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With dreams and hope, we envisioned NeuronArch as a start-up company and 

imagined this business plan according to the experience we had this summer doing 

iGEM.  
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I. Opportunity 	
 

A. Problem  

 

Even though leg prosthetics are becoming more and more efficient and 

sophisticated, allowing amputees to even participate to Olympic race, arm 

prosthesis have not evolved that much from the last century. Harness equipped arm 

prosthetics are cumbersome and not effective, using muscle-controlled hooks to 

replace the function of the hand. But nowadays, prosthesis, but also implants, are 

becoming more and more sophisticated. While biomechanical prosthetics are 

slowly entering the market, bionic prosthesis are still missing because current 

technology does not allow for a direct connection between the amputee’s limb 

nerves and the prosthesis. Osseointegrated prosthetics, where a stainless-steel rod 

is used may be the new field allowing the creation of bionic prosthesis. However, 

the risk of infection by pathogenic biofilms on this type of interface is very high, 

requiring a heavy antibiotic treatment and reoperation of the patient. 

 

B. Solution  

 

To answer this problem, we use synthetic biology to create a lab-grown bacterial 

biofilm as a substitute that is able to stimulate nerve regrowth after amputation, to 

transmit the neuronal signal to the prosthesis control mechanism and to locally 

prevent the formation of pathogenic biofilms. To do so, firstly, our interface 

produces substances called neurotrophins, which allow the growth of the nerves in 

a directed and controlled way. Secondly, to increase the robustness of our system, 

we are working on the reduction of infections with a new approach. This part 

will fight against the invasion of pathogens by modifying the normal functions of a 

biofilm to coerce it in fighting against the new infectious agents. 
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II. Target Market  

 

A. Market Size and Segments 

 

Our target market is the osseointegrated prosthetics market. In order to reach this 

market, it is necessary to develop a breakthrough innovation since competitors 

already corner it. However, the market size and the growth forecasts of our target 

market are particularly interesting.  

In fact, our technology aims to enhance the existing microprocessor-controlled 

prosthesis in two ways: firstly, by adding an innovative interface between the nerves 

and the prosthesis. Secondly, it will also help by preventing infections, for both 

upper and lower limb amputations. As a consequence, we will try to collaborate with 

prosthesis manufacturers to bring our innovation to market. Thus, we will not enter 

the market as a real new competitor but as a help to boost manufacturers' sales. 

 

1. Population group 

The population group is composed of civilians and military personnel. To evaluate 

the market size, we need to segment it according to these lines. First, the market 

size depends on the number of amputations, therefore, it is relevant to have an 

overview of the number of amputees. Amputation is the surgical removal of the limb 

or a part of the limb namely, arm, hand, finger, foot, toe and leg. This is referred to 

as a major amputation when it is an amputation of the lower limb above the ankle 

or of the upper limb above the wrist. Minor amputations are then when it is an 

amputation of a hand or foot, or of a part thereof [1].   

It is also interesting to look at the prevalence of amputation by age and the different 

etiologies. Indeed, our technology will enable amputees to control their prosthesis 

as a continuation of their body. Since it will be a complex device, it would be mainly 

used by the young and/or active people who really need to recover all their 

capacities. The fact is that the majority of the amputees, 57% to be exact (Table 1 

and Figure 1) are under 65-year-old [2]. 
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Table 1 : Sex and etiology distribution based on age (year 2005, United States) [2]  

There is a discrepancy between sums and totals due to rounding. 

Values representing less than 1000 is indicated with a *. 

 

Figure 1 : Year 2005, limb loss estimates by age (United States) [2] 
(A) Data on limb loss for people under and over 65.  
(B) Distribution of limb loss for people between 18 and 64. 
(C) Distribution of limb loss between 65 and 100. 
There is a discrepancy between sums and totals due to rounding.  
Values representing less than 1000 is indicated with a *. 
 

 

Moreover, taking into consideration one of the most important cause of amputation 

helped us to develop some specific technology (Figure 2). Indeed, as diabetes is 

one of the most prevalent pathology leading to a requirement of amputation, we 
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thought about adding a way to control the blood sugar level of the patient. This is 

important, as it allows us to target the wholeness of the market.  

 

 

 

Figure 2 : Estimating limb loss by causes. Year 2005, United States [2]. 
 

2. Type of amputations 

Our technology would be mainly used for major amputations, which are not the 

most frequent cases (Table 2, Figure 3). 

Table 2: Estimates of prevalence by type and level of limb loss and etiology (in 
thousands): Year 2005, United States [2]. 
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Figure 3 : Estimating types of limb loss. Year 2005, United States [2].  
 

We could certainly use our interface for minor amputations. However, the need is 

less important for these patients. According to the data published by Amputee 

Coalition, in the U.S., there are approximately 185,000 amputations performed every 

year [3]. Nearly, 2.1 million amputees are living in the U.S. The main causes of the 

amputation are severe injury, cancerous tumors in the bone or the muscle of the 

limbs, severe infections to the limbs, and frostbite. The incidence of amputations 

due to obesity, diabetes, vascular diseases, stroke and arthritis are rising. According 

to the estimates reported by the Statistics Brain Research Institute, 82% of the 

amputations are caused by vascular diseases, whereas trauma accounted for 22% 

of amputations. The incidence of congenital amputation is reported to be 4%. In the 

developed countries, the rate of the lower limb amputations is 17.1 amputations per 

10,000 people. In Spain approximately, 5,000 lower limb amputations are carried 

out every year. North America emerged as the largest regional market with a share 

of 44.2% in 2016 [4]. 

