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Yeast flocculation gene FLO1, located on chromosome I of Saccharomyces cerevisiae, has been cloned

previously16. However, it has recently been found that the gene was an in-frame deletion derivative of

the chromosomal intact FLOl gene19. When introduced into non-flocculent industrial strains, including
brewer's yeast, the latter gene, FLO1L, containing an open reading frame of 4,611 bp, conferred stronger

flocculation than the former gene, FLO1S, containing an open reading frame of 2,586. By chromosomal

integration of the ADf/T-controlled FLOTL gene, "gene therapy" of the flocculation behaviour of the

parent non-flocculent brewer's yeast was successfully achieved.
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Introduction

In brewing, especially in bottom-fermentation, good floccu

lation toward the end of fermentation is essential6-12 If the

yeast fails to flocculate, its removal from fermented wort is

troublesome, and this in turn may cause difficulties in achiev

ing a bright sparkling beer. It may also result in off-flavours

due to yeast autolysis. Problems caused by a change in the

flocculation character of production yeasts have been

reported. Often these changes are transient, i.e. due to some

deficiency in the composition of the wort or different con

ditions of fermentation. However, permanent changes can

also occur and it has been known for a long time that the

flocculation property of brewing strains is unstable.

It is known that, in addition to physiological and environ

mental factors45, yeast flocculation is under genetic

control8-12-13. A great number of chromosomal genes are

involved in the expression of flocculation, and mitochondrial

DNA is also involved13. The difficulties in formulating a

reliable method for the quantification of flocculation and

the inherent instability of the flocculence phenotype have

hindered genetic analysis of flocculation and thus the mech

anism of the genetic control involved is not fully understood.

One of the dominant flocculation genes, FLO1, most prob

ably coding for a lectin-like cell surface protein, has recently

been cloned14-16 and sequenced1519. When introduced into
non-flocculent brewing strains using multi-copy plasmids, it

confers a flocculent phenotype17-18-19. This opens new possi

bilities for genetic modification of brewer's yeasts. Many

yeast strains producing organoleptically attractive beer have

been rejected by the practical brewers on the basis of poor

or non-existing flocculation properties. These strains can now

be modified to give better flocculation and thus will be

suitable for the brewing process. In this paper, it is shown

that several non-flocculating brewing and other industrial

yeasts can be made flocculent by transforming them with a

multicopy plasmid expressing the FLOl gene. Modification

of a non-flocculent brewing yeast strain by integrating the

FLOl gene into the ADH1 locus of the yeast genome by

co-transformation and gene replacement method is

described10. In addition, a comparison of the brewing proper

ties and the quality of the beer produced with the modified

strain and the parent strain under small-scale fermentation

trials is made.

Experimental

Microorganisms

The brewing yeast strains used in this study were: W164

(bottom); W204 (bottom); SMA-S (bottom); H.H. (bottom);

no. 352 (bottom); obg. 160 (alt); no. 306 (ale); no. 361 (alt).

W164 and W204 were obtained from Technische Universiat

Munchen (Weihenstephan, Germany); SMA-S, H.H., and

obg. 160 were from Versuchs- and Lehranstalt fur Brauerei

(Berlin, Germany), no. 352, no. 306 and no. 361 were from

Doemens (Grafelfing, Germany). Other industrial strains

used in this study were: IAM 4175 (wine); AHU32OO

(whisky); Kyokai no. 6 (Japanese sake): IFO 0282 (Japanese

shochu); IFO 0216 (alcohol). IAM 4175 was obtained from

Institute of Applied Microbiology, University of Tokyo,

Tokyo, Japan; AHU 3200 was from the Faculty of Agricul

ture, Hokkaido University, Sapporo, Japan; Kyokai no. 6

was from Nihon Jozo Kyokai, Tokyo, Japan; IFO 0282 and

IFO 0216 were from Institute for Fermentation, Osaka,

Japan. The laboratory yeast strain 5. cerevisiae YJW6

(MA7a adel ural his4 canl karl) was constructed in our

laboratory15. E. coli K12 strain JA221 (recA lacY leuB

trpAE5 thr thihsdR hsdU), obtained from Prof. M. Takagi

of University of Tokyo, was used in this study.

