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We examined the binding of FH](10R) juvenile hormone (JH) Il to lipophorin that was pur-
ified from the hemolymph of Blattella germanica Binding was found to be specific, saturable
and with high affinity to JH 1ll. Using Scatchard analysis, the equilibrium dissociation con-
stant (Ky) and total binding capacity (B,..) Were estimated to be 9.75 0.64 nM and 0.241+
0.02 nmol/mg protein, respectively. Competitive displacement studies with racemic JH 11, JH
[, cuticular hydrocarbon, contact sex pheromone, and the JH analogs pyriproxyfen, fenoxy-
carb, and hydroprene showed that only JH Il readily displaced PH](10R)JH III from the
binding site. However, hydroprene competed for the JH Il binding site more effectively than
the other two JH analogs. Photoaffinity labelling using the JH Il analog PH]epoxyfarnesyl
diazoacetate demonstrated that the JH binding site was on apolipophorin-I, the large subunit
of the lipophorin complex. 0 1997 Elsevier Science Ltd

Blattella germanicaLipophorin Juvenile hormone Binding protein Hemolymph Pyriproxyfen Fenoxycarb
Pheromone Photoactivation

INTRODUCTION 650 nM) to JH | and JH Il (for review see Goodman and
Juvenile hormones (JH) play important roles in inse hﬁng, |198?; Troyvehllt, |_1992)'t The %her_two typesh_aLe
metamorphosis and reproduction. Juvenile hormones molecular weignt lipoproteins. Une is a very nig
hydrophobic (solubility limit of 54uM in aqueous ensity lipoprotein (d= 1.25 mg/ml) that functions as a
e‘y_| Il transporter inLocusta migratoria it is composed

buffer; Trowell, 1992), and it has been well establish . i ) . .
from various studies that JH is transported from th%f six identical subunits (77 kDa), each of which contains

corpora allata (CA) to target tissues by plasma JH bin _JH bindi_ng _site (qupmanschgp and d_e K_ort, 198.8)'
ing proteins (JHBP) (Goodman, 1990; Trowell, 1992). I "€ Other is lipophorin (Lp), a high density lipoprotein

Manduca sextavirtually all JH in hemolymph exists asv_vh'Ch has a smglg site that binds ‘]H lll with high speci-
a complex with JHBP (Hidayat and Goodman, 1994). ficity and high affinity (K, for racemic JH Ill= 1.5 to

Whitmore and Gilbert (1972) first reported the occurt?’ UM)' This type of JHBP has bee_n isolated from eV
rence of a JHBP in the hemolymph Hi/alophora glov- eral insects, namely, Coleopteraeptinotarsa decemli-

eri. Since then, several such proteins have been isola t_a Qe Kort and_ Koopmanschap, 1987), Isoptera
and characterized from a number of insect t eticulitermes flavipes Okot-Kotber and Prestwich,

(Goodman and Chang, 1985; Trowell, 1992; Prestwi 91), Diptera_Sarcophaga bullatavan Me!lqertet aI.,_
et al, 1994). On the basis of their molecular weight ani>0>; Prosophila melanogasterShemshedini and Wil-

o X , 1988Chironomus thummM/isniewski and Streuer-
affinity to JH, three different types of JHBPs have beetP" . .
identified. InM. sextaand other Lepidoptera, low mol- nagel, 1990), Hymenopterdgis meliifera de Kort and

ecular weight JHBPs\, ~ 30 kDa) have been shown tOKoop.manscdha[L, %986&’ Kand chtyohpteraleg(éplaneta

have relatively high affinity (dissociation constant 723Mericana de Kort and Koopmanschap, 1986euco-

phaea madergeRayne and Koeppe, 198®&auphoeta

cinereg Kindle et al,, 1989; Diploptera punctataKing

*Author for correspondence. Tek 1 919 515 1821; Faxt 1 919 515 tahnci :[I;]Obﬁ, |19883' .StrUCtu.rail Stl];I(tjleS of I|popth9r|n Indlf.ate
7746; E-mail- coby schal@ncsu.edu. at the holoprotein consists of two apoproteins, apolipo-

