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ABSTRACT

Murine monoclonal antibodies (MAbs) against Vibrio cholerae toxin co-regulated pilus (TCP) were generated
using conventional hybridoma procedures. Four hybridomas were obtained and two characterized. Hybrido-
mas 10E10E1 and 4D6F9 secreted antibodies of the IgG2a and IgG1 isotypes, respectively, that reacted with
a 24-kDa antigen corresponding to the product of the El Tor #cpA gene fused to a six Histidine tail. Addi-
tionally, MAbs produced by 4D6F9 selectively recognized the major pilin subunit (TcpA) of El Tor and 0139
vibrios in western immunoblot, while MAbs from 10E10E1 also cross-reacted with classical TcpA. Further-
more, vibrios expressing TCP on their surface selectively inhibited binding of the antibodies secreted by both
hybridomas to TcpA-coated microtiter plates. Thus, the MAbs reported in this work detected the structural
subunit of the pilus either denatured or assembled on the bacterial surface.

INTRODUCTION

HOLERA IS A DIARRHEAL DISEASE caused by the action of
Ccholera toxin, which induces a massive flux of fluid into
the intestinal lumen of people infected with Vibrio cholerae of
serogroups O1 and 0139.() Colonization of human small in-
testine is a crucial eventin V. cholerae pathogenesis. There are
several bacterial surface components that have been recognized
as potential adhesion or colonization factors, such as the O-anti-
gen of the lipopolysaccharid, outer membrane proteins and
pili.>=® Among all pili studied from this microorganism, toxin
co-regulated pilus is the only one demonstrated as essential for
colonization in mice and humans.’-% TCP is expressed on the
surface of O1 (classical and El Tor biotypes) and O139 vibrios
by assembling TcpA, a 20.5-kDa antigen encoded by the tcpA
gene, which is located within a cluster of type IV pilin
genes.19-12) More recently, TcpA and its variants have been
identified in non-O1/non-0139 V. cholerae strains.13-15 In ad-
dition to the colonization ability of this pili, TCP is the recep-
tor of cholera toxin phage (CTX¢),"'® and it has been postu-
lated that the fcp locus can, in fact, be mobilized as a single
stranded genome within a TcpA coat, forming the V. cholerae
pathogenicity island phage (VPI¢).(!7 Polyclonal and mono-
clonal antibodies have been generated to study the characteris-

tics of this molecule,(13-2D but most of them are specific to clas-
sical TcpA. As far as we know, no monoclonal antibodies have
yet been identified that only recognize the El Tor TcpA. The
generation of El Tor specific anti-TCP MAbs should facilitate
studying the divergent regions of this molecule, which could
offer a better epitope mapping of the protein and potentially
provide a method for distinguishing the different pilin types
among V. cholerae isolates.

We report the generation of hybridomas producing MAbs
that recognize El Tor TcpA-coated microtiter plates. Two se-
lected clones recognize a 20.5-kDa protein that assembled in
the vibrios surface selectively inhibiting the activity of both
MAbs.

MATERIALS AND METHODS

Bacterial strains and culture conditions

Strains used in this work (Table 1) were conserved at —70°C
in 10% skim milk (Oxoid, Hampshire, England) containing 20%
(v/v) glycerol. The AKI procedure®? was used to maximize
TCP expression, briefly: a V. cholerae colony, from a blood agar
plate incubated overnight at 37°C, was inoculated in a cylinder
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TaBLE 1. StrRAINS USED IN THIS STUDY
Strain Relevant genotype and/or phenotype Reference
V. cholerae
N16961 Wild type, O1, El Tor, Inaba, Bangladesh 1975 (28)
C6706 Wild type, O1, El Tor, Inaba, Peru 1991 29
KHT52 str2, AtcpAIO derivative of C6706 ®
C7258 Wild type, O1, El Tor, Ogawa, Peru 1991 @9
569B Wild type, O1, Classical, Inaba, Calcutta, 1945 (28)
SG25-1 Wild type, 0139, Calcutta, 1993 (30)
E. coli
XL1-blue Tn 10 proA*B™, lacl (lacZ), M15/recAl endAl gyrA96(Nal) G
thi hsdR17 ry”m" )supE44 relAl lac
XL-TCP XL1-Blue with tac-fcpA on a plasmid vector This study

containing 10 mL of sodium chloride 0.5%, bacto peptone 1.5%,
and yeast extract 0.4%. Just before inoculation, 0.4 mL of so-
dium bicarbonate solution (4%) was added to the tube and in-
cubated at 30°C. After 4 h, the culture was transferred to an er-
lenmeyer and incubated with shaking at 30°C for another 16 h.

