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   Dactylarin is a new antiprotozoal alltibiotic、 、.1}ich also exhibhs cytotoxic activlty.

The decrease of mitotic index in treated HeLa cells indicates that the antibiotic in-

hibition ls expressed prior to mitosis. Dactyiarin hlhibited the progression or G2 cells

into mitosis, One of the earliest changes of dactylarin-treated cells was an increase

in the cell size. Dactylarin induced unbalanced growth of HeLa cells in which DNA

and RNA content per unit of cell volume decreased. while protein content remained

directly proportional to the increased cell volume, Under the same experimental con-

ditions only a slight effect on glucose utiHzatioll was observed. In the light of these

fi ndings, the possible [ethal action of dactylarin was discussed.

   Dactylarin is a new antiprotozoal a!1t1biotic of the geodin group derived from a culture of

Dactylaria lutea ROUTIEN1). It has strong inhibitory activity in vitro against Leishmania brazi-

liensis and Entamoeba invadens a nd is slightly active agaillst Gram-positive bacteria. No activity

w as observed against Trypanosoma cruzi, Tetrahymena pyriformis, Gram-negative bacteria , yeasts

or molds. Dactylarin was the most cytotoxic antibiotic from the studied geodin group2). A

relatively short in vitro exposure of L5178Y cells to dactylarill affected the transplantability of

cells hl BDFI mice(unpublished observation) . MIKO and DROBNICA3)observed tllat dactylarin

primarily interferred with the energy Inetabolism. The secondary consequence of this inter一

fe rence was the inhibition of other metabolic key processes. sしlch as protein synshesis of nucleic

acids in EHRLICH ascites carcinoma(EAC)cells.

    The present studies were undertaken to determine those biochemical processes in HeLa

cells which result in lethality when inhibited by dactylarin.

Materials and Methods

   Cell Culture System

   Monolayer cultures of HeLa cells were grown at 37C in EAGLE's basal medium(USOL

Prague)supplemented with 6%calf serum and adjusted to the pH 7.O with sodium bicarbonate.

Exponentially growing cells in Muller Hasks were treated f6r 48 hours with dactylarill which

was dissolved in DMSO. Control cultures received an identical conce口tration(1%)of DMSO.

After particular tilne intervals, Hasks were harvested in triplicate by treannent with O.25%

trypsin and cell numbers and cell sizes were determined, as previously described4).

   Entry into Mitosis

   The effect of treatment on the entry of G2 cells into mitosis was studied using the "col-

lection function”parameter of PucK and STEFFEN5). Colcemid(0.04μg/ml fial concentration)

was added to replicate 5-ml cultures simultaneously with dactylarin. At 2-hour intervals fol-

lowing the addition of colcemid, duplicate Hasks were treated with trypsln and the cells thus
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released were nxed in ethanol-acetic acid(3:1,v/v). Smears of the fixed cells were stained

with GIEMsA and the fraction of the cell population in mitosis was determined by mic-

roscopic examination. The accumulation of mitotic figures in cultures exposed to colcemid

was expressed in terms of the mitotic coUection function5).

   In determinations of mitotic index, at least 1,000 cells were examined.

   Biochemical Procedures

   After removal of medium, ce11s were harvested from culture Hasks by trypsinization, wash-

ed once with O.9%NaCI and suspended in O.9%NaCl, Portions of this suspension were used

for determinations of cell number and protein content6);another portion was alternately frozen

and thawed three times to disrupt cells and then extracted with 5%trichloroacetic acid(90。C,

20min.)to recover the nucleic acid contents. The DNA content of such extracts was estimat.

ed by the diphenylamine method7)and that of RNA by the orcinol method3).

   Glucose concentration in the culture medium was determined by using the Bio-La-test

(Lachema, Brno).

Results

Inhibition of Cell Multiplicatiol1

   Dactylarin inhibited the proliferation of HeLa cells at doses from O.78 to 6.25μg/ml(Fig.

1).With the hlghest concentration of dactylarin there was a marked decrease in the number

of living cells compared to the control cultures. After 24-hour treatment there were detached

dead cells Hoating in the medlum. With 3.12μg/ml of dactylarin lOO%inhibition of the growth

was observed from the first day after the treatment. At the doses of 156 and O.78μg/ml re-

tardation of cell replication was observed which was related to tlle dactylarin concentration.

                  Effect of Dactylarin on the Entry of Cells into Mitosis

    At various times after antibiotic exposure, experiments were carried out to determine the

entry rate of cells into the rnitotic stage. The frequency of mitosis was inhibited at Iow doses

(Table 1)and practically disappeared within 12 hours following the exposure to higher doses

of dactylarin. On the basis of the above observations it can be concluded that the stage prior

to initiation of rnitosis is particu1arly sensitive to the action of dactylarin・ In order to test

Fig.1. Prolifbration of HeLa cells during expo-

 sure to various concerltrat[ons of dactylarin.

Fig.2. The effヒct of dactylarin on the entry G2

 CellS intO mitosis.

