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Why study Microbiology

Microbes are related to all life.
— In all environments
— Many beneficial aspects
— Related to life processes (food web, nutrient cycling)
— Only a minority are pathogenic.
— Most of our problems are caused by microbes
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Bacteria

Prokaryotes

Peptidoglycan cell walls

Binary fission

For energy, use
organic chemicals,

Inorganic chemicals,
photosynthesis
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Archaea

Prokaryotic
Lack peptidoglycan
Live in extreme environments
Include:
Methanogens
Extreme halophiles
Extreme thermophiles




Fungi

Eukaryotes
Chitin cell walls
Use organic chemicals for energy

Molds and mushrooms are
multicellular consisting of masses
of mycelia, which are composed
of filaments called hyphae

Yeasts are unicellular
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Protozoa

Eukaryotes

Absorb or ingest organic
chemicals

May be motile via pseudopods,
cilia, or flagella Food

_ particle
Some of them parasites
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Algae

Eukaryotes
Cellulose cell walls

Use photosynthesis for energy
(primary producers)

Produce molecular oxygen and
organic compounds

Metabolically diverse
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Viruses

Acellular
Consist of DNA or RNA core
Core Is surrounded by a protein coat

Coat may be enclosed in a lipid
envelope

Viruses are replicated only when they
are in a living host cell
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Multicellular Animal Parasites

Eukaryote
Multicellular animals

Parasitic flatworms and
round worms are called
helminths. |

Microscopic stages in life
cycles.
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Nomenclature

Carolus Linnaeus (1735)

Binomial (scientific) nomenclature

Gives each microbe 2 names
Genus - noun, always capitalized
species - adjective, lowercase

Both italicized or underlined
Staphylococcus aureus (S. aureus)

Bacillus subtilis  (B. subtilis)
Escherichiacoli (E. coli)

When two organisms share a common genus are related
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Mikrodkologia

Elbhelyek: leveg 6, viz, talaj

Eletformak: szaprofita, szimbionita, kommenzalista, parazita
Eletkorilmények: h émérséklet tolerancia

(pszichrofil, mezofil, termofil) Iim%
pH tolerancia ( acidophil , neutrophil , alkalophil ) -

T(°C), pH

Soturés (ozmotolerancia)

Mikrobak szerepe a bioszféraban: fotoszintetizalok (  CO2-t megkothetnek),
Energiat termelhetnek

lebontok: C, N, P, S kdrforgalomba visszajuttatasa
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Keletkezhet spontan modon élet?

The hypothesis that living organisms arise from nonliving matter is
called spontaneous generation. According to spontaneous
generation, a “vital force’ forms life.

The alternative hypothesis, that the living organisms arise from
preexisting life, is called biogenesis.
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Keletkezhet spontan modon élet?

The belief in the spontaneous generation
of life from nonliving matter was
Introduced by Aristotle, who lived
around 350 BC.

According to Aristotle, it was:

“readily observable that aphids
arise from the dew which falls on
plants, fleas from putrid matter,
mice from dirty hay.”

This belief remained unchallenged for
more than 2000 years.

Aristotle: 384 - 322 B.C. (LN




Keletkezhet spontan modon elet?

Experiments on Flies
First to formally challenge the accepted belief of spontaneous generation.

Redi's Question: Where do maggots come from?
Hypothesis: Maggots come from flies.
Experiment: Redi put meat into three separate
jars.

Jar-1

* Left open

» Maggots developed

 Flies were observed laying eggs on the meat in
the open jar

Jar-2

» Covered with netting

» Maggots appeared on the netting

* Flies were observed laying eggs on the netting

Jar-3
» Sealed
* No maggots developed

Francesco Redi,
Italian physician,
naturalist & poet,

1626 — 1697.
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Keletkezhet spontan modon élet?

What causes tiny living things to appear Iin
decaying broth?

Needham’s Hypothesis: Spontaneous generation.
Spallazani’s Hypothesis: Microbes come from the air.

Boiling will kill them.

Needham >

- -

Spallazani >

- -

1729 - 1799
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Keletkezhet spontan modon élet?

Louis Pasteur és az Ipari Microbioldgia

Pasteur’'s observations:

Are these non-living blobs or living microbes?

