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v T ~ ABSTRACT

In this thesis, the biochemical and biological properties of dopa
decarboxylase in Sm’c:c)phaga bullata are described. Dopa decarboxylase
requires pyridoxal-5'-phosphate as an obligatory co-factor, and the rate
of decarboxylation is also clevated slightly by Fe' . The cnzyme is
labile at 4°C, but sulfhydryl compo&nds and pyﬂfﬁoxal phosphate can
stabilize the enzyme to a certain extent. The optihum pH for dopa
decarboxylase activity in 0.05 M Tris-HC1 buffer is 7;5, and the optimum
assay temperature in this buffer i;\EQ\- 40°C. The apparent molecular
weight of the enzyme, de;ermined by Sephadex G-200 colum chromatography,
is 5.1 *+ 0.3 x 10% A.M.U.

Three distiActive peaks of dopa decarhoxylase-activity are observed
during the postembryonic.dcvelopment of Sarcophaga bullata. These peaks
occur at pupariation ‘(peak 1), 5-1/2 days after pupariation (peak 11I)
and at eclosion (peak IIT). The activity in peak I is confined to the
epidermal cells. The DEAE cellulose chromatographic properties of thé
~enzyme extraéted from the epidermal cells of animals 12 hr after pupari-
ation are similar to those of the enzyme found in the heads-of 10 ehy old
adults, ‘ .

\

The activity of dopa decarboxylase can be induced in young third
instar larvae (5 day’old) by the injection of 20.ug ecdysterone, About
60% of the induced enzyme has the same DEAE cellulose chromatographic
properties as that from the cuticular epidermal cells of brown puparié.

An in vitro system for studying the hormonal induction of the

iii
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enzyme was developed.  Wing disces cultured in vitro for 3 days.retain

- appreciable rates of RNA and protein synthesis, Such discs can undergo
evagination when ecdysterone (B-ccdysone), ranging from 2 x 10—7 -5

-5

1 x 1077 M, is added. Concentrations of a-ccdysone ranging from:

6 x 1078 - 2 x 107> M failed to inducc cvagination. The instantaneous

rates of RNA and protein synthesis in imaginal wing discs are stimmé
.lated by the addition of ecdystcrone. This ccdystcrone—inducediﬂﬁﬂ ard
protein synthesis is inhibited by actinomycin D md cycloheximide
concentratlons which effectively black the evagmnt\%on of the discs. §"
The activity of dopa decarboxylase can be rnduccd in éultured e
imaginal wing discs. A 4-fold increase in enzymb agtivity’ovet the )
control is observed aftér 96 hr in the presence of ecdysterone,’ The

induction process is sensitive to actinomycin D and cycloheximide. %he

estagjishmcnt of this system will allow further biochemical studies on

the molecular mechanisms of the hormonal regulation of gene expression.

-
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Chapter I’

INTRODUCTION ' .

| As a multlcellular\organ1sm develops there 15 a p;gﬁress -
restrlctxon i the spectrum of d1fferent1ated cell types fGQWﬁZ::'any
cdll can give’ rlse. The idea (see Davidson, 1969, for discussion) that
this restriction in the developmental potentialities of a cell was
accompan1ed by irreversible inactivation of the genome, was effectlvely
ruled out by the nuclear transplantatlon studies of Gurden (1963) In
this work nuclei from fully differentiated intestinal - Eblls of Xenopus
were shown to possess the complete Spectrum of genet1c poténtial that
: res1des in the zygote. A second suggestion that d1fferent1at1on results
. from d1fferent1al repllcatlon of the genome during development (see
/Ebert and Kaighn, 1966 for rev1ew) has now been ellmlnated by the
DNA-DNA hybridization competition experiments performed by McCarthy and
Hoyer (1964). These authors found that there were no differences in
the DNA sequences befween embryonlc and differentiated somat1c cells .
,The mechanlsm whlch:ﬁas rece1ved most experlmental support is the selec—
tive release of gene activity result1ng from the d1fferent1al transcrip-

",rl.

“tion oflthb genome (Britten and Davidson, 1969)., As defined by Allen
(1965) 6ﬁeh '"D1fferent1atioﬂ (s the outward and- visible sign of (
selectlve gene act1v1ty, the reflectlon of a change in the cell's

L] .
b1ochem1ca{ repertolre as a consequence of the release of information

-

encoded in .one- d1mens1onal sequences.ﬁ Thus, the diversity of proteins
Jf

which ar1$es during development as a resul d1£ferent1a1 gene act1v1ty

: ~
is thought to be reSpons1b1e for cellular d1fferent1at10n.

o 8 , . .
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‘the attention of developmental biologists. The morphological changes

Among those factors which affect the selective release of gene *
activity, hormones are believed eo be one of the most important. Severgl\
studies on ‘the ifduction of speoific protein synthesisiby hormones have
been reported, and aoong them, two'sfstems have been studieg exteﬁsively.
The first of these is the synthesis»of ovalbumin induced;by_estrogen, a
female sex'hormone, in immature chick oviduots (0'Malley et:all, 1969,

for review). Although extensive in vivo biochemical studies have been

performed, the lack of a prpper in vitro system is a drawback. The

second example of hormone regulation of enzyme symthesis is the induction

of tyrosine amino transferase by glucocorticoid hormones i
tissue culture cells (Tomkins et al., 1969ﬂ Tomk1ns and elehrter, 1972).
Since theSe stud1es were performed on a tumor cell 11ne the exten51on

#
of their results to normal cel;s is uncertain. Most 1mportant1y, though,

‘neither of these two systemszlenos itself to genetic analysis. For

these reasons, the development of other systems ‘for studying the mech-

anism of hormone action is desirable.

The remarkable metamorphosis that insects undergo has long attracted

associated with insect metamorphosis are regulated by various hOrmonds
, N : R N
(Wyatt, 1972). In particular, sclerotization, the hardening and darken-

ing of the insect cuticle dp}ing‘pupariation, is one of ﬂ’b best examples, -

This process is‘clearly ondeffthe control of the molting hormone,
ecdysone (Gllbert and Schne1derm§h 1961) *Since the biochemistry of

sclerot1zat10n has 1n large part been worked out by Karlson and his

. co-workers (Karlson and Seker1s 1964), 1t is a favourable madel system

Ly

for study1ng the act1on of hormones. Furthermore “the. ava11ab111ty of

r~" R .
. . PR . - . T

»



" isolate the rxsf gland in the anterior part of.the an1ma1 prevents

.1ca1‘pathway 1s 51m1lar for a wide varlety of orgqn1sms.

sophisticated genet%c techniques in_oné of ;he Diptera, namély'DrosophiZq
melanogaster, él}ﬁws for the introduction of a genetic analysis. At the
time this work naeq;nitiated though, several technical pnoblems-pfevenfed

‘ . L. K ' . .
studies, on Drosophila and the fleshfly, Sarcophaga bullata, was chosen

instcad. This thesis describes the prOperfies'of dopa decarboxylase,

one of the enzymes involved in sclerotization, and its reguﬂation by the

, !
- molting hormone ecdysone.

(A) Sclerotization and Tyrosine Metabolism in Higher?Diptera
, , .

. s

Much of the blochemlstry of - sclerotlzatlon yas been worked out by
Karlson and h1s co-workers for blowfly CaZZzphora ery%hrocephala (Karlson
and Sekeris, 1964). In the late third,instar larvae of CaZZiphora,~

tyrosine, 1nstead of be1ng metabol1zed through a degradatlve pathway,

converted to N- acetyl-Vopamlne by ox1dét1on decarboxylat1on and acetyla-

tlon (F1g 1.1) (Karlson and Seker1s 1964)“ Durlng puparlatlon a

Al

N-acetyl- dopamine is ox1dize§ to an 0- qulnone by phenol oxidase), end the

o- qu1none then/supposedly interacts WIth cutlcular protein to harden,the

larval "cuticle (Karlson and Seker1s, 1964 ; Brunet 1965). Other studles

sach as those of Summers (1968) on Uca pugzlator Bodnaryk (1970, 1971 a b)
flon Surcophaga buZZata and Hodgetts and Konopka (1973) on Dposophzla

meZanogaster suggegied that with some m1nor mod1f1cat10ns, th1§ blochem-

<
L -
e

o i

Ligation of quhphara larvae prlor to puparlum formatmnw SO as to.

. ] .
sclerotization pf the poster1or part of ‘the cut1c1e (Gllbert and \
’ 2

éthneiderman 1961 Karlson and Sekeris, 1964). Sclerotlzat1on of the
} ' .

\

i \ A -, . e
KR . .

y

T
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posterior part of the cuti010 in ligated larvae can be induced by the
injection of the molting hormone, ccdysone,  This clearly, indicates that
the process of sclerotization is under the control of this hormone,
Furthecrmore, Karlson and Scheris (19062) Shngvd that ccdysone induced a
substantial increase in the activity of dopa decarboxylase in the X

Y

ligated animal. Although the biochemical basis of this observation
N
and the mechanism of hormone action was pursucd by Karlson and his
“co-workers for many ycars (Karlson and Sckeris, 1968; Sckeris et al.,
1971}, *rather surprisingly, no ntfcmpt has been dk%p'to confi;m their
W . . s

studies on onZymc‘inQUc@xon»in CaYZ{phara, or to extend the observations
to other systofs. Thcrofor;, one of the aims of this thesis is to
cxt;nd Karlson's obsorvntién to another system and to develop an:

Tn vitro system of enzyme induction to circumvent thb difficulties

inherent in working 7n vivo.

(B) Ecdysone

(i) Bioassay

The biological activity of ecdysone is generally assayed by its
capacity éo causc the formation of a puparium in the larvae of certain
flies. Fraenkel (193S) first reported that puparium formation could be
induced in th posteria end of the ligated young larva of Calliphora by

injection of blood from individuals that were ready to pupate. This
~

ekperiment has led insect endocrinologists to develop a quantitative
"Calliphora test" which has been used as a routine assay method for
écdysone (Becker and Plagge, 1939; Karlson, 1956). Recently, sfmilar‘

assays have been carried out in many other Diptera such as Calliphorag
*



6

atygia (Thomson ot al., 1970), S&rcophaga pvr@gﬁ?%; (Ohtaki et al., 1967),
and Musca domestica (Staal, 1967; Adelung and Karlson, 1969), which gives
greater scnsi:}vity and precisi®h.  However, sovvrniq{nctors such as 7n
vivo metabolism of ccdysone, larval age at the time of ligation and the
simultancous action of an unidentified neurohormone have been found

which complicate the abdomen test mentioned above (F{nonkol and Zdarek,
1970; King, 1972). In order to avoid theee complications, Chihara et al.
(1972) developed an 7n vitro assay method. In their method, the biological
activity of an ecdysone preparation is assayed by its capacity to induce
in vitro evagination of discs isolated from Drosophila melanogaster. This
method is especially useful in assaying the biological activity of

ecdysone analogues.

(ii) Chemistry

The development of the "CaZZiphbra test" resulted in the successful
isolation of a biologically active ecdysone from S00 kg of Bombyx silk-
worm pupae (Butenandt and Karlsonf 1954). 'This compouyd was later desig-
nated as a-ecdysone by Karlson (Karlson, 1956; Karlson et al., 1§63). By

counter-current distribution separation methods, a second compound with

- - ' ’

molting hormone activity was isolated and designated as Bjécdysone b}
Hocks ?t al. (1967). Through extensive X-ray crystallographic and
chemical analysis, the structure of a-ecdysone was dctermined to be a
Ca7 sterol with exceptional polar character as a consequence of its
multiple hydroxyl géoups (Fig. 1.2}, and B-ecdysone a 20-hydroxyecdysone

(Huber and Hoppe, 1965; Hock and Weichert, 1966; Hoffmeister, 1966). The

word ecdysterone is used to refer to B-ecdysone specifically, whereas

L
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+ Figure 1.2. Structures of ecdysones and some selected phytoecdysones

with biological activity.
[ J

i
(Wyatt, 1972) . { .

. #
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ecdysone is often used loosely to &csignute a-ccdysone or B-eccdysone.
Recent studies of different investigators have revealed that besides a-
and B-ecdysone, there are many chcmically related ccdysone analogues
isolated from various plants which have high molting hormone activity
(Naganishi et al., 1966; Takcmoto et al;, 1967; Kaplanis et al., 1967).
All these compounds are termed phytoecdysoﬁes (Fig.. 1.2). The important
structural features of the molecules that are rcspon;ible for its
biologicad activity are: (a) fhe cis configuration in ring A and ring
B; and (b) a C-22 hydroxyl group. The additional hydroxyl group in C-20
appears to incrcase molting hormone activity (see Wyétt, 1972, for
review).

