
ABSTRACT: Two lipovitellin (LV) forms containing the same
apoproteins but differing in their lipid composition were isolated
from Macrobrachium borelii eggs at early (LVe) and late (LVl) em-
bryogenic stages and characterized. These two forms of LV, as
well as liposomes prepared with lipids extracted from them, were
used as simpler models to study the effect of the pesticide feni-
trothion (FS) on their structures and functions. Rotational diffu-
sion and fluorescence lifetime of two fluorescent probes [1,6-
diphenyl-1,3,5-hexatriene (DPH) and 3-(p-(6-phenyl)-1,3,5-hexa-
trienal)phenylpropionic acid (DPH-PA)] were used to obtain
information on structural changes induced by FS in the inner and
outer regions of the LV, respectively. Comparison of the rotational
behavior of these probes in native LV and liposomes (LP) from ex-
tracted LV lipids suggests that apoprotein–lipid interactions result
in an ordered neutral lipid core. FS increased the lipid phase po-
larity of both LV and LP forms. The rotation of these probes in LP
was not affected, suggesting a dependence of FS action on
lipid–protein interactions. DPH-PA steady-state anisotropy
showed that, unlike the LVe form, the LVl form was sensitive to
extremely low FS concentrations. The ability of both LV to trans-
fer palmitic acid to albumin was increased, but in a dissimilar
manner, by the presence of FS. Such differences in the sensitivity
of the LV at different steps of embryogenesis to FS influence the
toxic action of this insecticide.
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Pesticides frequently have toxic effects on nontarget organisms.
In this regard, some lipophilic insecticides tend to accumulate
in cellular membranes, modifying their physicochemical prop-
erties and physiological functions (1–3). Small amounts of
organophosphate insecticides alter several properties of artifi-
cial phospholipid bilayers and natural vertebrate or invertebrate

membranes, such as permeability, lipid order, and dynamics
(4–12). We have demonstrated that the organophosphate insec-
ticide fenitrothion (FS; O,O-dimethyl O-4-nitro-m-tolyl phos-
phorothioate) also incorporates into several circulating inverte-
brate lipoproteins, altering their lipid dynamics, the penetration
of water into the lipid phase, and their ability to exchange FA.
Differential alterations in these physical properties were found
in shrimp lipoproteins with different lipid and apoprotein com-
positions (13). These changes were also found in spider
lipoproteins, e.g., a different basal lipid order as well as
lipid/apoprotein ratio (14). Use of lipoprotein systems with
fewer variables should be suitable for carrying out studies of
liposomes (LP) or lipoproteins that exhibit either a different
lipid or apoprotein composition.

Crustacean lipovitellins (LV), the main energy and carbon
source in the vitellus, are necessary for embryogenesis. They are
likely to be exposed to insecticides, either by direct water–egg
contact or when transported to the ovary by a plasma vitellogenin
(15). The shrimp Macrobrachium borellii contains only one LV,
which is consumed during embryo development (16). In the pres-
ent work two forms of this LV, one obtained from eggs at early
embryonic stages (LVe) and the other at late stages (LVl), were
characterized with respect to their lipid and protein composi-
tions. These two forms of LV, as well as LP prepared with lipids
extracted from them, were used as simpler models to study the
effect of the pesticide FS on their structures and functions.

The structural organization of LV as related to the presence
of FS was studied by measuring the lipid-phase dynamics and
polarity. The rotational behavior and fluorescent lifetime of two
lipid-soluble fluorescent probes, 1,6-diphenyl-1,3,5-hexatriene
(DPH) and its propionic acid derivative 3-(p-(6-phenyl)-1,3,5-
hexatrienyl)phenylpropionic acid (DPH-PA), were determined.
Although these probes contain the same fluorescent moiety,
they are expected to locate in different regions of the lipopro-
tein lipid phase. The neutral DPH senses the deep hydrophobic
region of lipid bilayers and the neutral lipid core in spherical
lipoproteins (17), whereas the amphipathic DPH-PA aligns its
carboxylate group with the phospholipid polar head and thus
senses the surface lipid monolayer of spherical lipoproteins or
the most external regions of lipid bilayers. The same measure-
ments were made in LP prepared with extracted LV lipids to
elucidate the role of LV lipids and apolipoproteins.
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The importance of FS–lipoprotein interactions can be con-
sidered in two ways: (i) Lipoproteins may carry FS to target or-
gans (13), and (ii) FS may alter the transfer of other lipids by
the lipoprotein. The latter mechanism was explored in this
work by studying the effect of FS on the palmitic acid transfer
capacity of LV by using albumin as the acceptor. 

EXPERIMENTAL PROCEDURES

Samples. Wild animals were captured in a water course close
to Rio de la Plata, Argentina, immediately before the experi-
ment. Eggs from females (150 eggs each) at early (<26 d) and
late (>40 d) embryonic development stages were collected. The
different stages were identified according to previous reports
dealing with the whole embryogenesis (18). Eggs were homog-
enized in 3 mL of phosphate buffer, 50 mM, pH 7.4, and se-
quentially ultracentrifuged at 10,000 × g for 20 min and then at
100,000 × g for 60 min. LV were isolated from the final super-
natant (cytosolic fraction). 

