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Principles of safety work in mic robiolog ical laborato ry

1. Entry to the laboratory is allowed only for person having the practices
2. Do the experiments only described by finactice content itaboratay.
3. Eating, drinking and smoking is forbidden in laboratory
4.1t is necessary to wedaboratay coat and protective overshoes
5. Opening of windows is forbidden in laboratorerating is established by the -air
conditionng.
6. Read the laboratory practice content before practice
7.1t is necessary to disinfect the working area, wash and disinfect your hand before and after
practice
8. Do not put the personal objects on working surface of takikéngs could be easily
contaminated by microorganismBakeoff clothes, bags in changing room
9. Work carefully Prevent catamindion of materel and accidental staining of work area and
yourself frombacterial cultures
10. Do not touch unnecessarily the face, do not wemsnetics in laboratory do not
manipubte with ontact lenses in laboratory
11. Usesingleprotective gloves during the bacteria stainigf is possible work indigesta.
Protective gloves is not needed to use duriagipuldion with microorgansms, if you would
feel more safely, wear.it
12.Usethe gas burner only when you ardlie same&oom
13. Put away the used glass and restbanterial cultures on marked place®o not pour
cultures in the normal wadt\ll contaminded materal is disinfected and sterilised before
liguidationand washing(also the broken glagseventually is placed in special basket for
dangerous wasige. cellulose used tbquidaion of poured alture).
14.If accidental tarnish of skior injury happens, let it know to tutor/teacher immediatily.
is necessary to treat the skin suitable disinfection agent (ajatin, Spitaderm) to avoid the
infection
15. The same priniples as in point 14 are vétidcontamination or working area or vkang
clothes
16. Inform yourself about the right procedure in any case of your diffidence at your
tutor/teacher
17. Sign allmedia and cultures in tubesflasksand Petri dishes by the name of rdieim and
culture, your name and work groupabel dishes othe bottonh Use felttips on glass
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18. Record carefully & working procedures especially used baata cultures
amount/volumes of solution and dilution procedures

19. Put the used aids on marked place after worldlegan and disinfect the workingea

20. Wash and disinfect your hands properly before laboratory lealfiygu need a short

pause during the practice, wash and disinfect your hands properly before laboratory leaving



PRACTICE FROM GENERAMICROBIOLOX



Preparation of nutrient me dia, cultiva tion of microorgani sms, aseptic
work

Aim of practice
Preparation andsterilizaion of nutrient mdia (agaron Petridishes slantagar ad broth).

Principles ofaseptiowvork in laboratory

Introdcution

Principles of microbiological mediapreparation

It is necessary to work witkterile aids insterile environmentspeed is more important htan
volume accuracyasepticwork). Singe the neck of flasks and tub&wo not talk during

working. Open the vessels witterile media at least

Cultivation

Cultivation of microbes is the basic procedure of their dirécharater of bacerial growth is
important identification marker; disadvantage is time ofiltivation (i.e. Mycobacterium
tuberculosisgrows for9 weks most ofbacteria for 24-48 haurs). Micoorgansms (bacteria,

yeast$ are cultivated on sterile nutrient media that accomplish all demandstfd@ron, have
optimum pH, osmoticratio, redoxpotetial, sufficient amout of water and nutriens®urce of

energy (organdhrophic i organiccompoundsphotothrophic - light; litothrophic - inorganic
compoundy source of carbon(heterohrophic i organiccompounds autotrophic - CGO,),

source of nitrogen (ions of ammonia nitrates aminacids proteins or jejich their

hydrolysate$ and biogeric elements(inorganic slts).

Nutrient media

Media are divided in two groups according to compositisynthetic (defined) with
accuratelydefined compositior{organic solutionssource of carbon is mostglucose source
of nitrogen (NH4)>SO, or NH4CI, pure aminacids, vitamins, growthfactora) and natural
(complex) with nutrient broth without chemical definitionNattural media comprises
component from acidibydrolysis ofcasein gelatine or enzymatic hydrolsis of mea{pepsin,
trypsin, pankreatin).

According b oonzistence liquid (milk, meatpeptore broth sugar solutions malt),

semisolid, solid. Advantage of liquid media is easy access to water and nutrients,



microorgansm grow better Disadvantage is grow in form of turbidityediment’ the purity

of culture or mixture of strains could not be determinated

Mostly agar (mixture ofpolysaccharidesfrom marine algae, does not serve as source of
nutriend, gelatine(lower temperature ofmelting circa3 5 ) @ €ilicagels are added to broth
for solidification Advantage of cltivation on solid mdia in Petri dish is the possibility to
observeisolated mlonies (clones ofone cell), isolated strains Colony of bacteria strain is
charateristic and taxonomic maroscopic marker

Universal media satisfy a broad spectrum of orgams with its composition(i.e.
meat-peptore bujon, malt agar). Selective media prefere growth of one species/strain or
target group of organisms by their composition, th growth of another strains is inffilgted
Ashbyagari medium with no source of nitrogeronly organsms capable to fix air nitrogén
Selective media contaimhibition compound or some basic compound is lacking that prefere
and isolate target species and gene®elective-diagnostic media inhibite gowth of most
microorgansms and enable to grow only small group of organisr@harateristic growth is
manifest by change of media or colony col@e. Endoaga).

Examples of wltivation meida

Meat-peptore agar (MPA)i meat extractpeptore, sts, agar base for another media

Blood agar (KA) 1 addition of 5-10% defibrired animal blood toMPA, the most used
medium, most of bacteria grow onliemolsis could be readédtotal or partly clarifying of
medium

Endo agar (EA) 1 selective-diagnosticfor intestinal becteria (family Enterobacteriacede
containdactose. Indictor of fermentation idasic fuchsire with sodum sulphite

XLD agar- for pathogernc intestinalbacteria (Shigella, Salmonel)acontaindactose Lakiose
positive bacteria ale ylel, H,S formation produces black center @fi@nies
Sabouraudnediumi for yeast and mouldgontainsglucose omaltose pH 5,0
Fortnermedium- for anaerobs(redwing substancs).

L° w e n sJénsen medium solid medium for myabaderia, containseggs glycerin, starch
malachie geen.

SlanetzBartley agar (SB)i selective-diagnostic for genusEnterococcus nutrients poor,
colonies ofenter@occi have violetbrown colour

Wilson-Blair mediumi selective for genussalmonéla (black metallic lustreolonies).
Claubergmedium- diagnosticfor Corynebacterium diphtheria@lack colonies with metallis
lustre.



Chocolateagari blood is added to hoagar (80A C)erves Jor altivation of harf of
cultivating microbes

Mueller-Hinton agaii for antibiotics testingand for primary isolation of neissera

Storage of media
Media are stored packed in foil in fridge to avoid drying, with some exceptoesh media

have to be dried before innoculationbatteria, no wet surface

Disinfection, sterilization, decontamination

Elimination of migoorgansm from environmentdecontaminaion) could be quaranteed by
many ways Cleaning, washingnd ironing decrease the occurencenoicroorgansm up to
90%. Effectivity of disinfection or sterilizaion is increaseth this way

Disinfection is defined as destroying and restraining of vegetative pathogenic cells from
objects by usage ofhemial or ptysicd compounds in environmer{tvater, aij and in
infected materal. The aim of digmfection is to make objects norfect. Effectivity of
disinfection is depend on microbiatsistance against disifcent agenisth bactercidal effect
Antisegion is restraining opathogenc germ in live tissue, injuries, on mucosa and onskin by
using of antiseptics

Asegion is the sebf rules leading to minimum number of microorganisms in environment
Steriliztion is destroying of all livemicroorgansms including highlyresistant bacterial
spaes by plysicd or chemi@l procedures

Sterilizdtion by satured water vapounder pressuréautoclavé is performed mostly at00
kPaat 120 A Cfor 20-30 minues This type ofsterilizaion enables to destrogil form of

microorgansms. Autoclave is pressursterilizator in that could beterilize various solutions,
metal medicinal instruments rubber materél. Attention have to be devoted Ipossible

hydrolysis ofsaccharicesand damaging ofhermolabie compounds

Instruments and microorganisms
commerciaimeatpeptore medium (MPB i meat peptoabroth)
agar, distilled water

sterile Petridishes

glass biological tubesErlenmeyefflasks



Methods

o Work is taken place in pairSign your tubes and dishes from below

o0 Weigh2,6 gof commerciaimeat-peptore-broth into the Erlenmeer flask.

o Fill into 200 mlwith distilled water measurgH (pH pagr, eventuallyadjus) and mix
properly

o Pipete 5 ml of solution into two tubesclose with cottorwool or metal plug Tubes
with broth are now prepared to sterilisation

0 Add 3,6 g of bacteriological agar to the rest of solutionrand Warm up the m#um
until the agar is mushgin autoclae or in microwave ovel, pipete 5 ml of solution
into two tubes close with cottorwool or metal plug Tubes are now prepared to
sterilisation- slantagar.

0 Close the rest of meain in flask with plug and place it together with tubes in
autalave. Steiliz ation takes plase fd20 miruts (0,15 MPa121A ¢

0 The medium is sterile after steriliation it is necessary to maintain the principles of
asepticwork (singe the necks of flasks and tujpes

o Pour the terile medium from flaskinto the strilePetridishes Pour into the dish circa0
ml of medium (approximately4d-5 mm of medium in height) Open the dishes at
minimu, do not talk during the pourin@g. 1A). Turn the dishes upside down after
solidification

o Place the tubes witlsterile agar in slant position before solidification and let it
solidificate(fig. 1B).

0 Assess potentialomtamindion after a few days



Fig. 1. Preparation of nutrierdgas.

Conclusion
Prepared media will be used in the next practice for innoculation and additional
macroscopically observing of microbialwdtures Did you keep the principles of aseptic wark

Did contamnation grov®

Additional information
Votava M., Kul ti val h®k pSadky® vm20R0; Noabki | oal doagtieil st v 2 Hor
ISBN 802385058 X.

Control questions

. How was the sterility of work guaranteézd

. Which advantage has slant agar compared to agar in Pefi dish

. Why is thecharater of colony growth evaluated dPetridish (not in brotH)

. Differences betweegyntetic and natural media.

ga A W N B

. Write examples ans composition eblidification compounds of ultivating media
in microbiology.

. Which aids and procedures guarateeabeptiovork in practic®

. What is the purpose plasterisatior?

. How we can get solid medium from br@th

© 00 N O

. Whatmater# is sterilised hotair dryer and irautcclave?
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10. What is the fuanton of ailtivation media?

11. What is the difference betweantisepsisand aseptiovork?

12. Are the bacterial spores inactivated by plasterrisatior?

13. What is thesterilisation write some examples

14. Write  some exampledor securing of aseptic work on laboratoy table in
microbiologicl practice without flowbox

15. How we can enrich theuttivation mediun?

16. What is disnfection?

17. What issterilization?

10



Methods of steril e work , innoculation and storage of microorgani sms

Aim of practice
Learning of principlesisepticwork and use the principles by working withicroorgansms.
Innoculation of microorganismbBy varioustechngues (broth and agar Isolation of single

colonieshy streak plate

Introduction

Microorgansms cultivatedin laboraory on nutrient mdia are designated asltures. Culture

of one single species/strain igure culture. Mixed cultures contain sveral
species/strairigenera(i.e. isolatesfrom natural environmeht Technial cultures are used
for esearch or industrila purpogesewage disposal plantsacteria filt ers, bioreators), could
be as pure cultur¢brewing yeasfsasi mixed cultureglactic acid bacteria for yoghurts

productior).

Cultures are transferre(E innoculatedl on fresh medium from liquid or solidmedium ta

recovery innoculate diagnostial medium isolate colonies determinate pysiologic and

morphologic characteristic Charater of growth and cultivation conditions 6 individual

strains in labratay (optimum conditions’ pure wlture, enough of nutrienjsare always
different from growth in natural environmento(opeitions about nutrientsadaptéon,

presence ocdntibiotics and metabolies of others strains)Many becterial strains in

noncultivable

| solation of bacterial strain

Selective malia aremostly used toisolate the pureMethod of streak plateis used to strain
isolation on selective or nonselective (universal) medium on Petri. dirious
morphological types of growing colonies could be differentiat@d isolated by subsequent
streak plate(Innoculation of cells from one single colgnyStreak plate is method of
subsequent dilutioof original sample to grow singlelonies Colony of microorgansms is

the clone from one single celBacteriologic loop is singed after single step during
innoculation, cells are killed by flame and the lower amount of cells is smeared in subsequent
step. In the last space of steak plate grow the single colonies inhiuatteristic profile,

shapecolour, margins could be evaluated

11



Cultivation

Cultures in liquidmedium could be altivated continuously (higher volumes with industrial
strainskmeny). One example ishemostatwherethe growth is controled byoacentréon of
nutrients that are added by inflow of freshdiuen. Cultivation in medium without any inflow
of nutrients is calledstatic. Static cultivation could besubmerged (stirred/shaking) or
aerated

Appearance of wture affects usedmedium, type of cultivation, age of alture. Same
microorgansm could show on various agars differemborphological characteristics
(pigmentaion, size of olonies.

Cultivation conditions shloud be performed according to cultutal@g in our case pure
cultures and cakag from Czech Collection of Microorganisngittp://sci.muni.cz/ccm/)
recommended definednedia, temperatureand ailtivation conditions Conditions of
cultivation closed to original environment conditions are suitablen&bural isolates (salts

concentetion, nutrients temperaturg.

Growth curve (fig. 2) is grgphic expression of relationship of cell number and timestatfic
cultivation, composes from several phases
1. Lag phasei adaptation and slow growtlactivation of suitable enzyme®rgansation
of metabolsm, presence addaptive enzymes high amount oRNA (increasednzynes
syntesig, nonadapted cells are dying
2. Phaseof accelerated growthi point betweenlag and log phase all enzynes are
synthetised, high speed of growth
3. Log phase (logarithmic, exponenal) T intersive growth andmetabolsm, length

depend onancentréion of limited nutrientevery cell is divided byanstantmaxinum

speed Parameters are used for comparing experiments from this part of growth curve

Cells could be welcharaterised growth character is always evaluated itog phase
(dry and wet masamount ofmetabolies assesment dNA, RNA weighy).

4. Phase of reduced growthi intersity of metabolsm is decreasedaccumulation of
metabolites

5. Stationary phasei speedof reproduction is reduceciumber of new cells equals to

number of dead cells, depletion of nutrients

6. Dying phasei mediumis consumed, cells reduce their own storage compounds

acidification of environment

12



4 lag-  log- ! stationary- phase of dying

phase phase phase

6 total number of cells

Log of number of cells

~ number of live
~

~ cells

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
T
'

time

Fig. 2. Growth curveFull line T total numbeiof microorgansms (dead and livg dashedine

T number of livemicroorgansm (Greenwoocktal., 1999 adjusteql.

Diauxieis subsequent utilisation of twaubstetes At first, the simple sourge.e. glucose is
utilised, after that more complicatasdbstrate is utilised.e. lactose Growth curve has two

peaks in case of two substrates

Temperature

Three basic group ahicroorgansms are differentiated according to optimum temperature
psychrophilic, growth optimum under2 0  Ad@ns, (cavesfridge i i.e. pseudomoades
aeromomdes listeria); mezghilic, growth optimum betweer20-4 0 (At of bacterial
species paraitic microorgansms); termophilic, growth optimum over5 5  (@@emely

termoplilic grow at about00A

Relationship tooxygen

Baderial strains altivated on air are callederobic. Aerolic cultivation is performed by
smear of cell anduttivation onagarin Petridish or in tube on slardgaror in low amount of
liquid medum (about5 ml). Higher volumes have to be aerated by oxydaardion,
submeged wiltivation). Optional anaerobesare capable growsin aerolic as in anaeroix
environment They could swith to energyrofitable aerobic metaboiis n oxygen
environmentThey grow in wholesolume of liquid mediumAnaerobic organisms occurs in
environment with no or very low oxygemmcentrdon. Anaerobosis was defined bizouis
Pasteur Anaerobicmicroorgansms are divided according to sensitivity to molecular oxygen
strictly (obligatory) anaerobic microorganisms, aerotolerant microorganisms grow in
low oxygen oncentréion; microaerophilic microorganisms require certain lowpercent of

oxygen

13



Anaerolic or microaerophic cultivation is performed by stab iagar @ by innoculation in
high layer of liquid It is necessary to decrease thedation-rediction potertial by addition
of redwing compoundgasoorbic acid thioglycolate, thiosulphatg or to use s.canaerostat
and mixture of chemcals (iron powder tartaric or citric aciyl that release hydrogen in

presence ofatalyst (Pt, Pd)andreact with oxygen

Storage ofmicroorganisms

Type of storage is choosed according to its length

- on Petridish at4  Ad®-term, re-innoculation(i.e. lactococci after one weekbaclli
after2-3 monthg

- stab in slanagar,months

- slantagar a4 AvE€eks at room temperature or thermostag at2 5 fdx Gnly days

- on powousmaterdls - gelatire discs, beadslong-term

- understerile minera oil (fungi, bacteria)

- lyophylized (lyophylization = freezing of water irvacuum), somemicroorgansms can
not be lyophiized (fungi) moderately decreasing of viability, lyodlned alturesare
ready to immediately innoculation and transésrsy manipulation

- freezed at 7 0 (i#e@Gn glycerol)in smallvolumes, months, years

- boxes with solidCO,, dryice(-7 8 AC)

- cryogeric freezerd-1 50 AC)

- cryopreservation 1 freezed altures at very lowtemperaturesi.e. in liquid nitrogen(-
196 A C)r in another gasefHe, Cr, H),very longterm Usage of cyoprotetarts in
medium 1 dimethylsulfoxice, glycerol.

Characteristics of microorganisms used in practice

Escherichia coli (family Enterobacteriacege gramnegatie stright rods, single or pairs
Peritrichtous or immobile mezgbhilic, optionalanaerolx. Commensd of colon syntesis of
vitamines A, B, K. Outside colon could bgathogerc. It serves asmodel for geretic
ingeneeringprodwces various compoundse. insulin).

Pahogenc strains arecharaterised and identified serologically (somatic,capsuér, flagella
antigers): enterotoxigeit (ETEC)1 traveler diarrhogaendemicoccurencgenteropaiogenc
(EPEC) 1 postneonataldiarrhoea alterdion of intestinal epithel; enteroinvaive (EIEC),

enterohemahae (EHEC)- hemorhae(bleeding toorgansin digestivetract).

14



Serratia marcescengfamily Enterobacteriaceae) gramnegatie straight rods optional
anaerolx, mezehilic, red pigmentformation Occurence in sqgilwater, on plants opporture
humanpathogeni nosocomial infection of urinary andespiratorytract.

Pseudomonagfamily Pseudomonadaceaayamnegatie straight or slighty curvedbds one
or more polar flagella Optimum temperature betweeB5-30 A C, ia. eFermathe
exopigmens pyocyanin ad fluorescin (pyoveridinformationi yellow or bluegreen colour
Occurence in environmerfbod (eggs fish, milk), clinical isolatesSignificant human, animal
and plantspathogers, nosocomia infections factor of virulenceif biofilm formation with
high level of restance on tissue surface or objects due golysacharices formation(P.
aeruginosaor P.fluorescens)Broadspetrum of metabolicpathways- geochemial cycles
biodegradtaon, bioremediéion (degrad&on of toluen) biocontrol agets.

P. putidai bioremedi&on; P. fluorescens fluorescein production

Kocuria rosea (family Micrococcaceae) grampogtive cocci, pairs, tetrader clumps
Aerolic, mez@hilic, pink and red pigments formatio®@ccurence in soil, water, skin of
vertebratesGenus is named after meaningfuicrobiologstR N D r .  Kdcud. o ¢
Micrococcus luteus(family Micrococcaceae)grampogive cocci, pairs, tetrads or clumps,
aerolic. Occurence onskin of vertebratesfood, soil, air and water Yellow pigment
production

Staphylococcus aureugfamily Staphylococcaceye grampo#ive cocci, single, pairs or
irregular clumpsWhite or creamy pigmenOccurence on skin and mucosa of warimoded
vertebratesfood, environmentSoma strains angatogernc, toxins production

Bacillus (family Bacillacead: grampodive straight rods pairs, chainsmobile, aerolic or
optionalanaerokx. Occurence in soil, watefood. Some strains aneahogenc for human or
insects Toxins production Oval or roundsendospres locatedterminal, subtermirl,
paracentl or centia, spores could be usedlaispesticieks(B. thuringiensi3. Shapesizeand
location ofspoe ischarateristicmarker for identiftation.

B. cereud environmentcause gastroenteritialimengr intoxication

B. subtilisi environmentisolated from food poisoning

B. mycoide$ environmentrhisoid growth

B. sphaericus soil, watersedimens, food

B. thuringiensisi pahogernc for insects, toxin production (paraspldoady)

Saccharomyces cerevisia@ukaryoes, nezghilic, optional anaeroir yeast Ovoid cell
bigger than bcterial cell Cell wall does not containpeptidoglan. Occurence
in environmentand in industry First sequencedukaryotic orgarsm. Food productior(beer

15



wine, bread$, various compounds pdaoction (i.e. insulin, recombinant vacine HBsAQ),

model orgarsm.

Instruments and microorganisms

Dishes withMPA A m e-geptona g a(MEA A m aelttacta g a r 8. cefevisiae
Tubes with slant agaviPA (MEA for S. cerevisiag
Tubes with brotiMPB (MEB for cerevisiag
Innoculation loops and need]ésermostatgas burner
Escherichia colCCM 3954

Pseudomonas putid®. fluorescens

Serratia marcescenSCM 303

Kocuria roseaCCM 839

Micrococcus luteu€CM 169

Bacillus cereu<£CM 2010

Staphylococcus aure®A 812

Saccharomyces cerevisiae

Methods

No wild microorgansms from air aids humanmicroflora must not get into the microbial
culture or medid we have to maintain the principles asepticwork. We always work in
closed roomwith washed hands, on disected tablenear to the gas burner, at maximum
speed The necks of flask and plugs is necessary to singe in flame before and after working
We never put the plugs on the tablewe always hold the plggwith ringfinger and litte-

finger (fig. 3). We let the vessels with cultures opened only for short time period near to the

flame

16



Fig. 3. Asepticwork i innoculation ofmicroorgansms.

We aultivate themicroorgansms static, aerohic-cultivation on agars (dishes and slant
agas) and in broth. Strains are waltivatedon recommendednedia inthermostatat optimum
temperature of targetudture. We cutivate always the cultures étetridishes upside down on
grounds of formation ofandersation waterthat could drop on the surface mwiedium and

mix the alture on dish Mediumis dried slowery also

Everybody works independéyin this practice
Sign all tubes anBetridishes with felitip (speciesdat, initias).

Everybody innoculate

1 straininto the broth

1 strain on slant agar

2 or 4 various strainsn 1 dish(2 or 4 snfakes)

1 strain onPetridishi streak plate

o O O O O

Mixture of 2 strains oretridishi streak platé the aim isisolation of 2 typescolonies
(innoculation of mixture of various pigmented straing@mpgaitive and gramnegatie

cultures

Innoculation on slantagar
o Singe the innoculation loop and let it cool
o In the left handtake both tubes with slant agar, pull the plug of tubes with cultithe
little-finger of righthand(fig. 3).
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o Singe the neck of tube.

o Put the steriléoop (singed and coolgdnto the tube with @lture, get a little amount of
culture Pull out the loop, singe the neck of tube, plug and close the tube

o Pull the plug ofsterile tube with medium with littlinger of right hand, singe the neck
of tubeand innoculate the culture on slant agar veitthh snake motion

o Singe the neck of tube and plug, close the tube and singe the loop

Innoculation on Petri dish into the secbrs with s.c. snake motion
o Divide the dish with feltip to the sectors frorthe bottomand sign it.
0 Get the culture with loop from the tube (see above)
o Slightly uncover the lid oPetriodishand innoculate theuwtture on appropriatesector of
agarby pulling of loop on on agas.c snake(fig. 4).
Cover the dish with lid and singe the loop
A B

N7

o

~ ©Jukopecks, G. Rotkova

Fig. 4. Design ofinnoculation onPetri dish s.c snakeinnoculation (A, B) and pratical

demonstrationK. roseaand P. putida(C).

Innoculation on Petri dish1 streak plate (fig. 5)

0 Get the culture with loop from the tube (see above).

o Slightly uncover the lid of the dish and pull the ardton agarby pulling of loop in a
few stripeq1).

o Singe the looplet it cool. Smear the culture by pulling of loop in a few stripes in
terminal part okarly applied culturé).

o Singe the loop, let it coolSmear the culture by pulling of loop in a few stripes in
terminal part of early applied cultu(a).

o Singe the loop, let it ad. Smear the early applied culture by a fluent move,snake

(4). Single colonies should grow in the place of shgkeculation(5)
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Sterilization of
innoculating loop
in a flame (3)

Sterilization of
innoculating loop

Growth of single colonies (5) inaflame(d)

Fig. 5. Streakplate

Innoculation in to liquid medium
0 Get the culture from tube or single colony from Petri dish
0 Take the tube with broth in the left hand. Pull out the plug with Hiithgger of right
hand and singe the neck of tube
0 Smear the culture closely above the the surface of medium and get the culture slowly
into the broth

o Singe the neck of the tube andig] close the tube and singe the loop

Innoculation of liquid medium by liquid medium
o Takethe sterile pipete in the right hand. Pull out the plug of flask/tubgh mixed
culturewith little-finger. Pippete the target volume of cultege the plug ahclose
the flask/tube
o Pull out the plug of flask/tubwith sterile mediumwith little-finger of right handand
singe the neck of flask/tube
o Pipette the culture into theterile medium, singe the neck of flask/tube and plug. Close

the flask/tube and migently.

Innoculation from liquid medium on Petri dish
0 Take thesterile pipete in the right hand. Pull out the plug of flask/tube with mixed
culture with littlef i nger . Pi ppete the target vol ume
the plug and close thé&agk/tube.
0 Pipette the target volume in the middleRatridishwith agar
0 Smear the culture on surface of agar tarige stick (L-loop), cover immediately the lid

of dish and let it absorb in agar
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Cultivation
o Cultivation isperformedat30or3 7 fd &t least 2448 hours

Conclusion

Was thesterility during media preparation in thelast practice pro@uathat types oimedia
were used? How & strains innoculat&dWhat is the purpose of streak platg/hat
temperature is used for straindtovation? How we choose the right conditions afittivation?

