&a» - v T B % # BhE %/ FMMERHIE CRISPR AT EME BB RN M AHTIHR
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Jan. 25, 2023, 39(1): 86-102
DOI: 10.13345/j.cjb.220347 ©2023 Chin J Biotech, All rights reserved

ToZARE 2 5 £ CRISPR 7 K F04E 445 B2 b Y
[ At R iR

BE, HET, o, BEME

WL b R2A W T AR 2EBE, WiV HtMl 310014

BEE, W15, b, Wi ARG E CRISPR HiARFIA: Y% s o i B FRAT ST S (1], AR 9 AR 2% 3R, 2023,
39(1): 86-102.

YAO Xia, HU Xiaoyu, WANG Xiaoqi, GE Jingyan. Application of cell-free transcription and translation system in CRISPR
technologies and the associated biosensors[J]. Chinese Journal of Biotechnology, 2023, 39(1): 86-102.

W E. LmiosEEEF & %i(cell-free transcription and translation, TXTL), AR mfe &%, BP
A TFm R ERI R R R A FORGE %, ZAARET @A, LMk femi 2%
AR, ARSI R L RY, R MAN KGR AN A, R SR R E R
B HF Rk, TXTL A —A3#34-F & £ clusterd regularly interspaced short palindromic repeat
(CRISPR)EARAF R F A 732, FILT 2t CRISPR/Cas A Ztkik . @iz ERIE, HdoFod ey
¥ RNA (guide RNA, gRNA)AZ 4t CRISPR & & #975ik. FIABf, A F TXTL 49 CRISPR £ 44
BRELAMMH. RARKFLES, FAFATREKRTZBAFENFOLN, AAXXHNATE
B G TARIE M, FIZH R UL PP T4 M (point-of-care testing, POCT). 455 & 5 T #4249 3%
TUMF S HOR 89 42 6 A A ta o A M /& B 35 (whole cell biosensor, WCB)# 4% 7 —FF 3F & M 69 B Kk, 42
ST AEYgen, MR T LBTEENMGIERLR . ALELNBHT0 T HEFAH TXTL
*f CRISPR A4ty RAER LA MEREF 9 A, A7 £ 4 R4k 3) CRISPR HAF TXTL £ 4
WIS T B R,

XKHEiR: @l & % (TXTL); CRISPR/Cas A& %t; BPEFAEM]; A MiE 3B

NI H . EXRAREIERESE (21877100, 22177104); #TITAJ&E AT A BT L 5% 2% (RF-B2019003)

This work was supported by the National Natural Science Foundation of China (21877100, 22177104) and the Fundamental
Research Funds for the Provincial Universities of Zhejiang Province (RF-B2019003).

*Corresponding author. E-mail: gejy@zjut.edu.cn

Received: 2022-04-30; Accepted: 2022-10-18



WE %FMBRHE CRISPR HATEMEREPURARRTIHLE

Application of cell-free transcription and translation system in
CRISPR technologies and the associated biosensors

YAO Xia, HU Xiaoyu, WANG Xiaoqi, GE Jingyan*

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang,
China

Abstract: Cell-free transcription and translation (TXTL) system is a cell extract-based system
for rapid in vitro protein expression. The system bypasses routine laboratory processes such as
bacterial transformation, clonal screening and cell lysis, which allows more precise and
convenient control of reaction substrates, reduces the impact of bacteria on protein production,
and provides a high degree of versatility and flexibility. In recent years, TXTL has been widely
used as an emerging platform in clusterd regularly interspaced short palindromic repeat
(CRISPR) technologies, enabling more rapid and convenient characterization of CRISPR/Cas
systems, including screening highly specific gRNAs as well as anti-CRISPR proteins.
Furthermore, TXTL-based CRISPR biosensors combined with biological materials and gene
circuits are able to detect pathogens through validation of related antibiotics and nucleic
acid-based markers, respectively. The reagents can be freeze-dried to improve portability and
achieve point-of-care testing with high sensitivity. In addition, combinations of the sensor with
programmable circuit elements and other technologies provide a non-biological alternative to
whole-cell biosensors, which can improve biosafety and accelerate its application for approval.
Here, this review discusses the TXTL-based characterization of CRISPR and their applications
in biosensors, to facilitate the development of TXTL-based CRISPR/Cas systems in biosensors.
Keywords: cell-free transcription and translation (TXTL); CRISPR/Cas system; point-of-care
testing (POCT); biosensor
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The components of cell-free transcription and translation system.
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Figure 2 Schematic representation of characterization and screening of PAM sites using a cell-free
system”*'). A: Schematic of a TXTL-based cleavage assay to determine the PAM sequences recognized by
Cas nucleases. B: DNA components added to a TXTL reaction to perform PAM-DETECT. The cascade genes
can be encoded on separate plasmids, as shown here, or as an operon.
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Figure 4 The different approaches of gRNA designed as riboswitches!
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26281 A: Schematic representation of