As we see, the number of amputees is significantly high. The size of the market is 

favorable. 

However, a total of 15% of amputees died within the first year after amputation. And 

70% lived independently at home 1 year post amputation [5].  

The fact also is that not all of these amputees decide to wear a prosthesis. 
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3. Use of a prosthesis by patients 

 
The study in Table 3 details the percentage of prosthesis [6]. The current sample 

included 752 persons with lower limb amputation (LLA). Within this sample, 542 

(72.1%) of the participants were men and 210 (27.9%) were women. The mean age of 

participants was 54.4 years. The sample of persons with upper limb amputation 

(ULA) consisted of 107 respondents. Within this sample, 77 (72.0%) of the participants 

were men and 30 (28.0%) were women. The mean ± SD age of participants was 46.9 

± 14.5 (range = 18-84) at the time of participation to the study. 

Table 3: Upper (n=752) versus lower (n=107) limb clinical characterization [6]  
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Approximately 84% of persons with LLA and 56% of persons with ULA reported 

using a prosthesis for a mean ± SD of 12.5 ± 4.3 and 10.7 ± 5.0 hours per day, 

respectively. Participants with ULA reported wearing a prosthesis for a mean ± SD 

of 24.4 ± 8.5 days per month (range = 1-31). 

As we can see, a large majority of lower limb amputees use a prosthesis all day 

long, only removing it when they go to sleep. Half of upper limb amputees use their 

prosthesis, and they do not use it every day. We could assume they use their 

prosthesis only when particular gestures are needed or when they go out. This 

action is attributed to compensate for appearances. It seems they also remove their 

prosthesis at night. 

Nevertheless, the majority of amputees uses a prosthesis. If we extrapolate to a 

larger scale, using the previous figures, we can see that the market size is quite 

important in the United States (Table 4, Figure 4 and Figure 5). The global 

osseointegration implants market size was valued at 9.9 billion USD in 2017 and the 

robotic prosthetics market size was 790.8 million USD in 2016. Thus, the market 

seems promising. However, the most important fact is that the market size is going 

to skyrocket as we will see in the following section [7]. 

Table 4: Estimates of the number of amputees using a prosthesis, year 2005, United 
States [2]. 
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Figure 4: Estimates of lower limb loss, year 2005, United States [2].  
 

 

Figure 5 : Estimates of upper limb loss, year 2005, United States [2]. 
 

B. Market Segmentation 

 

Grand View Research has estimated robotic prosthetics market by segmenting it 

into three levels: technology, extremity, and region [3]. Based on technology, the 

market has been segmented into microprocessor-controlled (MPC) prosthetics and 

myoelectric prosthetics. On the basis of limb extremity definition, the market is 

segmented into five regions: North America, Europe, Asia-Pacific, Latin America, 

and middle east and Africa (MEA) (Figure 6). 
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Figure 6 : Market segmentation based on limb extremity definition, technology or 

region [3]. 

 
C. Market growth  

The osseointegrated implants market is expected to grow at a Compound Annual 

Growth Rate (CAGR) of 4.0% between 2013 and 2023 [7]. 

The increase in the incidence of trauma/accidental injuries will witness a moderate 

growth rate in terms of value for the global market of orthopedic prosthetics (Table 

5). 

Table 5: Expected occurrence of limb loss causes, from 2005 to 2050 in the United 
States [7].  

 

Custom-made implants create opportunities for the orthopedic prosthetics market. 

Indeed, rising demands for better orthopedic prosthetics, increase in related 

diseases or favorable reimbursement politics influence development of such 

implants. 



                                                  

13 
 

The government and other organizations in various countries provide 

reimbursement support for surgeries. For instance, the Osseointegration Group of 

Australia (OGA) provides a private health insurance which covers most of the cost 

involved in “Osseointegration Group of Australia osseointegration Prosthetic Limb” 

surgery (OGAP-OPL).  

In July 2015, the U.S. FDA authorized the use of the first prosthesis marketed in the 

U.S. for adults who have amputations above the knee and who have rehabilitation 

issues, including those who cannot use conventional socket prostheses.  

Other key factors in favor of the growth of osseointegrated implant market are the 

increasing number of hearing loss cases in the geriatric population and rise in the 

funding for osseointegrated research (Figure 7).  

 

Figure 7: Projection of limb loss from year 2005 to 2050 in the United States [7]  
 

Spur in the disposable household incomes in the emerging economies are 

expected to provide greater opportunities to the manufacturers operating in the 

osseointegrated implants market. For instance, the National Bureau Statistics (NBS) 

of China stated that the disposable personal income in China increased from 5,001.8 

USD in 2015 to 5,016.6 USD in 2016. The increasing household incomes in 

developing countries is expected to create enormous opportunities for providers. 
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They will be able to invest in the market as the population can now easily adopt 

these implants. 

The robotic prosthetics market is expected to reach 1.76 billion USD by 2025. Indeed, 

according to a new report by Grand View Research, Inc., increase in the number of 

amputees due to various factors, such as accidents, frostbites, diabetes, and 

vascular diseases, is one of the crucial factors expected to drive the market in the 

coming years [4]. 

Key facts:  

• The robotic prosthetics market size was estimated at 790.8 million USD in 

2016 and is expected to grow at a CAGR of 9.2% from 2017 to 2025. 

• Microprocessor-controlled (MPC) prosthetics held majority of the revenue 

share in 2016 and is estimated to generate revenue over 983 million USD by 

2025. 

• The lower body prosthetics market is expected to grow at a rate of 9.5% over 

the forecast period. 

