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Source: https://www.poultryworld.net/health-nutrition/

Bacteriophage
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A Killer Is Iving amongst us - a virus
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Source: https://www.poultryworld.net/health-nutrition/

Bacteriophage



Bacteriopnages In scale

E.coli
1.000 nm x 3.000 nm

T4 Bacteriophage
50nmx 225 nm

G

Red blood cell
(10.000 nm)




How many are there”

How many bacteriophages are there?

’ Phages 10%1=10,000,000,000,000,000,000,000,000,000,000
4 Ants 10">=1,000,000,000,000,000

T Humans 7.5x10°= 7,500,000,000
'GG“G“G“G“&&G“G“GGQ-

If all the bacteriophages were laid end to end, they would

o
‘ span approximately 10 million light years, or the distance ' ’
‘ between the Earth and the Sun 10,000,000,000,000 times
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Source: https.//sciencefest.indiana.edu/bacterial-viruses/

Omnipresent, where bacteria exist — including outside and inside a human!




SO000 should | be worried”/
No!

The only ones that need to
be scared: Bacteria



How do they Infect bacteria’/

- Bacteriophage

Host Bacteria Cell

Attachment
The phage attaches to
the surface of the host



How do they Infect bacteria’/

Bacteriophage

Host Bacteria Cell

~NO

Phage DNA

Attachment
The phage attaches to
the surface of the host

Host DNA

Lysis Penetration
The cell lyses, releasing The viral DNA elrliters
the newly made phages the host ce

K

Maturation Biosynthesis
New phage particles Phage DNA replicates and
are assembled phage proteins are made

Source: Adesanya et al. AIMS Microbiology 2020



Phage speciiicity

Phage Classification Genome
length (kb)
éBrb01  Siphovindae 33.91 £ 2.41
$Brb02 Siphoviridae 33.02 £ 1.16
$Ra02 Podoviridae 12.8
éRa04 Podoviridae 140
$Sb01  Siphoviridae 3090kb £ 4.4

Source: Gilbert et al. Front. Microbiol. 2017

Phage particle
dimensions

Head 55-60 nm,

tail 105 x 9nm

Head 55-60 nm,

taill 105 x 9nm

Head 25 nm,
tail 18 nm”

Head 25 nm,
tail 18 nm*

Head 60 nm,
tail 110 x 7nm

Phage isolation source
(Reference)

Municipal sewage (Klieve
et al., 1991)

Municipal sewage (Klieve
et al., 1(‘01)

Bovine fecal waste material
(Klieve et al., 2004)

Bovine faecal waste matenal
(Klieve et al., 2004)

Bovine rumen fluid (Klieve
and Bauchop, 1991)

Bacterial host/s

Bacteroides sp. AR20™",
Bacteroides (Prevotella) ruminicola
ss brevis AR22, AR23

Bacteroides sp. AR20™",
Bacteroides (Prevotelia) ruminicola
ss brevis AR7, AR22, AR23

Ruminococcus albus ARG7

Ruminococcus albus ARG7

Streptococcus bovis/equinus 2B,
S. equinus Sb04, Sb17

Healthy bacteria

Phage not infecting

A

Source: Santos et al. BMC Microbiology 2009

“lague assay

Dying bacteria

Phage infecting



VWny should you care about phages'?

[he short answer: VWe screwed up!



N the past you could easily die from. ..

Until this guy came along

Source: https://en.wikipedia.org/wiki/

Source: https://www.hsph.harvard.edu/ecpe/

Source: https://medicalgearoutfitters.com/blogs/firstaid/

... breathing in a
bug

Source: https://www.eatsmartproducts.com/blogs/blog/

... cutting your
finger
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. eating leftovers Alexander Fleming



Ve found antipiotics!

Until this guy came along

Source: https://en.wikipedia.org/wiki/

Source: https://vvvvv_v.hsph.harvard.edu/ecpe/

B P

eaﬂ eftovers Alexander Fleming

Source: https://www.urgentcaremds.com/



Sut we overdid It. . .

