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Introduction
Liquid-liquid extraction is one of the most promising and
effective extraction and separation technique in hydrometal-
lurgy. Particularly phosphorus-based extractant, D2EHPA,
(a commercial extractant) has proved to be of particular
significance for its wide range of use in the extraction (from
divalent to heptavalent) as well as separation of metal ions
from different acid solutions (Nasr-Eddine Belkhouche et al.,
2005; Islam and Mostafa, 1995; Islam et al., 1988; 1979). Leach-
ing of the spent nickel catalyst from fertilizer factories
produces aluminium and nickel containing solutions (Islam
and Mostafa, 1993) and a treatment is necessary to separate
the two metal ions. Previously, for this purpose, in our labora-
tory some separation studies had been attempted using
various extractants and also with tolyl phosphate using NH3

medium in the presence of fluoride ions (Islam and Mostafa,
1993) and using Cyanex 272 (Islam and Rahman, 2006).
Cobalt-nickel separation using Cyanex 272, Cyanex 301 and
Cyanex 302 has also been reported by some workers (Reddy
and Sarma, 2001; Tait and Brian, 1993; Chou and Beckstead,
1990; Danesi et al.,1984; Rickelton et al., 1984). However, no
report was found on the extractive separation of Al(III) and
Ni(II) by D2EHPA from fluoride medium, though several
reports are available on Ni(II) and Al(III) from acidic medium.

Tributyl phosphate(TBP), di-o-tolyl phosphate (HDTP) and
versatic acid-10 were attempted for extractive separation.

TBP and versatic acid-10 were unable to extract Ni(II) from
Ni-Al-F solution in NH3 medium. Di-2-ethylhexyl phosphate
extracted Ni(II) from Ni-Al-F complex solution, but phase
separation was very difficult owing to emulsion formation in
ammoniacal media. It was observed that the waste nickel
catalyst from urea fertilizer factories is leached by HF acid
more effectively than other leachants like H2SO4, HCl etc.
However, it was difficult to separate Al-Ni from such leach
solution by conventional precipitation methods.

The efficacy of D2EHPA for Al-Ni separation in acidic fluoride
medium was tried in this laboratory and is reported here.

Materials and Methods
Standard solution of Al(III) was prepared by dissolving
exactly 17.582 g of analytically pure KAl(SO4)2. 12H2O in a one
litre volumetric flask and made up to the mark with 1% HNO3

solution and standardized using spectrophotometric technique
as indicated below. Another 1 litre standard solution of Ni (II)
was prepared by dissolving exactly 8.956 g of analytically
pure NiSO4. 6 H2O in a 1 litre volumetric flask and made up to
the mark with 0.1 N HCl solution and standardized. pH of
the aqueous solutions was adjusted by using anhydrous
Na2CO3/dilute H2SO4 if needed.

The extractant D2EHPA, having 98% purity, was used without
further purification. All other chemicals were of  reagent grade
and used without further purification. The diluent kerosene was
purchased from the local market and distilled to collect the
colourless fraction obtained in the range of 200-260 °C.

Abstract. In the study of the extractive separation of Al(III) and Ni(II) by di-2-ethylhexyl phosphoric acid D2EHPA-
kerosene from aqueous fluoride medium, about 94% Al(III) and 2% Ni(II) were extracted with 0.3 M D2EHPA (pH 2.1
and temperature 30±1 °C). Extraction of Ni(II) decreased with increasing extractant concentration. D2EHPA-kerosene-
fluoride system showed better extraction of Al(III) with higher extractant concentration and aqueous pH and vice versa
for the extraction of Ni(II). The maximum separation factor (β~1380) was obtained for Al(III) at 20 °C and decreased to
(β~732) at 60 °C. The separation of Al(III) from Ni(II) was favoured at normal temperature. Extraction followed the
order Al(III) >>>Ni(II). About 99% stripping of Al(III) was attained from the loaded 0.20 M D2EHPA. Much faster
extraction of Al(III) compared to Ni(II) and preferential loading were shown by D2EHPA-kerosene in the presence of
fluoride ion in the aqueous phase. Separation of Al(III) was the most outstanding from Ni-Al-F-complex solution.
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Introduction
Sesamum indicum DC. oil is reckoned equal to olive oil in
medicinal properties, especially in the treatment of ulcers,
psoriasis, prurigo, leucoderma and wounds (Nadkarni,
1982).

