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Pathogen

Carbapenem-resistant Klebsiella pneumoniae
3GCR Escherichia coll

Carbapenem-resistant Acinetobacter baumannii
Rifampicin-resistant Mycobacterium tuberculosis
Carbapenem-resistant Escherichia coli

3GCR Klebsiella pneumoniae
Fluoroquinclone-resistant Salmonella Typhi
Fluoroquinolone-resistant Shigella spp
Vancomycin-resistant Enterococcus foecium
Carbapenem-resistant Pseudomenas aeruginosa
Fluoroguinclone-resistant non-typhoidal Salmonella
Carbapenem-resistant Enterobacter spp
Fluoroquinolone-resistant Neisseria gonorrhoeae
Meticillin-resistant Staphylococcus aureus

4GCR Enterobacter spp

3GCR Citrobacter spp

3GCR Proteus spp

3GCR Serratia spp

3GCR Neisseria gonorrhoeas

Macrolide-resistant group A streptococci
Macrolide-resistant Streptococcus pneumoniae
Ampicillin-resistant Haemophilus influenzae
3GCR Morganella spp

Penicillin-resistant group B streptococci

I Mortality
M ncidence

I Non-fatal health burden
[110-year trend in resistance

[ Transmissibility

B Preventability

B Treatability

B Antibacterial pipeline
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2021 yilinda bakteriyel antimikrobiyal diren¢c (AMD) ile iliskili;
= Kiresel 6lim 4,71 milyon,
= Dogrudan atfedilebilir 6lim 1,14 milyon

Mortalite tahminlerine gore AMD’ye bagli 6limler artmaya
devam edecek
= 2050 yilinda;
= 8,22 milyon AMD ile iliskili 61im
= 1,91 milyon atfedilebilir 6lim

2030 yili icin 6nerilen AMD mortalitesinde %10 azalma
hedefine ulasilamayacak

GBD 2021 Antimicrobial Resistance Collaborators. Lancet. 2024,404(10459):1199-1226.
Sati H. Lancet Infect Dis. 2025,25(9):1033-1043.



Traditional antibiotic discovery
process failure = Gereklilikler

= Dar spektrumlu secici antibiyotikler
= Tek hiicre dizeyine odaklanma
= Yenilikci kesif platformlari

= Yapay zeka
Lack of access to new chemical = Yuksek verimli tarama sistemleri
varieties = Genomik ve sentetik biyoloji
=  Kamu-0Ozel sektor ortakligi

Low-range spectrum antibiotics

Focusing on individual cells

Adverse effects of new drugs

= Zorluklar
= Yeni kimyasal cesitlilige erisim eksikligi
= Yeniilaglarin yan etkileri
= Arastirmaya dusuk yatirim

Mallari P. Pharmaceutical Research (2025) 42:859-889



Potential targets

Antisense therapeutics
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MacNair CR. Nature Reviews Microbiology 2024; 22: 262-275.



AMD ve Sentetik Biyoloji: Klasik Antibiyotik Paradigmasindan
Programlanabilir Mikrobiyal Yaklasimlara Gecis

[ 3\

Klasik yaklasim

Genis spektrumlu oldirme

Kiiciik molekal

“« ’}
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Paradigma
Kaymasi

’
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Yeni yaklasim

Programlanabilir

Hedefe dzgil

Sentetik Biyoloji Ne Sunuyor?

¢ Sentetik biyoloji;
e Hedefe 6zgl,
¢ Kontrol edilebilir
e Canli veya programlanmis biyolojik sistem sunar

Cubillos-Ruiz A. Nat Rev Drug Discov. 2021;20:941-960
Ledn-Buitimea A. Front. Bioeng. Biotechnol.2022; 10:869206
Slayt tasarimi: OpenAl ChatGPT/DALL-E



Molecule-based therapies Cell-based therapies
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Cubillos-Ruiz A. Nat Rev Drug Discov. 2021,;20:941-960.



