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S U M M A R Y  

L-leucme uptake into full-grown oocytes of Xenopus laew~ is a ~aturable 
process which is Na + dependent and presumably coupled to Na + gradient Our 
results indicate that progesterone (10 -6 M) blocks abruptly, around the germinal 
vemcle breakdown, the saturable transport of L-leuclne p-Chloromercuribenzoate 
(10- + M) induces maturation and after a short lag of time strongly mtUblts L-leucme 
uptake Cyclohemm~de prevents progesterone-reduced maturation and permeability 
changes 

I N T R O D U C T I O N  

Progesterone ~s the main steroid synthesized within the follicle cells of the 
Xenopus ovarian follicles, this steroid acts directly on the oocyte to induce maturation 
(Fouchet, C ,  Mulner, O and Ozon, R ,  unpubhshed) The molecular changes which 
lead to oocyte maturation are sUll unknown, however, recent researches have defined 
many events associated with maturation in more precise terms [i, 2] Among the first 
well defined events associated w~th progesterone-induced maturation there ~s a marked 
permeablhty change [3], very recently changes in permeablhty of  the Xenopu6 oocyte 
membrane to amino acid have been established [4] 

In this report we describe the general characteristics of  the uptake of L-leucme 
by the full-grown Xenopus oocyte and we presented results on the effects of  progester- 
one on changes of  permeability of  the oocyte membrane 

M A T E R I A L S  A N D  M E T H O D S  

Ammal~ Xenopus laevta females, f rom South Africa (De Rover, Holland), 
were bred and maintained under laboratory conditions 

Oocyte preparatwn All experiments were conducted under Jn vitro conditions 
on isolated full-grown oocytes (Stage 6 [5]) Animals were anaesthetized with MS 222 
(Sandoz) lg/l, ovaries were removed and oocytes defolhculated by enzymatic treat- 
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ment with collagenase [6] Isolated oocytes were eqmhbrated for 1 h m Mernam's 
solutxon [7] contalnmg NaCI, 88 raM, KCI, 1 mM, Ca(NO3)2, 0 33 mM, CaCI 2, 
0 41 mM, MgSO4, 0 82 mM, Tns, 2 mM Pemcdhn (100 I U /m l )  was added to 
mcubatlon flasks Full-grown oocytes (diameter 1 1-1 2 mm, Stage 6 [5] were selected 
under stereotax~c microscope 

Oocyte maturation Isolated oocytes were incubated with progesterone 10-6 M 
(progesterone purchased from Sigma was chromatographically pure) untd maturation 
The criterion for maturation was breakdown of the germmal vesicle judged by the 
appearance of a white spot surrounded by pigment at the ammal pole, during the first 
hours (2-10) of hormonal treatment Some oocytes were heated at 100 °C for 10 ram, 
the absence of the germinal vesicle bemg ascertained by dissection In all uptake 
experiments, the rate of maturation under progesterone action was determined m 
parallel and expressed m percent of germinal vesicle breakdown as a function of time, 
since it varies for the oocytes from one female to another 

Leucme uptake determmatton Oocytes were incubated with L-[4-3H]-leucme 
(25 or 50 Cl/mmol obtained from the Commissariat ~t l'Energle Atomlque) at a 
concentration of 10/~C1/ml and unlabelled L-leucme (Merck) such that the final 
concentrations of leucme were from 10 - 6  t o  10 - 2  M as indicated in the experiments 
Incubations m 5 ml or 0 5 ml were stopped at the indicated t~mes and groups of 10 
oocytes were washed three t~mes m 20 ml of cold solution It has been demonstrated 
that there was no back flow of ammo acid from the oocytes into the medmm durmg 
washing procedure Pulse experiments were conducted routinely during 25 mm with 
groups of 10 oocytes 

Determmatzon of saturable leucme uptake Non-saturable uptake was subtracted 
from total entry to obtain saturable uptake Estimation of non-saturable uptake was 
performed m the presence of an excess of unlabelled leucme (10- 2 M) This procedure 
Is comparable to the method described by Akedo and Chnstensen [8] 

Measurement of radtoactwtty Ten oocytes were treated with 1 ml of NCS 
tissue solubdlzer (Amersham Searle) at 60 °C for 20 mm Radloactwlty was deter- 
mined m a Packard Tn-Carb hqutd scmtdlatlon spectrometer model 3320 with external 
standard after addition of 10 ml of scmtlllatxon mixture containing 2,5-dlphenyl- 
oxazole (PPO), 5 5 g, and 1,4-bls(2,5-phenyloxazolyl)benzene (POPOP), 100 mg, m 
Triton X-100, 333 ml, and toluene, 667 ml Efficiency was 30-35 ~o 

