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RESULES &ND DISCUSSTON

Favourable chemical changes brought about by micro-
organisns during fermentation of legume based foods are extensiw
vely discussed earlier while reviewing fermentetion., The most
important biochemical changes during fermentetion are breskdown
of conplex mutrients into simpler digestible forme, increass in
some vitamins content along with the degradation of some antie
nutritional compounds and toxins., Experiments carried out with
fermented foods of India viz. 'khaman' and 'idli? suggested
their greater digestibility as compared to unfermented foods
(Rajalaksimi end Vanaja, 1967). £Earlier studies carried cut in
{m laboratory showed that 'soyldlli' was found to be well accepted
and tolerated by ‘severely malnourdshed childr&n (Ramgkriskman,‘li??’?).
Bacteriological studies carried out showed that Leuconostoc
pegenteroides, lactobacillus fexmenti, lactobacillus delbmec;g i
and Bacillus Sp. plsy a dominant role in fermentation of aozz‘e
 Indian fermented foods (Remakrisimen gt zi, 1976). Presence of
hemagglutinin degrading bacteria L, mesentercides (HA) from
fermented ‘'soyidli! batfer was also reported by Ramskrishnan and

rao {1977).

As mentioned eaﬂier, Lo mativug is a hardy crop whose
consumption is sti;.l not 'stox;ped by the poor people, Its nuirie
tive value can be compared with other leéumes, but 1t containg
neurctoxin end other antimutritional compounds viz. trypsin

innibitor, phytate and flatulence producing 'oligcsaccharid@a.



Preliminary studies carried ocut in this laboratory showed that
fermentation of L, sativug dhal decreased raffinose famlly cof
cligosaccharides completely and néurotaxin to sane extent,
i‘mreférfe the present experiments were almed tQ gtudy the nmode
of breakdown of oligosaccharides and neurotoxin (OLAP) by
bacteria isolated from either stored grains or fermented

Ly sativus dhal,

The results of the following experiments are reported

nd discusgsed in the thesis.

Section~f : Preparaticn ¢f a fermented product fream L. gativis
dhal and the microbial profile during the
fermentation,

Section~-Il 1 Isolation and identification of bacteria, capable
of degrading flatulence producing oligosaccharides
and neurotoxin, fram stored grains.

Sgetien-I1I : Studlies on bacteriel degradation of flatulence
producing oligosaccharides with special reference

- to production of o =-galactosidase and invertasge,

Section-iV ¢ Studles on bacterial degradation of neurotoxin
{ODAP), .

Section~V : Studles on the genetic basis of degradation of

toxins and entinutritional factors in bacterial
igolates with special reference to raffinoge

degradation,.
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Section ~ 1 -

Preparation of a fermented prcduct from L; sativug

¢hal and mi¢roblal prcfilavmf the same during fermentation

As described under 'Materials and Methods', a fermented
product similar to ‘kheman® (a traditionsl fermented éraduct of
Gujerat, India prepared from Bengal gram dhal) was prepared using
L. sativus dhal for studles on breakdown of flatulence producing
oligosaccharides and neurctoxin (ODAP) duringqférm&ﬁﬁation.

Ine chayacteristics of this fermented product are described in
Teble-7C. It was found thet during fermentation, the pi |
decreased and volume of the batter increased which is a charact-
eristic of other Indian fermented foods (¥ukberjee et al, 1965;
HKajelekshmi and Vanaja, 1967; Steinkraus ¢t gl, 1967; Akolkar,
1977). Decreasze in pH was also chserved in other foods involve
ing acid fermentation viz, Ysasuerkraut' (Pederson and Albury,
1969), 'soyidli' (Ramekrishnan, 1979), 'scur-dough breads'

(Wood ek al, 1975; Wood, 1977), Nigerian ‘ogi! (Akinrele, 1970),
‘kenkey’ fermented maize dough balls of Ghana (Christian,1§66;
Hyako, 1977), Nigerian ‘pari' (Akinrele et al, 1975) ete,
Hegarding the scceptability, tdsta and texture of the. product

- from L, sakivus dhal are quite sccepiable as shown in Table=~70.
When fermented L, sativus batter was investigated for the
microbial population using selectlve media it was found that

it is only due to bacteris and nob by yeast or any othér funglie



TABLE~70 : Characteristics of a fermented product from L. sativus dhal.

- ... % | Sensory acceptabilit
Fhyslcal changes in the batter %ms};gnam oﬁ.’%* vy
i E e a s, ] ’iu P ‘?‘hlt k: wii ﬂ‘; *the ! ! R 3
R RiBsLV aiier - s W GbiedRie ) RO S H H 2 . b
{ in volume |} unfersrented! fermented ! Taste ! ;fé“ ic"lmr
3 of vatter § patter | batier S :

1) ‘Kbapsa® - & traditiomal | - R
. fermented food prepared 123 & 5.0 6.6 1 0,07 460 i 0.08 3.0 3.0 3.0
frop Bengulpgram dhal, _

2) Fermented product from 118 £ 7.0 65 & G5 4.5 3 Cuth 340 2.5 2.5
Lo pativas dhal,

®#  Average of four trials g S.E.

#%  Ten éubjecta formed & pansl of judges; scoreg arve aversge of individual scores.
S=very good, 2 agood, 1 = acceptable, O = not aceeptama.

[ AW
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Yeast has been reported to play a role in other indien food
fermentetions (lewis and Johar, 1953; Desikachar et al, 1960;
Batra and Milner, 1974). But this was not found to be the

case in the present studies on fermentatlon of L, sativus dhal,
Total counts of bacteris igolated from unfermented and fermented
L, gativus batter are given in Table-71, and the details of

identification of the major bacteria are given in Tegble-72,

The change in total counts of becteria during the
soeking and fermentation are reported in Table-71 which shows

thet the bacterial count starts increasing during just &4 h
‘ 4

~

soaking of the dhal, and the total counts increased from 10" to

107 during fermentation. The morpholeogical, culftural and
bicchenical characteristics of the dominant bacteria present in
fermented L, sativus batter showed that they were namely

ienconostec megenteroides, lactobaclillus sp. I, lactobacillus

fermentl, Pediococcus sp., Bacillus sp. I1T and Streptococcus

2p. II @s described in Table~72. It is interesting to note that
some of these organisms were ini‘t‘.i,&lly'présent in the batter in
very small amount, but the concentrations incregsed after
fermentation (Table-<73). L. pesenterocides and L, fermenti

vers praesent in higher concentration in the fermented batter,
compared o cther bacteris as shown in Table~73. These obser-
vations suggest that the fermentation of L. gativus dhal was
brought about by bacteria like other Indlan fermented foods.

i pegenteroides showed highest increase in its content during

fermentation in the present investigation. This organism is



TABIS 74 & Changes in bacterial counts during soeking

- n

and fermentatiom of L, gativus dhal,

Total ba'c*i:erva o
counts/g {‘a}

R o e,

Control dhal ’ 5.9 & Ga30 x 101"’
Scoked dhal 8.9 4 0,54 x 107
Le sabivug dhal batter 20475 # 1.2 % 107
fermented for 8 h.
L, sativus dhal batter 13N+ 0,10 x 107
fermented for 16 h.

(2) Values ere mean of four different obssrvations i S.K.
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also found to be a dominent one during fe;mentaéion of soyidll
 {Akolkayr, 1977), 'sauerkraut' (Pederson and Albury, 1954,1956),
Phillipine vegetable blends (Crillo ek al, 1969), 'kenkey!
fermeﬁteé‘. maize dough of Ghana (Christan, 1870}, Nigerian
'palm wine' (Ukafor, 1975) and Nigerian 'gari' (Ckafor,157786).

leuconostoc mesenteroides is the essentiasl micro=-organisa: for

leavening of the batter and is alsc responsible, along with

Strentococcus fagealls for acid production during 'idli' fernene

tation (Mukherjee et al, 1965). L, fermenti which is present in

i’erménteci L, sativus vatter was algo found to increase free
sugar, decrease the pH and increase the volume of the batier by
production of gas,and increase niacin in soyidli fermentation
(Akolkar, 1977). lactic acid bacfe&ri& are also known o be
iavolved in the fermentation of several types of foods and to be
responsible for amcidity, flavcour and desirable fermentative
changes (41llen and Allen, 1933; Aklinrele, 1964; Iiix.lckz.er;jee el aly
1965; Crillo _g;t: al, 1569). lactobacilli are found to be one of
the essentlal microw-organisms during fermentation of soymilk,
SOy -sauce, J apane se-salte, Maxican pulygue, sauerkraut, soyidli,
sourdough bread, Nigerien ogl, ‘'Eragrostistef'- an ithicpian
fermented food _(Sanchez and Morroguin, 1953; 1970; rederson and
Albury, 1569; Ao&ih@z?’a L MR 1971."; Banigo: and Muller,1972.;

| mitel gt al, 1974; Kodama and Yoshizawe, 1577; Remekrishnan

et al, 1976; Gansfle, 1985), DBacillus sp. are repoerted to play
important ‘rol@‘ in fermentation of African oil bean 'ugba'! 4
(Odunfa and Cyeyiola, 1985), ’nat‘t;o‘. fermentation (Hesseliiiaz
and Wang, 196%), ’_éoyidli‘ fermentation (Akolkar, 1977),

Yogiri® fermentation (Caunfe, 198%a) end ‘iru' fermentatiom
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(Gdunfz, 1981b). Fedioccoccus spe are reported to play ferment-
ztive role in fermented products of Thailend (Tanesupawet and
ﬁagngsubim, 1983), ‘sauerkraut! (Pederson and Aloury, 1969),
and a troditional Japanese 'miso' (Wang and Hesseltine,1979).
Twas it can 5@ concluded franm this experiment that during

fermentation of L, sativus dbal, L, nmesentercides and L, fermenti

were present as dominant microflora resenbling other Indien
fervented foods involving acid production, This fermented
product prepared from Lo sativus dhal was analysed further for

its oligosaccharides end neurotoxin content, .



o
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Section - 11

isolation and identification of bacteria, capable of
degrading filatulence preducing olizosaccharides and
neurotexin from gstored sgraing,

Barlier studies cérrie.d out in this laboratory
{(Ramakrishnan, 1979) showed that the bacteria involved in the
fermentation may come from the grains used for fermenta'i;ian and
that the bacterial flora of differe'nt greins are different,
Thus it appears that there may be microflcfa in stored grailns
which have the capacity to degrade toxins and antinutritional
factors present in food grains., Since the major aim of {he
present investigations was to study the mode of breakdown of
neurctoxin (ODAP) and flatulence producing oligosaccharides by
bacteris, in yivo and in vitro,the experiment wes carried cut te
isolate and characterize bacteria from stored grains which can

fydrolyse these compounds,

Tre major grains 111£é rice, bengal gram, black gram,
soybean etc. used L£dr preparaticn of legume based fermented
foods were usged for the isolation of bacteria as described under
IMaterials and Methods'. Using a basal salt medium contalaning
eitner raffinose as sole carbon swource or neurctoxin (Ciny) as

carbon and nitrogen source, it wasg possible to isolate the



‘bacteria capsble of hydi'olyaing neurotoxin or flatulence
producing oligosaccharides., The details regarding the method of
isolation bave already been described under ‘'Materials and Methods®,
The morgholegical, cultural and bischemicel characteristics of
these bacterial isclates are given in Table~74, Using these
teats they were characiﬁerized as Qg.cillué Sp. 1 (soybean greins),
Bacillus sp. II (_3:.‘,; sativus seeds), Streptococcus sp. I

: ' o Sativusg
(Le sstivus seeds), Klebsiells gerogenes (ricefand bajra graina),

Spirillun sp. (Bengal gram grains) and lactobacillus sp. 11

(black=gram grains), These mioroorganivsms which are isolated

~ Irom tie stored grains used for preparation of fermented foods,
have been reported during fermentation of geveral legume based
fermented foods (Fukherjee et al, 1965. Pederscn and iAlbury,1969;

Mitel et al, 1974; sSalinas and Herrera, 1974; Cdunfa, 198%a,b).

The above bacterial isolates were screened further for
their efficiency 10 degrade flatulence producling oligossccihnrides

and neurotoxin,
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Section - 111 \

Studies on.bacterial degradation of flatulence

producing oligosaccharides with specisl refergnce
o nroduction of A~malactogidage and invertase,

desults on standardizetion of methods for quantitaiive
e&nd gualitative apalysis of raffinose fanily of oligosaccharides,
effect of different food procesgsing methods on oligoeseccharide
content of L, gotivus seeds/dhal, capacity of bacterial isoclates
to degrade oligosaccharides, metabolisn of raffincse in a
bacterial isclate and studies. on purification and characteri-
zation oflenzymes for raeffinose degradation from Baclillus sp, T

are presented and discuszed here,

Standardization of methods for guantitetive and

bt

gualitative determination of reffinose femily of

oligosaccharides and their metabolites :

mring the course of studies on bacterial degradation
of olig&saecharideé, it vas necessgary to atan&ardize a simple
method for the separation and estimetion of f{latus producing
oligesaccharides from L, gsativus samples as well as culture

filirates during the growth of bacteria.
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| . A lerge number of methods have been reported for the
separation and guantitation of raffinose fomily of oligosaccharides.
Cerning and Filiatre (1976) have employed colorimetric quantita-
tion of the ollbosaccharidQSafter separation by gel filtration,
Other procedures principally employed for determination of these
sugars ane‘paper‘chromategraphy (Frﬁnch.and Wild, %953’ Kawamufa,
1967; Champagnol end Bourzeix. 1971 ) carbencolumn chramatogram
phy (Kawemura and Tade, 1967), centrifugal chromatograpby
(Kawamura et al, 1967), thin layer chromatography (Tanaka 1
= A11975), liguid chromatography €H¥m0w1tz et al, 15;‘
Kim gt 8l, 1973; Cegla and Bell, 1977; Robert ﬁacrag and Almad
Zanduﬁoqh&dﬁran, 1978; Conkerton et al, 1983) and gas chronato-
graphy (uweely ¢t al, 1963; Delente and ladenburg, 19/2,-
wankheae and Tharanathan, 1976)

The short camings!of fheAiiquid chromatographic procew-
dures are that either the two main componenus, raffinose and |
stochyose are separated only in the top of their peaks or the
separation'of monosaccharides and disaccharides from sucrose ié
not complete (Conkerton et al, 1983%). Consequently the decdmpaé
- sition products of oligosaccharides cemnot be ﬁegsured using
-thﬁse methods, The most efficient method for Lthis purpose is
.éaé chfomatogranhy (&e) iftéptimum’derivatization and separation
bOﬂdlﬁlOﬁs are eﬂvured. These requxrements were not fulfilled

by ehrlwnr reperted 'GC’ methods except by the recently
deacribad methcd of Perl et al. (198&) Therefore a suitable,

ragld and sensitive GC nethod for separation and estimation of



oligosaccharides and their metabolites waés standeardized in
the present investigetion, '

In the beginning of the present studies, gas chromatow
graph vwas not available in ’t:he laboratory, bence e simple and
sensitive thin layer chrometogrephic (Tm) method was also
standardized. Results of standardization of the TLC and GC
methods for the separation and estimation of mono-, di- and

olié,o..,acc:harides arve described fur‘cher.

Ainalysig of sug;gars by TIC method 3

| .Several investigators have reported TIC methods for the
: sepamts.cm of cligasaccharides and simple Sugers i‘rom many
biological samples including food samples (lato et al, 1968;
Hensen, 1975, Tenaka gt al, 19753 Gauchi et al, 1979; .
Ghebregzaamr et al, 1976}« Us.mg ‘these methoas either the ihe
sugars can be separated well only at lower cmcem;ratian o
(5-20 mg of each} in a mixture or pre::oated pla"ces are required

for good separation of sugam

When the mixbture of standard sugers were spotted at
hig’h concentrations using sillca gel-G plates, and when ti:g
TiC vas 'run according to the standard methods, the distinct
_ separaﬁich of sugars was not achleved, Therefore the method of
Stefanis and Ponte (1968) was modified in present studiea by

c;laangm,:1 the concentmtian of solven‘t system, type of bindex‘
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andl spraying reagent (details of the method are described in
‘Materiala and Methods’). When different types of salts were
tried for impregnating gel, viz., ac:ei:aie,' phosphate, borate.
and bisulphite, it wes found that 0.1H sodium .phosphata bring
about separation of all the oligoseccharides and disaccharides
gtudied, viz., raffinose, stachyose, verbascose, melibiose and
sucrose, The impez;tant inﬂuence of phosphate salts on silica
gel-G is that they cause it to be sufficiently insensitive to
the negative iﬁterfemnces of inorganic salt impurities and '
non=saccharide componehts such as uméa, amino .acids, carboxylic
meids etc,{(Ovodov et al; 1967; Gnehrregza’t;:'gr _éj; al, ‘}9’7&).

It was found that good separation of disaccharides and oligoe
saceharides from monosaccharides was achieved when the solvent
system chloroform:acetic acidiwater (6:10:1) was used to run
the silica gel plates. " Fig.9 shows the éhromatcgraphic
separation of different sugérs studled. Figure indicates that
| it was possible to separate s‘ﬁg&ihydse, raffinése, melibiose and
sucrose- from each other, evénthough the three monosaccharides
(glucose, gelactose and fructose) were not separated from each
: é‘th;ar. It was found“that when the plates were allowed to run
twice cor thrice, better .separatiqn of the sugars ;.vag obtained
in the range of 20-200 pg of each sugar in a mixture. For the
gquantitative analysis of y:eil separated disaccharides or oligo=-
‘ saccharﬁ.zies, Roetls method was useda Cn the cther.hand,
monosaccharides viz. glucesé, galac:tbse and fructose were not
separated using this method (Fig.9), hence they were quantita-
tively esseyed using en indirect method (asz described under
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_Iil_‘g__g : Detection of oligosaccharides and their metabolites
of (a) unfermented and (b) fermented L. sativus -
dhal samples, analysed by TIC method. .



‘Materials and tlethods'), The estimated recovery of all the
BUGATS Were 76»-90% when they were spotted (25-150 yg) cn

plates using different method (Tables~75-8, by ¢). When the
samples fram raw L, gativus seeds were gpotted they showed
presence of verbascose, stachyose, raffinose, sucrose, glucost,
galactose and fructose (Fig.9). Deta given in Teble~77 show
quantitative distribution of oligosaccharides and their -
metébou.tes in unfermented and fermented L, sativus dhal,

later on these velues were compared with those obtained using
'GC* metvhod, Cuantitative anelysis of oligesaccharides present
in soybean and bengal gram were carried it using this TIO
method (as known standards) (Table~76), whose valucs were compars=
able wiih those reported by Kawamura and Tada (1954) and
Cristei’arc%i {3%97&). Thus these obgervetions suggested that raw
L, satiwvus pulse contain considerable amount of flatulence
producing oligosaccharides viz, verbascose, stachyose and
rafiinose, Guantitative analysis | of flatulence producing
oligosaccharides is reported for the first time during present

invesvigation,

in summary, the | present TIC me’tho& in conjuncticn with
the colorimetric methods, viz, glucose oxidase method, methed of
aboiss ¢t als and Roe's method can be used to separate and
estimate oligosaccharides and their meitabolites, where GO is nol
available, Verbascose, which is anormally difficult to estimate
by GC owing to its i:ery high molecular weight, can be separated
well from stachyose using the TIC method standardised in the

present investigation.
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TABLE=79a ¢  Recovery of sugars in TIC method®
§%§mentm.. : 0D at 420 nm Re
Suger e 1BeTore 1 ATEer covery
isp?tgﬁsd spetti ! elution (%)
— 1 H ! (direct ; from TIC
25 0,14 Ci13 93
50 0:.29 0i24 8
Fructose 75 0.46 0439 85
100 0.58 052 90
125 0.72 0.67 93
150 0,88 0,80 91
25 U 05 0,04 80
50 G 08 0.08 100
Raffinose 75 Cetls 0.12 86
100 018 0,17 94
125 0e21 0,20 95
150 Q.25 O.24 96
- 25 Q.03 0,88 a9
50 0.16 0414 88
Sucr‘é;se o 75 De23 0.21 91
‘ 100 0430 0,25 83
125 De37 0.34 92
150 D50 © 0.38 76
25 003 0,03 100
50 0.07 0.06 86
: S‘hﬁchy()se 75 010 0,08 80
' 100 013 0.11 85
125 0616 0,13 81
150 0.19 Q.17 89
F .c'(o 25 015 0.14 93
ructose - :
(in & mixture o8 20 0430 0.30 100
fructose + glucose 75 Opdsls Qult3 98 -
+ galactose)., 100 0.6 0.59 o7
125 0,76 . OqPﬂ" 97
150 - 0,92 - 090 98

* Sugars were estimated Wy Roe's method
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TABIE~751 Recovery of sugars in TIiC method"
| TConcentran & 0D 2t 490 rm
Sugar ttion ! Before After Recovery
|spotted | spotting i elution (%)
! (}ts) H (direct fran TIC
25 ~G.18 0.4 78
50 0.35 0.26 74
Fructose ' 75 0&53 00‘*2 _ 79
' 100 0,71 0.55 77
125 C,86 Q.64 T4
150 1.00 0.85 78
25 25 0420 80
50 . 049 0e35 71
150 1452 133 87
25 0e23 0,19 83
50 (.51 0.40 78
Galactose 75 0.76 0‘5&, 84
: 100 103 0.75. . 7
125 130 c,98 75
150 1.55 1.25 8
25 Q13 0s12 92
| 50 0.29 0.28 96
. Melibiose 75 .43 Q.42 98
100 0.59 0.59 400
125 071 0.70 99
150 - 0.85 0.82 96
25%% 0.64 0.62 97
Nﬁmm of 50wk 1.32 1.28 97
Eggaliz;gg%s; + T5%% 1496 - ~ 185 b
fructose :

I S S S B WS

e

- % Sugars were egtimated by Dubois : method.
®=%  Amount of each sugar in the mixtura,.



TABLE «75¢

bk

66

: Recovery of sugars in TIC method.
i | Concentra= U.D at ShO nm,
Sugar i tion Before  }After Recovery
& } spotted spobti lelution | (%)
i (ped (airect) !fram TIC | |
L e Eiakasd
25 0.15 Q.12 80
50 0.32 0.28 88
Glucoge
100 0051 O,ll»g 80
125 0.76 0.68 &89
150 - 0,89 0.73 82
25 0.15 012 80
50 0. 30 0.27 90 .
Glucose §
i?iz & nmixture l:f & 0.47 0.36 77
glucese + galaw~ ;
cto:;e + fructose 100 0.60 0l 82
125 077 0,69 90
150 0,92 0.75 82

- 20

* Sugars were egtimated by glucese oxidage method.



