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* Nutrient cycles

/ S (Elemental Sulfur)
or Polysolphides Desimilative
reduction

photosynthetic bacteria
green and purple

Desimilative
Reduction

AssimilatiVe
Reduction

.
fungi, prokaryotes &
plants

(Sulfate)

Microbial ecosystem services
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Biotechnology IVIICrObial ecosystem services

Root

Cell elongation
And proliferation
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 Bioremediation

): not found
Biphenyl-2,3-diol
2,3-dihydroxybiphenyl 1,2-
dioxygenase bphC
(EC 1.13.11.39): GK5E-5901
2,6-dioxo-6-phenylhexa-3-
enoate 2-hydroxy-6-oxo0-6-
phenylhexa-2,4-dienoate
hydrolase bphi
(

Catechol
Catechol 1,2 dioxygenase
(EC 1.13.11.1);
GK5E-7204
cis,cis-muconate

Muconate cycloisomerase
(EC 5.5.1.1): GK5E-7206

-

muconolactone

Muconolactone isomerase
(EC 5.3.3.4); GK5E-7205

«

3-oxoadipate enol
lactone

B-ketoadipate enol-lactone
hydrolase
(EC 3.1.1.24): GK5E-5359

Benzoate N l 5
Benzoate di
ferredoxin reductase
component 3-oxoadipate CoA-
(EC 1.14.12.10): GK5E-7209 transferase
Benzoate 1,2-dioxygenase (EC 2.8.3.6): GK5E-5356/57
1,2-cis. (EC 1:14:12:10;: GKSE7210/11 _ 3-0x0adipyl-CoA
dihydroxybenzoate B-ketoadipyl CoA thiolase
1,2-dihydroxycyclohexa-3,5- (EC 2.3.1.174): GK5E-5358
diene-1-carboxylate
dehydrogenase

- catechol (EC 1.3.1.25): GK5E-7208

Succinyl-CoA

Catechol
Catechol 2,3 dioxygenase
(EC 1.13.11.2):

K5E-4085
2-hydroxymuconate-
6-semialdehyde

Put. 5-carboxymethyl-2-
hydroxymuconate
semialdehyde
dehydrogenase
oxidoreductase protein
(22,4E)-5. (EC 1:2:1.60): GKSE-4077
hydroxyhexa-2,4-
did@ dioafeP!: 4-oxalocrotonate
utomerase
(EC 5.3.2.-): GK5E-8074
(2Z)-5-oxohex-2-

enedioate 4 . iocrotonate decarboxylase
DmpH

(EC 4.1.1.77): GK5E-4075

2-oxopent-4-enoate hydratase
DmpE
(EC 4.2.1.80): GK5E-4076
4-hydroxy-2-
oxopentanoate
4-hydroxy-2-oxovalerate
aldolase
(EC 4.1.3.-): GK5E-4072
Acetaldehyde
Acetyl dehydrogenase
(EC 1.2.1.10): GK5E-4073
Alcohol dehydrogenase

C 1.1.1.1): GK5E-6047
AcetyI-Co}\E )

Toluene
Phenol hydroxylase DmpP
(EC 1.14.13.-): GK5E-4079

2-methylphenol

Phenol hydroxylase DmpP
(EC 1.14.13.-): GK5E-4079

3-methylcatechol
Catechol 2,3-dioxygenase
(EC 1.13.11.2): GK5E-4085

cis,cis-2-hydroxy-6-
oxohepta-2,4-dienoate

(EC 3.7.1.-): not found

Phenol

Phenol hydroxylase, P4
oxygenase component
DmpO

(EC 1.14.13.7): GK5E-4080
[ + 3 isozymes]

catechol

Microbial ecosystem services
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* Pathogen biocontrol, source of novel
antibiotics & enzymes
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Pathogenicity

Actinobacteria
= Corynebacterium
W Propionibacterium ‘_\
@ Other Actinobacteria
1 Bacteroidetes /
Firmicutes
W Lactobacillus
mm Staphylococcus

