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                                    ABSTRACT

         DIfferences between the flocculent yeast and the non-flocculent yeast, grouped by
      Helm's method, were investigated as a central question: the abllity of adsorbing
      tannin, the content of phosphate compounds of various forms, and the content,
      property, and form of the "Zymocasein" fraction (essential component is nuc!eo-
      protein or ribosome) in the cells were chiefiy discussed. Tlae results showed the
      ability of adsorbing tannin and the contents of nucleic acid-, lipid- and pretein-
      phosphorus were much the same in both yeasts. Only the contents of acid-soluble
      phosphorus were different, especially the difference in cold acid-soluble phosphorus
     was notable. Flocculent yeast was tolerably higher than non-flocculent yeast in its
     content. The "Zymocasein" fractions of both yeasts were nucleoprotein, and 85.0oi
     of thelr phosphorus were nucleic-acid phosphorus, and their molecular weight were
     much the same, •too. Their behabiours to Ca'" were also the same, and they were
     precipitated at once by Ca++. The contents of the "Zymocasein" fractions of both
     yeasts are considered to be almost the same since no difference in the contents of
     nucleic acid of both yeasts were observed. However, the experimental results
     which ln order to know the form of the "Zymocasein" fraction in cell and its
     degree of exudation, both yeast cells were examined, demonstrated that the "Zymo-
     casein" fraction of the fiocculent yeast cells was diMcult to exude ahd it firmly
     associated with the cytoplasrnic niembrane system. It was also found that nucleic
     acid was present in tlie cell wall fraction of fiocculent yeast. The form of the
     "Zymocasein" fraction in the cell was found to be remarkably different in both
     yeasts. Hence, it can be interpreted that the fiocculent yeast cell surface presents
     the property of the " Zymocasein " fraction, owing to the fact that the " Zymocasein "
     fraction combines firmly with the cell membrane system, and, as tlae result, fioccu-

     lating ability was shown.
 s

                                  Introduction

    When the flocculating activlty of bottom fermentation yeast is measured by
Helm's methodi), namely, by measuring the velume of yeast cells settied down when
yeast cells were al!owed to stand fer 10inin. after they were suspended in the
acetate buffer of pH 4.5 containlng Ca"", regard!ess of the age of cells, the yeasts
are usually grouped either into tlie one that flocculates, or the one thae does not
fiocculate tkroughout. Tke variety of non-floccuient yeast, on tke occasion of wort
fermentation, has a }arge amount of suspending cells till the primary fermentation
terminates, and so consequently accelerates the wort fermentation remarkably. Of
the fiocculent yeast, the meckanism of the essential flocculation and the flocculation
during wort fermentation succeeded in becoming clear as reported previously2,3,d).
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Neverthe}ess, the problem of which flocculent yeast cells behave as nuc!eoprotein
is still unkBown, and in order to resolve this problem the investigation into the
differeRces between non-fiocculent yeast and flocculent yeast xKras taken. In the
present paper, the results will be written in order.

                    Experimental Procedure and Results

    I PhosPhorus Content and the Ability of Adsorbing Tannin of Flocculent
      Yeast and Aron-Flocculent Yeast

    As a}ready reported2,3,4), the formation oÅí fiocculence of fiocculent yeast was
successfully explained by tal<ing the problem of tlke negative charge on the yeast
cell into consideration. However, the suspensibility of non-fioccu!ent yeast has no
relation with charge clensity, and even when there is no charge on tlie cells, the
yeast cell fails to flocculate. As has been recognized by Wiels5) and Eddy et al.6),
this circumstance can noe be explained through yeast charge problem. Concerning
this, the author has previously Eound that the flocculating ability of flocculent yeast

was attributabie to the "Zyiinocasein" fraction present ln the cell, its negative
charge depends on tlie phosPhate compounds, and the.changes of charge density
have parallei relation wlth the amount o'f acid-solub!e phosphate compounds, and,
in the occasion oÅí wort fermentation, tke tannin-protein complex in wort adsorbs
on the yeast cells and accelerates the yeast flocculation. Tkerefore ehe author started
investigations wieh ehe studies of these relations. F}occulent and non-flocculent
yeasts were separately inoculated into syntheeic med!a and lncubated. Having been
perfected in fermentation, the grown yeasts were estimated•in their ability of ad-
sorbing tannin, their f}ecculating activity, and amount of nitrogen and phosphorus,
according to the previously reported inetr}od2,3,4). Tke non-fiocculent yeast and the
fioccu!ent yeast are called yeast A and' yeast B respectively.

        Table 1. The Flocculating Activity, the Ability of Adsorbing Tannin, ancl
                tlae Contents of Pliosphorus and Nltrogen of Non-Flocculent
                Yeast A and Flocculent Yeast B Grown in Synthetic Media

Test yeast

Solution suspended yeast

Fermenting wort adjusted to pH 4.6

Acetate buffer of pH 4.6

The above solution+O.e059/o CaC12

Acetate buffer of pH 4.6ÅÄO.039/o tannin

The above solution-;-O.19/o CaC12

Quantity of tannic acid adsorbed
   (mglg of dry yeast)

Phosphorus content (tng/g of dry yeast)

Nitrogen content ( !! )

