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Sunum akisi

v'Mikrobiyota nedir?
v'Mikrobiyota nasil olusur?
v'Mikrobiyota biyomuhendisliginde amaclarimiz
v’ BiyomUuhendislik yontemleri
v'Uygulamalardan 6rnekler
v'Gelecek perspektifler



Mikrobiyota (SUperorganizma)nedir?

« Mikrobiyota,

v'Tum hayvan ve bitkilerin i¢ ve dis
yuzeylerinde yasayan butun
mikroorganizmalarin olusturdugu komunitedir.

v'Mikrobiyota, bakteriler, protistler, mantarlar ve
virusleri icerir.

v'Mikrobiyotanin, konak canlinin immunolojik,
hormonal ve metabolik dengesi acgisindan
cok onemli oldugu bulunmustur.



https://tr.wikipedia.org/wiki/Bakteri
https://tr.wikipedia.org/wiki/Protistler
https://tr.wikipedia.org/wiki/Mantarlar
https://tr.wikipedia.org/wiki/Vir%C3%BCs

Mikrobiyom nedir?

« Ekolojik bir boslukta yasayan
mikroorganizmarin genlerinin ve metabolik
urunlerinin toplamini ya da
mikroorganizmalarin kendilerini tanimlamak
amacilyla kullaniimaktadir.

* Mikrobiyom ve konak, evrim
surecinde epigenetik ve genetik ozellikler
bakimindan birbirleriyle etkilesim iginde bir
birim olarak ortaya cikmis, bazen ikisi birden
topluca holobiont olarak da adlandiriimistir.



https://tr.wikipedia.org/wiki/Epigenetik
https://tr.wikipedia.org/wiki/Genetik
https://tr.wikipedia.org/w/index.php?title=Holobiont&action=edit&redlink=1

Holobiyont= Insan

Visible Organs

> ~10"M cells
> ~ 23000 genes

Invisible Microbiome Complete Human

» ~107** million microbes Normal functioning body
P> ~ 9 million genes




Microbiome
Microbiota | 4= “Theatre of activity”

/ Bacteria [ Archaea Microbial structural elements
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Mikrobi yota Algae Nucleic acids
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Biome: a reasonably well defined habitat which has distinct bio-physio-chemical properties




Historical Perspective on Microbial Discovery
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Mikrobiyotanin

gorevleri
nelerdir?

Barsak Beyin
aksi




Mikrobiyota nasil olusur?

* Bagirsak mikrobiyotasi dogumla birlikte olusmaya
baslar.

* Dogum yonteminin mikrobiyota kompozisyonu
uzerinde buyulk etkisi saptanmistir.

* Bebeklerde 3 yasindan itibaren mikrobiyota yapisi
kesinlesmeye baslar

e Hayat boyu bircok faktor mikrobiyotayi etkiler.

* Ancak, her insan icin ¢ekirdek bir mikrobiyota vardir.
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Saglikli mikrobiyota olur
mu?

* Alfa ve beta cesitlilik cok 6nemli
* Cesitliligin artmasi saglikli

e Saglikl bakterilerin artmasi ve
yogun olmasi gerekiyor

* Tek tip bakteri yogunlugu
disbiyoz

(A)
Alpha diversity: biodiversity within a sample

A 0
Of 1 _ 000
0 0
High alpha diversity Low alpha diversity
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Beta diversity: similarity between samples
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Bagirsa
mikrob

<

yotasi

* Proksimalden distale,
* Bakteri cesitliligi
e Bakteri sayisi artar

.y

Stomach
Host factors Microblota characteristics
« High pH + Sparse bacterlal load
- Oxygenated (10'g)

* Low-moderate diversity

* Firmicutes, Actinobacteria

predominate

Duodenum
« Neutral pH * Increased bacterial load
*Low O, (10*9)
. Bile * Low diversity

* Firmicutes, Proteobacteria
* Mucus

predominate
* Mono- and
disaccharides

Colon
* Neutral pH * High bacterial load (10'%/g)
*Low O, * High diversity
* Mucus * Firmicutes, Bacteroidetes
* Host-indigestible | predominate

polysaccharides




Bagirsak mikrobiyotasi

* 1013 mikroorganizma (tiim viicutta
bulunan hicre sayisinin 10 kati)

* 150 kat fazla gen
* En onemli goérevleri,

Vitamin ve minarellerin sindirimi

Zararli bakterilere karsi koruma

Bagisiklik sisteminin guclendirilmesi
Sindirelemeyen polisakaritlerin parcalanmasi
Beyin-bagirsak ekseni




Mikrobiyota
BivomUhendisligi

* Amag,

* Mikrobiyomdaki degisiklikleri incelemek,
standardize etmek ve cesitli terapotik
girisimlerde bulunmak

» Klasik yontemler (Hedeflenmemis)

* Yeni jenerasyon yontemler (Hedeflenmis)




Microbiome-directed interventions
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Untargeted Targeted

<+
pr -

Exercises Individualized Faecal microbiota Bio-engineered Drugs targeting selected
nutrition transplantation commensals microbial metabolism
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o
Prebiotics Probiotics Synbiotics Postbiotics Phage therapy CRISPR-Cas9-based
l l therapy
General improvement in Specific modification in
microbial composition and functions metabolism-related gut microbiota

Fan, Y., Pedersen, O. Nat Rev Microbiol 19, 55—-71 (2021).