LV isolation. Yolk lipoproteins were isolated by density gra-
dient ultracentrifugation. Cytosolic fraction (1 mL) was over-
layered on 3 mL NaBr solution (density 1.26 g/mL) containing
0.01% sodium azide and centrifuged at 178,000 × g for 24 h at
10°C in a Beckman L8 70 M centrifuge, using a SW 60 Ti
rotor. Saline solution of the same density as that of samples was
centrifuged in parallel to determine relative densities and to
check the appropriate gradient formation. Density was deter-
mined in a Bausch & Lomb refractometer. The total volume of
the tubes was fractionated from top to bottom into 0.2-mL
aliquots, and the protein content of each fraction was monitored
spectrophotometrically at 280 nm. The zone in the gradient
containing LV (aliquots 9–11) was separated as a whole frac-
tion. Thus, LVe and LVl were obtained from eggs at the early
and late embryogenesis stages, respectively.

Lipid and protein analysis. Lipids were extracted following
the method of Folch et al. (19). Lipid classes were quantified
by TLC coupled with an FID in an Iatroscan apparatus Model
TH-10, after separation on Chromarods SIII (Iatron, Tokyo,
Japan), using a triple development solvent system as described
previously (20). MAG was used as internal standard. FA were
analyzed by GLC under the conditions described previously
(21). 

Total protein concentration in each fraction isolated from
the density gradient was measured colorimetrically by the
method of Lowry et al. (22). LVe and LVl apoproteins were an-
alyzed by native and dissociating electrophoresis. Analyses in
nondissociating conditions were performed by using a 4–23%
PAGE. Protein subunits were analyzed by SDS-PAGE using a
gradient of 4–23% acrylamide (23). The gels were stained with
Coomassie Brilliant Blue R-250 (Sigma Chemical Co., St. Louis,
MO). M.W. were calculated as previously described (24).

LP preparation. Total lipids of LVe and LVl were extracted
and used for LP preparation (LPe and LPl, respectively). Ex-
tracts containing 1 mg lipids were evaporated to dryness, hy-
drated with 3 mL of 50-mM potassium phosphate buffer, pH
7.4, vortexed, and then sonicated using a tip sonicator for 5

min. After centrifugation for 2 h at 80,000 × g, lipid analysis of
the supernatant confirmed that all lipids originally present in
the sample had been dispersed and incorporated into LP.

Sample labeling with fluorescent probes. For labeling, 3 mL
of 50-mM potassium phosphate buffer, pH 7.4, with LV (0.1
mg/mL in protein) or LP (0.09 mg/mL in lipid) were mixed
with a few microliters of concentrated DMSO solutions of
DPH or DPH-PA to reach a final concentration of 2 µM. Blanks
without the fluorescent probes and with the same volume of
DMSO were used to correct the measurements for nonspecific
fluorescence and light scattering. Samples were gently swirled
at 20°C for at least 2 h in darkness to allow a complete equili-
bration of the probes with the LV or LP. FS from a concentrated
ethanolic solution was added to samples prior to equilibration
at concentrations of 1, 10, or 20 ppm. 

Fluorescence measurement. All fluorescence measurements
were carried out in an SLM 4800 C phase-modulation spectro-
fluorometer (SLM Instruments Inc., Urbana, IL). Steady-state
anisotropy (rs) was measured within a temperature range of
10–30°C for LV, and 10–45°C for LP. Fluorescence lifetime (τ)
and differential polarized phase shift (▲▲) were measured only
at 10 and 30°C.

Measurements of rs, τ, and ▲▲ were made as described (12)
by using an excitation wavelength of 361 nm and a cutoff filter
(Schott KV 389) to isolate the emitted light. For τ measure-
ments, exciting light was amplitude-modulated at 18 and 30
MHz by a Debye–Sears modulator and vertically polarized by
a Glan–Thompson polarizer. Emitted light passed through the
filter and then through a Glan–Thompson polarizer oriented
55° to the vertical to eliminate effects of Brownian motion (25).
Phase shift and demodulation of emitted light relative to a ref-
erence of known τ were determined and used to compute
phase-shift measured lifetime (τp) and modulation lifetime
(τm), respectively (25). 1,4-Bis(5-phenyloxazol-2-yl) benzene
in ethanol, which has a τ of 1.35 ns (26,27), was used as refer-
ence. ▲▲ was determined according to Lakowicz (28,29) by ex-
citation with light modulated at 18 and 30 MHz and vertically
polarized, and the phase difference between the parallel and
perpendicular components of the emitted light was measured.

The obtained values for rs, τ, and ▲▲ were used to calculate
the limiting anisotropy (r∞) and the rotation rate as previously
described (26,27) in accordance with the theory developed by
Weber (30). Calculation of τr and r∞ from measurements at dis-
crete frequencies requires homogeneity in the rotamer fluores-
cence lifetime (25,26).

