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Effect of Iron(Il)-ascorbate Complex on Protein and DNA of Phages

II-Hwan Lho and Akira Murata
Department of Applied Biological Sciences, Saga University, Saga 840, Japan

Abstract

The inactivating effect of iron(II)-ascorbate complex (Fe-Asc) on various phages was previously repo-
rted. This paper describes the molecular target in the phage virion attacked by Fe-Asc. The effect
of Fe-Asc on protein was investigated with bovine serum albumin and the structural protein of phage
J1. There were no differences in the SDS-polyacrylamide gel electrophoresis (patterns of these two
proteins when either they were treated) with Fe-Asc or not. Also, there were no changes in the
amino acid composition and ultraviolet spectrum of the proteins. The effects of Fe-Asc on DNA was
investigated with pUC18 DNA, M13mp8 DNA and A DNA as well as DNA from phage J1. Fe-Asc
caused initially nicking of the supercoiled form of pUC18 DNA to yield the open circular form and
then subsequently the linear form. Strand breaks were also confirmed with M13mp8 DNA and A
DNA as well as J1 DNA. The results indicate that the strand breaks in phage DNA could be responsible

for the inactivation of phages by Fe-Asc.
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Fig. 1. Patterns of SDS-polyacrylamide gel electropho-

resis of bovine serum albumin treated with Fe-Asc
Bovine serum albumin (0.04%) was inubated with Fe-
Asc (2X1075M as ascorbate) in 20 mM Tris-HCl buffer
(pH7.4) for 24 hr at 40C. The treated bovine serum
albumin was denatured by boiling in 63 mM Tris-HCI,
2% SDS, 5% 2-mercaptoethanol and 10% SDS-polyacryl-
amide gel. Electrophoresis was carried out at 30 mA for
2 hr. Lane 1, untreated; Lane 2, treated for 6 hr at
37C; Lane 3, treated for 24 hr at 40C.
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Fig. 2. Changes in UV spectra of reaction mixture

consisting of bovine serum albumin and Fe-Asc
A: Bovinee serum albumin (0.04%) was incubated with
Fe-Asc (2X107°M as ascorbate) in 20 mM Tris-HCI bu-
ffer (pH 7.4) at 37C . B: Fe-Asc (2X107°M as ascorbate)
alone was incubated in 20 mM Tris-HCl buffer (pH 7.4)
at 37C. Numbers indicated in the figure are incubation
time (min). -, Bovine serum albumin alone.
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Table 1. Amino acid composition of bovine serum albu-
min treated with Fe-Asc

Molar ratio (%)

Amino acid —
Intact Treated
Asp 9.6 9.7
Thr 5.7 5.9
Ser 4.7 4.8
Gul 154 15.7
Pro 4.7 5.0
Gly 33 31
Ala 8.2 85
Cys 26 23
Val 6.2 59
Met 0.5 0.4
Ileu 24 24
Leu 10.5 10.5
Tyr 28 2.6
Phe 4.8 4.9
His 4.3 4.1
Lys 10.3 10.2
Arg 4.0 4.0

2Bovine serum albumin (0.04%) was incubated with Fe-
Asc (2X107°M as ascorbate) in 20 mM Tris-HCl buffer
(pH 7.4) for 24 hr at 40TC.

®Molar ratio(%) is represented by the molar concentration
of each amino acid per total amino acid.
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Fig. 3. Patterns of SDS-polyacrylamide gel electropho-
resis of structural protein of phage J1 treated with
Fe-Asc

For other legend, see Fig. 1, but purified phage J1 (1X
10" PUF/ml) was used instead of bovine serum albumin.
Lane 1, untreated. Lane 2, treated for 6 hr at 37C.
Lane 3, treated for 24 hr at 40C.
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Fig. 4. Patterns of agarose gel electrophoresis of
pUC18 DNA treated with Fe-Asc
pUC18 DNA was incubated with different concentrations
of Fe-Asc in 20 mM Tris-HC! buffer (pH 7.4) for 30 min
at 37C . Sourose and bromophenol blue were added to
the reaction mixture and these were put on a 0.7% aga-
rose gel. Electrophoresis was carried out at 50V for
40 min. 1, II, and III indicate the supercoiled, open circu-
lar, and linear forms, respectively. Lane 1, untreated;
Lane 2-6, treated with 1X107% 3X10 % 6x107¢ 1X
10°°M, and 1X10 *M as ascorbate, respectively.
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Fig. 5. Changes in UV spectra of reaction mixture
consisting of A DNA and Fe-Asc

A: A DNA was incubated with Fe-Asc (1X107°M as
ascorbate) in 20 mM Tris-HCl buffer (pH7.4) at 37C.
B: Fe-Asc alone was incubated in 20 mM Tris-HCl
buffer (pH 7.4) at 37C . Numbers indicated in the figure

are incubation time (min). ---, A DNA alone.
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Fig. 6. Patterns of agarose gel electrophoresis of J1
DNA treated with Fe-Asc

J1 DNA was incubated with different concentrations of
Fe-Asc in 20 mM Tris-HCI buffer (pH 7.4) for 60 min
at 37C. For other legend, see Fig. 4. Lane 1, A DNA
digested with HindIIl. Lane 2, untreated. Lanes 3-5,
treated with 3X107% 6X10°5 and 1X10 *M as ascor-
bate, respectively.
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Fig. 7. Changes in UV spectra of reaction mixture

consisting of phage J1 and Fe-Asc
A: Phage J1 (1X 10" PFU/m/) was incubated with Fe-Asc
(1X10 M as ascorbate) in 20 mM Tris-HCI buffer (pH
7.4) at 37C . B: Fe-Asc (1X107°M as ascorbate) alone
was incubated in 20 mM Tris-HCl1 buffer (pH 7.4) at 37
C . Numbers indicated in the figure are incubation time
(min). ---, Phage J1 alone.
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