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Co-flocculation between cells of S. cerevisiae NCYC 234 and NCYC1109, both of which were

non-flocculent when cultivated in YM mediumfor20 h, was investigated by chemical modification.

Ca2+ promoted co-flocculation. Protein-denaturants and several carbohydrates caused reversible

inhibition of the co-flocculation in the presence ofCa2+. The effect of treatment with proteolytic

enzymes and chemical modification ofcell surface protein and carbohydrate components suggest

strongly that co-flocculation between cells of NCYC 234 and cells of NCYC 1109 results from

interaction between surface protein component of cells ofNCYC 1109 and surface carbohydrate

component of cells ofNCYC 234.

KeyWords: Yeast, Saccharomyces cerevisiae, flocculation, co-flocculation, chemical modification,

intercellular interaction.

Abbreviations: YM medium, liquid medium containing 0.3% yeast extract, 0.3% malt extract,

0.5% peptone, and 1% D-glucose (see the text); D.E, degree of flocculation and co-flocculation

(see the text); hi)/MB, photo-irradiated in the presence of methylene blue (see the text).

INTRODUCTION was studied using two different non-flocculent yeast

Flocculation is defined as the phenomenon wherein yeast ce"f• ^s paper the essential parts of surface protein
cells adhere in clumps and sediment rapidly from the and carbohydrate components mco-flocculahon between
mediuminwhichtheyaresuspended^.Thephenomenon non-flocculent cells are described.

of yeast flocculation is of great interest in brewing and in

other many fermentation mdustries. In 1982, Mikl el al.« EXPERIMENTAL METHODS
proposed that flocculent yeast cells express a lectin Yeast strains

protein which recognizes mannan sites on other cells. A ,. ._.._„. , ,.„.,„„ ,,„„
. .. . . , • c. iu- i u l ii 17 Saccharomuces cerevisiae NCYC 234 and NCYC 1109

similar conclusion was reported from this laboratory11-12. £

Non-flocculent cells possessed no lectin protein essential were used throughout-
for flocculation although they had an essential carbohydrate _ ...

. . , ?.. \ . • .i . < Cultivation
component as indicated by studying the phenomenon of

flocculation and co-flocculation between flocculent cells Yeast cells cultivated in a liquid medium containing

and non-flocculent cells through chemical modification 0.3% yeast extract, 0.3% malt extract, 0.5% peptone, and

of cell surface protein and carbohydrate components. 1% D-glucose (YM medium) were washed three times

with sterilized deionized water and inoculated at a cell

Co-floccularion, which was described to be mutual conCentration of 1 ug/ml into fresh liquid medium of
agglutinationbyEddyZandwasfurtherstudiedbyStewartand the same composition. Cultivation was carried out at

Garrison", isthephenomenon whereby twostrainsarenon- 3Q0Q wUh shaking on a reciprocal shaker (90 strokes/

flocculent alone but become flocculent when mixed together. min 7 ^ Yeast ce,,s ^^^^ for appropriate times

The effect of chemical modification of cell surface were harvested and washed three times with deionized

protein and carbohydrate components on co-flocculation water.

Estimation of flocculation and co-flocculation

t A part of the contents of the paper was communicated to poster _. i ■ lj en i • c
presentations of 8th European Congress on Biotechnology held in Unless Stated otherwise, the degree of flocculation of

Budapest. Hungary in 1997. cells of a single strain alone (D.F. value) was estimated

* To whom correspondence should be addressed. by suspending cells in 5 mM CaCl2 as described earlier11.
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The degree of co-flocculation between cells of NCYC 234

and NCYC 1109 (D.F. value) was estimated as follows:

cells of each strain were suspended in 5 mM CaCl2

solution to a concentration of 5 mg/ml. Equal volumes

of the two cell suspensions were mixed and was then

determined in the same way as that of the flocculation of

a single strain.