Yeast A Yeast B

Vo}umes of settled down yeast (ml)

o.p

o. o

o. o

o. e

O.3

53. e

12. 7

72. 6

4.9

3.3

 5.2

14. 3

,

46. 3

gg}
   Yeast A and yeast B had been inoculated into Wickerham's medium7) containing 109/o of
glucose, 19/o of po!ypeptone and various vitamins, and were cultured at 80C. When t'he
degree of Balling of each medium fell to 1.70 and O.90, yeast A and yeast B were collected
respectively and used for experiments.
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    As shown in Table 1, yeast B had the typical property' of fiocculent yeast, and
was aggregated by tannic acid and Ca". Contrarily, yeast A was not aggregated
by tannic acid, not to mention Ca"". Nevertheless, it is found that both yeasts
had no difference in their abi!ity to adsorb tannic acid. Accordingly tke fact, that
non-fiocculent yeast failed to flocculate during the wort fermentation, was under-
stood to be attributable to tlie fact that yeast A cell itself esseneia!ly had not the
ability of fiocculation, and net that tke ability of non-fiocculent yeast to adsorb
tannic acid was lower than that of fiocculent yeast. Under the cirÅëumstances,
however, it ls known tkat both yeasts have a difference in their phosphorus
contents. And moreover, as kas a!ready been pointed out by SchoenS) the phospho-
rus contents of flocculent yeasts are higher than that of non-fiocculent yeast.
Concerning the matters related to pkosphate compounds, Massche}ein et al.9) have
found that flocculent yeast had a sensitively adsorb!ng abil2ty for Ca"' and was
able to taken up Ca" from even a solution of low concentration of Ca'". And
further, Kijimaie) has revealed that in the glucose fermentation, the fiocculene yeast
was shown to be fairly higher in the ratio of the moiety inhibited by U02"" to
total fermentation velocity than that of non-flocculent yeast.

    II Changes in the Contents of PhosPhorus of Various Forms of the Non-
       Flocculent ]Yeast and the Flocculent Yeast During urort Fermentation

    The phosphorus amount of yeast ceUs changes as their physio!ogical condition
differed, therefore, only froin the results mentioned in Table l, it is unsuitable to
conclude that the phosphorus contents of yeast A were lower than that of yeast
B. Previousiy the fiocculating abi}ity of flocculent yeast was found to be attribut-
able to the "Zymocasein" fraceion, afid yet, there existed a close relationship
between the phosphorus amount of the cells and the formation of flocculence. Se,
for both yeases, the contents o'f various forms of phosphorus ln the cells at various

Table 2. Changes in Contents of Phosphorus Tal<ing Various Forms of \east
        A During Wort l?ermentation

Fermentation period (days)

Degree of Balling ef fermenting wort

pH of fermenting wort

State of yeast cell

Cold acid-soluble P(mgfg of dry yeast)

Lipid-P ( !! )
Nucleic acid--P ( !i )
Hot acid-soluble P( e )
Protein-P ( i! )

Tetal

Yeast yield (g/700ml)

2

8. 45

4. 55

Suspending

12.2

 1.2

 7.8

 O.7

 O. 5

21. 4

4

5. 45

4. 32

Suspending

7.8

O.8

5.7

1.2

O.4

15. 9

6.
3. 72

4. 25

Suspending

7. 6

O.9

5.2

L5
O.3

15.5

4. 21

Settled
down

7.8

O. 9

5. 3

L3
O.3

15. 6

4. 60

9

2. 70

4. 23

Seti'led

down

7.6
O. 9

5.3

1.1

O.3

15. 2

8. 08
(O. 82)

   The wort of Balling 10.60 inoculated with 4g of pressed yeast per 1l of it, was poured
into the glass tubes of about 2.5cm in diameter and 50cm in height, and was fermented at
80C. The figure mentioned in parenthesis expresses the amount of suspending yeast. The
aRalyses were carried out coinbining four glass tubes in which worts were being fermented.
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Table 3. Changes
B During

in Contents of Phosphorus Taking Varieus Forms of
 Wort Fermentation

Yeast

Fermentation period (days)

Degree of Balling of fermenting wort

pH of fermenting wort

State of yeast cell

Colcl acid-soluble P(inglg

Lipid-P (
Nucleic acid-P (
Hot acid-soluble P (

Protein-P (

of dry yeast)

 !l) !-) fl) 1!)
Total

Yeast yield (g1525 ml)

2

8.34
4. 80

Suspencling

15. 0

 1.4

 Z7
 L5
 O.6

26.2

3. 70

Settled
 down

21.8

e. 88

4

4. 63

4. 47

Suspending

ll.7

 Ll
 5. 5

 2.0

 O.5

20.8

3. 09

Settled
 down

10. 9

 1.1

 5.5

 2.3

 O.5

2e. 3

3. 3e

6

gs2
Settled
down

10. 7

 1.!

 5. 3

 2.7

 O. 5

20. 3

 5. 71
(O. 78)

   Cultivating conditions are tlie

ginal wort was 10.30. The figure
pending yeast. The analyses were
were being fermented.

Sallle aS 111

 mentioned
carried out

Table 2, but t'he degree of Balling of the eri-

in parenthesis expresses the amount of stts-
 combining three glass tubes in which worts

stages clurlng wort fermentation were compared and estimated in proportion to the
inethod3) described prevlously. Results of this for yeast A, in Table 2, and for
that ef yeast B, in Table 3 are shown respectively.
    As seen in Tabie 2 and Table 3, the total phosphorus contents of yeast A
were surely lower tkan that of yeast B through all stages during the wort 'fermen-
tation. These !ower contents were neverthe}ess understeod to result from being in
small quantity in acid-soluble phosphorus contents, since the phosphorus contents
ef the nucleic-acid form aRd of other forms were not difference in both yeasts.
Particularly, both yeasts during the later period of fermentation were noticed to
be much the same in their content of phosphorus of nucleic acid.