+Department of Entomology, North Carolina State University, RaleigipfOtein-1 (apoLp-I;M, ~ 250 kDa) and apolipoprotein-Ii
NC 27695-7613, U.S.A. (apoLp-Il; M, ~ 85 kDa) (for reviews see Kanost al.,
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1990; Lawet al., 1992; Van der Horstt al., 1993; Soul- Insects

ages and Wells, 1994). A distinct, diapause-associatedserman cockroache®( germanici were maintained
high molecular weight JHBP has been isolated fromig 4, incubator at 2 0.3C under a 12 h light:dark
single lepidopteranBusseola fuscdOsir et al, 1991). ppotoregime and were allowed free access to Purina rat

Interestingly, both Lp and a low molecular weight proteigpow and water. Only virgin adult females were used in
serve as JH binding proteins in the midGaironomus he experiments.

thummi(Wisniewski and Streuernagel, 1990).
A number of reports conclude that, in addition to it$-|emo|ymph collection

transport function, JHBP protects JH from degradation .
. Hemolymph was collected from C&nesthetized
by hemolymph esterolytic enzymes (see Goodman, 19%) ects by severing the forelegs and applying gentle

Trowell, 1992). However, recent evidence suggests t Essure to the abdomen. Hemolymph was collected into

In M. sexta JH esterases interact with JHBP, causi chilled 1.5 ml microcentrifuge tubes and centrifuged at
release of JH from the binding pocket and faster hydrol 00y at £C for 8 min to pellet hemocytes. The plasma
sis; yet, JHBP appears to protect JH from JH epoxi s stored at80°C until use )

hydrolases (Touharat al, 1996). It is still unknown

Wh_ther lipophorin-type JHBPS, WhICh have h'gheéiosynthesis of 3H](LOR)JIH I1I

affinity to the hormone, more effectively protect JH, as

is suggested for cockroaches (Engelmaatral, 1988; Corpora aIIaFa from 4-d§1y-old mat_ed _femalé.
Lanzreinet al, 1993). In either case, JHBPs appear functatawere dissected and incubatedvitro in L15B

lay key roles in JH transport and the regulation of Jf€dium (Holbrook et al, 1997) containing 16 M
Ete?. g P g OTFP, a JH esterase inhibitor, antH]methionine for

In Blattella germanicalipophorin is a multi-functional 6 h at 27C. Labelled JH was extracted twice with isooc-

lipid carrier. It is involved in the transport of hydrocarborf@"€ and stored aB0°C. The purity of radio-biosynthes-
and pheromone to the epicuticle (@t al, 1995), and ized JH was checked on a Beckman high pressure liquid
is rich in diacylglecerol and phospholipid (unpublishedfhromatograph (Beckman Instruments, Fullerton, CA,

However, it is not known whether lipophorin functiond?-S-A-) €quipped with model 125 pumps, a model 166
as a JH carrier iB. germanicaln this paper we report UV detector and a model 171 radioactivity flow detector.

Isooctane extracts were re-constituted in acetonitrile and
chromatographed on a Hibar,{reverse-phase column
(4.6 mm x 25 cm, 5um particle size) for 50 min in a
MATERIALS AND METHODS linear gradient of 40—100% acetonitrile in 5 mM HEPES
buffer (pH 7.5) at 1 ml/min. Scintillation fluid (Beckman
Chemicals Ready-Flow IIl) flowrate was 3 ml/min. Total flow

