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Oocy~s of Locusm migraWria cont~n a ~te i~ge~n ~ c e ~  w~ch can be s~u~l~ed from ~ e  cell 
mem~an~  by incubation wi& ~ e  n o n ~ c  de~rgen~ oc~i ~-D-~uco~de. Optimum ~ s ~  were obtained 
wi~  40 mM oc~l ~uco~de concen~ations ~ w~ch 62% d the ]3HIpm~onylvitel~gen~ ~n~ng acfi~ff 
~soci~ed wi~  28% ~ ~ e  total memb~ne ~ o t e i ~  can be e x ~ t e d .  The s~ub~zed ~cep~r  h ~  a ~gh 
a f f i ~  ~ r  ~te l~gen~ (K d = &2.10 -s  M) and ~ c o n ~ s  one d ~ s  d ~n~ng sites. The ~gh s p e ~ f i ~  
~ ~ e  ~ c e ~  ~ r  naEve ~ t ¢ l ~ e ~ n  ~ supposed by ils ~abiH~ ~ ~nd ~tellogenin chemically modred by 
m~eylat~n or c x~ ns i~  prolongation. The solubfl~ed d ~ i l o g e ~ w ~ n ~ n g  ~ appe~s m he ~ e  same ~ 
the function~ vitelioge~n receptor ~cently demons~a~d ~ locust oocytes and oocy~ mem~ane p ~ p ~  
fion~ 

ln~oducfion 

In the insect Locusta migratoria the yolk pro- 
tdn ~tellogenin is lhe pfindp~ haemolymph pro- 
tdn incorporated by maturing oocy~s. Vitd- 
logeniK a large fipo~ycoprot~n [1,~, is extrao- 
varially synthefized in the adult ~m~e fat body. 
Isolated intact locust oocy~s sdecfivdy accu- 
mulate this yolk protdn [3,~. The incorporation 
process has ~1 the characteristics of a recepto~ 
mediated endocytofis [5]. Vitellogenin ~ ap- 
parently bound to coa~d pits on the oocy~ 
surface. I n ~ r n ~ a t i o n  is accomplished by the 
inva~nation of the binding ~tes and of thor 
bound ~tellogenin molecules into the oocy~ and 
subsequent pinching off to form endocytotic 
coated ve~des. This process was first described in 
mosquito oocytes [6]. In a pre~ous study we iso- 
lated membranes ~om locust oocytes and demon- 
s~a~d lhdr ability to bind ~tellogenin with high 
affinity [7]. The current ~udies set forth proce- 
dures for isolation and purification of the locust 
~ H o g e n i n  receptor from oocyte membranes to 
fadfitate ~udies on the biochemic~, phy~olo~c~ 

and immunolo~c~ properties of the vim~ogenin 
recepto~ For the first time we describe the suc- 
ces~ul solubifization of a vitdlogenin receptor 
with the detergent octyl glucofid~ a binding assay 
for this solubilized receptor ~nd some characteri~ 
tics of it. 

Matefi~s and Methods 

An#na& 
5th instar L. rnigratoria were obtained from 

Insektarium Dr. Frieshammer, Jaderber~ F.R,G. 
In the laboratory they were kept at 30°C with a 
daily photoperiod of 14 h and fed fresh grass or 
wheat shoots and oats. 

S o ~ l i z a , o n  ~ oocyte membrane pmteim 
O v a r i ~  were collected from eg~m~ufing 

~cu~s and stored frozen at - 7 0 ° C  until use. 
Purified ooc~e membrane m~efi~ w~  prepped 
as described p ~ o u s ~  [7]. Homogen~ed mem- 
branes were suspended in Hepes-buffered s ~ e  
(20 mM Hep~/150 mM NaC1/1 mM CaC12 ~ H  
7.~) and octyl fl-D-glucop~anofide ( S e ~  w~  
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usuMly added at a final concentration of 40 mM. 
A~er incubation for 10 rain at 4°C, uns~ubil~ed 
ma~fiM was removed by centrifugation at 100 000 
× g for 60 min in a Beckman L8 ~ a c e n t f i f u g e  
using the SW 50.2Ti rotoL The supernatant was 
diluted with Hepes-buffered saline to a finM octyl 
#ucofide concentration of 5 mM, at which the 
membrane proteins become insoluble. The pre- 
dpitated prot6n-lipid aggregates were cMM~ed 
by repeating the ul~acentrifugatiom The pro ton  
pdMt was resuspended in Hepes-buffered sMine 
by aspiration through a 22-gauge needle. The pro- 
t~n concentration was determined ufing the mi- 
croassay procedure of the Bio-Rad (Munich) pro- 
t~n assay. RemMning oct~  #uco~de  concentra- 
tions up to 0.5 ~mol /assay  do not affect the 
protein determinations. Locust ~tellogenin was 
purified and hbdMd with N-succinimid~ [2,3- 
3H]propiona~ (Amersham-Buchler) as described 
pre~ou~y [4,7]. 

