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Abstract:

The cuticular lipids of the grasshopper Melanoplus sanguinipes contain 60 percent hydrocarbons and
28 percent secondary alcohol wax esters, with lesser amounts of normal and sterol wax esters,
triglycerides, alcohols, sterols, and free fatty acids. All the hydrocarbons are saturated and four types of
alkanes are present: n-alkanes (61 percent), 3-methyl alkanes (trace amounts), internally branched
monomethylallcanes (23 percent), and internally branched dimethylalkanes (16 percent). The principle
n-alkanes are C29 and C27, with a range from C21 to C33. Trace amounts of 3-methyl alkanes of 28,
30, and 32 total carbons are present. The principle internally branched monomethylalkanes are C32 and
C34, whereas the major dimethylalkane contains 35 carbons. The total number of carbons in the
secondary alcohol wax esters range from 37-54 with 41 predominating. The fatty acids of the wax
esters are 18:0, 20:0, 16:0, 22:0, 14:0, 19:0, and 17:0 in decreasing quantity. The secondary alcohols
from the. wax ester are C23, C25, C21, C27, C24, C22), and C26. Each secondary alcohol consists of
two to four isomers with the hydroxyl group located near the center of the chain. The secondary
alcohols do not correspond in chain length to the n-alkanes. The primary alcohols range from C22 to
C32 with C24 and C26 predominating. The fatty acids in the triglyceride and free fatty acid fraction
range from C12 to C24.

Dietary hydrocarbons are incorporated into cuticular lipids. Dietary secondary alcohols and ketones,
however, are not incorporated into the cuticular lipids. In typical experiments, from 8 to 27 percent of
the fed labelled n-alkanes are recovered in the cuticular lipids. Most of the radioactivity recovered from
feeding n-tricosane-R-3H and a significant amount from n-pentacosane-R-3H is found as a secondary
alcohol in the form of a wax ester. n-N onacosane-R-SH and n-hentria contane-R-3H were recovered
primarily unchanged as the n-alkane.

Labelled acetate injected into the insect is incorporated into the hydrocarbon, secondary alcohol wax
ester, normal plus sterol ester, triglyceride plus secondary alcohol, primary alcohol, and free fatty acid
fraction in ca, the same distribution as the percent composition of these fractions. Labelled n-alkanes
administered to the surface of the insect are hydroxylated at or near the middle of the carbon chain.

The secondary alcohols formed or exogenous labelled secondary alcohols are esterified. Chain length
specificity is evident in both the hydroxylation of n-alkanes and the esterification of secondary
alcohols, with the shorter chain C23, C21, C19, and C25 compounds converted to secondary alcohol
wax esters more readily than the longer chain C27, C29, and C31 compounds. Secondary alcohols and
ketones are not reduced to alkanes.
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" ABSTRACT

. The cuticular lipids of the grasshopper Melanoplus sanguinipes
contain 60 percent hydrocarbons and 28 percent secondarv alcohol wax
esters, with lesser amounts of normal and sterol wax esters, trigly-
cerides,.alcohols, sterols, and free fatty acids. A1l the hydrocarbons .
are saturated and four types of alkanes are present: p-alkanes (61
percent), 3-methyl alkanes (trace amounts), 1nternally branched mono-
methylalkanes (23 percent), and internally branched dimethylalkanes
(16 percent).. The principle n-alkanes are Cgg and Co7, with a range
from C21 to Cg3. Trace amounts of 3-methyl alkanes of 28, 30, and 32
total carbons are present. The principle internally branohed mono-
methylalkanes are C o and Cgy, whereas the major dimethylalkane contains
35 carbons. The total number of carbons in the secondary alcohol wax
esters range from 37-54 with 41 predominating. The fatty acids of the

- wax esters are 18:0, 20:0, 16:0, 22:0, 14:0, 19:0, and 17:0 in decreasing

_quantity. The secondary alcohols from the wax ester are C,,; Coe, Coq»
Ca7, C24, G22, and Cgg. Each secondary alcohol consists of two o
four isomers with the hydroxyl group located near the cenver of the
chain. The secondary alcohols do not correspond in chain iength to the
n-alkanes. The primary alcohols range from Gy, to Cgo with €9y and Cog
predominating. The fatty acids in the triglyceride and free fatty acid
. fraction range from Cyp9 to Cog.
Dietary hydrocarbons are incorporated into cuticular lipids. Die-
tary secondary alcohols and ketones, however, are not incorporated into
the cuticular lipids. In typical experlments from 8 to 27 percent of
the fed labelled n-alkanes.are recovered in the cuticular %1p1ﬂs Most |
of the radiocactivity recovered from feeding n-tricosane-R-"H and a sig-
nificant amount frem n—pentacosane—R—3H is found as a secondary alcohol
in the form of a wax ester. n-Nonacosane-R-SH and n-hentriacontane-R-
3H were recovered primarily unchanged as the n-alkane.
TLabelled acetate injected into the insect is incorporated into the
hydrocarbon, secondary alcohol wax ester, normal plus sterol ester,
triglyceride plus secondary alcohol, prlmary alcohol, and free fatty
.acid fraction in ca. the same distribution as tlie percent composition
of these fractions.. Labelled n-alkanes administered to the surface of
' the insect are hydroxylated at or near the middle of the carbon chain.

The secondary alcohols formed or exogenous labelled gecondary alcohols
are esterified. Chain length specificity is evident in both the hydrox-
ylation of n-alkanes and the esterification of secondary alcohols, with
the shorter chain C,4s G971, Cyg, and G, compounds converted to secondary
“alcohol wax esters more readily than the longer chain Ca7, Cog, and C37
compounds .. Secondary alcohols and ketones:.are not reduced to alkanes.




INTRODUCTION

The physiolegy of inseet cuticular lipids has been studied for nany

- years, and general agreement has been reached concerning the main fun— -

- cetion of cuticular lipids. Until recently, however, little pfdgress

had been made in determining the structure and metaboliém of cuticular

 lipids in insects and other organisms. With the adveﬁf‘of'%ﬁe~powerfu1 E

tools of gas-liquid-chromatography and maés‘spégtrometfyg it has now
become possible to separate and determine the stxuéturé of these com-
plex mixtures of lipids. Along with ‘the increased interest dnd feasa~ -

bility of determining the structures of euticular lipids; é”cOncomitant

rise of interest in their metabolism has occurred.

'Physiology-of Inééct Guficular Liﬁi&s

The physiology énd funetion of insect ‘cuticular lipidéﬂhés been
recently reviewed by Jackson and Baker (1).. The epicuficlé.of‘insects

is recognized as having distinct éublayers<defined from inside to out-

"side as inner epicuticle, cuticulum, lipid'layer, and cement_layer.‘ The

thickness is generally about 1;4,'or'only five percent oflthé.thiCRness‘

of the cuticle. The cuticular lipid eonsists of an innermoéf'layef whicli

“orients the ovetlyiﬁg‘crystals of paraffins. The degree of préanization

of ‘the outermost lipid layer decreases the more removed' it is.from the
6rganizing effect of the innermost layer (2). Locke (3) finﬁshthat
part of the epicuticle is penetrated by pofe canals containing lipid

filaments. He proposes that the transport of lipid from thé site of
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‘ oynthes1s across the endocuticle: and eplchtlcle to. the Qurface could

be carrled out in the hydrophobic center of- the porc canal He also e

proposes that the lipid soluble mOLecules to which tHe étuticle is per—

' meable (insecticides, pheromones, hormones) could take up some of the

space in the region cccupied by the hydrocarbon-ends of the-'pore 1ipids

and eventually find their ‘way into the insect.

Function of Insect Cuticular Lipids

Cuticular lipids are important to an insect's survival because (a)

_'tHéy prevent desiccation of the insect when humidity is low; (b) they
‘protect. the 1nsect from toxic 1norgan1c chemlcals, (c) they serve-as a

‘barrier to the penetratlon of mlcroorganvsms, and (d) they afFect the

absorption of agricultural chemicals used in -insect cont;ol (4). In
addition, the role of chemical coﬁmunicatidn has bgen\suggeéted for some .
insect cuticular lipids (5). -

The large surface to volﬁme ratio of insecfs-makes i% imbortant

that excessive evaporation be prevented. Many investigators have mea-

~ sured the transpiration of water from insects and these studies are re-

" yiewed by Barton-Browne (6), Beament (7, 8), Edney'(9),wRichards'(lojﬁ

Wiggleswbrth‘(ll)cand‘Locke (3). The evidence seems to-agree.that the
cuticle is'pexmeable to water vapors, and that the cuticular lipid layer

plays a major role in the reduction of transpiration. A study of the

‘grasshoppér Melanoplﬁs bivattatus (12) indicates that, "as for many




o e SR NS & ! LLL

3
terrestrial insects so for the grasshopper, the most essential feature

in its water.economy is the 1lipid epicuticle. Damage to or removal of

this fraction of the epicuticle resulted in a rapid loss of body mois-

ture, leading ultimately to desiccation.™

Along with their critical role in preventing GESicéétionércuticulaf

' lipids also increase resistance to abrasive damage, which.can facilitate .-

the entry of pathogeﬁs and toxic chemicals into the orgéﬁismﬂand they
playla role in controlliﬁg the entry of insecticides and other chemicals
from thé‘enviroﬁment. Cuticular‘iipids nay prétect insécté fﬁdﬁ ﬁicro—
organisms by making it difficult for the organisms to éétabiish‘fhem—

selves .due to the non-wetting nature of the surface. it is also_pdséible

“that the cuticular lipid protects chemically by being toxic to micro-

organisms.

Composition and Structure of Insect Cuticular Lipids

In a review of the compoéition of waxes secreted by insects Tulloch
13) states, "clearly the study of the composition of insect' waxes is an .
> y y P :

enormous field which has barely been scratched.” A limitéa‘nﬁmber of

insects has beén studied, however, and in general, the cuticular lipids

‘consist of varying amounts of hydrocarbons, wax esters, aliphatic alco—

hols, free fatty acids, triglycerides, sterols, sterol esteﬁSj(lé), and
other lipids which may be peculiar to certain'insects,'sueH és.ceroplas—

tol I and .ceroplasteric acid, which are peCuiiarbt0~Qeroglasﬁes

£

L




i1l

destructor (15).

The hydrocarbons are an important component of the ecuticular 1ipidé

of a number of insects and accomnt for 68 percent of -the cast skin

lipids df‘the grasshopper Séhistbéeréa-§aga.(l6), 757ﬁercent of the

cuticular 1ipids from the American cockroach, Periplaiteta amexricana

(17), 90 percent of the surface lipids of the cockroaches.?efiﬁlahé%a'-

'austrélasiéé, 2. Brunnéé,.and P. fuligihosé (18), 59--66 percent of the

external lipids of the- blowfly Tucilia éuﬁfiné (19), 4967 percent of:

the unsaponifiable lipids of the housefly Musca domestica (20}, and 12

percent of the external lipids of the adult and 3 percent. of the exter-

nal lipids of the naiad of a stonefly Pféfohaiﬁys'éaiifcfﬁicé (21).
The most commonly encountered hydrocarbons are n-alkanes, methyl

branched alkanes, and alkenes, with odd chain lengths predominating.

The major hydrocarbons in the cockroaches Leucdphéea maderae and Blatta

orientalis are n-heptacosane, 3-methylheptacosane, ll-iethylheptacosane,

and 13-methylheptacosane (22). The major hydrocarbons of the cockroaches

P. australasiae, P. brunnea, and P. fuliginosa are .n-tricosane, cis-9-

tricosene, 3-methyitricosane, 11;methyltricosane, andllB—methylpenta—_

- "cosane (18). 2-Methyl aikanes have been feported,in‘the house cricket

Acheta domesticus (28) and 2-methylheptadecane has been reported as a sex

pheromore in the tiger moth Holmelina hiéfiééﬁé.(24). Another branched

alkane, 13-methylhentriacontane has been identified‘in the larvae of the

corn. earworm, Heliofﬁié_zeé (25), as the major constituent which
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‘triggers the short range host-seeking response of the parasite’

-Microplitis croceipes. Multiple branched alkanes with one of the

methyl branches on the third or fourth carbon have been reported in’

the ants Atta columbica;“é: sexdens; andiA.'eeﬁhaletes iathmieeia (26).

Dlmethyl and trimethyl branched alkanes in which the methyT brauches
have 1sopren01d spacing and are located 1nternally in the carbon chain -

have been reported in the tobacco hornworm, Manduca sexta (27), in

the'grasshoppet”8; vaga (16), and in the Japanese beetle, éapiiiia

4 et

japoniea (28).

Wax esters are not as common in insect cuticular lipids;: mor have

they been as widely studied as hydrocarbons. Wax esters from different -

insects vary in composition,,altheugh agree in haviﬁg'as majet constit-
uents long chain notmal primary alcohels and acids (29). Wax estere
from C destructor (15) consist of long chain normal fatty a01ds ‘and
" alechols with some of the alcohols unsaturated and hav1ng at least two
double bonds per molecule‘ ‘Wax esters of the adult and naiad P eall—
fornlca (21) consist of total number of carbons 030 to 3469 ooth sat-
urated and unsaturated with the adult having more of the londer chaln
- wax esters. Nb aliphdatic wax esters of other than prlmary alcohols have
been previously reported in insects. _ |
The free fatty acids, triglyceride fatty acids:‘and“ﬁrimaty alco-
hols usually found in insect cuticular llpldS are pr1n01pally of even

carbon cnaln‘lengths ~with fatty acids from 012 to 020 predomlnatlng




" been preViously reported in insects.
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(19, 21,‘29). :In'Ceropléétéé.ruéci; however, the very long chain
Ca95 €30, and Cgq fatty acids predominate (30). ‘The primery alcohols
of C. rusci are n-tetracosancl (7.0 perceﬁt),;n—hexacosanol:(81,2‘ﬂ
percent), and n-octacosanol (11.8 percent).

Aliphatic seconddry alcohols are foUpd_in.seyefal,insects; ‘Tulloch

'(13) reviewéé‘the literature:referring to diols in.beéé.wax,;‘These
diols are C,, to Cag and consist of one primary hydroxyl groﬁp and one - -

‘at the penultimate position. - Another secondary aleshol reported in the

laxva of Tenebrio molitar is pentacosan—8,9-diol, which makés up 55

percent of the cuticular 1ipids (31). quohydroxyl‘éliphafiC-secondafy

alcohcls with the hydroxyl group located near the center of the carbon

chain have not been previously  reported in insect cuticular Tipids, al-

thoﬁgh they are common constituents of plant caticulaxr Lipids (32).
The secondary alcohols in all plants studied correspond in chéin length -

to the major n-alkanes and are predominately of odd chain 1eﬁgfhs (33,

"84, 35, 36). Wollrab (36) points out that in plants, secondary alcohols

are not present in wax esters, in contrast to the situation. found among

the primary‘élcohols. Similarly; secondary alcohol wax esters have not.

