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LABORATORY SAFETY PROCEDURES

Place all extra clothing, unnecessary books, purses, backpacks,
and paraphernalia in an appropriate place. Racks are provided for
these materials. The laboratory work area must be kept free of
articles not actually in use.

Eating, drinking, and smoking are forbidden at all times in the
laboratory.

Keep your locker or laboratory door clean. Do not allow your
locker drawer to become filled with cultures that have no value in
your current work.

Return all reagents, cultures, and glassware to their appropriate
places.

Wear a laboratory coat, smock, or lab apron when working in the
laboratory. This will protect clothing from contamination or
accidental discoloration by staining solutions.

Do not place anything in your mouth while in the laboratory. This
includes pencils, food, and fingers. Learn to keep your hands
away from your mouth and eyes.

Avoid contamination of benches, floor, and wastebaskets.

Clean your work area (laboratory bench) with a phenolic
disinfectant such as 5% Lysol or 5% phenol or a quaternary
compound such as cetylpyridinium (Ceepyrn) before and after
each laboratory period. This standard procedure lessens the
chance for accidental infection as well as for contamination of
cultures.

9.

10.

11.

12.

13.

14.

Special receptacles will be provided for infectious materials and
used glass slides. Place all discarded cultures and contaminated
glassware into these receptacles. Do not let unwanted and
unneeded materials accumulate. Tall jars filled with a solution
such as 5% Lysol or special receptacles will be provided for
pipettes.

When infectious material is accidentally spilled, cover it
immediately with a disinfectant such as 5 % Lysol or 5 % phenol
and notify your instructor at once.

Flame wire loops and needles before and immediately after
transfer of cultures. Do not move through the laboratory with
a loop or pipette containing infectious material.

Wash your hands thoroughly before and after each experiment,
using disinfecting soap if possible.

Label all experimental material with your:
a. Name
b.Date __ [/ /2026.

c. Exercise number: Ex. 5
Telephone number to call in case of an emergency 101, 103.



CLASS Ne 1. MORFOLOGY OF MICROORGANISMS. BASIC MORPHOLOGICAL FORMS OF BACTERIA.

BACTERIOSCOPIC METHOD OF EXAMINATION. SIMPLE METHODS OF STAINING

The subject to study.

History of the department microbiology, virology, immunology; main spheres of activity and trends in research. Design and equipment of
microbiological laboratory, biosafety levels. Basic rules of work in microbiological laboratory (biosafety in work with class | biohazards). Universal

precautions in work with burners and electric supplies.

Taxonomy of microorganisms: classification and nomenclature. Modern approaches to taxonomy of microorganisms. Taxonomic ranks. Vars

(types), strains, clones, pure cultures.

Basic morphological forms of bacteria. Morphological characteristics of cocci, rods and spiral-shaped bacteria.

Microscopic method of examination: tasks, procedure, evaluation of the method. Bright-field light microscope: components and proper use of
the microscope. Smear preparation and fixation. Simple methods of staining. The technique of oil immersion microscopy.

LABORATORY WORK
Laboratory exerscises Laboratory report

1. Prepare heat-fixed slide of Escherichia coli,
cultured on agar medium, stain with basic
fuchsin, examine under the oil immersion lens
and complete the report (follow aseptic
precautions when working with microorganisms
of the 1% biological risk group). Smear Smear Smear

2. Prepare heat-flx_ed _slldes 01_‘ Staphylpcocc_us T e i
spp., cultured on liquid medium, stain with
methylene blue, examine under the oil immersion
lens and complete the report (follow aseptic
precautions when working with microorganisms
of the 1% biological risk group).

Demonstration:

1. Streptococcus spp., pure culture, stained with Smear Smear
crystal violet.

Stain Stain

2. Vibrio spp., pure culture, stained with basic
fuchsin.

3. Bacillus spp., pure culture, stained with crystal
violet.

Signature of the tutor

Date

/

12026




BACTERIOSCOPIC METHOD

Bacterioscopic method is a set of techniques for detecting and studying of morphological and tinctorial (staining) properties of bacteria in the specimens by

microscopy.

Specimens: laboratory culture, pathological samples, samples from the environment.

The steps of the method:

1. Specimen collection (pus, sputum, blood, urine, feces, aspirates from
the bronchi and stomach, the liquor, the nasal washes, autopsy, etc.).

2. Transporting the material to the laboratory in special containers.

3. Preparation of smear (if necessary, fixation and staining).

4. Microscopy of the slide.
5. Report.

Types of microscopic preparations:

1. Native preparations (wet-mount; hanging drop) are used to observe
living bacteria. The poor contrast of such preparations makes it necessary to
amplify this aspect (darkfield and phase-contrast microscopy). They are often
used to determine the active motility of bacteria.

2. Fixed (stained) preparations (bacteriological smear; thin smear; thick
drop of blood, etc.) are richer in contrast.

BACTERIAL SMEAR PREPARATION

The main purpose — to establish the etiology of the disease, as well as determination of purity isolated pure culture.
A bacterial smear — a small amount of microorganisms spread in a very thin film on the surface of the slide. A good smear is one that appears as a thin

whitish layer of film when dry.

Smears from broth cultures and cultures from solid media require different preparation techniques:

From solid medium From liquid medium

Inoculating
needle

Inoculating

loop
N

1 needle
of bacterial
growth

1 drop
of water

1-2 loops
of bacteria

NS

a) Broth cultures:

1. Using a sterile inoculating loop, apply one
to two drops of broth culture to the center of the
slide and gently spread the liquid on the surface
of the slide (about 1 cm in diameter).

2. Allow the smear to air dry completely.

b) Cultures from solid medium:
These cultures must be diluted:
1. Place a drop or two of 0.9 % NaCl solution

in the center of a glass slide.

2. Take some of the culture with a sterile

bacterial loop and spread it in a drop of saline
(about 1 cm in diameter).

3. Allow the smear to dry completely.

Aseptic procedure for bacterial smear preparation:

1. Shake the culture from side to
side to suspend organisms. Do not
moisten cap on tube.

2. Heat the loop and wire to red-
hot. Flame the handle slightly also.

3. Remove the cap and flame the neck
of the tube. Do not place the cap
down on the table.

4. After allowing the loop to cool for at least
5 seconds, remove a loopful organisms.
Avoid touching the sides of the tube.




5. Flame the mouth of the culture | 6. Return the cap to the tube and | 7. Place the loopful of organisms in
tube again. place the tube in a test-tube rack. the center of the target circle on the

slide.

8. Flame the loop again before removing
another loopful from the culture or setting
the inoculatig loop aside.

FIXATION

Fixation is necessary to attach microorganisms to the glass slide and preserve their structure in its original state.
1. Heat fixation is performed by the rapid passage on the air-dried smear two or three times over the flame of the burner:

1. Application of a bacteria | 2. Air-drying.
suspension on a slide.

3. Fixation. Slide is passed through | 2. Chemical fixation used to protect cell morphology as well
flame severel times to heat-kill and fix | as cell fine substructures of the more delicate microorganisms.

organisms to slide. Chemical fixative gets inside the cells and cross-links
- \ components present in cells, such as most proteins and nucleic
acid.

Fixatives are acids and aldehydes such as acetic acid,
glutaraldehyde, etc.

SIMPLE STAINS

A simple stain is using an aqueous or alcohol solution of a single dye. Some of the common simple stains in the lab are methylene blue (aqueous), crystal

violet (an alcohol solution) and basic or carbol fuchsin.

Simple Stain Technique:

1. Apply dye to the fixed smear for | 2. Rinse with tap water. 3. Place the smear in an upright | 4. Examine the stained smear under a 100x (oil)

the required time.

position, allow excess water to drip off | immersion microscope objective.

and allow the smear to dry.
Alternatively, you can blot dry.

Saved Lost Light Rays
Due to Diffraction

/ -
| AV |
77N\

Immersion oil, having the same refractive index as
glass, prevents light loss to diffraction.




CLASS Ne 2. BACTERIOSCOPIC RESEARCH METHOD. THE STRUCTURE OF THE BACTERIAL CELL.
COMPLEX METHODS OF STAINING. FEATURES OF MORPHOLOGY AND METHODS OF STUDYING
SPIROCHETES, RICKETTSIA, CHLAMYDIA, MYCOPLASMAS

The subject to study.

Distinctive features of prokaryotic and eukaryotic cells. Basic bacterial cell structure. The composition, function, detection methods of bacterial cell wall.
Gram stain: medical application, principles, procedure for Gram stain. Bacterial forms with defective cell wall. The composition, function of capsule, flagella, pili
(fimbriae) and methods for their detection. The cytoplasmic membrane: structure, function. Bacterial core: cytoplasm, cytoplasmic structures. Inclusion bodies —
storage granules. Methods for nucleoid and volutin detection. Loeffler and Neisser stain for volutin granules. Acid-fast bacteria and unique properties of their cell
wall. Ziehl-Neelsen acid-fast staining. Resting (dormand) forms of microorganisms. Spore stain using Ozheshko method: principle, procedure.

Taxonomy, morphology, medical significance of the spirochetes. Methods for spirochetes morphology study. Romanowsky—Giemsa stain. Actinomyces:
taxonomy, morphology, medical significance. Rickettsiae: taxonomy, morphology, medical significance and methods of examination. Chlamydiae: taxonomy,
morphology, reproduction cycle (elementary and reticulate body), medical significance and methods of examination. Mycoplasmas: taxonomy, morphology,
medical significance, methods of examination.

Methods for the motility detection of the living bacteria. Preparation of the hanging-drop and wet-mount slides. Dark-field light microscopy. Phase-contrast
light microscopy. Fluorescence microscopy.

LABORATORY WORK

Laboratory exerscises Laboratory report

1. Prepare heat-fixed slide of the mixed culture of Escherichia coli
(gram-negative) and Staphylococcus aureus (gram-positive), Gram stain,
examine under oil immersion, complete the report(follow aseptic precautions
when working with microorganisms of the 1% biological risk group).