JIn Bombyx, Calliphora, or Sa{cophaga larvae, a-acdysone .is rapidly
converted to B-ecdysone and B—ecdysoﬁe then undergoe; further metabolism
to biologically inactive polar metabolites (Ohtaki et al., 1968; ‘
Moriyama et al., 1970). Further studies indicated that the metabolism
of ecdysone takes place either in the fat'body or £;;;;;;;;1 tract“by
enzy?atic degrédation (Shaaya, 1969). It appears that the degradation
of ecdysones may involve. more than one pathway, including side-chain

scission to release a carboxylic acid (Galbraith et al,, 1969), and

glucoside formation (Heinrich and Hoffmeister, 1970),

(?;i) Biological effécts

. Ecdysone-induced pupar1um formation in the Diptera wh1ch as was
mentioned above provndes the basis of the routine assay for ecdygone,
is one of the most thoroughly investigated aspects of the . As
reported'by éerreur and Fraenkel (1969), both ‘the initial contraction

of the larva into a puparial form and the cuticular sclefotization that



follows are dependent upon the presence of the hormdne. In many of the
-~

Diptera, the hormone-induced hardening and darkeninglis brought about

by phenolic tanning of the cuticular proteins. Howevar, even in those

Y \

members of the Diptera, where the hardening of the puparium occurs as a

result of calcification, the process is under the control of ecdysone
‘ P

(Fraenkel and Hsiao, 1967). : E

A sccond effect of ccdysone is the induction of molting. Adminis-
tration of ccdysone to the larval or pupal stages of an insect which is”~
ready to molt butilacks endogenous hormone due to ligation or extirpa-
tipn of the brain can ind&te molting promptly. Furtherﬁbre, Morohoshi.
and Iijima (1969) reporteﬁ that ligated silkworm larval abdomens could
be inducea to molt immediately -after the previous molt. Therefore it
appears that ecdysone can induce molting at any stage, though less
response to ecdysone is usually observed when fhe hormone is applied to
an animal which is not ready to molt (see Wyatt, 1972, for review).

-

From the standpoint of the research undertaken in this thésis,
- L4

perhaps the hormqne-induced‘metamorphosis of thq imaginal diﬁcs is tﬁg
most significant of the developmental events\u%éer the control of the
molting hormone. Imaginal discs are groups of cells of epidermal
origin which, though apparently undifferentiated during larval growth,

are destined to develop at metamorphosis into specialized adult struc-
. ' - ;‘.
tures. Studies on the transplantation of discs from larvae of

. 54
Drosophila into the abdomens of adult flies revealed that the growth of

discs is independent of the hormone, whereas metamorphosis of the discs

requires the presence of ecdysoqe (Hadorn, 1966; Postlethwafi and

Schneiderman, 1968). Similar results have also been oﬁserved in the

s

10
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wax moth, Gallerég mellonella (Madhavan and Schneiderman, 1969). Many
studies on imaginai discs cultured in vitro, including those on Drosophila

(Fristrom ct al., 1969; Chihara et al., 1972), Galleria (Oberlander,

%1969, 1973), Plodia (Oberlander and Tomblin, 1972) and Sarcophaga

(Ohmoriiand Ohtaki, 1973), indicatcg/that the metamorphésis of the discs

dcpendcnf upon the prcsénce of ecdysone. Most impressive are the
recent experiments of Mandaron (1970, 1971, 1973), which demonstrated
that discs isolated from Drosophila could be inducedlto undergo virtually
complete development, including bristle ;ormation and the deposition of
adult cuticle. From the results presented above, it is clear that the"
imaginal discs are one of the true target tissues for ecdysone and their
metamorph051s is dependent upon the presence of the hormone.

In addition to the morpholog1ca1 manlfestatloﬁs of hérmone act1v1ty
described above, ecdysone stimulates macromolecular syntheses, eSpeXJaily
those of RNA and prﬁtein. Rapid stimulation of RNA and protein sfnthesis
in several larval and pupal tissues of the silkmoth (Hyalophora cecropia)
have been observed after injection:of ecdysone (Bérry et al., 1967;
Wyatt, 1968; Sahota and Mansingh, r970). In vi£r7’studies on the effects -
of a-ecdysone on the synthesis of q?cromolecules'revgaled that the
presence of a-ecdysone in cell nucléi isolated fromjeﬁidermal cells or
fat body cells ;f Calliphora strongly“stimulates‘thé‘i orporation of

I4C_uracil into RNA (Sekeris et al., 1965; Congote et al., 1969). The

- induction of RNA and protein synthesis in cultured discs isolated from

Drosophila (Fristrom et al., 1969; Raikow and Fristrom, 1971; Fristrom,
1972) and Sarcophaga (Ohmori and Ohtaki, 1973) has also been investigated.

As revealed by Fristrom (1972), the syntheses of rRNA and general protein

! |
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. were elevated several-fold in the presence o% ccdysterone. However,
attempts to detect the induction of new species of RNA and protein in
-
the cultured Drosophila discs by employing DNA-RNA hybridization
techniques and SDS disc gel clectrophoresis were unsuccessf&l.
(C) | Rationale and Objectives
\ 4

In order to present the rationale and objectives of this work, a
general description of the process of sclerotization has been given.
Most significantly, the enzymes involved in this process appear to Be |
‘under the control gof the molting hormone, ecdysone. The main objectives
of this work are: (a) to characterize dopa decarboxylase, a key
enzyme involved in the process of sclerotization, with respect to
(i) its biochemical properties, (ii) its activity during development,

and «iii) its tissue localization; (b) to confirm the hormone induci-

N

bility of dopa decarboxylase in vivo; (c¢) to establish in vitro
culturing conditions for imaginal wing discs for studies on the induc-

tion of dopa decarboxylase by ecdysone.
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Chapter 1II -

v

MATERIALS AND METHODS

(A) Maintenance of Flies

Y

The fleshfly, Sarcophaga bullata Parkcr was obtained from Dr. R,
P. Bodnaryk. The animals were reared at room temperature (23 - 25°C),
under continuous lighting and 20 - 30% relative humié%fy. Larvae were
collected oﬁTraw ground beef in disposable p%Eii,di%hes. Forty-eight
hours later, larvae Qe%e transferred to fresh raw ground beef in
plastic bags and fhen placed in a poly;thylene containgr with dry paper
towels. Under thesé-conditions, larvae require 6-1/2 to 7 days for X
full growth. The mééure third instar larvae crawl out of the meat, and
wander for 24 to 36 hr on the dry paper before pupar1at1on Pupae,
collected and kept in the dark in an 14;ubator at 25° C,)eclosed about
12 days after pupariation. Adult flies in a wagden cage were supplied

~

with water and fed with a dry mixture of m11k-powder-(K11m) glucose
and yeast extract (Difco). Two weeks after adult eglﬁylon female flies
are mature and ready to lay larvae, Adult f11es pormally lived for

a

about 3 weeks. The life cycle of Sarcophaga buZZata 1n our laboratory

3

is summarized in Flgure 2.1.

As reported by Ohtaki (1966), the.secretion of the molting hormone,
ecdysone{ in Sareophaga peregrinﬁ is prevented as long as mature larvae
are stored in contact Qith water. For better synchrony of the cuiture
_in most of the experiments, mature, wandering larvae were coilecteﬁhand

stored in contact with moist paper towels for, 48 hr at room temperature

13



Figure 2.1. Life cycle of Sarcophaga byllata reared

in laboratory. *
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1zdarek and Fraenkel (1972).
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d then transferred to dry conditions for further development, After
1;[‘his treatment, larvae formed pﬁparia within 4 hr,

In order to simplify stock maintenance, an attempt was made to

[/ determine the fcas{bility of storing cultures in the cold. Whlte puparia
(0 ~ 2 hr old) were collected and incubated at 25°C for 2 days and then
;g were transfcrrcd to a closed glass jar and kept at 4°C. At different

K time intervals, puﬁ%e were removed and cheécked for further development

v at 25°C. As shown in Table 2.1, the frequency of eclosion ranged from

20 - 50% over a period of 4 months. The adults which eclosed from cold
'treated pupae were still fertile, and this procedure was adopted as a

routine for preserving the fly stocks.

(B) ~ Assay of Dopa Decarboxylase Activity

‘aA
‘$ o Dopa decarboxylase activity was measured by a slight modification
ug& ~ of the carbon dioxide microdiffusion method of Lunan and Mitchell (1969),
s in which 1%C0, is produced from 1-14C-dopa.’ The reaction was carried
. <

.,7Qouf in a small polyallomer tube in which 6 - 8 holes had been punctured
vy

o \ arownd the c1rcumference near the top, The tube was suspende‘ in a .
AN A )

| \$c1ntillat10n vial by a serum stopper (Flg 2.2). The standard"reaction

b

"(PTU), 2.4 x 107 M; pyridoxal-5'-phosphate, 1.2 x 10°* M; DL-dopa-1-1%C

o

" mixture contalned.. Tris<-HC1 buffer (pH 7. 5), 0,05 M; phenylthiourea

P

Lm0

(dlluted with [g=dopa to g1ve spec1f1c activity 5.3 mC/mMole), 3. 6 x 10 -5 M;

PR

d enzyme extract to give a total volume of 0.5 ml. The 'eacuon was .

; mitlated by 1nJect1ng 4. dopa through the serum stopper w1th a
, Ham11ton syrmge and after 20 min incubation at 37° C, it was terminated

]
ol

by addmg 0.2 ml of 50% trichloroacetic acid CTCA). Diffusion of l%Co,

5 i b ; ’ : '
v .



Table 2.1.  PERCENTAGE ECLOSION OF ADULTS STORED AT 4°c,

Time at 4°C Time Required for’
me a Complete Pupal Development % Eclosion
(Days)
' (Days)
- I
0 , ' m \ 50
l\
3 : oo . 20
6 | 11 . o 50
20 T 11 - S 20
31 : o1 55
43 ' -1 - .28
43? ’ - A
. : . 11 ‘ . 986,
58 1 ?;&_
72 11 - ;30
;

L1200 . 1 40

&

White puparia were collected for this experiment. The an?Lals were
incubated at 25°C for two days and then §t6red‘ai 4°C. At different
time inggrvals, 20 pupae were removed and incubated at 25°C for

- further development.\ _'

16
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Figure 2.2,

Diagrammatic representation of the weaction chamber

used in dopa decarboxylase assay.
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was allowed for a minimub of 2 hr at room tenmperature and the, gas was

trapped by ‘l ml of a solution.containing phenylethylamine (PEA)-methanol-

toluene (1:1:2 by volume) im the bottom of the scintillation vial.
!

\
Radioactivity was determined in a Packard Tricarb Liquid Scintillation
~
Spectrometer hy removing th(‘ mcﬁctlon chamber and adding 10 ml of Bray's

(

solution (Bray, 1960).

.In our earl\ cxperiments, l"C()q was trappod by KOH (10N) soaked in
a Smlll picce of Whatman #1 fllt(r paper (1/2" x 1/2"). lLater we found
thnt the PIA mlxrurc can trap 1'(02 nbout 2-1/2 times more efficiently:
“than XoH (TJQIC 2 2){ Thbref@&o, the PEA mixture was ised as a Co,
trapping aé:nt thrOUghoug_gqés study,

BT was found that ]“C-l;dong decarboxylated spontaneously ét an
appreéciable rate at alkaline ph, and therefore it was heceésary to
correct for sponta&eous decarboxylation during the period of incubation.
In the rautine assays, sample values were cgrrected for the amount of
spontanoous decarboxylation obtained in enzyme extracts 1nact1vated at

<

60 C for 30 min (Figs. 2.3 a,b).

L

!

It was found’that the optiﬂ for the enzyné activity was
between 7.5 to 8 in both 0.05 M_Txfi'é.—HCI buffer and 0.05 M phosphate
buffer (Figs. 2.4 2,b5. The temperature of the water bath at which
maximum enzyme activxty wa; .observed during a 20 min 1ncubat10n was 40°C
_(Fxg. 2.5). Since the.enzyme activity decreases very sharply at
temmperatures higher than 40°p,'an incubation temperature of 37°C was
chosen' for the standard assay. Undeﬁ‘these conditions, the enzyme
activity was directly prqportloﬂaltto the time of incubation (F1g 2.6)

and the amount of extract ovﬁ 3 ¢onsxderable range (Fig. 2.7).

Enzyme extracts were pgepv d by grinding 2 well washed animﬁls in




Table 2.2. COMPARISON OF CARBON DIOXIDE TRAPPING EFFICIENCY OF THE

kY
PEA MIXTURE! AND KOH (10N)

Apparent Enzyme . Efficiency

Trapping Agent Activity? (%)

PEA mixture 29.95 265

KOH (10N) . 10.95 100
<

YPheny lethylamine : Methanol : Toluene = 1 : 1 : 2
ZApparent enzyme activity = nmoles dopa decarboxylated/
ml extract/20 min
A crude extract prcparéd from animals 12 hr aftér'pupariation was

in this experiment,

used



Figure 2.3. Heat inactivdtion of dopa decarboxylase.

a)

b)

Heat denaturation of dopa decarboxylase activity.
Extracts prepared from brown puparia were incubated
at different temperatures for 15 min. Activity of
dopa‘dccarboxylase was determined by the standard
procedure at 37°C.