1822 - 1895
yeast + grapes = yummy wine © (ethanol)
/7 oy :
bacteria + grapes = spoiled wine  ® (lactic acid) > = _ { ~




Fermentation and Pasteurization

Pasteur showed that microbes are responsible for fe rmentation.

Fermentation is the conversation of sugar to alcoho | to make beer and wine.

Microbial growth is also responsible for spoilage o f food.

Bacteria that use alcohol and produce acetic acids  poil wine by turning it to
vinegar (acetic acid).

Pasteur demonstrated that these spoilage bacteriac  ould be killed by heat that
was not hot enough to evaporate the alcohol in wine . This application of a
high heat for a short time is called  pasteurization.
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Elméletek a betegségek mikrobialis eredetéer ol

Oliver Wendell Holmes (US)

Believed death following childbirth (puerperal
fever) often caused by the material on hands of
midwives or attending physicians.

1809 - 1894

Semmelweis Ignac (Ausztria — Magyarorszag)

Noticed death rates higher in maternity wards
staffed by medical students than in those
attended by midwives. Death rates decreased

in summer. # L sNe

B

1818 - 1865
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Elméletek a betegsegek mikrobialis eredetér 6l

Robert Koch
Experimented with medium to grow bacteria on.
He tried gelatin, but it did not work.

Wife of colleague recommended agar (a gelatin-like
product derived from seaweed).

Didn’t melt, and bacteria couldn’t digest it.

He could also add various nutrients necessary togr ~ ow
certain organisms.

Koch originated use of a two part dish for growing
bacteria ,Petri dish” named after Julius Petri, a
German bacteriologist), and a technigue for isolati ng
pure bacterial colonies.
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Eiméletek a betegsegek mikrobialis eredeter

Koch’s Postulates

£) Microorganisms are isolated
from a dead animal.
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are grown in pure culture.

are identified.
Coapyright © 2004 Paarson Educabion, ine | pubishing as Barjamin Cummings.
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Az immunologia kezdetei — Edward Jenner

Was aware of farm workers' belief that if you had
cowpox in past, you wouldn’t get smallpox.

Cowpox caused mild discomfort, aching, a few
pustules, some swelling...symptoms that
disappeared in a few days.

In contrast, smallpox caused massive
disfigurement, sometimes blindness, and often
death.

Jenner, in the late 1700s, made small incisions or
punctures with cowpox material in arms of
human subjects in order to prevent smallpox.

Jenner’s works are said to have saved more lives
than the efforts of any other person in history.
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Az immunologia kezdetei — Luise Pasture

Individuals who recover from an infectious disease
sometimes immune from future attack.

Prompted Pasteur to try to find a way to prevent fo  wl cholera
In chickens.

Colleague of Pasteur’s postponed inoculations of ch olera
Into a group of chickens, a remarkable discovery re sulted.

Inoculation with these neglected cultures made the chickens
Immune to fowl cholera.

The microbes had been weakened or attenuated.

Pasteur also modified other organisms (anthrax and the virus
causing rabies). Ultimately created inoculation pro cedures

of vaccinations.
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A modern kemoterapia megjelenése

e Treatment with chemicals is chemotherapy.

 Chemotherapeutic agents used to treat infectious disease can be
synthetic drugs or antibiotics.

» Antibiotics are chemicals produced by bacteria and fungi that
Inhibit or kill other microbes.

e Quinine from tree bark was long used to treat malaria.

« 1910: Paul Ehrlich developed a synthetic arsenic drug,
salvarsan, to treat syphilis.

e 1930s: Sulfonamides were synthesized.
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Az antimikrobidlis szerek felfedezése

Alexander Fleming (1881 — 1955), a
Scottish biologist and pharmacologist,
observed bacterial staphylococci
colonies disappearing on plates
contaminated with mold.

Fleming extracted the compound from the
mold responsible for destruction of the
bacterial colonies.

-

rﬂm.ir.?;ﬁf_ - AXIg
BUY BONRE
The product of the mold was named .-

penicillin, after the Penicillium mold
from which it was derived.

