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Identification of metalloprotease gene families in sugarcane

O.H.P. Ramos and H.S. Selistre-de-Araujo*

Abstract

Metalloproteases play a key role in many physiological processes in mammals such as cell migration, tissue remodeling and processing
of growth factors. They have also been identified as important factors in the patho-physiology of a number of human diseases, including
cancer and hypertension. Many bacterial pathogens rely on proteases in order to infect the host. Several classes of metalloproteases have
been described in humans, bacteria, snake venoms and insects. However, the presence and characterization of plant metalloproteases
have rarely been described in the literature. In our research, we searched the sugarcane expressed sequence tag (SUCEST) DNA library
in order to identify, by homology with sequences deposited in other databases, metalloprotease gene families expressed under different
conditions. Protein sequences from Arabidopsis thaliana and Glycine max were used to search the SUCEST data bank. Conserved
regions corresponding to different metalloprotease domains and sequence motifs were identified in the reads to characterize each group
of'enzymes. At least four classes of sugarcane metalloproteases have been identified, 7.e. matrix metalloproteases, zincins, inverzincins,
and ATP-dependent metalloproteases. Each enzyme class was analyzed for its expression in different conditions and tissues.

INTRODUCTION

Metalloproteases (E.C. 3. 4. 24.) are usually charac-
terized by having a catalytic zinc ion in the active site
(Matrisian, 1990). Many metalloproteases have a conser-
ved consensus sequence (HEXXH) involved in metal coor-
dination, while others, including the mammalian matrix
metalloproteases (MMPs) and the snake venom metallo-
proteases (svMPs), have an extended zinc binding motif
(HEXXHXXGXXH) (Stocker and Bode, 1995). Matrix
metalloproteases comprise a family of extracellular ma-
trix-degrading proteases which play essential roles in the
tissue remodeling that occurs during physiological pro-
cesses including morphogenesis, wound healing and angio-
genesis. MMPs degrade the components of the
extracellular matrix such as collagens, fibronectin and pro-
teoglycans (Matrisian, 1992). The aberrant functioning of
MMPs causes severe tissue damage as observed in tumor
invasion, metastasis and tissue ulceration (Shapiro, 1998).

Both MMPs and svMPs are multi-modular, secreted
proteins with a highly conserved signal peptide and
pro-enzyme domain, followed by a protease domain which
includes the zinc binding motif. The pro-metalloprotease
domain contains a conserved cysteine residue at its C-ter-
minus which is bound to zinc at the active site to inactivate
metalloprotease activity by a mechanism called the cys-
teine-switch (Grams et al., 1993). In addition to the cata-
lytic domain, MMPs have a hemopexin-like domain, which
has integrin-binding activity (Brooks et al., 1998) while
some MMPs also have a domain for insertion in the mem-
brane (MT-MMPs) (Shapiro, 1998). In the svMPs, a disin-
tegrin domain which interferes with integrins (a class of

membrane-bound cell adhesion molecules) replaces the
hemopexin-like domain. The disintegrin domain inhibits
the interaction of some integrins with their target molecules
such as the extracellular matrix components, therefore in-
hibiting cell adhesion (Bjarnason and Fox, 1994).

Snake venom metalloproteases are related to the
ADAMSs (for a disintegrin and metalloprotease), a large
group of membrane-bound cell surface proteases that inter-
feres with a number of integrins in several physiological
processes such as fertilization, cell differentiation, and
shedding of receptors (Killar et al., 1999). More than 23
ADAMSs have been described in many different tissues
from several sources including Drosophila melanogaster,
Caenorrhabits elegans, and mammals (Stone ef al., 1999).
The ADAMSs have an unique domain organization, includ-
ing a pro-domain, zinc-metalloprotease, disintegrin-like,
cysteine-rich, transmembrane, and cytoplasmic domains.
The disintegrin domain in ADAMs has been shown to me-
diate cell-cell interactions via integrin molecules, which is
a crucial step in several physiological processes such as fer-
tilization. The cytoplasmic domain has potential phospho-
rylation sites, suggesting a role in signal transduction. On
the basis of this domain structure, these proteins are be-
lieved to mediate a variety of cellular functions including
processing of precursor forms and growth factors, cell ad-
hesion, fusion and signaling (Killar ez al., 1999), but de-
spite their importance in biological processes similar
proteins have not yet been described in plants.