Kinetics of denaturation of dopa decarboxylase at
65°C.

‘Extracts pfeparcd from brown puparia were incubated
at 65°C for various times! The activity of dopa
decarboxylése was then determined by the standard
procedure. Soluble protein was determined by the

F 3
method of Lowry et al. (1951).

™
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Figure 2.4. Activity of dopa decarboxylase as a function of pH.
Extracts were prepqred froﬁ brown puparia in either
Tris-HC1 buffer (0.05 M) or sodium phosphate buffef
(0.05 M). The reactions were carried out in (a) 0.05 M
" Tris-HC1 or (b) 0.05 M sodium phosphate buffer at
different pH's. Soluble;Q{ofein was determined Sy

the Lowry method.
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Figure 2.5.

Activity of dopa decarboxylase as a function of the
assay temperature.

Extracts were preparéd from brown puparia and the
reactions were carried out in 0.05 M Tris-HC1 buffer

L

(pH 7.5, adjusted at every temperature) for 20 min.
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Figure 2.6.

Activity of dopa decarboxzylase as a function of the
inqrbation time.

An extract was prepared by grinding 2 brown buparia
in 1 ml of Tris-HC1 buffer (0.05 M,’ pH 7.5). The
supernatant of the centrifuged homogenate was diluted
to 1/24 of the original concentration before using.
The reaction was carried out in 0.05 M Tris;HCI buffer

(pH 7.5) at 37°C.



27

|
N
v

IOV¥1X3 TW-/Q3LVIAXOS8YD3IA VdOd S310Wu

INCUBATION (MIN)

 TIME OF



Figure 2.7.

<

Actiﬁity of dopa decarboxylase as a function of protein
concentration.

Extracts prepared from brown puparia were assayed for
dopa decarboxylase activity in Tris-HC1 buffer (0;05 M,
pH 7.5) for Zd min at 37°C. Soluble protein was deter-

mined by the Léwry method.
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. ‘ . 1w : -
1 ml of 0.05M TrissHCl buffer (pH‘7.5?, containing PTU (2.4 x 10 3 M),
in a glass’ homogenlzer at 4° C Debris was removed by qentrlfugatlon at

7700 g for 10 m1n in a Sorvall Refrlgerated Centrlfuge (RC2-B). In

.most of the cases, the centrifuged. extracts were then passed through
tolums (0. 9 x 10 cm) of Sephadex G-25 (Pharmacia F1ne Chemlcals) to‘

remove small molecules Proper dilutions were made on the. d1a1yzed or’

umdlalyzed extracts to obtain 70 - 100 ug of soluble protein for each

. assay,

“

(C) Chromatographic Procedures

Y

(i) DEAE,ceZZuZose.célumn.ehromdtography

Diethylaminoethyl Celluloee tDEAE W. and R. Balston 'England)
was prepared by&flrst stirring 100 gm of dry fiber with 1000 ml of 0 SM
NaOH for 1 hr at reom temperature and the NaOH was removed by gentle
suction on a Buchner funnel. The pH of the suspension was reduced to
8 0 by repeated rinses in d1$t111ed water and then the DEAE cellulose
was resuspended in 1000 ml of 0.5 M HC1. The mixture was then stirre?
at room temperature and washed with glass distilled water to pH 4.0,
Finally, the ac1d1c DEAE cellulgse was resuspended in ' 500 ml of 0. 05 M,
_Tris- HCl buffer (pH 7. 5),}st1rred for 30 min and t1trated with 6N KOH
over a period of 6 hr at room temperature to a final pH of 7. 5. A
column, packed w1th the treated DEAE cellulose (1.2 x 14 cm) was
equ111brated wath 500 ml of 0.05 M Tris-HC1 buffer (pH 7.5) at 4 C.
Followmg sample apphcatlol‘ the colum was further washed with 20 ml
of Tr1s-HC1 buffer. Protein was then eluted with a linear jonic

gradient contalnlng 0.1 -0, 6 M NaCl 1n 0 05 M Tris-HC1 buffer (pH 7. 5)

~



31

The volume of the'fractions.collected was 3.0 ml.

| . X .
‘ u . i . .

(ii) Sebhader column chromatography
G-25 and G- 200 Sephadex .gels (Pharmacia Fine Chemicals, Montreal
b Quebecl were prepared following the procedures described by‘Pharmac1a
\Flne Chemrcals To hydrate the gels, ‘10 gm of G-25 were soaked in 500
ml 0.05 M Trls HCl buffer (pH 7.5) for 3 hr at room temperature or
10 gm of G-200 were ‘'soaked in 500 ml of Trls—HCl buffer for 3 days.
After the gel was fully hydrated, the f1ne particles were removed by

success1vely washlng the gel with Tris-HC1 buffer Air bubbles trapped.»

‘in the gel slurry dur1ng preoaratlon were; remsxgd/Under vacuum “For

dialysis purposes G 25 was pached 1nto a jsmall column (0.9 x 10 cm)
;’~. and equ111brated with 0. 05, M Trls HCl (pH 7. 5) at 4°C. Colums could
| be used repeatedly if care was taken to wash them.adequately after :

each'rum ~

L]
-For~ gel flltratlon column chromatography, the excess buffer used

to swell G 200 gel was removed umtll a thick slurry rema1ned The

' slurry was then carefully plpettéd 1nto a colum (1 2 x 55 cm) wh1ch

o -

was mounted vertlcally in fhe cold room. ‘The colum was connected to

v

_the buffer reservo1r and the gel was packed under an operating pressure

“not exceeding 12 cin. The columh was ..further equlllbﬁted with 1000 ml
of 0.05 M Trls HC1 buffer w1th or wlthoﬁt mercaptoéthanol (2. 0 x 10 -3 M)
The void volume of the column was determlned w1th 0 2% blue dextran 2000

L -

(Pharmac1a Fine Chemicals) In order to obtaln good separat1on of the

;nroteiné ‘the amount of sample loaded on the column should be less than .

[

" 2% of the total bed volume. Thu;“semples_were always applied in volumes

less thanuo;s ml. Following sample appl@cation;'the column{waSréluted'



a2

with 90 ml of Tris-HC1 buffer (0.05 M, pll 7.5) with or without mvfcnpto-
cthanol undsr an operating pressure of 12 em. The volume of the frac-
“tions ‘collected was 0.9 ml and the flow rate of the colum was 6 ml/hr.

After cach run, the column was extensively washed with Fris-HC1 buffer

(0.05 M, pli 7.5).
A\

(D) Determination of Protein Concentration \

method described by Lowry et al. (1951). In this scctioh, several . \‘('
- L3
difficulties encountered in applying the technique will[be discussed.
It was found that the PTU in the extract buffer reacted with the Folin
reagent to give a false Lowry-positive reaction. This could be avoided
by a prior dialysis procedure. Secondly, a slight false Lowry-positive
reaction was observed when the Folin reagent was added to Tris-HCl
buffor. Since the extracts were prcparéd in 0.05 M T;is\HCl‘buffor
(pHA7.S), measurements of protein concentrations wér& corrcctcd)for
blank values obtained by substituting the appropriate amoumt of Tris-HCI
buffer for the extract. £ -
(o

The intensity of the blue color which develdps in the procedure is
a function of tim¢. Thevrefore, throughout all the assays, we used one
hour as the incubation time. All the reagents except the Folin reagent
were prepared once every.montp. Each time when new reagents were

- 7/

prepared,.a new standard protein concentration curve was obtained using
bovine scrum albumin as the standard. » fypical standard curve is shown

in ngure 2.8.

»



Figure 2.8.

Typical standard curve used for estimating protein
concentration by the Lowry method.
BovineAsegum albumin, fraction V, was used as the

standad protein.
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P
(E) In vitro Culturing of Imaginal Wing Discs

Age synchronized maturc larvac (48 hr on wet paper followed by 6 hr
on dry paper) were stored at 4°C in the refrigcrhtor for periods up to
10 days. Surfacc-sterilization was carried out by submerging the larvac

RO

in White's solution (Whito?‘l?63) for 40 min and then rinsing them three
times in sterile distilloa water, Imﬁginal wing discs were dissected
from these larvae in Schneider's medium (Grand Island Biol. Co.) with
sterile forceps, and rinsed at least three times in the same medium
before being transferred to small sealed culture vessels (Bellco). In
general, 10 discs wefe cultured in 2 ml of Schnéidcr's medium supple-
mented with 10% heat inactivated fetal calf serum (Grand Island Biol.
Co.), penicillin (100 units/ml) and streptomycin (100 ug/ml) at 25?C.
This medium is called S medium throughout the text. Discs with injured
membranes were discarded since membrane injury decreases the capability
of further development in vitro.

For induction studies, 1 pg/ml (2 x 1076 M) ecdysterone (prepared

in 10% ethanol solution) was added to the medium, and this medium is
>,

called SE medium throughout the text.

(F) Chemicals and Hormones Used ' .

The L-amino acid mixture-3H(1 mC/ml O0.IN HC1), uridine-5-3H

(28.5 C/mMole), and DL-dopa-1-1%*C (10.7 mC/mMole) were purchased from New
England Nuclear (Boston, Mass.). a- cdysone was a gift from Dr. C.A.

Henrick (Zoecon Corp.); and ecdysterone was purchased from Schwarz/Mann

(Orangeburg, New York).



Chapter I11

'~BIOCHEMICAL AND BIOLOGICAL CHARACTERIZATION OF -
DOPA DECARBOXYLASE IN SARCOPHAGA BULLATA

(A) Introduction

Dopa decarboxylase (3,4-dihydroxy-L-phenylalanine carboxy-1lyase
E. C. 4.1.1.26) catalyzes the conversion of dopa (3,4-dihydroxy-L-
phénylalanine) to dopaminé (3,4-dihydroxy-phenylethylamine) in the
ff}:biochemical pathway leading to Fhe biosynthesis of catecholamiQes from
tyrosine in mammalian tissues (Molinoff and Axelrod, 1971). Several
investigators have described the purification and characterization of
this enzyme in different mammalian tissues (Fellman, 1950; Lovenberg
et al., 1962; Christenson etlal., 1970). Dopa decarboxylase isolated
from mammalian tissues is specific for the L-isomers, but not specific
for a particular aromatic L-amino acid. Because of its lack of sub-
stract specificity, the suggestion has been made to design;te the
en}yme as aromatic L-amino acid decarboxylase (Lovenberg et al., 1962;
Christenson et al., 1970).
In higher Diptera as well as other insects, dopa decarboxylase is
» the key enzyme in the pathway of tyrosine me£abolism leading to sclero-
tization, darkening and hafdening of the larval cuticle during pupari-
atidon (Karlson and Sekeris, 1964; Lynan and Mitchell, 1969; Bodnaryk,
1970; Hodgetts and Konapka, 1973). Except'fof ghe work- reported by
! .
Sekeris (1963) on the partial purification of dopa decarboxylase from
Calliphora erythrocephala, very little is known about the biochemical
prOpertie§ of this enzyme. "

v
36
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In Calliphora erythrocephala, Shaaya and Sekeris &1965) ob;crved
that the profile of dopa decarboxylase activity during deveaypment was
similar to the variation in the eccdysone titer. This suggested hormonal
regulation of the cnzyme, and further evidence supporting this was
provided by the work of Karlson and Sekeris (1962, 1964, 1966). Rather e
surprisingly, no other workers attempted to confirm or extend these
interesting studies. In this chapter certain of the biochcmicél'and

biological properties of dopa decarboxylase in Sarcophaga will be

discussed.

(B) Results !

(a) Biochemical characterization of dopa decarboxylase

(i) Parttial purification of dopa decafboxylase:

In order té study the biochemical characteristics of dopa
‘ charboxylase,‘a partially purified enzyme prepagation was desired.
The following steps were performed to obtain such a preparation.

(i.a) Ammonium sulfate fractionation: The first step in the
purification scheme was ammonium sulfate fractionation. As shown in
Table 3.1, about 80% of the total dopa decarboxylase activity was found
in the fraction between 50 - 75% saturated ammonium’sulfate. After '
this step of purification, the specific activity of the'enzyme increased
from 1.07 to 3.03 (i.e., 3-fold purification was obtained). As shown
in Table 3.2; using a narrower concentration range of ammonium sulfate,
a slightiy higher purification was obtained.

(i.b) Sephadex_G—ZOO columm chramatbgraphy: The second step

of purification was Sephadex G-200 chromatography, Figure 3.1 presents-.

