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~ Medical microbiology and immunology,
Its goals and tasks, stages of
development. Systematics and
classification of microorganismes.
Classification, morphology and
ultrastructure of bacteria, fungi,
protozoa and viruses




Microbiology

1

I\/Irc?obiology— «mikros»-small, «bios»- life,
«logosn-the study.

Science of pattern, life activity and ecology of
the microbes — smallest life forms of flora and
fauna origin, which are invisible for the naked

eye.
The size of microbes are measured In
micrometers (mm) and nanometers (nm).




Metric unit of length
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FIGURE 2-1. Representations of
metric units of measure and numbers,

1 metar

J C Milimeters | Micromelens | Nanomelers

One mater conting 100 1,000 1,000,000 | 1.000,000,000
One contimeter contsins | 1 10 10,000 | 10,000,000
One milimeter cotfaing 1 1,000 1,000,000
One rmicromesler &m ne 1 1.000
One nanometer 1

10 -1x10'

}.000 o B

1/000,000,000 1 - 16




Relative scale for microbes
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Sizes of microbes

Relative Sizes of Microbes

MICROBE OR MICROBIAL STRUCTURE DIMENSION(S) APPROXIMATE SIZE (pam)
Viruses {most) Diameter 0.01-0.3
Bacteria

Coccl (spherical bacteria) Diametes ayerage = 1

Bacilll (rod-shaped bactera)

Width x length
Alaments (width)

average = I x 3
1

Fungl
Yeasts Diameter i-5
Septate hyphae (hyphae containing cross-walls) Width 2-15
Aseptate hyphae (hyphae without cross-walls) Width 10-30
Pond water protozoa
Chlemydomonas Length 5-12
Euglena Length 35-55
Yorticells Length 50-145
Paremecium Length 180-300
Volvox" Dlameétes '350-500
Stentor* Length (when extended) 1.000-2,000

‘These arganisms aré visibie with the unaided human éye.



E. coli (bacterium)
(1000 nm x 3000 nm)

Red blood cell -
(10,000 nm in diameter)

Bacterial
ribosomes
(25 nm)

Smallpox virus
(200 nm x 300 nm)

-
Poliovirus
(30 nm)
Bacteriophage T4
- (50 nm x 225 nm)
Bacteriophage MS2

Tobacco mosaic virus
(15 nm x 300 nm)

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.
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¢ Fields of Microbiology

N
s Medical

= Veterinary
= Agricultural
= Marine

m Space

= Technical




‘L Medical Microbiology

.'- AIms — The study of pathogens for humans

microorganisms and also diseases which are caused by
them, pathogenesis of those ilinesses, their laboratory
diagnosis, treatment and prevention.

Objectives:

-Further study of roles of particular species of pathogen
microbes in the etiology and in the pathogenesis of
different human diseases.

-Study of mechanisms of immunity formulation;
-Development of diagnostics methods.
-Method development of specific prevention and treatment.



{ Medical Microbiology

Cm']mon medical
microbiology

Structure (morphology) of
microbes

Physiology of microbes
Biochemistry of microbes
Genetics of microbes
Evolution of microbes
Microbe ecology

Special medical
microbiology

Bacteriology
Virology

Mycology
Protozoology
Sanitary microbiology
Clinical microbiology



Basics in medical
microbiology.

i

Virology — science about viruses.
Protozoology- science about simple organism

Immunology- studies preventive processes in
organism.

Micology- science about fungies.

Sanitar microbiology- studies micro organisms living
in outer environment .

Clinical-role of normal flora in formation of diseases,
diagnostics and prevention.

Pharmaceutical- studies technologies of getting
microbiological, preventive and healing drugs.
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History of Microbiology
Abu Alt al-Husayn ibn Abd Allah ibn Sina (Ibn Sina) (368-

424 H , 980-1037 G).

His book The Canon of Medicine was one of the best
references in medicine and pharmacology
know for describing infectious diseases and
quarantine them as control procedures.

In Pharmacology, he discussed how to
effectively test new medicines.




Proof that microbes cause disease

g 1546: (Girolamo
Fracastoro) wrote "On Contagion” ("De
contagione et contagiosis morbis et curatione”),
the the first known discussion of the phenomenon

of contagious infection.

q 1835 showed that a

disease affecting silkworms was caused by a
fungus - the first microorganism to be recognized
as a Contagious agent of animal disease

HTL Microbiology




‘L Nature study of infection diseases. (1)

BS Samoylovic in the second half of XVIII century
suggested that “plague is caused by special and
absolutely excellent creature” and for warning the
organism of upcoming disease It Is suggested to inject
weakened infectious onset. In 1771 he injects himself
with infectious material taken from the human being
recovering form plague.

In 1796 E. Jenner showed that injects to the people of
pathogen cowpox, prevent them of being infected by
smallpox.
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Antony Van Leeuwenhoek (1632-1723)

As o draper (merchant who sells cloth and dry goods), he used lenses
to examine cloth. This probably led to his interestin lens making.
He assembled hundreds of microscopes, some of which magnified
objects 270 times.

As he looked at things with his microscopes, he discovered “micro”

Organisms - organisms so tiny that they were invisible to the naked

eve,

He called these tiny living organisms “animalcules”. He first

described bacteria, protozoans and many cells of the human body



Antonie van Leeuwenhoek

: : : On 17thof 1683 year took a smear from
ith the first microscope the tooth scurf (report in London’s royal
society)




¢ Physiology period.
T

From mid XIX century
L_uis Pasteur

. XIX-XX centuries
(Robert W. Cox)



Physiology period.
Golden age of microbiology (from XVII-

¢ XIX centuries)
T

(GOLDEN ERA

Louis Pasteur

v Fazher of medical Micrebiology

o In ks famous expanment. he took 3 Swan Neck Flask and
batled nutrant Nch broth mmside 11 He pointed that no growth ook
prace in the fask as cust and germs bad been frapped on the
waids of the curved aeck.
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L_ouis Pasteur experience

Flask not disturbed
for a number of
hours

(a)

Flask tipped to allow 4
sterile broth to contact TN
trapped panicles, then r

left to sit for a number
of hours

(b)

FIGURE 1-3 Swan-necked Pasteur flask. Dust settles in the neck of the flask, trapping particles and
microorganisms while allowing unaltered air to reach the nutrient medium. (a) The broth remains clear and
sterile. (b) If the {lask is tilted so the broth flows into the neck and reaches the trapped particles, the liquid

becomes cloudy within hours, indicating microbial proliferation.



Robert Koch discoveries:

Method of stressing out of clean
cultures on hard nutrition environments
( included the practice of using Petri
cups)

« Methods of coloring bacteria's
Discovered pathogen of anthrax,
cholera, tuberculosis

*Developed techniques of microscopy.

Got Nobel laureate for physiology and
medicine in 1905 for tuberculosis
research.



Robert Koch’s Triad

The microorganism must
YA be isclated from a
diseased animal and

grown in pure culture.

The microorganism must
always be found in similarly
diseased animals but not in

healthy ones,

The microorganism can bo
reisolated from the experimentally
infected animal,

FIGURE 1-10. Koch’s Postulates: proof of the germ theory of disease. (From Harvey RA et al.
Lippincott's Illustrated Reviews, Microbiology, 2nd ed. Philadelphia: Lippincott Williams & Wilkins, 2007.)




¢ Study of natural infectious diseases(2)

T
s 1839 year — I.Shenleyl| set that scab (favus)

causes a pathogenic fungus.

