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Abstract: Gene recombination through recombinases and auxiliary protein enzymes exists widely in
bacteria and it has great significance to bacterial genetic diversity and evolution. At present, genetic
recombinations in bacteria are classed into three types: homologous recombination, site-specific
recombination and transposition recombination. In this article, recombinases, and related protein
enzymes of bacterial recombination systems, the mechanisms of various recombinations, and
applications of recombination systems to genetic manipulation were reviewed.
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Table 1 The elements of phages and other bacteria for recombineering

Element
Bacteria Classification 5'—3" Exonuclease ssDNA annealing protein

Exo (phage A) Beta (phage A)
Escherichia coli G

RecE (phage Rac) RecT (phage Rac)
Salmonella enterica 3 Exo (phage 1) Beta phage 1)
Yersinia pseudotuberculosis B Exo (phage 1) Beta (phage 1)
Shigella = Exo (phage 1) Beta (phage L)
Agrobacterium tumefaciens B Exo (phage 1) Beta (phage 1)
Vibrio cholerae = Exo (SXT/R39) Beta (SXT /R39))
Mycobacterium tuberculosis i Gp60 (phage Che9c) Gpo61 (phage Chedc)
Mycobacterium smegmatis i Gp60 (phage Che9c) Gpo61 (phage Chedc)

Mycobacterium avium
Pseudomonas syringae
Bacillus subtilis

Listeria monocytogenes
Photorhabdus luminescens
Xenorhabdus stockiae

Legionella pneumophila

i

i

MAV 0830 (M. avium)
RecEPsy (P. syringae)
Gp34.1 (phage SPP1)
Orf47 (phage A118)
Plu2936 (P. luminescens)
Plu2936 (P. luminescens)
OrfB (L. pneumophila)

MAV 0829 (M. avium)
RecTPsy (P. syringae)
Gp35 (phage SPP1)
Orf48 (phage A118)
Plu2935 (P. luminescens)
Plu2935 (P. luminescens)
OrfC (L. pneumophila)

Enterococcus faecalis 3 EF2131 (E. faecalis) EF2132 (E. faecalis)
Staphylococcus aureus 3 - Gp20 (phage phiNM3)
Lactococcus lactis g - Orf245 (phage ul36.2)

Lactococcus lactis
Lactococcus reuteri

Clostridium acetobutylicum

+ T *

s

Qo000 oanaa

RecT1 (L. reuteri)
RecT1 (L. reuteri)
Cpf0939 (C. perfringens)

G G

Note: G': Gram-positive bacteria; G : Gram-negative bacteria.
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Table 2 Site-specific recombinases and their functions

Recombinases Biological functions

Tyrosine recombinases
A Int A
Int I
L5 Int L5
P22 Int P22
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Figure 3 The process of tyrosine Recombinase-catalyzed strand exchange
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Figure 4 The process of the integration reaction catalyzed by serine integrases
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