RESULTS 

Leueme uptake m full-#rown ooeytes 
The kinetic of uptake of labelled leucme by the separated oocytes (Stage 6) 

was measured Fig 1 shows that L-leuclne uptake proceeds linearly for the first h of 
incubation when the concentration of leuclne in medmm was 5 10-5 M When 
leucme concentrations vaned from 10 - 6  M to 10 -2 M, s~mllar hnear uptakes were 
always obtained The kinetic pattern of uptake was also entwely similar among 
oocytes of the same stage from d~fferent ammals, though some varmtlons existed m 
the total amount of [3H]leuclne incorporated per oocyte per h 

Fig 2 indicates that leucme uptake ~s a saturable process, in each experiment 
non-saturable entry was subtracted from total uptake (see Materials and Methods) 
The kinetic analys~s of leuclne entry into oocyte shows an apparent K m around 



"~44 

Uptake 
( p mo les/oocyte ) 

5 

4 

3 

2 

1 

0 ~ 
0 30 60 

T=me (minutes) 

Fig 1 L-Leucme (5 10 -3 M) uptake m full-grown oocytes of Xenopus lae~ts (Stage 6) Oocytes 
were incubated in ,t volume of 5 ml and groups of ten oocytes were removed at dtfferent times 
Results are expressed m pmo[ i.-leuclne incorporated per oocyte 
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Fig 2 L-Leucme uptake by full-gro,~n oocytes isolated from the same female, as a lum.tlon ol 
amino acid concentratmn (a) Groups of ten oocytes were incubated 25 mm m 0 5 ml of solution 
containing L-leucme (10-6-10 -2 M) Results are expressed m pmol/oocyte per h (Q) Saturable 
uptake into full-grown oocytes (J ,)  Uptake into mature full-grown oocytes previously treated ~lth 
progesterone (10 -~' M), experiment 2 h after germinal vesicle breakdown (b) Lmeweaver-Burk 
19] plot of saturable uptake 

10 -5  M S imi l a r  resul ts  were  o b t a i n e d  m three  d i f ferent  expe r imen t s  in whzch /x~ 

was  f o u n d  to  be 6, 8 a n d  12 l0  -6  M,  wi th  c o r r e s p o n d i n g  V v a l u e s  o f  3 6, 1 3 a n d  

6 0 p m o l / o o c y t e  pe r  h 
R e p l a c i n g  the  N a  + o f  the  i n c u b a t i o n  buffer  w i t h  cho l ine  + re su l t ed  in l ower  

u p t a k e s  o f  l eucme  (F ig  3) O n  the  o t h e r  hand ,  i nc rea s ing  the  N a  + c o n c e n t r a t i o n  

(132 m e q u l v / 1 )  i nc rea sed  the a m i n o  ac id  u p t a k e  ] t  c an  be n o t e d  tha t  h y p e r t o m c i t y  
d id  n o t  m o d i f y  s ignif icant ly  the  a m i n o  ac id  t r a n s p o r t  w h e n  the leuclne  level  was  
2 10 - 5  M A t  h igher  N a  + level (176 m e q u l v / l )  Inh ib i t ion  o c c u r r e d  W h e n  oocy te s  
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Total L-leuclne uptake at dzfferent Na + levels Groups of ten oocytes were incubated m L- 
leucme (2 10 -5 M) for 25 mln in &fferent mo&fied buffers (O) uptake in 183 mOsM buffer (A) 
Uptake m 359 mosM buffer Osmolarlty was maintained constant by choline chloride Uptake is 
expressed m pmol/oocyte per h 
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Fig 4 Total L-leucme uptake as a function of amino acid cortcentratlon (11) in Na+-free buffer, and 
(Y) in buffer containing p-chlorornercunbenzolc acid (pC1-HgBzO-) 10-4 M 

were incubated  in a Na+- f ree  buffer, the sa turable  entry  was vir tual ly  abohshed  F ig  4 
shows that  m these condat~ons only non-sa turab le  ent ry  can be measured  

Incuba t ion  o f  oocytes  m a K+-f ree  buffer d id  no t  influence the up take  o f  
leucme when N a  + level was 88 m e q m v / 1 0 u a b a i n  at  5 10 -5  and  5 1 0 - 4 M  did  
no t  mhlb l t  leucme en t ry  into oocyte  O u a b a m  at a concen t r ahon  o f  5 10 -3  M 
inhibi ted 38 ~ o f  sa turable  leucme uptake  Leucme up take  is a t empera tu re  dependan t  
process ,  at  4 °C sa turable  en t ry  is to ta l ly  s topped  pC1-HgBzO-  is a s t rong inh ib i tor  of  
leucme ent ry  in to  ful l -grown oocytes  (F ig  4) Sa turable  ent ry  is abo l i shed  in presence 
o f  pC1-HgBzO- (10  - 4  M )  This inhib i t ion  was a l ready  comple te  in 1 h (F ig  5) 