[0 Streptococcus
mmm Other Firmicutes

== Fusobacteria
= Proteobacteria

/
Obesity - GutMicrobiome \
Metabolic Syndrome \—)

Diabetes

C. difficile Infection
ColorectalCancer
Inflammatory Bowel

Diseases Gut: stool
Psychiatric Disorders

Allergies _ Skin Microbiome )

Acne

Psoriasis

Atopic Dermatitis M
Ectodermal Dysplasia

Skin Cancer Skin- antecubital fossa ‘

Oral Microbiome

Caries
Periodontal Diseases
Gingivitis

Mouth: tonsils

Placenta Microbiome

Pre-term Birth
Chorioamnionitis
Villitis

TORCH Infections

Vagina Microbiome
Vaginosis
Sexually Transmitted
Diseases
YeastInfection

Vagina

Belizario & Napolitano (2015). Front. Microbiol, doi: https://doi.org/10.3389/fmicb.2015.01050

"% MIC

Beneficial microbes

ROBIOME

¥
J

Biotechnology |1 N€ human microbiome: pathogenesis and control

* mucus production
« antimicrobial chemicals

« assist digestion
« ward off pathogens

« |ubricate pulmonary
tissues

* prevents gastric
complications

B digestion of complex

carbohydrates

« maintain pH and H,0,
production to kill microbes

« fortify immune system
« scent production
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* Greenhouse gasses of great impact...

GLOBAL N,O BUDGET ©®®@  GLOBAL METHANE BUDGET 2008-2017 ©®O

CHANGE IN ATMOSPHERIC
ANTHROPOGENIC SOURCES ABUNDANCE HATURAL SOURCES
= —&— (80 t 12 0 Bottom-up Top-down

view (BU) view (TD)
4.2 0.6 1.0 1.3 ).6 6.0 34 1: i

W
N

128 m
(113-154) (81-131)

.

Atmospheric
chemical sink

Agriculture and Biomass Fossi fuel and Ir dar »‘[l
waste water burning industry

m LR STOPU) SRR AT

Fossil fuel
production and use

year (Tg N or million metric tons yr?) for the decade of 200 016 \
GLOBALICARBON
project
v CO, on >

Lightning and at @ sink, cimate change,

EMISSIONS AND SINKS

TOTAL EMISSIONS PESRR N TOTAL SINKS
13*
> 100
Nl 25 556
p-4 (500-798) (501-574)
% 7 2y
06 217 30 30 149 518 30 38
(191-223) (207-240) (26-40) (22-36) (102-182) (159 200) (143 306)(21 50) (489 749) (474-532)  (11-49) (27-45)
I Sink from
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S \ in the atmosphere
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PROJECT

n capturing the

https://www.globalcarbonproject.org
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BACTERIA ARCHAEA EUKARYA
et s Macroorganisms
,“Animals |

Slime
molds,

Entamoebae
Green nonsulfur

1 1
bacteria Euryarchaeota 1 Fungi .
Mitochondri Methanosarcina )
Lo lilely Methano- Extreme Plants,’
Gram- Crenarchaeota : - o
" bacterium halophiles ~e -
Proteobacteria Eoslctlv-e Thermoproteus Ciliates
acteria
Chloroplast Pyrodictium \ Thermoplasma
\
Cyanobacteria Thermococcus

Flagellates

Nitrosopumilus
Green sulfur

bacteria

Methanopyrus Trichomonads

Thermotoga

Thermodesulfobacterium Microsporidia

Aquifex Diplomonads

Brock, Biology of Microorganisms, 14th Ed. 2014
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Bacteria High GG Other Eukaryotes Archaea
Gram-positive Crenarchaeota
| Other euryarchaeota
Deep branching
bacteria Q

Pyrococci

CP

Nanoarchaeota

Gogarten et al. 2005, Nat Rev Microbiol, https://doi.org/10.1038/nrmicro1204
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Microbiome

IN NUMBERS
100 Trillion pmeeer

Microbiome
Ireland
Interfacing Food & Medicine

The microbiome is more
medically accessible

and manipulable than the
human genome

Itis

thought that

%

of disease can be linked in some
way back to the gut and health of
the microbiome