Safety and efficacy
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conjugation respond tropism
e
= 0.0 m
e N 9
0 00
Cancer
Diseased state Healthystate ~ CAR-Tcell cell
Nanoparticle-mediated Implantable device- Gene classifier Feedback-controlled
delivery mediated delivery circuit module
Tuning of PK/PD Increased Site-specific Controlled Selectivity and Biomarker Reduced Tunable strength
parameters  on-target activity assimilation  dose-release on-target activity surveillance  off-target effects and durability

Cubillos-Ruiz A. Nat Rev Drug Discov. 2021;20:941-960.



Genetik Mantik Kapilari

Single input logic gates Layered, double input logic gates
YES NOT NAND lnEUt
IIIIII /,() o Out I' S ol

[l Input =Input / g E : Fi \ o
T4 - ] —— O\ﬂ i
. ' {——:ll

Input /
Double input logic gates E_| ‘E‘l:ll

P,
AND OR B
1AB Out Input 1A 1B Out Input NOR lnEUt
000 @ 000 4 A B Out
n1n'—|{—='L 011 O0— 00 1 ‘_"m
100 "‘\ 101 “\ 010 \ 0
111 0 111 0 100 O /' N
110

Input Input l"P”t
il - =—*f—-i

Cubillos-Ruiz A. Nat Rev Drug Discov. 2021,20:941-960.



Genetlk Devremn Uc Temel Modiuilii
1. Girdi Modiili 2. islem Modiili

Sinyal Kaynaklan Hiicresel Hesaplama ve Karar Gen Ekspresyonu ve Hiicresel Yanit
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Cubillos-Ruiz A. Nat Rev Drug Discov. 2021;20:941-960
Slayt tasanmi: OpenAl ChatGPT/DALL-E



Mihendislik Tasarimhl Genetik Devrelerle Canh Terapotiklerin Gelistirilmesi

Inputs
Environmental and

disease biomarkers

» microRNAs

» Proteins/peptides
(surface/soluble)

» Metabolites

» Small molecules
(host/bacterial)

* Hypoxia

» Temperature

Otonom karar veren yasayan ilaglar

Input module sense

Receptors/
transporters

i |

\ Promoter
\'\\ o Timing
. *Strength
s Sensitivity

e I

= Hastalik siddetiyle orantili, gercek zamanl

terapotik molekiil liretimi

Cellwnh engineered geneti cdrcuit"_‘

Output module response

Responses

» Proteins

* Peptides

» Metabolites

» Small molecules

Secretion

Surface display

Consumption

7/ O
. sekillendirebilen ¢ok islevli terapotik

Patolojik mikrogevreyi yeniden

platformlar

= Etkin terapotik pencerede kalmak

= Asiri doz riskini minimize etmek

Cubillos-Ruiz A. Nat Rev Drug Discov. 2021,20:941-960.



PERSPECTIVE ) Groce et
OPEN

Developing a new class of engineered live bacterial
therapeutics to treat human diseases

Mark R. Charbonneau® |, Vincent M. Isabella’, Ning Li' & Caroline B. Kurtz @ 1™

b

— Uretilecek veya tilketime sunulacak efektorler
- Gen dlizenlemesinin mantigi
- Promotér ve indlkleyici segimleri

Devre
tasarimi

- Gerekli islev igin mikrogevre Cevreyi algllayan

Tercih edilen
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Uretim ve klinik organizmas stratejisi

- Optimal doz ve dozaj formu uygulanabilirlik
- Uygulama yolu

- Biyoguvenlik stratejileri

Hasta ile ilgili
degerlendirmeler

Hedef ortama
uygunluk



Mihendislik Grani
bakteriyel terapotik fikir

|<

Prototip olusturma

Rasyonel yolak tasarimi
Prototip sus ingasi

in vitro similasyonlar

In vivo mekanizma kaniti

Sus optimizasyonu

Yiiksek verimli enzim taramasi Yinelemeli optimizasyon
Ekspresyon ve yiik optimizasyonu
Devre arnza giderimi (Omics)

Sureg geligtirme
go\ Yolak yeniden diizenleme
‘_,O Oksitrofi entegrasyonu

Kantitatif biyobelirteglerin
Sus karakterizasyonu gelistirilmesi
- Organ-¢gip testleri
- Kantitatif in siliko modelleme
- In vivo hastalik modelleri
Uretilebilirlik degerlendirmesi

Aday secimi

Aday o6n secimi

Sire¢ olgek biyitme
Analiz geligtirme

- Potens ve canlilik

- In vivo biyobelirtegler
IND'ye yonelik caligmalar

- In vivo toksikoloji

.

