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Abstract:

Aulocara elliotti eggs from three wild and two greenhouse-reared populations were analyzed for free
amino acid content and for in vivo synthesis of free amino acids from radioactive acetate. These
analyses were performed on eggs in the prediapause, diapause, and postdiapause periods of
development. Column chromatography, thin-layer chromatography, colorimetry, and liquid
scintillation counting were used as analytical techniques. Fourteen free amino acids were present in
each population egg sample throughout embryonic development. Five additional free amino acids and
three unknown substances were found in some of the egg samples. The free amino acid content of each
egg sample was found to increase considerably from the prediapause to the diapause period and then to
decline during postdiapause development. Four amino acids were synthesized in vivo by all the egg
samples during each period of development. Five additional ones were synthesized in vivo only in
specific stages of development. All of the differences in free amino acid content and in the in vivo
synthesis of free amino acids between the different egg samples at the same stage of development were
not attributable to a direct effect of population density.
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~ ABSTRACT

Aulocara elliotti eggs from three wild and two greenhouse-reared
populations were analyzed for free amino acid content and for in vivo
synthesis of free amino acids from radioactive acetate., These analyses
were performed on eggs in the prediapause, diapause, and postdiapause
periods of development. Column chrematography, thin-~layer chromatography,
‘colorimetry, and liquid scintillation counting were used as amalytical
techniques. Fourteen free amino acids were present in each population egg
sample throughout embryonic development. Five additional free amino acids
and three unknown substances were found in some of the egg samples. The
free amino acid content of each egg sample was found te increase considerably
from the prediapause to the diapause period and then to decline during
postdlapause development. Four amino acids were synthesized in vivo by all
the egg samples during each period of development., TFive. additional ones
were synthesized in vivo only in specific stages of development. All of
"the différences in free amino acid content and in the in vivo synthesis of
‘free amino acids between the different egg samples at the same stage of
development were not attributable to'a direct effect of population density.




INTRODUGTION

The grasshbpper species, Aulocara elliotti (Thomas), has been

observed over an extended period of tiﬁe to undérgo considerable fluctua-
tions in population density within a given habitat. Similar large
periodic chénges in population numbers have been recorded for otherﬂanimals.
Although various environmental-conditions qsually have been presumed to

be the causative agents for these changes, more recent evidence indicates
that intrinsic factors may be involved. In small mammal populafions the
stress of high dénsitieé has been suggested to be responsible for changes
in the,hérmonal secretions within individuals, and alse for changes in
theit behavior patterns. These in turn adveréely effect tﬁe reproductive '
potential of the total population (Ghitty, 1957, 1964; Christian, 1957,
1963 a, 1§63b; Krebs, 1964). ’

Hastings and Pepper (1964) have indicated several facto;s including
genetic segreghtion,.physiological vigor, and environmental stress which
may be associated wifhlé. elliatti population fluctuations., They have
also observed instanpes where mortality among newly hatched nymphs
exceeded 99 percent wiﬂh no apparent extrinsic cause for these high
mortalities. This led them to conclude, (Pepper and Hastiﬁgs9 1964),
that the'émbryos from which the nymphs hatched were physielogically
altered, and that this conditien méy have been due to'sﬁress imposed
during the preceding adult stage which brought about a hormonal imbalance
Qithin thé eggs. This imbalance in hormones, conceivably, could have

effected the normal metabolsim of carbohydrate, lipid or procein materials
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within the developing embryo. The result could be a physiologically

deranged animal. Since the above was postulated, Svoboda (1964) investi-
. gated the lipid composition of A. elliotti eggs from different populations,
but was unable to find any differences that could be correlated with
population density; whereas, Van Horn (1963) fpllowed f@g morphology of
these eggs throughout embryonie developmeﬁt and discovered significant f
differences in the morphological variability and development rates in
differenﬁ populatiens.

‘ Siﬁce the morphology of cells is assqéiated&with protein struc£qre,
it follows that abnormal morphological development may be the- result of
aberrant protein synthesis. TIn.the cleiodic egg of a grasshopper the amino
acids required for the synthesis of new embryonic proteins must either be
synthesized by the embryo or come from the yolk material surrounding it.
Thus the pattern of these unbound aminq acid buildiné blocks ‘at any point
in embryoniec development represents an index of the protein metabolism of
the egg at that stage of morphogenesis (éolmm%@ et al., 1962).

Upon such a background, the present study was initiated to obtain
some basic information on the free amino acid and protein metabolism of
the egg. The pattern of distribution of the free amino acids throughout’
the development of the egg at prediapause, diapause, and postdiapause
stages was investigated as were the patterns obtained from different wild | j

and‘greenhouse—reared populations. Relationships were also sought between

the free amino acid patterns and the density of the populafions from which




the eggs wére obtained. | : o %
The many investigatioens that have been done on the free amino aeids V 4

'extfacted from ﬁature insect tissues have been reviewed recently (Chen,

1962;'Gilmour, 1961; Wyatt, 1961). These studies have shown that adult

. insect tissues contain a greater concentration of free amine acids thén

is normally fbund in other organisms. And also.in inseets, the level of

concentration of each amino acids has been found to vary considerably

both between diffeégnt species and within ene species examined at different | |

times (Awapara, 19623 Duchateau and Florkin, 1955; Gilmour, 1961; Stephen

and Steinhawer, 1959). Although special functions have been désignated

to this unique amino acid distribution, complete understanding of its

significance is still 1acking (Barton-Browne, 1964;‘Blackith9 19613

Bursell, 19633 Gilmour, 1961; Schoffeniels, 1960). *

| Additional evidence 6f the importance of free amino acids in the

metaboIiSm of insects has been found upon eiamination of‘immature‘stages° ﬂ

In the holometabolous insects, Hadorn and Mitchell (1955)‘studying the

development of Drosophila melanogaster were the first to use bapér

chromatography to identify the free amino acids present in that species.
Auclair and Duﬁreuil (1951) adépted this technique to the quantitative

estimation of the free amino acids in the last larval instar of Galleria
mellonella. Studies have also been reporﬁgd on the free amino acids in | [§

immature forms of Aedes aegypti and Culex quingquefasciatus (Micks and

" Ellis, 1952), Bombyx mori (Drilhen and Busnel, 1952), C. pipiens (Chen, ' }

1958), and D. mélanogaster (Crone-Gloor, 1959).
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Benz (1957), Chen and Hadorn (1955); Hadorn (1956, 1961), Hadorn

and~Stumm—Zollinger (1953), and Lewis (1954) established the usual pattern

of occurrence of free amine acids in D. melanogaster througheut its embry-’
onic development and detected deviations from this pattern in five lethal

mutants, all of which died prier te reaching the adult stage. Similar

evidence of the possible'effect of free amino acids on embryonic development .

has been found in gf pipiens by Laven and Chen (1956) and in Ephestia
kuhniella by Chen and Kuhn (1956). Various othér studies ha¥e also
illusfrated other possible effects that alterations in free amino acid
content can have upon specific physiological processes (Elvehjem, 1956
Lyman et al., 19643 March et al., 1964; Sidramsky et al., 1964).

