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Abstract: The tissues of leaf of Cycas tatwaniana, Bowenia serrulaia and Dioon edule and tissue of root of Macrozamia longispina of
cycads, and leaves of Michelia alba and Amygdalus persica of angiosperm were observed by scanning electron microscope. The results
showed that there are many types of vessels in four genera of two families of cycads, the manner and process of development and consti-
tution in structural characteristics of vessel of cycads and angiosperm are identical, some characters of vessel such as inclined extent of
perforation plate of end wall etc. showed that some angiosperm are more primitive then that of cycads. In vessels of species of angio-
sperm, many are band shape, and without end wall, only have two lateral walls and another two narrow margins, the top is acute or
with an arc margin, many perforations located in lateral wall. Cognized to vessel of cycads, help us to understand the mechanism which

these most primitive seed plants extant how to adapled to harsh environments and their evolutionary level, and has significance to use

efficiency measure protect these rarity plants and has significance to plant anatomy, plant systematics and plant evolution.
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Cycads are very primitive seed plants of present
existence, they still possess primitive characteristics in
external morphology and internal structure, such as
sperm with flagellum. They are classified into three
families: Cycadaceae, Stangeriaceae and Zamiaceae.
In the past, it was believed that the water-transporting
elements in cycad vascular tissue would be only primi-

[1-6] " Huang and Zhang "’ published a

tive tracheids
brief report that first discovered vessel in Zamia furfu-
racea of cycads, Lin &. Huang ! published another
brief report on vessel feature in root of Cycas elonga,
Huang and Wu ') discovered vessel in Cycas panzhi-
huaensis.

Further research into the structural characteristics
of their tissues is important for taking effective measures
to cultivate, breed and create the right circumstances to
enlarge the population and the natural community. The
present study makes a comparative research on cycads
of four genera with angiosperm in the structure feature
of the xylem of the vascular tissue is an attempt to ad-

dress this deficit.
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1 Materials and methods

The pinnas of leaf of Cycas taiwaniana Carruth. of
Cycadaceae, Dioon edule Lindl. of Dioon genus, root
of Macrozamia longispina P. 1. Forst. & D. L. Jones of
Zamiaceae were collected from living cycads in the Cy-
cad Garden of Shenzhen Fairy Lake Botanical Garden,
Shenzhen,, China. The pinna of leaf Bowenia serrulata
(W. Bull) Chamb. of Zamiaceae is collected from
South China Botanical Garden, Guangzhou, China,
leaves of Michelia alba DC. Syst. and Amygdalus per-
sica Linn. were collected from the campus of Guangxi
University, Nanning, China. The voucher specimens:
Cycas taiwaniana pinna; Y.Y. Huang & Y. H. Wu
376, Bowenia serrulata pinna: Y.Y. Huang & L. J.
Wei 361; Dioon edule pinna: Y.Y. Huang & A. H.
Huang 384 , Macrozamia longispina root: Y. Y. Huang
& Y. H. Wu 388, Michelia alba leaf: J.Z. Wang &
Y. Y. Huang 020, Amygdalus persica leaf; J. Z. Wang
& Y. Y. Huang 019, are deposited at the Herbarium of
the Agricultural College of Guangxi University ( GX-
AC). After collection, these materials were cut into 1
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cm x 1 cm in size, and fixed immediately in FAA (for-
malin 40% : acetic acid in glacial: ethanol 70% , 5: 5:
90 in vol. ) macerated and dissociated by Jeffrey’ s
technique "> ' | and rinsed with water. The dissocia-
_ted materials were dehydrated in a graded series of eth-
anol / isoamyl acetate and critical point-dried in CO,,
then sputter-coated with gold for observation and pho-
tography using XL - 30 ESEM and JEM - 1200Ex/s

scanning electron microscope (SEM).

2  Results

Examination of dissociated materials of the leaf
and root tissues of four cycad genera and two genera of
angiosperm showed that there are many vessel elements
in the conducting tissue of the xylem. The structural

characteristics of vessels in the four cycad plants and
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two plants of angiosperms are described below.

