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Activity and stability of invertase obtained from Saccharomyces cerevisiae MTCC 170 were
characterized with parameters like pH, temperature, metal ions, surfactants and chemical inhibitors. The
pH stability of this enzyme was observed between pH 2 and 9 with an average of 63% retaining activity
for 24 h. The crude enzyme showed optimum activity at pH 6 and 30°C. Enzyme activity was increased in
the presence of 5 mM CaCl, (89.11%). Maximum invertase activity of 32.32% was recorded at
polyethylene glycol (1%). Maximum invertase activity of 25.58% was recorded at EDTA for S. cerevisiae
MTCC 170. The kinetic parameters (Km and Vmax) were determined at 30°C and pH 6 for S. cerevisiae
MTCC 170 invertase for concentrations ranging from 0.5 to 5 mg/ml of sucrose as substrate. The Km
and Vmax of S. cerevisiae MTCC 170 are 0.6894 mg/ml and 0.3201 pm/min/mg.
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INTRODUCTION

Invertase [B-fructofuranosidases (EC.3.2.1.26)] is the
yeast derived enzyme and a member of glycoside
hydrolases, which include more than 370 enzymes of
plant and microbial origin. Invertase from Saccharomyces
cerevisiae is the high cost enzyme. Invertases are
intracellular as well as extracellular (Ul-Haq and Ali,
2007). Invertase acts on non-reducing fructofuranoside
terminal residues of B-fructofuranoside (Veana et al.,
2011). The hydrolysis of sucrose which yields an equi-
molar mixture of glucose and fructose (invert syrup) is
sweeter than sucrose due to high degree of sweetness of
fructose. Consequently the sugar content can be
increased considerably without crystallization of the
material. Hence, one of the important applications of

invertase lies in the production of non-crystallizable sugar
syrup from sucrose. Due to its hygroscopic nature, invert
syrup is used as humectants in the manufacture of soft
centered candies and fondants (Gehlawat, 2001).
Invertase is also used whenever sucrose containing
substrates are subjected to fermentation viz. production
of alcoholic beverages, lactic acid, glycerol, etc. Due to
the associated inulinase activity, it is also used for the
hydrolysis of inulin (polyfructose) to fructose. Other uses
of the enzyme include, manufacture of artificial honey,
plasticizing agents used in cosmetics, drug and paper
industries and as enzyme electrodes for the detection of
sucrose. Enzymatic hydrolysis of sucrose is preferable to
acid hydrolysis as it does not result in the formation
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of undesirable flavoring agents as well as coloured
impurities (Wiseman, 1975).

Many organisms produce invertase they include,
Neurospora crassa, Fusarium oxysporium, Phytophthora
meganosperma, Bacillus macerans (Kim et al., 2000),
Aspergillus niger, S. cerevisiae, Schizosaccharomyces
pombe, Cladosporium cladosporioides (Almeida et al,.
2005), Arthrobacter globiformis (Win et al.,, 2004),
Kluyveromyces marxianus (Workman and Day, 1983),
Saccharomyces  fragilis, Aspergillus caespitosus,
Candida qguilliermondii, Penicilium chrysogenum, S.
cerevisiae (Mona and Mohamed, 2009), Candida utilis
and Pichia pastoris (Ul-Haqg and Ali, 2005).

MATERIALS AND METHODS
Invertase assay

The culture medium was centrifuged at 10000 rpm for 10 minutes at
4°C. The supernatant was used as crude enzyme source for
invertase assay. Invertase activity was assayed as per the method
of Sumner and Howells (1935) using 0.5 ml of sucrose as the
substrate in 0.03 M acetate buffer (pH- 5.0) and incubated at 45°C
for 30 min. The reaction was terminated by addition of 1 ml of DNS
reagent and tubes were kept at boiling water bath for 5 min. After
cooling the tubes at room temperature, 3 ml of distilled water was
added in each tube. The intensity of the colour was read at 540 nm
in UV-Vis spectrophotometer (Systronics, 119). Standard curve was
performed with glucose solution. One unit of enzyme activity was
defined as the amount of enzyme required to release 1 y mol of
glucose/ml/minute under assay condition. Enzyme activity was
expressed in International units. Invertase activity was calculated
using this formula:

IU/ml = concentration of glucose / 0.5x30x0.180

Acetone precipitation

For protein precipitation, double the amount of acetone was added
to the culture supernatant solution and the solution was left
overnight at 4°C, the supernatant was removed and pellet of
precipitated protein was kept and dried at laboratory temperature.
The pellet which contained invertase was dissolved in 5 ml of
double distilled H,O and it was dialyzed against double distilled H,O
for 48 h at 4°C. This was further dialyzed against 50% (W/V) PEG
in order to concentrate the protein sample (Mawadza et al., 2000).

