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target of radiation damages is the genetic material (Smith, 1977). Thus far,
DNA under in vitro and in vivo conditions has been preferentially taken into
account when studying the effects of radiation on living systems (Song and
Tapley, 1979). Light of various energies, i.e. X-rays or UV-light, causes
different damages to the DNA. While jonizing radiation mostly produces
single and double strand breaks (Freifelder, 1966), UV-light at 254 nm is
mainly responsible for base modifications (Klttlor and Léber, 1977). Lower
energy light adjacent to UV (365 nm, UVA-light) and in the visible region
is capable of modifying the DNA via sensitization mechanisms (Lober
and Kittler, 1977; Song and Tapley, 1979; Kittler and Lober, 1988). In this
paper we present our results obtained with gamma radmtlon X-rays, UV-
light at 254 nm, and UVA-light at 365 nm plus furocoumarin derivatives
as sensitizers in the phage lambda system. Along this line we have focused
our interest on the consequences of the DNA modifications mentioned above
on distinct multiplication steps of the phage, especially on adsorption, in-
jection, and replication processes. Finally, repair mechanisms involved in
the elimination of these damages will be briefly discussed.

Materials and Methods

Phages and bacteria. Investigations were performed with phage lambda ¢by and the host
bacteria K. coli C 600, K. coli SR 20 and repair-deficient mutants of these strains which were
kindly provided by Dr. M. Sedlinkové, Bratislava, Czechoslovakia.

Radiation sources. Thermax X-ray tube operating at 80 kV and 12 mA and ®0Co aus gamma
radiation source were used. For UV.radiation experiments at 254 nm and 365 nm a low-pressure
Westinghouse type WL 782(30) lamp (Philips) and a high pressure mercury lamp (Type HBO
500, VEB Narva, Berlin, G.D.R.) were employed. The latter was supplemented with a glass
filter cut off light below 300 nm.

Radioactive labelling of phage DN A. For measurements of phage adsorption and DNA injection
the phage lambda DNA was 32P.labelled (Kittler et al., 1977). The phage DNA replication was
monitored using *H-thymidine incorporated by the pulse-labelling technique (Young and Sinshei-
mer, 1967).

Furocoumarin derivatives. The linear furocoumarin derivative xanthotoxin (8-methoxypsora-
len, 8-MOP) and the angular derivative angelicin were used. Both were generous gifts from Prof.
G. Rodighiero, Padova, Italy. In order to ensure penetration of these substances into the phage
particles, 8-MOP or angelicin (50 pg/ml) were added to the phage suspension 30 min before
irradiation.

Sucroge gradient technique. The DNA crosslink formation caused by reaction of photochemic-
ally excited furocoumaring was followed by alkaline centrifugation (Cole and Zusman, 1970).

Results

The first studies were designed to distinguish between damages caused by
adsorption of the phage particles on the surface of bacteria and phage DNA
injection into the host due to X-ray treatment. Fig. 1 shows inactivation of
phage lambda and changes in adsorption and DNA injection caused by X-
ray radiation in the presence of tryptone or tryptone supplemented with
0.1 mol/l cystamine in nitrogen atmosphere. Phage adsorption and DNA
injection decreased with increasing X-ray dose. The inhibition of both cor-
responds to about 209, of total inactivation. Radiation in 0.1 mol/l cystamine
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the following model (Fig. 5). DNA in diluted aqueous solution and photo-
chemically excited xanthotoxin generate monoaddition products and cross-
links between the complementary strands of the DNA duplex (type I cross-
link). For steric reasons, angelicin reacts under those experimental conditions
only m(mofunct,u)rmll). Inside the phage heads, however, both drugs forms
type II crosslinks which correspond to the bifunctional covalent binding
between adjacent sites in the folded structure of the double helix (hanpm
crosslinks). Theoretical considerations (Kittler ef al., 1980), physicochemical
measurements (Kittler and Zimmer, 1976), and electronmicroscopic studies
(Ebert et al., 1983) agree well with our prediction concerning the existence of
type 11 DNA crosslinks inside the phage heads and the ability of angelicin
to photo-crosslink.

Studies on the repair of DNA damages caused by UV-light (365 nm)
plus furocoumarins were performed with different host strains of E. coli
varying in their repair capacity. The results in Table 1 provide evidence
that monoaddition products will be repaired more readily than crosslink
and wrr-genes display a higher repair capacity than rec-genes. For repair of
crosslinks both genes are necessary, while monoaddition products can be
climinated by either of the genes alone. U sing strain K. coli SR 74 (urr-,
rec~) as a host, the plaque i'm'ming ability for phages treated with near UV-
light (365 nm) plus 8-MOP is one order of magnitude smaller than for ange-
licin, meaning that the crosslink monoaddition photoproduct ratio is about
1:10.

Finally, the effectiveness of X-rays and UV-light on phage multipli-
cation steps is compiled in Table 2. For all radiation methods used.
plaque forming ability of phage lambda was diminished. More differ-
entiated is the behaviour for the distinct multiplication steps of phage adsorp-
tion, phage DNA injection and replication. The initial adsorption step is
only disturbed by X-ray treatment while UV-light irradiation shows no
measurable effect. As expected, X-ray damages on the protein recognition
pattern were more pronounced than those due to UV -light which is essential
for phage adsorption onto the surface of the host. The inhibition of injection
appears to occur due to DNA fragmentation and type I1 crosslink formation
upon X-ray or combined UVA-light (365 nm )plus furocoumarin treatments.
Double strand breaks of DNA, DNA base photoproducts, and type I cross-
links produced by treatment with X-rays, UV -light at 254 nm, and UVA-
light (365 nm) plus furocoumarins, respectively, are responsible for the
reduced replication.
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