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Aldicarb is a systemic carbamate pesticide which is
widely used for protection of ccmmercial crops from
attack by insects, nematodes and other pests. As for
organephosphorus insecticides, the essential basis of
carbamate insecticidal activity is the inhibition of
acetylcholinesterase., However, the two classes behave
differently on their mechanism of inhibition (Corbett
at al 1984%). Aerobic and anaerobic degradation of
aldicarb were investigated in vitro (Bank and Tyrrell
198k, 1985 Given and Dierberg 1985) in soils (Ou et
al 1é853 i985b) and in groundwater (Miles and Delfine®
1985) Aithough microbial degradation appears to be
the main factor contributing to the disappearance of
aldicarb in scils, effects of the insecticide on soll
microorganisms have not been reported. Little is knowm
about the action of organophosphorus and carbamate
pesticides on bacterial biochemistry. We obsorved that
Escherichia coli (Rosas et al 1980, 1985) and Rhizobium
meliloti (Carranza et al 1985, 198%; Thiiar et al 1987)
modified their cellular concentration of proteins,
phospholipids, fatty acids, and carbohydrates, when
parathion was added to the growth medium. The purpose
of initiating the present study was to determine the
result of aldicarb addition to pure culture of
Remeliloti.

MATERIALS AND METHCDS

Rhizobivm meliloti 3D0 hl3 was kindly provided by Dr..
Tilian Frioni (Universidad Nacional de Rfo Cuarte
Argertina). Cells were grown at 28 £ 2°C in a defined
saline medium which was described elsevhere (Carranza
et al 1985, 1986).. Analytical grade aldicarb [2methyl-
o(methylthio)propionaldehyde~0(rmethylearbamoyl)oxime]
was a gift from Union Carbide Argentina,. Stecck selution
of aldicarb was prepared in absolute ethanol and
diluted 1000-fold by volume in the medium to glve a
final concentration of 5 mg/mL. Contrcls had the
equivalent volume of absolute ethanol.
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Bacterial growth was recorded as optical density at 420
nm against a medium blank. Cells were harvested at the
logarithmic and at the stationmary phases of growth
concentrated by centrifugation, and washed. Dry waight
was determined by lyophilizatian. Lipids were extracted
and subjected to thin-layer chromatography using
previously reported procedures (Rosas et al 1980, 1985)
Total 1lipid phosphorus as well as individual phospho-
lipids were evaluated according to Dodge and Phillips
€1967) .. Proteins were determined by the method of Lowry
et al (1951). Total cellular carbohydrates and excreted
polysaccharides were analyzed as glucose by using the
?ntgr?ne-sulphuric method of Trevelyan and Harrison
1952).

RESULTS AND DISCUSSION

Remelilotl cultivated in a broth mediim which has
Taceived 5 mg aldicarb/L at the start of incubation did
not change its growth pattern. In similar experimental
conditions, we had previously obssrved (Carranza et al
1985, Thtiaz et al 1987) that 2.5=5 mg parathion/L
decreased the growth rate of R.meliloti,

Chemical composition of microbial cells was determined
at logarithmic and stationary phases of growth. Tables
1 and 2 show that the content of proteins and phospho-
lipids, as well as phospholipid composition of aldicarbd
treateé microorganisms were the same as controls. On
the other hand, Table 1 indicates that both total
cellular carboﬂydratas (TCC) and pelysaccharides
excreted to the medium (EPS) were diminished.. The
results are suggestive of a delayed carbohydrate
synthesis,

Fast-growing rhizobia are known for their capacity to
produce a variety of cellular polysaccharides such as
metabolizable glycogen and cell surface polysaccharides
(ﬂ-glucans lipopolysaccharides, capsular polysace
charides). In addition, rhizobia excrete copious
amounts of soluble exopolysaccharides (EPS) when grcwn
in synthetic culture media.. Zevenhuizen (1984)
corroborated that EPS excretion and TCC accumulation
began in the logarithmic phase and continued in the
stationary phase of growth; glucans gradually leaked
out of the cells and were %ound in the EPS fraction of
the medium.. We calculated the relative increases of TCC
and of EPS from logarithmic to stationary phases of
Remeliloti growth, as percentages of logarithmic phase
values. Table 3 shows that aldicarb treated cells
decreased TCC accumulation and lhcreased EPS excretion.
These findings leave open the possibility of changes:
in carbohydrate metabolism when Remeliloti was exposed
to the lhsecticide..
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Table 2. BEffects of aldiearb on the phospholipid
composition of Remeliloti 3DO hl3

PI PS PA PC FE PG

Control cells 12 1l 20 19 20 18
Aldicarb treated IO 1 19 21 21 15

Results are expressed as § of total 1ipid phosphorus
(Table 1) means from five experiments. Phospholipids:
PI: phosphatidylinositol, P8: phosphatidylserine,

PA: phosphatidic acid, PC: phosphatidylcholine,

PE: phosphatidylethanolamine, PG: phosphatidylglycerol

Table 3.. Carbohydrates increases from logarithmic to

stationary phases of Re.meliloti 3DO0 hl3 growth
calculated as % of logarithmic phase values.

