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Biomaking & Biohacking

Biomaking - Making with Biology

e Grow materials out of fungus, bacteria, and other
organisms

e Students learn about the invisible living world around us

e Connections to global cultures that make, eat, and use
materials that might seem “yucky”

* Understand global ecological issues

e Accessible now

Biohacking - Biology Making
e Synthetic biology

e Design with biological materials, including manipulating
genetics

e Students learn how biology is another tool for design.

e Connect to cutting edge real-world research and
applications: new drugs, bacteria that detect chemicals, -
smart materials, programmable bio-organisms

e For brave pioneers Genetica"y mOdifie
bacteria glows in
presence of pollution




Starting Biomaking

1. Mycelium fungus. The root structure of fungus can be
coaxed to grow into a wide variety of shapes and
properties from flexible leather-like to styrofoam to
wood-like and more.

2. Kombucha leather. Bacterial cellulose sheets of leather-
like material that are grown by creating a culture of
bacteria and yeast in kombucha (fermented tea).

3. Bioplastics. Easy to use materials like agar (red algae) or
chitin (crustacean and insect shells) can mimic plastic
material.



Mycology

® The root structure of fungus E
(mycelium) can grow —
materials that act like
styrofoam but are 100%
compostable

= P

® Packaging, acoustics, insulation,
containers

® Fungi Mutarium eats plastic
and converts it into an edible
material.

© 2022 Sylvia Martinez



Mycelium-based products are available NOW.
They can be grown into molded shapes of
varying weight, strength, and flexibility

ecovative

We grow materials.

Grown molded shapes

High performance foams



Fungus as a Design Material
youtu.be/[BXGFOk5 Rs




Growing mycelium as a building material

Step 1 Step 2 Step 3

Grow fungus in bark Grow for 1-2 weeks Bake at 200 degrees

that has been sterilized fahrenheit for a few howr's.
and then incubated with

fungus. Press into mold

forms.




used with permission - Corinne Takara



Corinne Okada Takara
@Cornnefakara Follows you

Artist and arts educator who enjoys following and working on
collaborative public arts projects. Also, diving intoc bio materials
nestmakerspace.weably.com

© Cupertino, California (&’ okadadesign.com
M Joined October 2010

1,854 Following 1,804 Followers

@) Followed by co.lab [/ Community Makers, AngelaSofia
Lombardo, and 217 others you follow

Tweets Tweets & replies Media Likes

Corinne Okada Takara @ Cornnelakara - 2nh

‘ Teens’ 2 part mix & match creature planter containers.
vacuum forms of these grow mycelium. Team iterating
designs 4 better molded cavity

Corinne Okada Takara @ Cornnelakara - 2h

Teen #blotinkering project logo 4 @Siocesigned. They're
creating toy kits that explore growing mycelium &
kombucha leather as creative building materials. Anne's
notebook sketch led to group sketching which led to them
creating final rendering. Project website up soon 4

@FablLearn
) E-l
v !

ccovative and 9 others
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Corinne Okada Takara @ Cornnnelakara - 20
Template for Petri dish kaleidoscope will be up on their
website soon.

‘.\} ‘.-. 1 ™7 4 4

Show this thread

Corinne Okada Takara “Cornnelakara - 2n

Teen @Biodesigned team designing Petri dish
kaleidoscope 4 extended play w/ bacterial cellulose
scraps. #biotinkering #frugalscienceplay
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aC0BY KIT CLITK HERE
FUN-OLUS RIT CLICK HERE

@ GIY Bio Buddies & -~

Watch later Share
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* ! MYCELIUM FUN FACTS!

A mushroom is the fruiting
body of a larger organism
that is mostly underground in
the form of mycelium - the
root-like mass of branching :
single-cell strands called hyphae.

Mycelium

Fun facts cards - GlY BioBuddies

\

)

Fungi are n

. MYCELIUM FUN FACTS!

ot animals or plants. They belong to their own kingdom.

Did you know that the biggest organism on earth is a fungus?

Did you know that trees and plants depend on fungi? Fungi extend
roots and enable communication among trees.

Fungi are more closely related to animals than to plants!

