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   Salt-tolerance and  mating  typc  of  Sdacharon!)ees rettxii isolatod fivm marzipan  and

honcy were  examined;  the most  sugar-tolerant  strains  werc  tolerant  of  high NaCl con-

centrations  such  as  2.5 M, while  one  isolated from honey showed  lower-tolerance and

could  not  grow  on  medium  containing  more  than  O.5 M  NaCl. This suggests  that  the

salt-tolerance  is independent of  the sugar.tolerance.  Howover, thc optirnum  concen-

tration of  NaCl  for copulation  and  sporulation of  the sugar-tolerant  strains  was  O.09-
O.15 M.  We  constructed  hybrids betwccn sugar-tolerant  and  salt-tolerant  strains,  but

gcnetic analysis  of them  was  unsuccessful  due to thc sterility  of  the ascosperes.  Mating
response  and  ploidy estimation  of  th¢  sugar-tolcrant  strains  indicated that they are

essentiaUy  homothaMc  and  one  of" thern is diploid. This is the  first evidence  of  the

existence  of  diploid S. rotct:'i cells  in natural  habitats.

  Salt-tolerant SZtccharon!7ces reuxii, an  indus-
trially important yeast for miso  and  shqJ,u

making,i,t}  is a  typical heterothallic hapleid

yeast, which  has a  stable  haploid vegetative

phase and  its diplophase is limited in zygotes.s}
It is also  known  that  sorne  strains  of  the  same

species  are  harmfUI for various  foods of  high
sugar  content  such  as maraipan  and  honey.4,5)
wrckerham  and  Burton found heterothallism
in salt-to}erant  S. rotcxt'i isolated fromJapanese
miso  pastes.6) To  obtain  rnore  useful  strains

for sh{!yu and  miso  fermentation than  the

natural  isolates, we  constructed  diploid and

triploid strains.7-g)  The  diploid strains

showed  stabte  growth in liquid nunient,

high salt  liquid or  solid  nutrient  medium

without sporulation.S)  During  the course  of

the above  study,  we  suggested  the  existence

of  diploid vegetative  cells  in natural  habitats.g)
This paper concerns  the  fo11owing aspects  of

the  sugar-tolerant  S. rotLxt'i strains:  their

salt-tolerance,  mating  potency  and  the

t This work  waspresented  at  thc  Annual  Mceting  of  the

 Society of  Fermcntation  Technology, Japan. held in
 Osaka, October 31, 1975.

existence  of  dipleid vegetative  cells  in natural

habitats. We  also  describe the  successfu1

construction  of  hybrids between sugar-

tolerant and  salt-tolerant  strains,  but the

hybrids did not  produce meiotic  progenies.

         Materials anri  Methods

 Organisms  Five sugar-tolcrant  strains  of  Sac-

charonvves roau'i 1isted in Tabie 1 (G4103, G4106, G41 1O,

G4116, and  G4118) were  isolated from marzipan

by one  of  the authors  (S. W.),4) and  thc rerrialning  one

sugar-telerant  and  salt-sensitive  strain  (O.19-5) isolated

from honey was  kindly supplied  by Dr. A. Rodriguez-
Navarro of  Catedra dc Microbiologia, E.T.S. Ingenieros

Agr6nomos,Madrid.5)  Auxotrophicmutantswereiso-

lated frem free-ascospores ofstrain  O.!9-5 by treatment
with NLmethyl-N'-nitror1wo-nitrosoguanidine.10) Salt-
tolerant  auxetrophic  strains,  Arg-Ml  <a, arg1)  (ATCC
26390) and  Lys-M5 (a, lysl) (ATCC 26394), isolated
ih a  previous studye)  were  uscd  as  the standard  haploid

strains  for mating  type  deterrnination. In this study,

we  designated a  yeast  strain  isolated from  fbods ofhigh

sugar  content  as  a sugar-tolerant  strain  and  a  straln

which  could  not  grow  in the  presence  of  1.0 M  NaCl

as  a  salt-ensitive  strain.