In the hemimetabolous insects, the presence of free amino acids in

the grasshopper egg of Chortophaga viridifasciata has been shown by Shaw

(1955). Fu (1957) noted the changes in concentratien of sulfur contain-

ing amino acids in the developing grasshopper egg of Melanoplus

differentialis. Twenty free amine acids were determined quamtitatively

by Colombo, et al., (1962) in eggs of the locust, Schistocerca gregaria,

from ripe oocytes'through to the time of hatchirig9 and separately in
yolk and embryos of later devglopmental stages. The results of these
studies haﬁe shown that, in all of fhe holometabolous and hemimetabolous
insectslso far examined, thé free amino acid content of the immature
forms is high, and the pattern of distributiqq of these compeunds varies

with the stage of development.
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To follew the biosynthesis of the amino acids in A. elliotti eggs
and fo determine which ones can be synthesized._i_ri_zizg9 various precursor
‘compounds, cpntaining radioactive isetopes,; were intreduced into intact
: orgaﬁisms, énd.aftér Garying lengths'of time the free amino acids were
examiﬁed for radicactivity. In recent reports, Kastiﬁg and McGinnis"
(1958,'19699 1962) and Kasting_gilgl.,.(l962 demonstrated the incorpora-
tion of @14 froﬁ‘uniformly lébeled glucose into several amino acias in

larvae of Agrotis 6rthog0nia, Ctenicera destructor and Phormia regina.

This.teéhnique was extended to other organisms usingglucose-cl4 and -
6ther fadiéactiVe‘precuréors such as carbon dioxide-Clh, glyc;ero‘l—clq9
and acetate-G14 (Awapara and Campbell, 1§6§; Mohri, 1964 Rothstein; 19633
Schaefer, 1964; Strong and Sa];:amoto9 1963). Generally, less than 11 of
the common 20 amino acids were found to be synthesized by any orgarism.

To accomplish the purpeses of this investigation into the amino acid
metabolism of the A. elliotti eggs, the techniques of column chroma-
tography, thin-layer chromatography, colorimet-ry9 and radioactive fracing

~were selected.
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PROCEDURE AND RESULTS

Bilological samples

The eggs used in this study wefe obtained from three geographically
separated wild populations, and from additional ones reared under
greenhouse conditions at two differemt densities. The wild populations
were located south of Chinook, in northcentral Montana, west of Simms,
in central Montana, and ﬂorthwest.of Townsend, in central Mentana.
During the summer of 1964 the Simms population was the lowest in density
while the Chinook one was the highest and tﬁe Townsend peopulation was
intermediate between the ﬁwo.’

The grasshoppers that were reared in cages in the greenhouse were
collected as nymphs in late June from the population near Townsend.

Twelve cages in all were used. Bach had a bottom area of one sqﬁare

foot and was constructed with a circular wooden floor, cylindrical lucite

wall, and a cheesecloth top. A removable nine inch aluminum pan, filled
with seil in which the grasshoppers could oviposit, was inserted through
a hole in the bottom of the cage. On alternate days fresh oubtings of

Agropyron smithii, the preferred foodplant of 4. elliotti (Andersen,

1964), were placed in three small vials positioened in the cage floor.
- Bight cages were included in one series of tests with five pairs of

adult grasshoppers in each cage. In a second series 15 pairs of adults

were placed in each of four cages. On alternate days throughout July and-

August the soil in the pans was sifted and the egg pods removed. These

pods were positioned vertically in vials partially filled with soil and
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stored at 25°C.

Egg pods from the wild populations were collected in late August and

stored at 25°C. in petri dishes containing soil taken from the collection

site. In the first part of October these pods along with those from the

greenhouse were transferred to a room held at 8°C. They were returned

to the 25°C. chamber in early December. Each week throughout this period

the pods wére watered lightly to prevent dessication.

Samples of eggs from the three wild p@pula#ions and the two green-
house groups were ;nalyzed for free’aminé acid cortent at prediapause,
diapause, and postdiapause stages of embryonic development. One hundred
eggs were used for each.sémple except those from the Simms population
which were limited to 50 eggs. Only eggs which appeared viable and were
in the desired stage of development were included in the sam}.ple0
Diapause eggs were processed in the 8°C. room. -They were immersed in

distilled water and observed under a dissecting scope to determine the

developmental stage of the embryo. This was accomplished by comparisen )

with the morphelogical characteristics for each stage as outlined by
Van Horn (1963).

Table I shows the numerical developmental age of the A. elliotti
eggs from the different bopulations at the time of analysis. The use
of two samples at each stage of developﬁen% will be explained later.

It will be noted from Table I that dﬁring the dilapause and pbstdiapause

periods, the numerically designated stage of development is qulte
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TABLE T

Numerical Development Age

GH-5 GH-15 Chinook Simms Townseﬁd

Prediapause *11;12 12,13 15,16,17 16,17
¥%12,13 12,13 13,14,15 13,1%,15 14,15,16

Diapause *i8;19 18,19T 18,19 18,19

**18,19 18,19 18,19 18,19 18,19

18,19%**
‘ Postdiapause *25,26 2k, 25 25 25
*%23 o4 25 23,2425 24,25 25 - 2hyes

*  Samples used in ecolorimetry analysis.
**  Samples used in radioactive analysis.

***  Sample used in separation of yolk and embryo.
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consisteﬁt for all populations. It was not possible) however, to ebtain
eggs from all the populations at the same stage du#ing prediapause because
there was no way of knowing when the wild eggs were deposited.

. .After the stage of develepment was determined, the eggs were air

dried on filter paper for approximately 15 minutes and then weighed.

* The results are recorded in.Table II.

Free amine acid extractien

After wéighing, each sample was triturated in a.microhomogenizer for
five minutes with cold 80 percent ethanol. This mixture was héated for
a few minutes to ensure denaturation of the protein and the total
hoﬁogenate centrifuged at 5,000 rpﬁ for 15 minutes. After decanting the
supernatant inte another tube,; the residue was extractéd with 50 percent
ethanol and then with distilled water. This procedure was modified from
that suggested by Schaefer (1963). |

The supernatant and the two additional extractions were combined

and passed through a short ion exchange column of Dowex 50Wx8 =)

‘following the steps outlined by Corrigan and Kearns (1963), Furuvholmen

et al., (1964), and Schaefer (1963). The samples containing the amino
acids were then eluted with 50 milliliters of 4 N NHhGE,.dried in vacuo

to near dryness, and made up to two milliliters with distilled water.

A1l samples were stored in the deep freeze until assayed. A total of

“thirty samples were prepared.
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TABLE IT

Weight per 100 Egg Sample (gram)

Prediapause

Diapause

' Postdiépause

Totals

Averages

GH-5 GH-15 . Chinook Simms

.0.8720

Townsend
*0.6406 0.6977 0.7593 0.6974
*+0.8935 0.8466 0.7005 0.9210  0.7737
*1.0513 1.0800 0.9753 1.0277
*¥1,0765 0.9664 0.9838 0.8280  1.086k4
1.0370%**
*1.0728 1.1303 0.9644 1.0555
*%1,0588 1.0506 0.9887 0.8670  1.013h
5.7935 5.7766 6.b090 | 2.6160  5.6541
0.9656 0.9628 0.9156 0.9424

* Samples used in colorimetry analysis.

**  Samples used in radioactive analysis.

***  Sample used for separation of yelk and embryo.
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Thin-layer chromatography

Paper chromategraphy was employed initially to separate and identify
the free amino acids. This procedure, however, was discontinued in favor
of thin=layer chrﬁmatography which is less time consuming and of greater
sensitivity. The method.of thin-layer chromatoéraphy as described by R
‘Randerath (1963a) was pursued. L-amino acid.standards; all of reagent
grade, were purchased from Mann Research Laboratories, New York, and from
Sigma Chemieal Company, St. Louis.

At first, two eellulose adsorbents (Gellulose MN 300 and MN 300 G,
Brinkmann Instruments, Weg-tbury9 New York) were tried using the solvents
proposed by Wollenweber (1962). Ten other solvents of the author's own
derivation also were tested with tbeé; adsorbents. One-dimensional runs
were satisfactory with a few of these solvents, but none preduced usable
results two-dimensionally.

