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Chapter-1

History of Microbiology

Higory of microbiology is very old long and rich. In early phases it was centered toward the causes of infectious diseases.



But now aday Now it incdlude practical gpplication of so many science like genetics, Botany zoology and others applied fidd
like biotechnology and molecular genomics. It is not sure that who made the firg observations of microorganiams, but the first
microscope was avalable during the mid-1600s,and an English scientist named Robert Hooke made key observations.
Some of the important contributions  of these Scientist are listed below year wise:

1. Robert Hooke (1635-1703): He was young English scientist,that became the fird person to view and describe fungi
usng asmple compound microscope. He observed tiny cork-like structure resembling *little boxes which he described cdll
as basic unit of life. His observation is published in his book* Micrographia”. For his sgnificant work he was known as ‘The
father of microscopy’. He dso discovered the Law of Elagticity(or Hooke's Law).He dso sudied the planets, and
innted a process for tdling the time accurately, as wdl as being an accomplished architect.

2.Antonie van Leeuwenhoek (1632-1723): He was badcdly a moderately educated cloth merchant, used lenses to
examine cloth and that led to hisinterest in lens meking. He assembled  hundreds of microscopes, some of which magnified
objects 270 times. As he look the things with his microscopes, he discovered “Microorganiams the organisms so tiny that  they
were invigble to the naked eye. He cdled these tiny living organisms as “Animdcules’. The organism which was found
everywhere, in water, Soil, in bubbles in every particle of nature. He was fird to describe bacteria and then Protozoans
as0.In1674 he sent his discoveries to the Royd Society of London. His primary discoveries led the expanded use of

microscopy as a standards dentific tool.

Fig: A.V. Leeuwenhoek , Simple Microscope
Source: Virtual Micraobiology classroom on science proof online.com
3.Debate over Spontaneous Gener ation/Non spontaneousorigin of life

In ancient times, origin of organisms (such asrats and flies) was thought to begin or being arisen spontaneoudly.
Microorganisms aways appeared suddenly in certain materias (mesat juices or plant extracts) that had previoudy been free
of them. It was bdlieved at that time that the microbes are the products of spontaneous generation (the formation of living
thingsfrom inanimate or non living métter).

3.1Non Spontaneoustheory was supported by Aristotle (Circa350BC).According to him the “ readily observable

gphids arise from the dew which fals on plants, fleasfrom putrid matter, and mice from dirty hay”.



3.2. Francesco Redi : (1626-1697 )The belief of spontaneous origin of life remained unchalenged for more than 2000
years. Until an Italian Physician, Naturadist and Poet Francesco Redi firgt to formaly chalenge the accepted belief of

spontaneous generation.

Fig: Francesco Redi,
(Images: Redi’ sexperiment,Unknown Fracesco Redi portrait.

Source:Wikipedia)

Fig: Coverd Jar Experiment by Redi
Source: Virtual Microbiology Classroom on Science Proofonline.com.
3.3.Needham Versus Spallanzani:

John Needhamin (1745 ) did a experiment to disprove the spontaneous origin of organism that believe remain for dmost
70-80 yrs. Every one knew bailing killed microorganisms. Therefore, he boiled chicken broth, put it in a flask, and sedled it.
Microorganisms could develop in it only by spontaneous generation. Experiment with gravy seemed to show thét life could
be generated from non-living materias.

34.Lazzaro Spallanzani an Itdian priest and professor was not convinced with the above theory of Non Spontaneous
origin of Organism. According to him, microorganiams might have entered broth after bailing but before seding. Therefore,
Sodlanzani put broth in aflask, sedled it, and then boiled it. No microorganisms appeared in the cooled broth.



Fig:Needham(1713-1781)
(SourceWilkipedia.org.in)

But the clear-cut indication of origin of life were not persuaded to the critics. Spdlanzeni didn’t disproves Spontaneous
generation, he just proved that spontaneous generation required air. Gradudly, spontaneous generation was rejected as the

origin of visble organisms.

Fig:Spdlanzani(1729-1799)

(SourceWilkipediaorg.in)



Hg Experiment of Needham and Splanzanni
Source: Virtual Microbiology class room on Science proof online.com

3.5.Francesco Reddi (1665): He was aphydcianin Itdy, played a mgor role to disprove the spontaneous theory. He did
experiments with covered and uncovered jars of meet. He showed that maggots (fly larvae) developed only in that meet
where flies could reach to lay eggs on. Apparently, Spontaneous generation did not occur, a least in the case of flies Hies
and other living livings things come only from pre exigting living things. Still, many people believed that microorganisms were
an exception to thisrule. They are very smple and they dways appear, in large numbers, soon after a plant or animd dies.
Could decomposition form microorganisms or the microorganisms causng decomposition? Controversy of spontaneous
generation gained momentum during the latel8th and 19 th centuries, when further advances in microscopy alowed people

to view bacteria and other microorganisms.
4.Pasteur’ sExperiments:

The controversy over Spontaneous’ Non spontaneous continued foranother 100 years until Louis Pasteur
(1822-1895) who counter the argument that air was necessary for spontaneous generation by doing a Famous experiment as

follows
A.Louis Pasteur used a specid flask whose neck was shaped like a neck of a swan, hence the name “Swan Neck Flask.”
B.He put a nutrient rich broth in theflask,which he caled the!infusion.
C.He put a nutrient rich broth in the flask, which he cdled the “infuson.”
D.He then boiled the infusion killing any microorganisms which were aready present.

E.Then he dlowed the infuson to St. Because of the shape of the flask, the infuson was exposed to ar. However, dust

particles and other things in the ar never made it into the infuson. Because they were trapped in the curve of the Swan
Neck Flask.

F.Microorganisms never appeared in the infuson by letting the fuson for long time even. However, if he tipped the flask and
dlowed the things trapped in the neck to get into the infuson then microorganisms began to appear in the infuson and

multiply rapidly.

Experiment demonstrated that microorganisms do not appear as a result of Spontaneous Generation. Instead, they are
introduced into food through dust particles and other things that happen to land on the food. Thus, Pasteur convinced the
stientific world that spontaneous generation of microorganiams does not occur even in the presence of air. Pasteur’s Smple

but degant experiments grounded microbiology in scientific redity. Thus the most famous contribution to microbiology by



Pasteur isto develop Serilization techniquei.e to preserve food by killing the spoilage microbes by heating process .

Sour ce: Wilkipedia.org.in.

Fig: Louis Pasteur
Image: LouisPasteur, Pierre Lamy Petit, circa 1866

Fermentation: Ancther important contribution of Pasteur was to define fermentation by seeing observation in spoilage
grapes. He noticed two type of spoilage there a good one and a bad one.good one leads to formeation of tasty wine while

another lewads to a bitter and yukky wine.

He observed a growing blob on the growth media and asked Are these non-living blobs or living microbes?

Grapes fermenting; Saccharomyces yeast; L actobacillus,




Source: Public health Image Library #1048
Pasteur’s Observations:
1. Blobswere dive because they divide and make more of themsdves.
2. Put grape juice + yeast in open and in air-tight containers. Fermentation occurred in both.
Thismeans that yeast are anaerobic fermenters
3. Took two flasks of gerile grape juice and introduced bacteria into one and yeast into
another.
yead + grapes = yummy wine ]  (ethanal)
Bacteria + grapes = spoiled wine ] (lactic acid)

Ealier fermentation was believed to be a pure chemicad process in which sugar trandformed into dcohol. But in 1857,
Pasteur proved that a microorganism caused the souring of milk (lactic acid fermentation). He was dso able to prove tha
living cdlls, the yeast, were respongble for forming dcohol from sugar. The contaminating microorganisms found in ar can
turn the fermenter sour. He reported his findings in "MA©moaire sur la fermentation appel A©e lactique’ (Memoir on the
fermentation of lactic acid) in 1857, and "MA®©moire sur la fermentation acoholique’ (Memoir on the fermentation of
acohal) in 1860. Pasteur identified the microorganisms responsible for both norma and anorma fermentation.

Another Sgnificant contribution of Pasteur is that to introduced the term “ Pasteurization,” A process of gentle hedting to
prevent the spoilage of beer and wine by undesirable microorganisms.

He dso made notable contributions in the fidd of vaccination and immunity. Studying cholera, Pasteur found that attenuated
organiams, inoculated into poultry, offered protection againg virulent strains. Based on this research, he developed the firgt

rabies and anthrax vaccines.
5. John Tyndall and Tyndallization:

Bailing does not awayskill dl the microorganismsin broth. John Tynddl was an English Physicigt (1820-1893) who
confirmed the result of Pasteur experiments. He demonstrated that hegting does not killed dways dl the variants of
microorganisms present in the heated materids. It is due to the differentid gbility of some of the microorganisms to tolerate
the heat i.e specid ability of some microorganism to form ensdospore. Microorganiams exig in two forms.

1.Hest |abile and

2.Heat stable. The former likely to be killed by exposure to heat but former need a specid treatment.
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3.He introduced a new process to kill that heat stable microorganisms by intermittent hegting. He successvely heated the
broth at the interva of one day and cooling them to dlow the growth of resistant microorganisms.

4.By successive hegting and cooling technique resstant microorganism could be killed there off. This vdidates Pasteurs

nongpontaneous generation theory of origin.

5.Repeated hedting on successve days is known as Tynddlizetion. The dternate day hedting at 121°C and a pressure
15ponds/sg inch can Serilize the solution.

6.Germ Theory of Disease: (Robert Koch,1843-1910):

Microbiology changed from an observational science to an experimental science once spontaneous generation of
microbes was disproved, microbiology exploded. Now the scientist starts working over to study the cause of infectious diseases.

A German physidan made severd discoveriesin the fidd of Microbiology. The man are

1.The bacteria can be isolated and cause disease while working with anthrax disease of anima.He gave find proof of these
concept.

2.He developed Koch'’s Postulate which means that a specific microorganism is responsible for the cause of specific disease.

3.He made another criticaly important contribution to microbiology. He developed a technique to obtain a pure culture of a
bacterium (one that contains only a Sngle kind of bacteria) and propagate it. In nature many kinds of bacteria are found
growing together (mixed cultures). It is difficult to do vaid experiments usng mixed cultures because they are o
complicated, dthough such studies are now becoming more common.

Robert Koch dso proved that microorganisms (germs, as they were and are dill sometimes called) cause disease. He isolated
and identified specidly bacterium therefore; he is regarded as true bacteriologist. He is dso known as founder of medicd
microbiology, bacteriology and virology He showed further that specific microorganisms cause specific diseases. Koch dso
introduced higher scientific standards of rigor to microbiology, as exemplified by those cdled Koch’s postulates. Since he was a
physcian and practiced as a doctor he came in knowledge with tha anthrax disease which begins with symptoms smilar to cold
and cause itching skin blister which turn black and swdl later on. The bacteria may move into the blood and cause fever shock
and findly death.Koch isolated the bacterium that causes anthrax. He injected laboratory animd with the bacteria laden blood to
dead sheep and recorded the same symptom appear in the tested animdl.

He isolated few badilli in a clear sterile virtuous humor of an ox’s eye and observed ther multiplication by injecting the sample
from the pure culture of that organiam obtained from the dead Ox. Mice were kept for observation for the development of
symptoms. After some time mice were dead and sample were withdrawn and cultured on pure culture media. Smilar organiam is
then observed in the tissue of dead mice as that of dead ox. Koch speculated on the formation of a resstant form of
bacterium-an endospore. He studied the anthrax bacterium as smdl rod shape having ability to form a heat resstant spore named
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as Endospore. Smilar disease he studied in frog and horses and demonstrated that how disease organisms became concentrated
inthe lymph sacs and spleen.

Koch’s postulates: In 1876 Robert Koch while sudying anthrax, a disease of caitle and sheep that dso affects humans
established “sdentific rules’ to show a cause and effect rdationship between a microbe and a disease known as Koch’'s
postulates as follows

1. The same organisms must be found in al cases of agiven disease.
2. The organism must be isolated and grown in pure culture.
3. Theisolated organism must reproduce the same disease when inoculated into a healthy susceptible animal.

4. The origind organism must again be isolated from the experimentaly infected animal. On the above basis microbiologist
concluded that a particular organism isresponsiblefor aparticular disease. Koch isolated the bacilli-the causa pathogen of
tuberculosis. He was awarded with Nobel Prizein 1905 for hiswork on tuberculosis. He died in 1910.

7. Immunology : Edward Anthony Jenner (1749-1823) was a British Physdan who studied his naturd surroundings in
Berkdey, Gloucestershire. He firgt developed the technique of Vaccination in 1795 wel before the time of Pasteur or Koch.
He studied two disease cow pox and amdl pox. The disease cow pox was known as vaccine and usng this word Pasteur
devel oped the term Vaccination and Vaccine. Jenner is widdly credited as the pioneer of amdlpox vaccine, and is sometimes
referred to as the 'Father of Immunology’. Though Pasteur's achievements in microbid immunity were revolutionary, Jenner is
credited with inventing the firg vaccine againgt smdlpox in late 1700s. In 1796, Jenner developed a controversd experiment
to determine the vdidity of rumors that were crculating in rurd communities Milkmads and villagers often recanted, "if you
want to marry a woman who will never be scarred by the pox, marry a milkmaid." Jenner speculated that becoming infected
with cowpox could offer protection againg the more virulent smallpox. To test his hypothesis, he created an inoculation with
scrapings of cowpox lesons from the fingers of a young milkmad and injected it into an young old boy. As expected, boy
devel oped the mild fever and cowpox lesons typicd of the disease. After afew weeks of recovery, Jenner injected young boy
with the live smdlpox virus and found that the boy was indeed protected from the disease. In 1798, Jenner published his
findings and presented them to the Roya Society.

8.Growth of Medical Microbiology: The work of above scientigs like Pasteur, Koch, Jenner and others led to severd
important discoveries to human pathology. Hensen (1874) discovered Leprosy bacterium (Mycobacterium leprae) Klebs
(1883) and Loeffler (1884) isolated diphtheria pathogen(Corynebacterium diptheriae) Kitasato isolated the germ of
tetanug( Clostridium tetanii),and plague(Pasteurella pestis).etc Later on Immunization of tetanus and diphtheria was
discovered by Von Behring(1890) for which he was rewarded with First Nobel Prize in physology or Medicines. E.
Metchnikoff demonstrated that certain leukocytes eat disease causing bacteriain body and findly introduced the theory of
Phagocytoss. Sr Alexender Heming (1928) invented the wonder drug, the Penicllin during a experiment where he



noticed that colonies of Saphylococci were dissolved around a mould of Penicillium notatum which was accidently
growing on a culture plate. From this plate Heming extracted the active substance caled penicllin. It was the first antibiotic
that was discovered for this he was known as Father of Antibiotics. Wakman, A plant pathologis dong with his
coworker discovered streptomycin. The discoveries of Antibictics have been one of the revolutionary landmarks in the
higory of medicine. Word antibiotic Sgnifies anything againg life .Microorganisms when present in a natural medium ether
favor the growth of other microorganism by a process cdled symbioss or antagonized ther growth by a process of
antibiog's by secreting a chemicd substance known as antibiotics. So the term Antibiotics can be define as metabolic
product obtained from life activity of microorganism and show inhibitory action to life of other organism even in a very
grdl amount. A few antibiotics were useful in treating the human disease but ther applications are being found usgful in
curing and controlling plant and animd diseases. For a number of decades, Scientist continuoudy working on trestment of
disease by exploring the capability of microorganiams to produce antibiotics and since then many disease has been
controlled.

9.Staining technique: Ninteen sanctuary was the golden years for the development of histologicd dyes such as carmine and
heemoatoxyline for the purpose of gaining bacteria. Paul Ehrlich (1854-1915) prepared aniline dye from cod tar digtillates.
He dso developed modern concept of Chemothergpy and Chemotherapeutic agents. The methyl violet dye was first used
by Weigert (1875) for daining bacteria. In the year 1853-1933 Hans Chridian Gram devel oped important procedure for
differentid gaining that is known as Gram ganing of bacteria. He demonsirated that certain strain of bacteria looses the
ability to retain color of crysta violet when treated with acohol whereas other retains it. So on the basis of retention of
color he categorized bacteriain two..Those who retain color of crysta violet names as Gram +ve and those who logt their

ability to retain is Gram —ve.

10.Antiseptic Surgery : Joseph Lister (1827-1912), a British surgeon was the pioneer of antiseptic surgery, who
promoted the idea of erile surgery while working at the Glasgow Royd Infirmary. Lister successfully introduced carbolic
acid to erilize surgica instruments and to clean wounds, which led to reduced post-operative infections and made
surgery safer for patients.

In theyear 1878, Joseph Lister also studied Fermentation of milk and published his study that the specific cause of milk
souring is Lactic acid bacteria. His research was conducted using the first method developed for isolating a pure culture of a
bacterium, which he named Bacterium lactis.

11. Virology:

Virus a entity that surprised many scientist from that date being a entity that neither live nor dead but gill had a great impact
on the human lifeViruses don’t have their own machinery but they depends entirdy on the host metabolism to surviveThis
ability of virus make them to take them as live so they are known to be a connecting link between living and non living
organisms.Some of the important contributions of the Scientigt in thisfidd are as follows



Dmitri Ivanowski: (1864-1920): A the Russan microbiologigt discovered the tobacco mosac virus. The Science deding

with Virus is known as Virology. The sudy of viruses, began in 1892, That was even prior to the development of
bacteriology. Ivanovsky was studying a disease of tobacco plants caled tobacco mosaic disease. To identify its cause, he
filtered juice from diseased plants through filters that retained the smallest bacteria He found the filtered juice ill caused
disease. Because bacteria were believed to be the smdlet microorganisms, lvanovsky concluded that these minute
disease-causing agents can pass through thefilter that retain the bacteria. He cdled these tiny agents ‘filterable viruses'. They
could not be seen, even under the most powerful microscopes of that time.

Chamberland : (1884): He established the fact that this filterable agent can cause disease to hedthy plant. The observation
was further supported by M.W.Beijerinck (1892).

FW.Twort and Felix d’Harédlle (1915-1917) : He discovered the phenomenon of Bacteriophagiathe disease caused by
harmful and parasitic activities of viruses on bacteria. He defined those viruses who killed or eat the bacteria is known as
Bacteriophage.

W.M Stanley (1904-1971): A biochemigt worked on crysdlization of virus protein and for this outstanding work he got
Nobe Prizein chemidry inthe year 19426. He argued that TMV is a type of autocatalytic protein which multiplies only in
living cell.

Fraenke- Conrat and Williams (1955): They were adle to separate the protein and acid moieties from the TMV
particles.

Bawden and Pirie’ (1907-1997) : He described the virus protein as a nucleo- protein and established the rdlaion between
nucleoprotein and phosphorus present in TMV. With the advent of new technologies and invention of instruments like
electron microscope, X-ray diffraction photographic rotation technique and ultracentrifuge techniques etc.

12.Modern Microbiology and Biotechnology: As new laboratory techniques and experimenta procedure were
devel oped, Knowledge about the characteristics of microorganisms accumulated rapidly. The discoveries of DNA by as
agenetic and hereditary materid in the year 1952 when Alfred Hershey and Martha Chase usng bacteriophage became
S0 ggnificant that phage became a standard laboratory materid. These discoveries led the foundation of double hdix
modd of Watson and Crick in the year 1953 who used X-ray diffraction pattern for the eucidation of their mode. For this
outstanding symmetricd modd of DNA they were awarded with Nobdl Prize. Research work one by Nirenberg, Holley
and Khorana established the basis for deciphering the genetic Code. As DNA from different origin contain only the four
nucleotides,A,T,G,C protein from diverse sources are commonly made up of only 20 amino acid (the building block of
proteins).the questions then raised is how only four nucleotides were necessary to code for 20 amino acids? That is
possible only by combination of four nucleotides in dl possible way that makes a totd of (43%) of 64 codons. This code is
more than enough to code for 20 amino acids. The codons are degenerate, missense and non sense too. They provide an

undergtanding of how the DNA of various organisms may code for the same amino acids. They dso provide numerous
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ways to code not only for compostion but dso for the unique arrangements or sequence of amino acid in the diverse
protein of those organisms. The triplet code aso provide for more than one code for amino acid. There are few codon
which cannot code for amino acid are caled missence codons. They are considered as the punctuations for the genetic
aphabet or code. The finding that more than codons could code for a given amino acid is known as degeneracy or
redundancy in the genetic code. Study on DNA of viruses and bacteria gave ingght the knowledge of genetic engineering.
Bacteria have an additiond DNA as plasmid which may code for many of the important functions as antibiotic resistance
or toxin production or host range have become the tool for genetic engineering. These plasmids are used as vehide to
cary externd DNA and to transfer them into another DNA. Such DNA is dso used to developed gene library. The
discovery of redtriction endonuclease has revolutiondized the fidd of biotechnology. This was isolated from bacteria and
the technique of biotechnology is based on this enzyme. This enzyme recognizes specific DNA nucleotides sequence and
provides amolecular scalpel for cutting DNA at these Sites. Some redtriction endonuclease provides sticky ends which can
annedl with any DNA fragments cut by the same enzyme. The normd function of bacterial endonuclease is the protection
agang invason by foreign DNA. This technique provide the basis of doning of many useful genes that are the causes of
many chronic disease in the human being and are being in research now a day.

TheEnd

Chapter-2
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Branches of Microbiology

Applied microbiology isfocused on how various organisms can be used (applied) in given processes or the impact they can
havein different indudtries.

Some of the most important branches of microbiology based on gpplication include:

2.1 Food Microbiology:

Ded swith the microorganisms that contaminate/damage food and those that can be used for food processing and modification.

It give microbiology gives specid attention with public health concern in mind. Microorganisms such as molds, yeasts, and
bacteria that either benefit or have negative effects on the quaity of food material. Food microbiology is connected to severa
other fields (immunology and molecular biology etc) and dedls with such aspects of food processing and preservation, food
ingredients, production and fermentation process.eg.Food spoilage,Fermentation etc

2.2 Medical Micraobiology

Thisisthe branch of microbiology that is concerned with the diagnosis, prevention and treatment of diseases caused by
different types of infection agentsvig Bacteria, Fungi and Virus. This sub-disciplineistherefore related to anumber of other
fidldsincluding virology, bacteriology, immunology, and germicrobiology.

2.3 Industrial microbiology

Thisbranch of microbiology is concerned with the use of various microorganismsfor different industria production. Industril
Microbiology directed towards the use of these organismsto increase and maximizeyieldsin industrieslike fud,
pharmaceutical, and chemicas etc. It deals with the Optimum use of Microorganisms to maximize the products and Process to

meet the demand of population.eg.Production of Alcohd ,Bread,Vinegar etc
2.4.Agricultural Microbiology

Agricultura microbiology is concerned with microbes associated with plants and animal production and aso their economic
importance for farmers and the industry asawhole. In the process, agriculturd microbiology isamed to solveissuesidentified

inagriculturd practiceswhile helping increaseyidds for farmers. Eg. N, fixation,Biofertilizer, Biopesticides etc

2.5. Soil Microbiology- Thisisthe branch of microbiology that dealswith thestudy of soil microorganisms and how they
impact soil properties.eg. Composting, Soil Sturture and texture,

2.6.Phar maceutical Microbiology- Concerned with the use of microorganismsfor inhibiting contamination aswell asthe

development of pharmaceuticals.Such as development of anitibiotics and drugs using Microorganisms.
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2.7. Veterinary Microbiology- Focus on microbes that cause diseasesin animals, Production from animals and birds etc

.Such asMadtitisin anima,Milk and Megt production etc.

2.8. Microbial biotechnology- Areaof microbiology and biotechnology aimed at using microbesfor beneficia purposes.it
focuses on the utilization of Biologica things combine with molecular biology to maximize the products for human

population.Such as Plasmid ,Recombinant Enzyme,PCR technology etc.

Chapter-3

Application of Microbiology.

Microrganism have been used since long years before for the purpose of many products viz Curd, Bread,Cheese, Paneer,etc.
The present chapter dedt with various aspects of Microbiology in Food, Industries and Environment

3.1 Food Microbiology

Food Microbiology includes the study of Microorganisms which have both beneficid and deleterious effects on the qudity
and safety of foods. It focus on the generd biology of the microorganisms that are found in foods induding: their growth
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characterigtics, identification, of pathogenes and thelir symptom after consuming any foor having loads of Microorganism .
The main areas of interest which concern food microbiology are: food poisoning, food spoilage, and food legidation.
Pathogens in product, or harmful microorganisms, result in mgor public hedth problems worldwide and are the leading
causes of illnesses and death. In the United States aone, food borne illness has been estimated to cause 10,000 deaths and

86 million illnesses per year.
3.2. Food bornelliness

Microorganisms can cause avariety of deletoriuos effectsin food products including spoilage, which primarily affects
product quality, and food poisoning, which is generdly caused by pathogens. A food borneillness (or disease) istheterm

indicates - adisease or illness caused by the consumption of contaminated foods or beverages.

Food bornediseasesare primarily of two primary types. food-borneinfections and food intoxications. While the
former takes place due to ingestion of microbes, followed by growth, tissueinvasion, and/or release of toxins, the latter is
caused asaresult of ingestion of toxinsin foodsin which microbes have grown. More than thousand different food borne
diseases have been described. Most of these diseases are infections, caused by avariety of bacteria, viruses, and parasites.
Other diseases are poisonings, caused by harmful toxins or chemicals that have contaminated the food, for example,
Aflatoxins released by Poisonous mushrooms, and ither toxins caused by Bacillus and Clostridium species or heavy meta
contamination .

3.3.Food Spoilage

Spoilage organisms ater food texture , appearance and organol eptic qudities of the food making it unsuitable for human
consumption. Spoilage is often the result of a succession. One organism crestes an environment conducive to the growth of

another. Common microbid food spoilage are:

|.Putrefaction- Protein + proteolytic micro organism’s — amino acids + amines + ammonia+ H2S

[1. Fermentation- Carbohydrates + fermenting microorganism’ s—acids + acohols + gases

[11. Rancidity- Fatty foods + lipolytic microorganism’ s—fatty acids+ glycerol.
3.4 Fermented Foods.

Fermentation is most common method of preservation that the people are usng since long day before.These are the
foods that have been subjected to the action of micro-organisms or enzymes, in order to bring about a desirable change.
Numerous food products owe ther production and characterigics to the fermentaive activities of microorganisms.
Fermented foods originated many thousands of years ago when presumably microorganism contaminated local foods.
Furthermore, microbid fermentation can increase nutritiond qudity and digestibility of food while producing desrable
textures and flavours (Organoleptic properties). Fermentation, like spoilage, is dependent on microbid successon. The
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physca and chemicd nature of the food determines fermentation organisms and inhibits unwanted microbes. Microbes
involved are lactobacilli (lactic acid bacteria), acetic acid bacteria, yeasts and occasondly mycdid fungi. In Indian home
back dop’ method is followes in which people retained some materid from a previous fermentation and added it to a fresh
batch of ingredients. In modern days “ Starter cultures (collection of well identified and characterized microorganisms which
initite fermentation) are extensvely used in the dairy industry. Some examples of fermented foods are as follows:

Dairy Products- Buttermilk, Sour cream, Y oghurt, Cheese.
Vegetables products Kimchi,Saukeraut ,Pickels etc

Meat Products. Many European sausages, Cured ham, Sdami
Wine, Bread, Sourdough, Tofu, Pickles, Sllagesetc

3.5. Food Preservation

Food Preservation is the process of treating and handing food to check the growth of microorganism or subgtantialy
dowing down the spoilage (loss of qudity, edibility or nutritive value) caused or accelerated by microorganisms. However
there are some methods which use specid bacteria, yeasts or fung to add specific qudities and to preserve food (eg.,
cheese, wine). The am of preservation is to Maintain or create nutritiona vaue, flavor and texture in food. Generdly
preservation involves preventing the growth of bacteria, fungi, and other microorganisms, aswel as retarding the oxidetion of
fats which cause rancidity. The process aso includes processes to inhibit naturd ageing and discoloration that can occur
during food preparation such as the enzymétic browning reaction in apples after they are cut out. Food to be sedled after
trestment to prevent recontamination with microbes and preventing it from drying that dlow food to be stored without any
specid containment for long periods.

Common methods of preservation indudes drying, spray drying, freeze drying, freezing, vacuum packing, canning,
preserving in syrup, sugar crydalization, food irradiation, and adding preservatives or inert gases such as carbon dioxide.
Other methods that not only help to preserve food, but so add flavor, indude pickling, sdting, smoking, preserving in syrup
or acohol, sugar cryddlizaion and curing.

3.6. Industrial Microbiology

Humans uses the vaidbility of microbes to make improvements in Agriculture, Indudtries, Medicines, and
environmenta protection. To use of microorganisms on a large scae to obtain vauable commercid products by chemica
transformationsis called indudrid Microbiology. The science of Induastrid microbiology dates back and originated with bear
and wine making fermentation processes vig dooholic fermentation and subsequently expanded in the area for the
production of pharmaceuticas (e.g. antibiotics), food additives (e.g. amino acids), organic acids (e.g. butyric acid and ditric
acid), enzymes (eg. amylases, proteases), and vitamins. All these products are obtained by enhancing the metabolic
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reactions of microorganiams that were dready capable of carrying out in naturd conditions. At present, in addition to
traditiond indudtrid microbiology, a new era of Microbid Biotechnology is rapidly expanding in which the genes of the
microorganiams respongble for such and other metabalic reactions are being manipulated to give to many new products a
commercid level Fermentation is one of the man processes used in indudtrid microbiology. Fermentation is any process
invalving the mass culture of microorganisms, either anaerobic or aerobic. This process requires control of a series of
parameters that depend on the desired find product. To improve the Fermentation process, strain sdection, culture media
improvement, and preservation techniques have contributed to maximize the fermentation process in indudtry.

3.7 Fermentation in industry

In Production and Process indudtry, as wel as other areas, the uses of fermentation progressed rgpidly incressng
after Pasteur's era  ie. Between 1900 and 1930. Ethyl dcohol and butyl adcohol were the most important indudrid
fermentations in the world. But by the 1960s, chemicd synthess of acohols and other solvents were less expensve and
interest in fermentations was baned. Interest in microbid fermentations is experiencing a hdt and braekthorugh.There are
abundanece of Plant starch, cdlulose from agricultura waste, and whey from cheese manufacture that may be a sources of
fermentable carbohydrates. Additiondly these materids, not utilized, represent solid waste that must be buried in dumps or
treated with waste water.

3.8. Major productsof Industrial microbiology:
The mgor products of industrid microbiology can be enligted as follows
0 Food and Beverage Biotechnology - fermented foods, acohalic beverages (beer, wine) and flavors.
0 Enzyme technology - Production and gpplication of enzymes.

0 Metabalites from microorganiams - amino acids, antibiotics, vaccines, biopharmaceuticals, bacteria polysaccharides
and polyesters, specidty chemicas for organic synthesis (chird synthons).

0 Biologicd fud generation - Ethanol or methane from biomass, Single cdl protein, production of biomass, Microbid
recovery of petroleum.

0 Environmental Biotechnology - Water and wastewater trestment, Composting (and landfilling) of solid waste,
Biodegradation/Bioremediation of toxic chemicds and hazardous waste.