TABLE-76

VDiatrimtion of oligosaccharides and simple sugers in seeds Of L.
Glycine mpax and Cicer arietinum analysed by TIC method.

Compments, expressed s ma/gn of the total dry material‘®’,

tivus

- e s s 2 S e e - s a ~
Fruct- | Galacte § . i Mell~ § .+ Raffi- Stach- | Verbage
. ose § ose j Glucose ¢ i ; Sucrose | oo | yose cose
w-on : 1, ; ' - ' e
1) L. gativug = 5.50 0.80 3,23 15.93 6433 . 18.65 1177
dhal)
2) Gl!(}i'ﬁ& Lita Qo% 0 1,02 0 5&*:&6 %205§ &7073 s}
3) Cilcer ariet- 3.66 2.03 4,04 o 27.8 9.78 22.33. 33413
2 0.14 + 0,08 + 0,08 £ 075 £ 05 £ 0.71 Z 063
(Bengal gram)
(a)

Values are expressed as mean of four observatlons i S.5.

L3¢



THEBLE o $

L, gativus dhal apelysed by components,
ary material (“).

i
]
]

Diztribution of ongcmccmgﬁ?am@&%&inpm migars in unfermented and fermentad
*
expressgsd as mg/ga of the total

oy 00

o o TN 1
nuﬁnuduﬂ

Sample Fructose | Galactose | Glucose | Sucrose ! Raffinose ! Stachyose ! Verbascose
: ‘ ;

Cnfermente 5.70 - 0.80 3.53 20,43 6433 19.90 12.85
niermented + 0,25 + 0,04 £ 0,20 £ 0.82 3 0.20 £ 0,95 1 0.66
Fermented 2007 . 000 &:34 , 1.05 . 0.25 QQQ Q.O

‘ 3 Q.01 x 0.29 ol 9.0 ;t wa ’ ‘

Ge)lX® (o) (123) (5.0 (4.0) (0) (0)
(a) Values are wean of four cbservetimms i S.E.
(b) Values iIn porentheses are percent of cemtrol values.
[ %]

<



Gas chromatographic anslysis of sugsars @

During the present investigation, using UCY-98 liguid
gtationary phase, oligosaccharides and their metabolites in
L. sativus samples were separated and quantitetively estimsted
uging GC, (The details of the methods are described under
*iatericls and Fethodsi).

x

¥ig.10 shows the chromatographlic separation of
standard sugars, from which it can be seen that stachyose,
raflinose, sucrose and meliblose can be separated very well
uging this method, GClucose and galactose, which could not be
sepavated by Perl et al. (1984) using SP-2250 column at higher
concentration were separated in the present method without
altering the elution pattern of ofther sugars. Using this
method slucose and galactose were eluted with a differcnce of
4, seconds in the retention time (Table~78). The sensitivity
of estimation using this methed was 100 times higher than that
veported by Perl el al. (1984). Data given in Table-78 and
CFig.i1 sho% the detector response of various sugérs at different
omlcentratioﬁs, which indicate that though the detector
reaponse of stachycse was less than that for other sugars,
it could still be separated and estimated. loreover, sensiti-
vity for ecach sugar was not affected by the presence of cther
sugars in a2 mixture., Ag to derivatization, it was found that
preparation of IS derdvatives takes less tinme thanAgreparatian
£

of TS oximes, and further no precipitotes were formed during
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IABLE-7S : Detector response of TMS derivatives of sugars on a 50 cm long
UCW-98 column in GC. :

- . W S

betector responsze

ﬁetentzcn ti:::e

r
Component % (intg%r;ugggs/yg | P “‘nds‘ g 5 fﬁ é’?,iﬁi in
Fructose 44,07, 000 282 ¢
Galactose 1 6; 43, 000 326 44
Glucoadde 95 11,200 37C &4
?h&nyi wLeglucose 11,638,000 520 150
(Interncl Stendard) , :
Sucrose 124 05, 00O 6as 168
Helibliosze §09 4%, 000 782 ' {213
Reffinoze 9,485,600 978 196
Stechyose 4,69,275 1234 253

4\

-J .

P,



272

thls preparation, In the present experiment, the derivat,iza#
tion of sugars wii:h S wag carried out at 70-75°, because
oligosaccharides are sparingly soluble in pyridine at room
temperature, During derivatization, addition of trifiucro=
acetic acid (TFA) was preferred, instead of chloromethylsilame,
because it can tolerate proportion of water (moisture) during
sample preparation., TFA also catalyses fhe_ rate of trimethyle-
gilylation of sugors., Thus the present method is 'superi;-or TG
other reported methods (Sweeley et al, 1963; Lelente and
l.adenbuﬁ:‘g, 19723 Li and Schalmann, 19803 Perl and Szakacs,19313
rerl et al, 1984 because it separetes and quantitatively ‘
estimates all the oligosaccharides and their metabolites
present in biological samples, simultancously witfh very high
sensitivity.

The preseht nethod of GC determination is a modifica-
Ticn of method of Sweeley gt al. (1963) who showed that
trimethylsilyl ethers of sugars upto tetragaccharides are
sufficien'tly volatile for use in GC, since then the trimethyle
8ilyl derivative method has been applied in the determination

of ¢ligo= and disaccharides in food samples.

The other derivatization methods reported for sugars
are derivatives such as trifluoroscetates (MNakanura and Tamura,
1970), isopropylidene acetyl derivatives (Anderson and 3oggs,
1966), ‘trimethylsilykated oximes (Meson and Slover,1971:
rerl ¢t al,1984) and methyl ether derivatives (Ovodov and

Evbushenko, 1967). HNakamura and Tamura (1970) separated
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ollgosaceharides as their trifluocrcacetates with leéa retention
time (7 win) using OV~ column, but increased volatility of
thése derivatives of monosaccharides (compared to TMS derivati-
ves) are in fact disadvantageocus because there is a little
difference between their retention times, It is, however,
likely that trifluoroacetates will be increasingly used for
oligosacclharides, where volatlility is of prime importance for
oligomers of high molecular weight, The acetates of monosaceha-
rides are less readily formed compared to TES derivatives and
_can form ancmeric/iscreric derivatives as an added ﬁisadvantége

(Shapire, 1969) although it is the best derivatization method

U
Pt

&
e

0

for alditols and other polyhydric compounds., 1he other isopro-
vylidene derivatives are useful only for separation of mono-
gaccharides but longer time is required for their preparation

ORI . Dutton, 1973).

‘ since the GO method standardized during present investi-
gatiqh,'cculd give very sensitive and repid results it was used
for quantitative and qualitative analysis of processed
L., gativus seeds or dhal samples. The method was also used for
analyéis of the products of stachyose, raffinose and melibiose

metabolism in Bacillus sp. 1.

When quantitative analysis of mono-, die and oligosaces=
harides were cerried out using TLC and GC (Fig.12 and Table-79)
method, it was found that ;& sativus dhal contalns considerably
good amcunt of flatulence prqducing oligosaccharides, viz,

verbascose (1.2%), stachyose (1.9%) and raffinose (0.6:)
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as mentioned in Teble~77 & 79 like other legumes, The quanti-
tative composition of the oligosacmhariaea_ in the unfermented
lothyrus sativus seed is comparable to that of other edible
legumes. Kawamura (1954) determined the oligossccharide content
of séybean-_and reported that it contained sucrose 3.7 percent, |
raffinoge 1,0 percent gnd stachyose. Vishalakshi et al.(1980)
also found suérose, raffinose and stachyose in three varieties
of Phaseolus wvulparis. Staehyose was the major oligosacgharidel
found in all the varieties, Verbascose was found in trace
amounts in raw kidney beans (Vishalakshi et al, 1980) and
sbybean (Kawamura and Tada, 1967)‘ ARecently guantitative
.analysis of faffinose family of Oligosaccharides have been
carried oaut from dry seeds of various plants using high perfore
mance 1iquid‘chramaﬁogna§hy by Kuo et al. (1988). imong seeds
of 29 different crops examined by these group of workers,
cotton, garden pesa, soybean, cowpea and alfalfa contained more
than 50 mg of raffinose sabcharidgs per g of defatted mmeal
and all leguminosae specles contained mc}e raffinose than
stachyoses Thus the present studies on the analysis of
raffinose family of cligOSaccharides in ;g_saiivus are reported
- for the first time which also contains toxins as described
earlier. Therefore, to utilize this legume as a more acceplable
. source of inexpensive proteins, it 1s desirable to reduce the

flatus factors also.

Conmon food, proceséing methods are reported to break=
dovn- flatulence producing oligosaccharides in different legumas
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(Ru et al, 1976; Iyenger and Kulkarni, 1977; Rao and Belavady,
1978; Reddy and Selunkhe, 198@{9,“ Olson et al, 1981; Jood et al,
1985), before they are consumed, Therefore, it was of interest
to sﬁudy effect §f commonly used p:rbcessing methods of food,
viz, scaking and boiling/autoclaving, parching, rcasting, |
germination and femen-tation‘ on the oligosaccharide céntent of
L. sativug dial or seeds.

sffect of processing on flatulence producing oligosaccharides

=S e

of L, gativus seed/dhal :

The results of CGC analysis (éxcept for verbaéccse} and
TL. analysis (only for verbascose) of raw and procesgsed
L. sativug samples are given in Tables-79 & 80. 'Daté siven in
Table-31 indicates the percentage increase or decrease in
content of oligosaccharides and simple sugars during various
processing of L, gativus dhal or seeds, 'Da'ba given in iable«~73
show that soaking and boliling of the dhal decreased raffinoge,
stachyose and verbascoge significantly. Sucrose and water |
soluble monosaccharides also décreased during this process,
Present findings are similar to those reported by oiher
invegtigators for some other legumes (Ku et al, 1976; Ulson
et a1, 1982a; Silva and Braga, 1%982; Bianchi et al, 1983;
Jood et al, 1985}, but differ from Rac and Belavady (19578}
vho found significant increase in oligosaccharides on cooking
of whole seeds of Italimn pulses., Reddy et gl. (1980} also

have reported increase in stachyose and sucrose and slight
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decrease¢ in verbascose during cocking of blackgram in 1310
water retic for 3 h at 90°C, The present experiment shows

that soaking end eutoclaving is more effective in removal of
flatulence producing oligosaccharides (80% removal) than
boliling. Socaking and cooi;:ing was considered as & good method
of removal of flamlenggig?cagrg et al, (1980) because in thoip
experiments, cooking of chickpeas and peas Acaused'decrease in
gas production in relation to that of uncooked seeds, The solu-
bility, molecular weight, location and natural binding form of
the sugars within the cell play an important role in the extent
to which saccharides are extracted from soybean seeds (Ku ek al,
1975). A 50% reducticn in flatulence poténtial measured by
hydrogen production was chsgerved mrfmén zjéts Qere fed extracted
Canfomia beans by Olson et al. (1982.). A significant reduct-
ion in subjective @a‘broinf;estiml distress was reported by
human subjects interviewed aftep eating cooi;ed extracted beans

ccmpared to coocked nonextracted beans.

Date given in Table79 show that yoasting of L. sativus
dhal does not breakdoun stachyose, verbascose and raffincse to
2 significant extent, wkﬂrgas monosaccharides were sensitive to
heat,  Similar obsefvations vere made by Feki et al. (1983)
who found that roagting wés ineffective in removal of flatus
effect c;f chickpeas, cowpeas and hmrse grams and their isolated
carbohydrate fractions, ‘

When L, gativus dhal was soaked and fermented for 8 h,
- there wes highly significant increase in free sugars, viz.,
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fructose, galactose and glucose which can be due to breakdown
of oligosaccharides and higher polysac:charidéa. fixceés of
glucose was detected due to breakdown of starch during ferment-
ation, During 8 h fermentation, there was 50-60% degradation
of verbascose and stachyose, whereas slight :m:reaaé in
raffinose was observed. .During fermentation of dhal for 1 h
complete reduction in oligosacchar: ide content was observed( Fig.9&12)
Fructose and galactose also decreased after camplete fermenta-
tion. Odunfa (1982b)also observed the increase in reducing
sugars during first 12 h of fermentation in tiru? fémem;ation,
which decreased dﬁring later stages of fementa‘tion. It is |
possible that sugars have been used up during the gmwth‘ of the
bacteria involved in the fermentestlion, because sugars are the
preferred carben source for microbial growth and metabolism.
Complete reduction of oligosaccharideg can be explained due to
microbial <A ~galactosidase and invertase (sucrose hydrolaae) )
activities during fermentation. Similar results are reported
during fermentation of 'tempeh' (Shallenberger et al, 1967),
'soymilk' (Mital and Steinkraus, 1975), foncon' (Fardiaz snd
Markekie, 1981), chick peas and cow peas (Zamora and Fields,
19792 J)and *iru* (Odunfe, 1982b)due to the production of
microbial A =galactosidases In the present studies on ferment~
ation of Kesari dhal, Ieuconostg pegentercides, Ly fermentdi,

lactobecillug sp,, fedliococcus gp. and Bacillus gp. were found
to be the major bacteria present as mentioned in Section-l.

The efficiency of these bacteria to degrade raffinose family of
oligosaccharides will be discussed later. Role of lactobacilli,
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and Bacillus sp. in removal of flatus factors were reported
inksoymukf T and 'ugba' (fermented
oil besn product) reaééctively (Mitel and Steinkraus, 1975;
Odunfe and Oycyiola, 1985). ggg_;gm sp.are-also known to
have ck-galactcsidése activity (Gonzalez‘and Kunka, 1986).

In the case of seeds when the effect of parching was
observed, there vas abproximately &O% decrease in verbascose,
stachyose and raffinosge perbaps due to chemical breakdown of
all these sugars at high temperature in presence of moisture.

The effect of parching was étudied because it has been proved
to increase the nutritive value in other legumes (Rajalalf.skmigfg al,
1964; -~ ", Carvalho et al, 1977)s -

During germination of L, setivus seeds there was highly
glgnificant increase in all the monosaccharides amongst which
' increase in glucose wes highest (Table-80). This increase can
be accounted due to breakdown of polysaccharides and cligosaccha=-
rides, during germination. Jaya and Venkateraman (1981) also
reported three times increase in fructose and 10 times increage
in glucose + galactose during geminatién of chickpeas and |
green grams, Data given in Table-80 also show that sucrose
content increased during 48 h germinetion, which may be due to
the action of o<~galactosidase' which cleaves selectiveiy
gaelactose from reffinose, stachyose and verbascgse and leavegs
behind sucrose (Gupta and Wagle, 1980). At 12 h germination,
there wos highly significent decrease in verbascose compared 0

stachyose, along with increase in raffinose due to breakdown of



283

verbascose and stachyose. In subsequent stages of germination,
all the three oligosaccharides almost completely degraded.
These results are in agreement with those of Jood et al, (1985);
Reddy and Salunkhe (19800 and Sathe gt al. (1983).. In the
presen't? experiment, early reduction in verbascoge content
compared to stachyoze was observed, which may be due to the
reagon thet dur:!_.ng gemination,, o =galactosidase first attacks
verbascose followed by stachyose and raffinose. Incresse in
meliblose during early stages of germination could be due to
the partial hydrolysis of stachyose gnd raffinose. Melibiosze
is also reported as an intermediate product of hydrolysis of
soybean olipgosaccharides, when soymlilk was tréated with enzymes

of Agpergiliug saito (Sugimocto and Van.Buren,1970).

It can bhe concluded from thls eéxperiment that soeking
plué; boiling/autoclaving, germination and fermentation cecrease
all the flatulence producing oligosaccherides pressni in
L. sativus. Germination and fermentation can be considered as
better wethods of processing };,_ sativus because they also
increase the digestibility as well as increase the mutritive |
value by breakdown of other toxic compounds and increase in
vitaming (Banerjee and «“Baner;}ee, 1950; Zamora and Filelds, 1979qb,
7, Reddy et al, 1989% Lay and Flelds, 1981; Sathe et al,1983).
Significant increase ln vitemin B,, B., Bé, B,‘ 3 and niacin were
found during fermentation of several legumebased foods as '
descrived in Section-I. Reddy et al. (1930) wnile evaluating
- different processing methods using ret bioassay method foaund that
gerninated blaskgmm seeds vand fermented stéamed product (idii)
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Signiﬁ.cén‘tl}i produceé lower flatulr;nce than the cocked
blackgrem products. Becker et al. (1974) alsc reported that
the disappearance of raffinosze and stechycse during autolysis
in Galifomia,mnall white beans reduced flatulence as measured
by hydrogen production in rats, Increase In the content of
soluble zaminc‘aci,ds occurredA during germination of great
northern beans (Sathe et al, 1983). Decrease in plytate and
trypsin ﬁm&itary activity were obserfed by different investi-
- gators durding germinstion of legumes (Kakade and Evans,1966; Chen
nggt? gx’zégggéle, 1980; Reddy et al, 1982}. Scaking and boiling
cannot be preferred to fermentation and germination because
there 1s & loss of water soluble vitamins and minerals during A
this processes (Raghunath and Belavady, 1979; Swaninathan, 1974;
Clsen et gl, 1982).

Depradation of flatulence preducing oliposaccharides by
. bacterianl isolates s

5ince the basic aim of the present investigation was
to study the mode ‘of breakdown of flatulence prcduding oligo=
saccharides by bacteria, the different bacterial isolates from
stored grains end fermented foods (isolation and identification
of the lsclates are described in the previocus sections) were
screensd for their capacity to breakdown raffinose, Other
Tiatulence producing oligosaccharides viz, staciyose and
verbascose are not readily avallable therefore raffinose which
is easily availeble was used for all the experiments on bacterial
degradation unleas and until specified. Data given in Table-82
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show the ability of different bacteriaql isolates to hydrolyse
raffincae when incculated te the basel medium containing
reffinose Qs sole carbon source. pPacilius sp. I iselated from
gtored soybean grains was found to be the most efficient ‘
bacterial strain Tor utiliéation of raffinoses Fediococcus spe

nd Baci_ugb_gg& III isolated from L, zZ& sativus batter as well as
L. mcsenteroldea and L, fermenti isolated from fermented battera
could hydrolyse raffinose to some extent. Thus Bacillus spe 1
{ having maximﬁm capacity to hydrolyse raffincse) isolated from
stored sdyhean grains was uged for the further studles.
Data given in Table-82 show that raffinese in the medium is
broken down by Bacillus gp., I and not conqen&raﬁed in the cells
within 24 h suggesting that there is a complete utilization of
refilnose during growth. 7The strain was studied for its capacity
to utilize.othar oligosacclharides and their metabolites. For this,
bacteria were zrown in basal salt medium ¢onteining 0.5k of each
sugar {stachyose, raffinose, malihicse or sSucrose) as sole source
- of cerbon as described under ‘hHaterials and Methods'. It cen be
seen from Eébles«83~86 and Fiés;1§rﬂ6 %hat the oullture shows
& similar growth pattern with all the different sugars studied.
The growth curve exhibited en initlal lag periocd of 3 hours,
followed by an exaeneﬁtial pericd till & hours énd then station-
ary phaose after that. Decrease in turbldity reading was cbserved
efter 48 h growth with all the sugars due to the lysis of |
bacteria. Jubsequently, phH as well as the sugar cantent in the
culture filtrate decreésed during the growth, suggesiing ‘the
utilization of the respective sugar by Bacillus sSp. I, It can be

gseen from the Figs.13-16 that es growih increases, there is a
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IABLE-B% : Growth of Becillus spe I in raffinose broth and degradation of raffinose.

-~

-

} = - =f
! ' ! Raffinose content
Period of ¢ Firal pH of the ! Growth in terms of ! ! De -
incubation | medium ; turbidity j in the culture dation of
(k) ! ;- (KR at 660 nm) i  ratfinose
A : i -
i : i
0 7.0 15 500 500 ’ 0
3 6.8 64 . 500 378 2L
6 6.0 315 500 102 80
9 5.8 420 500 25 - 95
12 5.7 455 500 5 99
18 | 5.5 470 500 0 100
24 5.2 480 500 o 100

100 ml of basal salt medium (pH 7.0) containing 0.5% raffinose were sterilized in

500 ml side-ormed conical flask, incculated with 20 x 105 counts of bacteria, and was

then incubated at 30° in sheker (140 rpm). Growth was measured in terms of turbidity

at the above indicated intervals of incubation periecd using Klett-Summerson colorimeter

and also mmplés were withdrawn at those intervals to estimete raffinose lin the culbture

filtrate (Raffinose estimation described under ‘Materials and Methods). The control

flagk was kept at 2°, The experiment was carried ocut in triplicates and the data

given above are the mean of three cbservations. _ ) oo
Q—»\
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<

rapid decreage In the sugar content, Thus 1t cen be concluded
from this experiment that Bacillus ep, I can utilize oligo-
saccharide viz, staechyose and raffincse and their metabolites

viz. sucroge and melibicse ae sole carbon source.,

Analyagis of tie products of oligosaccharide desradation during
growth of Bacillus sp, I

During the growth of Bacillus sp. I in raffinose,
melibiose and sucrose broth the subsequent degradative products
were analysed by TIC and GC as described under 'Materials and

Hethais!.

Fige.17 shows that when {he cells were grown on basal
medium c¢ontaining ra.t‘finoaé as sols carbon scurce, malibiose,
fructose, glucose and galactose were detected in the culture
filtrate after § b of incubation. Aualysis of the culture
filtrate by TIC (Fig.20) or G".%?ﬁ.‘c}t)na'b show the presence of
aucrose as a degradative preoduct of raffinose utilization,
événthaugh fructose, glucose and galactose were detected.

This could be ascribed to the higher levels of ﬁ} “Pefructofurano-
sidase activity in bacteria compared to A ~-galactosidaze
activity during utilization of raffincse in this culture.

The degradative products of melibiose and sucrose uﬁiiization
are ghown in Figs.18 & 19, When the culture filtrates were
analysed after e hours of growth, the complete disappecorance
of tri- and dj.asiccmrides was Obgerved as shown in Figs,.i/-19-4¢,
indicating a complete utilisation of sugars, |
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F1G,17 : Gas chromatograms of products of raffinose
utilization by Daglllus ap., I,
at (a) O h. growbh and (b} 6 h growth.
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3 = glucose;
4 = phenyl /B-D-gmamidﬂ (interval stendiapd);
5 = sucrose} & = pelibliose
7

= raffincse.



