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Biofilm matrixes-from soft matters to engineered materials
ZHU Runtao, ZHONG Chao, DAI Zhuojun
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Abstract: The properties of natural living materials are tied with their biological function. For example, as bacteria
grow under some conditions, they generate extracellular matrices composed of proteins and biopolymers to attain
specific functions such as protection of bacteria from antibiotics and host defenses. In these dynamic processes, the
spatial and temporal information required for the biofilm synthesis is encoded in the genome. The fast development of
synthetic biology has greatly promoted the understanding of biology and broadened the application of engineered
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biological systems. Especially, the field of engineered living materials (ELMs) emerged at the intersection between the
synthetic biology and the material science. In the last two decades, genetic engineering has applied living cells to
express recombinant fusion proteins that can be purified and processed into protein-based materials. Also, metabolic
engineering has applied living cells to synthesize small molecules that can serve as monomers for polymers and rubbers
production. However, in these cases the cells only act as bio-factory and the properties of the final materials do not
exploit the features of living biological systems. In contrast, ELMs are composed of living cells, which act as building
blocks to modulate and direct the formation and function of the final materials. The resultant ELMs is programmable,
self-regenerative and evolvable. The most pioneering efforts in ELMs development have focused on the engineering
functional amyloids, which are secreted and assembled into nanofibrous structure on the cell surface. Especially, the
curli of the E. coli was the very first engineered biofilm system. Since 2014, the related research about programming
curli for ELMs assembly has accumulated rapidly. In this review, we discussed why and how this model system was
chosen, engineered and developed, from the view of polymer physics and synthetic biology. We hope that our thoughts
in this review would bring inspirations for more and further model system development in the ELMs.
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Tab.1 Viscoelasticity of different biological and synthetic

materials at room temperature
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3% WA R R S ) AU T RE AL e 107 107 [11]
S 0.015~0.15 [12]
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TR 7 [15]
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Fig. 1 The molecular mechanism for curli formation
[An unfolded CsgA monomer enters the periplasm via the Sec translocon, and CsgB-C and CsgE-F are transported cross the inner membrane(a); A
subunit CsgA encapsulated by a chamber of the CsgG: CsgE complex is secreted over outer membrane, which is driven by entropy increase(b); CsgB
nucleated polymerization of a soluble subunit CsgA can assemble into a curli system(c); As the major subunit of the curli fiber, the mature CsgA

protein is with a B-sheet-turn-B-sheet conformation (d)]
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Fig. 2 Functionalization of curli via fusion with CsgA

(a) Gene circuit containing inducible expression of CsgA (with subunits engineered to display various peptide tags) was transformed into a host strain
with the endogenous csg4 gene deleted;(b) Fusing CsgA with trefoil factors (TFFs) led to the formation of curli nanofibers displaying TTFs. The re-
sultant material was proven to promote intestinal barrier function and epithelial restitution;(c) SpyTag displaying curli was fused with SpyCatcher
decorated B-amylase. B-amylase converted the starch into maltose. The maltose was then transported intracellularly and further catalyzed into treha-
lose through the intracellularly expressed trehalase

I T RSO £ O, SRRSO R 3.3 MERIBONREESTHIN curli BB REE
RS Py B A 2 S LA

00 2020 4 . b HEE AL B 3 A DL esgd f Aot 25 LA, 4 36 (B 19 30 3 A 2
CsgA B IIE NI EARL, JHRZ RS &M, WERHR. BRARGE, EETTEL
Bl 55258 7 1 1 2 AT TAF . 2017 4 9280 5 0 5 i A PR 24



%£3% www.synbioj.com 633

aggregation

Filtration

(©

B3 I KA 1 A2 7 curli 33188 curli {1 A0k
(@) FIFIKIGHF B AR curli, BEJRIBILIEIER LSS RS, P VA A7 LA K 78 5 A A0 20 AT LAREAT A RHI B — 2 I AR EE B (b)
¥ KA 8 P 2R T 1 curli DA 9 22 IR 1 CsgA BB T RARIR &1, S8R AR5 B DI SBB R A 2 A % )0 (o) I R E curli FF3—25
IR IR R, EASE AT AT 32 2 Fio LA 7 R SR R 0, 38 7T LA A 1 2 b = i JiaIR 02

Fig. 3 Purified curli as the materials precursors

(a) Curli fiber produced by E. coli were purified using a fast and easily accessible vacuum filtration procedure. The fibers were then disassembled, re-

assembled into thin films, and recycled for further materials processing®'’;(b) Generation of diverse patterns with a generic amyloid monomer inks

(consisting of genetically engineered biofilm proteins dissolved in hexafluoroisopropanol), along with methanol-assisted curing®¥;(c) Aqua plastic

was produced by casting and drying purified curli under ambient conditions™. The resultant aqua plastic could withstand strong acid/base and organ-

ic solvents. In addition, aqua plastic could be healed and welded to form three-dimensional architectures using water
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