Cycas taiwaniana There are annular, spiral,
scalariform vessel (FigurelA, B), pitted vessel and
reticular vessels (Figure 1C, D) in the pinna of leaf.
The shapes of these vessels are nearly square, polygo-
nal, nearly circular etc. There are both simple and
multiple perforation plates in the end wall. The end
walls of annular vessel are general simple perforation
plate and possess nearly horizontal or horizontal perfora-
tion plate, a large perforation locate in perforation plate
of end wall (Figure 1A ). There are more of the multi-
ple perforation plates, with three to ten perforations in
each plate (Figure 1B & D), and their end wall perfo-
ration plate are mainly inclination. Some end wall per-

foration plate have a little tail, and with a twisting

shape.
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Fig. 1 SEM photographs of vessel elements of leaf of Cycas taiwaniana

A A spiral vessel element which possess a large perforation in horizontal perforation plate. ( EP; End wall perforation plate, PC:

Parenchyma cell). B: A salariform vessel element with a scaraliform perforation plate in end wall and some lateral wall perfora-

tions. (LP; Lateral wall perfration). C: Pitted vessel element, which possess a near horizontal end wall perforation plate with

several peforations. D; A reticular vessel element, it has a inclined mutiple perforation plate in end wall, and with a little tail

The portion of lateral walls near the end walls con-

sist of only primary walls without secondary thickening

formed also perforations. In some larger perforations,

the ornamentation and perforations can be seen located
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in the interior wall of the vessels (Figure 1B). Ana-
lyzed to these perforations showed: their diameter or
length are very large, such as in simple perforation
plate of end wall of annular vessel, the diameter of a
circular perforation have approached 8um, the lengdth
of perforations located in muliiple perforation plates
have reached 10 ~12 wm, their width can reach 4 ~5
wm; compare with many angiosperms which their di-

ameter of perforation of vessel have only 2 pm B2l or

length is only 6 ~8 pum, width only is 3 ~5 pum s
illuminated that cycads vessel possess larger perfora-
tions.

The diameter of annular and spiral vessels is
10. 03 ~12. 69 pum, The diameter of scalariform vessel
is 19. 22 ~25.32 pm, The diameter of pitted vessel is
19. 81 ~32.06 pm. The cell wall of parenchyma cells
only consist of primary wall are not dissolved by en-

zymes ")

, therefore they preserve their integrity of thin
membrane wall, they are without perforations in their

cell wall ( Figure 1A ), perforations can be seen only
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in trachea.

Bowenia serrulata In the pinna material, scalar-
iform vessel, pitted vessel and reticular vessel were
seen (Figure 2A - D), many perforations in end wall
and lateral wall. Some lateral wall perforations were so
large, that ornamentation and perforations in the interi-
or walls were seen very clear (Figure 2B, D). These
vessels possess longer and wide perforation, the trans-
verse septas or bars consist of secondary wall are more
longer, reach 14 ~17 pm. In some vessels, many per-
forations locate in one or two sides of lateral wall, but
other section of walls have not perforation ( Figure
2C), some vessels have already formed perforation in
several sides of lateral wall ( Figure 2D ). The phe-
nomenon was seen that scalariform perforation in a
side, pitted perforation in another side of lateral wall
(Figure 2B).

The diameter of scalariform vessel is 18.30 ~

123.28 wm, the diameter of pitted vessel is 17. 64 ~

28.16 pm. the diameter of reticular vessel is 25. 41 ~
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Fig.2 SEM photographs of vessel elements of pinna of Bowenia serrulata

A. A reticular vessel element which have a horizontal end wall with a little tail, there more perforations locate in lateral wall.

B: Showing scalariform vessel element, some long perforations locate in end wall. ( P: Perforation ). C: A pitted vessel ele-

ment which possess some pitted perforations in lateral wall. (LP: Lateral wall perfration). D: A scalariform vessel element,

there is some scalariform perforations in lateral wall (OPIW; Omamentations and perforalions in the interior walls)
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39.22 um. Some end wall are inclined perforation
plates (Figure 3A & F ), the degree of inclination is
small in many vessels ( Figure 3F). Some end wall of

i,
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vessels are near horizontal or horizontal ( Figure 2A;
Figure 3C ). Many of vessels are rectangle or polygo-
nal. In end wall and lateral wall, some primary wall

