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THE PREDICTION OF MUTAGENS AND/OR CARCINOGENS
IN THE AQUATIC ENVIRONMENT OF IRAQ

Muhsin A. Jabar,
Medical College, University of Kerbala, Kerbala, Iraq

ABSTRACT

The aquatic environment in Iraq is exposed to a variety of chemical mutagens
and/or carcinogens. The main input sources of these agents are related to the three
wars during the last three decades. Some of these pollutants may enter the human
body through the food chain and drinking water creating serious health hazards.
Therefore, monitoring the aquatic environment for such pollutants is very important
for future plans in determination of the input sources of these agents and their
subsequent prevention.

Three procedures have been developed for such purposes:

First: performing analysis on water samples in order to identify every chemical
constituent within them which can then be individually tested for its genetic toxicity.
This may be a formidable task because of the very large number of chemical and
biological agents.

Second: collecting water samples and concentrating their chemical constituents, then
expose the resulted concentrates to a range of biological systems. This approach has
two fundamental limitations, the developing a suitable concentration and perhaps
more importantly, the difficulty of detecting mutagens in the presence of toxic
chemicals.

Third: to reduce the masking effects of toxic chemicals, some aquatic organisms can
be used as bio-indicators for detection of the potentially hazardous chemical agents.
The technical procedure for the last approach will be discussed where bacteria, yeast
and tissue culture can be used. It has been approved that such approach is fast, cheap
and reliable in the preliminary assessment for water quality and the determination of
the most health hazard pollutants in the aquatic environment.

INTRODUCTION

It is quite clear that the kinds and quantities of the carcinogenic and/or genotoxic
materials in the Iragi environment after the wars are numerous. A quick look to the
United Nation Environmental Protection (UNEP) Desk Study (2000) on the Iraqi
Environment before the last war may shows how serious is the impact of such
pollutants on the human health in Irag. Therefore, a rapid screening and identification
procedures for these hazardous agent are urgently required. That is regardless of the
possible argument on the strengths and weaknesses of different short-term tests when
compared to the long-term carcinogenicity tests on animals.

A well conducted long-term carcinogenicity study is usually so slow and so expensive
that the results will be regarded as definitive, may be because the test would never be
repeated. Unfortunately, when they are repeated they do not always give the same
result. However, different short-term tests may give different results, and, the more
tests that are used, the more likely is that one of them will give a positive result. In
this case, there will some sort of confusion which represent a more realistic picture of
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carcinogenic risk than the arbitrary simplicity of results from a single test in the long-
term assays. Therefore, there will be a little doubt about their impact on the whole
field of prediction of carcinogenicity (Green, 1980)

Many scientists are highly convinced that short-term tests must be used gquantitatively
rather than qualitatively for the prediction of human genetic or carcinogenic risk
(Green, 1980; Ames and Hooper, 1978). This is related first to the large number of
compounds for which some evidence of possible carcinogenicity exists. And
secondly, short-term tests such as Ames test are sensitive and give reasonably low
frequency of both “false’ positives and negatives. In addition to that the addition of the
liver enzyme fraction (S9) to the in vitro tests will bring the gab between the in vitro
and in vivo close to each other.

So that a good effect of short-term tests assays is that they encourage a critical
screening of carcinogenicity data. However, there are some difficulties in classifying the
short-term bioassay as negative. Nevertheless, a variety of arbitrary criteria have been
proposed to validate the short-term bioassys: for instance, a two fold increase in the
number of mutant colonies on the treated plates, or a statistically significant increase, a
dose-related increase in the number of the mutants in Ames test.

Kinds of Short-Term Bioassays:

In this paper, the most currently used short-term bioassays for induction of
DNA base-changes will be described. These are almost fast, cheap and reliable.
Hence, they can be used in the rapid screening for environmental pollutants in water
air and soil.

Detection of DNA Base-Changes:

This assay system is quite necessary for the preparation of a data-base to be
used for assessment of the level of the indigenous pollution. It will be implemented
for detecting a wide variety of chemical pollutants and predicting their possible
impacts on the aquatic organisms such as fish, phytoplankton and zooplankton as will
as human beings who will be exposed to them directly or indirectly through the
consumption of these organisms. However the actual evaluation of any possible risk
of human health may needs further research. Since the health hazard assessment of
studies is usually time-consuming and of high expense, the short-term bioassays will
be of considerable importance.

The systems used in the measurement of induced point mutation after
chemical exposure are generally based upon the quantification of the frequencies of
specific genotypes detectable in the presence of various selective agents (Venitt and
Parry,1984). These selective systems include resistance to the effects of toxic drugs
as is widely used in mammalian cell culture systems (Cole and Arlett,1984)and
growth of prototrophic cells in auxotrophic cell populations, such as those used in
Salmonella / mammalian microsome system (Venitt etal.,1984).

These selective systems have provided us with methods for the in vitro measurement
of mutant frequencies in bacteria and cultured cells. In vivo, the availability of point
mutational assays is more limited and at present confined to methods such as the
mouse spot test (Fahring, 1975). More recently, assays based upon the use of
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transgenic animals carrying selective genetic markers particularly those of bacterial
origin are in use (Gossen and Vijg, 1990). In terms of environmental monitoring, the
fundamental problem with all the above assays is that they are based upon the use of
specialised laboratory methodologies that are not applicable to species in the natural
environment.

Therefore, a new methodology has been developed by Prof J.M. Parry and his
colleagues at the School of Biological sciences, University of Wales, Swansea, U.K;
which can be, theoretically, applied to the study of DNA base changes in any gene of
any species for which DNA sequence information is available. This methodology is
based upon the measurement of base changes which occur in the DNA sequences
which code for recognition sites for bacterial restriction enzymes (Parry, et al.,1990 ;
Zijlstra et al.,1990 ).

The Restriction Site Mutation Assay(RSM):

As part of their work on the development of methodologies for detecting genetic
damage and genetic changes in aquatic species, they were utilizing the methodology
which was termed “The Restriction Site Mutation Assay (RSM)” to study the effects
of geno-toxin exposure to the a globulin gene XEL HBA1 of Xenopus laevis
(Partngton and Baralle, 1981).

Briefly, this technique involves polymerase chain reaction (PCR) by
alternating cycles of polimerisation and denaturation always the amplification of
DNA sequences between two unique reaction primers (amplimers). For the XEL
HBA1 gene the utilized region is between base 20 and base 203 to amplify a DNA
fragment suitable for mutational analysis. Using matched base primers
5-ATATTGTCTGAATGAATGAATG-3’ and
3’-AGATGTCCTAGAAGTATCAGT 5’ a region of 204 bases by 30-35 cycles of
incubation with substrates and Tag polymerase in a temperature cycler can be
amplified. The resulting amplified product can then be run on a polyacrylamide gel
and can readily be identified as a characteristic band.

The basic principle of RSM methodology is the DNA extracted from an
organism exposed to a genotoxin which may contain a sequence changes leading to a
wild type restriction site or may contain a sequences changes leading to a mutant
restriction site. DNA containing wild type sequences, for example, 5’-CTAG-3’ is cut
by the restriction enzyme Male 1, where as DNA containing a mutant suchas Cto T
transition at the first base of the sequence, i.e. to 5’-TTAG-3’ will be resistant to the
cutting action of Mac-1. For more details see (Jones and Parry, 1992).

Thus after treatment of DNA with restriction enzyme under optimal condition all wild
type sequences are cut where as the 204 base region under study containing a
restriction enzyme resistant site will remain intact. The restriction enzyme resistance
sequence can then be amplified by PCR treatment to produce a sample of mutant
DNA. Thus the basis of the assay is the selective amplification of mutant sequences.
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Polymeras I nhibition assay (Pl assay):

This technique has been developed by Jenkins et al.( 2000) for a rapid
screening of a large number of samples with very low concentration of genotoxic
compounds; the polymeras inhibition has been shown that it is capable of detecting
DNA damaging agents of biological relevance, i.e. know human carcinogens. Pl assay
is based upon the inhibition of DNA polymerases (including those used in the
polymerase chain reaction PCR), in countering damaged DNA bases. Hence DNA-
damaging agents can be identified by corresponding reduction in PCR amplification
after exposure.

The PI assay exploits the well-reported fact that DNA damage blocks DNA
synthesis both in vitro and in vivo (Moore and Strauss, 1979; Villani, etal, 1978). This
DNA damage can take the form of DNA adducts or a basic sites and/or strand breaks.

In practice, templates containing DNA damage are known to be poor substrate for the
polymerase chain reaction (PCR) (Govan et al. 1990, Jennerwein and Eastman, 1991)
whereas non adducted template can be readily amplified. Hence the presence of DNA
damage in target DNA sequences can be deduced from the accompanying reduction in
PCR amplification. The use of PCR allows us to harness the exponential amplification
of this technique to distinguish between undamaged and damaged DNA templates
(Mc Carthy et al., 1996).

CONCLUSSION
These are examples of the most widely used techniques for the prediction of
environmental carcinogens. However, the classic bioassays may also be implemented
as they are also valid for such purpose. These include the detection of prototrophic
mutants in auxotrophic cell population. For example, Salmonella/manmalin
microsomal (Ames et al., 1973) yeast (Parry and Al-Mossawi, 1979) or Neurospora (
Bridges, 1972).

These procedures deal with such huge amount of chemical pollutants, many of
which may be carcinogenic, it is essential to chose a quick, cheap and reliable
procedure. By these techniques we can assess the water supply resources especially
drinking water resources for the presence of the mutagenic/ carcinogenic pollutants.
Medicines, food, air quality and even the industrial environment can also be assessed.
However, these assays will play an important role in chemical identification of the
most known carcinogens. In this case, they chemical analysis and the biological assay
will go side by side and the later will be used as a guide in determination of the most
active carcinogene.
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PALEOENVIRONMENTS OF WADI EL RAYAN EOCENE,
SOUTHWEST FAYOUM, EGYPT BY USING COMMUNITY FAUNAL
ANALYSES

Ezzat Abd-Elshafy, Mahmoud H. Metwally, Sayed Abd El Azeam and Mohamed

Sameh M ohamed
Geology Dept., Faculty of Science, Zagazig University

ABSTRACT

The geology of Wadi EL-Rayan area attracted the attention of many scientists
especially the geologists since the nineteenth century till the present days; particularly it
represents the most interested site of vertebrate fossils in Egypt. The present work studies
the paleoenvironmental parameters controlled the deposition of the Eocene rock units
depending on the analyses of the faunal community prevailed in the studied area. Three
locations were selected to cover Wadi El-Rayan area stratigraphicaly and geographically.
More than sixty macro-faunal (vertebrate and invertebrate) species have been collected and
identified dealing with detecting the comprehensive prevailed conditions.

The faunal content of Wadi EI-Rayan Formation as well as its lithologies resolute the
alternation between two transgressive sedimentary cycles enclosing a regressive phase in-
between. The prevalence of the molluskan shells in the Gehannam Formation reveals that
they had deposited on a shallow shelf occupied a middle part occurred during an interval of
low sea stand that flooded by vertebrate fossil fragments. The upper part of Gehannam
Formation and the lower part of Birket Qaroun Formation are rich in Celesite that reflects
unusual restricted oceanographic conditions where partial evaporation of the seawater
concentrated calcium and strontium sulfates. The lithologies of Birket Qaroun Formation as
well as the lack of fossils throughout point to the presence of a barrier bar that emphasizes
the idea of a low sea stand which only preserved in the stratigraphic record when buried
during subsequent transgression. The recognized lithologies of Qasr ElI Sagha Formation
associated with the characteristic fauna suggest deposition in distinct environments
dominated by shallow restricted lagoon environment.

INTRODUCTION

Wadi El-Rayan Depression is located southwest of the Fayoum Town representing

the famous low landforms in the eastern side of the Western Desert. It is defined by latitudes
29 00'00"-2924'11" N and longitudes 30 00' 00" - 30" 34' 00" E.

The geology of Wadi EL-Rayan area attracted the attention of many scientists
especially the geologists since the nineteenth century till the present days, especially it
represents the most interested site of vertebrate fossils in Egypt. The earlier studies of the
geology of the Fayum Depression were carried out by Schweinfurth (1886), Mayer Eymar
(1892), Beadnell (1901, 1905), Dart (1923), Cuvillier (1930, 33), Iskander (1943), Ansary
(1955). Regarding the studies which treated the paleontology and biostratigraphy of the
Fayum Depression area, those of Abdel-Kareem (1971), Ismail and Abdel-Kareem (1971),
Abdou and Abdel-Kareem (1972), Strougo (1977a, b, 1992), Shama (1981), Bassiouni et al.
(1984), Stourugo and Haggag (1984), Haggag (1985, 1990, 1992), Samir (1986), Bassiouni
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et al. (1987), Bown and Kraus (1988), Abdel Ghany (1990), Allam et al., (1991), Boukhary
et al., (1993), Anan (1994), Haggag and Bolli (1995, 1996), Abdallah et. al. (1997), El
Bedewy et al. (1998), Omar (1999), Helal (2002), and Uhen (2004) are worthy to mention.

In 1992 Gingrech reviewed the previous geologic studies on the Middle Eocene to
Early Oligocene rocks exposed in Wadi El Rayan area, using the measurement of Beadnell
1905, and affirmed that, Wadi EL-Rayan presents four geological formations:

1- The lowest (oldest) is the Wadi EL-Rayan Formation; it consists of compact limestone
forming the uppermost members of Rayan series; the upper beds of that limestone, contains
among other fossils numerous examples of the large Nummulites gizahensis (Beadnell 1905).
Iskander (1943) divided this limestone into Muelah, Midawara, Sath El-Hadid and Gharq
formations.

2- Gehannam Formation: it dates back to about 40-41 million years ago, and consists of
white marly limestone and gypseous clays. This formation yields many skeletons of
Basilosaurus isis and Zeuglodon osiris, beside plenty of the foraminifers Nummulites frassi,
N. beaumenti, and macro invertebrate Vusella crispate and Lucina fajumoni.

3- Birket Qarun Formation: It consists of sandstones, clays and compact limestone, which, is
almost invariably weathered giving rise to peculiar shape of rock. This unit yields also
remains of the Eocene whales skeletons

4- The highest (younger) unit is the Qasr EL-Sagha Formation of Late Eocene age: it yields
Turritella carinifera, Nicaisolopha clot-beyi, Pycnodonte gigantica, Turritella pharaonica
and Ostrea elegans. This formation consists of limestone reflecting a shallow marine
environment that suggests different environment than in northern Fayoum Depression where
it exhibits fluvial marine environment.

The present work studies the paleoenvironmental parameters and stratigraphy of the
Eocene rock units exposed in Wadi EI-Rayan area. More than sixty macrofaunal (vertebrate
and invertebrate) species have been collected, identified and used in detecting the
comprehensive paleoenvironmental conditions that prevailed during the Eocene times in the
studied area.
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Fig. (1) location map shows the studied area& the sample sections

MATERIAL AND METHODS

Three locations were selected to cover the Eocene sediments exposed in Wadi El-
Rayan area stratigraphically and geographically. At these locations, three stratigraphic
sections have been selected and sampled dealing with both lithological and
macropaleontolgoical investigations. These sections released the sedimentary facies of
different Eocene strata. Locations and lithologies of these sections are shown in figures (1, 2,
3and 4).

1 - Mingar El Rayan escarpment, it is located in the area of Rayan Springs at the
south east of Garet Gehannam, the studied section lies at Lat. 29° 6' 22" N, and Long. 30°17'
35" E.

2 - Garet Gehannam escar pment represents a prominent and well-known high land
on the side road of Wadi EL-Hitan area. It is situated at the northwestern part of Fayoum
Depression, the examined section was selected at Lat. 29° 19' 2" N and Long. 30°9' 14 " E.

3 - Wadi EL-Hitan or Zeuglodon Valley, is located 12 Km west southwest of Garet
Gehannam escarpment. The valley is characterized by many isolated hills, hillocks of
peculiar shape sculptured by the weathering action of the wind and rains, earth pillars are
found in many places. The studied section in Wadi El-Hitan is exposed at Lat. 29° 17' 50" N
and Long. 30° 02' 16" E.

The fieldwork included measuring of the fore mentioned stratigraphic sections and
collecting representative samples of the rocks and the available invertebrate macrofossils as
can as possible. About 220-rock samples were collected at every change in the lithology
associated with recording any filed observations. More than 500 fossil specimens were
collected and studied in detail. The laboratory investigation included the determination of
carbonate-sand-mud composition of all the studied samples.
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FAUNAL COMMUNITY ANALYSES

The basal part of Wadi ElI Rayan Formation represents the oldest exposed Eocene
rocks in Wadi El Rayan area. This formation comprises the Lutetian or possibly Lutetian —
Bartonian stages, while the overlying Gehannam, Birket Qaroun and QasrEl Sagha
formations represent the Bartonian and Priabonian respectively.

The invertebrate fossil content of these formations includes many mollusks as well as
some echinoids with many forms of Nummulites. The richness of this content lends a hand
in affirming the paleoenvironmental conditions. Most of these fossil associations are
concentrated in calcareous bands embedded mostly in sandstone thick beds especially at the
upper part of Gehannam Formation and through the main parts of both Birket Qaron and
Qasr El Sagha formations. In addition, Wadi El Rayan area has considered as a superlative
paleontological site in Egypt where the Eocene vertebrate Zeuglodon or Basillosaurus
whales had discovered. The Wadi Hitan site itself contains about 400 known whale
skeletons.

The Mingar El Rayan exposure is considered the most precise sediments
representing Wadi El Rayan Formation at the southern part of Wadi El Rayan area, (Figs.1,
2). The lower part of this section consists of “snow white nummulitic limestone rich
in Nummulites gizahensis” and leaks any macro invertebrate fossils; it reveals open
marine back reef conditions. The middle part is dominated by argillaceous limestone rich
in Echinolmpas africana, Cassidulus romani and Amblypygus dilatus,
alternated with calcareous, yellow to brown sandstone with many shells such as
Wokullina (Hayella) leferei, Vulsella (Vulsella) crispta and Conoclypeus
conoideus. This faunal assemblage indicates that the area came to be shallower
than it was during the deposition of the lower part. This middle part has followed
by a distinctive shelly, gray, silty sandstone rich in Carolia and Nummulites. The
uppermost part consists of a thick bed of hard snow-white limestone; it is similar
to the lower part and rich in Nummulites gizahensis. The lithologies as well as the
faunal content of this formation indicate the repetition of two transgressive sedimentary cycles
enclosing a regressive phase in-between. It is worth to mention that, there is no evidence
supporting a major break in sedimentation within the Wadi El Rayan Formation. This
cyclic repetition enforced some writers to subdivide this formation into three
distinctive formations (see Boukhary et.al 1993).

The uppermost part represents the floor of most locations of the
southwestern areas of the Fayoum Depression and can traced northward. Near the
prominent Garet Gehannam exposure, where the wadi floor rises up revealing the
deposits of the lower part of Gehannam Formation, the boundary of this last unit
with the Wadi EI Rayan Formation is almost unexposed.

The exposed sediments of the lower part of Gehannam Formation (Figs. 1, 3) consist
of alternating beds of yellowish green calcareous claystones, which became silty upward.
The dominance of the molluskan shells in the Gehannam Formation such as “ Pycnodonte
gigantica, Acanthocardiac (Schedocardia) mohgoobi, Gastrana ibrahimi, Solen (Solen)
mokattamensis with many others, reveals that it had deposited on a shallow shelf and
emphasizes that the area was subjected to an interval of low sea stand. This conclusion is
supported by the presence of the famous Zeuglodon isis or Basillosourus isis whales.
However, there are some conspicuous evidences of a well-marked low sea stands during the
deposition of the middle part of the Gehannam Formation, these include:

1 — The abundant eroded mangrove pneumatophores and anchor roots (Fig 5) at the top

of Gehannam Formation over the abroad area of Wadi El Hitan. Pneumatophores have
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related to the aerobic respiration in mangroves that grow upward out of waterlogged
substrates to reach air (Hutching and Saenger, 1987). The stratigraphic interval-
containing mangrove is 1-2 meters thick, suggesting that the time interval of low sea
stand was relatively short.

Figure5 - Broken standing blocks of mangrove roots, about 1.5m high.

2 - Celestite filling many mollusks, including Nautilus, Lucina and Tredolites shells at
the transition between Gehannam and Birket Qaroun formations. There is a large tree
trunk 18 m long and about 1 m in diameter resting about 2 m below the top of Gehannam
Formation (Fig. 6). It riddles with *ship worm’ (bivalve Teredo) burrows, and must have
been sunk or beached as driftwood.

3 - Presence of ribs, vertebra, and both pelvis of estuarine proboscidean Moeritherium in
Wadi El Hitan, that does not found elsewhere in Fayoum except in the upper part of Qasr
El Sagha Formation (Gingrich 1992).

All these evidences indicate a marked interval of low sea stand, possibly with
limited sub-aerial exposure.

Figure6—Traceof Tredolites
fossil 18 m long.
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The middle part of the Gehannam Formation in Garet Gehannam and Wadi EIl Hitan sections
contains many skeletons of the marine archeocetes Basilosaurus isis and Prozeglodon
atrox, in addition to diverse segments and parts of sharks. Also, skeletons of large sea turtles
(specialized for swimming; Fig. 7) have preserved with rare crocodile.

This low sea stand condition, during the deposition of the middle part of the
Gehannam Formation helps greatly in explaining why so many Archaeocete skeletons have
preserved in Wadi El Hitan. Some may have beached on shallow shoals by retreating tides
(although nothing has known of possible tidal ranges during the Eocene). Alternatively, the
decreasing of water depth might attract Archaeocetes for other reasons: possibly calving in
the case of Prozeuglodon and feeding in the case of Basilosaurus, Gingrich 1992. The upper
part becomes marly and crowded with thin to moderately thick gypsum sheets with
mangrove root horizons. The upper most part of the Gehannam Formation is characterized
by the presence of thick gypsum stock work. For a long time, the upper part of Gehannam
Formation and lower part of Birket Qaroun Formation known to be unusually rich in Celesite
(Beadnell, 1905), this is interpreted before as an indicator of unusually restricted
oceanographic conditions where partial evaporation of sea water concentrated lime and
strontium sulfate.

The lower part of Birket Qaroun Formation, 18m thick, consists of greenish yellow
compact, fine grained, well-sorted slightly argillaceous, calcareous sandstone, and contains
some Mangrove fragments at the base and small oysters, gastropod shells and small
Nummulites test, especially in the upper part. The following 15m are made-up of alternating
claystone and shale, brownish in paint, with some fine sandstone and white gypsum veins
filling the fractures. The upper part consists of soft bright-yellow, with brown spots siltstone
that forms vertical cliffs, moderately compact, contains large, yellow, rounded, compact
calcareous sandstone concretions at its basal part; few fossils are recorded as gastropod
molds Scolaria ( Acrilla) aegyptiaca and bivalves as Carolia shell fragments.

The lithologies of the upper part of Birket Qaroun Formation as well as the scarcely
nature of fossils throughout as a barrier bar emphasizes the idea of a low sea stand at its
base. The barrier bars, as a rule, are only preserved in the stratigraphic record when buried
during subsequent transgression. Therefore, the Birket Qaroun Formation could be classified
as a ‘transgressive system tract’ followed by the deposition of the following sediments of
Qasr El-Sagha Formation,

Figure 7 - Internal mold for large sea turtle.
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The deposits of Qasr EI-Sagha Formation have been studied from two localities (Fig.
3, 4). At Garet Gehannam area, where nearly 50m of pale yellow, compact sandy limestones
rich in pelecypod and gastropod molds, alternated with yellow, highly fossiliferous, soft,
calcareous and sandy siltstones. The recognized lithologies of the QasrEl Sagha Formation
and the characteristic fauna suggest deposition in distinct environments. It starts by a Carolia
bed rich also in the Turritella, it contains some skeletons of small whales and sirenians, in
addition to parts of land mammals as represented by the recorded proboscidean tooth, (fig 8).
Qasr El-Sagha Formation yields large number of Late Eocene bivalves such as
Carolia blanfordiana, Carolia placunoides placunoides, Ostrea (ostrea) mutabilis, Ostrea
(Turkostrea) multicostata strictiplicata, Ostrea (Turkostrea) reili reili, Lucina pharanumm
and Acanthocardia (schedocardia) schweinfurthi. Many gasteropods have been recorded
from this formation such as, Gastrana barakai, Raetomya schwenfurthi, Turritella lesseps,
Turritella (Ispharina) naimi, Turritella (Torquesia) carinifera, Turritella (Torquesia)
pharonica, Mesalia bassiouni and Mesalia fourtaui. Most of this funal assemblage assert
the late Eocene age for this rock unit.

Figure8- A - Skeleton of Sirenian B - A molar of proboscidean.

Whalesin Wadi El Hitan

Wadi El-Hitan was the first explored and mapped area during the winter of 1902-
1903 by the geologists of Egyptian Geological Survey, as a part of a long-term investigation
of the western Fayoum for storage of Nile River floodwater; surveys were carried out by
Cairo Geological Museum and University of Michigan of Paleontology. Following its
discovery, Wadi El-Hitan has more than 400 whales and other fossil vertebrate mapped in an
area of about 25 square kilometers (after Gingerich, 1992), 205 were complete enough to be
identified with some certainity. Some of these are the large skeleton of Basilosaurus that are
so conspicuous in Wadi El-Hitan today; while others are more cryptic represent skeletons of
Dorudon and partial skeletons of smaller sea caws.

The precise reason so many ancient whales are located here is unclear. This site may
represent periods of “beach strandings” or drownings in lagoons isolated at low tide. On the
other side, some hypothesis affirmed that, this area might have been a relatively narrow
embayment in the Eocene seaway that favored sites for birthing new whales. This site, for its
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protected nature away from open oceanic waters, became hideaway for many whales that
have annually returned for millions of years. Whatever the cause, this site is unique in the
world and has the richest collection of ancient whales located in any other paleontological
site. Shark’s teeth, invertebrate fossils, fish skeletons, mangrove root horizons, and a wide
variety of fossil plants, termite and insect burrows as well as other “trace” fossils are
abundant.
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Platel

1-Nuculana (Jupitaria) phacoides (Cossmann), right exterior, X 1.1;
Bed No. 9, Qasr EL-Sagha Formation, Garet Gehannam, Fayoum, Late Eocene.

2- Vulsdlla caillaudi Zittel, a- right exterior, b- left exterior, X 0.5; Bed No.
9, Wadi El Rayan Formation, Mingar El Rayan section, Fayoum; Middle
Eocene.

3- Mimaclamys solariolum Mayer-Eymer, a- right exterior, X 0.8, Bed No. 8,
Qasr EL-Sagha Formation, Garet Gehannam section, Fayoum. Late Eocene.

4- Wokullina (Hayella) leferei Fischer, a- double valved spiciment, b- right
valve, c- left vave, X 1, Bed no 7, Wadi El Rayan Formation, Mingar ElI Rayan
section, Fayoum; Middle Eocene.

5- Ostrea (Ostrea)elegans Deshayes, a,b- external and internal view of the right
valve, X 0.7; Bed No.8, Qasr EL-Sagha Formation, Wadi El Hitan section,
Fayoum; Late Eocene

6- Ostrea( turkostrea) reili reili Frass, a, b - external and internal view of the
right valve, c- double- valved specimens shows the left valve; X 1; Bed No.8,
Qasr EL-Sagha Formation, Wadi El Hitan section, Fayoum; Late Eocene.

7- Pycnodonte(Pycnodont) gigantica Deshayes, a- external right valve, b- side
vies of double-valved specimen, c- external left valve of double-valved
specimen; X 0.3; Bed 10, Qasr EL-Sagha Formation, Garet Gehannam section,
Fayoum; Middle Eocene

Plate 2

1- Lucinainnes Cuvillier, a, b- external views of the surfce of the right and the
left valves; X 1.9; Bed No. 8, Qasr EI-Sagha Formation, Wadi El Hitan section,
Fayoum; Late Eocene

2- Pegophysema(Rawya) pharaonis Bellardi, a, b- external view of the left,
right valve, c- side view, X 1; Bed No. 5, Birket Qarun Formation, Garet
Gehannam, Fayoum; Middle Eocene.

3- Glyptoactis (Claibornicardia) corpulenta Stenzel& Crausel, a- external
view for the right valve, b- side view of the umbonal area, c- side view of the
double-valved specimen; X 0.8, Bed No. 5; Birket Qarun Formation, Wadi El
Hitan section, Fayoum; Middle Eocene.

4- Raetomya schwenfurthi Mayer-Eymer, a, b- external view of the right and
the left valves; X 1; Bed No. 8; Qasr EI-Sagha Formation, Wadi El Hitan
section, Fayoum; Late Eocene

5- Aturoidea olssoni Miller, a- side view, b- aperture view; X 0.3, Bed No. 5;
Birket Qaroun Formation, Wadi El Hitan section, Fayoum; Middle Eocene.
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6- Turritella(Torquesia) carinifera Deshayes, apreture view; X 0.8; Bed No. 8,
Qasr EL-Sagha Formation, Wadi El Hitan section, Fayoum; Late Eocene.

7- Turritella (Torquiesia) abassi Abass, side view; X 0.7, bed no. 5; Birket
Qaroun Formation, Wadi EI Hitan section, Fayoum; Middle Eocene.

8- Mesalia fourtaui Cuvillier, side view; X 1; bed No. 8, Qasr EL-Sagha
Formation, Wadi El Hitan section, Fayoum; Middle Eocene.

9- Voluta (volutilithes)mokattamensis Cuvillier, side view; X 1.3; Bed No. 7,
Wadi El Rayan Formation, Mingar El Rayan section, Fayoum; Middle Eocene.
10- Madracies asperula M.EDW, side view; X 1.3; Bed No. 9, Qasr EL-Sagha
Formation, Garet Gehannam, section, Fayoum; Late Eocene

11- Haimeastraea (Haimeastraea) conferta, Fig 11, side view; X 1.3; Bed No. 9,
Qasr EL-Sagha Formation, Garet Gehannam, section, Fayoum; Late Eocene.
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Plate 1
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Plate 2




Ezzat Abd-Elshafy, Mahmoud H. Metwally, Sayed Abd EI Azeam and M ochamed Sameh M chamed 141

ARl ey a5l G i ) (o g Aitala (B Cypen ) sl Auagail) i) s 30
s Al gaal) (il

A8 b a2 g audind) e b ¢ A g plla 3 gana R ALL A Ce

OOl dielnslgall g 58 A Aala ddliaall o slally cplaidall e S U Gl (50l 5 Ak Cuda
0 LY Jo (gaall nlBY) 8 il jlE cl jis o) 55 shlie jedl ge LY g V) ag be Galil)
Aalaiall o2a 8 (s Y] 2ge ol 5y (065 Camlia 3 Aapal] i) COLelaall Al yo ) el il Cangg
COE il G gl 13gd s 0 o1 5 s saadl Wl gine (e 5 La Jiay 2l 5 (5 iall W) sina dilas e lalaic)
Lol galy clisfia I W siua a8l (bl adljind 5 Ll jaa olul) (g2l dkaie ciliie 4y jiua cile Ul
e il Sl g5l e el 4y paall il Al 5 3 38 5 Olgand 5o 5 Az liall o (55 )8 AS 0 calean
Aabiaall Al COlelaall e oyl & 23 e Uadl) ciliia 31 5 il jaal) Cilaand Creadind LS (Aalis)
Ol _ysall ells (L) ol 3
G Jenil 5y LlIAS Aale Adeay (g pmy 2055y Jad il 3 < 65 ) (g0l 5 o sSie (o e Al jall S
ol 5l (g an g Al Al A jandl il il jlae il sis B3l O LS 0 8 sl i 3 5l ol (a gale
0l e s 5yl o s 3 Al g yJall 538 e Ay ylay Caus aigan () oSl Alaal)
(s A ymy iy )88 i (e IS e Ly 55 Lgbaatiia (& gind oS0 1308 il 55 o JSAL paall (e
alia dbaiall Of 2T Las (geamla) da slal) AL glalia iy )l Ciliia (any cailan o ol dilaidl ) cala
il 850 eaed Ay ginll hliall e ddhaiall ) G 2 g g slie e el Jlail ¢ S8 (g s 2 3hlie
Oa S e ginl (03 B 0 5S5) GO G sSE (g Alindl 5 aiga 5SS (g Llall o) a1 Ol Al )
Lo Al all Ailaie e 5 ad) Sl Sl el e ST 301 5 Al (55l ae AR il ol jAgiall Causl 5
Al sl 51 Gy allial Lald 5 5l o2a all (Al g (55 )8 B o (585 (AL Gl 5 LalQ ] jaie Ao ) Led s
Oldu xSl 0 Adaca dkls shiie jue sl obuad (il jee o 2S5 Capmaia (g s aa) 5y i i)
@ 8 e Laadli Al g jSI il ) (lams g de siiall il iall G S Caapie delall juald () sSie a5 )
el < el g Adaiall alus Uy yay Leas Jiad il Gl G ST Laa (Glal) sl 5 0285 lae Lad) Al oy 5\
04usl ) dlaia e Jalill ¢ 3ol b Al



PROCEEDING OF THE SECOND SCIENTFIC ENVIRONMENTAL CONFFER, 2007, ZAGAZIG UNI., 143-152

PROTECTION OF BROAD BEANSIN KSA AGAINST
ADVERSE EFFECTSOF AMBIENT OZONE USING ASCORBIC
ACID (VITAMIN C) GROWTH AND YIELD
CHARACTERISTICS

Akram A. Ali

Present address: Department of Botany and Microbiology, Faculty of Science, King Saud University, P.O. Box:
2455, Riyadh 11451, Kingdom of Saudi Arabia.

Permanent address: Department of Botany, Faculty of Science, Zagazig University, Zagazig, Egypt.

