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ABSTRACT-2,  22, 25-Trideoxyecdysone (5B-ketodiol) has been shown  to be derived from cholesterol  in

eggs  of the silkworm,  BombJoc mori, 1n order  to investigate the difference in ecdysteroid  metabolism  between

diapause eggs  and  non-diapause  eggs  of the silkworm,  
3H-5P-ketodiol

 was  mjcroinjected  into eggs  at sev-

eral stages  of early embryogenesis,  and  the metabolites were  characterized using high-performance liquid

chromatography.  The injected 
3H-5B-ketodiol

 was  metabolized not only to free ecdysteroids, but also to

conjugates  (phosphoric esters  of ecdysteroids),  in both diapause egg$  and  non-diapause  eggs.  Among

these metabolites,  20-hydroxyecdysone, which  is considered  as  the active hormone  in silkworm  eggs,  was

detected in non-diapause  eggs.  However, in diapause eggs,  various  radioactive  putative precursors of 20-

hydroxyecdysone, such  as  2, 22-dideoxyecdysone, 2-deoxyecdysone and  ecdysone,  were  detectable, but
3H-20-hydroxyecdysone

 was  not found, These results suggest  that the 20-hydroxylation of ecdysone,  which

is catalyzed by  ecdysone  20-monooxygena$e,  may  be a  rate-limiting  step  in the tormation of 20-

hydroxyecdysone from ketodiol in the silkworm eggs,

INTRODUCTION

   ln order  to elucidate  the function of egg  ecdysteroids,

developmental changes  in the amounts  of the ecdysteroids

have been studied  during embryonic  development in several
insectspecies.Thecorrelationbetweenfreeecdysteroidpeaks
and  embryonic  cuticular  events  has been demonstrated in
some  species,  e.g, Locusta migtatoria  (Lagueux et aL, 1979)

and  Blaberus craniiicr(Bullibre  etai,, 1979), but is not  appar-

ent in other species, e.g. A,tanduca sexta <Warren etai, 1 9B6),
Caltiphora eiythrocephala  (Bordes-Al16aume and  Sami  1 987}

and  Bombwc  mori  (Ohnishi, 1 990; Sonobe et aL, 1 997). As  for

the BombJLx silkworm,  the function of egg  ecdysteroids is

assumed  to be related  to embryonic  diapause (Ohnishi etaL,

1971; Mizuno et aL,  1981; Gharib et  al. 1981 : Coulon, 1988;
Ohnishi, 1990).

   Recently, we  demonstrated the developmental changes
in the amounts  of nine  free ecdysteroids  and  corresponding

conjugated  ecdysteroids  detected in diapause eggs  and  non-

diapause eggs  of the silkworm, and  suggested  that the

metabolism  of ecdyste roids may  be different between the two
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types of eggs  {Sonobe et aL,1997).  Of interest is the obser-
vation  that the amount  of 20-hydroxyecdysone  (20E), which

is considered  to be an  active  molecule  in silkworm  eggs  (Gharib
et  aL,1981),  increased sharply  in non-diapause  eggs  as

embryonic  development proceeded, but remained  at a  low

Ievel in diapause eggs. However,  there is no  metabolic  infor-

mation  explaining  the difference in the amount  of 20E between
diapause eggs  and  non-diapause  eggs. Two  possible meta-

bolic pathways which  cause  the increase in 20E  during em-

bryogenesis may  be considered:  de novo  synthesis  of 20E,
and  dephosphorylation of maternal  20E  22-phosphate. In the

present study,  we  focused  on  characterizing  the stage-spe-

cific alternations  in de  novo  synthesis  ot 20E  concerned  with

the onset  of embryonic  diapause. We  microinjected  [22, 23,

24, 25-3H]-2, 22, 25-trideoxyecdysone (3H-5P-ketodiol) or
'`C-cholesterol

 into silkworm  eggs  and  traced their metabolic

fates by analyzing  radioactive  metabolites  by means  of high-

performance liquid chromatography  (HPLC).

