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ABSTRACT

The growth rate of yeast population (Saccharomyces uvarum) cultivated in the Knopp’s
modified medium (plus various carbon sources) appeared the highest value when the Knopp’s
minimal medium was treated to 1.5% with disaccharide such as maltose and sucrose. Also
the treatment of lactose and raffinose resulted in population growth as to the population
size in case of maltose and sucrose. However, the growth of yeast was not occurred at all
when a polysaccharide, such as inulin, was added as carbon source.

The growth form of yeast population in Knopp’s modified medium are characterized by the
fact that log phase continued 100hrs after inoculation and that stationary state phase appeared
in general 250hrs after inoculation. Applying the various carbon sources to respiration subst-
rate for yeast cell, the respiration rate of yeast showed the highest value in treatment of
maltose and followed in order of raffinose, lactose, glucose, and sucrose.

Determined the amount of poly-phosphate and turn over pathway of poly-phosphate acc-
ording to culture phase of yeast, it is revealed that the yeast synthesized 3 types of poly-
phosphate (poly-P A,B,and C) and postulated that turn over pathway of poly-phosphate as
follows; Inorganic phosphate is converted into each kind of polyphosphates, and then one
part of poly-P-C is converted into poly-P-B, the rest poly-P-C and poly-P-B are converted
into poly-P-A.

The synthesized poly-phosphate is considered to have a role as energy pool utilizing to s-

ynthesis of cellular organic materials. Of the 13 carbon sources used in this experiment,
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the useful carbon sources for biosynthesis of poly-phosphate and cellular organic materials

are confirmed as disaccharide (maltose and sucrose) as well as glucose. Protein synthesis

in yeast cell showed the two peaks on 6th and 8th day after inoculation; nucleic acid on
2nd day (48hrs), carbohydrates on 2nd day (48hrs), and phospholipid on 2nd and 8th day

after inoculation, respectively.
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Fig. 1. Diagram of O, uptake(.//60min) treating with various carbon sources.
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Table 2. O, uptake, micro litre/(.92 x10° cells, under various conditions treated with nine

kinds of sugar as respiratory substrate

10% 16.08 32.27 3.93 4.82 22.90 0.69 15.71 44.42 2.76
20%- 10.72 40.69 9.98 10.80 31.48 9.00 25.95 47.11 4.83
30+ 32.16 47.70 16.68 18.72 45. 80 4.16 28.69 68. 65 16.56
40% 22.78 47.70 22.24 25.20 47.22 9.70 30.05 68. 65 22.77
504 24.12 15.01 29. 88 33.84 48.65 9.70 28.69 69.99 28.98
602 33.50 77.17 35.45 42.48 42.93 1.385 17.76 78.07 34.50
% Endo. respiration=16.5
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Table 3-1-1. Amount of phosphate in each fraction of veast cells during the culture phase

