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SUMMARY

The major plant ieeds available to the poor in
developing countries are cereals, millets and legumes. legunes
are excellent scurces of proteins (20-40j%) and carbohydrates
(50-60%) and fairly good sources of thiamin, niscin, ribo-

. flavin, calcium and iron. Toey can be émaidared ag & rela~
tively concentrated scurce of protein, although ceapared with
the FAQ (1973) provisional emino acid scoring pattern, they
are not ideal, being low in sulphur containing amino acids,
However, the high lysine c‘@ntent of most legumes means that
they ere complementary te cereals which are low in lyaine and
moderately good scurces of the sulphur contalining aminoe acids.
A significant problem assccisted with the use of legumes ie
poor consumer eccepiubllity due to tle pregence of sntinutri-
tional factors and toxina. Rew pulses contain a wide range

of antinutritionsl (entipbysiological) factors end toxic
substances such s hemegglutinins, protease inhibitors,

amylage inhibitors, cyancgens, luthyrus i‘mtérs. saponing,
antivitanin factors, petal binding ceonstituents, flatus fectors
ete, The presence of these factofs is e of the main drawbacks
limiting the nutritimal and food qualities of the legumes,

legumes are notoricus inducers of flatulence owing
to the presence of subgtantial emounts of flatus producing
oligogaccharides ol the raffinose s:'ami'ly of sugars. Raffinose

family of sugars are galactogides having one or more
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oc =D=galactopyranosyl groups linked to sucrose moiety in their
ptructure., These sugers (varbaéeaz«,e. ghachyose and raffinose)
are well known t0 produce fletus in man &nd animals, Owing 4o
the absence of enwyme o<-galactosidase capable of hydrolysing
the of|»6 galactosidic linkage, these oligosaccharides
sccunulate in the lower intestine eand wndergo enserobic ferment=
ation by bacteris with the productien of hydrogen, carbum diexide

and pmethane,

In Indie, Bengal gram, red grasm, green gram end black
gram are the chief legumes cultivated end consumed. lathyrug
Betivus or hesari~dhzl feras & staple ltes in the diet of somw
part of poor population ia Indis and cother couniries, Foor
people whose staple is L. sativus, which centains reurotoxins
1ike /g—ﬁl«walyln [~ pediaminopropionic acid (CLarp), N—fg Do
glucopyrencsyleii~ o ~bh-arabinosyle- & § ~diaminopropionitrile,
dioxalyl-diaminopropionic acid,:?;?ienelic conpounds, are known
to suffer irom a dreadful paralytic disease called "neurelathy-
riasm®, Studies during the last decade have indicated that
'CLAP! is the chief factor regponsible for neurolathyrianm,
Recent studiesr indicate that this toxim (0DAP) may interfers
with glutemate uptake in brain. '

| © In spite of its toxicity, it is difficulb o
completely stop the cultivetion end consumption of L. sativus
because it is a hardy crop which can thrive even under extreme
drought conditions, Horeover, the chemical composition of |
this 1em compares well with other legume regsrdivg protein,
vitaning, minerals etec. However, alomg with the neurctoxin,
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it also containsg phytate, trypsin inhibitor and flatus

factors.

Thus, to utilize thke protein rich legunos as a wnore
acceptable gource of inexpensiw proteins, it is desirable to
méuce the entinutriticoel factors eand toxins. Therefore, to
improve the nutritive value of legumes, the different methods
of food processing viz. cooking/boiling, roagting, parching,
germination and fermentation are employed bafore tley are
consumed, Among all these processing methods, fermentation is
the most advantageous and popular mathod because it also imprwe#
digestibility and nutritive values by increasing vitemins, free
sugers, eninmitrogen and by decreasing some antinutritional
factors. MNicrecbial communities with their combined physioclogy
and interactions and thelr enzymatic activities are responsible
for the mpajor blochemical and nutritional changes that occur in
substrates of most fermented foods (Steinkraus, 1962). ferlier
studies carried out in this laboratory on the type of microm
orgenisms involved in Indian fermented foods suggested that
the micro-orgenisms involved during fermentation originate frem
the graing used for preparlog the fernenited foods, Thege studles
as well &8 changes found during fermentaticn reised the questiom
whether some of the micro-opganismsg pregent In fermented Loodas
or stored greins can alse breakdown flatulence producing oligoe
saccharides and neurotoxin (CIMP), Hence presexnt invemtigetions
vere undertaken to find ocut whether any becteris involved in
i’ei*mentatimt;\gagag%;glygéesffgtﬁan?z%ﬁm?ﬁgﬁg' cligosaccharides

and neurotoxin (VLAF) and 1f 80 to study the mode of hydrolysis
of these compounds by the bacterla.



