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Abstract

Short surrogates of the pentapeptide K-A-A-A-K, centered on Freidinger s lactam, were applied to eradicate E.coli (Gram-negative
bacteria) and S. Aureus (Gram-positive microbe). It was found that it was easier to eliminate the gram-positive bacteria, which
was influenced by the N-methylation of the amide nitrogen of 30 —31 (Table). However, The N-methylated surrogates were more
efficient in eradicating the E. coli than the S. Aureus samples. We were able (Figure 14) to show that one structural change could

make a remarkable difference in the eradication (MIC) of the different bacteria.

Introduction

The gut microbes of the Otzi the Iceman, a 5,300-year-old mummy
found frozen in a European glacier in 1991 have shed new light on
the history of human migration, scientists say [4].”We can say now
that the waves of migration that brought these African Helicobacter
pylori into Europe had not occurred, or at least not occurred in
earnest, by the time the Iceman was around.” About half the people
on the planet have the bacterium in their stomachs. It can cause
ulcers or gastrointestinal distress and is typically spread among
children when they play in the dirt.

It has been increasing for as long as the Centers for Disease Control
and Prevention (CDC) has measured the prevalence of hospital-
acquired infections caused by multidrug-resistant organisms
[5]. According to the CDC, more than 70% of the bacteria now
causing hospital-acquired infections (HAI) are resistant to at least
one of the most commonly used drugs [6] It seems essential to
control these infections because they have been more costly and
deadly than those due to antibiotic-susceptible strains of the same
species[6-9] Nevertheless, despite decades of discussing the
control of antibiotic-resistant nosocomial infections, there has
been little evidence of control in most healthcare facilities in most
countries. Several articles in this issue of Infection Control and
Hospital Epidemiology evaluate the efforts made by hospitals to
control them and explain this failure [8].

From early this decade [9], Enterobacteriaceae that produce
Klebsiella pneumonia [10] carbapenemases (KPC) was reported in
the USA and subsequently worldwide. This KPC-producingbacteria
is predominantly involved in nosocomial and systemic infections
[11]; although they are mostly Enterobacteriaceae, they can
rarely be Pseudomonas aeruginosa, isolates. KPC B lactamases

(KPC-1 to KPC-7) confer decreased susceptibility or resistance
to virtually all B lactams. The carbapenems are a class of beta-
lactam antibiotics. They are active against many aerobic and
anaerobic gram-positive and gram-negative bacteria. Imipenem,
meropenem and ertapenem. Those may thus become inefficient
for treating enterobacterial infections with KPC-producing
bacteria. They resist many other non-B-lactam molecules, leaving
few therapeutic options available. Detection of KPC-producing
bacteria may be difficult based on routine antibiotic susceptibility
testing. Therefore, it is crucial to implement efficient infection
control measures to limit the spread of these pathogens. One of the
most urgent issues in modern healthcare: is the global antibiotic
resistance pandemic. Current estimates place the annual deaths
from antibiotic-resistant bacteria at around 700,000 worldwide.
Unless things change, this figure is predicted to rise to 10 million
by 2050, with growing numbers of bacteria already fully resistant
to every clinical antibiotic available [12].

It has been increasing for as long as the Centers for Disease Control
and Prevention (CDC) has measured the prevalence of hospital-
acquired infections caused by multidrug-resistant organism [13].
Hospital-acquired infections (HAI) have been recognized for over
a century as a critical problem affecting healthcare quality. They
constitute a significant source of adverse healthcare outcomes
[14]. The emergence of multidrug-resistant bacteria (MDRB) has
become a public health problem, creating a new burden on medical
care in hospitals, particularly for patients admitted to intensive
care units (ICU). Excessive and improper use of broad-spectrum
antibiotics, especially in healthcare settings, elevates nosocomial
infections, becoming a big health care problem, and causes
tremendous economic and production loss in the community.

Med Clin Res, 2022

www.medclinres.org

Volume 7 | Issue 8 | 01


https://www.opastonline.com/

According to the CDC, more than 70% of the bacteria now causing
hospital-acquired infections are resistant to at least one of the drugs
most commonly used to treat them [15].

New strands of pathogenic bacteria cause the nosocomial pandemic
all over the world [16,17].

WHO names 12 bacteri
greatest threat to Ih
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*Staphylococcus aureus, methicillin-resistant,
vancomycin-intermediate and resistant

The WHO list

Three bacteria are considered to be
of critical priority:

Pseudomonas aeruginosa,

*Helicobacter pylori, clarithromycin-resistant
carbapenem-resistant

*several species of Campylobacter,
fluoroquinolone-resistant

Enterobacteriaceae, carbapenem-
resistant, ESBL-producing
Acinetobacter baumannii,

carbapenem-resistant

*Salmonellae, fluoroquinolone-resistant

Six are considered to be of high

*Neisseria gonorrhoeae, cephalosporin-
priority:

resistant, fluoroquinolone-resistant

Enterococcus faecium, vancomycin-

resistant Three are deemed to be of medium priority:
=Streptococcus pneumoniae, penicillin-non-

susceptible

Inarecent report published in Lancet Infectious Diseases, scientists
discovered colistin-resistant E coli in 21percent of slaughtered
pigs in China. They found isolates in 15 percent of meat sold from
those animals in retail sites. They even detected resistant E Coli in
more than 1 percent of hospitalized patients.

