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Executive Summary 

On August 29, 2018, a protein catalyzed capture (PCC) technology workshop was 
held at the Adelphi Laboratory Center, bringing together key Army entities and 
joint Department of Defense assets interested in antibody alternatives to achieve 
reliable biodetection and monitoring in fully operational conditions, including 
diagnostic and therapeutic applications. Goals of the workshop included: 

1) Provide visibility of PCC technology to Army entities and joint assets 

2) Identify technological knowledge gaps for antibody alternative applications 

3) Gather input to help shape future research direction (e.g., new targets, 
performance metrics, assay platforms, etc.) 

4) Lay groundwork and relationships for future discussions 

5) Work toward establishing transition partnerships 

The workshop was held in an interactive format with scientific presentations as well 
as discussion sessions. The single-day meeting included a morning session of four 
presentations providing an in-depth background and applications of PCC 
technology, a working lunch of five presentations by Army stakeholders to help 
understand current/future programs and antibody alternative needs, and an 
afternoon open discussion session on possible future research directions. 

PCC research at the US Army Research Laboratory is currently on its second  
3-year Institute of Collaborative Biotechnologies University Affiliated Research 
Center funding cycle, and has been additionally supported with a 1-year Defense 
Threat Reduction Agency program. Over this period of time, the technology has 
matured capture reagents from TRL-2 to TRL-4, including successful integration 
into multiple assay platforms for ruggedized biological sensing. 

PCC technology advantages include the following: 

• Peptide-based capture reagent development – epitope and full antigen 
targeting 

• 1/40th the size of monoclonal antibodies 

• High affinity: tunable KD between µM and pM 

• High selectivity 

• Rapid development time: approximately 2 weeks 
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• Thermally stable: e.g., cyclic PCC >99% active after 1-h heat at 90o C  
solution 

• Biologically stable: Nonnatural amino acid integration (e.g., D-amino 
acids) 

• Manufacturability: Robotic methods; limited batch-to-batch variability 

• Adaptability  

o Reagents are highly modular 

o Flexibility in target screening for difficult analytes 

o Easily integrated into assays 

A representative from five of the Army organizations provided a brief overview of 
their current and future programs, along with current technological gaps for these 
programs that PCC technology could address. There were multiple needs identified 
including the following:  

1) Broader biomarker class sets including protein and peptide targets for 
Soldier health and performance. 

2) Capture agent panels against identified biomarkers for multiplex 
monitoring.  

3) Pairs of reagents (capture and detection) against biothreats recognized by 
the Centers for Disease Control and Prevention for integration into assays 
such as lateral flow platforms. 

4) Capture agents against full organisms such as biothreats, E. Coli, algal 
blooms, and so on, for environmental monitoring. 

5) Capture agents against biomarkers indicating chemical warfare agent 
exposure for detection and diagnostics. 

6) Identification and integration of a wearable platform for real-time multiplex 
biomarker monitoring. 

PCC technology undoubtedly is capable of addressing many of the technological 
gaps in terms of reagent stability, manufacturability, and adaptability for Army 
sensing and diagnostic applications. Based on the discussions from the workshop, 
future directions of the PCC technology will include the following: 

1) Near-term: Rapid development of protein biomarker receptor panels, such 
as against multiple cytokines, for Soldier performance monitoring or 
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biological threats for far-forward detection. The simultaneous development 
of a panel of receptors will not only reduce the timeline and cost of 
production, but will also greatly reduce cross-reactivity between receptors, 
a common issue in multiplex assays. 

2) Mid-term: Development of reagents against full organisms, such as E. Coli 
and algal bloom particles, which could also have an impact in food and 
water safety. 

3) Far-term: Aid in the development of a wearable sensor platform to address 
the biomarker knowledge gap in training environments to enhance Soldier 
lethality, as well as potential development of receptors for small molecule 
detection since they seem to be the most common biomarkers currently 
being assessed by multiple Army entities. 
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1. Introduction 

The complexity of future armed conflict will require specially equipped Army 
forces to sustain peak performance in inhospitable conditions. To win in such 
multifaceted operational environments, the Army will need to be more adaptive, 
more expeditionary, and have a near-zero logistical demand to optimize squad 
execution through real-time health and performance monitoring, while 
simultaneously sensing current and emerging environmental threats. As a result, 
there is a need for the rapid development and production of biorecognition receptors 
capable of superior performance in multi-domain environments. 

