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Antimycobacterials from Fungi

Sunil Kumar Deshmukh,'-* Shilpa Amit Verekar?
and B.N. Ganguli®

ABSTRACT

Tuberculosis is an endemic disease of the poverty ridden, undernourished
and over populated countries of the world. It is also a systemic disease
that is extremely dependent on the physiology of the system it invades
and thus varies significantly from person to person. New developments
in the treatment of this disease have rarely percolated down to the larger
sections of the under privileged in our societies. The need for highly active,
long acting, yet less expensive drugs against Multi-Drug Resistant (MDR)
Mycobacterium tuberculosis still exists. Research initiative on endophytic
fungi as a source of such biotherapeutics is an important step that could
help to tackle the need. Complete eradication of tuberculosis is certainly
possible by integration of research results and public health programs.
However, such initiatives have been hindered by the lack of effective
communication lines in many countries of the world. Language is just one
of the several hurdles! Nationalistic jingoism is another!!

A major initiative could be to investigate the effects of the mixtures of
compounds already known to have activities against different strains of
M. tuberculosis. Such as, those reported in the local knowledge forums of
Ayurvedics in villages of India and in allopathic medical publications.
We must have a “United Front to Combat Tuberculosis” (UFCT)—A
Worldwide Effort.
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Introduction

In the many countries of the world, the hunt for new anti-mycobacterial
compounds is going on. In most of them, a marker MIC level is set so that
both synthetic and natural (plants, fungal) compounds can be selected that
have better therapeutic potential especially against clinically relevant Multi
Drug Resistant strains of Mycobacteria. The marker compounds used are
Isoniazid with a Minimum Inhibitory Concentration (MIC) of 0.04-0.09
pg/mL and Kanamycin sulphate with an MIC of 2.0-5.0 pg/mL usually. In
the opinion of the authors, the use of selective mixtures of anti-tubercular
compounds could be better, so that development of resistance is slowed down
if not totally prevented. Choice of several different mixtures of compounds
could be of advantage after extensive evaluation. Serum binding may not be
a disadvantage if a slow but continuous release is observed and measured
over time. What needs also to be borne in mind is that this chronic disease
usually affects the poorer populations of the world where public health efforts
are negligible, if not totally absent, and communications extremely difficult.

Scrutiny of the available literature of the years from 2002 to 2013 clearly
indicated that research initiatives against M. tuberculosis are discouraging with
the publication of 1-2 papers on anti-mycobacterial per year. Moreso, to our
utter surprise, during the year 2006-2007 there was no report in the journals
we reviewed. But in the year 2010 the largest number of publications appeared.
This poses a million dollar question. What made the researches to jump on it
too heavily and suddenly? But this momentum is a welcome move.

The World Health Organization (WHO) estimated that currently
ca. 50 million people were infected and 1500 people dieper hour from Tuberculosis
worldwide. After the detection of strains of Mycobacterium tuberculosis resistant
to multiple drugs (MDRTB), the search for new antimycobacterials has been
intensified (WHO, 2008). The world recognizes medicinal plants as repositories
of fungal endophytes that produce metabolites with novel molecular structures
that are active against various human diseases. For example, extracts of
endophytic fungi isolated from Thailand’s Garcinia plant species inhibit
M. tuberculosis (Wiyakrutta et al., 2004). Several compounds reported from
fungi with anti-mycobacterial activities are shown in Table 1.

Antimycobacterials from Fungi
From Ascomycetes

3-Nitropropionic acid (3-NPA) (1) (Fig. 1) is found in the extracts of
several strains of endophytic genus Phomopsis sp. It is highly active against
M. tuberculosis H37Ra with an MIC of 3.3 uM, but no in vitro cytotoxicity
was seen in a number of cell lines. Endophytes produce high levels of
3-NPA which accumulates in certain plants and could, therefore be a marker

© 2016 by Taylor & Francis Group, LLC
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Figure 1. Structures of antimycobacterial metabolites isolated from Ascomycetes (1-17).

for endophytic fungi (Chomcheon et al., 2005). 3-NPA inhibits Isocitrate
Lyase (ICL), the enzyme involved in fatty acid catabolism and virulence in

M. tuberculosis (Munoz-Elias et al., 2005). 3-NPA has MIC values of 12.5 and
50.0 ng/mL against the MTB H37Rv and H37Ra strains, respectively. Out of
three derivatives of 3-Nitropropionic acid, Methyl 4-Nitrobutyrate (2) is active
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with MIC values of 12.5 and 25.0 pg/mL against H37Ra and H37Rv strains,
respectively (Ganihigama et al., 2015).

Vermelhotin (3) and Aspergillusidone D (4) (Fig. 1), were isolated from
the marine derived fungus, a Nodulisporium sp. (Kasettrathat et al., 2008).
Vermelhotin (3) is active against five reference strains of M. tuberculosis
with MICs of 3.1-6.2 ng/mL. Aspergillusidone D (4) has an MIC value of
50.0 ng/mL in comparative assays (Ganihigama et al., 2015).

Phomoxanthone A (5) and B (6) (Fig. 1) were obtained from Phomopsis sp.
BCC 1323, collected from the leaves of Tectonagrandis from the Mee Rim district
of Chaingmai Province, Northern Thailand. These compounds show moderate
in vitro activities with MICs of 0.5 and 6.25 pg/mL, respectively against
M. tuberculosis H37Ra strain, as compared to Isoniazid and Kanamycin sulphate
(MICs of 0.050 and 2.5 pg/mL, respectively) (Isaka et al., 2001). Phomoenamide
(7) isolated from the endophyte Phomopsis sp. PSU-D15 of Garcinia dulcis has
an MIC of 6.25 pg/mL against M. tuberculosis (Rukachaisirikul et al., 2008).

The pimaranediterpenes Diaporthein A (8) and B (9) (Fig. 1), were isolated
from Diaporthe sp. BCC 6140. Diaporthein B strongly inhibits M. tuberculosis
with a MIC 3.1 ng/mL, while A is less active (MIC 200 pg/mL). As compared
to Isoniazid, MIC 0.04-0.09 ng/mL and Kanamycin sulfate, MIC of 2.0-5.0 ng/
mL (Dettrakul et al., 2003). The results suggest that the carbonyl function C-7
of Diaporthein B is essential for its anti-TB activity (Asres et al., 2001).

Phomapyrrolidone B-C (10-11) (Fig. 1), were isolated from the endophyte
Phoma sp. NRRL 46751, of the plant Saurauiasca berrinae. Phomapyrrolidone B
(10) and C (11) have weak in vitro anti-tubercular activities when tested in the
microplate Alamar Blue assay (MABA) for replicating cultures with MICs of
5.9 and 5.2 pg/ml, respectively and the low oxygen recovery assay (LORA)
with MICs of 15.4 and 13.4 ng/ml, respectively for non-replicating M.
tuberculosis H37Pv (Wijeratne et al., 2013).

a-Mangostin (12) (Fig. 1), a prenylatedxanthone from the fruit hull of
Garcinia mangostana, was individually metabolized by two fungi, Colletotrichum
gloeosporioides (EYL131) and Neosartorya spathulata (EYR042), respectively.
Incubation of compound (12) with C. gloeosporioides (EYL131) gave four
metabolites identified as Mangostin 3-sulfate (13), Mangostanin 6-sulfate (14),
17,18-Dihydroxymangostanin 6-sulfate (15) and Isomangostanin 3-sulfate (16)
(Fig. 1). Compound (13) was also formed by incubation with N. spathulata
(EYR042). Compounds (12) and (13) are active against M. tuberculosis (MICs
15.24 and 6.75 uM for 12 and 13, respectively). In contrast, 14-16 showed very
week activity (MIC > 50 pg/mL) (Arunrattiyakorn et al., 2011).

Chaetoglocin A (17) (Fig. 1) Chaetoglocin B (18) (Fig. 2) isolated from
Chaetomium globosum strain IFB-E036, an endophyte of Cynodon dactylon
are active against B. subtilis, Streptococcus pyogenes, Mirococcus luteus and
M. smegmatis with MICs between 8 and 32 ng/mL (Ge et al., 2011). Echinuline
(19) and Chaetomanone (20) (Fig. 2) were isolated from Chaetomium globosum
KMITL-N0802 isolated from a Thai soil. Chaetomanone and Echinuline
have week activities against M. tuberculosis with MICs of 169.92 and 216.62
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Figure 2. Structures of antimycobacterial metabolites isolated from Ascomycetes (18-31).

1M, respectively (Kanokmedhakul et al., 2002). Mollicellin K (21) (Fig. 2)
was isolated from the fungus Chaetomium brasiliense showed activity against
M. tuberculosis (MIC 12.5 ng/ml) (Khumkomkhet et al., 2009).

Cochliodone C (22), Chaetoviridine E and F (23-24), Chaetochalasin A (25),
24(R)-50,8a-epidioxyergosta-6-22-diene-3p-ol (26) (Fig. 2) were isolated from
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the fungi Chaetomium cochliodes VThO1 and C. cochliodes CTh05. Compounds
(22-26) are active against M. tuberculosis with MIC values of 200, 50, 100, 100,
and 200 pg/mL, respectively (Phonkerd et al., 2008).

Trichoderins A (27), Al (28), and B (29) (Fig. 2), aminolipopeptides
from a Trichoderma sp., a marine sponge-derived fungus, are reported to be
active against both dormant and multiplying M. tuberculosis strain H37Rv.
Trichoderins are highly active against M. smegmatis, M. bovis BCG, and
M. tuberculosis H37Rv with MIC values in the range of 0.02-2.0 pg/mL
(Pruksakorn et al., 2010).

