T

l'.' L t ! L
I q ' [T AT

CANADIAN THESES
ON MICROF 1CHE

THESES CANADIENNES
SUR MICROFICHE

4
. »
v I i .
N ) NEXTIR - BE © A ] A YER L
'v I i I Ny » H r.,“\/‘ . _ -; + o N a .,LV_A [ S . “‘\L, R
- . 1
rd
4 M e PO S
» 1
i o
A .
N RN - M s :l -—'—‘- -
v e Akt BOTHE D L WA ‘FE\ENTED 1 {
: Wop L b BTTE THESE FUiT PRESENTHY '
Ye e T b EpE  ONFERRED AANEE DTOBTEATION DE CE GRADE ’
/ . ! |
My P W M DYRE TEUR  THESE * : el
’
. .
\‘ ety Jranted 1o the NATIONAL LIBRARY OF L'autorisation est. pal la présente, accordde 4 /a BIBLIOTHE -
[P oot s thes s gnd o iend o selt copres QUE NATIONALE DU CANADA de microfilmer cette thése el
AT I de préter ou de vendre des exemplaires du film.
Ttoo gathoc reserves other publication oights  and neither the L'auteur se réserve [es autres drorts de publication ni la

s

N extensive oxtracts tfrom 1t may be p'rmted or other-

ISR

thdse nr de longs extraits de celle-ci ne dovent étre imprimés

-
A o neproduced without the SUTROT s written permission, ou autrement reproduits sans /'autorisation écrite de 'auteur.
- — - . -
- R - 4 / S -
éuw OATE 9 2 SIGNED SIGNE %/ﬂrhx A Lo egr oe o
3 : ‘\ a N l’( 4 [
CERMANENT ADDRESS RESIDENCE FIXE ‘o - Ll o~
‘1 (Axh . c.
z/\c AU — 5" }‘ N g
. 7
N



i

0 .
[ A

ol 1

SR , H '

’
by
-
;

ACTHESTS
SUESTTL D b0 0 DUy O TRADGATE <1 s ANy wist s
INCPARTIAT PUVTETIMENT O T8 REQUIBTMEN TS FOR THE Dok

O bhoCToR OF PhHItosseny

DEPARTMENT OF ENTOMOLOOY

w TOMONTON,  ALBERTA

SPRING, 1975

@ JOHN RUSSELL CLEARWATER 1976



,
]ll
[ ! N
¥
e vader o e oo e Tt bl ety
AJ
N N v H . o FE T v H Lo
recermernd ot coonlty o o duate e arnd e cardh

for aoceptance, o the o entitled 1H CHEBCUONT <y s (]
MALES 0of o e CRALED R AN OTHER N o

CLEPTDOITIRAY ~ulmatted by John Ruscell Clearwater i

partial fulf:luent o® the reqairesent- for the deprec ot

Doctor ot VLlI(va'LE:f
¢ [}

y S ﬂ/j N

Supervis#r

/

L (‘ Vos o
....-.-.-.d‘.-...-.'—r... N ¥
¥ i

’ 1 .
.,.‘r.{.—%lt N £

Externa

[)at(‘../..///d.%‘./‘ 7.5 /77{ A

) AL

L I e I S

Xaminer

.. .'.ﬁ..'/‘....



ALCTIAUT

.
Tl ot oras e ad o T Paco cr e rned Db p he I

}‘l(‘\’lu 1 tl ¢ Iy '1u(f'ﬂl\y ;L\l' v (Vll"(’\‘

B IR B\ B RIS I IR T oo Hndesey

Cor oo b oy e s e e T e had oy aed * R

(Srrth) were evanncd wd s opethie s e Jove Ty cdoto erplarn the

cvelutios ot soale ftore an th tary iy,
The mos U corpley v ter, the stobte e band ond hoor poroa D of
v e e imeestigated andetarl oty T0G0 The vronets

I

eland oo o wrall pronp of o te Teovery barce celb cluerorod around

aoduct foreed byoo o hundle ot ccales, The haar pencarl 00 traet r(»yf‘
Spccialiced seales Tinbad by cuticularized Tovo to the second
abdorinal stornite. The distal half of cact ot 0 o scales has a
Very ounusund o surface, lm‘.gltu.dm;xl ridge o wninto sinusordal

i
waves, bound topether where they appreach b taer byoseall blocks
. . e @ .
of cuticle, A very thin (120 A) nembranc forms the surface between
the ridees,  Thewe subetructures form an evaporative surface tor

pheromone releasc,

The major conponent of the rate pherowone of Mo e/ irata is

.

2-phenyl cthanel. lwo smailer compenents were not identified.  Benz-
aldehyde has been identified as the pherevone of 7L ecperata,
Both Stobbe's pland and hair pencil beein development on the
. .
surface of paired Tateral abdeminal pouches in the exuvial pharate

adult, The trichogen cells of the hair pencil primordium produce

rapidly-clongating columns of cyvtoplavm surrounded by a fine membranc.

iv
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Pocal aleroty ot o o the walle o the e g amed . ot

Phic trichoron ool o the ot o Sland rapndiy ?..}'a-r‘ty\q?.‘\

with orch o thor Tater IneTeane N e reeultire fren the forration
of an ortrace oty cavite vt eadh ool Fach mature pland el ’
extrudos Torce vewro Imto Jt- entracel Inlar cavaty,
These ve aales contain phenslethvlof ol conide in ' - P L
.

and bencvl e plveeoade an o ey e amediate precursors oresyectively,

- ’ \ \ , . i
of the pherorowes O phenyl ethanel and bencaldebyde. The Stobber s pland ;
. ‘ S 25
alone appears to be responsible for the synthesis of these compound:., - o
/

L-phervlalanine, wnd more tentatively, cinnanic acid, are 1corporated

b PP

into the eplyvcoside of OISR and may yepresent the start of
the metabolic sequence. Both vimple procursors are taken up most
rapidly at that time in development when the wing scales begin to be
pigmented,

The hydrolyveis of this glyvcoside to the pheromone 2-phenyl
ethanol s accemplished by an enzyme produced by the hair pencil cap

cells (fig. 70). The enzyme seems to travel down the hairscales to

male contact with the glyeoside near the transition arca (2).
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quent access to his Nomarski interfercence microscope.
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hove alwar Poen anterested an Tivinge thines, the Yir ot anivaa s to

wharves o Cow vards froromy hores bascnmtion with birds and lizard-

-

followed ) with frequent dissections of road-killed \yv«imvn:‘upon
myonother' o bateten table,

Plhevan urnver-ity study at Massey niver-ity, Paluerston North
in the Rotany and Zoology departerent. People influencing me at this
time wore ﬁr. I. Hur% who taught me how to observe animals, and Dr.

D Penmy,a plant phyesiologist, who convinced me that biochemisty?

»
.

could offer penctrating insights into biology. Purchase of "The
Principles of Insect Physiology" by Sir V. B. Wigglesworth during

my second year of study, helped me select insect pheromones as a -

.
[

.

subject for experimental study.
Following a summer working on grass grub ﬁhcromonCS and ecology
.
with Mro R, Henzel and Mr. W, Xane _at the Ruakura Agricultural Research
Station, 1 began work with the complete pheromone system of P'seudaletfa

separata. 1 rapidly rewlized that not enly did the work on the male

systam proceed more satisfactorily thdn that on the female, but that
this field of study had bee aimost completely neglected. 1 began

~ o,

. . . ) : ‘ .
work on my doctoral program at the Unjversity of Alberta in August,‘\
1971, and thanks to the excellent facilities and tuition, was able to
satisfy lonystanding akbitions to work with radioiSotope and electro-

physiological instruments, while Prof. B. Heming fostered a new interest

in develbpment., :
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In contrast, all nocturnal speates so far examined cvaporate
the <cent from a high}y dissected scale surface (Birch, 1970b; Grant

and Brady, IH"S;VMUuthvrﬂtun and Percy, 1969).  These scents,
compounds of low molecular weight, have been isolated from the
pheromone svstems of several species (Aplin and Birch, 1968, 1970,
Brady and Brand, 1972, (]earygtor, 1971, 1972).

Stobbe (1912) first doﬂ;ribvd the major c?mponont< of a complex
pheromone svstem 1n the Noctuidae. Birch (1970b, 1972) has recently
redescribed this system, including details of muscle distribution
and function, and of the variations in structure occurring within

the family. The system consists of paired scent brushes (hair pencils),

scent glands (Stobbe's glands) and storape pockets (fig. 70). The
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ated apendar Cor the attachrert o of nooles that operate the b e,
[he searr o o warthn b e and ottt oprodae
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D TR oo ceadle ducr whach lewds to the broag I
sl lber s the secretory cvole of ths vband
Host o throe shaes U Tearwater and suratoe, 17300 Thoueh mony

pocrerencs bave Peen potated trem the haar pencils, the nature ot the
stcrctions fror the Ytobbe’ < pland i~ unknown.  Birch (1970hy s
tentotively wuepested that a Eoplhveoside 1 produced, preceding
formation of benzaide h\\ikv, the pheromone of [t o Ty ura (Hubner)
Formation and storage of a glvcoside 1s a common characteristic
of insect endocrine syvstems (Happ, 1968; Roth and Stav, 1958) and
of (hit(>x ification rwechanisms (Mchendale and Dorough, 1972}, The
detensive plands of Flocdce Jongrec J07e (LeConte) secrete p-diphenol
glucosides,  These substances are hydrolyzed to thp frec diphenol,
and p-bhenzoquinones by enzymes asspciated with a cuticular organelle
(Happ, 1968Y.  Simple precursors (acetate, proplonate and malonate)
as well as uromuticjprccursors (tyrosine and phgnylalaninc) are
readily incorporated into these bcnz;quinoncs. Meinwald, Koch,
Ropers and Fisner (1906) preposed two pathways _ one leading from
the aromatics to p-benzoquirone, and the other leading from the
simpler precursors to methyl-p-benzoquinone and ethyl-p-benzoquinone.

Other beetle pheromones are synthesized from simple precursors.

Mitlin and Hedin (1974) have shown that the mapioterpene pheromones
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Jo MATERTAL S AND TR
2.1 txperinental Aniingls

Collections were made of adult noctuids (v e o R RUSNA
(halber) and o oo s Seath ) attracted o Pight- at the

University ot Albertas aeld-collected papae o v - s 770000 were

obtuined from Sturveon Cogfty and Peace Biver | Viberta,  Laboratory-

‘1‘*af1xl, diapansc-free Pupae of 2 - e s were provided byothe
Canada Department ot Apryculture Kesedrch Station, saskatoon,
Sashatchewan. A field collection of feewdale s : soraret (Walker)
pupae from Napier, New Zealand was made and sent to me by Mr. T
Agnew,

Four specics of noctuid were selected from a collection of 26
species obtained from Palmerston North, New Zealand in 1970 during
rescarch conducted for a Master's degree at Massey University. Dr}ed
specimens and methvlene blue prepuarations of Es?udgletfa seraraa,

Melanchra alelome (Hudson), Frarva gramincsa (wWalker) and Fhapsa

scotocialis {(Walker) were re-cxamined and reinterpreted.
2.2 Microscopy

2.2.1 Light microscopy

Abdominal sternites of . separata, M. alciycne and E. graminoca
g g

were dissected out, stained in methylene blue, and mounted in DPX.

