insan Etkinliklerinin
Mikroorganizmalarin Evrimine
Etkileri



Yeryuziinden Ay’a dogru yol alan Apollo 17°den Yerkiirenin goriinusii.
Uzaydan ekosfere bakis.
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Jeolojik Zaman Birimleri

* Jeokronoloji birimleri: Jeolojik zamanin bolimlerini
olusturur; karsilik geldikleri kronostratigrafi
birimlerinin adlarini alirlar.

* Kronostratigrafi birimi: Jeolojik zamanin belirli bir
suresi icinde olusmus kaya toplulugudur.

Jeokronoloji birimleri | Kronostrtigrafi birimleri

1 Eon Eonotem
2 Era (Zaman) Eratem
3 Period (Devir) Sistem
4 Epoch (Devre) Seri

5 Cag Kat

6 Ascag Askat

(MTA: 1986)
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Units of all ranks are in the process of being defined by Global
Boundary Stratotype Section and Points (GSSP) for their lower
boundaries, including those of the Archean and Proterozoic, long
defined by Global Standard Stratigraphic Ages (GSSA). Charts and
detailed information on ratified GSSPs are available at the website
http:/Aww.stratigraphy.org. The URL to this chart is found below.

Numerical ages are subject to revision and do not define units in
the Phanerozoic and the Ediacaran; only GSSPs do. For boundaries
in the Phanerozoic without ratified GSSPs or without constrained
numerical ages, an approximate numerical age (~) is provided.

Numerical ages for all systems except Lower Pleistocene, Upper
Paleogene, Cretaceous, Triassic, Permian and Precambrian are
taken from ‘A Geologic Time Scale 2012 by Gradstein et al. (2012);
those for the Lower Pleistocene, Upper Paleogene, Cretaceous,
Triassic, Permian and Precambrian were provided by the relevant
ICS subcommissions.

Colouring follows the Commission for the
Geological Map of the World (http://www.ccgm.org)

Chart drafted by K.M. Cohen, D.A.T. Harper, P.L. Gibbard
(c) ional Cs o i ¥

To cite: Cohen, K.M., Finney, S.C., Gibbard, PL. & Fan, J.-X. (2013; updated)
The ICS i Ci i ic Chart. Episodes 36: 199-204.

URL: http:/fww rg/ICSchart/Ct

hart2017-02.pdf



Hangi jeolojik donemdeyiz?

Eon: Phanerozoic

Era (Zaman): Senezoic
Period (Devir): Quaternary
Epoch (Devre): Holocene
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H. neanderthalensis
H. antecessor ]

H. ergaster H. heidelbergensis

H. erectus H. sapiens
|

H. habilis
L

Homo rudolfensis
]

Aridipithecus
ramidus A. afarensis
] |

—— A. africanus

Australopithedus anamensis

Parantropus aethiopus
|

— P. boisei

) I
A. bahrelghazali P robustus bonobo

I
chimpanzee

gorilla
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Microbial landmarks in the evolution of our biosphere.
(Blaser MJ et al: 2016)



Insan Etkinlikleri

Afrika’dan cikis

Tarim toplumuna gecis
Cografi kesifler
Endulstri Devrimi

Buyuk Hizlanma
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Prokaryotes: The unseen majority
William B. Whitman*1, David C. Coleman¥, and William J. Wiebe$

Departments of *Microbiology, $Ecoloay, and $Marine Sciences, University of Georgia, Athens GA 30602
A o B - . (]

Proc. Natl. Acad. Sci. USA 1998; 95: 6578-83

Yeryiziindeki prokaryotlarin ¢ogu acik okyanuslarda (1.2 x 10%9),
toprakta (2.6 x 102%), okyanuslarin yiizey altinda (3.5 x 103°) ve
karasal yiizey altlarinda (2.5 x 103°) bulunurlar.

Global distribution of microbial abundance and
biomass in subseafloor sediment

Jens Kallmeyer®P'2, Robert Pockalny', Rishi Ram Adhikari®, David C. Smith®, and Steven D*Hondt"

“Institut fir Erd- und Umweltwissenschaften, Universitat Potsdam, 14476 Potsdam, Germany; bHelmholtz Centre Potsdam, GFZ German Research Centre For
Geosciences, Section 4.5 Geomicrobiology, Telegrafenberg, 14473 Potsdam, Germany; and “Graduate School of Oceanography, University of Rhode Island,

Narragansett, Rl 02882

Proc. Natl. Acad. Sci. USA 2012; 109: 16213-16

Okyanuslarin ylizey altinda bulunan prokaryot sayisi dnceki
tahminlerden daha disiiktiir (2.9 x 10%°).



Bu sayilarin anlami...

e YerylUzundeki bakterilerin kuru biyokutlesi

350.000-500.