D. Barriers to entry  
 

Our technology uses genetically modified bacteria in order to prevent infections and 

to stimulate nerves growth. However, the legislation is not clear about the use of 

GMOs in the human body. It seems that legislative texts about this subject do not 

exist, it should be possible to use GMOs in the human body. However, our innovation 

would have to pass a lot of strict medical controls in order to enter the market. We 

will need to receive a marketing authorization, delivered by the National Agency for 

Medicines and Health Products Safety (ANSM) in France and by the Food and Drug 

Administration (FDA) in the United States. With the development of biotechnology 

and bio-engineered medical devices, we hope that the legislation will change soon 

and will be clearer. 

Another issue would be the consent of patients concerning the integration of GMOs 

inside their body. We realized a survey and the result is the following:  



                                                  

15 
 

• The sample included 193 persons. Within this sample, 75 (39,1%) of the 

respondents were men and 117 (60.9%) were women. The majority of 

participants is between 16 - 25-year-old (136, 70.8%). 

• The sample of persons working in the medical field consisted of 10 

respondents (5.2%). In the event of commercialization of a prosthesis using 

NeuronArch technology, 4 of them (40%) would accept to propose our device 

to their patients even if there is GMOs inside. Only 1 person (10%) would refuse. 

The other ones (5, 50%) do not know. 

• The sample of persons not working in the medical field consisted of 182 

respondents (94.8%). In the perspective of a commercialization of a prosthesis 

using NeuronArch technology, 80 (44%) would accept to use our device even 

if there is GMOs inside. Only 20 persons (11%) would refuse. The other ones 

(82, 45.1%) do not know. 

As we see, the use of GMOs in the human body does not seem to raise much 

concern within the general public, if the technology was proven safe. People seem 

to accept our innovation since it would improve their life, in case they were 

amputated. It would have been really interesting to interrogate amputees as they 

are the principally concerned. However, we do not have the possibility to do such a 

thing. We talked to a committee in Institut Pasteur, in charge of ethics in human 

research before releasing our survey online. They advised to us to not ask directly 

to amputees, to avoid possible trauma since we are not accredited or educated on 

the matter of dealing with traumatic experiences.  

III. Competition  
 

A. Current alternatives  

Different companies have developed microprocessor-controlled prosthesis, some 

are osseointegrated, and others are conventional socket prostheses. We can 

mention the following companies: 

• Ossur 

• Integrum 

• Ottobock 
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• Openbionics 

• Endolite 

In 2015, Ossur developed a mind-controlled prosthetic leg, which is undergoing 

clinical trials for its assessment. Growing R&D activities and increasing investment 

by private and public payers to technologically upgraded prosthetic products are 

among the few factors expected to propel the market. Ossur is currently selling, for 

instance, the SYMBIONIC LEG 3, which is an integrated prosthesis that combines a 

microprocessor knee and powered microprocessor ankle with proactive ankle 

flexion. 

 

Integrum is selling the OPRA implant system. The OPRA Implant System is a bone-

anchored system based on osseointegration where prostheses are directly 

attached to the bone and thus avoid the use of socket. The system uses a modular 

design consisting of three main parts based on many years of development and 

clinical research. 

 

In 2007, Ottobock, a German prosthetics company, presented the prototype of the 

first “thought-controlled” arm prosthesis in the world. They initiated several 

innovations in prosthetics, including the C-Leg, a computerized knee that adaptively 

varies its passive resistance to suit the patients' different walking gaits, as well as the 

Michelangelo Hand, a fully articulated robotic hand prosthesis. Ottobock has been 

a partner to the Paralympic Games since 1988, and an international worldwide 

partner of the International Paralympic Committee since 2005. In 2016, the 

partnership was extended until the end of 2020. 

 

Openbionics claims to be the world's first clinically tested, medically certified, and 

FDA registered 3D-printed bionic arm. The Hero Arm, which is according to them, 

the most affordable multi-grip bionic arm ever, costs less than half the price of its 

nearest competitor. Special sensors within the Hero Arm detect muscle 
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movements, meaning you can effortlessly control your bionic hand with intuitive 

life-like precision. 

 

Endolite is a Blatchford Company. For over 128 years, Blatchford has designed and 

produced some of the world's most advanced artificial limbs and mobility solutions. 

Endolite sales the Linx, a microprocessor-controlled socket prosthesis. 

B. Our advantages  
 
We do not enter the market as a direct competitor. In fact, we want to collaborate 

with prosthesis manufacturers in order to give an innovative solution to prevent 

infections and to allow the connection between their devices and the nerves. This 

could be considered as an advantage since we want to reach a market with already 

well-established actors. It would have been difficult to reach the market as a direct 

competitor.  

 

Moreover, our strategy is genuinely new, as we try to solve two different important 

issues. Our device is a real innovation which could be adapted to all the 

osseointegrated prostheses. The anti-infection part of our technology could also be 

used on implants such as hip prosthesis, knee prosthesis, etc. The small size of the 

team gives us a good reaction ability and a good capacity to adapt our device. We 

would be able to implant different sorts of biosensors to improve the prosthesis, to 

adapt our system to the industry standards. Our team is composed of students from 

the best French superior schools and universities, partners of excellent researchers 

and prestigious laboratories. This prosperous environment allows us to have access 

to last generation laboratory equipment.  

IV. Marketing plan 
 

A. Social Media & Parisian Meet up 

Since February 2018, we have used social networks to communicate about 

NeuronArch.  
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We are present on three different social networks: Facebook, Twitter and Instagram 

(Table 6). 