a08

Since the major aim of the present invostigatlons was |
to study the pode of breakdown of neurotoxin and flatuience
producing oligosaccharides by bacterila, attempts were mede to
isolate and characterize bacteris from stored grains and
fermented L. sativusg dhel batter, which can hydrelysce thease
compaunds. & fermented product was prepared using L. sativus
dhal, for studies en breskdown of neurotoxin and ﬂatulaﬁce
producing oligosagcharides during fermentatlion. When i:;xia
fermented product was analysed for its microbisl profile,
it was found that only bacteris were presgent and not yeast or
any cother fungi during fermentation, 7The bacteria present
during fermentation were characterized as leuconostoc pesents
eroides, lactobacillus fermenti, i&cteﬁc@ 1lus sp. I, Fediccogcus
8R«, Zecillus sp. 111 and Streptococcus gp. li. anong theae
.- becteria, L. mesenteroidesy end L. fermenti were present es
dominant bacteria in a fermented batter resembling other Iniian
fermented foods. It was possible to isolate becteria capabls
of degreding flatulence producing oligesscchoridea or neuro~
toxin. from stored grains used for preperaticn of fermented
focds. These bacteria were characterized as Bacillug sp. I,
Bacillus sps 11, Streptoccecus gp. I, Klebsiella serogenes,

- Spirillup gp, end lectobacillug sp. II. When all the above
atated bacteria from fermented I, g8iivus dhal batter and

stored greins were screened for their cepecity to hydrolyse

the toxzing, it was found that Ea#ig_._z_._zgg g, 1 (isolated fram
stored soybsan graine), end Sireptococcus sp. I and Bacillug sp.Il
(isolated from stored L. sativua grains) were the most efficient
organismg for utilization of the oligosaccharides and

neurotoxin ((DAF) respectively. '



For studies on degradation of flatulence producing 209

oligoseccharides, thin layer chramatographic (TILC) snd gos
chromatographic (GC) methods were standerdized for guantitative
and qualitative analyses of the sugers. uring G wethed,
trimethyl silylated derivatives of oligoseccharides and thelr
’breakdown products could pe scparated and estimated rapidly
with very high senpitivity, when the effect of different
proceseing methods were studied on oligosaccharides content
of L, sstivug seeds/dhal, it was found that sceking plus
boiling or autoclaving, germinetion end fermentation cause the
significunt loss of raffinose, stachyose and verbascose,
Germination and fermentation can he ccngidered as better
methods of grwe'aaing Le sativug because they increase
digestibility end nutritive value along with the degradation
of entinutritional factors and toxins. | When becteria present
during fermentation of L., gativug were screened for treir
capaclity to degrade raffinose, it was found that rediccoccus
sp. I, i, mesenterocides, L, fermenti and Feciilug sp., 11X
could hydrolyze raffinose, |

Since Bacillusg sp, 1 isolated fran stored soybean
graing had meximum capacity to degrade the oligosaccharides,
this strain was chosen for further studies en degradation of
flatulence preoducing oliposaccharidea, It was found that
thig strain pogseasses cytoplasmic o< -galactosidese and
invertase for the degradatiom of raxi’inoaay into gluccse,
galactose and fructose., This etrain alsc could utilize
othaer oC «D=galactosides such &3 atachyasa snd melibicse

as =ole 'C! source. At pH 6.,5«7.0 this strain could produce
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maxinum emeunt of raffinose hydrolysing enzymes when groun 10