~

Stobbe's glands were dissected from pharate and teneral adults of P.
separata and M. configurata, washed in Pringle's saline (Cummins,

Millér, Smith and Fox, 1965), and cxamined with a Zeiss Nomarski

differential interference Photomicroscope II. Additional glands of
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tronal boochor ol torps oan or i Goetate Patior at phloo L betore

exianination, . -

S.202 dlectron moroscepy .
Scales from the hair pencils of field-collected 0 ordormne g
veces T e s e e and Fo v e, and from 12 hour-old adults
of SLoevreecsrand Moo e were alr dried and a layver of carhon

and pold was ecvaporated onto their surfaces. Developing scales trom
pharate adults of M. e "oirarae were fixed in 3% glutaraldehyde,
(Millonig's 1961 buffer), dehydrated in cthanol and transferred to pure
amyl acetate through a serics of graded steps in preparation tor
critical point drying and metal evaporation. All scales were examined
with an S-4 Stereoscan scanning electron microscope (Cambridge Instru-
ment €o.).

For transmission electron nicroscopy, scales and hair pencil
caps from onc-dayv-old males of ¥. configurata and P. scparatd were
fixed in 3% glutaraldehyde (Millonig's 1961 buffer), post-fixed in
similarly buffered 1% 0sOs, dehydrated in ethanol and embedded in
Araldite. Gold sections cut on a Sorvall MT-2 ultramicrotome were
found to be preferable to silver, as much of the scale tended to break
out of the thinner sections. Sections were double stained in adueous
uranyl acetéte and Reynolds' (1963) lead citrate before being examined

with.a Philips EM 200 clectron microscope at 60 Kv.

[ X
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J.3 Physiology

. \
SOS0T Chemictey o the pheronenc from o coer o0 s
The very -mall concentrations of pherorencs present in insects
derands the vve o miero-analvtical methods. Pependiv: on the molecular

sirzeand volatility of the substance under investipation, cither thin
lLaver chromitopraphy or gas-liquid chromatography nayv bhe used to
separate the pheromone {rom the other components of the crude extracts,
followed by mass <pectrometry ot the pure rheronone.,

Extraction ot the hair pencils of . contiourata with methyvlene
chloride wus carried out between 2:00 and 4:00 a.m.; about 30—40 hours
after eclosion. The time chosen for extraction was less than one hour
before the beginning of mating activity, when moré than 90% of the
males had retracted their hair pencils into their abdominal pouches.

N
Less than 5% of the male moths had completed retraction when examined
10 hours after eclosion. One hundred and twelve males were used to
prepare three solutions containing 60—70 hair pencils/ml.

All pas chfbmatographic analyses of these crude extracts were

. EY
carried out on glass columns since stainless steel appeared to cause
degradation of the-major componeﬁt of the extracts. Two six feet long
glass columns were used; 3% OV-17 on Chromosorb G and 3% XE60 on
Chremosorb W. The instability of this component also precluded the

use of coupled gas-liquid chromatography (G.L.C.)--mass spectrometry

so that a direct probe. of the whole extract was carried out. Great
»

/‘ -, . .
carc was taken to prevent contamination. All syringes were thoroughly
rinsed with solvent, and checked with the gas chromatograph at the

highest sensitivity used.

e



Jo500 bherastey of the plveos tdos tror the Stobbe! . v land
\

SAall nunber of whole clean plund- from advanced pharate adults

of Moo e s and S0 sy penn sowere used for the isolation procedure.
_—

Aventral cut was made in the second sternite (5110 and the cut cdpes

reflected Taterally so that the duct scales could be grasped with micro-

forceps where the duct emerges from the gland (fip. 70). Slight tension

frecd the pland from the un\'vlopin;://;n bodyv,

Extraction was carried out in micro-separating flasks made from
Pasteur pipettes. For each species 2—10 glunds were placed in 10 1]
of distilled water in a flask and crushed with the beaded tip of a
glass thread. Ten microlitres of chloroforn were added and the extract
stirred to complete partition of the components hetween the two ]u_\x-ré.
Strjp,&‘ of silica gel sheet with fluorescent indicator (bastman Kodak “
No. 6060) were spotted with 1 ul of cither crude extract, agucous
phase, non.~p<»1ar phase or standard solutions, and run at room tempera-
tures in n-butanol: acetic acid: water (4:1:1). The strips were
examined, under UV illumination. Crude extracts and the aqucous.
layers were analyzed on an AE] M.S. 12 mass spectrometer obtaining
chemical 1lonization with NHj; reagent gas,

2.3.3 Site of synthesis of the glycoside

» i .
[ -

: _ L 4 '
*The fat body of /. configurata was examined as a poiiﬂhle site,

for theL;yntheQJs. The cntire fat body was removed from tH€~abdomln’

3

of qj!ﬁt male and two female pupac at various developmental stagés

[ ] %

Each fat body was homogenized separately ir&acctatc buffer (0.08 M,*
.

pH'z 5.0) und any glycosides present were hydrolyzed with 0.5% emulsin

(Nutritional Biochemicals Corp.). Non-polar substances including the



H"‘\UH( R ' IR '\!(‘ Wl . lllx'(\' ! { 1‘! 1t \,},‘ 1L
Taver, which v araly Uonoan OV 1T colum oot 00%0 Bochnan

" the ahility of the Stolbe's pland on L e st tube ayp
plveostdes e th Bemolveph was cramined. Bensvl-r-plvconde, a
close analopue of the natural precur~er an T LS S O

injected anto the right pupal wing casc. The dosape ranye was trom
[00 e to 1 op per amimal. Male pupae of nmoctnids wire egtinated to
produce J0—= 1000 4y of plveeside per amimal, based on reports ot a
maximunm of 10-=20 ug of aromatic pheromone per hair pencil in

cevr et and Faoconrwista (Clearwater, 1072, Grant, Brady and Brond,
1972).  tach of «ix doces was replicated twe ov three times. The
Stohbe's glands, fat body and dorsal thoracic musculature were removed

from mature pupac and the aglycones examined with the same methods.

2.3.4 Incorporation of labclled precursors into phenvlecthyl-2-
glvcoside

L—phonylalaninc-H—Clh (464 mCi/mM) from New England Nuclear,
Boston Mass. and cinnamic acid — 2-C* (4.0 mCi/mM) from ICN Isotope
and Nuclear Division, Irving, Calif. had a radiochemical purity of

99,29 and 97% respectively (determined by thin layer chromatography
y :

{
\

and autoradiography).
Healthy pupac' of M. configuraia were selected and the degree
of development noted (pigment deposition in the compound eye, sg}eroti:-
-~
ation of the 1 tibial spine and antennae, aﬁd pigment depositiﬁn.in
the wing and dorsal abdomen were used as indices of development) .
(fig. 37).

A 5 ul syringe (Hamilton Co., Reno, Nev.) was used to inject



&

pupal wing e while the inseclt was ander 00 narcos Ihe puncture
wasosealed sttt Bot parattin, e tyrosanac e anht otore e ued,
Mortalit wrors the operation was less than 10 tor ot ected
with phenvlatanire, ot oup to 40 for thove anoected wath crnnunae acid,
Nine ot the anirmals were allowed to creree, and their hair pen-
cils pluced i 17~ 1 ot Brav's «clution,  Stebbe'< oland oowere disoected
tron 15 pharate wlults, just betore adult emergence,  Fach pair of
glands was washed, and crushed seyarately in 10 ul of distilled water,
The supernatant remaining after the cell debris had settled wus spotted
onto strips ot siltica gel (Tastman kodak No.o 6l Twenty elands were
chromatographed using n-butanol: acetic acid: water {4:1:1) (BAW) or
chloroform: methanci (2:1) (Chl: MeCH) (after Happ, 1968) to distinguish
between phenvlalan:ine and phenvlethyl-B-glycoside. The extracts from
six other glands were chromatographed using benzene: acetic acid:
methanol (4:1:2) (Be: A: MeOH) to distinguish between the glycoside
and cinnamic acid. Two microlitres of labtelled phenylalanine and 1 yul
ot labelled cinnamic acid were run with the releQéﬁr\daxgl?ping systems
as standards for comparison with the Stobbe's gland extract. FLach
chromatpgram'whs cut into strips and scraped into vials, with.Cab—O~Si1
and 15 ml Bray's solutios. All vials were counted with a Picker 200
liquid scintillation counter. There was no_measurable quenching
according to the isotope channels ratio. Cold standards of each
compound were run on silica gel with a fluorescent indicator (Eastman

Kodak No. 6060). A Ninhydrin aercsol (Nutritional Biochemicals Corp.)
A Y - ¥ .

was used to locate phenylalanine,

. 4

N



PThe remaprdor of thie anaoct ) atter roroval or the bt cland,
was divaded ante b vore wanys 00 head ) Ui, ohdoren and it
and D3 meconnen) and cesdae ted o w bacrard Traocart Yodel o carple
oxtdizer betore ~oantallation counting.,

SU30L D e hvdre vy ot the plveosade:

e
Gland- dissected from Moo2on " poe - and DL oo or s were
mcubated onow solution of Beclucoridase. One srall craotal of erpulsin

y

(Nutritional }"l\)\"!‘.(‘!\u?:ll‘ Corpo was discolved o 20wl of 0,08 4 &

accetate butter iph = H.00 an which 6—15 ¢lands had been crushed, and

lTefu for 20 hiours gt roor terpesoture, Controle . lachingYenly the
! , £ )

me, were treated in an pdentical nanner. The reaction was stopped

~

ty the addition of 20 or 30 ul's of methylene chloride and the conpounds
partitioning into the non-polar phase were chromatopraphed on 30 0V-17
and 5% FLFLALPL columns,  Coupled G.CL mass spectrometry (AL M ¢, 12
with a Varian Acvograph 1400 ¢.C.) was used to identify a nmajor
component of the extract from /. ceraraia, while a direct prebe was

used for that of Mo oMoty

25,6 TAssay of an hydrolytic enzyme from the hair pencil cap cells
The method of G'jl/lcspic, Jermyn and Woeds (1952) was used to
bioassay various tissucs for the presence of a B-glycosidase. Adult
moths of known upe were dissected and the fat body, antennae, and the
hair pencil cap homogenized in 20 pl acetate buffer, The presence or
absenge of the distinct odour of the hair pencil and the position of
the hair pencil was noted (either folded in the intcrsogmcntﬂ membrane

where it develops {fig. 70-A] or in the hair pencil pouch [fig. 70-8]).'

N 4
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) 2,
organizel with a lesser degree of symmetry (fig. 5).

scales

This description is based on & specimens, one of which wis

exramined with the scanning electron microscope.