= 1843 year — D. Grubi discovered ringworm
(trichophytosis)

s 1849r — A. Pollender and others discovered
a pathogen of anthrax

= 1859r — D. Lambl discovered giardia.




Introduction of antiseptics rules.
Use of phenol for prevention of wound infections inthe

hospitals by Joseph Lister(1827-1912)
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Period of Immunology
(secind half of XIX century)

==il||S Pasteur (1822-1895)
(Vaccination)

= |. . Mechnikov (1843-1916)

(Phagocytic theory- base of cell
Immunology)

. Paul Erlich(1843-1916)
(Antibodies — base of

humoral theory of iImmunity )




4 Period of immunology.

Paul Elrich 1854-1915 _ IIy Mechnikov 1845-1916
Developed humoral theory of immunity.

In proceeding decades of fruitful disputes and discussions between phagocytosis and
humoral theories, the mechanisms of immunity was discovered and the new science
Immunology appeared.



Immunology period.

E.Jenner (1729-1723) | Ilya Mechnikov 1845-1916
In 1796 year proved that vaccinating “Poet of microbiology”
people with cow pox causes resistance Developed the theory phagocytosis

to smallpox. and cell theory of immunity.



‘L Immunology

1 |

= Studies mechanisms and methods of
protection against genetic alien substances—
antigens with the aim to support and save
homeostasis, structural and functional
Integrity of organisms and also antigen

Individuality of each organism and species as
a whole.




Major discoveries in the field of
microbiology

1892 year- D. I. Ivanovskiy-
discovery of viruses

1906 year, P.Erlich —
chemotherapy (salvarsan)
1928 year. — A. Fleming —
penicillin

[1.1.MBaHOBCKMIt
(1864-1920)



Dmitri lvanovsky

Dmitri losifovich Ivanovsky
(alternative spelling Dmitrii
or Dmitry Iwanowski;
Russian: Imutpun
Nocndosuu ViBaHoBCKMN;
1864—1920) was a Russian
botanist, one of the
discoverers of filterable
nature of viruses (1892) and
thus one of the founders of
virology.




Penicillin
Alexander Fleming)

Sir Alexander Fleming, a Scottish biologist, pharmacologist and botanist. He
wrote many articles on bacteriology, immunology, and chemotherapy. His
best-known discoveries are the enzymelysozyme in 1923 and the antibiotic
substance penicillin from the mould Penicillium notatum in 1928, for which
he shared the Nobel Prize in Physiology or Medicine in 1945 with Howard
Florey and Ernst Boris Chain.



Chain Ernst Boris (1906-1976) Flory Howard Wolter
English biochemical (1898-1968) Pathologist
Microbiologist

«In 1938 discovered penicillin in injection form.
-Became Nobel Laureate on physiology and medicine in 1945 along with Alexander
Fleming for discovery and synthesis of penicillin.



Molecular-genetic period
¢ (second half of XX century)

= Using the methods of molecular biology and genetics on
pacterial and viral models, the role of DNA as a substrate of
neredity has been established, the genetic mechanism of
orotein synthesis and mutagenesis has been deciphered.

s Disclosed molecular-genetic bases of pathogenesis and
Immune protection ,studied system is histocompatibility.

= With the help of genetic engineering and biotechnologies we
got recombinant strains of microbes produced by biologic
active substances (antigens, interferon, antibodies,
hormones etc.), gained by genetic- engineering and
synthetic vaccines, different immunomodulators.




The modern molecular-genetic stage.

i

Achievements of genetic and molecular
biology

Creation of electronic microscope.

Evidence of the DNA role in transfer of
hereditary traits.

Usage of bacteria, viruses and plasmids as
the objects of molecular- biologic and genetic
researches.



Development of microbiology In
‘L Azerbaijan.

Academician P.F.Zdrodovskiy
*head of the department of
microbiology of the medical
faculty of ASU.

Scientific activity - research of
rickettsiosis

P.F.Zdrodovskiy
1890-1976



Development of microbiology
¢ In Azerbaijan.

i
Academician L.A.

Zilber, 1930-1932 - Head
of the Department of
Microbiology of the
Medical Faculty of

ASU. Scientific activity -
study of the mechanism of
viral carcinogenesis.

L.A. Zilber



Development of microbiology
¢ in Azerbaijan.

g
Assoclate Professor FA.

Yagubov 1933-1971 - Head of the
Department of Microbiology,
AMI. Scientific activities - the
development of early diagnosis of
syphilis, the study of the 4
antimicrobial properties of &
fractions of naphthalan, the study  professor FA. Yagubov
of the epidemiology of plague in

the republic.




Development of microbiology In

¢ Azerbaljan.

T
Professor N.D. Aliyev 1971-1988 -

Head of the Department of
Microbiology, AMI Scientific
activity - the study of the
antimicrobial activity of naphthalarﬁ'
oil and phytoncides obtained from
the flora of Azerbaijan.

N.D. Aliev
(1911-2004)



Development of microbiology

‘L in Azerbaijan.

= _
Professor G.G. Ibragimov 1988-

2003 - Head of the Department
of Microbiology,

AMU. Scientific activity - study
of the antimicrobial activity of
volatile from the flora of
Azerbaijan, the study of fungi of G.G. Ibragimov
the genus Candida. (1939-2003)




Development of microbiology
{ In Azerbaljan.

Professor Z.0. Garayev
2003 - 2018 - Head of the
Department of
Microbiology,

AMU. Scientific activity -
the study of fungi of the
genus Candida.




Study of microbiology

60 4

40 4

20 -

parasitology bacteriology virology mycology

Areas in microbiology requiring more training or understood proficiently. Survey
summaries of subdisciplines of microbiology that respondents feel they understand
proficiently or require more training in. Bacteriology is the most understood (96%)
and yet 48% feel they still require further training. Fewer than 25% feel they
understand the other areas proficiently. [Ethics approval for questionnaire was
obtained from the University of Waterloo, Office of Research Ethics, ORE # 15747.]



‘L Systematic of microbiology.
i |

s Systematic- biological science, studies diversity of
microorganism on the Earth and their relationships between
each other.

s Systematic includes 3 parts:
- taxonomy — study of principles and methods of classification
living creatures in the hierarchic plan.

- classification —process of division of many organisms on the
basis of common properties to the certain taxonomy groups.

- identification —establishment of belonging of the studied
organism to one or another taxon.



Taxon

~

i

Domain
o Me term "taxon" is used to refer to . )

. i . : Kingdom
hierarchically subordinate units, the —— /
system of which makes up the Phviam
classification of microorganisms. == -
. A taxon of the highest category of Class
microorganisms is a domain uniting in a .
hierarchical order a system of taxa of a Order |
lower rank: kingdom, type, class, order, —

. - : Fami

family, genus, species, subspecies. = y

Genus
N\ Species )

T




Etages of classification of microorganisms

==Phe first step was the determination in the system of other
organisms of the place of bacteria that became known
before other microbes.

= In 1854, Kon attributed the bacteria to lower plants, and in
1957 the Negeli to schizomycetes.

= In 1866, E. HOckel, bacteria were classified as protists.

= In 1896, K. Lehman and R. Neumann compiled a
classification of bacteria containing 3 families (cocci,
bacteria, spirils).



¢ Bacteria classification principles
T

s Basics of modern classification of
bacteria's was established by
David Bergey in 1923 (Bergey’s
Manual of Systematic
Bacteriology).

= It is built on principals of
Identification, based on
differentiation of cell wall structure
and relation to Gram strain.