L)

L}
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Table 3.1. AMMONITUM SULFATE FRACTIONATION

Activity of ¥

Sat?z;t1on, dopa decarboxylase L Total(2§t1v1ty
(rmoles/ fraction/20 min)
f . .
0 219.8 - 100.0
0-50 33.3 . ? 14.3
50-65 ' 99.5 42.6
65-75 84.8 36.3
75-85 16.1 6.9

85-100 0.2 o 0

A crude e*tract was preﬁared,by grinding lz;brown puparia in 7 ml of"
0.0S M Tris-HC1 buffer (pH 7.5) with'a glass tissue grinder at 4°C and
the debris was removed first, by centrlfugatlon at 7700 x g for 10 min

. and second by filtration through three layers of K1mw1pes (Klmberly Clark).
A saturated ammonium sulfate solution was prepared by dissolving 770 gm
of crystalline ammonium sulfate in 1000 ml of 0.05 M Tris-HCl (pH 7.5)
and the pH of the,solution“was broﬁght up to pH 7.5 by titrating with
concentrated NH,OH, Theﬁindicatea degree of saturation was obtained by
- the dropﬁise addition of: the ﬁeutrélizedlgagurated.ammonium sulfate
‘solution at 4°C. The preciﬁitate collected by centrifugation at 12,000
X g and resuspended in 0.05 M Tris-HC1 (pH 775) Enzyme assays were
carried out in 0 05 M Tris-HC1 buffer (pH 7.5) under the standard condi-

tions. ‘ .

.v



Figure 3.1.

N

Chromatographic profilé of activity of dopa decarboxylase
on Sephadex G-200. |

An extract prepared from animals 12 hr after pupariation

and fractionated by ammonium sulfate (55-70% saturation)

was used in this study. After loading the 0.5 ml sample

. on the column (1.2 x 55 cm) of Sephadex G-200, proteins

were eluted with 0.05 M Tris-HCl buffer (pH 7.5) at 4°C.

Fractions of 0.9 ml cach. were collected. Préte;n was

measured by the Lowry method and the enzyme activity was

measured under the standard conditions in 0.05 M Tris-HC1

buffer (pH 7.5). {--0----0-:) protein concentration;

(~~—eme———) dopa decarboxylase activity.
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a ‘typical chromatographic profile of dopa decarboxylase on a Sephadex
G-200 column: The activity of tﬁe enzyme was eluted between fractions
oo 43, The specific activity of the enzyme at this stage of pufifi—
cation was 3.91 (Table 3.2). By comparing the recovery of total protein
after Scphadex G-200 to the amount of pfotein in the §S —‘7b% ammonium
sulfate fraction, a 5-fold increase in the 5pec1f1c§;ct1v1ty should
have been obtained (Table‘3.2). However, as Table 3.2 shows, there
was no increase in the Sp:;ific activity at all after this step of
purification. In order to determine the cause of the loss in enzyme
activity during Sephadex G-200 chromatograpﬁ?, the.following’experiments
were carried out. :

(1i) The co-factor requirements of dopa decarboxylase:

In order to examine the possibility that the decrease in
activity on G-200 resulted from thé'loss of a co-factor, experiments
were desigﬁed to determine the co-factor requirements of the enzyme.

As presented in Table 3.3, a Sephadex G-200 enzyme preparation requires

pyridoxal phosphate as an obligéfory co-factor. The only metaliic ion

which has been tested is Fe***, Although a 40% elevation in enzyme

activity was ohserved Qhen Fe*** was present in the assay mixture

(Table 3.4j, Fe''* does not appear to be an obligatory co-factor.
(iii) Stability of dopa decarboxylase at 4°C:

The final possibility for the loss of activit; on G400

"that was investigated was the question of enzyme stabiliiy Experimeﬁts
were tﬁerefore carried out to determ1ne the stability of dopa decarboxylase

at 4° C after different steps of pur1f1cat10n. Table 3.5 presents the

~results of this study. It was found that 43% of the total enzyme



Table 3.2.

lTotal activity is defined as:

PURIFICATION OF DOPA DECARBOXYLASE FROM BROWN PUPARIA
3
Total . 1 s s 2
. o Total Specific Ces s
Fraction o Protein Activity Activity Purification
(mg) :
Crude extract 421 .4 %§ 452 "1.07 0
55-70% (NHy)2S@, 96.0 388 4.04 4 “
fractionation
Sephadex G-200
chromatography 19.8 77.6 3.91 3.9

nmoles of dopa decarboxylated/20 min.

25pécific»activity is defined as: nmoles of dopa decarboxylated/

mg of protein/20 min.
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- Table 3.3. DOPA DECARBOXYLASE ACTIVITY AS A FUNCTION OF PYRIDOXAL

PHOSPHATE CONCENTRATION

Concentration of Activity of
Pyridoxal Phosphate Dopa Decarboxylase
M) (nmoles/ml Extract/20 min)
0 0
1.2 x 10°° ’ ‘ 1.75
1.2 x 107° | 3.22
1.2 x 107" o 3.76
1.2x10% 7. - - 2.46
1.2 x 1072 ‘ 0

-

An enzyme extract‘ffom animals 12 hr after puﬁariation, purified by
ammon i um sulfate'fractionation and Sephadex G-200 chromatography as
sumnarized in Table 3.2, was used in this study.» Activity of dopa
decarboxylase was determined under thé gtandard conditions in 0,05 M

Tris-HC1 buffer (pH 7.5). - ‘,

g



Tabléﬁ,\ DOPA DECARBOXYLASE ACTIVITY AS A FUNCTION OF FERRIC ION

s\ 'CONCENTRATION

Concentration of ‘ Activity of .
Ferric Ion : Dopa Decarboxylase -
‘(M) . . (nmoles/ml Extract/20. min}
o | o » 1.85
"5.0 x 1070 . . ' 2.87
. Cy ‘ o
1.0.x 107" S : 2.25
: -y N . . - ’
5.0 x 10 AN : . 1.93
i ".“ ’\ : ‘.’..“."'
1.0x100°° N N 0.23
| i O\ . .
5.0 x 1073 N L | 0
| N %

An enzyme extract from animals 12 hr af%er pupariation, pur1f1ed by
\
ammonium sulfate fract10nat1on énd Sephadex G-200 chromatography as
\

summarized in Table 3.2, was used \\\thls study. Ferric ammonium

.sulfate was used as the Fe' ™t source) Acti&ity ‘of dopa“decarboxylase
. : B y
was assayed under the standard conditiaps in 0305 M Tris-HC1 buffer '

A - A i

(pH 7.5). - o Lo A
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Table 3.5.  STABILITY OF DOPA‘bECARBOXYLASE AT '4°C

. State of ! L © % Remaining Activity :
Purification ‘ 0 Hour " 26 Hours .47 Hours
, -
/
Crude Extract - | 100 43,0 16.0
\.',, - * , - ¥
“65-70% Ammonium -~ ,
Sulfate Fraction . 100 ;8.5 2.0
: 0 .
Sephadex G-200 100 | 67.0 51.7

Column Eluate

A crude extract was prepared from animals 12 hr after pupariation in-

0.05 M Tris-HC1 buffer (pH 7.5)) and the enzyme activity was measured

‘

under the standard conditions in Tris-HC1 buffer (pH 7.5)..

4

45
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\

activity remained in erude extracts stored at 4°C for 26 hr, &.5% in
~..

~ \

the amm n;ium sulfate #ractionated fraction and 67% in Sephadex G-200
fraction (Table 3.5). Further decreases in enzyme activity occurred
when the different encyme preparations were hept at 4°C for another 21
hr. The enzyme is most unstable after ammonium sulfate fractionation
and least unstable after Sephadex G-200 chromatography., Repeated

. N \
freezing and thawing at least 5 times did not cause any appreciable -
decrease in enrtyme activity,

Attempts were made tosstabilize the cnzyme activity in
the ammonium sulfate fractionated preparation by using pyridoxal-S'-
phosphate, PTU, mercaptocthanol or L-dopa. As presented in Table 3.0,
all the compounds ecxcept L-dopa stabilized the enzyme activity. The.
optimum conditidhs for stabilizing the enzyme activity were obtained
when both mercaptoethanol and pyridoxal-S5'-phosphate were prosént.

In this case about 37% of the activity remained after 24 hr.
(iv) Fnrfmatinn-of enayme molecular wetght :

The apparent molecular weight of dopa decarboxylase was
det;rminpd by gel filtration on Sephadex G-200. A Sephadex G-ZbO column
(1.2 x 55 cm) was calibrated with 500 - 4000 ug of each of the following

.
standards: myoglobin (M.W. 1.7 x 10%), ovalbumin (M.W. 4.5 x 10%),
bovine serum albumin (M.W. 6.7 x }66), alcohol dehydrogenase thorse

4

liver) (M.W. 7.3 x 10") and bovine y-globulin (M.W. 1.6 x 105), The
partition coefficients of each standard as weilras dopa dedArboxylase
were calculated by the relationship (Laurent and Killander, 1964)
Kaﬁg = (Vé - Vo) / (Vi - Vp), where Ve is the elution volume of the - -

.

particular protein, V¢ is the total volume of the gel bed, and Vo is



Table 3.6. THE EFFECT OF VARTOUS A(HENTTi()N THE STABLLITY OF DOPA

DECARBOXYLASE AT 4°C

Dopa Decarboxylase
Activity (mmoles/
Agent Gegcentration ml Extract/20 min) Stabilization

(M) 0 lHour

24 liours

Relative

An extrggt prepared in 0.05 M Tris-HCl buffer and fractionated in
ammonium sulfate (55 - 70%) was used in this study., The enzyme activity

was measured urider the standard conditions in 0.05 M Tris-HC1 buffer

(pH 7.5).

Control pd 76. 7. 1.00
-/ .
Phenylthiourea 2.3 x 107 82. 25. 3.56
Mercaptoethanol 2.0 x IO-3 94, 25, 3.55
Pyridoxal Phasphatt 1.2.x 107° 78.¢ 17. 2.51
. -3
Mercaptocthanol 2.0 x 10
. + 3 9]¢ 34. 4.76
Pyridoxal Phosphate 1.2 x 107
-5
L-Dopa 1.8 x 10 74. 4, 0.66
Act
———gﬁ—h£~for treated extract
. ACtO ht
lRelative stabilization = het
¢
2 hr for control extract
ACtO hr

47



the ind volume. Figure 3.2 presents the vllffnn profiles of the pro-
tein standards on Sephadex 6-200.  When Kyyg of cach individual protein
standard was plotted against its respective molecular weight on a scmi
log scale (Figure 3.3), a lincar relationship was observed. From 3
separate Tuns on G-200, the apparent molecular woight‘of dopa decarboxy-

-

lase wis determined to be 5.1 ¢ 0.3 x 10" (Figure 3.3).

(b) Biological characterization of dopa decarboyxlase

(i) Activity of dopa decarboxylase during development:
Experiments were conducted to measurce the activity of dopa
decarboxylase a§ various stageg of larval, pupal and adult development

and the results are presented in Figure 3.4. In the early third instar

a

-
£ -
larva, no apprcciable amount of dopa decarboxylase activigy was observed.
L]
BN

?nzymo activity increased sharply during puparium formation and decreased
to ;n undetectable level 4 days later (peak I). Another large pecak of
cnzyme activity appearcd 24 hr after adult eclosion and decreased again

4 days later (pcak II1). In addition, a smaller but sharper peak of

v

enzyme activity was detected 5-1/2 days after puparium formation (peak 11).
(ii) Distribution of dopa decarboxylase at pupariwn formation
(peak I):
In order to determine whether the enzyme activity observed

in peak I was localized in the cuticular epidermal cells as suggestcd by

Lunan and Mitchell (1969), animals 12 hr after the white puparium stage

I w.

were dissccted in 0.05 M Tris-HC1 buffer (pH 7.5, with PTU 2.4 x 107
The various fractions were assayed for dopa decarbgyxlase activity.
Table 3.7 summarizes the enzyme activity observed in different tissues.

The data suggest that about 70% of the total dopa decatboxylase activity



Figure 3.2. Chromatographic profile of protein standards on Sephadex

G-200.

The size of the colum was 1.2 x 55 cm.:

(—e——e—) y-globulin (4 mg);

(--0----0---) ovalbumin (4 mg);

(—a——=—) myoglobin (2 mg};

(=~———————) alcohol dehydrogenase (0.5 mg).
Y-glogulin, ovalbumin and myoglobin were determined by
absorption at 280 mu, and ADH was assayed according to

Ahmed (1964).
Proteins were eluted with 0.05 M Tris-HC1 buffer (pH 7.5).
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Figure 3.3.

,»~’//’///

Correlation of the partition cocfjicicnt to the molecular
weight.

Partition cocfficients of protein standards were calcu-
lated from the data obtained from Sephadex G-200

experiments according to the relationship:

The arrow indicates the Kavg of dopa decarboxylase
activity. V, was determined by blue dextran-2000. V,
was determined. by calculating the volume of the gel from
the height of the bed and the diameter of the column.
The position of the centers of all peaks were\determined
by the relationship:

? fixci
Center of the peak = 1

I f;
i 1

where the summation was taken over all the fractions (f3)
of the peak, in which enzyme activity or 0.D.,g, mp (ci)

were found.

