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There is little information available on the occurrence of
lipids in aphids or other sucking insects, and little is known
of the role of lipids in aphid nutrition. The purpose of the
present investigation was to obtain preliminary informa-
tion on several phases of these problems. The classes of
lipids extracted from one aphid, Macrosiphum barri Essig,
were separated by column chromatography. The fatty
acids in each of these classes as well as in the crude lipid
extracts from 20 other species of aphids and six species of
leafhoppers were separated by gas-liquid chromatography.
Nearly all of the fatty acids in M. barri were in the form
of triglycerides, as in other insects that have been studied
by previous investigators. The free fatty acids accounted
for only a small percentage of the total quantlty of lipids
extracted from M. barrz.

In general, aphidshad a high proportion of the fatty acids
with a carbon chain length of 14 or less and a low propor-
tion of fatty acids with 18 carbon atoms. The reverse was
found for the leafhoppers analyzed. The fatty acid com-
position of an aphid appears to be a species characteristic,
not appreciably influenced by the host plant. It changed
with the stage of development in some species but not in
others. Its possible usefulness in aphid taxonomy is uncer-
tain at present.

Fatty acids were found in the honeydew of two species of
aphids. Their relative proportlons in the honeydew of the
green peach aphid and in the j 1u1ce of its host suggest that
linoleic acid may be required in the diet of that aphid.
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MosT oF THE STUDIES of lipids extracted
by organic solvents from various insects
have been made on leaf- or stem-feeding
Lepidoptera, Coleoptera, or Diptera.
The values of the iodine numbers used to
characterize the crude lipids from these
insects—ranging approximately from
100 to 140—indicate that, although the
variation is great, the degree of unsat-
uration is, in general, high.

Gilmour (1961) and Hilditeh (1956)
have reviewed the occurrence of lipids
in insects. The first report on the lipid
composition of an aphid was that of
Timon-David (1928), who demon-
strated that lipids from gall-forming
aphids of the genus Pemphigus have the
remarkably low iodine number of 1.5
and contain a high proportion of the
volatile, short-chain fatty acids.

Lipids in inseets usually occur in
the form of glycerides. Giral (1946),
however, noted the virtual absence of
glycerides in an orthopteron, Sphena-
rium purpurascens Charpentier. Wren
and Mitchell (1959) made a definitive
study on the separation of various lipid
classes in Drosophila spp. and identified
several phosphatides and other com-
pound lipids.

Friend (1958) and House (1961) re-
viewed the literature on the nutritional
requirements of inseets for specific lip-
ids. To date all insects studied showed
a requirement for a sterol (Gilmour,
1961), though not necessarily for the

1 Received for publication July 13, 1962.

same specific sterol (Levinson and
Bergmann, 1957). When critically
studied, many insects showed also a re-
quirement for a polyunsaturated fatty
acid. Thus, Dadd (1960) reported that
linoleic acid was essential for the devel-
opment of Locusta migratoria Linnaeus
and Schistocerca gregaria (Forsk.).
Fraenkel and Blewett (1946) found
that either linoleic acid or arachidonic
acid could satisfy the requirement of
three species of Ephestia for a polyun-
saturated fatty acid. Classically, the in-
ability of an animal to synthesize, either
in vitro or in vivo, a compound found
in its body carries the connotation that
this compound is necessary in the ani-
mal’s diet. Thus, the inability of Lo-
custa migratorie to synthesize in vitro
appreciable amounts of polyunsatu-
rated fatty acids (Tietz, 1961) supports
Dadd’s findings. Zebe and MecShan
(1959) reported that Prodenia eridania
(Cramer) failed to incorporate C*-ace-
tate in significant amounts into polyun-
saturated fatty acids in vitro. Van Han-
del and Lum (1961) obtained the same
results in vivo with Aedes sollicitans
(Walker) and A. taeniorhynchus
(Wiedemann).

No reports on the lipid requirements
of aphids have been found. Until
Mittler and Dadd (1962) developed a
method for feeding aphids through a
membrane, no one succeeded in feeding
aphids artificially for extended periods.

[43]
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The direct analysis of phloem sap would
provide some information on an aphid’s
diet—depending, of course, on the com-
pleteness of the analysis. Mittler (1953
and 1958) and von Dehn (1961) identi-
fied free amino acids and some sugars
in the phloem sap exuded through aphid
stylets severed in situ by the method of
Kennedy and Mittler (1953). However,
the minute volumes of sap collected by
this method do not permit chemical
manipulations other than direct chro-
matographic analysis. It is often as-
sumed that aphids feed exclusively on
phloem sap, but Esau, Namba, and Rasa
(1961) demonstrated that this is not the
case for Myzus persicae (Sulzer), the
green peach aphid. Therefore, the de-
termination of an aphid’s diet would
be somewhat tentative even if a com-
plete analysis of phloem sap were pos-
sible.

In an attempt to circumvent the lack

of information on the food of aphids,
Maltais and Aueclair (1952), Mittler
(1953), and Lamb (1959) analyzed
honeydew; Mittler (1953 and 1958) and
Waterhouse (1957) compared such
analyses with the sap of the host plant.
If such comparisons are valid, even in
part, then a compound present in
greater abundance in the sap than in
the honeydew might be regarded as
important if not essential in the aphid’s
diet.

None of these partial chemical anal-
yses of honeydew indicated the presence
of lipids. This circumstance, together
with the paucity of information on the
occeurrence of lipids in aphids, suggested
the need for a study on the subject. The
purpose of the present investigation is
simply to obtain facts which may be
used for further, more definitive
studies.