    III ProPerties of the "Zymocasein" Fraction of Aron-Flocculent Yeast and
        Flocculent Yeast

    1) PhosPhorus ComPosition of the "Zymoeasein" Fraction of Yeast A and
        Yeast B

    As already reported2), the author discussed that the fiocculating ability of fioc-
cu!ent yeast might be attributed to the "Zymocasein" fraction being present in
the cell. She thought that there were probably some dlfferences in properties
between the "Zymocasein" fractions of both yeasts and she isolated respective}y
the "Zymocasein" fractions from both yeasts at the later period of wort fermenta-
tlon and investigated their phosphorus composition by means of the metltod3)
already reported. The "Zymocaseln" fraction was prepared from the c}eaned
yeast cells mixed wlth 3 volumes of water as mentioned previously2). The cell
walls were broken down by repeating tke following treaÅíment four times : agitating
the mixture for 30 min. under a refiux of iced water in a sonic disintegrator with
20KC of frequency and 200W in output. Through this procedure the intracellular
components were educed, and subsequently, subjected to centrifugation. The cen-
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trifugal residues were further washed with water through centrifuging. The
supernatants and the washings of the residues were adjusted to pH 4.5 with aceeic
acid separately. The components preclpitated from both were gathered together
including all the granular components and the others which were present in cell.
Accordingly, although this fraction is not always the same substance as the old
"Zymocasein" of yeast protein, tlie fundamental constituent components of the
former wi!1 be presumably the same as .that of the latter, considering the fractlon-
ation method. The "Zymocasein" fraction became a pellet when lt was frozen
in acetate buffer solution of pH 4-.6 and it denatured into completely insoluble form
in the same buffer. So in tke present work, the "Zymocasein" fraction lselated
through the procedure of being frozen in acetate buffer solution of pH 4.6 and
washed four times with the same buffer solution were used for the experiment.
The results are shown in Tab!e 4.

Table 4. Phosphorus ComposMon of the " Zymecasein" FractioR Obtained
        from Yeast A and Yeast B, and the Ratios of Nitrogen to Phos-
        phorus

YL-"--S-' XXSXI!ISiiiiiu strains

 Forms of phosphorus X-lm--xL-.
Cold acid-soluble P

Lipid-P

Nucleic acid-P

Hot aicd-soluble P

Protein-P

Total

NitrogenlPhosphorus

Yeast A

 3.4O/e

 7.6
84. 6

 L8
 2.6

100. 0 iee!

Yeast B

 2. 6 ere

 5.6
85. 5

 4.0

 2.3

loo. o .eoi

5. 55* 5. 08

:{: Of the "Zymocasein" fraction of yeast A purified through a procedure
   which having been disolved in a alkaline solution, "Zymocasein " fraction

   is re-precipitated with acetic acicl, the ratio of nitrogen to phosphorus

   was 5.41.

    In Table 4, it was sliown that the "Zyinocasein" fractions of both yeasts at

the termination oÅí wort fermentation were the same in phospborus composition
and that about 85% of them were nucleic-acid phosphorus. From the results men-
tioned above, the "Zymocasein" fraction might be considered to be nucleoprotein.
It was also shown that the "Zymocasein" fractions present in tke cells had no
differekce in regard to their phesphorus compositions, regardless oÅí the fioccu!ating
ability or the non-flocculatlng ability of the parent yeasts.

    2) Distribution of the Molecular Weight of the "Zymocasein" Fraction of
        Yeast A and Yeast B

    Measuring Procedure : For the originai centrifuga} supernatant of cytoplasmic
educt obtained from the yeast cel!s by the sonic disintegrating treatment, and for
the supernatant after precipitating the "Zymocasein" fraction from the origlnal
supernatant, tke distributien of their melecular weight were respectively exarnined
by means ef Gel-filtration method througli Sephadex. After that, the distribution
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1. Distribution of Molecular Weight' of the "Zymocasein" Fraction
   of Yeast A and Yeast B
           Sephadex G--75.
           Column : di30 Å~ 165 mm.
        Eltiting sol. : O.1 M Na-Acetate, e.4 M NaCl.
                          (pH 6.0, pt :O.494)
    Ecauent velocity : 1.4 mllmin.
 Original supernatant : 1 ml.

of the molecular weight of the "Zymocasein" fraction was calculated as the
difference between the two. Figure 1 was the summation of the results for yeast
B and yeast A.
    In Figure 1 it was shown that the diserlbution of the molecular weights of the
"Zymocasein" fraction of both yeasts were more or less differene in each section,
and yet, a constitution seen 'from the division o'f the molecular weights was tkoughe
to be almost identicaL Furthermore for a division of over 56,OOO in the molecular
weight excluded with Sephadex G-75, fractionation were attempted using Sephadex
G-200. Similar continual patterns, however, were obtained even beeween the divi-
sion of high molecular weight, and were not observed to be different.

    3) Behaviours of the "Zymocasein" Fraction of Yeast A and Yeast B to Ca""

    From the experiments completed up to the preceding section, it was known
that the "Zymocasein" fraction of yeast cell, regard!ess of the fioccu}ating ability
or the non-fioccuiating abiiiey o'f the parent yeasts, the essential component was
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nucleoprotein aBd, size of the constituent molecule were much tke same. However,
the facts that the non-fiocculent yeast is insensitive to Ca" and can not be floccu-
Iated with Ca"' are well known. IR a related problem it was found that the natural
nucleoproteinii) extraceed from StrePtococci did not flocculate with Ca'", and that
the sol-pkase nucleoprotein and m2crosomal nucleoprotein were differenti2) in their
sensitivlties to Ca'". Hence the "Zymocasein" fraction of both yeasts were ex-
amined to determine their ability to be aggregatecl with Ca"". Nameiy, the "Zymo-
casein" fractions iiniir}ediately after being fractioRed through the preceding experi-
ments were suspended in the acetate buffer so!ution of pH 4.5, at the rate of 5laO.
Subsequently CaC12 was added to these solution in the proportion mentioned in
Table 5. After mixing well 20ml of them were poured into graduated glass tubes
lcm in diameter and were allowed to stand at 100C. Then the velume of the
upper clear liquid was measured at regu!ar IRtervals. Table 5 indicated the results.