Most horrifying, it appears that plasmids transmit the resistance.
That means the bacteria don’t just pass on resistance to their
“children”; they can pass it among one another and completely
different bacteria strains. Scientists were also able to detect
colistin resistance from the same gene in Klebsiella pneumonia in
hospitalized patients. The accompanying editorial to the colistin
report called this “a major breach in our last line of defense.”

These bugs are mainly the products of genetic Transformation
in the process of Horizontal gene transfer. Swapping genetic
material between neighboring “contemporary” bacteria is another
way resistance can be acquired. Many antibiotic resistance
genes are carried on plasmids, transposons, or integrons that can
act as vectors that transfer these genes to other members of the
same bacterial species and bacteria in another genus or species.
Horizontal gene transfer may occur via three main mechanisms:
Transformation, transduction or conjugation.

+ Transformation involves the uptake of short fragments of
naked DNA by naturally transformable bacteria.

+ Transduction involves the transfer of DNA from one bacterium
into another via bacteriophages.

+ Conjugation involves the transfer of DNA via sexual pilus and
requires cell-to-cell contact. DNA fragments containing resistant
donors’ resistance genes can then make previously susceptible
bacteria express resistance as coded by these newly acquired
resistance genes [18].

TRANSFORMATION TRANSDUCTION CONJUGATION

Transduction involves transfer of
DNA from one bacterium info another
via bacteriophages

Transformation involves uptake of short
fragments of naked DNA by naturally
transformable bacteria

Conlugatm involves fransfer of DNA
material via sexual pilus and
requires cell-to-cell contact

Figure 1: Ways for bacterial Transformatio.

Let’s Look at Vertical Gne Transfe -how Genes are Passed
from One Generation to the Next

For both bacteria and humans (and all other animals made of
cells), genes are passed down to generations through DNA, the
helix-shaped molecules that tell the protein-making machinery in
cells what to build. Bacteria, made up of only one cell, have their
DNA and reproduce by dividing into two sister cells, each with the
same DNA. In this way, DNA is passed on to the next generation
as an almost perfect copy. Even humans started off very much like
this single-celled bacterium: When we were but a tiny fertilized
egg in our mother’s womb, we were just a single cell that split into
two, then four, then eight cells, each with the same DNA. While
humans then develop specialized cells that become our trillion-
celled bodies, bacteria are single-cell organisms. Their lifecycle
is limited to single cells splitting into more single cells repeatedly.
Each [19] split is a new generation.

Generation times for some common bacteria under optimal

conditions of growth.

Bacterium Medium ‘Generation Time {minutes) |
Eccharichia coli Glucose-salts 17 |
Bacillus megaterivm Sucrose-salts 25 |
Straptococcus fachis Milk 2E |

Straptococcus fachis Lactose broth 48 |

Staphylococcus aureus Heart infusion broth 27-30 |
[Lactobaciilus acideghilus___|[Milk |[e5-g7 |
[Rhizobivm japenicum [Mannital-zalts-yeast extract |[344-461 |
[Mycobacterium tubarculosis |[Synthetic |[Fez-232 |
[freponema pallidum |[Rabbit testes [[tes0 |

Figure 2: Generation times for some common bacteria under
optimal conditions of growth.

Thus, these ‘Superbugs,” or antibiotic-resistant bacteria, have been
in the news lately. These types of bacteria can cause very difficult
to treat infections since conventional antibiotics do not kill them.
While most of them can be eradicated, it requires potent (and
costly) antibiotics. And most terrifying, we play a role in creating
these superbugs. To see how we first need to understand [20] how
bacteria reproduce and how they adapt (and share that adaptation
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to their surrounding buddies). We face the unwanted phenomenon
of antibiotic resistance [21].

Antimicrobial resistance is the ability of a microorganism to
survive and multiply in the presence of an antimicrobial agent that
would typically inhibit or kill this kind of organism. Antimicrobial
resistance is just one of the many adaptive traits that resilient
bacterial subpopulations may possess or acquire, enabling them
to out-compete and out-survive their microbial neighbors and
overcome host strategies against them.This phenomenon is nearly
as old as the discovery of antimicrobials themselves, described
by pioneers like Ehrlich for trypanosomes8 and Fleming for
staphylococcil0. What is most alarming today is the rate at which
antibiotic resistance often develops and how quickly it spreads
across the globe and among different bacteria species.

Antibiotic Resistance

*  Antibiotic resistance is a microorganism’s ability to withstand
an antibiotic’s effects.

» Itis a specific type of drug resistance.

* Antibiotic resistance evolves naturally via natural selection
through random mutation, but it could also be engineered by
applying evolutionary stress on a population.

*  Once such a gene is generated, bacteria can transfer the genetic
information, in a horizontal fashion (between individuals) by
plasmid exchange.

* A Dbacterium carries several resistance genes,
multiresistant or, informally, a superbug.