Earlier studies on sesame lipids are available (Javed et al.,
2000; Toro-Vazquez et al., 2000; Yashida et al., 1995; Kamal
and Appelqvist, 1994) but research concerning its lipolytic
enzymes (lipase and phospholipase) has so far not been
reported. Enzymes play an important role in in vivo synthesis
as well as metabolism of a number of organic compounds in
the animal and plant kingdom.

In the present studies, enzymes from mature and germi-
nated seeds of sesame were extracted and the enzymatic
activity of lipase and phospholipase was investigated at
different temperature, pH, aqueous media and organic
solvents. The objective was to establish optimum condi-
tions for the hydrolysis of simple triglycerides and
phospho-glycerides by lipase and phospholipase, respec-
tively, therefore, these conditions can be applied both in
the laboratory and industry. Such investigations were also
made earlier on wheat grains, castor bean, oat grains and
corn (Banu and Serban, 1970; Berner and Hammond, 1970;
Ory, 1969; Ferrigan and Geddes, 1958). Similar studies on
Cassia sp., Nicotiana rustica, Zea mays, Carum capticum,
Citrullus sp., of local origin  were carried out at PCSIR
Laboratories (Waheed et al., 2002; Javed et al., 1999; Ahmad
et al., 1993; Aman and Akhtar, 1991;  Zaka et al., 1989). The
present work on sesame is thus an extension of the earlier
studies.

Materials and Methods
Extraction of lipase and phospholipase. Dried seeds of sesame
collected from local market, were ground to a fine powder and
defatted in a soxhlet extractor with diethyl ether. The defatted
seed powder (50 g) was suspended in 200 ml citrate buffer
(citric acid 0.1 M and disodium hydrogen phoshphate 0.2 M)
of pH 7 in 500 ml conical flask and was shaken at 200 rpm for
one h at 40 °C, using a Gallenkamp orbital shaker. The superna-
tant containing enzymes was obtained by centrifugation for
15 min at 12,000 rpm. The extract was diluted to 200 ml with
citrate buffer and utilized to study enzyme activities under
different condition (Waheed et al., 2002).

Preparation of substrate. Olive oil (Italian origin) was
purchased from local market and its triglycerides were
separated and purified by thin layer chromatography.
Ttriglycerides (1 g) were emulsified by blending with 10%
gum acacia solution (aqueous media) to determine lipase
activity, whereas, 10% egg lecithin (BDH, England) emulsion
was used as substrate for the phospholipase activity (Kausar
and Akhtar, 1979). Hydrolysis of the two substrates by
enzymes (lipase and phospholipase) extracted from mature
seeds under different parameters is described below.

Effect of pH. The enzyme extract was shaken for one h at
40 °C and 200 rpm in the presence of substrates (triglycerides
or lecithin emulsion) separately with citrate buffer (pH 7) and
calcium chloride (0.1 M). The released fatty acids after extrac-
tion with 5 ml hexane: chloroform (1:1, v/v), were treated with
2.5 ml of Cu- TEA reagent in a test tube, shaken for 5 min and
then centrifuged. The upper layer (3 ml) was reacted with
0.5 ml of 0.1% sodium diethyldithiocarbamate which resulted
in golden yellow colour, whose absorbance (A) at a fixed wave
length (440 nm) was recorded on a spectrophotometer
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Abstract. Optimum conditions for the hydrolysis of simple triglycerides and phosphoglycerides for the activity of the
lipolytic enzymes (lipase and phospholipase) extracted from the defatted seeds of Sesamum indicum were established
for use in laboratory and industry. The enzymes showed optimum activity at 40 °C and pH 7 in aqueous media.
N-heptane was found to be the most satisfactory solvent for maximum activities. The activity of lipase extracted from
germinated seeds increased with the stage of seed development, but was reverse for the phospholipase activity.
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Abstract. A series of new compounds 5-benzylidene-3-(4-methylphenyl)-2-(phenylimino)-4-thiazolidinone were
synthesized by adopting environment friendly microwave irradiation methodology, their structures and in vitro
antibacterial and antifungal activities are reported.The synthesized compounds exhibited different levels of antibacterial
activities. Three compounds showed broad spectrum antibacterial activity.

Keywords: microwave irradiation, tributylammonium bromide, 4-thiazolidinone, environment friendly, antibacterial
compounds                                           .