Effect of prooesterone on leucme transport 
Proges te rone  induces ma tu ra t ion ,  1 e germinal  vesicle b reakdown ,  m full- 

g rown Xenopus ooeytes  The speed at  which ma tu ra t i on  p roceeded  in dxfferent oocytes  
(and f rom &fferent  females)  v a n e d  cons iderab ly  In  a typical  exper iment ,  oocytes  were 
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Fig 5 L-leucme uptake during the course of maturation Groups of ten oocytes x~ere m~.ubated 
m&cated times m 0 5 ml of buffer containing L-leucme (5 10 -5 M) (O) Control uptake by full- 
grown oocytes, ( • )  uptake m the presence ol progesterone (10-o M), (11) uptake m the present.e ol 
p-chlo romercun benzoic acid ( I 0- ~ M ), ( • ) represents the o o of germinal vesicle breakdo~ n (G VB D) 
as a furtct]on of t~me measured m parallel 
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Total L-leucme uptake of oocytes incubated with 10 -6 M progesterone lor 6 h (50 °o ol 
germinal vesicle breakdown (GVBD)) 1, control oocytes without hormone, 11, non-matured oocyte~ 
Ill, oocytes maturing (white spot appearing), IV, matured oocytes (white spot present I h) All 
oocytes were from the same female Groups of ten oocytes were incubated 25 mm in 5 10-SM 
leucme 

exposed for 25-mm pulses m [H3]leucme f rom the t ime of  initial exposure to 

proges terone  (hormone  cont inuously  apphed 10-6 M )  until  the appearance of  a hght  
area sur rounded  by p~gment at the ammal  pole (the external  cr i ter ion o f  matura t ion)  
The  results presented m Fig 5 m&ca te  that  leucme uptake was not  modtfied until  

germinal  vesicle b reakdown occurred In this experiment ,  9 h after proges terone  
exposure,  100 o/ matura t ion  was achteved, when mature  oocytes were incubated  for  

abou t  this period,  dur ing 25 mln  the total  leucme uptake  was abrupt ly  decreased 
(see Fig  5) Kmet lc  stu&es repor ted  m Fig  1 show that  saturable leucme entry is 

complete ly  suppressed 2 h after proges terone-reduced matura t ion  
Changes o f  permeabdl ty  to leucme occur  m all experiments and can be esti- 

mated  at the t ime germmal  vesicle b reakdown Is first observed (F~g 6) I t  does not  
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depend on t~me between progesterone exposure and germinal vesicle breakdown 
For example, in some cases germinal vesicle breakdown occurred m 2 h, change of 
permeablhty occurred around the same time When germinal vesicle breakdown was 
achteved in 10 h, change of permeablhty also appeared around 10 h 

It is well estabhshed that mhlbltors of protein synthesis block oocyte matura- 
tion after progesterone treatment When cyclohexim~de was added to the incubation 
medium (100 #g/ml), progesterone-reduced maturanon was blocked, protein synthesis 
was inhibited (99 ~ lnhtbltlon) The leucme uptake was not modified during an 8-h 
exposure to the inhibitor in presence of progesterone 

DISCUSSION 

These results clearly demonstrate that leucme uptake into full-grown oocytes 
of Xenopus laevls is a saturable process which is Na ÷ dependent and presumably 
coupled to Na + gradient Progesterone blocks the saturable transport of leuclne 
abruptly, at the t~me around maturation, without affecting significantly the uptake not 
subject to saturation 

The actwe transport systems for amino acids in ammal cells show a requirement 
for Na ÷ and require metabohc energy, they appear to be constitutive and firmly 
bound to the membrane [10] The transport of leuclne into Xenopus laevls oocytes 
described in this report is essentially of the same nature It ts a saturable process 
(Km around 10- 5 M) which exhtblts an absolute reqmrement for Na ÷ and a pamal  
inhibition by ouabam (5 10-3 M) The couphng of the leucme entry to metabohc 
energy cannot be demonstrated for ouabam levels below 10 -3 M However, ouabam, 
at concentrations between 10-s and 10 -4 M modifies lOmC transport m amphibian 
oocytes and we recently observed that ouabaln facilitates progesterone-reduced 
maturanon at concentration around 10-4 M (Ozon, R and Ravel, N ,  unpubhshed) 
The sensmvlty of leucme uptake to ouabam, m our experimental condmons, ~s 
therefore not strictly linked to (Na ÷ q-K ÷)ATPases 