Effect of pH on activity and stability

The optimum pH of the crude invertase was determined by
incubating the mixture of the crude invertase in the presence of the
buffer (0.1 M citrate buffer) at pH 2 to 12. The pH effects on
invertase activity were assayed at pH values ranging from 2 to 12
for 30 min. To determine pH stability, the enzyme was pre-
incubated at 30°C for 24 h at pH 2 to 12 (Mase et al., 2008).

Effect of temperature on invertase activity and stability

The effect of temperature on the activity of invertase was
determined in the temperature range of 10-90°C in 0.1 M citrate
buffer at pH 6 for 30 min. The invertase activity was determined
under standard assay condition. To determine temperature stability,

the invertase was pre-incubated at 30°C for 24 h at pH 2 to 12 (Do
etal., 2012).

Effect of various metal ions on invertase activity

The crude invertase was mixed with 5 mM concentration of various
salts such as CaCl,, CoCl,, MgCl,, ZnSo4, NiSo4, CuSo4 and KCI
for 30 min at 30°C pH 6 before adding the substrate and
subsequently invertase activity was determined. To determine metal
ions stability, the enzyme was pre-incubated at 30°C for 24 h at pH
6 (Shankar et al., 2010).

Effect of various surfactants on activity

The effect of surfactants on the activity of crude invertase was
determined by pre-incubating the enzyme in the presence of Triton
X-100 (1%), Triton X-100 (2%), Triton X-100 (3%), Tween-20 (1%),
Tween-20 (2%), Tween-20 (3%), SDS (0.1%), SDS (0.3%), SDS
(0.5%), Poly ethylene glycol (0.1%), Poly ethylene glycol (0.3%),
Poly ethylene glycol (0.5%) for 30, 60, and 90 min at 30°C before
adding the substrate. Subsequently, relative invertase activities
were measured at optimum temperature (Patil et al., 2012).

Effect of different chemical inhibitors on invertase activity and
stability

The effect of different chemical inhibitors on invertase activity and
stability were determined individually for crude invertase of S.
cerevisiae MTCC 170. The crude invertase was mixed with 0.1 mM
concentration of different chemical inhibitors such as DMSO, EDTA,
B-mercaptoethanol, H,Sos and H,O, for 30 min at 30°C, pH 6
before adding the substrate and subsequently invertase activity was
determined. The relative activities were based on the ratio of the
activity obtained at specific chemical inhibitors to the maximum
activity obtained and expressed as percentage. To determine
chemical inhibitors stability, the enzyme was pre-incubated at 30°C
for 24 h at pH 6 (Aziz et al., 2011).

Determination of kinetic parameters for crude invertase

The kinetic parameters (Michaelis-Menton constant) Km and
maximal velocity Vmax of invertase activity of S. cerevisiae MK
were determined individually from Lineweaver Burk plot optimal
assay conditions, 45°C, pH 6 at 30 min for sucrose concentrations
ranging from 0.5 to 5 mg/ml. The evaluation of these graph yielded
the kinetic parameters for the invertase activity (Graph pad Prism
5.04 software) (Sivakumar et al., 2012).

RESULTS
Effect of pH on invertase activity and stability

The effect of pH on the activity of crude invertase was
determined in the pH range of 2-12. Maximum invertase
activity of 94.28% was recorded at pH 6. The enzyme
activity was decreased to 15.14% at pH 12. The pH
stability of enzyme was measured by the standard assay
method with sucrose. An average 63% of retaining
activity was observed between pH 4 and 8 (Figure 1).
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Figure 1. Effect of pH on invertase activity and stability by S. cerevisiae MTCC 170.

Effect of temperature on invertase activity and
stability

The effect of temperature on the activity of crude
invertase was determined in the temperature range of 10-
90°C. Maximum invertase activity of 95.54% was
recorded at 30°C. Minimum invertase activity of 21.70%
was recorded at 90°C. The original invertase activity was
retained from 10 to 90°C approximately above 79% from
10-40°C (Figure 2).

