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A gene from pea (Pisum sativum L.) with homology to metallothionein
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While searching for ‘organ-specific’ genes in pea (Pisum sativum L.) we have isolated a gene (designated PsMT,) which has an ORF encoding
a predicted protein with some similarity to metallothioneins (MTs). The PsMT, transcript is abundant in roots which have not been exposed to
elevated concentrations of trace metals.

PsMT,; §' Flanking sequence; Metal metabolism; (Pisum sativum)

1. INTRODUCTION

Early reports of MT-like proteins in plants exposed
to excess metals have been succeeded by reports of po-
ly(y-glutamylcysteinyl)glycine ((yEC)nG) [1-4], a
metal-induced metal-binding polypeptide designated
class III MT, which is not encoded by mRNA [5,6].
Many of the MT-like proteins isolated from higher
plants are now thought to have been impure isolates of
(yEC)yG [3]. Probing Southern blots of plant DNA
with fragments of class I MT genes has not identified
any homologues. In this report we describe the isola-
tion of a gene from garden pea which has an ORF en-
coding a protein with some similarity to
metallothioneins. Confirmation of the identity of this
gene requires the characterization of its putative
product.

2. MATERIALS AND METHODS

2.1. ¢DNA library production and screening

Poly(A)* RNA was isolated from the roots of pea plants (Pisum
sativum L., cv, Feltham First) [7] and used for the synthesis of cDNA
[7]. cDNA was ligated to EcoRI linkers, inserted into EcoRI cut
pUCI18 and transformed into E. coli DH5« (BRL). Colonies (1152)
were differentially screened and 64 clones selected containing se-
quences which were relatively more abundant in roots than in other
organs (green leaf, etiolated leaf and cotyledon).

2.2. Northern and Southern blotting

Poly(A)" RNAs (2 xg/lane) prepared from developing cotyledon,
root, green leaf and etiolated leaf were glyoxalated, analysed on a
1.5% agarose gel [8], and Northern blot analysis carried out as
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described previously [7]. The filter was washed to 0.1 x SSC, 0.1%
SDS at 65°C. Selected cDNA probes were labelled by random oligo-
priming [9]. Genomic DNA (10 «g/lane) prepared from pea leaves
[10) was restricted and analyzed on a 0.7% agarose gel. Southern
blots were washed to a final stringency of 0.1 x SSC, 0.1% SDS at
65°C.

2.3. Genomic DNA library screening and sequencing

A pea genomic DNA library in lambda EMBL3 was a gift of Anil
Shirsat, University of Durham. Growth of the lambda phage and
purification of the phage DNA were performed according to stan-
dard techniques [11]. The library was screened using selected cDNA
probes. Hybridizing genomic fragments were restriction mapped,
then subcloned in pUC18. Dideoxynucleotide DNA sequencing was
carried out using [a->’S]thio-dATP [12] or by modified dideox-
ynucleotide sequencing with Tag DNA polymerase on an automated
DNA sequencer (Applied Biosystems model 370A).

3. RESULTS AND DISCUSSION

Five cDNA clones, out of the initial selection of 64,
contained sequences which were most abundant in pea
roots. The inserts from two of these clones, pPR179
and pPR705, cross-hybridised and were subsequently
shown to be identical in sequence. Northern blots prob-
ed with pPR179, showed hybridization to a single,
abundant transcript (~640 bases) in poly(A)* RNA
from pea root (fig.1). Much weaker hybridisation was
also observed to similar-sized transcripts in green and
etiolated leaves, and to a smaller transcript in develop-
ing cotyledons. This probe also hybridised to multiple
fragments in restricted pea genomic DNA (fig.2), sug-
gesting a small multigene family.

A pea genomic DNA library was screened using the
pPR179 probe. A lambda clone containing sequences
hybridising to this probe was. isolated, the DNA
purified, restriction-mapped and the appropriate frag-
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Fig.1, Northern blot analysis of poly{(A)* RNA from four pea

organs: developing cotyledon (C), root (R), green leaf (L) and

etiolated leaf (DL), using the pea root-enhanced ¢cDNA excised from
pPR179 as a probe.

ment subcloned. The sequence of the hybridising frag-
ment is shown in fig,3. The coding strand of the gene
was identified by using strand-specific probes from
pPR179 in M13, mp18 and mp19 vectors [13] hybridis-
ed to Northern blots of pea root poly(A)" RNA,
followed by sequencing of the probe showing positive
hybridisation.