Introduction
Thiazolidinone is a useful precursor for a variety of heterocyclic
products including drugs, dyes, herbicides, sulfur drugs,
chemical reaction accelerators, flavouring substances  and is
associated with broad spectrum of biological activities
including antibacterial, antifungal, tuberculostatic, anthel-
mentic, antitumor, anticonvulsant, diuretic, insecticidal and
pesticidal properties (Singh et al., 1981).

The derivatives of 4-thiazolidinone moiety have been
synthesized by condensation of aromatic aldehyde and
pipradinium benzoate in refluxing toluene (Kasmi-Mir et al.,
2006). Such methods involve long reaction time, require large
quantities of organic solvents and generally yield
unsatisfactorily. Microwave radiation has been employed for
the formation of different products under simple operational
conditions (Algul et al., 2008).

Phase transfer catalysts (PTC) are environmentally benign
and are used for reactions in which tetraalkylammonium
cations are preferred in heterogeneous two-phase
system.

Solvents like carbon tetrachloride, pryridine, dimethyl
sulphoxide, dimethyl sulphate, toluene, 1,4-dioxane are
commonly used as reaction media and for purification
purposes. The common adverse effects of these solvents may
include redness, itching and rashes on skin, swelling of face,
troubled breathing, shortness of breath, nasal congestion,
headache, vomiting, severe upper abdominal pain, back pain,
and possible allergic reaction to material if inhaled, ingested

or even contacted. Particularly adverse effects like loss of
appetite, insomnia, fatigue, depression, delirium, fever,
frequent urination, and loss of coordination or judgment are
caused by pyridine, while confusion, drowsiness, diarrhoea
are due to carbon tetrachloride (Ballell et al., 2004; Rao et al.,
2004; Merck Index, 1996).

In the present investigations, reaction of 3-(4-methylphenyl)-
2-(phenylimino)-4-thiazolidinone with different aromatic
aldehyde in the presence of tributylammonium bromide (TBAB)
as phase transfer catalyst in an aqueous medium was carried
out under microwave irradiation and in vitro activity of the
newly synthesized compounds was evaluated focusing on
qualitative as well as quantitative analysis. This reaction
requires only 6-8 min, is environmentally benign with low
energy consumption and easy workup.

Materials and Methods
Melting points determined on digital melting point apparatus
(Gallenkamp, England) were uncorrected. IR spectra were
recorded on a Shimadzu FTIR-8400 instrument as KBr discs
and only noteworthy absorption levels (cm-1) were listed.
1H-NMR spectra were recorded on a Bruker AC-300 MHz using
TMS as the internal standard and represented in chemical
shift as ä ppm downfield from TMS. Elemental analysis was
carried out using a Perkin Elmer CHNS analyzer and mass
spectra were recorded on a Juel D-300 spectrometer. Zone
of inhibition was calculated on digital automatic zone reader
(AZ-II, SUPICO, Korea). All solvents and reagents were
purchased from Fluka, Merck, Sigma-Aldrich and used without
purification.
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Introduction
Wheat (Triticum aestivum L.) is the most important food crop
of the world including Pakistan and ranks first among all the
cereals. In Pakistan, it occupies around 8.6 million hectares
with annual production of 22.0 million tones (Economic
Survey, 2007). Wheat yields of the country are much lower as
compared to many other countries of the world due to abiotic
stresses particularly drought, salinity and high temperature
(Sial et al., 2005; Khan, 2003; Reynolds et al., 2001).

To overcome the consumption pressure of ever increasing
population, efforts are concentrating on improving wheat-
yield by developing new varieties with desirable genetic
make up. Although selection and breeding is the ultimate way
to produce stress tolerant crop plants, exogenous application
of osmoprotectants, growth promoters and antioxidant com-
pounds to plants has been considered a short-term solution
for alleviating the adverse effects of different stresses on
plants during the last decade (Arfan et al., 2007; Raza et al.,
2006; Iqbal and Ashraf, 2005).

Various physiological and biochemical effects of salicylic
acid on plant systems have been documented in response to
environmental stresses (Raskin, 1992). These include effects
on membrane permeability, SOD activity, chlorophyll, relative
water contents etc. (Agarwal et al., 2005). It is also an important
molecule for modulating plant responses to stress (Senaratna
et al., 2000). Any compound can be applied exogenously either
as a pre-sowing seed treatment, as a foliar spray or through
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Abstract. Experiment for finding the effect of pre-soaking of wheat seeds varieties, viz Wafaq-2001 and Punjab-96, in
salicylic acid (SA) solution on the drought tolerance of wheat, revealed increase in the total biomass and grain yield per plant
as well as in spikes per plant, 100 seed weight, proline, total soluble sugars, membrane stability index (MSI), superoxide
dismutase (SOD) and ascorbate peroxidase (APOX) activity in both the tested varieties. The yield increase in drought
tolerant variety Wafaq-2001 was more as compared to drought sensitive Punjab-96. Results signify the role of SA in
regulating the drought response of wheat and that SA could be seed primed and used as a potential growth regulator under
drought stress conditions.

