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Abstract 

A cDNA library from freshly isolated protoplasts was differentially screened using cDNAs from mes- 
ophyll cells, stressed leaf strips and cell suspension cultures. One of the selected clones, 6P229, turned 
out to encode a putative polypeptide showing homology to the btuE periplasmic protein of Escherichia 
coli and to animal selenium-dependent glutathione peroxidases. A major difference was that the puta- 
tive selenocysteine in the active site was not encoded by the termination codon TGA. The 6P229 gene 
was found to be expressed in germinating seeds, in apex and in flowers, as well as in stressed tissues. 
This pattern of expression would be consistent with a key role in cellular metabolism such as defense 
against oxidative stresses. 

In order to understand how freshly isolated pro- 
toplasts of higher plants can re-enter the cell cycle, 
we are looking for genes expressed at a high level 
in protoplasts. A cDNA library from 6 h old pro- 
toplasts prepared from Nicotiana sylvestris leaves 
was constructed in 2gtl0. It was differentially 
screened using cDNAs from leaves, leaf strips 
maintained in the medium used for protoplast 
preparation but devoid of enzymes, and actively 
dividing cell suspension cultures. About 10~ of 
the clones gave no signal or a faint signal after this 

triple screening and corresponded to genes highly 
expressed in protoplasts. Clone 6P229 was one of 
those. 

The insert of 6P229 was subcloned in Blue- 
script vector (Stratagene) and sequenced by the 
dideoxy chain termination method [ 14] (Fig. 1A). 
Additional clones were isolated after a second 
screening of the library: all had the same nucle- 
otide sequence. Our longest cDNA clone was 810 
nucleotides in length and was terminated by a 
poly(A) sequence. Direct cDNA sequencing on 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession number X60219. 
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Fig. 1. A (top). The  nucleotide and  derived amino acid sequences o f  clone 6P229. Potential  polyadenylat ion sites are underlined. 
B (bottom).  Homologies  to animal  glutathione peroxidases  and  to the E. coli btuE periplasmic protein. Dots  cor respond to gaps  
introduced to maximize  homologies.  Identical amino acids are indicated by bars. Four  conserved domains  are boxed. SeC posi- 
tion is indicated by an arrow. Y s tands  for 6P229, H for h u m a n  [11], B for bovine [7], M1 for mouse  [3], R for rat [16], M2 
for mouse  [6], E for E. coli [5]. 



total RNAs was performed [10] and showed a 
strong arrest in elongation close to the end of this 
clone. The size of the corresponding mRNA was 
determined from northern analysis and was found 
to be about 1 kb. These results indicate that the 
longest cDNA recovered was probably nearly full 
length. The longest open reading frame gave rise 
to a polypeptide of 224 amino acids but showed 
no initiation codon close to the 5' end of the 
clone. The Met codon at position 52 is likely to 
be the initiation codon both because our cDNA 
clone is nearly full-length (see above) and because 
of the results from sequence comparisons to 
known genes (see below). The encoded protein 
would then be 169 amino acids in length and have 
a calculated molecular mass of 18 755 Da. 

Computer search in Swissprot and Genbank 
databanks revealed homologies to several animal 
selenium-dependent glutathione peroxidases (bo- 
vine [7], mouse [3], human [11], rat [16], rabbit 
[ 1 ]), to a clone related to glutathione peroxidase 
isolated from a murine epididymal cDNA library 
[6], and to the E. coli btuE periplasmic protein 
which function is unknown [5, 13]. It should be 
noted that the murine cDNA has not yet been 
shown to encode a selenium-dependent glutathi- 
one peroxidase (J.P. Dufaure, personal commu- 
nication). The average degree of homology of the 
6P229 polypeptide to all these proteins is about 
33~o over the complete amino acid sequence, 
while the average degree of similarity is about 
47 ~o. However, the four domains which are boxed 
in Fig. 1B show a much higher degree of conser- 
vation in all polypeptides, varying between 65 ~o 
homology and similarity in the fourth domain, 
and 70 ~o homology and 82 ~ similarity in the first 
domain. 