            Table 5. Abillty of the "Zymocasein" Fraction Obtained from
                    Yeast A and \east B to Precipitate by Ca++

Yeast strains

Å~. Standing times
       -v-•wh..-.           XNx-.. CaC12•2H20 added Xs--x

O (control)

O. 2 .0i-

O. 3

Yeast A

10 min.

e.omJ
O.8

1.0

30 min.

 O. O ml

4.5
13. 0

Yeast B

10 min.

O. O ml

O.5

O. 9

30 min.

O.Oml
4. 0

12. 5

        Quantities mentioned in Table express the volumes of clear supernatants.

    In Tab}e 5, contrary to expectation, it was shown that the "Zymocasein"
fraction of the non-flocculent yeast, as well as that of the flocculent yeast, was
well fiocculated with Ca"".

    IV Difference Between the Form of the "Zymocasein" l7raction of the Non-
        Flocculent Yeast and the Flocculent Yeast in the Cells

    From tlie results rnentioned above, it was thought that bbth the "Zymocasein"
fractions obtained from yeast A and yeast B were nucleoprotein and were different
neither in quantity hor in qualitY. However, each of the yeasts showed a different
behaviour: yeast A could not be fiocculated by Ca"" contained in the external
solution, but yeast B flocculated. In the ability of yeast to fiocculate, Masscltelein
et al.9) have thought the effect to be attributabie to a granular basic structure
of cell wall which was composed of glucan and ehitin (reeently the content of
chitin was foundi3) to be very small). Concerning this problem the author2) has,
however, found its,Rature to be originated in the lntracellular "Zymocasein" frac-
tion, as already repOrted. CoRsideriikg this, the modes of the presence of the in-
tracellular " Zymecasein" fraction of both yeasts, narnely, the forms in the cells
were considered as the problem and this point was therefore investigated. '
    l) ExperimentaJ Procedure: A majority of the nucleic acid present in the
cells of microorganisms has been known to be linked to protein as nucleoprotein.
By applying this information, the investigation was performed. ' The ratio of
nucleic-acid pltosphorus to the total phosphorus in .the cells of cleaned test yeast
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was first determined. It was taken to represent the containing ratio of nucleic-
acid phosphorus of ai; the "Zymocasein" fractien which was heid in the ceiis.
Then the cell wali of the same test yeast was brol<en down through the sonic
treatment described previously. After that, the centrifugal supernatant and the
centrifugal superfiatant of washings with water were obtained. For both the
supernatanes, amounts of the total phosphorus and the phosphorus o'f the "Zymoca-
sein" fraction were determined respectively. From these values the containing
raeio of the nucleic-acid phosphorus of the "Zymocasein" fraceion was calculaeed.
(Under this sonic treatment, the yeast cells were broken or fissured semicircle in
their cell walis and had reached the degree of being educed as cytop!asmic tissue
into the externai liquid. Under this condition it was possibie to completely frac-
tionate inte the ce!1 wal! fraction and cytop!asm by centrifugation without breal<ing
down the ceil wall structure. On one side, the cells with damaged ce}1 walls were
between about 7e2o( and 80% of the wl?ole cells, but to kltow tlae exact yatio of
the damaged cells was impossibie. The contalning ratio of nucleic-acid phosphorus
of the "Zymocasein" fraction, ior discussing the degree of Iiberation of the
"Zymocasein" fraction, therefore, was based on the total pl2osphorus content in
the educt Åírom the celi in place of the total phosphorus content in cell. And
yet, it seems that tke value would serve as a standard in the investigation to fincl
the degree•of liberatlon of the "-Zymocasein" fraction). The containing ratio of
the nuc!eic-acid phosphorus fbr the yeast cells and the containing raeio of the
nucleic-acid phosphorus of the "Zymocasein" fraction for the educts thus obtaiiied
have been compared and the present state of the "Zymocasein" fraction in the
cells was discussed.
    Yeast A, cu}tured in laboratory, and yeast B, immediately after it terminated
its primary fermentatkon at brewery, were measured by means of the procedure
mentioned above to determine the degree of llberation of the "Zymocaseifi" frac-
tlon in the ce!ls. It was 'Eound thaÅí tke degree of liberation of the "Zymocasein"
fracti6n from yeast B was about 50%o of that from yeast A. Yeast A and yeast
B were further examined to determine the conditlon wkich Iiberated the "Zymoca-
sein" fraction from the yeast ce!ls in the progress of wort fermentaÅíion. The

         Table 6. Liberating Degree of the "Zymocasein " Fraction froni Yeast

                  A in Progress of Wort Fermentation

Fermentation period (days)

Degree of Balling ef fermenting wort

pH of fermenting wort

Nucleic acid-P
            Å~ 100Total P in cell (A)

E,gesio,cz.geig,/'m.\ .ioo (B)

(B) Å~ O.846 (c)

mo

((tC ))-.100

3

8. 82

4. 45

32. 8

34. 9

29.7

90. 6

6

4. 35

4. 14

32. 0

35. 2

29. 8

93. 1

9

2. 30

4. 14

31.4

37. 0

31.3

99.7

   Wort.was fermented in KI tubesi`) at 80C. The treated yeast (10g) was washed four
times with two volumes of watef.
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7. Liberating Degree of the "Zymocasein" Fraction from
   B in Progress of Wort Fermentation

Yeast

145

Fermentation period (days)

Degree of Balling of fermenting wort

p}I of fermenting wort

Nucleic acid--P
Total P in cell

Å~ leo (A)

" Zymocasein "-P
Total P in educt Å~leo (B)

Original

Washings

(B) Å~ e.855 (c)

+(umC)Å~100
(A)

3

9.8

4. 60

29. !

