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Free Amino Acids in a Cave Beetle Darfingtonesa kerituckensis
Valentine (Coleoptera: Carabidag)

by

R.J SPERKA®

INTRODUCTION

There have been few studies investipating the physiolopy and biochemistry of ter
restrial invertebrate troglabites. This is primarily because of difficulty in rearing,
unavailability of specimens and small organisim size. The cave beetle, Darfingrones
kenfuckensts Valentine, is readily available from caves along the Cumberland Pla-
teau in Kentucky. Because of its svailability aod sinee insects are noted for a high
concentration of amino acids in their hemolymph this beetle was choesen for the
analysis of its free amine acids, Dictary luabits and pigmentation can be discussed in
relation to the presence or absence of specific amino acids.

MATERIALS AND METIHODS

Specimens

Specimens of £ kenpckensts were collected from Sloans Valley Cave, Pulaski
County, Kentucky. Beetles were placed in small vials filled wath silt and kept cool
during transportation. In the laboratory the vials were emptied into a petri dish
which was then flooded with carbon dioxide. The anesthetized beetles were idanti.
fied and sexed. Individual beetles were kept at 13%C. o plastic petri dishes con-
taining a base of 508 charcoal-50% plaster of Paris covered with 4 fine layer of cave
silt. The substrate was kept modst with the periedic addition of distilled water,
Groups of petei dishes were stared in covered plastic boxes with distilled water in
the botlom to maintain a saturated atmosphere. Each beetle was fed thres to four
frosophifn melonogaster larvae per week,

Preparation of Samples

In experiments | to 4 the beetles were used directly; in experiments 5 and 6 beetles
were first killed by placing one beetle in each test tube and heating the tube for 10
mimutes in a baoiling water bath, Two drops of distilled water saturated with phe-
nylthiourea were added to each tube; the beetle was crushed with a glass stirring
rid. The homogenate was allowed 1o stand for a few minutes and the entire super-
nate was spotted on a chromatography plate.

*} Binlogical Sciences, Universaty of Kenducky, Lexington Kentucky, LS. A 4050



2510} R, I SPEREA

Preparation of Plates and Standards
Thin-laver chromatography plates (20 con x 20 cm) were prepared wilth a 250
microaneter laver of Silica Gel G (Stahl, 1903).

Standurds were applied at the following concentrations: 10 micrograms each of
cystine and methionine: 25 micrograms each of alanioe and tyresine: 30 micro-
prams cach of B-alanine, a-amino-buetyreic acid, arginine, aspartic acid, glotamic avid,
glveine, listidine, hydroxyproline,  isolevcine, leucme, lvsine, plenvlalanine, pro-
line, serine, threonine, toyptophan and valine.

Dievedoppront mind Detee i
Solvent svstem 1 of chloroform-methanol-17% amoonia solution (9004020 viviv)
took about 75 minutes to travel a |5 cm distance, The plate was air-<deicd and then
developed in solvent system 2 composed of nebutanol-glacial acetic acid-water
(60020 20 «viv)h, Development time was about 130 minntes tor a 15 cm distance.
Plates were sprayed with ninhydrein (Stahl, 1965) and heated for 30 minules at
33V The spots were marked with a dissecting necdle and numbered immedistely
wpan heing removed from the oven. After 30 minutes the plates were checked again
andl any additional spots which had appeared were marked and numberad,

RLSULTS

The results are piven in Table 1, The identified spols were present when the plules
were removed from the oven, while unidentified spots 2 15 Lo 21 appeared within
the next 30 minotes, All spots appeared less intense than the stundacds; indicating
that the concentralion of amine acids per beetle 35 lower than the amounts listed
far the standards.

Thirteen free aminge acids were identilied From £2 Senduekensiv, The amino acid
present as the largest spot was lysine. Histidine, proline, glumatic acid, serine,
alanipe, valine, and isclevcine andfor lencine, were present as moderale spots,
Celyeine, threoning, tyrosing, tryplophan and phenylalanine were present as small
spols. F-Alanine, a-amino-butyric acid, arpinine, aspavcic acid, cvstine, hydroxy-
prodine and methicnine were not detected.