0 Agriculturd Biotechnology - Sail fertility, Microbid Insecticides, Plant doning Technologies.
0 Diagnodtic tools - Testing & Diagnods for Clinica, Food,Environmental, Agriculturd applications, Biosensors
3.9. Environmental Microbiology

Environmenta Microbiology is the sudy of the compostion and physology of microbid communities in the
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environment. The environment in this case means the soil, water, ar and sediments covering the planet and can dso indude
the animals and plants that inhabit these areas. Environmental microbiology aso includes the study of microorganisms that
exig in atifida environments such as bioreactors. Microbid life is anazingly diverse and microorganisms literdly cover the
planet. It is estimated that we know less than 1% of the microbid species on Earth. Microorganisms can survive in some of
the mogt extreme environments on the planet and some can survive high temperatures, often above 100°C, as found in
geysers, black smokers, and ail wels. Some are found in very cold habitats and others in highly sdt / sdine, acidic, or
dkdine water. Microbid life is amazingly diverse and microorganiams literdly cover the planet. An average gram of soil
contains gpproximately one hillion microbes representing probably severa thousand species. Microorganisms have specid
impact on the whole biosphere. They are the backbone of ecosystems of the zones where light cannot approach. In such
zones, chemosynthetic bacteria are present which provide energy and carbon to the other organisams there. Some microbes
are decomposers which have ability to recycle the nutrients. Microbes have a specid role in biogeochemicd cycles.
Microbes, especidly bacteria, are of great importance because their symbictic relationship (either postive or negetive) has
Specid effects on the ecosystem.

3.10. Soil Microbiology

Soil is the top layer of the Earth's lithosphere, formed from weathered rock that has been transformed by living
organiams. Soil is composed of minerd and organic solid particles, air, soil solution, and living organisms which occur in this
edaphon. The organisms living in soil create a community caled the edaphon. These are bacteria, fungi, unicdlular agee,
vascular plants and animds especidly invertebrates that occur in the surface layer of soil. Due to the variety of their metabolic
abilities the soil microorganiams ensure the permanence (continuity) of ement cyclesin nature. The effect of thar activities is
not only the minerdization of organic compounds but aso the changes of minerd compounds, which have a big impact upon
the development of the green plants. Edaphon condtitutes about 1-10% of the dry mass of the soil organic matter. Both
bacteria and fung are the co-creators of soil's structure as they create humus - the most important component of soil that
greetly influences its Sructure, sorption qudities and the richness in organic compounds. They have a great effect on the way
of creation of crumb texture and a spongy structure of soil by producing mucous capsules, and like the filamentous bacteria
and the fung by their form of growth.

3.11. Water Microbiology

Water microorganisms may be underground and/ or surface waters as wel as bottom sediments. The underground waters
(minerd and thermd springs, ground waters) - due to ther oligotrophic character (nutrient - deficient) are usudly inhabited by
asparse microflorathat is represented by a low number of species with dmost a complete lack of higher plants or animds.
The surface waters such as streams, rivers, lakes and sea waters are inhabited by a diverse flora and fauna Microorganisms
inthose waters are a largdy varied group. In the bottom sediment, anaerobic putrefying microflora, cdlulolytic bacteria and
the anaerobic chemoautotroph’ s devel op.

3.12. Air Microbiology
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Air is an unfavorable environment for microorganisms, in which they cannot grow or divide. It is merdy a place which
they temporarily occupy and use for movement. Therefore, there are no metabolic connections occurring between different
microorganiams in ar (such as in soil or water). As a result they form only a random collection of microorganiams.
Microorganisms get into ar as a consequence of wind movement, which sweeps them away from various habitats and
surroundings (soil, water, waste, plant surfaces, animas, and other), or are introduced during the processes of sneezing,
coughing, or sewage aeration. Air conditions are unfavorable for the microorganisms due to a lack of adequate nutrients,
frequent deficit of water, threet of desiccation, and solar radiation. There are 3 main groups of microorganisms that occur in
ar: viruses, bacteria and fungi. Bacteria may exist as vegetative or resting forms however fungi occur in the form of spores or
fragments of mycdium.Virus exig as independent body and totdly depends on Host metabolisms for its own growth and
multiplicationsAir may be helpful in disperson of dl these three particle creating epidemic or pandemicstuation.

TheEnd

Chapter-4

STRUCTURE OF BACTERIA THEIR PARTS AND FUNCTIONS

Structure of bacteriais very typicd and there are so many differences between bacterid and eukaryotic Sructure. Firgt of

dl let find out the man difference between these two structure.

3.1. Concepts of prokaryotes vs Eukaryotes Prokaryotes(pro-KAR-ee-ot-es) (from Old Greekpro-before +karyon
nut or kernd, refarring to the odl nudeus, + auffix-otos, pl.-otes; dso spelled "procaryotes’) are organisms without a cdl
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nudeus (= karyon), or any other membrane-bound organdles. Mogt are unicdlular, but some prokaryotes are multicdlular.

Eukaryotes(IPA: [ju?kae?74]) are organiams whose cdls are organized into complex structures by internd membranes and
a cytoskeleton. The most characteristic membrane bound structure is the nucleus. This feature gives them their name, (also
spelled "eucaryote,") which comes from the Greek gv, meaning good/true, and kdpvov, meaning nut, referring to the nucleus.

Animds, plants, fungi, and protists are eukaryotes.

Differ ences between eukaryotic and prokaryatic cells

0 The mogt fundamentd difference is that eukaryotes do have "true' nude containing their DNA, wheress the genetic
materid in prokaryotes is not membrane-bound.

0 In eukaryotes, the mitochondria and chloroplasts perform various metabolic processes and are believed to have been
derived from endo symbicticbacteria. In prokaryotes smilar processes occur across the cdl membrane

endosymbionts are extremdly rare.

0 The cdl wadls of prokaryotes are generdly formed of a different molecule (peptido glycan) to those of eukaryotes
(many eukaryotes do not have acdl wal & dl).

0 Prokaryotes are usudly much smdler than eukaryotic cells

0 Prokaryotes dso differ from eukaryotesin that they contain only a angle loop of stable chromosomad DNA stored in
an area named the nucleoid, while in eukaryoteDNAIs found on tightly bound and organized chromosomes.
Although some eukaryotes have sadlite DNA sructures cdled plasmids, these are generdly regarded as a
prokaryote feature and many important genesin prokaryotes are stored on plasmids.

0 Prokaryotes have a larger surfaceareato volume ratio giving them a higher metabolic rate, a higher growth rate and
consequently a shorter generation time compared to Eukaryotes.

0 Prokaryotes dso differ from eukaryotes in the structure, packing, density, and arrangement of their genes on the
chromosome. Prokaryotes have incredibly compact genomes compared to eukaryotes, mostly because prokaryote
genes lack introns and large non-coding regions between each gene.

0 Whereas nearly 95% of the human genome does not code for proteins orRNA or indludes a gene promoter, nearly dl
of the prokaryote genome codes or controls something.

0 Prokaryote genes are dso expressed in groups, known as operons, instead of individudly, asin eukaryotes.

0 Difference in genetic makeup: In a prokaryote cdl, dl genesin an operon (three in the case of the famous lac

operon) are transcribed on the same piece of RNA and then made into separate proteins, wheress if these genes
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were naive to eukaryotes, they each would have ther own promoter and be transcribed on their own strand of
MRNA. This lesser degree of control overgene expressioncontributes to the ampliaty of the prokaryotes as
compared to the eukaryote.

3.2. Structure of Bacteria:

Average diameter of bacteriais 0.5 - 2.0 um in while diameter of RBC is 7.5 um. Surface Area of typicd bacteria is
~12 um*2Volume is ~4 um. Surface Area to Volume is 3:1 Typicd Eukaryote Cdl SA/ Val is 0.3:1.Large surface of
bacteria endble the food enters through SA and dlow quick digribution indl parts of bacteria

Fig: A Typical bacterial cell.
Source: Science direct.com.

3.2.1. Size and shape of Bacteria. Individud bacteria cdls are not vigble to the unaided eye. In general, bacterial cells do
not exceed 1 um (micrometer or micron) in diameter, though their length may vary widdy. Some bacteria for example, “
Epul opiscium fishel sohnii "measuring 80 pum in breadth and 200 pum in length has been discovered in 1991 and ancther
phericd Archaebacterium, cdled “ Thiomargarita namibiensis’ has been isolated from sea-bottom in 1999. This organism
measures 750 um in diameter and is visible to the unaided eye. But such giants bacteria are rare exceptions. The minute Sze
of bacteria gives certain advantages to them. Due to their amdl Sze, bacteria have a much greater surface/volume ratio then
most eukaryotic organisms having larger cdls. This has important implications on the activity of cdls. Because of a greater
surfacefvolume ratio, the bacteria are able to absorb nutrients and gases from the surrounding media very rgpidly and this
ability is reflected in their faster growth rate in comparison to larger eukaryotic organisms. For example, the rate of oxygen
uptake (ul/mg dry weight/hr) of most aerobic bacteria is approximately 10 times faster than that of another unicellular but
larger organism—yeast—and 100 times faster than the cells of animal tissues. This high rate of oxygen uptake reflects the fast
rate of metabalic activity of bacteria Many bacteria under optima conditions of growth can have a doubling time of 20 to 30
minutes. The amdl sSze aso hedps bacteria to spread quickly by ar currents over great distances. In fact, bacteria are
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ubiquitous in didribution and they occur in dl possible types of environments sarting from arctic glaciers to bailing hot
sorings, and from upper levels of atmospheres to bottom of the sess.

3.2.2. Shape of Bacterial Cells: Bacterid cdls are bound externdly by arigid wal which gives bacteria their characteritic
shape. The Mycoplasma are exceptions in this regard, because they lack a cdl wadl and they do not have adso any
characterigtic shape. That the cdl wadl is responsible for giving shape to bacterid cdls is dso shown when the wadl is
removed by enzymes.

Classfication of Bacteria according to their Shape: A cylindricd bacterid cdl on loang the wal assumes a sphericd
shape. A bacterium can be spherica or cylindrica.

Coccus. A sphericd bacterium is generdly known as a coccus .

Bacillus: Cylindrica bacterium, or Rod shaped bacteria named as Badillus.

Vibrio: If the Cylindrica/Rod cdl is curved, it is known as a vibrio and if hdlicd itiscaled a

Soirillum. In dl these types, the cdl isarigid structure.

Spirochaetes.: Some bacteria have aso flexible cels. Helicd bacteria with flexible cdlls are known as Spirochaetes.

Actinomycetes: A group of prokaryotic organiams characteridticaly consst of a mycdium, somewhet like that produced by
fung is known as ActinomycetesThey posses some character of bacteria (Gram postive Cdl wal and other Prokaryotic
dructure) and some of that of Fungi.So it is considered to be dink between Bactera and Fungi. They can be terrestrid or
aquatic.A mycdium is composed of thin hairy hyphae. An Actinomycete hypha is about 1 pum in diameter, whereas a fungal
hypha is, on the average, 8-10 pm broad. A hypha is an elongated, often branched structure, divided into cells by formation
of cross-walls. Some hyphae enter into the substratum, (Endomycelium) while others remain in the aerid part (Exomycdium).

Importance of Actinomycete: They are of great economic importance to human because Agriculture and Forest depends
on ther contribution to soil sysem.They hdp in decomposition of organic matter and dead organism &fter that the smaler
molecules are taken uop by plants. It is believed that about 80-90% of abtibiotc are produced from Actinomycetes only like
Streptomycin, Rimfapicin, Griseofulvin.Some of them are important in N, fixation like Frankiaand other are important
pathogen causng Tuberculos's such as Mycobacterium tuberculae.

Trichomes: There are dso bacteria which characterigticdly form filaments or har like structure cdled as trichomes. A
trichome conssts of a series of cdls arranged one on the other to form a column. The trichome may in some forms be
enclosed in a common sheath. Apart from the varidions of the forms, bacteria may dso possess vaious irregular
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appearances which are, however, characteristic of a group. For example, a group of bacteria produces a narrow extension
from the cdl which is used ather for attachment or for producing daughter cells by budding. Such extensons are caled staks
or pros-thecae and the cells are stalked or prosthecate.

Fig: Different forms of bacteria

Sour ce Britannica .com

Arrangement of cell : The arrangement of cdls are more complex in cocci than Badilli. The arrangement of cdl depends
upon adherence of cdls together after cdl divison.

Coccus: There are severa groups of cocci based on the number and arrangement of cells.
Diplococcus : Cdl divide in one plane and get attached permanently in pairs.

Chain = Streptococcus : Cdls dividein one plane and remain attached permanently in pairs.
Cluster = Staphylococcus: Cdl divide in three planes and form a group of four cdls.

Sar cinae: cdl divide in three planesin regular pattern producing bunches of cocci.

Like wise cell are also arranged in different form in rod shaped bacteria Bacillus
Depending upon form, bacillus are also categorized as.

Monaobacillus: The angle dongated cdls fredy present in nature are monobacillus.
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Diplobacillus. After divison the cdl remain adhered and appear in paired form
Streptobacillus. After divison the cdl remain attached in chains appearing like straws
Coccobacillus: The ovd cdlslooking like cocci are cdled cocobacilli.

Like wise different forms of Spirilli are:

Vibriod = Bacterid cdls having less than one complete twist form vibriod shape.eg. vibrio cholera.

Hdlicd: Cdls that have more than one twig form adindinct helica shape.eg. Spirillum (with flagela).

Other Forms are:
0 Peomorphic.
0 Trichomes
0 Pdisade.
0 Hyphee
0 Spirillum.
0 Spirochete.

0 Square.

0 Star.

Hg Plane of divison and their types
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3.3. Bacterial parts Structures and Functions:

Observation under Microscope reveals several structural components outside and inside the cell wall.

Hagdla

« Al

o Capalle

« PasmaMembrane

»  Cytoplasm

« Cdl WAl

» Lipopolysaccharides
« Techoic Acids

e Includons

EndoSpores

3.3.1Flagella: Bacteria may be matile or non motileThe matite bacteria svim by means of amdl flexiblewhip like
appendages cdled flagdla (sngular flagdlum). These are har like structure and are attached to cdl wal and gpparently
originate from grandular body just beneth the cdl wall.Bacterid flagdlum lacks two centrd and nine arrangemant of cdl. A
typica bacterid flagdlum measures bout 120A° thick and 5 1 long.The molecular weight of a flagdlum is about 40,000
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Angustrum. The diameter of molecule is about 40 Angustrum.Chemicdly they are madeup of protein . The primary role of the
flagellum islocomoation, but it dso often has function as a sensoryorgandlle, being sendtive to chemicas and temperatures
outsde the cdll.The smilar structure in thearchaeafunctions in the same way but is structurdly different and has been termed
thearchadlum. Hagdla are organdlles defined by function rather than structure. Both prokaryotic and eukaryotic flagdla can

be used for svimming but they differ greatly in protein compostion, structure, and mechaniam of propulson. The word
flagdluminLainmeanswhip. An example of a flagellatedbacteriumis the ulcer-causingHelicobacter pylori, which uses multiple

flagdlato propel itsdf through the mucus lining to reach the stomachepithdium. Fimbriaeandpiliare also thin appendages, but

have different functions and are usudly smdler.

Three types of flagdlahave so far been diginguished: bacteria, Archaedl, and Eukaryotic.

Source: hitps:/Aww.shutterstock.com/search/flagel lum
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Hg Hagdlaand thar types
Source: Wikipediaorg
The main differences among these three types are:

Bacterid flagdla are hdicd filaments each with arotary _motorat its base which can turn clockwise or
counterclockwise They provide two of severd kinds of bacterid matility. The bacterid flagdlum is made up of the
protenflagdlin. Its shape is a 20-nanometer-thick hollow tube. It ishdicdand has a sharp bend just outside the outer
membrane; this "hook™ dlows the axis of the hdix to point directly away from the cell. A shaft runs between the hook and the
basal body, passing through protein ringsin the cell's membrane that act as bearings.

Detal structure of flagdlum: Each bacterid flagdlum is sructuradly differentiated in to three parts: (1) Basa body,(2)
ahook and (3) Man filament and shaft.

3.3.1.1.Basal body: Basd body of the flagdlum of gram-negative bacterium possesses two sets of rings(i) A proximd and
(i) A digtd set. They are surrounded by arod. Each congists of two rings and these four rings are named as : Membrane (M)
Super membrane ring (S) Peptidoglycan ring (P) and Lipopollysaccharide ring(L).They are arranged from inner Sde to outer
sde. P and L ring structurally forma a bearing for the flagdlar rod to pass through outer membrane. Gram-positiveorganisms
have only two of these basd body rings, one in thepeptidoglycanlayer and one in theplasma membrane.

3.3.1.2. The Hook:

Hook connect basal and the main flagdlum body shaft. The length of hook of Gram —negaiive bacterium is shorter than of
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gram paositive bacterium.

3.3.1.3.The Filament or Shaft: The outermost long region of the flagdlum is caled filament or shaft. The flagdlum is
chemicdly made of protein which occurs in multiple units. The protein is caled flagdlin. The flagdlins are arranged in severd
chansthat inter wine and form a hdix around a hollow core. The molecular weight ranges from 30,000-60,000.

L ocomoation: Three types of flagdlar movement have been identified :(1) Hagelar (2) Spirochetes (3) Gliding.

3.3.1.4. Flagellar Movement: Thiskind of movement occursin those bacteria in which the flagdla are present dl over the
bacterid surface (Peritrichous) or a one end (Polar).Prokaryotic flagdlum is semi rigid hdlical rotor that move the cdl by
rotating from the basal body either clockwise or counter clock wise around its axix. The hdlica waves are generated from the
base to the tips of flagdlum. The rotating flagdlum forms a bundle that pushes againg water and propels the bacterium. The
basal body acts as motor and causes rotation. According to Doetsch (1966) the matility of flagdlum may be due to rigid helix
from the basal body. While berg (1976) suggested that the basa body of the flagdlum appears to be the motor which causes
rotation. The energy is trandferred in the basa part.

3.3.1.4.1. Mechanism of flagellar M ovement:

The mechaniam of flagdlar movement in prokaryotes is different from eukaryotic flagdla The bacterium moves when
the hdix rotates as the filament isin the shape of rigid hdix. The flagdla act just like propellers on a boat. The direction of
flagdlar rotation determines the nature of bacterid movement. The movement in monotrichous bacteria stops and tumble
randomly by reverang the flagdlar rotation. The polar flagdla, rotate counter clockwise during normd forward movement,
wheress the cdl itsdf rotates dowly clockwise. Peritrichous bacteria dso operate in a Smilar way. To move forward, the
flagdlarotate counter clockwise. Asthey do so, they bend at tharr hooks to for a rotating bundle that propels them forward.
Clockwise rotation of the flagdla disrupts the bundle and the cdl tumbles (Fig. 17).

FHg :Bacterid flagdlar movement
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Source: wilkepedia

Mdtility enables the bacterium to move toward a favorable environment or away from a particular dimulus cdled taxis .
Chemotaxis (include chemicals) and phototaxis (include light). Bacteria do not dways svim amlesdy but are attracted by
such nutrients as sugars and amino acids, and are repeled by many harmful substances and bacteriad waste products.
Movement toward chemica attractants and away from repdlents is known aschemotaxis. The mechanism ofchemotaxis in
E.colihas been studied most. Forward svimming is due to counterclockwise rotation of the flagdlum, whereas tumbling
results from clockwise rotation. The bacteria must be able to avoid toxic substances and collect in nutrient-rich regions and a
the proper oxygen leves.E.colihas four different chemo receptors tha recognize serine, Aspartate and matose, ribose and
gaactose and dipeptides respectively. These chemo receptors often are caled methyl-accepting chemotaxis proteins
(MCPs).Some bacteria can move by mechanisms other than flagdlar rotation. Spirochetes are a group of bacteria that have
unique structure and matility (Treponemapallidum) the causative agent of syphilis andBorrelia burgdorgeri, the causative
agent of Lyme disease).Spirochetes trave through viscous substances such as mucus or mud by flexing and pinning
movement caused by specid axid filaments - bundles of fibrils that arise at the ends of the cdl beneath the outer sheath and
spird around the cdl (fig. 18).The rotation of the filaments produces an opposing movement of the outer sheath that propels
the spirochetes by causing them to move like corkscrews.

3.3.1.4.2.Spirochaetal M ovement: Thistype of movement is common in flexible helica bacteria such as Spirochaetes. The
flagdlla of these bacteria perform various types of movement such as flexing and spinning free sMimming and cregping on
surface. Just within the cdl envelop they have flagdla like structure which are known as periplasmic flagdla or axil fibrils or
endoflagdlla. The axil fibril are present in the space between inner and outer membrane of cdl envelop.The mechanism of
moatility is not known. Berg (1975) postulated that the axil fibrils rotate in periplasmic space and cause the rotation of
periplasmic cylinder on the body axix in the opposite direction.
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Hg: Spirochaete Source: Wilkipedia.com

3.3.1.4.3. Gliding Movement: A vey different type of madtility, glidng matility, is employed by many bacteria;
cyanobacteria, myxobacteria and cytophagas and some mycoplasmas.

Some bacteria such as species of cyanobacteria (eg; Cytophaga) and Mycoplasma show dliding movement. Except
mycoplasma ,in other two gram negative type cdl wal is present. In the members of cytophagales and cyanobacteria
movement helps to find out the substratum eg wood,bark,shell etc for anchorage and reproduction. They secrete dime with
the help of which they get attached to the substratum.The movement is long continued and necessary for life cycle of

organisms.

3.3.2. Classification on the basis of arrangement of flagella:

3.3.2.1.Monotrichous:
Presence of flagdla at one end of cel.

ey vibrio cholarae, Pseudomonas aeruginosa

Hg: Different types of flagdla (Wilkipedia.com)

3.3.2.2.Lophotrichous: Presence of bundle of flagdla at one end of the cdl

— eg. Pseudomonas fluroscence

3.3.2.3. Amphitrichous: Presence of Sngle or tuft of flagdla at both ends of the cell.
ey Aquasprillum

3.3.2.4.Peritrichous: Presence of flagdladl around the bacterid cell.
eg: E.coli, Salmonella, Klebsiela.
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3.3.2.5.Atrichous. Absence of flagella
eg: Shigdla

3.3.Pili: Ali and fimbriee are har like appendages found on surface of cdl wdl in gram negative bacteria
(eg.Enterobactereriaceae, Pseudomondaceae etc).Eukaryotic cdls lack pili.The term fimbriae is used for dl har like structure
covering the surface of the cdl.Ali are generdly governed by plasmids and it is differe from flagdla in being shorter and
thinner draight and less rigid.But they are larger in number.

Chemistry of Flagella : The fimbriae of E.coli is chemicdly composed of 100% Protein caled as fimbrilin with a molecular
weight of about 16,000(Flagdlar protein is flagdlin which have molecular weight 40,000)Fimbrilin consst of about 163
amino acid which usudly occur in L form.They have large number of hydrocarbon chain

3.3.1.Classes of Pili: According to function Rili are of two types

(@Common Pili: Which act to adhere the cdll to surface and b)Sex Rili which join othere bacterid cdl for transfer

of genome.

Sex Pili: These are filamentous structure and determine the sex factor(Plasmid) such as F,Col | and R factor. The synthesis of
sex pili is dependent on these sex factors. There are two types of sex Ali in E.coli.They are F RAli and | Aili.

Function of Fimbriae and Pili:

1) They have adhesive properties. These help bacteria to attach themselves to the naturd substrate and to other

organism.

2) They possess antigenic properties.

3)The sex pili are helpful in chromosome transfer during conjugation probably by acting as conjugation tubes

Hg: Sex Rili during conjugation
Source: https.//en.wikipediaorg/wiki/Hagelum

3.4.Capsule or Slime Layer:
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Some of the bacterid cdl are surrounded by the extracdlular polymeric sheath (EPS) which are commonly caled capsule
or glycocayx.It forms an envelope around the cdl wal and can be observed under light microscope after specid daning
techniquethe presence of capsule may be detected by negative saining dso such as indian ink method.Capsule consst of
loose aggregate materid which may not be a part of bacteriaThis sheath is not essentid for the surviva of the bacteria under
unfavourable conditions but it may provide pathogenicity to the some of type of bacteriaThe capsule is gdainous polymer
made up of ether polysaccharide(Klebsiella pneumoniae) or polypeptide(B.anthracis) or both. The polysaccharide may be
of sngle type of sugars(homopolysaccharides eg: Acetobacter xylinum) or severd types of sugars(heteropolysaccharides
eg.(Pseudomonas aeruginosa). The capsule of pneumococci is made up of hexoses,uronic acid and amino sugars and that
of Streptococci condst of L-aminoacid. The bacterid capsule is species specific and therefore can be used for immunologica
differentiations of related cdl.If these substance are unorganised and loosdy attached to cdl wall the cgpsule is cdled dime
layer.The fresh water and maine bacteria forms trichomes which are enclosed indde the gdationous matrix cdled
sheeth.Shegth is dso found in cyanobacteria and other algee.

Function of Capsule: Some important function as reported as below:
1) The Capsule may prevent the attachment of bacteriophages.
2)It protect the bacterid cells againgt desication asit is hygroscopic in nature

3)Dueto gticky in nature they can attached on the diverse surface such as plant root,human teeth and tissues (Dentdl
caries and Respiratory tract etc) and rocks and pebblesin the fast running water.

4)They impart bacteria a antiphagocytic festure by inhibiting themseves by engulfument of WBC in this way impart
virulence.eg. Streptococcus pneumoniae causes pneumonia and uncapsulated strain is phagocytized by WBC.

5)In some of bacteria it acts as Storage energy as it breskdown during starve condition to release energy for eg:

Smutans

6) Capsule protect the cdl from desicationmaintain the viscodty and inhibit the movemnat of nutrients from bacterial
cdl.

3.5. Cytoplasm: Cytoplasm of prokaryotes refers to the internd matrix of cdl ingde plasma membrane.Cytoplasm congsts of
water 80% (Protein,carbohydrates|lipidsinorganic ions and certain low molecular compound.Cytoplasm is thick and
semitransparent. The DNA molecules ribosomes and other indusions are the structure of cytoplasm.In certain cyanobacteria gas
vacuoles are found.The Prokaryotic cytoplaam differes from the eukaryotic cytoplasm.The formers lacks cytoskelton and
cytplasmic streaming.Compartmentation of organdlles are absent in prokaryotes and present in eukaryotes.

3.6. Ribosomes: Ribosomes are amdl particlespresent in large numbersin dl thdiving cdlls. They are Stes of protein synthess.
The ribosome word is derived -'ribo'from ribonudeic acid and 'somesfrom the Greek word 'soma‘'which means 'body' . The
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ribosomes link aminoacids together in the order that isspecifiedby the messenger RNA molecules The ribosomes are made up of
two subunits - a andl and a large subunit. The smal subunit reads the MRNA while the large subunit joins the amino acids to
form a chain of polypeptides. Ribosmd subunits are made of one or more rRNA (ribosoma RNA) molecules and various
proteins. Ribosome acts as a Ste of protein synthessAllmos dl living cdl contain ribosomes A sngle bacteria may possess
goproximately 10,000-15,000 which account for about 30% of the total weaight of a bacterid cdl.lt gives a granular structure of
adl cytoplasm.Ribosomes are found in free floating condition and are randomly didtributed in cytoplasm.Eukaryotic ribosome
are attached to the cdl membrane caled as RER(Rough endoplasmic reticulum whereas in Prokaryotes ribosome are found free
in the cytoplasm.Eukaryotic ribosomes are of 80 S type whereas prokaryotic ribosomes are of 70 S type At low concentration
of Mg 70 Sis dissociated into its two subunit The larger 50 S and a smdler subunit 30 S.Each 50 s subunit contain 5S and
23S RNA and 34 proteing( L1-L.34).The smdler subunits congsts of 16S RNA and 21 proteins (S1-S21). The letter S refers to
Svedberg unit which indicates the rdative rate of sedimentation during ultracentrifugation. Sedimentation rate depend on
sze,shape and weight of the particles.
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Fg: Structure of Ribosome

Source: Science direct .com

Fig: Sedimentation coeffiecient of Ribosome

Source :Sciencedirect.com

Typicdly ribosomes are composed of two subunits: a largesubunit and a smdl subunit.
The subunits of the ribosome are synthesized by thenucleolus.

The subunits of ribosomes join together when the ribosomesattaches to the messenger  RNA during the processof protein
gynthess.

Ribosomes dong with atransferRNA molecule (tRNA), helps totrand atethe protein-coding genesin mRNAto proteins.
They assemble amino acids to form specific proteins, proteins are essentid to carry outcdlularactivities.

The process of production of proteins, the deoxyribonucleic acid produces mRNA by the process of DNA transcription.
The genetic message from the mRNA is trandated into proteins during DNA trandation.

The sequences of protein assembly during protein synthess arespecifiedin the mRNA.

The mRNA is synthesized in the nudeus and is transported to the cytoplasm for further process of protein synthesis.
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In the cytoplasm, the two subunits of ribosomes are bound around the polymers of mRNA; proteins are then synthesized
with the help oftransferRNA.

The proteins that are synthesized by the ribosomes present in the cytoplasm are used in the cytoplasm itsdf. The proteins
produced by the bound ribosomes are transported outside thecell.

3.7. Plasmids:

Aplasmidis a sandlDNAmolecule within a cdl that is physcdly separated from achromosoma DNAand can replicate

independently. They are most commonly found as amdl circular, double-stranded DNA molecules inbacteria; however,
plasmids are sometimes present inArchaeaandeukaryatic organisms. In nature, plasmids often carry genes that may benefit

the surviva of the organiam, for exampleantibiatic resstance. While the chromosomes are big and contain dl the essentid

genetic information for living under norma conditions, plasmids usudly are very smdl and contain only additiond genes that
may be useful to the organism under certain Stuations or particular conditions. Artificd plasmids are widdy used asvectorsin
molecular doning, sarving to drive the replication of recombinant. DNA sequences within host organisms. In the |aboratory,
plasmids may be introduced into a cdl viatrandformation. Plasmids are consideredreplicons, units of DNA capable of
replicating autonomoudy within a suitable host. Plasmids are tranamitted from one bacterium to another (even of another

species) modily throughconjugation. This host-to-host transfer of genetic materid is one mechanism of horizonta_gene trandfer,

and plasmids are considered part of themobilome. Unlike viruses (which encase ther genetic materid in a protective protein
coat cdled acgpsid), plasmids are "naked’ DNA and do not encode genes necessary to encase the genetic materia for

trandfer to a new host. However, some classes of plasmids encode theconjugative "sex"pilusnecessary for ther own trandfer.

The sze of the plasmid varies from 1 to over 200 kbp,and the number of identical plasmidsin a Snglecdl can range anywhere
from one to thousands under some circumstances. The rdationship between microbes and plasmid DNA is neither parasitic
nor mutudigtic, because each implies the presence of an independent species living in a detrimental or commensa state with
the host organism. Rather, plasmids provide a mechanism for horizontd gene transfer within a population of microbes and
typicdly provide a sdlective advantage under a given environmenta state. Plasmids may carry genes that provideresisanceto

naturdly occurringantibioticsin a competitiveenvironmental niche, or the proteins produced may act astoxinsunder smilar

circumstances, or dlow the organism to utilize particular organic compounds that would be advantageous when nutrients are

Scarce.

History

Thetermplasmidwas introduced in 1952 by the Americanmolecular biologistJoshua L ederbergto refer to "any extra

chromosomd hereditary materid. More eaborately the genetic dementsthat exist exclusvely or predominantly outside of

the chromosome and can replicate autonomoudly.



Fig: plasmid and replication

Source: hitps//en.wikipedia.org/wiki/Plasmid

3.7.1. Propertiesand characterigtics:

In order for plasmids to replicate independently within a cdll, they must possess a stretch of DNA that can act as anorigin of
replication. The saf-replicating unit, in this case the plasmid, is caled areplicon. A typica bacterid replicon may consst of a
number of elements, such as the gene for plasmid-specific replication initigtion protein (Rep), repeating units calledintrons,
DnaAboxes, and an adjacent AT-rich region. Smdler plasmids make use of the host replicative enzymes to make copies of
themsdves, while larger plasmids may carry genes specific for the replication of those plasmids. A few types of plasmids can
aso insart into the host chromosome, and these integrative plasmids are sometimes referred to asepisomesin prokaryotes.
Plasmids dmog dways carry at least one gene. Many of the genes carried by a plasmid are beneficid for the host cdls, for
example: enabling the host cdll to survive in an environment that would otherwise be lethd or redrictive for growth. Some of
these genes encode traits for antibiotic resstance or resstance to heavy metd, while others may producevirulence factorsthet

endble a bacterium to colonize a host and overcome its defences, or have specific metabolic functions that dlow the
bacterium to utilize a particular nutrient, induding the ability to degrade recacitrant or toxic organic compounds.Plasmids can
aso provide bacteria with the ahility tofix nitrogen. Some plasmids, however, have no observable effect on the phenotype of
the host cdll or its benefit to the host cells cannot be determined, and these plasmids are cdled cryptic plasmids.