Apparent K m values are s~mflar m three different females, however, the kinetic 
studtes indicate a 5-fold range m comparing the V (pmol leuclne/oocyte per h) of 
leucme uptake into oocytes from different females 

pC1-HgBzO-,  in contrast with progesterone, inmates an lmmedmte abrupt 
decrease of leuclne entry (Fig 5), the inhibition of transport by a sulfhydryl reagent 
suggests that the carrier system contains sulfhydryl groups pC1-HgBzO- is not an 
inhibitor of progesterone-mduced maturation, moreover, and unexpectedly, pC1- 
HgBzO- has been reported recently to reduce a maturatton apparently slmdar to 
progesterone-induced maturation m Xenopus [11, 12], we also found that this or- 
ganomercurml (10 -4 M) reduces germinal vesicle breakdown in Xenopus oocytes 
It remains to be demonstrated, however, that pC1-HgBzO--mduced maturation al- 
lows eventual further development 

Progesterone, the mare physiological steroid released directly into Xenopus 
oocytes (Fouchet, C ,  Mulner, O and Ozon, R ,  unpubhshed), reduces maturation 
after a lag of several hours (2-10 h) and around the same time induces a total mht- 
bmon of  saturable leucme entry, change of permeability is one of the consequences 
of progesterone action This change does not occur before germinal vesicle breakdown 
and does not seem to be a prerequisite for progesterone-reduced germinal vesicle 
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breakdown lnh lNtors  of t ransport  have been demonstra ted to interfere ~ ith pl oge~- 
terone ac tmn,  ouabam,  an inhibi tor  of membrane  ATPases,  faclhtates progesterone 
action on oocytes (Ozon, R and  Ravel, N , unpubl ished) ,  p C I - H g B z O - ,  a sull hydryl 
reagent, at least blocking L-leucme saturable t ranspor t  (Figs 5 and 6) appalent ly  
mimicks progesterone acnon  on oocytes [l 1, 12] The resulting alterations in mem- 
brane pzrmeab~hty modified the subsequent  events of oocyte ma tu ra tmn The exact 
relatmnsh~p between membrane  permeabd~ty and progesterone-induced matura t ion  
reqmres further invest~gatmn 

It has been shown that a factor arising during the course of progesterone- 
induced matura t ion  m amph~bmn oocytes is capable of inducing matura t ion  when 
rejected back Into non- t reated ~eclplent oocytes [2, 6] The ma tu ra tmn-p romot lng  
factor appears in progesterone-treated oocytes a round I h before germinal ~es~cle 
breakdown It does not  need protein synthesis to reduce germinal vesicle b reakdo~n  
in non- t reated oocytes [13] But experiments with cyclohexlmlde demonstra ted 
that protein  synthesis is necessary for the appearance ot the ma tu ra t ion -p romot ing  
factor [2, 6, 12] In our  experiments we demonst ra ted  that cyclohexlmlde prevents 
progesterone mh~bmon of leuclne-saturable uptake into oocytes, as well a~ germinal 
vesicle breakdown,  the m a t u r a t m n - p r o m o t m g  factor could be an intermediate step 
~n permeaNhty  changes reduced by progesterone 

ACKNOWLEDGEMENT 

This work was supported by the D616gatlon G6n6rale a la Recherche Sclen- 
tlfique et Techmque ( D G R S T )  and  the CNRS (ATP 429 909) 

REFERENCES 

1 Brachet, J , Baltus, E,  De Schutter, A , Hanocq, F ,  Hanocq-Queruer, J ,  Hubert, E, la~obelh, 
S and Stemert, G (1974)Mol Cell Blochem 3, 189-205 

2 Smith, L D (1975) The Biochem~stry ofAmmal Development (Weber, R,  ed ),Vol 3 pp 1 42 
Academic Press 

"~ Smith, L D and Ecker, R E (1969)Develop Blol 19, 281-309 
4 Pennequln, P, Schorderet-Slatkme, S, Drury, K C andBauheu, E E (1975) FEBS Lett 51, 

156-160 
5 Dumont, J N (1972) J Morphol 136, 153-180 
6 Schorderet-Slatkme, S and Drury, K C (1973) Cell DJfl 2,247-254 
7 MerNam, R W (1971) Enp Cell Res 68, 75-80 
8 Akedo, H and Chrlstensen, H N (1962) J Blol Chem 237, 118-122 
9 Llneweaver, H and Burk, D (1934)J Am Chem Soc 56, 658-666 

10 Oxender, D L (1972)Annu Rev Bmchem 41, 777-814 
11 Brachet, J and Pays-De Schutter, A (1974) C R Acad ScJ Pans 279, 2107-2110 
12 Brachet, J ,  Baltus, E ,  De Schutter-Pays, A,  Hanocq-Quemer, J ,  Hubert, E and Stelnert, G 

(1975) Proc Natl Acad Sol US 72, 1574-1578 
13 Drury, K C and Schorderet-Slatkme, S (1975) Cell 4, 269-274 