 The antibiotic was added to the medium simul-

 taneouslv with colcemid at O hour at the con-

 centrations of O.78,1,56 and 3.12μg/ml.
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this hypothesis the metllod of PucK and STEF-

FEN5)was used which employs mitotic indices

of culture samples taken serially after the ad-

dition or colcemid. Two to six hours after

addition of dactylarin at O.78μg/ml the ac-

cumulation of mitosis was markedly retarded

(Fig.2). With the higher doses no actual

mitotic 6gures accumulated immediately after the cells were exposed to the antibiotic. These

results suggest that the cells are blocked in G、 phase, just prior to M phase.

Effect of Dactylarin on Cell Size

    Since direct microscopic observation indicated an enlargement of treated HeLa celis at a11

tested concentrations compared to control cells, the following experiments were ailned at the

qualitative and quantitative evaluatioll of this effect・By 4 hours after drug addition, cells in-

creased in size, reaching maximum values at 12 and 24 hours for cells exposed to 1.56 and

O.78μg/ml dactylarin(Fig.3). Analysis of the cell volume distribution promes presented in

Fig.4 shows that although the population of treated cells had overlapPed the distribution of

untreated cells, the percentile represelltation of each cell size group changed in favor of larger

cellS,

Fig,3. Enlargement of HeLa cells produced by

 dactylarin.

Table 1.

InCubation

 time in

  hours

    12

    24

    48

Mitotic index

Control

   49

   56

   53

Dactylarin(μg/ml)

0.78

  37

  45

  43

,1.56

31

30

35

Fig.4. The changes in size distribution of HeLa

 cells produced by dactylarin.

Control O.78μg/ml

1 2hours 24hours 48hours

Table 2. The effect of exposure to dactylarin on DNA, RNA and protein

              content per unit volume of HeLa cells

Hours after
 addition of
 dactylarin

     l2

     24

     48

μ g DNA×103/μ3 μgRNA×108/μ3 μg Protein×108/μ3

0

μg/ml

1. 49

1.29

1.60

0.78

μg/ml

1.36

0.98

1.30

1.56

μg/ml

1. 28

1.16

1.45

0

μg/ml

 7.4

 6,4

 7.3

0.78

μg/ m1

 7,0

 5.9

 6.0

1.56

μg/ml

 5.9

 4.9

 6.1

0

μg/ml 30

 31

 33

0.78

μg/ ml

 29

 27

 32

1.56

μｇ/ m1

  28

  30

  31
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Effect of Dactylarin on Cell Content

        of Macromolecules

   Changes in the amount of DNA, RNA

and protein per 106 cells resulting from ex-

posure of the cells to dactylarin are illustrated
in Fig.5. The differences in the RNA and

DNA content of treated and untreated cultures

were relatively minor. On the other hand, a

sigrlificant increase in protein content per celI

was observed already in the nrst hours after

the drug addition.

   When DNA, RNA and protein contents

were expressed in terms of a unit cell volume(Table 2), it was fbund that in dactylarin-treated

cells the relationship between these parameters were disturbed. While the content of protein

remained directly proportional to the increased cell volurne, the content of DNA and RNA

per unit cell volume decreased. The RNA decrease was more apparent at 156μg/ml of dac-

tylarin, the concentration which caused 50%inhibition of HeLa cell proliferation.

The Utilization of Glucose

   Glucose consumption from the culture medium by HeLa cells in the presence and absence
of dactylarin was determined. As seen in Fig.6, glucose consumption was only shghtly in-

hibited by dactylarin at the tested concentrations.

Fig.5. Cell content of DNA, RNA and protein during the cytotoxic

   reaction of dactylarin on HeLa cells.
DNA R NA Protein

Hours of incubation

Fig.6. Glucose consumption by HeLa cells in

 the presence and absence of dactylarin・

Control

1.56μg/ml

0.78μg/ml

Discussion

    Dactylarin is a new antiprotozoal antibiotic produced by Dactylaria lutea ROUTIEN1). In the
present investigation, the effect of dactylarin upon HeLa cells was studied. When exponentially
proliferating HeLa cells were treated with varying concentrations of this antibiotic, the growth
of cells was retarded at low drug concentration. At higher concentrations, there was an ab-
solute decrease in the total cell count.

    Judging ffom the effect on the frequency of mitosis, the dactylarin-exposed cells were pri-
marily inhibited in interphase. Using PucK and STEFFEN's method5)it was demonstrated that
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cells are blocked in G2 phase just prior to mitosis(Fig.2)。

    The decrease in cell proliferation was associated with the increase in cell slze which was

demonstrated by sequential measurements of cell diameter(Figs,3,4)and by cinemicrography2).

This increase in cell size is an aspect of the unbalanced growth9). At the time intervals select-

ed for study, i.e. 12,24 and 48 hours, the content of DNA and RNA per unit cell volume

decreased, but the content of protein remained directly proportional to the increased cell volume

(Table 2). Glucose consumption was only slightly inhibited by dactylarin, Investigation of the

mechanism of action of dactylarin in EAC cells has shown that the loss of transplantability

of these cells is the consequence of primary interference of the antibiotic with thc energy

metabolism3). The investigation with HeLa cells suggests that although the inhibition of

glycolysis by dactylarin rnight contribute to the toxic effect of the antibiotic, the primary

interference with the energy metabolism is not a prerequisite f6r its lethal effect on HeLa cells.
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