MATERIALS  AND  METHODS

lnsects

   Thebivoltinrace(kinshuxshowa)ofthesilkworm,BomQ}ofmori,
was  used  to obtain  eggs.  The female moths  were  incubated at 25eC
underconstantilluminationduringtheirembryonicstage.Underthese

conditions,  the moths  laid diapause eggs.  Some of these eggs  were
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treated with  HCI solution  (specificgravity, 1.11 at 150C) at 20 hr after
oviposition  in order  to avoid  diapause initiation <Sonobe and  Odake,
1986). In diapause eggs, embryos  ceased  development at the late

gastrula stage  (72-96 hr after oviposition), but in eggs  which  were

treated with HCI, larvae hatched 11 days after oviposition. To obtain

closelysynchronizedeggsafteroviposition,eggslaidwithin3hrwere

pooled and  kept at 250C  until the use.

Ecdysteroids

   
3H-5P-Ketodiol

 {abbreviated as K in tigures) was  synthesized  as

described by Haag  and  co-workers  (1984> with a specific activity of
4.292 GBqtmmol. This compound  was  purified routinely using reverse

phase (RP) HPLC  (Beydon et aL, 1987)  before use, 4-""C-Choles-
terol (1.92 GBqfmmol)  was  purchased from NEN  Life Science
Products  (USA), 20E  and  ecdysone  (E) were  obtained  trom  Sigma
{USA). 2-Deoxyecdysone  {2dE), 22-deoxy-20-hydroxyecdysone

{22d20E), 3-epi-22-deoxy-20-hydroxyecdysone (22d20E') and  2,
22-dideoxy-20-hydroxyecdysone {2,22d20E} were  purified irom
Bombyxovariesandeggsasdescribedpreviously(KambaetaL,1994,
1995; Mamiya  et  al., 1995). 3-Epiecdysone (E'), 22-deoxyecdysone

{22dE),2,22-dideoxyecdysone{2,22dE)and22,25-dideoxyecdysQne
{22, 25dE} were  generous gifts irom Professor R, Lafont, 20,26-
Dihydroxyecdysone {20,26E) and  3-epi-20-hydroxyecdysone (20E')
were  provided by Dr. M. Wilder and  ProfessorH. Rees, respectively,

lnjection of radioactive  tracers

   Theradjoactivetracer,3H-5B-ketodiolori`C-cholesterol,wasdis-
solved  in a  3%  (vtv) solution  of  Tween  80  in acetone,  and  the solvent

was  then  evaporated  under  a  stream  of nitrogen.  The  labelled tracer

and  Tween  80 were  then mixed  with  a  volume  of  saline  equal  to the

volume  of 3% Tween  80 solution which  had been added.  Following
thorough  vortex  mixing,  the  tracer solution  was  then sonicated  for 2

min  to form an  emulsion,  Three nl containing  3e,OOO dpm  were

injectedintoeacheggbymeansofamicroinjector(1M-200,Narishige,

Japan) and  a micromanipulator  (WR-B9, Narishige} with minor

improvements,  The  radioactive  tracer was  injected routinely into 300
eggs  at each  developmental stage.  These eggs  were  incubated in a
wet  chamber  at  250C  for 12  hr, The incubation was  stopped  by  plac-
ing the  eggs  in a  treezer (-800C}.

Extraction of ecdystereids

   The  procedure for extraction of ecdyste  roids  from the eggs  was

essentiallythesameasthatdescribedpreviously(Kambaetal,,1994;