Biogyntﬁesié'ofhﬂydroéarbons éﬁd Secondary Alcohols

‘The_biosynfhetic_Pathways for inséct'tﬁtid@lér lipids‘haye not

_been worked out in detail. It is generally accepted that acetate units
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dre incorporated into the cufiéular lipids,'espécially hydrocaffoﬁsf
(L, 37, 38, .39, 40, 41, 42), but the biosynthetic-pa'thway'is not known. |
Nelsbﬁ.(4l) and others (1, 42), have"repbxted‘that excfseaiintéguméntsj
but not the fat body can synthesiZe hy6r0¢arbons from'acetate aﬁd av
variety‘of fatfy'acids, The two moét_consiaeiéd pafhWays fOr-hydrocara ‘
bpn biosynthesis are the condensation—reduction‘pathway, and*tﬁe'elbn— '
1 gation;decarboxylafion pathway. These t&o_pafhways'are considered.in
depth in recent review articles by Kolattukudy (32, 43) éealing pfi—
marily Qith‘hydrocarboﬁ biosynthesié in plants, and by.Albiog(43)'
‘deéling primarily with bacterial hydrocarbons. ‘They wili,“thefefore,

be ‘only briefly summarized here.

CondensationFReductioﬁﬂPa%hway

Occurrence of hydrocarbons, approximately twice as long as the
USuél fatty acids, together with %he-cbrrespondihg_ketonesLagd secondary
Alcohols with the functional group in the middle bf.the‘cﬁain,_prompte&-
early workers to propose a head-to-head condenéétioh pathway_fbr the
biosynthesis of hydrocarbons in plants (44, 45). According to this
{ﬁéthway (Fig. 1) two molecules of Cj acid conaenée hegd—fq—head, wifh
decarboxylation of one of them, to give nonécﬁsan—lS—one.‘,This ketone
‘is then converted to the_corré8ponding‘secondary;alcohol and ﬁydrocarbon,
This hypothesis was sooﬁ‘abanQOngd because;peﬁta%g¢anéic:acidgﬁas'not

known to occur in plants (46). Mbre'récently, however, a modification of
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Head-to-head condensation pathway for hYdrocarboﬁ biosynthesis.
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the condensation pathway has beenvrePOrted'in microorganisms (43).

EldngationéDecarboxylafién'féthWay

)

In the elongationmdeéarbOXylation pafhway; a Cyg fattyiacid'ié -
elongated to é ?ery long chain fatty.acidvané decaxboxylated; The
resﬁlting n-alkane is then hydroxylated to a secondary alcohol and
oxidized to the corresponding keﬁéné (Fig. 2). Much indirect evidence
favoriné this pathway in plénts has been bresente& (47 ‘48 49, 50,

51, 02), and recently Kolattukudy has demonstrated the direct conver—-
sion of labelled triacontanoic acid to n—nonacosane (53):and the con-
version of labelled n-nonacosane to the corresponding secondary alcohol

‘and ketone (54) in Brassica oleracea .

As shown in Figures 1 and 2, secondéry.alcohblé plaj a central role
in each of the two commonly considered pathways for'hyd:ocarbon-biosyn~
thesis. 1In plants, the demonstration of alkane-;%serﬁdérymalcohol.and
" the lack of the reverse reaction implicated the elghgation;decarb§xyla;
-tion pathway (54) for which direct evidence was 1a£ér pfesentéd (53).
No work has previously been reported in insects on the pathway- of
| " seconddry alcohol biosynthesis, bﬁt such‘evidéﬁce coﬁld indicate;whibh

pathway of hydrocarbon biosynthesis occurs.

Incofpoféfion of: Diétary Lipids into the Cuticular Tipids ..

The effect of dietary fatty acids bn‘the.fatty acid cqmposition}of

LIS S/
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\\ﬁ>00
o N 2
CHg- (CH2)27,~ CH,g

HYDROXYIATION
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_ Fig. 2. Elongation-decarboxylation pathway for hydrocarbon biosynthesis.
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insects'haszbeeh clearly shown (55, 56, 57). The effect'of dietary"
alkénes,on the cuticﬁlar lipids is not as clear., However, in'ﬁiébm—
parativeﬁétudy of tﬁe integument, faf body, haemolymﬁﬁg and‘digtaiy’hy;
drbcarbdns; Neléon et E&; (27) indicate a possible correlatibnubetween
dietary n-alkanes and alkanes found in the cuticﬁlar 1ipi&s.:-The'pfe«
sence of'bfanchéd chain alkanes in the tobgcco hornworm and their

absence in the diet suggest that this insect is capable of the.bio~

synthesis of branched chain alkanes, wheresas ruch of the n-alkanes may '

be dietary. No work on the possible incorporation of“dietary‘sécon—
- dary alcohols or ketones into cuticular lipids-has been‘préviou31y

reported.

LLLLL
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STATEMENT OF THE PROBLEM

Heuristic Data

A materlal w1th a unique Ry value on a gilica gel *h1n layer

plate was found in the outer surface lipids of Melanoplus sangulnrpeﬁ

defectus (Walker) (58). They found that the materidl chromatograohed .
with an Rf value greator than that of a normal wax estpr but less fhan

1he R_f value of paraffln hydrocarbons Infrared spectrﬂnhofometry in-

dicated “that the material had ester linkages, and gas chromatographv (GC) :

showed it to consist of four major compounds. Mild bromlnatlon of the

mixture did not alter its gas chromatogram, indicatingithaf the esters

~were not unsaturated. Saponification gave acid and alcohol moiefies

which wexre confirmed by IR spectrophotometry. A combination of thin

‘layer chromatography (TLC) and GG indica*ed that the acid moiety was

mainly octadecanoic acid, but small amounts of hexadecancic, hepta-

decanoic and eicosanoic acids were also present. The IR spectra and

TLC data indicated that the alcohol moieties were not primary alcohols

and therefore might be secondary or tertiary alcohols. 'Likewise, the

Branching from the secondary or tertiary alcohols might intérféro with'

" the adsorption of the esters on the silica gel thin layer nlaie ard

'thereby display greater R. values than normal wax esters.

£

Avenues of Investigation

s

This unique material was characterized and found to consist of wax

Ll
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esters of secondary dlCOhOlS. This was the flrst report of secondary

,alcohoi wax esters in any orgunlsm and the flrst report in 1nsects of

aliphatic secondary alcohols with the hydroxyl group located near‘tne

center'of the:carbon chain. The structure and metaboliem. of -secondary

alcohols in plants gave strong . c1rcumstant1a1 ev1dence for the elon—i
gatlon—decarboxylatlon pathway for hydrocalbon blosynthesls (54Y,, for
which divect ev1dence,was later plesented.(SS). The OLCUfrence of

secondary alcohols in this insect prompted the follow1ng avenues of

“investigation.

1. Determine the structures of’fhe secondary aléohols and relate

“them to. posolble hydrocarbon blosynthetlc intermediates or metabolltes

For the structures to be consistent with a. condensatlon—reductlon path—

\way, the hydroxyl group should- be 10cated primarily on even carbon num-
bers, having arisen from the - condensatlon of two even , chain fatty ac1ds

Even chain fatty acids comprise the vast’ deorlty of fatty acids in most

organisms. However, if an elongation—decarboxylationgpathway'followed

by hydroxylation occurs, the hydroxyl group could ‘be located‘on,either;

even, odd, or both even and odd carbon numbers, depending upon enzyme

“:spe01flclty°

2. Determine the structural relatlonshlp between the secondary
alcohols and the other cuticular lip'ids° In plants, the occurrence of

secondary alcohols, ketones, and n-alkanes of the same carbon chain

_length suggested a common biosynthetic pathway. Likewise,;tﬁe;

1
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- occurrance of predOminaﬂtly even carbon number.fatty,aéiﬂs‘anﬂ pri-
ﬁary alcohols and predominantly odd carbon number n—d}ka@eé'ih both
pa nts and insects implies fhe loss of a carbdxyl g;oup’in alkane
‘biosynthesis., The cuticular liéidé'of this inéect'were charéc#erizéd
to determine possible similar structural rélatiohsﬁipé;

3. Determine whether secondar§‘alcoh§18 and naalkanes_found i
”the‘cuticular lipids can arise via the aiéfg The indirect eyidence
suggesting that n-alkanes Found in inseét cuticular lipids.-can arise
from thé diet and the comﬁon occurrence of secondary alcoﬁolé aﬁa
ketgnes in plant material, which compriseé the‘majority‘mf'asgrasshop+
per's dief, suggested that it would be nECéssary td'determiﬁelif se@on;
"dary alcohols can arise via the diet before attempfiné-biosynthetic

‘ ‘ . . . .
studies. o

4. ‘Determine‘the pafhway of biosynthesis of the secondary alco-
hols and relate the pathway to hyarocarbon biosynthesis;- Anﬁanélysis:
of the structures of the secondary alcchols indicatss that a.conden-
‘sation pathway does.not take place and dietary studies‘indiCaée‘that
dietary secondary alcohols.are no% incorporated into the cutipulaf
' lipids.‘ This led to the hypothesis that secondary alcoholg’are-férmed
from the hydroxylation of n-alkanes ;'md no'i»:' f'rom fhe éond.‘ensa-‘tion of
fatty acids to ketones followed by‘a reduction‘to_secondary alcohols..

5. Determine the effects of age and sex on the cémposition and

biosynthesig of some cuticular 1ipid components. Several insect pher-

W
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omories -have been discovered by comparing the composition of the

cuticular lipids of male and female insects. Determining the effect

of age on the inéorporation‘of labelled compounds,inté éutitulax‘lipidé
is necessary to obtain the optimum time for studying the biosynthesis

r

of tHese compounds.
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MATERTALS AND METHGDS
Issects

Adult MELdnoplus Sangulnvpes were collected from wild popu?;tlnnsf

in southwestern Moutana. ‘“he insects used f01 characterization of. Lun‘
ticular Lipids were sacrificed_at the time 'of collection by freezing with-
dry ice and stored at -29 C until needed. The grasshoppers used for

metabolic stulies with labelled substrates were eithér collected from

wilda populations ur raised in wire'cages at 27-C-on a diet of rye

- shoots. lettuce leaves and bran fed ad 1ib.

Insects from the same populatlon and of eoual age ‘were selected
at random and used'one‘to four weeks after the larval—adult:ecdysis
unless otherwise indicated. Insects used in-ﬁhe dietary studies were.
fested four‘hoﬁrs prior to feediﬁg labelled "ubstraies and in all meta-

)
volic studies msectc were fed dry bran af fer admlnesLla*lon of sut-

strates. Eithet three ov Ffive insects were used in each experiment and

kept in a cne liter beaker for the duration of the'experiment.-

Extracuvion -and Separation of Lipids

Only intact specimens were used, thereby lessening possible con-
taminaticn from internal lipids._ Time studies indicated t“at slurrying'
the 1ns<cts for up to L5 minutes in hexane provided a good Td of
surface .lipids withdut‘removing internal lipids

"The surface 1lipids were extracted by slurrying for 15 minutes in -

hexane. The extract was flltered thvough g ass wool and .them evaporated-

T
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to dryness and wefghc'. The surface 11p1ds (200 ~700mg ) were LHen -
chromatographed on a 2.5 x 18 ¢m column fl]led swith silicic ac1d
(B;051L A). An elght—fractlon stepwise elution solvent sysrem con~

gisted of (a) LOO ml hexane; (b) 100 ml heXane, (c) hexan —chToruform .

. 95:5 ml; (d) hexane—chloroform 90: 10 ml (e} hexane chloroform 50:20 ml:

(f) noxane—chloroform 80 40 ml; (g) lGG ml- chloroform and (n‘ chlorof)rm—
methanol 67:33 ml. Further purification using preparative TLC on sillca‘

gel developed in hexane : chloroform. (50:50) " (Solvent I) yielded the fol-

-lowing fractions: hydrocarbons, secondaxry alcoho1 way es Lers ‘normal.
and sterol wax esters, triglycerides, aliphatic.alcohole, sterols, and
" free fatty acids. Treparative TLC plates were vi uallzed with rhodamine-

66 under U,V, light.. Preparative TLC was repeated until each fraction

was shown to be pure by analytical 1LC in Solvent I. Analytical TLC
plates were visualize& by spraying with concentrated sulfuric acid
and charring. Quanfitatron‘of the fractions was obtained by weighing.

Quantitation of the individual components in each fraction was obtained

by disc integratioh of the gas chromatograms from each fraction.

'AT anes

' Argenafion chromatographyfusing a TLC_piate,sprayed with a saturated

=

silver nitrate in ethanol solution developed in hexane (Solvent TT) was
performed to chéck for unsaturation. Gas chromatography was carried out

ona 5 ft. x 1/8 in. 2% SE-54 on Gas- Chrom Q column programmed from
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150-300 C in 10 min. Retenfion times were compared to standards.

n-Alkanes were removed from the alkane mixture by inciugion in mole-

 cular sieve 5A suspended in a solution of '2,2,4~trimethylpentane.

The branched alkanes were separated on a 6 £, x 1/4 in. 3% OV-17 on’
Gas Chrom Q column operated isothermally at either 265 or#300‘C,‘and ‘

were collected ‘in glass_Capillary tubes. Mass épectra were obtained

_with a Varian CH5 instrument operating‘at'ionizing voltage of 70 eV,

colleétor current 100 vA. Thé‘samples were inserted into the ion

source frum gold crucibles.

