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Microbiology

« study of all living organisms that are too small to be visible with the
naked eye (microorganisms)

e microorganisms are spread in water, soll, air, bodies of animals, In
plants
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Microbiology timeline
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Eukaryotic vs Prokaryotic Cells
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"Eukaryotic and Prokaryotic Cells: Similarities and Differences." Study.com. N.p., n.d. Web. 05 Jan. 2017.

Aalto-yliopisto
Aalto-universitetet
H  Aalto University

Prokaryotic

Prokaryotic cells are
found in bacteria. They
are less complex than
Eukaryotic cells.

Eukaryotic

Eukaryotic cells are
found in humans. They
are also found in plants,
animals, fungi, and
insects.

No Nucleus

Prokaryotic cells do not
have a nucleus. They
also do not have any
membrane bound
organelles.

Nucleus

Eukaryotic cells have
nuclei and other
membrane bound
organelles.

DNA of
Prokaryotic cells

Prokaryotic cells have
smaller, circular DNA.
DNA for prokaryatic
cellsis held in a
nucleoid.

DNA of
Eukaryotic cells

Eukaryotic cells have
linear strands of DNA.

https://www.youtube.com/watch?v=zZtcMBTQaS4&ind

ex=3&list=PLTH8ahUlcvwRCscNWDRcD2ZrzBibrPL1t9
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Classification of living organisms
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Taxonomic classification
 a hierarchical system for classifying organisms
 arranging organisms into groups based on similarities of structure, origin, etc

« all organisms are classified into 3 domains: archaea, eubacteria and
eukaryotes (viruses are not classified as living organisms)

* the principal taxa for classification are kingdom, phylum, class, order, family,
genus, species

 Species are named according to Binomial Nomenclature
[ \‘ - T = — =

Wb’o name naﬁ’ning system
— First name is the Genus, capital
— Second name is the species, lower case
— Both are italicized
— Example: Escherichia coli, or E.coli

— Strains; minor differences with in species:
» E. coli strain B or E.colistrain K-12



Classification
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Domain

Kingdom

Cell Type

Cell Structures

Number

of Cells

Mode of
Nutrition

Examples

of living organisms

Archaea Eukarya
Archaebacteria Protista Fungi Plantae Animalia
Prokaryote Eukaryote Eukaryote Eukaryote Eukaryote
Cell walls Cells walls of Cell walls of Cell walls of No cell walls or
without cellulose; some chitin cellulose; chloroplasts
peptidoglycan have chloroplasts
chloroplasts
Most unicellular; Most
Unicellular some colonial; multicellular; Multicellular Multicellular
some some unicellular
multicellular
Autotroph or Autotroph or Heterotroph Autotroph Heterotroph
Heterotroph Heterotroph
Methanogens | Amoeba, Mushrooms Mosses, Ferns, Sponges,
and Paramecium, and and Flowering Worms, Insects,
Halophiles Giant Kelp Yeast Plants Fish, and
Mammals




Phylogenetic . Tree

Angiosperms
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S i S S e O v o St e e s <. First eukaryotic
cells appeared
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Bacteria Archaea Modified from McGraw-Hill
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Phylogenetic qTree

PLANTS
(Plantae)

First multicellular
organisms appeared
0.6 billion years ago.
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Algae

» photosynthetic aquatic eukaryotes

e unicellular or filamentous

» produce oxygen and consume carbon dioxide, act as the base for the
aquatic food chain, remove nutrients and pollutants from water, and
stabilize sediments

» can be the reason of activated sludge bulking

» used as fertilizers, for algae based wastewater treatment, bio-fuel
production
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Fungi

» Eukaryotic (closer to Animals than to Plants)

e >1 000 000 species, mostly multicellular (except unicellular yeasts)

» various habitats: water (including sea water), soil, air, bodies of animals
e use organic compounds as a source of carbon and energy
» produce variety of enzymes (extracellular digestion)