Protein catalyzed capture (PCC) agent technology is an emerging capability for the 
fast development, production, and integration of biorecognition elements into 
point-of-need assays/therapies and continuous monitoring sensor platforms. PCCs 
are ruggedized, peptide-based replacements for antibodies that address critical gaps 
in adaptability, manufacturability, and stability of bioreceptors and capture 
reagents. With binding performance comparable to, and often exceeding, 
monoclonal antibodies, PCCs have the added benefits of a rapid development time 
(~2 weeks), superior biological, chemical, and thermal stabilities,1-4 epitope 
targeting capabilities,2, 5-7 and limited batch-to-batch variabilities. 

The goal of the PCC workshop on August 29, 2018 was to bring together key Army 
entities and joint Department of Defense assets interested in antibody alternatives 
to achieve reliable biodetection and monitoring in fully operational conditions, 
including diagnostic and therapeutic applications, to discuss and identify key 
technological knowledge gaps. The gathered input will help shape the future of 
PCC research (e.g., targets, performance metrics, and so on). The workshop also 
laid the groundwork for establishing transition partnerships and future discussions 
on far-forward sensing and diagnostics. The workshop was held in an interactive 
format, with scientific presentations as well as discussion sessions. The single-day 
meeting included a morning session of four presentations providing an in-depth 
background and applications of PCC technology, a working lunch of five 
presentations by Army stakeholders to help understand current and future programs 
and antibody alternative needs, and an afternoon open discussion session on 
possible future research directions. Presentations from the workshop are included 
in Appendixes A–I. 
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2. Results 

2.1 Protein Catalyzed Capture (PCC) Agent Overview 

Professor James Heath (Institute of Systems Biology), Dr Heather Agnew 
(IndiMolecular), and Dr Matthew Coppock (US Army Research Laboratory 
[ARL]) provided an in-depth overview of the PCC development process including 
relevant applications and targeting strategies to proteins of interest. 

PCCs are peptide-based receptors that can be developed to bind to specific epitopes 
of specific proteins using standardized in situ click chemistry. The technology 
screens molecular architectures of linear or, more commonly, cyclic peptides, 
containing a 5-mer variable region resulting in a 2-million element library attached 
to Tentagel resin. Incubating the library with the full target or a 10–15 amino acid 
length peptide fragment from the full target results in triazole formation through in 
situ click chemistry to only a select few library members in a specific geometry to 
the target. Therefore, the screening is for a reaction product, not just target binding. 
Multiple epitopes, for instance, can be targeted and the resulting peptide candidates 
can be tethered to exploit cooperativity, resulting in a reagent with strong affinity 
(pM) and high selectivity for the target. Over 25 PCCs have been developed for a 
range of targets with tunable affinities of µM to pM to many different protein 
targets. High throughput production optimization allows development of a high 
performing PCC to occur in as little as 15 days and computational modeling has 
advanced to aid in the understanding of PCC-protein interactions. PCCs are highly 
modular, resulting in tailorable characteristics like biological stability, physical 
stability (thermal, pH, etc.), cell penetration capabilities, novel labeling, increased 
affinity, and increased selectivity. The flexibility of the targeting strategies and 
maturation strategies is capable of creating reagents against hard-to-target protein 
analytes. 

2.2 Army Sensing and Diagnostic Needs 

A representative from each Army entity discussed their organizational needs in 
regard to current and future programs: Dr John Player (US Army Natick Soldier 
Research, Development, and Engineering Center [NSRDEC]), Dr Roy Vigneulle 
(US Army Medical Research and Materiel Command [MRMC]), Dr Randy 
Hofmann (Edgewood Chemical Biological Center [ECBC]), Dr Keri Donohue (US 
Army Engineer Research and Development Center [ERDC]), and Dr Benedict 
Capacio (US Army Medical Research Institute of Chemical Defense [AMRICD]). 

 



 

Approved for public release; distribution is unlimited. 
3 

2.2.1 NSRDEC: Human Performance Monitoring 

NSRDEC performed a multi-domain human performance study called the 
Monitoring and Assessing Soldier Tactical Readiness and Effectiveness (MASTR-
E) Program. The study investigates collective lethality at the individual and small 
unit level, including biomechanics, load carriage, performance nutrition, and 
recovery times. In the 3-day investigation, quantification of small-molecule 
metabolic products in urine and saliva was conducted. These biomarkers are known 
to be indicators of stress, fatigue, and activity level. The samples were collected 
and preserved, and will be analyzed by mass spectrometry for presence of the small 
molecules/metabolites. The small-molecule/metabolite biomarkers were chosen as 
initial targets partly because of their ease of detection by mass spectrometry, but it 
is recognized that it will be necessary to switch to a different, more portable 
platform to achieve real-time monitoring. Outside of small molecules, there is also 
a significant interest in expanding the study to more complex biomarkers like 
proteins. 