Seéoﬁdéfy Alcohol Wax Esters

Analytical GC. of the'secoﬁdafy-alcohol wax esters was carried but'
on é 2% SE~54 on.Gas Chrom Q colum 5 £t. x 1/8 in. programmed from 225~
300 C iﬁ_ls-min. ?etention times Were.compared‘with:thoééibf a stan-
dard normal wax ester mixture and a secondary alcohol vax ester mix-
ture. The secondary alcohol wax esters were feduﬁéd with lithium =
aluminim hydriae‘(LAH)'(SQ)‘or saponified with 5% KOH in an ethanol-

hexane mixture (2:1). The products of both feactions wexe separated

: by preparative TIC in Solvent I. Anaiytical-GC of the alzohol frac-

tions was carried out on a 4 ft. x 1/8 in. 1% SE-30on Gas Chrom Q

column programmed from 150-250 C in 10 min. The alcohol fraction which
migrated higher in the TILC system than normal alcohols was oxidized

with Jones reagent (60). This alcohol fraction was separated and .
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collecte& by‘using prepaf&tive.GC‘wifh a sfream‘splitter‘on é 6 £t. x
1/8 in. 1% SE-30 onzGaé Chrom Q cclumn step’prégxammed from 14071805q;
Mass speétxa were obtained as described for alkanes: fhe fatty*aci&é‘.
from the‘efhanolic KOH saponification were methylatéd;by #he\méthod
of Scﬁ1enk and Gellerman (61), and gas‘chromatograp%ed on.both a 6 ff;
x 1/4 in. 15% EGS‘(efhylene glycol succinate) on Géé;Chroth“Column‘at
l65vC and a 9 ft. x 1/8 in. 3% 0V-101l on Gas Chrom‘Q;cdlumn“piégrammed
from 150-200 C‘in‘lo min}u-Retention times were éompared to-those of

standazrds.

Triglyce’ide Fatty Acids and Free Fatty Acids

TQé triglycerides were transesterified by the method_of‘Morgaﬁ_gf
éi..(62). The free fatty_acids were esterifiea'by the method of Schlenk
and Gellerman (61). The-resulting.fafty.acid methyl esters were gas

chromatographed as described above.

: AiifﬁatiélAitahdistandﬂs%eiolé

'The primary alcohols and stérols were acetyléteﬂ by the method

‘:of Johnson gﬁ Ei' (63). The resulting primary alcbh§1 acetates wern:

- gas chromatographed on a 4 ft. x 1/8 in. 1%‘SE—30 on Gas Chrom.Q -column
programmgd from 150*250 C in 10 min.’ Tﬁe*sférél écatates were gas
chromatographed on the same columnoperated”isotﬁerwally at,iso C. The
retention times were compéred‘with those of‘standqrdsua Analytical GC{‘

i
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of the- secondary alcohol fracticn was carried out in the same manner

as the primary alcohols and compared with standards .

Synthesis 6f-Tricdsan—li-oné-énd.Sécbndéfy Aiéoﬂdi'WéklEsfeﬁéﬂ

Synthesis of triéoéaﬁ—lZ—one used for a mass spectromééry
standard was éarried ouf by pyrolysis of thé‘barium salts of aodecanoic
acid (64). Synthésis of'seCOndaiy alcéhol wax eSfer'sténdards and a
labelled secondéry qlc6h01 wax ester containing tricqsaﬁ412401—R~3H.v
was‘carriea cut by ﬁixing 10 mg myfistry1 ch1dridé with cag'l-ﬁg,aﬁf_fﬁe .

appropriate secondary alcohol and adding 0.5 ml pyridiﬂe. ‘The reaction

was allowed to proceed at room temperature for 15 minutes and the wax

ester éxtracted from the reaction mixture with-hexahe'aﬁd purified‘by

TIC in Solvent I.

ﬁébeiléd'Subéffateé

Tricosan—lZ—one,‘heptacosan—l4méne)‘hentriacoﬂtanwlé—bné;'nonaé
decan;IO—oi, heneicosan-11-0l, n-nonadecane, n-heneicosane, n-penta-
coséne,-n—nonacogane and octacosanoic-acid were purchased'from Pfaltz
and Bauer. The ketones were reduced to their corréépondiﬁg secondary

alcohols with TAH (59) and to alkanes by the Huang-Minlon modification

to the Wolff-Kishner reduction (65). Thé.élkanesb ketones, éﬁd secon~

dary alcohols‘were‘purified by double development TLC first in Solvent

T and then in Solvent 1T, and their purity checked‘bthG;rﬁThe‘C23 o




‘ o1
~ compounds weLe Lr¢t1afed by New Eng¢and Nuclear and the Cl9’ 921> 025,
027, 028,'029, and‘ 1 co'npoundQ by ICN‘u81ng the Wilzbach method (66)

C

Some uf the labelleq octacosan01c ac1d—R—3H was reducad LO tne corres—-

acid and

pondlng primary atcohol using IAH (59).- The labeiled Cyg

alcohol were purified using TLC in diethylether - conc. ammonia hydrox;
'ide'(iOO:O.QS) (Solvent III).. The fatty acid, thch’rgmained*at the -
origin, was clearly separated from fhe fatty alcohol. The 1abéi1ed
alkanes, secondary alcohols, and:kétpnes were separated and purified

by fepeatéd TLC double develépéd in Solvenfs I and II‘prior"to use.

The purlty of each compound was checked by TLC and ihe n—alkﬂnes and
secondary alcohols by radlo-GC. The spe01f1c act1v1t1es of: abe]lcd
compounds used in dietary, excised 1nteguments, and the cell ffee

preparatlon were the Cosg oompoundb 4.5 m01/mg, the Co and C vumpoﬁnds

O.S:mCi/mgz the C,, n-alkane 0.2 mCi/mg, and the Czs”compouﬁds‘o.l mCi/mg.

The specific éqtivities of the n—aikanes and secohdary~a1c6H6ié used in
all other studies were adjusted to O.l.mci/mg by the addition éf un-—
labelled compounds. Each substrate was repurifie& by TLC"jusf prior
to use. Sodium acetaté—l—l4C (sp. ac. 0.85 mCi/mg), éalmitic'acid—
9, 10- 3. (Sp. ac. 1.95 m01/mg), stearic acnd 1-M¢ (”p‘ ac. 0.2 m01/mg),
and linoleic acid 1—140 (sp ac. 0. .2 m01/mg) were: purchased rrom Amer—
.sham Searle. ~

Administration of Labelied Substrates

Between 0.5 x 106 and 1.5 x 10° counts/min. were used in each feeding

L
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:experime?tob The labelled sabstates_inrdiethyletber were placed on
_fresh lettuée‘leavesa:‘Tbe insects were fasted:for é’bours prior to";
feeding them the labelled substrates. i ‘,b o P
betseen-lo4 and lO%ncounts/min, wérefaseddin each experimebt whea:‘

n-alkanes, secondary'alcohols? ketenes, or'the Cég_acid aﬁd'althol
yere administered‘tthhe inseet’s”surface. Similar amouﬂtsﬁof cach
labelled substrate were used when comparlsons were be ing made. A |

- comparison of the hydroxylatlon and esterlflcatlon off n-trlcos ne~R-"H

" and trlcosan—l2~ol—R~ h showed that a similur metabollsm»occurred whether .

© . the sabstrate'was injeeted beneath the cuticle at the third'or'fourthb
abdomlnal segment or layered on the surface of the abdomen. Because-of
the ‘ease of admlnlsterlng the substrate on the surface of the abdbm@ns
this method was used for the alkanes, secondary alcohOls, and.ketones.'
These substrates ‘were administered in diethylether at a“concentratien‘
'so that one ul per insect was used. Sodium acetate_in a waterysdlution
and palmitic,_stearic and linoleic acid in diethylether were'injected
between the third and fourth segment of the abdomen. Two aldwere in—i'

v -

jected 1nto each 1nse,t.

S , .
Excised Integument Studies

.whewgrasshoppers were sacrificed by decapitation and the  external-

- organs were removed by makinmg a cut in the ventral side and removing.

/
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the loose tissues. The excised‘integumeht was then'Cuf‘in'hélf longi% ‘
tudinally and placed‘in chambers saturated with water. The fat‘body

was placed in a similar chamber. The labelled substratéé were then

administered to the fat.body and on éithér the inside or the .outside of

the excised integument in diethylether. The incubation wés éfbpped
after two hours by extraction with hexane. A simildr procedure was
used in comparing the hydroxylation and esterification in the-abdomen,

thorax, and head, except that whole body parts were used.. .'- .

Celi-Eréé System

Appropiiafe”amounts of whole‘in;ects or iﬁsect“abdémens were homu-.
geniéed with 5 or 9 vol. of 0.15M KC1 with a mortar and pestle, virtis
hémogenizer; or teflon pestle in a glass mortar.  T£e cell free prep~.
aration from both the virtis homogenizer and the teflon pestle in a

glass mortar were subjected to centrifugation and the‘lO,QQQ g x 10

.min. pellet, the 100,000 g x 90 min. pellet and the supernatant fraction

obtained. The pellets were resuspeﬁdgd in either 0.15M KC1 or Tris -
buffér. A1l the abové operations were carried out at 2-4.C. .For the
“hydroxylation enzyme assay, 100,000 cpm of n—txicqsanefR—SH was added in
1 ul diethylether or a tﬁeeﬂ-SO and wéter'sﬁsben§i¢n tb a test tube

"containing 50 umoles Tris buffer, pH 8.0 or 7.0, 20 umcles -G~6-P de-

hydrogenase and 0.5 ml of enzyme prgparatidﬁ. The finél_yoipme was 1.0 -

. ml. The incubation mixture for the esterification studies.contained

ALl




LIl

24

© 100,000 cpm'trieosan-.l?—ol—R‘—E’H' 10 umoles MgCLy, 0.5 uroles CoA, 10 -
umoles ATP ‘L to 10 umolesz)almltlc acid and O.U ml of enzyme prepar—
ation. Incubatlon for both reactlons was done at either 30 or 33 C

for 2 hrs under elther air or O CO2 (95 ~5). The reaction was stopped

]

" by add1t1on of '3 ml hexane.

Extraction-and Separation of Laoelled doﬁpodnds.

The insects were sacrificed or the reaction‘stopped at tihe time
1nd:cated and the cutlcular lipid extracted as described eayller Tne
frass was collected and placed in'a small vial. Two ml‘of hexane
_was added and the frass ground with a glass rod. The.frass was ex-—
tracted for_24.hours with shaking to insure oomplete‘extraction. In
- the studies using labelled'n;alkanes and secondarv alcohols, the
- extracts were evaoorated to dryness under nltrogen spottec on a TILC .

plate and developed in hexane—toluene (80:20) (Solvent V). The TLC

plate was,v1suallzed,w1th rhodamlne—éG under U,V. light. Three fractions

' were obtained: (1) hydrocarbons, (2) secondary alcvhol wax esters, and

(3) the more polar lipids. In all studies using ketones«R ”H and- in

"‘-:several of the . studles using n—alkanes—R—gH and seeondary alcohols—R—3H

as substrates, the ‘TLC plate was double developed in‘Solvent IV and four
" fractions obtained: - (1) hydrocarbons, (2) secondary alcohol wax esters,

-(3) ketones, and-(4)-the.more,polar-lipidsf
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In the studies using labelled acetate, the extiract was evaporated

- to dryness under nitrogen and the residue transferred te a Pasteur

pipette~COlumh-cbntaining ca. 50 mg of column silicéfgelu(Bioéil-A‘

100-200 mesh), and eluted with 6 ml hexane.. The ,colun rétained the

‘poiar‘lipids and allowed the hydrocarbons to‘pasévthrough'in'the

hexane. The polér lipids were then eluted with 10 ml thloroform-

methanol. (2:1). Thé‘hydrocafboniin hexané’was divi&éﬂ ihfoﬂtwO equal
fractions and evaporated‘to dfyness. One fraction was cdﬁﬁféﬂ to ob-~
tain the total radioactivity in the hydrocarbon fraction‘éﬁﬂ the bran;

ched alkanes were isolated from ‘the other fraction by inclusion of the -

‘n-alkanes in molécular sieve SA suspended jn a solution of 2,2,4-tri=

methylpentane. The efficiency of separating.the branoﬁéawalkaneé from
7 n-alkane. Greatér than 99.5

n-alkanes was checked with tritiated 02
ﬁercent-of the noxmal G, hydroéarbbn is removed. -Thefpolar'liﬁid
fraction was évaporated to dryness' and separatedlbn a TLC p1ate in
Solvent I. The origin plus free-fatty acids, primary alcohols plus

) . A\ Lo : . ' o . . .
sterols, triglyceride, and normal wax ester plus:.stercl estér fractions

were scraped into counting vials. The secondary alcohel wax ester

-fraction was scraped into a Buchner funmel and eluted with toluene. This

was evaporated to dryness and the wax ester reduced with LAHK. " The

[

‘_resulting secondary and primary alcohols were sepérated by TLC in Solvent
i : ‘

I and scraped into counting vials. 1In me set of experiments, total

hydrocarbon and wax ester fractions were also counted. In the studies
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with Iabelled octacosanoic acid and‘octacosanol, four fractions were .
obtained by TLC first in Solvent II, then in‘Solvent.Ill:: hydrocarbon,

secondary alcohol wax ester, primary alcohol plus triglyceride, and-

polar lipids.

Liquid Scintillation Counting

. tiritium samples counted.

Each TLC fraction was scraped into a counting vial and 15 ml of
a counting solution (0.4% PPO and 4%‘Cabosil‘in:toluene) Wasdadded.
In samples obtained from other than a TLC plate, the Cabosil was

omitted. Counting efficiency was between 37 and 39 percent'for all

Radio—GC

——

After the total radicactivity of the lipid sample had heen deter-
mined the lipid was recovered‘from'the'counting solution by adding

5 ml of water to the cocktail and repeatedly extracting w1th hexane

The hydrocarbon was placed on a small column of BlOSll A and eluted w1th

5: ml hexane. The secondary alcohol wax ester was separated by TLC de—

“veloped in hexane-dief hylether—acetic acid (80 °O l) (Solvent V) and

isolated as described above. The secondary alcohol wax ester was sapon-—

ified by refluxing in 5% ethanolic KOH and hexane (7;1)‘f0r'3 hr;v The
reaction mixture was acidified with HC1 and extracted W1th hexane The

resulting secondary alcohols and dcids were separated by TLG developed
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in Solvent T. The acid fraction was scraped. into & counting” vial... The
secondary alcohol fraction was .scraped into.a Buchner fumel, eluted with

. toluene, and evaporated to dryness. 'A radio-GC of the recovered hydro-

carbons and secoﬁdaiy alcohols:was run on a 5.ft? X 124 iﬁ,‘l%.dV—lf
on Gas Chrom Q columm. A‘thermal'condﬁcfivity dét;ctdi was uéed. :The
21 and C,q compounds were run at 190 C, the‘CZS.compounds at.210 ¢,
and the Co7s Cogs and Cgl'cdmbounas at‘230~C.‘ The s#mples weré col—_
lected on 1 cm cigarette filters. | | | |
All data points are the average of 3 to 6 éxperiménts ani'E or 5

insects were used in each experiment.
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o RESULTS
STRUCTURY AND COMPOS ,J.T.'f_'OI\." OF THE CUTICIHAR LiPH)S
The'herane—extracted'cuticular lipids fromlg.‘Eagggigiggg.amounted
ho ca, 1.6 mg ljpiﬁ/gram Tusect. HvdrOﬂa rbors account ror 60 Uerceﬂt
of thc cuticuiar,lipidsj'secondary arc0ﬂol wax'esters 28 percent, free
_fatty acida 6 percenh, aliphatic alcohols 2 percent; and sterols, tri-

glycerides, and other wax esters one percent each.