Patel and Latterich (1998) have described a new fam-

ily of ATP-dependent metalloproteases, the ATPases asso-
ciated with diverse cellular activities (AAA), in bacteria,
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mammals and plants, this class of intracellular proteases
having a zinc-binding motif characterized by having a
HEXGH sequence at the C-terminus and a conserved nu-
cleotide-binding motif. These metalloproteases may be an-
chored to the cytoplasmic membrane via two
transmembrane regions at the N-terminus in such a way
that the long C-terminus is exposed into the cytoplasm. The
AAA proteins participate in a variety of cellular functions,
including cell-cycle regulation, protein degradation (in-
cluding activity on transcription factors), organelle bioge-
nesis and chaperonine activity. In plants, homologous
proteins are found in the thylakoid membranes and their ex-
pression is dependent on light.

During the work presented in this paper we searched
the sugarcane expressed sequence tag (SUCEST) DNA li-
brary for metalloprotease families by homology with se-
quences deposited in other databases (e.g. GenBank) and
analyzed the sequences we found for the domain organiza-
tion and putative enzymatic activities of the predicted pro-
teins using open reading frames. Conserved regions
corresponding to the different domains of ADAMs, svMPs,
MMPs and ATP-dependent metalloproteases, including the
zinc binding and disintegrin motifs, were used as tools for
the database search. The main purpose was to identify the
presence of coding sequences for such enzymes, which
could have a role in sugarcane development and disease.

MATERIALS AND METHODS
database

The SUCEST database  (http://sucest.lad.ic.
unicamp.br/en) consists of almost 300.000 expressed se-
quence tags (ESTs) collected from cDNA libraries from
different sugarcane tissues under different environmental
conditions. Construction of cDNA libraries was carried out
at the Center for Molecular Biology and Genetic Engi-
neering (CBMEG, Campinas, SP, Brazil). Plants were
grown at Copersucar experimental station (Piracicaba, SP,
Brazil) and at the CBMEG greenhouse. Seeds were col-
lected from plants grown at the experimental station of
Universidade Federal de Alagoas, (Murici, Al, Brazil).

Searching for sugarcane metalloproteases

For manual annotation, we searched for plant
metalloproteases using their biochemical characteristics,
while for automatic annotation of sequences in interna-
tional databases such as The National Center for Biotech-
nology Information (NCBI, http://www.ncbi.nlm.nih.gov/)
and The Institute for Genomic Resources (TIGR,
http://www.tigr.org/tdb/e2k1/ath1/) we used a keyword
search. Protein sequences were preferred instead of nucleo-
tide sequences due to their conservation. However, if the
protein sequences could not be found, nucleotide sequences

were used. Protein sequences from Arabidopsis thaliana
(accession  numbers  gi:15238585,  gi: 15221678,
gi: 15218963, gi: 15225398, gi:15230313, gi:15238333 and
gi:15232715) and Glycine max (accession number
gi:2827777), as well as nucleotide sequences from Sor-
ghum bicolor (accession numbers BE365151, BE592495
and BE598830) that share homology with members of
metalloprotease families were selected from data banks at
NCBI and TIGR. These sequences were compared using
the basic local alignment tool (BLAST, Altschul et al,
1990) against SUCEST reads and cluster consensus using
the Phrap software, without any cost for open or extend a
gap and scoring by Blocks Substitution Matrix 62 values
(BLOSUM 62; Henikoff and Henikoff, 1992).

Sugarcane sequence hits with E values lower than ¢’
were considered metalloproteases. However, hits with E
values lower than ¢'® were also accepted as a putative
metalloprotease provided they had the zinc-binding motif.

Metalloproteases from animal sources, snake venom
metalloproteases and members of the ADAMSs family (ac-
cession numbers U18233, UB6634, gi:17447343,
gi:17435145, gi:13643723, gi:16156304, gi:14746383,
2i:14194437, gi:1857673 and gi:1616601) were also com-
pared against SUCEST reads using the BLAST program.

The SUCEST hits that satisfied the above conditions
were translated in a reading frame aligned by BLAST and
classified according to the presence of conserved motifs
(Stocker and Bode, 1995; Karata et al., 1999) and the se-
quence peculiarities of each metalloprotease subfamily
(Hooper, 1994).

To search for sugarcane homologues, each metallo-
protease consensus cluster was translated and compared
against NCBI database using the BLAST program to search
for homologous proteins from other sources, using 11 as the
cost for opening a gap, 1 to extending a gap, and scoring by
BLOSUM 62.