«  Causes Antibiotic resistance can also be introduced artificially
into a microorganism through transformation protocols.

*  This can be a useful way of implanting artificial genes into the
microorganism.

*  Antibiotic resistance is a consequence of evolution via natural
selection.

e The antibiotic action is an environmental pressure; those
bacteria which have a mutation allowing them to survive will
live on to reproduce.

*  They will then pass this trait on to their offspring, which will
be a fully resistant generation.

called

|Gram-Positive vs, Gram-negative bacteria |

WHO priority pathogens list
for R&D of new antibiotics

Priority 1: CRITICAL

1. Acinetobacter baumannii, carbapenem-resistant
2. Pseudomonas aeruginosa, carbapenem-resistant
3. Enterobacteriaceae, carbapenem-resistant, ESBL-
producing

o e s

gative bacteria are more intrinsically resistant to antibiotics -
they don't absorb the toxin into their insides. Their ability to resist
traditional antibiotics make them more dangerous in hospital settings,
where patients are weaker and bacteria are stronger. New and very
expensive antibiotics have been developed to combat these resistant
species, but there remain some superbugs (MDROS) that nothing can
Kill. Not only do the Gram-negative bacteria's natural defenses keep
out these antibiotics, some even have an acquired resistance to
antibiotics that make it to their inner cell bodies.

Gram-negative bacteria

Figure 3: Gram-positive, Gram-negative diagram of differences.
One major reason for the proliferation of superbugs is the abuse of
antibiotic drugs prescriptions.

*  When used correctly, antibiotics are lifesaving medicines
that fight bacterial infections. Antibiotic misuse for example,
taking the drugs unnecessarily, taking the wrong antibiotic, or
not taking them exactly as prescribed creates fertile ground
for antibiotic resistance growth.

*  We take antibiotics for granted at our peril. We assume they
will always be available and effective when the truth is that
deadly bacteria are becoming immune to existing antibiotics
faster than we can find new ones.

* At least 80 million antibiotic prescriptions written annually in
the United States are unnecessary, and improving antibiotic
prescribing is a national priority.

*  Some superbugs are present in every infection; by abuse of
the drugs, the easy to eradicate “normal” bugs are eliminated,
but the superbugs remain to further proliferate in the fast pace
of minutes for the appearance of the next generation. In this
way, the concentration of the “superbugs” the resistant strands
are taking over the bacterial community until there are only
“superbugs” in the infection.

Genetic Mutation Causes Drug Resistance

Non-resistant Bacteria Some mutations Drug resistant
bacteria multiply by make the bacterium bacteria multiply
exist the billions drug resistant ELGROTATS

Afew of these
bacteria will

In the presence of drugs,
only drug resistant
bacteria survive.

Figure 4: Understanding the ‘Superbug’ concept: When humans
or animals ingest antibiotics, some of the targeted bacteria survive.
These resistant bacteria or ‘superbugs’ are immune to the effects
of antibiotics, and then multiply so that the disease no longer
responds to treatment. The overuse of antibiotics in farm animals
(about 45% of antibiotics in the UK are given to farm animals2
with the figure rising to 70-75% 3 in the USA) has caused many
diseases which pass from animals to humans to become resistant
to antibiotics.

Antimicrobial Agent to Fight Bacterial Resistance
Antimicrobial agents (“ANTIBVIOTICA”) changed human and
animal health systems. This revolutionizes our weapons in the
war against infectious disease, resulting in improved survivability.
There was a time when the perfect antimicrobial drug, “The magic
bullet a search for the perfect drug,” was considered an achievable
target [22] for humans and animals. However, this health triumph
has been tempered by the subsequent realization that bacterial
populations can quickly modify themselves to resist [23].

Shai [24] and Matsuzaki [25] showed that antimicrobial peptides
could become selective cell agents.
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Mode of action on Bacteria by Various
Antimicrobial Agents

Figure 5: Mode of action and development of bacterial resistance
to antibiotics.

Frequent antibiotic use over long periods puts selective pressure on
bacteria and causes resistance to spread. Most bacteria are killed
when an antibiotic is used to treat a typical bacterial infection.
Sometimes, however, a bacterium with an advantaged life. This
bacterium can then reproduce and pass its advantage on, creating
many more antibiotic-resistant bacteria.