2. Prepare slide of Rickettsia spp., stain with fuschin, complete the report
(follow aseptic precautions when working with microorganisms of the 1%
biological risk group).

3. Prepare the hanging-drop slide using motile microorganisms, examine | Stain Stain Stain Stain Stain
native microorganisms under microscope(follow aseptic precautions when
working with microorganisms of the 1* biological risk group).

Demonstration:

1. Slide with capsule of Klebsiella pneumonia, negative staining.

2. Slide with volutin granules of Corynebacterium diphtheria, Loeffler

Smear Smear Smear Smear Smear

staining.
Staii.insgllde with volutin granules of Corynebacterium diphtheria, Neisser P — — . -
4. Slide with spores of Bacillus anthracis, Ozheshko staining. Stain Stain Stain Stain Stain
5. Slide with Treponema denticola in dental plaque, Gram staining.
6. Leptospira spp., dark-field mycroscopy. Signature of the tutor Date / 12026

7. Slide with Actinomyces spp., pure culture, Gram staining.

7




Write down the names of the cell wall components of:
Gram-

bacteria

bacteria

Indicate the components of bacterial cell:

Bl 1 — Cell wall 4 — Capsule 7 — Plasmid
{} MembrEne 2 — Cell membrane 5 —Ribosome 8 —Pili
3 — Cytosol 6 — Nucleoid 9 — Flagellum
Cytoplasm
GRAM’S STAIN TECHNIQUE
1. CRYSTAL 2. WASH 3.GRAM’S IODINE 4. DECOLORIZE WITH Specify the color of the smear at each step:
VIOLET 1 minute ALCOHOL
1-2 minutes ) 30-45 seconds or until Steps of Gram Gram-positive | Gram-negative
solvent flows colorlessly Staining
< Smear Preparation /
Hit fixation

6. FUCHSINE
1-2 minutes

7. WASH

Primary Stain
(Crystal violet)

Gram’slodine

Alcohol (95 %)

Secondary Stain
(Fuchsin)

JUOUC
JUOUC

Example S. aureus E. coli




Structure of the spirochete:
Basal body

Endoflagella (axial filaments)
beneath outer membrane

N ——
Quter membrane

Outer membrane

DNA in nucleoid Periplasm

Riboplasm Cell wall (peptidoglycan)

Inner (cell/plasma) membrane

0.1 um

Differentiation of pathogenic spirochetes:

Method | Principle and application
Direct Examination
Wet mount Unstained preparation is examined by brightfield,
Handing drop darkfield, or phase-contrast microscopy
India ink Negative staining with India Ink is used to detect capsules
Differential stains
Gram stain Most commonly used stain in microbiology laboratory,

forming basis for separating major groups of bacteria
(e.g., gram-positive, gram-negative)

Silver impregnation

method

Cells and structures that are too thin to be visualized
by the light microscope can be rendered visible by
impregnation of silver on their surface. Silver
impregnation method is a common method used for
staining spirochetes and some small bacilli

Romanowski-Giemsa

stain

Used to detect of many bacteria (e.g., spiral-shaped
borreliae, treponemas, or leptospira) as well as for
protozoans, and mammalian cells (e.g., for blood cell
count). Giemsa stain combines methylene blue and eosin.
Eosin ions are negatively charged and stain basic
components of cells orange to pink, whereas other dyes
stain acidic cell structures various shades of blue to purple

Ziehl-Neelsen stain

Acid-fast stain. Used to differentiate acid-fast & non-acid
fast bacteria

Ozheshko stain

Endospore stain. Used to detect the endospore

Spirochetes genera
Features - -
Treponema Borrelia Leptospira

Size Length 5-20 3-20 7-14

Width 0.09-0.5 0.2-0.5 0.1-0.15
Coils number
Shape
Romanovsky-Giemsa
staining

Special stains

Loeffler and Neisser stain

Used to detect the volutin granules

Preparation of a hanging-drop slide:

1. A small amount of Vaseline is placed near | 2. Two loopfuls of organisms are
each corner of the cover glass with a toothpick. | placed in center of cover glass.

3. Depression
against Vaseline on cover glass and | examined under oil immersion.
quickly inverted.

slide is pressed | The completed preparation can be

Cover Glass

Vaseline

B T RN

Organisms




CLASS N\e 3. GENETICS OF MICROORGANISMS. METHODS FOR STUDYING THE GENETICS OF BACTERIA.
METHODS OF MOLECULAR DIAGNOSTICS

The subject to study.

The structure of bacterial genetic apparatus. Phenotype, genotype, genome, genes. Regulation of gene expression. General properties and varieties of plasmids.
Detection of plasmids. Mobile genetic elements: transposons and IS elements.

Bacterial varibility: phenotypic and genetic. Practical significance of bacterial variability. Mechanisms of genetic variability: Mutation and recombination.
Classification of mutations. Methods of mutant bacteria selection. Horizontal gene transfer: transformation, transduction, conjugation.

Molecular methods: tasks, specimens for investigation, advantages of the methods. Classification of molecular methods. Molecular hybridization: test materials,
DNA extraction, components of DNA hybridization reaction, molecular probes, detection of DNA hybrid duplexes, interpretation of results. Equipment. Practical
application of molecular hybridization method. Polymerase chain reaction (PCR): test materials, principle, DNA extraction, components of PCR reaction mixture,
primers, PCR termal cycle, detection of amplicons, interpretation of results. Equipment for PCR. Practical application of PCR.

LABORATORY WORK

Laboratory exerscises

Laboratory report

1. Perform a bacterial conjugation
experiment:

a) Prepare the mating mixture by
aseptically transferring 0.5 ml of an
overnight meat-pepton brothculture of
donor and recipient E. coli into separate
tube.

b) Mix and incubate at 37 °C for 1 hours.

¢) Confirm the resistance status and
leucine and treonine production by culturing
donor, recipient and recombinant E. coli on
minimal  medium supplemented  with
streptomycin.

2. Registerthe results of the polymerase
chain reaction (detection of amplification
products, interpretation of results)

Demonstration:

1. Replica method for bacterial mutant
forms selection.

In bacterial conjugation experiment donor E. coli is susceptible to streptomycine and synthesize treonine and
leucine. Recipient E. coli displays complementary properties: resistant to streptomycine and unable to synthesis
treonine and leucine. Recombinants of these two strains will have combination of either the donor or recipient
strains’ characteristics and can be readily detected by using selective minimal media.

E. coli

D (donor)
F+

tre

leu”

str®

+

Minimal medium without

_‘ Recombinant: tre+, leu+, str®

—] E. coli
— R (recipient)

= e | = F'

==

tre’
0.5ml ‘0.5 ml leu

str®

v

Registration of results after 24 hours

treonine and leucine, with / incubation at 37 °C
streptomycine 100 pg/ml Rec 4

Conclusion




Technique of seeding by loop from tube to Petri dish:

1. Inoculating loop is 2. Remove the cap and flame the | 3. Streak surface of 4. Flame the mouth
heated till red-hot. neck of the tube. Do not place a sterile slant. of the tube and
the cap down on the table.

re-cap the tube.

5. With free hand, raise the lid | 6. Flame the

of the Petri plate just enough inoculating loop
to access a colony to pick up and return it to
a loopful of organisms. receplacle.

Types of Bacterial Plasmids

Type of Plasmid Main Function / Role Type of Plasmid Main Function / Role
F (Fertility) plasmid Virulence plasmid | Enhances pathogenicity by carrying virulence factors
R (Resistance) plasmid Metabolic plasmid | Encodes enzymes for specific metabolic pathways
Col plasmid Codes for bacteriocins — proteins that kill other bacteria
Degradative plasmid Enables degradation of unusual substances such as
toluene or salicylic acid

Comparison of transformation, transduction, and conjugation

Methods of transfer Mechanism

Nature of DNA transferred

Transformation .
Bacterium
DNA/ Bacterial chromosome

Transduction
Lysed
bacterium @ —_
Recipient
bacterium

Conjugation
Donor Recipient
cell cell

Signature of the tutor

Date / /2026
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MOLECULAR GENETIC ANALYSIS

Molecular genetic analysis is highly sensitive and specific method of the investigation of genomic structure and function. Molecular genetic analysis is the most

reliable test for detection of presence of pathogenic agents in clinical specimen.

Polymerase Chain Reaction (PCR)

Polymerase chain reaction allows
amplification of exactly specific DNA
fragments. About one billion copies
(amplicons) of tested DNA fragment
can be produced in one hour starting
from initial single DNA.

PCR is elaborated
stages:

1. First, DNA is isolated from
a cell and heated to approximately
95-97 °C, causing the separation
of two DNA strands breaking down

specific formation of double-stranded complex.

in several
fluorescent or chromogenic dye, or radiochemical label).

increased levels of activity.

Molecular Hybridization of Nucleic Acids
Hybridization method is based on complementary interaction of single-stranded DNA or RNA molecules resulting in

At the initial step of hybridization test (e.g., dot or spot hybridization) the sample, containing unknown nucleic acid
sequence is heated to produce single-stranded DNA molecules (DNA melting).

Then single-stranded DNA is adsorbed on some solid phase (e.g., nitrocellulose paper sheet).

Afterwards the sample is treated by specific hybridization probe (The probe is the known short sequence of one-
stranded DNA molecule, complementary to investigated nucleic acid sequence and labeled with highly sensitive tag —

If the investigated specimen contains the nucleic acid of interest, the probe will bind to its complementary sequence.
After thorough wash the specimen fluorescence or radioactivity is analyzed. Positive samples demonstrate the

the hydrogen bonds between A-T and G-C (DNA melting).

2. In the second step, the temperature is decreased to about 65—70 °C. It allows the attachment of two
short specific fragments of DNA, termed primers. The primers (forward and reverse) are complementary
to the amplified DNA sequence. They bind to the ends of complementary DNA (primer annealing) and
play a role of initiators of DNA polymerization.

3. The third step (amplification) is the synthesis of complementary strands of new DNA molecules on
the templates of both parental DNA strands. The process begins from the place of primer attachment.
This reaction requires all number of nucleotide substrates and thermostable DNA-polymerase (Tag-
polymerase).