Standard assay condi~ons 
Ahquo~ of the solubifized membrane protein 

preparation were mixed with Hepes-buffered saline 
containing 0.5% bovine serum albumin (final con- 
cen~ation) and [3H]propionylvitellogenin was ad- 
ded at the concentrations indicated. Incubations 
at 24°C were stopped after 80 rain by collecting 
the receptor-[3H]propionylvitellogenin complexes 
by fil~ation through 0.2 ~m poly(vinylidene fluo- 
ride) membrane filters (Millipore GVWP 02500) 
which had been extenfively pre-incubated with 
Hepes-buffered saline containing 0.2% bovine 
serum albumin and 0.01% vitellogenin to reduce 
unspedfic bindin~ Each filter was then washed 
with 6 ml Hepes-buffered saline containing 0.2% 
bovine serum albumin. After drying the filters at 
50°C for 60 min they were cut into small pieces 
and dissolved in 0.5 ml 0.5 M NaOH (120 min, 
60°C). This solution was neutrafized with acetic 
acid and finally taken up in 4 ml Unisolve 1 
(ZinsseO. The samples were counted in a Packard 
Prias PL fiquid scintillation counter at an ef- 
ficiency of 30%. 

Chemical modification of vitellogenm 
Vite~ogenin was purified as described previ- 

ou~y [4]. Maleylafion was performed as described 
by Glazer et al. [8]. Propionylation was carried out 

using the method of Asher et al. [9]. The N-suc- 
cinimidyl propionate needed for this reaction was 
prepared according to Rappopo~ and Lapidot 
[]o1. 

R e s ~  

S o ~ l i z a t ~ n  of oocyte membrane proteins with oc- 
~l  B-o-glucopyranoside 

The amount of ~ t d ~ g e m n  receptor protein 
ex~a~aMe from oocyte membran~ depends on 
the concentration of ~ e  de~rgen~ Octyl #uco~de 
concentrations excee~ng 20 mM eff ident~ re- 
move prot6ns from oocyte membran~ (Fig. 1B). 
40 mM octyl #ucoMde s~ufions s~u~fize 28% of 
the totM membrane prot6ns; 42% of the totM 
membrane proteins cannot be extracted. [3H]Pr~ 
p ion~vi te l loge~n-b~ding  a c t i ~  ex~a~abM 
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Fi& 1. Solubility of the ~Hogenin receptor from locust 
oocytes. Locust oocyte membrane preparations contMning 120 
~g proton were dissolved in the presence of various octyl 
#ucofide concentrations and centrifuged at 100000× g for 60 
min. Resulting supernatants were suspended in Hepes-buffered 
saline and the oct~ #ucofide concen~ation was lowered to 5 
mM or Ms~ The soluble membrane protons were sedimen~d 
by centrifugation at 100000× g for 60 mi~ (A) Aliquo~ of the 
membranes and soluble membrane protons suspended in 
Hepes-buf~red safine were incubated with 10 ~g of [3H]pro- 
pionyl¼tellogenin for 80 min at 24°C and the amount of 
spedfically bound Mbelled ~tellogenin was determined. Un- 
spedfic binding was measured in the presence of 750 ~g of 
unlabeHed ~tellogenin. *, spedfic ~tellogenin binding to 
membrane materiM; C), specific ¼tellogenin binding to soluble 
membrane protons; ~, total ~tdlogenin binding as the 
numericM sum of binding to the membranes and the Mnding 
to the soluble extract. (B) Membranes were ~eated as in (A) 
and the protein finally recovered was d~ermined. 



from the oocy~ membranes increases with in- 
creafing o ~  Nucofide concentrations (Fig. 1A). 
At 40 mM o ~  ~ucofide 62% of the [3H]pro- 
pionyl~tellogenin binding acfi~ty is a~oda~d  
with the extracted membrane proteins. Only 22% 
remNns bound to the unsNubihzed membranes. 
Some of the membrane protons and the ~td-  
logenin-binding acti~ty are lost from the oocyte 
membrane preparations when extracted with o ~  
Nucofid~ Membrane solubihzafion was roufindy 
performed with a 40 mM o ~  Nucofide solution. 

