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Binding of soluble glycoproteins
from sugarcane juice to cells of
Acetobacter diazotrophicus

Summary Sugarcane produces two different pools of glycoproteins containing a
heterofructan as glycidic moiety, tentatively defined as high-molecular mass (HMMG)
and mid-molecular mass (MMMG) glycoproteins. Both kinds of glycoproteins
can be recovered in sugarcane juice. Fluorescein-labelled glycoproteins are able to
bind to Acetobacter diazotrophicus cells, a natural endophyte of sugarcane. This
property implies the aggregation of bacterial cellsin liquid culture after addition of
HMMG or MMMG. Anionic glycoproteins seem to be responsible for the binding
activity whereas cationic fraction is not retained on the surface of A. diazotrophicus.
Bound HMMG is competitively desorbed by sucrose whereas MMMG is desorbed
by glucosamine or fructose. On this basis, a hypothesis about the discriminatory
ability of sugarcane to choose the compatible endophyte from several possible ones
is proposed.
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Introduction

Acetobacter diazotrophicus is a N,-fixing, aerobic, Gram-
negative bacterium found as an endophyte in roots, stems,
and leaves of sugarcane [7] as well as in Pennissetum
purpureum, |pomoea batatas [33] and Coffea arabica [15].
Bacteriawere present in the intercellular apoplast of sugarcane
stems [9], and they have been also detected in the xylem
vessels at the base of the stem [14]. Moreover, Bellone et
al. [5] reported the occurrence of intracellular bacteriain
sugarcane root tips.

The mechanism by which bacteriaenter sugarcane seedlings
has not been yet established conclusively. A. diazotrophicus
was not found in Brazilian soils where sugarcane was cultured
[4] whereas Li and MacRae [23] reported that the bacterium
was present in Australian sugarcane rhizosphere. James et al.
[14] suggested that A. diazotrophicus colonized the root surface
only after bacteria consumption of sucrosein the habitat. Then,
bacteriawould enter the root apoplast vialatera roots junctions
and the loose cells of the root cap. Ashbolt and Inkerman [3]
showed the occurrence of A. diazotrophicus in the mouth stylus
of the pink mealybug, Saccharococcus sacchari, an insect that
feeds on the meristematic tissue between the leaf sheath and
the stem, the leaf sheath pocket. Other Acetobacter spp. can

be isolated from mealybugs aswell as other bacteriaa so present
in the leaf sheath pocket, such as Leuconostoc mesenteroides
and Erwinia amylovora, although these last microorganisms
do not enter the host cells. Thus, the insect may beinvolved in
transferring bacteria from plant to plant [13].

However, anew question arises from this hypothesis. Does
the host plant—sugarcane—have any mechanism to discri-
minate between different bacterial speciesand, then, to favour
the colonization by a nitrogen-fixing endophyte? In fact,
immunogenic properties on the extracellular matrix surrounding
the bacteria have been proposed [14]. This extracellular matrix
is synthesized by exocellular enzymes, mainly alevansucrase
described in 1996 [2]. Recognition capability is supported by
thefact that plants detect the entry of a pathogen in early stages
of infection and, consequently, elicit a defense response
consisting of the production of phenolicsto inhibit the growth
of bacteria[36] and fungi [35]. However, phenolics production
should not be enhanced when the intruder is a potentially
symbiotic endophyte.

An invading agent generally enhaces the production of
released exopolysaccharides [22]. However, recognition of a
compatible endophyte usually involves selective glycoproteins
that specifically bind to a bacterial cell wall ligand [8]. Severa
glycoproteins are produced by sugarcane stalks[19] asaresponse
to mechanical injuries [40] and both upright and post-collection
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impairments[27]. Their glycidic moiety is composed by fructose
and galactitol [ 18] and their molecular massis higher than 9 kDa
[28]. Fructose units polymerize by the formation of 3-1,2 linkages
whereas gdactitol isintroduced in the fructan sequence by means
of an ether bond [18]. We report herein conclusive evidence of
the ability of some sugarcane glycoproteinsto bind to the cell
wall of A. diazotrophicus as the first step in the biological
discrimination of acompatible, symbiotic endophyte, therefore
resembling amechanism of specific tolerance such asthose found
in the immune system of higher eukaryotics.

