
INTRODUCTION

I t  i s  well  known tha t  the a r t  of winemaking i s  an ancient  one, 
and wine i s  s t i l l  made in a t r a d i t i o n a l  and pr imi t ive  fashion in many 
pa r t s  of the world. Bas ica l ly ,  a l l  one needs are grapes,  a vessel  
in which to process and ferment them, and a s torage  conta iner ;  but 
wine made in t h i s  way may vary g r ea t l y  and unpredictably in qua l i ty .  
The basic  purpose of using the advances produced by science and 
technology i s  to obtain the highest  y i e ld  of the des i red qua l i ty  wine. 
Likewise,  the improvement in qua l i ty  of wine from labora tory  t e s t  
has been se l ec t ed  in order to produce a complete fermentat ion without 
the product ion of o f f - f l a vo u r s .  One of the s i g n i f i c a n t  developments in 
microbiological  cont rol  has been in the use of se l ec t ed  yeast  cu l t u res

There are a l o t  of microorganisms with thermophi l ic  p roper t i e s  
and high p r od u c t i v i t i e s  which s t i l l  remain in the t r a d i t i o n a l  
fermentat ion products ,  f r u i t s ,  f lowers and foods of the t r o p i c a l  and 
sub- t rop i ca l  zones in Asia.  These subs t r a t e  can be good sources of 
many yeas t s .  Screening using highly s e l ec t i ve  procedures can be used 
to de t ec t  and i s o l a t e  only the useful  yeas t s  among a large microbial  
popu la t i on .

A wine yeast  should have the des i r ab le  c h a r a c t e r i s t i c s  (a) the 
e f f i c i e n t  conversion of sugar to a lcohol ;  (b) the a b i l i t y  to e f f ec t  
a quick i n i t i a t i o n  of fermentat ion e .g .  wi thin 48 hours;  (c) su l fur  
dioxide to le rance;  (d) the a b i l i t y  to ferment to dryness which
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requi res  tha t  i t  i s  alcohol  t o l e r a n t  and can ferment in the presence 
of r e l a t i v e l y  high alcohol  concent ra t ions ;  (f) good f loccu la t ion  
a b i l i t y  fol lowing fermentat ion to aid c l a r i f i c a t i o n ;  (g) low foaming;
(h) low hydrogen s u l f ide  (H ร) or mercaptan fermentat ion;
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(i) r e l a t i v e l y  high glycerol  product ion to aid the sensory q u a l i t i e s  
of the wine; and (j) the product ion of a des i r ab l e  fermentat ion 
bouquet (Amerine, Kunkee and s ing le ton ,  1979). I t  i s  doubtful  whether 
any wine yeast  in commercial used has a l l  these c h a r a c t e r i s t i c s  and i t  
i s  cer t a ined tha t  they are not operat ing in an opt imal funct ion.  I t  
i s  proved that  wine yeas t s  vary in t h e i r  winemaking c h a r a c t e r i s t i c s ,  
such as yeast  for  the sparkl ing wine process must be se l ec t ed  not 
only for  i t  a b i l i t y  to ferment but a lso for  i t s  a b i l i t y  to s e t t l e  out 
r ap id ly  (Kunkee and Amerine, 1970).

In s tud ies  of ecology of musts and fermentat ion,  there  i s  also 
the problem of how much of the f lo r a  or ig ina t ed  on the grapes and how 
much they came from the winery equipments.  Because grape musts used in 
the winemaking are usual ly  not pas teur ized  before fermentat ion.  So, 
the winer ies  and winery equipments have a r i ch f lo r a  of t h e i r  own, 
which inf luences  the microbial  f l o r a  of musts and wines processed and 
s tored in them. Wine spoi lage can be caused by growth of undes i rable  
yeast  in f in i shed  wine, by the formation of undes i rable  a lcohol ic  
fermentat ion due to a s soc i a t i ve  growth of yeas t s  and ace t i c  acid 
ba c t e r i a  leading to the product ion of large amounts of ace t i c  acid 
(Kunkee and Amerine, 1970). For many years the winemaker has r e l i ed  
on su l fur  dioxide to cont rol  microbial  growth in wine, and a l so u t i l i s e d  
i t  as an an t i ox idan t .  Sulfur dioxide can e f f e c t i v e l y  i n h i b i t  b a c t e r i a l  
growth, but i t s  act ion i s  s t rongly  pH dependent.  However, i t  i s l ess
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e f f e c t i ve  in prevent ing yeast  growth (Amerine e t . a l . ,1979) .  I t  i s  prime 
importance for  the product ion of wine, because su l fu r  dioxide at  l egal  
concent ra t ion wi l l  not prevent  fu r the r  growth of some yeas t s .  Several  
yeas t  s t r a i n s  were r e s i s t a n t  to su l fu r  dioxide and also grew at 
r e l a t i v e l y  high concent ra t ions  of ethanol  (over 18%) (Amerine and
Kunkee ,1968)