Pasmids may be present in an individud cdl in varying number, ranging from one to severd hundreds. The norma
number of copies of plasmid that may be found in a sngle cdl is called thecopy_number, and is determined by how the
replication initigtion is regulated and the sSze of the molecule Larger plasmids tend to have lower copy numbers.
Low-copy-number plasmids that exist only as one or a few copies in each bacterium are, uponcal divison, in danger of

being logt in one of the segregeting bacteria. Such single-copy plasmids have systems that attempt to actively didtribute a
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copy to both daughter cdlls. These systems, which include thepar ABS systemandpar MRC system, are often referred to as
thepartition systemor partition function of a plasmid.

3.7.2. Classifications and type

Pasmids may be dasdfied in a number of ways. Plasmids can be broadly classfied into conjugetive plasmids,
non-conjugative plasmid and Mobilizable Plasmid.

3.7.2.1. Conjugative Plasmids: It contain a set of transfer ortragenes which promote sexud conjugation between different
cdlsIn the complex process of conjugation, plasmid may be transferred from one bacterium to another via sexpiliencoded by
some of thetragenes (see figure).

3.7.2.2.Non-conjugative plasmids: They are incapable of initiating conjugation, hence they can be transferred only with the

assistance of conjugetive plasmids.

3.7.2.3. Mobilizable Plasmid: An intermediate class of plasmids are mobilizable, and carry only a subset of the genes
required for transfer. They can paraditize a conjugative plasmid, trandferring at high frequency only in its presence.

Plasmids can aso be dassfied into incompatibility groups. A microbe can harbour different types of plasmids, however,
different plasmids can only exist in asngle bacterid cdl if they are compatible. If two plasmids are not compatible, one or the
other will be rapidly logt from the cell. Different plasmids may therefore be assigned to different incompatibility groups
depending on whether they can coexist together. Incompeatible plasmids (beonging to the same incompatibility group)
normally share the same replication or partition mechanisms and can thus not be kept together in asngle cal-

Hg: Trandformation in Bacteria

Source: https//en.wikipediaorg/wiki/Plasmid
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3.7.3. Ancther way to classify plasmids is by function.
There are five main classes:

3.7.3.1.Fertility F-plasmids : which containtragenes. They are capable of conjugationand result in the expression of sex pili.

3.7.3.2.Resistance (R) plasmids. Which contain genes that provide resstance againgantibioticsorpoisons. Higtoricaly

known as R-factors, before the nature of plasmids was understood.

3.7.3.3. Cal plasmids: Which contain genes that code forbacteriocins, proteinsthat can kill other bacteria

3.7.3.4. Degradative plasmids: which enable the digestion of unusua substances, e.g.tolueneandsdlicylic acid.

3.7.3.5. Virulence plasmids: which turn the bacterium into apathogen.

Plasmids can belong to more than one of these functional groups.

3.7.4.Plasmnid as a Vectors:

Artifigdly constructed plasmids may be used asvectorsingenetic enginesring. These plasmids serve as important tools in

genetics and biotechnology labs, where they are commonly used to clone and amplify (make many copies of) orexpress
paticular genes A wide variety of plasmids are commercidly avalable for such uses. The gene to be replicated is normdly
inserted into a plasmid that typicaly contains a number of features for ther use. These indude a gene that confers resistance
to particular antibiotics (Ampidllinis most frequently used for bacterid strains), anorigin of replicationto dlow the becteria

cdlsto replicate the plasmid DNA, and a suitable Ste for doning (referred to as amultiple doning site).

Fig: A Typicd atificid plasmid with more than one resstant Ste.
Source: https//en.wikipedia.org/wiki/Plasmid

A schemtic representation of thepBR322plasmid, one of thefirst plasmids to be used widely as acloning vector. Shown on
the plasmid diagram are the genes encoded (amp andtetforampidllinandtetracydine resistance respectively), its origin of

replication (ori), and variousredriction Stes(indicated in blue).
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3.7.5. Cloning: Cloning vector

Plasmids are the mogt-commonly used bacterid doning vectors. These doning vectors contain a ste that dlows
DNA fragments to be inserted, for example amulitiple doning siteor polylinker which has severd commonly usedredriction

sitesto which DNA fragments may beligated. After the gene of interest is inserted, the plasmids are introduced into bacteria
by a process caledtrandformation. These plasmids contain asdectable marker, usudly an antibictic resstance gene, which

confer on the bacteria an ability to survive and proliferate in a selective growth medium containing the particular antibictics.
The cdls after trandformation are exposed to the sdective media, and only cdls containing the plasmid may survive. In this
way, the antibictics act as afilter to sdlect only the bacteria containing the plasmid DNA. The vector may aso contain other
marker genesorreporter genesto facilitate selection of plasmid with cloned insert. Bacteria containing the plasmid can then be

grown in large amounts, harvested, and the plasmid of interest may then be isolated usng various methods of plasmid
preparation.

A plasmid doning vector istypicaly used to clone DNA fragments of up to 15kbp.To clone longer lengths of DNA, lambda
phagewith lysogeny genes deleted, cosmids, bacterid atifidd chromosomes, oryeadt atificid chromosomesare used.

3.7.5.1. Protein production

Another mgjor use of plasmidsisto make large amounts of proteins. In this case, researchers grow bacteria containing a
plasmid harboring the gene of interest. Just as the bacterium produces proteins to confer its antibiotic resistance, it can dso
be induced to produce large amounts of proteins from the inserted gene. Thisis acheap and easy way of mass-producing

the protein the gene codes for, for example,inadin.

3.7.5.2.Genetherapy

Plasmid may aso be used for gene transfer into human cells as potentia treatment ingene thergpy so that it may express
the protein that islacking in the cdlls. Some sirategies of gene therapy require the insertion of therapeuticgenesat pre-selected
chromosomad target Steswithin the humangenome. Plasmid vectors are one of many approaches that could be used for this
purpose. Zinc finger nucleases(ZFNs) offer away to cause a site-specific double-strand break to the DNA genome and

causehomol ogous recombination. Plasmids encoding ZFN could help deliver atherapeutic gene to a specific Site so that cell

damage, cancer-causing mutations, or an immune response is avoided.

3.7.5.3. Disease modeéls:

Plasmids were historically used to genetically engineer the embryonic stem cells of ratsin order to create rat genetic disease
modds. The limited efficiency of plasmid-based techniques precluded their usein the creation of more accurate human cell

models. However, developments inAdeno-associated virusrecombination techniques, andZinc finger nucleases, have

enabled the cregtion of a new generation of isogenic human disease models.

3.8.Episomes
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The termepisomewas introduced by Francois JacobandElie Wollmenin 1958 to refer to extra-chromosomal genetic

materia that may replicate autonomoudy or becomeintegrated into the chromosome.Since the term was introduced,
however, its use has shifted asplasmidhas become the preferred term for autonomoudly replicating extrachromosomal DNA.

Today some authors useepisomein the context of prokaryotes to refer to a plasmid that is capable of integrating into
the chromosome. The integrative plasmids may be replicated and stably maintained in a cdl through multiple generations, but
adways a some stage they exist as an independent plasmid moleculeln the context of eukaryotes, the termepisomes's used to
mean a non-integrated extra chromosomd closed circular DNA molecule that may be replicated in the nucleusViruses are
the most common examples of this, such asherpesviruses,adenoviruses, andpolyomaviruses, Episomes in eukaryotes behave

amilaly to plasmidsin prokaryotes in thet the DNA is stably maintained and replicated with the host cell. Cyto plasmic vird

episomes (as inpoxvirusinfections) can dso occur. Some episomes, as such herpes viruses, replicate in ardling circle
mechanisam, dmilar to bacterid phage viruses. Others replicate through a bidirectiona replication mechanism (Theta
typeplasmids). In ather case, episomes reman phydcaly separate from host cdl chromosomes. Several cancer viruses,
indudingEpstein-Barr virusandKapos's sarcoma-associated herpes virus, are maintaned as latent, chromosomaly distinct

episomes in cancer cells, where the viruses expressoncogenesthat promote cancer cdl proliferation. In cancers, these
episomes passively replicate together with host chromosomes when the cdl divides. When these vird episomes initiatelytic
replicationto generate multiple virus particles, they in generd activate cdlularinnate immunitydefense mechanisms that kill the
host cdl.

3.9.Yeast plasmids

Y eastsnaturdly harbour various plasmids. Notable among them are 2um plasmids — smdll circular plasmids often used for
genetic enginesringof yeast — and linear pGKL plasmids fromKluyveromyces lactis, that are responsible forkiller
phenotypes.

Other typesof plasmids are often related to yeast cloning vector sthat include:

3.9.1 .Yead integrative plasmid (YIp): yeast vectorsthat rely on integration into the host chromosome for survival and
replication, and are usudly used when studying the functiondlity of a solo gene or when the geneistoxic. Also connected

with the gene URAS, that codes an enzyme related to the biosynthesis of pyrimidine nucleotides (T, C)

3.9.2Yeast Replicative Plasmid (Y Rp): Which transport a sequence of chromosoma DNA that includes an origin of
replication. These plasmids are less stable, asthey canget lostduring the budding.

3.10. Plasmid DNA Extraction:

Pasmids are often used to purify a specific sequence, since they can eadly be purified avay from the rest of the
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genome. For their use as vectors and formolecular doning, plasmids often need to be isolated. There are severa methods to

isolate plasmid DNA from bacteria, the archetypes of which are theminiprepand themaxiprep /bulkprep. The former can be
used to quickly find out whether the plaamid is correct in any of several bacterid clones. The yidd is a smdl amount of
impure plasmid DNA, which is sufficient for analyss byredriction digesand for some doning techniques. In the laiter, much

larger volumes of bacterid sugpension are grown from which a maxi-prep can be performed. In essence, thisis a scaled-up
miniprep followed by additiond purification. This results in rdaively large amounts (severad hundred micrograms) of very
pure plasmid DNA. In recent times, many commercid kits have been created to perform plasmid extraction & various scales,
purity, and leves of automation.

4. The Cél wall (Outer Membrane): Bacteria are protected by a rigid cdl wal composed of peptidoglycans. A wall
located outside the cdl membrane provides the cdll support, and protection againg mechanicd stress or damage from osmotic
rupture and lyss. The mgor component of the bacteria cdl wal is peptidoglycan or murein. This rigid dructure of
peptidoglycan, specific only to prokaryotes, gives the cdl shape and surrounds the cytoplasmic membrane. Peptidoglycan is a
huge polymer of disaccharides (glycan) cross-linked by short chains of identicd amino acids (peptides) monomers. The
backbone of the peptidoglycan molecule is composed of two derivatives of glucose N-acetylglucosamine (NAG) and
N-acetlymuramic acid (NAM) with a pentapeptide coming off NAM and varying dightly among bacteria. The NAG and
NAM drands are synthesized in the cytosol of the bacteria They are connected by inter-peptide bridges. They are
transported across the cytoplasmic membrane by a carrier molecule called bactoprenol. From the peptidoglycan inwards dl
bacterid cdls are very amilar. Going further out, the bacterid world divides into two mgor classes: Gram postive (Gram +)
and Gram negative (Gram -). The cdl wal provides important ligands for adherence and receptor Stes for viruses or
antibiotics.

4.1.Gram-Negative Outer Membrane.

The Gram-negative cdl wall is composed of an outer membrane, a peptidoglygan layer, and a periplasm. Cdl wal is
composed of a sngle layer of peptidoglycan surrounded by a membranous structure caled the outer membrane. The
gram-negdtive bacteria do not retain crystd violet but are able to retain a counter sain, commonly safranin, which is added
after the crysd violet. The safranin is respongble for the red or pink color seen with a gram-negdtive bacteria. The
Gram-negative’ scdl wadl isthinner (10 nanometers thick) and less compact than that of Gram-positive bacteria, but remains
drong, tough, and dadtic to give them shape and protect them agang extireme environmenta conditions. The outer
membrane of Gram-negative bacteria invariably contains a unique component, lipopolysaccharide (LPS) in addition to
proteins and phospholipids. The LPS molecule istoxic and is classfied as an endotoxin that dicits a srong immune response
when the bacteria infect animas In Gram-negeative bacteria the outer membrane is usudly thought of as part of the outer
lesflet of the membrane structure and is rddively permeable. It contains structures that help bacteria adhere to animd cdls
and cause disease. The peptidoglycan layer is non-covaently anchored to lipoprotein molecules cdled Braun’s lipoproteins



through their hydrophobic head. Sandwiched between the outer membrane and the plasma membrane, a concentrated
gd-like matrix (the periplasm) isfound in the periplasmic space. It isin fact an integrd compartment of the gram-negative cdl
wadl and contains binding proteins for amino acids, sugars, vitamins, iron, and enzymes essentid for bacteria nutrition. The
periplasm space can act as reservoir for virulence factors and a dynamic flux of macromolecules representing the cdl’s
metabolic status and its response to environmenta factors. Together, the plasma membrane and the cdl wal (outer
membrane, peptidoglycan layer, and periplasm) condtitute the gram-negetive envelope.

Fig: Cdl wdll of Bacteria

Source: https://www.shutterstock.com/search/bacteriatce 1 +wall

Fig .Gram-negative bacteria Cell wall:
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Source: https./mww.shutterstock.comv/search/bacteriat+cel | +wall

4.2. Cdl Wall Gram Positive Bacteria Gram-positive bacteria are stained dark blue or violet by Gram gaining. While
Gram ganing is a vauable diagnogtic tool in both dinical and research seitings, not dl bacteria can be ddfinitively classfied
by this technique, thus forming. It is based on the chemicd and physcd properties of thar cdl wdls. Primarily, it detects
peptidoglycan, which is present in athick layer in Gram-positive bacteria. Gram-positive resultsin a purple/blue color while a
Gram-negative results in a pink/red color. The Gram dan is dmog dways the firs step in the identification of a bacterid
organign, and is the default dain performed by laboratories over a sample when no specific culture is referred. In
Gram-pogtive bacteria, the cdl wall isthick (15-80 nanometers), and consists of severd layers of peptidoglycan. They lack
the outer membrane envelope found in Gram-negative bacteria. Running perpendicular to the peptidoglycan sheets is a group
of molecules cdled teichoic acids, which are unique to the Gram-podtive cdl wall. Teichoic acids are linear polymers of
polyglyceral or polyribitol substituted with phosphates and a few amino acids and sugars. The teichoic acid polymers are
occasondly anchored to the plasma membrane (cdled lipoteichoic acid, LTA), and apparently directed outward at right
angles to the layers of peptidoglycan. Teichoic acids give the Gram-positive cdl wall an overdl negative charge due to the
presence of phosphodiester bonds between teichoic acid monomers. The functions of teichoic acid are not fully known but it
is believed to serve as a chdating agent and means of adherence for the bacteria. These are essentid to the viability of
Gram-pogtive bacteriain the environment and provide chemica and physica protection.

4.3.Myco plasmas and Other Cell-Wall-Deficient Bacteria:

Some bacteria lack a cdl wdl but retain ther gbility to survive by living indde another host cdll. For most bacteria
cdls the cdl wall is critica to cdl survivd, yet there are some bacteria that do not have cdl wallsMycoplasma species are
widespread examples and some can be intracdlular pathogens that grow indde their hosts. This bacterid lifetyle is cdled
paragitic or saprophytic. Cdl walls are unnecessary here because the cdls only live in the controlled osmotic environment of
other cdls. It islikely they had the ability to form a cdl wal a some point in the past, but as ther lifetyle became one of
exigence indgde other cells, they logt the aaility to form walls. Congigtent with this very limited lifestyle within other cells, these
microbes adso have very amdl genomes. They have no need for the genes for dl sorts of biosynthetic enzymes, as they can
ged the find components of these pathways from the host. Smilarly, they have no need for genes encoding many different
pathways for various carbon, nitrogen and energy sources, since ther intracdlular environment is completely predictable.
Because of the absence of cdl walsMycoplasmahave a spherica shape and are quickly killed if placed in an environment
with very high or very low sat concentrations. However, They have unusudly tough membranes that are more resgtant to
rupture than other bacteria since this cdlular membrane has to contend with the host cdl factors. The presence of sterolsin
the membrane contributes to their durability by heping to increase the forces tha hold the membrane together. Other
bacterid species occasondly mutate or respond to extreme nutritiond conditions by forming cdls lacking wadls, termed
L-forms. This phenomenon is observed in both gram-positive and gram-negative species. L-forms have varied shapes and

are sengtive to osmotic shock.
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Fig:Mycoplasma
Source: Wilkepedia

Scientific classification of Mycoplasma
Domain: Bacteria

Phylum: Tenericutes

Class Mallicutes

Family: Mycoplasmataceae

Genus Mycoplasma

Nowak gave the term mycoplasmain the year 1929

4.4. Cell Walls of Archaea: Archaed cdl wals differ from bacterid cdl wadls in their chemica composition and lack of
peptidoglycans.
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Fig: Archaebacteria

Source: Wilkepedia

As with other living organisms, Archaed cdls have an outer cdl membrane that serves as a protective barrier between the
adl and its environment. Within the membrane is the cytoplasm, where the living functions of the archeon take place and
where the DNA islocated. Around the outside of nearly dl Archaed cdlsis a cdl wal, a semi-rigid layer that helps the cdl
mantan its shape and chemica equilibrium. All three of these regions may be didinguished in the cdls of bacteria and most
other living organiams. A closer look a each region reveds dructurd smilaities but mgor differences in chemicd
compostion between bacteria and archaed cdl wal. Archaea builds the same structures as other organisms, but they build
them from different chemicd components. For ingance, the cdl wadls of dl bacteria contain the chemicd peptidoglycan.
Archeed cdl walls do not contain this compound, though some species contain a Smilar one. It is assembled from
surface-layer proteins cdled S-layers. Likewise, archaea do not produce walls of cdlulose (as do plants) or chitin (as do
fung). The cdl wdl of archaeans is chemicdly didinct. Methanogens are the only exception and possess
pseudopeptidoglycan chainsin ther cdl wal that lacks amino acids and N-acetylmuramic acid in their chemicad composition.
The mogt griking chemicd differences between Archaea and other living things lie in their cdl membrane. There are four
fundamentd differences between the archaed membrane and those of dl other cdls (1) chirdity of glycerol, (2) ether
linkege, (3) isoprenoid chains, and (4) branching of Sde chains,

5.0. Damage to the Cell Wall:

The cdl wdl is responsible for bacterid cdl surviva and protection agangt environmenta factors and antimicrobid
sress. The cdl wal is the principa stress-bearing and shape-maintaining eement in bacteria. Its integrity is thus of critica
importance to the viahility of a particular cell. In both gram-pogtive and gram-negative bacteriacell wal conssts of a
cross-linked polymer peptidoglycan. The cdl wal of gram-negative bacteria is thin (approximately only 10 nanometers in
thickness), and is typicdly comprised of only two to five layers of peptidoglycan, depending on the growth stage. In
gram-pogitive bacteria, the cdl wal is much thicker (20 to 40 nanometers thick). While the peptidoglycan provides the
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gructurd framework of the cdl wal, teichoic acids, which make up roughly 50% of the cdl wal materid, are thought to
control the overdl surface charge of the wdl. This affects muren hydrolase activity, resstance to antibacterid peptides, and
adherence to surfaces. Although both of these molecules are polymerized on the surface of the cytoplasmic membrane, their
precursors are assembled in the cytoplasm. Any event that interferes with the assembling of the peptidoglycan precursor, and
the transport of that object across the cdl membrane, where it will integrate into the cdl wall, would compromise the integrity
of the wall. Damage to the cdl wall disturbs the state of cdl dectrolytes, which can activate degth pathways (apoptosis or
programmed cdl death). Regulated cdl death and lyss in bacteria plays an important role in certan developmentd
processes, such as competence and hiofilm development. They dso play an important role in the dimination of damaged
cdls such as those irreversbly injured by environmenta or antibiotic stress. An example of an antibiotic that interferes with
bacterid cdl wdl synthess is Penicllin. Peniallin acts by binding to transpeptidases and inhibiting the crosslinking of
peptidoglycan subunits. A bacteria cdl with a damaged cdl wal cannot undergo binary fisson and is thus certain to die.

6.Endospore: They are thick waled, highly retractile hard resstant Structure serve to tide over unfavorable condition like
nutrients  deficdency, high heat etc. It is produced by some <specid bacteria like Bacillus,
Clostridium,Sporosar cina, Thermoactinomycetes and few other genera under unfavorable condition. It is not a
means of reproduction and serves to tide over unfavorable environmenta condition. After approaching to favorable
condition endospore burst to release one cdl (In divison two cdl will form). All endospore contain large amounts of
dipicalinic acid (DPA) which is the hard structure due to deposition of Ca -dipicolinic acid. The cacium DPA complex
may possibly play arolein the heat resistance endospores. Release of cdl is after gpproaching favorable environment

isknown as germingtion.

Fig: Endosporein Bacteria
Source: Wilkepedia

Endospore lose their resistance to heat and staining subsequent outgrowth occur, characterized by synthesis of new cell
material and development of the organisminto agrowing cell.
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TheEnd

Chapter-5

MICROSCOPY AND SPECIMEN PREPARATION

4.1. The Study of Microbial Structure:

Organisms are dassfied into taxonomyinto many groups such as Animds,Plants, andFungi or Unicdllularmicroorganisms

such asProtists,Bacteria, andArchaea. All types of organisms are capable of reproduction,growth and development. They dso

have ability for maintenance of their cdlular structure mand some degree of response togimuli. Examples of multicdlular
organisms that have well developed differentiatespecializedtissuesandorgansare Humans, squids, mushrooms, andvascular plants.

An organism may be dther aprokaryoteor aeukaryote. Prokaryotes are represented by two separatedomans—bacteriaand

achaea. Eukaryotic organisms are characterized by the presence of a membrane-boundcdl_nudeusand contain additiona
membrane-bound compartments caledorgandles(such asmitochondriain animas and plants andplatidsin plants andagee, dl
gengdly considered to be derived from mbioticbacteria). Fungi, anmds and plants are examples of kingdomsof
organisms within the eukaryotes. About 2 million to 1 trillion species are estimated to be present on current earth of which only
1.7 million have been documented and more than 99% of dl species, amounting to over five hillion species, that ever lived are
estimated to beextinct.

Structure of organisms may vary from 0.1nm to 10 m.Some organism can be seen by naked eys some with the aid of visud ad
like Microscope.A normd eys can see up to Imm.Smaller then tis 9ze need aoptica ad.

4.2. Discovery of Microorganisms : Thefirg microorganism was observed by Antony van Leeuwenhoek (1632-1723)
by his smple made microscope which was nothing but assembly of glasses. He cdled them as“ Animacules’.
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Fig. First Microscope prepraed by A.V.Leewenhook and structure of Microorganism.

Lenses and the Bending of Light- The property of a Microscope depends on the light property,Lenses and bending of
light. The common properties of lightsare:
« Lightisrefracted (bent) when passing from one medium to another

» Thebending of light isthe property of Refractive indexes of different media.

» A measure of how greatly a substance dowsthe velocity of light

« Direction and Magnitude of bending is determined by the refractive indexes of the two mediaforming the interface

o Lenses

» Focuslight rays at a specific place cdled thefoca point

» Digtance between center of lensand foca point isthe foca length.

« Strength of lensrelated to focal length

« Short focd length [ more magnification
4.2.1.The Light Microscope: The light microscope is an important tool in the study of microorganisms, particularly for

identification purposes.

Principles
The lightmicroscopeis an ingrument for visudizing fine detail of an object. It doesthis by cresting a magnified image through the
use of a series of glass lenses, which firg focus a beam of light onto or through an object, and convex objective lenses to
enlarge the image formed. In the mgority of lightmicroscopes, the image is viewed directly through binocular eyepieces thet act
as a secondary lensin the form of a magnifying glass to observe the projected image. Such instruments are termed * compound
microscopes,” and the totd megnification is the sum of the objective magnification and the eyepiece magnification. The
magnification range extends from %10 to x1000, with a resolving power of the order of 0.2um, depending on the type and

numerical aperture (area available for passage of light) of the objective lenses. A number of books are available, providing

comprehensive details on the theory of the light microscope and guidance to the practicd use of the instrument, induding

51



methods of image enhancement and instrument care.
Types of compound Microscope: Based on source of enrgy used light can be

0 Bright-field Microscope.

0 Dark-fiedd Microscope.

0 Phase-contrast Microscope.
0 Fuorescence Microscopes

These are compound microscopes.  The compound light microscope uses visblelight to directly illuminate specimensina
two-lens system, resulting in the illuminated specimen appearing dark againgt a bright background. The two lenses present in
acompound microscope are the ocular lensin the eyepiece and the objective lenslocated in the revolving nosepiece. The

imageisformed by the action of >2 lenses

4.2.2.TheBright-Field Microscope: Produces adark image against a brighter background. It has severa objective lenses.
Parfocal microscopes remain in focus when objectives are change. Total magnification isthe product of the magnifications of

the ocular lens and the objective lens

Fig: A compound Microscope.

Parts of Compound Microscope: A typicad Compound Microscope have following parts
1. llluminator: the light source in the base of the microscope;

2. Abbe Condensor: atwo lens system that collects and concentrates light from the illuminator and directsit to theiris
digphragm;
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3. Irisdigphragm: regulates the amount of light entering the lens system;

4. Mechanica stage: aplatform used to place the dide on which hasaholein the center to let light from the illuminator
pass through. Often contains stage clipsto hold the didein place;

5. Body tube: houses the lens system that magnifies the specimens;
6. Upper end of body tube—oculars/eye pieces. what you view through;

7. Lower end of body tube—nose-piece: revolves and contains the objectives.

Essentially, alight microscope magnifies smal objects and makes them visible. The science of microscopy is based on
the following concepts and principles.

aMagnification issmply the enlargement of the specimen. In acompound lens system, each lens sequentidly enlarges
or magnifiesthe specimen;

b. The objective lens magnifies the specimen, producing ared image that isthen magnified by the ocular lensresulting in
thefind image:

c. Thetotal magnification can be caculated by multiplying the objective lens vaue by the ocular lensvaue.

Microscope Resolution- Ahbility of alensto separate or disinguish smdl objects that are close together. In other word It is
defined as the inverse of the distance or angular separation between two objects which can be just resolved when viewed
through the optica instrument.

Resolving Power of Microscope:

For microscopes, the resolving power is the inverse of the distance between two objects that can be just resolved. Thisis given
by the famous Abbe’ s criterion given by Erngt Abbein 1873 as

?

d=A2nsnb

?

Resolving power=1 d=2ndnoA

Wherenis the refractive index of the medium separating object and aperture. Note that to achieve high-resolutionn sin 6mugt be

large. Thisis known as the Numerica aperture.



Thus, for good resolution:
1. sin Omust be large. To achieve this, the objective lensis kept as close to the specimen as possible.

2. A higher refractive index (n) medium must be used.Oil immerson microscopes use ol to increase the refractive index.
Typicdly for use in biology studies, this is limited to 1.6 to maich therefractive indexadf glass dides used. (This limits

reflection from dides). Thus the numerica aperture is limited to just 1.4-1.6. Thus, optica microscopes (if you do the
meath) can only image to about 0.1 microns. This means that usudly organdles, viruses and proteins cannot be imaged.

3. Decreasing the wavedength by usng X-rays and gamma raysWhile these techniques are used to Study inorganic
crystas, biologica samples are usudly damaged by x-rays and hence are not used.

Thelimit set by Abbe’ s criterion for optica microscopy cannot be avoided. However, usng different fluorescence microscopy
techniques the Abbe’slimit can be circumvented. Stefan Hell used a technique cdled Stimulated Emisson Depletion (STED)
and the duo Eric Betzig and W.E. Moerner used superimposed images usng green fluorescent proteins to bypass the resolution
limit and obtain optical imagesin never before seen resolution. All three were awarded the 2014 Nobel Prize in Chemigtry for
their pioneering work. Waveength of light used is mgor factor in resolution

shorter wavdength [0 greater resolution

Working distance: It isthe distance between the front surface of lens and surface of cover glass or specimen

Fig: Working distance and use of immersion oil for better resolution
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4.2.3.The Dark-Field Microscope: Produces abright image of the object against adark background. Used to observe
living, unstained preparations.

Preparation and Staining of Specimens. The main function of sainin microscopy is  to Increasesvishility of specimen
and accentuates specific morphologica features of Microorganism . It aso preserves the specimensfor long time to study

later on.

Fixation: It isthe process by which interna and externd structures are preserved and fixed in position.During fixation the

organism under observation iskilled and firmly attached to microscope dide. There are two methods for fixation of organisms:
A. Heat fixing
Preserves overal morphology but not internd structures
B. Chemical fixing: Protectsfine cdlular substructure and morphology of larger, more ddlicate organisms

Dyesand Smple Staining

Dyes: Makeinterna and externa structures of cell more visible by increasing contrast with background.It have havetwo
common featuresa. A chromaophore groups B. chemica groups with conjugated double bonds give dyeits color and ability
to bind cdls.

Typesof Staning: There are many types of Staining depending upon our objectives of observation:

1.Simple staining: Inthisprocess asngle gaining agent isused.Basic dyes are frequently used ie dyeswith positive
charges which have ability to bind with negatively chargesd bacterid surfaceieg., crystd violet

2. Differential Staining: Divides microorganismsinto groups based on their staining properties. e.g., Gram stain (Divide
bacteriainto gram +ve and Gram —ve) e.g., Acid-fast sain (For Mycobacterium tuberculoss)

2.1.1 Gram staining: most widdy used differential staining procedure. Divides Bacteriainto two group as Gram +ve and
Gram —ve.ln thismethod a series of Chemicals are used to stain the bacteria and then differentiated based on the property to
retian aparticular dye colour such ascrystd violet in gram +ve and Safranin in Gram negative(A counterstain).

The Steps of gram gaining is given below:
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Flow chart: Process of Gram staining
Source: Wikipediaorg.in

2.1.2.Acid-fast staining: Particularly useful for taining members of the genus Mycobacteriume.g., Mycobacterium
tuberculosis — causes tuberculosis, e.g., Mycobacterium leprae — causes leprosy. Mycobacterium have high lipid content in

cdl wdlsthat ismainly respongiblefor their saining characterigtics.

3. Staining Specific Structures: Some of the dye have ability to stain specia structure such asflagella Endospore,Capsule
etc.Some of them arelisted below:

3.1.Negative staining: This staining methofdsis Often used to visudize capsules surrounding bacteria. The capsules
looks colorless againgt a stained background.

3.2 Spore staining: For Visudizing Bacterid Endospore Double staining techniqueis used in which bacteria endospore

retain one color and vegetative cdl retain adifferent color.

3.3.Flagella staining: Hagela are too thin to be visudized usng a bright fiedd microscope with ordinary stains, such as the
Gram gan, or agmple stain. A wet mount technique is used for gaining bacterid flagela, and it is ample and useful when the
number and arrangement of flagdla are criticd to the identification of species of matile bacteria. The Saining procedures require
the use of amordant so thet the gain adheresin layers to the flagdlla, dlowing visudization.

Other Microscope:

4.2.4.Phase-contrast microscopy: Itisan optical microscope that convertsphase shiftsin light passing through a transparent
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specimen to brightness changes in the image. Phase shifts themsdves are invisible, but become visble when shown as brightness
varigtionslts an example of Dark field Microscope. The Microscope was invented by Zernick in 1950.