» used in agriculture, medicine, environmental biology, biotechnology

Humic acid solution
Before Treatment

www.tudelft.nl
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Metazoa

Phylum: Tardigrada
e multicellular eukaryotes (Animalia)

e aerobic conditions
» feed on bacteria, fungi, protists

* bioindicators of water treatment efficiency

* Phylum: Rotifera
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Phylogenet
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Protozoa
e animal-like Protists ’G

* unicellular eukaryotes
* motile Glardba
» free-living (feed on bacteria and other microorganisms) or parasitic o
» classified on their means of motility

» bioindicators of water treatment efficiency

Enteroblus vermlcularls eggs
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Sarcodina

» the largest protozoan phylum:11,500 living species and 33,000 fossil species
* move by cytoplasmic streaming in pseudopods (false “feet”)

* In activated sludge, indicate start-up conditions or recovery from toxicity,

washout, and organic overload

* Entamoeba histolytica — waterborne amoeboid dysentery
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Mastigophora (Flagellates)

* one or more flagella (hair-like structure)
» free-living species are indicators of young activated sludge

» Several dangerous parasites

Giardia lamblia is an important contaminant of drinking water, resistant
to the disinfectant action of chlorine
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Ciliophora (Ciliates)

e phylum Ciliophora include ~8000 species

* move by cilia (multiple shirt hair-like structures)
» feeding mechanisms involve a mouth and cilia

« dominant in the presence of mature flocs and low BOD in the b 3
mixed liquor |
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Size comparison
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Wastewater treatment bioindicators
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Courtesy of Amy Schmidt
(WIDNR) and Operation of
Municipal Wastewater Treatment
Plants, Water Environment
Federation (WEF) (Vol. Il, 6th ed.)
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Bacteria and Archaea

» simplest celled organisms with lack of a membrane-
enclosed nucleus

* size - 0.02-400 uym (mostly 2-8).

e remove organic materials by microbial respiration and
synthesis
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ldentification of bacteria

* bacteria are generally grouped into species according to their morphological, physical and metabolic

characteristics
» the most typically identification starts with morphological observation, the colony appearance and the
gram staining and then individual features tested

A colony is a visible mass of microorganisms on solid media all originating from a single mother cell

Microbiological culture is a method of multiplying microorganisms on selective media in laboratory conditions

Colonies on Petri dishes/ culture Iates
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ldentification of bacteria

e cell wall structure

KEY
M Crystal violet
M iodine
[] Aicohol
[ safranin
GRAM-NEGATIVE = GRAM-POSITIVE
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lipopolysaccharide
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« about sixty more tests

http://www.microrao.com/identify.htm
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The Examination of Bacterial Colonies

Form

Circular Irregular Filamentous Rhizoid

Elevation

Raised Convex Flat Umbonate Crateriform
Margin
Shape Margin Surface Color
Iregular Lobate Smooth Milk-White
Round Smooth Concentric Pale Yellow
Round Curled Concentric White

Round Smooth Smooth Off-White

Entire Undulate Filiform Curled Lobate
Irregular Lobate Contoured Mustard
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Heterotrophic plate count (HPC)
Practical exercise

14:00 — 14:15 Group 1
14:15 - 14:30 Group 2
14:30 — 14:45 Group 3
14:45 — 15:00 Group 4

Meanwhile: https://www.quia.com/rr/220195.html
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https://www.quia.com/rr/220195.html

Unculturable bacteria

e current laboratory culturing techniques are unable to grow most of the bacteria in the
laboratory

e culture-independent methods bring more information on microbial composition in

environmental samples

Six different types of colonies Activated sludge flocs

J'...{,_ P zgum % . ’ P s
3 S i L N ¢
R ar | N Ye N X

the content in activated sludge is 1019- 10'2 cells/L
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Culture-independent methods

» The genetic code is universal

» Gene sequences in different organisms express the same

proteins
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All known organisms use DNA as genetic material

O DNA replication

Adenine (A)
. Thymine (T)
mmmm  Cytosine (C)
Guanine (G)



Culture-independent methods

1. Fluorescent In Situ Hybridization (FISH) '| I| ' J A ok X
\heating IHM‘
cooling I I I

denaturation

! ! ! ! ! ! ! hybridisation

Activated Sludge: Total DNA
. Protozoa
. Bacteria
. viruses,
archaea etc.

