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ABSTRACT

Chenopodium rubrum photoautotrophic cell suspensions
were grown in plastic tissue culture dishes under pho-
toautotrophic conditions. Growth was monitored by
measuring cell number, packed cell volume, chlorophyll
content and oxygen production. Such microtiter dishes
are suitable systems for the serial assay of growth
inhibition and various physiological effects (i.e.
chlorophy1l fluorescence, cell viability, oxygen pro-
duction) of photoautotrophic cells as caused by her-
bicides and fungal phytotoxins. The applicability of
the test system is discussed.

Abbreviations

packed cell volume; fr.w. = fresh weight;

rpm = revol. per minute; DMSO = dimethyl sulfoxide;
PMS = phenazine methosulfate; NBT = nitro-blue tetra-
zolium chloride;

pcv

INTRODUCTION

Heterotrophic plant cell cultures are suitable sys-
tems for testing the biological activity and the cel-
lular metabolism of nutrients, toxins, or environmen-
tal and agrochemical compounds (Gressel 1984; Gross-
mann et al. 1982; Mumma and Davidonis 1983; Sandermamn
et al. 1984). Several assay systems have been devised
allowing the serial monitoring of numerous compounds
or different concentrations in small cell culture vol-
umes in a short period of time (Potrykus et al.1979;
Grossmann 1988).

Photoautotrophic plant cell suspension cultures
which greatly resemble mesophyll cells (Hiisemann 1985)
can well be used for the assay of photosynthesis-inhi-
biting herbicides (Sato et al. 1987). Such cells are
routinely grown in Erlenmeyer or double-tier flasks
(Hisemann and Barz 1977) so that serial assays require
considerable effort in time, labour, and shaker space.
To further promote the applicability of these green
cells for the serial determination of phytotoxic com-
pounds we have now established a microtest system
using Chenopodium rubrum photoautotrophic cell sus-
pensions kept in transparent microtiter dishes. Our
investigations were designed

1) to demonstrate the efficient growth of the pho-
toautotrophic cells in small volumes as monitored by
cell number, pcv, chlorophyll content, and oxygen
production, and

2) to measure the inhibitory effects of various her-
bicides and a fungal phytotoxin on cellular growth and
several physiological parameters of the green cells.
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Fig.1:

Photograph of transparent microtiter dishes
used as a microtest system for photoautotrophic

growth of Chenopodium rubrum cell suspensions;
dishes are shown without Tid

MATERIAL AND METHODS

Cell culture. Photoautotrophic Chenopodium rubrum cell

suspension cultures (Hiisemann and Barz 1977) were used
at the early stage of stationary growth. Cells (100 mg
fr.w. x 1.5 m1~1) were suspended in fresh culture
medium.

Loading of microtiter dishes. Plastic microtiter
dishes (8.5 x 12.5 cm, Greiner, Nirtingen, FRG) con-
taining 24 wells with 3 m1 volume each were loaded
under aseptic conditions with 1.5 ml cell suspension
per well. Prior to the application of cells to the
dishes the cell suspensions were mixed with the herbi-
cides and fusaric acid which were applied in sterile-
filtered methanol solutions so that the organic sol-
vent in the cell culture medium was set at 0.25 %
(v/v). The dishes further contain 15 additional com-
partments (volume 1 m1) which were each filled with
750 ul K Co /KHCO -buffer generating a 2% CO2 partial
pressure Husemanﬁ and Barz 1977) in the gas“sphere
of the d1shes Four such microtiter dishes tightly
sealed with parafilm were incubated on a MTS4 shaker
(Jahnke und Kunkel, Staufen, FRG) at 350 rpm under
continuous white 11ght (80uE-m~2.s-1) at 250¢C.
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Determination of growth parameters. For the determina-
tion of cellular growth in the microtiter dishes the
cell suspensions from an appropriate number of wells
were removed under sterile conditions after various
time intervals. For each value the cells of four wells
were separately measured and the standard deviation
calculated.

PCV was determined by centrifugation (1400 rpm/10
min, Sigma 2KD-Centrifuge) of cells in calibrated,
con;ca1 special tubes (volume 2 ml, Fa. Schlee, Witten,
FRG).