Cellular Bxcretad
Carbohydrates Polysaccharides
Control cells 1kl L5
Aldicard treated 59 117

KElthough variations in cellular composition of aldicard
treated Remeliloti were less impressive than those we
had previously observed in parathion treated bacteria
(Carranza et al 1985) the presence of aldicarb and
parathion in the growth medium led to alterations in
rhizobial ecarbohydrates. A possible role for rhizobial
polysaccharides in the nodulation process Has been a
subject of great interest for a number of years, but
has not been demonstrated conclusively., The current
hypothesis receiving the most support (Halverson and
Stacey 1986) is that rhizobial cell surface polysace
charides function as signal molecules which induce host
responses for infection and nodulation. Hence, changes
in the metabolism of rhizobial carbohydrates might
affect the development of the plant-microbe interaction.

Several studies have shovm that the major metabolic
pathway of aldicarb in soils is rapid oxidation to
aldicarb sulfoxide followed by slower oxidation to
aldicarb sulfone or hydrelysis to aldicarb sulfoxide
oxime (Ou et al 1985a, 1985b),. Further research is
needed in order to know the degradation pathway of
aldicarlb and to characterize the actual toxic substance
in our experimental conditions.

Acknowledgments, This work was supported by grants
from the Consejo Nacional de Investigaciones Cientifi~
cas y Técenicas de la Argentina (CONICET) and the
Consejo de Investigaciones de la Provineia de Cérdoba
(CONICOR).

289



REFERENCES

Bank S, Tyrrell RJ (1985) Copper(II)-promoted aqueous
decomposition of aldicarb.. J Organ Chem 50:4938-L49k3

Carranza MM, Rosas SB, Ghittoni NE (1985) Molecular
composition of Rhizobium meliloti when parathion was
.2gdgd1§t the start of incubation,.. J Appl Bactericl

Carranza MM, Rosas SB, Ghittonl NE (1986) Alterations
in 1ipid composition of membranes from Rhizobium
meliloti exposed to parathion.. Bull Environ Contam
Toxicol 36:267-270 o

Corbett JR,. Wright X, Baillie AC (1984) The bilochemlcal
mode of actlion of pesticides, 2nd Edh, Academic Press,
London, ISEN 0-12-187860-0

Dodge JT, Phillips GB (1967) Composition of phospho~
lipids and of phospholipid fatby aclds and aldehydes
in htman red cells, J ILip Res 8:667-67h

Halverson LJ,. Stacey G (1986) Signal exchange in plant-
microbe interactions. Microbiol Rev 50:193=225

Given CT, Dierberg FE (1985) Effect of pH on the rate
of aldicarb hydrolysis.. Bull Environ Contam Toxlcol
34:627-633

Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ (1951)
Proteln measurement wi%h the Fbiin phenol reagent.,
J Biol Chem 193:265—27g

Miles CJ, Delfino JJ (1985) Fate of aldicarb, aldicarb
sulfoxide and aldicarb sulfone in Floridan ground-
waters. J Agric Food Chem 33:455-L60

Ou L-T, Edvardsson KSV, Rao PSC (1985%a) Aerobic and
anaeroblc degradation of aldicarb in soils.. J Agrie
Food Chem 33:72-78

O0u L-T, Edvardsson KSV, Thomas JE, Raoc PSC (1985b)
Aeroble and anaerobic degradation of aldieardb sulfone
in soils.. J Agric Food Chem 33:543#‘48

Rosas SB, Secce MC, Ghittoni NE (19803 Effocts of
pesticldes on the fatty acid and phospholipid
composition of Escherichia coli.. Appl Environ
Mierobiol 40:231-33

Rosas SB, Carranza MM, Ghittoni NE (I985) Fatbty acids
and phospholipids o% membranes isoclated from
Escherichia coll growing in a medium with parathion
Bull Environ Contam Toxicol 3%:265-270

Thtar A, Rosas SB, Ghittoni NE (1987) Phospholipids
and proteins from Rhizobium meliloti exposed to
parathion at different incubation times. Bull Environ
Contam Toxicol 38:184-188

Trevelyan WE, Harrison JS (1952) Studies on yeast
metabolism, Fractlonation and mierodetermination of
cell carbohydrates,. Blochem J 50:298-303

Zevenhulzen LPTM (198%) Gel forming capsular polysac-
charides of fast growing rhizobia: occcurrence and
g%eg%gg%ggl properties,. Appl Microbiol Biotechnol

Received October 23,1987; accepted March 7,1988.

290