Culture Media

YEPD contained 1% yeast extract, 2% peptone, and 2%

dextrose. Minimal medium contained 2% dextrose and

0.67% yeast Nitrogen Base without amino acids; amino acids

and bases were added, if necessary (each 20 jug/tnl in final

concentration). For G418 (Geneticin, Gibco Lab., Grand

Island, NY, U.S.A.) selection of yeast transformants, G418

was added to YEPD medium: 50 /tg/ml for bottom-fer

menting strains, 100 jug/ml for top-fermenting strains, and

250 /£g/ml for other industrial strains. E. coli cells were

grown in LB medium (1% bacto-peptone, 0.5% yeast extract,

and 0.5% NaCl) supplemented with antibiotics as appropri

ate. The medium was solidified with 2% agar for yeast or

1.5% for E. coli.
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Plasmids

The structure of the plasmids used in this study are pre

sented in Figure 1. YCpHF19S and YCpHF19L are YCp-

type plasmids containing the flocculation gene FLOIS and

FLO1L respectively; FLOIS is an in-frame delected form in

the open reading frame region of FLO1L which is the intact

form of FLO1 in yeast chromosome I19. YRpGLlO is YRp-
type plasmid, containing G418 resistance gene (Tn903) for

direct selection of yeast transformants17. YRpGL10-FLO/S

and YRpGLlO-FLO/L are YRpGLlO-based plasmids carry

ing the FLOIS and FLO1L open reading frame sequence,

respectively, linked between the ADM promoter and ter

minator1. In both plasmids, the open reading frame sequence

{FLOIS or FLOIL) flanked by four A-residues and a Hindlll

linker, AAGCTT at the 5' end and by the same HindIII

linker sequence at the 3' end, was inserted into the Hindlll

site between the ADM promoter and terminator sequences

on pKB1022. The ADH1/FLO1 expression cassettes were

released as BantHl fragments, ligated into the BamHl site

of YRpGLlO, resulting in the plasmids YRpGLlO-FLOiS

and YRpGL10-FLO7L. pBR-ADHl-FLO/L and pBR-

ADH1-FLO1S are pBR322-based plasmids in which the

ADH1IFLO1L expression cassette or ADH1/FLO1S

expression cassette was inserted at the flamHI site of

pBR322, respectively.

Transformation

E. coli was transformed using the calcium chloride/rubid

ium chloride method9. S. cerevisiae was transformed using

lithium acetate method7. For G418 resistance selection, the

method of Sakai and Yamamoto" was used with slight modi

fications as described previously17. The co-transformation
method of brewer's yeast was done as follows: the ADH1I

FLOIS or ADHI/FLOIL expression cassettes were released

from the plasmid pBR-ADHl-FLOlS or pBR-ADHl-

FLO1L, respectively, with BamHl and the fragments carry

ing the expression cassettes were isolated from agarose gel.

40-50 /xg of the fragments were used for co-transformation

together with 30-40 /xg of a separate selection plasmid

YRpGLlO.

Measurement of Flocculation

After 3 days of shaken-culture (100 cycles/min) at 28°C

in a Monod-type test tube containing 10 ml of appropriate

medium, the tube was shaken vigorously on a Vortex-mixer

for 1 min at room temperature. The tube was then allowed

to stand and the rapidity of floe formation as well as floe

size was evaluated with the naked eye. The flocculation grade

was expressed on a subjective scale ranging from 0 (non-

flocculent) to 4 (extremely flocculent) by the rating of John

ston el al* When the flocculation grade was assessed after

brewing trials, the yeast cells to be tested were collected and

washed twice with distilled water and then resuspended in

5 ml of the flocculation buffer (50 mM sodium acetate, 5 mM

CaCl2, pH 4.5) in a test tube at a density of about 2 x 107
cells/ml". After Vortex-mixing, the flocculation grade was

determined again.

Microplate-assay method was used for screening of floccu

lent clones. Transformants were transferred into microplate

wells (96 wells per plate) filled with 200 jxl of YEPD medium.

After incubation for three days at 25°C, the plates were

vigorously shaken on a microplate mixer for about 60

seconds. Flocculent clones could easily be discriminated by

the naked eye.

Southern-blot Analysis

Southern analysis was carried out using standard methods9.

The probe used was a 2.6 kb EcoRV fragment containing

the ORF region of FLOIS isolated from the plasmid

YCpHF19S and labelled with digoxigenin (DIG; Boehringer-

Mannheim, Mannheim, Germany) using reagents supplied

with the kit (Boehringer-Mannheim Catalogue Number 1175

033). Following hybridization with the probe, DNA detection

was carried out using the chemiluminescence method

(Boehringer-Mannheim Catalogue Number 1363 514). The
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Fig. I. Structure of the plasmids used in this study.








