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Summary

The production of ethanol and acids were compared as well as intracellular activities
of aleohol dehydrogenase and their antigenicities of four strains of Rhizopus species. The
amounts of ethanol produced were in the following order : R. javanicus ATCC 44037 > R.delemar
IFO 4746> R. javanicus IFO 5441 > R. oryzae IFO 5384, while the amounts of acids produced
were in the following order: R. oryzae IFO 5384 > R. javanicus ATCC 44037 > R. javanicus
IFO 5441 > R.delemar IFO 4746.

The specific activity of alcohol dehydrogenase was proportional to the amount of ethanol produced
by these strains and also the alcohol dehydrogenases of tested strains were antigenically similar.
Therefore we assume that the variable amounts of ethanol produced by these strains are the
results of the regulation by the degree of alcohol dehydrogenase activity in cells rather than the
influence of alcohol dehydrogenase which has altered molecular properties.

Intreduction

Amount of ethanol and organic acids production by various species of Rhizopus vary with the
type of strain and/or species®. The formation of these products might be controlled by intra-
cellular levels of enzymes which are responsible for the formation of these products. No
informatien is available whether these regulation of fermented products was resulted from the
qualitative difference or from the quantitative one of related enzymes of the fermented products.

GasseER and GasSER” investigated the immunological relationships among lactic dehydro-
genases in the genena Lactobacillus and Leuconostoc and showed that the enzymes of some
strains had a different antigenicity even though they belong to the same genus.

Alcohol dehydrogenases (alcohol : NAD oxidoreductase, EC 1.1.1.1) (ADH), which play an
essential role in alcohol fermentation, show the differences with respect to their numbers in
cells, location, molecular weight, subunit number, and substrate specificity depending on the
organism that produces the enzyme “>*%

We previously described two ADHs of R. javanicus ATCC 44037 and assumed that they possess
different properties in living cells, although they showed the same antigenicity *”.

The present study compares the alcohol and acid production of four strains of Rhizopus species
and the immunological properties of their ADHs.

Materials and Methods

1. Source of culiures and their growth conditions

The strain of R.javanicus ATCC 44037 used in this investigation was the same as previously
described*” and the strains of R.delemar IFO 4746, R. javanicus IFO 5441, and R.oryzae IFO
5384 were obtained from the Institute for Fermentation (Osaka, Japan).

Growth medium containing glucose, 10% ; asparagine, 0.25% ; MgSO..7H;0, 0.3% ; and
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KH,PO, 0.1% (pH 6.5) was used. Cells were grown at 30°C for 1 week on a potato-dextrose
agar (Difco Laboratories) slant and washed off with 4 ml of sterile water. A spore suspension
was inoculated at 1% (V/V) level into 150 ml of medium in 500 ml shaken flasks (amplitude 7 cm,
120 revolutions/min) and incubated at 30°C for appropriate periods.
2. Preparation of cell- free extract

Mycelia were collected by centrifugation at 10,000g for 25 min, and washed twice with0.05M
phosphate buffer(pH 6.2). Washed cells were suspended in 0.05 M Tris-HCI buffer (pH 7.8)
containing 10 mM mercaptoethanol, and the cell suspension was homogenized with a Braun
homogenizer (glass beads, 0.45 to 0.50 mm in diameter). The homogenized material was filtered
through sterilized gauge, the filtrate was centrifuged at 10,000 g for 25 min, and the supernatant
fluid was used as the enzyme source. All procedures were carried out at the temperature of
0—5°C.
3. Analysis

Measurements of ethanol content, ADH activity and acidity were performed previously de-
scribed®. Protein concentration was determined by the method of Lowry et al., using bovine
serum albumin as a standard.
4. Immunodiffusion

A rabbit antiserum prepared against the ADH of R.javanicus ATCC 44037 was the same as
previously described'”. Two-dimensional immunodiffusion” was carried out on petri plates at
4°C for at least 7 days, using 1% agar containing 0.9% NaCl. The ADHs of yeast and horse
liver used were obtained from Sigma Chemical Co.(St. Louis, Mo.).

