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AMINO ACID AND FRACTIONAL COMPOSITIONS
OF THE PROTEIN FRACTIONS OF THE BIOMASS
OF MICROMYCETES AND THEIR BIOLOGICAL VALUE

Zh. Tashpulatov, B. G. Baibaeyv, UDC 582.28:581.19
and T. S. Shul'man

On the basis of the results of an investigation of cellulolytically active micromycetes the full value and
balanced nature of their protoplasmic proteins have been shown.

The albumin fractions of micromycetes are the most balanced in relation to amino acid composition. In addition to
tryptophan, they contain all the essential amino acids, among which lysine, valine, cystine+methionine, isoleucine, and
threonine are the most abundant. The protoplasmic proteins of the biomass — albumins and globulins — predominate in the
cultures investigated and together amount to from 57.67 to 90.26% of the total protein content of the biomass, while the reserve
proteins — prolamines and glutelins — amount to from 23.28 to 39.07%.

The nutritional and biological value of products of microbiological origin is determined by the amount of protein and
its composition. Biological efficacy can be judged from the amino acid composition in comparison with aminograms of
standard proteins, from the qualitative and quantitative proportions of essential amino acids, and from the calculation of amino
acid indices. The most balanced and, from the physiological point of view, accessible proteins are considered to be the
protoplasmic varieties — albumins and globulins — and the less balanced are the reserve proteins — prolamines and glutelins
1.

In this connection, we have studied the fractional and amino acid compositions of micromycete proteins. We found
that the micromycetes investigated formed a considerable amount of biomass: 7. harzianum, 20 g/liter; a protoplast culture
of T. harzianum-19/28-30, 22 g/liter; and a hybrid culture of T. harzianum-G-26, 25 g/l, the maximum amount of protein being
found in the biomass of the hybrid culture — 38.20% (Table 1).

TABLE 1. Biochemical Characteristics of Mycelial Fungi Grown on a Synthetic Medium

Biomass | Protein | Fat N:;l:lc Vitamins of the B group, pug/g | Ash composition, %

Culture
% thiamine biotin | inositol P Ca | Mg
T.harzianum 20.20 3020 2.10 0.78 20.00 5.30 1280 216 1.12 0.33
T.harzianum-19/28-30 22.60 3560 2.70 0.84 25.50 3.90 1860 232 124 039
T.harzianum-G-26 25.20 3820 290 0.82 28.50 6.20 2960 275 1.63 045

Institute of Microbiology, Academy of Sciences of the Republic of Uzbekistan, Tashkent, fax (3712) 41 71 29.

Translated from Khimiya Prirodnykh Soedinenii, No. 3, pp. 385—389, May-June, 1999. Original article submitted January
4, 1999,

0009-3130/99/3503-0347$22.00 °1999 Kluwer Academic/Plenum Publishers 347



TABLE 2. Amino Acid Composition of the Protein from the Biomass of Mycelial Fungi

FAO Content of essential amino acids (a) and of amino acids in the biomass (b), %
norm,
Amino acid g/100 g a b a b a b
of :

protein T.harzianum T.harzianum-19/28-30 T.harzianum-G-26
Lysine 5.5 4.50 4.50 4.63 4.63 9.20 9.20
Histidine - 9.40 - 8.60 - 8.00
Arginine - 13.20 - 7.85 - 6.80
Aspartic acid - 9.20 - 10.60 - 6.60
Threonine 4.0 5.05 5.05 442 4.42 4.70 4.70
Serine - 10.40 - 9.30 - 8.40
Glutamic acid - 12.52 - 14.00 - 17.90
Glycine - - - 6.18 - 5.90
Alanine - 742 - 5.82 - 4.56
Valine 5.0 6.20 6.20 5.00 5.00 540 540
Cystine+methionine 35 5.00 5.00 5.70 5.70 5.50 5.50
Isoleucine 4.0 6.00 6.00 7.40 7.40 5.82 5.82
Leucine 7.0 6.02 6.00 5.50 550 5.32 5.32
Tyrosine + phenylalanine 6.0 5.05 5.05 5.00 5.00 5.86 5.86
Without taking tryptophan
into account
Sum of essential amino acids 37.90 37.65 41.80
Total sum of biomass 100.0 100.0 ' 100.0
amino acids
FAO norm 35.0
Biological value 108.28 107.50 119.42

In the biomass of the cultures studied the fat content ranged from 2.10 to 2.90% and the nucleic acid content from 0.78
100.82%. As can be seen from Table 1, the culture synthesized group B vitamins: thiamine (B, ), biotin (B5), and inositol (Bg).
The most active producer of these vitamins was the 7. harzianum—G-26 fungal culture, forming the largest amounts of
thiamine and inositol in the biomass — 28.50 and 29.60 pg/g, respectively.