at 30° for 14=16 h in raffinose broth containing 0.5% reffinose
as sole 'C' source. HNutritiaal requirement studies e this
bacteria (facillus sp. 1) showed that common smino acids and
vitemins present in legumes does not affect the productim of
oL =galactosidasze or invertase in Baciling sp. I, \
. Invesﬁigatims on reguletion of production of raffinose
nydrolysing enzymes in Pacillus pp. I stggested that in this
straixi,c\c -galactosidase is an inducibls enzyne, gyn{:mam of
vwhich is not regulated by catabolite repression, whereas
production of invertese is coanstitutive. UGalactose as well as
oc wgalactogides viz,, ra:fmﬂae}, atachyose and nelibiose
served as inducers for the synthesis of oc-galactosidese in
Eacillug sp. I. The effect of rifampicin (an inhibitor of RiA
syntheelis in prokeryotes) ocn the induction of oo «galactosidase
was studied with & view ¥o understand whether the Inductien of -
this enzyme was regulated a2t the level of transcriptian.
¥When rifampicin was added to the culture during tie growth in
rafiinose btreth, it was found that at & concentratim of
50 pgfeml, it inhibited the induction of oc -galactosidase.
Thus the repressive effect of transcripticmal inhibitor o the
in&acible appesrance of cocegalactogidase activity in the cells
| of Bacillus sp, I is indicative of "de novo" synthesis of the

enzyrme in this bacteria.

It is reported thet in E, goli plusmid coded o -galactos
sidaze has different properties f¥em that ceded by homologous
chremosomal DNA (Schmid and Schmitt, 1976). In the present

C
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invegtization -galactosidasze and invertase were purified

end characterized from Bacillusg sp. I grown on raffinose
broth, later,the properties of raffinose induced X -galacto-
sidase vere compared with that of melibiosze mduéed enzZyne
from Bacillus ap. 1. Using different purification techniques,
viz., apmonium sulfete fracticnation, gel filtratian through
Sephadex G-200 and ion-exchange chromatoegraphy using DA
cellulose, hydroxylapatite and QAb~Sephadex columns, oc -galacto-
sidase and invertase were purified froam cellefree extract of
Bacillus sp, I to 304 and 232 folds respectively, ower the
crude extract. The recovery of oC=galactosidase was 22% and
that of invertase was 20% afier purification, The purifised
enzymes were demonstrated to be homogenecus when SDS polyacry-

lamide disc gel electrophoresis (PAGE) was carried out,

The molecular weight of oc=galactosidase was
estimated to be 1,950,000 by gel filtratiem on Sephadex G-200
end Sepharose-LE and sbout 48,000 by SD$ FAGE, which proved that
intact enzyme is having a tetrameric structure in Sacillus sp.l.

The molecular weight of invertase, estimated by both gel
filtration and SDS PAGE was found to e approximately

80,000, PFurther studies o kinetic properties of purified
o =galactosidese and invertase were alsc carried out,

Alpha gelactosidase exhibited the optimum pH 7.0 at 37° with
> «FHEG as a substrate, The Michelis canastanis of o ~galacto~
sidase during present investigations were 0.5, 8.0, 36,0, 66.0
and 20 mM and Vmax values were 83, 250, 285, 300 and 76 umoles
of product liberated per minute per mg proteln for o -FNeG,
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melibioze, raffinosge, stachyosge and pe-nltrophenyle of ==

fucoside respectively. Substrate gpecificity studies o

the o -galsctosidase showed that 1t is & highly specificy
enzyme for o -b-galactosides and does not act en  -Begalacto-
- sides. The enzyme wes féund' to be inhibited strongly by
melibliose, galactose, raffinose, arabinose and inositol when
o -PNFG was used as @ substrate, Oalectose and melibiose
beheved as coampetitive inhibitors of oc-galactosidase whose
Kl values were 0.5 mb eand 10 aM reapectlively as calculsied
from Dixon plots. Netal ions like Ag*, Hg®*, Cu®’ and Fb°*
cauged 1004 inhibition of oc~galactosidase in the present
studies, Cther inhibitors like FCHMB and NEM also ceused
oém;;late loza of ocC «galactosidase qctiﬁity suggesting that
the enzyme requires 'thiol! groups for its activity.

