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Lipid circulation in spiders. Transport of 
phospholipids, free acids and triacylglycerols as the 
major lipid classes by a high-density lipoprotein 
fraction isolated from plasma of Polybetes 
pythagoricus 
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A high-density lipoprotein (HDL) fraction was isolated from the hemolymphatic plasma of 
the spider Polybetes pythagoricus by density-gradient ultracentrifugation. Hydrated density 
(l.13g/ml), electrophoretic mobility (SDS---PAGE) of apoproteins and lipid classes 
composition were determined. Lipids were identified by HP-TLC and auxiliary techniques; 
they were quantified by TLC-FID. The protein moiety is composed of two main apoproteins 
(250 and 76 kDa, respectively) and several polypeptides of low molecular weight. It resembles 
the apoliphorins of insects and some other arachnids. The lipid composition differs from most 
lipophorins. Phospholipids amount to more than 60% of total lipids, while diacylglycerols 
(2.4%) are supplanted by triacylglycerols (16.5%) as the main circulating energetic lipids. 
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Introduction 
Lipid circulation systems in invertebrates 
have been studied only in those belonging 
to phyla Arthropoda and Mollusca. The 
mechanisms of lipid circulation are well- 
known in many arthropods; they are trans- 
ported by means of high- (HDL) or very 
high-density lipoproteins (VHDL) in in- 
sects (Beenakkers et al., 1985) or only by 
HDLs in crustaceans (Lee, 1989). Plasma 
lipid circulation in molluscs is compara- 
tively less known, although it has been 
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studied in our laboratory, firstly in bivalves 
(Pollero, 1987), then in cephalopods (Heras 
and Pollero, 1990), and recently in gastro- 
pods (Pollero et al., 1992). 

Regarding arachnids, there is little avail- 
able information dealing with plasma lipo- 
proteins. Lipoprotein fractions of high 
density have been detected in the hemo- 
lymph of four species belonging to the 
orders Araneida, Scorpionida, Solpugida 
and Acarina; according to their apoprotein 
components, in the first three ones they 
show characteristics similar to those of in- 
sect lipophorins (Haunerland and Bowers, 
1989). The lipid composition of these lipo- 
proteins was determined in only one 
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species, Eurypelma californicum which, due 
to its high content of diacylglycerols and 
phospholipids, also showed similarity to 
that of insect lipophorins (Haunerland and 
Bowers, 1987). 

In the present work, a high-density lipo- 
protein fraction was isolated from hemo- 
lymphatic plasma of the spider Polybetes 
pythagoricus. Although it presents some 
characteristics similar to the already- 
mentioned lipophorins, its lipid compo- 
sition is markedly different. 

Materials and Methods 
Hemolymph collection and preparative ul- 
tracentrifugal fractionation 

Wild specimens of P. pythagoricus were 
caught from barks of eucalyptus trees and 
bled on the same day. After severing of 
their legs, the spiders were placed in a 
tube and centrifuged at low speed to ob- 
tain hemolymph. The lipoprotein under 
study was isolated by density gradient 
ultracentrifugation. Aliquots of clear blue 
plasma were overlayered on 3 ml NaBr 
solution (density 1.21 g/ml) and cen- 
trifuged at 178,000g at 10°C for 22hr in 
a Beckman L8 70 M centrifuge with a 
SW 60 Ti rotor. As we assumed that the 
density of spider plasma was 1.006 g/ml, 
a saline solution of this density was run 
simultaneously as blank. The total volume 
of the tubes was fractionated from top 
to bottom into 0.3 ml fractions. A yellow 
band in the high-density zone of the 
gradient was separated as a whole fraction. 
The presence of proteins in each fraction 
was monitored by light absorption at 
280 nm. 

Lipid analysis 
Total lipids of the yellow band were 

extracted with chloroform/methanol ac- 
cording to the Bligh and Dyer method 
(1959). Lipids were separated on Merck 
high-performance thin-layer chromatog- 
raphy (HP-TLC) plates. Neutral lipids 
were resolved by developing the plates 
in hexane-diethyl ether-acetic acid 
(80:20:1.5, v/v). Polar lipids were resolved 
by the development of plates in chloro- 
form-methanol-acetic acid-water (65: 25: 
4:4, v/v). Hydrocarbons were separated 
from other neutral lipids by development 

in hexane-benzene (70:30, v/v). Reference 
lipids used as standards on HP-TLC plates 
were 1-2 and 1-3 diacylglycerols, choles- 
terol, tristearin, stearic acid, cholesteryl 
oleate, a mixture of hydrocarbons, choline 
and ethanolamine phosphoglycerides. For 
detection of separated constituents, the 
plates were exposed to iodine vapors or 
sprayed with sulfochromic acid solution 
and heated in an oven at 180°C. Acetic- 
sulfuric acid (1:1, v/v) and ethanolic 
ninhydrin were used as selective spray 
reagents to facilitate the lipid identifi- 
cation. 