Results and Discussion

1. Comparison of the amounts of ethanol and acids formation and ADH activities

Symbols :

(®) R.javanicus ATCC 44037
(QO) R.delemar TFO 4746
(&) R.javanicus IFO 5441
(&) R.oryzae IFO 5384

Ethanol (% (W/V))

1 3 5 7
Period (days)

Fig. 1 Time course of ethanol production by
Rhizopus species.

Fig. 1 illustrates the time course of ethanol production of each strain. R.javanicus ATCC
44037 produced the highest amount of ethanol among the tested strains, whereas R.oryzae [FO
5384 produced the lowest amount of ethanol, yield of ethanol was approximately ten times lesser
than that of R. javanicus ATCC 44037. On the other hand, acid production of R. oryzae IFO 5384
culture (incubated for 96 h) was higher than that of other strains (Table 1). According to Inu1
et al, R.javanicus and R.delemar produce higher quantities of ethanol and the produced organic
acids are mainly fumaric acid, whereas R.oryzae produces smaller amounts of ethanol and mainly
produces lactic acid. Therefore the former two species are used for ethanol production using
Amylo method from sweet potatoes.
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Table. 1 Specific activities of NAD-dependent ADH and titratable acidities of the
cultures of tested strains grown for 96 hours

Strain Sp. act™® TA™
R. javanicus ATCC 44037 0.56 5.46
R.belemar IFO 4746 0.54 4.25
R. javanicus IFO 5441 0.09 4.82
R. oryzae IFO 5384 0.04 8.51

* Specific activity. Given in gmoles of NADH formed per min per mg protein in the
reaction mixture.
** Titratable acidity. Given in mls of 0.1N NaOH/10 g medium,

The ADH activities in the cell-free extract of each strain are shown in Table 1. The highest
specific activity of ADH was observed in the cell-free extract of R.javanicus ATCC 44037, which
produced the highest amount of ethanol as compared to other tested strains. R.oryzae [FO5384,
which produced ethanol little, showed the lowest specific activity of the enzyme. The amounts
of ethanol produced by the tested strains were in proportional to the degree of specific activities
of ADH.

2. Immunodiffusion

Since the differences in the amounts of ethanol and acid formation as well as ADH activity
were observed among the tested strains, we compared the immunological properties of the ADHs
in order to clarify the interspecific structural relationships among them. A rabbit antiserum
prepared against the ADH of R.javanicus ATCC 44037 was the same as previously described'”.
Fig. 2 shows the immunodiffusion which was carried out according to the method of QUCHTERLONY”,

Fig. 2 immumodifiusion of ADH of Rhizopus
species with rabbit antiserum prepared
against purified ADH of R. javanicus
ATCC 44037. Center well contains
antiserum. The sample (outer) wells
contain extracss of the following
strains:

(1) R.delemar IFO 4746

(2) R.javanicus IFO 5441

(3) R.oryzae IFO 5384

(4) —(8) R.javanicus ATCC 44037

The protein content of each extract was pre-
pared approximately 2 mg/ml.

Cell-free extract of all strains reacted with the antiserum and formed a single-fused precipitin
band. Therefore, the ADHs of four strains were assumed to possess the same antigenic sites.
The same reaction was carried out using ADHs of yeast and horse liver (Sigma Chemical Co.),
but no precipitin line was observed (Table 2).

Table. 2 Results of cross-reaction experiments with serum prepared against

ADH of R. javanicus ATCC 44037

Organism Cross-reactivity

R. javanicus ATCC 44037
R. javanicus IFO 5441
R.delemar IFO 4746

R. oryzae ITFO 5384

Yeast

Horse liver —

L ++++
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The present results suggest that the difference in the ethanol production of these strains is
due to the degree of ADH activity in cells rather than the difference in the molecular properties
of the enzymes.

We previously reported the multiple forms of ADHs of R. javanicus ATCC 44037 and found
the existence of two main components which are separable by electrophoresis or ion exchange

chromatography '”

. Although the antigenic sites of these two enzymes were the same, these are
thought to have two different roles in living cells ; that is, one of them is a fermentative enzyme
which is responsible for ethanol formation and the other one is an oxidative enzyme involved in
ethanol metabolism. Since the relationship of the occurrence of ADH multiple forms and ethanol
and organic acids productions are observed in R.javanicus ATCC 44037, it may be interesting to
study the multiple forms of ADHs and production profiles of ethanol and organic acids in various

Rhizopus species.
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