Do the morpblogy of coloniesdepends o conditions of cultivatiofd

Additional information
Mi ni atl as mhtkpr/scionurg.c/mikrabfiMiniatlas/mikr.htpl7. 7. 201%

Greenwood D., SlackR.®. , Peut here a kol., L®kaSsk§ mi
1999, ISBN 867169365-0.

NDmec M. , Mat oul kovs§ D., Z8kl ady obecn® mik
2015 ISBN 97880-210-79236.

Sedl 8l ek I ., Taxonomi e tp BrookZ200/NBN 832104202 r vy kov a

Control questions
1. For what we altivate bacteria on agar in dishes and on slant?agar
2. Write basic phasis of growth curv®o we observe one single cell the whole
populatior?
3. Can we evaluate the purity of cultureldroth? If not, how you could prove the purity of
culture?
. Why is bacterial cultures-innoculate@
. What affectmorphology of bacterial colony?
. Does the fagltative anaerok grow in the presence of oxygdihyes, why?
. Which groups of mimorgansm do we dvided according to energy soufce

oo N o o b~

. What are the sources of energy for margansms and how do we called the two
groups according to these sourtes

9. Which way we can select (aidsd conditions of gltivation) target group obacteria?

10. How we can verify’the purityfi of strain by altivation?

11. What does mean and how is doing ithaation of bacterial strairf?
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12. What is theprinciple of streak plate

13. How is theaseptiovork guarateed by rmnoculation of bacterfa

14. What is the reason for no single colonies grointktreak plate (continuous growth of
bacteriay

15. For what we use theelective media?

16. How we divide microorgansms according to relationship to oxygen and to
temperature optimufh

17. For what serve innoculation loop and stick

18. Compare the static and contingoaultivation according to availability of nutrient and
accumulation ometabolies

19. What phase of growth curve is the most appropriate for counting parameters of
bacterial grow?

20. What is the difference betweebligatory and facultative anaerobe with reept to the
toleranceo oxyger?

21. What is the mixed baerial culture?

22. What is the pure bacterial cult@re

23. What is the difference betweethermoplile and thermotolerantmeophle with

respect to the sensitivity to the temperature
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Microorgani sms around us

Aim of practice

Demonstate the presence of microorganisms in environment, food or on human body.

Introduction

Microfl ora is the sum of alinicroorgansms ocuring indefined space of natural environmgnt
i.e. water reservojrfood, human body Microflora containsviruses becteria and yeasts
Baderial microflora contains only bacteriaEvery environment has its owmypical
autochhonic microflora, naturally ocuring microorgansms Natural microflora of
Lactobacillus delbrueckiand Streptococcusalivarius is typical for yoghurts Penicillium
roquefortii or P. camembertis typical for cheese (erminegjeastsSaccharomyces cerevisiae
or S. pastorianusor beer

Physiological microflora of body is naturally occured on human or animal body odéethe
body. It is divided in two groupsResdent microflora is microorgansm that colonize human
body and do not cause diseases or any danhigeoflora trarsient containsmicroorgansms
that are present in specific part of macroorganism tempofargi cavity after food
consumaion, skin) and that could bg@athogenc. Naturalmicroflora defend effectively from
colonisation of pathogenic microbes from outside and their reprodupargcipates on
antigenc stimuléion of antibodies formatigrespeciallyof immunoglobulirs IgA. There is no
specific limit for naturamicroflorai microbes that are natural in one human body can cause
disease in another human body

Microorgansms are used over yeadsie to their abilityto reduce the growth of undesirable
microorgansms in food (longering of food storagefermented cabbageucumberscheese
milk and fruity fermented beveragesseneraSteptococcus,Lactobacillus, Leuconostoc,
Lactococcus, Pediococcus, Enterococdlectic acid bacterjpare widely used indairy
industry for production of butter,oghurts, cheeseand butcher productsacidifying of cream.
YeastsSaccharomyces cerevisiaee used for production of top fermented bdéite, wheat
beer stout, porter) @d wine YeastsS. pastorianusare used dr production of bottom
fermenting bees; lagers, due to their ability ferment in lower teperatures

MRS medium - agar for lactobacili according toDeMan, Rogosa and Sharpewith sodium
acetate that eliminates growth of otHmacteria (except for somdactid acid bateria, i.e.

LeuconostocPediococculs
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Instruments and microorganisms
Nutrientsmediaon dishes MPA, MRS, MEA
Sterile cottonwool swabs pipete, sticks
Distilled water

Methods
Smears from environment and human body(fig. 6)
o Soak the terile cottonwool swabinto thesterile distilled water.
o0 Smear the surface of target objdtti p s , mobile phonégand keys,
immediately smear medium in dish
o Cultivation isperformedat3 0 fdx 24-48 hours

Print from environment or from human body (fig. 6)

o Put the target object (finger, keys, coin) for short time on the agar
o Cultivation isperformedat3 0 fdx 24-48 haurs

Fig. 6. Smear or print of hedl), toes(B), fingers before washingC), fingers after washing
(D), lips (E), armpit(F), lips and nos€G), ear(H), mouth(l) and mobile phongK).

Fallout from air
o Openthe dish with sterildPA on the tablgcorner of room, at windoyfor at least30
minutes
o Cultivation isperformedat3 0 fdx 24-48 haurs
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Innoculation of beer (nondiluted, nonfiltered)
o Pipette0,3 mlof nondiluted sample of beenanaltextractagarand smear it by sterile
stick
o Cultivation isperformedat3 0 féx 2448 hours

Innoculation of jogurt, kefir, nonpasteurized milk
o Pipette0,3 mlof nondiluted sample oMRS agar ad smear it by the sterile stick
o Cultivation isperformedat3 0 fdx 24-48 hours

Conclusion

Did the microbes grow on the disfRé&/hat parts of human body showed the most variable

species diversy?

Additional information

Kl aban V., Ilustrovanl mikr ol5BMDIORE2341-R.T sl ovn
Nester E. W., Roberts C. E., Pearsall N. N., Anderson D. G., Nester M. T., Microbiology, A
human perspective, WBC/McGraMill, 1998, ISBN 9780073522593

Gihgnkov§ L., Mi krobi ol ogie pro potravingSe
200-10246.

Control questions

1. Which parts of human body are the most colonised an® why

2. Which genera ofnicroorganisns are commonly presented on gkin
3. What is theemporary micoflora?
4

. Is themicrofloraof human body dangerouis
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Manipulation with  microscope

Aim of practice

Manipulation withmicroscope ad with variousmicroscopic techngues

Introduction

Loupe (magnifying glass)forms direct image magnified 1015x. Loupe is biconvex or
planoconvex lenLoupe serves to obsermescroscopical markers of colonies

Mi croscope (fig. 7) comprises frommechanial part(base stand,tale with crossshift), light
parts(source of lightconderse, screen and optical part(objectives,eyepiecg Objective is

the set of lens with very short fodadiktance that forms real conversethgeof object

Olympus CX31-P Microscope

Observatlon
u es
\ Intermedlate
Eyepiece

Bertrand Lens F’ame

Analyzer

Retardallon
On/Off
Strain- Free SW"Ch
Objective
Ro:atln
Stage —lmen
Condenser Contr
Polarizer

Collector
Lens Focus

Tungsten ——1-— Knobs
Halogen
Lamp

Base

Fig. 7. Parts of themicroscope (http://www.olympusmicro.com/primer/techniques/polarized/
cx31polconfiguration.htmil2. 7. 201%.

Any waves with shorter waviengththan proportion of object could be used for microscopy

There are 3 types of microscopgptical, electrorand acoustic

Optical (light) microscopy
Dry objective i light ray leaving fromprepaete in angleUis refracted on interface between
cover glass and air and can not participaterageformation anymore

Immersionobjective i light ray passingrom glas toommersion environment does not change

its direction and could participate dmage formation more rays participate oimage

formation(fig. 8). Immersion environment is a liquid with the sames cover glass, mostly
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cedr oil (n =1,52).

QUi

Slide Air [ - oil Cover

\ ,j TN W ,t glass

Fig. 8. Passing rays through dry and immersityective (Prescott, 2013djusted.

Formation of image

The base of focused image by lens are light spyeading from certain point of object to
various directions and falling in lens. Rays are converged in one point and compose sharp
image of objectAppearance of image depends on distasfagbject from lenslf the distance

of object is two time higher from focal distance, real decreasethaaded image is formed
(camerd. If object lies between double distance of focal distance and focus, formed image is
inverted, real and increasédbjective of microscopg. If the object lies between focus and

len, formed image is increased and un(kalpe, eyepieceof microsore).

Methods for increase of the imagingntrastare in light microscope:

Eclipsei screen catchs passing ray®hjective. Objets are illuminated from side

Phase ontrast(fig. 9) serves fornative prepagtions observing(live nonstained nonfixed
cells). Mask is placed onandense with round slot in that light is passing through the object
Phase mask is placedaijective (onderse mask. Semipermeable metal layer is presented
in the place of slot in condenser mask near phase mask that change phase of light about a
quarter of wavdength Nondifractedradiation is passing through from source of part of phase
maskthat changes light phas@ther waves pass through without any chafdes techngue
converts differences in light phase shift to differences in ligetsity that are visibleShape

of cell, movement could be observe®ehséi parts of cells with higtindex of refraction are
shiningi it is used for spores observing.c A leffed¢fi shiny corona)around cells is

charateristicfor phase contrast
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© J. Kopecké,%(ova’

Fig. 9. Phasecontrast.Bacillus cereusCCM 2010(A), halo effect around cellsand shining

spores Sporosarcina urea€CM 860(B), only the upper 4 cellgroducing spores are visible
from the sarcina packet

Nomarsk differertioal interfererce ontrastapplies with twocoherentrays one is passing

through theobject, the other is pssing outsite tlodbject. Prism divides originallylinear
polarised light in two unrightegolarised units Polarsator arrange waves in various planes
Nomarsk plate inconderse is prism that procegsolarised light two rays go simultaneously
sideby-side onprepastion. 3D image could be seen in analyserdependence on various
index of refraction of various cell part$lastic image of cell surface is formed by
highlighting of small differencefig. 10).

Fig. 10. Nomarsk contrast Bacillus cereus

Methods

o Turn on the source of light and get fhrepaate on the table

o Regubtor of light and ondersor is not needed to regulate

o Find the objetby makro-screwand focus bymicro-screw

o Increase the magnification gradually by changing the objectives\waiver, objective
is not allowed to collide with the cover glass
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o Objedives m revolverare usually parfocaffocused on the same distapcetis not
necessary Focus the object after objective changeing, i tis necessary only focus by
micro-screw

o0 Revolverchanger serves for choice of suitablgectives

o Objedivesd e s i g Rhidemwes forfobserving of preparates by phase contrast

o lItis always necessary to use the immersion oibbpectives with black and white stripe
(objective 100x)! The immersion oil is not used fobjectives10x, 20x ad 40x!

0 Itis necessary clean the objective after usagmofersionoil!

Usage ofimmersion ail

0 Focus theobject by the highest magnificatiamnimmersionobjective (mostly40x).

o Turn therevolverin position between nonimmersion and immersion objective. Put the
drop of immersion oil on the preparate

o Turn therevolver on immersion objective, the objective must beéipped into oil.
Focus by micrescrew

o If the object is not seen, it is necessary driéne objective close to th@repaate, but not
to collide with it Watch theobjective and talde with preparate from the side

0 Subsequently, move the objective slowly fronegaete and observe until the object is
visible in eyepiecedf the object is sti not seen, we have to repeat the focusing

Conclusion
Do you succeed in focusifigVas there any difference among observing preparates in brief

fild, phaseand Nomarski contraSt

Additional information

MatisD.,,Mi kr os k o pi dSBI§: 80:968622035, 2001 .

Pl §8deNkov® met ody o pt Pokrék® matematikyofgzikyo g asteonomie,

1996, 41: 124,

Harley J., Laboratory exercises in mikrobiology, 2088N-10: 0077510550

Hr arad, Mornstein V,L®k aSs k8§ biofyzika a pS22004rojov§
ISBN-10: 809028961-4.

Virtusg8l n?z m ihtkpY/aympus.magnet§sa.edu/primer/virtual/virtual.html, 8.

2016.
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VI nov § hitppgwwwlsveeb.¢z/radek.jandora/f11.ht@8. 7. 2016)
Davidson M., W., Abramowitz MQptical microscopyhttps://cw.fel.cvut.cz/28. 7. 2016)
wiki/_mediatourses/a6m33zsl/davidsabramaevitz-optical_microscopy.pd{18. 2. 2016)

Control questions

1. Why weshould not us after usagemmersion oil norimmersionobjective?
2. For what servesnmersionoil?

3. What is basis of the phasertrast?
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Macro scopic and microscopic observation of microorgani sms, Gram
staining

Aim of practice

Evaluation ofmicrobial cultures morphology macroscopically. Gram staining Observing

and evaluation aficroscopic prepaations

Introduction
Morphologyand cytologyhelp to identify microbego control contaminaion of aulturesand
to assess plsiological state of alture. Macroskopic @d microscopic characteristics are

evaluated always parallel

Macroscopic characteristics
aaoscopic characteristics could not be evaluatedliquid media. Only the character of
growth could be evaluated in liquid medfey. 11) by presence adedimenioptionalaerobic

culturesy), diffusion turbidity (aerolic cultures have turbidity in the wholeedium), upper

layer on surfac€poor wetting force of cells omycelium, surface tensein most ailtures

forming rough or wrinkledcolonies), rough flocs (aerohic cultureg, membraneat surface

(surface formation of sediment forming yeaptoduced ethanol is utilised after sugar

depletion and pigmentation

Growth Growth

Growth Growth
turbid layered sedimented layered forms
and at surface at bottom below puff balls,
diffuse only only surface; layered
throughout none beneath below
center surface

Fig. 11. Growth ofmicroorgansmsin broth(Prescott, 2013djustedl.

Macroscopic evaluation lies in @lonies descriptionAppearance ofaonies is influenced by
type of nutrient melia, age of alture andtypeof cultivation.

Single colonies can not be evaluatedstant agar. Speed of growthshape of smedstraigh
full, pointed rhizoid), profile of smear(flat, bulgg, surface of smeafshiny, rough dry),

conzistene and pigmens could be evaluate@®equirement®f microbesto oxygen could be
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determinated by stab in slant agaerobicmicrobes grow in upper part of stab, anaerobic at
bottom, optionalnaerolx over the whole length of stab

Colony is the clone of cells growing from one single c8ihgle olonies (fig. 12) could be
observed and evaluated after right prepared streak pld&etardishes size(diameter mm),
shape(regular round oval, irregular, lobate filamentous rhizoid), profile (elevated flat,
umbiliform, dish-shaped, margin(regulas filiform, lobate circular), surface(smooth bright

S 1 phase shimmer rough - R- phase transparency (transparent translucent
nontranspareit colour (colourless pigmentéon). Another charateristics are smell, odour
(jasmne, butter fruity), mycelum formation medium changes(colour, hemoysis

precipitation), congstence(viscous smearyfriable, growing intoagar)

Form

Circular Irregular Filamentous Rhizoid

Elevation

Raised Convex Flat Umbonate Crateriform

Margin

QPO =W

Entire Undulate Filiform Curled Lobate

Fig. 12. Shapes ofbacteria colonies (http://www.sciencebuddies.org/scieriegr-projects/

project_ideas/MicroBio_Interpreting_Plates.shti@. 7. 201%.

Inequality of colony growth could be caused by age wfuce. Mucoid (M) charater of
growth is manifested as wehucousand very lustrous @onies formed mostly by cells with
capsuleqi.e. Azotobacter Leuconostor Smooth(S) colonies have straight margin with or
without lustre in noncapsulated celRough (R) colonies have dry, irregular margins, are
various wrinkled Cells forming chains mycelia or pseudomycelia if. Bacillus
Trichosporon yeastPichia, Hansenula, Candidarow in rough coloniesChanges intype of

colony M1 Si R are caused bsutaions

Microscopic characteristics

Shape size and clustering of cells presence ofspecial formations on cell, type of
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reproductionvisible in prepagtion are evaluated in microscopic preparatioRsepaations

could be observed inative prepagtion in phase ontrast o the momphology of cell and its
structures could be highlighted by fixation and stair{l@gam, ZiehiNielsenstaining. Cover
glass is always used foative prepasation (observing ofsuspesion). Glasscultures (cover
glass overgrowed by cultivatipare used for moulds, yeasts or actinomycetes observation
Cells have various shapd€fig. 13): cocci (spheical, flattened diplococci, strept@occi,
tetrads, sarcira, stgphylococci), rods (straight curved branched palisades pleomophic),
cocobaclli, cells with buds or stalkspirilli, stars mycelia Size of targebacteria cells is

shown inTab. 1.

Coc«

coccus diplococci diplococci Staphylococci
encapsulated
Pneumococcus W
enlarged rod
Fusobacterium
» G «
Fé —
i
i )
EN o
streptococci sarcina tatrad Vibrio Comma’s form
Bdellovibrio
v"‘ “‘“u.
7 aassssaraa,,
{ ¢ ]
"vn«‘/ —
Club Rod Helical form

Corynebacteriaceae  Helicobacter pylori

Corkscrew’s form
Borrelia burgdorferi

P Miininga,

i Jm— ——

e Filamentous spirochet
: : : stalk pirochete

Fig. 13. Shapes of bacterid cells (https://en.wikipedia.org/wiki/Bacterial _cellular_
morphologies24.2.2016)

Tab.1. Size ofbacteria cells

Microorganism Size(Om)
Chlamydia 0,3*0,3
Bdellovibrio 0,8*0,3
Rickettsia 1*0,3

Saphylococcuswureus | 0,81 *0,81
Escherichiacoli 2-3*0,40,6
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Bacillus subtilis 1,84,8*0,91,1
Streptomyces filament* 0,7-1,6
Chromatium 25*10
Spirochety 500

Native preparation
Native prepastion is never fixedPrepastion is not stained, servés evaluateeal shapeand

structure of undamaged cells is used for growth, reproduction and movement of bacteria

observation, for stly of cell formations that are stained with difficulties, ispoes Brief

field, Nomarski or phase contrast are used for structure observation

Fixation of preparation

Nature offixation is to precipitate cellaloids, especially proteinsCells adhere better to
microscopic slide, are not washed by dye or solvent applicatioralasmtb dye better after
fixation. Prepaation is fixed when the smear of cells is perfectly dry to avoid cell boiling

Fixation is performed by pulling the microscopic slide through the flame. The smear of cells

have to be on upper side of slidé cells were altivated im sugar liquid medium, it is
necessary tgeparat them bycentrifugdion and to wash them by water afffer. Yeast and
mould cells are bigger than bacterial celtermal fixation could modify their shapé&hey
are mostly fixate byhemcals Fixation and staining of cell slightly deform cells, but their
charateristic shape remainsNonfixed, negatie stained(staining of background of ce)ls

preparation is used to measure accurate size of cells

Stained preparations

Stainedpreparations serve to determingtpe of cell wall shape of cells and their clustering
presence and location epoes presence of capsule and internal sttlctures (inclusiong
and vitality of cells Morphology of cell andcharateristic clusteringcould be observed after
simple staining of cell wal(i.e. by crystal violet)without differentiation of grampdasse or
gramnegatie type. Vita testshows ration of live and dead cells in n@efl prepastion. Vital
staining stain dead cellsthatabsdry e (i . e. diluted L°ffler
by efflux sysems. Cellt struturesare differentiate bylifferertiating staining, as internal as
outside formation(spores capsules cell wallg, chemi@al compounds(volutin, glycogen,
starch. Diagnostic staining hels to dentify bacteria (i.e. Gram, acidfast staining by
carbolfuchsin,staining according tdgsiems). Cells are not fixed and stained atgatie
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staining only the background is stain€ide. by nigrosin. It is usedto measure accurate cell
size of undamaged cells

Preparéion is fixed every time before staining except fa@gatie staining andrital test.
Diluted water solutions afrganicdyes commonly salt, are used for stiningasic dyes have
colour ationt,acid dyesaniont.Basc dyes(i.e. crystal violdé, methylem® blue safranin, bgc
fuchsire, malachie greefpare mostly used for bacteria staini&gaining could be highlighted
by chemicatreatment of cellgi.e. by phenol, tamin). Chemicals have highefinity to cell

and to dye than the single cafinity to dye

Gram staining

Gramstaining is one of the most importatibgnosti@l methods foridentification of bacteria.
It differentiates the group of gramptge (stained blueviolet) nda gramnegatie cells
(stained red or pinkans show some pisiological and chemi@l characteristics of celllhe
nature of various behaviour during Grataining was not yet satisfactory descrideavever,
he diffences in cell wall composition of botjroups of bacteria play key rolé&ixed
preparain is stained by wystal violet aad subsequently treatd ikl solution Complex
dyeiiodine-cell wall is formed Difference arises during washing of preparationdoganic
solvent(acetone palcohol). Solvent dissolves the outdipopolysacharides layer complex
of crystal violetiodine is washed out through thin peptidoglycan laged cells are
colourless, in the case of gramnegative cultWhile grampogiv e bacteria maintain the dye
in cell. Another ontrast dye is used to highlight the differenqée. basic safranin
carbolfuchsin to colour gramnegative cells in red, pirkrampaitive cells have already dye
(crystal vilet) binded in cell wall and remain coloured in bhimet. Mistakes during Gram
staining aretoo dense smear of cellsoiling of cells durindixation; too long washing of cell
by alcohol.

Gram staining is affected by pisiological stae of cells age of wclture and media
composition The most suitable ar&4-hours old cells Cells could loose their grampibwit y
i.e. by mechanial damageUV radiation acid, base or solvent treatmeMicroorgansms,
partly stained as grarogtive and granmegatie at the same time in pure cultuaee called
gramlabie/gramvarialle. Somebacterial genera can not be stained Gyam staining there
are genera without cell wallmycoplasma), spiel bacteria and strongacidfast genera
(mycobaderia); i.e. Borrelia burgdorferi, B. recurrentis, Bartonellaenselag Chlamydia
trachomatis C. pneumoniagChlamydophila psittaci, Coxiella burnetihrlichia chaffeensis,
Anaplasma phagocytophilum, Legioneltp., Leptospira sp., Mycobacterium bovis, M.

34



tuberculosis, M. avium, M. intracellularé]. kansasii, M. lepraeM. marinum, Rickettsia

rickettsii, Oriertia tsutsugamushi, Treponema pallidum

Cell wall of bacteria

Gramneative type (fig. 14B) of cell wall is composed from outdipopolysacharides
membane and innerrelative thin peptidoglyan (circa5-10 % of cell wall) layer containing
muramicacid Lipoproteins connegbeptidoglycan and outermembaene. Lipopolysacharices
are composed fronipid A, core (bas@ polysacharice and O-antigen (Gchair). Outer
membane serves as defen@ubier against to environmenpermeation of compound or slow
downthe permeatioibile salts antibiotccs, toxins).

Cell wall of grampogive type (fig. 14A) lacks outermembane and peptidoglyan layer is
relative thick Some strains could contain as part of cell wall teighbpoteichoic acid,
neutal polysaccharices ormycolic acids

Special bacterial grougre bacteria lacking cell wall, s.c. nogtasma that are not capable to
syntetiseprecursors of peptidoglycars. Cells are coated only in plas membane

A

ti can
peptidogly lipopolysaccharides

outer
periplasmic membrane

space =

periplasmic
space and
peptidoglycan

plasma
membrane

plasma
membrane

Integral protein

Fig. 14. Cell wall of grampogive (A) and gramnegatie (B) type (Prescottet al., 1996,
adjusteql.

Instruments and microorganisms

Microscopic slide, cover gég, innoculation loopdoupes
Dyes forGramstaining(crystal viold, Lugol solution safranin)
Distilled water

Escherichia colCCM 3954

Pseudomonas putid®. fluorescens

Serratia marcescenSCM 303
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Kocuria roseaCCM 839
Micrococcus luteu€CM 169
Bacillus cereu<<CM 2010
Bacillus subtilisCCM 2216
Staphylococcus aure®A 812
Saccharomyces cerevisiae

Methods

Everybody worksndependently in this practice.

Sign pepagtionson glass or on paper sticked on glass

Everybody evaluates and stains
o Morphology of coloniesand growth oragas and in broth
o Gramstainingi pure and mixed culture
o Observe microscopically all cultures in practice, evaluate the shape of cells, clustering
of cells and theype of cell wall

o Native preparton

Native preparstion - asepticwork during putting the cells on glass

o Pudl out the cleaned microscomtidefrom alcohol and pullit through the flame

o Put the drop osterile distilled water in the middle of microscostde

o Get a little amount of culture into the drop of water by singedled loop and mix .it
Use only the small amout ofiture to haveadequately dense preparation

o The drop is not smeared, but is covered by cover glass without the b(idtlesver
from above, but at first put the one edge into the preparakonot push

0 Remove the redundant liquiy filt er pape.

0 Observe the cefrom liquid medium direct in medium without the dilution in drop of
water.

0 Choose the phasemtrastobjective(Ph)for native preparatian

0 Observe the preparation uriiiminutes(quick drying)

Gram staining

o Putout the cleaned microscomtidefrom alcohol and pull it through the flame.
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o Drop sterile distilled water in the middle of microscogstide

o0 Get a little amount of culture into the drop of water by singedled loop and mix.it

(@)

Smear the gspesion onto the glass, let it dry and fix it iye flame(pull the glass
through the flame for three times

Putthe pepaation in the solution ofrgstal violet(30 s&€onds), wash the dye by water
Putthe pepaation in the Lugol solution30 seonds), wash the dye by water

Wash the pepastion byethanol (o acetone), maxor 1520 seonds.

Was the preparation by water

o O O O o

Putthe pepaation in thesafraninfor 1 minut (only gramnegatie cells are stained by
safranin becausenystal violetwas decolouredt is necessary to stain every preparation
by safranini we no not know how type of cells is in the prepargtion

o Dry prepagtion by filter papr and observe at magnificatiod000x {mmersion
objective) in brief field (BF objedive).

Conclusion

Did yousucceed in bacteria staining and obser¥ihgot, why?

On fig. 15,16 and 17 you can see streak plates angtroscopic prepaations(Gramstaining

of cultures used in practices
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Fig. 15. Purecultures of becteria on agar ad stained according to Grarkscherichia coli
CCM 3954(A), Pseudomonas putid®), Serratia marcescenSCM 303(C), Saccharomyces
cerevisiag(D), Bacillus cereusCCM 2010(E), Kocuria roseaCCM 839 (F), Micrococcus
luteusCCM 169(G), Staphylococcus aure®A 812(H).
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Fig. 16. Mixed cultures ofbacteria. M. luteusCCM 169and K. roseaCCM 839 (A, B, C),
S marcescen€CM 303and B. subtilis CCM 2216 (D, E, F)S marcescen€CM 303and
M. luteusCCM 169(G, H).
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Fig. 17. Mixed cultures stained according t&ram.S. marcescen<CCM 303 and K. rosea
CCM 839(A), M. luteusCCM 169and P. putida(B).
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Additional information

Mi ni at |l as mhtpr/scionung.c/mikrabmviiniatlas/mikr.htn23.2.2016)

Prescott L., M., Harley J. P., Klein D. A., Microbiology, WCB, Dubuque, 18BN 0-697-

293904.