The expression profile of different classes of metallo-
proteases was found by counting the metalloprotease reads
found in each library. To compare the results, the number of
reads of each subfamily in one library was divided by the
total number of reads, resulting in a frequency number.

RESULTS AND DISCUSSION

The data banks for 4. thaliana, G. max, and S. bicolor
were searched for protein sequences related to all the meta-
lloprotease families. Some animal sequences were extrac-
ted from the GenBank. Those included several members
from the ADAMs family, svMPs with a disintegrin domain,
and MMPs. The selected sequences from all databases were
used to search the SUCEST database. About 300.000 ESTs
were obtained from all sugarcane libraries. Reads with an E
value lower than ¢ were considered to be
metalloproteases while reads and clusters with an E value
between ¢'* and ¢ were analyzed to identify the zinc
binding motif and other conserved motifs found in the dif-
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ferent classes of metalloproteases. Based on these results,
each read was classified into one of the following classes :
zincins, matrix metalloprotease-like, inverzincins, and
ATP-dependent metalloprotease (Table I and http://sucest.
Lad.ic.unicamp.br/private/mining-reports/SA/SA-mining.

htm). Interestingly, searches in the SUCEST database per-
formed with sequences from animal sources (e.g. ADAMS
or svMPs) gave either no results or hits with high E value.
Additional domains such as the disintegrin domain were
not detected.

ATP-DEPENDENT METALLOPROTEASES

The AAA protein family is a distinct subfamily of
ATPases, characterized by a highly conserved ATP-bin-
ding motif (the AAA motif). AAA proteins participate in a
variety of cellular functions, including cell-cycle regula-
tion, protein degradation, organelle biogenesis and vesi-
cle-mediated protein transport (Patel and Latterich, 1998).
Some members of the AAA protein family have a metallo-
protease domain in addition to the ATPase domain. The
best-characterized member of this class is the FtsH protein
from Escherichia coli. FtsH is a membrane-bound ATP-de-
pendent protease with a Zn*"-binding motif (HEAGH) at
the C-terminus thought to be the catalytic center for prote-
olysis (Tomoyasu et al., 1993). Several FtsH substrates
have been identified such as the heat-shock transcription
factor sigma(32) and the a subunit of the F-0 complex of the
H'-ATPase (Tomoyasu et al., 1995). FtsH also acts as a
molecular chaperone, and such ATP-dependent proteases
with intrinsic chaperone activity have been designated cha-
ronins (Schumann, 1999).

ATP-dependent metalloproteases were found to be
intensively expressed in various sugarcane tissues collected
under different conditions of growth (Figure 1). In the
translated sequences it was possible to identify several con-
served motifs such as the Walker A and B motifs for
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ATP-binding activity and the second region of homology
(SRH) which has ATPase activity and is characteristic of
members of the AAA protein family (Table I). In sugarcane
the physiological function of individual members of the
AAA protein family remains unclear although stress does
not, apparently, induce the expression of ATP-dependent
metalloproteases (Figure 1).

An indication of the high level of conservation of the
AAA protein family can be seen in Table II which shows
that the NCBI search for proteins homologous to the
SUCEST reads resulted in very low E-values for proteins
from organisms as diverse as Synechocystis species, Sac-
charomyces cerevisiae, Trypanosoma brucei, Plasmodium

falciparum, Caenorhabditis elegans, N. tabacum, Xenopus

laevis, Gallus gallus, Drosophila melanogaster, Rattus
species and Homo sapiens, the table also showing that the
functions assigned to these proteins were divergent.

ZINC-ENDOPEPTIDASES OR METALLOPROTEASES
(Zincins)

Metalloproteases are generally characterized by a cat-
alytic zinc ion in their active site. The highly conserved
consensus sequence HEXXH is involved in metal ligation.
The two histidines of this sequence motif serve as ligands to
the zinc, whereas the glutamic acid is believed to transfer
hydrogen atoms and to increase the polarization of the
zinc-bound water molecule for nucleophilic attack on the
scissile peptide bond of the substrate (Stocker and Bode,
1995).

Enzymes having the consensus sequence HEXXH
were classified as zincins (Hooper, 1994). The expression
of zincins was observed in growing plantlets and seeds. The
search for homologous proteins from other sources at
NCBI gave no significant results.