The quantitative determination of the 
lipid classes was performed by TLC 
coupled to a flame ionization detection 
(FID) in an Iatroscan apparatus model TH 
10, after their separation on chromarods 
type S-III, using a triple development: 
hexane-benzene (70:30, v/v), benzene- 
chloroform-formic acid (70: 25 : 2, v/v) and 
chloroform-methanol-water  (70: 25 : 3, 
v/v). Lipid classes were quantified by com- 
parison with known amounts of standards 
run under the same conditions and using 
monoacylglycerol as internal standard 
(Ackman, 1990). Total lipids were calcu- 
lated by the summation of individual lipid 
weights. The signals from the FID were 
registered on a Hewlett-Packard model 
HP-3396 A integrator. 

Apoprotein analysis 
The fraction isolated from the density 

gradient (yellow band) was extensively dia- 
lyzed against 10mM Tris-HC1 (pH6.8) 
and analyzed by electrophoresis under 
dissociating conditions. Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) were carried out in both 
continuous 8% slab gels overlayered with 
4% stacking gels and 4-20% gels, in a 
mini-slab electrophoresis unit (8 x 10 cm). 
The resolving gel buffer was 0.375M 
Tris-HC1 and the stacking gel buffer was 
0.125M Tris-HC1. The electrode buffer 
contained Tris-glycine 0.025 M Tris, 
0.192M glycine (pH8.3). Proteins were 
visualized by staining with Coomassie Bril- 
liant Blue. Molecular weight standards 
(HMW, Pharmacia, Uppsala, Sweden, and 
Marker kit, Sigma, St Louis, MO) were 
run in parallel lines. 
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Results 

When total plasma of P. pythagoricus 
was centrifuged in a density gradient, two 
well-defined colored bands appeared: a yel- 
low one, with clearly marked borders in the 
middle of the tube (Fig. 1), and another 
one, which was blue and wide, at the 
tube bottom. Absorbance measurements at 
280 nm in each fraction along the total 
gradient showed a protein profile with two 
maxima: a small peak coincident with the 
yellow fraction, and a large protein peak 
coincident with the blue fraction. Plasma 
fractions between bands showed a low pro- 
tein concentration. Absorption scanning at 
200-600nm recorded for each fraction 
showed the characteristic spectrum of 
hemocyanin only in those fractions corre- 
sponding to the blue band (results not 
shown). Since the yellow band had a density 
of 1.13 g/ml, it could be considered a high- 
density lipoprotein (HDL) fraction. 

Aliquots of HDL plasma fraction, iso- 
lated by preparative ultracentrifugation, 
were utilized for the lipid composition 
analysis. After total lipid separation by 
HP-TLC, the following classes of lipids 

Fig. 2. Thin-layer chromatographic separation of 
neutral and polar lipids of the HDL from 
P. pythagoricus plasma. Separated constituents were 
detected by charring with sulfochromic acid solution. 
See solvent systems and conditions in the text. Lanes 
1 and 4: standards; Lane 2: HDL from P. pythagori- 
cus; Lane 3: lipophorin (HDL) from Triatoma infes- 

tans. 

Fig. 1. Density gradient ultracentrifugation of P. 
pythagoricus hemolymphatic plasma on NaBr 

6 1.21 g/ml. 

were identified: phosphatides of choline 
(PC) and ethanolamine (PE), diacyl- 
glycerols (DG), free fatty acids (FFA), tria- 
cylglycerols (TG) and hydrocarbons (HC). 
Three phospholipids with a lower Rr than 
PC, containing free amino groups (visual- 
ized with ninhydrin), were partially ident- 
ified. Figure 2 shows a typical 
chromatogram of the HDL fraction from 
P. pythagoricus compared to that of an 
insect lipophorin (HDL) isolated from Tri- 
atoma infestans. Differences were observed 
in the relative contents of TG, DG, PC and 
PE among the HDLs from both sources. 

The quantitative lipid composition, de- 
termined by TLC-FID, is shown in Table 1. 
Phospholipids with PC predominance rep- 
resented more than half of the total lipids; 
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FFA and TG were also important lipid 
fractions, whereas DG and HC were found 
in small proportions. Similar proportions of 
phospholipids (66.0%), FFA (21.5%), TG 
(8.7%), DG (2.8%) and HC (1.0%) were 
also found in fresh whole plasma which was 
analyzed immediately after collection. 
Table 1 also includes the total protein value 
in the HDL fraction, which exceeds, in 
mass, that of the lipid moiety. 

Other aliquots of P. pythagoricus HDL 
were used to study the constituent apo- 
proteins. The electropherogram in Fig. 3, 
obtained in a continuous polyacrylamide 
gel under dissociating conditions, shows 
two main protein bands of 250 and 76 kDa, 
respectively, and some other polypeptides 
of minor molecular weight. 