The -adserbent Silica Gel G (Erinkmann Instruments) and the solvent
systems developed by Brenner and Niederwieser (1960) and Fahmy 2E.E£:ﬁ
(1961) were tried alse. Since the aufhof was not able to reprodﬁce the
separation pattern using the two solvents that were especially recommended
(Fahmy et al., p. 2022), sevéral moéifications were attempted. Finally,

a more adequate twéfdimensional separation of 24 amino acid standards was
achieved by using chloroform—methanol-l7.percent ammonia (CMA, 1:3:1 v/v)-
as the first solvent in combination with phenol-water (PW, 75:25 w/w) as

the second solvent. Figure 1 illustrates this separation pattérnab_Rf
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1.  CHCI3-CH30H-1tA NH3 (1:3:1 v/v)

90 min/15 cm

o0 00mP 1

ZVllu v/ £ Leu
U Thr~n w Val
OSerO 11 <
Alp Gly O 0 h»

M/3-Ala APro

2. Phenol-water (75:25 w/w)

Olrs 180 min /15 cm

Figure 1. Two-dimensional separation of a mixture of 21 amino acids.
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values for each amino acid in the CMA solvent is given in Table XI in the
appendix. k

Although the separation pattern produced by these two solvents (CMA
and PW) was adeqngte, further attempts were made to improve the method.
Another adsorbent, Andsil B, (Brinkmahn Instruments) was tested with
solvents rep&rted by Cruickshank and Sheehan (1964). The results were
unsatisfactory. A very useful separation pattern was finally obtained by
substituting the solvent methyl ethyl ketone-proﬁioﬁic acid-water
(4:3:é-v/v)'usgd by Knight (1962) for the CMA solvent as the first
dimension and phenol-water (75:25 w/w) as the second dimension with the
silica gel adsorbent (Figure 2). The use of this combination was recently
reported by Schaefer (1964). 1In all cases reagent grade selvénts were
employed but only one commercial phenol reagent (Mailinkrodt 88 percent
phenol, liﬁuéfiéd; p¥eservative free) was used. Richardson and Tolbert
(1964) reported that with paper chromatography the commercial phenol
rgagent caused glycine to form stable condensation products.

Represenﬁative chromatographic distributions of free amino acids
isolated from Chinook eggs at prediapau;e9 diapause, and postdiapause
deVelopment stages are shown in Figures 3, 4, and 5. In order to stay
within the limité of the colorimetric quamtitative test, the amount of
sample used to obtain the chromatograph in Figure 3 waé four times that
in Figure 4 and two times that in Figure 5. |

To detect and identify the individual amino acid épmts on the
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I.  Methyl ethyl ketone-propionic acid-water (4:3:2 v/v)

160 min /17.5 cm

2. Phenol-water (75:25 w/w)

275 min /17.5 om -----emmme

Figure 2. Two-dimensional separation of a mixture of 23 amino acids.
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I. Methyl ethyl ketone-propionic acid-water (4:3:2 v/v)

160 min /17.5 cm

2. Phenol-water (75=25 w/w)

275 min /17.5 cm

Figure 3- Two-dimensional separation of 16 free amino acids and one unknown
substance from a sample of Chinook prediapause eggs.
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I.  Methyl ethyl ketone-propionic acid-water (4:3:2 v/v)

160 min /17.5 cm

Gly Asn

2. Phenol-water (75:25 v/AV)

275 min /17.5 cm

Figure 4. Two-dimensional separation of 17 free amino acids and two unknown
substances from a sample of Chinook diapause eggs.
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/h |. Methyl ethyl ketone-propionic acid-water (4:3:2 v/v)

160 min /17.5 cm

OPhe

O Val

0 o .

2. Phenol-water (75:25 wiw)

275 min /17-5 cm

Figure 5. Two-dimensional separation of 16 free amino acids and two unknown
substances from a sample of Chinook postdiapause eggs.
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chromatoplate, the ninhjdrin reagent of Moffat and Lytle (1959) was

applied. The ninhydrin positive spots appearing on the chromatoplates
were distinguished by comparison with the Rf values of the amino acid

standards in the two-dimensional separations as well as the distinctive

colors of this staining reagent.

- Colorimetry

.Quantitative determinations of the individual free amino acids
present in each sample were made by the colorimetry method of Price
(1963) and Shaw (1961). Their modified ninhydrin reagént (0.5 percent
ninhydrin in absqlute ethanol) was used és it gave more uniform color
results, XHach ninhydrin'positive spot on the chromatoplate was ou£lihed '
with a sharp pointer and the gel within the area scraped inte a centrifuge
tube. Three millilitérs of 50 p;rcent ethanol was then added and the
.mixture stirred thoroughly in a cyclo-mixer. After centrifuging to

spin down the siliea gel which would otherwise remain in suspension and

distort the results, the supernatant was decanted inte a colorimeter

tube. Quantitative measurements on each amino acid were read at a wave-
lengtﬁ of 570 millimicrons except for proline which was read at a wave-
length of 350 millimicrons.

‘ 411 readings were'tékeﬁ'uéing a Baus@h'&'Lomb Speétr@ﬁic 20
Colorimeter and the amount of each amino acid dete?minéd by reférencevto
staﬁdard curves. Values derived from three separate chromatographs in

which known amounts of standard amino acidé were developed were used for ..
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locating each point on the reference curve. Amino acids from zero to
20 micrograms were determined within an error of i5 percent. “All'samples
were analyzed in triplicate.

The free amino acid content of eggs from the different populations
of A. ellidtti as determined by the procedures described are presented.
for prediapause, diapau;e, and postdiapause stages in Tables III, IV, and
V respectively. Nineteen free amino acids were found in the whole eggs.
‘Three additional ninhydrin staining spots were detected, but they were
not identified since they did not correspoﬁd to any of the standard
amino acids. Possibly, these three spots were short chain peptides.

The values in Tables IIT, IV, and V are averages of three determina-

5 of amine acid

tions on each sample, and are listed as micromole x 10
per egg. Amino agids present in amounts too low to be measured in the
colorimeter are shown as "traces". The absence of some of the amino
acids in certain stages is indicated by a dash. '

The histograms, presented in Figures 6, 7, 8, 9, and l@,-show the
concentrations of amine acids from éach population in the three stages
studied. The quantity of each acid is presented as a percentage of the
total free amine acid content fbf that particular éamplea The values
presented in Tables ITT, IV; and V are shown‘graphicélly in Figure 11 to
illustrate the change in tetal content of amino acids in the prediapause;,

diapause, and postdiapause stages.

In order to get an indieation of the difference in free amino acid
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TABLE ITT

Average Micromoles x 107>

per Egg of Free Amino Acids

384.76

Prediapause

Amino acids GH-5 GH-15 Chinook Simms Townsend
Alanine 61,1 52.9 13.3 62.2 18.7
Arginine 16.4 8.92 3.40 Tr 3.50
Aspartic

acid 37.7 38.9 33.3 50.8 26.7
Glutamic .

acid 50.3 b,w 28.4 56.8 30.4
Glutamine 20.1 27.8 5.66 1.01 7.33
Glycine 9.84 54,0 18.5 Ty 13.5
Histidine 26.8 15.9 Tr Tr 11.1
Isoleucine 13.4 1h.1 k.92 7.55 5.33
Leucine 16.4 15.8 7,40 13.5 7.4l
Lysine 17.9 20.0 18.5 Tr 11.1
Phenyl- ‘

alanine 13.7 13,7 8.95 14,7 8.95
Proline 31.3 26,2 29.9 55,6 27.6
Sexrine 51.1 b5.5 35.5 54.9 25.5
Threonine 32,0 26.9 15.2 23,2 17.4
Tyrosine . 12.5 13.8 8.36 16.7 8.88
Valine 27.8 25.6 13.7 27.8 10.4
(Unknowm ) ? ? ? ? ?
(Unknown) ? - - - -
Totals 438,34 Lhy 92 2h5.03 233.83
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TABLE IV

