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Partner University Sheffield Hallam University  
 

Faculty/School/Department/Research 
Centres 

HWB/Biosciences and Chemistry/BMRC 
 
 

Supervisory Team: please provide details of first, second, and where relevant, third 
supervisors for this project, and any external supervisors/advisors, where applicable 
First supervisor Dr Keith Miller 

https://www.shu.ac.uk/about-us/our-
people/staff-profiles/keith-miller 
 

Second supervisor Dr Mel Lacey 
https://www.shu.ac.uk/about-us/our-
people/staff-profiles/melissa-lacey 
 

Third supervisor Dr Tim Nichol 
https://www.shu.ac.uk/about-us/our-
people/staff-profiles/tim-nichol 
 

Fourth (external) supervisor  
External/industrial supervisor Prof. Giorgio Rispoli 

Dipartimento Scienze della Vita e 
Biotecnologie, Universita Degli Studi di Ferrara, 
Italy 
Contribution towards the student's support 
and development - hosting the student for a 
minimum of three months (longer if funds can 
be secured) to train them in current 
electrophysiology techniques and intellectual 
and academic contribution to the development 
of the research. 

Contact details for project (for 
informal applicant queries) 

Keith Miller - k.miller@shu.ac.uk - +44 7968 
964028 
 

DTA Programme(s): please tick which DTA programme(s) this project relates to: 
DTA Applied Biosciences for Health (Healthy Ageing) 

 
Project title Optimisation of the therapeutic index 

and delivery mechanisms of 
antimicrobial peptides. 

https://www.shu.ac.uk/about-us/our-people/staff-profiles/keith-miller
https://www.shu.ac.uk/about-us/our-people/staff-profiles/keith-miller
https://www.shu.ac.uk/about-us/our-people/staff-profiles/melissa-lacey
https://www.shu.ac.uk/about-us/our-people/staff-profiles/melissa-lacey
https://www.shu.ac.uk/about-us/our-people/staff-profiles/tim-nichol
https://www.shu.ac.uk/about-us/our-people/staff-profiles/tim-nichol
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Project description: please provide a brief description, using the headings given 
below, of the project (max. 450 words) which will used as part of the advertising 
material and will be placed in the public domain. Please also indicate whether there 
are any confidentiality/sensitivity/IP issues of the research which should not be made 
publicly available.  
Scientific excellence - The supervisory group have active research in antimicrobial development 
with recent publications on antimicrobial peptide (AMP) mechanism of action [1,2], peptide 
modification approaches [3,4], antimicrobial drug delivery [5,6] and sol-gel coatings [7]. Prof. 
Rispoli (international collaborator) is a world-leading expert patch-clamp electrophysiology AMP 
research [8].  AMPs differ from traditional antibiotics by targeting multiple sites on bacterial cell 
membranes, making development of resistance less likely. Although the AMPs daptomycin and 
polymyxins have been extensively used as antibiotics, larger AMPs are underutilised due to poor 
absorption, distribution, metabolism, and excretion (ADME) properties. The project aims to 
produce smaller AMP molecules which exploit the multi-targeting benefits whilst circumventing 
many of their limitations. 
 
Clear aim and hypothesis - Aim. To develop drug-like AMP molecules and validate a sol-gel 
AMP delivery system.  
• Hypothesis 1. The therapeutic profile of truncated variants of AMPs will be equivalent to 

or exceed the profile of the unmodified parent peptide.  
• Hypothesis 2. A Sol-gel delivery system can elute biologically active AMPs within a 

therapeutically relevant timeframe.    
 
Methodology and innovations – The design and characterisation of these new drugs will utilise 
peptide engineering; patch-clamp electrophysiology techniques using synthetic planar lipid 
bilayer model membranes and live bacteria derived membrane vesicles; and incorporation 
within a sol-gel based delivery system. The project aims to: 
1. Examine the effect changes in the physicochemical properties and the sequence length of 

AMPs have on membrane interaction.  
2. Examine the mechanism of pore-formation using patch clamp electrophysiology to 

complement previously generated atomic force microscopy data [1,2]  
3. Determine the translatability of the structure-function relationship of AMPs determined in 

synthetic membrane systems to live-cell derived membrane vesicles. [9]  
4. Determine the release of AMPs from a sol-gel coating using LC-MS and modify the sol-

gel properties to control AMP release  
5. Establish whether eluted AMPs retain antimicrobial activity by undertaking MIC assays 

against a panel of clinically relevant microorganisms   
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Strategic relevance - A better understanding of how AMPs interact with cell membranes is 
crucial for the development of AMPs as drugs. This proposal aims to better characterise these 
interactions and is consistent the university area of strength Longer healthier lives. Novel 
antimicrobial drug discovery was highlighted as a priority in the UK government’s recent review 
on antimicrobial area and by the European Centre for Disease Prevention and Control. In 
Europe and the US 50,000 people a year lose their lives to antibiotic resistant pathogens with 
that number rising to 700,000 worldwide. This number is predicted to reach 10 million deaths by 
the year 2050 if alternative therapies are not found 
 
Interdisciplinarity and fit with relevant DTA programme - This proposal aligns with the Healthy 
ageing DTA programme and incorporates microbiology, genetics, biochemistry, materials 
science and biophysics across two institutions in two EU countries. 
 
