Inhibition of Growth and Interference with ' * C-Leucine Uptake and
Incorporation into Protein in Non-chlorophyllaceous Sugarcane Cells by Ametryn!

ABSTRACT

Non-chiorophylfazceous sugarcane cells derived from Sac-
chartm spp. var. NA36-79 were used to study the effect of
ametrys, a triazine herbicide, on cell growth and the uptake
and incorporation of ¥ C-leucine into protein. Cell suspen-
sions exposed to 40 mg 1" ametryn for 20 days showed
755 growth inhibition as compared to the control Total
inhibition of growth was observed in the presence of 80 and
160 mg 1~ ametryn, Cells pretreated for 1 hour with ame-
tryn and incubated with ** Ceucine for 2 hours in the pre-
sence of 2 to 160 mg 1" of the herbicide showed a reduc-
tion in ' C-eucine updake and incorporation into protein.
Pulse-chase experiments showed interference with the incor-
poration of ' * C-leucine in the presence of 80 and 160 mg] ~'
ameteyn, revealing slterations in the metabolism of proteins

INTRODUCTION

he herbicide ametryn [ 2-(ethylamino}-4-(iso-
propylamino}-6-{methylthio)-s-irinzine } inhib.
its the Hill reaction during photosynthesis by
interacting with the electron transport carrier B of
photosysterms 1. This interaction has been proposed
as the primary mechanism of action of the triazine
herbicides (9, 14} However, triazines also induce al-
terations in metabolic processes other than phiotosyn-
thesis; for example, atrazine and propazine (107 to
107 M) have been shown to inhibit the growth of
excised roots of Lens culinaris (18). Stimulation of
alfalfa and tobaeco seed germination in the presence
of subtoxic concentrations of ametryn and atrazine
has been observed (4). Triazines (1077M), including
ametryn, were capable of inhibiting respiration to the
same extent in mitochondria isolated from rat liver
and Phaseolus wulgaris tissues {20)
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COMPENDIO

Células no clorofiladas derivadas de Seecharum spp. var.
NAS56-79 fueron utHizadas para estudiar ef efecto del ame-
trin, un herbicida triazinico, sobre el crecimiento celular y
sobre ks absorcion e incorporacion de leseina-C'"' en protei-
nas. Las suspensiones celulares expuestas 2 40 mg 1 de
amefrin durante 20 dias mostraron 75% de ishibicidn de cre-
cimiento comparadas con el conirol. En presencia de 80 y
160 mg 1" de ametrin se observé inhibicion total det creci-
miento. Células pretratadas con ametrin durante 1 horz e in-
cubadas con leucina-C'* por 2 horas, en presencia de 2 2 160
mg 1! del herbicida exhibieron una reduccidn en la absor-
¢iGn ¢ incorporacidn en proteinas. Experimentos de pulso
mostraron interferencia en la incorporacion de lewcina-C*?
en presencia de 80 y 160 mg 1~ de ametrin, revelando alte-
raciones en el metabolismo de protefnas,

Non-chlorophyllaceous plant cells cultured in virro
offer an advantage to the investigation of the effects
of triazines on metabolic processes, as interference
with photosynthesis is eliminated (7, 10, 12, 16). We
nreviously reported different levels of inhibition of
growth and a decline in the tota] protein content of
non-chiorophyllaceous callus culfures of three sugar-
cane varieties grown in the presence of ametryn (6).
These data suggest that ametryn disturbs protein
metabolism. 1t was therefore of interest to investigate
in further detalil the effects of ametryn on cell
growth and on protein metabolism using ' ? C-leucine
as a tracer in non-chiorophyllaceous sugarcane cell
suspensions

MATERIALS AND METHODS
Cell suspensions

Non-chlorophyHaceous sugarcane cell suspensions
were established from callus induced from stems of
plantlets of Swccharum spp. var. NAS56-79, as previ-
ously reported {5) The suspensions were maintained
in the basal medium formulated by Murashige and
Skoog (13) supplemented with the following sub-
stances: 2,4 dichlorophenaxyacetic acid (3 mg 17},
arginine (60 mg 17"), thiamine (1 mg 1™), sucrose
(20000 mg 17%), and coconut milk (100 ml 1)
The pH was adjusted to 5 8.
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Growth assays

