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PART 1

INTRODUCTION
TO SYNTHETIC
BIOLOGY







INTRODUCTORY VIDEO

ws  What is Synthetic Biology?

; WHAT 15 SYNTHETIC BIOLOGY"

Watch on [IEBYoulube




WHAT SHAPED SYNTHETIC BIOLOGY?

1961-1999: IN ITS EARLY AGES

e Study of the lac operon in E. coli
e Development of molecular cloning and PCR
e DNA sequencing & high-throughput techniques

 The rise of "systems biology"

REGULATORY Top-down approach MOLECULAR

NETWORKS PARTS
Bottom-up approach

Francois Jacob & Jacques Monod



WHAT SHAPED SYNTHETIC BIOLOGY?

2000-2003: THE FOUNDATIONAL YEARS
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e Creating simple gene regulatory circuits in E. coli
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GFP fluorescence

James J. Collins, Ph.D.



OTHER EXAMPLES OF GENE CIRCUITS
Behaviour

Repressilator

Autoregulatory circuit L Without ((CHITER

With feedback

e ' e

Cell count

GFP fluorescence



WHAT SHAPED SYNTHETIC BIOLOGY?

2004-2007: EXPANSION AND GROWTH 2008-NOW: INCREASE IN PACE AND SCALE

| | >

e 2004: First international synthetic biology conference held at MIT
e Novel circuit design: logic gate, RNA-based systems
e More complex and application-based designs

GFP fluorescence

— Time

G

Jeff Hasty, Ph.D.




SO..WHAT IS SYNTHETIC BIOLOGY?

The assembly of standardized and modular parts which enables the
synthesis of ‘biological systems’ in a rational and systematic way.
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Standard Part A

Standard Part B
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Standard Part C




COMMON QUESTIONS

SYNTHETIC BIOLOGY
9, VS P

GENOME EDITING




e Both involve changing an organism's genetic code

e Genome editing: small addition/deletion of an organism's DNA

e Synthetic biology: involves greater changes

Cross-species Synthesizing novel DNA sequences

A
..CGCATCICATCGCIA...



COMMON QUESTIONS

1 IS IT POSSIBLE TO 2
SYNTHESIZE AN ENTIRE GENOME




YES!

2002: Live poliovirus artificially synthesized  2008: Synthesis of the Mycoplasm genitalium genome
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Jeronimo Cello, Aniko Paul, and Eckard Wimmer Daniel G. Gibson Ph.D.

Public health and safety concerns?



https://www.sciencedaily.com/releases/2008/01/080124175924.htm
https://www.sciencedaily.com/releases/2008/01/080124175924.htm

COMMON QUESTIONS

DOES SYNTHETIC BIOLOGY 5

HAVE ITS OWN CHALLENGES

e




“OUTSIDE-THE-LAB” VS LABORATORY SETTINGS
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- Stable under variable storage conditions?
- Can it be run on minimal resources and equipment?
- Is it operable without experienced professionals?




ECOSYSTEM BIODIVERSITY AND CONSERVATION

* |s synthetic biology "reshaping" nature?
e Or instead... offering "extraordinary opportunities" for conservation?




HOW IS SYNTHETIC BIOLOGY APPLIED IN REAL LIFE?

HEALTHCARE AND LIFE SCIENCES

e Yeast engineered to produce rose oil
e Rice modified to produce beta-carotene

AGRICULTURE AND ENVIRONMENT

e Microorganisms harnessed for bioremediation

-

e Corn-specific nitrogen-fixing bacteria

PROTEIN SCREENING

e Automated platform for rapid antibody screening
e Test of effective enzyme variants

....AND MANY MORE!!


https://microbepost.org/2015/12/08/bioremediation-the-pollution-solution/
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INTRODUCTION
TO IGEM




IGEM

International
Genetically
Engineered
Machine
Competition




HOW TO START MY IGEM JOURNEY?

STEP ONE An Introduction to iIGEM

- How to Recruit an iIGEM Team? I

STEP FOUR Medals Criteria & Special Prizes

N
.-N/

Dr. Fluotato
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STEP 1

AN INTRODUCYTION
TO IGEM



THE HISTORY OF IGEM

"Can Students Work Together To Build Working Biological Devices
Within a Summer?"