Mihendislik Griini
bakteriyel terapotik aday
Charbonneau M.R. Nat Commun 11, 1738 (2020).



Table 1. Representative list of engineered bacterial therapeutic candidates tested in clinical trials
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Dey S. Trends in Biotechnology 2024:42 (12)



Antimikrobiyal Amach Tasarlanmis Canli Biyoterapotikler

hY ), ) )
CRISPR-temelli Mhendislik urtn Tasarim | Sentetik biyoloji
antimikrobiyaller | bakteriyofajlar probiyotikler destekli AMP
. . o platformlan
Direng genlerini veya Bakterilere ozgu, Alglama, yanit verme =
hedef bakterileri segici yeniden tasarlanabili ve lokal tedavi sunan /e .antuplkroblyal
olarak baskilar | faj sistemleri canli sistemler peptld'ler.m tasanimi

. ) | Ve optimizasyonu

| ¥,

Slayt tasarnmi: OpenAl ChatGPT/DALL-E



Félix d'Hérelle

Bakteriyofajlar

Cocuklarda bakteriyel dizanteri tedavisinde faj preparatlarini
basariyla kullandi, 1919.
Ik faj terapisi programlari

= Gurcistan’da ve Polonya’da acild
1940'larin basinda penisilininin piyasaya cikisi ile, faj terapisi
Bati'da gozden dustl
ABD, Belcika, Fransa ve isvec'te faj terapisi programlari mevcut

Strathdee SA. Cell 2023; 186: 17-31
Ghaznavi G. Molecular Biology Reports (2025) 52:221



Bakteriyofajlar

A Muddy B Maestro

= Bakterilerin dogal yirticilari
= Bakterilerin zorunlu hiicre ici parazitleri
= Doganin bakterilere karsi savunma
mekanizmasi
= Gezegendeki en eski ve en bol organizmalar
= Biyosferde tahminen 10%' bakteriyofaj
partikalG var
= Cesitli mikrobiyomlarin koruyuculari
= Fajlar virtslerdir ve tiim ortak viral 6zelliklere
sahiptirler:
= Konaklari disinda ¢cogalmazlar
= Cogalmalari icin konaktan yararlanirlar
= Konak hicresi 6zgulltgu sergiler

Salmond GPC. Nat Rev Microbiol 2015; 13; 777-786.
Servick K. Science 2016; 352: 1506—1506

Lin DM. World J Gastrointest Pharm Ther 2017; 8: 162—-173.
Strathdee SA. Cell 2023; 186: 17-31



Cutaneous
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Burns
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15

Clinical trials of phage therapy

B Therapeutic B Not therapeutic

1999
2000

Strathdee SA. Cell 2023; 186: 17-31.



A Bakteriyofaj Tedavisinin Avantajlari ve Zorluklari

Avantajlar

Yiiksek ozgulliik: Belirli bakterileri secici olarak
hedef alir, normal floray: korur.

Enfeksiyon bolgesinde ¢ogalma: Lokalize ve
dinamik etki saglar.

Antibiyotik etkisini giiclendirme: Biyofilm
olusumuna karsi miicadeleyi destekler.
Farkli etki mekanizmas: Antibiyotiklerden

farkli calistigi icin direncli bakterilere karsi
. etkili olabilir.

J

-

Dogal ozgiilliik sinirlayici olabilir: Birden fazla
bakteri tlr(inin neden oldugu enfeksiyonlarda
etkinlik azalabilir.

Faj direnci gelisimi: Antibiyotik direncine gore
daha yavas olsa da onemini koruyan bir
sorundur.

Uygun faj secimi gereklidir: Tedavi basarisi
hedef bakterinin dogru tanimlanmasina
baglidir.

