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A

 

BSTRACT

 

Transmission electron microscopy reveals that the eggs of the red imported fire
ant, 

 

Solenopsis invicta

 

 Buren, contain yolk spheres that are evenly distributed
throughout the center of the egg. Yolk degradation occurs sequentially as evidenced
by the simultaneous observation of three stages of yolk platelet degradation within
the eggs.
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R

 

ESUMEN

 

La microscopía electrónica de transmisión revela que los huevos de la hormiga de
fuego 

 

Solenopsis invicta

 

 Buren, contienen esferas de yema que se distribuyen pareja-
mente a lo largo del centro del huevo. La observación simultánea de tres etapas de de-
gradación en las esferas de yema dentro de los huevos evidencia que la degradación

 

de la yema ocurre secuencialmente.

The most abundant subcellular organelles of mature oocytes in arthropods are
yolk granules, constituting approximately 80% of the total protein present (Medina et
al. 1988). Arthropod yolk spheres (granules or platelets) are phosphoglycolipoproteins
with varying amounts of phosphorus, lipids, and carbohydrates (Yamashito & Indra-
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sith 1988). Much of the yolk material consists of vitellin, a protein that is derived from
vitellogenin (Kunkel & Nordin 1985; Tata & Smith 1979; Wallace 1985). Vitellin,
which comprises 60-90% of the total mass of yolk proteins (Kunkel & Nordin 1985), is
transported through insect haemolymph and accumulates as yolk granules in the de-
veloping oocyte by pinocytosis (Postlethwait & Giorgi 1985). The yolk protein compo-
sition of numerous arthropods, including many orders of the class Insecta, have been
determined (Bownes & Hames 1977; Yamashita & Indrasith 1988). For example, yolk
spheres of the fruit fly (

 

Drosophila

 

) constitute about 80% of the total protein of the
mature oocyte (Vallejo et al. 1981). However, the degradation of yolk in arthropods is
not a process that is well understood.

The red imported fire ant, 

 

Solenopsis invicta

 

 Buren, was introduced into the
United States from South America around 1940 and has rapidly become a major pest
in the southern U.S.A. Although much is known of its basic biology and behavior, rel-
atively little attention has been given to oogenesis, vitellogenesis, and embryogenesis.
However, one study indirectly addressing these subjects was initiated to understand
the mode of action of the insect growth regulator fenoxycarb on the red imported fire
ant (Glancey & Banks 1988). Fenoxycarb caused a lack of cell differentiation involv-
ing oocytes, trophocytes, and follicular epithelial cells. In addition, because nurse cells
did not develop, oocytes did not contain the necessary yolk spheres. Therefore, eggs
did not develop, and the colony died due to lack of worker replacement (Glancey &
Banks 1988). In that study, the sequestration of yolk in untreated eggs and the lack
of yolk spheres in treated eggs with concomitant egg reabsorption were clearly dis-
played. A review of the literature reveals that study as the only one portraying yolk
sphere formation in oocytes of the red imported fire ant. Our paper, herein, is the first
to describe the appearance of naturally occurring yolk degradation in fertilized eggs
of ants, and in particular, of the red imported fire ant.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Red imported fire ant colonies were collected from Abilene and Victoria, Texas, in
the spring of 1991 and maintained at approximately 28

 

°

 

C. Oviposited eggs were re-
moved from colonies with a camel hair brush after the ants were immobilized by car-
bon dioxide. Samples were fixed for three hours at room temperature in 2%
glutaraldehyde, 0.1 M phosphate buffer (pH 7.0) and several drops of the wetting
agent Triton-X. Eggs were subsequently washed in 0.1 M phosphate buffer (pH 7.0)
and post-fixed with osmium tetroxide. Eggs were next washed in 0.1 M phosphate
buffer (pH 7.0) and dehydrated through a graded ethanol series. To remove the etha-
nol, specimens were rinsed twice with 100% acetone and stored over a dehydrating
material (CuSO

 

4

 

). Eggs were embedded in Spurr’s

 

 

 

low viscosity medium (Spurr 1969).
Sorvall MT-2B and glass knives were used for ultramicrotomy. Sections were stained
with methanolic uranyl acetate and lead citrate, and micrographs were taken using
a Hitachi HS-9 transmission electron microscope.

R

 

ESULTS

 

 

 

AND

 

 D

 

ISCUSSION

 

Electron micrographs showed the eggs to be filled with large and dense storage or-
ganelles (yolk spheres). Yolk platelets were distributed evenly throughout the center
of eggs, whereas the periphery of eggs were relatively free of yolk granules (Fig. 1B).
However, early embryonic cells were located at the periphery of the egg near the vi-
telline membrane (Fig. 1A and B). The yolk is thus somewhat initially separated from
tissue of the developing embryo. We observed three categories of yolk granules: 1)
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large, membrane bound, undegraded dense yolk spheres; and 2) partially degraded
and 3) degraded yolk spheres (Fig. 1C). Not all yolk platelets in red imported fire ant
eggs are degraded at the same time, but rather, yolk sphere utilization proceeds se-
quentially.