Alka.ri,e.i-
The hydroca*bon rractlon was analyzed by GC (Fig.. 3) and found to
be composed of over 39 components ranging in chain 1engch Frum 21 to

HJ carbens (based on their retention times). The thrucarbons eluting

‘ after 1—+r1t11aconiaac are all branched chain’ hvdrocarbons and account

for 3% percent of *hc hydrocarbon fraction. All of the nydrocarbon
are saturated as 1udjcated by argonatlan chromatography and GC.

The uranchcd chain alkanes were isvlated by treatlng the total

.hydrocarbon fraction with 5A molecular élmve. The branched‘chain alkanes

account for 39 percent of theé alkane fractlon and e]ute fr’u the gas-

. chromatograph between the elution points of the n-alkanes. . The n—alkanes

“were idchtified by their,disappearance‘after inclusion. in- 5A molecular

sievé‘and.by GC.. comparison with-standards. They,account Tfor 61 percant
of the.alkane fraction. The four types of alkanes'present as homologous
series are n-alkanes (61 percent), 3-methylalkanés (trace awmounts), in-

ternally branched monomethylaikanes (23 percent), and interna;ly branched
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MINUTES.

Fig. 3. Gas chromatogfam‘of,the‘cuticular hydrocarBons of M. sanguin-

ipes. The numbers by the peaks 21 to 33 indicate n-alkanes. The

numbers‘with lines beneath them from 35 to 51‘indicate where an n-

A \
i

alkane of that chain length would appear. :
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.dimethylalkanes (16 percent\. The quant;iatlve results of the GC and
mass cpectral analy31s are shown in Table I.
The n-alkanes are prlmarlly of odd carbon chain Length and ranse
from 21 to 33 carbons. n—Nonacosane and n—heptacosane are: the p* i
"ciple n-alkanes, comprlslng 38—and 16 percent of the alkane fractL)n :

¥ise and

respectively. The only even carbon-number n-alkanes are of 26;;0
BO_éarbons and are present in trace amounts.

The'3—methyl alkanes are of 28, $0j‘and 32,totél carbons and are
preseht”inltréce'amoﬁnts. The 3fmefhy1alkaneS'élﬁte 0.3 carben units
in fronf of n-alkanes of the saﬁe total Carbbné‘and were identified-by
mass spectral data. The 3—methylalkane8‘géve the charaéteristic‘Me29
-and smaller M-57 peaks (Fig. 4A) when suchcted to mass spectrometry.
. They also chromatographed identical with 3-methylalkancs in a mixture of
ﬂkmméfﬂMRﬂﬂmrlmmﬁghmnusbyﬁ.E;Nwmw'®7f‘
. .The internally branched mbnoﬁethylalkaﬁes elute 0.6 to 0.7 carbon
units in front of n-alkanes of the same total carboﬁs. These‘monomethyl— ‘
alkanes fragment by cleavage on either side of the branchfpoiht with
parfial loss of a hydrogen atom to give tw§ maj oxr odd.mass-peaks (Cn

"H,_ +.1) and two major even mass peaks (C H' ) when subjectea.tO‘mass

2n
spéctrometry. The mass spectrum of the 032 1nternally branched monomethyl—
alkanes is shown in Figure 4B. The mass spectra peaks dt 309 (308) and

169 (168) arise from cleavage on either side offthe ll—methyl isomer.

Peaks at 337 (836) and 141 (140) arise from cleavage on either side of

LIl
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| TABLE I |
| GOMPOSTTTON OF THE CUTICUTAR HYDROGARBONS OF .. SANGUINIPES
| — ‘indj.c.:ateé not d‘etect‘ab'le.a‘t'the 0.1% leve'L |
Tr cquals less thar 1% but greater than 0.1%

N EERCENT"COMPOSITION .

NUMBER NORMAL 3-METHYL INTERNALLY DIMETHYL
OF . . MONOMETHYL o
CARBONS ' S

21 o Tr ‘ — : L= T e
23 Ty —— - ’ -
25 1 | - | - ' -

26 Tr —_— -_ _—
27 . - 16 e ‘ — -
28 Ty o Tr ' 1 -
29 . .38 —_ _— -
30 ‘ Tr Tr 2 _—
31 : -6 -— R R
32 : - Tr ' 9 . -
33 Tr - 1 \ -—
34 - — 7 : -—
35 : — ' — - 4
36 — - - 1 , -
37 . - — - . 2
38 - _— TY B
39 L - - = 1
40 - ' - Tr =
41 - - .- i Tr
42 - -— - Tr. - -
43 , - S == L —— )
44 -— R 1 B -~
45 - _ - —_— 2
44 ‘ -— - Tr T -
47 _ —_— ’ —_— - T 1
48 -— Ce— o Tr ‘ e
49 - - R
51 - R - 1

-1

53 - - oo
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the 9-methyl isomer- These are the two major isomers.present. Peaks

-at 365 (364) and lll (llO), 281 (280) and 197 (196) and 253 (252) and

226 (225) arise from cleavage on either s1de of the 7, lo, and l ~methyl |

, isomers. The 5—methyl isomer may also be present as 1ndicated'by the

peaks at 393 (392) The mass spectra from the 028’ 30,‘ng C33, and
Cay 1nternally branched monomethylalkanes were analyzed in a similar

manner and the isomers pregent summarized'in Table . 11. The‘u39_and

Cay internally branched monomethylalkanes‘account for 9 and 7‘percent_

of the alkane fraction Internally branched monomethylalkanes are also
present at one percent levels or less at 36, 38, 40, 42 44 46 and

48 carbons as shown by GC data. Due to insufficient quantities, only
limited spectral data was obtained for the 636 monomethylalkanes
and.spectra were not _obtained for the moncmethylalkanes longer than

36°
The dimethyl alkanes are of odd number total carbons and elute 1.3

tp 1.4 carbon units in front of n-alkanes of the same total carbons.

The difference of 1.3 to 1. 4'carbon units is consistent with the pre-

: gsence of two methyl branches towards the center of the molecule with each

methyl branch decroa81ng the GC retention time the equivalent of O 7.
carbon atoms (4 l6 68) The shortest dimethylalkane present is the

C,. homologue, which comprised 4‘percent of the alkane fraction. Di-

35 ‘ , L
methylalkanes of odd carhon number 35 through 53’appear tosbe present
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as-indicafed.by 4G and mass spectral-data. 'Due to the insufficient

quantities, mass spectra were obtained only for the G

555 Cg7s Cgq» and
043;h0mologues.‘ | o

Internally branched dimethylalkanes fragment on Bo%h‘sideé of -

each methyl gfoup‘when subjected to mass spéctrometrylf Gleaﬁége intérﬁél

to a methyl‘g;oup results in7a secondary fragment ion with évén mass
predéminéting; Cléayage external to a‘méthyl gfoﬁp'resﬁlfé'in a

_ secondary'frégmeﬁf ion containing a second methyllgréﬁp‘with 0dd mass
predoﬁinating.(l6), In each.case the posifiye‘ion remain§ion the
secoﬁdary fragment. . | |

| The mass spectra of 1ﬂ:he‘035 dimethylalkanes is\showﬁ in Figure 4C.
The majof'evem mass and odd mass pééks show that fhe”Cgs diméthylalkane
is a mixture of 11,15~, 13,17-, 9,13~ and 15,19—diﬁéthy1tritriac6ntane.
The péaks at 168,‘3515 280, and 239 arise from cleavagé on; each side of
fhe 2 methyl branches of ll,15—dimethy1tritriacontahe with loss or re-
“tention of the hydrogeh.atom as indicated above. 'Thé'peaks at 196,
323,. 252, énd 267 arise from cleavage on each side of the fwo.methyl

branches of_13,l7—dimefhyltritriacontane.4The peaks at 140,379, 211,

. and 308.érise"from cleavage on each side of the two methyl' branches of -

9;13—dimethyltritriacontane., The peaks at 225 (224) and 295 arise from

cleavage on either side of the symmetfical'15519;6imethyltiitriacontane.

The mass spectra of the Cg;, Cgg, and 043‘hombloép¢s_were_%hterpretea

N
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.TABLE 1T

MTTHYL GROUPS OP THE TNTERNALLY BRAVCHLD MONO— AND
DIMETHYTATKANES OF M. SANGUINIPES:

Position of the methyl Group(s) 1nd1caued in order

of decreasing quantltles

NUMBER OF CARBONS

POSITION OF THE METHYL GROUP(S)

28
80
51
. 32
33

Y

35
37
39

43

MONOMETHYTATKANES
11-, 13-, 9-, 5-, 7-
11-, 9-, 7=, 5-, 13-

9, 8~, 10—, 11~

>
11-, 9-, 18-, 7~, 15—
1I-, 10-, 9-, i2-

11~-, 13-

DIMETHYTALKANES -
11,15-, 18,17-; 9,18, 15,19- .
11,15-, 18,17-, 15,19-, 9,18-

13,17-, 15,19-, il,ls-, 17,01~

11,15-, 13,17-,15,19-, 17,21~, 19,23~




 .3§,
in a similar manner and the isomefs summarized iﬁ Table TI.  The Cyy
compounds are a mixture df 9,18-, 11,15~, 13,17—, and 15,19--dimethyl-
pentatriacontane, with thé'll,15—,‘13,l7;; and 15,19~ iéomefs;pfedom—
inating. The Géé dimeth&l cpmpounds‘are a mixture of 11,15¥;313517—,‘
43 diﬁethyl-compounds
are a mixture of 11,15-, 13,17-, 15,19-, 17,21—, and 19,23-dimethylhen~

15,19, and 17,21-dimethylheptatriacontane. The G
tetracontane, with the 11,15~ and‘13,l7— isomers predominating. .

Wax Esters

e secondary alcohol wax esters fram M. sanguinipes range ‘from
37-54 carbons (Table III) with the major peak at 41 Carboﬁé, lesser

peaks at 39, 43, and 45 carbons énd‘trace quantities at 37,'40, 42, 44;

‘and 47;54.carbons. The wax esters in the 47-54 carbon range afe very

likely esters of aliphatic secondary alcohols and long chain.fatty

acids, as well as esters of B-amyrin and in this region théuéc peaks
are not well defined and were therefore not accurately measurable. -
Saponification of the secoﬁdary alcohol wax ester sampleé‘yielded

only saturated fatty écids (Table 3). The major fatty acid is stearic

acid 18:0 with 83 percent of the fatty acids being_steaxic'acid or lon~

gef{' The results from the GC of the methylated fatty acids £rom sapon- '
ification and from the GC of normal alcohols from IAH reduction gave sim-

ilar quantitation for the fatty acid composition.
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TABLE III

COMPOSITION OF CUTICUTAR WAX ESTERS OF SECONDARY AuCOHOLS

NUMBER OF CARBONS

WAk ESTERS

-OF M SANGUINIPES

PERGENT GOMPOSTTION

. Tr

37
39 18
40 . Tr
41 " 38
42 Tr
43 27
44 Tx.
.45 “11
47-54 Tr

RESULTING FATTY ACID
14:0 4
16:0 11
17:0 1
18:0 48
19:0 RN
20:0 28
21:0 1
22:0 5
. RESULTING SECONDARY ALCOHOL :

21 “12
22 _— 2
23 59
24 L 2
25 =720
26 T
27 -3
2

p-Amyrin

A S
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The alecohol portion of tﬁe,wax,esters under coﬁsidexation was
found to be a -series of aliphatic éecondary alcohols, most of which

have an odd number of carbons (Table 3). ‘Jones okidatidn of this

fraction gave aliphatic ketones, some of which were'subjectedwfo mass -

spectrometry to substantiate the structures of the secondary alcohols.

The GC retention times of these secondary alcohols are éuifé different

from normal alcohols, with the secondary alcohol retention time being

almost one carbon unit shorter than a nermal alcohol under the same °

conditions.

.The mass spectrum of each secondary alcohol peak shows that the.
samplé is a mixfure of two to four isomers with the-hyd?oxyl‘group
located near the middle of tﬁe chain. . In all cases the pérént peak
ié very small, while the'usual M-18 peakfobserved'iﬁ alcohols is pre-

dominant.

The qu alcohol consisté of two isomers with aboutjequal“amounté .

- of heneicosan-10-ol and héneicosan—lleol. The mass spectrum (Fig. 5A)

shows major pegks of interest at 294, 185, 171 and 157. The 294 peak

is the M-18 peék; Peaks at 185 and 157 arise from cleavage at either

. ~ . e s y + . ‘ +
side of carbon 10 giving ions (Cl2H250) and (ClOHZIO) . The 157

peak is slightly larger than the 185 peak arising from preferential
cleavage of the larger group as a neutral fragment. The peak at 171
arises from the heneicosan—ll—bl, with cléavagegat either side of the

symmetrical molecule resulting in an ion of (CllH230)+' T
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The C5o @lcohol consists of two isomers (Fig. 5B) with aﬁcut twice . .

as ﬁuchvdocosan—ll—ol as docosan-10-0l. The peaks at l7l ana . 185 -
result from cleavage at either side of carbon eleven, g1v1uglloa frage'
ments of (Cll 230) and (C 2H250) These peaks are-abdut;lxlceraé
large as the lq7 and 199 peaks,‘which arise due to cleavage at. either
side of the carbon 10. “Again‘ as noted earlier the cleavade of the‘
larger alkyl group as a neutral fragment is preferred as the 171 and
157 peaks are larger. than the 189 and 199 respectlvely The peak

" at 308 is the M-18 peak. | |

The Cyg peak ccneists primafily,cf tricosan-11-ol (Fig. 56) wlth '

smaller amounts of tricosan-12-ol and tricosan-10-vl. The peaks:at 171

and 199 arise from cleavage at either side of carbon eleven, giving ions

jof (leﬂzgo) and (013 70 0)*. The peake‘at 157 and 213 arige from
cleavage at either side of carbon ten. The.cleaVage atreither side of. .
‘the center carbon of the symmetrical trlcosan—lZ—ol gives rlse to the
peak at 185. The 322 peak is the-M—lS peak. A mass spectrum of the Coq
alcchol oxidized to ketone is shown in Fig. SD. The peakslaf 169 and
197 afise from cleavage at either side of the caiboﬁ‘eleven lof the
-tricosan—ll—cne, uﬂeCleavage‘(Ss) of.fhe‘same.iscmer‘gives:rise to peaks
‘at 184, 185, and part of 183, 212, 213 and part of 211, The cleavage

of symmetric tflcosanelZ-one gives rise to peaks at 1835 aﬁd through B
cleavage}at 198, 199 and part of the 197 péak. The mass spectrum of the

synthesized tficosan-l2¥one gives similar results.
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The 024 peak consists primarily of tetraeesan—lleol and tetraco-
san-12-0l(Fig. 5E). The peaks at 171 and 213 arise from cleavage at

either side of cavbon 11, and the peaks at 185 aﬁd 199 arise from

.cleavage at elther 81de of carbon 12. The M-18 peak is at 536

The C secondary alcohol is comprised of three isomers (Fig. SF),

with & hydroxy'l group at the 11, 12, or 13 p081t10n The peaks at 171

‘and 227 arise from cleaVage at eithexr Slde of carbon eleven _peaks’

' 185 and 213 from cleavage at either side of carbon twelve, and -a peak

at 199 from cleavage at either side of the central carbon.of the symme-
trieal pentacosan-12--0l, The M;l8vpeak is at 350.-

. The 026 peak consists of three isomers wlth‘a_hydroxylugfdup at the
11, lé, or 13 position (Fig. 56). The peaks at 171 and 241 arise from
cleavage at either‘side of earbon‘ll‘ peaks at 185 and 2§7h%rom cleav-=
age at either side of carbon 12, and peaks at 199 and 213. from rleavage l:
at either side of carbon 13. The M-18 peak is at 364.

