrate drops formed little sterile spots. 

How to estimate the obtained results? 

14. In the surgical unit of the hospital the cases of suppurations (pyosis) of postoperative wounds have appeared. 
Microbiologic investigation revealed that there were the cases of hospital infection. The causative agents of these complications were staphylococci. 
So, from the patient А., from the postoperative wound Staphylococcus aureus of phagovar 3A/3C/55/7, was isolated. 
From the scrub nurse S. from the stomatopharynx S. aureus of phagovar 79, from the surgeon P. – S. aureus of phagovar 80, from the junior sister Н. from postoperative ward S. aureus of phagovar 3A/3C/55/7 were isolated.

А. Who from the inspected persons is the carrier of conditional - pathogenic flora?

B. Who was a source of postoperative complications?

C. What measures are necessary to do immediately for prevention of circulation of hospital infection contamination?

ІV. The answers to the self-assessments.
1. A, c. 2. A, b, c, d. 3. Correctly. 4. A, b, c. 5. Incorrectly. 6. Correctly. 7. A, b. 8. For express identification of vibriones species. 9. For treatment and prophylaxis of staphylococcal infection. 10. … the nucleic acids…, … capsid…,  … spermatozoal…, head, hollow core, sheath, which is ended by hexagon base plate with tail fibers. 11. C – reproduction, e – liberation of new phages. 12. Phage conversions.    13. The formation of little sterile spots testifies about presence of bacteriophages in the tested material.       14. A – the carriers are the scrub nurse S., surgeon P., junior sister Н. B – junior sister of postoperative ward, as the cultures of staphylococci isolated from her and from the patient had the same phagovar. В – to make the sanitation of staphylococci carriers, junior nurse have to be transferred in another department of the hospital;  to carry out disinfection in the surgical department, to keep mask regimen, to carry out bactericidal ultraviolet irradiating of the air by special lamps.

Student must know: 

1. Classification of phages.

2. Biological properties of phages.

3. Replication of phages.

4. The types of interaction of phages and bacteria.
5. The notion about a prophage, lysogenic bacteria,  phage  conversion and  its value.

6. The methods of receipt,  study and titration of bacteriophages.

7. Practical usage of phenomenon of bacteriophagia: indication of causative agents, bacterial phagovar determining, reaction of phage titer increasing, therapy.
Students should be able to: 

1. To titrate of bacteriophages by Appelman’s technique. 

2.   To determine of bacterial phagovar.
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