Release of FA from LV. Proteins from LVe and LVl (30 mg)
were incubated with 3 µCi [1-14C]palmitic acid (57.0 mCi/
mmol, 99% radiochemically pure; NEN, Boston, MA) as the
ammonium salt for 30 min and dialyzed for 24 h using 0.1 M
Tris-HCl, pH 8.0, to remove the nonbound FA. The labeled LVe
and LVl were exposed to 0, 1, and 20 ppm of FS for 1 h. Sam-
ples were then incubated with 20 mg/mL of albumin as FA ac-
ceptor for 30 min. After incubation, samples were analyzed
under native conditions by preparative gel filtration fast-flow
protein LC on a Superdex 200 HR 10/30 column (Amersham-
Pharmacia, Uppsala, Sweden) using 0.1 M Tris-HCl, pH 8.0,
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at a flow rate of 0.4 mL/min. Protein was detected spectrophoto-
metrically at 280 nm. The column was calibrated with thyroglob-
ulin, ferritin, BSA, and ribonuclease A (Amersham-Pharma-
cia) as M.W. protein markers. LV and albumin fractions were
separately collected on the basis of their retention times and
relative mass ratios. The radioactivity of palmitic acid bound
to each protein peak was quantified by liquid scintillation
counting. The amount of protein in each peak was colorimetri-
cally quantified using the method of Lowry et al. (22).

RESULTS

Isolation and characterization of LV. LV were isolated from
the cytosol of eggs at different embryonic development stages
by density gradient ultracentrifugation. Measurements of ab-
sorbance at 280 nm performed on each fraction from the gradi-
ents showed similar protein profiles for both LV forms (Fig. 1).
Fractions containing the maxima, corresponding to LVe and
LVl, respectively, were characterized separately. Hydrated den-
sity, and lipid and FA compositions of both forms of LV are
shown in Table 1. PC was the most abundant lipid in LVe, fol-
lowed by other phospholipids and TAG. A marked decrease in
PC, a minor decrease in TAG, and a concomitant increase in
FFA, cholesterol (CHO), and sphingomyelin (SM) contents
were observed throughout development. Also, palmitic acid
(16:0) declined as the percentage of 20-carbon PUFA (20:4 and
20:5) increased. Lipid/protein ratios in LVe and LVl were found
to be similar and consistent with their densities.

Figure 2 shows the results obtained from the electrophoretic
analysis of LVe and LVl performed under native (A) and disso-
ciating (B) conditions. Electrophoretic mobility of the proteins
revealed, under native conditions, a predominant band of 440
kDa in both LV (Fig. 2A). In dissociating conditions, two bands
of 94 and 112 kDa were observed (Fig. 2B).

Effect of FS on the rotational behavior of DPH and DPH-
PA in LV and LP built up with LV lipids. Steady-state anisot-

ropy of DPH (Figs. 3 and 5) and DPH-PA (Figs. 4 and 6) were
measured over temperature ranges of 10–30°C in LV (Figs. 3
and 4) and 10–45°C in LP (Figs. 5 and 6) in the absence or the
presence of 1, 10, and 20 ppm of FS. Although rs is often used
as a mobility parameter, it is highly dependent on τ. Then mea-
surements of τ are essential to interpret rs variations correctly
and to determine the environment polarity. Time-resolved or
phase-modulation-resolved anisotropy as limiting anisotropy
(r∞) and rotational correlation time (τr) were used for a thor-
ough interpretation of the rotational motion of a fluorescent
probe (DPH or DPH-PA) and the environment properties. r∞ is
inversely related to the extent of wobbling motion of the probe
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FIG. 1. Total protein (absorbance at 280 nm) and density distribution
(▲) in egg cytosol fractions after gradient ultracentrifugation. Samples
of egg cytosol were obtained at early (LVe) (●) and late (LVl) (■) stages
of embryonic development. LVe, lipovitellin at an early embryogenic
stage; LVl, lipovitellin at a late embryonic stages.

TABLE 1
Lipid Compositiona of Lipovitellins Isolated from Vitellus of Egg
Yolk of Macrobrachium borellii

Fraction

Lipid classes LVe LVl

TAG (%) 20.5 ± 1.8 16.7 ± 1.5
FFA (%) 5.9 ± 0.6 10.4 ± 0.7
Cholesterol (%) 7.9 ± 0.5 13.7 ± 1.0
PE (%) 15.8 ± 1.2 19.5 ± 3.6
PC (%) 41.9 ± 3.6 24.9 ± 4.4
Sphingomyelin (%) 7.6 ± 0.5 14.1 ± 1.5

Major FA (%)
14:0 3.7 2.4
16:0 22.3 17.6
16:1n-7 14.0 10.9
18:0 9.0 8.9
18:1n-9 20.1 20.5
18:1n-7 10.6 11.9
18:2n-6 7.0 7.7
20:4n-6 4.1 7.0
20:5n-3 7.8 11.9

Total lipids (mg/150 eggs) 14.1 ± 4.3 3.5 ± 2.6
Total proteins (mg/150 eggs) 47.2 ± 8.0 14.1 ± 7.0
Lipid/protein ratio 0.29 0.25
Hydrated density (g/mL) 1.18–1.19 1.18–1.19
aData are expressed as weight percentage of lipids as determined by TLC-
FID. Values represent the mean ± SD of three analyses. LVe, lipovitellin at
an early embryogenic stage; LVl, lipovitellin at a late embryogenic stage. 