Discussion 

The term lipophorin was proposed by 
Chino and colleagues (Chino et al., 1981) to 
designate the insect diacylglycerol-carrying 
lipoproteins which, with hydrated densities 
comparable to HDL in man, transport 
lipids from sites of absorption or storage to 
sites of utilization. Also characteristic of 
lipophorins is the presence of two apo- 
proteins of 250-280 and 78-85 kDa, re- 
spectively (Chapman, 1983). On this basis, 
the extension of the term "lipophorin" to 
designate the two HDLs of tarantula, the 
only spider lipoproteins in which both lipid 

Table 1. Composition of HDL isolated from the 
hemolymph plasma of Polybetes pythagoricus 

Component Percent w/w 

Lipid classes 
Hydrocarbons 2.4 _ 0.7 
Triacylglycerols 16.5 _ 3.7 
Diacylglycerols 2.4 + 0.3 
Free fatty acids 17.4 ___ 0.9 
Phosphatidyl etanolamine 15.2 + 0.6 
Phosphatidyl choline 29.9 ___ 4.1 
Other phospholipids 16.2 ___ 1.4 

Total lipids (0.89 mg/ml hemolymph) 27.7% 
Total proteins (2.32 mg/ml hemolymph) 72.3% 

Hydrated density (g/ml) 1.13 

The HDL was isolated by ultracentrifugation in 
density gradient. Lipids were identified after se- 
paration by HP-TLC and quantified by TLC-  
FID. Proteins were measured by colorimetry. 

Results are the average of three determinations (45 
animals) + SD. 

~O 
Fig. 3. SDS-polyacrylamide gel electrophoresis of 
apoproteins from the HDL of P. pythagoricus. Lane 
1: sample; lanes 2 and 3: molecular weight standards. 

and protein moieties have been character- 
ized in detail up to now (Haunerland and 
Bowers, 1987), seems appropriate since 
they contain diacylglycerols as the major 
lipids and both characteristic apoproteins. 
Although lipophorins have several unifying 
structural restrictions that govern the mol- 
ecular organization (Soulages and Brenner, 
1991), the lipid composition and the pro- 
tein: lipid ratios differ among species and 
developmental stages. Therefore, DG pre- 
dominance is not a strict condition of 
lipophorins, since they are of minor signifi- 
cance in Periplaneta americana and scanty 
in the beetle Leptinotarsa decemlineata 
(Katagiri and de Kort, 1991); the protein 
proportion is higher in the lipophorin of the 
wax-moth Galleria mellonella (Thomas, 
1979) than in other insect species. Within 
this scope, the HDL isolated from P. 
pythagoricus in this work, could be also 
considered as a "lipophorin". 

The two main apoproteins of P. 
pythagoricus HDL show an electrophoretic 
behavior similar to those of insect 
apolipophorins, as well as to arachnid 
apolipoproteins, with the exception of 
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velvet mite HDL (Haunerland and Bowers, 
1989). In some insects, a third apolipo- 
protein, (ApoLp III), with a low molecular 
weight (17 kDa) has been found in the adult 
lipophorins (Kawooya et al., 1984; Chino 
and Yazawa, 1986) which, in association 
with the main apoproteins, increases the 
lipophorin lipid-carrying capacity. It is 
speculated that low molecular weight 
polypeptides accompanying the major apo- 
proteins in P. pythagoricus HDL, could 
play a similar role. Nevertheless, since no 
protease inhibitors were used during the 
assays, we cannot discard the possibility 
that these small polypeptides have a proteo- 
lytic origin. 

Despite the above considerations, this 
high-density fraction isolated from plasma 
of P. pythagoricus presents a quite different 
lipid composition to those of most 
lipophorins. Due to its high proportion of 
phospholipids, it is more closely related to 
the crustacean HDLs rather than to the 
lipophorins of insects in general and taran- 
tula. On the other hand, the small amount 
of DG and the relatively high content of 
TG suggest a substitution of DG by TG as 
circulating energetic lipids and, conse- 
quently, that the DG are not a direct energy 
source in this spider. In the Colorado 
potato beetle lipophorin, the DG are also 
low but they are substituted by hydrocar- 
bons as the main neutral lipids (Katagiri 
and de Kort, 1991). In contrast, the hydro- 
carbon content in P. pythagoricus HDL is 
low and the neutral lipids represent, all 
together, only the fourth part of total lipids. 
As a consequence, we can suppose that this 
lipoprotein particle has special structural 
characteristics. The fact that two genera of 
spiders within the same order, such as 
Eurypelma and Polybetes show lipid com- 
positions markedly different in their HDLs, 
makes difficult any generalization regarding 
the lipid transport, the lipid requirements in 
arachnid tissues and the evolutive process 
of lipoproteins. 

In conclusion, results drawn from the 
present study are coincident with those 
obtained by Haunerland and Bowers (1987, 
1989) in relation to the similarity existing 
between P. pythagoricus Apo-HDL and 
apolipophorins of insects and almost all the 
arachnids. However, differences concerning 
quality and quantity of lipids, which are 

transported in this plasma fraction, are also 
shown. Similar apoprotein compositions 
and notoriously different lipid compositions 
lead us to think that the apoproteins do not 
necessarily determine the associated lipids 
in the lipoprotein particle. In view of such 
a composition of the P. pythagoricus HDL, 
it would be interesting to perform some 
physical studies on the structural organiz- 
ation of this spider lipoprotein. 
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