RESEARCH NEWS

A novel calcimycin antibiotic from Gram-positive actinomycete
Frankia microsymbiont
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Frankia as a nitrogen fixing, symbiotic
Gram-positive actinomycete has been a
subject of tremendous importance in the
last few decades' The actinomycete

Frankia has been found to be associated
with root nodules of most actinorhizal
plants (over 200 species in 25 genera

been established)™ (Figure 1a). With
the development of molecular biology,
attempts to elucidate the molecular phy-
logeny and establishment of genetic di-
versity of the strains have been success-
ful? (Figure 1 b). However, since the first
record of Frankia isolation'™ from root
nodules of Comptonia peregrina, very
few attempts were made to understand
the antagonistic effects of Frankia on
other microbes. Microbial antagonism by
a particular species can be a result of
competition for nutrients and struggle for
survival by the secretion of antagonistic
compounds detrimental to the growth of
other competing species*. Production of
antimicrobial compounds in vitroisawell-
reported property of numerous microbial
strains including actinomycetes. Many
actinomycete species including Stre-
ptomyces, in particular, are known to

produce a vast number of structurally

diverse compounds that inhibit the deve-
lopment of other microbes*’. Actinomy-
cetes are also considered to be a source
of commercially valuable bioactive com-
pounds®* Production of hydrolysing enzy-
mes, indoles, iron chelating siderophores,
and benzonaphthacene quinone meta-
bolites have been reported in Frankia®.
These antimicrobial metabolites are
thought to facilitate Frankia to survive
under non-symbiotic conditions’. Some
studies have shown that Frankia have the
potential to inhibit growth of competing
soil microbes by producing antimicrobial
compounds*’. Attempts to explicate the
antibiotic resistance patterns in Frankia
strains have been successful®. Frankia
strains isolated from different Casuarina
sp. have been observed to produce meta-
bolites in culture broths that expressed
bioactivity against Gram-negative Pseu-
domonas solanacearum and Gram-positive
Brevibacillus laterosporous®. During at-
tempts to isolate pure cultures of Frankia

strains, several strains have been found
to synthesize yellow, orange, pink or red
pigments characterized to be benzonaph-
thacene quinones that have shown to
inhibit the growth of Gram-positive Ar-
throbacter globiformis, the yeast Can-
dida lipolytica and the deuteromycete
Fusarium decemcellulare'™"'. Recently,
Haansuu e al **” screened 39 Frankia
strains for observing antimicrobial and
calcium antagonistic activities; where
one of the strains obtained was found to
synthesize coloured pigments in growth

medium, regarded to be commonly present
and ubiquitously expressed in Frankia*
The chemical nature of these unknown
compounds was determined to observe an-
timicrobial activities”. Structural elucida-
tion of the antimicrobial compounds

isolated from Frankia strains AiPsl and
AiPs3 (isolates from Alnus incana and
Pinus sylvestris)has been reassigned to the
calcimycin class of antibiotics and pyrro-
lether ionophores®’. Earlier, initial struc-
tural elucidation of the compounds derived
from Nuclear Magnetic Resonance (NMR)
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a, Natural stands of actinorhizal plant (Hippdphae salicifolia D. Don) in the

eastern Himalayas of North Sikkim. b, Phase contrast photomicrograph of Frankia alni

strain isolated from actinorhizal
mpmi/abstract/1998/mse98ab.htm).
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(Courtesy: http://www.apsnet.org/
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and Mass Spectrometric (MS) studies
incorrectly concluded the antimicrobial
compounds to have a common macrocy-
clic structure containing unusual func-
tional groups like imide and orthoamide
functionalities and hence was named
Frankiamide'?; which later was found to
be erroneous after the structure was revi-
sed based on the results of single crystal
X-ray analysis which showed the com-
pound to have close resemblance to cezo-
mycin lacking C-11 methyl group’. The
structure of demethyl C-11 cezomycin is
novel and for the first time a metabolite
representing the calcimycin group ofanti-
biotics has been reported from Fra-
nkia*’. The compound has showed clear
antagonistic activities against fourteen
Gram-positive bacterial strains (viz. Baci-
lus subtilis ATCC 6633, Brevibacillus
laterosporous HMNM4, two strains of
Staphylococcus aureus, eight strains of
Staphylococcus pyrogens, Clavibacter
michiganensis sub sp. sepedonicus NCPPB
4053 and Enterococcus faecalis ATCC
29212) and seven fungal strains tested
(viz. Phytophthora sp., Botrytis cinerea,
Fusarium culmorum, two species of
Rhizoctonia and Heterobasidon anno-
sum)*’. The pathogenic actinomycete
Clavibacter michiganensis and the oo-
mycete Phytophthora were especially

sensitive to demethyl C-11 cezomycin
even at very low concentrations’. Earlier
reports suggest that calcimycin group of
ionophores A-23187 and X-14885A inhi-
bit the growth of some Gram-positive
bacteria like Bacillus cereus, Bacillus
megaterium, Staphylococcus aureus, Mi-
crococcus luteus and Streptomyces cellu-
losae®. Calcimycin comprises a small

group of natural antibiotics capable of
transporting mono and divalent metal

cations across biological membranes®*,
Calcimycins A-23187 and X-14885A are
regarded to be polyether carboxylic acid
derivatives exhibiting selective transport
of divalent cations (particularly Ca®")
and the biological activity of these com-
pounds has been attributed to their iono-
phore properties'>. Cezomycin differs

from other calcimycin ionophores in one
functional group which is replaced by
hydrogen’. The Ca> and Mg*" com-
plexes of these antibiotics are regarded to
be very stable and the sensitivity is due
to the efficiency of acid catalysed disso-
ciation pathways under physiological

conditions'* ™. The relative configura-
tion of demethyl C-11 cezomycin showed
that two molecules of the compound
forms a complex to a Na* ion in an octa-
hedral arrangement in the presence of a
keto group, a carboxylate group and an

oxazoline ring™’. Most interestingly, the
chemical structure of demethyl C-11 ce-
zomycin (Figure 2 b) represented the ab-
solute opposite configuration of all the
natural analogues of the calcimycin class
described so far (Figure 2 a).