Cwstine may have been present as unideotilied spot = |8 however, iden-
tification was not positive. Arginine which las o low limit of detection (0.06
micrograms} was absent, [t is unlikely thal lysine and arginme did not separate in
the experimentul runs, since separation was obluined with the standards. [t is possi-
ble that these basic amino acids were bound to an inerpanic ion (Wyatt, 1961
Histidine 15 very effective in forming complexes with divalent metals: this may
account for its variable Ry observed in solvent system 1, The identity of unidenti-
fied spots & 135 to 21 is unkoowno. Suspect compoinds include maodified amino
acids, compounds in the ures cyele, small peplides and aming sugars {Wizgleswarth,
1965 Wyatt, 1961 Puttan, 1963, Chen, 1971

The length of tine after feeding, sex and Lreatment { Tahle 27 did not alfect the
results. In the laborulery O Sesfuefensiv can he kept up o two menths withoul
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Tahle 1. Separation of Ninhydrin Positive Compounds from Darlingtoniea

kerduokensis
Experiment Number® Ry in solvent systemh
Compound
] 2 3 4 5 & 1 2
Alanine {0.05)° - + =+ H 0302008 Q.30+ 0.02

f—Alanine (L0 ) - - 0T (.29
o Aamingebutyric acid - - - - LI 0y
Arginine (0,06 - - 012 R
Aspartic acid (0.2} - - - - - - Q.23 028
Cystine - - - - - - 040 0lé
Crlutamic acid (0.4) ++ 4+ A+ o+ 0272004 Q31 £0.02
Crlycine (0.006) i + 1 1 + 032003 0271002
Histidine (0.3) L N S L S bEookd 1420 006 0104 101
Hydroxyproline (0,1 - - = 0,27 0.17
:ﬁfﬁ?ﬁf’ffuuim o+ 4+ 5 +r b 060+004 0461002
Lasine (0.03) T = = e A S e W N R Xy | 0.0% + 001
Methionine (0.4 - = = - - — &l 42
Phenylalanine (0.2} i b i t + i ed £ 006 048 4002
Phenylthiourea ? + + + + + * 0,91 20,05 0562004
Proline (0. 5] ++  ++ o+t ++ o+t 4+ 032+ 004 022+ Q.02
Serine (0.1) ++ o+ 4+ 4+ .+ 3Bz 006 024 £ 002
Threonine (0,11 + # * + + + 045 = 0% 0,28+ 0.02
Tryptophan (0.5} i + 1 i b + el =004 0051 2 0.03
Tyrosine (0.1) + + ++  + + + 047 +=00a8 046+ 0.02
Unknawn = 15 = + + + + + 125 =004 0202001
Unknawn = 16 + + + — + — 0,29 =005 0014 =002
Unknown &£ 17 - + + L37 2003 .16 =001
Unknown = 18 — + + == 042+007 018 £0.01
Unknown = 19 — + £ = + — 0d4 £ 008 03534 +£002
Unknown £ 20 - - - - + - 0.43 .69
Unknown 2 1] b - — = = = (1.3 013
Valine (0.2 B caEs HE + # 051004 0392002
; Symbals refer to intensity of spol (+++ = strong, ++ = medinm. + = weak, — = absent)

Murmnbers indicate solvent syslem wsed for chromatography. Bp values are aoc standard deviaton
of the mean,

Y Limit of detectivn in micrograms (Stakd, 19650
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feeding. The food is stored in the crop and is passed into the midgut at a slow rae
(Specka, unpuhblished data). Anonals starved for two weeks could have a food
reserve in their crop, Any free amino acids present in the crop were included in the
analysis.

Table 2, History of Specimens hefore Homogenization

Time after

Experiment SEX Lreatment

feecding
| M 2 woeks nione
2 F 2 waeks e
3 M 3 days none
i F 3 davs L
5 M 3 days 10 min. at 1007 €
6 F 3 days 10 min. at 100° ©
DISCUSSION

Although essential amino acids are oot known for £ kenmekensts, inscels generally
reguire 1he same ten esseniial amino acids as mammais (Gilmowr, 1963) All of
these were detected except for arginine and methionine.