Keywords: wheat, salicylic acid, drought resistance
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the rooting medium (Ashraf and Foolad, 2007; Iqbal and
Ashraf, 2005) but pre-sowing seed treatment is easy, time
saving and economical for the farmers to mitigate the adverse
effects of drought stress.

The hypothesis of present research study was to analyze the
effects of salicylic acid seed pre-treatment in ameliorating the
adverse effects of drought stress in wheat.

Materials and Methods
Seeds of two wheat varieties viz Wafaq-2001 and Punjab-96,
obtained from wheat programme, National Agriculture Research
Centre (NARC) Islamabad, Pakistan, were treated in aerated
aqueous solution of salicylic acid (10-4M) for 12 h and control
(no SA) in black painted flasks. A separate set of plants was
maintained which served as well watered. After hormone treat-
ment, seeds were washed with distilled water and sown in
pots filled with soil.

Drought stress was imposed at three developmental stages
viz tillering (48 DAS), preanthesis (80 DAS) and mid-milky
stage (128 DAS) by withholding irrigation for about 5-7 days
till the signs of temporary wilting/leaf rolling started. At this
satge, samples of flag leaf were collected and analyzed for
proline, soluble sugar, superoxide dismutase (SOD), ascorbate
peroxidase (APOX) activity and membrane stability index
(MSI). After sampling, pots were regularly irrigated. Proline
content of flag leaf was determined by the method of Bates
et al. (1973). Total soluble sugars were measured as described
by Pattanaik and Mohapta (1988).

Biological Sciences

75



Micronutrient (Zn) Role in Stimulating Root Nodules and Yield of Chickpea
Abdur Rashid

Arid Zone Research Institute, Pakistan Agriculture Research Council (PARC), Dera Ismail Khan, Pakistan

(received April 4, 2007; revised March 14, 2009; accepted March 16, 2009)

Introduction
In Pakistan, soils are generally poor in micronutrients. Zinc
deficiency has particularly been reported in rainfed areas
causing substantial yield losses (Rashid and Rafique, 1996).
Zinc deficiency restricts RNA development which in turn
inhibits protein synthesis and results in stunted growth.
Previous research findings revealed that Zn application
improved the nitrogen metabolisim, yield and nitrogen
fixation in legume crops (Shukla and Yadar, 1982). Similarly,
Khanzada and Ahmad (1989) indicated that the application
of iron (Fe) and zinc (Zn) significantly increased the grain
yield of soybean due to improvement in the yield compo-
nents and nitrogen  metabolism of crop. Muhammad et al.
(1999) reported that the application of Zn @ 5 kg/ha signifi-
cantly increased the grain yield of rapeseed but 10 kg/ha of
Zn showed depressing effect. In contrast, Sherazi et al. (2001)
reported that the level of 10 kg/ha Zn significantly increased
cotton yield as against other applications in cotton zone of
Punjab, Pakistan. Nathan et al. (2005) indicated that Zn
fertilization increased the paddy yield by 12 to 18% compared
to the unfertilized flooded rice. Hussain and Yasin (2004)
concluded that the application of 5 kg/ha zinc increased the
wheat grain yield by 16% over the control.

Due to high nitrogen concentration in the tissues, pulses
contribute considerably towards soil fertility. The soil enrich-
ing property of mashbean is of greater value especially to our
country, where soils are deficient in organic matter, nitrogen
and other soil fertility parameters (Ofori and Stern, 1987).
Ibrahim et al. (1987) reported that soybean can fix 60-168 kg of
atmospheric nitrogen and add to the soil per year. Pal and
Sheshu (2001) reported that the transfer of residual N from
nodulating soybean, lablab bean, green gram and black gram
to the succeeding maize crop was of the order of 18.4-20.9,
19.5-29.9, 12.0-13.7 and 9.3-10.3 kg/ha, respectively.

