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ABSTRACT

The study was conducted for exploring the biotransformation of
colchicinoid compounds into corresponding 3-O-Glycosyl derivative by
means of Bacillus megaterium strain. The experiments were conducted
to show the effect of colchicines on different bacterial species and
biotransformation of colchicines into 3-O-glycosyl derivative by means
of selected microbial strain of B. megaterium. The process provides
colchicinoid compound glycosylated at C-3 of aromatic ring. It involves
media optimization and process optimization approach for obtaining high
yield. Preliminary studied was the effect of colchicine on other bacterial
species E. coli & B. subtilis. Their growth was inhibited due to high
concentrations of colchicines as observed by zoographic microscopy
after interval of 48 hrs. The effect was observed using two culturing con-
ditions first in liquid culture observed through photo. Then using B.
megaterium considering 25ml of sterile-broth with different ranges of
colchicines12.5mg, 17.5mg, 22.5mg and 2 ml of culture goesfor biotrans-
formation observed through TL C using 10% alcoholic sulphuric acid. The
effect of different culture conditions was studied on the production of 3-
O-glycocolchicine.  © 2012 Trade ScienceInc. - INDIA
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Therangeof mediarequirementsand conditionsis

“3-0O-glycosylcolchicinoid” is the precursor for a
musclepainrelief drug. Patent describesaprocessfor
production of 3-O-glycosyl derivative by biotransfor-
mation of ‘colchicinoids’. Colchicinoids are the colchi-
cinesderivativesand arefound in abundancein nature
likewiseextracted from anative Jordanian meadow saf-
frontt,

aready described in the patent. We have optimized the
protocol and thus have devel oped thefermentation pro-
cessfor carrying out biotransformation onlargesca€?.
Bacillusmegaterium isarod-shaped, Gram-posi-
tive, endosperm forming, speciesof bacteriaused asa
soil inoculant in agricultureand horticulture. Bacterium
isarranged into the streptobacillusformi3.
Bacillusmegateriumisarod shaped bacteriaand
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one of thelargest eubacteriafound in soil. Groups of
the bacteriaare often foundin chainswherethecells
arejoinedtogether by polysaccharidesonthecel wals.
Bacillus megateriumis able to survive in some ex-
treme conditions such as desert environmentsdueto
the sporesit formg4.

Col chicinoid compounds aretransformed into the
corresponding 3-O-glycosyl derivatives by means of
bacillusmegaterium strains. Such atransformation takes
placeinavery short time, andischaracterized by sur-
prisingly highyield*9,

