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Study of alcohol dehydrogenase involved in alcohol fermentation by Basidiomycetes.
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Inhibition of Blood Glucose Level Elevation by
Low-Carbohydrate Ohagi in Healthy Adults
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[Aim] The aim of this study was to investigate the postprandial blood glucose response and second
meal effect of low carbohydrate Ohagi prepared with barley and erythritol.

[Method] The subjects were 12 healthy adults. The method was a single-blind, crossover design in
which subjects consumed either low carbohydrate or regular Ohagi as the test meal. After 150

ol

minutes, subjects consumed the meal and their blood glucose levels were measured.

[Results] Low carbohydrate Ohagi showed a significantly lower rise in blood glucose levels 15 to 30
minutes after ingestion and a significantly lower glucose incremental areas under the curve (IAUC)
after the second meal.

[Conclusion] Consumption of low-carbohydrate Ohagi in healthy adults was suggested to improve
postprandial glycemic response.

Key words: Japanese sweets, blood glucose, barley, erythritol, second meal effect
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Study of alcohol dehydrogenase involved in alcohol fermentation by Basidiomycetes.

Naomi TAKEMOTO!, Yuka SAMESIMA?*, Tokumitsu MATSUT"**

Keywords
Alcohol dehydrogenase, Mushrooms, Lepista nuda, Alcoholic fermentation, Ethanol production

Summary

Production of alcoholic beverages using basidiomycetes has been reported. Alcoholic beverages pro-
duced by these basidiomycetes have also been reported to have various functionalities possessed by basid-
iomycetes. The capability of basidiomycetes to produce alcoholic beverages through fermentation may
provide advantages. Alcoholic beverages with functionality derived from basidiomycetes can be given add-
ed value. However, the basidiomycetes used for the production of alcoholic beverages have no common
feature of family and genus. The superior basidiomycete for producing alcoholic beverages is unknown. In
this study, a wide range of basidiomycetes with ADH suitable for alcoholic fermentation were screened
using various mushroom mycelia. The results indicate that basidiomycetes have both ADH involved in
ethanol synthesis and decomposition, and that mushrooms with only ADH involved in ethanol production
may be suitable for alcoholic beverage production. L. nuda had a high specific activity of ADH involved in
ethanol synthesis, and Native-PAGE showed only the active band of ADH involved in ethanol synthesis.
From the perspective of ethanol production, ADH that consume ethanol are to be avoided, thus mush-
rooms with ADH primarily involved in ethanol synthesis are suitable targets for alcoholic beverage pro-

duction.

Basidiomycetes are known to have the ability
to alcohol fermentation, and have been reported
to produce ethanol as biomass or produce alco-
holic beverages (I, 2). Wine production makes
use of Schizophyllum commune, and of signifi-
cant importance in Japanese sake production is

Agaricus blazei Murrill (3, 4). Wine production

makes use of S. commune as a member of the
Pleurotaceae family, sake production makes use of
A. blazei Murrill as a member of the Agaricaceae
family. Additionally, white-rot fungi that produce
bioethanol from cellulose have been reported (5).
These basidiomycete families involved in alcohol-