2003
FOUNDATION START-UP EVERY YEAR COMPETITION
Founded by MIT, "IGEMers are pioneers in Use synthetic biology to tackle

The United State synthetic biology." problems however they see fit.



THE IGEM VALUES

INTEGRITY CELEBRATION
RESPECT COOPERATION
GOOD
SPORTSMANSHIP =FFORT
HONESTY EXCELLENCE



TRACKS

Diagnostics Therapeutics Climate Crisis Environment Conservation Food & Nutrition

Industrial Foundational

Biomanufacturing Energy Software & AI High School

Scale-Up Advance




THE IGEM CYCLE

Attend the Start a Team and
Giant Jamboree Begin Fundraising

Prepare Poster Brainstorm
Read the
Finalize Your | Competition
Team Wiki The | Requirements

Fill Out Your
Judging Form

Design
Your Project

Record and Determine
Produce Your Team Goals
Team Videos and Tasks

Learn: Process Build Your Designs

and Plot Results

Begin Planning Your Test: Run Experiments

Team Videos Vel P e and / or Models

Registry Pages
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STEP 2

HOW TO RECRUIT
AN IGEM TEAM?



HOW TO RECRUIT AN IGEM TEAM?

The creation of
computer-generated
models or simulations,
and the development of
hardware device.

How we will communicate our
entire project to the world.

WET LAB

DRY LAB

HUMAN
PRACTICES

WIKI

Design plasmid and
execute experiments to
achieve our project goals.

The study of how our work
affects the world, and how
the world affects our work.



N 4

WET LAB

DESIGN PLASMID AND EXECUTE
EXPERIMENTS TO ACHIEVE OUR
PROJECT GOALS.

e Design the experiments

e Design or Improve a part

e Use biological techniques to
build constructs




DRY LAB

THE CREATION OF
COMPUTER-GENERATED
MODELS OR SIMULATIONS,
AND THE DEVELOPMENT OF
THE HARDWARE DEVICE.

e Software Tool
e Modeling
e Hardware Device



N

HUMAN
PRACTICES

THE STUDY OF HOW OUR WORK
AFFECTS THE WORLD, AND
HOW THE WORLD AFFECTS OUR
WORK.

e Experts consultation

e Entrepreneurship visiting

e Collaboration

e Proposed Implementation

e Education & Communication
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HOW WE WILL COMMUNICATE
OUR ENTIRE PROJECT TO THE
WORLD.

e Design the WIKI page
e Including Programming
and artwork design




Which group should I join?

e A fresh liver

e Willing to accept failure (and doesn't give up)
e Interested in doing hands-on work

e Has experience in an microbiological lab

g/

e Programming skills (Python, C++,
MATLAB)

e Interested in predicting outcomes using
software tools

e Has experience in 3D modeling or deep

learning

~

e Enjoy communicating with people

e Interested/has experience in
publicizing a project/product

e Good word processing & oral skills

Dry Lab

e Creative, lots of inspiration /

e Coding ability (HTML, CSS, JS)

e Interested in artwork and layout design iIGEM is a multidisciplinary team!!
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STEP 3

THE 13
DELIVERABLES



1.
SAFETY FORMS

"Identifying and managing
risks from the technology is
everyone's responsibility."

SEPTEMBER 16

FINAL PROJECT SAFETY
= FORM DUE

|

=| FINAL TEAM ROSTERS
FREEZE

more information
competition.igem.org

THE DELIVERABLES

ING FORM

Where we declare our team's
completion of medal criteria
and special prizes.

Synthetic Biology
park

b aainddl Gen Abanddard parts

Team:BIT/ Judging Form
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A 2-min introduction
project:

e The problem

e QOur solution

e The engineering

e [tsimpact

OTION VIDEO

to our




OUR PROMOTION VIDEO



4.
TEAM WIKI

How we will communicate our

entire project to the world.

T A

THE DELIVERABLES

RT PAGES

A growing collection of genetic
parts that can be mixed and
matched to build synthetic
biology devices and systems.

Registry of Standard Biological Parts
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PROJECT
TRIBUTION

About what we did yourselves
and what we had help with.