Mamiya  et al., 1995). Briefiy, tOO eggs  which  had been injected with

radioactive tracer were  homogenized in 2 ml of cold 70%  aqueous

methanol,  and  the homogenate  was  centrifuged at 3,500 rpm  for 40
min, The pellet was  re-extracted twice in the same  way  and  the com-
bined extracts were  shaken  with an  equal  volume  of hexane  to
remove  lipids. The  aqueous  methanol  layer was  evaporated  to
dryness, dissolved in ethanoi,  and  then  stored  at  4CC  overnight.  Pre-

cipitated gummy  impurities were  removed  by centrifugation  and  the

concentratedsupernatantwa$appliedtoasilicicacidcartridge(Vafian,

USA). The cartridge was  first developed with  30%  {viv) methanol  in
chloroforminordertoeluteireeecdysteroids.Thecartridgewasthen

washed  with 1OO%  methanol  to elute the conjugated  ecdysteroids,

The free ecdysteroid  fraction was  analyzed  using  HPLC. The conju-

gated ecdysteroids  were  hydrolyzed into the free form using  Helix
enryme  (a crude enzyme  preparation trom Heixpomatia, 1BF, France)
orcalfintestinealkalinephosphatase(Gradell,BoehringerMannheim,

Germany) prior to HPLC  analysis  (Kamba et al., 1 994; Mamiya  etat.,

1995),

HPLC  analvsis  ot  ecdysteroids

   Free ecdysteroids  (or hydrolyzed products in the  case  of conju-

gated ecdysteroids)  were  analyzed  using  HPLC  (LC-9A system,
Shimazu,Japan)equippedwithaRP-column(Wakosil5Cl8,4.6×250

mm,Wako,Japan>ornormalphase(NP)column(NUCLEOSIL1OO-

5, 4.6xt50 mm;  Chemco,  Japan}. The RP-column was  e]uted  with

either  of  the  following two  solvent  sy$tems  at 400C, (1) solvent  sys-

tem 1/ an increasing linear gradient (1 O-1OO%  over  34 min)  of 10%
acetonitrile:isopropanol  (1O:4, vfv)  in O.1 %  TFA, at ailow  rate of 1mV
min  (BOking et al,, 1993). (2} solvent system  2: isocratic elution with

45%  aqueous  methanol  at a flow rate of 1mVmin. The NP-coiumn
was  eluted with  either of the following two solvent  systems  at

400C. (3> solvent system  3: an increasing linear gradient (O-1OO%
over  40 min)  of isooctane:isopropanol:water (100:40:3, vtv) in

isooctane:isopropanol:water  (660:70:2, vlv)  (Descamps and  Lafont,

1993) at a flow rate of O,75 ml/min, <4) solvent system  4: isocratic
elution with  methylene  chloride:methanol  (93:7, vlv)  at a flow rate  of

lmVmin  (lkekawa et al,, 19BO). Fractions were  collected every  O.5
min  for monitoring  radioactivity.

   Ecdysteroids were  identified by comparison  oi  retention  times

with  those  of  authentic  compounds  (detection at 254 nm).  Epimerized
ecdysteroids  which  could not be obtained  as standard  compounds,

e.g, 20, 26E', were  identified according  to the method  of  Professor R.
Lafont {personal communication).  In this, the retention time of the
epimer  was  calculated  from the retention  times  of  20E, 20E' and  20,
26E  (which are  available  as  references)  using  NP-HPLC  with

cyclohexane:isopropanol:  water  (1 OO:40:3, vtv)  at  a  flow rate  ef  1 mll

min  and  employing  the retention  time  relatiopship:  20, 26E'=20,
26Ex20E't20E.Usingthesameprocedure,22dE'and2,22dE'were
also  identified.

RESULTS

Developmental changes  in ecdysteroids  tormed trom 
3H-

5fi-ketodiol during earty development

   ln order  to compare  the mode  of metabolism  of 
3H-5fi-

ketodiol between diapause eggs  and  non-diapause  eggs,
3H-5P-ketodiol

 was  injected into the two types of eggs  at five

differentstagesduringearlyembryogenesis:(1)3hrafterovi-

position (syncytial blastoderm: before the onset  of embryonic

diapause), (2) 24  hr after oviposition  (early gastrula stage  in

both diapause eggs  and  non-diapause  eggs),  (3) 48 hr after
oviposition  {the late gastrula stage  in non-diapause  eggs,

middle  gastrula stage  in diapause eggs),  (4) 72 hr after ovipo-
sition (segmented germ-band stage  in non-diapause  eggs,