5:1

Viruses:Bacteria
in the gut microbiota

tic microbes live in and on every there are stars in the

n and make up the human microbiota  Milky way

5% : ’

of our microbiota is located in the Gl tract

150:1 .,

The genes in your microbiome cutnumber the
genes in cur genome by about 150 to one * )

I The surface area
FT 1 | | |of the Gl tractis  you have
! { ||l the same size as
I | |2 tennis couns
|
!
¥ C\
i S\ ‘ more 'mv’mhﬂx than human cells

The gut microbiota can
packs that resaanchers 2kg weigh up to 2Kg

on ths human body

gut microbiota, as
personal as a fingerprint

Each individual has a unique @

Numbar of diferent
heve iderfisd ining

O harizon
Lesaf Bt
A horizon
Topsoil

B horizon
Suneall

C horizon
ook

matered

Roact .-‘- tam

Biotechnology They outnumber all of us...

Viocd
sormed
1

) Grasses and

Mcla :;'. zmall shns

Organic deteds
Bukds up Back
Moss and =
Ichan

carthraomm V

|
|  Mipede
| Honay |

Spengtal |
|
Mature soil Bactoria

https://www.precisionbiotics.com/ie/blog/world-microbiome-day-2018-0
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e 10° cells & 1-5*10 strains per EDITORIAL "~ Whatlies beneath

MicrObiOlogy by numbers More creatures live in soil than any other

te m pe ra te SOi | gra m . enyironmenlonE,ar!h,Bulwh.:lare they all
The scale of life in the microbial world is such that amazing numbers become commoenplace. doing there? Amber Dance reports on the
These numbers can be sources of inspiration for those in the field and used to inspire awe in world's widest biodiversity.
4 . . the next generation of microbiologists.
* 10 strains in th € h uman bOdy Nature E. 2011. Microbiology by numbers. Nature 9:628 -628.
( pro ka ryoti Cc ce | |S comp rise 70% Of th e Dance A. 2008. Soil ecology: What lies beneath. Nature 455:724-725.
And citations therein...

total cells of the human holobiome)

terial cells each day. Moving onto dry land, the num
ber of microorganisms in a teaspoon of soil (1x 10°) i

* 100 M more microo rganisms in the the same as the number of humans currently living ir
oceans than the stars of the known Africa. Even more amazingly, dental plaque is so denseh

un |Ve rse ..The first DNA-based estimate of soil microbial biodiversity,
published in 1990, counted about 4,000 different bacterial

genomes per gram of soil. Since then, various studies and models

400 g Of Clostrldlum bOtUlInum have pushed the number up as high as 830,000 species per gram,

down to 2,000, and back up again. Most recently, Triplett and his

colleagues ran 139,000 individual sequences — more than other

neurOtOX|n Can E|Imlnate manklnd studies have used — and came up with an estimate of 10,000 to

50,000 species per gram of soil....

Nature, E. (2011). Nat Rev Micro 9, 628-628, http://www.nature.com/nrmicro/journal/v9/n9/suppinfo/nrmicro2644 _S1.html
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Microorganisms
e Shape our home, Earth
* Important for our progress/health

Important traits
* Highly diverse
* High numbers

How do we learn more about them?
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* Culture independent
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* Traditional
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* Traditional
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* Traditional

Characterization
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* Traditional
* High throughput (robotic colony pickers)

aval

QCharacterization
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* Traditional
* High throughput (robotic colony pickers)

Isolation is hampered by:

e Common nutritional needs

 Common antibiotic resistances

* Auxotrophies (e.qg. B12)

* Parasitism/predation phenomena (e.qg. Saccharibacteria, BALOS)

* Competition-free single cell methods are usually
laborious/expensive

 Yet undiscovered nutrient combinations (culturomics)
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Bactotip

Sterile solution

Single cell

* Traditional oy
* High throughput (robotic colony pickers)
* Competition removal (i-Chip, micromanipulation, microbial gel droplets)

ﬂ‘ ‘;.