When light waves travel through a medium other thanvacuum, interaction with the medium causes the waveamplitudeandphaseto

change in a manner dependent on properties of the medium. Changes in amplitude (brightness) arise from the scattering and
absorption of light, which is often waveength-dependent and may give rise to colors.Phase-contrast microscopy is paticularly
important in biology. It reveals manycdlularstructures that are not visble with a smplerbright-fiedld microscope. These structures

were made vishle to earlier microscopists bydaning, but this required additiona preparation and thus killing the cdlls. The
phase-contrast microscope made it possible for biologists to study living cdls and how they proliferate throughcdl divison. It is
one of the few methods available to quantify cdlular structure and components that does not usefluorescence. After its invention
inthe early 1930s, phase-contrast microscopy proved to be such an advancement in microscopy that its inventorFits Zernike
was awarded theNobd Prize in_Physicsin 1953. The basic principle to meking phase changes visble in phase-contrast

microscopy is to separate the illuminaing (background) light from the specimen-scattered light (which makes up the foreground
details) and to manipulate these differently.

Fg: A Phase Contrast Microscope with working Principd.

Source: Wikipedia.org.in
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FHg: Phase Congtart Microscope
Olympus Made.

Steps to observe image under Phase Contarst Microscope:  Diffrence in working of A Dark fidd Microscope and

Phase Contrast Microscope:
1.Dark Fidd Microscoe conssts of a detector,lenses to magnify,A Phase ring and alight source.
2.The phase ring stops part of the light so that it canot reach the detector anymore
3.When asampleisinserted ,it scatters part of the light even if it is transparent.
4.The scatterd light refocused on the detector,
5. The image of the sample appereds on the screen.
6. Dark fidd dlows increasing the contrast of image of unstained and uncoloured objects.
Phase Contrast Microscope function:
1. When the sampleisinserted it scatters part of the light which is then aso refocused to the detector
2. To diginguish direct light from thet of scattered by the sample,a phase plate is inserted.
9. The scattered part crosses athicker part of the plate This shift its phase compared to the direct light.
10. Scattered light then interfares with direct light which create a phase constarst.

11. The resulting intengty differences dlow to visudize transparaent samples

4.2.5.Fluroscence Microscope: The specimen is illuminated with light of a specificwavdength(or wavelengths) which is
absorbed by thefluorophores, causing them to emit light of longer wavelengths (i.e., of a different color then the absorbed
light). Theillumingtion light is separated from the much weaker emitted fluorescence through the use of a spectrd emisson

58



filter. Typica components of a fluorescence microscope are a light source (xenon_arc_lampormercury-vapor lampare
common; more advanced forms are high-power LEDsandlasers), theexcitation filter, thedichroic mirror and theemisson
filter(see figure below). The filters and the dichroic beam splitter are chosen to meatch the spectral excitation and emisson
characterigtics of the fluorophore used to labd the specimen. In this manner, the digribution of a sngle fluorophore (color)
Is imaged a a time. Multi-color images of severd types of fluorophores mugt be composed by combining severd

single-color images.

Fg: Working of Flurescence Microscope

SourceWikipedia.org.in

Fig: An upright fluorescence microscope (Olympus BX61)
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with the fluorescencefilter cube the objective lenses,

Coupled with adigita camera.

1.Light isalowed to pass through excitation filter to fall upon Object under investigation (Blue Light).
2.0bject reflected the light of higher Waveenght(Green light)

3.Detected as green object in two dimensional and three dimensiona figure,

4.Even smdl quantity of cell component can be visuaized by this microscope by moving above the ocular lenses over
each part of the cell component.

5.Electron Microscopy: A beams of eectrons are used to produce images .Since wavel ength of e ectron beam ismuch
shorter than light, resulting in much higher resolution. It isthat type of microscopethat uses a beam of acceleratedelectronsas a
source of illumination. Asthe wavelength of an eectron can be up to 100,000 times shorter than that of visible lightphotons,
€electron microscopes have a higherresolving power thanlight microscopesand can reved the structure of smaler objects. A

scanning transmission e ectron microscopehas achieved better than S0pmresolution inannular dark-field imagingmode and

magnificationsof up to about 10,000,000x whereas mostlight microscopesare limited by diffractionto about 200nmresolution

and useful magnifications below 2000x. Electron microscopes use shaped magnetic fields to formelectron optica lenssystems

that are andogous to the glasslenses of an optical light microscope. Itis used to investigate theultrastructureof awide range of
biologica and inorganic specimens,cdlls, largemolecules, metds, andcrysds. The First Electron Microscope was developed in
1931 by the physicisErngt Ruskaand the dectrica engineerMax Knall.

Fg: A Typicd Electron Microscope.lmage of afly under EM
Electron Micrscope are of two types.
5.1. Transmission Electron Microscope and Scanning Electron Microscope

A.Tranamisson_dectron_microscope(TEM), is a known eectron Microscope that uses ahigh voltagedectron beamto

illuminate the specimen and create an image. The eectron beam is produced by aneectron gun, commonly fitted with a
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tunggtenfilamentcathodeas the eectron source. The eectron beam is accelerated by ananodetypicaly a +100 keV (40
to 400 keV) with respect to the cathode, focused bye ectrostaticande ectromagneticlenses, and tranamitted through the

specimen that isin part trangparent to eectrons and in partscattersthem out of the beam. When it emerges from the
specimen, the eectron beam carries information about the structure of the specimen that is megnified by theobjective
lenssystem of the microscope. The spatid variation in this information (the “image’) may be viewed by projecting the
megnified eectron image onto a fluorescent viewing screen coated with aphosphororscintillaiormaterid such as zinc
aulfide

Alternativey, the image can be photographicaly recorded by exposing aphotographic filmorplatedirectly to the electron

beam, or a high-resolution phosphor may be coupled by means of alens opticad system or afibre opticlight-guide to the
sensor of adigital camera. Theimage detected by the digital camera may be displayed on a monitor or compuiter.

Fig: Working of Transmission Electron Microscope
Source: Brittannica.com

Specimen Prepar ation: A anaogous to procedures used for light microscopy. For transmission electron microscopy,

gpecimens must be cut very thin. Specimens are chemicaly fixed and stained with éectron dense material

5.2. The Scanning Electron Micr oscope:
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SEM produces images by probing the specimen with a focused dectron beam that is scanned across a rectangular area of the
specimen. When the eectron beam interacts with the specimen, it loses energy by a variety of mechanisms. The logt energy is
converted into dternative forms such as heat, emisson oflow-energy secondary eectronsand high-energy  backscattered

electrons, light emisson (cathodoluminescence) orX-rayemisson, dl of which provide sgnds carrying information about the

properties of the specimen surface, such as its topography and composition. The image displayed by an SEM maps the varying
intendty of any of these Sgnasinto theimagein a pogtion corresponding to the pogtion of the beam on the specimen when the
sgnd was generated.

Advantage :

1.Althoug the image resolution of an SEM is lower than that of a TEM. But as the SEM images the surface of a sample
rather then its interior, the eectrons do not have to trave through the sample. This reduces the need for extensve
sample preparation to thin the specimen to eectron transparency.

2.The SEM is able to image bulk samples that can fit on its stage.

3.The SEM dso has a great depth of fidd, and so can produce imeges that are good representations of the
three-dimensond surface shape of the sample.

4. Another advantage of SEM's comes withenvironmental scanning electron_microscopes(ESEM) that can produce images

of good qudity and resolution with hydrated samples or in low, rather than high, vacuum or under chamber gases. This
fadilitates imaging unfixed biological samples that are ungtable in the high vacuum of conventiona eectron microscopes.

TheEnd

Chapter-6

CLASSIFICATION, NOMENCLATURE AND IDENTIFICATION



5.1 Introduction

Taxonomy (Greek taxis, arrangement or order, and nomos, law, or naming, to distribute or govern) is defined asthe science
of biological classfication. In abroader senseit conssts of three separate but interrelated parts: classification, nomenclature,
and identification.

5.1.2 Classification

Clasdsfication is"the arrangement of organismsinto groups or taxa."

5.1.3 Nomenclature

Nomenclature is "the branch of taxonomy concerned with the assgnment of names to taxonomic groupsin agreement

with published rules.
| dentification

Identification is"the practicd side of taxonomy, the process of determining that aparticular (organism) belongsto a
recognized taxon.”
5.2 History of Taxonomy

CarolusLinnaeus (1707-1778), Linnaeus, 18th century taxonomigt, classified organisms by their structure. Heis credited
with devel oping the modern system of naming known as binomid nomenclature and is called the * Father of Taxonomy’.

Two-word name (Genus and species)

— Genus species

—Latin or Gresk

—Itdicizedin print

— Capitaize genus, but NOT species
— Underlinewhen writing

Carolus Linnaeus distinguished two kingdoms of living things: Animaiafor animasand Vegetabiliafor plants (Linnaeus also
included minerds, placing them in athird Kingdom, Minerdia). He divided each kingdom into classes, later grouped into
phylafor animasand divisonsfor plants.

Edouard Chatton (1883-1947), a French biologist, contributed to our knowledge of single-celled protoctists, especialy
ciliates and dinoflagellates, free-living and/or symbiatic, in relation to the marine invertebrate animalsin which they resde.
More than the description of many new families, generaand species, and of thelr life cycles, he anticipated severd mgor
concepts of cdl biology, including the fundamental difference between prokaryote and eukaryote protists, long time before
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the advent of electron microscopy. It gradualy became apparent how important the prokaryote/eukaryote ditinction is, and
Stanier and van Nid popularized Chatton's proposal in the 1960s to divide them.

Erngt Heinrich Philipp August Haecke (1834—1919), was an eminent German biologist, naturalist, philosopher,
physician, professor and artist who discovered, described and named thousands of new species, mapped agenedlogical tree
relating dl life forms, coined many termsin biology, including phylum, phylogeny, ecology and the kingdom Protigta. In

1866, Ernst Haeckel divided animals, plants, and microorganismsinto 3 kingdoms namely Animdia, Plantae and Protista.

Robert Harding Whittaker (1920—1980), recognized an additiond kingdom for the Fungi. The resulting five-kingdom
system, proposed in 1969, has become a popular standard and with some refinement is till used in many works and forms
the basisfor newer multi-kingdom systems. It is based mainly on differencesin nutrition; his Plantae were mostly multicdlular
autotrophs, his Animaiamulticellular heterotrophs, and his Fungi multicdlular saprotrophs. The remaining two kingdoms,

Protigtaand Monera, included unicdlular and smple cellular colonies.

Inbiological taxonomy, kingdom and/or regnum is ataxonomic rank in either (historicaly) the highest rank, or (in the new
three-domain system) the rank below domain. Each kingdom isdivided into smaler groups cdled phyla (or in some contexts
these are cdled *divisons’). Currently, many textbooks from the United States use a system of six kingdoms (Animalia,
Pantae, Fungi, Protista, Archaea, Bacteria) while British and Australian textbooks may describe five kingdoms (Animalia,
Plantae, Fungi, Protista, and Prokaryota or Monera). The classifications of taxonomy arelife, domain, kingdom, phylum,
class, order, family, genus, and species.

5.3 Classification Systems

Hierarchicd classfication: In classfication taxonomist follow ahierarchy of designations, meansin ascending sequence. The
full description of agiven organism's place among dl the world's organisms does not end with its binomia designation. There
existsahierarchy of designations only the last of which describe generaand species denomination. A category in any rank
unites groupsin the level below it based on shared properties. The mgor designations, listed in terms of increasing
specificity, include

Domain (empire/super-kingdom)
Kingdom

Phylum

Class

Order
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Family
Genus

Species

Example

GenusEscherichia

Species.coli

Family: Enterobacteriacese

Class: Scotobacteria

Dividon; Gracilicutes

Kingdom: Procaryotae

5.3.1 Fivekingdomsof life:

Living organisms as suggested by are subdivided into 5 mgor kingdoms, including the Monera, the Protista (Protoctista), the
Fungi, the Plantae, and the Animdia. Each kingdom isfurther subdivided into separate phylaor divisons. Generdly ‘animas’
are subdivided into phyla, while ‘plants’ are subdivided into divisons. These subdivisions are anal ogous to subdirectories or
folders on your hard drive. The five kingdom system of classification for living organisms, including the prokaryotic Monera
and the eukaryotic Protista, Fungi, Plantae and Animaliais complicated by the discovery of archagbacteria. The prokaryotic
Monerainclude three mgjor divisons. The regular bacteria or eubacteria; the cyanobacteria (also called blue-green algee);
and the archaebacteria. Lipids of archagbacteria cell membranes differ considerably from those of both prokaryotic and
eukaryoatic cells, as do the composition of their cell walls and the sequence of their ribosoma RNA subunits. In addition,
recent studies have shown that archaebacterial RNA polymerases resemble the eukaryotic enzymes, not the eubacteria
RNA polymerase.

5.3.2 Six kingdoms

Around 1980, there was an emphasis on phylogeny and redefining the kingdoms to be monophyletic groups, groups made
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up of relatively closely related organisms. The Animalia, Plantae, and Fungi were generdly reduced to core groups of closely
related forms, and the others placed into the Protista. Based on RNA studies, Carl Woese divided the prokaryotes
(Kingdom Monera) into 2 kingdoms -Eubacteria and Archaebacteria. Carl Woese attempted to establish a 3 Primary
Kingdom system in which Plants, Animals, Protista, and Fungi were lumped into one primary kingdom of al eukaryotes. The
Eubacteriaand Archaebacteria made up the other two kingdoms. Theinitial use of ‘ Sx kingdom sysem’ represents a
blending of the classc five kingdom system and Woese's three domain system. Such six kingdom system has become
standard in many works. A variety of new eukaryotic kingdomswere a so proposed, but most were quickly invalidated,
ranked down to phylaor classes, or aandoned. The only onewhich isstill in common useisthe kingdom Chromista
proposed by Cavdier-Smith, including organisms such as kelp, diatoms, and water moulds. Thus the eukaryotes are divided
into three primarily heterotrophic groups, the Animaia, Fungi, and Protozoa, and two primarily photosynthetic groups, the
Plantae (including red and green dgae) and Chromista. However, it has not become widely used because of uncertainty over
the monophyly of the latter two kingdoms.

5.3.3 Threedomain system

In 1970, Carl Woes, by anayzing RNA, developed the 3 domain classification system
Archaebacteria

Bacteria

Eucarya

Woese stresses genetic Smilarity over outward appearances and behaviour, relying on comparisons of ribosoma RNA genes
a the molecular leve to sort out classfication categories. A plant does not ook like an animd, but at the cdlular levd, both
groups are eukaryotes, having Smilar subcdlular organization, induding cdl nude, which the Eubacteria and Archaebacteria
do not have. More importantly, plants, animds, fungi, and protists are more Smilar to each other in their genetic makeup at
the molecular level, based on RNA studies, than they are to either the Eubacteria or Archaegbacteria. Woese aso found that
dl of the eukaryotes, lumped together as one group, are more closdly related, geneticdly, to the Archaegbacteria than they are
to the Eubacteria This means that the Eubacteria and Archaegbacteria are separate groups even when compared to the
eukaryotes. Therefore, Woese edtablished the three domain system, daifying that dl the Eukaryotes are more closdy
gendticdly related compared to ther genetic reaionship to ether the bacteria or the archaebacteria, without having to
replace the *9x kingdom system’ with a three kingdom system. The three domain sysem isa ‘ 9x kingdom system’ that unites
the eukaryotic kingdoms into the Eukarya Domain based on their reative genetic smilarity when compared to the Bacteria
Domain and the Archaea Domain. Woese aso recognized that the Protista kingdom is not a monophyletic group and might
be further divided a the leve of kingdom. Others have divided the Protista kingdom into the Protozoa and the Chromista, for

ingance.
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Someimportant term:
Serovar

A serovar isadrain differentiated by serologica means. Individua strains of Samonelaspp. are often distinguished and
distinguishable by serologica means.
Biovar (biotype)

Biovarsare Srainsthat are differentiated by biochemical or other non-serologica means.

Morphovar (mor photype)

A morphovar isastrain which is differentiated on the bass of morphologicd digtinctions.

| solate

An isolate isapure culture derived from a heterogeneous, wild population of microorganisms. Theterm isolateisaso

applicable to eucaryotic microorganisms aswell asto viruses.
METHODSOF CLASSIFICATION

Introduction

Two common approaches used in biological world are referred to as phenotypic and phylogenetic classfication.

Phenotypic (phenetic) classfication:

Phenotypic classfication is concerned with grouping individua species into phenotypic categories (taxons) based on how
organiams ‘look’. In the recent past, taxonomists were not equipped to dassfy beyond the levd of phenotypic groupings
except via inference from phenotypic Smilarities Phenotypic smilarity and evolutionary relationship do not aways map one
to one upon each other. This approach is guided by a set of morphologica and biochemicd tests, condituting the cornerstone
of ‘ Determinative Microbiology’ .

Limitations. From the standpoint of many areas of microbiology, a determinative classfication is sufficent. For example, in
dinica microbiology the identification of organisms permits the physcian to assess pathogenicity and to select a trestment. In
this context, the purdly determinative nature of a classfication is not crucid. If the organism has previoudy been described
and hence is dready in the classfication, then it can be identified and treated. However, from a biologica point of view, the
lack of a naturd system does not permit the projection of properties of previoudy described organisms onto new ones that
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might be dlosdly related, but not identicd, to those known before. In addition, it does not help us understand an organism that
we have been ungble to cultivate in the laboratory. Findly, it does not permit studies of the origin and evolution of cdlular
functions (e.g. drug resistance, aerobiosis or photosynthess), because there is no evolutionary (higtorica) framework.
Phylogenetic (phyletic) classification

Phylogenetic classfication is concerned with grouping individua speciesinto evolutionary categories. Since the early 1980s,
phylogenetic classfication has been made much morefacile by the invention of molecular taxonomy. The evolutionary

classfication of organismsis based on the nucleotide sequence divergence at individua loci (genes).
Phylogeny from Phenotype

These two gpproaches (phenotypic and phylogenetic classfication) often fully match. Thisis becausethereisusudly a
correlation between evolutionary relatedness and phenotypic rel atedness. However, such things as convergent evolution can
creete confusion between the two classfication philosophies since convergent evolution, by definition, produces phenotypic
gmilarity in the absence of close evolutionary relatedness. Thetrick to solving these discrepanciesis to concentrate on true
homol ogies and ignore convergence. Conflicts between phenotypic and phylogenetic classfication are at the root of the

various monophyly-paraphyly debates.
Molecular phylogeny

A homology isasmilarity between two organismsthat exists because the two organisms are closdly evolutionarily related
(that is, the feature in question existed in the common ancestor to the two organisms). The smilarity of the DNA (or RNA)
of organisms may be determined by anumber of meansincluding determinations of base composition, nucleotide sequence,
or DNA hybridization rates. Typicaly these meansinclude very powerful ways by which organisms may be classified, either
interms of distinctions between organisms (i.e. the organisms may be classified as representing two or more species) or
amilarities(i.e. it may be concluded from evidence of genotypic Smilarity that the organisms are closaly related, i.e.
evolutionarily related); the latter smilaritieswe would classify asagenetic homology. The downside of genetic homology is
that the acquisition of data often requires alaboratory and at least alittle effort. The upsideisthat genetic homology
describes evol utionary rdationships with only minimal interference from phenotype.

Numerical Taxonomy

Itis a dassfication sysem in biologica systematics which deds with the grouping by numerica methods of taxonomic units
based on ther character states. It amsto create a taxonomy usng numeric dgorithms like cluster analyss. The concept was
fird developed by Robert R. Soka and Peter H. A. Sneath in 1963. Phenetics is a dosdy related discipline and draws
heavily from the methods of numerica taxonomy.

Although intended as an objective dassfication method, in practice the choice and waghing of morphologica characteristics
is often guided by avalable methods and research interests. Furthermore, the genera consensus has become that the
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taxonomic classfication should reflect evolutionary (phylogenetic) processes. Some connections between phylogenetic trees
and the spectral decomposition of the variance-covariance matrix of quantitative traits subject to Brownian motion over time
have been established, providing a theoretica link between phylogenetic methods and numericd taxonomy. The specific
phenetic agorithms proposed in numericd taxonomy, however, often fal to properly reconstruct the phylogenetic history of

organisms.
5..4 All SpeciesInventory

In 2001 an international project was launched to identify and record every species on earth in the next 25 years. Itisavery
challenging undertaking considering that to date 1.5 million organisms have been named. It is estimated that anywhere from 7
—100 million living speciesexig.

TheEnd

CHAPTER-7

BACTERIAL GROWTH

Bacteriad growth isacomplex process that involves numerous anabolic and catabolic reactions, which result in cdl divison. The
increase in numbers or bacterid mass can be measured as a function of time under pure culture conditions, where the nutrients
and environmental conditions are controlled. Growth of bacteria culturesis defined as an increase in the number of bacteriain a
population rather than in the Sze of individud cdls. The growth of a bacterid population occurs in a geometric or exponentia
meanner: with each divison cycle (generation), onecdlgives rise to 2 cdls, then 4 cdls, then 8 cells, then 16, then 32, and so
forth. Typicdly bacteria divides by Binary fisson by a series of steps as below:
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Fig: Binary Fission in Bacteria.
Source: Wilkepedia.org.in
Sour ce: wilkepedia

1. Prokaryote cdlsgrow by increasing in cell number (as opposed to increasing in Size).

2. Replicationisby binary fisson, the splitting of one cdl into two.

3. Therefore, bacteria populationsincrease by afactor of two (double) every generation time.
6.1. Generation time : Thetime required to for apopulation to double (doubling time) in number.
Ex. Escherichiacoli (E. coli) double every 20 minutes
Ex. Mycobacterium tuberculosis double every 12 to 24 hours
6.2. Principles of Bacterial Growth
Growth can be calculated
N, =N, x 2
Where (N, ) number of celsin population
(N, ) origind number of cdlsin the population
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(n) number of divisons
Example, N, = 10 cdllsin origina population
n=12

4 hours assuming 20 minute generation time

N,=10x 2%
N, =10x 4,096
N, = 40,960

6.2. Growth in Batch Culture : The growth of bacteria (or other microorganisms, asprotozoa, microdgaeoryeasts) in batch

culture can be studied with four different phases.lag phase(A),log phaseorexponential phase(B),stationary phase(C), and
death phase(D).

1. Duinglag phase,bacteriaadapt themsdves to growth conditions. It is the period where the individud bacteriaare
maturing and not yet able to divide. During the lag phase of the bacterid growth cycle, synthess of RNA, enzymes and
other molecules occurs. During the lag phase cdlls change very little because the cdls do not immediady reproduce in a
new medium. This period of little to no cdl divison is cdled the lag phase and can last for 1 hour to severd days.
During this phase cdlls are not dormarnt.

2. Thelog phase(sometimes cdled the logarithmic phase or theexponential phase) is a period characterized by cdl
doubling. The number of new bacteria gppearing per unit time is proportiond to the present population. If growth is not
limited, doubling will continue at a constant rate so both the number of cells and the rate of population increase doubles
with each consecutive time period. For this type of exponentid growth, plotting the natura logarithm of cdl number
agang time produces a draight line. The dope of thislineis the specific growth rate of the organism, which is a measure
of the number of divisons per cdl per unit imeThe actud rate of this growth (i.e. the dope of the line in the figure)
depends upon the growth conditions, which affect the frequency of cdl divison events and the probability of both
daughter cdls surviving. Under controlled conditions, cyanobacteriacan double their population four times a day and
then they can triple their population.Exponentia growth cannot continue indefinitdy, however, because the medium is
soon depleted of nutrients and enriched with wastes.

3. Thestationary phaseis often due to a growth-limiting factor such as the depletion of an essentid nutrient, and/or the
formation of an inhibitory product such as an organic acid. Stationary phase results from a Stuation in which growth rate
and desath rate are equd. The number of new cdls created islimited by the growth factor and as a reault the rate of cdl
growth matches the rate of cdl death. The result is a “smooth,” horizontd linear part of the curve during the stationary
phase.Mutationscan occur duringdtationary _phase. Bridges et d. (2001)presented evidence thatDNA _damageis

responsible for many of the mutations arising in the genomes of dationary phase or darving bacteria. Endogenoudy
generatedreactive oxygen speciesappear to be a mgor source of such damages.

4. Death phase(Decline phase) bacteria die. This could be caused by lack of nutrients, environmental temperature above
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or below the tolerance band for the species, or other injurious conditions.

This basic batch culture growth modd draws out and emphasizes aspects of bacterid growth which may differ from the
growth of macrofauna. 1t emphasizes dondity, asexud binary divison, the short development time rdaive to replication
itsdf, the ssemingly low degth rate, the need to move from a dormant state to a reproductive state or to condition the
media, and findly, the tendency of lab adapted drains to exhaust thar nutrients. In redity, even in batch culture, the four
phases are not wel defined. The cdls do not reproduce in synchrony without explicit and continual prompting (as in
experiments with stalked bacteria and their exponentia phase growth is often not ever a congtant rate, but instead a dowly
decaying rate, a constant stochastic response to pressures both to reproduce and to go dormant in the face of dedining

nutrient concentrations and increasing waste concentrations.

Batch culture is the most common laboratory growth method in which bacterial growth is studied, but it is only one of many. It
isidedly spatidly unstructured and tempordly structured. The bacterid culture is incubated in a closed vessd with asngle batch
of medium. In some experimenta regimes, some of the bacterid culture is periodicaly removed and added to fresh derile
medium. In the extreme case, this leads to the continud renewd of the nutrients. This is achemodiat, aso known as continuous
culture. It isidedly spatidly unsructured and temporaly ungtructured, in a steady state defined by the rates of nutrient supply
and bacteria growth. In comparison to batch culture, bacteria are maintained in exponentia growth phase, and the growth rate
of the bacteriaiis known. Related devices indudeturbidostatsandauxostats. WhenEscherichia coliis growing very dowly with a

doubling time of 16 hoursin a chemostat most cdls have a sngle chromosome,

Bacterid growth can be suppressed withbacteriostats, without necessarily killing the bacteria. In asynecologicd, true-to-nature
gtuation in which more than one bacterid speciesis present, the growth of microbesis more dynamic and continud.

Liquid is not the only laboratory environment for bacterid growth. Spatialy structured environments such as bicfilms oragar
surfaces present additiona complex growth models.

Growth of bacteriain abatch culture can be summarized as bdow:

1. Bacteriagrowing in batch culture produce a growth curve with up to four distinct phases.

2. Bach cultures are grown in tubes or flasks and are closed systems where no fresh nutrients are added or waste
products removed.

3. Lag phase occurs when bacteria are adjuding to them medium. For example, with a nutritionaly poor medium,
severd anabolic pathways need to be turned on, resulting in alag before active growth begins.

4. Inlog or exponential phase, the cdls are growing as fast as they can, limited only by growth conditions and genetic
potentia. During this phase, dmog dl cdls are dive, they are mogt nearly identical, and they are mogt affected by
outside influences like disinfectants.

5. Due to nutrient depletion and/or accumulation of toxic end products, replication stops and cdls enter a sationary

phase where there is no net changein cdl number.
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6. Death phase occurs when cdls can no longer maintain vigbility and numbers decrease as a proportion

Fig :Growth in Batch Culture

6.2.1Mean Generation Time and Growth Rate: The mean generation time (doubling time) isthe amount of time
required for the concentration of cellsto double during the log stage. It is expressed in units of minutes.
Growth rate (mint) =

Mean generation time can be determined directly from asemilog plot of bacterialconcentration vstime after inoculation

6.3.Environmental factors affecting growth: Variousfactors affects growth below:

Temperature
Oxygen requirement
pH

Water availability

O O O O

6.3.1.Temperature:
Enzymes, the machinery of the cdll, are influenced by externd factors and can be shown to have arange where they function
that includes an optimal vaue that produces the highest activity. The range of enzyme activity determinesthe range for growth
of pecific bacteria, analogoudy leading to avalue for optimal growth rate.In the case of temperature, bacteria are divided
into categories based on the temperature range where they can grow and the temperature that provides optimal growth:

A.Psychrophilelcryophiles. Psychrophilesorcryophiles(adj. psychrophilic or cryophilic) areextremophilicorganismsthet are
capable of growthandreproductionin low temperatures, ranging from - 20°Cto +10°C. They are found in places tha are
permanently cold, such as the polar regions and the deep sea. Psychrophile is Greek words means ‘cold-loving.Many such
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organisms arebacteriaorarchaea, but someeukaryotessuch aslichens,snow_adgee, fungi, andwingless midges, are dso

classfied as psychrophiles.

B.Psychrotroph: Psychrotrophs are cold-tolerant bacteriathat have the ability to grow at low temperatures but have optimal
and maximal growth temperatures above 15°C and 20°C, respectively.Thistype of or ganisms can survive below

temperaturelessthan

20°C to 30°C. Important in food spoilage.
C.Mesophile. Amesophileisanorganismthat grows best in moderatetemperature, neither too hot nor too cold, with an

optimum growth range from 20 to 45°C (68 to 113°F). They are More common and are disease causing

D.Thermophiles: Athermophileisan organism—atype of extremophile—thet thrives a redively high temperatures, between
41 and 122°C (106 and 252°F).Many thermophiles arearchaea. Thermophiliceubacteriaare suggested to have been among
the earliest bacteria

Thermophiles are found in variousgeothermdlyheated regions of theEarth, such as hot springs like anddeegp_seshydrothermd

vents, as well as decaying plant matter, such aspeat bogsand compost. Thermaophiles can survive at high temperatures, wheress
other bacteria would be damaged and sometimes killed if exposed to the same temperatures. Theenzymesin thermophiles
function & high temperatures. Some of these enzymes are used inmolecular biology, for example thetag polymeraseused inPCR.
"Thermophile’ is derived from theGreek :0epudtra(ther motita), meaning hest, andGreek :pilw(philia), love,

G.Hyperthermophiles. Ahyperthermophileisan organiam that thrives in extremey hot environments—from 60 °C (140 °F)
upwards. An optimd temperature for the existence of hyperthermophilesis often above 80 °C (176 °F). Hyperthermophiles
are often within the domainArchaea, dthough somebacteriaare able to tolerate temperatures of around 100 °C (212 °F), as
well. Some bacteria can live a temperatures higher than 100 °C at large depths in sea where water does not boil because
ofhigh pressure. Many hyperthermaophiles are dso able to withstand other environmenta extremes such as high acidity or
high radiation levels. Hyperthermophiles are a subset of extremophiles.it is believed that the odl Structure of these type of
bacteria contain high level of saturated fetty acid thet retain its shape at high temperature.
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Fg: Types of bacteria and according to temperature requirement

Source: Science direct.com

6.3.2.0xygen requirements. Oxygenisused by aerobic bacteria during the process of cdlular respiration as a find eectron
acceptor. Foraer obicorganiams, oxygen is an absolute requirement for their energy-yielding properties. Certain microorganisms
grow in oxygen-free environments and are described asanaer obic. Organisms such as these produce odoriferous gases in ther
metabolism, induding hydrogen sulfide gas and methane. Certain pathogenic species, such asClostridiumspecies, are
anaerobic. Certain species of microorganisms are said to befacultative. These species grow in ether the presence or absence
of oxygen. Some bacteria species aremicr oaer ophilic, meaning that they grow inlow concentrations of oxygen. In some cases,
these organisms mugt have an environment rich in carbon dioxide. Organisms such as these are said to becapnophilic. Many
ecosystems are dill free of molecular oxygen. Some are found in extreme locations, such as deep in the ocean or in earth’s
crust; others are part of our everyday landscape, such as marshes, bogs, and sewers. Within the bodies of humans and other
animds, regions with little or no oxygen provide an anaerobic environment for microorganisms (Figurel). We can eadly observe
different requirements for molecular oxygen by growing bacteria inthioglycolate tube cultures. A test-tube culture starts with
autoclavedthioglycolate mediumcontaining alow percentage of agar to dlow matile bacteria to move throughout the medium.
Thioglycolate has strong reducing properties and autocdaving flushes out most of the oxygen. The tubes are inoculated with the
bacterid cultures to be tested and incubated at an appropriate temperature. Over time, oxygen dowly diffuses throughout the
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thioglycolae tube culture from the top. Bacterid dendty increasesin the area where oxygen concentration is best suited for the
growth of that particular organism.