ic fermentation have nothing in common. In addi-
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tion, fruit body are also recognized as an excel- Table 1. List of basidiomycetes in this study
lent source of nutrition as they contain high levels Faimly s Spicial i
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sidiomycetes are B -D-glucan-producing fungi (9) Survanypticons’ |y WL gigantos 5928
. . . . Clavicipltacess :{.‘omywp.e |C. militaris BAZ6
that have important antioxidant properties (10). Auricularizceae  |Auricularia lpaiytricha Wor
fremellaceae TFremella I. fucifarmis B8990
Alcoholic beverages produced by these basidio- i e P Sl
FPolyparaceas Polyporus P, arculanius Wiz
mycetes have also been reported to have B-D- Sk Fnkpn i
o, . . . o . . versicolor wis*
glucan addition and antioxidant activity (11). The S e
. .. . . versicolar 6516
capability of basidiomycetes to produce alcoholic Gritos G francosa aon1
(r.frondosa Mi-3*
beverages through fermentation may provide ad- S e
. frandosa i-1*
M H B . frondosa ca
vantages. To explore this, the enzymatic activity - o iamer e o
o 1. . . Lenzite: L. betulina(L.;Fr.)Fr. 4963
of these basidiomycetes requires evaluation. An : o e o
. . . (5. fscidirm 8346
essential enzyme for alcohol production is alcohol Ganodermatacese | Ganoderma G. applanatur (Pers.} Pat. Nopa®
H ek €. fuscus Fr. a7a9
dehydrogenase (ADH). Moreover, the alcohol leurotacae Schizaphy [s.e Fr.zfr 304
S. commune Fr. - Fr 6503
concentration repeatedly increases and decreases F—— S
when alcoholic fermentation is performed using ey 2
. . |5. wmmrm; Fr.:Fr ﬂQ?Qv
Flammulina filiformis (12). This is because ADH Botbitacese Koo :Aﬂ(.m, 30258
A cvlindraces Ya-1"
in F. filiformis has the function of both ethanol 4. aindraces Yo2r
Tricholomataceas | Flammuling i F. vefutipes Sing. TR18*
production and decomposition. Its ADH activity {7 éidionr e B
lF. velutipes Sing. 30599
can generally be measured spectrophotometrically D tiies She pics
. . . . £, velutipes Sing. 0602
using ethanol as substrate. This reaction intercon- F. velutipes Sin. 30450
. . £, velutipes Sing. 30905
verts ethanol with acetaldehyde in alcohol metab- F. volutipos Sing, 30875
F. velutipes Sing. War
olism. For alcoholic fermentation, it is important Filammulins s Kk
| Qudemansiella L radicafe Sing o785
to know the ADH activity in producing ethanol o Kank i:f; el i
. . | Hypsizigus Sing. H. marmoreus Bigelow Bn-1°
from acetaldehyde. In this study, a wide range of Ry i v R
.. . . . P.serafinus Wes
basidiomycetes with ADH suitable for alcoholic \tcpists L. nuds Cooke 108
. . . Agaricaceae \Agaricus L. Abisporus var. albidus 7214
fermentatlon were screened uslng various myce- Coprinaceas Coprinus Pars. C. disseminatus 5. F. Gray 7550
Plaurotaceas Plaurotus P. eryngli Er-1*
: e aryngii Er-2*
113.. I.r’ cormtcopiae var. citrinopileatus 32796
. P. cornucopiae var. cilrinoplleatus Ta-1*
87 Stralns (Table 1) OWIled by our laboratory Pleurotaceas |\ Pleurotus Ir’.cysrab'a'osussum.Am’onus Ka-1*
. P. ostrestus Hr-24*
were used as test strains. Inoculum for the cul- |P astretus He-21e
. . . . . |P. oslreatus Hr-23*
tures in liquid medium were obtained from myce- :F astreatus 30193
|2, estreatus 1051
lium grown on potato-dextrose agar (PDA). The (frastuias Sis
|P. ostreatus Wisi-1*
liquid medium contained 1.2g of potato-dextrose i bt
. Lentius |5 edodtas(Berk.) Sh-1*
broth (PDB) in 50mL tap water. Glucose (2%) - I 5 atcdmitine) g
|5 edodes(Bark.) Sh-18*
was added to PDB (pH 54) and 50ml of the PDB Stroplari karst. | sublateritivm W533"
|\ fasciculare 30361
medium added to 100mL Erlenmeyer flasks ESIrawmn;? |8.rugosoanmuiata Farlow in Murr 30225
Phofiota (Fr) Kummer |2 nameko (LIto) S, Ito et Imai in Imat Na-1*
which were then sterilized by autoclave at 121°C [ st ol aohna in o) sl
|F. mameko (1.1t} 5. Ito et Imai in Imai Ma-6&
. . . . P nameko (LIto) 5. ko et Imai in Imal Ma-9*
for 20min. These were then inoculated with five !P_ Sl 1) Kt Pl
. . 2 . Russulaceas Lactarius i {.chrysorheus Fr. 8334
mycellal pleCCS (5 X 5mm > cut fI‘OH’l the PDA Wlth Midulariaceas Cyathus . stercoreus (Sche.) De Tonj 9076
mycelial growth) over at 25°C with shaking at [nidentitied or
|Unidentified Wiaz*
|
1 |Unidentified wizs"
100rpm. The culture period was 14 days to allow b el
!_llrliden!iiierl wizs*

sufficient growth of mycelium. Mycelia were col- The numbers show NBRC No.. * show Lab No.