Source: https://www.healthywomen.org/content/blog-entry/

DDD per 1000 population per day
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Source: https://www.thelancet.com/journals/lanplh/article/PlIS2542-5196%2821%2900280-1/fulltext



Ve created Methicillin-resistant Staphylococcus
aureus (MSAR) and other “superbugs”

Definition: Superbugs are strains of bacteria that are resistant to most of the antibiotics and other medications commonly used to treat the infections
they cause. A few examples of superbugs include resistant bacteria that can cause pneumonia, urinary tract infections and skin infections.

Deaths From Drug-Resistant
Infections Set To Skyrocket

Predicted mortality from antimicrobial-resistant’
Infections (AMR) versus today's common causes of deaths

W 2020 W 2050

vy 1.3M 8.7M

10.0M

Cancer

10.0M

Diabetes - 1.5M

Diarrhoeal
disease

Road traffic
accidents .
Measles 130,000

Tetanus |60,ooo

* resistant to antibiotics, antivirals, antifungals and antiparasitics
Source: Bracing for Superbugs 2023 (UN Environmental Programme)

statista %a

UF study: Silent MRSA carriers have
twice the mortality rate of adults
without the bacteria

March 29,2021 - By JillPease - Media Contact - Share

A2 NBC NEWS US.ARSTRIKES POLITICS US.NEWS WORLD BUSINESS HEALTH NBCNEWSTIPLINE VID

Deadly superbug MRSA can linger on

surfaces in the home for months

But good hygiene can help prevent the bacteria from spreading.

Infectious Disease Experts Update Rules on
'Superbug' Spread in Hospitals

By HealthDay June 27,2023, at 1:38 p.m.



Ve created Methicillin-resistant Staphylococcus
aureus (MSAR) and “superbugs’

UF study: Silent MRSA carriers have
twice the mortality rate of adults
without the bacteria

1 - BylillPease - Media Contact - Share

Deaths From Drug-Resistant
Infections Set To Skyrocket

Predicted mortality from antimicrobial-resistant’
Infections (AMR) versus today's common causes of deaths

W 2020 W 2050

AMR 10.0M A2 NBC NEWS US.ARSTRIKES POLITICS US.NEWS WORLD BUSINESS HEALTH NBCNEWSTIPLINE VID
corcer | <o :
vt [ 151 Deadly superbug MRSA can linger on
Diarthoea | ~ surfaces in the home for months
Road traffic
accidents .

D But good hygiene can help prevent the bacteria from spreading.

Measles |130,ooo

The days of dying from cutting your finger could comet
Dack




Ve need new medication to treat superougs

.,

Source: https://www. poultryworld.net/health-nutrition/

Phages could save us



[he concept of phage therapy

Phages coulo

e fficiently kill bacteria
® Do not target any human cells

® [arget specific bacteria (unlike
antibiotics)

® | cssen antibiotic resistance risk
® nable personalized treatment

]
Source: https://www.taconic.com/resources/phage-therapy-antibiotic-resistance B aCte rl a Source: https://en.wikipedia.org/wiki/

~elix D'Herelle

Source: https://my.clevelandclinic.org/health/articles/24494-bacteria



A personal story on phage therapy

Source: https://asm.org/articles/2022/august/phage-therapy-past, -present-and-future

Tom Patterson and Steffanie Strathdee



VWny don't we just continue using phage therapy'?

Bactera can get resistant

o
@ ©) & @
&=

Lots of germs Antibiotics kill the bacteria The drug resistant Some bacteria give
and some are causing the ilines as well as bacteria is now able their drug resistance to
drug resistant the good bacteria protecting to grow and take over other bacteria

the body from infection

' - Normal bacterium ' - Resistant bacterium - Dead bacterium

Source: https://theconversation.com/how-to-train-the-bodys-own-cells-to-combat-antibiotic-resistance- 106052



How do bacteria get resistant’”

Bacteriophage

Host Bacteria Cell

O

Phage DNA

Attachment
The phage attaches to
the surface of the host

Host DN

Lisis Penetration
The cell lyses, releasing The vuralhDNA el?ters
the newly made phages the host ce