28.3

2.4 (3)

26. 1

89. 8

7

5.5

4. 30

28.8

15.1

12. 4 (10)

23.4

8L3

10

4. 5

4. 27

28.5

l4. 5

8.0 (10)

19. 2

67.4

     Wort was fermented in KI tubes at 80C. Figures in parentheses express number of
  times of washings with water for the treated yeasts.

results were summarized in Table 6 and Table 7 respectively. From the prelimi-
nary experiment lt was expected that in yeast B it would be difl}cult to educe
the "Zy;nocasein" fraction from the cells. In the experiment mentloned in Tab!e
7, the yeasts treated through the sonic treatment were repeated!y washed with
water untill there was no detection of the "Zymocasein" fraction in the centri-
fugal supernatant of washings. It is considered, however, that to wash the treated
yeast cells too much may result in extracting the iow mo!ecular phosphate com-
pounds from the yeast cells which did not have brol<en down cell walls thereby
mixed wlth the wliole cell. Consequently, the containing ratio of the "Zyrr}ocasein"
fraction might go down. This question was investigated to estimate the contain!ng
ratio of phosphorus of the "Zyinocasein" 'fraction in each of the original yeast
liquids by performlng sonic treatmeRts and washlngs on them. This question was

found te be considered unnecessary. '
    Discussing the resu!ts upon non-floccu}ent yeast A, whlch was shown in Table
6, its "Zymocasein" fraction was understood to be aimost all liberated from the
yeast cells through all the stages in the wort Åíermentation. Conerary to these, in
the case of yeast B, as shown ln Table 7, it was found that lts "Zymocasein"
fraction was toierably well liberated from the yeast cells at an ear!y stage of wort
fermentation, but as the fermeneation progressed the }iberatlng degree of the
"Zymocaseln" fraction was found to go down. It is recognized that tke form of
the "Zymocasein" fraction in the cells, namely, the structure ef the membrane
system or the constituent composition of it, was ciearly different in both yeasts.
    CoRcerning the problem of there being a difference in tke cell wall structure
of both yeasts, Eddy et aLi5) have found that the cell walls, in tke preparation of
yeast cells possessing abilk2es to aggiutinate, possessed the ability to aggiutinate
quite simiiar to those skown by the parekt yeasts. And the ability of tke cell
walls to agglutinate was progressively lost by treatment w!th papa;n, since in this
case the release of "materlal A" composed of a carbohydrate (as mannose) of
85906o, of nitregen of 1.2%, and of phosphorus o'f O.37%o, fe!lowed a roughly paral!e!
course. Furthermore, from the results iRvestigated of the properties of the cell
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walls of 13 strains of yeasts including top and bottoin, they]6) found that the cell
wa!ls prepared from mature cells reproduced the same fiocculatiRg behaviours as
their parent yeast cells, altltougli that of the young cells did not.. The resalts of
Eddy et aL agreed witk a plienomenon in which the degree of the liberated "Zy-
mocasein" fraction from the cells went down as the fermentation age progressed
on yeast B. Accordingiy, the results l<nown for yeast B lndicated this to be com-
mon to ali of the flocculent yeasts. Another question related xvith these matters
concemed ribosome in Bacillus subtilis wliich was present ln a free state in an
actively growing cell, and was present in a staee associated witk the membrane
structure in a period immediately be'Åíore turning into a resting statei7).

    V Presence of Nucleic Acid in the Cell Wall Fraction of Flocculent Yeast

    Massckelein et al.g) had reported that tlie cell wal{s of the fiocculent yeast cells
did noe contain nucleic acid. The cell wal! fractions used for the experkneBt by
them were, however, substances gathered only partly, since they were not stained
with methylene b!ue nor toluidine blue Ror with Gram-staining, from the finely
brol<en clown cell walls. Though tlie activity of staining with basic clye sLich as
toluidine b}ue and methylene blue iSrere matters of course as well as Gram-staining
activity, the staining activity has been foundi8,i9) to be in a close relatioRship wXh
ribonucleic ac2cl. Therefore, if nucleic acid was not detectecl in t.his unstained part,
there was no substantial evidence that nucleic acid was not present in the cell wall
system ltself. On the one hand, a basic layer of cell wall, composed of glucan, was
shown to be a fundainental seat for the appearance o'f floccu!ence9). This suggested
that they were assoc}ated with ribosome, since they had an appearance of a gra-
nular structure. And moreover, this layer had been shownL'O) to have significant
amounts of phosphorus. Recently, Eddy et al."'i) have founcl that the cyteplasmlc
membrane is a major portion of the cell wall system ancl it containecl ribonucleic
acld and deoxyribonuc}eic acid. Hauge et al.22) have also fotmd it contain. high
amounts of ribosome in larger particles isolated from tke French pressure cell
homogenates of a yeast cell. On the other hand, as a problem related with this
matter, the recent studies kave demonstrated that iribosoixie or nucleoprotein were
associated with various bacterial cell membranesi7,"""N32). As from the results obtain-

ed by the preceding experiment, the presence of nucleic acid in the cel! membrane
system of fiocculent yeast was detected, and so the cell wal} fraction was isolated
from yeast B at a later stage in wort fermentation to deteriT}ine the presence of
nuclelc acid in the cell wal! fraction according to the previously mentioned method3).
The results were giveA in Table 8 ancl Figure 2.
    Jsolation of the Cell urall Fraction from Yeast B: CleaRed yeast cells mixed
with three volumes of water were successively treated three times in a sonic disin-

         Table 8. Contents of Phesphorus of Various Form in Cell Wall Fractlon
                 of Yeast B
                                             r