F16,18 : Ges chromatograms of products of melibiose
utilization by Decillug sp, I, at
(a) O hr growth and (b) 6 h growth,
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betectlon of rafiincse hycrolysing cazyme system In Bacillus sp.Is

Data given in Table~83 and Fig.13 show that raffinose
in the mediun wag utilized completely during the growth of
Baglllus gpe 1. This suggests that bacteria possess enzymes
which hydrolyse raffinose family of oligosaccharides., Studiss
wvere therefore carried cut to investigate the cspzcity of the
culture filtrate and bacterial cell free extract to hydrolyse
raffincse in yitro. ‘

is discussed in the 'Introduction' (Chapter-l),
ol ~galactosidase and invertase are the major enzymes responsible
for the breakdown of raffinoge into glucose, fmctaseingglacwsa
in bacteria, Therefore, these two enzymes were iavestigated

during the preseant studles on Bacillus sp, I.

FPor this experiment, bacteria were grown in raffinose
vroth for 6, 12 and 24 hours. The culture waes then centrifuged
at 3,000 xg for 10 min at 4%C. The supernstant (sN,) was
coliected separately and the cells were suspended in buffer and
disrupted (details of the method are described earlier) and cell
homegenas‘;é (Sﬁé) was prepared, This hémogenate was then centri-
fuged at 20,000 xg for 45 min end the supernatant (SN3) was
collected., All the samples (sN,, 8N, end SN;) were then assayed
for the presence of raffinose degrading enzymes.

Deta given in Teble-87 indicate that the culture filt-

rate (Sﬁli) did not possess ~-gelactosidase or invertase activity



300

whereas cell-free extracts (SN, and 'SI‘IE) exhibited activities

of both the enzymes. Since both the enzymes were absent in
culture filtrate bul present :'m’ cell free extract (SN, and 3155)

it was concluded that in Bacillug gp. I, -galactosidase and
invertage are intracellular and cytoplasmic. Raffineose hydroly-
sing micro-crganismg have been reported from several otler sources
also as deseribed in Table-20, The intracellular lccalization

of ol ~galactosidase has been reported in E, Coli (Schmitt and
Rotwam;, 1966; Schmid and Schmitt, 1976), B, steacthermoohilus
{Pederson and Gocdnan, 1§80). Pedigcoccus sp. (Gonzalsez end

Kunka, 1986), Micrococcus SDey g,a_é_;m spe (Akibe and Hsrikoéhi,
1976), lectobacilius sp. (Eital et al, 1973) and Mongscus pilosus
(Wong et 81, 1986). In contrast to this, extracellular o -galacto-
sidase has been reported In S, carlsbergenais (lazo gt al, 1973),

Ivonoporous cinnabarinus (Ontakars et al, 1984), Bacteroides
frogilis (Berg et al, 1980) eétc, Invertase is found to be
extracellular m.; gecreted into the medium in.yaasts {Wickerham, 1958;
Iizuka snd Yamamoto, 1972) and molds (Mandels, 1956; Maruyams and
~ Onodere, 1979). ={ -Galactosidase in most of the eukaryotic organi-
sma is present in aoluble fraction (Dey and Pridham, 1972).
liowever, the same enzyme has been aleo reported in particulate
fraction of remals of pig (Debris e} al, 1962) in mitochondrial
frection of rat brein (Subba Rac and Pleringer, 1970), in membrane
fraction of bovine liver (Fleischer end Fleischer, 1963), in
chloroplast, mitochondrial and mierosomal frection of spinach
leaves (Gatt and Baker, 1970) and in cell wall of several plent

tissues (Thomas and Webb, 1979; Aszamizu et al, 1981).
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Further studies on o -galactosidase and invertase
were carried out using cell=free extract of Bacilius sp, I.
Teble-38 and Figs. 21-25 give the optimum conditions required
Tfor the maximum activities of both the enzymes during the
cassay. Ihe optimum pH for A ~galectoslidasge and invertase was
found to ve 7.0 (Fig.21). The optimum subsirate conceniraticn
for o -galactosldaze vwas 1.0 ).unolas ot A, =PNEG wmfeﬁsz for
invertase, 1t was 10.0 pmoles of sucrose (Fig.22). The enzyme
activity was linear upto 10 minute of incubation in the case
of « ~galactogidase and 30 minutes in the case of invertase
(Fig.23), The enzyme activity was proportional upto 50 PG
e the crude protein in the case of o~galactosidazge and
300 pg of protein In the case of invertase (Fig.24).
The optimum temperaturs for both the enzymes was faund to be
37°C (Fig.25).

Results on the stability of raffinose hydrolysing
enzymes of Becillus gp. II in crude extract are presented in
Table-89, when the crude cell=-fres extrect of bacteris was
stored at 7-8°, both -galactosidase and invertase activitly
were reduced after 6 h storags. Addition of 2-mercaptoethancl
(1 m¥) to the crude enzyme extract increased the stability of
both the enzymes. Hence for further axperimenta 2emercaptoe-
ethanol was added to increase the stabllity of enzymes.
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IABLE~BE : Optimum conditions for the activities of
o »galsctosidase and invertase of Zacillus sp.le

i A =galactogidaze Invertase
Cptimm pH 70 70
Optimum temperature (°C) 37 : -1
Period of incubation »
for amsay (min.) 10 30

Cpilmam enzyme . .
concentration 50 300
{ ug protein )

Optimum sabstrate
concentration 140 10,0
’ (nmoles)
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Cultural conditions and nutritional reguirement for meximum

production of raffinose hydrolysing enzymes by Bacillus sp.l 3

Before carrying cut purification of enzymes, studles
were carried cut to find ocut the optimum conditions under which
Bacilius sp, I will synthesize maximum amount of oA -galactosi-
dese end lnvertase in the cells, The results of these studies

are presented in Tebles~90 to 99.

It can be seen fran the dats presented in Teble<90
that organism showed the meximum amount of growth end product-
ion of boih the enzymes when the initial pH of the medium wasg
6.5 to 7.0. As far as the effect of amount of inoculum added
is concerned, 1t showed dinear increase in growth of béctar*ia
~ and both the enzyme production, upto inoculum size of &4 x 10°
cel;s/ﬂaak {Table~01}. Data on the effect of period cf
ingcubation (Isble-92) show that production of both the enzymes
were optimum at 12 hr of incubation time. Llata given in )
lable~33 show the effect of rafflnose concentratlon in the
nediun on growth and production of enzymes, 4 linear increase
in growth end production of enzymes was observed till Q.46 of
raffinose .m basal mediumn. Raffinose concentratian higher
than 1.0% inhibited the producticn of both the enzymes, ocut
with a very high increase in turbidity. Deta given in Table-94
show tlhet seration of the culbure during incubation signifie
cantly increased the growih as well as producticn of both the

enzymes,
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The effect of glucose vag studied by sdding different
concentrations of glucose in raffimose broth during the growth
of bacteria, Data presented in Table-95 indicate that at
higher concentrations (more then 0.4%), glucose inhibiteq the
production of both the enzymes with concomltant increase in

turbidity.

After determining the optlmum culturel conditions for
the growth of Bacillug gp, I and grgéuctian‘0f¢£pgalactosidase
and invertase an attempt was made to étuéy the nuitritional
regquiremnents of bacteria and effect of other components present

in L. sativus sceds.

2o icane

Different sugars were compared for the growth and enzyme
production. As shown in Table-56, melibiose, raffinose, stachyose,
and galactose could induce produchion of oC -galactosidase,
whereas invertase was produced during growth in almost all the
. sugars tried except in case of cellulose, cecllcobiosze and
lactose which were not raadiiy utilizable by the bacteria for
their growth, Studies were made on the effect of substituting
amponlum sulfate by various other nitrogen sources (Tébled;?).

411 the ammonium salts tried gave the sgame amount of growth
as well as enzyme production whersag ursa inhibited growth and
production of enzyme. OCrganic nitrogen sources viz. peplione,
yeast-2xtract and casein hydrolysate increased the growth of
bacteria;_but did not increase the production of both enzymes

significantly.
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ihen the | effect of different vitamins was studieg,
1t wag'found that none of them significently sffected the
growth of bacteria as well as production of raffinose hydros
lysing enzymes (Iable~98), Table~39 gives the data on effect
of additim of different amino acids (which are present in
legumes} to the meﬁium. it was found that addition of amine
acids did not affect the producticn of raffinese hydrolyasing
enzymes in Bacillus spe 1.

In sumary, Bacillus ape. I grow well and produce
raffinose hydrolyeing enzymes in & basal salt mediun conteine
ing 0,5¢ raffinose, when initial pH of the medium adjusted to
740 and incubated at 30 for 12 h. The vitemings, and amino
acids camé:énly ‘present in leguwes do not affect the production

of raffinose hydrolysing enzymes.
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studies on regulation of raffinose hydrolysing enzymes
production in Bacillus gp, 1 :

A1l known regulatory mechanismns in micro-organisms are
rediated through allosteric proteins, the activity of which is
gltered by binding of spall meleéules.~ Hence they serve as
sensitive cetectors of the intracellular concentration of key
metabelites and modulate the overall metabolic activity of the
cell in such 2 mammer as to maximize the rete of growth, by
ensuring the conversion of nutriente into cell material with
meximal efficiency. The key regulatory mechanisms in bacteria
are end product inhibition (e.g., feed back control of pyrimidine
synthesis), enzyme incduction : negetive control (induction of
#iﬂgalactosidase), enzyme induction : positive control (iaducte
ion of enzymes thet metabolise arabinose), catabolite repression
{glucose represgsing of <43—galact&51dase synthegis) and end

product repression. {(cf. otanier)gT984).

' The growth rate of a bacteria is strongly regulated by
its nutritional; chemical and physical enviromment. In larger
perspectiVE, the control of growth rate involves a number of
faé%ors' the transport of nutrients into the cell and their
distribution thrcugh the pathways of intermediary metabolism,
synthesis of specific proteins, regulation of synthesis of the
components of protein forming systems and control over the
processes providing for the growth and division of cell wall

and replication of genome (Donald Nierlich, 1978).



Lnzymatic adapiation hag been known for a llang tima
in bacteris, yeasts and molds (Stanier, 19%1). Since the
pioneer studies on B-{galactosidase fron B. €oli (lMonod,1947;
fioncd e} al, 1951) extensive knowledge hasg been gained on the
inﬁiucticm and catabolite repression of the aynthesis of this
enzyme and ’cirk‘e'e.ffect of glucose (“catabolite repression®)
(Megasanik, 1961; Schwartz and Beckwith, 1970). Now it is
believed that catabolite re pfessicm in hacteria is mediated
by cyclic AP and intrecellular receptor CAP protein
{de Crombrugghe ¢t al, 1971). However, the role of cANMP es’
the unigue regulator has been challenged (Dessein et al, 1978a,b).
Latabollte repression hes also been found in yeast invertase
production (Gascon and Uttolenghi, 1972), but here sgain the
role of cAMP is the subject of controversy (Sy end Ritcher,
1972; Vender Plat, 1974). Regulation of d"mgalﬂctOSid&SG angd
invertase production in micro-grganisms at ’transcriptienai énd
tranglational level has been studied by use of inhibitors viz.
B-hydroxyquineline (¥razer and Ceanor, 1974)s S-flucrouracil
{Kepes, 1963), chloramphenicol (Elorza gt al, 1977), 5-fluoro-
deoxyuridine, 5-azoguenine, actinomycin-d, cyclohexamide
(Habeshwari et al, 1983) and temperature sensitive mutants

1, 1982).

L

(Martinez et

in the presgent experiment, an attempt wasg nmade to
s*éudy the regulation of procuction of o -galactosidase fram
raffinose degrading, Bacillus sp. I. The experiment presents

an evidence of inducition of ¢ -grlactosidese at transcriptional



level using rifampicin as an inhibitor of traascription.
Rifampicin, the active semisynthetic derivative of rifamyci.n—-l_‘:\
inhibits the syntlwsis of all cellular RNA in susceptible
becteria while DNA synthesis is unafiected (Calveri%\giféés) o
Since 1t forms & tight complex with bacteriel DNA dependent
KA poiymeraae and inkibits t'ranscription, itk can hbe uged to
understend the regulatory mechoniszma in bhacteria. 4

| Figs.26, 27 & 28 show the growth and levels of raffie

nose hydrolysing enzymes when Bacillug sps 1 was growa in bassl
salt media crmtaining different sugars a;s' 107 gource. When the
growth of bacteris in different sugers wés compared, it vas
found that it wes more in case of glucose and sucrose (F1g.26).
Among the sugere studied, raffinose, stachyose, melibiocse and
galac'tmw induced the preoduction Of < -galactosidase, CGlucose
and sucrose did not induce the production of <C-galactosidase,
eventhougn the growth was highest in.presence of both the sugars,
(Fig.27). The induction of o< -galectosidase was increased
when the growth of cells was increased in the case of galactose,
raffinose, melibiose and stachyose. The kinetics of iavertas
production by Eacil;_.gg 8ps I grown on various sugars is shown
in Fig.29. Cells incubated in the presence of all the sugars
showed production of invertase indicating that the synthesis
of this ehzyma is congtitutive in Bagjillus ap, Z. Cells grown
wlth sucroge ghowas &n early synthesis of inveritase during the
growth of bacteria compared to the other sugers. Syathesis of
L =~galactosidase ‘tock place in ceélls grown in gadaciose or

L-U=galactose containing sugars (Fig.27). Cells incubated
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Feriod of incubation (h)

Growth of Bacillug sp. I in presence of various
CBUSArs, '

Cells were growa in . basal salt medium containing
following sugars es carbon scurce : raifinoge (0-0),
melibiose (#--—74), stachycee (A _4), galactoge

(O D), glueoze (30}, sucrese (#—8),
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Enzyme sctivity (pnits/ml)
_ o © .
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Period of incudatian (h)

Effect of carbon sourcés on X -galactosidame

production during growbth of IZscilius sp, 1.

Cells were grown in besal medium coctaining followe
ing sugsrs mg carbon source : raffinose (oo, .
meliblose (H--+), stachyocse (4—2), galactose
(A_a ), glucose {O__0), sucrose (e—» ),
Enzymatic ectivity expressed as unite per nl of
culiure,
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e 06
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Enzyme activity (units/ loq Cells)

0,02

0.01

1 2 3 & 5 6
Period of incubatiam (h)

FG.g8 ¢ Effect of carbon sources i -gahctoaiéase proauction
guring growth of Becillus gp, I. Cells were grown in
basal meddun containing following sugars ss cerbon
source : raffinose (0o}, melibiose (+ __¥J,
stachyose (a_a), galectose (A-4), glucess (00},
sucrose (&9 ). Enzymatic activity ia expressed as
enzyme units per of cells,
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with melibiose showed highest activity when the values were
expressed as enzyme units/cell, wherems stachyose, raffinose
and galactose showed the same levels of induction of |

o =galactosidase but lower than that of melibiose (Fig, 28);
Tius it can be concluded from these data that o ~galactosidase
is an inducible enzyme whereds imﬂartase is a constitutive

enzyme in Bacillus Spe Lo

The effect of glucose was studied on the growth and
production of ol -galectosidase and inver’case; to see whether
the regulation of production of fthese eénzymes occur by cata-
bolite repression, UWhen the cells were grown in presence of
0.15 or 0.5% gluccse in raffinose broth the diauxic growth
pattern was not seen (Fig.30). ¥hen oc~galactoaid§se activity
was plotted against period of incubation, it was seen that
induction of enzyme weas not affected by glucose, when the cells
were grown in raffinose ‘broth (Figs31). Similar results were
cbtained with invertase also (Fig.32), These experiments
suggested that glucose did not bring about any catabolic repre-

gsion on the synthesis of oCe-galactosidase or invertase.
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Tuebidity (U.D, at 66Q nm)

Feriod of incubation {h)

FIG.30 s+ Effect of glucose o growth of Bacillus sp. I when
grown in reffincse broth.

Combrols without addition of glucose are represented
a5 (0—o). Ixperimentsl with sddition of 0.4
giucose are represented as (#-..#) and with

0.5 glucose are represented as (e—e),
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Y  a— 1 T T
1 2 3 4 B b
Feriod of incubation {

‘Bffect of glugope M g.cvcmcti.m of oc-galactcsidaa@
when. s.acillus 8pe 1 was growy in raffinose broth.

Controls withoub additian of giucose are repre a@nted
as (0—o). Lyperimental with additicn of 0.1% glucose
ere represented as (#--%) and with Q.55 glucose are
represented ag (e—0 ),
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i’i;nzym activity (ualisg/ =)

Il 1 | I U

1 2 3 4 % 6 7 8
Perioc of ingubation (h)

F1G.32 : BIfect of glucose on producile of invertxse
when Zscillus spe 1 was grown in rafiincss broth.
Controls without addition of glucose are
reprégented 28 (00 ). Experimental with Q.14
glucose are reprosented as {¥---) azd with
0,50 glucose are represented as {o—0 j,
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Effect of rifempicin on oL -galactosidase induetion

In order to study the regaulation of production of
= =galactosidase in Bacillus sp. I effect of rifampicin on
induction was studied assuming the molecular mechanisms of
< ~galagtosidase production can teke place at several levels,
viz, transcription of INA into o -galactosidase mRNA;
mRNA translation into enzymic profeinL. Xha affeck of

IThe effect of rifampicin on the induction of this
enzyme was studied with a view to understand whether the
induction of this enzyme was regulated at the level of transcri-
ption., For this experiment it was necessary to stendardise the
concentration of rifamp;fcin required to inhibit RNA synthesis
and not protein synthesis, Flrst, the effect of rifamplcin in
protein synthesis was studied by incorporation of radicective
c"‘«lauc:mﬁ into protein by cells during their growth. It was
- found that rifsmpicin at 50 ug/ml concentration did not inhibit
synthesis of proteins, but at higher concentrations, 1t affected
the incorporation of Q%uleucine into proteins in Bacilius Bp, 1
(Fig.33)s On the other hend, RNA synthesis, as determined by
incorporation of (H3) <aridine, was severely affected by rifem-
picin at 50 pug/ml comcentration as indicated in Fig. 34.

(The details of this experiment are described under 'Materials
and Methode)., Thus it was evident from this experiment that
rifempicin at concentration of 50 ng/ml affected transcription

of mANA but not translation of proteins of Bacillus sp, I.
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10,0 ~

Uptake of “"‘-—1&;01:1& {cpm = 103/m1 ¢i cells)

reriod of imcubation (minutes )

FIG,.33 Lffect of rifempicin concentratian on incorporaticn
of ““C~1abe1hd leucine into proteins during

growth of Zacillus sp, I in raffinose broth,

Lontrods without addition of rifeupicin are
represented as (O—0 ), Experimental contained
following concentration of rifempicin : 10 ug/ml
(¥k--—+), 20 ng/ml (@—w ), 50 pg/nl (AH_A),
100 pg/ml (A_A ) and 200 pgfal (0.0,

L2
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e
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15 30 45
Period of incubation (mimates )

Effect of rifampicin concentration on incoerporation

of Iy uridine into R4 during growth of Becillus sp.l
in raffinosze broth. «
Controls without addition of rifsmpicin are représented
as {0-0 ). Experimental contained following concen-
tration of rifempicing 10 peful (¥-+4 ), 20 mg/ml (*—e),
50 pe/ml (A—a ), 100 pg/mk (A—4 ) snd 200 wg/ml
(O-_0Je
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For further studies this concentration of rifampicin was used.
Figs. 35 & 36 show the effect of rifampicin (50 pg/ml) on
growth and expression of ol -ga]astc{sidase. When rifamplecin
was added af; different time inte:vala during tk?r %c%gn oi
=C-galactosidase, it was found that the further/induction was
inhibited. Thus it can be concluded that addition of rifame-
plcin which will inhibit only transcription and not itrsnslation,
during the growth, inhibited the production of = ~galactosidase
suggesting that the production of this enzyme is at DNA level
or of q;alaétosidaae synthesis is dependent on DNA synthesis,
Thig interpretation is based on the fact that rifanpicin inhibits
transcription of DNA function directly inhibiting RNA polymerase
by covelent binding with ‘ﬁ' subunit of the enzyme (Burgess,

1969). Thus the repressive effect of transcriptional
inkibitor on the inducible appearance of C -galactosidase
aétivity in cellé is indicative of %"de novo" gynthesis of the
enzyne .