David Bergey



Strain of bacteria's by Gram

. "FFhe coloring method was
proposed in 1884 by the
Danish scientist G.H. Gram.

= Depending on the structure of
the cell wall, bacteria are
divided into:

= - gram-positive (blue-
violet)

= - gram-negative (red)

Hans Cristian Gram



The principals of coloring by
‘L Gram
T

= Gram positive-bacteria’s which keeps
gentian and violet in complex with
iodine-violet color bacteria’s

Gram negative -bacteria’s after the effect
of alcohol loose their color, become
colorless and when treated with fussion
they color become red



‘L Classification of microorganisms
i __

s In 1923 year- American society of
bacteriologists published first international
“Bacterium determinant” by D.Bergie

= Comity of Bergey’s manual Trust:

- "Bergey’s Manual of Determinative
Bacteriology”

-"Bergey’s Manual of Systematic Bacteriology”



Qualifier of Bergie

=
dystematic
Bacteriology

SRS |




¢ Modern bacteria identification indicators.

=
= Phenotypic indicators: Gram stain, morphological and

cultural properties, biochemical reactions, antigenic
properties, etc.
= Genotypic indicators: the ratio of guanine + cytosine,
DNA hybridization, plasmid analysis, ribotyping, etc.

= Phylogenetic indicators: rRNA sequence analysis, RNA-
RNA hybridization, DNA amplification, etc.




Eﬁ)dern classification of microorganisms

N'I'Eoorganisms are represented by pre-cellular forms (viruses,
viroids, prions) and cellular forms. Cellular forms are divided
into 3 domains:

- Bacteria - prokaryotes, true bacteria;
- Archaea - prokaryotes, archaebacteria;

- Eukaria - eukaryotes, which include 3 kingdoms:

Mushrooms (Fungi) * Animals (Animalia), which include protozoa
(Protozoa)  * Plants (Plantae)



" Taxonomic categories ,applied in classification of

microbes
Domain Domain
Kingdom Kingdom
Type (Phylum) Phylum
Class Class
Order Order
Family Family
Gender Genus
Species Species




Microbe species

Species - a collection of individuals having a common origin
and genotype, similar in biological characteristics and
possessing a hereditarily fixed ability to cause qualitatively
defined processes under standard conditions.

A subspecies, or variant (var) - microbes that differ in certain
signs:

- morphological - morphological,

- serological - serovarr,

- biological - biovarr,

- biochemical - chemovar,

- sensitivity to bacteriophages - phagovar.



¢ Microbiological terms for microbes
1 __

= Pure culture - a collection of microbes of one species
grown on a nutrient medium.

= A strain is a pure culture of microbes isolated from a
specific source.

= A clone is a population of microbes derived from a single
cell.

= A population is a collection of individuals of a certain type,
within which there are no insulating barriers and free
crossing occurs between individuals.




. The ratio of genus, species and strain.

poid BIJL [IITaMM




‘L Modern classification of bacteria.
T

= According to the 2001 Bergey Manual (George M. Garrity, Julia
A. Bell, Timothy G. Lilburn; Taxonomik Outline of the
Prokaryotes. Bergey’s Mannual of Sistematic Bacteriology,
Second Edition, May, 2004), the bacteria are divided into 2
Domain: Bakteria and Archea, 26 types, 42 classes, many
families and genera. The domain "Bakteria"” includes 24

= The “"Bakteria” domain includes 24 types and 33 classes of
gram-negative bacteria with a thin cell wall (Gracilicutes),
gram-positive bacteria with a thick cell wall (Firmicutes) and
bacteria without a cell wall (Tenericutes). Representatives of 7
types have medical value.



Types of germs
included in
domains.

Acaryocvtes

Procaryocyvtes

Eucarvocytes

Domen I Archaea (Archeobacteria)

Phylhun C‘renarchaeota Phvlum Fwivarchaeota
(thermophilic and hyper (methanogenic archaea,
thermophilic sulfur- halophilic archaea and
metabolising archaea) sulfur-reducing archaea)

Domen II Bacteria (Eubacteria) BI - BXXIITI Phyvha

Phylum BXII Proteobacteria
Phylumm BXIIT Fumicutes
Phylum BXIV Actinobacteria
Phylum BXVI Chlamydia
Phylum BXVII Spuochaetes
Phylumm BXX  Bacteroidetes

Domen ITI Eucana -
. > ( Kingdom Plantae )

Kingdom Fungi Kingdom Protista ( Kingdom Animalia )

d d
Type Chyvtiidiomycota Type Sarcomasticophora
Type Zygomycota Type Apicomplexa
Type Ascomycota Type Ciliophora
Type Basidiomycota Type Microspora
Type Deiteromycota

EKinegdom Vira
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bacteria

- good & bad
types

- single cell

- eat what's
around them
- antibiotics
are a bacteria
killing bomb!
- vitamin

C kills

microorganisms or microbes
(can't see with naked eye)

“Viruses
A

- only BAD

- parasite |

- 100x
smaller than
bacteria

-vitamin |
C kills

fung
I T,

algae

- tiny
plants

ity

protozoa

multi-
cellular &
found

every-
where!

archaea

survive |
in

extreme
environ-




Some distinctive features of

prokaryotes and

Features
Size

Nucleotide membrane

Chromosome
Histones

Type of division
Specialized
membrane structure
Cell wall

Steroids of cell

Ribosome's
Anaerobic respiratory
Nitrogen Fixation

Prokaryote cell
1-10 mkm
Absent
One
Absent
Binary

Absent
Haves peptidoglycan

Absent
70 S

Can be
Can be

eukariyotes

Eukaryote cell
10-100 mkm
Presents
several
Present
Mitotic

Present

Haves chitin
or cellulose

Present
80S

Usually absent
Cannot be



Typical prokaryote and eukaryote cells

Capsuk
Cytoplasm
Ribosomes

1\ & y \

Inciusion — NS 5T Y B Call wall
\ : Call membrans
Chiomasome

Flasmid
Capsulo

mambrang

FIGURE 3-6. A typical procaryotic cell.

Smogth endoplasmic Cell
reficulum (SER) membeane

FIGURE 3-2. A typical eucaryotic animal cell. (From
Cohen B). Memmler's The Human Body in Health and
Disease, 11th ed. Philadelphia: Lippincott Williams &
Wilkins, 2009.)



i Bacteria

= Microscopic, predominantly one celled microorganisms,
related to the kingdom of prokaryites.

= They have a primitive nucleus without a shell, nucleolus
and histones, do not have highly organized organelles
(mitochondria, Golgi apparatus, lysosomes, endoplasmic
reticulum).

= The length of bacteria varies from 0.1-0.2 microns *
(mycoplasmas) to 10-15 microns (clostridia), sometimes
more, the thickness is from 0.1 to 2.5 microns. * -1

microne = 1/1000 mm or 10s m



Bacteria

Division septum
Outer membrane

Pepﬁdoglycon Mesosome {Pl'l) (Copsu'e)

layer
(Copauiel ‘ Cytoplasmic
Inclusion >+ \NiErista i uslie B e s membrane
body f f: SRRy

' S ‘ lncluslon
[ o i \\'
s B g % \&:

o & v

/

/ ]
{ oo .,"9""’8° 24 ."' $~ |oyer
. L ‘. ,;\/\/‘% 7 //

N R < w7 - Porin
Cyfoplosmic\ | e \ —\ proteins
membrane Ril?osome e Periplasmic

Surface proteins Chrimaiorie space
(Flagellum)
Flagell
(Flagellum) e am POSITIVE GRAM NEGATIVE



Kathleen Park Talaro and Arthur Talaro. Foundations in Microbiology. 3¢ Copyright = 1998 The McGraw-Hill Companies. inc. All rights reserved.