The cDNA and gene sequences differed only in the
presence of an intron of 634 bp in the gene; when this
was taken into account, the combined sequences encod-
ed a putative polypeptide of 75 amino acids. The cDNA
sequence extends from codon 12 of the ORF to 271 bp
beyond the stop codon, but lacks a poly(A)* tail. The
pea gene sequence contains ~800 bp of 5'-flanking se-
quencge and 490 bp of 3'-flanking sequence as well as
the complete coding sequence and the intron.

Computerized comparisons (Fast P software} of the
predicted pea protein with the NBRF protein database
selected exclusively MT sequences (monkey MT-1; fruit
fly MT; horse MT-1B; horse MT-1A; Chinese hamster
MT II; green monkey MT II; human and monkey
MT-2; rat MT-1I; mouse MT-II; Newrospora crassq
MT) as the 10 best matches. By contrast the wheat E;
protein, a higher plant class I MT [14,15], did not

30

FEBS LETTERS

March 1990

pPR 179
1 2 3 4 5 kb

~21
-155

- 97

_ 087

Fig.2. Somthern blot of pea genomic DNA restricted with EcoRV

(lane 1), FcoRI (lane 2), BamHI (lane 3), Hindlll (lane 4), Bg/lI (lane

5) and hybridized with pea root-enhanced cDNA from pPR179 (sizes
in kb).

show significant homology to sequences in the
database. Alignment (2 breaks in the pea sequence) of
the predicted amino acid sequence encoded by the pea
gene with the 26 amino acids of class I MT from N,
crassa reveals 14 identical amino acids. The probability
that the detected homology has arisen at random on the
basis of the defined amino acid compositions is less
than 0.00025. The z-value for the comparison is 4.7
(RDF comparison, FAST P software). The pea gene
was designated PsMT,4.

Matrix comparisons of the amino acid sequence of
the predicted pea protein and class I MT from N, crassg
identify two regions of homology at amino acids 4—18,
and 61~74, in the predicted pea protein, designated as
domains 1 and 2, respectively (fig.4). A feature of both
domains is the presence of Cys-X-Cys motifs, where X
is an amino acid other than Cys, a constraint of metal-
binding and a characteristic of MTs [6]. These two do-
mains are separated by a central region which contains
no Cys and is dissimilar to class I MTs. Comparison of
PsMT, with MT genes shows the location of the intron
to be most similar to the Neurospora crassa MT gene
[16] {(after the second and first bases of codon 17 and
codon 18, respectively).
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AGTTTCTTGTTCTTCAAACATTTTCTAAT TCTTCAGC T TAGAGTTTCCTTTCATAATTAATGTAAGAATTGACCCTAGTAAGAAAGTCACTCATACCCTT
TCCTTCTTCTAGCCCTAAATTTCCGTGAAACATATAGTCTTCCCTTAACCCT TTTTGGAACATCCAACATTGCAGCTTATCATATATTGATCCTACTTTG
GTGAAGCGTTATATGTACTCCCGGAGGATTTCCATTTTCATCTAT TGGAT TCC TATGAAGACAACTATAGTCTTGGATTTCAATTTTTTAATTAATCARA
AATAAATTATCCCGTGACATTATTAAATACCATTTTGAAATAAAAAGTTTCTAAAAAAAAGTCCTTCGTCATTATCCATCATTTTTATTAAAGTATATTT
TATTATTTATTGAAACAAGTAATCATCCATTAGCGGAGAAATAGAGGAGTGAAGCATTTAACT TT TCCARACGARAGCGACGTAATCAACCTACATTTGA
CTTAGATTGGATTAAGCATGCAACAAATTARAAT T TAATCGCCATTGCAATTTGCACACCACAATAAGACGTGTGATGAAAACCGATGATATCTACGTGGA
AATAATCCAAGGGTGGCCTTGTGGACCCATGCAACACAGGATGACAACACGTGGACGGTCARGATTTCACCARTTATTCTCTCCCACCT TATAAATTGGE
GCACGCAACATCATTAARAGACATCAATTGTAGTGAAGATAACAGCAACCAAGCAATTAATATCAATTGTTGTTTGCAAAARATCTTAGGTTCTGAAAAT