late gastrula stage  in diapause eggs),  and  (5) 96 hr after ovi-

position (organogenesis stage in non-diapause  eggs, late

gastrula stage  in diapause eggs).  Further details of morpho-

logical changes  in embryogenesis  of the silkworm  were

described in the previous article (Sonobe et aL, 1986). After
12 hr incubation, eggs  were  extracted  and  100,OOO  dpm  of

the free ecdysteroid  fraction, as  well as  the free ecdysteriod
fraction liberated by hydroly$is from the conjugated

ecdysteroids,  were  applied  to RP-HPLC  {Figs 1 and  2).

   Fig. 1 shows  radiochromatog  rams  of free ecdysteroid  frac-
tions. 1n 3-hr-old eggs,  

3H-5B-ketodiol
 was  converted  into small

amount$  of 22, 25dE, 2, 22dE' and 2, 22dE, but most  
3H-5S-

ketodiol remained  unmetabolized.  From  24  hr to 96 hr after

oviposition,  a  small  amount  ot 22dE] was  detected in 24-, 48-
and  72-hr-old diapause eggs,  but there were  no  significant

differences in the components  of metabolites  in diapause eggs.
In contrast,  

3H-5B-ketodiol
 was  transformed into more  polar

compounds  in non-diapause  eggs  as  embryogenesis  pro-
ceeded:  22d20E  (andlor 22d20E')  and  20E  (andfor 20E')

appeared  from 48  hr after oviposition,  and  furthermore 20,
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Fig. 1, RP-HPLC  analysis  of  metabolites  occurring  in the free ecdysteroid fraction after injeciion of 

3H-ketodiol
 into diapause eggs  and  non-

diapause eggs.  Diapause (D) eggs  and  non-diapause  (ND) eggs  were  injected with  
3H-ketodiol

 at 3, 24, 48, 72  and  96 hr after  oviposition,  and

incubated for 12 hr at 25eC. Free ecdysteroid  fraction was  prepared, and  analyzed  using  solvent  system  1 (see Materials and  Methods).

Retention times of ecdysteroid  standards  are  indicated by arrows  (see text for ecdysteroid  abbreviations),
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Fig. 2, RP-HPLC  analysis of metabolites of 

3H-ketodiol
 occurring in the free ecdysteroid  fraction released  after  Heix  enzyme  hydrolysis of

conjugated  ecdyste  roids,  Conjugated ecdysteroids  were  prepared from  the same  eggs  which  were  used  to prepare the free ecdysteroid fraction
in Fig. 1. The free ecdy$teroid  fraction obtained  after treatment with Helix enzyme  was  analyzed  using  solvent  system  1, Retention times of
ecdysteroid  standards  are  indicated by arrows  (see text for ecdysteroid  abbreviations).
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26E (and/or 20, 26E') was  detectable from 72 hr after oviposi-

tion. Fig. 2 shows  radiochromatograms  of the Helix enzyme-
hydrolyzable metabolites.  In 3-hr-old eggs  after oviposition,
3H-5B-ketodiol

 was  scarcely  metabolized  into polar ecdy-
steroids. However, 24 hr afteroviposition,  

3H-5B-ketodiol
 was

tranformed  into various  polar ecdysteroids,  such  as  22, 25dE,
2, 22dE', 22dE', 22dE,  2, 22d20E  and  E (andlor E') in dia-

pause eggs, and  these components  were  almostidentical fol-
lowing this stage. In contrast, in non-diapause  eggs, from  48

hr after oviposition,  more  polar ecdyste  roids such  as  20E (and/
or  20E') and  20,26E (andlor 20,26E') appeared  in addition  to
ecdysteroids  detected in diapause eggs,