Bacterial shapes and arrangements

°* ¢
@

Coccus

o
9

7

Rod. or Bacillus

L8

Curved forms:

) ~
U,

Spirillum/Spirochete

{

"

29

Diplococci
(cocci in pairs)

@
o®

Neisseriae
(coffee-bean
shape in pairs)

/7

Al

o
" G

Coccobacilli

N19)

Vibrios (curved rods)

2

Tetrads (cocci
in packets of 4)

D

Sarcinae (cocci

in packets of
8,16,32 cells)

V)

Mycobacteria

p

Corynebacteria
(palisades
arrangement)

o
Y N\
W

Y
g\

Streptococci

(cocci in chains)

Micrococci and
staphylococci

(large cocci in
irregular clusters)

;
\

Spore-forming

rods

f
‘/ Streptomycetes
(moldlike,
filamentous
bacteria)

Spirilla
32X
Z
s ' ‘)
S /
Spirochetes




The sizes of the major form

of
P peap—

= Cocciform [*
(0,5-1.5 MKM) \/‘TN
= Rod-shaped (0,3 o | =
10 micrones) st o o &>
= Twisted w 2 7
(no 20 micrones) 2 xj"
= Threadlike Vibeic
(LI,O 10-50 A Fayuu 11.1 Typlcal prokaryotic morpholo-gtes

diffe ca between a spinfum and a spirache

micrones)



occi-form bacteria. Types of cocci depending
on the division plane.

FIGURE 4-5 Cell arrangements.
Bacteria grow in characteristic

Division in s
(@ one plane DIPLOCOCCUS arrangements, from random single cells

to complex assemblages formed when
bacteria divide and fail to separate from
each other. The plane of division
determines the arrangement. Division

[ J [
b
Micrococcl’s G- dd 2 000G
Dypl 9 T 7 | e
yplococcr’s T s
al divide along [(wo axes,
that divide along t
= perpendicular to each other. Octets (d)
Tetracoccis s
sarcins
Staphyloccoccus
Streptococcus

axes, producing clusters with no
symmetry (staphyle is a Greek word
meaning “a bunch of grapes”).

A (Division 1)

g(Division 2) ;
Vi

(Division 3)

~ Division in
many planes

(d) (e)



y the presen
its size:

Rod shape

iR

b ] Il
L 1lUld

By size:

short, medium, long

By width:
thin and thick

The shape of the ends of the

cell :

rounded, pointed, cropped,

thickened

By location:
single, in pairs, at an angle, chain

d

(a) = 104

() L

e
@ 2 a
A
- — "
A 'J S -
« P S R e :‘-\f;\ .~
Paltsade — < -' u__\
4 -~ '\-":.'-
/7 8’6’
N | ]
N
(d) LM 10um
A Figure 11.7 Arrangements of bacilli. {(a) A single bacillus of
EoC chia coli. {b) Diglobac in 2 yvoung culture of Bac

| =~y | nocnia < -y [SS s CLITUTR ) SACIIUS Cennus
{c) Streptobacilli in an alder culture of Bacillus cereus. {d) V.shape and a



i Twisted and threaded bacteria

Twisted
= Spirillas
= Spirochetes

Threaded
= Actinomycetes




‘L Structure of bacterial

cell .
Additional structures:
P‘::ITI?::e':S = Inclusion capsule
ures: .
Nucleoid Microcapsule
- /

flagella drank
Spores

organelle cytoplasm
= shell



Bacteria Cell Anatomy

pilus

ribosome

capsule
P —flagellum

\ nucleoid (DNA)
cell membrane

cell wall
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Structure of bacteria (electronic
microphotogram of listeria)
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Necleoid of bacterial cell
;hicleoid in bacteria is a prototype nucleus.
It does not have a nuclear membrane, nucleolus and
histones.

It is represented by one chromosome.

It consists of double-stranded DNA, closed in a ring
and twisted into a ball.

In addition to the nucleoid, the carrier of hereditary
information are plasmids — circular DNA molecules in
the cytoplasm.



Cytoplasm and organelles of a bacterial

| cell
he cytoplasm is a colloid consisting of soluble proteins,
RNA, inclusions and ribosomes.

= Bacterial ribosomes with a size of 20 nm with a
sedimentation constant of 70 S (subunits 50 S and 30
S).

= Ribosomal RNAs (16 S and 23 S) are the most
conserved elements of bacteria. Their determination
(especially 16 S) is based on the bacterial gene
systematics.

= Tnclusions (granules of glycogen, polysaccharides,
lipids, polyphosphates) are accumulated by the bacterial
cell as a supply of nutrient and energy substances.



i Bacterial cell membrane

Membrane of bacterial cell consists of:
= Cytoplasmic membrane.

= Cell wall (in gram-negative bacteria - with an
outer membrane).

= Some bacteria on the outside have an
additional structure - the capsule layer.



Structure CPM

Head, which
contains phasphate

{bydrophilic) Phasphiclipid

Tail
{hycrophobic)

Peripheral protein

A Figure 3.18
The structure of a prokaryotic cytoplasmic membrane: a phospholipid bilayer.



Membrane structure of Gram+ and Gram — of bacteria.
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Structure of peptidoglycan.

N-Acetylglucosamine
(GIcNAC)

N-Acetylmuramic
acid (Mur2Ac)

cleavage by
lysozyme

Reducing
end

|
Pentaglycine
cross-link



Structure of peptidoglycan.

Peptidoglycan Monomer

NAM NAG CH3
CH,OH H  NH-C=O
H

H

-0 H H
6 H NHC=O cH,0H

i
H,C-CHc=0  ©H3

L-Alanine

|
D-Glutamic acid
— tetrapeptide
meso Diaminopimelic acid

D-Alanine




Gram stains

Heat-fix specimen to slide. Flood od-h!y in water.
Ll =tide with ceystal violet solution: acetone decolorization. those
allow 1o act for 1 minute. organisms that are gram-
negative are no longer visible.
3 @;\
3 y
e/
Apply safranin
for 30
Safranin
Rinse off excess iodine. Wash in water, blot, and dry in air.
k) Decolorize with acetone., Gram-negative organisms are
5§ seconds (time visualized after application

approximately
depends on density of specimen). of

Key: @ = Gram-positive viclet. ammme— Gram-negative red. = Colorless.

-

FIGURE 4-21. Steps in
the Gram staining tech-
nique. (From Harvey RA et
al. Lippincott’s Tllustrated
Raviews: Micobiology, 2nd
ed. Philadelphia: Lippincott
Williams & Wilkins, 2007.)



Microbes stained by the
method of Gram.




