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                    L   When a copper-cont•aining medium is inoculated with cells of saccharomyces
elliPsoideus, the culture becomes predominated by copper resistant variant
cells which possess a high ability of producing hydrogen sulfide and become
brown-colored owing chi'efly to precipitation of copper sulfide (5). Since,
however, there ls indicatfon that the high hydrogen sulfide production ls not
the main copper resistancLe mechanism of the straiR (9, 10), it is hoped to
study whether the hydrogen sulfide producing ability is genetically distinct
from the copper resistance. The present work was undertaken to examine
this point.

                         Materials and Methods

    The same strains of Saccharomyces cerevisiae were used as in the preced-
ing study (8). Their genetic markers are represented in Table 1. The diploid
strain c was a spontaneous Mutant of a. A resistant clone named N714R was
obtained by culturing N714 on the standard (LS) agar medium to which CuS04
was added to give a concentr'ation of 1 mM. It did not differ from N714 as to

                 Table 1. Gehetic markers of the strains used.
                           )

    Strains i Genetic markers N686 '' ct G pa
 N714 a g PA S742 a g pa S751 ' a g pa a(S742xS751) l gg papa
 c(mutant of a) i Gg PApa
   ala : Mating type; Glg : gaiactose fermentation;
pantothenate requireinent; con/ver : confluent and
growth on copper-media (see Fig. IB 7 and 8 in SENo

  con
  ver
  con
  con
  con
  con

 PA!pa :
verrucose
 (8)).
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tb.e observecl markers exce•pt copper resist.o•tn.ce. A c}iploicl straiR., c-10, hc-Lving

a low level resistaitce, gen.otype bvfii.n.g R'/r, was isolatecl frem a cur.lture of c

in 0.8 mM copper-contcaip.ing PGV liquid medium (8). Among yeast strains
whicla have n.ever been cultured "iitkt ineclia con.tain.ing signi'fican.t conceRtra-
tion of copper, some may be more copper resistaL Rt th.ap. others (7). But the copper
resistant strains meRtion.ecl ip. tlrie prc-sent pc"Lper signify exclusively those
obtainecl by culturing more seRsitive strains with copper-cor.tcn,ip_ing media.
   The cLilture meclia, LS ancl PGV (Table 2), were used accordiRg to exper-
imen.tal purposes. For solicl inedia agac,r was aadded to l.5 per cent. Socliui=L
caLcetcotte agar (l) ."Lp.d soclium le.cto.te meditun (3) were usecl f.or sportdation
ar,d for spore germip.ation., respectively.
    In.cubation. teniperature was 30C for culturlp.g an.cl 180 for spore formation.

All the strcains were stocked at 0-5e on LS agar. medium without copper
additjon..

                       Tabie 2. Composition of inedia.

    Components

Peptone
Sodiuni glutan)ac te

(N I-I ,,) ,SO.,

Yeast extract (powder)
KI-I,PO,,

MgSO,•7H,0
CaCl,•2I-{20

GIucose

Sucrose

Vitanlin lnixture*

LS

3.5g!l

 1 Og/I

 2.0g/1

 'L Og/1

`l•0.0g/i

PGV

   "Inositol, l. g; biotin, 200 "l;

calcium pantothenate, 20 ip.q. ;
20 ang; nicotinic acid, 20 ing; 2incl

p--aminQbenzoic
thiamine, L7(} ing

 deionized water,

   2. Qg/1•

   2.0gll
    1.0g/1

   3.0g/I
    ll. . Og/l

   0. 25g/l

   .roO.Og/1 '

   .l.Onil/11.

acid, 200 nig;

; ribeflavine,
 looo nll.

   IYIass niating methocl (2) was adopted fer matin.g. A micromaniptilator
was usecl for single cell isolation c`sLnltd clissectien of ascus. Asci containing
four spores were aii.alyzecl exclusively.