Mycelium is the root-like structure of filamentous fungus and, as
a material, is water and fire resistant.

https://giybiobuddies.weebly.com/resources.html




Shop Learn Blog Contact + FAOs  Forum

Grow-lt-Yourself Material

S513.00
sRect a substrate uanrtity
Criginal Blend (Hemp hurds] | y 2

A2 T3 CART

This bag of Grow -t-Yoursel? MushroomE Material is The
parfact way to bring vour Earth friendly creations to lifel
Whaether you have a procuct idea in mind. or just want to
pxpBErimant with the materisl at home, GIY Mushroomd® Matarial
i meant for you!

WE ARE NOT CURRENTLY |
INTEIMAT OMNALLY, IF YOUS
AMERICA. PLEASE ORDERJ

How-to Videno

Instructicns

Matarial Specs

= Dznsity: 7.6 lbs/ft
« Compressive Stress/5S5trength at 15% comprassian: 18 psi

» Flexure Strength: 34 psi

Each bag will grow T2 fill 01277 (3298zm?).

I




Growing options

* Buy prepared mycelium incubated bark
material. Costs $$ but less chance of
contamination.

e Grow your own mycelium using mushrooms
and cardboard. Or buy pre-packaged spores.

* Add mycelium to bark, coffee grounds,
ramen, or other material to grow into building
material. (Note: this material must be
sterilized with a pressure cooker, autoclave,
or pasteurized with a crockpot)

e Collect data and experiment with growing
conditions

e BSL 1 Lab protocols - found in most high
school bio labs.




Mycelium Resources

Evocative - Design resources ecovativedesign.com. Buy the GIY
material grow.bio

Growing mycelium - biofabforum.org/t/growing-materials-at-
home-hard-mycelium-materials-manual/201

Erik Nauman blogs about his classroom lessons learned making
mycelium packaging - metatek.blogspot.com/2019/03/learning-
with-mycelium-packaging-of.html

Mycoworks - Fungus-based leather http://www.mycoworks.com

Mycoworks video - youtu.be/IBXGFOK5 Rs

Fantastic Fungi - a documentary about how mushrooms might
save the planet fantasticfungi.com

Radical Mycology -a book and website with essays about the
importantance of fungi to the world and resources for growing
radicalmycology.com

Dezeen - Mycelium projects (wide variety of difficulty)
dezeen.com/tag/mycelium-design/

Midwest Grow Kits - buy pre-packaged spores and other
mushroom growing products midwestgrowkits.com

#biomaking

Follow #mycellium
@FantasticFungi

7 Artist. BCsweeneyirtlst - Mow 22 2018
Tha Eethat gct me into Bio design, given to me by the cne ans only
mroor nretakara a few yaarz age. I'm rearranging my studio, and | had to
A5t agam,
wmycellum fhiodesign fart fdesign wsweeneyartist fphiily
o1t 349 ]

Erik Nauman @apenblackiaarn - Dec 24, 20059
#hfyoa lum tres ornamentsl Sne tumed into a swamp menster ara one

i
became a coal Santa,




Starting Biomaking

1. Mycelium fungus. The root structure of fungus can be
coaxed to grow into a wide variety of shapes and
properties from flexible leather-like to styrofoam to
wood-like and more.

Kombucha leather. Bacterial cellulose sheets of leather-
like material that are grown by creating a culture of
bacteria and yeast in kombucha (fermented tea).

3. Bioplastics. Easy to use materials like agar (red algae) or
chitin (crustacean and insect shells) can mimic plastic
material.



SCOBY - symbiotic culture of bacteria and yeast

-

;I =‘L} instructables cooking [ Projacts

Comnmuniky l

How to Grow a SCOBY

Sy Gybardkaws n Conklag - Hamebrs O 1 R7 P0G

By Lukas Chin - Own work, CC BY-SA 4.0
https://commons.wikimedia.org/w/index.php?curid=39194866

Lw Ly CyberJaws

By Hexatekin - Own work, CC BY-SA 4.0
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Left: Growth of cellulcse with Kombucha.

Righi: Wel Kambucha cellufose f=1 o dry.

Left. Suzanns Les draping the wet Kombucha cellulose cnio a mannsguin.
Right: The dried gamrmant mads out of bactenal cellilcse.

Pieces of ‘Kombucha Couture' by Sacha Laurin.

IASTOMPANY

This new edible packaging is grown
from kombucha

Seany [coks ke 2 dricd plz Bladaer s actually ohe pracuct of Termentatier, aad |t could
let parmers greoe thelr cin Dackaging.