ATG TCT GGA TGT GGT TGT GGA AGC AGT TGC AAC TGT GGT GAT AGC TGC AAGTAAGGATCCACCACCTTAATTCTITTGTTGTTIT
Met Ser Gly Cys Gly Cys Gly Ser Ser Cys Asn Cys Gly Asp Ser Cys Ly

Domain 1 { )
TCTGTATAATTTTTTCATTACAAT TATTTGTATGTCTATTTTTAATCATATAGATGAT TCT TTGGAGATTTTTTTARATAATTTGTTTAGTTTTATCGCA

TCGAATAATATATGATCTGAGCATGAGAAAAATAAATTTAATATAGACGGAT TGTTTTTTATAAATGAATTAGGCTGAATCTAAATTCTAAGACTATGAA

TATCETTCATAATTCTATGTTARATCAT I T TG TG TAGTGAAATTCGGCAAT T TTATGCTGTARACGCATAAT TTTGAGGT TTAAAATAAGGATCGTGCTGT

CGCGATAGTTTAAGTGTCGATTGTAGTCGCGTAAAGGCTTTTCTGATTTCGGTTGGTTTAAGTGTTGATTGCAATCGTGTAAAGAGTTTTCTAATTTCGG

TTGGTTTAGGTGCGATTGCAGTCGGGTAAAGATTTTCGTGATTGTCGTCGTTGUGGTGTGAATTAATCACAATTTCTTICTTTATCATAAARACGT TGAAT

AACATATCGATATCCATTTGAAAACC T I TTTCGTGTAACGGTCTTTCGARAACCT I TATT TTGACAACCAAGTTTATAATTGATTIGTTTTGCTTGACAS

A TGC AAC AAG AGG TCT AGT GGA TTG AGC TAC TCC GAA ATG GAA ACC ACC GAA ACC GTG ATT CTT GGC GTC GGT
8 Cys Asn Lys Arg Ser Ser Gly Leu Ser Tyr Ser Glu Met Glu Thr Thr Glu Thr val Ile Leu Gly val Gly

CCE GCG AAG ATC CAG TTT GAA GGT GCT GAA ATG AGT GCT GCT TCT GAG GAT GGT GGC TGC AAG TGT GET GAT AAC

Pro Ala Lys Ile Gln Phe Glu Gly Ala Glu Met Ser Ala Ala Ser Glu Asp Gly Gly Cys Lys Cys Gly Asp Asn
Domain 2

TGC ACT TGT GAC CCT TGC AAC TGC AAA TGAAGTGTAACATATAAAAGCTTGAAGCAGAGATATTGAAACCATTATGTTTAATTGTGTGTAT

Cys Thr Cys Asp Pro Cys Asn Cys Lys *

GAGTACACATGTGTITGGTTTT T TACAATAATATAATTAATGTGGTCATGGATCTCTC T TCAGCAGATTGAAATATTTGAT TTTGT TGAAAGGTTATGAG

AATTGIGGTTGGTTTGTGTTTGGTT T TCTTGTGTAAAGTGTAGCTARRAGCT TGAATCATARATCTC TGCATATGATAAATGGAATACATTATTGTGTGT

TATTTGAATGAAAGGATTGTTGGTACAACATATTATGATGTATAT TAT TAGAGTCGATGATCCAMAG TCTATTTTT TG TG TGAATGAAGATCTARAAGGT

]
AARAAGTATCTACATTATTTTCTCTCARTTGGCTATAGTGT T T TTTTAAAGAAGAAAATATGAATTTCTCATTTCATAATCATTCT T T TACCACATGAT
TAGTGACAAGACTATGTAGAGATATGGCCA 3 (+1363)

Fig.3. The sequence of PsMT, and the predicted amino acid sequence of its product. The sequence of two cDNAs, pPR179 and pPR705, isolated
from pea roots were identical to PsMT4, minus intron, and the extent of these cDNAs is indicated by square brackets below the gene sequence.
The bases are numbered from the translational start site.

