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Genetic and biochemical analysis of single strand DNA loop
repair
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Abstract

The nick-directed DNA repair of a set of M13mp18 derived heteroduplexes
containing 8-, 12-, 16-, 22-, 27-, 45-, and 429-nucleotide loops was determined by /n

vitro assay. Unpaired nucleotides of each heteroduplexes reside within overlapping
recognition sites for two restriction endonucleases, permitting independent eval uation



of repair occurring on either DNA strand. Our results show that a strand break located
either 3 or 5’ to theloop is sufficient to direct heterology repair to the nicked strand
in Escherichia coli extracts. Strand-specific repair by this system requires Mg?* and
the four dNTPs and is equally efficient on insertions and deletions. This activity is
distinct from MutHL S mismatch repair pathway. Strand specificity and repair
efficiencies are largely independent of the GATC methylation state of the DNA and
presence of the products of mismatch repair genes mutH, mutl, and mutS This study
provides evidence for aloop repair pathway in E. coli that is distinct from
conventional mismatch repair.

Keywords: DNA Repair, Base-base mismatch, DNA Replication error, Escherichia
coli, Nick-directed
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DNA \/
[ N arl-are
GT LR1 Xhol
I R} Hindlll
C8 LR12 Xhol
LR10 Ncol
C12 LRS8 Xhol
LR15 EcoRV
V12 LR15 EcoRV
LRS8 Xhol
C16 LR12 Xhol
LR15 EcoRV



V16 LR15  EcoRV

LR12 Xhol
C22 mpl8  Hirdlll
LR1 Xhol
V22 LR1 Xhol
mpl8  Hindlll
Va7 LR10 Xhol
mpl8  Hindlll
C45 mpl8  Hirdlll
LR2 Xhol
V45 LR2 Xhol
mpl8  Hindlll
V429 LR4 Nhel
mpl8  Hindlll
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Efficiency of loop repair in E. coli extracts

Repair was determined in extracts of RK1517 (mutS and methyl-directed mismatch
repair proficient NM522 as described under “Experimental Procedures’. 3'-Circle
contained a strand break on the complementary DNA strand at the EcoRl site (49 or
70 base pairs 3’ to the heterology). 5 -Circle contained a nick on the C strand at the
Bgll site (146 base pairs 5’ to the heterology). CC-Circle, covalently closed circular
heteroduplex DNA. C+, repair occurring on the complementary strand; V-, repair
occurring on the viral strand. Repair shown for each DNA strand is the average of at
least three measurements + 1 S.D. Complete repair would correspond to 21 fmol.

Repair (fmol)
RK1517 NM522
C+ V- C+ V-
CC-Circle
C-22 0.54+0.33 0.31+0.06 0.58 £ 0.08 1.0+£0.14
V-22 0.86+0.23 1.3+0.17 1.0+0.27 1.6+0.32
3’ -Circle
C-8 2.7+0.23 0.5+0.19 29+0.20 1.7+0.28



C-12 6.1+ 0.68 0.16+0.14 6.0 £ 0.52 0.60+0.13
C-16 8.4+0.13 0.16 + 0.05 9.8+0.31 0.96 + 0.36
V-16 5.6+ 0.24 0.60+0.10 46+0.17 0.37+0.16
C-22 29+0.73 0.67 +0.41 3.0+031 1.1+0.06
V-22 5.4+0.37 0.53+0.01 5.3+ 0.56 0.97 £ 0.04
C-27 9.4 +0.69 0.89 + 0.62 9.7+0.30 1.4+ 045
V-27 5.4+ 0.25 1.1+0.21 6.0 + 0.50 22+0.18
C-45 5.7+ 0.70 0.72+0.12 6.2+ 0.33 33+0.32
V-45 4.8+0.12 0.67 + 0.46 48+0.31 4.1+0.23
V-429 6.1+1.0 1.7+0.38 7.6+0.35 27+0.38
G-T 0.99+0.30 0.09+0.15 1.7+0.15 52+0.31
5'-Circle
C-8 55+ 0.25 0.73+0.17 6.5+ 0.79 1.0+ 0.96
C-12 6.5+1.1 0.27 +0.24 6.6 + 0.48 0.67+0.15
C-16 34+02 0.38+0.24 3.4+0.23 051+0.14
V-16 3.4+04 0.46+0.20 4.2+0.26 0.75+0.25
C-22 36+0.33 0.24+0.15 40+0.25 0.20+ 0.06
V-22 6.3+ 0.60 0.41+0.36 7.2+0.63 1.0+ 0.31
V-27 32+054 0.90 + 0.26 32+0.25 1.5+0.16
C-45 33+012 0.77+0.12 39+0.25 1.5+0.21
V-45 31+012 1.1+0.08 3.4+0.12 25+0.13
V-429 6.5+ 0.50 1.7+ 0.50 7.8+ 0.60 25+0.26
G-T 3.6+0.56 0.48 +0.17 4.4+0.35 35+0.44
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