 Media  Nutrient rnedium  composed  of  10g  ef

ycast extract,  10g  of  Polypepton, and  20g  of  glucosc
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per liter of  tap watcr,  and  the minimal  meclium

clest ribed  in the prvvieus paperie) werc  usecl for general
cu1tivatien  and  charaeberizaim  of auxotrophic  traiig

rerpeFtivellr.  Diluted slLerw-Jbof  extract  agar?)  cQn-

taining  O.15 M  er O.85 M  MCI  with or  without the
ad{lition of O.2S M  glucose was  used  as  the copulation
or  thc rporu!ation meclium,  rFFp. ectively･

 Genetie  methods  Vegetative diplold irKl tri- '

ploid bybricls were  constructe[l  acgDrdirig  to the prece-
duTt described in the previous paper.7) Hybrid cclk
betweeri two  hapleid strains  cartying  different auxotr"

phic mits wert  selected  by thc prototroph reco"er)r

method

 Azygotic and  zygotic  asci  werc  direcdy disseeted
with a  micrcFglaas  needlg,  sinec  the ylability nf sports
decreased mafkedly  itm' treatment  (if asci with  yeast cel1
1ytic cnzymes  s"pti''as smi1juicc,'Hclicasi  ard  Zymoly-
ase.

 Mating type was  detmined  fim  thc respensc  to

the  standard  straias  on  th= spotulatian  rnctlium  and

confirmed  bJr the eonu)lemeritation  if auxotrephic

traits on  a  test plat" if the wh  haplaict clariei io bc
crossecl had  auxotrvphic  gerrede rnarbets.

 ?loidy w-s  judged limi  thc ecll size,  eel1 shapei  dry
ul  might, nNA  contcng  rnating  potency and  abmaty

ef  rpc,rulation, as  describetl in tht previotes paper."

       Results and  Discussicn

  Salt-tokuce
could  grow in

   Sugar-toleradt strains

medium  convaining  high

[J･ Fmmt･  Technol.,

amounts  of  sugar  such  as 2M  sucrose,  and

most  of  thern  showed  lower salt-tolerance  as

thcy  could  not  grew  on  inedium  containing

3.5 M  NaCl, while  most  of  th ¢  salt-tolerant

straihs  isolated fivm sha)ttt ihashes and  nriso

pastes showed  tolerance of  more  than  3.5 M
NaCll. ' Especially,, cel1ular  growth of  strain

O.19-5 was  alrnost cornpletely  inhibited by
1.e M  NIt(ll in the paedium.s) This indicates
that the sait-tolerance  is independent of  the
sugar-tolerance  and  is specvac  for the strain.

  Opdnum  conditioas  fer copulation

and  sporuluion  Optimum  conditions

for copulation  apd  sporulation  of  the sugar-
to1erantstrainswereexamined.  Thcyshowed
a-rare  mating  mspense  with  the standard
haplald mating  types'on  a  diluted shoLpa-
koji extract  agar  cotitaining  O.85M  Naal,
which  is suitable  for salt-tolgtant  strains.7}

However, we  fompd that'the sugar-tolcrant

strains  could  net  

'copulate
 npr  sperulatc  on

the same  sporulatien  medium  as  for the
salt-tolerant  strains, while  sorne  sugar-

tolerant ones,  O.19.5, G`lle3 and  G4118,
ceuld  form nmy  zygotes  .and zygotic  ascl

on  the sporulation  medium  when  the blaCl
concentration  of  the  above  medium  was

roduced  to O.15 M.

Fig. I.
   (A)
   pa)
   (c)
   (D)

B

'

   thtingrespanscofsugar-tolerantSactliarohsptsesrvttxii. 
'
 ,

   Zygotic asci  and  eclk  with cepulation  tube  (arro-v) ofstrain O.1Y5.
   heygotic ascus  and  zygoie  (arTow) of sudn  MI03.
   Durablc celk  (arrorv) efstrain  G4106.
   Large eeUs  ofstrain  G-1l6.'
Cells

 were  inoeulate(l frtm the nutrimt  meclium  onte  the sporulaticm  agat
and  incubatud for S days at  2ssa
(Each srrzail divisicm of the scale correspondr  to 2.5 pan.>
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  Mating  potency  and  ploidy On  the

sporulation  medium,  the  sugar-tolerant

strains,  O.19-5, G4103  and  G4118, showed  a

mating  response  in each  culture  without

mixi'ng  with  any  other  strains  (Fig. I).
However,  the  other  strains,  G4106,  G{FllO
and  G41 16, never  showed  a  mating  response