. control arabinose fructose alactose lucose
Fraction day  (.M/ml) (:M/ml) (1:M/ml) (M ymi) CuMymi)
0 17.44 17. 44 17.44 17.44 17.44
2 10.31 12.41 10. 83 10.50 18.35
Acid soluble 6 14.84 13.77 9.36 11.58 13.82
-P 8 10.68 10. 29 7.23 25.27
10 21.56 17.19 10. 66 5.57 11.76
0
2 0.241 0.758 0.478 0. 840 0.120
Ortho-P 6 0.473 0.432 0.684 0.438 0. 280
8 0. 378 0.318 0. 467 0.139
10 0.233 0.225 0.264 0. 160 0. 150
0 0.611 0.611 0. 611 0.611 0.611
Nucleotidic 2 0.428 0. 455 0.586 0. 420 1.056
labile-P 6 0.710 0. 587 0.404 0.387 0.829
8 0.530 0. 345 0.262 1. 390
10 0.767 0.605 0.830 0.330 1.100
0 13.779 18.779 18.779 13.779 13.779
2 6.223 7.005 4.908 5.946 15. 240
Sugar-P 6 7.897 6.588 3. 065 7.185 8.328
8 4.969 3.982 3.004 18.037
10 13. 840 13. 000 5.606 2.082 6.125
0 3.05 3.05 3.05 3.05 35.05
2 3.42 4.20 4.86 3.30 3.96
Poly-P-A 6 5.76 6. 30 5.22 4.38 4.32
8 4. 80 5.64 3.50 5.70
10 6.72 3.36 3.96 3.00 4. 38
0 3.927 3.927 38.927 8.927 3.927
2 2.579 3.088 1.844 2.955 9.048
Lipid-P 6 2.437 2.794 2.778 1. 851 2.600
8 1.774 2.394 1.554 4. 087
10 8.827 1.588 1.197 1.419 3.745
0 0. 363 0. 363 0. 863 0. 363 0.363
2 0. 363 2. 265 2.590 0. 853 1. 008
Poly-P-B 6 1.236 3.117 3.195 1.876 0. 920
8 2.184 1. 800 1.195 0.973
10 2.635 1.173 1. 883 0.786 1.125
0 0. 248 0.248 0. 248 0.248 0.248
2 0. 3338 2.238 1.747 1.213 0. 456
Poly-P-C 6 0.158 0.173 0. 873 0.151 0.160
8 0.162 0.186 0.112 0.334
10 0.434 0.138 0. 285 0.102 0.326

Table 3-1-2. Amount of phosphate in each fraction of yeast cells during the culture phase and
UV absorbance at 260nm of RNA and DNA fraction.

; control arabinose fructose galactose glucose
Fraction day («M/mi) («M/m?) (uM/mi) (zM[ml) (eM/mil)
0 17.163 17.168 17.163 17.168 17.163
2 48. 840 8. 926 21. 807 13.881 29. 056
RNA-P 6 6. 996 7.893 7.875 8.378 10.182
8 5. 680 5.405 6. 300 15. 580
10 13.270 5.262 6. 050 5. 687 12.830
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0 0.825 0.825 0.825 0.825 0.826
2 0.675 1.258 1.489 1. 204 1.320
DNA-P 6 3.682 2.875 2. 487 2.150 2. 200
8 1. 060 0.998 0.718 3.655
10 2.735 0.653 1.338 1.017 1. 750
0 1.815 1.815 1.815 1.815 1.815
2 1.295 9.808 7.493 3.032 1.920
Protein-P 6 3.682 2.875 2.487 2.150 2.200
8 1.843 1.624 2.613 8.618
10 4.340 3.175 2. 257 1.450 3.600
UV absorbance
0 0.330 0.330 0.330 0.330 0. 330
2 0.074 0. 450 0. 700 0. 840 0.672
DNA 6 0. 260 0.520 0.750 0.115 0. 640
8 0.550 0,530 0. 640 0. 830
10 0. 670 0.420 0.530 0. 640 1.000
0 0. 264 0. 264 0.264 0.264 0. 264
2 0.222 0.401 0.374 0.437 0.624
RNA 6 0.263 0.270 0.311 0. 326 0. 360
8 0. 277 0.297 0. 336 0.389
10 0.334 0.201 0.285 0.262 0. 350
Table 3-2-1. Amount of phosphate in each fraction of yeast cells during the culture phase.
Fracion  day  [hamnose  lactese  maltoseswerese D
0 17.44 17.44 17.44 17.44 17.44
2 66. 22 18.02 19.73 18.14 18. 38
Acid soluble-P § 83.05 15.71 16.51 17.33 14.9,.
8 90. 05 22.98 20.45 26.75 20.47
10 78.91 10. 87 9.69 10. 88 8.06
0
2 3.908 0.382 0.105 0. 250 0.123
Ortho-P 6 4. 208 0.406 0.347 0.347 0.406
8 5.893 0.170 0.263 0.160 0. 300
10 4.583 0.135 0.101 0.218 0.179
0 0.611 0.611 0.611 0.611 0.611
Nucleotidic 2 1.575 0.792 0.894 0. 750 0.690
labile-P 6 2.176 0.891 0.718 0.486 1.516
8 2.003 1.598 1.205 2.147 1.875
10 2.125 1.183 0.578 0.983 0. 607
0 13. 779 13.779 13.779 13.779 13.779
2 57.197 11. 809 13.751 12.700 18.107
Sugar-P 6 71.168 9.253 10. 224 11.514 8.218
8 75.657 14.490 13.768 13. 387 13.074
10 68. 335 4.873 4.686 4.514 3.974
0 3.05 3.05 3.05 3.05 3.05
2 3.54 5.04 4.98 4.44 4.46
Poly-P-A 6 6. 30 5.16 5.22 4.98 4.81
8 4.50 6.72 5.21 6.06 5.22
10 3.84 4.68 4.32 5.16 3.30
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0 3.927 3.927 3.927 3.927 3.927