(-)-Trypethelone (30) (Fig. 2), isolated from the endophyte Coniothyrium
cereale of the marine green alga Enteromorpha sp. is active against M. phlei, S.
aureus, and E. coli, at 20 ng/disk/6 mm with inhibition zones of 18, 14, and
12 mm, respectively (Elsebai et al., 2011).

Biscogniazaphilone A (31) (Fig. 2) and B (32), N-trans-feruloy-
3-O-methyldopamine (33), 5-Hydroxy-3,7,4-trimethoxyflavone (34),
4-Methoxycinnamaldehyde (35), Methyl 3,4-methylenedioxycinnamate
(36), 4-Methoxy-trans-cinnamic acid (37) (Fig. 3), were all isolated from
the endophyte Biscogniauxia formosana BCRC 33718, of a Cinnamomum sp.
Compounds (31) and (32) are active against M. tuberculosis strain H37Rv in
vitro with MIC values of < 5.12 and < 2.52 ng/mL, respectively, as compared
to the clinical drug Ethambutol (MIC 6.25 pg/mL). Compounds (33-37) have
either moderate or weak anti-mycobacterial activities, MICs of 12.5,25.0, 42.1,
58.2 and 50.0 ng/mL, respectively (Cheng et al., 2012).

Javanicin (38), 3-O-methylfusarubin (39), a diastereomer of
Dihydronaphthalenone (40) and 5-Hydroxy-3-methoxydihydrofusarubin A
(41) (Fig. 3) were isolated from the endophyte, a Fusarium sp. BCC 14842 of the
Bamboo leaf, collected from a forest of Nam Nao National Park, Phetchabun
Province, Thailand. Compounds (38) and (40), have moderate activities
(MICs of 25 png/mL), while 3-O-methylfusarubin (39), and 5-hydroxy-3-
methoxydihydrofusarubin A (41), have weak antimycobacterial activities
(MICs of 50 pg/mL) (Kornsakulkarn et al., 2011).

Fusaric acid was isolated from a Fusarium sp., an endophyte of a mangrove
plant. Cadmium and Copper complexes were prepared. The Cadmium (42) and
Copper (43) (Fig. 3), complexes showed potent activities against M. bovis BCG
(MIC 4 ng/mL) and M. tuberculosis H37Rv (MIC 10 pg/mL) (Pan et al., 2011).

9a-Hydroxyhalorosellinia A (44), Nigrosporin (45) Anhydrofusarubin (46)
(Fig. 3), were isolated from the sea fan-derived fungi Fusarium spp. PSU-F14.
Compounds (44-46) were found active against M. tuberculosis H37Ra, with
MICs of 39, 41 and 87 pM, respectively (Trisuwan et al., 2010).

3’-O-Demethylpreussomerin I (47), Preussomerin E (48), (Fig. 3),
Preussomerins F-I1 (49-52) (Fig. 4), Deoxypreussomerin A (53)
(Fig. 4) and Bipendensin (Palmarumycin C11) (54) (Fig. 4), were isolated from
Microsphaeropsis sp. BCC 3050, a lichenicolous fungus of Dirinaria applanata
collected from Phu Tee-Suan-Sai forest in Loei province, Northeastern
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Figure 3. Structures of antimycobacterial metabolites isolated from Ascomycetes (32-48).

Thailand. These compounds (47-54) are active against M. tuberculosis H37Ra
(MICs 25, 3.12, 3.12-6.25, 6.25, 12.5, 25, 1.56-3.12, 50 ng/mL, respectively)
(Seephonkai et al., 2002).

(35,4 R)-4,8-Dihydroxy-3-methoxy-3,4-dihydro-1(2 H)-naphthalenone
(55), (S)-4,6,8-Trihydroxy-3,4-dihydro-1(2H)-naphthalenone (56), (3S,4S)-
3,4,8-Trihydroxy-6-methoxy-3,4-dihydro-1(2 H)-naphthalenone (57),
6-Ethyl-5-hydroxy-2,7-dimethoxynaphthoquinone (58), 6-(1-Acetoxyethyl)-
5-hydroxy-2,7-dimethoxynaphthoquinone (59), Deacetylkirschsteinin (60)
(Fig. 4) were isolated from a Phaeosphaeria sp. Compounds (55) and (56) have
good anti-mycobacterial activity with MICs of 12.50 pg/mL. Compound (58)
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Figure 4. Structures of antimycobacterials metabolites isolated from Ascomycetes (49-60).
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exhibited anti-TB activity with MIC of 12.50 ng/mL, while its acetyl derivative,
compound (59), has excellent anti-TB activity, MIC 0.39 ng/mL. Compound
(60) has an MIC value of 6.25 pg/mL, while compound (57) has an MIC of
25 ng/mL as compared to MIC values of isoniazid and kanamycin sulphate
that were 0.05 and 2.5 ng/mlL, respectively (Pittayakhajonwut et al., 2008).

2-hydroxymethyl-3-methylcyclopent-2-enone (61), Asterric acid (62) and
hydrazone derivative of cis-2-hydroxymethyl-3-methylcyclopentanone (63)
(Fig. 4), were all isolated from a Dothideomycete sp. LRUB20, an endophyte of
the stem of a medicinal plant Leearubra in Thai. Compounds (61-63) have low
anti-mycobacterial activities with MIC values of 200 ng/mL (Chomcheon et
al., 2006).

Peniphenone B (64) and C (65) (Fig. 5), were isolated from Penicillium
dipodomyicola - HN4-3A of the stem of the mangrove plant Acanthusilicifolius
collected from the South China Sea in Hainan Province, China. Both B and
C exhibited strong inhibitory activity against protein tyrosine phosphatase
B (MptpB) with IC50 values of 0.16 + 0.02 and 1.37 + 0.05 pM, respectively
(Li et al., 2014).

7-butyl-6,8-dihydroxy-3(R)-pent-11-enylisochroman-1-one (66),
7-but-15-enyl-6,8-dihydroxy-3(R)-pent-11-enylisochroman-1-one (67) and
7-butyl-6,8-dihydroxy-3(R)-pentylisochroman-1-one (68) (Fig. 5) novel
Dihydroisocoumarins were isolated from a Geotrichum sp., an endophyte
of Crassocephalum crepidoides. The MICs of compounds (66-68) were, 25 nug/
mL, 50 pg/mL, and inactive against M. tuberculosis H37Ra respectively. This
suggests that the double bond C11-C12 and the aliphatic group at C14-C17
are important for the biological activities (Kongsaeree et al., 2003).

Four cyclic peptides, namely, Enniatins B (69), B4 (70), G (71), C (72)
(Fig. 5) were isolated from a pathogenic fungus Verticillium hemipterigenum.
Analogues H (73),1(74) and MK1688 (75) (Fig. 5), were prepared by feeding the
substrate analogs L-leucine and L-isoleucine to the fermentation. Compounds
(69-75), inhibited M. tuberculosis H37Ra (MIC 3.12, 3.12, 6.25, 6.25, 6.25,
6.25 and 1.56 pg/mL, respectively) (Nilanonta et al., 2003). Fermentation
of an unidentified Thai fungus led to the isolation of new hydroxyl
analogs Enniatins L (76), M1 (77), M2 (78) and N (79) (Fig. 5) with MICs of
6.25-12.5 ng/ml (Vongvilai et al., 2004).

4-Deoxybostrycin (80) (Fig. 5) and Nigrosporin (45) (Fig. 3) were isolated
from the mangrove endophyte, a Nigrospora sp. collected from the South
China Sea. In the Kirby-Bauer disk diffusion susceptibility test, both showed
zones of over 25 mm against M. tuberculosis. Compound (80) has activity
against multidrug-resistant (MDR) M. tuberculosis strains with MICs of
< 5-39.0 pg/ml. The gene expression profile of M. tuberculosis H37Rv after
treatmentwith4-Deoxybostrycin was compared with that of the untreated bacteria.
One hundred and nineteen out of 3,875 genes were significantly different in
M. tuberculosis exposed to 4-deoxybostrycin from that of the control. There
are 46 functionally known genes involved in metabolism, information storage
and processing, and cellular processes. The differential expressions of six
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Figure 5. Structures of antimycobacterial metabolites isolated from Ascomycetes (61-80).
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genes were confirmed by quantitative real-time polymerase chain reaction
(qQRT-PCR) (Wang et al., 2013).

Hirsutellide A (81) (Fig. 6), was isolated from the entomopathogenic fungus
Hirsutella kobayasii BCC 1660. It was active against M. tuberculosis H37Ra in

H
N - 5
H
Ny, o .
(0]
R = H, Hirsutellone A (82)
H3C
_ ) T R= Me, Hirsutellone D (85)

H

o
N

Hirsutellone F (86)

Physcion (90)
R1=H, R2 = OH Dustanin (88)

Piperine (87) R1=0Ac,R2 =0H, 3 beta-acetoxy-lS alpha
22-dihydroxyhopane (89)

OH o) Ie)
3HC HOy,,
HO //”'

OH O \\\\

(')

CH3  Usnic acid (91)

Menisporopsin A (92)

Figure 6. Structures of antimycobacterial metabolites isolated from Ascomycetes (81-92).
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Microplate Alamar Blue Assay (MABA) with an MIC with 6-12 pg/mL and
no cytotoxicity against Vero cells at 50 pg/mL (Vongvanich et al., 2002).