   As shown  in Figs, 1 and  2, 3a-epimers  of potar ecdy-
steroids  were  not  well separated  from 33-ecdysteroids with
the solvent  system  1, Thus, components  with  retention  times

between 8 min  and  16 mjn  were  pooled and  then  re-

chromatographed  using  solvent  system  2 (see Materials and
Methods), Fig, 3 (A, B) shows  the HPLC  patterns of the free
ecdysteroid  fractions and  the hydrolyzed coniugated

ecdysteroid  fractions in 96-hr-old non-diapause  eggs,  respec-

tively. As shown  in these figures, seven  
3H-ecdysteroids

 (20,
26E', 20E, 20E', E, E', 22d20E and  22d20E') were  throughly

separated.  The  same  analyses  were  pertormed at each

developmental  stage  in diapause  eggs  and  non-diapause  eggs

(radiochromatogram$ are not  illustrated, but results  are  sum-

marized  in Fig, 4), On the basis of these analyses,  it was  evi-

dent that 3a-epimerization and  subsequent  conjugation  of

ecdysteroids  occurred  in both diapause eggs  and  non-dia-

pause eggs.

    The putative 2, 22d20E peak from RP-HPLC  (the peak
with  the retention  time of 17 min  in chromatogram  ot D96 in

Fig, 2) was  collected and  its identity further ascertained by
NP-HPLC  analysis. The  compound  was  eluted  as  a single

sharp  peak at 30.1 min  using  the solvent  system  3, and  16.4

min using  the solvent system  4. 1n both cases,  this compound

behaved just as  an  authentic 2,22d20E  sample,  thus estab-

lishing the identity of this metabolite.

    Among  the ecdysteroids  shown  in Figs. 1, 2 and  3, 22,

25dE, 2, 22dE', 2, 22dE, 22dE', 22dE, and  their conjugated
forms have not  been identified so  far in silkworm eggs. In
order  to characterize  the conjugated  forms of 22, 25dE, 2,

22dE', 2, 22dE, 22dE:, 22dE  and ketodiol, the conjugated  frac-
tion obtained  from 96-hr-old non-diapause  eggs  was  incubated
with  catf intestine alkaline  phosphatase (Grade 11), and  the

hydrolyzed products were  analyzed  using  HPLC.  The  HPLC

profiles scarcely  djffered from the HPLC  profiles of the Helix

enzyme-hydrolized  products shown  in Figs, 2 and  3(B) (data
no  shown},  This result, therefore, suggests  that the six conju-

gated ecdysteroids  mentioned  above  may  be phosphoric
esters, However, the position of conjugation  was  not further

analyzed.

    Fig. 4 summarizes  quantitative changes  in metabolites

of 
3H-56-ketodiol

 during embryogenesis.  The  amounts  ot

individual ecdysteroids were  calculated  from HPLC  protiles
shown  in Fig. 1, 2 and  3, and  were  expressed  in dpm  per egg,

The yield of radioactive  metabolites  was  70-80 %  in each

stage.  In diapause eggs,  
3H-5B-ketodiol

 remained  mostly

unmetabolized  in 3-hr-old eggs,  but was  metabolized  to vari-
ous  radioactive  ecdysteroids  from 24 hr after oviposition,
Among  these ecdysteroids, 22, 25dE, 2, 22dE', 2, 22dE, 22dE',

22dE, 2dE, E' and  their conjugated  forms did not  show  appre-

ciable  quantitative changes  throughout embryogenesis  until

96 hr after oviposition,  The amout  of conjugated  E (E 22-phos-
phate, Ohnishi etal,, 1989), which  appeared  from 48 hr after
oviposition,  was  also  almost  constant  until 96 hr after oviposi-
tion. The amount  of the conjugated  2, 22d20E (2, 22d20E
3-phosphate, Ohnishi et al., 1989) gradually increased from
24  hr to 72  hr, and  levelled off at 96  hr after oviposition.
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Fig, 3, Examples ot chromatograms  separating  3or-epimers frem 3P-ecdysteroids, Fractions with  retention  times  ot  8-16 min  in chromato-

grams of ND96  in Fig. 1 or Fig. 2 were  pooled and  analyzed  by RP-HPLC  using solvent system  2. (A) and  {B) show  chromatograms  oi  ND96  in