FIG. 2. Native (A) and dissociating (B) gel electrophoresis of LVe and
LVl. Both gels were done using polyacrylamide gradients of 4–23%
wt/vol. Proteins were revealed by Coomassie Blue staining. ST, stan-
dard; for other abbreviations see Figure 1.



and indicates the ordering of the environment; τr is the inverse
of the rotational rate and provides data on the environmental
viscosity. For both probes, but especially for DPH, τm were
somewhat higher than phase lifetimes, τP, indicating some het-
erogeneity in the fluorophore population. However, the fact that
the values obtained for τr and r∞ were relatively independent
of the frequency indicated that they were essentially correct av-
erage values of the rotamer populations. 

(i) Influence of apolipoproteins and different lipid composi-
tion on LVe and LVl. All samples showed a linear decrease of
rs with temperature, but DPH rs showed a greater temperature
dependence than did DPH-PA rs (Figs. 3–6). Comparison of
LV with their corresponding LP indicated that the presence of
apolipoproteins increased the rs in both probes, this effect being
more conspicuous for DPH rs. This particular effect was also
observed on τ values, since apolipoproteins increased the life-

times of DPH without altering DPH-PA lifetimes (Fig. 7). r∞
was increased by apolipoproteins in the environment of DPH-
PA (up to 2.5-fold higher at 30°C), and to an even greater ex-
tent in the environment of DPH (up to 12-fold higher in LV
than in LP) (Table 2). Moreover, the time τr of DPH was in-
creased by the presence of apolipoproteins, but DPH-PA τr was
not affected (Table 2). Altogether, these data indicate a particu-
lar effect of apolipoproteins on the neutral lipid core, decreas-
ing the DPH environment polarity as well as hindering and
slowing the DPH rotational motion. In the absence of
apolipoproteins, DPH rotation became nearly isotropic (with a
very low r∞) at 30°C.

Similar DPH rs values were observed when comparing both
LV, whereas DPH-PA rs was higher in LVe than in LVl (Fig. 4).
A similar difference was observed when comparing LPe with
LPl (Fig. 6); a somewhat higher DPH-PA r∞ was observed in
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FIG. 3. Effect of fenitrothion (FS) on the 1,6-diphenyl-1,3,5-hexatriene
(DPH) fluorescence anisotropy (rs ) in LVe (A) and LVl (B). rs is plotted
vs. temperature in the absence (●) or in the presence of 1 (●●), 10 (▼),
and 20 ppm (▼▼) of FS. Values represent the average of five different de-
terminations ± SD. For other abbreviations see Figure 1.

FIG. 4. Effect of FS on the 3-(p-(6-phenyl)-1,3,5-hexatrienyl)phenylpro-
pionic acid (DPH-PA) rs in LVe (A) and LVl (B). (rs) is plotted vs. temper-
ature in the absence (●) or in the presence of 1 (●●), 10 (▼), and 20 ppm
(▼▼) of FS. Values represent the average of five different determinations
± SD. For other abbreviations see Figures 1 and 3.



LVe with respect to LVl (see Table 2), and the same trend was
observed when comparing LPe with LPl. However, no differ-
ences could be found in r∞ of DPH nor in the τr of DPH and
DPH-PA in both LV forms. These facts suggest that the differ-
ent lipid compositions of the LV affected the lipid ordering in
the surface monolayer but not in the neutral lipid core. A
slightly increased τ for both probes also was observed in LVe
with respect to LVl (Fig. 7). However, differences in τ values
were not noticeable when comparing LPe with LPl in the ab-
sence of apolipoproteins (Fig. 7); they could be attributed to a
different interaction of apolipoproteins with the lipids in each
LV.

(ii) Influence of FS. The presence of high concentrations of
FS resulted in a strong increase of rs for both probes in both types
of LV and LP. The major effect of the insecticide was observed
at higher temperatures, resulting in a decreased temperature

dependence of rs in FS-containing samples. FS also produced a
large decrease in τ of both probes, an effect that was greater with
DPH (Fig. 7). No detectable effect of FS on the rotational behav-
ior of DPH and DPH-PA in the LP samples could be observed.
Thus, the increase in DPH and DPH-PA rs that was noted in sam-
ples containing FS was exclusively due to the reduction of τ. The
same effect was observed in LVe for DPH-PA, whose rotational
behavior was not affected by FS (Table 2). But an increase in
lipid ordering, as reflected by measurements of r∞ values, was
detected for both LV with the core-sensing probe DPH, and only
for LVl with the surface probe DPH-PA (see Table 2). A decrease
in τr of DPH and DPH-PA was also observed for LVl, but not for
LVe. Thus, these data indicated that FS was incorporated into all
these systems, decreasing the polarity of the regions sensed by
DPH and DPH-PA. However, FS altered the lipid dynamics only
in the neutral lipid core sensed by DPH in LVe, whereas both
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FIG. 5. Effect of FS on the DPH rs in LPe (A) and LPl (B). rs is plotted vs.
temperature in the absence (●) or in the presence of 1 (●●), 10 (▼), and
20 ppm (▼▼) of FS. Values represent the average of five different deter-
minations ± SD. For abbreviations see Figures 1 and 3.