E-mail: akram692000@yahoo.com

ABSTRACT

The ability of higher plants to scavenge the toxic effects of active oxygen seems to be
very important determinant of their tolerance to stresses like ozone (O3). Antioxidants are the
first line of defense against free radical damage. They are critical for maintaining optimum
health of plant cells. The primary objectives of this investigation were to examine the interactive
effects of air quality and vitamin C on some morphological characteristics of broad beans (Vicia
faba L. Var. Baladey) during its whole growth. These plants were grown first for two weeks in
pots at closed chamber of Botany and Microbiology Dept., Faculty of Science, King Saud
University and transported to industrial city until the time of harvesting. Damaging effects of
ambient ozone in presence of sulphur dioxide and nitrogen dioxide on growth and productivity
of plants were assessed. These plants sprayed with different concentrations of vitamin ¢ (0, 50,
100, 200, 300, 400 mg/L) after the 20-days of plantation. High monthly concentrations of
ambient O3 have ranged between 89-110 nL L. The high concentrations of SO, and NO were
ranged between 25-35 nL L. Significant differences between soybean plants treated with
vitamin c¢ for all measurements were recorded. Effective concentration is 300 mg/L. The total
leaf area, plant length, number of damaged leaves, number of seeds and plant biomass were
determined. This study concluded that O3 is only having adverse effects on some crops in
industrial areas of KSA in presence of high levels of SO, and NOy. For an evaluation of these
results, 300 mg/L concentration of vitamin ¢ may depress the negative effects of O3 could reach
to 31%.

Key words: Ozone, broad beans, vitamin c, growth, productivity, KSA.

INTRODUCTION

Saudi Arabia is one of the most vulnerable countries in the region to climate change.
There are many reasons about these vulnerabilities. Human activity (burning fossil fuels and
changes in land use) is modifying the global climate with temperatures rises projected for the
next 100 years that could affect human welfare and the environment. The climatic record of this
region for the past five years showed that there were fluctuations in the temperature and a
decrease in rainfall over large portions of Saudi Arabia. In the 21% century, this warming trend,
and changes in precipitation patterns are expected to continue along with a rise in sea level and
increased frequency of extreme weather events.
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One of these negative trends led to habitat loss and fragmentation of plant species-rich
ecosystems is atmospheric pollutants such as ozone (O3) and sulfur dioxide (SO;). They have
been implicated in free radical formation (Asada, 1980, Mehlhorn, 1990) and are considered to
be one of the major factors influencing forest decline. The Oz, which originates from a natural
photochemical degradation of nitrous oxides (NO,), seems to be a greater threat to plants than
other pollutants (Heagle 1989). Mehlhorn et al. (1996) suggested that the phytotoxicity of O, is
due to its oxidizing potential and the consequent formation of radicals that induce free radical
chain reactions.

Ascorbic acid (AA) has been proposed for a long time as a biological antioxidant. It
exists in rather high concentrations in many cellular environments, such as the stroma of
chloroplasts where its level is 2.3 x 10° M. Ascorbate has been demonstrated in many
qualitative studies to possess significant antioxidant activity. For example 10° M ascorbate
inhibited the photooxidation of a kampferol by illuminated spinach chloroplasts. Ascorbate
reduces two equivalents of O produce H,0O, and triketo derivative dehydroascorbic acid.
Ascorbate also reacts with 'O, at a relatively fast rate. Shalata and Neumann (2006) reported
that stress increased the accumulation in roots, stems and leaves of lipid peroxidation products
produced by interactions with damaging active oxygen species. Additional ascorbic acid
partially inhibited this response but did not significantly reduce sodium uptake or plasma
membrane leakiness.

The primary objectives of this investigation were to examine the interactive effects of air
quality and AA on physiological and morphological characteristics of broad beans (Vicia faba
L. Var. Lara) during its whole growth. Damaging effects of ambient ozone in presence of
sulphur dioxide and nitrogen dioxide on growth and productivity of plants were assessed.

2. MATERIALSAND METHODS

2-1 Experimental design and foliar spray

A pot experiment was carried out at the Botany and Microbiology Department, Faculty
of Science, King Saud University during winter 2007. Randomized complete block design with
three replicates was used. First, eighteen pots were cultivated with Vicia faba L. Var. Baladey at
the experimental site for 20 days. Second, all pots were transferred to industrial city, Riyadh,
KSA. Then, five foliar sprays of vitamin c (ascorbic acid) were imposed to bean plants. Three
pots without foliar spray of vitamin ¢ were used as a control.

Pots were watered with tap water as required. When the first leaf was fully expanded, the
exposure of vitamin ¢ will start. The foliar applications of vitamin ¢ were given at 10 days
intervals for five times. Vitamin ¢ concentrations are 50, 100, 200, 300 and 400 mg L*
solutions, respectively. These solutions were prepared by suspending ascorbic acid in distilled
water for 24 h before application, and were applied as a foliar spray to plants.

2-2 Measurements
Air temperature, rain fall, relative humidity and wind speed were recoded in Table 1.
Monthly concentrations of ambient O3, SO, and NO, were measured using multi-gas
analyzer (Gray Wolf, Sweden).
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All plant growth measurements were assessed. Plant length, total leaf area, number of
damaged leaves, percent of damaged area per leaf, plant biomass and seeds characters were
measured during the all growth stages and plant maturity.

2-3 Statistical analysis

Statistical analyses were carried out using the SPSS BASE 10.0 (SPSS Inc., Chicago, IL)
packages. Data were tested by ANOVA and F-protected LSD separated means at p < 0.05
levels.

3. RESULTS AND DISCUSSION
3.1 Variations in gases levels:

Changes in mean concentrations of O3, SO, and NO; during the growing of broad bean
(Viciafaba L. Var. Baladey) at industrial city, Riyadh, KSA are listed in Table 2. Mean monthly
concentrations of Os gradually increased in summer reaching to 110 nL L™ in May and
recording the lowest concentration in January being 40 nL L™. Also, gradual increase in SO,
and NO; concentrations was observed. High values were recorded during hot months while cool
months were vice versa. High SO, and NO, levels reached 35and 33 nL L™, respectively while
low levels are 15 and 21 nL L™, respectively.

In a typical urban atmosphere like Riyadh, O3, SO, and NO, concentrations increase
rapidly between 1200 and 1500 h entire the day light and when the intensity of solar radiation is
at a maximum in hot months and when the NO,: NO ratio is large (Krupa et al., 2001). The rate
of O3 formation may then decline, reaching a steady state during the late afternoon to early
evening hours. After that period, O3 concentrations fall as NO, breakdown diminishes and as
fresh emissions of NO deplete the Os. This daily pattern is quite different at high elevations (in
general, above approximately 1,500 m from the surface or above the so-called mixed layer of
the atmosphere), where O3 concentrations remain relatively steady through day and night. At
that altitude, there is an O3 reservoir, and destruction of that O3 by the surface is insufficient to
produce the type of daily patterns observed at lower elevations (Krupa et al., 2001). They also
reported that high levels of SO, and NO, concentrations can’t give more damage in presence of
high Os3.

3.1 Variations in growth and yield parameters:

Table 3 shows the periodical examination for lengths (LS) of broad bean plant after
different foliar spray additions of vitamin c at industrial city, Riyadh, KSA. No much difference
in LS between vitamin c treatments after 30 days was observed. On the other hand, at the end of
foliar spray the 300 mg L™ treatment had on average a significant increase on shoot system
length being 70.2 cm. Under the foliar spray conditions all plant lengths were stabled after 70
days except the 300 mg L™ of vitamin ¢ reaching the highest values after 80 days. In the 400 mg
L™ of vitamin ¢ application appeared was significantly lowered LS in compared with other
applications.

Table 4 described the periodical examination for leaf area (LA) of broad bean plant after
different foliar spray additions of vitamin c at industrial city, Riyadh, KSA. The percent of LA
stimulation observed in the all applications of vitamin c after 30 days was not retrieved the leaf
area of broad bean. The 300 mg L™ of vitamin reached the maximum increase by the last
addition after 80 days being 5.8 cm™. The LA of bean leaves treated with the rest of vitamin ¢
was not significant in compared to plants without vitamin additions. Also, plants without
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vitamin addition can’t increase LA, while other plants subjected to all vitamin concentrations
can grow LA gradually. All LA stopped grow before the last application except the 300 mg L™
of vitamin.

Periodically mean effects of vitamin ¢ exposures on percent of damaged areas (%) per
area of broad bean leaf are summarized in Table 5. At the end of vitamin applications, the 300
mg L™ improved the healthy leaf areas by 80 %. The healthy leaves were decreased under no
vitamin addition by 28% at end of experiment. The less response to vitamin c in overall foliar
sprays was the 400 mg L™. The best concentration from vitamin c after 300 mg L™ was 200 mg
L™ which recorded 66% of healthy leaf area.

The foliar spray of vitamin c effects on the number of damaged leaves per broad bean
plant (NDLP) was illustrated in Table 6. No response to all foliar sprays after 30 days.
Significant effect of the vitamin c treatments on the NDLP was noticed after 40 days. The % of
stimulation in number of healthy leaves was recorded 62, 56, 70, 92 and 62 for the 50 mg L™,
100 mg L™, 200 mg L™, 300 mg L™ and 400 mg L™ of vitamin c additions, respectively.

Table 7 listed the Mean values for total biomass (gm) and seeds characters of broad bean
plant treated with different foliar sprays of vitamin c at industrial city, Riyadh, KSA. Significant
effect was observed for the all vitamin ¢ treatments except 400 mg L™ on the plant biomass
produced at the end of growing season compared to non-treated plants. On average, the biggest
increase in biomass was 15% in the 300 mg L™ application and 0.03% is the lowest increase
between treatments (400 mg L™). Pod number per plant were 33%, 44%, 44%, 55% and 33%
higher on plants grown under the 50 mg L™, 100 mg L™, 200 mg L™, 300 mg L™ and 400 mg L™
of vitamin ¢ additions, respectively. Not only the 200 mg L™ conditions enhanced more seed
production per plant, but also the 300 mg L™ treatment was effective increase too. Lower
increase in pod length in 50 mg L™ conditions was being 0.08% only, while large increase was
33% in 300 mg L™ treatments. Large variations in the yields among plants in the presence and
absence of vitamin c applications were observed. Only significant increase was recorded in the
200 mg L™ and 300 mg L™ treatments being 31% and 46%, respectively.

Ozone is reach to the chloroplast but it nevertheless, causes pigment bleaching and lipid
peroxidation (Heck et al., 1983; Heath 1987). Stimulation of both synthesis and degradation of
the protein occurs in spruce trees following O3 treatment (Godde and Buchhold, 1992; Lutz et
al., 1992) and a decrease in the activity and quantity of rubisco has been found in poplar
following exposure to O3 (Landry and Pell, 1993). Loss in growth parameters caused by
inhibition of the activity of light-activated enzymes of the chloroplast (Shimazak and Sugahara,
1980, Tanaka et al., 1982, Convello et al., 1989).

Exposure to SO, results in tissue damage and release of stress ethylene from both
photosynthetic and non-photosynthetic tissues (Peiser and Yang 1979, 1985). Fumigation with
SO, causes a shift in cytoplasmic pH. When plant cells are exposed to SO, an appreciable
acidification of the cytoplasm occur because this gas reacts with water to form sulfurous acid
which may then be converted into sulphuric acid (Laisk €l al., 1988 a, b ;Veljovic-Jovonovic et
al., 1993). The oxidation of sulfite to sulfate in the chloroplast also gives rise to the formation of
0?2 (Asada, 1980). The oxidation of sulfite is initiated by light and is mediated by
photosynthetic electron transport. Navari-1zzo et al., (1992) reported that the degradation of
membrane lipid components possibly by de-esterification rather than peroxidation with SO,.
They found no evidence to support the view that free radical attack on polyunsaturated fatty
acids occurred at low pollutant concentrations.
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Vitamin C is a universal reductant and antioxidant of plants. It is found at concentration
of 1-2 Mm in legume nodules (Dalton et al., 1986; Matamoros et al., 1999) and is positively
correlated with nodule effectiveness (Dalton, 1995). It is an essential metabolite for the
operation of the ascorbate-glutathione (ASC- GSH) pathways, but it also has beneficial effects
that do not require the presence of ascorbate peroxidase (APX). ASC can directly scavenge
(reactive oxygen species) ROS (Moreau et al., 1995). It is also involved in hydroxylation of
proline, regulation of the cell cycle and numerous fundamental processes of plant growth and
development (Noctor and Foyer, 1998). Some reports concerning the exogenous application of
the vitamins to salinized plants and their role in stimulation of their growth are scarce (Oertii,
1987). These compounds were also scarcely tried to counteract some of the adverse effects of
salinity stress (Oncel et al., 2004). Thus exogenous addition of such substances to the test
organism could lead to growth stimulation through the activation of some enzymatic reactions
(Kefeli 1981 and Makled, 1995).

Ascorbate is a key soluble antioxidant (Smirnoff et al., 2001). Isolation of an
Arabidopsis mutant containing 30% of the wild type ascorbate concentration has provided the
first genetic evidence for its importance in stress resistance. It was selected by hypersensitivity
to ozone, UV-B and sulfur dioxide (Conklin, 2001). The mutation has no pleiotropic effects on
other parts of the antioxidant system with the exception of reduced APX activity, possibly
because ascorbate is required to stabilize APX (Conklin et al., 1997). Reduction of cytosolic
APX activity by expression of APX antisense mRNA also causes increased sensitivity to ozone
damage, suggesting that intracellular, as well as extracellular, ozone detoxification by ascorbate
is required (Orvar and Ellis 1997). Overexpression of APX in tobacco chloroplasts had no effect
on ozone resistance (Torsethaugen et al., 1997); either it is in the wrong subcellular
compartment or it is not a limiting factor.
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Table 1. Mean values of meteorological parameters at industrial city, Riyadh,
KSA (2007).

Months Air temperature Humidity Wind velocity Rain-fall
(°C) (%) (km/hr) (mm)
January 18 44 7 18.8
February 30 43 8 12.6
March 37 40 7 13.6
April 40 32 8 1.78
May 43 28 6 0.55
LSD (p <0.05) 3.8 12.6 1.2 4.7

Table 2: Mean values of gases concentration (nL/L™) at industrial city, Riyadh,
KSA during the growth period of broad bean (2007).

Months O3 concentrations SO, concentrations NO» concentrations
(nL/LY (nL/LY (nL/LY
January 40 15 21
February 52 20 24
March 77 25 25
April 89 33 33
May 110 35 33

LSD (p < 0.05) 26 11 12
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Table 3: Periodical examination for lengths (cm) of broad bean plant after
different foliar spray additions of vitamin c at industrial city, Riyadh, KSA (2007).

Foliar spray Lengths Lengths Lengths Lengths Lengths Lengths
additions after after after after after after
30days 40days 50days 60days 70days 80days
Without vitamin ¢ 36.5 39.7 44.6 56.7 57.8 57.9

+50 mg L™ vitamin ¢ 39.9 44.6 56.9 64.7 65.7 65.9
+100 mg L™ vitamin ¢ 38.8 45.6 55.7 66.7 67.8 67.9
+ 200 mg L™ vitamin ¢ 38.7 46.8 55.2 65.8 66.6 66.9
+300 mg L™ vitamin ¢ 38.9 47.8 57.9 68.4 68.9 70.2
+400 mg L™ vitamin ¢ 37.8 45.6 55.5 56.8 63.3 63.8
LSD (p < 0.05) 1.4 2.8 47 3.6 3.3 45

Table 4: Periodical examination for leaf area (cm®) of broad bean plant after
different foliar spray additions of vitamin c at industrial city, Riyadh, KSA (2007).

Foliar spray L eaf L eaf L eaf L eaf L eaf L eaf

additions area area area area area area

after after after after after after

30days 40days 50days 60days 70days 80days

Without vitamin ¢ 3.4 3.5 3.6 3.7 3.7 3.7
+50 mg L™ vitamin ¢ 35 4.1 4.4 4.5 4.6 4.6
+100 mg L™ vitamin ¢ 35 4.1 4.4 4.7 4.7 4.8
+200 mg L™ vitamin ¢ 3.6 4.3 4.7 4.8 4.8 4.9
+300 mg L™ vitamin ¢ 3.6 4.3 4.9 5.1 5.5 5.8
+400 mg L™ vitamin ¢ 35 4.1 4.3 4.5 4.5 4.5
LSD (p <0.05) 1.3 1.1 1.2 1.2 1.3 1.2

Table 5: Periodical examination for percent of damaged areas (%) per area of
broad bean leaf after different foliar spray additions of vitamin ¢ at industrial city,
Riyadh, KSA (2007).

Foliar spray additions Damaged Damaged Damaged Damaged Damaged Damaged

area area area area area area
percent  percent percent percent  percent  percent
after after after after after after
30days 40days 50days 60days 70days 80days
Without vitamin ¢ 33 36 38 38 41 42
+50 mg L™ vitamin ¢ 31 31 29 23 21 14
+100 mg L™ vitamin ¢ 29 26 23 16 12 11

+ 200 mg L™ vitamin ¢ 29 25 24 21 15 10
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+300 mg L™ vitamin ¢ 26 23 14 12 9 3
+400 mg L™ vitamin ¢ 33 32 31 31 29 29
LSD (p <0.05)

Table 6: Periodical examination for changes in the number of damaged leaves per
broad bean plant after different foliar spray additions of vitamin c¢ at industrial
city, Riyadh, KSA (2007).

Foliar spray Damaged Damaged Damaged Damaged Damaged Damaged
additions leaves leaves leaves leaves leaves leaves
number number number number number  number
after after after after after after
30days 40days 50days 60days 70days 80days
Without vitamin ¢ 7 8 10 11 12 13
+50 mg L™ vitamin ¢ 7 6 6 5 5 5
+100 mg L™ vitamin ¢ 7 6 6 6 6 6
+ 200 mg L™ vitamin ¢ 7 5 5 5 4 4
+300 mg L™ vitamin ¢ 7 4 4 3 2 1
+ 400 mg L™ vitamin ¢ 7 5 5 5 5 5
LSD (p < 0.05) 1.1 1.3 2.2 3.4 55 7.2

Table 7: Mean values for total biomass (gm) and seeds characters of broad bean
plant treated with different foliar sprays of vitamin c at industrial city, Riyadh,
KSA (2007).

Foliar spray additions Biomass Number Number Pod Seed
(gm) of pods of seeds length yield
/plant /plant (cm) (gm)

Without vitamin ¢ 34.66 9 35 7.3 65.1
+50 mg L™ vitamin ¢ 37.86 12 49 7.9 75.6
+100 mg L™ vitamin ¢ 37.77 13 53 8.6 76.4
+200 mg L™ vitamin ¢ 38.01 13 55 8.9 85.6
+300 mg L™ vitamin ¢ 39.12 14 55 9.5 94.5
+400 mg L™ vitamin ¢ 35.67 12 48 8.3 74.8

LSD (p < 0.05) 2.2 2.6 8.8 1.4 11.2
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ABSTRACT

Sixty halotolerant actinomycetes were isolated from salt marches and cultivated soil
samples from different localities in Egypt. The most halotolerant proteolytic actinomycetes (5
isolates) were identified as; Streptomyces halstedii salh-12, S. olivaceus salh-17, S. clavus
Dakh-28 (at 55°C) and . endus Salh-40 and Actinomyces aureocirculatus Dakh-50 (at 35°C)
in the presence of 7% NaCl in the growth medium. The protein finger print technique was
carried out for five selected isolates. . halstedii Salh-12 and S. endus Salh-40 were chosen
as the most potent proteloytic halotolerant thermophilic and mesophilic isolates, respectively.
Optimum biomass and protease activity for the two selected isolates were obtained in
presence of 1&2 % NaCl, after four and six days at 50°C and 35°C in production medium
adjusted at pH 8.0 and 9.0 under shaking condition and in presence of 1.0% mannose and
casein as carbon and nitrogen sources, respectively. The different chloride metal ions affected
the protease production by . halstedii salh-12 and S. endus salh-40 isolates, where Ba*?,
Mn*2, Mg*? and Ca™ at low concentration (0.05%) has stimulatory effect on protease
produced by both isolates. On other hand, the higher concentration of Na* stimulated protease
production than lower concentration. Ammonium sulphate (80%) precipitation of crude
enzyme in cell free filtrate of . halstedii Salh-12 and S. endus Salh-40 increased the specific
enzyme activity (SEA) by 2.14 and 2.21 folds, respectively. Further purification by gel
filtration using Sephadex G200 increased the SEA by 2.95 and 14.46 folds for S. halstedii
Salh-12 and &. endus Salh-40, respectively. Analysis of the purified enzymes produced by
both selected isolates using gel electrophoresis revealed that the molecular weights were 60 &
35 kDa, respectively. Amino acids analysis revealed that the higher amounts were recorded
for glycine, alanine and arginine followed by proline and glutamic acid. The maximum
protease activity of the purified enzymes were obtained by using 1% casein adjusted at pH
11.0 and 9.0 at 50°C and 40°C for 1h. for S. halstedii Salh-12 and S. endus Salh-40,
respectively. The pure enzyme of both isolates . halstedii Salh-12 and S. endus Salh-40,
were used as additive to detergents and degradation of human hair (dehairing).

INTRODUCTION

Proteases or proteolytic enzymes were degradative enzymes, which catalyze the total
hydrolysis of proteins, and specifically act on the interior peptide bonds of proteins and
peptides (Bayoudh et al., 2000). Alkaline proteases are well known industrial workhorses due
to their robustness, increased production capacities, high catalytic activity, high degree of
substrate specificity and they are widely used in detergents, tanning, food processing, waste
treatment, peptide synthesis and other such industries (Kumar et al., 1998; Kumar and
Takagi, 1999). Moreover, alkaline proteases specifically account for nearly 25% of the world
enzyme market with a predominant share (35%) taken by detergents (Layman, 1986).
Proteases are industrially important enzyme, used in the detergent, food, pharmaceutical and
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leather industries and also have application in silver recovery from photographic plates and in
peptide synthesis (Paliwal et al., 1994, Mala et al., 1998 and Pastor et al., 2001).

Actinomycetes are abundant in terrestrial soils, the majority of the isolated species
have shown to produce bioactive compounds. Halophiles can be loosely classified as slightly,
moderately or extremely halophilic, depending on their requirement of NaCl (DasSarma and
Arora, 2001). Weyland and Helmke (1988) considered actinomycetes to be part of marine
microflora. Ravel et al. (1998) reported the existence and isolation of actinomycetes
population from marine deep oceanic sediments. Pandhare et al. (2002) showed that three
actinomycetes strains producing alkaline protease inhibitors API-I, API-I] and API- .

This study was concerned with the isolation and identification of haloalkalophilic and
thermophilic actionmycete isolates from different salt marches and cultivated soil sample. The
optimum nutritional and environmental factors required for the maximum yield of the alkaline
proteinase enzyme produced by the most halotolerant thermophilc and mesophilic isolates.
Furthermore, purification and characterization of the purified protease enzyme and certain
applications were obtained.

MATERIALS& METHODS

Soil samples were collected from two regions of Salheya (Ismaelia government) (Salt
marches S1&S2); one region of Dakhalia (S3) and one region of Berg EI Arab. The chemical
analysis of soil samples according to Jackson (1960).

I solation of halophilic and proteolytic active actinomycetes:-

The medium used for isolation, cultivation and stock maintenance of isolated strains was
starch nitrate agar medium (Waksman, 1959), but with different concentrations of NaCl (%)
for screening of halophilic actinomycete isolates. It contained (g/l):- Soluble starch, 10;
KNO3, 2; K;HPOy, 1; NaCl (0.05-10%); MgSO,4.7H,0, 0.5; FeSO4.5H,0, 0.01; CaCOs, 2;
agar, 20 and distilled water up to 1000ml. The medium used for protease production was
starch nitrate agar medium with replacing of KNOj3 (nitrogen source) by gelatin (0.2%).
Purification and identification of halophilic and proteolytic active actinomycetes:-

According to the morphological characteristics of different colonies which showing
most halotolerant and proteolytic activity on gelatin agar plates were picked up and streaked
on starch nitrate agar plates. Purified isolates were maintained on starch nitrate agar slants for
further biochemical tests and morphological characteristics.

Identification of the selected isolates was carried out according to Gauze et al. (1957);
Waksman (1961) Shirling and Gottlieb (1966, 1968 a,b, 1969 and 1972); and Williams et
al. (1984).

Protein finger print of tested actinomycetes isolates:

Protein finger print was carried out for five selected actinomycetes in Genetic
Engineering Services Unit, Agricultural Genetic Engineering Research Institute, Ministry of
Agriculture and Land Reclamation, Egypt, according to the method described by Laemmli
(1970).

Assay of protease activity of identified isolates:-
(i) Semi-quantitative protease assay technique:

The medium used for semi-quantitative protease assay, contained (g/l):- Gelatin, 10;
agar-agar, 15; 0.1 M glycine-NaOH buffer at pH 10 was completed up to 1L. This was carried
out according to Gelatin Clearing Zone (GCZ) technique (Ammar et al., 1991).

(i1) Quantitative protease assay:
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Protease activity was determined using gelatin as a substrate as described by
(Gessesse and Gashe, 1997). The reaction mixture in a total volume of 2 ml was composed
of 1% gelatin, 50m M glycine-NaOH buffer pH 10, and appropriately diluted enzyme. After
30 min incubation at 55°C, the reaction was terminated by adding equal volume of 10%
trichloroacetic acid (TCA). After separation of the un-reacted gelatin precipitate by
centrifugation, 0.5ml of clear supernatant was mixed with 2.5 ml of 0.5 M Na,COj3 and 0.5
ml of 1:1 Folin-Ciocalteau’s phenol reagent. After 30 min at 25°C absorbance of the solution
was measured at 660 nm in spectrophotometer against a reagent blank and calculated the
amounts of tyrosine released in the reaction from a standard curve plotted from known
concentration of tyrosine (0-100). All reading were measured by using the standard curve
(Shumi et al., 2004). The blank containing substrate without enzyme and similarly treated.
One unit of alkaline protease activity was defined as the amount of enzyme that released 1 mg
of amino acid equivalent to tyrosine per min under the standard assay conditions.

Estimation of extracellular protein
Protein concentration was determined by (Lowery et al., 1951) using bovine serum
albumin (Sigma chemical Co.) for standard curve.

Optimization of cultural and environmental conditions for maximum protease
production:

The production broth medium was optimized of maximum protease production by
addition of 1 and 2% NaCl for St. halstedii Salh-12 and St. endus Salh-40, respectively; 1%
mannose and casein; 0.05% MgSO,4.7H,0 and K;HPO,, the broth medium was adjusted at
pH 8.0 for 4 days at 50°C for St. halstedii Salh-12, at pH 9.0 for 6 days 35°C St. endus Salh-
40 under shaking condition.

Purification of alkaline protease enzymes:
a- Precipitation of enzymes by ammonium sulphate

100 ml of each of the cell free filtrate of St. endus Salh-40 and St. halstedii Salh-12
isolates under investigation was brought different concentrations of ammonium sulphate (20-
100%) and the precipitated protein was obtained by centrifugation for 15 minutes at 15000
rpm. The best conc. of ammonium sulphate was produced highest activity was 80%. Both
enzyme activity and protein content were determined for each separate fraction (Khalil and
Gupta, 2003).

b- Anion exchange gel filtration by chromatography using Sephadex G-200

The dialyzed crude enzymes preparations were applied on to column packed with
Sephadex G 200. This was equiliberated with 50 mM glycine NaOH buffer pH 10, then eluted
with the same buffer. Preparation of the gel column and the fractionation procedure was
carried out as mentioned by Ammar (1975).

Active peak fractions were collected and tested for their protease activity and protein
content to calculate the specific activity and tested some factors on the tested pure enzymes.

c- SDS-protein electrophoresis:

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was preformed according to
method of Laemmli (1970) as modified by Studier (1973) and performed by Genetic
Engineering Services Unit, Agricultural Genetic Engineering Research Institute, Ministry of
Agriculture and Land Reclamation, Egypt. This method was used to determine the molecular
weight of the partially purified protease enzyme of the two tested isolates St. endus Salh-40
and St. halstedii Salh-12.

d- Amino acid analysis of the purified proteases:
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The amino acid composition of the purified protease hydrolysate which produced by
St. halstedii Salh-12 (thermophilic) and St. endus Salh-40 (mesophilic) were carried out by
Authorities of the Central International Research Laboratory, Cairo Egypt.

The amino acid analyzer ( Eppendorf — Germany- LC3000 Amino Acid Analyzer, at
flow rate: 0.2 ml/min) was used for the purpose of characterization and determination of
amino acids of protease enzymes produced by St. endus Salh-40 and St. halstedii Salh-12.
Amino acids were transported to micro reaction vial and derivatization procedure was carried
out according to Landault and Guiochen (1964), using N-butanol and trifloroacetic
anhydride.

Factor s affecting pure enzymes activities

This experiments were performed to investigate the effect of different concentrations
of the previously purified proteases at concentrations of 0.2, 0.4, 0.6, 0.8, 1.0 and 1.5 ml, in
presence of different concentrations of casein (w/v): 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 at different
incubation temperatures 25, 30, 35, 40, 45, 50 and 55°C when the mixture was adjusted at
different pH values (6, 7, 8, 9, 10, 11 and 12) using different buffers; phosphate and glycine-
NaOH buffers for different time 10, 20, 30, 40, 50, 60 and 80 minutes on the enzyme activity.

Applications of the purified proteases
a- Detergent industry:-

This was carried out in comparison with a commercial detergent (Ariel) commonly
used in the Egyptian market. This application of the two isolates as a biodetergent additive
was carried out on two types of stain:-

a) White cotton cloth pieces stained with blood.
b) White cotton cloth pieces stained with Chocolate.
The experiment summarized in the following steps:

1- Flask contain 100 ml, Glycine-NaOH buffer pH 11.0 for isolate St. halstedii Salh-12
and pH 9.0 for isolate Streptomyces endus Salh-40 + stained cloth without any
treatment as a control (a & b).

2- Flask contains 100ml of used buffer + stained cloth+ 1g commercial detergent (Ariel).

3- Flask contain 100 ml of used buffer + stained cloth + 1.0 ml of protease enzyme
solutions for the two tested isolates + 1g commercial detergent (Ariel)..

4- Then all of these stained cloth piece were incubated at 40°C for St. endus Salh-40 and
50°C for St. halstedii Salh-12 for 60 minutes.

5- After incubation period, cloth pieces were taken out, rinsed with water and dried
(L abena, 2004).

Degradation of human hair:-

Untreated black a human hair was used in these experiments. Human hair (1g) was
suspended in 50ml of 50 mM glycine-NaOH buffer pH 9.0 and 11.0 for St. endus Salh-40
and St. halstedii Salh-12, respectively. 1ml of two proteases was added to the hair suspension
and the reaction mixture was incubated at 40°C and 50°C for St. endus Salh-40 and St.
halstedii Salh-12, respectively for 1h. The reaction mixture was immersed in ice water for 5
min and filtered with a fitter paper No. 1 (Whatman, Germany) to stop the enzymatic reaction
(Takami ., 1992).

RESULTSAND DISCUSSION
Sixty halotolerant actinomycetes isolates were isolated from different salt marches and
cultivated soil samples in presence of 7% NaCl in growth medium under mesophilic (at 35°C)
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and thermophilic (at 55°C) conditions. The highly active proteolytic thermophilic isolates no.
12, 17 and 28 and mesophilic isolates no. 40 and 50 (5 isolates) were chosen depending on
diameter of the clear zones (3.5, 2.8, 3.2, 4.2 and 2.9 cm, respectively) assaying by disk
method technique. In this connections, they could be isolated actinomycetes population from
marine sediments (Goodfellow and Haynes; 1984; Weyland and Helmke; 1988 and Ravel
et al., 1998). Slight halophiles grow optimally at 0.2-0.85 mol/1 (2-5%) NaCl, moderate
halophiles grow optimally at 0.85-3.4 mol/1 (5-20%) NaCl; and extreme halophiles grow
optimally above 3.4-5.1 mol/1 (20-30%) NaCl (Oren, 1999). In contrast, non-halophiles grow
both in high salinity and in the absence of a high concentration of salts. Many halophiles and
halotolerant microorganisms grow over wide range of salt concentrations with requirement or
tolerance for salts sometimes depending on environmental and nutritional factors (DasSar ma
and Arora, 2001). Li et al. (2003) reported that, the optimum growth of novel, moderately
halophilic actionomycete, strain YIM 90007(T); was obtained at temperature between 35 and
37°C in presence of 10% NacCl.

The maximum protease activities (89.7, 81.3 and 87.4 U/ml) produced by
thermophilic isolates no. 12, 17 and 28, respectively in presence of 1% NaCl, while, the
maximum protease activities (109.7 and 104.5 U/ml) produced by mesophilic isolates no. 40
and 50, respectively in presence of 2% NaCl (Table 1). Kaur et al. (2001) reported that
Bacillus sp. P-2 can tolerate 20% NaCl concentration and produce little amounts of protease.
While, Kumar et al. (2004) reported 10% NaCl concentration used for protease production
by B. clausii. Also, Setyorini et al. (2006) found that B. subtilis strain Fp-133 synthesized
two novel halotolerant extracellular proteases (expro-l and expro-11), showing activity and
stability at concentrations between 0 - 2% (w/v) NaCl.

The five selected and purified isolates were identified according to description of
species in articles of ISP reported by Shirling and Gottlieb (1966; 1968 a,b; 1969 and 1972)
and key of Bergey's Manual of Williams et al. (1984) depending on chemical properties,
colonial, morphological, physiological characters and microscopic examination (using light
and electron microscopes). Four species belonged to genus Streptomyces identified as; St.
halstedii Salh-12, St. clavus Dakh-28, and St. flaveolus Salh-17 (thermophilic isolates); St.
endus Salh-40 and one was identified as Actinomyces aureocirculatus Dakh-50 (mesophilic
isolates).

The protein finger print technique was carried out for the selected isolates to confirm
the identification of isolates. Results presented in fig (1) revealed that, the total cellular
proteins of the vegetative cells of halotolerant tested isolates no. 12,50,28,17 and 40 were
fractionated in deatured gel by electrophoresis (SDS-PAGE) and the protein bands were
visualizes by staining with Coomassie blue-GR250. The figure showed the results of protein
banding patterns of the five isolates at vegetative phase of growth.