Fig, 1 and  ND96  in Fig. 2, respectively.  Retention  times of ecdysteroid  standards  are  indicated by arrows  (see text for ecdysteroid  abbreviations),

NII-Electronic  



The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  of  Japan

940 H. Sonobe  et aL

AenmoeXJor

 ×

Eavvcov--oLo-l.,co>vot-imj

ooLv

･-=oo

eoL-

.4coo

ooL-

-"coU

1
 

127
 ND24

1

o

1

2

in

         u
         v
         m
         pt         -
         pt
         N

         :

       in :

       v:

 ul ig N.
 R xg  rv i

kgg･ ft-
         '

wvut

dioLg-.

,4=oo

127

N

3ND48 cu-N'

inEl.''

1

inoN

Ek. £ RVx
U:ul N

ins.Nk:'N/,/...
vN

lllliltt

::::::'

o t:t:tt./tttt''
t:t '
:t 't:t '

1
:;:

I'':

2
'

127

1

o

ND72

inecu.
 w  ineeopt
 N  ptuin

 u
 o

 :u8N
 Rrvvg

 :x.
   NN

    ;::

    l{

uvrvpt

   v
   n
   N   -
   rv
   rv

 in
 Rw

 rv-v
 rvrvrv-N

   .:

1

2

invrv
 nvinvNel

 111/'

Z

:xpt-
 1･･i

rv'N::

ooL.

,-=oo

:,

2

1

o

1

2

D96

w'v

 w

 2
 R.tu
u  pt vvR
 N' N. 

rv.i:E:::

 w
 v
 e
 

bl-

 N
 N

 w.vwe

;ND96 vptN.N.xpt'

i

ltaoE-v,'kminggNcv

NNVcv
vptvrv

inxg:-

,,g\.iliilll
llll･{{1111-1/1Illtllli//1/:Ii::':I:I

't

o /ttt '
p: ''t:t '
:-: '
t;t:L:

1 :i:m

2

Fig. 4. Quantitative changes  in metabolites  of  
3H-ketodiol

 in diapause eggs  and  non-diapause  eggs  during early embryogenesis.  The amounts
of individual ecdysteroids  were  caiculated  from the protiles shown  in Figs 1, 2 and  3, The abscissa  shows  ecdysteroids  arranged  in order  ot  their

retention  time. The ordinate  shows  ecdysteroid  content  in the free torm (upper column)  and  in corresponding  conj ugated  forms (Iower column),

Abbreviations of ecdysteroids  are  as  in the  text.
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Fig. 5. NP-HPLC  analysis  of  metabolites  of  

"
℃ -cholesterol in 24-hr-old non-diapause  eggs.  (A) shows  the free ecdysteroid fraction, (B) shows

the free ecdysteroids  released  after Helix enzyme  hydrolysis of the conjugated  ecdysteroid  fraction. Ecdysteroids were  analyzed  using  solvent

system  3, Retention times  of  ecdysteroid  standards  are  indicated by arrows  (see text for ecdysteroid abbreviations).

   As  shown  in Fig. 4, there was  no  remarkable  difference

in the amounts  of radioactive  ecdysteroids  between  diapause

eggs  and  non-diapause  eggs  24 hr after oviposition.  How-

ever,  in non-diapause  eggs,  the amounts  of radioactive

ecdysteroids  in both free and  conjugated  forms gradually
increased as  embryogenesis  proceeded. It is especially

noticeable  that 20E  and  22d20E  (and their epimers  and  con-

jugated forms), which  were  not  detected in diapause eggs,

appeared  from 48 hr after oviposition, and  the amounts  of

these ecdysteroids  were  approximately constant throughout

embryogenesis.  The amount  of conjugated  2, 22d20E  (2,
22d20E  3-phospate) seemed  to gradually increase as

embryogenesis  proceeded, The hydroxylation at the C-20 po-
sition of ecdysteroids  in diapause  egg$  and  non-diapause  eggs

will be discussed later.