FIG. 6. Effect of FS on the DPH-PA rs in LPe (A) and LPl (B). rs is plotted
vs. temperature in the absence (●), or in the presence of 1 (●●), 10 (▼),
and 20 ppm (▼▼) of FS. Values represent the average of five different de-
terminations ± SD. For abbreviations see Figures 1, 3, and 4.



regions (neutral core and surface monolayer) were affected in
LVl. These effects of FS on the lipid dynamics were dependent
on the presence of apolipoproteins, since they were not evident
in the protein-free LP systems.

At low FS concentrations, rs measurements for LV and LP
showed different degrees of sensitivity to the insecticide. On

one hand, the lipid region sensed by DPH was more sensitive
to 1 ppm FS in whole LV (Fig. 3) than in LP (Fig. 5), also point-
ing out the importance of apolipoproteins on the FS action in
the neutral lipid core. On the other hand, DPH-PA rs was sensi-
tive to 1 ppm FS in LVl but not in LVe (Fig. 4), and the same
was observed for the corresponding LP (Fig. 6), suggesting that
the different lipid compositions of these lipoproteins can mod-
ulate the effect of FS on the surface lipid monolayer properties.

Effect of FS on the transfer of [14C]palmitic acid from LV to
albumin. Figure 8 shows the percentage of [14C]palmitic acid
transferred from LV to albumin either in the absence or in the
presence of 1 and 20 ppm of FS. The addition of 20 ppm FS
produced an increment of around 170 and 109% in palmitic
acid transfer from LVe and LVl, respectively. However, at low
FS concentrations, LVl was more sensitive than LVe, since 1
ppm FS did not alter palmitate transfer from LVe but increased
it around 20% from LVl.

394 F. GARCÍA ET AL.

Lipids, Vol. 39, no. 4 (2004)

FIG. 7. Phase lifetime (τP) of DPH (1) and DPH-PA (2) in LVe, LVl, LPe,
and LPl of Macrobrachium borellii, measured at 18 MHz in the absence
or presence of 1, 10, and 20 ppm FS at 10 (A) and 30°C (B). Student’s t-
test was used to compare the significance of the differences with respect
to the sample without FS: P < 0.0001. For abbreviations see Figures 1,
3, and 4.

TABLE 2
Rotation Correlation Time (τr ) and Limiting Anisotropy (r∞) of DPH and DPH-PA at 30°C in Liposomes (LP) and LVa

τr r∞ τr r∞

DPH
LVe Control 2.40 ± 0.6 0.12 ± 0.02 LVl Control 2.20 ± 0.26 0.12 ± 0.001

+20 ppm 1.60 ± 1.0 0.21 ± 0.05* +20 ppm 1.30 ± 0.70 * 0.22 ± 0.02*
LPe Control 1.38 ± 0.4 0.02 ± 0.03 LPl Control 1.50 ± 0.60 0.01 ± 0.04

+20 ppm 2.24 ± 2.0 0.01 ± 0.05 +20 ppm 1.40 ± 0.69 0.08 ± 0.05

DPH-PA
LVe Control 1.80 ± 1.0 0.23 ± 0.02 LVl Control 1.87 ± 0.24 0.2 ± 0.008

+20 ppm 1.88 ± 1.0 0.25 ± 0.06 +20 ppm 0.94 ± 0.50* 0.28 ± 0.01*
LPe Control 1.63 ± 0.8 0.10 ± 0.04 LPl Control 1.60 ± 0.57 0.08 ± 0.04

+20 ppm 0.90 ± 0.4 0.16 ± 0.02 +20 ppm 1.20 ± 1.0 0.14 ± 0.07
aValues represent the average of five determinations ± SD. P was calculated by two-way Student’s t-test, comparing sam-
ples with their respective controls. Asterisk (*), P < 0.001. DPH, 1,6-diphenyl-3,5-hexatriene; DPH-PA, 3-(p-(6-phenyl)-
1,3,5-hexatrienyl)-phenylpropionic acid; for other abbreviations see Table 1.

FIG. 8. Release of palmitic acid from LVe and LVl. Releasing capacity of
palmitic acid from LV of M. borellii was checked in the presence of 1 and
20 ppm of FS. Purification of LV was done by FPLC, and radioactivity was
quantitated by liquid scintillation. P was calculated by Student’s t-test by
comparison of treated and untreated samples: P < 0.05(*); NS, not signifi-
cant.