Thus the present experiments suggested that in Bacillug
8ps I oC -galectosidase 1s an inciucible enzyme, synthesis of -
which is not regulated by caetabolite repression. In contrast
to this invertase production seems to be constitutive in
Bacillug gpe I which is also not under the control of catabolite

represgion, -

Alpha galactosidage have been found to be inducible in
various other bacteria also viz. £, Coli (Scrmitt, 1968;
Kawamura et al, 1976; Koppel et al, 1953), Asaerosenes
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| Indicates time for addition of rifenpicin,

Beciilus sp. I in reffinogs broth.
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(Hogness and Battley, 1957), Microcccgus sp. (Akiba and

Horikoshi, 1976) and B, gtearothermophilus (Delente et al,1974).
However, constitutive synthesis of o(;v-ﬁgalactoaidase have been
reported in lactobecillus sp. (Mital gt al, 1973), B. steare-
thermophilus NCA-2184 (Mosely, 1976), D. pneumonise (L1 et al,
1963). Alpha galactosidese from yeast S, carisbergengis was
originally described as an adaptive enzyme (Lindergren et gl,
19443 lazo g_?, aly 19773 1978) whosge s.ynthesi# was dependent on
the prepence of ganlactose residue cf{-galactosidg{ . The present
experiment also shows that galactose as well es sugars contain-
ing ¢ =galactosides serve ag inducers for the synthesis of

< ~galactosidase in Bacillus sp. I. Similar observations
~were made in yeast for the synthesis and secretion éf this
-enzyme (lazo et al, 19%1; Gascon ¢i 81, 1973; Kew and Douglas,
1976). 1In 8§, carlsbergenesis besides galactose and the substrates
of enzyne melibliose, raffinose and stachyose, D-galacturonic acid,
L-arabinose, D«tagatose, methyl Q(‘-D-agalacto:zide, lactose and
isoprogyl=~ 8 =D-thiogalactoside (IPIG) also induced the

synthesis of of -galactosidase (Isabel et al, 1981), It was
found that meolecular structure similar to galactose may be
required for the induction ¢f ¢ --galactaaidasel in yeast,

However, Broach (1979) suggested 1:§1at the actual inducer of

=C -galactosidase ism an intermediate of galactose metabollsm.
invertases in yeasts and molds are synthesized constitutively,
‘regardless of the nature of carbon scurce in the medium

(Lavies, 18533 Metzenberg, 1962; Dodyle and Rothstein, 1964;
Iizuka and Yememoto, 1972). However, inducible nature of this
enzyme has been reported in thermophilic fungis - Ikermomyces

lanuginosus (Meheshwari et al, 1983).
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The ope;:'on model of gene regulation as conceived and
developed by Jacob and Monod (1947) and their collzaborators was
a scheme of reguletion of 7@ «galactogidase baged exclusively
o & systen of negative control derived from thetlac'! operon
in £, €01}, Subsequent work has shown that all x;agnidly
me'taboliéable energy sources repress ‘thef formetion of enzymes
necessary for the dissimilation of ensrgy sources that are ‘
more slowly attacked and the pbencmenon now known as 'catabolite

represgion®,

ﬁowvér, in the present experiment, glucose did not
have any repression effect on the synthesis of either
oL =galactesidase or Invertase of Bacillus gp. i, suggesting
that the regulation of production of these proteins might not
be controlled by gl:\.\cosé although glucose itself could not gilve
production of odugalactpaidase. In contrast to the pregent |
findings, oC. ~galactosidase from 3. steargthermophilus
(Delente et al, 1974), 4, aerogenes (Hogness and ‘Buttley,’igfﬂ)
and 'mel! coded =L -galactosidese from &, €oli (Burstein and
Kepes, 1971)' are .'pz‘aduced under the control of catabolite
repression. Although, the plasmid codedoc -galactosidase which
ls determined by 'raf'-gene is not under the control of catabo-
lite repression in E, Coli (Konishi et al, 1985). Detailed
studies carried ot bjr Burstein and Kepes (1971) reported that
in E, Coli melibiose operon is an inducible system and is under
the control of itransient snd catebolite repression and the

tranasport of melibicse is under the control of inducer exclusion,



fowever, recent studies carried ocut by Ckade et al. (1981)
suggested that inducer exclusion alone is sufficlient in
preferential utilization of glué ope over melibiose in dlauxic
growth of E, €oll. Regulstion of L ~-galactosidase gynthesis
is studied in detsil in yeast by Martinez et al. (1982) and
showed that in the simultencous presence of both gelactose and
glucose, the tranﬁcription of oL =~galactosidase mRNA ls blocked,
| regulation is by catebollte repression. In their experivents,
glucose alego interfered with miRNA tranaletion, but the degree
of inhibition depended on concentration and time of addition
of hexose to the induéed cells, These group of workers also
showed that antibiotic 'cerulenin’ which inhibits synthesis of
dipids also blocks secretion of exocellular oc-—ggliacmsidaae‘
in 5. cerevisize as & consequence of changes in the cell at the
Jevel of transport or &t the level of msinn of carrier veaij-

¢les with the plasms menbrane,

The regulation of invertpse synthesis through catabolic
repression in yeast and Neurospora is well documented (lampen,
1971; Meyer and lMatile, 1974; Iglesias et Q._, 1980} . In yeast,
invertase is gynthesized in the cyloplasm and after the glyco-
sy}atian,' it is secreted by an unknown process (Creanor and
Hitchieon, 1975). In S. cerevisime, cells synthesized invertase
in media contalning maltose or sucrose, whereas in the presence
of glucose synthesis of enzyme took place when sugar concentrae
tlon was lower than 9.0% (Elorza gt al, 1977). It was shown by
i;he seme groaup of workers that catabolic repression uf'the

invertase synthesis produced by glucose operates at the levels
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of transcription and translation and causes increase in the rate
of mRNA degradation. However, later on it has be¢n suggested
that the effect of repression by a;:!ucvose an invertase synthesis
occurs at the level of translation (Chu and Maley, 1980).
Glucose has no effect on gecretion and cetalytic esctivity of
invertaze in yeast (Elorza et al, 1977).

Burification, charscterization and kinetic studies of
« ~galectogidase and invertase frem Bacillus sp, I s

‘o YGelactogidese and invertase fran various sources hawe
been isolated by conventional methods of extraction of proteins.
The common techniques used for purification of o =galactosidase
include ammonium sulfate precipitation (Malhotra and Dey, 1967;
Behl and Agrawal, 19693 Suzuki et al, 19703 Dey st al, 1971),
organic solvent precipitation (Petek end Dong, 1961; 14 et g}_.‘,
 1963), heat- treetiment (Li et al, 1963; Suzuki et al, 1970),
scidiricetion (Dey and Pridham, 1968; 1969%, ion exchange chrapae-
tography (Coleman, 1968; Bahl and Agrawal, 1963; Dey et al1,1971;
Schmid and Schmitt, 19763 lazo et al, 1999, gel filtration
chromatography (liadacove and Beneg, 19773 Williams et al,1978),
and isocelectric feocusing (lee and Wacek, 1970).

The seperation of multiple forms of plant <=galactosideses
hzs been cbtained by applying methods that resolve macromolecules
gccording to their molscular weights, ionic characteristics,
electrophoretic mobility and isocelectric pH (Dey and Campillo, 1984)
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. Affinity chrometography has proved successful for purifying
several o<{-~galactosidases, melibiose sepharose and melibiose
agarose were used for purification of plant < -galactosldase
(Hapes am-Sweeley; 19733 1978; Campillcg%ﬁd Shannon, 1982).
In these cages the bound enzyme was eluted with solutions of
Degalactose or p-nitrophenyl oC-D-galactoside. In several
instances, Con=i Sepharcse was employed as an affinity adsor-
bent (Dey et al, 1982; 1933), which reiarded those glycc)pratein
< -grlactosidages with glucose/mannose termini on the protein.
The eluting medium in these cases was methyl- & ~Demannoside
or methyle ol«D=glucoside. One of the sateps in purification of
Pnemococ;gﬁ; <L =galactosidases involved adsorption of the enzyme
on mmen blocd cells, where enzyme showed an affinity for the
=L =D=galactosyl residues of bloog greup '8! substance (Li and
Shetlar, 1964).

Some microbiel invertases also have been extensively
purified to homogéneity, mainly nfro;a yeast (Gascon and lampen,
1968; Nisizawa and Heshimoto, 19703 lampen, 1971) and Fusarium
enzyme has been crystallized (COnodera and Maruyama, 1979).
in yeast, a number of enzyme forms were detectsd in the culbure
£fluid in which the cells were grown (Berggren, 1970; Coloma
et gl, 1975). lany studies on S. gerevigise and Kluyveromyces
merzlemug have weem shown that invertase is synthesized within
the cell and exported ascroass the plesmalemma, Most of the
mvertamé of fresh baker's yeast (Arnold, 1972) or of brewer's
yeast (Villiams and '»'s’iéeman, 1974) are released into solution
by mechanical disruption of the cells. Only partial purlificie

tion of some of the plant invertases has been reported
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(Arnold, 1965; 1966; Kato and Kuboia, 1978). The glycoprotein
nature of some plant invertases made it possible to dgmonaﬁrate
nicroheterogeneity by using affinity difference toward immobiw
lized lectins (Faye, 1981; Fayg%%éaz).

As described earlier, in E, Coll, plasmid coded
A =galactosidase had different prepertiesv from that coded by
chromosomal DNA (Schmid and Schmitt, 1976). In the present
investigation, since a strain of Bacillus sp., I isolated from
gtored soybean grains could utilige stachyose, raffinoss and
melibiose with concomitant production of «« -galactosidase and
invertase, it wes of interest to purify end characterize these
two enzymes, Therefore, during the present studies a culture
wasg grown in raffinose broth and bHoth the enzymes were purified
to homogeneity as described under 'Materials end Hethods'.
later on the proﬁ:erties of raffinose induced - ~galactogidase
were compered with o -galactosidase induced by melibiocse.

The purification of =< ~galactosidase and invertase
from Bacillup sp, I is summarized in Tables-100 & 101. Using
different purification tecliniques viz., ammonium sulfate
" preciplitation, gel filtration through Sephadex G-200 and
ime-exchange chromatography using UisE cellulese, hydroxylapa-
tite and QAE Sephadex cblunms, =< =galactosidase and inveriase
were purified from & strain of Bacillus gp, I to 304 and 232
felds- respectively owver Aths: crude homogenate, The detall
procedures for the purification sre described under 'Materials
&nd Methods'. Data given in Tebles~100 & 101 show that the
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recovery of ol -galactosidase was 22% and that of invertase
was 28% mfter purification.

Fig,37 shows the elution pattern of both the enzymes
when ihe enzyme préparation was losded on Sephadex G=-200 column
after precipitation with emmonium sulfate, It can be seen from
the flgure that during present investigation it wes possible to
separote out < -galactosidase and invertase from the same extract.
The enzymes were éepamtely pooled from thls step and purified
further, These findings are interesting because lazo et 81.(1977)
could not separate external invertase and o<¢-galactosidase fren
the same crude extract preparation of S, carlsbergeneals using
Sephadex G=200. During their experiments, the ratio of |
ol -palactosidase to invertase remained congtant throughout their
pu:ii‘ication procedure and only after the pariial degradation of
invertage, the contamination of invertase was reduced.: In the
pres;ént investigation since both the enzymeas were not copurdified,
it was clear that there could he a significant differerce
between the molecular weights of of-galactosidase and invertase

of Bacillug sp, I.

Figs. 38 & 39 show the elution pattern of oL -galactosidase
and invertese when they were loeded on DEAE cellulose columns
respectivwely. Both the enzymes were eluted out at 0.3 NeCl
when a linear gradient of 0.1M to 1.0M NaCl was applied oato the
columns to elute out the enzymes, Hydroxylapatite columu slgo ,
could bind both the enzymes and they were eluted out &t O.2M
écdixmx phosphate buffer (pH 7.0) as shown in Figs, 40 & 41_.
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Figs., 42 & 43 ghow the elution pattern of < -galactosidase

and invertase when they are loaded on second DEZAE-celluloea
colunns, |

=C <Galactosidamse purification was further achleved by
loading pertially purified preparation onto QAE Sephadex column.
Blution pattern of <C-gelactosidase on OAE Sephadex shows thot
bound enzyme was eluted oubt with 0.4M NaCl when & linear gradient
0f 0.1 to 1,0M NaCl was applied onto the column (Fig.44).
The purified enzymes were further dialyzed against 50% glycerol
and concentrated and atored at -20%. for further use.

opeyties of the rified enzymes i

Data given in Fig.45 indicate that —-galactosidase and
invertase isolated from Bgpgillus sp, I exhibit meximum activity
at pH 7.0, in 50 oM sodium phosphate buffer when«£PREG was used
as a substrate, eventhough therc waz 10-25% of aétivity g’c acidiec
pHs This pH profile of enzymes show that they were most stable
at neutrel ph in 50 m sodium phosphate buffer at 37°0. At the
seme time, Tris~iCl buffer 50 mM pH 7.0 mhibited activity of
both the enzymes, There are very few bactemal oL mpalactosidases

{(3chmid and uchm:l.tt,w%),
reported with neutral pH optimum viz, from &, @oli,é s Stearothere

mophi (Pecierscn and Goodman, 1980) : Wicgococcocua BDe
(Akiba and Horikoshi, 1976), C. rolfsii (Xaji end Yashihﬂ:ﬁ;t,‘t?)’?«?),
E. oli subsp. communior (Kewemura et al, 1976) and Bactercides
ovatus (Lxmrar@.ni ct al, 1985). Most of the otegalsctosidases
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isolated from bacteria, yeasts and molds show optimum pH in the
range of 3-0 e.g. oL -galactosidmse from Cladosporium cladoégo—
roides (Cruz et gl, 1981); Aspergillus orvzae {(Cruz and Parlis,

1982), lactobacilli (Mital ef el, 1973), By CHODOXuS £Rs
{Ohtakera et al, 1984), S. carlsbergensis (lezo et al, 1978)

- and Monascus pilosus (Vong gt al, 1986). oL -Galactosidase from
plants and enieals also have pI:: optimum In acidic range e‘g. M
Phaseolus seeds (Agrawal and Bahl, 1968), Vicia feba (wy_,@969bJ
Dey et al, 1983), hlfalfe seeds (Jakatoshi et al, 1979), rat
brain (Subba Rao and Pleringer,. 1970), rat kidney (Gillmen el aly
1970) and rat uterus (Coleman, 1§68). Pecause of the stability

of plant o(.~ga1actomdaseq at lower pH, lowering the pH of the

crude extract to 3-4 is often used to precipitate storage

proteins In the initial stages of purification.

Invertases from most of the microorganisms have pH
optimum in acldic range (Dey and Campillo, 1984). Invertase of
He crasga hag broad pl optimum from pH 4.5 to 6,0 (lampan,?él?? Je
In yeast, the pH stebility curves for the external and internal
invertase forms differ mariedly (Gascon gt al, 1968).

The external enzyme ls inactivated at pH 8.0 and above, but it
is stable at pi 3.0, whereas the internal invertase fomm is
stable at pH 9‘.0, but it undergoes reversible inactivation at
pi 5.0 or less. The pH optima of the multiple forms of the
-acld invertases from plants are generally close to each other
and similar situation exists for the alkaline forms (Dey and
Campillo, 1984). Dey (1986) has reported high levels of

alkaline invertase activily in dormant mung bean seeds, which
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during germination decreages rapidly and is repleced by high

tacid! invertaaze activity.

Fig.46 shows that both the enzyme activities increazed
with the increase in temperature and were maximum at 37%
Above 37°, the activity decreased as the temperature was relsed
further,. The optimum temperature for most oX ~galagtosidases
is in the range of 37-40° (Ulezlo and Zaprometova, 1582)..
=L -Gplactosideses isolated from £, Coli, S, bovis, Diplococcus
pneunonise , Irifolivm repens aend leaves of cucurbite show
opbimum temgeratizm 37¢ for their enzyme activity (Bailey,1963;
Li el dalyiar, 1963; Kewamura gf al, 19763 Schmid and Schmitt,
1976; Thomes and vebb, 1977; Williams gt al, 1978).

The thermal stability of ogugalaétﬂsidasa from Becillus
Bp. I a9 shown in Fig.47, indicates that the eanzyme is fully
active at 37° and retained 55-60% activity upto 40°. Above
this temperature, the enzyme was extremely heat lzbile and vas
completely inactivated at 50°, within 10 minutes., This iz in

agreement with <-galactosidase isgolated from &, €oli, NMicroe

coccus gpe and Bacillus sp. which were also completely inacti-
vated at 50° within 10=15 min (Akiba and Horikoshi, 1976;
Kawarura gt al, 1976) whereas < -galactosidases reported from

Bacillus sbearothermephilius and _ljyg_‘x_zopc;;ous cinnabaré%z S were
thermostable at 75-80° (Delente e al, 19SHy;Chtakara gt al,

1984), oc-Calactosidase from Agpergillus niger (lee gi%tgiﬁ%'io);
Diploccccus pneumcatee (Li gt aly 1963), Vigia fabe (Dey and
Pridham, 19694, Alfalfa seeds (Takatoshi et al, 1975),
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Thermal stebility of purified oce-galactosidase and

- invertase of Bacillug sp, 1.

Lnzymes were incubated at various temperatures for ,
10 min,, cooled and then used for assay.
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Saccharomyses cardsherpene-is (lazo et al, 1578), Cladosporium

cladosporiodes (Cruz et al, 1981), Strephomyces olivaceus

(Suzuki et al, 1566), lorkerella vinacea (Suzuki gt al, 1970)

end Monascus pilosus (Wong et al, 1986) were quite atable at
50600,

ourdng the present inveatlgation, the activity of
~Legalactosidase incressed proportionately upto 0,2 8 0f purie
fied protein (Fig.48) snd upto 10 minutes of incubation (Fig.49)
with ~PHPG as substrate. when melibiose was used as substrete,
the actlvity increased linearly uplo 1 jg of protein {Fig.50)
and upte 30 minm;.ea of incubatlie (Flg.52). When raffinose or
stachyose was used as a subsitrate, the activity increased
Linearly upto<.0 pg protein (Fig.51) and upto 30 minutes of

incubatian (Fig.53).

Figs.b4 to 58a ghow the lineweaver Burk plots of
o{ ~galactosidnge from Bagillug sp. I with different subsirates
fron which tie calcuila%;ezdg gia were 0,5, 8, 36, 66 and 20 md and
Viex values were 8%, 25(}./\ 300 and 76 }:rzz'oless of product liberated
per pinute per mp protein for para-nitrophenyle-C-Degslactoslide,
meiibiase, raffinoge, stechyose end penitrophenyl-sC-D=fucogide
réspectively. When the products of raffinose, stachyose and
melibiose hydrolysis by purifiedocplgalactoaidase' fron Zacillus
sp.] were detected using TIC (Fig.56b), it was found that
ratfinose and stechyose were hydrolysed inte sucrose glucose
and galaetasé, when incubated with the enzyme., vihen eifect of
verious sugers wWas stuﬁiéd o c;at;alytic activity of ‘oﬁ = la0tow

sidase froe Dacllius sp.l, using o=N0G ag subsgtrate, it weas
found thait inesitol, arabinose, gealactosz, welibiose end
raffinose were powerful inhibitors of thls enzyme

in this bagteria at 1-30 mll concentration, whereass
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| FIG4H9 ¢ Effect of pericd of incubation on the activity of

362
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FIGL,50 ¢ Effect of purified oc -galactosidage concentration on
hydrolysis of melibiose. ' 263
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FIG.54 ¢ Effect of puriﬁédoc -galactogidaze concentration an
hydrolysls of raffinoge end stachyose.
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Effect of period of incubetiwn on the hydrolysis of
meliblosge by purlfied c-gnlactosidase from
Lacilius spe 1. *
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slucose and stechyose were less innibitory (Table~102). lactosge
and cellobiose et 1-50 mi did not affect the catalytic ectivity
of this enzyme, Figs.59 & 60 shows thet galactose and melibviose
were campetetive inhibitors of oL ~galactosidese in the present
investigations, whose Kl values were 0.5 md and 10 mM respectie

vely calouleted from Dixon plot (Figs. 61 & 62). KI values for

L ——" e
- LA

> =Sag 1 Qf mM f=—————3" for the hydrolysis

.

-raffinose — — S
of o -PNEG (Fig.63%). Thue KI values for thege inhibiters, viz.
melibiose, raffinose and stachyose are in agreement with the Km

values of the sane.

Thus substrate studies with < ~-galactosidase of Bgcillug
8Rs I show thet it can hydrolyse = -PNFG, melibiose, raffincse,
stachyose ‘and p=nitrophenyle ( =Defucoside. The gi’fini'ty for
=¢.~NeG wag the highest and for paranitrophenyl =< -D=-fucosgide

it was lowest among all the synthetic substrates studied (Teble-103)

Data given in Table«-'}d:i indicate the hydrolysis of
various substrates, from which 1t can be concluded that « -galacto-
sidase from Bacillus sp. I is a highly specific enzyme for
%«b-glyczosides end does not act on )ES ~egnlactogides.,
The quantitative evalustion of glycon end aglycon specificity
 has been carried out with o -galectosideses from sweet almond
{(Melhotre and Dey, 1967) and ¥, faba (Ley and Pridham, ?959'@
which showed thet the affinity (1/km) cﬁ‘ the enzymes for the
substrates seems Yo depend largely on the siructural changes In
the glycon moeity and follows the order ; ol -D-galactosfdes >

o ~Defucosides p-l-arabinoside. This suggests that one of the
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FIG.54 : Lffect of O(-FUFG concentration on the rate of its
hydrolysis = by (~gslactosidase from Bacillus gp, I.

The assay mixture contained « -PNEG (desired concentration),
2-mercaptoethancl (1 mi) and purified of-galactosidass (0.7 pg protein)
in 50 mé4 sodiwn phosphate buffer, g 7.0 (Totel 1.0 al assay '
system) at 37°, HReaction was sterted by addition of enzyme.

The rete of reaction (V) is expressed as umoles of peranitrophencl
iiberated/min/mg protein. Inset shows double-reciprocal plot of

the data, ' '

/
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FIG,55 3
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Effect of melibiose concentration e the rate of iis
hydrolysis by (Cegelactosidase from Bacillus sp. I.

The amssay mixture canteined melibiose {(desired concentra-
tion), 2e-mercaptoethancl (1 mit) and purified ocegalactoe
sidase (1 ug provein) in 50 mil sodium phosphate buffer,

pH Ta0e(Total 1.0 nl sssay system) at 37°. The reaction

wag gtarted by the addition of enzyme. The rate of

reaotion (V) is expressed as umoles of glucos libsrated/min/
mg g:ratain. ‘

Inget shows double-reciprocal plot of the dats.,
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FIG.56 : Effect of raffincse concentration on the rate of its
‘hydrolysis by oC =galactosidase from Bacillus sp. L.

The assay mixture contained raffinose (desired concene
tration); Zemercaptoethanol (1 o) and purified
ocmgalactosidase { 4 pg protein ) in 50 mil scdium
phosphate buffer, pH 7.0. {Total 1.5 ml pssay system)
at 37*. Reactlon was started by addition of enzyme.
The rate of resctim (V) is expressed as jmoles of
galactose llbereted/min/mg protein. Inset ghows
double reciprocal plot of the data.
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Effect of .aftachyeaﬁ% conceatration on the rate of its
hydrolysis by oC(-galactosidase from Bacillug spe L.

The sssey mixture contained stachyose {desired concentrae
tion), 2e-mercaptoethanol (1 oM} and purifiedC=galactoe
sidage (% g protein) in 50 wll sodium phosphate butfer,
oH TeOu {Total 1.5 nml assay system) at 37°. ieaction was
sterted by addition of enzyme, The rate of reactica (V)
ig expressed as pmoles of galactose liverated/ain/ng
protein. Inset shows doubleereciprocal plot of the data.
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FIG.58a: zffect of weranitrophenyl~ (C ~Deficoside Goncentration
on the rate of tis hydrolyals by (-galactosidase frow
Bacillus spe I.

The assay mixture containgd penitrophenyle o -Defucoside (desired
concentration), 2emercopicethancl (1 mM) and purified OC-zalactow
sidase { 04 pg protein) in 50 mit sedium phosphate buffer, pi 7.0
(Total 1.0 ml assey sysbem) a% 37%, Reoction was started by
addition of enzyme. The rote of reactiun (V) is expressed as

ymoles of penitrophenol liberated/min/mg protein. Inget shows
doauble reciprocal plot of the data.
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FiG.598 @ Lineweaver Burk plot of xegalactogidage for the
hydrolysie of oL -FNPG in the preaemce of hxk
inhibitor (galactose).

The reaction mixture consisting of 0.2— 4.0 mi L-PREG,

50 mM sodium phosphate buffer, pid 7.0, 1 mM percaptoethancl
approprizte amount of inhibitor (galmctose) end enzyme

(in total volume of 1.0 ml assey mixture) was incubated at
37°C for 10 min, — » — 1o inhibitor; — X — <-galactoseé
(05 m); —@ — galactose (2.0 mi). :
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ch@"

. —e— , melibioge (10 mi),

Y -1
‘/(3) (™)

FIG.60 : Lineweaver Burk plot for the hydrolysis of (R -HNEG
in the presence of inhibitor (melibiocse).

