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The effect of different concentrations of prometryne and indole-3-acetic acid 
(IAA) on the protein content of Candida utilis 103, grown on the acid hydro- 
lysate of sorghum stalks was investigated. Low concentrations of prometryne 
(5 x 10 u M) and IAA (2 x 10 -9 M) stimulated protein synthesis, while depres- 
sion was observed at higher concentrations. Candida utilis 103, grown on the 
acid hydrolysate of sorghum stalks either untreated or treated with low concen- 
trations of prometryne or IAA produced a protein containing highly soluble 
proteins. Electrophoresis of Candida utilis protein detected 14 peaks varying 
in their relative proportions. The treated Candida utilis protein contained the 
essential amino acids (lysine, leucine, isoleucine, phenylalanine, valine and 
threonine) in more than sufficient quantity as recommended by FAO. Treatment 
with IAA showed an increase in the amounts of methionine, valine and lysine 
(55.5, 29.4 and 17.2%, respectively) over that of the control. 

INTRODUCTION 

In Egypt, the total sorghum stalks production is about 
4.2 million tonnes per year. Most sorghum stalks are 
used in villages as a fuel for breadmaking. Today, the 
use of sorghum stalks in Egypt could provide a way to 
ameliorate the present food crisis as sorghum stalks 
contain high amounts of polysaccharides (Carlson et 
al., 1983) which could be converted by acid pretreat- 
ment to a suitable carbon source in yeast growth media 
for production of single cell protein. 

In higher plants auxins play an important role in 
morphogenesis and certain physiological changes. Little 
attention has been devoted to the biological effects of 
indole-3-acetic acid, gibberellin, cytokinins and amino 
acids on yeast or other microorganisms. Plant growth 
regulators have stimulating effects on yeast growth 
rates (Rados & Bartfay, 1968). 

Prometryne had a marked influence on the growth 
rate of Candida utilis and Candida tropicalis (Ghali et 
al., 1980; Youssef, 1980) as well as protein and amino 
acid production (Balicka et al., 1970; Strezeles, 1975). 

In the present study, the effect of both prometryne 
and indole-3-acetic acid on the growth and protein 
composition of Candida utilis grown on the acid hydro- 
lysate of sorghum stalks under optimised conditions 
has been studied. 

* To whom correspondence should be addressed. 

MATERIALS AND METHODS 

Lignocellulosic substrate 

Sorghum stalks (Sorghum bicolor L., Monech) from 
Shandaweel Research Station, Agricultural Research 
Centre, Egypt were used as the energy source for yeast 
growth. 

Microorganism used 

Candida utilis 103, was obtained from the Agricultural 
Microbiological Research Dept., Agricultural Research 
Centre, Egypt. 

Growth medium 

Acid hydrolysate of sorghum stalks was used as a fer- 
mentation growth medium for propagation of Candida 
utilis 103 using a submerged fermentation technique, as 
described by Abdel-Salam (1989). 
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Fermentation and separation of yeast biomass 

Preculture shake flasks were incubated on a GFL- 
rotary shaker (150 rpm) at 28°C for 48 h. Growth was 
harvested by centrifugation at 4000 rpm under aseptic 
conditions and resuspended in 20 ml of sterile distilled 
water. This suspension was used as the inoculum. The 
acid hydrolysate of sorghum stalks medium (50 ml) 
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was dispensed into conical flasks (250 ml capacity). The 
flasks were sterilised at 121 °C for 20 rain. After sterilis- 
ation the flasks were supplemented with different con- 
centrations of  sterilised herbicide (prometryne, 2,4-bis 
isopropyl amino-6-methyl-thio, 1,3,5 triazine, molecular 
weight 241) ranging from 5 x 10 4 to 5 x 10 12 M or 
indole-3-acetic acid (IAA, molecular weight 175) ranging 
between 2 x 10 5 and 2 x 10 -~° M. The flasks were then 
inoculated with 2 ml of  inoculum suspension. The inocu- 
lated flasks were incubated on a GFL-ro ta ry  shaker 
(150 rpm) at 28°C for 72 h. After the incubation period, 
the yeast biomass was harvested by centrifugation at 
4000 rpm for 20 min, then the yeast dry weight was esti- 
mated according to the method described by White (1954). 