Drdring present investigation, invertase from Baclllus
8P« I exhibited the optimum pH at 7.0 and optimum temperature
at 37° when sucrose wos used &8 & substrate. The Michelis
constants for this enzyme were 5,0, 22 and 20 wM for sucrose,
. raffinose and maltose respectively. Trehslose and melilotriose
were not attacked by the purified enzyme preparation which
suggest that it is a highly gpecific enzyme. The activity of
invertase wes inhibited by Ag®, Hge', Zne*, cu?*, m?* ana
sulphydryl binding reageénts (FCMB and NEMJ). Both ocegaluactos
sidage and invertese isolated in the present studies were
inhibited by Tris~HCl buffer (pH 7.0) at 10 mM resembling

other glycosideees.
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Preliminary investigations on fermentation of &.ﬂgy_u_:S
dnal showed that there is some decrease In the OCDAP cantent |
during natural fermentatiomm, Hence in cxder to gtudy the
mode of breakdown of CDAP by bacteria, diffgrent bacteris
present in fermented L, sativug dhel and stcred grains were
screened for their cepacity to degrade neurctoxin. Dacillus
8p. Il and Streptococcug spe I iz«ic:}nteﬁ from L. sativus grains
were able to utilize CDAP as sole 'C' and *N' a%grﬂé&igg%a%;gﬁly
growth and the latieyr culture was used £or furiher studies,

iIn order to study whether Streptocoscus sp. I can grow in ‘
Ls satlvus dhal batter during fermentation and bring about

degradation of CUAF, experimental fermentation of L. ﬁt% 8
flour was carried out. it wag found that when L. getivus catter
was fermented for 16 h with a»mmure of daminant buaete>icL
present during naturel fermentation (viz. L. mesenteroides and
L, fermenti) along with Streptococcun gp. 1, neurotexin cwtent
decreased significantly campered to natural fermentation along
with the other desirable changes. This experiment suggesied
that Strepteecccus sp. I csn grow during fermentation in presence
of other becteris and degrade neurctoxin. |

~ ¥When studies were carried cut on aniyme syaten invelved
in degradatiomm of OLAP, it was found that Streptosgecus sp, 1
ad intracellular’ enzynes for degradation of neurctoxin (ODAP},
The pethway for breakdown of UDAP in becteria was elucidated
for the first time using radiolabzlied neurotexim, which is

ag follcws @
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(]:HQ‘C H«O0H {f O0H fllﬂza-ﬂﬁuc COH
. CDAP hydrolsse = | +
NH NH, — S §oon NH, N,
co H,O0 {Oxaldc { Diaminopropionic
2 : - acid) acid)
COCH
( Boloexalyl ot b DAPA
d &minopr%pimFEe acid) amgﬁnia
lyasge
CH} «CuCOOH
“ 4 2NH 2
0 B

(BPyruvic acid)

Thug it is evident from the above stated pathway that
neurotoxin (ODA P)/?ée?raded into the final products emmonia end
pyruvate by the intracellular enzymes viz. QAP hydrolase and
DAPA-sammonia lyase., Kinetic properties of (CDAP hydrolysing
enzynes were studied in crude celﬂl-me extract of Sireptococcus
8p. 1. It was found that CDAP hydrolase and DAPA-ammania lyaué
both exhibited optimum pi 8.0 and temperature 37° for their
activity using ODAP and LAPA as substrates respectively, It was
found that DAPA-amminia lysse was more active than CLAY hydrolase
- during the conversion of ODAP (neurotoxin) into its final
praduéta pyruvate and mmmonis, in Streptocoscug sp, I.

The inhibitor studies on these enzymes showed thet both were
mhibited by sulphydryl and carbonyl group binding agents.

1t was found that the enzymes require pyridoxal phoaphate &s u
cofactor. Ammmg the inorgsnic ealta studied, Ag*, Hg®* and La®*
inhibited both the enzymes whercas NH,™ acted as en activator.
The structural anelogucs of CLAP viz, glutarate and aspartate
inhibited the ectivity of COAP hydrolase significantly.
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When studies on optimization of cultural conditims
for production of OLAP hydrolysing enzymes were carried out,
it was found that Streptoccccus gp. I grow well and produce
ODAP hydrolysing enzymes in a basal salt medium (pH 7.0)
containing C.4% QAP as gole 'CY and *N' source and incubated
at 30° for 24«36 h, with complete breakdown of ODAF.
UDAP hydrolysing enzymes were inducible and not constitutive
in this bacteris. The vitsmins, awino acids (except glutenic
 acid and aspartic acid) and sugars which are comamly present
in L, sativus seeds did not affect the rate of CQUAP hydrolysias
during growth of bacteria. Since these compounds are generally
present in L, ssilvug, 1t might be Justifled that this culiure -
can degrade neurotoxin during fermentatiom of L, gativug dnal,