Rosypal S., ObecHPRrgha,d3Bk.t er i ol ogi e, SPN

Gil hg§nbemdeKoWs& ody pro | aboratoSe 21998 kr obi «
Atlas mykologie(http://www.mycology.adelaide.edu.a@B. 2. 2016)

Centers foDisease Control and Preventihitp://www.cdc.gov/az/a.htmR3.2. 2016)

Control questions
1. Which dyes are used during tBeamstaining@
2. What we can dye in preparati¢cell)?
3. Whichmorphological characteristics of single microbial colonies describe@
4. Are every bacteria stained/dyed according tGram stainin@ If not, write some

examples

ol

. On what dependsomphology of bacterial colony?

6. Why is necessary fo fix thaerepaation?

7. What is thebacterial specie® What is thetype culture of bacterial specieswhere is
deposite@

8. Write at leasR examples obacterial genus forming cocci anebds

9. Which structure of cell is stained béramstaining

10. Which objective provides higher magnification immersion or dried objective For
what servesmmeision oil?

11. How are the yeasts stained accordingstamastaining which type of cell wal have
yeast®

12. How isEscherichia colstained according tGramastaining

13. What ispeptidoglyan?

14. What are the main differences between preparation for Gram stanimhghative

preparation in term of procedure and aim

15. For what serve various types of cell dyihg
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Bacterio phage

Aim of practice

Determinate théitre of phae lysae by twelayeragarmethod.

Introduction

Baderiophages (also phage}¥ are virusesinfesting bacterial cells Size of bacteriophages
ranges fron0 to 200 nm size of genome frord to 200 kb,they are smaller thabecteria.
Number of phages in environment is 10 times higher that numbesctdrial cells Phages
couse mortality of bacterin207 50 % help tocompounds circulatigrincrease the amount
of organiccompounds in environmerRhages have not the sanengticinformation together
with animal and human viruseBvolution of phages takes place together with evolution of
bactera.

Phage ocleid acid(single or doublestrandedcircular or lineay DNA or RNA) is deposited
in proteincapsidwith mostly shape of icosahedron that is connected taittby collar Tall
fibers are attached on basal plate, fibers serve for attachement on serégutes of bacterial
host(fig. 18).

Fig. 18. Structure of T4 bateriophage (Prescotetal., 1996 adjusteql.

Range ofbacterial host could be very specific or broa@ome phages are so mugpecific

and multiply in only specific strains of definibecterial speciesPhages with broaspectrum

of hoss are polyvalentChimeric phage originats bigomologusrecombinaion between two
phages, has characteristic of botleestral phages

Two groups are distinguished according to phage life cycle

41



Virulent phages with lytic life cycle (fig. 19A) causelysis of host bacterial strain: 1.
Adsorption ofvirion on surface of sensitive celpenetréion of phagenucleid acid in cell
cytoplasn, 2 Repliation of phageDNA using RNA polymemases ohost, syrhesis of early
phagemRNA a proteis that ontrol synhesis of additional virusesynhesis of late proteins
of phage 3. Completdion of new viral particles(virions), 4. Releasing ofvirions in
environment caused bgndolysin synthesisand cell lysis Releasedvirions could infect
another sensitive celldf Iytic infedion takes place in liquid suspensionth host cells,
medium is clariffied by infectiori s.c phagelysate (cultivation environment containing
adive viral particles rest of cellmembaenes, cell content If lysis takes place on solid
medium with cells, plaques originate

Temperdaed phages withlysogeric cycle (fig. 19B) are incorporated in host genomy by
recombindion, phagenucleid acid is r@licatedand transferred to offspring together with
bacterial genomeThis phage is called prophagmuld be released from DNA dfecterial
cell after some factor treatme(l/V radiation mutages or stres factors). Together with
phagegenetic inform#on, part of host genome could be splitted by wrong reading frame shift
and become of part of new phage partidbis process is callettansdution and i.e. in
speciesStaphylococus aureud is the most frequent methodsladrizontl gene transfer that
could bring some advantageous genes to virtemsduction is advantageous also fortéraa
because of serotypmnverting phages

Heads are packed = Collars, sheaths, and base plates

with DNA. ®_@ \ ;3 o @ N\ have been attached to heads.
@ ® — \xf @\ i Tail fibers are added last
/ \ . Bacterial cell lyses,
7 = releasing completed
Empty phage heads No 1 infective phages.
are synthesized. [ /\' (@) (@ LYTIC ( @ g @
\ O CYCLE \ o JL G
! 24
The phage DNA directs — — A,
the cell's metabolism - Phage attaches to
to produce viral ( N \ ) receptor site on
components—proteins N U \ _/./ _ O another bacterial cell
and copies of phage — 2 wall, penetrates it,
DNA. S =5 Q and inserts its DNA.
A Phage DNA inserts itself
(as a prophage) into
/ \ bacterial chromosome.

Binary fission is

completed; each / Phage is replicated along
cell has the O with the bacterial DNA
phage DNA prior to binary fission.
incorporated.
LYSOGENIC
N\ ovie o

O O)

Fig. 19. Life cycle of phage(http://vle.duac.inf/mod/book/print.php?id=98025. 2. 2016
adjusteql.

Infection of bacteria by phage is not always succestbbmebacteria cover theirreceptoes
for phage binding byprotein A or activate their restrction modification sysem and
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endonuleases cleve phageucleid acid That are the mairproblems of phage therapy
Solution is theisolation of phagemutans that are capable to overcome the defend
mechansms ofhost ad lyseoriginally insensitive cells

Phagetherapy is usage of phagesrfbacterial infectiortreaiment. Bacteriophages capable of
pathogenicbacteria lysis are important due to resistant tex@a to reserveantibiotics (i.e.
methicillin).

Baderiophages were used to treatment and prevention of infection inFRzasterly were
used preparates of whole phage patrticles, today could be used isolated artchraéirised
purificated phageanponens withantimicrobid characteristicsPhagetherapy is developed
especially forinfeciin caused by gener&taphylococcus, Streptococcus, Pseudomonas,
Proteus, Klebsiella, Shigella, Salmonella, Escherichia, Enterocaguikisteria. Advantage

of therapy is high scifity to target strains ohost, phages are not dangerous for natural
microflora of patients. Phage gecifity requires very exactliagnoss of pahogen ad
assessment of its sensitivity to target phd&pdyvalentphages or mixture of phages could be
employed to bacterial lysiBacteriophages are capable to reproduce in place of infection,
mostlyone sigle preparate is sufficient compared with antibiotics.

Phagetherapy is used immediche, but also in food treatment, in yiotherapyplant breeding

and plant production againsécterial infection of plants

Indirect methods based on plaques oromatare used to determinate number of phage
particles Plagues are clariffied zones on solid medium overgrowed by host Bddlgues
originate on place where was one singtive phage particle in time of innoculation that
reproduces and infects anothensitive cellsThe base principle of method is to have higher

amount of host cells than phage particles

Instruments and microorganisms
Staphylococcus aure®A 812, staphyloplge 812
Meatpeptore-broth (MPB)
Meatpeptore-agar(MPA) 1 2% a 0,7%
steriletris HCl buffer (pH 7,2)

sterile 0,22% CaCh}

sterilePetridishes pipetes tubes waterbath thermostat
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Methods
Preparation of phage lysae

0 Innoculate2 ml of 24-hours inoculum of S. aureusSA 812into 100 mlof MPB in
aeration flaskCultivate the mixture another 4 hourdritersive aeration a3 0 . AC

0 Add aseptially 10 mlof sterile 0,22% CaCGl and 5 ml of stock solution of phage lysate
812 and continue in ciivation.

o Transfer the aeration flask in dark at room temperature aftenrgs.

0 The medium is getting clear afté2 i 24 hours however small number of insensitive
cells remains in solution

o Sterilize the ysae by adding of chloroforn{5 - 10 dropsA0 ml of lysae), allow the
chloroformwork for 1 - 2 haurs. Transfer thiysate by sterile pipete into sterile flask

0 Number ofactivephage parti cl es is not silg@mohnthscant | vy

Preparation of hostcells
o Innoculate stock solution @&. aureusSA 812into the 20 ml of sterile MPB (iadO0 ml
flask) and cultivate for24 haurs at3 0C. A

Assessment of number ofvirion s

o Dilute the phageykae 812 in sterile tris-HCI buffer: pipette 0,1 ml of lysae or
previous dilution intd,9 mlof buffer, for each transfer use the neterde tip, mix the
solutionproperlyt

0 Preparesterile tubes containing ml of 0,7% MPA ,boiled andempeed at4 5 . A C

0 Add aseptically2 ml of 0,22% CaCl to 20 ml of host cellsand pipete 0,3 ml of
inoculum into each tube

o Pipete0,1ml of target lysate dilutions on dishes witbo MPA, pour immediately the
dish by one tube (MPA, Ca£lhost cells)mix carefully by circular movement and let
it solidify.

o Cultivate at3 0 fdx €2- 24 hours

Evaluation

Count the number of plaques on disl{#g. 20) with appropriate dilution(circa 20-200

plagues/dish Dish with less than 10 plaques is not suitable for evalualiba result is in
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PFU/mlunits (plagues forming unitsyumber of phage particles capable to form plagues in 1

ml, not the absoluten umber afions).

. Kopeckd, G. Rotkova|

Fig. 20. Plaguesgrowing after inlculation- set of dilution of phage lysafeilution from 10°
to 10%9).

Every cell is lysed in dilutiorL.0® in contrast no lyse is observed in dilutid@'®. The
appropiate dilution is10for thecounting of plaques

Exampleof calculation:The total number 0122, 132, 13%laques was formed on 3 dishes
(0,2ml of sample, dilutiorL0/dish), aithmeticaverage i431 plaques.

Titre oflysaeis = 131* 10° = 1,31* 10" in 0,1 ml, also1,31 *10° PFU/mI.

Additional information

Eyer L., PantTlek, R., RTgilkov§ V., Dogkas$s
| | §nkelki wvi ck§8 mi krobiologie a infekln2 | ®kaSs"
Jandov§ B. , Kot oul k anik®biologie, , ISBNP r8&2Kk0t1374&5u m z

(http://www.sci.muincz/mik/wp-content/uploads/mikrobiologiecv.pdf7. 7. 2016).
Otradovcovs L., l zol ace a charakterizace
bakt gai o%l8§i nnlch pez osttie n me 2 im Staghydasoudusn aureus
Diplomathesis MU, Brno, 2012.

Control questions

1. Write some differences between plant and anwirakes.
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2. What is thesignificance of viruses in term of transfer ajenetic information in
environmerf®

What is the advantage of viruses in thefapy

What is necessary fdaracteriophagecultivation?

For what isCaCl during the phage cultivatién

Explain the difference betwedytic and lysogenric cycle.

On what are the viruses cultivated in gerfral

What is the plaquz

What is the result ahfection byvirulent phagein broth?

© © N o o &~ w

10.  What isthe result of infection by virulent phage on solid &gar
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Bacterio phage z transdu ction

Aim of practice
Verify the right procesof transdution by transferring the antibiotiegstancefrom donor to
therecipient baterial cells

Introduction

Transduation is horizontalgenetic mated transfer due twirus fromdonorcell to recipient
cell. Any fragmentof chromasomecould be transferred froaionor bacterial cell to recipient
cell by bacterial viruses (bacteriophages, phagesnsferredfragment reombinates with
homologi@l part ofrecipientcell, integmates in cell genome that is showed in itemtype
Mechansm of transfer is not well described is probably mistake at DNA packaging in
phage head during phage particles compilatiomfiectedcell. DNA of donor cell, part of
chromo®me or plasmid could be packed in phage head instead of replicated phage DNA and
could be transferred t@cipientcell.

Over 250 of stghylococci bacteriophages is describes in literature tod&apability of
transdution has only some of therfserologic group B and sibling groupF). Prototype of
transdwtion phage igphagelill from serologic groupB that is capable to pack up to 45 kb of
chromosombor plasmid DNA (size of its genome) in its healhduction of phage izaused
by UV radiation ormitomycin Cfrom chromasome of straitNCTC 8325 where isintegrated

in from of prophage Another bacteriophages with high transducticefectivity are phages
52A, 53 ad 80.

Transdation is usedo target transfer omobile geneticelementsto strainsSaphylococcus
aureus to prepare modifiedvarians of strains to study ohorizontl gene transfer and

to identify transferred gres

Instruments and microorganisms

Donor strainStaphylococcuaureusJevons B ¢ontain2 plasmids, resstanceto cadmium ad
tetracydine)

Recipient strairStaphylococcus auret®N4220

TransductiorphagelB

MPA, MPB

CacCl solution, sodium citri@
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tetracydine

centrfuge

Methods

Preparation of transduction phagelysae

(0]

Innoculate thedonorstrain( 2 0 of €dck solution intd20 ml MPB) ad incubae at
37A Gor 18 haurs

Transfer2 ml of 18-hours wlture into50 ml of freshMPB in aeration flasland incubae
at3 7 fé Zhaurs at intenige aeration

Add 6 ml of phagelysae, solution ofCaCk (final concentréion 2 mM) and incubate at
the same conditions, 8t7 fér € haurs atintersive aeratior(stock solution ofcaCb,
concentrdon 0,02 M, for final conceentraion add1/100f volums.

Store thdysdeo v e r n i g hdompéete thetlysifintthe case of completed lysis of
baderial aulture immediately afteincubation, this step could skippgd

Remove the rest of donor strain cells bgntrifugaion (5000rpm/ 30 minuteg
andfilt er through0,450 m cteriological filt er.

Assesghetitre of phae particles idysae bymetod of 2-layeragar {or calculation of

frequengy of transdution).

Transduction of plasmids

(0]

Innoculate theecipiert strain( 2 0 of €dck solution intalo 20 ml MPB) ad incubate
at3 7 fé 08 haurs

Assess the titre okcipientstrain(for calculation ofrequengy of transdution).

Add solution ofCaCl to the alture of recipientstrain to final oncentrdon 2 mM
(stocksolution of CaCkL hasconcentréon 0,02 M, for final concentraion add1/10 of
volume.

Mix 1 ml of recipientcells withl ml of transdwtion phage lysat¢he value of infection
multiplicity will be max. 1(ratio of number of phage particles to number of gells
Incubate thetransde t i on mi x tou25 mirues condtantlyAt@king

Add solution ofsodiumcitrate to transduction mixture to final woentréaion 15 mM,
centrifuge (3000rpm/ 10 minutes/ 4i 8 A Tand resuspendhe pelet in solution of17
mM sodium citrate. Volum efor resuspendation is dejgeon number of dishes for

innoculation oftransdetion mixtureand on volume ofinnoculating mixture on one
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dish, optimal 1003 0 d (0,08 M stock solution of sodiuwitrate i add totransdtion
mixture in ratiol:1;0,017 M stock solutin foresuspendéeon of pdlet).

0 Innoculate thetransdetion mixture on dishes witMPA enriched by sodiuntitrate
(20mM) andtetracyline, 5 /(1 M stock solution of sodiumitratei add 2 ml in
100 mlof boiled sterile medium. Stock solutioon of tetradyte, 5 mg/m 7 add 1/1000
of volume in boiled sterile medium

0 Incubate the dishes & 7 fdr 24 haurs

0 Assess the number ofolonies of transduon particles on dishesCalculation of
frequeng of transdution is the quotient of mu,ber tfansdwtion particleg CFU/mI i
colony-forming units / 1 m)to number of phage particlesnsdetion lysate(PFU/mIi
plagueforming units / 1 m.

Conclusion

Was the plasmid transferretlow did you thesuccessfutransfer verify

Additional information

Rosypal 8., PagkgSek R., Kailerovg J., Relic
Gmarda J., GtRDp&n J., Terminologie molekul §r
Var ga M. , Charakterizace syst ®nBiaphyloeoscpse ci f i ¢

aureus Dizertaion thesis MU Brno, 2013.
Varga M., Tr ans d u k c ez pprloasztnf eddTk o v a n Staphylbcodcugagrgus k me n T
Diploma thesisMU Brno, 2009

Control questions
1. What we verify bycontrols?
a. Dish with antibiotics+ donorstrain
b. Dish withantibiotics+ recipientstrainbeforetransdution
c. Dish withoutantibiotics + recipienstrainbefore transduction
2. Where (control dish) shloud the cells grow/not to gtow
3. What is theransduton?
4. Are the phages with lytic or lysogennis cycle used for the tratisa why?
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Indirect assessment of number of viable bacteri a by cultivation

Aim of practice

Dilution of cell suspensiarDetermination oviable cellsnumber

Introduction

Direct and indirect methods are used to assess number of cells in .sBimgté methods
exploit microscope, counting of cells inprepagtion of sample without wtivation.
Advanatage is to assess as live as dead cells or theirlngi@ct methods are ailtivations
Number of viable cells in sample is estimated by cultivatid@helometricanalysisexploit

the lightintersity reflected from cellsit is determination obptical dersity of cell suspesion
Advantage is to determinate standard cumenber of cells could be deducted from the liean
part of curvelt is necessary to pay attention onl dgsis by osmotic shoskuring dilution of
sample Number of dilution tubes is identified according to density of cell suspension
Suspemsion seems to be withowpalescencat valuesO - 10° CFU/ml has moderately
opalescence at0> CFU/ml; value10’ - 10° CFU/mlforms milk turbidity according to size and
shape of cells

It is necessary to know the exact callmber in sample for some yiological and genetic
experimerg. Cell number serves agandardo compare the resultdnit for calculation of
asessment of cell number in sample by cultivation is number of viable (¢eflming
colonies on dishgsin 1ml of mediunysample s.c colony forming units - CFU/mI. The
mehod is based on assessment of number of growdshes supposing that one cditbrms
only one singlasolated colony. Cultivation could be performed two ways: to mix the sample
with liquid temperedagarand to pour the mixture on dishespipeting of sample on dish

with agar ad smearing of sample by sterile st{fig. 21).

© J. Kopeckd, G. Rotkova

Fig. 21. Innoculation of celsuspesiononto the disi smearing by théacteriological stick
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The number of cells (CFU/ml) or the turbidity of suspension (%) is always mentioned in
protocols of experiment3.urbidity is less acurate value and serves oahygluickorientdion.
Turbidity of medium or dilution solution containing dead cells could be measured in
spectrophotometr. For experiment repeats, it shloud be maintain the same conditions (the
same old culture, the same turbidity) to suppose the prplsabhe number of dead and live
cells in suspension

The set of methods could be used to assess of cell numbers in various envirgineentst
suitable methods have to be choose for experiment purfgsessment of cell number is
performed in certain volume and is mostly recalculated. tml of original sample for
correcting of experimental results

Increasingnumberof cells could beobservedduring time by assessment of CFU/iilthe

appropriate mixe sample are assessed and evaluated from liquid medium during cultivation
very precise example of p#iological state of alture (physicd or chemial effects on
growing altures, supporting or inhibiting coumpound food industry or irmicrobial
technologes could be evaluatetty comparing of cell numbers in tim&rowth curveof
microorgansms could be constructed by graphic illustration of CFU/ml value (samples from
liquid medium without any nutrients addition) taking in the same time inteivatertain

environment Ratio of individual bacterial groupsould be evaluated from mixedilture or

comparing of maoscopic markers of altivated species, it is necessary to use as basic
universal aselective or seletive-diagnostial media

S.c autanatic colonie countergfig. 22A) or smearing and washing omtethods byanalyser

(fig. 22B) could be use in industrail operatioriastrumentLumitester PD fijg. 22B) can
evaluate the total level otontaminaion without species and genera differentiation

(measurement diiminiscenceyery quickly and is mostly used i.e. in food industry
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Fig. 22. Instruments forautomaticcoloniescounting(A; http://www.marconi.sk/?katid=788
1. 3. 2016, adjustddand total level of mntamindion (B; http://qualifood.cz/index.pi$p
route=product/product&product_id=5@. 3. 2016adjusted.

Instruments and microorganisms

Sterile dishes withVIPA

Sterile tubegpipetes sticks

Staile phosphae buffer or physiological solution
Micrococcus luteu€CM 169

Methods (fig. 23)
Dilution of sample
o Pipette 0,9 ml of sterile physiologicall phosphatduffer in to set of tubes
o Pipette0,1 mlof mixed samplesuspesionin to first tube with buffer
0 Mix the sample (total volumg ml), pipette0,1 mlof mixed sample in to second tube

0 Mix the sample, pipette rhl in to third tube Continue until the end of dilution set

Innoculation

o Sign thePetridishes withMPA on the lid (colonies will be counted by dotting on the
bottom ofthe dish by the feltip).

o Pipette 0,1 ml on the dishes by the dilution fraf7 to 10°. Use at leat 2 dishes for
every dilution for calculation of average number of colonies from target dilution

0 Smear the suspension Isgerile stick all over theagar turn the dish against the
smearingdo not push on sticlOpen the dishes as little as posibl8enear the sample
uniformly for isolated grotwth ofaonies.

o The altivaton is performed foR-3daysat3 0 A C.

Control of dilution buffer sterility

o Pipette0,1 mlof physiological buffer on dish and smear it by the sfidke altivation
is performedfor®3 days at 30 AC.
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cell

ST suspension |1 |7 4 4
L — ‘ 6 * 0,9 ml of phosphate buffer
o B N | i !

control:
H 0,1 ml
=y

phosphate buffer © G. Rotkova

Fig. 23. Scheme - procedure oaissessment of cell number by cultivation

Evaluation

Choose the pair of dishes of suitable dilut{g. 24, dishes with circ&0 - 200 colonies) and
count the number ofatonies Count the olonies from bottom of dish and dot every colony
by felt-tip on glass Count the average of number of coloniesiltiply the average by the
positive value of dilution md multiply the number b0 (only 0,1 mlof sample was pipetted
on dish the results is recounted dnml) to get value ofCFU/ml (colony forming units,

number of cells forming oneotonyin 1 ml).

CFU/ml = average number obtonies* value of dilution(positiveexponent) * 10

Right forma of result is i.e2,4*10" CFU/m|, not the24*10°> CFU/m.

Fig. 24. Assessment of cell number by cultivatiodppropriate dilution for counting of
colonies isdilution 10° (C) in this casedilutions 10* (A) and 10° (B) contain too many

colonies

Conclusion
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What dilution (number of colonies) was the most suitable for reading of reg\itiat number
cells (CFU/ml) was in the original samp?eDid you work aseptically If not, why? Was
recordedthe difference betweemumber of colonies of one dilution (nonmixed san®@id
bacteria grow onantrol dishes with buffer only Could the ontaminaion affected the total

number ofCFU/mI, why (morphotype of olonieg? Was the samplgood countable

Additional information
Kl aban V., llustrovanl mikrobi ol 326234141 sl ovn

Control questions

1. What is the calculation o€FU/ml and what individual constituents of calculation
mean?®

2. In practice, we used nealective medium and pure culture oMicrococcus In what
case are used thelective malia?

3. If we use i.e. pond water instead of cell suspensioMisfococcus how and why
shloud be changed the morphology of growing bacterial cof@mé&bl colonies from
pond water of sigle morphological type?

4. According to what we consider number of tubes with buffer (number of dilutahghn

we use only one or two tubes and when we use higher number of difutions
. What unit is used for calculation ntimber of cells assessed by cultiva®
. Why and how is the control of dilution solution perforried
. What means the un@FU/ml?
. Why is not used innoculating lo8p
. CalculateCFU/ml, if number of olonies is210 ad 190 in dilution 10°. 0,1 ml of

culture was transferred into the 0,9 mikfffer for dilution of suspension

© 00 N O O

10. Desribe the nature @flssessment of cell number by cultivation

11. What is the difference betweendirect and indirect estimation of cell n@Gmber
12. Why is essential mix the samgiefore transffering

13. How we recognize thantamindion of dilution solutiof?

14. Why is innoculated only 0,1 ml and not 1 ml on the @ish

15. According to what is choose the appropriate type of nutmedium?
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Direct assessment z number of cellsin " | O EcRadhber, vital test,

yeasts

Aim of practice

Determine the percent of surviving cells dagding on time of incubation in higher

temperature

Introduction

Direct and indirect methods are used for determination of number of cells in shrdpkct
methods are cultivation nethods. Direct methods exploit miaoscope, counting of cells in
preparation of sample withoutitivation. Advantages of direct methods are speed, possibility
to differentiate live and dead cells, determination of their ratio

It is necessary to have suspension with appropiate density for counting of cells in
prepagtion. Stainedprepastions are used for dead and live cells differentiat@ells could

be counted byfixed stained or nonstainedrepastion, live and dead cells are not
differentiated in this cas€ountingchambers are used for direct assesment of cell number
i.e. Thoma, clambekfigrr25), chamber is glass plate with counting grating of various
size Space between microscopic slide and cover glass is marked on chBefbrerd volume

of sample in camber is recounted to 1 ml of sampells are settled down and could be

counted on certain area/fields of chamber

Fig. 25.B ¢, r koenting chamber

Vital test (staining of native prepastion) serves for evaluation of current state of cell
population It is based on permeability of dead celembane. Plasma membane of dead

cells is notsemipermeabd, dye is getting inside the cellsive cells defend to permeation of
dye bymembane channelsdye s excluded or degradeNontoxic dyes are used to staining

of dead cells, i.emetylene blue solution diluted undufffered by plosphae (pH 4,6). Effect
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of increased temperature on surviving of cells in time could be observed by vital test
Advantage®f test are speed, low material demand compareculavation methods
posibility to differentiate ratio of live and dead celldowever, observed cells can not be
cultivated after that

Vital testis used to @ntrol of microbial vitality durirg the technologial proceses Their
answear(change in number or rajido addition or decline of various compounds during
process could be observed in tim®n the base of resulttechnologi@l process during cell

cultivation could be regulated

Yeast belong amondnheterohrophic eukaryotic organsms, fungi ormicromycees together
with moulds Yeasts are able to fermentono, di- or trisaccharices to ethanol aad COs.
Yeast are mostly unicellulargansms, but could formmyceliaor pseudomycelisometimes
Pseudomyceliunoriginates by budding of cells on poles, single cells are not separated, stay
connected Filament of geudomycelim is composed from elongated celldyphae of
mycelum are separated by septa, mycelium has the same diameteh@wehole length
Yeasts reproduce by budding or fission; forofonies bigger than bacteriand ascospoes on
solid malia. Most of yeasts has low temperature resistatimy are killed by2-5 minues of
warming at5 6  8p0es are more resistarCell wall is stained agrampgaitive, but the
composition is quite different from bacterial cell wallell wall of yeast does not contain
peptidoglyan, but comprises fronglucara, mamanrs, proteirs and chitin. Cell cyde is
divided to G1, S, G2 and M phases in yeast compared toSoalg D phas in bacteriaLife
cyde of yeast is composed from hapl¢ghores and diploid pha® that could be supressed in
profit of the other phas®ore than 1 spore (mostly multiple of i originated in yeast cells
Yeasts are widely used iimod industry(bakery, beer, wine to ethanol and recombinant
proteirs (re@mbinant vaccne - hepatitis type B) production and as modelorgansm.
Pathogenc yeasts are i.€Candida, Cryptococcudfalassem and Trichosporon
Saccharomyces cerevisiag the firsteukaryotic orgarsm with whole genome sequenced
(year 1996), occurs commonly in environment, is used especially in food industry and for
research

Candidabelons among the most ordinaryage infection agentdNonpathogenic form has
cells in yeast unicellular forrfovoid, single cells)If Candidacauses disease argansm, it
switches to myceliar form of growth

Schizosaccharomyces pomiseore of a few special yeast species thatrepproduced by
fission Its genome contains only big chrom@omes
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Instruments and microorganisms
YeastsSaccharomyces cerevisjdmkery yeasts
Erlenmeyeiflask, tubes pipettes dropper
Steriledistilled water

Water baththermometermicroscope

B ¢ r Ehamber

Methyleneblue

Methods

o0 Prepae thesuspesion of yeast cells from bakery yeast or from culture yeasteinle
distilled water in flask

o0 Pipette 1 ml of suspesion in to4 tubes

o First tube serves as contsAample to determinate number of liaed dead cells on the
start of experimenf0 minuges.