After the first cycle of enzyme action the single original DNA is converted into two identical DNA
molecules. Thus, the duplication of original genetic material is achieved. Next amplification cycle is
stimulated by heating of the reaction mixture again up to 95-97 °C to dissociate all of existing strands of
DNA. And the amplification cycle is repeated again. Each cycle of heating, cooling and doubling of
tested DNA segment lasts about several minutes.

The registration of PCR results was primarily made by agarose electrophoresis of DNA amplification
products (amplicons) followed by their fluorescent stain with DNA-specific fluorescent dyes (e.g.,
ethydium bromide, propidium iodide, Sytox Green and many others).

Sequencing methods determine the direct order of nucleotides in nucleic acid chains. This clarifies
the organization of genes within microbial genome and allows to deduce the structure of corresponding
gene products.

/ Reporter molecule

PROBE (single-stranded

> —

I
A A

5

TTTCCCC
LI I

Sequence
complementary
(homologous) with
probe sequence

'

g

target

Duplex formation
(hybridization positive)

.

Unknown organism
identified
or
detected

nucleic acid probe from
known sequence)

TARGET (nucleic
|| acid strands
from unknown
Sequence not organism)
complementary
(nonhomologous)
with probe sequence

.

AGG
T;\,\.,.\‘

\
FrTTITL

cCG
L
AAR

No duplex formation
(hybridization negative)

;

Unknown organism
not identified
or
detected
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CLASS Ne 4. ANTIMICROBIAL MEASURES: METHODS OF STERILIZATION AND DISINFECTION, ANTISEPTICS, ASEPSIS.
CULTURAL (BACTERIOLOGICAL) RESEARCH METHOD. METHODS FOR ISOLATING PURE CULTURES
OF BACTERIA

The subject to study.

Definition of terms asepsis, sterilization, disinfection, antisepsis. Methods of sterilization: physical, chemical, mechanical. Differences between
sterilization and disinfection. Types and methods of disinfection. Practical disinfection. Types and methods of antisepsis. Practical antisepsis.
Biocides. Classification of disinfectants. Classification of antiseptics, origin and characteristics of groups. Mechanisms of action on microorganisms.
Sterilization, disinfection and antisepsis quality control. Antimicrobial management in hospitals.

Cultivation of microorganisms. Conditions required for growth. Nutrient media for culturing bacteria: classification and characteristics. Culture
media ingredients, procedure of preparation and sterilization. General requirements to bacteriologic nutrient media. Incubator.

Bacteriological method of laboratory diagnosis: tasks, procedure, evaluation of the method. Methods of isolation of aerobic and anaerobic
microorganisms in pure culture. Streak-plate technique. Bacterial colony characteristics on agar media (form, size, elevation, margin, consistency,
surface, texture, density). Cultivation of anaerobic bacteria: culture media, techniques, equipment.

LABORATORY WORK
Laboratory exerscises Laboratory report
1. Register the reaults of bacterial conjugation | Test the effectiveness of hygienic and surgical hand antisepsis:
experiment (see class Ne 3). 1. Divide a nutrient agar plate into four sections with a 7
2. Test the effectiveness of hygienic and | marking pen or pencil. Label each section of the plate with
surgical hand antisepsis. numbers Ne A, B, C, D.
2. Label each plate with your group number and your name.

3. On the surface of agar medium at section Ne A make
a fingerprint of skin untreated with any antiseptic (control).

4. Wash your finger with soap and make a fingerprint on
the surface the agar medium at section NeB.

5. Treat your other finger with antiseptic (1 % solution of
iodopyron) — 2 minutes, neutralize iodopyron with neutralizer (1 % solution of sodium
thiosulfate) for 2 minutes and make a fingerprint on the surface of agar medium at section Ne C.
6. Wash your hands with soap twice and treat the fingers with antiseptic (1 % solution of
iodopyron) — 2 minutes, neutralize iodopyron with neutralizer (1 % solution of sodium
thiosulfate) for 2 minutes and make a fingerprint on the surface of agar medium at section Ne D.
7. Incubate Petri dishes at 37 °C for 24 hours.

13




8. After incubation count the amount of colonies grown at each section and fill in the table.
Formulate the conclusion regarding effectiveness of hygienic and surgical hand antisepsis.

Results of the experiment

Section

Experiment description

Quantity of CFU

A

Control

Washing with soap (hygiene)

Antisepsis with antiseptic iodopyron

B
C
D

Surgical hand antisepsis

Conclusion

2. Perform 2" period of bacteriological
diagnosis (inspection and accumulation of pure
cultures isolation of aerobic microorganisms):

1) Characterize morphology of two different types
of colonies present on agar medium.

2) Determine morphology and purity of two
different types of colonies using Gram stain.

3) Use aseptic technique and transfer the colony
of Gram-negative microorganisms for subculturing on
a surface of agar slant for microbial biomass
accumulation.

2" period of bacteriological diagnosis (inspection and accumulation of pure culture)

Smear

Colony morphology

Nel

Ne 2

Form

Size

Elevation

Margin

Color

Texture

Smear

Stain

Stain

Signature of the tutor

Date

/ 12026
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BACTERIOLOGICAL METHOD
Bacteriological method — the method based on pure culture isolation using bacteriological media and identification of pure culture by detection of

morphological, biochemical, antigenic, genetic, biological properties of isolated pure culture.

1. Preliminary analytical step Forms of nutrient medium:
1. Specimen collection. — [—
2. Transportation to the lab. ’ IJ [ ” { H

2. Analytical step
The method of five I’s—inoculation, incubation, isolation, inspection, and identification

First day (1* period)
Slant ‘
Butt
Second day (2" period) S '
Slant/ Slant  Deep Plate Broth Broth +
Deep durham
tube

Loop dilution technique for separating out organisms:

Third day (3° period)

ona |“°D!w o I°°ﬂ-rr.o'

Fourth day

Streak Plate Technique

MIXED
—— CULTURE

j/
|

",: .\“. ““‘/‘ ¢ ‘.‘.“ ‘( :\‘\ ‘/:': \ \

15



Size:
Punctiform: <1 mm
Small: 1-2 mm
Moderate: 3-4 mm
Large: >5 mm

Texture:
Dry
Smooth
Viscid
Mucoid

1. Inoculating loop is
heated till red-hot.

Describing colony morphology:

Form: Round Irregular  Filamentous Rhizoid Punctiform
Elevation: Flat Raised Convex Umbonate  Crateriform
Margin: Entire  Lobate Scalloped Filiform Undulate Curled Serrate

2. With free hand, raise the
lid of the Petri plate just
enough to access a colony
to pick up a loopful of
organisms.

Technique of seeding by loop from Petri dish to tube:
3. Remove the cap and 4. Streak surface of a
flame the neck of the
tube. Do not place the
cap down on the table.

sterile slant.

S- and R- colonies

Morphological

Colony type

features

S R

Form

Size

Margine

Elevation

Surface

Texture

5.Flame the mouth of the
tube and re-cap the tube.

&L

6. Flame the inoculating
loop and return it to
receplacle.

Specimen —

Define the terms:

Bacterial colony —

Pure culture —
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Specimen collection:

Cultivation of anaerobic bacteria:

Clamp
Anaerobic media:
Equipment: Chamber
Define the terms:
Sterilization —
Envelope
T - containing
Disinfection — chemicals to
release CO,
andH,
Antisepsis — Petrl plates —
Asepsis —

Enter in cells possible methods of sterilization

Anaerobic jar

—— Palladium pellets
to catalyze reaction
removing O,

- Methylene blue
(anaerobic

indicator)

Modes of action of disinfectants and antiseptics

Cotton, bandage

Disinfectants/Antiseptics

Mode of action

Plastic products

Glass products

Rubber products

Air (in operating room)

General-purpose media

Enriched media with serum
or blood

Solution which is inactivated
at above 60 °C
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CLASS Ne 5. CULTURAL (BACTERIOLOGICAL) RESEARCH METHOD. METHODS FOR IDENTIFICATION

OF PURE CULTURES OF BACTERIA

The subject to study.

species. Using Bergey’s manual of systematic bacteriology to identify bacteria.

Identification of microorganisms: approaches and methods. Bacterial species: definition of the term, species criteria and methods for discovering bacterial

Biochemical activities of bacteria and methods for the biochemical properties’ detection of microorganisms. Enzymes of microorganisms: classification,
importance for identification: a) proteolytic (proteases, peptidases, decarboxylases, deaminases, cysteine desulfurase, urease, tryptophanase); b) carbohydrate
hydrolyses (carbohydrase, amylase); c) lipolytic (lipases, lecithinase); d) oxidative-reductive (dehydrohenase, oxidase, catalase); e) hemolysins; o-, -,
v-hemolysis. Rapid multitest systems for identification of microorganisms. Automatic bacteriological analyses: structure and principle of bacterial identification.

LABORATORY WORK

Laboratory exerscises

Laboratory report

1. Register the results of experiment on antisepsis (see classes Ne 4).

2. Perform 3" period of bacteriological diagnosis (identification of pure cultures
of aerobic microorganisms).

Demonstration:

1. Semisolid and liquid Hiss media with different pH indicators.

2. Hemolysis on blood agar medium, lecitinase activity, indol detection.

3. Biochemical activity of different enterobacteria on Kligler Iron agar.

4. Rapid multitest systems for identification of microorganisms.

3. Perform registration of results at class Ne 6.

Identify isolated pure culture and complete the final report:

a) Register the biochemical properties of tested pure culture in table.

b) Analyze the results and determine the specie of tested pure culture.