Arkibigtcs in the clinkal pipeline in 2015
1S Butle et al

Table 1 lics and p-lact: inhibitor launched from 2000 to 2015, their antibiotic class, activity spectra, country of
first approval, lead source and NP lead source if applicable
Year Country of
approved  Drug nameshs Crass Bacteri type  fust approval Lead seuree NP ead soure
2000 Linezolid Oxazlidinane Gave usA s
2001 Telithomyein Wacrolide GivelG-ve  Germany NP-derived Actinomycete
2002 Biapenem Carbapenem GuwvelGove  Japan NP-derived Actinomycate
2002 Ertapenem Carbapenem GivelG-ve  USA NP-derved Actinomycete
2002 Prulfiaxacin Fluorogquinalone GuweG-ve  Japan s
2002 Pazufloxacin Fluoroquinalone Geve/G-ve  Japan s
2002 Balofloxacin Fluoroquinolone GwelG-ve  SouthKoea S
2003 Daptomyein Lipopeptida Give usa np Actinomycete
2004 Gemifloxacin Fluoroquinalone GuelG-ve  USA s
2005 Deripenem Carbapenem GivelG-ve  Japan NP-derived Actinomycete
2005 Tigeeycline Tetracyeline GivelG-ve  USA NP-derved Actinomycete
2007 i Gave UsA NP-derived Fungus
2007 Garenoacin Quinalone GevelG-ve  Japan s
2008 Cefobiprole medocaril Cephalosporin GivelG-ve  Canada NP-derved Fungus
2008 Sitafloxacin Fluoroquinalone GuwvelG-ve  Japan s
2000 Tebipenem pivoil Carbapenem GevelG-ve  Japan NPderived Actinomycete
2009 Telavancin Glycopeptice Gve usa NP-derved Actinomycete
2008 Antofloacin Fluoroquinalone GuwelG-ve  China s
2009 Besifloxacin Fluorquinolone GevelG-ve  USA s
2010 CeRaroline fosamil Cephalosparin GivelG-ve  USA NP-derved Fungus
2011 Fidaxomicin® Tiacumicin Guve usa NP Actinomycete
2012 Bedaquiline® Diarylquinoline Geve TB)  USA s
2012 Perchlozne (1) Thiosemicartazone Give TB)  Russia H
2014 Delamanid (2) Nitscimidazle Give (TB)  Ewope s
2014 Dalbavancin (3) Glycopeptide Gove UsA NP-derived Actinomycete
2014 Ordtavancin (4) Glycopeptie Geve UsA NP-derved Actinomycete
2014 Tedizolid phesphate (5) Oxazlidinone GieG-ve  USA s
2014 Cefolozane @ pls L inhibitor G-ve UsA NP.derived/NP-derived ~ Fungus/actinomycete
2014 Nemonoxacin (8) Quinalone GivelG-ve  Taiwan 5
2014 Finafioxacire (9) Fluoroquinolone GivelG-ve  USA s
2015 CeRaridime® {10)}savibactam® (11)  -Laciam+DBO frlactamase inhibitor G —ve UsA NP-derved/S Fungus
2015 Ozenwacin (12F Quinalone Gove Japan s
Ablrovitons: G- e, Gram pegatv: Grie, Cam pasive NP, natural poduck S, syrthete T8, fubsrculoss, USA, Unitd St of Amarica
£The stnetures of th anibisties appraved fom 2000 ta 2013 ean be faund in alr pevLs ravikws 23
it member o 2 pew it o fbetanase hibibr Gl apprawe for human Theiape che o
Pleunmuilin Gerwat n previously sed in animal hes th
CAppraved for topical
“Tazohactam and esttazidima were fict launched in 1992 3nd 1983, resecthaly

Figure 6: Antibiotic agent in pipeline and R&D.

Theshortlistinthetableaboverepresentssomeofthenewestantibiotic
drugs approved for anti-infection treatment. New compounds are
isolated, identified, tested, and modified [26], Please notice the
poor yields in antibacterial agents in the last decades. Only a score
of novel drugs was found and approved [27]. Those do not provide
weapons to fight infections in healthcare installations (nosocomial
infections) and give only little hope to the millions suffering from
the fact6 that they do not provide a remedy to those infected with
the resistant microbes in most cases, must die while treated in
hospitals.
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Figure 7: Structures of recently developed antibiotic agents.

One of the reasons is that even the most modern findings in the
area are impotent in killing bacteria when resistant strands are the
matter.

CRE [28] are a type of bacteria that are highly resistant to many
antibiotics. They have earned the name “killer bacteria” and
“nightmare bacteria” for a good reason. The death rate for those
infected with CRE,or carbapenem-resistant Enterobacteriaceae
(The Enterobacteriaceae are a large family of Gram-negative
bacteria) is greater than 40 percent, according to the California
Department of Public Health (CDPH), and could be as high as 50
percent, according to the Centers for Disease Control (CDC).

From the perspective of drug-resistant organisms, (CRE) is the
most severe threat, the most serious challenge we face to patient
safety. These (bacteria) are going to impact significantly the kind
of surgeries (and) treatments we can have; we’re entering the post-
antibiotic era; that’s a very big problem.

Infections usually occur in hospitals, nursing homes, and other
healthcare settings, the CDC said. Members of the general
population are generally not at risk.

LAST LINE ANTIBACTERIALS, JUST WHEN NOTHING MORE WORKS|
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This image shows two rod-shaped bacteria called
Klebsiella pneumoniae that are resistant to
treatment with the ‘last resort” antibiotic drug called
carbapenem. In this image, the mustard-colored
bacteria are interacting with the green-colored
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Figure 9: Antibiotics to cure infections caused by resistant bacteria
“Last resort”.