Average Micromoles x l@"3 per Egg of Free Amino Acids

Diapause
Amino Acids GH-5 . GH-15 Chinook Simms Townsend
Alanine 38,2 LT Lok 38.2 38.2
Beta-. . ’
Alanine - - - - Tr
Arginine 19.9 . 8.00 T 17.4 10.3 19.3
Asparagine Tr Tr Tr Tr -
Aspartic 55.5 55.5 58.0 51.0 55.5
Glutamie 68.6 100. 76.1 80.0 75.0
Glutamine 9.36 9.67 8.32 Cl.04 9,15
Glycine 46,9 2.66 13.3 15.9 7.98
Histidine 63.4 54,1 58.7 58.7 37.k
Isoleucine 5,49 5.49 3,92 6.10 6.10
. Leucine 15.8 22.0 11.5 11.8 13.7
Lysine 32.0 19.9 23%.2 25.9 21.3
* Phenyl- :

alanine 15.4 12.1 12.1 8.48 11.6
Proline 80.8 95,2 98.4 73.0 85.6
Serine 68.1 68.1 80.8 43 .8 7h.2
Threonine 31.8 27.5 34.9 22.5 22,2
Tryptophan - Tr - - 13.7
Tyrosine 16.5 7.2 1hk.7 14.7 12.8
Valine 26.2 22.4 22.8 19.7 . 20.5
(Unknown) N_— ? ? ? -
(Unknown ) ? ? ? - ?

Totals 593.95  570.22  57k.5h 481.12 . 524,23
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TABLE V

Average Micromoles x l@~3'per Egg of Free Amino Acids

Postdiapause
Amine . acids GH-B GH-15 Chinook Simms ‘Townsend
RManine 25.1 35.0 = 26.0 . 2807 20.2
Arginine " 10.1 9.60 - 8.48 8.00 10.7
Aspartic 55.5 60.1 55.8 48,1 52.6
Glutamic 53.0 38.0 38.0 39.4 39.4
Glutamine Tr Tr Tr Tr Tr
Glycine Tr' Tr Tr Tr 2,66
Histidine Lo,0 - Lh 3 27.7 Lh 3 25,8
TIseleucine 1.52 Ty 1.52 Tr 1.52
Leucine 8.80 6.40 8.48 7.01 7.62
Phenyl-
alanine - - Tr Tr -
Proline 114, -88.0 55.2 56.6 Lr.9
Serine Lo 4 4L6.8 47,5 43,8 39.5
Threonine 22.2. CTr 21.1 21.8 Tr
Tryptophan Tr Tr Tr Tr 9.36
Tyrosine 14.6 10.1 13,0 11.0 14.6
Valine’ 15.0 15.7 21.4 18.7 16.0
(Unknown) ? ? ? ? -
(Unknown ) ? - - ? -
(Unknown) .2 ? ? - ?
Totals k11.22 354,0 324,18 327.41 287,86

| DO V. R A% VI




Figure 6. Percentages
GH-5 eggs analyzed at
stages of development»
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GH-5
PHEDIAPAUSE

10 11 12 13 14 15 16 1?
DIAPAUSE

POSTDIAPAUSE

I=Ala
2=Arg
3=Asp
4=Q1u
5=GlIn
6=Gly
7=His
S=lle
9=Leu
10=Lys
[1=Phe
12=Pro
13=Ser
IA=Thr
15=Try
16=Tyr

17=Val

in total content of free amino acids from
the prediapause, diapause, and postdiapause
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GH-15
PREDIAPAUSE

I=Ala

2=Arg

3=Asp

4=G1lu

5=GlIn

DIAPAUSE

6=Gly

7=His

S=lle

9=Leu

I0=Lys

[1=Phe

POSTDIAPAUSE 12=Pro
13=Ser

14=Thr

15=Try

16=Tyr

17=Val

14 P? 16

Figure ?. Percentages in total content of free amino acids from
GH-15 eggs analyzed at the prediapause, diapause and postdiapause
periods of development.
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Chinook
PREDIAPAUSE

I=Ala
2=Arg
3=Asp
4=Q1u

5=GlIn

DIAPAUSE

6=Gly

7=His

8=lie

9=Leu
10=Lys

II=Phe

12=Pro

POSTDIAPAUSE

13=Ser
IA=Thr
15=Try

16=Tyr

17=Val

Figure 8. Percentages in total content of free amino acids from
Chinook eggs analysed at the prediapause, diapause, and postdiapause
periods of development.
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Simms
15 PKEDIAPAUSE

% 10 I=Ala
2=Arg
5 3=Asp
4=G1lu
5=GlIn
DIAPAUSE 6=Gly

15
7=His
% 10 S=lle
9=Leu

5
10=Lys
II=Phe
12=Pro

POSTDIAPAUSE

13=Ser
15 14=Thr
15=Try

% 10
16=Tyr
5 17=Val

Figure 9. Percentages in total content of free amino acids from
Simms eggs analyzed at the prediapause, diapause, and postdiapause
periods of development.
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Townsend
PREDIAPAUSE

I=Ala

P=Arg

3=Asp

4=G1lu

5=GlIn

DIAPAUSE

6=Gly

7--His

8=lie

9=Leu

10=Lys

II=Phe

POSTDIAPAUSE IP=Pro
13=Ser

14=Thr

15=Try

16=Tyr

17=Val

Figure 10. Percentages in total content of free amino acids from
Townsend eggs analyzed at the prediapause, diapause, and post-
diapause periods of development



legg of free amino acids

micromoles x 10

Total

Q Prediapause 5=GH-5
15=GH-15

I Diapause
C=Chinook

B Postdiapause S=Simms

T=Townsend

Numerical development age
Figure 11. Total free amino acid content per egg of each sample at the
different numerical stages of development.
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content between embryos and their surrounding yelk during the diapause
stage, one sample of Chinoek eggs in this stage was prepared in the
following manner. One hundred eggs, suitable for study, were removed
from their protective pods, divided into groups of ten, and immersed in
distilled watér previously chilled to the ambient temperatﬁre of the‘cold
rooﬁo The eggs were then opened and, as meticulously as possible, the‘
yolk hateriaiiseparated from the embryo. This material was left in the
distilled'water and.the embryos fransferred to a container into which
50 perégnt ethapol was addéd. Thé yolk-water mixture was evaporated to
near dr&ness and absolute alcohel added te bring the mixturg to 80 per-
cent alcohol'bylvolumee The free amino acids then were extracted froﬁ
fhe samples of yolk and embryos in the manner previously described.
Identical.émounts of yolk and embryo extracts were pipetted ento separate
chromatopiatés and developed as before. 'The results are shown in Figures
12 and.13. - .

Radioactive.%racing

In generl'al9 radiochemicals are introduced into an animal either by
including thém in the subject's aiet or by injecting them directly into )
the animal (Mohr;i9 1964 $t¥ong and Sazkamoto, 1963). Including a radioiso—
tope in the diet'has né aﬁplication with the cieidoic eggs of A. elliotti.
The injeétion technique aiéo has limitations since the procedure itself
causes a wound that could possibly alterlthé embryonic amino acid metabolism.