1.4 IPasre: sedriesy Boze Januszz

0600

BY JESUS DIAZ ! M ML IF KEMAD

Polizh design student Boza Januss describes hier wook as ™'a process
between making and growing.” Scobv=her graduation project sl

the School of Form in Poznan, Poland-is a pecfect sxample cf this
philosophy. Scoby is 2 brelegical. fully edible, hally recvelable packaging
anlutien that can be grawn hy farmers {0 wrap their products and bring

them o market with aoro wasie.
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Elena Amato creates sustainable cosmetics packaging from bacteria

000500

Motsshah Hitt | 28 February 2019 | Leave o comment

Guatemalan designer Elena Amato has eraated sheets of bactarial cellulose with paper- -

like qualitias az a suvstainable alternative to the plostic packaging uged in parsonal care

products. IKEA and Desizn Indaba
The bacterial celluloze sheets were developad using o mixture of water and a bacteri lauqch 'j‘-’ﬁl_'ﬂm furniture by
ST oo -t e aby) enlture, which 1s blended together betore being spread out on o tlet, African designers

45" a new tak
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McVenger Monday: Wendy’'s Widow and the SCOBY
Research

By Ashley Sohiwel lenDach
September 18, 201E
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Find at: http://bit.ly/FETCSM

https://publiclab.org/system/images/photos/000/023/355/original/k_leather_HealthMLab.pdf
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HOW TC EROW

KOMBUCHA “"LEATHER"
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Simsbury High Student Makes ‘Leather’ Out Of Kombucha

1 Ey MICHBEL WALSH
HARTFORZ COURANT | JAM 06, 2020 12:32 FM SIMSBURY

|
i J T —

Julka Sica. a Juniar st ymsbury Hig T coheol, 15 growing faws leather out ol konibucha tes. iMichee! walksh » Coura

A school projeet done by Stmsbury High School junmior Julia Sica exists at the o

ar: and science.

Sica, who i3 16, has been making faux leather out of kombucha tea, with the en

making a complele jackel cul ol the malerial,



17-YEAR-OLD ACCEPTED TO LONDON COLLEGE OF FASHION
WITH VEGAN KOMBUCHA SCOBY LEATHER DESIGN

An Australian student has created a sustainable vegan leather jacket made from kombucha, The cruelty-
free jacket is the creetion of 17-year-old Heather Weir, who created it for her higher sccondery

certificate fashion project. It earned her admission to the London College of Fashion. she’s the yvoungest
Australian to be zccepted into the program.

As reported by The Sydney Morning Herald, Weir created the materizl by following Lips [or making
homemade kombucha. She combined green tea with sugar, water, apple cider vinegar, and 3CORY
(syrobictic culture of bacteria and yeast), a slime-like “community” of bacteria that's used to ferment

kombucha. The tub was then covered with a clean blanket and lett to terment for 10 weeks.

“Lets just say my parents were very supportive,” Weir scid. "It doeg have a smell, a very strong vinegar
scent, and it walted over everything, Eut they £aid, 'She's got a vision, she wants to maxe it for a
purposze’”



Corinne Takara’s BioBuddies Kombucha Leather Sun Dials/Pockets
https://giybiobuddies.weebly.com/resources.html

GlY: KOMBUCHA LEATHER
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o HARVESTING

1) Place the SCOBY on a drying rack.
Place the rack in the sun or a bright well

ventilated space to dry.

Note: do not place SCOBY on
aluminum fail to dry as it will stick to it
(we found this out the hard way). A
cookie drying rack warks well.

You can also get interesting texturas by
placing the SCOBY an a textured farm

like envelope embossers.



Corinne Takara - used with permission



Bacterial Cellulose Resources

NEST Makerspace - nestmakerspace.weebly.com

Corinne Takara - Winning BioDesign Challenge Project
giybiobuddies.weebly.com

BioDesign Competition - biodesignchallenge.org

The Tech Interactive Museum BioDesign Studio - thetech.org/
biodesignstudio

Suzanne Lee TED Talk - How to Grow Your Own Clothes
ted.com/talks/suzanne lee grow your own clothes

Public Lab - Kombucha Leather open resources and Q&A
publiclab.org/wiki/kombucha-leather

Parsons Healthy Materials Lab - Recipes, guides, research
healthymaterialslab.org