‘The G, 27 peak contains four isomers (Flg 5H), with a hydroxyl group

at the 11, 12, 13, or 14 position. Peaks at 171 and 255 resplt from

cleavage at either side of carbon ll,‘peaks at 185 and 241 from cleavage
at -either side of carbon 12, peaks at 199 and 227 from cleavage, at

either side of carbgn'l3, and the peak at 213'from cleavage at either

© gide ‘of the central; carbon of the symmetrlcal-heptacosan—léeel. The

peak at 378 is the M-18 peak. The peaks at:169; 183, 197, 211, 225,
239, and 253 are thought to arise from dehydrogenatioh at high

et

-
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wax esters of M.
oxidation of the secondary alcohols in Spectrd c.
on following page.
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Mass spectra of becondary alconole from the aec01dary alconol
Spectra D is of ketones resulting from :
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temperatures (67).

In addition to the aliphatic secondary alcchols, the wax ester after _

‘either IAH reductlon or Saponlflcatlon ylelds an alCOﬂOL *n:.grat:rnrr near
the normal alcohols on TLC which is indicated by GG to have ca. 30 car-
bons as compared’ to a normal alcohol standard After subsequent ‘isola-
tion of the compound, it was found to coehromatograph with;authentio

‘ ﬁ—amyrin and the mass spectrnm. was similar t'o:- that of authentic B-
amyrinJ ﬁ?—amyrin constitutes ca. 2 peroent of‘the alcohol fraction of

. the secondary alcohols from ﬁ, sangninigei.'

| Both sterol and other wax esters are obSerned, but due to'the insuf-
Ticient qnantitY'of these fractions and the complexity of the mixture,h-

they were not characterized.

Trlglycerlde Fatty Ac1ds and Free Fatty Ac1ds

The major trlglycerlde fatty acids are 16: 0 18:1, 18: 3 and 18:2.

in decreasing quantltyf ‘The triglyceride fatty.a01ds range from 012

to 924 (Table IV).:'lhe free fatty acids'range-from 012 o 622. The

‘major free fatty acids are 18:3, 18:2, and 18:1 (Table IV).

Aliphatic Alcohols and Sterols

L

The prlmary alcohols range from C., 99 to C 52" They are predominantly

even chain lengths with the major primary alcohols belng 026 and C 04

- (Table IV). Free secondary alcohols are observed in trace amounts in the

0 L S A
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cuticular. lipids and are found in the same composition as the secondary ™

alcohols found in the éecondary alcohol wax ester fraction.
The major sterol is cholestérol, -comprising 96 percent of the’
sterol fraction. Three percent stigmosterol and one percent uniden=-

tified sterol are also present.

TABLE IV

‘TRIGLYCERIDE FATTY ACIDS FREE FATTY ACIDS, AND P?TWARY ALCOHOLS OF

M. SANGUINIPES

~—-_indicates not detectable at the 0.1% level
| T equals less than 1% but greater Lha“ 0.1%

TRiGiYCERIDE FATTY ACIDS.  FREE FATTY ACIDS 'PRIMARY ALGOHOLS

12:0 3 2 o -

- 14:0 ‘ . 2 o 2 —_
15:0. Tr : —— | . -
16:0 - 27 - 13 S
16:1 -5 , _ T

©17:0 Tr -_ -
i8:0 . 6 . 6 A—
18:1 | 23 - 21 . : —

. 18:3 . " 19 28 —

© 20350 ‘ Tr ' Tt ' e

..22:0 . Tr 4 Tr o 3
2430 - Tr L - 34
25:0 = - o Tr
'26:0 o - - .. 36
27:0 o T — . _ == . Tx
28:0 L - ' - : -, -9
29:0 . . == o : - o -5
30:0 . - - ' S 12

32:0 - = S Ty

LIfl
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:INCORPORATiON OF DIETARY IABELLED SU_éTRATES INTd
CUTTCUTAR TIPIDS

Table V shows the data trom a typlcal feeding experlment us1ng
rdndomly trltlated hydrocarbons ketones, and.secondary aleohols.
It shows that fed hydroCarbons-are‘transported,to the surfsce'end
incorporated rnto cuticular lipids. Because of unlaheiied.dietaryv:
hydrocarbons,'the difference in the specific activities of the ndalkanes'
used and thevphySiological state of the insects, the_drfterences in -the
percentage incorporated do not necessarily indicate preferential in-
corporation of one n-alkane .over another. Secondary aJcohols and ketones
are not incorporated into cuticular 1ipius‘when feda The, relatlvely

small amount of radioactivity recovered in the zero time ekperiments

probably arises from contamination of the insect surface as the grass-

hoppers eat the labelled substrate It sppears that. the smalT ~amount
oF'rddloact1v1ty recovered in 42 hr experlments with secondary alcohols
and ketones also arises from similar contamination

Most of the radloa"t1v1ty recovered from feedlng the 623 n—alkane

and-a significant amount from the C25 n—alkane was found in the secon-

. dary alcohol wax ester fraction. The radiocactivity from the fed Coms

995 and 031

hydrocarbons was recovered in the cuticular iipids primarily
as the unchanged hydrocarbon. In control zero time~experiments, the

radicactivity recovered is found in the same fraction as that fed. The

small -amount of radioactivity recovered from the dietary secondary
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TABLE V

TNCORPORATION OF FED TRITIATED HYDROGARBONS SECONDA %Y ALCOHOES‘AND

KETONES INTO CUTIuULAR LIPIDS OE M. SANGUINIDES

ZERO TIME ' ' 42 HR: -

31

CARBON NUMBER . COUNTS/MIN  "'?.%ED ' douﬁIS/MiN % FED.
| HYDROCARBONS ” o
Coq 5,360 1 323,140 27
Cps 20,113 -2 . 113,854 - 8
Cyy 6,676 2 88,777 20
Cog 20,028 2 19,813 1o
'Cgi. | 4,378 1 ‘__," 197,833  f' il
| SECONDARY ALCOHOLS .
Cpg - 20,610 3 824197 4
Gy Sy 2 5;547* 3
Gy 13,207 3 10,938 3
Cog | 34,434 Y 23;4§2'?“ 2
Cpy 23,115 s 31,932 3
C., . 26,020 -3 _ 5,978, 1
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alcohol was present as tHe secondary alcohol wax ester after 42 hr
while the radioact1v1ty recovered. from the fed ketones was in the-

ketone fraction. About & percent of the fed C,, hydrocarbon was

recovered in the more polar iipid-fraétion; Only onme percent ‘or leés of

the C C axid 031 fed hydrocarbons was recovered in this,fractibn;'

257 V27°

Frass

The percent of radioactivity recovered in the frags varied coﬁ—
siderably. -From 7 to 66 percent of the fed labelled n—alkaneQ, secon-
dary alcohols, and ketones were recovered in the frasg. However, in

each case, the radioactivity recovered from the frass was in the same

chemical- ciass. of compounds as that fed.

BIOSYNTHESTS OF CUTICULAR LIPIDS

Incorporation of Acetate-1-1%¢ into the Cﬁticular,Lipids

The percent-of radioactivity-from acetate reenvered in the hydro~
carbon, secondaiy alcohol wax ester, normal and sterol wax ester tri-
_glyceride and -secondary alcohol, primary alcohol and free fatty ac1d
‘fractions gompared to the percent qomPOSitiop of the cuticularﬁllpids is

shown in Table VI. Sixty-nine percent of the'recoverea radioactivity

from injected acetate is found in the hydrocarbon fraction,l6 percent in

the secondary alcohol.wax ester fraction, 10 percent in the triglyceride

5
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TABLE VI

INCORPORATION OF RADIOACTIVITY FROM ACETATE—l—léﬂ INTO THE CUTICUIAR
LIPIDS OF M. SANGUINIPES COMPARED TO THE COMPOSITION CF THE CUWTICULAR

LIPID o
. FRACTION . PERCENT SR  PERCENT ..
— RECOVERED RADIO- o CONPOSTTTON
ACTIVITY | S -
HYDROCARBON 6949 - 60
SECONDARY ALGOHOL -
WAX ESTER 1645 28
' NORMAL AND STEROL - B
ESTER 1+1 ' 1
TRIGLYCERIDE AND SECON- S
DARY ALCOHOL 10 +4 1
' PRIMARY ALCOHOL 241 | T e
FREE FATTY ACID 2+1 6

INCORPORATIDN INTO HYDROCARBONS

COUNTS/MIN  PERCENT  COUNTS/MIN  PERCENT - PERCENT

SUBSTRATE .  INJECTED INCOR-  INCOR~ IN . IN
PORATED PORATED BRANCHED - NORMAL -

Na ace“‘ca‘te-—l-,

: 140 a - 900,0(')0 7 62,100  © 8545 ;1445
Na -acetate-1- _ ‘ _ _ - .
140 b. 2,000,000 - 1 22,200 - 6248 - - 3848
Palmitate _ :

9,108 H . 6,000,000 0,2 9,200 ‘3949 6149

Ly
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and secondary aleohol fraction, aﬂd 2 pefceﬁt‘or lese-iﬁ'fhe other
fractiohs. The incorporation of acetate in_to:t}'le varieus‘fractions:-
compares ﬁell‘wifh “he‘compeeition of ‘the cuticular lipidé except in
the trlglyeerlde plus secondary alcohol fraCLlOH which makes up only
l percent of the cutlcular 11p1d

Labelled‘acetate is 1ncorporated‘intO’both.the branched«and n0rmal.:
alkane fractions. The percent incorporafed'into‘the branchad fractien.
varies from 50 to 80 percent in_differenf experimentea It7aﬁpears
that the age, sex, and dietary preconditioning may'play a"pa§t in the

distribution of label from acetate into these fracfiqhé; Labelled pai»

mitate is also incorporated into both the branched and normal -alkane
“fractions. The radiocactivity in the secondary alcohol wax ester fraction

'is found in both the secondary alcohol and acid moieties, with 82 + &

percent of recovered radioactivity in the secondary alcohol portion,

cand 18 + 5 percent in ‘the acid pait.

Incorporation of Fatty Acids into the Cuticular Lipids.

Labelled palmitate, stearate, and linoleate are incorporated into:

" both the hydrocarbon and secondary alcohol wax ester fractions when in-

jected into the insect. Between 0.2 and one percent of each substrate

is 1ncorporated into both the hydrocarbon and wax eoter fractJOn with

approx1mately equal amounts and dlstrlbutnon of label from both stearate

and linoleate into the hydrocarbon and wax.ester fraction, dabellad

LA
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octacosanoic acid and octacosanol are not incorporated into either

hydrocarbons .or secondary alcohol wax esters to any appreciable extent.

Hydroxylation and Esterification of n—Aikanes andtﬁétéfifiééfiﬁﬁ of

Sécbndary Alcohois'

| Bbth:labelled n-alkanes and secondary alcohols applied fo the
insect'’s surface are iméorporated into the secondafy alcohol wax ester
fraction. Figure 6 shows the hydroxylafion and esterification of n--

' alkaneSaR—SH in M. sanguinipes. n—Heneicosane—R—3H (Cii) is ‘hydrox-

 ylated and'esterifiéd most readily, with 41 + 8 percent of the recovered
radioactivity found in the secondary alcohol wax ester fraction after 18
hours. Twenty-five i:7 percent, 24 + 5 percent;_and 18 + 5 percent of
the recovered radiocactivity from n—tricosane—R—SH,(023),.n—noﬁadecanef
R-H (029) and n—pentac&sane—R—gH (025) is recovered as secondary alcohol
wax esters'aftér 18 hours. Saponification and LAﬁ reduction of the secon—
'aary alcohol wax ester shows that the radiocactivity is in thé-secondary
alcohol portioﬁ. Rédio—GC of the recovered secondary alcohols from ex-
periments using 021,'023, and Czs‘n—alkaneé shows that‘the:rad;oactivity
_is in the secondary alcohol of the same carboh chain 1eﬁgth as. that of
the n—alkane—R—3ﬁ‘administered. Figure 7 shows a radio-GG of n-tri-
.doéane —R—SH applied to the insect and Figure 8 a radio-GC of the re-
~covered secdndary,alcqhols. The radioactivity rgcovéred is din the
:secondary alcohols. ;

Ca3
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Fig. 8.. Radio-GC of the recovered secondary alcohpls'frem'n;tricqsahe—

R-°H admlnlstered to M. sanguinipes. The solid line is the GC trice.
The dashed line represents percent recovered radlodct1v1ty
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"Most of the hydroxylated n-alkanes appear as the secondary élcohol

wax esters, however, a small portion remains as the fiee secondary alco-

hol. Only 2.2 i 0;3 percent of n—nonadecaﬁe—R—gH, 4.9 i‘O.B peICeﬁf of
h;heneicosan—R—3H,-6.8 i 1.2 percent of n—tricosane;R—BHb l.7?i 0q5
percent of nmpentqcoséne—R—gﬁ,vlol i‘O.l percent ﬁ—héptiéosane—R;gH,

and i.O i‘O.B ﬁergent of ﬂﬁnonacosanefR—gH‘appeérs.in the pdiﬁf 1ibid.