Effect of various metal ions on invertase activity

The crude invertase was pre-incubated at 30°C for 30
min at different concentration of the metal ions prior to
standard invertase activity assay with sucrose. Maximum
invertase activity of 89.11% was recorded at calcium
chloride. Minimum invertase activity of 11.62% was
recorded for potassium chloride. Partial inhibition of the
crude invertase was in the order of KCl > MnSo,4 > ZnSo,
> Niso, > MgSo, > CoCl, (Figure 3).

Effect of different surfactants on invertase activity
The relative activity of invertase was decreased with

increase in concentration of surfactants and also by time
of exposure. At 1% surfactants concentration the relative

activity was high at the same time, at 5% surfactants
concentration, it gradually reduced but not completely
inhibited. Maximum invertase activity of 32.32% was
recorded at polyethylene glycol (1%). Minimum invertase
activity of 6.89% was recorded at triton X-100 (1%). The
residual invertase activity for surfactants was given in
Figure 4a and b.

Effect of various chemical inhibitors on invertase
activity and stability

The crude invertase was pre-incubated at 30°C for 30
min at different concentration of the chemical inhibitors
prior to standard invertase activity assay with sucrose.
Maximum invertase activity of 25.58% was recorded at
EDTA. Minimum invertase activity of 9.30% was recorded
at DMSO. The residual invertase activity for chemical
inhibitors is given in Figure 5.

Determination of kinetic parameters for S. cerevisiae
MTCC 170

The kinetic parameters (Km and Vmax) were determined
at 30°C and pH 6 for S. cerevisiae MTCC 170 for
concentrations ranging between 0.5 to 5 mg/ml of
sucrose as substrate. The Km and Vmax of S. cerevisiae
MTCC 170 are 0.6894 mg/ml and 0.3201 pm/min/mg
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Figure 2. Effect of temperature on invertase activity and stability by Saccharomyces cerevisiae MTCC 170.
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Figure 3. Effect of various metal ions on invertase activity and stability by S. cerevisiae MTCC 170.
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Figure 4a. Effect of different surfactants on invertase activity by Saccharomyces cerevisiae MTCC 170.
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Figure 4b. Effect of different surfactants on invertase stability by Saccharomyces cerevisiae MTCC 170.
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Figure 5. Effect of various chemical inhibitors on invertase activity and stability by
Saccharomyces cerevisiae MTCC 170.

Table 1. Michaelis-Menton constant for Saccharomyces cerevisiae MTCC

170.

Michaelis-Menton Saccharomyces cerevisiae MTCC 170
Best-fit values

Vmax 0.3201

Km 0.6894

Std. Error

Vmax 0.05047

Km 0.4680

95% Confidence Intervals
Vmax 0.2037 to 0.4365
Km 0.0to 1.769

Goodness of Fit

Degrees of Freedom 8

R square 0.4760
Absolute Sum of Squares 0.02247
Sy.x 0.05300

Constraints
Km Km > 0.0

Number of points
Analyzed 10

(Table 1). The kinetic parameters of enzymatic reaction using the Michaelis-Menton kinetic model, the -1/Km
were calculated by the Lineweaver-Burk linearization value is -1.450 and the —rVmax is 4.39 (Figure 6).
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Figure 6. Lineweaver Burk plot for Saccharomyces cerevisiae MTCC 170.

DISCUSSION

In the present work, the effect of pH for invertase activity
by S. cerevisiae MTCC 170 was assessed. The effect of
pH on the activity of crude invertase was determined in
the pH range of 2-12. Maximum invertase activity of
91.55% was recorded at pH 6. The invertase activity was
decreased to 11.64% at pH 12 in S. cerevisiae MTCC
170. Uma et al. (2010) stated that maximum invertase
activity was recorded at pH 6.0 for invertase by
Aspergillus flavus. Patil et al. (2012) evaluated the
Aspergillus sp. invertase; it gave the good invertase
activity for pH 6. Yamamota et al. (1986) showed that
maximum invertase activity was recorded at pH 6.8 for
invertase from Brevibacterium divaircatum. Invertase
exhibits marked stability towards temperature, pH,
changes and denaturants. Invertase is used for the
inversion of sucrose in the preparation of invert sugar and
high fructose syrup (HFS) by Uma et al. (2012).