Biochemical characteristics

—_ >
. Cultural b 3 | 8 3 o | £
Species Morphology characteristics| S 2 £ e S |3 <
= & [} < S T c =

O - = s %) =
E. coli Rods, Gr- S-colonies AG | AG | AG | AG + +
S. typhi Rods, Gr- S-colonies A - A A + +
S. paratyphi A Rods, Gr- S-colonies | AG - | AG | AG - +
S. schottmuelleri | Rods, Gr- S-colonies | AG - AG | AG + - +

X-microbe

Report: According to morphological, cultural, biochemical properties X-microbe is
attributed to

3" period of bacteriological diagnosis
(identification of pure cultures of aerobic microorganisms):

Accumulated |/ >
pure culture

A

| | | | -

Klrigrler media with  media with  media with semisolid nutrient
Iron agar sucrose maltose mannitol  tube medium broth

Signature of the tutor
Date / 12026
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Technique of seeding by loop from the tube to tube:

1. Inoculating loop is
heated till red-hot.

2. Flame necks of the
tubes.

3.Transfer one loopful
of the culture to tube 1.

4. Flame Flame necks of

5. Replace the caps on the
tubes and return the culture

6. Flame the inoculating
loop and return it to

the tubes.

receplacle.

Detection of biochemical

roperties of microorganisms

Enzymes

Media

Positive reactions

Carbohydrases

Differential media with lactose and dyes (Endo, Levin,
McConkey agar)

Escherichia coli, Klebsiella oxytoca, K. pneumonia which ferment lactose will
grow with colored colonies (purple or violet), Salmonella, Shigella which do not
ferment lactose will grow with pale colonies

Triple Sugar lIron (TSI) Agar is used for the detection of 3 things: 1) carbohydrate fermentation; 2) gas production; 3) hydrogen sulfide

production.

Carbohydrate fermentation: Fermentation of the carbohydrates into acid end-products will result in a yellow color. If glucose alone is
fermented the slant becomes yellow, the butt stays red. If lactose is fermented the butt becomes yellow.

Gas production: Production of gas (primarily CO,) during fermentation can be determined by observing the tube for bubbles or cracks.
Hydrogen sulfide production: If the microorganism produces hydrogen sulfide, it will utilize the sodium thiosulfate as a substrate, producing
H,S which reacts with the ferrous sulfate to cause a black precipitate

Liquid or semisolid media with one type of sugar and
indicator of pH. For detection of gas production a vacuole
is added to liquid media

Utilization of sugars results in acid or acid plus gas production. Acidification of
media is detected by pH indicator which changes its color. In case of gas
production it is accumulated in vacuole and seen as bubbles, in semisolid media
gas leads to holes in media or bubbles

Indol production

Indole is a by-product of the metabolic breakdown of the
amino acid tryptophan used by some microorganisms.
Nutrient bullion or medium with tryptophan and indicator
paper with oxalic acid fixed under the cap of the tube

The presence of indole in a culture grown in a medium containing tryptophan can
be readily demonstrated by the formation of a red colored indicator paper. If
indole is present, it combines with the oxalic acid on the surface of indicator paper
to produce a pink-red color

Lecithinase

Egg yolk agar (one chicken egg yolk is added to 300 ml of
sterile and melted nutrient agar cooled to 45-50 °C)

Organisms (Staphylococcus aureus, Clostridium spp., Fusobacterium spp.) which
produce lecithinase and are able to hydrolyze lecithin will show a zone of
cloudiness (opacity) around the growth of the microorganism
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Enzymes Media Positive reactions

Catalase A drop of 3 % hydrogen peroxide on a glass slide The enzyme catalase catalyzes the conversion of hydrogen peroxide to water and
oxygen. When a colony is placed in hydrogen peroxide, liberation of oxygen as gas
bubbles can be seen. The test is particularly useful in differentiation of staphylococci
(positive) from streptococci (negative)

Hemolysines a-hemolysis — partial hemolysis — alpha-hemolytic microorganisms will show a greenish zone around the growth of the microorganism

Media: 5-10 % | meanwhile the rest of medium will stay red; B-hemolysis — complete hemolysis — beta-hemolytic microorganisms will show a zone of

blood agar clearing around the growth of the microorganism meanwhile the rest of medium will stay red; y-hemolysis — absence of visible hemolysis

4 (4 |4 |9

Draw the indicated biochemical properties of bacteria:

gt 1+ glilv glil gl Lecithinase +

H,S — H,S — H,S + H,S —

Matrix-Assisted Laser Desorption/lonization Time-
Of-Flight Mass Spectrometry (MALDI-TOF MS) is a
soft ionization technique allowing desorption and
ionization of biomolecules, such as proteins and
peptides (mainly of ribosomal origin), in a non-
destructive manner and couples high sensitivity with
accuracy.

The generated ions provide a peptide fingerprint,
i.e. mass spectrum, that can be used to characterize and
identify bacteria at genus/species-level, provided that
the species is represented in the identification database.

This is achieved by comparing the mass spectra
generated of unknown bacterial strains to a reference
database containing mass spectra generated from well-
characterized bacterial strains.

m

Sample

Matrix

a-hemolysis B-hemolysis Catalase-positive and Lactose-positive and

i

/

Catalase-negative test Lactose-negative colonies
grown on Endo agar

MS Detector - I

N oA |
0 A PR | PR
13 1013 nas3

000+ ,‘:.‘s
/‘{‘\ MS Profile
___,l ""‘\1‘1 e |
\\ g gy |

Protein and Matrix

Neulral field
(Drift)

, —-
Electrostatic field
(Acceleration)
tee

S
o

0000000000%
000000800000
00000000
000000 OOOM
OOOOOOOOOO‘.
00000000002
0000000000z
cooo0o00Unoo-
000000000a
0000000000
0000000000

«»

MALDI-TOF/MS
sample plate
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CLASS Ne 6. BASICS OF THE INFECTION DOCTRINE. METHODS OF HUMAN NORMAL FLORA INVESTIGATION

The subject to study.

Diversity of normal flora at different sites of human body. Origin of the normal flora. Beneficial effects of the normal flora. Methods of normal flora
investigation. Gnotobiology. Dysbacteriosis: aetiology, pathogenesis, symptoms, approaches to treatment, prophylaxis.

Basic terminology of infectiology. Definition of infection. Classification of infections.

Bacterial pathogenicity and virulence. Measurements of virulence: ID50, LD50, DLM. The Henle—Koch Postulates. The genetics of bacterial pathogenicity.
Pathogenicity islands. Pathogenicity factors: adhesins, invasins, impedins, agressins, modulins. The role of bacterial biofilms. Methods of detection of adhesins,
capsule, invasins, toxigenicity. Bacterial endotoxins and exotoxins.

LABORATORY WORK

Laboratory exerscises

Laboratory report

1. Use aseptic technique and perform
isolation of normal flora from skin and mucus
membrane surfaces to gain an understanding of
the diversity of microorganisms at these body
locations and exclude/confirm disbacteriosis.

2. Use aseptic technique and prepare heat-
fixed smear from dental plaque, Gram stain,
explore under microscope, complete the report.

Demonstration:
1. Slide with dental plaque, Gram stain.

Smear
Stain
2. Methods for detection of pathogenicity
factors (capsule, hemolysins, lecithinase,
cougulase).

Experiment on normal flora isolation from skin and mucus membrane surfaces:
1. Divide agar plates into four sections with a marking pen or pencil. Label
each section with 1, 2, 3, 4. Label each plate with group number and your
name. - - , -
2. Add sterile isotonic solution to the Petri dish with sterile filter paper squares moa mom
(1x1 cm). [] (]

3. Use flamed forceps to cover with the squares of filter paper for 0.5 min the
various body sites which normal flora is to be investigated (hands, lips, ' - .
forehead, mucus membranes of tong, cheeks). Blood agar  Endo medium
4. Put the squares of filter paper for 1 minute on the surface of blood and MacConkey agar.

5. Fill in the table with the sites which microbial flora is under study.

6. Incubate the plates at 37 °C for 24-48 hours.

Perform registration of results at class No 7-

Register the results of experiment on normal flora isolation from skin and mucus membrane surfaces, Gram
stain different types of colonies, explore under microscope, complete the report.

I: I: I1:

Body site

Blood agar | Endo medium | Blood agar | Endo medium Blood agar | Endo medium

Amount of
colonies
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Beneficial effects of the normal flora:
1. The normal flora acts as nutrients and active metabolites source. Normal

Characteristics of Endotoxins (LPS) and Exotoxins

R Feature Endotoxin Exotoxin

flora synthesize vitamins (B, K).

2. The normal flora confer the infection resistance via passive and active | Composition
antagonism with pathogens:

a. the normal flora prevent colonization by pathogens by competing for | Effect on host
attachment sites or for essential nutrients (passive antagonism).

b. the normal flora may antagonize other bacteria through the production of | Release of toxin
substances which inhibit or kill nonindigenous species (active antagonism).
The intestinal bacteria produce bacteriocins (antibiotic like molecules, which | Tissue affinity
inhibit the growth of closely related species).

3. The normal flora stimulate the immune system. LDsg

4. Detoxification some metabolites — hormones, bile salts etc.

Define the terms:
Infection — Pathogen —
Reinfections — Etiologic (causative) agent —
Inapparent infection — Opportunistic pathogen —
Atypical infection — Commensals —
Latent infection — Pathogenicity —
Infectious Disease — Virulence —
Bacteremia — Pathogenicity islands —
Septicemia — LDso (lethal dose) —
Signature of the tutor Date /12026
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CLASS Ne 7. MICROBIOLOGICAL BASES OF CHEMOTHERAPY AND ANTISEPTICS OF BACTERIAL INFECTIONS.
METHODS FOR DETERMINING THE SENSITIVITY OF MICROBES TO ANTIBIOTICS.
BIOLOGICAL RESEARCH METHOD

The subject to study.

Definitions: chemoprophylaxis and chemotherapy; antimicrobial chemotherapeutic agents and antibiotics. Sources of antibiotics. Spectrum of
action. Chemical classification of antibiotics. Mechanisms of action. Side effects. Principles for rational antimicrobial therapy.

The problem of resistance to antimicrobials: definitions (intrinsic, acquired resistance), incidence, significance. Resistance mechanisms: non-
genetic and genetic origin of drug resistance. Biochemical resistance. Beta-lactamases. Evolution of resistance to anti-infective agents. Antibiotic
susceptibility testing of microorganisms: methods and principles. Minimal inhibitory concentration. Procedures of agar and broth dilution tests and

Kirby-Bauer agar disk diffusion test.