Mikrobiyota (Teropatik Mudehaleler)
Klasik (Hedeflenmemis) yontemler

Kullanim alanlari

* Yasam bicimi degisiklikleri
(diyet, egzersiz, uyku vs)

* Antibiyotikler
* Prebiyotikler
* Probiyotikler

* Fekal Mikrobiyota
Transplantasyonu (FMT)




Mikrobiyota (Terdpatik Mudehaleler)
Klasik (Hedeflenmemis) yontemler

Sorunlarimiz,
* Standardize degil
* Bircok preperat bulunuyor

* icerik Griinden Urline
degisebiliyor

 Tedavi sonrasl izlem zor




Mikrobiyota (Terdpatik Mudehaleler)
Klasik (Hedeflenmemis) yontemler

2y U.S. FOOD & DRUG
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Important Safety Alert Regarding Use of Fecal
Microbiota for Transplantation and Risk of
Serious Adverse Reactions Due to Transmission
of Multi-Drug Resistant Organisms

f Share in Linkedin | ™% Email = &= Print

o June 13, 2019
Safety & Availability (Biologics) Content current as of:

The Food and Drug Administration (FDA) is informing health care providers and patients 12/04/2020
of the potential risk of serious or life-threatening infections with the use of fecal

microbiota for transplantation (FMT). The agency is now aware of bacterial infections

caused by multi-drug resistant organisms (MDROs) that have occurred due to

transmission of a MDRO from use of investigational FMT.

Biologic Product Security

Blood Safety & Availability

CBER-Requlated Products:



Klasik Yontemler Yeni Jenerasyon Yontemler

Hedeflenmemis yonelik Hedefe yonelik

Current tools Necessary tools
Antibiotics Bacteriocins, AMPs, bacteriophage
Microbiota ‘}{' / ’w\
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Trends in Immunology, October 2019, Vol. 40, No. 10



ooy Retoomon

1. Bir topluluktaki belirli bir tlirtn sayisini azaltmak

* Antibiyotikler
e Bakteriyosinler (Quarum sensing-QS inhibitorleri)
* Bakteriyofajlar



ooy Retoomon

2. Yeni bir tlirin topluluga eklenmesi/ topluluktaki bir
tlre yeni bir fonsiyon eklenmesi

e Sentetik promoterlar

* Induklenebilir sensorler

e Ribozom baglanma alanlarinin uyarilmasi
* CRISPR/Cas sistemleri

* Mobil genetik elemanlar (transpozon, plazmid)



Ekosistem muhendisligi

Ekosistem miihendisligi
e Ekin verimliligini arttirmak icin toprak mikrobiyomuna
yapilan girisimler
e Kontamine yeralti sularinin temizlenmesi

e Atik sulardan enerji elde edilmesi icin reaktor
mikrobiyomu olusturmak

Mikrobiyota mihendisligi
e Terapotik
* Diagnostik
* Deneysel modeller gelistirmek




Ekosistem

muhendisligi
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Mikrobiyota Biyomuhendisli

Tasarim agsamasi

* Matematik modellemeler cok 6nemli

 Mikrobiyomdaki elemanlarin fonsiyonlarini ortaya
cikarir

 (fermenter, nitrifier, fototrof vs..)

* Kinetik parametreleri anlamamizi saglar

e (maximum blyime hizi, substrat kullanim hizi,
afinite vs..)




Kosistemi yeniden vapilandirirken
dnemli parametreler

Kolonizasyon
Canlilik (gecici mi Lokalizasyon
kalict mi?)

Genetik
esneklik



Ekosistemi yeniden
vapilandirirken
onemli parametreler

* Genetik esnekligi bulmak

* Cesitligenom
yapilandirma yontemleri
ile kommensal
mikroorganizmayi
degistirmek

e Uygulama

* Analiz ve ¢cikarim, yeniden
planlama

Genetically intractable
commensals

- Genome sequencing:
Gene-mining: find MGE-associated genes

(integrase, transposase, plasmids...) and selection markers #
a

§' Intractabled ;
} genome [ i IS IS
\

Domesticate intractable
commensals

* Incorporate promiscuous MGEs into domesticated mating partners
(i.e., E. coli) to penetrate the commensal genetic system.