Prokaryotic
DNA
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16S ribosomal RNA (16S rRNA)

* has proved to be the most informative for investigating evolutionary relatedness
» used extensively in the classification and identification of Bacteria and Archaea

* ribosome — molecular structure (15000 in each E. coli cell , 10 min in eucariotic cell)

Capsule
Cell wall
Plasma membrane

|
W

Bacterial Flagellum

1 6 S r R NA Va Nucleoid (circular DNA)
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Phylogenetic tree

Out group: Defines

R R R Terminal nodes Sister clades: have a Tll[r:‘?:;c:itr:a'

 DNA and the amino acids they code for are the primary S /\ /

basis for grouping organisms into clades (clade is a Human Chimp  Gorlla  Chimp  Human  Gorll

group of organisms evolved from the common

ancestor)
« Evidence of which species are part of which clade can [ how

be obtained from the base of sequences of genes or i S

the corresponding amino acid sequence of a protein l

Bacteria Archaea Eukaryota
f;:f;:,;: I ,:.I::,i:: ,n ::S atimals

hacteria
plants
fungi

fizh
mamntnals
hirdls
dragonflies

heetles

Sequence differences accumulate gradually so there is a positive correlation between the number of

differences between two species and the time since they diverged from common ancestor
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Example
Phylogenetic tree of yogurt bacteria
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Lactobacillus bulgaricus
Yogurt

From Wikipedia, the free encyclopedia

For other uses, see Yogurt (disambiguation)

Yogurt, yoghurt or yoghourt (/' jougart/ or / [pgart/; from Turkish: yogurt) is a food produced by bacterial fermentation of milk 1]

Streptococcus thermophilus

may be homogenized or not, even pasteurized or raw. Each type of mj Ces substantially different results.

Streptococcus salivarius

Yogurt is produced using a culture of Lactobacillus delbruecks subsp. bulgaricus and Streptococcus thermophiius bacteria. In addition, other
lactobacilli and bifidobacteria are sometimes added during or after culturing yogurt. Some countries require yogurt to contain a certain amount of
colony-forming units (CFU) of bacteria; in China, for example, the requirement for the number of lactobacillus bacteria is at least 1 million CFU per
milliter.

Lactobacillus acidophilus

To produce yoguri, milk is first heated, usually to about 85 °C (185 °F), to denature the milk proteins so that they do not form curds. After heating
the milk is allowed to cool to about 45 °C (113 °F).%l The bacterial culture is mixed in, and that temperature of 45 °C is maintained for 4 to 12 hours

A bowl of yogurt

to allow fermentation to occur.™! Type Dairy product
Region or state Eurasia . .
Contents e UG Lactobacillus casei
1 Etymology and spelling Main ingredients Milk, bacteria
2 History

B Cookbook: Yogurt
3 Nutrition and health & Media Yoourt

p ey S Bifidobacterium adolescentis
i

P Bifidobacterium bifidum

Wi PN

8§ Lactose intolerance

Wikimedia Commons 9 Gallery
10 See also
FAE0Es o 10.1 Other fermented dairv products
Aalto-yliopisto
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Yogurt bacteria 16S rRNA partial sequences

>Lactobacillus-bulgaricus
1 gcagtcgagc gagctgaatt caaagatcee ttcggggtga titgttggac getageggeg

