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fluenced by an underlying bias in dinu-
cleotide usage, for example, genes located
in GC-rich regions of the chromosome
preferentially utilize GC ending codons.

It is important for heterologous gene
expression to encode proteins with se-
quences that yield optimal expression. A
good thumb rule for finding such an op-
timal sequence is to choose codons that
are most frequent in highly expressed
genes. The CAI provides an explicit way
of finding such codons; the most fre-
quent codons simply have highest rela-
tive adaptiveness values, and sequences
with higher CAIs are preferred over
those with lower CAls.

The study gives comprehensive infor-
mation regarding the CAI and GC content
of RNA genome plant viruses, and its in-
fluence on amino acid content.
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Antibacterial principles from the bark of Terminalia arjuna

The arjun tree Terminalia arjuna (Roxb.)
is a well-known medicinal plant whose
bark is extensively used in ayurvedic
medicine, particularly as cardiac tonic.
The bark is also prescribed in biliousness
and sores and as an antidote to poison,
and it is believed to have an ability to
cure hepatic, congenital, venereal and
viral diseases. A decoction of its bark
with cane sugar and boiled cow’s milk is
highly recommended for endocarditis,
pericarditis and angina®.

Infectious endocarditis is an inflamma-
tory disease of the endocardium, the in-
ternal lining of the human heart caused
by bacteria such as staphylococci and
gonococci. Among staphylococci, Sta-
phylococcus epidermidis is one of the
major etiological agents of this disease.
The infections occur mainly in patients
with prosthetic heart valves and during
simple hospital procedures like catheteri-
zation, insertion of intra-uterine contra-
ceptive devices, intravenous injections,
etc.

In our screening programme aimed at
detecting biomolecules from plant sources,
which can specifically act against S. epi-
dermidis, we found that the bark extracts

of T. arjuna possessed antibacterial acti-
vity. Bioactivity-directed fractionation of
the active extracts yielded three known
oleane compounds: arjunic acid (1), arju-
ngenin (2), and arjunetin (3), which were
found to possess activity against S. epi-
dermidis. The results presented here
validate the traditional use of bark ex-
tracts of T. arjuna to cure endocarditis.

The bark of T. arjuna was collected
from the CIMAP medicinal plants con-
servatory, during January 1999, identi-
fied in the Department of Botany and
Pharmacognosy at CIMAP, where a
voucher specimen (no. 5867) is main-
tained. The air-dried, powdered bark ma-
terial was successively extracted with
hexane and ethanol to yield hexane-
soluble and alcohol-soluble fractions.
The hexane and ethanol-insoluble plant
material was extracted in water to get the
water-soluble fraction. The alcohol-soluble
extract was subsequently extracted with
diethyl ether, ethyl acetate and methanol
to yield the corresponding extracts.

For the isolation of pure molecules, T.
arjuna (4.5kg) was air-dried, crushed,
powdered and extracted with hexane
(3 x51) at room temperature to remove
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fatty materials. The material was extrac-
ted with ethanol (3 x 51). The combined
extract was concentrated under vacuum
and further extracted using diethyl ether,
which afforded 152 g of diethyl ether-
soluble extract. The diethyl ether-soluble
portion was column chromatographed
over silica gel (60-120 mesh, 1200 g) us-
ing varying proportion of hexane :ethyl
acetate (98:2, 95:5, 90:10, 85:15,
80:20, 75:25, 70:30, 60:40, 50:50,
40:60, 30:70, 20:80, 10:90, 100:0) as
eluent. 100 ml of each fraction was col-
lected and monitored by TLC.

Fraction nos 325-442 afforded com-
pound 1, identified as arjunic acid on the
basis of spectral analysis®®, using hexane—
ethyl acetate as eluent in the ratio (50:
50 v:v) and crystallized using methanol.

Fraction nos 538-800 afforded com-
pound 2, identified as arjungenin by
spectral analysis®®, using hexane—ethyl
acetate as eluent in the ratio (50:50 v:v)
and crystallized using methanol.