Ll

Figure 1 - Expression of metalloprotease gene families in sugarcane. The number of reads were normalized to the total number of clones sequenced per li-
brary. ATP-dependent metalloproteases, inverzincins, MMP-like proteins, Zincins. cDNA Libraries: 1. callus-tissue submitted to light/dark and tem-
perature (4 °C and 37 °C) cyclo stress (in vitro); 2. Etiolated leaves (in vitro plantlets) growing in vitro; 3. First internode; 4. Flower (1 cm-long); 5. Flower
(20 cm-long); 6. Flower stem (50 cm); 7. Lateral buds (plants); 8. Lateral buds of adult potted-plants (collected in liquid nitrogen); 9. Leaf-root transition
zone (immature plants); 10. Leaf-root transition zone (plants); 11. Leaf roll (plants); 12. Plantlets without leafs but with roots infected with
Gluconacetobacter diazotroficans (in vitro); 13. Same as item 12 but infected with Herbaspirillum rubri subespecies albicans (in vitro); 14. Roots of
adult potted-plants (collected in liquid nitrogen); 15. Roots (plants); 16. Seeds in different stages of development; 17. Stem bark (potted-plants).
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Table I - Classification of metalloprotease families and conserved motifs in sugarcane.

Inverzincins Zincins
Read E-value Zinc binding Read E-value Zinc binding
SCVPST1061D10.g 2e-96 - SCEPRT2047G09.g 6e-76 HELAH
SCAGLB2047H04.g 8e-96 - SCRUADI1131B05.g 6e-53 -
SCEZFL4038A12.g 2e-91 -
SCEPSB1130D05.g 2e-91 -
SCCCCL4014B10.g 2e-90 -
SCSBFL5017F11.g 2e-72 -
SCEPRZ3131D07.g Te-61 -
SCCCCL6005GO01.g 4e-26 HILEH
MMPs-like
Read E-value CYS-SWITCH Calcium binding Zinc binding Met-turn
SCSBAD1085H09.g 2e-52 PRCGVGD - - -
SCUTSD2086A11.g Se-43 - DGEPFDGP HEIGHLLGLGH AIMYP
SCJLRT1013G04.b 3e-38 - DGDPFDGP HEIGHLLGLGH AIMYP
SCBGADI1028H11.g le-21 - - HEIGHLLGLGH AIMYP
ATP-dependent metalloproteases (AAA-family)
READ E-value Walker A Walker B SRH Zinc binding
SCEQHRI1079El11l.g e-102 - SIFIDEID ATNRADVLDPALRRPGRFD HEVGH
SCCCSD2091E02.g 3e-99 - - - HEAGH
SCUTRZ2008C07.g le-97 - - ATNRPDVLDSALLRPGRFD HEAGH
SCBFAD1090C08.b 4e-96 GPPGTGKT - - -
SCUTSB1032C07.g 7e-79 GPPGTGKT SIIFIDEID ATNRADVLDPALRRPGRFD -
SCBFRZ2019D01.g 2e-78 GPPGTGKT CIIFIDEID ATNRPDVLGLALLRPXRFD -
SCCCFL5055H12.g Se-78 - CIVFVDEID ATNRADILDSALLRPGRFD HEVGH
SCVPRT2083G04.g 6e-74 - CIVFVDEID ATNRADILDSALLRPGRFD HEAGH
SCRLADI1101H09.g Te-71 - CIVFIDEID ATNRPDVLDSALLRPGRFD -
SCQSHR1020F07.g 2e-70 - - ATNRPDVLDSALLRPGRFD HEAGH
SCSGLV1013C04.g 3e-68 - CIVFVDEID ATNRADILDSALLRPGRFD -
SCUTSB1032C07.g 2e-65 GPPGTGKT CIVFVDEID ATNRADILDSALLRPGRFY -
SCQGSD2046E10.g 2e-62 - RVRFVDEID ATNRADILDSALLRPERFD HEVGH
SCRULB1058F06.g le-60 - - - -
SCCCAD1003G10.g 5e-59 GAPGTGKT CIVFIDEID ATNLPDILDPALTRPGRFD -
SCCCFL4091A02.g 2e-58 GPPGTGKT CIIFIDEID ATNFPESLDKALVRPGRFD -
SCEQLR1007B05.g 4e-54 GPPGTGKT CIVFVDEID - -
SCPRRT3028F06.g 2e-53 - CIVFIDEID ATNFPESLDKALVRPGRFD HEGGH
SCQGST1032F08.g 9e-51 GPPGTGKT CIVFIDEID ATNFPEL*DKSLIRTGRLD -
SCRFFL1029H04.g 4e-50 - SIHFIDEID ATNRADVLDPALRRPGRFD -
SCEQHRI1080F12.g 2e-49 - - - HEVGH
SCILRT1023F0l.g 3e-47 - - - HEGGH
SCVPFL1073E01.g Se-46 - - GTNRPDILDKALLRPGRFD HESGH
SCACFL5010B04.g 3e-45 - - VANDVDILDPALTRPGRFD HESGH