Cell number was determined by resuspending the cells
from the pcv assays and a 200 yl aliquot was with-
drawn. The cells were mixed with 4.8 ml chromic acid
(10% v/v), incubated at 700C for 10 min and counted
in a Fuchs-Rosenthal chamber under a microscope.

Chlorophyll content was measured photometrically
{ZiegTer and Egle 1965) using acetone extracts of the
residual cell suspensions from the pcv assays.

Production of oxygen of the cells was assayed with a
Hansatech (Bachofer, Reutlingen, FRG) oxygen meter
equipped with a Clark electrode. After a short prein-
cubation period and determination of the dark respira-
tion the net oxygen production was measured using the
cells from one well. Light intensity was set at 1050
PE X m™¢ X sec ~

Assay of herbicide tolerance. The inhibitory effect of
herbicides on the photoautotrophic cells was measured
after 8 days of incubation. For each herbicide concen-
tration one dish was used; the cells from 12 wells
were assayed for measuring pcv and chlorophyll content.
The cells from the other 12 wells were separately
taken for recording oxygen production, chlorophyll
fluorescence and cell viability; the standard devia-
tions were calculated.

Chlorophyll fluorescence was recorded using the same
cell batch as used for the measurements of oxygen pro-
duction. White Tight was filtered through a Corning
4-96 filter to give blue actinic light. The filter
(Wratten 88A) used in the detector probe transmits red
Tight (A>700 nm). The cells were kept in darkness for
5 min, illuminated for 1 min and during this time pe-
riod fluorescence intensity was recorded. The initial
maximum signal (F,) and the terminal signal (F;) of
fluorescence were used to calculate the Rfd-va ues ac-
cording to the equation R, =(FP-FTYFT.

Cell viability is represented by the ability of
celTs to generate reducing equivalents as measured by
the reduction of NBT. 1 ml cell suspension from the
determination of the oxygen production was thoroughly
mixed with 1500 1 ethylacetate, 10 ul DMSO and 200 pl
test reagent (1 mM NAD*, 1 mM PMS, 1 mM NBT, 50 mM
TRIS-HC1, pH 7.5) on a vibromixer for 30 sec. After
1 hour at 209C the violet ethylacetate phase was pho-
tometrically assayed at 520 nm against an ethylacetate
blank. This procedure had previously been checked for
linearity of pigment production with different concen-
tratigns of NADH from a standard solution (data not
shown).

Chemicals. Herbicides were obtained from Bayer AG
(Ceverkusen), fusaric acid came from Sigma Corp., and
NBT and PMS were purchased from Serva.

RESULTS

Growth of photoautotrophic cells in microtiter dishes
The growth of photoautotrophic Chenopodium rubrum
cell suspensions in the wells of transparent micro-
titer dishes (Fig.1) under photoautotrophic conditions
proceeds essentially with the same rate as previously
observed using double-tier Erlenmeyer flasks (Hiisemann
1985). As documented by the data for cell number,
chlorophyll content and oxygen production (Fig.2),a

short lag-phase of 2-3 days is followed by a Tinear
growth rate up to day 10. During the subsequent sta-
tionary phase cell expansion occurs as shown by a
substantial increase in pcv (Fig.2) up to day 18. Be-
yond this time gradual cellular decay is observed as
shown by the decrease in chlorophyll content, oxygen
formation and cell number (Fig.2). Increase and de-
crease of total chlorophyll content per well are sig-
nificantly correlated with the course of total oxygen
production per well showing maximum photosynthetic
activity of the cells around days 8-12. Beyond days
16-18 the cells increasingly suffer from evaporation
of water from the culture medium thus Teading to ra-
ther viscous suspensions.

In general, the satisfactory growth of photoauto-
trophic Ch. rubrum cells in the microtiter dishes
leads to the assumption that this set up will provide
a versatile system for the serial assay of biological-
1y active compounds.
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Fig.2: Growth of photoautotrophic Chenopodium rubrum
cell suspensions in plastic microtiter dishes.