The reaction mixture censlsting of 0.2 ~v 4,0 @ OC-FHEG, :
50 g sodium phosphate bugfer, pH 7 a@,. 1 M mercaptoethancl,
appropriate samount of inhibitor (melibiose) and enzyme (total
volume of assay mixture = 1,0 ml) wes incubeted at 37°C for

10 min, —0-— ,no inhibitor; — ¥ — , melibiose (1mi);
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FIG.81 : Dixon plot of C-golactosidase of Baeillus sp. I
 for the inhidition by salaclose,.

The reactlon mixture consisting of G.1 ~ J3.0mH
galactoue, o< =PNEG (desired concentration), 50 mM sodium
ghosphate buffer, pH 7.0, 1 mM 2-mercaptoethancl and
Cegalectosidase (lotal volume of the assay mixturs = 1.0 ml)
wasg incubated at 379C for 10 nimutes,

O v 1 m O PHEGS —- _X -~- 045 mhi oC =HLG,
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C.10 -

FlG,63 +  Dixon plot of OCegalactosidase of Bacilius zp, I
for the imldoition by reffinose.

Details of the experiment were same as degcribed
in logend of Fig.0G1, except raffincsme was used aa
an inhibitor instead of galactose,

1 @l af OCw PNPG
045 11 0f o ~FFG,
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IABIE=10% ¢ Substrate specificity of otegalactosidase
from Bacillug Sp. I.

| ? Km | ( 15 6 %
- Substrate ' oles of produc
Substrate bo(mM) Viberated per min
i | per mg protein)
1 ,
4) penitrophenyle o wDa . 0.50 83
galactosidase
2) penitrophenyle <{ =De »
glucoside (a) (a)
3) penitrophenyle ol ~D= 20 76
fucoglde . :
&)  O=Nitrophenyle ol wDe 1.2 | 70
galactoside ' :
5) m-litrophenyl ' : ,
K=Degalactoside | 75 68 .
6) pe-Nitrophenyle | .
~B-Degalactoside (a) (a)
7) p-litrophenyle
~BeL-arabinoside (a) (a)
8) Melibiose 8.0 250
9) Raffinoge 3640 285
10} Stachyose 66.0 300 |

{(a) = Not hydrolysed
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. @pecific points of attachment of the substrate to the enzyme is
through the primary alcohol group of the galactose structure
(Dey and Pridham, 1972; Oishi and Aida, 1976). During the
present investigation on o¢ -galactosidase from Bacillug sp, +
also similar results were obtained viz. affinity of the enzyme
for oL =Degalactoside “AD-fucogide. The ¥m and Vmax values
0f < egalactogidase duriﬁg pfesenﬁ in#estigation are compared

with o< =~gmlactosidase from various sources in Table-104. ¢

-
kIt has beén knéwn that‘aa-ga;actosidases Yecognize and
require for their action the specific éonfiguration of ~UH groups
at the C-1, 2, 3 and 4 positions of _‘-Dngalactopyranoside.
The cbnfiguration at the C-6 position is also recognized but is
not necessarlly required for the enzyme action (Dey and Pridham..
1972). Tmus <(-D-fucoside (Dey and Pridham, 1969ajp; Oishi and
Aidam, 1976) and B ~L-arabinoside (Dey and Pridhem, 196%a;
Malhotra and Dey, 1967; Suzuki et al, 1970) bhaving D-galactose
cbnfiguration are hydrolyzed by o =galactosidases, although
some enzymes are unable to hydrolyze the latter substrates
(Bailey, 196373 Li et al, 1963). The struéture of ;c-D-galacto~_
pyranoside and related glycosides are as follows =

N

CHa0H
CHyOH ]

CHy H HCOH
. o .
HO HO ° HO . % HO 0
OH Oo-R \OH O~R OH O-R aH 0-R
OH OH © 0N oH
o -D-Galactoside #-D~Fueoside B-t-Arabinoside O-Giycero. -0~

gatactohepioside

V. a-p-Galactopyranoside and related glycosides.
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D-Galactose, L-arabinose and inositol behaved as «
" inhibitors of o<-galactosidase of Bacillus gp., I when
p-nitroprenyl~- o ~D-galactoside was used as a substrate,during
the present studies. D-galactose is a powerful and campetitive
inhibitor of various other of-galactosidases, viz. Vicia faba
(Dey and Pridham, 1969a), alfa-alfa seeds (Takatoshi et al, .

1979), Asgergmllug niger (lee and laeek, 1970}, Calvatia

Shetlay
cyanthiformis (I.a. imfi _,\_f 1964), Diplococeus preumoniae (Li gt al,

1963), Mortirella vinaceae (5Maul; et ol 1979), Bagillus stearo=
thermophilus (Pederson and Goodman, 1980), Saccharomyces

carlsbergensis (lezo et al,1978) etc. In contrast to this,

Akiba and Horikoshi (1976) did not find inhibition of of =galacto=
sidase from alkalophilic bacteria by galactose, but glucose and
sucrose inhibited the enzyme reaction. The action of L ~(galacto=
sidage in many cases is strongly inhibited by L-arabinose
competitively or non-competitively (Dey and Pridham, 1969a;

Dey, 1969; lee and VWacek, 1970; Suzuki et al, 1970), =< -galacto=-
sidases from Pygnoporus sp., Mierococeus sp., alfaalfa seeds and
Streptomyces sp, are found to be inhibited by melibiose and
raffinose either competitively or non-competitively (Takatoshi
et al, 1974} Akiba and Horikoshi, 1976; Oishi and Aida, 1976;
Mitsutomi et al, 1985), whereas oL -galactosidases from some
plants are not inhibited by these sugars (Dey and Pridham,1971).
Lylose and inogitol behaved és competitive inhibitors for some
plant ot -galactosidases (Sharma, 1971; Hankins et al, 1980d).

A highly specific inhibitbon of ot-galactosidases occurs with
myo=-inositol due to similarity in the orientation of -CH groups
at C-2, C=3% and C=4 in myo-inositol to those at C-4, C-3 and
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Cw2 or Ce1, C=2 and C~3 of =< ~Degalactopyranosyl residue of the
substrate (Keleman and Wheljsn, 19663 Sherma, 1971). Glucose,
fructose, mennose and U-ribose do not preduce inhibitien of
of{~galectosidase in the present investigation, which is similar
to othar <X -galactosidases (ct. Dey and Pridham, 1972). In the
present experiment, o(-galsctosidese from Bacillug sp. I did not
recognize P -galactogyl bond thus lactose snd cellqbiose had

no effect o catalytic activity of the enzyme,

_ In the pregent investigation, the rate of hydrolysis
of the substrate seem to be reduced by an increage in the chain
length of oligosaccharides because Kn for melibioge £ raffinose
<. stachyose of o -galactosidase from 3acillug sp, I.
Similar observa’cions were made by several workers for-{ -‘-galécto-
sidases from variocus sources (Li gt al, 1963 Coleman, 1968;
Ley ’&Zld—;\&?d%%z\é% CUighi and Aida, 197@;' Akiba and Horikoshi, 15763
lazo gt al, 1973}, but in many other oC-galactosidases reverse

13 also reported to occur (Courtois et al, 1959; HBailey, 1963},

vata given in Table-~105 show the effect of different
clivalenf cations and other orgenic and inorganic compounds on
the catalytic activities of o(-galactosidase from Bacillus sp. 1.
It wa.s found thet enzyme activity was completely inhibited by
ﬂ.gf, Hg*z, IE":;)""’2 end Cu+2. o «Galactogidase from various
micrnbial- saurces vhawa been ghown to be affected by metals like
ag’, g™, cu*®, ©b*2 ang Fe*? (14 end Shetlav;s 196l lee and
Wacek, 19%0; Suzuki et al, 1966; Cishi and Aida, 18727 Izimig
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koshl, 1976; Schmid and Sckmitt, 19763 Williams

378; Ohtekera et al, 1984). Plant -galacto-

sidases from Vicila faba and Prunus smygdalus (Dey, 1969; ley and

Pridham, 1969)
almond (Dey an
metal iong.-G
legumes (Dey a
are usually in

or noncompetit

attributed to |

resgidues, and
binding of ’ﬁhe
Chinen et al,

inhibited by I
(@lézio and Zaj
and NEM also c¢
during present

sidase require

, splnach leaves {Gatt and Baker, 1970) and suweet

3 Malhotra, 1963) are alsc inhibited by various
nlactosidase from fungi (Chitakera et al, 1984},

nd Pridbam, 1977) and suger cene (Chinen et al,1981)
hibited by silver and mercury ions competitively
ively. The inhibiticn by ;silver iong may be

their reactlion with the carboxyl group or histidine
that by mercury ions may be attributed to their
thiol group of the enzyme (Dey and Pridhem, 19773
1981). '
2ad, zinc, cobalt, magnesium and nickel ioms
brometova, 1982). Other inhibitors like FCMB

aizsed 100% loss of oL =~galactosidase activity

Bacterial « ~galactosidages are also

investigation suggesting that present-gzalacto=

=5H groups for its activity. Contribution of

" sulphydryl gro%xp for the ol -galactosidage activity ls also

shown in Micrococcus sp, (Akiba and Horikoshi, 1976), A, nlgep

(Leee and Vacek, 1970), D. pneumonize (1i et al, 1963),

5. 6livaceus

-

Calvatia cyenthiforms (L4 And

were not inhib

{fuzuki et al, 1

g66) ‘whei*eas‘ AL =galactosidase from
Shetlav;
A* 1964), spinach leaves {(Gatt and

et almond and Vicia faba (Dey and Pridham,196R4-
» Dey, z%@ a?‘
ted by sulplydryl binding reagents. :
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Studi- s were also carried out to find cut the effect oz
various metal ions and other known inhibitors on cetalytic
activity of izéxverﬁase of Bacillus sp. I. Data given in
Table~106 \shois that the enzyme activity was inhibited by
ag*, Hg*?, 1%, cu' and iodide. P -D-fructofurencsidases
from i, m, yeast and plants are also found to be inhibited
by wetals like Zn*?, cu*®, Hg'? and Ag® (lampen, 1974; ilawker,

1980; rressey and Avants, 1980). However, rn*e

haed 8 prote-
ctive effect on sugercens enzyme (Guiroga et al, 1977).

FCME and NEM also completely inhibited the catalytic activity
of the enzymé at. 110 mdi suggesting the requirement of -35H
group in its active site. The thlol group requirement of the
enzyme from Bacillug sp, I is similar with external invertase
of He crassa, which also requires '-SH' group at an active
site, whereas|it is different from yeast external invertase,
which dees not require '-SH! grmé (i%euéam and lampen,1969).
Urea and guanidine-HC1 at 1-50 m¥ did not affect the enzyme
activity, which indicates that the present enzyme might not be

existing in a multineric form. Pyridoxal phosphate which

inhibited invertase of potato {Pressey, 196Y) did not affect

the prosent enzyme as shown in Table-106,.

A «Galsctosidase isolated in the present investigation
wos completely inhibited by 10 md Tris-HCl buffer, as shown in
Table~105, Cpmpetitive inhibition of glycésidasas by fTrisg!
is reported by other workers also (lahlquist, 1961; Jorgensen

and Jorgensen 1967; Schmelreck et al, 197%5; Pederson and
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Goodman, 1980) and Burstein and Kepes (1971) have also reported
that an oC -galactosidase of K, Cold loses its activity, if the
enzyme isg ‘gtored in Tris-iCl buffer, The present enzyme does
not require any cofactor or divalent cations for its catalytic
action unlike ‘mel! coded o€ ~galactosidase of is Coll |

(Schmitt and Rotman, 1966; Burstein and Kepes, 1971).

During present investigation, when substrate studies
with B-D-—fmc‘;ofurancsidaée from Bacillus sp. 1 were carried
out 1t was found thet Km for sucrose, raffinose and maltoge
were 5 mh, 22 nlt and 20 mM respectively as shown in Figs.04 & 65.

Trehalose and melilotriose were not attacked by the purified

enzyne prepamTion, which suggest that it is a very specific
enzywe. Thus substrate specificity studies on invertase of
Bacillum spb, I (shows that the affinity of the enzyme is highest

 for sucrose am ng all the substrates studied. Invertage from
Mo crassz _(lamgl;en, 1971) and S, cerevisiae (Barnett =~ .,1980)
seen to have simllar properties whereas Grootwmssink and Fleming
(1980) reported a higher rate of hydrolysis of stachyose=
raffinose > sucrose for a commercisl preparation of this

enzyme from x® other Saccharomyces species. Purified/g-bufmcto-

furanosidase fnom S. gerevisise hydrolyzed ethyl B ~b-fructo-
furanoside and nanitroahenyl- B «Defuranogylamine eccording to

o ,
Basgr and Shall (1971) who suggested that later compound might be

a useful chfomagenic substrate for the assay. Since this compound

was not availabile eagily, the hydrolysls of the same byp ~D=fructo=-

furanosldace from Becillus sp. I was not studied In the present
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Effect of substrate (mucrose O—0 ; and maltose ¥ ¥
comcentration on the rate of its hydrolysis by invertace
of Bacillueg sp, I. The assay mixture contained substrate
(desirec concentration), mercaptoethanol (1 mid), 0.05 ¥
sodiun phosphate buffer, pi 7.0, purified invertaze {30/ )
in total volume 1.5 ml, at 37%, Reaction was started by
the additian of enzyne and the time dependent rate of
glucosge zlib@mtac‘l wviig neasured. the rate is expressed
as micromoles of glucose liberated im per mimute per nmg
protein, Inset shows double reciprocal plot of the data.
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FIG. 657: Effect of raffincse concentraticn on the raete of its

‘ hy&rclyﬁais by purified invertase from Bacilius sp. 1.

The agsay mixture contzined raffinose (desired cance=-
atratio )y 2emercaptoethanol (9 mh), and purified
invertase ( § pg protein) in 50 wM sodiwn phosphate
buffer, pH 7.0. (Total 1.5 ml assay system) at 37°.
Heactjicu wag started by additian of the enzyme.

The rate of reaction 'V' ip expressed as umoles of
reducing sugar liberated pey min per ng protein,
Inset shows double-reciprocal plot of the data.
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The Km i velues of B ~D=fructofurano=
ous substrates in different micro~orgonians are
lJe=107. The B ~D=fructofuranosidase isocleted

in the pregent study was inhibited in 10 ml Tris-HC1 buffer,

i 7.0 resembli
wags also inhibii

The chs
are compared in

other sources,

- Bedscular prope:

of HBacillus sp.

ng French beang invertese (Hawker, 1980) which
ted by Tris buffer. |

sracteristics of invertases from Bacillus sp, I

Table-107 with invertase isolated from veriousg

rties of purified K -galactosidaese and invertase
I

-
*

Purity
dedecyl sulfate
1% SLS and 1% 2
"as described un
-each enzyme pre
rang:mg:, from 20

homogeneity as

Specif
method of Zacha
cating tke lack

(L~galactogida

of the final enzyme preparations was tested by
gel electrophoresis after boiling the sample with
-mercaptoethanol in sémple buffer (Shapiro, 1967)
jer 'Haterials and Methods'. A single band of
paration was obtained at protein concentration
~100 pg protein/gel indicating a high degree of

shown in Figs. 66 & 67.

ic gtaining of gels for glycoprotein usging a
rias et al. (1969) gave no positive reaction indi- -

of detectable carbohydrate melety in both

se and invertase in the present investigetion,

This is posszibls

]
=

wecause only eukaryotic o =-galactosidases and
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DS-—palyacrylamide dist gel electrophoresis in
7 5% acyylamide: gelsg of purified o€ —galactosigdase
from Bacillis sp. f and of sbandard prowma H

.(a} Standard proteins: 1) Myosin i chain -

W¥ » 2,00,000, 2) Phosphorylase = b ~

MW - ,3{90005,_ 3) Beving serum albumln -

?«iw 68, 000 l» ) Ovalbumin - Wl - 43,000,
( o wi,fzymo{rymmman - MW «~ 25, {00

B <lactoglobulin ~ MY ~ 18,4007

{b) Purified oce-gamc%;msidaéw from g_}faoinug 8p. I;
(¢). Standard protein - (ovelbumin ~ MY - 43,000);

(a) Standérd protein {bovine gerum albumin -
MW - 6%,,00@}
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SDS-polyacrylamide disc gel electrophoresis in 7.5%
acrylamide gel.of - purified invertase from Bacillus
sp.l and of standard proteins;

Cther stsndard proteins;

b
Purified invertase from Bacillus s g, I

C

| §a§ Standard proteins(Sowe as in :f'ts 66)
i



invertages are reported to be glycoproteins (Malhotra end
Ley, 1967; Adya and Elbein, 1977; lazo ef al, 197%; Dey gt al,
1962; Zey et 81, 1983).

The molecular weight of native purifiedoc -galacto-
sidase from Sacillus sp., I as determined by gel filtration
technique (details are given in 'Materials and Methods!) is

found to be approximetely {1‘.‘90&% (Fig.;éeoj.
i »

data given in Table-105 show the effect of urea, gng

puanidine =il — ft"? on the activity of purified o¢ ~galacto

sidase from Bacillus sp. I. All the three compounds inactivated
. the enzyme as the concentrations of each were increased, sugzdgte
ing that the protein must be having oligemeric structure. Vhen
the mobility of demmed enzyme in SDS PAGE wes compared to
those of proteins of known molecular welghts, it appears to

have molecular weig}ﬁ: of 48, 000 as shown in Efigeégé»ii?. Thusg the
nolecular weight determined hy SDS~PAGE and gel filtration

proved that o« -galactosidase of Bagillus sp. I is heving a

tetraner structure with each subunit of 48,000 *

With respect to molecular weight o =galactosidase
from Bacillus sne I, T resembles other microbial oC -galactoe
sidases from Py. cinngbapiuig MV 2,110,000 (Chtakara ef al,1984},
B, Coli MW 2,000,000 (Burstein and Kepes, 1971), whereas

o ~galactosidase having oligomeric structure and higher molee

cular weights have also been reporizd from other sources vii,.
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FiG.63a : Molecular weight deteminaticn of the native
R~galactosidase snd inveriase by analytical gel
filtration using Sephadex G-200,

An sligueot of purified enzyme was filtered through

& columm of Sephadex G-200 equillibrated with U,05M
phogphate buffer, pd 7.0, and theldr alution compared
to thoge of (1) Cytochromoge~C (MW ~ 13,000);

(2) Cvalbunin (i = 43,000); {3} Bovine gerum albumin
(MW -~ 68,000); (4) Yeast sliccohol dehydrogenase

(¥ = 1,505,000, and (5) Horse spleen ferritin

(M - Q,QQ;QQ@) »

{3)* Imvertese from Bacillus sp. L.
(4)7 CoGanlactosidase from Jacildus sp. 1.
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Molecular weight dedterminetion of the netlive
o wgalactosidnse and invertase by enalytical gel
filtration using sepharcse=0B.

in aliguot of purified enzyme was flltered through
a column of Sepharoge-6B equilibrated with 0.05H
phosphate buffer, pH 7.0, snd their elutlion compared
to thoge of (1) Cytochromose-C (MW ~ 13,000;;

(2) Ovalbumin (My «H35,000);(3) Bovine serum albumin
(;vm’ = OB, UOU )3 i;) Yeagt mlcohol dehydrogenase

éi*’i‘;ﬁ - 1,«50,00@), and (3) Horse spleen ferritin

(3)! Inwertase from Bacillus gp.i.

(4}  <Galactosidase from Baclllus sp.i.

398
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S, cerlsbergenesis, MW 3,00,000 (iaze et al, 1978), B. stearo-
thermophilug MW I - 2,80,000, 11 - 3,25,000 (Federson and
Goodmen, 1980) and £. Coll harboring PR3D1 plasmid MW 3,00,000
(Sctmid and Schmitt, 1976). The present enzyme for Bacillus

8p. I is not having any molecular forms unlike those which
are reported in thermophilic B, stearcthermophilus hy
Pederson and Goodmen (1980). The exlsgtence of multimolecular
forms of of -galactosidase has been reported in various seeds
as discussed im Sec:tion-«i. Dey et al. (1982) have found tlﬁt
e =galactosidase of Vicia faba is separated by gel filtration
using Sephadex G-—?Od intoe two forms, form I with molecular
weight 1,60,000 end II of 40,000, later on, they reseclved
Forn-IT into two ichic forms II' and IT%, and alse shown that
form I (1,60,000) is a tetramer consisting of subunits 1I°.
The molecular weights and other properties 6:6
o< ~galactosidase from various other sources af*é compared with

that of Bacililus Sp, I, in Table-108, -

The molecular welight of purified invertase .:from
Bagillus sp. I as determined by gel filtration was found to be’
80,000 as shown in Fig.68),. When determination of molecular
weight was carried out using SDS-PAGE, 1t was estimated to be
’, 75,000 (Fig..tS‘?); Thus invertase from Bacillus sp. I is 2 smaller
enzynme compared to thoge of eukaryotlic scurces as described
in Table~107. In the present investigat\ion, the enzyme was

not found to be glycoprotein and the multimolecular forms were
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also absent unlike those present in eukaryotic sources,
The molecular forms of yeast invertasge differ in their
molecular weights end cellular location (Iglesies g% al,1980).
The heavy enzyme is & glycoprotein (MW 2,70,000) with 50%
mamose and 3% glucosamine; wherees the light enzyme ‘
(MY 1,35,000) has no carbolydrates., iany plant invertace
have been also characterized as glycoproteins, 2.g. those
from grapes (Arnold, 1966), barley (Freatice and Robbins, 1976},
Convolvulus (Klis and Akster, 1974) and raddish (Faye and
Berjohneau, 1979). Invertase from li, cragss is also a
glycoprotein containing 11% mennose and 3% glucosamine

covalently linked to the protein molety (lampen, 1971).
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dection = 1V

Studies_on bacterial degradation of Weurctoxin {ODAP)

The results of the investigation on capacity of
vérioﬁs bacterial isolates to degrade neurotoxin (ODAP), mode
of breakdown of ODAP and optimization of cultural conditions
for the maximum production of ODAP hydrolysing enzymes
ST e T s ... in s bacterial isolate

and the effect of fermentation on ODAP content of L, gzativus

dhal are presented and discussed in this section.

b“.orthéée studies, it was necessary to have a largé
guantity of pure neurotoxin (OD4F). The method of isolation
of CDAP from seeds as reported by Ra%t/f;‘%h) was time consuming
and further the yield was very low, Therefore a chemical
. method for synthesizing the toxin from diamincpropionic ecid
was reported later on by the same worker. He prepared a copper
complex of dieminopropionic acid t¢ protect the o -smino group
and introduced the oxalyl group in the “B' position, by treat-
ing the complex with oxalylchloride, It was possible to aveid
this step and introduce oxalyl group in the ‘g’ Position by
treating diaminopropiconic acid with dimethyl oxalate in the
synthesis method reported by Remchand gt al. (1983). By this
method, oxalyl group enters only inm the ‘g’ position of diamino-
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\propianic acid, essentially due to electrameric interaction
of C~0 and C«i bonds, Hence for the present investiga‘tionl,
ODAP was prepared using method of Ramchand et al. (1983),
as described under 'Materials end Me‘chods‘b. ODAP was also
exiracted and purified from L, sativus seeds using method
of Rag"/'t\(%gé&) for comparative studiee,

Hany Investigators have used labelled CDAP for
understanding its mechaniem of action in animals, Rao (1975'3
has reported a method for the synthesis of (35) CDAP containing
tritium at 2 and 3 positions. Mehta et al. (1976) have reported
a method for the aynthesls of (mC) cxalyl labelled Ci4P,

In the present studies, lshelled ODAP was recuired for meta-.
bolic studies in bacteria, hence an attempt wes made to ‘
gynthesize oxalyl .i&belled ODAP using e .1ebellea cxelic acid

as described under "Materials and Methods".

