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A procedure is given for the coupling of fluorescein isothiocyanate to concana-
valin A, a protein which specifically combines with a variety of polysaccharides,
and for the subsequent isolation of the reactive conjugate. This fluorescent conju-
gate stains Saccharomyces cerevisiae but not Schizosaccharomyces pombe or Rho-
dotorula glutinis. The cell walls of the latter two organisms do not contain branched
homopolymers of a-linked mannose. Furthermore, the staining of S. cerevisiae is
competitively inhibited by either unlabeled concanavalin A or methyl-a-D-manno-
pyranoside. On the basis of this evidence, it is concluded that the staining of S. cer-

evisiae results from the specific interaction of the fluorescein-concanavalin A conju-
gate with the a-mannan present in the cell wall of this yeast.

Concanayvalin A, a protein of the jack bean
(Canavalia ensiformis), combines specifically
with a variety of polysaccharides which have
branched structures and a-D-glucopyranosyl, a-
D-mannopyranosyl, ,B-D-fructofuranosyl, or a-D-
arabinofuranosyl residues occupying nonreducing
terminal positions (7-10). Of the polysaccha-
rides which react with concanavalin A, e.g., gly-
cogen, amylopectin, arabinogalactan, various
dextrans, and levans (4, 7, 9, 10, 15, 24, 25), a-
linked mannose homopolymers such as those
produced by Saccharomyces species seem to be
the most tenaciously bound (22).

Three types of polysaccharides occur in cell
walls of bakers' yeast: major amounts of glucan
and mannan and lesser quantities of chitin (16,
17, 21). Since concanavalin A does not react with
yeast glucan (10) and would not be expected to
react with chitin, a linear ,B-linked polymer, flu-
orescently labeled concanavalin A should be a
specific staining reagent for the a-mannan pres-
ent in such cell walls.

In the present communication we report the
preparation of fluorescein-labeled concanavalin A
and the specificity of the interaction of this conju-
gate with living yeast cells.

MATERIALS AND METHODS
Purification of concanavalin A. Concanavalin A was

isolated from jack bean meal (Worthington Biochemi-
cal Corp., Freehold, N.J.) by the method of Agrawal
and Goldstein (1), a purification technique based on the
specific adsorption of concanavalin A to a cross-linked
dextran gel and its subsequent elution with 0.1 M glu-
cose. The concentration of concanavalin A was esti-

mated spectrophotometrically at 280 nm employing an
El1cm value of 11.4 (3).

Isolation of mannan. Mannan from baker's yeast
(Anheuser Busch Inc., Old Bridge, N.J.) was prepared
as described by Peat et al. (20) with the modification
that, after precipitation with Fehling's solution, the
copper was removed by the addition of Bio-Rad cation
exchange resin AG 50W-X 12, 20 to 50 mesh, hydrogen
form (Bio-Rad Laboratories, Richmond, Calif.).

Conjugation of fluorescein to concanavalin A. Flu-
orescein isothiocyanate (Calbiochem, Los Angeles,
Calif.) was dissolved (0.94 mg/ml) in 0.1 M
Na2HPO4. To 0.48 ml of this solution was added 11.9
mg of concanavalin A In 0.6 ml of 1.0 M NaCl. The
reaction mixture, the pH of which was 8.35, was incu-
bated at room temperature (ca. 22 C) for 2 hr and then
dialyzed overnight at 4 C against 2 liters of 1.0 M NaCl.
After the small amount of precipitate which formed on
dialysis was removed by centrifugation (44,000 x g, 15
min, 4 C), the mixture was placed on a column (0.9 by
15.5 cm) of Sephadex G-75 (Pharmacia Fine Chemi-
cals, Inc., Piscataway, N.J.) previously equilibrated
with 1.0 M NaCl. The absorbancies of the l-ml fraction
were determined at 280 and 493 nm. When the column
was eluted with 1.0 M NaCl, a small peak absorbing at
both wavelengths appeared in the void volume. The
bulk of the yellow material which remained on the up-
per third of the column was eluted by a solution of 0.1
M glucose in 1.0 M NaCl. This second peak which con-
sisted of active, fluorescein-conjugated concanavalin A
and any remaining unmodified concanavalin A was
pooled and dialyzed overnight at 4 C against 2 liters of
1.0 M NaCl to remove the glucose. The optical absorb-
ancy of the dialyzed pool, diluted 1:10 with 1.0 M
NaCl, was 0.190 at 280 nm and 0.102 at 493 nm. The
dialyzed pool was stored at -20 C and diluted 1:50
with 1.0 M NaCl for use as a staining reagent.
Ouchteriony analysis. Ouchterlony analysis (19),
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which was used to determine the concanavalin A activ-
ity in various column eluates, was carried out on micro-
scope slides in a supporting medium consisting of 0.85%
(w/v) NaCl, 0.01% Merthiolate, and 1.5% Noble agar
(Difco) in 0.01 M potassium phosphate buffer, pH 7.0.
The antigen well was filled with a solution of yeast
mannan (0.5 mg/ml).