MATRIX METALLOPROTEASES

Matrix metalloproteases are usually undetectable in

tumor invasion. (Shapiro, 1998). Because aberrant function
of MMPs results in severe tissue damage, the activities of

animal cells under normal circumstances but they are pro- ~ MMPs are regulated at multiple steps such as gene expres-
minently expressed during a variety of biological processes ~ sion, secretion, activation of pro-enzymes, and inhibition
such as morphogenesis, angiogenesis, wound healing and by specific inhibitors (Matrisian, 1990). In mammals, sev-
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eral classes of MMPs have been described such as the
collagenases (MMP-1, MMP-8, and MMP-13), strome-
lysins (MMP-3 and MMP-10), gelatinases (MMP-2 and
MMP-9) among others. The zinc-binding consensus se-
quence for this protein family is HEXXHXXGXDHS
(Hooper, 1994). MMPs have an additional hemopexin-like
domain whose function is not entirely understood.

MMP-like proteins were identified in sugarcane due
to the presence of some conserved motifs such as the
cysteine-switch consensus sequence and the zinc-binding
motif (Table I). In some clones, other conserved motifs in
the MMP family such as the Met-turn and the calcium-bin-
ding motif were also identified. The cysteine-switch motif
was identified in one of the reads, suggesting that the pro-
tein is synthesized as a pro-enzyme.

A BLAST search of the servers at NCBI revealed
only one MMP-like cluster found shows slight identity with
plant, amphibian, and mammalian proteins (Table II). De-
spite the striking differences between the animal and plant
extracellular matrix, very similar enzymes degrade them. It
has been demonstrated that a metalloprotease from Xantho-
monas campestris specifically degrades proline/hydroxy-
proline-rich proteins of the extracellular matrix of plants
(Dow et al., 1998). The major occurrence of this class of
enzyme was in growing plantlets and seeds (Figure 1).

INVERZINCINS

A few metalloproteases are characterized by an in-
verted zinc-binding motif HXXEH. Members of this family
include the human, rat and Drosophila insulin-degrading
enzymes known as insulinases (Hooper, 1994).

Several inverzincins were expressed in sugarcane
(Table I) and this was the only class of metalloprotease (ex-
cluding the ATP-dependent metalloproteases, which have
completely different functions) observed in sugarcane
flower-stems or in sugarcane callus-tissue under light and
temperature stress (Figure 1). Inverzincins were also ex-
pressed in the leaf-root transition zone and the stem-bark of
immature plants. The only inverzincin cluster found
showed homology with some pathogenic bacteria, insect,
and human proteins (Table II).

PLANT METALLOPROTEASES IN GENERAL

Plant metalloproteases are less studied than human,
bacterial or snake venom metalloproteases and there are
only few reports on the isolation and characterization of
these enzymes in plants (Eriksson and Glaser, 1992). A
dimeric, 17-kDa metalloprotease has been isolated from the
endosperm of sorghum seedlings, the dimer consisting of
two 8-kDa subunits linked by disulfide bonds (Macedo et
al., 1999).

More information on the primary structure of meta-
lloproteases is being obtained from DNA databases than
from protein characterization, using the conserved
zinc-binding motif found in other organisms. A cDNA se-

Table II - Comparison of sugarcane metalloproteases against NCBI data
bank: Hits found with the Inverzincins cluster, MMP-like cluster, and
ATP-dependent clusters.

Cluster* HIT E value
SCCCCL4014B10.g  Treponema pallidum le ™
(inverzincin) Borrelia burgdorferi le?
Chlamydia trachomatis 3¢
Saccharomyces pombe 2¢™
Drosophila melanogaster 5¢7%
Homo sapiens le™
SCBGADI1028H11.g  Cucumis sativus 7e?
(MMP-like) Cynops pyrrhogaster 5¢%
Mus musculus MMP-20 8¢
Homo sapiens MMP-8 5¢7!
SCEQLRI1007B05.g  Synechocystis sp ¢!