Nobel Prize in Physiology of Medicine in
1945.
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A penicillin gatlo hatasa

Fleming 1928-ban egy Staphylococcus
torzs tenyesztésevel foglalkozott a
londoni St. Marry’s korhaz fert 6z6
betegségek osztalyan. Haromhetes
szabadsagarol visszaterve azt
tapasztalta, hogy az asztalan felejtett
tenyészet penésszel fert 6z06dott meg.
(Valami ehhez hasonl¢ latvany fogadta.)
A fert 6z6dés korul a bakteriumok nem
novekedtek.

Ez vezetett ahhoz a felfedezéshez, hogy
bizonyos gombafajok a baktériumok
szaporodasat gatlé anyagokat
termelnek.
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A penicillin gatlé hatasa

Az antibiotikumok hatasossagat mai napig ugy
hatarozzak meg, hogy lemérik annak a gy trinek az
atmer 6jét, amelyben gatolta a baktérium névekedéseét.

Kés bbb — feltételezve, hogy talalhatnak mas
gombakat, amik még t6bb penicillin kibocsatasara
kepesek sz Urovizsgalatokat alkalmazva valasztottak ki
azt a Penicillium chrysogenum (NRRL1951) torzset,
amelyet egy rothadt sargadinnyér 6l izolaltak, és ez a
torzs lett a szul 6-egyede mindazon ipari mutans
torzseknek, amelyekkel jelenleg a vilag igen sok
orszagaban a penicillint el o6allitjak.
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Fleming tudataban volt TF%’?@J“J&“&EA}F”
felfedezesének vilagmeéret U

jelent 6segére, ezert eljarasat es a
penicillint nem engedte
szabadalmaztatni, hanem a gyogyitas
érdekében az 1950-es évekt o6l kezdve
a vilag minden orszaganak
rendelkezésére bocsatotta.

Magyarorszagon maga Fleming adta
at a penicillin termel o6 torzsét az
Orszagos Kbzegészseégugyi
Intézetnek.
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Modern Developments in Microbiology

Bacteriology is the study of bacteria.
Mycology is the study of fungi.
Parasitology is the study of protozoa and parasitic worms.

Recent advances in genomics, the study of an organism’s genes,
have provided new tools for classifying microorganisms.

Transcriptomics is looking at the m-RNA as gene products
Proteomics is looking at the protein as gene products
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Mikrobioldgiai moédszerek
|zolalas

A technologia alapjat képez 6 mikroorganizmus megtalalasa.

Beszerzési forrasok: a mikroorganizmusok termeészetb en lév é biotopjabol —
talaj, iszap, viz, leveg 6, él6 szervezetek

Isolate strains from extreme or unusual environments

Hope such strains may be capable of producing new metabolites .

For instance, microorganisms from  high altitudes, cold habitats, sea water,
deep sea, deserts, geysers, and petroleum  fields are being examined




Mikrobiologiai modszerek
Kényelmes beszerzési forrasok: a torzsgy  Gjtemények

American Type Culture Collection (ATCC). Rockville, Ma  ryland, U.S.A.,

NRRL: US Department of Agriculture, Northern Regional R esearch
Center

NCIMB: National Collection of Industrial and Marine Ba  cteria Ltd.

FERM: Fermentation Research Institute, Tokyo , Japan,

CMI: Commonwealth Mycological Institute,  Kew, Surrey, England,

ECACC:. European Collection of Cell Cultures

C.I.P. Colletion de Bactéries de I'Institut Pasteur

OKI: Orvosi Baktériumok Magyar Nemzeti Gy  Gjtemeénye

Kertészeti és Elelmiszeripari Egyetem: Mez  égazdasagi €s
Ipari Mikroorganizmusok Nemzeti Gy djteménye
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Mikrobiologiai modszerek

|zolalas

Inkubalas

Szilard - ez aleggyakoribb, mert itt legnagyobb a diverzitas
minta minta > kozvetlenll Petri csészére
minta - vizes szuszpenzi0 -> Petri csészére
minta felszinér 6l steril vattaval _J

Folyadek - esetleges higitds > esetleges dusitas el éinkubéacioval
minta

- szurés+agar+inkubalas

Leveg 0
minta

-> szures+agar+inkubalas
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Mikrobiologiai modszerek