3.1.2. A multi-component, alar and abdominal system — Fraw ramDesd,
The underside of the strap-like fore-wing of Frana gramincosa

bears a complex wing pland, covered *at rest by the greatly expanded

humeral lohe of the hind wing (fig. 6). This wiM gland differs from

that of . oo toela/ ¢ in the presence of a tract of short, golden brown

sresent in addition to the group of overlying elongated

scales (Ss)

system contain small amounts of

P

-
1’)

(LY, Ixtracts of this wing
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Explanaton of ficuye,

I e s My pland,
Pndero e 0w thoray, ~howin,e the Protect v tlap (f
L.
Crtendi tren e et Teadar, cdpe o the wing (1) 1o she thoran,
Atract of clonsatod o ade e crierpe trom the wing e, SCANI Ny
B e RN SRS SN TH AN A
Pivoor harr scale, d
Sratulate trpoof the clongated sCates, showing parallel longt-
tudinal b R A
So s T e Sarrae detar] o tin,

Herring-bone pattern of ridges (R>) Joining ribs (RIE. Several
depres—ione present, the largest of which form a central line. (SILM),
oS e 0D Oblique view, surface detail of tin,
View showing the ridges (R:W running up the side of the ribs
(Rl). (SEMY, ‘
5. A.osectosial’s. Surface detail of central portion of scale,
Pattern of the strap-like portion of the scale. (SEM).

__A

*ALT material in plate 1 is air dried.






Plate 2

Explanation of figures

t, Dol o R Alar pland.
Unidersade ot the fore wane, showing a rectangular tract of
kﬁ‘
“hort soales o0V narrow tract of elonvated scales (1s) form a line
alony the Teadiny edpe ot the wing adiacent to the rectanpular tract.,
Nertal wirs ccades are abeent oan the acinity of the specialized scales,
P *

. R re-hoooos Abdominal pland.

Tract of shoert -cales (Ss) in flexible cuticle on the lateral
edge of sternite 1V, A large tracheole (1¢) r@ns across the caudal
edge of the tract. ({Brighttield light micrograph).

8. . gramincsu. Surface detail of scales from abdominal gland.

Detail of surface pattern, showing parallel longitudinal ribs
(Rl), linked by short ridges (Rz). (SIM).

9. E araminess, Short scales from alar gland.

Surface pattern of scales from wing tract (Ss). (SEM).

10. ¥, smarmincsa. Details of surface of short scales in fig. 9.

Dotted line is parallel to the poorly defined longitudinal
ribs.  (SEM).

11. FE. gram’rosa. Long scales from alar gland.
Scale from wihg tract (Es), showing spine-like longitudinal

Tibs (Rl) and central linc of variable sized depressions (D). (SEM).

*All material in plate 2 is air dried.






Somcethony o hvdrony benraldelnde, o probable pheronone (Clearwater,
Te71e v thored ctracture that may bBe arplicated an pheromene production
Teoaostall tract of seobe preyvoccales (Ssr encloced inoa shallow,
ventral abdorinal trouph ot The surtace of these scales 1s of
moderate complenity, A serives of arregular, parallel, lonpitudinal
yibe (R} are tiphtly pached topether and are foined by short cross
ridges (Fig. 810 The short scales of the wing gland have . comparable
aspect ratio {lenpth: breadth) to the abdominal ccales, but have a much
stmpler surfuce (figs. 9 and 10}, The longitudinal ribs (Ry) are much
)
less distinet, consisting of lines of dirregular protrusions, No cross
ridges can be seen,

The long scales that comprise the scecond part of the wing gland
are covered with an intricate surface sculpture (fig. 11) comparable to
that of 7. centesialls (figs. 4 and 5).  The longitudinal ribs (Ry)
appear to be formed from a series-of distally-directed, overlapping.
spines (but ¢f, with ¥ aleyene figs. 13—17).  The cross ridges (R,)
form a grating pattern rather different from that of A. scotosialis
but both species possess the central row of depressions.

Only two specimens were available for this study. Three addi-

tional specimens were used for the extraction of the pheromone

(Clearwater, 1971).

3.1.3 A single-component abdominal system — Melanchra alcyone

A modified sccond abdominal sternite (S11) forms the base of
the phcromone system of Mclanchra alcyome (fig. 12). A tract of long
(5 mm)- scales (Fs) inserts into d sheet of flexible cuticle situated

on cach side of the anterior apodeme (A) of this sternite. The only

i



Io
support acsoctated with the soaler 1< a small bar (B arisiny trom ceach
of these apodenceos The hanr ke soales are unitoruly Tight brown, and
superficial exarnnation reveals no obvious ditferentiation along thear
Tength, dhe scanniny microscope reveals a steady progression in the
surtace from superticial parallel rib (Ky tip. 13) at the scale hase,
to a deeply dissected tip (figs. I4—=10).  In more distal portions of
the scale, the ribs are transected by oblique channels (fig. 14).  These
channels deepen, eventually giving the rib the nppcurdncc of a series
of overlapping spines (cf. M. ureniwes). TFine ﬁicrorih; (R3) can be
seen 1n the -oblique channels of distal areas (tig. 15). The depres-
sions found in the inter-rib space are infrequent near the scale base,
but increasc in number until they form a very irregular contraliline.

Multiple depressions are common in the mid-portion of the scale. No

v
depressions are found near the tip.
This description is based on a single specimen.
3.1.4. A multi-component abdominal system — = Stobbe's gland and
hair pencil complex — Fseudaletia separata, Mamestra configurata

and Qrusina verlerata.

The most common system encountered in the noctuid species
examined is the hair pencil—Stobbe's glaﬁd association (fig. 70).
The mechanism of hair pencil eversion, the protecfive pouch into
which the scales are inscrted at rest, the short pouch scales, and

the aduidt Stobbe's gland have been described by Birch (1970b). These

strucftures arc essentially the same in Pseudaletia separata; Mamestra
configurata and Rusina verberata.

Large numbers (> 20) of specimens of each of thesc. species were

. examined, with the exception of Rusina verberata (n = 3).



Plate 3

Explanation of fiqures

Loo Ml 2lee s Abdominal pland.

Sterntte 11, The area of insertion Qf the Liarge number of
elonguted scales (bs) is delimited by the dotted line. Anterior apodemes
(A) bear small bars (B, the only obvious hard parts supporting these
scales. A central convexity (C) vovers the second abdeminal panglion.

(Pirect print from slide preparation).

Figs. 153—17 air dried material

13, M, glceowne, Buse of hair scale,

Long parailel ribs (R}) are very rarely linked together (Df).

(SEM).
14. M. aileycre. VPormation of oblique channels on hair scale.
Basal third of scale, Sﬁallow, oblique chamrnels {0) mark the
longitudinal ribs (Ry). Depressions and transverse ridges are beginning
to appear. (SEM).
15. M. aléyone. Formation of microrib in oblique channels.
Microribs (R3) appear in the oblique ;hannels, in the mid-
portion éf the scale. Depressions (D) are much deeper, (SEM) .
16. M. aleyone. Hair scale tip.
Deeply dissccted ribs of the hair scale tip. (SEM).
17. M. aleyone., Hair scale (low magnification).

Low power micrdgréph showing nine ribs in surface view. (SEM).
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Phe second absdominal stermite of Do oy e (el 181 shares
several features wath that of 0 o0 0 e i particular the well
developed, interior apodene: (,»\J. and acentral convexity (01 overlying
the wecond abdominal panglion.  The lateral margin ot this stermite is
much pore sh:n‘p].,\' defined in /o coroecte, but lacks the support (R)
(fig. 1.2). A long sclerotized lever (Lv) Tinks the point of inser-
tion of the hair pencil scales to the postero-lateral angle of the
sternite, A distinct concave flange (1) makes c¢lose contact with the
shaft of the hair pencil when at rest,

The Stobbe's gland lies in the fat body under the anterior
apodeme and has a duct (Ut‘) leadiny to the hair ‘pencil _-"ws-. 19 and
70).  The scales emerging from the center of this gaand arc unremarl-

able in surface detail or in section (figs. 20 and 21}, Smooth flanyes

(1) are the only structures breaking up an otherwise regular cylinder.

3.1.4.1 The hair pencil cap cells.

The cell at the base of cach hair scale is large and
appears to be secretory (fig. 23). A threc- to four-chambered end
apparatus separates the hollow scale lumen from a microvilli-lined
cell lumen. The tips of the microvilli cluster around a ductule
extending proximally from the end apparatus. The nucleus is large and

heterochromatic,

3.1.4.2 Surface structurg of the scales,
i .
The hair pencil scales arc very complex. Unlike those
of M. aleyone, these scales are sharply differentiated into three

arcas: a proximal shaft (Sh), a transition area (T) and an intricate



Plate 4

Explanation of fiqures

I8, Pocncie oo e et Hanr pencil oand sternite 171,
Long apoderes (A1 Tink this sternite to the thorax, Larpe
Tevers (1) Tink the posterior angle ot the sternite to the hair pencil.
An expanded central portion, the flange (1}, supports the hair pencils
shatft at rest, A central convexaty i) covers the second abdeminal
sanclion. The trarsition grea (1 ab~orbs iethvlene hlue, thus
appearing much darber than the surrounding scale areas (Brightficld
light micropraph).
19, 7. eerarzci. Stobbe's ypland.
A group of transparent, bag-like cells with a duct (Dt)
leading out from the middle. Living cells in Pringle's saline.
0. I, separati. Transverse section of duet scale.
Note filanges (F). Transmission electror micrograph (TEM).
1. Fusinma vericrita. Surface view of duct scales.,
Note flanges (I'). (SEM).
22. P. separata. Hair pencil regions.
Shaft (Sh) transition area (T) and complex evaporative area

(E). (Light micrograph of whole fresh specimen).
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I A M A i ! Vel o , Gty i ctho e
[
Plvce v et Phe e girder ot coate s e sy o lden Brown,
Phe surtace vt e e e .

. S R AN N R Y eroerated Do ooth curntace
revnbarly o prerss ted by larce sl ow doproseron Yoty Jvrs The
ettty bl P Barely drocermble on thy batt ot b,

A
e, The post o pravanent teatures berny the cShalow depressaons
oy e Ui In the complen sculptured area, the surtace comprises

the same sebetractures arvanced an oo difrerent canner, The longitudiinal

ribare thrown anto anusondal waves, tonded tocether ot ointervals (BD

o that they enclose o dramond- ¢r hexagonal-shaped curtace marled wath
decp deprossions (D) (frps, 260 270 30 and 31}, These depressions may
be serially homologous with those on the shafte  In both species, the

bonded arcas are marbed with small ridges (Ry). A auch greater number
of deep depres<ions are observed within the enclosed space ot 7.
“verderiog compared with that of M. oowoneara (figs. 26, 27, 30 and 31,
The two distinct regions are linked by a transition zcone that combines
the features ot both (tigs. 25 and 29). The thickness of the longi- .
tudinal rib remains constant throughout the length of the scale (figs.
24--31), The scales are marhedly constricteg at the transition zone
(table 1), Despite this, the number of ribs remains constant through-

£

out the length of the hair. ‘The ultrastructure of hair scales/6§ .