8
- GEM

. IGEM team
Chih-Sung Yu Mr. Clapper lms Taipei
Chief of ¥i-Ching Yuan Director of Scientific The iGEM team from

Eldarly Long-Tarm Cara
Center. Mr. Yu provided
us with critical opinions
on long=term health
carg for the elderly
community.

Resoarch at Taipai
Amearican School Mr.
Clapper pravided us
with thaE. coll strain
Missle 1817,

Taipel American School.
Team TAS_Talpei kindly
helped us perform a
confirmatory
expeariment.



THE DELIVERABLES

7. PROJECT
DESCRIPTION

A detailed introduction to our
IGEM project.

|L ":‘ml.
=

Overview

Thiy project of 2021 MYCU-Taipel B3EM Tearm—"NATTO IT QUT", presonts & gane—edited E
call Misska 1977 (EcH) product that could produce Matiokinasse and could also bo remoto
coriroded by Bn oplogenetic syslem. Mattokinass has prosen ©3 be A good thrambolytic agent;
therofore, i could serve as o promising supplemen to prevent cardiovascular disoases [1, 2, 3]
Qur projpct spbeifcally tengets oroups ot high riak of desp wein thrombagls (DVTL. Our project
“HATTO T OUT™ aims 10 "use Mattokinase b wips ouf thrombosis™

AND ABSTRACT

Accurately reflect the work we
completed in our team project
and provide a brief summary of
our project.

ACK SELECTION

The purpose of the iGEM tracks is
to help teams focus on their
projects.




THE DELIVERABLES

10.

11.

12.

TEAM
TEAM BOOTH
AM ROSTER PRESSENTATION
The official record of To communicate our project to gh's Lnteractl\ée Sptaclf( W:I be :;ed
everyone who is involved with others in an informative and i beams 0 da od oner
the iGEM team. engaging manner. Jamboree attendees and IGEM

teams about their project.

JUDGING SESSION

This is the opportunity to 3 o Y
. : "y ~ s g v W 3’ ,r
deliver our project ~ - 1
presentation, and have in- RN BT & 0L |
o . p | f I_i il.
depth question/answer time PR S LA o 4
with our judging panel. > [ & | Y T
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STEP 4

MEDAL CRITERIA &
SPECIAL PRIZES



MEDALS & CRITERIA

3 of the 6 criteria must be met.

2.

SILVER MEDAL OLD MEDAL
e Competition Deliverables e Engineering Success e Integrated Human Practices
e Project Attributions e Collaboration e Improvement of an Existing Part
e Project Description e Human Practices e Project Modeling
e Contribution e Proposed Implementation e Proof of Concept

e Partnership
e Education & Communication



SPECIAL PRIZES

1.

BEST EDUCATION A0

T HARDWARE </

CLUSIVITY -
AWARD e

ST INTEGRATED $-g‘
HUMAN PRACTICE

BEST MEASUREMENT

S. BEST A
MEASUREMENT f A

EST MODEL g

EST NEW
BASIC PART r

EST NEW
MPOSITE PART T



SPECIAL PRIZES

9.

BEST PART
COLLECTION

EST PLANT
SYNTHETIC
BIOLOGY

BEST
RESENTATION

AFETY AND
CURITY AWARD

el

oy

13 ¢ BEST SOFTWARE -
/P
TOOL

BEST |
SUPPORTING y
ENTREPREURSHIP

EST SUSTAINABLE S
VELOPMENT IMPACT

BEST WIKI




PART 3

WHAT DID
NYCU TAIPEI DO
THIS YEAR?




NYCU-Taipeil 2022
E. COLOR




BACKGROUND

e [ coliis an important model organism in many fields of research.

e Monitoring bacterial growth status is vital for determining the accurate induction

time point for protein production.

e Various approaches have been developed to monitor microbial growth, each with

advantages and shortcomings.

