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INTRODUCTION 

The present renaissance in the maker movement is coinciding 
with a rising interest in biohacking. Typical biohacking pro-
jects and topics of interest require significant breadth of ex-
pertise in design and mechatronics as well as biology. Com-
mercial products for biological research are often prohibi-
tively expensive, and may require modification or redesign in 
order to suit the requirements of some biohacking applica-
tions. Constructing equipment, however, is often well within 
the budget and capabilities of an interested maker, provided 
they can leverage the required knowledge. The breadth of ex-
pertise required for successful biohacking endeavors make the 
integration of biohacking resources a natural fit for academic 
makerspaces in particular, given the resources available and 
the potential gains for research and curricular integration.  
In this project, a peristaltic pump was constructed for use in a 
bioreactor, a device for growing cultured meat. A brief over-
view of the pump design and construction process is included 
here to illustrate the levels of complexity and resource needs 
to be expected in biohacking projects. This is followed by a 
discussion of how makerspace resources can be leveraged to 
encourage biohacking, and the role of academic makerspaces 
in the development of cultured meat technology. 

PERISTALTIC PUMP CASE STUDY 

A. MOTIVATION 

The current model of animal agriculture for the production of 
meat is unsustainable. Animal agriculture is a massive yet of-
ten ignored contributor to climate change, environmental pol-
lution and contamination, deforestation of the rainforests for 
animal pastures and feed crop farms, increasing bacterial re-
sistance to antibiotics, and food and water resource overcon-
sumption [1] [2] [3]. Attempts to convince the public to 
change their diets through data presentation is a largely inef-
fective way to reduce their consumption of animal products. 
Consequently, interest has been building over the last decade 
to replace meat produced from animal agriculture with meat 
produced from cellular agriculture, a more environmentally 
friendly industry. 
In vitro meat, or cultured meat, is meat grown in a bioreactor 
(see Figure 1). Designing bioreactors that can support the 
growth of living tissue is one of the numerous technical chal-
lenges of culturing meat. The authors of this paper identified 
and addressed one of these bioreactor design challenges in-
volving scale-up. Scaling up the volume of meat produced in 
a bioreactor requires finding methods to perfuse cell culture 
media, a blood substitute in essence, throughout the tissue. 
This can be accomplished by growing vasculature in the meat 

and pumping culture media through the tissue to facilitate ox-
ygen and nutrient distribution. The authors designed a proto-
type of a peristaltic pump that can be placed in a cell culture 
incubator or integrated into a bioreactor (see Figure 2). The 
execution of this project was critically dependent on having 
access to the think[box] makerspace at Case Western Reserve 
University, and highlights the usefulness of such spaces on 
innovation in the DIY biology and the in vitro meat maker 
communities. 

 

 
Figure 1: Cultured pork grown at Kent State University. (Top) A basic 

light microscopy image of elongated pig muscle fiber cells that are char-

acteristic of meat. (Bottom left /right) Immunofluorescence imaging of 

pig muscle cell cultures identifying different proteins in the cells 

B. PUMP DESIGN 

A low-flow pump with precise controls was required to con-
tinuously feed cell culture media into a fabricated vascular 
system. The pump needed to fit within a cell culture incubator 
and simultaneously service eight separate tissues. The ability 
to sterilize all components that physically make contact with 
the media was critical to avoid bacterial contamination of the 
tissue. While the peristaltic pumping mechanism was an ap-
propriate choice for the fixture, industrial models are limited 
in customizability and are often designed to service only one 
or two tubing circuits, limiting the sample numbers that can 
be run simultaneously. 



  

 

 

 
Figure 2: (2a, Top) Overview of both pumping and controls modules 

(2b, Bot) Up close view of pumping module 

These industrial pumps are also commonly too large or heavy 
to fit inside the shelving of a standard-sized cell culture incu-
bator. The selling price typically starts around $350 and 
ranges to thousands of dollars. This project required a custom-
izable and low cost pump, so three pump prototypes were cre-
ated using Makerspace resources. 

C. DISCUSSION 

Importantly, our project requirements have highlighted a 
broader issue within biological research: the need for highly 
customizable and low cost solutions for wet lab equipment. 
Instruments used in academic research are routinely over-
priced and need additional customization, and the access to 
which is limited to what can be afforded through grant fund-
ing or the availability of shared equipment at universities. 
Makerspaces connect researchers to resources that fill the gap 
between their requirements and what is available to them. 
This is especially apparent in the DIY biology/biohacking 
community, where citizen scientists have designed apparat-
uses used for biological research, such as cell culture incuba-
tors and fume hoods. The project cost less than $300 to pro-
duce using makerspace resources, where industrial versions 
of these products are several thousand dollars. Through our 
experiences, we have shown that makerspaces can empower 
in vitro meat researchers the same way they empower the DIY 
biology community. 