MATERIALS AND METHODS

Unless otherwise stated, the  aphids
analyzed were apterae in various stages.
Winged adults, parasitized individuals,
unwanted species, debris, ete., were re-
moved from the collections by hand.
The remaining aphids were placed in
vials containing chloroform and meth-
anol (1:1 v/v). The lipids were ex-
tracted with this solvent mixture, after
the method of Foleh, Lees, and Sloane-
Stanley (1957). In some cases the
aphids were collected dry, lyophilized,
and stored at —10° F under a nitro-
gen atmosphere until analyzed. With
leafhoppers, only the adults were ana-
lyzed. Generally, 50 mg of the insects
were sufficient for an analysis.
Fractionation. Both a silicic acid
column® and a Florisil® eolumn were
used to fractionate the crude lipid ex-
tract from one ‘aphid, Macrosiphum

barri Essig. First a portion of the erude
lipid extract was placed on the silicic
acid column and the neutral lipids were
eluted with chloroform. The phospho-
lipids retained on the ecolumn were then
eluted with dry methanol (Van Handel,
1959). The phospholipids were weighed
but not analyzed further. A second
portion of the erude lipid extract was
placed on a 12-gm deactivated Florisil
column, 1.2 em x 40 cm, where the
lipids were eluted by the method of
Carroll (1961) with the solvents indi-
cated in figure 1. Eighty-three 5-ml]
fractions were collected, the solvents
were evaporated in wvacuo, and the
eluted solutes were determined gravi-
metrically.

Preparation of Methyl Esters. For
analyses by gas-liquid chromatography
(GLC), the fatty acids extracted from

2 A slurry in chloroform of 0.5 gm silicic acid (suitable for chromatographic purposes, Mal-
linckrodt Chemical Works) plus 0.5 gm Hyflo Super-Cell (Johns-Manville Corp.) made a column

0.75 cm x 10 cm.

3 Florisil is the trade name of a white, granular mixture of magnesium oxide 15.5 per cent,
silicon dioxide 84.0 per cent, and sodium sulfate 0.5 per cent, made by the Floridin Company,

Tallahassee, Florida.



HILGARDIA

Vol.34 No.2 o«

March, 1963 45

TaBLE 1
CALIBRATION OF THE HYDROGEN FLAME IONIZATION
DETECTOR: RESPONSE OF INSTRUMENT TO FATTY ACID
METHYL ESTERS IN STANDARD MIXTURE C
(Metabolism Study Section, N.I.H.)

Composition of Mixture C
. Response
Fatty acid Asd ined of
. s determin instrument
As published by instrument*
per cent by wetght per cent per cent

[ T 1.55 0.78 50.32
[0 2.99 2.08 69.56
[ 5.96 5.03 84.39
e e 11.96 11.29 94.40
[0 19.41 19.42 100.05
[0 24.91 26.20 105.18
C20. et 33.19 35.08 105.69

* Calculated from the relative retention times and the heights of the peaks.

all aphids were first converted to their
methyl esters, as follows: The crude
lipid extract was washed twice with
water to remove the methanol and the
water-soluble impurities. The chloro-
form layer was dried over MgSO,, fil-
tered, and evaporated to dryness at
60°C in a rotating evaporator. Two ml
of dry methanol, redistilled over KOH
and zine dust, were added and brought
to a gentle boil, to dissolve the lipid
material. Next, 0.2 ml of 0.1 N sodium
methylate in dry methanol was added,
the mixture was gently boiled for one
minute, after which 15 ml of water were
added, plus sufficient 0.1 N HCI to ad-
just the pH to about 6.8. Esters were
extracted three times from the aqueous
solution with 5-ml portions of diethyl
ether. The ether extracts were com-
bined, dried for 30 minutes over MgSO,,
and filtered directly into a Kadurna-
Danish flask equipped with a Schneider
column. Ether was removed at 45-50°
C until the volume was reduced to
about 100 g1, and 0.3- to 1.2-xl aliquots
of this were injected onto the GLC
column, to separate the methyl esters.

Gas-Liquid Chromatography. The
liquid phase of the GLC eolumn con-
sisted of polyethylene glyeol adipate*
plus 85 per cent phosphoric acid and
was coated on 60/80-mesh Chromosorb
W°*. This was packed into eighth-inch
stainless steel tubing, 5 feet long. The
carrier gas was water-pumped nitrogen,
and the instrument was fitted with a
hydrogen flame ionization detector.
Originally the polyethylene glyeol adi-
pate was 25 per cent of the column, by
weight, and the phosphoric acid was 2
per cent, but as the column was op-
erated for several months at 203-213°
C, or near the upper limits of the liquid
phase, the percentage of the liquid
phase decreased appreciably with time.
As a result, the exact percentage of
the liquid phase for any given analysis
was not known.

The GLC apparatus was calibrated
with standard mixtures of fatty acid
methyl esters.’ Standard Mixture C
contains a homologous series of seven
methyl esters, from Cs’ to C,o, and was
used to test the mass sensitivity of the
detector. The response was curvilinear

* LAC-2R-446, Cambridge Industries Company, Inc., Cambridge, Mass.

8 Johns-Mansville Corp.

¢ Standard Mixtures C and D were obtained from Dr. W. H. Goldwater, Metabolism Study

Section, National Institutes of Health.

