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STUDJES ON PHYTASE

Abstract

The main purpose of these studies was to isolate 2 high phytase pro-
ducer and to study some properties of the preduced enzyme with further
explomtion of jts application for the feed stuff.

1. The activity of phytase being defined as the amount of inorganic
phosphorus released from a certain amount of enzyme substrate samples.
Meanwhile, to determine accurately the phosphorus content of a given
sample is important for the determination of phytase activity.

Presently the methods for the determination of phosphorus are : ace-
tone — phosphomolybdate, Vanandate - phosphomolybdate, FeSO, -
molybdenum blue and Ve - molybdenum blue. Comparative studies of
sensitivity and stability have shown that the method of acetone — phospho-
molyhdate is stable, with low systematic and random error. In addition,
the anti — reducing agents and surfactants are strong. On the basis of the
method of acetone — phosphomolybdate method, the microplate method s
developed. This method is ariginated from ELISA whose plate has 96
holes somewhat like small test tubes so as to make the determination of
0D values using micro — quantity.

The advantages of using micro — plate are as follows; (U Great in-
creasing of efficiency. The micro — plate having 96 holes allows to add the
solvends with multi — droplets in one time. @ Economy of solvent and
substrate, the micro — plate tums the macro — operation into the micro -
operation, so that the amount of solvents used diminished. When the sub-
strates are expensive, the merits of this decreasing are more obvious.
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@ High accuracy, because of the usage of micro - injector, more accura-
¢y of injection is obtained. {the multi — droplets’ injections reduce the
random errors) .

2. During the screening of high phylase producers with solid state
fermentation, two main difficuliies had to overcome. First the strains
showing high yield of enzyme in liquid state fermentation, most of the
time did not give the same yield in the solid state fermentation. Second,
because of high inorganic phosphorus content in wheat - bran, it was not
easy to assay the actual phytase activity (0.1 to lu/g ssc) and tend to
yield psendo — phylase activity which was higher than the actual one, this
due to the presence of high amount of inorganic phosphorus { beyond
80 ~ 250 1 mol/g.ssc ). Meanwhile a litlle increase in enzyme activity
was sometimes overshadowed by pseudo — enzyme activity complicating the
decision of selecting the high producer in solid state fexmentation.

In order 1o solve these problems, monoclonal antibodies directed to
strain G2.1 was prepared. The phytase protein content was determined by
the ELISA method of monoclonal antibodies. This method was very sensi-
tive and could determine the presence of phytase in nano — gram scale. In
addition, this method was specific and could eliminate the influences of
inorganic phosphorus and other proteins, also detect the slight addition of
phytase sensitively and help in screening high phytase producer effective-
ly.

3. Using the above — mentioned method, 9 strains {molds) which
could produce extracellular phytase were isolated from 155 samples of
soil. Among them, G2, which was identified as A. niger, could produce
2.6u/ml phytase in liquid state fermentation.

G2 was mutagenized by U. V.. light By adding repression agent in
the screening medium to inhibit growth of some microorganisms, the mu-
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tants G2.16 an G2.1 were obtained. The mutant G2.16 produced
3.5w/ml of phytase in liquid state fermentation. whereas mutamt G2.1
produced 3.5u/g. ssc of phytase in solid state fermentation.

The fermentation medium conditions were optimized for phytase pro-
duction with respect to G2.16 by the methods of single factor assay and
orthogonal test. Under the optimum culture condition , the G2.16 could
produce 7. 14u/ml phytase in liquid state fermentation. On the other hand
G2.1 was also mutagenized by U. V. light and NTG several times,
adding high inorganic phosphorus as inhibitor of phytaseproduction, com-
bined with phytase — monoclonal antibody ELISA for assaying the phytase
activity. A mutant G2.1.1.1.4 was obtained, which produced
17.14u/g.ssc of phytase in solid state fermentation. The culture condi-
tion for production of phytase from G2.1.1.1.4 in solid state fermentation
was optimized by the method of signal factor assay and RSA. G2.1.1.1.4
produced 61 u/g.ssc to 66u/g. ssc of phytase.

4. Large ~ scale koji fermentation for phytase production was opti-
mized. Under optimum culture condition, G2.1.1.1.4 produced 27
~46u/g.ssc of phytase, and aseptic conditions were not very strict.

3. In the flask solid state fermentation, a part the production of 61
w'g.ssc ~ 66u/g.ssc of phyt. A., G2.1.1.1.4 could also produce
28 ~ 34u/g.ssc phyt.B., 386 ~ 406u/g.ssc acid phosphatase, 69 ~
T3u/g.ssc FPA, 3200 ~ 3651u/g.ssc pectase, 550 ~ 532u/g.ssc acid
proteinase, 220 ~ 231 w/g.ssc neuiral proteinase, 1855 ~ 1936 u/g.ssc
glucoamylase, 447 ~ 532 w/g.ssc amylase. During the large scale koji
solid fermentation, in addition of 27 ~ 46 u/g.ssc phyt.A., G2.1.1.1.4
also produced 13 ~ 27 u/g.ssc phyt.B., 355 ~ 401u/g. ssc acid phos-
phatase, 71 ~ 105w/g.ssc FPA, 2339 ~ 3700u/g.ssc pectase, 548 ~
6951/g. ssc acid proteinase , 265 ~ 320 u/g. ssc neutral proteinase ,
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1015 ~ 1827 u/g.ssc glucoamylase, 581 ~ 747 u/g.ssc amylase.
G2.1.1.1.4 could not pwduce lipase in neither solid state fermentation
nor liquid state fermentation. These results show that G2.1.1.1.4 was
suitable for producing enzymes for feedstuff.

6. The effects of several phytase extraction methods were compared,
Enzyme solution was precipitated with 80% of saturated {NH,),80,, the
recovery of phytase was almost 100% . Application properties of crude en-
zyme were studied. Crude enzyme had two phytases { phyt.A, phyt.B)
and two acid phospharases (Pa, Pb) . The optimum pH for phyt.A,
phyt. B, Pa, and Pb were 3.2, 5.0, 2.8, 5.0 respectively, and the op-
timum temperatures for phyt. A, phyt.B, Pa, and Pb were 55°C, 53,
S8C, 53%C respectively.

“ Both phyt. A and phyt. B were inhibited by Zn** and Pi, and stimu-
lated by Ca** , Mg?*, Mn?* . They were affected by pepsin under high
concentrations .

7. The two phytases { phyt.A, phyt.B) from crude cultures of
A.mniger G2.1.1.1.4 were purified to homogeneity using ion exchange
chromatographic and phytase monoclonal immunoaffinity column. SDS -
PAGE of the purified phyt. A and phyt.B. gave a single stained band at
approximately 56 kda and 76 kda. The mobility of the active enzymes in
gel filtration chromatography indicated that the molecular mass of phyt, A
and phyt.B were 60kda and 82 kda respectively, and indicated that
phyt. A and phyt.B were isomer. Both phytases were glycoprotein as
shown during sugar assay.

The isoelectric points of enzymes were 4.3 ~ 4.4 for phyt. A
and 4.6 ~4.7 for phyt.B. Amino acid composition analysis showed high
presence of acidic amino acids, such as Asp, Glu in both phyt. A and
phyt. B. Nevertheless, phyt. A had Tyr.
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