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The effects of thelead (PbCl,) on mitatic cell division of Anatolian Black Pine (Pinus nigra ssp. pallasiana)

Ersin YUCEL', Ayse HATIPOGLU™, Emel SOZEN, Siikrii Teoman GUNER
! Anadolu University, Faculty of Science, DepartBidlogy, 26450, Eskehir, Turkey
%Forest Land and Ecology Research Institute, ki, Turkey

Abstract

In this study, the effects of lead (PbGbne of the significant environmental pollutam, mitotic divisions of
Anatolian Black pine was investigated. Differenincentrations (300puM, 500uM and 700puM*®hof lead were
applied. Due to the increase of the lead conceéatrstcell division was decreased, several mi@tiomalies such as c-

mitosis, lagging chromosomes, multipolar anaphaseschromosome bridges were increased.
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1. Introduction

Woody species can be very sensitive to moderateertrations of heavy metals. These elements mayceed
biomass accumulation in tree seedlings. Inhibit growth, decrease the availability of essentiahwints and modify
root morphology and architecture, compromising rcaghacity to explore soils . The excess or defoyjenf essential
metals may also inhibit protein and enzyme functamd thus impair photosynthetic electron transpothe reaction
centers. Heavy metals may indirectly affect segdpierformance by reducing plant ability to access mansport soil

resources, particularly water (Fuentes et al., 2007

Among non-nutrient heavy metals, Cd and Pb arentbet widespread. Most of Pb and Cd contamination
results from four human economic activities: bugniigquid and solid fuels, smelting and foundry warkewage high
in Pd and Cd, and soil-applied chemicals, includengilizers. Pb enter food chains mostly from pé&rwhich often
accumulate heavy metals to concentrations exceetfieg levels in the soil by many times. Plant aafes to
accumulate heavy metals and tolerate their abumdare species-specific traits. Based on these pégracities, plant-
derived technologies were worked out to decontataitiee environment of the heavy metals. In addjtiba plants are

used as indicators sensitive of soil pollution widavy metals (Seregin at al., 2001).
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Uptake of this metal can cause destructive chamgpkants, in particular, inhibition of root growttvhich is

considered to be one of the earliest morphologiffatts of metal toxicity (Samardakiewicz et alQ2p

Pb produces mitotic disarrays, such as C-mitossylting in a higher metaphase percentage. Thdtresu
resembles the weak effect of colchicine. Pb caulisarray in the pattern of the mitotic cycle andduces
chromosome aberrations, such as the developmeanicobnuclei, chromosome bridges, chromosome staddgnetc..
Other metal ions, such as*AICFP*, CU#*, C&*, zr**, Ni**, and HG"* produce similar effects (Seregin et al., 2001).

The air and soil contaminations cause direct dano@diee vegetative and generative organs of plastaell
as influence physiological processes. Gaseousollitants, by acidification of soil, induce changests chemical and
mechanical properties and release harmful metal, ivhich in turn damage the soil microflora and oryiizal fungi.
These adverse changes affect the vitality andlifgrtf trees. This is manifested in the casePifius sylvestrisn
decreased biomass increments, linked to a signifieonomical loss, decrease in seed productiod, thair
diminished germination. When stress caused by dfletipn exceeds a certain level, then individuaks and whole

tree stands start to declinérgs-Gowacki et al.,2006

2. Materialsand methods

The Black Pine B. nigra ssp.pallasiang seeds used in this study were collected from AhadtUniversity
campus. The experiments were carried out in pleowip chambers (MLR-350 Model Sanyo, Japan). Ferdiration
of the experiments a constant temperature (+25%@) photo-period of 8 hours light, 16 hours darkne&se

maintained.

300pM, 500puM and 700uM concentration of lead ¢t (PbC}) were prepared with distilled water. Planted
petri dishes were filled with 9 ml of lead solutioantaining different lead concentrations. Congaups were filled

with only distilled water. They were covered angti@to plant growth cabinet for 5 day.