\
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Figure 3.4.

Specific activity of dopa decarboxylase at different
stages of de&elopment in Sarcophaga bullata.

The age is expressed in days from the time of larval
deposition. Each point is the mean of at least two

determinations, and the S.E. of each point was less

than 10%. The enzyme activity was measured under

" the standard conditions in 0.05 M Tris-HC1 buffer

(pH 7.5).



o '

54

- o
o
(3]

20

T p
© (=]
[l

N (W 0Z/N(310¥d OW/Q31V1AXO8dvD3a vdOQa S3I10WVY

ADULT

PUPA

_<+——LARVA

DEVELOPMENTAL TIME (DAY)



' ' -
Table 3.7. DISTRIBUTION OF DOPA DECARBOXYLASE ACTIVITY IN

SARCOPHAGA BULLATA, 12 HOURS AFTER PUPARTIUM FORMATION

[+
A
[+)
X . .. o1 % Total
Fraction . Activity/Animal Activity/Fract ion
Blood Cells and Hemolymph 8.2 ‘ 16.5
Cuticular Epi}eiyal Cells 36.1 72.5
| W,
Muscles and Trachea 2.4 4.8
Fat Body : 1.2 2.4
Imaginal Discs and Brain 1.9 3.8
. Total Activity Recovered ' 49.8 100
Undissected Whole Animal 490 -

IActivity/animal = nmoles of dopa decarboxylated/animal equivalent/20 min.
Each point is the average of two experiments. The enzyme activity was

measured under the standard conditions in 0.05 M Tris-HC1 buffer (pH 7.5).

~
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is in the larval epidermal*cel}s lying just undef the cuti;ie. -Although
a small fraction of the enzyme actfvity was found in blood gglls,
hemolymph, muscles, imaginal discs and fhe bréin, it could well be due
to contamination by cuticular epidermai cells,
(iii) Forms of dopa decarboxylase in the organism:. /

The decarboxylation product of this,enZyme, dopamine, is
thought to function as a neural transmitter in some'brganisms (Molinoff
and‘Axelrod, 1971). Therefore we were interested ﬁb find out whether
different forms of dopa decarboxylase were present in Sarcophaga‘bullata
for sclerotization and neurological functions. Eniyme extracts prepared
from whole aﬁimals about 12 hr after puﬁarium formation or from isolated
cuticﬁiar epidermal celh;’&nm animals of the same age, were chromato-
graphed separately on DEAE cellulose. As shown in Figure 3.5 a and b,
a siAgle peak of dopa decarbo;y%gse activity from these two differeni
extraqfs was eluted off the colum at fhg séme ionic streggth. Further-
more, dopa decarboxylase activity prepared from the heads of 16 days old
adults, which were assumed to have virtually no cuticular dopa decarboxy-
lase ag}ivity, showed the same chromatographic behavior on DEAE cellulose
(Fig. 3.5 ¢).

(iv) Induction of dopa decarboxylase activity in vivo by

ecdysterone: |

In'the fesults presented in Figure 3.4, peak I appeargd at
the stage when tanning of the larval cuticle is in progress. Bodnaryk
(1971)-repqrted that precocious tanning in young third instar larvéé e

could be induced by the injection of exogenous ecdySterone, and this

A ——

py



Figure 3.5.

Chromatographic profiles of dopa decarboxylase on DEAE

cellulose.

(a) The extract was prepared from whole animals, 12 hr
after pupariation (brown puparia).

(b) The extract Qas prepared from cuticular epiderﬁal
cells isolated from brown puparia.

(c)’The extract was -prepared from the heads of lb day

ola adults.

. Crude extract$ prepared from different sources were loaded

to al.2 cm x 14 cm colum of DEAE cellulose. After ioading

the 0.5 ml samples, the colum was washed with 20 ml 0.05 M

Tris-HC1 buffer (pH 7.5). Proteins were then eluted with

an ionic gradient consisting of 0.05 M Tris-HC1 buffer
(pH 7.5) and NaCl (0.1 to 0.6 M). Fractions of 3.0 ml each

were collected. Prote1n was determaned by absorbance at
l%'i

280 mu G——o~—<3———a, and the enzyme activity was measured

under the standard cond1t10ns in 0.05 M Trls—HCI buffer ~
(pH 7.5) t~——@~—e—). The ionic gradient of the eluting

buffer -(---+------ ) is shown in (a).
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induced tanning could be inhibited by DL~ 3- (3,4-dihydroxyphenyl)-2-
hydra;ino-2-methy1propibnic acid (a-MDH), an inhibitor of dopa decarboxy-

lase. - These observations led us to speculate that dopa decarboxylase

\

was induced in the latter experiments. To test this speculation,
' ®

120 hr larvae were taken from the meat, washed thoroughly and injected

with 5 ul (20 pg) of ecdysterone in 10% methanol. Control animals were

.
\

injected with 10% methanol. Animals were maintained at 4°C prior to
injection to immobilize them'ahd injection was performed Gsihg a Hamilton,
syringe. The animals were then maintained on wet paper at 25°C and the
enzyme activity was measured at different time intervais. PPrecoéious-‘
: : , o ‘
tanning was observed in the induced animals 24 hr aftgr injection. A
4-‘to S-fold incCrease in dopa decarboxylase activity was obtained 50
hr after ecd}sterone injection (Fig. 3.6). The control animals shoyed

.
no appreciable increase in dopa decarboxylase activity throughov% the

experiment. -

Qe

Further exﬁeriments were carried out to locate the enzyme
actiQity induced by ecdysterone in the precaciously fanned animals.
Animals, 30 hr after injection with ecdysterohe were dissected in ice
cold Tris-HC1 (0.0S M, pH 7.5) with 2.4 x 1073 M PTU. Theléuticular
eﬁidermal cells were separated away from tﬁe rest of the tiésues,‘and '

. dopa decarboxylase activity was measured in the two fractions, As shown

;t.

in Table 3. 8, the act1v1ty of dopa decarboxylase in the cuticular

epxdermal cells of the induced animals is 10 t1mes higher than that in -

[

the control animals,

In order to compare the dopa decarboxylase activity induced by
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Figure 3.6. Induction (j f”ﬂd dcr(zr‘bb:tyrufu noyowng H“ri instar
larvae by, c’miy“ttz' "ne
Young tM‘rd it\ﬁ‘tm larvac .(120 hr) were injected with
20 ug/animal ccdysterone (in 10% methanol) and incubated
at 25°C for various lengths of time. Control animals
were injected with same amownt of 10‘%.mothanol. The
enzyne activity was determined under the standard
Conditi(ins in 0.05M Tris-HC1 buffer (pit 7.5) (w——r——el—e )
dopa decarboxylase activity in induced animals;
(---0--0 -.) dopa decarboxylase activity in control
animals. Each point is the average of two experiments

and the S.E. of each point is less than 5‘3)
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Table 3.8. TISSUE DISTRIBUTTION OF DOPA DECARBOXYLASE IN INDUCED

AND CONTROL ANIMALS!

]
i /
Total Activity of Dopa Decarboxylase
i 2
. s Anidm
Tissuce . per Animal
Control Induced
Cuticular Epidermal ' ' 1.1 10.0
Remaining Tissucs 8.1 0.1

Young third instar larvac (120 hr) were injected with 20 pg/animal
ecdysterone (in 10% methanol) and incubated at 25°C for 30 hr.

Control animals were injected with 10% methanol.

2Total activity of dopa decarboxylase was expressed as: nmoles

dopa decatboxylated/animal cquivalent/20 min.
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-

»t

cedysterone in young third instar larva with that found in brown puparia,
an extract was prepared from induced larvae and chromatographed on DEAE
cellulose. A comparison of Figure 3.7 to 3.5 a or b shows thnt‘dqpn
decarboxylase from th(: prematurely induced animals was similar to that

foand at pupariation.

(C) Discussion
A

(a) Biochemical propertice of dopa decarboxylase

- 4

.Dialyscd cxtracts of dopa decarboxylase show an absolute requirement
for pyridoxnl~5'—pho$phnto (Table 3.3). This observation is in accord
with the results of Sekeris (1963; and Fellman (1950). In their studies
on the aromafic L-amino acid decurbuxyleso in hog kidncy; Christenson

+4

et al. (1970) claimed that ions such as Fe' , Fe'" and k' had no effect

on the rate of decarboxylation of dopa as well as other aromatic amino
acids. In our studies, the rate of dﬁbarhoxylation was elevated 40%
above the control in the presence of Fe' ' (5.0 x 1073 M) but no absolute
requitement for Fe' " was found. A similar observation has been reported
by Sgkcrjs (1963) in his study on dopa decarboxylase isolated from
Calliphora erythrocephala. .

From the studies on the stability of the enzyme at 4°C, it was
found that an ammonium sulfate fractionated enzyme preparation is very
unstable (Table 3.5). About 92% of the total enzyme activity is lost
from a fractionated preparation after 26 hr. The reason for the lability
following ammonium sulfate fractionation is unknown: However, it

presents a problem in purifying the enzyme and probably contributed to

\ .
our failure to achieve significant purification (Table 3.2). In order
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Figure 3.7.

Chromatographic profile on DEAE cellulose of dopa
decarboxylase from induced animals. |

Youn’}fz :third_ instar larvae (120 hr) were injected with

:.’() ;Jg/:"mimal ccdysterone (in 10% methanol) and incubated

at 25°C for 50 hr, A‘crude extract was prepared from
induced larvae and loaded on a 1.2 cm x 14 cm colum

of DEAE cellulose. The column was washed and eluted -
as describe'd in the ‘]egend to Figure 3.5, Protein was
dete:fmined by absorbance at 280 mu (——WQ—O0—), z;nd

the \enzyme activity was measured under the standard

conditions in 0.05 M Tris-HC1 buffer (pH 7.5) (~—e—e—).

The ionic gradient of the eluting buffer is indicated as
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Ll

to overcome this problem, a rapid purification sch c must be employed.

An'httémpt to stabilize dopa decarboxylase wazw;adg using sulfhydryl
compounds, pyridoxal phosphate and L-dopa. As indicated in Table 3.6,
sul fhydryl compounds suéh as mercaptocthanol and phenylthiourea can
stabilize the enzyme activity. It thercfore appears that addition of
these compounds to all buffers used during a purificntioh procedure
would be adviséble. Sulﬂvmhyl compounds also appear to activate the
enzyme somewhat as can be seen from the zero time column of Table 3.5.
This is consistent with observations on aromatic L-amino %cid decarboxy-
lase from mammalian systems (Christenson et al., {?70).

Gel filtration provides a rapid and simple method for the estima-
tion of molecular weight. Studies by Andrews (1964, 1965) have shown
that the eclution volumes of proteins are largely determined by their
molecular weights. The ﬁolecular weight of an enzyme can.be Aeterminéd
by this method even when it is in a crude éxtract. Therefore, extensive
purifigation of the protein is not required when this method is employed
to estimate the molecular weight. As the data presented iﬁ Figure 3.3

1

shows,; the apparent molecular weight determined by this method is
. \ ﬁ’ . X

{ w

S.1 % 0.3 x 10", This is the first report on the apparent molecular

weight of dopa decarboxylase isolated from an insect system although
the molecular weight of aromatic L-amino acid decarboxylase from hog

kidney has been reported‘to be 1.2 x 10° by Christenson et al. (1970).

() Biological properties of dopa decarboxylase N o

“In our stugies, three peaks of dopa decarboxylase activity were
’ . v .
observed throughout the various stages of development of Sarcophaga

- s

b&liﬁta‘(Fig. 3.4). Peak I and.peak ITTI were found at puparium formation
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and cclosi&n, and peak 1I was found at 5-1/2 days after puparium forma-
tion. [Experiments on the tissue distribution of dopa decarboxylase at
puparium formatipn revealed th;t at least 70% of the tofﬂl enzyme activity
is located in the cuticular epidermal cells (Table 3.7). Tﬁis observa-
tion confirms the work of Lunan and Mitchell (1969) wifh Drosophila
melanogaster. Pecaks 1 and IIl are responsible for the sclerotization

of the puparium and the adult cuticle respectively. Peak II is believed
to be responsible for the sclerotization of pupal prothoracic spiracles
(B. Heming, personal communication). Shaaya and Sekeris (1965), working
with Calliphora, failed to observe this peak, either because of the
ins¢nsitivity of their assay or the excessive time (24 hr) between their
data points.