1 8. O Initial cell population
¥
; . QO
o b

= 1)) ™ Encapsulate cells in GMDs
- \8)
3 1 ? Enrich GMDs of interest (FACS)

4. ] @ Package GMDs into MDs

O@
v

5 Culture
- O@®

6. @@ Collapse emulsion,
La/ recover GMDs

(&/\w @@ Select GMDs with desired
phenotype (FACS)




— DEPARTMENT OF

Biochemistry &

I) Biotechnology CU‘tU I’e-baSEd

UNIVERSITY OF THESSALY

* Traditional
* High throughput (robotic colony pickers)
* Competition removal (i-Chip, micromanipulation, microbial gel droplets)

Despite the progress, several obstacles still
exist
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* Culture independent
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Metagenomics Aims

“The functional and sequence-based 1) Diversity analysis
analysis of the collective environmental Functional ch o
genctic content 2)  Functional characterization

Handelsman J et al. 1998 Chem. & Biolog. R245-R249
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1998

Metagenomics Aims

“The functional and sequence-based 1) Diversity analysis
analysis of the collective environmental Functional ch o
genctic content 2)  Functional characterization

Handelsman J et al. 1998 Chem. & Biolog. R245-R249
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1998

x 32 500 freezers for storing the DNA
derived from microorganisms of 1 g of soil

Metagenomics Aims

“The functional and sequence-based 1) Diversity analysis
analysis of the collective environmental Functional ch o
genctic content 2)  Functional characterization

Handelsman J et al. 1998 Chem. & Biolog. R245-R249
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1998 2007 2011 Omics

) .66 @ ' Abiotic factors
a S enriched oomm@nlty (pedo-climatics, land use,
:::’@:%;}Q%/ metagenomic RNA Vi N global change...) soiL .
J‘ ,\.‘ ........................... R Strategies
V4 ™,
Ry ©

)

“es metagenomic DNA - MICROBIAL COMMUNITIES B Metagenomics
enrchLd DNA —
ran P Diversity
! - taxonomic
.-..-f"/‘ﬂ} - functional ) =
4 —
/

)
® Qﬂ% Q

c
[
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0 2
£8
Q
wv
i
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5 B
o 3
]
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£

Adaptation

communities,

-phenotypic plasticity

rotein # Metaproteomics
- evolution M

Metabolomics
Metafluxes

O O n l clones with insert of interest ¢~
'
Q o 0 \'“"-m——; DNA sequence

analysis

Metagenomics

“The functional and sequence-based
analysis of the collective environmental
genetic content

High-throughput data

N

Computationing

¥

Data-driven sciences

Aims
1) Daiversity analysis
2)  Functional characterization

Handelsman J et al. 1998 Chem. & Biolog. R245-R249
Leveau J H 2007 Europ. Journ. Of Plant Path. 119:279-300
Maron PA et al. 2011 C.R. Biologies 334:403-411
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Hydrogen
bonds o\

Negatively charged phosphates in
the phosphate-sugar backbone

Nucleic acid bases

-------- 1
pyrophosphate | loo
| a,7,G,C
0l
OO T O —

=]
dNTP | bond
deoxyribonucleotide triphosphate IIJ onas

=0 Phosphodiester
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target RNA
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DNA polymerase | DNA polymerase Il

DNA ligase Primase

23%22‘9 0 HI*IIIIVH’VI"“'II‘U

Okazaki fragments He icase /“"‘ |’ ‘ ’ "

strand ¥
\\ |OpOiSO|||efaSe

Single-strand
DNA polymerase Ill  binding protein

RNR primer

Sliding clamp
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PCR Demo

BioRad: A brief history of PCR
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DEPARTMENT OF
Biochemistry &

Biotechnology - The phasics: DNA amplification in vitro (PCR)