Chemical analyses 

Reducing sugars in the fermented liquor were deter- 
mined according to the method of Flood and Priestley 
(1973). Nitrogen content o f  the dried yeast was esti- 
mated by the Kjeldahl method and the crude protein 
was calculated as N x 6.25 (AOAC, 1970). Fractiona- 
tion of  yeast protein was carried out using sodium 
dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) according to the method described by 
Laemmli (1970). 

Qualitative and quantitative analyses of  amino acids 
of  yeast protein were carried out according to the 
method described by Bosi and Battaglini (1978). A 
Varian A.A. Analyzer Model 3700 was used. 

R E S U L T S  A N D  D I S C U S S I O N  

Effect of  prometryne and IAA treatments on the growth 
and protein content of  Candida utilis 103 

The results presented in Table 1, indicate that pro- 
metryne at low concentrations (from 5 x 10 -1° to 
5 x 10 u M) stimulated the growth of Candida utilis 
103, as well as protein production. Data  also revealed 
that prometryne at a concentration of 5 x 10 u M 
increased yeast dry weight up to 35.8% over the control 
treatment. The corresponding figure for the produced 
protein was 28.2%. This trend is in line with that 
observed by Ghali  et al. (1980), who found that treat- 
ment of  molasses medium with 1 ppm of  prometryne 
increased the growth of Candida tropicalis by 68% over 
the control. 

The results (Table 1) also reveal that addition of 
IAA in concentrations ranging from 2 x 10 5 to 2 x 
10 -7 M ,  decreased the growth of Candida utilis 103, as 
well as the produced protein. This action might be 
attributed to the fact that high concentrations of  IAA 
have an effect on R N A  polymerase leading to synthesis 
of  abnormal  r ibosomal RNA,  which, in turn, has a 
depressing effect on protein synthesis (Biswas et al., 
1973). A lower concentration (2 x 104 M) of  IAA 
increased the growth and the produced protein by 37.1 
and 33.3% over the control treatment,  repectively. This 
might be due to the action of  IAA on D N A  content 
and cell division as reported by Polevoid et al. (1967). 

Table 1. Effect of different concentrations of prometryne and IAA on the growth and protein content of Candida utilis 103, grown on 
the acid hydrolysate medium of sorghum stalks. 

Yeast Consumed YER (%)~ Crude protein PER (%)b 
dry wt sugar 
(g/litre) (g/litre) % g/litre 

Prometryne 
concentration (M) 

0"0 a 6.7 
5 X 10 4 5.5 
5 X 10 ,5 5.2 
5 X 10 6 5.8 
5 × 10 7 6.5 
5 x 10 .8 6.8 
5 x 10 9 7.5 
5 × 10 l0 8-5 
5 x 10 -n 9.1 
5 x 10 12 8.1 

IAA concentration (M) 
0'0 a 6.2 

2 × 10 -5 4:3 
2 × 10 6 4.7 
2 x 10 -7 5.0 
2 X 10 -8 7.2 
2 x 10 ,9 8.5 
2 X 10 10 8.1 

28.1 23.9 58.6 3.9 14.0 
27.7 20.0 51.4 2.8 10.3 
27.6 19.0 50.0 2.6 19.5 
27.7 20.9 51-5 3.0 10.8 
27.7 23.6 51.0 3.3 12.0 
28.6 23.7 52.5 3.5 12.4 
28.7 26.2 52-0 4.5 13-6 
28.7 29.6 53.5 4.5 15.9 
28.6 31.8 54.4 5.0 17.3 
28.0 28.9 52.9 4.3 15.3 