Theeffectsof colchicineand itsana ogson thecar-
rageenan-induced footpad edemain ratswereinvesti-
gated. Theanti-inflammatory effectsof colchicineana
logswere measured at 3and 5 hr after the carrageenan
injection. Colchicine, 1-demethylcolchicine and 3-
demethylcol chicinemarkedly inhibited the carrageenan
edemawhereas 2-demethylcol chicinewas much less
active. Thiocolchicinoids, havingathiomethyl group at
C-10instead of amethoxy group, were considerably
less potent. Theseresults suggest that the presence of
methoxy groupsat C-2 and C-10in colchicineisnec-
essay to maintainanti-inflammatory activity. Inactivity
of deacetylcolchicineindicatesthat substitution of the
amino group at C-7 with eectron withdrawing groups
isasoimportant. Significant inhibition of carrageenan
edemaand strong binding to tubulinin vitro were mani-
fested by colchicine, 3-demethylcolchicine, N-
butyryl deacetyl col chicineand col chifoline. Ontheother
hand, N-carbethoxydeacetyl colchicinewhich did bind
well to tubulindid not show much effect on the carrag-
eenan edema. Theseresultssuggest thet the anti-inflam-
matory action of colchicinoids may not beregul ated
through the microtubul e system28, The authors have
investigated the studies on Jordanian Colchicumspe-
cies, thebiologicdly active components of Colchicum
brachyphyllumwere pursued. Using bioactivity-di-
rected fractionation, nine col chicinoidswereisolated
and characterized. One of these hasanovel ring sys-
tem, towhich theresearchershaveascribed thetrivia
name demecol cinone, and representsthefirst naturally
occurring dextrorotatory col chicinoid. Another isolated
compound was a new colchicinoid analogue, 2, 3-
didemethyl demecol cine, whilethe remaining seven
known col chicinoi dswere new to the species. col chi-
cines, 3-demethylcolchicine, cornigerine, y-
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lumicol chicine, androbiphenyline, demecolcine, and 3-
demethyldemecolcine. Thebrine shrimp lethality test
was used to direct theisolation of these colchicinoids.
Moreover, al pure compoundswere evaluated for cy-
totoxicity against ahuman cancer cdll pand, for antimi-
crobid activity inan array of bacteriaand fungi (includ-
ingyeast), and for their potentia to be all osteric modu-
lators of the y-aminobutyric acid type A receptort3.
Bacillus megateriumhasbeen industrially employed
for morethan 50 years, asit possessessomevery use-
ful and unusual enzymes and ahigh capacity for the
production of exoenzymes. Itisalsoadesirablecloning
host for the production of intact proteins, asit doesnot
possessexterna akaine proteasesand canstably main-
tainavariety of plasmid vectors. Genetictoolsfor this
speciesincludetransducing phages and several hun-
dred mutants covering the processes of biosynthesis,
catabolism, divison, sporulation, germination, antibiotic
resi stance, and recombination. The seven plasmids of
B. megateriumstrain QM B1551 contain severa un-
usual metabolic genes that may be useful in
bioremediation. B. megateriumin industry, sporula-
tion and protease-deficient as well as UV-sensitive
mutants were constructed for abroader application.
The genome sequence of two different strains, plasmid
lessDSM 319 and QM B1551 carrying seven natural
plasmids, isnow available. These sequencesalow for
asystemsbiotechnol ogy optimization of the production
host B. megaterium. Altogether, a“toolbox” of hun-
dredsof geneticaly characterized strains, genetic meth-
ods, vectors, hosts, and genomic sequences make B.
megateriumanideal Organism for industries™.
Colchicine, (S-N-(5, 6, 7, 9-tetrahydro-1, 2, 3,
10-tetramethoxy-9-oxobenzo-(a (-heptalen-7-yl)-ac-
etamide, isthemain alkal oid contained in Col chicum
autumnal e (meadow saffron). Thereare known colo-
rimetric, gpectrophotometric, volumetric, potentiomet-
ric, voltametric, gravimetric and various chromato-
graphic methodsfor quantitative determination of colchi-
cine, each of them presenting a series of advantages
and disadvantages. Asan dternative, we proposed the
use of adensitometric determination for colchicineal-
lowing the determination of thisalka oid from pharma:
ceutical products, aswell from seedsof meadow saf-
fron. Thetotal alkaloid extract was separated by Thin-
Layer Chromatography using Silicagel 60F254 layers
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and amixture of chloroform: acetone: diethyl amine
(5:4:1) asmobile phase. Thesame conditionswere used
for the determination from pharmaceutical products.
Densitometric measurementswere carried out at the
absorption maximum 350 nm of colchicine, thedeter-
minations bei ng made by reflectance and by fluores-
cence. Thepeskswereoptimized regardingtotheir area
and shape by varying four scanning parameters (slit
width and height, number of measurements and scan-
ning speed). We established the calibration plot using
pure col chicineintherange 50-600 ngmL™™. Themethod
was characterized by validation parameters (linearity,
accuracy, fidelity, senditivity) and it wasestablished in
accordancewith an HPL.C method and an officid quan-
titati ve determination from the Romanian Pharmaco-
poeiaX edition respectivelyi>3.

SIGNIFICANCE OF THEINVENTION

Colchicineisatoxic natural product and second-
ary metabolite, originally extracted from plantsof the
genus Colchicum (autumn crocus, Colchicum
autumnale, also known as “meadow saffron”). This
researchishighly sgnificant cause of diverseeffectsof
colchicineas described:®13

Tubulin binding and anti inflammatory activity of
colchicinesmakesit more useful.

Colchicinecanarrest cell divisionand used origi-
nally totreat rheumatic complaints, especidly gout, il
findsusefor these purposestoday despitedosingis-
suesconcerning itstoxicity. Itisalso prescribed for its
cathartic and emetic effects.

Colchicines’ present medicinal use is in the treat-
ment of gout and familiad Mediterranean fever; itisused
asinitial treatment for pericarditisand preventing re-
currencesof thecondition. It isalso being investigated
for itsuseasan anti-cancer drug.