   Copper conceR.treLtion-graclient agar plac.te of 10 cm length was stree.kecl
with cell suspev+siop.s using paintip.g brtishes. Range of visible growth on tkte
plate represent coppe•r resistanthce of the ce]l populsttion, cnLncl inteiksity of
brown, coloratieni of the growth was tentatively asstimecl to pfLnn.Ilel hydrogen
sulfide production of ceHs. A gradiep.t plate w.n_s characterizecl, for example,
as 5/0 PGV whep. the ftutrien.t usecl was PGV and tlke upper wedge contained
5 inM of copper emd the Iower weclge cop.tajned no copper. For dettz,ils refer
to SENo (8).
   Inorganic stilfur cop.teiit o/f cells was deter.rninecl by methylene blue ixtethod
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according to
method (4).

NAiKi (5). Copper content of cells was cletermip.ed by carbamate

                         Results anct Discussion

1. Segvegation of brown coloration fyova coPPev resistance.

   Dissection of thirty-seven asci of the hybricl N714R  •••//. N686 gave 2:2
segregation of copper resistance ancl sensitivity, as assayed by th.e growth on
5/0 PGV copper-gradient plates (8). Color intensities o'f these segregants,
however, were not necessarily correlated with the levels of their copper re-
sistance, and diverged so widely that some were lighter brown than the sensitive
pareBt N686 and some others were dacrker brown 'thaLR the resistant parent.
Tke wide spectrum of color inteRsities was conventionally classified into 5
grades, ancl the relation of these color graades to other markers was examined.
As showR in Fig. 1, darl< brown growtlts were found more freqbently among
resistant segregants th.an amon.g seRsitive ones, an.cl among segregants of the

Fig.
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1. A--D. Correlation between brown coloration, on the one hancl,
 ancl copper resistance, growth type, galactose fermentability, ancl
 mating type, on the other hand, represented by percentage
 frequency distribution for the color range (1--5) on 5/0 PGV
 copper-•graclient agar plate, ll.it8 segregants from a hybrid N714R /',/

 N686 being observed.
    R/r : Copper resistance and sensitivity; con/ver : confluent
 and verrucose growth on copper--media; G/g : galactose ferment-
 ability; a/tx : mating type.
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verrucose growth type than among those of the confluent growth type.
It has been skown, however, that the copper resistance segregates rather
independently of the growtk type (see Table 4 in SENo (8)). Matlng type and
galactose fenineBtability had i}o correlation with the coloration.

2. Gene-contvol of brown coloration•

   In order to exclude complication due to the growth type as encountered
in the above experiment, the kaploids, S742 and S751, of confluent growtlt
type were used. Both of them showed the growth range of about 2cm on
3.5/0 LS copper-gradient agar plate, the growth of S751 being, however, darker
brown thaR that of S742 at the stationary phase. Since i'esistant mutants seem-
ed to have been produced iR the culture growR on the gradient plate used,
the coloratioR may have been affected to some extent by thern. In order to
compare the coloring characters of the original strains, e.5 mM copper-con-
taining LS agar plate was used, on which sensitive cells could grow before
resistant mutant cells grew signific.antiy. And it was confirmed that S751
had a character of coloring more intensely on copper-containing medium than
S742.

   A sensitive dip!oid strain, c (cf. Table 1), and a strain of the low level
(i. e. R'-type) resistance, c-10 (genotype R'/r), derived from c showed the same

grade of light brown color as S742 on the copper-gradient plate. Three asci of

c-10 were dissected with the result that light brown (typical of S742) and
dark brown (Åíypical of S751) segregated 2:2 for each tetrad, the segregants
of R'-type resistance not being necessarily dark brown colored. Accordingly,
the light brown character appears to be controlled by a dominant gene to l)e
designated as LB (light brown), the datk brown character being recessive.
   In the previous paper (8), 20 diploid clones of the hig•h level (i. e. R-type)
resistance, having genotype R/r, were obtained from c-10 by traiRing it with
a copper medium. Thirty-three asci from these clones were subjected to
tetrad analysis and the relation between brown coloration andcopperresist-
ance was investigated by observing the growths after 3-4 days of incubation
on the copper-gradient plate. The coloration could be classified distinctly
into dark brown and light brown. The contiRuous spectrum of color intensities
as mentioned ik section 1 (Fig. 1) inight have resulted from some modification
of the coloration by two different growth types. The ratios of the two ditypes
and the tetratype of tetrads, (LB r: lb R--2:2), (LB R:lb r---2: 2), and
(LB r:LB R: lb r: lb R=--•1:1: 1: 1), were 12:3: 18. Altkough the
pareRtal types are uRlmowR in the present case, the large difference between
the frequencies of the two ditypes suggests that the loci, LB/lb and R/r,
are linked. Theye is, however, a possibility that some sensitive segregant
clones carrying lb were recorded as LB, since they did Bot grow thick enough,
during the incubation period, on the copper medium to show the color
characteristic of them.
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3. Genic relation between brown coloration and coPPer resistance.