Isolates number 12 and 40 identified as St. halstedii Salh-12 (thermophilic isolate)
and St. endus Salh-40 (mesophilic isolate) were the most halotolerant and proteolytic isolates.
Thus had been chosen for further studies under optimum cultural and nutritional conditions
for maximum growth and protease production; also the effect of different chloride metal ions
with different concentrations. The results presented in fig (2&3) revealed that, the proteases
production by St. halstedii Salh-12 and St. endus Salh-40 were highly affected by the
addition of ions in lower concentration (0.05) than at higher concentrations (1&2%), where,
the best metal ion was Ca*? for both isolates (148.4 and 138.8 U/ml, respectively) followed by
Mg*?, Ba*? and Mn*? which had stimulatory effects on protease production at while others as
Cd*? and Hg*? had an inhibitory effect on protease production at high and low concentrations
and only with 1% FeCl3 with the former isolate and not the latter isolate. However, NaCl has
stimulatory effect on activity and specific enzyme activity by both halotolerant thermophilic
and mesophilic isolates at higher concentration than at lower concentrations. These results
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agreed with those of (Nikaido and Nakae, 1979) who reported that, proteolysis by B. fragilis
was enhanced by Ca*, Mg and Mn*?" This can be attributed either to stabilization of the
outer membrane or to interaction of the metal ions directly with the proteases (Millet, 1970;
Morihara, 1974). The Ca** was also known to play a major role in enzyme stabilization at
higher temperatures and in many reports, Ca*? had been shown to increase the activity and
thermal stability of alkaline protease at higher temperatures (Durham et al., 1987; Rahman
et al., 1994 and Kumar et al., 1999). On other hand, the inhibitory effect of metal ions such
as iron ions may be bind to the enzyme and inactivate it (oligodynamic effect).

Further work occurred in order to increase the specific enzyme activity was the
purification of halotolerant thermophilic St. halstedii Salh-12 and halotolerant mesophilic St.
endus Salh-40 crude enzyme in cell free extracts. Results presented in table (2) revealed that
the partial purification using 80% saturated ammonium sulphate solution at 4°C for an over
night increased the specific enzyme activity (SEA) by 2.14 fold with 108.0% vyield for St.
halstedii Salh-12; and 2.21 fold with 111.9 % yield for St. endus Salh-40.

P4r4eurification using column of Sephadex G-200 and eluted by glycine - NaOH
buffer pH 10.0 (50 mM) increased the (SEA) for St. halstedii Salh-12 to 136.2 U/mg.protein
with yield of 70.4 % and purification fold 2.95; while, for St. endus Salh-40 was 791.0
U/mg.protein with yield of 75.5 % and purification fold 14.46 (table 2, and figs 4&5). Many
reports had been published on purification of different microbial proteases using ammonium
sulphate precipitate and anion exchange chromatography method (Yamamoto et al., 1987
and Fujiwaraet al., 1993; Hutadilok et al., 1999; Bayoudh et al., 2000; Nileganokar et al.,
2002 and Adinarayana et al., 2003).

The molecular weight of purified enzyme of St. halstedii Salh-12 and St. endus Salh-
40 were determined by SDS-Polyacrylamide gel electrophoresis (SDS-PAGE). The molecular
masses of St. halstedii Salh-12 and St. endus Salh-40 were 60 and 35 kDa (fig.6). Generally,
the molecular masses of alkaline protease from microorganisms range between 15 and 36
kDa, with few exceptions of high molecular mass, such as up to 90 kDa from B. subtilis
(Kato et al., 1992). Proteases with molecular weights of 22 and 38 kDa were purified and
partially characterized from the marine bacterial species strains (Lee et al., 1996 and Liu and
Lee, 1999). Extracellular alkaline protease from alkalophilic bacterium Alcaligenes faecalis
was purified by combination of ion-exchange, and size-exclusion chromatographic methods
the purified enzyme has molecular mass 67 kDa (Thangam and Rajkumar, 2002), and 34
kDa for Vibrio harbeyi, another minor band of protease activity was found at 40 kDa
(Estrada and Mar quez, 2003).

The amino acid composition of the purified proteases produced by halotolerant
thermophilic St. halstedii Salh-12 and halotolerant mesophilic St. endus Salh-40 were
carried out by using Amino Acid Analyzer. Results in figs (7 & 8) revealed that, the higher
amino acid amounts were glycine, analine (out of detection in figures) and arginine followed
by proline and glutamic acid for St. halstedii Salh-12 and St. endus Salh-40 proteases. The
protease amino acids were balanced by increased concentration of arginine (basic amino acid)
under saline stress 1 and 2% NaCl in both isolates respectively associated with either
thermophilic and mesophilic which accounted to 79.79% and 76.75% respectively of the total
content of amino acids pool with an increase 1.8 fold of the former than the latter. Also, the
thermophilic protease exhibited significant increase in accumulation of basic amino acids
(NH4 )and oxy amino acid (proline) by 3.04 and 2.67 fold than the mesophilic respectively,
whereas the levels of other detected amino acids exhibited a slight or insignificant difference
between the two tested isolates. In the other hand, valine and glutamic acids in mesophilic
protease were slightly higher compared with thermophilic protease. In these connections,
salinity treatment (10 and 18%) resulted in significant accumulation in proline content in
halotolerant and moderate halophilic isolates (Csonka, 1989); may a role in stress of
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adaptation within the cell (Gilbert et al., 1998 and Soussi et al., 2001). The accumulation of
amino acids during salinity stress suggested that these compounds may play a role in osmotic
adjustment and serve as available sources of carbon and nitrogen (Abdel-Kader and Saleh,
2002). The cells may had evolved a mechanism to coordinate synthesis, catabolism and
transport activities for the accumulation of proline (Hong et al., 2002). The accumulated
proline and glutamic acid were formed as a result of their synthesis not by being up taken
from the medium (Skjerdal et al., 1996). Several explanations for the accumulation of free
amino acids under stress had been suggested. These include stimulated de novo synthesis
inhibited degradation of amino acids, impaired protein synthesis and/or enhanced protein
degradation (Gilbert et al., 1998 and Souss €t al., 2001).

On other hand, intracellular accumulation of free alanine under salt stress had
previously been demonstrated in St. griseus and St. califoricus (Kilham and Firestone,
1984). Streptomycetes indigenous to saline soils were found to accumulate the neutral amino
acids, alanine which was not found before as a compatible solute in streptomycetes (Kilham
and Firestone, 1984). They also added that the intracellular concentrations of the free amino
acid pool increased in response to salt stress and the neutral free amino acids proline,
glutamine and alanine accumulated are salinity increased and the concentration of the acidic
free amino acids glutamate and aspartate fell down.

Characterization of the purified proteases of St. halstedii Salh-12 and St. endus Salh-
40 were tested. Data presented in figs 9and 10 (a,b,c,d &e) showed that, 50°C and 40°C were
the optimum temperature for maximum protease activity at pH 11.0 and 9.0 after 1h
incubation, respectively, when 1ml of pure enzyme was inoculated in reaction mixture
containing 1% casein as substrate. These results agreed with those of Schmidt et al. (1995)
who reported that, 40°C was the optimum for protease activity of some strains of B. cereus
and 50°C for B. firmus N23A at pH 11.0 (Gamal et al., 1999). Abd-Rahman et al. (1998)
reported that alkaline protease isolated from active culture of B. stearothermophilus retained
about 80-100% of its initial activity within pH range 10.5-11.5 at 70°C for 45 minutes.
Alcaligenesfaecalisat pH 9.0 (Thangam and Rajkumar, 2002).

Alkaline proteases find extensive applications in the detergent industry and were
produced in large quantities from high yielding strains of Bacillus (Ward, 1985 and Kalisz,
1988). The results in plates (1,2,3,4,5 & 6) revealed that, the stained cloth pieces treated with
proteases produced by St. halstedii Salh-12 and St. endus Salh-40, were found to be cleaner
than the cloth pieces treated with the ariel detergent alone, when washed in the 50°C and 40°C
buffer, respectively for 1h. if compared with untreated. This agreed with of other
investigators; Gerhartz (1990); Ikasari and Mitchell (1994); Banerjee et al. (1999) and
Nilegaonkar et al. (2002), also, Gerhartz (1990) and Horkoshi (1990) reported that, alkaline
proteases were extensively used in laundry detergents for protease stain removal. The ideal
detergent protease should possess broad substrate specificity to facilitate the removal of a
large variety of stains due to food, blood and other body secretions. Activity and stability at
high pH and temperature and compatibility with other chelating and oxidizing agents added to
the detergents were among the major prerequisites for the use of proteases detergents (Asha et
al., 1993). All proteases were stable in presence of various components of detergents and are
active at washing temperatures and pH values (Gupta et al., 1999).

Another application for both tested isolates enzyme was degradation of human hair.
The present results in plate 10 (a,b &c) showed that, the human hair degraded by about 50%
with 1h at 50°C and 40°C at pH 11.0 and 9.0 for both tested pure protease, respectively. The
effect of both pure enzymes was more or less the same. These were appeared to be potentially
useful in washing powder. Alkaline protease speeds up the process of dehairing, because the
alkaline conditions enabled the swelling of hair follicle protein and allowed easy removal of
the hair. Horikoshi (1999) reported that alkaline enzymes had been used in the hide-
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dehairing process, where dehairing was carried out at pH values between 8 and 10. These
enzymes were commercially available. Proteases are used for selective hydrolysis of non-
fibrillar proteins of the skin and for removal of non fibrillar proteins such as albumins and
globulins. The purpose of soaking is to swell the hide, and this step was performed with alkali
(Godfrey & West, 1996).
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Table (1) Identification and screening of halotolerant and proteolytic active
actinomycetes:

Coded Diameter | Protease
number of | Identification Temperature | of clear activity NaCl
isolates of isolation zone (cm) | (U/ml) (%)
12 St. halstedii Salh-12 thermophilic 3.5 89.7
isolates
17 St. flaveolus Salh-17 | at 55°C 2.8 81.3 1%
28 St. clavus Dakh-28 3.2 87.4
40 St. endus Salh-40 mesophilic 4.2 109.7
isolates 2%
Actinomyces at 35°C
50 aureocirculatus 2.9 104.5
Dakh-50
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Table (2) Purification profile of protease produced by St. halstedii Salh-12 and St. endus
Salh-40.

Specific | Purification

Protease | Protein activity | factor (fold)

Purification activity content (U/mg
steps U/ml) | (mg/ml) | protein)
(SEA)
1-Culture-
filtrate
crude

extract

Precipitatio

St. halstedii

n by
(NH4)2S04
(80%)
3- Sephadex-
G200
1-Culture-

filtrate
crude

extract

2-recipitation

by
(NH4)2SO4
(80%)

3- Sephadex-
G200

SEA of purified enzyme
SEA of crude enzyme

Purification factor =

Total activity of purified enzyme

Yield (%) = -
Total actviity of crude enzyme

X100
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Fig. (1): Coomassie blue R-250 blue SDS-PAGE for the total cellular proteins of the
vegetative cells of the five actinomycetes isolates. Lanes from 1-5 banding
patterns of the fiveisolates.
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Fig. (2): Effect of different chloride metal ions different conc. (0.05 and 1% )on protease
activity (U/ml) by most halotolerant and thermophilic actinomycete isolate St. halstedii

Salh-12.
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Fig. (3): Effect of different chloride metal ions with different conc. (0.05, 1 and 2%) on
protease activity (U/ml) by mesophilic actinomycete isolates St. endus Salh-40.
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Fig. (4): Fractionations of protease on Sephadex G200 by halotolerant
thermophilic St. halstedii Salh-12 .
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Fig. (5): Fractionations of protease on Sephadex G200 by halotolerant
mesophilic St. endus Salh-40.

Fig. (6): The molecular weights of pure enzyme M 12 40

produced by St. halstedii Salh-12 (no. 12) and kDa
St. endus Salh-40 (no. 40). 116
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Fig. (7): Amino acids analytical pattern of standard amino acids of the purified protease
produced by St. halstedii Salh-12.
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Fig. (8): Amino acids analytical pattern of standard amino acids of the purified protease
produced by St. endus Salh-40.
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Fig. (9): Effect of (a) enzyme concentration (b) incubation temperature (c) pH- values

(d) casein concentrations (€) incubation period on protease activity (U/ml) by St
halstedii Salh-12.
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Fig. (10): Effect of (a) enzyme concentration (b) incubation temperature (c) pH- values

(d) casein concentrations (e) incubation period on protease activity (U/ml) by St. endus
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@ (b)

Plate (1): Showing stained cloth pieces with (a) blood and (b) chocolate as a control.

Plate (2) showing cloth piece stained with Plate (3) showing cloth piece stained with
blood and treated with Ariel detergent and St.  blood and treated with Ariel detergent only at

halstedii Salh-12 protease at 50°C. 50°C.
Plate (4) showing cloth piece stained with Plate (5) showing cloth piece stained with
chocolate and treated with Ariel detergent chocolate and treated with Ariel detergent

and St. halstedii Salh-12 protease at 50°C. only at 50°C.
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Plate (6) showing cloth piece stained with
blood and treated with Ariel detergent and

St. endus Salh-40 protease at 40°C.

Plate (8) showing cloth piece stained with
chocolate and treated with Ariel detergent

and St. endus Salh-40 protease at 40°C.

Plate (10)
(@) Untreated human hair incubated at 50 °C and pH 11.0& at 40°C and pH 9.0 as a
control.
(b) Human hair treated with St. halstedii Salh-12 protease and incubated at 50 °C and pH
11.0.
(c) Human hair treated with St. endus Salh-40 protease and incubated at 40 °C and pH
9.0.

S - e

Plate (7) showing cloth piece stained with
blood and treated with Ariel detergent only at

40°C.

Plate (9) showing cloth piece stained with
chocolate and treated with Ariel detergent

only at 40°C.
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OPTIMIZATION AND CHARACTERIZATION OF PURIFIED
CHITOSANASE ENZYME FROM STREPTOMYCES
AUREOCIRCULATUS

El-S. A. EI-Shirbiny; |. M. EI-Azouni; M. F. Ghaly and E. Abdel-Hamid
Botany Department, Faculty of Science, Zagazig University, Egypt.

ABSTRACT

Thirty seven actinomycete isolates were isolated from soil samples collected
from different localities at Sharkia Destrict, Egypt. Of which, 14 isolates were found
to exhibit chitosanolytic activities. The isolate No. 10 was the most potent, and it was
identified as Streptomyces aureocirculatus. Streptomyces aureocirculatus produced
an extracellular chitosanase during cultivation in a colloidal chitosan, as a substrate,
containing medium under shaken conditions (200 rpm). Precipitation of the crude
enzyme with ethanol, methanol, petroleum ether and acetone were carried out. Also,
different ammonium sulphate saturations were tested to obtain precipitates of the
crude enzyme. The most active precipitate was obtained at 80% saturation. This
precipitate was further purified by gel filtration in column with Sephadex G-200
yielding an active major protein peak showing 0.85 mg/ug specific activity. Factors
affecting the activity of the purified extracellular chitosanase enzyme were
investigated. The optimal pH and temperature for chitosanase activity were 5 and
40°C, respectively. The addition of ZnSO,4, CuSO, or FeSO, to the purified
chitosanase exhibited stimulatory effect in its activity. Ethylenediaminetetra-acetate
(EDTA) and MgSO4 had also slightly activated effect, while the addition of KCI,
NaCl, CoCl, or CaCl, exerted an inhibitory effect. pH and thermal stability of the
purified enzyme could be obtained at pH 5 and 50°C for 90 minutes. Meanwhile the
enzyme showed a thermal stability (in absence of substrate) to heat treatment within
30 minutes of exposure. Purified enzyme chitosanase showed an antifungal activity
against several phytopathogens as Aspergillus flavus, Trichoderma viride, Fusarium
oxysporium, Alternaria alternata, Helminthosporium solani and Candida albicans.
Amino acid analysis revealed that pure chitosanase was composed of 12 amino acid
residues, and proline residue concentration was found the highest, followed by
gulatmic acid.

INTRODUCTION

Chitosan is a polysaccharide comprising copolymers of glucosamine and N-
acetyl-glucosamine, is obtained by alkaline deacetylation of the chitin derived from
the exoskeletons of crustaceans and arthropods (Li et al., 1997). It has attracted
considerable interests due to their biological activities such as antimicrobial,
antitumor and immuno-enhancing effects (No et al., 2002; Jumaa et al., 2002; Zheng
and Zhu 2003; and Liu et al., 2004). In the last decade, textile application of chitosan
has been attracted
many researchers ( Kim et al., 1998 and Chung et al., 1998).

Several chitosanases have been isolated from some microorganisms including
fungi (Fenton et al., 1978, 1981), bacteria (Ohtakara et al., 1984), and actinomycetes
(Brzezinski et al., 1997). Chitosan degrading enzymes can be also isolated also from
vegetables sources, latex sap Carica papaya contains lysozyme (Laktin et al., 1995).
Sreptomyces griseus HUT 6037 was first of interest as an organism with strong



OPTIMIZATION AND CHARACTERIZATION OF PURIFIED

chitosanolytic activity when grown on a medium containing chitosan (Mitsutony and
Ohtakara., 1992). They found that S. griseus HUT 6037 produced two chitosanases, |
and Il, secreting them into the culture medium. The enzymes had both chitosanase and
B-1, 4 — glucanase activities (Tanabe et al., 2003).

Chitosanase from individual organisms differ in their hydrolytic action pattern.
However, most chitosanases from the isolated microorganisms intend to make dimers,
trimers and tetramers rather than oligamers above DPU, so the utility of these
enzymes is not good (Chen et al., 2005).

In our research, we screened various Streptomyces isolates to select highly
active extracellular chitosanase producer and purifying this enzyme and studying the
biochemical factors affecting on its activity and using it as antifungal substances
against some pathogenic fungi.

MATERIALS& METHODS
I solation of actinomycetes

Soil samples were collected from different localities of Sharkia Governorate.
Serial dilutions were prepared to cover the range of 10™ to 10°® using sterile distilled
water. Agar plates containing starch casein agar (Kuster and Williams, 1964) and
starch- nitrate agar media (Waksman and Lechevalier, 1961) were seeded with soil
suspensions. The plates were then incubated for 7 days at 28°C after which colonies
of actinomycetes were isolated, purified by streaking several times on the medium
used for isolation, and then sub-cultured on slants of the same medium.

Taxonomical studies of the chitosan degrading actinomycete isolates.

The taxonomical work, carried out in this study, was according to ISP methods
(Shirling and Gottlieb, 1966). The main criteria used for characterizing the freshly
isolates of Streptomyces spp. were the morphology of sporophores, the colour of
aerial mycelium and vegetative mycelia, spore surface, melanin production,
pigmentation and carbon sources utilization, growth test and antibiotics sensitivity.
The strains were identified by using the determinative key of Bergey's Manual of
Systematic Bacteriology (1989), Kuster (1972), Nonomura (1972) and Szabo et al.,
(1975).

Screening of actinomycete isolates for their chitosanase productivity under
shaken conditions.
a- Preparation of cell free supernatant:

Tested strains were cultured in a liquid basal medium cotaining (g/l): colloidal
chitosan 200 ml ( was prepared according to Rodriguez-Kabana et al., 1983);
K2HPOy, 1.0 g; NaCl, 0.5 g; KNOg, 2.0 g; MgSOy4, 0.5; CaCOg3, 3.0 g and distilled
water up to 1000 ml. The culture broth was adjusted to pH 5. The media were
subdivided into 50 ml portions in 250 ml Erlenmeyer flasks; the flasks were
autoclaved at 121°C (1.5 atmospheric pressure) for 20 minutes. After which, each
flask was inoculated with 1 ml spore suspension. The flasks were incubated in an
electric shaker incubator (200 rpm) for 4 days at 30°C. Then, the culture was
centrifuged at 5000 rpm for 10 minutes to obtain the cell free enzyme supernatants.

b- Enzyme assay:

According to the method of Thangam and Rajkumar (2000), which is a modified
method of Anson (1938)? The reaction mixture consisted of 1 ml of 1% (w/v)
colloidal chitosan and 1 ml cell free filtrate was incubated at 37°C for 30 minutes. The
reaction was stopped by the addition of 2 ml of 0.5 M sodium carbonate containing
0.05% potassium ferricyanide. The amount of reducing sugar liberated was
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measured by the modified Schale's method described by Imoto and Yagishita (1971).
Then, put in water bath for boiling, then left to cool and measured at 420 nm in a
Spectrophotometer

One unit (U) of chitosanase activity was defined as the amount of enzyme that
produced reducing sugar corresponding to one umol of D-glucosamine per minute
Deter mination of protein

Protein was determined by the method adopted by Lowry et al., (1951) with
bovine serum albumen as a standard.

Partial purification of chitosanase
a- Organic solvents:

The cell-free supernatant was partially purified by fractional precipitation with
ethanol, methanol, petroleum ether or acetone. These solvents were cooled at 4°C one
day before starting precipitation. Several enzyme fractions were obtained at 50, 100,
150 & 200% concentrations for each agent, respectively. The mixtures were left
overnight at 4°C until the complete precipitation occurred and then centrifuged at
15000 rpm in a cooled centrifuge for 15 minutes. Thereafter, each precipitate was
resuspended in a definite volume of 0.1M citrate phosphate buffer of pH 5 and
dialyzed against distilled water in a refrigerator overnight. After dialysis, the protein
content and enzyme activity of each precipitate were determined.

b- Salting out with ammonium sulphate:

Ammonium sulphate was added to 100 ml of the culture filtrate at different
concentrations to obtain various fractions at 20, 30, 40, 50, 60, 70, 80, 90, & 100%
saturation levels. The precipitated protein was obtained by centrifugation for 15
minutes at 15000 rpm under cooling condition.Each fraction was dissolved in a
definite volume of 0.1M citrate phosphate buffer of pH 5 and dialyzed against
distilled water in a refrigerator overnight. This dissolved fractional precipitate was
tested for both chitosanase activity and protein content.

Purification of chitosanase

A glass column (2.5cm x 80cm) was packed with Sephadex G-200 (Sigma) and eluted
with 500ml of 0.1M citrate phosphate buffer of pH 5. A flow rate of 60 ml/h was
maintained. The precipitate resulting from ammonium sulphate fractionation 80%
saturation was eluted to the column, previously eluted with the same buffer. The
column was connected to the buffer reservoir and the flow of the buffer was
maintained. Enzyme fractions were pooled and activity of the enzyme as well as
protein content in each fraction was measured. Fractions which showed highest
protein and chitosanolytic activity were collected.

Effect of pH and temperature on the enzyme activity

The effect of pH on the purified enzyme was determined with colloidal chitosan as
a substrate. Chitosanolytic activity was studied in the pH range of 2 — 8 at 37°C for 30
minutes, using 0.01M sodium phosphate buffer. The optimum temperature for
chitosanolytic activity was determined by varying the incubation temperature between
30 and 60°C for 30 minutes.
pH stability and thermal stability

The partially purified enzyme was incubated at various pH values in 0.02M
sodium phosphate buffer at 40°C for 2h, and then the residual activity was determined
at the optimum pH (pH 5). The thermal stability of the partially purified enzyme
preparation was studied at the optimum pH. Identical enzyme solutions in phosphate
buffer (0.02M, pH 5) were preheated separately at different temperatures (40, 45, 50,



OPTIMIZATION AND CHARACTERIZATION OF PURIFIED

55 & 60°C) for 30 minutes. The residual activity was determined by adding the
substrate and carrying out the enzyme assay under optimum reaction conditions.
Effect of storage period of chitosanase activity
The purified enzyme preparation stored without substrate for different period of time
namely 0, 7, 14, 21, 28, 35, 42 and 49 days, respectively at 0°C to determine the
influence of storage period on its activity. Then, the enzyme activity was measured as
described before.
Amino acid analysis

The amino acid composition was carried out in National Research Centre,
performed by an amino acid analyzer, type LC 300 — Eppendrof, Germany.

Antifungal activity of chitosanase

An inoculum of tested fungal strain was suspended into malt agar medium,
shaken well, poured into Petri-dishes, and incubated at 28°C for 7 days. Then,
diameter of inhibition (mm) was measured for each treatment.

RESULTS::

Identification of the most potent isolate of chitosanase enzyme:

The most active isolate was identified to the species level of Sreptomyces as
regarding to the morphological characteristics as follows. Spore chain morphology
was straight (Fig.1) with smooth spore surface (Fig.2)

|

.

Fig(1):Electron micrograph of spore surface Fig.(2): Micro-morphology of spore
chain

Colour of aerial mycelium in the white to yellowish white on starch
ammonium sulphate, starch nitrate agar and glycerol-asparagine agar, yellow to
whitish yellow on oat meal agar, malt-yeast extract agar and Czapek's solution agar.
Reverse side of colony showed yellow to yellowish pigmentation on all media used.
Melanoid pigments were not formed on peptone yeast iron agar and tryptone yeast
broth, and not formed on tyrosine agar (Table 1

Table (1): Melanoid pigments of the experimental isolate

Melanoid pigments Results
Peptone-yeast iron agar. -ve
yeast broth Tryptone- ve-

Tyrosine- agar. ve-
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1-Physiological and biochemical properties

From the result in Table (2), it is evident that liquefaction of gelatin, starch
hydrolysis (amylase), reduction of nitrate to nitrite and milk coagulation were
positive, but cellulose decomposition, milk peptonization and melanin production
were negative

Table (2): physiological and biochemical properties

Test Results
Gelatin liquefaction +ve
Reduction of nitrate +ve
Cellulose decomposition -ve
Milk coagulation +ve
Milk peptonization -ve
Starch hydrolysis +ve
Melanin production -ve

2- Utilization of carbon sour ces:

Data recorded in Table (3) showed that, the tested organism succeeded to grow
on D-Fructose, Sucrose, D-mannitol, D-mannose and D-glucose. Weak growth on D-
xylose and D-lactose associated with no growth on D-maltose, L-arabinose and L-
inositol.
Table (3): utilization of carbon sources by theisolate No. 10

Carbon sources Results
No carbon source -
D-fructose +++
Sucrose +++
D-mannitol ++
D-xylose +
L-arabinose -
D-mannose ++
D-maltose -
L-inositol -
D-lactose +
D-glucose ++

3- Growth test on NaCl:

Data on Table (4) showed that the experimental isolate grew at 2-4% NaCl
concentration but the growth was complete inhibited with increasing the concentration
us to 12% (w/v) of sodium chloride.

Table (4): Growth rate of isolate in the presence of different concentrations NaCl

NaCl concentrations (%) Results
2 +++

4 +

6 -

8 -

10 -

12 -
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Comparing the previous morphological and physiological characteristics with those of
Sreptomyces species included in International Streptomycetes Project (I.S.P.)
(Shirling and Gottlieb 1968a, 1968b, 1969, 1972) and Bergey (1979 and 1994) and
Szabo et al., (1975). These keys lead to the identification of the experimental
organism as a strain of Streptomyces aureocirculatus.

Purification of chitosanase

The crude enzyme produced by Streptomyces aureocirculatus was partially purified
by organic solvents as ethanol, methanol, petroleum ether or acetone (Table 5) and by
fractional precipitation with ammonium sulphate (Table 6). Among the precipitated
organic agents, acetone with 200% concentration yielded higher enzyme activity
(6.68), soluble protein (16.04) and higher specific activity (0.42) higher than that of
ethanol, methanol or petroleum ether. The 80% ammonium sulphate concentration
showed the highest chitosanolytic activity (9.00), soluble protein (12.30) and specific
activity (0.49), respectively.

Table (5): Effect of different concentration of ethanol, methanol, petroleum
ether, or acetone on the enzyme activity and soluble protein produced from
Streptomyces aureocirculatus.

Different Ethanol Methanol Petroleum ether Acetone
concentrations

(%) EA | SP SA | EA |SP SA | EA | SP SA | EA | SP SA
50 3.13 | 1154 | 0.27 | 4.88 | 14.20 | 0.34 | 2.31 | 11.02 | 0.21 | 456 | 12.85 | 0.35
100 450 | 13.01|0.35| 6.64 | 16.72 | 0.40 | 5.75 | 14.96 | 0.38 | 5.31 | 14.00 | 0.38
150 6.63 | 18.52 | 0.36 | 5.90 | 15.05 | 0.39 | 6.63 | 16.00 | 0.41 | 6.29 | 15.00 | 0.41
200 5,50 | 16.30 | 0.34 | 5.41 | 14.14 | 0.38 | 450 | 14.54 | 0.31 | 6.68 | 16.04 | 0.42

EA: enzyme activity (mg/ml/h), SP: soluble protein (ug/ml), SA: specific activity (U/mg).

Table (6): Effect of different ammonium sulphate saturations on the enzyme
activity and soluble protein produced from Streptomyces aureocirculatus

Ammonium  sulphate | Enzyme activity | Soluble protein Specific activity
saturations (%) (mg/mil/h) (ug/ml) (U/mg)
20 4.00 10.50 0.38
30 5.03 11.90 0.42
40 6.14 14.40 0.43
50 6.99 15.50 0.45
60 7.55 16.20 0.47
70 8.81 16.11 0.50
80 9.00 17.20 0.52
90 7.73 15.50 0.50
100 6.00 12.30 0.49

The partially purified chitosanase which was precipitated with 80% saturation of
ammonium sulphate was dialyzed and subjected to gel filtration on a Sephadex G-200
column. The elution profiles for chitosanase and protein content from the column are
shown in (Fig.3) and indicate that there are two peaks obtained. The first peak
contains the highest activity and protein content. The most active fractions (numbers
15 - 25) from the Sephadex column were pooled for further investigation. A summary
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of the purification steps of chitosanase from the culture medium of Streptomyces
aureocirculatus is presented in Table (7).

Table (7): Purification steps of chitosanase enzyme produced by Streptomyces
aureocirculatus

Purification Volume | Enzyme | Protein Total Total Specific | Recovery Purification
steps (ml) activity | content | activity | protein | activity (%) (fold)
(mg/mi/ | (W/ml) (mg/ug)
hr)
Crude enzyme 3.727 6.50 15.20 242255 56650.4 | 0.43 100 1
NH4),SO04( 150 9.00 16.01 1350 2401.5 0.56 5.57 1.30
Dialysis 49 12.30 18.15 602.7 889.35 0.68 2.49 1.58
Sephadex G-200 25 16.71 19.76 417.75 494 0.85 1.72 1.98
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Effect of pH and temperature on the enzyme activity.

Maximum chitosanolytic activity was observed between pH 4 and 6 with an
optimum at pH 5.0 (Fig. 4). The optimum temperature for the partially purified
enzyme preparations was recorded 40°C and the range of enzyme ranging between
35°C and 45°C (Fig. 5).Lower or higher temperature leads to inhibition of enzyme
action.

pH stability and thermal stability.

The results of the present investigation revealed that the purified chitosanase
was stable within 90 minutes with a maximum activity at pH 5 (Fig. 6). Also, the
enzyme was stable to heat treatment in absence of substrate within 30 minutes of
exposure. The highest activity was obtained at 50°C, but at 55°C and 60°C the
enzyme retained most of its activity ( 17.99 & 15.22, respectively ) after the same
time of exposure Fig.(7).

Effect of some metallic ions on enzyme activity

The effect of different metallic ions on the activity of the purified chitosanase
from Streptomyces aureocirculatus was illustrated in (Fig 8). The enzyme was highly
activated by FeSO4, CuSO,4 or ZnSQO,4 and slightly activated by EDTA or MgSO4. On
the other hand, the enzyme was completely inhibited by CoCl, or CaCl, and slightly
inhibited by KCI or NaCl.

Amino acid analysis

The amino acid composition of the purified enzyme obtained from
Streptomyces aureocirculatus showed that it contained a high proportion of proline
(355.24 pg/ml) followed by glutamic acid (70.52 pg/ml) (Table 8).
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Table (8): Amino acid composition of the purified chitosanase enzyme.

Amino acid Concentration (pug/ml)
Aspartic acid 23.94
Threonine 6.82
Serine 11.94
Glutamic acid 70.52
Glycine 30.61
Alanine 20.62
Cystin 22.60
Isoleucine 5.56
Leucine 14.38
Histidine 5.97
Lysine 7.34
Proline 355.24

Antifungal activity of chitosanase

Nowadays, great efforts have been performed to use chitosanase enzyme in the
biocontrol of pathogenic fungi that destroy crops. Thus, the purified chitosanase
preparation of Streptomyces aureocirculatus was tested against some pathogenic
fungi. The obtained results (table 9) clearly indicated that Sreptomyces
aureocirculatus exerts a marked antifungal action against all the tested fungi.

Table (9): Antifungal activity of chitosanase

Tested organisms Inhibition zone(mm)

Aspergillus flavus 17.5

Trichoderma viride 30.0

Fusarium oxysporium 25.0

Alternaria alternata 22.5
solaniHelminthosporium 25.0

Candida albicans 35.0

DISCUSSION

Production of chitosanases from actinomycetes was reported by many workers
(Imoto and Yagishita 1971; Mitsutony and Ohtakara, 1992; Marcotte et al., 1993 &
1996; Brzezinski et al., 1997; Yamasaki et al., 1994; Tanabe et al., 2003). In the
present investigation, chitosanolytic activity and characterization of the identified
strain of Streptomyces aureocirculatus was studied. Streptomyces aureocirculatus
proved to have a high potentiality to synthesize an extracellular chitosanolytic enzyme
when cultivated in a medium with colloidal chitosan under shaken conditions. Steps
of purification program for S. aureocirculatus chitosanolytic enzyme were carried out.
Fractional precipitations were tested on the resultant supernatants to obtain the crude
protein. Initially with different solvents viz., ethanol, methanol, petroleum ether or
acetone.Then, salting out with ammonium sulphate yielding the highest enzyme
activity and protein content at 80% saturation. Fractional precipitation of crude
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chitosanase enzyme with ammonium sulphate saturation levels as well as chitosanase
specific activity was carried out. Increasing ammonium sulphate concentration
increase the pH of the medium so the enzyme precipitated gradually till reaches the
pH that represent the isoelectric point of enzyme at which all enzyme precipitated (at
80% ammonium sulphate saturation), at 100% ammonium sulphate the pH of the
medium changed and this may cause mis-ligation to the precipitation enzyme and
decreasing its activity. The chitosanase enzyme precipitation was completely achieved
at 80% saturation level of ammonium sulphate. This similar to that obtained with
Bacillus sp. (Imoto and Yagishita, 1971). On the other hand, many investigators
reported results conflicted with the present record, where 30% saturation level of
ammonium sulphate (Yoon et al., 2001), 90% ammonium sulphate was the optimal
level for chitosanase precipitation from Acinetobacter sp. C-17 (Zhu et al.,
2003).Still, subsequent steps of purification program for S aureocirculatus have been
carried out, where the resultant precipitate was dissolved in a least amount of 0.1M
citrate phosphate buffer pH 5, then it was dialyzed against distilled water to exclude
the sulphate ions. Furthermore it was eluted to G-200 column chromatography. Active
fractions of the sharp peaks of fractional purification curve were collected and
concentrated by dialysis against the same buffer for having a concentrated preparation
of the purified- chitosanase.