In the present study, the effect of temperature on
invertase activity by S. cerevisilte MTCC 170 was
investigated. The effect of temperature on the activity of
crude invertase was determined in the temperature range
of 10-90°C. Maximum invertase activity of 91.60% was
recorded at 30°C. The invertase activity was decreased
to 17.67% at 90°C in S. cerevisiae MTCC 170. Whereas,
Kaur and Sharma (2005) reported that the 37°C gave
good invertase activity for invertase by an actinomycete
strain. Similarly, Maria and Rubio (1995) reported that
30°C gave good invertase activity for invertase by
Aspergillus niger. Whereas, Gine et al. (2010) stated that
the maximum invertase activity was recorded at 37°C for
invertase by Lactobacillus reuteri CRL 100.

The effect of metal ions on invertase activity by S.
cerevisiae MTCC 170 was investigated in the present
work. The various metal ions such as CaCl,, CoCl,,
MgCl,, ZnSo4, NiSo4, CuSo, and KCI were tested.
Maximum invertase activity of 88.30% was recorded in
calcium chloride. The minimum invertase activity was
recorded to br 10.34% at potassium chloride for S.
cerevisiae MTCC 170 invertase. The effect of divalent
metal ions Cu®*, Fe?*, Co®* on the activity of the enzyme
invertase showed that these ions affected the activity by
a certain factor (Shankar et al., 2010). Similarly, Uma et
al. (2010) evaluated that the maximum invertase activity
was recorded at calcium chloride for invertase by
Aspergillus flavus. In other hands, Guimaraes et al.
(2007) stated that maximum invertase activity was
recorded at magnesium chloride for invertase by
Aspergillus ochraceus. Whereas, Uma et al. (2010)
reported that the maximum invertase activity was
recorded for sodium chloride and calcium chloride for
invertase by C. cladosporioides. Moreno et al. (1979)
showed that maximum invertase activity was recorded at
cobaltous chloride for invertase by S. cerevisiae NRRL -Y
12623.

In the present work, the effect of surfactants on
invertase activity by S. cerevisiae MTCC 170 was
investigated. Various metal ions such as Triton X-100,
Tween-20, SDS, polyethyleneglycol and Tween-80 were
determined. Maximum invertase activity of 32.32% was
recorded at poly ethylene glycol. The minimum invertase
activity of 6.89% was recorded for Triton X-100 in S.
cerevisiae MTCC 170 invertase.

The effect of chemical inhibitors on invertase activity by
S. cerevisiae MTCC 170 was investigated in the present
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study. The different chemical inhibitors such as DMSO,
H,O,, EDTA, H,SO, and B-mercaptoethanol were tested.
Maximum invertase activity of 25.58% was recorded in
EDTA. The minimum invertase activity was recorded at
9.30% of DMSO in S. cerevisiae MTCC 170. Uma et al.
(2012) reported that the maximum invertase inhibitory
activity was recorded in toluidine for invertase by C.
cladosporioides.

In the present investigation, the kinetic parameters (Km
and Vmax) were determined at 30°C and pH 6 for S.
cerevisiae MTCC 170 for concentrations ranging between
0.5 and 5 mg/ml of sucrose as substrate. The Km and
Vmax of S. cerevisiae MTCC 170 are 0.6894 mg/ml and
0.3201 pm/min/mg. Hocine et al. (2000) reported similar
result for invertases from A. niger, Km and Vmax values
for each enzyme were determined using the Lineweaver—
Burk plots which were calculated to be 44.38 Mm and
1030 mmol mI" min” for FTS and 35.67 mM and 398
mmol mI'min™.  Ghazi et al. (2000) investigated the
behaviour of fructosyltransferase from A. aculeatus,
determined the kinetic constants (Km and Kcat) for both
hydrolysis and transfer reactions. The reaction rates
(Mmol mg-1 min-1) of sucrose concentrations up to 1.75
M were plotted.