Unless otherwise indicated, all chemicals were pufrough the radiodetector was 4 mi/min.
chased ~from _Sigma (St Louis, MO, U'S'A')'Isolation and purification of lipophorin by gradient ultra-
[®H](10R,11S9 Epoxyfarnesyl diazoacetate (EFDA) trifugati Y9
(specific activity 5.4 Ci/mmol), a photoaffinity analog of entniugation
JH 1ll, was a gift from Dr G. D. Prestwich (University Lipophorin was purified by KBr density-gradient ultra-
of Utah, Salt Lake City, UT, U.S.A.). Naturalcentrifugation as described by Shapebal (1984) and
[3H](1OR)JH 1Il was biosynthesized in our laboratony. Previously applied td. germanicaby Guet al. (1995).
[Methyl-*H]methionine (71.4 Ci/mmol) was obtainedHemolymph (40Qul) obtained from 4-day-old virgin
from Dupont-NEN (Wilmington, DE, U.S.A.) andfemales was subjected to ultracentrifugation at 285000
diluted to 14.28 Ci/mmol prior to use. 3-Octylthio-1,1,1for 22 h, at 4C in a Beckman L8-70M ultracentrifuge
trifluoropropan-2-one (OTFP), an inhibitor of JH esterusing a fixed angle rotor (70.1 Ti). Fractions were col-
ase, was a gift from Dr R. M. Roe (North Carolina Stattected starting from the top of the tube. The purity of
University, Raleigh, NC, U.S.A.). Juvenile hormone andipophorin fractions was checked by native and sodium
logs were supplied as follows: fenoxycarb was a giffodecyl sulfate (SDS) gel electrophoresis.
from Dr R. Maag Ltd. (now part of Novartis, Greensboro , .

NC, U.S.A.), pyriproxyfen was obtained from Zenecduvenile hormone binding assay

(Wilmington, DE, U.S.A.) and (3hydroprene from San-  All glassware used in JH binding and photoaffinity
doz (Palo Alto, CA; now part of Novartis). Hydrocarbongabelling experiments was precoated with 1% polyethyl-
from B. germanicawere extracted from the cuticle ofene glycol (PEGM, 20,000) as described by Sevaa
adult females and their mass determined by gas-liquadl (1995). JH binding assays were carried out by using
chromatography relative toraheptacosane internal stanthe procedure of Koeppet al. (1981) as modified by
dard (Schalet al, 1994). The contact pheromone 3,11King and Tobe (1988). JH binding was estimated in glass
dimethylnonacosan-2-one (a synthetic racemic mix) wasrosilicate tubes (8 50 mm) containing 20@l aliquots

a gift from Dr R. Nishida (Kyoto University, Kyoto, of purified lipophorin (5ug/ml) in TMSG buffer (10 mM
Japan). Tris, 5 mM MgCl, 150 mM NacCl, pH 7.4, and 0.5 mg

binding properties of a purified JH binding lipophorin.
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globulin) and 10 nM H](10R)JH llI. After 30 min incu- capacity (B..,)- Linear regression was used to determine
bation at 27C, the bound ligand/protein complex waghe best fit line to the experimental data. The statistical
precipitated with 32% PEGM, 6000, in TMS buffer) significance of difference between means was estimated
and radioactivity was measured in the pelleted precipitaty Student’st-test.
and supernatant with a Beckman 5801 liquid scintillation
spectrometer. Radioactivity in_the prgci_pitate represented RESULTS
JHBP-bound JH, whereas radioactivity in the supernatant
represented free ligand. Non-specific binding was Earlier work in this laboratory has shown that lipopho-
determined by the addition of 100-fold excess unlabelléth is composed of two apoproteins, apoLp-I and apoLp-
ligand to an identical set of samples prior to the incul, and has a density of 1.109 g/ml; it was therefore desig-
bation. Specific binding was determined by subtractiritted a high density lipophorin (HDLp) (Gat al,, 1995).
non-specific binding from total binding. The kinetic conPreliminary binding studies indicated thaH[(10R)JH
stants were estimated by Scatchard analysis (Scatchaldyound to a lipoprotein with similar density. Therefore,
1949). we have used purified lipophorin in all of our JHBP
We also tested whether lipids that are known to bingharacterization studies. We re-examined the apoprotein
lipophorin (hydrocarbon and contact sex pheromone (G@mposition of lipophorin. Native PAGE indicated a
et al, 1995)) and JH analogs (fenoxycarb, pyriproxyferﬂ'\OlGCUlar weight for the native protein of 670 kDa. The
and hydroprene) could competitively displacévo apoLp subunits, apoLp-I and apoLp-Il, were 212 and
[3H](LOR)JH 11l from JH binding sites. An aliquot of 80 kDa, respectively. These results differ somewhat from
10 nM [PH](10R)JH Il was incubated with purified lipo- Previous determinations in our laboratory (G al,
phorin in the presence of different concentrations of thed895); the apoprotein composition Bf germanicaipo-
ligands. The amount of bound®H](10R)JH Il was phorin is thus similar to that of other insects.