The growth assays and subsequent tests were per-
formed using & 1o 10 day-old cell cultures under
sterile conditions. The reaction mixture contained
sugarcane cells with an equivalent dry weight of
approximately 5 mg (d w , calculated after drying at
115°C for 2h) and ametryn in methanol 50% (v/v) to
give final concentration of 0.5, 1, 2, 5, 10, 20, 40, 80
and 160 mg i7", The concentration of methanol in
all treatments and in the control was 2% (v/v), and
the total volume of the reaction mixture was 3 ml
{20 ml glass vials}. The herbicide solutions were previ-
ously sterilized by filtration using 0.45 um Millipore
membranes. Cultures were incubated on a rotary
shaker (180 rpm), at 24 + 2°C in darkness for 20 days
(time necessary to reach maximum growth under nor-
mal conditions) The celis were harvested in Miracioth
discs, washed with 50 ml distilled water and dried in
an oven (2h; 115°C) far dry weight determinations.

Uptake and incorporation of '# C-leucine

14 C-leucine uptake and incorporation into protein
were measured following the method described by
Francki ef al , (8) The reaction mixture contained a
quantity of sugarcane cells equivalent to approxi-
mately 5 mg d.w. in 4.6 m! fresh medium plus 0.2 ml
of herbicide selution or 0.2 ml of 50% methanol
{control} in 20 ml glass vizls. The suspensions were in-
cubated for 1h at 24 + 2°C in darkness on a rotary
shaker at 180 rpm  Subsequently 0.2 ml of '*C-leu-
cine solution containing 03 uCi (**C-U-eucine;
348 mCi. mmeole™ ; purchased from Amersham Cor-
poration, USA) wasadded to the rezction mixture. In-
cubation was continued for 2h more under the same
conditions. For measurement of total '*C-leucine
absorbed | mi samples of cell suspensions were {aken
and the cells collected on Reeve Angel filters (grade
934 AH). The celis were washed 3 times with 3 ml
volumes {3 x 3 ml) of chilled sorbitol (G 6 M) + leu-
cine (1073 M) solution.

Incorporation of '* C-leucine into proteins was de-
termined for | mi samples washed with 0.6 M sorbitol
+ 107%M leucine (3 x 3 ml), 10% trichloroacetic acid
(TCA; 3 x 5 mi), and 80% ethanol (3 x 5 ml) The
samples were dried at 85°C for 15 min and the radio-
activity measured by liquid scintilintion using a Beck-
man LS-230 system. The scintillation fluid employed
contained 100 mg 1,4-bis 2(3-phenyloxazolyl) ben-
zene (POPOP) + 3 g 2 5-diphenyloxazole (PPO)/
300 mi absolute ethanol + 700 ml toluene,

Pulse-chase assays

Sugarcane cells {ca 375 mg d.w.) were incubated
with 0.9 uCi #*C-leucine in a total volume of 7.5 ml
of reaction mixture in 50 ml Erlenmeyer flasks on a
rotary shaker (180 rpm), at 24 £ 2°C in darkness for
2h The suspension was centrifuged at 1500 rpm for
2 min and the supernatant (non-absorbed ' * C-leucine)
was discarded. The cells were washed by centrifuga-
tion with fresh medijum (3 x 10 mi) and resuspended.
Aliquots of 2.4 ml containing 2.5 mg d.w. were dis-
pensed into 20 ml glass vials and ©.1 ml of ametryn
solution was added. The suspensions were incubated
at 24 £ 2°C in darkness for 24k with agitation, The
reaction was stopped by adding 2.5 ml of chilled
20% TCA, Samples of 2 ml were collected, washed,
and analysed in order to measure the incorporation
of ' *C-leucine into proteins

RESULTS AND DISCUSSION
Effect on growth

Sugarcane cells incubated in 0.5 to § mg 1™
(22 x 10™ to 22 x 107 M) ametryn showed no
growth inhibition (Fig. 1} At a concentration of
1020 mg 17! (4.4-8.8 x 107° M)} ametryn, growth
inhibition wasabout 79 that of the control. However,
the nepative effect was greater in the presence of
40 mg 1™ (1.76 x 107" M) of the herbicide (ca 75%
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Fig 1 Effect of ametryn concentration on the growth of
sugarcane cell suspengions. dw_ indicates the cell
mass of the initinl inccelum. Each vaiue is the mean
of 2 replicates.
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inhibition) and growth was totally suppressed by con-
centrations of 80 and 160 mg 1™ (3.5and 7x 107 M)
ametryn. Growth inhibition of non-photosynthetic
calius cultures of Glycine max and Nicoriana tabacum
treated with 107° and 107'M atrazine, respectively,
has been reported (7, 10). Neveriheless, subtoxic con-
centrations of atrazine (1077 to 107" " M) have been
found to be effective in promoting soybean calius
growth (7). Growth stimulation has also been ob-
served in sorghum catlus grown on media containing
either 0.5 mg 1™ ametryn, atrazine, prometryn, pro-
pazine or simazine {16) These results indicate that
trinzines affect metabolic processes essential to all
growth other than photosynthesis.