Hirsutellones A-D (82-85) (Fig. 6), of the pathogenic fungus Hirsutella nivea
BCC 2594 from Thailand, inhibited M. tuberculosis H37Ra (MIC 0.78, 3.125,
0.78,0.78 ng/mlL, respectively) (Isaka et al., 2005). Hirsutellone F (86) (Fig. 6),
a new dimer alkaloid along with the known Hirsutellones A, B, and C, from
the spores of the fungus Trichoderma sp. BCC 7579 showed a weaker activity
against M. tuberculosis H37Ra (MIC 3.12 pg/mL) than the Hirsutellones A, B,
and C (Isaka et al., 2006).

Piperine (87) (Fig. 5), is obtained from an endophytic Periconia sp. of
Piper longum. Piperine has very good anti-mycobacterial activity against
M. tuberculosis and M. smegmetis with MIC of 1.74 and 2.62 pg/ml, respectively
(Verma et al., 2011).

Dustanin (88) and 3 beta-acetoxy-15 alpha, 22-dihydroxyhopane (89)
(Fig. 6), were isolated from the insect pathogenic fungus Aschersonia tubulata
BCC 1785. Compounds (88), and (89), have anti-mycobacterial activities with
MICs of 12.5 pg/ml (Boonphong et al., 2001).

Physcion (90) (Fig. 6), isolated from an Aspergillus sp. inhibited the
mycobacterial detoxification enzyme, mycothiol-S-conjugate amidase
(MAC) with IC, of 50 pM against M. smegmatis (Nicholas et al., 2003). The
dibenzofuran derivative, Usnic acid (91) (Fig. 6), a secondary metabolite of
lichen, inhibits M. tuberculosis, MIC 2.5-5 ng/mL (Konig and Wright, 1999;
Ingo6lfsdéttir, 2002).

Aphenolic macrocyclicpolylactone, Menisporopsin A (92) (Fig. 6), reported
from the seed fungus Menisporopsis theobromae has weak activity with MIC of
50 pg/ml against M. tuberculosis H37Ra (Chinworrungsee et al., 2004).

8’-O-Demethylnigerone (93) and 8’-O-Demethylisonigerone (94) (Fig.
7), dimericnaphtho-gamma-pyrones, were isolated from strain WZ-4-11 of
Aspergillus carbonarius. Compounds (93) and (94) have weak activities against
M. tuberculosis H37Rv (MICs of 43.0 and 21.5 puM, respectively) (Zhang et al.,
2008).

Cordyol A (95) (Fig. 7), was isolated from Cordyceps sp. BCC 1861 of
Homoptera cicada nymph of the KhaoLaem National Park, Kanchanaburi
Province, Thailand. Cordyol A has weak anti-mycobacterial activity with MIC
100 png/mL (Bunyapaiboonsri et al., 2007).

A novel cyclodepsipeptide, Cordycommunin (96) (Fig. 7), isolated from
the insect pathogenic fungus Ophiocordyceps communis BCC 16475 inhibits
M. tuberculosis H37Ra, MIC 15 pM. This compound has weak cytotoxic effect
on KB cell line with an IC, of 45 uM but inactive against BC, NCI-H187 and
Vero cell lines at 88 pM (50 pg/mL) (Haritakun et al., 2010).

Ophiobolin K (97), 6-epi-ophiobolin K (98) and 6-epi-ophiobolin G (99)
(Fig. 7), were isolated from the marine-derived fungus Emericella variecolor.
Ophiobolins (97-99) inhibited biofilm formation of M. smegmatis at MICs of
4.1-65 mM, whereas these compounds do not show anti-microbial activity
at the concentrations that show anti-biofilm formation. Ophiobolin K (97) is
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Figure 7. Structures of antimycobacterial metabolites isolated from Ascomycetes (93-100).

also effective against the biofilm formation of M. bovis BCG and is thus able
to restore the anti-microbial activity of isoniazid against M. smegmatis (Arai
etal., 2013).

The Bicyclo[3.3.1]nona-2,6-diene derivative, Rugulosone (100) (Fig. 7),
was isolated from Emericella rugulosa. It showed anti-malarial and anti-
mycobacterial activities, as well as cytotoxicity against three cancer cell lines
(Moosophon et al., 2009).
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Hopan-27-al-6f,11a,22-triol (101), Hopane-6f3,11r,22,27-tetraol (102),
Hopane-6f,7p,22-triol (103), Compound (104) (atropisomer of ES-242-2) and
Compound (105) (Fig. 8), were isolated from the scale insect pathogenic fungus
Conoideocrella tenuis BCC 18627. Compounds (101-105) are active against
M. tuberculosis H37Ra, MIC of > 105, 52, > 107, > 75, > 75 uM/ml, respectively.
The MIC values of standard anti-TB drug Isoniazid were 0.17-0.34 uM (Isaka
et al., 2011).

Hopan-27-al-6p,11r,22-triol (101)  Hopane-68,11r,22,27-tetraol (102) ~Hopane-6f,7f,22-triol (103)

Compound (104) (Atropisomer of ES-242-2)

R2 R%0

R1=R2=H, R3 =Me R
4,4'-dimethoxyvulpinic acid (106)
R1=H, R2=Br, R3 =Me

‘s,
2
“

3,3'-dibromo- 4,4'-dimethoxyvulpinic acid (107) R= a-OH, R1=0 3-epi-astrahygrol (109)
R1=Ac,R2=H, R3=Me R =R1 =0 Astrahygrone (110)
Acetyl 4,4'-dimethoxyvulpinate (108) R=R1=0a-OH 3-epi-astrapteridiol (111)

Figure 8. Structures of antimycobacterial metabolites isolated from Ascomycetes (101-105) and
Basidiomycetes (106-111).
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From Basidiomycetes

4,4’-dimethoxyvulpinic acid (106) (Fig. 8), was isolated from the Thai
mushroom Scleroderma citrinum. In addition, the dibromo derivative of (106)
3,3’-dibromo-4,4’-dimethoxyvulpinic acid (107) and the acetate derivative
acetyl 4,4’-dimethoxyvulpinate (108) were also prepared. All the compounds
are active against M. tuberculosis H37Ra with MICs 25, 100 and 100 pg/ml,
respectively (Kanokmedhakul et al., 2003).

3-Epi-astrahygrol (109), Astrahygrone (110) and 3-epi-astrapteridiol
(111) (Fig. 8), were isolated from, the truffle-mimicking mushroom, Astraeus
pteridis. Compounds (111) (109) and (110) showed moderate activity against
M. tuberculosis with MIC values of 34.0, 58.0, and 64.0 ng/mL, respectively
(Stanikunaite et al., 2008).

Lanostanetriterpenes, Astraodoric acids A (112) and B (113) (Fig. 9), were
isolated from, an edible mushroom, Astraeus odoratus. Compounds (112) and
(113) exhibited moderate activities against M. tuberculosis H,,Ra (MICs of
50 and 25 ng/mL) and cytotoxic activities (IC, ) values of 34.69 and 18.57 ng/mL
against KB cancer cells lines and 19.99 and 48.35 png/mL against NCI-H187
cancer cells lines, respectively (Arpha et al., 2012).

A new bisphenol-sesquiterpene, Ramiferin (114) (Fig. 9), isolated from
the fungus Kionochaeta ramifera BCC 7585 has anti-tubercular activity, MIC
12.7 uM. 1t is toxic against three cancer cell lines (BC, KB and NCI-H187)
and nonmalignant Vero cells with IC, values of 9.1, 12.6, 13.0, and 9.7 uM,
respectively (Bunyapaiboonsri et al., 2008).

Ramariolides A (115) (Fig. 9), a Butenolides was isolated from the fruiting
bodies of a coral mushroom Ramaria cystidiophora. Ramariolide A has an
unusual spirooxiranebutenolide moiety and shows in vitro activity against
M. smegmatis and M. tuberculosis (Centko et al., 2012).

Gliotoxin (116), and S,S dimethyl gliotoxin (117) (Fig. 9), isolated from
Mycena sp. (F205435) inhibited the mycobacterial detoxification enzyme
mycothiol-S-conjugate amidase (MAC) of M. tuberculosis with IC_ of 50 and
70 uM. Both compounds inhibited MAC of M. smegmatis with IC, value of
50 uM each (Nicholas et al., 2003).

Ganoderic acid T (118), and the C-3 epimer of Ganoderic acid T (119)
(Fig. 9), were isolated from Ganoderma orbiforme BCC 22324. Compounds
(118-119), are active against M. tuberculosis H37Ra with MICs of 10.0 and
1.3 pM, respectively (Isaka et al., 2013).

From Unidentified Fungus

9a-hydroxyhalorosellinia A (120) (Fig. 9), was isolated from an endophytic
fungus PSU-N24 from Garcinia nigrolineata, collected from the Ton Nga Chang
wildlife sanctuary, Songkhla province, Southern Thailand. It is active against
M. tuberculosis, MIC 12.50 pg/ml (Sommart et al., 2008).
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Figure 9. Structures of antimycobacterials metabolites isolated from Basidiomycetes (107-119),
Unidentified fungus (120-122) and Zygomycetes (123).

Agonodepside A (121) and B (122) (Fig. 9), were isolated from a
non-sporulating filamentous fungus, F7524. They inhibited the mycobacterial
InhA enzyme, a 2-trans-enoyl-acyl-reductase involved in Mycolic acid
biosynthesis, which is a major lipid of the mycobacterial envelope.
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Agonodepside A had moderate activity, with an IC_ of 75 uM, while
Agonodepside B is not active at 100 uM (Cao et al., 2002).

From Zygomycetes

Calpinactam (123) (Fig. 9) was isolated from Mortierella alpina FKI-4905.
Calpinactam inhibits M. smegmatis and M. tuberculosis with MIC values of
0.78 and 12.5 ng/ml, respectively (Koyama et al., 2010).