7 A shorthand designation is used to indicate the carbon chain length and the degree of unsatu-
ration: G, is caprylic acid, Cyq,, is palmitoleic, and so forth.
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for the short-chain fatty acids and ap-
proximately linear for fatty acids with
chain lengths of C,, and longer (table
1). The figures in tables 2 through 10
reflect this nonlinear response. For ex-
ample, in any given analysis the true
amount of Cs was actually 50 per cent
greater than that reported. Standard
Mixture D was used to test the ability
of the column to separate two closely
related fatty acid methyl esters. It
showed that the resolving power of the
column was sufficiently high to give a
clean separation of C,s from C,e; and
of C,5 from Cig.;.

The fatty acids present in the lipid
extracts were identified by comparing
their relative retention times with those
of the known standards. The relative
amount of any given fatty acid was
estimated from the product of the re-
tention time and the peak height. The
actual amount could then be calculated
on the basis of the percentage response
of the detector for that acid, as deter-
mined by calibration of the instrument
with Standard Mixture C.

Samples. Duplicate samples of each
extract were analyzed on the GLC

column but, for most of the insect eol-
lections, duplicate extracts were not
prepared. To test the biological varia-
tion between collections, duplicate col-
lections of three aphid species were
analyzed and the variations obtained
for the separate collections of a species
were estimated as standard deviations.

Honeydew samples were collected
each 24 hours on tared aluminum foil
and washed from the foil with tepid
water. The aqueous solution was acidi-
fied to pH 6.0 and the lipid components
were extracted three times with a chlo-
roform:ethanol (5:2 v/v) mixture.
Acidification and ethanol helped pre-
vent the formation of troublesome emul-
sions. The chloroform layer was washed
twice with water and dried over
MgSO0,, and the methyl esters were pre-
pared as described above.

Juice expressed at 5,000 pounds per
square inch from freshly frozen sugar
beet leaves (Beta vulgaris) was eentri-
fuged at 2,000 g for 30 minutes. Lipids
were extracted from the slightly cloudy
supernatant, as deseribed for honey-
dew, and the methyl esters were pre-
pared.

TABLE 2

FATTY ACID COMPOSITION OF APTERAE OF THREE SPECIES OF APHIDS, WITH
THE VARIATIONS BETWEEN DUPLICATE OR TRIPLICATE COLLECTIONS
EXPRESSED AS STANDARD DEVIATIONS

. Myzus persicae ﬁﬁ?’?ﬁ;ﬁ)w prr?{c P e'ﬁph'g“" bursarius
Fatty acid (Sulzer) from form from oxalis, (Linnaeus) from
tomato green and pink lettuce roots and a
forms from myrtle black poplar leaf gall
per cent per cent per cent
ot 0.68 +0.15 0.65 +0.51
CB 4.37 4+ 0.89 3.99 4 0.61 0.30 + 0.02
C8 e N.D.* 0.26 4 0.15 9.37+£3.10
[ o T N.D. 1.594+0.14 N.D.
10 e et 1.41 +0.59 0.26 +-0.09 0.244-0.14
[ 02 SR 1.91+0.20 5.64 4 1.06 3.99 +0.47
[ 02 U 79.03 & 3.09 71.59 +2.10 49.39 + 4.62
[0 2 4.05+1.32 3.34 = 0.67 21.87 +3.47
[ O T P 0.33+0.16 0.59 4 0.21 0.19 +0.11
L O PP 3.42+1.25 1.66 +0.23 4.26 +0.97
L 3 PP 2.70 +0.34 2.79 +=0.45 2.224+0.22
L T TP PR 2.38 +1.08 0.74 £ 0.07 1.23 +0.76
[0 2 T TS AR 0.254+0.10 |  ..........
20500 e 6.12+251 [ ...

* N.D. = no detectable amount.
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RESULTS

Biological Variation. Table 2 gives
the analyses of two collections of Myzus
persicae from tomato (Lycopersicon
esculentum); three of Macrosiphum
euphorbige (Thomas)—the pink form
from Ozxalis sp. and both the green and
the pink forms from myrtle (Vinca
sp.); and two of Pemphigus bursarius
(Linnaeus)—one from lettuce roots
(Lactuca sativa) and the other from a
leaf gall on black poplar (Populus
nigra). In general, when a given fatty
acid averaged only 1 to 4 per cent of
the total sample, the C.V. (coefficient
of variation = the standard deviation
expressed as a percentage of the mean)
ranged from 20 to 50 per cent; when a
fatty acid made up 5 to 15 per cent of
the sample, the C.V. ranged from 10 to
30 per cent; and when a fatty aecid
made up more than 20 per cent of the
sample, the C.V. ranged from 2.5 to 9
per cent. As the C.V. for any constitu-
ent was inversely proportional to its
mean, it would require large numbers
of samples to show significant differ-
ences between those fatty acids that
oceur in low concentrations. The pres-
ent investigation was not designed to
test whether or not the amounts of the
individual fatty acids differed signifi-
cantly between different aphid species;
standard deviations were not deter-
mined for each species, and only gross
differences are considered significant.
From the data in table 2, for example,
it is questionable whether the amounts
of C,4 in Myzus persicae and Macro-
siphum euphorbiae differ significantly.
However, Pemphigus bursarius is con-
sidered to have significantly less Ci4
and significantly more Cs and C,¢ than
either of the other two species.

Classes of Lipids in Macrosiphum
barri. A collection of M. barr: from let-
tuce yielded approximately 173 mg of
crude lipid extract. From 16.71 mg of
this extract, placed on a silicic acid
column, 12.58 mg were recovered with
chloroform and only 0.25 mg with

methanol. Thus, phospholipids made up
about 1.5 per cent of the crude lipid
extract. No further studies were made
on them.