The root tips of germinated seeds were cut and Vigeel in acetic acid-alcohol (1:3) for 24h and eer
transferred in 70 % alcohol and stored in the &idgor mitotic preparation, root tips were remofrean alcohol and
washed with tap water and hydrolised with 5 N H&IS0 °C for 15 min. Then it was dyed with Feulgeactive for
1h. After that the root tips were kept in tap wdter15 min. Finally the last parts of root tips el dyed very densely
were cut and their crushing preparates in 45 %iaaatid were made. Specimens were observed wittgtd |

microscope and photographs taken.

The results are expressed as means + standard €herdata were compared with ANOVA test using a

significant level of p<0.01.
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3. Reaults

Mitotic index was decreased with inrease of leagceatration. Abnormalities in root tips exposedetad and
control group were observed. Mitotic division numb&s decreased in treatment groups accordingritsaiggroup in
Table 1 and 2 (p<0.05). When compared with comgrolp , mitotic index was significantly decreasgdepending on
concentration of lead in mitotic index results oéatment groups (p<0.05) (Table 3 and 4). In diffierlead
concentration, a relationship was found secondeggmagroups (Figure 1). In different lead concetitrg a relationship

was found fisrt grade in groups (Figure 2).

Table 1. ANOVA results of mitotic division

Sum of df Mean square F Sig
Squares
Between Groups 37978,267 3 12659,422 19,233 ,000
Within Groups 36860,133 56 658,217
Total 74838,400 59
Table 2. Mitotic division of treatment groups aatiog to control group
Dunnett t testi (2-sidedl) | 2 1 -33,5* 9,37 ,002
1 -52,00* 9,37 ,000
1 -67,563* 9,37 ,000
Table 3. ANOVA results of mitotic index
Sum of Squares| df Mean square F Sig
Between Groups 6029,950 3 2009,983 26,986 ,000
Within Groups 4170,991 56 74,482
Total 10200,940 59
Table 4. Istatistical results of mitotic index nedtment groups compared with control group
Dunnett t testi (2-sided) | 2 1 -7,88473* 3,15134 ,041
1 -18,16540* 3,15134 ,000
4 1 -26,42407* 3,15134 ,000
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Figure 1. Results of regression analyse of nornvédidg Figure 2. Mitotic index of groups
cells in each group

4. Discussion

In this study, it was investigated cytogenetic effeof lead chloride on root tip cells dPinus nigra ssp.

pallasianaseed.

It was found that cell division was inhibited byatechloride. It caused chromosomal changes andaiaref

division was affected. Mitotic index decreased iyréasing of lead concentration.

In parallel with our findings, cytological analysdemonstrated numerous aberrations of chromosomes i
meristematic root tissue of seedlings developethfseeds collected from trees in the polluted arée. aberrations
included chromosome bridges and stickiness, latsgaetarded and forward chromosomes, and thejnfeats (Prus-
Gowacki et al.,2006)There are many study about lead which affects pldntthese studies, lead causes decreases of
seedgermination and root elongation, inhibits hbidlsgsis of chlorophlly and photosynthesis andcédfeell structure
and chromosome (Munzuroglu et al., 2000 and Kital.2005).

There are reports on the inhibitory effect of leamhcentrations on the germination of seed$b&seolis
vulgaris Pisum sativunandBrassica napusar. zerowy. Inhibiting effects of lead for seedrgmation were observed
pollen germination and also pollen tube elongatkeor. example; this effect was observed on polléri3wercus cerris,

Picea abies, Pinus nigrandMalus sylvestrigKiran et al.,2005).

In conclusion, the result of this study showedt tlead concentrations significantly increase mitatell
division so that decrease mitotic index and alseseavarious mitotic abnormalities. Our findings atdead are parallel
with other investigations in many plant speciese§éhdata show that lead damages development ofsylad so that

leads loss of crop.
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Observed chromosomal abnormalities were shownguarEi3.

Figure 3. Mitotic cell abnormalities by lead . A)y@€hromosome bridges B) multiple polar anaphase-B}CGbreaking

chromosomes E) micronuclei F) c-mitosis |) fragneeimiucleus
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