Chickpea (Cicer arietinum L.) pulse group is widely grown, both
in rainfed and irrigated regions of Pakistan. During 2003-04,
chickpea was grown on an area of 982.3 thousand hectares
with a production of 611.1 thousand tons (Qureshi, 2004).
Being leguminous in nature, it not only demands less fertilizer
but also improves soil fertility by virtue of  fixing free atmos-
pheric nitrogen through the root nodules. Being the rich
source of protein (17-23%), it is called poor man’s meat.

In consideration of the acute shortage of proteins in cereal based
diets of mankind and livestock, in general, and in Pakistan, in
particular, study on the effect of Zn on the production of chickpea
was undertaken in the climatic conditions of D.I. Khan, Pakistan.

Materials and Methods
The field study was conducted to determine the response of
Zn manuring on chickpea at Arid Zone Research Institute,
PARC, D.I.Khan, Pakistan during Rabi season of 2004-05. The
treatments comprised of five Zn levels (0, 2.5, 5.0, 7.5 and 10
kg/ha) applied as zinc sulphate (ZnSO4) at sowing time with a
basal dose of 20-50 kg NP/ha to the field. The experiment was
laid out in a randomized complete block design (RCB) with
three replications. A plot size of 5 x 1.8 m with six (6) rows per
plot was maintained, keeping row to row distance of 30 cm.
Soil samples collected from experimental site were air dried,
grinded, sieved and mixed thoroughly for making accurate
physical and chemical analysis (Table 1).

An improved variety of chickpea “NIFA-88” was sown in a well
prepared seed bed using seed rate of 70 kg/ha. Recommended
cultural practices and plant protection measures were adopted
till harvest of the crop. The agro-meteorological data recorded
during the growing period of crop is depicted in Fig. 1.

At complete flowering and pod formation stage, ten (10) plants
from each treatment were uprooted at random. Roots of
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Abstract. In the study of the effect of zinc (Zn) on root nodule stimulation and yield of chickpea under the climatic
condition of D.I. Khan, Pakistan, significant effect of application of varying levels of zinc was noted. Plant height was
significantly more as compared to the control. The plants receiving 7.5 kg/ha Zn had the highest weight of nodules/plant
and produced maximum grain yield of 1185 kg/ha.

Keywords: Cicer arietinum L.; zinc application, nodule formation, grain yield, Pakistan
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Abstract. Assessment of the amount of plant available sulphur (SO4-S) in soils of Pothwar, Pakistan revealed the
average S contents in the soil to range from 5.7 to 21.7 μg/g. Five out of fifteen soil series were deficient (< 10 μg S/g)
in SO4-S with a range of 5.0 to 9.0 μg/g, six were deficient only at upper (0-15 cm) soil depth while, the remaining four
had satisfactory level (10-30 μg S/g) at both the soil depths. Sulphur exhibited significant positive correlation with clay
(r = 0.77**), ECe (r = 0.77**), organic C (r = 0.82**), total N (r = 0.88**) and extractable P (r = 0.72**) contents in soil.
Correlation coefficients of SO4-S with sand (r = -0.41), soil pH (r = -0.49) and CaCO3 (r = -0.60*) contents were
negative. Organic C and N had the most pronounced effects (R2 > 65) on S availability in soil.

Keywords: soil sulphur, soil characteristics, Pothwar
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Introduction
The Pothwar Plateau (latitude 32º 10 to 34º 9 N and longitude
71º 10 to 73º 55 E) constitutes an important part of the rainfed
agricultural area of Pakistan. It consists mainly of Rawalpindi,
Chakwal, Attock and Jhelum districts of northern Punjab,
Pakistan. The annual rainfall varies from 500 to 1000 mm, out
of which almost 70 percent is received in the form of heavy
summer rains. 1

The main crops of Pothwar are wheat, millet, pulses, rapeseed
and groundnut. The area contributes significantly, to agricul-
tural and livestock production of Pakistan. Farmers of Pothwar
region practice low inputs in agriculture because of high costs,
uncertainty of rainfall and unawareness of modern techno-
logy. The use of fertilizers in this area is 3 to 4 times less in
comparison to that of irrigated regions (Ahmed and Rashid,
2003; Ali et al., 2002). Almost all soils of Pothwar are deficient
in nitrogen and phosphorus while potassium is adequate for
plant growth except in sandy soils.