000 milyon ton...

e Insanlarin kuru biyokutlesi 105 milyon ton ise

Katl...

oakterilerin kuru biyokitlesi insanlarin 3000

e Topragin graminda 50 milyon bakteriyel hiucre

bulunmaktac

e Bakterilerde
bitkilerde bu

Ir...
oulunan toplam karbon miktari

unana esittir...
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Cevresel metagenom

-

Hologenom b

Konak genomu

~

Holobiyontun fenotipini tek
- basina ve/veya birlikte etkileyen
konak ve simbiyont genleri

Holobiyontun fenotipini

I ., etkileyen birlikte evrimlesmis

konak ve simbiyont genleri

Holobiyontun fenotipini

@ etkilemeyenkonakgenlerive

K4

simbiyontlar

Holobiyontun parcasi olmayan
cevresel mikroplar

Holobiyont ve Hologenom Konseptleri

(Theis KR et al: 2016)



Ne yararl,
ne zararli
. ] ] ] A
Isim Mutualist Kommensal Patobiyont Patojen \ Karisik
| I
Fiil Kolonize eder Enfekte eder

Konakla birlikte bulunan biitiin mikroplar (bakteriler, arkeonlar, viruslar ve
mantarlar) sembiyontturlar. Bunlarin konakla iliskileri konaga sagladiklan
net fitness avantaj ya da dezavantajina gore olasi dort alt gruptan biri icinde
degerlendirilir: mutualist, kommensal, patobiyont ve patojen.

(Bullman S et al: 2017)



Konumuz Acisindan Sonuclari

e Mikroplarin yayilmasi ve hastaliklarin ortaya
cikisi

e Insan mikrobiyotasi/mikrobiyomundaki
degismeler

e Antibiyotik direnci
e Mikrobiyal biyojeokimyasal stireclere etkiler

e Kuresel Isinma ve okyanuslarin asitlesmesi



Mikroplarin yayilmasi ve hastaliklarin
ortaya cikisi



[ Early archaic Homo species,
including H. erectus

[ Late archaic Homo species,
including Meandertzls and Denisovans

[ H. sapiens

- Spread of H. sapiens

}' Modemn humans are not the first in:
} e e

Modern humans are the first in:
megafalna etinction

45,000 years ago
Arrival in Australia

Followed
by megafauna
ExnCuon

Homo sapiens sadece oncillerinin ayak izlerini izlemedi, timuyle yeni
kara parcalarina da uzandi — ve nereye gittiyse ekosistemleri degistirdi.
(Marean CW: 2015)
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.|@§ ifler cag

Kolonilestirme, halklarin kiyimi, kdlelestirme, somiird,
besinlerin ve mikroorganizmalarin degisimi...



The Columbian Exchange

From the Americas
to Europe, Africa,

and Asia
maize (corn)
potatoes tomatoes
sweet potatoes  chilli peppers
beans avocados
peanuts pineapples
squashes cocoa
pumpkins tobacco wheat
quinine m::ms
(a medicine) = cattla

grape (wine) goats
dandelions  sheep
horses chickens
smallpox
measles

typhus

From Europe, Africa,
and Asia to the

(Lewis SL, Maslin MA: 2015)



TEHLIKE: Yabanil
hayvanlar insanlara
atlama yetenegi olan
patojenleri tasiyabilirler —
ki bu basglica enfeksiyoz
katil olma yolunda ilk
adimdir — dolayisiyla
pandemilerden kaginmak
icin yeni planlama onlarla
baslar.

DANGER: Wild animals can carry
pathogens capable of jumping into
humans — the first step toward
becoming a major infectious killer
— S0 a new plan for avoiding
pandemics begins with them.

& 2005 SCIENTIFIC AMERICAN, INC.




UP IN THE AIR

In 2011, some 97% of the 18,044 non-human primates imported into the United States for use in
research came from a handful of countries. Airlines are facing pressure to stop such shipments.
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0
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Neotropics, Africa, Southeast Asia
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Agricultural expansion and declines in forest cover (1990-
2010) in primate range regions.
Sixty percent of primate species are threatened with extinction and
/5% have declining populations.