Biological method (application of laboratory animals in microbiology): tasks, phases, evaluation of the method. Animal models for infection
diseases. Routs for animal infection. Ethical, humane and legal considerations involved in the use of laboratory animals.

LABORATORY WORK

Laboratory exerscises

Laboratory report

1. Use aseptic technique and
perform the disk diffusion method
(Kirby—Bauer) for determination of
antibiotic  susceptibility of four
different  microorganisms  which
often infect humans —
Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, and
Klebsiella pneumoniae.

Miieller-Hinton agar (composition):
meat extract — 2.0 g;

Casein hydrolysate — 17.5 g;

Corn starch— 1.5g;

Agar — 17.0 g;

Agqua distillate — 1 1,

pH7.4+0.2

Inoculation on Miieller—Hinton agar
Incubation at 35 °C 24 h

Inoculation on Miieller—Hinton agar

Application of antimicrobial
discs onto the surface
of the inoculated agar plate

Registration
of results
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2. Determine antibiotic
susceptibility of microorganisms by
agar dilution test.

Petri dishes with the serial doubled dilutions of amicillin in agar medium:
32 pg/mi

Control 8 png/ml

16 pg/ml

/12 /12

TN 7
fy. \ (&0 Antibioti MIC, pg/ml _
c resistant mterr_nedlate susceptib
2 // 2 ’4 // 214 // 214 // resistant le
J J J 4 ici
Ly Oy v v (Al s 16 <8
Results registration and interpretation:
Microbial culture MIC, pg/mi Interpretation of results
Culture Ne 1
Culture Ne 2
Culture Ne 3
Culture Ne 4
Conclusion about advantage of dilution method
3. Determine antibiotic pg/ml
susceptibility of microorganisms by
broth dilution test. 0.5 1.0 2.0 4.0 8.0 16.0 32.0 Control
Demonstration: " " Y7/ " Y7/ Y7 Y7 Y7/
1. Agar disk diffusion test for
antibiotic  susceptibility testing of
microorganisms' — — — — — — — —
2. Rapid test for  antibiotic
susceptibility testing of microorganisms. Smear
3. Slide of Bacillus anthracis in :
tain

tissues of white mouse, Gram stain.

NNV

J

/

NV

NV

Report: minimal inhibitory concentration of antibiotic is

pug/ml.
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4. Determine antibiotic susceptibility
of microorganisms by disk diffusion
method, complete the report (perform it
at classes Ne 8).

Zone of inhibition,
d mm

Interpretation of inhibition zones
of test cultures (mm)

Results of pure culture

diffusion method:

testing by disc

Diameter of inhibition
Antibiotic __zones (mm) _ Antibiofi Diameter of inhibition Interpretation
resistant | susceptible ntibiotic Zone, mm of results
Staphylococcus spp.

Penicillin <28 >29
Oxacillin

S. aureus <10 >13

CNS <17 >18
Canamycine <13 >18
Gentamicin <12 >15
Ciprofloxacin <15 >21
Tetracycline <14 >19 L
Erythromycine >23 >23 Report (formulate what antibiotics can be recommended for the
Lincomycine <13 >21 therapy):
Chloramphenicol <17 >18

Enterobacteriaceae

Ampicillin <13 >17
Cefazolin <14 >18
Cefotaxime <14 >23 .
Canamycine <13 > 18 Signature of the tutor
Gentamicin <12 >15 Date  / /2026
Ciprofloxacin <15 >21
Lomefloxacin <18 >22
Tetracycline <14 >19
Doxicycline <12 >16
Chloramphenicol <12 >18

Give the definition of the following
terms:

Pathogenicity factors’ groups
(write in cells):

Side effects of antimicrobial drugs

(write in cells):

Mechanisms of resistance of bacteria to
an antimicrobial agents (write in cells):

Antibiotic —

Minimal inhibitory concentration —

Multiple resistance —
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AUTOMATED TESTS

METHODS OF THE ANTIBIOTIC SUSCEPTIBILITY TESTING

Workstations are now available that
carry out rapid, automated identification
and susceptibility testing of
microorganisms. In these systems the
bacteria are incubated with the
antimicrobic in specialized modules that
are read automatically every 1-2 hours.
The multiple readings and registration of
growth by turbidimetric or uorometric
analysis make it possible to generate
MICs in as little as 4 hours. These
methods are no more expensive than
manual methods. Computerized results
can be wused in the interhospital
monitoring systems.

(G -y |1 [ TTTCNTT T LS M 11111111 1T

—

Antimicrobial susceptibility testing methods
are divided into types based on the principle

applied in each system:
1. Molecular methods.
2. Phenotypic methods:

a) Diffusion methods, or Kirby-Bauer method.

b) Dillution methods (in broth or agar media) or
minimum inhibitory concentration detection tests.
c) Combined methods — diffusion&dilution —

E-test.
d) Automatic method.

MOLECULAR TESTS
The molecular techniques of nucleic acid
hybridization, sequencing, and amplification are

applied to the detection and study of resistance. These
methods allow to detect resistance genes or mutation
in genes associated with the resistance. These methods
offer the prospect of automation and rapid results. The
system comprises a predefined antibiotic gradient
which is used to determine the Minimum Inhibitory
Concentration (MIC), in pupg/mL, of different
antimicrobial agents against microorganisms as tested
on agar media using overnight incubation.

Visible growth
of bacteria

I
|-

DILUTION TESTS

Dilution tests determine the MIC directly by using two-fold serial dilutions of the antimicrobials in
broth or agar media. The two-fold serial dilutions of antibiotics are prepared in tubes with broth.
The bacterial inoculum is adjusted to a concentration of 10° to 10° CFU/mI and added to the broth. After
incubation overnight, the tubes are examined for turbidity produced by bacterial growth. The first tube in
which visible growth is absent (clear) is the MIC for that organism.

No visible growth

0

0.125

0.25

0.5 1 2 4

Antibiotic concentration (ng/mL)

MIC

In the agar dilution test a series of agar plates containing progressively lower concentrations of a given
antibiotic (and an antibiotic-free control plate) are each surface inoculated with the test organism and
incubated; the MIC is indicated by the lowest concentration of antibiotic at which growth does not occur.
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Diffusion tests. In clinical laboratories a more common test for antibiotic
susceptibility testing. It is semi-quantitative method which detects active
antibiotics against test-microorganisms but not MICs.

The inoculum is seeded onto the surface of an agar plate, then disks of
filter paper containing the anti-infective agents are placed on the agar. While
the plates are incubating, the antimicrobic diffuses into the medium to
produce a circular gradient around the disk. After incubation overnight, the
size of the zone of growth inhibition around the disk can be used as an
indirect measure of the MIC of the organism.

If the zone of inhibition is equal to or greater than the interpretive
standard for susceptible organisms, the organism is considered to be
sensitive to the antibiotic. If the zone of inhibition is equal or less than the
interpretive standard for resistant organisms, the organism is considered to
be resistant. If the zone of inhibition is greater than for resistant
microorganisms and less than for susceptible, the organism is considered to
be intermediate resistant.

No zone of inhibition

N\ ——— Bacterial agar plate

Antibiotic disc ———————)

Zone of inhibition,
d, mm

Diffusion and dilution test (E-test). E-test is a quantitative technique for
determining the antimicrobial susceptibility. The E-test gradient technology is based
on a combination of the concepts of dilution and diffusion principles for
susceptibility testing.

E-test is a thin, inert and non-porous plastic strip. One side of the strip (A)
carries the MIC reading scale in ug/mL and a two or three-letter code on the handle
to designate the identity of the antibiotic. A predefined exponential gradient of
antibiotic, dried and stabilized, is immobilised on the other surface of the strip (B)
with the concentration maximum on the top of the strip and minimum on the
bottom. After inoculation of the medium with test-microorganism E-test strips are
placed on the agar. Each E-test must be pressed down to ensure complete contact with
the agar surface. Maximum two or six strips can be placed on Petri dish with diameter
90 or 150 mm correspondingly.

Antibiotic diffuses to agar forming an ellipsoid zone of growth inhibition. After
incubation for 16-8 hours at 35 °C growth/inhibition edge indicates MIC for
a particular antibiotic.

Paint the surface of an
agar plate with a
bacteria suspension;
allow agar to air-dry

Read MIC as where
the inhibition ellipses

i
i)
i
.03
153!
= Lol

\ o intersect the strip
\ ——
Incubate e
' AB
A'g| g
= i \
el ';} \
= :
) g '
3 || (g |
ti Aopl \ {11 /
pply ETEST e /
it strip to the agar i
v i o
t1 b
)RS': 3
i
e

Lols]

. . -
A: front of strip, B: back of strip Image taken from bioMerieux Ampicillin (AM)
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CLASS Ne 8. ECOLOGY OF MICROORGANISMS. CONCLUDING SESSION «GENERAL MICROBIOLOGY»

1. The subject to study: Ecology of microorganisms. Basic terminology of ecology. Interspecific and intraspecific relations. Symbiosis, its variants.
Antagonistic microbial relationships, its background and medical importance. Bacteriocins. Diversity of microorganisms, inhabiting soil, water
and air.

2. Concluding session «General microbiology»:

1.
2.
3

o

~

10.

11.
12.

13.
14.
15.
16.
17.

History of microbiology as a science. Periods. The founders of main routs of microbiology.

Microscopic method of examination: tasks, procedure, evaluation of the method.

Bright-field light microscope: components and proper use of the microscope. Darkfield light microscopy: the principle behind dark-field
microscopy. Phase-contrast light microscope: basic principles behind phase-contrast microscopy. Fluorescence microscopy: principles behind
the fluorescence microscopy. The technique of oil immersion microscopy.

Type of microscopic preparations. Smear preparation and fixation. Simple methods of staining.

Differential stains of microorganisms. Gram stain: medical application, principles, procedure for Gram stain.

Basic bacterial cell structure: components of bacterial cell. Morphology of bacteria. Distinctive features of prokaryotic and eukaryotic cells. Basic
morphological forms of bacteria. Morphological characteristics of cocci, rods and spiral-shaped bacteria.

