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Synthetic genomics, as one of the important parts of synthetic 
biology, has become a hotspot in recent years, and several bacterial 
genomes and yeast chromosomes have been designed and synthesized 
from de novo. However, during genome synthesis, one technical chal
lenge is the efficient cloning and editing of large genome fragments. At 
the same time, with the advent of the genomics era, actinobacteria (e.g. 
Streptomyces) is again regarded as a rich source for novel natural prod
ucts. However, most of Streptomyces and nearly half the actinomycetes 
are high GC content. And the capture, editing and activation of large 
gene clusters with high GC content is also a major difficulty in the 
functional mining of cryptic gene clusters. In a breakthrough article 
recently reported in Nucleic Acids Research, Liang et al. has successfully 
developed a method to efficiently clone and edit large fragments of DNA 
in actinomycete genomes, called CAT-FISHING (CRISPR/Cas12a-medi
ated fast direct biosynthetic gene cluster cloning) [1]. Combining the 
DNA-cleaving activity of Cas12a [2], the unique advantages of BAC li
brary construction, and the high efficiency of E. coli DNA ligase, they 
developed a phenomenal method for the rapid and direct cloning of 
large biosynthetic gene clusters with high GC content (Fig. 1). 

Bacterial artificial chromosome (BAC) library construction technol
ogy is indiscriminate in the DNA sequence of insertion, and thus suitable 
for cloning of large DNA fragment with high GC contents [3]. However, 
using the restriction enzymes to partially and randomly digest the 
genomic DNA in BAC library construction makes the cloning procedure 
is time consuming and labor intensive. In order to eliminate the effect of 
restriction endonuclease cleavage sites contained in gene fragments on 
cloning, the combination of CRISPR/Cas and traditional assembly 
techniques has spawned a series of new gene cluster cloning methods. 
For example, CATCH technology based on CRISPR/Cas9 and Gibson 
assembly [4], ExoCET technology formed by integrating CRISPR/Cas9 
and RecET [5], CAPTURE technology using CRISPR/Cas12a and loxP 
site recombination [6], etc. In addition, TAPE technology based on 
TelN/tos and Gibson assembly is also a facile and efficient method for 
large fragment assembly [7]. 

In this work, CAT-FISHING uses CRISPR/Cas12a to replace the re
striction enzymes that used to construct bacterial artificial chromo
somes. Under the guidance of crRNA pairs, Cas12a not only precisely 

cuts out the target gene cluster from the high-quality actinomycete 
genomic DNA prepared by agarose gel embedding (Lysis and digestion 
directly in low melting point agarose gel blocks, largely avoiding me
chanical shearing and yielding high quality genomic DNA samples), but 
also generated two sticky ends with 4- or 5-nt overhangs flanked the 
gene cluster fragment. Then, under the assistance of DNA ligase, the 
cohesive ends of gene cluster fragments could ligate to BAC plasmid, and 
realize the direct cloning in vitro. The application of Cas12a in this 
technology not only shortens the cloning steps, making the steps simpler 
and less time-consuming, but also reduces the cost of cloning, making it 
a powerful choice for batch cloning of gene clusters. 

Among them, pulsed-field gel electrophoresis (PFGE) is an important 
and powerful tool for separating large DNA fragments, but this step is 
time-consuming and labor-intensive. To rapidly clone large BGCs 
directly from genomic DNA, this method developed a PFGE-free pro
cedure that greatly reduced experimental time. After Cas12a digestion, 
the resulting mixture containing genomic DNA can be used directly for 
subsequent ligation and transformation. Using a PFGE-free procedure, 
they successfully cloned high GC content BGCs of different sizes, and the 
size of the fragment affected the efficiency of the cloning. Optionally, the 
isolation and purification of target DNA fragments by PFGE significantly 
improved the cloning efficiency of target BGCs, close to the cloning ef
ficiency of the CAPTURE method [6]. 