DISCUSSION 

Structural organization of lipids in LV. Neutral and amphi-
pathic probes like DPH and DPH-PA have been used to obtain
information on the structural organization of natural (17) or re-
constituted (31) lipoproteins. In lipoproteins with a high con-
tent of neutral lipids such as TAG, these lipids build up a cen-
tral core surrounded by a superficial monolayer of amphipathic
lipids. Certain lipids such as DAG (17) and CHO (32) can be
distributed between the core and surface. On the other hand,
lipoproteins lacking neutral lipids have a discoidal morphology
with a bilayer of amphipathic lipids (33). LV lack cholesteryl
esters but have about 20% of TAG that are, in principle, a
somewhat high amount to be easily accommodated within a
phospholipid bilayer. It is expected that a neutral molecule such
as DPH will display less hindered rotation in a disordered neu-
tral lipid core than in a lipid bilayer. Although r∞ of DPH in LV
is lower than that of DPH-PA, it is relatively high for a disor-
dered lipid core and compatible with values obtained in lipid
bilayers. However, it should be taken into account that DPH
should partition between the core and superficial monolayer
(17), and a relatively small core has to be expected with only
20% of neutral lipids. Another fact to be taken into account is
the influence of apolipoproteins. In this respect, the results ob-
tained here with LP of LV lipids are enlightening. DPH r∞ is
extremely low in these protein-free systems, indicating nearly
isotropic rotation, which is incompatible with a bilayer organi-
zation. This fact suggests that, in the absence of apolipopro-
teins, LV lipids are organized as small emulsions with a highly
disordered core and a surface monolayer of amphipathic lipids.
Comparison of the rotational behavior of DPH and DPH-PA in
LV and LP systems indicates that apoproteins preferentially
hinder DPH rotation. It is possible that apolipoproteins force
the incorporation of neutral lipids of LV into the bilayer of a
discoidal lipoprotein. However, recent evidence obtained from
negative staining electron microscopy (Garcia, C.F., unpub-
lished results) indicates that LVe does not form the “rolls” of
stacked structures characteristic of discoidal lipoproteins. Thus,
TAG in LV likely form a core with relatively high ordering
owing to interaction with one or both apolipoproteins. This in-
teraction of apolipoproteins with the neutral lipid core of LV is
also suggested by the selective increase in DPH τ, when com-
paring LV with LP systems.

LV modification during embryogenesis. During embryogene-
sis in M. borellii, the lipid composition of LV was modified with-
out changes in apolipoprotein composition and lipid/protein
ratio. The major changes were an increase in SM, CHO, and FFA
with a corresponding decrease in PC contents. A replacement of
saturated FA by PUFA was also observed. One of the aims of
this work was to study how these changes in lipid composition
affect the lipid dynamics and apolipoprotein–lipid interaction in
LV. In spite of the large changes in lipid composition in LVe and
LVl, no difference in the rotational mobility of DPH was ob-
served, and only a small decrease in lipid ordering was sensed
by DPH-PA in LVl compared with LVe. The environmental po-

larity of both probes was somewhat higher in LVl than in LVe.
Moreover, these differences between LVe and LVl were not evi-
dent when the apolipoprotein-free systems LPe and LPl were
compared, indicating that they depended on apolipoprotein–lipid
interactions or some other structural characteristic that was dis-
rupted in the procedure of lipid extraction and LP preparation.
These results indicated that the condensing effect expected as a
result of the increase in CHO and SM content in LVl was coun-
terbalanced by other changes such as replacement of saturated
FA by PUFA or the increase in FFA content.

Effect of FS on LV lipid phase properties. FS at high con-
centrations decreased the τ of DPH by more than 50% and of
DPH-PA by about 30% in both LV and LP. This effect was ob-
served in other lipoprotein and lipid systems (13,14) and was
attributed to an increased amount of water penetration in the
lipid phase owing to packing defects produced by the insecti-
cide. FS also produced an increase in r∞ of DPH in LVe and
LVl, indicating that this insecticide increased the ordering of
the neutral lipid core in both LV. The rotational behavior of
DPH-PA, however, was affected by FS in LVl but not in LVe, a
difference that should be attributed to the different composi-
tions in amphipathic lipids evoked by these forms of LV. FS af-
fected the properties of the superficial monolayer of LVl in
such a way that DPH-PA seemed to wobble in a more restricted
angle but at a higher rate, as indicated by the increase in r∞ and
the decrease in τr. No appreciable influence of FS on the rota-
tional behavior of DPH or DPH-PA was observed in LP of the
extracted LV lipids, a fact that indicates that apolipoprotein–
lipid or apolipoprotein–FS interactions play an important role
in the effect of this insecticide. A higher sensitivity of LVl to
FS in comparison with that of LVe is evidenced by measure-
ments of DPH-PA rs at low FS concentrations (1 ppm).

Effect of FS on the transfer of palmitic acid to albumin. The
ability of LV to transfer palmitic acid to albumin is increased
by FS in a concentration-dependent way. It was shown that FS
decreased FA uptake by other lipoproteins (13). These facts
suggest that FS decreases the capacity and/or affinity of
lipoprotein to bind FA, which in turn might be due to a compe-
tition between FS and FA for the same binding site or to the al-
teration of the lipid phase properties produced by FS. Further
experimentation will be necessary to distinguish among these
possibilities and to identify the molecular basis of FS action on
the ability of LV to transfer FA. At a low FS concentration (1
ppm), palmitic acid transfer to albumin was not affected in LVe,
but it was increased about 20% in LVl; this fact correlates with
a higher sensitivity of LVl to the changes produced by FS in
the lipid phase properties.