The growth of bacteria with varying oxygen requirementsin thioglycolate tubes isillusdtrated in Figure2. In tube A, dl the growth
iS seen a the top of the tube. The bacteria areobligate (strict) aer obesthat cannot grow without an abundant supply of
oxygen. Tube B looks like the opposite of tube A. Bacteria grow a the bottom of tube B. Those areobligate anaer obes,
which are killed by oxygen. Tube C shows heavy growth &t the top of the tube and growth throughout the tube, a typica result
withfacultative anaerobes. Facultative anaerobes are organisms that thrive in the presence of oxygen but aso grow in its
absence by rdying on fermentation or anaerobic respiration, if there is a suitable eectron acceptor other than oxygen and the
organigm is able to perform anagrobic respiration. Theaer otolerant anaer obesin tube D are indifferent to the presence of
oxygen. They do not use oxygen because they usudly have a fermentative metabolism, but they are not harmed by the presence
of oxygen as obligate anaerobes are. Tube E on the right shows a“Goldilocks’ culture. The oxygen leve has to be just right for
growth, not too much and not too little Thesemicroaerophilesare bacteria that require a minimum level of oxygen for growth,
about 1%—10%, wel below the 21% found in the atmosphere.

Examples of obligate aerobes areMycobacterium tuberculosis, the causative agent of tuberculosis andMicrococcus luteus,
a gram-paodgitive bacterium that colonizes the skin.Neisseria meningitidis, the causative agent of severebacterid meningitis,
andN. gonorrheae, the causative agent of sexudly transmittedgonorrhea, are dso obligate aerobes.

Hg: different types of bacteria according to oxygen requirement (Didribution in

Thio gycolate tubes).Source Sciencedirect.com

6.3.3.pH : Theoptimum growth pHisthe most favorable pH for the growth of an organism. The lowest pH vdue that an
organiam can tolerate is called theminimum growth pHand the highest pH is themaximum growth pH. These vaues
can cover a wide range, which is important for the preservation of food and to microorganisms’ surviva in the
somach. For example, the optimum growth pH of Salmonellaspp. is 7.0—7.5, but the minimum growth pH is closer
to 4.2.
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Most bacteria areneutrophiles, meaning they grow optimaly at a pH within one or two pH units of the neutra pH of
7 (see Figure?). Most familiar bacteria, likeEscherichia coli, Saphylococci, andSalmonellaspp. are neutrophiles
and do not fare well in the acidic pH of the somach. However, there are pathogenic srains of E. coli, S typhi,and
other species of intesind pathogens that are much more resstant to ssomach acid. In comparison, fung thrive a
dightly acidic pH vaues of 5.0-6.0.

Microorganisms that grow optimaly at pH lessthan 5.55 are caledacidophiles. For  example, the sulfur-oxidizing
Sulfolobusspp. isolated from sulfur mud fidds and hot sorings in Y ellowstone Nationd Park are extreme acidophiles.
These archaea survive at pH vaues of 2.5-3.5. Species of the archaean genusFerroplasmalive in acid mine drainage
a pH vaues of 0—2.9.Lactobacillusbacteria, which are an important part of the norma microbiota of the vaging, can
tolerate acidic environments at pH vaues 3.5-6.8 and dso contribute to the acidity of the vagina (pH of 4, except at the
onset of mendruation) through their metabolic production of lactic acid. The vagina's acidity plays an important role in
inhibiting other microbes that are less tolerant of acidity. Acidophilic microorganiams display a number of adaptations to
aurvivein strong acidic environments. For example, proteins show increased negative surface charge that sabilizes them
a low pH. Pumps actively gect H+ions out of the cdlls. The changes in the compostion of membrane phosphalipids
probably reflect the need to mantain membrane fluidity at low pH.

Hg: Different category of Microorganism based on pH

Source; Science Direct. Com

? Neutrophiles grow best around neutral pH (7)

? Acidophilesgrow best at pH < 7

? Alkophilesgrow best a pH > 7

? Acidotolerant grow best at pH 7 but can aso grow at lower pH
? Alkotolerant grow best a pH 7 but can also grow at higher pH.

6.3.4. Water Activity: Liquid water isessentiad for life. Aqueous solutions actudly have different amounts of weter available,

77



depending on how many solutes are dissolved init. Asavery smple model, consider two glasses, one full of pure water, the
other containing the same amount of water plusasponge. Which onewould be easier to drink? On amuch smaler scale,
dissolved solutes act like asponge, making lesswater available. Water activity (a,) can be decreased by the addition of any
soluble molecule dthough sat (NaCl) and sugars are probably the most common.Microbes that requires ahigh water activity
(near or at 1) aretermed nonhalophiles. (Haophile = salt-loving) Some bacteriarequire salt to grow and are called halophiles
. If avery high concentration of st isrequired (around saturation), the organisms are termed extreme halophiles. A
nonhalophile that can grows best with dmost no sat but can gtill grow with low levels of sdt (~ 7%) iscalled halotolerant. In
generd, fungi are more tolerant of low water activity. (That’swhy your jelly ismorelikely to get contaminated by fungi than
bacteria.)

6.3.5. Nutritional Requirements:

Every organism mus find in its environment al of the substances required for energy generation and celular biosynthesis. The
chemicas and dements of this environment that are utilized for bacterid growth are referred to asnutrientsornutritiona
requirements. Many bacteria can be grown the laboratory inculture mediawhich are designed to provide dl the essentid
nutrients in solution for bacteria growth. Bacteria that are symbionts or obligate intracdlular parasites of other cdls, usudly
eucaryotic cels, are (not unexpectedly) difficult to grow outside of thelr naturd host cdls. Whether the microbe is a mutudist or

parasite, the host cdl mugt ultimatdy provide the nutritiona requirements of its resident.

The Mgor Elements

At an dementary leve, the nutritional requirements of a bacterium such askE. coliare reveded by the cdl's dementd
composition, which congstsof C, H, O, N, S. P, K, Mg, Fe, Ca, Mn, and traces of Zn, Co, Cu, and Mo. These dements are

found in the form of water, inorganic ions, smal molecules, and macromolecules which serve either a sructurd or functiond role

inthe cdls. The generd physologica functions of the dements are outlined in Table 1.

6.4. Nutritional divergity :

Different organisms require the same nutrients but may require different forms of the nutrients

Table : Major elements, their sourcesand functionsin bacterial cell.

Element Percentagedry |Sou |Function

weight rces
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Carbon

ga
nic

Main condtituent of cdlular
Materid

Oxygen

20

nds,
Co,

and

Congtituent of cell materid and cell water; O,is
electron acceptor in aerobic respiration

Nitrogen

14

NH,

NO,

org

anic

pou

nds,

Condtituent of amino acids, nucleic acids
nucleotides, and coenzymes
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Hyder ogen

nds,

Main congtituent of organic compounds and cell
water

Phosphorus

inor

gani

pho

ates

(PO
)

Condtituent of nucleic acids, nucleotides,
phospholipids, LPS, teichoic acids

Sulphur

»w T O W

Condtituent of cysteine, methionine, glutathione,
severd coenzymes
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Potassum 1 Pot
ass
um Main cdlular inorganic cation and cofactor for
certain enzymes
salt
S
Magnesium 05 Ma
gne
su |! norganic cellular cation, cofactor for certain
enzymatic reactions
m
Salt
Calcium 05 Ca
AU | Inorganic cellular cation, cofactor for certain
m enzymes and acomponent of endospores
Salt
Iron 0.2 Iron | Component of cytochromesand certain
Salt nonheme iron-proteins and a cofactor for some
enzymeatic reactions

6.4.1.Trace Elements

Above Table ignores the occurrence of trace dementsin bacteria nutrition. Trace elementsare meta ionsrequired by certain
cdlsin such smal amountsthat it is difficult to detect (measure) them, and it is not necessary to add them to culture mediaas
nutrients. Trace dements are required in such small amountsthat they are present as " contaminants' of the water or other media
components. As metal ions, the trace eements usudly act as cofactors for essential enzymatic reactionsin the cell. One
organism'strace e ement may be another's required e ement and vice-versa, but the usual cations that qualify astrace elements
in bacterid nutrition are Mn, Co, Zn, Cu, and Mo.

6.5.Carbon and Energy Sourcesfor Bacterial Growth

In order to grow in nature or in the laboratory, a bacterium must have an energy source, a source of carbon and other required
nutrients, and a permissive range of physical conditions such as O,concentration, temperature, and pH. Sometimes bacteria are
referred to as individuds or groups based on their patterns of growth under various chemicd (nutritiond) or physicad conditions.
For example, phototrophs are organisms that use light as an energy source; anaerobes are organisms that grow without oxygen;

thermophiles are organisms that grow a high temperatures. All living organisms require a source of energy. Organisms that use
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radiant energy (light) are caledphototr ophs. Organisms that use (oxidize) an organic form of carbon are caledheter otr ophsor
(chemo)heterotrophs. Organiams that oxidize inorganic compounds are cdledlithotrophs. The carbon requirements of
organisms must be met by organic carbon (a chemicd compound with a carbon-hydrogen bond) or by CO,. Organisms that

use organic carbon areheter otr ophsand organisms that use CO,as a sole source of carbon for growth are caledautotr ophs.

Thus, on the basis of carbon and energy sources for growth four major nutritiond types of procaryotes may be defined (Table
given below).

Table: Nutritiond Type of Bacteria

Nutritiond Type Energy source | Carbon Source | Exampe
Photoautotrophs Light Co, Cyanobacteria,
some Purpleand
Green Bacteria
Photohetrotrophs Light Organic Some Purple
Bacteria
Chemooutotrophs/Lithotrophg/Lithoautotrophs | Morganic Co, A few Bacteria
compounds, o
eg. H,, NH,, A hI“E“)
NO,, H,S e
Chemoheterotrophs or Heterotrophs Organic co Organic Most Bacteria,
mpounds compound some Archaea

Almog dl eucaryotes are ether photoautotrophic (e.g. plants and agee) or heterotrophic (e.g. animds, protozoa, fung).
Lithotrophy is unique to procaryotes and photoheterotrophy, common in the Purple and Green Bacteria, occurs only in a very
few eucaryotic dgae. Phototrophy has not been found in the Archaea, except for nonphotosynthetic light-driven ATP synthesis
in the extreme haophiles.

6.6. Growth Factor s. Some bacteria cannot synthesize some cell congtituents, These must be added to growth environment
referred to as growth factors. Organisms can display wide variety of factor requirements Some need very few while others
requiremany Thesetermed fastidious or ganism. Typicd molecules Amino acids Nucleotide bases Enzymatic cofactors or
“vitaming’

6.7. Characteristicsof Media :

Agrowth mediumorculture mediumisa solid, liquid or semi-solid designed to support the growth of microorganismsorcells, or




gl plantslike themossPhyscomitrella patens. Different types of media are used for growing different types of cdlls.

The two mgor types of growth media are those used forodl_culture, which use specific cdl types derived from plants or
animds, andmicrobiologicd _culture, which are used for growing microorganisms, such asbacteriaorfung. The most common

growth media for microorganisms are nutrient broths andagar_plates; specidized media are sometimes required for
microorganiam and cdl culture growth.Some organisms, termed fastidious organisms, require specidized environments due to
complex nutritiona requirements.Viruses, for example, are obligate intracellularparasitesand require a growth medium containing
living cells.

6.7.1.Culture media|

Culture mediacontain dl the elements that most bacteria need for growth and are not selective, so they are used for the genera
cultivation and maintenance of bacteriakept in laboratory culture collections.

An undefined medium (also known as abasal or complex medium) contains.

« acarbon source such as Glucose
water
« vaioussts
asource of amino acids and nitrogen (e.g., beef, yeast extract)

o Thisis an undefined medium because the amino-acid source contains a variety of compounds with the exact
compodgtion being unknown.

A defined medium (also known aschemicdly defined mediumor synthetic medium) is a medium in which

« dl the chemicals used are known
no yeast, animd, or plant tissue is present
Some examples of nutrient mediaindude:

Plate count agar

Nutrient ager
»  Trypticase soy agar
6.7.2.Minimal media.
A defined medium that has just enough ingredients to support growth is cdled aMinimal Medium.The number of ingredients

that must be added to aminimd medium varies enormoudy depending on which microorganiam is being grown Minimd media
are those that contain the minimum nutrients possible for colony growth, generdly without the presence of amino acids, and are
often used by microbiologists and geneticists to grow "wild-type" microorganiams. Minima media can also be used to select for
or againstrecombinantsorexconjugants.

Minimd medium typicaly contains

a carbon source, which may be a sugar such as glucose, or a less energy-rich source such assuccinate
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various sats, which may vary among bacteria species and growing conditions; these generdly provide essentid dements
such asmagnesum, nitrogen, phosphorus, andsulfurto dlow the bacteria to synthesizeproteinandnudeic acids

water

Supplementary minima media are minima media that aso contains a Sngle salected agent, usudly an amino acid or a sugar.
This supplementation alows for the culturing of specific lines of auxotrophicrecombinants.

6.7.3.Selective Media

Sdective media are used for the growth of only selected microorganisms. For example, if a microorganism is resigtant to a
certainantibiotic, such asampidllinortetracycline, then that antibiotic can be added to the medium to prevent other cdls, which

do not possess the resistance, from growing. Media lacking an amino acid such asprolinein conjunction withE._coli unable to
gynthesize it were commonly used by geneticists before the emergence of genomicstomepbacterial chromosomes.

Sdective growth media are dso used incd| cultureto ensure the survivd or proliferation of cdls with certain properties, such as
antibictic resistanceor the ahility to synthesze a certainmetabolite. Normally, the presence of a specificgeneor andldeof a gene

confers upon the cdl the ahility to grow in the sdlective medium. In such cases, the geneis termed amarker.

Sdective growth media foreukaryoticcels commonly containneomyainto salect cdls that have been successfullytransfectedwith
aplasmid carrying the neomycin resistance gene as a marker.Gancycloviris an exception to the rule, as it is used to ecificaly
kill cdlsthat carry its respective marker, theHerpes smplex virusthymidine kinase (HSV TK).

Examples of sdective mediaindude

Eosn methylene bluecontains dyes that are toxic for Gram-positive bacteria. It is the sdlective and differentid medium

for coliforms.

YM (yeast extract, mdt extractagar) has alowpH, deterring bacteria growth.

MacConkey agarisfor Gram-negativebacteria

Hektoen enteric agaris selective for Gram-negative bacteria

« HISsdective mediumisatype cdl culture medium that lacks the amino acid higtidine.

Mannitol sdt agaris selective for Gram-positive bacteria and differentid for mannitol.

Xylose lysne deoxycholateis sdlective for Gram-negative bacteria.

Buffered charcod yeast extract agaris selective for certain Gram-negative bacteria, especialyLegionella pneumophila.

- Bard—Parker agarisfor Gram-postivestaphylococai .

Sabouraud's agaris sdective to certain fung due to its low pH(5.6) and high glucose concentration(3-4%)
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6.7.4.Differential Media:

Differentid or indicator media distinguish one microorganiam type from another growing on the same medium. This type of
media uses the biochemica characterigtics of a microorganism growing in the presence of specific nutrients or indicators (such
asneutral_red,phenal_red,eocsin y, ormethylene blue) added to the medium to visbly indicate the defining characteristics of a

microorganism. These media are used for the detection of microorganisms and by molecular biologists to detect recombinant
grains of bacteria.

Examples of differentid mediaindude:

« Blood agar(used ingtreptests) contains bovine heart blood that becomes transparent in the presence of f-hemolytic org

aniams such asSreptococcus pyogenesandSaphyl ococcus aureus.

«  Eogan methylene blueis differentid for lactose fermentation.

« Granada mediumis sdlective and differentid forStreptococcus agalactiae(group B streptococcus) which grows as

diginctive red colonies in this medium.

« MacConkey agarisdifferentid for lactose fermentation.

« Mannitd st agarisdifferentia for mannitol fermentation.

. X-gdplaes are differentid forlac operonmutants.
6.7.5.Transport Media:

Trangport media should fulfill these criteria
- Temporary storage of specimens being transported to the laboratory for cultivation
- Maintain the viaaility of dl organismsin the specimen without dtering their concentration

«  Contain only buffers and sdt

Lack of carbon, nitrogen, and organic growth factors so as to prevent microbid multiplication
«  Transport media used in the isolation of anaerobes must be free of molecular oxygen.

Examples of transport mediaincdude:

«  Thioglycolate brothis for strictanaerobes.

«  Stuart trangport mediumis a non-nutrient soft agar gd containing a reducing agent to prevent oxidation, and charcod to

neutrdize.

«  Certain bacterid inhibitors are used for gonococci, and buffered glyceral sdine for enteric badilli.
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«  Venkataraman Rameakrishna (VR) medium is used forV. cholerae

6.7.6.Enriched Media:

«  Enriched media contain the nutrients required to support the growth of a wide variety of organisms, induding some of
the more fastidious ones. They are commonly used to harvest as many different types of microbes as are present in the
specimen.Blood_agaris an enriched medium in which nutritiondly rich whole blood supplements the basic nutrients.
Chocolate agaris enriched with hesat-trested blood (40—45°C), which turns brown and gives the medium the color for
which it is named.

6.8. CONTROL OF MICROBIAL GROWTH BY PHYS CAL METHODS

Mode of Actions of Microbia Control Agents
Two possible antimicrobid effectsinclude:
6.8.1 Alteration of membrane per meability

The susceptibility of the plasma membraneis due to itslipid and protein components.

Certain chemicd control agents damage the plasma membrane by dtering its permegbility.

6.8.2. Damageto proteinsand nucleic acids

Some microbia control agents damage cdlular proteins by breaking hydrogen bonds and covaent bonds.
Other agents interfere with DNA and RNA replication and protein synthes's.

6.8.2.1.Several factors influence the effectiveness of antimicrobial treatment

6.8.2.1.1.Number of Microbes: The more microbes present, the more time it takes to diminate population.

6.8.2.1.2.Type of Microbes: Endospores are very difficult to destroy. Vegetative pathogens vary widdy in susceptibility to
different methods of microbid control.

6.8.2.1.3.Environmental influences: Presence of organic materid (blood, feces, sdiva) tends to inhibit antimicrobiads, pH
€tc.

6.8.2.1.4.Time of Exposure: Chemica antimicrobias and radiation trestments are more effective at longer times. In heat
treatments, longer exposure compensates for lower temperatures.

6.8.2.1.5. Physical Method to control microbial growth.

The control methods can be broadly divided into two categories physca and chemicd methods
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Physicad method can be listed as follows
A.Heat: Moig and Dry Heat
B. Filtration
C. Low Temperature: Refrigeration, Deep freezing, Lyophilization
D. Desiccation
E. Osmotic pressure
F. Radiation: lonizing and Non-lonizing

A.Heat: Hest is frequently used to diminate microorganiams. Moist heet kills microbes by denaturing proteins (enzymes).
Dry hest kills organiams by oxidation. For erilization one mugt consider the type of heat, and most importantly, the time of
goplication and temperature to ensure destruction of dl microorganisms. Endospores of bacteria are considered the most
thermoduric of al cdls so ther destruction guarantees Serility.

Thermd Degth Point (TDP) is the lowest temperature at which dl the microbesin aliquid culture will be killed in 10 minutes.
Thermd Degth Time (TDT) isthe length of time required to kill dl bacterid in aliquid culture a a given temperature. Decimal
Reduction Time (DRT) isthe length of time required to kill 90% of a bacterid population at a given temperature; D vaue. Z
vaueis an increase in temperature required to reduce D by 1/10. F vaueis time in minutes a a specific temperature needed
to kill a population of cdls or spores.

Moist heat

Moig hest isthought to kill microorganisms by causng denaturation of essentid proteins. Desgth rate is directly proportiona
to the concentration of microorganiams a any given time. Increesing the temperature decreases TDT, and lowering the
temperature increases TDT. Processes conducted at high temperatures for short periods of time are preferred over lower
temperatures for longer times.

Environmenta conditions aso influence TDT. Increased heat causes increased toxicity of metabolic products and toxins.
TDT decreases with pronounced acidic or basic pH. However, fats and oils dow heat penetration and increase TDT. It must
be remembered that therma death times are not precise vaues, they messure the effectiveness and rapidity of a Serilization
process. Autodaving 121°C/15 pd for 15 minutes exceeds the themd death time for most organisms except some
extraordinary spore formers.

Common Examples of methods based on moist heat are:

a).Bailing
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It involves heating at 100°C for 30 minutes. This method kills everything except some endospores. To kill endospores, and
therefore Serilize asolution, very long (> 6 hours) boiling or intermittent boiling isrequired.

b)Autoclaving

Autodaving is the most effective and most efficent means of derilization. All autoclaves operate on a timeftemperature
relaionship. These two variables are extremdy important. Higher temperatures ensure more rapid killing. The usud standard
temperature/pressure employed is 121°C/15 ps for 15 minutes). Longer times are needed for larger loads, large volumes of
liquid, and more dense materids. Autodlaving is ided for deilizing biohazardous waste, surgica dressings, glassware, many
type of microbiologic media, liquids, and many other things. However, certain items, such as plagtics and certain medica
indruments (e.g. fiber-optic endoscopes), cannot withsand autoclaving and should be derilized with chemicd or ges
derilants. When proper conditions and time are employed, no living organiams will survive a trip through an autoclave. The
autoclave is alarge pressure cooker; it operates by usng steam under pressure as the Serilizing agent .High pressures enable
geam to reach high temperatures, thus increasing its heet content and killing power. Most of the hedting power of steam
comes from its latent heat of vaporization. Thisis the amount of heat required to convert bailing water to steam. This amount
of heat islarge compared to that required to make water hot. For example, it takes 80 calories to make 1 liter of water bail,
but 540 calories to convert that boiling water to steam. Therefore, seam a 100°C has dmost seven times more heat than

balling water.
C. Pagteurization:

This heat trestment developed by famous microbiologist Louis Pasteur is used to destroy modly pathogenic bacteria present
in liguid medium eg. milk and wine. Pasteurization is the use of mild heet to reduce the number of microorganisms in a
product or food. In the case of pagteurization of milk (Fig. 19.4), the time and temperature depend on killing potentia
pathogens that are transmitted in milk, i.e. staphylococci, streptococci, Brucdla abortus and Mycobacterium tuberculoss.
But pagteurization kills many spoilage organisms, as wdl, and therefore increases the shdf life of milk especidly at
refrigeration temperatures (2°C).,Milk is usudly pasteurized by heeting, typicdly a 63°C for 30 min (batch method) or a
71°C for 15 s (flash method), to kill bacteria and extend the milk's usable life The process kills pathogens but leaves
relaively benign microorganiams that can sour improperly stored milk. Various time-temperature combinations used for

pagteurization are givenin Table (19.3).

Dryheat

a) Hot air oven

Badcdly in the cooking oven the rules of rdaing time and temperature apply, but dry heet is not as effective as moist heat
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(i.e. higher temperatures are needed for longer periods of time). For example 160°/2h or 170°/1h is necessary for
Seilization. The dry heat oven is used for glassware, metd, and objects that won't mdt; used on substances that would be
damaged by moigt heat Serilization e.g. gauzes, dressings or powders.

b) Incineration

Burns organisms and physcaly destroys them (Fig. 19.5b). Used for needles, inoculaing wires, glassware, etc. and objects

not destroyed in the incineration process.
B.Filtration

Filtration is the passage of aliquid or gas through a screen like materia with pores amdl enough to retain microorganisms. A
vacuum thet is created in the recaiving flask aids gravity in pulling the liquid through the filter. Some operating theaters
occupied by burn patients receive filtered air. High efficdency particulate ar (HEPA) filter remove dmost dl microorganisms
larger than 0.3 pm in diameters. Fltration is epecidly important for serilization of solutions which would be denatured by
heat (e.g. antibictics, injectable drugs, amino acids, vitamins, €tc.).

C.Low temperature

Low temperature (refrigeration and freezing): Most organisms grow very little or not at dl a 0oC. Perishable foods are
stored at low temperatures to dow rate of growth and consequent spoilage (e.g. milk). Low temperatures are not
bactericidal. Psychrotrophs, rather than true psychrophiles, are the usud cause of food spoilage in refrigerated foods.
Although a few microbes will grow in supercooled solutions as low as minus 20°C, mogt foods are preserved agangt
microbid growth in the household freezer. The effectiveness of low temperatures depends on the particular microorganism
and the intengty of the gpplication. Most microorganisms do not reproduce at ordinary refrigerator temperatures (0-7°C);
bacteriogtatic. Many microbes survive (but do not grow) a the subzero temperatures used to store foods.

D.Freeze drying

Microbes are placed in a suspending medium and frozen quickly at temperatures between -52 and 95°C. Water is removed
by vacuum (sublimetion) lyophilization. Powder-like product can be recontituted to bring culture back to viable conditions.

Desiccation

Drying (remova of H20): Maost microorganisms cannot grow at reduced water activity (aw < 0.90). Drying is often used to
preserve foods (e.g. fruits, grains, etc.). Methods involve removal of water from product by hesat, evaporation, freeze-drying,
and addition of st or sugar.

F.Osmotic Pressure: The use of high concentrations of salts and sugarsin foodsis used to increase the osmotic pressure and

cregte a hypertonic environment.

89



Plasmolysis: Aswater leavesthe cdl, plasmamembrane shrinks away from cell wall. Cell may not die, but usualy stops
growing. Y easts and molds: More resistant to high osmotic pressures. Staphylococci spp. thet live on skin arefairly resistant

to high osmotic pressure.

E. Irradiation

Irradiation (UV, X-ray, Gammaradiation): The effects of radiation depend on its waveength, intengty, and duration. lonizing
radiation (Gamma rays, X-rays, and high-energy eectron beams) has a high degree of penetration and exerts its effect
primarily by ionizing water and forming highly reactive hydroxyl radicas. Ultraviolet (UV) radiation, a form of non-ionizing
radiation, has a low degree of penetration and causes cdl damage by meking thymine dimers in DNA that interfere with
DNA replication (Fig. 19.8). The mogt effective germicidd wavelength is 260 nm.

Microwaver adiation

Waveength ranges from 1 mm to 1 m. Hest is absorbed by water molecules. It may kill vegetative cdls in moist foods.
Bacterid endospores, which do not contain water, are not damaged by microwave radiation. Solid foods are unevenly
penetrated by microwaves.

Gammaradiation and dectron beam radiation

Theseradiaions are formed of ionizing radiation used primarily in the hedth care industry. Gammarays, emitted from
cobat-60, are Smilar in many ways to microwaves and x-rays. Gammarays ddivered during sterilization break chemica
bonds by interacting with the eectrons of atomic congtituents. Gammarays are highly effective in killing microorganisms and
do not leave resdues or have sufficient energy to impart radioactivity.

Electron beam (e-beam) radiation, a form of ionizing energy, is generdly characterized by low penetration and high-dose
rates. E-beam irradiation is Smilar to gamma radiation in that it aters various chemicd and molecular bonds on contact.
Beams produced for e-beam derilization are concentrated, highly-charged streams of € ectrons generated by the acceleration
and converson of dectricity. E-beam and Gamma radiation are for deilizetion of items ranging from syringes to

cardiothoracic devices.
7. CONTROL OF MICROBIAL GROWTH BY CHEMICAL METHODS
Introduction

Chemicd agents are the dignfectants that kill microorganisms, but not necessarily their spores, but are not safe for gpplication
to living tissues, they are used on inanimate objects such as tables, floors, utensls etc. eg. hypochlorites, chlorine

20



compounds, lye, copper sulfate, quaternary ammonium compounds, formaldehyde and phenolic compounds
Phenal and phenalics

Phenalics exert thar action by injuring the lipid-containing plasma membrane which results in leskage of cdlular contents.
Mycaobacteria are susceptible to phenolics due to their rich lipid content e.g. Cresols (O-phenylphenol, main ingredient in
Lysol), bisphenols (Hexachlorophene, used in pHisoHex, effective againg Gram positive cocci), triclosan (soap, toothpaste,
plagtics kitchenware; Gram poditive and fungi).

Biguanides

Chlorohexedine damages plasma membranes of vegetaive cdls and is broad spectrum. These are commonly used for
aurgicd hand scrubs. These are efective agangt most vegetdive bacteria and fung. Mycobateria, endospores, and
protozoan cydts are not affected.

Halogens

Some haogens (iodine and chloring) are used aone or as components of inorganic or organic solutions. lodine may combine
with certain amino acids to inactivate enzymes and other cdlular proteins. lodine is available as a tincture (in solution with
acohal) or as an iodophor (combined with an organic molecule) like in Betadine. The germicidd action of chlorine is based
on the formation of hypochlorous acid when chlorine is added to water. It is an excdlent oxidizing agent. Chlorine is used as
a dignfectant in gaseous form (Cl2) or in the form of a compound, such as cadum hypochlorite, sodium hypochlorite,

sodium dichloroisocyanurate, and chloramines.
Alcohol

Alcohols exert ther action by denaturing proteins and dissolving lipids. In tinctures, they enhance the effectiveness of other
antimicrobid agents. Aqueous ethanal (60-90%) and isopropanol are used as disnfectants. Not effective againgt spores or

non-enveloped viruses.
Heavy metals and their compounds

Siver, mercury, copper, and zinc are used as germicidas. They exert ther antimicrobid action through oligodynamic action.
When heavy metd ions combine with sulfhydryl (-SH) groups, proteins are denatured. Examples are 1% Silver nitrate
solution, mercuric chloride, copper sulfate (dgicide).

Surface-active agents-soaps and acid anionic deter gents

The agents decrease the surface tenson among molecules of aliquid; soaps and detergents are examples. Soaps have limited
germicidd action but assig in the removd of microorganiams through scrubbing. Acid-anionic detergents are used to clean
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dairy equipmen.

Quaternary Ammonium Compounds: These are cationic detergents attached to NH4+. By disupting the plaama
membranes, they dlow cytoplasmic condituents to lesk out of the cdl Quats are mogt effective agangt Gram-postive
bacteria They do not kill endospores or mycobacteria. Examples indude Zephiran (benzakonium chloride) and Cepacol
(cetylpyridinium chloride). Pseudomonads are highly resistant, can even livein quats.

Organic acids and derivatives

This class of organic compounds is commonly used as food preservatives. These are effective mosly againg mold as they
interfere with mold metabolism or the integrity of the plasma membrane.

Nitrates

It can be found in some cheeses, adds flavor, maintains pink color in cured meeats and prevents botulism in canned foods.
Can cause adverse reactions in children, and potentialy carcinogenic.

Sulfur dioxide and sulfites

These are used as presarvatives and to prevent browning in dcoholic beverages, fruit juices, soft drinks, dried fruits and
vegetables. Sulfites prevent yeast growth and dso retard bacterid growth in wine Sulfites may cause agthma and
hyperactivity. They dso destroy vitamins.

Benzoic acid and sodium benzoate

These are used to preserve oyster sauce, fish sauce, ketchup, non-acoholic beverages, fruit juices, margarine, saads,
confections, baked goods, cheeses, jams and pickled products. They have adso been found to cause hyperactivity.

Propionic acid and propionates: These are used in bread, chocolate products, and cheese for lasting freshness.

