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Recent Biochemical Studies of the Fire Ant, Solenopsis invicia

Robert K. Vander Meer, Emanuel Merdinger, Clifford S. Lefgren

ABSTRACT Laboratory and field colonies of Solenopsis invicta showed
no significant difference in carbohydrate composition. Fourth-
instar larvae were found to have an unusually high percentage
of trehalose compared to adults and first-inster larvae. Amins
acid analysis ¢f sexuals and minor workers showed an absence
of threonine, and amounts of amino acids in larval forms were
cignificantly larger than in adults. The fire ant queen poison
sac was found to contain piperidine alkaloids and is the sto-
rage cite for a pheromone that elicites orientation and attrac-
tion in workers. This pheromone may be useful in providing =
species-specific bait toxicant formulation.

About 40 vears ago the red imported fire ant, Solenopsis invicta
Buren, was accidently imported into the southern United States from
South America. The ant spread rapidly from its initial port of introduc-
tion, Mobile. Alabamu, and now infests all or parts of nine states
(Fig. 1). In recent vears the northward migration of this aggressive ant
has becn slowed by cold winters. Movement to the west will probably
be restricted by the arid conditions of west Texas.

Mature ant colonies may consist of 100 to 200 thousand worker
ants that build large mounds or nests for the protection of their queen
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and rearing of brood. Infestations of 40 to 100 colonies per hectare 1s
common in pastures, hayland, along roadsides and in some cropland.
The ants potent sting is painful and kills the cells near the point of
injection causing a postule to form. Some people devzlop hypersen-
sitivity to the venom, a condition which has resulted in several deaths
(11). Also, the ants are a problem on farmland because they sting when
disturbed and interfere with the harvest of crops.

The density of the ants in infested areas became severe enough
in the carly 1950's that the U.S. Congress initiated a coopirative fede-
ral-statc control program in 1957 to assist farmers in eliminaling the
pest (7). Initially, heptachlor (1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahy-
dro-4,7-methanoindene) and dieldrin (1,2,3,4,10,10-hexachlore-6,7-epoxy-
1,4,4a,5,6,7.8.8a-octahydro—1,4-endo—exo—5,8-dimethanonaphthalene) were
used chemicals to nontarget organisms they were banned and replaced
by a bait formulation containing a toxicant mirex (dodecachlorooctahy-
dro-1,3,4 mehtano-1M-cyclobuta cd pentalene). This new bait was very
effective and was less environmentally hazardous than heptachlor or
dieldiin, although it too was a chlorinated hydrocarbon. However, in
1978 its use was also prohibited by the Environmental Protection Agency
because residues were found in animals (17) and humans (6), and it was
shown to be a pessible carcinogen (12). The U.S. Department of Agri-
culture has been conducting an intensive research program for many
vears to find new chemical, biological and ecological approaches to con-
trol of the red imported fire ant. Since 1958, over 5,000 chemicals have
been biocassayed for toxicity in baits. More recently, insect growth
regulators, chitin inbibitors and sterilants have been tested, and sur-
veys have been initiated in South America for pathogens and parasites
that might be released in the United States to help control the pest.

As part of our overall research program, we have begun studies
on the biochemistry of the fire ant. This research should aid in deve-
loping control methods compatible with the environment. In this paper
we present some basic data on the carbohydrates and amino acids of
larvae and workers, as well as comments on the function and contents

of the poison sac.

METHODS AND MATERIALS

Adults and larvae used in our studies were obtained from well-
establiched laboratory colonies originating from newly-mated field col-
lected quecens. We isolated carbohydrates by extracting ant samples with
93", ethonoi (Figure 2). Lipids were removed from the concentrated
ethanol extract with hexane. Carbohydrates were further purified by
treatment with zinc sulfate and barium hydroxide. Free amino acids
remaining in the agueous extract did not interfere with subsaquent sugar
analvsis. The purified carbohydrates were silylated with trimethylsily-
limidazole in pyridine (10), and the derivatized sugars were analyzed
on a Varian 37000 gas chromatograph equipped with a flame jonization
detector and coupled to a Mewlett Packard 3385A data processor. The
columns used were 3%, OV101. 3%, OV17 and 3%, OV225 all on 100/120
Gas Chrom @ and packed in 1.8 m X 2 mm glass columns. Oven tem-
perature programming varied.
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Samples for free amino acid analysis were immediately frozen
with dry ice and ground in 10"y trichloroacetic acid. Lipids were remo-
ved by extraction with hexane or ether, and the samples were dried
under a stream of nitrogen. Amino acids were analyzed with a Beckmen
120 C Amino Acid Analyzer.
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RESULTS AND DISCUSSION

Carbohydrates. Research on other insects has clearly shown that
the role of carbohydrates is associated not only with energy production

honeywater (1 :1 ratio) to their normal diet enhanced both laboratory
colony weights (making them comparable to field colonies) and the sur-
vival of newly mated queens emphasizes the importance of dietary car-
bohydrates and carbchydrate metabolism (15).