determined by PEG binding assay. Biosynthesis of3H](10R)JH Ili

Photoaffinity labelling Enantiomerically pure *H](10R)JH Il was biosyn-

Photoaffinity labelling of lipophorin was performedthesized byD. punctata CA incubatedin vitro with
according to Prestwich (1991). Aliquots of purified lipol*HImethionine. Reverse-phase high pressure liquid chro-
phorin (mgllooluj) were incubated with 200 nM matography (HPLC) indicated that 98.5% of the radioac-
[*H]EFDA at 4C in the presence or absence of 200ivity in the isooctane hyperphase of the incubation
fold excess unlabelled racemic JH Il in quartz tubes pré&edium coeluted with authentic JH llI (Fig. 1). In all
coated with PEG NI, 20,000). After 2 h, the samplessubsequent studie$H](10R)JH Il was obtained from
were photolysed four times for 15 s each at a distant&®octane extracts of CA incubation medium without
of 11 cm using a Stratagene UV crosslinker (Stratalinkéyrther purification.

Model 1800; La Jolla, CA, U.S.A.) set at maximum o . . - .
energy. Samples were lyophilized and resolubilized ﬁ%haracterlzatlon of juvenile hormone binding site

sample buffer and subjected to native and SDS ge||n order to optimize conditions for the binding assays,
electrophoresis. the specific binding of JH to lipophorin was determined

Gel electrophoresis and fluorography

Following photolysis, the photolabelled samples were 2500 A AT M 5
separated by native and SDS—polyacrylamide gel electro-
phoresis (PAGE) using 4—12% gradient slab gels, accoré- 2000}
ing to the procedure of Laemmli (1970). Gels weree
stained with Coomassie blue to detect proteins, and wege ;5,1
impregnated with 10% 2,5-diphenyloxazole in acetig
acid. Gels were then dried and exposed to Kodak X—Om%t
AR X-ray film for 3 weeks at-80°C. 5

Protein determination a %07 ] L_’__,_,_, - 50
—

The protein concentration in hemolymph and lipopho-

1000

T
\,
o
Percent acetonitrile

Disinteg

rin samples was determined using the BioRad protein 00" T
assay (Bradford, 1976) with bovine serum albumin as Retention time (min)
a standard.

FIGURE 1. Reverse-phase high pressure liquid radio-chromatogram
Statistical analysis of D. punctataCA products. After a 6 h CA incubation in the presence

. . of [*H]methionine the incubation medium was extracted twice with
Data were subjected to Scatchard analysis (ScatChqggomane, concentrated, and injected into the radio-HPLC. The dashed

194_9_) t_o det_ermir_le _ the kinetic constants, na_me_|y thiRe indicates percentage acetonitrile in the mobile phase. JH I, Juven-
equilibrium dissociation constant Kand total binding ile hormone I; JH IlI, juvenile hormone III; MF, methyl farnesoate.
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FIGURE 2. Time-course of*H](10R)JH Il specific-binding to lipo- FIGURE 4. Specific binding of JH 11l by lipophorin. Purified lipopho-
phorin. Potassium bromide (KBr) gradient-purified lipophorinin (1 ;,g) was incubated with various concentrations #1][10R)JH
(5 pg/ml) was incubated in 200! buffer with 10 nM PH](10R)JH I, 1| for 30 min at 27°C and assayed for specific binding. Non-specific

in the presence or absence of 100-fold unlabelled racemic JH Il fginding was measured in the presence of 100-fold excess unlabelled
various time periods at 2C and assayed for specific binding. Values racemic JH Ill. Each point is the mean of three replicates.
represent the means of three replicateSEM.