0 Assess the number of live and dead céipette the drop of the suspensiorBig r k e r
chamber, cover it by the cover glagop the metylene blue to the edge of cover
glass. Put the filter paper the oppposite edge of cover glass and let it absorb the
suspension until the whole preparation is stained by methylene blue

o0 Observe the preparation after the setting the ¢&B minueg, countthe colourlees
live and deadblue) cells atmagnification400x.

o Count the cells for every time at leastlidfields. Include in to the sum of cell also the

cells laying on 2 edges of filddght and upper edge or left and bottom edige 26)

© J. Kopecka

Fig. 26. Counting of cek. Red cells are included to the total number of cells

o Place the remaining tubes in the water bate dt . AsSess the number of live and
dead cells after, 14 aad 21 minues(fig. 27) by the method described above
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o0 Calculate the total number of ce{tead+ live).
o0 Make thegraph of relationship surviving cells and time of increased temperature
treatment (axis x, % of surviving cells; axis y, time).

o1 oo Aiapax i Q0] EEDARA BRAL 1 O
p Tl O AIABET AAQ P TIH

iy

o ity Som) o ip o e e S A Al
i ot S . ° . ° © J. Kopécks, G. Rotkgyd

Fig. 27. Stained cells iwvital testin time 0 (A), 7" (B), 14" (C) and 21" minutes(D).

Conclusion

Did the number of live cell continuously decreas#'ere the live and dead cells good

distinguishable from each otl?dn what time was he biggest decline of live cells monitdred

Additional information
Kl aban V., Ilustrovanl mikrobi ol-722341-8T sl ovn

Control questions
1. What is theprinciple of the vitdtest?
2. How we determine thectud stae of cell populatiorwith regard to the ratio of live and
deadcells?
3. What is the procedure for observing of effect of pbgsor chemial factor in time m

ratio of live and dead cells in populatidn
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. Do we estimate viaital testthe total number of cells in suspenston
. With what aids we work during the direct estition of cell numbér

. Desribe the nature of cell countimgB ¢, r khamber

. Do we determine number of live or dead cellswial tes®?

. How we differentiate live and dead cé&lls

© 00 N oo 01 b

. What plysicd characteristic is observed during thta test?
10. For whatare important the time intervals during thtal test
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AP-test (test of acidifi cation power )

Aim of practice

Determine of pisiological condition of yeast due to tiAd>-test.

Introduction

Physiological stae and metaboliccompetencef pitching yeastss the key factor affeting the
quality of final product during the beer production. Viabilitpgmber of live and dead cells in
culture) and vitality (fermentaive and metabolic capability of celly of yeast cells play
important role during beer produatioVitality is decreased in older cells or by stress
response New types of stress could arise from introduction of modechnologes (high
hydrostaticpressure incylindroconical tarks) or new raw materialsSet of methods was
developed for assessmerityeastviability and vitality. Methods are based mital staining
assessment akeproduwing ability of cells measurement of important compounds content
assessment amportant enzyme aktivitygassessment ohetabolicspeed of cellsassessment
of energeticstate of cellsMethods have advantages and also limifstif@um assessment of
pitching yeast cell condition during the propagation as well as during fermentation, storage
and especially for prediction of behaviour during the next fermentatcmmsprise the
combination usage of several techniquisrequires various and expensive instrumental
equipments

AP-testis used for assessment mietaboliccompetenceof brewing yeasts that are pitched
repeatedly, is based on knowledge membene proces®n in yeast thatmetaboliz
endogenic aneéxogeic substetes The most important procession facidification ability of
yeast activity of H+-ATPase depend on cell conditiofresh cells storage type of cell
washing nad on growth phaséctivity of H+-ATPasein S.cerevisiaes strongly decreased
during the diauxigpassage and stay low aftpostdiauxic and staionary phaselt is
connected with switching to energysaving state anthitimalize energetiallydemanding
processions with hightilisation of ATP.

The pinciple of AP-testis measurements anvironmental changg value) induced by
yeasts Change opH value ofextraceluér environment is measured for 10 minytetlowed

by adding of glucosend by measurements for anotHér mnutes PH of yeast aspeision
decreases significantly after addition of su@@ecrease opH value is caused by formation of

electrochemi@l gradient of protors through plasma membane by nutrient absorpion.
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Gradientof pH is formed by membrae ATPase Except forATPase, elimination ofnetabolic
products, mostly weak acids in environemnt, participates also on acidification capability of
yeast Yeast cell exploitsenery of storagepolysacharices, glyogen ad trehabse, for
maintaining of rationextracdular and intracelubr pH at deficiency of metabolised sugars
Cells use endogenic and exogemietabolism to maintain the homeostasis in sugars presence
Change of pH value in firdtO mirutesafter adding of yeast in watébsence of outer source

of glucosg is called sponaneousacidification ability that expresses the growth ability of
yeastsand is related with storageolysaccharices content in cellAnother decline of pH valu

eis measured after 10 minutes from adding the sugar in soluGtucose nduced
acidification ability showes the activity ofeasts during fermentation and the speed of
glycolysis Acurately measurements pH valueand right calibraion of pH meer is basic for
reproducibility of resultsVariation inweight of cellsN11 % does not affect the results at

maintaining pH meter right conditionEhe dry mas sis not needed to estimate

Instruments and microorganisms
Yeastsdried compressed yeasts or weighing bakery yeasts, brgeasgs

Distilled watey centrifuge, pH meer, electromagneticstirrer, solution ofglucose(50 %)

Methods

M odifi cation of AP-test according toHollerov§ et al., 2005

o Weigh9 N Oof ykastgadd50 ml of cooleddistilled water and wash the cells
Centrifugate thesuspesion (3000 x g0 miruteg, washthe celsRepeat two times
Resuspengeasts irb0 mlof distilled water at room temperature
Start the measurement pifl values(plungepH meer into solution) 7 time 0 (pHo).
Mix the sampleon electromagneticstirrer.

Add 5 ml of glucose(50 %solution) after 10 minutesiecord the pH valuie (pH o).

o O O O o o

Record thepH value in 20" minutes(pH o).

Calculation of AP value

AP1 value responds taesult of sponaneos acidification before adding thglucose it is
calculated fronpH value in10" minutes of measuremefptHso): APy = 6,37 pHio

where 6,3 is the value of pK sysem CQO/HCO;, approximatelyequals to intracelulapH

value
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AP, value responds to result @flucose imlucedacidification. | tis calculated fronpH value
in 20" minutes(pHao): AP2o = 6,31 pHao

Final AP, value reflects the phi@ogical state of yeast cells

AP State of cells
2,5 highly active yeast cells with strorfgrmenative capability
2,51 2,0 activeyeast cells with good fermentative capability
2,01 15 partly damagegcells with lowemetabolicadivity
1, ¢ damaged cellsot suitable for another pitching
Conclusion

What was the physlogic stde of used yeas?dNVhat was the result oftal staining compared
to AP tes?

Additional information

GabrielP. , Dienstbier M., Mak.ptimisan ackifichtion poweo s a S |
test of yeast vitality and its use in brewing practice. J. Inst. Bg008,114: 270 276.

Hol | ek a ko§, Vitalita a viabilita r8 s actl rkvasnic: metodypos u z & a &liv

bumiDich mjypr® stresovou r2065583%7enci. Kvasny P
Kogin P., Gavel J., Kolouchov§ 1., Brog A.,
Kvasny Prum.2007,53: 3034.

Sigler K., $tieeds oeaplorisas w1 Srevidng yeast. Kvasny Rra@il, 57277-

284.

GaweNMnNRSen2 aktivity pivovayrismdsess26i.vasi nek. K-

Control questions

Which methods do you know faiesing of yeast stat

Are yeasts with quick utilisatiomf added glucoseluring the AP test suitable for usage

in technologial proces?

Are yeasts with slow utilisation of added glucose during the AP test suitable for usage
in technological proce8s

What activity of yeasts is evaluatepH value in 10" and 2" minutes? Is there any

difference between themn
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Physical and chemical agents for control of microorganism growth

Aim of practice

Tesing of effect targetphysicd and chemi@l products for entrol of microbial growth
depending on time of contact amdncentrabn of products(UV radiation, disinfection
compoundsSAVO, Incidur ad Ajatin).

Introduction

Factors of environment could affeanicroorgansms microbicidal (irreversible inhibition
with lethal effect) or microbistatical (revesibile effect, after factor i.e. dilution, cells
continue in growth

Inhibition effect is depend on character antersity, physiological state of cellsand on
environment Vegetatie cells are more sensitive than static forrappes and cysly.
Sensitivity B influenced by cell and cell wall compositign by genus or species ofgansm.
Organisns producing pigments are better protected fdJW radiation Dyes inpigmens
absorb certain wavkength of light that could be used as source wérgy for nurients
syntesis and anoth@enechansms.

Demntamination is removing of microbial, chemi@l and radioative contamingion from
objects

Antisepsisis disposal of germs in live tissue environmémtinjuries on mucosa and on skin
by using ofantiseptts Antiseptcs are adbactericidal asbacteriostati@al. Antiseptcs have to
benontoxic and suffered good by live tissue

Asepssis the set of principles leading tminimum of microorgansms in environment
Asepss defends to entry of ioroorgansms to live tissue during surgepperdion using of
sterile instruments Asepss comprises alsolaboratay and production metods, i.e.
microbiologial laboratoy, production ofmedicaments

Disinfection is defined asdestroying of ontamirating microorgansms a abiotic objects in
environment(water, ai) and ininfection materals. It include a broad scale of operations
against toviruses vegetatie form of bacteria and fungi, not against taspoes Effectivity of
disinfection depends omicrobialresistance against talisinfection agents

Sterilization is disposing of all liveorgansms in environment includingiruses bacteria,

fungi, bacterial and fungakpores
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Physical methods of sterilization

Fradionatedsterilizaion, tyndilization and sterilizgion by saturated water vapour belong to
among sterilization bynoist heat

Interrupted fradionatedsterilizaion is sterilizaion by boiling(100A Cfpr 30 minutes in18-

24 haursintervales in 3 days Sterilizzd compound have to lieponated amongs intervats at
room temperature for spores germinatiSubsequent boiling Kills it asegetatie forms of
becteria.

Tyndalizaces used tosterilize thermolabik protein solutions that couldaguhte at60 A C .
Solution is warmed up in water bath 3858 A C ( até08p A Cfpr 30-60 minutes in

3 days

Sterilizetion by saturated water vapour under pressure (in autoclave) is used mostly at
100kPa at 120 A Cfor 20-30minutes This process enable to destroy d&tirms of
microorgansms. Autoclave is pressuresterilizer in that could be sterilizedling materdl,
various solutions metal medicinal instrumentsubber materal. It is necessary to pay
attention to possibility of hydrolysis disaccharicesand damage othermolabie compounds
Dry heathas less efectivity than vapour under presdtuieas lower oeficientof conduction
sterilizaion takes part at higher temperature and for long pe@pén fameis used to singe
of bacteriological loop to liquidate laboratory animals and some insruments of low weight,
i.e. contaminaed bandages

Hot-air sterilizaion of glass porcelin and metals takeplacein hotair steriliser Time is
counting after achievment of target temperature, mostlp@A Gor 60 minutes or atl80A C

for 20 minutes

Sterilizaceby filtration serves to elimination of microbes from liquids when the other ways of
decontamindion is not suitableViruses go through th most bécterial filt ers. Flters differ
according to onstrugion, size of pores and aterel. Azbest Seitz fikr are pressed
from azbest ad cdlulose Filters retainingbacteria are termedK (Entkeimung). Filtréion
inserts are singlpurpose and ardesilized withfilter funnel inautaclave. Glassfil etrs are
composed fromborosilicate glass in form oporous plates in funneldt could be used
repeatedly (washing withoacentrded sulphuric or chrorsulphuric) Membrane ultrafilters
from nitrocdlulose have various pore size and diameter

Sterilizdion by radiations carried out byJV or ionizing radiation

Ultraviolet radiation(UV) has optimum bectericidal effect at wavdength around254nm,
radiation is absorbed ahaximum by nuéeid acids Germicidal lamps are used as sources

UV radiationserves tcsterilize air, working areaoperadion room,aseptial boxes dissecting
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and bleeding roomssanatoria Radiatin could not compensate the cleaningdisinfection
agentsEffectivity of UV radiation decreases with distance to exposgetd

lonizing radiationpenetates, do not warmterilized object and do not change characteristics
of moststerilized compoundsSource ofgamaradiation of mostly radiodive cobalt Gama
radiation is used to industriaterilizaion (sling materal, plasic). International determinated
sterilizaion portion is27 kGy.

Chemical disinfection

Sampling andnicrobiological evaluation of usedisinfection solutions igesed onstandardn
microbial strains Results arénterpres with regard tospecificreasons of @ntrol. Disinfection
effectivity could be bactericidal, baderiostatic, fungicidl, fungistatic tuberailocidal,
mycobacteriddal, sporicidal, sporistati¢ virucidal. Testng could be modified according to
conditionsi more or less clean/dirty environme®ipecificeffect of chemi@al compounds is
displayed according to their concenioatand time of expagion.

Criteria of disinfection agents quiy: broadspectrum of effectivity (bactericidal, virucidal,
fungicidal effec), do not originateregstance during longterm usage nontoxic, quick
disinfetion effect affinity to microorganiss, inert to disinfected objegtstabledisinfection
effect in various conditiongemperature air humidity, pH).

Antimicrobial compounds damage mostly direct microlsiaicture or affect basiametabolic
procesesi.e. by oxidaion (compounds othlorine, peroxices acid peroxices, by redudion
(aldehyekg, by hydrolysis (acids hydroxide$, by dehydratdon (almhols), by protein
coaguldion (alcohols, phenok), by change operneability (detergencompoundy

Bases and acid$tronglyinorganicacids and bases are used very rarely for tiogic and
agoressive effects, i.ewhitewash bormcic acid peracetic acidpersteril (3236 % solution of
peracetic acid witlh0 % H,0, and 1 % H,SOy)

Oxidaion compoundshydrogenperoxice, potash

Halogers compoundsbleaching lime ChloraminB, Dikonit

lodine and itscompoundsiodinetincture, triodomethangJodonaB, Jodisol

Heavy metal€ompoundsFamosept, Merfen, Merthidlg Thiomersal

Alcohols: ethanol, npropanol, etylenoxie

Aldehydes formaldehye, formalin, glutaraldehyel

Phenolderivates cresls, Lysol, Orthosan BRE2

Surfaceactive agents Ajatin, Septonex, Ophthalm8eptonex
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Set of tests is used tomtrol effectivity of disinfection andsterilizaion according to character
of sterilized compound and type o$terilizetion or disinfection, i.e. paper indicaors or
bioindicaors, smears byterile cottonwool swabs

Instruments and microorganisms
Petridishes withMPA, tubes with10 ml MPB
Sterile cottoAvool swabstubes pincette, distilled water
pape, aluminium foil, pipettes

UV lamp

Dissinfection agentéSavo, Incidur, Ajatin)
Pseudompas fluorescens

Staphylococcus aureus

Escherichia coli

Saccharomyces cerevisiae

Serratia marcescens

Bacillus cereus

Methods

Impact of expositiontime of UV radiation on microbial growth

0 Smear the microbial culture over the whole agar in sufficient density by the-eadtiin
swab(3 disheswith MPA).

o Divide the dishes from the bottom by the figit to halfs. Place the dishes in the box
with UV lamp and takeoff the lid of dish One half of dish cover with alluminium foll

0 Exposefirst dish for10 sconds, second dish foBO sscands, third dish for60 seconds
to UV radiation

o Cover the dishes after radiation by the littubate for 24 hours at30A C

Evaluation Read the growth of bacteria on dishes, record the ré&sidluate the impact of
UV radiation on bacterial growth accarg to time of radiationEvaluate bacterial growth in
coverred part of disfcontrol). At what time of radiation is observable decreasing of bacterial
growth? Were mcroorgansms affected byJV radiatior? Did the effect depend on microbial

species/genuand on the time expositi@n

Impact of exposition time on microbial growth
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o Prepare the disinfection agent in concemratrecomended by the manufacturer in
staile tube
- Incidur: 0,5%solution total volume5 ml, 2 5 ofabgent+ 4,975 mlof water
- Savo:100 m in 31, 3,33%solution pipet e 166, 7 Ol of Savo in
- Ajatin: 1% solution
o Divide the dish wittMPA in 3 sectors from bottom by feltip, sign sector®; 1 and 10
minutes
o Innoculate culture by cottewool swabb y A smot@ri e i rsectdr @(eontrol).
o Add 5004 of culture in tube withdisinfection agentnd mix it
o Innoculate culture by cottewoolswabb y A smroa kK e nilfiand a0 niineds to the
target sector on dish
o Incubate for24 hours at37A C .

Evaluation Read the growth of bacteria on dishes, record the rdsudtuate the effect of
exposition time of certain disinfection agent on bacterial gro@tmpare the density of
growth in various exposition timeaffect the exposotion time of digfection agenmicrobial

growth?

Effect of concentration on microbial growth, assessment ofminimum inhibition
concentration
0 Sign derile tubes with number 1 ta 6
0 Prepare2% solution ofIncidur a 3% solution ofSaw in MPB in total volme of2 mi
( 4 0 of @eidur + 1,960 mlof MPB; 6 0 S&wb + 1,940 mlof MPB) in the tube
number 1
0 Pipette 1 ml of MPB in another 5 tubes
o Pipette 1 ml of solution from the first tube to the second tube and.mix it
0 Repeat the procedure until tube number 5. Pigettel of solution flom fifth tube to
infection waste
0 Last tubg(6) contains nalisinfection agent, only the MP&ontrol of growth). Tubesl
to 5 containl ml of disinfection agent solution with decreasingncentréon in MPB.
Concentréion of agenis haltvalue in each following tube compared to previous tube
o Innoculates 0 oflilturesin every tubelncubate for24 tours at37A C .
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Evaluation Compare the growth in variousormcentréions of disinfection agent What
concentréion is sufficientto kill target cultures? Is affected theminimum inhibition
concentréion of disinfection according tdacterial species and type dfsinfection?

Conclusion

Results of experiments are shown in #§ and 29.

Fig. 28. Effect of UV radiation on growthSerratia marcescen§A) and Staphylococcus
aureus(B).
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Fig. 29. Influence of different time of affecting afisinfection agentson growth ofB. cereus
(A), S. cerevisiagB), S. marcescenfC), E. coli (D), S. marcescengE) and influence of

variousconcentratiorof disinfection agentsn growth ofS. marcescen).

Additional information

Knei fl,Ho08& nodc.en? baktericidn? Yal i nnosti de
mi kr omet odou.1988,8797 3 i de mi ol

Standardn2? metddyi pfekhonidncieaRos AHEMhe m5e k
1, 198511 25.

Mel i che#,BtkovBi zace a dezinfekce vel®&8ravotn

o

Control questions
1. Why is necessary remove the glad of Petri dish during UV radiation of agar

2. Many microorganisms have pigments in nature. What advantages lmigigent for
organsm?
3. On what depends the efficiency ofysicd and chemial agents with respect to the
elimination ofmicroorgansms?
. Desribe the ternrmicrobistatic.
. Desribe the term microbicidal

. Does theJV radiation go throught the aluminium fail

~N O o b~

. Where is used thsterilisationwith UV radiatior?
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Effect of target dyes and alcoholic beverages on bacterial growth

Aim of practice

Determine the sensitivity dfacteria to dyes and atiholic beveragesCompare the effect of
compounds according to changes of bacterial grofirthibition of growth change of
pigmentdion).

Introduction

Someorganic dyes (Tah 2 and 3) have bacteriostatic effect an grampogive bacteria in
concentrdon thatgramnegatie bacteria still grow

This attibute is used preelective mediapreparation i.edetection of oliform bacteria
Crystal a gertian-violet, malachie green mehylene blue acriflavine are commonly added to

media. Seldive agents forstrepta@occi are i.e acridine orarge etyl violet, aniline and
trypanblue

Tab.2. Effect of basic, acid andeutia dyesat1:1000dilution on bacterialgrowth (Fung ad
Miller, 1973,adjusteql.

| Neutral
| Acid dye medium dye
+
|
_ = | A
Organism J 3, Organism 3 5| |2
13 212 N
S| 3| E z I E
| |2]8|% HHHEHHEABEE
3| 22|2|8 e|B|2|Elgle|5 23
HEHEEHEEHE
Gram-negative organisms { §
Alcaligenes faecalis - = - Gram-negative organisms 1
Enterobacter aerogenes 11a f + + + " Alcaligenes faecalis [[-]+]+ +
Enterobacter aerogenes 11b |+ + Enterobacter aerogenes 11a | |1+ +] + +
Enterobacter cloacae v|+|+ + Enterobacter aerogenes 11b | [+ + + +
Escherichia coli +|+ s-1s Enterobacter cloacae | H++ + +
Proteus vulgaris -{-1-1&|-| & Escherichia coli [ L+ + + +
Pseudomonas aeruginosa «l+|+|F[+|F Proteus vulgaris HEEMMMEERE
Salmonella typhimurium v|-1i- 2] -{& Pseudomonas aeruginosa 2|52 14 +|2
Salmonella typhosa v [ -1 Salmonella typhimurium 2128+ + + &
Salmonella paratyphi + |+ - Salmonella typhosa I +| ++
Salmonella pullorum 2 | Salmonella paratyphi | ++H 4
Salmonella thompson vlel-111+ Salmonella pullorum | -
‘Shigella flexneri == 1] Salmonella thompson +f+ +
Serratia marcescens sle|+ |+ 1] Shigella flexneri [ + o+ +
| (| Serratia mercescens | + 4]+
Gram-positive organisms . .
i e Il [ Gram-positive organisms
Bacillus danicus | v | Bactlur e
Bacillus polymyxa | y ks
Bacillus subtilis | B
- cillus subtilis
Seeklanmifos | Bacillus sulfidus
Gaffkya tetragena 2l+[212 Gam
Y z 2 |2 ya tetragena
Micrococcus rhodochrous “|8| |2|%  Micrococcus rhodochrous
Sarcina lutea | k $ |2 Sarcinalutea g
Staphylococcus aureus 241b |Z | 1% +1% %= Staphylococcus aureus 241 ||
Staphylococcus aureus 241c \ - ’ (+1]1 ‘Staphylococcus aureus 241¢
Staphylococcus aureus 241f | | | - 1+1 Staphylococcus aureus 241f -
Staphylococcus aureus 241g | - | 1+] Staphylococcus aureus 2418 + B e
Streptococcus bovis | | -1 -| - +1| 1| Streptococcus bovis £ i P jea
Streptococcus faecalis | REIRME . | |+ || ||  Streptococcus faecalis
Streptococcus lactis | - -|=1- v | | Streptococcus lactis
Streptococcus liquefaciens [ {11 I : 'v +|- v +| Streptococeus liquefaciens

Negatiwe (-), positive (+), variabke (v) growth

Tab. 3. Effect ofanillin dyes orbacterial growth(Krumwiede ad Pratt, 1914, adjuste(l.
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b ! Y | Anitia ] Snce |
Hoffmun| Crystal | Dighiia, }Fochm.nm’ﬁ',.“’! Snl | ioter. | niami | Bieude | SinCS, 1 Meiba-
volet. | violet | | | violet. | violetr, | Cestian | bue K. | Lyom. |(iikne).. 6 B
i $ TN [RTeon e O NSO PR ST | FRESIAey
= Bacteria tested, | | 3 igh H lal
. 4 ;§]§|5:§- 1818.818] ‘ Ig &l El
| Staphylococcus AUFeNs. .. L. | | | ++ ".; ;: :-4.?
| Stroptococeus (green). .. ............ —i-ld Plo® e e b=l o+ o]
o | Steeptococcus (hemolytic) . ......... - - ] et nad b o o et S
2 | Streptococcus mucosus capsulatus, ... L e e o P B R R R 8 + o ] -
S | PRetmocOCCUB, + v et viaeiiiannnannn | = +i i A ol ] | =¥
£ 8. diphtherie. .. ..o - ++'++47++l._
£ | Diphtheroid bacilli (Cameroa) | VT SE IR YR pel B i
g mwllheﬂnn;:lbacﬂli((:unninzhun).., :1:1*5;!1 15_
. ! 1 R S e S o (-
l === ==+ (i 4 A
B e B e S S i A o S
....................... - l ' R YR b ) R B R SRR AR B
" S R T KL i 50 U K R
T R P PO DR + ) e el 4+ +++i+++5+:+ +;+§+;~I>(;+
Vibtlo (indol-positive). .. ..... oo, f= e =l el e o e = A A A R R e =X
Vibrio (indol-negative). . —g—|+' =l X L S s i~|+:+:+ R AR D s I
B.proteus............. B R e P I S e R A S S E S Flar il ] o
B. pYOCYanens. . ... ... e i Bt Bt b e b B 2 6 S ‘+-+;+‘+i+;+++2+:+;+:+:+++‘+
o | B- dysentesia: (Shiga). ... .. X X = [ .
< | B. dysenterlee (Flexner). . ... o ool i Bt B vt sl ol o 4 B il A X =
% | B. dyzenterie (M¢. Desert). .. B IE e o S b A e I e S B B R S S B
Z[B.typhosus.....o.oiiiinl, S| o e I A B A T S S L S
B. paratyphosus, A. ... A A e e i B S R S R
é B, paratyphosus, B........., v @l H 4 S o
& | B. enteriditis (Gaertuer). ........... P A A R A i H | H 4
B, coll communis. . ... ., Sirewssiens R A S S S S S S S S S el e o A
B. ool communlot. .. o ot e i e AR B R HHGHEHE b
Friedlander's bacillus. ... .. .. S X e A A A A
B, lactis aerogenes. ..., ....., B R A SR R S S R e S A A e A A
B.ozene.,........... B i o S S S PV +i-:++++j+:+:+ i+ x|+
_____ [B.pullorum..........ccoooiivii ik 4 kXl b i A A A i 4

Growth like control (+), restrained growtt{ Nmarkedly restrained growtfx), no growth(-), some
growth developed lat€r).