lected on 67pum mesh sheets and washed with
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distilled water. Then, 1g of 0.5mm low alkali glass
beads (Yasui Instruments Co., Ltd.) and 1g of col-
lected mycelium were combined in the Multi-
beads shocker (Yasui Co., Ltd.), and the sample
milled (on time 30sec, off time 30sec, total 1000
sec.). The sample was then centrifuged (15000
rpm, 4°C, 10min) and the supernatant liquid used
as the crude enzyme solution.

Reaction progress of ADH specific activity, in
all cases, was evaluated at 340nm by the decrease
in NADH absorbance upon oxidation to NAD", or
by the increase in NADH absorbance as NAD" is
reduced to NADH using a microplate reader
(Tecan Trading AG) (13). ADH specific activity
was calculated using the highest change in NADH
absorbance per second. Protein content was mea-
sured using a Protein Assay BCA Kit (FUJIFILM
Wako Pure Chemical Co.) with bovine serum al-
bumin as the standard. The specific activity of
ADH involved in ethanol-decomposition was de-
termined by into one well of a 96-well microplate
was added 44uL. of 0.2M Tris-HCI Buffer (pH
8.5), 44uL of 80mM ethanol, and 62uL of dis-
tilled water. This was then pre-incubated at 30°C
for 10minutes. After this, 6uL of crude enzyme
solution was added, then using an injector, 15pL
of 20mM NAD® was injected, and the change in
NADH absorbance measured over time. One unit
of activity is defined as the amount of reduced
NADH produced in 1ImM NAD" by 1mg of crude
enzyme solution in 1minute. The specific activity
of ADH involved in ethanol-synthesis by into one
well of a 96-well microplate, 44ul. of 0.2M Tris-
HCI Buffer (pH 8.5), 44uL. of 80mM ethanol, and
62uL of distilled water were combined and pre-
incubated at 30°C for 10minutes. After that, 6uL
of crude enzyme solution was added and using an
injector, 15uL of 0.02mM NADH was injected
with the changes in NADH absorption recorded
over time. One unit of activity is defined as the
amount of NADH oxidized to NAD" in a 1mM
NADH solution by 1mg of crude enzyme solution

in 1minute. ADH involved in ethanol-decomposi-

tion and ADH involved in ethanol-synthesis were
measured three times, and the highest value was
defined as each specific activity.

Molecular masses of ADH in the crude enzyme
solution were determined by Native-PAGE (12).
Different activity stain solutions were used to de-
tect ADH involved in ethanol-consumption and
ADH involved in ethanol-synthesis. As a sub-
strate, 20mM ethanol was used with 0.5mM
NAD" as the coenzyme in the activity staining so-
lution for ADH involved in ethanol-decomposi-
tion. For activity staining of the ADH involved in
ethanol-synthesis, 20mM acetaldehyde was used
as the substrate with 0.5mM NADH as the coen-
zyme. 10uL of the crude enzyme solution was
applied. S. commune (NBRC 4929) has a high
ADH activity, and a crude enzyme solution dilut-
ed 5-fold was used.

Table 2 shows the top 5 strains with the high-
est ADH specific activities involved in ethanol
-decomposition and ethanol synthesis in 87 fungal
strains. The specific activity of ADH involved in
ethanol-decomposition was determined by mea-
suring the amount of NAD" converted to NADH
on the oxidation of ethanol to acetaldehyde. The
ADH specific activity for ethanol-synthesis was
determined by measuring the decrease in NADH,
which is converted to NAD" during the reduction
of acetaldehyde to ethanol (13). As these specific
activities are measured using the crude enzyme
solution, they are only apparent values and thus
indicate the minimum unit of activity.