(Crist E et al: 2017)
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Yeni ortaya c¢ikan
enfeksiyon
hastaliklari (1940-
2004): Bulagma
sekillerine gore

60 - (toplam 335 ‘olay’)
%60.3: Zoonoz

%71.8 yabanil
yasam

| Zoonotik: dzgiilenmemis

B Zoonotik: yabanil yasam disi
80 - ] Zoonotik: yabamil yasam

B Non-zoonotik

—
——
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- | I-I T | | |

1940 1950 1960 1970 1980 1990 2000

%54.3: Bakteri ve
Riketsiya

(Jones KE et al: 2008)
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1980-2013 yillari arasinda 219 ulkede 44 milyondan fazla olguyu
kapsayan, 215 insan enfeksiyonuyla meydana gelmig 12.102

salginin analizi

(Smith KF et al: 2014)



insan
mikrobiyotasi/mikrobiyomundaki
degismeler



= 40 trilyon insan hucresi
= 22.000 insan geni

ity w 40-100 trilyon mikrop
)5 hicresi

= 9.8 milyon mikrop geni

« Evrendeki yildizlar: ~1021

« Viicudumuzdaki molekiiller: ~1027

« Vicudumuzdaki mikroplar: ~1013

« Tum insanlardaki toplam bakteri
agirhgi: >3.8 x 108 Kg

« Bagirsamizdaki bakteriyofajlar:
108-1010

« Okyanuslardaki bakteriyofajlar:
~1031




Microbial Load
- (per mil)

Stomach 102-10°

Lactobacilli || -~ ”
Duodenum
: ' <10°

« Lactobaeilli { n = Jejunum

» Streptococci -
« Clostridia ~ 10-107
« Enterobacteria A lleurn
« Enterococcus
= E. foecalis ; -
« Bacteroides : .
« Bifidobactena i
« Fusabacteria :
i Lactc:bacllllr Colon and
= Peptococei AT 105-1012
« Paptostreptococei Cecum
» Prevotellaceas
« Roseburia ; :
« Ruminococci \
« Verrucomicrobia 3

]l

(4

Spatial organization of microbial communities and physiological gradients
along the mammalian gastrointestinal tract

(Webb CR et al: 2016)
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Genes assigned to KEGG

10,000

9,000 -

8,000 -

7,000

6,000 -

5,000

4,000

3,000

2,000

1,000 ~

Human
microbiome

= Polyketides/NRPS

B Xenobiotic metabolism

= Biosynthesis of
secondary metabolites

M Glycan biosynthesis
and metabolism

® Nonpeptidal
amino acid metabolism

B Amino acid metabolism
B Nucleotide metabolism
M Lipid metabolism

M Energy metabolism

B Carbohydrate metabolism

Homo sapiens

Comparison of the
number of KEGG (Kyoto
Encyclopedia of Genes
and Genomes) genes
involved in metabolic
pathways within all the
assembled data of the
human genomes and
the human intestinal
metagenome. KEGG
genes are organized in
functional categories
according to their
belonging to different
pathways of cellular
metabolism.

(Maccaferri $ et al.: 2011)



Strain-specific
genes

Pan-genome

(Soucy SM et al: 2015)



Mechanisms of HGT in the gut

Naked DNﬁl\

Transformation

Plasmid

Bloom

Chromosome

Bloom

Transduction

(Stecher B et al: 2013)



Insan mikrobiyomu...

Insan mikrobiyomu kiresel pangenomla (biyosferdeki
tum genlerin toplami) cevresel temas ve lateral gen
transferi (LGT) araciligiyla etkilesir...

Potansiyel olarak biyosferdeki herhangi bir gen lateral
transferle insan mikrobiyomu icinde kendine yer
bulabilir...

Yuksek hucre yogunlugu ve biyofilmler transferi daha
da etkin kilar.

Insan mikrobiyotasindaki yiksek yogunluklar ve
biyofilm komuniteleri gen degisimi ve aksesuvar
genlerin birikimi icin sicak noktalardir.



Firsatci patojen,
patobiyont kaynagi

Sivrisinek cezbi

Bakterilerle st sindirimi,
insana 6zgul oligosakkaridler

Plasentada oral benzeri
mikrobiyom, oral ve vaginal
disbiyoz erken ve 6lu dogum riski

Horizontal gen transferi

Vaginal mikrobiyom
ekolojisi CTBH riski

Dig mikrobiyal
fermentasyon
mevcut besin
kaynagini genisletir,
mikroplar sit
laktozuile gluten
sindirimive
intoleransinda rol
oynarlar.

(Schnorr SL et al: 2016)



Kimi mikrobiyal suslar insan
goc tarihini yansitan genetik
degisim kaliplari sergilerler.

Bagirsak mikroplari vagus araciligiyla
beyinle iletisime gecer, stres,
anksiyete ve ruh halini etkiler.

Biyofilm olusumu konak-mikrop ve
mikrop-mikrop birlikte evrimine kanittir.

Bagirsak mikroplariyasaminilk yillarinda
immun sistem gelisiminde kritiktir.

Bebekler mikrobiyotalarinivertikal ve
horizontal transferle kazanirlarve
cevresel etkiler dnemlidir.

Geleneksel ve endustrilesmis
toplumlarin mikrobiyotasifarkhdir.

Bagirsak mikroplari lifleri kisa zincrli yag
asitlerine donusturdrler.