Materials and methods

Plant material and glycoprotein preparation Stalksfrom 12
month-old plants of Saccharum officinarum, var. Jaronu 60-5,
field-grown, were mechanically crushed immediately after
having been cut and the crude juice was centrifuged at
5000 xg for 15 min at 4°C. The pellet was discarded and the
supernatant was filtered through filter paper. This centrifuged
juice was then filtered through a Sephadex G-10 column
(15 x 2.5 cm) embedded in distilled water. Elution was also
carried out with distilled water. Fractions (1.0 ml) 1to 27 were
discarded. Fractions 28 to 35 were collected and considered as
a mixture of soluble polysaccharides and glycoproteins,
MMMG (mid-molecular mass glycoproteins) and HMMG
(high-molecular mass glycoproteins). Fractions 36 to 57, mainly
composed by sucrose, were also discarded. After this, amixture
of fractions 27 to 35 was filtered through a Sephadex G-50
column (30 x 2.5 cm) pre-equilibrated as described above.
Fractions 49 to 85 contained HMM G whereas MMMG eluted
in fractions 56 to 157 [20]. Eluted fractions were monitored
for carbohydrates according to Dubois et a. [10] and for protein
according to Lowry et a. [26].

Alternatively, a sample of centrifuged juice was precipitated
with acetone to reach afinal concentration of 80 per cent (v/v).
The mixture was maintained for 1 h at 0°C and then centrifuged
at 15,000 xg for 20 min at 2°C. The supernatant was discarded
and the precipitate was dried in air flow and redissolved in
distilled water to obtain afina concentration of 0.5 mg/ml.

L abelling of glycoprotein for fluorescence analysis Aliquots
of 3.0 ml of HMMG, MMMG, and acetone-precipitated
proteins were mixed with 3.0 ml 10 mM fluorescein
isothiocyanate for 1 h at room temperature with vigorous
shaking. After this, mixtures were filtered through a Sephadex
G-15 column (12 x 1.0 cm) and eluted with distilled water to
remove the excess of fluorescein [30]. The void volume,
containing labelled, fluorescent macromolecules, was collected
and used for binding experiments.

Bacterial strains and growth conditions Acetobacter
diazotrophicus, strain AP5, isolated from sugarcane, was
maintained in the N-poor solid medium [7], which contains

1.5% agar, 10% sucrose and has a pH of 5.5. Culture was
maintained for 5 days at 30°C, and the formation of acid in
paralel to the culture growth was tested by adding bromothymol
blue to the medium [9, 39]. Thisindicator is green at pH 5.5
and turnsyellow at pH 5.0. Leuconostoc mesenteroides, CECT
(Coleccion Espafiola de Cultivos Tipo) 394, was cultured in
conventional peptone-agar medium. The sizes of the inocula
used for binding, and of those used for cytoaggl utination assays
were measured by nephelometry following the absorbance
changes at 600 nm.

Binding assays About 35 mg of bacteriain dry weight were
resuspended in 3.0 ml of labelled glycoproteins and maintained
for 1 h at 30°C in ashaking bath at 12 oscillations/min. Then,
they were collected by centrifugation at 12,000 xg for 10 min
at 2°C and the intensity of the fluorescence emission from
supernatants was measured, using an excitation light of 450
nm wavel ength. Bound glycoproteins were then desorbed from
the bacterial pellet by addition of 3.0 ml of different 50 mM
sugars and aminosugars solutions, and 5 mg/ml fetuin, a
glycoprotein containing about 9 per cent of sialic acids [38],
sometimes used as ligand of severa lectin-like glycoproteins
[11]. After 1 h of shaking, bacteria were removed again by
centrifugation, and fluorescence of the supernatants was
measured in the conditions specified above.