   In order to get tetrads whose parental ditype is known, a resistant haploid
was obtained by training a sensitive one and mated by another sensitive
haploid. When strain S751 was inoculated in e.2 mM copper-containing LS
liquid medium, two-stepped growth occttrred and cells found finally in the
cuiture gave a haploid strain which possessed the R-type resistance and pre-
sented dark brown color (only a little darker than its parent, S751) when
cultured in presence of copper. The strain was denoted as S751R. The hybrid
S751R Å~ S742 was copper resistant. On 3.5/0 LS copper-gradient agar plate,
the hybrid and S751R were colored darker brown thaR the sensitive haploids,
S742 and S751, after 2 days of incubation when the former had reached the
stationary phase while the latter two, being inhibited by the high copper
concentration, had not. Observed after 4-5 days of incubation, on the other
hand, both S751 and S751R were darker than S742 and the hybrid, and the
resistant strain, S742R, obtaiRed by traiRing S742 showed the same grade of
coioration as its parent. Thus the correct recordiRg of the coloratlon character
could be expected better by observing one or two days later than in the pre-
ceding section.
   Ten asci of the hybrid were subjected to tetrad analysis. Streaked on
3.5/0 LS copper-gradient agar plate, every tetrad proved to be composed of
two clones which grew over the whole range (IOcm) and two which grew
only in the range of 2-3cm. After 4-5days of iRcubation, two clones of each
tetrad assumed dark coloration just as S751 .and the ether two assumed light
coioration just as S742, irrespective of copper resistance. Hence the regular
segregation of LB/lb alleles seems to be recorded. Segregation of mating type
alleles was regular.

                       Table 3. Tetrad distribution.

                                     I : II : III

           lbRÅ~ LBr 3 1 6           aR Å~ar 2 2 6           lba Å~ LB.a. , .1... 4 ..5
             LB and lb : Light brown and darl< brown coloration, respecT
          tively, of growths on copper mediuin; R/r : copper resistance;
          alct : mating type.
             I : Parental ditype; II : non-parental ditype; III : tetratype.

   Table 3 represents the tetrad distribution obtained by a hybrid, S751R (a
lb R) Å~ S742 (a LB r). The ratios,I: II: III, of the tetrad types for the gene-
pairs, LB/lb and R/r, were 3 : 1 : 6. It does not differ much from the ratios, 12 :
3: !8, represented in the preceding section. Hence the latter result seems to
be rather correct, although the coloration was observed at iBcabation period
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one or two clays earlier than in the present ccase. Thus, the results represented
se far suggest th.at the genes for copper resistance and for brown coloration
are Iin}<ed together with a significaRt recoinbincation value.

4• CoPPev and suZfur contents of tetrads.

   Finding th.cat Rot all the copper resistant cloRes have the cliaracter of
coloring datk brown on copper-cen.taining meclia, it was hoped to see the
relations among brown coloration., copper resistance, ancl sulfide content of
cells. Copper cn.n.d inorganic sulfur conten.ts of cells were detenninecl with the
three types of tetracls described in tlie latter part of section 2. 0ne tetrad
each was sac.mpled frem the three types. The 12 segregants thus obtained
anud S742, S751 and th.e diploicl c-10 were cultured on 0.5 mM copper-containhig
LS agar meclium for 3 clays. Ancl the cells b.arvested were washecl with cle-
ionized wcn;ter by centrifugation aRd annc.Iyzecl. The results are represented in
Table 4.

  Table •,1•. Inorganic sulfur and copper contents of segregants of three tetrad types,
     grown on 0.5 .mM copper--containing LS agar medium.