&

cerarats is very similar to that of M. comrigurata.

3,1.4.3 Internal structure &f the scales.

i

Transverse sections of the intricate sculpture area

reveal an internal structure strikingly different from that of any

¥



Plate &°

Explanation ot tigures

S e s oo s s s hatt o harr acale,

Note distainer et \i«IIT and depressyons b (SN,
ot et s hransation zone of haar osoalel (S
St ke e s Bvaporative urtace of hair soale,

.

Pow power rocropreph o evaporative surface (SHMy

o e s it of evayerative urtace,

Longrtudinal rabs thytare thrown into sinuserdal waves gnd
honded tu;;vthcr at antervals (8d3. 0 Numerous depressions (D) fill the

-

Imtervenmny space, bine vidges (Rpr cover the bonded area.  (SIM),

f
*AlD material in plate 5 1s dir dried.






Plate 6

Explanation of figgres

SBL Mot e Y ot Shart of hair scale,
Note numerous shallow depressions (0P (SEMY,
20,00 0 s oo Transition zone of hair scale,
Note longartudinal ribs (R}) thrown into irregular waves., Fine

ridges tRy) link more closely cpposed ribs.  (SIM).

ooV e s o Bvaporative surtace of hair scale, (SEM).
SLoo Mo oWrar s Detail of evaporative surface.
Longitudinal ribs (Ry) are thrown into sinusoidal waves and

bonded together (Bd) at iatervals. One to two depressions () mark-the

intervening space. Several ridges (Ry) cover the bonded area. (SEM).

*All material in plate 6 is air dried. The scales were taken from 12-hr

males from field collected. pupac.

/
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TABLE 1

Diameter of the haih scales

Mamestra Fusina Phlogophora

configurata vert erat metioulosar

(width in p) {width in yu) (width in y)
Shaft {a) 9.1 - 12,3 (d) 10,0 - 12.5 . 13- 14
Transitien Area (b) 5.3 - 5.4 (e) 3.1 - 3.0 12
Sculptured Arca (¢) 10.0 - 12,0 (f) 5.3 - 10.90 16 - 20

These figures are absolute limits of the obscrved sizes.

(a) n = 3 scales, one moth

- (b) n = 3 scales, one moth
(¢) n = 5 scales, two moths
(d) n = 3 scales, one moth h

(e) n = 7 scales, one moth

(f) n = 11 scales, one moth

*Data from Birch, 1970b,
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previousy dese ribed deprdopterous scales Prom a central core of
fibres (F¢) a series of pillars () radiate to the circumterence where
they make contact with the surface ribs (R]') (fip. 32). Because the
outer cdges ot the ribs are curled over, the <canning micrographs
sugpest wider ribs than appear 1in SCCtiOI}. A very thiln membrane (M)
(120 ?\) l‘inking adjacent ribs (fig. 34) is comparalle in thickness,
position, and electron density to the cuticular laver of larval cuticle
(120—175 X in Calpedes cthnl<us (Stoll) - Locke, 1966). There are no
ob&ious holes in this membrane. Where ribs approach each other they
are linked together with an area of thick cuticle (Bd) (fig. 33).

The transition area shares features of conventional
scales ana the complex sculptured areé (f%g. 35). The loose network
of fibres underlying the surface is separated from the scale lumen by
a distinct boundary (Fb). Large fibre masses (Fm) occupy the position
of the pillar fibre in the vicinity of this boundary.k Although many
ribs afe linked together by thick cuticle, the fine membrane (M):con<
stitutes most of the circumference. These ribs are shorter than those‘
of the intficafe sculptured area. Ribs seem to be made up of at least
three different layers (fig. 36). A central granular core (l}) is
) ﬁurrounded by a thick, electroﬂ'Aense layer (Lp), with a fine outer
layer (L3) completing the structure.

The shaft of the scale is a simple cylinder in section.

3.2. Development of the Male Pheromone System of

M. configurata

3.2.1. Timing of developmental events

Adults of M. configurhta emerge in early summcr, 3—4 weeks



320 Diagrammatic reconstruction of the evaporative area of the

Fig.
)

hair scale of Lameetra donfiaa.:.

A central cylindrical core of fibres (Fe¢) is surrounded by
radially oriented pillar fibres (). Of the surface features, only
the Tongitudinal ribs (Rl).nnd the bonded arcas (Bd) arc keavily

’
Cuticulari:mjﬂazg. The scale 1s structurally comparatlc to a rolled

up piece of wire mesh. Membrane (M),
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Plate 7°

Explanation of fiaures

33, Moweerro oo et Transverse scection of evaporative area.,

A central core of fibres (F¢), surrounded by a radial array of
piltar fibres (P) each of which is continuous with the longitudinal ribs
(Ryy. A block of thick cuticle underlies the bonded arca (Bd). (TEM),

34, M, eonT e, Detail of evaporative arca.
Notce pillar fibre (P) and very tine surface membrane (M). (TEM).
35. M. conflawralis. Transverse section of transition area.
Note large fibre masses (Fm) in posi;ions occupied by pillar
fibres and core fih;cs in the cvaporative area. A distinct fibre boundary
(Fb) borders the scale lumen., (TEMY.
36. M. confiaurata. Detail of transition area.

Note fibre boundary (Ib) and the three layers of the rib.

L} - central granular core, Lp - thick dense layer, L3 - fine outer layer.
(TEM).

*All material in plate 7 is from a 24-hr. adult.






atter underpoing an ot lipatory mne-ponth winter Jdiapausc. Consequently,
1towas dafticult to relate the developrent ot the pheromone sveten to a
time schedule.  Other, more strihing developmental events — development

of eve pigment, 1zation of the integunent and wing characteristics

~— were used a ¢ (fig. 37). The terminelopy of Hinton (1961)

was adoptoed. lapauses as an exuvial pharate adult. The
only po ne systen that can be recopnized at this stage

is the

ment

In al pharate adult, having little or no eve pigment,

a sheet of al epidermis invaginates, on ecach side of sternite 17,
to form a de ch slightly under the developing anterior apodemes.
Two small gro cells in this sheet differentiate into Stobbe's
gland and hair il (fig. 38). At this stage, the two groups of

each producing clongated scalces, appear strikingly

)

hypertrophied ce

similar.

5.2.3  Develop ir scales

The Sto@e's gland and hair pencil primordia arise from columnar

epithelial cells (Ep) about 30 yu high with oval nucleus (N3) S——IO u long
(figs. 48 and 49). The trichbgcn cells producing the elongated, hair.
pencil scales are much larger, ca?h having a round éranaular nuclecus (Nj)
20—30 u in diameter and a cell diameter of up to 50 p in the exuvial
pharate adult (ﬁg. 41). Older trichogen cells (fig. 42) are up to

100 u in diameter. A moderate number of small vesicles (Vs) occur

mostly in the intercellular space. Despite their great increase in




Fig, °7. (hronolopic®l references for the development of the phoromone

Ontogeny of structures serving as references for the develop-
ment of the pheromone svsten of Mamectra oo et The hemolyvmph of
early pupace is green {top line). Seme pupac appear to love this colour-
ation before the appearance of eyve pigment (second line), while others
retain 1t 1l the eve 1s dark brown. Mature pupac have black eves,
e first structure to sclerotise is a large spine on the tibia of the
prothoracic (I) leg {third line). The sclerotisation of the antennie
and hair p?ﬂcii precedes sclerotisation of the sclerites legs. The wing
of the early pharate adult is translucent, later becoming silver (bottom

lé?o). Wing pigmentation begins with a single spot.
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Plate &

Explanation of tiqme

WL Mg e e vy devedopeent ot by penca b oand

Two prours ot cells on the surtace of a large lateral invag
° ~
Pnatien, prodic iy clonpated coale 1t SN call maing of boady o scales

)

the: form on the by pencdl buses Black masses are portions ot fat
bedv o (Panval chatate adult. The eve 1 g by of cells with no pigment

at all. Clutaraldehvde toved rolut? | Nomarsky anterterence micrograph

’
.

' (Nom) ).

[ X






Plate Y

Explanation of figures

39, Moweerrr on et Developing basal solerite.

Sockets (S) are interspersed among the crencllations of the
basal <clerite {Hsgi. Light vertical shadows are hair scales below
the focal plane. barbening lever (lv) is separated from the basal
sclerite (Bso) bByvounmoditied cuticle, the hinge ().  (Cuticular
pharate adult ) cve dark with light brown tibini spine and hair pencil
lever., silver hair pencil scaley (Nom). Living cells in Pringle's
saline (Liv\),

N
40. M. eomowrara. bExtending hair scales,

Nate pointed tip and tine surface wrinkles. Scales are easily
deformed (lewer scale) or burst (upper scale), releasing a mass of
featureless cytoplasm (Exuvial pharate ‘adult, eve colourless bag, green
hemolymph (Liv) (Nom) ).

41. M. configurata. Trichogen cells of hair pencil.

Basal portion of a devcloping hair pencil of the same age as
in fig. 40. Flattened trichogen cells (Tr) with large granular nucleus
(N71) and sockets (S) are beginning to form (as in fig. 40).

42. M. configurata. Oldef trichogen cells of hair pencil.

Surface view of older and large; hair pencil -trichogen cells
(Tr). Small vesicles (Vs) are seen mainly in the extracellular spaces.
(Exuvial pharate adult, very small amount of eye pigment in eye bag.

Hemolymph still with slight green colour (Liv) (Nom)).
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s1Te, these colls appear structurally simlar to the cprdernal cells
that gave rise to then,

Two distinct types of scales are produced by these cells:
central core of very long ones that develeop into the disseminating
scales (Lsh and a peripheral ring of normal sized scale rudiments (Bs)
that pive rise to the sparse cévering of normal scales on the tlexible
cuticle overtving the harr pencil muscle sheet (fig. 38). Ilongation
of the disseminating scales is very rapid. Most exuvial pharate
adults disscected during this study either lacked noticeable hair
pcnci} development, or had scale rudiments 4—5 mm long — almost
their imaginal length. The scalcs are extremely delicate during
elongation and appear to ;onsi;t of a thin membrane\covering a column
of cytoplasm (fig. 40). When viewed under the dissecting microscope,
they‘are translucent and difficult to see.

The surface microsculpture of hair scales during this phasé
consists of wrinkled longitudinal ridges (figs. 40 and 43), A slow
expansion in width now occurs, and the beginning of hexagonal sculp-
turing can be seen on scales from pharate adults having light brown
eves (fig. 44).7 The enclosed spaces are approximately 0.7 u in
diameter and no bonded areas:can be discerned. As the scale begins
to change in colour from translucent to silver, the surface pattern
gains a greater definition (fig. 45). The sinusoidal form of the
longitudinal ribs gains symmetry and the bonded areas (Bd) form .

The surfaces of the enclosed areasand honded areasare smootﬁ"in
contrast to those of the mature scale. This pattern will be called
the primary microsculpture as it appears to be the pattern initially

laid down by the cytoplasm of the trighogen cell. No further changes



Plate 107

Explanation of figures

43, Marmeotra oonS nageaco. Very voung halr scale, with longitudinal
Tibs.