After this, solutions containing non-adsorbed glycoproteins
were mixed with 0.15 g of bioskin and maintained for 1 h at
room temperature. Bioskin is a natural matrix composed by
glucosamine and N-acetylglucosamine and produced by amixed
culture of Acetobacter xylinum, Saccharomyces cerevisiae and
S pombe [37]. This product behaves as a polycationic matrix
a pH 7.0 and can be used to retain several polyanionic proteins
by ionic adsorption [21]. In addition, it can be used also as a
support for affinity chromatography on the basis of its
aminosugar composition. Bioskin-adsorbed glycoproteins were
then desorbed by adding 3.0 ml of 50 mM sugar solutions.
Desorption was monitored by measuring absorbance at 280
nm of the washing solutions.

Results

Isolation of HMM G and MM MG fractions and coupling
to fluorescein To study glycoproteins occurring in sugarcane
which could bind to A. diazotrophicus, we filtered centrifuged
juice through a Sephadex G-10 column. Elution profileis shown
inFig. 1. A mixture of MMMG and HMMG (8.0 ml, 41.5 mg
carbohydrates) was recovered from fraction 28 to 35. The
pattern of protein elution was always bimaximal. The main
protein peak eluted from fraction 15 to 23, in which no
polysaccharides were detected, whereas the second peak eluted
from fraction 29 to 43, thus coeluting with the maximum
amount of carbohydrates (Fig. 1). Fractions 28 to 35 were mixed
and an aliquot of this mixture (3.0 ml) was then loaded onto
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a Sephadex G-50 column (Fig. 2). About 70 per cent of total
carbohydrates |oaded onto the column was recovered, consisting
on 0.135 mg of HMMG and 9.66 mg of MMMG. The highest
amount of non-glycosylated protein eluted between HMMG
and MMMG fractions, from fraction 75 to 109 in which there
were negligible amounts of polysaccharides (Fig. 2).

Dueto its glycoproteic nature, both HMMG and MMMG
showed intrinsic fluorescence. The fluorescence emission
spectrum of HMMG under 280 nm light excitation showed a
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Fig.1 Filtration diagram of centrifuged sugarcane juice through a column of
Sephadex G-10. Eluates were monitored for carbohydrate and protein content
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Fig. 2 Filtration diagram through a Sephadex G-50 column of a mixture of
HMMG and MMMG contained in fractions 27 to 35 from Sephadex G-10.
Eluates were monitored for carbohydrate and protein content

main maximum at 347 nm, a sencondary maximum at 310 nm
and a shoulder at 400 nm, whereas MMMG presented two
clearcut maxima at 310 nm and 350 nm and a shoulder at 410
nm. No fluorescence emission occurred at 500-535 nm. HMMG
and MMM G were then labelled with fluorescein as described
under Materials and methods. Labelled fractions showed anew
emission maximum, located around 505 nm. Amplification
revesl ed the maximum emission pesksfor HMMG and MMMG
to be at 510 and 509 nm, respectively (Fig. 3A).

Binding of HMMG and MMMG glycoproteins to
A. diazotrophicus cell wall To ascertain the ability of
glycoproteins from the HMMG and MMMG fractions from
sugarcane juice to bind to A. diazotrophicus, we performed
binding assays in which cellswere incubated with fluorescein-
coupled HMMG (FI-HMMG) or MMMG (FI-MMMG). After
1 hincubation, cells were centrifuged and fluorescence emission
of the supernatant was measured. The maximum of emission
had decreased to less than 25 per cent of itsinitial value (Fig.
3B). Thus, more than 75 per cent of the labelled compound
was bound to the cells (Fig. 4). As a specificity control, the
binding of fluorescein-coupled glycoproteins to Leuconostoc
mesenteroi des was measured, showing lessthan 25 per cent of
binding. Thelack of free fluorescein in the samples was assessed
through adsorption of the labelled glycoprotein on calcium
phosphate gel (75 mg dry gel per mg protein). After adsorption,
the gel was removed by centrifugation and the supernatant
measured for fluorescence emission. No emission was detected,
thus confirming the absence of free fluorescein.
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Fig. 3 Fluorescence emission spectra of fluorescein-labelled HMMG, MMMG
and acetone precipitated protein before (A) and after (B) 1 h of contact with
35mg dry weight of Acetobacter diazotrophicus cells. a, H—acetone-precipitated
proteins (507 nmy); b, FI-MMMG (509 nm); ¢, I-HMMG (510 nm); d, same
asb; e, I-FHMMG (512 nm); f, FI-Acetone-precipitated protein (515 nm)
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Fig. 4 Percent of total (white), non-adsorbed (gray) and adsorbed (black)
fluorescence on Acetobacter diazotrophicus cells after 1 h of contact with
HMMG, MMMG and acetone-precipitated proteins. Experiments were
performed in triplicate. Vertical barsindicate standard error