28.1 22.3 57.0 3.6 12.2 
27.3 15.8 50.0 2.1 7.9 
27.1 17.3 50.3 2.4 8.7 
27.2 18.4 52.0 2.6 9.6 
27.4 26.3 53.0 3.8 13.9 
28-2 30.2 57.0 4.8 17.2 
28.1 28.8 54.0 4.4 15.5 

a Yeast efficiency ratio (YER) = yeast dry wt (g/litre) × 100 
consumed sugar (g/litre) 

b Protein efficiency ratio (PER) = 

c Control treatment 

crude protein (g/litre) x 100 
consumed sugar (g/litre) 
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Table 2. Relative proportions in electrophoretic pattern of 
protein of Candida utilis 103 grown on the acid hydrolysate 

medium treated with either prometryne or IAA 

Peak No. Control Hydrolysate medium treated with 

Prometryne IAA 

1 38.51 35.19 3-53 
2 0-68 0-53 51.76 
3 1.36 2.66 3.14 
4 1.36 0.39 0.39 
5 1.81 0.27 3-53 
6 1.13 1-59 0.39 
7 0.23 6.64 1.76 
8 13-02 21.91 5.88 
9 14-50 1-20 1.37 

10 10.19 0.79 1-96 
11 1.25 1.25 1-96 
12 3.40 2.39 1.57 
13 1.70 1.33 0-12 
14 10.87 23.90 21.57 

Electrophoretic pattern of  Candida utilis protein 

Table 2 shows the electrophoretic pattern of protein of  
Candida utilis 103 grown on the acid hydrolysate 
medium containing prometryne or IAA. The results 
reveal that Candida utilis protein has 14 peaks varying 
in their relative proportions. The extractable proteins 
of Candida utilis, grown on the acid hydrolysate 
medium containing prometryne (5 × 10 ~ M) or IAA 
(2 × 10 9 M) gave similar peaks as the control treat- 
ment but differed in their proportional amounts. 

Table 3. Amino acid contents of protein of Candida utilis 103, 
grown on the acid hydrolysate medium treated with either 

prometryne or IAA (g/100g protein) 

Amino acids Control Hydrolysate medium FAO protein c 
treated with reference 

Prometryne" IAA b 

Cysteine 0.6 0.7 0.9 - -  
Histidine 1.6 1-5 2.4 
Lysine 6.4 7.0 7.5 6-3 
Arginine 4.5 4-3 3.3 - -  
Aspartic acid 8-7 8.4 5.5 I 
Serine 4.4 8.1 4.0 
Glycine 4-3 3.7 4.1 - -  
Glutamic acid 13.5 13.1 12.4 - -  
Threonine 4.9 4.5 4-1 5.0 
Alanine 4.6 4.1 4.0 
Proline 2.9 3.0 4.6 - -  
Tyrosine 3.6 3.0 4-1 - -  
Valine 5.1 5.2 6-6 7.4 
Methionine 0.9 1.0 1.4 3.1 
Phenylalanine 4-1 4-1 4.2 6.3 
Isoleucine 6-8 6.7 6-1 6.8 
Leucine 4.3 4-2 4-1 9.0 
Tryptophan 0.6 0.4 1.2 - -  

"Candida utilis 103, grown on acid 
with 5 × 10 ~1 M of prometryne. 
h Candida utilis 103 grown on acid 
with 2 X 10 9 M oflAA. 
c FAO (1957). 

hydrolysate medium treated 

hydrolysate medium treated 

From the aforementioned data, it seems that Candida 
utilis 103, grown on a medium containing the acid 
hydrolysate of  sorghum stalks (either treated or 
untreated with IAA or prometryne), produces soluble 
proteins. 

Amino acid composition of  Candida utilis 103 protein- 
Candida utilis 103 protein contains the essential amino 
acids (lysine, leucine, isoleucine, phenylalanine, valine 
and threonine) in more than sufficient quantity as 
recommended by FAO (1957). It does not have much 
sulphur-containing amino acids. It was interesting to 
note that IAA treatment caused an increase in the 
amount of methionine, valine and lysine (55.4, 29.4 and 
17.2%, respectively) over the control treatment. The 
corresponding figures were 11.1, 2.0 and 9.4% for 
prometryne treatment, respectively. 
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