61 gatgggtgag taacacgtgg gcaatctgee ctaaagactg ggataccact tggaaacagg
121 tgctaatacc ggataacaac atgaatcgca tgattcaagt ttgaaaggcg gegtaagetg
181 tcactttagg atgagcccge ggegeattag ctagttggtg gggtaaagge ctaccaagge
241 aatgatgcgt agccgagtty agagactgat cggecacatt gggactgaga cacggeccaa
301 actcctacgg gaggcagceag tagggaatct tccacaatgg acgcaagtct gatggagcaa
361 cgccgegtga gtgaagaagg ttttcggate gtaaagcetet gttgttggtg aagaaggata
421 gaggcagtaa ctggtcttta titgacggta atcaaccaga aagtcacggc taactacgtg
481 ccagcagccyg cggtaatacg taggtggcaa gegttgtceg gatttattgg gegtaaageg
541 agcgcaggeg gaatgataag tctgatgtga aageccacgg ctcaaccgtg gaactgeate
601 ggaaactgtc attcttgagt gcagaagagg agagtggaat tccatgtgta gcggtggaat

>Streptococcus-thermophilus
1 tgcaagtaga acgctgaaga gaggagcttg ctcttcttgg atgagttgcg aacgggtgag

61 taacgcgtag gtaacctgcc ttgtagcggg ggataactat tggaaacgat agctaatace
121 gcataacaat ggatgacaca tgtcatttat ttgaaagggg caattgctcc actacaagat

181 ggacctgcgt tgtattagct agtaggtgag gtaatggcte acctaggcga cgatacatag
241 ccgacctgag agggtgatcg gecacactgg gactgagaca cggeccagac tectacggga
301 ggcagcagta gggaatcttc ggcaatgggg gcaaccctga ccgagcaacy ccgegtgagt
361 gaagaaggtt ttcggatcgt aaagcetetgt tgtaagtcaa gaacgggtgt gagagtggaa
421 agttcacact gtgacggtag cttaccagaa agggacggct aactacgtgc cagcagcecge
481 ggtaatacgt aggtcccgag cgttgtcegg atttattggg cgtaaagega gegeaggegg
541 tttgataagt ctgaagttaa aggctgtgge tcaaccatag ttcgetttgg aaactgtcaa

601 acttgagtgc agaaggggag agtggaattc catgtgtagce ggtgaaatgc gtagatatat
661 ggaggaacac cggtggcgaa agcggctcte tggtctgtaa ctgacgetga ggctcgaaag

>Lactobacillus-casei

1 gatsaacgst sgcggegtge ctaatacatg caagtcgaac gagttctcgt tgatgatcgg

61 tgcttgcacc gagattcaac atggaacgwg tgncggacgg gtgagtaaca cgtgggtaac
121 ctgcccttaa gtgggggata acatttggaa acagatgcta ataccgcata gatccaagaa
181 ccgcatggtt cttggctgaa agatggegta agctatcgct tttggatgga cccgeggegt
241 attagctagt tggtgaggta atggctcacc aaggcgatga tacgtagecg aactgagagg
301 ttgatcggee acattgggac tgagacacgg cccaaactct acgggaggea geagtaggga
361 atcttccaca atggacgcaa gtctgatgga gcaacgecge gtgagtgaag aaggctttcg
421 ggtcgtaaaa ctetgttgtt ggagaagaat ggtcggeaga gtaactgttg tcggegtgac
481 ggtatccaac cagaaagcca cggctaacta cgtgccagea gecgeggtaa tacgtaggtg
541 gcaagcgtta tccggattta tigggegtaa agcgagegea ggeggttitt taagtctgat
601 gtgaaagcce tecggcttaac cgaggaageg catcggaaac tgggaaactt gagtgcagaa

>Bifidobacterium-adolescentis
1 agagttgatc cggctcagga tgaacgcggce ggcgtgctta acacatgcaa gtcgaacggg

61 atcccaggag cttgctcctg ggtgagagtg gcgaacgggt gagtaatgeg tgaccgacct
121 gecccataca ccggaatagc tectggaaac gggtggtaat gecggatget ccacctgace
181 gcatggtcct ttgggaaaga ttcatcggta tgggatgggg tcgegtecta tcagcettgat