Volatile Organic Compounds (VOCs) as Antimycobacterials

A stain of Muscodor namely, Muscodor crispans of Ananas ananassoides (wild
pineapple) growing in the Bolivian Amazon Basin produces VOCs namely,
Propanoic acid, 2-methyl-, 1-butanol, 3-methyl-1-butanol, 3-methyl-, acetate
propanoic acid, 2-methyl-, 2-methylbutyl ester, and ethanol. The VOCs of
this fungus are effective against Xanthomonas axonopodis pv. citri, a citrus
pathogen and also on several human pathogens, including Yersinia pestis,
M. tuberculosis and Staphylococcus aureus. Muscodor crispans is only effective
against the vegetative cells of Bacillus anthracis and not against its spores.
Artificial mixtures of the fungal VOCs were both inhibitory and lethal to a
number of human and plant pathogens, including three drug-resistant strains
of M. tuberculosis (Mitchell et al., 2010). The mechanism of action of the VOCs
of Muscodor spp. on target bacteria is unknown. A microarray study of the
transcriptional response analysis of B. subtilis cells exposed to M. albus VOCs
show that the expression of genes involved in DNA repair and replication
increased, suggesting that VOCs induce some type of DNA damage in cells,
possibly through the effect of one of their naphthalene derivatives (Mitchell
et al., 2010).

Outlook /Conclusion/Suggestions

In the poorer countries of the world and particularly those of the Asian
Subcontinent, M. tuberculosis remains a persistent problem with very
few solutions in sight. This is of course due to the extreme poverty of the
populations in such third world countries. Typically Nepal, Tibet, North
Eastern India (such as Assam), where communications are very weak both due
to the inaccessibility of many of the remote area and language problem. The
extreme poverty leads to very poor nutrition. Inadequate medical facilities,
some time totally missing in many parts of North India, Nepal and Tibet
exits even today. Distribution of effective of effective medicine is a huge and
difficult task. Affordable medicine? Follow up? There is no light of the end of
this tunnel of disease!! Unless there is a “United Front To Combat Tuberculosis’
worldwide This front must be supported by a world with consortium of
countries such as UN WHO plus the other advanced countries of the world!!
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Will it happen? The mindset of the nations of the world should change from
“what can we suggest” to a “what can we do” to solve such great a problem!

Do!

Consider the use of complex mixture of Ayurvedic and allopathic compounds,
already been used. Variations in regimens of treatment may also be the part
such new initiatives.
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Abstract: The release of highly coloured synthetic dye cfTluents into inland and coastal waters is
& environmental problem of increasing alarm. Of these dyestuffs, azo dyes have long constituted
the most prominent threat to the environment. Azo dyes contain one or more azo linkages and
make up 70% of tl}c d_ycstul‘fs pr'oduccq. Az0 dyes ‘m'ainly produce aromatic amines on
d egradatiom many o? which are carcinogenic. Blorg_{ned l.atmn‘ has long played an important role
in prote cting the cm_-lro'nmcn.l against such threats, 1 hc aim of the current study was therefore to
provide a solution to this environmental pr()'blem by isolating bacteria that can degrade azo dyes
and studying conditions that could optimize this degradation. To this end. water bodies in
Mumbai that are subjected to indusl'rial dumping were chosen as a source of microorganisms.
Congo red, a well-known azo dye, with cytotoxic properties, was chosen as the target dye against
which the dye degrading potential of micro-organisms was studied. Of the various isolates that
could degrade the dye, the isolate with the highest potential was chosen for further study and for
optimization of the temperature, pH and time required for maximum degradation. The isolate
was also studied for its ability to degrade other dyes such as Toluidine Blue. Methyl Red, and Acid
Orange and identified on the basis of 16S rRNA gene sequencing. Cytotoxicity of the degraded
product was analysed to ensure that the degraded product did not add to the pollution load. Thus
an efficient azo dye degrader with a wide spectrum of activity in terms of substrate, temperature
and pH was successfully isolated and studied for potential bioremediation use.

INTRODUCTION dyes have long been recognized as human
Today, more than 100,000 urinary bladder carcinogens, which are also
commercial dyes are available in the market tumorigenic in animals and cyanogenic in
and among them more than fifty percent are fishes. The azo dyes are also known to reduce
azo dyes. Azo dyes are the largest class of seed germination rate and induce dwarfism in
synthetic dyes having '-N=N-' group in its plants.
structure. Moreover, they are cheap and Varieties of microorganisms
known to produce highest range of colours. including bacteria, fungi, yeasts,
These dyes are most popularly used for actinomycetes and algae are capable of
textile, cosmetic, paper and leather industries degrading azo dyes, among which bacterial
and,ncaﬂ)’ 10% of dyes are released in the cells represent an inexpensive and promising
environment and natural resources as tool for the removal of various azo dyes from
dye§mﬁ‘ waste. According to literature, textile dye effluents . In the current scenario,
dyeing and finishing of one ton of fabric can microbial or enzymatic treatment offers an
result in the pollution of up to 200 tons of indispensable, ecofriendly and cost-effective
Water.In India, the textile industry solution towards restoring azo dye polluted
contnbgtes nearly 14% of total industrial ecosystems . Bacteria capable of d}fe
Production and  the market demand for dyes decolorization, either in pure cultures or in
ar¢increasing, consortia, have been reported earlier . The
SubstanThe disposal of these coloured mode of degradation of the azo .d’vcs 1151 15;
Waste vtgfe;m only pose major problems in production of azoredLg:tased er;?nT:n:f e
are treatment bul_ hca}].lh issues as cleaves the azo boln 1?:25 s a]{d
carcinogenicozlc to aqus_:tu; life and even compounds to colour
I mutagenic in nature . Azo functional groups .
-1-
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In the present study, azo dye, Congo
red was used for initial enrichment and
isolation of the dye degrader and parameter
optimization studies. Congo red is an azo dye
with a structure 3, 3'-((biphenyl)-4.4'-
diylbis(azo))-bis(4- amino_-l-
naphthalenesulphonicacid), which is a
disodium salt. It is intended primarily for the
coloration of paper products, for use In
medicine (as a biological stain) and as an
indicator since it turns from red-brown in
basic medium to blue in acidic. It is used
widely to color textile and wood pulp. It acts
as a potent carcinogen and mutagenic agt?nt
because of the presence of aromatic amine
group.

The present study deals with the
isolation and identification of a bacterial
strain from dye contaminated water of textile
industry and to evaluate its ability to
decolorize azo dye, Congo red under various
conditions. The cytotoxicity of the dye

degraded product was also analyzed by seed
germination and MTT assay.

MATERIALSAND METHODS

Sample collection, Enrichment and
Isolation
The sampling site, Nandivli nullah, a part of
the Ulhas river (Dombivli, Maharashtra,
India) was chosen as it contains effluents of
various textile industries. The effluent
sample was inoculated in sterile mineral salt
media (MSM) with 100 ppm Congo red
dye(The British Dye House, England) for
initial enrichment .The Flasks were
incubated for 24 hours at 37°C on a ro
shaker (170rpm) for 48h. The culture from
the enrichment flasks that showed
considerable decolourisation were plated (T
streak method) onto Nutrient Agar plates
containing 100ppm of Congo red dye. Each
colony on the plates showing the presence of
a colorless patch was picked up by a sterile
toothpick and placed in tubes containing
nutrient broth along with 100ppm of Congo
red which were then incubated at 37°C for 72
hours.

Testing for degradation of Congo red
Pure cultures were tested for their ability to
decolorize Congo red by spectrophotometric

analysis . Briefly, MSM containinngOppm
Congo red media was inoculated with 5%
culture (OD=0.1) volume / volume. After 48
hours of incubation,a 1.5 ml aliquot of the
decolorized culture broth was placed in
Eppendorf tubes and centrifuged at 14,000
rpm for three minutes. The supernatant was
collected and analyzed
spectrophotometrically at a wavelength
corresponding to the maximum absorbance
of the dye which is 530 nm. The uninoculated
medium was used as control and the medium
without dye was used as blank. The efficiency
of the isolates to degrade/ decolorize Congo
red was expressed as:

Imual residual cone
<o _concentration — of dve
Y EfMiciency o (p g0 :
degradation/ = - x 100

decolonzation Ininal conc. of dye

Optimization of degradation of Congo red
The dye degradation was studied at various
pH values (3, 5, 7,9 and 11) and temperatures
(4°C, 30°C, 37°C and 55°C) after 24 and 48
hours of incubation using a similar
methodology, as described above.

Degradation of other dyes

The selected strain was grown in
MSM(Minimal Salt Medium) media
containing 100ppm of each of the dyes,
Toluidine blue (Thiazine Dye), Methyl
red(Azo Dye) and Acid orange 10(Azo Dye)
for 24 and 48 hours at 37°C and pH7. The

percent dye degradation was calculated after
incubation.