gRNA in its inactive state, RNA trigger and activated gRNA after hybridization with the RNA trigger. B:
Schematic representation of the structure of msgRNA with RNA trigger sensing region embedded and
expected structural change of msgRNA in the presence of trigger. Trigger RNA interacted with the region of
msgRNA and anti-mRNA sensing region was displaced by mRNA. msgRNA structure refolds with mRNA
tagging along at the 3’ end. C: Architecture and intended conformational states of the gRNA switch. In the
absence of an RNA trigger (Off state), the clamp base pairs with the Cas12a handle, disrupting its formation
and subsequent recognition by Casl2a. In the presence of an RNA trigger (On state), the base pair with the
RNA trigger, leading to an energetically favorable conformation wherein the Casl12a handle re-folds and can
be recognized by Casl2a.
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Figure 5 The components of the type I-E CRISPR/Cas system'*\.
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Table 1

Comparison of the classical CRISPR biosensors and the TXTL-based CRISPR biosensors

Classification System Key components ~ Sensitivity Reaction Sample ~ Amplification Signal output References
time (h) strategy
Classic SHERLOCK  Casl3, aM 2.0-5.0 Pretreated RPA/RT-RPA Fluorescence [53]
CRISPR DNA/RNA lateral-flow device
biosensors SHERLOCK v2 Cas13, mutli zM 0.5-43.0 Pretreated RPA/RT-RPA  Fluorescence [34]
DNA/RNA lateral-flow device
SHERLOCK v2 Casl3, mutli aM <2.0 Raw with RPA/RT-RPA Fluorescence [35]
+HUDSON DNA/RNA heating
TXTL-based Gene circuits:  Cas9, toehold rM 3.0 Pretreated None Naked-eyed [22]
CRISPR Toehold switch switch
biosensors  Paper-based Toehold switch- pM 3.0 Pretreated NASBA Naked-eyed [22]
biosensors based RNA sensor
and cell-free
system embedded
into the paper
Wearable Wearable material fM 1.5 Raw RT-RPA Colorimetric, [36]
devices with freeze-dried, fluorescence or
cell-free synthetic luminescence
circuits
Gene circuits:  Cas12a-gRNA - - - - - [27]

gRNA design  switch

—: Not available.
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Figure 6 Schematic representation of CRISPR/Cas13-based biosensors’*>**?>*! " A: The first SHERLOCK
system. B: Four-channel multiplex detection of SHERLOCK system. C: HUDSON eliminates the nucleic
acid extraction and purification procedures.
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Figure 7 The application of materials in cell-free biosensors'***®. A: Schematic representation of a positive
zika diagnosis. A synthetic trigger sequence is appended to an RNA fragment through reverse transcription.
The presence of a strain-specific PAM leads to the production of either truncated or full-length trigger RNA,
which differentially activates a toehold switch and makes the paper show purple color. B: Schematic
representation of the layer-by-layer assembly of the wearable devices. Each layer is fabricated from skin-safe
silicone elastomer. The FDCF reactions are embedded in a cellulose matrix placed within each chamber. An
array of assembled reaction chambers showing the elasticity (center) and flexibility (right) of the devices. C:
Fiber optic-embedded textiles allow excitation and emission detection of rehydrated lyophilized biosensors.
D: Schematic representation of the sensor components in the interior mask. Puncture of the water blister
reservoir results in flow through wicking material, moving viral particles collected from the wearers
respiration from the sample collection zone to downstream freeze-dried reactions. The final output is
visualized by an LFA strip that is passed externally through the mask.
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Figure 8 Application of engineered genetic circuits in cell-free system>>***")_ A: Incoherent feed forward
loop circuit. The transcriptional factor sigma 28 activates the expression of tet repressor that represses deGFP,
and activates the expression of deGFP through another. B: The detection of zika virus using toehold switch.
C: Schematic design of gene circuits from team ZJUT-China in 2021 iGEM competition.
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