Yeast strains and culture conditions. S. cerevisiae
ATCC 9763, Schizosaccharomyces pombe ATCC 2478,
and Rhodotorula glutinis strain 77 (culture collection of
W. J. Nickerson) were grown at 28 C for 24 hr with
vigorous shaking in a medium consisting of 0.5% pep-
tone, 0.3% yeast extract, and 1.0% glucose. Stock cul-
tures were maintained on the same medium with agar
added to a final concentration of 1.5%. Peptone, yeast
extract, and agar were purchased from Difco Laborato-
ries, Detroit, Mich.

Staining of yeast cells with fluorescein-concanavalin A
conjugate. Yeast strains were harvested by centrifuga-
tion, washed twice with distilled water, and resuspended
in distilled water to a final optical absorbancy of 0.1 at
660 nm (50 Klett units, Klett-Summerson Photoelectric
Colorimeter, no. 66 red filter). The cells in 0.5-ml por-
tions of the various suspensions were collected by cen-
trifugation and resuspended in 0.5-ml portions of the
fluorescein-concanavalin A conjugate diluted 1:50 with
1.0 M NaCl. After 30 min at room temperature (ca. 22
C), the cells were again collected by centrifugation,
washed twice with 2-ml portions of 1.0 M NaCl and
once with 2 ml of distilled water, resuspended in 0.5 ml
of distilled water, and applied to fluorescent-antibody
slides (Clay Adams, Parsippany, N.J.). The slides were
air-dried and fixed in acetone for 10 min at room tem-
perature. A mounting solution consisting of 9 volumes
of glycerol and I volume of 0.25 M sodium carbonate-
bicarbonate buffer (pH 9.0) was employed.

Inhibitor studies. To determine the effects of unla-
beled concanavalin A and of methyl-a-D-mannopyran-
oside on the staining of S. cerevisiae by the fluorescein-
concanavalin A conjugate, the procedure described in
the previous paragraph was modified in only one re-
spect: cells were resuspended in 0.5-ml portions of the
1:50 dilution of fluorescein-concanavalin A conjugate
containing either 30 or 150 ug of unlabeled concana-
valin A or 3 or 15 urmoles of methyl-a-D-mannopyran-
oside (Nutritional Biochemicals Corp., Cleveland,
Ohio).

Microscopy and photography. Microscopic observa-
tions were made with a Zeiss dark-field fluorescence
microscope, model GFL, equipped with an Osram mer-
cury arc lamp, BG 12 exciter filter, and OG 4 barrier
filter. Photographic records were made with Tri-X Pan
film (Eastman Kodak Co., Rochester, N.Y.) developed
by the Acufine process (Acufine Inc., Chicago, Ill.).
Exposure times of 45 sec and 5 or 10 sec were used for
fluorescent and dark fields, respectively.

RESULTS AND DISCUSSION
The reactivity of fluorescein isothiocyanate

with proteins generally increases with pH in the
range 6.0 to 10.0 (6). However, at pH values
above neutrality, concanavalin A exhibits a tend-
ency to form inactive high-molecular-weight ag-

gregates (2, 18). To minimize this inactivation
and aggregation, the reaction of fluorescein iso-
thiocyanate with concanavalin A was carried out
at pH 8.35. After coupling, the active conjugate
was separated from the unreacted fluorescein iso-
thiocyanate and inactivated protein by dialysis
and affinity chromatography on Sephadex. The
first peak, which was eluted from the dextran
column with 1.0 M NaCl, absorbed at 280 and
493 nm but did not precipitate yeast mannan
(Ouchterlony analysis). As expected, the material
which bound to the Sephadex and eluted as a
second peak with 0.1 M glucose in 1.0 M NaCl
was highly active in mannan precipitation.
The interaction of the fluorescein-concanavalin

A conjugate with S. cerevisiae, S. pombe, and
Rhodotorula glutinis, as well as the effect of in-
hibitors on the staining of S. cerevisiae, is shown
in Fig. 1 and 2 (left-hand columns). Dark-field
photomicrographs are presented for comparison
(right-hand columns).
The fluorescence of stained S. cerevisiae cells

(Fig. la) is very intense as compared to that of
unstained control cells (Fig. lg). Furthermore,
this staining is partially inhibited by the presence
of 30 Ag of unlabeled concanavalin A (Fig. lc) or
3 umoles of methyl-a-D-mannopyranoside (Fig.
le). So and Goldstein (22) showed that methyl-a-
D-mannopyranoside is a potent inhibitor of the
precipitation of yeast mannan by concanavalin A.
Increasing the amount of inhibitor to 150 gg of
unlabeled concanavalin A or 15 Mrmoles of
methyl-a-D-mannopyranoside decreases the fluo-
rescence to a level only slightly greater than that
of unstained controls.