The homogeneity of the peaks of dopa decarboxylaee activity -observed

on DEAE cellulose (Fig. 3.5) or Sephadex G-200 (Fig. 3.1) suggest that

if the enzyme has a neurological function, this is not carried out by a
distinct molecular species. This conclusion is supported by the fact
_that the enzyme from the head§ of.10 day old adults has the same chroma-
tographic properties as the enzyme located in the cuticular epidermal
cells (Fig. 3.5 b, c). _However, neither of these chromatographic methods
has‘sgfficient resolutio; to distinguish between two eniyme molecules
with minor differences. |

A superimposition of the activity profile of dopa decarboxylase
in Figure 3.4 on the titer’ of the molting hormone, ecdysone, observed
in various stages of development in Calliphora erythrocephala (Shaaya

and Sekeris, 1965), -indicates that peaks I and I1 fall wider maxima in

the ecdysone titer. The fact that the ecdysone titer is nearly zero

’
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at cclosion raises the possibility that the appearance of dopa decarboxy-

lasc activity at this time (peak I11) is not dependent on hormonc action.
. < ‘ :
Clearly though, the cnzyme can be induced in vivo (Fig. 3.6), and its

tisgue specificity and chromatographic properties are similar to those
of the enzyme nofmally fouﬁd'invbrown Pupariﬂ (Table 3.8 and Figs. 3.5

and 3.7). .These results further confirm the observations on Calliphora

(karlson and SeKeris, I962), in which an increase in dopa decarboxylase

/

e '
activity was obtalnod by the 1n3ect10n of ecdysone into the posterior
;E‘txons of ligated larvac. Due to.the complexity of the in vivo systemv

an alternnt;ve in vitro system was desirable to continue our studles on

-

the nature of the hormonal induction of dopa decarboxylase. The develop-

-

ment of this system is described in the following chapter. . .

A L



Chapter 1V

IN VITRO INDUCTION OF DOPA DLCARBOXYLASE
IN IMAGINAL WING DISCS BY LCDYSTERONL

\

(a) Introduction

Rfcent.progrcss in the culturing50f insect organs, tissues and cells
now make bhoth short- and long-term /n vitro experiments possible. It has
been reported that imaginal discs cultured in the presence of ccdysone
can be induced to undergo considerable deve lopment | including the deposi-
tion Of cuticle. Sdch studies now encompass work on lrosophiia (Frgstrom
ct al., 1969; Manduruﬂ, 1970; 1971, 1973), vaiieria (Uberlander, 1909;
Oberlander et al., 1973), Plodia (Oberlander'and Tomblin, 1972), and
Sarcophaga peregrina (Ohmori and Ohtaki, 1973). The synthesis of RNA and
protein are also stimulated when discs are cultured in the presence of
molting hormones (Fristrom et al., 1969; RaikoQ and Fristrom, 1971; Ohmori
and Ohtaki, 1973)’ Thi's strongly suggests that imaginal discs are one of
the target tissues for ecdysone. Recently, Wyatt ctal. (1973) have shown
that ornithine decarboxylase can be induced by ecdysterone in wing tissues
of the silkmoth culturéd in vitro. Therefore, we set out to determine
whether or not'cqltured wing discs-could be induced by ecdysone to produce
dopa decarboxylase. The establishment of such a system would facilitate

studies on the mechanisms of the hormonal induction of enzymes,

(B) Experf%enta] Methods - —

(i) In vitro synthesis ofbacid-insolub e R&R and protein
Inco'boration of tritiated precﬁréors in total RNA and protein

was measured by a modification of the method of Robb (Robb, 1969). In
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each study, 20 - 30 intact discs were used and care was taken not to
include discs damaged during dissect}on. B

To measure the uptake Qf 3H—uridine into total RNA, wing discs were
cultured for various lengths of time in S or SE medium and then trans-
fe;red to 1 ml of fresh S or SE medium supplemented with 10 uC 3H-uridine
(specific actiQity 28.5 C/mM). After an hour incubation at 25°C,
incorporation was stopped by adding 0.5 ml of 10% TCA into the incubation
mixture. Discs were homogenized in 2 ml of 10% ice cold TCA in a glass
tissue grindcr.,lAfter standing for 10 min at 4°C, the homogenate was
filtercd through a glass fiber filter (Whatman GF/C). The filter was
washed with 20 ml of 10% cold TCA, 10 ml of 95% cold ethanol and 10 ml
acetone, and then dried under an infrared lamp for 1 min. The dried
filter was placed in 10 ml Bray's solution and the radioactivity was
determined in Packard‘Tricarb Liquid Scintillation Spectrometer with
30% of counting efficiency. K ‘ )’

In studyiég the incbrporation of 3H-amino acids into total protein,
"“efsimiiarrprocedure,to that described above was used. However, incor-
poration was carried out in 1 ml of Drosophila phosphate Buffer, pH 6.8
(Robb, 1969) supplemented with or without 2 x 10-6 Mfécdysterone as
required aﬁd with 10 uCEof the 3H-L-amino acid mixture.

Controls, in whicﬁéthe reaction was stopped at zero time, indicated
that all acid soluble radioactivity was washed from the fiiters.e The

sterility of the disc cultures was checked by streaking the cultures on

nutrient agar plates and incubating these at 37°C for 48 hr.

: ! \
(i1) Induction of dopa decarboxylase activity by ecdysterone
Imaginal wing discs isolated from synchronized larvae wére

¢
¢
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pre-incubated in S medium for one hour. Groups of ten intact discs were
transferred to s&hll sealed culture dishes (3.0 x 1.2 cm,‘Bellco) con-
éaining 2 ml of SE medium and incubated at 25°C. At different times, the
disc; were removed from the medium and the activity of dopa decarboxylase
was measured as described in Chapter II. For each time, a control was Tun

by incubating 10 discs:in S medium with the proper amount of 10% ethanol.

Y,
(C) Results o \ \

(1) Effect of a-ecdysone and ecdysterone on the in‘vitro dévelopment

of wing discs :

Schneider's meaium, generally supplemented with serum,  has been
spccessfully used to maintain iﬁaginal discs by ;e;eral investiéétors
(Schneider, 1964,-1967; Fristrom, 1969), and was the basis‘of our culture
medium (see Chapter II). Ag Figure 4.1 shows, a considerable degree of
hormone-induced development occurred when wing discs of Sarcophaga were
cultured in SE medium. Discs cultured in S medium showed no appreciable
morpholdgical changes even after 96 hr (Fi@.]‘). The first observ-
able morphological change in discs cultured in SE mddium waé the expan-

. .
sion of the discs to a somewhat round shape, which occurred 12 - 14 hr
after exposuré to the hormone (Fi%. 4.1 b). At this stage of .develop-
ment, the peripodiaf membrane of the discs has become very thin and £he
folded wing'structure can be seen through the membrane.‘,Between 14 - 24
hr the peripodiai menbrane ruptured and the wing structure started to

evert out of the sac (Fig. 4.1 c).‘ Aftgr 40 hr of incubation in SE

‘ , 9]
medium, the wing structure had everted completely (Fig. 4.1 d) and there-

g

.
after the presumptive wing continued to enlarge and elongate (Fig. 4.1 e).

¢



Figure 4.1. Development of imaginal wing discs cultured in SE medium.

L

(a)

(b)

-(c)

begun to evert from the sac.

(d).

(e)

.

Control Qisc. Control discs were cultured in S
médium with S ul of 10% ethanol. The discs did not
sth any change in morphology throughout a 96 hr-
culiuring period.

Disc cultured 14 hr in SE medium. This stage repre-
sents the-firs§ appreciable morphological change.
At this stage the peripodial membrane is very thin
and no, longer tightly adheres to thé\cells of thé"
disc. ' ‘

Disc cUltared 24 hr in SE medium. Perip§dia1
membra;e is partially ruptured, and the wing has
Disé cultured 40 hr in SE médium;l TheupresumﬁtiQe
wing has everted completely out of the sac.

Disc cultured 64 hr in SE medium, considerable

elongation has taken place since (d).’

Ma@nificétién: X 256,
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The effect of a-ccdvsone and ecdysteP®one on the development of wing

A

’ . . : . '
discs cultured S opffpo is summarized in Table 4.1, When dises weToe
. - G =5 . .
cultured in the presence of a-codysone (6 x 10 -1 x 10 M), no signi-
ficant development wan observed even after 54 hr. Under the concent ra.

-1 * .
tion of 2 x 100" M a-ccdysone, a s1jgpht development of the dises was

N

obaserved after %4 hr (similar to Fig., 4.1 h)\ (‘o‘hq\l(‘tv r\".'l;:inntifon wad

f

observed in dises cultured in the presence of codvsterone rimging from

7 - l\ . - .
2 x 10 to 1 x,10 " M, Incomplete evagination was obscervedgwhen high
: - -4 -t
concentrations of ecyvdsterone (4 x 10 S = 2 x 100 M) were used. nly

~stight'morpholopical changes could be observed in disce® cult ured in
\ , -8 - . Y
the présence of 2 x 10 M ecdysterone.  From these experimnts | an

. -G ‘ .
ccdysterone concentration of 2 x 10°% M was chosen as the optimum for

further studics. .

To determine the suitability of S medium for m:zintnin?n;: cellular
\ .

integrity, discs cultured in S medium were transforyred at various lengths
of time to SE medium. As shown in Table 4.2, normal 7n v7tro cviagination

was induced in discs that had been maintained in S medium for as long as

L.

96 hr. ’ ’ \ r

)

-

Table 4.3 presents the results of the ‘effects of actinomycin D and

’
cycloheximide on the 1n pityo evagination induced by ecdysterone, [t

v .

was found that actinomycin b Q p{;/ml) or eycMheximide (10 pg/m1)

L .. . . . . .
inhibited 7n vitre evagination. induced by ecdysterone when the inhibitors

were added to the culture at zero hr. These ancontrat ions also effec-

tively inhibited macromolecular syntheses (Tables £.4, 4.5). .

M .



Table 4.1, EFEPECT OF a-ECDYSONE AND LECDYSTERONE ON DEVELOPMENT OF,

IMAGINAL WING DISCS

Final Concentration : . .
Hormones ) Evppinatiaon

1

-6
a-ccdysone 6 x 10 -
a-ccdyvsone 1 x. 1077 -
E 9 .
a-ccdysone 2 x ’10~5 -2
ccdysterone 2 x 107" -3
ccdysterone - 2 x 1077 +
-6
ccdysterone 1 x 10 +
- ‘(\ .
ccdysterone 2 x 10 +
ecdysterone s x 10°° ' +
]
-5
ecdysteronce 1 x 10 p +
ccdysterone - 4 x10°° , o
- i,
ecdysterone 2 x 107" ® s

—

ll‘.\mginmion of the discs was scored 30 - 40 hr after the addition of

hormone, at which time under optimal conditions the discs appeared

t ¢

4 .
as shown in Figure 4.1 d,"
' ' ALRERREP

" 2The discs had assumed ‘the sh(pe*shown in Figure 4.1 b at 54 hr but

Ld

no further development. was observed. '

-

3he discs had assumed the form shown in Figure 4.1 b after 24 hr of

‘ r
incubation but no further development wa$ observed. -

?

l‘Incornpletc development resulting in irregular, distended discs.,

.
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Table 4.2. ABTLTTY OF IMAGINAL WING DISCS TO EVAGINATE FOLLOWING

AN INCUBATION PERIOD IN S MEDTUM

Time in

. Evapination
S Medium thind

(hr)

48 +

72 +

96 ’ . :

Discs were isolated from synchronized larvac and three groups of 5
discs were transferred to SE medium following a period of culturing
in S medium,

Evagination was scored 30 - 40 hr after ¢xposure to ccdysterone.



Table 4.3. EFFECT OF ACTINOMYCIN D AND CYCLOHEXIMIDE ON IN VITHO

EVAGINATION INDUCED BY ECDYSTERONE

Inhibitor l Evagination

Control +

L ]

Actinomycin b . -

\ Cycloheximide® -

7

Five discs, isolated from synchrondzed larvac, were cufturod in SE
medium.  Actinomycin D (1 ug/ml) and cycloheximide (10 ug/ml) were
‘added to the culture at 0 hr. Since actinomycin D is somewhat
unstable, discs incubated in SE medium yith actinomycin D were trans-
ferred to a fresh medium every 24 hr.

Evagination was scored 30 - 40 hr after induction.