B ve K vitaminleri sentezi, ksenobiyotiklerin,
ilaglarin ve toksinlerin katabolizmasi,
kolesterol ve safra asitleri metabolizmasi

(Schnorr SL et al: 2016)



Olasi zararli bakteriler Olasi yararli bakteriler

Firmicutes

Bacteroides

Enteroto kflnlu%-nr! Clostridia
uretimi
Bifidobacterium

Lactobaccillus
Escherichia coli
Eubacterium
Fusobacterium
Enterobacteriaceae

Staphylococcus

Patojenler - Brotous

Toksin ureticileri
Pseudomonas aeruginosa

Veillonella

Campylobacter jejuni

KSYA: Kisa zincirli yag asitleri

Sindirime yardim

Antitiimor aktivite

KSYA iiretimi

Olasi tiimor belirteci

(Ghaisas S et al: 2016)



Sezaryen : Bifidobacteria, Bacteroides, Staphylococcus,
sl 01 Corynebacterium, Propionibacterium T
Vaginal: Lactobacillus, Prevotella, Sineathia tiirleri, Clostridium difficile %

w Steril gastrointestinal sistem

Enterobacteria

Bifidobacteria #
Bacteroides
Firmicutes #

|—L> 24 ayhk Bacteroidetes ¥
Firmicutes ¥

m Bacteroidetes §
Cesitlilik §
Yash

Dogum oncesinden yasliliga dek insan bagirsak mikrobiyotasinin
gelisimi

Cesitlilik

Firmicutes ,.,
Bacteroidetes %

(Kumar M et al: 2016)
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inflammation
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Xenobiotics

@

o &

e

Healthy microbiota Dysbiosis
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Bacterial metabolites and toxins
(TMAO, 4-EFS, SCFAs, bile acids
and AHR ligands)

Brain Lung Liver Adipose tissue Intestine  Systemic diseases

* Stress * Asthma = NAFLD ¢ Obesity « |[ED * Type 1 diabetes

* Autism * NASH * Metabolic * Coeliac  * Atherosclerosis

¢ Multiple disease disease  * Rheumatoid
sclerosis arthritis

The intestinal microbiota and disease development

(Levy M et al: 2017)



Insan
mikrobiyomu ve
mikrobiyotasi
uzerinde etkili
secilim glicleri

Mikrobiyotada
turlerin ve
genlerin artisi

(Gillings MR et al: 2015)

Secilim

Diyet
bilesenleri

Diyet
bilesenleri

Diyet
bilesenleri
Agir metaller
Arsenik

Diyet
bilesenleri

Agir metaller
Dezenfektanlar
Antibiyotikler
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Comparison of hominid gut microbiota

(Schnorr SL et al: 2016)



Changes in the
diversity and

composition of
oral microbiota
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(Adler CJ et al: 2013)



Ty ~ ,
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agirhikh diyetler agirhkh diyetler
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goreceli orani — I Bacteroidetes I
Alistipes, Bilophilia
N ve Bacteroides ) | )
Firmicutes ( i
: Faecalibacterium
(Roseburla, rausnitzii
Eubacterium rectale P !
. Prevotella ve
ve Ruminococcus ;
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g i Een Firmicutes
indirgeyici bir
bakteri)
=, vy e /S

(Kumar M et al: 2016)



7 # ComensalBacteria
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< Cross-linked

Protein layer
aW

Antibakteriyel immiin
yanit (patojen gelisimi
Uzerine olumsuz etki).
Capraz bagh
proteinler immiin
sistemin asiri
aktivasyonunu onler,
patojenleri korurlar.
Bakteri toplulugu
hizla genisler, fiziksel
engel olusturur.
Bakterilerin salgiladigi
molekiiller (ROS v.b.)
parazitleri oldiiriir ya
da engellerler.

Artropodlarin sindirim sisteminde yerlesik mikrobiyota vektor kaynakl
patojenlerin vektorii enfekte etme yeteneklerini etkiler.

(Crimotich CM et al: 2011)
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Antiviral response

Gut microbiota effects on viral infection

In Drosophila, Gram-negative bacteria In mice , bacteria promote enteric virus
induce an antiviral state. infection through multiple mechanisms.

(Pfeiffer JK: 2016)



Sorular

e Sivrisinek bagirsagindaki bakteriler dengue ve
Plasmodium enfeksiyonlarini (dolayisiyla
sivrisinek kaynakli insan enfeksiyonlarini)
sinirlamaktadirlar. Isi ve besin kaynagi gibi
cevresel faktorlerle degisecek sivrisinek
bagirsak mikrobiyotasi bilesiminin degisimi
viral enfeksiyonlari nasil etkileyecektir?

e Drosophila’daki antiviral etki yolaklari
vertebralilarda da gecerli midir?
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mekanizmalarla degistirir
(Pfeiffer JK, Virgin HW: 2016)






Estimated proportions of unintended pregnancy, 2012

Africa RN 35%
Oceana I 37%
Asia I 38%
Less developed countries B 39%
World FE 40%
Europe [N 405%
More developed countries B 47%
North America I 51%

Latin America and 1 56°
the Caribbean 56%

Estimated proportions of unintended pregnancies (those not
planned or wanted by the pregnant women in the next 2 years or
longer) vary from one-third to more than one-half worldwide.

