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ABSTRA CT 

A significant increase in protein extraction from Torula utilis homogenate 
and substantial decrease in nucleic acid content (60%) in the resulting isolate 
was obtained by protein phosphorylation with sodium trimetaphosphate 
( STMP). Optimal conditions for this process were pH, 11"0; temperature, 
38°C and concentration of STMP, 3%. This modification markedly improves 
such functional properties as solubility, emulsifying activity, foaming 
capacity and fat and water absorption capacity. The enzymatic digestibility is 
only lowered by about 10%. 

I N T R O D U C T I O N  

Microorganisms, which are a potential source of  valuable protein, have only 
been utilised in human nutrition on a small scale. To use them as food 
additives it is necessary to remove cell walls, separate the intracellular 
proteins in the form of  an isolate, reduce the accompanying nucleic acids and 
obtain the required functional properties (Shetty & Kinsella, 1979). 

In recent years a number  of  studies have been carried out  to achieve that 
goal by chemical modification of  microbial proteins (Lovland et al., 1976; 
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Schwenke & Rauschal, 1980; Shetty & Kinsella, 1982). According to some 
authors these techniques, despite their attractive character, demonstrate 
certain negative effects on the biological value of the protein (Proll & 
Schwenke, 1983; Shetty & Kinsella, 1982; Siu & Thompson, 1982). 

According to Feeney & Whitaker (1977), among the known chemical 
modification techniques, acylation, alkylation, esterification and oxidation 
by various chemicals deserve special attention. 

Shetty & Kinsella (1978) developed a modification procedure by 
treatment of disintegrated yeast cells with succinic anhydride and thiol 
compounds. Recently, Damodaran (1986) proposed a sulfitolysis technique 
by the application of sodium sulfite and sodium tetrathionate (Na2S406). 
That technique seems to give interesting results since it improves protein 
properties but has no negative effect on the assimilation of the exogenous 
amino acids in the sulfonated proteins. 

An interesting technique for modification and increasing protein 
extraction is the phosphorylation of yeast homogenates with POC13, 
reported by Damodaran & Kinsella (1982). 

In this paper the phosphorylation procedure with sodium trimeta- 
phosphate (STMP) was studied, which had been used earlier by Sung et al. 
(1983) in the modification of soy bean protein. 

The modification, being carried out at high pH, may serve for the 
temporary protection of lysine e-NH2 groups against their participation in 
undesirable chemical reactions occurring in food (e.g. Maillard reactions). 
Because of reversibility of that reaction at pHs below 5 (precipitation of 
proteins takes place at pH = 4.2), it should cause no unfavourable changes in 
nutritional value. 

The purpose of this paper was to study the various aspects of the 
modification procedure and to elaborate conditions necessary to obtain a 
finished product of optimum quality. 

MATERIAL AND METHODS 

Experiments were carried out on Torula utilis feed grade yeast (Fig. 1). The 
cyclic sodium trimetaphosphate (STMP) was used as a phosphorylation 
agent. It was obtained by roasting the monosodium orthophosphate 
(NaH2PO4), according to the Bell method (1950). 

The degree of protein phosphorylation (DF) was expressed as the ratio of 
the quantity of pyrophosphate produced during the reaction to the quantity 
released theoretically on the basis of serine content in the protein, under the 
complete substitution o f - - O H  groups. Pyrophosphate quantity was 
determined indirectly by complexometric titration of the bound Zn 2 ÷ ions 
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Suspension of Torula utilis yeast 

Disintegration of yeast cells (DYNO-MILL, KDL) 

Homogenate 

Phosphorylation 
(STMP 1-5% w/v; pH 9.0-12.5; temperature 25-45°C) 

Removal of cell walls (centrifugation 20 000 x g) 

Supernatant 

Precipitation and separation of protein at pH = 4.2, 
centrifugation 20 000 x g 

Isoelectric rinsing 

Dissolving of protein in H20, pH 9"0 

Lyophilisation 

Protein isolate 
1 

Determination of the basic components, nucleic acids 
and functional properties 

Fig. 1. Chemical flow diagram of yeast protein phosphorylation and isolation. 

using 0.01M EDTA against erichromate black as indicator (Flaschke et al., 
1969). 