Note parallel longitudinal rits (R}, The wrinkles a¥e unlikely
to be an artifact because critical point dryving is able to preserve deli-
cate surtaces, and ;hc Surface shown in this micrograph corresponds well
with the surtace of liging cells (fig. 40).  (Exuvial pharate adult, no
eye pigment).

41, M. eonfizurata. Older hair scale with sinusoidal wave pattern.

Older hair scale, showing beginning of development of sinusoidal
waves (Ry). (Exuvial pharate adult, eye with‘light brown pigmént, no
parts sclerotized, hair pencil scales translucent),

45, M. configurata. Completed primary pattern.

With the formation of scale cuticle, the pattern gains a chh
gréater definition. (Cuticular pharate adult, medium brown eyeg, wings
silver, tibial spine sclerotized abdomen light brown).

46. M. confiéurata. Detail of primary pattern.

Note the great symmetry of the ribs (Ry) and bonded areas (Bd).

All surfaces are very smooth. (As above). o
47. M. configurata. Hair scale just prior to émergence.

* Deep depressions have appeared. (Cuticular pharate adult,

ecdysial sutures beginning to break, fully pigmented wiﬁgé).

*All material in plate 10 is fixed in glutaraldehyde (glut) and critiqal

point dried (crit.pt.)'(SEM).

.
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I surtace pattern occur throughout the remarnder of the pharate adult
Stape up till T--0 daye betore eclosion, Depressions }l'} form and the
scale assumes the microsculpture of the mature scale (fig. 47¢, A
slight contraction of the scale occurs at this time, Tﬁis pattern will
be called the ;.u wlirieomlerorowly fiee as osections <how that 1t develops
in the absence of underlying cvtoplasm.

A
3.2.4 Development of supporting sclerites

Formation of the characteristic hurd, scloroti:ed'parts of the
system hogins long after hair scale extension is complete., The lever
(Lv) is mercly a local thickening and sclerotization of a strip of the
cuticle lining the abdominal invagination (fig. 39).- 1t can first be
seen as a light brown streak. Sclerotization of the lever develops
first at its tips but progresses rapidly toward the centre. The flange
(F) 1s last to darken. This structure is one of the first body parts
to harden after the antennae and 1 tibial spine.

The cuticle immediately surrounding the hair pencil sockets
begins to take on a crenellated appearance at this time. This modifi-

‘cation stiffens the arca, forming the basal sclerite (Bsc) (fig.>39).
The cuticle linking the sclerite to the lever remains unsclerotized and
forms a hinge (H). The muscle sheet cverlying this sclerite is the
last componént to appear. The muscle turns from translucent té deep

/

‘red-brown during deposition of the wing pigment.

3.2.5 Devc]opﬁcnt of the Stobbe's gland

In the exuvial pharate adult, the Stobbe's gland has the appear-

ance of a smaller version of the devéloping hair pencil -- a small cap



of cells aboat twrce a- thick as the surrounding epiderms (fipa, 18—
51).  The developing vland s continuous with the colunnar cpithelium
but 1ts cells are easily distinguished from them; there appear to be
no intermediate forms. Both trichogen (Tr} and tormogend(To; cells
are present.  the trichogen cells are up to 50 p long, and are
pear-shaped, a narréh neck CUTYng‘%QhH‘tOhHTd the developing scale
(figs. 50 and 51). Tormogen cells are smaller with a nuclear (N»)
diameter of 14—1¢ 4, intermediate between that of the epidermis

(10 u) and trichogen cells (2025 u). lLach tormogen cell is situated
below and slightly to one side of tLe associated trichogen M11. The
whole primordium is cup-shaped, probably the result of expansion in
volume of the contained cell bodies as they simultaneously retain a
constant area of contact with their basement membrane.

Trichogen nuciei can be separated from the gland primordium by
gentle pressure on the coverslip (fig. 52). Isolated nuclei contain a
dense granular material (probably chromatin) surrounded by a‘cfear area.
Trichogeninucloi from the hair péncil show no change in appearance when
treated in the same manner. It is therefore unlikely that osmotic
differences between gland nucleus and the Prifgle's saline cause the
observed change.

The initial development of a very large, extracellular cavity
can be seen in glands dissected from pharate adults .in which the eyes
are fully pigmented, but in which sélerotization of the I tibial spine
has not taken place. A long, finger-like protrusion arising near the
developing socket extends up toward the nucleus. The rapidly increasing
volume of the trichogen cell results froﬁ the expansion of this cavity.

In pharate adults in which the antennae and tibial spine are sclerotized, .



Plate 11

Explanation of fiéures

48-51. Mamestra eonfigurata. A series of optical sections through
a developing Stohbe's gland.
The series of optical sections move from the outside, to a
little past the centre. Scale is identical for all micrographs.
(Exuvial pharate adult, eyve with a small amount éf brown pigment. (reen
hemolymph. (Liv) (Nom)).

48. Focal plane through outer por}ion. Epidermal cells with
small nuclei (N3) underlying the trichogen cells with large nuclei (Nl)'
49. Focal plane closer to centre. Epidermal cells (Ep) being

replaced under the trichogen cells (nucleus Ny) by tormogen cellg
(nucleus N,).
| 50. .Centre of gland. Hair scales and sockets clearly visible.
Nuclei of tormogeﬁ'ceils (N-) visible between the pear shaped stalks of |
the trichogen cells (Tr). Dotted lines indicate size and positibn‘of
(left to right) cpidefnal cell, trichogenrcell and tormogen cell.
51.  Focal plane past eentre. Tormogen cell bodies (To) visible.
.Trichogen cells (Tr) with circular nucleus (N1) visible on left side
of gland.
52. M. configurata. Extruded trichogen nucleij.

¥

Note nuclear membrane (Nm) and central mass (chromatin? Ch).

t

LN
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Plate 127
o
. . 11
Explanation of fiqures

cerize. o Older Stobbe's cell with extracellular
cavity,
Cell from developing Stobhe's gland, showing larye extracellular

botted Tipe delimits sub-nuclear face of this cavity,

cavity (bEx) forming,

Small vesicles (V<) are found only in cyvtoplasm near the nucleus. The

nucleus (N) Vois Jarge and irregular.
i 5457 M oowmNineriva. Series of optical sections through a Stobbe's

cell nucleus. ({Scale is identical in tfigs. 53—357).
N 3

S4. The inner face of the wall of the extracellular cavity is shown.

A-portion of the nucleus (Ar) is surrounded by small vesicl

55. A large clear area (Cl) fills the centre of the n

fou‘ nuclear arms (Ar) extending into the cytoplasm.

‘ 56. The nucleus is constricted, near a body surrounded by short
radial arms (Rb).

57. Nucleus (Nj) shows a conventional profile near the centre.

Wt

A}All material in plate 12 is from a cuticular pharate adult, eyes dark
3 Rabs .

. brbwn, anténnae'sclerotized {Liv) (Nom).
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extracel bl Plo Flectron o rario ot the Wl TR
Jrstonor et R ool th ' ernocradd
Cellsorach vn v TR and raoretat ale are tou! 1rede she Cavty
Aattachoed toorhe wakl cloarwater, an preparat o L e parluu\lvxr
cytoplasr IRAVIRIE wa{rwa nall ovesacle DT dianeter, but these
are absent tyooo e Tower wallooor the cavaty Ptips, L 0T

The nucler an cells ot this age TequiITe some comment it os,
SI—57)0 A serres of optical \CCt&UH\ reveal several unusual structures
within the <ame nucleus, Wt the mid-section, this nucleus is 100 3y
in diameter, roughly oval in outline and regularly granular in contents Y
(fig. 57). A little bhelow this section, the nucleus is still regularly
granular but shows a marked constriction with a central body surrounded
by short radial arms (Rb) (fig, 56). At lower levels the nucleus is
dominated by a large circular clear area (C) surrounded by four arms
(Ar) containing irrepular pranular materia{ (fig. 55). The upper nuclear
arm can still be seen in sections showing the inner wall of this extra-
cellular cavity (bx) (fig. 51). Other nuclei showed considerable vari-
ation in number of arms and conStrict?bnS.

3.2.6 Maturaticn of the Stobbe's gland

:%e expansion of individual cell volumes observed in the maturing
gland accentuates the "cupping'" of the underlying basement membrane
. ~
shown in figs. 48--51 until the gland becomes a symmetrical ball of

{
cells (fig. 19 of P. separata) with the bascment membrane restricted to

a finger-like sleeve around thc core of sockets and clongated scales of

.



th ST l'l".w)x v oo RS A [ o J(‘t'}ul
it M ! L RPN N e R Tuod | \ HENPEE t (YRR O
Vo toond g Pt ! ol . Peervad o oty o hder
cotie i S Poery ol e ad e tace rovealad 0 e,
Connc bt i it eGquen U o et Lo b appeariny at the
Peve b ot tiee obet, and evtendinge oo thnd ot the wany ante the et
‘ 1

collular woite. lhe o snucboar tace of th, cavity, oanitaat s
comees e, o beeoits s treng s corcave by S0 The nac Tens
Become s tonror ard oAbty crescent chaped, cventually oo many the
fore ot decns s the vatare plands o Untal thee stape ot deve Toprient
1ooreached the eland does ot began brosvntho s ot phenvlethyvl -

.

}‘1\\H l\{t' [ :v,._.i .HA} ?A‘l‘ RIS

A cteady oapancaer anocse of the extracellular cavity continues
" ,

throvghont the remcander ot the stadiur, without additional morpho

Togreal complovity developiny until 1= days betore eclosron,  lLarge

(20 A0 drar. b veadctes (V1 are then eaxtruded into the extracellular

Cavity, westlyo from the cvtoplasm in the vicimty of the nucleus (fig.

S900 Many sall c}tgyluami\ vesicles (Vs) are found near a developing

major vesicle,  Incubation  © these cells with emulsin (f glucosidase
of plant oriping results i oo distinet mottling of the surface of the

major vesicles (fig. 00).  This may be interpreted as resulting from

the degradation of the pheromone precurser contained in the vesicles

into the lipophilic pheromane (2-phenvl ethanol, Clearwager, 1975a).
Poj ] 1 ) , )

3.3. Chemistry of the Male Pheromone of

M. confic ta

G.L.C, analysis of the hair pencl act showed three

!



Plate 13

Explandation ot figures

o4 Yoot T L Stobhe' s sland cell with end apparatus.
Stobbhe's vland coll, with o J— 3 tilament end apparatus ila
dttachod tothe wocket s o the duct ~cale. The nucleus (N Eors discus

shapoed, (Cutcatar pha-ate adult, eves dark brown, tibial spine, anten-

nae and Tever sClerotized, <alver harr pencil oscales ). .
T L U I & SRR Large vesicles “into the eatra
cellutar cavit,
Hypertrophied Stobbe’s pland cell. Large vesicles (Vi)Y are

ererging trom the sub-nuclear tace of the oxtracellnlar cavity &x),
Mumerous smiall vesicles (Ve. are clustered near the point of emergence.
A fine tracheole (1¢ i present.  (Cuticular pharite adult. Fully rig-
mented wing, ccdvsial sutures beginnihy to hreakj.