There are many s t r a i n s  of yeast  (des i rable  and undesi rable  
wine yeas t s  belonging to Saccharomyces and other  genera) other  than
the yeast  s t r a i n  inocula ted which are p a r t i c i p a t i n g  in the
fermentat ion of musts in a winery (Reed and Peppier ,  1973) . The
contaminat ion by wild yeas t s  i s  one of the major problems in wine
i n du s t r i e s  because i t  r e s u l t s  in a slow fermentat ion and i n f e r i o r  
qua l i t y  of the product (Amerine and Kunkee, 1968). Undesirable yeas t s  
in the must can be harmful to the wine (off odor,  excessive v o l a t i l e  
acid,  t u r b i d i t y ,  incomplete fermentat ion,  e t c . )  ( otsuka,  Hara and 
Yoshizawa, 1972). Bot t led sweet wine may referment  or f i lm can be
formed on the surface of t abl e  wine during s torage i f  processing is
unsu i t ab le .  These phenomena are caused by the growth of the pseudo-fi lm 
forming yeas t s  (Saccharomyces ov i fo rmis , Saccharomyces bayanus,
Saccaromyces f e r m e n t a t i , e t c . )  and f i lm-forming yeas t s  (Pichia,  
Hansenula,  Candida, e t c . )  (Reed and Peppier ,  1973).

Therefore,  i t  would requi re  spec ia l  procedure in order  to have 
a fermentat ion with a s ingle  s t r a i n ,  s ince Bevan and Makower (1963) 
observed yeast  s t r a i n s  tha t  produce substances by which s e n s i t i ve  
yeas t s  were k i l l e d .  This phenomenon has received widespread a t t e n t i o n .
A ce r t a in  group of the yeast  Saccharomyces cerev i s i ae  i s  known to
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sec re t e  a p ro t e in  toxin to k i l l  s e n s i t i ve  s t r a i n s  of the same species
(Wood and Bevan, 1968) and the yeas t s ,  such as Torulopsis  q l abra t a
(Bussey and Skipper ,1975).  Bevan and Makower (1963), who descr ibed how
s t ra i n^  of these yeast  could be c l a s s i f i e d  i n to  one of three
phenotypes respected to t h e i r  k i l l e r  c h a r a c t e r i s t i c s :  k i l l e r ,  s ens i t i ve
or n e u t r a l .  When k i l l e r  and s e ns i t i v e  c e l l  are grown together  in the
same cu l tu re  medium, a high propor t ion of the l a t t e r  are k i l l e d .
Neutral  c e l l s  are not k i l l e d  by k i l l e r  c e l l s ,  nor ' do they k i l l
s en s i t i ve  c e l l s .  Cel l - con tac t  i s  not requi red for  the k i l l i n g  reac t ion
to occur as medium in which k i l l e r  c e l l s  have previously been grown and
removed by f i l t r a t i o n  r e t a i n s  i t s  a b i l i t y  to k i l l  s e ns i t i v e  c e l l s .  The
agent r e l eased by k i l l e r  c e l l s  which brings about the death of
s ens i t i ve  c e l l s  has been ca l l ed  the k i l l e r  f a c t o r .  Somer and Bevan
(1969) descr ibed a genet ic  ana lys i s  of k i l l e r ,  neu t r a l  and s e ns i t i ve
yeast  s t r a i n s  tha t  the k i l l e r  charact er  is under the cont rol  of two
types of cytoplasmic genet ic  determinant  which give k i l l e r  and neut ra l
phenotypes.  In the absence of cytoplasmic genet ic  determinant ,
the phenotype i s  s en s i t i v e .  The k i l l e r  and r e s i s t anc e  charac t er s  are
coded by a double-s t randed r ibonuc le i c  acid (ds RNA) known ' M ds RNA1
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of molecular weight 1.2x10 MD (Sweeny, Tate and Fink, 1976). A species