Club-shaped and/or in |
palisades:
Corynebacterium
Erysipelothrix mentry or absent:
terium (Acid Fast) Erysipelothrix
Propionobacterium Lactobacillus
Eubacterium

Cocci

Neisseria
Veillonella




Structure of the acid resistantbacteria’s cell wall.

free mycolic acids and polypeptides
|

lipoarabinomannan
mycolic acid
arabinogalactan

cytoplasmic
membrane




Staining by the method of
Ziehl- Nelseen.
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Chemical Composition of Capsules

Bacterium

Capsule composition

Structural subunits

Gram-positive Bacteria

Bacillus anthracis

polypeptide (polyglutamic
acid)

D-glutamic acid

Bacillus megaterium

polypeptide and
polysaccharide

D-glutamic acid, amino
sugars, sugars

Streptococcus mutans

polysaccharide

(dextran) glucose

Streptococcus pneumoniae

polysaccharides

sugars, amino sugars, uronic
acids

Streptococcus pyogenes

polysaccharide (hyaluronic
acid)

N-acetyl-glucosamine and
glucuronic acid

Gram-negative Bacteria

Acetobacter xylinum

polysaccharide

(cellulose) glucose

Escherichia coli

polysaccharide (colonic acid)

glucose, galactose, fucose
glucuronic acid

Pseudomonas aeruginosa

polysaccharide

mannuronic acid

Azotobacter vinelandii

polysaccharide

glucuronic acid

Agrobacterium tumefaciens

polysaccharide

(glucan) glucose

© 2007, YCMOU. All Rights Reserved.
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Detectlon of capsule by the method of Burry-Gins




Volutin grains dyed with methylene

| blue and Neisser.




Flagella and fimbriae (drank) in bacteria.

Hagelum  Fimbrnia
\

&)

A Figure 3.10 Fimbrise. Proteus vulgans has flagella and fimbriae



Diagram of the structure of the
flagellum of bacteria.

_ Spin

Direction of
movement
of bacterium




A’gtachment of flagella in Gr + and Gr-bacteria.
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« Figure 3.6 Proximal structure of bacterial flagella. (a) Deta | of
flagellar strucwure of a Gram-pasitive cell. (b) Detail of the Alageilum of a
Gram-naegatwe bacterium. How do flageils of Gram - positive bacteria
diffar from thoso of Gram-nagative bacteria?
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bacteria.
[-J\__/F_\‘

monotrichous

PO I | 5<

lophotrichous

W-m

amphitrichous

i Different arrangement of flagella in

peritrichous




Determination of bacterlal

‘L motility.

= The phenomenon of
swarming in the
environment —

Proteus

| spp.

\t—\

= Special stain

a S B O

B. V. B.
cereus cholerae brevis
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Conjugation drank bacteria.

Conjugation pius

A Figure 3.11 Pili. Two Salmonella cells aro connected by
conjugatan pili. How are pil different from bacrer/al Dagella?



Bacteria spores (sizes and location)




Stages of spore formation
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[Iurning of spores into a vegetative form.




Spores of the causative agent of anthrax (method Ozeshko)

Puc. 3.74. Criopn! B. anthracis, okpacka 110 Avecke



i Spirochete
S

Thin, mobile, spirally crimped batteries from 3 to 20
microns in length, characterized by mobility due to
. flexion changes in cells.

Cells consist of a protoplasmic cylinder intertwined with
one or more axial fibrils extending from subterminal
attachment disks located at the ends of the cylinder
(which brings them closer to the simplest).



iTaxonomy of Spirochetes

= Type — Spirochaetes
= Class — Spirochaetes
= Order — Spirochaetales

= Family - Spirochaetaceae

Gender — Spirochaeta
Treponema (more than 10 types of species and subspecies)
Borrelia (more than 20 species)

= Family — Leptospiraceae
Gender - Leptospira (more than 200 serovars)



Spirochetes genders ofTreponema (a),
| eptospira (0) , Borrelia (B)




i Treponema.

Types of treponema pathogen for human beings:
1) T.pallidum

subspecies: pallidum (causative agent of syphilis)
endemicum (begel pathogen)

pertenue (causative agent of frambesia)

2) T.carateum (pint pathogen)

3)T.vincentii (together with fusobacteria, the causative
agent of ulcerative necrotic tonsillitis Simanovsky-Vincent-
Plaut)



Treponema

Dark field microscopy Staining by the
method of Gimzi



Treponema of syphilis (electron
micrography)

FIGURE 4-18. Scanning electron micrograph of
Treponema pollidum, the bacterium that causes
syphilis. (Courtesy of Dr. David Cox and the Centers for
Disease Control and Prevention.)



Borrelia.

Gender of Contains more than 20 types, list of which below show the
pathogen ones for the human beings:

B.recurrentis -
causative agent of anthroponous epidemic relapsing fever

B.fcluttoni - causative agent of zoonotic endemic (tick-borne) relapsing
ever

B.|f3ersica - causative agent of zoonotic endemic (tick-borne) relapsing
ever

B.burgdorferi - Lyme disease pathogen in North America

B.garini - causative agent of Lyme disease on the Euro-Asian
continent

B.afzelii - causative agent of Lyme disease on the Euro-Asian
continent



Borrelia recurrentis
blood smear (Giemsa stain)

............



Leptospira

The genus Leptospira contains one species, L.interrhogans, which

includes 38 serogroups and more than 200 leptospira serovars.
Leptospira 13 serogroups and 27 serovars are found in the CIS countries.
The most commonly identified leptospira serovars are:

L.icterohaemorrhagiae — causative agent of Vasiliev-Weil disease (icteric
leptospirosis)

L.grippotyphosa - causative agent of swamp fever or marsh fever

L. canicola — causative of canine leptospirosis

L.pomona - swine pathogen causative

L.mitis - swine pathogen causative

L.hebdomatis - causative agent of Japanese or 7-day fever

L.autumnalis - causative agent of shin fever or Fort Bragg fever

L.australis - causative agent of Australian or 7-day fever



Leptospira (electron microscopy)

— A~ -
—




Leptospir_a interrogans




Rickettsia.

= Small gram-negative bacteria,
obligate intracellular parasites

= The macroergic compounds
necessary for their reproduction are
obtained from the host cell

= The form is cocci or short sticks
with a size of 0.3-2.0 microns, but
long sticks and filiform shapes can
be found.

Rickettsia inside cell



Taxonomy of ricketsia.
‘L. Type — Proteobacteria

?._Class;élphapcoteobacteria

Genders — Rickettsia (causative of typhus and spotted fevers)
Orientia (causative of Tsutsugamushi fever)

Ehrlichia (caus. Ehrlichiosis Sennetsu et al.)
Bartonella (caus. of diseases -cat scratches, trench
fever, etc.)

= Class — Gammaproteobacteria
Genders - Coxiella (caus. fever ku)

For humans are pathogen: 10 types of ricketsia,
1 type of oriensia, 3 species of Ehrlichia, 5 species of Bartonella
and 1 species of coxiella.




Chlamydia
ihall gram-negative bacteria, obligate intracellular

parasites with a special development cycle.

" They are energy parasites: they do not synthesize
adenosine triphosphate (ATP) and guanosine
triphosphate (GTP)

" The development cycle includes the stages of
elementary (0.2-0.3 pm)and reticular (0.8-1.2 um)
bodies

= Almost no N-acetylmuramic acid



Multiplication of RB
/ 18-24 hr

Extrusion and release

of infectious EB Condensation RB to EB

Mature inclusion




i Taxonomy of Chlamydia

= Type— Chlamydiae
= Class — Chlamydiae
= Gender — Chlamydia

Type - C.trachomatis (causative of
trachoma, urogenital chlamydia and venereal
lymphogranuloma)

Gender - Chlamydophila
Types — C.psittaci (caus. ornithosis)

C.pneumoniae (caus. pneumonia,
atherosclerosis, bronchial asthma, etc.)



Mycoplasmas.
‘im_aﬂgm-neg—amﬁmeria, devoid of the cell wall and

surrounded only by the cytoplasmic membrane, the main
component of lipids of which is cholesterol.