Cold acid-soluble P

Lipid-P

Nucleic acid-P

Hot acid-soluble P

Protein-P

O. 07 mglg of dry cell wall fraction

O. 07 !i
1. 96 i!
O. 28 !i
O. 42 i!
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                     Fig. 2. Absorption Spectrum of the Extract
                           from Cell Wall Fraction of Yeast B

tegrator at 10C, for 30 min The cytoplasms were removed by ceiitrifugation. The
sonic disintegration of the yeast cells and the removing treatment of cytop!asms
were repeated untill the yeast cells were almost disintegrated. W}ien the smali
fragments of the cell wails of yeast B were frozen, they showed tke ability to fioc-
culate which held even in a condition of very fine 'fragments, so that the cel! wall
fractions and cytoplasms could be well sepftc rated by centrifugation. The cell wali
fract!on isolated in this way was suspended in 10%o sucrose, and was subsequentiy
subjected to fractional centrifugation. The cell wal! was completely freed from the
cytoplasmic granule and was purified tlirough washing with distilled water. Though
the cel} wall fractlon did not contaln cytoplasmic graRule, they contalned a trace of
the whole cell. As for yeast A, the cell wa}I fraction acquired an abiiity to suspend
as the cell walls disintegrated, and it was difllcule to separate the cytoplasmic gran-

ule by means of the same procedure as isolating the cell wa!I fraction from yeast
B, wkich made a notabie difference between tbe two yeasts.

    As shown in Table 8, the cell wall fraction isolated from yeast B contained
about O.2% of phosphorus of nuclelc acicl. This value corresponded to 37% of tliat
(5.4mg/g) of whole cell. In the cell wall fraction a trace of the whole cell was
observed. Even if the cytoplasmic granules could ltot be detected in microscopy,
the presence of an undetectable granule was doubtful. However, the containing ratio
of nucleic acid in the cell wall fraction was such a high ratio that it was impos-
sible to explain it through the contamination by them. Therefore it was concluded
that the cell membrane system of yeast B contained nucleic acid; in other words,
the cell wall system of yeast B was associated with nucleoprotein or ribosomes.

                                 Discussion

    From the results of the experiment achieved above, the difference between the
flocculeRt yeast cell and the non-fiocculent yeast cell is consiclered to be mainly a
condition of tke association between intracellular nucleeprotein and the cell wall
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system when it contains cold-acicl soluble and hot-acid soluble pliosphate compounds.
And thus, for the fiocculent yeast cell, kt may be ,interpreted that since the nucle-
oprotein is strongly associated with the cell wall system, or since the nuc}eic acid
is associated with the proteini3) in tlie ce!i wall, the c,ell itself will behave as a
nucleoprotein in an external solution. The so-calied cell w'alls have been found to
contain no nucleic acid, however, as mentioned above, the presence of nucieic acid
or ribosome in cytoplasmic membrane has been found in various kinds of baceeria.
The yeast ceil wall, as well as that of general bacteria, is known20,33) to liave a
pore structure and to possess tlke ability to permeate even considerably high mole-
cular substances. A special perineability of nucleic acid to the cell wall has also
been found because the transformation30 of a yeast strain into a different yeast
strain was possible tlirougl} desoxyribonucleic acid, which was derived from a dif-
ferent yeast strain and addecl to elie culture inedium. Besides, nucleic acid-polysac-
charides complex (the kydrolysate gave mannose) has beeB iso!ated35') from a yeast.
The evidences combined together wiek those facts and the results of the experiment
described above will give the thorough appropriateness to render the conclusion
mentioned above to yeast B. Concerning the relationship between yeast B and ye-
ast A, in the reports related to the presence ef nucleic acid or ribosome in the cell
membrane, conflicting results are given even on the same serains of bacteria. As
for Micrococcus lysodeikticus, Gilby et al.36) could ;flnd no more than traces of
nucleic acid in the protoplast membrane while Gel'man et aL27) }iave recognized
that 2t containecl nucleic acid o'f 12.2%o in the cytopiasmic membrane. The same
confiict exists concerning B. megaterium straln M, as revealed in the results
of Weibull et al."7) and Wachsman et al.30). From those facts and the results of
the experiments on yeast A, it is possible that in yeast A, the cell membrane
system is stable to the external solution, and so the yeast cells are able to hold
their suspending ability, because either the intracellular nuc!eoprotein is free from
the cell membrane, or the power and amount of association is weal< enough to allow
them liberate state. This opinion of the auekor (the detaiis will be shown iater)
is substantiated by KijirnaTe) who has found that tliere is remarkable correlation
between the ability to be inhibited on the fermentation rate o'f the bottom brewing
yeast by U02"" and their flocculating character.
    Massche!ein et al.38) have considered that the difference between the fiocculent
yeast and the non-flocculent yeast depencled on a difference ln the amount of mannan
which is the main component o'f the yeast ce!1 wall. The mannan content of the
non-fiocculent yeast was nearly constant through all the stages of tlie fermentation
process. Contrary to the case of non-floccu!ent yeast, tl}e mannan content of the
fiocculent yeast ce!1 at the later half of the earlier period of fermentation process
was twice as much as that of the non-fiocculent yeast, and it decreased gradually
accordingly as the fermentation progressed. At the iater period when the yeast
cell began to flocculate, the mannan content becarne half of that of the non-flocculent

yeast. And after the mannan was removed by washing with alkaline solution, the
non-fiocculent yeast cell began to strengthen in its fiocculating activity. And they
have fureher thought that the ability o'f the yeast cel! to fiocculate was attributabie
to the glucan layer mentioned previously. Nevertheless, floccu!ent yeast can 'fiocculate

in the presence oÅí Ca"' through ail stages of the fermentation process, regard!ess
of the amounts of mannan content in the yeast cell. This matter has been cleared
by Helm et al.i) and is also recognize,d through the present works by the auehor.
It is known39) that when a Yeast cell which flocculatedl well was stored, its floccu-
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Iating activity gradually decreased. Those facts can net be explained by ies iower
 content of mannan ln its yeast cell than that of the non-fiocculent yeast cell.' The
 fact that a characterized optimal pH fixed for the fiocculation of fiocculent yeast is
existent can not be explained if the fundamental substance of producing the fioccu-
lating ability is glucan.