When 115.5 mg of the crude lipid
extract were run on the Florisil column
(fig. 1), no significant amounts of sterol
esters were eluted, but 80.8 per cent
of the crude extract (93.4 mg) was re-
covered as triglycerides. Approximately
1 mg of sterols was recovered, but the
diglycerides were barely detectable and
there was little more of the monogly-
cerides than of the sterols. Free fatty
acids made up only 2.8 per cent of the
crude extract, as 3.3 mg were recovered.
The uneluted material, 12.8 mg by dif-
ference, was soluble in 1:1 solution of
methanol and water.

The triglycerides were transesterified
by the methods deseribed above, and
the free fatty acids were esterified with
diazomethane. The GLC analyses of
these two fractions are shown in figure
2, below an analysis of the unfraction-
ated crude lipid extract. Table 3 gives
the percentage of each fatty acid ob-
tained in each of the three analyses. It
is of special interest that the analysis
of the free fatty acids showed a com-
bined total of 56 per cent for oleic acid
(Cis:1) and linoleie aeid (C,s:2), whereas
neither the glycerides nor the unfrae-
tionated lipids eontained more than 7
or 8 per cent of the two acids combined.
Although free fatty acids composed
only 2.8 per cent of the crude lipid
extract on an actual weight basis, 58
per cent of the linoleic acid and 16 per
cent of the oleic acid in the crude ex-
tract occurred in the free form.

Host-Plant Influence on Fatty Acid
Composition. Table 4 contains the re-
sults of analyses performed on apterae
of Myzus persicae and Macrosiphum
euphorbiae from various hosts. Con-
sidering the normal biological varia-
tion, there is no indication that the
host plant appreciably affected the
fatty acid composition of either of these



‘Bur 'z0T sem £19409
-o1 [8303 pue ‘powvaixe pidi Fo Sw G'GIT SBM PBO[ [B}O], 'POIID[[00 OIoM SUOIIORIF [WI-C ¢ UWIN[OD
[suory w3-g1 8 uo peajeredes ‘Sissy w.unq wnydisorovyy Fo oviajde ur sessero prdry ‘1 -Srg

k BUDXAH Ul J3y43 (_ -
PEITIE] u 9y ul sup
PIoD Y % b louoy o %2 J8y13  %0S 9443 %62 13443 %, g1 843 9, g -X8H,
H38WNN NOILOVYHS
08 9. 2L 89 $9 09 96 26 8t vy Ot 3 2¢ 82 t2 02 2| 8 b 0
SpIoD  Aup} @8} sap14e04|bouow soplaaoh|bip $[043ys $19isa  |043ys b
8
2l
9l
o2
ve
82
sap1aokibuy 2

o¢

g31N13 SAVIOINTIN



HILGARDIA

insects. Similarly, apterae of Pemphi-
gus bursarius collected from lettuce
roots did not differ appreciably in fatty
acid composition from those collected
from the black poplar galls. Although
the figures are not shown in the table,
apterae of Rhopalosiphum maidis
(Fiteh) from sorghum (Sorghum wvul-
gare) had the same fatty acid composi-
tion, within the limits of biological
variation, as those from johnsongrass
(Sorghum halepense). Thus, it appears
that the fatty acid composition of
aphids may be a characteristic of the
species rather than a manifestation of
diet.

Physiological Age and Fatty Acid
Composition. In some insects, the fat
composition changes during the life
cycle (Gilmour, 1961). To test aphids
for such changes, Myzus persicae was
analyzed at three different stages and
three other species at two stages each.
Table 5 shows that there was no differ-
ence between apterous adults of M.
persicae and first- or second-instar
nymphs. Nymphs were not separated
from apterous adults in any of the
other analyses. There was no significant
difference between alatae and apterae
of either Macrosiphum barri or M.
granarium (Kirby). However, in Rho-
palosiphum fitchis (Sanderson) and in
Myzus persicae, the fatty acid composi-
tion of alatae was appreciably different
from that of the apterae analyzed.
Alatae of R. fitchit had more C,, and
less C,¢ than apterae. The reverse oc-
curred in M. persicae: alatae had less
Cis and more C,¢ than either nymphs
or apterous adults. Thus, it appears
that the various fat changes during
aphid life cycles are perhaps character-
istic for certain species rather than for
aphids in general. These changes were
probably not related to the host plant,
for both Macrosiphum granarium and
R. fitchii were reared on barley (Hor-
deum vulgare) and all three stages of
Myzus persicae were collected from the
same sugar beet plant.

Fatty Acid Compositions of Dif-
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ferent Aphids and Leafhoppers. Fatty
acid compositions were determined for
21 species of aphids (tables 2, 6, 7, and
8) and six species of leafhoppers (table
9). The percentages of particular fatty
acids varied widely between aphids and
leafhoppers and between different spe-
cies within each group. However, some
patterns are evident. Aphids have rela-
tively large amounts of C,,—from 33
to 87 per cent of the total fatty acid
content—and small amounts of the Cis
series—rarely more than 5 to 10 per
cent of Cis Cisy, Cisz, and Cigs to-
gether. These statements apply to all
aphid species analyzed except Rhopalo-
siphum nymphaeae (Linnaeus) in table
7 and Therioaphis maculata (Buckton)
in table 8. All four species of Aphis in
table 6 had relatively large amounts of
C,, and so did Macrosiphum granarium
and M. rosee (Linnaeus) in table 6 and
Eriosoma lantgerum (Hausmann) in
table 8. Four of the five species of
Rhopalosiphum in table 7 had nearly
as much C,; as C4, or more—a condi-
tion not observed in the other aphids
analyzed. This might be a characteristic
of the genus.