Effects of different concentrations of Ca2+, protein

denaturants and monosaccharides on co-flocculation

were studied by measuring D.F. values in various

solutions in place of 5 mM CaCl2.

Treatment of cells with proteolytic enzymes and chemical

modification of cell surface protein and carbohydrate

components

Trypsin

10 mg of cells was incubated with 1 mg of trypsin at

30°C for 30 min in 2 ml of 0.05M Tris HC1 buffer (pH 7.6).

Chymotrypsitt

10 mg of cells was incubated with 2 mg of chymotrypsin

at 30°C for 30 min in 2 ml of0.05M Tris HC1 buffer (pH 7.8).

Photo-oxidation

10 mg of cells was photo-irradiated in the presence of

methylene blue at the room temperature, as described

before9. [hu/MB]

NaIO4

10 mg of cells was treated with 10 mM NaIO4 at 0°C for

30 min in the dark.

After appropriate treatments described above, cells

were washed three times with deionized water and then

used in the flocculation and co-flocculation experiments.

RESULTS

Co-flocculation between S. cerevisiae NCYC 234 and

NCYC 1109

A time course of flocculation and co-flocculation between

cells of S. cerevisiae NCYC 234 and NCYC 1109 is shown

in Figure 1. Both cells of NCYC 234 and NCYC 1109
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cultivated for 20 h were non-flocculent although they

began to flocculate 48 h after inoculation. Co-flocculation

occurred when non-flocculent cells of NCYC 234 and

cells of NCYC 1109 grown for 20 h were mixed together.

Co-flocculation, which occurs when non-flocculent

cells of NCYC 234 and cells of NCYC 1109 grown for 20

h in YM medium were mixed, was studied as described

below.

Calcium ion dependency of co-flocculation

Figure 2 illustrates the effect of Ca2+ on the co-flocculation

between cells of NCYC 234 and cells of NCYC 1109

cultivated for 20 h. Although co-flocculation did not

FIG. 1. Time course of flocculation and co-flocculation between

cells of S. cerevisiae NCYC 234 and NCYC 1109.

CaCI2 (mM)

FIG. 2. Ca2* dependency of co-flocculation between cells of S.

cerevisiae NCYC 234 and NCYC 1109. After cells of NCYC 234

and cells of NCYC 1109 grown for 20 h were harvested, washed

three times with deionized water and suspended in different

concentrations of CaCl2 solutions, they were mixed and D.F.

values estimated.

occur when cells from each strain were washed with

deionized water, suspended in water and mixed, the

addition of Ca2+ into the cell suspension brought about

co-flocculation. Co-flocculation increased with increasing

concentration of Ca2+ and 5 mM Ca2+ caused co-

flocculation most strongly. Thus, Ca2+ enhanced the co-

flocculation between cells of NCYC 234 and cells of

NCYC 1109.

Effect of protein-denaturants on co-flocculation

The effect of protein-denaturantson co-flocculation is

shown in Figure 3. When 8 M urea or 5 M guanidine

HC1 was added to a cell mixture in the presence of 5 mM

Ca2+, co-flocculation failed to occur. Removal of the de

naturants and subsequent addition of 5 mM Ca2+ again

brought about co-flocculation. These results suggest that

surface protein component plays an essential part in the

co-flocculation between cells of NCYC 234 and cells of

NCYC 1109 and the inhibitory effect of protein-

denaturants on the co-flocculation is reversible.