Table 6: Number of likes on our Facebook page, number of followers on our 
Twitter account and number of followers on our Instagram account. 

 

We keep our followers updated on the progression of the team and the different 

events we were participating to, such as meetings, labworks, seminars, Parisian 

Meet-Up.  

One of our great communication campaign was about the Parisian Meet-up (Figure 

8). The Parisian Meet-up, which took place July 7th, 2018, aimed to gather the French 

iGEM teams. During the morning, the teams presented their project in front of a jury 

composed of three experts, who raised questions and issues. During the afternoon, 

we organized round tables with specialists. We invited 6 specialists on bioethics and 

1 special guest. The guest speakers were the following: 

• Pascal Boireau, director of the Laboratory of Animal Health Maisons Alford 

and General inspector of Veterinaty Public Health. His round table was about 

microorganisms ranked for bioterrorism (MOT), GMOs (new technologies), 

dual research and ethical approach. 

• Valérie Depadt, lecturer in Law, Université Paris 13 – USPC. Her round table 

was about medically-assisted procreation. 

• Didier Coeurnelle, vice-president of AFT-Technoprog, member of the 

European Life Extension Community. His round table was about ethics of 

experiments linked to the end of life. 

• Térence Ericson, student in neurosciences, member of l'AFT-Technoprog. 

His round table was about transhumanism. 

• Alexei Grinbaum, researcher at LARSIM, CEA Saclay. His round table was 

about responsibility of the researchers and use of stories to raise ethical 

questions. 
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• Joanna Trouchaud, head of communication & design of the abolitionist-

oriented organization Animal Testing. Her round table was about animal 

testing. 

• Will Wright, European Ambassador of iGEM, former member of St Andrews 

iGEM team 2010 and University of Copenhagen team 2013. He made a 

presentation as well as a round table about “after iGEM”.  

  

 

Figure 8: Posters made for the 4th Parisian Meet Up. 

We wanted to make an original communication of this event. Thus, we hired an 

illustrator, Nais Coq, who made illustrations of the participants during their 

presentation (Figure 9)  
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Figure 9: One of the drawings made by Nais Coq during the Parisian Meet-Up. 

All the drawings were published on Twitter in live. At the end of the event, we made 

a summary of the impact of this communication (Table 7, Table 8 and Table 9).  

Table 7: Activity of our team’s Twitter account about the Parisian Meet Up, activity 
of the twitter account of other teams/persons about the Parisian Meet Up and who 
liked our tweets about the Parisian Meet Up.  
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Table 8: Activity of French iGEM teams’ Instagram account about the Parisian Meet 
Up. 

 

 
 

Table 9: Activity of various accounts about the Parisian Meet Up. 

 

 
 

 
B. Crowdfunding  

  
In order to raise money for our project NeuronArch, we decided to start a 

crowdfunding. We chose the crowdfunding platform Thellie, which is a French 

platform dedicated to research projects, and on which we collected for the moment 

more than 4,000 EUR (Figure 10). To learn more about this subject, please refer to 

section “Sources of funds”.  
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Figure 10: Screenshot of our front page on Thellie. Retrieved Oct. 2nd, 2018. 

 
In order to advertise our crowdfunding, we made two teasers (Table 10). The first 

one depicts some snapshots of our team life, while the second one is a long-take 

showing all the members of the team. We uploaded them on YouTube and shared 

them on all our social networks to bring light to our project. This was a way to guide 

people and industries towards our project. 

Moreover, we shot a video explaining our project. This video is in French as it was 

made for the French platform Thellie. We decided to add English subtitles, so it can 

be understood by the majority of the population.  

 

Table 10: Views on YouTube of our different teasers. 
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C. Visual identity 
 
Since we have the chance to have three designers in our team, we have a strong 

visual identity. They designed a graphical charter, allowing the customers to easily 

identify NeuronArch at first sight. 

We designed a logo for our team, one for our project NeuronArch (Figure 11), some 

flyers (Figure 12) and posters (Figure 13) that were updated at each milestone we 

reached.  

 

 

 
Figure 11: Official team logo on the left and project logo on the right.  

 

 
 

Figure 12: Official flyer of NeuronArch 
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Figure 13: Official poster of NeuronArch 

 
D. Scientific symposiums 
  

We also made sure we were visible at official event, so we participated to scientific 

symposiums and conferences. The first convention we participated to was Biofilm 

8 (Figure 14) that took place between May 27th and May 29th in Aarhus, Denmark. 

Biofilms 8 is the 8th conference in a series that covers the topic of bacterial biofilms. 

The conference focuses on the basic scientific question of how biofilms form, grow 

and interact with their surroundings. 

 
Figure 14: Banner of Biofilm 8 
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The second conference we attended was the 14th International Conference on 

Organic Electronics - 2018 (ICOE-2018) which took place between June 18th and 22th, 

2018 in Bordeaux (Figure 15), France. The ICOE-2018 brought together the most 

renowned researchers from academy as well as industries to discuss fundamental 

aspects of organic semiconductors, demonstrate their vision of the road-map of 

organic electronics and to exchange ideas on future materials, technologies, and 

applications.  

 
 

Figure 15: Banner of Biofilm 8 

Moreover, we went to Viva Technology, an annual commercial convention, 

dedicated to technological innovation and startups, held in Paris. It was an 

opportunity to meet some potential investors and to meet up with industrial such as 

i.CERAM.  