In short, these results indicate that the modification in lipid
composition during embryogenesis in M. borellii LV plays an
important role in the structural changes and alterations in FA
transfer produced by FS. Such differences in sensitivity to FS
of the LV at different steps of embryogenesis affect the toxic
action of this insecticide. Additional research will be required
to learn whether FS can alter the transference of FA or other
lipids to physiological acceptors. 

INSECTICIDE EFFECT ON SHRIMP YOLK LIPOPROTEINS 395

Lipids, Vol. 39, no. 4 (2004)



ACKNOWLEDGMENTS

M.R.G.B. and H.G. are members of Carrera del Investigador CON-
ICET, Argentina. R.P. is member of Carrera del Investigador
CICBA, Argentina. This work was partially funded by CONICET
grant PEI 791/98 (M.R.G.B.) and by Agencia Nacional de Promo-
ción Cientifica y Technológica (FONCyT) grant PICT 1970 (R.J.P.).

REFERENCES

1. Omann, G.M., and Lakowicz, J.R. (1982) Interactions of Chlo-
rinated Hydrocarbon Insecticides with Membranes, Biochim.
Biophys. Acta 684, 83–95.

2. Perez-Albarsanz, M.A., Lopez-Aparicio, P., Senar, S., and
Recio, M.N. (1991) Effects of Lindane on Fluidity and Lipid
Composition in Rat Renal Cortex Membranes, Biochim. Bio-
phys. Acta 1066, 124–130.

3. Lopez-Aparicio, P., Recio, M.N., Prieto, J.C., Carmena, M.J.,
and Perez-Albarsanz, M.A. (1991) Effect of Lindane upon the
β-Adrenergic Stimulation of Cyclic AMP Accumulation in Rat
Renal Cortical Tubules Caused by Alterations in Membrane Flu-
idity, Life Sci. 49, 1141–1154.

4. Stelzer, K.J., and Gordon, M.A. (1985) Interactions of
Pyrethroids with Phosphatidylcholine Liposomal Membranes,
Biochim. Biophys. Acta 812, 361–368.

5. Antunes-Madeira, M.C., Videira, R.A., and Madeira, V.M.
(1994) Effects of Parathion on Membrane Organization and Its
Implications for the Mechanisms of Toxicity, Biochim. Biophys.
Acta 1190, 149–154.

6. Antunes-Madeira, M.C., Almeida, L.M., and Madeira, V.M.
(1993) Depth-Dependent Effects of DDT and Lindane on the
Fluidity of Native Membranes and Extracted Lipids. Implica-
tions for Mechanisms of Toxicity, Bull. Environ. Contam. Toxi-
col. 51, 787–794.

7. Antunes-Madeira, M.C., and Madeira, V.M. (1993) Effects of
DDE on the Fluidity of Model and Native Membranes: Implica-
tions for the Mechanisms of Toxicity, Biochim. Biophys. Acta
1149, 86–92.

8. Antunes-Madeira, M.A., and Madeira, V.M. (1990) Membrane
Fluidity as Affected by the Organochlorine Insecticide DDT,
Biochim. Biophys. Acta 1023, 469–474.

9. Videira, R.A., Antunes-Madeira, M.C., Custodio, J.B., and
Madeira, V.M. (1995) Partition of DDE in Synthetic and Native
Membranes Determined by Ultraviolet Derivative Spec-
troscopy, Biochim. Biophys. Acta 1238, 22–28.

10. González-Baró, M.R., Garda, H., and Pollero, R.J. (1997) Ef-
fect of Fenitrothion on Hepatopancreas Microsomal Membrane
Fluidity in Macrobrachium borellii, Pest. Biochem. Physiol. 58,
133–143.

11. Blasiak, J. (1993) Changes in the Fluidity of Model Lipid Mem-
branes Evoked by the Organophosphorus Insecticide Methyl-
bromfenvinfos, Acta Biochim. Pol. 40, 39–41.

12. González-Baró, M.R., Garda, H., and Pollero, R.J. (2000) Effect
of Fenitrothion on Dipalmitoyl and 1-Palmitoyl-2-oleoylphos-
phatidylcholine Bilayers, Biochim. Biophys. Acta 1468, 304–310.

13. Garcia, C.F., Cunningham, M.L., González-Baró, M.R., Garda,
H., and Pollero, R. (2002) Effect of Fenithothion on the Physi-
cal Properties of Crustacean Lipoproteins, Lipids 37, 673–678.

14. Cunningham, M.L., Garcia, C.F., González-Baró, M.R., Garda,
H., and Pollero, R. (2002) Organophosphorous Insecticide Feni-
trothion Alters the Lipid Dynamics in the Spider Polybetes
pythagoricus High Density Lipoproteins, Pest. Biochem. Phys-
iol. 73, 37–47.

