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Analysis of mutations induced by N-nitrosoamine and near ultraviolet light irradiation
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Previously we reported that a direct-acting mutagen can be formed from N-nitrosomorpholine
(NMOR) on exposure to near-ultraviolet light (UVA, 320-400 nm). We have now studied the
spectrum of mutations caused by NMOR plus UVA. M13mp2 phage suspended in a sodium
phosphate buffer was treated with NMOR under UV A-irradiation and E, coli NR9099 was then

infected with the phage. Mutations induced in the phage DNA lacZa region were analyzed. The

majority (~ 50 %) of the induced sequence changes were G to T transversions. This suggested that
modifications in guanine residues were responsible for these transversions. We explored the
formation of 7,8-dihydro-8-oxodeoxyguanosine (8-0xodG) in the DNA. When the phage was
treated with NMOR plus UVA, 8-0x0dG/dG in DNA increased up to 12 fold over the value in
untreated control. When a mutM-deficient mutant of E. colf CSH50 was used as the host, the
mutation level was higher than that observed with CSH50. We conclude that 8-oxodG may be

involved in mutations induced by NMOR plus UVA.
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Table I. 'NMOR + UVA' and 'UVA-alone'
induced mutations in M13mp2a8)

Class of mutation Mutants found

NMOR plus UVA UVA
Base substitution
Transversion
GitoT 26 8
Cto A 2 0
GioC 2 4
At C 0 1
Transition
CtoT 9 4
Tto C 2 0
AtoG 3 1
Gio A 2 1
Insertion 1 0
Deletion 3 4
Total 50 23

a) NMOR was 36 mM, and UVA irradiation was for 2 hr.,
The host for phage was E. coli NR9099,

(2) NMOR+UVAMLIE L 7= 7 7 — ¥ HDNA
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Table 1. Formation of 8-0x0dG in DNA, and
effect of D20 on mutation frequency of phage
M13mp2

8-0x0dG/10% dG®  Mutation frequency

(x10-4)b)
in Hzo in D20
Unireated 1.6 2.4 3.1
NMOR plus UVA 18.6 14.1 11.2
NMOR only 1.9 3.4 38
UVA only 2.2 3.6 4.3

a) Phage M13mp2 was suspended in 20 mM sodium
phosphate buffer (pH 7.0) containing 36 mM NMOR.
UVA irradiation was performed for 3 hr.

) UVA irradiation was for 2 hr,
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Fig. I. The 8-0x0G DNA glycosylase assay for E. coli
cell extracts. The assays were done with a duplex 21-mer
oligonucleotide containing an 8-0x0G/C base-pair. Then
formation of & 10-mer is the indication of the glycosylase
activity, (Lane 1: MF67 (muM), lane 2: NR9099 (wild),
lane 3: YG5113 (e, lane 4: CSH0 (wild))
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Table 111 Mutation frequency of phage M13mp2
with different E. coli hosts

Host strain ~ Mulation frequency of M13mp2 (x1¢+) a)

(E. coli)

MF67 {mutM) 3.5
NROG99  (wild) 3.9
CSH50 (wild) 3.8

Untreated NMOR plus UVA

24.4
13.8
13.4

a) Phage M13mp2 was suspended in 20 mM sodium
phosphate buffer (pH 7.0) containing 36 mM NMOR.
UVA irradiation was for 2 hr.
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Table IV, Effect of N bubbling on the survival

and mutation of M13mp2 treated with NMOR +
UVAa)

Phage survival (%)

Host Untreated NMOR +UVA NMOR +UVA
with N2 bubbling

CSH30 100 1.8 20

MF67 100 1.6 18

Mutation frequency (x 10-4)

Host Untreated NMOR + UVA  NMOR + UVA
with N2 bubbling

CSH50 3.8 13.4 5.6

MF67 3.4 20.0 5.0

a) Conditions for phage treatment were the same
as those given in Table I1I.
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