= Due to the absence of a rigid cell wall, they are polymorphic,
plastic and osmotically sensitive, resistant to substances that
inhibit cell wall synthesis.

= Propagated by binary division, budding, fragmentation of
filaments and spherical formations.

= They are the smallest among free-living bacteria (0.15-1.0
microns).




Mycoplasmas

\‘ L




Colonies of mycoplasmas on
nutrition environment

=

A Figure 11.15 The distinctive “fried egg"” appearance of
Mycoplasma colonies. This visual feature is unique to this group
of bacteria, growing an an agar surface.



‘L Taxonomy of mycoplasmas.

= Type — Firmicutes
= Class - Mollicutes
= Gender — Mycoplasma

Types — M.pneumoniae (caus. pneumonia),
M.hominis, M.fermentans, M.genitalium
(urogenital mycoplasmas)

= Gender - Ureaplasma

Type — U.urealyticum (urogenital
mycoplasmas)



‘L Actinomycetes.

= Gram-positive branching filiform or rod-shaped
bacteria.

= |ike fungi, they form a mycelium, consisting of
interwoven thin filaments (hyphae), however,

unlike fungi, they do not contain chitin or cellulose
in the cell wall.

" Druze form in the affected tissues.



Actinomycetes




Druse (in @ smear of pus)
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‘L Taxonomy of Actinomycetes

= Type — Actinobakteria

= Class - Actinobakteria
= Gender — Actinomyces

Types - A.israelil, A.bovis, A.
odontolyticus, A.viscosus, A.naeslundii
(pathogens of actinomycosis)



i Fungi's

= Single or multicellular chlorophyll-free plant microorganisms
that are eukaryotic

= Belong to the kingdom of Fungi (Mycetes, Mycota)

= Hyphal (2-100 microns) and yeast (2-5 microns) mushrooms
are distinguished.

= By structure - lower (without partitions) and higher
(septated)

= By the nature of reproduction - perfect (sexual reproduction)
and imperfect (asexual reproduction).



:Hyphae fungi.

= Fungi’s form thin, windy hyphae that fly into a tomb or
mold. The thickness of the hyphae ranges from 2 to
100 microns. They grow into a nutrient substrate, are
called vegetative hyphae (nutrition of the fungus), and
those growing above the substrate surface are called
air and reproductive hyphae (responsible for asexual

reproduction)

Hyphae of lower fungi do not have a partition. They are
represented by multinucleated cells and are called
coenocytic. Hyphae of higher fungi are divided by
partitions.



Hyphae's of higher and lower
fungi’s.

FIGURE 11-4 Characteristic hyphal structures. (a) Septate hyphae; (b) aseptate hyphae. (Note the absence
of septa between nuclei.)



Yeast Fungi.

CHARACTERISTICS OF FUNGI I

1. Yeasts

Unicellular fungi, nonfilamentous, typically oval or
spherical cells. Reproduce by mitosis:

Fission yeasts: Divide evenly to produce two new cells
(Schizosaccharomyces).

Budding yeasts: Divide unevenly by budding (Saccharomyces).
Budding yeasts can form pseudohypha, a short chain of
undetached cells.

Candida albicans invade tissues through pseudohyphae.

Yeasts are facultative anaerobes, which allows them to grow
in a variety of environments.

When oxygen is available, they carry outaerobic respiration.

When oxygen is not available, they ferment carbohydrates to produce
ethanol and carbon dioxide.



Yeast fungi's

¢ Saccharomyces cerevisiae




Fungi dimorphism

-

FIGURE 5-13. Dimorphism. Photomicrographs illustrating the dimorphic fungus, H. capsulatum,
being grown at 25°C (left photo) and at 37°C (right phota). (From Schaeter M, et al., eds. Mechanisms
of Microbial Disease, 3rd ed. Philadelphia: Lippincott Williams & Wilkins, 1999.)



i Multiplication of fungi’'s

= Sexual reproduction - the formation of germ
cells (gametes), the formation of sex spores
(zygospores, ascospores, basidiospores);

= Asexual reproduction - budding, hyphae
fragmentation, the formation of asexual
spores (sporangiospores, conidia:
arthroconidia, blastoconidia,
chlamydoconidia).



SPORANGIOSPORES CONIDIA
Rhizopus speces Aspéergilus species

Asexual
multiplica
tion of
fungi’s

Septate hyphae

FIGURE 5-7. Asexual reproduction in Rhizopus and
Aspergillus moulds. Illustrating the types of structures
within and upon which asexual spores are produced.



{ypes of mushrooms of medical importance.

m It is stressed out 3 types of fungi’s, which have
sexual reproduction, so called complete fungi’s:
Zygomycota, Ascomycota, Basidiomycota. Apart
from them there is conditional, formal
type/group- Deiteromycota, which have asexual
method of reproduction.



The main groups of fungi’s of medical
Importance

Sexual

Commonly Observed

Some Medically

Group Hyphae Spores Asexual Spores Important Genera
Zygomycetes Nonseptate Zygospores Sporangiospores Mucor
Rhizopus
Ascomycetes Septate Ascospores Conidia Aspergiflus
Arthrospores Histoplasma
Blastospores Trichophyton
Penicillium
Basidiomycetes Septate Basidiospores Characteristically Cryptococeus
none Amanita (“death
angel’ mushroom)
Deuteromycetes Septate None Conidia Candida
Arthrospores Sporothrix
Blastospores Coceidioides

Chlamydospores
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Tancombl Ocnoatisie poas!

INTOMMUETS! (Tun Zygomycota, xsace Zygqomycetes)

Mopagok Mucoralis Mucor, Rhizopus, Rhizomucor, Absidia,
Cunninghamella, Saksenaen

Nopnaox Entomophthorales gasidiobolus, Conidiobalus

ACKOMMUETBI (Twn Ascomycota)

Hnace Ascomycetes

Nopagox Saccharomycetales Rpommu: Saccharomyces, Pichis
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Nopagox Onygenatis Arthraderma (Tencouopdis Trichophyton
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Scadosporium aplosparmum)
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Nopagox Pneumocystidales Poeumocystis carindi
BAIHANOMMUETE! (Tun Basidiomycota, Knacc Basidlomycetes)
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MNopanox Tremellales Rpowme; Filobasidiella (reneonopdu
Cryptococcus neoformans)

AEATEPOMMUETH! (Tun Deiteromycota)

Nopagox Cryptococcales Keconepwesivwe Ruommn: Candida, Cryptococius
Trichosporon, Malassezia

Nopagox Moniales, Eprdermophyton, Coccidiondes, Paracoccidiondes,

ceM. Monialiacesu Sporgthrix, Aspergilius

Nopansk Moniales, Prialophars, Farsecaen, Exopiiala, Wangiella,

rem. Dematisceee Cladophiatophora, Bipolans, Exserohllum, Alternaria
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Zygomycet

#@a@,@!&_&bﬁg to_lower fungi’s. They contain
e representatives of geners like Mucor, Rhizopus,

Rzizomucor, Absidia, Basidiobolus, Conidiobolus.
Spread in the soil and air. Can cause Zygomycetes
_ of lungs, brain and other organs of human being.