Effect of herbicides on photoautotrophic cells in
microtiter dishes. 1o demonstrate the application of
the microtiter system the herbicides metribuzin (an
asymmetric triazinone), diuron (an urea derivative)
propanil (a carboxyanilide) and dinoseb (a nitrophe-
nol derivative) were incubated with photoautotroghic
Ch. rubrum cells in a concentration range of 107/ -
T0-5M. The mode of action of these herbicides on pho-
tosynthetic electron transport (relevant for all her-
bicides tested), uncoupling of ATP-production in pho-
tosyrithesis and respiration (dinoseb) are described
in the literature (Fedtke 1982).

The herbicide assays were evaluated for pcv, chlo-
rophy11 content, oxygen productien and cell viability
after 8 days of incubation. Furthermore, slow fluores
cence kinetics during a dark to Tight transition were
recorded. The initial and the terminal values for
chlorophy1l fluorescence during binding of herbicides
to thylakoids are supposed to be indicative of the
photosynthetic capacity of photosystem 11 (Havaux and
Lannoye 1985; Klesson and Krause 1981; Kitajima and
Butler 1975). Therefore, the relative fluorescence F
and the R -values allow an estimation of the photo-
synthetic capacity of herbicide-affected green cells.

For the determination of cell viability an extrac-
tion procedure for the water insoluble dye was devel-
oped which in comparison to earlier reports (Dixon
1885; Withers 1980) allowed the analyses of numerous
assays in a much shorter time.

Efficacy of herbicide action is normally recorded
in terms of the pI50-values (Fedtke 1982) which are
appr. 6.5-6.7 for metribuzin. The data measured for
this herbicide in the microtest system with Ch.rubrum
cells show (Fig.3)that 10~/M metribuzin does not al-
ter pcv and chlorophyll content during the experimen-
tal period. A small increase in chlorophyll fluores-




cence, reduced values for oxygen production and the
Rfd value indicate that this herbicide concentration
moderately reduces photosynthetic electron trans-
port. 10-6M metribuzin represents a lethal concentra-
tion best demonstrated by the data for oxygen produc-
tion, cell viability and the R, ~value. The decrease
in chlorophyll content is reflected by a similarly
reduced value for its fluorescence. The residual val-
ues for pcv, chlorophyll content and fluorescence
(Fia.3) even found at 10-5M herbicide after 8 days fur-
ther decrease upon longer incubation periods; pho-
tobleaching of chlorophyll  then becomes more

important.
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Fig.3: Concentration dependent effect of the herbicide
metribuzin on growth, photosynthetic capacity
and cell viability of photoautotrophic Cheno-
podium rubrum cell suspensions

The data in Fig.3 indicate that the lethal concen-
tration of metribuzin for Ch. rubrum photoautotrophic
cells appears to be between 10-7 and 10-6M. Additional
experiments with the microtest system and metribuzin
concentrations stepwise increased from 10-7M to 10-6M
allowed the lethal concentration to be set at 2x10-7M
(data not shown). An identical value for the Tethal
metribuzin concentration was later confirmed using our
photoautotrophic Ch.rubrum cells grown in double-tier
flasks (Hisemann and Barz 1977) and the same methods
for evaluating herbicide action(data not shown).

The herbicide diuron (pI50:6.7-7.5; Fedtke 1982)
significantly affects Ch. rubrum cells at 10-7M (Fig.
4) as shown by the values for pcv,chlorophyll content,
cell viability and oxygen production. Electron trans-
port (decrease in the R.,-value) also appears to be
reduced though a slight “increase in chlorophyll fluo-
rescence (F,-value) indicates that the binding of diu-
ron to the "Q,-protein of the thylakoid membranes
(Fedtke 1982)"has not yet irreversibly damaged the
membranes. Diuron at 10~®M and higher concentrations
(Fig.4) led to cell death essentially as described
for metribuzin.

Propanil ép150:5.6-6.8; Fedtke 1982) also tested at
10-7 to 10-5M showed moderate herbicide effects only
at 10~-6M as demonstrated by an increased Fp-value for
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chlorophy1l fluorescence. Oxygen production, cell via-
bility and the Rf ~value, however, decreased to 0 at

a herbicide concefitration of 10~5M (data for propanil
not shown).