Agar is a complex polysaccharide isolated from red algae
solid at room temp, liquefies at boiling (100 °C),
does not resolidify until it coolsto 42  °C
provides framework to hold moisture & nutrients
not digestible for most microbes
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Mikrobiologiai modszerek

Mikroorganizmusok egy természetes mintabol

Mold spores o o S N\ Yellow Bacteria
fuzzy growths 7 i . % colonies

Yeast growths ==
are more solid

HeathProO2 pectin culture growth after 60 hrs.
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Mikrobioldgiai modszerek

Egyetlen sejtb6l szarmazo koldnia elballitasa
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Mikrobioldgiai modszerek

|zolalas és screenelés
kézi modszerrel

izolalo csésze " nedvesitett steril ti

0,1% Tween &0
tartalmas steril viz

y.

sporaro telepek

szeleszres egyedi
telepek Ryerasehaz

agaros tapialajon
antibakterialis
Aantibiokumok
jelenlateben vagy
tavolletiben
s2irdvizegaat

G e= (leszivizrsgalat)

ey s szel b aklivitasra

eayedi

teleprol

Kidobya tarolva
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Mikrobiologiai modszerek

ENRICHMENT MEDIA

Enriched media are media that have been supplemente  d with highly
nutritious materials such as blood, serum or yeast extract for the
purpose of cultivating fastidious organisms.

Eg., Blood agar, Chocolate agar

I. | A -I' - i T o r
%m&i 2 miRRARRARARAAR :Eﬁ BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék

——r
e T T




Mikrobiologiai modszerek

Szelektiv média:

pl.: antibiotikum - csak gombak n ének
antifungalis szerek - baktériumok n ének
savanyu kozeg - éleszt 6k nének — Inkubalas

specialis tapanyag -2 pl. metanol hasznositok n  ének
amindsavak hianya - heterotroéfok n ének

Eosin-methyleneblue agar (EMB)

Contains methyleneblue,

toxic for Gram+ bacteria,

allowing only the growth of Gram — bacteria
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Mikrobiologiai modszerek

Differential media:

...are widely used for differentiating closely related organisms or
groups of organisms. Because of the presence of cert ain dyes or
chemicals in the media, the organisms will produce certain
characteristic changes or growth patterns that are used for
identification or differentiation of microorganism.

Eg., Mac Conkey (MCK) agar, Eosin Methylene Blue (EMB) agar

The gram-positive bacteria
Staphylococcus aureus

Enterobacter cloacae _
Lactose fermenter 7

Pseudomonas aeruginosa P Escherischia coli typical lactose
Iactoge nonfermenter (pink e fermenter (colonies with green
colonies) metallic sheen )
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Mikrobiologiai modszerek
Screening

Keresni azokat a torzseket az izolatumok koz6tt, ame  lyek:

Nagy termel 6kepesseggel rendelkeznek

Stabil biokémiai es genetikai tulajdonsaggal rendel keznek (80-100 gen.)
Nem termelnek karos melléktermeékeket

Konnyen tenyészthet 6k nagy léptékben is (mert pl. eleg gyorsan n  6nek)

Egy példa: Tejsavtermel 6 bakterium térzs kivalasztasa

Tapoldat 8 Tapoldat

+ phiffigg o il + caco,
festek + agar

+ agar




Mikrobioldgiai modszerek

High Throughput Screening (HTS)
Nagy szamban, automatizalt modon keresni termel 6 torzseket
az izolatumok kozatt:
Lépései:
1. Egy sejtb 6l indult kolonia azonositasa kepelemzessel
2. A kolonia érintése steril eszkdzzel (pipettahegy, palca, kacs),
v. mikrocsipesz alkalmazasa mikroszkop alatt.
3. Akoldnia atvitele friss folyékony tapoldatba
4. Tenyesztés (inkubacio)
5. In-line v. at-line analizis sejtszamra, termeékre, v agy intermedierre
6. Alegjobb termel 6k elkiilonitése tovabbi vizsgalatra




Mikrobioldgiai modszerek

High Throughput Screening (HTS) work station

liquid carousel for compound
handling plates and pipette tips
workstation  ghaker incubator | barcode reader robotic arm

cell culture
incubator

@  fluorescence 0 0y
a j 3 ,". A - L ='., = .-" "
"~ platereaders :gr iy -4

&

cell wash
workstation

trash
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Mikrobioldgiai modszerek
High Throughput Screening (HTS) multi work station

BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék




Mikrobioldgiai moédszerek
|dentifikacio
Fenotipusosan:
makroszkopikus tul.: telep szine, nagysaga, formaja
mikroszkopikus tul.: sejt alakja,csoportosulasa, moz gasszerve,
sejtmagja, sejtfala (Gram festés, mas festések)
biokémiai tul.: oxidaz proba, aerob/anaerob dextréz fogyasztas,

ureaz, kénhidrogen, Analytical Profile Index (API), s tb.

AF-Falarnbeclardosss cealadhatanozl h.-‘:thEﬁEilJH'lll-H
identiiik slasara alkalimas AP 2E {esz
Huzrblazdmazd baktdnom izoldium lealtdes wan k &pnll aredmeanyak:

i"H' J'1r1f' H"l-'H ..J_____FI a T'H'H|
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Mikrobiologiai modszerek

Identifikacio: 120800 8998 Jus5a50090 2
@)

m‘“mwﬁ_‘r-ﬂﬂﬂwg pgrhnm-ﬂml_luu‘l-uwrl.nl

Analytical Profile Index (API)

ONPG (B-galactosidase), GEL (gelatin liquefaction),
ADH (arginine dihydrolase), GLU (glucose fermentation),
LDC (lysine decarboxylase), MAN (mannitol fermentation),
ODC (ornithine decarboxylase), INO (inositol fermetation),

CIT (citrate utilization), SOR (sorbitol fermentation),
H,S (sulfide production), RHA (rhamnose fermentation),
URE (urease), SAC (sucrose fermentation),
TDA (tryptophane deaminase), MEL (melibiose fermentation),
IND (indole production), AMY (amygdalin fermentation),
VP (Voges-Proskauer reaction), ARA (arabinose fermentation )
:._q-,____
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Mikrobioldgiai modszerek

Identifikacid: Analytical Profile Index (API)

cultu(N)ALOCHUTIVGGMISRSMA
rePDDDIZRDNPELANOHAEM
nO-GHCCTSEAD L U N O R A C L Y
8030+ — + — + — + — — + — + + + + + + + +
8068 — — — — — + + ++ — + + — — — — + — +
814 — — + + — + — — — — — + + — + + — + —

8030 Klebsiella pneumoniae
8068 Proteusvulgaris

8P14 Salmonella sp.
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Mikrobioldgiai moédszerek u

it

Genetikai identifikacio: ‘ =

E

- ., B liehenifarmis (270356913
pl. 16S RNS szekvencia alapjan q B anyiqmtcens 2o
] - B cermus (2728257504
'I ﬁ B psevdomytoides (226897568

— [ cergus (226R07565)

L F thuringiensis (2 15363455)
e B thuringiernsis (2 15563488}
—— B mycoides (268679229

' L iEE 1
I il = -
Purify DNA from biofilm % g g;, o : :
o oA R
e i :
- Hael 8 3
§om -
= E 18
PCR amplify 165 fRNA gene i 2B 2




Mikrobioldgiai moédszerek

Tartositas fenntartas

-aktiv formaban:
-szaritva ampullaban (liofilezve)

-lelassitva agaron, h (tében
(id 6szakos atoltas)
-ferdeagar kemcs 6ben (+olaj)
-szurt agar kémcs 6ben (anaerobok)
-petricsészes agaron

- fagyasztva (-150 °C, folyékony nitrogen -193 °C)

-inaktiv formaban: sporak, szaporitoképletek

AT p—— T T N Y e
THE e - ¥ : o
MSLE RPRAE R A RE u TTETET TR, o

prai ¥ g W, i b 1
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ldoszakos atoltas
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Liofilezés
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Tartositas mélyh utéses fagyasztassal
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Mikrobioldgiai moédszerek

Torzsfejlesztés mutacioval

Az élbdszervezet kepessegeit a genomja hatarozza meg > a fejlesztéshez
genomot kell médositani > mutacio

Fizikai mutagének:

-besugarzas - UV, gamma, Rontgen; dozis (intenzitas x  id0)
Kémiai mutagének:

-DNS-t megvaltoztatd anyagok, dozis (koncentracio x id  6)

1. Mutacié

2.mutansok kitenyésztése (izolalasa)
3.mutansok sz dreése (ki lett jobb)

4 Kkicsit jobbak Ujra mutaltatasa

BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék




Mikrobioldgiai moédszerek

Torzsfejlesztées gen manipulacioval

Az élészervezet kepességeit a genomja hatarozza meqg > a fejlesztéshez
genomot kell médositani - molekularis biologiai beavatkozas DNS szinten

Uj gén bevitele: plazmidba v. kromoszéméaba

Meglév 6 gen atalakitasa: delécio, inzercio, site directed m  utagenesis,
szintetikus gen bevitel

Promoterek befolyasolasa: aktivalasa (m  -RNS szintézis novelése)
elnyomasa (m -RNS szintézis cstkkentése)

Typlcal gene organization
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'“ (]

e L, ke
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Mikrobiolégiai médszerek: Osszefoglalas

|zolalas a természetbdl v. beszerzés a Torzsbankbol

Sajat gen atalakitasa
v. kills6 gén bevitele

Egysejt koloniak - -
Gén manipulacio —— e Mutagen kezeles

UV, Rontgen, gamma,
kemiai

Kézi, v. Automata-HTS

Egyseijt kolonia L7 Screening strategia

v

X 10 % tuleld
\

Egysejt kolonia

Folyadékban

- termékextrakcio

Szilard felileten = ha a termék diffundal és lathat6

Analitika

és mindseg

N

|

|

|

|

|

|

|

|

|

|

i Nagyszamu parhuzamos tenyésztés
|

|

i

|

|

|

|

I -7 7 V4
i Termék mennyiség T Kiértékelés, |-
|

{

-~
S ——

—_——
—
—=
- ——
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kivalasztas —_

—_——
e
—
—
—
-
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Bizonyitas, deponalas
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Altalanos felszerelések egy mikrobioldgiai laborator lumban

o Sterilfilke o Kacs, széleszt 6 bot
e Tapoldatok * Pipetta

o Tenyészt 6edények o Autoklav

o Hitok  Holegsterilez 6

* Folyékony nitrogen  Fagyasztokapszula
o Centrifugak e Mikroszkop

e Termosztat  ELISA-reader

CO, termosztat eml 6s sejt tenyésztéshez
37°C

5% CO,

100% paratartalom
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Steril munkavegzeés

HEPA (high efficiency
particulate air )filter
99.99%-ban kisz uri a
leveg 6bol a 0.2 mikron
meret U részecskeéket.

A sz urt leveg 6t a rendszer
folyamatosan aramoltatja
a munkafeluleten.
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Tenyeszt 6edenyek bakteriumokhoz,
éleszt 6kh6z, gombakhoz

Petri-csészéek

Flaskak

59
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Tenyeészt 6edéenyek eml s sejtekhez

Side view

View from bottom

T- flasks Roller bottle Spinner bottle

60
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Tenyészt 6edények eml 0s sejtekhez

e Petri-cseszek
o TObblyukl lemezek (plate)
o Flaskak
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Mikroszkop

A sejtek nbvekedésének vizsgalata
A sejtszerkezet vizsgalata
A sejt eletképesséqg vizsgalata

Fertozések kisz Urése

Sejtszamolas
Festési eljarasok

Transzfekcio ellen Orzése

eeinnananinaiyyy| BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék
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Mikroszkop

Anton van Leeuwenhoek (1632-1723)

Elsoként észlelt szabad szemmel nem
lathato képleteket es él6lényeket
kb.1674

e, i e AZ Jltala elért nagyitas 300X

LT e

Sample
4 Transiator

Lhuq (L EEY

At .; = ' o :
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Ocular
(eyepiece

Body

Nosepiece

Objective lens (4)
Mechanical stage

Substage condenser

Aperture diaphragm control
Base with light source

Field diaphragm lever

Light intensity control

Fénymikroszkop

= = Interpupillary adjustment

Arm

Coarse focus
adjustment knob

Fine focus
adjustment kncb

Stage adjustment knobs

BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék
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A fény utja

