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Measurement of Yeast Vitality Using Water-Soluble Tetrazolium Salt
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[Abstract]

Brewing yeast strains have traditionally been used in food
processing. Therefore, the measurement of yeast vitality is
important to maintain proper fermentation and to produce
high-quality food products. In this study, a method for the
colorimetric assay of yeast vitality was developed using
2,3,5,6-tetramethyl-1,4-benzoquinone (BQ) and water-
soluble tetrazolium salts. The metabolic efficiency of 2,3,5,6-
tetramethyl-1,4-BQ by yeast cells was used as an index of
yeast vitality. We demonstrated the reaction mechanism for
the reduction of tetrazolium salts by yeast cells using spec-
trophotometric, electrochemical, and ESR methods. It be-
came clear that superoxide anion radicals generated in the
metabolic process of 2,3,5,6-tetramethyl-1,4-BQ reduced
mainly tetrazolium salts to formazan dyes. A good linear re-
lationship between the absorbance obtained by the proposed
method and viable cell density was obtained. During the
cultivation of yeast cells, the absorbance showed an almost
anti-parallel change with that of glucose in yeast growth and
fermentation, suggesting that the absorbance change re-
flected the vitality of yeast cells. The proposed method can
provide a measurement of the yeast vitality in area of pro-
cess control, such as proliferation and fermentation.
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Fig. 1 Schematic representation of the proposed
mechanism of cellular reduction of quinones.
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Fig. 4 Effect of electron mediator on the amount of formazans produced
by yeast.
Neutral condition (pH7.0, blank bar); Alkaline condition (pH9.8,dark
bar);
NQ, naphthoquinone; BQ, benzoquinone; PMS, phenazine
methosulfate.
Yeast cells (2.0 x 107 cells/ml) were incubated in 50 mM phosphate
buffer (pH7.0) containing 0.24 mM electron mediator and 0.24 mM
WST-1 at 25°C for 10 min. Then, 0.02 ml of NaOH (0.8 M) was
added to 1.0 ml of the mixture in order to adjust pH (pH 9.8).
Formazan produced by yeast cells was measured at 440 nm with
a spectrophotometer.
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0 A, 2-methyl-1,4-NQ in colorimetric method; [0, 2,3,5,6-tetramethyl-
1,4-BQ in colorimetric method; m and ¢ 2,3,5,6-tetramethyl-1,4-
BQ in chemiluminescent method.

Colorimetric method: the same procedure as shown in Fig. 4.
Chemiluminescent method: Yeast cells were incubated in 50 mM
phosphate buffer (pH7.0) containing 0.01 mM 2,3,5,6-tetramethyl-
1,4-BQ and 0.02 mM lucigenin at 25°C for 10 (= ) or 30 min (e ).
Then, 0.025 ml of NaOH (0.64 M) was added to 1.0 ml of the mixture
in order to adjust pH (pH 9.8). The chemiluminescence intensity
after the injection of NaOH was automatically counted for 5 s with
a luminometer.
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Fig. 6 Time course for the oxidation current in the presence of yeast cells
and mediators under various conditions.
a, 2,3,5,6-tetramethyl-1,4-BQ under aerobic condition; b, 2,3,5,6-
tetramethyl-1,4-BQ under anaerobic condition; ¢, 2-methyl-1,4-NQ
under aerobic condition; d, 2-methyl-1,4-NQ under anaerobic
condition; e, 2-methyl-1,4-NQ in the presence of SOD (141.5 units)
under aerobic condition; f, 2-methyl-1,4-NQ in the presence of
catalase (81.2 units) under aerobic condition; g, 2-methyl-1,4-NQ
in the presence of SOD (141.5 units) puls catalase (81.2 units) under
aerobic condition.
The oxidative current of the mixture in which yeast cells (1.0x 108
cells/ml) were incubated with 0.24 mM electron mediator at 25°C
for 10 min was measured.
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Fig. 7 Time course for the absorbance, cell density, and glucose
concentration.
Yeast cells were grown at 30°C in a medium containing 0.3% yeast
extract, 0.3% malt extract, 0.5% peptone, and 10.0% glucose.
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Fig. 9 Comparsion of the amounts of hydroquinones measured by the
colorimetric and electrochemical method.
Colorimetric method (red bar): the same procedure as shown in
Fig.4.
Electrochemical method (blue bar): the same procedure as shown
in Fig.6.
The figures on the bars represent the yields as hydroquinone (uM).
A, 1,4-BQ; B, 2-methyl-1,4-BQ; C, 2,3-dimethyl-1,4-BQ; D, 2,5-
dimethyl-1,4-BQ; E, 2,6-dimethyl-1,4-BQ; F, 2,3,5-trimethyl-1,4-BQ;
G, 2,3,5,6-tetramethyl-1,4-BQ.
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Hydreguinana Formazan” Ha Yotal (%)
{50 nmal) [nened} (%) [nrned] {%]