6 6
of ds RNA of molecular weight 2.5x10 - 3.0x10 , L ds RNA, i s  also
contained in a l l  k i l l e r  and in most non -k i l l e r  s t r a i n s  as well 
(Somers and Bevan,1969).  Both M and L ds RNA are sepera t e ly  encapsulated 
in i n t r a c e l l u l a r  v i r u s - l i k e  p a r t i c l e s  (VLP) (Herring and Bevan, 1974) 
and are extra-chromosomally t r ansmi t t ed  during meiosis (Wickner, 1981).
L ds RNA codes for  the capsid pro te in  of v i r u s - l i k e  p a r t i c l e s  (Hopper 
et  a l . ,  1977). The M ds RNA species ,  unl ike L, can be e l iminated from
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k i l l e r  s t r a i n s  by a va r i e t y  of t reatments ,  including growth at 
e levated temperature (Vickner,  1974) or in the presence of suble tha l  
concent ra t ions  of cycloheximide (Fink and Styles ,  1972). The a b i l i t y  
of cycloheximide to cure k i l l e r  v i rus  suggests a dependence of v i r a l  
r e p l i c a t i o n  on pro te in  syn thes i s .  The Saccharomyces cerev i s i ae  k i l l e r  
f ac to r  k i l l s  s e n s i t i ve  yeast  by a mechanism involving adenosine 
t r iphosphate  (ATP) leakage,  i n h i b i t i o n  of macromolecular synthes i s ,  
and c e l l  shrinkage (Bussey and Skipper,  1975). No de tec t ab le  
morphological  d i f f e rences  ex i s t  between the c e l l s  or colonies of 
k i l l e r ,  neu t r a l  and s e ns i t i ve  s t r a i n s  nor l y s i s  observed (Wood 
and Bevan, 1968).

I t  i s  poss ib le  to change the p roper t i e s  or c h a r a c t e r i s t i c s  of 
a yeast  by a l t e r i n g  the genet ic  mater i a l  (the d e t a i l  i s  shown in 
Appendix I ) .  Yeast of the genus Saccharomyces (Figure 1),  to which 
most wine yeas t s  belong are normally d i p l o i d , i . e .  the nucleus contains 
two copies of every chromosome. Sporulat ion can be induced in d ip lo id  
yeas t s  (Mortimer and Hawthorne, 1969) and four ascospores are formed 
in an ascus.  Each ascospore receives  only one copy of each chromosome 
by a process ca l l ed  meiosis .  During sporu la t ion  each chromosome 
dup l i ca t es  giving a t o t a l  of four copies of each chromosome; they are 
then seperated in to  four complete se t s  of chromosomes. On germinat ion 
the ascospore gives r i s e  to a colony of c e l l s  which are a l l  haploid.  
The haploid s t a t e  i s  maintained by the presence of mating f a c t o r s .  A 
haploid spore i s  e i t h e r  a or X  mating type;  mating can take place only 
between c e l l s  of d i f f e r e n t  mating type and t h i s  i s  ca l l ed  a 
h e t e r o t h a l l i c  system. When c e l l s  do mate they fuse forming a zygote in 
which the nucle i  fuse and the d ip lo id  s t a t e  of two complete se t s  of 
chromosomes present  in the nucleus i s  r e s to red .  The h e t e r o t h a l l i c  l i f e
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F i g .  1 .  L i f e  c y c l e  o f  Saccharomyces s p e c i e s .  The diagram i l l u s t r a t e s  
the  a l t e r n a t i o n  o f  h a p l o i d  phased and the  d i s t i n c t i o n s  between  
h e t e r o t h a l l i c  and h o m o t h a l l i c  s p e c i e s .
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cycle and process of sexual  reproduct ion with the i s o l a t i o n  of haploid 
s t r a i n s  i s  key importance in the breeding or hybr id i za t ion  of yeast  
s t r a i n s  with new p r ope r t i e s .

