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The photoreactivation (PR) of chromosomal aberrations (CA) induced by UV-C
and solar UV light and the induction in vitro and in vivo of DNA sites sensitive
to the action of UV-endonuclease (SSE) have been researched. A decrease in the
number of UV-induced CA after PR points out that their induction was caused
by the DNA photoproducts. The exposure of roots to solar light (300-380 nm)
immediately after exposing to UV-C radiation reduced the CA formation by 70%
and 40% respectively in 2n and 4n cells including the chromatid-type aberrations
in the second cycle after UV radiation. There were some photoproducts that
have not been removed by DNA repair and were capable of inducing chromatid-
type aberrations in the second cell cycle after irradiation. PR did not reduce CA
formation if roots were photoreactivated 3 h after exposing to UV radiation.

Solar light (290-360 nm) induced SSE in the DNA solutions up to 180 SSE/10%
Da, in June twice more effectively than in October. Solar UV-B and UV-A, B
light induced CA formation. The formation of CA was reduced after irradiation

with both solar UV-A or visible light.
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INTRODUCTION

In the present work, we review our investigations of
relationships between DNA damage and chromoso-
mal aberrations inducted by UV-C and solar UV.
Plants are exposed to UV-radiation which is present
in the sunlight. Solar UV (SUV) action on the chro-
mosomes of higher plants has been poorly studied
[1]. We supposed that SUV action on DNA and
chromosomes of higher plants could involve some
not yet elucidated processes such as induction of
photoproducts by SUV irradiation, repair of these
photoproducts. Later some new photoreactivating en-
zymes were found; they specifically repair UV-indu-
ced (6-4) photoproducts in higher plants and le-
sions induced by UV-B [2-8].

We supposed that DNA lesions inducted by so-
lar UV could be important for mutation process
and could take place in chromosomal mutation. This
supposition was based on forgotten data [9] which
show that solar UV can induce pyrimidine dimers
in cell DNA. Literature data on the photochemistry,
photophysics of the mechanisms of DNA pyrimidine
dimer and other photoproducts repair [10-13] allo-
wed to suppose that solar UV can induct a suffi-
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cient number of DNA photoproducts in the plant
cells. These damages could be repaired or not re-
paired and later involved again in the formation of
mutations.

MATERIALS AND METHODS

The heterogenous cell population of Crepis capillaris
root tips was used to study the induction of chro-
mosomal aberrations [14] and the influence of pho-
toreactivating light on the frequency of aberrations
induced by UV-C [15-17].

DNA lesions — thymine dimers (TD) were esti-
mated as sites sensitive to the action of UV-endo-
nuclease (SSE) in labeled DNA [18]; irradiation of
DNA, roots by SUV was done in Vilnius region,
Lithuania [19-20].

RESULTS AND DISCUSSION

SSE and CA induction curves depending on UV
irradiation dose showed that when the UV irradia-
tion dose was low, SSE were induced linearly (Figu-
re). Comparison of the dose-response curves of bar-
ley and Crepis helped to show better that irradia-
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Figure. Induction of SSE and CA by UV-C irradiation. Com-
parison of dose-response curves of Hordeum and Crepis

tion with high doses decreased the frequency of
CA, whercas DNA lesions at the same doses in-
creased.

Induction of SSE by SUV-irradiation in DNA in
vitro. We studied SSE induction with SUV in the
DNA of barley, B. subtilis (in collaboration with
K. Ambrozaitis, K. Zukas and E. Cesnavi¢iené, Vil-
nius State University) and of Crepis. DNA solutions,
labeled and frozen barley seedlings were irradiated
with a whole (total) spectrum of solar radiation, or
only with a visible light, or only with UV. Absorp-
tion filters with known transmission rate at different
wave length and absorption coefficients were used.

Dose-response curves, one for the whole solar
spectrum and one for the UV spectral range (trans-
mitted by UVS-1 filter) were established [19]. The
solar radiation of the whole spectrum and only of
the UV region induced a high number of SSE in
DNA solutions — UV-endonuclease degraded such
DNA. The SSE induction dependence on SUV irra-
diation dose was linear. Summer solar UV light in-
duced a higher SSE number if compared with that
of autumn light: approximately about 80 SSE/10% Da
DNA in summer and 20 SSE/10®8 Da DNA in au-
tumn after 60-10° J/m> of SUV irradiation. Having
learned the level of day’s energetic exposure of so-
lar UV-B irradiation, SSE induction dependence on
SUYV irradiation dose, we could estimate that the
probability of DNA damage by SUV in plant cells
was quite real.

A relationship between the intensity of pyrimidi-
ne dimers with SUV-B, UV-C induction and forma-
tion of chromosomal aberrations in apical meristems,
as well as between the frequency of CA and the
number of SSE depending on UV dose was noticed
[18].