Calcium in Frankia is necessary for
activity of the nitrogenase enzyme’. The
formation of vesicles during nitrogen
fixation in Frankia is dependent on suf
ficient availability of Ca®* ions'®!. Intra-
cellular accumulation of Ca** occurs in
Frankia when nitrogenase activity is
needed for fixing atmospheric N,. Cal-
cium (Ca™), a vital intracellular inor-
ganic ion in eukaryotic cells, acts as an
ubiquitous intracellular secondary mes-
senger and is responsible for most of the
cellular functions®”'®, including mainte-
nance of transmembrane potential, con-
duction of synaptic impulses across
neurons and regulation of the endocrine
system'®. Calcium influx in eukaryotic
cells is mediated through voltage-
operated calcium channels (VOCCs),
receptor-operated channels and calcium
release-operated channels'®. Reports on
the possible activity of microbial com-
pounds on the antagonistic function of
Ca”* channels (particularly VOCCs) are
scanty’. Besides, calcium channel an-
tagonists are frequently used as drugs

a, Chemical

Figure 2.

R; = Me; R; = NHMe;

structures of known calcimycin antibiotics
(b) X-14885A, Ri=H; R.=Me; R;=O0H; (c) Cezomycin, Ri=Me; R.=Me; R;=H

(a) A23187 or calcimycin,

R; = Me;

(After Boeckman et al.®, Haansuu et al.7); b, Chemical structure of demethyl C-11 cezomycin. The abso-
lute opposite configuration of the compound is numbered. The absence of Me group in C-11 is shown
(Courtesy: http://www.ethesis.helsinki.fi) (Ref. Haansuu et al.”).
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to treat cardiovascular diseases™ > The
main targets of these drugs are the

slowly deactivating, low-activation thres-
hold VOCCs inhibiting Ca*" influx and
resulting in the relaxation of smooth

muscle fibres, particularly of the
heart*™2°?2 Demethyl C-11 cezomycin
from Frankia strains AiPsl and AiPs3 in
addition to displaying antimicrobial ac-
tivity has also been reported to inhibit
#Ca’ fluxes in clonal rat pituitary tu-
mour cells whose efficacy was compara-
ble to a frequently used Ca®" channel
antagonist, verapamil hydrochloride’.
Verapamil hydrochloride is a commonly
used cardiovascular drug generally pre-
scribed with P-blockers (e.g. propra-
nolol), sustained release versions (e.g.
metoprolol) or angiotensin converters
(i.e. trandolapril) that falls in the cate-
gory of class IV synthetic antiarrhythmic
drugs which acts as a potent Ca*" chan-
nel blocker with profound myocardial
depressant functions thereby causing pe-
ripheral vasodilation®'. The drug is also
reported to reduce acute angina symp-
toms in cardiac patients, particularly pa-
tients suffering from silent ischaemia,

and regulates Ca’" metabolisms in patients
suffering from left ventricular dysfunction
and hypertrophy'®?'. While all new
haemodynamic drugs studied cause some
degree of haemodynamic depression in pa-
tients; it has also been investigated that ex-
cessive verapamil administration may

cause severe haemodynamic effects®.
The efficiency of demethyl C-11 cezo-
mycin as a Ca”" antagonist antiarrhyth-
mic drug or its precise functions for a
possible cardiovascular preparation has
not been reported.

Demethyl C-11 cezomycin, the com-
pound isolated from Frankia can be hy-
pothesized to serve as an antimicrobial
agent against many microbes’. Since
many calcium signalling and other regu-
latory systems (including VOCCs) have
been identified in bacteria, demethyl
C-11 cezomycin is thought to lay an in-
terfering role in these functions, thereby
restricting growth of such microbes**".
Alternatively, demethyl C-11 cezomycin
may decrease the viability of many bac-
teria and fungal strains by complexing
the physiologically significant cations™.
Interestingly, although structurally closely

related, demethyl C-11 cezomycin from
Frankia exhibits antagonistic mode of
action to ionophore A-23187 (also called
calcimycin) indicating reuptake of “*Ca*"
and displaying significant inhibition of
Ca”" flux as evidenced from experiments
on rat pituitary cells*’. Besides, since
molecular weights of demethyl C-11 cezo-
mycin and verapamil hydrochloride are
almost close, it may be assumed that
demethyl C-11 cezomycin might also
physically fit into VOCC type of Ca®"
channels disturbing its function™™32*%,
Demethyl C-11 cezomycin has also
shown to have high affinity for other
cations like Na’* and K* and by com-
plexing these cations; demethyl C-11ce-
zomycin might consequently effect other
functions including depolarization of the
cell membrane and indirectly inhibiting
the functions of VOCCs’. Eventually,
since many synthetic drugs like artificial
base analogues and chemical metabolites
have shown to exhibit profound side et
fects on patients treated for cardiovascu-
lar diseases?® ™, it is therefore felt that
demethyl C-11 cezomycin may well
prove to be a better alternative as a Ca®
channel antagonist provided its potenti
alities are explored and explicated. The
development of prospective drugs and
drug intermediates from novel com-
pounds like demethyl C-11 cezomycin in
revolutionizing new drug therapies for
cardiovascular diseases cannot be over-
ruled and needs further appreciation for
the benefit of mankind.
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