Need: The MASTR-E program is a start toward wearable monitoring for real-time 
detection of biomarkers on the sensored Soldier. It is currently unknown if any of 
the analyzed biomarkers have a signature correlating to specific performance 
metrics, so a massive need is identifying specific biomarkers to monitor. Further, a 
broader biomarker class set is needed, to include protein and peptide targets that 
can be uniquely targeted using the PCC technology. Ideally, the real-time sensing 
of many biomarkers will be multiplexed to allow straightforward determination of 
performance. Therefore, there is a need for panels of receptors that could be 
integrated into sensors against potential performance biomarkers that are both 
highly manufacturable and exhibit little cross reaction between targets. Because it 
only takes 2 weeks or less to develop a new PCC reagent to new biomarker targets, 
the sensing platforms can be iteratively updated, providing a unique tool for 
maximizing training effectiveness. 

2.2.2 ECBC: Biothreat Detection 

The ECBC mission research and development includes biothreat detection 
capabilities, such as BLINDSPOT technology, that combines multiplex detection 
strategies with lateral flow assays for rapid threat detection resulting in signatures 
easily analyzed through cell phone readers. The concept of spotting polyclonal or 
monoclonal antibodies on nitrocellulose as opposed to line deposition aids in the 
sensitivity of binding as the sample flows down the membrane to the farther 
detection points. There is a clear balance between the strength of binding by an 
antibody pair and the concentration at which the sample is introduced to the assay. 
Biothreats such as botulinum neurotoxin, ricin, Staphylococcal areus enterotoxin 
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B, and other Centers for Disease Control and Prevention (CDC) select biothreat 
agents are the main analytes of interest for these assays. 

Need: There is a need for stronger binding reagent pairs against most CDC-select 
biothreats that can be developed rapidly and more inexpensively (~$1M for 
development of an individual antibody). While some of these priority targets are 
proteins (e.g., botulinum toxin), full virus/organism detection is also a top priority 
for these assays. A key and unique advantage of the PCC technology approach 
would be to not only develop pairs of antibody reagents, but to use the up-front 
knowledge of both the sample platform and other target/reagent materials to 
eliminate cross-reactivity and maximize compatible and efficient integration. 

2.2.3 MRMC: Health Wearables Integration 

The Military Operational Medicine Research Program is developing effective 
countermeasures against stressors to maximize health, performance, and fitness. An 
aspect of this program requires real-time monitoring of physiological and 
psychological biomarkers in wearable platforms, as well as the detection of 
environmental targets like toxic industrial chemicals and toxic industrial materials. 
For example, the Health Readiness and Performance System (HRAPS) concept is 
an integrated system of sensors that communicate accurate, real-time, actionable 
information about health, readiness, and performance to both Service Members and 
unit leaders. Ideally, an HRAPS readiness score after complete Soldier analysis can 
enhance readiness, reduce injuries, increase force health protection, and optimize 
performance. Identified use cases include land navigation training, airborne assault, 
and sensitive site exploitation (chemical, biological, radiological, nuclear, and 
explosive [CBRNE]). There is also a current focus on Soldier hydration monitoring. 

Need:  MRMC is in need of identified biomarkers relevant to Soldier health aspects 
of interest that could then be monitored through wearable biosensors. For example, 
there is interest in predetermining if a Soldier can resist acute mountain sickness at 
high altitudes in a predeployment test, which would significantly improve squad 
assembly. These general screens could also greatly benefit training in other stressful 
environments. Again, receptor panels for these biomarkers will be necessary and 
eventually identified biomarkers could potentially overlap with the biomarkers 
determined through NSRDEC work. 

2.2.4 ERDC: Environmental Monitoring 

ERDC proposed aero-sensing capabilities through antibody or antibody alternative 
binding through a porous construct that could potentially be attached to an 
unmanned aerial vehicle. This capability would allow far-forward monitoring and 
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detection of potential CBRNE threats outside the immediate vicinity of a Soldier or 
squad. It is apparent that a synthetic capture agent will need to be integrated into 
such a system for stability purposes. Potential targets could include biologicals 
larger than proteins such as toxic algal bloom particles. 

Need: This application will require capture reagents with high thermal stability, 
chemical stability, and biological stability against important environmental targets 
such as algal blooms. The capture agents will also need to be easily integrated into 
porous constructs and active in minimally aqueous conditions. 

2.2.5 AMRICD: Medical Countermeasures and Diagnostics 

Medical AMRICD is working toward superior medical countermeasures and 
diagnostic capabilities against nerve agents, vesicant agents, pulmonary agents, 
cyanide, and toxins. Initially, a simpler positive/negative readout can significantly 
help for Soldier quarantine. A focus on small molecule detection has made it 
difficult to find a receptor technology capable of addressing the detection and 
countermeasures for many of these analytes of interest. 