| Thus these studies indicated that diffevent bacterial
strains posscss the enzymes involved in the degradative pathways
of oligosaccharides and QDAP, Recanbinent NA technology cen
be & useful tool if e wants to prepare a novel atrain having
cepacity to degrade the toxins and entinutritionel factors
présent In cmmiy conmumed cereal-lagume based foods.
A major step in the constructicon of bacterial strains cabable
of degrading novel compounds s the recognitien that a complete
set of 'genas allewing the degradaticn of a campound is borpe o
plagmids or main chromosome., Hence during the pregent investi~
gation, bacteria cepable of degrading the oligosaccharides and
neurctoxin, were screened for the pregence of plasmids.
Becillus so, 1 which can degrade raffinese, Eecillus sp. 11 and
Streptococcus spe I which can degrade neurotoxin as well as
L. megenterocideg which grows as & doalnent bacteria during
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fermentation of L, gativug dhal, showed the presence of plasmids.
Therefore, attempts were also made to cure these becterial
straing of plasmids using curing agents like mitonycin-C, S30S,
acridine dyes etc., to locate the genes coding for the degra-
detive enzymes. Curing experiments showed that bacteria lost
their degradative capacity when they were devoid of plagmids
in them. These deta suggested thet rafiinocse utilizatien in
Bacilius sp, 1 and ODAP utilization in Streptococcus sp. I and
Bacillus sp, Il zre plasmid coded functioms, Thus these
properties can be due to the degradetive plaamids, since there
are reports am degradative plasmids coding for sugar utilization,
pesticide degredation, several xenoblotics-degradation etc,

Further detailed studies were carried cut on the
genetics of raffinose utilization in Bacillus sp, I. Genes coding
for raffinose utilizatian in Zaclillug gp, I were snot gun clmed
in £ coll C-600 uasing & vector pEi-322 plasmid. For this,
plasnid WA from Bacillus sp, I was cleaved with the restriction
enzyme pstel and ligated to pBi-322 for transgformation into
E, gold C~600. oC =Galactosidase positive clomes were detected
by their ebllity to grow on minimal medivm containing raffinose
ag gole 'C' gource. The recombinent plasmid possessed in addi-
tion to the vector DA, @ 7.0 Kb Pst~l insertion fregment coding
for X ~galactogidese aciivity. Thusg these experiments gave a
physical evidence linking 'Raf® phenotype to e plasmid in
Bacillug sp, 1. In other bacteria viz. fediococcus gp, énd ‘
Eo goll K, also plamid coded raffincse utilization is reported
- by other workers (Gonzalez and Kunke, 1986; Schmid and Schmitt,
1976)s 1t is reported that in E.goli K,, the 'Haf' character
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regides in at least three plaamid-borne functions, namely a
apecific permease, an <K~galactogidase and an invertase, which
are c:émmmly controlled by a regulatory gene (Schaitt gt al,1977).
Thus this information an plaswid coded raffincsge or CIMP utili-
zaticn cn bacteriel isolates might be ugeful for further genetic
manipulations. Curing studies also provided the plasmid linked
raffinose end meliblose utilizetion in Zacillug sp. I. Hence
further studies were also cerried out to detect whether rafiinose
induced and melibiose induced oC -~galactosgidase &re immunclogi-
cally ralated or not in Becillug sp, 1. For this investigation,
antigera were raised against purified oC -galactogidese in rebbits.
The results of immuncdiffusion and immmotitretion provided an
evidence that both 'raf'-induced and mel'-induced <c=galactow
sidases in Becillus sp, I have common antigenic determinants or
they are immunologlcally identical., Since the molecular, kinetic
and irmunological properties of both the o egalactosidases were
almost similar, it can be concluded that 'raf' ccded and ‘'mel!
coded enzymes might be the same proteins or they must be having
homology in their structure and functional properties or they
both must be the compments of the same operon unlike that of
E. coll system reported by Schmid and Schmitt (1976).

in conclusian, there exists bacteria o the surface of
the grains (which are used for the fermentation of legume baged
foods), wl;xich can degrade fletulence producing oligosaccharides
and neurctoxin (CDAB, thereby play an importent role in degreda-
tion of these compounds during fermentatiai. DMorecver, these
properties of bacteria, -viz}. utilization of flatu&nce producing

oligosasccharides and neurctexin are due to the enzymes coded by
degradative plasmids,