60. M. consUneriri Stobbe's pland cells treated with B-glucosi-

dase. Large vesicles showing surface pitting (arrows). (As above).

(Liv) (Nom).
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th«-*:l*t ot which was very mch larger than the two tollowing

peaks,

oned oty el The manor component of this extract had retention
~

times adentical to Jophemy D ethanol on two colunns (table 1100 When

standard J-phenyvl cthanol was added to extracts ot the hair pencil,
complete superpesition ot the peaks occurred, confirming the tact that
standard and unknown had the same retention time.  Complete loss of
the major peab on stainmless steel colunns could alse be duplicated
with standard 2-phemy] ethanol at dilutions comparable to that ot the
extract,

The mass spectrum of the extract (fig. ©2A) contained peaks
ot mass 91, 92 and 122, Tthe heights of fhesc peaks were in the same
ratio as those of sfandard 2-phenyv] ethanol (fig. 62C). Peaks of mass
104, 105, 128, 130, 132, 133 and 1449 were often present, but peak
heights held no constant relationship to the peaks of mass 91, 92 and

122. Peaks of mass 84 and 86 were from methylene chloride. No attempt

was made to identify the two remaining materials found in trace amounts.
3.4 The Metatolic Pathway Leading to the Pheromone

3.4.1 Chemistry of the glycosides from the Stobbe's gland..

R

Thin layer chromatographs of crude extracts and aqueous layers
from the partition step (see 2.3.2) showed the presence of a single
largé spot when examined with ultraviolet light. The Rf of the spot
from both steps of the extraction procedure in P. separata was 0.70
identical with authéntic bcn£y1—8~glucoside. The compound from /.
configurata had an Rf = 0.71, close to P. separata and standard
benzyl-f-glucoside while other standards run had greater value, e.g.

isopropyl-B-glucoside (Rf = 0.79). The chioroform layer from F.



Fig, ol. Moeerpr confiaate, Gas-liquid chromatography — evidence
%i"identificatinn of pheromone and hydrolvsis product.
A. Hair pencil extra:t 60HP/ml OV-17 glass 6' x 1/8" T = 125°C.

A = 10 x 16 Perkin Elmer 990 G.C.  B. OV-17 glass 6' x 1/8° T = 110°C.

1

A

1

1 x 10° Beckman G.C.S. (i) Standard phenyl ethanol; (ii) 15
glands in 20 ul buffered (pH = 5.0) emulsin after 24 hours @t room o,
temperature, 30 ul MeCl; extraction; (iii) 4 glands in 20 ul buffer,

!

20 ul MeCl, cxtraction.



Pen Deflection

®

Peak I (14 min)

(¢/min to 200°)
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TABLE 11

Gas-l1quia chromatography of the pheromone of

Mamestra conTaurata

Material

Hair pencil extract
Standard 2-phenyl ethanol
Hair pencil extract

Standard 2-phenyl ethanol

v

Retention (mins)

1.9
19
4.4

1.4

Column

0v-17

ov-17

XE60

XE60

Temp. °C

110
110
170

170



Fig. 62. Mamestra coniguratc. Mass spectra of phﬂrOmoﬂe and
hydrolysis product.

A. Crude extract of 60 hair pencils/ml methvlene chloride.
B. Hydrolysis product from 15 Stobbe's glands/20 ul buffered

(pH = 5.0) emulsin after 24 hours at room temperature, (. Standard

2-phenyl ethanol in methylene chloride. AFl M.S.9.
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Separata also showed a spot (Rf = 0.71) that turned pale lemon yellow
on exposure to light tor 4 hours.

Mass spectra from both crude extracts and aqueous layers from
both species were free of significant contamination (fig. 63). The

re

parent peak of the compound from *. oo naate had a mass of 302
(M« NH“‘), corresponding to a melecular uci;ht of 281 (fig. 63A),
Both spectra show a significant peak at ISU,thich corresponds to the
unsuhstitutod hexose fragment of the molecule (M + NHQ‘ - ROH) {Hogy
and Nagabhushan, 1972),  The spectra of standard benzvl-B-plucoside
showed three major peaks at1180, 270 and 288, corrésponding to those

from the spectrum of 7. scparata (fig. 63B). NeitWer benzaldehyde

nor 2-phenyl cthanol could be extracted from these glands.

3,4.2 Site of synthesis of the glycoside

The fat body of male and female M. configurata does not contain
measurable amounts of phenylethyi-B-glycoside. Uptake of glycoside
by pupal tissues is unlikely.” The only aglycone detected in signifi-
cant amounts from the Stobbe's gland was the 2-phenyl ethanol derived
from the natural precursor.. A trace of benzyl alcoﬁol, derived from
the injected analogue, was found in only one replicate. Nothing

measurable was found in the non-polar fraction from fat body or dorsal

muscles.

3.4.3 Incorporation of labelled precursors into the glycoside

L-phenylalanine is a good precursor of phenylethyl-B-glycoside
with up to 1% of the label incorporated. The relative migration of

cold phenylalanine, and phenylethyl-B-glucoside corresponded with the

4



Fig. 63. Marmeezr: configuriata and Jseudale ‘7 separata.  Mass spectra
of the glycosides,

A, M comtgunara. Aqueous layer, 2 glands in 10 ul
distilled water. B. . separata. Aqueous layer, 10 glands in 10 ul
distilled water. C. Standard benzyl-B-glucoside. (Note differences
in source temperature affecting ratio of fragments to pagent peaks).

AEl M,S. 12 with NHj; reagent gas.

\
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Fig. o4, Foccos/os o copareca, Hydrolysis product or the glveoside.
A. (1) Standard benzaldehyde and benzyl alcohol;

(i1) methylene chloride laver o 6 glands in 10 ul buffered (pH = 5.u)

.

emulsin after 24 hours at room temperature. 5% FFAP &' x 1/8"
stainless steel. T = 134°C. A = 5 x 10°, B. Mass spectrum of

peak 11 AL1 M.S. 12 with coupled Varian Aerograph. 1400 G.C.

.



475

® |
i
‘IU) Standard (J1) 'ncubation mixture
J,‘F
! Benzal oohydc (1 0min) |\ Peak | (07 min)
S
o |
AL \ :
o Benzyl alcohol(3-7m) Peak I (3-8 min) -
(6] .
$ ¥,
_ /
Time ®
’ Mass-specirum of Peak II .
<l
’ [ CHO, ~ 108
100 A . ) 107
> ﬁ [ CHO
@ 106
o 79
=
- . 105
3 : -
Z )
o
& »
¢ || l SR 11 ||| S
70 80 g0 100 10 120
m/e .
L S




i
i
i

1y

product o e the srad b cland.

A-*K_,. Radioact vty tron Chroro oo measured by

.

o cold chroratovrar elow tor

z

Ligund womntrltation ol
\\‘Y"I“H'l‘u‘}.

Ao v o ey Db Lo T nd /// cond Dt el bed produc ts
4

trom twe Stobho o olande ety e butanel ;o acetio o aond, water,

Jo11. Fower chrorgtonran ot b phery balanime « phemviethvl=F olviosade

Jeveloped v e cdvent vtrace at organ from ocontaminants an \tﬁ

rhenvialanine

A}

/)
B. 0.0 .t pheny lalanime-t o /// + labelled products trom
4

two Stobbe's glands chromatographed using chlorotorm: methanol

Sil. Tower chromatogram ot L-phenyvlalanine and phenvlethyl-F-plycoside

using <are solvent svstem,
C. 0,25 L 01 ¢imnamic acid-2-( ldjgund labelled praducts from
f]

two Stobbe's plands , chromatographed using benzene: acetic acid:

methancl, 1:1:2. Lower chromatogram of cinnamic acid and phenvlethyl-
B-glyvcoside, using rthe wame solvent system,
(A1l 10 replicates of A and B and all 3 replicates of C had

Wniﬁumt radioactivity 1n the irldrtod areas).
4 -
. Composite of four chromatograms of type B, showing the spread

of radioactivity observed. : o
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radioactivity tound wochromatograms of a standard Jose (0.0 L ) of
L-phenyvialanine and the major labelled product of the Stobbe's pland
respectively (fig, 63A and B). In n-butanol: acetic acid: water, the
spots are small (average diameter - 8 mmt but only separated by g
short distance (fig. 650V, This system was highly reproducible, al}
replicates showing movt labelling in the same 1 om strip. (Greater,
separation was achieved with chloroform: methanol, but the spots were
larger (average diameter = 15§ mm) (fig. 6SB). In this svstem, a
larger arca of the chromatogram contains a significant number of
counts (fig. 631,

The chromatograms of the Stobbe's gland extract were very clean,
Only one large peak:of activity was seen. Apart from a little activity
at the origin and the single peak, all other strips were not signifi-
cantly different from the background. In particular, ere vas no
activity in the area of phenylalanine qigration, suggesting that there
is little free phenylalanine in the maturé Stobbe's gland. This result
agrees well with the observation that few other soluble substances are
present with the glycoside in the Stobbe's gland (Clearwater, 1975a).

Untake of phenylalanine is not uniform thﬁoughout development
(fig. 66). Young phﬁrate adults, from the Beginning of development to
the‘stagc in which eyé pigmentatign,'and antennae and I tibial spine
sclerotization is complete, consistently incbrpqratp very little actij-
vi}y. Most activity is found in pharate adults beginning to incorporate
pigments into the wing scale (stage 1I1). At this stage, the Stobbe's
gland has hypertrophied and developed an end-apparatus (see 3.2.6).

N ¢ "
Older pharate adults shcw an erratic dggrease in ability to incorporate

.
.

this precursor, ’ ' . .

+
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Plogo oo, Moseepr o st Abi ity o different stages to incor-
porate radloactive precursors
Stage of development at time of injection,
Stage I. Deposition ot pigment in the compound eyes.
Stage Il. Sclerotization of the large tibial spine on the developing
prothoracic leg and antennae,
Stage I1I. Deposition or pigment in scales of the wing and thorax.
Stage IV, Deposition of pigment in scales on dorsal abdomen.
Sfage V. Completion of pigmentation, )
Stage VI, Formation of ecd&sial sutures,

Stobbe's gland - S.G.