Roemhild (1963) employed a technique in which an entire sample of eggs was
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I. Methyl ethyl ketone-propionic acid-water (4:3:2 v/v)

160 min /17.5 cm

Ore

Oval

0 Glu Ala

Gly 0 OGIn Pro

2. Phenol-water (75:25 w/w)

275 min /17.5 cm

Figure 12. Two-dimensional separation of 7 free amino acids from embryos of
Chinook diapause eggs.
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N

I.  Methyl ethyl ketone-propionic acid-water (4:3:2 v/v)

160 min /17.5 cm

Figure 13. Two-dimensional separation of 18 free amino acids extracted from
yolk material of Chinook diapause eggs.
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dessicated for a few days and then allowed toe absorb wate; in which a
radiechemical had been dissolved. . '

In the present study 50 microcuries of ace‘bate-—l—@'lLP (specific
activity 12.1 mc/mm) were dissolved in two milliliters of water. When
approximately the same percentage of total weight was lost by dessication
from-each of the samples, th; radioactive acetate (19,120 cpm per egg)
was added. After an arbitrarily selected five day absorption period,
the free amino acids were extracted from the eggs. The total weight of
eachvegg sample was fecorded‘daily throughout the dessication and
absofption periods. The average weight loss per day per egg during
dessication and the corresponding averége wéight.gain per day per egg
dﬁring the absorption period for each sample was calculated and is shown
" in Table VI.

For 11 populations, except Simmsq'two'samples were prepared9 one for
quantitative celorimetry and one for radioactive analysis. There was enly
erieugh material from Simms for one 50 egg sample &t each of the develop-
méhtél stages analyzed so the colorimetry test was rum also on the
radioactive sample.

To determine if Cll+ was incorporated into the free amino acids
extracted from eggs to which acetad:e«-cll+ was added, the samples first
were chomatographed two-dimensionally with the different solvent systems.
Locations of individual amino acids were made by séraying‘the plates

lightly with 0.02 percent ninhydrin in absolute ethanol (Schaefer, 1963,
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TABLE VI

Change in Egg Weight during Dessication and Absorption Perdiods

Populations

Chineook
8imms
Townsend
GH-5

GH-15

Chinook

Simms

Townsend -

GH-5

GH-15

Chinook

Simms

Townsend: -

GH~5

GH-15

Average Weight loss
per Day per Egg

Prediapause

0.050 mg
0,088
0.h12
0,038
0,055

Diapause

0.013
0.023
0.033
0.037
0,046

Postdiapause

0.006
0.020
0,024
0.021

0.044

Average Weight Gained
per Day per Egg

0.593 mg
Q.k1h

0.218
0.891"
0,956

0.109

® @ l@Ll"

0,121
0.056
0.6093

0,094
0.020
0,112
0.067

0.032
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1964). Hach spot then was scraped into a scintillator vial and liquid
scintillation fluid consisting of a mixture of diphenyloxazole, toluene,
and methanol was added (Birks, 1953; Roemhild, 1963). Radiocactive
emissions from each amino acid sample were counted in a ligquid scintilla-
tion apparatus (Packard TriCarb Iigquid Seintillation Spectrometer, Series
314a) and continued wntil a counting error of only five percent was
attained (Aronoff, 1956),

The study was undertaken to determine if there were differences
between the populations in their ability te utilize acetate in
s&nthesizing amino acids. Bach sample was analyzed in triplicate.
Radioactivity, above the normal background counts for the free amino
acids which incorporated fhe acetate, is‘listed in Tables VIL, VIII and
IX. The total radioéctivity of each sample at the different‘developmental
stages was graphed and is shown in Figure 14,

Free amino acids in A, smithii from Chinook

No studies have been reported on the ability of adult A. elliotti
to synthesize amino acids nor have any been reported on the presence of
these compounds in this grasshoepper's preferred food plant. Thus it
seemed desirable to determine which free amino acids were available to
the adult‘graéshoppers through their diet and subsequently available to'
the emﬁryos as nutritive materials contained in the yolk,

Iﬁ éarly\Séptember fresh cuttings of A. smithii~were collected from

the habitat of A. elliotti near Ghinook. Ten grams of this grass were
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TABLE VII é

Average CPM-Bkgd per Egg of Free Amino Acids

. Prediapause ;

Amino acids ) §§:§ GH-15 Chinook Simms Townseﬁd |
Alanine 38.5 18.8 8.3 23.2 6.2
Aspartic

acid 9.2 5.2 9.0 11.6 . 1.1
Glutamic )

acid 111.6 50,2 55.8 91,7 33,3
Glutamine 32.8 9.7 20.1 28.9 5.7 ‘
@lycine b2 - - - - %
Lysine 0.9 1.2 1.0 1.9 1.4 N
Proline 1h.b 2.8 25.4 27.8 6.k

Serine 1.7 - - k.7 - .
Threonine 3.0 1 05 - - - |
Totals 216.3 89.4 119.6 189.8 54,1
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TABLE VIIT

Average CPM-Bkgd per Egg of Free Amino Acids

Diapause

Amino acids GH-5 GH-15 Chinook Simms waﬁsend
Alanine k.9 5.9 1.7 3.6 1.8
Asparagine - - 0.8 1.4 -
Aspartié :

acid 5.2 2.6 2.2 Lk,0 1.3
.Glutamic

acid 37.0 28.6 35.4 30.1 27.8
Glutamine 8.0 5.4 5.8 9.2 b5
Glycine 0.9 0.9 1.2 @.7 1.1
Proline 0.9 2.2 1.8 1.h -
Serine 0.8 0.8 0.6 1.6 .0.2
Totals 57.7 b6 b Lg.5 52.0 . 36.7°
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TABLE IX

Average CPM-Bkgd per Egg of Free Amino Acids

Postdiapause

Amino acids GH-5 GH-15 Chinook Simms Townsend
Alenine 3.1 7.2 6.5 4,9 12.1
Aspartic

acid 1.2 1.2 3.8 2.1 6.6
Glutamic '

acid 13.4 14.9 23.3 19.9 ho.1
Glutamine 9.1 7.5 13.4 8.1 26.8
Glyeine 0.9 1.8 2.4 1.6 3.5
Proline 2.7 5.2 8.0 1.8 hoo
Serine 0.4 1.3 ‘®o4 2.0 1.0
Totals 30.8 39.1 57.8 Lo 4 ok.1

| TN /R -




radioactivity per egg

Total

200

150-

100

50-

Q= Prediapause 5=GEH-5
15=GH-15
S M= Diapause
G=Chinook

Q= Postdiapause S=Simms

T=Townsend

T

0/0 %%R T

1771711777777

Numerical development age

Figure 14« Total radioactivity per egg of each sample at the different
stages of development.
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triturated with 80 percent ethanol in a Hamiltom Beach blender (Model 6)
and the free amino acids extracted and determined as described earlier.
A chromatograph of the distribution of individusl amino acids from

the Chinook grass is shown in Figure 15. Qnantitative results, based

on three separéte analyses, are presented in Table X. Seventeen amineo

acids were identified from the grass and two unknown spots appeared.
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1. Methyl ethyl ketone-propionic acid-water (h:3:2 v/v)

160 min /17.5 cm

5-Ala

2. Phenol-water (75:25 w/w)

275 min /17.5 cm

Figure 15. Two-dimensional separation of 17 free amino acids and two unknown
compounds extracted from a sample of Agropyron smithii grass.
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TABLE X

Free Amino Acid Content of Agropyron smithii

Amino acids
Alanine
Alanine
Arginine
Aspartic aeid
Glutamie acid
Glutamine
Histidine
Isoleucine
Leueine
Lysine
Phenylalanine
Proline
Serine
Threonine
Tyrosine
Valine
GABA*
(Unknown)

Average micromoles x 10—
per 10 mg

3

3,92
Tr
Tr
Tr

4. 13

3.81

2.72

0.61

1.
Tr

2.14

4,78

L,78"
Tr -

1.89

2.03
?

