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by hydrolysing the phosphate esters of  the host cell 8. It 
remains an open question whether these enzymes are 
located on the outer surface of  the sporozoite as in the case 
of  ectoacid phosphatase of  L. donovani 21'2~'38 or whether 
they are embedded into the subcellular structures of  the 
parasitic cell. To date the occurrence of  lysosomes or 
lysosome-like structures in E. tenella has not yet been 
reported 39. However,  the secretory structures termed 'rhop- 
tries' reportedly release their contents during~penetration of  
embryonic bovine tracheal cells by E. magna 4r 
Although the mechanisms involved in the penetrat ion of  
host cells by Eimeria are not understood 42, available evi- 
dence from other related parasitic intracellular protozoans 
suggests that biochemical  mechanisms should be carefully 
considered. In addition, the demonstrat ion of  hydrolytic 
enzymes in the various stages of  E. tenella along with 
proteinases, in our opinion, enhances the possibility that 
cell recognition and penetrat ion by these parasites may 
involve biochemical  specificities at the molecular  level. 
Addit ional  work will be required to determine if  this is 
true. 

1 We are grateful to Professor Moises Agosin, Department of 
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Metallothionein induced in the frog Xenopus laevis t 
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National Institute for  Environmental Studies, Yatabe, Tsukuba, Ibaraki 305 (Japan), March 1, 1983 

Summary. A low molecular  weight cadmium- and copper-binding protein, induced in the liver of  the frog, Xenopus laevis, 
by the administration of  cadmium, was shown to consist of  a single isoprotein and was characterized as an amphibian 
metal lothionein based on its high cysteine and metal  content, its low molecular  weight, and the lack of  aromatic amino 
acids. 

Metallothionein is a low molecular  weight, cysteine-rich 
protein (mol. wt = 6000-7000) binding heavy metals such as 
cadmium, zinc, copper and mercury. Metal lothionein was 
first isolated as a cadmium- and zinc-binding protein from 
equine renal cortex by Margoshes and Vallee in 19572. 
Thereafter,  many investigators have reported the induction 

o f  metal lothionein following the administrat ion of  heavy 
metals to a variety of  organisms, both animals and plants. 
Although metal lothionein has been well documented in 
vertebrates, especially in mammals ,  the protein in amphi- 
bia has been reported thus far only in the frog, Xenopus 
laeviS "4. Amphibia  hold a phylogenetical  position between 
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fish and  reptiles, and  arel hence,  interest ing species for 
s tudying the biological  roles and  the phylogenet ical  
changes  of  meta l lo th ionein .  Therefore ,  the present  study 
was pe r fo rmed  to character ize Xenopus meta l lo th ione in  
and  to compare  its proper t ies  with those of  m a m m a l i a n  
meta l lo th ione in .  
Frogs (Xenopus laevis," 88-107 g b. wt) were injected i .m. 
with cadmium at a dose of  0.5 mg  C d / k g  b. wt, 5 t imes 
weekly for 2 weeks. The  livers were dissected 3 days after  
the f inal  inject ion and  homogen ized  in 4 vol. of  0.1 M Tris- 
HC1 buffer  (pH 7.4, 0.25 M glucose, bubb l ed  th rough  with 
99.9999% N 2 gas before  use) in an  a tmosphere  of  N 2 gas 
under  ice-water  cooling. The  h o m o g e n a t e  was centr i fuged 
at 170,000 x g for 60 rain  at  4 ~ 
C a d m i u m  from the superna tan t  f ract ion was eluted main ly  
together  with the low molecula r  weight  prote in  fract ion 
( V e / V o =  1.8-2.2) on  a Sephadex  G-75 column.  The  cad- 
m i u m  peak  was accompanied  by a small  a m o u n t  of  copper  
bu t  not  by zinc, and  by strong absorp t ion  at 254 nm. Since 
zinc was not  present  in the low molecula r  weight  pro te in  
fract ion ( V e / V o  = 1.8-2.2), the supe rna tan t  was co-chroma-  
tographed  with the isolated rat  z inc- th ionein  on  a Sephadex  
G-75 co lumn for compar i son  of  the apparen t  molecula r  
weights as shown in figure 1. The  cadmium peak o f  frog 
me ta l lo th ione in  was eluted one fract ion earl ier  than  the 
zinc peak of  ra t  z inc- thionein.  
The frog meta l lo th ione in  isolated on a Sephadex  co lumn 
was fur ther  examined  by co -chromatography  with rat  zinc- 
th ione in  on a D E A E  Sephadex  G-75 column (fig.2). Z inc  
in rat  z inc- th ionein  was separated into 2 peaks. The  2 peaks 
cor responded  to meta l lo th ione in - I  and  -II, the fo rmer  iso- 
form being  eluted earlier. On  the o ther  hand,  a l though  
nat ive frog me ta l lo th ione in  was eluted as a single peak on  
an  SW co lumn 3, c adm i um  was separa ted  into four  peaks in 
the D E A E  Sephadex  co-chromatogram (fig.2). The ma in  
cadmium peak was a t t r ibuted to the nat ive Xenopus metal-  
lothionein,  while the o ther  three peaks  were ident i f ied as 
follows: The  2 cadm i um  peaks were eluted at the elut ion 
volumes  o f  the two 2 z inc- th ioneins  and, hence,  they were 
a t t r ibuted  to the rep lacement  of  zinc in the 2 rat  zinc- 