L)

[

~
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(i1) The ability of imaginal wing discs cultured in & medium to
incorporate M precursors into total ENA and protein
¢ Onc of the biochemical criteria for judging the viability of discs

N\ R

maintained 7n vitro is the ability of discs to synthesize total RNA and
protein,  Tigure 4.2 indicates that discs cultured in § medium were able
to incorporate 3ilfuridino into total RNA lincarly for at lcast 72 hr.
However, these data give no indication of the instantancous rate of RNA
synthesis, Instantancous rates of RNA synthesis in discs cultured in

S medium for different lengths of time were measured by the amowmt of

N

incorporation of 3H-uridine into total RNA in an hour. As shown in
Figure 4.3, a 3- to 4-fold decrease in the rate of 3H-uridine incorpora-
tion into RNA was observed in the first 12 hr of the iZn vitro incubation.
This observation is in agrcement with the data presented by Raikow and

“Fristrom (1971). However, a sigmificant amount of net incorporation was

~

observed in the discs for at leést 72 hr.

a

_Due to the fact that there is high content of free amino acids in *

S medium, this medium is not suitable for Studyiﬂg the ability of

Y

imaginal discs to synthesize acid-insaluble protein. Therefore, instan-

taneous rates of protein synthésis in the discs cultured in S medium
wcfe measured by the amount of incorporation of 3H;émino acids in£o'
acid—insolublq proﬁyin‘in Drosophila phbsphgte buffer (Robs, i969) iﬁ an
houyl The instantaneous rate of proteiq synthesis, like that. of RNA
synthesis, decreased rapidly in ‘the first 12 hr of incubation, and then
‘stabilized at an appreciable level for more than 72 hr (Fig. 4.3). The \

: . . - 3 .
results of this and the previous section indicate that discs can be main-
. . $

3 o ¢

i

tained in S medium for as long ds 3 days in @ state of biological activity.

2 v

.
»
o e -
«



Figure 4.2,

Cumdative RNA synthesis 1n wing diges cultured in
cd

S medtum. - . <’.

Wing discs were cultured in' § medium supplemented

with 10 uC/ml 3H—uridine. Discs were removed at

various times and the amount of acid insoluble

radioactivity was determined as described in (B)
9 ) . .

Experimental Methods. -

»”
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Figurc 4.3.  Instantd?eous rate of inc;rporutian of 3i~uridine,
A
3H-amino aciMs into acid-insoluble ENA and protein
‘in wing discs cultured in § medium. .
Wing discS were isolated from synchronized larvae
and incubated in S medium at 25°C for various times.

Instantaneous net RNA synthesis was measured by

transferring the discs to S medium supplemented with
&

3H—uriii?e (10 uC/ml1) for 1 hr. Instantaneous net
protein synthesis was measured by transferring the
discs to Drosophila phosphate buf £y (Robb, 1969)
supplchented with a 3H-amino acid mixture (10 pC/ml)
for 1 hr. ‘

For each data point, acid insoluble radioactivity was

s}
r

determined in a duplicate pair of discs as described
in (B) Experimental Methods.
(—e——e—), RNA synthesis; (--©0----0---), protein

s N

! synthesis, " - ﬁ

e
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(1ii) Effect of ecdysterone on incorporation of 3 precursors into o
RNA and protein in cultured wing discs
Figure 4.4 presents the effect of ccdysteronc on the instantancous

rate of RNA synthesis in wing discs cultured in vitro, and the control

¢

curve from Figure 4;:3 is replotted for comparison. The rate of total .

N

RNA synthesis increased sharply from time zero, reached a maximum at
about 11 hr and then decreased gradually. Four hours after the rate of

synthesis had rcachéd a maximum, the discs showed the first morphological
)

change (Fig74.1 b).

The effect of ccdysterdne on.the rate of protein synthésis in wing

» \

discs cultured in Ditro was also examined. Figure 4.5. indicates the

stimulation of the instantaneous rate of acid-insoluble protein synthesis

’

in wing discs by ecdysterone. A comparison‘of the relative stimulétion

[,

of proteln and RNA synthesis (Fig. 4.6) 1nd1cate§ that tﬁé initial

stimulation of RNA synthesis is substantially higher than this of protein
. 4 i . "

- s

syhthcsis. o . _ u;:i'%"., , _
The seu51t1v1ty of thé discs cultured in vitro to 1n;15itors of RNA.
" and protein synthesls was also cxamlned | As summarlzed in TabIeS'ﬁ 4';
and 4.5, the ecdya?erqnenﬁgduéé;mRNA and prote1n synthesis was sen51t1ve
to actlnomyc1n£D and uyéiéhex1miée. Actinomycin D at 1 pug/ml and cyclo-
hex1m1de at 10 ug/ml gaVe 93% aké 100 inhibition of RNA and protein .

K

synthe51s re5pect1vely, andxthese‘two concentrations were used as effec-
q \
-t1ve inhibitory concentratlons in ‘our later experlments
: b

(iv) Inductzon of. dopa decarboxylase.actzvzty in cultured wtng

-

dzscs by ecdysterone

TrnAvinets An nt.‘ Anmn Aaravrhnvrlaca artisrieyr wac rarriad nit har f‘
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Figure 4.4.

" Ingtantancous rate of RNA syntheéis_én wing discs

)

cultured in SE medim.
Wing discs were isolated'froé»synchroniZCd Jarvac and
incubated in SE medium (~—+—5i~0——~) at 25°C for
various times. - Instantanéohs net RNA syﬁthes:s was
measured by transferring the Wiscs to SE medium
supplemeyted with? 3li-uridine (10 uC/mlp for 1 hr.
For each data point, acid insoluble }adioéctivipy was
detérmined in a duplicate pair J¥‘discs435 described
in (B) ExperimentalrMethod;.

The “control curveé (---O----0---) is replotted from

Figure 4.3, ,‘-‘

Ty
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Figure 4.5.

4.3,

Instantaneous rate of protein synthesis in wing discs

h )

cultured in SE medium. = - Y
Wing discs were isolated.from synchronized larvac and
incubated in SE medium (—e——e— ) at 25°C for various

-

times. * Instantancous net protein synthesis.was measured

.by transferrlng the discs to Drosophzla\phosphate buffer

(Robb 1969) SUpplemenged with a 3H—am1no acid mixture

(lb‘uC/ml) for 1 hr ahd‘ecdysterone (2 x lb“sl ).. For

o

'm1ned in a dupllcate pair of dlSCS -as descrlbed in (B)

;Exper1mental Methods. R .

The control curve Gl-o-;--cr-) is replotted from Figuré

« O

I .
<

L each data olnt ac1d 1nsolubl radloact1v1t was aeter—'L
p f y .
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Figure 4.6, j

<

\ .

Comparison of rclative rates of instantancous ENA and
protein synthesis in'zm',ng discs cul tured in SE medifm,
. 4 .
(---0----0---), relative rate of RNA synthesis;

( —e—e— ), rclative rate of protein synthesis.

A ‘e &
The data were obtained by plopting the ratio of the
: . ,

o

experimental to CO“Q?OI .curves shown in Figures 4.4

and 4.5. |
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CULTURES OF WING DISCS

0.

Table 4.4. EFFECT OF AC'l‘lN()h;\';IN D ON RNA SYNTHESIS IN INDUCED

3 R -
o . KT IR T .
CXZ:?:E;;E;gnDOf. Iﬁcorpdrdgzajégzc/lour I?hizifion.
(ug/m1) ‘ - (dpm) ' |
! \ ‘ .
0 1980 0
0.05 330 83.2
0.10 . ‘133 93.1
. 0.50 S s 1r0 94.4
1.00 3 - 150 93.1
5.00 ' . 107 94.5

Discs isolated from synchronized larvae were incubated in SE medium

with various concentrations of actinomycin D for 4 hr at 25°C.

f

Incorporation of JH-uridihe into total RNA was measured by incubating

the discs for 1 hr with 10 uC uridine-3H in SE medium with the same

concentration of actinomyc\n-Dﬂ'



7 ‘ . , 3
3 .
d T o | o | |
Table 4.5. . EFFECT OF CYCLOHEXIMIDE ON PRQTEIN SYNTHESIS IN INDUCED
- CULTURES OF WING DISCS,
éonébntration of " ¢ 3f-Amino Acids: . ysas
Cycloheximide ) \InCorporn;ed/Uisc/Hoyr . thtz;tlon
(ug/m1)’ ' _ (dpm) - -
. . ‘ — . |
0 : ‘ 8620 ' o .0
0.5 o . 280 o . 95.0.
] . . . i o _
1.0 , oL 8T 98,5
5.0 o e T - 200.0
- A ) .
10.0 0 | 100.0
/ . ] ¢
20.0 _ 0 ' , 100.0

Discs isolated from synchronized larvae were incubated in SE medium
and various concentrationg of cyclbheximide for 4 hr at 25°C.

Incorporation of 3H-amino acids into acid-insoluble protein was

°

" carried out in Drosophila phosphate buffer (pH 6.8) Supplemegzzz with

ecdysterone (2 x 107° M), the same concentration of cycloheximide and
. ‘ \

10 uC of the 34-amino acid mixture for 1 hr.

91-



_protein synthesis'as révegled by studies with inhibitors. As.shoﬁh in

incubating wing discs iqblatcd from synchronized larvae in SC medium,

The discs were then removcd to measure dopa dccarboxylase ac£1v1ty at i

different lengths of time. As summarized in Plgure 4.7, after 1ncub€¥a

tion with ccdysterone for 96 hr, ennxpe act1v1ty was elevated 4- fola
N

relative to the control. Although no hormone was added ‘to "the .control, .

¥

' - oy A% \
discs, a substantial level of enzyme dctivity was observed, This may o
) - e ‘ £
be due to the presence of a small amount of endogenous hormone 1n*bhe o
discs. o ik -
’ » B . e
The induction of dopa decarboxylase activitysrequires both RNA and»q; "

-

%,

Table 4.6, actinomycin D at a concentration sufficient go inhibit 93%
- .~ ! ’

L

of the RNA synthesis, inhibited 84% of the induced enzyme aétivfiy.:'

Cycloheximide sufficient to inhibit all the protein synthesis inhibited
‘ e A : .
89% off"the enzyme activity.

N e
(D) Discussion ST

- a T T .

The criteria we used to determipe the viability of the discs

ma1nta1ned in culture were: (i) th ability of the discs to undergo

ecdysterone -induced evaglnatlon and (11) the ability of the discs to

incorporate 3H-uridine and 3-amino acids into macromolecules. By

! \

" these crlterla, under the cultur1hg cond1t10ns we describe, discs isolated

from third instar larvae can be ma1ntalned in a state of b1olog1ca1 and

n

biochemical activity for at least 3 - 4 days.
* In their studles on the effect of ecdysone analogues on the in vztro
development of the w1ng discs of Suncapkaga peregrmna,QOhmorl and Oﬂtakl

1T
(1973) claimed that ecdysterone at a concentration of s.xﬁyg} M could-
s . . _ N ) ’

\

- PR
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Figure 4.7,

@’

Dopa decarboxylase, activity in zmipé_discs cultured
in SE medium. : . ~ .
Wing discs iSolated from synchronized .larvae were

incubated in S medium (---0----0---) or.SE medium

(—e——e—) for various.lengths of time at 25°C,
For each data point, dopa decarboxylase activity
was determined in a dupljcate set of 5 discs as

described in Chapter Ilv._ : e
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Table 4.6. EFFFCT OF ACTINOMYCIN D ﬁND CYCIdHEXIMIDE ON THE

/
. INDUCTION OF DOPA DECARBOXYLASE IN CMLTURLD WING
DISCS - /
o
- : -
y — £
]
) Activity of L
Conditions- . - . Dopa Dccarboxﬁ}ase ’.Inh1?;§1on
x(nmoles/dlsc m1n)

g? 10

- . . T o - .
Control . ///, 8.3 - 0
Actinomycin D - 1,3 : 84

Cycloheximide 0.9 " g9

- : ' Lo .
The induction was carried out in SE medium for 72 hours.