?

*GABA=gamma amino-n~-butyric acid
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DIS@USSiON AND CONCLUSIONS

Fourteen free aimino acids were found in each sample of 4. elliotti
eggs from the Chinook, Simms, and Townsend populations and in the greeﬁ-
house populations of five apd 15 péirs of adults per c;ge, hénceforth
referred to as GH-5. and GH-15, respectively. These 14 acids were all
preseﬁt in-the prediapause, diapause, and postdiapause developmental stages,
and include alanine, arginigé, aspartic acid, glutamic acid, glutamine,
glycine, histidine, isoleuqine, léucine9 pi'olipég serine; threonine,
tyrosine, and véline‘(Fﬁgureg 3, 4, 5; Tables iII9 IV, V). Two additional
amino acids,‘lysine andphenylalanine? were present in prediapause and
diapause stages of all egg égmples but were not found in the postdiapause
stage in any sample. Asparagine appeared in the diapause stage in eggs
of all populatiens exceptvphose of Towmsend. Thése from this area only
céﬁtained‘beta—alanine in ﬁhg diapause stage. Tryptophan was found in
diapause eggsvfrom the Townéend and GH-15 groups and.in postdiapause eggs
from all fopulationsov

These results are in generai agreement ﬁith those of other Werkers;
Avelair and Dubreuil (1951) foﬁnd the same free amino‘aciés plus phenyl-

alanine in the last larval ipstar of Galleria mellenella. Micks and Ellis

(1952) isolated and identified 18 free amino acids in different develop-~

mental stages of Aedes aegypti and Culex quiﬂquefasciatué° Two of these

amino acids, taurine and methionine, were not fOund'in_A_o elliotti eggss
however, asparagine, glutamine, and phenylalanine, not found by Micks and

Ellis, were presen% in A. elliotti eggs. Eggs of the grasshopper,
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Ghortophaga'viridifasciata, were found to contain 15 free amino acids

(Shaw, 19559'not including alanine, glutamine, histidine, lysiné, and
valine which were identified in eggs of A. elliotti. Colombo et al.,

_(1962) extracted 20 free amino acids from eggs of the locust, Schistocerca

regaria, but did mot repert finding any asparagine.
No sulfur containing amino acids were f6Und in any of the A. elliotti
egg samples although test chromatdgraphs of standard amino'acids (Figures
1;2)ihciu§édcy5teic acid, methionine, and methionine sulfone. Cysteic

acid and methionine sulfoxide were found in G. fiellonella (Auclair and

Dubreuil, 1951), methionine was found in A. aegypti and G. quinéuefaseiatus
CMicks and Ellis, 1952) and cysteine, cystine, and methionine were identi-
fied in S. gregéria eggs (Colombo et al., 1962). According to Chen (1962),
out of a total of 20 different species of insects examined, cysteine was
isolated and identified from two species, eyétine from nine species,
methionine from 16 species, and methionine sulfoxide from two species.
Cysteine can be oxidized to cystine and cysteic acid, and mefhionine
can ‘be oxidized to methienine sulfoxide and methionine sulfone in the
presence of phenol vapors (Aronoff, 1956; Shaw, 1955). Since phenol was

used as a solvent in the chromatographic separatiens, cysteic acid and

methionine sulfone were included in the initial test separations of stan&afd

amino acids. Additional tests also were run to establish Rf values for
cysteine, cystine,. and methionine sulfoxide in the different solvents used.

Tﬁe Rf values of the unknowns in Tables III, Iv;-énQ'V did not conform te
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Ehose‘of cysteing:-9 cystine, or methioniine sulfoxide.

" The quantitative results (Tables III, IV, V; Figures 6, 7, 8, 9; 10)
show ?hat there ﬁere differences in both the individual and total free
amino acid content between eggs from different populations analyzed at
the same stage of development. These differences were most noticeable in
the prediapause stage (Table ITI). The total free aminoe acid conteﬁt of
eggs in this stage was highest ip those from GH-5 and GH-15, somewhat
1§wer in Simms eggs, and lowest in theose from Chinook and Townsend.

The differences in total free amino acid content between éggs in the .
diapause stage from different populations (Table IV) were ﬁot as great

as they were in the prediapause stage. In the diapause stage Siﬁms eggs

contained the lowest total acids and GH~-5 eggs.contained the highest while’

concentrations in the Chinook, GH-15, and Townsend eggs were intermediate
between the high and low values.

The total free amino acid content in eggs from various populations
varied the least in the postdiépause stage (Table V). The acid content
was highest in GH-5 éggs at thié stage and lowest in Townsend eggs while
those of GH~15, Chinook,and Simms contained intermediate amountss

The quantitative values in Tables IIT, IV, and V wefe analyzed
statistically using the F-Test to determine the variance in the free
amino acid content of eggs from the various populations at their different

developmental stages. This F value was 6.843 for prediapause eggs (sig-

nificant at the 99.5 percent level), 2.113 for diapause eggs (significant
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at the 90 percent level), and 1.919 for postdiapause eggs (no significance).
The data in Table I show that eggs from the wild populations and those
from the greenhouse were in different stageslof embryonic advancement
according to the numeriqal,staging(criteria developed by Van Hor£ (1963)
for A. elliotti embryos. The differences between pdpuiations in tetal |
free amino acid'content.of prediapause eggs therefore may have been the
result of variations.in developmental age between the populations. HNo
correlations between the free amino acid content and the weight of each
sample was evident from this study (Table II).

The diapause egg samples from the five populations were significantly
different (at the 90% level) from one-another in total free amino acid
concentration. The twe experimental groups, GH-5 and GH-15, were
collected as nymphs from the same wild pepulation and were reared under
identical %onditions in fhe greenhouse with the exception of populatien
density. The histograms'(Figures 6-10) show that, in diapause, the
percentage concentration of each amino acid was similar for 'all samples
with the exception of glyeine in those from the GH-5 and GH-15 populations.
Between these two samples the ratios of glyciné content to the total
.amino4acid content of each sample differed by 7.%4 percent. This diffeéence
between the two greenhouse populations ceuld have contributed ;ignificantiy
to the 90% correlation. While the wild populations from which the eggs
were collected, differed from one another in population density, additional

factors ether than this may have masked differences in free amino acid
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content that might otherwise have appeared. Such factors as foed,
developmental age, genetic differences,. etc., could be responsible.
Very significant differences in free amino-acid c¢émposition were found

between normal and mutant (lethal-meander) larvae of D. melanogaster,

Chen and Hadorn (-195‘5).,’- They discovered that the total free aminoe acid
content of normal larvae was two to three hundred percent higher than in
the mutant larvae of the same age. No such differences were found between
the populgtions reported in this study.

The data in Figure 11 illustrate the cﬁange In tetal free amino acid
content of A. elliotti eggs as development ﬁroceéds from pfediapause to
postdiapause. It will be poted that a decrease in total concenﬂration of
the acids occurred from Stage 11 to Sfage'l? in prediapause eggs.
Noticeable decreases in individual amino acid concentrations. during this
stage'odcurred in alanine, glutamic acid, glutamine, leucine, éerine9
threonine, and valine. Although these measurements were made on samples
from different pepulations, tﬁey may indicate what happens to the free
amino acid content of eggs from a given populatien during prediapause
éevelopment. ’Thé possibility exists that during the prediapause étage
free aminé acids are utilized for protein synfhésis in embryonic
histogénesis faster than they can%be replaced by either yolk protein
hydrolysis or by embryonic’synthesisu Chen (1962) stated that, during
the embryogenesis of insects, profein métaholism is especially intensive

and involves mainly the breakdown of yolk materials with conversion of
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the products inte new organ-épecific protéins. Shulov (1957) demenstrated
that proteolytic enzymatic activity occurred in the yelk in various embryonic

stages of the eggs of locusta migratoria.