Desor ption of bound glycoproteinsto A. diazotrophicus
To investigate the nature of the carbohydrate moiety related
to the binding of HMMG and MMMG to A. diazotrophicus,
we performed competitive desorption assays. HMMG and
MMMG were bound to the cells as described above and
incubated in the presence of different sugars, aminosugars
and fetuin. Sucrose was the most efficient sugar in removing
HMMG from the bacteria cell wall (Fig. 5A), whereesMMMG
was mainly desorbed with glucosamine or fructose (Fig. 5B).
After removing the bacteria by centrifugation, the supernatants
were adsorbed on bioskin at pH 7.0 and desorbed with identical
series of sugars. At this pH value, bioskin behaves as a
polycationic matrix because of the many —_NH;* groups from
glucosamine and N-acetyl-p-glucosamine components. After
selective binding to the bacterial cell envelope, alargefraction
of bacterial-unadsorbed, cationic glycoprotein was not retained
by bioskin but acomponent of the HMMG pool was desorbed
from bioskin with fructose whereas a different component of
MMMG pool was desorbed from bioskin with N-acetyl-
galactosamine. Acetone-precipitated protein from sugarcane
juice showed that 50% of proteins were adsorbed on
A. diazotrophicus and desorbed with b-glucosamine and sucrose
(Fig. 5C). In addition to polycationic components, only anon-
adsorbed glycoprotein was desorbed from bioskin with
N-acetyl-p-gal actosamine.

A. diazotrophicus aggregation isinduced by glycoproteins
of both HMMG and MMM G fractions To measure the
agglutinating capability of HMMG and MMMG, we incubated
bacterial cellsdispersed in 5.0 mM acetate buffer, pH 5.0, with
HMMG, and measured MMMG fractions and the absorbance
at 600 nm. The results showed that cell aggregation, which
produced a decrease of the absorbance, started after 5 min and

Desorbad fluorascance {per cent of total adsorbed)
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Fig. 5 Desorption by 50 mM sugars and aminosugars of different fluorescent
fractions absorbed on Acetobacter diazotrophicus cells. Fractions: (A)
Fluorescent HMMG,; (B) fluorescent MMMG; and (C) fluorescent acetone-
precipitated proteins. Desorbed with: GC, glucose; FC, fructose; GCA,
glucosamine; NGlu, N-acetyl glucosamine; NGal, N-acetyl galactosamine;
SC, sucrose; FT, fetuin. Measurements were performed in triplicate. Vertical
bars indicate standard error

G FC

reached a maximum at 30 min. The role of sucrosein the
binding of glycoproteins to the cell wall and in bacterial cell
aggregation was further assessed by adding 100 mM sucrose
to the agglutinated cells, which caused immediate disag-
gregation.

Discussion

Plants have mechanisms to discriminate potential pathogens
from symbionts [8]. These mechanisms have been postulated
to act through lectin-like glycoproteins. We herein provide
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evidence of aselective binding of some glycoproteins produced
by sugarcane and extracted from sugarcane juice to A. dia-
zotrophicus, the natural endosymbiont of sugarcane plants,
whereas they do not bind efficiently to L. mesenteroides, an
epiphytic bacterium which lives on leaf surfaces. This
phenomenon closely resembles the selectivity of other plant
lectins, which can discriminate between compatible and
incompatible endophytes [29, 31, 32]. Moreover, sugarcane
glycoproteins have been demonstrated to exert a cyto-
agglutinating effect on A. diazotrophicus, a property of plant
lectins which behave as phytohaemaggl utinins [25, 41] or
phycoagglutinins [30]. Bacterial adhesion is undoubtedly
produced by HMMG and MMMG, the glycosidic moiety of
which is mainly composed by fructose units linked by 3-(1, 2)
bonds, since sucrose reverses cytoaggl utination.