Sor bic acid and sor bates: It prevents mold formation in cheese and flour confectioneries
Aldehydes

Aldehydes such as formadehyde and glutard dehyde (Gidex) exert ther antimicrobid effect by inactivaing proteins. They are
among the most effective chemicd disnfectants.

Gaseous chemosterilants

This class of chemogterilants includes chemicds that Serilizein a closed chamber. Chemicas used for gerilization indude the
gases ethylene oxide and formadehyde, and liquids such as glutarddehyde. Ozone, hydrogen peroxide and peracetic acid
are dso examples of chemicd Serilization techniques are based on oxidative capabilities of the chemicdl.

Ethylene oxide (ETO)

It isthe most commonly used form of chemicd derilization. Due to its low bailing point of 10.4°C a atmospheric pressure,
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ETO behaves as a gas & room temperature. ETO chemicdly reacts with amino acids, proteins, and DNA to prevent
microbid reproduction. The erilization process is carried out in a specidized gas chamber. After Serilization, products are
transferred to an aeration cdl, where they remain until the gas disperses and the product is safe to handle. ETO is used for
cdlulose and plagtics irradiation, usudly in hermetically sealed packages. Ethylene oxide can be used with a wide range of
plagtics (e.g. petri dishes, pipettes, syringes, medicd devices, etc.) and other materiads without affecting thair integrity).

Ozone sterilization has been recently approved for use in the U.S. It uses oxygen that is subjected to an intense electricd
fidd that separates oxygen moleculesinto aomic oxygen, which then combines with other oxygen molecules to form ozone.
Ozone is used as a disnfectant for water and food. It is used in both gas and liquid forms as an antimicrobid agent in the
trestment, storage and processing of foods, induding mest, poultry and eggs. Many municipdities use ozone technology to

purify their water and sewage.
Low temperature gas plasma (LTGP)

It is used as an dternative to ethylene oxide. It uses a amdl amount of liquid hydrogen peroxide (H202), which is energized
with radio frequency waves into gas plasma. This leads to the generation of free radicas and other chemica species, which
destroy organisms.

The End

Chapter-8

BACTERIAL GENETICS

Bacterial genetics: Itis the fild of geneticsto the study the bacterid genetic sysem and reproduction.  As we know the
Prokaryotic Bacterid genetics are different fromeukaryoticgenetics. Bacteria dill serve as a good modd foranima genetic



dudies. One of the mgor difference between bacterid and eukaryotic genetics system is that the bacterids lack
membrane-boundorganeles. This necessitating protein_synthesis occur in thecytoplasm for dl prokaryotic system. Like any

other organisms, bacteria dso breed true and mantan their characterigtics from genertion to generation; They aso exhibit
variations among their progeny adthough in amal quantity. Heritability and varigtions in bacteria had been noticed from the early
days of bacteriology,

ut it was not redised then that bacteria too obey the laws of genetics. At that time the existence of a bacteria nudeus was a
subject of controversy. The differences in morphology and other properties .i.e. bacterid pleomorphism were attributed by
Nagdi in 1877, was which postulated the existence of a 9ngle, a few species of bacteria, which possessed a protein capacity
for a variation. With the development and gpplication of precise methods of pure culture, it became apparent that different types

of bacteria retained congtant form and function through successve generations. This led to the concept of monomorphism.

To know the bacterid genetics, fallowing Structrurs need to be understand

7.1 DNA STRUCTURE
Deoxyribonucleic acid (DNA)

Deoxyribonucleic acid (DNA) isa nudeic acid that contains the genetic indructions used in the development and functioning
of dl known living organisms with the exception of some viruses. The main role of DNA moleculesis the long-term storage of
information. DNA is often compared to a se of blueprints, like arecipe or a code, Snceit contains the indructions needed to
congiruct other components of cels such as proteins and RNA molecules The DNA segments that carry this genetic
information are called genes, but other DNA sequences have structura purposes, or are involved in regulating the use of this
genetic information. Within cdls, DNA is organized into long structures caled chromosomes. These chromosomes are
duplicated before cdls divide, in a process caled DNA replication. Eukaryotic organisms (animds, plants, fungi, and protists)
store mogt of their DNA ingde the cdl nudeus and some of their DNA in organdlles, such as mitochondria or chloroplasts. In
contrast, prokaryotes (bacteria and archaed) store their DNA only in the cytoplasm.The information in DNA is made up of
four bases which combine to form chains. These bases indude two purines (Adenine and Guanine) and two pyrimidines
(Cytosine and Thymine). These are commonly referred to as A, G, C and T respectively
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7.2. Chargaff'sRules

These sate that DNA from any cell of al organisms should have a1:1 ratio of pyrimidine and purine bases and, more
specifically, that the amount of guanineisequa tocytosine and the amount of adenineisequd to thymine. This Patternis
found in both strands of the DNA. They were discovered by Austrian chemist Erwin Chargaff.

DNA bases pair up with each other, A with T and C with G, to form units called base pairs. Each baseisdso attached to a
sugar molecule and a phosphate molecule. Together, abase, sugar, and phosphate are called a nucleotide. Nucleotides are
arranged in two long strands that form aspira caled adouble helix. The structure of the double helix is somewhat like a
ladder, with the base pairs forming the ladder’ s rungs and the sugar and phosphate molecules forming the vertical sidepieces
of theladder.

7.3.Structure

In 1953 Watson and Crick postulated a three dimensional model of DNA structure. It consists of two helical DNA chains
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wound around the same axis to form aright handed double hdlix. The hydrophilic backbones of dternating deoxyribose and
phosphate groups are on the outside of the double helix, facing the surrounding water. The purine and pyrimidine bases of
both strands are stacked inside the double helix, with their hydrophobic and nearly planar ring structures very close together
and perpendicular to thelong axis. The offset pairing of the two strands creates amagjor groove and minor groove on the
surface of the duplex. Each nucleotide base of one strand is paired in the same plane with a base of the other strand. Watson
and Crick found that the hydrogen-bonded base pairs, G with C and A with T, are those that fit best within the structure,
providing arationdefor Chargaff’ srule. It isimportant to note that three hydrogen bonds can form between G and C, but
only two can form between A and T. Thisis one reason for the finding that separation of paired DNA strandsis more
difficult the higher theratio of GC to AT base pairs. Other pairings of basestend (to varying degrees) to destabilize the
double-helica structure. When Watson and Crick constructed their model, they had to decide at the outset whether the
strands of DNA should be parallel or antiparallel whether their 5’-3’ phosphodiester bonds should run in the same or
oppositedirections. An antiparallel orientation produced the most convincing model, and later work with DNA polymerases
provided experimentd evidence that the Strands are indeed antiparald, afinding ultimately confirmed by x-ray andysis

Structure of DNA Watson and Crick
Thesugarsin the backbone

The backbone of DNA is based on arepeated pattern of a sugar group and a phosphate group. The full name of DNA,
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deoxyribonucleic acid, gives you the name of the sugar present - deoxyribose. Deoxyribose isamodified form of another
sugar cdled ribose. Riboseisthe sugar in the backbone of RNA, ribonucleic acid

Ribose

This diagram misses out the carbon atomsin the ring for clarity. Each of the four corners where there isn't an atom shown

has a carbon atom. Deoxyribose, as the name might sugges, is ribose which haslost an oxygen atom — ‘ de-oxy’
Deoxyribose

The only other thing you need to know about deoxyribose (or ribose, for that matter) is how the carbon atomsinthering are
numbered. The carbon atom to the right of the oxygen as we have drawn thering is given the number 1, and then you work

around to the carbon on the CH20H side group which isnumber 5

Fig. Deoxyribose with carbon numbering

Y ou will notice that each of the numbershasasmall dash by it - 3' or 5, for example. If you just had ribose or deoxyribose
on itsown, that wouldn't be necessary, but in DNA and RNA these sugars are attached to other ring compounds. The
carbonsin the sugars are given the little dashes so that they can be distinguished from any numbers given to atomsin the
other rings. Youread 3' or 5' as *3-prime’ or ‘5-prime’.

Attaching a phosphate group

The other repeating part of the DNA backboneis a phosphate group. A phosphate group is attached to the sugar molecule
in place of the -OH group on the 5' carbon

Attaching a base and making a nucleotide
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Thefinal piece that we need to add to this structure before we can build a DNA strand is one of four complicated organic
bases. In DNA, these bases are cytosine (C), thymine (T), adenine (A) and guanine (G).These bases attach in place of the
-OH group on the 1' carbon atom in the sugar ring . The nitrogen and hydrogen atoms shown in blue on each molecule show
that where these moleculesjoin on to the deoxyribose. In each case, the hydrogen islost together with the -OH group on the

1' carbon atom of the sugar. Thisis acondensation reaction - two moleculesjoining together with the loss of asmall one (not

necessarily water).

Joining the nucleotidesinto a DNA strand.

A DNA dgrand issmply astring of nucleotidesjoined together. The phosphate group on one nuclectide linksto the 3
carbon atom on the sugar of another one. In the process, amolecule of water islost - another condensation reaction.
DNA chain

If the top of this segment was the end of the chain, then the phosphate group would have an -OH group attached to the
gpare bond rather than another sugar ring. Similarly, if the bottom of this segment of chain was the end, then the spare bond
at the bottom would a so be to an -OH group on the deoxyribose ring.

Joining the two DNA chainstogether

If you look at the diagram carefully, you will seethat an adenine on one chain is dways paired with athymine on the second
chain. And aguanine on one chain isadways paired with acytosine on the other one. Thefirg thing to noticeisthat asmaller
baseisadways paired with abigger one. The effect of thisisto keep the two chains at afixed distance from each other dl the
way along But, more than this, the pairing has to be exactly:

Adenine (A) pairswith thymine (T);
Guanine (G) pairswith cytosne (C).

That is because these particular pairsfit exactly to form very effective hydrogen bonds with each other. It isthese hydrogen
bonds which hold the two chains together

The base pairsfit together asfollows.

The A-T base pair:
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Fig : DNA pairing

The bond between Aand T is double bond and Cand T istriple bond. These type of bond have special featuresfor the
bacterid geneticsthat will be dedlt in another chapter.

TheEnd

Chapter -9
DNA REPLICATION, TRANSCRIPTION, TRANSLATION
I ntroduction

It isthe processthat can duplicate the DNA of acell. The next step isthe cdll to duplicate. Every cell (of eukaryotes or
prokaryotes) has one or more DNA (or RNA) polymer molecules that need to duplicate in order the cell duplication to take
place. Thisiswhat DNA replication or DNA synthesis succeeds. In the eukaryotes (organisms with cedll that have nucleus)
the DNA isformed in two strands, each composed of units called nucleotides. The two strands ook like two chains that
form the DNA double hdlix. The DNA replication process is capable of opening the double hdlix and separating the two
strands. Then the two strands are copied. Asaresult two new DNA molecules are created. The next stepisthe cell

divison. After that adaughter cell is created. Initsnucleusliesacopy of the parental DNA.
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Fig: Double helical model of DNA

DNA Replication Models

The process of DNA Replication was hiding many secrets. One of the most important was how the two daughter strands
are created. In order the hereditary phenomenon to be explained, these strands should be accurately copied and transmitted
from the parental cell to the daughter ones.

These arethree possible modelsthat describe the accurate creation of the daughter chains.

A. Semiconservativereplication

According to thismodd, DNA Replication would create two molecules. Each of them would be acomplex of anold
(parenta and a daughter strand).

B. Conservativereplication

According to thismodel, the DNA Replication process would creste a brand new DNA double helix made of two daughter
strands while the parental chainswould stay together.

C. Digpersivereplication

According to thismodel the replication processwould creste two DNA double-chains, each ofthem with parts of both

parent and daughter molecules.
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Stepsin DNA Replication

1)Thefirst mgjor stepin DNA Replication to take place is the bresking of hydrogen bonds between bases of the
two anti-parallel strands. The un-wounding of the two strandsis the starting point. The splitting happensin
places of the chainswhich arerichin A-T. That is because there are only two bonds between Adenine and
Thymine (there are three hydrogen bonds between Cytosine and Guanine). Helicase isthe enzyme that splits
the two strands. Theinitiation point where the plitting startsis called “ origin of replication’. The structure that

iscreated isknown as ‘ Replication Fork.

Fig: Replication fork

2) One of the most important steps of DNA Replication isthe binding of RNA Primasein the the initiation point
of the 3-5' parent chain. RNA Primase can attract RNA nucleotides which bind to the DNA nucleotides of
the 3-5' strand due to the hydrogen bonds between the bases. RNA nucleotides are the primers (starters) for
the binding of DNA nuclectides.

3)The elongation processisdifferent for the5'-3 and 3'-5' template.

a) 5-3 Template: The 3-5' proceeding daughter strand -that uses a 5'-3' template- is called leading strand
because DNA Polymerase A can read the template and continuously adds nucleotides (complementary to the
nucleotides of the template, for example Adenine oppositeto Thymine etc.)
b) 3-5Template: The 3-5' template cannot be read by DNA Polymerase. The replication of this template is complicated
and the new gtrand is called lagging strand. In the lagging strand the RNA primase adds more RNA primers. DNA
polymerase A reads the template and lengthens the bursts. The gap between two RNA primersiscaled ‘ Okazaki Fragments
". The RNA primers are necessary for DNA polymerase A to bind nucleotidesto the 3' end of them. The daughter strand is
elongated with the binding of more DNA nucleotides.

4) In the lagging strand the DNA Pol | - exonuclease reads the fragments and removes the RNA primers. The gaps are
closed with the action of DNA Polymerase (adds complementary nucleotides to the gaps) and DNA Ligase (adds phosphate
inthe remaining gaps of the phosphate - sugar backbone).Each new double hdix is consisted of one old and one new chan.
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Thisiswhat we cdl semi conservative replication

5) Thelast step of DNA replication isthe termination. This process happens when the DNA Polymerase reachesto an end
of the strands We can easily understand that in the last section of the lagging strand, when the RNA primer isremoved, it is

not possible for the DNA Polymerase to sedl the gap (because there isno primer). So, the end of the parental strand where
thelast primer bindsisn't replicated.

6) The DNA Replication is not completed before a mechanism of repair fixes possible errors caused during the replication.

Enzymes like nucleases remove the wrong nucl eotides and the DNA polymerasefillsthe gaps.

Fig: DNA replication
Sour ce: Wilkepedia
8.1 Transcription

Transcription isthe mechanism by which atemplate strand of DNA is utilized by specific RNA polymerasesto generate one
of the three different classfications of RNA.

These 3 RNA classes are:

Messenger RNAs (mMRNAS): Thisclassof RNAsisthe genetic coding templates used by the trandationa machinery to

determine the order of amino acidsincorporated into an e ongating polypeptide in the process of trandation.
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Fig:Transcription

Transfer RNAs (tRNAS): Thisclassof smdl RNAsform covadent attachmentsto individua amino acids and recognize the

encoded sequences of the mMRNAsto alow correct insertion of amino acids into the eongating polypeptide chain.

Ribosomal RNASs (rRNAS): Thisclassof RNAsis assembled, together with numerous ribosoma proteins, to form the
ribosomes. Ribosomes engage the mRNAs and form a catalytic domain into which the tRNAs enter with their attached
amino acids. The proteins of the ribosomes catdyze dl of the functions of polypeptide synthesis.

All RNA polymerases are dependent upon a DNA template in order to synthesize RNA. The resultant RNA is, therefore,
complimentary to the template strand of the DNA duplex and identical to the non-template strand. The non-template strand

is caled the coding strand because its sequences areidentical to those of the mRNA. However, in RNA, U is substituted
for T.

8.2 Trandation
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Trandation isthe RNA directed synthesis of polypeptides. This processrequires al three classes of RNA. Although the
chemistry of peptide bond formation isrelatively smple, the processes leading to the ability to form a peptide bond are
exceedingly complex. The template for correct addition of individua amino acidsisthe mRNA, yet both tRNAsand rRNAS
areinvolved in the process. The tRNAS carry activated amino acids into the ribosome which is composed of rRNA and
ribosoma proteins. The ribosome is associated with the mRNA ensuring correct access of activated tRNASs and containing
the necessary enzymetic activitiesto catalyze peptide bond formation.

The genetic code

Shown below are the triplets that are used for each of the 20 amino acids found in eukaryotic proteins. The row on the left
sdeindicates the first nucleotide of each triplet and the row across the top represents the second nucleotide. The wobble

position nuclectides are indicatedbel ow. The three stop codons are highlighted in yellow

Fig: Genetic code: Wobble at third position

Order of eventsin trandation

The &bility to begin to identify theroles of the various ribosomal proteinsin the processes of ribosome assembly and
trandation was aided by the discovery that the ribosoma subunitswill saf assemblein vitro from their congtituent

parts
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Fig: Elongation of Chain on Ribosome

Following assembly of both the small and large subunits onto the mRNA, and given the presence of charged tRNAS, protein

synthesis can take place. To reiterate the process of protein synthesis:

Fig: Synthesis of Polypeptide chain
Synthesis proceeds from the N-terminus to the C-terminus of the protein.
The ribosomes read the mRNA inthe 5' to 3' direction.

Active trandation occurs on polyribosomes (also termed polysomes). This means that more than one ribosome can be

bound to and trandate agiven mRNA &t any onetime.
Chain eongation occurs by sequentid addition of amino acidsto the C-termina end of the ribosome bound polypeptide.

Trandation proceeds in an ordered process. First accurate and efficient initiation occurs, then chain eongation, and finaly
accurate and efficient termination must occur. All three of these processes require specific proteins, some of which are
ribosome associated and some of which are separate from the ribosome, but may be temporarily associated with it.

Initiation
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Fig: Termination of Polypeptide Chain
Source: Wilkipedia

First the 70s ribosome must separate into 50s and 30s subunits. The 3 initiation factors IF-1, IF-2, and IF-3 then bind to the
30S ribosoma subunit. Then the specific initiator tRNA carrying the N-formylmethionine and the mRNA join the complex
(remember base pairing via Shine-Dagarno sequence). Theinitiator tRNA is specificaly recognized by IF-2. At thispoint in
the process we have what istermed a 30s preinitiation complex. The 50S subunit binds, triggering the release of the

IFs.Thus, formation of the 70Sinitiation complex iscompleted and it isready for the next phase, elongation

Fig: Overall processof Transcription and Trandation.
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Overall Mechanism of Trandation: Ribosome moves dong the mMRNA molecule to the third codon, reeesing the firg
tRNA molecule, as only two tRNA molecules can be brought together by a sngle ribosome a one time. The next
complementary tRNA with the correct anticodon complementary to the third codon is selected for, ddivering the next amino
acid to the ribosome which is covaently joined to the growing polypeptide chain. This process continues with the ribosome
moving dong the MRNA molecule adding up to 15 amino acids per second to the polypeptide chain. Behind the fird ribosome,
up to 50 additiond ribosomes can bind to the mMRNA molecule and synthesise an identica polypeptide - this enables
smultaneous synthess of multiple identical polypeptide chains. Termination of the growing polypeptide chan occurs when the
ribosome encounters a stop codon (UAA, UAG, or UGA) in the mRNA molecule. When this happens, no tRNA can
recognise it and arel ease factorinduces the release of the polypeptide chain.

Protein Folding: The primary structure of protein get folded into secondary and teririary and the finally quaternary protein
structure that made then active protein mode which can be seen asbelow:

Fig Protein Folding

Source: Wilkepedia.org.in

Once synthesis of the polypeptide chain iscompleted by the ribosome, the polypeptide chain released and folds to adopt a
gpecific structure which enables the protein to carry out its functions. The basic form of protein_structureis known as theprimary

dructure, which is Smply the polypeptide chain i.e. a sequence of covdently bonded amino acids. The primary sructure of a
protein is encoded by a gene. Therefore, any changes to the sequence of the gene can dter the primary structure of the protein
and dl subsequent levels of protein structure ultimately changing the overdl structure and function.(Wilkepedia.org.in)
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The primary gtructure of a protein (the polypeptide chain) can then fold or coil to form thesecondary structuredf the protein. The

maost common types of secondary structure are known as andpha hdixorbeta sheet, these are amdl structures produced by
hydrogen bonds forming within the polypeptide chain. This secondary structure then folds to produce thetertiary structuredf the

protein, thisisits overal 3D gdtructure which is made of different secondary structures folding together. In the tertiary structure,
key protein features e.g. the active dte, are folded and formed enabling the protein to function. Findly, whilg most proteins are
made of asngle polypeptide chain, however, some proteins are composed of multiple polypeptide chains (known as subunits)
which fold and interact to form thequaternary structure.

Protein Synthesisin Disease

Many diseases are caused by mutationsin agene due to the direct connection between the genetic code of the gene
and the amino acid sequence of the protein it encodes. Changes to the primary structure can result in the protein mis-folding

and unable to function. Single mutationsin genes have been identified as a cause of multiple diseasesincluding sickle cell disease

and cydticfibrogs.
Sickle cell disease:

Sickle cdll diseaseisagroup of diseases, the most dangerousis known as sckle cdll anaemia. Sickle cell anaemiaisthe most
common homozygous recess ve Single gene disorder, meaning the individua must carry the mutation in both copies of the gene
to suffer from the disease. The mutation occursin thehaemoglobinB gene. Haemoglobin is an essential component of red blood
cdlsand is composed of four subunits - two A subunits and two B subunits.i*3. Petients suffering from sickle cdll anaemiahave
amissense mutation in the haemoglobin B subunit gene. A missense mutation means the nucleotide mutation dtersthe overal
codon triplet such that adifferent amino acid is paired with the new codon. In the case of Sckle cdll anaemia, thereisasingle
nucl eotide mutation from thymine to adenine in the haemoglobin B subunit genewhich changes codon 6 from glutamic acid to

vdine

The changein the primary structure of the haemoglobin B subunit dters the functiondity of the haemoglobin multi-subunit

complex inlow oxygen conditions.

Cysticfibrosis:.

Post-trandational Modifications

Completion of protein folding into the mature, functiona 3D date isnot necessarily the end of

« Cleavage
« Addition of chemica groups
« Addition of complex molecules

« Addition of peptide
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THE END

Chapter-10
BACTERIAL RECOMBINATION

Introduction : Bacteria can exchange or transfer DNA between other bacteriain three different ways. In every casethe
source cells of the DNA are called the DONORS and the cells that receive the DNA are called the RECIPIENTS.

| n each case the donor DNA isincorporated into the recipients cell's DNA by recombination exchange (Fig. 1). If the
exchange involves an dlde of the recipient's gene, the recipient's genome and phenotype will have changed. The threeforms
of bacterial DNA exchange are (1) TRANSFORMATION, (2) CONJUGATION and (3) TRANSDUCTION
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Fig: Genera scheme of bacteria exchange of DNA. DNA from adonor cell istransferred to arecipient cell whereit

undergoes recombinationa exchange, replacing one or more of the recipient's genes with those from the donor.
PLASMIDS

o Pasmid are MINI-CHROMOSOMES. Plasmids are composed of DNA which usually exisssasa CIRCULAR
MOLECULE, only much SMALLER than the genomic DNA.

« Plasmidsvary in size, but most are between 1,000 to 25,000 base pairs vs. 4,000,000 bp in the genome. Plasmids
REPLICATE AUTONOMOUSLY from the genomic chromosome.

« Often there are many plasmid copies present in one cell. Further, acel may contain severa different plasmidsor it
may contain NO PLASMIDS at dl. Plasmids generdlly carry genesthat are not essentia for acdl's surviva except

under specid circumstances. For example, many plasmids carry genes for antibiotic resistance

When these plasmids are present in acell, it is unaffected by the gppropriate antibiotic, but if the plasmid and its antibiotic
resstant geneislogt, the host cell becomes sendtiveto agiven antibiotic.

Some plasmids carry resstance genes to severd antibiotics, making them very dangerous pathogens. In other cases plasmids,
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cdled VIRULENCE-PLASMIDS, carry VIRULENCE GENES that enhance a host's dhility to cause a disease.

That is, abacterium carrying a plasmid containing the virulence geneis able to CAUSE A DISEASE, but when the plaamid is
missng that same bacterium is unable to produce that disease. One such plasmid-based disease of recent concern is the drain
of E. coli O157:H7 that produces a severe food-borne disease.

Other plasmids carry genes for protecting a cdl againgt deleterious substances like mercury, copper or they may carry genes
that make it possible for acdl to metabolize an unusud substrate, such as gasoline, as a nutrient or energy source.

The question naturdly arises as to the purpose of these plasmids in the evolutionary scheme. The current explandtion is that
plasmids condtitute an extra pool of gene dldes and thus enlarge the effective gene pool of the population. Remember that
the genome of prokaryotes carries only enough information for between 1,000 to 5,000 genes. But, as weve dready

learned, the more variety the better a species chances of survivd arein afickle universe.

The phenomenon of Antibiotic resstance is a case in point. Antibiotics, being naturd products of certain organiams, are
never-the-less unlikdy to be encountered very often in quantities that endanger susceptible senstive drains, so there is no
need to carry resstance genes againd the hundreds of antibiotics that lurk in the nooks 'n crannies of the environment.

Indeed, to do so would likdly tie up dl your genes just for this one purpose; clearly not a surviva plus.

Plasmidsin a bacterial host cell. A cell may contain no plasmids, one plasmid or many copies of aplasmid. A sngle host

may contain anumber of different plasmids (green, blue & pink

* However, random mutation has produced antibiotic res stance genes that clearly can prove useful under the right

circumstances, but how do they remain available, without tying up huge quantities of limited resources? The answer is
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PLASMIDS, of course

* A RAREPLASMID, randomly carrying aRARE ANTIBIOTIC RESISTANT GENE to, for example, penicillin,
happensto be in a patient suffering from an infection which istreated by ashot in the you-bloody-wel | -know-where.

* Alltheresistant bacteria's mates, lacking the res stance plasmid, are quickly killed, but the lucky bacterium with its
penicillin-res stant-plasmid survives and reproduces while swimming in aseaof penicillin. Naturdly, al the subsequent
daughter cdlls carry the resstance plasmid, becauseif they didn't they'd die very quickly. Thisisaclassca example of
SURVIVAL OF THEFITTEST & of evolution in action.

Fig: Selection of antibiotic resstant bacteria

Sdection of Antibiotic-Resstant Mutants. If an antibiotic-sendtive bacterium is grown in a culture, occasondly arandom
mutation occurs that renders a bacterium resistant to a given antibiotic. To detect the presence of such amutation one plates
the culture on amedium containing aletha dose of the antibiotic in question. Any cdllsthat grow on theleft plate must be
resstant (red colonies) to the antibiotic. All the cells (green & red) will grow on amedium lacking the antibiotic

TRANSFORMATION

» Thediscovery of transformation was previous. Sinceitsinitid discovery transformation has been shown to occur
throughout the bacterid world and it has become the most commonly used artificid way of moving genesfrom one

bacterium to another. The basic procedure involves:.

1. Breaking open the donor cells and removing DNA from them so asto obtain a CELL-FREE, usudly purified, form of
DNA (NAKED DNA).
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Fig: Isolation of CELL-FREE or NAKED DNA.

The cedlls are broken and the DNA released. The cell-free DNA is subsequently isolated and collected.

2. Mixing of Donor DNA with Recipient Competent Cedlls. The naked donor DNA isincubated with the competent

recipient cdlstowhich it binds

3.Therecipient cellstakethedonor DNA intotheir cytoplasm whereit may EXCHANGE into therecipient's
DNA or if it isaplasmid, it will replicate.
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1.Uptake and Recombination of Donor DNA. Donor DNA binds to competent recipient cdlls, following which it enters
the recipient cdlls. Portions of the donor DNA dign, a random, with genes on the recipient DNA and segments of the
two DNA's are exchanged. The exchange inserts Donor genesinto the recipient cell"'sDNA. 5.Transformationis
used to move DNA between bacteria, plants and animals. In each case the methods used to get the DNA into the
recipient cellsare dightly different. In bacteria COMPETENCY isan empirica matter; that isit can not be predicted
what conditionswill produce competency in agiven strain of bacteria. However, the following treatment often induces

competency in G- bacteria

6. Young cdls are incubated with a CALCIUM CHLORIDE SOLUTION for gpproximately 30 min on ice. In some
cases magnesum is o present.The cdls are concentrated and suspended as a thick suspension in the calcdum  solution.
The cells may be mixed with reagents like glycerol and stored at -80°C for later use or they may be used immediady.
Cdl-free DNA is then mixed with these  competent cells on ice for gpproximately 30 min followed by a brief mild hegting.

8. The transformed cdls are incubated in a rich medium for gpproximately 1 to 1.5 hr. and then plated on medium
containing materias that will detect the presence of the transformed genes. A variety of other transformation techniques
are used for eukaryotic cdls These indude mixing certain sdts with DNA. These sdts bind the DNA and the
sat-DNA-complex is then taken into the eukaryotic cells where the DNA is subsequently incorporated into the
recipient cell's DNA. Plant cells are often covered with a thick cdl wal that is difficult to penetrate.

9. Toget DNA into these cdlstiny meta beads coated with the donor DNA are "shot” into the cytoplasm of the recipient
cdlsusnga“gasgun'. A srong jolt of dectricity isaso used to drive the DNA into recipient cells. Because of the
smilar chemica nature of DNA, DNA from any living form can, in theory, function in any other lifeform. Animalsor
plants that have been transformed with DNA from other species are called TRANSGENIC organisms.

10.For example, we have transgenic pigs and cows containing functiona ""human genes'. Transgenic plants containing
"bacteria genes' that make a protein toxic to certain insect pathogens are currently growing around the world.
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Griffith'sexperiment:

Griffith's experiment, conducted in 1928 by Frederick Griffith, was one of the first experiments suggesting that bacteriaare

cgpable of transferring genetic information through a process known as transformation. Griffith used two drains of
Pneumococcus (which infects mice), atype I11-S (smooth) and type 11-R (rough) strain. The I11-S strain coversitsaf with a
polysaccharide capsule that protectsit from the host's immune system, resulting in the death of the host, whilethell-R strain
doesn't have that protective capsule and is defeated by the host'simmune system. A German bacteriologist, Fred Neufeld,
had discovered the three pneumococcal types (Typesl, I1, and 111) and discovered the Quellung reaction to identify themiin
vitro Until Griffith's experiment, bacteriologists believed that the types were fixed and unchangesble, from one generation to

another.

Hg: Griffith Experiment
SourceWilkipedia

In this experiment, bacteria from the 111-S strain were killed by hest, and their remains were added to |1-R strain bacteria
While neither aone harmed the mice, the combination was ableto kill its hogt. Griffith was so ableto isolate both livell1-R
and livelll-S gtrains of pneumococcus from the blood of these dead mice. Griffith concluded that the type [1-R had been
"transformed” into the lethal 111-S strain by a"transforming principl€e’ that was somehow part of the dead I11-S strain

bacteria Today, we know that the "transforming principle’ Griffith observed wasthe DNA of the I11-S strain bacteria. While
the bacteria had been killed, the DNA had survived the heating process and was taken up by the l1-R strain bacteriaThe
[11-Sstrain DNA contains the genes that form the protective polysaccharide capsule. Equipped with this gene, the former
[1-R strain bacteriawere now protected from the host'simmune system and could kill the host. The exact nature of the
transforming principle (DNA) was verified in the experiments done by Avery, McLeod and McCarty and by Hershey and

Chase.

CONJUGATION:
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0 The discovery of conjugetion, the ability of bacteria cdls to trandfer dna between cdls that are in physicd contact, as a
fom of dna exchange between bacteria in the 1950s sunned scientists and lay people dikelts obvious
anthropomorphic amilarly to mammdian gene exchange amused some and shocked others. Since its discovery,
conjugationd exchange of DNA has been shown to be more common and promiscuous than firg thought possible.
Initidly, conjugation was thought to occur only between the SAME or CLOSELY RELATED SPECIES, but data
has accumulated which shows that conjugation between bacteria crosses prokaryotic species lines and even occurs
between bacteria and some eukaryotic cdls. How pervasive this latter Stuaion is remains to be determined

Thebasic conditionsfor conjugation are:

1.Donor cdls carry aunique plasmid that contain aset of genes that make conjugation possible. These
PLASMIDS arecdled FERTILITY or SEX PLASMIDS. Céllsthat contain the fertility plasmidsare called F+ or
MALE cells, whereas cdls, lacking the sex plasmids are said to be FEMALE or F-.