Hair pencil - H.P,
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Tthe stebbets phand and the ooy pencal ancorporate conparable
amounts ob pheta lalanine (1. oots The haar pencil contains 2-phenyl
ethanol (MW, = 1200 plus two other compounds in trace amounts while
the Stobbe' pland containg iny phcnylcth;]—f~gl)gosido (MUW, = 284)

. N N '
(Clearwater, 197005, It the labelled carbon 1s urﬂdagmly ngcud .

throughout the . plveoside molecule, the hair pencil would sreceive less o
than half of the activity when the precursor is hyvdrolyIed to release

the pheromone.  In fact the hair pencil has slightly more activity

.

than the “tobbe's gland, suggesting that all the radioactivity is from
the aglycone. '
The radioactive pherorone extracted from the hair pencil is

less accurately measured, as, unlike the Stobbe's gland, other meta-

A

bolic products or unreacted phenylalanine were not separated from the
pheromonc. The remnant of activity found in insects iniected just

before emergence (stage VI) is possibly e to contamination. At

4 A

Y

. , . " ¥
this stage, the Stobbe's gland is extruding-large vesicles of phero- *.
mone precursor into the extracellular cavity_(fig. 59) and further
incorporation of phenylalanine would be unlikely.

Combustion analysis revecaled that most of the phenylalanine .
[ : o . . T

‘remained within the insect with less than 3% of the dose present in

the meconium. Loss of*~available phenylalanine th}ough;ﬁoqvqfsion to

. N .
melanin (via tyresine) did not appear to be significant. .The fore-
wings of this species are black (melanin) withra little green and . .

silver, and werc uséd as an assay of the amount of phchylalanine lost

to melanin. The amount of activity incorporated by pharate adults
injected just beforc'pigmcn&wdcposition (stage I1I) and when pigmenta- *

tion of the wings was complete .(stage IV) was the same — approximately .ooN

e
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Small ameunt of cinnanae acid-2-C0% are Invorporated into the

.

glveoside and huir penctl r{ig. 65C).  The smaller incorpuration 1s
most likely due to the much lower specific activity of cinnamic acid
compared with phenvialunine.,  All I‘CI)I‘iCA((‘S showed activity close to
phenylethyl-t-plveoside, but the ameunt was only twice background in
one casc.  The correlation between stage of development and :1l‘ilit‘)'
to sequestre precursor, observed tfor phenylalanine, aiso holds for
cinnamic acid (fig. oo0).

r’ .

3.5 Release of the Pheromone from the Glycoside

et
305.1 In vitre hydrolysis of the glvcoside

At least two compounds could be extracted by methylene chlofide
from the incubation medium containing glands from P, separata (fig.
64A iij. ‘The first peak had a comparable rectention time to benzalde-
hyde, but they were not identical. Both peak-I -and benzaldehyde
appéared as separate peaks when tﬁe standard solution‘was mixed with
the test. In contrast, peak II showed complete superimpositidn with -
benzyl alcohol. The mass‘spectrum of peak II corréSponded with benzyl
alcohol (fig. 64B). | .

The single detectable peak obtéined frombthe same experiment
Qitth. cénfigurata had the same retention time as 2-pheny1 ethanol
(fig{ GIB'ii). _Barely disccrhible amounts coqid be extracted from
the.contfélg The mass Qpectrum was relatively free from dontaminahts -

and provided a useful comparison with the hairlpeﬁcil extracts. This

N

preparation was used to cstablish the accurate masses of the main

pecaks (tnblcllll).

W



. TABLE 111 .

Accurate masses of the hydrolysis product from Stobbe's gland in

1t N iyt v
Mgrestra corourar

Nominal Mass Accurate Mass ' Calculated Mass
122 122.0737 122.0732
Q2 92.00617 : 92.0626
. ”»
9] - 91, 0548 i . 91,0548

(Direct Probe on AEI M.S. 9)



e

S.h0D Nesay of an hvdro vt enzvee from the hair pencil cap cells

Beta-glucosidase activity i~ present in the *at body and in the
hair pencil cup (fig. ¢7). The reaction is slow at room temperature
but can he demonstrated with material from a single insect, and is
réadily reproducible.  Activity is found.in one-dav-old adults, but
Is Jost by the third dav. In a newlv-emerged male, the brush portions
of the halr pencil arc intermeshed, and held on the intersegmental
membrane between sternites I1 and 111 where they develop (fig. TO0A).
Hair pencils at this ;tagc lack the distinctive scent that can be
Aiscerned~on hair pencils that have been tucked into the abdominal
ﬁoﬁch;, It is significant that enzyme activity can be found in the

cap of hair pencils that lack the scent, but not in mature animals

that possess the scent (fig. 67).

L]



Fla, 070 Mremopons v 7 s, B-glucosidase activity in adult
Tissue homogenates (hair-pencil caps (HI'), fat body (FB),
etc.) from a single insect were incubated with 5 ml of substrate
for up to seven days at room- temperature and the reaction followed
with a spectro-photometer. Spontaneous hydrolysis of the substrate

occurred if incubated for mo¥e than seven days,

.
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ﬁGLUCOSIDASE ACTIVITY IN ADULT TISSUES

'F'B One day old

HP One dayold(-ve phenyl ethanol)

HP Three day old (+ve phenyl ethanol)

) .-Control
__FB. Three day old

“~<Antennae

Time (days)
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‘1¢ efficiency of a system depending on physical diffusion (fig., 68 -

’

4. DISCuesTon
4.1 tvolution of Male rherorone Systems in Noctuidae

0101 Functienal consaderations

The pheronone syvstem of the moths <tudied provides insight into

procggscs of evoluticnery specialization (fig. 68,0 The development
of a complex wing oland In 0 »rwe hees seens to have allowed the
4

abdominal svetem to rvetain a primitive structure {(fip. 68 - Stage 1)
The aspect ratio and surrace sculnture of the pouch scales are compur-

able to body «caie~. it 1s likely that the ancestral scent-producing

scale trac% conblaed the runctions ot scent production and release,

The protected position of the scaies insidc the pouch would have
¢minished pheromone losses, but the restricted scale surface area

would have bcen‘ﬂnlikely to have allowed high relecse rates tor any

but the most volatile compounds. Llongation of the scale and develop-

ment of ccmplex microsculpture would have greatly increased the

k]
Stage 2), The development of pheromone dust or transfer scales in

_butterflies is a parallel adaptation effecting a rapid transfer of
chemical (Vane-Wright, 1972).. An adaptation able to counteract the
ffect of the wings of the hovering male mbths, which must draw off

n appreciable amount of the rcleased compound, would have consider-

-

able selective value:* Before effective strut support of these scales

could have been devgloped, a.change from the diffuse scale insertion

: o A PR
of M. cicyone (fig. 12) to the restricted area of the basal sclerite
‘ T e . . § » ’ : V

‘ ' ; . - . _.,._ . i

" *For a discussion of noctuid mating behavior see Birch (1970a).

..
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Fap, ¢80 fvolution of hasr -cule svetems in male Nocturduce,

Doagraen ;\]IULTI'.&IHI}{ possible evolutionary path Teading to
the complen Stobbe's oland harr pencil syeter, The syster has erigin-
ated 1noa challow, wenbranous, p]auxdl trough / The tyough and
“scales are short in fropes crenho o (stage 1), Ionp thening of both g
. ) S ; - . h .
components would have increased svstem etfficiency; the longer scales
providing increased evaporation surtace, and the longer trough giving
a degree of protection trom pheromone loss while at rest (M lancira
10eno stage 20

Specialization of the trough occurs, with the caudad

‘s
partion sclerotizing to form the protective pouch, while mogt of the
cephalad portion remains membranous. Local sclerotization of the
cuticle ferms the lever. Based onathe observed developmental évents,

it is suggested that the orjginal‘group of pherohohe S%Freting and .

releasing cells, split to form two specialized groups ,(white arrow).
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Goarte o ahe onle condptaral elerent Petween the prdives are tan-late

\ O o o [IPRNR A SN 'yt 1 ne AR A .’,\ ey L gt
Pl o1 ot dedlroate Crests, i rldukjyfw«n(]«\ Striae are -een

andy o s e e s MeyTack 0 brdstensen (19700 Telieved
that the.e taralies exhibit ~cale structure similar to groups ancestral

. N
<ttt the order, Mol (1969) concrdered that the amvolve-

‘\'I() the re ¢

pent ot scales inopheremone releaso is g overy ancrent one. o Phe basal
arcea of the halr ccales examined in this study so stryonply reserble
these primitive microptervgid scales that a direct development may have
cccurred Jduriny tHeirr evolytion,
- . .
Further gyidence far the ancirent nature ot these syvstems comes

5,

from the startlingly <imilar microsculpture of pheromone scales f(om
individuals of species in ditferent tfamilies and from diftferent areas

ne,

of the bodv,  The hair pené@il scale of Mandioea cexta (Linnacus)
(sphingidact 1« alwost identical to that of M. ilepone (cf. fig. 2
Grant and FTaton, 1973), ‘The wing scale of 4. gecresialie is similar

to the abdominal tip wcales of Iricecy lue’a n? (Hubner) (Grant and Brady,

1973y, Tither thewe scales appeared early in the evolution of the
“\ e ¢ gehanay

<::;7 ' : )
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cvolved, e rutatren beddins too e developront o thie o it
Bexagona)l o culture tay e santlar to the caie vt L IS EANHRD!

Jetects o basal areas ofg. 13%0 0 Hexagonallv-braced structures are
extremely strong and Tkt bnown as o ceodetio constraction inoaireratt
manufacture ), bevelopment of such a ~cale would Tegve the wiy free
tor th;‘ cvolution of catrerely Tony and oftrcrent phererone rolease

scales.
J.1.3 Possible commen origin of secretory and disseminatory components

w A marked feature ot the more complex systems is e separation

and specialization of scales tor either pheromone secretion or dis-
'

semination. larlv deyelopment in A conUonrata strongly sugpests that
) gl s

the Stobbe's pgland and hair pencil have a common origin evolutionarily

-
as well as developmentaliv,  Both structures develop or the same fold

ot cpidermis and apart from size and number of cells they can he diffi-

cult to distippuish in early stages. It 1s possible that the B-glycoside
) . e
of the Stobbe's pland and the B-plycosirdase of the hair pencil cap cells

> «
0

R ’
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A o0 rated ot coretory o celles The oalb ocoales of the scent patel
, . : ’
o the wing vland of 0 Loerer o possess tow radges and o spall o protrues
stons (fips. 9 oand 1o, while the scales Teading from Stobbe's yland
arc guite srooth (frgs. Jooand 21y
1]
&
1.1.0  Are these structures vestigidl?
. . v ‘\\ N
wa
A question that must alyays be faced in a di%Sussinn of this
tvpe 1+ whether o particular structure is vestigial rather than close
to the ancestral type,  Several species of noctuld with vestigial
pheromore svetems have heen collected in Britain and described by
) v )
A

Birch (1972). The Stobbe's gland 1s always the first component'to
disappear, tollowed by the hair pencil scales and the protective
pochet. Several species retain only the lever, while Fupleria lucipara
(Linnacus)®exhibits the highest degree of reduction with only two small,
processes arising from the posterior angles of sternite I1 persisting.
2, o ‘ _ .
In generdt, vestigial systems are characterized by retention of the
.
hard parts, while supposedly primitive species (£, graminosa and M.
aleuwcrn) display simple but possibly functional systems. 1t is also

reassuring that these species were collected only in New Zeadand,

geographically isolated islands that appear to have assured the

.
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curvival oot oy wndon ted e e tave e tror cther corde v
¢
oL vomparative cland o tnc e
Vitunctrenal e crrcation S oot cvoorine plands can be
erevted on et ol oot and nenncds ) 1970 e Chicecal pround
Strakbamy by sty croactures have cvolved anowidely sepanated cpecies

to produve Chievagcad e corparable products . Relatively inert materials

such s the Tong chavn, anoaturated compounds that function as lony
' »

range attractants an Lemdoptera (euy. yo e e o0 (Ulubner) s Berper e

J9ce, S e 2 (Dnacus), Butenandt ot oal.,, 1959) are prodi. ed an
colle having the ~ocretory surface (mfcrovitili) in extended intaimate -

contact withe rach of the cell L‘,\'tu]>1;{\r‘.; (Fre. 09T, Moro toxic com-

pounds <uch a< anisomorphsl (the defensive seeretion of o oo b
Pagreete The (Stolly, Happ, et al., 1906) and the <hort  hain fatty ucid\

(C(»m;w»m'm of the scaual pheromone of the mecopteran 7oy of 7 roowe

Sor e (Mupl, Urossley and haterhouse, 1968) are produced by cells
\

with microvilli restricted to a small area and cuticle lined ducts,
which may prevent diffusien back into the cytoplasm (fig. 69A)7

_— . . . . )

Fhe most toxic compounds are aromatics — aldehydes and quinones.