Bakteriyofajlar, direngli bakterilere karsi umut verici bir secenek sunarken, | .
klinik kullanim icin ozgiilliik ve direng gelisimi dikkatle yonetilmelidir.

Strathdee SA. Cell 2023; 186: 17-31
Ghaznavi G. Molecular Biology Reports (2025) 52:221
Slayt tasarnimi: OpenAl ChatGPT/DALL-E



Moalecular Biology Reports (2025) 52:221
https://doi.org/10.1007/511033-025-10332-6

REVIEW

i

Ennineering bacteriophages for targeted superbug eradication

CRISPR-Cas aracili

Biyofilm yikimi gen aktarim

| ~
[

Bakteriyofajlar

Mikrobiyal topluluklar yeniden sekillendirir
Diren¢ mekanizmalarini hedefler
Genetik dlzeyde hassas midahaleler

yapabilir



Faj MUhendisliginde Kullanilan Yontemler

RecA-mediated
homologous recombination

Rec-A aracili homolog rekombinasyon yontemi

Electroporation /7
of PCR /\

products with
homology arms /

’\
_re’xo-bet-gam

Recombineering

In vivo rekombineering yontemi

Strathdee SA. Cell 2023; 186: 17-31.




& PCR products

” ~ with homology arms

= Amacg
= Hedefli gen silme, gen ekleme
= Nokta mutasyonu olusturma

= Belirli bolgeleri degistirme

“Bacteriophage Recombineering of Electroporated DNA” (BRED)

Strathdee SA. Cell 2023; 186: 17-31.
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Strathdee SA. Cell 2023; 186: 17-31.




Table 2 Some engineered bacteriophages, modifications, targets, and outcomes

Engineered bacteriophages  Bacterial strain ~ The modifying and manipulating methods Results Refs
Y2 Erwinia Introduction of depolymerase gene (dpoll-C)  Improved effectiveness in eliminat-
Y2::dpoL1-C amylovora or a bacterial luxAB fusion via homologous ing and precise identification of . [60]
Y2::luxAB recombination into the genome of Y2 amylovora cells
A Escherichia coli  Targeted for particular cycle categories, the Incorporation of the rpsL and gyrA
Agtll deletion known as nin5 has been engineered ~ genes, which impart sensitivity to [63]
to facilitate the reliable integration of foreign  antibiotics, through the lysogeniza-
DNA up to 5 kb in length tion process, targeting both strepto-
mycin and nalidixic acid
Mycobacteriophage Mycobacteria  Bacteriophage recombineering of electropor-  Isolation of mutants for studying
ated DNA (BRED) to delete essential genes gene function and complementation  [64]
Plvir Escherichia coli  Plvir contains a single IS1, demonstrating Generation of [S-free P lvir phage
that it can transpose active mobile element IS1  for efficient generalized transduction [65]
removal using BRED, a coliphage frequently
used in genome engineering procedures
Muddy Mycobacterium  BRED and point mutation Treatment of drug-resistant Myco-
BPs33AHTHHRMO smegmatis bacterium abscesses in a patient [51]
ZoeJA45
SNIPROO1 Escherichia coli  Through tail fiber modification, a Tsx-binding  Focusing on bacteria within biofilms
adhesin from phage al7 was incorporated into  and diminishing the rise of strains ~ [66]
phage al5.2, amalgamating the affinities of tolerant to phages, this approach is
both into a single phage, alongside the integra- under clinical trial to specifically
tion of a type I-E CRISPR-Cas system target and eliminate E. coli
MI13mpl& Escherichia coli  Overexpression of lexA3 gene under synthetic  Suppression of antibiotic resistance
0 lexA3 promoter response and increased bacterial [67]
killing
O Efl1 Enterococcus A genetically engineered plasmid was intro- Disruption of biofilms in vancomy-
OEf11/OFLIC(A36) ™A faecalis duced through electroporation into a capable  cin-sensitive (JH2-2) and -resistant ~ [68]
E. faecalis strain that naturally contains (V583) strains
the recombinant prophage ®Ef11(A 611,
OFL1C40-44)
8X174 Escherichia coli  Synthesis and assembly of modified phage The method enables the synthesis,
eX174.1f genome assembly, and recovery of phage [69]

genomes through yeast

Ghaznavi G. Molecular Biology Reports (2025) 52:221



nature microbiology

Article hittps:{fdoi.org/10.1038/541564-024-01708.-x

Personalized bacteriophage therapy
outcomes for100 consecutive cases:a
multicentre, multinational, retrospective
observational study