During asexual reproduction of zygomycetes
sporangia are formed on the fruiting hyphae-
spherical with a shell containing numerous
sporangiospores
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Ascomycetes.

iﬁsmmvteremrsupial fungi’s) have

septic mycelium (besides one celled yeasts).
Their name they got from bearing- bags which
contain 4 or 8

haploid genital spores (Ascospores). Most of the
fungis from Aspergillus genre are anamorphs,
multiplicate only by asexual method of
reproduction, with the help of asexual spores-
comidiy’s.
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i Basidiomycete

= Basidiomycetes- hSa've septic mycelium. They create

genital spores- basidiomycetes by the way of
peeling off from basidio- end cells of mycelium,
nomological asku. Some of the yeast are releted to
pasidiomycetes, for example Cryptococcus
neoformans.




basnguomuueTol (BO30yauTenb
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i Simples

= Unicellular animal microorganisms belonging to
the kingdom of Protozoa

" They belong to the Eukariya domain and have the
typical structure of eukaryotes. Outside they are
surrounded by a pellicle.

® Sjzes 2-100 microns



|
malarial
plasmodia, balantidia microsporidia
toxoplasma,
sarcocysts,
isospores,

dysenteric
amoeba, giardia,
Leishmania,
Trichomonas,
trypanosomes

cryptosporidia,
cyclosporidia,
babesia




Tun Sarcomastiqophora

Twn Sarcomastigophora cocTour B3 nogrunas Sarcoding »
Mastigophora,

Nadmun Sarcoding (CAPKORDEME) RKRINAET: [LHIEHTEDUANYIO
amedy ~ 2020yaMTeNE AMCOHON AMICHTEPHR YEN0aexd; Ceo-
CONMOMMEYIHE aMelinl POADE HETNEDHE, AKANTAMANA M 1D.; HE-
narorennsie anelu (ummevnan aweda n ap.). 3m npocrehume
NepeRans J0ICK nyTeM alpaiosanns NEESANNOAMA C NONOELID
LOTOPBIX NPOUCXORUT JAXEIT W NOTPYMENHE B UATONNIINY Kie-
TON NWTETENsEX Semgecra. NON0ROR NyTh PRiMroxesnx y Aned
orcyrcreyer, fpn neBaaronpunrinix yenosuax one obpasyor

uncry.



* Tun Sarcomastiqophora

Modmyn Mashigophorg (MryTUXOKOCUM ) B KADYILT: TPHMNEHO-
combl — BO3GYHTENGH ADPUHINCHOID TPMNAHOLOMOIR {CORNOMA
Gonesnn) n Gamesnn Waraca: aedunanun — sosByanTesed
NEAWMANMOI0N; nambamn — godbyantear nanbnmuoaa; rprxo-
MOKARY RIATANHUKYO — BOIOLANTENA TPHXOMOKOIE, Jrit Npo-
CTORWME XAPINTCOMIVIOTCA HAMNNMEM MIyTHHOE. Hanpuuep, v
DERRIMANNA ~— OfMM MIYTUK, Y TEIMXONOHAR = & CROBOANMX
MIYTHKD ¥ OWN XIYTHE, COSQAMMEHHLIA € KOPOTKON YHAYRM RYK-
Mo Menbpasou.




Tun Apicomplexa

Tien Aplcomplexa. Mataoréikee NPEACTIOMTENN BXOART B HNACC
SPOMOZ0a (CNOPOEHAN ): MNA3N04N MANRRHN — BO30MHTEAH MANR-
‘. o (3 AHERHOR T AHEBHOR TWMA ORARE, & QHEEHOR, TROMMA B KOG )¢
TOHETI NN IMEd — iﬂ-ﬂﬁ’!.'nﬁ‘l!‘aﬂﬂ TORCOANA DN, CADHMALHCTS = BI3=
EYITERM CADHOUMCTOI; MIOCNOpW — BOIGYOMTEAN M30CNOposS
EEHAN LMD PN — B035IHTEDH KPHMTTOCHODHON03a; WMHRICE-
Ph — BOYOWIHTEAN UHMKAOCROpEAWOIE: Badetun — BoalymMTENH
ponAaan0d, MapaieTh AMEKT SNWHLALHBA KOMNSEHL COTOp
P EARET A NOOHHRHYTE B KNETRY XOIAWMEA 08R NOCN BRI
PHYTHHMKRETOYHAIT RapazdTiang. Kassid M3 3THE NpeRCT asnTenan
WHBET CADMHOE CTRORHAR ¥ CROH 0COEEHSDITH MHIHERHDIT UMKNA,
Tan, HANPHAEP, HAZHSHHWR UAKT BOI0WITEND MIIARNN K33 HTER -
IYETCE YEDIEHD EAHAEH MELNGEAIIT PESMICHEES AN | B DEFaedINE KDMa-
poe Ancpheles) # BECNONGAe (D KAETHIY NeYEHM H SDHTEOUNTAS He-
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i Ciliophora type

Ciliophora type- Pathogen representatives
of ciliary balantidia, which cause colon of
human being. Balantidia’s are movable and
have’s many ciliary’s, more thin and short
than flagellas.



‘L Type Microspora

Microspora type includes microsporidias- small
obligate intracellular parasites, wide spread among
animals and causes weakness of human beings,
diarrhea and causes different human organs. Those
parasites have specifi spores with infected material-
sporeplasma.
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— Differential Diagnosis of Intestinal Protozoa
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Viruses

A special group of non-cellular life forms that belong to the
kingdom of Vira and have a number of features:

= They do not have a cellular structure, they consist of a nucleoid in the
form of a nucleic acid and a protein capsid;

= The genetic apparatus of viruses is represented by both DNA and RNA,

both of which can be single and double stranded, linear and circular,
continuous and fragmented;

= They are absolute intracellular parasites at the molecular level that do
not have their own protein synthesis systems; reproduce by the
disjunctive method of reproduction;

= They have very small sizes, calculated in nm (15-350);
= Some viruses (plants) can form crystals.



Scheme structure of viral particles
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Structure of enveloped and non-
enveloped viruses.

Examples

Enveloped Hiv,HSV,HBV

_ Envelope —

virus Influenza virus
Envelope
protein ]
Non-enveloped N°revirss,
" Parvovirus
virus HAV, HEV
DNA
or
RNA Capsid

protein

Envelope
+

Nucleocapsid

l

Virion

Nucleocapsid
l

Virion



Scheme of the structure of various
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Types of capsid

C) Enveloped icosahedral

@
-

} Capsomeres

N\ Nucleic acid
Spikes/peplomers
_MM (glycoprotein)

Envelope (protein + Lipid)

(D) Enveloped helical



o Types of Virion Symmetry.

Single-stranded
RNA

Capsid

gt XS N .p-ho.a.“,/kn.
-,

Cross-section of
lipid bi-layer (envelope)

Helical

Icosahedral |
Togaviridae Flaviviridae Glycoproteins Coronaviridae
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Step 6: Release Step 1: Attachment
The bacterial cell The phage attach to
lyses and releases @ specific receptors on
many infective phage. the cell wall of E. coli.
Step 2: Penetration
@ Following attachment, phage DNA
= is injected into the bacterial cell,
leaving the phage coat outside.
i Bacterial DNA
Step 5: Assembly Step 3: Transcription
Phage components are Phage DNA is transcribed,
assembled into producing phage mRNA, which
mature virions. is translated to phage proteins.

Step 4: Replication of Phage
DNA and Synthesis of Proteins
Phage coat proteins, other protein
components, and DNA are produced
separately. Host DNA degraded.