2. The sex plasmid genes are responsible for the synthesis of specid pili called sex pili. Sex pili arethinlong, hollow
protein tubes that have "sticky" RECEPTORS on their ends that bind firmly to molecules (ligands) on recipient cell

wadls.

3. Following the ATTACHMENT of thetwo cells by the pili, they become united through a"CONJUGATION
BRIDGE". The nature of thisunion isunclear asisthe exact role the sex pili playsinitsformation. But what isclear is

that a GATE IS OPENED between the donor and recipient cells through which DNA can pass.

4. A specid enzyme cuts one strand of the donor's dnaat aunique site and anewly synthesized stand of dna passes
through the conjugation bridge into the recipient cell.

5.Thisnewly synthesized strand of donor DNA is converted to adouble stranded form
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which is able to exchange into the host's DNA by recombination.

«  Themog common form of conjugation involves the transfer of plasmids from one cdl to another. this process is very
efficent, as the recipient cdls that receive the f-plasmids, themsdaves become f+ (they literdly change sex) and quickly
begin to mate with f- cells. certain f+ plaamids are able to fuse with the genomic dna of the host cdl and upon mating
the entire donor's genome can be transferred into a recipient cdll. under these conditions any of the donor's genes can

end up exchanged into the recipient's genome.

« HFRdran hfr cdl (dso caled hfr srain) isa bacterium with a conjugetive plasmid (often the F-factor) integrated into

its Genomic DNA.

« Hifristhe abbreviation for high frequency recombination, which wasfirst characterized by Luca Cavali-Sforza.

Unlikeanorma F+ cdl, hfr srainswill, upon conjugation with aF- cell, attempt to transfer their entire DNA through
the mating bridge, not to be confused with the pilus.

» Thisoccurs because the F factor hasintegrated itself viaan insertion point in the bacteria chromosome. Dueto the F
factor'sinherent nature to transfer itsalf during conjugation, the rest of the bacteriad genomeisdragged dong withiit,
thus making such cdls very useful and interesting in terms of studying gene linkage and recombination.

« Becausethe genomesrate of transfer through the pilusis constant, molecular biologists and geneticists can use Hfr
drain of bacteria (often E. coli) to study genetic linkage and map the chromosome. The procedure commonly used
for thisis caled intrupted mating . A bacterium may undergo conjugation.

« During this process, genetic materid istransferred to another bacterium through the mating bridge. Rli are often
incorrectly believed to transfer DNA, but these structures are smply used to bring mating bacteria close enough to
form amating bridge. To form pili, an F plasmid isrequired.

» TheF plasmid consists of 28 geneswhich are mostly required for the production of the pilus. F+ denotes cdlls that
contain the F plasmid, while F- cellsdo not. The F plasmid is considered to be an gpisome which may become

integrated into the main chromosome.

»  When the F genes become integrated into the chromosome, the cell is said to be Hfr (high frequency of
recombination). An Hfr cell may transfer F genesto an F- cdll. During thistransfer of genetic materid, the F episome
may take chromosoma DNA withit.

The donor cell does not lose any genetic materia as anything transferred is also replicated concurrently. It isextremely rare

that an Hfr cell's chromosomeistransferred in its entirety. Homologous recombination occurs when the newly acquired

DNA crosses over with the homologous region of its own chromosome.

» A dructure asfragile asamating bridge will, however, likely break, and so the transfer israrely complete. Thus, the F
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- cell usesonly part of the genomic DNA of the Hfr cell for recombination. Though thereis some debate on theissue,
the pili themsalves are not the structures through which the actua exchange of DNA takes place; rather, a TypelV
secretion system is used to transfer DNA between the bacteria.

Fig: Mecanism of gene transfer
Source: text book of Microbiology(Pleczar)

Trandfer of afunctiona genefor tryptophan biosynthesis from awil d-type bacterium (genotype described as trp+) to a
recipient that lacks afunctional copy of thisgene (trp-). Therecipient is called atryptophan auxotroph (the word used to
describe amutant bacterium that can survive only if provided with anutrient - in this case, tryptophan - not required by the
wild type After transfer, two crossovers (shown as green crosses) are needed to integrate the transferred gene into the
recipient cdll's chromosome, converting the recipient from trp- to trp+. (B) During conjugation, DNA istransferred from
donor to recipient in the same way that astring is pulled through atube. The relative postions of markers on the DNA
molecule can therefore be mapped by determining the times at which the markers appear in the recipient cdll. In the example
shown, markers A, B and C aretransferred 8, 20 and 30 minutes after the beginning of conjugation, respectively. The entire
Escherichia coli chromosome takes gpproximately 100 minutesto transfer. (C) To be co-transferred during transduction
and transformation, two or more markers must be closaly linked, because these processes usudly result in less than 50 kb of
DNA being passed from donor to recipient.

» Transduction and transformation mapping are used to determine the relative positions of markersthat are too close

together to be mapped precisely by conjugation anayss.

SUPERBACTERIA
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The conjugative transfer of antibiotic resstant plasmids between bacteriaisamgjor problem facing the medica
profession today (that means you and me folks!). In the case of some important pathogens we currently have only
ONE EFFECTIVE ANTIBIOTIC (Vancomycin) remaining to use againgt them and resistant strains againg that
one are being reported around the world.

That is, these SUPERBACTERIA contain plasmids carrying resstant genesto AL L of the other available
antibiotics.

Since people infected with pathogens are CONCENTRATED in hospitals and since antibiotics of al kindsare
extengvely used to treat these infections, the chances are high that antibiotic resstant plasmids will be selected and
that they will be passed on to other bacteria. Further, the odds that a bacterium receiving a resistance plasmid will
aready have other antibiotic resstant plasmidswill be gatistically high.

Other activitieslike the feeding of antibioticsto farm animasto increasetheir weight gain, or therinaing of chickensin
antibioticsto increase their shelf-lifein stores contribute to the sel ection and subsequent spread of antibiotic resistant

plasmids. Theincrease of resstant bacteriaover time

TRANSDUCTION

Thethird way of trangporting DNA between organismsinvolves the mediation of viruses. Asyou will learn when viruses are
covered, bacteriaaso have viruses that attack them. Bacterid viruses are called BACTERIOPHAGE or just plain PHAGE

by most microbiologists. Two scientists, F. Twort and F. d'Herrelle discovered bacteriophage independently in 1915 &

1917. Theterm "phage’ means "eater”. Phage show themsalvesin two ways. On agar plates holeslacking any bacteriacan

be seen on abacterid "lawn’ . These holes, caled PLAQUES, vary in szefrom 1 to 3 mm in diameter, depending on the
phage and the growth conditions, But under standard conditions the PLAQUE SIZE isaDEFINING CHARACTERISTIC

of each phage.

Evidence of Tranduction

The ability of phageto carry bacteria DNA between bacteriawas discovered in 1952.

Briefly scientists, who were studying conjugation found that if they separated two geneticaly unique bacteriaby a
membrane that PREVENTED CONTACT between them they could still detect GENE TRANSFER between them.

Asthistransfer was not prevented by DNase, it was not Transformation.

They reasoned that the DNA must be protected from the DNase by something. This "something" turned out to a
bacteriophage infecting one of the strains being used in the experiment. Phage are composed of genetic materia
surrounded by a protein cover that does indeed protect them from DNase. This process of phage-mediated DNA
transfer isknown as TRANSDUCTION.In liquid cultures the addition of phage often causes the bacteriato
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DISAPPEAR or "CLEAR" within afew minutes and appear asif it was a serile, tube of medium.

Thekilling of bacteria suggested to many that they might be used to treat bacteria infections, however thisturned out
to be ineffective because of the immune response of the body to the phage--more about thisin the section on
IMMUNITY.

However, during the early attempts to use phage therapeuticaly, it was discovered that they are VERY SPECIFIC
asto the bacteria hoststhey will attack and kill. In fact they are so specific, that phage are used to IDENTIFY strains
of bacteriathat cause infections so that the source of the infection can be accurately traced.

M echanism of Transduction

Fig: Mechanism of transduction
A phage infects a susceptible bacterium and injectsits DNA into the host.
The phage DNA proceedsto TAKE OVER the host's entire metabolism, turning it into a PHAGE-FACTORY .
It then directs the synthesis of PHAGE PARTS or COMPONENTS, including phage DNA.

Asafina step in the phage life-cycle, the VARIOUS COMPONENT PARTS in the cytoplasm are ASSEMBLED
into COMPLETE PHAGE and the cell is broken open or LY SED, releasing the newly made phage particles.

During the assembly process, occasionad RARE MISTAKES are made and bits of the host's bacterial DNA become
incorporated INTO THE NEW PHAGE.

SincethereisNO ROOM FOR PHAGE DNA in these situations DEFECTIVE PHAGE are made.

However, these defective phage still have the ability to subsequently bind and INSERT their DNA into a host
bacterid cell. But, since these defective phage contain only bacterial DNA, an infection DOES NOT OCCUR.
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» Recombination however can take place between the previous host's DNA and the new host's DNA and any aleles
carried into the host by the defective phage can become incorporated into the host's DNA, thereby Changing its

genotype

o Todetect this process the new hosts are grown on medium that will somehow DEMONSTRATE the presence of a
particular dlele from the previous hos.

» For example, if transducing phage are first grown on a bacterid host that carries a gene Conferring resstance to the
antibiotic penicillin, afew rare defective phage will | ncorporate the penicillin resistance gene. If the phage from this
culture are subsequently used to infect a Penicillin-sensitive host and the survivors are plated on medium containing
Penicillin, only those rare bacteriawhich have both received the penicillin-resistant gene from a defective phage and

exchanged it into their genome, will produce colonies on the medium.

Chapter-11

INTRODUCTION TO FUNGI AND CLASSIFICATION

The word fungus comes from the Latin word for mushrooms. Indeed, the familiar mushroom is a reproductive structure used by
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many types of fungi. However, there are dso many fungi species that don’t produce mushrooms at dl. Bang eukaryotes, a
typicd fungd cdl contains a true nucdeus and many membrane-bound organdlles. The kingdom Fungi includes an enormous
variety of living organisms collectively referred to as Ascomycota, or true Fungi. While scientists have identified about 100,000
gpecies of fungi, thisisonly a fraction of the 1.5 million species of fungus probably present on earth. Edible mushrooms, yeasts,
black mold, and the producer of the antibiotic penicillin,Penicilliumnotatum, are dl members of the kingdom Fungi, which
belongs to the domain Eukarya.

Key Point anout Fungi:
1. Someaquatic, someterrestrial and some are air borne. Many are plant parasite, animal of human parasite,

2. Plant body branched, and filamentous hypha form,form anet like structure called as Myceilium.Hypha are aseptate
(coenocytic) or septate or separate in uni,bi,or multinucleste.

3. Septate with smple or dolipore septum in Basidiomycetes.
4, Cdl wal chitiniousor cdlulosic,aso contain glucan or manan,
5. Devoid of chlorophyll but caretionod may present.

6. Heterotrophic, some are saprophyte or parasite or symbiont.

Cdl Organisation

The cdl wdl of fung ismainly made up of chitin and cellulose. Chitinis a polymer of N-acetyl glucosamine. On the other hand,
cdluloseis nothing but a polymer of d-glucose. Besides, the cdl wal may be made up of cellulose-glycogen, cdlulose-chitin or
polyga actosamine-ga actan.

Nutrition

Thefung are achlorophyllous organisms. Hence, they cannot prepare their food. They live as heterotrophsi.e., as parasites and
saprophytes. Some forms live symbiaticaly with other green forms.

Par asites: They usudly obtain their food from a living host. A parasite could be facultative or obligate. The obligate
parasites survive and sttle on a living host throughout their life The facultative parasites are sgprophytes tha have
turned paragitic.

Saprophytes. These organisms procure their nutrition from dead and decaying organic matter. The saprophytes are
dther obligate or facultative. An obligate saprophyte remains sgprophytic during its entire lifetime. While a facultative
saprophyte is nothing but a parasite that has secondarily become saprophytic.
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Symbionts: Some fung develop in symbiotic association with the green or blue-green dgae. These condtitute the lichen.
Here the dgd component is photosynthetic. While the fungd component plays the reproductive part.

Reproduction

Thefung ether reproduces vegetatively, asexudly or sexudly:

Vegetative Reproduction

o Fragmentation: Some forms beonging to Ascomycotina and Basdiomycatina multiply by breskage of the
mycdium.

o Budding: Some uniceled forms multiply by budding. A bud arises as a papilla on the parent cdl and then after
its enlargement separates into a completely independent entity.
o Fission: A few unicdled forms like yeasts and dime moulds multiply by this process.
Asexual Reproduction

o Sporangiospores. These are thinwdled, non-moatile spores formed in a sporangium. They may be uni-or
multinudeate. On account of ther structure, they are aso caled as aplanospores.

o Zoospores. They are thin-walled, matile spores formed in a zoosporangium.

o Conidia:In some fungi, the spores are not formed ingde a sporangium. They are born fredy on the tips of
gpecid branches cadled conidiophores. Thus, these spores are conidia

« Sexual reproduction: With the exception of Deuteromycotina (Fungi imperfecti), we find sexud reproduction in dl
groups of fungi. During sexud reproduction, the compatible nude show a specific behaviour which is responsible for
the onset of three diginct mycdid phases. The three phases of nuclear behaviour are as under:

o Plasmogamy: Fuson of two protoplasts.
o Karyogamy: Fuson of two nudei.

M elosis: The reduction divison.

Classification of Fungi
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Phycomycetes

We can find these inaquetic habitatsand on decaying wood in moist and damp places. The myodium is aseptate and coenocytic.
Asxud reproduction takes place by zoospores (matile) or by aplanospores (non-matile).

Rhizopus/M ucor

They are the cosmopoalitan and saprophytic fungus, living on the dead organic matter.Rhizopus stolonifera occurs very frequently
on moig bread. Hence, they are black bread mould.

Albugo

Albugo is a member of Phycomycetes.it is an obligate parasite and growsin the intercdllular spaces of host tissues. It is paragitic
manly on the members of families Cruciferae, Compositae, Amaranthaceae and Convolvulaceae. The disease caused by this
fungusiswhite rust or white blisters. The most common and well-known speciesis Albugo candida. It attacks the embers of the

mustard family (Cruciferae).

Ascomycetes

They are sgprophytic, decomposers, parasitic or coprophilous (growing on dung). Some examples are Aspergillus, Claviceps
and Neurospora. Neurospora is used extensvely in biochemica and genetic work.

Y east
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Antony Von Leeuwenhoek in 1680 firs described yeast.Yeast is nonmycdid or unicdlular, which is very amdl and either
gphericd or ovd in shape. Individud cells are colourless but the colonies may appear white, red, brown, creamy or ydlow.
Y east reproduces by vegetative or asexud and sexud methods.

Basidiomycetes

The mogt common forms of basidiomycetes are puffbals, mushrooms and bracket fungi. They grow in soil, on logs and tree
sumps and inliving plant bodies as parasites, e.g., rusts and smuts. They havebranched and septate mycdium. These organisms
do not have sex organs. But, plasmogamy takes place by fuson of two vegetative or somatic cdls of different drains or
genotypes.

Deuteromycetes.

They are imperfect fungi because we only know about the asexud or vegetative phases of these fungi. The Deuteromycetes
reproduce only by asexud spores. These spores are conidia Some members are saprophytes or parasites. However, a large
number of them are decomposers of litter. They are very hdpful in minerd cyding.Examples: Alternaria, Colletotrichum and
Trichoderma

Fungi are classified according to their structure and method of reproduction.
Thefour main groupsof fungi are:
1.Common molds (Zygomycota)
2.Sac fungi (Ascomycota)
3.Club fungi (Basdiomycota)
4.1mperfect fungi (Deuteromycota
0 Subkingdom Amastigomycota
0 Teredtrid inhabitantsincluding those of medica importance:
1. Zygomycota — zygospores, sporangiospores and some conidia
2. Ascomycota — ascospores, conidia
3. Basidiomycota — basidiospores; conidia
4. Deuteromycota —mgority are yeasts and molds; no sexua spores known; conidia
The Common Molds

0 Familiar moldsthat grow on mest, cheese, and bread are members of the phylum Zygomycota.
0 Zygomycetes havelife cyclesthat include a zygospore.
0 A zygospore isaresting sporethat contains zygotes formed during the sexual phase of the mold'slife
cyde.
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Structure and Function of Bread Mold

0 Black bread mold, Rhizopus stolonifer, isazygomycete.
0 Black bread mold hastwo types of hyphae:
0 Rhizoids arerootlike hyphae that penetrate the bread's surface.
0 Stolons are stemlike hyphae that run along the surface of the bread.

Life Cycle of a Black Bread Mold

0 Haploid (N) gametes produced in the gametangia fuse with gametes of the opposite mating typeto form diploid (2N)

zygotes.
0 Zygotesdeveop into thick-waled zygospores.

126



Asexual Reproduction

The Sac Fungi :

0 Thephylum Ascomycotaisnamed for the ascus, areproductive structure that contains spores.
0 Thelifecycleof an ascomycete usudly includes both asexua and sexua reproduction.
Life Cycle of Sac Fungi

0 Inasexua reproduction, spores caled conidia form at tipsof conidiophores.
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0 Conidiophores are specidized hyphae.

0 During sexud reproduction, haploid hyphae of two different mating types (+ and - ) grow close together.

0 TheN + N hyphaethen produce afruiting body in which sexud reproduction continues.
0 TheAscus formswithin thefruiting body.
0 Withintheascus, two nucle of different mating types fuseto form adiploid zygote (2N).

128



0 Thezygotedividesby meioss, producing four haploid cdls.
0 Inmost ascomycetes, meiossisfollowed by mitosis, so that eight cells called ascospor es are produced.
0 Anascogpore can germinate and grow into a haploid mycdium.

0 Yeads

0 Yesdsareunicdlular fungi.
0 Yeastsreproduce asexudly by budding.
0 Dry granulesof yeast contain ascospores, which become activein amoist environment.
Lifecycleof club fungi: eg.Agaricus (Mushroom) :
0 Sexud sporesisknown as basidiogpores
0 Formedon aclub shaped basidium
Diploid nucle formed four basidiosporesthat germinateinto individua plant body
Importance of Fungi:

Fung are one of the most important groups of organisms on the planet. This is easy to overlook, given ther largey hidden,
unseen actions and growth. They are important in an enormous variety of way

1.Recycling
Fungi, together with bacteria, are responsible for most of the recyding which returns dead materid to the soil in a form in
which it can be reused. Without fungi, these recycling activities would be serioudy reduced. We would effectively be lost

under piles many metres thick, of dead plant and animd remains.
2.Mycorrhizaeand plant growth
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Fungi are vitaly important for the good growth of most plants, including crops, through the devel opment of mycorrhizal
associations. Asplantsare a the base of most food chains, if their growth was limited, dl anima life, including human,
would be serioudy reduced through starvation.

3.Food
Fungi are dso important directly asfood for humans. Many mushrooms are edible and different pecies are cultivated for
sdeworldwide. Whilethisisavery smadl proportion of the actua food that we eat, fungi are dso widely used in the
production of many foods and drinks. These include cheeses, beer and wine, bread, some cakes, and some soya
beanproductsWhile agreat many wild fungi are edible, it can be difficult to correctly identify them. Some mushrooms are
deadly if they are eaten. Fungi with names such as 'Destroying Angdl' and 'Death Cap' give us someindication that it would
not be aterribly good ideato eat them! In some countries, collecting wild mushroomsto eat isapopular activity. Itis
awayswiseto betotaly sure that what you have collected is edible and not a poisonous look-a-like.

4. Medicines

Penicillin, perhaps the most famous of dl antibiotic drugs, is derived from acommon fungus caledPenicillium.Many other
fungi dso produce antibiotic substances, which are now widely used to control diseasesin human and anima populations.

The discovery of antibiotics revol utionized health care worldwide.

Some fungi which parasitise caterpillars have a so been traditionaly used as medicines. The Chinese have used a particular
caterpillar fungus as atonic for hundreds of years. Certain chemical compoundsisolated from the fungus may proveto be

useful treatmentsfor certain types of cancer.A fungus which parasitises .Rye crops causes a disease known as Ergot. The

fungus can occur on avariety of grasses. It produces small hard structures, known as sclerotia. These sclerotia can cause

poisoning in humans and animals which have eaten infected material. However, these same sclerotia are a so the source of

apowerful and important drug which has usesin childbirth.

5.CropDiseases
Funga parasites may be useful in biocontrol, but they can aso have enormous negative consequences for crop production.
Some fungi are parasites of plants. Most of our common crop plants are susceptible to fungd attack of onekind or
another. Spore production and dispersd isenormoudly efficient in fungi and plants of the same species crowded together in
fidddsareripefor attack. Fungal diseases can on occasion result in theloss of entire cropsif they are not treated with
antifungdl agents.
BioControl agent :Fungi such asthe Chinese caterpillar fungus, which paragtise insects, can be extremey useful for
controlling insect pests of crops. The spores of the fungi are sprayed on the crop pests. Fungi have been used to control
Colorado potato bestles, which can devastate potato crops. Spittlebugs, leaf hoppers and citrus rust mites are some of the
other insect pests which have been controlled using fungi. This method is generally chesper and less damaging to the

environment than using chemica pesticides.
6.AnimalDisease
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Fungi can dso parasitise domestic animals causing diseases, but thisis not usualy amajor economic problem. A wide
range of fungi aso live on and in humans, but most coexist harmlesdy. Athletes foot and Candidainfections are examples of
human fungd infections.

7.Food Spoilage: Fungihas been seen asamethod of food spoilage, causing only an undesirable appearance to food,
however, there has been significant evidence of various fungi being a cause of death of many people spanning across
hundreds of yearsin many places through the world. Fungi are caused by acidifying, fermenting, discoloring and
disintegrating processes and can create fuzz, powder and dimes of many different colors, including black, white, red,
brown and green. Moldis atype of fungus, but the two terms are not reciproca of each other; they have their own defining
features and perform their own tasks.Very well known types of mold are Aspergillus and Penicillium, and, like regular
fungi, create afuzz, powder and dime of various colors, Y eastisa o atype of fungusthat grows vegetatively viasingle cdls
that either bud or divide by way of fisson, dlowing for yeast to multiply in liquid environments favoring the dissemination of
sngle cdled microorganisms. Y east forms mainly in liquid environments and anaerobic conditions, but being snglecdled, it
oftentimes cannot spread on or into solid surfaces where other fungus flourish. Y east dso produces at a dower rate than
bacteria, therefore being at a disadvantage in environments where bacteriaare. Y eastscan be responsible for the
decomposition of food with a high sugar content. The same effect isuseful in the production of various types of food and
beverages, such asbread,yogurt,cider, anda cohalic beverages.

THEEND

Chapter -12

STRUCTURE OF VIRUSAND CLASSIFICATION

Avirusisasmdlinfectious agentthetreplicatesonly ingde the livingcdlsof anorganism. Viruses can infect al types of lifeforms,

from animals and plants tomicroorganisms, indudingbacteriaandarchaea.

SinceDmiitri Ivanovsky's 1892 article describing a non-bacterial pathogeninfecting tobacco plants, and the discovery of the

tobacco mosaic virusby Martinus Beijerinckin 1898, about 5,000virus specieshave been described in detail, although there are

millions of types. Viruses are found in amog everyecosysemon Earth and are the most numerous type of biologicd entity. The
Study of virusesisknown asvirology, asub-specidity of microbiology.
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While not insde an infected cdll or in the process of infecting acdll, viruses exist in the form of independent particles, orvirions,
conggting of: (i) thegenetic materid,, i.e. longmoleculesof DNA or RNA that encode the structure of the proteins by which the

virusacts, (i) aproteincoat, thecapsid, which surrounds and protects the genetic material; and in some cases (iii) an outsde
envelopedflipids. The shapes of these virus particles range from smplehdica andicosahedra forms for some speciesto more

complex structures for others. Mot virus species have virions too smal to be seen with anoptical microscope, about one
hundredth the size of most bacteria.

History

L ouis Pasteurwas unable to find a causative agent forrabiesand specul ated about a pathogen too small to be detected by
microscopes.|n 1884, the Frenchmicrobiol ogi sCharles Chamberl andinvented theChamberland filter (or Pasteur-Chamberland

filter) with pores smal enough to remove al bacteriafrom a solution passed through it.In 1892, the Russian biologist Dmitri
Ivanovsky used thisfilter to study what is now known as thetobacco mosaic virus: crushed leaf extracts from infected tobacco

plants remained infectious even after filtration to remove bacteria. Ivanovsky suggested the infection might be caused by atoxin
produced by bacteria, but did not pursue the idea. At thetime it was thought that all infectious agents could be retained by
filtersand grown on anutrient medium—this was part of thegerm theory of disease.In 1898, the Dutch microbiologistMartinus

Bdjerinckrepested the experiments and became convinced that the filtered solution contained anew form of infectious agent.24
He observed that the agent multiplied only in cdlsthat were dividing, but as his experiments did not show that it was made of

particles, he cdled it acontagium vivum fluidum(soluble living germ) and re-introduced the wordvirus. Beijerinck maintained

that viruses were liquid in nature, atheory later discredited by Wenddl Stanley, who proved they were particulate.ln the same
year Friedrich Loefflerand Paul Frosch passed thefirst anima virus through asimilar filter: gphthovirus, the agent of

foot-and-mouth disease.

In the early 20th century, the English bacteriol ogistFrederick Twortdiscovered agroup of viruses that infect bacteria, now cdled

bacteriophages(or commonlyphages), and the French-Canadian microbiologistFdix dHerelledescribed viruses that, when
added to bacteria on anagar plate, would produce areas of dead bacteria. He accurately diluted a suspension of these viruses
and discovered that the highest dilutions (lowest virus concentrations), rather than killing al the bacteria, formed discrete areas
of dead organisms. Counting these areas and multiplying by the dilution factor alowed him to ca culate the number of virusesin
the origind suspension.Phages were heralded as apotentia trestment for diseases such astyphoidandcholera, but their promise

was forgotten with the devel opment of penidllin. The development of bacteria resistance to antibiotics has renewed interest in
the therapeutic use of bacteriophages.

Virusstructure

Viruses digplay awide diversity of shapes and sizes, calledmor phologies. In generd, viruses are much smaller than bacteria
Most viruses that have been studied have a diameter between 20 and 300nanometres. Somefiloviruseshave atota length of up

to 1400nm; their diameters are only about 80nm.Most viruses cannot be seen with anoptica microscope, so scanning and

transmissionel ectron mi croscopesare used to visualise them. To increase the contrast between viruses and the background,
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electron-dense "stains' are used. These are solutions of sdltsof heavy metals, such astungsten, that scatter the electrons from
regions covered with the stain. When virions are coated with stain (positive staining), fine detail is obscured. Negative saining

overcomesthis problem by staining the background only.

A complete virus particle, known as avirion, consists of nucleic acid surrounded by a protective coat of protein called acapsid.
These are formed from identical protein subunits calledcapsomeres.Viruses can have alipid”envelope” derived from the hostcdl
membrane. The capsid is made from proteins encoded by the viral genomeand its shape serves as the basis for morphol ogical
digtinction.Viraly-coded protein subunitswill self-assembleto form acapsid, in genera requiring the presence of the virus
genome. Complex viruses code for proteinsthat assst in the construction of their capsid. Proteins associated with nucleic acid
are known asnucleoproteins, and the association of viral capsid proteinswith vira nucleic acid is called anucleocapsd. The
capsd and entire virus structure can be mechanicaly (physicaly) probed throughatomic force microscopy .In generd, there are

four main morphologica virustypes:

Helical

These viruses are composed of asingle type of capsomere stacked around a central axis to form ahelicd structure, which may
have acentrd cavity, or tube. Thisarrangement results in rod-shaped or filamentous virions which can be short and highly rigid,
or long and very flexible. The genetic materid (typicaly sngle-stranded RNA, but sSDNA in some cases) is bound into the
protein helix by interactions between the negatively charged nucleic acid and positive charges on the protein. Overdl, the length
of ahelica capsdisreated to the length of the nucleic acid contained within it, and the diameter is dependent on the size and
arrangement of capsomeres. The well-studied tobacco mosaic virusis an example of ahelicd virus.

| cosahedral

Most animd viruses areicosahedra or near-spherica with chiralicosshedra symmetry. Aregular icosahedronisthe optimum

way of forming aclosed shdll from identical sub-units. The minimum number of identical capsomeres required for eech
triangular faceis 3, which gives 60 for the icosahedron. Many viruses, such asrotavirus, have more than 60 capsomers and
appear spherica but they retain this symmetry. To achieve this, the capsomeres at the apices are surrounded by five other
capsomeres and are called pentons. Capsomeres on the triangular faces are surrounded by six others and are calledhexons
Hexons are in essence flat and pentons, which form the 12 vertices, are curved. The same protein may act as the subunit of
both the pentamers and hexamers or they may be composed of different proteins.

Prolate

Thisisan icosahedron elongated dong the fivefold axis and isacommon arrangement of the heads of bacteriophages. This
structure is composed of acylinder with acap at either end.

Envelope

Some species of virus envelop themsavesin amodified form of one of thecell membranes, either the outer membrane

surrounding an infected hogt cell or interna membranes such as nuclear membrane orendoplasmic reticulum, thusgaining an

outer lipid bilayer known as avird envelope. This membrane is studded with proteins coded for by the viral genome and host
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genome; the lipid membraneitsaf and any carbohydrates present originate entirely from the host. Theinfluenzavirusand HIV
usethis strategy. Most enveloped viruses are dependent on the envelope for their infectivity.

Complex

These viruses possess acapsd that is neither purdly helica nor purely icosahedrd, and that may possess extra structures such
asprotein tails or acomplex outer wall. Some bacteriophages, such asEnterobacteria phage T4, have acomplex structure
conssting of anicosahedra head bound to ahelicd tail, which may have ahexagond base plate with protruding protein tail
fibres. Thistall structure acts like amolecular syringe, attaching to the bacteria host and then injecting the vird genomeinto the

cell. Thepoxvirusesare large, complex viruses that have an unusua morphology. The viral genomeis associated with proteins
within acentral disc structure known as anudeoid. The nucleoid is surrounded by amembrane and two lateral bodies of
unknown function. The virus has an outer envelope with athick layer of protein sudded over its surface. Thewholevirionis
dightlypleiomorphic, ranging from ovoid to brick-shaped.

Giant viruses

Mimivirusis one of the largest characterised viruses, with a capsid diameter of 400nm. Protein filaments measuring 100nm
project from the surface. The capsd appears hexagond under an eectron microscope, therefore the capsid is probably
icosahedrd. In 2011, researchers discovered the largest then known virusin samples of water collected from the ocean floor off
the coast of Las Cruces,Chile. Provisondly namedMegaviruschilens's, it can be seen with a basic optical microscope.ln
2013, thePandoravirusgenus was discovered in Chile and Audtrdia, and has genomes about twice as large as Megavirus and
MimivirusAll giant viruses have dsDNA genomes and they are dasdsfied into severd familiesMimiviridae, Pithoviridae,
Pandoraviridae,Phycodnaviridae,and theMdllivirusgenus.

Some virusesthat infect Archaeahave complex structuresthat are unrelated to any other form of virus, with awide variety of
unusua shapes, ranging from spindle-shaped structures, to viruses that resemble hooked rods, teardrops or even bottles. Other
archaedl viruses resemble the tailed bacteriophages, and can have multipletail structures.