LEVERAGING MAKERSPACE RESOURCES 

D. INSTITUTIONAL COLLABORATION 

Our team of three includes one tissue engineering student 
from Kent State, one mechanical engineer from industry, and 
one electrical engineering student from CWRU. This collab-
oration was possible because of think[box]’s status as a public 

makerspace, and exemplified think[box]’s goal “to change 

the social culture of Case Western Reserve and Northeast 

Ohio by encouraging cross-department and cross-institution 

collaborative endeavors that push creativity and innovation 

to their limits.” [4] 
In order to encourage such collaborations, we suggest a recip-
rocal membership program among universities. For univer-
sity-based makerspaces whose access is restricted to students, 
faculty and staff, such a program would improve institutional 
interchanges among both users and managers of makerspaces. 
The communication between universities required for main-
taining such a program will also provide an impetus for man-
agers and staff to share best practices with one another. Fur-
ther, there are merits to extending such reciprocal access to 
local secondary schools, particularly STEM schools in under-
served communities, to encourage student mentorship and im-
prove community engagement. [5] 

E. ACCESS 

A principal roadblock our team encountered was obtaining 
consistent access to think[box]. The expansion of evening 
hours on selected days of the week has been an effective 
measure to combat this problem, but may not permit enough 
time for involved projects. Offering 24-hour partial access to 
the university community at large can do a great deal to sup-
port makers working full time during the day. [6] Notably, 
operating on an informal 24 hour schedule helps keep the 
space from being oversubscribed during regular hours, reduc-
ing the burden on resources, users and staff. The costs of such 
increased access, of course, are the added liability and logis-
tical difficulty associated with unsupervised use. Liability is 
already addressed by establishing levels of access: at 
think[box], students working at night can, per the Access 
Level system, use rapid prototyping equipment such as laser 
cutters and 3D printers, but not higher level equipment such 
as the metal shop. Since the laser cutters and 3D printers are 
the most frequently used resources available, this limitation 
does not constrain the majority of projects. 
To improve the utility of 24 hour access, we suggest a 
“drop[box]” program. Currently, student workers at 
think[box] have sole access to material cages for purchasing 
items, checking out 3D printer filament, etc. In the drop[box] 
system, a patron would pay online for materials to pick up 
during off hours. A student worker would stow the purchased 
materials in a locker situated in the public portion of the mak-
erspace, and provide the customer with a temporary combina-
tion via email. Upon arriving during off hours, the customer 
would open the locker and retrieve their purchased materials. 
Such a system could also be used for borrowing tools and ma-
terials, such as 3D printer filament, for use in rapid prototyp-
ing machines. 

F. TOOLS 

The peristaltic pump was constructed using the Epilog laser 
cutters, 3D printers, and the electronics bench and fastener 
collection at think[box]. These tools are versatile, but the de-
sign was constrained, to its detriment, by the lack of some 
tools. A lathe and other metal fabrication tools would have 
offered significant capabilities for improvement: we could 
have machined shafts instead of relying on bolts and used a 



  

different design for the pump head with tighter tolerances, 
which would have lessened the problem of tube drift. Overall, 
the design would have been smaller and more robust. This 
demonstrates how machine shop access and support remains 
a crucial aspect of moving projects forward from the initial 
prototype stage, for refinement and/or commercialization, and 
should not be overlooked.  
The resource deficits at think[box] and access road blocks we 
identified while making this project are supported by a previ-
ous ISAM-published 2016 MIT student survey by Culpepper 
and Hunt (see Figure 3, reproduced from figure 7 of that pub-
lication). The survey asked what tools students felt were es-
sential for a makerspace. We cross referenced the tools avail-
able at think[box] to this data set (adding the far right col-
umn), and the primary resources that would have been helpful 
to our project, but were unavailable, were ranked highly on 
the list. These resources included a metal fabrication tools 
(such as a lathe) and a water jet. 
 

 
Figure 3: Results of Question: If you could design your own makerspace, 

which tools, technologies, and equipment would be essential, nice to have, 

or excluded? The middle columns represent responses of - A: Essential, B: 

Nice to have, C: Excluded, and D: Ambivalent [6], and we have added  cross 

references against equipment available at think[box] in the right-most col-

umn. Y=yes, equipment is available at think[box], N=no, the equipment is 

not available 

G. SUPPLIES 

Several COTS (commercial off-the-shelf) items were indis-
pensable in the construction of the pump, and, if kept in stock, 
would likely prove useful for a range of projects. For electro-
mechanical devices such as this one, the inclusion of micro-
controllers (Arduino, Raspberry Pi), a range of NEMA step-
per motors, and motor drivers (e.g., the Pololu DRV8825) 
among items available for purchase is recommended. A selec-
tion of breadboards and discrete circuit components would 
also be of use. Ultimately, a system for users to suggest new 
stock items would allow gaps in component selection to be 

naturally addressed and filled, improving project turnaround 
time by eliminating shipping delays. 
 