Fig. 3 SEM photographs of vessel elements of pinna of Bowenia serrulata

A. A scalariform and a reticular vessel element, showing the inclined perforation plate. ( RV reticular vessel element ). B: Two
pitted vessel elements, to show the inclination perforation plate of end wall, there are several perforations in the plate, and some
threadlike remnants of primary wall in the periphery of perforations. C: Several scalariform — pitted vessel elements, to show their hor-
izontal end wall. (EP: End wall perforation plate ). D: A pitted vessel element, it has some pitted perforations in lateral wall, there
is some threadlike or mesh — like remnants of primary wall in the periphery of perforations. ( PM: Primary wall membrane; LP; Lat-
eral wall perforation ). E; A pitted vessel element, some sites have formed perforations and some pits preserve still entire primary
wall as a layer membrane in periphery of ornamentation which consist of secondary wall. F: Several pitted vessel elements, to show
their inclined end wall perforation plates, there are six to seven perforations in the plate



LR ]

BERSE: HHIGEY) 4 TR ORE SWTEY B SRR R 81

which wrap in outside of vessel have not been dissolved
completely by enzymes, therefore preserve their some
threadlike or mesh-like remnants of primary wall in the
periphery of perforations ( Figure 3B, D, F) %11,
But there have formed some small perforations which
only over a half in entire size, then these remnants
complete disappearing, they will form large and entire
perforations. The length in many perforations which lo-
cated end wall or lateral wall of scalariform vessel and
reticular vessel have already reach 15 um some ap-
proach 20 wm , some reticular vessel are over 20 pum
(Fig. 3 A ), and width are 5 ~7 pm.

In some vessel elements, a portion of vessel wall
have formed perforation, or remain few membrane rem-
nants in the outside of perforation, and other sites pre-
serve still entire primary wall as a layer membrane  in
periphery of ormamentation which consist of secondary
wall (Figure 3E).

~ Dioon edule In pinna, annular, spiral and pitted

vessels were seen. In some spiral vessels, more perfo-

rations have formed in lateral wall, some sites still pre-
serve the membrane remnants in the periphery of perfo-
rations, but some spiral or annular vessels preserve still
a more entire primary wall in the periphery of vessel el-
ements (Figure 4A). Their end walls are mainly incli-
nation shape (Figure 4B & D). In pitted vessel, they
possess a more inclined end wall and some perforations
in several sides of wall. Some surfaces of perforation
preserve some threadlike remnants ( Figure 4B).

The diameter of annular and spiral vessels is 6. 70
~.62 pm, the diameter of pitted vessels is 10. 16 ~
21.29 pm.

Some end wall of spiral vessels possess a inclina-
tion perforation plate, and there are several large perfo-
rations in the plate (Figure 4D). The cell wall of pa-
renchyma cell such as palisade tissue of assimilating
tissue which only consist of primary wall are not dis-
solved by enzymes, without any perforations in the cell

wall, therefore preserve their integrity of membrane-
like wall (Figure 4C ).
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Fig.4 SEM photographs of vessel elements of pinna of Doon edule
A Several spiral vessel elements, their lateral wall have form some perforations with some threadlike membrane remnants of primary
wall. LP: Lateral wall perforation, PW; primary wall ). B: A pitted vessel , there are some perforation with some threadlike or
mesh — like membrane remnants consist of primary wall in the end wall. C: The parenchyma cell of palisade tissue of assimilating
tissue, they preserve the integrity of membrane wall consist of primary wall. ( PT. palisade tissue ). D: A scalariform vessel ele-

ment which possess some perforations in end wall
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Macrozamia longispina
pitted, reticulate and reticulate-pitted vessels were ob-

In the root, scalariform,

served, and they are more near circular and few near
polygonal. Some are near the shape of flat. In pitted
vessel, there are several perforations in the end wall
perforation plate ( Figure 5A), and the perforation
plate is inclination shape. A part of pitted vessel are
near flat shape, the perforations in the two sides, even
if the end wall is also the situation, while it show a
twisting shape ( Figure 5 B). The phenomenon is
widely extant that more perforations have formed in the
lateral wall of a vessel element, and there is still very
few perforations in another element of pitted vessel, the
pit membrane is still preserve entire membrane in the

outside of vessel (Figure 5B & C).

Some end walls possess some reticular perfora-
tions, and the inclined perforation plate have a tail
(Figure 5C). Several adjacent elements of pitted and
scalariform vessel showed the phenomenon that a vessel
element preserve still threadlike membrane remnant of
primary wall in the periphery of perforation, another a
vessel element have formed entire perforations ( Figure
5D). The result indicates that the vessel element dif-
ferentiation is not asynchronous even if in same tissue.