In contrast to aphids, leafhoppers
(table 9) had only a small amount of
C,+ (usually less than 2 per cent) and
a large amount of the C,s series—espe-
cially of C,s.1, which ranged from 29 to
63 per cent. Although not many spe-
cies of leathoppers were analyzed, there
were some striking differences in fatty
acid patterns. For example, Erythro-
neura elegantula Osborne, taken from
grape (Vitis vinifera), had nearly 33
per cent C,s.3 and Empoasce filamenta
DeLong, collected from gaillardia
(Gaillardia pulchella), had 29 per cent.
In contrast to this, four species, viz,
Circulifer tenellus (Baker) from sugar
beet, Hordnia circellata (Baker) from
yeddo-hawthorn (Rhaphiolepis umbel-
lata), Colladonus montanus (Van Du-
zee) from Brassica sp., and Macrosteles
fascifrons (Stal) from celery (Apium
graveolens), had little or no Cis.s. Fig-
ure 3 illustrates graphically the fatty
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TABLE 3

FATTY ACID COMPOSITION OF CRUDE AND FRACTIONATED

LIPIDS FROM APTERAE OF Macrosiphum barri ESSIG
REARED ON LETTUCE

Fatty acid

Lipid fraction
Unfractionated
lipid extract
Free fatty acids | Triglycerides
per cent per cent per cent
Tr* 5.62 4.27
Tr 0.25 0.31
0.51 Tr 1.42
0.28 0.48 0.68
2.56 11.15 12.54
18.52 67.34 65.61
4.42 4.95 2.97
5.25 0.26 0.64
7.74 3.04 2.58
22.85 4.92 3.89
33.20 1.99 4.13
2.78 Tr 0.35
1.87 Tr 0.57

* Tr = trace: not more than 0.15 per cent.
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TABLE 7
FATTY ACID COMPOSITION OF APTERAE OF FIVE SPECIES OF Rhopalosiphum
R. fitchit R. pseudo- R. maidis R. nymphaeae R. padi*
Fatty acid (Sanderson) | brassicae (Davis) (Fitch) (Linnaeus) (Linnaeus)
from from mustard from from duckweed from
barley (Brassica 8p.) sorghum (Lemna sp.) barley
per cent per cent per cent per cent per cent

N.D.t Trt N.D. N.D. 1.43
1.98 2.40 4.74 1.27 3.28

Tr Tr Tr Tr Tr
1.57 2.19 N.D. N.D. 1.68

N.D. Tr Tr Tr 0.41
0.58 1.01 1.65 0.41 9.37

9.15 N.D. N.D. 7.94 N.D.
32.86 32.72 45.18 18.70 54.00
42.67 54.70 37.60 63.43 11.75
Tr Tr Tr Tr 0.40
0.95 N.D. N.D. Tr 0.95

3.41 4.08 3.83 4.93 1.28

3.12 2.13 4.00 1.92 3.32

3.76 0.75 2.98 1.38 1.04

Tr Tr

N.D 10.10

* Identification not certain ; specimens are apparently in a complex composed of R. fitchii and R. padi (Richards, 1960).

t N.D. = no detectable amount.

{ Tr = trace: not more than 0.15 per cent.
§ C?-1 represents unknown peak nwmber 1; C?-3, unknown peak number 2.

TABLE 8

FATTY ACID COMPOSITION OF APTERAE OF FIVE SPECIES OF APHIDS

Eriosoma Tozoptera Brevicoryne Hyolopterus Therioaphis
lanigerum aurantit brassicae arundini: lat
Fatty acid (Hausmann) | (Fonscolombe) (Linnaeus) (Fabricius) (Buckton)

from Tom from radish from apricot rom

flowering plum | Camellia sp. (Raph (Prunus alfalfa

(Prunus sp.) salivus) armeniaca)

per cent per cent per cent per cent per cent
............................ 0.91 Tr* N.D.t 1.71
[ T 0.24 2.04 N.D. N.D. N.D.
1.39 0.55 1.23 4.68 9.29
Tr Tr 0.14 N.D. 0.51
Coveei 12.38 2.27 0.23 N.D. 1.84
Cro. oo Tr Tr 2.67 Tr 1.12
Cira v 10.81 4.81 8.08 3.33 9.61
Clte oo 56.36 62.39 60.00 50.85 38.31
13.62 22.08 19.44 36.82 11.74
0.58 Tr 0.13 0.28 0.74
1.61 1.26 2.49 1.47 6.40
1.15 1.84 2.13 1.07 5.37
0.48 0.74 1.31 1.50 8.59
0.42 Tr 1.25 N.D. 1.68
C2000. oo N.D. 2.25 0.87 N.D. N.D.

; Tr = trace: not more than 0.15 per cent.