241 ggcggggtaa cggeccacca tggcttcgac gggtageegg cctgagaggg cgaccggeca
301 cattgggact gagatacggc ccagactcct acgggaggea gcagtgggga atattgcaca
361 atgggcgcaa gectgatgea gecgacgecge gtgegggatg acggccttcg ggttgtaaac
421 cgcttttgac tgggagcaag cccttcgggg tgagtgtacc tttcgaataa gecaccggeta

481 actacgtgcc agcagcecgey gtaatacgta gggtgcaagc gttatccgga attattggge
541 gtaaagggct cgtaggeggt tegtcgegte cggtgtgaaa gtccatcget taacggtgga
601 tccgegeegg gtacgggegg gettgagtge ggtaggggag actggaatte ccggtgtaac

>Bifidobacterium-bifidum

1 aacgggatcc atcaagcttg cttggtggty agagtggcga acgggtgagt aatgegtgac
61 cgacctgccc catgctcegg aatagctcct ggaaacgggt ggtaatgecg gatgttccac
121 atgatcgcat gtgattgtgg gaaagatttc atcggegtgg gatggggteg cgtectatca
181 gcttgttggt gaggtaacgg ctcaccaagg cttcgacggg tagccggect gagagggega
241 ccggecacat tgggactgag atacggecca gactcctacg ggaggcagea gtggggaata
301 ttgcacaatg ggcgcaagcec tgatgcageg acgecgegty agggatggag gecttcgggt
361 tgtaaacctc ttttgtttgg gagcaagect tcgggtgagt gtacctttcg aataagcgcec
421 ggctaactac gtgccageag ccgeggtaat acgtagggeg caagegttat ccggatttat
481 tgggcgtaaa gggctegtag geggcetegte gegtceggtg tgaaagtecea tegettaacg
541 gtggatctgc gecgggtacg ggcgggcetgg agtgeggtag gggagactgg aattceeggt
601 gtaacggtgy aatgtgtaga tatcgggaag aacaccgatg gcgaaggeag gtctctggge

European Bioinformatics Institute (https://www.ebi.ac.uk/services)
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>Streptococcus-salivarius
1 agagtttgat cctggctcag gacgaacgct ggcggegtgc ctaatacatg caagtagaac

61 gctgaagaga ggagcttgct cttcttggat gagttgcgaa cgggtgagta acgegtaggt

121 aacctgectt gtagcggggg ataactattg gaaacgatag ctaataccgc ataacaatgg
181 gtgactcatg tcatttattt gaaaggggca aatgctccac tacaagatgg acctgegttg

241 tattagctag taggtgaggt aacggctcac ctaggcgacy atacatagcc gacctgagag
301 ggtgatcgge cacactggga ctgagacacg geccagactc ctacgggagg cagcagtagg
361 gaatcttcgg caatggggge aaccctgacc gagcaacgece gegtgagtga agaaggtttt
421 cggatcgtaa agctctgttg taagtcaaga acgagtgtga gagtggaaag ttcacactgt
481 gacggtagct taccagaaag ggacggctaa ctacgtgcca gcagecgegg taatacgtag
541 gtcccgagcg ttgtccggat ttattgggeg taaagegage gcaggeggtt tgataagtet

601 gaagttaaag gctgtggcte aaccatagtt cgctttggaa actgtcaaac ttgagtgcag

>Lactobacillus-acidophilus
1 agagtttgat nntggctcag gacgaacgct ggcggegtgc ctaatacatg caagtcgage

61 gagcttgcct agatgatttt agtgcttgca ctaaatgaaa ctagatacaa gcgagcggeg

121 gacgggtgag taacacgtgg gtaacctgcc caagagactg ggataacacc tggaaacaga
181 tgctaatacc ggataacaac actagacgca tgtctagagt ttgaaagatg gttctgctat