2 3.560 5.713 10. 652 8. 064 5.275

Lipid-P 6 2.223 2.586 2. 980 3.857 2.946
8 1.555 5.428 3.550 13. 000 4.013

10 0.778 6. 890 3.380 3.243 2.760

0 0.363 0.363 0.363 0.363 0.363

2 1.043 0.573 0.947 0.975 1.849

Poly-P-B 6 1.225 1.089 1.042 0. 903 0.903
8 0. 967 1.190 1.076 1.506 1. 000

10 1. 064 2.163 1.408 1.638 1. 000

0 0.248 0.248 0. 248 0. 248 0.248

2 0.276 0.519 0.658 0.575 0. 641

Poly-P-C 6 0.311 0.173 0.116 0.232 0.085
8 0.258 0.272 0.287 0.321 0.150

10 0.133 0.507 0. 201 0.191 0.196

Table 3-2-2. Amount of phosphate in each fraction of yeast cells during the culture phase and
UV absorbance at 260nm of RNA and DNA fraction.

: rhamnose lactose maltose sucrose raffinose

Fraction  day («M/ml)  (uM/ml) («M/mi) («M/ml) (uM/mi)
0 17.168 17.163 17.163 17.163 17.163
2 7.400 86. 200 21.215 52. 884 28.393
RNA-P 6 7.825 11.117 14. 080 16.530 10.642
8 6.636 11.780 13. 000 14. 890 14. 060
10 6. 272 10. 980 12.407 10. 643
0 0. 825 0.825 0.825 0.825 0.825
2 4.605 1. 365 1.315 1.576 1.355
DNA-P 6 1.617 3.715 5. 835 3.350 2. 880
8 1.008 4.420 1. 960 3.365 3.875
10 1.088 2.030 1.510 1.640 1.695
0 1.815 1.815 1.815 1.815 1.815
2 2.508 1.703 2.893 2.750 2.352
Protein-P 6 3.108 3.460 3.542 3.241 4.927
8 2.828 12.580 5.903 7.051 8. 000
10 2.077 6.692 3.270 3.550 3.641

UV absorbance
0 0. 330 0. 330 0.330 0.330 0. 330
2 0. 240 0.440 0.530 0. 650 0- 430
DNA 6 0. 250 0.590 1.390 1. 810 0. 850
8 0.510 0.680 0.720 1.280 0.750
10 0.490 0. 680 1.010 0. 820 0. 860
0 0. 264 0. 264 0. 264 0. 264 0. 264
2 0.838 0.491 0.658 0.700 0.542
RNA 6 0.311 0.371 0- 602 0.370 0.470
8 0.283 0.408 0.478 0.449 0.500
10 0.226 0. 338 0.128 0,411
(2) poly-P B, poly-P C9 a}upui 3} ol A3 & FdFE Julon 294 oz
Fig. 3.0 viehd whsbatel polyP B p- gdel FoldE 2 985 mold grord. ze
oly-P Ash zro] A GHTF 27)e] control 1], poly-P Ci ]z A9 s ne 7 o] %