JH gave a measure of the specific binding. Fig. 4 shows
as a function of time and protein concentration. Fig. that the specific binding increased with increasing con-
shows the time-course of specific binding [(10R)JH centration of H](10R)JH Ill and demonstrated satura-
Il to lipophorin. The amount of hormone boundbility at approximately 10 nM of JH](10R)JH Ill. Non-
increased with incubation time and reached an apparepecific binding consisted of less than 25.9% of the total
equilibrium after approximately 30 min at 2Z. In all binding, and was found to be linear over the range of
subsequent experiments incubations were carried dwrmone concentrations tested. Scatchard transformation
for 30 min. of the data followed by linear regression analysis indi-

The relationship between specific binding and lipoph@ated the presence of a single high affinity binding site
rin concentration was also examined. JH lll-specifiwith a dissociation constant (K of 9.75 + 0.64 nM
binding was found to be proportional to the amount dktandard error of the mean) and a maximum binding
lipophorin up to 5ug per 0.2 ml incubation medium capacity (B,.,) at equilibrium of 0.241+ 0.02 nmol/mg
(Fig. 3). of lipophorin (Fig. 5).

The kinetic parameters of the JH binding site were o
deduced by incubating increasing concentrations spPecificity of fH](10R)JH Il binding
[*H](L0R)JH 11 with and without 100-fold excess unlab- Hydrocarbon and contact sex pheromone are natural
elled racemic JH lIl. The difference between tof]JJH ligands of lipophorin in adult femalB. germanica(Gu
[l binding in the absence of unlabelled JH Il and nonet al., 1995). These lipids, as well as JH | and JH analogs
specific BH]JH Il binding in the presence of unlabelledwere tested for their ability to compete for the JH Il

binding site. Various concentrations of unlabelled

407 0.12
o Ky 9750 + 0.64nM
o
: s0- 0.10{ e Bpay 0-241 + 0.02 nmol/mg
£ r 0.910
5 g 0.084 o
2 20 L
f=
£ T 0.06-
£ 3
K-}
g ol “ 0,04
)
2
» 0.02

0 T T L T T

0 5 10 15 20 25 0.00 T T T T T T T T T
Lipophorin (ug) 0 0.2 0.4 0.6 0.8 1 1.2

Bound JH Il (nM)
FIGURE 3. Specific binding of*H](10R)JH Il to lipophorin as a

function of lipophorin concentration. Various concentrations of pufFIGURE 5. Scatchard plot of JH Ill-specific binding by lipophorin.

ified lipophorin were incubated with 10 nMH](10R)JH 1l at 27°C  The dissociation constant {Kwas determined from the slope of the

for 30 min in the presence or absence of 100-fold unlabelled racemégression line ¢ 1/Ky) and total binding capacity (B,) was derived

JH IIl. Data points represent the average of three separate deterfrom the intercept of the line with the abscissa. The line was fitted by
nations and vertical bars represenSEM. linear regression;?ris Pearson’s correlation coefficient.



LIPOPHORIN 667

racemic JH Il (10°-10'° M) competed very effectively cuticular hydrocarbons and contact pheromone. Its con-
with [*H](10R)JH IlI, showing 50% displacement atstituent apoproteins, apoLp-I and apoLp-Il, have relative
107 M (Fig. 6). JH I, a higher homolog not found in themolecular weights of 212 and 80 kDa, respectively. In
hemolymph of the German cockroach, was a much lege present study we demonstrate that this lipophorin also
effective competitor for the JH Il binding site. Neitherfunctions as a plasma juvenile hormone binding protein.
natural ligands (hydrocarbon and pheromone) nor syn-The results presented in this paper clearly show that
thetic analogs of JH Il had significant effects orhigh density lipophorin isolated from the hemolymph of
[®H](10R)JH Il binding to lipophorin. Interestingly, adult females binds the natural @JH Ill. Scatchard
however, hydroprene, which shares a sesquiterpenaitalysis indicates the presence of a single high affinity
structure with JH 1lI, competed witl?{](LOR)JH Il for  binding site that appears to be saturable and specific to
the JH binding site more effectively than did other JKILOR)JH Ill. The apparent dissociation constanty, Ks
analogs that have structures unrelated to natural JH. 9.75 nM (Fig. 5). The binding characteristics®f germ-