DF = Xp x 100 rp 

in which DF is the degree of phosphorylation (%), Xp is the pyrophosphate 
quantity actually produced in the reaction mixture, and Tp is the theoretic 
pyrophosphate quantity calculated from serine content. 

In the raw material and in the protein preparation after phosphorylation 
of the dry matter (temperature 105°C + 2°C), crude protein (Kjeldahl 
method N x 6.25), nucleic acid content (colorimetric method of Herbert et al., 
1971) and threefold extraction with 0-5N HC104 at 70°C (for 30 min) were 
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determined. The ribonucleic acid formed coloured complexes with orcine 
solution, while the desoxyribonucleic acid did so with diphenylamine. 

The characteristics of the protein isolate were determined by functional 
properties such as: 

--relative solubility (measurement of light absorption at 280nm 
wavelength and pH from 1-0 to 12.0) (McElwain et al., 1975), 

--fat  and water absorption capacity according to Sathe & Salunkhe 
(1981), 

-----emulsifying 
formula: 

activity according to Schwenke (1981) by using the 

EA _ e x 100 
t 

in which E A is emulsifying activity (%), e X is the volume of the emulsified 
layer (cm 3) and t is the total volume (cm3), 

-----emulsion stability after heating at 80°C for 30 min. Results calculated 
with the above formula as Es, 

--foaming capacity and foam stability according to Puski (1975). 

The enzymic digestibility in vitro was determined according to the classic 
Mauron method. After digestion with pepsin for 3 h and trypsin for 24 h the 
released amine nitrogen was determined colorimetrically by the ninhydrin 
method. 

RESULTS AND DISCUSSION 

Data in all figures and in the table are mean values from three replications. 
In Fig. 2 the relationship between degree of yeast protein phosphoryl- 

ation, STMP concentration and pH at two reaction temperatures (25 ° and 
35°C) is presented. 

As can be seen from Fig. 2, the degree of protein phosphorylation within 
the studied range increases with increase of pH and STMP concentration 
and for the same parameters is always higher at 35°C. High pH, which 
stimulates the phosphorylation reaction, might, however, diminish the 
nutritional properties of the isolate by stimulating the occurrence of 
antinutritional compounds (e.g. lysinoalanine). Similarly, the elevation of 
temperature not only increases the degree of phosphorylation (DF) but also 
contributes, together with the alkaline pH, to all the unfavourable changes 
in proteins such as: hydrolysis, depolymerisation, racemisation, etc. 

The shape of the curves in Fig. 2 also indicates that at pH 9 to 10 a low 
degree ofphosphorylation occurred, in the range 10 to 30%; by elevating pH 
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to ! 1.5 the D F  increased to 45%. A fur ther  elevation had no effect on D F  
increase. 

The effect of STMP concentration in the range 1 to 3% shows a nearly 
proportional relationship. Further increasing of STMP concentration to 
5% is not desirable since the phosphorylating agent occurs in amounts 
excessive to the number of free OH and NH2 groups. 

The isolates obtained demonstrate quite high contents of crude protein, 
N x 6.25 (above 80% of dry matter) and of protein insoluble in 20% TCA 
(so called true protein); its content is above 75% of the dry matter. It can be 
seen that the phosphorylation procedure increases extractability and 
facilitates separation of proteins from nucleic acids. By increasing the degree 
of phosphorylation above 20% only an increase in the protein extractability 
has been observed. 

The control sample protein isolates, obtained by alkaline extraction, has 
considerably lower crude protein and true protein contents and a higher 
content of nucleic acids. This resulted from the mild conditions of the 
alkaline extraction in which the hydrolysis of the nucleic acids is not 
complete. 

Changes of the negative charge on the protein, resulting from 
phosphorylation or succinylation, make a considerable reduction of the 
nucleic acid content possible, as shown in Table 1. 

The experimental findings indicate that the degree of nucleic acid 
reduction is proportional to the degree of protein phosphorylation. 

The isoelectric point of the phosphorylated yeast protein isolate is at pH 
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3"5, whereas the greatest precipitation of the nucleic acids is observed at 
pH 6.4-4.5. 

Introduction of the orthophosphoric radical to the protein molecule 
decreases the nucleophilic properties of the amino acid functional groups in 
the yeast proteins and in this way the destabilization of nucleoprotein 
complex is increased. 

