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Multicellular sys!ems rely on cell–cell adhesion !o 
organize individual cells in!o coordina!ed struc!ures. 
Engineering synthetic adhesion sys!ems enables 
the controlled assembly of multicellular microbial 
communities, expanding the capabilities of synthetic 
biology in areas such as me!abolic cooperation, 
environmen!al remediation, and living therapeutics.

Curren! synthetic adhesion stra!egies have key 
limi!ations [1]. As i! s!ands, synthetic adhesion can 
either be controllable bu! weak via noncovalen! 
bonding or strong bu! irreversible via covalen! 
bonding [2, 3].

To address these gaps, we developed a modular 
!oolki! for programmable cell–cell adhesion, 
leveraging surface-displayed SpyTag, SpyCa!cher, 
and TEV pro!ease pro!eins. The SpyTag-SpyCa!cher 
sys!em is a pair of pro!eins tha! was engineered !o 
spon!aneously form an isopeptide bond with each 
other [4]. The TEV pro!ease is a virus-derived 
pro!ein commonly used !o cleave peptide bonds [5]. 
The Spy sys!em crea!es covalen! bonding across 
cells, and the TEV pro!ease allows for breakage of 
those bonds. 

This sys!em led us !o achieve the firs! engineered 
covalen! bond across domains of life.
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Improving the Re!ention of Live Microbial 
Therapies in the In!estinal Tract

Optimizing Me!aboli!e Diffusion for 
Biosynthesis Through Engineered Proximi!y

Improving Microbial Was!ewa!er Treatmen! 
Through Enhanced Symbiotic Relationships
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Figure 2: Comparison of Cell Coun! Per Aggrega!e

(a) Uninduced (b) Induced
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(1) Yeas!-Bac!eria Aggregation

Figure 1: Brigh!-field microscopy images of S. cerevisiae-E. 
coli clicking assay; 100x magnification. 

(2) Bac!erial Aggrega!e Reformation
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Figure 4: Comparison of Aggrega!e Area 
Under Differen! Induction Conditions

(a) Pre-Aggregation (b) Aggrega!ed

(c) Cleaved (d) Re-Aggrega!ed

Figure 3: Composi!e red fluorescence and brigh!-
field microscopy image of aggrega!e reformation; 
100× magnification.
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• Image samples during induction !o moni!or 
aggrega!e formation kinetics in real time.

• Perform finer IPTG titrations and varied induction 
times !o quantify relationships between inducer 
concentration, induction time, and aggrega!e size.

• Expand the sys!em in!o more diverse organisms.
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Restriction-Ligation Cloning of Designed Construc!s: 
• Seven construc!s were assembled via restriction-ligation cloning and transformed 

in!o E. coli DH5α/S. cerevisiae
• Cloning was confirmed by colony PCR, diagnostic digest, and whole-plasmid 

sequencing.
Pro!ein Expression & Purification: 
• Pro!eins of in!eres! were expressed in BL21 under optimized IPTG induction 

conditions, purified by nickel bead affini!y chroma!ography, and quantified by SDS-
PAGE and NanoDrop.

Functional Validation:
• Bond formation, cleavage, and in!er-species adhesion were assessed by 

fluorescence microscopy.
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