Using the filer assay m~hod described we 
compared the binding capadty of unuea~d oocy~ 
membrane matefiN with the om~ Nuco~d~ 
solubi~zed membrane protons of the same mem- 
brane preparation. As Table I illusuates, the 
solubigzation does not negatively affect the bind- 
ing process. The observed increase of spedfic 
binding by about 20% indicates that the ~ td-  
logenin receptor protein is efficiently removed 
from the membranes and that it fully r~Nns its 
binding properties. 

Timewourse of vitellogenM ~n~ng 
[3H]Propion~tdMge~n binds rapidly to the 

s~ubilized receptoL At 24°C equil~fium is 
reached wit~n 40 min (Fig. 2). Nonspedfic ~nd- 
ing was measured in paralld expedmen~ after the 
ad~fion of a 75-fo~ surplus of u~abelled Otd- 
~ge~n .  Only some 10% of the Mbelled fitel- 

TABLE I 

COMPAR~ON OF SPECIFIC BINDING OF [3H]PRO- 
HONYLVITELLOGENIN TO OOCYTE MEMBRANES 
AND SOLUBILIZED MEMBRANE PROTEINS 

An ooc~e membrane homogenam was prepped as de~fibed 
prefiou~y [7]. An a~qum of t~s  p~paration was e x ~ a c ~ d  as 
mentioned ~ M~efi~s  and M ~ h o ~ .  Aliqu~s of both pre- 
parations c o n t ~ n g  30 ~g membrane prmon were su~ec~d 
to Nnd~g  ms~ u~ng ~ e  reported ~ t er  assay m~ho& 

MmefiM ng [ 3 H]pro~onylvitel~ge~n 
bound to 30 ~g membrane p r ~ n  

tot~ unspedfic specif~ 

Oocyte membrane 170 16 154 
Membrane proteins 

( s ~ u ~ z e d )  206 13 193 
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Fig 2. Tim~cou~e of [3H]propionyl%tellogenin ~ n ~ n g  to 
s~u~l~ed  oocyte membrane protons. 14 gg of membrane 
proton we~ incubated with 10 #g [ 3 H ~ r o p ~ n ~ l ~ g e ~ n  
at 24° C  and the bound [ 3 H ~ r o ~ o n ~ t e l ~ g e ~ n  determined 
wi~ ~ e  filter assay m~hod. ©, tot~ ~ n ~ n g  ~, spe~fic 
bm~ng;  ~, unspedfic ~ n ~ n g  
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Fig 3. (A) The binding of [3H]propionyN~dlogenin to soluble 
oocyte membrane protdns with increasing [3H]propion~fitel- 
logenin concentrations. 14 ~g solute  oocy~ membrane pro- 
teins were incub~ed with various amounts of [3H]pro- 
pion~fitellogenin. For estimation of the unspeofic bindin~ 
unlabded fitellogenin was added at a fin~ concentration of 
( 5  mg in the appropria~ incubation~ Symbols as in Fig. 2. (B) 
Resul~ of the same experiment are plotted according to 
Sca~hard a n ~ y ~  The ~r~ght  ~ne was c ~ c ~ a ~ d  u~ng fin- 
ear regression an~y~s (corrdafion coeffioenL &972). 



580 

~ge~n are unspedficaHy bound by the s~ub~zed 
membrane proteins. All Nn~ng ~ u ~  ~por~d 
we~ carried out at 24°C for 80 min. 

Satura~on of [¢H]propionylvitdlogenm binding 
The spedfic binding of [3H]propion~vi~l- 

logenin to the s~ubil~ed ~tellogenin receptor is a 
saturable process (Fig. 3A). At saturation con- 
centrations about 11.9 ~g [3H]propion~td-  
logenin binds to 1 mg of de~rgen~solubihzed 
¼~llogenin receptor protein. Unspedfic binding 
was determined in a paralld experiment by ad- 
dition of 4.5 mg of unlabd~d %tellogenin. Fig. 3B 
shows the result of an anMysis of the binding data 
according to Scatchard [11]. From the slope of the 
regres~on fine an apparent equihbrium di~oda- 
tion constant (Ko) of 4.2.10 8 M can be cMcu- 
lated. Ob~ouM~ only one population of ~tel- 
logenin-binding compounds is present in locust 
oocyte membranes. 