Both HMMG and MMMG have been previously defined
as heterogeneous fractions composed by severa cationic and
anionic glycoproteins [20]. Since cationic glycoproteins are
not largely bound to Acetobacter cells, the biological activity
of these proteins, their binding capability, seemsto be restricted
to anionic HMMG and MMMG. The pattern of binding
behaviour of total, acetone-precipitated protein to A. diazo-
trophicus (Fig. 4) and their desorption (Fig. 5C) seemsto be
similar to that observed for MMMG (Fig. 5B) rather than for
HMMG (Fig. 5A) since the amount of MMMG in sugarcane
juiceisabout 70 times higher than that of HMMG. Moreover,
the quantitative adsorption of total protein islow, possibly due
to the occurrence of high amounts of non-glycosylated proteins
in thisfraction (Fig. 2).

HMMG largely contains 3-1,2 fructan domains separated
by galactitol unitsin ether linkage [18]. Thus, alarge desorption
of HMMG may have been produced by sucrose (a-p-
glucopyranosyl-(1,2)-O-3-b-fructofuranoside) and secondarily
by fructose. Thisisthe first time that a cluster consisting of
dimeric fructose with 3-1,2 linkages has been described as
an active center of a plant lectin-like glycoprotein, but the
pecificity of some lectinstowards a disaccharide with a specific
linkage is well known. For example, the lectin of Erythrina
corallodendron [24] and E. crystagalli [12] selectively binds
to P-b-galactose-(1,4)-p-N-acetylglucosamine, that of
Euonymus europaeus [34] to a-bp-gal actose-(1,3)-p-gal actose,
and the lectin of Sambucus nigra to 3-p-galactose-(1,4)-p-
glucose [6]. Desorption of MMMG differs significantly since
it is produced by glucosamine and, secondarily, by sucrose
(Fig. 5A). This can be explained on the basis of the relative
length of the homofructan segments in the glycidic moiety of
these glycoproteins. The homofructans segments of HMMG
are ...—galactitol-fructose(fructose) -fructose-gal actitol-....,
where n>4, and, as a consequence, completely hydrolyzed
by B-fructosidase [1,20], whereas those of MMMG are
...—galactital-(fructose),-galactitol-.... or...—galactitol-(fructose) -
galactitol-.... and, thus, B-fructosidase only produces about
50% of free fructose [16, 20]. Thisimpliesthat HMMG contain
many consecutive (3-(1,2) linkages, able to bind the ligand;

thus, the probability that they be desorbed by sucrose is high
(Fig. 5A). However, the number of active bonds for the binding
of MMMG islow, probably because of the steric difficulty to
accessto the ligand site.

Both HMMG and MMMG are produced by sugarcane salks
as a response to mechanical injuries [28, 40] or attack of
pathogens [17]. So, it is feasible that these glycoproteins be
produced after the insertion of the mouth stylus of
Saccharococcus sacchari into the storage cells of
parenchymatous tissues of sugarcane stems[3]. If that were
S0, they would appear simultaneously to the introduction of
the potential endophyte, A. diazotrophicus, in the host tissues.
This hypothesis can explain the discriminatory ability of
sugarcane to choose the compatible endophyte from several
possible ones.

Acknowledgments This work was supported by a grant from the Direccion
Genera de Investigacion Cientificay Tecnologica (Ministerio de Educacion
y Cultura, Spain) PB96 0662 and a grant from the Subdireccién General de
Cooperacion Internaciona (Ministerio de Educacion y Cultura, Spain) PR61/98-
7831. We are indebted to M. Vicente-Manzanares by his stimulating discussion
and to Miss Ragquel Alonso by her technical assistance.