Correspondingly, the kinetic properties of the purified- chitosanase were
investigated. The optimum incubation temperature for the purified- chitosanase was
recorded at 40°C. This result is more or less similar to incubation temperature for the
purified- chitosanase from Acinetobacter sp. C-17 (Zhu et al., 2003). Inspection of
findings of other investigators, 60°C was optimal for chitosanase activity from S
griseus HUT 6037 (Tanaba et al., 2003).

In case of pH effect on chitosanase activity it was found that optimum pH value of
S aureocirculatus chitosanase activity was at 5. Comparable results were recorded by
Jo et al., (2003) who found that pH 5.5 was optimum for maximal activity from
Bacillus sp. P16. On the other hand many investigators reported results conflicted
with the present finding.Thus, Tanaba et al., (2003) showed that chitosanase enzyme
of S aureocirculatus exhibits its maximal activity at pH 6 . Zhu et al., (2003)
decleared that pH 7 was optimum for chitosanase activity of Acinetobacter sp.C17.

Results indicated that the stability of pH and heat on the activity of the enzyme was
5 and 50°C after 90 and 30 minutes of incubation, respectively. However, The
enzyme from Bacillus sp. Strain CK4 was stable after heat treatment at 80°C for 30
minutes or 70°C for 60 minutes (Yoon et al., 2001), while, the chitosanolytic activity
from Acinetobacter sp.C17 was stable in the pH range of 5-8 and temperature range
of 30-40°C ( Zhu et al., 2003

One of the most important data concerning the purified- chitosanase under
investigation that the activity could be inhibited in the presence of CaCl, , CoCl,,
KCI and NaCl . However EDTA, ZnS04.7H20, CuSO4.5H20 and FeSO4.7H20
exerted highly stimulatory effect. In outlook of the findings of other investigators,
Yoon et al., (2001) found that, the chitosanase enzyme from B. sp. strain CK4 was
increased about 2.5-fold by the addition of 10mp Co* and 1.4 fold by Mn*.
However, Cu*?ion strongly inhibited the enzyme.

Amino acid analyzer for chitosanase protein revealed 12 amino acids with different
proportions. Proline showed the highest concentration followed by glutamic acid.

The applied part of this investigation was carried out on several pathogenic fungal
strains, all the results were positive. This result was in agreement with that obtained
from Chang et al., (2007) who concluded that the growth of the plant pathogenic
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fungi Fusarium oxysporum, F. solani and Pythium ultimum were considerably
affected by the presence of the QQ308 culture supernatant. The supernatant inhibited
spore germination and germ tube elongation of F. oxysporum, F. solani and Pythium
ultimum. Prapagdee et al., (2007) studied the role of chitosan in protection of soybean
from a sudden death syndrome (SDS). Chitosan inhibited the submerged growth of F.
solani f. sp. glycines indicating antifungal property; also, it was able to induce the
level of chitinase activity in soybean resulting in the retardation of SDS development
in soybean leaves
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ABSTRACT

The effect of 50 Hz magnetic field of strength 2 m T of E. coli bacteria cells has been
studied. Equal volumes of E. coli cells were exposed to the magnetic field for different periods. In
this work, the two most effetive periods, namely, 6 hr. and 16 hr. were chosen for all our
experimental studies.

Studying the structure of the E-coil was accomplished through investigating the changes in

the molecular structure of the extracted water soluble protein (WSP) extract from E-coil exposed.
The changes in the molecular structure of (WSP) were investigated through measuring each of the
dielectric relaxation in the frequency range 1 = 4 kHz at 4 + 0.05Cand the molecular weight
distribution using SDS polyacrelemid gel electrophoresis. Pathogenecity tests were also estimated
and morphological properties. Also the water soluble protein content was studied for (direct&late)
effects. The results indicated that the dielectric properties of WSP extract from E-coil exposed
showed considerable changes in both permittivity and conductivity values relative to the control.
However, the dielectric properties for the 16hr. showed higher values than 6hr. Also, results
showed remarkable changes in the molecular structure of the extracted protein molecules such as
the molecular weight, radii, shape, relaxation time and the dielectric increment. Also, there were
sharp reductions in the number of protein bands and in the protein amount in each band of the
exposed samples as well as changes in the molecular weight of this protein. On the other hand the
number of E. coli cells decreased after the exposure 6hr process and E-coli cells increase after
exposure 16hr process.
Fluctuation in the electrophoretic mobility and appearance of new protein species were observed.
Moreover, the data reveal remarkable increase in the water soluble protein content resulted from
16hr. remarkably higher than those resulted from the other 6hr., the effect of Electromagnetic field
at 16hr.causes Stimulation.

INTRODUCTION
During the past few decades, due to the increasing consumption of electric energy in
industry medicine, research, communication systems and house hold electric appliances, the level
of exposure of biological systems to electromagnetic fields has grown by orders of magnitude over
a wide frequency range extending from 0 to 100 of GHz. For example hair dryers, electric shavers
and electric hand tools may expose the user to magnetic fields of several times above the
background.

The extremely low-frequency (ELF) electromagnetic field (EMF) exists in all
occupational and residential environments. Some scientists allege that exposure to magnetic
fields generated by power delivery systems is responsible for certain cancers, reproductive
dysfunction, birth defects, neurological disorders, and Alzheimer's disease (Wartenberg
1996). However, until now, the available date has been inadequate to conclude that
electromagnetic field exposures alone are the reason for the observed increase in



STIMULATION AND CONTROL OF THE MICROORGANISM E. COLI

carcinogensis effects. Therefore, it is both appropriate and important to evaluate the possible
effects of man-made electromagnetic field on living organisms.

Ma-Haile et al., 2003 studied the effect of pulsed magnetic field intensity and pulse
number (PMF) on bactericidal property of PMF in sterilization of fresh watermelon juice.
Their results showed that the overall bactericidal effect was strengthened as the magnetic
field intensity and pulse number increased with the best effect observed when the magnetic
field intensity was 2.53 T and pulse number was 20.

Piatti-E et al. (2002) found that exposure of Serrstia marcescens to static magnetic
field of 80 + 20 Gauss resulted in the inhibition of the S. marcescens growth. Dacosta Y
(1997) and Barnickal-M (1998) used new non-destructive decontamination technique for
reduce the bacteria in milk, orange juice and also in cheeses. Pulsed electric field, pulsed
magnetic field and pulsed light were used.

Hui-YH et al (2004) used new technology such oscillating magnetic field, pulsed x-
ray, pulsed electric field processing, ohmic and inductive heating for reducing and
inactivating pathogens bacteria. Fajt et al (2004) found that E-coli, bacteria adecarboxy and
staphyloccus aureus viability affected with the magnetic field (10 mT, f = 50 Hz) also they
found that the decrease of the colony forming units (CFU) starts immediately after the
magnetic field was switched on. Me et al (2004) studied the inactivation of microorganisms
by pulsed magnetic field. It was reported that the application of electromagnetic pulses
evidently causes a lethal effect on E. coli cells suspended in buffer solution.

Ye-Shengying et al (2003) studied the non-thermal sterilization by using the self-
designed generator of magnetic field. The results showed that the magnetic flux density which
had the greater effect on E. coli was 1 T. The greater destruction rate of E. coli was 78% under 8
hours of magnetic field (1T) treatment.

Electromagnetic fields are also used in therapy to enhance the transdermal drug delivery
(Parasrampuria, D. and Parasrampuria, J. 1991). In certain dairy industry to manipulate
growth characteristics of yogurt culture, where the change in culture metabolism rather than an
elevation in the over all bacterial population, was induced by a 60 Hz, 4.3 G EMF (Michad,
B.D. 1992). In soil studies the Electromagnetic fields used in inactivation of indicator bacteria of
cattle slurry by exposure of 400 — 700 g for 60 seconds to magnetic field (380w, 50 Hz)
(Klachkova Yu, F. and Kvitkina, M.E. 1993). In some food preservation to control certain
pathogenic bacteria as Salmonella and E. coli contaminated meat samples (Borovkov et al,
1994). In agriculture it also used to improve soil fertility by increasing the nodulation process by
exposure of Rhizobium sp. to a low strength (5x107°T) EMF before inoculation to mycorrhizal
chick-pea seedlings (Bajwa, et al, 1995).

Finaly, EMF has been used either to inhibit or to stimulate the growth rate of
microorganisms under appropriate conditions (Jaffe, 1983).

This work is concerned with the study of the biological effect of magnetic fields, as a
component of the non-ionizing electromagnetic fields on unicellular system. Pathogenic
microorganisms, especially Escherichia Coli- are chosen to be our experimental model for
many reasons, it is widely distributed in environment such as soil, water and air. E. coli is a
member of the normal intestinal flora of human. It causes several diseases such as urinary
tract infection, wound infection, traveler's diarrhea. It reaches blood stream and cause sepsis
and meningitis (Parts et al, 2000). E. coli are rapidly growing, Gram-negative, rod-shaped
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cells measuring approximately 0.5 x 2 um length (Neidhardt et al., 1990).Because of the
bathogenic effects of these bacteria, we aim, here, a certain exposure period to amagnetic
field sufficient to Kkill all of them .sush a process would , namely, supply an easy and elegant
method to get rid of those bacterial, especially for sterilizing medical instruments.

Moreover, we intend to take two exposure periods for investigating the effect of
magnetic field (20 G, 50 Hz) on the growth rate, the antibiotic sensitivity and the ultra
structure of the exposed cells.

MATERIALSAND METHODS
1- Bacterial strain:

Escherichia coli ATCC  # 25992 was cultivated over night on Nutrient broth at 37°C, each
ml of bacterial suspension contain 13 x 10° cfu/ml.

2- Survival curve:

To study the bacterial growth, a standard survival curve was plotted between the
absorbance of volume A (unexposed cells) at 600 nm and the concentration of cells (number
of cells / mL). For cell counting the plate count technique was used (Stanier et al., 1986).
Appropriate dilutions of the bacterial cells were used to inoculate nutrient agar plates.
Inoculated plates then incubated at 35° C for 24 hr. by counting the number of colonies
developed after incubation and multiplying it with the dilution factor the number of cells in
the initial population is determined.

3- Magnetic field exposur e facility :

Bacteria volumes were exposed to a homogenous magnetic field generated by a
solenoid consisting of 320 turns from electrically insulated 8 mm cupper wire wound in a
homogenous way around a cupper cylinder 2 mm thick, 40 cm diameter and 25 cm length. The
cylinder wall was earthed to eliminate electric field components effects. The magnetic field
generator was temperature controlled during the exposure period by using a water pump as
shown in fig (1). The temperature during the exposure period was 37° C. The tubes of the
exposed bacteria were put in the middle of the coil by using supports inside it to get a
homogenous and higher magnetic fields strength. The ends of coil are connected to variac fed
from the mains (220v, 50Hz). The field strength was adjusted by changing the voltage through
the coil.

Water outlet

» Waicr outlet

= ! | The
micronrnanism

\\) N

Water intlet

Fig. (1) Magnetic Field Exposure Facility
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4- Growth characteristics of exposed and unexposed cells

10 volumes from the strain were incubated to 18 hr. and then exposed to different
exposure periods. The first volume exposed to two hour. The second volume exposed to four
hours. The third volume exposed to six hours and so on. For each exposure volume, there
was a coresponding control volume, .Due to their high effect, the two volumes exposed to
the two periods, 6 hr. and 16 hr. were chosen for additional investigations.Four volumes were
used in this studey A,B,C andD. Volume A is the control of volume B exposed to of
6hr.magnetic field , volume C is the control of volume D exposed to 16hr.magnetic field .

5-Thedielectric measurements of (W SP):

The concentrated protein solution was, then diluted with bi-distilled water at a ratio
1:20. Loffer et al. (1970), calculated the dielectric properties of protein and its solvent
(comparison). They found that the coupling between the dielectric relaxation of the peptide
and that of the water-component is particularly important for correctly describing the
dielectric constant of the peptide.

Dielectric measurements for the protein extracted from the gains were carried out at
fixed temperature of 4°C through the use of an incubator type 2771, Kattermann, Germany
and a cell types (PW 950/60 manufactured by Philips). The cell has two parallel square
platinum black electrodes of 0.8cm side each, and area 0.64 cm?, A, with an inter-electrode
distance, d, of 1 cm. The dielectric relaxation was measured in the frequency range 10 kHz -
0.5 MHz through the use of RLC bridge 3235 Hioki — Japan. The measured values of
capacitance, C, and resistance, R, were used to calculate real &' (dielectric constant), and
imaginary parts &" (dielectric loss) of the complex permittivity (PolK and Postow 1996):

e*¥=¢g'-Je"
using the following equation:
g'= C—d 1)
& A
where ¢, is the permittivity of free space.
g"=¢e'Tand )
tano = T (3)
24RC &'
The a. c. conductivity S "s™ was calculated from the equation.
S=T = we"= 24 £'s 4)
€y
and
o=2 &g, S/m 5)

where wand o are, respectively, the angular frequency and the actual conductivity.
The molecular radius (R) of the protein molecules was estimated through the use of
equation 6, (Polk and Postow 1996).
R® = E (6)
4rn
where k is the Boltzmann constant, T is the absolute temperature, 7is the viscosity of the

protein solution and z being the relaxation time, namely, the time at which the dielectric
molecule has the ability to relax under the effect of the applied field and be calculated from
the relation.
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1
o ™

fc is the critical frequency corresponding to mid point of the dispersion curve in Figure (1).

The difference between the values of &' s and &' o at low and high frequencies is
called "the dielectric dispersionAg'= (¢'S—&'o0). This quantity is a measure for the shape
and volume of the non polar solution consisting of protein and bound water (Hasted, 1973);
the dielectric spectrum of a biological macromolecule such as protein at high frequency.

(Hundreds of Kilohertz) are known as pg dispersion which came from the
polarization of protein and organic macromolecules (Gabriel et al., 1996).

In case of biomolecules, such as proteins, the dielectric relaxation shows broader
dispersion curves and lower maxima than those predicated by Deby model, and the
g"versuse' curves fall inside the semicircle, so Cole-Cole (1941) introduced a new

parameter, «, and modified Deby equation. It was shown by Cole and Cole that the
anglece', e, =0 =ax/2. This in turn enables one to estimate the Cole parametere,

experimentally, so « =20/ .

Protein concentration in the different samples was determined according to the
method of (Broadford, 1976) with coamassie Brilliant Blue G-250 a rapid-dye binding assay
and using bovine serum albumin as a satandard protein.

6- Qualitative analysis of WSP by (SDS) polyacrylamide gel electrophoresis:

The water soluble protein (WSP) was extracted in the form of concentrated solution
from rice gains by the method of Irvin et al 1980. The molecular weights of the components
of such WSP of the mother gains M and the first generation M, were estimated through the
use of SDS polyacrylamide gel electrophoresis according to the technique of Lammli,
(1970). The gel was stained with coomassie brilliant blue R-250. Six markers of known
molecular weights were used as a standard protein, phosphoylas B 97 kDa, Bovine serum 66
kDa ovalbumin 45 kDa, Trypsin 29 kDa, lysozyme 14.4kDa and aprotinin bovine lung 6.5
kDa.

The data were identified and analyzed by using gel pro analyzer version 3Media
Cybernetice imaging experts software, which compare the absorbance of each sample in
each band, molecular weight and the rate of mobility of each bands for the samples with the
standard markers.

7- The morphological and physiological measurements:
The morphological character of the unexposed and expoused form E-coil (direct& late)
effect were estimated by using the light microscope methods of ( )according to

T

8-Statistical evaluation

The statistical analysis of the biological data was performed using the methods of
Milton and Tsokos 1983 to asses the significance of the differences between mean of control
and the treated grains using t-test.

RESULTSAND DISCUSSION

The results obtained in this work concerning the induced changes in the structure and the
characteristic behavior of the E.coli resulting from the exposure to the demonstrated
magnetic field. These results may be of a great importance for evaluating the benefits a well
as the hazards from the exposure to the low frequency low level magnetic field.
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Also the importance of this work lays in the fact that E.coli as a microorganism is a
unit cell behaving as a complete alive biological system

1- Survival curve:

Fig. (2) Shows the variation of the number of microorganisms in cfu / ml as a function of
the sample absorbance measured at 600 nm. The results show linear dependence of the absorbance
on the number of microorganisms in cfu / ml. By using this relation we can calculate the number of
the microorganisms / ml from the measured value of its absorbance (A). The liner dependence
can be easily expressed by the relation

C=97x10°A (8)
0.12
i
010 |-
3 L
2008k
4]
o - 0
'E‘_,, 0.06
= "
@)
0.04 [
0.02 }-
t I 1 l L | 1 | | | ! L
2 A 6 8 10 12
log N

Fig.(2):Calibration curve between the tog number
of bacteria cells/ml and absorbance ot

500 nm.

2- Growth characteristics curve:

Fig. (3) Shows changes in the absorbance of bacterial strain as a function of the time
of exposure to the magnetic field.

It is clear from the figure that after exposure period 2, 4, 6, 8, 10 and 12hrs decreased
the absorbance and in accordance with equation (1), indicating a decrease in the cells
number and consequently an inhibition case for the bacteria. However the exposure periods
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14, 16, 18 and 20 hr. the absorbance increased relative to their control indicating an increase
in the cells number and a stimulation case. These results are in a good agreement with
Mohammed et al. (1997) where is the number of cells of S-typhi microorganism exposed to
20G magnetic fields for 2 hours increased relative to its unexposed.

Also Jaffe (1983) reported that the electromagnetic field has been used either to
inhibit or to stimulate the growth of the microorganism under a appropriate conditions.

For this reason we used the exposure period 6 hr. (volume B) as an inhibition case
where the number of cells was 10°® and became 10’ cells/ml also the exposure period 16
hours (volume D) as stimulation case where the number of cells was 3.5x10? and became
3.5x10” cells/ml. Moreover, we intend to take the two exposure periods for investigation the
effect of magnetic field (20 G, 50Hz) on the growth rate, the antibiotic sensitivity and the
ultra structure of the exposed cells.
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—A— Exposed cells
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Time of exposure (hour)

Fig (3) : Biological response of the E. coli to electromagnetic field
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Figures 4 — 6(a) illustrate the variation of the permittivity &’ and dielectric loss " plotted on
the left Y axis and the conductivity (S) on the right Y axis as a function of the applied
frequency for WSP extract from E-coli cells (Direct effect).

Figures 4 = 6(b) illustrate the Cole-Cole plots (&’ versus &"”) for WSP extract from E-coli cells
(Direct effect).

Figures 7 = 9(a) illustrate the variation of the permittivity €’ and dielectric loss " plotted on
the left Y axis and the conductivity (S) on the right Y axis as a function of the applied
frequency for WSP extract from E-coli cells (Late effect).

Figures 7— 9(b) illustrate the Cole-Cole plots (&' versus €") for WSP extract from E-coli cells
(Late effect).

It is clear from the figures that the permittivity &’ passed through a dielectric dispersion. Grant
(1983) measured the same phenomena for other types of protein. The decrease in the value of
€' was accompanied by increase in the value of conductivity (S) which we considered as
indicating confidence in the measurements Fadel et al (2002).

From the figures, it is also, clear that the conductivity (S) of all groups are frequency
dependent, and show the conductivity dispersion which are due to the interfacial polarization
Bordi et al (1997). In addition, the values of the conductivity and the permitivity for the 16hr
were higher than the 6hr.

From the data obtained from the figures and through using equations 1, 2, 3 and 4, the values
of each of relaxation time 71, the dielectric increment A €', the average molecular radii R, the
Cole-Cole parameters (a) and the conductivity (S) for (direct effect) were calculated and
given in Table 1 and we calculate (late effect) by table (2).

The changes in the dielectric increment 4¢=(ss-2.) for the WSP molecules resulting from
exposure cells indicate that there are changes in their dipole moments and, consequently, in
their shape and volume (Hasted, 1973).

[}

&
g Conductivity § x10

o Relative permittivty €' " L

o Dielectric loss ¢"

[=]

=

W

v

T 5 » @

o =) ir

1 @

‘o ‘? s

- >

X -

w 3 g

2z c

Z 2 ]

E 0

g 0 5
1

] E\ﬂﬂs

é 0 | 1 1 1 | 1 0 Fig.{ ) (b)The Cole—Cole plot (€' versus € )for ( Dirdet

T I al.s s!u 51.2 54 5§ 58 60
Log frequency (Hz)

Fig.l 1ol The variation of the relative permittivity E‘rdielectric loss £"and

conductivity 5 as a function of theapplied frequency (Directeffect) contral.

effect ) control



Relative permittivity € x10°and dielectric loss €x0%

STIMULATION AND CONTROL OF THE MICROORGANISM E. COLI

—

© Dielectric loss € =)

» Conductivity S

o Relative permittivity €'

1
-
Conductivity Sx1085~"

1 N AU A (NS N (N R |

0
12 4Lh 46 kLB 5D 52 5L 56 54 60
Log frequency (Hz}

Fig. 1la):The voriction of the relative permittivity €. dielectric loss €' cnd

conductivity S o5 q function of the applied frequency [Directeffect} S he

x10¢

§0
\YA

6\11[]6

Fig.! )(b):The Cole-Cole plot 1€ versus €")for
(Direct effect ] 6hr

e

C\xms

1
)

Fig.( ) (b):The Cole - Cole plot €\versus €%)

for { Direct effect ) 16 hr.



Eman Y. Tohamy***, Magda S. Hanafy**, Mona H. |brahim**, El-Sayed A. Gaafar*

-1
o7 — 1L
2 o |
w " Conductivity S
g 6 ® Relative permittivity €' -1 Ty,
o o Dielectric loss €" n x10
=5 —10
@ z =
T 1 2 €
b - x 3L
Bir // 1° e
S z
x >
w3 -8 = -
2 b 2
z 2
22 4t €
£ 8 1
g ‘rl-” \0\\_.‘\\
1 — -1
v : o
2 oY
5 SR R NN TR N N SO S 0 ! . . . I 1 :
2 0 7
€ 40 42 4L L6 48 50 52 56 56 58 60 0 1 2 3 "‘ 2 §
Log frequency ( Hz) € %10
Fig.{ )la):The variation of the relative permittivity €' dielectric loss €"and \ W
conductivity S as a function of the opplied frequency [late effect}control) Fig. { )J{b): The Cole—-Cole plot 1€ versus€ )
fof (Late effect ) control.
-
g 7 i
) . x 104
@ s Conductivity § 17
o5 & Relative permittivity €' T Lt ga3°
g L “ ‘g‘ e‘
-] o Dielect !
% s teleckric loss € 0we
= -
i 50
B ' 2
2 2 2
5 3k 53
> 0
£ c
= =] 1
z 2L 4 O
£
&
0 19 . 2 0
Z \H“‘ﬂ-h.__.___o:-hﬂ 0
[5)
T 9 L1 [ B IS S A €' x 108
w0 w2 w4 46 LB SO 52 5L 56 58 60 . \ \
Log frequency {Hz) . Fig.l )(b):The Cole-Cole plot (€' versus €
Fig.! )a): The variation of the relative permittivity € dielectric loss € and tor ( Late effect ) 6 hr.
conductivity S as afunction of the applied frequncy [Late effect]) 6 hr .
Yo7 1% 5L
13 X 10
w Coductivity §
g § - . e b b 1{ 'Y L °
o o Relative permittivity € v : 8 =10
5 c Dielectric loss €" 1102
T % 3
< % =
g g W
(=) Z
s} £
33 53 z -
2 3
2 3
i oo
&
© 17/ ) z
2 0 l
o 0 '
29 Y S I SN SR BN S A &) 0 1
@ L0 0.2 L4 Wb LB 50 52 54 56 5.8 6.0 \ 6
Log frequency (Hz) e x 10
Fig | Ma)TThe variation of the relative permittivity €' dielectric loss €"and : . The - \ W
conductivity S as a function of the applied freguency [Late effect])16 he Fig.( )(b): Cole-Cole plot (€ versus €7)

for (Late effect) 16 he.




STIMULATION AND CONTROL OF THE MICROORGANISM E. COLI

Table (1) Values of dielectric increment Ag, conductivity S, relaxation time (7 ) viscosity
n average molecular radii (R) and E. cole parameter (« ) for the WSP as a function of the

time of exposure (Direct effect):

: L Dielectric
Time Conduct|\8/|ty increment T d R, .
exposure Sx 10 As x 10° | (# S€c) | (Poise)
Control 10.4+.1 56+.1 5.55 0.133 | 2.24 0
6 hr 9.8+.1 57+.1 3.88 0.124 | 2.17 0.03
16 hr 95+.1 56+.1 3.54 0.134 | 2.05 0.05

Table (2) Values of dielectric increment A¢, conductivity S, relaxation time (7 ) viscosity 7

average molecular radii (R) and cole cole parameter (« ) for the WSP as a function of the
time of exposure (Late effect):

. . Dielectric
Time Conductivity | . T n
exposure S x 10° Increment 1 sec) | (Poise) Rom “
Ae x10° | W
Control 94+.1 55+.1 5.31 0.125 2.4 0
6 hr 9+.1 5.1+.1 4.55 0.118 2.33 0.03
16 hr 8.5+.1 49+.1 3.98 0.127 2.17 0.10

It is seen from both of Cole-Cole plots and table 1. How the Cole-Cole parameters a
are greater than unity for the WSP extract from E-coli cells. This indicates that the protein
molecules became semi-circle in shape.

Also, it is clear from the table that there are changes in each of the relaxation time and

the average molecular radii for the WSP molecules as a result of exposure from E-coli.

The disc electrophoretic pattern and the molecular weight distribution of the WSP
extracted from E-coli cells are shown in figure 10 (a & b) from (direct effect) and (late effect)
are shown in Fig. 11 (a & b) and table 3 respectively.

The scanning profiles of the electrophoretic separation indicate that WSP extract from
E-coli exposure separated into 23 fractions having molecular weight in the range 160— 20
kDalton after the 16hr the number of fractions became 23 fractions and 6hr became 6

fractions.

Also, there are changes in the molecular weights of the fractions where they tend
towards higher molecular weights for 16hr to changes in its mobility rate relative to the

control.
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Table (3): The values in the molecular weight (M.W.) and the optical density
(O.D) of the (WSP) as a function of the (direct effect):

Number of Control 6 hr 16 hr
bands M.W. 0.D M.W. 0.D M.W. 0.D

1 159.7 48.5

2 74.8 20.9 74.11 47.2
3 61.5 28.1 43.7 23.9 61.2 59.5
4 58.2 32.7 59.9 52.2
5 55.3 36.6 36.8 51.3 58.8 54.2
6 52.5 62.96 34.1 16.3 55.9 42.5
7 50.9 49.4 31.7 51.2 54.4 117.1
8 48.7 81.8 52.6 103.6
9 455 71.6 26.3 16.3 50.8 102.5
10 43.8 105.9 20.9 41.9 49.1 138.1
11 40.9 68.9 44.8 99.6
12 35.9 52.2 42.9 142.4
13 34.1 77.7 40.6 89.8
14 31.8 97.8 37.9 42.4
15 31.1 75.1 36.8 59.6
16 25.2 137.1 34.7 76.5
17 23.3 22.3 31.6 96.2
18 20.7 77.6 27.6 40.6
19 59.6 26.1 25.2 100.4
20 60.6 29.6 20.5 42.0
21 53.5 455 156.3 345
22 27.9 42.1 30.8 81.9
23 26.4 49.4

Table (4): The values in the molecular weight (M.W.) and the optical density
(O.D) of the (WSP) as a function of the (late effect):

Number of Control 6 hr 16 hr
bands M.W. 0.D M.W. 0.D M.W. 0.D

1 159.8 38.7

2 74.9 43.9 43.69 9.1 74.8 106.28
3 66.6 55.6 37.15 18.4 61.8 119.9
4 61.5 75.2 31.8 17.4 58.2 122.3
5 60.6 78.6 26.4 8.9 55.5 124.4
6 59.8 78.8 20.6 29.8 53.5 153.9
7 58.1 75.8 52.4 151.3
8 55.3 114.4 50.3 158.7
9 53.5 128.3 43.8 225.8
10 52.1 126.1 36.7 154.1
11 50.1 157.2 35.9 181.7
12 43.8 169.2 32.1 178.6
13 40.9 151.2 27.1 144.1
14 36.8 84.7 25.1 204.8
15 35.3 101.7 23.8 117.1
16 31.1 118.1 20.6 147.5
17 28.1 78.9 37.9 144.3
18 25.5 148.8 43.8 225.8
19 20.7 79.8 40.9 178.6
20 455 126.7 455 181.1
21 48.7 123.7 60.6 119.4
22 26.9 87.8 59.8 124.3
23 32.4 118.4 64.6 107.4
24 37.9 76.2 27.9 142.4
25 30.68 161.3




STIMULATION AND CONTROL OF THE MICROORGANISM E. COLI

To get better understanding of the interaction mechanism of magnetic field with
biological systems, an understanding of the bioelectrical signals resulting from biological
system during metabolic activity is required. Mohamed et al. (1997) reported that the
bioelectrical signals from the microrganism normally were carried out through bending of
their cellular membranes which generate electric impulse through phenomena known as
flexoelectricity. The amplitude and the frequency of these impulses depend on the amount and
frequency of bending. These impulses travel through the medium separating the
microorganisms and received by the signal receptors at the surface and that impeded in the
cell membrane .Therefore the flexibility of the membrane is the most important parameters
for generation of these signals. Also mentioned that the biomagnetic field from the biological
system associating to the bioeiectrical signals from the membrane of the cells through its
metabolic function is very week in nanogauss rang (20x 1 0 G). When the biological systems
exposed to an external magnetic field whose strength is very large relative to the biomagnetic
field of the cells a disturbance in their metabolic function will, be expected and lead to death
of the cells or increasing their cell division Fadel et al. (2003) and Shin-Ichiro H. et al. (2002).
From the present data it is easily deduced that the cellular membrane of the microorganism
had been affected by the external magnetic field in a good agreement with Fadel et al. (2003).
Then we can expect the disturbance of cell division and hence, a change in the number of the
cells per ml or the measured changed in the membrane sensitivity to antibiotic demonstrated
also the change in the internal structure of the cells.

7- The mor phological and physiological measur ements:

Control

o6hr direct
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16 hr Direct

6 HR LATE

16 hr Late
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CONCLUSION

From this work, it is concluded that the electromagnetic field
(20 G) affected considerably the virulence of the E. cail cells. 6hr. exposure time was found to cause
an inhibition case whereas 16hr. exposure time enhanced the virulence.
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ENHANCEMENT OF PLANT GROWTH THROUGH
IMPLEMENTATION OF DIFFERENT TRICHODERMA SPECIES
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ABSTRACT

Fifty Trichoderma isolates were screened in pot experiment to evaluate their ability to
promote growth of pepper plants. Different effects were recorded, but in general Trichoderma
increased plant vigor. Various modes of application were tested such as drench, seed coating,
seedling soaking and spray to shoot system. Drench gave the highest effect (45%) than
control, Tomato plant showed the highest response, increase in shoot length reach to (56%)
more than its control. Canola plant was less responding to biofertilization with Trichoderma.
This effect could be due to the secretion of plant hormones by Trichoderma as indicated by
laboratory test where the production of IAA, in culture filtrate and in plant extract was
detected.

Key words: Trichoderma, plant growth-promoting, |AA, tomato, kidney bean, peanut

INTRODUCTION

Due to tremendous increase of human population as well as the great green revolution,
global demand of healthy food and crops of different types was incredibly increased. This led
to extensive utilization of agriculture land. To get colorful flowers and delicious fruits as well
as profitable crops we have to add precious nutrients to the field where plants are grown, in
order to substitute the depletion of essential elements need by plants. ( Loneragan, 1968).
Plants need about sixteen elements for optimum growth. Most of these elements are obtained
from the soil to promote plant growth. Plants consume different amounts of these elements
depending on its own needs. Farmers and plant growers rely deeply on chemical fertilizers to
promote their plant and to offset for decrease of soil elements due to plant uptake. However
these elements showed, be supplied in balanced amount as excess amount of an element do
not substitute the less of another. But even may prevent absorption of a third element.
Chemical fertilizers (C.F.) could increase the imbalance of soil elements resulting from
intensive agriculture. In addition, C.F. may lead to further loss in soil quality, possibility of
water contamination and unsustainable burden of the fiscal system. The adverse effect of
C.F.became manifested due to their excessive imbalanced uses. This led to the seek for
harmless inputs such as compost and biofertilizers. Biofertilizers are living organisms that
have the capability to enrich the nutrient status of the soil and augment the availability of
nutrients. They represent renewable inputs which can maximize the ecological benefits and
minimize the environmental hazards. The most used organisms are Mycorrhiza, Rhizobium,
blue green algae and some higher plants such as legumenose plants. Filamentous fungi and
yeast are also used but at less extent.