HPLC  pattern ot labelled metabolites  tormed  from '`C-

cholesterol

   1nordertoexaminewhetherketodiolisatrueendogenous
molecule  in silkworm  egg$, we  investigated ecdysteroid bio-
synthesis  using  

'
℃ -cholesterol as  a  precursor. 

i
℃ -Choles-

terol was  injected into 24-hr-old non-diapause  eggs,  and

ecdysteroids  (Heiixenzyme-hydrolyzable ecdysteroids  in the
caseoftheconjugatedfraction)wereanalyzedusingNP-HPLC

(solvent 3), An  apparent  peak which  has the same  retention

time as  reference  ketodiol wasobserved  in both free (Fig. 5A)

and  coniugated  fractions (Fig. 5B). In addition  to ketodiol,

four distinkt peaks of radioactivity  corresponding  to the reten-

tion times of 22, 25dE, 2, 22dEi, 22dE' and  E' were  detect-
able  (Fig. 5A, 5B). These peaks were  collected  separately,

and  confirmed  to be the predicted ecdysteroids  by RP-HPLC
using  solvent  system  1: E', 22dE', 2, 22dE', 22, 25dE  and

ketodiol eluted  at 13.5, 22.5, 26,O, 31.5 and  33,5 min, respec-

tively. Approximately O.05% and  O.07% of the injected cho-

lesterol were  transtormed into free ecdysteroids  and  conju-

gated ecdysteroids,  respectively,  during the 12-hr-incubation

of injected eggs,

DISCUSSION

   Recently, we  demonstrated in silkworm  eggs  that the

amount  of 20E sharply  increased in non-diapause  eggs  as

embryogenesis  proceeded, but remained  at a low levet in dia-

pause eggs  (Sonobe et al., 1997>. However, the mechanism

controlling  the 20E  formation in silkworm  eggs  is stM  not  elu-

cidated.  Thus,  we  inve$tigated the 20E  formation using
3H-5P-ketodiol.Thetransformationofketodiolintoecdysteroids

has been substantiated  in Locusta ovaries  (Hetru etal., 1982),

especially  in the ovarian  follicles (Kappler et al., 1986).

Furthermore, it has also  been demonstrated that labelled cho-

lesterot was  incorporated into ketodiol by Locusta ovaries
incubated in vitro (Hetru et al,, 1982). These results, taken

together, corroborated  the idea that the follicle cells ot the

developing ovary  may  be a ecdy$iosynthetic  tissue (Hoffmann
and  Lagueux,  1985), This finding has been used  to explain

the presence of ecdysteroids  in the ovaries  of many  insect

species (Hoffmann and  Lagueux, 1 985; Rees, 1989; Delbeque

et al,, 1990; Ohnishi, 1990; Grieneisen, 1994), As concerns

the developing eggs,  it has been indicated that free

ecdysteroids  may  be derived from hydrolysis of maternal  con-

jugated ecdysteroids  (Warren et aL, 1986; lsaac and  Rees,

1985; Hoffmann and  Lagueux, 1985). In addition, using  ma-

ternal radioactive  cholesterol,  Thompson  and  co-workers

(1988) suggested  that there is little or no  biosynthesis of

ecdysteroids  during embryogenesis,  However,  in the present
experiments  using  radioactive  ketodiol and  cholesteroli micro-

injected into the silkworm  eggs,  we  demonstrated that ketodiol

was  formed  from cholesterol  and  the former was  efficiently
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converted  into several  ecdysteroids during early embryogen-
esis  {Figs. 4, 5). To our  knowledge, this is the first report to
show  that ketodiol may  be an  intermediate in the synthesis  of

ecdysteroids  from cholesterol  in insect eggs  before the differ-
entiation of their endocri  ne  glands.
    As shown  in Fig. 4, jt is evident  that the phosphorylation
and  epimerizatjon  of ecdy$teroids  aiways  occur  in both dia-

pause egg$  and  non-diapause  eggs  irrespective of their
developmental stages,  but the formation of 20E occurs  exclu-