o ) anica lipophorin show many similarities to JH-binding
Photoaffinity labelling lipophorin from other insects, including the Colorado
To test whether the JH Il binding site is present opotato beetlel.. decemlineatgde Kort and Koopman-

apoLp-I or apoLp-Il, fHJEFDA, a photoaffinity analog schap, 1987), the fruitflfp. melanogaste(Shemshedini
of JH Ill, was employed in our study. It was clear thaand Wilson, 1988), the honey beg, mellifera(de Kort
native lipophprin i, 670 kDa) was covalently modified and Koopmanschap, 1986), and the cockroaéhesner-
by [BH]JEFDA in the absence of competing ligand (Figicana (de Kort and Koopmanschap, 198&), maderae
7). Competitive displacement of the photoactive ligan@Rayne and Koeppe, 1988)N. cinerea(Kindle et al.,
with 200-fold excess unlabelled racemic JH Il greathit989; Lanzreiret al., 1993) andD. punctata(King and
reduced H]EFDA binding to lipophorin (Fig. 7). Denat- Tobe, 1988, 1992). The dissociation constants vary con-
uring SDS—PAGE indicated that only apoLp-I (212 kDagiderably among these insects and range from 1.5 to
and not apolLp-Il (80 kDa) bound®HJEFDA (Fig. 8). 157 nM (Trowell, 1992). In cockroaches, however, K
Only apolLp-l thus has a binding site for JH lll.values are at the lower end of this range, generally below
[*H]EFDA labelling of hemolymph confirmed that exces40 nM. Importantly, it appears thatykalues can depend
unlabelled JH Il inhibited the binding of the photolabeto some extent on the methods used to derive them. Park
to lipophorin only (data not shown). et al (1993) concluded that using equilibrium dialysis to
separate bound from free JH resulted in at least a 10-fold
reduction in K, values. Lower K values also result when
competitive binding assays include purified JHBP rather
Potassium bromide density gradient ultracentrifugatiaRan hemolymph and natural rather than racemic ligands
has been used extensively to purify lipophorin fronPrestwichet al., 1987). For example, in the cockroach
insects. However, its utility in isolating and purifyingN. cinerea lipophorin bound natural (R)JH Il 46-fold
JHBPs has been minimal. Using this techniqueebal more strongly than it bound the ($0enantiomer (Kindle
(1995) isolated a high density lipophorin (density ogt al., 1989).
1.109 gm/ml) from the hemolymph &. germanicaand  To gain further insight into the dynamics of JH binding
determined that it played a major role in the transport @) lipophorin we have determined lipophorin concen-
tration in the hemolymph by enzyme-linked immuno-
sorbent assay (ELISA), and the hemolymph JH titer by

DISCUSSION

g, 007 = T " G gas-liquid chromatography—mass spectrometry. Our pre-
S D VU liminary results indicate that the concentration of JH
ff (65 DU N A reaches_ a maximum of 0.06 _nmol/mg of Iipop_horin
Te |- O JHI (unpublished). BecausBlattella lipophorin has a high
o9 Ho H H H
&= 50] ovem Pyriproxyfen affinity JH 11l binding site and the amount of JH present
3 % w-a-- Fenoxycarb in the hemolymph is four times lower than the maximum
g = woder Hydroprene binding capacity (B.J), these results suggest that vir-
§"“ 57 . a-- Pheromone tually all circulating JH must be bound to lipophorin,
5 ---0--- Hydrocarbon even when JH titer peaks in vitellogenic females.
o—r T T T pA T Since the advent of photoaffinity labelling, it has

become a valuable tool in characterizing the binding sites
of transport proteins and receptors in a wide variety of
FIGURE 6. Competitive displacement ¢H](10R)JH IIl by racemic  insects (Prestwiclet al, 1994). By using JHJEFDA, a