In addition to those events, we also participated to smaller ones organized by the 

Institut Pasteur, such as the translational Research Day, the Young Researchers in 

Life Sciences as well as Neural Networks. We also participated to a scientific 

symposium organized by the University Evry-Val-d’Essonne, where many biotech 

companies were represented. Of course, at each event, we presented NeuronArch, 

usually through a poster presentation but also through an oral presentation at the 

University Evry-Val-d’Essonne.  

E. Articles  

Furthermore, as all the members of our team are students of graduate schools or 

universities, some of their community managers have written articles about our 

team. Sup’biotech’s community manager wrote two articles and the ESPCI’s one 
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wrote one. Moreover, the Institut Pasteur and TWB (Toulouse White Biotechnology), 

one of our sponsor, also published an article on their respective website. 

F. Fête de la Science 

We participated to the French national Science Fair, called “Fête de la Science” 

which is a scientific outreach event that promotes science to the general public. 

During this event, actors of scientific life offer exhibitions, conferences, educational 

workshops, and open days in research laboratories or other events. In 2018, the 

event stands from the October 6th to October 14th. We held a booth on October 11th 

and October 13th. We popularized the notion of synthetic biology thanks to four 

booths including a poster that was explaining the NeuronArch project and raised 

awareness on disabilities. Around 200 people attended this exhibition. 

G. Goodies 

We will bring some goodies to the Giant Jamboree held in Boston, the final iGEM 

event, where all the teams will meet. This will be the occasion to bring as much 

visibility as possible to our project on the day of the presentation and attract 

potential investors.  

H. Forecasts 

One of our future objective is to be more publicized. We would like to contact all 

kind of newspapers but with a preference for scientific ones (French or international) 

such as “Science et Vie”, “Pour la Science”, “Sciences et Avenir” or “Scientific 

American”. We would also like to have radio or TV interviews. Finally, we would like 

to contact YouTubers to appear in their YouTube video or on social networks. 

Moreover, after the Giant Jamboree we will present our project to our schoolmates 

and our teachers, which will be very interesting as they are all researchers. 

As the 2024 Paralympic Games will be held in Paris, we would like to collaborate 

with the Paris city hall. One of our project is to organize a competition for all the 

Parisians. They will have to design a road sign that will show paths or places that are 

easily accessible for disabled persons. The best design will be used in Paris for the 

2024 Paralympic Games. We contacted the Mairie de Paris (Townhall of Paris) and 
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we are planning to make an appointment after the Giant Jamboree, in order to meet 

them and organize an event with their support.  

Our future marketing plan, detailed in the Roadmap bellow, will rely on the strategy 

we used this year to promote our project.  

V. Sales Plan - Pricing 
 
 
As we are still developing our device, it is really difficult to define a price. Moreover, 

since our technology is a breakthrough innovation, we cannot find a similar device 

on the market. In fact, we have not yet developed the interface itself as we need to 

find how to manage the electronic part of the project. However, it must be the most 

expensive part of our hardware. 

 

However, since we made a prototype, we can have a slight idea of the price. We 

printed our device with a Form2 3D printer from FormLabs using the black and the 

clear resin from the same manufacturer. The 3D printer was lent to us by the Institut 

Pasteur. However, the Form2 3D printer costs 4,477.63 USD and 1 liter of each resin 

costs 191.05 USD. We payed 140.2 USD for the electronical components of our 

prototype (Table 11). It is important to mention that this is just for the outside of the 

prototype. This price does not include the biofilm, the processing unit, the 

electrodes, the microfabrication of the piece containing the biofilm and the 

electrodes. Moreover, it does not include the price of the R&D and of the staff. 
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Table 11: Electronical components of our prototype. 

 

As our innovation uses new technologies, microfabrication and a lot of research and 

development, it would be hard to have an affordable device. However, we would 

like to keep the price as low as possible, since we want our device to be affordable 

for everyone. We want our device to be significantly less expensive than the 

prosthesis itself. To have an idea, a prosthetic knee sold by Otto Bock or Ossur via 

orthopedists can cost up to 60,000 USD. This kind of devices are really expensive 

as they are pieces of technology, more complex than our device. 

VI. Operations  
 
 

A. Roadmap  

As a company, we believe that it is essential that all staffers and public understand 

the changes and ideas we would like to implement over the years. It is essential to 
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get feedbacks from clients. Let us know what you think of what we have in store for 

NeuronArch. Below are key features we wish to add (Figure 16). These are not fixed 

or scheduled ideas but rather ideas that need to be further explored, refined and 

decided prior to lunching our company.  

 

Figure 16: Roadmap of NeuronArch  

 
B. Locations and Facilities  

This year, we have been located at the Institut Pasteur (Figure 17). The Teaching 

Center of the institute lent us some of their equipment for the summer such as 2 

incubators (one for bacterial culture and the other with a CO2 compartment for cell 

culture) and laminar flow hoods in addition to a room in which we could work. 
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Figure 17: Photo of the building F. Jacob at the Institut Pasteur (Paris, France) 
where we did most of our experiments. 

Once preliminary experiments are done and our interface completed, we are 

planning on renting a lab space (for example at La Paillasse, a French rentable 

laboratory in Paris, France) to continue improving our biological interface (P2 lab 

facility, incubators, lab benches, and scientific consumables) as well as renting for 

the first year a small industrial space outside the city where all the physical interface 

will be stored and shipped from.  

As noted earlier, we hope to expand our production to offer more merchandise to 

the customers and avoid as much as possible stock shortage. Depending on the 

market and our profits, we are planning on buying an industrial space and construct 

other spaces around.  

C. Technology 

We first planned on releasing NeuronArch on our online platform. The website will 

be available for the general public, but payment will only be accepted from medical 

centers or, upon agreement of their surgeons or following doctor, from the patient 

directly.  