The diameter of scalariform vessel is 14.72 ~
19.41 pm, diameter of pitted vessel is 12. 87 ~24. 22
wm, the width of pitted vessel of flat shape is 23. 67 ~
25.96 pm, the diameter of reticular vessel is 15. 64 ~
22.79 pm.
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Fig. 5 SEM photographs of vessel elements of root Macrozamia longispina
A A pitted vessel element, showing the inclined end wall perforation plate with several perforations in the plate. (EP: End wall

perforation plate). B: Several pitted vessel elements, showing a flat shape vessel element with some twist. Another a vessel ele-

ment preserve still entire membrane of primary wall in the outside of vessel. ( PM; Primary wall membrane ). C: Some pitted

and reticular vessel elements, to show a perforation plate of end wall, with a little tail, their lateral wall have more perforations

and some vessel elements preserve still entire membrane of primary wall in the outside of vessel. D: Several pitted and scalari-

form vessel elements, there are some entire perforations and some threadlike or weblike membranes still remain in the periphery

of perforations
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Michelia alba 1In the leaf blade, the spiral, scalari-
form and pitted vessel were seen, the species have the
distinct specialty that many vessel elements are flat
shape or near flat - band shape. In some scalariform

vessel elements, the end portion are flat like a slice

.
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and acute shape, there is without end wall, only pos-
sess a margin, their perforations adjoin each other only
in lateral wall in two sides or several sides, these end
wall have not inclined plate in top (Figure 6A & B).
This character is more primitive.
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Fig. 6 SEM photographs of vessel elements of leaf blade of Michelia alba
A Several scalariform vessel elements, showing their flat and band vessel elements with a bend shape, these end of elements have not
end wall, only have perforations in lateral wall; (LW . Lateral wall, PW; primary wall). B. A scalariform vessel element, to show
the near end portion there is a twist shape with some perforations in lateral wall, end is acuate, without end wall, only have a marge.
C: A scalariform vessel element, showing the flat and twist shape and without top perforation plate in end , only having some perfora-
tions in the two sides of lateral wall. D: A annalar and a scalariform vessel elements, their lateral wall have some perforations. (LP:
Lateral wall perforation ). E; A pitted vessel element and some parenchyma cells only consist of primary wall which preserve their in-
tegrity of wall of thin membrane shape. The vessel element possess a acuate end portion, the perforations locate in several sides of lat-
eral wall. ( PC: parenchyma cell ). F; A pitted vessel element to show the flat and band shape there are more perfrations in the

two sides of lateral wall
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These scalarifrom perforations distribute in end
portion of lateral wall and other sites. Some vessel ele-
ments formed perforation only in a side or two sides,
but other side have not perforation in lateral wall, still
remain primary wall on the surface of lateral wall (Fig-
ure 6A). Some scalariform vessel elements like a flat
band shape, their end portion is acute, with a twisting
shape, their end portion have not also inclined plate in
top, only have several lateral wall sides there are many
perforations ( Figure 6C, F). In the site there is longer
distence to end portion, are formed many perforations
in the lateral wall. Some ornamentation and large per-
forations can be seen on the interior wall of the vessels
(Figure 6D & E). The cell wall of parenchyma cells
only consist of primary wall are not dissolved by en-
zymes , wherefore preserve their integrity of wall of thin
membrane shape (Figure 6E ).

The diameter of annular and spiral vessels is 7. 62

AccV. SpotMagn Det WD Exp
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~8.79 wm, the width of scalariform and pitted vessels
of flat — band shape is 24. 81 ~26.73 pm, the thick-
ness is 8. 74 ~12. 62 pm; the diameter of scalariform
and pitted vessels of near polygonal is 12.21 ~
16. 46 pum.

Amygdalus persica In the leaf blade, many an-
nular, spiral and reticular vessels were observed. The
spiral vessel have formed some perforations in lateral
wall (Figure 7A), and some end wall of reticular ves-
sel element is more inclined shape. The degree of in-
clination is greater, with simple perforation plate in its
end wall and with a little tail, in some vessel elements
of reticular vessel have formed some reticular perfora-
tions in lateral wall (Figure 7B).