Sulphur is the fourth major plant nutrient and in conjunction
with NPK, plays a vital role in cell wall formation, protein
synthesis and enzyme reactions as well as in seed formation
and oil synthesis in oilseed crops. The deficiency of S has
been reported by Rashid et al. (1995) and Ahmad et al. (1994)
in the Pothwar area. However, the information regarding the
sulfur status of Pothwar soils and its response in crops is not
adequate (Ahmad et al., 1994).

Rapeseed and mustard are important oilseed crops of the
Pothwar. They require comparatively greater amount of S for

proper growth and higher yields than cereals. It has been
estimated that 60 kg of sulphur is removed in producing one
ton of rapeseed (Ahmed and Rashid, 2003). Therefore, to get
better yields of oilseeds in this area, the knowledge of sulphur
status and S supplying capacity of soil is imperative.

Sulphur in Pothwar soils is mostly inherited from parent
material (inorganic) or added through rainwater because it is
speculated that the amount of S generated from organic
sources in Pothwar soils cannot be appreciable due to rela-
tively low   organic matter in soil and lack of recycling of crop
residues. Rich source of S from canal and tubewell water is
not available in this rainfed area. The present study was
carried out to    assess plant available S (SO4-S) in prominent
soil series of Pothwar region of Pakistan and to study its
relationship with other important soil characteristics.

Materials and Methods
Soils belonging to 15 dominant series in the Pothwar tract of
the Punjab province of Pakistan were collected from their
relevant locations, earmarked by the Soil Survey of Pakistan
(Soil Survey of Pakistan, 1971; 1967). Four soil series (Qutbal,
Missa, Rajar and Basal) from Attock district, five soil series
(Talagang, Balkassar, Chakwal, Satwal and Therpal) from
Chakwal district and six soil series (Guliana, Kahuta,
Rawalpindi, Rawal, Tirnaul and Qazian) from Rawalpindi
district were collected. These soils were classified as (1) Typic
Ustochrepts: Missa, Basal, Talagang, Rawalpindi, Rawal,
Tirnaul, (2) Typic Haplustalfs: Balkassar, Chakwal, Therpal,
Kahuta and Gulianan, (3) Typic Ustorthents: Qutbal, Missa
and Rajar, (4) Typic Torripsamments: Qazian and (5) Typic*Author for correspondence; E-mail: rizwank08@gmail.com
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Abstract. A technique for measuring ultra-low electric currents from living cells, using electrodes, biosensors or magnetic
detectors is reported, based on the design of a sensitive, ultra-low-noise trans-impedance amplifier. This technique offers
a low-noise, low current measurement capability down on the order of 2 x 10-14 amperes, with specifications such as input
leakage current of less than 1 x 10-15 amperes and a dynamic range of 30-100 x 10-14 amperes. Maximum bandwidth of
roughly 10KHz was observed, while working in the specified dynamic range. This set of specifications is quite satisfactory
and desirable for many low-frequency applications in bioelectromagnetism and bio-amperometry. The technique finds
numerous applications in studying intrinsic cellular fields and induced currents originated in cells under physiological
conditions. A few applications envisaged for its possible utility include bio-sensing amperometry, general studies in
bioelectromagnetism and ion transport studies in plasma membrane and mitochondrial inner membrane, by incorporation
of the amplifier with suitable micro-electrodes or nano-scale electrical, magnetic or optical sensors.

Keywords: intrinsic currents, biosensors, bio-amperometry, bioelectromagnetic measurement

Introduction
A large number of important measurement applications in
experimental physiology and biophysics, such as living cell
bioelectromagnetism, weak current amperometry and bio-
sensing with the help of embedded nanotechnology, require
extremely sensitive and ultra-low-noise current measurement
techniques, which can measure tiny currents at the levels of
pico-amperes to femto-amperes. These measurements are
typically made with micro-electrodes, quantum devices and
detectors, and low-temperature cryogenic superconducting
quantum interference device (SQUID) detectors, or SQUID-
based nanotubes (Cleuziou et al., 2006). Various electrophysio-
logical studies with ion channels (Hamill et al., 1981) or inves-
tigations on intrinsic currents (Axmacher and Miles, 2004) or
weak electrical field processes within living cells (Bullock, 1997)
also require sensitive instrumentation and amplification at the
level of femto-amperes to pico-amperes input current.
Pico-ampere amplifiers are widely available and can be easily
fabricated on an electronics workbench in a physiological
laboratory. Unfortunately, techniques to measure ultra-low-
current (such as on the level of femto-amperes) cellular
signals with least noise susceptibility are neither easy to