N.D. = no detectable amount.
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TABLE 9
FATTY ACID COMPOSITION OF ADULTS OF SIX SPECIES OF LEAFHOPPERS*
. . Hordnia Macrosteles fascifrons
Erythroneura| Empoasca | Circulifer : Colladonus
elegantula filamenta tenellus c(zg:ll(l:rt)a ‘montanus (St8l) from celery
Fatty acid Osborne DeLong (Baker) from (Van Duzee)
from from from yeddo- from Short- Long-
grape gaillardia | sugar beet hawthorn Brassica sp. winged winged
per cent per cent per cent per cent per cent per cent per cent
Cuoiiii Trt 0.13 0.97 Tr 4.31
Coovvooiii Tr 0.02 Tr 0.19 Tr Tr Tr
Cooroiee N.D.1 N.D. Tr Tr Tr Tr N.D.
[ O T T Tr N.D. 0.13 Tr Tr 0.02 N.D.
[0 7 T 0.07 0.25 0.36 1.25 0.26 0.31 0.31
[0 VT 0.79 0.73 1.48 8.30 1.18 2.13 2.08
[ 02 TN 14.73 23.11 18.52 36.13 16.50 20.59 17.73
Creiteeeiaiainn. 4.62 3.37 2.72 2.11 0.89 1.73 1.76
[ O 1.81 1.47 3.14 1.84 2.40 3.59 3.50
[0 T TS PR 40.27 28.80 51.93 32.70 63.01 61.67 56.39
[T T T 3.88 12.69 20.94 16.52 14.79 10.32 13.73
(O T T TR 32.64 28.70 0.56 0.96 0.00 0.00 0.00
* All species except Hordnia circellata are phloem feeders.
7 Tr = trace: not more than 0.15 per cent
1 N.D. = no detectable amount.
c‘ ’ ‘ —__hj = B
2920 '. < =
sof—- ——+
B ,ISAMPLE: No. 167-2. Macrosteles fascifrons,
[ long-winged form
7 # B FY SAMPLE SIZE: 1.241
11 b COLUMN: 25% (2) LAC-2R-446, 48" x 5, 0n
F- 1--  Chromosorb W: 60/80 mesh
- 7 - {-. COLUMN TEMP: 212°C
60 N " - INJECTOR TEMP: 285°C
o - £~ CARRIER GAS: Nitrogen
9 P GAS FLOW RATE: 30 m!/min (14 psi)
x 50 - |I=3= DETECTOR: Hydrogen flame ionization
2 ~ | "= Hp FLOW RATE: 24 ml/min
g . DATE: April 3, 1962
= 40 — - -
c’#xl N . ?l;
JAY
0 ~ 3 6 9 12 15 18 27 30

Time in minute:

S

Fig. 3. GLC chromatogram of fatty acids extracted from adults of a typical leafhopper,
Macrosteles fascifrons (Stdl), long-winged form. Compare the peaks representing C,, and the C
series with those in fig. 24.
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acid pattern in the leafhopper M. fasci-
froms.

Occurrence of Fatty Acids in Honey-
dew and in Plant Juice. Airdried
honeydew from Myzus persicae yielded
9.10 mg of material extractable with
chloroform:ethanol. This was 12.55 per
cent of the 72.59 mg collected over a
three-day period. Honeydew of Therio-
aphis maculata yielded 10.7 mg of
ether-extractable material—15.88 per
cent of the 67.5 mg of honeydew. The
pressed sugar beet leaves yielded 7.5
mg of ether-extractable material—0.042
per cent by weight of the 18 ml of fresh
juiee.

Table 10 and figure 4 show the anal-

Vol.
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yses of these extracts. Several uniden-
tified peaks—a, b, ¢, d, ¢, and f—appear
in the same loeations in the three chro-
matograms and probably represent the
same materials, presumably fatty acids.
The most conspicuous difference in the
three analyses was that honeydew of
Myzus persicae contained very little
Cis:0, although that fatty acid was the
third most abundant in the beet-leaf
juice and fourth in the honeydew of
Therioaphis maculata. However, the
total Cys series in M. persicae honeydew
had a percentage midway between that
in the other two analyses and higher
than that in the plant juice.

TaBLE 10

FATTY ACID COMPOSITION OF HONEYDEW AND OF
SUGAR BEET LEAF JUICE

Honeydew from
i ; ; Sugar beet
oty acd Thorioaptio | Myme | Sl
(Buckton) (Sulzer)
on alfalfa on sugar beet
per cent per cent per cent

Gttt N.D.* Trt
[0 Tr Tr Tr

Cseen 0.12 1.01 Tr

L0 2 0.12 0.86 0.99
[0 S 0.28 1.12 0.67
Clal 0.23 0.23 0.72
[0 0.51 0.46 0.97
[0 T 0.64 3.12 1.57
G et 0.43 0.76 1.22
[0 7 11.38 18.20 25.01
[0 2 4.64 2.65 1.95
ettt 2.29 0.67 1.80
L0 S 18.52 18.97 18.60
[ O T PP 8.63 7.79 3.67
L S 1.85 0.63 3.16
B e 4.13 15.29 5.56
[0 P 35.67 16.33 10.11
C8i2e ettt 9.32 1.03 11.66
B8t et et 9.70 9.14
G200 et 1.16 3.17

* N.D. = no detectable amount.
t Tr = trace: not more than 0.15 per cent.

. 1 The unidentified peaks are indicated as C?-a, C?-b, and so forth. They had the same rela-
tive retention times in each of the three analyses.
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i}

SAMPLE: No. 86c. Myzus persicae,
honevd

Y
SAMPLE SIZE: 0.54 1

/70

COLUMN: 25% (?) LAC-2R-446, 14" x 5/,

=1 | coLumn TEMP: 213°C

on Chromosorb W: 60 - 80 mesh

= INJECTOR TEMP: 285°C

CARRIER GAS: Nitrogen

1

== |-_| GAS FLOW RATE: 23 ml min (12 psi)

DETECTOR: Hydrogen flame ionization

H, FLOW RATE: 24 ml/min

DATE: April 24, 1962

[AERY INERG RRARA NI

=3

@

<
i

1AL

8

INE

I— SAMPLE: No. 89a. Sugar beet leaf juice

CONDITIONS: Same as above except as noted

|~ COLUMN TEMP: 209°C

Millivolts x 102

~ GAS FLOW RATE: 30 ml min (14 psi)

1" DATE: May 4, 1962 _ =

g

L

]ll

Iannss T NANN !