Ocular lens

Objective lens

Light rays
strike
specimen

Condenser lens

Light source

Brain

Eye

Virtual image

Real image

Specimen




A hulldAmhossz hatasa a felbontasra

LI
u,_..-r:
(TS0

(b)
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Olaj immerzios lencse




Effect of magnification

Not resolvable

UU

Resolvable

BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék
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Types of light microscopes

B

BE

| i EAARE AR AREAR
:i‘..'a.l.'{-'“‘ EARAAREAR
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Bright-field — most widely
used, specimen is darker
than surrounding field

Dark-field — brightly
lluminated specimens
surrounded by dark field

Phase-contrast — transforms
subtle changes in light
waves passing through the
specimen into differences
In light intensity, best for
observing intracellular
structures



Sotetlatoterd mikroszkop

A soOtet latoter G
mikroszkop

Lm ] osEavmkodésének alapja:

a kondenzor specialis

kepaloto,szor6cd rekesze (diafragmaja)
sugara -
’ azokat a sugarakat sz (iri

ki, amelyek az objektivbe
jutnanak, igy csak a targy
pontjain szordédo
KONDENZOR fénysugarak vesznek
részt a kép kialakitasaban

70

Wbl EN TRV P e = Todndnigig = 2
| PRSI PR AR

o T P BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék



A faziskontraszt mikroszkop

mukodesi elve Egyes, a fenyforrasbol a

kondenzoron at érkez o

intrferenca “ R sugarak a mintan faziskeseést
1 szenvednek, amit az objektiv
késds=1/4a

________ @ gy arudiafragmaja megnovel
adott hullamhosszal kés ©

e § ; i sugarakat az objektiv
S —4 fékuszélja:_itt a fellep o
Interferencia kovetkeztében a
§ § § @ talalkoz6 hullamok vagy
ama Kioltjak, vagy er o6sitik
vkt sugar R egymast (kontraszt alakul ki)

(B);

A gy lradiafragmak
feltilnézeti kepe rajzon és a
valosagban (C)

KONDENZOR a késést nem szenved O és az

FAZISGYURU

':Il-_il\f
3,
LY

' KONDENZOR
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Faziskontraszt mikroszkop

Phase Contrast Microscope Configuration Phase Contrast Optical System Alignment

& &= R |




Fluorescence Microscope

Modified compound microscope with an ultraviolet ra diation source and
a filter that protects the viewer’'s eye

Uses dyes that emit visible light when bombarded wi th shorter uv rays.
Useful in diagnosing infections

Principle of Excitation and Emission detaclar
= Ultraviolet [il.lﬂ.l']
ilndu‘il'ﬁh e Eriitted
\ 5. o A1
v b acular
W Excitation ioein
A Emission
fitles [ |

excitation
i (4 E= T

dichroic
IMIrrar

ligyht

Fluorescent EaifhE

Specimen

objective

flL.IDrPEE'E:I'lr
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Fluorescence Microscope

Peiler-Cooded S i
CCO CAmisrs FIGrgacancy crafcopc
A - harge
l:l":l:'"'::":l |:|.||: LII'I1|:I-|'I|:I-I.I.I-H

k-
.
%‘: S8 i)
Veriical 3

Iﬂ_" - -'7‘*‘. ﬂ iﬁﬂf ng:nr

Filter .
Ell-u-r.li.n-u.‘

Eranlhshiedd —

H.I-I—_

{UN Shietd) MiCcrosc
Objectivs i-ﬁ = Frama.
Shage =2
Condenses —=9

Turmet
. gl
Field g2 Ha
| ' Lemphouse
H...._..:ﬂ
=154 M1
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Fluoreszcens festékek

e Hoechst 33342:kek

e szelektiv nuklearis festék

e kromatin kondenzacio,
fragmentacio

e Bis-L-aszpartat amid
(caspase 3 szubsztrat): z0ld

e TMRE: mitokondrium
polarizacio : piros
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Konfokalis mikroszkop

A konfokalis mikroszkop fluoreszcensen jel6lt mintak vizsgalatara alkalmas.
A hagyomanyos mkroszkopokkal szemben, ahol a mintae gy terlletét éri a
megvilagitas, a konfokalis mikroszképnal egyszerre ¢ sak a minta egy pontjat
vilagitjak meg, igy a konfokalis elrendezés 6nmagaba n nem ad képet. A
pasztazo nyalab végig megy a vizsgalando fellleten (beam scanning), épp
ugy, ahogy az elektronsugar a tévékéepernyaon.