Chang et al. (1994) reported that purified enzyme had
an optimal pH (5-6), temperature (50°C) and a Km value
of 0.53 M for catalyzing self transfer reaction from
sucrose. Gine et al. (2010) reported that for invertase in
Lactobacillus reuteri (CRL 1100), the Km (6.66 mM) and
Vmax (0.028 pmol/min) values for sucrose were
obtained. Workman and Day (1983) reported the Km
value for sucrose was 13.6 mM in Kluyveromyces fragilis.
Similar findings with the Bhatti et al. (2006) obtained Km
value of 3.57 mM for sucrose in Fusarium solani.
Hernalsteens and Maugeri (2008) reported the Km (13.4
g/l) and Vmax (21 pmol/ml/min) for sucrose by invertase
in Candida sp. Buttner et al. (1990) determined Km value
(71-83 mM) for sucrose in Trichosporon adeninovorans
for two internal invertases. Whereas, Aziz et al. (2011)
showed that the kinetic parameters of IM was about 1.74-
fold more active (p=0.0002) than IW because their Vmax
values were 564 and 325 U/mg of protein/min.

Conclusion

The vyeast (S. cerevisiae MTCC 170) capable of
producing invertase was obtained from MTCC. The
invertase activity and stability for the S. cerevisiae MTCC
170 was found to be at pH 6, 30°C, calcium chloride
(metal ions), poly ethylene glycol (surfactants), EDTA
(chemical inhibitors). The Km and Vmax of S. cerevisiae
MTCC 170 are 0.6894 mg/ml and 0.3201 ym/min/mg.

Conflict of interests

The author(s) have not declared any conflict of interests.

ACKNOWLEDGEMENT

The facilities provided in the Department of Microbiology
of Ayya Nadar Janaki Ammal College, Sivakasi to carry
out this study are gratefully acknowledged.

REFERENCES

Almeida ACSD, Araujo LCD, Costa AM, Abreu CAMD, Lima MAGDA,
Palha MDLAPF (2005). Sucrose hydrolysis catalyzed by auto-
immobilized invertase into intact cells of Cladosporium
cladosporioides. Elect. J. Biotechnol. 1(8):717-725.

Aziz S, Jalal F, Nawaz M, Niaz B, Shah1 FA, Memon M H-Ur-R, Latif F,
Nadeem S, Rajoka MI (2011). Hyperproduction and thermal
characterization of a novel invertase from a double mutant derivative
of Kluyveromyces marxianus. Food Technol. Biotechnol. 49(4):465-
473.

Bhatti HN, Asgher M, Abbas A, Nawaz R, Sheiki MA (2006). Studies on
kinetics and thermostability of a novel acid invertase from Fusarium
solani. J. Agric. Food. Chem. 54:4617-4623.

Buttner R, Schubert U, Bode R, Birnbaum D (1990). Purification and
partial characterization of external and internal invertases from two
strains of Trichosporon adeninovorans. Acta Biotechnologica. 10(4):
361-370.

Chang CT, Lin YY, Tang MS, Lin CF (1994). Purification and properties
of B-fructofuranosidase from Aspergillus oryzae ATCC 76080.
Biochem. Mol. Biol. Int. 32(2):269-277.

Do TT, Quyen DT, Dam TH (2012). Purification and characterization of
an acid stable and organic solvent-tolerant xylanase from Aspergillus
awamori VTCC-F312. Science Asia. 38:157-165.

Gehlawat JK (2001). New technology for invert sugar and high fructose
syrups from sugarcane. Indian Journal of Chemical Technology.
8:28-32.

Ghazi S, Rooke JA, Galbraith H, Morgan A (2000). Effect of adding
protease and a-galactosidase enzymes to soybean meal on nitrogen
retention and true metabolizable energy in broilers. Br. Poult. Sci. 38:
S25-S45.

Gine SC, Maldonado MC, Valdez FGD (2000). Purification and
characterization of invertase from Lactobacillus reuteri CRL 1100.
Curr. Microbiol. 40(3):181-184.

Guimaraes LHS, Terenzi HF, Lourdes MD, Jorge JA (2007). Production
and characterization of thermo stable extracellular -
fructofuranosidase produced by Aspergillus ochraceus with agro
industrial residues as carbon sources. J. Enz. Microbial Technol.
42:52-57.

Hernalsteens S, Maugeri F (2008). Partial purification and
characterization of extracellular fructofuranosidase with
transfructosylating activity from Candida sp. Food Bioprocess
Technol. 11:171-184.