Biosynthesis
Phage DNA replicates and
phage proteins are made

Maturation Biosynthesis
New phage particles Phage DNA replicates and
are assembled phage proteins are made

Source: Adesanya et al. AMS Microbiology 2020



AN example for phage dependency on pacterial
oroteins

Hrotein
53!1‘\'. hesis

Phage protein, e.g.
L protein

Urfolded Folded

5

Chaf:erone ChaFerone

Sacterial protein, e.g. Dnad



How do bacteria get resistant’”

Sou

ORIGINAL DNA CODE
C AT C A TLCATUGCATUCA AT

Ve

AMINO ACID
CHAIN

\ SINGLE NUCLEOQTIDE
/,¢ AFFECTED & REPLACED

MUTATED DNA CODE
————————

G

C A T C T C A T

"MW{W.O

C A
/\" INCORRECT AMINO ACID,
WHICH MAY AFFECT FUNCTION
of PROTEIN

e. https:// www.0smosis.org/answers/missense-mutation



How do bacteria get resistant’”

E.g. Dnad E.g. L protein

k4 E K<

Bacterial protein Phage protein No mutation Mutated




BSUt phages are not nelpless!

Phage

Hrotein
Sjn’thesis ;Bo?_"‘ u:v:&

orotein, e.g. (/§ —_—
orotein

Urfolded Folded

5

Chaf:erone ClrpFerone

Sacterial protein, e.g. Dnad



Co-evolution of phages and bacteria

t's an arms race!



Ve can engineer pnages to overcome resistance




—scherichia coll or E. Coll

Source: https://hawaiireedlab.com/wpress/?p=49

Source: https://biolabtests.com/top-facts-ecoli/

And it's phage: MS2

Source: https://www.h-h-c.com/what-is-ms2-bacteriophage-and-its-ultimate-usage/ Source: https://microchemlab.com/information/ms2-bacteriophage-viral-screening-tool/



\MS2 phages

Maturation protein Maturation protein
ssRNA
CP
- 4 +H+ + ==+ o+ + See .
ME PMWMYWSMVIRMT LLT
1 1 20 30 0 7
T=3 Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5446614/
O ViralZone 2016

Swiss Institute of Bioinformatics

o Non-mutated E.coli only

OMS2 + non mutated E. coli

- Notall, no legs X MS2 + mutated E. coli

. » . E.coli
- Genome: single-stranded RNA resistance

- Almost 10x smaller than 14 phage

0 50 100 150 200 250
Time after induction (min)

Source: https://www.nchi.nim.nih.gov/pmc/articles/PMC5446614/



(Group project

What can we do”

Viore lysis protein
ncrease lysis protein stability

ncrease toxicity

® | ©33sen resistance risk

MS2

ssRNA
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Source: https://www.ncbi.nim.nih.gov/pmc/articles/PMC5446614/
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Source: https://www.ncbi.nim.nih.gov/pmc/articles/PMC5446614/

o Non mutated E.coli only
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Combination of phages with antibiotics

v Y
vPp
"AAAA
ptat, | .»’“ P
' — ‘.,\,* T'ﬁ

Syt
\

V b
| W N ) -
""‘ - $ v -~ L 1
- . :
2 - 3 -
s - . :
. - ~
r I‘-’ - ,.‘I

Favorable
clinical
outcome

Antibiotic-resistant  : First killing and emergence
Acinetobacter baumannii . of phage-resistant mutants
infection

Second killing

. - " " - oo
()~ Wild type, intact £ - Wild type, being lysed J! Initial phage therapy
"~ .

@ Phage-resistant, intact ) Phage-resistant, being killed A Alternative phage therapy

B Complement system v Antibiotics

gV

Source: Altamirano, 2020, Preprint (https://www.researchgate.net/publication/339531457_Bacteriophages_targeting_Acinetobacter_baumannii_capsule_induce_antimicrobial_resensitization




ake home messages

hages are pretty cool

hages are viruses that infect bacteria

Bacteria can mutate their DNA to become resistant
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® Scientists have tools to modity phages and make

them

Mnore equipped to battle resistant bacteria