Fraction nos 949-1377 afforded com-
pound 3, identified as arjunetin by spectral
analysis®’, using hexane—ethyl acetate as
eluent in the ratio (20:80 v:v) and crys-
tallized using methanol.
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The bacterial sensitivity testing was
done on the Mueller—Hinton (Hi-Media)
agar No. 2. All the bacterial strains were
grown on nutrient agar/broth for routine
cultivation. Streptococcus mutans was
grown on brain-heart infusion agar at
28°C. Tetracycline was used as control
antibiotic in the bioactivity assays with
bacteria. The test compounds were dissol-
ved in DMSO and stored at 4°C until use.

Preliminary antibacterial activity test-
ing was done according to Bauer et al.®.
All bacteria were sub-cultured from —-80°C
stock cultures into 5ml of Mueller—
Hinton broth and incubated for 24 h at
the desired temperature. For use as an ino-

culum, the turbidity of the bacterial sus-
pension was adjusted to the McFarland
standard 0.5 (ca. 1.5 x 10® cfu/ml). About
100 wl of bacterial culture was spread-
plated on solid medium and discs (5 mm
diameter) containing test compound were
placed on the pre-inoculated agar sur-
face. Observations were recorded after
48 h of incubation of plates at the desired
temperature.

Twofold serial dilution technique was
employed to assess the minimum inhibi-
tory concentration (MIC) of a given
compound using 96-well microplate. Op-
tical density of the cultures was meas-
ured using Spectra Max 190 microplate

Table 1. Minimal inhibitory concentration of tri-terpenoid compounds isolated from diethyl
ether fraction of Terminalia arjuna extract
Minimal inhibitory concentration (pg/ml)
Sreptococcus Staphylococcus S. Pseudomonas
Compound mutans epidermidis aureus aeruginosa
Arjunic acid (1) 250 250 >1000 >1000
Arjungenin (2) 500 500 >1000 >1000
Arjunetin (3) >500 125 >500 >500
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Figure 1. Chemical structure of triterpenes isolated from the bark of Terminalia arjuna: ar-

junic acid (1), arjungenin (2) and arjunetin (3).
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Effect of arjunetin and arjunic acid on the growth of Staphylococcus epidermidis.

reader (Molecular Devices Corp. USA).
MIC was taken as the lowest concentra-
tion of the test compound which inhib-
ited the appearance of visible growth.

Bioassays indicated that all the extracts
except the hexane fraction possessed sig-
nificant activity against Gram-positive
bacteria such as Staphylococcus aureus
(MTCC 96), Staphylococcus epidermidis
(MTCC 435), Streptococcus mutans
(MTCC 890), Bacillus subtilis (MTCC
121) and Mycobacterium smegmatis MC?
155 (provided by Dr Anil K. Tyagi,
UDSC). S. mutans and S. epidermidis
were particularly highly sensitive to all the
extracts. The initial crude bark extract
also exhibited activity against Klebsiella
pneumoniae (MTCC 109) and Entero-
coccus faecalis (MTCC 439), which
however could not be detected in any of
the solvent fractions. In general, the crude
extract and the solvent fractions were in-
active against Gram-negative bacteria. The
water-insoluble substances have to be ab-
sorbed through the rather thick imperme-
able lipopolysaccharide layer, which
presents a physical barrier in Gram-
negative bacteria. Hence, the inactivity
of extracts against Gram-bacteria is un-
derstandable. Thus, only small terpe-
noids which are able to form hydrogen
bonds and therefore significantly interact
with water, may be better able to traverse
these pathways®.

The diethyl ether fraction was further
taken up for bioactivity-guided fractionation
using silica gel column chromatography.
Three pure tri-terpenoid compounds, viz.
arjunic acid, arjungenin, arjunetin (a gly-
coside derivative of arjunic acid), the
structures of which were confirmed by
spectral analysis (Figure 1), were isolated.
Arjunic acid and its glycosilated deriva-
tive showed moderate activity against S.
epidermidis with MIC of 125 pg/ml (Ta-
ble 1). The glycosylation of arjunic acid
increased its activity twofold against S.
epidermidis. Growth of this bacterium in
the presence of arjunetin and arjunic acid
at twofold lower concentration than that
of the MIC (i.e. 62.5 and 125 pg/ml) in-
dicated that there was no reduction in the
initial titre even after 8 h (Figure 2).
Hence the compounds could be bacterio-
static in nature. These findings indicate
the presence of antibacterial principles in
the bark of T. arjuna with arjunetin par-
ticularly showing selectively higher acti-
vity against S. epidermidis. Further
derivatization of this molecule through
structure—activity relationship studies
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may lead to development of new anti-
biotic(s) of high potency.
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Indian Ocean dipole mode and tropical cyclone frequency

