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fbstract:

Autotrophicelly grown Chlorella fusca celle were

treated wilh different concentrations of the
phenylpyridazinene herbicides PASF 33650 [i-pheny!-

é-methoxy-S-uromo~pyrida:inone], and BASF 44571 (4-chlorc-
5—methoxy~2-(u1«_,m,wtr14lu:ro-m—toly])-B(EH)-pyridazinonel
tor %4 hours. The treatments induced rotardation of cell
division, redurtion of bolh total chiorophyll and carotenoid
contents, reduction of the Chl & : Chl b ratio, ang
inhibition of oxygen evolution compared to  untreated
control. BASF 44521 was more effective az  an inhibitor of
cell division than PBASF 32550, On  the cther  hand,
incorporation of these herbicides in the nitrate-rich medium
during regreening of crange nitrogen-deficient cellc
slightly inhibited growth, pigrent synthesis, and  the
development of an onygen-cvolving copability  when comparec
to contro). Duspite tﬁje slight inhibition, cultures treated
# all concentrotion= anplied could, at laast part:~lly,

regreen within 32 h.
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lﬁiﬁgdn:tion

rbic.des  are well Zocumented
bleaching agents in plants. The bieaching induced by these
herbicides was reported to be accompenied by  many
physiological and biochemical responses.  These responses
include inhibition of oxygen evolution [203, fatty-acid
polyunsaturation in the chloroplast galactolipid 4fraction
{141, inhibition of cerotencid bicsynthesis 1,113,
degradation of 705 ribosomes {1,91, severe disruption of the
plastid ultrastructure (23, and inhibition of phytol
biosynthesis [13). However, the primary mechanise of action
of these herbicides is still debatable. Controversy exists
on whether the mechariem of action involves inhibition of
photosynthetic electron transport [203, inmnitition of the
biosynthesrs 4 photeprotective  coclenziy. 123, or
interference with the regulated fo-martion of photosynthe<ic
membranes{ 141, These findirgs have mostly beer outained by
ueing phenylpyridazinone herbicides corntaining HN-methylated
and N-dimethylated amine group 1n the side chain. In this
test two pheaylpyridazinone herbicides with a aethony group
instead of the substituted amine in the sido chain, and
with or without 2 trifluorcmethyl substitution of the phenyl

—~y

ring, namely BASF 244521 and PAGE ZI650, res

extively, were

used. Investigatiorns inveolves testing the .nterference of
these two herbicides with growth (cell numbe-) pigment
content, and o:nygen evolution of green autotrophizally grown
and corange nitrogen-deficient Chlorella fusra cells, a

system that proved to be 1deal for such investigalions [53,
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Mzterials and Mothads

Chlorella fusca Z13-15 frem the Collection of fAlgal
Cultures, University of Bottingen (Bermany), was grown in a
nitrate-rich medium containing 8 mM KND. &) for 24 h.
Organge nitrogen-deficient cells were obtaincd by sugpending
1 g fresh weight in 200 sl of 2 similar, but nitrate-sparse
medium containing only Q.08 aM I'ND_ | with FCl (2 aM) added
to maintain potascium ion and osrotic concertreotiors for sin
weeks.  Eoth neormal  green and orange nitrogen-deficient
Chlorella cells were harvested, washed with sterilized
distilled weter, and recacpeaded (10% Celle 1™ in  a
nitrate-rich madive containing toe herbicides. The cultures

{200 17 of botn normal green and orange mitrogen-deficient

&Y

tells vere rontinuously sparged with air at and  were

illuminated by a2 bant  ©f flucrescent tights giving  an

irradience of 60 Wa~?, Illurinat:cn was provided In 12 h
day/night cycles for green colle and continuously for the

regresning of orange nitroge-deficient cells.

ttuted prenylpyridazinone herbicices BAGE 27850
and BRTF 24001 werv a kind gifs of BASF  AC (Germsny), and

ired twice n hesanoe prior teo use. The

herbicides were dizseplived in aczione and wore added to  the

cultures to give concentrations of 0.1, 1.0y 10, and 100

2tone concentration was tept balaw 0,17,

Cell numbers wpre deternmined by using a PBright-line
haspocyioastes (Richart-Jung, US2), Tetal chioro.tiyll  and
cerctenoid coenterte were determined after Matopior et

- -~ -k - . d .y ar N s .- . - N
el TI73, Photroayathnlic Arpgon o eeotetion wos opocs e i

3

an ouyges elactrode (Rant Prothe-=, WY in 4 m) 6f  culture
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Resultsg

r—

Actinn nn Nermal Green Chlorells Callg:

Treatment with PASF 33650 up to a tested concentration of
10 ugml-* resulted in 40% inhibition of growth (expressed
as cell number) of normal green Chlorella cells after 94
hr compared to control (Fig. 1.a). Treatment with BASF 44521
for 96 hr, on the other hand, 3ppearad to be much more
effective, resulting in 45% and 407 inhibition of growth at
tested contentrations of 1.0 and 10 ugml-t, respectively
(Fig.l.f). Treatment with the higher concentration of 100
ugmi=™! of thege herbicides severely inhibited growth.