Tables-109 & 110 gives the percentage recovery of
radicectivity in the intermediates and finel product viz.
dimethyl oxalate and ODAP obtained during the synthesis of
labelled ODAP, This labelled CDAP having specific activity
14,2 u€i/mmole was used in the enzyme assay as a substrate
to agsay the bacterial enzymes, after checking the bilolegical
and chemical properties as described below @
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Bielogical and chemicel properties of different ODAR

preparations s

Chemical properties of the ODAP preparation were
studied with respect to melting point, IR spectra, as well as
mebility in the thin layer chrometography (Teble=111).

Ihe IR spectral analysls of labelled ODAP, cold synthetic
ODAP and ODAP extractéd from seeds was found to be the same
which'is given in Fig.,69, The chrixnategmphic separation of
all the three preparations is given in Fig.70 which indicate
that all the three had same Rf values and they did not contain
free diaminopropionic acid as impurity.

Since OWAP is found to be toxic to the rals when
injected intraperitoneally, the taxlcity of the compounds
prepared were also tested during present investigation,

When ODAP preparaticns at a level of SQ-—60 mg/100g body weight
were injected intc adult révs intraperitoneally, the typical
gymptons of paralysis and death were c¢bserved after 10 to

15 minutes of injection (Table~112). These experiments showed
that all the three preparations had nsuroctoxic effects on rats.
When the precurscrs of the (ODAP synthesis viz. dimethyl oxalate
and diaminopropionic acid were injected they did not show any
symptoms .of the toxicity, thereby suggesting that the. taxicity
is due to OiAP only and not the intermediates/precursors.

Since the biologlcel and chemical properties of the
o2 prepared in the lzboratory were same as reported ones,
this ODAP was used for further experiments.



488

figbs9ir spectrum o0f ODAP (modér

|8, ®

percent transmission.

2000 1830 1000 €30
trecuency of absorption e

FIG,70 : TIC of different neurotoxin (ODAP) preparations:
- a Standard diaminoproplionic acid,
b) ODAP extracted from L, setivus seeds,
c ODAP, synthesized using the chemical method of
Ramchand et al.(1983),

(d) c-1% Oxalyl-labelled ODAP, synthesized using the
chemical method of Ramchand et al. (1983),

N w_ .M @ | @) ~ .
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gtored gg;_@_g) for their cap_a_ci_gy to Q_m g_m ODAP:

Ag discussed earlier, ‘remam:atim of legumes

as well as a mixture of legumes + cereals bring about f&vour-é
able blochemical changes elong with the degradation of enti-
nutritional campounds, and detoxificetion of certain toxins.
The preliminery studles carried out on fermentation of

Lo sativug dhel shmea 20~30% decresse in neuroctoxin (Dm.?)
content (Table=115). Therefore the experiments were carried
out to isolate the bacterla from fermented foods as well as
- fraa grains from which they are being prepared which have the
capacity to degrade OLAZ, Fér thege studies, various bacteria
igolated from fermented soyidli eand L, gsativus dhal as well as
from stored greins were screened for their capacity to break-
down CDAP, The preperation of culture media contaixiing OnAP
(CDAP broth) as sole source of *C' and 'N' and the methods
involved in the cstimation of CDAP have been described under
"Haterials and Methods'. Table-113 indicate the data on the
change in pH, growth in terms of turbidity and the amount of
ODAF present In the culture filtrete and cells. It was observed
that among all the bacteria studied, Stﬁ ptococcus sp, I and -
Zacillug sp, IT isclated from stored L. saivus graing were
efficient in degrading neurctomin, They showed highest growth
in CDAP broth in terms of turbidity measured et 660 nm.

The cells did not show any accumulation of ODAP after the
growth, suggesting thet it iz teken up in the cells anci.
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utilized durding the growth. The pH of the medium increased
from 7.0 o 8.0 during the growth of bacteria, due to accumu=~
latim of alkaline metebolic end products, mainly NH3. Since
there were no other 'CY as well as 'N' sources added in the
medium except ODAP, it can be concluded that bacteris could
utilize ODAP as sole *C! and 'N' source, Klebgjells aerogencs
isolated from stored bajra grains did show 45 degradation of
CoaP, which is much less than that by twe other bactoerial
isolates viz. Strepbtococcus an. I and Bacillus sp. II.

It can be seen In the Table-113 that bacteria isolated fram
feymented foods were not efficient in degrading ODAP,

L. ferpenti, L. me&mteroig 3 and fediococcus spe which are
dominant flora during fermentation of L, gativus dhal might be
regponsible for bringing about other bioclemical changes

during fermentation.

when bacterial iseolates Strentccoccus sp, I and
Bacidlus spe. I1 were grown in ODAP breth (containing COAP
obtained frem natural source - L. gativug seeds), as sole
source of carbon and anitrogen, it wes found that these
bacteria conld utilize this CDAP elso {(Table~114). The growth
in terms of turhidity was more when seed ODAP was used as e
substrate as compared to that of synthetic CDAP, Inm the
preliminery experiment on TIC analysis of tlﬁ culture filtrates
of these bacteria (during the growth in CODAP broth), diamino=
propionic acid and oxalic scid wers detected as the degré@a«
tive proeducts of CDAP utillzation. Since DAPA and oxelic zecid
were foawnd to be the intermedistes of CDAP degradation, attempts
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were also made to study the efficlency of bacteria to utilize

thesé cmpmnds.

Figs. 71 & 72 chow the growth curve of two bacterizl
isolates in ODAP broth and DAPA broth respectively. Streptos
coccus spe I grew faster than Bacillus gp, I in CDAP broth.
Cemplete degradation of ODAP was cbserved after 24 h and 48 h.
of growth in the case of Streptococcug sp. 1 and Bacillupg sp.il '
respectively (Fig. 71). It was found that when bacteris were
grown in DAPA broth they exhibited similar growth and degra=-
dation pattern as in ODAP broth (Fig. 72).

It can be seen from Fig.73 that Begcillus sp. 11 and
Streptococcus sp. I which can Ahydrolyae ODAP also¢ have capacity
t0 grow in oxalate broth. This sugpests that these bacteria
can utilize oxalic acid as 'C! gource which 1s one of the
metabolites during the degradation of 0P, Several othker
aercbic species of bacteria viz. Pgeudomonag sp., Lhicbacillug
8D end Alcaligepes sp, are known to be capable of utilizing
oxalic acid (Bhat and Ba%er, A1§:48; Jakoby vand Bhat, 1959;
Cromack et al, 1977; Chandra and Sethna, 15759). Anaercbic
oxalate degradation occurs within the gastrointestinal tracts
of certain herbivores (James g}_ al, 1967; Allison gt al, 1979:
Allison and Cook, 1981) and recently an ansercbic bacterium

which decamposed oxalate to formate and CC, was igolated from
a sheep rumen (Dawson gt al, 1980)., Ancerobic microbial
degradetion of oxalate in aquatic sediments is alse repoz?tad
{Smith and (remlsnd, 1983).
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FIG.:7;GROWTH OF ODAP HYDROLYSING
T BACTERIA IN ODAP BROTH.
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FIG .99 GROWTH OF ODAP HYDROLYSING
" BACTERIA IN DAPA BROTH.
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FIG..13: GROWTH OF ODAP HYDROLYSING
BACTERIA IN OXALATE BROTH.
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Gialic acid is assimilated into micrcbiel cells either
by the glycerate or by the serine pathway (Blackmore and
Queyle, 1970). The necessary energy for growkth on oxalate
is derived from & peries of catabolic reacticns involving
formation of oxaly CoA, formyl-CoA and formete as intermediates
(Blackmore and Cuayle, 1970). Oxalate is metabolized by the
glycerate pathway involving glycxylate carboligase in
Adcaligenss Lox and Pg udomonag-Kogand by the sex;il‘ma pathwey
invelving hydroxypyruvate reductese in other Pseudomonas i\’ic;}(
strains (Chandra and Shethna, 1975).

Thus Bagilius gpe II and Streptococcus Sp.l, which
" can degrade neurctoxin, are also capable of utilizing oxalic
acid as solo 'CH sﬁm’ee; and thereby can asaslmilate QDAP into
their cellular metabolites. | X |

The preéent experiments on degradation of CDAP and'
DAPA and growth on cxalete broth suggested that the two
bacterial isolates 1. . Streptoccus Epe I and Bagillus gpe II
(isclated from stored kesari dbal grains) could utilize
neurctoxin (ODAP) and its metabolites for their growth.

fermentation of Lo sativus betler by a mixture of L, pesinter-

gides, Lo formentd end CUAP degraddng isocletes 3

Larlier reports suggested that reduction of CLAK
content iu L. gativus seeds by variocus nethods such as stospiig,

parbolling, roasiing and use of mutagens cause either loss of
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vitamins or involves cumbersome technology. Therefore studies
were carried out on the better method of detoxificetion of the
toxin present in seeds viz. fermentetion dur'ing presgsent invesgte

gation,

uring pfelimingry investlgations when a fémentecl

product of _,K;.,,. gativug dhal ws analysed for OPAP content, i‘b' was
found thet during natural fermentatlion only 20. 1% reduction of
COAR coccurs (Table-115). The dominant bacheria isolated during
fermentation of L. gativug dhal were L. megenteroides and
Las foermenti as discussed previocusly. Studies carried out by
nao (197%9) on experimental fermentation of 'soyidli' showed
thot when gterllized (autoclaved) rice-scyidli batter wes
3.’<-:mente& with a pixture of dominant bacterie viz. L.nesenter-
oides, L, fermenti and L. pesonfercides (HA)} showed the me‘
changes in the volume and pH as naturelly fermented one and

hemagglutinin was completely hydrolysed, Since Streptococcus
8pe I and Bacillus sp, 11 isolated from stored kesari dhal
grains wers able to utilize CDAP as aole *CY and YN' gource
during their growth, it was of interest to see whetier these
becteria can bring sbout degradatidn of ODAP during fermenta-
tion when inoculated along with the dominant bacteria of
fermentation, Therefore during the present experiment,
experimental fermentation of sterilized L, gativusg flour was

carried ocut using L, mesenteroides, L, fermenti and Bacillus
2pe 11 or Streptococcus Spe 1o
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Data presented in Table-115 show that when experime=-
ntal fermentation was carried out using these becteria,
experimentally fermmented batter resembled ngaturally. ;ﬁemented
batter :wj.t?z respect to increase in volume, acceptability and
pHe Significant decremse viz. 82% in the content of ODAP was
found during experimeixtal fermentation with Streptococcus sp.l.
During natural plus experimental fermentation also 90% degra=-
dation of CDAP were cbserved with Streptococcus sps I.

When the experimental fermentation was carried out using
Bacillus sp. II,there was 42 to 51% degradation of ‘UDAP which
is less compared to that brought about by Streptococcus spe I.
This mey be due to insbility of Bacillus @p. II to grow,

in presence of other bacteria during fermentation. Anocther
explanation which can be given is the inability of these
bacteria to degrade CDAP in presemce of other constituenta.

of L, sativus.

Thus these studies have shown that when L, sativus
batter was fermented for 16 h with a mixture of dominant
bacteéia and Streptococcus [:3:7% I, neurotoxin cconcentration
decreased significantly compared 0 ﬁa‘eur:al fermentation.
This proves thaf the bacterial isolates Streptecoccus sp, I
could grow during the fermentation in presence of ot;ér |
bacteria and degrade neurctoxin to the extent of around <7 qovs
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Studies on enzyme system involved in the hydrolysis of ODAE
by Streptococcus sp. I

Freliminery experiments (described earlier) showed
that Streptccoccus pp. I and Bagillus sp. 11 were able to
degrede ODAP completely within 48 h during their growth in
UDAP broth. These observations suggest thet bacteria possess
enzyues which hydrolyse ODAP into thelr cellular metabolites,
Studies were therefore carr-ied out to investigata the capacity
of the culture filtrate and cell free extract of bacteria to
hydrolyse ODAP in vitre. ©ieta given in Teble-116 indicate
that both the bacterisl isclates produce an intracellulsr
- enzyme system to hydrolyse ODAP, while the culture filtrates
of both the bacteria did not show any CIAP lr,'drolysiﬁg enzyme.

hs rizentiened earlier, ODAP l1s Vsymmsized fron oxalic
acid and DL -2.3»ammcpmpim1c acid. Melathi et __;.(1968)
indicated thet (U g )o-m:alic ‘acid is incorporated as a unit
into ODAP in the seedling of L Ly ativa Further during the
growth of bacterial iscletes in ODAP bra‘l;h, diaminopropionic
acid and oxalic ecid were detected in the culture filtrate.

The presence of oxalic acid as cne of the product
during CUAP hydrolysis by the enzyme extract was also checked
using Cw-—mlyl labelled OBA? as a substrate. The cell r;ree
extract of Streptococcus sp. 1 was incubsted with the labelled
OiP for different pericds of incubation end the liberated
c¥acxalic acid vas estimated? (the detalls of extraction of
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M—-mqalic acid are given in ‘Materials and Methods').

Data given in mie-1 17 show tﬁe CDAP hydrolese activity
in terms of C'%-oxalate liberated and fram this it is also
evident that there is lineer increase in counts of CM
acid during the assay of the enzyme, On this basis it waa
assumed that the rirst degmdative products of ODAP hmékdom

by bacteria could be oxalic acid and DAPA by the ‘hydrolase’

c

oxalic

enzyme &5 follows 3=

1,0

BoG = CH =COOH — Zn o HLC »c}:a ~CCGOH =~ COCH
. | ‘
NH  NH, NH, HH, @+ COCH
co |
; (DaFA) (xalic
. -aeid)
COOH -
(ODAP)

Gxalic acid and diaminopropionic acid can be further
assimilated into cells after convé'raicn into their metabolites.
Diaminopreopionic acid can be further metabolized into pyruvate
and ammonia by DAPA-ammoniz lyase as reported in Egeudomonas sp.
(Rajagopal Rao, 1976).

When ODAP was incubated with crude cell free extract
DAPA and axalic acid were detected as products. Therefore it
iz proposed that the following pathway of ODAP degradation |
" might be operating in these bacteria (Fig. 74 ). Data given
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IABiE=117 : lMeasurement ODAP hydrolase activity of
Streptococcus ap. I in terms of
oxalats liberated. '

o

cpa ‘o.f C‘E oxalate liberated

Period of g ’ :

?gi‘g% § ‘ B%aga;k ' Expeféu)x@ntal % 'Enz%rge”a%'givity
0 6200 6h20 220
5 5800 16680 10,880
10 68 28892 21,894
15 8108  mze | 53,284
20 6280 44976 38,696
25 | 5930 52060 46,130
3 = 5938 57220 51,282
45 6120 62600 56,480
60 7980 71160 63,180

Cell free extract of Streptococeus sp, I having 500 ug
of crude. protein was incubated with oxalyl labelled OUAP
(20 pmoles, having specific activity 22 pCi/mmoles) with
150 pmoles of potessium phosphate buffer (pH 8.0) end

. Qe mi pyridoxal phosphate for various time intervals.
The enzymic hydrolysis of ODAP Was measured in terms of
smount of C1%lavelled oxelate formed. Details of the
assay system and separation of substrate and product
are given in 'Materials and Methods'.



FIG.7h 3

Fegtulated psthway for the degradﬁtibn of neurctoxin
{(UDAP) by bacteria (Streptococcug Spe I)e
t
ﬁg"“ -~ CH = COOH — E%C-CH-»»BDOH COOH
| H0 N + o
NH NH, AN CocH
I. ODAP hydrolase (Uxalic acid)
Co {Diaminge A
[ propicaic
acid/
COCH
{opap)
DAPA-gmmonia
lyase
\
Cﬁ?} w(om a,(,CH
H + 28K
o _ g
(Py:mvic
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in Table~118 indicate that the enount of first intermediate
(DARPA) formed is not proportional to the amcunt of ODAP -
diseppeared, However, DAPA is converted into pyruvate at a -
faate;f rate, Thisg indicates that the rate of second enzyme
reaction will be faster than thet of first, Hence the activie
ties of both the enzymes were meesured in terms of pyruvate
liverated. In the present investigation, for detecting the
activity of first enzyme, the crude enzyme extract wag incubated
with ODAP as a substrate, end for detvecting the activity of
~ sscond enzyme the extract was incubsted with DAPA es a subst-
rate. The first enzyme reaction is reported as "ODAP hydro-
Jage!® in the further studieé. eventhough during the assay the
first and second enzymes were assayed togetker. The second |
enzyme is reported es “DiPA-ammonie lyase® (EC.4.3.1.— )
the reaction carried out by this enzyme is as follows i~

HET - TH - COOH H,C “ﬁ - CGOH
NH, N, ' — 0 + 2NHy
DAPA~anmonia ' ‘ '
iyase
DAPA |

Fyruvate

ODAP hydrolase activity waes not measured using oxalyl labelled
ODAP for the further studies, becauéa of very low yield of the
labelled compound during its preparation,
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Streptococcus ape 1 wés galected for further studies
on kinetic properties of enzymes degrading neurctaxin., The
emymétic degradation of ODAP was brought about by cell free
extract and not by culture filtrate (Taﬁl&-ﬁé) which implied
that the enzymes - OUAP hydrolase and DAPA ammonia lyase are
intracellular in Sgreptococcus sp. I+ The crude enzyme preparae

rations were carried oaut as described under "Materials and

~ Methods® after growing the cells in OUAP broth. The optimum
agsay conditions for both the enzymes from Streptococcus sp. I
are given in Figs. 75 to 79. ODAP hydrolase sctivity was
proportianal upto 500 pg of crude enzyme protein whereas
DAPA-ammonia lyase was proportional upto 200 ug of enzyme
protein (Fig.75). The enzyme activity was proportional upte
45 mirates imubétien in the case of CDAP hydrolase an&

10 ninutes incubation in the case of DAPA-pmmonia lyase (Fig.76).
The optimum substrate concentration required for CDAP hydrolase
and DAPA-smmonie lyage was same for both the enzymes viz..

20 ymoles of CDAP or DAPA (Fig.77). ODAP hydrolase and DAPA-
ammonis lyese both had sharp 'pH optinum at pH 8.0 in presence
of 50 mM potassium phosphate buffer. Iris HC1 buffer at the
same pH, inhibited the activities of both the enzymes (Fig.78).
Therefere for further studies potagsium phoaphate buffer was
used. The optimum temperature required for activities of both
the enzymes was 37°. asg shown in Flg.79. .
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F1G,7% : Effect of crude enzyme concentration on

sctivity of GiAP hydrolysing enzymes of

xmoles of pyruvate libvereted/min.
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FIG.76 : Lffect of periocd of incubation on the activity of 433
CDAF hydrolysing enzymes of Streptococcus spe Ie
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FIG, 97 ¢ Effect of substrate concentration an activity
of crude OLAP hydrolysing enzymes of
Stregtggmcagg‘gg& I
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FIG.78 ¢ Effect of pH on the activity of crude ODAP hydrolysing
enzymes of Jtreptoccccus asp. L. ‘
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F1G.79 : Effect of temperature on the activity of  /3p
crude ODAP hydrolysing enzymes of

Streptococcus Spe X.
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TABLE=119 @

47

Cptimum conditions for the activity of
ODAP hydrolysing enzymes of

Streptococcus Bps Ie

! oohip DAPA-ammenis
{ hydrolase | lyase ‘
Optimum pH 8,0 8.0
Cptimum temperature (°C) 37 37
Period of incubatim
for agpsay (wmin.) 45 10
COptimum enzyme concentra- , ,
tion. (pg crude protein) 500 200
Optimum substrate .
concentration (ymoles) 20 <0
Cofactor requirement ridoxel Pyridoxal
phosphate, phogphate,
40 | }Jmﬁ}lﬁ. 001_ }iﬂﬂlﬂ
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the measurement of growth of bacteris, ODAP content and -
ODAP hydrolysing enzymes, have been already described under
'Materials and Methcds®,

| The regults of the studies carried ocut cn the various
factpra controlling the enzyme preduction and growth of the
organism are presented in Tables126 to 13&; - Data giVex\i in
Table=126 show that growth of bacteria, ODAP breakdown
as well as production of ODAP hydrolysing enzymes were maximum
when the initial pH of the medium wes 7.0. As far as the
effect of the anmount of incculum added is conserned, it showed
linear increase in gfawth and enzyme production upto inoculum
size of €0 x 106 cells/flask, Incculum size more than this
did not show any significant increase in growth and enzyme.
production (Table=127). Data on the effect of substrate
concentration on growth and production of ODAP hydrolysing
enzynes are glven in Teble=-128, LExponential increase in grewﬁh
and production of enzymes were cbserved till 0.4% ODAP in the
medium, When thé bacteria were gréwn in sheking conditien, |
they showed aignificéntly higher growth as well as higher
production of enzymes compared to stationary conditions as
shown in Teble-129,

Date glven in Fig,.82 show that when the culture was
grown in basal medium ccm:aining G.A% OMP and 0.1% glucose,
the growth curve 4id not exhibit disuxic pattern of growth,
1t can be also seen from the figure that the presence of
glucose during growth did not affect the breakdown of ODAP
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FiGL,30 : Effect of glucose on growth and degradetion of {59

JDAP by Streptogcoccus gns 1.