Cloning of tcpA gene from V. cholerae

Chromosomal DNA from the V. cholerae El Tor, Inaba,
N16961 strain was prepared as previously described ?3 Puri-
fied DNA was used as template in PCR to amplify the entire
tcpA coding region flanked by BamHI and EcoRI restriction
sites. PCR amplification was performed with 1 uL of DNA in
a 100-uL reaction volume containing 0.2 mM deoxynucleotide
triphosphate,2 mM MgSOy, 0.5 uM of each sense and antisense
primers, and 2 U of Vent DNA polymerase; all reagents for PCR
were purchased from New England BioLabs (Bishop’s Stortford
Herts, U.K.). The PCR profile included 94°C denaturalization
for 5 min, followed by 30 cycles of denaturalizationat 94°C for
1 min, annealing at 54°C for 1 min, extension at 72°C for 1 min,
and a final extension at 72°C for 5 min. The primers used were
CNC 6048 sense, 5" CAG GAT CCT ATG ACA TTA CTC
GAA G 3’ and CNC 6050 antisense, 5" CTT AAG AAT TCG
CCC ATT TCC ATG G 3'. The amplified tcpA gene was puri-
fied using the PCR band purificationKit (Amersham Bioscience,
Piscataway, NJ). The extracted DNA was digested BamHI and
cloned BamHI-Smal into the pQE-31 vector system (Qiagen
Inc., Valencia, CA) to fuse a six histidine-tag coding region to
the N-terminal portion of fcpA. The resultant plasmid
(pQETCPS) was introducedinto E. coli XL.1-blue strain by elec-
troporation for recombinant tcpA gene expression.

Preparation of purified TCP antigen

The E. coli strain transformed with pQETCPS8 (XL-TCP) was
grown in Luria-Bertani medium supplemented with 100 wg/mL
of ampicillin and the expression of TcpA was induced by adding
2 mM of isopropil-3-p-thiogalactopyramoside to the culture that
was incubated with shaking at 37°C for 10 h. A crude prepa-
ration of El Tor TcpA, fused to a six histidine tail, was obtained
from sonicated cells in phosphate-buffered saline (PBS) plus
urea 8 M. The soluble proteins were fractionatedin a Histidine
affinity column HisTrap (Amersham Pharmacia, Uppsala, Swe-

den), to recover the purified TcpA, following manufacturer’s
instructions.

Direct ELISA for detection of anti-TcpA antibodies

Polystyrene microtiter ELISA plates (Costar, Cambridge, MA)
were coated overnight at 4°C with 100 uL per well of purified
recombinant TcpA at a concentration of 5 ug/mL in PBS. The
wells were subsequently filled with 2% skim milk solution in
PBS and incubated for 1 h at room temperature (RT) to reduce
non-specificbinding. Samples, consisting of serial dilution of sera
or culture supernatants, were added and incubated for 2 h at RT.
Plates were washed with 0.05% Tween-20 in PBS (PBS-T) and
incubated with peroxidase-conjugated anti-mouse IgG (whole
molecule) (Sigma Chemical Co., St. Louis, MO). Color was de-
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FIG. 1. Immunoblot analysis of V. cholerae and E. coli cell