Influence on uptake and incorporation of ' C-leucing

The uptake of ¥ C-Jeucine decreased when ame-
fryn was supplied at concentrations of 2 mg 1™
(8.8 x 107%m) and higher {Fig. 2} A similar trend
was observed in relation to ' * C-leucine incorporation
into proteins. Prometryn has also been shown to in-
hibit absorption and incorporation of !'*C-eucine
into protein in cotyledonary tissues of Cuecumis sativus
(21). Several authors have reported alterations in the
incorporation of *%C-leucine by plant cells and tis-
sues of different sources induced by triazines. Enzy-
matically isolated photosynthetic bean leaf cells
showed a decrease of 13 and 35% in the incorpora-
tion of radioactivity into protein when they were
treated with 107°M and 107°M atrazine respectively
(1} On the other hand, subtoxic concentrations of
simazine (1079M) have been shown to increase the
incorporation of '®C-leucine into protein in barley
seedlings (19). Similar observalions have been re-
norted by Bush and Ries (2) for embryo axes of Plig-
seolus vulgaris treated with 2.2 x 1078M atrazine
These data have led to the conclusion that such herbi.
cides affect protein metabolism. However, in all these
studies, the possibility of alterations in ' C-lucine in-
corporation through interference with amino acid
uptake was not eliminated

Pulse-chase experiments

Pulse-chase experiments were carried out in order
to study the influence of ametryn on the incorpora-
tion of '*C-eucine into proteins in the absence of
possible interference with amino acid uptake. Sugar-
cane cells supplied with ametryn at concentrations of
05to 40 mg 177 (22 x107% 10 1.76 x 107*M)
showed no decrease in '?C-leucine incorporation
{Fig. 3). However, in the presence of 80 and 160 mg
1™ (35 and 7 x 107 M) ametryn there was a reduc-
tion of approximately 30 and 100% respectively in
comparison with the radicactivity incorporated into
proteins in the control cells during the 24h chase, in-
dicating alterations in protein synthesis.
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Fig. 2. Influence of ametryn concentration on the uptake
and incorporation of '*CHeucine into protein in

sugarcane cells. o o), total radicactivity
abso:bcd; (¢ —— o), radioactivity incorporated into
protein. Each value is the mean of 2 replicates.

The negative effect of ametryn at concentrations
between 2 to 40 mg 17! on uptake and incorporation
of "*C-leucine into protein (Fig 2) did not show a
direct correlation with the inhibition of incorporation
in pulse-chase experiments. 1t is possibie, however,
that in this concentfration range ametryn may act in-
directly on the incorporation of '?C-leucine into
protein by reducing the uptake of the amino acid into
the cells. Evidence in favour of this hypothesis is re-
ported in the work of Mann ef al (11). These workers
used !9 C-z-aminobutyric acid, an amino acid that is
not incorporated into proteins, and observed a de-
cline in its uptake by barley and Sesbaniu tissues in
the presence of 5 mg 177 atrazine. The results in the
present study suggest that ametryn might interfere
with the '?(C-leucine uptake at low concentrations
while altering protein metabolism at higher concen-
trations in non-chlorophyllaceous sugarcane cells

The data obtained in the present work is not suf-
ficient to detine the mechanism of action of ametryn
on amino acid vptake and protein metabolism. Never-
theless, the results do reveal an effect of ametryn on
protein turnover. Ametryn might exert its influence
directly on protein synthesis through interaction with
some component involved in the translation process.
Future experiments with an in vitro protein synthesis
systemi could demonstrate this hypothesis Alternati.
vely, ametryn might act indirectly on protein synthe-
sis by affecting metabolic pathways common to pep-
tide chain formation and amino scid uptake. Since
both processes are energy-dependent the most ob-
vious candidate would seem to be ATP metabolism
Indeed, triszines have previously been reported to
interfere with respiration and hence oxidative phos-
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Fig 3 Effect of ametryn concentration on the ' Cleucine
incorgozation into protein in sugarcane cells after o
2h pulse followed by a 24 h chase. R indicates
radioactivity incorporated (ollowing the pulse Lach
vaiue is the mean of 2 replicates.