AN

o—6 Growth (glu™)

406 - ' -6 Growth {(glu®)
o/ AN OBAP content (glu
_ / A A VLAP content
350 \ (glu*)
8 300 7
8 .
250 400
: 3
2 320 &
o .
& 150 240 &
& o
-8
)
169 —160 o
50 —~ 80
—_——

- -
60 72
Period of incubation (h)

Eancteris were grown in 500 ml side armed conical flasks
containing 100 ml CDAP broth (with and without glucose).
At diiferent intervale during incubation, growth in terms of
turbidity was peasured end 2.0 nl alicuate was withdrawn from
the flask for estimetion of CDAP, Crowth is repregented asz (©0)
as COAP content is represented as (AAD ) when the bacteria were
grown in a mediun containdng COAP alooe (glu” ), when the
,bae;wia were growa in a medium containing CDAP + 0.5% glucose
(g™} growth is represented as (0—8) and GUAP content is

yepresented as (4 4 ).



«60
ag well as production of ODAP hydrolysing enzymes. when the
effect of different glucose concentrations was studied cn the
breakdown of ODAP, it was found that glucosge concentmtian
upto 0.5% did not affect the degradation of ODAP but at
higher concentration it caused decreased production of CDAP
hydrolysing enzymes (Table~130). Evanthmgh. high concentrae
tion of glucose increased the growth of bacteria with decrease
in pH of the medium,

' Deta given in Teble=131 show the effect of different
sugers (which are present in L, gativus seeds) on growth and
breakdown of ODAP, Addition of different sugars, viz. mono-,
oligo=- and polyssccharides (at 0,5% level) did not affect the
production of enzymes as well as degradation of ODAP.signifie
cantly. pH of the medium decreased and turbidity increased
during the growth of bacteria in presence of glucoss, galactose,
fructose, :;ucraae, m:altoeé er starch, However, melibiose,
raffinose, stachyose cellulose and cellobiose were not utili-
zable by vtm bacteria. |

When the effect of different vitamine was studied,
it was found that biotin and pyridoxine significantly increased
the growth of bacteria as well as production of CDAP hydrolys-
ing encymes (‘Ihble-‘t'ﬁz).\ Increase in production og enzymes
cen be attributed to the requirement of pyridoxal phosphate
as a cofactor for these enzymeg as discussed earlier,

Table-133 gives the data wn effect of addition of different
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amino acids (which are present in legumes) to tm mediun,
\Addition of lysine, tyrosine, methionine and Muaina did not
affect fcm breakdown of ODAP, but tryptophan, three;nine ocystzeine,
alanine and tyrosine affected it to some extent., The most
interesting cbgervation made in tbis expex"iment was complete
inhibition of ODAP degradation by addition of glutamic acid

- and aspartic acid. This can be attributed to the structural
 amalogy of these amino acids with CDAP. Mehta et al. (1972)
also showed that ODAP is a potent antagonist of Leglutamic -

a¢id transport in resting yeast cells,

A Data presented in Table-134 show the effect of diifer-
ent antimutrients viz. phytate and ‘erypam inhibitor (present
in seeds) on the degradetion of neurctoxin. It wes found that
both phytate and trypsin inhibi‘bor .at higher concentration at

1405 level decreased the utilization of ODAP and subaequenﬂy
the production of ODAP nydrcaysmg enzymes., Although additicn
of these compo«mcia at low cor.centratians did not affect the
breakdown of ODAP, '

in summaiy, Streptococcus sp. 1 grow well and produce
CDAP hydrolysing enzymes in @ basal salt mediunm containing
0.4% OLAP and 0.5% glucose when the initial pH of the medium
adjunsted to 7.0 and incubated at 30° for 2436 h, with complete
complete breakdown of ODAP, The vitamins, amino acids (except
glutamic ecid end aspartic acid) and sugars commonly present
- in L, s8 ; g seeds seem to promote the growth of bacterie
-withcut affecting the rate of hydrolysis of ODAF. Since these
compounds are generally present in legumes, it might be
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Justified in sspuming that Streptococcus spy I grow well
during fermentaticn of L, gativus dhal,

L34

ing ez

Since the two becterial isolates viz. 3treptocogcus
8pe I and Bacillus gp, I showed the presence of CLAP hydrolysing
enzyzes studies were &lgo carried ocut to find out whetier the
enzymes are inducible or constitutive. It was found tihat when
bacteria were grown in bagal mediwm conteining 81&%09&9 us gole
1LY gource, UDAP hydrolysing enzyues were absent (Table-135),
whereas presence of CUAP in the medium showed the presernce of
enzynes, 4ihege results suggested thet CUAP hydrolysing enzymes
are inducible in these bacteris., Fig.82 & 81 indicate that
both the bacteria showed presence of UDAP hydrolase and DdPhe
sumonia lyase when they were grown in (0AF broth. liowever,
during their growth in DAPA broth only Zaciliug sp. 1I showed
The presama' of both the enzyues. This experiment suggested
that in Zacillus sp. II DAPA acts as an inducer of both
COAF hydrolese and DAPA-ammonia lyase, wherxeas in Strepbococcus
8pe I only COAP sctz as an inducer of both thess enzymes.

Thus it cen be concluded from these experiments that
ODAP hydrolysing enzymes in becteris are Inducible and not
consitutive. ‘
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IABIE=-139 : Production of CDAP hydrolysing enzymes during

growth of Streptococcus gps I in preseme of
different C' gources,

Spécifie ac‘hivi%y ot
COAF hydreolysing emzyme§
~ {units/mg protein)t®

- Wy

i CDAP 1 UAPA-spmonia
: “hydrolage lyaase
QAP broth .
{UDAP as sole 'C' and 'N' Oelt35 & 0u02 - 3499 1 0,19
source )
DARPA roth ;
(DAPA as gole 'C' and 'NY 0,008 £ 0.0 4,50 3 0,28
source )
Glucese broth 0 0

(Glu@ae as 'C?' gource )

‘a? » Values are mean of four different observaticas
_’!; SQE‘ '

Cells were grown in 100 ml besel medium containing C.4%
CDAP, DAPA op gluccéa for 24 h, at 30° on shaker (140 rpa).
After the incubstiomm, cellefrec extract was prepared

and 1t was assayed for the activity of ODAP hydrolase

and DAPA-emmonia lyage, 85 described under *Materials

and Methods®,



t Production of ODAP hydrolysing eniymea ‘when bacteria
were grown in ODAP broth,

FIG. 8|
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FIG.80:

I_’,rc;duction of ODAP hydrolysing enzymes during
growth of bacteria in DAPA brroth.

O—0 ODAP hydrolase, .. 3 DAPA~ammonia lyase.
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Section = V -

S o8 o genetic basig of de tion of ant ¥ip o

tional factors and toxing in bacteria with speciasl
reference to raffinoge ge@dﬁtzehg

As discussed earlier, recombinant DNA technology can
be a useful tool if cne wants to prepare & novel strain having
capaclty to degrade the toxins and antinutritional campounds
present in commonly consumed cereal-legume based focds.

Since different bacteriai straine isolated fram fermented
focds and stored grains exhibited the capacity to degrade
antinutritional factors like hemagglutinin, phytaté, flatulence
producing oligosaccmrides and neurctoxin (ODAP), there is a
povential to prepare a nowel strain which can grow in a
fernented batter»and breakdown these compounds.

The basic stra’caéies for the selection of new and
Cimproved strains of industrially important micro-organisms are
sereening strains and selection techniques, aelecmon after
mutation or yecombination (by sexual hybridization or proto=-
plagt fugion in eukaryctes and gene cloning in both prokaryotes
as well as eukaryotes) and gene amplification (Johnston,1985),.
A major step in tﬁa censtruction of bacterial strains capable
of degrading novel compounds is the recognition that 2 complete
set of & genes allowing the degradation of a compound is borne

on some transmissible plagmidz or om main chromosome
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(Reineke and Knackmuss, 1979; Chatterjee ¢t al, 1961).

Plasmids are known to have the capacity to express enzymes
which participate in a number of peripheral metabolic pathways
(Magalhaes and Veras, '1977). As discussed earlier, plasmids
also serve as experimental tools in recombinant DNA techno=-
logy. Effective genetic improvements of the strains can be
made by studying the biochemistry and gendtics of degrada-
tion of various compounds (Chakrabarty, 1983).

As mentioned earlier, different bacteria are known
to have certain degradative plasmids, it wes of interest to
study whether the cultures isolated curing the present investi-
gation contain plagmids, because the genes coding for the
enzymes respansible for the breakdown of food toxins could be
pregent either on chromosomes or on plamnids, Therefore, '-tm
studies were carried out on sereening of bacterial isclates
for tle presence of plasmids and the genetic basls of neuro-
toxin and raffinose degradaticn in the seme.

Bacillus sp, I which can degrade raffinose, Bacillug

Spe II and SEreptococcus sp, I which can degrade neurotoxin,
and L. pesenteroides which 1s a dominant bacteria for the
fermentatim of L, safivus dhal were goreened for the presence
of plasmid. For this experiment £, Coli strain harbauring
plasmid pBEi~322 vas used a8 a 'pcsitive control and wild type
ke Cold strain C-600 was used as a negative control,
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The isolation of plasmid DNA from these strains was
carried out according to the procedures described in "Materials
and Methods'. Plasmid DNA preparations obtained from all the
above strains Qere loaded on agarose gel and electrophoresis
was carried out. Figs. 83 & 84 show the electrbphoretic run
of the DNA isolates obtained from varicus bacterial strains.

As can be seen in Figures all the bacterial stréins screened

during :Apresent 1nVESt1gatlon showed the presence ‘of at least
one plasmwgéDNA band along with the contamination of a band of
_chromOSOmal DNA.. Thus Bacillus sp.l, Bacillus gp. II, Strepto-
coccus gg; l and L. mesenteroides showed presence of plasmid
DNA‘ln them. Bacterla belonging to these‘genera are reported
L ﬁo'have plasmids. Mainly degradative‘plaémids are detected

in the genus 'Pseudomonas'.

_ Earlier investigations have shdwn that many plasmids
carry degradative genes, which code for the utilization of
xenobiotic compounds (Chakrabarty, 1980; 1982). As discussed
earlier, there are number of degradative plasmids detected
so far for the degradation of variocus hydrocarbons and pesti-
cides. Chakwabarty (1983) succeséfﬁlly transferred various
plasmids like Oct¥, XYL and NAH* to a single strain of
bacteria, thué constructing a novel éuperﬁgﬁg which can
degrade wide range of hydrocarbons. Degradative genes for
the‘number of hydroaarboné are known to be borne on plasmids
and construction of multi copy plasmid strains capable of
enhanced growth on crude oil has been reported (Friello et al,

1%36; Shapiro et_al, 1984). The use of micro-organisms in the
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The enzyme ODAP hydrolase has not been reported

80 far in the literature. In the present investigation,

for the firat time the presence of thia énzyme from prokaryotes
is reported. Table-119 summarizes the optimum conditions for
the activity of ODAP degrading enzymes from Streptococcus sp.l
from which i1t can be seen that the rate of second enzyme
{(DAPA-ammonia lyase) reaction is much faster than that of the
first enzyme (ODAP hydrolase), The amcunt of crude enzyme
protein required for the hydrolysis of DAPA was algo much
less then that for 6DAP hydrolysis. These studies indicate
that DAPA ammonils lyese is more active than CDAP hydrolase
during conversion ‘of CDEP into final products pyruvate and

ammonda in Sjgregfeccaccgs 8ps 1.

Cofector reguirement and inhibltor studies of COAP hyarolysing
/
enzymes Of Strepbococcus sp. I

During preliminary experiments, it was found thet the
activity of OLaP hydrélysmg enzymes is logt during dialysils.
From ﬁiﬁ literature studies, it was observed that in general
lyases including mmmcnia lyase! require pyridexal phosphate
(PLP) as & cofactor. Eienée the present studies were carried
out to check the requirement of PLP by ODAP hydrelysing enzymes
of Streptcsoccus sp. 1o  Since carbonyl binding reagents and
sulphydryl binding apgents are known to inhibit 'hydrolases!
and ‘1ya3tea' from various sources, &ttempts were alse made to

see the effect of these compounds on tkﬁactivity of CLAP

hydrolysing enzymes.



’ 439

Data presented in Table-q20 show that dialysis of
crude enzyme preparation egainst 50 mM potassium phosphate
buffer pH 8.0, resulted in the complede loss of TCDAP hydroe
lase! and 'DAPA ammonia lyase' activity. The inactivatica
due to c%ialyaié wa s gari'_ially reversed by the addition of
pyridoxel phosphate ( 1 mM ) and mercaptoethancl (1 w1) thus
suggzesting the x'équirement of both PLP angd sul;ghyd,ryl groupa
to restore the full activity of both the enzymes. Table~121
shows that EDTA dees not have any effect on these enzymes
indicating that tle divalent cations are not i;’mquim‘gl for
their activity, | |

Data given in Tablea-121 & 122 indicate that OLAP
hydrolase ‘and DAPA ammonia lyase were inhibited by both
' sulfhydryl binding agents énd agents which bind carbonyl grdxps
at 0u1 50 1,0 mM concentrations. However, the losa of
activity due to agents binding carbonyl and salflydryl groups
was reversed by the addition of excess of pyridoxal pho:apmté
(1 m) end dithiothreitol {1=10 m}) respectively.

Table-123 summerizes the effect of éeftain known
organic and inorganic inhibitors on activities of CLAP hydra-‘
1&_% and bAPA—ammmn;a lyase. ODAP hydrolage activity waa
inhibited by glutamate and aspartate at 100 mM concentration
to the extent of 83% and 75% respectively, Inhibition of
DAPA apnmonie lyase by these cémpmn.ds wag much less canpared
to ODAP hydrolase. The inhibition by these compeunds can be
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TaBlE-129 : Effect of compounds which bind carbonyl groups or metal ions on ODAP hydrolysing
enzymes by Streptococcus sp, I. ‘

' Tphibitor | Pyridoxal ! Enzyme units :
! concentra~ | phosphate ! (umoles of pyruvate ; Inhibition (%)
Inhibitor § tions P (m) ! liberated) —
i (m) | 0P | DAPA Ammonia CDAP DARA ammonia
J} j { hydrolase ,: lysgse - | Thydrolase lyase
o 0.0 0.181 0,725 Qg 0
1. Control 0 Ou1 0,200 0.804 0 4]
0 1.0, 0.220 C.861 0 0
Ce1 CeC 0.181 0.725 0 0
2. 20T 1.0 040 0e181 C.725 4] 0
5.0 : 0.0 0,180 0.721 G G
0.1 0.0 0,036 0,058 30 a2
3. Hydroxylamine 041 01 0,045 0,021 75 70
' 0,1 1.0 0. 145 0,616 20 15
0.1 0.0 0,069 0.011 62 85
4L, Semicarbazide = 1.0 0.0 o o 100 100
1.0 1.0 O 144 0.65 20 10
5. Sodium cyanide 0.1 1.0 0.179 C.721 0 0 ~
1 .0 ' 0.0 00027 0:07& 85 90 [
1.0 1.0 0.717 0 Q .

0,180
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attributed to the structural analogy of glutamate and
agpartate with ODAP, Urea and guanidine~HCl did not bring
about densturation of the enzymes iIndicating that the
enzymes do not exist in multimeric structures. Among the
inorganic salts studied, E!g2+, Ag* and 14?* inhibited both
the enzymem, whereas E:Ha"' acted as an activator of both the
enzymes, JThe antinutritional compounds present in j, satiwvuis,
viz, trypsin inhibitor, raffinose and phytate did not affect
the activity of any of the enzymes. '

Since CDAP hydrolase from baciteria is reported for
the first time dufing pregent invegtigation, comparigon of the
characterigiics of this enzyme is made with other hydrolases
(from various sources) which can act on 'C-ii' bonds of

nonprotein compounds as can bhe seen from the Table~124,

The present studies on DAPA-emmonia lyase from
Streptococcus 8p. 1 catalysed ocjg —elﬁ:}iﬁatim reaction similar
1o the reactions catazlyzed by other PLP requiring enzymes viz.
typtophanase (E.0. 4.,1.99.1), tyrosine phenol-lyase (o.C.4.1.99.2)
threonine ciemdmtase (E.Colob,1.1), cystathione B -gynthe se
(EuCobe2.1.22) reported by Davis and Metzler (13972} and
DAPA-anmonia- lyase (E.C.4.3,1.——) reported by Vijayalakshmi
et al. (1975). Currently the enzyme nomenclature lists more
than 90 pyridoxal phosphate ®¥ requiring enzymes, these ere
mainly clagses, E.C. 2~ 4 — and 5= with quite a few in the
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other clagses of this systeﬁ:. in all living beings, pyridcical
phosphate proteins catalyze key step and many specialized
reactions in the assimilation and metabolic transformations of
nitrogen and sulfur containing compounds. Ihesge include a
broad variety of elimination exchange and condensstiion reactions,
particularly at theo, P’ and Yy =carbon atoms in aminc acids
and in other 'NH,' containing compounds ( Braunstein and - -°
Goryachenkova, 1984),

in the ﬁmsent investigation DAPA-ammonia lyase from
Streptococcus sps I showed pH optima at pH 8.0 {in 50 mi
potaseium phosphate buffer) which is comparable with DAPA=
ammonia lyase from Pgeudomonas sp, (Vijayalakshmi gt al,1975),
threonine dehydratase from S, typhimurium, aspartate ammonia
lyase from Bacteroides cadavaries (William and {lartigue,1967)
and E, Coli (Rudolph, 1974). Tris-HC1 buffer at pH 8,0 was
found to decrease the activity of Eﬁ?ﬁ—emonia lyage from |
Streptococcus gp. I 1n the 'presem: study, which is zimilar to
the dbservation made by Greenberg and Matsac (1958) and
Vijayalakshmi et al. (1975) during their studies on homoserine
cystathione v ~lyase and DAPA-eammonia lyase respectively.

N * T activates whereas L:«f * innibits the
DAPA-armonia lyase from Streptococeus sp. I in the preszent
studles, Strong activation by NHA" end K* is observed with
tyrosine phenol lyase (Toraya et al; 1976), tryptophan |

synthase (Miles, 1970), threonine dehydrates from mammzlian
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tissues, plants and microbes (Daviees and Metzler, 1972)
oryachenkova
all bacterial txyptophanaae (Sm 11, 1974). Braunstein an‘d[_
(1984) have reported that inet i «gpecific lyases, the mode
and strength of coenzyme binding is modified by moncvalent

cations,

- DAPA-ammonie lyase from Streptococcug sp. I resembles
the cother apmonia lﬁases in being dependent on pyridpﬁal—
phosphate and thiol groups. The enzyme is also inhibited by -
agents which bind carbonyl and sulphydryl grlcups, however,
inhibition can be reversed by pyridexal phogphate and dithio-

threitol respectively, as discussed earlier., The inactivation
of the enzyme caused by dlalysis during present studies could
be due to the removal of certain lons or PLP, Since EDIA did
not have any effect on the activity of the enzyme, the possi-
bility of the loss in activity due to loss of divalent cations
can be m;ed out, ?his inactivation caused by dialysis was
reversaed by PLP and 2-mercaptoethancl, therefore, it das
concluded that DAPA-gmmonia lyase from Strepkococeus spe I
"requires thiol group for binding to PLP, In the binding site
of PLP enzymes carbonyl group binding reagents with bighly
reactive amine groups, e.g. free and é&kﬂ. or acyl-substituted
hydroxylamines displace C* aldehyde group of the coenzyme
and bind to it in the form of fairly stable PLP aldoximes or
é‘é’;‘;’iﬁﬁ?ﬁﬁ}éﬁ’m“mg the activity of the enzymes (Braunstein and
=57, 1984), similar cbservations were made by Vijeyalakskmi
et 81,(1975) in other ammonia lyases, who also found noncompe~
titive reversible binding of these agents.
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Daring the present investigation, the specificity of.
the enzyme towards varia‘xa'sub;trates was not studied, since
the protein was not purified. The rat liver cystathione
lyase has A broader specificity acting not only on Lediamino-
propionic acid, but elso on the iscmers of homogerine, allocy-
stathione, cysteine and serine’ (Musmuar and Koeppe, 1973).
Tryptophanase, the most extensively studied o<, p -ammonis
| lyase has also broad specificity (Nem;on et %1965; Morino cmaﬂ
Snell, 1967) and "-furthermore the reaction is reversible and
in fact ;Hz has been used to prepare tryptnphan analogues

Snell,

" (atanabe, . 1’972) -
A s ‘L» S\ e “ A
’u z . ¥ :"-.‘:;

RRELESE,

1

N&,

The properties- of PLP dependent lyases from different
sources are compared in Table-125,

During the present experiment, atudies were carried
out to find out the optimum cultural conditions for growth and
producticn of ODAP hydrolysing enzymes of Streptococcus b 1.