Table1| General overview of bacteriophage therapy protocols according to the main infection types

Infection type Applicationroute  Bacteriophagecarrier ~ Volume(ml)  Concentration Dose  Duration = 12 dlke, 35 hastane, 100 ardistk
(pfusml)
olgu

Lower respiratory tract Nebulization NaCl0.9% 2-4 10™-10* géh  Sdays-Gweeks _ _ _
infections = Cok merkezli retrospektif analiz
Bone and orthopaedic Intralesional NaCl0.9% 210 10-10f Qdh  Sdays-dweeks = Kigisellestirilmis faj tedavisi
prostheses infections = Klinik iyilesme %772,
Skin and soft tissue infections  Topical NaCl 0.9% or Flaminal Hydro  In excess 10-10° qdh  Sdays-dweeks , , - _

= Mikrobiyolojik eradikasyon
Upper respiratory tract Nasal spray NaCl0.9% -5 10 g8h  T-Jweeks
infections %61,3
Bloodstream infectionsor ~ Intravenous NaCl0.9% 50-100 1010/ q2h  5-10days

other infection types®

“When tha treating physician considered it was nacessary to apply bacteriophages systemically. pfu.s, plaque forming units; g, avery. pirnay JP. Nat Microbiol. 2024;9:1434-1453.
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Rapid design of bacteriophage cocktails to
suppress the burden and virulence of gut-resident
narbapenern-resistant Klebsiella pneumoniae

Ella Rotman,”- Sandra McClure, ' Joshua Glazier,'* Jay Fuerte-Stone,” " Jonathan Foldi,” Ali Erani,” Rory McGann,”
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Tablo 1. Farkli gen diizenleme teknolojilerinin karsilagtiriimas:i

Teknolojiler

Uygulama senaryolar

Avantajlar

Dezavantajlar

intihar plazmitleri ” '’

Cre/loxP sistemi = °°

A-Red ve RecE/T

. 02 1 '23
sistemleri

24-26
Transpozonlar

. 27-29
Grup llintronlar

CRISPR-Cas sistemleri’’ **

Genlerin silinmesi, eklenmesi
ve degistirilmesi

Genlerin silinmesi, ters cevrilmesi
ve yer degistirmesi

Genlerin silinmesi ve eklenmesi,
nokta mutasyonlari ve
DNA kiriklarinin onarilmasi

Genlerin inaktivasyonu ve
eklenmesi, mutant
kitiphanelerinin olusturulmasi

Genlerin silinmesi ve eklenmesi

Genlerin silinmesi, eklenmesi ve
nokta mutasyonlari

Iz birakmayan diizenleme ve genis
bir konak araliginda uygulanabilirlik

Etkili; uzaysal ve zamansal 6zguillik;
kofaktor gerektirmez; biyiik gen
parcalarinin diizenlenmesi ve ¢oklu
rekombinasyon i¢in uygundur

iz birakmayan diizenleme, yiiksek

verimlilik ve giicli programlanabilirlik

Etkili ve esnek

Etkili

Basit, kullanigh; buytk parca
dizenleme ve coklu gen diizenleme
igin uygundur

Kararsizlk, yiksek yanlis pozitif
oranlari ve karmasik uygulama

Iz birakmasi ve bélge secimiyle
sinirli olmasi

Homolog parcalara bagimlidir ve
blyik gen parcalarinin
manipulasyonu icin uygun degildir

Kisith eklenme balgeleri ve bitisik
genomun islevselligini bozma
potansiyeli

Hedef disi entegrasyon olasiligs,
karmasik uygulama ve biyiik gen

parcalarinin silinmesi veya
eklenmesinde zorluk

Hedef disi etkiler

Kisaltmalar: Cre: siklizasyon rekombinasyon enzimi.

Wang L. X. iScience 2024, 27:110791.