Materiom - recipes materiom.org

|Is Kombucha Alcoholic? - delishably.com/beverages/Is-
Kombucha-Alcoholic

#biomaking
#kombuchaleather
Follow #biofabrication
#veganleather
Carinne Okada Takara ECorinnaTakara - Oct 19, 2018 W
“ Colored kembucha leather grewning, Deet julce for hot plnk & turmeric far
yellow. #biomaking #bolinkering #baclorialcel vose

Katie Sadaphal @xatizSadsphal - Mov 21, 2019 i
Meving along with sur 5 project @Cflectivigral or. Wa've made our
melds with #Fmscellur, latarour wings w' #kombuchaleather. Making
lhis possible with @atlen@aSTEAN @CorinneTakara. sustaimak lefuture
@AlS_Fagkes BolamesPHodpkins 2L earmnglon mpact #learnimgisiun




Starting Biomaking

1. Mycelium fungus. The root structure of fungus can be
coaxed to grow into a wide variety of shapes and
properties from flexible leather-like to styrofoam to
wood-like and more.

2. Kombucha leather. Bacterial cellulose sheets of leather-
like material that are grown by creating a culture of
bacteria and yeast in kombucha (fermented tea).

Bioplastics. Easy to use materials like agar (red algae) or
chitin (crustacean and insect shells) can mimic plastic
material.




B

“The world has produced over nine
| i billion tons of plastic since the 1950s.

T BT

s 165 million tons of it have trashed our
Sk ocean, with almost 9 million more tons |
*Jx
‘_enterlng the oceans each year. Since - &=
= ﬂ‘only about 9 percent of plastic gets  # gfi;?"“-' ‘ '.-f o
@% “recycled, much of the rest pollutes the * \‘
~environment or sits in landfills, where |t
can take up to 500 years to
édecompose while leaching toxic

chemicals into the ground.”
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»
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T . BN T 7R AR S
- The Truth About B/oplast/cs Columbla Umvers:ty Earth Inst/tute < .



Bioplastics

Chitosan (shrimp shells) second most abundant organic material on Earth

Water soluble 3D p
architectural panels made from
shrimp shells with light sensitive

o organisms trapped in air bubbles
Wyss Institute for Biologically Inspired Engineering Neri Oxman. MIT

& UL vylvia vial Lo




Ooho!

~dible anc Dodecraddiie.
The allermalve o plaslic
Clenn is 2 flexible packaging for Beverages aned

salces [1's mace frore Mesala, our mseecial
bining seawead 2nd plants. Ocba

London Marathon Runners
Were Handed Seaweed
Pouches Instead Of Plastic

Bottles notpla.com
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LEGO now uses a

polyethylene plastic made .
from ethanol produced
from sustainably sourced
sugar cane for the trees,
leaves and other
vegetation in Kits. It hopes
to produce all LEGO
pieces from the bioplastic
by 2030.




Best materials for classrooms for
bioplastics investigations

e Agar (agar agar) - Red algae. Used
iIn Japanese cooking, petri dishes.

e Chitosan - made from chitin (mainly
shrimp & crab shells). Used as a T —— T
natural bio-pesticide, water filter, ooshdveibec
bioadhesive, wound dressing. -

* (elatin plastic - easy to source and
make (but is an animal product).

A blood agar plate used to culture bacteria and diagnose
infection

source: wikimedia



Classroom friendly
bioplastic recipe

e Agar agar, glycerin, water
 Dried agar agar bars can be
purchased at Japanese markets
» Powdered agar can be purchased
from a scientific supply online
stores like Carolina Biological
Supply Co carolina.com

e Cook, cool, and pour into sheets or
shallow molds

e Dry 1-2 days






Corinne Takgr‘a - used v rmission




BioPlastics Resources

Notpla Food pods - notpla.com

Wyss Institute for Biologically Inspired
Engineering (Harvard) - wyss.harvard.edu

Agar based packaging - materialdistrict.com/
article/agar-plasticity-exciting-potential-
seaweed-based-packaging/

Multiple recipes for making your own algae
based plastic making-biodiesel-books.com/
algae-bioproducts/algae-bioplastics/make-
bioplastics-from-algae/

Materiom - Chitosan plastic - materiom.org/

#bioplastics
Follow #breakfreefromplastic
#sustainabledesign
gl g AR

recipe/48. Gelatin plastic materiom.org/recipe/22

@ § . o ——
#LHESTEN

LeRoySTEM @ cHovs TEM - Jarn a8
Trying aur hand with alastics today! Plant, animal and algae #bioplastics
# d Elapciass