Clone 6P229, the mouse cDNA related to glu- 
tathione peroxidase and btuE have either a TGT 
or a TGC codon for the active site cysteine (in- 
dicated by an arrow in Fig. 1B). However, all 
animal glutathione peroxidases use the termina- 
tion codon TGA for the selenocysteine (SeC) [3]. 
This might indicate that 6P229 might not be a 
selenium-dependent glutathione peroxidase. As 
mentioned above, it might also be true for the 
mouse cDNA. Moreover, there is no glutathione 
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peroxidase activity in E. coli and the function of 
the btuE gene is not known at the moment [ 13 ]. 
Interestingly, some amino acids are conserved be- 
tween 6P229 and the mouse cDNA related to 
glutathione peroxidase and/or the E. coli btuE 
polypeptide. However, both selenium-dependent 
and -independent glutathione peroxidase activi- 
ties have been described in algae [12] and in 
higher plants [4]. But no partial protein sequence 
of these activities is available. 

Southern analysis indicated that the 6P229 
gene was present in a small number of copies in 
the genome of N. sylvestris (Fig. 2). Indeed after 
restriction with Eco RI, Eco RV, Hind II and Hin- 
d III, only two to three bands appeared. It should 
be noted that there is one Eco RI site and one 
Hind II site in the 6P229 cDNA. It suggested that 
there were at most two copies of 6P229 per hap- 
loid genome. 

The expression of 6P229 was analysed in pro- 
toplasts and protoplast-derived cultures, in vari- 
ous tissues as well as after different stresses 
(Fig. 3). It was shown to be expressed very early 

Fig. 2. Genomic Southern blots of Nicotiana sylvestris. DNA 
(5 #g per lane) was digested with Eco RI, Eco RV, Hind II and 
Hind III. The nylon membrane (Amersham) was hybridized to 
radiolabelled 6P229. The position of size markers (kb) is in- 
dicated. All procedure was performed according to Jamet et al. 

[81. 
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Fig. 3. Expression of 6P229 in different tissues, in mesophyll 
protoplasts and after various stresses. L, leaf; S, germinating 
seeds; A, apex; F, flowers; P0, 0-h-old protoplasts; P6, 6-h- 
old protoplasts; C, 7-day-old cell suspension cultures; LS, 
24-h-old leaf strips; Hg, leaves harvested 6 h after HgCI 2 treat- 
ment; V, leaves harvested 72 h after GTAMV infection. 5 #g 
total RNAs per sample were electrophoresed in an agarose- 
formaldehyde gel and subsequently transferred to a nylon 
membrane (Amersham). Hybridization was performed using 
radiolabelled 6P229 as probe. Hybridization of the same mem- 
brane to a probe specific for 25SrRNA is given as a control 
to check the integrity of RNAs. All procedures were accord- 
ing to Jamet et al. [9]. 

after protoplast isolation following an overnight 
digestion (see [ 9] for protoplast preparation tech- 
nique). The level of expression decreased and the 
expression was maintained in protoplast-derived 
cultures at a low level. It was not found to be 
expressed in leaves, nor in stems and roots (data 
not shown), but was expressed at a high level in 
germinating seeds and at a lower level in apex and 
in flowers. Different stresses have also been 
tested: the immersion of leaf strips in the proto- 
plast isolation medium for 24 h to mimic the stress 
undergone by protoplasts during isolation, the va- 
porisation of a 0.1 ~o HgC12 solution on leaves, 
the inoculation of leaves with local lesion forming 
GTAMV (green tomato atypical mosaic virus) 
[15]. All caused the expression of 6P229. 

Sequence comparisons indicated that the 
6P229 cDNA had four domains of high homol- 
ogies to animal glutathione peroxidases and to the 
E. coli btuE periplasmic protein of unknown 
function. Its induction in specific tissues, in pro- 
toplasts and in response to various stresses was 
consistent with a key role in defense against ox- 
idative stresses as described for the superoxide 
dismutase gene [2]. 6P229 is thus a good candi- 
date to encode a plant glutathione peroxidase. 
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