Once the order is placed, the patient will be able to download an app (available for 

Android and iOS) allowing him to follow the steps on the installation of the interface 
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as well as keeping him updated on his health data and maintenance of his prosthesis 

(Figure 18) 

 

Figure 18: Our future application that will be available for Android and IOS 

 

VII. Company  
 

A. Advisors 
 
 

1. Advisors in our team  
  
 
A huge help was provided by our advisor Deshmukh Gopaul, researcher at Institut 

Pasteur. He made us aware of what kind of project could be achievable inside the 

Institut Pasteur and for example, what kind of materials we could use. He managed 

to help us find solutions when issues occurred during many steps of our project. He 

supervised us during the manipulations in laboratories along with two of our 

coaches, Serena Petracchini And Anna Crise, Ph. D. at the Institut Pasteur. 

Our third coach, Guillian Graves, is a designer working on the design of our prototype 

and has introduced us to various design tools and techniques earlier in the year.  

 

We are planning on keeping the same advisors in the future to guide us.  
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2. Advisors outside the team  
 
 

As the project was being built, new questions kept emerging. Therefore, we met 

several experts on various subjects.  

 

We met specialized orthopedic doctors who raised awareness on the current issues 

with implantable devices.  We looked for plenty of scientists and experts on all the 

fields related to our project. We also met industrialists working on biocompatible 

implantable devices in order to have an idea of how this specific market currently 

works.  

Having opinions of experts on our project was of paramount importance. Each of 

them explained to us to what extent our project could work, what were its promising 

aspects and what were the limits. We are still in contact with many of them, as it 

keeps bringing NeuronArch closer to its realization.  

 

The social aspect is one that we promised never to neglect. Since our innovation is 

intended to be used by people with disabilities, we had to understand their needs, 

we are trying to be close to people who could see their life improved with 

NeuronArch.  

We met ADEPA, the Defense and Study Association of Amputees, to learn more 

about issues people with disabilities face and how current prostheses are working. 

Having those thoughts in mind helped us to better figure out what our interface 

should bring.  

 

We also ran a survey on more than 200 people, so we could gather more significant 

opinions. The answers were sorted in two categories:  

 

- The answer we got from doctors and scientists specialized in this area 

enabled us to confirm that our project could benefit public health. Most of the 

answers showed that infections in prostheses were a tough issue waiting to 

be solved.  They seem to show a great interest in our work.  

 



                                                  

33 
 

- The answers from the general public were used to determine what people 

knew about synthetic biology and how people would judge the presence of 

GMOs inside one’s body. The opinions of the general public were overall 

supportive.  

B. Partners and resources 
 
 
One of the main advantages of being a small team is that everyone can share their 

opinions with the whole group, which makes the team work a lot easier. However, 

being a small team brings it shares of difficulties when it comes to human and 

financial resources. Establishing partnerships of different kinds was of paramount 

importance to keep the project alive. 

 
1. The Institut Pasteur 

 
The Institut Pasteur is a private and a nonprofit foundation.  The institute regroups 

the world’s leader centers for biomedical research on infectious diseases. 

Not only the Institut Pasteur hosts our team and the project, but it strongly supported 

us in various ways. 

 

The direction of the Institut Pasteur helped us in the choice of our project, showing 

us the weaknesses and strength in our propositions. Once the project was chosen, a 

large financial help was given from the Institut Pasteur to develop it.  

 

On many occasions, the Institut Pasteur gave us opportunities to present the project 

during congresses. At the beginning, we met the community manager of the Institut 

Pasteur. As our team is directly linked to the institute, we had to make sure to 

respect their conditions and rules concerning social networks. But more than that, 

this meeting taught us many things about social medias: language, expressions, 

habits etc. 

 

The community manager taught us the basic rules of communication online. For 

example, he told us that it was important to respect a rhythm, like 2 posts a week or 

more. He gave us the most busy hours on social medias, in order to get more 
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visibility. He also told us that it was very important to make sure that our posts were 

politically neutral. 

To apply his advice, we made a social media post planning, in order to organize 

ourselves, prepare some posts in advance and be able to cover an event without 

changing our posting rules.  

 

Most of the experiments took place inside the laboratories of the Institut Pasteur. 

They provided us two laboratories with the equipment we needed.  They enabled 

us to buy all of the consumables, laboratory objects and chemicals we needed.   

 

The scientific network inside the Institut Pasteur helped us getting access to small 

amount of specific biology products that we would not have had the time to make 

or the money to buy it ourselves.  We also had the opportunity to freely use the 

services of other laboratories of the Institut Pasteur. For example, we had the chance 

to observe our microfluidic chips with highly advanced optic materials from the 

imaging department and we were able to characterize some of our proteins thanks 

to one of the institute’s mass spectrometers. 

Experimental progresses of the NeuronArch project have been possible thanks to 

scientific equipment of the Institut Pasteur. 

 

2. Sponsors  
 
Even though we had a tremendous financial, material and human help from the 

Institut Pasteur, all the members of the team worked on finding new partners for the 

project. Three kinds of sponsors have been supporting the team so far:  

   
a. Financial sponsors  

 
Finding funds is essential in a project’s development, in order to buy materials and 

communication supports for example. Therefore, we established a sponsoring 

strategy built on our ability to communicate. They would help us in different ways 

(financial support, donation of scientific material), in exchange of various kinds of 

exposure (social media, logos of the sponsors on our various communication 

supports) and according to a scale.  
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Inclusion of the sponsors’ logos on our communication supports includes posters, 

flyers, social medias and the slide presentation in Boston.   