A striking increase in total free amino acid concentéation from the
prediapauise to diapause periods was noted in all egg samﬁles (Figure 11).,
The acids that increased the most in concentration in all samples during
this peried weré asbarfic acid, glutamic acid, histidine, proline, and
seripe (Tables III,.IV). While the relative concentration of glutamic
acid increased in all -egg saﬁples from the prediapause to the diapause
stage, the relative concentration of glutamine decreased. Crone-Gloor

(1959) noticed that, during the embryonic development eof D. melanogaster,

the.concentration of glutamine was inversely proportional to that of
glutamic acid. Colombo et al., (1962) reported that in eggs of S. gregdria
the glutamic acid conteqt dropped at the énd of embryonic development -
ﬁhile the glubamine content increased. ‘

The high conceﬁtraﬁions of the total free amine acids in eggs from
all populatiops in the diapause stage may be related to a decrease in
embryonic'incorforafion of protein during this period. Van Horn (1963)
stated that the diapause period of A. elliotti usually begins when
individuals reach Stagé 19 at which time most embryos enter -a period of ‘
retarded development. While a decrease in morphological development ‘

during diapause would be associated with a decrease in am embryonic

protein.synthesis, the hydrolysis of yolk protein reserves to yield free
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amino acids may still contiﬂue thus resulting in an accumulation of
these compounds by thg end of the diapause. The chromatographs in Figures
12 and 13 show that the Chinook egg sample, in diapause, contained a
greater concentration of free amino acids in the jolk than in the embryo.
That the highest concentration of total free amino acids in all egg : '
samples in the diapause stage was due to a céntinuation of'yolk degradation
was indicated also by the decrease in total radieactivity of free amino

acids from the preaiapéuse to the diapause stage (Figure 1k; Table VII,

VIII). This decline in fot§l radicactivity indicates that the ability

of the embryos to utilize acetate as a precursor for the synthesis of

free amino acids is decreased from the prediapause to the diapause stage.
When diapause is broker; development is resumed. It should be noted

that the tetal radiecactivity of free amine acids did not inérease from

.the diapause to postdiapause stage but remained at approximately the

same level. Thus it would seem that the accumulation of free amino acids
during diapause was sufficient to provide the embryos with the‘necessary
amiﬁo acid building blocks for postdiapause protein synthesis and histo- -k
genesis without an iﬁcrease in embryonic amino acid synthesis during the

postdiapause stage. i

By Stage 25 ¢f postdiapause development, dorsal closure of the |
embryo is completed, and there is no more extraembryonic yolk (Van Horn,

1963). Sinece most of the postdia@ause egg samples were analyzed for free |
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amino‘acid content at Stage 25 (Table I), the analyses reflect the
embryonic free amino acid content and not that of the yolk. Therefore9
it should be noted that the concentrations of free amino acids in all
the postdiapause egg samples were considerably lower than in the
corresponding samples during diapause (Figure 11; Tables IV, V).
Glutamic acid, glycine, isoleucine, lysine, phenylalanine, and serine
showed the greatest decrease in coencentration in the postdiapause samples.
The histograms (Figures 6-10) indicate that the concentrations of individual
amine acids were similar in .the various pestdiapause samples except for
small differences in concentratiott of glutamic acid, proline,.threonine
and tryptophén.

'Colombo ¢f al., (1962) published data on changes in the free amino
acid composition throughout the embryonic develdpment of nondiapausing
eggs from a single population of S. gregaria. They analyzed 1aboratofy
reared S. gregaria eggs at eight different developmental stages ranging
from the time the eggs were in the oviducts to the time they were ready -
to. hatch, If th; development of the external morpholégy is the saﬁe in
exbryes of S. gresarla and A. elliotti, perhaps the free -amino aeid
content of egés of the 1atterv can be compared w1th that of S, gregarla
eggs at 51milar morphological stages. ‘ |

Colombo amd his co-workers determined that the total free amino
acid concentratioh of the nondiapausing whole eggs of S. gregaria was

53.01 micromoles x ZLO-'3 per egg after one day of- incubation (Stage I),

VA
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74.48 micromoles x 107> per egg after two days of incubation (Stage 5, 6),.
1570.20 micromoles x 10-3 per egg after three days of incubation (Stage

3

8, 9), ¥536.0 micromoles x 10~ per egg after six days of incubation (Stage o

16, 17), 1959.42 micromoles x 1072 per egg after nine days of incubation

3

(Stage 20), and 870.23 micromoles x 10 ~ per egg after twelve days of

incubation (Stage 23). The total free amine acid centent of whole eggs -

3

of A. elliotti ranged from 233,83 to 447.72 micromoles x 10 ~ per egg in

the prediapause period (Stage 11‘,---17)9 from 481.12 to 593.95 micromoles
x 107 per egg in the diapause period (Stage 18, 19), and from 287.86 Fb - l%
411.22 micromoles x 10 > per egg in the postdiapause period (Stage 23-25). |
This comparison shows that the total free amino acid content in both A. .
elliotti andlg; gregaria eggs followed approximately the same trend
during embryonic development even though one is a diapause species, while
the othér is not. Comparatively speaking, the free amino acid eoncentra-
tion was low in early development, increased in later embryonic stages
and then decreased just before embryonic development was complete, . - )

The same trend in free amino acid econcentration during development

was described in D. melanogaster by Chen and Hadorn (1955) , Hadorn and

Stumm-Zollinger (1953), and Stumm-Zollinger (1954). Deviations from this . .
pattern were noted in populations of certain lethal mutants of this speciés.
For example, Hadorn and Stumm-Zollinger (1953) determined that in the

blood of normal D. melanogaster larvae the concentration of amino aeids Sl

decreased as the animal approaéhed metaporphdsis; while in the blood of
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the lethal-translucida mutant, the éoncentrations of these compounds did
not deerease.but remained at the same level that was réached in earlier
development. Even though the difference between the two populations was
the result of a genetic mutation and was not due to an effect of population
density stress, this illustrates the possible differences in free amino
;cid content that can exist between two populations of the same species.

All egg samples of A. elliotti from the prediapause through the
postdiapause stage contained high concentrations of aspartic acid,
glutamic acid, ijroline9 and Serine (Tables III, IV, V). During this
same period9 histidine increased while glutamine, isoleuciﬁe9 leucine,
lysine, and phehjlalanine decreased. By comparison the eggs of S.
gregaria, from Stages 8 to 23, were noted to have high or increasing
cdnéentrations of alanine, beta-alanine, g’lutalilineg‘serine9 and tyrosipe
%hile the concentfations of arginiqe9 aépartié aéid9 glutamic acid, and
leucine declined during this period (Golomboigi,gla, 1962). Micks and
Ellis (1952) found large amounts of aspartic and!glutamic acids in eggs
of A. aegypti. Crone-Gloor (1959) discovered that in eggs of D. melano~
gaster the quantitieé of aspartic and glutamic acids fell rapidly during
embryonic development ﬁhile the conceﬁtrations of alanine and glutamine
showed a-distinct increase. Laven and Chen (1956) and Chen (1958) reported
that the content of proline was especially high in the blood of C. Bigiené
larvae. ‘Although tryptophan is a preecursor for the phenoxazine pigments
in insects (Gilmour, 1961), the quentity of free tryptophan was low in

eggs of A. ellietti (Tables IV, V, VI) as it was in the eggs of S.
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gregaria (Colombo et al., 1962) and in the hemolymph of Ephestia kuhniella

larvae (Chen and Kuhn, 1956).