- fraction. The-polar-lipid fraction contains all lipidé moré ﬁoi&g*th&n*
_ ketones inéluding,piimary and secondary- alcohols, tfiglycefides, sterolé
and.free fatty acids.

It is-shown in Figure 9 that the esterification of seconaarygalco¥
hols occurs readily with chain length‘specificity evident. Affer threéu
héufs, 57 + 13 perééntVOf triCosanalZ—ol—ngH'is estérified;‘?Affer 18
hours, 87 + 3 percent; 62 i 8 peréent, 53 i 18 percen%; and 43 + 11
percent- of tricosaﬁ—lZ—ol—R—SH, nonadecan—lO—ol—R—BH, ﬂgneiéoéan—llfdlf

o . :
R—3H, and heptacosan—l4—ol—R—9H are esterified. Only 18 + 8 percent of

hentriacontan—l6+ol—R43H is esterified in 18 hours.

Metabolism of Ketones

The metabolism of ketones applied to the surface of M. séhguiniges

and ‘allowed to metabolize 18 hours is shown in Table VIIg‘

LIl
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Hentriaconfén—léfbne—R~3H and heptacosan—lé—one—RégH are ﬁot incor%
porated into'eithér_the hydrocarbon or -wax ester fractioh as less than.
1 percent erthe ;adioactivity recovered is féupd in these_fractibns;'
Tricosan—lQ-one—R—gH is iﬁcorporated inte both hydrocarbens and wax
esters in smail amounts . Twenty-eight * 4‘perceﬁt of thé‘reéovered
radioactivity frOm“triceséﬁ—lZ%one-R—BH is found in thg polér fféction
whereas only 9 + 1.percent and S i 1 percent of the radiéaétivity from
heptacosan—l4—one—R—3H‘and héntfi&contane—l6—oneFR~3H'arg‘fﬁund in ‘the

polar fractiom.

TABLE VII

METABOLISM OF TABELLED KETONES OF M. SANGUINIPES =

FRACTION . _TRICOSAN-12-  HEPTAGOSAN-14- HENTRIAGONTAN-16-
ONE—R—BH | ONE-R-3H ONE-R-SH
ATKANE . 1%1 <1 o<1

SECONDARY ‘ALCOHOL

_WAX ESTER ' 2 +1 <1 a1
- KETONE | 69 .+ 4 90 + 1 04 + 3
POIAR LIPIDS 28 + 4 9 41 541
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Metabdliémrbf Sécondafy Alcghol Wax Eétéré

. A wax ester containing tricosap—lZ—ol—R—SHiand myristic acid was
applied to live iﬁsecté, both on the insideﬂand‘butgide of exciseauin—
tegumenfs,.and to thie fat body. Ihe cuficular 1ip£d§-Were Qx%réCtéd
after four hours. In each set of experimenté, éil'of the radioactivity

recovered was found in the secondary alcohol wax ester fraction.

v
B

'gﬁxciseé Iﬁtegument Sfudiéé
Studies using excised integument and fat EodyjtiSSue indicate that.

secondary alcohols are esterified when applied-tp the outéidé:bftthe -

insect's cuticie. It is shown in Table VIII that no esterificgtidn‘

- occurs when tricosan—l2—6l~R—3H was applied to the fat body and " only

2 + 1 percent of tricosén—iZ—ol—R—3H ﬁas-cdnvefted to}wax(ester when ap-

plied to the inside of thé cuticle, Howe§er, 26 i 3 percent of the

.récovered radiocactivity from n—tricosan—l2—§1—R—3H-is.fOUnd as wax'gster

after 2 hours when applied to the outside of the excised integument.

This is in comparison to 47 + 5 percent of tricosan—l2—ol—R—aH con~

. verted to wax estgf in live insects after 2 hours .

.‘Hydroxylation of n-alkanes did not oééurtin excised integuﬁept ex—
.periments.- No hydroxylation of n;fricosane—R—SH could be demonstrated
in the fat body or if applied to either the imside or outgiaé of thé ex-—
cised integument. Likewise, no hydroxylatign Waé observe@ %héﬁ‘the in—

sect was frozen for 4 hours, brought to room temperature and, labelled
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TABLE VITL

'PERCENT INGORPORATION OF TRICOSANE~R- H AND TRIGOSAN-12-0T~R-CH INTO
WAX ESTERS' BY THE INTEGUMENT AND FAT BODY OF M. SANGUINIPES

TRICOSAN~12~0L-R-"H

) W1 o it

EYCISED INTEGUMENT

LIPIDS

FRACTION LIVE_INSECT FAT BODY' INTDE . QUTSIDE
ATKANE <1 <1 <1 <1
SECONDARY
“ALGOHOL WAX o
ESTER 47+ 5 1+ 2.+ 1 26 + 3
POTAR -
LIPIDS 53 + 6 98 + 97 + 3 74 + 3
_ TRICOSANE-R-"H _ e
EXCISED . . ' G e e e
INTEGUMENT . WHOLE BODY PARTS. -
FRACTION ~ FAT IN-. OUT~  PRE FROZEN LIVE _  HEAD THO- ABDO-
BODY SIDE SIDE  RM. TEMP.  INSECT *  KAX MEN
ATKANE  99#1 99+L 99+l 9941 92 - 9642 9242 9142
SECONDARY |
ATGOHOL | S
"WAX ESTER <1 €1 < - <1 6 241 642 641
POTAR : o L
<1 <. <1 <1 2 TR o241 241

LU )
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substrate adminiétered. Hydroxylation was observed when vwhole body
parts were used, with the abdomen and thorax containing more enzyme
activity than the head! The abdomeﬁ and thorax both hydrexylated and
esterified 6 + 2 percent of the recovered radioactivity from n~trico-.
sane-R-"H after 4 hours, whereas the head hydroxylﬁted and esterified

only 2 + 1 percent.

Attempt to Obtain a Cell Free System Which Would Hydroxylate n-~Alkanes

‘or Esterify Secondary Alcohols

An attempt was made to achieve a cell free preparation which would
hydroxylate n-alkanes or esterify secondary alcohols. .S$trips of cuticle,
céli free éreparationsvobtained from insect abdomens by m&ftér and pestle,
a teflon pestle and glass mortar, a virtis homogenizer and the_l0,000 g
x 90 min. pellet and the siupernatant fraction all failed to either hydrox-
ylate n—tricosan—R-3ﬁ or esterify fricosan—12¥ol—R—3H'when.added‘to..
appropriaté reaction mixtures. Thus, the attempt to obtain a cell free

system failed.

Attempt at Induction of the Hydroxylating System by Phenobarbitol, DDT,

and 3,433’;4*4Tetraéhlorobiphenyl

Attempts-were made to induce the hydroxylation of.n-triébsane—R—3H
by pretreating the insects with phenobarbitcl, DDT, and a PCBi(8,4,
- .o l. - .

3',4'-tetrachlorobiphenyl), all known inducers of mixed function owidases
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,~(7O 71, 72). Including plienobarbitol, DDT,. or 3,4,3' 4’—tetrachloro—r

biphenyl in the inqect‘s diet for 2 to 6 days resultlng in no 81gn1f—.
icant increased hyaroxylat1ng activity (Table IX) In thegcoptrol

‘ 1nsects, 11 percent of the nrtrlcosgneﬁR— 3 is conVerféd.to‘éither
sécondary-alcphol wax. ester @r frée secbndary alcoh@is in;é,héurés wﬁere;’
as'the:pretreatedninsects metabolized 10 to 13 percent of the same sub-
strate. Likewise, the topical appllcatlon of phenobarblLol at a dose

of 25 ug per iﬁsect‘per day resulted in no incredsed hydvoxylatlng

activity.

TABLE IX

HYDROXYLAIION OF n—TRICOSANE—R—SH AFTER PRETREATMENT OF THE INSECT WITH

PHENOBARBITOL, DDT, OR A PFB

Phenobarbitol given orally at 0.7 mg per gr insect per day for 2 days
DDT given orally at 30 ppm for 6 days
The PCB @ , 48 4’—Le11achlorob1phenyl) glven oraJLv at 100’ ppm for 6 days

FRACTTON © CONTROL = PHENOBARBITOL DDT . : & PCB : | .
HYDROCARBON 89 +2 . 90 + 2 87 +3 89 +1

SECONDARY ATLCOHOL o
'YAX ESTER 8+ 2 . 7

I+
|_.l
No)

L+
€
|

T
I_.I

1+
*__l
S
L+
[N
o
+
l__i

POIAR LIPIDS 3+1 3.
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.AGE AND SEX - EFFECT ON THE CUTICULAR LIPIDS

Effect of‘Age and Sex on the Composition of fhe'Majof'Cﬁéiéﬁléf

Hydfbcarbons

The percent composition of the major hydrocarboné of each instar,
one week old adults, and one week old_édults which had been infected with

Nosema locﬁStae'(73) in the 4th instar are shown in Tablé-X.  The per— -

centages of n-nonacosane and n-heptacosane are reveréed between lst, 2nd,
and 3rd instar insects compared to Sth instar ana édult insects. In the
lst instar ingsects, m-nonacosane comprises 15 percent of the alkanes com- |
?ared to 22 percent n-heptacosane. 1In the éne week: old adult insects,
n-nonacosane comprises 29 percent of the alkane fraétion compared
to 17 percent n-heptacosane. No other signifigant.differences are ob-
served among the hydrocarbons of Ist through the 5th instars. No sig--
nificant differences are observed between the alkanes of oﬁe week old
insects and insects of the same age and group infected with N. locustae.
The comparison between male and female mixed.age adults -(2-4 weeks
0ld) and 6-7 week old insects is showﬁ in Table XI. n-Noracosane com-
‘prises 41 and 36 peréent of the alkanes in male and female mixed age
. insects compared to 15 and 20 percent n—heptacosané. The relative amounts
of thése n-alkanes are reversed in 6~7 week old insectSu"ﬂﬁNonacosane
coﬁpriseé 18 and-13 pefcent of the alkanes in male anﬂ fewale 6-7 week
old insects compared to 38 and 26 percent n—heptacosane.‘ I the male
mixed age insects, n-tricosane and n—pentacosané comprise one percent

- 2
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TABLE X -

'COMPODITION‘OF.THE MAJOR CUTICULAR HYDROCARBONS FROM FIRST THROUGH.
, FIFLH INSTARS ADULT 'AND N. LOCUSTAE INFECTED ADUT.T M. SANGUINIPES

1nd1cates not detectable at the 0.1% level

> equals less than 1% but greater tham 0.1%
. series indicates internally monomethylalkﬁnes
series indicates dimethyl alkanes

TNFECTED

NUMBER OF GARBONS 1st 2nd  3rd  4th _étﬂ  ADUIR -
23 e .2 8 3 1 11
25 4 4 6 4 3 | s s
26 w1 1 == - T T |
27 22 19 22 22 20 17 18
' 28a 6 5 4 2 2. 1 o
28 Tr 1 1 1 T 2’ 1
29 '15‘, 14 15 20 . 26 2o 22
308 e 6 s 4 a4 4w
30 iTr | 1 - — — | e . . Tr
31 s 3 3 3 .5 4 3
32a 19 17 16 14 18 .13, . 13
52 -1 1 1
34a 7 8 5 9 8 11 11
35b g8 9 8 '7l 7 6 8
9 9 10 11 10 8 10

>35
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COMPOSITION OF THE CUTICULAR HYDROCARBONS OF MALE AND T“]E‘JVIALE MIXED .
AGE. ADULT AND 6 7 WFFY OLD ADULT M. SANGUINIPES

63 -

TABLE XI

b e e

—_— 1nd1cafes not ‘'detectable at the 0.1% level
- Tr equals less than 1% but greater than 0.1%
a series’ 1nd1cates internally monomethylalkdnoo

b series indicates dimethyl alLanes

'NUMBER OF CARBONS

23

25

26

27
28a
29 .
30a
30

31
32a
32
34a
35b
36a -
37b

- 38a
39b
40a - -
41b
42a

- 43b
44a
45Db
46a
47b
48a
49b -

. Blb - -

. 53b
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each of the alkanes and in the 6~7 week old insecte they comprise only -
~ trace amounts. In the female, n-tricosane and n-pentacogane comprise

trace and one percent of the alkanes in mixed age adults-and oae and two

percent in 6~7 week old adults.

Effect of Age and Sex on the’Compdsition bf Secohdéryfﬂlééhbl Jax Estb rs
A comparlcon of the major seconaary alcohol wax evters from °'ch

of the 5 instars, mixed age adults, 6-7 week old adults Jnd adult 1nsects

infectéd with a fat body protazoan Nosema lpcustae'(73) is shéwn in Table
XII. There is‘a'smail incréase in %he ipnger‘chaiﬂ~wﬁk esters with ége,
The Ca9 seéondary'alcohol wax ester cdﬁprises 16, 22, 20, 17, and 15
percent of the secoﬁdary'alcohol wax ester fractiod in inétars.l through
5, but only 10 percent of mixed age adults aﬁd 7 'and 5 percent of 6-7
wk oid adult females and males. 1In contrast, the Cys seéondary aléoﬁol'

wax ester comprises between 25 and 30 percent of this fraction in instars

1 through 5, goés;up to 33 percent in mixed age aauits and to 45 percent

in both male and female insects 6-7-weeks old. Nc sigrificant differences

were oﬁservéd bet%een'ﬁales and females in the wax esters or the secon-
'dary.élcohol f“acfions. The only dlfferepce in the fatty acids from the
wax esters is in 14:0 and 16:0 w1th the male having 2 and 35 percent

‘14 :0 and 16:0 rnspectlvely, and the female hav1ng 7 and 28 percent. No

»

81gn1flcant differences were observed betweun mlxed age adults and similar

el Ll
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TABLE XIT

IS W SR T § )

EFFEGT OF AGE AND SEX ON THE COMPOSITION OF THE MAJOR SEGONDARY ATCOHOL
SANGUINIPES

CARBON NUMBER

37
39
41,
43
45

47-54

1st 2nd 3rd 4th th‘

INSTARS

WAX ESTERS OF M.