Amino acid composition and metal content ofXenopus metaUothionein 

Amino acid composition Mol %a Residues b 
Molecule 

Aspartic acid 6.7 3.9 
Threonine 5.5 3.2 
Serine 13.1 7.7 
Glutamic acid 7.2 4.2 
Proline 2.8 1.6 
Glycine 6.6 3.9 
Alanine 3.4 2.0 
Valine 1.2 0.7 
Half-cystine 38.9 22.9 
Methionine 1.7 1 
Isoleucine 
Leucine 0.7 0.4 
Tyrosine 
PhenylaIanine 
Lysine 11.1 6.5 
Histidine 1.1 0.6 
Arginine 

Metal content (tool%): Cd 93.3, Zn -, Cu 6.7 
SH/metal ratio: 2.7 

Xenopus metallothionein (containing 37 gg Cd) was hydrolyzed in 0.5 
ml of 6 N HCI at 110 ~ for20 h. Amino acid analysis was performed with 
an amino acid analyzer (Hitachi 835). Half-cystine and methionine were 
analyzed after performic acid oxidation. Values are expressed as percent 
of the total number of residues. 
b Methionine was assumed to be one residue per molecule. 

th ioneins  with the cadmium that  was l ibera ted  from the 
Xenopus meta l lo th ione in  dur ing  the prepara t ive  proce-  
dures. The  4 c a d m i u m  peak at f ract ion 62 was assigned to 
an  in t ramolecu la r  oxida t ion  product  of  the Xenopus metal-  
lo th ione in  4. Thus,  as repor ted for chicken s and plaice 6 
meta l lo th ioneins ,  nat ive Xenopus meta l lo th ione in  was 
shown to consist of  only a single isoprotein  on  an  an ion  
exchange column.  Xenopus meta l lo th ione in  also has a 
lower isoelectric po in t  than  the 2 co -chromatographed  rat  
i someta l lo th ione ins  (fig. 2). 
Appa ren t  molecula r  weights  of  the nat ive Xenopus metal lo-  
th ione in  and  the in t r amolecu la r  oxidat ion p roduc t  isolated 
on  a D E A f  Sephadex  co lumn were es t imated by gel 
pe rmea t ion  ch roma tog raphy  with a TSKgel  3000 SW 
co lumn at pH 7.0 in the presence of  0.2 M sodium chloride 
(fig. 3). Both of  them were eluted at a re ten t ion  t ime slightly 
earlier than  cytochrome c (mol.  w t =  12,400) and  were 
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Figure l. Co-chromatogram of the supernatant from cadmium- 
accumulated Xenopus liver with rat zinc-thionein on a Sephadex 
column. The frogs, Xenopus laevis, were injected i.m. with cad- 
mium and the livers were homogenized in 4 vol. of 0.1 M Tris-HC 1 
buffer (pH 7.4, 0.25 M glucose), The homogenate was centrifuged 
at 170,000• g for 60 min. A 5-ml portion of the supernatant was 
mixed with a sample of rat zinc-thionein (containing 50 pg Zn) and 
applied to a Sephadex G-75 column (2.6 • 90 cm). The column was 
eluted with 10 mM Tris-HCl buffer solution (pH 8.6) and 5-ml 
fractions were collected. The concentrations of cadmium, zinc and 
copper in each fraction were determined by atomic absorption 
spectrophotometry (Hitachi 170-50A). The absorbances at 254 and 
280 nm were monitored on a spectrophotometer (Hitachi 220). 
- - ,  Cd; , Zn; , Cu; , ab- 
sorbance at 254 nm; , absorbance at 280 nm. 
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Figure 3. Molecular weight estimation of Xenopus metallothionein. 
Xenopus metallothionein and its intramolecular oxidation product 
were applied on a TSKgel 3000 SW column (7.5 x 600 mm with a 
precolumn of 7.5x 75) with marker proteins. The column was 
eluted with 0.1 M phosphate buffer solution (pH 7.0, 0.2 M NaC1) 
at a flow rate of 0.7 ml/min. The circle indicates Xenopus metallo- 
thionein. Its intramolecular oxidation product was eluted with the 
native protein, so that it was not shown. 