A detektor minden egyes pontban megmeéri a fény inte  nzitasat. A kapott
digitalis kep szamitdgeppel kezelhetd és elemezhetd. Tobb szelet képét
O0sszerakva a fluorofér térbeli elhelyezkedése is vizsgalhato.

A konfokalis képalkotas lenyege, hogy a rendszer csa  k a fokuszsikbol j6vo
fenyt detektalja.

dikroikus konfokalis
res

minta objektiv tiksr
|

|
S
|

} gerjesztd |
lézerfény




Konfokalis mikroszkop

Fundamental Set-up of Fluocrescence Microscopes:

confocal vs. widefield

Cunlucal : Widlefichl
Fluorescence Fluorescence
MiCrosCopy MICFrOSCOpY

"
LAZER & A
g [ctecior pinhols
Aper fure
n | Dichioic mirmor flj:] :3;::!]3:;'%3
Light source -""'"r Okular

l

pinhole aperture /_l_.lﬁ
: Fluorescence !
Fiitar Cuba " m—
Objectives
: Saple Flane
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Electron microscopy
Forms an image with a beam of electrons that can be made to
travel in wavelike patterns when accelerated to high speeds.

Electron waves are 100,000X shorter than the waves of visible
light.

Electrons have tremendous power to resolve minute structures
because resolving power is a function of wavelength.

Magnification between 5,000X and 1,000,000X

BME Alkalmazott Biotechnologia és Elelmiszertudomany Tanszék
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Electron microscopy

Two types
Fénymikroszkop Transzmisszios Pasztadzd
elektronmikroszkop elektronmikroszkép
Iﬁwﬂl T Transmission electron
10 microscopes (TEM)
W K
0 R i Scanning electron
\ microscopes (SEM)
ﬂ 0]

Scanning EM image of HIV budding from the

cell surface of a lymphocyte (arrow).
Bar, 100 nm. Magnification, x50,000.




Transmission Electron Micrograph

TEM involves a high voltage electron beam
emitted by a cathode.
The electron beam that has been partially
transmitted through the very thin (and so
semitransparent for electrons) specimen
carries information about the structure of the
specimen. The "image" is then magnified by a
series of magnetic lenses until it is recorded
= by hitting a fluorescent screen, photographic
A plate, or light sensitive sensor such as a CCD
(charge-coupled device) camera.
Darker areas represent thicker, denser parts
and lighter areas indicate more transparent,
less dense parts
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Scanning Electron Micrograph SEM — provides detailed three-
dimensional view. SEM bombards

surface of a whole, metal-coated
specimen with electrons while
scanning back and forth over it.
Unlike the TEM, where the electrons
In the primary beam are transmitted
through the sample, the Scanning
Electron Microscope (SEM)
produces images by detecting
secondary electrons which are
emitted from the surface due to
excitation by the primary electron
beam.

In the SEM, the electron beam is
scanned across the surface of the
sample in a raster pattern, with
detectors building up an image by
mapping the detected signals with
e beam position. 81
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Sejtszamolas es életképesseg vizsgalat

Mikroba meéres:

1. OD-optical density (UV-Vis photometer, 600-660nm)

2. Turbidimetria (online)

3. Mikroszkop — sejtszamlalas Blrker kamraval (1076 db/ml)
4. Cellcounter (1076 db/ml)

5. Sejt Szarazanyag (1-10 g/L)

6. Higitasos szélesztéses modszer (CFU/mI)
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Sejtszamolas és életkepesseqg vizsgalat

A sejtekkel végzett munka napi rutin része a sejtek szamlalasa
és eletképesseégiiknek vizsgalata. Tripankeék festékkel, Blrker
vagy Neubauer kamra segitsegevel szoktak végezni.

Cover slip

Bacterial suspension Location of grid

i Pipette \
|

Overflow troughs

|
1 Place under
= , c (a) oil immersion
I
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° =S M
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