Effect of treatment with proteolytic enzymes and

chemical modification of cell surface protein and

carbohydrate components on co-flocculation

The effects of treatments with proteolytic enzymes and

chemical modification of cell surface protein and
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FIG. 3. Reversible inhibitory effect of protein-denaturants on

co-flocculation between cells of S. cerevisine NCYC234 and

NCYC 1109. After cells of NCYC 234 and cells of NCYC 1109

grown for 20 h were harvested, washed three times with

deionizcd water and suspended in 8M urea or 5M guanidine

HCI containing 5mM CaCl2, they were mixed and D.F. values

were estimated. For estimating reversible inhibitory effect of

protein-denaturants on the co-flocculation, urea and guanidine

HCI were removed from cell suspensions of the protein-

denaturants containing 5mM CaCl2 by centrifuging and

washing three times with deionized water. Cell mixtures were

then suspended in 5mM CaCl; and D.F. values estimated.
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FIG. 4. Effect of treatment with proteolytic enzymes and

chemical modification of cell surface protein and carbohydrate

components on co-flocculation between cells of S. cerevisiae

NCYC 234 and NCYC 1109. After cells of NCYC 234 and cells

of NCYC 1109 grown for 20 h were harvested and washed

three times with deionized water, they were treated with

proteolytic enzymes, photo-irradiated in the presence of

methylene blue or oxidized with sodium periodate. They were

then washed three times with deionized water, suspended in

5mM CaClj, mixed and D.F. values estimated.

carbohydrate components on co-flocculation are shown

in Figure 4. It is known that photo-irradiation in the

presence of methylene blue preferentially brings about

modification of imidazole groups of histidyl residues in

proteins3. It has also been reported that the floc-forming

ability of flocculent yeast cells are lost by photo-

irradiation in the presence of a photo-sensitizer because

of the destruction of the steric structure of a surface

protein component essential for flocculation9. Treatment

with periodate is known to result in C-C bond cleavage

of vicinal dihydroxy compounds including carbohydrates.

The treatment of cells of NCYC 234 with trypsin or

chymotrypsin or photo-irradiation in the presence of

methylene blue did not affect co-flocculation with

untreated cells of NCYC 1109 significantly. On the

contrary, cells of NCYC 234 treated with sodium

periodate failed to co-flocculate with untreated cells of

NCYC 1109. These results strongly suggest that surface

carbohydrate rather than surface protein components of

cells of NCYC 234 is essential for co-flocculation with

cells of NCYC 1109. When cells of NCYC 1109 were

treated with trypsin or chymotrypsin or photo-irradiated

in the presence of methylene blue, they lost the ability

to co-flocculate with untreated cells of NCYC 234

significantly. On the contrary, cells of NCYC 1109 treated

with sodium periodate co-flocculated not only with

untreated cells of NCYC 234 but also trypsin-treated or

photo-irradiated cells of NCYC 234 as untreated cells of

NCYC 1109 did. Therefore, it is evident that surface

protein component of NCYC 1109 cells plays an essential

role in the co-flocculation with NCYC 234 cells but

surface carbohydrate component of cells of NCYC 1109

does not.

Effect of monosaccharides on co-flocculation

The effect of monosaccharides on co-flocculation

between cells of NCYC 234 and cells of NCYC 1109 in

the presence of 5 mM CaCl2 is shown in Figure 5. Co-

flocculation was inhibited strongly by D-mannose and
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FIG. 5. Reversible inhibitory effect of monosaccharides on

co-flocculation between cells of S. cerevisiae NCYC 234 and

NCYC 1109. After cells of NCYC 234 and cells of NCYC 1109

grown for 20 h were harvested, washed three times with

deionized water and suspended in different concentrations of

monosaccharide solutions containing 5mM CaCl2, they were

mixed and D.F. values were estimated. For estimating the

reversible inhibitory effect of monosaccharides on co-

flocculation, monosaccharides were removed from cell

suspension of the monosaccharide containing 5mM CaCl2 by

centrifuging and washing three times with deionized water.

Cell mixtures were then suspended in 5mM CaCl2 and D.F.

values were estimated.

D-glucose and partially by D-fructose, whereas D-

galactose failed to affect co-flocculation. The removal of

D-mannose and D-glucose and subsequent addition of

5 mM Ca2+ brought about co-flocculation. Thus, the

inhibitory action of the monosaccharides on co-

flocculation was reversible.
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