2ok wshevt, 2 ol F MG EAE control  FAE BB hehigdnh. Bogaa 0 p
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Fig. 2. Changes in amount of Total-P in the acid
soluble fraction, lipid-P and ortho-P, tre-
ating with various kinds of sugar as car-
bon source during the culture phase.

oly-Pz}%] 43 71e] turn over patterno] ¢]e]

Fig. 84 vbehd @38 slz & o, poly-P C

+ poly-P B=, poly-P C¢l poly-P B poly-P A

2 ARHE AL nFD Qe ) o o

E og} 4 EHE =53 poly-P turn over pa-

tterng Vb 9tk ol 25w o] (1964)9]
chlorella o] Fofl 4] vielyk
poly-P A
T
Pisspoly-P B
|
poly P C
9 7 patternyti= £ g 2E ol Fx Q.

Winderet Denny(1956), Belozersky$} Kulaeve
(1957), Kulaeves} Belozersky(1957), Zaitzeva
(1960) % FFlT-AEo| Mycobacteria, Aspe-
rgillus®} Azotobacter] 4] RNA complex poly-P
£ 283509, 2e]g RNA complex poly-P=
A Z AHE84 poly Pl Al ¢li9] Aoz g

Lee et al: Effect of carbon sources on Yeast 71

6. .
§ Poly P-"A

Fig. 3. Changes in amount of total-P in the acid
soluble and insoluble polyphosphate frac-
tion of yeast cells, trerating with .various
kinds of sugar as carbon source during the
culture phase.
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Table 4—1. Amount of ninhydrin reactive substance in each fraction of yeast cells during the
culture phase.

. control arabinos
Fraction day («M/ml) (:Mb/ml)e (iﬁ%ﬁ?; ff&?fxtr?zs)e (,gvik‘f%iﬁ
0 26. 081 26. 081 26. 081 26. 081 26. 081
2 5. 844 5.918 6. 378 8. 542 37.314
PCA 6 9.420 5.293 1. 790 5. 062 9. 940
8 2. 281 3.583 8.192 21. 692
10 13.279 1.557 4.574 4.496 10. 200
0 16. 620 16.620 16. 620 16. 620 16. 620
2 2.900 33.976 24.435 30. 886 1.634
Alkalilabile ¢ 8.142 42,283 27. 850 29.083 15.198
8 23. 840 30. 065 41.310 29. 027
10 11.813 46.575 3.434 28. 030 24.383
0 0. 969 0. 969 0. 969 0. 969 0. 969
2 0.710 2.944 10.648 4.838 2.736
Alkali-stable ¢ 2. 050 36. 225 36. 387 18.790 56. 640
8 27.245 27.460 22. 872 50.567
10 9. 605 55.118 31.502 34.484 15. 445
0 17.589 17.589 17.589 17.589 17.589
2 3.610 36.920 35.083 35. 724 4.370
Total protein 10.192 78.508 64.237 47.873 71. 838
8 51.085 57.525 64.182 79.594
10 21.418 101. 693 24.936 62.514 30, 228

Table 4—2. Amount of ninhydrin reactive substance in each fraction of yeast cells during
the culture phase.

e UERS RS o owm o rl
0 26. 081 26. 081 26. 081 26. 081 26. 081
2 7.215 18.182 25.270 13.585 25.130
PCA 6 2.618 9.730 16. 043 4.963 3.587
8 8.727 12.116 14.920 13. 276 15. 836
10 5. 393 7.198 9. 094 8.744 9.139
0 16. 620 16. 620 16. 620 16. 620 16.620
2 29.063 22.146 9. 268 62.100 25.012
Alkali-labile 6 17.628 21. 980 13. 800 9.827 3.766
8 29. 267 29.337 27.610 39.772 27.638
10 2.460 20. 449 26.424 7.473
0 0.969 0.969 0.969 0.969 0. 969
2 1.212 20.726 3.156 41. 850
Alkali-stable 6 31.535 56.727 166. 047 71.395 2.466
8 16. 654 56. 790 17.925 36.730 9. 750
10 15. 834 21.100 15.694 16. 215 9.510
0 17.589 17.589 17.589 17.589 17.589
2 30.275 42.872 12.414 103. 950 25.012
Total protein 6 49.163 78.707 179. 847 80.722 6.232
8 45.921 86.127 45.535 76.502 37.388