Figure 2. Co-chromatogram of frog metallothionein 
and rat zinc-thionein on a DEAE Sephadex column. 
Frog cadmium, copper-thionein and rat zinc- 
thionein isolated by Sephadex G-75 chromatogra- 
phy were applied to a DEAE Sephadex A-25 
column (1.6• 20 cm). The proteins were eluted with 
a linear concentration gradient of Tris-HCl buffer 
(pH 8.6) from 75 to 300 mM and 3-ml fractions were 
collected. The concentrations of cadmium, zinc and 
copper were determined by atomic absorption spec- 
trophotometry. The absorbance at 254 nm was 
monitored on a spectrophotometer. , Cd; 
- - - - ,  Zn; , Cu; , ab- 
sorbance at 254 nm. 
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Figure 4. pH-Dependence of absorption spectrum of Xenopus 
metallothionein. UV spectra of purified Xenopus metallothionein 
(5.7 gg Cd/2 ml of l0 mM Tris-HC1 buffer, pH 8.6) were 
determined on a Hitachi 220 spectrophotometer, pH 2.5 was 
adjusted by adding 1 N HC1 solution. 

es t imated to have an  appa ren t  molecula r  weight  of  14000 
f rom the re ten t ion  time. 
Both the nat ive p ro te in  and  the in t ramolecu la r  oxidat ion 
product  isolated on  a D E A E  Sephadex  co lumn  were puri-  
fied fur ther  with  a T SK  SW co lumn by e lut ion with a 
50 m M  Tris-HC1 buffer  solut ion (pH 8.0) 7. They  were 
shown to be pure  by  7.5% polyacrylamide gel e lec t rophore-  
sis at p H  8.3, and  were character ized by amino  acid 
analysis. The  amino  acid composi t ions  o f  the 2 prote ins  
were identical  and, hence,  only the results ob ta ined  for the 
nat ive prote in  are shown in the table.  Half-cyst ine 
(38.9 mol%) was most  abundan t ,  fol lowed by serine 

(13.1 tool%) and  lysine (11.1 mol%). However ,  a romat ic  
amino  acids were absent,  as in the case of  the m a m m a l i a n  
meta l lo th ione ins  8. The  amino  acid composi t ion  of  Xenopus 
meta l lo th ione in  is s imilar  to those o f  the m a m m a l i a n  
meta l lo th ione ins  8. The  ma jo r  meta l  b o u n d  to nat ive Xeno- 
pus meta l lo th ione in  was c a d m i u m  (93.3 mol%). Copper  was 
present  only as a mino r  meta l  (6.7 tool%). In contras t  to the 
m a m m a l i a n  8 m e t a l l o t h i o n e i n s ,  zinc was absent  f rom the 
Xenopus meta l lo th ionein .  The rat io of  cysteinyl residues to 
metals  was 2.7, to ( S H / m e t a l )  near ly  ident ical  tha t  in the 
m a m m a l i a n  m e t a l l o t h i o n e i n s .  The  molecula r  weight  of  
frog meta l lo th ione in  inferred f rom amino  acid analysis was 
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slightly smaller than that o f  the mammal i an  metallo- 
thionein. This estimate conflicts with the result in figure 1. 
The discrepancy can be explained as follows: Since a 
Sephadex column has cation exchange properties at alka- 
line pH due to dissociation o f  residual carboxyl a n d / o r  
hydroxyl groups of  the gel material,  proteins with lower 
isoelectric points are eluted earlier on the Sephadex column 
than those with higher ones 9. The isoelectric point of  the 
Xenopus metal lothionein is lower than those o f  the 2 rat 
isometallothioneins (fig.2). Hence, Xenopus metallo- 
thionein elutes faster than rat metal lothionein (fig. 1). In 
accordance with the lack of  aromatic amino acids, the UV 
spectrum of  the Xenopus metal lothionein did not show 
appreciable absorption at 280 nm. The shoulder of  250 nm 
was confirmed to arise from the cadmium-mercapt ide  
complex since it was completely abolished upon the loss o f  
the metal  following adjustment to pH 2.5 (fig.4). 
The present study revealed the amino acid composit ion and 
some properties characteristic o f  Xenopus metallothionein.  
Aside from projoerties similar to those of  mammal i an  
metal lothioneins ~ the frog metal lothionein can be charac- 
terized as follows a) it consists o f  a single isoprotein, b) it 