 

Here is a non-exhaustive list of companies which benefited from our exposure in 

exchange of a certain amount of money:  

       - ESPCI Paris  

       - Sup’Biotech  

       - The French National Institute for Agricultural Research (INRA)  

       - Toulouse White Biotechnology 

       - Centrale Supelec Fondation  

       - Calimed Santé  

       - The Office for Science and Technology of the French Embassy  

 

To let the public support us, we also started a crowdfunding on the platform Thellie.  

 
b. Material sponsors  

 
 
Since a part of the money given by financial sponsors and the crowdfunding would 

be used to buy laboratory equipment and materials, we were also looking for 

sponsors that would give us specific materials in exchange of exposure. Here is a 

non-exhaustive list of companies which benefited from our exposure in exchange of 

specific materials:  

- Geneious  

- MathWorks 

- Rainin 

- Thermo Scientific Intruments  

- Sterlitech  

- New England Biolabs 

- Ozyme 

- BrainBits 

- G20 Supermarkets 

- Eurofins Scientific  
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- The Laboratory Macromolecules and Microsystems in Biology and Medicine of 

the Institut Curie.  

 

C. Management team 
 

Since the team is only composed of 24 people, each and every one of us belongs to 

the management team. During the two weekly meetings, all team members 

explained what they did since the previous meeting and what the goals were for the 

next one. Due to the very small size of the team, every member has to learn and 

perform tasks out of their original work field. However, each group of students brings 

its own expertise and expose its plan regarding each field during weekly meetings. 

 

The designers of the team first took care of all the communication plan of the 

company (creating logos and graphic charter, editing posters...) and then started to 

build the first prototypes of NeuronArch using graphic design software and 3D 

printer.  

Students in biology and engineering wrote the specific DNA sequence to make our 

bacteria work in the expected ways and then carried out the work in laboratories. 

Other engineering students modeled the microfluidic chips to test the final 

prototype and created various computer simulations of the project. 

Law students worked on the ethical issues surrounding the NeuronArch project and 

made a discussion paper on medical devices. 

Each and every student took part in the organization of events, represented the team 

at foreign events, searched for funds and met experts and people who could be 

affected by NeuronArch.  

 

This multidisciplinary aspect is what makes our team very strong. While each student 

can bring its own expertise, it can be questioned by the other members, bringing a 

new perspective to a given matter. During the weekly meetings, every student gave 

its opinion on each other past realizations of the week. Unlike separated 

departments in big companies, the different working groups were able to 

communicate with one another. The scientific innovation was always linked to a 

social thinking process. We kept wondering how this innovation would bring changes 

in our society. 
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D. Intellectual Property 

 

Our work has been relying mainly on open source science, none of our scientific 

innovations are protected for the time being.  

 

Only the logo of NeuronArch (Figure 11), which has been file, for legal proof purposes, 

by the Institut National de la Propriété Intellectuelle (INPI), belongs to our team.  

 

However, the team intends to protect the scientific innovation by filing a patent for 

our bionic prosthesis using genetically modified bacteria integrated new innovative 

properties.  

According to the INPI, three criteria must meet in order for an invention to be 

patentable. These are the following: 

- The invention must stem from an “inventive activity”, meaning that the “technical 

solution to the technical problem” must not be obvious for a “person skilled in the 

art” 

- The invention must be “new”, meaning that it cannot have been made public at the 

time of the patent application.  

- The innovation must have “industrial applications”, meaning a part of the innovation 

can be industrially built and sold to a given market.  

 

NeuronArch meets all three criteria. 

  

- the “inventive activity” criteria is fulfilled, since we met experts and persons skilled 

in the art who were impressed and confide us they had never thought about the use 

of a biofilm as an interface instead of its removal. 

 

- The invention is “new”, as such an invention does not exist at the moment and as 

our team did not made our invention public. According to French law, an invention is 

considered as “new” when it is not included in what is called “state of the art”. The 

state of the art is everything that has been made accessible to the public before the 

patent application thought a written or oral description, by usage or every other 
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mean. It is important to note that the description must be precise enough to be 

reproduced, to be seen as included in the “state of the art”. As we never described 

our project in such a detailed way, paying attention to what was written and said in 

all of our presentations, our invention cannot be seen as included in “the state of the 

art” and is “new” according to the French law. 

- Finally, the “industrial application” criteria should also be proved since we worked 

on the manufacturing aspect of the project. We focused on which materials should 

we use to build the interface, regarding rarity, cost and relevance to our project. The 

materials chosen were titanium (for its biocompatibility, resistance and low density) 

for the implanted tube, biocompatible plastic for the protection and the plastic ABS 

(Acrylonitrile butadiene styrene) for the interface itself because of its moldable 

properties.  

 

We concluded that it could be built industrially and that there was a targeted 

market, as explained previously in this paper.  

 

In conclusion, the biomedical interface NeuronArch should be patentable.  

 

In case of a future commercialization, the whole design aspect of the project (the 

esthetical aspect of the NeuronArch product) will also need to registered at the INPI, 

under industrial design right. 

 

E. Company History  

 

The team advisor Dr. Deshmukh Gopaul recruited all the members of the team 

during February 2018. Once the team was built, the process of finding the right 

project to work on began and lasted one month. The final project was approved both 

by the team and the direction of the Institut Pasteur. Then, the real work began. 