 Tetrad ,, ,t,.i. GenOtYPe (ifi9ggel,1,c.is.t>iiy{y
                  Resistance Brown coloration mg dry cells)

     C-IO-- 2-14 R lb O.08
           l3 Iit ].b 0. 09
           12 r . LB O.Ol.
           11 r LB e.01
    c--10 ltl 11 R I.B O.07
           l2 R LB O. 06           13 r 'lb 0.I].           I.xl r lb O.08
     c-10--l2--14 ' R LB O.Ol.
           I.3 R ab 0. 01.
           11 r LB O.O02           l2 .r lb O.0.1
      S742* r LB 0. 0tl      S751* r lb O. Xl      e'}` rr LBI.b O. 02
      c-- 10 R'r LB11.b O. 03
   R, R', and r: AIIelic genes for high level resistance, lower level
sensitivity, respectively; LB and lb: genes 'for lis,ht brown and dark
respectively, of cultuyes on copper--meclitnn.

   *See Table 1.

Copper (;Lg
' ac tom/100mg dry
cells)

      6.6
      5.6
      `l..5

      6.tL

      •iL 9

      5.5
     IO.1
     10. 11

      5.3
      6.7
      3.6
      7.ti.

      4.7
      6.3
      ,L 7

      3.8

 resistance, ancl

brown coloring,
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   Sin.ce the copper c(m.tent wftas inuch k.igher thcfi,n the sulfur con,tent, much
of coppGr clid not seem to be in tLte form of sulficle. rk"here was ".o correlation.
betweep. copper resista.nce en].cl copper coRtent of cells. And clar"k browR
grewtks were not always higher in copper than light brown. on.es. But tlae fact
that clark brow]k growtlis were always high.er iik sulfide con.ten.t than. Iight
brown op.es of the s_n..ine tetr.acl is fc"Lvou.rable for the view thcat tlae l)rowp_

coloration clepen.cls oR t.h.e copper sulficle coRtep.t of growth, accordingly on
hydrogen. sulfide procluction by celis. It mcay thus be consiclerecl thcALt the gene
for high hyclrogen. sulfide procluctiop, is clistinct from the gene for copper
resistance, because the gene for da,rl< brown. coloratiep, recembip.es with the
latter as shown in. prececling sectiop_s.
   Thcat copper resistant strain•s laave resistan.ce inech.anism(s) other than
hyclrogep. sulfide production has been sLiggested by the fact that tlkey a"re copper
resistant eveik in o.n. early growth phase of culture wlaen hyclrogen sulficle
producin.g ability is still low (6, 9). Respiratory cleficient variants isolated
froin copper resistan.t straip.s retain the resistance (9), in. spite of that
they ha•ve lost the higl?, ability of producing hyclrogen sLdficle (KiKucHi, in pr-
ep.2..ration.). [l]b.is fs.ct alse corroborates thc"Lt cells can be copper resistap.t "rithout

procl".cing n.iuch hyclrogen, sulficle. Ai.i,. investigation on the copper penneabi}ity

of cells in. i-elation. to tlieir copper resistance wiil be reported in. the papey to

follow.

                               Summary

   Using a few strains of Saccltavomyces ce3.evisiae and copper resistant strains
obtained by culturing thein in presence of copper, genetic relation of tlie
copper resistance to the 1)rown coloration of gro"Tths to be cleveloped on
copper-containiiig ineclia was stucliecl.

   When a resistant strain was mated by nc. sensitive one, resistance 2nd
sensitivity segregated 2:2 aRd darl< brown coloration accompanied the
resistance more frequently than Iight browp. coloration.

   Color intensities xvlaicli sensitive haploicls xvotilcl assuine on copper-con-
taining nllediuin "rere con.trollecl by a gene-pair, light brown being doininaRt
over clark brown.. Tlais character recoinbines with copper resistance.
   The coloration of growths seemed to depeRd on the amouRt of copper
sulficle they coRtai}).ed. But suliur content of cells was n.ot correlated with
their copper resistance. 'I['laus, laydrogen. sulfide procluction cloes Rot seem to
be a reqtiisite for copper resistance, ancl copper resistance cap. segrege.te incle-
penclen.tly of it.
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