in a  single  strain  culture  or  even  in mixed
cultures  with the  standard  strains  either of

the  a  or  a  mating  type. The  ploidy esti-

mation  showed  that the  sugar-tolerant  strains

are  all haploid except  for strain  (]2}116

(Table 1). Cells of  G41I6  were  largcr in
cel1  slze, dry weight  and  DNA  cQntent  than
those  of  the other  strains,  suggesting  that  they

are  non-mating  diploids. This is the first
observation  of  diploid cells  of  S. rotLxt'i in a

natural  habitat and  it confirmed  the  previous
suggestion7,g)  of  the existence  of  a  stable

dip!oid phase of  this yeast.
  To  investigate the mating  potency  more

critically,  single  cell  cultures  of  strains  O.19-5,
G4103  and  G4l 18 were  per fbrmed by isolating
cells with the aid  of  a  micromanipulator in a
droplet of  the  nutrient  medium  which  were

then  incubated at  30eC. The  mating  type
of  the ciones  was  examined;  all clones of  two

strains,  12 clones  of  G`ll03 and  20 of  Ml18
showed  a  bisexual reaction  so  far as  examined.

Nine of  15 clones  from strain  O.19-5 showed  a

bisexual reactson, while  the remaining  6
clonesshowedtheamatingtype.  Theresults
indicate that  strain  O.19-5 hds a  population
consisting  of  cells  of  bisexual mating  potency
and  the  a  mating  type. On  the other  hand,
we  isolated two  auxotrophic  strains,  Lys-S9

                 Table 1.

(lys') and  Arg-Sl  (argu), from the  same

strain,  O.19-5. It was  iriteresting that  the

lysine auxotrophic  Lys-S9 showed  a  bisexual
reaction,  whereas  the  arginine  auxotrophic

Atg-Sl behaved as  an  a  mating  type clone.

A  hybrid was  constructed  by mating  between
Lys-S9  and  Arg-Sl and  it was  subjected  to

tetrad analysis.  Though  the viability  of

spores  was  !ow (about 13%), the hybrid
showed  2 bisexual: 2a segregation  for the

mating  types  and  2+:2-  segrcgation  for
both the Lys and  Arg phenotypes  so  far as  the

48 asci  tested  were  concerned.  These results
indicate that  the  bisexual clone  of  strain

O.19-5 is composed  of  haploid cells  and  the
Lys and  Arg markers  are controlled  by each
single  pair of  alleles, respectively.

  The  bisexuality of  SL rotLxii cells  observed

in strains  O.19-5, G4103 and  Gtll18 indicates
that  they  are  homothallic, while  strain  O.19-5
may  have a  life cycle  of  Hp  homothallism

which  gives rise to a  mating  type  cells  and

homothallic diploid cells  when  it sporulates
and  copulates  similarly  to as described for
the  lifb cycle  of  Saccharon!yces yeasts of  sensu

Stricto.11,12)

  Salt-tolerance is dominant  over  the

salt-sensitivity  The  optimum  concen-

trations of  NaCl  for copulation  and  sporu-

lation of  the  salt-tolerant  and  the sugar-

tolerant  strains  are  O.85M  and  O.!5M,
respectively,  as  mentioned  above.  However,
the heterothallic salt-tolerant  strains,  Arg-
Ml  (a) and  Lys-M5  (a), can  mate  more  or

less by mixing  of  both cells  even  in the presence
of  O.15M  NaCl.  Therefore, construction

Ploidy estimation  ofsugar-tolcrant  Saccharonoves rozaxii

Strain
 no.Isolated  frem,hC.e,".,(mC.ny.o'SiZii,)(DxryitCe,,"l.W.i,)(DE,A,,gO,n.t.e,?,3,.IY6tt,g.,"l?.e,C,td

G4103  Marzipan
G41os  Marzipan

G4110  Marzipan

G4116  Marzipan

G4118 Marzipan

O.19-5 Honcy

R-OE

 EO-EaER-O

6-86-86-B8-!26--84-71.991.82-**4.

 25ZIS2.

 78

197207

 -**42220I211

+

++

Hapleid.