Need:  There are needs ranging from exposure detection to diagnostics to forensics 
in the low ng/mL range. For example, capture agents are needed against chemical 
warfare agent (CWA) biomarkers such as human serum albumin adducts or 
peptides as a result of CWA exposure for diagnostic purposes. A large majority of 
the receptor development needed is for small molecule recognition such as anti-
opioid, metabolite, or agent breakdown product. All are needed for both lab-based 
and field-forward assays. 

3. Conclusions and Future Directions 

Key scientists across the Army enterprise are now more aware of the capability of 
PCC technology and overall interests, research, and potential applications for 
antibody alternatives were discussed by the representative organizations. 
Discussions on wearable technology for improved Soldier performance, health, and 
environmental monitoring will continue. This community was also made aware of 
research facilities and capabilities available for collaboration at both Walter Reed 
National Military Medical Center (WRNMMC) and Uniformed Services 
University of Health Sciences (USUHS), which will be investigated further. 

In regard to health and performance monitoring, which became a large focus of 
discussion, it is still unclear which biomarkers will be the most beneficial to 
monitor in terms of maintaining a high performing and ready force. NSRDEC is at 
the beginning stages of identifying important performance biomarkers by focusing 
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on eight small molecule markers associated with stress, fatigue, and so on, through 
the MASTR-E program. Additional follow-on studies will need to be performed to 
categorize a more significant breadth of biomarkers and the lack of biomarker 
knowledge hinders the readiness of synthetic capture agents. Furthermore, with the 
end goal of real-time monitoring occurring on a Soldier-equipped wearable 
platform, the current analysis method of mass spectrometry will not suffice. 
However, a preferred wearable platform has not been identified, limiting the design 
capabilities upfront for PCC development. However, after the discussion it is 
apparent that the simultaneous sensing of multiple biomarkers in a multiplex format 
will be imperative to truly understand a Soldier’s performance in real time and the 
PCC technology can be that key enabler as a means to that end. 

PCC technology undoubtedly is capable of addressing many of the technological 
gaps in terms of reagent stability, manufacturability, and adaptability for Army 
sensing and diagnostic applications. Through the gathered input from this 
workshop, near-term objectives will consist of the rapid development of protein 
biomarker receptor panels, such as against the cytokines, for Soldier performance 
monitoring or biological threats for far-forward detection. The modularity of the 
technology will allow a rapid, integrated development approach to ensure no cross 
reactivity between reagents of similar classes of targets, a common challenge for 
antibody-based multiplex libraries. Midterm goals include the development of 
reagents against full organisms, such as E. Coli and algal bloom particles, which 
could also have an impact in food and water safety. PCCs for nerve agent adducts 
are another possibility and could exploit the single-point mutation discrimination 
capabilities of the technology. More far-term objectives could include the 
development of receptors for small molecule detection since they seem to be the 
most common biomarkers currently being assessed by multiple Army entities. 
Since the PCC technology has focused efforts strictly on protein capture, successful 
development of capture agents for small molecules will likely require a significant 
effort. As a whole, PCC is an enabling technology as we work toward the 
development of advanced wearable sensors to address the biomarker training 
performance knowledge gap for the sensored Soldier and enhanced Soldier 
lethality.   
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Appendix B. PCC Rapid Production 
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Appendix C. ARL PCC Applications
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Appendix F. MRMC Wearables Integration across DOD



 

Approved for public release; distribution is unlimited. 
46 



 

Approved for public release; distribution is unlimited. 
47 



 

Approved for public release; distribution is unlimited. 
48 



 

Approved for public release; distribution is unlimited. 
49 



 

Approved for public release; distribution is unlimited. 
50 



 

Approved for public release; distribution is unlimited. 
51 



 

Approved for public release; distribution is unlimited. 
52 



 

Approved for public release; distribution is unlimited. 
53 



 

Approved for public release; distribution is unlimited. 
54 



 

Approved for public release; distribution is unlimited. 
55 



 

Approved for public release; distribution is unlimited. 
56 

Appendix G. ECBC BlindSpot 
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Appendix H. USACE Environmental Monitoring
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ECBC Edgewood Chemical Biological Center 

ERDC US Army Engineer Research and Development Center 

HRAPS Health Readiness and Performance System 

ICB Institute for Collaborative Biotechnologies 

MASTR-E Monitoring and Assessing Soldier Tactical Readiness and 
Effectiveness  

MRMC US Army Medical Research and Materiel Command  

NSRDEC US Army Natick Soldier Research, Development, and Engineering 
Center 

PCC protein catalyzed capture 

USUHS Uniformed Services University of Health Sciences 

WRNMMC Walter Reed National Military Medical Center 
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