Toxicity studies:

MTT Assay:

5000 MCF7 cells/well were seeded in a 96
well plate followed by overnight incubation
ina -CO, incubator maintained at 37°C. 100ul
of different concentrations of Congo red dye
or dye degraded metabolites (cell frec
supernatant) were added to each well (in
tnpl§ts) in the presence of | 00pl of complete
medium (DMEM + 109 FBS) . After 48
hours of incubation, the supernatant was
removed and 200 ul of freshly prepared MTT
solution was added. The plate was incubated
for 4 hours at 37°C. Then, the plate was
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o4 at 2000 Tpm for Smin:‘i.\‘MTT
centrifug® ¢ discarded and 200 pl of freshly
SOlmiondwlaU“ y, SDS solution was added to
]:JrﬂF“fmr3 2

incubal d 4570 nm after incubation. Percent
n?eaf_“fﬁf was-calculatcd as described Pclow:
wa\t;lﬂlt‘);?liw ~ (Mean Absorbance of Sample x
0, Viability

100)/ Mean Absorbance of Control.

totoxic Assay:
?::gtg:ll“g (Phaseolus mungo) seeds were

: in sterile 15 cm petri dishes,
f::;nr:ezat:?th sterile filter paper. Seeds were
sterilized as described by Mqlla et al, 2001,
before transferring to the surface gf the filter

per in the petri dish. Approximately 20
seeds were placed on the filter paper which
was wetted with 100ppm of Congo red dye,
dye degraded product and distilled water
(control) respectively. The plates with the
mung seeds were incubated at room
temperature and the germinated sceds were
enumerated after seven days.

Strain Identification:

The morphological and biochemical
characteristics of the dye degrading strain
were studied. For genotypic characterization.
the 24 hour old monoculture grown at 37°C

on a nutrient agar slant was sent for 16S
tRNA sequencing.

Statistical Analysis:

Data was analyzed by one-way ANOVA with
4 pairwise multiple comparison test.
Readings were considered significant when P

Was <0.05 by using Sigma stat 3.5 and
Microsoft Excel software.

RESULTS AND DISCUSSION

Isolation apq

identificati i
i ication of bacterial

:;\lf; 1bacv::rial strains from the effluent
der:oll)o;'y of Nandivli nullah showed
i alion of Congo red in 72 hours after

enrichment and isolation, and were

f:(leztiidocfolr fu"hef screening. The isolates
Nutrient bu el using sterile toothpicks, into
: 3t & Ontau}mg 100ppm of Congo
decoloﬁmts-lram which showed maximum

lonafier 48 hours was selected for

1er stud . . .
Y- The strain was identified as

k

ISIIN:978.

93.84298.56.

Proteus mirabilis oy i
_ 5 on the basis of its 16
rDNA sequencing (Table 1), i

F‘acturs affecting degradation
Ehe selected lso]ale was further investigated

or the optimization of various
environmental conditions for decolorizing

the azo dye in liquid medium. The strain
decolorized almost 100% of the azo dyein48

hours of incubation at 37°C at a pH value of 7
(Figure 1).

Effect of pH

To study the effect of pH on dye degradation,
different pH values ranging from 3 to 11 were
used for incubation of the selected isolate
(Figure 2). Initially with an increase in pH
value from 3 to 5, decolorization increased.
No significant difference in degradation was
observed in the range of pH 5 to 9 after 48
hours of incubation. Further increase in pH
showed a negative effect on the
decolorization capacity of the isolate.

Effect ofincubation temperature

Four different temperatures (4, 30, 37 and
55°C) were used for assessing optimal dye
degradation by the selected bacterial isolate.
The data obtained made it evident that the
isolate could efficiently degrade the dye over
a wide range of temperatures from 30 °C to
55°C. However, the isolate could not degrade
the dye at the low temperature of 4°C (Figure

3).

Degradation of other dyes

The selected strain showed 100%
degradation of the dye Methyl red after 48
hours of incubation. The strain degraded
25.514£2.5% and 12.7+0.98% of Toluidine
blue and Acid orange 10 respectively (Figure
4).

Toxicity test with the dye degraded
product

Congo red and the degraded products (aﬂ‘er
24 and 48 hours) were checked for
cytotoxicity by the MTT assay. The 1C50
value of Congo red dye was determined to be‘
15.62ug/ml in MCF7 cells after 48 hours of
incubation (data not shown). Results
indicated that degraded metabolites are less
toxic to MCF7 cell line compared to

4
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untreated dye. The dye degraded metabolites
showed significantly higher percentage of
cell survival rate compared to untreated dye
(p<0.05) (Figure5). )
Similarly, phytotoxicity study was camed
out with dye and its degraded metabolites
using the seed germination assay. In the
presence of Congo red alone, the mung seeds
showed 6.6% germination, while the control
(distilled water) showed 100% germination
(Plate 1). The dye degraded metabolite (48
hours) showed 80% of seed germination after
7 days.

Textile effluent treatment and decolorization
is a tedious task. Wide ranges of pH, salt
concentrations and chemical molecules
further extend the task. Among the most
economically viable choices available for
effluent treatment/decolorization are
biological systems. The ability of
microorganisms to degrade azo dyes is well
known. However, very few organisms can
tolerate a wide range of pH and temperature
which is necessary for dye degradation in the
harsh environment of industrial effluents. In
the present study, the isolate showed
approximately 100% dye degradation within
48 hours of incubation at a range of pH (5 to
9) and temperature (30 °C to 55°C), which is
appreciable.

Proteus spp has been shown to degrade 3
wide variety of azo dyes in earlier studjes
.The majority of the azo d}-‘c-decolourizing
Proteus species reported, are able to degrade
dyes at pH values near neutrality. But the
selected strain can bring about dye
degradation over a wide range of pH angd
temperature and is additionally capable of
degrading other harmful dyes. Moreover. it
degraded the toxic azo dyes to a non toxic
form, which was confirmed by the MTT
assay and seed germination assay.

CONCLUSION

The microorganism, isolated from waters
contaminated with textile industry effluents.
showed the potential of degrading C ongo red
dye at concentrations usually present in
textile effluents (100ppm). The organism
was capable of degrading Congo red over a
broad range of temperatures and pH. The
MTT assay and phytotoxicity assay revealed
that this strain brought about the degradation
of the Congo red dye to products that were far
less toxic than the original.

The strain was identified as Proteus
mirabilis. Further research on this strain
could explore new tools and techniques to
evolve viable and eco friendly microbial
solutions for treatment of dye containing
industrial effluent.
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Table 1: BlastN report

'f"d';;y_ : Subject Score Identities
Start] End Description AC  |Length| Start | End | Bit [Raw| EV| Match{Total Pet.(%) Strand
1 |476 Proteus mirabilis -.:lmm [3;\B 199 | KF535110.) 1503 16 1491 2726 | 1476 | 0.0 1476 1476 100 Plus/Plus
165 ribosomal RNA gene, partial
[nes q .

Figure 1: Percent dye degradation by
the isolate after 24, 48 and 72 hours of
incubation.
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Figure 2: Dye degradation at various pH values
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Figure 4: Degradation of various dyes by

isolate after 24 and 48 hours of incubation
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Figure 5: Cell viability measured by the
MTT assay.
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Plate 1: Seed germination assay - .
A.100ppm Congo red. Y: Mung seeds kept on Whatman paper with

B. distilled water C. dye degraded metabolites.
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Indo-Afghan Relations

Predicaments and Prospects

SHAZIA SHAIKH

It is a commonly established fact that Indo-Afghan ties have old
roots dated back lo the Mughal regime in India. Mughal
emperors’ descendants from Central Asia established their
political control in India and enlarged it up to Afghanistan. -
British had strived hard to regain their control over Kabul and
latter it had turned out to be a ‘buffer state’ between two great
empires of the then British India in south and Soviet Union in
north. Eventually, both Afghanistan and India under the British
signed an agreement, popularly known as the Treaty of
Rawalpindi, in 1919 recognizing sovereign status of Afghan-
istan.  Hence, Indo-Afghan  ties, established in
pre-independence period, entered into another era with the
partition of India and formation of two nation-states. Though,
with this, India lost its direct boundary with Afghanistan but
this had not affected age-old ties between them. This can be
substantiated from the statement given by the then Indian
Prime Minister Jawaharlal Nehru on the occasion of the visit of
Afghan Prime Minister Daud to India in 1959: “The partition of
India separated direct boundaries and direct contacts between
the two countries. But that made little difference to our age-old
community of interests and our old friendship survived. And
ever since then we have grown closer to each other for a variety
of reasons, among them being mutual interest which is always a
powerful reason.”?
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withdrawal of Soviat troopa from Afghan land, As India was to
reatore e valationa with Alghantatan, 1t had extended support
to much fractured Najlbullah regime. Bult it could not last long
and aoon the Rabbani government took over the rein of the
aountry, Indla cemented e tles with new government and
provided 1t humanitarian and [Inancial assistance, But, as the
alvil war broke oul In Alghanistan belween warring factions,
the regional atability perishad,

However, the Sovlel withdrawal from Afghanistan made
major ahifts in Indo-Alghan relations. Actually, prolonged
Soviel pranence in Alghanistan and the US interest in this affair
had established Pakistan's legltimate role in Afghanistan. This
new pattern had continued to be reflected in the successive
formation of Alghan governmont, Pakistan openly defied its
support to Rabbani government in connivance with his Prime
Minister Gulbuldin Hikmetyar who had ISI connection.” Hence,
Pakistan's overl domination in Afghanisltan affairs provided
major blow to India’s interests and made profound repercussion
on its bilateral tes,

Ultimately, Indo-Afghan relations enter into tragic phase
with the dismissing of Rabbani regime and formation of
Pakistan-backed Taliban rule in Afghanistan. Consequently,
India had to closed its embassy in Kabul in September 1996.
Right from the beginning, Taliban had maintained pro-Pakistan
attitude and showed hosltility towards India. In fact, major
Talibani leaders had acquired training in Pakistani madrasas
and also Mtroduced thdical Islamic Sharia rules in Afghanistan
which was alien to Afghan Muslim majority country. During the
Taliban phase, militants’ escalation into Kashmir intensified
much further. Taliban's avertly support to Pakistan’s Kashmir
cause endangered India’s security concern.? It was during the
Taliban rule when an Indian aircraft was hijacked in Kandhar
and India had no option but to release Lashkar-e-Toiba chief,
Azhar Masood.