241 cactcttgga tggacctgeg gtgcattagc tagttggtaa ggtaacggct taccaaggca

301 atgatgcata gccgagttga gagactgatc ggccacattg ggactgagac acggeccaaa
361 ctcctacggg aggcagceagt agggaatctt ccacaatgga cgaaagtcty atggagcaac
421 geegegtgag tgaagaaggg tttcggeteg taaagctcetg ttggtagtga agaaagatag
481 aggtagtaac tggcctttat ttgacggtaa ttacttagaa agtcacggct aactacgtgc

541 cagcagccgc ggtaatacgt aggtggcaag cgttgtcegg atttattggg cgtaaagega
601 gtgcaggcgg ttcaataagt ctgatgtgaa acgcttcggce tcaaccggag aattgcatca


https://www.ebi.ac.uk/services

Microbial communities

Microbial communities are groups of microorganisms that share a common living space

* Resource competition
» Extracellular enzimes
* Metabolic interactions:
e Co-metabolism
» Cross-feeding
e Seguential utilization (nitrification)
* Chemical modification of environment (pH)

» Signaling
» Trophic level interactions
» Parasitism

* Horizontal gene transfer
e Co-evolution
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Activated Sludge

Microorganisms are aggregated into flocs

Sludge bacteria
Nutrients da

Attached
Attached ' carnivorous
and crawling ciliate protozoa
ciliate protozoa .

Free swimming
ciliate protozoa

Flagellate
protozoa

Sewage
bacteria

Free swimming ranic
carnivorous ciliate fibar
protozoa

4

.,II

. Extracellular
Inorgamc polymeric
particle substances

granular activated sludge, MBR activated sludge,

2
activated sludge biofilm, anaerobic activated sludge

Filamentous
. . . . bacteria
etc. have different microbial communities Riikdgion
A Aalto-yliopisto
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]
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Bulking and foaming

e can be caused by (excessive) formation of filamentous
microorganisms

« normal flocs - a balance between floc-forming and
filamentous microorganisms results in strong flocs that keep
their integrity in the aeration basin and settle well in the
sedimentation tank
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Activated sludge microbial community

A"
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Floc-forming Bulking

Zoogloea ramigera
Pseudomonas
Flavobacterium
Micrococcus
Alcaligenes

Bacillus
Achromobacter
Corynebacterium
Azotobacter
Nitrosomonas
Nitrobacter
Acinetobacter
Comamonas
Desulfotomaculum
Desulfovibrio
Thiobacterium
Thiothrix, Beggiatoa
Thiobacillus denitrificans
Sarcina
Pseudobacterium

Nocardia (Gordona) amarae
Microthrix parvicella
Rhodococcus spp.

Skermania piniformis (Nocardia

pinensis)

Nocardia rhodochrous
Nocardia asteroides
Nocardia caviae

Nocardia farcinica
TBukamurella paurometabolum
Zoogloea ramigera
Streptomyces spp.
Acinetobacter

Nostocoida limicola

Type 1851 Micromonospora
Type 0675

Type 0041

Type 0803

Type 0092

Type 0581

Type 914

Sphaerotilus natans
Microthrix parvicella
Hatiscomenobacter hydrossis
Thiothrix spp., Beggiatoa
Nocardia spp.
Hydrogenophaga spp.
Acidovorax spp.
Nostocoida limicola
Type 021N

Type 1701

Type 0411

Type 1863

Type 0675

Type 0041

Type 0803

Type 0092

Type 0581

Type 914



Selection process for microbial
communlty S

Aerobic?

Use Dies
secondary of
substrate starvation

Settling/ Freely
ﬂocculagon suspended Yo sl
organism.

?
Is Dies of Is :
. flushed cold/heat washed out Dies
out
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Other examples of microbial
communities

Y TpBacteria _IFungi ©Virus -Phage
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