develop nor widely available in market, in view of the special
design and fabrication considerations required for their
development. The main impediments faced in such designs
are leakage of tiny input bias currents through the amplifier
circuitry and the inherent large noise associated with
measurement of ultra-low currents. With the help of special
design and fabrication measures, one can venture down to an
order of about 2-10 femto-amperes (with considerable noise
reduction), while keeping the leakage current to a minimum
extent, not affecting the measurement in a significant way.
Going beyond that domain becomes an impervious task for
in-house development, as at first, there are no general-
purpose operational amplifiers available in market which can
sense lower bias currents beyond that range, and secondly,
various terrestrial and celestial effects (such as ambient
electromagnetic fields in the vicinity and cosmic ray–induced
electron shower events) induce tiny currents in the front-end
section of the amplifier, creating unavoidable current
leakages.

Industrial-grade commercial pico- and femto-ampere measure-
ment instruments are available in market, but unfortunately
they are an expensive modality and beyond the range of
budgets of small biophysics and physiology laboratories,
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Abstract. Chaetomium has a potential source of xylanase and cellulase enzymes, both of which are required in the
treatment of fibre in the poultry feed. The titre of the enzymes needs to be enhanced by using recombinant DNA
technology for fulfilling the requirement of the industries. Efforts are made to construct prokaryotic and eukaryotic
expression cassettes that can be cloned under specific strong promoters i.e., T7 and AOX1, respectively, and the
enhancer elements to get the maximum gene expression. In the present study BL21 E. coli and GS115 Pichia pastoris
strains are used as model organisms to express the CtX 11-A gene in the presence of 1 mM IPTG and 100% methanol
upto final concentration of 0.5. In case of BL21 expression, the maximum xylanase activity was observed after 1.5 h
in the presence of 1% xylose, which was 2.302 U/ml and after 7 h in the presence of 0.5% lactose, was 1.708 U/ml.
However, in Pichia pastoris the maximum production of xylanase was 2.904 and 0.006 U/ml as compared to control
0.484 and 0.06 U/ml, respectively.

Keywords: thermophilic fungi, Cheatomium thermophilum xylanase A (CtXA), cloning and gene expression, Escherichia
coli, Pichia pastoris

Introduction
Among the most abundant hemicelluloses in plant cell wall
polysaccharides, xylanase has many important applications
in various industries such as foods, chemicals, paper, fuels
etc., (Boettner et al., 2002; Christov and Prior, 1996; Alam et
al., 1994; Coughtan and Hazlewood, 1993; Wong and Saddler,
1992).

Xylanases are classified into two distinct families, F/10 and
G/11, of the glycoside hydrolases (Henrissat and Bairoch,
1993). A number of xylanase-producing fungi and bacteria
have been isolated from a variety of sources, which have a
close relation with the characterization of the produced
xylanases. Sinha et al. (2004) isolated an extremely thermo-
stable xylanase from a thermophilic eubacterium. Collins
et al. (2002) isolated a cold active xylanase from the antarctic
bacterium Pseudoalteromonas haloplanktis. Bacillus sp.,
strain AR-009, an alkaliphile from an alkaline soda lake,
produced two alkaliphilic xylanases (Emami et al., 2002). In
addition, an acidophilic xylanase was isolated from Penicil-
lium sp. 40, which was screened from an acidic soil (Kimura
et al., 2000).

Production of thermostable cellulases and xylanases from
thermophilic fungi is an important industrial source for

hemi-cellulases such as glucanases, xylanases, galactanases,
mannases, galactomanases and pentosanases. C. thermophilum
is a thermophilic filamentous fungus that produces thermostable
xylanase (Latif et al., 1995) It is frequently found in soil, air and
plant debris and produces endoxylanase, Xyn11-A. Enhanced
enzyme production can be achieved by isolation, characteriza-
tion, cloning and expression of the genes under specific strong
promoters and enhancer elements.

In recent years, several industrial yeasts have been developed
as recombinant host systems for the commercial production of
heterologous proteins. These organisms combine ease of genetic
manipulation with the ability to perform many eukaryotic post-
translational modifications (Lin Cereghino et al., 2002). One of
the most commonly used systems is the methylotrophic yeast
Pichia pastoris, in which expression is driven by one of the
strongest known regulated promoters, the alcohol oxidase I
(AOX1) promoter, which is induced by methanol and repressed
by other carbon sources such as glucose, glycerol, and ethanol
(Lin Cereghino and Cregg, 2000). Another important feature of
this system is its ability to achieve extremely high cell densities,
enabling efficient protein production and secretion (Pickford
and O’Leary, 2004; Sreekrishna et al., 1997).