For these studies, bacteris (maintained on omp agar
vmedium) were subcultured and 24 h old culture (50 x 10° cells)
were inocculated into 25 ml of basal medium conteining 0.4%
ODAP in 100 ml conical flasgks, incubated at room tenperature
(30°), Control flasks were incuba‘beé at 0-2°, Detalls régardins
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natural decomposition of oll splllis as well as residues in
oll tankers and gtorage drmms has been reported (Guinick and
Rosenberg, 1977; Atlas, 1981). Manoy of the genes involved
in the biodegradation of chlorinated émpmnds are found to
be clustered and borne on plasmids (Weightman gt al, 1984;
Ghosal et al, 19835) as shown in Table-136,

The presence of plasmids in Streptococcus gp. is also
reported, which are as common in this ggnué as they are in
gram negative enterdc bdacteria (Cleweii, 1981). As described
in Table-137 in the case of Se feecalls and S, Jactis, it is
not uncommon to find strains conteining five or more plasmids,
whereas plasmids geem to be less frequent in isolates vef
Se mutans and S, pneumoniae. Plasmids present in streptococcal
strains determine variety of different functions including
conjugal actividy, drug resistance, hamolysis,‘ protease produ-
ction, bacterioccin producti‘cn, U.V. resistance and utilizatiocn
ci lactose, sucrose and citrate, In the case of lactic strepto=-
ccccl, which are ve?y Mpbrfant in dairy fermentations, the
abllity to coagulate milk 1s very much dependent on the ability
of the organiém to metabolize lactose and also to breakdown
caseln which are also properties govez;ned by plasmid INA as
shown in Table~137. Recently, it hes been suggested that
plasmid DNA is associated with the ability of some strains of
S, lactis to ferment sucrose, produce nisin and grow in the
presence of nisin, by éata on curing studies, 'rec'-independent
transfer and bilateral incompatibility with known plasmids,
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However, physical evidence linking the 'Suc*', 'Nip®, ‘Nig*t
rarkers to a distimf plasmid was not obtained (Steele and
Mokey , 1986). Cccurrence of plasmid DA in lsyconogtoc app.
asscciated with vancomycin reaistance (Crberg and Saudiné,
1984) and lactose fermentation (%ulliwn and Daly, \qe2 ) have
been reported. Evidence that plasmid INA iz involved in
carbohydrate fermentation and other phenotypic characters

expressed by variocus lactic streptococci is well documented,

oxtrachromosanal DNA amongst the genus Bacillus, was
first demenstreted in B, mesmteriup, and since then msny
reports have been made of plasmids in Bacillus sp. @e8.
B, gubtilis and B, pumilug (Carlton and Smith, 1974; Toneka
and Koshikewa, 1977; Bernhard et al, 1978; Rostas gt al,1980;
Uozumi ¢t gl, 1980). However, the majority of these plasmids
lack readily identifiable markers except the ones which are
described in Table-133,

In the present investigation the most intervesting
results wers obtained with Bagjllug sp. 1 capable of degrading
raffinose family of olig@saﬁéharide which showed the pregence
¢f five plasmid DNA bands *(Fig.85 Jo Az discussed garlier
(Section-l),the genetic basis of raffinose degradation is vexy
well studied in £, €oll. In entercbacieria, isolated from man
and demestic animels, raffinocse degrading plasmids were detected
(Smith and Parsell, 1975; Hagalhes and Veras, 1977). Orskov
and Orskov (1973) reported that six of eleven strains of
Ly Loli that tmnsmi‘cte'd abillty to produce hydrogen sulfide
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algo transmitted eblility to ferwent raffinose. Later on it

was reported by Burkerdt et al. (1978) that the tetracydine
resigtance (Tc) and raffincse-hydrogen sulfide (Raf-HyS)
characters of £, Qg;_;,b 1021 are located on two compztible,
conjugative £i~ plesmids nemely pRSD, end pRSDz, respectively.
YpRSD! | showed a buoyant density of 1.716 @ns/cm:‘?’ (563 GC)
‘a.ﬁd the 'OC' fomm hazi sedimentation coefficient of 35 s |
whereas pRSDg bad buoyant density 1.718 gms/cm3 (535% GC) and
the sedimentation coe.fficie_m of '(C! form was 58g. Iuring
ex@ermem:al_ growth of g& g_g_;;_ one copy of pRSDz per chranogone
was found indicating stringent control of plasmid replicatien
(Burkarat et al, 1978). Schmitt et al. (1977) have reported
thet raffinose plasmids enable strains of E, Coli to use a
trisaccharide mffinose as so0le ¢arbon scurce by the action

of three induc.ﬁale plasmid coded functions, namely a transport
syatem {'raf' permease), oC -galectosidase and invertase whose
structural genes form an operon. Evidence for plesmid linked
ol =galactosidase and sucrose hydrolase sctivity in Pediccoccug

pentosaceus hasg alsc been shown recently by curing methods

(Gonzalez ang Kunka, 19,86).

'l‘ims there is poassibility that the genes reséonéible
for the degradation of antimutritional factors and toxina may
algo reside on plasmids. For further gtudies, Bacillug gp. I -
capable of degrading raffinose and Streptococcus sp. I capable
of degrading neurctoxin were used Lo inveatigate whether tle

degvadation

raffinose and neurctoxin Ere controlled by degredation
plosmicds present in these bac’teria.,
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Studies on genetic basis of ODAP degradation in Strepltococcus

gpa I :

Ag described earlier, Sipeptococcus gp. & which is
capable of degrading CDAP showed presence of plasmid Di_\iA. ’
Therefore, this strain waes :i,;‘urther uged for studying the
genetic basls of CLAP degradation, Curing studies were carried
out to locate the genes coding for the degradative enzymes.

For this, tubes of luria broth containing various c@ncentratieﬁa
of curing agents (acridine orange, acriflavine, mitomycin or

% 40 107 cellsfml. These
were incubated on shaker for 24 h at 30° and the minimum

fx;pvobiocin) were inoculated with 10

inhibitory concentration was determined for each curing agent
(Teble-139). Set of tubeé containing different concentratﬁ.ions"
of'aeriflavine was also incubated at hO‘;. Aliguotes were taken
from the tubes showing minimm growth and then diluted with
nézmal saline, plated to give 30-300 colonies (appropriately

on luria agar plates containing 1% glucose). The colonies
thained vraré replica plated onto different media té gelect

the cured colonies. The media used for selection (replica
'platingj were Basal media + agar (control), Basal media + -

glucese, Hasal media + CLAP (neurotcx@ and Basal media + DAPA,

Ag can be geen from the Table—‘l&é, some of the colonies
did not grow on ODAP and DAPA ager, eventhough they did show
growth on glucose ager. Further when these colonies were | »
individuelly incculsted in liquid media contoining ODAP or LAPA
as "scle 'C' and 'N' source, they did not show any growth when
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IABIE~139 : HMinimum Inhibitery concentration of different
curing agents tried for Strephococcus gp. L.

¥indmum inhibitory

"t
)
Curing agent 3 cencentration (MIC)
| 1 (pg/ml)
- i . ! ns

feridine orange | 500

Loriflavine : - 5GC0

Novobiccin - 250

Mitomycinet o 10

" EP.

mBIE-;-ji;g 3 Fregquency of lloss of neurotoxin degrading
ability of Streptococcus ap, I by dliferent
curing aggn‘ha.

- —— -
i opap® ! omaP™ !Total Lozs of
Curing agent i clonss | clomes |colo- onapt
i i inies (curing %)
- L. Itrieg e

Acriflavine (30°) 162 o8 170 Le'T
Acriflavine (42°) 110 10 120 8.3
Novobiccin (307 196 oh 200 2.0
Mitegycia (30) 252 08 240 3.3
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checked after 48 h, Thus these colonleg might have lost the
capacity to degrade ODAP and DAPA which could be due to two

Yeasong

%) The chromosamal IDNA might be affected,
2) The resident plasmids might code for the degradative

CNZYmR S,

To confirm this, the colonies which turned ODAP™
were analysed for the plasmid INA by small sgeale alkall lysis
method. When electrophoresis of INA preparation was carried
out with B, Coli harbouring pBR=322 and wild type untrested
Streptococcus gp. I s controls, it wes found that S‘tmr&; ;L OC Om
gcus sn. I had lost the plasmids after treatment with curing
agents (Fig.84). These experiments provided a preliminary
evidence for plasmid linked ODAP utilieation in Streptococcus
8be 1.

Thus in the present investigation, it was found that
the hacterial strains capable of degrading neurctoxin do have
- plasiids. Curing studies with different agents on Streplococcus
8ps I provided preliminary evidence for the presence of plasmid
coded degradative enzymes for neurctoxin degradation. lHowever,
furtker studies are necessary to confirm the linkege of this
phenatypé (ODAP degradaticn) with plasmid DNA by transformation
or cenjugation gtudies, Tm,zs,‘;’fnaurotoxin utiiization -0 I8
a plasmid coded phenotype, it will be advantageous for further
genetic manipulations.
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Studies on genetic basis of yaffinose depradeticn

As discussed ecarldier, Bacillus gp, I capable of
hydrelysing raffinose showed the presence of plasmid DA
bands with "SDS lysis" method. Experiments were conducted to
deternine the rols of these resident plasmids to code for
detectable phenotype such as f*raf' and ’mel' utilization.:
Various methods of curing plaasmid DNA, like treatment with

mutagenic agents, SDS and elevated temperature were used
(baterials and Methods) and the minimum inhibitory concenmtya=
tion (MIC) of the chemicals used for curing plasmids of
Baciliung sp. I are ghown in ‘Iébledlﬂ. When bacteria were
grown at MIC of these chemicals, the derivatives free of
plasmids were not cbtained. However, the bacteria treated
with acriflavine and acridine oronge at € }ug/ml azz% Jo }sg/ml»
concentration respectively and incubated at 35°. 42° and 45°
(accerding to the method describes by Gonzalez and Kinka,1986)
resuited in the detectiom of 'Raf™*, aggregates as shown in
Table-142. A drop in curing frequemncy was observed a"l:' highest
temperature (45°) due to a drop in éell viability at this |
temperature as shown in Table-143.

Analysis of plasmi& DA from these isolates after
curing studies showed that the cured derivatives had lost the
plasmids suggesting that utilization of raffinese in Bacillus
ap. I might be plasmid coded (Fig. 83)., Therefore it was of
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ZABIE-141 : Hinipum inhibitory concentration {»MIC) of
different curing agents itried for the

- growth of Bacilius gp, I.
Curing agent MIC (Zug/ml)
Leridine orange 6.0
Acriflavine ' 10.0
‘Novoblocin , 0.6
Mitcaaycin-C ‘ 1.0
Sodium dodecyl - sulfsie )

Lithidium bromide 0o
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TABIE~143 ¢ Viebility of cells (Bacillng gn. I) at elevated
temperature durdng thelr growth with acriflavine,

e e,

No, of cells/ml
or
CFU/ml of mediun

T P R R,

Com;rol* . ‘ 5 X 109
 hcriflavine (30°) 5 x 107
Aoriflavine (3'}“) 4,5 x 107
Acrifizvine (40°) 1.5 x 107
Acrifiavine (42°) 5.0 x 10°
horiflavine (45°) 2.5 % 10°

Bacteris were grown in luria ﬁroth containing 10 }ug/ml
acriflavine at differont temperatures for 24 h and the
survival of cells was Investlgated by using spread plate
method as deseribed under *Materials and Methods®.

* For control, the culture was grown in Iuria broth at 30°
without acrifisvine.
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interest to determine whether quantitative differences in

enzyme ac't:'ivi’ty in parental and cured derivatives were
correlated with the presance or absence of plasmid DA,

The parental and cured strains were essayed for oc =galacto=
sidase with permeabilized cells as well as fram cell free
extracts as described under 'Materials and Methods'.

The. gpecific scilvities of inducible oC «galactosidase of
parental strains were 0.428 and 0.495in raffinose and melibe
iose broth respectively, whereas the cured strains were unable
to utilize these compounds as growth substrates (Table-144).
When the parental stram;)gggm in Juria broth, it éhowe&

o¢ —galnctosidage activity 0.{3;65, whereas cured strain did not

show enzyme activity.

Cornelis et al. (1978) have suggested toluene resist-
snce as an useful marker for defining strains which harbour
& reffinose plasmid and for distingulshing them from 'Raf™
- strains. In the present studies also a permeabilized cell
assayA for oc ~ga1actasidase activity of Bacillus gpe I
showed the plasmid agsoclated enzyme activity in parental
strains to be toluene resistant. Characterization of
= ~galoctosidase activity associated with raffinose plasmld
in B, Coli hag also shown that in contrast to the chromoscmal
ox.-galactosidase (Mel ~C-gal) specified by the 'mel' system

N | . ?Schmitt, 1968)

of b, ¢oli (Eurs*tef.\\n and Xepes, 1934134 'raf’ coded cc~galacto-
sidase (Raf < -gal) which is plasmid encoded can be asspyed

in toluene treated cells (Schmid and Schmitt, 1976).
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Ihe selective advantage or role of raffinose plasmid
in Bacillus sp, ls not studied during the present 1nvast;i-
gation, However, this strain resides on the surface of
stored grains and isg associated with legumes where raffinose
and sucroge are the most common sugers found in them. It iz
therefore possible that plasmid encoded raffinose utiliza-
tin may give these imolates a selective adventage in being
able to ferment sugers which are commanly found in legumes.

Knowledge of plaamid coded enzyme which govern the
fermentation of carbokwdrétes in bacteria is of importance to
the food fermentation industry. In product development, it
mey be necessary to promote or prevent the utilization of
certain naturally occurring or added carbobydrates in fermente
atlon systems. By addition or deletion of certain naturally
occurring plasmids in micro-organisms, its fermentation
pattern may be tailored either to ferment or not to ferment
a given cerbohydrate. OUne such example is & recently issued
patent (Gonzalez, U.S. Patent, 1985) in which naturally
‘ocburring ‘raffinose?! and 'sucroge' plasmids were eliminated
50 that B, W could be uged to ferment meats and
vegetables in the presence of added sucrose without fermente

ing sucrose.

"
To determine if the transfer of the "Rag®" phenctype
was possible by transformation and if this mdde of trensfer
will result in a detectable "Raf'" phenctype, transformation
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of cured Bacillus sp. I and B, Coli with "Raf*" plasmid were
attempted using Cam.8 method. Thege experiments did not
give "Raf’" transformants which might be due to inefficiency
of the method used in the case of Eacillug gps end inability
of “Rag*" plasmid to muitiply in a new host viz. E. Coli.
Since the attempts of transformatiom of cured Bacjilius
strain and B, €oli were unsuccessful, it was thought of
trangferring this foreign DNA using another plasmid vector
pBR=322 using a recoambinent INA technique. For this the
plasmid INA from Becillug BRs I and pBRe322 plasmid INA Zfrom
- Ee Col) were isolated fram a lerge bulk of cultures and were
- purified using csésium chlori&e densily gradient centrifuge-
tion (details of the methods for isolation and purification
of plesmid DNA gre described under "iaterials and Methods").
The purity of the purified plasmid INA preparations wes
checl{ed by agerose gel electrophoresis. The restriction
anolysis of plasmid DNA from Bacillus sp, I and pBR=322
plasmid (which was used as a vector) were carried out using
restriction enzymes 'Pst-l', 'Ece-Ri‘ and Bam~H,. Fig.85
- shows the number of fragments gemerated after the digestion

of DNA with restricticn endonucleases.

, A gene bank of Bacillus sp. I plasmid DNA wes constru=-
cted by ligating the Eco-RI and pst-l fragment of plasmid DA
with pBR=-322 fragments cut with the seme enzymes using T4 DNA
ligase i.xg.at-le E, €0li was transformed wﬁ:g the reésulting
recombinant plasmide followed by' selection on 18 agar plstes
containing either ampicillin or tetracycline using a principle

\



FIG ,85

Agarose gel electrophoretic pattern of DNA preparations!
digested with restriction enzymes:

Lane-1

Lane-2
Lane-3
Lane-4
Lane-5

Lane-6-8:

Lane 9-15
lane-16
lane-17
Lane-18
Lane-19

Purified_ plasmid DNA from raffinose degrad-
ing strain Bacillus sp. | (JUaf* plasmid;,
'‘Raf’ plasmid DNA digested with Bam-H.,
'Raf' plasmid DNA digested with Pst-I

'Raf' plasmid DNA digested withEco-R1,
Chromosomal DNA preparation from raffinose
degrading Bacillus sp, I, .
Chromosomal una from Bacillus sp.1 digested
with Bam-It|, Pst-1 and uco-ki respectively.

Other standard DNA3,

Purified pBR-322 DNA, )

Purified pBR-322 DNA, digested with Bam-HI,
Purified pBR-322 DNA digested with Pst-I,
Purified pBR-322 DNA digested with Ero-R1,

43,
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of "Insertional inactivation”, Whén these. transformants
(viz. amp® tet' in pst-—i cut: mgmenté).xvére then replica
plated on raffinose agar plates, it was possible to get
3 transformants out of 700 which had ‘raf' gene inserted
into them. A recombinant plasmid obtained from clones was
found to contein an additional fragment as shown in Fig.86
when digested with pst-l., When E, Coll strain ( C-600 )
contained only pBR=322, no oc -=galactosidase activity was
detected in cell free extracts or by plating on minimal
nedium cantaining raffinose as 'C* gource. In contrast to |
this, E, Coli strain harbouring a recombinant plasmid could
grow on minimal mediﬁm containing x@ffinoa'e and the celle
free extract possessed oc-galactosidase activity. This
data support the condusion that in Bacillus spe I Raf®
phenotype is plasmid coded. vﬁmﬁer, the expression of
o< -galactcsiéas& gene cloned from Bacillus g,g; i j,ni;o
Ly Coli 1s not situdied here.

Cloning of 'raf' opercn thet mediates catebolism of
raffinose was also carried cut by Kenishi et al. (1985) from
B, Coli D-1138 into E, €oli C600 using a vector pBR-322,
Their experiments gavé’an evidence that genes for raffinose
~utilization ccnsﬁitutg an opercn; the geng order is the

regulator, -gaiactosidéae, | the permease and mvertase.
| However, the location and number of the promotor of *5his
opercn are still not known. Kosugl et al. (1986) construe
cted. a cointegrate plasmid in vive between a plasmid that
medietes raffincse cataboliam in E, 8oll and TncP -1 plasmid
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2-0 Kb.
2-2> Kb.

it-ib Kb.

i_5 <b-
q.if K-b.

£$1 Kb.

** $58.~L.nASSSWSAL IS

Lane-1 used as a reference standard,

Lane-2 gfo«Tp~-BfjpXdi~eNTt& Pet-I.

Lane-3
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R=68-45 from Pseudomonas gg,,,. This cointegrate plasmid was
then introduced into Zymemonas mebilis to improve the strein.
But still there are no daté évailable on the size of the
genes which constitute a ,’mf' operen in E @oli or other
bacteria. Whereas there are reports on the size of genes
coding for melibiose utilization in B, €olf. Melibiose utili-
zation in E, Goli is determined on the melibiose locus ‘'mel’
which is located at 93 min on the genetic map (Bechmann,1983).
The 'welf °‘j§§;’i’3§&§f induced by several oc -galactosides:
(Px'eatidgeh 19653 Schmitt, 1968) and its expression is
controlled by cAMP-CRP regulatory circuit (Chkada et al,1981).
‘Mel! locus is believed to form an operon consisting of at
least two structurel genes 'mel-A' and 'mel-B' coding for
o< «galactosidase and melepermease respectively (Henatani
et al, 1984). ‘Mel-AB' mgién has been cloned into another
E. Coli strain using & vector pBRe322 by Hanatani et 21{1984).
Using genetic complementation tests and recombination analysis
of recominant plasnids and ‘meleA™', and ‘mel-B™' mutants
enabled them to determine the physical location of the promo-
tor, 'mel-A' and ‘mel-B? gemé:s on the INA segment, viz. size
of tmel-AB? yegion is about 3009 bage pairs. Ceompleie nuclece
tide sequence of the ‘mel-B' gene coding for the maiibiés&
cearrier in E, €01} was determined by Yazyr.{ et al. (1984).
The melibiose carrier is predicted to cmsist of 469 amino
acid residues (70% nonpolar amino acids) resulting in a
protein with a molecular weight of 52,029. Recently, 'mel-d'
gere of Eg €oli is also cloned and sequenced, which showed that
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it codes for 450 amino acids leng protein, with a molscular
weight of 50,6 kilodaltens (Liljestrom and liljestrasm, 1987).

In coclusion, the pmsent experimentys repovted on
c:i S Spe 1 suggest that Ragt p%notyp& 1s plasmid coded
in this bacteria. The invelvement of plasgmid NA is augg&atea
by the curing deta and trensformetion of plasmid genes using
recombinant LHA technique,

Studies on immunodocical propertics of X-palactosidase of
Bacillus sp, I ¢

_As discussed eerlier (Section~iil), "raffinose induced
o =galactosidase of Bacillus szp, I was purifi®d to homogenedty
maving molecular weight of 1,90,000 and tetrameric structure.
"Malibiose induced® oc -gnlaciosidase from Peclilus gp, I was
also purified to homogenelity by cother workers in the laboratory.
Therefore comparative studies between *raf! induced and 'mel®
induced o ~galactosidases fram Bagiliue sp, I wera carried out.
Studies carried out on the purified enzymes sucwed that thege
tuwo ensymes have similar kinetic properties, elecirophoretic
nobility {(Fig.87) and moleculsr weights (Table~145). As discue
ssed earlier, curing studies also proved the plasmid linked '
reffinoge and melibiose degradaticn in Bacillus gp, I unlike
that of L. coli system (Schmid and Schmitt, 1576). Therefore
the studieg were also carried ouk to detect whether 'mel!
- induced oc ~galactosidage and 'raf! inducedSe-galactosidese
arc immunologlealdly related or not. For this investigation
antisera were raised sgainst both the purified enzymes in
rabbite az described under “Materials and MNethods".

Jera sbtained from the rabbits aficr injection of
L-galactogidase were tegted for the presence of antibodieg
against them by immmediffusicn techniques, it was found that
the sexa obtained after 28 days, 35 é&ayss and 42 days showed
clear precipltotion lines in the gels, indicating the
presence of entibodies. For further gtudies ‘snti-raft! and
tanti-mel? sera of 35 days (having hizh antiboedy tlter) were use’
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Fer studying the lopunological relationship between
mel' induced ém 'ﬁif* induced oc =~galaclosidase, cross«
reactivity and immmnotitration were carried out using
tantie-meleoc =gul' and ‘antie-rafe Ocegal! gera. The result of
double~immmodiffusion are given in Fig.8% from which 1t cen
be seen that the precipitin arc forwed betweon the antibody
and teat sntigens fused indiceting that the entibody is precie
pitating identical epitopes in esch antigen, ihis does not mesn
that both the enzymes are necessarily identicel, but they sre
identical as for as the antibody can distinguish the differerce,
Thus this experizent confirmed & common antigenic determivants

of the two enzymes becsuse of the fusion of precipitin lineg,

Habbit antisera reaised against the two enzymes were
titrateé against the enzymes 0y agsaying changea in the activity
in the supernstents as described under 'Waterials and Hethods',
Lata given in Plg«39 show that in both the cases imumprecb |
pitation cccurred although the reactlon wags relatively poor in
tanti-raf- cc=gal’ gera, The impunoprecipitetion curve using
lanti~pele~ cCeagal! gsore indicate homology amongst both the
enzymes. Since there is no difference in the slopes of the
curves with both the enzymes, it can be concluded $hat 'mel®
induced and 'ref’ induced o =galactosideses in Becillus gp.l
are structurally closely related. Thus results obimined by
immunotitration curve confirmed the resulis of double ipauUnce
diffualon method.

Therefore from all above mentioned studies, it can be
concluded that in the present inwvestigation, in BZaciliys spe 1
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‘raf! coded and *mel' coaded enzyme proteins might be the seme
proteins or they must be having homology in their atructural
and functional properties. It can be also postulsted tiat
‘raf' and ‘mel' genes are components of the saxme operon in
Bacillug spe I. Thus raffincee and melibiose utilization is
different in Bacilius species then that of &4 cgll, bacause
in £, coli 'raf! coded and 'mel’ coded o< egalactosidases have
different molecular and immunologicel properties (schmid end
Schmitt, 1976) ag shoun in Table-146.

Immuncchemical relationships were established among

'"Raf' plasnids of %9 independent isolates from men and domestic
snimals (from three continents) by using antiserum sgainst

o¢ =galactogidess, Impuncdiffusion revealed three seralsgiwl
subclasses of o< -galactogldage, which were correlated with the
biological and geozraphical origin of the hhms't strains. it is
Vesnciud@d that the 'raf' determiments of all ‘ﬁafl’. plasmids
tested heve evolved from & common ancestor (Schmid gf al, 1979).