A study of the ash composition of the fungal mycelium showed that the largest amounts of phosphorus, calcium, and
magnesium were also contained in the T.harzianum—G-26 hybrid culture — 2.75, 1.63, and 0.45%, respectively.

A study of the amino acid composition of the protein of the biomass of T. harzianum showed that all the cultures
produced the same number of amino acids (Table 2).

The T. harzianum—G-26 hybrid culture formed 51% of essential amino acids on the total amouint of biomass protein.
The amount of lysine in T. harzianum was 4.50%, in the protoplast culture of T. harzianum-19/28-30 it was 4.63%, and in the
T. harzianum—G-26 hybrid culture 9.20%. The amounts of cystine+methionine were, respectively, 5.00, 5.70, and 5.50% of
the total sum of the amino acids of the protein biomass. So far as concerns the sum of the essential amino acids, all the cultures
investigated exceeded the FAO norm.

It is known that the ratio of protoplasmic and reserve proteins, together with the amino acid composition, determines
the biological value of proteins to a considerable degree {2]. The biological values of the proteins of T. harzianum and of the
protoplast and hybrid cuitures of the fungus amounted to 108.28, 107.50, and 119.42, respectively. As can be seen from Table
3, the protoplasmic proteins (albumins and globulins) predominated in the biomass proteins of all the micromycetes studied and
amounted in total to from 57.67 to 90.26% of the total biomass protein.
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TABLE 3. Amino Acid Compositions of the Protein Fractions of the Biomasses of Mycelial Fungi (%) and their Biological
Values

T. harzianum T. harzianum-19/28-30 T. harzianum-G-26 °
Amino acid

I I M | IV Jtotal | I o m IV | total I I m v total
Lysine 276 044 0.12 1.08 44 304 051 018 124 497 4.2 071 022 1.74 6387
Histidine 1.04 0.6 008 048 1.76 126 022 0.16 064 228 1.74 044 024 098 340
Arginine 088 022 011 076 137 096 034 022 088 240 124 074 034 144 376
Aspartic acid 302 096 026 206 63 348 108 044 244 744 454 202 084 398 11.39
Threonine 234 058 033 074 398 3.04 076 028 095 503 502 1.02 062 124 797
Serine 1.76 032 0.18 102 328 204 046 026 148 423 324 08 044 195 649
Glutamic acid 1020 2.04 0.56 3.18 1598 13.04 254 0.74 396 2128 1604 402 096 786 28.86
Proline 134 022 011 042 209 1.74 044 019 076 313 204 056 026 103 389
Glycine 314 0.78 024 144 560 372 094 042 156 664 422 1.02 032 298 854
Alanine 402 054 0.11 104 571 534 102 018 242 846 6.34 142 044 354 11.74
Valine 342 041 008 108 499 454 096 028 134 7.12 524 122 032 174 852
Methionine+cystine 0.84 0.16 005 047 152 09 022 0.16 042 176 124 044 024 194 386
Isoleucine 304 036 007 156 503 456 072 012 082 625 546 092 022 118 7.78
Leucine 376 0.78 031 184 6.69 441 092 224 224 781 556 . 122 028 1.04 838
Tyrosine 084 044 012 022 162 124 064 022 148 258 204 075 0.12 154 445
Phenylalanine 132 044 0.14 004 191 196 092 031 174 398 248 156 044 108 5.56
Essential 18.32 361 1.13 7.03 30.08 23.75 5.65 1.79 1224 3343 3130 884 246 11.50 54.10
Nonessential 2540 5.34 198 104 40.81 31.58 7.04 261 14.19 5586 39.04 11.08 384 23.70 78.00
Without taking
tryptophan into
account

Biological value 52.34 1031 3.22 20.08 85.94 68.85 16.14 5.11 3500 9551 8942 2525 702 3285 15470

I - albumins; II - globulins; III - prolamines; IV - glutelins.

The albumin fractions were the most balanced in amino acid composition, as well. They contained all the essential
amino acids, among which lysine, threonine, valine, leucine, and isoleucine were present in the largest amounts. Of the
nonessential amino acids, high levels of glutamic and aspartic acids and glycine and alanine were noted. The reserve proteins
contained a smaller amount of essential amino acids (see Table 3).