Cells of R. glutinis and S. pombe treated with
the fluorescein-concanavalin A conjugate (Fig. 2a
and 2c, respectively) fluoresce almost as poorly
as untreated control cells (not shown).
The preferential staining of S. cerevisiae by

fluorescent concanavalin A can be explained on
the basis of the polysaccharides known to occur
in the cell walls of the yeast employed in this
study. Glucan (,B-linked) is present in S. cerevi-
siae and S. pombe but not in R. glutinis, whereas
chitin is found in the walls of S. cerevisiae and R.
glutinis but not S. pombe (14, 17). Thus, neither
of these wall components correlates with staining.
The consideration with reference to mannose-
containing polymers is somewhat more complex.
The mannose homopolymer of S. cerevisiae con-
sists of an a-(I 6)-linked backbone and nu-
merous short side chains which contain both
a-(l _ 2) and a-(I - 3) linkages and which are
attached to the backbone by a-(l _ 2) linkages
(23). Crook and Johnston (5) reported that man-
nose is a major wall component in Rhodotorula,
but the nature of the mannose-containing polymer
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FIG. 1. Left-hand column: fluorescence of S. cerevisiae treated with (a) a 1:50 dilution of the fluorescein-con-
canavalin A conjugate in 1 m NaC1i; (c) the diluted conjugate containing 30 lAg of unlabeled concanavalin A; (e) the
diluted conjugate containing 3 1umoles of methyl-ai-D-mannopyranoside; (g) distilled water only. b, d, f, h: Corre-
sponding dark-field photomicrographs for comparison.
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FIG. 2. Fluorescence of R. glutinis (a) and S. pombe (c) after treatment with a 1:50 dilution of the fluorescein-
concanavalin A conjugate. b, d: Corresponding dark-field photomicrographs for comparison.

has not been elucidated. It is known, however,
that the cell wall of R. glutinis (unlike that of S.

cerevisiae) does not contain a polysaccharide
capable of forming an insoluble complex with
copper (14). Gorin et al. (11) reported that R.
glutinis elaborates an exocellular mannose homo-
polymer, but this is ,B-linked. The cell wall of
Schizosaccharomyces octosporus contains a ga-

lactomannan which consists of an a-(l -I 6)-

linked mannopyranosyl backbone and a-galacto-
pyranosyl side chains (13). It is probable that the
galactomannan of S. pombe has a very similar
structure since the nuclear magnetic resonance
spectra of the galactomannans from these two
organisms are identical (12). A heteropoly-
saccharide of this kind would not be expected to
complex extensively with concanavalin A, be-
cause a-galactopyranosyl residues occupy most
of the nonreducing terminal positions. In sum-

mary, of the three types of yeast employed in the
present study, only S. cerevisiae produces a wall
polysaccharide (viz., the mannan) rich in one of
the four types of nonreducing terminal residues
with which concanavalin A reacts (7-10).

Since the observed staining of S. cerevisiae is
inhibited by unlabeled concanavalin A or methyl-
a-D-mannopyranoside and since R. glutinis and
S. pombe are not strongly stained, it is concluded
that the fluorescein-concanavalin A conjugate

acts as a specific staining reagent for the highly
branched a-mannan in the cell wall of S. cerevi-
siae.

ACKNOWLEDGMENTS

This investigation was supported by Public Health Service grants Al-
04572 and Al-09838 from the National Institute of Allergy and Infectious
Diseases. J. S. Tkacz is a predoctoral trainee under Public Health Service
training grant GM-507 from the National Institute of General Medical
Sciences. E. Barbara Cybulska is on leave from the Department of Drugs
Technology and Biochemistry, Technical University, Gdahsk, Poland.

We thank W. J. Nickerson, Institute of Microbiology, Rutgers Univer-
sity, and J. D. Macmillan, Department of Biochemistry and Microbiology,
College of Agriculture and Environmental Science, Rutgers University,
who supplied the cultures of R. glutinis and S. pombe, respectively. We
are also grateful to Neil Ornstein for his advice and assistance with the
photographic problems encountered during this work.

LITERATURE CITED

1. Agrawal, B. B. L., and 1. J. Goldstein. 1965. Specific binding of con-
canavalin A to cross-linked dextran gels. Biochem. J. 96:23 C-25 C.

2. Agrawal, B. B. L., and 1. J. Goldstein. 1967. Physical and chemical
characterization of concanavalin A, the hemagglutinin from jack
bean (Canavalia enstformis). Biochim. Biophys. Acta 133:376-379.