phorylation (12, 20). Herbicides known to reduce
cellular ATP levels have also been shown to be power-
ful inhibitors of protein and RNA synthesis (3, 13).
Recently, ametryn {40 mg 17" ) has been demonstra-
ted to inhibit RNA synthesis in non-chlorophyliaceous
sugarcane cell suspensions (17} However, it does not
appear to affect in vitro transcription of chromatin
isolated from such cells, suggesting an indirect mecha-
nism of action of this herbicide. The possibility that
ametryn interferes with amino acid uptake, and with
protein and RNA synthesis by altering ATP metabo-
lism will be investigated in further studies.

In conclusion, these observations indicate that
besides its known effect on photosynthesis, ametryn
also influences several biochemical processes neces-
sary for cell growth
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Resena de Libros

LEON, J. 1987, Botdnica de los cultivos tropicales. San José,
Costa Rica, HCA. 445 p. (Libros y Materiales Educativos
no. 84).

Después de casi 20 afios, el Servicio Editorial del
IICA publica una nueva edicion del libro original-
mente titulado Fundamentos Botdnicos de los Culti-
vos Tropicales, escrito por el costarricense Dr Jorge
Ledn

Esta nueva edicién se titula Botdnica de los Culti-
vos Tropicales y viene & lienar el gran vacio que que-
do al agotarse el libro original, que tuve gran acogida
entre técnicos y estudiantes de las ciencias agricolas

La revision del libro ha incluido una gran actualiza-
cion en los aspectos de sistemdtica y nomenclatura.
La organizacién del libro es la misma y solo se hizo
un reacomodo de ciertas secciones de la parte general
o introductoria del libro, que se relaciona con los ca-
pitulos de diversidad genética, domesticacin de plan-
tas, origen de las plantas y la historia del origen de Ia
apricultura.

La parte puramente sistemdtica viene dividida
como antes en los dos grandes grupos de monocotile-
doneas y dicotiledoneas y se incluyen todas aquellas
familias y especies de interés en los tropicos.

El libro estd dirigido a los estudiantes de agrono-
miz de América Latina y con eso en mente se usa ter-
minologia propia de estos pafses, aunque para el len-
guaje botdnico se ha recurrido al diccionario de P.
Font Quer. Por estas razones es particularmente 1itil
al estudiante, pero debe enfatizarse que es una obra
de consulta que no le debe faltar a cualquier persona
cuyo quehacer esté ligado con la agricultura tropical

20 THOMPSON, 0.C.; TRULLOQVE, B DAVIS, D.E
1974 Effect of triazines on energy relations of mi-
tochondrin and chioroplasts. Weed Science 22:
164-166.

21 TRUELOVE, B,; JONES, LR DAVIS, DE, 1973,
Light and prometryne effects on leucine uptake
and incorporation. Weed Science 21:24.27.

También debe mencionarse el hecho muy signifi-
cativo que esta nueva edicidn elimind muchas refe-
rencias viejas, sustituyéndolas por referencias biblio-
grificas mds recientes que tienden a darle actualidad
a la publicacion.

CARLOS ENRIQUE FERNANDEZ
TEFE DE PROMECAFE

BERTSCH, F. 1987. Bibliografia de suelos de Costa Rica.
San José, Universidad de Costa Rica.

Las bibliogratias se publican todos los dias sobre
los temds mds variados. Las hay de todo tipo Desde
simples listas, desordenadas de citas biblicgrificas
(que son la mayoria), hasta colecciones bien estructu-
radas y ordenadas de material bibliogrifico de gran
utilidad para el usuario.

Esta bibliografia trata un tema muy restringido,
pero de gran utilidad para los técnicos costarricenses
que se ccupan de Jos suelos de este pais o que en ge-
neral deben tratar ese tema Pero también es de utili-
dad para estudiosos en otros pafses del drea, pues hay
muchas cosas que son comunes a varios paises Los
suelos de Costa Rica no son tan diferentes de Jos de
los paises vecinos. Lo que es mds, son similares,
tienen origines comparables, asi que la informacion es
definitivamente til para mucha gente.

La publicacién contiene 2275 citas, que desde un
principio fueron organizadas en temas de fertilidad,
nutricién mineral, fertilizacion, fisica y clasificacion.
Dentro de cada tema se discriminaron subtemas mds
especificos.
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