    KijimaiO) investigatecl, for the brewery yeasts, the relationship between the
extent of the inhibition of fermentation velocity by U02" and the tendency to tlie
fiocculation. He has made k clear that there is ak extremely remarkable correla-
tion between the inhibition of feninentation by U02"" and the degree of flocculating
ability. So, in proportion to the increase of the flocculating ability, the rate of an
enzyme system sensitive to UOo." whick was occupled in the total fermentatioR
velocity in glucose fermentation, increases. For this correlation, Kijima, as we!1 as
Masschelein, has related it to tl}e contents of polysaccharides in the cell wall of
yeast. But i'f the cell wall has a pore seructure and lias the ability to permeate
even tolerab}y high molecular substances, it can not be thought that the large
obstruction against the permeation o'f UO,}'", as seen in his expeyimental resu!ts, is
brought about through a ditifereRce in the thickness of its exterior layer. And if,
as in Kijima's opinion, this is depeRdent on the centent of the polysaccharides iR
the cell surface in the case of flocculent yeast, a moiety of enzyme system sensitive
to U02" must be naturally changed according to the ckange ef the niannan
content wliich changes with the ripeness of tke cell, as found by Masschelein et ai.
Kijima has, kowever, I<nown tkat the correlation did not related to the degree of
the r!peness of the celi. The author interpreted the problem as follows, naiRely,
UOz"" is known33) for its specially strong aMnity to polyphosphate. Van Steveninck`e)
has recently discussed that an inhibition of tke glucose uptal<e by the yeast cell,
caused by U02"', was attributed to an inhibition of phosphory}ation which was dre
to the binding of U02'" to the polyphosphates present at the ce}l surface. Cirillo
et al.`i) have reported that the yeast cell, washed with a solution of uranyi nitrate,
prevented intracellular sugar loss (not consumption of sugar, but a reverse transport
of sugar). If the action of U02"" belongs to either case, tkis effect of biRding
U02'" appears as the phenomenon of inhibitiRg fermentation. One of tke substaR-
ces binding UO,"" is thought eo be ATP which is a co-eRzyme in giycolysis and also
an energy source of active transport of the biological membrane to cation. On the
other hand, ATP has been found to be an essential compoRent ef yeast ribosome
by Ohtaka et ai`S'). Being related to suclt matters, the correlation between the in-
crease on flecculating ability of yeast and the increase in the moiety of enzyme
system sensltive to U02"" represents a correlation between the increase in the floc-
culating actlvity of yeast and the increase in the content of ribosome associated
with cell wall system.
    Mill's theory`3) of yeast flocculation, in which the fiocculent yeast cells are
linl<ed, joining two dfferent cells by salt bridges with Ca'", kas•recently been
presented and Lycette et aY."`) discussed tkat lipids or phospholipids were involved
in the yeast fiocculation: the former may connect with ribosomes present in the
cell wa}ls, and the }atter may connect with the removal of ribosome from the cell
membrane accompanying a destruction of the cell mernbrane structure which is
attributed to the removal of lipid or phospholipid from the cell membrane. Fur-
ther, Massckelein et al.3S) have observed that when yeast was grown in a medium
containing NaE the flocculating activity of the grown yeast increased. They
consider this phenomenon to be a resu!t of the inhibition of mannan synthesis by
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NaF (but, 2t was written in the repert that the inhibieion of mannan synthesis
was not certain). However, it is probably interpreted to be attributed that in
this situation the inositol, present ln tlie medium (the yeast extract is added to
medium), aRtagonistically reacted to NaF`5), so the yeast cells naturally acquired
properties of yeast grown in an inositol-deficient medium. The phenomenon acti-
vating the fiocculation of the yeast cells grown in the inositol-deficient medium is
known already46,47) Rot on!y to be a simp!e decrease in the mannan-synthesizing
amotmt, but also to be depended on its effect`7,`8). In addition, Masschelein et al.3S)

have adduced that the fiocculent yeast evo!ved carbon dioxide in larger amoLmts
tkan the non-fiocculefle yeast evo!ved in t}ie presence of 2, 4-dinitrophenol. But
thls phenomenon ls able rto be explained as follows. Flocculent yeast contains
acid-soluble phospborus compounds in larger ainounts than does non-flocculent yeast.

                               Conelusion

   The !naln differences between tke fiecculent yeast ancl non-ftoccu!ent yeast were
found in the following two matters :
    1) The content of acid-soluble phosphortis cofnpounds of fiocculent yeast is
higher than that of non-flocculent yeast.
    2) There is a difference in tke associating coikdition of the intrace!lular " Zymo-

casein" fraction and the ce!! membrane system, namely, in fiocculent yeast the
nucleoprotein (mainly, ribosomes) is strongly associated wieh the base part of the
cell membrane system, so the whole cell behaves like nucleoproteln.
    Aclenowledgefnents. I am gratefu! to ProÅí S. Tanal<a fer his leadership.
I am also grateful to E. Prof. of Kyushu University, Y. Okuda; E. Prof. of Tokyo
University, K. Sakaguchi; Dr. Y. UiT}eda, H. of Y. L, R. L. of Kirin Brewery Co.,
Ltd.; and Dr. Y. Kuroiwa, H. of A. L, R. L. of K. B. Co. Ltd. for their many
helpful discgssions, encourageinent and interest during the 2nvestigation; and to K.
Fu}<ami, H. of Ful<uol<a Factory of K. B. Co., Ltd.; and T. Sugamoto, H. of Ma. D.
of K. B. Co., Ltd. for their advlce ; and to the Directors of Kirin Brewery Co., Ltd.
for their permissien to publish these works.