sively  after the gastrula stage  in non-diapause  eggs,  Thus,
we  focused our discussion on  the difference in hydroxylation
steps  between diapause eggs  and  non-diapause  eggs. Cur-
rent experimental  evidence  using  radioactive  tracer$ for the
sequence  of hydroxylation in the final steps  ot 20E biosynthe-
sis from ketodiol supports  three routes, comprising  C-25-C-
22-C-2-C-20  as  a  prime pathway and  C-2-C-25-C-22.
C-20 or C-25.C-20.C-22-C-2  as  branched  pathways
(Rees, 1989; Ohnishi, 1990; Warren  and  Hetru, 1990;
Grieneisen, 1994). 1n the siikworm  eggs,  although  the amounts
of labelled 22, 25dE, 2, 22dE, 22dE, 2dE, E and  their conju-

gated forms were  slightly lower in diapause eggs  than in nen-
diapause eggs  (Fig. 4), the fact that these ecdysteroids
occurred in diapause eggs  strongly  suggests  that the hyd roxy-
lation reactions  at C-25, C-22 and  C-2 positions function in
diapause eggs.  As shown  in Fig, 4, 20E and it$ metabolites,
including their epimers  and  phosphoric esters, were  detected
from 48  hr after oviposition  in non-diapause  eggs,  but were
not  detected in diapause eggs.  These results indicate a  pos-
sibility that the hydroxylation reaction  at the C-20 position of

E, which  is catalyzed  by ecdysone  20-monooxygenase,  may

be a  rate-1imiting step  in the formation of 20E  from  ketodiol in
silkworm  egg$,  This hypothesis is supported  by the following
experiments,  When  

3H-ecdysone
 was  injected into silkworm

eggs,  it was  converted  efficiently into 20E, 20E' and  20, 26E]
in non-diapause  eggs,  but was  not appreciably  converted  into
20E and  its metabolites in diapause eggs  (Sonobe et aL, 1 995:
Sonobe  etaL,  1997; Makka and  Sonobe, 2000). Furthermore,
the actMty  of ecdysone  20-monooxygenase in the diapause
eggs  remained  at a  low level, while  that in the non-diapause
eggs  increased from the gastrula stage  {Horike and  Sonobe,

1999).

   As shown  in Fig. 4, 22d20E,  22d20E'  and  theirphospho-

ric este  rs were  detected as  metabolites  of 
3H-5B-ketodiol

 from

48 hr after oviposition  in non-diapause  eggs,  but they were
not detected in diapause eggs, These results suggest  that
22d20E  may  be synthesized via 22dE, catalyzed  by ecdys-
one  20-monooxygenase.  However, it vvas  unexpected  that 2,
22d20E  and  its phosphoric ester  would  be detected in
diapause eggs  as  wel1  as  in non-diapause  eggs,  because dia-

pause eggs  were  not expected  to have the ability to hydroxy-
late ecdysteroids  at the C-20 position as  discussed  above.

Although ecdysone  20-monooxygenase activity in diapause
eggs  was  appreciably  lower than that in non-diapause  eggs,

the reason  why  2, 22dE  was  hydroxylated at the C-20 posi-
tion in diapause eggs  as  well as in non-diapause  eggs  is not
clear  at present. However,  one  possibie explanation  is that

ecdysone  20-monooxygenase may  hydroxylate 2, 22dE more

efficiently than E. This hypothesis is supported  by the tinding
that 2, 25-dideoxyecdysone was  a  more  effective sub$trate of

ecdysone  20-monooxygenase than E (Smith, 1 985), although

whether  or not  ecdysone  20-monooxygenase  efficiently

hydroxylates 2, 22dE  in comparison  with  E remains  to be
examined.  Another possibility is that a  specific  enzyme  which

hydroxylates 2, 22dE  at the C-20 position may  exist in silk-
worm  eggs.  In any  case,  characterization  of the hyd roxylation

reaction  at the C-20 position of ecdysteroids  is important for
understanding  the ecdysteroid  metabolism  in silkworm  egg$.
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