Structure and function of cell envelope and appendages. Capsule. Detection methods of the capsule.

The composition, function, detection methods of bacterial cell wall. The structure of murein (syn. peptidoglycan). The cell wall of gram-positive
bacteria. The cell wall of gram-negative bacteria. Bacterial forms with defective cell wall. Factors inducing cell wall removal, medical
importance of L-forms.

Bacterial core: cytoplasm, cytoplasmic structures; their functions and detection methods. Acid-fast bacteria and unique properties of their cell
wall. Methods of acid-fast staining: medical application, principle, procedure.

Resting forms of microorganisms. Bacterial endospores: medical importance, properties of endospore, the stages of endospore formation,
detection methods (principles, procedures).

Motility of bacteria, methods of detection.

Taxonomy of microorganisms: classification and nomenclature. Modern approaches to taxonomy of microorganisms. Taxonomic ranks. Vars
(types), strains, clones, pure cultures.

Taxonomy, morphology, medical significance of the spirochetes. Methods for spirochetes detection.

Taxonomy, morphology, medical significance of Actinomyces.

Taxonomy, morphology, medical significance of Mycoplasmas. Methods for Mycoplasmas investigations.

Taxonomy, morphology, medical significance of Chlamydiae.

Nutrition of microorganisms. Source of macro- and micronutrients, growth factors. Nutritional types. Transport mechanisms for nutrient
absorption.
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18.
19.
20.
21.

22,
23.
24,
25.
26.

217.
28.

29.
30.
31.

32.
33.
34.

35.
36.
37.
38.

39.

Energy strategies in microorganisms. aerobic and anaerobic respiration. structures involved in respiration in microorganisms.

Reproduction of microorganisms. Mechanisms and phases of bacterial division.

Bacteriological method of laboratory diagnosis: tasks, procedure, evaluation of the method.

Cultivation of microorganisms. Conditions required for growth. Nutrient media for culturing bacteria: classification and characteristics. Culture
media ingredients, procedure of preparation and sterilization. General requirements to bacteriologic nutrient media.

Methods of isolation of aerobic microorganisms in pure culture.

Methods of isolation of anaerobic microorganisms in pure culture. Cultivation of anaerobic bacteria: culture media, techniques, equipment.
Identification of microorganisms: morphological, cultural, serologic, biological, genetic.

Biochemical identification of microorganisms. Detection of: a) proteolytic enzymes; b) carbohydrate hydrolyses enzymes; c) lipolytic enzymes;
d) oxidative- reductive enzymes; e) hemolysins. Automatic stations for identification of bacteria.

The structure of bacterial genetic apparatus. Phenotype, genotype, genome, genes. Regulation of gene expression. General properties and
varieties of plasmids. Detection of plasmids. Mobile genetic elements: transposons and IS elements.

Bacterial varibility: phenotypic and genetic. Practical significance of bacterial variability. Population variability.

Mechanisms of genetic variability: mutations and recombinations. Classification of mutations. Methods of mutant bacteria selection. Horizontal
gene transfer: transformation, transduction, conjugation. Genomics. Bioinformatics. Genetic engineering. Gene Cloning.

Molecular methods in diagnosis of infection diseases: aims, methods, advantages. Molecular hybridization and polymerase chain reaction:
principles of the methods. Equipment for PCR and hybridization. DNA extraction.

Doctrine regarding infections. Terms for emergence of infectious disease. Basic terminology of infectology. Classification of infections.

Role of microorganisms in infection emergence. Bacterial pathogenicity and virulence. Measurements of virulence: 1D50, LD50, DLM.
The genetics of bacterial pathogenicity. Pathogenicity islands. Pathogenicity factors: adhesins, invasins, impedins, agressins, modulins. Bacterial
toxins.

Role of macroorganism, social and physical factors in infection emergence.

Evolution of microorganisms and infection diseases.

Biological method (application of laboratory animals in microbiology): tasks, phases, evaluation of the method. Animal models for infection
diseases. Routs for laboratory animal infection. Ethical, humane and legal considerations involved in the use of laboratory animals.
Chemoprophylaxis and chemotherapy; antimicrobial chemotherapeutic agents and antibiotics. Sources of antibiotics. Spectrum of action.
Chemical classification of antibiotics.

Mechanisms of action of antibiotics.

Side effects of antibiotics. Principles for rational antimicrobial therapy.

The problem of resistance to antimicrobials: definitions (intrinsic, acquired resistance), incidence, significance. Resistance mechanisms: non-
genetic and genetic origin of drug resistance. Biochemical resistance.

Evolution of resistance to anti-infective agents. Antibiotic susceptibility testing of microorganisms: methods and principles.
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40. Ecology of microorganisms. Basic terminology of ecology. Interspecific and intraspecific relations. Symbiosis, its variants. Antagonistic

microbial relationships, its background and medical importance. Bacteriocins.

41. Diversity of normal flora at different sites of human body. Origin of the normal flora. Beneficial effects of the normal flora. Methods of normal

flora investigation. Gnotobiology. Dysbacteriosis: aetiology, pathogenesis, symptoms, approaches to treatment, prophylaxis.

42. Sterilization: definition, methods of sterilization (physical, chemical, mechanical), quality control.

43. Disinfection: definition, methods of disinfection.

44. Antisepsis: definition, methods of antisepsis. Disinfectant and antiseptics: classification and modes of action.
45. Asepsis: definition, surgical, medical asepsis, asepsis in microbiological laboratory.

. Practical skills:
Prepare fixed smears from the broth culture of bacteria and Gram stain.
Prepare fixed smears from agar cultures of bacteria and Gram stain.
Determine the morphology of staphylococcus, pure culture, Gram stain.
Determine the morphology of streptococcus, a pure culture, Gram stain.
Determine the morphology of Neisseria gonorrhoeae in pus from urethra, Gram stain.
Determine the morphology of Escherichia coli, pure culture, Gram stain.
Determine the morphology of the mixture of Staphylococcus aureus and Escherichia coli, Gram stain.
Determine the morphology of Bacillus anthracis, a pure culture, Gram stain.
Determine the morphology of Vibrio cholerae, pure culture, Gram stain.

10. Determine the morphology of Brucella, a pure culture, Gram stain.

11. Determine the morphology of Corynebacterium diphtheria, pure culture, Loeffler stain.

12. Determine the morphology of Klebsiella, a pure culture, negative staining by Hins-Burri.

13. Determine the morphology of mycobacteria in sputum stain Ziehl-Nielsen.

14. Technique of seeding by loop on Petri dish from tube.

15. Technique of seeding by loop from Petri dish to Petri dish.

16. Technique of seeding by loop from the tube to tube.

17. Evaluate the results of antibiotic resistance detection by disk-diffusion method.

18. Evaluate the biochemical properties of enterobacteria on triple sugar iron agar (Kligler agar).

Signature of the tutor Date /12026
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CLASS Ne 9. THE IMMUNE SYSTEM. INNATE IMMUNITY

The subject to study.

Human immune system: organs, cells, molecules (CD receptors; MHC I, 11, 111; cytokines, adhesion molecules etc.).

Immunity, types of immunity.

Innate immunity. Immune and not-immune factors. Complement system: composition, way of activation, functions. Lysozyme, b-lysins.
Polynuclear and mononuclear phagocytes systems. Phagocytosis: phases, intracellular killing mechanisms, outcomes. Antigen presenting cells.

Dendritic cells. Natural killer cells.

Methods for estimation of complement system activity and phagocytosis.

LABORATORY WORK

Laboratory exerscises

Laboratory report

1. Determine phagocytosis
parameters in prepared slides stained
by Gimza method.
Demonstration:

1. Incomplete
N. gonorrhoeae.

2. Incomplete
K. rhinoscleromatis.

phagocytosis  of

phagocytosis  of

2. Register the complement system
activity by 50 % hemolysis method.

Serum is diluted and added in tubes
from 0.05 to 0.5 ml. Then saline
solution is added to the final volume of
1.5 ml. 1.5 ml of hemolytic system is
added to each tubes. Reaction is
incubated at 37 °C for 45 min, cooled
at 4 C and centrifuged at 1500 rpm for
5 min. The tube in which 50 %
hemolysis occurred is determined
visually. This means the volume of
patient serum which contains 1 unit of
CH50. Next the CH50 for the whole
serum is calculated.

Staphylococci are mixed with leucocytes (50 : 1) and incubated at 37 °C for
15-120 min. Then slides are prepared and stained by Gimza method. Under
oil immersion the phagocyting leucocytes and phagocyted staphylococci are
counted and phagocytosis parameters calculated.
P1 (Phagocytosis index) = (Number of phagocyting leucocytes/
All leucocytes counted) x 100 %

N = 40-60 %

PN (Phagocytosis number) = Number of phagocyted staphylococci/
Number of phagocyting leucocytes

N =4-7
0.05 0.1
7 T
S S —

NV

Conclusion

Volum of diluted (1:10) serum, ml

0.15 0.20 0.25 0.30 0.35
— Y7 7 7 T
e e e e e

0.40

0.45

Signature of the tutor

Smear Smear
Stain Stain
0.50 (50 %
hemolysis)
7 7 1 CHsgp — in mi
serum
X CHsp —in 1 ml serum
N 40-60 CHsg
 S—  S—
Date / /2026
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COMPLEMENT SYSTEM

The complement system consists of serum and cell surface proteins that interact with one another and
with other molecules of the immune system in a highly regulated manner to generate products that
function to eliminate microbes.

The complement system is activated by microbes and by antibodies that are attached to microbes and
other antigens. Complement focuses immune attack on microbial surfaces. Activation of complement
involves the sequential proteolysis of proteins to generate enzyme complexes with proteolytic activity.

Three different pathways of activation are distinguished, triggered by either target-bound antibody or
immune complex (the classical pathway), by microbial repetitive polysaccharide structures (the lectin
pathway), or by recognition of other foreign surface structures (the alternative pathway). All three merge
in the pivotal activation of C3 and, subsequently, of C5 by highly specific enzymatic complexes, so-
called convertases. In the common terminal pathway, downstream of C5 further complement
components are activated and assembled into the membrane attack complex (MAC).