JH 1l and JH 1, hydrocarbon, contact sex pheromone, and three dtiazoacetate photoaffinity analog of JH Ill, we have dem-
analogs (pyriproxyfen, fenoxycarb, aBehydroprene). Lipophorinwas qnstrated that the JH 11l binding site is associated with

incubated with 10 nM3H](10R)JH Il and increasing amounts of unla- .
belled ligands. The values are expressed as a percentage of the f’a%)l‘p'l M, 212 kDa) and, assuming that exposure to

[*H](LOR)JH Il bound. The values are the means of three determidV light did not covalently modify apoLp-Il, this smaller
nations. subunit appears to lack JH binding sites. ApoLp-I has

-Log (M)
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Fluorogram Cbcigzn :;?:,e
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FIGURE 7. Fluorogram of lipophorin labelled witBH]EFDA (left panel). Lipophorin was incubated witBHJEFDA in the

presence ¢ JH) or absence { JH) of 200-fold excess unlabelled racemic JH Il and subjected to native polyacrylamide gel

electrophoresis. The right panel shows the Coomassie blue stained native gel for comparison. The arrow indicates the lipophorin
band.

also been identified as a JH binding site-containing subhis hypothesis is attractive because a similar phenom-
unit in the cockroached. madareae(Koeppe et al, enon was observed with the nuclear binding sitelglam-
1984; Rayne and Koeppe, 1988), punctata(King and duca(Osir and Riddiford, 1988). However, studies with
Tobe, 1992), and tentatively iR. americana(de Kort D. melanogastesuggest that excess unlabelled JH IlI or
and Koopmanschap, 1989), as well as in the termite JH analogs do not compete for hemolymph JH-analog
flavipes(Okot-Kotber and Prestwich, 1991). binding sites; JH analogs might thus bind to non-specific,
Juvenile hormone binding proteins are JH homolodngh capacity binding sites (Shemshedini and Wilson,
selective (Prestwiclket al, 1987). Lipophorin exhibits 1988). Likewise, excess JH |Ill or JH analog
maximal binding to JH Il and lower affinities for higher(methoprene) failed to displace competitively a radiolab-
JH homologs. For example, in the American cockroachlled photoaffinity analog of methoprene from apoLp-I
lipophorin bound JH Il with higher affinity than it did (Okot-Kotber and Prestwich, 1991).
JH | (de Kort and Koopmanschap, 1989). We now extend Lipophorin is a multi-functional vehicle for the trans-
these findings to the German cockroach. Moreover, vpert and distribution of both neutral and polar lipids
have used three JH analogs to test whether they compateong various tissues (for review see Chino, 1985;
for JH binding sites. The data show that hydropren&anostet al., 1990; Lawet al., 1992; Van der Horsét
which has a similar sesquiterpenoid backbone to that @ff, 1993; Blacklock and Ryan, 1994; Soulages and
JH I, is somewhat effective at displacing the naturdlNells, 1994). In addition, lipophorin has been shown to
(10R)JH IlI, but only at high concentrations. Other JHunction as a plasma coagulogen in the cockro&ch
analogs that are structurally distinct from JH Il arenaderae (Barwig, 1985), and participates in detox-
unable to compete for JH 1l binding sites. This findingfication and immunological responses Bombyx mori
is intriguing because fenoxycarb and pyriproxyfen hay&ato et al, 1994). Recent work in our laboratory
been shown to have potent JH-like effects Blattella showed that inB. germanica lipophorin functions as a
and are indeed effective at lower concentrations thaarrier for contact pheromone and cuticular hydrocarbon
hydroprene (Bennett and Reid, 1995). If the JH analogGu et al., 1995) and for phospholipid and diacylglycerol
are also shuttled through the hemolymph by lipophorifunpublished). The present study adds another function
these data suggest that lipophorin might contain distinictr lipophorin in B. germanica as a JH carrier. More-
binding sites for the natural hormone and for JH analogsver, our competitive binding studies indicate that phero-
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m i Understanding and Controlling the German Cockroaeld M. K.
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