Microorganisms used in biological control, including bacterial and certain fungal
biocontrol agents, can be associated with enhanced plant growth. In some cases, increased
growth of the host plant is due to a reduction of viable inoculum of undetected pathogens,
such as root infecting Pythium species, which cause only slight reductions in vigor or yield. In
other cases, enhanced plant growth, particularly in the absence of pathogens, may be due to
plant-growth-promoting compounds of microbial origin (Chet, 1993).
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Beneficial effects of the introduced microorganisms on plant growth have been reported for
numerous crops, including tomato (Lycopersicon esculentum Mill.) grown under field
(Kokalis-Burelle et al., 2002;Guo et al., 2004) or greenhouse conditions in organic media
(Gagne™ et al., 1993). Such beneficial microorganisms are referred to as plant-growth
promoting rhizobacteria (PGPR) plant-growth promoting fungi (PGPF) they enhance plant
growth through numerous mechanisms including the protection of roots against infection by
minor and major pathogens (Whipps, 1997, 2001), enhancing the availability of nutrients to
the host plant, lowering the ethylene level within the plant or by the enhanced production of
stimulatory compounds, such as plant growth regulators (Antoun and Prevost, 2005). Among
plant growth regulators, indole-3-acetic acid (IAA) is the most common natural auxin found
in plants and its positive effect on root growth and morphology is believed to increase the
access to more nutrients in the soil (Vessey, 2003). Despite the identification of many
filamentous fungi that produce phytohormones, such as indol acetic acid (IAA) and ethylene,
whose metabolic pathways have been identified, Trichoderma strains that produce cytokinin-
like molecules, e.g. zeatyn and gibberellin GA3 or GA3-related have been recently detected
(Harman et al., 2004), the controlled production of these compounds could improve
biofertilization.

In addition to their biocontrol activities, Trichoderma spp. has been reported to promote plant
growth. Trichoderma strains are always associated with plant roots and root ecosystems.
Some authors have defined Trichoderma strains as plant opportunistic symbiont, able to
colonize plant roots by mechanisms similar to those of mycorrhizal fungi and to produce
compounds that stimulate growth and plant defense mechanisms (Harman et al., 2004).

The aim of this study was to examine the ability of different Trichoderma spp. to enhance
plant growth through the production of growth promoting phytohormones externally or
inducing production in treated plants.

MATERIALSAND METHODS

Screening ability of Trichoderma and Gliocladium for growth promotion in pepper
plant

Fifty Trichodema isolates were recovered from various habitate including agriculture and
reclaimed soils, dung and compost. The inocula for the pot trial were prepared by growing
50 isolates of Trichodema spp. in flasks contain 50 ml potato dextrose broth (PDB) at
28°C. Mixture of metabolites and spore suspension was diluted twice and mixed with soil
and seeds of pepper were soaked in Trichoderma spore suspension for about 5 min.
(Yedidia et al., 2001). Sterilized diluted broth and water work as control. Six inoculated
seeds of pepper were sown in pots containing 5Kg /pot sandy soil; three pots for each
isolate are arranged stratified in Botanical Garden under the same condition. After six
weeks different parameters were measured such as (shoot length, root length, fresh and
dry weight).

Application methods of Trichoderma on Tomato

The pot trial was prepared by coating seeds of tomato by spores of T.harzianum 9 +
C.M.C

(Windels., 1981). In another groups application of the same isolate by spore suspension
drench, five pot replicates for each group beside control, percentage of excess in shoot
and root length in two groups were calculated
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Effect of Trichoderma on flowering and fruiting of Tomato

Five tomato plants developed from seed coating plant were soaked in spore suspension of
T.harzianum 9 for one hour and control untreated plants were soaked in water for the
same time then cultivated in field and this data were recorded (No. of flowers, No. of
fruits, weight of fruits fresh &weight and photosynthetic pigments).

Response of different plantsto Trichoderma

The field experiment was conducted at the Botanical Garden of Botany Department, Faculty
of Science. Ismalia, using seeds of peanut cultivar Caltro Apparently healthy seeds were sown
in farm sandy soil, 5 seeds per each row with 30 cm intervals. The field was divided into two
plots contain the same number of seeds and rows, one plot was drenched with 500 ml T.viride
spore suspensions (6x10°spores mI™ ) while the other plot was irrigated with normal water as
control .The experiment was observed daily to record any changes in growth pattern of treated
and control peanut plants. After 110 days ten plants from each plot were randomly selected to
measure the plant vigor parameters such as canopy radius (cm), root lengths (cm), number of
branches, leaves, leaf area pods, and plant fresh &dry weigh (g) as well as pods fresh weight
(9) per each plant representative by weight of five random pods.

Yield was calculated by total fresh weight of pods / total fresh weight of plants. Few random
leaves were taken to determine the concentration of pigments (chlorophyll a, chlorophyll b
and carotenoids) as mg/g plant fresh weight according to Metzner et al., (1965).

This experiment was repeated with other crops such as potato and kidney bean plants.
Different parameters were measured such as (shoot length, root length, canopy radius, No.
of fruits and weight of fruits).

Trichoderma harzianum asfoliar fertilizers

Metabolites of T.harzianum 5 were collected from flasks contain 50 ml PDB at 28°C. in
shaker 100 rpm the filtration of metabolites were sprayed on to leaves till runoff, and
Different parameters were measured such as (shoot length, No. of flowers and leaf area).
IAA Production

Indole acetic acid produced by ten different Trichoderma isolates was assayed
colorimetrically using Salkowski reagent (Gordon and Weber 1951). This method estimated
the quantities of indole compounds produced by Trichoderma in medium containing
precursor L-tryptophan. The ten Trichoderma isolates were grown in Sterilized broth (25 ml)
of Czapex (Sucrose, 30g, NaNOj;, 39, K ,HPO4, 1g, KCL, 0.5g, MgSO,
.TH,0, 0.5g, FeSO,4, 0.01g, DistilledWater, 1,000 ml).on a ratory shaker (15 rpm)
at room temperature as seed culture. Was put into glass flasks and inoculated with 100 ul of
Trichoderma broth culture (10’spore/ ml) incubated at 28°C for 72-96h in shaker 100 rpm.
The contents of flasks were filtered through Whatman filter paper No.2 before measuring
auxin production as indol acetic acid (IAA) equivalents. In measuring the IAA equivalents, 3
ml of the filtrate were pipetted into test tubes and 2ml of Salkowski reagent (2ml 0.5 M
FeCl3 + 98ml 35% HCLO,4) were added to it. The tubes containing the mixture were left for
30 min for color development. Intensity of this color was measured spectrophotometrically at
535 nm. Similarly, color was also developed in standard solution of IAA and standard curve
was established by measuring the intensity of this color (Sarwar et al. 1992). The same
procedure, except for amended of broth with 5ml 0.5% L- TRP solution, sterilized by
filtration 0.22 filter was repeated for L- TRP- dependant auxin producing Trichodema .
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Extraction and estimation of plant hormonesby GLC

The leaves of Tomato plants treated by T.viride , T.harzzanum 9 and mixture of both beside
control plant were used for plant hormones estimation. The extraction of Indole acetic acid
(IAA), gibberillic acid (GA3) and abscisic acid (ABA) in the plant tissue was done by using
(GLC), according to method of (Du, and Xu, 2000). The fresh weight 5 g was ground with the
extracting solvent (methanol- BHT- ascorbate) in a mortar. After extraction in an ice both,
samples were transferred to flasks with 30 ml fresh extracting solvent and stirred gently at 4 C
for 12 h. samples were then filtered with suction through Whatman No.1 paper. The residue
was rinsed 4 times with 10 ml of the extraction solvent. Methanol was removed by rotatory
flash evaporation (RFE) at 35 C. The pH of the aqueous residue was then adjusted at 8 with
K>HPO, and the samples were centrifuged for 10 min at 12000 rpm. The supernatant fraction
was partitioned twice against 10 ml of washed ethyl acetate — BHT to remove phenolics. The
ethyl acetate fraction was then discarded. The residual ethyl acetate was removed from
aqueous fraction with 10 ml of hexane. The pH of aqueous fraction was adjusted to 2.8 with
H3PO, and the acidified solutions passed through C18 cartridge (Sep- pakpreconditioned with
methanol followed by 1mM HCL) to trap IAA, GA3 and ABA. The samples were then rinsed
with 10 ml of ImM HCL IAA, GA3 and ABA. Were then eluted with 0.02 N NH,OH and the
pH quickly adjusted to 2.8. Each hormone was extracted with 10 ml washed diethyl — BHT.
Each of 10 ml of ether was partitioned, in turn against the 10 ml portion of 1mM HCL to
remove residual polar contaminants. The ether was evaporated by RFEC. The flasks were
cooled, by dipping in ice bath, before releasing the vacuum. The residue was immediately
dissolved in methanol and samples were ready for injection into GLC. (UNICAM PRO-GC)
column 3% OV - 17 (Methyl phenyl silicone) on chromosorb-WHP dimension 1.5 x 4 mm,
gases flow rate N, 30 ml / min, H, 33 ml / min. Air 330 ml / min. The proper concentration
of endogenous plant hormones (IAA, GA3 and ABA) were obtained by comparing the
respective peak areas in the plant extracts with their corresponding areas obtained with
authentic samples.

RESULTS

Screening ability of Trichoderma and Gliocladium for growth promotion in pepper

plant
According to the obtained results, the fifty isolates of Trichoderma could be categorized into
four groups. Group (A) comprise Trichoderma isolates that increase the length of plant more
than 50 % ( fig.1) in comparing with control plants irrigated with broth media. This isolates
were ( T.viride, T.harzianum 5 and T.harzanum 9). Group (B) accomdated isolates that
increase growth up to ranging more than 10% to less than 50%( fig.2) among this group were
isolates (T.16, T.28). The third group(C) includes isolates that increase growth but less than
10 % (fig.3) The last group (D) comprise isolates that suppress the growth of peper plant
(fig.4) among this group (T.12, T.40). With regard to dry & fresh weight the previous
categorization was almost the same but with some few differences. Such as isolate T.46
although it increased the shoot and root length it decreased the dry and fresh weight of pepper
plant (table.1)

Application methods of Trichoderma on Tomato

From previous screening T.harzianum 9 were choosen to determine the appropriately way of
application. When comparing seed coating and drench method it was found that drench with
the spore suspension was the effective delivery method and percentage of increase above
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control in shoot length, root length reach 56% and 44.2% respectively while in seed coating
42.8% in shoot length and 32.7% in root length.(fig.5 & fig.6)

Effect of Trichoderma on flowering and fruiting of Tomato

Tomato seedling plant rdeveloped from seeds coated with T.harzianum 9 are treated again
with soaking in spore suspension before transplant to open field. Number of flowers were
counted after 10 days of transplant and show increase in treated plant reach to 83.3% more
than control (fig.7) It is worth to mention that the content of photosynthetic pigment in treated
tomato was higher than that of untreated (fig.8). Number of fruits increased significantly more
than control (fig.9). Also weight of fruits, plant fresh and dry weight are increased
significantly more than control plant (fig.10).

Response of different plantsto Trichoderma

Comparison between response of different crops after treatment with T.viride spore
suspensions were recorded as the increase percentage in peanut canopy radius reach 35 %
while in potato 28.5 % (fig.11) with regard to root length of peanut, potato and kidney bean,
root length of potato show highest response 47% followed by kidney bean 27.2%
(fig.12).Also the No. of leaves and No. of fruits were the highest response in potato 17.8% ,
33.3% respectively (fig.13). Percentage of productivity in potato crops reach 46.7% followed
by peanut 40% (fig.14).Other parameters were measured in peanut as leaf area by using
planimeter (fig.15.a) and photosynthetic pigments (fig.15.b).

Trichoderma harzianum asfoliar fertilizers
Application of T. harzianum 5 to cucarbita shoot system by spraying show significant
increase in shoot hight, (fig.16.a) No. of flowers (fig.16.b)and leaf area(fig.16.c)

IAA Production

Measuring of 1AA production, colorimetrically, by ten isolates of Trichoderma in presence
and in absence of L-tryptophan in broth medium showed that T.harzianum 9 gave the highest
production in presence of precursor 13.1ug/ml while T.19 show the lowest production
2.1ug/ml (table.2)

Extraction and estimation of plant hormonesby GLC

Internal plant hormones IAA, GA3 and ABA were extracted from the tissue of tomato plant
irrigated with T.viride, T.harzianum 9 and mixture of both Trichoderma sp . Concentration of
IAA was increased in tomato plant treated by T.viride (9.29 mg/100g)While GA3 was
increased in tomato plant treated by T.harzianum 9 (14.27mg/100g). Finaally ABA were
highly decreased in case of mixture (3.14 ug/100g) as showen in (Table.3).

DISCUSSION

Trichoderma sp are well known as biocontrol agent against several plant pathogenic
fungi, they have been reported to promote plant growth on numerous cultivated plants
(Kleifeld and Chet, 1992; Ousley et al., 11994b; Altomare et al., 1999; Harman, 2000;
Yedidia et al., 2001). During screening experiment of 50 isolates on pepper plant, four
categories were recognized. First one promotes the growth of plant up to 50%. The second
group showed moderate increasing growth from 10 to less than 50%, the third group either
has no effect less than 10%, the fourth group inhibit the plant growth. This could be attributed
to control of minor pathogens leading to stronger root growth and nutrient uptake (Ousley et
al. 1993), secretion of plant growth regulatory factors such as phytohormones (Windham et
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al. 1986; Chang et al. 1986; Baker, 1988 and Harman et al., 2004) and release of soil
nutrients and minerals by increased saprophytic activity of Trichoderma in the soil (Ousley et
al. 1994a).

Application of Trichoderma as drench by spore suspension on tomato plant gave high yield
than seed coating. This could be attributed to the fact that seed coating could provide benefit
effect to root in nursery but on transplanting the plant subjected to some deleterious effect to
root. Drench can overcome some of this deleterious effect as it provides beneficial effect on
whole root after transplanting. (Abdul Wahid, 2007)

Trichoderma increase the number of flowers and fruits as well as the weight of tomato
fruits. This could be due to increasing the rate of growth and induction of some plant
hormones this finding are in agreement with (Chet et al., 1997) Who record crop productivity
in fields can increase up to 300% after the addition of Trichoderma hamatum or Trichoderma
koningii. In experiments carried out in greenhouses, there was also a considerable yield
increase when plant seeds were previously treated with spores from Trichoderma. The same
increase was observed when seeds were separated from Trichoderma by a cellophane
membrane, which indicates that Trichoderma produces growth factors that increased the rate
of seed germination (Benitez et al. 1998).

Various plants respond differently to application of Trichoderma in field as drench,
some plants like potato respond by increasing the length of root system more than kidney
bean and peanut plant. While the canopy of peanut was greater than potato canopy on other
hand productivity of potato was greater than other plants this could be different sensitivity of
crops toward various phytohormones.

When applying of Trichoderma as foliar fertilizers increased number of flowers and
leaf area of cucurbit plant this could be on the basis that metabolites oh T. harzianum 5 could
contain some hormones that would absorb by leaf and interact directly in flowering and leaf
expansion mechanism. When filtrates of Trichoderma was investigated for the presence of
IAA it revealed that different amount produced by different isolates of Trichoderma, T.
harzianum 9 was the highest producers of 1AA followed by T.viride this hormone could be
considered constitutive hormone it was produced in absence of L- tryptophan which is
precursor of IAA hormone.

Trichoderma also induce the production of IAA, GA3 and ABA in treated plant at

different extent. While T. harzianum 9 increases the production of GA3 in treated tomato
plant T.viride 6 increase the IAA but not GA3 in some plants. However a mixture of both
Trichoderma decreases greatly the amount of GA3 and increase slightly the amount of IAA.
But the surprising result was the high decreasing in ABA which could be the reason of the
high increasing in the plant growth treated with this mixture.
According to the data of this investigation has 2 or 3 different mechanisms to promote plant
growth, first of all is the production of external growth regulators (IAA) secondly is the
induction and increasing of growth regulators in treated plants, the third possible mechanism
is the lowering of ABA content in treated plants this hormone is known to inhibit and regulate
plant growth under normal conditions. Under this condition lowering of ABA content of
treated plants maximize and increase the effect of other growth regulators such as IAA and
GA3.
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Table 1. Effect of different groups of Trichoderma spp on fresh and dry weight of pepper plant on comparing with control. mean

of 6 replicates (SE).

Group Isolates Fressh weight Dry weight
Mean (SE) Mean (SE)
CO ntr0| C H20 2.7 (0.06) 0.8 (0.036)
C broth 3(0.08) 0.9 (0.033)
A T.harzianum 5 4.7(0.1) 1.1 (0.09)
T. viride 4.9 (0.14) 1.3(0.1)
T.harzianum 9 5.3 (0.19) 1.5(0.12)
T.39 4.3 (0.14) 1.3(0.1)
B T.1 3.3(0.17) 1.3 (0.03)
T.4 3.2 (0.08) 1.2 (0.05)
T.13 3(0.07) 1 (0.04)
T.16 3.6 (0.14) 1.4(0.08)
T.22 3(0.09) 0.9(0.03)
T.25 3.1(0.1) 1 (0.05)
T.28 3.8(0.11) 1.3(0.12)
T.46 2.8 (0.05) 0.8 (0.07)
C T.2 3.1 (0.15) 1(0.1)
T.3 3(0.2) 0.95 (0.13)
T.8 3.1(0.13) 1.1 (0.12)
T.11 3(0.2) 1 (0.05)
T.18 2.9 (0.19) 0.85 (0.04)
T.15 3.9(0.2) 1.2 (0.03)
T.19 2.8(0.1) 0.88 (0.05)
T.23 2.7 (0.07) 0.8 (0.02)
T.24 2.9 (0.05) 1.1 (0.07)
T.26 3(0.1) 0.9 (0.05)
T.27 3(0.12) 0.9 (0.02)
T.29 3.2 (0.18) 1.3 (0.11)
T.32 3.3(0.2) 1.1 (0.05)
T.31 3(0.09) 1(0.02)
T.33 3.8(0.22) 1.2 (0.05)
T.35 3(0.12) 0.88 (0.06)
T.37 2.7 (0.09) 0.8 (0.06)
T.logibrachiatum 38 2.9 (0.21) 1.1 (0.09)
T.42 3.2(0.19) 1(0.11)
T.aureoviride 41 3(0.14) 0.9 (0.07)
T.43 2.9 (0.11) 0.8 (0.12)
T.44 3.2 (0.08) 0.9 (0.04)
T.17 3.1 (0.07) 0.8 (0.03)
T.45 3(0.15) 0.9(0.03)
Gliocladium roseum 49 3.1(0.2) 1(0.04)
Gliocladium roseum 50 3(0.1) 0.88 (0.03)
D T.7 2.4 (0.05) 0.7 (0.08)
T.12 2.5(0.09) 0.6 (0.04)
T.14 2.5(0.1) 0.7 (0.05)
T.20 2.7 (0.07) 0.8(0.03)
T.30 2.4 (0.09) 0.7 (0.09)
T.34 2.9 (0.14) 0.88 (0.03)
T.36 2.6 (0.09) 0.75 (0.03)
T.40 2.4 (0.11) 0.68 (0.02)
T.47 2.6 (0.08) 0.7 (0.06)
T.48 2.4 (0.08) 0.9 (0.03)
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Table. 2. Measurment of IAA produced by Trichoderma sp.spectrophotometrically at 535

nm.
Isolates IAA equivalents pg/ml (p.p.m)
With out L-tryptophan | With L-tryptophan
T.harzianum5b 1.1 8.3
T.viride 1.4 10.2
T. harzanum 9 1.8 13.1
T.39 0.8 4.4
T.26 0.3 3.9
T.28 0.22 3
T.19 0.11 2.1
T.aureoviride 41 0.21 2.8
T.logibrachiatum 38 0.33 35
T.44 0.45 3.3

Table 3. Estimation of Internal plant hormones IAA, GA3 and ABA from treated plants

by GLC

T):' eatment IAA (mg/ 100 g F.W) GA3(mg/ 100g F.W) | ABA (pg/ 100 g F.W)
Control 6.17 5.53 12.93

T.harzanum |543 14.27 8.55

T.viride 9.29 441 9.12

Mixture 7.04 1.19 3.14
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Fig. 1. Effect of group (A) of Trichoderma spp on pepper plant on comparing with control.
Different letters above a column indicate statistical significance accordingto LSD (P = 0.05).
Fig. 2. Effect of group (B) of Trichoderma spp on pepper plant on comparing with control.
Different letters above a column indicate statistical significance accordingto LSD (P = 0.05).
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Fig. 3. Effect of group (C) of Trichoderma spp on pepper plant on comparing with control.

Different letter s above a column indicate statistical significance accordingto L SD (P

Fig. 4. of group (D) of Trichoderma spp on pepper plant on comparing with control. Different

letter s above a column indicate statistical significance accordingto LSD (P



Omar A. Abdul Wahid, Ahmad M oustafa and M ohamed R. M etwally

(Fig.5)
o 60
>
© —= 1 M T ]
@ g ;18 ] i i "'\ | | mCoating
o S 20 i i 1| |odrench
é IIII |I|I |I|
ERN Rt i
< ]
\\ W\
\e(\d"\ \Gg(\\ e?
o o o'
)
Parameters

Fig. 5.Comparison between application method of T.h 9 on tomato plant

Fig. 6. Image show difference between control and
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Fig. 7. Effect of T.h 9 on flowering in tomato plant on comparing with control. Different letters
above a column indicate statistical significance accordingto LSD (P = 0.05).
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Fig. 8. Effect of T.h 9 on photosynthetic pigmentsin in tomato plant in comparing with control.
Fig.9. Effect of T.h 9 on fruiting in tomato plant on comparing with control. Different letters
above a column indicate statistical significance accordingto LSD (P = 0.05).
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Fig.10. Effect of T.h 9 on fruit weight, fresh and dry weight in tomato plant on comparing with
control. Different letters above a column indicate statistical significance accordingto LSD (P =

0.05).
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Fig. 11. percentage of increasing in canopy radius of different plants in response to T.viride

application
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to T.viride application
Fig.14. per centage of increasing in weight of different plants in responseto T.viride application
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Fig.15.a. Effect of Trichoderma viride on leaf area of peanut in comparing with control.

Fig. 15.b.Effect of Trichoderma viride on photosynthetic pigmentsin peanut leavesin comparing
with control.
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Fig. 16.a. Effect of T.h 5 on shoot length of cucarbita plant in comparing with control. Different
letter s above a column indicate statistical significance accordingto LSD (P = 0.05).

Fig. 16.b. Effect of T.h 5 on number of flowers of cucarbita plant in comparing with control.
Different letters above a column indicate statistical significance accordingto LSD (P = 0.05).
Fig. 16.c. Effect of T.h 5 on leaf area of cucarbita plant in comparing with control. Different
letter sabove a column indicate statistical significance accordingto LSD (P = 0.05).

LaJasSy il 5l (pa diline g5l (G h e ) gad (ppunat

A5 Gl A gia - Abaa angd aa) gl ae -aal gl ae Gaall e e

s -41522 Aol Lans) - gaud) BUB Asaly — o glal) A8 — iyl auid

rallad) syl (S Ailas!) ciluadiall g il e (A Laua el S 2138 o J guaad) Aaal ) s
e Al g Al Bpaaa dns Ji12S (050 ) Sl Lgadiiiany 438 L) (lany (e A 4y gn Clsnadia (Gpabal
Al dLia) 5 Jaalaall parad 5 giad) Quuaddll Jlaa A Gl hadll aadiud LS de )l Llee A& Glud) daua
@3 (Trichoderma sp) Lea s Al jlad Jia ddadld) by il 2y lliS g (Mycorrhiza) i) ciy ki
e Jgandl b il seloy Gl Guilay A8lALY Jualaal) 33g5 Al GUY) (any daglia o Adlad) 45508, iy
A Gash e sall) Jiald b ablug Lol g il gad Goann ) (525 Laa A ) (g dpibaall) ualinl) (lany
. sall) Clalita (jany

408 G g ylal) caas cilill) gad Bl (8 LaplagSy i) plad g0 o 3S il e A jall oda Ciagdg
Alalaal) LAl 8 48030 Gl ga gl (uld XS g (JAA) e galll cilaliia (any )8 o Llara 45,8 LSS0
Jhily
Ao ¢ gunad ) (S g La gl g8 Al iy plab Jje g Adlida ¢Slal (e 4y 8 e et ol iagd) 138 (gail
s MQMQYJQ &U‘ LA 1 e iy JAlAN il gad Bl o N ad) XYY DJJBJQBYG«-MJAG
il yhadl) 038 gasdal o gluaf LA g (L gualdl) g A gSh1— 03 pual) J gl Y iKY — adalalall) Jia ddlida Jualae
pb S| alalalall il (S g (g padd) £ sanall Ao (ol g <l o) @ - (g 1) olsay JaldY) - g3l padai ) Jia
Trichoderma viride adl s Bl xie S Gkl G glual Judadl g (5 puadll) £ ganall gai B30 U 56 dilaiesl
Baby <3S g cilail) (5 i) £ sanall (B Ay gina Baly ) PUA (e il gad Ao Lo asSadl (g3 (5 ) olsa
ab o N 3o pie LA a3 By 0 gead) J gl J guana Ao La a9 ) (Gl A ale (S AalilY) A
Giob O Al il ga gl (uld XS 5 gall) diy A (JAA) Jia galll cilaliia any §13) Ao Lilara g5 08
Jalaa & il 43 e philabal) i & (GLC) S



PROCEEDING OF THE SECOND SCIENTFIC ENVIRONMENTAL CONFFER, 2007, ZAGAZIG UNI., 61-74

ISOLATION, IDENTIFICATION AND MOLECULAR
CHARACTERIZATION OF HALO AND THERMO TOLERANT
BACTERIA FROM COSTAL RIDGE OF MEDITERRANEAN IN

EGYPT

Nahed A. A. Ibrahim*, Yehia A. ElI-Zawahry**, A. Ghareeb ** and Shahira Hussiny

El-Moslamy**
*Microbial Molecular Biology Dept., Genetic Engineering Res. Ins., ARC, Giza
**Botany Dept., Faculty of Science, Zagazig Univer sity, Zagazig

ABSTRACT

Costal ridge of Mediterranean and the regions near by it, like Mallahat
Maryut, Bourg El-Arab and El-Amiriya in the north of Egypt are present perfect
places for the isolation of halo and thermo-tolerant microorganisms. This study
presents isolation, identification and molecular characterization of halophilic and
thermophilic bacteria.  Ten bacterial isolates were isolated using enrichment
techniques, up to 30% (W/V) NaCl and 75 ° C incubation temperatures. All the
isolates showed positive Gram's reaction and identified according to Bergey's Manual
as Bacillus species, 6 isolates were more identified as Bacillus thuringiensis and the
other 4 isolates were B. polymyxa. Protein profiling of the Bt isolates and the PCR
detection of cry genes showed the presence of lepidopteran crylC gene. On the
protein synthesis level, the protein profiling of cells grown in 5.2 M NaCl showed or/
disappeared a set of high-salt related proteins. One isolate (S2) was subjected to
cloning and expression of carboxy-terminal truncated 2.2 kb DNA fragment of crylC
and the preliminary study showed that it was different from the published crylC
genes. On the other hand, the 4 isolates of B. polymyxa were able to grow at 75°C.
Protein profiling and the PCR detection of ginB & nifD genes revealed the presence
of these genes. Thus B. polymyxa isolates could be used to fix nitrogen on the crops
cultivated in hot regions.

INTRODUCTION

Extremophiles, the microbes dwelling in unusual habitates, can potentially
serve in a variety of industrial applications. As a result of adaptation to extreme
environments, extremophiles have evolved unique properties that make them of
biotechnological and commercial significance (Margesin and Schinner 2001; Dodia et
al., 2006). Extremophiles include halophiles, alkali philes, acidophiles, thermophiles
and haloalkaliphiles.  Hypersaline lakes are mostly populated with halophilic
neutrophilic organisms. The halophiles were described (Horikoshi 1999) as a
subgroup that requires high salinity (up to 33% W/V NaCl). The organisms living in
such extreme environment possess special adaptation strategies that make them
interesting not only for fundamental research but also towards exploration for
applications. In the present study, one natural saline habitat along the Mediterranean
cost in north Egypt was selected for the isolation followed by the identification and
molecular characterization of halophilic and thermophilic bacteria.
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MATERIALSAND METHODS
Sampling: Soil samples were collected from the hyper saline environments, Costal
ridge, Mallahat Maryut, Bourg El-Arab and EI-Amiriya that located along the
Mediterranean in the north of Egypt. Soil samples were taken from depths of about
15 cm. Soil samples were serially diluted from the stock concentration 10 g soil/100
ml sterile saline solution, then 0.1 ml were inoculated on a medium containing (g /
Liter): Peptone 5 g, Yeast extract 3 g, Beef extract 1 g and Sodium chloride at
different concentrations (0.5 M, 1 M, 2 M, 3 M, 4 M, 4.5 M and 5.2 M) and incubated
at different temperature degrees, 30, 37, 55, 75 and 80°C for 2-14 days. Isolated
bacteria were counted as (colony forming unit) CFU / g soil (Gebreel 1999).
Morphology and Cytology: Morphological characters of the colony, as appearance,
elevation and production of pigments were examined on nutrient agar (Peptone 5 g,
Yeast extract 3 g, Beef extract 1 g and Sodium chloride 5 g, adjust pH to 7 and Agar
was added 15 g / L) (Ventosa et al., 1982). Motility was observed under microscope
using the hanging drop technique; log phase of bacterial growth was examined by a
high-power dry objective reduced illumination. Motility was confirmed by stabbing
the organism in semisolid medium and after 7 days of incubation, diffusion of growth
was recorded as positive results. Cell morphology was examined after Gram reaction
(Dussault 1955). The purified colonies were subjected to spore stain for microscopic
examination; endospore shape and position were characteristic of Bacillus species.
Formation of insecticidal crystal proteins (ICP) were the gold standard, since it
directly identifies Bacillus thuringiensis from closely related Bacilli as B. cereus and
B. anthracis.
Biochemical and Physiological properties: Physiological and biochemical tests were
performed as previously described in Bergey’s manual of systematic bacteriology
(Claus and Berkeley 1986). Bacterial isolates were tested for catalase production
when it was reacted with 3% hydrogen peroxide. Oxygen was released from catalase
producer microorganisms (Cowen and Steel 1974). For acetylmethylcarbinol
production, methyl red and Vogues-proskauer (MR-VP) tests were done. A drop of
methyl red solution was added to a 7 day-old bacterial culture. Bright red color refers
to positive MR. 0.6 ml of 5% a-naphthol solution and 0.2 ml of 40% potassium
hydroxide (Berret’s reagent) were added onto 1 ml of that bacterial culture. The
development of pink crimson color indicates a positive VP. The ability to reduce
nitrate was examined as in (Cowan and Steel 1974). To test for sugar fer mentation,
0.1% of glucose or other source of carbohydrates were added to a medium containing
peptone water (Peptone 2 g, D-Glucose 1 g, Sodium Chloride 5 g) and the indicator
Bromothymol blue with derhum tube were used (Hugh and Leifson 1953).
Total Protein analysis Total cellular protein of bacterial isolates were grown on LB
media (Trypton 10 gm, yeast 5 gm, sodium chloride 5gm) &C 30@ver night
compared to that grown on 30% NaCl. SDS-PAGE was carried out as described by
(Laemmli, 1970). The bacterial cells were collected by centrifugation and treated
with sample buffer composed of (50 mM Tris-HCI, pH 6.8, 2% (v/v) 2-
mercaptoethanol, 10% (v/v) glycerol and 0.0025 % (w/v) bromophenol blue) and
boiled at 100°C for 5 min. Samples were applied to a 10 % polyacrylamid gels and
run in mini protein Biorad cell. Protein bands on gels were visualized with
Coomassie brilliant blue R-250.  Total cellular proteins of sporulated bacterial cells
from Bt isolates were also prepared. Those bacterial cells were grown on T3 medium
(tryptone 3 gm, tryptose 2 gm, yeast extract 1.5 gm, sodium phosphate buffer 50 mM,
Mn Cl, 0.005 gm, in 1L dH,O) for 72 h in shaking incubator at 200 rpm and 30°C.
Samples were applied to a 10% polyacrylamid gels as mentioned.
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Polymerase Chain Reaction(PCR) and Oligonucleotide primers

Two pairs of specific primers for crylC were used, CJ10 & CJ11, 5
AAAGATCTGGAACACCTTT3 & 5'CAAACTCTAAATCCTTTCACS3 that
amplifies a 130 bp fragment of DNA and CJ1-1 & CJ1-2, %
TGTAGAAGAGGAAGTCTATCCA3 & 5 TATCGGTTTCTGGGAAGTAS3' that
amplifies a 284 bp fragment of DNA (Ceron et al., 1995) and 273 bp in case of cry
1Ac. Another two pair of specific primers to crylC gene was also used to test the
presence of crylC in the B. thuringiensis isolates. The two primers IAF and IAR
(Regev et al., 1996). IAF, 5 ACGGAGGATCCATATGGAGGAAAATAATCAAAATC3 and
IAR, 5CTCTTGGATCCTAACGGGTATAAGCTTTTAATTTC3 that give 2.2 k bp PCR
product. The reaction conditions were performed according (Regev et al., 1996),
where the PCR mixture was in a total volume of 25 ul contained 1 pg of total DNA,
50 pmol of each primer, 0.2 mM deoxy nucleoside triphosphates (dNTP), 2.5 pl of the
Tag polymerase enzyme, 2.5 pl of 10 X enzyme buffer and 2.5 pul Mg Cl,. The
amplification reaction was carried out using 35 cycles of 94 °C denaturation (45 sec),
48 °C annealing (45 sec) and 72 °C extension (120 sec) and then a 7- min termination
at 72 °C. The same reaction conditions were used with the second pair of primers I1AF
and ICR, 5TTATTCCTCCATAAGGAGTAATTCC3' (Nahed, 2001), that give 3.7 k
bp PCR product. The gln B specific pair of primers that define the nitrogen
regulatory gene were used, nifD up & do specific pair of primers were also used to
detect both the two genes gln B and nif D in all the four isolates (S7, 8, 9 and 10).
GlIn B up 5GCCATCATTAAGCCGTTCAA3 and gin B do
5AAGATCTTGCCGTCGCCGAT3' and nifD up 5’ATCATCGGTGACTACAAC3
& nifD do 5’ATCCATGTCGCGGCGAAZ'. The reaction conditions were as described
by (Potrich et al., 2001), 250 bp PCR products are amplified by glnB pair of primers
and 710 bp by nifD primers.
Bioassay B. thuringiensis bacterial isolates were grown until sporulation in liquid T3
media for 72 h. Cultures were centrifuged and the pellets were washed once with
Tris-HCI pH 8.00 containing 1 M NacCl, and lyophilized. The dried cells were used
directly for bioassay. A stock concentration of 1000 ppm was made by dissolving 1 g
of lyophilized cells in 1000 ml H,O (Dulmage, 1971). 500 ppm, 400 ppm, 250 ppm,
100 ppm, 75 ppm, 50 ppm, 25 ppm, and 10 ppm different concentrations were added
to the surface of solidified artificial medium (dry powdered Lima beans 150 gm, dry
yeast 15 g, Ascorbic acid 3 g, Nipagin 3g, agar-agar 6 g and 600 ml dd H20) (Loutfy
1973) and kept for 2 h at room temperature. 10 neonate larvae of Spodoptera
littoralis were added to each cup, the mortality was recorded every 24 h until 72 h.