15. Okuno, A., Yang, W.J., Jayasankar, V., Saido-Sakanaka, H.,
Huong, D., Jasmani, S., Atmomarsono, M., Subramoniam, T.,
Tsutsui, N., Ohira, T., et al. (2002) Deduced Primary Structure
of Vitellogenin in the Giant Freshwater Prawn, Macrobrachium

rosenbergii, and Yolk Processing During Ovarian Maturation,
J. Exp. Zool. 292, 417–429.

16. Heras, H., Gonzalez Baró, M.R., and Pollero, R.J. (2000) Lipid
and Fatty Acid Composition and Energy Partitioning During
Embryo Development in the Shrimp Macrobrachium borellii,
Lipids 35, 645–651.

17. Rimoldi, O.J., Garda, H.A., and Brenner, R.R. (1996) Effect of
Phospholipids on the Structure of Triatoma infestans Lipophorin
Studied by Fluorescence Methods, J. Lipid Res. 37, 2125–2135.

18. Lavarias, S., Heras, H., Demichelis, S., Portiansky, E., and
Pollero, R. (2002) Morphometric Study of Embryonic Develop-
ment of Macrobrachium borellii (Arthropoda: Crustacea), In-
vert. Reprod. Devel. 41 157–163.

19. Folch, J., Lees, M., and Sloane Stanley, G.H. (1957) A Simple
Method for the Isolation and Purification of Total Lipids from
Animal Tissues, J. Biol. Chem. 226, 497–509.

20. Cunningham, M., and Pollero, R.J. (1996) Characterization of
Lipoprotein Fractions with High Content of Hemocyanin in the
Hemolymphatic Plasma of Polybetes pythagoricus, J. Exp. Zool.
274, 275–280.

21. Gaspar, M.L., Cabello, M.N., Pollero, R., and Aon, M.A. (2001)
Fluorescein Diacetate Hydrolysis as a Measure of Fungal Bio-
mass in Soil, Curr. Microbiol. 42, 339–344.

22. Lowry, O.H., Rosebrough, N.J., Farr, A.R., and Randall, R.J.
(1951) Protein Measurement with the Folin Phenol Reagent, J.
Biol. Chem. 193, 265–275.

23. Laemmli, U.K. (1970) Cleavage of Structural Proteins During
the Assembly of the Head of Bacteriophage T4, Nature 227,
680–685.

24. Garin, C.F., Heras, H., and Pollero, R.J. (1996) Lipoproteins of
the Egg Perivitelline Fluid of Pomacea canaliculata Snails
(Mollusca: Gastropoda), J. Exp. Zool. 276, 307–314.

25. Spencer, R.D., and Weber, G. (1970) Influence of Brownian Ro-
tations and Energy Transfer upon the Measurements of Fluores-
cence Lifetime, J. Chem. Phys. 52, 1654–1663.

26. Tricerri, M.A., Garda, H.A., and Brenner, R.R. (1994) Lipid
Chain Order and Dynamics at Different Bilayer Depths in Lipo-
somes of Several Phosphatidylcholines Studied by Differential
Polarized Phase Fluorescence, Chem. Phys. Lipids 71, 61–72.

27. Garda, H.A., Bernasconi, A.M., and Brenner, R.R. (1994) Pos-
sible Compensation of Structural and Viscotropic Properties in
Hepatic Microsomes and Erythrocyte Membranes of Rats with
Essential Fatty Acid Deficiency, J. Lipid Res. 35, 1367–1377.

28. Lakowicz, J.R., Prendergast, F.G., and Hogen, D. (1979) Dif-
ferential Polarized Phase Fluorometric Investigations of
Diphenylhexatriene in Lipid Bilayers. Quantitation of Hindered
Depolarizing Rotations, Biochemistry 18, 508–519.

29. Lakowicz, J.R. (1983) Principles of Fluorescence Spectroscopy,
1st edn., Chapters 3 and 6, Plenum Press, New York.

30. Weber, G. (1978) Limited Rotational Motion: Recognition by
Differential Phase Fluorometry, Acta Phys. Pol. A 54, 173–179.

31. Rye, K.A., Garrety, K.H., and Barter, P.J. (1993) Preparation
and Characterization of Spheroidal, Reconstituted High-Density
Lipoproteins with Apolipoprotein A-1 Only or with Apolipopro-
tein A-1 and A-2, Biochim. Biophys. Acta 1167, 316–325.

32. Ekman, S., Derksen, A., and Small, D.M. (1988) The Partition-
ing of Fatty Acid and Cholesterol Between Core and Surfaces
of Phosphatidylcholine-Triolein Emulsions at pH 7.4, Biochim.
Biophys. Acta 959, 343–348.

33. Brouillette, C.G., Anantharamaia, G.M., Engler, J.A., and
Borhani, D.W. (2001) Structural Models of Human Apolipopro-
tein A-1: A Critical Analysis and Review, Biochim. Biophys.
Acta 1531, 4–46.

[Received December 31, 2003; accepted May 14, 2004]

396 F. GARCÍA ET AL.

Lipids, Vol. 39, no. 4 (2004)