 

We thought about a name for the project, a logo and a graphic charter. We started 

establishing communication supports and then, once the team decided what the 

main ideas were, what the project should embody, we began talking about it to 
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different actors (scientific experts, sponsors...). We started attending events related 

to our subject, meeting people and organizing our own events.  

 

At the same time, we worked on the scientific aspects of NeuronArch. We 

researched on the pre-lab work (elaboration of the DNA sequences, bibliography, 

protocols...) from March to June. 

It was challenging for a group of students to deal with both their lectures and school 

obligations on one hand and building the project on the other hand.  

 

We then carried on the lab work during the summer inside the laboratories of the 

Institut Pasteur.  This period was a time where we could finally see our project being 

built. There were results that pushed us down and others that brought us hope but 

we never gave up. All the positive results brought the project closer to its realization.  

 

During this period, we also created the website of NeuronArch, on which was put all 

of the work we achieved so far. Creating a website was challenging, but it was a way 

for everyone to look back at all the precious moments of the past year we had and 

to participate in a common task.  

 

Convincing the jury is what is left to be done. In October 2018, the whole team will 

be going to Boston to prove that NeuronArch is the best project among the 300 other 

projects that will be presented at the Giant Jamboree, the last milestone of the 

competition.  

Since early September, we have been working on our final presentation. Our desire 

is to make the jury, the audience and the whole world see what NeuronArch stands 

for: a major innovation in the field of biotechnology, essential for millions of people 

today and more to come.  

 

F. Ownership and Structure 

 

Due to the small size of our team and the fact that we have been working inside the 

Institut Pasteur the whole time, the legal structure of the company remains 
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uncertain. However, two French legal structures could fit our objectives in case of a 

marketing of a NeuronArch product.  

 

-The SARL (“Société à Responsabilité Limitée”) is the most used kind of company 

when people want to start one. At least two people must manage a SARL. Regarding 

government controls, creating a SARL is an advantage since there is no minimal 

capital required. However, all the members of the SARL are legally responsible of 

all of the acts concluded within the company and there cannot be more than 100 

employees in a SARL. 

 

-The SAS (“Société par Actions Simplifiées”) is another common used kind of 

company, especially for startups. Not only there are no minimal capital required, but 

there is no limitation regarding the number of employees. The SAS is known for not 

being strongly affected by governments laws: the owner is given plenty of liberties 

on how he wants the company to run (requirements for entry, behavior regarding 

investors, creation of administration councils...). However, the fact that the 

government does not intervene is a double-edged sword. Indeed, an entrepreneur 

willing to put the SAS label on his startup company will have to set up the company 

statutes. It often requires a long and thorough intervention of an outside legal help, 

which can be expensive.  

In our case, the presence of two law students in our team might help to overcome 

this issue.  

VIII. Financial Plan  
 
 

A. Use of funds 
 
You can find below a summary of our spending for the summer (Figure 19). 

Of course, is only included the material we had to buy ourselves. Lab equipment, 

such as hood, incubators, freezers, fridges, centrifuges and other dispensable 

material for bacterial culture (petri dishes, rakes, etc.) was provided by the Institut 

Pasteur as well as 3D printers. All other materials were donated by our sponsors.  
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Figure 19: Summary of the iGEM Pasteur Paris 2018 team expenses.  

By removing the expenses surrounding the iGEM competition, our laboratory cost 

budget reached around 11,000 USD for two and half month of experiments inside 

the Institut Pasteur, exclusive of the material offered by some of our sponsors. Have 

we had to buy the machines, our cost budget would have reached around 90,000 

USD for the purchase of a refrigerated centrifuge (15,730 USD), Mini Spin (1,490 

USD), Stackable C02 Incubator (10,250 USD), Incubator shaker (12,000 USD), 

Spectrophotometer (2,000 USD), CryoCube (20,850 USD) and Hood (8,000 USD). 

 

B. Source of funds 
 

This year, our project was financed mostly by our sponsors. We hope to continue 

our collaboration with them, as well as creating new ones in the future and bring 

NeuronArch to another level.  

 

NeuronArch is not only an iGEM project, but also a project of the Institut Pasteur, 

since the majority of our funding is coming from the institute (Figure 20).  
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Figure 20: Sources of funds.  

 

As we saw in the summary of expenses (Figure 19), the funds the Institut Pasteur 

gave is just enough to take in charge the trip to Boston for the whole team. We had 

to find other sources of funds. For this, we targeted schools from our team members 

(ESPCI Paris, school of 3 of our members; Sup’Biotech, school to 3 of our members 

as well as CentraleSupélec, school to one of our members) but also suppliers such 

as Toulouse White Biotechnology, New England Biolabs, ThermoFischer Scientific, 

Promega, Ozyme, BrainBits and private companies. Some sponsored our project by 

giving us financial support (Figure 20) while others landed us or gave us material 

and consumables (Table 12). All of that retailing for slightly less than 10,000 USD.  
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Table 21: Electronical components of our prototype. 

. 

By combining our two sources of sponsors, we accumulated around 72,609 USD to 

register the iGEM Pasteur Paris 2018 team for the competition, register each 

member, buy the plane tickets and housing for each member, synthesized our parts 

and buy consumables but also to design our prototype and pay for our 

communication supports (flyers, poster, goodies).  

 

To finance NeuronArch, we are planning to use the same approach as the one we 

used this year by targeting the schools of our members, but also foundations that 

promote scientific research and entrepreneurship, for example Hello Tomorrow 

(https://hello-tomorrow.org/) which is a worldwide science & technology startup 

competition for DeepTech Entrepreneurs. This way, we could have enough money 

to plan everything displayed on this business plan.  
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