The basidiomycetes with the highest observed
ethanol-decomposition specific activity was
Schizophyllum commune (NBRC 30496). Of the
top 5 ethanol-decomposition strains, four are S.
commune strains (NBRC 30496, 6503, 30749,
6504) from the Pleurotaceae family. The other ba-
sidiomycetes in the top 5 is Lenzites betulinus, of
the family Polyporaceae (Table 2(a)). The basidio-
mycete with the highest observed ethanol-synthe-
sis specific activity is an S. commune (NBRC
4929) (Table 2(b)). In fact, three of the top 5
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Table 2. ADH specific activity
(a)
) ) Ideatification - PUine activity (Umg)
Faimly Species b NADH—NAD
i (acetaldehyde — ethanol)
Plenr 5 Fr.: Fr 4929 120.32
Tricholomataceae L. nuda Cooke 8104 51.76
Plew S. Fr.:¥Fr 6504 46.18
Hymenochaetaceae  C. fuscus Fr. 9789 42.59
Plenrotaceae L. edodes (Berk.) Sh-1* 38.44

(b)
Identification Spesitic sy (Vmg)
Faimly Species aiabes NAD —NADH
{ethanol —* acetaldehyde)

Plew S ¢ Fr.:Fr 30496 6.6
Plenrotaceae S commune Fr.: Fr 6503 4.13
Plet S. ¢ Fr::Fr 30749 345
Pleurotaceae 8. commune Fr. : Fr 6504 2.39
Polyporaceae L. betulina(L.;Fr.)Fr. 4963 1.8

ethanol-synthesis activities occurred in Pleuro-
taceae strains, with two strains in particular, S.
commune (NBRC 4929, 6504) showing high activ-
ity. The second highest ethanol-synthesis specific
activity was observed for Lepista nuda Cooke
(NBRC 8104) reaching as high as 52 units. How-
ever, the ADH specific activity of L. nuda in eth-
anol-decomposition remains was not determine.
The activity of the ADH involved in ethanol-de-
composition and ethanol-synthesis was generally
high for S. commune. The data indicates the pres-
ence of two type alcohol dehydrogenases, and
highlights strain-specific differences in enzymatic
activity. This demonstrates that the ADH pres-
ence and activity is affected by strain specificity,
and varies significantly within basidiomycete.
Next, we performed active staining for ADH by
Native-PAGE. The basidiomycetes used for Na-
tive-PAGE were two types each with the highest
ADH specific activity for ethanol-decomposition
and ethanol-synthesis, and the second highest. In
this study, an active-stained band of S. commune
was confirmed around 135 kDa to 180 kDa (Fig-
ure 1(a)). This band indicates the ADH involved
in the decomposition of ethanol. Then, to detect
ADH involved in ethanol synthesis, the substrate
and coenzyme of the active stain were changed.

This identifies the active ADH enzymes as a

(a) (b)

Figure 1 Native-PAGE of ADH in crude basidiomycete enzyme solution.
The activity-stained band shown in 1-a is ADH, which is in-

volved in the decomposition of ethyl alcohol. The white band shown in

1-b is ADH involved in the production of ethyl alcohol.

Lane1: protein molecular weight marker; lane2: S. commune (NBRC

30496); lane3: S. commune (NBRC 6503); lane4: S. commune (NBRC:

4929); lane5: L. nuda (NBRC: 8104)