[1] Harrison PL, et al., Miller K. (2016). Biochim Biophys Acta. 1858(11):2737-2744. [2] Heath GR, et al., Miller K (In 
Press). Probing the mechanism of action of Smp43 a di-helical antimicrobial peptide from scorpion venom using high 
speed atomic force microscopy. Soft Matter. [3] Rawson KM, Lacey M, Strong PN, Miller K. (2017). Modification of 
AMPs derived from Scorpio maurus palmatus venom. BSAC ARM workshop, Birmingham, UK. [4] Rawson KM, Lacey 
M, Strong PN, Miller K. (2018). Improvements in bacterial selectivity following amino acid substitutions in Smp24, a 
venom derived AMP. ASM Microbe, Atlanta, USA. [5] Frew N M, Cannon T, Nichol T, et al. (2017). Bone Joint J, 98-B 
(1), 73-77. [6] Nichol T et al., (2016).  J Antimicrob Chemother, 72 (2), 410-416. [7] Eduok U et al, (2015) RSC Advances, 
5 (114), 93818-93830  [8] Rispoli G. (2017) Methods Mol Biol. 1548: 255-269 [9] Nomura K et al., (2005). Biophys J. 
89:4067-4080. 

Lay summary (max 200 words) to be used for reference as part of the selection process 
where non- specialists are involved 
Fewer new antibiotics are being developed than in the past. This has meant that there are 
circumstances where patients have been treated with antibiotics that are less effective and 
more toxic than drugs that would have been used in the past but to which bacteria have now 
developed resistance. New drug development and a better understanding of the how the 
antimicrobials we have work are crucial for infection management in our hospitals and 
communities as well as for improved outcomes for patients suffering from infectious diseases. 
One option that has recently been developed is the use of antimicrobial peptides (AMPs). 
AMPs differ from traditional antibiotics by targeting multiple sites on the bacterial cell 
membrane, making the development of resistance less likely when compared with traditional 
antibiotics.  
 
By investigating how AMPs interact with bacterial membranes we can better manage the use 
of these agents and develop new and improved AMPs that have a greater activity against 
bacterial cells and have less toxic effects on human cells. In this project we will optimise how 
AMPs interact with bacterial cell membranes and investigate techniques for applying these 
drugs to maximise their antimicrobial effects for patient benefit. 
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Industrial/Employer placement opportunity please include details, where known, of any 
external placement opportunities or collaborations available to the student as part of the 
project 

 
International placement opportunity please include details, where known, of any 
potential international placement opportunities or collaborations available to the 
student as part of the project 
Prof. Giorgio Rispoli from the Universita Degli Studi di Ferrara has agreed to offer support and 
advice and is willing to host a student if the application is successful providing that we can 
secure external funding to support such a visit (Please find letter of support attached). Prof. 
Rispoli is a world leading expert in the application of patch-clamp electrophysiology to AMP 
research as evidenced by the review below.   
Studying the Mechanism of Membrane Permeabilization Induced by Antimicrobial Peptides 
Using Patch-Clamp Techniques (2017). Rispoli G. Methods Mol Biol. 2017; 1548: 255-269 
Scientific, economic and societal impact of the project 