At the National Institute for Biotechnology and Genetic
Engineering (NIBGE), Faisalabad, Pakistan, there is a large
collection of thermophilic fungi (Latif et al., 1994), which have
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Introduction
Pakistan is situated between latitude 240 and 370 north and
longitude 620 and 750 east on the eastern part of the Arabian
Sea with a coastline of about 900 km. It is divided into two
ecological zones: Balochistan coast on the northwest and
Sindh coast on the southeast. The Balochistan coast is about
630 km long and the Sindh coast is about 270 km long. Along
the Balochistan coast, the continental shelf is 10-20 km wide;
the bottom is mostly rocky except at Sonmiani Bay. The Sindh
coast is characterized by innumerable creeks; the continental
shelf extends to about 30-100 km; the bottom of the shelf is
muddy and muddy-cum-sandy. The river Indus discharges in
this area and forms the Indus Delta, which is one of the largest
deltas in the world. The Balochistan coast is endowed with
stable hydrological conditions characterized by high tempera-
ture and salinity owing to little fresh water drainage.

Species diversity. A sound knowledge of biodiversity and
biology of commercial species forms the basis for a sustain-
able management. To date, 16 species of lobsters have been
recorded from Pakistan (Kazmi, 2004, 2003; Holthuis, 1991;
Williams, 1986). These species belong to eight genera and two
families. The family Palinuridae is represented by two genera
Panulirus and Puerulus. Genus Panulirus has five species
and two sub species recorded from Pakistan coast: Panulirus
versicolor, P. homarus megasculpta, P. homarus rubellus,
P. ornatus, P. polyphagus and P. penicillatus; Puerulus has
two species: Puerulus angulatus and P. sewelli. The family
Scyllaridae comprises of six genera and nine species viz.
Thenus orientalis, T. pariindicus, T. indicus, Scyllarides
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Abstract. Pakistan is situated between latitude 240 and 370 North and longitude 620 and 750 East, on the eastern part of the
Arabian Sea with a coastline of about 900 km. Lobsters are found both on its northwest (Balochistan) and southeast coasts
(Sindh). Important fishing grounds of lobsters are located along Ormara, Pasni Gwader and Jiwani besides Karachi coast.
Todate, 16 species of lobsters have been recorded from Pakistan. The only predominant commercial species is Panulirus
polyphagus, which constitutes 83% of the catch. The paper provides an identification key for northern Arabian Sea lobsters
and outlines the available information on the biology, fisheries and management of the lobster species from Pakistan. Most
of the studies have been focused on P. polyphagus.
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tridacnophaga, S. haani, Scammarctus batei, Eduarctus
martensii, Acantharctus ornatus and Parribacus antarcticus.

History of Taxonomy of Pakistani Lobsters. The history of
carcinological studies in Pakistan reveals that the lobster
fauna of Pakistan reported in the beginning belonged to only
one Palinurid genus Panulirus and its three species and one
Scyllarid genus Thenus, till then monotypic (Ahsanullah, 1965;
Tirmizi and Ahsanullah, 1965; Government of Pakistan, 1960;
Hussain, 1958). Additions of several genera and species have
been made through reports as World Lists (Burton and Davie,
2007; Holthuis, 2002, 1991, 1984; Williams, 1986) and new
records made by local scientists (Kazmi, 2003, 1995; Moazzam
et al., 2003; Fatima, 2000; Tirmizi and Kazmi, 1983).

In recent years several nomenclatural changes have also been
made world wide. The scyllarine genus Thenus was repre-
sented only by Thenus orientalis until recently; now Burton
and Davie (2007) have revised  the taxonomy on the basis of
DNA studies and recognized four species within the genus
(Burton and Davie, 2007). They established three new
species, one of these, T. parindicus, is also included in the
material from Pakistan; another species T. indicus was
separated from the old T. orientalis as non-type material
from Karachi. The record of T. orientalis from Pakistan is
given with some doubts by Burton and Davie (2007). Prof.
Dr. L. B. Holthuis revised the Indo-Pacific species of the
scyllarine genera in 2002 and separated several genera from
the species formally placed in the genus Scyllarus Fabricius.
Three such species which were reported from Pakistani waters
were also transferred to the new genera created by Holthuis.
The material examined for new genus Acantharctus included
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