In March 2016 [29], the CDC reported: that “superbugs” bacteria
that are highly resistant to antibiotics are responsible for one out
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of seven infections caught in general hospitals. Causing an annual
estimate of 80,000 in the U.S. Several bacterial infections have
evolved to ‘deadly invader’ status, and it’s partially our fault. The
18 superbugs identified by the CDC are salmonella, drug-resistant
tuberculosis, and a staph bacterium known as MRSA (Methicillin-
resistant Staphylococcus aureus). These bugs are gaining ‘super-
status because we’ve been careless and stupid with antibiotics
like Colistin, rendering them useless, if not dangerous. In other
words, we’re helping create deadly types of bacteria. The revival
of Colistin is the rehabilitation of a renal [30] damaging agent, and
it is the best drug to apply when there is no other choice.

The emergence of drug-resistant strains of major pathogenic
bacteria such as Staphylococcus aureus is an increasingly serious
public health concern [31]. To evade bacterial drug resistance
mechanisms, new effective chemotherapeutic agents, which have
novel mechanisms of action as well as different cellular targets
compared with conventional antibiotics, need to be developed
[2]. The shortage of new antibiotics to combat multidrug-resistant
(MDR) strains has led to a renewed interest in polymyxins [32].
Polymyxins are active against MDR Gram-negative bacteria such
as Pseudomonas aeruginosa, Klebsiella pneumonia, Acinetobacter
baumannii, and Enterobacter species [33]. Early reports described
high incidences of nephrotoxicity and neurotoxicity during
polymyxin therapy [9], and the use of polymyxins was replaced
in the 1970s by antibiotics considered to be less toxic. However,
recent studies showed that polymyxins have good effectiveness
and are considerably less toxic than reported initially. Cationic
Colistin (polymyxin B) was re-introduced as a “last resort” for
treating patients with acute infection based on drug-resistant
bacteria, However established that the cyclic peptide is very
harmful to central organs like heart, liver, kidney brain and is a
lethal substance in about 60% of its use causes mortality [34].
Polymyxins, a group of polypeptide antibiotics that consists of 5
chemically different in 1947. Only polymyxin B and polymyxin
E (Colistin) have been used extensively worldwide in Colistin
was discovered in 1949 and was nonribosomally synthesized
by Ba5). Coli of colistimethate sodium in 1959. However, then,
due to multidrug-resistant (MDR), gram-negative bacteria in
patients with cystic fibrosis. However, the emergence of bacteria
resistant to most classes of commercially available antibiotics
and the shortage of new antimicrobial agents with activity against
gram-negative microorganisms has led to the reconsideration of
polymyxins as a valuable therapeutic option.
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The novel antimicrobial peptide-based Teixobactin was identified
[35,36]. Recently, Scientists have discovered an antibiotic capable
of fighting infections that kill hundreds of thousands of people
each year, a breakthrough that could lead to the field’s first major
new drug in more than a quarter-century. The new agent that was
isolated, identified and synthesized gives medicine great hope
regarding combatting resistant bacteria. Some research groups
synthesized Teixobactin and some of its analogs. This awakes the
hopes that are centered around the following:

1) Selectivity preferred eradication, Gram+ or Gram-.
2) Effective eradication is of all bacteria regular and resistant.
3) Low toxicity to humans.

Not only one target is attacked by Teixobactin, but multiple targets,
and they are all lethal. For bacteria, it will be very hard to modify
this target, especially this part of the molecule that Teixobactin
binds.

Until the discovery of Teixobactin, the following were the top
antibiotics in the clinic:

The last significant new antibiotic, daptomycin, was discovered
in the 1980s by Eli Lilly & Co. After being abandoned in early
testing, Antibiotic-resistant bacteria kill at least 700,000 people a
year, per a U.K. government review. Unchecked, those infections
could lead to 10 million more deaths a year by 2050, the report
found.

Tigecycline [37] is one of the newest antibiotics to have been
released. It has been on the market for years. It includes activity
against gram-positive, gram-negatives except for P. aeruginosa,
many anaerobes, and many atypical pathogens and several
resistant pathogens. Because it is not vulnerable to many of the
resistance mechanisms that affect the beta-lactam antibiotics,
it has potential utility in those situations. It has been approved
for use in complicated skin and skin structure infections and for
treating complicated intra-abdominal infections due to susceptible
pathogens. These are the only two indications that are approved
right now. It has very interesting pharmacokinetics and a long half-
life. It will be dosed, after a load, twice a day and has a relatively
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low serum concentration but very good tissue distribution.
Tigecycline is available as an intravenous solution. The primary
side effects or adverse reactions that have been seen in clinical
trials have been gastrointestinal symptoms, usually nausea.

The hunt [38] for new antibiotics is benefiting from recent
technological advances which make it easier to rapidly comb the
DNA of different soil organisms, which are otherwise hard to raise
in a petri dish.

* Gonorrhea is the second most common bacterial sexually
transmitted infection (STI) in the UK after chlamydia, with
almost 35,000 cases reported in England in 2014 [39]. The WHO
estimates that 78 million people worldwide contract the disease
each year, with most issues affecting young men and women under
25. To control gonorrhea, we need new tools and systems for better
prevention. The treatment is based on earlier diagnosis and more
complete tracking and reporting of new infections-excessive use
of antibiotics, microbial resistance, and treatment failures.