(Crist E et al: 2017)
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Azalig

Yuksek

DUsuk

Dusuk

YUuksek

Artan insan nufusuna yanitta mikrobiyal taksonlarin

goreceli oranlarinda beklenen egilimler.
(Pointing SB et al: 2016)
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Bacteroidetes Bacteroidales Bacteroides - -
Bacteroidales uc
Firmicutes Bacillales Staphylococcus -
Clostridiales Clostridium_XI
uc Lachnospiraceae -
uc Ruminococcaceae
Clostridium_XIVa ]
Lactobacillales uc -
Lactobacillus -
Enterococcus -
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Actinobacteria Coriobacteriales Eggerthella
Proteobacteria Desulfovibrionales Desulfovibrio

N > 2.00%
1.00%

0.20% 0.00%

0.02%

Human-associated bacteria are detected in the soils below a decomposing

corpse.

(DeBruyn J: 2016)



Antibiyotik direnci



Parvom...

e Biyosfer yasayan organizmalar tarafindan uretilen
olaganustu cesitlilikte molekuler yapi1 gosteren
distk molekuler agirlikh organik bilesiklerin dev
bir kollleksiyonuna (parvom) sahiptir.

e Bu bilesiklerin 6nemli bir bolimu olagan
biyodegradsyon Urunleri olsa da cogunlugu
tanimlanmis, diizenlenmis biyosentez yolaklarinin
Urdnuddr ve hicre, doku, organ ve
organizmalarin islev ve etkilesimleriyle ilgilidirler.

e Biyoaktif kiicik molekullerin en iyi bilinen
gruplarindan biri antibiyotik aktivitesine sahip
olanlardir ve baslica bakteriler, mantarlar, bitkiler
ve stuingerler tarafindan uretilirler.
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and plants
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Animal (insects) (mammals)

Kingdom

Plant
Kingdom

microscopic
fungi

easts \
" ngogh_gtgs
slime A

moulds

Streptomyces “rare”actinos

-
myxobacters

higher (green)
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Bioactive secondary metabolites in nature

(Bérdy J: 2015)



Table 3.1 Numbers of natural products

Producer organisms Antibiotics All bioactive Total known

Actinobacteria 14,500 16,000 20,000-21,000
Streptomyces sp. 11,000 12,400 17,000
Other actinobacteria 3400 3600 4400

Eubacteriales 3500 4700 11,000-12,000
Bacillus sp. 1400
Pseudomonas sp. 950
Myxobacteriales 450 750 1200
Cyanobacteria 400 1800 4500
Other bacteria including proteobacteria, eic. 800 2000 5000

Fungi 10,500 18,000 40,000-45,000
Microscopic fungi 9000 14,000 32,000
Aspergillus 2200
Penicillium 1650
Basidiomycetes 2900 4100 9000
Other fungi including yeasts, slime moulds_eic. 110 340 3000

Total microbial ~28,500 ~-38,000 75,000-80,000

Higher forms of life

Higher plant products

Lower plants including macroalgae, lichens
Terrestrial animal products

Marine products (plants and animals)

15,000-16,000
1500-2000
1000-1500
6000-8000

30,000-32,000
10,000-15,000

2500-3000

20,000-25.000

Ower 500,000
60,000-70,000
?

?

(Bérdy J: 2015)
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Panproteome

Clinically important  Clinically important
resistance genes antibiotic molecules

Conceptual representation of the biological molecules of
relevance to antibiotic resistance.
(Gillings MR: 2013)
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Table 1.2 Selected published definitions of antibiotics

An antibiotic or antibiotic substance is a substance produced by microorganisms, which has the capacity of
inhibiting the growth and even of destroying other microorganisms (Waksman, 1949)

Substances with diverse chemical structures and biological activities. They range in their action from those
which inhibit the growth of certain strains of bacteria in a highly selective manner to those which are relatively
toxic to all living cells (Abraham, 1949)

A bacteriocidal or bacteriostatic substance produced by certain microorganisms (King, 1968)

Substances produced by some microorganisms that destroy or arrest the growth of others (Medawar and
Medawar, 1983)

A natural substance of relatively low molecular weight, produced by a microorganisms, which in dilute solutions
inhibits growth or destroys other organisms. Toxicity is generally selective. Most natural antibiotics, whose
structures vary widely, are derived from the Streptomyces, an exception being penicillin ({Combs, 1992)