Hocine LL, Wang Z, Jiang B, Xu S (2000). Purification and partial
characterization of fructosyltransferase and invertase from
Aspergillus niger AS0023. J. Biotechnol. 81:73-84.

Kaur N, Sharma AD (2005). Production, optimization and
characterization of extracellular invertase by an actinomycetes strain.
J. Sci. Industrial Res. 60:515-519.

Kim BW, Kwon HJ, Park HY, Nam SW, Park JP Yan JW (2000).
Production of novel ftransfructosylating enzyme from Bacillus
macerans EG-6. Bioprocess Engr. 23:11-16.

Maria C, Rubio M (1995). Purification and characterization of invertase
from Aspergillus niger. Curr. Microbiol. 31:80-83.

Mase DI, Mase L, Hince JF, Pomar C, (2008). Psychrophilic anaerobic
digestion biotechnology for swine mortality disposal. Biores. Technol.
99:7307-7311.

Mawadza C, Hatti-Kaul R, Zvauya R, Mattiason B (2000). Purification
and characterization of cellulases produced by Bacillus strain. J.
Biotechnol. 83:177-187.

Mona MR. Mohamed UN (2009). Production, purification and
characterization of extracellular invertase from
Saccharomycescerevisiae NRRL Y-12632 by solid-state fermentation



of red carrot residue. Aust. J. Basic Appl. Sci. 3(3):1910-1919.

Moreno F, Herrero P, Parra F, Gascon S (1979). Invertase and alpha-
galactosidase synthesis by yeast. Journal of Molecular Biology. 25:1-
6.

Patil M, Bhamre R, Patil U (2012). Invertase production from Aspergillus
sp. M1 isolated from Honeycomb. Int. J. Appl. Biores. 15(4):1-5.

Shankar S, Madhan R, Sathyavani R, Niket B (2010). Production and
partial purification of invertase using Cympopogan caecius leaf
powder as substrate. Indian J. Microbiol. 50:318-324.

Sivakumar T, Sivasankaranarayani S, Shankar T, Vijayabaskar P
(2012). Optimization of cultural condition for exopolysaccharide
production by Frateuria aurentia. Int. J. Appl. Biol. Pharm. Technol.
3(3):133-144.

Sumner JB. Howell SF (1935). A method for determination of
saccharase activity. J. Biol. Chem. 108:51-54.

Ul-Haq I, Ali S (2005). Invertase production from a hyper producing
Saccharomyces cerevisiae strain isolated from dates. Pak. J. Bot.
37(3):749-759.

Ul-Hag I, Ali S (2007). Kinetics of invertase production by
Saccharomyces cerevisiae in batch culture. Pak. J. Bot. 39(3):907-
912.

Uma C, Gomathi D, Muthulakhmi C, Gopalakrishnan VK (2010).
Production, purification and characterization of invertase by
Aspergillus flavus using fruit peel waste as substrate. Adv. Biol. Res.
1:31-36.

Shankar et al. 1393

Uma C, Gomathi D, Ravikumar G, Kalaiselvi M, Palaniswamy M,
(2012). Production and properties of invertase from a Cladosporium
cladosporioides in SmF using pomegranate peel waste as substrate.
Asian Pacific J. Trop. Biomed. S605-S611.

Veana F, Aguilar CN, Rodriguez-Herrera R (2011). Kinetic studies of
invertase production by xerophilic Aspergillus and Penicillium strains
under submerged culture. Micologia Aplicada Internacional.
23(2):1534-258.

Win TT, Isono1 N, Kusnadi Y, Watanabe K, Obae K, Hiroyuki | Hirokazu
M (2004). Enzymatic synthesis of two novel non-reducing
oligosaccharides using transfructosylation activity with beta-
fructofuranosidase from Arthrobacter globiformis. Biotechnol. Lett.,
26: 499-503.

Wiseman A (1975). Industrial practice with enzymes. In: Hand book of
enzyme Biotechnology. Ed. Wiseman, A., Horwood and Chichester
Publisher, England, pp. 243-272.

Workman WE, Day DF (1983). Purification and properties of the B-
fructofuranosidase from Kluyveromyces fragilis. FEBS Lett. 160(1-
2):16-20.

Yamamota K, Kitamoto Y, Ohata N, Isshiki S, Ichikawa Y (1986).
Purification and properties of invertase from a glutamate-producing
bacterium. J. Ferment. Tech. 64:285-292.