* Specifically, we need new antibiotics, rapid, accurate, point-of-
care diagnostic tests ideally, ones that can predict which antibiotics
will work on that particular infection and, longer-term, a vaccine
to prevent gonorrhea.

The soil is a good place to look for new organisms because it
is here that bacteria naturally compete for resources and use
a range of exotic chemical compounds to kill each other. The
paladin chemical, identified by Dr. Sean Brady and his laboratory
at Rockefeller University, New York, works by attacking a
fundamental step in bacterial growth, essentially interfering with a
major building block that the bacteria use to build and repair their
outer membrane [40].

In their study, published as a letter in the journal Nature
Microbiology, the authors cautioned that it is only effective against
one group of bacteria the gram positives, which include MRSA

FIGTING RESISTANCE WITH CYCLIC PEPTIDES
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Cyclic peptides are leading the current anti-resistant antimicrobials.
Bactenecin, Teixobactin [41], and the Milacainides [42] and
Ranacyclins [43] are the most active that eradicate resistant
bacteria strands.

The finding new antibiotics to treat gram-positive infections like
MRSA was good news but could not address the most pressing
need. Our concern is the so-called gram-negative bacteria that are
difficult to treat and where resistance is increasing.
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Colistin [44]: The Revival of Polymyxins for Managing Multidrug-
Resistant Gram-Negative Bacterial Infections [45].

Gram-negative bacteria cause pneumonia, blood sepsis [46] and
urinary tract infections as skin infections. Twenty-four patients
(mean age 44.3 years, mean Acute Physiology and Chronic Health
Evaluation II score 20.6) received 26 courses of Colistin. Colistin is
regarded as one of the last lines of defense against serious diseases,
including pneumonia, which other medicines cannot treat. Without
these drugs, diseases commonly treatable in the last century will
become deadly again.

Clinical response was observed for 73% of the treatments. Survival
at 30 days was 57.7%. Deterioration in renal [47] function was
observed in 14.3% of 21 patients who were not already receiving
renal [48] replacement therapy, but this deterioration had serious
clinical consequences in only one case. Colistin was discovered
in 1949 and nonribosomally synthesized by Bacillus polymyxins
colistin Koyama subspecies [49]. Colistin was initially used
therapeutically in Japan and in Europe during the 1950s and in
the United States in the form of colistimethate sodium in 1959 [6].
However, the intravenous formulations of Colistin and polymyxin
B were gradually abandoned. In most parts of the world in the early
1980s because of the reported high incidence of nephrotoxicity.
Subsequently, the intravenous use of Colistin was restricted
during the past two decades for treating lung infections. Due to
multidrug-resistant (MDR), gram-negative bacteria in patients
with cystic fibrosis [10-12]. The emergence of bacteria that are
resistant to most classes of commercially available antibiotics
and the shortage of new antimicrobial agents with activity against
gram-negative microorganisms has led to the reconsideration of
polymyxins as a valuable therapeutic option. Currently applied
Fosfomycin or Colistin may cause renal damage, it, therefore,
demands less damaging antibiotic agents,. It seems that we need
new antibiotics to treat this class.

Carbapenem-Resistant Enterobacteriaceae (Cre) Infection
CRE infections [50] are most commonly seen in people exposed to
healthcare settings like hospitals and long-term care facilities, such
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as skilled nursing facilities and long-term acute care hospitals. In
healthcare settings, CRE infections occur among sick patients
receiving treatment for other conditions. Patients whose care
requires devices like ventilators (breathing machines), urinary
(bladder) catheters, or intravenous (vein) catheters, and patients
who are taking long courses of certain antibiotics are among those
at risk for CRE infections.

In recent years, carbapenem resistance among Enterobacteriaceae
has dramatically increased and represents an important threat to
global health.

Some CRE bacteria have become resistant to almost all available
antibiotics and can be deadly-one report cites they can contribute
to death in up to 50% of patients who become infected. The
Therapeutic options for carbapenem-resistant Enterobacteriaceae
infections are limited.

Some reports have investigated the clinical efficacy of intravenous
Fosfomycin [51] in patients with CRE infections. Michalopoulos
et al. reported 11 ICU patients with CRKP infections treated with
intravenous Fosfomycin in combination with other antibiotics; the
clinical and microbiological outcome was good, with all-cause
hospital mortality of 18.2%, and no adverse events.. More recently,
Pontikis et al. investigated clinical outcomes of 48 fosfomycin-
treated (mainly in combination with Colistin or tigecycline). ICU
patients are having XDR fosfomycin-susceptible P. aeruginosa
(n D 17) and K. pneumonia (n D 41) carbapenemase-producing
isolates; the authors reported a survival rate of 54.2%, evidence
of bacterial eradication in 56.3% of cases, and development of

fosfomycin-resistance in 3 cases.
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Fosfomycin (also known as phosphomycin or phosphonomycin
and the trade names Monurol and Monuril) is a broad-spectrum
antibiotic produced by certain Streptomyces species, although
chemical synthesis can make it.