References

1. ArmasR, Martinez M, Rodriguez CW, Legaz ME, Mateos JL, Caffaro
SV, Vicente C (1992) The chemical nature of high molecular mass
heterofructans from canejuice. Intern Sugar J 94:147-149

2. ArrietaJ, Hernandez L, Coego A, Suarez V, Balmori E, Menéndez C,
Petit-Glatron MF, Chambert R, Selman-Housein G (1996) Molecular
characterization of the levansucrase gene from the endophytic sugarcane
bacterium Acetobacter diazotrophicus SRT4. Microbiology
142:1077-1085

3. Ashbolt NJ, Inkerman PA (1990) Acetic acid bacterial biota of the pink
sugar cane mealybug, Saccharococcus sacchari, and its environs. Appl
Environ Microbiol 56:707-712

4. Badani J, Caruso L, Baldani VLD, Goi S, Débereiner J(1997) Recent
advances in BNF with non-legume plants. Soil Biol Biochem 29:911-922

5. Bellone CH, de Bellone SDVC, Pedraza RO, Monzén MA (1997) Cell
colonization and infection thread formation in sugar cane roots by
Acetobacter diazotrophicus. Soil Biol Biochem 29:961-967

6. Broekaert WF, Nsimba-Lubaki M, Peeters B, Peumans WK (1984) A
lectin from elder (Sambucus nigra L.) bark. Biochem J 221:163-169

7. Cavalcante VA, Dobereiner J(1988) A new acid-tolerant nitrogen-fixing
bacterium associated with sugarcane. Plant Soil 108:23-31

8. Chrispeels MJ, Raikhel NV (1991) Lectins, lectin genes and their role
in plant defense. Plant Cell 3:1-9

9. DongZ, Canny MJ, McCully ME, Roboredo MR, Cabadilla CF, Ortega
E, Rodes R (1994) A nitrogen-fixing endophyte of sugarcane stems. A
new role for the apoplast. Plant Physiol 105:1139-1147

10. Dubois M, Gilles KA, Hamilton JK, Rebers, PA, Smith F (1956)
Colorimetric method for determination of sugar and related substances.
Anal Chem 28:350-356

11. Gross U, Hambach C, Windeck T, Heesemann J (1993) Toxoplasma
gondii: uptake of fetuin and identification of a 15 kDa fetuin-binding
protein. Parasitol Res 79:191-194

12. Iglesias JL, LisH, Sharon N (1982) Purification and properties of ap-
galactose/N-acetyl-p-gal actosamine-specific lectin from Erythrina
cristagalli. Eur J Biochem 123:247-252



182

INTERNATL MicrosioL Vol. 3, 2000

Legaz et al.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

James EK, Olivares FL (1997) Infection and colonization of sugar cane
and other graminaceous plants by endophytic diazotrophs. Crit Rev Plant
Sci 17:77-119

James EK, Reis VM, Olivares FL, Baldani JI, Débereiner J (1994)
Infection of sugarcane by the nitrogen-fixing bacterium Acetobacter
diazotrophicus. J Exptl Bot 45:757—-766

Jménez-Salgado T, Fuentes-Ramirez LE, TepiaHernandez A, Mascarua-
EsparzaMA, Martinez-Romero E, Cabalero-Mellado J(1997) Coffea arabica
L., anew host plant for Acetobacter diazotrophicus and isolation of other
nitrogen-fixing acetobacteria. Appl Environ Microbiol 63:3676-3683
Legaz ME, Armas R, Medinal, Caffaro SV, Martinez M, Mateos JL,
Rodriguez CW, Vicente C (1992) An approach to the chemical structure
of sugar cane mid-molecular weight heterofructans. Plant Physiol-Life
Sci Adv 11:131-140

Legaz ME, Armas R, Pifién D, Vicente C (1998) Relationships between
phenolics-conjugated polyamines and sensitivity of sugarcane to smut
(Ustilago scitaminea). J Exptl Bot 49:1723-1728

Legaz ME, Martin L, Pedrosa MM, Vicente C, Armas R, Martinez M,
Medinal, Rodriguez CW (1990) Purification and partial characterization
of afructanase which hydrolyzes natural polysaccharides from sugarcane
juice. Plant Physiol 92:679-683

Legaz ME, PedrosaMM, Armas R, Martinez M, Vicente C (1995) Soluble
glycoproteins from sugar cane juice analyzed by SE-HPLC and
fluorescence emission. J Chromatogr 697:329-335

Legaz ME, PedrosaMM, Armas R, Rodriguez CW, delos Rios V, Vicente
C (1998) Separation of soluble glycoproteins from sugarcane juice by
capillary electrophoresis. Anal Chim Acta 372:201-208