has an isoelectric point  lower than rat isometallothioneins 
and c) it is less stable to air oxidat ion than the rat isometal- 
lothioneins. 
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The effect of  methyl jasmonate on lycopene and fl-earotene accumulation in ripening red tomatoes 
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Summary. Methyl jasmonate  at a concentration of  0.5% in lanolin paste was applied to detached mature green tomatoes cv. 
Venture. It caused the formation o f  a yellow colored epidermis and parenchyma at a depth of  2 mm on the place o f  
treatment. Untreated areas, and areas treated with lanolin paste alone, developed a normal  red color at the fully r ipened 
stage. Analyses of  carotenoid compositions showed that methyl  jasmonate  almost totally inhibited lycopene accumulation 
and stimulated fl-carotene accumulat ion in the ripening of  tomatoes. 

Methyl jasmonate,  methyl  3-oxo-2-(2'-cis-pentenyl)-cyclo- 
pentane-l-acetate ,  and jasmonic  acid, were recently found 
to be powerful  promotors  of  leaf  senescence 2-4. JA-Me and 
its related compounds  were also found to eliminate the 
senescence-retarding action of  kinetin when used in the 
dark 4. Methyl  jasmonate  and /o r  jasmonic acid are endoge- 
nous substances which have been identified in many 
plants2,5 ~0. 
The aim of  this work was to study the effect of  methyl 
jasmonate  on the ripening and carotenoid composit ion of  
tomatoes. 
Materials and methods. Mature  green tomatoes, Lycopersi- 
con esculentum Mill. cv. Venture, grown in a greenhouse 
and picked on September  10, 1982 were used. Ten fruits 
were treated with (_+)-methyl jasmonate  at a concentration 
of  0.5% (w/w) in lanolin paste (prepared by mixing lanolin 

1 with ~ part o f  distilled water). This was applied on one side 
on an area o f  about 2.5 cm 2. The other side of  every tomato 
was treated with lanolin paste alone as a control. During 
the course o f  the experiment,  fruits were kept at room 
temperature (about 18 ~ under natural light conditions. 

After 7-10 days, when the tomato fruits were ripe, the 
samples of  treated and untreated tissue were cut of f  at a 
depth of  2 mm for lycopene and /]-carotene analysis. 
Carotenoids from tomato tissues (about 2 g fresh weight) 

11 were isolated by extraction with acetone . In later steps of  
the procedure the acetone extract was mixed with n-hexane 
instead of  diethyl ether. Then the ether-acetone mixture 

The effect of JA-Me treatment on the content of lycopene and [3-ca- 
rotene in tomato fruit tissue 

Carotenoids Control JA-Me 
gg.g i % o f  total gg-g-~ % of total 
fresh determined fresh determined 
weights carotenoids weight carotenoids 

Lycopene 84.30 97.6 1.43 19.6 
p-Carotene 2.08 2.4 5.87 80.4 

The effect of JA-Me on carotenoid formation in ripe tomatoes; 
arrows indicate yellow color of tissue on the place treated with 
JA-Me; both untreated areas and those treated with lanolin paste 
alone are red. 