3. Agrawal, B. B. L., and 1. J. Goldstein. 1968. Protein-carbohydrate
interaction. VIl. Physical and chemical studies on concanavalin A,
the hemagglutinin of the jack bean. Arch. Biochem. Biophys. 124:
218-229.

4. Cifonelli, J. A., R. Montgomery, and F. Smith. 1956. The reaction
between concanavalin A and glycogen. J. Amer. Chem. Soc. 78:
2485-2488.

5. Crook, E. M., and 1. R. Johnston. 1962. The qualitative analysis of
the cell walls of selected species of fungi. Biochem. J. 83:325-331.

4 J. BACTERIOL.



VOL. 105, 1971 FLUORESCEIN-CONCANAVALIN A AND YEAST MANNAN

6. Goldman, M. 1968. Fluorescent antibody methods, p. 101. Academic
Press Inc., New York.

7. Goldstein, 1. J., C. E. Hollerman, and J. M. Merrick. 1965. Protein-
carbohydrate interaction. I. The interaction of polysaccharides with
concanavalin A. Biochim. Biophys. Acta 97:68-76.

8. Goldstein, I. J., C. E. Hollerman, and E. E. Smith. 1965. Protein-car-
bohydrate interaction. II. Inhibition studies on the interaction of
concanavalin A with polysaccharides. Biochemistry 4:876-883.

9. Goldstein, I. J., and A. Misaki, 1970. Interaction of concanavalin A
with an arabinogalactan from the cell wall of Mycobacterium bovis.
J. Bacteriol. 103:422-425.

10. Goldstein, I. J., and L. L. So. 1965. Protein-carbohydrate interaction.
III. Agar gel-diffusion studies on the interaction of concanavalin A,
a lectin isolated from jack bean, with polysaccharides. Arch.
Biochem. Biophys. 111:407-414.

11. Gorin, P. A. J., K. Horitsu, and J. F. T. Spencer. 1965. An exocellu-
lar mannan, alternately linked 1,3-,B and 1,4-# from Rhodotorula
glutinis. Can. J. Chem. 43:950-954.

12. Gorin, P. A. J., and J. F. T. Spencer. 1968. Galactomannans of Tri-
chosporon fermentans and other yeasts; proton magnetic resonance
chemical studies. Can. J. Chem. 46:2299-2304.

13. Gorin, P. A. J., J. F. T. Spencer, and R. J. Magus. 1969. Compari-
son of proton magnetic resonance spectra of cell-wall mannans and
galactomannans of selected yeasts with their chemical structures.
Can. J. Chem. 47:3569-3576.

14. Kreger, D. R. 1954. Observations on cell walls of yeasts and some
other fungi by X-ray diffraction and solubility tests. Biochim. Bio-
phys. Acta 13:1-9.

5

15. Manners, D. J., and A. Wright. 1962. a-1,4-Glucosans. XIV. The
interaction of concanavalin A with glycogens. J. Chem. Soc. p.
4592-4595.

16. Nickerson, W. J. 1963. Symposium on biochemical bases of morpho-
genesis in fungi. IV. Molecular bases of form in yeasts. Bacteriol.
Rev. 27:305-324.

17. Northcote, D. H. 1963. The structure and organization of the poly-
saccharides of yeasts. Pure Appl. Chem. 7:669-675.

18. Olson, M. 0. J., and J. E. Liener. 1967. The association and dis-
sociation of concanavalin A, the phytohemagglutinin of the jack
bean. Biochemistry 6:3801-3808.

19. Ouchterlony, 0. 1968. Handbook of immunodiffusion and immuno-
electrophoresis. Ann Arbor Science Publishers, Inc., Ann Arbor,
Mich.

20. Peat, S., W. J. Whelan, and T. E. Edwards. 1961. Polysaccharides
of baker's yeast. IV. Mannan. J. Chem. Soc. p. 29-34.

21. Phaff, H. J. 1963. Cell wall of yeasts. Annu. Rev. Microbiol. 17:15-30.
22. So, L. L., and I. J. Goldstein. 1968. Protein-carbohydrate interaction.

XIII. The interaction of concanavalin A with a-mannans from a
variety of microorganisms. J. Biol. Chem. 243:2003-2007.

23. Stewart, T. S., and C. E. Ballou. 1968. A comparison of yeast
mannans and phosphomannans by acetolysis. Biochemistry 7:
1855- 1863.

24. Sumner, J. B., and S. F. Howell. 1936. The identification of the
hemagglutinin of the jack bean with concanavalin A. J. Bacteriol.
32:227-237.

25. Sumner, J. B., and D. J. O'Kane. 1948. The chemical nature of yeast
saccharase. Enzymologia 12:251-252.