Indicate activators, C3,C5-convertases, and MAC development:

Activation Pathway | Classical pathway Lectin pathway Alternative pathway

Activators

C3-convertase

C5-convertase

MAC development

Classical
Pathway
1gG/IgM bound to
antigen

Lectin (MBL)
Pathway

Alternative Pathway
Patogens, injurtd tissue

MBL binds mannose

on patogens

Acute phase proteins Mediators Receptors Cofactors Regulators

Acute phase proteins are referred as humoral factors of an innate immunity and permanently present Ci(q.r.s) CR1 Factor B C1INH
in blood. But in systemic inflammation condition under proinflammatory cytokines influence (IL1, TNF C2 (ab) CR2 Factor D Factor H
alpha, 1L6) their production by reticular-endothelial cells and hepatocytes increases dramatically. They C4(a,b) CR3 Factor | CPN1
include: fibrinogen, C-reactive protein (CRP), plasma amyloidal protein, mannose binding protein, alpha- C3(a,b,Bb) CR4 CD55 (DAF)
1-antitrypsin etc. Acute phase proteins determination (CRP) is used in clinic for the inflammation C5 (a,b) C3aR CD46 (MCP)
intensity evaluation. C6, C7,C8, C9 C5aR CD59 (protectin)

Protein Characteristics Function

CRP, Plasma amyloidal Belong to pentraxin family (are composed of | After binding pentraxin can activate complement by classic and alternative

protein 5 subunits); Normal concentration ~ 1 mg/L; in

systemic inflammation — up to 2 g/L.

pathways.

Bond CRP is a chemoattractant for neutrophils and can stimulate phagocytosis

Mannose-binding protein | Belong to collectin family. Normal concentration
is 0.1-1 mg/L; in systemic inflammation —

10 times as much

After binding it turns to serine protease and can activate complement by lectin
pathway. Activated MBP can also cleave C2 and C4 (activation complement by
classic pathway).
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Differences between innate and acquired immunity

Cluster of differentiation (CD)

eature nnate immunit cquired immunit e cluster of differentiation is a nomenclature system that identifies an
F [ i ity Acquired i ity The cluster of differentiation (CD lat tem that identif d
Specificity classifies antigens found on the cell surface of leukocytes. Under the CD system,
- - antigens that are well characterized are assigned an arbitrary number (eg CD1, CD2,
Diversity etc.). CD molecules are commonly used as cell markers, allowing the identification and
Memory isolation of leukocyte populations, subsets, and differentiation stages.
Components: CD markers of cells (—\‘1
Anatomic and CD marker Type of cell Stom cot
physiologic CD34 ‘
barriers CD3 coss CcO45 cD4s cpas cgg
CD4 y Y A AT AT Y.
BlOOd CD8 L\77 /‘ k\'/} ‘.\'/} \\ /,‘ '\\_1/.‘
proteins CD19 CD20. CD72 D15 cD14 cD3 cD19 D1
CD79’et al ! ! Granulocyte  Monocyte  T-lymphocyte B-lymphocyte Thrombocyte
CD16/CD56
Cells CD14,CD64 2 2
>c04 | )CDs
-y . - - - - \' \-‘/
Recognition mechanisms in the innate immune system. o -
Viruses, bacteria, fungi, and protozoa display several different PAMPs, some of which are shared T-ymphocyte T-ymphocyle
between different classes of pathogens. Major PAMPs are nucleic acids, including DNA, dsRNA, CDes
ssRNA, as well as surface glycoproteins (GP), lipoproteins (LP), and membrane components € o
(peptidoglycans (PG), lipoteichoic acid (LTA), LPS, and GPI anchors). These PAMPs are recognized &
by different families of PRRs. s
T-lymphocyte
Viruses Gram-positive Gram-negative Fungi Protozoa Ligand of receptors
bacteria bacteria Zymosan PRRs Ligand
m R : TLR2
L L L L1 L2 L5727 1 LRI LF LR LR L2252 Man‘nan GPI TLR3
]n}?& / \% FIage|IIin : anchors TLR4
r ] T ) |y i
GP DNA  RNA DNA LP PG LTA | DNA Porin PG LPS ! B-glycan |
T IR T N R RS TLR7
TLRs: TLR2,4 TLR9 TLR3,7/8 TLRO TLR2 TLR2 TLR2 TLR9 TLR2 TLR2 TLR4 TLRS TLR2TLR2 TLR24 TLR9 TLR24 TLR8
' TLR9

Pattern recognition receptors (PRRs) —

Define the following terms with examples:

Pathogen-associated molecular patterns (PAMPs) —
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CLASS Ne 10. ANTIGENS. HUMORAL IMMUNE RESPONSE. ANTIBODIES

The subject to study.

Immune response, definition, main factors. Antigens: definition, main features, classification.
B-lymphocytes system. B cells genesis. B cell receptor (BCR). B-cell activation, proliferation, differentiation to plasmocyte, immunoglobulin
production. Humoral immune response. Primary and secondary humoral response. Immunoglobulins: structure, functions. Classes and subclasses of

immunoglobulins. Monoclonal immunoglobulins.
Methods of B-lymphocytes evaluation: quantitative and functional tests.

LABORATORY WORK

Laboratory exerscises

Laboratory report

1. Determine  the  quantity of B-cells by
immunocytochemistry methods in ready made slides.

Immunocytochemistry Protocol:

1. Permeabilize Membrane: Add one drop of PBS/0.1 %
Triton X-100 to each well to permeabilize lymphocytes previously
separated from the blood. Incubate slides for 1 min. Wash the
slides twice in PBS and place the slides onto a tray.

2. Blocking: Soak slides in 1.5 % H,O, /PBS solution for 15 @
min. Wash twice in PBS on the shaker. Incubate with 5 % BSA
into each well to block for overnight at 4 °C in a humid chamber.

3. Primary Antibody (PA): Dilute the PA to the recommended ©
concentration in 1 % BSA diluent. Add 35uL of PA to each well.
Incubate for one hour at room temperature. Wash slides three @

number of lymphocytes is 100 cells):

1. Determine the number and percentage of B lymphocytes in the figure
below (count the cells in the highlighted element, where the total

times in PBS, 5 minutes each on the shaker. @ ®

4. Secondary Antibody (SA) and Detection: Dilute the
biotinylated SA to 1: 200 in a solution of 1 % BSA diluent. Add
one drop SA solution into each well. Incubate for one hour. Wash
in PBS three times. Add one drop streptavidin-HRP to each well.
Incubate for 30 minutes. Wash three times 5 minutes in PBS. Add
DAB solution to each cell well. Once the cells start turning brown
wash twice in PBS for 5 minutes each time on the shaker.

5. Optional Counterstain: Dip the slide rack with the slides

into a staining dish of hematoxylin for 30 seconds. Remove and
place into an acid bath. Rinse with DI H,0.

6. Count the cells: both brown-stained and blue-stained cells
are counted per 100 cells.

All cell count — cells.

Result: Number of B-cells —

Percentage of B-lymphocytes —

%.

The method reveals CD20 antigen on B-cell surface. Stages of method execution:

2. Determine the quantity of B-
cells in ready made slides.

Smear

Stain

Normal B-cells count by
CD20 = 8-20 % total blood
lymphocytes.

Result:
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2. Determine an 1gG concentration in serum by Manchini
method (simple radial immunodiffusion (SRID)).
IgG standard = 20 g/L

1 2 3

y

-------------- unknown
concentration

Zone of Precipitation
Diameter

Y

Concentration of Antigen

SRID is a technique to quantify antigens. Known also as the
Mancini technique.

Antibody is incorporated into agar in plates, wells are cut, and
precise quantities of antigen are placed in the wells. The antigen is
permitted to diffuse into the agar containing antibody and produce
a ring of precipitation upon interaction with the antibody. As
diffusion proceeds, an excess of antigen develops in the area of
the precipitate which causes it to dissolve, only to form again at a
greater distance from the site of origin. At the point where antigen
and antibody reach equivalence in the agar, a precipitation ring is
produced. The ring encloses an area proportional to the
concentration of antigen measured 48 to 72 hours following
diffusion.

Standard curves are employed using known antigen standards.
The antigen concentration is determined from the diameter of the
precipitation ring. This method can detect as little as 1 to 3 pg/mL
of antigen.

Standart curve

g
'g c 20
2 E
c 3
cg B
o @
2N
N 10
5
Standard 1/64 1/32 1/16 1/8 1/4
Ig, g/L 0.2 0.5 1.0 25 5.0
Concentration of Antigen
Titer Concentration, g/L | Diameter, mm
1 point
2 point
3 point
4 point
5 point
Experiment
Conclusion

Signature of the tutor

172
10

wh
20

Normal IgG ranged
9.5-145¢g/L

Date / /2026
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Indicate in the figure the elements of the immunoglobulin molecule: Write down the characteristics of immunoglobulin according to class and

1 | Antigen binding site molecule structure.
- - Class Structure Characteristics
2 | Lightchain (L)
3| Heavy chain (H) e | N
4 | Variable region of a light chain g //
5 | Constant region of a light chain =
6 | Hinge region laM /QD\
7 | Variable region of a heavy chain g J(\\
8 | Constant region of a heavy chain
9 | Fc-fragment IgA ‘ﬁ(’
N o7
10 Fab—fragmen_t IgAs //\=@—;\
010 ] 11 | Fc-receptor ligand
w w
- - IgE
Define the following terms:
_ B N\
Antibody affinity — 19D g
Antibody avidity — Primary Immune Response & Secondary Immune Response
- - Primary Immune Secondary Immune
Antibody valence — Characteristics Res>;)0nse Resgonse
2 Definition
§ g I9G Antibody Peak, days
2 a_é IgM IgM
2 Affinity of Antibody
<
A
T T T T T VLI T T T T T = )
* 10 days 20 days * 10 days 20 days Types of Anti body
primary secondary
antigen Primary Response antigen Secondary Response
exposure exposure
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Primary humoral immune response development

Antibody functions:

Localization | Stages
I. Induction of T-effectors (helpers and other subpopulations)
Tissue 1. Antigen-presenting cells (APCs) capture antigen (protein, microbes), process it and
transport to regional lymphatic nodes
Secondary 2. APCs present antigens by endosome pathway to CD4+ naive T-cells
lymphoid 3. T-cells activate, proliferate and differentiate into effector cells (Thl, Th2, Th3, Trl,
organs Tr2, CD4+CD25+ etc.)