UNIVERSITY OF THESSALY

PCR Reaction

Components Summary:
e Water

Vi
Review * Buffer

e DNA template

* Primers TACGCGGTARCGETATGTTCGACCGTTTAGCTACCGAT
PY Nucleotldes TACGCGGTAACGGTATGTTCGACCGETTTAGL Te

- TACGCGGTARCGGTATGTTCGACCEGTT T
e Mg++ ions

TACGCGGTARCGETATETTCGACCHT T
* DNA Polymerase TACGCGETARCGETATGT TCEACCETe
TACGCGGTARCGHTATETTe
TACGCGETARCGGTATGTe
TACGCGGTAACGGTATe
TACGCEGTARCGGTe

TACGCGGTe

) | | il I | 3
RN — g AL LU AL 5

/ ®
I
\

//I”T_’I:\l 1N

| | AN
s T T = e
9' - TRCGCGGI!\RCGGT“TGTTCGRCCGTTTRGCTRCCGR% o] N |..,
3' - ATGCGCCATTGCCATACARGCTGGCARATCGATELHLETA CAR - §°

BioRad: A brief history of PCR



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjy8vKrlL_zAhVchf0HHRpPBVUQFnoECBQQAQ&url=https%3A%2F%2Fwww.bio-rad.com%2Fwebroot%2Fweb%2Fsoftware%2Flse%2FDownloads%2FA_Brief_History_of_PCR.ppt&usg=AOvVaw1nLSMHwg2g9pehNXGZsskg
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PCR product analysis in
agarose gels

Fragment size

O
2
>
3
o)
<
®
3
)
S
—+
o
=
)
(@)
=h
o
=

Gel running

BioRad: A brief history of PCR
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The basics: cloning

Vector Preparation

Restriction digestion
Dephosphoryiation

Blunt-end creation
(optional)

Purification

Insert preparation

¢ Restriction digestion

¢ Blunt-end creation
(optional)

e Purification

Ligation

T4 DNA Ligase
PEG
Vector to insert ratio

Reaction time and
temperature
Purnfication /
heat-inactivation
(optional)

Transformation

Transformation
eificiencies
Competent cell
choices
Chemical and
electrocompetent
cells

Colony screening

Blue / white colonies
Positive selection
Restriction digestion
Colony PCR

Sanger sequencing
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e Hybridization (probes) e.g.:

* Microscopy (fluorescent in situ

e Microarrays (Phylochip)

* PCR amplification e.g.:
Cloning/clone-sequencing

hybridization - FISH)
Flow cytometry

DGGE
T-RFLP, ARISA

Next generation sequencing

approaches

Culture independent approaches (diversity)

Category Hybridization based PCR based
FISH, Microarrays - DGGE T-RFLP, gPCR HTS
Method CARD FISH ARISA
microscopy Flow
cytometry

o A
‘ \

Traits
Analyzed samples per day or run - Tens per day Tens per day Oneperrun :Tens perday Hundreds per Hundreds Hundreds
day per day per run
Signatures simultaneously Less than 10 Less than 10  Thousands, to Tens hundreds One Hundreds, to
screened per sample hundreds of hundreds of
thousands thousands,
to millions
Qualitative / Quantitative Quantitative Quantitative Quantitative Semi- Quantitative Quantitative Quantitative
A quantitative b e
Automated No Yes Yes No Yes Yes Yes
Confirmation tests Double probing Double probing gPCR Cloning and Cloning, clone to No No
or suggested experimental sequencing = polymorphisms
validation match, clone
sequencing

*: careful preparation (e.g. low number of PCR cycles) is necessary for reducing intensity of the PCR plateau effect on quantification abilities
**: the PCR plateau effect introduced bias is applicable in case a single marker gene like the SSU is screened through multiple taxa after PCR

Vasileiadis, S., et al. (2013). In Omics in soil science. isbn: 978-1-908230-32-4
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e Hybridization (probes) e.g.:

FISH
/\-/'\ , > llllll’l

target RNA

Vasileiadis, S., et al. (2013). In Omics in soil science. isbn: 978-1-908230-32-4
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Fixation ‘;, Denaturing

e Hybridization (probes) e.g.:

Vasileiadis, S., et al. (2013). In Omics in soil science. isbn: 978-1-908230-32-4
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siotechnology CUltUre independent approaches (diversity)

e Hybridization (probes) e.g.:

* Microscopy (fluorescent in situ
hybridization - FISH)