CAT-FISHING was applied to directly clone targeted BGCs from 
different actinomycete genomic DNA samples, which indicated the 
universality of CAT-FISHING in actinomycetes. Actinomycetes are 
widely used to produce a variety of bioactive small molecules such as 
avermectin [8,9], proving their great potential in the production of new 
drugs. And there are a large number of silenced gene clusters in the 
actinomycete genome. Activation of these silenced gene clusters through 
heterologous expression may aid the search for natural product 
(NP)-based drug. Eight gene clusters of different sizes were captured 
from six different actinomycetes. It is worth mentioning that a 145-kb 
DNA fragment with a GC content of 75% was successfully captured. 
To our knowledge, this is the largest DNA fragment ever obtained by in 
vitro direct simple cloning from genomic DNA with such high GC con
tent. In the future, CAT-FISHING can be used in the synthesis of genome 
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with high GC content. 
Furthermore, a 110kb cryptic gene cluster cloned from a Micro

monospora strain using the CAT-FISHING was expressed heterologously 
in the Streptomyces chassis, and a new macrolide amine compound 
marinolactam A was obtained. The compound has moderate anticancer 
activity against HCT116 human colon cancer cells. This provides an 
inspiring example of this approach for cloning, editing and activating 
the large silent gene clusters in actinomycetes, leading to the discovery 
of active novel natural products. And it would be an important asset to 
the entire community of natural product-based drug discovery. 

References 

[1] Liang M, Liu L, Xu F, Zeng X, Wang R, Yang J, Tan G-Y. Activating cryptic 
biosynthetic gene cluster through a CRISPR-Cas12a-mediated direct cloning 
approach. Nucleic Acids Res 2022;50(6):3581–92. 

[2] Zetsche B, Gootenberg JS, Abudayyeh OO, Slaymaker IM, Makarova KS, 
Essletzbichler P, Zhang F. Cpf1 is a single RNA-guided endonuclease of a class 2 
CRISPR-cas system. Cell 2015;163(3):759–71. 

[3] Farrar K, Donnison IS. Construction and screening of BAC libraries made from 
Brachypodium genomic DNA. Nat Protoc 2007;2(7):1661–74. 

[4] Jiang W, Zhu TF. Targeted isolation and cloning of 100-kb microbial genomic 
sequences by Cas9-assisted targeting of chromosome segments. Nat Protoc 2016;11 
(5):960–75. 

[5] Wang H, Li Z, Jia R, Yin J, Li A, Xia L, Zhang Y. ExoCET: exonuclease in vitro 
assembly combined with RecET recombination for highly efficient direct DNA 
cloning from complex genomes. Nucleic Acids Res 2018;46(5). 

[6] Enghiad B, Huang C, Guo F, Jiang G, Wang B, Tabatabaei SK, Zhao H. Cas12a- 
assisted precise targeted cloning using in vivo Cre-lox recombination. Nat Commun 
2021;12(1). 

[7] Cui Y, Zhou J, Li B, Yuan Y. The TelN/tos-assisted precise targeting of chromosome 
segments (TAPE). J Adv Res 2022. https://doi.org/10.1016/j.jare.2022.01.017. 

[8] Wang W, Li S, Li Z, Zhang J, Fan K, Tan G, Zhang L. Harnessing the intracellular 
triacylglycerols for titer improvement of polyketides in Streptomyces. Nat 
Biotechnol 2020;38(1):76–+. 

[9] Gao Q, Tan G-Y, Xia X, Zhang L. Learn from microbial intelligence for avermectins 
overproduction. Curr Opin Biotechnol 2017;48:251–7. 

Fig. 1. Schematic diagram of CAT-FISHING. BGC: biosynthetic gene cluster, PAM: protospacer adjacent motif.  

J.-Y. Wang and B.-Z. Li                                                                                                                                                                                                                       

http://refhub.elsevier.com/S2405-805X(22)00072-2/sref1
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref1
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref1
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref2
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref2
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref2
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref3
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref3
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref4
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref4
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref4
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref5
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref5
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref5
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref6
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref6
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref6
https://doi.org/10.1016/j.jare.2022.01.017
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref7
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref7
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref7
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref8
http://refhub.elsevier.com/S2405-805X(22)00072-2/sref8

	Breakthrough in efficient cloning and activation of large cryptic biosynthetic gene clusters from high GC actinobacteria
	References