Gen Diizenleme ve ¥ o,
Yeni Nesil Probiyotikler #”-*

e
Kisisellestirilmis tip ve canli biyoterapotikler icin gelecek perspektifi

€ ) ( 4 M
o Ortaya Cikis "55'132555‘.‘;:.‘ e Mevcut Durum
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- N

Gen diizenleme Yeni nesil probiyotikler

;?'l:'r;‘o;l;j;::n;;:}kc:;tag:k e s ‘e ® tzerindeki aragtirmalar
2 orece sinirl ve
sayida probiyotik ek gii | kalmaktadir
fonksiyonelliklerle ) = S e

donatilmigtir.

MUHENDISLENMIS
-4 ¢ PROBIYOTIKLER

N

= = . XY
Kisisellestirilmis 5 N f' - Gen Diizenlemenin
+

_Tp Potansiyeli

Bununla birlikte, yeni nesil Gen diuzenleme teknolojileri,
probiyotikler; bagirsak hastalik tedavisinde glvenli
mikrobiyotasini dizenleyerek DUZENLENMIS BAGIRSAK ve terapétik probiyotiklere
belirll hastaliklarin ® MIKROBIYOTASI @ duyulan ihtiyacin
iyilegtirilmesi kapasitesi 3 <7 karsilanmasinda kritik
sayesinde kigisellestirilmis ' bir rol oynamaktadir.
tip igin dnemli bir potansiyel
tas-maktadnr./ —4
. o
T e T+
. o

\
/’
e Gelecek Odak

Geligtirilmis probiyotiklerden elde edilen kigiye 6zel urtinlerin
ihtiyaca ydnelik Gretim potansiyeli incelenmekte; dzellikle
canh biyoterapdétiklerin gelistirilmesinde gen diizenlemenin
gelecegine odaklaniimaktadir.

F b i
:@’_ Ana Mesaj: Gen diizenleme, giivenli ve hedefe yonelik
é ~ yeni nesil probiyotiklerin gelistirilmesinde temel bir aragtir.
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Engineered Probiotics: The Next-Generation Therapeutics
to Combat Antibiotic-Resistant Bacterial Infections
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Conventional Probiotics Engineered Probiotics
Gut Inflammation r No Gut Inflammation
Growth of Opportunistic Infections ~ No Growth of Opportunistic Infections

Indu Singh. Food Frontiers, 2026; 7:e70168
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Figure 3. Health benefits of next-generation probiotics.

Indu Singh. Food Frontiers, 2026; 7:e70168



Muhendislik Uygulanmis Problyotlklerm Etki Mekanizmalari
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§§: = Bagisiklik sisteminin modilasyonu
T : = Patojenlerin dislanmasi
® Modulationof th immune system (1) Excusion of pathogens = Bijyoalgilama ve hastalik teshisi
2 Biosensing and disease diagnosis f(o) Modifcation of host metabolism
- = Biyoaktif metabolitler ve enzimlerin tretimi
o Bioactive metabolites
. yoluyla konak metabolizmasinin