Outcomes

Extend projects over time, integrate with other ongoing
projects. Growing things takes time

Teach students to slow down
Improve observation skills

Improve relationship with natural world - especially “icky”
things

STEAM - artistic use of materials, cultural connections,
ecology, concern about environment

Encourage young people that the problems of the world can
be solved - by them



Circular Design

Takes into account all aspects of goo«°‘“°
product or system life-cycle, from m
material source to eventual disposal m |
Use waste-stream products as i

source materials
DESIGN

Design to eliminate waste and
pollution

£ OISTRIBUTION!
& WAREHOUSING =

jlam W]

59

Q
jam 's\'
RETA &
ETAILERS o\

Sustainability

True life-cycle costs B it

Copyright © 2019 Sand & Birch Design



Encourage evidence-based conversations

Earth Day Network € @EarthDayNetwork - Jan 2 i
There's always a huge argument about which packaging is the most
sustainable. Cotton? Plastic? Paper? Bioplastics? The truth is they each
have their own issues and the most #sustainable packaging is none at all.
#EndPlasticPollution #Reduce #Reuse #zerowaste

© 2022 Sylvia Martinez

sylviamartinez.com




Biomaking & Biohacking

Biohacking - Biology Making

Synthetic biology

Design with biological materials, including manipulating
genetics

Students learn how biology is another tool for design.

Connect to cutting edge real-world research and
applications: new drugs, bacteria that detect chemicals,
smart materials, programmable bio-organisms

For brave pioneers

ar

“ % !
i.i,,"" -

Genetically modified
bacteria glows in
presence of pollution



The Open Insulin project

Biohacking as a tool for justice, empowerment, & development

Of Bay AgBR niohackers working cyar SIMper, 'ess expensive w
ing
o+

‘u'h

HORAF TERAM

Open Insulin Project in Jean Peccoud: Open Insulin MNoel running SF Marathan
Africa : from local Keeps the Nation Safe for Open Insulin!

communities to the lab

Th e fellvwiag iz a mest wost by Jear Hi all, eiir compnitatinmal prokain
Centact With the Open Inzulin Froject Fercnd, Department of Chemical & wndeling expert Moel 12 minming tha 3an
In Eaptamaber 2017, [ gave 2 talk at the Rinlagical Enpineering, Coloradn Stace Francizen raarathor this weskane tn
Giosumimidt forganizad by KIIT- Tniversity, Jean basted Anthaney s tall raieatmnds for the project! He s mace
Medialab) on the topic : Biokacking in At a7 in Baptamber of 2006, anc wind-decrmantary ahonit the project as
Aftica ¢ a tool for justice, empowerment retnaing enpaced e tha well whick vim

atul deve lopment. Dniring



Synthetic
biology

Biomolecular
Engineering

Naturzl Macomolecules

Circuits & Fathways

Engineering = Engineering
DNA Cell-free Systams
Synthosis ‘ sngle Cells

Assarbly e Multizellular
Ceiting Craanisms

Datz Access
Design & Function
Automation

H, e
Mo 7’,‘::al th & Mgd\(‘,}“ﬁéc&a

e

€ Non-communiced”
" cehs®
Onmantal Throats | P

z

© 2022 Sylvia Martinez

® We can design building blocks

of life, combine and remix
them

DNA can now be fabricated,
genetics altered to create
desired characteristics

Don’t have to wait for
evolution

Design microbes that generate
cheap alternative energy,
attack tumors,

deliver medicine, detect
fertilizer runoff in drinking
water, reveal the location of
land mines...

sylviamartinez.com




Iterative Biological Design

® |dentify new genetic
modifications that have desirable .
characteristics - like glow in the lllull
presence of pesticides N |

® Computer models generate

DNA sequences
® Assemble DNA molecules from
: e 4o /BN
synthesized building blocks N, (@),

® TJest in living cells and compare
to simulated predictions

© 2022 Sylvia Martinez sylviamartinez.com
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About

What is IGEM?

IGEM Values

Previous Competitions
Leadership

Staff

Financials

FAQ

Contact

Blog

Programs

IGEM Competition
Labs Program
Parts Registry

Alumni

Synthetic Biology

based on standard parts

IGEM 2016 Competition

Late registration ends May 1! Late registration runs from April
1 to May 1 and is an extra $500 USD.