Y
X
X

T
i
£

12 !

15

18

Time in minutes

Fig. 4. GLC chromatograms showing the relationship of the fatty acids in green peach aphid
honeydew and those in expressed sugar beet leaf juice. The relative retention times do not
match exactly, as the column conditions were slightly different.

DISCUSSION

The possible taxonomic value of lipid
studies such as these has been the sub-
jeet of much debate in this laboratory.
Although no great numbers of aphid
species were analyzed, the data suggest
evident patterns in the lipid relation-
ships for certain species. The taxonomie
value of such relationships cannot be
assessed properly without more anal-
yses. Meanwhile, these lipid relation-

ships may have a limited taxonomie
usefulness. For example, aphids col-
lected from barley in the Salinas Val-
ley, California, were tentatively iden-
tified as Rhopalostphum fitchii, but an
error in identification was suspected
because the fatty acid analysis of this
collection was in such disharmony with
analyses of other collections of R.
fitchii. Winged adults of the Salinas
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collection identified by the California
State Department of Agriculture were
returned with the label Rhopalosiphum
padi (Linnaeus) complex. Richards’
(1960) discussion of this complex cor-
roborates the evidence of the lipid
studies that two species are involved.

Gilmour (1961) cited several ex-
amples to illustrate that the composi-
tion of fats in inseets is influenced to a
certain extent by diet. In general, high-
fat diets influence body-fat composition
to a greater extent than do low-fat
diets. The approximate fat composition
of most leafy vegetables is only 0.2 to
0.4 per cent of the fresh weight (Peter-
son and Strong, 1953). Such a low per-
centage implies that the fatty acid
compositions even of unrelated hosts
cannot differ so much that they would
alter the body fat of aphids apprecia-
bly—even if one assumes that an aphid’s
body-fat ecomposition is dependent on
its diet. Moreover, a comparison of the
analyses for two aphids from the same
host shows that such an assumption is
not completely true: Therioaphis macu-
lata in table 8 and Macrosiphum pisi
(Harris) in table 6, both collected from
Vernal alfalfa (Medicago sativa), had
different fatty acid patterns.

The question whether aphids require
any lipid materials in their diets can-
not be answered definitely until tech-
niques for artificial feeding of aphids
are perfected. However, the present
study suggests that aphids require at

Vol.34 No.2
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least some lipids. Myzus persicae may
require some linoleic acid in its diet,
because this fatty acid was abundant
in sugar beet leaf juice but virtually
absent from the honeydew emitted by
aphids fed on sugar beet leaves. The
close qualitative agreement in other re-
spects between the two chromatograms
of figure 4 indicates that the plant juice
analyzed was fairly representative of
the aphids’ diet, though leaf juice was
analyzed instead of phloem sap. Only
three of 11 extracts from M. persicae
apterae (tables 2, 4, and 5) contained
as much as 4 per cent linoleic acid, but
in extracts from alatae (table 5), M.
persicae had 9.84 per cent linoleic acid
and Rhopalosiphum fitchit 7.89 per
cent. The highest percentage of linoleic
acid in any extract from apterae was
8.59 per cent in Therioaphis maculata
(table 8), whose honeydew also had a
high content—9.23 per cent.

If, indeed, the green peach aphid re-
quires Cig:2, the means by which it ac-
quires this material should be of great
interest. Zimmermann’s (1960) review
of the transport of organic substances
in phloem does not mention lipids.
Ziegler (1956) reported phosphatides
in sieve tube exudates of several trees
in concentrations below 0.1 mg/ml but
considered these nonmobile. Further
studies are needed on the lipids in
honeydew and on the form in which
lipids ocecur in plant juice, especially
in sieve tube exudates.

SUMMARY

The fatty acid composition was deter-
mined for 21 species of aphids and six
species of leafhoppers. In addition, the
classes of lipids extracted from the
aphid Macrosiphum barri were sepa-
rated by column chromatography.
Nearly all of the fatty acids in M. barr:
were in the form of triglycerides, and
the free fatty acids made up less than 3
per cent of the total lipid content. In
general, aphids had a high proportion
of C,, and a low proportion of the C,s
series, and the reverse was found for

leafthoppers. The fatty acid composition
of an aphid appears to be a species
characteristic, not appreciably influ-
enced by the host plant. It changed
with the stage of development in some
instances but not in others. Fatty acids
were found in the honeydew analyzed
for two species of aphids. Their rela-
tive proportions in the honeydew of the
green peach aphid and in the juice of
its host plant suggest that linoleie.acid
may be required in the diet of that
aphid.