~n~ng as ~ n ~ n  ~ membrane proton concentra- 
tion 

I n c ~  a constant amount of [3~pro- 
~ t e l l ~ e n i n  (10 ~ ~ t h  increas~g amounts 
of o c ~  ~ u c ~ d ~ i ~  oocy~ membrane 
pro~ns (0-78 ~ results in a nearly hnear ~-  
crease of ~ H o g e ~ n  b ~ n g  (~g. ~.  The un- 
spedfic bindin~ ~ t e r ~ n e d  by ~e  ad~tion of 
750 ~g u~abd~d ~tdloge~n, rem~ns very low. 
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Fig. 4. Nn~ng of [3H]proNon~te l~ge~n as a ~ n ~ n  of 
sMub~ membrane protein concen~ation. SymbNs as in Fig. 2. 
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~ 5. C o m p l a i n  by unhbelled ~ td~ge~ns  ~ r  ~n&ng of 
[3H~ro~on~f i td~ge~n to s~u~e ooc~e membrane proteim 
Each assay ~be contained 24 ~g s~u~e ooc~e membrane 
p r~ons  and 10 ~g [3H]propionyl~tellogenin and ~e  m~- 
ca rd  concen~ions  of u~abelled, native ~tellogemn (~), 
u~abd~d  m~eyl¼tel~ge~n (~) or un~bd~d p r o ~ o n ~ t d -  
~ge~n ( ~  

Binding of chem~ally modified ~llogenm 
Propionylafion or m~eylation of fi~Hogenin 

resul~ in a change of the positive netto charge of 
the amino add, ly~ne. Modifying the lysine res- 
idues of the ~Hogen in  molecule causes ~ r e d  

TABLE 1I 

EFFECT OF HEAT TREATMENT OF THE SOLUBI- 
LIZED MEMBRANE PROTEINS AND OF EDTA 
ADDITION ON TOTAL BINDING OF [3H]PROo 
PIONYLVITELLOGENIN 

Prior ~ ~cubafion ~ u ~ s  of ~e s~ub~zed membrane pro- 
teins were heard  ~ r  5 min and ra~d~ co~ed to 24°C and 
the ~n&ng assay ~a~ed by ad~fion of 10 Bg [3H]pro- 
p i o n ~ t e l ~ g e ~ n .  

Tre~mem [ 3 H]Propionylvitellogenin bound 

ng/21 ~g % 
membrane 
protein 

Untre~ed c o n ~  185 100 
55°C 139 75 
80°C 56 30 

100°C 32 17 

5 mM EDTA added 33 18 

750 ~g ~tel~ge~n 
added 11 6 



TABLE III 

EFFECT OF TRYP~N ON SPECIFIC ~NDING ACTIV- 
ITY OF THE SOLUBILIZED VITELLOGENIN RECE~ 
1OR 

Afiquots of ~e  ~ e d  memb~ne W ~  (21 ~ w~e 
~ e n d e d  ~ Hepes-buffered saline c o ~ n g  ~ ~g t ~  
(TPCK-trea~& S~m~ or 20 ~g t~p~n and 100 ~g soybean 
~yp~n ~ r  (Sigma). ~cubations w~e p ~ r m e d  ~ r  30 
rain at 24°C. Before in~oducfion of the commie m ~ s  
in~ ~e  Nn~ng ~ y  described abov~ 100 ~g t~p~n m ~ -  
tor was Mso added to the t~p~mt~med ~ m p ~  

T ~ m e m  [ 3 H]Prop~n~vitd~geNn bound 

ng/21 ~g % 
memb~ne Frotein 

Unhea rd  contr~ 185 100 
TrypNn 10 5 
Tryp~n Nus 

tryp~n mM~tor 170 92 

hin~ng beha~ou~ The mot t led  ~tellogenins are 
unable m comp~e wi~ [3H~ro~on~te l logeNn 
for Nn~ng to the receptor even when present in a 
l~ge suw~s (ma~mum 7 5 ~  (~g. 5). How- 
ever, as htfle as a l~ fNd  ~ W ~ s  of unhbelled 
¼tellogenin Nsplac~ Nbelled ¼tel~geNn to 
background amoum~ 