An enormous variety of genomic structures can be seen amongvira species; asagroup, they contain more structural genomic
diverdty than plants, animals, archaea, or bacteria. There are millions of different types of viruses,athough only about 5,000
types have been described in detail As of September 2015, theNCBI Virus genome database has more than 75,000 complete
genome sequences,but there are doubtlessly many more to be discovered.
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Fig: Some structure of

Virus

Genomic Structure:

A virus has either aDNA or anRNA genome and is called aDNA virusor anRNA virus, respectively. The vast mgority of

viruses have RNA genomes. Plant viruses tend to have single-stranded RNA genomes and bacteriophages tend to have

double-stranded DNA genomes.

Vira genomesarecircular, asin thepolyomaviruses, orlinear, asin theadenoviruses. Thetype of nucleic acid isirrdlevant to

the shape of the genome. Among RNA viruses and certain DNA viruses, the genome is often divided up into separate parts, in
which caseit is caled segmented. For RNA viruses, each segment often codes for only one protein and they are usudly found
together in one capsd. All segments are not required to be in the same virion for the virusto be infectious, as demondtrated by

brome mosaic virusand several other plant viruses. A viral genome, irrepective of nucleic acid type, isamost aways elther

single-strandedordouble-stranded. Single-stranded genomes consist of an unpaired nucleic acid, analogousto one-half of a
ladder split down the middle. Double-stranded genomes consist of two complementary paired nucleic acids, analogousto a
ladder. The virus particles of some virusfamilies, such asthose belonging to theHepadnaviridae, contain agenomethat is

partialy double-stranded and partialy single-stranded.

For mogt viruses with RNA genomes and some with single-stranded DNA genomes, the Sngle strands are said to be ether
positive-sense(caled theplus-strand) ornegetive-sense(called theminus-strand), depending on if they are complementary to the
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virdmessenger RNA (MRNA). Positive-sense vird RNA isin the same sense as vird mRNA and thus at least a part of it can be
immediatdytrandatedby the host cdll. Negative-sense vird RNA is complementary to mRNA and thus must be converted to

postive-sense RNA by anRNA-dependent RNA _polymerasebefore trandation. DNA nomenclaiure for viruses with

sngle-sense genomic ssDNA issmilar to RNA nomendlature, in that positive-strand vird sSDNA isidenticd in sequence to the
vird mRNA and is thus a coding strand, while negative-strand vird ssDNA is complementary to the vird mRNA and is thus a
template strand. Severd types of sSSDNA and ssRNA viruses have genomes that areambisensein that transcription can occur off
both strands in a double-stranded replicative intermediate. Examples includegeminiviruses, which are ssSDNA plant viruses and

arenaviruses, which are ssRNA viruses of animas.

Genomesize

Genome size varies greetly between species. The smdlest virad genomes—the ssDNA circoviruses, family Circoviridae—code
for only two proteins and have a genome size of only two kilobases the |argest—thepandoraviruses—have genome sizes of
around two megabases which code for about 2500 proteins.Virus genesrarely haveintronsand often are arranged in the
genome S0 that they overlap.

Table: Genetic Diverdty among Viruses:

Property Parameter
Nucleic Acid - DNA
« RNA

Both DNA and RNA (at different stagesin thelife

cycle)
Sze + Linear
+ Circuler
«  Segmented
Strand of DNA +  Single-dranded

. Double-stranded

«  Double-stranded with regions of
sngle-strand

Sense « Pogtivesense (+)
« Negativesense(-)

Ambisense (+/-)




In genera, RNA viruses have smaler genome sizes than DNA viruses because of ahigher error-rate when replicating, and
have amaximum upper size limit.Beyond thislimit, errorsin the genome when replicating render the virus usdless or
uncompetitive. To compensate for this, RNA viruses often have segmented genomes—the genomeis split into smaller
molecules—thus reducing the chance that an error in a single-component genome will incapacitate the entire genome. In
contrast, DNA viruses generdly have larger genomes because of the high fiddlity of thelr replication enzymes.Single-strand
DNA viruses are an exception to this rule, as mutation rates for these genomes can approach the extreme of the ssSRNA virus

case.

LifeCycleof Virus.
Thelife cycle of viruses differs grestly between species but there are sixbasicstagesin thelife cycle of viruses:
Attachment: It isaspecific binding between vira capsid proteins and specific receptors on the host cdllular surface. This

specificity determines the host range of avirus. For example, HIV infectsalimited range of humanleucocytes. Thisis because
its surface protein,gp120, specificaly interacts with theCD4molecule—achemokine receptor—which is most commonly found

on the surface of CD4+T-Cells. This mechanism has evolved to favour those viruses that infect only cdlsinwhich they are
capable of replication. Attachment to the receptor can induce the viral envelope protein to undergo changesthat result in the

fusonof viral and cdlular membranes, or changes of non-enveloped virus surface proteinsthat allow the virusto enter.

Penetr ationfollows atachment: Virions enter the hogt cdl through receptor-mediatedendocytosisormembrane fuson. This is
often calledvird_entry. The infection of plant and fungd cells is different from that of animd cells. Plants have a rigid cdl wal

meade of cdlulose, and fungi one of chitin, so most viruses can get indde these cdls only after trauma to the cell wall.Nearly 4l
plant viruses (such as tobacco mosaic virus) can dso move directly from cdl to cell, in the form of single-stranded nucleoprotein
complexes, through pores calledplasmodesmata. Bacteria, like plants, have strong cdl walls thet a virus must breach to infect the
cdl. Given that bacterid codl wadls are much thinner than plant cdl wals due to ther much smdler 9ze, some viruses have
evolved mechaniams that inject their genome into the bacterid cell across the cdl wall, while the vird capsid remains outside.

Uncoating:it is a process in which the vird capsd is removed: This may be by degradation by vird enzymes or host enzymes
or by smple dissociation; the end-result is the rleasing of the vird genomic nudeic acid.

Replication: Replication of viruses involves primarily multiplication of the genome. Replication involves synthess of vird
messenger RNA (mMRNA) from "early”" genes (with exceptions for pogtive sense RNA viruses), vird protein synthes's, possible

assembly of vird proteins, then vird genome replication mediated by early or regulatory protein expresson. This may be
followed, for complex viruses with larger genomes, by one or more further rounds of MRNA synthess "lat€' gene expression is,

ingenerd, of structurd or virion proteins.

Assembly— Following the structure-mediated sdlf-assemblyadf the virus particles, some modification of the proteins often
occurs. In viruses such as HIV, this modification (Sometimes called maturation) occursafter the virus has been released from the
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hogt cdl.

Release— Viruses can berel easedfrom the host cell bylyss, a process thet kills the cdl by burgting its membrane and cdl wall if
present: This is a feature of many bacterid and some animd viruses. Some viruses undergo alysogenic_cycewhere the vird
genomeis incorporated bygenetic recombinationinto a specific place in the host's chromosome. Thevird genome is then known

as a"provirus' or, in the case of bacteriophages a " prophage” Whenever the hogt divides, the vird genome is dso replicated.
Thevird genome is modly dlent within the host. At some point, the provirus or prophage may give rise to active virus, which
may lyse the host cellsEnveloped viruses (e.g., HIV) typicaly are released from the host cdll bybudding. During this process the

virus acquires its envelope, which is a modified piece of the host's plasma or other, internd membrane.

Variationsin the reproductive cycles of viruses

Many var: ‘dons are present in the basic mechaniam of reproductive cycle of animd and plant viruses

(& Animals viruses
1. Viruses without envelop: Its example is phage virus. Phage virus
attack on bacteria E. cdli. It has ample mechanisr of penetration and replication. But it has two cycles of infection’

(@)L ytic cycle: Inthis case, bacteria burgt arid release alarge number of phage.

(b)Lysogenic cycle: Inthis case, bacteria do not burst. Vird

DNA incorporates in the bacterid DNA asprophage.lt remains ther in inactive form and replicates with the replication of
bacterid DNA. Sometimes, it comes out during process ofinductionand start Iytic cycle.

2. Viruses with envelopes: Severd viruses have externd envelopes. These envelopes are derived from the host cells The
envelops haveglycoprotein spikes. These viruses attach on their host receptors with the help of these spikes. Vird envelope
fuse with plasma membrane of host and capsid and vird genome enters into the host cdlls. After that replication start. New
viruses develop new nudec acids, capsids and spike. They dimulae the
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Figure: Lysogenic and Lytic Cycle of Virus

Image fromhttp://Aww.accessexcdllence.org/AB/GG/retrovirus.html .

Retroviruses

Retroviruses use RNA ingead of DNA as ther nudeic acid core. They dso contain the enzymereverse transcriptase, which will
detranscribe the RNA sequence into a DNA strand.. Once the retrovirad RNA and reverse transcriptase are indgde the host cdl,

as shown in Fgure 9, the enzyme reverses transcription by meking a sngle stranded DNA from the retrovird RNA. Vird DNA
can be integrated into the host DNA. It remains in the genome and is replicated whenever the host DNA replicates. If vird
DNA s transcribed, new viruses are produced by biosynthess, maturation, and release by budding. Retroviruses indude HIV

and aso cause certain forms of cancer.
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Figure. Replication of aretrovirus. Image fromhttp:/Amww.accessexcel lence.org/AB/GG/retrovirushtml .

Viruses and Diseases Viruses cause a variety of diseases among dl groups of living things. Vird plant diseases can be
controlled solely by burning those plants that show symptoms of disease. Vird diseases in humans are controlled by preventing
transmisson, adminigtering vaccines, and only recently by the adminidration of antivird drugs. Virdly caused humen diseases
indude the flu, common cold, herpes, meades, chicken pox, smdl pox, and encephditis. Antibictics are not effective agang
viruses. Vaccination offers protection for uninfected individuas. Frequent hand washing and condom use may hep prevent
tranamisson. Vaccines are substances that dimulate an immune responsewithoutcauang the illness. Commonly used virus

vaccines indude polio, meades, and mumps.

Antibictics do not cure vird infections because viruses use enzymes produced by the host cdl, rather than produce not ther
own. A few antivird drugs are available that interfere with vira replication without interfering with host metabolism in cedls free
of the virus Antivirds indude acyclovir for herpes and AZT for AIDS. Despite recent successes with antivird drugs,
vaccination and the prevention of exposure remain the most effective ways to ded with vird infections.

Smdlpox was effectively dimated as a scourge on humanity by worldwide vaccination programs. In fact the chances of getting
smdlpox from a bad vaccine were greater than that of ever encountering the virus in nature. The last U.S. case of smdlpox
occurred in 1949, with the world's last naturaly occurring case was from Somdia in 1977. For this reason, in 1972 routine
U.S. sndlpox vaccindions were discontinued. However, recent (September 2001) concerns about biowegpons and
bioterrorism have led the U.S. government to consider plans to vaccinate the population againg smallpox.

Hepatitis A, B, and C are dl vird diseases that can cause liver damage. Like any vird disease, the mgor trestment efforts focus
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on treatment of symptoms, not remova of the vird cause.

Hepdtitis A is usudly a mild maady indicated by a sudden fever, maaise, nausea, anorexia, and abdomina discomfort. The
virus causng Hepatitis A is primailly transmitted by fecd contamination, athough contaminaied food and water aso can

promote transmission.

A rare disease in the United States, hepatitis B is endemic in parts of Ada where hundreds of millions of individuas are possbly
infected. The Hepatitis B virus (HBV) may be transmitted by blood and blood products as well as sexud contact. The blood
supply in developed countries has been screened for the virus that causes this disease for many years, and transmisson by
blood transfuson israre. Therisk of HBV infection is high among promiscuous homosexud men dthough it is aso tranamitted
hetereosexudly. Correct use of condoms is thought to reduce or diminae the risk of transmisson. Effective vaccines are
avalable for the prevention of Hepatitis B infection. Some individuds with chronic hepatitis B may develop cirrhosis of the liver.
Individuds with chronic hepatitis B are at an increased risk of developing primary liver cancer. Although this type of cancer is
rdivey rare in the United States, it is the leading cause of cancer death in the world, primarily because the virus caudng it is
endemic in eastern Asa

Hepdtitis C affects approximately 170 million people worldwide and 4 million in the United States. The virus is tranamitted
primarily by blood and blood products. Most infected individuds have ether received blood transfusions prior to 1990 (when
screening of the blood supply for the Hepatitis C virus began) or have used intravenous drugs. Sexud trangmisson can occur
between monogamous couples (rare) but infection is far more common in those who are promiscuous. In rare cases, Hepatitis
C causes acute disease and even liver fallure. About twenty percent of individuds with Hepatitis C who develop cirrhosis of the
liver will aso develop severe liver disease. Cirrhos's caused by Hepatitis C is presently the leading cause of the need for liver
trangplants in the United States. Individuas with cirrhoss from Hepatitis C dso bear increased chances of developing primary
liver cancer. All current trestments for Hepatitis C employ of various preparations of the potent antivird interferon apha
However, not dl patients who have the disease are good candidates for treatment, so infected individuas are urged to regularly

conault their physcian.
Vaccination

Vaccindionis a term derived from the Latinvacca(cow, after the cowpox materid used by British physcdan Edward Jenner
(1749-1823) in the firg vaccination in 1796). Avaccinesimulates the antibody production and formation of memory cels
without causing of the disease. Vaccines are made from killed pathogens or weakened drains that cause antibody production
but not the disease. Recombinant DNA techniques can now be used to develop even safer vaccines.

Theimmune system can develop long-term immunity to some diseases. Man can use this to develop vaccines, which produce
induced immunity. Active immunity develops after an illness or vaccine. Vaccines are weakened (or killed) viruses or bacteria
that prompt the development of antibodies. Application of biotechnology alows development of vaccines that are the protein
(antigen) which in no way can cause the disease. Passve immunity is the type of immunity when the individud is given antibodies
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to combat a specific disease. Passive immunity is short-lived.
Emergent Viruses

Viruses are uudly quite pecific as to their hosts and even to the types of cdls they infect in amulticdlular host. Recently, some
viruses appear to have shifted their hogt: HIV, hantavirus, and ebola appear to be either viruses dhifting to a new (human) host
or dse viruses whose exisience and effects are just now being redized by scientists and the genera public. Recently in the
Month of January a New Corona Virus killed more than 1000 peoples in the Wuhan dty of China is reported as a deadly
Virus. The Cause of spread of this virusis thought due to consumption of a wild animd like bat and snakes. Scientist are trying
to develop vaccines for the virus but no vaccine haveben developed till date and death rate is Hill incressing day by day.

Viroids and Prions

Viruses would appear to be the amplest form of infectious particle. The discovery ofviroids, nudec acid without a protein
capsule, andprions, infectious proteins, subtracts another leve of complexity. Both viroids and prions can cause diseases, the

most famous of which is mad cow disease (caused by a prion).

The END

Chapter-13

MICROBIOLOGY OF WATER

Human activities generate a tremendous volume of sewage and wastewater that require trestment before discharge into
waterways. Often thiswastewater contains excessive amounts of nitrogen, phosphorus, and metal compounds, aswell as
organic pollutants that would overwhel m waterways with an unreasonable burden. Wastewater aso contains chemica wastes
that are not biodegradable, aswell as pathogenic microorganismsthat can cause infectious disease.Some of the infectious

agentsare asfollow:
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Water borne microbial pathogens: Microbesin water include:
Bacteria
Virus
Protozoa
A few microbes (pathogens) are capable of causing disease, and may be transmitted by water.Some common water born

pathogens are

Salmonella typhi
Escherichia coli
Vibrio cholera
Pseudomonas aeruginosa
Shigella spp.
Cryptosporidium
Giardia lamblia
Norwalkvirus
Indicator bacteriafor water
Indicator microorganisms are used to indicate an increased risk of pathogen contamination dueto feca
contamination.Indicator microbes should be:
Always present when feces/sewage is present
Always absent when feces/sawage is absent
Surviveslonger in water than any of the pathogenic species
Coliform bacteria (E. coli-like) arethe most often used indicator bacteriafor water quality assessment in

thelaboratory.
Characteristics of coliforms;

Aerobic or facultative,

Gram-negative,

Non-spor e forming,

Bacilli
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ferment lactose to form acid and/or gas within 48 hours at 35 °C.

Coliforms are often found naturdly in soil, water, plants, etc.
Fecal coliforms are amore specific coliformsthat usualy come from feces.

E.coli is the most specific indicator for faeca coliform

Fig E.coli

Methodsfor enumerating coliforms:

EPA guiddinesfor coliformsin drinking water are < 1 CFU/100 ml.
Tests used to isolate and enumerate coliformsin water include:
m-Endo media
m-FC media
MUG media

Other indicatorsfor drinking and recreational Water
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Limitation of Totd coliform as drinking water microbid indicator
Ubiquitous.

Lessresstant to traditional disinfection.

Proliferatein the biofilms of water distribution systems

Limitation of Fecal coliforms

Klebsiella pneumoniae
Lessresistant to traditional disinfection.
Limitation of E. coli

Lessresstant to traditional disinfection.

Microbial Indicatorsfor Recreational Water

Total coliform?
Fecal coliform?

Average 200 MPN/100 ml
E. Cali (fresh water)?

Average 126 MPN/100 ml.
Enterococci (salt water)

Average 35 MPN/100 ml.

Water samples are fird tested for Coliform Bacteria. This group of bacteria, normaly found in the environment, is used
a an indicator, to indicate the possble presence of Pathogens (disease causng organisms). Generdly, when
pathogens are present in drinking water, coliforms are present as wdl The coliform group is comprised of
Gram-negative, nonspore-forming, rods, which ferment lactose to acid and gas organismsin this group include E. cali,
theonly true fecal which isfound only in feca materid from warm-blooded animas The presence of this organism in a
water is evidence of fecd contaminationit impossible to test each water sample for each pathogenst is easier to test
for the presence of nonpathogenic intestind organisms such as E. coli.

Threetest are proformed to indicate the presence of E.coli in water
Presumptive,
confirmed and
completed tests

The Presumptive Test
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In the presumptive test, alactose broth tubes are inoculated with
Amounts of the water sample to be tested.

Presumptive test

Material:
1. 3 tubes of lactose broth
2. 10,1.0and 0.1 ml pipets
3. Water samples
Procedure: (work in groupsof four)
Presumptive Test
1. Take awater sample (dilute) and inoculate three
tubes of lactose broth with 10 ml, 1.0 ml and
0.1ml.
Incubate all tubes at 370C for 24 hours..
Observe the number of tubes at each dilution that show acid, gas production in24 hrs. Record results.
Reincubate for an additiona 24 hours at 37°C.
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The Confirmed Test
If any of the tubes inoculated with the water sample produce gas,
it is necessary to inoculate EMB (eosin methylene blue) agar plates

from a pogtive presumptive tube. The methylene bluein EMB agar inhibits Grampositive organisms and dlowsthe

Gram-negative coliformsto grow

E. coli coloniesaresmall and have agreen metalic
Material:

EMB agar plates
Procedure:

1.Inoculate an EMB plate with materid from atube containing acid or gas.
2. Invert and incubate the plate at 37°C for 24 hour s
Observe EMB agar plates.
A positive confirmed test isindicated by smdll

colonies green metalic sheen (E. coli). Record results

The Completed Test
The completed test is using the organisms which grew on the confirmed test media
These organisms are used to inoculate a tube of lactose broth After 24 hoursat 37°C
the lactose broth is checked for the production of gas.
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Material:
1. Lactose broth tubes
Procedure:
1. Inoculate alactose broth tube with organisms from the
EMB plate.Incubate the broth tube at 37°C for 24 hour s.
in the lactosebroth tube Check for gas production.

Make a Gram stain from the organisms 3. Record results

MPN method ( Most probable number/100 ml of water)

148



149



TheMPNindex is determined by comparing the pattern of positive results (the number of tubes showing growth at each dilution)
with statistical tables. The tabulated vaue is reported asMPNper 100 ml of sample. There are anumber of variantsto the
multiple fermentation tubetechnique.

MPN: Most Probable Number (MPN) isamethod used to estimate the concentration of viable microorganismsin asample
by means of replicate liquid broth growth in ten-fold dilutions. It is commonly used in estimating microbid populationsin soils,
waters, agricultural productsand is particularly useful with samplesthat contain particulate materia that interfereswithplate
count enumeration methods.
Importanceof MPN M ethod
0 MPNismost commonly gpplied for quality testing of water i.eto ensure whether the water is safe or not in terms of
bacteriapresentinit.

0 Thepresenceof very few faecd coliform bacteriawould indicate that awater probably contains no disease causing
organisms.

0 whilethe presence of large numbers of faeca coliform bacteriawould indicate a very high probability that the water
could contain disease producing organisms making the water unsafe for consumption.

Principle: Water to be tested is diluted seridly and inoculated in lactose broth, coliforms if present in water utilize the lactose
present in the medium to produce acid and gas.The presence of acid is indicated by color change of the medium and the
presence of gas is detected as gas bubbles collected in the inverted durham tube present in the medium. The number of total
coliformsis determined by counting the number of tubes giving positive reaction(i.e both color change and gas production)and

comparing the pattern of positive results(the number of tubes showing growth at each dilution)with standard Satistica tables.
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MPN test isperformed in 3 steps

1. Presumptivetest
2. Confirmatory test
3. Completed test

1. Presumptivetest:

The presumptive test, isascreening test to sample water for the presence of coliform organisms.

If the presumptive test is negative, no further testing is performed, and the water source is considered microbiologicaly safe. If,
however, any tube in the series shows acid and gas, the water is consdered unsafe and the confirmed test is performed on the

tube displaying a pogtive reaction.

The method of presumptive test variesfor trested and untrested water.

Requirements::
0 Medium: Lactose broth or Mac Conkey Broth or Lauryl tryptose (lactose) broth
0 Glasswares Test tubes of various capacities (20ml, 10ml, 5ml), Durham tube
0 Others Sterile pipettes

Preparation of the Medium
0 Prepare medium (either mac conkey broth or Lactose broth)in single and double strength concentration.
o0 For untreated or polluted water :

Dispense the double strength medium in 10 tubes (10ml in each tube) and single strength mediumin 5 tubes (10 ml in
each tube)and add an durham tube in inverted position.

For treated water:
Dispense the double strength medium in 5 tubes (10ml in each tube) and 50 ml single strength medium in 1 bottle and add an
durham tubein inverted position.

0 Examinethetubesto make surethat theinner vid isfull of liquid with no air bubbles.

0 Seilizebyautoclaving at 15 Ibs pressure (121°C) for 15 minutes.

Procedure of thetest: Untreated Water:

» Take5 tubes of doublestrength and 10 tubes of singlestrength for each water sample to be tested.

« Using agerile pipette add 10 ml of water to 5 tubes containing 10 ml double strengthmedium.
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Similarly add 1 ml of water to 5 tubes containing 10 ml double strength strength medium and 0.1 ml water to remaining
5 tubes containing 10 ml double strength medium.

Incubate al the tubes at 37°C for 24 hrs. If no tubes appear positive re-incubate up to 48 hrs.

Compare the number of tubes giving positive reaction to a standard chart and record the number of bacteriapresent in
it.

For example: awater sample tested shows aresult of 3—2—1 (3 x 10 ml positive, 2 x 1 ml positive, 1 x 0.1 ml
positive) givesan MPN vaue of 17, i.e. the water sample contains an estimated 17 coliforms per 100 ml .

Fig: MPN Procedure to estimate E.coli in Water(Microbe online)

Fig:MPN Table (Microbeonline)
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B. For untreated water
1. Take1tubeof singlestrength (50ml) and 5 tubes of double strength (10ml) for each water sample to be tested.
2. Using adterile pipette add 50 ml of water to the tubes containing 50 ml sngle strength medium.

3. Similarly add 10 ml of water to 5 tubes containing 10 ml double strength medium Incubate the tubes at 37°C for 24
hrs. If no tubes appear positive re-incubate up to 48 hrs.

4. Compare the number of tube giving positive reaction to astandard chart and record the number of bacteriapresent init.

For example: a water sample tested shows a result of 1-4 (1 x 50 ml positive, 4 x 10 ml positive) gives an

MPN value of 16, i.e. the water sample contains an estimated 16 coliforms per 100 ml

Fig: MPN table and Microbes number ( Microbes.online)

2. Confirmed test:

Some microrganisms other than coliforms aso produce acid and gas from lactose fermentation. In order to confirm the
presence of coliform, confirmatory test isdone.
From each of the fermentation tubes with positive results transfer one loopful of medium to:

1. 3ml lactose-broth or brilliant green lactose fermentation tube,
2. toanagar dant and

3. 3ml tryptone water.

Incubate the inocul ated lactose-broth fermentation tubes at 37°C and inspect gas formation after 24 + 2 hours. If no gas

production is seen,further incubate up to maximum of 48 +3 hoursto check gas production.

The agar dants should be incubated at 37°C for 24+ 2 hours andGram-stained pr epar ationsmade from the dants should be

examined microscopicaly.
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The formation of gasin lactose broth and the demonstration of Gram negetive, non-spore-forming bacilli in the corresponding

agar indicates thepresence of a member of the coliform groupin the sample examined.

The absence of gasformation in lactose broth or the failure to demonstrate Gram-negative, non-spore-forming bacilli in the
corresponding agar dant congtitutes a negative test(absence of coliformsin the tested sample).
Tryptonewater Test

1. Incubate the tryptone water at (44.5 +0.2°C) for 18-24 hours

2. Following incubation, add gpproximately 0.1ml of Kovacs reagent and mix gently.

3. Thepresence of indoleisindicated by ared colour in the Kovacs reagent, forming afilm over the agueous phase of
the medium.

a Confirmatory tests positive for indole, growth, and gas production show the presence of thermotolerantE. coli.

b. Growth and gas production in the absence of indole confirm thermotolerant coliforms.

3. Completed test:

Since some of the positive results from the confirmatory test may befase, it is desirable to do completed tests. For this
inoculum from each positive tube of the confirmatory test is streaked on a plate of EMB or Endo agar.

Inthis process, aloopful of sample from each positive BGLB tubesis streaked onto selective medium likeEosin M ethylene

Blue agar or Endo’s medium. One plate each isincubated at 37°C and another at 44.5+ 0.2°C for 24 hours.

High temperature incubation (44.5 £0.2) isfor detection of thermotolerantE.coli.
Following incubation,al plates are examined for presence of typicd colonies.

o0 Califorms produce colonies with greenish metallic sheen which differentiatesit from non-coliform colonies (show no

sheen). Presence of typical colonies on high temperature (44.5 +0.2) indicate presence of thermotolerantE.coli.

Advantages of MPN :

0 Easeof interpretation, either by observation or gas emission

0 Sampletoxinsarediluted

n Effective method of analyzing highly turbid samples such as sediments, dudge, mud, tc.
0 that cannot be andysed by membranefiltration.

Disadvantages of M PN:

It takesalong timeto get the results

Results are not very accurate

Requires more hardware (glassware) and media
Probability of false postives

O o o O 3

THEEND
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Chapter-14
SAFETY MEASURS IN MICROBIOLOGY METHODS (LABORATORY RULES)

Laboratory Rules There are some rules which must be observed for the successful completion of the laboratory exercise,
persond safety and convenience of others working in the laboratory:

1.Wash your hands with disinfectant soap when you arive at the lab and again before you leave.

2. Absolutely no food, drinks, chewing gum, or smoking is alowed in the laboratory. Do not put anything in your mouth such as
pencils, pens, labels, or fingers. Do not store food in areas where microorganisms are stored.

3.Avoid loose fitting items of dothing. Wear appropriate shoes (sandas are not dlowed) in the laboratory.

4.Keep your workspace free of dl unnecessary materias. Backpacks, purses, and coats should be placed in the cubbyholes by
the front door of the lab. Place needed items on the floor near your fet, but not inthe aide.

5.Dignfect work areas before and after use with 70% ethanol or fresh 10% bleach. Laboratory equipment and work surfaces
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should be decontaminated with an appropriate dignfectant on a routine basis, and epecidly after spills, splashes, or other
contamination.

6. Labd everything dlearly.

7.Replace caps on reagents, solution bottles, and bacteriad cultures. Do not open Petri dishes in the lab unless absolutely
necessary.

8.Inoculating loops and needles should be flame sterilized in a Bunsen burner before you lay them down.

9.Always wear a laboratory coat or gpron before entering a laboratory for protecting clothes from contamingtion or accidentd
discoloration by standing solutions like long deeved shirt that buttons or snaps closed. This garment must cover your ams
and be able to be removed without pulling it over your head. Leave protective dothing in the lab and do not weer it to other

non-lab arees.
10.Tum off Bunsen burners when not is use. Long hair mugt be tied off if Bunsen burners are in use.
11.When you flame gerilize with alcohol, be sure that you do not have any papers under you.
12. Treat dl microorganisms as potentiad pathogens. Use appropriate care and do not take cultures out of the laboratory.

13.Wear disposable gloves when working with potentialy infectious microbes or samples (e.g., sewage). If you are working
with a sample that may contain a pathogen, then be extremdy careful to use good bacteriologica technique.

14. Sterilize equipment and materids.

15.Never pipette by mouth. Use a pipetting aid or adjustable volume pipettors. This practice has been known to result in many
laboratory-acquired infections. With the availability of mechanica pipetting devices, mouth pipetting is grictly prohibited.

16.Consider everything a biohazard. Do not pour anything down the sink. Autoclave liquids and broth cultures to gerilize them

before discarding.
17.Dispose of dl solid waste materid in a biohazard bag and autoclave it before discarding in the regular trash.

18.Familiarize yoursdlf with the location of safety equipment in the lab (e.g., eye-wash dation, shower, sinks, fire extinguisher,
biologicd safety cabingt, firg aid kit, emergency gas vave).

19.Dispose of broken glassin the broken glass container.

20.Dispose of razor blades, syringe needles, and sharp metd objectsin the “sharps’ container.

21.Report soills and accidents immediaely to your instructor. Clean smdl spillswith care. Seek help for large spills
22.Report dl injuries or accidents immediatdy to the ingtructor, no matter how smdl they seem.
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23.Before and after each laboratory period, clean your work bench with a disnfectant like Lysol(1:500),phenol (1:100) or 90%
ethanol.

24.Keep your laboratory bench clean of everything (eg.books, purses, papers, etc.) except your laboratory equipment and
notebook.

25.Never smoke, drink, or et in the |aboratory.

26.Never place pencils, labds or any other materia in your mouth.

27.1f alive culture is spilled, cover the area with a disinfectant such as mercuric chloride for 15 min and then clean it.
28.Inaevent of persona injury such as cut or burn, inform your ingructor immediady as bacteria love open wound.
29.Long hair should be tied back to minimize contamination of cultures and fire hazards.

30.Be careful of laboratory burners and turn-off when not on use.

31.All microbid cultures should be handled as being potentialy pathogenic.

32.The waste papers and contaminated glasswvare should be kept in receptacles.

33.Wash your hands with soap and water before and after finishing work in the |aboratory.

35. Broth culture mugt never be pipetted with mouth and must be filled with use of pipette aid and operated in such

away S0 asto avoid creating aerosol.
36. Aseptic technique must rigoroudy observe at dl time.
37. Always keep culture tubes in upright position in arack or basket.
38. Y ou mug familiarize yoursdf in advance with the exercise to be performed.
39. Labd dl the plates, tubesin an upright podtion in arack or basket.
40. Materid such gain and reagent bottles, petriplates, pipettes must be returned to ther origing location
41, Clean the laboratory desktop with a damp cloth a the close of each experiment.

42.  Always cleen microscope stage, eyepiece, lenses and objectives, before and after use. All the lenses mug be
wiped with the lens paper.

43, Keep the laboratory doors and window closed when experiment are in progress. Precaution must be taken
while removing the closures from shaken culture tubes and plunging of contaminated loops into a flame to avoid
inndaion of an infectious microbes..
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44, Asyou perform your exercise, record your datain ink and make sketches and labelsin pencils.

45, Make your manud note book regularly.

The End
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