Haploid(Haploid)

DipleidHaploidHaploid

*
 R:  round,  O:  ovoid,  E: ellipsoid.  **  -:  not  estimated.

***
 Mating potency with  the  standard  strains  of  both mating  types, respectively.
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Table  2.

MoRi  and  WzNmsaH

Ploidy estimation  of  hybrids and  their parents.

[J. Ferment  Technol.,

Strain
 no.

Com.b.i".a'io"
 ,,C.e,,.".(gt5oSiliLe)Dry

 cel1  wt

(× 1o-s
   mglcerl)DNAcontent

 Auxotrqphic Mating Expected
(pgtlptO cells)  trait type pleidy

Lys-S**2

Lys-M**5

Arg-MlSM**66

SM115SM-710SM-214SM-514

(salt-sensitive) R-O

(salt-tolerant) R-O

(salt-tolerant) R-O

Arg-SlxLys-M5  O-E

Arg-SlxLys-M5  O-E
Arg-S6xLys-M5  CFE

ATg-S6xLys-M5  O--E
Lys-S2xArg-Ml  O-E

5-75-.75-77-107.107-107-137-IOZ232.522.

 194.
 os6.

 024.

 076,313.

 67

185. 22mp6.
 16228.73498.

 82698.

 35436.

 49612.
 11421.

 60

LysineLysineArginine

WildWildwrldWildWild

aaa HaploidHaploidHaploidDiploidTripleidDiploidTriploidDiploid

 .

 *  R:  round,  O: ovoid,  E: ellipsoid.

**  S and  M  ofstrain  numbers  represent  salt-sensitive  arid  salt-tolerant  characters,  respectively.

of  hybrids between a  salt-tolerant  and  a

salt-sensitive auxotrophic  strain  was  possible
in the copulation  medium  containing  O.15 M
NaCl. Some  hybrids obtained  by this

method  are  listed on  Table 2. They  were

judged as  diploid or  triploid from  the  data for

cel1  shape,  cell size, cell  weight  and  cellular

DNA  content.  Although it is obscure  why

the triploid cells were  formed, they  might  be
constructed  by copulation  between a  haploid
a  cell and  a  diploid ala  cell  as  these dip!oid
cells  are  expected  to occur  in cultures  of  the

homothallic strain.  Salt-tolerance of  the

  A

  E.
  8 2ooz

  g
  =

  l  loo
  v

g
  -

     O'  1.0 ZO  30 4,O
         CencentretiopofNaCl (M)
Fig. 2. Efltct of  NaCl on  growth  of  the  hybrids con-
   structed  between salt-tolerant  and  salt-sensltive

   S2zccharvnv¢ es  roncxii.

   -"-:  Lys-S*2  (haploid, salt-sensitive  strain),

   
-O-:

 Lys-M*5  (haploid, salt-tolerant  strain),

   -e-:  SM*-66  (dipleid, Arg-Sl x  Lys-M5),

   -o-:  Arg-Ml  (haploid, salt-tolerant  strain>,

   -n-:  SM-514  (diploid, Lys-S2 × Arg-Ml),
   

-A-:
 SM-214  (uiploid, Arg-S6  × Lys-M5),

   -A-:  SM-710  (diploid, Arg-S6  x  Lys-M5).

   
*
 S and  M  of  strain  numbcrs  represent  saltsensi-

    tive and  salt-to1erant  characttrs,  respcctively.

hybrids was  cxamined  using  the nutrient

medium  containing  various  concentrations

of  NaCl  (Fig. 2). All the  hybrids between
salt-tolerant  and  salt-sensitive  strains  showed

the  same  phenotype as  that  of  the salt-tolerant

strain. Thus, the salt-tolerance  is dominarit
over  the  salt-sensitive  character.  To  study

the  segregation  of  the salt-tolerance  arid

sugar-tolerance  phenotypes in the meiotic

segregants  of  these  hybrids, wc  dissected 2I2
four-spered asci  produced in 5 hybrids
of  3 combinatlons  listed in Table  2. Un-
fortunately, none  of  the  845 spores  could

gerrninate and  only  three  of  the  spore  cultures

survived.  This may  due to the  genetic
incornpatibilities between the  parental strains,
but we  do not  know  thc  exact  reasons.
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