As the antibiotic resistance crisis becomes more critical (ref to WHO?) the proposed research has 
the potential to generate considerable public interest and social impact. Importantly, as levels of 
antimicrobial resistance increase and the clinical utility of current antibiotics decline, the need to 
better understand the mechanism of action of anti-infectives and the need for new classes of 
inhibitors increase. In Europe and the US 50,000 people a year lose their lives to antibiotic resistant 
pathogens with that number rising to 700,000 worldwide. This number is predicted to reach 10 
million deaths by the year 2050 if alternative therapies are not found. The introduction of 
antimicrobial peptides (AMPs) into clinical usage and the development of a diverse range of AMPs 
described in the literature offers alternatives to traditional antibiotics. However, the 
relatively poor understanding of how these agents affect their target, bacterial cell 
membranes, and isolated cases of AMP-resistance highlight the requirement for a clearer 
understanding of how to utilise, develop and manage these promising antimicrobials. In the 
long term, the proposed research will contribute to the development of new antimicrobials, 
to better management of the agents we currently have and to a broader understanding of 
peptide-membrane interactions. The global antibiotics market is predicted to be worth $57 
billion by the year 2024 according to a recent study published by market analysts Grand 
View Research. In addition to the potential economic benefit there is the potential for large 
public health benefits through reducing morbidity and mortality in patients with treatable 
infectious diseases and decreasing the number of hours lost to the national economy 
through sick leave. The development of novel antimicrobial agents is consistent with the UK 
government's proposed antimicrobial resistance strategy. 
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With an increasingly aging population it is important to recognise the disproportionate 
effect infectious disease has on patients over the age of 65. For example, over 90% of the 
deaths caused by pneumonia in the developed world are in patients aged 65 or over and 
the physical, hormonal and immunological effects of aging drastically increase the risk of 
developing urinary tract infections, which is a major source of morbidity in older patients. 
Furthermore, the reactivation of latent infections such as herpes zoster (shingles) and 
tuberculosis is directly correlated with the increased immunosenescence associated with 
aging. Many patients who develop infectious diseases in this age group receive care in long-
term care facilities because of unrelated underlying health issues. This is particularly 
problematic as long-term care facilities have become “reservoirs of resistance” and the rate 
of multi-drug resistant pathogens is considerably higher in this environment than in a 
community setting. Partially as a consequence of increased exposure to multi-drug resistant 
bacteria in long-term care facilities the transient rate of carriage of these pathogens in the 
over 65’s is between 50% and 2000% higher, dependent on the specific pathogen, than in 
the broader population. Transient carriage is a significant risk factor in the development of 
disease for the carrier and for those exposed to that individual. As these infections are more 
difficult to treat with currently available antibiotics the rates of treatment failures, and 
therefore of morbidity and mortality, are higher in these instances.   In summary, individuals 
over the age of 65 are more likely to come into contact with a multi-drug resistant pathogen, 
are less likely to respond to first line antibiotics, are more likely to suffer morbid effects and 
are more likely to die from the infection. The population of over 65’s in the UK is projected 
to increase by 40% by 2036, the increased infection rate in this patient group coupled with 
an increasing demand for antibiotics and increasing levels of antimicrobial resistance means 
there is an increasing demand for novel classes of antibacterial agents for which there are 
no pre-existing resistance mechanisms. Despite this there has been a disinvestment in 
antimicrobial drug discovery across the pharmaceutical sector. Our proposal seeks to 
address this by refining antimicrobial peptides developed in our laboratory and to develop 
an efficient means of delivering them in vulnerable patient groups. Therefore, the 
development of novel antimicrobial peptides will result in longer healthier lives, particularly 
for patients who reside in long-term care facilities. 
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We anticipate three publications from this project based on previous and ongoing projects 
in this field in the BMRC with one publication in the final year of study and two further 
publications following the completion of the project. We would also seek travel funding to 
allow this student to gain experience of alternative electrophysiology techniques in the lab 
of Prof. Giorgio Rispoli in Ferrara. 

We have recently submitted a BBSRC application on the basis of data produced in a related 
PhD studentship for a three year post-doctoral research fellowship, we are preparing 
another AMP-focused application with our Brazilian collaborators (Dr Nancy Oguiura from 
the Butantan Institute, Sao Paulo) to the BBSRC-FAPESP joint funding programme for the 
September 2018 call for a two-year PDRA in each centre and would anticipate seeking 
similar funding following the completion of this project. Dependent upon the success of the 
joint BBSRC-FAPESP application there may be opportunities for the student to visit Sao 
Paulo to gain experience of peptide modification techniques and atypical pathogen 
microbiology. 

 

The group have recently been successful in gaining an MRC confidence in concept grant 
which has allowed funding for a post doc for 12 months looking at the development of an 
antibiofilm coating for urinary catheters utilising the sol gel technology. 

 

All members of the supervisory team engaged in outreach activities in the last year, aimed 
at a range of audiences from young children at the Science week Explore event at SHU, 
schools talks for Key Stage 3 and A level students and public lectures by Miller and Lacey at 
a Pint of Science event on antimicrobial drug development and the "Horror Within" event 
in the Sheffield Millennium Galleries. 
Additional admissions requirements: please state if there are any specific admissions 
requirements for this project i.e. subject specific degree qualifications or disciplines, 
relevant skills, experience etc 
Any applicant should have good honours in a relevant BSc (e.g. Microbiology, 
Biochemistry, Biophysics, Genetics, Biomedical Sciences etc...). Any relevant work 
experience will be looked upon favourably. 

 

 