(ATP-dependent-MP)  nicorianq tabacum FisH-like protein 0.0

Pftf precursor (Pftf) mRNA, nuclear
gene encoding chloroplast pro-
tein, complete cds

SCQSHR1024E07.g
(ATP-dependent MP)

SCVPRT2082C05.g
(ATP-dependent MP)

Plasmodium falciparum TBP mRNA ¢

Saccharomyces cerevisiae chromo- ¢
some XV reading frame ORF
YORI117w

Trypanosoma brucei proteasome e
regulatory ATPase subunit 5 (Rpt5)
gene, complete cds

-113

Caenorhabditis elegans cosmid e
F56H1
Drosophila melanogaster 26S ¢'”

proteasome regulatory complex sub-
unit p50 mRNA, complete cds

Xenopus laevis TBP10 mRNA ¢!
Gallus gallus 26S ATPase complex  6¢™
subunit 4 mRNA, complete cds

Rat liver mRNA for proteasomal ¢'”

ATPase (TBP1), complete cds

Homo sapiens proteasome e
(prosome, macropain) 26S sub-
unit, ATPase, 3 (PSMC3), mRNA

Human immunodeficiency virus
transactivator binding protein-1
(tbp-1) mRNA, complete cds

-178

e-178

*clusters were named according to the main read belonging to that cluster.

quence coding for a soybean leaf metalloprotease has been
completely characterized by Pak et al. (1997). The protein
seems to be synthesized as a preproenzyme, with the con-
sensus sequence for proenzyme activation by the mecha-
nism of cysteine-switch (Grams et al., 1993). Northern and
western blotting analysis has shown that the metallopro-
tease transcript and protein are under a strict developmental
program and that both are expressed only in leaf tissue and
in a temporal form. The protein is secreted but a portion of
the mature form is tightly bound to the cell wall (Pak et al.,
1997).



290 Ramos and Selistre-de-Araujo

Related proteins such as the ADAMs and additional
domains were not found in the SUCEST database, although
it may be possible that these and other proteins were not ex-
pressed under the conditions used for the construction of
the libraries. Another possibility is that in many cases the
ESTs are related to incomplete sequences, the full length
sequences being necessary for the complete protein charac-
terization.

In conclusion, we have identified at least four differ-
ent classes of metalloproteases in sugarcane, which were
analyzed for their expression in various tissues under dif-
ferent conditions. The exact role of these proteins in plant
development and disease remains to be elucidated.

RESUMO

Metaloproteases exercem papéis importantes em
muitos processos fisioldgicos em mamiferos tais como
migragao celular, remodelamento tecidual e processamento
de fatores de crescimento. Estas enzimas estdo envolvidas
também na pato-fisiologia de um grande niimero de doen-
¢as humanas como hipertensdo e cancer. Muitas bactérias
patogénicas dependem de proteases para infectar o hospe-
deiro. Diversas classes de metaloproteases foram descritas
em seres humanos, bactérias, venenos de serpentes e inse-
tos. No entanto, a presenga ¢ a caracterizagdo de metalo-
proteases em plantas estdo pouco descritas na literatura.
Neste trabalho, foi pesquisada a biblioteca de ¢cDNA de
etiquetas de seqiiéncias expressas da cana-de-agucar
(SUCEST) para identificar, por homologia com seqiiéncias
depositadas em outros bancos de dados, familias génicas de
metaloproteases expressas em diferentes condigdes. Foram
utilizadas seqiiéncias protéicas de Arabidopis thaliana e
Glycine max ¢ seqiiéncias de nucleotideos de Sorghum
bicolor. Regides conservadas correspondentes aos dife-
rentes dominios e motivos de seqiiéncia de metaloproteases
foram identificadas nos cDNAs de cana-de-aglicar para
caracterizar cada grupo de enzimas. Pelo menos quatro
classes de metaloproteases foram identificadas na cana-de-
acucar, a saber, metaloproteases de matriz extracelular,
zincinas, inverzincinas ¢ metaloproteases dependentes de
ATP. Cada uma destas classes foi analisada quanto a sua
expressao nas diferentes condi¢des e tecidos utilizados na
construgdo das bibliotecas de cDNA.
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