T o

- ADULTS

e e i

6-7 WEEKS 'OLD

1

.16

51

25

2
22
49

23

4

2

.20
50

25

3

1

17

47

28

6

Tx

1.
14

47

30

7

3

CONTROL INFECTED —MALE FEMALE

10

40

33

13

2

-

STX-SEVEN WEEK OLD INSECTS

RESULTING SECONDARY ATCOHOLS

CARBON NUMBER _ MALE  FEMALE

21 8 8
22 1 1
23 74 74
24 1 1

_ 25 : 15 16
26 1 1
27 1

6 7

50 o8

46 46
15 15

RESULTING FATTY AGIDS

FATTY ACID

| MATES FEMALES

12:0

14:0

16:0

18:0

20:0

g 5 g
.35 . 28
59 60
4 4
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aged insects whlch hcd been infected with V locustae durjlg the fourth

- instar (73)

Effect of Age and Sex cn the Hydfoiylatioa'and Béférifi¢5fion'bf‘

n—Triccsane—R—sH

The‘effect of age‘and sex’ on the hydroxylation’and esteaification
of n—tricosane—R—SH in‘gf saﬁguiniges.is shown in Pigure”lQJ- Males ana
females exhibit a marked~difference in the ability-tb mefabciize n~tri-
cosane—R¥3H to.secoﬁdary alcchol wax esters. Age aLso pLavs‘a role in.
the abiiity‘to metabolize this substrate.. Males and females present a
similar metabolism for newly-emerged aaults‘and for one week old and 51
and 6 week old adult insects. However,;the female‘insects demonstrate
vaclesser ability to meﬁaboliZe‘nefricOsane—R—3H‘at‘weeks\é through 4
than do the males. In the females, the hydroxylatioalactivity peaks:at
one week and rapidly declines until three weeks, at which time it levels
off. 1In the males, the hydroxylation activity peaks at two weeks,
slowly‘declines until- four weeks, and then drops off rapwdly.

The difference in the percent of recovered radloact1v1ty found in
“the secondary alcohol wax esters from males.and females appears to
reflect dlfferences in the hydroxylation step and nct the esterlflcaLlon
step, as similar amounts of free secondary alcohol ave observed in ‘both

males and females at each age period Looked at.

Lo
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DISCUSSION
" STRUCTURE AND COMPOSITION OF THE CUTICULAR LIPIDS

Branched Alkanes

' Metﬁyl branched alkanes are commonly found in inéect cutieular iipids.
Nelson gi;gl, (16) reported that the branched alkanes cf tte grasshopper
S. iggé‘consist bf internally branched monomethyialkanes;fdimefhylalkanesg
and {rimethylalkanes. The branched alkanes of ﬁ. gégggégigéégconsist of
3-methylalkanes, interually branched monométhylalkanés, and internally
branched dimethylalkanes. No trimethylalkanes were cbsefved.f,

3-Methylalkares have been identified in plants, Mollusca, and

Arthropoda. Insects from which 3-methylalkanes have been isolated in-

neta genus (17, 18), and the cockroaches L. maderae and E. orientalis (22).

The majority of the 3-methylalkanes isolated from‘all sourceS'héve an
even number of carbon atoms (16), as do the 3—methylalﬁanes found in ﬁ.
sanguinipes. |
Monomethyialkanes in which the methyl_branch'is located towards the
center of the molecule have been identified mainly in aléae éﬁﬂlinsects.
This type of branched alkane has been identified from a‘largéfiumber-of
" insects, including the classes Coleopteré,'Hymenoptera, Lepidoptera, Or-~
thoptera, and Tricoptera (16). fhe majority of the internally branched
honomethylalkanes have the methyl branch located on odd-numbered garbon

atoms, and in plants and insects, thie is tisudlly on carbons 11, 13 or
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15 (16). .The‘majority of the internally-brdnched monomethylalkanes from

‘E, sanguinipes have'theumefhyl branch on odd-numbered car%éhs‘ianging‘

WGdl o

from 5 to 15, with the 1l-methyl isomer predominating -in most cases. The .

'631 and 633 internaliy bréhchgd monomethylalkanesfhéve &ethylibranches lo--
' catedwon‘both.odd‘and even‘carbéns. | | -
Recenflyﬁ two-new hqmoiogous éériés 6f-methyla1kénes weré reported‘
in the insecfs g} gézéi_(4, 68) and;éxbiiéi;(lé), in‘wﬁich-two or three
methyl branchesﬂwith isopreqoid spacing are located towards the center
of’the'moléculé. ‘The‘Japaﬁese_beetié,;}i.ﬂjépéﬁiéé hids pﬁeSeﬁf,in its

cuticular lipids the‘dimethylalkanés 9,13~dimethyltrizcosane and 11,15~

dimethylpentacesane, (28) and the grasshopper Mélénébius pabkaidii has

dimethylalkanes ranging from C,. to G with isoprenoid spacing (74).

1

Thus, teo date, the five insects M. séxf&, S. Vaga; P. japonica, M.

packardii, and M. sanguinipes are fhe‘only sources of theJigng chain
internaliy branched diméthylalkénes. ‘Beﬁnet EE,EE' (28)waléo reportéd
the presence of dimetﬁylalkaﬁes in which the methyl branéheé‘did not
have isoprenoid spacing; these were 9,llfdimethy1dgcosanelénd 9,11~

dimethyltetracosane. No trimethylalkanes. were reported in P. japonica,

M.\p&ékafdii'or‘ﬂ. éénguihipes;

Secéndar& Alédhblé,aﬂd'Seégﬁdary'ﬁlcohbl.Wax.Eéférs

Wax esters of aliphatic secondary:alcohéls Have - not previously
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been repcrted in insect or plant cuticular lipids. Likewise, mono~

hydroxyl-seconaary alcohols'with the hydroxyl group located at or_ﬁear
the center of the‘carbon chain have not previouslypbeeh reported_-ip
insects. They are, however, commoxn conntltuents of pTant cutlcular'
lipids (33 34, 35, 36) WOllrab (36) p01nts out that in plants,
secondary alcohols are not esterlfled in contrast"to the's1tuatlon
found among the primary alcohols. In both plants and'ihsectsr wax
esters generally have one or more of the long chain, n-series pr1mary
alcohols and acids (32 29) : | B 'i_ ;(i

The location of the hydroxyl group of seccndary aléoﬁclg.has usually
'been determined by first oridizing-the.Secondary aicopol‘to;the cor-
responding ketone (35, 36). Less ambiguous resuits are secured.by
obtaining the mass spectrum of the secondary alcoho] dlrectly This
is especvally helpful when more than one isomer’ ex1sts, as it eljm—
inates theig—cleavages found' in mass spectra of ketones (34). B -
cleavage results in a mass spectrum peak 14 amu hlgher than the cleavage
on either side of the carboxyl group. ,
In Figure 5D f3—cieaVage of tricosan—lO—one acccuntsltbrﬁthe pass'
R spec peak at 225. In mass spectrum of the correspondlng C23 ‘secon~
dary alcohols shown in Figure 50, peaks resuiting from a suHJLar cleavage
are absent. Quantitation of the isomers is possible whenlméss spectra
of the secondary alcohols are obtained directly;' Quantitation of the

isomers using a-spectra from the ketones would be more difficult

b ]
’
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because some peaks are enriched via thef@-cleavage of isomers having

the carboxyl group on adjacent carbons. Similar comparisons illustra-

ting (3-cleavages were shown im lower molecular weight ketones and

I

secondary alcohols by Friedel et gi. (75) and Sharkey Eﬁ.ﬁl;q(76)'

Relationsﬁip BetWeeﬁ‘the Seéonﬂary Aléohols and n;Aikaﬁes;

Figure 11 illustrates the relationship between:the n-alkanes and

- secondary alcohols of M. sanguinipes; It shows thgt-theémajor secon-

dary alcohols are Cg¢ and shorter, whereas the n—alkanes.are predom~
inantly 027 and longer. This is in contrast to the situation found in
plant cuticular lipids, where secondary alcohols.and/or ketonés cor-
respond in chain length t§ the major alkanes (32; 33, 34; 36)L' In most
plants studied, much of the alkane and secondary aleohol fraction con-
sists of a single isomer, and the alkanes are usually either n-nonacosane
or n-hentriacontane, with secondary alcohols and/or kefones*corresponding
in chain length (32). 1In B. oleréceé, most of the hydrocarbdn fraetion
is n-nonacosaune. The sccondary alcohols, however,. consist of two iso-
mers with ncnacosan-15-ol and nonacosan-14-ol present at 352'£atio (32).
" The alkanes of M. sanguinipes, as for most insects, are nuch’ more compléx.

Over 30 different alkanes are present in the cuticular lipids of M. san-

guinipes. Likewise, the secondary alcohols of this insect are more

complex than that found in most plants. The‘seéondafy alcolols contain

v

Wt
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Vi hom@logués differing in chain length with 2 to 4 isomrs of each-

homblqgue" : .

Biosynthetic Implications from the Structures of the‘SééondaryiAlcbhois

In plants, the occurrence of alkanes and secondary alcohols of the

same chain lengths suggested that both arose from a common metabolic path-

way. The requirement for a large amount of 15:0 acid for a condensaticn
-pathway of biosynthesis to occur led early wérkers‘(éé) to reject thié
pathway for the synthesis of nonacosan-15-one and the corresponding
secondary alcohoi and alkane in E. oleracea. The percentage of each
secordary alcohol in M.‘sangﬁinipeé and the fatty acids required for a
condensation mechanism to have occurred in their biosynthesis is shown
in Table XV. Over 50 percent of the secondary 31COhols would have, to
arise from odd chain fatty acids if a condensation mechani;m were opexr-—
ative. Tricosan-1l-ol is the major isomer comprising 37 percent of. the
. secondar& alcohols._ The fatty acids 11:0 ana 13:0 would be required for

a condensation pathway of biosynthesis to occur. 0dd chain fatty acids

have not.been extensively studied in insects, but have been.aemqnstrated

‘to occur in small amounts only, both by de nova synthesis and ®-oxi-

dation in plants and animals (82, 77). Unless insects possess an un~

usually active odd chain fatty acid synthesizing system, the structures

of the secondary alcohols make it appear uﬁlikely that they arise from

a condensation pathway.
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TABLE XTII

COMPOSITION OF THE' SECONDARY ALCOHOLS IN THE SECONDARY ALCOHOL WAX
- | ESTERS OF M. SANGUINIPES

" Percent determined by GC (Table III) and by measuring the mass spectral
peak heights adding together the peaks arising from cleavage on each
side of the hydroxyl groups.

- SECONDARY ALCOHOL ‘ ' PERCENT FATTY ACID REQUIRED
B FOR CONDLNSATION PATH-
WAY TO HAVE OCGURRED

o
+oo

‘ henicésan—lO—ol

7 10: 12:0
henicosan~il-ol 5 " 13:0 4+ 11:0
" docosan~10-ol 1 .7 10:0 + 13:0
- docosan-1l-ol . 1 11:0 + 12:0
tricosan~10~ol ‘ 12 ' 10:0 -+ 1430
tricosan-11-ol 37 11:0 + 13:0
tricosan-12-ol ‘ 10 : 0 12:0 + 1220
tetracosan~10-ol . {1 10:0 4 15:0
tetracosan-ll-ol " ‘ 1 - 11:0 + 14:0
tetracosan-12-o0l ‘ 1 ‘ . ~ 12:0 + 18:0
pentacosan-1l-ol S 10 : ~ . 11:0 + 15:0
pentacosan~12~ol o -9 12:0 + 14:0
pentacosan-~13-ol 2 13:0 % 13:0
- hexacosan—lO—él - <1 10:0 +.17:0
hexacosan~11-ol - <1 12.:0 4+ 16:0
hexaccsan-12-ol <1l _ ) 12:0 +°15:0
hexacosan~-]3-0l <1 ‘ . 13:0 + 14:0
heptacosan-11-ol <1 - 11:0 4 17:0
heptacosan-12-o0l 1 12:0 + 16:0
heptacosan-13-ol 1 13:3 + 15:0
+ 14:0

heptacosan-14-ol _ <1 14:0

- Li¥
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.The difficulty in'quantitating isomers’trom‘mass spectral data is
recognized.  However, calculating'percentages_by measuring"peak |
‘heiglhts of.these.c10selyirelated isomers, each with hydroxyl groups on
adjacent carbons and near the centerhof the chain, does give:an indl—c

cation of the relative amount of each isomer in a GG peak’

RelationShip'Between‘the Prihary Alcohols and ﬁ—AikAHéé}ﬁ-

Lolattukudy (53) has demonstrated in broccoll the dlrect decarhox—
-ylatlon of very. long chain fatty acids to alkanes one- carbon shorter
-Lambremont (76) has demenstrated the reduction of fatty‘aciosvtohfatty
" alcohols and the oxidation of fatty alcohols.to fatty‘acids in the to-
bacco budworm. The primary alcohols in M..sanénlnlhes.hane'a similar
carbon chain length range as do the n—alkanes 1angjng fron 02 to Cqye
This -suggests that n-alkanes may arise from the decarboxylatlon of very
long chain (024— 34) fatty acids and that primary alcokols are‘forned
from reductlon of very long chain fatty acids. It appears_unlikely that
the primary alcohols arise from oxidation of n-alkanes, since'the
primary alcohols are predominantly even‘carbon“chain length;and the ai-
- kanes predominantly‘odd carbon chain lengths. If a decarboxylatlon and
reduction system is operatlng in M sanguinioes the very,lono chain
fatty acids must be e1ther eff1C1ently decarboxylated to “alKanes or

reduced to the prlmarv alcohols since only. trace awounts of fatty

acids 2040,‘22:0 and 24:0 are present and no fatty acid lonser than

ey
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24:0 is observed. It-appears that the very long chain fatty acids. may
not ‘be .released from the enzyme system until 1t is metcbcljzed Attempts
to demonstrate the dJrect decarboxylatlon or reductval of labelled 2810

in M. sangulnlpes faited.