* Build the toolkit: RNA seq to find gene regulatory parts:

bljﬂz%ﬁ Promoters, endogenous inducible systems, TCS

_Q,- _ /| I RBSs
_ ;r:f {H Transcriptional terminator libraries

* Genome editing technologies: CRISPRi and Tn mutagenesis

Applications

» Microbe—microbe and host—microbe interactions for functional studies
(colonization, immune-cell activation, niche occupancy, resilience,
pathogen-recognition receptors...)

* In situ therapies: producing proteins and metabolites needed to target
diseases (cancer, atherosclerosis, diabetes, IBD, obesity,
neurodegenerative disorders, etc.).

Trends in Immunology



SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE 13 June 2018

INFECTIOUS DISEASE L.lactis+ V.cholerae: sagkalim %84.6

Probiotic strains detect and suppress cholera in mice V.cholerae: %45.7
Ning Mao'>*** Andres Cubillos-Ruiz'%*¥, D. Ewen Cameron'*!, James J. Collins"?>** v
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* Plasmid komplemente laktat

dehidrogenaz (Idh)- (Aldh pLDH) ile
upregulasyon

* Modifikasyon sonucu pH |

10° L.lactis
107 V.cholerae
Birlikte ve 5 saat aralikl




SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

13 June 2018

INFECTIOUS DISEASE

Probiotic strains detect and suppress cholera in mice

1,2,3%

Ning Mao'#***, Andres Cubillos-Ruiz"**, D. Ewen Cameron'*!, James J. Collins
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Aldh pLDH- L.lactis kullanildiginda
sagkalimdaki fark istatistiksel
olarak anlaml (*P = 0.0349)




Franklin F. Duan, Joy H. Liu, and John C. March

Engineered Commensal Bacteria
Reprogram Intestinal Cells Into
Glucose-Responsive Insulin-Secreting
Cells for the Treatment of Diabetes

Diabetes 2015;64:1794-1803 | DOI: 10.2337/db14-0635

Lactobacillus gasseri ATCC 33323 (L)

PsipA
ssc HIS T4, GLP-1(1-37)

Lactobacillus gasseri ATCC 33323 + GLP-1 (1-37) (LG)

\‘ 90 giin, oral uygulama

Gl surface positive for GLP-1(1-37) (%)

D1-D2: LG T s
E: L
Yesil fléresans: intestinal epitelden GLP-1 salinimi



Franklin F. Duan, Joy H. Liu, and John C. March '
ChrA Insulin Overlay

o
b

LG
Engineered Commensal Bacteria

x P4 o :
Reprogram Intestinal Cells Into = = -
Glucose-Responsive Insulin-Secreting ol L
Cells for the Treatment of Diabetes L ..- ‘
Diabetes 2015;64:1794-1803 | DOI: 10.2337/db14-0635

Insulin Positive
Intestinal Cells %
s 2 o o

BE 8 8

O

g

8

Lactobacillus gasseri ATCC 33323 (L)

8

Glucose {mg/dL)
[ ] w
8 8

E
S | 0.02 1 priis )
PslIpA 0.015 1
ssc HIS ,HTd; GLP-1(1-37) 0.1
£ 0.005 A
Lactobacillus gasseri ATCC 33323 + GLP-1 (1-37) (LG) - , ; 0 - . — -

o LG L
l - G 20 - H 120 -

8

Insulin+ pan cells/total pan cells

(=]

“

4 -
M Upper Intestine 18 4 p=.0004 1 OPancreas I
3.5 4 16 O Pancreas 1 o
o p<.0001 T i —_ B Upper Intestine ].
; /a .e I I a 3 1 a 14 i E 80 9
90 gun, oral uygulama €25 - B R p=.0013 £
3 24 2 10 1 — g 0
- =~ 8 4 -
S £ 15 4 £ 2 :
- i1 8w
[ -] -_
= v p=.9993 4 - 20
- 2
0 - 0 0

LG L C LG L C LG L C



Stabiliteyi
arttirmak icin, tim
ekosistemi kontrol

edebilmek icin

Tim bu yontemler
tek bir tlr Gzerine
L EINERINIE

Mikrobiyota
Bivomuhendisligi

Sentetik
konsorsiyum
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Ozetle,

* Mikrobiyota mihendisligi,

Mevcut bir ekosisteme yeni bir fonsiyon eklemek icin,
* Tarama ve tani
* Tedavi
Calismakta olan bir fonksiyonu durdurarak yeni bir kominite olusturmak igin,
* Antibiyotik direnc genleri
* Virtlans genleri
Mikrobiyota calismalarinda,
Konak-patojen iliskisini aydinlatmak icgin,
Yepyeni bir konsorsiyum meydana getirebilmek icin kullanilacaktir.
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