lysates with MAb 10E10E1 (A) and MAb 4D6F9 (B). Lane a,
C6706; lane b, KHT52; lane ¢, E. coli XL1-blue; lane d, E. coli
XL-TCP. Samples were boiled in the presence of SDS. A broad
range molecular weight standards kit (BioRad, CA) was run to-
gether with samples and molecular weights indicated in Dal-
tons (Da).
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(Sigma Chemical Co.). Each animal received four injections
administrated at 2-week intervals. Mice were bled by their
tail veins 7-10 days after the final injection and their serum
tested for anti-TcpA antibodies in the direct ELISA described
above. At 3—4 days before cell fusion, the appropriate mouse
received a final injection of antigen (10 ng) in PBS. Sple-
nocytes were fused with the SP,/O myeloma cell line using
polyethylene glycol 1300 Hybri-Max (Sigma Chemical Co.)
as described by Campbell.?*) The hybrid cells were screened
for their ability to secrete antibodies binding El Tor TcpA in
the direct ELISA. Four hybrid-secreting reactive antibodies
were subcloned by limiting dilution and stabilized. Two
clones, coded 4D6F9 and 10E10E1, were further character-
ized. The selected hybridoma cells were grown as ascites in
the peritoneal cavity of pristane-primed BALB/c mice. As-
cites fluid was tapped from the peritoneal cavity and rendered
cell-free by centrifugation at X1,000 g for 15 min at 4°C.
The MAbs were purified from ascites fluid using protein A
affinity chromatography.(?>
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FIG. 2. Immunoblot analysis of V. cholerae cell lysates with

MAD 10E10E1 (A) and MADb 4D6F9 (B). Lane a, C7258; Lane Isotyping

b, 569B; Lane ¢, SG25-1. Samples were boiled in the presence

of SDS. A broad range molecular weight standards kit (Bio- The classes and subclasses of MAbs secreted by 4D6F9 and
Rad, CA) was run together with samples and molecular weights 10E10E1 were determined with an ImmunoType Kit (Sigma
indicated in Daltons (Da). Chemical Co.) following manufacturer’s instructions.

Immunoblot analysis of MAbs
veloped with o-phenylenediamine (0.4 mg/mL) and 0.4% H,0,
in 0.1 M sodium citrate buffer, pH 5.0. The reaction was stopped
by adding 2.5 N H,SO,4 and the O.D. 49701, read with a plus-multi-
scan microplate reader (Labsystem, Hampshire, U.K.).

Lysates of pelleted V. cholerae cells (2.4 O.D. ggonm units)
were fractionated in 13.5% SDS-PAGE according to
Laemmli®® and transferred to nitrocellulose paper as described
by Towbin.?” After blocking with 5% skim milk in PBS, the
blot was reacted with a suitable dilution of MAbs 4D6F9 and
10E10E1. The membranes were washed with PBS-T and incu-

Ten BALB/c mice were immunized by SC injection of re-  bated with peroxidase-conjugated anti-mouse IgG (whole mol-
combinant TcpA (20 wg) emulsified in Freund’s adjuvant ecule) (Sigma Chemical Co.). Color was developed with 4-

Production of MAbs
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FIG. 3. Inhibition of MAb 10E10El binding by a recombinant TcpA preparation (r-TcpA) and classical, El Tor or O139 vib-
rios. The following preparations were tested for inhibition: r-TcpA (@), strain C6706 cells (H), 569B cells (A), KHT52 cells
(1), SG25-1 cells (A). Each experimental point plotted is the average of three determinations.
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chloro-1-naphthol (0.2 mg/mL) (Sigma Chemical Co.) and
0.4% H,0, in tris-buffered saline, pH 8.0.

Competition ELISA for detection of assembled TcpA

Several V. cholerae strains (10° cell/mL) or recombinant
TcpA (25 wg/mL) were serially (twofold) diluted in PBS-T con-
taining a suitable dilution of MAbs 4D6F9 or 10E10E1. After
1-h incubation at RT, the mixtures were transferred to recom-
binant TcpA-coated, skim milk blocked, microtiter plates and
incubated for another 2 h. Plates were washed with PBS-T and
incubated with peroxidase-conjugated anti-mouse IgG (whole
molecule) (Sigma Chemical Co.). Color was developed as in
direct ELISA.

RESULTS

Production of MAbs

Hybrids producing anti-TcpA antibodies were screened by a
direct ELISA and four clones selected on the basis of their high-
est reactivity against recombinant El Tor TcpA. Two hybrido-
mas and their MAbs were coded 10E10E1 and 4D6F9, which
secreted antibodies of the IgG2a and IgGl isotypes, respec-
tively. These MAbs were purified from ascites fluid by protein
A affinity chromatography(?>) The approximate quantities of
MAbs secreted by 10E10E1 and 4D6F9 hybridomas as esti-
mated from the yield of the purification process were 4.3 and
2.2 mg/mL, respectively.