Legaz ME, Solas MT, Xavier Filho L, Vicente C (1998) Quaternary
structure of catalase using a bioskin-immobilized enzyme. Biotechnol
Tech 12:481-484

Leigh JA, Coplin DL (1992) Exopolysaccharides in plant-bacterial
interactions. Annu Rev Microbiol 46:307—-346

Li R, MacRae C (1991) Specific association of diazotrophic Acetobacter
with sugar cane. Soil Biol Biochem 23:999-1002

Lis H, Joubert FJ, Sharon N (1985) Isolation and properties of N-
acetyllactosamine-specific lectins from nine Erythrina species.
Phytochemistry 24:2803-2809

Lockhart CM, Rowell B, Stewart WDP (1978) Phytohaemagglutinins
from the nitrogen-fixing lichens Peltigera canina and P. polydactyla.
FEMS Microbiol Lett 3:127-130

Lowry OH, Rosebrough NH, Farr AL, Randall RJ (1951) Protein
measurement with the Folin phenol reagent. J Biol Chem 193:265-275
Martinez M, Legaz ME, Paneque M, Domech R, Armas R, Medinal,
Rodriguez CW, Vicente C (1990) Glycosidase activities and

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

polysaccharide accumulation in sugar cane stalks during post-collection
impairment. Plant Science 72:193-198

Martinez M, Legaz ME, Paneque M, Armas R, Pedrosa MM, Medina
I, Rodriguez CW, Vicente C (1990) The origin of soluble fructansin sugar
canejuice. Intern Sugar J 92:155-159

Marx M, Peveling E (1983) Surface receptors in lichen symbionts
visualized by fluorescence microscopy after use of lectins. Protoplasma
114:51-62

MolinaMC, Vicente C (1995) Correl ationships between enzymatic activity
of lectins, putrescine content and chloroplast damage in Xanthoria
parietina phycobionts. Cell Adh Commun 3:1-12

MolinaMC, Mufiiz E, Vicente C (1993) Enzymatic activities of algal-
binding protein and its algal cell wall receptor in the lichen Xanthoria
parietina. An approach to the parasitic basis of mutualism. Plant Physiol
Biochem 31:131-142

Molina MC, Stocker-Worgétter E, Turk R, Bajon C, Vicente C (1998)
Secreted, glycosylated arginase from Xanthoria parietina thallus induces
loss of cytoplasmic material from Xanthoria photobionts. Cell Adh
Commun 6:481-490

PaulaMA, Reis VM, Dobereiner J (1991) Interactions of Glomus clarum
and Acetobacter diazotrophicus in infection of sweet potato (Ipomoea
batatas), sugarcane (Saccharum spp.), and sweet sorghum (Sorghum
vulgare). Biol Fertil Soils11:111-115

Petryniak J, Pereira ME, Kabat EA (1977) The lectin of Euonymus
europaeus: purification, characterization, and an immunochemical study
of its combining site. Arch Biochem Biophys 178:118-134

Pifion D, de Armas R, Vicente C, Legaz ME (1999) Role of polyamines
in the infection of sugarcane buds by Ustilago scitaminea spores. Plant
Physiol Biochem 37:57-64

Purcell AH, Hopkins DL (1996) Fastidious xylem-limited bacterial plant
pathogens. Annu Rev Phytopathol 34:131-151

SolasMT, Vicente C, Xavier Filho L, Legaz ME (1994) |onic adsorption
of catalase on bioskin: kinetic and ultrastructural studies. J Biotechnol
33:63-70

Spiro RG, Bhoyroo VD (1974) Structure of the O-glycosidically linked
carbohydrate units of fetuin. J Biol Chem 249:5704-5717

Stephan MP, Fontaine T, Previato JO, Mendoga-Previato L (1995)
Differentiation of capsular polysaccharides from Acetobacter
diazotrophicus strains isolated from sugarcane. Microbiol Immunol
39:237-242

Valdés P, Rodriguez CW (1982) Respuesta de lostallos de cafia de azticar
alos cortes. Cienc Agric 12:118-122

Zalik SE (1991) On the possible role of endogenous lectins en early
animal development. Anat Embryol 183:521-536