[] Escherichia coli (Gam42a, Atto 490LS) [ Bacillus subtilis (LGC354A+B+C, Atto 633)
W Nitrotoga fabula (Ntoga221, Atto 594) W Nitrososphaera gargensis (Arch915, DY-681)
W Niabella soli (Niad442, Atto 532) W Nitrospira inopinata (Ntspa662+Ntspa712, FLUOS)

W Saccharomyces cerevisiae (EUK1195, Atto 565)

Lukumbuzya, et al (2019). Front Microbiol https://doi.org/10.3389/fmicb.2019.01383
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e Hybridization (probes) e.g.: JiE——

* Flow cytometry

Cell sorting
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e PhyloChip analysis Extract DNA/RNA el
e Hybridization (probes) e.g.: y Sl o Environmenta &
sample =

PCR amplification of <
community 16S rRNA genes

Fragment and biotin label

——SLEENT > “IINENE > IS -~ I o
TEEE bl e
- . = = {3 S50
* Microarrays (Phylochip) = /\-\-,3_\-_ <\
= / %}/
Wash, stain and scan Hybridiie to array

Panigrahi et al (2019) https://doi.org/10.1016/B978-0-12-814849-5.00021-6
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)
~N

Total DNA extraction

Amplification of
the gene 16S rRNA

¥

e C )1 A

* PCR amplification e.g.: o | e e

Plate inoculation
and screening

Cloning and Transformation Procedure

* Cloning/clone-sequencing

L W N
MACBACTECTRATACC GRdTia
. ]![ :‘,ﬁ ) llzu N

||’I“|| ;Jl JI"I \"plll |’|I ) ll""‘-

' ’ 2 i i \Ii‘(l\lt ll‘l.d'l'lq_ﬁl“.}‘ ‘

. DNA sequencing Sequencing analysis
Quantification of PCR reactzon:for
plasmid DN A DNA sequencing

Tsai et al (2009) https://doi.org/10.1007/978-1-4020-9031-8_15
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Extraction of
total nucleic acid

Badna GC-clamp PCR 0N agarose gel g

< 2] [0

Il m < wn o <
- - o - ~ ~
O O O O O O

LY
>
q

700 bp>
500 bp>

BadnaF-GC + BadnaR (619 bp)

@ Cutting DGGE bands

DGGE - followed by DNA elution,
re-amplification with

Denaturing Gradient Gel Electrophoresis s = .
PCR, purification, cloning

* PCR amplification e.g.:

s @ w @ B e and sequencing of the
— — - - ~ ~ ~
o V VvV Vv VvV vV © fragments
30 % l
L ] & ‘ »

* DGGE

' l - Phylogenetic
= 3 - - M analysis ’

55 %

BadnaF-GC + BadnaR

Turaki et al (2017) https://doi.org/10.3390/v9070181
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- - E——

Extract DNA from PCR 23S rRNA gene
Digest PCR
product with
restriction

plant material

with labelled primer
enzymes

* PCR amplification e.g.:

8 u—
o ] Fragment analysis DNA 2
£ 9 to identify phytoplasma #
* T-RFLP, ARISA 23

Fragment length (bp)

Hodgetts and Dickinson et al (2013) https://doi.org/ 10.1007/978-1-62703-089-2_20
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e Hybridization (probes) e.g.: e Great... however
* Microscopy (fluorescent in situ * Probe-based:
hybridization - FISH) * FISH: few targets at the time,
* Flow cytometry low/intermediate throughput

* Microarrays: plenty of targets, low
throughput and cost ineffective

* Microarrays (Phylochip)
* PCR amplification e.g.:

* Cloning/clone-sequencing * PCR based approaches examined
e DGGE thus far: higher throughput, and
e« T-RELP. ARISA more targets, but:

e for achieving near ambient
resolution they can become super
expensive
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* Next generation sequencing
approaches



> Biochemistry
7z I) Biotechnology

In cases of highly diverse environments, we resort to

Next generation sequencing (NGS) of
phylogenetic marker gene amplicons (PMGA)