Only specific nicroorgansms grow on selective medidhe others are eliminatedt is
advantage of certain group wficroorgansms that could be covered or overgrowed by others
Selective media are composed from nutrient bamed irhibitor of growth - chemicals
(compounds of tellur, selenium, lithigimbasic dyes compounds decreasirsyirface tension
(bile, salts of bile acidssodiumdeoxychoatg), seletive toxic compoundgsodium azide),
antibiotics Unwantedmicrofloracould be inhilited by acid or basicharater of media a its
increasedsmolaliy (high mncentréion of salts osaccharicey.

Different types of microbial cell wall lead to various sensitivity of microbes to target dyes or
chemical compoundsComposition of cell wall is described in chaptdacroscopic and
microscopic observation of microorganis(pagexX).

Alcoholic beverages contain compounds that eliminate growth and reproduction of
microorganisns. Wine contains tannins arfthvonoids. Microbiologicl stability of wine is
affected by sulphuration of wine and higher amounalcdhol. Spirits contain high level of
alcohol (over 20 %). Beer has lowpH and acohol content is relatively 1ow0,5-8 %). Hop

and its compoundghumulors, lupulors, hop essencestanning play the key role in

microbiological stability of beer

Instruments and microorganisms

1% of water solution of kystalviolet
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steriletubes distilled water pipetes,Petridishes
tubes with18 ml MPA

beer hop extractswine, spirits

Bacillus subtilisCCM 2216

Serratia marcescensCM 303

Escherichia colCCM 3954

Micrococcus luteu€CM 169

Methods

Bacteriostatic effects of cystal violet solution

(0]

(0]

(0]

Dilute the cystal violetsolution in ratiol:10,1:100 and 1:1000

Heat up4 tubes with18 mlof MPA in water bath

Pipete each dilution of dye solution separately idt®etridishes. Pour the ach dish

with 18 mlof MPA and mix gently

Divide the dish from bottom to four parts by fgfi after solidification Innoculate

bacteria in the sectars

Incubae dishes a87“C for 48 hours

Read the growth dbacteria (fig. 30) and write results in théable. Compare the growth

of gramnegatie and grampative bacteria

dilution 10x nondiluted dye

dilution 100x

Fig. 30. Effect of aystal violet on microbial growth Escherichia coliCCM 3954 (A),
Bacillus subtilisCCM 2216 (B),Serratia marcescen€CM 303 (C),Micrococcus luteus
CCM 169 (D).
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Effect of beverages on growth obacteria

0 Heat up4 tubes with 18 ml oMPA in water bath

o Pipete 1 mlof each beverag@eer, winespirits, hopextract) separately ifPetridishes.
Pour the each dish with 18 ml of MPA and mix gently.

o Prepare one dish only witiPA, it will be served asantrol of growth

o Divide the dish from bottom to four parts by f&fi after solidification. Innoculate
bacteria in the sectars

o Incubat dishes aB7“C for 48hours

0 Read the growth dbacteria (fig. 31) and write results in théable. Compare the growth

of gramnegatie and grampatve bacteria

Fig. 31. Effect of alcoholic beveragesn micrdial growth Escherichia coliCCM 3954 (A),
Bacillus subtilisCCM 2216 (B), Serratia marcescen€CM 303 (C), Micrococcus luteus
CCM 169 (D).

Conclusion
Was thenhibition of microbial growth observ@dWas theinhibition of microbial growth
observed only in some microbial group (gramms, gramnegatig)? Did the additional

compounds in media change tttaarater of microbial growth(appearanceigment)?

Additional information

Fung D. Y. C., Miller R. D., Effect of dyes on bactergabwth. Appl. Microbiol., 1973,
25:793799.

Krumwiede C., Pratt J. S., Observation on the growth of bacteria on media containing various

anilin dyes. J. Exp. Med., 1914a, 19:2D.
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Krumwiede C., Pratt J. S., Further observations on the growth of baatanadia containing

various anilin dyes, with special reference to an enrichment method for typhoid and
paratyphoid bacilli. J. Exp. Med., 193,419:501512.

Votava M, Kul ti val h®k Fdky® vmi KWrakb iadlad gil is 200 Hor t
ISBN 802385058 X.

Control questions
1. What is the difference in sensitivity of variomnscrobial specie®
2. What provides thenicrobiological stability of bee?
3. What provides the microbiological stability of wihe
4. What is added into theeletive malia? What characteristic shloulthave target

compoun@
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Assessment of sensitivity of microorgani sms to antibioti cs and
antibiotics concentration

Aim of practice

To determine ando compare the sensitivity ehicroorgancmc to the variousntibiotics To

determine the @ncentréion of unknown sample @ntibiotics

Introduction

Antibiotics (ATB) aresecondary metabolies ofmicroorgansms, are naturallysynhetised to
inhibit the growth of ompetitive organsms, provide advantages in competition about
ecological niche and substetes. Amongproducerg of ATB belong micromycetes in natyre
i.e. Penicillium, Aspergillus, Acremoniutn@ephalosporiurfi ) PaecilomycesATB are used
as chemoterapeutal agents due to their ability to affect microbial growtitiuding
pathogensPenicillin prodwced by mouldPenicillium chrysogenuniFleming 1928)was the
first described ATB, followed by streptomycin prodeced by actinomycee of genus
Streptomyces Among bacterial producens of ATB belong mostly actinomycees:
Streptomyces griseug(streptomycin), S. kanamyceticus(kanamycin), S. erythaeus
(erythromycin), S. venezueladchloramplenicol), S. aureofacieng(chlortetracygline), S.
fradiae (neomycin) Bacillus subtilis(bacitracin) Paenibacillus polymyxgolymyxin).
Antimicrobial compounds belong together with idigection agents amonghemi@al methods
for control of microbid growth Among antimicrobial compounds belon@ntiparaitics,
antimycotics antivirotics, antitubeculotics Natural or modified ATB are usdd treatment
Close, wide-spectrum ATB or their combination are differentiated according to spectrum of
effects that are administered a mediciloed, oral or by injection. Antimicrobial agents are
used according tbacterial speciespH, solubility, toxicity and cost Side effects oATB are
toxic ectivity (kidney, liver, placentd and outbreak ofsecondary infection by damage of
natural microflora. Antibiotics affectprokaryotesand do not damagéuncion of higher
organsms, damagestructures only & prokaryoticcells. Important criteia are oncentréon of
ATB, time of ontat and lethal activity (bactericidal) or temporalinhibition of growth
(bacteriostatic)to evaluation ofintimicrobial agent effect

M echanisns of ATB effects

Inhibition of proteosyniiesis of competitive strainsdefends to initiateproteosyntesis,

interferes with transldion by binding orribosome, defends to bingheptidyl tRNAon peptidyl
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site (P-site), defends toelongde polypeptice on 30S or 50S subunit of ribosome, i.e.
aminoglycosides mecrolides tetracylines linkosamias, amphinicols.

DNA and RNA synthesisbinding of subuniDNA gyrase defends taranript by binding
RNA polymerse interference with bacterill  DNA and RNA, badericidal, i.e.

sulpronamides diaminopyrimidires quinolones rifampicin.

Inhibition of cytoplasnic membane permeability:bactericidal, i.e. polypepticks, polyene

antimyaotics

Cell wall gynthesis: synthesis of peptidoglyan affects bactericidal only growing cell by

inhibition of peptidoglyan bonds formation defends of peptidogly@an precursors
movementsi.e. b-lactams, glycopeptices(penicilin, cgphalogorin, vanomycin, tecoplanin,
bacitracin, cytoserire).

Antagonsm and competitive inhibition: synhesis of folic acid, trimetoprim, dapson,

isoniazicke.

Infection diseases are responsible for 40 % of all deaths all over the world considering the
increasingredgstance of pathogers to ATB. Resstant bacterial strains have the ability to not
accept(absencef receptos, efflux sysems), cleave inactivate (i.e. b-lactamaseinactivate b-
lactams ATB) and secreteATB, modify the targetstructures (metylation of rRNA) or
enzynatic pathways Resstanceis primary that results from natural cell characteristics and
functions (absentreceptor, transpogystem, target site f&kTB) and secondary, gained that

is caused bypontaneousgenome changes by mations or geneticinformation transfer by
plasmid or transduation. Inappropriate using oATB helps to secondary resistan&gesstant
bacteria are present in very lowfrequene (occurence ofmutant strains for certain
characteristic is stéb 10°) for short period considering twrisontal plasmids transfer by
conjugdion and fast reproduction of cells havipiasmid (verticaly = to offspingg the
frequenceincreases fastSpreading ofresistance is increased by animal breeders and by
prevenative ATB treatmens of animal&ffort against spreading dfecterial regstance takes
place in many areasightening ofhygienic ad epidemiologia@al preventionslimitations of
ATB usage by animals only at seriomdections, surveillance of ATB usingevidene and
control of nosocomial infections, informedness of doctors and patiemsitibiotics are often
usedunnecessarily or wrongviral infections, noninfected diseases,rational alteration of
ATB set early usage oATB s.c. lastgener#ion, retreating of paénts demandsearly ending

of ATB treatmenk
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Bacterial strains resistant to mo&TB at same time occuioday Resstance depends on
selective pressure OATB whenbacterie nobilize plasmid with geres forresstance. Function
operonis changed by another armasmid is transferred byhorizontal transport among
different genera

Research obiosynhesis of newespeciallyhybrid ATB, takes place bgeretic engereering
and ombinatoral biochemstry today Alternative to ATB isphagetherapy with target effet
on concretgpahogenwithout affecting of naturahicroflora

It is very important to determinate the sensitivity microorgansm to agdlied compoud
cosidering the application in human or veterinary medicse¢ of tess to Atb sensitivity is
calledantibiogram.t is essential to maintain the same time and temperature of cultivation for
certain microorgansm and tesed compound in allmicrobiological metods. Sensitivity of
diffusionmethods depend mostly odiffusion oftesed compound imgarlayer, thus it isvery
important maintain ome conditionsonstantdensityand humidity of agar, ame thickness of
agar prepaation ofagarwith absolue flat surfaceMueller-Hinton agar is used to standard
test sensitivity of ATB. Medium is rich omutrients has lowercontent of solidifying
compoundand standard dfusion ability Except for ATB testingMueller-Hinton agaris
used tasolate generdNeisseriaand Moraxella

Dilution, nephelometric, titrimetric and diffusion methods are used to Adientréion
determination

The lowestconcentréion of antimicrobial compound in that the bacterial growth is not yet
observed is callechinimum inhibition concentration (MIC) of antibiotic. It expresses the
amount ofATB (g/ml, mg/l) that completely inhibit bacterial growth vitro. MIC could be
determinate by cantitative dilution method i tubes or inmicrotitration plate. As sensitive
strain is considered strain who$&lC is 2-4x lower than oncentréion therapeutially
reached irblood As regstart strain is considered strain that reproduces at Adiientréon
that is signifficantlyhigher than average MIC in the same strain

Diffusiontests ofATB sensitivity(qualitative test)aredivided according to applying eésted
compounds Drop mehods T compounds is dropped on surface of soliddime. Disc
metods usediscs offilter papere that are saturated Ibgstd compound. Discsre placed on
solid agar (putine tesing of pathogenc microorgansms sensitivity toATB). Well metod
use wells deeped by coelorer direct inagarlayer in that the testecompounds are pipetted
Quantitative dilution E-test is thepaper saturated by decreasingrzentrdon of ATB.
Clarifying of bacterial growth in peshaped zone of sensitivitp ATB and MIC value is
observed
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Assessment of sensitivity tantibioti cs bydiffusion testi disc method

Assessment of sensitivity is mostly performed bylgative diffusion testin agar nedium.
Tesked strain is smeared uniformly on agar surfacpaper discs saturated byATB
(commercial, saturated bydefined amooount of ATB are applied on bacterial smearing
Concentréion of ATB is mentioned on evergisc. Antibiotic diffuses fromdisc horizonglly

to agarin concentréion gradientduring cultivation Active substance is indicated by circular
inhibition zone formation arounddisc. Sensitivity of microorgansm to tesed compound is
determinated from size oinhibition zone. Size of zone is influenced by ability of
antimicrobial compound taliffuse throughagar &d by speed oficrobial growth Limiting
point of regstanceis individual for everymicrobid strain and targeATB. Accuracy oftestis
control by gandard beteria strains Averages ofinhibition zones are comparable witilIC
values(semguantitative metod) at maintaining exact conditions (quality of agar, pH, ions

concentration, inoculum amount)

Assessment of ATB:oncentration

Diffusionwell method could be used to assesmcentrdon of compoundnhibing growth of
baderial strain Unknown concentréion of ATB sample is determinated from calibration
curve Values to design calibration curve are determinated from several sizes of inhibition
zones measured on several dishes wittineeé concentréion of tesed ATB. Zones are
formed around wells in that the ATB solution with defined concentration vpgseted
Calibration curve (relationship of zone average mm and logarithm of concentréion) is
constructed from average of infibns zones values with standard solutidalvantage of
well mehod is not strictly sterile conditions during manipulation witkesed compound
diffusion of active substance is not substantial influenced by other compouetisd is
sufficiently quick aul sensitive Disadvantage of method is laborious preparation of vaalis
the possibility of overpouringf tesed compound bynanipuldaion with dishes

Instruments and microorganisms

Petri dishes wittMueller-Hinton agar

Sterile cottonwool swabs pincette, wrk-borer, scalpels
Antimicrobial discs, gandard and samples of oxacillin

Automaticpipete, gerile tips rule
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ATB: erythromycin (macrolides of 1. genertion), vanmmycin (glycopeptide} rifampicin
(ansamycings chloramoheniol (amphenioleg, ceplalothin (ceplalosporines of I.
generdion), nitrofurantoin oxacilin (isoxazolylpenicilines penicilinase regstant),

tetracydine (cydineg), co-trimoxazol(sulfonamides)penicilin (betalactams, dipeptice
MJ (in czech:me z i n §jedmotkay U= International Unit)s a unit of measurement for the amount of

substance, the unit is based on biological aktivity or effect
Micrococcus luteu€CM 169

Staphylococcus saprophyticus subsp. saprophy@Getig 2354
Bacillus cereu<<CM 2010

Proteus vulgarisCCM 1799

Escherichia colCCM 3954

Staphylococcus aurelCTC 8511

Providencia rettgerCCM 5618

Methods

Sensitivity of microorganisms toantibiotics i diffusion discmethod

o Pipette 0,2 mlof liquid bacterial alture on surface oMueller-Hinton agarand smear it
by thesterile stickor by the cottoawool swab(dense smear

o Putt the test antibiotic disaseptically on dish by sterile needle. Discs have to be
putted in adequate distance from each other and from the edge.of dish

0 Incubate for24-36 hairs at37A C .

Evaluation Observe the microbial growth around the antibiotic d{$igs 32). Measure the
size ofinhibition zanesas lenght of abscissas of zone averiagevo vertical directiongthe
size of disc is included inevaluation. Calculate thearithmetic average and assess the
sensitivity insensitivemicroorganisn (inhibition zoneuntil 11 mm),sensitive microorganms

(inhibition zonell-17 mm),very sensitive mimorgansm (inhibition zone over17 mm)
Note: Mentioned ranges dhhibition zones are only orientation for testing of microbial sensitivigtualised
tables are used in medical practice. The tables introduce sizes of zones for target antibiotic andlr'bpecies

increased restence to antibioticsithe reason for actuadison of tabes
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Fig. 32. Assessment of bacterial sensitivityanotibioticsby disc method, M. luteus(A), S.

aureus (B, C), B. cereus(D); vanmmycin (VAN), chloranpheniol (CMP), ampicilin
(AMP), cefalotire (CLT), nitrofurantoin (FUR), tetracydine (TET), co-trimoxazok (COT),
penicilin (PEN).

Assessment obxacilin concentration by well diffusion method

(0]

(0]
(0]
(0]

Boil the Mueller-Hinton agar (15 min tubeg and keepitwarmat 5 A C.
Innoculate0,5 mlof inoculum S.aureusNCTC 8511in tubes

Mix the volume of tubegoour it insterile dishes and let it solidify on straight surface
Prepare thestandad set ofoxacillin dilution, dilute in distilled water to oncentréon:
250;125:62531, 25;: 15,6.25; 7,81 Og/ ml

Make 4 wells by ork-borer and scalpel after solidification of agasork-borer and
scalpel sterilze by flame after plunging iethanol. Put the extracted parts afjyarin
separatedPetri dish (to likvidation, parts containS. aireuy. Sterilize ©rk-borer and
scalpelafter work

Sign dishesl standaraoncentréion or 1 sample is always on 1 dish

Pipette 40 A of antibiotic solution into each welplution of 1 ©ncentréion is always
on 1 dishlt is necessario transferdishes carefully because of liquid in wells
Incubate for24 haurs at37A C .
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Evaluation Measurethe averages afones Calculate the average valu efor every zone (from
4 zones on dish for targetomcentréion). Construct the calibration line in MS Exel
(relationship of zone average mm to logaritmus of oxacillin ®ncentréon) from values of
standardsolution (fig. 33). Asses the @ncentréion of samples( O g) fram values of
calibraion line (equation ofregresion). Number of sampleand its concentration will be

introduced inprotacol.

Fig. 33. Standardset of ATB dilution (oxacilin) on Mueller-Hinton agarand the sizeof
inhibition zones S. aureuNCTC 8511.

Assesment of atagonists - natural producents of antibioti cs

o Innoculate in one line the probable producent (P) of antimicrobial compounds
(Streptomyces, B. subtilisP. polymyxa or S. marcescefs see fig. 34, on
Mueller-Hinton agar.

o Innoculate the tested bacterial strains (TK) in lines verti¢altheproducent.

0 Incubate for24-36 hais at37A C .

o Evaluate the possiblahibition of growth oftestd bacterial strains
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Fig. 34. Innoculation of possibleroducentof antimicrobial compoundgP) and tesed strains
(TK) of bacteria (A), real sample (B);negative effect on growtl. griseuss visible in S.

marcescens

Conclusion

Compare the sensitivity of mi@organsms to variousATB. Is the sensitivity of various
species to one antibiotithe sam@ Is the effect of one antibiotic same to various
microorganism®Did you succeed in drawing up thalibraion curve and in determination of

concentrdon ofunknown antibiotic sampe

Additional information

Greenwood D., Slack R. C. B. , Peut here a kol
1999,ISBN 80-7169-365-0.

Votava M., Kul ti val h®k pSdky® vmi Krakh iadalad gil is 2000 Hor t
ISBN 802385058 X.

Url ovgn? citlivosti a rezistence bakter.
(http://fvi2.vfu.cz/sekce_ustavy/mikrobiologabrazova_priloha/mikrob/6.htm2,. 3. 2016)

Novs8 | 8t ka kI 2] em htpdwwe.gabefbioteah.czeaodtkalicem-kei k  (
stovkamantibiotik/, 2. 3. 2016)

Nouza K., Nouza M., Antibiotka T hr o0z 2 koMedi c®&rnya? 3, Vi,
(http:/Mvww.zdravarodina.cz/med/med399/med399 42.htai. 7. 201k

Eropean Antimicrobial Resistance Surveillance Netwdrtkp(//ecdc.europa.eu/en/activities/
surveillance/EARSNet/Pages/index.asp8. 3. 2016)

Control questions

1. What are thenechansms ofbacterialresistanceto antibiotics?
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2. Is theantibiotic produc of primay metabolsm? For what are antibiotics beneficial in
environmer?

. Describe the terrmhibition zone.

. What is the difference betweantibiotic andchemoterapeut?

. For what is usedisc diffusionmehod and what is its procedupe

. Write the name of nltumthat is used fotesing of sensitivity toATB?

. Why is dilution set of antibiotic prepared during the estimation of ATB concentpation

. What is theMIC?

o N o 0o b~ W

Bacteriocin s

Aim of practice

Proof of podudion of antibacterial compounds bacteriocirs.

Introduction

Baderiocins present the group @ntimicrobial proteirs charaterised by specifispectrum of
efficiency. Produation of bacteriocirs prefersbacteria in natural environmentfacilitates
eliminaton of otherbacteria of the same or sibling species in competition of energy saurc
Nowadays, 3 basic group of bacteriocins are definedlicins, miaocins and corpusailar
becteriocirs.

Colicins are high moleculaproteirs (25-80 kDa) prodwwed byEscherichia coliand other
genera of familyEnterobacteriaceMicrocins are lowmolecular compoundgto 10 kDa) of
peptices characteprodwced by strains of familfEnterobacteriaceaeTodays, 25 types of
colicins and 12 types of microcins is well characterised. Miocins differ by the efficiency
spectrum, higher stability to extremely pH, temperature, higher resistence to proteases from
colicins. Colicins are coded on plasmids, whimeicrocins could be coded oplasmid or on
chromaome.Corpusailar bacteriocins are highmolecular particlessimilar to phagdlagellum
(phage taHlike bacteriocins)Occurence of corpustar bacteriocinswas observedn species
Budvicia aquatica, Pseudomonas aeruginasdPragia fontium

It is expected thabecteriocins prodwed byE. coli could be employed agrobiotics and
antibiotics Nonpathogenc strainE. coli Nissle 1917 producentof microcins H47 and M, is
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used very often as probioticStrain wasisolated by germarbacteriologst Alfred Nissle
during the firstworld war and was used as prevention of soldiers to infection diarrhoea
Presently, strain is theetivne substance dflu t a f probiatiés

Usage ofrobiotics leads t@activation of organism immunityEffect of strainNissle 1917 ad

also effect of microcins H47 and M production was tested oRIEC (adhereninvasive E.

coli) strainsisolarted from biopsy of pdients with Crohn disease This strain decreases
significantly the ability of AIEC strains to adhee and to invade in epithel and is

recommended as therapy durttgonicintestinal diseases

Instruments and microorganisms

Escherichia coli human intestinailsolates

Indicatorstraini E. coliK127 ROW

1,2 % TY agars g enzymatic lgae of asein, 5 geastextract, 5 g NaCl,1 | H,0, 12 g agdr
NA agar(28 g agar1l H,0)

Chloroform

Methods

o Innoculate strains d&. coliby the stabbing iagar (12stabgstrains on dish

0 It can be used the basic mediun?2 % TY agar, 1,2 % TY agawith mitomycin C
(indication of SOS answearincreasedprodudion of some baeriocirs types), 1,2 %
TY agar withtrypsin decomposition obacteriocins with protein chareter) a NA agar
(medium with low nutrient amount for incresing gfrodudion of somebacteriocins
types.

o Cultivation isperformed fod8 harrsat3 7 A C.

o Kill strains by adding othloroform for release obacteriocins in medium. Place the
cellulose on the lid of disipipete 1 ml of chloroformand let it work for30 minues

oAdd 100 OI of 3midf0,686% Toagar(agarlistempermted 4n5 ).A C

o Pipette3 mlof 0,66 % TY agar temperated4ts oft @edium with killed strainand
let it solidify.

o Cultivation is performed fo4 hawrs at3 7 A C.

o Strains producing bacteriocins forimhibition zoneg(fig. 35).
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Fig. 35. Formation ofinhibition zones byE. coli prodicing bacteriocins, to which is sensitive

indicator strain
Conclusion
Did all strain produce bacteriociformation ofinhibition zoneg? Why is necessary to Kill

prodwcing baderia?

Additional information

Mi cenkov 8 L., Bacteri ci nog elbsgharichia cofpstrdins.o ge ni
Disertaion thesis MU Brno, 2016.
Mi cenkovg L., Mol ekul §rQuadstky g ih E.8calidaiRlomea kt e r i

thesis MU Brno, 2011.

Control questions
1. What is the requirement of suitataiceator strairf?
2. Whattypes ofbacteriocirns do you know?
3. What is the signifikance ddecteriocirs forintestinalbacteria?
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Evidence and isolation of target soil microorgani sms

Aim of practice
Isolation and proof of 3 groups ofmicroorgansms (Azotobacter Clostridium celulolytic
bacteria) from the soil sample due to tkelective condition of altivation.

Introduction

Charateristic of soil sample(soil fertility, amount ofhumus, textus, amount ofoxygen
acidity, profile, depth is considered by qualitative or quantitative evaluation of
microorganism species representatibime most ofmicroorganiss live up to depth of0 cm.
Several titlions of cells are present in 1 g of stWe could prove ttm byin situ detection
(fluorescence, ruleid sond$ or by aultivation according to their chareistic metabolic
activities nitrogen fixation, sulphur oxidation, sulphatesredudion, urea and cellulose
decompositionPrepaation from soil etract could showinformation aboutmorphology and
stainability of soil cells

Bacterial genera Agrobacterium Arthrobacter Bacillus Clostridium, Nocardia,
PseudomonasSerratia Streptomycesncluding moulds (Aspergillus Fusarium Mucor,
Penicillium, Rhizops) belong among common soil microflor&ome of them could be
human, animals and plantpathogers (Actinomyces, Clostridium, Corynebacterium,
Mycobacterium, Nocardia, Pseudomonas, Rhodococcus, Streptymyesoorgansms
occur in pure cultures very rayeh nature, they fornmicrobial community High number of
microbial species ocurs in normal conditiorfeeuta pH, sufficient amount of nutrients and
watel) in environment Certain bacterial grouputweights in soil of certaicharater, i.e.
waterlogged soil supports growth a@iaerobs thermopliic bacteria occus mostly in
compost moulds are mostly in acidic sailsower number of species and higher number of
one resistant species is typical for extreme conditiDesninantspecies occurs population
with higher number ofCFU/g than other speciesMicrobial community is opened and
dynamic syssm.