modifikasyonu




Table 1 Examples of engineered probiotics and their expression details

Wild-type/Gene
Application Bacterial chassis  Peptide source Expression details Purpose Reference
Antibacterial or  Lactiplantibacilius Spike pratein Severe acute respiratory  Inducible pSIP411 vector SARS-Co\-2 [17]
Antiviral plantarum {formerly Receptor-binding syndrome caronavirus 2 vaccing
Aclivity Lactobacilius plantarum)  domain (RBD) {SARS-Co\-2)
L. plantarum SARS-CoV-2 spike SARS-Cov-2 Expression plasmid pLP-12 SARS-Cov-2 [18]
protein(S) vaccing
Lactococcus lactis Reuterin Limasilactobacilius RecT expression vectors; Antimicrobial [19]
rauter {formery pJPO0S andpJP042 activity
Lactobacilus reuter)
Laclicaseibacillus case/  Listeria adhesion protein  Listeria innocua, Listerla  Expression vector -pLP401T  Mitigation of lethal  [20]
{formerly Lactobacilis LAF) monacytogenes containing the pAmy L. monocylogenas
case promaoter infection
L.casel ATCC344 Internaling A and B L. monocytogensas Expression vector-pLP401-T  Prevention of L. [5]
i .02 PORTLAND (nlAB) monocytogenes
®,¥ PRESS infection
. . Lacticasetbacilius Heavy-chain antibodies  llama Lactobacilis exprassion Protection against  [21]
Review Article paracasel formery (VHHs) vector pLPS01 Rotavirus-induced
R dv . » I f . o Lactobacilus paracasei) diarrhosa
ecent a ances In genet'c too s or englneenng Le. lactis Alystesern, CRAMP1 Synthesised by various  PTKR vector, PT promoter, Selective inhibition  [22]
3 “ . . and Laterosporulin bacteria uspds gene of Helfcobacter
probiotic lactic acid bacteria pavi
Lactobacilius spp Highly pathogenic avian  HPAI virus E col-Lactobaciius shuttle  Avian influenza virus  [23]
anwiro Mugwanda', Saltie '3 Winschau 12 3 Morne Du Plessi
""ﬂ 2 _.'.‘ & L A g _lﬂgmm 2 w‘". Lvia F Van 21", Eait Prinsior’, Du X influenza (HPAI) virus vector pLEM415, lactate vaocineg
protein hemagglutinin 1 dehydrogenase (LDH)
(HAT) promaoter, fahL promoter
Lactobacilus gasser Streptococcal MG Streptococcus Expression Oral vaccine [24]
MNMT13 protein (CRAG) pyogenss plasmid-pSLP111.1 based on  against
the xylose operon promoter Streplococcus
Lyogenes
Lactobacilius fensent HIV-1 entry inhibitor Cyanobacterium, Expression cassetie Antiviral activity [25]
Cyanovirin-M Nostoc elipsosporum containing an L. fenseny
promater for the ribosomal
pratein subunit (PrpsL)
Lacticaseibacilius Anti-lectin griffithsin Red algae Gniffithsia sp.  NICE system, under PrisA Targets the HIV [28]
rhamnosus (formery contral virus
Lactobacilus
rhamnosus)
Le. lactis Glutamate-rich protein -~ Plasmodium falciparum  P170 expression system Malarial vaccine [27]

(GLURF)-Merozoite
surface protein 3 (MSP3)



Sonuc-1

Avantajlar

Sentetik biyoloji tabanli antimikrobiyal stratejilerin en blyuk avantaji seciciliktir.
= Hedef sus veya hedef gen diizeyinde miidahale

= Mikrobiyotayi daha fazla koruyabilir

Direng plazmidlerini temizleyerek eski antibiyotiklerin yeniden kullanilmasini saglayabilir

Biyofilm veya virtilans faktorlerini hedefleyerek klasik in vitro duyarhlik testlerinde gorilmeyen klinik
fayda uretebilir.

Bu platformlar moddlerdir:

= Ayni saside farkli efektorler, ayni efektorde farkli teslim sistemleri, ayni faj omurgasinda farkl
kokteyl mimarileri gelistirilebilir.

Ozellikle kombinasyon tedavilerinde faj-antibiyotik sinerjisi, terapétik pencereyi genisletebilir



Sonuc-2

Sinirhliklar

= Dar konak arligi
= Ger¢cek zamanli tanisal zorunluluk yaratir

= Konagin immdun sistemi fajlar veya canli sasileri notralize edebilir

= Canli sistemler evrim gecirir, yik kaybeder veya beklenmedik sekilde ¢cevresel gen havuzuyla
etkilesir.

= Kisisellestirilmis Uretim, salim kriterleri, stabilite testleri ve farmakovijilans konulari standart
antibiyotik modeline gére cok daha karmasik

= Temel zorluk “etkin molekil bulmak” degil, “Ongorulebilir ve 6lgeklenebilir biyolojik davranis”
uretmektir



Gelecek...

 “yeni antibiyotik” ile “yasayan veya programlanmis biyolojik sistem”
arasinda bir secimden ¢ok, ikisinin akilci kombinasyonlarina dogru
ilerlemektedir
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