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ABSTRACT To establish an efficient screening system for new herbicides using plant cultured cells, responses of
tobacco photomixotrophic cultured (PM) cells to various herbicides with different modes of action were surveyed by
measuring the cell growth and ion conductivity in medium. The cells were cultured in Murashige and Skoog (MS)
medium containing 0.7 mg/L 2,4-D, 0.3 mg/L kinetin and 30 g/L sucrose at 25°C in the light (100 rpm). Chemicals
were treated to suspension cultures of tobacco PM cells at the time of subculture. The cell growth and ion
conductivity in the medium were investigated on 12 days after chemical treatment. The ion conductivity assay gave
well correlated results to the cell growth inhibition data. The responses of tobacco PM cells were dependent on the
modes of action of chemicals tested. Atrazine, an inhibitor of photosynthetic electron transport (PET), strongly
inhibited both the cell membrane and cell growth (ICso, about 1 pM). Butachlor (an inhibitor of cell division),
glufosinate (an inhibitor of amino acid biosynthesis), and fluridone (an inhibitor of carotenoid biosynthesis) showed
a dose-dependent inhibition. However, Quinclorac, a herbicide with an auxin activity, did not affect the cell growth
and ion leakage. These resuits suggested that tobacco PM cells is suitable materials for the simple screening of new
herbicides such as PET, amino acid biosynthesis, cell division inhibitors by measuring the cell growth and ion

conductivity.
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Figure 1. Chemical structures of herbicides with different modes of
action.

2 (9F 15 pmol m” - s )oll 4] &ehu) kst ATk (100 rpm). Al
o] Ak 159 722 39
gerEel A2l

Aol ARE§ setE (Figure D 234 AAAGAE
A& &= atrazine, A EE-ES A 8] &= butachlor, ofv] At
AEA-S A3 sl= glufosinate, carotenoid A4S sl 5t
1= fluridone 18] 7 2 (2.84) 242 73AA Ax%

45 el quinclorac®) 52 ARRST 31gHE9]
= Alieiokalel E5H (0, 0.1, 1, 10, 100, 1000 uM)E
A7ttt

MEUE L o2 ML &

A & 12449 NEZE FAS F 2AgAAst Al
EAZHFE A8t A dia) 50% 2 MEASE o
Asks FE (ICw)E ot 7} 313-&E9] 848 vlasiaeh

Hjz] 9] o] AL (ion conductivity)®= AXE F7A 5l
ol ozl S YA & OrionAl HETA (Model 162)E
AHgste] SAstdck MEA ] 100% AAE e )
9] o]& AEEZ thsl] 50%2] o] ATEZHS R

= 7t sl EEE ICH o8 O}Ojr/}

L



185

7 A < 6 7 -
% o 5E & 6f €
o} W o I S
u—s_ ) “—5 7
3 14E B°/ €
= 4t > = gl 2
2 13 2 :
&
c 34 Q L 31 5]
s 3 S 5
{2 8 ©
! zg 2, <
> ¢ 271 8
= - =
3 'S & 5

o] L L . L 0 0 . . ;

0 0.1 1 10 100 0 0.1 1 10 100
Concentration (M) Concentration (M)

;. C 16 7»D 16
— —_ —~ —~
< 6+ 15 & % o '5§
) L e 3
Y— Y

5t o 5t
E 14E % 14 E
E 4 2 & af Z
2 3.3 o .3%
£ 3 g £ 3t Q
= 1B E 2 8
22l 28 B, 146
(5] P8 o 3]
= | c — i C
8 's 8 'S

ol ‘ : ‘ ‘ : 0 0 : : : 0

0 0.1 1 10 100 1000 0 0.1 1 10 100
Concentration (1M) Concentration (;M)

WE ]s
Q —

8 r 15 E
v
S °S
£ 1]

A {4 E
E Ll 2
o 132
§ :

T
e, 2 ¢
o < o
© 1 €
S ./"\'.\./.4 2
0 : : : : 0

] 0.1 1 10 100
Concentration (M)

Figure 2. Effects of various herbicides with different modes of action on the cell growth and ion leakage in suspension cultures of tobacco
photomixotrophic cultured cells. (A): atrazine, an inhibitor of photosynthetic electron transport; (B): butachlor, an inhibitor of cell division;
(C): glufosinate, a glutamine synthase inhibitor; (D): fluridone, an inhibitor of carotenoid biosynthesis; (E): quinclorac, a herbicide with an
auxin activity. - ® -: cell growth (g fr wt/flask); - ® - : ion conductivity. Data are means & S.E. of three replications.
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