Total chlorophyll content showed S0% reduction ubon
treatment with both herbirides up to a concentration of 10
ugal=? s whereas treatment at a higher level of 100
ugml=? regultcd  iq & more marked -~riuctisom ot Lot al
chlorophyll at the end of the experiment compared to control
(Fig.1.b and g-). It ig worthnoting that the cbserved
reduction of total chlorophyll was accompanied by a
concomitant reduction of the Chl a : Ch! b ratio (Fig.1.c
and hj. In addition, the total carotenoid content of the
cells was reduced and their oxygen evolving capability was
inhibited upon treatment with these herbicides at all levels

applied. (Fig.1.d and i),

Action on Drange Nitrogen-starved Chlorella Cells During

Regreening:

Regreening of the b-week-old control orange nitrogen-
deficient cells was Ccomplete within 32 hours after being
transferred to a nitrate-rich medium. The end of regreening

was manifested by the attainment of total chlorophyll
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Fig-1 fig.2
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content, Chl a : Chl b ratic, total caroctencid content, and
the rate of ovynes euolution of leusle comparable to  thnoge
of contral normal green cells (Fig. 1),

Cell division started 24 h after transferring orange cells
to the nitrate-rich medium with cell number of contrel
cultures increasing from 0.2:107 to 2.7:%107 cells
ml=*. Cell number increased from 0.2%107 to  1.6:107
cells ml™* upon treatment with 100 ugml = BASF 33450 or
10 ugml—* BASF 4452 {(Fig.2.a ard ¢, respectively)
suggesting that BASF 44521 exerted a more pronounced effect
on cell division

Total chlorophyll comtent ‘Fig.2.b and g), Chl a : Chlv b
ratio (Fig.2.c and h), and total caratencid content (Fig.2.d
and i) of the regreening cells were relatively reduced,
compared to contral, upen trontment with both herbicidee in
a trend that appeared to be concentration-dependent.
Furthermore, the development of an oxygen-evolving
capability during regreening was inhibited in rells treated
with both herbicides at concentrations higher than 0.1
ugml—* when compared to the untreated control (Fig.2.e and
jY. However, non of the measured parameters was completely
inhibited as a result of the treatments and partially
recovered during regreening of orange cells.

Treatment of green C(hlorella cells with the tested
herbicides up to a concentration of 10 ugml~* resulted in
retardation of cell division, whereas treatment at a higher
level of 100 ugml-* appeared to recult in complete
;esﬁation of this process (Fig.t.a and 4). However, this

cbserved retardation of cell division was less p-onounced
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during regresning of orange nitrogern-starved cells in the
presence of ine two tested herbicides tFig.Z.a and +4).
Towards the end of the regreening period, cell divicion of
control cells commenced and resulted in a 27-fold increase
in cell numbar (Fig.2.a and 4). Treatment with BASF 73650 at
a concentration of 100 ugml=* for 72 hr reeulted in a &07
reduction in cell number compared to control  (Fig.2.a)
shereos Lreatment with EASE 44521 produced the came effect
et a lower concentration of 10 ugml—? (Fig.2.f). This
result indicates that PATF 44571 ponsessec  a rore potent
efiect on cell division. Inhibition of cell division by
phenylpyridazincne herbicides has previoucly been reported
in Chlorelia 19,3171,

Treatment of green Chlorella cells with BASF 37550 or
BASF 4455: rezuiveg in reduetion of the total chiorophyll
content (Fig.1.b ang g} the Chl a : Chl b ratio (Fig.l.c and
h}, total zarotenpid ctontent (Fig.1.d and i), and oxygen
evolution (Fig.l.e and i} of these cells ‘compared to
control. These effects partially occurred upon regreening of
erange calls treated with thase tested herbicides, with EACF
44571 being more effoctive than pASE TTETO, particularly at
high tested :oncentrat.ors ‘Fig.2). The observed effects
come in agreement with previous reports that
phenylipyridazinones inhibit pigment synthesic £9,13,14,15]7,
and photosynthetic electron transport [3,7,203.

Orange  nitrogen-ctarved cells  are known to be
-notosynthstically  inactive and  contain non-appressed
lamellae and prolamellor tody-lile merhrane agyregations and
were reparted Yo te able tg Tegreen and  develap an active

photes,rtiutic sppar et o “ilhin T4 h oupon beirg transfer-ed



134

to a nitrate-rich smedium 06,123, Cur results (Fig.2) zhow
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nitrate-rich medium  and the partial inhibition cof both
pigment synthesis and the cevelopment of an  oxygen-evolving
capabilily during regreening, the orange cells could roegreen
again within 72 hr,

Althoug!s the primary mechanism of ection, defined by
Morelard (1137, is guestionable far the bleaching
phenylryridazinans herbivides, it has recently heen reported
that the bleaching process in Chlorella fusca cells is
dependent on an active cell metaboliem end results from  the
regulaled metabolic destruction of the photosynthétic
apparatus [163. Thus, the bleached Chlorella cells recover
to green, photcsynthetically active and herbicide-
incensitive chenclyps [17-191. In these ruporls it has  been
concluded that the bleazhing process is a consequence and
answer of the cell metabolism to phenylpyridazinone-induced
disregulation and eneblee Chlorella celie to survive. Our
obzervations perhaps convay a similor message. Despite the
degradetion of the photozynthetic apparatus in orange <cells
they could surprizingly ragreen and davelop a functional
photczynthetic epparatus even in the presence of such
bleachings herbicides (Fig.2). It is, therafore, suggested
that thewc obzervad rospences are  probably reflections of
structural and/or functional characteriztics of Chlerella
cells that enable them to eurvive in the presence of these

testoed herbicides.
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