Tenebrionids and noctuids, quite unrelated taxonomically, produce
: ¢

similar chemicals and share (a) glycosides as precursors, (L) extra-
cellular reaction compartments and (¢) very long duct systems. The .
4

more toxic the secretion, the greater is the distance between cytoplasm

2

-

and final product -(fig., 69C).

v



fro. o0 somrlarities Petween cell structure and secretion,
Diagram 1llustratany syrdlaritres between cell structure
X .
AL secretion. AL tells croglucany relatively anert substames have
a lony uneoditiced Torddr of microvilli (M) iJetterson et al., 19060,
after waku and Swmoto, 1969y, B Microvilli My are restrictad
to a4 repren near o cuticular duct .o cells producing moderately
toxie compounds, s Tt e :usgpuf’s has cvolved a specialized
tubule carrving cell (tu) (after Crosslev and hatyrhouée, 1969;
Happ et al., 1966), C. Haﬁp (1908) demonstrated that the secretory
product in Foc e Jonries Jl7s appeared as a glycoside.  This inert
material moves across the extensive border of microvilli‘ (M) while
the toxic quinone is produced on a restricted cuticular reaction
<ite. Male noctuids have convergently. acquired the essential fea-

/

tures of this scheme.

/
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o001 Are i AReY oy al oty d
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Brosvintie o, Dot i 00 onve ot mea b e it s ot e ney 11"(
‘ i »
o e, od o o ety of the stobtets oland to o abhsort g elhco-

<ide that difvered only 1 the Teneth of the carbon chain linking the

A N
.

sugar with the aromatic ring, trom the normal precur-or, renders /
this hyvpothesys unlihely.

L-phenvlalanine 1s a normal constituept of Insect hemolymph
(Gilmour, ISNJ*V(ﬁni the uptake of this amino acid by the Stobbe's
gland from the surrounding hemolymph probably initiates the synthesis

>
of the pherorone of €. o wiuwrata.  The lack of free phenylalanine
in the Stobbe's pland suggests that the rate of uptake of the amino, .
. D . . - .

acid may be a limiting factor of metabolism. )
1.2.2 Synthesis of the glycoside by the Stobbe's gland

Comparison of my results with earlier work allows somé conclu-
sions to he drawn about the secretaxy mechanism of Noctuidae. The,
perinuclear cytoplasm anpears to be the majdt area concerned with \
production of the pheromone precursor. In Phiogophora.metioulosd

(Linnaeus) Birch (1970b) observed that microvidli are restricted to
; . ] ’

.

the face of the central cavity underlying the nucleus. Concentrated
- .
in the cytoplasm surrounding the nucleus are large numbers of o

vesicles (Vs) in M, cdonfigurata. Two types of large vesicles are
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Chetween S e o the ther te r e , .

It weens Irtelv that the placeside 1o oonthesized in the per:-

. : . f :
nuclear cvtoplasr of the Stobbe's pland wnd rs extruded into the

L] 0
extracellulor cavity in the form of luarge vesicles just hefore eclosgon.
- 3 .

In ;. ey 2irs, the gland begins to_dccron<g great!l in size onc day

after emergence (Ulearwater and Sarafis, 1973) while the frece aromatic

on thq/hqgl/pcncil bepins to rapidly increase on the following dav

.
(Clearwater, 19720, signalling the trans‘er of the glycosidc_from the
' !
central cavity of Stobbe's gland to the hair pencil. The gland only

¢

releases precursor once, as blocking the opening of the gland after

the discharpge has no effect on the subsequent production of scent 1in

e es (Birch, 1970b). .
. ‘ ,
. i
4.2.3 Interaction between the enzyfic and the glycoside

>
o

The glandular cclf% atsfhe hair pencil base of noctuids lLave
B

been prcviougly'noted (Ford, 1955). The prcscﬁce of a B-gluﬁos\QEzi

in the hair pencil cap cells of voung adult M. configurata, and the

B ';‘ . ,

absence of this enzyme in the cap arca in older insccts that have .
. N :

developed theid scent, suggests that the B-glucosidase is produced in

the cap ccils, and moves down the lumen of the hair scates (fig. 70).

v v

t .
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present a ranor barrier to the passaye of the Dhovrononc, non-polar
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J-phenyvl ethano
Noctuid males are usually able to mate.more than once.

T fais o7 e able to mate an average of 3.3 times (Shorey, 19615,

-

Birch (19704) Jemonstrated that 1. o lowloea males were able to re-
charge the halr pencal at least tw iao, but not mere th rec times.
J-phenyl cthanol and benzaldehyde are very volatile, and all of the
pheromone on the scale surface is likely to be lost each time the hair
pencil is spread. If all the glycoside i~ rapidly hydrolyzed as soon
as it comes in cvontact with the enczyme, tie pherom = - could be avat.

t
able for only the first mating. The enzyme found in the cap cells
hydrolyzes glycosides rather slowly (fig. 67) and may have hydrolyzed

- . ~ . -

only a portion of the pheromone precursor by the time of the flrsa/
mating (third night in 7. orparata, Clearwater, 1972). Continued
slow hvdrolvsis after the hair pencil 1is replaced into the pouch would

recharge then for a sccond or third mating. In 7. separata therg
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Percolor baconde, both Arlin oand Brren o 1wTo and

Tvdr !

trar e, Frady oand Prand 0J9720) have ddentified benzvl oalcehol in omale

noctnd Grart et oal. 119700 Shewed that rale o0 oo Docarry
Farye A1 e hrush s ameunts oot benzvl o aloohol ard Dittle (5,040 wp)

brush. - enzaldehvide immediately tollowing eclosion, while on the

following pathway is proposed for the two species of Jovwialariz
(1 "1). Alternatively, a direct conversion to henzaldehyde may
he © wible.  Birch (per  c¢omm.) has used emulsin to produce benzalde-

m o preparation of glands from leucaniq irmpura.

”

... Metabolic pathway to the glycosides

The noctuid hair pencil—Stobbe's gland éomplcx appears to
have arisen only once (Birch, 1972). The very great similarity of
the pheromones and pheromone preaqursors of 7. separuté and M.
cunfigﬁrata allows thc.supposition that they share a similar metabolic
pathway (fig. 72). If the critical step is the introduction of an

hydroxyl.group by hydration of the side chain’double bond, only a

slight change in enzyme specificity would result in the production of



Fig.

1.

metabolic pathem

Sy

v
a

<

clveositde

and

P

i

ot

to pheremorne,

e

[t 4

Hypethetical



h |

CHOH
©CHZOH10 @
. \ﬁGzycosidase

lqura CH,CHOH
M.confzgur_ta2_phenyl @ 2~

ethanol +sugar

 0*~CHDH |
Oer0C ) poecngase
Yo \ @CHIOH

-P§§‘parata

—_—_——

benzyl alcohol
- / +sugar
©CH0, |

benzaldehyde



Pap, 7200 Moeorss v st and Tocwde s oy oo Hvpotheticald

metabolic pathway —— phenvlalanine to plveoside,
L4 ' .

. . . N . » . .
Fvidence tor mvolvement of phemvialanine, cinnamic acid
! ) ] ]

» .
prenvictiviocovlveosade and benool-c - Jlveoside only,

Y



MH,
((O))yengn caon

/ Prenylalanne
Oponsacor

Phenyl-pyruvic acid

Cinnamic acid

OH |
@cmca COOH @CH CH,COOH
B B <

Phenyl-lactc acid 3-phehyl-3'hydroxy»pro pionic ac'd

+ UDR-Hexose

Hexose +H.0 Hexose
0 0

]
<Q>CHCH COOH <O CHCHCCOH

2—glycosyl-3-phen\yl-gropxo:'uc acid 3-alyc yl=3-phenytprepionic anid

4

I\ |
<& }‘CHCHQHG‘M;@ @CHO Hexose
\—A/

L3
Dhenviethy' D-glycoside Benzyl—P-glycoside

M- cestra configurata Pseudaletia separata

s



NS

W VoY } oy v . -

either the precar o o U Ty e ey A Companat e
I ETC PR \ e ',r'-x Ve oo tat by bed g e vondnn M

U o it tod gt N ! te v Mot aru g aond

deoationt thiioe LAE T B (‘li}l(‘l

o ciict oot o 1 Y]w\,p"l(‘ ]‘(‘)1\1

»

lator on atron et tho ol :'-},_\\ll'u,\,\

acid with Corens et phveoside,

vderation.

In corneen wrth the detensive ~ooretions of 20 L ‘1."" D

(leconte o 0 e e e (Herb ot (Coleoptara: Tenchrionidae:

.

fHoapp, Toes s the rale phororomes of V0 o capees s and o sy

appoear to be octored as plyeosides,  Libe the benrogquinenes of the two

beetlew, benraldelnde and 2-phenyl cthanol are toxic to cell metabolism

,
Storaye as o plveoside appears to have circumvented the problems of
imsolubility and toxicity.

The tko.fIYVU\idC“ trom the two nocturds are very similar,
possibly differing only by a single ¢ unit in the side chain ]inkglxg
the phenol and the sugar groups.  The sugars of these plycosides w;re

not identificd, though both are unsubstituted hexoses).  Aplin and

»

Birch (1970) identifred both benzaldehvde and 2-phenyl ethanol from

4

Polia »elw/cra (Midfnapgel) and Mamectra pereiearias (Linnacus).  The

! t

‘esence of both compounds 1n a single species suggests that only

slight modifications of the metabolic pathway or slightly different
precursors may be necessary for their production. Benzaldehyde is an
extremely common pheromonc, being found in Leweanta impura (Hubner),
L. pallere (Linmacus), lolia nelwlogsa (Mifnapel), Mamestra persicarias

L }‘\ 3
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