As shown earlier, the reduction of nucleic acid content in the yeast protein 
isolates by chemical phosphorylation is more advantageous when compared 
with other methods used to reduce the nucleic acid content (Fig. 3). One of 
the most significant factors affecting the application of modified yeast 
proteins in food is their susceptibility to enzymic digestion. 

The degree of hydrolysis was expressed as the ratio of the quantity of ~- 
amino nitrogen produced after enzymic hydrolysis to its quantity after 
acidic hydrolysis. 

In principle, phosphorylation does not reduce the enzymic digestibility of 
protein when compared with that of protein extracted from the biomass 
under alkaline conditions. However, the reduction of digestibility becomes 
more evident with increasing degree of phosphorylation. Compared with the 
control sample, phosphorylation decreases enzymic digestibility of protein 
by 10% (Table 1). 

Fig. 3. 
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of enzymic digestibility of yeast protein homogenates under the 
application of two enzyme systems. 

Comparison 



286 Andrzej Giec, Bo~ena Stasihska, Janusz Skupin 

Figure 3 presents the comparative enzymic digestibility in vitro of three 
yeast protein preparations; namely, the succinylated (B), the phosphorylated 
(F) and that obtained after alkaline extraction and used as the control 
sample (H). 

The minor reduction of digestibility of the phosphorylated protein may be 
caused by various factors. First of all, the high pH decreases the nutritive 
value. Moreover, as has been found in the experiments not yet published, 
despite the reversibility ofphosphorylation of the lysine e-NH 2 groups at pH 
below 5, certain numbers of the orthophosphoric radicals remain in the 
protein, thus limiting the access of trypsin to lysine. 

Reduction of the enzymic digestibility in the phosphorylated protein is 
difficult to explain. It may be associated with the changes discussed above, 
which occur in protein in the alkaline medium. Technological advantages of 
the chemically modified protein have to be checked taking into account its 
biological value. It can be best tested on animals, and such tests are" to be 
carried out in the subsequent stages of this study. 

The chemical modification which results in minor structural changes in 
the protein molecule can improve certain functional properties which are of 
importance to the food additives. This is not the case in the yeast protein 
isolates obtained by the conventional method, i.e. by isoelectric or alcoholic 
precipitation. 

Phosphorylation decreases, in the protein molecule, the number of 
positive charges, thus increasing the number of negative ones. 

Phosphoric group addition alters the electrostatic forces between 
polypeptide chains and results in structural changes which may alter 
functional properties in the modified proteins. 

As can be seen in Table 1, protein phosphorylation had no apparent effect 
on fat absorption capacity. However, a significant improvement was 
observed in the other functional properties examined, i.e. the emulsifying 
and foaming capacities. That improvement was proportional to the number 
of phosphorylated radicals in serine and lysine. 

CONCLUSIONS 

The occurrence of typical phosphoproteids containing mainly orthophos- 
phoserine radicals is known in nature, e.g. milk casein, egg white 
ovalbumin, egg yolk phosvitine (Taborsky, 1974). 

Enzymic phosphorylation of protein with phosphoprotein kinase or 
transferase has also been reported. However, those methods have not been 
used on a large scale due to high costs of the ATP and enzymes (Bingham, 
1968). 
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The usage of  STMP as phosphorylation agent is economically justified, 
and the yeast protein converted into phosphoproteids may be used as a 
protein additive to food products. STMP has been considered as the least 
toxic and least hazardous to the human organism, compared with the other 
polyphosphates (Ellinger, 1972). 

In this study a phosphorylation procedure of  yeast protein was developed 
and modification of that type demonstrates the following features: 

(1) Introduction of  phosphoric acid radicals into the protein molecule to 
replace the - - O H  groups of serine and partially the e-NH 2 groups of 
lysine reduces the number of  cation radicals and thus destabilizes the 
nucleoproteid complexes. In this way the protein yield can be 
increased and the content of the nucleic acids in the isolate markedly 
reduced. 

(2) The degree of yeast protein phosphorylation is dependent on 
temperature, pH and STMP concentration. The opt imum para- 
meters of  the procedure are as follows: 

temperature ~ 35°C 
pH 11.0 
STMP concentration 3.0% w/v 

(3) Phosphorylation of homogenates at the level of 50% decreases the 
nucleic acid content in the protein isolated from 4.22% to 1.64%, 
markedly improves the functional properties of protein, and slightly 
decreases its enzymic digestibility. 