Winogradsky defined two basic bacterial groupsccording to culminating number of
representatives depending on nutrient souréegochthonous bacteria i natural, typical
organsms that are represented in relativelly high and constant number for the whole year
independently on nutrient amouritow metabolic ativity is typical for them They are

clasified accoding to cell momphology (stained prepation), i.e. actinomycees
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Agrobacterium, Streptomyces, NocardRresence ofzymogeric (alochthonous) bacteria
depends on actual increasashcentréion of nutrients, addition of specific compounds that
are quickly utilised They have highmetabolicadivity nd participate significantly on soil
mineralization,elements circulation ibiogphere i.e. nitrifying bacteria, cdlulolytic bacteria
sulphuroxidation, myxobateria, Bacillus, Flavobacterium, Mycobacterium, Pseudomonas
Microorgansms participa on soil conversiorand modify environment by their activity
Energ enters insoil ecosysem in form of sun light ororganicand inorganiccompounds
Organic compoundsare oxidated to CO, by respirdion or are fermened to redwed
compounds Chemolitohrophic organsms oxidate inorganiccompoundsand participate to
syntesis oforganic compounds byautotrghic activities In general, it is mineralization
procesgconversion obrganicbinded element tonbrganic form), imobilizaon (conversion
of inorganicelements targaniccomplexes, oxidaion, reduction fixation or volatilization
(conversion of gasform to anothe)j, proceses of decompoztion (humification,
mineralizdion), elements circulation oxidation of toxic nitrites to nitrates(nitrifying
bacteria), oxidation of sulphides to sulphatgd hiobacillug, bioremedition, decompositin of
highly decomposed compoun(@se. pesticieés cdlulose chitin), prodwction of compounds
affecting growth of plantsnitrogen fixation by symbiotic Rhizobiunmy and free living
(asociatie symbiotic Agrobacterium, Azotobacter, Clostridijinbaderia, produdion of
seconday metabolies (bacteriocirs, antibiotcs), supresion of moulds disease of plants
(Bacillus megaterium, B. subtijiBseudomonafiuorescenk

Microorgansms have to bésolated and aultivated in pure altures to work only with specific
bacterial groupSelective media could be used to isolatiohedium containing no nitrogen
source could be used for isolation of nitrogen fixatingcteria Some photothrophic,
chemohbrophic bacteria (symbiotic and free living and cyanobacteria(/Azotobacter,
Klebsiella, Rhizobium, Clostridium pasteurianum, Rhodospirillum, Anabena, Ndsue
enzyme nitrogesise that is able to fix nitrogen from diris energetially demanding process
(consumption ofi5 ATP 1 molecule ofNy).

Cedllulose utilization could be prooved kgharateristic growth a1 materals containing
cdlulose as source of carhdvdarker of soil fertility is the presence oéllulolytic bacteria.
Fast growingspecies of genei@ytophagaCellvibrio, Cellfalcicula, Sporocytophagaccur in
intensively cultivated soilsnyxobaderia occur in moderately cultivated soils; moulds occur
mostly in weak cultivated and acidic soil¥he most common and watEsoluble
polysacharice cdlulose is the base of plant cell walls together vaigmiceluloses pectins,
lignin and fats Cellulose is utilised aerobically and could be fermented anaerobically also
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Celuloseis hydrolytically ceaved byexoenzymecelulaseto cdlobiose outside the cell that
is cleaved byendoenzymedIobiase tawo subunits ofjlucose after transport inside the cell
The speed of cellulose decomposition is affected by amowdlofolytic bacteria and by the

presence of certain compoundsllulose is cleaved more slowly in presencégpfin.

Characteristic of genusClostridium: Pleomorphic grampaitive rods single pairs or in
short chainsPeritrichous oval or roundendospoes formation Obligatory anaerokr, some
strains aerotolerant Tenperature optimum of growth107 6 5 . Sdne straindix gas
nitrogen and formtoxins. Occurence in soil,muds sea sedimens, rests of plants
gastrointestidl tract of animals and humanclinic materdl. Identification according to
proteinsand saccharices utilisation- saccharolytic, proteolytic ad both saccharolytic and
proteolytic. Primay andopporture pathogens

C. pasteurianum strictly anaerolx, butyric fermentationtolerant to acidic and soaked soill,
lower temperaturesspores formation, occurence in all types of §&il* - 10° CFU/qg).
Characteristic of genusAzotobacter Gramnegatie ovoid pleomorphicaods or cocgisingle
pairs or irregular clusterderitrichous aerolic, chemoorgandiopic. Cysts and pigments
formation Nonsymbiotic nitrogen fixation orasociatie symbiotially (Azotobacter paspali
with grassPaspalum notatujn Cultivation on medium withmolybdemum or vanadum.
Occurence in soil or water

A. chroococcumi occurence in lower numb¢t0>10* CFU/g)in aerated soil with neutrar
weakly alkaline pH near to root systa of plants It does not fix nitrogen in acidic soilt
demands presence of sugasgsnple alohols, phogphorus, calcium molybdemm, boron
vanadum, iron and margarese Temperatureoptimumat25-3 0 A C.

Instruments and microorganisms
Petridisheswith Ashbyagar emptyplasic Petridishes
MPB with 5% of glucose

Tubes pipettes loops gas burner, water bath

Sterile parafin al

Filter pape, parts of journal onewspapers, cellulose

Soil (greenhousesoil from wood or forresigarden sand pitplant pot, ompos}

Methods
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Isolation of genusAzotobacter
o0 Innoculate Petri dishes withAshby agar (selective nitrogenfree medium elimirates
species demanding preserafenitrogen it does noteliminae of micromycetes)direct
by the parts ofail.
o Cultivaton is performed fo72 hairs at251 30 A Cdo not turn the dishes

Evaluation Growth of genusAzotobater shows mucilaginousatonies around the parts of
soil (fig. 36). Colonies areecome brownThe charateristic smell of soil is smelled
Gramnegatie rods in pairs could be observed by mogcopic control in preparation Cells
are surrounded by capsules that could be highlighte@bative staining Staticstadia, cysts,

could be observed in preparation

Fig. 36. Isolation of genug\zotobacteon Ashbyagar

Isolaceof spores of genu€lostridium
0 Prepare the soéxtract by mixing of 10 gof soil and100 mlof distilled water. Mix the
solution forl0 minues andiltr e the upper part through doulbikeer pape.
o Pour the sspemion (cca 2 ml)in tube. Place it in water baffi5>-8 0 #rC% minues
(pasterrization, killing of vegetatie cells spoes survivé.
0 Pipette 1 ml of pasterized soil extract in warm sterile medium(MPB with 5 % of
glucose). Pipette immediately ml of sterile parafin on the medium for establishing

anaerolr environment
Evaluation The sediment, gas and characteristic smell of butyric fermentation is originated in

presence of lostrdia (fig. 37). Grampdaitive rods alternativelyspores, could be observed

in prepastion (phase contrast/brief filed for Gram staining) by microscogidrol.
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©']. Kopecka, G. Rotkovd|

Fig. 37. Presence of sediment after anaerobic spores of gélossridiumgermination

Evidence ofcdlulolytic bacteria
0 Spread the soil iRetridishesin height circa/3 of dishand moisturize it properly
o Place the single stripes 6fter paper, celluloseand newspaper by the pincefte cm
gap and moisturize again
o Incubat at roomtemperaturemoisturize the soil continuoushincubaion is performed

for 3 weeks evaluation is performed after 7 dayig. 398).

Evaluation Observe and record possible decomposition and changes in pigmentation
(presence of varoious cologrsof various sources of celluloseThe most effective
decomposition should be in cellulogea 50 %)Jower at filter papaet30 %)and the lowest
decomposition shloud be at newspaper due to the presence of printing reyemost
cellulolytic bacteria contains soilith higher amount ohumusu,lower numbers of bacteria

are in sand soils

®Pecka, G. Rotkova
=S

Fig. 38. Decomposition of different sources cdllulose bycdlulolytic microorgansms after
one(A) andthree(B, C, D)weeks of incubatian
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Conclusion

Additional information

NDmec M. , CWMialz eikrdbiBlogie Ul ebn2z t eBmo VG. 1989,

M° 1l | erov 8§ J ., Symbi ot i c k Bttp:/kiva.avarczfiles/diva/pdfi/ Kk u , C
symbioticka-fixace-dusikubakterierhizobiums-l-a.pdf 7. 3. 2016)

Enzym nzatac ogmin&Bmu s du s ? kastereduft-pgihgrp/ hittfix.Hin&n3. r oc h
2016)

Control questions

1. What is theprinciple of isolation targetbacterial group®

2. Why only the spores germinate in the procesation of genusClostridiunt?

3. In whatenvironment(in the term of oxygengerminatespoes of genulostridiunt?
How are the spores isolated and what characteristics do we observe in the case of
positive isolatiof?

4. Write somefunction of soilmicroorgansms.

5. Write somebacterial genera commoglliving in soil.

6. What selective medium is used forAzotobater isolation, what is the principle of
isolatiorf?

7. Do bacteria need symbiosis with plants for nitrogedation?

8. Write the name oénzyme which is needed fdyecterial air nitrogerfix atior? Doesthe
enzyme work arolically on the disR

9. Describe the terrmutochhonnoudalochthonnous
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Winogradsk y column

Aim of practice

Create th&Vinogradsl columnand observehe separation of individual laysin time.

Introduction

Sergei Nkolaievich Winogradsky russian microbiologst, attended tosoil microbiology
mostly. He discovered iron, sulphur and ammonia oxidabageria that are capable to bind
CQO; in organic material He isolatedanaerolr bacteria thatfix nitrogenand he studied
decomposition otdlulose Winogradsky column (fig. 39) is the form & microcosmts in
that microorgansms and nutrientsinteract in vertical gradient.Column demostates various
functions ofmicroorgansms innature whenactivity of oneorgansm facilitates the growth of
other Column is complex self.sufficient and recycle sysem that is supplied only by light
energy. Prodiwcts of fermentation and sulphides rise froedwced zones oxygen penetrates
from surface in columrLayers like in nutrientich sediments are formeBhotosynhetising
organsms obtainenergy from light

Mud is mixed withsodium sulphatesodium carbonatand torned newspaper&ource of
cellulosg. Water is added in columnncubaion is performed on lightSeies of readion
starts in column specific microorgansms createspecal microdima as the answear to
chemial gradients

Cellulose isdegraed on the bottom of columigenusClostridium). Produwets of fermentation
are available for anothenicroorgansms asreduwctants, sulphate is utilised axidant.Genus
Desulfovibrioprodwces hydrogen sulphide that rises upokygenc zone and createstabike
gradientof hydrogen sulphide in that ptotropic Chlorobiumand Chromatiumcreatevisible
greenand purpde zone. Thesemicroorganisms utilise hydrogen sulphide as sourcelettrons
and CO, from sodium carbonate as source of carbamrple nonsulphur bacteria of genus
Rhodospirillumand Rhodopseudomonasuld grow over this layeihese pbtoheterotrphs
utilise organic magrial asdonos of electrons in anaerolr conditions Oxygen and hydrogen
sulphide could be present in higher layers in column, where are utiliseddéyed
microorgansms(Beggiatoa Thiothrix) that utilisereduwcedsulphur compound®lga (diatom)
and cyanobacteria could be visible in upper layer of column

Oxygenand CO, create oncentréion gradientin column Oxygen is dissolved in water only

in limited amount, solving of oxygen depends on temperature of water, pressure and dissolved
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salts Temperaure and pressure affect significantly the amount of oxygen that is available for
microorganismsConcentréon of oxygen could be significantly higher at lower temperatures
Quick decline of dissolved oxygen in water could occur during watataminaion by
nutrients that leads mostly to killing of fisheSO, participates on manghemial and
biological proceses i.e. affectspH of water If autotrghic microorgansms (i.e. alga) utilise

CO;, pHof water increases
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Fig. 39. Winogradslk column, microbial evolution in the bottle (http://www.hhmi.org
/biointeractive/postewinogradskycolumnmicrobiatevolutionbottle 8. 3. 2016)

Instruments and microorganisms
Mud and water from river

Egg filter paper

Methods
o Mix mudwith egg(Na,S andCaCQ), tornedfilt er paper (cdlulasg and water
o Fill the cylinder by the mixtureadd water and close the cylinder
o Incubaton is performed on lighiit room temperature. Separation of individual layer can

be observed after timég. 40).
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Fig. 40. Preparation ofVinogradsly column (A, B), start ofincubaion (C) and separation of

layers after a few monthscubaion (D).

Conclusion

Did the layers separ&&Verethe individual layers good observablfter what time did the
layers separate

Additional information

Prescott L., M., Harley J. P., Klein D. A., Microbiology, WCB, Dubuque, 19BN 0-697-
293904.

Control questions
1. Why is the egg added into the coluPnn
2. Filter paper serves as source of what in the cofumn
3. Is it necessary to add some nutrgemito the column during thacubaion?
4. Which layers couldve observe in the colurn
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Observation of bac teri al spor es and their staining , negative staining

Aim of practice
Highlighting of celli genusBacillus by negative staining(nonfixed prepaation). Observing
of bacterial endospoes of genuBacillus in native prepaation (phase ontrast) Highlighting

of capsules genusAzotobacteby negatiwe staining Spores staining

Introduction

Besides growing and dividingegetatie cells, the structure for loaggrm surviving of
unfavourable conditions are present prokaryoes i endospores Endospoes are static
resistantstadia. Only one single endospore is present in prokayotic cell. Spore contains
peptidoglyan that has completely differentcharater from cell wall peptidoglyan
Macromolecules arestabilized by presence apecific proteins decreasing of water amount,
increasing of calcium content gpae. Calcium is binded in dip@inic acid that is presented
only inside ofbacterial endospoes in nature, it providakermorestance to sporeSpores are
resistant against tbJV and o radiation drying, lyscsyme, changes of temperatyriack of
nutrients, many diefection agents treatment due to the presencmaniy coats of various
characterBacteria could be spreadded to very long distances in various environments due to
spores Spore formatin is not the answear to anfavourable conditions, but it is the preparation
on it. Spores are highlyefractive objectsEndospoes are noreprodwing structuresof small
number of mostly gramptdis/e bacteria (i.e. Bacilus, Clostridum, Thermoactinomyces
Desulfotomaculum Sporosarcina Sporolactobacillus Oscillospirg and gramnegatie
becteria (Coxiella burneti).

Thermostald spoes are significant lknically, pharmaceutially and technologially,
especially generaBacillus and Clostridium Bacteriadl spores are important agent of
bioterorsm (i.e. Bacillus anthracis- anthrax).Some spores are usedhkaspesticies(i.e. Bt

toxin, spore protein fronBacillus thuringiensisvar. israelensiy. Spores contairproteirs,
peptices or enzymes on their surface that are usedpaxific probesor have biocatalytic
function. Modificated spoes of B. subtilis are used as/ehicle of vaccine and another
pharmaeuticals i.e. surfaceproteirs of spoe B. subtilis containingfragment Cof tetarus
toxinu; alfa toxin Clostridium perfrigensused fororal and nasd immunizaion of human and
animals Spaes as pharmaceutical vehiclpsovide thermal stability, flexibility for genetic

modificationsand inexpensiveprocess of production
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Whereastoxins of sporuhting species are mostthermolabie and arenactivated afterb

minutes at6 0 tlea@@mentspoes are very resistarporulat i ng cel | s r9@si st
minutes in specie€lostridium botulinumnonsporuhbting cells die afteB0 minues at7 0 A C.
Spoes ofClostridium tetanipathogen tetants) areinactivated afte20 minues atl 2 1 atA C

0,2 Mpa ad after 90 i 180 minutes at160 - 2 0 0 ofAdly heat Spoes are highly
thermoresstant, they survive ever-hours boiling Spores ofGeolacillus stearothermophilus

are used to verification of sterilizatibacause spore survivela2 0 foAlZ minues

Sporicical compouds is very low amount and are expensive, ethylenoxide, b-
propionlatone, concentréed bases and acidsformaldehy@ with longterm expogion,

peracetic acid iodine prepastes chloramire.

Construction of matured bacterial spore (fig. 41)

Core ofspoe createssporoplast(protoplast. Stroma of spore is gel matrixcomposed from
bacterial nuclear equivalenfnukleoid), ribosomes calciumdipicolinate (up 10 % of dry
maag or pyridin-2,6-dicarboxyl acid replacing water during reteining ofagter stucture
SASPs(small acidsoluble proteinsthat are tight binded toucleid acid and are responsible
for its condersation and esistance against tdJV radiationand DNA-destroying compounds
Polyamines amin@acidsand 3-phosphoglyceite are presente@pecific compounds in crystal
and toxinform are presented in core of spore in some spe€lese is coated by internal
lipoprotein memhane, intina, that defends ofchemi@al compound permeation from
environmentRest of original cell wall serves as thesbdor new cell wall during germination
of endospae. Cortexcomposing from interngR0 %) and external par{80 % is responsible
for inpermeability andthermoresstance after core ehydration and composes from
peptidoglyares Circa 20-30 % of peptidoglycan units is correspondent with cell wall
peptidoglyan units, rest of50-60 % units compriseN-acetylmuranc acid modificated inN-
acetylmuramyillactam, anotherl8-20 % of N-acetylmurant acid is binded with talanine
instead of tetrapg@tide. Modifications are established bynembene binded enzynes
Pericorticd externallipoproteinmembine of coatexting is composed fronproteinsrich on
cystein Extina establishes resistancecteemcals treatmentExosporiumis not present in

everytaxors, is responsible for resistance toetnic@al compounds and enzymes
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Coat

Outer Membrane

Cortex

Germ Cell Wall

Inner Membrane
Fig. 41. Structure of bacterid endospoe (https://micro.cornell.edu/researc¢bpulopiscium/
bacterialendospores8. 3. 2016)

Shapeand location ofspoe (fig. 42) in cell is importantcharateristicidentification marker
Oval spores are always present in speciesBacillus anthracis, B. cereus, Clostridium
botulinum speciesClostridium tetani Bacillus sphaericushave roundspoes Bulge caused
by spore is evaluated toGell location could beéermiral (end of rodi.e. C. tetanii drum-
stick, Geobacillusstearohermophilug, centra (C. histolyticum C. novyi, C. septicum, B.
anthracis, B. ceregsor mostly subtermiral ort paracent (between middle on pole of cell

i.e. C. botulinum, C. sporogenes, B. brevis

uvichiks

Fig. 42. Possible location ofendospog and potential bulge as identification marker
(http://ttktamop.elte.hu/onlinEananyagok/practical_microbiology/ch06s04.hti@l 3. 2016
adjustedl.

Nonstainedendospags could be observed Iphase(shiningspoes after ortex formation
and Nomarski contrast (plastic surface of cell only bulging spores are visilesimple
staining (only bulging spores are visihleDirect staining of endospoe is possible when
prospae is formed(cortex formatior). Prospore is permeable for dy&pores absorb dye
improperly even after preparation fixation duerigid cortex They could be stained during
boiling by @mncentréed dyes or disinfectan{gs i.e.acid-fast bacteria). Examples of spore
staining is method according W/irtz-Conklin and SchaefferFulton. Stainedspoes are
decolourized by acids and another compounds (alcohols) only with diffic8tesability of
spoes depends on developmentthdium of cell age quality of medium, individub

characteristics oficroorgansms. Stainability ofspoes is improved by using @&iporulding
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media with mangaese Native preparation observed byhase oNomarsk contrastenables

to observe real shape aoell gructure undamaged bigxation and staining, is used to observe
refractive cell formation that are stained only with difficulties. (spoes. Phase ontrast
exploits different refraction of particles in observed obja&rious cell structures have
different refraction indexesimage is result of compostion of images with shifted phase and

waves deviated from preparatiddark spoes appear to be shiny object in preparation

Sporulation - the process of endospore formation

GenusBacillus specially specieB. subtillis, is used for sporulation studie§porulaion takes
place at sufficient amount of nutrient mostlystationay phase of growthSeveral phases
(fig. 43) could be differentiated during sporulation @&. subtilis Phases could be
charaterized bymormhology and on molecular-biological level Circa 50 genes coresponds to
endospaog formation, the prces lasts in averagé i 7 haurs It is clear during septum
formation if newvegetatie cell orspoe originate In the case of sporulation, c&lswitching
from binary division toasynmetric division.

Prospoe is made in s.csporogenus zone. Genes for spore preparation are primary
transcribed. Amount ofolutin, enzymes is increase@ell utilize higher amount odicette,
number of enzynes for Krebs cycle andhydrolysis is increasedAmylases proteases,
phosohatases Dnases facilitate in process of sporulatigxial filaments serve to unpack
nucleoid in long filamentand to replicate Septumis created. It divide cell to two unequal
parts replication of cellgenetic mated is terminated. Genetic material goes to the cell poles
DNA of spoe is no longeective. Sporogenuszone ishomogersedand inflated has another
density than rest od cellytoplasmic membane proliferate around bothell parts. lrespore is
coated by twanembanes intina and extina, by infolding of cytoplasmic membeane. High
amount of calcium is packed in spore, dipicolinic asigyntetized prosporais formed
Amount ofvolutin is decreasedProsporas not refrative, does not shine by phasentrast
microscopy Proces of sporuldion is now irreversible Cortex formation with different
compostion of peptidoglyanis regulated by chromosie of mother cell Amount ofvolutin

is minimum during cortex formatiarDipicolinic acid is synthetizes by mother cell, itstent

is regulated Calcium dipiolinate is charateristic compound presented only ioacterial
endspoes Endospoe is refracive cortex is impermeable for dyesSynthesis of
doublelayered coat is rumg. Exosporium composed from 10 proteips]ysacharicesand

lipidesis formed in strains of genwacillus Unique character of coat proteins is assessed by
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chemotaxonomi@l methods. Endospoe maturatesmother cell lysesand maturated spore is

releasedExternal architettire, number and shape of coats is spesp=ific.
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Cellwall ~ Cell \\
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i 7 4
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Fig. 43. Process ofsporuldion (https://www.quora.com/Whas-microbiatspore 8. 3. 2016)

Germination of bacterial spores

Germindion (fig. 44) starts by spontgous activation of spoe. Coat is destabilsed by
treatment a70-8 5 &ie@ 57 10 minutes in laboratory conditionanotheractivators are
small organic moleules. Adivated spoe recieves water and losagsistance. Protein
stabilisaors start to decomposeinner parts Aminocacids serve to form nevproteirs,
proteosythesis (degraddon enzyneg is affected at first When cell producesnergy,
regulaion apparatus ofchromaome starts to worKATP = sigral of chrom@ome activatiof).
The first function enzynes areglycosidases to metabolise cortex, subsequetkyina
(phospholipids, proteins polysacharides. Lytic enzyme, rticohydrobse depolymerses
cortex for water permeabilityDivision of vegetatie cell is performed after 2 hours after
spore germinatian Terminal (on cell pdes) and centd germinationis differentiatel
according to localisation of spore germinati@erminaion could benhibited by presence of
aminaacid D-Ala, MgCl, and by proteasembhibitor, phenylmetylsulfonylfluoride.

.

Fig. 44. Sporegermination Clostridiumpectinovorun(Prescotetal., 1996).
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Cyst of genusAzotobacter

Cyst are static sw@ia surrounded by codtig. 45) that protects them against¢bemial and
physicd stres (i.e. drying, radiatior). Cysts of genusAzotobactercontain alcylresorcino)
alginate, polyhydroxybutyate and polysacharices Cystis composd fronoval cell, cental
body with doublelayeredapsué. Cysts are more resistano unfavouable conditions than

vegetatie cells, but les resistant than spores

Fig. 45. Cyst structure ofyenusAzotobacter nuclear regionNr), outer coat§CC;, CG),
exosporium (Ex) (Prescattal., 1996 adjusteql.

Bacterial capsules

Polysacharides or proteins capsules caatterial cell and defend it against to dryintpxins,
unfavourable factors in environmerit masks ba&ria against to immune answear of
macroorganism in animal or human boggaskng of antigen,higher resistangefactor of
virulence) Bacteria forming capsules produce high amount of characternsticus Capsule
is clearly separated from environment compared to mucus that is more surreuoded
cell. High amount ofkaccharices in méelium or environment increaséhe capsules formation
Capability to form capsules coul loseby mutation

Capsuls are restrictedly stained, they could be stained after boiling il\shgative staining
is used for highlighting of capsulésapsules are colourless, background is .dark

Negative staining
Only background of cells is stained bygaéive staining, nocell is stainedSize and shape is
not defomed byfixation or staining It serves for exact size measurement, determination of

real shape, capsules and mucous

Instruments and microorganisms
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Microscopicslide cover glassnnoculation loop

filt er paper, sterile distilled water

nigrosin Kongored methylene blue malachite green

Bacillus megateriun€CM 20071 roundspoles no bulge, subtermimdocation
BacillussphaericuCCM 16151 round sporesbulge, terminblocation
BacilluscereusCCM 20101 oval spoes no bulge, centrdbcation
BacillusthuringiensisCCM 1971 oval sporesno bulge, subtermimdocation
BacillussubtilisCCM 2216i oval sporesno bulge

Paenitacillus polymyxaCCM 1459i oval spores, bulge, centiacation
Azotobacter vinelanditCM 289(or soil ilate)

Methods
Spores (shape, size, location) are highlighted in preparation by phrdszst
Culture of specific ageon medium supporting growth of spores suitable forspoes

observingi.e. cultures2-3 days old are suitable for gerBacillus

Negative staining by nigrosin
o Transfer cells septi@lly in the small drop of diilled water pipette the small drop of
nigrosin beside
0 Mix the drops by loopsmear it gently by another microcopic gléapplied under angle
of 4 5 ever the whole lenght of glass. Let it dry on air without washing
o Itis important to form thin layer of dye with adequately diluted number of.cells

o Observe at magnificatiob000xwith immersion oil

Evaluation Colourless cells are visible on dark backgroungrigpastion (fig. 46). Compare
the shape and size of cells of various species of one bacterial Besust is affected by the

thickness of dye laydgstrong layer can chap after dry)rand by the oncentration of dye

' © J. Kopeckd, G. Rotkova
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Fig. 46. Negative staining bynigrosin,Azotobacter vinelandijA), Bacillus megateriun{B),
B. mycoidegC), B. sphaericugD), B. thuringiensis(E).

