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Cissus quadrangularis, a plant that has been customarily
used in the Indian subcontinent to hasten the process
of healing in bone fractures, has been studied and ex-
ploited to synthesize calcite crystals. The plant extract
serves as a rich source of calcium ions, which when re-
acted with CO,, leads to the formation of calcite crys-
tals of highly irregular morphology indicating that
bioorganic molecules present in the extract modulate
the crystal mor phology.
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NATURE relies upon simple mineral crystals to systemati-
cally recreate a host of different complex life forms such
as gastropods, coccoliths, etc. Among the many inorganic
minerals present in biological systems, calcium hydroxy-
apatite, the major component in bones and teeth, is one of
the most important calcium-based minerals due to its bio-
compatible and biodegradable properties’. Consequently,
considerable effort has been devoted to understanding how
and why this mineralization takes place and a humber of
biomimetic strategies have been developed to grow calcium
hydroxyapatite in the laboratory*®. Some examples include
synthesis of high aspect ratio hydroxyapatite nanofibres
using reverse micelles under hydrothermal conditions®.
Apart from traditional methods such as sol-gel synthesis®
and solid-state reactions® more recently, flame synthesis® has
been employed for synthesizing calcium hydroxyapatite.
Traditional recipes for treatment of physical and mental
ailments exist in all major ancient civilizations of the world.
One such recipe popular in the Indian subcontinent in-
volves the use of the extract of the plant Cissus quadran-
gularis. The stem and root extracts of this medicinal plant
are known to possess antioxidant and antimicrobial activity’,
and are routinely used to accelerate the process of bone-
fracture healing®®. In spite of the fact that various organic
macromolecules ranging from terpenoids to large stilbene
derivatives have been isolated from this plant, few reports
exist on its ability to accelerate bone-fracture healing™.
In this communication, we have analysed the extract of
the stem of C. quadrangularis from the point of view of its
putative ability to promote mineral growth. The stem extract
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contains a high percentage of calcium ions (ca. 4% by
weight) and phosphorus®, both essential for bone-fracture
healing. Furthermore, we show that calcite crystals of in-
teresting morphology may be obtained by simple reaction
of the calcium ions present in the extract with CO, bub-
bled directly through the extract.

The broth used in the experiments was prepared by taking
40 g of thoroughly washed and finely cut C. quadrangu-
laris stems in a 500 ml Erlenmeyer flask. To the biomass,
100 ml of distilled water was added and then boiled for
5 min. After boiling, the solution was decanted and fil-
tered, and CO, was bubbled through 5ml of the broth.
After 3 h of reaction, the originally wheat-coloured solution
was observed to turn turbid and after 1 day of reaction,
the CaCO; particles settled down at the bottom of the test
tube. The precipitate was filtered, washed with copious
amounts of water and redispersed in water. Films of the
purified CaCO; crystals were prepared by simple solution-
casting onto Si (111) wafers for scanning electron microscopy
(SEM) and energy dispersive analysis of X-rays (EDAX)
studies. SEM and EDAX were performed on a Leica Stereo-
scan-440 instrument equipped with a Phoenix EDAX at-
tachment. X-ray diffraction (XRD) measurements of drop-
coated films of the biogenic CaCO; crystals were carried
out on a Phillips PW 1830 instrument operated at a voltage of
40 kV and a current of 30 mA with CuK, radiation. Fourier
transform infrared (FTIR) spectroscopy measurements of
the purified and dried biogenic CaCO; powders taken in
KBr pellets were carried out on a Perkin—Elmer Spectrum
Oneinstrument at aresolution of 4 cm™. X-ray photoemission
spectroscopy (XPS) measurements of CaCO; crystals cast
in the form of a film on Si (111) substrates were carried
out on a VG MicroTech ESCA 3000 instrument at a pressure
of better than 1~ 107 torr. The general scan and Cls, Ca
2p and P 2p core level spectra were recorded with un-mono-
chromatized Mg K, radiation (photon energy = 1253.6 €V)
at pass energy of 50 eV and electron take-off angle (angle
between electron emission direction and surface plane) of
60°. The overall resolution was ~1 eV for XPS measure-
ments. The core level spectra were background-corrected
using the Shirley agorithm™ and chemically distinct species
resolved using a nonlinear least squares fitting procedure.
The core-level binding energies (BE) were aligned with
the adventitious carbon binding energy of 285 eV.

