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Figure 1. Single strand annealing and invasion. Redo/RecE is 5'—3' exonuclease, Redp/RecT is single strand

annealing protein'®®),
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Figure 2. Homologous recombination mediated by Red/ETL. A: Linear plus circular homologous recombination

(LCHR) mediated by Redaf. B: Linear plus linear homologous recombination (LLHR) mediated by RecET.
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Table 1. The application of Red/ET recombineering in other bacteria
Bacteria Proteins Application Reference
Shigella flexneri E. coliA Red Delection of alkA [20]
Salmonella enterica E. coli A Red Replacement of f1i4, flgM [21]
Agrobacterium tumefaciens E. colix Red Replacement of virG, crdS [22]
Burkhodleria thailandensis E. coli A Red Cloning of the arabinose utilization operon and  [23]
B. pseudomallei siderophore malleobactin biosynthetic cluster
Mycobacterium smegmatis gp60/61 in host phage Che9c The inactivation of the hygromycin gene on [24-25]

Lactobacillus reuteri

Pseudomonas syringae

Photorhabdus luminescens

Native recTl recT2

RecETpsy in Pseudomonas
syringae pv. syringae B728a
Plu2935-P1u2936 in host
phage

the plasmid

Mutations were mediated by single strand [26]
recombination

500 ng substrate is sufficient to mediate [27]
homologous recombination

The recombination efficiency was nearly 5 [28]

times higher than that using Redo/p/y
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Figure 3. Red/ET recombineering mediated cloning of large biosynthetic gene clusters” ", A: Gene stitching

based on gene library and Red/ET recombineering; B: Red/ET recombineering-mediated LLHR for direct cloning

of large gene clusters from genomic DNA without construction of gene library.
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2. Red/ET REEEBT AN SHHEYRRR B =LY E R EE LR 52
Table 2. Cloning of microbial secondary biosynthetic gene clusters mediated by Red/ET recombineering
Compound Native host Gene cluster size/kb  Method Heterologous host Reference
Gene lib d Pseud. tid
Myxochromide S Stigmatella aurantiaca 43.0 .ene.l rary an seudomonas putiaa [37,57]
stitching Mpyxococcus xanthus
Gene lib d
Myxothiazol Stigmatella aurantiaca DW4-3/1 ~ 57.0 .ene. foraty ai Myxococcus xanthus [38]
stitching
Gene lib d
Phenalinolactone Streptomyces sp. Tii6071 42.0 .ene. torary an Streptomyces [39]
stitching
Coumermycin Streptomyces rishiriensis 36.8 Gene library and  Streptomyces coelicolor [41]
Al DSM40489 ' stitching M512
. Gene library and Myxococcus xanthus,
Epothil S j [Tul 58.0 42-43
potitone orangum cetiutostm stitching Burkholderia DSM7029 1>+
Gene lib d M thus,
Tubulysin Cystobacter sp. SBCb004 40.0 ene HbTaty and  Hywococcus Xaniiies, 44
stitching Pseudomonas putida
Gene lib d
Magnetosome Magnetospirillum gryphiswaldense 26.0 ‘ene ! rar.y an Rhodospirillum rubrum  [45]
direct cloning
. . Gene library and
Disorazol A Sorangium cellulosum 58.0 ) . Myxococcus xanthus [49]
modification
LLHR direct
Luminmide Photorhabdus luminescens TTO1 156 cloning ree E. coli GBO5S-MtaA  [47]
LLHR direct
Luminmycin Photorhabdus luminescens TTO1 18.3 cloning tree E. coli Nissle 1917 [51]
Pseud ] . LLHR direct
Syringolin seudomonas Syrmngae py 19.0 e E. coli GBO5-MtaA  [50]
syringae B301D-R cloning
LLHR direct
Glidobactin Burkholderia DSM7029 28.0 e E. coli Nissle 1917 [50]
cloning
LLHR direct
Salinomycin Streptomyces albus DSM41398 106.0 cloning and Streptomyces coelicolor [53]
stitching
LLHR direct
Bacillomycin Bacillus amyloliquefaciens FZB42 37.2 cloning ree Bacillus subtilis [52]
LLHR direct
Edeine Brevibacillus brevis X23 48.3 . tree [52]
cloning
2
(Stigmatella aurantiaca) DW4-3/1 myxothiazol 401 Wolpert (S.
(57 kb) (Myxococcus rishiriensis) DSM40489  coumermycin A1l
xanthus) 3% Binz (36.8 kb) (41)
Streptomyces sp. Tii6071  phenalinolactone Fu (Sorangium cellulosum)
(42 kb) 2 (58kb) 2
[42]
B9 Hu (S. refuineus) DSM7029 431 Chai
anthramycin (32.5 kb) Red/ET (Cystobacter sp.)SBCb004  tubulysin
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Abstract: Red/ET recombineering is an in vivo homologous recombination-based genetic engineering method used
primarily in Escherichia coli by using short homology arms (40—50 bp), based on the expression of either reda/redf
from the Red operon of A phage or the analogous recE/recT from Rac prophage that are located in the E. coli
chromosome. It can rapidly, efficiently and accurately modify and manipulate genomic and episome DNA. In this
review, we introduce the progress of Red/ET recombineering in E. coli and other bacteria, and its application in

microbial genome mining, especially in the field of heterologous expression of microbial biosynthetic gene clusters.
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