The egg samples to which radiocactive acetate was added incorporated
614 into nine free amino acids in the prediapause stage (Table VII), eight
in the diapatise stage (Table VIII), and seven in the postdiapause stage
(Table IX). Four radioactive free amino acids, alanine, aspartic acid,
glutamic acid, and glutamine, were iselated from all samples in all stages.
In the prediapause stage all samples also contained radioactive lysine and
proline. In additioen prediapause eggs from GH-5 contained radiocactive
glycine, serine, and threonine, those from GH-15 contained radioactive
threonine, and those from Simms contained radicactive serine. The amount
of G14 incorperated in the free amino acids was greater in the prediapause
than in the diapause stage. In the latter stage all of the egg samples
incorporated 014 inte two additional amino acids, glycine and serine. In
the same stage radioactive asparagine was isolated from Chinosck and Simins
eég samples while radioactive proline was found in all samples except those
from Townsend. No qualitative'differences were found in the incorporation
of 614 into free amino acids between the different population samples in
the postdiapause stage. During this stage radieactivity was found.in alanine,
aspartic acid, glutamic acid,; glutamine, glycine, proline, and serine.

The total radioacti%ity of the free amino acids in each sample differed

gquite markedly in the prediapause stage (Table VII, Figure 14) while the

diapause and the postdiapause egg samples were similar in tetal radicactivity
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(Table VIIT, iX)o Comparison of Figures 11 and 14 shows that-the pattern of
fotal radioactivity between prediapause samples parallels closely tﬁe pattern
of total free amino écid content between different population samples,

with the exception of the Gﬁ—lE'sample° The diserepancy in this latter
sample between total radioactivity and total content of free amino acids

may be due to the method used in introducing the radioisotepe inte the eggs.

With the method used,Athere was no way of determining if each sample absorbed

the same amount of acetatehclq. The differences in radioactivity between
populations in the prediapause samples (Figure 14) may‘be due to the
differences in developmental age between the egg samples since the numerical
."stage of development was not identiéal in each of them (Table I).

Some reports have éppeared in the literature on the incorperatieon of
radioisotopes into the free amino acids in insects. Schaefer (1964) working

with the adult sawfly, Neodiprion pratti, found that C:I‘LP from glucese—U~814

was incorporated into alanine, glutamic acid, glutaﬁine, glyciney, histidine,
proline, and serine. Strong and Sakamoto (1963) demonstrated the utilization
of 014 in synthesiziné alanine, aspartic acid, giutamic acid, glyeine,

cystine, and serine in the aphid, Myzus persicac. Kasting and McGinnis

(1960, 1962) and Kasting et al., (1962), in a series of papers9 demonstrated

that Cl4 was 1ncorporated into alanlne, aspartic acid, serine, and proline

in larvae of Phermia regina, into alanine, aspartic acid, cysteilc acid,

glutamic acid, glycine, proliﬁe, and serine in Gtenicera destructor. - The

general pattern of utilization of 0;4 in synthesizing free amino acids is

the same between eggs of A. elliotti and other insect spesies.
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Seventeen free amino acids weré isolated and identified from‘sampies
of A. smitﬂii9 a preferred host plant of A. elliotti, taken from the Chinook
eggs collection site (Figure 15, Table X). No sulfur containing amino acids
were found in the grass although two unknowns were present, the Rf vaiues ‘
of which did not match those of any amino acid in the standards used (Figures
1, 2, 15). The location of éne of these unknowns, however, corresponded
with the location of an unknown from the‘é. elliotti eggs (Figures 3, 15).
The seventeen acids identified from A. smithii included sixtéen which were
found in the eggs of A. elliotti and gamma—aminojgfbutyric acid, which was
not in their eggs. Asparagine, glycine, and tryptophan were not found in
A. smithii but were present in the grasshopper eggs. These three amino
acids plus others such as thensulfur contaiﬁing ones could still be present
in the grass in the form of amino acid residues within proteing, and thus
be available to the adult grasshopper.

This investigation has shown that the free amino acid compesition of
A. elliotti eggs, changed qualitatively and quantitatively as embryonic
development proceeded from the prediapause through the postdiapause stage.
While the free amino acid content differed between eggs from various
populations during development, these may be corrélated with differences
other than the density of the populatiéns from which the eggs were collected.
It is of interes£ that Svoboda (1964) found that differences in fatty acid
content between A. élliotti-eggs from different populations during the diapause

stage could not be correlated with population density. Neither could the
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ability of A. elliotti eggs to imcorperate atcetate—('!ll+ be correlated with

population density differences.
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SUMMARY

The free amino acid composition of A. elliotti eggs from three wild
pbpulations and two greenhouse-reared groups was determined quéntitatively
in the prediapause, diapause, and postaiapause periods of development.
The frée amino acids were eitracted from ecach samplé of eggs by trituration,
centrifugation, and column chromatogréphy, A‘tﬁo—dimegsional thin-layer
chrométographic system was developed to isolate and identify the individual
free amine acids from the column eluate. The gquantities of free amino acids
preéent in each sample were determined colorimetrically.

A total of 19 free amino acids wefe identified from A. elliotti eggs
during embryonic development. - Fourteen of these acids were preéent in
each population egg sample througheutidevelopment. Five additional acidé
and three unknown cempounds were found in some of tﬁe egg samples. The
free amino aeid content of each egg sample was found to iricrease from the
’ prediapause to the diapause period and then to decline during postdiapause
development. The increase in free amino acids during the diapause peried
was suggested éo be the result of yolk proﬁein hydrolysis continuing during
diapaﬁse while embryonic protein synthesis aeofeases during‘this stages

The ability of A. eiliotti eggs to synthesize free amine acids from
radiéactive acetate alse was investigated. Radioactive acetate was
incorporated into éeparate samples of eggs from the five bopulations during
-the threé periods of embryonic develoﬁmemtw A total of mine acids were
found te centain radi@activityn Four free amino acids were synthesized in

vivo in ‘each sample of eggs during all developmental periods. Five
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additional ones were synthesized.ig_zizg only in'specific stages of develep-
ment. The total ra@ioactivity measured in each sample was found to decrease
from the prediapause to the diapguse stage. A slight increase in total
radicactivity of each sample was recorded from the diapause to the post- -

diapause periods. The decrease in radioactivity in all samples during

the diapause stage was considered to indicate a‘decreased in vive
synthesis of free amine acids during this stage.

Agropyron . smithii, a grass from one of the grasshopper collection

areas, was analyzed quantitatively for free amino acid composition.
Seventeen acids plus one unknown substance were found. Sixteen of these
acids were the same as those found in A. elliotti eggs while three of them,
.preéent in the eégs, were not found in the grass.

Differences in free amino acid coﬁtent and in in vivo synthesis of
free amino acids were found between eggs from the different populations
of A. elliotti anal&zed at the same stage of development. The greatgst
difference was‘found in the content of glyciné between tﬁe samples from

the two eiperimental populations which differed in density.
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APPENDIX
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TABLE XTI

R, Values of Some Amine Acids in the CMA solvent

£

Amino acids Rf values

Alanine. 5k o
Beta-alanine ' RTo)

Arginine .09

Asparagine : - 55

Aspartic acid 49

Cysteic acid : .77

Cystine .72

Glutamic acid s70- i
Glutamine .65 )
Glycine A48 '
Histidine +55

Hydroxy-proline .49 . ¥
Isoleucine 79 - (!
Leucine 79 |
Lysine .07 ‘
Methienine. -

Methionine sulfone 75

Phenylalanine . .78

Proline . «39

Serine . : .52

Threonine -67

Tryptophan : .81

Tyrosine . .76

Valine ' : .7 _ . B
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