Figure 1a shows a picture of the C. quadrangularis
plant. The plant possesses a cactus-like overall appearance
and grows under arid conditions. Figure 1b—d shows repre-
sentative SEM images of CaCO; crystals at different mag-
nifications. At various places on the substrate surface, we
could observe quasi-spherical particles of irregular morpho-
logy assembled in a linear fashion (Figure 1b, c). The size
of the particles varies between 3 and 10 mm. While the
reasons for the assembly are not understood at this stage,
it is possible that it is driven by interactions between
biomolecules present on the particle surface. Some of the
particles exhibit cube-like and highly elongated ellipsoi-
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Figure 1. a, Photograph of Cissus quadrangularis plant. b—d, Representative SEM micrographs at different
magnifications of CaCO; crystals grown from the extract of C. quadrangularis plant.
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Figure 2. a, XRD pattern recorded from biogenic CaCO; powder ob-
tained after bubbling CO, into the extract of C. quadrangularis and
subsequent drying. b, FTIR spectra recorded from pure stem extract
(curve 1) and from biogenic CaCO; crystals obtained by bubbling CO,
into the extract of C. quadrangularis (curve 2). (Inset) Region of amide
vibrational modes where the amide | and |1 bands centred around 1590
and 1650 cm™ are identified.

dal morphologies (Figure 1d). All the particles possess a
highly irregular and corrugated surface, unlike the smooth,
rhombohedral crystals observed in chemically synthe-
sized calcite”. Figure 2a shows the XRD pattern recorded
from CaCQO; crystals coated on Si (111) substrate. A number
of Bragg reflections have been identified and indexed
with reference to the unit cell of the pure calcite phase
[(a, b)= 4989 A c=17.062 A, space group D3p6-R3c]™.
That the morphology of the calcite crystals obtained from
C. quadrangularis plant extract is significantly different
from the one normally observed for calcite indicates the
important role of bioorganic molecules present in the extract
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in modulating the morphology of the crystals. This can be
compared to the synthesis of calcite crystals using bovine
serum albumin®® or the self-assembled growth of calcite
crystals’’, wherein proteins make an important contribution to
the morphologica growth of the crystals. It is well known
that calcite in biological systems can exist in highly com-
plex morphologies wherein growth in confined reaction
spaces and in the presence of specific biomolecules directs
the morphology*®*°.

The formation of calcite is further supported by FTIR
spectroscopy analysis of the CaCO; crystals taken in a
KBr pellet (curve 2, Figure 2b). For comparison, FTIR
spectrum recorded from the lyophilized powder of the
plant extract is shown (curve 1, Figure 2b). A comparison
of the two curves shows that two strong absorption bands
appear at ca 712 and 870 cm™ in the CaCOj; crystals
(curve 2) that are clearly missing in the plant extract
(curve 1). These two peaks are characteristic of the pure
form of calcite®. In order to obtain knowledge about the
composition of the crystals, spot-profile EDX was taken
(data not shown) and in addition to the C and O signals,
an intense Ca signal and peaks corresponding to Mg and
P were observed. The presence of Mg may be due to forma-
tion of MgCOs. XRD pattern from the crystals shows that
the Bragg reflections are broad, most likely due to the pres-
ence of MgCOs that possesses a crystal structure identical
to calcite with marginally different lattice spacings®.

In order to get an idea about the stability of the crystals
formed, we have characterized the crystals at different
time intervals of growth by SEM (Figure 3). It is observed
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Figure 3. Representative SEM images of calcite crystals formed at different time intervals by bubbling CO, into the plant extract of C. quad-
rangularis. a, b, 30 min of reaction; c, d, 2 and 4 h of reaction respectively; e, f, 1 and 2 days of reaction respectively (see text for details).
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Figure 4. a, C 1s core-level spectrum recorded from a drop-cast film
of CaCO; crystals formed by bubbling CO; into the plant extract on a
Si (111) substrate together with the chemically distinct components (1—
3). b, Ca 2p core-level spectrum recorded from a drop-cast film of calcite
crystals synthesized by bubbling CO, into the stem extract of C. quad-
rangularis on Si (111) substrate. Curves 1 and 2 correspond to decon-
voluted spin-orbit pairs of the 2p component (see text for details).