In case of the uncoupler dinoseb (pI50:5.1-5.8;
Fedtke 1982) the half maximum inhibitionof the Hill
reaction can be expected to occur between 2 and 8 x
10~OM. Evaluation of this herbicide in the microtest
system using the same procedures showed the lethal con-
centration to be between10~7 and 10-6M (data for dino-
seb are not shown). However, in contrast to the other
herbicides dinoseb led to a more rapid decrease in
ch]grgphy11 content (complete decay within 3 days at
10->M).
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Fig.4: Concentration dependent effect of the herbicide
diuron on growth, photosynthetic capacity and
cell viability of photoautotrophic Chenopodium
rubrum cell suspensions

Effect of fusaric acid on photoautotrophic cells in

microtiter dishes. Fusaric acid (5-p-butyT-Z2-carboxy-
pyridine) a powerful membrane-active phytotoxin pro-
duced by several Fusarium species (Mutert et al.1981)
strongly inhibits photosynthesis of Ch.rubrum cells
and Teads to substantial photobleaching of chlorophyll
(Barz 1981). When tested in the microtiter dishes with
our cells either under white light or in darkness (Fig.
5) 50 yM fusaric acid completely blocked photosynthe-
tic oxygen production accompanied by significant chlo~
rophyl1 destruction. This decay of the photosynthesis
pigments is much less obvious in the cells cultured in
darkness,though cellular growth (pcv) will practically
not occur under these conditions.

DISCUSSION

Exact measurements of easy-to-determine parameters for
the accumulation of biomass and photosynthetic activi~
ty of photoautotrophic cells have demonstrated that
such cell suspensions readily grow in small volumes
(appr. 1-1.5 ml) under photoautotrophic conditions.
The growth curves shown in Fig. 2 are essentially iden
tical to the data obtained with Ch.rubrum cells kept
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Fig.5: Concentration dependent effect of the phyto-
toxin fusaric acid on growth and photosynthetic
capacity of photoautotrophic Chenopodium rubrum
cell suspensions kept in Tight {open bars) and
darkness (shaded bars)

in Erlenmeyer or double-tier flasks (Hiisemann and Barz
1977). The only noteworthy difference between the two
culture methods concerns the much shorter stationary
growth phase with subsequent rapid cellular decay
(Fig.2) in the plastic dishes due to evaporation of
water from the growth medium. In general, however, the
microtiter dishes can well be applied for screening
purposes with photoautotrophic cells.

The comparatively small values for the standard de-
viation in Fig.2-5 indicate that cells from a few
wells only will be sufficient for each quantitative
assay. This, however, requires that the Toading of the
microtiter dishes with the cells and the various mea-
surements are precisely and carefully conducted under
well established standard conditions.

In addition to the parameters determined in our ex-
periment for cell growth and physiological activity
other, non-destructive methods could also be applied.
Using special micro-electrodes determinations of
1) changes in the conductivity of the nutrient medium
(HahTbrock und Kuhlen,1972), 2) nutrient uptake (i.e.
NH, +, N03‘) or 3) pH value of the growth medium are
poésib]e and such data will also provide important
information on the performance of a cell suspension
(Grossmann 1988).

The data obtained with the herbicides (Fig.3 and 4)
indicate that the procedure described represents a
reliable technique to measure inhibitory or lethal
concentrations which are essentially identical to 1i-
terature reports (Fedtke 1982) which had been obtained
with different methods.

One shaker-load of four microtiter dishes contains
96 wells so that numerous different concentrations or
a substantial number of parallels can be measured in
one experiment with a minimum amount of time, biomass
and labour. It is herewith recommended that our micro-
test system using photoautotrophic cells allows the
serial screening of compounds such as phytohormones,
growth retardants, macro- or micronutrients, herbici-
des, phytotoxins or any other material with a biolo-
gical activity affecting green plant cells.

Furthermore, the microtest system will be useful for
either the analyses of elicitor- and sucrose-induced
secondary compounds (Hlsemann et al.1989) or biotrans-
formation reactions of xenobiochemicals in photoauto-
trophic cells if rapid and sensitive analyses (i.e.
GC, HPLC) are available for the subsequent serial de-
termination of compounds in small volumes of nutrient
medium or cell extracts.
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