Negative staining byKongo red
o Transfer cells septi@lly into the small drop akongo rel.
o0 Smear the drop gently by another microcopic glapplied under angle df 5 gver the
whole lenght of glass. Let it dry on air without washing
o Wash withl % of HCI, wash out the HCI immediatelfpry it by filt er pager.
0 Observe at magnificatit1000xwith immersion oil.

Negative staining of capsules (genuAzotobactey by nigrosin
o Transfer the small amout of cells from mucilaginous colony in the drop of distilled
water. Mix with drop of nigrosin and cover it by cover glass
o Remove the rest of liquid by filter paper and observe at magnificdé@i@nor 1000x
o Grey cells are surrounded by white capsules, background is Nigrosin stains only

cells and background, not the capsules

Negative staining of capsules (genufzotolacter by nigrosin, afterstaining of cells by
methylene blue
o Mix the drop ofnigrosinwith drop of water. Transfer cells Buspesin, smear it over
the glass and let it dry
o Cover the smear by thmetylene blue solution for 3 minutewash with water andry
by filter paper
o Observe at magnificatiohO00Oxwith immersion oil

Evaluation Blue cells are surrounded by light capsubeckground is dark

Negative staining of capsules (genuszotobactey by Kongo red, afterstaining of cells by
methylene blue
o Transfer cells in dyp of Kongo red smear the sspersion and let it dry
o Cover the smear biyClI for several secondBour off the aciddo not washdry byfilt er
paper.
o Cover the smear hyehylene blue for 3 minutegpour off dye wash with water anbkt

dry on air
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o Observe at magnificatiohO00Oxwith immersion oil

Evaluation (fig. 47): Blue cells and cysts are surrounded by light capsules on dark

background

Fig. 47.Negatiwe staining of genu8zotobacter

Direct staining of capsules by hot arbolfuchsin

Evaporations o€arbolfuchsinare toxic, this experiment is thus not performed in practice

Native preparation for spores observing genusBacillus (fig. 48)
o Transfer cells in the drop aterile distilled water mix it and cover by coveglass(do
not get the glass from upside, but at first with one edgaptious|).
0 Observe the cells from liquid medium direct in medium without dilution in drop of
water.
o Observe immediately by phasent@st(objective 60x a 100x), prepaation is quick
dryed out

. © J. Kopecka, G. Rotkova
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Fig. 48. The application of phaseontrastin sporuhting bacteria; Bacillus cereugA), B.
megaterium(B), B.sphaericus(C), B. subtilis (D), B. thuringiensis (E), Paenibacillus

polymyxa(F).

Staining of spores bymalachite green- SchaefferFulton method
o Fix the dryied smear of cells on microcopic glaas by flame
o Cover the smear byalachie greenwarm 31 4times until evaporation fa6 minues
supplement the dye continuously
o Wash with watercover it by contrast dyéKongo red) for 1i 3 minutes without
warmingdor afterstaining
o Wash with waterdry it, observe at magnificatiob000xwith immersion oil

Evaluation greenspoees inside red cellghe shape and location of spores can be evaluated

inside cells and alsmireleased spordfg. 49).
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Fig. 49. Spoes ofBacillus cereugA), B. sphaericugB) and Paenibacillus alve(C) stained
by SchaeffeiFulton mehod.

Conclusion

Were the sporescapsula cyss and cells good distinguishableand observablé Was the
difference observed in size of capsuleetween wild type isolate (soil) and type strain
(CCM)? Were the spores located at the same place in varidusesd Have thespoes the

same shape and size

Additional information

Prescott L., M., Harley J. Klein D. A., Microbiology, WCB, Dubuque, 19965BN 0-697-
293904.

Songend. G, Clostridia as agents of zoonotic diseaset. Microbiol., 2010,140 399404
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The list of proteirs comprising in proces afporuldion (http://www.uniprotorg/uniprot/

?query=sporulation&sort=scor8. 3. 2016)

Control questions
1. What part of the preparation do we staimiggati\e stainin@
. How we can highlight the capsule in prepara®ion
. For what is importanprepastion stained according t8chaefferFulton mehod?
. What number o$pores is present becteria cell, how we can them obsefve
. Where could be the spore located in theell
. Could bethe spores observed phase ontrastAf yes, how do they look like
. What is thegerminaion?
. Write some characteristics spoes(number, location, shape, structure

© 00 N O o B~ WwN

. Write at leas® genera okporuhtingbacteria.

10.What advantages givesegati\e stained preparation andative preparaon for
obseving obacterial cell morpholog$

11.What migoscopically techngue can we us®r observing okpoes?

12.Why is important shape and location ehdospogs in various species of genus
Bacillus?

13.Why is staining ospoesproblemati@

14. Are the cells stained during tihegatie stainin@
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Basic microbiologic al analysis of water

Aim of practice
Determine total number of psychrobitc and mezoplhilic bacteria on univesal melium and
of indicaor bacterial groupn selective-diagnosticmeda from drinking water samplévater

well, water)or surface water samp(pond river, dam.

Introduction

Water is one of the natural environments bEtteria. Their amount and spessi diversity
depend on carbon and nitrogen sources and oxygen predéunober of microorgansms
depends on environment characeristidepth presence of animals amuants stream of
water, pH, temperature distance from watersid¢. Among typical water bacteria
(autochthonous waterbacteria) belong i.e Chromobacterium, Flavobacterium, Microecus,
Sphaerotilus, Leptothrix$pirillum. If high amount oforganicmattr is in wateranaerok or
optional anaerolx becteria (i.e. Clostridium) could be presented in higher rate in water
Aerolic soil bacteria, i.e. Bacillus, Micrococcus, Streptomycead coryneform bateria
Corynebacterium, Brevibacteriuoould be present in water due to the ablation of Jbiéir
occurence in water is limited by concentration of nutrieBecterid contaminang, human
and animal intestinal bacteria, especially familyEnterobacteriaceaesomestreptaocci (i.e.
Enterococcus faecalissnd some species of genGostridiumcould be present in water for
short time Even pahogeric bacteria (i.e. Salmonellatyphi, Shigelladysenteriag could be
isolated from water in certain conditignsater is not suitable place rféhem, pathogenic
bacteria survive only limited

Blue-greenalgae(Cyanobacteriq have gramnegatie type of cel wall, occur commonly in
water, soil, deserts and in polar regiofi$iey plotosynhetize cells containchlorgphyll
in thylakoids a fycobilizomes (other photosynthetizingoacteria contain pseudochloroypit).
They differ by presence of external coat composed fpatysaccharices or polypeptices
(glykokalyx), gas vacuolesnd by presence of enzymUBISCO in carboxyzoms from
other prokaryotes Diferened cells heterocyst (N, fixation), akinees (static stadia),
baeocytegreproduction). Phogphorus highertemperature certainpH and amount of nutrient
are necessary for massive development of cyanobacteria in. Waiey could produce
cyanotoxirs and cause s.cwater bloom Some strains Spirulina, Nostoc, Anabaena,

Chroococcus, Cyanobacterium, Microcystis
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Specific environment is sea and ocean foicroorgansms. Microorgansms are part of
plankton, participate on nutrient cyclinghave to betolerant to salt, tempperature and
pressure i.e. Shewanella, Vibrio, Marinobacter, Colwellia, Thiomargarita namibiensis

Extremophilic microorgansms (temperature pressurgoccur in deegsea trenches

Microbiological water analysis is a part oformplex evaluation of water ality, its
performance is regulated Isgete norm. All microorgansms including pathogenic microbes
can not be determinated by water analysis becausateial and time demandsAssessment
of s.c indicator groups of bacteria is used for evalution of harmful microorganisms from
hygienic point of viewthat have the samecological charater and could be determinated
quick and simpleAssessment aindicaor grouys (coliform bacteria, fecd coliform bacteria
entera@occi, mesophilic bacteria, psychrghilic bacteria, colourlessflagellates)show which
microbial groups water containBrinking water can not contain angliform bacteria, fecd
coliform becteria and entera@occi. Coliform, fermening intestinalbacteria are evidence of
fecad contamination of water and could be indicator for pathogens presedwetor value of
enter@occi and coliform beacteria is not definite, is highlydiscussed They are not yet
satisfactory replaced as fundamental hygieng@aosms.

Endo agar is selective-diagnostic nadium with basic fuchsire and lactose thagliminates
growth of grampasive becteria. Utilisation of lactose isypical for fermening coliform
bacteria. Indicador is Schiff reageh that indicates acetaldehydedost of gramnegatie
aerolic, optionalanaerolr bacteria grows on Endo agatolonies of lactosepositiv e bacteria
growing in darkred @lonies Escherichiacoli mostly with metallic gold lustre are counted at
evaluation Lactosenegative species grow in pink oolourless olonies, are not included to
evaluation Cultivation is performed a8 7 A C.

SlanetzBartley agar is used for enter@occi determination. Meium contains
triphenyltetrazolium chlorid that is reduced to red formazan (dark red colonies) by
enter@occi. Sodium a&ide serves as sekaoe agent to inhibit growth ofjramnegatie
bacteria. Cultivation at4 4 iAr€commended because of growth of streptococ®iat ol C
medium Another ©nfirmaory test is utilisation of antibiotics to differentiate other
strept@occi. Red colonies or colonieswith red middle and ipk margin are counted at
evaluation white, colourless olonies or small red olonie (ess thar2 mm)are not counted
Agar mFC contains lactose Seletive agent for grampaitive organisis are bile salts.
Medium containsaniline blue that stains @anies in blue Light pink and grey alonies are not
counted at evaluatio€ultivation is performed a4 4 A C.
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TYEA agar containstryptone, yeastextract and agar. It is universa medium (nonselective)
that serve to assess total numbemoéroorgansms (general contamination of wajefAll
types of colonies are counted at evaluati@ultivation is performed at2 2 drIC

psychrehilic and at3 7 fdr @esoptilic microorgansms.

Psychrgphilic microorganisms havewith growthoptimum at2 0 A Qatethie presénce of
organic compounds that could be quickly utilised bgcteria at low temperaturesheir
assessment is performed in drinking waserface water in the case of processing to drinking
water Only their very high amount means the presence of roeggniccompounds in water
Psychrghilic bacteria are naturawutochhonic in water

Mesophilic bacteria havegrowth optimum at 3 7 , Adicate contamination by warm
blooded animal and humans including possga&ogers. Only limited number is allowed in
water.

Coliform bacteria are some species gramnegatie bacteria (family Enterobacteriacege
that utilise lactose during 248 hours dung auiltivation an seletive-diagnostic media
Typical representative is speci&scherichia coliliving mostly in digestivetract of warm
blooded animal including humatt is indicator of fecd contamination, grows up 42-44 A C .
Except forE. coli, species of gener&nterobacter, Citrobacteand Klebsiella belong to
coliform bacteria. These bacteria could be present also in another environments beside
digestivetract. Many nutrients media are used falitorm bacteria cultivation, mostly with
content oflactose Presence ofdaiform becteria in water is evidence of fecal conatmination
and thus possible contamination of intestipathogenc bacteria (Salmonella,Shigell3.
Basic water analysis have to be extended patthogens analysis in the case of suspicion
Assessment afhermotolerant fecal coliform bacteria using s.ctemperaturdgestconfirms
fresh feca contamination and differentiate odler contamination that is already part of
heterotrghiccommunity Testis performed a4 4 oA @FC medium.

Enterococci (i.e. E. faecalis, E.faecium,E. gallinarium, E. avium) are group of optional
anaerolt grampogive streptaocci that occurs in human and animal digestikaetu but
alsoin environmenEnteracocci grow in presence of sodium chloride (6,5 %), at basic pH 9,6
and at 10- 45 AC ¢ o mgihers strdptedcod They show relatively higher
thermoresistance nd resistance to another plog and chemial effects They are considered
as signifficantindicaor of freshfecal contamination, especially in drinking water adjusted

by disinfection.
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Rules for sampling before altivation i microbiological analysis

Vessels have to be from colourless, transpareteral (glass, polyehylene, polypropylere).
Vessels have teterilized inautaclave atl 2 1 foAaCleastl5 minues or by drysterilizaion
at 160- 1 7 0 foAatleastl haur or have to be declared agerile by manufactureriseptic
principles of work have to be maintained by sampli@gmples ave to be protected from
light during transport and maintained in box or fridgedat Ad&ore processingTime
between sampling and procesing have to be short, ideall imurs (storege of sample in
darka4 AC N 3 AC

Drinking water
Problens of drinking water deals public noticwh | 8 g k a 2 Evalhafiod Of 4lrinkeng .
water qulity is performed by two types of analysi3nly somechemial and microbiological

paramedrs are assessed by short analysis (well of private persdnalysis is needo be

extended abougeologi@l parameters in locations where uranium, arsenic, antimony is

present Well owners shloud control periodically quality of drinking water, analyses are

performed byhygienic stéiions oracredited firms. Short analysis (circd500- 3000 CZK)
contains assessment of microbasour, turbidity, chemi@l consumption of oxygen and very

limited amount ofchemi@al compounds (mostly compound containing nitrogeitrates

nitrites, ammonia. Complex water analysis (accoridng to publicot i c e 2352/20048 g k a

Sh) is required byhygienic stéions on public watermain operatorsplaces of public

catering hotebk with its own source of drinking watd?eriodicity of analyses is regulated by

relevanthygienic stéion. All datafrom measurement of watemains, pools, public swimming
pool have to be sended in drinking watiatalases.c PiVo of Ministry of health of Czech
Republic from year 2004

Surface water

Observing and evaluation of wateraljty in watercourses and watéank and heads is
managed by individual basiris Basin of Labe, Vitawa, Odr, O n& Morasa Another
measurements perfordzech Hdrometeorogicalnstitute TGM Research Watemstitute
and State Ameliorative Managemeruality of water was improved bgewage disposal
plants, limitation of fertilizer usage in agricultuead limitation of industrial productions

Microbial contamination from communal sources is still problemalifcrobiological

parametrs of waste water analyses are not required by yalldic notice( Na $2 z e n 2

61/2003).
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Instruments and microorganisms

TYEA (tryptore-yeast extracagar)

SlanetzBartley (SB) agar Endoagar mFC agar

Physiological solution pipetes sticks tubes

Sample of watefdrinking/surface watgr

Methods

Drinking water i we do not expect the contaminatimondiluted sampleand dilution 10™.

Surface wateri we expect the contaminatiogilution 10*and 102,

Always mention the source of waterprotacol!

Every dilution innoculate on at least 2 dishes for calculatiarittfimeticaveraggfig. 50).

Procedure in practice is based on notnS N 8 3 tbday ik ;valid another procedure
according tov y h lag. §52/2004 Sb(modification ofmedia used to grow fatargetbacterial

speciesmodificatedmedia for anotheinindicaor bacterial groups after filtration of wajer

General contamination

(0]

o O O O

Dilute the sample (nondiluted sample drti for drinking waterdilution 10* and10

2 for surface water) according tiype of sample(0,5 ml of sample in4,5 ml of
physiological solution).

Mix the sample properly and pipettanl| of each dilution irsterile Petridishes.

Pour the samples with cird® mlof temperéed TYEA mealium.

Cultivation is performed at 2gsychropilegand at 37 iléd§C ( mesoph
The total number of 8 dishes is needed for one saf@pddution, each or? dishes,

temperatures ofultivations are22 and3 7 AC) .

Assesment of indicators by seletive-diagnosticmadia

(0]

(0]

Dilute the samplénondiluted sample and 1dor drinking water; dilution 18 and 10
2 for surface water) according to type of sample (0,5 ml of sample in 4,5 ml of
physiological solution).

Mix the sample properly, pipet&1 ml of sample on aga($B, ENDO ad mFC agay

and smear it by the stick
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o Cultivation is performed a7 A GENDO agar) ad at4 4 A CndMmBCBagaa).

o Itis possible to concentrate the sample by filtration before the cultivatssesment

of entera@occi from drinking wate(SB agar).

TYEA

END'I I MFC | lSB .
) ENEE)
© G. Rotkova

Fig. 50. Number of dishes fot sampleby water analysigdilution are mentioned for drinking

watel).

Conclusion

All types of growing colonies are counted DYiEA agar (fig. 51).

Fig. 51. Growth of bacteria on TYEA agar

Colonies with metallic lustre oE. coli, darkred ®lonies of other oliform bacteria are
counted orEndo agar (fig. 52). Pink or transparentotonies arelactosenegati, they are not

counted

Fig. 52. Bacterial gowth an Endo agar.
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Dark-red mlonies or ®lonies with redcenter and pinknargin are counted 08B agar (fig.
53

Y S

\ B | N
N L — s Sh
. —r p - 0 i

Fig. 53. Bacterial gowth on SB agar

Violet or darkblue lactosepostive colonies are counted omFC agar (fig. 54), light pink

and grey colonies are not counted

Fig. 54.Bacterial gowth an mFC agar.

For results evaluation is necessary to recount the result in QRitEml of original sample
The appropriate dilutiongirca 20 - 200 colonies on dish) are selected for evaluation and the
number of ctonies is countedFrom number of a@lonies, the average isalculate and
multiplicate by value of dilution (positive valua)hen we innoculate only 0,1 ml of sample
on the dish (selective media), we have to mujtifhle result 10 times (to get CFU/mI).
Compare the result with tables for water analysis accordingublic notice- Vy h la§.g k
252/2004 Sb.fig. 55).
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"ﬂonah analyz kraceného rozboru pitné vody podle ZEZIZM

pilné voda " balena voda upravovanaz | nahradni zasobovani, |
i vic zdroje sludny
E coli 0 KTJA00 mi| 0 KTJ/250 mf "0 KTJ00 mij 0 KTJ/100 mi|
koliformni baklerie 0 KTJA00 mi| 0 KTJ/100 mi 0 KTJ/100 mll
Clostridium 0 KTJ/100 ml %
i O KTJR50 mi| WA
[podty kolonif pfi 22 “C — 200KTJAmI|____ 500 KTJA mi] 200 KTJ/1 ml 500 KTJ/ mij
[potly kolonii pfi 36 °C_________ —_100KTIAm[ 20 KT/ ml 100 KTJ/A m| 100 KTJ/1 ml

‘Rozsah analyz zakladniho rozboru pitné vody podle 2521200455

balend voda

~ pitna voda nahradni

Zzasobovani,
P studn,
i __ OKTJ100m| 0 KTJ/250 mi 0 KTJ/100 m|
= = DKTUI00mE. o e 0 KTJ/100 ml
,,,,, o 3 N Al 0 KTJ/100 mi|

R N 0 KTJ/250 mi| il

200 KTJ/A mi 100 KTJ/ ml 200 KTJ/1 mi 500 K
20KTIAm| 20 KTJ/A | 100 KTJ/A_m| 100 KTJ m|
oky = | OKTJ00ml 0 KTW250 m) 0 KTJ100 ml 0 KTJ/100 mi

Rozsah analyz rozboru teplé vody podle 25220047

= “|_teplAvoda | n
e | 100KTJA00mI| 0 KTJ/50 mi
pocly kolonii pri 36 C 200 KT m|

Rozsah analyz rozboru teplé vody z individualniho zdroje pro hygienu zaméstnanci podle 252/20047

atypicka 0 KTJ/100 m]

coli 0 KTJ/100 mi
[legionely 100 KTJ/A00 m|
pocly kolonil pii 36 *C 200 KTJA ml
F 0 KT.J/100 mi
(Sta [ 0KTA00 ml

Fig. 55. Selection of requirements anicrobiological and biological analsis of drinking and
surface water in the Czech Repulflie# y h1 8gka | . 252/ 2004 Sb.)

Additional information

Baudi 8pg §Pnpst a pSesnost visledkT pSi mik
1998 qttp://www.mzp.cz/ris/amsis-info-copy.nsf/4d735ff9c7e64b58c12569e7001 a8
5bba30e14c0a8025680e003396c67?0OpenDocuniént3. 2016)

Centrum po cyanobakterie a jejichxoy (www.sinice.cz13. 3. 2016)

Fykol ogi ck§ | abko®& aftaokSu |PtSy? rJoi dwex/Ridss@@sy.cziBi ver z i
3.2016)

Kvalita (ptip:t/swed.cvHbadaty.Vackdkvalita.htm,13. 3. 2016)

Vyhl 8§gka | . http:Bs®eb.2z(Havhty. Baclav/vyhl.htm3. 3. 2016)

Control questions
1. What could be the inaccuracies during tmerobiological water analysia
2. What is the difference of drinking and surface basic microbiological water arralysis
3. What is the procedure testimate the total number pgychrghillic and mesopiilic
bacteriain the sample of drinking and surface water
4. What selective-diagnosticmedia we can use during the bagigicrobiological water
analysi® Do we count all colonies on thém
. What is thebacterial indicaor group for basic microbiological water ansisp
. Utilisation of what sugar is monitored on Eraigar?

. Do all bacterial colonies count on teelective-diagnostic redia?

0 N o O

. Write at least species of watdvecteria.
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|dentifi cation of bacteria, biochemical tests and standardi sed
identifi cation systems

Aim of practice

Identification of unknownsampleby the plenotype characteristicChoice of suitable strain
for identification systemENTEROtestL6.

Introduction

The basic prerequisite of rigidentification is manipulation with pureutture and its basic
cultivation for sample propagation.u@ivation on diagnosticmedia helps to determinate
approximatgaxonomicgroup in some samples

Identification of unknown bacterial samples is grounded on evaluatiomarfphology
(macroscopic and miaoscopic characteristicscharater of growth and clonies identification
staining’ Gram, acidfast spoes and capsules formatjprphysiology (relationship to
oxygen growth temperature, resstance and toleranceto NaCl, bile acids antibiotics, type of
metabolsm) and biochemical characteristics (source of carbgnnitratesredudion, indol
formation). If thesetess do not lead to succesfutlentification, additionaltess could be
used i.e. serotypsation phagotypsation, immunochemial readion, chemi@l analsis of cell
wall, toxins productbn, specific antiges) aglutindion or genotypistion - PCR, sguencing of
16S rRNA, ribotypsatione, hybridsation.

Tests are divided in several grougde (KOH test, katadsetest),tube (OF test, TSI test),
paper (ONPG test, oxidsetest), mcrotesa (ENTEROtest).Plate microtess save material,
energy,time, space, are simple to use compared to the tube (tewt test =one tubé.
Microtest contains theepresentative set of 10 - 20 biochemial tess. Microtess helpto
eliminate inconsistency inndividual differences in media preparatioprocedure and
evaluation Diagnostic talds and computerprogranmesare used to evaluatiodest have
long-term storage capacitivlikro-LA -Tests(developed and produced by conckatheman
cooperation with Czech Collection of Maorgansmg are mostly used for bacterial
identification: for gramnegatie fermening rods (family Enterobacteriacege is used
ENTEROtest ad ENTERO Rapid,for anaerobs ANAEROtest for stgphylococci and
micrococci STAPHYtest for streptaocci and enteraocci STREPTOtestfor gramnegatie
nonfermening rodsNEFERMtest
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Example of unknown sampledentifi cation
1. KOH testi differentiation between grampts e and gramnegatie cells
2. Cultivation on MPA and blood agar,evaluation of colony appearance, temperature of
cultivation
3. Gramstaining microscopy
4. Grampogive cells: shape of cells and anothkaracteristics
I. rodsi spoes staining sporubting (shape and location differ in genBsacillus),
nonsporuhbting (Lactobacillug
ii. cocci T mormhology of clumps grapes (Staphylococcys pairs tetrads
(Micrococcug, packetssarcirs (Sporosarcing, chains(streptokoky.
iii. katahsetesti positive i.e in genusStaphylococcus
5. Gramnegatie cells: shape of cell§gramnegatie cocci are less oftenmostly
pahogers) and another characteristics
i. OF test- fermening baderia (optionalanaeroix metabolsm, i.e. enterobateria);
baderia with respiratoy metabolsm (aerolic vibria, aeromoades.

ii. Oxidasetestfor eliminationvibriaand aeromonades

Family Enterobacteriaceaeis the most clinical important family(circa 65specie} of
gramnegatie rods(1-6 ¢ @31 ¢ Mthat is very important also for nonclinical parts of
microbiology. Enterobateria do not form spoes or cyst; immobile or peritrichous
chemoautdtrophic bacteria. Growth at18i 40 A Gvith optimum at 37 A CFamily contains
optional anaerolr species most of them lives in digestiveact of vertebrates as part of
normal microflora. Most strains are ngahogenic, some species are pathogenic agents,
Yersinia pestiss.c antropopdtogenc serovas of Salmonela (serovarsTyphi, Paratyphi A,
Paiatyphi B Paratyphi C) ad some strains dEscherichiacoli. Intestinalenterobateria are
spreaded together with feces, their presence (i.e. in water) indeztecontamination
Genera are distinguised according to fermentation testscti@uuof nitrates suphan
formation ureahydrolysis, KCN-test, glycerol test, inddbrmation Diagnostial mediafor
enterobateria are i.e Endo and MacKonkey agardesoxycholge-citrate agar Salmonella
Shigella agaragar with brilliant green Simmonscitrate agar. They areoxidase negatie
(except for genu®lesiomonak form katabse utilise alwaysglucose and form gasediwce

nitrates

Tests used in practice
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http://cs.wikipedia.org/w/index.php?title=End%C5%AFv_agar&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=MacKonkey%C5%AFv_agar&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Desoxychol%C3%A1t-citr%C3%A1tov%C3%BD_agar&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Salmonella-Shigella_agar&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Salmonella-Shigella_agar&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Agar_s_briliantovou_zelen%C3%AD&action=edit&redlink=1

KOH test serves forquick differentiation of grampdas/e and gramnegatie bacteria.
Potassium ydroxide disrupts thinpeptidoglyan layer of cell wall ingramnegativébacteria
Cell lysate formsziscoussuspesion that is spreaded after lodpcan not be used in bacteria
producing mucus

Katalase is enzyne decompoding hydrogemeroxice to free oxygen and wateSome
bacteria are capable teedwce oxygen to hydrogeperoxice that is toxic for cellsDefensive
mechansm decreasing this damage is based on decompositibpdobgenperoxice to water
and oxygen

Medium with glucose and acid-base indicaor bromttymol blue is used forOF test,
oxidation/fermentation test (aerobicAnaeroiz metabolsm). Production of acids is part of
glucose utilisation, the yellow coloupaositive readion) is formed in mediumindicator
becomes blue bwlkalisation in basic environment, green colour of medium is\éytial
reagion. Medium in 2 tubes (without pardfin for aerolic conditionswith pardfin for
anaerolr conditiong is innoculated by stalbacterial motion could be readed in colummn
alsa

Postive oxidaion and fermentdion of glucose (both tubes are yellowoccurs in optional
anaerolt microorgansms. Postiv e oxidaion and negatie fermentaion of glucoseis typical
for aerolic nonfermening speciesi.e. Aeromonas, VibripPseudomonadNegativeoxidaion
andfermentéion of glucose is typical for species that do not utilise glucose aGéalcose
enters in cell, is atabolsed Somemicroorgansms catabolse glucoseoxidatively and form
CO, and water Most of them utiliseglucose byfermentatbn. Microorgansms are capable
ferment except for glucose ferment another monosacharides disacharices or
polysacharices Final produts of fermentéion are smallorganic moleales commonly
organic acids (i.e. lactic acig. Some microorgansms form gas duringfermentdion
(hydrogen CO,). Formation of acids and gas is testeddaynentaion tube

TSI test (tripple-sugar iron) is used to determinate &dctose glucose sucroseutilisation,
H,S and gas prodtion due to ironindicaor according taHajna. Acid-basebromocresol red
serves as indicatpindicator for produdion of H,S is iron. Somebecteria release hydrogen
sulphide fromaminaacids containing sulphuSomeenterobateria form hydrogen sulphide
by redudion of oxygen sulphur compoundBrodution of hydrogen sulphide idetected by
ferrous sulphatéblack colouj. Bubbles are created by gas production during fermentatin in
tube Medium is innoculated by stabnd over the slant part of agar in upper sidiisation

of glucose is evaluated in colunutilisation oflactose and sucrose in slant part of agar
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Oxidase test identificate organsms that createcytochrom c oxidase (last enzyne of
respirdory chair) participating inelectrons transport irelectron transportchain of aerobic
bacteria to oxygen Oxidase agent containshromogeit oxidaion-rediction agent that
changes colour bgxidaion in blue or dark violetTestis used for differentiation o$pecies
genusPseudomonas, Alcaligenes, Flavobacteriudxidase positive are i.e Pseudomonas
aeruginosa, P. putida, FluorescensPlesiomonas

ONPG test proves produdion of Ggalactosdase that cleavedactose Colourless
o-nitrophenylGD-galactopyranogl is hydrolysed to yellowortho-nitrophenol in case of
positive reaction

ENTEROtest 16is used toidentify fermentng (positive fermentaion tesi negatie oxidase
test)strains of familyEnterobacteriaceaesolated on i.e Endo agarlt is commercial sysem
of 16 well teskin 2 lines Six strains could be identified on one plafestis supplemented by
paper ONPG test (presence ofb-galactosdase) Confirmation of family is performed by
glucose fermentaion test Family Vibrionaceaeis eliminated by gidase test, vibria or
aeromoRdes ar@xidasepositive.