Cloning and Transformation

Samples with amplified fragments of the expected size 2.2 kb were cloned by
using pGEM -T easy vector systems as described in (manual of Promega, USA).
The ligation mixture was used to transform competent JM109 cells as described by
(Cohen et al., 1972). Transformed bacteria were grown on IPTG / X-Gal agar plates
supplemented with 100 pg/ml ampicillin. Screening of recombinants was performed
according (Sambrook et al., 1989).

Preparation and partial purification of ICP from recombinant E. coli 25 ml LB
media containing 100 pg/ml ampicillin was inoculated with the recombinant E. coli
overnight at 37°C. 500 ml culture containing 100 pg / ml ampicillin were inoculated
from overnight broth to be started at ODgyy 0.1-0.2 and were grown to ODggo ~ 0.5.
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Then cells were induced with IPTG at a concentration of 0.1 mM and incubated
overnight on shaking incubator (200 rpm) at 37°C. Cells were centrifuged and the
pellet was resuspended in 25 ml TES buffer (Tris, pH 8 20 mM, EDTA 50 mM,
Sucrose 15%). Lysozyme (Final concentration 0.5 mg / ml) and PMSF (25 ul of 100
mM stock concentration) were added at room temperature. Sonication was applied on
ice 3 times 1 minute each. The suspension was centrifuged at 10,000 rpm for 20 min
at 4°C and the pellet was resuspended in 20 ml TTN buffer (Tris, pH 8 20 mM, Triton
X-100 2%, NaCl 0.5 M) and this step was repeated for 4 cycles. The pellet from
previous step was washed twice with 20 ml PBS: acetone (5:1) and washed with PBS
(NaCl 8 g, KCI 0.2 g, Na;HPO,4 1.44 g, KH,PO4 0.24g /L) only. The final pellet was
resuspended in sodium carbonate buffer (20 ml) and shaked for 4 hours at 37°C to
dissolve the protoxin. The dissolved protoxin was trypsinized with TPCK trypsin
(Final concentration of 0.5 mg / ml) for a trypsin : protoxin ratio of 1: 20 and shaken
at room temperature for 30 min (Lee et al., 1995).

Western Blot The presence of CrylC delta-endotoxin was detected in crude extracts
of transformed cells by a western blot (immunoblot) analysis (Lampel et al., 1994).
Total cellular proteins were prepared and solubilized by boiling in sample buffer and
separated by electrophoresis on 10% polyacrylamid gels.  The gels were
electrophoretically blotted onto pre wet PVDF membrane (using mini protein Biorad
cell at 30V / overnight). The membranes were blocked in blocking buffer containing
1% bovine serum albumin (BSA), then membranes were incubated in blocking buffer
contained the toxin (Cryl1C) for 2 h. Anti-truncated 65 kDa from Bt kur- HD-1 serum
(1-1000 dilution) was used as primary antibody and was incubated with membranes in
the blocking buffer O/N at 4°C. The membranes were incubated with alkaline
phosphates conjugated secondary antibody (1-1000 dilution). CDP-chemiluminescent
substrate was used and the emitted light was captured on X-ray film.

RESULTSAND DISCUSSION

Halotolerant and thermotolerant bacterial isolates were counted on plates containing
nutrient agar medium that contained different concentrations of sodium chloride (0.5
— 24%). Mesophilic and halotolerant bacteria were incubated at 30°C while the
thermophilic and halotolerant incubated at 55°C and the thermotolerant isolates were
incubated at 75°C in presence of 10% sodium chloride. The results showed that there
was great variation in the number of the viable bacteria per soil in different locations.
The highest population of bacteria was obtained in Costal ridge which reached
3.0X10° CFU / g soil at 24% sodium chloride concentration and incubation
temperature 30°C. Ten isolates were selected for further studies which were the most
halotolerant (able to grow at 30% NaCl) and thermotolerant (able to grow at 75° C
incubation temperatures) ones. The isolates did not display much diversity as regards
to their colony characteristic (Table 1). However, the cell morphology and
arrangement did vary significantly among these isolates from the same location. The
gram positive character was abundant among these isolates and their colony
pigmentation and texture had limited variations. All the isolates characterized with
endospore formation and the position of those endospores varied significantly
(Tablel). Six isolates were able to grow over a wide range of salt (up to 30% NaCl
“5.2 M”), the other 4 isolates could not grow over this high range but 10% NaCl was
optimum to its growth and they were characterized with the ability to grow on high
temperature up to 75°C. The biochemical and the physiological tests (Table 2)
revealed that all the isolates belong to the bacillus species which showed positive
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gram reaction and ellipsoidal endospore production. The isolates were facultatively
aerobic, they produced catalase, reduced nitrate to nitrite and produced acid from D-
glucose during fermentation. Six isolates produced acetylmethylcarbinol, did not
produce indol, utilized citrate and they could hydrolyze; gelatin, starch and urea.
Mature spores were central in position for 6 isolates while they were terminal in the
other 4 isolates. The 6 isolates (S1, 2, 3, 4, 5 and 6) produced characteristic crystals
for the insecticidal toxin protein in B. thuringiensis and the microscopic examination
was clearly showed that (Fig 4, A). The other 4 isolates were identified as
paenibacillus polymyxa according the biochemical tests of the systematic
classification of Bergey’s. Identification of our isolates was agreed with (Seija Elo et
al., 2001).

Protein analysis Total protein analysis of sporulated cells from the B. thuringiensis
isolates revealed the presence of major bands belonging to the insecticidal crystal
protein (ICPs), S1 showed main band near the 116 kDa, S2 showed major band at
~135 kDa that typically related to the lepidopteran Cry protein and also showed other
main band at ~ 68 kDa that typically related to coleopteran Cry protein. S3 also
showed expressed major protein band at ~ 135 kDa, S4 expressed main protein bands
at 116, 97 and 66 kDa. S5 was characterized with the presence of main band under
116 kDa and S6 showed very interesting major band slightly over that was expressed
by S3 “above 135 kDa”. It was very interesting that the main bands of that B.
thuringiensis isolates appeared at the same concentration when the isolates were
grown on LB liquid media overnight. On the protein synthesis level, as in (Mojica
et al., 1997) when bacterial cells of Halomonas elangata were grown at different
salinities, there were long-term response, also they showed induction of protein
synthesis after a shift of high-salt conditions. Salt adaptation could be indicated by a
gradually higher accumulation of certain proteins in cells growing under gradually
increasing salinities. Mojica et al., (1997) found that among such proteins were 39,
24 and 15.5 kDa not detected at low salt concentration (0.3% NaCl) and all of these
proteins related to the long-term response to high salt concentrations. Our data
revealed high concentration of two protein bands at ~ 60 kDa and 30 kDa in isolate S2
(Fig 2, B), two bands at~ 95 kDa and ~ 28 kDa in the isolate S3 (Fig 2, A) and
disappearance of a band above 116 KDa, Also in S1 high concentration of a protein
band at ~ 100 kDa. In S4 at ~ 65 kDa, ~ 37 kDa and 28 kDa. Thus, our results agreed
with Mojica et al., (1997) who found that the proteins that were synthesized at high
salt concentrations were on long-term response, up to 7 days on shaker. Proteins
homologous to those previously described as having a role in osmoregulation in
bacteria such E. coli as mentioned by (Csonka and Hanson 1991) are expected to be
found in this study.

Protein analysis for 4 B. polymyxa bacterial isolates were detected and compared
with 3 strains identified as B. polymyxa. The protein banding pattern of our isolates
was similar to that of reference strains in some protein bands, like the band that found
under 37 kDa and the protein bands that found at molecular masses between 116 and
70 kDa. Our isolates characterized with main bands; S7 showed characteristic major
band under 66 kDa, S8 and S10 showed major different band above that band of S7
(Fig 3), S9 also showed a characteristic band; further studies on these isolates may
lead to identification of protein related to the high temperature which these isolates
were able to grow on 75°C. Microscopic examination of bacterial cells of our
isolates that were grown on T3 medium for 72 h, revealed the presence of the
insecticidal crystal protein (ICP) in the 6 B. thuringiensis isolates and the shape of
crystals were different from isolate to other while it was typically bipyramidal as that
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characterized Cry 1C crystal (Nahed and Omar 2005) in S2, S3 and S6. In the
remaining isolates the crystal shapes were different (Fig 4, A). On the other hand, the
4 B. polymyxa isolates showed similar shape of spores (Fig 4, B).

PCR B. thuringiensis crystal producing isolates have been isolated that are
insecticidal against Lepidopterans, Dipterans and Coleopterans. Nucleotide
sequences reported for B. thuringiensis crystal protein genes represent 14 distinct
genes (Hofte and Whiteley 1989). Cry 1A crystal protein genes exhibiting
insecticidal activity against lepidopterans share extensive DNA sequence homology
(Carozzi et al., 1991). Thus PCR technology and primers specific for B. thuringiensis
delta-endotoxin genes to develop a rapid screen of new B. thuringiensis isolates that
can predict their insecticidal activities were used. In our work 6 primers were chosen
to give characteristic product profiles from the genes encoding major class
(lepidopterans) of B. thuringiensis crystal proteins. Cry 1C — specific primers CJ10
& CJ11 give a 130 bp product and CJ1-1 & CJ1-2 give a 284 bp product with cry 1C
(Ceron et al., 1994 and 1995). IAF & IAR give 2.2 kb (Regev et al., 1996). Isolates
S2, S3, S5 and S6 gave the expected products with the 1% and 2™ pair of primers (Fig
5, A) while S2 and S3 also gave the expected 2.2 kb product with the 3 pair of
primers but they didn’t give the expected 3.7 kb product that represent the full length
of the most published cry 1C with the primer pair IAF & ICR and this is a preliminary
indication that cry 1C of S2 and S3 may differ from other cry 1C (Fig 5, B). On the
other hand a set of primers was designed from previously published sequences of gln
B gene ( the nitrogen regulatory gene) and nif D gene (Potrich et al., 2001) and used
with other 4 isolates that supposed to be B. polymyxa. All the 4 isolates gave the 250
bp product with gln B specific primers (Fig 5, C) and the 710 bp product with the nif
D specific primers (Fig 5, D). These results put these B. polymyxa isolates in the
diazotrophic paenibacillus polymyxa.

Insecicidal activity of the B. thuringiensis isolates was determined against the
lepidopteran cotton leaf worm Spodoptera littoralis. One isolate (S1) was convenient
and promising when bioassay against neonatal larvae was performed, it displayed
LC50 ~ 200 ppm.

Cloning and transformation 2.2 kb PCR product resulted from PCR reaction with
the primer pair IAF & IAR with DNA of the isolates S1 & S2. This cry 1C fragment
starting from the translation start site and containing the sequence of the 1* 756 amino
acids and a translation stop codon that was found in the reverse primer IAR (Regev et
al., 1996). This 2.2 kb DNA fragment of cry 1C gene was cloned into pGEM-Teasy
plasmid and was transformed and expressed in E. coli JM109. The expressed Cry 1C
toxin at molecular mass of 86 kDa was analyzed on SDS-PAGE (Fig 6, A). Partial
purification of protein from transformed JM109 producing Cry 1C toxin was done,
solubilized and trypsinized with TPCK trypsin to produce the activated toxin (~65
kDa) and the rest of the 86 kDa was appeared at ~ 22 kDa (Fig 6, B). Moreover,
western blotting showed that E. coli JM 109 produced a protein of approximately 86
kDa (Regev et al., 1996) that cross reacted with poly clonal antisera raised against 60
kDa toxin from B. thuringiensis kur-HD-1 (Fig 6, C). These confirmatory tests
revealed the expression of the Cry 1C protein that contained the active domain which
IS very interesting to obtain because of its importance in the biocontrol technology.
In summary, in this work ten bacterial isolates dwell in extreme habitats (high salt,
high temperature, low oxygen) were isolated and selected from a huge number of
isolates. Six of these isolates were Bacillus thuringiensis that tolerate high salt
concentrations of NaCl up to 30% and temperature up to 55°C, most of these Bt
isolates were characterized by the lepidopteran insecticidal crystal proteins. They
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differ in molecular masses and shape of crystals from the common Cry 1C. The
presence of osmoregulatory proteins that were synthesized at high salt concentrations
may convoy us to reveal that we isolated strong isolates of Bt and may be novel and
could be used in biological control of insect pests. In this work also 4 isolates of B.
polymyxa were isolated which were able to grow on high temperature 75°C and
contained the nitrogen fixing genes gln B and nif D. These isolates seemed of great
importance for the biofertilizers of crops cultivated in hot areas.
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Fig (1): SDS-PAGE analysis of total cellular proteins of sporulated bacterial cells of
the 6 B.thuringiensisisolates. 25 ul of total cellular proteins were run on 10% poly
acrylamide gels. The gels were stained with Coomassie blue.

M: is a protein marker of 116, 97, 66, 37 and 28 KDa and was used with all the gels
presented here. The name of each isolate is written on its lane. The red arrows refer
to the major bands of the insecticidal crystal protein (ICP) that characterized each
isolate.
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Fig (2): Effects of variations of salinity on protein synthesis in B. thuringiensis isolates. Sporulated
bacterial cells of 4 Bt isolates (S1, S2, S3 and S4) that were grown under high salt concentrations
(30% NaCl) compared to that grown under normal salt concentrations (0.1 NaCl). 25 ul of total
cellular proteins were run on 10% poly acrylamide gels. The gels were stained with Coomassie
blue.

M: is a protein marker of 116, 97, 66, 37 and 28 KDa and was used with all the gels presented here
(A, B and E). The name of each isolate is written on its lane (¥ means normal & ° means high salt
conc.). The red arrows refer to protein bands that were found in case of normal salt (A:S3", B: S2V,
C: S4™, D: S1M) and become faint or disappeared in case of high salt concentration or refer to unique
bands that appeared in case of high salt concentrations (A: S3°, B: S2°, C: S4°, D: S1°). E: contain
protein marker “M” beside S1° and S4°.
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Fig (3): SDS-PAGE analysis of total cellular proteins of bacterial cells
of 4 isolates S7, S8, S9 and S10 which are expected to be B. polymyxa
compared to the protein pattern of 3 strains of bacteria B. polymyxa;
RB, CF and Bp. The name of each isolate or strain is written on its
lane. M: protein marker and its molecular kilo-daltons are written

beside it.
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Fig (4) A: The microscopic examination of sporulating cells of the 6 B. thuringiensis
isolates. Bacterial cells were grown on T3 medium for 72 h. The arrows refer to the
crystal protein.

Fig (4) B: The microscopic examination
of sporulating cells of the B. polymyxa
isolate.
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Fig (5): Agarose gel electrophoresis for amplified PCR products from DNA of bacterial isolates.
A: PCR detection of lepidopteran cry gene, the primers CJ10 & CJ11 (give 130 bp PCR product
with cry 1C) and CJ1-1 & CJ1-2 (give 284 bp PCR product with cry 1C and 272 bp with cry 1Ac)
were used. Lanel: S6 with CJ1-1 & CJ1-2 (give 284 bp PCR product). Lane2: S6 with CJ10 &
CJ11 (130 bp PCR product). Lane3: S5 with CJ1-1 & CJ1-2. Lane4: S5 with CJ10 & CJ11. Lane5:
S3 with CJ1-1 & CJ1-2. Lane 6: S3 with CJ10 & CJ11. Lane7: S2 with CJ1-1 & CJ1-2. Lane8: S2
with CJ10 & CJ11. M: 100 bp DNA molecular marker.

B: The primer sets IAF & IAR (give 2.2 kb with cry 1C) and IAF & ICR (give 3.7 kb with cry
1C) were used.

M: 1 kb ladder DNA molecular marker. Lanel: Positive control with IAF&IAR (2.2 kb PCR
product). Lane2: Positive control with IAF&ICR (3.7 kb PCR product). Lane3: S2 with IAF&IAR.
Lane4: S3 with IAF&IAR.

C: The primers set ginB up & gInB do that give 250 bp PCR products with ginB gene were used.
M: 50 bp DNA molecular marker. Lanel: S7 with gInB up&do (250 bp products). Lanes 2, 3 and 4
are S8, S9 and S10 with gInB up&do.

D: The primer set nifD up&do that give 710 bp PCR products with nifD gene were used. M: 100
bp ladder DNA molecular marker. Lanes 1, 2, 3 and 4 are S7, S8, S9 and S10 with nifD up&do
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Fig (6): SDS-PAGE analysis, partial purification, trypsinization and immunodetection of
the expressed protein of carboxy-terminally truncated Cry 1C in E. coli JM1009.

A: Expression of 2.2 kb of cry 1C in E. coli JM109. A Coomassie-stained SDS-PAGE
showing the expressed ~ 86 kDa (the red arrow pointed to it) of Cry 1C toxin. Lanesl-4
are 4 clones from both S2 and S3 that expressed the Cry 1C toxin. M: protein marker

B: Partial purification and trypsinization of the expressed protein of Cry 1C. Lanes 1&2:
partial purification of protein from 2 clones of the transformed E. coli. M: Protein
marker. Lanes 3&4: Trypsinized protein with TPCK trypsin to produce the activated Cry
1C ~ 65 kDa (the arrows refer to the expressed band before and after digestion with
trypsin).

C:Western blot analysis of the proteins synthesized by the transformed E. coli JM109
with polyclonal antibodies for the B. thuringiensis crystal protein after SDS-PAGE.
Lanes 1, 2, 3 and 4: 4 clones contained the expressed protein of Cry 1C.
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ECOLOGICAL STUDIESON MITESINFESTING
HONEY-BEE COLONIESAND THEIR PHYSICAL
TREATMENT

Zeinab Mohamed El-basher
Department of Zoology, Faculty of Science, Zagazig University

ABSTRACT

Sharkia governorate was characterized by five locations of agriculture lands and
honey-bee colonies which were chosen to study the parasitic mites on the honey-bee.
These five areas were: Zagazig, Belbeis, Diarb-Negm, Abo-Kaber, Alhosienea

50 honey-bee colonies in the representative areas in Sharkia governorate were
monthly examined and surveyed during one whole year, during March 2002 till
February 2003, 1405 mites Varroa Jacobsoni Audeman( Acaridea: Varroidae) were
collected. They were ectoparasitic and blood sucking mites in the honey-bee brood
and adults. The infestation rate of varroa mites was (21%) /50 hive workers bee. 264.7
another mites only detected through using a dissecting microscope, it was a honey-bee
parasitic tracheal mite (HBTM) Acarapis Woodi(Ronnie), these mites hived inside
trachea of adult bees. The infestation rate of HBTM was (5%)/50 hive adults.

The mean infestation rate of Varroa mites in the honey-bee worker evaluated
monthly from March 2002 to February 2003, reached maximum rate in the middle of
September, but in the middle of February the HBTM reached the maximum
infestation rate. In seasonal distribution the rate of Varroa mite infestation increased
in spring and reached a peak in autumn.

The infestation rate of HBTM increased in spring, reached peak in winter.
Electromagnetic field was used to control Varroa mites and HBTM. 10 honey-bee
hives were exposed to magnetic field, about 4450 gauss, for 20 minutes every
morning and exposed again at the end of the day. These two steps were repeated daily
through one month, the infestation of mites completely reduced.

INTRODUCTION

Honey bees are familiar insects to most people. Bees live in colonies
dominated by eggs, lying by queen bee, worker bees are all females, daughters of the
queen.

Male bees (drones) are produced in the colony only when needed to mate with
new virgin queens. Honey bee workers collect pollen and plants nectar. An estimated
one third of the human diet is derived directly or indirectly from insect pollinated
plant.

Honey bees (hymenoptera apidae) are the world's most important special
insect pollinator of fat and vegetable crops. Honey bee feed exclusively on plant
nectar and plant pollen. Plant nectar is transformed into honey for storage which is the
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colony's main food reserve. Pollen is the colony protein food reserve. Honey bees are
the source of honey and bee wax, a fine wax with unique qualities. Honey bees also
produce propalies a gummy substance made from tree sap, which has antibacterial
properties, and royal jelly and pollen for human consumption.

Honey bee venom is extracted for the production of antivenom therapy and is
being investigated as a treatment for several serious diseases of the muscles,
connective tissue, and immune system, including multiple sclerosis and arthritis.
(Doug 2006)

Honey bees must contend a number of parasites both inside and outside of
their natural environment; mites are of particular importance to bees and beekeepers,
because of their potential to do great damage to both feral and managed honey bee
colonies. The two species of mites that most responsible of the damage to the bee
colonies are the Varroa mite (Varroa Jacobson) and the honey bee trachea mites
(Acarapis woodi), these mites have Kkilled twenty of thousands of honey bees'
colonies. In North America during the past ten years, scientific breeding programs are
attempting to develop tolerant strain of domestic honey bee to replace the mites'
susceptible ones currently used (Sanford 2001).

The Varroa mite, an ectoparasite of honey bee adult and honey bee brood, it
weakness, Kills honey bee colonies and can also transmit several honey bee viruses. It
was first described by Oudemons (1904) from genus on Apis canard.

In 1951, it was found in Singapore. In 1962/63 the mite was found on Apes
mellifera in Hongkong and Philippines and spread rapidly from there, (Definado
1963). The importation of queen from infested area, and the movement of infested
colonies of bee for pollination lead to the rapid spread of these mites. (Delaplan and
hood 1997, martin 1999)

The honey bee tracheal mites, Acarapis woodi is an internal parasite of adult
honey bees. Tracheal mites live in the breathing or tracheal tubes of adult honey bee
and only move outside the host to infest another bees. Honey bee tracheal mites
preferentially disperse to adult worker honey bees younger than three days of age
(Gary et al, 1989), tracheal mites are associated with the death of honey bee colonies
in the winter when greater than 30% of the bees within a colony are infested (Pettis &
Wilson 1996).

To control the mite, beekeepers have bees using pesticides in their bee
colonies', however, that approach has generated problems, including the mite
developing resistance.

The aim from this study is to explore the basic ecological importance of the
honey bee mites' best controlling method which is a physical method by means of
electromagnetic field. This physical method protects human health and may prevent
the risk of contaminating honey and hive products to the usage of chemical products
such as the anti-acaroids and insecticides.
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MATERIAL AND METHODS

Field and Laboratory Studies

Selection and description of studied area

Sharkia governorate is considered as the third city in Egypt according the
population density. Five different zones in it were selected for the ecological study of
the honey bees' colonies and survey the distribution, identification and description
(Delfinado-baker 1984) of the mite infestation in Sharkia. The five studied areas were:
Zagazig, Belbeis, Diarb-negum, Abo-Keber and Alhosaienea. (Map (1))

Collection and Isolation of Mites

B.1. Varroa jacobsoni

Method (1)

Brush or shake approximately 50 to 100 worker bees sampled from near the
middle of the hive into the wide-mouth mason jar, replace the lid on jar of captured
bees and spray a short burst (about one second) of engine starter fluid ( approx. two
tea spoons of alcohol) into the closed container. After about one minute, gently roll
the jar from side to side to coat all the bees with ether (alcohol). If Varroa mites are
present, they will full off the bees and adhere to sides of the jar where they can be
examined and counted in the laboratory. (Burgett et al 1987).

Method (2)

Brush or shake approximately 50 to 100 worker bees sampled from near the
middle of the hive into the wide-mouth mason jar, replace the modified lid and add a
heaping table-spoon of powdered sugar through the mesh screen, roll the jar from side
to side to distribute the sugar all over the bees. Wait a few minutes and roll the jar
again. Pour the sugar and dislodged mites through the screen into chess-cloth which
separate the mites from the sugar, examine and count the bee mite by sifting the sugar
through the cloth leaving the mites on the cloth surface. (Ellis 2000, Macedos & Ellis
2001)

B.2. Acarapis Woodi

Pin the bee on its back and remove the head and first pair of the legs by
pushing them off with scalpel or razor blued in downward and forward motion, using
a dissecting microscope, remove the first ring of the thorax (tergites of prothorax)
with forceps. This exposes the tracheal trunk in the mesothorax, when the infestation
is light, it is necessary to remove the trachea, place it in a drop of lactic acid and glass
slide for cleaning and cover glass with cover for examination at x40--100 on a
compound microscope. (Delfinad & Baker1984)

Treatment
10 honey bee's hives were exposed daily to small doses of electromagnetic
field. The source of the electromagnetic field was from a small machine manufactured
by the maintenance center of Cairo University, placed in the entrance of the bees'
colony.
Examine 100 workers from every hive weekly and count the dead Varroa to
calculate the mortality of Varroa.(El-basheir et al 1994/96)



3.

ECOLOGICAL STUDIESON MITESINFESTING HONEY-BEE COLONIES

Statistical Analysis
All the statistical results were analyzed according to Duncan (1955), Anon
(1985).

RESULTS
Description:

Varroa Mites

Varroa mites are blood sucking ectoparasits that attack young and adult honey
bee. Female Varroa are brown to dark brown, shaped like a rib, measuring 1.0 to 1.77
mm long and 1.50 to 1.99 mm wide. Their curved bodies fit into abdominal folds of
the adult bee and are held there by shape and arrangement of ventral setae.

Adult male are yellowish with light terminal legs and spherical body shape
measuring 0.75 to 0.98 mm long and 0.70 to 0.88 wide. The male chelicerae are
modified for transferring sperm. (Fig. 1)

Honey Bee Tracheal Mite (HBTM)
Acarapis woodi are endoparasite, blood sucking which attacks tracheal honey
bees. Females are (0.005 to 0.008 inches) 145-176 microns in length and 78-82
microns in width. Males are (0.004-0.006 inches) 126-137 microns in length and 61-
78 microns in width.
The mites have an oval body shape and posses also a hardened of mandible
that is used to feed the blood of its host. (Fig. 2)

2. Mite Survey

The locations and some information about the infested colonies, in the Sharkia
governorate, during March 2002 till February 2003, were mentioned in table (1).

The prevalence rate of varroa mite infestation among fifty honey bee colonies
in five representative areas during one year (March 2002- February 2003) were
analyzed in table(2). So as the Monthly distribution of the Tracheal mites were
analyzed in table (3). It was found that the highest collection rate was in Alhosaienea,
25.5% of varro mites and 25.1% of tracheal mites, While the lowest collection rate
was found in Zagazig, 13.4% of varroa mites and 14.5% of tracheal mites.

Seasonal abundance
The mite population was cyclical observed and recorded in table (5, 4) and
shown in fig (1). Varroa mites' population rate was increasing and reached its peak in
autumn and had a minimum population rate in summer. While HBTM's population
rate was build up in autumn, reached its peak in winter and declined in summer, fig.

3).

Treatment
A small machine which produces an electromagnetic field was placed in the
entrance of the bees' colony. It was noticed that the effect of small doses of magnetic
field (4450 gauss) resulted from a voltage of 5volts on infestation mites, for 5 to 20
minutes, twice a day for a whole month results in a great decrease after the 3" week.
And after four weeks of that treatment there was no infestation in the colony.
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DISCUSSION

According to this study, the rate of honey bee mites' infestation in Sharkia
governorate was about 21% of 50 hives for Varroa jacobsoni, And 5% of 50 hives
for Acarapies woodi. The highest record of mite infestation was in Alhosaienea
(25.5%) while the lowest one was in Zagazig (13.4%).

Parasitic mites of honey bee were considered to be very harmful which cause
serious problem especially the varroa mites in Sharkia. Heavily infested colonies
usually have large number of unseald brood cells and dead newly emerged bees. Bees'
mites infested the colony always take only a few months to destroy the whole colony.

These results were similar to the results of Maria Helena Correa-Marques
(2000) in Brazil, Sanford (2000). Rice et al (2000) study HBTM in 80 bee colonies
and the data resulted didn't explain why HBTM population rate in these colonies
remained suppressed. Rice (2006) reported Varroa mites had become widely
established in Kentucky and had continued spreading till it became a major pest honey
bee in many states.

In this Study, the mite population rate was cyclic observed. Varroa mites'
population rate was Build up in winter, increased and reached its peak in autumn, fall
in spring and had a minimum population rate in summer. While HBTM's population
rate was Build up in autumn, increase in spring, reached its peak in winter and
declined in summer. This fact was also published by Kim (1990), ED Allein (1998)
and Wilson (1990). Diana (1990) was the one who found the Varroa population rate
had a peak in winter. This was opposite to the normal honey bee population rate cycle
in which there was a spring build up, a summer peak and a winter decline.

A good queen bee stops the producing of the mites in spring and summer, by
getting rid of them and easing the mite's problem for the colony. Spring re-queening
helps boost the bee population. The greatest lose of both individual bees and colonies
were in late autumn and early winter. This wasn't surprising if we put in consideration
that the mites build up in winter.

The bees' normal difficulties were trying to survive winter in Sharkia with the
shortness of life and the large number of bees' death rate in this season time.

As a result of this study, the honey bee mites infestation decreased by
exposing a small electromagnetic wave to the colony. After two weeks from the
treatment, it showed a high reduction in the infestation and after 4 weeks the
infestation was totally eliminated.

The results were similar to the results published by El-bachier (1994 -1996). It
was noticed that the mortality rate increased among mites by increasing the period of
exposure. Maximum mortality rate was recorded after 20 minutes at 7378 gauss as a
result of the magnetic field effect.

CONCLUSION

The Varroa mite is a reddish-brown, external honey bee parasite about the size
of the head of a pin. Varroa mites attach to adults and developing brood, where they
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feed on their blood. If left untreated, Varroa mites can deform bees and eventually kill
the colony.

The honey bee mite, Acarapsis woodi, is a microscopic mite only detectable
through dissection. They are whitish in color, with oval bodies and have a shiny
cuticle with a few long fine hairs on the body and legs. This small mite is an internal
parasite of honey bees. It infests and lives entirely within the tracheal (respiratory)
system of honey bees.

In Sharkia governorate, the infestation rate of Varroa mite increase in spring
and reach maximum in autumn while the infestation rate of HBTM increase in spring
and reach maximum in winter.

Electromagnetic field (4540 gauss) needs to be in contact with the brood nest
for about 20 minutes to be effective.

It is safer to use small doses of electromagnetic field for the bee-keeper, bee
and honey bee products.
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Table (1): The locations and some information about the infested colonies, in the
Sharkia governorate, during March 2002 till February 2003.

Number of Number of VarroaM Tracheal.M
Area the colony HB workers infestation infestation
rate (%) rate (%)

Zagazig 1 100 25.5 5.4
Belbis 2 100 26.3 7.1
Diarb-negum 3 100 27.2 8.2
Abo-K abeer 4 100 28.5 8.9
Alhosaienea 5 100 29.12 9.1

Table (2): Monthly distribution of the Varroa mites at five areas in Al-Sharkia
governorate, during March 2002 till February 2003.

Month Zagazig Belbies Diar b- Abo- Alhosaienea
Negum Kabeer
March 14.7+5 16+15 16.5+85 15+25 19+35
April 16.3+1.5 22+ 2 24.3+35 29+35 32.7+45
May 17.7+25 19+1 25+0.5 32+8 33+4
June 19+35 21.3+5 29.3+7 38.2+25 45+ 45
July 19.7+25 25+25 33.7+10.5 41+1 46 + 1
August 21.7+2 29+7 35.3+ 9.5 43+1 48+ 15
September 22.3+1 33+1.5 36.3+2.5 43.3+3 49.3+5
October 21+3 30.3+0.5 33.7+3 40.3+0.5 45+2.5
November 1945 29+1.5 31.7+1.5 36.7+6 43+2
December 18.3+1.5 26+3.5 29.742 33.3+0.5 40.3+5
January 17+1 21+1 25.3+1.5 29+2 38.3+9
February 15.7+1 19.7+4.5 19.3+8.5 23+8.5 32+22
Total 222.4 291.3 340.1 403.6 471.6
Per centage 13.4 17.5 194 24.3 25.5
(%)
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Table (3): Monthly distribution of the Tracheal mites at five areas in Al-Sharkia
governorate, during March 2002 till February 2003.
Month Zagazig Belbies Diar b- Abo- Alhosaienea
Negum Kabeer
March 2.3+05 2.7+0.3 3+1 3.3+0.5 4+25
April 3.7+1 43+05 47+1 5+2 53+1
May 4+1 57+1 6.3+15 7.7+2 83+3
June 3.3+0.5 4+1 57+1 6+2 7.3+15
July - - - - -
August - - - - -
September - - - - -
October - - - - -
November - - - - -
December 53+1 57+1 6.7+2 8.3+25 9+1
January 7+5.2 83+5 93+1 10.7+1 11.3+0.5
February 93+1 12.3+25 12.7+1 13.3+2 153+1
Total 34.9 43 48.4 54.3 60.5
Per centage 14.5 17.8 20 22.5 255
(%)

Table (4): Seasonal abundance of Varroa at five areas in Al-Sharkia governorate,
during March 2002 till February 2003.

Season Zagazig | Belbies Diar b- Abo- Alhosaienea| Total
Negum Kabeer
Spring 48.7 57 65.8 76 84 3315
Summer 60.4 75.3 98.3 122 139 495
Autumn 62.3 92.3 101 120.3 137.3 513.2
Winter 51 66.7 75 85.3 110.6 388.67
Total 222.4 291.3 340.1 403.6 470.9 1728.37

Table (5): Seasonal abundance of HBTM at five areas in Al-Sharkia governorate,
during March 2002 till February 2003.