                               REFERENCES

  1) I{elm, E., NÅëhr, B. and Thorne, R. S. W., Wallerstein Labs. Communs., l6, 315 (1953).
  2) Ito, U., Mem. Coll. Sci., Uni. Kyoto, Sei. A, Vol. 31, No. 2, 107 (1967).

  3) Ito. U., IV{em. Coll. ScL, Uni. Kyoto, Ser. A, Vol. 31, No. 2, 117 (1967).

  4) Ito, U, Mem. Coll. Sci., Uni. Kyoto, Ser. A, VoL 31, No. 2, l27 (1967).
  5) Wiels, A. E., Proc. European Brewery Conv. Brighton, p. 84 (1951).
  6) Eddy, A. A. and Rudin, A. D., J. Inst. Brewing, 64, 139 (1958).
  7) Preece, L A., "The Biochemistry of Brewing", p. 297 (1954).
  8) Schoen. M., Wochschr. Åí Brau., 47, 4 (1930).
  9) Masschelein, C. and Devreux, A., Proc. European Brewery Conv., Copenhagen, p. 194(1957).
  10) Kijima, M, I<irin Kiyo, 12, 173 (1961) and Report. Res. Lab. Kirin Brewery Co. Ltd., 6,

     35 (1963).
  11) Haurowitz, F. (Translated by Hirose, T.), "The Protein in the Fielcl of Biophysical Che-
     mistry", p. 223 (1952).
  12) Cross, P. R., C. A.. 52, 4722 (1958).
  13) Korn, E. D. and Northcote, D. Il, Biochem. J., 75. 12 (1960).
  14') Kuclo, S., Ishimaru, S. and Sato, Y., Kirin Kiyo, 7, 137 (1956).

  15) Eddy, A. A. ancl Rudin, A. D., J Inst. Brewing, 64, 19 (1958).



iiiik

iiiiil

ii''ilil

           DIFFERENCES BETWEEN THE FLOCCULEN'I' YEAST lsl

Eddy, A. A. et al., Proc. European Brewery Conv., Copenhagen, p. 211 (1957).
Tsugita, A. and Inouye, M., Kagaku (chemistry), Zokan, Number 15, "Biochemistry in
the Present Time", the first volume, "Biological High Molecule", p. 123 (1964).
Egami, F. edit'ed, "Nucleic Acid and Nucleoprotein", the last volume, p. 295 (1951).
Stephenson, M. (Jointly translated by Tanaka, S. and Suzuki, T.), "Metabolism of Bac-
teria", p. 154 (1955).
Eddy, A. A., " The Chemistry and Biology of Yeast " edited by Cool<, A. H., p. 239 (!958).

Bolton, A. A. and Ecldy, A. A., Biochem. J., 82, 16p (1962).
IJIauge, J. G. an(l Halvorson, H. O., Biochem. J., 84, 108p (1962).

Butler, J. A. V., Crathom, A. R. and Hunter, G. D., Biochem. J., 69, 544 (1958).
Suit, J. C., J. Bacteriol., 84, 106i (1962).

Suit. j. C., Biochim. Biophys. Acta, 72, 488 (1963).
Hendler, R. W., Banfield, W. G. and Kuff, E. L., Biochitn. Biophys. Acta, 80, 307 (1964).

Gel'man, N. S., Zhnkova, I. G. and Oparin, A. I., C. A., 54, 13257 (1960).

Abrams, A. and Nielsen, L., Biochim. Biophys. Acta, 8e, 325 (1964).
Schlessinger, D., C. A., 60, 1226i (1964•).

Wachsman, J. T., Fukuhara, H. and Nisman, B., Biochim. Biophys. Acta, 42, 388 (i960).
Fruton, J. S., "Tlae Proteins" vol. i. "Composition, Structure and Function," 2nd ed.,
edited by Neurath, H., p. 252 (i963).
Mizuno, S., Takahashi, H. and Maruo, B., Tanpakushitsu I<akusan Koso, le, 9e3 (1965).
Rose, A. H., Wallerstein Labs. Communs., 26, 21 (1963).
Oppenoorth, W. E F., Proc. European Brewery Conv., Rome, p. 180 (i959).
Bourdillon, J., C. A., 58, 3640 (1963).

Gilby, A. R., Few, A. V. and McQuillen, K, Biochim. Bioplays. Acta, 29, 21 (i958).
Weibull, C. and Bergstr6m, L., Biochim. Biophys. Acta, 30, 34e (1958).
Masschelein, C., Dupont, J., Jennehomme. C. and Devreux, A., J. Inst. Brewing, 66, 502
(1960).

Lifers, H., ".Die Wissenschaftlichen Grundlagen von Mglzerei und Brauerei " s. 736 (1949).
Van Steveninck, J., Biochm. J., 88, 25p (1963).

Clrillo, V. P. and Wilkins, P. O.. J. Bacteriol., 87, 232 (1964).

Ohtaka, Y. and Uchida, K., Biochim. Biophys. Acta, 76, 94 (1963).
Mill, P. j., 3. Gen. Microbiol., 35, 61 (!964).

Lycette, R. M. and Kedrick, L. R., Appl. Microbiol, 10, 428 (!962).
Chung, C. W. and Nickerson, W.. J., J. Biol. Chem., 208, 395 (1954).
Smith, R. H., J. Gen. Microbiol., 5, 772 (1951).
Ridgway, G. J. and Douglas, H. C., J. Bacteriol., 76, 163 (1958).
Challiner, S. W., Power, D. M and Tonge, R. J., Nature, 203, 250 (1964).