Therefore, Taliban's incumbent regime in Afghanistan was
a major challenge for India and in order to overthrow Taliban
India had to join hands with Northern Alliance, a combination
of non-Pushtoon groups, which had commanded northern areas
of Afghanistan bordering the Central Asian states of Tajikistan

Scanned by CamScanner



68 | Shazia Shaikh

covering education, health care and educational research. The
Indian government also adopted 100 Afghan villages for the
purpose of rural development programme. One major Indian
contribution was the construction of parliamentary complex at

Kabul.!!

India’s role in the development of infrastructure in Afghan-
istan is crucial. It has supplied around 400 buses for public
transport and handed over 300 military vehicles to Afghan
National Army. In fact, India has helped to_strengthen urban
local administration of Afghanistan’s major capital cities by
supplying basic equipments to its municipalities. India has also
generated electricity for local Afghan people by constructing
Salma dam project in the Herat province. It has also enhanced
Afghanistan’s capacity in telecommunication and information
and communication technology. India is actively involved in
the capacity building of various Afghan officials. Every year
large number of Afghan officials have been receiving training in
India in various fields such as diplomats, police officers, judges,
lawyers, airline officials, engineers, doctors, paramedics, school
teachers, women entrepreneurs etc. In the area of institutional
and human resource development, India has confirmed the
annual award of 500 scholarships to facilitate and motivate
Afghan students to study in the universities of India. India’s aid
also includes rejuvenating health sector in Afghanistan and for
this purpose it had set up Indira Gandhi Institute for Child
Health where Indian doctors have been giving treatment to
more than 1,00,000 patients every year across Herat,
Mazaar-i-Sharif, Jalalabad and Kandhar.?

Ever since the demise of Taliban, India had urged to
increase its investment in Afghanistan and also bilateral trade.
In 2003, during Karzai’s visit to New Delhi, both India and
Afghanistan for the first time had signed preferential trade
agreement and also prepared list of commodities to be exported
from one side to another side at concessional rates in the midst
of greater difficulty of trade routes.!® India’s zeal to explore a
new avenue is evident from the construction of strategic road
across Zaranj-Delaram Highway. This road is significant in
connecting India to Afghanistan via Chabahar port of Iran and is
the shortest route for Indian goods to reach Afghanistan.

Scanned by CamScanner



70 | Shazia Shaikh

takes into account what thay want,'® Indlan movles and songs
have served crucial cultural links hetwoeen Indla and Alghan-
istan. Large number ol Indian movies and songs aro oxporiod
from India due lo ils expanding demand In local Alghan murkot.
“Indian Idol” is one of the famous TV programmos, which s
seen there. Hence, il can be sald thal Indian cinema has bocome
a powerful cultural tool in the hands of Indian diplomacy. Indla
is basically capitalizing on this cultural link to devaelop I8 solt
power to intensify peoplo lo people conlacts and winning hoarts
of local Afghan people,’

In a nutshell, India’s utilization of sofl power in Alghan-
istan has deepened the goodwill and strengthenad the mutual
trust between two nations. India did not engage itsell militarily
in post-9/11 Afghanistan and thus easily avoided tho risk of
huge cost and instead diversified ils major contribution for the
redemption of war-affected region. India’s soft power in Afghan-
istan has set the slage for ever expanding polilical and
diplomatic rapprochement. This has also helped India to
formed realignment with the major stakeholders in Alghanistan
including Taliban. Though India had officially endorsed
Northern Alliance against Taliban but given the USA's war
withdrawal strategy, it can no longer remain indifferent Lo
Taliban. In fact, not only Taliban has also positively acknowl-
edged India’'s developmental role in Afghanistan bul also
appreciated it for neither reinforcing nor participating in
America’s war in Afghanistan. Hence, soft power has credibly
helped India to win the confidence of major sections in Afghan-
istan and, also mould the attitude and perception of Taliban
towards India.!® '

However, India’s developmental role has to face tough
challenge in the midst of security threat due lo prevailing
standoff between NATO/ISAF and Taliban. Thousands of
Indian workers and personnel deployed for the cause of recon-
struction and rehabilitation have been going through the fear of
insecurity. Though India has deployed paramilitary forces lo
safeguard Indian workers but there is an increasing threat to
their security, particularly in the aftermath of withdrawal of
foreign troops. In 2008, there was a major terrorist aitack on
Indian embassy in Kabul which killed more than 58 people and
injured around 170 people.!®
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opportunities to India. India looks upon Afghanistan to fulfil its
growing ambition to explore better prospects w1th these
countries and hence enhance its influence in these regions.

In the geopolitics of Afghanistan, one of the vital lndja-n
interests is to transcend to mineral-rich nations of Central Asia
and Caspian region. Soon after the disintegration of USSR a_nd
formation of these independent nations, India has enduring
ambition to establish its ties with them. As India !acks any
physical access to this region, Afghanistan can potgnhaﬂy f'-‘lﬁl
this vacuum and would serve this greater Indian interest. Sﬂk
Route is traditional phenomenon, which in the modern pen(.)d
surpasses Turkey, Egypt, Irag, Syria, Iran, _south.ern Russia,
Afghanistan, Pakistan, India, China, Korea and Vietnam, and
also eastern Mediterranean, the Arabian Peninsula and Central
Asia.?!

Ever since the end of Cold War, major powers like USA,
Russia, China, India, Pakistan and Turkey have been seeking to
explore natural reserves of Caspian region but this would not be
possible without Afghan connection. In 2011, on the sidelines
of UN General Assembly, all these major countries had
endorsed New Silk Road project which would involved a
multi-billion dollar network of roads, railways and gas pipelines
linking the resource-rich Central Asia with the continent’s
fast-growing economies. Subsequently, immediately aftermath,
another round of multilateral talk held in Istanbul and Bonn to

assess potential hurdles involved in New Silk Road. India’s
Foreigne Minister $.M. Krishna had hailed that this project
would develop the “building blocks of our vision for Afghan-
istan as a hub linking Central and South Asia through pipelines,
trade and transit routes for the common good of the people of
our region and the world.”??

In pursuing this vigorously, India has already ratified and
is eager to operationalize Tajikistan, Afghanistan, Pakistan and
India (TAPI) gas pipeline project to accomplish its vital energy
requ.irements. Furthermore, India is mainly reinforcing its
ambition by undertaking road and railway networks across
Central Asian nations to enhance its trade, reduce tariffs and
boost its potential economy. In the present era, Silk Route is
strategically important for both global and regional powers and
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Gautama's Dhamma, in a holistic approach-

An impact on the Gahapatis and Gahapatins

s

Dr Radha Kumar

Dr Nalinaksha Dutt says “Buddha’s teaching is regarded by some as more ethical than
hﬂosophical."lohn Locke says “Every man carries with him a touch stone to distinguish truth
from appearances.” Every individual is born with a purpose, and has the innate capacity to realize
he ultimate truth and to comprehend his Jarger connected with the cosmos. Indian culture was the
offlorescence of such a social organization and Gautama in many ways was the torch bearer of this
ideology. His method of philosophical understanding was more of a psychological analysis where
he attempted to annihilate all illegitimate speculation. Rhys Davids says “Buddhism varies through
slight degrees as the centuries pass by in almost every book. But the system created by early
Buddhism is one of the most original in its fundamental ideas capturing the essential spirituality.”

The prime message of Buddha was to make the whole humanity happy. Buddha taught man, the
gospel of self help in his efforts to lead a noble life. He made men to tap the internal energy
within.“Buddha’s Dharma is also known as $asana or teaching, a ruling or a command. This 18
often called as Sarta@ or Sasta i.e. Teacher or spiritual commander’”! His view was that, the entire
world was not segregated into the world outside and inside. The divisions or the dichotomy existed
only when we subscribe to the external chaos, totally neglecting the inner quietude. Buddhism
strives hence to raise the moral standards of the society and to teach people to live rationally. Dr.
LM Joshi says,” We can say that the word dharma stands :n Buddhist literature for both the End
and the Means. “Buddha’s teachings begin with the fact of his enlightenment, a spiritual experience
which cannot be put into words. Whatever doctrine there is, it relates to this experience and the

way to attain it."

Gautama Buddha was great, not because he was a saint or a religious reformer but, because of his
unflinching convictions. The Holistic teachings, of Gautama are further surmised by Aldous
Huxley who says,” Indian pacifism finds its complete expression in the teachings of Buddha,”

Another important aspect, seen in the society during the time of Buddha was the role and the
'mportance played by the householders or Gahapatis. The uniqueness of the teachings of Buddha
Was that he integrated the householders in the course of his teachings. He made his thought process

T - 1 '
tlevant to the conditions they lived in.

703 ‘
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. : tOOperation with China in
Sino-Indian naval

Not very significant be
€nough attention o Ind
the two countrie

COOperation in the past was
cause China Strategically did not give
13, and the military cooperation between

peration to reach the present sta
Sino-Indian milita ry mutual trust will also take

ge. Similarly
of cooperation to make

at least 10-15 years
a significant difference. In this process,
China’s military presence in the Indian Ocean re

gion will be
enhanced gradually, which would help in forming a balanced
power structure in this region. For achieving this goal the one
thing which China needs to practice is that, it should keep her
military capabilitv and intentions as transparent as possible, and
try to assure India that China’s military presence in Indian Ocean
will never be used to threatening India’s national security.
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Reviving Cross-oorder Trade between
India and Tibet Autonomous Region

through Tourism
Pratiba Naitthani

The bordering areas between Indian Himalayas and China’s Tibet
Autonomous Region are one of the most backward areas in terms
on connectivity and economy. But these same areas used to be
the hub of trans-border trade and also functioned as cultural
interface before the Indo-China conflict of 1962. As tourism is
emerging as the fastest growing industry, there is immense
potential in promoting these traditional routes for cross border
tourism. This is already happening along the traditional silk route
between the Central Asian Countries and China. As India and
China are gradually promoting cross border trade on the
traditional routes, it is emphasised that the only viable product
for trade along the traditional Himalayan routes is tourism.