Season Zagazig | Belbies Diar b- Abo- Alhosaienea| Total
Negum Kabeer
Spring 10 16.7 19.7 22 24.9 93.3
Summer 3.3 4 5.7 6 7.3 26.3
Autumn - - - - - -
Winter 21.6 26.3 28.7 32.3 35.6 144.5
Total 34.9 47 54.1 60.3 67.8 264.1
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Table (6): The effect of a magnetic field which results from a 5 volts voltage taken in
variable times on the honey bee mites during a month.

Number of Voltage Time Mortality Mortality
Week bee (Volts) (minutes) ratein ratein
exposed to Varroa HBTM
EMFs
1% 100 5 5 30.6 25.2
ond 100 5 10 70.0 31.3
3 100 5 15 85.4 40.2
4" 100 5 20 90.1 80.9

Fig.(1) Adult varroa mites are 1.77 mm long x 1.50mm
wide.
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Fig.(2) Adult Acarapiswoodi, Female( 145 long X 78 width microns) and
Male(126 long X 61 Width microns)

Seasonan abudance of VVarroa mites
in fife area of skarkia Government.

Seasonan abudance of (HBTM) in fife

area of skarkia Government.




ECOLOGICAL STUDIESON MITESINFESTING HONEY-BEE COLONIES

Jadll LA e Jikiall alad) e Aty el 5o
Ll 8 dadle 3k

o) ag by
G830 Al o slal) A ¢l guall ole aud

e 03y g g s a st O Ui 5 DU 4dglle <l jda a5 AU ) pdiad) (e Jal
290301 3l sall 5 Clinalill 5~ alina e (s ging (3 JalSH o321 a5 cJually oaai gh Lealil
) ganall XS 5 65 48 Clelin 8 addivg (sM) padil) 2 5 ¢ o sl adalii b (L) Ll ling )
llahall (any Al B padin 5 Jodadall Gokal) (e S G adding 5 4 gl ilaliaal) aal yiiny
ALaYL Gl 5 Jaill Adlall 4513l Aadll 03 Ul o gon Jaill Ll aany 5.0l 5 Gt 3 Ll
Lalan) s il Cuads e 9670 Co Jsiall sed o Y1 o Ll Ggan Sty Jaill s i3 1)

daald yiled a5 Jadll LA s il il L ghal) jhasl e 4 galall Jogh Ul
Jalicll

Db hlie pued ) A8 i) Adadlas &3 dglee A Al ja A
GO 1
ol 2
ey 3
»S sl 4
LGuwaall 5
cuALSMJ\M‘;chSth‘)&Qu&éﬁ)cdﬂ\gwtﬁ)\f@@\J‘)&w@}
e Caatl) aa alall Gl ALaY) A a3 23 08 5 ¢ 2003 _nl e A 2002 Gaobe (0 8l
Lt e 35 b ey il s (i L 5 g 2 5 ol g1
rdadl) o sl gl als e
0621 Aba¥) faass Josd s Aimall e g Jadll Allid Jle La jla Jakay sa
AT EN( N
A gel) sl s @
bﬁA@\ﬁjwmy‘jcwﬂjéu\Mw&ﬂ\JL@AJ‘JA‘JL}’Q:\’L:!}
s 01 065 4 Ayl s S 5 ile Gl 5 4y ) sl

Jid Wil i il 4l s 5l e gl (espdalianal) Jlaal) 1) WA e Camyad Ladie
388120 5 aliaidn 20 sl (@5 e20d eSS (e gl Gosla 4540 )dies culaill 231
el Cionai] alall ey o) Of an 5 ¢ gl B2l el g8 i ca sl Aled B A



PROCEEDING OF THE SECOND SCIENTIFIC ENVIRONMENTAL CONFERENCE, ZAGAZIG UNI., 2007, 87-95

EFFECT OF PHYCOCYANIN PIGMENT ON ACUTE RENAL FAILURE
INDUCED BY MERCURIC CHLORIDE

Y. M. El-Ayouty’, M. H. El-Baredy, ~ and A. M. Salama’
" Botany Department, Faculty of Science, Zagazig University
" Histology Department, Faculty of Veterinary medicine, Zagazig University

ABSTRACT

C-phycocyanin is a biliprotein pigment found in blue green algae. It has nutritional,
medicinal value as well as nephroprotectant agent. For evaluating its efficiency in curing
nephrites against mercuric; five groups of mice (10 mice for each) were intraperitoneally
injected as follow: (I) Control mice were injected with 1% phosphate saline buffer, pH 7.2;
(ii) The animals were injected with C-PC three times at dose 4 mg/Kg body weight for each
injection; (iii) The animals were injected one time with HgCl, (5 mg/kg body weight); (iv)
The animals were injected with C-PC three times at dose 4 mg/kg body weight and followed
with injection HgCl, at the dose 5 mg/kg body weight once. (v) The animals were injected
firstly with HgCl, at the dose 5 mg/kg body weight and injection with C-PC three times at
dose 4 mg/kg body weight. The animals were sacrificed following 15 and 30 days from the
beginning of experiment. Results of blood alteration following HgCl, injection evoked a
significant elevation (P<0.001) in serum urea and creatinine accompanied with highly
significant decrease in hemoglobin (Hb) content, oxygen capacity and R.B.Cs count.
Histopathological examination revealed hydropic degeneration, swollen nuclei and sloughing
of some epithelial cells of tubular epithelium and irregular contours of Bowman's capsule as
well as detached of some cells of glomeruli with obvious destruction in renal corpuscle in the
kidney of mouse. The previous results were counteracted especially in C-PC treated mice
before their treated with HgCl, (C-PC pre and post with HgCl,). Hence it could be concluded
that C-PC suppresses the lipidperoxidation and antagonized HgCI, intoxification nephrites
(nephroprotective agents).

Key words: Phycocyanin; Blue green algae; Mercury; Renal index, Histopathological alteration.

INTRODUCTION

Inorganic mercury present in the environmental as a well established toxicant to human
health. It is being widely used in the industrial, medical, agriculture and other fields (AT SDR,
1989). It is well-known human and animal nephrotoxicant. (\WHO, 1991 and Jarup, 2003).
Slight exposure to HgCl, leads to acute renal failure (ARF) where as acute oral or parenteral
exposure induces extensive kidney damage (Hostetter et al., 1983 and Woods, 1989).
Paralliy, it induced biochemical alteration in the blood of albino mice (Sharma et al. 2005).
Studies in vivo and in vitro have demonstrated that mercury induces lipidperoxidation and
enhances renal mitochondrial hydrogen peroxide formation in vivo and in vitro (Lund et al.,
1993). Moreover, it promotes the formation of reactive oxygen species (ROS) such as
hydrogen peroxide which enhances the lipidperoxidation and reactive hydroxyl radicals (Kim
and Sharma, 2003 and Sener et al., 2003). The previous radical plays a cortical role in renal
cell injury (Lund et al., 1991). Whereas other investigators showed that lipid peroxidation is
not directly responsible for mercury-induced cell injury in hepatocytes and renal cells
(Strubelt et al., 1996). The mechanisms underlying the onset of HgCl,-induced ARF have
been considerably elucidated for the last two decades. Mercuric ions have a high affinity for
sulfhydryl-containing molecules such as albumin, glutathione, and cysteine (Bohets et al.,
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1995 and Zalups, 2000). New a days it is considered that mercuric ions present in the
proximal tubular lumen following HgCl, exposure may exist at least in part in the form of
mercuric conjugates of glutathione (GSH—Hg-GSH) and cysteine (CYS—Hg-CYYS)
(Zalups, 2000). Also, there is available evidence indicating that mercuric conjugates of
glutathione, cysteine, and other small molecules, such as N-acetylcysteine, that are formed in
plasma may be taken up at the basolateral membrane of proximal tubules (Zalups, 2000).
Moreover it has been reported that phycocyanin is a potent free radical scavenger (hydroxyl
and peroxyl radicals) inhibiting microsomal lipidperoxidation (LPO) (Pinero et al., 2000) and
other effects. Moreover Rimbau et al., (1999) indicating that C-PC has antioxidant, anti-
inflammatory and neuroprotective effects. This work aims to evaluate the counteraction effect
of HgCl, toxicity for renal cells by C-PC.

MATERIAL AND METHODS

Animals

Random-bred, mal Swiss albino mice (6-8 weeks old), were taken from animal house of
faculty of Veterinary medicine, Zagazig University. They were kept under controlled
nutritional and environmental conditions with provision of a 12h light: 12h dark regimen.

Extraction and deter mination of the C-PC

C-phycocyanin was extracted from blue green alga Spirulina platensis according to the
method of Boussiba and Richmond (1979); approximately 2 g of experimental alga was
suspended in 200 ml of 0.1M Sodium phosphate buffer pH 7.2 containing 100ug/ml
lyzozyme and 10 mM EDTA. The crude extracted was precipitated with ammonium sulfate at
70% saturation. The precipitated fraction was collected and dialyzed against distilled water
and the non dialyzed fraction was used for intraperitoneal injection.

Preparation of C-PC for injection

Stock solution of C-PC in saline buffer pH 7.2 was prepared and diluted with the same
buffer to obtain the intraperitoneal injected dose. It was 12 mg/kg body weight.

Preparation of HgCI, for injection

An equivalent weight of mercuric to (5.0 mg/kg body weight) was estimated and
dissolved in saline buffer pH 7.2 according to Sharma et al. (2005).

Experimental protocol

The albino mice were divided into 5 groups each having 10 animals.

Group (1): Control mice were injected intraperitoneally with saline buffer pH 7.2.

Group (2): The animals were injected intraperitoneally with C-PC three times at dose 4
mg/kg body weight, two days apart.

Group (3): The animals were injected once with HgCl, at the dose 5 mg/kg body weight.

Group (4): The animals were injected with C-PC three times at dose 4 mg/kg body weight;
two days apart and left 7 days then injected with HgCl, at the dose 5 mg/kg body weight
once.

Group (5): The animals were injected firstly with HgCl, at the dose 5 mg/kg body weight
then left 6 days then injected with C-PC three times at dose 4 mg/kg body weight; two
days apart.



Y. M. El-Ayouty’, M. H. El-Baredy, ~ and A. M. Salama

All half the animals scarified at 15 days and the others at 30 days from the beginning of
experimental.

Biochemical analysis

Serum urea was enzymatically determined by colorimetric method according to Patton
and Crouch (1977) and Serum creatinine was quantitatively determined Kinetically
according to (Henry, 1974).

Hemoglobin content (Hb %) was calorimetrically determined according to (Van and
Zijlstra, 1961 and Brit, 1967).

N.B: 1gm of Hemoglobin is capable to combine with 1.36 ml of O, under volume
optimal condition. So oxygen capacity = hemoglobin concentration x 1.36 according to
Bernard, (1976).

Enumeration of Erythrocytes (R.B.Cs count)

The blood was diluted with saline buffer (0.9 % NaCl) and red blood cells were counted
using Bright-line Improved Neubauer Haemocytometer counting chamber (ASO Scientific
I nstruments).

Histopathological investigation

Histopathological investigations of different samples were carried out using
Hematoxylin and Eosin (H & E) according to Drury and Wallington (1980).

Statistical analysis

Statistical analysis of variance (ANOVA) and Student—Newman-Keul multiple
comparison test were applied to determine the significant differences among the groups.
P >0.05 was considered significant.

RESULTS

Serum urea and creatinine

The results listed in table (1) showed that injection with HgCl, elevates the value of
both serum urea and creatinine to the maximum level as they compared with their
corresponding controls (50 mg/dl) and (1.66 mg/dl) especially after 30 days old mice.
Whereas C-PC did not induce any shifting in the values of serum urea and creatinine as
compared with their controls. On the other hand, preinjection with C-PC three times followed
with injection HgCl, or preinjection with HgCl, followed with three injections with C-PC
gave more or less similar results with an obvious elevation in both parameters as the mice
treated once with HgCl, followed with C-PC as compared to the irrespective controls. This
indicates that C-PC has a counteractive effect to the intoxification of HgCl, either in the mice
scarified following 15 and 30 days old mice. In this regard, the renal index in 15 and 30 days
old mice were parallel with their corresponding controls.

Changesin Hemoglobin (Hb) content and R.B.Cs count

Here again results in table (2) revealed that HgCl, intoxication gave very highly
significant depletion in hemoglobin (Hb) content and R.B.Cs count in mice under
investigation the percentage of depletion was obviously appeared in 30 days old mice (30%
and 37%) as compared with their respective controls. Contrarily C-PC injection alone did not
induce any effect on both parameters (similar to control). On the hand, preinjection with C-
PC three times followed by injection with HgCI, one time gave an improve in the toxicity of
HgCl, since hemoglobin (Hb) content and R.B.Cs count show slight decline in their values as
compared with their controls especially in the group of 30 days old mice. The percentages of
decreases were 4% and 3.8% respectively. Meanwhile as the mice treated with HgCl,
followed by the injection with C-PC gave an obvious reduction in 15 days old mice which
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were improved as the animals left to 30 days. The previous results indicates C-PC contract
the mercuric toxicity.

In parallel pattern, the oxygen capacity was found to be dependent on the hemoglobin
value. Whereas injection with HgCl, lead to a very highly significant (P <0.001) decrease
especially after 30 days following injection. Such depletion was antagonistic following
preinjection with C-PC three times followed with injection HgCl, as compared with the
corresponding control.

Table (1): Effect of separate doses of HgCl, and C-PC, aswell as a combination of both
on somerenal failureindex following 15 and 30 days post injection:

Treatment Urea Creatinine Urea Creatinine
15 days 30 days

Control 25.000 0.83 25.00 0.83
+0.577 +0.017 +0.231 +0.047

C-PC alone 25.000M° 0.82" 25.00™° 0.81"°
+1.155 +0.048 +1.527 +0.032

HgCl, alone 45.000" 1.49" 50.00" 1.66"
+1.155 +0.037 +1.527 +0.049

C-PC Then 29.00% 0.97™ 26.00M° 0.87™

HgCl> 0.577 +0.067 +0.577 +0.015

HgCl, Then 34.00"2 1.30" 29.00" 1.08"

C-PC +0.55 +0.03 +0.565 +0.077

- (NS) Not significant, P >0.05. - (*Y) Significant, P <0.05

- ("3 Highly significant, P <0.01. - (") Very highly significant, P <0.001.

Table (2): Effect of separate doses of HgCl, and C-PC, aswell as a combination of both
on Hb, oxygen, R.B.Csfollowing 15 and 30 days post injection:

Treatment Hb 0O, R.B.Cs Hb 0O, R.B.Cs
15 days 30 days
Control 15.00 20.39 5.00 15.00 20.37 5.00

+0.252 +0.34 +0.08 +0.252 +0.32 +0.085

C-PC alone 15.00N° 20.40"° 500"  15.00N  20.40™° 5.00N°
+ 0.681 +0.92 +0.265 +0.404 +0.55 +0.137

HgCl, alone  10.50" 14.23°  3.49% 9.60"  13.00"° = 317"
+0.378 +049 +0128 +0265  +0.38  +0.088

C-PC Then 12.30* 16.72* 4.12%3 1450"*  19.72"° 4.81N°

HgCl, +0.115 +0.16 +0.061 +0.288 +039  +0.116
HgCl, Then 1120 1550 3.7 14.00°  19.04"  4.66"
C-PC +0.17 +023  +0.06 +0.051 +026  +0.08

- (NS) Not significant, P >0.05. - (*Y) Significant, P <0.05.

- (**) Highly significant, P <0.01. - (**) Very highly significant, P <0.001.
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Fig.1. Histopathological appearance of kidney sections stained with H&E (1) Well organized
medullary tissue of mouse kidney exhibiting normal collecting tubules with a good viewed
nuclei, normal blood capillaries between the tubules after 15 days of intraperitoneal injection
with saline buffer (pH 7.2), (X300). (2) Revealing normal renal corpuscles, normal tubules
and good nuclei in cortical tissue of mouse kidney after 30 days of intraperitoneal injection
with saline buffer (pH 7.2), (X300). (3) Showing a good epithelium of tubules and marked
increase in the number of nuclei of medullary tissue of mouse kidney appeared after 15 days
of injected with C-PC, (X600). (4) The same as control with a good picture of renal corpuscle
and increased a space of renal corpuscle after 30 days of C-PC injection in mouse kidney,
(X600). (5) The a ascending and descending tubules of mouse kidney showing degeneration
in the epithelium of tubules and swollen nuclei after 15 days of HgCl, injection appeared in
the medullary tissue (X300). (6) Showing hydropic degeneration and sloughing of some
epithelial cells of tubular epithelium, irregular contours of Bowman's capsule as well as
detached of some cells of glomeruli with destructed renal corpuscle below the
photomicrography (arrow). In the cortical tissue of mouse kidney after 30 days of HgCl,
injection, (X300). (7) Showing regenerated epithelium of tubules, no swollen nuclei and no
hemorrhage between the tubules inside medullary tissue of mouse kidney due to application
of injected with C-PC then HgCl, after 15 days. (X300). (8) Showing well organized renal
corpuscle, with absence of all abnormalities shown fig (6) in the cortical tissue of mouse
kidney after injected with C-PC then HgCIl, after 30 days. (x600). (9) Showing recovery of
epithelium of tubules with few swollen nuclei, without hemorrhage in the interstitial tissue of
mouse kidney after injected with HgCl, then C-PC after 15 days. (X300). (10) Showing a
good picture with no signs of hemorrhage and with few degenerated tubular epithelium in
cortical tissue of mouse kidney due to application of injected with HgCl, then C-PC after 30
days, (X300).
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DISCUSSION

The present work revealed that mercuric intoxication causes a signification increase in
urea and creatinine levels moreover, an obvious significant decrease in hemoglobin (Hb)
content, Total o2 volume and R.B.Cs count (tab). Results are in parallel with Yanagisawa et
al. (2002) who found that an increase in serum creatinine and blood urea nitrogen (BUN) in
rats preinjected with mercuric chloride. Moreover Fowler and Wood (1977) and Woods
(1989) have been demonstrated that mercuric chloride is a well-know human and animal
nephrotoxicity that induces extensive kidney damage. Ahn, et al (2002).reported that
Mercuric chloride injection in rabbits was accompanied with an obvious increase in serum
creatinine level after 24h post administration. Moreover, Lund et al (1991) demonstrated that
mercuric chloride induces lipid peroxidation which accompanied with oxidative stress that
plays a critical role in mercuric chloride induced renal failure. In a similar way Lund et al
(1993) explained the toxicity of mercuric ion on the basis that mercuric induced cell injury as
well as depletion of mitochondrial reduced glutathione content and increased the formation of
H,0O,by mitochondrial electron transport chain in vivo. The accumulation of H,O, leads to
nephrotoxicity and increase renal failure risk (Ohsugi et al., 1999). The significant reduction
in red blood corpuscles (R.B.Cs) count of mice treated with mercuric ion related to the
retardation of Erythropoiesisis process which controlled by kidney producing hormone
erythropoietin under severe renal damage (Sharma, 2002).In a parallel process the formation
of red blood corpuscles (RBC) is disturbed as a result to the sacristy of iron absorption
(Sharma, 2005). Results in table (1) indicated that mice treated with a combination between
C-PC and mercuric chloride are able to decrease blood urea nitrogen (BUN) and serum
creatinine levels than the corresponding values in mice treated with mercuric chloride alone
where as ,hemoglobin (Hb) content , total o,volume and RBC s were significantly increase
and return to their normal levels with respect to their corresponding control Tab (2) .The
previous results lead to emphasis that C-PC counteracts the renal toxicity induced by mercuric
chlorides (Yamane, 1988 and Fukino, 1990) where C-PC provide the mice a sort of
protection against antioxidant injuries Farooq et al. (2004). In the same line (Liss et al.,
2000) indicate that C-PC is a potent free radicals inhibiting microsomal lipid peroxidation and
other effects scavenger in renal cells. Faroog et al. (2004) evaluates that C-PC has
nephroprotective efficiencies through its ability to combat reactive oxygen species (ROS).
Moreover Pinero et al. (2000) proved that C-PC has the ability to scavenger the free
hydroxyl; alkoxyl and peroxyl radicals. Regarding to hemoglobin content it could be
indicated that the significant increases in this parameter in presence of C-PC may be related to
that C-PC enhances erythropoietin activity and bone marrow hematopoietic progenitor cell in
normal (Sharma, 2005). The mercury chloride treatment significantly decreases the red blood
corpuscles (R.B.Cs) count (Patni et al., 2001). Erythropoiesisis controlled by kidney
producing hormone erythropoietin and Mercury causes severe renal damage (Sharma, 2002).
So due to renal damage, Erythropoiesisis is cannot be synthesized and process of red blood
corpuscles (R.B.Cs) formation is disturbed. So, decrease in (RBC) count may be correlated
with the decrease in serum iron level (Sharma, 2005). The previous studies investigated that
Histopathological analysis in addition to necrosis of proximal tubule epithelial cells, necrosis
of macula densa cells and swelling of glomerular epithelial cells were observed in the renal
cortex of rats with HgCl,-induced ARF (Yanagisawa et al., 2002). The inorganic mercury
taken up may be accumulated into proximal tubules epithelial cells and may finally causes
acute tubular necrosis (Zalubs, 2000) Results in figures indicated that mice treated with a
combination between C-PC then HgCl, or HgCl, then C-PC are able to regenerate epithelium
of tubules, no hemorrhage in the interstitial tissue and well organized renal corpuscle, with
absence of all abnormalities inside tissue of mouse kidney. The previous studies demonstrated
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that the antioxidant and antiurolithic potential of phycocyanin thereby projection it as a
promising it as a promising therapeutic agent against renal cell injury associated kidney stone

and renal failure (Farooq et al.,2004 and Sharma et al., 2005). Hence it could be concluded that
C-PC suppresses the lipidperoxidation and antagonized HgCl, intoxification nephrites (nephroprotective agents).
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CHITOSANASE PRODUCTION USING SOME FUNGI
OPTIMIZATION OF FERMENTATION CONDITIONS OF
CHITOSANASE PRODUCED BY ASPERGILLUS ORNATUS

A. A. Shindia® and K. A. El-Sherbiny
Department of Botany and Microbiology, Faculty of Science, Zagazig University, Egypt.

ABSTRACT

The potentiality of 26 fungal species belonging to 10 genera and unidentified two species
isolated and identified from Egyptian soils to produce chitosanase in their culture filtrates
under submerged culture conditions using colloidal chitosan as the sole carbon source were
tested. Aspergilli, particularly Aspergillus ornatus were distinguished by its capacity to
release exo-chitosanase when grown on a selected medium. Best results were achieved after 7
days of incubation at 30°C and pH 5.0. The impact of aeration, mechanical agitation as well
as the volume and age of inoculum upon chitosanase and biomass production were also
discussed briefly.

The present paper gives an account of observations made on the production of chitosanase
and biomass in relation to the chemical constituents of fermentation medium. 1% colloidal
chitosan followed by crystal chitosan were more initiative for chitosanase production than
any other carbon compounds. Peptone (0.45%) followed by yeast extract were the best
nitrogen source for both biomass and chitosanase production. The optimum chitosanase and
biomass production were achieved on medium containing 0.1% KH;PQO,4, 0.5% KCI and
0.5% MgS0,4.7H,0. The impacts of the levels of glucose and NaCl on both experimental
parameters were also examined. In addition, the supplementation of various B-group vitamin
and some trace elements individually to the bioprocess caused no significant effects on
chitosanase production. However slight inhibition was obtained with a mixture of tested
metal ions. The productivity of chitosanase supported by addition of tween 80 as surfactant
agent and enhanced on sand and soil extracts than other natural sources investigated.

INTRODUCTION

Chitosan, a linear copolymer composed of f 1, 4-linked glucosamine (GIcN) residues with
various degrees of N-acetylated residues, is a deacetylated derivatives of chitin, an insoluble
linear # 1, 4 linked polymer of N-acetylglucosamine (Glc.NAc) and is the most abundant
polymer, next to cellulose in nature (Zhu et al, 2003). Chitosan is present in the mycelial and
sporangiophore walls of many fungi and the exoskeletons of insects and crustacean (Kim et
al, 2004). Actually, chitosan is applied widely to health food, such as for the treatment of
hyperuricemia and as an antimicrobial agent, preservative agent and edible film (Chen et al,
2005). Recently, much attention has been paid to converting chitosan to save and functional
chitooligosaccharides. These chitooligosaccharides produced by hydrolyzing chitosan with
chitosanase and have various physiological activities such as antitumer and antimicrobial
activities as well as immuno-enhancing effects (Qin et al, 2004 and Chen et al, 2005). The
productions of microbial chitosanases have received attention as a step in a proposed
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bioconversion process to produce low molecular weight chitosans and chitooligomers (Liu
and Xia, 2006).

Chitosanases (EC.3-2.1.132) are glycosyl hydrolases that catalyses the hydrolysis of 5 1, 4
glycosidic bonds of chitosan and have been found in a variety of microorganisms, including
bacteria and fungi (Somashekar and Joseph, 1996, Yun et al, 2005 and Chen et al, 2006).
Fungal chitosanolytic enzymes have been produced and characterized from different species
of the following genera; Aspergillus (Kim et al, 1998, Cheng and Li, 2000, Zhang et al,
2000, Eom and L ee, 2003 and Chen et al, 2005), Fusarium (Shimosaka et al, 1993), Mucor
(Alfonso et al, 1992), Paecilomyces (Chen et al, 2005), Penicillium (Fenton and Eveleigh,
1981) and Trichoderma (Nogawa et al, 1998). Also fermentation conditions of microbial
chitosanase production have been reported (Somashekar and Joseph, 1996, Zhang et al,
2000 and Zhu et al, 2003). It appears from the literature that chitosanase production by
moulds received less attention than bacteria. Thus, the present study aimed to investigate the
chitosanolytic activity of some Egyptian soil fungi as well as the optimal fermentation
conditions leading to maximum yield of exo-chitosanase by the most active fungal isolate.

MATERIALSAND METHODS

Materials: Chitosan and glucosamine were purchased from Sigma (St-Louis, MO, USA).
Commercial chitosan was prepared from shrimp chitin in our laboratory as described by
Heazi and Amiji (2003). Colloidal chitosan was prepared by the method of Fen et al
(2006). Folin reagent was purchased from LOBA chemie (Mumbai, India). All other
chemicals used were of analytical grade.

I solation and identification of chitosan degrading fungi: Different fungal isolates were
isolated from soil as well as agriculture waste samples collected from Sharkia Governorate,
Egypt. The dilution plate method essentially as described by Johnson et al, (1959) with some
modification was employed. Chitosan (1%) Czapek's Dox agar medium was used for
chitosanase producing fungi (Zhang et al ,2000) to which were added both rose bengal (65
ppm) and dihydrostreptomycin (20 ug/ml) as bacteriostatic agents, (Smith and Dawson,
1944), was used as an isolation medium . The plates were incubated at 30°C for up to 10
days, during which the developing fungi were isolated. The pure fungal isolate were
identified by consulting, Barron (1968), Ellis (1971), Raper and Fenndl (1977), Pitt
(1979), Carmichael et al (1980), Domsch et al (1980), Nelson et al (1983) and other. The
fungal cultures were maintained on potato dextrose (Difco) agar plates and incubated at 30°C
for 7 days (Zhang et al, 2000). The conidial suspension was prepared by suspending the
conidia from the slants in 10 ml of sterilized distilled water.

Fermentation medium and culture conditions : The fermentation medium used for
chitosanase production was modified Czapek's - Dox medium containing chitosan as carbon
source (Zhang et al, 2000) ,with some modifications , composed of (g/L): 10.0 colloidal
chitosan , 2.0 NaNO3 , 5.0 yeast extract, 1.0 KH,PO,4 , 0.5 MgS0,.7 H,0, 0.5 KCI, 0.01
FeSO,4.7H,0 and 1000 ml distilled water . The pH adjusted to 5.0. The fermentation medium
was dispensed in 250 ml conical flasks, each containing 50 ml. The flasks were inoculated



A. A. Shindia" and K. A. El-Sherbiny

with 1ml spore suspension of each tested fungal species. The submerged flasks were shaken
at 3.7 Hz and 30°C for 7 days (using shaker incubator, New Brunswick Scientific, Edison
N.J. USA).

Estimation of biomass production : Each fungal culture was filtered on Whatman No 1
filter paper and the pellets were washed several times , then dried at 90°C till constant weight
and the dry biomass was estimated in g/L of productive medium (Shindia,1997).

Chitosanase assay: Assay of chitosanase activity was carried out as described by Fenton
and Elveleigh (1981) as well as Uchida and Ohtakara (1988) with some modification. The
culture filtrate was centrifuged at 5000 r.p.m for 10 min at 40°C and the supernatants were
used as crude enzyme. The standard assay mixture containing 1 ml of crude enzyme
preparation and 1ml of 1% colloidal chitosan in citrate phosphate buffer (pH 5.0) was
incubated at 40 °C for 1h. The amount of glucosamine of the enzymatic reaction mixture was
then determined using the Nelson-Somogi method (Nelson, 1944). The intensity of the
colored solution was quantified in spectrophotometric (Spekol- spectrocolorimeter) at 700
nm. The reducing sugar concentration produced in the reaction mixture was measured based
on standard curve obtained with glucosamine as standard. One chitosanase unit (U) is defined
as the amount of enzyme that liberates 1 mol of reducing sugar per minute at 40°C (Zhang
et al, 2000).

Determination of protein: The protein content of the crude enzyme preparation was
estimated colorimetrically according to the method adapted by L owery et al (1951).

RESULTSAND DISCUSSION

Potentiality of production of chitosanase among tested fungi: Twenty six fungal
species belonging to 10 genera in addition to two unidentified species were examined to
investigate their capacity to produce chitosanase in their culture filtrates (Table, 1). The
results show that the chitosanolytic activity among the fungal species of the same genus is
quite different. Moreover, not all the fungal species possess the same chitosanolytic activity.
A. ornatus was obviously the best producer of highest chitosanase activity followed by A.
ochraceous, P. citrinum, T. viride, A. fumigatus, P. chrysogenum, Paecilomyces varioti and
T. sp. The fungal isolates with chitosanase activity below 25% of that A. ornatus were
considered low producers of enzyme and will not be considered for further discussion. Four
fungal isolates showed no chitosanase activity (Table, 1). In connection with our screening
study, several species particularly Aspergilli were listed by other investigators as chitosanase
producers during their course of screening of fungal strain with chitosanase activity such as
A. oryzae, A. sp J22-326, A. fumigatus, A. sp Y2K and A. flavus and others (Zhang et al,
2000 and 2001, Cheng and Li, 2000, Eom et al, 2003, Liang et al, 2005, Chen et al, 2005).
The studies of other investigators (Fenton and Eveleigh, 1981, Alfonso et al, 1992,
Shimosaka et al, 1993, Nogawa et al, 1998 and Chen et al, 2005) support our conclusions
about chitosanolytic activities of the reported fungal strains. These activities that showed a
wide range of variation and these natural differences proved the complementary action of
these organisms towards each other in their living ecosystem. This may be attributed to the
inherited differences in the biological activities of different fungal strains surviving single
environmental niche. On the other hand, it is revealed that the most isolated fungal species in
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our screening have been recorded as chitosanolytic fungi by the aid of compendium of soil
fungi (Domsch et al, 1980).

Aspergillus ornatus gave the highest chitosanase activity under bioprocess conditions.
These findings justified the selection of A. ornatus for further experimentation in order to
enhance its productive capability.

Time course of growth and chitosanase productivity of Aspergillus ornatus. The
growth of Aspergillus ornatus and its production of chitosanases in culture filtrates were
determined during the incubation period which prolonged for 14 days. The result in Fig (1)
reveals a correlation between level of chitosanases production and extent of fermentation
period. Negligible production of chitosanases was observed in the initial 48 h of fermentation
process, though adequate growth was maintained under these conditions. Optimum
chitosanase production was achieved after 7 days of fermentation. Beyond this period the
chitosanase was found to drop gradually with further extension of the fermentation period to
14 days. The data also appeared that, no correlation was observed between the released
chitosanase in culture filtrates and the biomass of Aspergillus ornatus. Optimum biomass was
obtained after 8 days of fermentation periods, above which the fungal biomass production
dropped. The late appearance of chitosanases could be the result of induction as colloidal
chitosan eventually becomes available after consumption of proteins. Previous investigators
found that an incubation period from 4 to 5 days was optimal for chitosanase production by
some Aspergillus sp (Cheng and Li, 2000 and Chen et al 2005) and Bacillus sp (Choi et al,
2004). On the other hand, cultures of Aspergillus oryzae showed the highest chitosanase and
growth rate after 60 hours of incubation (Zhang et al, 2000).

These differences in optimum production of chitosanases by different fungal and
bacterial species may ascribe to either the condition of cultivation or special differences.

Effect of initial pH-value: Chitosanase and dry biomass profile with respect of initial pH
of the fermentation medium is shown in Fig (2). It is evident that, the growth of Aspergillus
ornatus and its ability to produce chitosanase respond differently to the reaction of the basal
medium. The results revealed that an initial pH of 5.0 was found to be optimal for both
growth of Aspergillus ornatus and chitosanase production. Above and below this pH value
the yield of biomass and chitosanase was substantially lower. It is also clear from the data
that, the experimental fungus has the ability to survive and release extracellular chitosanase in
its culture filtrate at wide range of pH's value. These observations agree with the findings of
Alfonso et al (1992) who found that the pH 5.0 was the best for growth and chitosanases
production by Mucor rouxii. The most of fungal chitosanases showed optimum productivity
close to 5.0 (Zhang et al, 2000 and Chen et al, 2005). Effect of incubation temperature:
The incubation temperature has a significant influence on both chitosanase production and
growth of A. ornatus (Fig, 3). The optimum temperature for efficient fermentation was found
to be 30° C. Above and below this temperature the biomass and chitosanase production
dropped. It is also found that the tested organism failed completely to develop mycelia and
hence no chitosanase activity at 50°C. Therefore, all further optimizing efforts using A.
ornatus were tried at 30°C which seems to be the optimum for chitosanase production and dry
biomass of tested fungus. In accordance with these findings are those obtained by
Somashekar and Joseph (1992), Tanabe et al (2003), Choi et al (2004) and Chen et al
(2005) who reported that 30°C was optimal for the growth and chitosanase production by
different microorganisms.
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Table (1): Chitosanolytic activity and protein production of different fungal isolates grown
on chitosan as carbon source at 30°C.