Concurrent with the isolation of PsMT,, related
¢DNAs have been isolated from libraries prepared from
poly(A)* RNA from Mimulus guttatus [17]. The pea
and M. guttatus nucleotide sequences are strongly
homologous, Within the coding regions 66% of the
bases are identical, and in the regions encoding do-
mains 1 and 2, 74% are identical.

Comparison of the sequences of metal regulatory
elements (MREs) of animal MT genes, and examina-

tion of the effect of point mutations on their function,
have identified the core MRE to be 5’ TGCRCNCX 3/
(where R represents G or A, X represents G or C, and
N can be any base but A) [18]. However, in the sixth
position where G, C or T give normal regulation, an A
gives rise to a high level of basal expression in the
absence of metals. The sequence 5’ TGCACACC 3/,
flanked by imperfect inverted repeats, occurs between
—241 and —248 bases upstream from the start site of
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Pea (2) 8|6 CGCG8SCNCGIDISECKC|(18)
N. crassa {3) clc c|s G A|s s ¢ N C G|S Gg|c|8|c](19)

A. bisporus (3) Cc|é C|s G A|s sc|Tic|]asGcQC T (19)

class I
Equine MT-1A (5) C 8|C G|8 C[T|C|A G|S C K C{(21)
Mouse MT-1 (5) ¢ s|c G|s c|TiciT 8|8 C[a|C| (21)
Sea Urchin (42) A AC|K[C|A N G[C|K|C G|S G|C|S|C]|(58)
]claaaII
Wheat E, (4) D K|C G C|Aa vV P|C{P G{G[T GIC|R[C| (20)
b.
Pea {4) - —SSCNCGDB-
N. Crassa (3) s A|S SCNCG|SG -

S|G|A|S S C|TIC|IA S G Q

PTGGIS ClT|IC|A G -
S T G G|s Cc|T|C|T 8§ -

A. bisporus (3)
Equine MT-1A (5)

Mouse MT-1 {5)

C.

% amino acid identity to

N.crassa Equine MT-1A

Pea 59 (80) 53 (60)
N, crassa 100 (100) 41 (41)
A. bisporus 71 (78) 41 (41)
Equine MT-1A 41 (41) 100 (100)
Mouse MT-1 53 (53) 76 (76)
Sea Urchin 59 (59) 29 (29)
VWheat I, 41 (52) 24 (29)

{in parenthesis, with breaks)

d.

Pea (61) K DN T|[C|D P N (74)
Equine MT-1A (13) TICIA G S K{C|x E R (26)
N. crassa (11) N sSG sic|s N G S (24)

Fig.4. Schematic amino acid comparisons of domains 1 and 2 of the
predicted product of PsMT,4 and a number of class 1 and class 11
MTs. (a) Alignment of domain 1 of the PsMT, product with regions
of 4 class I MTs and 2 class II MTs (sequences obtained from
references [6,14]). (b) Alignment of domain 1 with regions of 4 class
I MTs allowing for breaks in the sequences. (c) Percentage amino
acid identity to N. crassa MT and Equine MT-1A of the sequences
shown in parts (a) and (b). (d) Alignment of domain 2 of the
predicted PsMT,4 product and class I MTs.

translation in PsMT4 (fig.3). We have no evidence that
this element is functional in pea, although there ap-
pears to be high basal expression of PsMT,4. A se-
quence (PsMTy4, 5' ATTAAGCATGCAACAATT 3')
with homology (underlined) to part of the 5'-flanking
region of the N. crassa MT gene occurs between —272
and —-290 in PsMT,4. Part of this sequence (5’
CATGCAACA 3') is repeated at —163 to —171. In
contrast, there are no sequences in the 5’-flanking
region of PsMT, significantly homologous to the con-
trol sequences of CUPI, which encodes class II MT
from Saccharomyces cerevisiae [19].

32

FEBS LETTERS

March 1990

Pea roots exposed to 50 xM Cd synthesize (yYEC).G
(data not shown). However, the PsMT, transcript is
highly abundant in roots which have not been exposed
to high concentrations of trace metals. While (yEC),G
may detoxify Cd and possibly excesses of other metals
in pea roots, the putative PsMT,4 product may have a
role in essential trace metal metabolism. It is necessary
to attempt to purify putative plant MT from pea roots.
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