Induction of chromosomal aberrations and its
photoreactivation. The frequency of UV-induced CA
in two cell cycles of Crepis capillaris cells was inves-
tigated. The main attention was paid to the level of
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chromatid-type aberrations. Both chromosome-type
and chromatid-type mutations were observed. The
frequency dependence upon irradiation dose was li-
near both in diploid and tetraploid cells. Symmetric
and asymmetric translocations were the major type
of chromosome aberrations in diploid and tetraploid
cells. Chromatid-type deletions, isochromatid dele-
tions, symmetric and asymmetric translocations were
observed in diploid and tetraploid cells

Single fragments (mainly terminal deletions) in
tetraploid cells were detected. If they had been for-
med from pyrimidine dimers not excised in the pre-
vious cell cycle, the photoreactivation had to decre-
ase the frequency in tetraploid cells. The photoreac-
tivating light was found to decrease the frequency
of UV-induced chromosomal aberrations in tetraploid
cells and the number of SSE.

Therefore, it is possible to suppose that pyrimi-
dine dimers in plant cells can be the initial DNA
lesions, which later turn into chromosomal muta-
tions. This conclusion was confirmed in the second
experiment of PR with a greater number of fixa-
tions in UV-irradiated roots of Crepis capillaris. In
this experiment PR was fully confirmed in two cell
cycles. The sunlight photoreactivated about 70% of
CA in 2 n cells and about 65% in 4 n cells [21].

The PR light decreased the frequency both chro-
mosome-type and chromatide-type aberrations in 2
n and 4 n cells. This means that in higher plants
PD can pass over replication and realize into CA in
the next cell cycle after UV.

The frequency of UV-induced chromosomal aber-
rations in G, and G, cells was decreased by the
photoreactivating light [15-16].

The PR light would not decrease the aberration
frequency if it was used not immediately after UV
irradiation, but some hours later [21]. That is why
the influence of PR light was effected after UV
within a sliding period of time. It was confirmed in
our two experiments in 1996 and 1997. In 1996,
UV inducted 4.83 CA in 2n cells. The PR light
immediately after UV decreased the CA frequency
to 0.98%, 0.5 h later — to 0.33%, 1 h later — 0.89%,
2 h later — 0.86%, 3 h later — 3.92% CA.

In 1997, a repeated experiment was performed
in order to gain more precise data. Should PR light
not act 4 hours later as well? It was shown that UV
light induced 4.7% of CA. If PR light was used
immediately after UV, it decreased the CA frequen-
cy to 0.81%, 1 h later — to 1.19%, 2 h later — to
0.95%. After 3 or 4 hours after UV irradiation the
PR effect disappeared. The frequency of CA was
4.78% and 4.24%, respectively.

So, all our PR experiments confirm the suppo-
sition that part of TD can cause CA formation. Be-
sides, it is possible that lesions caused by solar UV
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can pass over DNA replication (like the lesions cau-
sed by UV-C irradiation) and be realized into CA
within the second cell cycle after UV action. This
was proved by the presence of single fragments
within this cycle. Existence of CA as a chromatide
type in 4n cells of Crepis capillaris after UV-C-irra-
diation shows that the latter type of CA was formed
within the second cell cycle after irradiation [21].
This shows that the cells have been already divided
after UV irradiation, i.e. DNA has been completely
replicated. That is why it is possible to affirm that
nonexcised solar UV-induced TD give rise to the
formation of aberrations in the second cycle of UV-
irradiated cells. This means that SUV-inducted DNA
lesions can be left in DNA chain and induce aber-
rations in tetraploid cells. Irradiation by PR light
immediately after UV action decreased the number
of aberrations also within the second mitosis after
UV-irradiation, ie. in 4n cells. On the other hand,
PR experiments showed that the number of photo-
reactivated TD was incomparably greater than the
number of CA [19]. A question arises why only one-
thousandth part of the total number of dimers had
induced CA. Probably CA were induced by another
product, maybe some different products (not only
TD) and there were much less of them, but they
were photoreactivated as well. Considering the abo-
ve-mentioned facts, it is possible to say that there is
not one or two photolyases as it was proposed be-
fore, but several of them, and that was confirmed
by literature data [3, 7, 11, 22].

Induction of chromosomal aberrations by solar
UV and its photoreactivation. In two different expe-
riments during two summers it was shown that solar
UV-B and UV-B+A could induce a detectable level
of chromosomal aberrations approximately about twi-
ce more frequently than in control cells. Irradiation
with solar photoreactivating light (UV-(B+A)+visible
or only visible) decreases the CA number to a cont-
rol level [20].

These results confirmed our supposition that SUV-
induced photoproducts could induce the formation of
chromosomal aberrations. Some of them could be cyc-
lobutane-pyrimidine dimers, and this genetical dan-
ger for plants, defined by increasing UV-B radiation,
is quite real.
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DNR IR CHROMOSOMU PAZAIDU INDUKCIJA UV-C
IR SAULES UV SPINDULIAIS IR JU
FOTOREAKTYVACIJA CREPIS CAPILLARIS
LASTELESE

Santrauka

Apibendrintais darby ciklo rezultatais ai$kinama, kaip DNR
pazaidos, indukuotos saulés ultravioletiniais spinduliais, gali
dalyvauti susidarant chromosomy aberacijoms. Tokio pro-
ceso schema pagrista 4 fakty grupémis: 1) aberacijy ir DNR
pazaidy dozinés priklausomybes kreivémis; 2) DNR pazai-
dy indukcija saulés UV spinduliais; 3) chromosomy abera-
cijy fotoreaktyvacija; 4) chromosomy aberacijy indukcija
saulés UV spinduliais ir jy fotoreaktyvacija.
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