Fungal isolate Ch?t(?sanase Protein (mg/ml)
activity (U/ml)
1 | Aspergillus awamori 1.11 0.145
2 | A carbonarius 1.28 0.170
3 | A carneus 1.95 0.203
4 | A flavus 3.21 0.311
5 | A fumigatus 2.36 0.255
6 | A niger 1.17 0.150
7 | A. ochraceous 2.93 0.218
8 | A ornatus 4.46 0.401
9 | A restrictus 1.26 0.165
10 | A tamari 3.11 0.305
11 | A terreus 2.06 0.211
12 | Chaetomium globosum ND 0.05
13 | Chaetomium sp ND 0.10
14 | Penicillium chrusogenum 2.34 0.228
15 | P. citrinum 2.68 0.256
16 | P.eegans 1.70 0.188
17 | P. funiculosum 2.0 0.205
18 | Cladosporium cladosporioids ND 0.08
19 | Fusarium moniliforme 1.66 0.177
20 | F. oxysporum 1.95 0.201
21 | Paecilomyces varioti 2.31 0.223
22 | Trichoderma konigii 2.10 0.210
23 | T.viridie 2.50 0.241
24 | T.sp 2.23 0.215
25 | Cunninghamella echinulata ND 0.06
26 | Mucor circinoloids 0.5 0.101
27 | M. racemosus 0.7 0.110
28 | Rhizopus oryzae 0.1 0.09
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Effect of aeration rate: Data showing the influence of aeration rate (volume of
fermentation medium/volume of fermentation flask) on biomass yield and chitosanase
production by A. ornatus are presented in Fig (4). Under our experimental conditions, 50 ml
of fermentation medium in 250 ml flask (1/5 v/v); allow optimal dry biomass output and
extracellular chitosanase biosynthesis. This may be due the compromises between mass
transfer and shearing stress at this volume. Further increase in the volume of fermentation
medium (decreased O, levels) causes gradual decrease in biomass production as well as
extracellular productivity. As the volume of fermentation medium increased, the shearing
stress may be increased and causal hazardous effect on fungal pellets (Liu et al, 2003). These
observations are in line with that previously reported (Tanabe et al, 2003 and Kim et al,
2004).

Effect of agitation rate: From the result in the Fig (5 ), it can be noticed that the growth
of A. ornatus was induced with agitation speed compared to static culture and gave the
maximum biomass at 150 r.p.m (5.0 g/L) after which gradually decreased were obtained up
to 300 r.p.m . At the same agitation rate (150 r.p.m) the optimum chitosanase activity was
also recorded by tested organism and dropped thereafter. Generally, the major roles of
providing agitation rate were in improving the mixing, mass and heat transfer in submerged
bioprocess. This is compatible with the findings previously concluded by Yoon et al, (2001)
and Chen et al (2005) for optimal chitosanases production by B. sp CK4 and A. sp CJ22-326
respectively. However, at higher agitation rates the biomass and chitosanase production by
tested fungus decreased. This may be due to over increasing in mass and heat transfer or/and
may have negative effects on morphological states such as rupture cells, vaculation and
outlysis as well as changes in fungal pellets (Cui et al , 1997) .

Effect of the amount and the age of theinoculum: The strength of the inoculum and age
distribution of mycelium is known to impact the growth rate as well as the enzymatic
activities of fungi grown under special conditions.
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Fig.1: Time course of growth and chitosanase Fig.2: Effect of initial pH-value on growth and

productivity of A. ornatus: chitosanase  production by A. ornatus.
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(Gottleib and van Etten, 1965). The aging of inoculum used to inoculate fermentation

medium, (Fig, 6) exerted changes in biomass and chitosanase production. The optimum

yields of both parameters were obtained by using 8 day-old inoculum of A. ornatus. On the

other hand, chitosanase activity of this fungus was not influenced greatly by the size of
inoculum in the range from 2 to 10% (Fig, 6). Also, the yield of biomass was not influenced
appreciably within the range of 4 to 8% of inoculum but above and below this range a
marked decline in production of biomass occurred. It seemed probable that certain substances
present in large amounts of inocula may tend to inhibit the growth of microorganism. These
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result coincide with these previously reported for different fungal species and their
chitosanolytic activity (Zhang et al, 2000 and 2001, Zheng and Xiao, 2004).

Effect of different carbon sources. As shown in Table (2), the relation between the
carbon substrates and extracellular chitosanase production as well as growth rate of the
experimental organism were investigated. The data indicated that the optimum
exochitosanase levels were detected as A. ornatus was grown on media containing chitosan,
but not with any other tested carbon compounds. Colloidal chitosan induced the best
chitosanase productivity of tested organism followed by crystalline chitosan and fungal
chitosan. While, cell free filtrate of culture growth with non chitosan substrates were devoid
of this activity. On the other hand, the monomer glucose and glucoseamine supported fungal
growth, but chitosanase production was not detectable in culture filtrates of tested fungus.

Table(2): Effect of different carbon sources on growth and chitosanase production by

Aspergillus ornatus:

Carbon source Chalctft)ii/a:?;se Dry wt.
(U/ml) (9/L)
Glucose - 12.4+0.0336
Fructose - 7.8+£1.025
Mannose - 7.62+1.094
Xylose - 8.64+0.684
Glucoseamine - 10.96+1.087
Sucrose - 8.52+2.002
Lactose - 6+1.064
Maltose - 9.8+1.035
CMC - 2.05+1.023
Cellulose - 0.94+0.756
Pectin - 6.14+0.054
Starch - 6.93+£0.08
Crystalline chitin - 1.26+0.006
Colloidal chitin - 3.92+0.21
Crystalline chitosan 2.2+0.0963 2.19+0.074
Colloidal chitosan 4.46+1.82968 5.0+ 0.13
Fungal chitosan 1.6+0.9824 3.23+0.495

The selectivity in action of carbon sources led us and others (Kim et al, 1998 and Chen et al,
2005) to conclude that the apparent increased represence of the enzymes to the carbon
sources was an inducible one. The preference in the usage of one carbon source by different
chitosanolytic microorganisms was reported by several investigators (Mitsutomi et al, 1998,
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Zhu et al, 2003, Kim et al, 2004 and Chen et al, 2006). For example, Cheng and Li (2000)
indicated that high chitosanase production was found only in culture of A. sp Y2K supplied
with soluble chitosan. The highest production of enzyme with colloidal chitosan may be
related to greater accessibility to enzymatic attack probably resulted from the largest surface
area of solubilized chitosan. Like other inducible enzyme systems chitosanase formation can
be repressed by excess soluble metabolites in the presence of inducer (Davis and Eveleigh,
1984 and Tanabe et al, 2003). The induction of A. ornatus chitosanase, in the present study
is repressed by addition of different concentrations of glucose (at zero time) to the chitosan
basal medium as shown in Fig (7). These results suggest that A. ornatus chitosanase is
controlled by an inducer repressor system. These finding were correlate well with the
previous observations of Kim et al, (1998) and Chen et al, (2005). In the presence of
adequate concentration of easily metabolites monosaccharides, a number of catabolite
pathways involved in hydrolysis of polysaccharides are repressed (Atlas, 1984 and Angell et
al, 1992). In contrast to these inducible enzymes, chitosanase which are produced
constitutively are also reported for different microorganism (Alfonso et al, 1992 and
Somashekar and Joseph, 1992).

The results in Fig (8) show that the excretion of chitosanase and growth of A. ornatus were
not only affected by the kind of carbon source supplied but also were sensitive to the
concentration of the specific carbon used (colloidal chitosan). It was found that 1.0% of
colloidal chitosan gave the maximum production of enzyme while the lowest productivity
was recorded at 3.0% chitosan. It was reported that the yield of chitosanase depend on
microorganism as well as nature of chitosan and its levels (Somashekar and Joseph, 1996).
For maximum chitosanase productivity, the optimal concentration of colloidal chitosan was
1.0% for different microorganisms (Zhu et al, 2003 and Chen et al, 2005).
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Effect of different nitrogen sour ces:

The impact of a range of nitrogen sources on chitosanase productivity and growth rate of
A. ornatus was shown in Table (3). All 8 nitrogenous tested compounds were able to support
growth; the range in variation in final biomass yield was only 3.63 g/L except for urea
nitrogen containing media, in which it is reduced about 7 fold from 5.8 to 0.78 g/L of
biomass. This may be due to its toxic effect in high doses used or/and the pH variations
occurring after the addition of it (Reid, 1983). The final extracellular chitosanase production
varied considerably; however, maximum production of enzyme was evident in presence of
peptone followed by yeast extract.

Table(3): Effect of different nitrogen sources on growth and chitosanase production by
Aspergillus ornatus:
Nitrogen source | Chitosanase activity Dry wt.
(U/ml) (g/L)

Without 1.854+ 3.3867 0.75+ 0.0586
Control” 4.46+1.82968 5.0+ 0.13
NaNO; 2.066+ 1.54 2.17+ 0.089
NH,CI 2.324+ 0.20785 2.3+ 0.0058
KNO3 2.756+ 2.81233 2.96+ 0.0186
(NH4)NO3 3.173+ 2.09249 4.4+ 0.123
(NH4),SO4 2.18 0.0 2.26+ 0.141
Urea 1.86 £0.0 0.78+0.080
Peptone 4,474+ 1.97099 5.8+ 0.235
Yeast extract 4.13+ 0.43466 5.65+ 0.1389

*Mixture of yeast extract (0.5%) and NaNO; (0.3%).

Minimum chitosanase production was obtained only in the presence of urea. Other tested
inorganic and organic nitrogen compounds were favorable for chitosanase production by
tested organism but, comparatively less inducible than control. It is interest to note that, in
absence of exogenous supply of nitrogen compound, the biomass and chitosanase
productivity of A. ornatus posed low yield, indicating that, it is able to utilize the colloidal
chitosan as carbon and nitrogen sources. These observations confirmed the early reports that
certain microorganisms produced large amounts of extracellular chitosanases in the presence
of complex organic nitrogen such as peptone and yeast extract (Mitsutomi et al, 1998 and
Yoon et al, 2001). The prominent effect of peptone may be attributed to the fact that such
complex organic nitrogen gives on hydrolysis a number of some intermediate compounds
structurally available as precursors of enzymes biosynthesis as well as major, minor element,
and growth factors that may be used for inducing growth and biosynthesis of enzymes
(Anonymous, 1958). Also, the preferability of one nitrogen source by chitosan degrading
microorganisms has been reported (Fenton and Eveleigh, 1981. Cheng and Li, 2000,
Zhang et al, 2000 and Kim et al, 2004) and their findings were in connection with our
results.

Different levels of peptone (0.25-0.5%) as the best nitrogen source were tested (Fig, 9).
The best levels of peptone for maximum extracellular chitosanase release and biomass
production by tested organism were found to be 0.45%. Above and below this optimal
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concentration of nitrogen source, the biomass and chitosanase productivity almost reduced.
Others indicated that both the nature of nitrogen source and its level in bioprocess are
important in controlling fungal development and biosynthesis of enzymes (Shindia et al,
2001). Also, similar results have been reported by several workers connecting the nitrogen
concentration dependence of both chitosanase and biomass of microorganisms (Zhang et al,
2000 and Chen et al, 2005).

The effects of different levels of essential salts in culture medium (MgSO4.7H20,
KH2PO4 and KCI), one at a time, were also investigated.

It well known that phosphorous especially KH,PO,4 plays an important roles in fungal cell
metabolism particularly utilization and metabolism of carbohydrates (Jennings, 1995). The
highest chitosanase activity (4.74 u/ml) was obtained with 0.1 g/L of KH,PO, (Fig, 10) as
source of phosphate in bioprocess with more than two-fold increase than the phosphate
depleted medium. Further increase in phosphate levels supply led to a decrease in both
chitosanase and biomass production by experimental organism. Other investigators reported
different optimal levels according to the kind of phosphorus source as well as their tested
microorganisms (Fenton and Eveleigh, 1981, Cheng and Li, 2000, Zhu et al, 2003 and
Chen et al, 2005). Also, Zhang et al, (2000) and Tanabe et al, (2003) found that, the
maximum chitosanase production by A. oryzae IAM 2660 and Streptomyces griseus HUT
6037 were obtained in the presence of 0.1% KH,PO, in fermentation media.

The vital importance of Mg*? ions and other bivalent ions as growth factors had been
discussed by Jennings (1995). The optimal levels of MgSO,4.7H,0 supporting the highest
chitosanase activity and biomass yield dropped markedly with higher salt levels. Others
reported that, the optimal Mg*" ions concentration employed varied with the different
organism being 0.5g/L for A. oryzae IAM 2660 and A. sp CJ22-326 (Zhang et al, 2000 and
Chen et al, 2005) and 0.7 g/L for P. islandicum (Fenton and Eveleigh, 1981).

Similarly the presence of KCI in bioprocess exerted a significant impact on chitosanase
activity and biomass production (Fig, 10). The presence of 0.5¢g/L KCI maximum chitosanase
and mycelial dry weight production by A. ornatus were recorded with an increase of abut 3.7-
fold compared to the medium omission of the salt. Similar results have been previously
recorded by Zhang et al, (2000) who found that, the suitable amount of A. oryzae IAM 2660
chitosanase was achieved in the presence of 0.5 g/L KCI in bioprocess.

Trace elements have been shown to exert a low impact on chitosanase production as well
as on growth of tested organism, in general, as individually added (Fig, 11). No significant
increase in chitosanase and biomass production was observed by the addition of CoCl, and
FeSO,4.7H,0 to the fermentation medium. However, a remarkable inhibition in both
fermentation parameters were obtained by the addition of mixture of tested heavy metals and
ZnS04.7H,0 and ZnCl salts. These results partially were in agreement with those obtained
by Zhang et al, (2000) and Kim et al, (2004). The support of some heavy metals ions in the
enzyme yield and growth of microorganisms is either related to the actual increase in the
enzyme yield or simply to enhancement of enzyme activity Harper et al, (1977).

Generally, fungi need only water soluble vitamins of B-complex series (Bilgrami and
Verma, 1981). Thus, the impact of some vitamins on the production of chitosanase and
growth of A. ornatus were investigated as shown in Fig (12). No significant increase in
enzyme production was observed by the addition of each vitamin individually to the
fermentation medium. Both chitosanases and biomass production are ineffective by B, but
retarded by B1,, thiamin and Bg in fermentation media. These findings are in connection with
those previously reported for different enzymes (Shindia et al, 2001).

The results (Fig, 13) revealed that, the chitosanase and biomasss production by A. ornatus
gradually decrease with an increasing the levels of NaCl up to 0.5%. This is not compatible
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with the results reported by Cheng and Li, (2000) who found that 0.05% NaCl enhanced the
productivity of A. sp Y2K chitosanases.

Supplementing the bioprocess with individual surface agents exerted different effects on
both chitosanase and biomass production by tested organism (Fig, 14). Addition of 2.0%
tween 80 supported fair amount of chitosanase and biomass output, however, Tween 40
retarded the two fermentation parameters. Tween 80 stimulates enzyme production, release of
enzyme and enhancement of the O, supply to the fungal cells as discussed by Perdih and
Lestan, (1993). Similarly, Kim et al, (2004) found that the addition of tween 80 enhanced
the release of chitosanase in fermentation media.

The experiments were extended to investigate the impact of natural products on the
chitosanase and biomass production by tested fungus (Fig, 15). The results of this study
showed that sand and soil extracts incorporated separately, exhibited comparable values of
both chitosanase and biomass production as control. However, malt extract recorded a
general lower productivity of both parameters. The superiority of sand and soil extracts might
attribute to the availability of appreciable amounts of soluble salts as well as oligomers that
induce enzymes and growth of microorganisms (Sabry et al, 1992).

Finally, from the above results, it could be concluded that, A. ornatus proved to be the
most active fungus for chitosanase production and its productivity affected by environmental
and nutritional conditions of the culture media.
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ABSTRACT

Lepidoglyphus destructor (Schrank) was reared individually on fungal colonies of
Aspergillus niger, Alternaria alternata and Fusarium oxysporum. For the developmental test,
tritonymphs were reared on the colony of each fungus individually at four different temperatures
(20, 25, 30 and 35 °C and 75 % R.H.) and corresponding observations were conducted. The
experiment showed that Lepidoglyphus destructor passed through (egg — larva — protonymph —
tritonymph) before reaching adulthood at 20, 25 and 30 °C. The hypopus (deutonymph appeared at
35 °C only which is produced as a response to environmental stress. All motile developmental
stages are similar in their appearance. As soon as females emerged on the colonies, males were
introduced for mating. When three fungi were compared, the life cycle of female was long when
reared on the fungus F. oxysporum 17.21 days but for male it reached 10.65 days when fed on A.
alternata at 20. The adult mites lived longer on the colony of Aspergillus niger (35.8 days for
female and 20.25 days for males at 20 °C. than on colonies of Alternaria alternata and Fusarium
oxysporum. The fungus F. oxysporum showed the best host for mite egg laying (351 eggs) at 35
°C, while the fungus A. niger was the unfavorable one for egg laying (172 eggs) at 35 °C.

INTRODUCTION

Mites are found everywhere; such as in food kept in store for any length of time, and
increased to numerous numbers under optimum conditions where contaminate it with their bodies
and extra. Mites belonging to suborder Astigmata was first recorded by different authors around
the world i.e. Rivard (1961), Sinha and Wallace (1966), Zdarkova (1967), Shen (1975), Hughes
(1976), Jefrrey ( 1976), EI-Naggar (1977); Maurry and Jamil (1982), Mostafa and Shokeir
(1993), Fawzy (1996), El-Sanady (1999) , Mohamed (2003) . Many species of relatively
desiccation-tolerant astigmaid mites which are pests in stored products have been successfully
reared in the laboratory through their full ontogeny, Grifth, 1964; Sinha., 1964, Hughes, 1976 and
Okabe and Oconor, 2001.The glycyphagid mites are a widely distributed species, often occurring
in large numbers on dried plant and animal remains in houses and stables but not in grass land,
Griffith, 1960. It has been found in flour, wheat, hay, rice, dried milk, linseed, tobacco, cheese,
Chmielewski, 1969 and poultry feed mixture of birds & chicken, Gigia, 1964. and Parkinson et
al. 1991.

Lepidoglyphus destructor found in large number on most of the stored products; this mite
species was abundant where other infestations and secondary fungus infestations, and insect
excretions exist (Hughes, 1976). Lepidoglyphus was able to survive when kept with cultures of
stored product fungi (Sinha, 1968) That has been used in this experiments. Several species of
common fungi were assessed as food for fungivorous astigmatid mites (Okabe and Oconor,
2001). They noticed that Hypocerea nigericans, Botrytis cinerea and Flammulina relutipes were
generally good food sources for most mites examined.

A few contributions have been made to evaluate the effect of temperature and relative humidity on
the acarid mites under controlled conditions in the laboratory. In this study the trials were
conducted in the laboratory conditions 20, 25, 30 and 35 °C and relative humidity 75 + 5 % R.H. to
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study the different biological aspects of the astigmatid glycyphagid mite, Lepidoglyphus sp. n
when fed on different fungi (Aspergillus niger, Alternaria alternata and Fusarium oxysporum).

MATERIALSAND METHODS

Lepidoglyphus destructor (Glycyphagidae: Astigmata) was maintained at 25 °C on colonies of
(Aspergillus niger, Alternaria alternate and Fusarium oxysporum), which had been cultured on
potato dextrose agar (PDA) medium (17 — 20 gm agar + 20 gm dextrose sugar + 200 gm crushed
potato. A colony of fungus was put in a glass ring (1.5 cm in diameter and 1 cm high) and a single
mite was introduced to each colony. High vacum silicon grease was applied and a cover glass was
put onto each glass ring to keep the mites from escaping. Petri dishes (9 cm dia.) containing 10
glass rings were placed in incubators, which were set up at various temperatures and a photoperiod
of 16 L - 8 D. For the developmental test, tritonymphs were reared on the colony of Aspergillus
niger or Fusarium oxysporum individually at each temperature and corresponding observations
were conducted. As soon as females emerged on the colony, males were introduced for mating.
Eggs that have been oviposited within 12 hours were used for experiments at 20 and 25° C, where
the eggs oviposited within 6h., were selectively used for experiments at 30 and 35°C., to minimize
the relative effects of variance to shorten egg periods at high temperatures. The eggs were
individually placed into a glass ring using a painting brush. Fifteen eggs were initially used for
each temperature condition, and their development was observed every 12 h. until the mites
reached maturity or died. Females which reared individually from tritonymphs and become adults
within

12 h. were used for the experiments on fertility and longevity. The colony of fungi were never
exhausted and were kept clean throughout the experiment. Observation was terminated when all
females had died. All presented data were subjected to one way of variance (ANOVA) and means
were separated by Duncan” s multiple range test, Duncan (1955).

RESULTS

In this study, the trials were conducted under the laboratory conditions 20, 25, 30 and 35
° C and relative humidity 75 + 5 % and three different fungi to study the different biological
aspects of the glycyphagid mite, Lepidoglyphus destructor which found in large numbers on most
of stored products at different areas of Egypt.
Habitat and Feeding: Field observations showed that this mite was found inhabiting stored
products in Egypt. Observation showed that, they were generally found in Qaha, (Qaluobia
Governorate); Giza; Ismaeilia, and Sharkia Governorates. This mite passed through four different
stages before reaching adult (egg, larva, protonymph, and tritonymph). The deutonymph (hypopus)
appeared only at 35 °C only for both sexes.

Hatching: Eggs were laid randomly in cracks and substrate of rearing cells, under the granules of
food. Egg was elongated and translucent when developed, and then changes to dark whitish colour
before hatching. During hatching, the egg ruptured longitudinally and larvae crawled out from the
medium slit with its hind legs at first, then larva librated outside and immediately moved to search
for food. The hatching process lasted about 25 minutes.

Moulting: When full-grown, every moving immature stage of L. destructor enters to quiescent
stage in which it seeks a dry hole or crack in the substrate of rearing chamber and completely
ceases feeding and movement. The body swelled and enlarged which made the cuticle highly
stretched. The legs become shrieked and contracted under the body surface. Body colour becomes
pale-white. Quiescent individual never responses to any stimulation before moulting, the anterior
part of the body becomes translucent, this area increases gradually covering the whole body, the
old skin ruptured along transversal line behind the hysterosomal region, the hind legs appears from
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the old skin at first. Then, the new stage crawls backward coming out of the rest of the exuvia.
Newly emerged individuals kept quite beside its old skin for a short period, then started to move
actively searching its food after 10 minutes. The deutonymph (hypopus stage) appeared only at 35
C for both sexes (male ad female).

This period spin for ( 0.9,0.7, 0.65) days for female individuals , changed to ( 029 ,0.37, 0.43)
days for males when reared on different fungi at different temperatures..

Mating: During copulation the male assumed a dorsoposterior position with his aedegus; this is
mid ventral, inserted into the female’s posterior bursa copulatrix. The male tightly clasped the mid
dorsum of the female with legs I and Il. Legs Ill clasped her ventral posterior part, while leg 1V
hung leg limb and clasped female. The female was active and crawled, while male was
immovable. The process lasted about one hour. Both sexes accepted copulation immediately after
emergence. No parthenogenesis occurred in this species. In both sexes, female and male copulation
occurred more than once.

Duration of stages

Incubation period: The incubation period of Lepidoglyphus destructor lasted for average 6.63
days (the longest period) when the mite female fed on Aspergillus niger at 20 °C , decreased to
reach 2.1 days (the lowest period) when the mite fed on Fusarium oxysporumat 35 °C, Table (1)
and Fig. (1). The statistical analysis of data showed that there was very highly significant
difference between the mites fed on different fungi at different temperature. L.S.D. at 0.05 level =
0.25 and 0.29 for diets and temp., respectively in case of females.

On the other hand, the eggs which give rise to male took the longest period when the
individuals fed on Alternarium alternata 5.2 days at 20 °C decreased to 1.45 days when the mite
fed on Fusarium oxysporum at 35 °C. L.S. D. at 0.05 level = 0.22 for diet and 0.26 for temp,
Table (2) and Fig. (2).

Lifecycle

As shown in Table (1) the female durated 17.21 days for reaching adulthood (the longest period)
when fed on Fusarium oxysporum at 20 °C changed to 5.4 days for the same individuals when fed
on the same diet at 35 ° C. On the other hand the male individuals took 10.65 days when fed on A.
alternata at 20 °C (the longest period) changed to 3.25 days at 35 °C on the fungus F. oxysporum.
The statistical analysis of data showed that there was significant difference when the mites fed on
different temperature on different diets. L.S.D. at 0.05 level =0.51 and 0.59 for diets and temp. in
case of females and 0.50 and 0.57 for males, respectively.

Longevity: Concerning the adult longevity of Lepidoglyphus destructor, Tables (1 & 2), the
statistical analysis using L.S.D. at 0.05 level value pointed out that the longevity of the resulted
females and males was highly affected by temperatures and diets on this period. The data showed
obvious differences in this period. However, feeding on Aspergillus niger during the longevity
period lasted 35.8 and 20.25 days at 20 °C for female and male, respectively decreased to 7.7 days
and 7.1 days on F. oxysporm at 35 ° C for female and male, respectively. L.S.D. at 0.05 level =
0.38 and 0.44 & 0.31 and 0.36 for diets and temperature for females and males, respectively..
Fecundity: The diets and temperatures suitability were obviously affected on the number of
deposited eggs laid by adult females of Lepidoglyphus destructor .It was noticed in Table (1) that
the number of eggs was 351 eggs at 35°C (the largest number) when the individuals fed on F.
oxysporum while the lowest one recorded when the female fed on the A. niger at 20 °C (172 eggs).
Generally, the biological aspects of Lepidoglyphus destructor when fed on different diets (three
fungi) were affected by changing temperature from 20 to 35 °C. The statistical analysis of obtained
data showed that there was a very highly significant difference between the numbers of laid eggs
on different fungi. L.S.D. at 0.05 level = 1.57 and 1.81 for diets and temperature, respectively.
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DISCUSSION

From the present study, it was observed that the incubation periods of astigmatid mite,
Lepidoglyphus destructor were longer at 20 ° C than at 35 °C when fed on the different tested
fungi. On the other hand life cycle, adult longevity and life span of females and males lasted longer
periods at 20 C than at 35 ° C and these periods were longer when mites reared on Aspergillus
niger than other fungi. Female fecundity was higher at 35° C and when fed on Fusarium
oxysporum than other temperatures and other diets. Similar results were obtained by Boczek and
Davis (1993) who mentioned that the transferring to a higher temperature caused a significant
decrease in fecundity and longevity and the mite was unable to adapt to this treatment.  These
results also are in agreement with that obtained by El-Naggar (1977) studied the effect of different
food types on the biology of T. putrescentiae at 26°C. The female incubation period lasted for 2.53
days on Penicillium sp. and 2.6 days on sound potatoes. Abde-Azeim, (1999) reared
Lepidoglyphus sp. on hazel nuts. The female life cycles were 16.75, 13.10, 10.75 days, while male
life cycles were 15.00, 11.90, 9.80 days at 20, 25, 28°C, respectively. The total female life-span
durated for 60.6, 56.3, 47.0 days, but male life-span was 53.3, 46.4, 43.0 days at the same
temperatures, respectively. Franzolin et al. (1999) studied the ability of T. putrescentiae to spread
the toxigenic fungus Aapergillus flavus from contaminated maize to sterile grains under controlled
conditions. They added that the current data confirms Lepidoglyphus sp. is a means of dispersal for
toxigenic fungi in stored grain kept under warm and moist conditions.

Franz et al. (2000) noticed that Glycyphagus domesticus passed through (egg- larva- prelarva,
protonymph- tritonymph) before reaching adulthood. The life cycly of this mite lasted 17 days at
25 Cand 75 % R.H.

In this trend, Chmielewski (2002) collected and reared Lepidoglyphus destructor on bruised buck
wheat grain at 20 C and 85 % R.H. From the experiment the life cycle of mite was completed in
17.7 days. The number of laid eggs by female during its life span was 78.1days.

Also, similar results were obtained by Corente and Knulle (2003) who noticed a unique
(synapomrphic) characteristic of astigmatic mites is heteromorphic deutonymph (hypopus). It is a
non-feeding and facultative instar between protonymph and tritonymph adopted for dispersal and
also for dormancy, as Lepidoglyphus destructor and suggested that as food quality decreases,
development lasts longer and hypopodes are produced in a great number.
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DEVELOPMENTAL PERIODS AND FECUNDITY OF LEPIDOGLYPHUS DESTRUCTOR

Fig. (1) : Developmental periods of Lepidoglyphus destructor { Shrank ) female
when fed on different diets at different temperatures

Period (Days)

60

50 1

40+

30

20

10+

- @ Incubation period |
W Life cycle
- O Longevity -
O Life span
by [ [ [
SIRERIREI IR ED
I EnwgS SR YS | SnEsfk
SIELETE R R TR
< g < g < g <
20C 25C 30C 35¢C

Fig. (2) : Developmental periods of Lepidoglyphus destructor { Shrank) male in
different fungi at different temperatures
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Table (1): Develo
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pmental periods and fecundity of Lepidoglyphus destructor female when fed on different dietsat different temperatures

Biol. Aspects. 20°C 25°C 30°C 35°C L.S.D. at 0.05
Diets | Temp.
A B C A B C A B C A B C
Incubation 6.63+ | 638 |573+|413+| 52+ | 313+ |343+| 39+ | 28+ | 378+ | 42+ | 21+ | 0.250 | 0.2887
period 0.71 | +0.77 | 0.66 0.99 1.27 0.77 0.40 0.88 0.65 0.78 0.97 0.41
Life cycle 158+ | 1596 | 17.21 | 11.13 12.06| 10.36 | 836+ | 891 | 7.65+ | 9.14+ | 891+ | 6.05+ | 0.5080 | 0.5866
177 | +125| + .25 | 4103 | + 153 +1.42 | 043 | +0.97 | 0.88 0.72 0.76 0.53
Longevity 35.8 18.7 15.6 19.5 17.2 116 | 156+ | 123+ | 92 | 129+ | 95+ | 7.7+ | 0.3781 | 0.4366
+5.1 | +34 | +3.7 | 430 | +22 | 432 2.30 1.9 +1.9 1.9 1.3 1.1
Preoviposition | 5.75+ | 6.7+ | 39+ 4+ 42+ | 29+ 3+ 3+ 14+ 4+ 3+ 16+ - -
0.32 0.49 0.11 0.46 0.40 0.3 0.06 0.63 0.65 0.69 0.61 0.1
Oviposition 20 + 9+ 11+ | 10+ | 11+ 8.1 8.6 + 8 7.3 6.9+ 5 57+ - -
1.7 0.43 0.79 1.0 1.50 +3.2 1.14 | +0.95 | +0.95 | 0.43 | +0.84 | 0.88
Postoviposition | 10 + 3+ 0.7+ | 55+ 2+ 0.6 + 4+ 1.3+ 0.5+ 2+ 1.5+ 0.4 - -
1.1 0.1 0.08 0.15 0.09 | 003 | 011 0.1 0.09 0.1 0.06 | +0.01
Fecundity 172 | 190+ | 183+ | 243+ | 259+ | 220+ | 261+ | 270+ | 286+ | 287+ | 320+ | 351+ | 1.570 | 1.8132
+16.6 | 29.75 | 34.2 | 19.64 | 26.3 | 2456 | 16.97 | 16.89 | 18.3 225 20.1 | 19.68
Life span 51.60 | 34.48 | 32.81 | 30.63 | 29.25 | 21.36 | 23.96 | 21.21 | 16.85 | 22.14 | 17.71 | 13.1+ | 0.7343 | 0.8478
+456 | +321 | +214 | +15 | +254 | +189 | +321 | +169 | +1.11 | +2.21 | +2.01 | 0.99

A = Aspergillus niger

B = Alternaria alternata

C = Fusarium oxysporum




DEVELOPMENTAL PERIODS AND FECUNDITY OF LEPIDOGLYPHUS DESTRUCTOR

Table (2):Developmental periods of Lepidoglyphus destructor (Shrank ) male when fed on different diets at different temperatures

Biol. 20°C 25°C 30°C 35°C L.S.D. at0.05

Aspects. Diets | Temp.

A B C A B C A B C A B C

Incubation | 45+ | 52 + | 4.05+ 3.8+ 3.1+ 3.2+ 2.95 2.70 2.5+ 1.85 | 1.66 | 1.45+0. | 0.222 | 0.257
period 032 | 011 0.26 0.32 0.16 0.11 | +0.11 | #0.21 0.11 | +0.08 | +0.11 21

Life cycle | 10.35| 10.65 8.8+ 8.65 7.5 7.25+ | 6.15 5.45 5.15+ | 4.72 | 3.79+ | 3.68+ | 0.495 | 0.572
+1.5 | +1.98 1.6 +1.65 | +2.2 165 |+082| +11 011 |+032| 0.3 1.1

Longevity | 20.25| 15.2 145+ | 137+ | 129+ | 123+ |11.7+| 99+ 85+ | 94+ | 7.25 7.1+ 0.310 | 0.358
+3.4 | +26 3.0 3.1 2.2 2.5 2.1 1.9 13 3.2 +1.0 2.2

Life span 30.6 | 29.05 | 24.45 24.8 2.2 1955 | 17.85 | 15.3+ | 13.65+ | 13.75 | 10.7 10.35 | 0.530 | 0.612
+46 | +2.8 +4.1 +25 | £3.54 +34 | +165| 141 2.4 +14 | £.65 | +187

A = Aspergillus niger B = Alternaria alternata C = Fusarium oxysporum
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