1. 4-HOD 0.80 1.6 AT. 3 B4 4 B0
2-Methiy-1,4-HO 245 4.8 A5 65 BT.3 1022
2,3-Dimeathyl-1,4- 18.20 64 32.B5 B5.7 1021
2, B-Dimethyl1, 1826 385 3365 E71 1036
2,5-Dimathyl-1,4-HO 17256 M5 35,20 T4 1068.%
2,3, 5-Trimathyl-1,4-HO wmas 1T T.50 152 929
2,3,56-Tetramathyl-1 4-HQ 48.75F 99.5 020 04 9.9

(Fnal amount of HOs: 50 nmod)

# Tha produced formazan was maeasured at 440 nm with a spechrophotamatar,

b Paraxidase (4.58 L), 0.34 mM d-grninoanlipyrine and 0.34 mM TOOS wara added
1o the reaction mixlure o1 the final concentrabion. After incubating the salution al 37
*C far 10 min. the produced condensate was maasured o8 555 nm with a
speciropholomeler.
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Fig. 11 Reactivity of hydroquinones with superoxide anion radicals.
The solution of 0.06 mM KO, in DMSO and 0.02 mM derivatives of
1,4-HQ were added simultaneously in a final concentration to 50
mM carbonate buffer (pH 9.8, blue bar) or 50 mM phosphate buffer
(pH 7.0, red bar) containing 0.24 mM WST-1 and 0.1 mM EDTA.
2,3,5,6-Tetramethyl-1,4-HQ was shown as TMHQ.
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ACES 3 F74&M=H  ADADXTFEMZER
BES 2745 Bicine 2 7 &5 A
Bis-Tris # 7&£#%H CAPS 2 F&£MZHA
CHES 5 7&¥=%H EPPSH3F4£M=H
HEPES 5 F4£#=H MES #7443 H
MOPS 3 74#=%H  PIPES »F&EMZHA
TAPS »7&EMZFR  TES A FEMZER
Tricine D FEMF A

<EBE>

e SHE (99.7% £ L <1399.5% LA L)

e TURMFIVHREEA K—HEMEFKR)
* DNase, RNase <&t

% HEPES,MOPS,PIPES & 7431320 g AR ZFM/ITEMHL & LTz,

Good’s Buffer 3B /= BEH & L TSN THSY . 1BELF 8 & | =2 |mweo| a—¢ |1—n—a—¢|
FU-ERENTHUET, . ‘ ACES SF4EMFH H 20g H 7,800 H342-08271H GB73 |
BICECZEDTICSNWTHERASNDBRICITHEEDAL DT T
> K h#2% DNase, RNase free Th 21 ESME NS AE | ADA FEmER | 209 | 3400 |[asso0s2s1] cer4 |
HEQHEEUCEBABECTHY . INSHRIESNTLBHRE | BES #74£m¥m | 209 | 2800 | 34608001 oB7s |
(GEIBTRE QN Fﬁﬁﬁ‘hi?o INETICE. Eﬁ@?@@@ﬁ?ﬁ ‘ Bicine % T4 H 20g H 2,800 H349-08301H GB76 |
%TJ(’\EL’—CBU%L’TC?\ J:U%< DRZELLDERBIS ‘ Bis-Tris #F4M%R H 209 H 4,800 H346-08311 H GB77 |
6% L. SEF/IC12FE880 Good's Buffer D73 FEYZ AR
S5 CREELE L, BLTLOBRARICT TRl | CAPS 8FEmER | 209 | 4000 |ss0ss21|  ce7s |
x9, ‘ CHES #F4£%=*HA H 209 H 3,800 H340-08331H GB79 |
are) | e 7 & 9 1 1 | EpPs 57am#m | 200 | 5800 |347-08341|  cmeo |
e el 4 \ HEPES % F4M% H 20g H 2,200 H340-08233H GB70 |
680 | pees N — 7% CmEs #amER | 20g | 2800 |[seosast| cmst |
e s e ——si " MOPS pF PR | 20 || 2000 |[ser0m243||  cert |
T.20 MOFS 8.5 7.8
80 ™ A \ PIPES HF4W% R H 20g H 3,400 H344-08253H GB72 |
:?E E‘FE‘ -’-’;:L ‘ TAPS HF4MEH H 209 H 3,000 H341-08361H GB82 |
:i’ m ’; —:: ‘ TES HFEMERA H 20g H 4,800 H348-08371H GB83 |
f‘:ﬂ E:E: st = ‘ Tricine % F&M%R H 20g H 2,600 H345-08381H GB84 |
M—LN=IF7 LR JU—TJrwHRA  0120-021557
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