The most frequentlyreasons forwrong identification are contamindion of sample
inappropriate density or suspension volupipitting of inoculum in another wells or reaction
agent in another welétypical strain or species that is not includedaihle.

Tesst in wells hydrogen sulphate productiofH,S), lysin decarboxylaion (LYS), indol
production (IND), ornithine dearboxyldion (ORN), urea decomposition(URE),
phenylalanire deamingéion (PHE), esculin hydrolysis (ESC), citrate utédison (SCI),
malonateutilisation (MAL), acid productionfrom inositol (INO), adonit (ADO), cébbiose
(CEL), sucrose(SUC), sorbitol (SOR), trehase(TRE), mannitol (MAN)

Mutants are commonly presentenvironment, actualised tables containing percent of strains
of target species that has finse reaction Eventually, if result varies in cells of one strain
Results are written (+ of) under corresponding reactiorfig. 56). Eachreadion has
mentioned the figure under its designattbat erves for calculation of numaricdm If the
reacion is posiive, add the value of figurdf the readion is negatiwe, the value of figure is
not subtractedNumeric cales serve for more simply evaluaticend betterorientdion in
tables Automatised reader could be used for results reading with subsequent evaluation due

to corresponding software, eventually.
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Fig. 56. Evaluation oENTEROtest 16.

Programme TNW is used for ENTEROTtest evaluation. It coalalculateidentification score

and T indexin target result/strainidentification score is degree ofidentification exclusivity
percentof probability that strain belonge specifictaxonu épecie¥y and not to another ~ 9 9
% excellent differentiation 9699 % very good differentiation 9096 % strain is
differentiated; 9 Ostraa is not differentiatedT index determinatestypicalness of
identified strain to targeiaxon.The more highell index,the more similar is strain to type
strain of target a x o n: al $trfain Q,5y7 @5 lawer typical strain 0,250,5 untypical
strain " @gmplé&telyuntypical strain Programme TNW suggests another differentiating
tests for untypical strain or showsnstandard results

Control bacterial strains thatave standardesults are used for quality control of chemical
used and for control of interpretation of colour reactiGontrol strains are deponned by

Czech Collection of Mimorgansms inlyophilised culture or in datiniform discs.

It is necessaryot assess unknown isolatesmplex i charater of colony growth optinum

growthtemperature origin of sampletype of materih manipulation with sample

Instruments and microorganisms

Sterile distilled water, physological solution
Innoculation loopsmicroscopicslide, automatigipettes
MicrotestENTEROtestL6

Oxidaseand ONPG papers

3 % of hydrogenperoxide, 3% KOH

Unknownbacterial strain
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Methods

The combination ofests is used in practiceome of the tests are only fdemonstraon (only

results reading)

KOH test
o Transfer culture in drop &% KOHon microscopicslide
o If culturaform viscous suspension after smearing by the loop and is drawing after the

loop (damage of cell wall, pouring of cell contgrthe alture isgramnegatie (fig. 57).

Fig. 57. Performance oKOH testin gramnegatie bacteria(viscous suspenon spreading

after innoculation loop

Catalasetest
o Transfer culture in drop &% H,O, on microscopicslide

o0 Releasing of oxygen bubbles meanosifiv e reaction(fig. 58)

© A. Vévrovél

Fig. 58.Performance ofatabsetest.

OF test, oxidation/fermentation test(aerobic/anaerokic metabolism)

0 Testis demonstréon only for results readingwo tubes are preparated for each strain
one with paraffin(anaeroix environmenti fermentation ofglucosg, one without
parafin (aerolic environmeni oxidaion of glucosg.

o Yellow colour meanspaositive readion; blue and green colours of miam mean

negatie reaction (fig. 59). Bacterial movement coould be read in dodumn also.
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© J. Kopeckd, G. Rotkovd

Fig. 59. Evaluation ofOF test.Both readions paositive (yellow) T strain utilizesglucoseby
oxidation and fermentatiorpositive aerolic reaction, negatiwe anaerolt readion i strain
utilizes glucoseonly by oxidation both reation negative (blue) T strain does not utilize
glucose by oxidation and fermentation

TSI test (tripple-sugar iron)

0 Test is demonstration only for results reading.

0 Medium is innoculated by the stahd on the surface (slant part of medium) in one
tube

o Changes of colours are observdd. 60). If culture ferments onlyglucose only the
column get yellow and the slant part rensaied (i.e. Salmonéla). If culture ferments
glucose together witkactoseor sucrosecolumn and the slant part is yellowhe black
colour means dudion of H,S. Gas formation is indicated by breaking of agar or its

rising in tube

Fig. 60.Evaluation ofT Sl test.

Oxidasetest
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o Transfer cultureZ4 hairs old) on the OXI paper by the loop or put the OXI papaer
direct on theculture on dish

o Medium for bacterial growth dos not contgiilncose omitrates

o If the reaction area gets blue iBO seconds intensively readion is pogive; | fit gets
blue in2 minuks readion is delayedpositive. If the colour does not change ort he

colour is changer aft& minues readion isnegatiw (fig. 61).

Fig. 61. Oxichsetest.

ENTEROtest 16

o | tis necessary to choose the appropriate strain for ENTERGHain possible
belonging to the family Enterobacteriaceae (gramnegatie, catalbse positive,
fermenation andoxidation ofglucose oxidasenegatiw).

o Preparesuspesion of cells (from 24 hours old culture)3mml of physological solution
with turbidity valuel according taVlacFarland scale

o Plate for ENTEROtest is oriented according to manpall off the cover foil and sign
the strip with number of strain

o Pipetel 0 O of wdll mixedsuspesion in every well

0 Sometess are performed ianaerolt conditions drop the corresponding wells with 2
drop of sterile parafin oil: hydrogen sulphide tegH,S), lysin (LYS, indol (IND),
ornitin (ORN), urease(URE).

o Put the ést in bag beforeudtivation to aviod drying

o Cultivation is performed a7 A Gor 18 - 24 hours together wittONPGtest.
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o Drop the well IND by reaction agent for indol and well PHE by reaction agent for
phenylalanine aacording to manufacturer instruction before evaluation

o Evaluate alreadion of ENTEROtesi(fig. 62), phenylalanire in 3 minues because the
postive readion disappear after 3 minute€ompare results witlnterpretaion table
(fig. 63) enclosed to the ENTEROtegdlternatively according to coloured comparing
scalg.

Fig. 62. ENTEROtest 16.
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Fig. 63. Interpretaion table for ENTEROtest 1§Manual MikroLaTest, Erba Lachema

ONPG test
o Put aseptically the ONPG test in the rest safspesion after performance of
ENTEROtest
o Cultivation is performed together witBNTEROtesfor 24 hours at37A C
o Pasitive reaction is clearlyellow colour(fig. 64).
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Fig. 64. Test for prodation of Ggalectosdase

Conclusion

Did you succeed irdentification of unknown sampke

Additional information

Syst ®m MIhKpR:Dnhww.erlfalachema.com/produkdyeseni/mikrobiologiesystem
mikrola/, 21. 3. 2016)

Czech Collection omicroorgansms (http://www.sci.muni.cz/ccm21. 3. 2016)

Control questions

1. For what serveKOH test?

2. Why is the KOH test used instead Gfam stainingto differentiategrampaitive and
gramnegatie cels?

3. What will happen, when we use bacterium from the unsuitable bacterial group (i.e.
nonfermenting) for identification witENTEROtest?

4. What is important fro the rightlentificaton of unknown sampte

5. What are the advantagesroicrotess compared to tubtest®

6. Utilisation of what sugar is monitored during the OF2est
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PRACTICE FROMCYTOLOG AND MORPHOLOGY OF
BACTERIA
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Gram staining , negative staining, native prepar ation

Aim of practice

Staining and observing oficroscopical prepastions

Introduction

Native preparation

Cells are never fixed for observing by native preparaftsapaation is nonstainegerves for
finding out the real shape astructure of cell that are not damaged bydion and dying It
is usedor observing of growth, reproduction and bacterial motibis important forstudy of
cell structure and departments that are stained with difficuiteespoes Brief field, phase

or Nomarski contrast are used to obsatvactures.

Fixation of preparation

The nature ofixation is precipitation of cell clwids, especially proteinsCells adhere more
easily to glass, are not washed awayappli cation of dyeor solvent and absorb dye better
Prepaation isfixed when is completely dry to avoall boiling Fixation is performed by
pulling the glass through the flagrmmear of cell sis located on the upper side of glasslls

were altivated in liquid sugar medium, it is necessary to separate cells from medium by
centrifugdion and wash thermby water of luffer. Yeasts or micromycetes are bigger than
bacterial cells, thermdlixation could change their real shagexation is performed by
chemilcals Fixation and dying deform cells gentldut their charateristic shape still
remains Nonfixed prepastion negatie stained (staining of backgrounfis used for

measurement of accurate size of cells

Stainedpreparations

Stained preparations serve for estimation of cell wall tgbape of cellgend their clusering
presence and location spoes presence of capsules and intersialctures (inclusiong and
viability of cells The simple staining of cell wall serves for evaluation of oephology
and charateristic clustering of cells, i.estaining by cystal violetwithout differentiation of
grampogive and gramnegatie type of cell wall Vital staining differentiate dead cells
because of dead cells absorb dye effectively and do not excludeeftliny sysems. Cell

strudures are differentiated byifferertiation staining internal and exhal morphological
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objects (spoes capsules cell wallg, chemi@a compounds(volutin, glycogen starch.
Diagnostic staining helps toidentification of bacteria (i.e. Gram, acidfast stainingby
carbolfuchsin,staining according to GiemgaCells are not fixed and stained Ioggatie
staining only the background is stainddegative staining is used for measurement of exact
size of cells

Prepaation is always fixeefore staining excepto for netgre staining andital test.Diluted
water solution of organic dyes, usually salts, are used for staining. @es have coloured
cationt, acidic dyesaniont. Basc dyes (i.e. crystal viold, mehylene blue, safranin, bas
fuchsin, malaché greeh are mostly usedStaining could b highlighted by chemical
treatment of cellgby phenol or tannin), chemicals serves as intermediate with higiffenity
to cell and dye at the same time compared toiaffof cell to dye

Gram staining

Gramstainingis one of the most importaniagnostic métods for bacteriadentification It
differentiates groups of grampbee (stained bluwviolet) and gramnegatie cells(stained red
or pink) and specify some phiaogical andchemi@l characteristics of cellhe basic nature
of Gramstairing was not yet satisfactory explained. Differences in cell wall composition play
the key role with high probabilityFixed preparation is stained byystal viokt aand Lugol
solution (iodine in solution dkl). Complexof dyeiodine-cell wall is originated Difference
arises during the washing preparationdoganicsolvent(acetone palcohol). Solvent solves
the outerlipopolysaccharices layer complex of crystal violetand iodine is washed away
through thin peptidoglyan layer and cells are delorised in the case @ramnegatie cells
Grampodive cells maintain the dy€ells are afterstained for highlighting the difference by
another ontrastdye (basc safranin carbolfuchsing Grampaitive cells have bindedrystal
violet in cell wallthat was not washed away by alcohol and stay-bdleured Faults during
staining:too dense layer of cell®oiling cells duringfixation; too long washing of cells by
alcohol.

Gram staining is affected by pisiological state of cellsage of alture and composition of
medium. Cultures 24 hours old are the most suitable for stain@ejls can loose their
grampgaitivity i.e. by mechanial damageUV radiation by acidic, basic or solvent treatment
Microorgansms that are stained partly assitive and patly as negatie, are designated as
gramlabik/gramvariate. Some ofbacteria genera can not be stained Gyam stainingi
genera withou cell wall (mycoplasma), spial bacteria and strong acidfast genera
(mycobaderia); i.e. Borrelia burgdorferi, B.recurrentis, Bartonellahenselag Chlamydia
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trachomatisC. pneumoniae, Chlamydophila psittaci, Coxiella burné&tirlichia chaffeensis,
Anaplasma phagocytophilum, Legionel&p., Leptospira sp., Mycobacterium bovis, M.
tuberculosis, M. avium, M. intradalare, M. kansasii, M. lepraeM. marinum, Rickettsia

rickettsii, Orientia tsutsugamushi, Treponema pallidum

Cell wall of bacteria

Cells of gramn@ative type (obr. 65B) contain cell wall composed from outside
lipopolysacharice membaneand insiderelatively thin peptidoglyan @pproximatelys-10 %

of cell wall) layer that containsnuranic acid Lipoproteins establish the binding between
peptidoglyan and outsidemembane. Lipopolysacharides are composed fronipld A, core
polysacharid and O-antigen (Ochair). Outside membiene serves as protectivearier to
environment defends of permeability of compoundr reduces the speed of permeability
(salts of bile acidsantibiotics, poisons.

Outsidemembane lacks and peptidoglyan layer is relatively thickn grampositive type of
cell wall (fig. 65A) Some bacteria can have tepgh acid lipoteichac acid or neutil
polysacharidedn cell wall, or even mycolic acids

Special group is bacteria without cell wallc. mycoplasmathat are not able to synthetise the

precurors of peptidoglycan.Cells are coated only lgytoplasmic membrae.

pi can
peptidogly lipopolysaccharides

periplasmic

space and
peptidoglycan

Integral protein

Fig. 65. Cell wall of grampaitive (A) and gramnegatie (B) type (Prescottet a., 1996,
adjusteql.

Negative staining
Only the background of cells is stained lBgative staining notcells Size and real shape is
not affected byfixation and dying It is used for measurements of real size and shape of

bacterial cell, capsulesand mucus
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Characteristics of somemicroorganisms

Haloarcula i extrane pleomophic rods mostly flat, triangle and squareshapedr irregular
discs gramnegatig; extreme halgphilous (25,2 M NaCl); baterioruberirs and yellow
pigments

Haloferax i extreme pleomophic, mostly shape of flatliscs or cupsgramnegatig, mucous
colonies, extreme halgphilous (1,54,5 M NaCl); bacterioruberinand yellowpigments
Sporosarcinai round oroval cells clustered adiplococci, tettads or sarcina; grampasv €
mobile by few flagellaspoes formationcreamy or orarge olonies

Leuconostoci spheical or ovoid cells clustered in pairs or chajrometimes short rods in
long chainsgrampaitive

Azotobacteri big ovoid and pleomophic cells single pairs, irregular clusters or in chains
cysts formation,gramnegative

Yarrowia lipolyticai yeastsreproducing by vegetative budingseudohyphayyphg stained
as grampadsv e bacteria

Saccharomycescerevisiae 1 yeasts ellipsoidal, round cells formation of branched
pseudomyceliumin some cases mycelium do not form reproducing by budding

hapladiplobioticlife cycle, stained as grampositive bacteria

Instruments and microorganisms

Bacili, G+rods of various shap€48 hours alltures withspoesi phase ontrast)
Bacillus thuringiensi€CCM 19
BacillussphaericusCCM 1615
Bacillus mycoide€CM 145
Bacillus cereu<CM 2010
Bacillus megateriun€CM 2007
Bacillus subtilisCCM 2216

Archaea Haloarcula hispanicaCCM 3601
Haloferax mediterraneCCM 3361

Eukaryota Saccharomyces cerevisiae
Yarrowia lipolyica

G- rods Serratia marcescenSCM 303
Escherichia colCCM 3954

Pseudomonas putida
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G+ cocci short rods Azotobacter vinelandiiCCM 289 i mucilaginous olonies,
capsuls
Leuconostoc mesenteroideé€M 1803i chains capsulemucus
Sporosarcina urea€CM 860
Staphylococcus aureus
Micrococcus luteu€CM 169

Crystal violet Lugol solution safranin

Nigrosin, Kongared metylene blug HCI

Methods

Native preparation

o Dropsterile distilled water on microscopslide

o Transfer small amount of cells oirop of water by singed, cooled innoculation lpop
mix it. Only small amount ofuture is sufficient for avoiding dense preparation

o Do not smear the drop. Cover the drop by cover glass without air bubbles forfdation
not cover glass from upsigdd first by one edge, do not pysh

0 Dry the remaining liquid byilt er pager.

0 Observe the cells from liquid medium direct in medium without dilution in drop of
water.

0 Choose the objd¢iwe with phaseantrast (Phjor native preparatian

0 Observe the regpastion in 5 minues for quick drying

Simple staining
o Fix the dryed smear of cells by flame
o Stain it in solution of grstal violet @ safraninfor 1520 secads.
o Wash it with water, dry it and observe at magnificatit@00x.

Gram staining (fig. 66)
o0 Put out the cleaned microscogiaefrom alcohol and pull it through the flame.
o Dropsterile distilled water in the middle of microscogstde
0 Get a little amount of culture into the drop of water by singedled loop and mix it
0 Smear the sspersion onto the glass, let it dry and fix it by the flame (pull the glass

through the flame for three times).
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Put the pepaation in the solution ofrgstal violet(30 s&onds), wash the dye by water
Put the pepaation in the Lugol solution30 seonds), washthe dye by water
Wash the preparation ®fhanol (o acetone), maxor 15-20 seonds.

Was the preparation by water.

o O O O o

Put the pepaation in thesafraninfor 1 minut (only gramnegatie cells are stained by

safranin becausenystal violetwas decolouredt is necessary to stain every preparation

by safranini we no not know how type of cells is in the prepargtion

o Dry preparation byfilter papr and observe at magnification 1000xm(mersion
objective) in brief field (BF objective).

Fig. 66. Purebacterial cultires stained according to Grarmcinetobacter(A), Arthrobacter
(B), Bacillusmycoides(C), B. subtilis (D), Corynebacterium(E), Escherichia coli(F),
Haloarculahispanica (G), Lactobacillus casei(H), Leuconostoc mesenteroidef),
Paenibacilluspolymyxa(J), Spaosarcina (H).

-~ = © J. Kopeck

Negative staining by nigrosin
o Transfer aepti@lly cells in drop oflistilled water add drop ohigrosin

o0 Mix drops by loopand smear it by another glagspplied in angle oft 5&l over the
glass surfageletit dry on air

0 Observe at magnificatiob000xwith immersion oil.
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Evaluation Colourless cells on grey background are visible in preparéigr67). Compare
the shape and size of cells of various species of one bacterial Besu#ts could baffected
by thickness of dye layé€strong layer could be broken after drying) and concentration of dye

Negative staining byKongo red
o Transfer cells septially in drop ofKongored
0 Smear it by another glagapplied in angle of 5adl over the glassurfacg, letit dry on
air.
o Pour it byl %of HCI, pour it immediately offdo not washdry it filt er pager.

0 Observe at magnification 1000x witnmersion oil.

© J. Kopecka, G. Rotkova

Fig. 67. Negatiwe staining Saccharomyces cerevisiés), Bacillus cereugB), B. subtilis(C),
B. subtilis (D), Bacillus sp. (E), Corynebacterium (F), Haloferax mediterranei (G),

Lactobacillus brevigH), Lactobacillus casel).

Native preparation for observing of shape and location okpores- genusBacillus (phase
and Nomarsk contrastfig. 68 a69)
o Transfer cells in drop ddterile distilled water mix it and cover it by cover glagdo not
cover glass from upsidet first by one edge, do not pysh
0 Observe cells from liquid medium direct in medium without dilutin in drop of water
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o0 Observe immediately by phase or Nomarskintcast (objective 60x a 100x),

prepardtion is quicly drying

© J. Kopecka, G. Rotkova

Fig. 68. Phasecontrastin sporubting bateria; Bacillus megaterium(A), B. mycoides(B),
B. pumilus(C), Lactobacillus brevigD).

Fig. 69. Nomarsk contrastin sporuhting bacteria; Bacillus megaterium(A), B. megaterium
(B), B. mycoideqgC), B. pumilus(D), Lactobacillus brevigE).

Conclusion

Compare the shape of cells, spores and ratio of lenght and width of<éis bulge of cells
cause by thepoes? Is the bulge of cell centrar terminal caused by spor@dVhat affect the
appearance of cells in preparatage of culturenutrientmedium, magnificatior?

Additional information

Prescott L., M., Harley J. Flein D. A., Microbiology, WCB, Dubuque, 1996SBN 0-697-

293904.

Sedl 8l ek I ., Taxonomie prokar BN8I210MRTAT vk oV a

Control questions
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1. Explain the termbacterial speciesand bacterial culture.

2. Write at least dyesused inmicrobiology.
3. Write at least types of nutrient agar usednmcrobiology

4. Complete theable:

Target structure

Type of staining

Cell wall

Shape of cellendospogs,movement

Real shape and sizeapsule

Capsule

Spores
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Structur es of cell (inclusion and capsule staining )

Aim of practice

Staining and observing of ceticlusions and capsules

Introduction

Inclusion or intusion bodieggranules of organic @ inorganiccompoundgare visible in light
microscope and are located in cethatrix. Some ofinclusions have nommembanesand are
presented irytoplasm (polyphogphae and some glyogen granwdg, someinclusions are
coated by l-layer membiane (thickness of membane is circa 2-4 nm), i.e poly-b-
hydroxybutyate some glycogen ad sulphur granuks, carboxyzones gas vesicules
Membranes ofinclusions consist from proteins typids.

Phogphéaes are stored in form obolutin or polyphosphate granulesand serve as source of
phosphée, i.e. nucleid acid formationPolyphosphde is linear polymer of orthophosphae
linked byesterbonds. Plyphosphae serves as source@fiery in some cases

Fat is distributed in celldispersed, invacuoles or incorporated inmembenes Fat is
accumulated in presence of oxyg@a3% of fat is commonly present in celintraceluér
inclusions are founded especially in yeasts anccomycees Dye sudan Il is mostly used
for their staining, fat gets piated ©lour in 207 30 minues(dye is solved in fat

Glycogenis solublepolymerof glucose withU-1,4-bindingsand with U-1,6-linking on every
8-10 monomer.It could form up t050% of dry massis randomly located in cethatrix as
smallgranuks (207 100 nm) Glycogen is not visible in light mioscope. Part of glycogen
granules is coated bynembraneGlycogen is stained biyugol solution Bacterial glycogenis
more linked It serves as quickeserve, it is the primary storageolysaccharice in fungi It
serves as source of carbon émergy and biosynhesis

Lugol solution composes froml % of iodine, 2 % of potassium iodidend distilled water
Potassium iodide is added to increase solubility of iodine in wiater used asantiseptts
disinfection and asindicaor of organiccompounds presencespecially starch (changelour
to blueviolet or black)

Somebecteria form layer of magrial that is located outside of cell wali this layer is well
organsed and do not wash out, it is callethpsule Capsule is composed from
polysacharices but could contain anothecompounds.Capsules are visible in light

microscope (negative staining) Capsule provides many advantages to bactewers
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patogeric bacteria in macroorgamsm, avoids to drying due to higher content of watkees

away manybecterial virusesand hydrghobictoxic compoundli.e. detergerd

Instruments and microorganisms
Saccharomyces cerevisiae

Bacillus cereusCCM 2010

Bacillus megateriunCCM 2007
Azotobacter

Leuconostoc

Methylene blug Sudan 11} Lugol solution
Kongored nigrosin

Microscopicslide cover glassloops distilled water

Methods
Staining of volutin by polychromatic methylene blue(fig. 70)
o Dry the smear of the celtsn air and cover it bpolychromatic métylene blue( L° f f | er
blug maturated at least 12 montlisr 1-3 minutes
o Washwith water, dry it and observe at magnificatitd00x.

o Purple volutin grainsand light blue cytoplasm are visible in preparation

Fig. 70. Volutin in Saccharomyces cerevisiae

Fati1 staining by Sudan 11l (fig. 71)
0 Mix cells with dye Sudan Il fol0- 30 minues
o Cover it by cover glass and obsebreck-like red drops of fa
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