Substances isolated from microorganisms, especially moulds, that destroy or inhibit the growth of other
microorganisms, particularly disease-producing bacteria and fungi (Daintith, 1996)

Antibiotics are a collection of natural products and synthetic compounds that kill bacteria (Creighton et al., 1999)

Any of numerous substances of relatively low M produced by living microorganisms (and also certain plants)
that are able selectively and at low concentrations to destroy or inhibit the growth of other organisms, especially
microorganisms. Also included are the many semi- or wholly synthetic organic compounds with similar
antimicrobial properties. Many are useful chemotherapeutic agents (Smith et al., 2000)

Antibiotics are drugs of natural or synthetic origin that have the capacity to kill or to inhibit the growth of
microorganisms (FAQO, 2005)

A drug that is used to kill harmful bacteria and to cure infections’ and ‘a substance produced by or a
semisynthetic substance derived from a microorganism and able in dilute solution to inhibit or kill another
microorganism. http://www.merriam-webster.com/dictionary/antibictic (accessed 2 February 2014)

A substance, such as penicillin or streptomycin, produced by or derived from certain fungi, bacteria, and other
organisms, that can destroy or inhibit the growth of other microorganisms. Antibiotics are widely used in the
prevention and treatment of infectious diseases. http://www.thefreedictionary.com/antibiotic (accessed 2
February 2014)

(Bennett JW: 2015)



Common antibiotic mechanisms
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Common resistance mechanisms | 4

Common mechanisms of antibiotic action and antibiotic resistance
(Crofts TS et al: 2017)



ANTIBIOTICS

Selection pressure
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Plasmids, transposons,
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resistant genes
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Generation of LGT element
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(Gillings MR: 2017)



Selective Agent Resistome element

Tn mer operon
Mercury pre-1900

Quaternary ammoniumearly [~ jnt/1  gacE = Tn
1930s

Sulphonamide late

SN fsull N\
1930s {’f’ “‘ I:>
i
—po LDO’ Do _— 0
Diverse antibiotics o0 Do o0 _ o
1950s to present -

diverse gene cassettes

Insan secilim etkisi altinda kompleks, mozaik DNA elementlerinin
ardisik tumlesmesinin sematik gosterimi.

Direng belirtecgleri: mer operon (civa direnci); qacE (dort degerli amonyum bilesiklerine

direng); sull (sulfonamidlere direng); integron gen kaseti (farkli antibiyotiklere direng).
Tn: transpozon 21

intl1: integron-integraz

(Gillings MR et al: 2015)



Habitat
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The synteny of antibiotic resistance genes provides

historical context and foreshadows future threats.

(Crofts TS et al: 2017)



Human pathogenic isolates

Non-pathogenic soil bacteria

gacEDeltal

— aadA sull Cfla or pp-flo tetA(G) IysR
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I Resistance gene
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) Resistance requlatory element

= Other

The synteny of antibiotic resistance genes provides
historical context and foreshadows future threats.

(Crofts TS et al: 2017)



ANTIBIOTIC RESISTANCE
INDENTIFIED

penicillin-R Staphylococcus 1940 ——

tetracycline-R Shigella 1959 ——

methicillin-R Staphylococeus 1962 ——

penicillin-R pneumococcus 1965 ——

erythromycin-R Streptococcus 1968 ——

gentamicin-R Enterococcus 1979 ——

ceftazidime-R Enterobacteriaceae 1987

ANTIBIOTIC
INTRODUCED

—— 1943  penicillin

—— 1950 tetracycline

—— 1953 erythromycin

—— 1960 methicillin

—— 1967 gentamicin

—— 1972 vancomycin

1985  imipenemand
ceftazidime

—— 1996 levofloxacin

—— 2000 linezolid

—— 2003  daptomycin

—— 2010 ceftaroline

vancomycin-R Enterococcus 1988
levofloxacin-R pneumococcus 1996 ——
imipenem-R Enterobacteriaceae 1998 ——
XDR tuberculosis 2000 ——
linezolid-R Staphylococcus 2001 ——
vancomycin-R Staphylococcus 2002 ——
PDR-Acinetobacter and Pseudomonas 2004 / 5 —
ceftriaxone-R Neisseria gonorrhoeae 2009 ——
PDR-Enterobacteriaceae /

ceftaroline-R Staphylococcus 2011

(CDC: 2014)

WHO PRIORITY PATHOGENS LIST
FOR R&D OF NEW ANTIBIOTICS

Priority 1: CRITICAL

Acinotobacter baumannii, carbapenem-resistant

Pszoudomonas seruginosa, carbapenem-resistant

Enterobacteriacase, carbapenem-resistant, 3™ generation
cephalosporin-resistant

Priority 2: HIGH

Priority 3: MEDIUM

Stmpt‘nmcﬂm mmumqilfaa. penicillin-non-susceptible
Haemophiius infivenzae, ampicillin-resistant

B
e (WHO: 2017)
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Timelines for emergence of drug resistance in parasitic diseases

(Fairlamb AH et al: 2016)



Polyenes Amphotericin B I

Flucytosine!