10 18. 294 41.549 42.118 16. 216 16. 983
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Fig. 5. Changes in amount of total P and UV a-
‘bsorbing material in RNA fraction and
amount of nucleotidic libile-P of yeast cells
treating with various kinds of sugar as
carbon source.
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Fig. 6. Changes in amount of total-P and UV a-
bsorbing material in DNA fraction trea-
ting with various kinds of sugar as carbon

source.
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Fig. 7. Changes in amount of carbohydrate in

each fraction and sugar-P of yveast cells,
treating with various kinds of sugar as
carbon source.
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Table 5—1. Amount of carbohydrate in each fraction of yeast cells during the culture phase.
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75

I control arabinose fructose galactose glucose
Fraction day ¢ M/mi) 6uM/ml) («sM/mi) (uM/mi) («M/mi)
0 2. 800 2. 800 2. 800 2.800 2. 800
2 3. 945 6. 055 4.271 4.852
PCA 6 1.923 3.498 5. 868 4.133 3.890
8 4.148 5.773 3.486 6. 167
10 4.874 2.387 5. 007 3.000 4.374
0 7.450 7.450 7.450 7.450 7.450
2 6. 164 5.605 4.458 4.728 10.566
Ethanol-ether 6 7.370 2.939 3.388 4.083 4.821
8 2.940 2. 297 5.194 3.581
10 8.217 2.618 2.939 4.381 4.494
0 4.125 4.125 4.125 4.125 4.125
Alkali- 2 2.609 2.943 1.709 4.1381 3.576
insoluble 6 3.656 2.674 3.046 3.032 3.058
8 2.581 5.919 2.211 4.809
10 4.202 2.974 6.222 7.946 2. 900
0 11.575 11.575 11.575 11.575 11.575
Total carbohy 2 8.773 8.548 6.167 8.859 14.142
-drate 6 11. 026 5.613 6.434 7.065 7.879
8 5.521 8.216 8.405 8. 390
10 12.419 5.655 9.181 12. 327 7.394

Table 5—2. Amount of carbohydrate in each fraction of yeast cells during the culture phase.

. T nos e mal su affinos
Praction day  TRDESS Nmb Gwmd  Ghomd Ml
0 2. 800 2.800 2. 800 2. 800 2. 800
2 8.788 6.102 4.627 19.841 16. 969
PCA 6 8.486 7.143 12. 656 5.482 11.049
8 7.725 5.442 15. 396 8.644
10 6.943 17.827 8.048 7. 800 11. 795
0 7.450 7.450 7.450 7.450 7.450
2 5.478 8.550 6. 959 7.211 6.941
Ethanol-ether § 6.109 5.626 8.740 4.630 7.754
8 7.654 4.156 5.118 6.356 6. 848
10 6.195 5.603 7.812 6.486 6-430
0 4.125 4.125 4.125 4.125 4. 951
2 3.537 4.750 4. 366 2. 850 3.131
Alkali-insoluble 6 3.730 3.366 2.986 3.357 2.541
8 2.803 5.1d4 3.681 3.270 4.000
10 2.473 5.915 2.741 2.211 3. 802
0 11.575 11.575 11.575 11.575 11.515
Total 2 9.015 13. 300 11.325 10. 061 10. 072
carbohydrate 6 9. 839 8.992 11.726 7. 987 10. 295
8 10. 457 9.290 8.799 9. 626 10. 848
10 8.668 11.518 10.553 8.697 10. 252
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