Phage-induced
proteins

Empty DNA inside
head head

o+ +I——>l




;‘3 1225 nm

Human red
Bacteriophage T4 Rabies virus blood cell
B 170 x 70 nm 10,000 nm
T in diameter
Adenovirus 7 y
90 nm Rhir;?virus Bacteriophage M13
30 nm 800 x 10 nm
Chlamydia elementary body
== 300 nm
Bacteriophages Tobacco mosaic virus
2, MS2 250 x 18 nm : T D
24 nm Viroid e ¥ e
300 x 10 nm ?, -]
Prion ‘ - 1
Poliovirus 200 x20.nm 2 By
30 nm Vaccinia virus " Ebola virus
300 x 200 x 100 nm 970 nm \
E. coli Plasma membrane

of red blood cell

(a bacterium) 10 nm thick

3000 x 1000 nm



Classification principals of the viruses

. Iype of nucleic acid, structure, number of threads,
molecular weight;

= Morphology of the virion, the number of capsomeres,
the type of capsid symmetry, the presence of a shell;

= Virion replication, genetic interactions;

= Antigenic properties;

" The range of susceptible hosts, pathogenicity,
geographical prevalence.

Viruses are divided into viruses of vertebrates,
invertebrates, plants, bacteria, fungi.



Virus family ‘ Virus

Viral particle

Transmission

DNA virus

/
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7
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o -
Retro- | o §#yv
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. Diameter:
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Human viruseJ [ Zoonosis

Bird
(Avian influenza) H2N2. HTN2

HSNI1. H7N3
HON2, H7N7
y ! HION7, H7IN9 ’

Pig
(Swine influenza) HINI1
ﬂ H3N2
Seal

(Seal influenza)

T o 9

HIV-1

groups
M & N ’
/' Chimpanzee

HIV-1
groups
P & O ’

Gorilla
™~

\ HIV-2 ]

Sooty mangabey

v



OcHoBHble BUPYCHI 4eN0BEKA U KUBOTHBIX (KNAcCUQUKALMA 1 CORepHaHHe)

(emeticmeo/nodcemelicmao lpedcmasumen Boi3bigaemsle BonesHu
[pynna I: JHK(aByHuTeBbIe)-BUpYCH

okcaupyco Bupycel HatypanbHolh ocnbl, BakuMHeL, ocnbl — Hatypanshas ocna. Ocnonogo6Hsie 3a6onesaus

(Poxviridae) 0be3bsH, Opdh, KOHTaro3HOro MoARKOCKa HoHTaruo3Hblit Moniock

[epnecaupycel Bupyc npocroro repneca. Bupyc seTparoif [epnec, 3LedanuT  ap.

(Herpesviridae) 0CMbl — ONOACLIBAIWErO repneca Bepaxas ocna, onoAckIBalOL{MI repnec
Lutomeranosupyc. Bupyc Incraitia—bapp  Llutomeranus, uHOEKUMOHHbI MOHOHYKAEO3
[epnecsupyc yenosexa 6, 7 CiHaPOM XpOHHUYECKO# YCTanoCTH
[epnecsupyc Yenosexa tin 8 Capkoma Kanown?

Anexosupycel (Adenoviridae)  AaeHosupych Yenosexa OPBW  gpyrue

[lanuanomasmpyc [lanunnomasupycel Yenoseka bopogasky (nanunombl), pak

(Papillomaviridae)

loauomasupyce [lonuomasupycs yenosexa (JC, BK) MHorooyarosas neitko3xuedanonarua

(Polyomaviridae)

[pynna II: fHK (ogHoHuTEBbIE)-BUPYCHI
lapsosupyesl (Parvoviridae)  Mapsosupyc Yenosexa B19 JIHheKLHOHHaA 3pUTeMa, NOAMAPTDUT

Circinovindae TT-supyc [enarut TT?



Peosupychl
(Reoviridae)

[ukopHasupychl
(Picornaviridae)

Kanuumsupyce! (Caliciviridae)
[enatut E-nogo6Hble BUpYChl

ACTpoBMpYyChl
(Astroviridae)

KopoHasupycl
(Coronaviridae)

OnasuBupycChH
(Flaviviridae)

HeKknaccuduumpoBaHHbIi
BUPYC

Torasupycl
(Togaviridae)

[pynna III: PHK (aByHuTEBbIE)-BUpYCHI

Bupycel: Kemepogo, konopaackoi Knelesoi
NIUXOPAfKY, POTaBUPYChl YeN0BeKa

Kneesble nuxopagkm
[acTpO3HTEpUT

[pynna IV: PHK (nnioc ogHOHMTEBbIE)-BUPYChI

Bupycei: nonnommenwta, Kokcaku A u B, ECHO
Bupyc renatuta A. PuHOBMpYChI Yen0BeKa

Bupyc auypa
Bupycel ractposxteputa rpynnsl Hopsosik

Bupyc renatuta E
ACTpoBMpyChI YenoBexa

KopoHaBupyc yenoseka

Bupychl: enToit NUXopajKK, ANOHCKOro
JHUedanuTa, nuxopaaku 3anagHoro Huna,
[leHre, KneleBoro aHuedanura,

Ol

Bupyc renatuta C
Bupyc renatuta G

Bupychi: 3HUedanoMuennTos nowaaei,
Kapenbckoit auxopagku. Bupyc kpacHyxiu

[lonnomuenut, repnanrita, MMOKapauT U ap.
lenatut A, OPBY

Auyp
[acTpo3HTepUT

[enatut E

[uapes
0PBK

HKentan nuxopagKa, ANOHCKMIA 3HUedanuT
Jinxopapka 3anagHoro Huna

Jluxopagka [leHre, kneuweBoit 3HUehanuT
Omckan remopparuyeckas nMxopagka
fenatur C

lenatnt G

JHuedanomuenutsl nowagei
KapenbCkas nMxopaaKa, KpacHyxa



[pynna V: PHK (MuHyc opHoHuTEBbIE)-BUpYCHI

Ounosupycs! (Filoviridae) ~ Bupyc Map6ypr. Bupyc Y6ona ADPHKaHCKWe reMopparuyeckie NMXopaaku
[1apamuKcoBupyCH Bupyco: kopw, naparpunna, nugemuseckoro  Kops, N1CT3, naparpunn, 3nugemuseckuit naporut
(Paramyxoviridae) NapOTUTa, PECUPATOPHO-CUHLMTHANbHBH  OPBI
Pabrosupycei Bupycsl bewencrsa, bewercrso
(Rhabdoviridae) BE3NKYAAPHOIO CTOMATHTA Be3uKynapHbIA comMaTuT
Opromukcosupyce Influenzavirus Tunsl A, B, C [punn
(Orthomyxovirdae)
bynbsBupycel (Bunyviridae)  Bupyeo! ITNC Kpsim-Kotro remopp. nuxopanka  TANC, Kpein-Kowro remopparuyeckas auxopagka
Deltavirus Bupyc renarura D [enarur D
Apenasupycsl Bupyc JIXM. Bupycsl lacca. [yaHapuo, JluMoLuTapHBIA XOpUHOMERUHIUT, AuxopaaKa Jlacca
(Arenaviridae) XyHuH 1t Mayyno [eMOpparnyeckue nUXopaaKH

[pynna VI: PHK-Bupychl (o6parHotpaHckpubupyowymecs)
Perposupyce! (Retroviridae)  Bupyc ummyHopedmuuTa yenosexa BIAY-urexuws (CTAD)

[pynna VIL: RHK-Bupyce! (oBpatHoTpaHckpubupylowmeca)
[enagHasHpycel (Hepadnaviridae) Bupyc renarwra B [enarur B



