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Foldit-inspired innovative teaching of Synthetic Biology
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Abstract: Synthetic biology aims to understand and design life by building artificial biological
systems. It is a new engine for the next round of scientific and technological revolution and
industrial revolution. To adapt to the integration between cutting-edge knowledge of synthetic
biology and conventional biological science frameworks, we proposed the combination of
theoretical teaching and practical operation of Foldit in the teaching of component development
and design in the newly developed Synthetic Biology course. The combined teaching mode
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significantly enhanced students’ understanding of protein folding and design. Further, we
discussed the course design and teaching methods and put forward the idea of using intelligent
software to assist in the teaching of difficult points in this course. This innovative approach
significantly fosters the students' ability and hands-on experience in the domain of protein design,
which play pivotal roles in nurturing next-generation talents to meet the demands of forthcoming

technological challenges.
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Figure 1

The theoretical models and experimental methods for protein folding. A: Funnel-shaped energy

landscape of protein folding models. B: Quantitative measurement tools for protein folding. Left:
Stopped-flow; Right: Infrared spectroscopy of temperature jump.
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Figure 2 Foldit demonstration of the protein folding problem. A: Foldit’s built-in penalties for
excessively distant cavities and closely collided atoms, with a scoring bar located centrally on top of the

interface; B: SHAKE’s hint bar and effects of structural optimization; C: WIGGLE’s hint bar and effects of
overall structural optimization.
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Figure 3  Effects of practicing foldit in classrooms. A: In regular teaching modules, students’ impressions
are broad; B: In teaching modules including Foldit, students’ impressions are specific and diverse.
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Figure 4 Protein design problem. A: Protein design as the inverse problem of protein folding; B: The
circulation among the four key components of Rosetta.

http://journals.im.ac.cn/cjben



B F | Foldit BRM“AREMF " HEHHFR

TR AEFIR S B BluePrint i SO PHEE A
Jii i Bt, Note Mode WIHS 2= A= Bl AT T A8k
FyERE . FZAHH Design Mode {87~ 8 ik
R LI ST S

FRE YO R 272 RISk AR e A
AIPR A SR . FEARE RN, FEEB
JH Design Mode 423t [l i 26 19 FA] 5B A B 5 58
(K 5A), T2 MR NAGRE, 0
HEATREE AT 23 FIHEFE o

FEAR A5 H) B 455 B AR YRS
2R E O B IR TR IE AT 4RSI B S,
TRV IR R SR B 1 BB s n & e K (A
5B), BRI 2 AP A OC B A (I Ab,

a-synuclein, SODI1 Z8){Edfr & -EIfr B iy
RT3 28, 5l R R BRI &R
PR B E I R AR
2.3 HEMRITME

B RBOTERREIR . R, R, fE
P B DA EA T2 0 SR
PR AR o FERX D, 222 1E Foldit
Standalone ' H CiITEMFT, MG AE
W HaF s im BRR RN S, REH
S e, a2 R A A i 2 o 280 1 22 1)
REMS IR 2 A BTG - Qs B3 A v 445 i
JIE RN R R & — R ¥ K} (polyethylene
terephthalate, PET)fiE L RGEH TAM B L,

[#] 5 Foldit Standalone SE~EHRKRIZITFE

A FREN R RRAL, SO TJTRESR /8 RALHT T A AL R
MEERIAEAL s B: SEF —Ra5t i BL, ZLE T HESR S T el Fen g p v A BefiE s C: AR MBS

(1

H Foldit Bt e rYAURMER B . ST IS N A 2%, TRRE R 17> FAMEE A A .

Figure 5 Foldit Standalone demonstration of protein design methods. A: Site-directed point mutation, with
the green boxes indicating changes in amino acid side chains before and after mutation; B: Extending
secondary structure segments, with the red boxes indicating manually selected positions for adding B-sheet
segments; C: Representative cases of student teams using Foldit to design proteins: capsid proteins and
genome packaging, efflux pump proteins on the surface of engineered bacteria.
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