Immunoblot analysis of MAbs

The specificity of anti-TcpA MAbs was investigated by im-
munoblot analysis of E. coli and V. cholerae cell lysates. Fig-
ures 1 and 2 show that MAb 10E10E1 recognized a 20.5-kDa

FALERO ET AL.

antigen in all wild-type strains of V. cholerae examined (Fig.
1A, lane a; Fig. 2A, lanes a—c), and MAb 4D6F9 reacted with
the same protein of El Tor biotype and O139 serotype vibrios
(Fig. 1B, lane a; Fig. 2B, lanes a and c), but not with the clas-
sical strain of V. cholerae analyzed (Fig. 2B, lane b). No im-
munoreactive material could be detected with any of the MAbs
in mutant KHT52, which contains an in-frame deletion in
tcpA,® the structural gene of the major pilin subunit (Fig. 1A,
lane b; Fig. 1B, lane b) or in E. coli XL1-blue strain (Fig. 1A,
lane c; Fig. 1B, lane c). In strain XL-TCP, the tcpA gene is ex-
pressed from the strong tac promoter on a plasmid vector in E.
coli XL1-blue. Upon induction of XL-TCP, both MAbs recog-
nized a strong protein band of somewhat higher molecular
weight (Fig. 1A, lane d; Fig. 1B, lane d).

Competition ELISA for detection of assembled TcpA

We have developed a competitive ELISA test based on in-
hibition of binding of anti-TcpA MAbs to an immobilized anti-
gen by intact TCP expressing vibrios. Purified El Tor recom-
binant TcpA inhibited binding of MAbs 10E10E1 and 4D6F9
(Figs. 3 and 4). Strains positive by western blot analysis (Figs.
1 and 2) were also inhibitory for both MAbs in the competition
ELISA (Figs. 3 and 4). No inhibition was observed (Figs. 3 and
4) by strains diagnosed as negative in the immunoblot test for
each MAb (Figs. 1 and 2).

DISCUSSION

We have produced four MAbs against TcpA and character-
ized two of them. Western blot analysis (Fig. 1) showed that
MAbs 10E10E1 and 4D6F9 recognized a 20.5-kDa antigen,
produced by El Tor strain that closely corresponds to the mo-
lecular mass predicted for the mature product of the tcpA
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FIG. 4.

Inhibition of MAb 4D6F9 binding by a recombinant TcpA preparation (r-TcpA) and classical, El Tor or O139 vibrios.

The following preparations were tested for inhibition: r-TcpA (@), strain C6706 cells (H), 569B cells (A), KHTS52 cells ([),
SG25-1 cells (A). Each experimental point plotted is the average of three determinations.
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gene.(19 The antibodies did not cross-react with mutant KHT52,
an isogenic derivative strain of C6706 with an in-frame dele-
tion in the fcpA gene® nor with the E. coli strain XL1-blue.
Expression of the tcpA gene product from the tac promoter in
E. coli XL-TCP produced an antigen that reacted with both
MADbs. This protein was larger than the mature antigen detected
in V. cholerae lysates, with an estimated molecular weight of
24 kDa. The higher molecular weight of recombinant protein
(r-TcpA) is due to a six-histidine tail added to the TcpA ma-
ture protein. MAbs 10E10E1 and 4D6F9 varied in their reac-
tivities with the TcpA subunit of El Tor and classical vibrios,
as tested in immunoblot analyses; MAb 10E10E1 reacted with
the same strength with both classical and El Tor TcpA, and also
reacted well with O139 TcpA (Fig. 2A); MAb 4D6F9, on the
other hand, did notreact with TcpA of classical vibrios and thus
seems to be El Tor biotype specific (Fig. 2B). The tcpA se-
quence from El Tor and O139 vibrios are identical but show
significantdeviation from the classical-biotypegene, especially
in the portion encoding the C-terminal region of the pilin,!?
where epitope recognized by monoclonal antibody 4D6F9
should map.