Travel and Tourism are an important economic activity in
most countries around the world. In 2012, the total contribution
from Travel and Tourismn to the world GDP grew by 3.0 per cent,
which is faster than growth of the world economy as a whole
(2.3 per cent), (World Travel and Tourism Council, 2013). Today,
the business volume of tourism equals or even surpasses that of
oil exports, food products or automobiles. In the current scenario,
tourism has become one of the major commercial activities in
international commerce, and has also become one of the main
income sources for many developing countries. This growth goes
hand in hand with increasing diversification and competition
among destinations, (UNWTO, 2013).
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I India, the total contribution of Travel and Tourism to GDp
was INR 60,3851 bu (0.0 per cent of GDP) in 2012, In terms of
cmployment, Travel and Tourism industry supported 25,041,000
jobs (49 per cent of total cmployment) in 2012, In comparison the
divect contribution ol Travel and Tourism to Chinese GDP was
CNY L3oL9 b (2.0 per cent of total GDP) with 22,756,500 jobs
divectly supported by the Travel and Tourism Industry. (1.00
CNY = 874 INR and US$.16). The border disputes between India
and China are vecent ones in comparison to historical tracle and
cultural relations since the 1st century. While the bilateral trade
bLetween the two countries shows a continuous upward. trend,
the detense budget of both the countries is still significantly higher
(China US$106.4 billion, India Rs. 2,03,672.1 crore or US$ 37.4
billion), (World Travel and Tourism Council, 2013).

Ancient Trade Routes between india and Tibet Autonomous Region

India and China, two of the world’s oldest civilisations and
most populous nations, have coexisted in peace for millennia. In
spite of their huge population they are the fastest growing
cconomies. With the Himalayas, forming a formidable btarrier
between the two countries, they share a 4,500-kilometer-long
(2,800-mile-long) border. Much of the cross border trade between
India and China’s TAR (Tibet Autonomous Region) was conclucted
through the high Himalayan passes. The same routes also facilitated
in the cultural and religious exchange and pilgrimages, with pilgrims
from India visiting Holy Kailash and Tibetan monks visiting
Buddhist centres in the Gangetic planes. There were established
trade norms and traditional institutional arrangements for the cross
border management of trade. In fact, on the Indian side there exists
a specific community, which had only one livelihood option that
was trade with TAR. Known as ‘Bhotiya’, the settlement patterns
of this'community traditionally revolved around the trans-
Himalavan trade routes to Tibet. Adapting a transhun'\ant
pnswmlist life style, the Bhotiya community migr_ated to winter
and summer settlements in the higher Himalayan region. The season
between summers to autumn provided a limited window for cross

border transactions. (Kainthola, 1994) g

2 i . ; . d
Using pack goats ag a means o.f transp.oxl'tauonbthey iir::fd
goods from the Indo-Gangetic plains to Tibet. In Uttara y
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Reviving Cross-
esides in the border districts of By
pithoragrah, Uttarkashi and Chame,}
ub-divided into varicus ethnic grg,)
wnity of Uttarkashi .is' knc.)wn as Jads
term derived from the river ‘Jad Ganga’ orlg.matm‘g from tbei-
homeland. Jads are the followers of Buddhism. The Bhotiyas
residing in the district of PithQragarh have dlSt]lnnCt- 1fient1t1fzs as
Byansi, Chaundensi, Darmi, Shouka and Rung B Otl_YdS';, while in
Chamoli district, they have Tolcha and Marcha subgroups. In
Uttarakhand’s Uttarkashi district, the Jaadh Bhon)ra.s L}s.ed the
Nilang-Tsangchok La-Gartok route to access markets in Tibet. In
Pithoragarh, trade was conducted through the T.awaghat—
Garbyang-Lipu Leh Pass-Taklakot and Munsiari-Milam-Unta
Dhura-Tonidhunga- Gyanima routes. In Chamoli, the trade to
Tibet was conducted from the Badrinath-Mana Pass-Totling-
Gartok and Niti-Barahoti Dapa Gompa route. (Trail, 1992) Since
the trade with Tibet was entirely in the hands of Bhotiyas (Walton,
1910), therefore, the British also being a trader community took
keen interest in the Bhotiyas, but to suit their interest. As early
as 1812 William Moorcraft visited Niti Valley to investigate the
sources of shawl wool for production in Scotland and Wales,
(Brown, 1992). In fact, the British engagement with Nepal and
consequent war was partly prompted by the desire to take control
of the cross border trade routes between India and the TAR.
According to Atkinson (1882), a conscious approach was followed
during the boundary settlements with Nepal, to secure high
Himalayan passes encompassing traditional trade routes with
Tibet. It was the prospect of commercial intercourse with Tibet
and not considerations of revenue from agriculture in the
Himalayas that induced Lord Hastings to embark on the hill
campaign. Its strategic location, from the view point of both
defensive security and trade, played an important vart in the
- evolution of British land policy in Kumaon, (Guha, 2008) ‘The
Trans Himalayan trade required an elaborate organisation and
was based on fixed trading partner in Tibet known as ‘Mifra’ or
ceremonial friends. The partnership which ran through
generations was legally binding through a contract called ‘Gamgya’.
With the arrival of British the Bhotiya trade rose to new heights
and the borax imported from Tibet was fturther re-exported to
Europe, (Hoon, 1996). Bhotiyas used barter system, to export

Bhotiya community I
and Garhwal, namely,
Bhotiyas are further s
hence the Bhotiya comn
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d grains, gur, spicey,
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cads and mporte ’

d borax, g
Fhe salt brought by Bhotiy
This continued for centuries
the two countries,

tobacco, cotton cloths, corals

and
altr wWool -

f 4 and gold dust in return.
as Ifrom Tibet was high in demand.
till the closure of the borders between

Touris i
urism as a Product In Trans-Border Trade

As a slep towards bil
trade routes were opene
of historic
trade, pil

ateral cooperation in trade, traditional

d between the two countries. Opening

a! trade routes and symbolic revival of the traditional

grimage to Mount Kailash and the trans-border Kailash

Sacred Landscape Conservation Initiative between India, China

Emd Nepal are derinite signs of progress in mutual cooperation.

f{owever, relevance of traditional trade in terms of export and
mmport of items needs a critical appraisal as the socio-economic
conditions of the cross border communities has changed
dramatically in between. Cross border tourism along the
traditional trade routes is already on the active agenda of various
Central Asian Governments. For instance, efforts are already on to
develop 5ilk Road Heritage Corridors’ tourism strategy between Central
Asia and China. Recently with the support of ITB Berlin, the 3rd
Silk Road Ministers” meeting brought together ministers and vice
ministers of Tourism from over 20 Silk Road countries and
international experts to discuss how to join forces to further raise
the profile of Silk Road tourism, while safeguarding its exceptional
heritage sites and intangible cultural heritage. Tajikistan has
recently announced the opening of the Kulma pass on the border
with China to international visitors, while Kazakhstan has stated
its intention to pursue a visa-free Central Asia. (UNWTO, 2013)

Presently, cross-border trade between India and China’s TAR
takes place from the Nathu La and Lepu Lekh passes. The cross
border Kailash pilgrimage is one of the most popular pilgrimage
products in India which takes place from Xumaun in Uttarakhand.
Cross border trade and tourism is one of the most prominent
indicators of bilateral cooperation and trust between the
neighbouring countries. In case of India, China and Nepal tourism
is already expanding in the remote regions, for instance cross
border tourism between India and Nepa! and products like Motor
Bike safaris between Nepal and the TAR. In view of the cost
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effectiveness q P —
Hinalaoon tri:cll‘\cti relevance of export and import through high
Sfibra 3.’ . aditional trade routes, tourism emerges as the mh t
" : 3 . «a? » (1..
W e.trade product for reviving the cross border t N
between India and China’s TAR. . ef trade

Major arguments ;
pPromoting cross border touri guments in support of
S er touris A -,
AT m through traditional trade routes

* The communities residing on both sides of the traditional
trade routes do suffer from marginalisation due to
remoteness, inhospitable terrain and lack of livelihood
Cpportunities. Using tourism as a tool for poverty elevation
tchrough ‘Community Owned Tourism’ approach can help
In addressing some of these issues.

With the emerging majority of youth in the demographic
profile, adventure sports are gelting more and more
prominence. Adventure tourism is witnessing the fastest
growth in the overall tourism sector. The traditional trade
routes reopened between India and TAR could be
converted into top selling adventura touvism destinations
in the world. These new products will directly benetit
econoinies of bcth the countries apart from steering the
overall dialogue towards peace and prosperity.

e While travelers fromn both sides arc allowed to visit the
border areas in botn the countries, what remains to be
covered are actually few kilometers or couple of days of
high altitude trek between the two countries. A stage wise
introduction of ‘cross border’ international tourism
between the two countries and gradual up scaling appears
to be the only way for harnessing the vast tourism potential

of these regions.

e The folklore, travelogues and associated culture of the
ancient Himalayan trade routes are part of the human
legacy. While global adventure destinati.ons compete with
each other to attract visitors, appropriate packaging ot
adventure products along the ancient trade routes‘\?'xll
elevate the status of these destinations above competition

for decades.