MATERIALSAND METHODS

Col chinocides purchased fromthe Bio IndiaBio-
logicd (BIB) Corporation and bacteria strain Bacillus
megatariumfrom Micronia Type Culture Collection
GeneBank (MTCC), ChandigarhIndia Nutritionbroth
and nutrition agar was purchased from theleading bio-
chemica manufacturesinindia. Mediapreparationdone

employing LB agar sterilization at 120°C.20° atpH 7
withtriptone 10g/l, yeast extracts 5¢/I, NaCl 10g/l and
agar 15g/I14181,

Broth ST Sterilization wasdoneat 121°C. 20' and
pH 7 with Glucose 20g/l, Glycerol 10g/l, Peptone 159/
|, Yeast extract 5g/l, NaCl 3g/l, NH,, Cl 3g/l,K, HPO,
8g/l, KH, PO, 3g/l and MgSO,, .7H, O 0.5g/l.
Inoculation of strain was carried out from theampoule
to prepare culture®2,

EXPERIMENTAL

Col chicine concentration was studied on various
strainsviz. E. coli and Bacillussubtillisemploying test
tubesand beskers. Submerged culturing was performed.
Bacterial strainsand colchicinewas put intest tubes. It
wasalowed to mix and react. Spectrophotometer was
employed for anadyzing theresponse. Thedifferencein
optica density confirmed thereactioninvolvedY,

Mediaculturing incubating becterid stranswasper-
formed for checking bacterial sustainability responseto
col chicines concentration. For thisstudy, flasks, bea
kers. Petri plates, incubator and laminar flow were
employed. Colchicine, E. coli, Bacillussubtillis, uti-
lized for these experiments. Mediawas prepared using
al thementioned constituents. Streaking wasdoneon
mediain different 14 plates. Thenthe colchicinewas
added onto the plates. The effect on thereaction was
observed?,

a-amylaseactivity in biotransformation of colchi-
cineswaseva uated using theflasks, beakers, pipettes,
shaker incubator. Inthisstudy 2 mg of a-amylase was
dissolvedin5mg of colchicine, wasintroducedintothe
shaker incubator, and was alowed to dissolvefor an
hour. Thereadingsweretaken during thisdissolution.
Anays swasperformed employing thethinlayer chro-
matogrgphy andthepotswereidentifiediniodinefuming
chamber by referring standards?.

For studying the effect of Bacillusmegateriumon
colchicine biotransformation, nutrient broth, bacillus
strain, culturemediaand colchicinewereutilized. Lig-
uid and mediaculturing of strainwasperformedinthe
test tubes. Onewith col chicinewhilesother with bacil-
lust col chicine. Detection was observed with spectro-
photometer by measuring absorbance®.
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Plateswereprepared using silicagel and the spot-
ting wasdoneusing lancet. The plateswereplacedin
the TLC chamber containing acetone: ethyl acetate:
water (5:4:1). Thesample spotstravelled correspond-
ing to respective Rf values. The spotswerevisuaized
iniodinefuming chamber.

Theeffect of B. megaterium on different colchi-
cinescompostionswas studied employing colchicine,
bacterial culture, ST-broth, flask, pipettesconsidering
seven solutions 1- 71252,

Theaction of B. megateriumon colchicinebiotrans-
formation was experimented employing the ST-broth,
bacterid culture, colchicine, 100% ethanol, laminar air
flow, spectrophotometer and microbial centrifuge®”.

Stock solutionwas prepared by adding 25ml broth
to 25ml ethanol and 1mg colchicine corresponding
0.02mg/ml containing different dilution of 100% ethanol
withthedilutionfactor = (0.02/x-1) with different range
of concentration ranging 0.001,0.002,0.003,
0.004,0.005,0.006,0.007,0.008,0.009,0.010,0.011,
0.012mg/ml. Thusby providing different set of concen-
tration astandard curveisbeen generated with concen-
tration and absorbance at wavel ength of 350 nm(>2,

Thequantification of different col chicinesconcen-
tration solutionscorresponding 0.5, 0.7, 0.9 mg/ml with
ST-broth and B. megatreiumwas done. Accordingly
absorbancewas ca culated in different time period by
dissolving each concentration with respectivedilution
factor. The procedureincludes centrifugation 1.5ml of
cultureand then 1ml of supernatant is been used for
dilution with respectivedilution factorg®.

Threeset up were congtructed: For makingdilution
the 100% ethanol was added to different solutionsin
respective ranges so that it liesin between standard
curve. 0.5mg/ml - 49ml of 100% ethanol: 0.7mg/ml —
69ml of 100% ethanol; 0.9mg/ml- 89ml of 100% etha-

nol respectively.
RESULTS

Theeffect of colchicinesconcentration onbacteria
strainswas observed through microscope using gram
staining techniques. Theresults obtai ned have shown
that col chicneretarded the growth of strainsbacillus.