As a single dose, Fosfomycin is more convenient than multiple-
dose therapy norfloxacin for the same antibacterial efficacy.
Bioactive Macrocyclic Peptides and Peptide Mimics [52a-c], AIB
-based peptide backbone as scaffolds for helical peptide mimics,
Antibiotics like Nisin and other peptides and mimics were tested
as potent agents for resistant bacteria.
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Nisin is a bacteriocin produced by Lactococcus lactis subsp. Latics
that exhibits a broad inhibitory spectrum against gram-positive
bacteria. It includes bacterial endospores [53 a,b]. Recent studies
have shown that the spectrum of nisin activity can be extended to
include gram-negative bacteria. Applying nisin with the chelating

agent EDTA inhibits Salmonella species and other gram-negative
bacteria.

One of the approaches is to learn about the potential application of
short peptide mimics like B-turn mimics, on the recognition with
perspective to apply this if future drug design. The appearance of
B-turns in protein interaction is far more common than other, like
B-turns. Non-covalent [54,55] interactions between the B-turn-
mimics and some receptors on the cell wall of bacteria may supply
enough energy differences that may allow differentiation between
various bacterial transmembrane cell wall receptors [56] due to
the receptor and B-turn mimic interactions. The improvement of
agent interactions of some B-turn mimics with many classes of
proteins that vary in their secondary structure (B-sheets, globular)
have been found to rely on the interaction between [I-turn mimics
and the proteins.

Bacteria Cell Wall and Proteins [57]

Bacterial Cell Envelope

Gram-negative

Gram-positive

Many variants of f-turn mimic, one count nine f-turn types [58],
have been applied so far in this area of research. It has been reported
that Surrogate at the f-turn domain of Gramicidin S increase the
biological activity [59].One can read about benzodiazepines,
f-turn mimic Hot=Tap for example (Credit Ref.60).

The lack of production and introduction of the newer and more
effective antibiotic/antibacterial drugs in clinical practice in
the post-antibiotic golden age [61] has seen an increase in the
emergence of the resistant pathogenic bacterial infections creating
a significant problem in the global health of humankind. The
situation today is that In 2011, an estimated 722,000 [62] patients
contracted a disease during a stay in an acute care hospital in the
US; 205 Americans die from hospital-acquired infections (hospital-
acquired infections HAI, nosocomial infections [63]) every day.

Compounding the antimicrobial drug resistance problem is the
immediate threat of reducing the discovery and development of
new antibiotics [64,65].

It is now accepted b scientists that many Gram-positive and Gram-
negative pathogens communicate via the production and sensing
of small. The diffusible signal molecules to coordinate virulence
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determinant production [66]. Horizontal genes transfer enables the
transfer of resistance from one sort of bacteria to another either by
+ Transformation, which involves uptake of short fragments of
naked DNA by naturally transformable bacteria.

+ Transduction involves the transfer of DNA from one bacterium
into another via bacteriophages.

+ Conjugation which involves the transfer of DNA via sexual
pilus and requires cell-to-cell contact [67] (see cartoon below).
Hunting the nightmare bacteria [68], this event, now termed
quorum sensing, represents a novel therapeutic target offering the
opportunity to attenuate virulence, and thus control infection, by
blocking cell-to-cell communication.

\

HAI Estimates Occurring in US Acute Care Hospitals, 2011

Major Site of Infection Estimated No.

Pneumonia 157,500

(Gastrointestinal lllness 123,100

Urinary Tract Infections 93,300

Primary Bloodstream Infections 71,200

[Surgical site infections from any inpatient surgery 157,500

|Other types of infections 118,500

Estimated total number of infections in hospitals 721,800

Mechanism of action

+ Despite the growing interest in these peptides, molecular mechanisms of
action still remain unclear.

+  The frequent occurrence of positively charged residues is a important feature
of Iytic peptides. It is thought to help the peptide to reach its target, which for
most AMPs s believed to be the cytoplasmic membrane.

« This involves binding to LPS by the displacement of divalent cations, such as
Mg2* and Ca?*, that are essential for the stability of the cell surface and cross-
bridging the negative charges of liposaccharides (LPS).

Frequency of aerobic bacteria from postoperative
wound infection at Ayder Teaching and
Referral Hospital, Mekelle, Ethiopia (January to June 2012)

Frequency N (%

No. o= Microorganism
1 G+ S. aureus 40(342)
2 G- Kiebsielia spp. 29(248)
3 G+ CoNs® 18(154)
4 G- Proteus spp. 15(128)
5 e P. aenuginosh 11094)
6 G- E. coli 6(5.1)
7 Citrobacter spp. 4(34)
Total 123 (100)

Figure 12: The frequency of aerobic bacteria from postoperative
wound infection at Ayder Teaching and Referral Hospital, Mekelle,
Ethiopia (January to June 2012) [69].