The diameter of annular or spiral vessel is 8. 72 ~
12. 67 wm, the diameter of scalariform vessel is 14. 37
~20. 64 pum, the diameter of reticular vessel is 21. 73
~28.62 pm.
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Fig.7 SEM photographs of vessel elements of Leaf blade of Amygdalus persica

A Several spiral vessel elements, their lateral wall have some perforations. B: Sveral reticular vessel elements, to show the the

inclined end wall with a simple perforation plate and some perforations in their lateral wall

3 Discussion

Same as angiosperm, the structural types of the
vessels of species in four genera of two families of cy-
cad have a plentiful variety, and consisting of annular,
spiral, scalariform, reticulate, pitted vessels and sca-
lariform-pitted and reticulate-pitted vessels of transi-
tional types.

The perforation plate of every end wall of cycads
is very well developed, having large perforations. Some
multiple perforation plates have several quite large per-
forations, but only a few have more than ten perfora-

tions. Compared with the characteristics of many spe-

cies of the more primitive angiosperms whose vessel

end walls have dozens, more than 100 and even 200

[13,15-17 ]

small perforations , thus structures of the cy-

cads vessels promote the rapid transport of large a-
mounts water, as well as inorganic and essential organ-
ic nutrients "* !,

The theory of comparative morphology suggests
that more primitive vessels are inclination and possess a
clearly and long pointed tail. Conversely, the vessel
elements are more evolved and their end walls have
gradually become horizontal or near horizontal and ba-
sically have not a tail ' 91 Compare with Michelia
alba and Amygdalus persica, cycads vessel general pos-
sess a lesser inclination degree of end wall perforation
plate, their end wall are more near horizontal than
Michelia alba and Amygdalus persica, indicate that
these vessels of cycads genera are the situation of more
advanced in this index.

In the past, since observation is limited in light
microscope, only focus to look whether have large sin-
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gle perforation which then many bars between some
small perforations disappear and combine to a large
perforation in perforation plate of end wall, therefore
ever widely thought that fern is most primitive vascular
plant, and they have not vessels. But with research in-
crease and used electron microscope, vessel has been
discovered in fern, and gradually increases families
and genera. Now vessels have been discovered in some
ferns which be thought most primitive taxa, such as
Selaginella genera of Selaginellaceae, Equisetum gene-
ra of Equisetaceae and more evolutionary taxon such as
Pteridium genera of Pteridiaceae, Phyllitis genera and
[20-21 " There-

fore the high and woody cycads possess vessel is a ne-

Marsilea genera of Marsilaeaceae etc.

cessity which plant adapt to environment and natural
evolutional phenomenon.

Many vessels of Michelia alba have not top plate
in their end portion, only have acute or a line shape
margin in end, means that they without end wall; end
portion only consist of wider two lateral wall of flat and
like band shape, adjoin elements of vessel connect
each other rely on only the perforations which locate in
these lateral walls, their end is more acute or point.
These characters are more primitive character of ves-
sel, these features are have no seen report in past.
Past viewpoint basically thought that vessel elements
certainly preserve a top plate is very inclination, more
inclination, near horizontal or horizontal. In fact, the
phenomenon is existence which’ vessel element without
formed any end wall or call top plate as even if it is
very inclination, adjoinning vessel elements connect
each other rely on the perforations of several lateral
walls, and thus vessel is still having a large ability in
conduction, even exceed the ability which possess only
a top plate in end wall because of several side surface
of lateral wall and their more or large perforations, fur-
thermore thus structure can serve a important action
that an vessel element can connect two to several other
vessel elements in longitudinal direction. It is the rea-
son that even if these features are more primitive in
structure, they can preserve still in angiosperm or cy-
cads. \

The research show the some vessel element of
Michelia alba of angiosperm and cycad possess twisting
shape , this structure can make adjoin several vessel el-
ements connect in a little shape of twist together, thus
structure probably can make it serve well conduction
and stronger capability of mechanical support in same
time.

In this study, perforations can be seen only in tra-
chea, the cell wall of parenchyma cells only consist of

primary wall have not been seen any perforation, indi-

cated that enzyme action are specificity which only act
to intercellular layer ( middle lamella) of the tissue of
tracheary elements or parenchyma cells, and not make
dissolved action to membrane-like primary wall
wherefore parenchyma cells preserve integrity of thin
membrane wall.