The biological values of the protein fractions of the micromycetes studied, calculated from aminograms, were as follows:
in T. harzianum the protoplasmic proteins amounted to 10.31—52.34%, in a protoplasmic culture of 7. harzianum-19/28-30,
to 16.14—67.85%, and in the 7. harzianum—G-26 hybrid to 25.25—89.42% of the total amount of biomass protein. The
biological values of the reserve proteins of the above-mentioned cultures were, respectively, 3.22—20.08, 5.11—35.00, and
7.02—32.85% of the total sum of the amino acids of the biomass proteins.

The largest amount (62.40%) of albumins was contained in the T. harzianum—G-26 hybrid culture (Table 4). The ratio
of the total protoplasmic water- and salt-soluble proteins to the total amount of protein in the biomass shows that the maximum
amount of albumins was present in the hybrid culture. This is probably connected with the source of nutrition and with the
synthesis of a more active enzyme complex.

It was observed that in all the cultures studied the water-, salt-, and alkali-soluble protein fractions predominated. The
alcohol-soluble fractions of the biomass formed the highest percentage of the total sum of the soluble proteins, the difference
in their amounts being insignificant and ranging from 2.40 to 2.90%. The protoplasmic proteins of the biomass — the
albumins and globulins — predominated in the micromycetes investigated and amounted in sum to from 61.60 to 66.60%, while
the reserve proteins amounted to from 32.40 to 38.40% of the total biomass protein.
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TABLE 4. Fractional Composition of the Biomass Proteins of Mycelial Fungi, %

Cuiture Albumins Globulins Prolamines Glutelins
T. harzanum 52.40 9.20 2.90 355
T. harzanum-19/28-30 56.40 7.20 2.40 340
T. harzanum-G-26 62.40 5.20 2.40 30.0

Thus, the full value and balanced nature of the protoplasmic proteins of micromycetes with respect to amino acid
composition permit the proteins studied to be considered as products of high biological value.

EXPERIMENTAL

Cellulolytically active micromycetes were investigated. A culture of Trichoderma harzianum was isolated from the soil
of the Tashkentskaya oblast; a protoplasmic culture of 7. harzianum-19/28-30 was obtained by the protoplastizing and
regeneration of protoplasts of the mutant strain T. harzianum-19/28; and the hybrid culture T. harzianum—G-26 was obtained
by the interspecies hybridization of T. harzianum.

The material for sowing was prepared in Czapek-Dox liquid nutrient medium. Fermentation was conducted by the deep
cultivation method in Erlenmeyer flasks containing 100 ml of fermentation medium at a cultivation temperature of 28°C on
a shaking machine at 220 rpm. The time of cultivation was 7 days. We used 5% of sowing material on the volume of the
fermentation medium. The fermentation medium used was modified Czapek-Dox medium containing as the source of carbon
comminuted wheat straw in an amount of 2% on the volume of the fermentation medium. After the end of the time of
cultivation of the micromycetes, the biomass was collected by filtration and was dried at 50°C to constant weight. The
fractional compositions of the proteins in samples were determined by the method of [3].

Fat and ash contents were determined by the generally adopted methods of GOST[State Standard]-23637-79, vitamins
by the method of [4], and the amino acid composition of the proteins fraction of the micromycete biomass by the methods of
[5] and [6]). The quantitative determination of amino acids was carried out on an AAA-881 amino acid analyzer.

REFERENCES

L. V. Yu. Rakitin and N. V. Prokofeva, The Technology of the Enzymatic Hydrolysis of Protein Raw Material [in
Russian], Moscow (1982).

T. V. Filippova and Zh. P. Tyurina, Izv. Akad. Nauk MSSR, Ser. Biol. Khim. Nauk, No. 2, 38 (1982).

V. N. Nazarenko, V. N. Sokolov, A. L. Ginak, and B. S. Oster, Prikl. Biokhim. Mikrobiol., No. 3, 437 (1993).
E. N. Odintsova, Microbiological Methods of Determining Vitamins [in Russian], Moscow (1959).

A. M. Kostina and V. G. Babitskaya, Mikrobiologiya, 50, No. 2, 217 (1981).

Methods of Experimental Mycology. A Handbook [in Russian], Naukova Dumka, Kiev (1982).

ARl o

350