The Indian Ocean dipole' is a coupled
ocean—atmosphere phenomenon observed
in the Indian Ocean (IO) in the form of
an east-west dipole in the sea surface
temperature (SST) anomalies. The Indian
Ocean Dipole Mode Index (IODMI) is
defined as the difference in SST anomaly
between the tropical western 10 (50-
70°E, 10°S—10°N) and the tropical south-
eastern IO (90-110°E, 10°S-equator)’.
Positive IODMI is associated with warm
SST anomaly over the western tropical 10
and cold SST anomaly over the south-
eastern tropical 10. Sign of the index re-
verses when SST anomalies swing to the
opposite phase. The IODM phenomenon
seems to play a key role in the occurrence
of droughts (Tuarang) over the Indonesian
region®™. When TIODMI is negative, it
leads to drought over Indonesia and floods
over East Africa and vice versa. Positive
IODMI seems to correspond to more
monsoon rains over India. The northeast
monsoon rainfall (October—December)
over south peninsular India and the IODM
(September—November) are directly re-
lated, suggesting that the positive (nega-
tive) phase of the mode enhances (sup-
presses) the northeast monsoon activity®.
A recent study has shown that the Indian
summer monsoon has greater influence
on the TODM, than vice versa’. In the
present work, the relationship between
the TODM and cyclone frequency in the
Bay of Bengal (BOB) during the post-
monsoon season (October—December),
which is also known as the storm season
in South Asia, has been investigated. The
probable impact of IODM on the fre-

quency of monsoon depressions and
storms (which are significant rainfall-
producing systems during the monsoon
season from June to September) has also
been looked into. Monthly time-series of
1I0DMI*? from January 1958 to Decem-
ber 2002 has been used to determine the
correlation with cyclone frequencies. The
cyclone frequency data have been ob-
tained from IMD records.

As mentioned earlier, the post-
monsoon season from October to De-
cember is known for maximum number
of intense cyclones in the north I0Y.
Monthly frequency of severe cyclones
(with maximum sustained wind speed
exceeding 48 nmile per h) is highest dur-
ing November. As about 80% of the
north IO tropical cyclones form in the
BOB, the focus of the present work is on
the relationship between the IODM and
the tropical cyclone frequency in the
BOB.

The time-series of IODMI during Sep-
tember—QOctober and the cyclone fre-
quency in the BOB during November are
presented in Figure 1. The aim is to
demonstrate the lag relationships which
have forecasting applications. It is evi-
dent from Figure 1 that the TODMI of
preceding two months has an inverse re-
lationship with the cyclone frequency in
November. In other words, the negative
IODMI during September—October cor-
responds to enhanced cyclone frequency
during November. Therefore, colder SST
anomalies over the western tropical 10
and warmer SST anomalies over the
southeastern tropical IO during Septem-
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ber—October will correspond to enhanced
cyclone activity in the BOB during
November.

Figure 2 depicts the correlation coeffi-
cient (CC) between IODMI (September—
October) and cyclone frequency (Novem-
ber). The CC between the September—
October IODMI and November cyclone
frequency is about —0.4, which is statisti-
cally significant at the 99% level. Thus
the TODMI can provide useful indica-
tions of the November cyclone frequency
two months in advance, which could be a
potential tool in tropical cyclone fore-
casting. It is interesting to note that the
simultaneous correlation between the
November IODMI and the November cy-
clone frequency is less (—-0.34) than the
lag correlations, which implies that SST
anomalies during the preceding two
months play a more important role in the
cyclogenesis in the BOB during Nove-
mber, than the anomalies during Novem-
ber.

The inverse relationship between the
IODMI and the November cyclone fre-
quency is consistent with the circulation
patterns associated with the extreme di-
pole events during the post-monsoon
season. A notable feature observed dur-
ing the positive (negative) phase of the
dipole mode is an anomalous anti-
cyclonic (cyclonic) circulation over the
BOB®. Thus the anomalous cyclonic cir-
culation during the negative phase may
support the formation of cyclones over
the BOB as the anomalous cyclonic vor-
ticity triggers the genesis of cyclones.
This is the possible reason for the nega-
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