The absence of a-amino-hutyne scid aod hydeoxyproline in L6 kemtuckensis
may be explained by its nalural diet, [n nature L0 kempeckensis 15 2 carnivore
feeding vo the epps and voung of aoother carnivore, Hadenoecus sublerraineus,
These feeding habits prevent it from obtaining a-amino-butyric avid and hydroxy-
proline dirgctly from plaot material, a-Amino-botyric acid can also be formed by
the degradation of methioning (Gilmour, 1965). The puthway for the hiosynthesis
of a-amino-butyric acid from methivoine may exist in & fenfuckensis; however,
methionineg was not detected, In the honey bee, Apis melifers, the occurrence of
fiydraxyproline in the hemolymph is believed to be from the free hdroxyproline
in ingested pollen (Pratt, 1950 The biosynthesis of hvdroxyproline from proline
has heen reported in the chironomid midge, dericofopus ficidus (Chen, 1971). The
pathway for the biosynthesis of hydroxyproline from proline sppears ta be absenl
in £3, kencuckensis.

In £ &ewduckenyis the sclerolization and darkening of the cuticle is o very slow
process taking approximately three months o reach normal hardness and pigmenta-
tion (Marsh, 1969), Recent work has indicated that S-alaning is involved in the
normal process of scleratization in the fruit fly, Drosopfida melanogaster and the
Meshily, Sercopfag buligee (Hodgetts, 1972 Badnaryk, 197 1) [n Drosophila those
mutants which Failed to sclerotize their pupal cases were found to have a defective
G-alamine metabelism (Hodgetts, 1972), However, those mutants have a darker
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cuticle than the wild type, suggesting that when sclerotization is retarded there arce
more sites availakle for the darkening reaction. Ross and Monroe (1972) have
shown Lthat wspartic acid and wracil are the precursors of @ ~alanine in the housefy,
Musca denmesticu; however, aspartic acid was not detected in £ &enfuckensis, Since
the cuticle does underge hardenme over a relatively long period of time the path.
way for e synthesis of F-alanine may not be entirely blocked.

Marsh {1969) Las suggested that the darkening of the cuticle with age is due to
the depasition of pterines. Most preridines are colorless and xanthopterin (yvellow)
and erythropterin (red) are passible suspects for the pradual change in pigmenta-
tion. Pteridines have been found but that they are totally responsible for the color
change seems unlikely, since the culicle retaing pigment after extraction wilh hot
methanal (Sperka, unpublished data). This pigmenl is probahly melaning derived
from tyrosine.

The long time required for the duckening of the cuticle of O Lerfuckensis
suppests that the conversion of tyrosine to melanin proceeds at a very slow rate.
This may be the result of a delective or very low level of the cnzyme polypleno-
loxidase. Observations that hemolymph and cell fragments inoa capdllary tube ex-
posed toair at a high relative humidicy do not darken over a period of two weeks
further supgests that polyphenaloxidase is defective {Sperka, unpublished datu).
Tyrosine wus present in the homaogenate; this sugpests that the abnormal pigmenta.
tiom in Lhis troglobitic insect is due to g defect in the enzymatic conversion to
mekanin.
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SUMMARY

Free aming acids of Oerlingtoneg kenfuckenns were investigated by two-dimen-
sional, thin-layer chromatopraphy oo Silica Gel G. Thirteen amine acids which
could be identified (alanine, slutamic acid, glycine, histidine. isalewcine and/or
lengine, Iysine, phenylalanine, proling, serine, threonine, tryprophun, tyrasine and
valine} and seven unidentified nimhydrin-positive spots were found. J-Alanine, -
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ammino-butyric acid, arginine, aspartic acid, cysting, hydroxyproline and methionineg
ware not detected,

My difference was observed in the free amino acids with respect to sex ol beetle,
time after feeding and method of sample preparation.

RESUIME

Les acides amings lbres du Coléoptdre troglobie Darffngtones kentuckensis ont &g
recherelids par chromatographie & deux dimensions sur couche minee de gel de silise
G. Treice amino-acides ont pu étre identifiés (alanine, acide plutamigue, glveine,
histidine isoleucine etfou leucing, lvsine, phénylalaning, proline, sérine, thréonine,
tryplophane, tyrosing ¢l valing), mais sept taches positives & lu ninhydrine n’ont pu
Fétre. Lo Sealanine, Pocide weaminobutyrigue, Farginine, Facide aspartique, s
cysting, Phvdroxypraline et la méthionine n’ant pas é1é décelés,

Dans les acides aminds liboes, oo 1’ pas observd de dilférence relative au sexe du
Coldoptdre, an temps écould depuis I prise de nowrriture et 3 la technigue de
préparation de échantitlon,
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