LITERATURE CITED

CarroLL, K. K.
1961. Separation of lipid classes by chromatography on florisil. Jour. Lipid Res. 2: 13541
Dapp, R. H.
1960. The nutritional requirements of locusts. I. Development of synthetic diets and lipid re-
quirements. Jour. Insect Physiol. 4:319-47.
Esavu, K., R. NaAMBA, and E. A. RAsA
1961. Studies on penetration of sugar beet leaves by stylets of Myzus persicae. Hilgardia
30(17) :517-29.
FovrcH, J., M. LEES, and G. H. SLOANE-STANLEY
1957. A simple method for the isolation and purification of total lipids from animal tissue.
Jour. Biol. Chem. 226:497-509.
FRAENKEL, G., and M. BLEWETT
1946. Linoleic acid, vitamin E and other fat-soluble substances in the nutrition of certain in-
sects, Ephestia kuehniella, E. elutella, E. cautella and Plodia interpunctella (Lep.).
Jour. Expt. Biol. 22:172-90.
Frienp, W. G.
1958. Nutritional requirements of phytophagous insects. Ann. Rev. Ent. 3:57-74.
GILMOUR, DARCY
1961. The biochemistry of insects. Academic Press, New York and London. 343 pp.
GIRAL, FRANCISCO
1946. Fats of insects. V. Sphenarium purpurascens Charpentier. Jour. Biol. Chem. 162:61-63.
HivLpiTcH, THOMAS PERCY
1956. The chemical constitution of natural fats. 3rd ed. John Wiley & Sons, Inc., New York,
and Chapman & Hall, Litd., London. 664 pp.
Housk, H. L.
1961. Insect nutrition. Ann. Rev. Ent. 6:13-26.
KENNEDY, J. 8., and T. E. MITTLER
1953. A method of obtaining phloem sap via the mouth-parts of aphids. Nature [London]
171:528.
Lawms, K. P.
1959. Composition of the honeydew of the aphid Brevicoryne brassicae (L.) feeding on swedes
(Brassica napobrassica DC.). Jour. Insect Physiol. 3:1-13.
LEVINSON, Z. H., and E. D. BERGMANN
1957. Steroid utilization and fatty acid synthesis by larva of the housefly Musca vicina Macq.
Biochem. Jour. 65:254-66.
Mavrals, J. B,, and J. L. AUCLAIR
1952. Occurrence of amino acids in the honeydew of the crescent-marked lily aphid, Myzus
circumflexus (Buck.). Canad. Jour. Zool. 30:191-93.
MITTLER, T. E.
1953. Amino-acids in phloem sap and their excretion by aphids. Nature [London] 172:207.
1958. Studies on the feeding and nutrition of Tuberolachnus salignus (Gmelin) (Homoptera:
Aphididae). II. The nitrogen and sugar composition of ingested phloem sap and ex-
creted honeydew. Jour. Expt. Biol. 35:74-84.
MirTLER, T. E., and R. H. DADD
1962. Artificial feeding and rearing of the aphid Myzus persicae (Sulzer), on a completely
defined synthetic diet. Nature [London] 195:404.
PETERSON, W. H., and F. M. STRONG
1953. General biochemistry. Prentice-Hall, Inc., New York. 469 pp.
RicHARDS, W. R.
1960. A synopsis of the genus Rhopalosiphum in Canada (Homoptera: Aphididae). Canad.
Ent. Suppl. 13. 51 pp.
TIETZ, A.
1961. Fat synthesis in cell-free preparations of the locust fat-body. Jour. Lipid Res. 2:182-87.
TIMON-DAVID, JEAN
1928. Contribution & la connaissance des graisses d’insectes: le beurre de pucerons du téré-
binthe. Compt. Rend. Acad. des Sci. [Paris] 186:104-06.
VAN HANDEL, EMILE
1959. Separation and chemical assay of lipid classes. Jour. Amer. Oil Chem. Soc. 36:294-97.
VAN HANDEL, EMILE, and PATrIcK T. M. LuM
1961. Sex as regulator of triglyceride metabolism in the mosquito. Science 134:1979-80.

[60]



"HILGARDIA ¢ Vol.34No.2 e« March, 1963 61

VON DEHN, MADELEINE
1961. Untersuchungen zur Erndhrungsphysiologie der Aphiden. Die Aminosiuren und Zucker
im Siebrohrensaft einiger Krautgewichsarten und im Honigtau ihrer Schmarotzer.
Ztschr. f. Vergleich. Physiol. 45:88-108.
WATERHOUSE, D. F.
1957. Digestion in insects. Ann. Rev. Ent. 2:1-18.
WREN, J. J., and H. K. MITCHELL
1959. Extraction methods and an investigation of Drosophila lipids. Jour. Biol. Chem.
234:2823-28.
ZEBE, E. C., and W. H. McSHAN
1959. Incorporation of C'-acetate into long chain fatty acids by the fat body of Prodenia
eridania (Lep.). Biochim. et Biophys. Acta 31:513-18.
Z1EGLER, HUBERT
1956. Untersuchungen iiber die Leitung und Sekretion der Assimilate. Planta 47:447-500.
ZIMMERMANN, MARTIN H.
1960. Transport in the phloem. Ann. Rev. Plant Physiol. 11:167-90.

In order that the information in our publications may be more intelligible it is sometimes necessary
to use trade names of products or equipment rather than complicated descriptive or chemical identi-
fications. In so doing it is unavoidable in some cases that similar products which are on the market
under other trade names may not be cited. No endorsement of named products is intended nor is
criticism implied of similar products which are not mentioned.

4m-3,63 (D5078)JT o 101






The journal HILGARDIA is published at irregular intervals,
in volumes of about 650 to 700 pages. The number of issues
per volume varies.

Single copies of any issue may be obtained free, as long as
the supply lasts; please request by volume and issue number
from:

Agricultural Publications
University Hall
University of California
Berkeley 4, California

The limit to nonresidents of California is 10 separate titles.
The limit to California residents is 20 separate titles.

The journal will be sent regularly to libraries, schools, or
institutions in one of the following ways:

1. In exchange for similar published material on research.
2. As a gift to qualified repository libraries only.

3. On a subscription basis—$7.50 a year paid in advance.
.All subscriptions will be started with the first number
issued during a calendar year. Subscribers starting dur-
ing any given year will be sent back numbers to the first
of that year and will be billed for the ensuing year the
following January. Make checks or money orders pay-
able to The Regents of The University of California;
send payment with order to Agricultural Publications
at above address.