Fluconazole
Ketoconazole D

itraconazole
Voriconazole I

Posaconazole
lsavuconazole [T

Caspofungin
Echinocandins Anidulafungin [T

Micafungin [IIEIEIEGEGEGD
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Timelines for emergence of drug resistance in fungi

(Fairlamb AH et al: 2016)



e Linezolid-resistant enterococd

e Cephalosporin-resistant N gonorrhoea _
Carbapenemase-producing Gram-negative organisms
& New Delhi metallo-p-lactamase

Worldwide travel routes and emergence of antimicrobial resistance

(Holmes AH et al: 2016)



Resistance
determinant
e MCR1

© NDM1
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® ONR

O First observed
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Global spread of plasmid-borne resistance

(Crofts TS et al: 2017)



Sonug...

» Antimikrobiyal ilaglara direncin kuresel
yayilimi insan etkinliklerine dayall
mikrobiyal evrimin en Iyi orneklerinden
biridir!



Rakip R N
mikroplar Kisa omarlt Uzun omdarlt

konaklar konaklar
5%%‘ %Bakteriyofajlar

< Milimetreler Santimetreler Metreler Kilometreler>
Toprak Toprak (pH)

e e (agir metaller) , iil I
e s Ny

Tuzluluk Antibiyotikler -
(mikrop yuk N 2 |
boyunca) Tuzluluk

Dogada bakteriyel adaptasyon: Abiyotik secilimdeki degisim olcutleri
(gradientleri) milimetreden (mikrop ylkinin dagildigi ortamin tuzlulugu gibi)
bircok kilometreye (Baltik Denizinin tuzlulugu gibi) kadar degisir. Benzer
sekilde biyotik secilimdeki degisim olcitleri de cok kiclk olgceklerden (rakip
turlerle veya bakteriyofajlarla birlikte evrilen bakterilerde oldugu gibi) cok

blylk olceklere (uzun 6mirli konaklarda yerlesmis bakteriler) kadar degisir.
(Koskella B, Vos M: 2015)



Rakip Kisa dmurlt Uzun émurli
mikroplar konaklar konaklar
Bakterlyofajlar
<Dakikalar Gunler Aylar Yillar Onyillar >
60 M Antibiyotikler
’ 0 (ktresel direnc)
Antibiyotikler b O 'ﬁ#‘,ﬁ ﬁ%‘l & R o By B
(yerel direnc) Nem ' . M .

Mevsimsellik

Iklim degisikligi

Bakteriyel adaptasyonda zamansal 6l¢geklerin devamliligi: Cevre hizla
(antibiyotik konsantrasyonlari enzimatik degradasyonla azalir) veya goreceli
yavas (zaman icinde insanlarin antibiyotik kullanimindaki kilttrel degisme

veya iklim degisikligi) degisir.

(Koskella B, Vos M: 2015)




A & di -l f .
<MUtaSy°n Gen Birey Tiir Komiinite >
ﬁTTCTTCACCACTACACTACC | -

ATTCTTCACHACTACACTACC

Bakteriyel adaptasyonda genetik diizeyler: Tek mutasyonlardan tam
komunitelere kadar, 6zellikle de bakteriyel tlirler arasindaki genlerin hareketliligi
(6rnegin, plazmitler araciligiyla) 1siginda, secilimin etkili oldugu diizeyler.

(Koskella B, Vos M: 2015)



Mikrobiyal biyojeokimyasal sureclere
etkiler



Atmosphere

[ SD?S” + [CHa01 05 + [CHZO]
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Earth's mantle and crust Sediments

A generalized biosphere model showing the basic inputs and outputs

of energy and materials _
(Falkowski PG et al: 2008)



Bakteriler enerji icin kullandiklari kimyasal
reaksiyonlara gore de farkliliklar gosterirler:

O, —> H»0 (Aerop respirasyon)
MnO,—> MnZ2*(Manganaz indirgeme)
| Fe3* — Fe2* (Demir indirgeme)

S0,42~—> H,S (Sulfat indirgeme)

CO,—> CH, (Metanogenez)
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-

A schematic diagram depicting a global, interconnected network of the biologically
mediated cycles for hydrogen, carbon, nitrogen, oxygen, sulfur, and iron. A large portion
of these microbially mediated processes are associated only with anaerobic habitats.

(Falkowski PG et al: 2008)



Metan sorunu...

* Hayvanlari ve bitkileri evcillestiren insan bu
turlerle birlikte onlarin sembiyontlarini da

evcillestirmislerdir.