Visit 2016.igem.org for more information.

iIGEM 2016 Announcements

> XIUDT

INTEGRATED DNA TECHNOLOGIES

Welcome to iIGEM

The IGEM Foundation is dedicated to education and
competition, advancement of synthetic biology, and the
development of open community and collaboration.

The main program at the iGEM Foundation is the International
Genetically Engineered Machine (iGEM) Competition. The iGEM
Competition is the premiere student competition in Synthetic
Biology. Since 2004, participants of the competition have
experienced education, teamwork, sharing, and more in a
unique competition setting.

IGEM is also much more than a competition; our community has
a long history of involving students and the public in the
development of the new field of synthetic biology.

Giant Jamboree

October 27 - 31 -- Hynes Convention Center -- Boston

Join us at the iGEM 2016 Giant Jamboree! More information
about the Giant Jamboree will soon be available at
2016.igem.org/Giant Jamboree. You can find information
about the iIGEM 2015 Giant Jamboree here.

Receive up to 20 kb of free

DNA for your iGEM project
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TO BRING BIOLOGY _
Hackuarium

BIOLOGY IN A

DEMYSTIFY
. INSPIRE

Hach = Make
*i‘ wlthling matter

E g:ﬂluﬁﬂm

cj Uncydle
WE DO OPEN RESEARCH, -*-
WHO p RULR :
& are a biolgoking conmuniTy in ART & DESIGN EKFEEIMENTE' 1P "
AT D W ¢ wiki.hackuarium.ch/

to syaryons an wadnesdays, Wa
like mmhie kiftenz

BIBRACKING _ e Resources, projects,
Rackingis about auprouriating nllﬂll - 4 .
b s ?u(il‘lga"“m 4 . open source

activities, tool lists

GODE Every ‘~'="E'E:|F|-E5da-1 v,
7pm - midnight

K's abowt hreaking 1he miles. nat
fhe law. We respect The DlYhin
o a ol slhics Burepsan Deleoa-
won, Mav 2011 (ouree: divbio.orgl

I ot

H vou wanra doin and aooess 247 We are all
dron ps an email 10 hello T haok- s
varium.ch and we'll 3et in louch. WWWHACKURRIUM.CH
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HioBuillder  eoBuoerPrRoGRAMS — STARTLEARNING  BIOBUILDER FOUNDATION CONTACT US FAQ DONATE

START LEARNING

BioBuilder for Students

VWhat weould you build with bialogy if you could builg anything?
A plant that can detect carbon monoxide? A fish that can clean
up ofl spills? With BioBuilder, you can explore the vast
opportunities that exist in the worlds of biology and
engineering. Ard while some Ideas remaln more fiction than
science, It's possible to explora them in different ways with our
curriculum, in aterscheol clubs, and through local
apprenticeships.

What is Synthetic Biology? N ——————

Purchase the BioBuilder textbook, published

by Kzl Media.,
Synthetic biology combines the facts we've learned in biology textbooks with the tried and true principles of Y e

engineeting so we can make and model useful living systems. The best-case scenario: we make novel systems that Access more of BioBuilders curricu um on
work reliably and address important world problems. The worst case: the systems we build fail the first time, and the Amazan Inspire.

second, and the third = possibly in surprising or dangerous ways. At this early stage, both the successes and the

failures teach us a great deal, and while we still have a lonc way tc go before it's easy tc genetically program celis to

perform particular tasks, we learn by frying and ultimately advance everycne's understanding ir this emerging field. biObu i Ider_ orq




BioBuilder

Open source curriculum Textbook

O'REILLY’

ilder

EAU THAT SMELL GOLDEN BREAD ITUNE DEVICE

Imaria Inky, rarmnlly 9T esy ame g anemen ars W IS A0 SRR UG AR ERe selrns TAia Wk Ter 53 an prediemnle aeslgn ¥ enn
mAca namell sapar, lIle nanas e oen leam e fa0ARRENG Anel Rk £ 5y EnsT s AT I ASSRaS TR Snergmh AT ornee Tanns sih
wrow ric bl oells, nmasare i growde gnalyeoe g el onolied Lo ke a wlamin-zncichesd ds o s god riboseone Werdicy =ibes, o sae
Lisr gerwes o = neeeular ese L acd leaim Laske el Explere jovw W ce ' “Losakl” bow U T Coesn, T Uy il Ui oo ol g gerelic device.
synthetlic boology conoapts related to system design anic what thay micht doon locaticrs whare Y amn

ahc ©gc Jates. Asgaticlency attec:s pablic vealh.