R
| ’
S o
OD600 measurement Culture cell count
Precipitants in liquid culture Requires time for bacteria

reduce accuracy to grow into colony

A

Biochemical assay Flow cytometry / gPCR
Expensive reagents Expensive and
Do not provide true cell count technique-demanding






GOALS

1. Improve the working environment of microbiological researchers
- Allow users to remotely trace bacteria growth
- Save time, manpower and the possibility of introducing variables to bacterial culture

- Increase accessibility by reducing cost and technical threshold

2. Enhance the efficiency and yield of mass production
- Assist in determining the induction time point for protein expression
- Increase drug production (e.g. monoclonal antibodies) in the pharmaceutical industry

3. Environmental and clinical applications
- Serve as an auxiliary tool for drug screening in clinical environments
- Determine whether bacteria is resistant or susceptible to specific environmental conditions
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GROUP 1
WET LAB






BioBrick suffix

ligationl




(5756) Notl PstI (0)

Xhol (1013)

(4516) Xhol

Xhol (1905)

(3228) Notl
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GROUP 2
DRY LAB



MODELING

Example: Modeling the growth curve under different harvest timepoint of bacterial culture

OD-Time (total) OD-Time (casel)

0.6689
{+o—0.6472(t—6.8575)

06 [fitl(t)=

oD (lg)

0 2 4 b 8 10 12 14
Time (hr)

14

Time (hr)

——0D —8—0D(0.2) —#—0D(0.3) 0D(0.4) ~—@—0D(0.5) —8—0D1 —e—fitl
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OUR DEVICE

Detection Device

Google Drive

Wi-Fi
module

Arduino

ESP32-CAM
motherboard 9%

Light source (Philips)

-l.JI-F'-

H

Camera detects

colonies on agar plate
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LINE Bot Server
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Image collection by Arduino Object detection using Upload statistics
and data transmission Lo
Google Drive through Wi-Fi YOLOv5 & OpenCV onto Google Cloud

!

Iatform

- < e

Data output

to client terminal
using LINE bot



COLONY DETECTION

e Center coordinate and RGB value of colonies are detected by YOLOv5 and OpenCV
e Data is transmitted onto Google sheet

500
™ L
_ 2 L
colony 0.54 (858 yooEM  YoLZ® R G g "
colony 0.64 _ 507 4658 206 192 165
colony 0.60 A ' s08 o i - M e s N
. 451 507 193 181 157 . o
535 1060 185 185 158 4
295 T3 214 204 168
33 B57 211 am 178
413 -1038 223 208 181
568 Jd3 200 185 154
445 1109 210 1684 11

541 98 100 185 158, {500
£50 1082 210 196 189 g e o 1500






WHAT WE DID FOR HUMAN PRACTICES

BACKGOUND
RESEARCH
Expert consultation 2022 ARS Taipei Ameican School
Biotech company HKUST Street Symposium
product questionnaire WEGO_Taipei Instagram Post

Taiwan Synbio Alliance
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Leon Ritchie SA... Ban Yeo NGAI MWYCU-Taiped A... Minjin GU

MNYCU-Taipei Hs... Jjennifer
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Growth phase indicators: phase-specific promoter + fluorescent gene
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COMMUNICATION & EDUCATIO

Fluotato feaches: Episode |

Growth characteristics
of E. coli

=heil D00 W Hln

All prgantams are able (0 grow, reproduce,
and adapt to thes surmoundng amaronments,

-
Bareris, one of 1he Tasiest ref roducing oranesms,
frows B an astndes hing rae when [here are plenty
af nutrients. Graduaty, the growth rate decreases
watheam i renis are insufficient o mest the demand
af the intreasing population, When growth rate =
death rate, the cell population refmaind constant
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curve of our model organism, Escherichia coll (E coli) !
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GROUP 4
WIKI
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OUR WIKI

h'ttps://Z 022.igem.wiki/nycu-taipei/
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Step one

Edit
IGEM Templates

.

...

m

Step two

Create your own style




/ C++
Programming Java {.js}

language 2 pgtﬁgsﬁﬁpt

Assist html
eg, fonts,
animations etc

Typesetting of

g./ text,pictures

and links

Programming

s language

library



e o B
Communication

How your
team
wants to
present

ccececcecc

v
v

v
v
< I b

Schedule

Start before
your lab
experiments

Reference

Learn from
works of
other teams
or your
seniors



WIKI ON PROGRESS

Foadingpe

https:// 2022._ig‘e’mvv.w»i.ki/ nycu-taipei/



ANK YOU FOR LISTEN.NG !