Effea of heat and tryp~n on Ne recepwr proton 
The solubilized receptor protein is hea~senfi- 

five. When heated above 55°C the receptor pro- 
tein loses its ¼tellogenin-binding capacity (Tab~ 
II). The same effect has the addition of 5 mM 
EDTA to the binding assay. The protNn character 
of the ~t~logenin-binding component present in 
the solubilized membrane protons N supposed by 
its senfifi~ty to tryp~n (Table III). A Short in- 
cubation of the membrane protNns comp~tely 
destroys the binding properties. However, in the 
presence of the soybean wypfin inhibitoc trypfin 
has no effecL and the ~t~logenin receptor ful~ 
retNns its acti~ty. 

D ~ c u ~ n  

In the present study, the locust ~t~logenin 
receptor has been s ~ u b ~ e d  from oocyte mem- 
branes by incubation with the nonioNc d~ergent, 
o ~  ~-D-glucofide. A ma~mum amount of ~tel- 
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~geNn-bin~ng acti~ty can be recovered ~om the 
100000 x g sup~namnt with 40 mM o ~  Nuco- 
fide concen~ations. Lowering the octyl Nucofide 
concenuation bdow its criticN micellar concen~a- 
tion [12] res~u in a precipitation of the s~ub~ 
l~ed membrane proteins. In tNs way, most of the 
octyl ~ucofide can be ~moved and the membrane 
proteins can be collec~d. About 30% of the totM 
membrane proteins can be so~N~zed, to wNch 
62% of the torn ~tellogenin-binding z c t i ~  is 
assoN~e& U~ng the filter assay mmhod d~ 
scribed, it can be shown that the extract ful~ 
~tNns its a b ~  m bind [3H]prop~n~tel-  
~genin speNficN~ and wi~ Ngh affiN~. The 
[3H]proNon~tel~ge~n-binNng a c f i ~  per mg 
membrane protein before and a~er octyl Nucofide 
uemment is nearly ~enficN. Octyl Nucofide has 
proven to be of generM utili~ and was recently 
used to solub~ize the ~w-density ~poprotNn re- 
ceptor [13], the ~rmacroNobulin ~cepto~ the 
~ s ~  ~cepmr [1~ and the e p ~ m M  growth 
factor ~cepmr [15]. MHd methods such as ~eez~ 
thawing or ~emment wi~ Ngh sMt concentration 
cannot ~move the ~tellogenin receptor proteins 
~om lhe membranes (dam not shownX ~Ncating 
that the ~ceptor is probab~ an intrinfic mem- 
brane protein pene~ating the oocy~ membrane. 
TNs observation is well in agreement with ~e  
generN concept of ~cepto~me~Ned endocytofis, 
~duding the Nn~ng of d~hrin during formation 
of coa~d verities [5,16]. 

The [3H~ropionyl~tellogenin-binding proper- 
ties of ~e  sNuNe membrane protNns are q ~  
fimilar to that of intact oocy~s and of ~NNed 
oocyte membran~ [4,7]. (~ It contNns one Ngh- 
affiN~ compound with an eq~br ium ~ o N ~  
tion constant (Ka) of 4.2.10 -s M, wNch is com- 
parable to lh~ of ~Nmed oocy~ membran~ (K a 
1.092-  10 . 7  M). (b) The Nn~ng process ~ q ~ s  
~vNent ~ns such as C~ ÷. (O The Nn~ng acti- 
¼~ is senfitive to ~ypfin and it is abolished by 
boiling. (d) Vitd~geNn ~ not bound when the 
ly~ne refidues had been mot t led  by mMe~ation 
or extenfive propion~ation. This ob~rvation co~ 
roborates p ~ o u s  ~sM~ which show that the 
~cust ~tel~geNn ~ceptor apparently recognizes 
ce~Nn pofitive charges at the ~ td~geNn mNe- 
cMe (ReK 4; unpublished dat~. Thus, we believe 
that the ¼tel~geNn-b~ding actM~ solubilized 
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by octyl glucoside represents the phy~ologic~ 
~Hcgen in  recepto~ The ~tellogenin receptor 
preparation obtained for the first time in soluble 
form can easily be used for further purification 
and characterization, as ~udies in progress de- 
mon~ra~. 
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