BioTechnology — o

Colchicines above certain concentration have proven
to befatal for bacterid speciesgrowth.

L B-agar mediated culturing of E.coli and Bacillus
subtillishas shown retarded growth when colchicine
washigher than 0.5mg/ml. Asaresult thebacterid colo-
nieswerefound to bekilled after 48 hi689],

These studieshave shown that colchicinewashav-
ing negative growth effect on different bacterial spe-
cies. It hasshown no effect of direct usage of a-amy-
laseinthebiotransformation processon colchicine. The
presented standard curves have shown linear change
of absorbance with respective changein concentration
of thesolution®,

DISCUSSION

Specifically, the microorganisms usable in the
present invention was sel ected starting from collection
cultures obtained from strain deposit centers, or from
soil samplesof variousorigin, or from preselected in-
dustrid strains, by selectiverecovery ondifferent agar
mediaconta ning an organic nitrogen source (peptones,
yeast extracts, meat extracts, asparagine, etc), acar-
bon source (glycerin, starch, maltose, glucose, etc.),
with pH 5to 8, preferably 6- 7. Theincubation tem-
perature ranges from 20° to 45*C, preferably 28°-
40°Cle8l,

Theability of the cultureof growinginthe presence
of toxic concentrations of the col chiconic substrateto
betransformed was eva uated by techniquesof scalar
dilutionand platingin pardld, ondifferent agarized sub-
drates. Thecoloniescapableof growinginthedescribed
conditionswerewithdrawn asepticaly in sterileatmo-
sphereand placed on different agarized media, to verify
their purity and the homogeneity of growthi©é.,

The culturemediaused for the conservation of the
cultureweretypica microbiologicd substrates, contain-
ing organi ¢ nitrogen sources (peptones, yeast extracts,
tryptone, meat extracts, etc.), a carbon source (glu-
cose, maltose, glycerin, etc.), at pH 5to 8, preferably
6-7. Theincubation temperature ranges from 20° to
45°C, preferably 28°-40°CI69,

Thesd ected microorganismswerethen assayed for
thecapability of growingin submerged culture, inthepres-
enceaof colchiconic compounds, and of transforming the
| atter into the corresponding 3-glycosyl derivatives®9.
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Said assayswerecarried out in 100 ml flaskscon-
taining 20 ml of liquid medium, with different medium
formulations, comprising oneor moreorganic nitrogen
sources (yeast extracts, peptones, tryptone, casein hy-
drolysates, etc.), one or more carbon sources (glucose,
glyceral, starch, etc.), inorganic phosphorous and ni-
trogen sources, and inorganic saltsof variousions (K+,
Nat+, Mg++, Cat+, Fe++, Mn++, etc.)®30,

The culture samples could optionally be subjected
to mutagenictrestments, by meansof the conventional
mutagenesi stechniques(irradiationwith UV rays, etc.)
to induce mutants having aspecific bioconversion ac-
tivity. The sdlected bacterial microorganismswere ca-
pable of affecting thebiotransformation. It wasgrown
on both solid and liquid culture substrates, containing
oneor moreorganic nitrogen sources, preferably yeast
extract, peptone, tryptone, casein hydrolysates, corn-
steep liquor, etc. Carbon sourcesuseful for thegrowth
and the biotransformation wereglucose, fructose, sac-
charose, glycerol, malt extract, etc., preferably glucose,
fructose and glycerin. The culture medium contains
moreover inorganic phosphorous sources and salts of
K+, Nat+, Mg++, NH4+, etcl3619,

The biotransformeation of the invention wasbased
onanenzymeconverson, which sartsduringthegrowth
exponential phaseand continueswith aparallel pro-
gression to that of the growth; the maximum levels of
conversonto 3-O-glycosyl derivative (up to 95%) were
reached withinthefirst 48-72 hours, depending on the
addition timeof the substrate. Theregioselectivity of
the bi otransformation was absol ute. No presence of 2-
O-glycosyl derivativeswasevidenced in the culture

=, FyurL PAPER

samples. Theresulting productsareexclusively extra-
celulart.

The substrateto betransformed could beadded in
acetoneor dcohol solution, in acohol-water mixtures,
indioxane, etc. The biotransformation of theinvention
could be scaled up to fermenter level , keeping the cul -
ture conditionsunchanged, in particular asfar ascul-
ture medium, temperature and processing times are
concerned®.