 
Figure 4: (4a, Top) DIY chemical hood developed by Open Science Net-

work 

(4b, Bottom) CRISPR kits from the OSN workshop 

MAKERSPACES FOR BIOHACKING 

H. DIY BIOLOGY FACILITIES 

Precedents exist for building biohacking makerspaces. These 
spaces can typically be found in major cities in the US and 
Canada. A thriving DIY biology space in Vancouver, Canada, 
called Open Science Network (OSN) provides an excellent 
example of the possibilities of such communities. OSN has 
utilized traditional makerspace resources to fabricate equip-
ment such as chemical fume hoods (see Figure 4a) This com-
munity has also obtained Biosafety Level 1 status and has re-
cently started a workshop teaching community members how 
to use a genetic modification technique called CRISPR (see 
Figure 4b) from CRISPR workshop). The CDC’s Biosafety 
Level 1 requirements, meant for laboratories handling non-
hazardous biological materials, dovetail neatly with the pro-
tocols of existing engineering makerspaces seeking engage-
ment with the biohacker community [7]. In the event that a 
user requires a BSL-2 lab, partnerships with nearby laborato-
ries and professors can give their project a place to grow 
offsite. This is a service academic makerspaces are well-posi-
tioned to provide. 

I. TECHNOLOGY DEVELOPMENT THROUGH MAKERSPACES 

That the path of bioengineering technologies, particularly cul-
tured meat, would pass through makerspaces is fitting as well 
as likely. A familiar template for this style of hardware devel-
opment already exists in the history of the desktop 3D printer. 



  

The Makerbot, as we know it today, is descended from the 
RepRap, a crowdsourced initiative to develop an open-source, 
affordable, self-replicating 3D printer. When RepRap began 
in 2005, no such printer existed, and users were faced with a 
range of technical barriers. Through a strong maker commu-
nity, who collectively donated thousands of hours, docu-
mented and freely shared their findings, refinements were de-
veloped to tackle these roadblocks and substantially further 
the technology development curves for affordable additive 
manufacturing. That RepRap was founded at the University 
of Bath underscores the importance of academic involvement 
in a project of this format. [8] 
The concept of the cultured meat bioreactor today has much 
in common with that of the desktop 3D printer in 2005: It 
doesn’t exist, but a nascent maker community wants to see it 
become accessible and robust; commercial versions are buggy 
and prohibitively expensive; and the technical challenges 
along the way require collaboration between disciplines and 
considerable legwork. This is a challenge perfectly suited to 
the academic makerspace. 

CONCLUSION 

Technological innovation for in vitro meat can happen in in-
dustry, academia, and through citizen science in the DIY bi-
ology/biohacking community. While financial resources for 
R&D may be readily available in the private sector, limita-
tions exist for academics and private citizens who want to 
contribute to this field. Makerspaces offer an opportunity for 
low cost resource and knowledge sharing that traditionally oc-
cur in a top-down and centralized manner. These workspaces 
allow rapid design and development of basic equipment at a 
fraction of the cost of what can be purchased commercially, 
and, importantly, facilitates customizations required for inno-
vation in in vitro meat research. The DIY and biohacking 
community are uniquely outfitted to pioneer innovation in this 
field due to having interest in biology and being members of 
the maker community. Makerspaces facilitate biohacking by 
empowering cultures, communities, and individuals; decen-
tralizing resources; and lowering entry costs for participation 
and innovation. Setting up DIY spaces for biological research 
requires an interdisciplinary effort involving mechanical, 
electrical, and design expertise, as well as knowledge of re-
quirements for biological research. Makerspaces unite all the 
resources and communities needed to foster interdisciplinary 
innovation and research. 
Our team structure grew organically as we tried to find re-
sources to complete our project. We essentially bootstrapped 
a biohacking space by utilizing separate facilities across dif-
ferent cities. By the end of the project our team structure val-
idated the theoretical model laid out in a paper from ISAM 
2016 on Biomanufacturing spaces [9]. This model stated that 
a biohacker space needs three zones of expertise and equip-
ment: mechanical fabrication and prototyping, electrical test-
ing and fabrication, and a biology wet lab for biomanufactur-
ing. We used the electrical fabrication tools at think[box] and 
the Sears Undergraduate Design Laboratory; the mechanical 
fabrication took place at think[box], the Kent State technol-
ogy lab, and in industrial settings; and all of the biology work 
occurred at a biology lab at Kent State. Altogether, we utilized 

5 different spaces to complete this work, which involved 
countless hours of driving. The limited accessibility we had 
to all of these locations, due to variable hours of operation, 
greatly lengthened the time it took to complete this project. 
Having a centralized biohacker space in northeast Ohio would 
have substantially simplified the logistics of the execution of 
our bioreactor project, but this project couldn’t have been suc-
cessful without makerspace resources already in place. 
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