REFERENCES 

Bell, R. N. (1950). In Inorganic Synthesis, Vol. 3, ed. L. F. Audrieth, McGraw-Hill 
Book Co. Inc., New York, p. 104. 

Bingham, E. W. (1968). The use of yeast in human foods. In Single Cell Protein, ed. 
Matales & Tannenbaum, M.I.T. Press, Cambridge, Mass, USA. 

Damodaran, S. (1986). Removal of nucleic acid from yeast nucleoprotein complexes 
by sulfitolysis. J. Afr. Food Chem., 34, 26-30. 

Damodaran, S. & Kinsella, J. E. (1982). Dissociation of yeast nucleoprotein 
complexes by chemical phosphorylation. J. Agr. Food Chem., 32, 1030-2. 

Ellinger, R. H. (1972). Phosphates food processing. In CRC Handbook of Food 
Additives (2nd edn), Vol. 1, ed. T. E. Furia, CRC, Cleveland, Ohio, p. 640. 

Herbert, D., Phipps, P. J. & Strange, R. E. (1971). Chemical analysis of microbial 
cells. In Methods in Microbiology, Vol. 5B, ed. J. R. Norris & P. W. Ribbors, 
Academic Press, p. 209. 

Feeney, R. E. & Whitaker, J. R. (1977). Food Proteins: Improvement through 
Chemical and Enzymatic Modification. Am. Chem. Soc., Washington, DC. 



288 Andrzej Giec, Bo~ena Stasihska, Janusz Skupin 

Flaschka, H. A., Bernard, A. J. & Sturrock, D. E. (1969). In Quantitative Analytical 
Chemistry, Vol. 2. Barnes and Noble Inc. New York, p. 142. 

Lovland, J., Harper, J. M. & Frey, A. L. (1976). Single cell protein for human food-- 
A review. Lebensm. Wiss. u. Technol., 9, 131. 

McElwain, M. D., Richardson, P. & Amundson, C. H. (1975). Some functional 
properties of succinylated single cell protein concentrate. J. Milk Food Technol., 
39, 521. 

Proll, J. & Schwenke, K. D. (1983). Chemical modification of succinylated faba bean 
proteins. Nahrung, 27. 

Puski, G. (1975). Modification of functional properties of soy proteins by proteolytic 
enzyme treatment. Cereal Chem., 52, 655. 

Sathe, S. K. & Salunkhe, D. H. (1981). Functional properties of the Cyreat Nothern 
Bean (Phaseoleus vulgaris L.) Properties: emulsion, foaming, viscosity and 
gelation. J. Food Sci., 46, 71. 

Schwenke, K. D. (1981). Functional properties of plant proteins. Part II. Selected 
physicochemical properties of native and denaturated protein isolates from 
faba bean, soy-bean and sunflower seed. Nahrung, 25, 59. 

Schwenke, K. D. & Rauschal, E. J. (1980). Effect of succinylation on the physico- 
chemical properties of some feed proteins. Nahrung, 24, 593. 

Shetty, J. K. & Kinsella, J. E. (1978). Effect of thiol reagents on extractability of 
protein from yeast. Biotech. Bioeng., 20, 755-66. 

Shetty, J. K. & Kinsella, J. E. (1979). Preparation of yeast protein isolate with low 
nucleic acid level by succinylation. J. Food Sci., 44, 633. 

Shetty, J. K. & Kinsella, J. E. (1982). Isolation of yeast protein with reduced acid 
level using reversible acylating reagents: Some properties of the isolated 
protein. J. Agric. Food Chem., 30, 1166. 

Siu, M. & Thompson, L. (1982). Effect of succinylation on the protein quality and 
urinary excretion of bound and free amino acid. J. Agric. Food Chem., 30, 1179. 

Sung, H., Chen, H., Liu, T. & Siu J. (1983). Improvement of the functionalities of soy 
protein isolate through chemical phosphorylation. J. Food Sci., 48, 716-21. 

Taborsky, G. (1974). Phosphoproteins, Vol. 29. In Advances in Protein Chemistry, 
Academic Press, New York, p. 1. 