In order to obtain good growths, adequatelevels
of stirring-aeration areimportant, in particular aeration
levelsof 1-2 litersof air per liter of cultureper minute
(vvm), preferably of 1, 5-2 vwm arerequired®.

Theproductsresulting from thebioconversonwere
extracted from the culture broths after separation of the
biomassfrom theliquid fraction by centrifugation. The
supernatant, or microfiltration and permeate was re-
covered. Theculturewastreated with alcohols, inview
of an optimum recovery of the product®®.

The purification and therecovery of the biotrans-
formation productswere carried out using chromato-
graphic techniquesfor the separation on absorption
resinsand e ution with methanol. Theagueous metha:
nol sol utions contai ning the product werefurther puri-
fied by extraction with lipophilic organic solvents, pref-
erably with methylenechloride. After further trestments
with mixtures of al cohols and organic solvents, the
product was obtained in the pure state from the re-
sulting a cohol solutionsby crystdlization. Glucosecan
be replaced by other sugars, such asfructose or ga-
lactose, without causing thelossof the glycosyl trans-

—

feraseactivity!®.

Figurel: Bacterial cultureand bacterial culturewith colchicine
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Figure2: E. coli cultureand E. coli culturewith colchi-
cines

£.05
Standard curve

0.04

& 0.0 4

c

m

2

% 0.02 -
£.01 4
£.00 4 < m—

T T T T T 1
0.000 0.0o02 0.00+ 0.0oe 0,008 0.010 D.o12

Concentration mgml™

Figureb: Effect of Bacillusmegatarium on biotr ansfor ma-
tion of colchicines

Sol 6

Sol 1 Sol 5 Sol 7

Figure 3: Effect on biotransfor mation of colchicinewith
different solutions

Sol 2

Sol 3 Sol 4

O
colchicine
ﬁ CIC:H3
H,'—C—HHN gcH,

o
)
Figure4: Chemical structureof colchicines
pso{ A% b——
0.75 4
0704 | —8— Solution 1 — . -
05 4 —&— Solution 2
—&— Solution 3
— 050
2 055
W . A - - - -
B
§ 0.50 \\- - .
[+
5 045
3
0.40 4
0.35 4
0.30 4
[ | { ] L ] L Ll
0.25 4 —
T T T T T T T T T T
0 10 20 30 40 50

Biotransformation (hrs)

Figure6: Linear changeof absor bancewith respectivechange
in concentration of thesolution

Hn Tudian Jounual



BTAIJ, 6(6) 2012

Omprakash H.Nautiyal and Giridhar Soni

183

TABLE 1: Colchicinecomposed solutions

So
So
So
So
So
So
So

Then perform TLC after interval of timeto check for Rf value.

n. 1- 25ml sterile broth, 2ml culture, 12.5mg colchicines (0.5mg/ml)
n. 2-25ml ST broth, 2ml culture, 17.5 mg colchicines (0.7mg/ml)
n. 3-25ml ST broth, 2ml culture, 22.5 mg colchicines (0.9mg/ml)
n. 4-referencefor 1 -25 ml ST broth, 12.5 mg colchicines.

n. 5-reference for 2 -25 ml ST broth, 17.5 mg colchicines.

n. 6-reference for 3 -25 ml ST broth, 22.5 mg colchicines.
n. 7-reference for 1 -25ml ST broth, 2 ml bacterial culture.

Stationary phase: silica gel coated glass plate.
Mobile phase: acetone: ethyl acetate: water (5:4:1)
10% alcoholic sulphuric acid, act as indicator of compound spot.

Seven solutionswer e prepar ed to calibratethe standard curve.
Quantity of colchicines was changed to know the
sustainability of the strain bacillus megataruim and their
growth of colonies.

TABLE 2: LB-AGAR (Sterilization: 121°C20") - pH 7

*MATERIAL USED QUANTITY
Triptone 10g/I
Y east extracts 5g/l
NaCl 10g/I
Agar 15¢g/I

Liquid broth agar (LB agar) preparation
TABLE 3: Broth ST (Serilization: 121°C.20") -pH 7

*MATERIAL USED QUANTITY
Glucose 20g/1
Glyceral 10g/1
Peptone 15g/1
Y east extracts 5g/l
NaCl 3/l
NH,CI 3g/l
K,HPO, 8y/l
KH,PO, 3g/l
MgS0,.7H,O 0.5¢/1
Serile broth (ST broth) preparation
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