Natalie Kulde!l,
Rachel Bernstein,
Karen Ingram &
Kathryn M.Hart

PICTURE THIS WHAT A COLORFUL WORLD BIOETHICS ESSAY

Fbudes g e desiy ol a genelic cinail is Il iz Taks, Peg e | e S0 Weosiomes sl Lao Sorletks olugy Dhas valy mecenbyun cigred g5 20
prasebes ooyt dees ecde e ol I ke ey g cuhi grese aling gammice, ap ooess thal & eriy ey discipire. Suder o e asbed 1o we gl

berd cam aoameert senairg system can be modelss =-d turdamieris 1o genatics anc nhedarca ESons, i ar shegquesticn: (o b potoansd cort oo s o

then re=anJieerad bo produce bachenad mclec slar beodogy ard researck exarirg DS smd Socaly saamant ine Dodeo ! nrks snsranaan
il AT s e 5 Gl At kT AR g
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STORY:DREW ENDY: ISADORADEESE
THE MIT, SYNTHETIC BIOLOGY.WORKINGIGROUP
ART: CHUCK WADEY: www CHUCKWADEY .com

ENGINEERE|

I KNOW BACTERIA
BALLOONS COULD
WORK=

D)\
GENETIC d‘é‘“y‘i‘g‘ifs §

o/~ IF ONLY THERE WAS SOME WAY

LET ME INTRO-

— ‘.‘;

IT COULD BE THE
ANSWER YOU'RE
LOOKING FOR.

= ' DUCE YOU TO A
FRIEND OF MINE.
IT'S CALLED AN
' =R\ INVERTER DEVICE.

’

)

HECK IS AN

TO STOP THEM FROM GROWING . \ 3 ' INVERTER?!

UNTIL THEY EXPLODE!

OK, PAY ATTENTION!
AN INVERTER IS A
COMBINATION OF BASIC
DNA PARTS THAT-

-

TOGETHER, TURN

SOMETHING UPSIDE ON BECOMES OFF,\ polymerase to bind and initiate a HIGH ¢

Parts of an Inverter YOU COULD
1. Ribosome Binding Site (RBS) - Basic HAVE USED AN
elements that start the process of protein INVERTER

synthesis,
2. Repressor - A gene that encodes a particu- DEVICE TO HELP

P lar type of protein that will bind DNA sites in a PREVENT

specific Operator part and cause changes in ’
the rate of gene expressicn. BUDDY ,S
3. Terminator - Special elements that UNFORTUNATE
decrease the flow of RNA polymerase along ACCIDENT.
DNA, sometimes to zero!
"% )~4. Operator - Stretches of DNA that contain
=0 Repressor g(otein binding sites and RNA
lymerase binding and initiation sites. With a
epressor_protein, the Operator part will be
turned OFF. Without a Repressor protein, the
Operator part will be tumed ON, allowing RNA

LOW BECOMES HIGH, ) signal. i R

{ PREFER THING-
AMAJIGGY?
fo —

BAD. MY POINT IS, YOU'Q
SHOULDN'T HAVE TO MEM-
ORIZE EVERY LAST PIECE

biobuilder.org

Resources, lab kits, workshops

© 2022 Sylvia Martinez

Z FOR EXAMPLE,

YOU'RE A KNOW=IT=| & N/ HERE'S SOME
ALL, YOU DON'T | &8

\HAVE TO RUB IT IN.4

&
WE CALL AN
INVERTER A DEVICE
IN ORDER TO HIDE
ALL THE DETAILS OF
HOW IT WORKS. £

I HAVE NO
IDEA, OK?

sylviamartinez.com




ALL PRODUCTS HUMANCELL CULTURE | CLASSES | GENEEMNGINEERING KITS | PLANTS | T-SHIRTS | SALE Search cur stece MY CART (0)

Calluvson (FOT) E79-8435 Wy Sccount  Wish Lisks  Oroer Stetus GiftCortificates  Sign imor Create an stcounk

BIOTECH KITS & CLASSES

.::-:\- You can learn biotech anytime, anywhere - no experience needed!