As a first step in understanding carbohydrate utilization in fire
ants, we have identified the major simple carbohydrates found in the
ant (Figure 3). Identification was made by comparison of Gas Chroma-
tograph retent on times and coinjection with standards on two column-
of different polarity.

The primary carbohydrates present are fructose, glucose and treha-
lose, with smaller amounts of sucrose and some unidentified compounds.
Both anomeric forms (alpha and bera) of reducing sugars appear on the
chromatogram. Percentage composition for several laboratory and field



ficant in spite of the fact that laboratory colonies had a continous

supply of honey-water.
Trehalose, an important reserve disaccharide in insects, is readily

hydrolyzed to glacose, which is then oxidized to provide energy.
Although the relative percentage of trehalose is very similar in field
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Table I
Carbohydrates found in Solenopsis invicta laboratory and field colonies
- Percentage carbohydrate
1ab. colony - v
Fructos Glucose ' Sucrose i Trehalose
- | :
17 66 3.3 14
2 l 22 55 1.4 22
3 l 20 41 1.0 32
1 21 46 J 6.3 ! 27
Mean (SD) 21.3 (3.9) 52.0 (11.0) 3.0(2.9) 23.8(7.7)
Ficld colony
1 17 | 65 0.6 18
2 30 51 4.2 15
3 13 64 0.6 23
Mean (SD) 20.0 (8.9) 60.0 (7.8) 1.8(2.1) 18.7(14 0)

and honev-fed laboratory colonies the percentage of trehalose dramati-
cally decreases when honey-water is removed from the diet of labora-
tory colonies.

These data suggest that fire ants, although generally thought of
as being oil feeders (7), have very definite carbohydrate requirements.
In addition, the relative amount of trehalose found in the ants may be
indicative of a colony's general well being. We are currently trying to
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determine the source of imported fire ant carbohydrates in the field.

Table II shows the carbohydrate composition in adults and larval
stages of fire and castes and sexes. Of particular note are the large
amounts of trehalose found in fourth-instar Jarvae. Larvae in certain
other hymenoptera play an integral role in colony nutrition. Wasp lar-

! Percentage carbohydrate

Suample
Fructose Glucose Sucrose Trehalose
Adults .
Males 3.7 38.0 1.5 56.0
Females, alate 0.6 28.0 1.5 70.0
Major workers 10.0 27.0 4.5 58.0
Minor workers 20.0 40.0 9.0 31.0
First Instars
Males 2.3 62.0 ' 13.0 23.0
Females, alates 14.0 66.0 2.8 17.0
Major workers 2.4 40.0 { 4.2 54.0
Minor workers 6.3 56.0 3.3 35.0
Lourth Instars
Males I 3. 28.0 | 7.2 ) 61.0
Females, alates 5.2 11.0 5.0 79.0
Major werkers 2.5 6.0 3.0 88.0
Minor workers 3.3 ] 4.4 83.0

vac are fed various food materials by workers, and in return the larvae
regurgitate a secretion rich in carbohydrate, which is solicited by tha
workers (16). We are currently testing the hypothesis that fire and
larvae may play a similar roje. The large amount of trehalose found
in fourthinstar larvae lends some support to this idea.

Amino acids. Insects are characterized by having unusually high
concentration of free amino acids in their tissues and hemolymph.
Besides Serving as substrates for protein synthesis, they may regulate

important in our understanding of fire and biochemistry to have a
knowledge of their amino acid requirements and functicns.

The amount of free amino acids per gram of worker, female alate,
male alate, larvar and adult are shown in Table III. The most obvious
feature of the daty is the absence of threonine in al] samples examined.
Also conspicuous are the considerably higher amounts of the aromatic
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Table 111

Free amino acids found in Solenopsis invicty adults and larvae
u Mules amino acid per g sample

: Minor workers Fenale alates i Male alates
Anane acid e ——
Larvae Adult- Larvac Adults Larvae Adults
— v

Tryptophan 1.24 - \ 0.60 - .50 -
Lysine 10.53 1.47 6.17 0.70 7.68 .42
Histadince 6.83 2.26 4.31 1.19 4.80 1.33
Ammonia 11.57 ' - 6.63 3.27 4.71 5.08
Arginine 3.18 | 5.28 2,47 1.45 0.64 1.64
Taurine 4.97 $3.29 1.90 5.79 3.24 10.29
Aspartic acid 0.15 0.57 0.80 0.10 0.15 0.10

Threonine — - _ — — -
Serine 8.46 4.63 8.72 3.51 7.48 4.22
Glutamic acid 6.02 7.25 3.04 3.33 4.06 3.28
Proline 12.75 21.94 11.38 6.0H% 13.64 10.58
Glycine 5.50 2.48 4.52 1.59 1.00 1.79
Alanine N33 5.26 5.18 1.63 10.25 4.78