that after 30 min of reaction, alarge number of highly irregu-
lar crystals are formed (Figure 3a). At higher magnification,
the structures are seen to be composed of sphero-aggregates
of much smaller crystals (Figure 3b). As the time of reac-
tion increases, it is observed that the crystals within the
superstructures increase in size (Figure 3¢, d, SEM im-
ages recorded after 2 and 4 h of reaction respectively).
An interesting observation is that the sphero-aggregates
tend to assemble in a linear fashion, similar to the crystals
shown in Figure 1c. That the crystals are assembled in a
quasi-linear fashion suggests that the biomolecules present
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are either surface-bound or have been intercalated within
the crystal. After 2 days of reaction, the crystallites within
the spherical superstructure have recrystallized to yield
single particles assembled in a linear manner (Figure 3 e,
f).

Chemical analysis of the calcite crystals grown using
C. quadrangularis extract and deposited in the form of a
film on S (111) wafers was carried out by XPS. Figure 4a
and b shows the C 1s and Ca 2p core level spectra respec-
tively. In the C 1s spectrum (Figure 4a), curves 1-3 cor-
respond to the chemically distinct C 1s core levels with
BE of 285, 286.6 and 288.4 eV respectively. These BE
most likely originate from the hydrocarbon chains, a-carbon
and keto (—C=0) groups present in the protein fraction of
the aqueous extract. That the proteins are present on the
surface of the calcite crystalsis a so supported by the presence
of amide vibrational modes (amide | and Il bands centred
at around 1590 and 1650 cm™) in the FTIR spectrum of
the crystals (inset, Figure 2b). We believe these proteins
are responsible for modulation of morphology of the calcite
crystals (Figure 1b—d). The Ca 2p core-level spectrum
(Figure 4b) could be resolved into one spin-orbit pair
(splitting ~3.55) with a 2p3, BE of 347.7¢V. This BE is
characteristic of calcium carbonate?®. A weak P 2p signal
was also recorded from the calcite crystals (data not shown).
However, the signal-to-noise ratio of this core level was
not sufficient to perform areliable quantitative analysis.

In conclusion, we have shown here the formation of truly
biogenic CaCO; crystal of exquisite morphology by simply
bubbling CO, into the agueous stem extract of an indigenous
medicinal plant, C. quadrangularis. The plant contains a
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high percentage of calcium probably due to its thick cell
wall, which makes it suitable for growth of mineral crystals.
The presence of phosphorous in the plant can also be exploi-
ted for synthesizing hydroxyapatite, thus utilizing the tra-
ditional knowledge of bone-fracture healing in advanced
technique of new material synthesis.
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Composite compost samples were collected from Solan,
Sonepat, Gangtok, Kaithal, Phagwara and Ooty, at
different stages of Agaricus bisporus compost prepara-
tion by long and short methods using a variety of agro-
waste substrates. Eight isolates of Humicola grisea
were retrieved on yeast agar medium at 45 and 52°C.
PCR amplification of internal transcribed spacer
(ITS) region of 5.8S ribosomal RNA (rRNA) gene was
doneusing ITS-1and ITS4 primers. An I TS fragment
of approximately 550 bp was amplified from all the eight
H. grisea isolates with no intra-specific diversity in the
ITS region of 5.85 rRNA gene. RAPD genotyping was
performed using five decamer primers. Combined
phylogenetic analysis of RAPD profiles of H. grisea by
five primers depicted intra-specific variation amongst
the eight isolates and divided these into five distinct
sub-clades. Molecular analysis carried out in the pre-
sent study would suggest that isolates within this spe-
cies exhibit genetic differences, which correlates well
with mor phological variations.

Keywords: Agaricus bisporus, compost microflora, genetic
diversity, Humicola grisea, RAPD.

AGARICUS bhisporus (white button mushroom) grows on
compost, a product of aerobic fermentation by various micro-
organisms. These microorganisms convert and degrade
straw to lignin humus complex, which is later utilized by
the mushroom mycelium and ultimately contributes to the
nutrition of A. bisporus™. The thermophilic fungi play a
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