The wall-building teichoic acids are found only in certain
Gram-positive bacteria [70]. The bacteris such as staphylococci,
streptococci, lactobacilli, and Bacillus spp. So far, they have not
been found in gram-negative organisms. Teichoic acids are polyol
phosphate polymers, with either ribitol or glycerol linked by
phosphodiester bonds; their structures are illustrated in Figures

2-9. Substituent groups on the polyol chains can include D-alanine
(ester attached), N-acetylglucosamine, N-acetylglucosamine,
and glucose is characteristic of the teichoic acid from a bacterial
species. It can act as a specific antigenic determinant. Teichoic acids
are covalently linked to peptidoglycan. The bacterial wall’s highly
negatively charged polymers can serve as a cation-sequestering
[71].

Assessing Compound Permeability in Gram-Negative Bacteria
to Enable Rational Drug Design

In Gram-negative bacteria, the envelope is a sophisticated barrier
to protecting the cell against external toxic compounds. Membrane
transporters, e.g. porins or efflux pumps, are the main filters
regulating various hydrophilic molecules’ internal accumulation.
Regarding bacterial susceptibility towards antibacterial agents,
membrane permeability is part of the early bacterial defense. The
bacterium manages the translocation process, influx and efflux, to
control various molecules’ intracellular concentration. Antibiotics
and biocides are substrates of these mechanisms, and the continuing
emergence of multidrug-resistant isolates is a growing worldwide
health concern. To restore antibiotics’ activity, different strategies
could be proposed to bypass the bacterial membrane barrier,
comprising influx and efflux mechanisms [72].

Accessing drug targets in the cytoplasm of Gram-negative
pathogens is difficult because of the permeability barrier that
limits the accumulation of promising antibiotics to adequate levels
within the cell. The ability to measure compound permeation
and accumulation in Gram-negative bacteria is potentially an
enabling component of structure-activity relationships that guide
rational drug design and optimization. Strategies addressing these
challenges and the development of enabling technologies will be
discussed.

While antibiotic resistance is increasing rapidly, drug discovery has
proven to be extremely difficult. Antibiotic resistance transforms
some bacterial infections into deadly medical conditions. A
significant challenge in antibiotic discovery is designing potent
molecules that enter Gram-negative bacteria and avoid active
efflux mechanisms. Critical analysis in rational drug design has
been hindered by the lack of adequate analytical tools to analyze
the bacterial membrane permeability of small molecules. We
demonstrate a gigaohm seal between the nanochannel walls
and the loaded bacteria, restricting small molecule transport
to only occur through the bacterial cell envelope. Quantifying
clindamycin translocation through wild-type and efflux-deficient
(AtolC) Escherichia coli strains via nanofluidic-interfaced liquid
chromatography-mass spectrometry shows higher levels of
translocation for wild-type E. coli than for an efflux-deficient
strain.

The introduction of the N-CH3 unit to the Penta peptides
surrogates stiffens the structure thereby causes an increase in
energy demand for saturation. The fraction of this energy in
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Gram-negative is smaller than in Gram-positive due to membrane
packing composition. It is easier for the N-CH3 to penetrate the
outer membrane in gram-positive bacteria and in Gram-negative.
Since saturation is achieved in gram-positive with fewer energy
demands, the Gram-positive compared to gram-negative are
eradicated in preference (through “snorkeling” [73] for example).

T onepropans s s D) 3 exoobo S otoppendo S easiie

HEMOL-
compound  COMPOUND SEQUENCE MIC (pg/iml) |ysis o,
pumber S.Aureu | E.Coli
30 S-Lys-S-Trp-17-S-Lys 200 | 100| <3
31 R-Lys-R-Trp-18-R-Lys 200 | 125| <3
36 S-Lys-S-Trp-19-S-Lys 75 | 125 <3
37 R-Lys-R-Trp-20-R-Lys 75 | 135 11

Table 2
‘The minimal inhibitory concentration (MIC) refers to the lowest coincentratrion
of the antibacterial that stops visible growth

Figure 14: Conclusion from the experiment of N-methylation.

The Gram-positive bacteria are easier to penetrate [74] since the
outer membrane is poor in membrane proteins. Small energy
changes can become significant for the agent’s travel into the outer
membrane in such circumstances. The N-CH3 are less flexible
and therefore penetrates easier to the membrane. Finally, after the
surrogates settle in the inner part of the outer membrane, the Lys
e-amine unit can snorkel [ 75] out and disintegrate the membranes of
both Gram-positive and Gram-negative bacteria. The interactions
of an AMP with the membrane can—not be explained only by a
sequential amino-acid pattern or motif; rather character [76,77].

The interactions of an AMPs surrogates with the membrane
can—not be explained only by a particular sequential amino-acid
pattern or motif. Rather, they originate from a combina—tion
of physicochemical and structural features [78]. It includes
size, residue composition, overall charge, secondary structure,
hydrophobicity, and amphiphilic character [77,78]. Also,
interactions with the many components that furnish the architecture
of the membranes are crucial. From our experiment, we conclude
that the venerability of bacteria may depend on small structural

variation in the composition of the biocide [8].

Psssf’ Hey kid ! '-\)AW be a Suf!r&g P “

| ik sme of this info your genowe ..
| Ben Pemallm wonf ke able To hamn you..!

It was on a short-cut through the hospital kitchens that Albert
was first approached by a member of the Antibiotic Resistance.
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