We have designed a competitive ELISA based on inhibition
of binding of anti-TCP MAb to TcpA-coated plates. Four V.
cholerae strains were evaluated for their ability to inhibit bind-
ing of MAbs to TcpA-coated plates. Strains positive in west-
ern blot analysis (Figs. 1 and 2) selectively inhibited binding
of both MAbs at a concentration of 10° cells/mL (Figs. 3 and
4). Strain KHTS52 failed to inhibit the activity of both MAbs
(Figs. 3 and 4), while the classical strain 569B did not reduce
binding of 4D6F9 (Fig. 4). Thus, the MAbs reported in this
work detected the structural subunit of the pilus either dena-
tured (Figs. 1 and 2) or assembled on the bacterial surface (Figs.
3 and 4). These results suggest that MAbs 10E10E1 and 4D6F9
might recognize lineal rather than conformational epitopes. This
is the first report of a Mab specific to El Tor TcpA, which ef-
ficiently recognizes the TCP pilus. The production of new
MADbs facilitates studying the structure and function of this mol-
ecule in greater detail. The El Tor—specific Mab generated in
this work should provide a valuable tool to study the epitope
differences among classical and El Tor TCP, and will facilitate
the characterization of clinical isolates.

ACKNOWLEDGMENTS

We are grateful to R.K. Taylor for strain KHT52 and to R.A.
Finkelstein for all wild-type strains of V. cholerae.

REFERENCES

1. Kaper JB, Morris G Jr, and Levine MM: Cholera. Clin Microbiol
Rev 1995;8:48-86.

2. Chitnis DS, Sharma KD, and Kamat RS: Role of somatic antigen
of V. cholerae in adhesion to intestinal mucosa. J] Med Microbiol
1982;5:53-61.

3. Manning PA, Heuzenroeder MW, Yeadon J, Leavesley DI, Reeves
PR, and Rowley D: Molecular cloning and expression in E. coli
K-12 of the O-antigens of the inaba and ogawa serotypes of the V.
cholerae O1 lipopolisaccharides and their potential for vaccine de-
velopment. Infect Immun 1986;53:272-277.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Sperandio V, Girén JA, Silveira WD, and Kaper JB: The OmpU

outer membrane protein, a potential adherence factor of V.
cholerae. Infect Immun 1995;63:4433-4438.

. Jonson G, Holmgren J, and Svennerholm A-M: Identification of a

mannose-binding pilus on Vibrio cholerae El Tor. Microb Patho-
gen 1991;11:433-441.

. Taylor RK, Miller VL, Furlong DB, and Mekalanos JJ: Use of pho

A gene fusion to identified a pilus colonization factor coordinately
regulated with cholera Proc Natl Acad Sci USA
1987;84:2833-2837.

toxin.

. Herrington DA, Hall RH, Losonsky G, Mekalanos JJ, Taylor RK,

and Levine MM: Toxin, toxin-coregulated pili and the ToxR reg-
ulon are essential for V. cholerae pathogenesis in humans. J Exp
Med 1988;168:14871492.

. Thelin KH, and Taylor RK: Toxin-coregulated pilus, but not man-

nose-sensitive hemagglutinin is required for colonization by Vib-
rio cholerae Ol El Tor biotype and O139 strains. Infect Immun
1996;64:2853-2856.

. Tacket CO, Taylor RK, Losonsky G, Lim Y, Nataro JP, Kaper JB,

and Levine MM: Investigation of the role of toxin-coregulated pili
and mannose-sensitive Hemagglutinin pili in the pathogenesis of
V. cholerae 0139 infection. Infect Immun 1998;66:692-695.
Fasst R, Ogierman MA, Sstroeher UH, and Manning PA: Nucleo-
tide sequence of the structrural gene, tcpA, for major pilin subunit
of V. cholerae. Genetics 1989;85:227-231.

Shaw CE, and Taylor RK: Vibrio cholerae O395 tcpA pilin gene
sequence and comparison of predicted protein structural features
to those of type 4 pilins. Infect Immun 1990;58:3040-3049.
Rhine JA, and Taylor RK: TcpA pilin sequences and colonization
requirements for Ol and O139 V. cholerae. Mol Microbiol
1994;13:1013-1020.

Said B, Smith HR, Scotland SM, and Rowe B: Detection and dif-
ferentiation of the gene for toxin-coregulated pili (fcpA) in V.
cholerae non-O1 using the polymerase chain reaction. FEMS Mi-
crobiol Lett 1995;125:205-210.

Ghosh C, Nandy RK, Dasgupta SK, Nair GB, Hall RH, and Ghose
AC: A search for cholera toxin (CT), toxin coregulated pilus (TCP),
the regulatory element ToxR and their virulence factors in non-
O1/mon-0139 V. cholerae. Microb Pathol 1997;22:199-208.
Nandi B, Nandy RK, Vicent ACP, and Ghose AC: Molecular char-
acterization of a new variant of toxin-coregulated pilus protein
(TcpA) in a toxigenic non-O1/non-O139 strain of V. cholerae. In-
fect Immun 2000;68:948-952.