Hybridizat ion takes advantage of the h e t e r o t h a l l i c  yeast  l i f e  
cycle by se l ec t ing  hapl'oid s t r a i n s  of d i f f e r e n t  p roper t i e s  from 
d i f f e r en t  parent  d ip lo id  s t r a i n s  and mating them to form a diploid  
s t r a i n  with p rope r t i e s  d i f f e r e n t  from that  of e i t h e r  parent  s t r a i n .  
This permits the s e le c t ion  of des i r ab l e  charac t er s  and the e l iminat ion 
of undes i rable  cha rac t e r s .  Unfor tunately many yeas t s  have a complicat ion 
to t h e i r  l i f e  cycle in that  they are homothal l ic (Oshima and Takano, 
1970). Homothallic yeas t s  have the a b i l i t y  to switch t h e i r  mating type 
from a to ot or 2  to a, at  each successive generat ion fol lowing spore 
germinat ion while they are in the haploid s t a t e .  Thus, c e l l s  of both a 
and 2« mating type present  in the same cu l t ure  and can mate to r e s to r e  
the d ip lo id  s t a t e .  This i s  a problem since haploid c e l l s  are necessary 
for  hybr i d i za t i on .  The problem i s  overcome by d i r e c t  sp or e - ce l l  mating, 
mating type switching in homothal l ic yeast  does not occur u n t i l  the 
th i r d  and four th genera t ion of growth a f t e r  spore germinat ion (Takano 
and Oshima, 1970). Four homothal l ic spores from the same ascus are 
micromanipulated in to  d i r e c t  contact  with h e t e r o t h a l l i c  haploid c e l l s .  
Mating takes place between compatible spores and c e l l s .  The r e s u l t i n g  
zygote can be i s o l a t ed  by micromanipulat ion and forms a colony of 
d ip lo id  c e l l s  which can be sporula ted.  Two spores in each ascus are 
homothal l ic ,  but two spores are h e t e r o t h a l l i c  and give s t ab l e  haploid 
cu l t ure s  which can be recognized by lack of a b i l i t y  to sporu la te  and 
the formulat ion of zygotes when mixed with a and 9É t e s t e r  s t r a i n s  
(Ahmad, 1952).
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Yeast s t r a i n s  are used in hybr id i za t ion  as a l l  the genet ic
informat ion can be induced mutants so tha t  any mutation wi l l  be
expressed.  I t  can be used to cons t ruct  s t r a i n s  with very sp ec i f i c
n u t r i t i o n a l  requirements such as amino acid auxotrophs.  After
hybr id i za t ion  d ip lo id  c e l l s  can be i s o l a t ed  by micromanipulat ion or by
ensuring tha t  the mated haploids have complementary auxotrophic
requirements (Cumming and Fogel,  1978). Hybr idizat ion of such yeast
s t r a i n s  becomes a mat ter  of in t roducing s u i t a b l e  marker mutations 

«
which can be used in the conjugat ion with s e l e c t i ve  media to i d en t i fy  
the hybrid c lones.

The obj ec t i ves  of t h i s  study are :
1. To i s o l a t e  high temperature t o l e ra n t  k i l l e r  yeas t s .
2. To breed useful  k i l l e r  wine yeas t s  which have the a b i l i t y  

to k i l l  spontaneous unwanted wild yeas t s  in wine fermentat ion.

Sequences of t h i s  research
The sequences of t h i s  i n ves t i g a t ion  to i s o l a t e  and 

hybr idize  high temperature t o l e r a n t  k i l l e r  wine yeas t s  are as 
follows ะ

1. I s o l a t i on  of high temperature t o l e r a n t  yeas t s .
2. Char ac t e r i s a t ion  of high temperature t o l e r a n t  k i l l e r

y e a s t s .
3. I d e n t i f i c a t i o n  of the se lec t ed  i s o l a t e s .
4. Mutagenesis of the se lec t ed  parenta l  s t r a i n s .
5. Hybridizat ion of high temperature t o l e r a n t  k i l l e r  

wine yeas t s .
6. Wine fermentat ion.
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7 .  W i n e  a n a l y s i s .

Benefits of this  research
The advantages that  may be derived from this  research work are

as follows
1.

making.
To obtain charac t er i s t ics  of k i l l e r  yeasts for wine

2.
techniques.

To acquire research experience in hybridizat ion

3. To improve wine qual i ty by using k i l l e r  wine yeasts.
4. To be able to apply the k i l l e r  i so la tes  from this  research

for other topic of project ,  i . e .  medical science
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