* Antropojenik metan artisinin nedenleri:
— Sulu tarlalarda pirin¢ Uretimi
— Gevis getiren hayvanlarin ciftliklerde tGretimi

— Bunlarin diskilarina bagli metan Ureticisi
mikroorganizmalarin artisi



Modern

Pre-industrial

Cows
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Methane (Tg per year)

Estimated sauropod methane production compared to total modern (both
natural and anthropogenic), global pre-industrial and estimated modern
methane production from ruminants. Even reducing our estimate by half

still predicts a major role for sauropod methane in the Mesozoic.

(Wilkinson DM et al: 2012)



Azot sorunu...

* Atmosferde bol olan azot gazi biyolojik kullanim
icin reaktif azota donustirulmek zorundadir.

* Biyolojik azot fiksasyonu bakteriler tarafindan
gerceklestirilir.

e Koklerinde azotu fikse eden bakterileri barindiran
baklagiller tarimi bu bakterilerin goreceli
oranlarini artirmaktadir. Bakteriler:

— Gaz azotu amonyaga sabitlerler, bunu nitratlara
donusturdarler (nitrifikasyon);

— Nitratlari da azot oksitlere ya da geriye azot gazina
donusturdrler (denitrifikasyon).



Sonuc...

* Endustriyel azot fiksasyonu, fosil yakitlarin yakilmasi ve
baklagillerin Gretilmesiyle insanlarin azot dongustne
girdileri ginimuzde azot fiksasyonunun %45’inden
sorumludur.

* Karasal ekosistemlerde artmis azot mycorrhizal
mantarlarin kitlesinde azalmaya ve mikrop komdinite
yapisinda degisime yol acar.

* Topraklarda azot artisi sulu sistemlerde 6trofikasyona
(azot ve fosfor artisi), bu da toksinler treten
siyanobakterilerin, dinoflagellatlarin ve diatomlarin
sayisinda artisa neden olur (alg basmasi!)



Kiresel 1Isinma ve okyanuslarin
asitlesmesi
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CO, artigi ve okyanus
asidifikasyonu

Karbon dioksitin antropojenik tGretimi
gezegenimizi isitmaktadir.

Isinmanin hizi antropojenik emisyonun yaklasik
Ucte birinin okyanuslarca absorbe edilmesiyle
dengelenmektedir.

Ancak bu durum okyanuslarda pH dismesine yol
acmaktadir (asidifikasyon).

Mikrobiyal biyosferde isinmaya uygun genetik
varyantlarin secilimine, bireysel tirlerin
biyokimyasal aktivitelerinin etkilenmesine v.b. Yol
acabilir.
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Potential effects of elevated CO, concentrations

o, AMF (arbuscular mycorrhizal fungi), EcM (ectomycorrhizal fungi, fine endophytic PGPF (plant
growth-promoting fungi) and PGPB (plant growth-promoting bacteria). (Compant S et al: 2010)
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e, AMF, EcM, fine endophytic PGPF and PGPB
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The “Anthropocene”

by Paul J. Crutzen and Eugene F. Stoermer

The name Holocene (“Recent Whole”for ~ panied e.g. by a growth in cattle popu-  groves. Finally, mechanized human pre-
the post-glacial geological epoch of the  lation to 1400 million (6) (aboutonecow  dation (“fisheries” ) removes more than
past ten to twelve thousand years seems  per average size family). Urbanisation  25% of the primary production of the
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Possible transition from Holocene to Anthropocene
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342 K. A. Hibbard et al.

manage our affairs and our relationship with the environment (Costanza et al.
2005). The primary finding reported by the Millennium Ecosystem Assessment
(MEA 2005, p. 1) 1s that “over the past 50 years, humans have changed ecosys-
tems more rapidly and extensively than in any comparable period of time in hu-
man history, largely to meetrapidly growing demands for food, fresh water, tim-
ber. fiber, and fuel. This has resulted in a substantial and largely nrreversible loss
in the diversity of life on Earth.” The trends i carbon dioxide (CO7) emissions
and associated temperature changes also suggest a rapid acceleration of human
impacts on the atmosphere over the last 50 years. These and many other changes
demonstrate a distinct mcrease in the rates of change m many human—environ-
ment interactions as a resultofamplified human impact on the environment after
World War II—a period that we term the “Great Acceleration.” Although many

of the trends are associated with the degradation of the environment, we identify
some mmportant factors that have the potential to reduce human impact on the en-
vironment in the future (1.e., decelerating tendencies) as well as important non-
linearities, thresholds, and time lags that provide momentum for continued hu-
man impacts on the environment well into the 215! century.



At what point did humans’ impact on Earth become geologically
significant?

(Certini G, Scalenghe R: 2015)