Actinomycin D (1 pg/ml) and cyclohexingde (lpiug/ml) were' added
to the culture :at 0 hour. The enzyme activity was measured under

the standard ‘conditions in 0.05 M T#is-HC1 buffer (pH 7.5).
- | 9
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) ' &t 96
induce in vitro evagination. - Inhibition of in vitro development was
’ ! . kS . ’

observed when higher conccntrations of ecdysterone (over 1 x 10°* M)

were used. Our studles are-in agreement with this observatlon As
i

Flgure 4 1 and Table 4 1 show, ecdysterone rapnging from 2 x 1077 -

N (]

1 X 10 M induced 1mag1na1 w1ng dlSCS to undergo complete in vitro

evagination., On the other hand, a-ecdysone at a concentratlon of
2 x10°° M only caused the early morphologlcalfchanges associated with

evagination. Therefore we conclude that ecdysterone is at least a

hundred tlmes more active than a-ecdysone in inducing zn vztro evagln-

ation of 1mag1na1 wing dlSC$.< Our results are supported by several
othet'investigators. Chihara et al. (1972) reported that ecdysterone ’
is two hundred times morefpotent than a-ecdysone in inducing in vitro
evegination of discs isolated from Drosophila melanogaster, Similar
differences’in the activities of these hormones have aiso béeﬂ found by

Ashburner (1971) for the in vitro induction of puffing in. the polytene
chromOSOme of sa11vary glands of Drosophzla melanogaster. In his study,
a concentration of ecdysterone of 10 -6 M produced the same s1;e puff
that was achleved with a-ecdysone at a»concentratlon of 107" ﬂv OQur -
conclusion is further substantiated by, the evidencé‘obbained ftom the__’
studies on cuticle depos1t10n 1nduced by. ecdysterone in cultured
cockroach leg regenerates (Marks 1971), and. 1n cultured w1ng dlSCS of ;
Plodia (Oberlander and Tomb11n 1972) Recently, howeVer Mandaron
(1973) reported that u—ecdysone (6 x 10 - 1 R 10 M) could 1nduce
discs of Drosaphzla melanogaster to undergo complete metamorph051s in
vttra whereas, ecdySterone 6 x 10 2 X 10 M) could only 1ndpce
abnormal and 1ncomp1ete evaglnat;on. The serlous dlscrepancy betWeen

.A:'fiﬂ FER
5
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his work and the work reported here and elsewhere ma stem from the -
fact that his culturlng technique 1nv011pd use of the 'hanglné'drOp"-
method In any case further work is necessary to resolve the problem

W1ng discs cultured in S medrum 1ncor§tfiye 3H-ur:L1ne "and 3H-amlno
ac1de into total RNA and protein at .an apprec1ab1e rate\at least’ for
72 hr although a sharp decrease in the rate of 1ncorporatron‘was
observed in ‘the first three houre. As suggested by Raikon'and Frietrom..
(l971), this decrease may be due to the'exhaustlon oﬁ.endogenous '
ecdysterone present’ in the dlSCS before d1ssect10n Th1s explanat1on
. may account for the substant1a1 increase in dopa decarboxylase act1v1ty \
that was observed in the discs, cultured in the absence of the hormone
(F1g 4, 7) *<\ longer (2 days) pre- mcubatmn of’ dlscs in S medium
would be expected to e11m1nate both the above effects. This in fact was’
done by Ohmori and Ohtaki (1973) and as Flgures 3and 6 of the1r paper '
show, the sharp decrease in the 1nstantaneous rate of RNA and protein
synthesis is eliminated. They'ascrlbe the decrease to the necessity of
repairing injuries sustained during dissection.

Finally, we ‘have demonstrated thaﬁ the act1V1ty of dopa decarboxy;
lase can be ihduced by ecdysterone in d1scs cultured zn vitro for 96 hr
(Flg. 4.7). This confirms that the~dlscs are a target tissue of
..ecdysterone. Besides the induction of.orn1th1ne decarboxylase in the
fat body and wlng tissues of 511kmoths (Wyatt: et al., 1973), dopa
decarboxylaSe is the only other 1nsect enzyme wh1ch has been demonstrated

(Y

to be 1nduc1b1e by ecdysterone. As dlscussed in the f0110w1ng chapter,

the systéem should prove valuable fbr further b1ochem1ca1 exper1ments on ‘

the molecular mechanlsms of hormone action. . : §¥

i -



. of dopa decarboxylase poss1b1e.

. . .7+ . chapter V

A

v 'CONCLUSIONS o

ThlS ‘thesis deﬁcrlbes Ehe blpchemlcal propert1es of doﬂﬁ’decar—

I '

) boxylase in Sarcophaga bullata the precoclous induction of the enzyme

C
1n young th1rd 1nstar larvae and the development of condltlons for

cudturlng 1mag1na1 dlSCS wh1ch made stud1es on the hormonal “induction

8

The results presented in Chapter II 1nd1cate that the optlmum pH -

a}

for dopa decarboxylase act1v1ty in O, 05 M Tr1s HC1 bpffer is 7. S and

the optlmum assay tempbrature is 40° C ' Srnce the reactlon mlxture was -

\

'not in contact W1th the water bath in wh;ch the temperature was
. recorded the optimum assay temperature we report here does not reflect
‘.’/the ‘actual optimum temperature for-the-enzyme,_whlch is probably 1 - 5°C
';Flower than that reportéd. From the studies we reported in Chapter;III,

it is, obv1ous that pyrldoxal -5'-phosphate is an obl1gatory co-factor ,

for the enzyme. Howeyer, the b1nd1ng between pyrldoxal phosphate and

the apoenzyme 1s rathér weak 51nce passage over Sephadex G-200 removed

PN

the co- factor. Although the rate of decarboxylat1on was elevated 406
above the &pntrol in the presence of Fe f it is not an obligatory

co-factor f%r the partlally ﬁﬁs1f1ed enzyme preparat1on. The enzyme - 1s

rather lablae at 4°C wh1ch wrll present some d1ff1cu1t1es in the purl-

: ficatlon ofgth1s enzyme, " However, sulfhydryl compOunds such as mercapto-

ethanol lL,vBTU or pyrldoxal phosphate :;;,stablllze dopa decarboxylase :

;‘act1v1ty'to a certa1n extent. The'best abili%zation cond1tions are




" remains unanswered

/ ' & \ ) ‘
).

- and thereforc it may be adv1sab1e to add these two agents to all buffers
»

durrng purfflcaglon Once the enzyme had been passed over "Sephadex
G-200, it became qulte stable (Table\S'ﬁ) however, the length of t1me
requ1red for Sephadex G-200 chromatography is a drawback Therefore a
purification scheme in which an ammonium sulfate fractlonatlon is. .
folldwed by rapid dlalysrs on Sephadex G- 25 and then chromatography
on DEAE cellulbse and Sephadex G-200 should be attempted.

\ ﬁuring postembryonic development of;Sarcophaga buZZdta?cihree
distinct peaks of dopa decarboxylase_activity were obeerved. Thesep

occurred at pupariation"(peak I, Fig. 3.4), 5-1/2 days after the white

puparium stage (peak ‘II, Fig. 3.4) and at adult eclosion

Fig. 3.4). " The enzyme activity at pupariumtformatlon was

the cuticular ep1derma1 cells which is in agreement with the r?sults of .
)
Lunan and Mxtchell (1969). The enzyme activity at peaks I and 111 is

assoc1ated w1th the sclerotlzation of tHe pupal case and adult cut1c1e

a ‘ ﬂ(\’\ .
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\

respect1vely, whereas the enzyme act1v1ty at peak II is probably assaci-

ated with sclerotlzatlon of the pupal prothorac1c spiracles. The

p0551b111ty that ‘the . act1v1ty in peak III is not dependent upon. the

presence of the molt1ng hormone was raised in the D1scussion in Chapter '

III, Although we regard this as unllkely, until the ecdysterone t1te§( |

in Shrcophaga has been determined throughout development the questaon

The possib111ty that dopa decarboxylase also performs a neuro- .
log1cal functlon in Surcophaga was notjd1rect1y 1nvest1gated HoWever,
the homogene1ty of dopa decarboxylase on DEAE cellulose and Sephadex

e

" G- 200 1nd1cates the enzyme actlvnty probahly re51des in a 51ng1e

B
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molecular’ speC1es. #urthermore, 1f dOpamlne is funct1on1ng as a synapt1c
transmltter in Sarcophaga then_the dopa decarboxylase whlch prodUces

2
th1s dopamnne would'be expected in the adult bra1n When the enzyme

" :‘ activity in the ‘heads of 10 day old adults was examlned on DEAE cellulose

. tholr ab111ty to undergo normal evag1nat10n process (shown in Flg. 4 1),1 S

Hecarboxylase act1v1ty is regulated by ecdysterOne the in vivo induction

it chromatographed 1dent1cally to the b\tyme present in' the cutlcular

enldermal cells.

. ' L

*In order to prOV1de dlrect ev1dence for ‘the contentlon that dopa

W

’
of doRa decarboXylase was~attenpted by the'injection of ecdysxerone in

S day old larvae. A 4-fold 1ncrease 1n dopa decarboxylase act1v1ty over

Y

‘ /
the controls waSnfound SO hr' after the inJectlon of hormone. The enzyme

activity induced 1n such larvae had 51m11ar chromatograp ic properties

"on DEAE cellulose to the enzyme produced at puparlum format1on dur1ng a

normalodevelopmental cycle.\ Furthermore, at least 606 of’ the.1nduced

'3 a

enzyme actlvity was locallzed in the cutlcular epldermhl cells Thus

this precoc1ous 1nduct10n of dopa deéarboxylase appears. s1m1lar to the

L)

normal course of events whtch occurs at puparlatlon. .
}'-

Howevet, to study the molecular mechan1sm of the induction’ process, ,
v 4

\-1t was, desirable to develOp‘a system in wh1ch ep1derma1 cells could be -

s
L
¢

malntalned zn vitro.. The nbrphologlcal changes that the 1mag1nal d1scs

undergo fn the preseﬁ%e'of‘ecdysone, prOV1de a v1sual keigto the induc-

L4

tlon processes.‘ For thls reason, we chose to culture 1mag1na1 w1ng dlSCS

rather than the cut1cu1ar ep1derma1 cells. As tHe results presented in

.

.Chapter IV sho we have tound that wing dlSCS malntalned in S med1um up

.

to 4 days retain the1r ab111ty to: synthes1ze RNA and protein as weli as

‘ ' 100 -
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when transferved to SE mediume  Since the relults clearly showed that

ccdysterone has a much higher biological activity than a—isdysono in

s inducing evagination, this form of the hormone was.used for the biochem:

ical studices,

Both RNA and -protein synthesis were stimulated immediately after'

4 ’ I3 * » . o
the addition of ccdysterone, although as shown in Flgu;p 4.6 the initial

stimulatiop of RNA synthesis was substantially greater than that of

protcin synthesis. Unlike Fristrom (1972), who was §indying discs of
1 4

Drogophila, we could not detect any lag in protein synthesis following
the administration of ccdysterone. The fact that our discs were hand-

. . . . N
dissected in § medium, as opposed to being mags isolated, could well
\ Co
explain the difference in the results. The mas$ isolation procedure,
e s
which requires passing the discs through Ficoll gradients and sBveral
: -,

rinses with water, could well haye reduced‘the level of protein synthesis

i P :
in these discs. > ‘
- o

Dopa dccarboxxiase activity in wing discs cultured in the presence

of ecdysicronq‘for 96 hr wis elevated 4-fold above that in control-discs.

Actlnomyuln D and CYCIOhCXJmlde 1nh1b1ted tha” induction of enzyme

<

»

activxty, suggestxng that hormonally 1nduced RNA and proteln Synthe51s.

is a prier requirement’ for the appearance of dopa decarboxylase act1v1ty~

In conclu51on this ;hesis is the first repbrt of the hormonal
.‘ . ‘ N
induction of dopa gecarhoxylasc in cultured animal tissues Dopa
A

dccnrboxylase and orn1thine dccarboxylasc (Wyatt et al., 1973) are
\,_._0'\

5

presently the only enzymes in insects whose activity has been inducéd in
L
A .

H

vitro by the molting hormone, ecdysterone., The sequentlal morpholog1cal

changes that accompany the in vttro dovelOpmont of imaginal dxscs cultured

'

£ ; ' 101
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in the presence of ecdysterone, provides a series of developmental land-
. Al
J ]

Q . . .
marks to which biochemical correlates may be made. The 48 hr delay in
the appearance of enzyme activity after the addition of hormone, is

required by the necessity for.substantial disc elongation prior to \?c
. . :

sclerotization of the pupal cuticle which is eventually secreted by the
discs. It is obvious that slight sclerotization of the cuticle sccreted

in vpitro docs occur once disc clongation is complete, since discs are

extremely fragile until Y2 hr after:the addition of ecdysteronc. The
- . ‘

dopa decarbaxylase activity associated with the sclerotization of the

. - 03

fine pupal cuticle 7n vivo mn} be included under the¢ shoulder on peak 1

.

in Figure 3.4 when pupation occurs. In the absence of any strong evidenc

to the contrary then, there is no reason to asﬁumc th‘t the in vitro

)

“induction of dopa decarboxylasc by the molting

'v@. Unlike the

§sub‘ of silkmoths

developmental process which also takes place in
induction of ornithine decarboxylase in the wing t

. % .
(Wyatt et al., 1973) and the induction of tyrosin nimo transferase.in
, 3 : )

/
rat hepatoma cells (Tomkins et al., 1969), in which the developmental
" significance of the process is uncertain, the inductjon of dopa decarboxy-

lase in the develgping wing discs may proviae a good model system for o

.Studies on the hormonal control of a normal developmental progess.
;This sysfem should allow one to answer several importan;,quiftions
on thg inductioh process currently under investigation. " These afe:
‘1) - What is the half-life of the induced enzyme?
2) Is the presence of hormone required throughout the induction .
 period? and | e g |
 '3) At what stage can RNA andVb('protcin Synthesistbe inhibited oy

without preventing the appearance of the ensyme?
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. : . . ) ; "{u\' ) .
The size of the discs in Sarcophaga makes hand-dia.cction relatively
casy and was an important consideration at the tTme this work was

. LN . .
initiated. However, the development of techniques for the mass isola-
tion of discs from Drosophila and the report that such discs undergo
, .
complete development 1n véfro (Chihara et al., 1972; Fristrom, 1972)
h

now presents the intriguing possibility of cxtcndinﬂ‘ﬂ&rrnvsent

studies to an organism in which sophisticated gernetic analysis is

possible,
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