Our cytological observations of yolk degradation (Fig. 1C) in red imported fire ant
eggs support earlier studies showing sequential yolk degradation in other arthropods.
For example, proteinase activity is involved in yolk granule organelle degradation
during embryogenesis in 

 

Drosophila

 

, and this activity is developmentally regulated
(Medina et al. 1988). Fagotto (1991) states that yolk spheres of the eggs of an African
soft tick (

 

Ornithodoros moubata

 

) are dense and neutral and, that during later stages,
these spheres are degraded through acidification. Furthermore, acidic protease activ-
ity is responsible for yolk degradation in the migratory locust, 

 

Locusta migratoria

 

(McGregor & Loughton 1974). Although Glancey & Banks (1988) observed less yolk
during reabsorption of developing oocytes in red imported fire ant queens after treat-

Figure 1. Transmission electron micrographs of cross sections of red imported fire
ant eggs showing sequential degradation of yolk spheres: us = undegraded yolk
spheres; ps = partially degraded yolk spheres; ds = degraded yolk spheres; ex = exo-
chorion; en = endochorion; vtm = vitellin membrane (Fig. 1A, bar = 36 µm; Fig. 1B, bar
= 50 µm; Fig 1C, bar = 52 µm; Fig. 1D, bar = 67 µm).
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ment with an insect growth regulator, proteinase is inactive during those stages of egg
formation. Therefore, normal yolk degradation would not be observable. Proteinase is
only activated in the egg subsequent to fertilization (Medina et al. 1988).

Although common mechanisms of yolk degradation may exist among evolution-
arily distant species (Fagotto 1991), the assumption should not be made that these
degradation mechanisms are applicable to other systems (Yamashita & Indrasith
1988). However, the general mechanism for yolk degradation in many insects has
been shown to be sequentially controlled (Yamamoto & Takahashi 1993), and proteins
within these yolk spheres are differentially hydrolyzed.

A

 

CKNOWLEDGMENT

 

This study was supported by the Texas State Line Item for Fire Ant Research. We
thank H. Thorvilson, E. White, and C. Landry for reviewing our manuscript.

R

 

EFERENCES

 

 C

 

ITED

 

B

 

OWNES

 

, M., 

 

AND

 

 B. D. H

 

AMES

 

. 1977. Accumulation and degradation of three major
yolk proteins in 

 

Drosophila melanogaster

 

. J. Exp. Zool. 200: 149-156.
F

 

AGOTTO

 

, F. 1991. Yolk degradation in tick eggs: III. Developmentally regulated acid-
ification of the yolk spheres. Develop. Growth and Differ. 33: 57-66.

G

 

LANCEY

 

, B. M., 

 

AND

 

 W. A. B

 

ANKS

 

. 1988. Effect of the insect growth regulator fenox-
ycarb on the ovaries of queens of the red imported fire ant (Hymenoptera: For-
micidae). Ann. Entomol. Soc. America 81: 642-648.

K

 

UNKEL

 

, J. G., 

 

AND

 

 J. H. N

 

ORDIN

 

. 1985. Yolk proteins, pp. 83-111 

 

in

 

 G. A. Kerkut and
L. I. Gilbert [eds.] Comprehensive Insect Physiology, Biochemistry and Phar-
macology, Vol. 1. Pergamon Press, Oxford.

M

 

C

 

G

 

REGOR

 

, D. A., 

 

AND

 

 B. G. L

 

OUGHTON

 

. 1974. Yolk protein degradation during em-
bryogenesis of the African migratory locust. Canadian J. Zool. 52: 907-917.

M

 

EDINA

 

, M., P. L

 

EON

 

, 

 

AND

 

 C. G. V

 

ALLEJO

 

. 1988. 

 

Drosophila

 

 cathepsin B-like protein-
ase: A suggested role in yolk degradation. Arch. Biochem Biophysics 263: 355-
363.

P

 

OSTLETHWAIT

 

, J. H., 

 

AND

 

 F. G

 

IORGI

 

. 1985. Vitellogenesis in insects, pp. 85-126 

 

in

 

 W.
L. Browder [ed.]. Developmental Biology: A Comprehensive Synthesis, Vol. 1:
Oogenesis. Plenum Press, New York.

S

 

PURR

 

, A. R. 1969. A low-viscosity epoxy resin medium for electron microscopy. J. Ul-
trastructure Res. 26: 31-43.

T

 

ATA

 

, J. R., 

 

AND

 

 D. F. S

 

MITH

 

. 1979. Vitellogenesis: A versatile model for hormonal reg-
ulation of gene expression. Rec. Prog. Horm. Res. 35: 49-95.

V

 

ALLEJO

 

, C. G., R. P

 

ERONA

 

, R. G

 

ARESSE

 

, 

 

AND

 

 R. M

 

AROCO

 

. 1981. The stability of the
yolk granules of 

 

Artenia

 

. An improved method for their isolation and study. Cell
Diff. 10: 345-356.

W

 

ALLACE

 

, R. W. 1985. Vitellogenesis and oocyte growth in nonmammalian verte-
brates, pp. 127-177 

 

in

 

 W. L. Browder [ed.]. Developmental Biology: A compre-
hensive synthesis, Vol. 1: Oogenesis. Plenum Press, New York.

Y

 

AMASHITA

 

, O., 

 

AND

 

 L. S. I

 

NDRASITH

 

. 1988. Metabolic fates of yolk proteins during
embryogenesis in arthropods. Develop. Growth and Differ. 30: 337-346.

Y

 

AMAMOTO

 

, Y., 

 

AND

 

 S. Y. T

 

AKAHASHI

 

. 1993. Cysteine proteinase from 

 

Bombyx 

 

eggs:
role in programmed degradation of yolk proteins during embryogenesis. Comp.
Biochem. Physiol. 106B: 35-45.