INGORPORATI.ON; OF DIETARY SUBSTRATES INTO CUTICUTAR TIPIDS.
>In_a comparative study of the integumentg fat_podymkhaemolymph;
~ and dietary hydrocathons of the tobacco hornworm, Nelscn e _1 ;:. (27)
indicate a possible correlation between dietary nealkanes'and'integu—
ment‘n—alkanes On‘the other‘hand.-the presence‘of;branchedilongwchain
hydrocarbons in the insect and their absence in the diet suggests that
‘1he tobacco hornwerm is capable of the b10synthes1s of a nuiber of
branched hydrocarbons. The resules of the dletary studies and incor-
poration of labelled acetate indicate that the grasshoppef‘MarsangEEn—

“ipes is similar in- that labelled dletaty n—alkanes can be 1ncorporated

unchanged into cutlcutar,hydrocarhons and the 1nsec+ also has the
capability.of bicsynthesis of hranched long—chain-hydrocafbhns from
acetate. | |

_]iettary preconditioning and.feeding.duringhlabelled'hydtocarhon
experiments effects the guantity of the labelled n—aikanes teaching'
the cuticular 1ipids. If the grasshcpper‘is preconditionédmon generous

,qnantities of lettuce and moist grass, less of the dietary labelled n-

1
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alkane-;eachés-tﬂe cuticula¥ lipids. Likewise, if the inséct is él—_
lowed to eat genefous quantities of lettuce and moisf‘grass followingl'
thevlabelled n-alkane, less of the label reacheé thevcutiéular lipidsfﬂ
The efficiency of the n-alkane absorpfion.appears %G-reflectvfhe%maéS 
as well as possibly the~moiéture confent.of theldiét. tThislgléo is re-
flected in the amount of frass collected over a comﬁaféblertimé period.
'Where.therg isféénsidexable mass-and‘moistﬁre to.the‘diet_thgnais more
frass apd‘more labelledln—alkane reco&ered in-the frass. " |

The ‘recovery of the fed labelled n—aikané.unchanged.fromvtﬁé fraséu
.indicateé that the n-alkane is not metabolized in “the gut or that if

. metabolized is converted to efficiently absorbed metabolites.. The lack -

of incorporation of dietary secondary alcohols or ketones iﬂtoxcuticular,

 lipids suggests that these compounds are either not efficiently absorbed,
or are not transported to the cuticular lipids. ‘This ‘also suggests that
dietary plant secondary alcohols and ketones are not‘intorpora;ed'into

the cuticular Lipids of M. anguinigés;

.BIOSYNTHESIS OF CUTICUIAR LIPIDS -

.inéorpbratién 6f.Acetété Info thé”Cuticﬁlaeripid'
- The results 6f the incorporation‘of 1&be11ed‘56éféfe-intqlthe"
cuticulaf lipids indicates that the insect' is cabablé.of the”biosynthesis
of both-branéhed and normal alkanes, the aéid”ana‘alqohol moiety of the

| Secondary alcohol wax ester, the‘primary alcohol wax ester and-stero1

—e
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ester, trlglycerldes primary alcohols and free fatty acids. 'lnsects
‘are not capable of the blosynthe81s of sterols (14 79). ' The similar-.
ities in ‘the distrlbutlon of labelled acetate and the percent composition
" of- the cutlcular llplds is noteworthy The | only majoxr olurrepency is the
large amount of radloact v1ty in the triglyceride plus sec01dary alcohol

“fraction, which may suggest an active synthe81S~of secondary alcohols.

Blosyntues1s of Secondahy Alcohols

The resuits of the dletary studies 1nd1cate that secondary alcohols:
“as such do not arise via the diet but that dietary’ n-aikanes may;be in-
corporated into the secondary alcohol wax ester. The lncorporation-of,
labelled acetate into both the secondary alcohol and acid part indicates
that the 1nsect is capable of the blosynthe81s of both comoonents oi the
wax. ester. An analys1s of the structures of the secondary alrohols in-
dicates that a condensation pathway of blO“yﬂthGSlS does not ocecur.
Results of'studies using labelled n—alkanes, secondary alcohols, and,ke—
Lones show that n-alkanes are hydroxylated to secondﬂry alcohols and es-
ter1f1ed and that secondary alcohols and ketones are not reduced to hy-

"drocarbons. It appears that the blosynthes1s of secondary alcohols in

the insect is similar to thac‘shown in plants: alkanes =%, secondary

alcohols ———— > 'ketones‘ However, no ketones were observed in M.
sangulnlpes‘ cuticuler llplds suggestlng that the enzyme system respon—

sible. for ox1drz1ng secondary alcohols to ketones is absent in thls
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.inseCt.

The very.small~incorporation of n—heptacosane~R—3H and n—nonaco—'
_sape~R-* H into secondary alcchol wax esters. or free seﬂondary alcohols
demonstrates that chaln Yength spec1f1c1ty is ev1uent in the hydroxyla—
tion system and explains the distributien of 'secondadry alcohols and n-
alkanes in the citicular 1ipids of ﬁ. sanénlnipes. _In_COntrast, as
mentioned earller,‘the secondary alcohols‘correspond in chain length toeb
the major n—alhanes.inlall‘planta‘stndied. Chain length spoc1f1c1ty in
n-alkane hydroxylation has not been studled in plants. ;

’The-direct demenstration of the metabolirm of alkaneS‘to secondaxy
alcohols and the lack of conversion-of the proposed 1utermedlates Jin

~the condensation pathway (secondary alcohols and/or ketones) to alkanes

indicate that a condensatlon -pathway For the blosynthesls of n—alkanes

does not occur in E. sangulnlpes. A similar nonconver81on of ketones to
secondary alcohols er hydrocarbons was observed in‘gé_oléracea (80). lt
_is possible that lackof‘accessibility of ketones and/or_séchdaty‘
alcohols to the site of-hydrocarbon biosynthesis_or‘their failure to
equllibrate'with enzyne bound intermediates could acconnt for:their

dladk of incorporation into hydrocarbons._ However,ha nore likely path—

way for hydrocarbon biosynthesis in insects is thepelongation;decarboxyla_
tion'pathway, as was suggested for‘replacement hydrocarbon hlosynthesis

in P. americana (42). -
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.Tnere-is no detectable incorporation of‘eitner He@tacosan;léeone—

| R—3ﬁ or‘hentriaoontan-loéone—R—3H into the hydfocaroon of‘wax eeter; |

| frecfion; Tricosan=12-one~R-H is‘convexted_to both hydrocaxbon and.
wax ester ln small but eignificant amounts. This does not-appear ta

Be a direct conversion of ketones +o hydnocarbon’or wan eeter;;but rather
appears ‘tc occur via a metabolism of nhe ketone to mare ﬁolanaonoducts,
probably fatfy acids énd‘then’the synthesis of wax?eéterSgend;hydfocar—
bons from_the fatty acids. Over one fourth of the-recovered nedioacti_

- vity from the ldbelled‘C g ketone is found in the pola“ fracilon. lt is
.clear that the ketone is not slmply reduced to-the correspond1ng secon-
dary alcohol as then most of the radi oact1v1ty would aop ear ‘in the wax

aster fractlon.

BlosyntheQ1s of the Secondarv Alcohol Wax Ester

Both the ac1d and alcohol moiety of the secondary alcohol wax ester

aredsaturated. Yet, ‘stearate—l—14C and 1inoleate«la’4c are inCOrporated

equally into both the secondary alcohol wax ester and hydxocarbon fraction.

This suggesto that ﬁ%—oxldatlon of the 1n3ected substrates occurs, andu
'~ the resulting labelled acetate is 1ncorporated into tﬂesetrrdctlons. It
"-appears ‘that whereas. labelled secondaryvalcohols and'n-alﬁenes are in-
corporated d1rec+ly into the wax ester. as secondary alcohols w1th the

carbon skeleton unchanded labelled long chaln ac1ds are metabollzed ‘

before incorporation. Only a very Tow percentage of Tabel is 1ncorporated"

AT
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from fatty acids. Large metabollc poolQ of-unlabeiled fatty ac1ds may
be responsible for the low 1ncorporatlon of fatty acids compared to
secondarj alcohols. DPools of free, unlabelled secondaryfalcohols.are
. Present in trace amounts only. | B |
- g

Location of the Hydroxylatioﬁ and,EsterifiCatreh Ehiyhes

It appears that both the hydroxylatiop.and esterification»enzymes
are 1ocated very near the surface of the insect, as n—alkanes and secon-
dary alcohols applled to the surface are readlly 1ncorporated into wax
esters. leewlse, the excised integument studles_show1that'secondary
aicohels are much more readily esterified when applied‘to‘thehoutsrde
“of the integument. Esterification does not take .place. on_the inside
of the 1ntegumenL or the fat body ‘The pdssihilrty that esterification‘
did occur on the inside of the 1ntegument and fat body but that strong
esterase act1v1ty saponified the wax ester was consmdered. However,
the Tack of metabolism  of exogenous labelled secondaryﬂaicdhdl wax

ester indicated that this was nbt the case.

Use of the whole body parts demonstrated that hydroxylatlon acr1v1ty‘

was present in the abdomen thorax and head It appears that the
abdomen and thorax contain the most enzyme activity, butsit\is possible
that cutting the insect inactivates the\hydroxylatiﬁg*enzyﬁe located on

AT
the head more readily. IR
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Cuticular hyﬁroearbonsfhave usually beepjconsidered:ﬁetabolic end
pproducts and oriented ln'erystalline form (l)‘ The rapld metabolism of
the shorter chain n-alkanes to secondary alcohol wax csLers is thus verv’
surprising, espec1ally if ome considers the hypothes1s by Igﬁke (8) that
lipid soluble molecules travel into 1nsects via pores. If tlat'ls the

' case, the molecule must be hydroxylated and then est erlfled before

- traveling back.to the surface. The - ease with which n—alkan s are hydroxn:”

ylated in this insect is also surprising when compared t65Qata‘Kolat—
- tukudy presents for the hydroxylation of n-alkanes in gﬁuoleracea‘(54),
where only a very small percentage of the recovered radioactivity is -

present as secondary alecohols or ketones.

Lablllty of the Hydroxylatlng System

It appears that the hydroxylatlon system is very lablle. AT1
attempts to obtain a.hydroxylatlng system from‘other than Iive insects
or whole body parts failed. Even freezing;the insect'and then-bringing
it to room temperatule resulted in a complete 1nact1vatlon of the
hydroxylatlng system, Mixed function ox1dase 1nh1brtors have ‘been
" isolated from eye pigment of houseflles (81, 82) and the abdomen of
the house cricket (83\. However, due to the‘complete lack of‘metabolism‘
of n—alkanes in all systems in which tissue dlsruptlon OCeurs it‘is dif-
ficult to visualize-that a spec1flc'1nh1b1torhls-responsrbleaJ Tt is

',possible that freezing or‘cutting'tﬁe tissuegcausesBa'physteal{disruption

!
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~ of the- enzyme system or that phenol oxidases may be released from cells

-and cause the inactivation.

Attempt at Inducfioﬁ o% fheﬂﬂyaroiylafihg.Systéh

The nature’of the reaction which introduces the okygéh“iofo a long
;ohain alkane is not well understood. Two pathways have‘been‘suggeotedg
One is a dehydfogenation of the type obServed‘with lower homologueo in
bacteria.(84) followed by hydration to give‘secondary alcohols., Alter—-
natively,'a mixed fuoction oxidase—type enzyme could hydroxylate a carbon
at or near the center‘of'the alkane chain (32). Evidence favoring this
"second‘pathway has been preséoted for fhe ﬁydroxylafing System‘in plants
and‘inoludeo () the incorporation of low. ]evéls of O from moleculal
oxygeny (b) the inhibitia of the reacilon by chelating agenfo such as
-phenanthrollne, and (¢) the partial reversal of the phenanthrollne_ln—
hibition by exogenous Fe (32). Failure to obfain a_cell,ﬁree'or_tissue
slice system capable of hydroxylatingon-alkanes préventod *he-use of

‘phenanthroline or similar chelating agents in this 1nsoc+ to determlne

if a mixed function oxidase system was operative in the hydroxy]atLon of

‘n-alkanes.

‘Induction of mixed function oxidaoe activity in insects has béen“
demonstrated with DDf-and phenobarbitol (71).’ PCBs.have been shown: to
be potent inducers ofﬂmixedofunction oXidaée'aofiQity in mqmools (72).

It was hoped that use of these mixed funetion oxidaée indpcogs:would,

LLLE A2 b
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indicate . if" such a system was operative here. .However; lack of in-
ducfion;by these ‘compounds suggests that either a mixed funetion ox-
idase. system is not responsible for the hydroxylation of n»a]kanes in
M. EEESHEEEREE: orvfhat, if present, the mixed function vxidase system

‘is‘notraffecfed by the inducing agents used.

~ Age and Sex - Effect on the Composifiou-anH‘Me%aBeiisﬁ-ef-Cutieulai‘

Lipids
| * Very Little differences are observed‘between the hydiecerbons‘and
wax esters of maie‘aud female insects. However vthe‘smelleiucrease in
“the amounf of nwtrlcosane and n—pentacosane in 6-7 week old females
versus males appears to be of interest. This may be due to the marked
advantage'observed from weeks two through four in the‘abll;ty of.the
males to metabelize n-alkanes compared to the females . ;This_differenCe
in the hyd*oxylation and esterification of n—alkanes between males aud
females may be due to the fact that at weeks two through flve much of -
the metabollc energy of the females mey be dlverted to reproductlve |
processes (85) ThlS dlfference in the hydroxylatlon ablllty of males
-and females suggests experiments cumparlng male and female 1nsectT
.ablllty to metabollze various 1nsect1c1des. It is recognlzed that
many. of thL common 1nsectJCldes are detoxified by mixed functlon
oxidase reactiohs'(?l). If females'exhibi%_e léSser' abilityeto neta-

bolize and hence detoxify insecticides, this may prove of economic
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jmportance relating to the timc and dosage of insecticide application.
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The cuticular lipids of the gra ssnopper M. sangulnlpes COHSlot of
hydrocarbons, secondary aicohol Wax esters, normal and sterol esters,

. triglycerides, alcohols, sterols, and free fatty acids. The structures‘

.and composition‘werepdetermined'by‘TLC, GC, and @ass.spectrometrya An:
analysis cf the structures indicated‘certeln possible bioSynthetlc
relationships between somé of the cuticular lipid components}- Studies
with labelled acetate n—alkanes secondary alcohols ketones; fattv,”

, aclds and prlmary alcohols demonstrated some of ihese blosynfhetlc
relatlonshlps. Flgure 12 1lluscrates “the posq1ble blosyntheth relam
tionships between the cuticular lipid components. The dashed lines are
steps which other workers have shown in different organisms and are what
strnctural relationships of the cuticnlar lipids of this insect sugéest.
The solid Lines are'steps;directly demonstrated with appropriate labelled
substrates. Acetate is incorporated into all the cuticuler‘lipid com-
ponents except sterols. Long chain fatty acids are‘incorp0rated into the
alkanes and secondary elcOhol‘wax esters. No very long chain fatty
acids are present in ‘the cuticular lipids, but the"structnral,relation—_
ship between the primery slcohols and n-alkanes and reports'in the

-llterature demon~trat1ng the 1nterconvers1on of fatty aclds and ‘alco-

holsiﬂ'insects ‘and the decarboxylation of very leng chain tatty acids

to n-alkanes in plants support the proposed pathwa)s. Labelled nralkanes‘

from the diet or administerad to the Jnsect‘s surface are 1ncorporated

into secondary alcohol wax esters.
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acetate primary alcohol -
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FIG. 12. Proposed Biosynthetic Relationsﬁips Between Some of the

Cuticular Lipids of M. sanguinipes.
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