¢ Further, the adventure tourism requires mml::;:;‘
infrastructure and capital investments as the ess
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infrastructure is a present from the Mother Nature in the
form of Himalayas.

Considered now as remote and on the periphery of civilisation,
the villages and communities residing along these ancient trade
routes in the past functioned as the centres of economic and
cultural activities for centuries, these can again be made the main
functionaries of this culture through reviving a vigorous trade
and tourism in the present times also. The duration of closure of
the trade and tourism is too short in comparison to the centuries
of cross border relationships. Since tourism is the fastest growing
industry in the world, it is high time for the Governments of
India and the People’s Republic of China to work out ways for
converting these ancient trade routes into a hub of cross border
adventure tourism. Provided economics is the priority, cross

border. adventure tourism along the traditional trade routes is .

the only option to ensure mutually shared portion of revenues
from the emerging global tourism economy. ‘
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7.1 INTRODUCTION

The world is experiencing adverse consequences from using current commercial energy resources
that are based on fossil and nuclear fuels. Attention needs to focus on research to find clean and
renewable energy sources. One suitable source of energy in this context is photogalvanic cells.
They are also called liquid-junction solar cells. They can generate electrical energy from solar
energy as well as electrochemical energy and provide the basis for a system with an energy-storage
component.

Photogalvanic cells offer a promising area for exploration of the direct use of sunlight. Rideal
and Williams (1925) first discovered the photogalvanic effect, but it was systematically investigated
by Rabinowitch (1940a, 1940b) for an iron-thionine system. Weber and Matijevi¢ (1947) made an
attempt to systematize the phenomena in terms of the Becquerel effect. Becquerel’s photogalvanic
effect has been thoroughly investigated on systems composed of different organic redox-dyes and
organic acceptors, especially the speed of changes in potential and the influence of reducing and
oxidizing agents.

Some photogalvanic cells using the iron-thionine system as the photosensitive fluid were built
and tested to explore this suggestion. The observed maximum power conversion efficiency was
3 X 10~*%, depending on light absorbed. The principal reason for this low efficiency may be polar-
ization of the polished platinum electrodes. Coating these electrodes with platinum black reduced
polarization sufficiently; as a result, it was possible to achieve an efficiency of 6 X 10-2%, although
this value was not actually observed. It may be possible to further increase efficiency by increasing
electrode area and decreasing electrolyte resistance (Potter and Thaller 1959).

A photogalvanic device or cell is defined as a battery, where the cell solution absorbs light
directly to generate photochemical species which, upon back-reaction through an external circuit
in the presence of suitable electrodes, produce electrical power. It may store a significant amount
of energy as chemical potential under open-circuit conditions and release it as electricity, when the
external circuit is closed. This cell functions as a light recharged storage battery, if the chemical
transformations occur in it without significant degradation over a number of cycles. Such photogal-
vanic cells based upon light-sensitive materials in solution are distinguished from photovoltaic cells,
which are based on inorganic semiconductors (purely solid-state electronic devices). The photovol-
taic devices depend on direct excitation of electrons and their separation from their geminate holes
to produce electrical currents. They have a demerit that they lack inherent capacity for storage. All
practical systems in use for direct conversion of sunlight into electricity utilize solid-state photovol-
taic devices, particularly silicon p-n junctions.

115
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Chapter 15

Plants Cry for Help upon Insect Attack

and Parasitoids Come to their Rescuelll

Sujata A Deshpande
d.sujata@gmail.com

Abstract

Plants are able to activate defence mechanisms against various forms of insect attacks.
Insects produce various elicitors along with other components that induce defensive
response in plants. The defence mechanisms could be direct in which the plants produce
certain chemicals and/or structures to drive away or kill the insects attacking them. The
defence could be indirect in which the plants call for help from other organisms by releasing
some volatiles or other chemicals; the other organisms may be predators or parasitoids
of the attacking insects. The following chapter elucidates tri-trophic interactions among
plants; herbivores i.e., plant attacking insects and parasitoids of these herbivores. The
emphasis is on indirect defence of plants in response to oviposition by herbivorous insects,

15.1 Introduction

Plants form the first trophic level in the food web. From microbes to man. many organisms

feed on plants. Among these feeders insects are the most prominent ones. Approximately

nalf a million species of insects are herbivorous (Dicke 2009). In tropical rain forests
ne, insects devour 12 to 15 per cent of the total leaf area. All over the world. one sixth

il the crops grown are eaten up by insects or fall prey to the diseases transmitted by them

ipman et al. 2013). As a defence mechanism, the plants have evolved various means of

perceiving and combating insect attacks on them. Once plants perceive insect attack they

ichivate defence mechanisms which mav be direct or indirect.

15.2 Forms of Insect Attack and Plant Responses
Flants nol only sense the overt form of attack su h as f|'l'||l||l:_', I.E:Lr[lil]_f,l.' t.‘_‘;' herbivore
ects but also percemnve subtle attack by herbivores even in the form of just touch and




20 | fic Infe _
egg deposition. Thus touching, egg laying and feeding could be considered as three forms
of herbivorous insects’ contact with plants. The following section briefly introduces these

forms and plants’ response to them. For more details refer to the review by Hilker and
Meiners (2010),

Mutualistie lats ractiony el an Flower ng Plants or d Anirme Is

by an adult insect to lay eggs and be fed on by the adult or its larval or nymphal stage, As
the insects land and walk on the plants, they can be perceived by the plants as a result of
increased pressure. Bristles Present on insect tarsi may inflict scratches on the plants and
such injuries are perceived by plants, Insects also leave behind their chemical footprints
which can be sensed by the plants. The plants respond to these tactile sensations by rapidly
changing evtosolic Ca** signature (Haswell et 4. 2008, Legué et al. 19g7, Nakagawa et al.
2007) or by increasing the concentration of y amino butyric acid (GABA) in the leaves
(Bown et al. 2002; Hall et a], 2004). The leaves with high levels of GABA, when ingested

15.2.2 Herbivore Oviposition

Ege deposition by herbivorous insects on plants is called oviposition. Herbivores usually
glue their eggs to plant leaves with or withont injury to the plant Many studies have shown
that oviposition-associated chemicals and/or injuries play a major role in plants’ perception
of egg deposition by herbivores. Once induced, the plants may defend themselyes directly
in the following ways. 1. Plants produce chemicals that repel the ovipositing insect females
thus reducing chances of further egg deposition. The cabbage plant Brassica oleraceq
15 known to produce oviposition deterrents in response to egg laying by the butterfly
Peiris brassicas (Blaakmeer et g]. 1994, Hilker et a). 2002b); 2. Plants produce ovieida)
chemicals to kill herbivore €8Es. Rice plants are known to produce chemiea] that kills eggs
of plant-hoppers (Seing et al. 1996, Suzuki of al. 1996, Yamasaki et al. 2003); 3. Plants
produce hypersensitive responses which canse €ggs to detach from the leaves and fall off
onto the ground. The larvae that hatch out from these fallen eggs rarely find thejy way
back to the host plants and thus suffer an extremely high rate of mortality (Balbyshey and
Lorenzen 1997, Hilker and Meiners 2006, Shapiro and DeVay 1987): 4. The plants produce
neoplasms which rajse the eggs from Jeaf surface and eventually detach them. Certain
strains of the pea plant Pisum sativum are known to produce neoplasms in response to egg-
laying by the pea weevil Bruchus pisorum and the cowpea weevil Callosobruchus maculate

e
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MICROBIAL DEGRADATION OFAZO DYES BY
ORGANISMS ISOLATED FROM A POLLUTED SOURCE
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ABSTRACT

Stability, color fastness and resistance to degradation, makes azo dyes, one of the most
commonly and widely used dyes in the textile industry. But the recalcitrant properties of azo dyes,
that make them suitable for the textile industry, make their removal from effluents highly difficult.
The run-offs from these industries thus pose a threat to the environment due to the well documented
toxic effects of these dyes. The degradation of azo dyes by microbial processes provides a favourable
solution to reducing the levels of these dyes in industrial effluents. This study focused on isolating an
azo dye degrader from a polluted soil source and studying the dye degradation by this organism.
Organisms degrading a chosen azo dye were isolated and one isolate which showed the highest
rate of degradation was selected for further study. Effects of various parameters such as pH,
anaerobiosis, high salt concentrations and the presence of a heavy metal on dye degradation were
analyzed. Thus the study succeeded in isolating an efficient azo dye degrader and optimized
conditions for the dye degradation process during in situ effluent treatment.

Key words: Azo dye, Effluent treatment, Dye degradation
INTRODUCTION:

The many desirable properties of azo dyes such as bright color, water-fastness and simple
application techniques, with less energy consumption have led to their widespread application in
the textile industry (Rajeswari et al,. 2011). Of the total annual production of dyes, azo dyes
account for 60-70% (Hao et al., 2000). Of the many impurities present in wastewater, colour is
one of the most disagreeable and is caused primarily by azo dyes. As some of the azo dyes or their
metabolites like aromatic amines are extremely toxic and may have carcinogenic properties (Zhang
et al., 2010) reduction of azo dyes into amines in the gastrointestinal tract has also prompted
concerns (Sirianuntapiboon et al., 2007 ).

Many chemical and physical processes such as using activated carbon, flocculation with metal
hydroxides, using ozone have been employed with very little success (Buthelezi et al., 2012).

The harmfulness of azo dyes and metabolites has led to the possibility of using microorganisms
for dye degradation. Biodegradation is now a widely accepted method and is a very useful way of
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