Blood, tissues

4. T-effectors recirculate through the organism

11. Induction of B-effectors (plasma cells)

1. APCs for B cells (follicular dendritic cells) capture antigen and transported it to
secondary lymphoid organs (lymphatic nodes, Peyer patches, etc.). Antigen is not
processed and conserved on dendritic cells surface for a long time (up to year or
longer)

B-lymphocytes subpopulations

Tissues B-lymphocyte captures antigen and present it in complex with type 1l MHC molecule;
due to activation the expression of CD86 increases on its surface
T-effector receives activating signals
Activated T-effector expresses CD40L and secrets cytokines (IL-4, 5, 6)
B-lymphocyte proliferates and differentiates to plasma cells.
2. B-lymphocyte captures antigen, processes it and presents to T-effector. Specific
T-effector is activated and activates B-cell with contact (CD40L) and distant
Secondary (cytokines) interactions
lymphoid 3. B-lymphocyte proliferates, enters blood stream and reaches secondary lymphoid
organs, BM, organs and bone marrow (BM)
blood 4. B-lymphocytes turn to plasmacytes and produce immunoglobulins for some time

(up to 3 months)

5. Some B-lymphocytes return to the quiescent state and become the memory B-cells

111. Immunoglobulins realize their functions

Draw the B-lymphocyte:

CD4 CD8 CD40b BCR
slgM CD3 TCRa,p TCR
slgD CD19 IL4r ACR
CD52 CD20 ILR HLA
CD45 CD23 CD37 cbiic
CD79a  CD79% CD38

Feature B-1 lymphocytes B-2 lymphocytes
Separate stem cell; | BM, common stem
Genesis leaves BM early in | cell
ontogenesis
Body cavities BM, peripheral
Area (pleural, abdominal) | organs of an
immune system
Specificity
Function
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CLASS Ne 11. CELLULAR IMMUNE RESPONSE. ALLERGY AND ECOLOGICAL IMMUNOLOGY

The subject to study.

Cellular immune response and its phenomena.

T lymphocyte system. T-cell markers. TCR. Genetic control of TCR diversity. T-lymphocytes subpopulations: helpers, killers, DTH-effectors,
regulators. T helpers of 1, 2, 3 and 17 types. Methods for evaluation of T-lymphocytes system: quantitative and functional tests.

Allergy, stages, types. Immediate type of hypersensitivity mechanisms: mediator type (I), cytotoxic type (I1), immune complex type (I11). Delayed
type of hypersensitivity mechanism (IV). Drug allergy. Methods for allergic conditions diagnostics.

Ecological immunology: definition, objects of research. Immunotropic environmental factors, mechanisms and conditions of their action on the
human immune system.

LABORATORY WORK
Laboratory exerscises Laboratory report
1. Determine the quantity of | 1. Determine the number and percentage of T-lymphocytes in the figure below (count the 2. Determine the quantity of
T-cells by immunocytochemistry | cells in the highlighted element, where the total number of lymphocytes is 100 cells): T-cells in ready made slides.
methods in ready made slides. !
Immunocytochemistry S @ o a®
Protocol: see class Ne 10. gl P Spe
® e o @ 'us
e o pe o ¢ 0 g
€ 8 - 5 -5 >
, A 5,
& b % g € - S é '?b ;
a LT o () - -
2o ® ‘ * & Smear
| 3 * o 0 g 2®
e® & t 7
) A * . = " a® : ‘% : Stain
o : e ®a® oo a0 @
® ‘.'7:‘ 9 5 - .. s © . .. .. >
.: * .. - ® L ] ..
- '.’: ...:. : N Result:
Py e
All cell count — cells. B
Result: Number of T-cells — :
Percentage of T-lymphocytes — %.
Normal T-cells count by CD3 = 62-70 % total blood lymphocytes.
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Demonstration:

1. Immune rosettes method
for T-cell quantity determination
(Romanowsky-Giemsa stain).

2. Blast transformation of
lymphocytes (Romanowsky-

Giemsa stain). Smear Smear Smear
3. Degranulation of mast- Stain Stain Stain
cells (Romanowsky—-Giemsa
stain). .
Signature of the tutor Date /12026

Draw the cytotoxic Define the following terms:

T-lymphocyte (CTL): Anergy —
CD4 CD8  CD40b  BCR __
slgM CD3 TCRe,p TCR Hypersensitivity —
HLAI  Perforin IL4r ACR Allergen —

CD52 CD20 ILR HLA 11

CD45 CD23 CD37 CD11C Sensitization —

FasL CD79% CD28
Markers and receptors of T-lymphocytes:

Main T-cells CD2 — the receptor to sheep erythrocytes (human ligand to CD2 is CD58 CD25/122/132 — alpha, beta and gamma
markers adhesion molecule); CD3 — TCR co-receptor chains of IL2 receptor
T-cell receptor Heterodimer composed of two chains. They both are transmembrane proteins Molecules CD121 — IL1 receptor
(TCR) of immunoglobulin superfamily. Extracellular part includes variable and for distant CD117 — stem cells growth factor receptor
constant domens. Together with another chain they form an agretope | . .| CD124/132 — 1L4 receptor
(antigen specific structure) which is responsible for antigen binding and Interactions: CD127/132 — IL7 receptor
recognition. Membrane parts stabilize the TCR structure and both membrane CD129/132 — IL9 receptor
and intracellular parts transduce the activational signal to the nucleus
Co-receptors: CD69 — early activation marker (function
Co-stimulatory unknown)
molecules: Activation CD25 — alpha chz_iin of IL2 receptor
Adhesion markers: CD71 — transferrin receptor
molecules: ’ CD95 — receptor for activation-induced
apoptosis
HLA-1I — type Il MHC molecules
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naive CD4+ T cell

TGF-B
IL-10
..
® @
= L BN J
IFN-y °
e ® IL-17
o IL-22
IL-4
IL-10

Simplified diagram of the Thl, Th2, Th17, and Treg subsets,

showing key cytokines produced by these cells.

T-helper subsets

Signals involved in the activation of naive T cells by APC

Helper T cell

CTLA-4
%
IL-1
IL-6 \
TNF-a y
IL-12 6 |
C i
MHC class Il
O [ ) . M.
A 'D6 0.* AOPREGS

TLR

—

4

T-helper 1 T-helper 2 T-helper 3 T-helper 17
Inducing agents
Function
Principal cytokine
Host responses
Two-signal model of T-cell activation
Signal 1
IL-2 _
receptor Signal 2
Describe the result of T-lymphocyte activation
Signal 1 and 2 No signal 1 No signal 2
IFN-y
[ -y o
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The scheme of the cellular immune response development (primary)

Location |

Stages

I. Induction of CD+ T-effectors

Tissues

1. Antigen (proteins or protein conjugates) is captured by APC, processed and transported to regional lymphatic nodes.

2. APCs process antigen through endosome pathway and present it to CD4+ naive T-cells.

Secondary
lymphoid
organs

3. T cells become activated, proliferate and differentiate into CD4+ effectors (Thl, Th2, Th3, Trl, Tr2, CD4+CD25+ etc.):

a) T-cell and APC adhere each other (LFA1+ICAML1 etc.);

b) Antigen recognition (TCR+ MHC I1-Ag) and costimulation occurs (CD28 + CD80, 86);

c) T cells begin to express CD25 and thus form complete IL2 receptor, produce IL2, accept it and proliferation starts;

d) ThO cells differentiate into Thl under the influence of IL12 produced by APC; differentiation into Th2 occurs spontaneously (IL4 stimulate this process); Th3
appear under the influence of large doses of IL10 and/or TGF beta;

e) mature T-effectors enter recirculation. Usually they die from apoptosis within several weeks; some of them become memory cells.

Blood,
tissues,
secondary
lymphoid
organs

4. Mature T-effectors: a) can be activated by interaction with unprofessional APC; b) are able to produce cytokines of different profile; ¢) are able to recirculate in
certain tissues in normal conditions; d) are able to enter any tissues under inflammation; e) die within weeks from apoptosis without activation;

f) can postpone apoptosis for some time when activated.

CD4+ T-effectors function as:

a) T-helpers:

1. Help B-cells to produced immunoglobulins: activate and make growth factors for B-cells (IL6, IL2); cause the immunoglobulin isotype changing, differentiation in
plasmacytes).

2. Help naive CD8+ T-killer precursors: activate and make growth factors (IL2), control differentiation.

b) T-effectors of DTH: they produce cytokines (proinflammatory cytokines, chemokines, anti-inflammatory cytokines, growth factors for broad types of cells
(fibroblasts, nerve cells, endothelium etc.));

c¢) T-regulators: they can produce inhibitory cytokines (IL10, TGF beta) or express surface inhibitory factors (CTLA4);

d) T-killers (insignificant part of CD4+ cells): CD4+ cells induce apoptosis of target cells in herpes infection.

1. Induction of CD8+ T-cell (T-killers)

1. Induction of CD4+ T-effectors (see above).

Tissues,
secondary

2. APCs capture the antigen and transport it into secondary lymphoid organs:one should take into account that for T-killers the antigen must be processed and
presented by cytoplasmic pathway. Therefore:

a) APC capture antigen by endosome pathway and somehow transfer it into cytoplasmic one (so-called cross presentation);

b) other considerations are even more doubtful.

3. APCs present antigen to CD8+ naive T-cells by cytoplasmic pathway:

a) naive T-Killer precursors are considered not able to kill APC during primary activation.

lymphoid
organs