DIY Bacterial Gene Engineering CRISPR Kit
$162.00
Shipping: Caloulabed st chackant w ﬂ D E B m

18 product revliewes

Quantiky:

1 o
AddTeCars | AddtaWishile

Product Description

We ship 2-3day inthe US.

Due Lo the overwbalming number of eroilowe will nol respeond o smails sking whesn o ileom wil | bes shippesd,

Understend we are doing our best to get Ik o you,

Comes withan axample experimant that tesches vou many meleoulsr Blslogy anc gene engineering technigues.

Wanl Lo really ke whial Lhis winsie CRISFE Unirg & abou L Wiy (L could revolubonize genelicengmeseng® This kil
i udes everything you nesd Ea meke orecision gerome edits inbacteriaat home including Cas®, tracrk MA, crRRS
and Ter alate DMA tem plate for an sxample expar ment

Rl cwer too magnify ane click bo enlarge

Includeas axpmple experiment tomake o penoers mutation [KA3T, bo the npsl gene changing the 4 3rd aorina acid, 2
Lvsire[k) to a Threorine(T) thereby allcwing the Bacteria to survive on Strep media which would normal pravent its
gros Ll

Kit contains énolgh matenials for around Sexperimeaks or more

the-odin.com




biomakerlab

® Prototype stage:a low cost
mobile lab device used to
genetically modify and
fabricate (grow) bacterial
or yeast cells

® 3 units of HS curriculum
being developed with
UPenn (PennDesign
Emerging Design Practices,
and Grad School of
Education)

© 2022 Sylvia Martinez JUStICG Walker’ grad StUdentéva% %hiln%gcoms
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® bioLOGO - genetically
modify bacteria cells to
produce pigments

® bioCAKES - design nutrient
rich food products with
synthetic yeast cells

® bioSENSOR - design a
sensor that detect
pollutants by creating a
bacterial cell that
fluoresces in their presence

biomakerlab.github.io

© 2022 Sylvia Martinez




This high school synthetic

biology workshop used a

microblogging site to host

& discussions led by students of
the social and scientific

impacts of synthetic biology.

Shaw, Mia, Justice Walker, and Yasmin Kafai. "Arguing about Synthetic Biology in 140 Characters or Less: Affordances of Microblogging for
High School Students Discussions of Socioscientific Issues." (2019).



Welcome to

SFEM CULTURE TESHHG LSS

BLOG THELAB PROJECTS TRANSFORMATIONS SHOP CONTACT

Generic Lab Equipement

GaudilLabs

gaudi.ch/GaudilLabs/

DIY Lab Equipement

Electronic Temperature Balance
Controller (Arduino) {ikea) '

Pizza Qven \ Maanctic Stirrer . /

foromviag s | / | Laser/Cut Tube Holder
reflow soldering \ DIY Laser Cutter |  Waler Box ! oo

\ | {  with one wafer | £ Plpettes
\ | { | { | | Gloves

Simple Centrifuge

'
1 s Y €SS I G S e e

To start up an independent and cpenlab it is crucial tc get affordable lab equipment Most
of the tools we use are do it your self (DY) and open scurce and are built from widely
available and recyclad parts found in consumer products such as DVD drives, hard disks
and pc fans. Bulding the specific devices further helps to understand the basic principles
benind and learn more about the technologies and methods used. The discussions among
scientists end engineers in the process of rethinking the devices to make them more
acressible are very fruitful and ofter lead to new and inncvative designs.

| suoport the pursuit and growth of knowledge through opan science hardware (GOXH):

Si Al | bat Web Cam Microsco i -
[ 5::!:;1”: s .' ..;Thm:,d.,?:: ,?,f,"p:,:.’; 'I for laser cut kit oxt) htip:Nepenhardwars. science/gosh-manifestol
|
Termometer Spin Coater Web Cam Stage Elcctric Plasma
fikea) from F0: Mower to look at microfluldics  Generator Sez also summary of Hackteria Oper Source Hardwarz
and other small stuff

o8\
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Constructlng Modern Knowledge
July 25-28 2022 Chattanooga, TN
constructingmodernknowledge.com



Thank you!
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Sylvia Martinez

sylvia@inventtolearn.com

sylviamartinez.com
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Twitter: @smartinez

Making, Tinkepin
Engmeermg ln lhe \,?a;aﬁnrdoom

ry thgu{’ ph : 0

inventtolearn.com
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