white band (Figure 1(b)). The NADH hydrogen is
transferred to the NBTH via the phenazine
methosulphate and nitroblue tetrazolium chloride
reaction, generating the blue formazan dye and
staining the gel. In the presence of the ADH in-
volved in ethanol-synthesis, two hydrogen ions
(NADH+H") and acetaldehyde combine to form
ethanol. This then consumes the NADH, prevent-
ing its participation in the formazan dye reaction,
thus disrupting the gel staining, giving rise to the
indicative formazan-free white band. The ADH
involved in the ethanol-decomposition of S. com-
mune (NBRC 30496) is around 155kDa, while the
ADH involved in alcohol-synthesis are around
185kDa and 118kDa. This highlights that different
ADH types are involved in the decomposition and
synthesis of ethanol. Furthermore, even within S.
commune, variance in ADHs involved in ethanol-
decomposition were observed depending on the
strain. In S. commune (NBRC 6503) it was ob-
served to weigh around 135kDa, while in S. com-
mune (NBRC 4929) around 130 to 180kDa sized
proteins observed. And while no ADH band for
ethanol synthesis was observed involved in S.
commune (NBRC 6503), S. commune (NBRC
30496) produced two bands of 185 and 118kDa,
and so did S. commune (NBRC 4929). S. com-
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mune (NBRC 4929) had a high specific activity
involved in ethanol-synthesis, and no specific ac-
tivity involved in ethanol-decomposition was de-
tected. However, in the ADH activity-stained
band by Native-PAGE, both ADH involved in eth-
anol-synthesis and ADH involved in ethanol-de-
composition could be confirmed. The sample in
this study used a crude enzyme solution. There-
fore, both ADH involved in ethanol-synthesis and
ethanol-decomposition are included. The ADH
specific activity is calculated using the initial ve-
locity, and is obtained from the increase/decrease
in NADH for 1 second, which is the largest dif-
ference. Either the decomposition or synthesis of
ethanol by ADH in 1 second during specific activ-
ity measurement, whichever is stronger, is oc-
curred as the amount of NADH. S. commune
(NBRC 4929) is strong in both ethanol synthesis
and decomposition reactions, but the ethanol syn-
thesis reaction was stronger. Therefore, it was in-
ferred that the ADH specific activity based on the
initial velocity showed a strong decrease in the
amount of NADH, which means the production
of ethanol. In Native-PAGE, S. commune (NBRC
4929) showed a strong blue activity-stained band,
which means decomposition of ethanol. This is
also due to the fact that both ADH involved in
ethanol-synthesis and ADH involved in ethanol-
decomposition work due to the use of the crude
enzyme solution. The active-stained band of ADH
involved in ethanol-decomposition is the result of
formation of blue formazan at the location where
ADH involved in ethanol-decomposition exists.
The band involved in ethanol-synthesis is a band
indicated by not causing activity staining, and it is
considered that the active staining band formed
formazan, which is ADH involved in ethanol-de-
composition, was more likely to appear. As with
ADH specific activity variations, differences in
mycelia were also observed. Sameshima et al. re-
ported that the ADH of TR19 (F. velutipes) is
about 180kDa was involved in ethanol-decompo-

sition and about 135kDa was involved in ethanol-
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synthesis. F. velutipes belongs to the Tricholoma-
taceae family and S. commun belongs to the
Pleurotaceae family. It was suggested that the
tendency of the molecular weight of ADH in-
volved in the decomposition and synthesis of eth-
anol may differ depending on the family. More-
over, L. nuda (NBRC: 8104) showed no ethanol-
decomposition activity but exhibited a high
ethanol-synthesis activity. In Native-PAGE, only
ADH bands involved in ethanol-synthesis were
confirmed at 140kDa and 70kDa. This indicates
that L. nuda synthesizes ethanol, but does not
consume it. One yeast that produces ethyl alcohol
is Saccharomyces cerevisiae. The Yeast ADH
(YOL086C) is reported to be approximately 150
kDa (14), and the molecular weights of S. com-
mune and L. nuda, which were subjected to ADH
activity staining in this study, were different. The
characteristics of ADH is considered to differ be-
tween yeast, which obtains energy by producing
alcohol under anaerobic conditions, and basidio-
mycetes, which are capable of aerobically fer-
menting alcohol. Mushroom ADH are reported to
be class Il (15) and are characterized by a large
Km, with a diminished ethanol generation capaci-
ty compared to ADH of class I and II. Where re-
actions occur in both directions of ethanol syn-
thesis and decomposition, in order to actively
produce alcohol, utilization of basidiomycetes is
considered to be effective that only ADH activity
involved in ethanol-synthesis like L. nuda. Impor-
tantly, for alcohol fermentation using mushrooms,
ADH involved in synthesis and decomposition of
ethanol must be considered for produce greater
volumes of alcohol.

This study explored a wide range of basidiomy-
cetes for ADH involved both in ethanol formation
and consumption. The results indicate that basid-
iomycetes have both ADH involved in ethanol
synthesis and decomposition, and that mush-
rooms with only ADH involved in ethanol pro-
duction may be suitable for alcoholic beverage

production. From the perspective of ethanol pro-
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duction, ADH that consume ethanol are to be
avoided, thus mushrooms with ADH primarily in-
volved in ethanol-synthesis are suitable targets for

alcoholic beverage production.
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