Jlalf cysteine — - — Q.53 — —
Valine .73 13.50 4.74 0.89 3.13 1.51
Methionine 0.97 0.51 1.57 0.08 2.02 (.22
Isolcucine 1.73 0.47 2.84 .17 3.02 0.7
Leucine 0.4t 0.53 2.18 0.24 1.40 0.28
Tyrosine la 2.19 0.67 3.35 2.10 6.88 0.58
Phenylamioe 4.85 g.13 3.30 0.31 4.70 Q.12
Total 94.43 70.44 79.23 33.45 83.94 46.01

participation in overall colony and queen nutrition (as previously sug-
gested). Workers are known {o solicit material secreted or regurgitated
from fourth-instar larvae (9), and that the larval stomach is very rich
in substances which give positive ninhydrin tests, indicative of amino
acids and or proteins. The implications of the amino acid data presented
here will become clearer after samples of earlier larval stages, eggs,
and larval parts are analyzed.

Poison sac chemistry. 'The major components of the poison sac
are the piperidine alkaloids identified as alkyl piperidines (see Figure 4)

Female Sexual Alkaloids

Ry = R = Iho
R Ry=Cpny =%
L Ry = H Ry = Gan
. Ry = Ry = Cya0
2
worker Alkaloids
Hs Ry =Cpg R =M

Ry =Gz Rp - M

Ry =30 Ry =M

Ry = Cgn R =M
Ry = Csip Re = M
Fig 4 Fig. §
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(2. 8 and 13). These compounds have antibacterial, fungicidal and necro-
tic activily and are used by the workers in defense and in securing
prey (1, 5). The queen does not sting yet she does have a well developed
poison gland and sac. We have recently discovered that the queen’s
poison gland is the probable site of synthesis of a queen pheromone
and that the poison sac is the site of pheromone storage (14). The
pheromone elicits orientation and attraction in workers and promotes
the deposition of brood near her. Figure 5 illustrales the effects on
workers of 0.2 queen equivalenls of queen poison sac extract applied
to a piece of a rubber septum. We hope that use of the pheromone in
bait toxicant formulations will provide a species — specific toxicant for-
mulation. In addition to the piperidine alkaloids, about 10" o of the con-
tent’s residue is proteinaceous. Several laboratories in the USA are
investigating the coraposition and physiological activity of these pep-
tides and proteins.
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REZUMAT

Robert K. Vander Meer, Emanuel Merdinger, Clifford S. Lofgren — STUDII
BIOCHIMICE RECENTE PRIVIND FURNICA SOLENOPSIS INVICTA

Date fiind cunostintele tot mai numerotase despre structura complexd socio-
biochimicii a furnicilor Solenopsis invicta importate, speram sa putem prezenta
citeva metode de control noi si sigure. Datele prezentate in acest referat sint
preliminare, dar ele reflecti unele diferente interesante intre adulli si lucratori,
care fac sa intelesem mai usor modul complex de hrand in colonii. Metodele d2
dezmembrare a functiilor fiziologice si de comportare, pot conduce la metode
de control mai sigure §1 mai eficace.

PE3IOME

Pocepm K. Bandep Meep, duarnyet Mepdunsep, Kaugifiopo C. logepere — HEZARBHO
HPORE BN BHOXHMHULECKIE HCCABJAOBAHIA B CBA3N G
MY PABLEM Solenopsis invicta

HMen B nuLy Bee Goee ONHILIBC CReCHIT B CRA3N ¢ KOMAJSKCHOIl COUNAILHOI I
OMOXMMHUCCKOIT CTPVHTY PO UMTIOPTHBIX  MYPaBhels Saolenopsis  invicla, AaBTOPLL Noda-
FAIOT, YTG HM Y4eTCH H3IHOKINTL HeCKOILI0 HOBLIX H HA@HIBIX KOHTPOILIILIX METO10R8.
CootngiemMple Mt o NACTOsiell cTaThe JlaliHble ABJAIOTCA NPCBAPUTENbHLIMIL, HO OHII
YRA3LWBAKT Ha CYICCTBOBAMNIG pHAA HHTEPECHBIX pasiiiultii Meddly B3pOCHLIME 1 pado-
YUDI MYpapLaMi, MTo 00J0rUACT JTIOHHMANRE CA0KHOTO 00pasd KOPMACHUA KOJIOHNH.
Meroanl pacuIcHeina JusnoiornyeckinX QynRkimit H ooOpasi NX FHEU3MH MOTYT NpHBecTh
K pa3’paboTKe HCKOTOPLIX gomee HaJewmHLIX 1 0ojiee AeHCTRCHIIBIX KOHTPOJbLILIX MCTO0L.