Waldor MK, and Mekalanos JJ: Lysogenic conversion by a fila-
mentous bacteriophage encoding cholera Science
1996;272:1910-1914.

Karaolis DKR, Somara S, Maneval DR Jr., Johnson JA, and Kaper
JB: Bacteriophage encoding a pathogenicity island, a type-IV pilus
and a phage receptor in cholera bacteria. Nature 1999;399:
375-379.

Sun D, Mekalanos JJ, and Taylor RK: Antibodies directed against
the toxin-coregulated pilus isolated from V. cholerae provide pro-
tection in the infant mouse experimental cholera model. J Infect
Dis 1990;161:1231-1236.

Sun D, Tillman DM, Marion TN, and Taylor RK: Production and
characterization of monoclonal antibodies to the toxin coregulated
pilus (TCP) of V. cholerae that protect against experimental cholera
in infant mice. Serodiag Immun Infect Dis1990;4:73-81.

Jonson G, Holmgren J, and Svennerholm A-M: Epitope differences
in toxin-coregulated pili produced by classical and EL Tor V.
cholerae. Microb Pathogen 1991;11:179-188.

Voss E, and Attridge SR: In vitro production of toxin-coregulated
pili by V. cholerae El Tor. Microb Pathogen 1993;15:255-268.
Iwanaga M, and Yamamoto K: New medium for the production of
cholera toxin of V. cholerae O1 biotype El Tor. J Clin Microbiol
1985;22:405-408.

toxin.



23.

24.

25.

26.

217.

28.

29.

Colera. Seleccion de Publicaciones

Struhl K: Preparation of genomic DNA from bacteria. In: Short
Protocols in Molecular Biology, 3th ed. Ausubel FM, Brent R,
Kingston RE, Moore DD, Scidman JG, Smith JA, and Struhl K
(Eds.). Wiley, New York, 1995, pp. 11-12.

Campbell AM: Fusion procedures. In: Laboratory Techniques in
Biochemistry and Molecular Biology: Monoclonal Antibody Tech-
nology. Burdon RH, and Knippenberg PH (Eds.). Elsevier, Ams-
terdam, 1984, pp. 120-134.

Tu YY, James PF, and Goldenberg DM: Temperatute affects bind-
ing of murine monoclonal IgG antibodies to protein A. J Immunol
Methods 1998;109:43-47.

Laemmeli UK: Cleavage of structural proteins during the assem-
bly of bacteriophage T4. Nature 1970;227:680-685.

Towbin H, Staehlin T, and Gordon J: Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets, proce-
dure and some applications. Proc Natl Acad Sci USA
1979;76:4350-4354.

Jonson G, Sanchez J, and Svennerholm A-M: Expression and de-
tection of different biotype-associated cell-bound haemagglutinins
of V. cholerae O1. J Gen Microbiol 1989;135:111-120.

Benitez JA, Silva AJ, Rodriguez BL, Fando R, Campos J, Robert
A, Garcia H, Garcia L, Perez JL, Oliva R, et al: Genetic manipu-
lation of Vibrio cholerae for vaccine development: Construction of

30.

31.

FALERO ET AL.

live attenuated El Tor candidate vaccine strains. Arch Med Res
1996;27:275-283.

Bhadra RK, Roychoudhury S, Banerjee RK, Kar S, Majumdar R,
Sengupta S, Chatterjee S, Khetawat G, and Das J: Cholera toxin
(CTX) genetic element in Vibrio cholerae O139. Microbiology
1995;141:1977-1983.

Bullock WO, Fernandez JM, and Short JM: XL1-Blue: a high-ef-
ficiency plasmid transforming recA E. coli strain with beta-galac-
tosidase selection. Biotechniques 1987;5:376-379.

Address reprint requests to:

B.L. Rodriguez

Departamento de Genética

CNIC

Ave. 25y 158

Cubanacan, Playa, P.O. Box 6412
La Habana, Cuba

E-mail: borislrg @yahoo.cam

Received for publication April 14, 2003. Accepted for publi-
cation June 10, 2003.