The theory of comparative morphology suggests
that smaller diameters of vessel, are more ancestral
(24-21] " Present research shows that the diameter of
vessel elements of cycads and two genera of angiosperm
is same in size, account for the extent of evolution is
near or same in the index. '
[2.3,15]  the phe-

nomenon that some vessel elements of cycads preserve

As same as many angiosperms

still threadlike or mesh-like membrane remnant of pri-
mary wall in the periphery of perforation, and can seen
the process that primary wall gradually formed small or
over a half perforation, and then these remmants com-
plete disappearing formed large and entire perforation.

Because primary wall of every tracheary element
wrap in most periphery of the cell, afterward the sec-
ondary wall of lignification and corkification form in in-
side primary wall, and they form various ornamenta-
tions such as the ornamentations of annular, scalari-
form, pitted, reticulate and some transitional types of
scalariform-reticulate etc. locate in interior layer of pri-
mary wall; if the tracheary element is pitted tracheid or
vessel element, the pit cavity of simple or bordered pits
which were formed by secondary wall are located in in-
side primary wall, the surface of tracheid or vessel ele-
ment have not pit or pore as entrance, because these
pits periphery wrap a layer membrane of primary wall
(2,192,291 " ip the place of between two adjoined trac-
heary elements is intercellular layer (middle lamella)
consist of pectin, two tracheary elements divorce from
this layer then experimental treat (0-11 " Therefore if
there is perforation in tracheary element, its structure
which were seen in scanning electron microscope
(SEM) is dark and deep hole, if those sites without
perforation, the primary wall still wrap in the cell sur-
face, these walls’ structure which were seen in SEM
are bright and preserved level and smooth surface.

The research shows thai like many angiosperms,
in Michelia alba and Amygdalus persica and four genera
of cycads, the lateral wall of the vessel elements pos-
sess perforations, and these perforations link up be-
tween vessel elements in the side surface, so that these
elements not only communicate longitudinally and have
powerful longitudinal transport ability, but also have a
strong capability for transporting water, as well as inor-
ganic and organic nuirients in a transverse plane (2,191,

For example, the lateral wall perforations of tomato
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) B and so on.

( Lycopersicon esculentum

The multiple perforation plates such as the scarali-
form perforation plate and the reticulate perforation
plate are primitive, and from them evolved the simple
perforation plate that possesses only one perforation in
the end wall 73,

that some species of cycads have evolved to form simple

. This research results showed

perforation plates in end walls, indicating that the ves-
sels of cycad are quite evolutionally advanced.

Vessels evolved from tracheids, and they have
formed many perforations in the end wall and lateral
wall, so the vessels are able to transport about ten
times more water and nutrients than tracheids in a giv-
en length of time "*' The plentiful types of vessels dis-
covered in these genera of cycads, and compare with
the vessel of two families of angiosperm, thereby cog-
nized the levels of evolution of cycads vessel element,
it is important to understand the mechanism which
these most primitive seed plants extant how to adapted
to harsh environments and reveal the secret how cycads
survive and procreate undergo after a very long geolog-
ical period.
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Construction of Chimerical Fungal Phytase and its Resistance to Proteolysis

CHEN Zhuang'’ , BEI Jin-long® ,LIAO Ling”, LIU Shi-gui'
(1. School of Life Sciences, Sichuan University, Chengdu 610064, China;
2. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract; Chimera [, I and M were created by stepwise substitutions of DNA fragments encoding region 1 — -
47, 178 —237 and 338 - 381 from Aspergillus niger NRRL 3135 phytase (Anp) gene for their counterparts in As-
pergillus fumigatus phytase (Afp) gene, expressed in Pichia pastoris, and then purified. All chimera and parent
phytases resisted to pepsin. Afp and all chimeras lost 13% ~23% phytase activities at m( trypsin) /m( phytase )
ratio of 0. 1, while Anp was thoroughly inactivated. However, SDS — PAGE of trypsin digestion results suggested
serious proteolysis of Chimera Il and Il. But nondenaturing PAGE analysis showed they still kept structural intact
in nature state after trypsin treatment. Chimera phtases also possessed novel pH profiles and thermo stability differ-
ent from Anp and Afp. These results demonstrated the feasibility of improving fungal phytase via gene fragment re-
palcement.

Key words: phytase; Aspergillus fumigatus; Aspergillus niger; proteolysis; protein engineering





