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RESULTS AND DISCUSSION

Favourable chemical changes brought about by micro­
organisms during fermentation ©f legume based foods- are extensi­
vely discussed earlier while reviewing fermentation. The most 
important biochemical changes during fermentation are breakdown • 
of complex nutrients into simpler digestible forms, increase in 
some vitamins content along with the degradation of sane anti- 
nutritioml compounds and toxins. Experiments carried out with 
fermented foods of India vis. *khaman* and *idli* suggested 
their greater digestibility as compared to unfermented foods
(Rajalakshmi and Vanaja, 196?). Earlier studies carried out in 
■\Y\e-s ■ laboratory showed that teqyidli1 was found to be well accepted 
and tolerated by severely malnourished children (Ramekrishnan, 1977) * 
Bacteriological studies carried out showed 'that Leuconostoc 
mesenteroides. Lactobacillus ferment!. Lactobacillus delbrueckll 
and Bacillus So, play a dominant role in fementation of sane 
Indian fermented foods (Ramakriahnan et al. 1976). Presence of 
hemagglutinin degrading bacteria mesenteroides (HA) from 
fermented teoyidli* batter was also reported-by Ramakrishnaa and 
Rao (1977).

As mentioned earlier, L*. sativus is a hardy crop whose 
consumption is still not stopped by the poor people. Its nutri­
tive value can be compared with otter legumes, but it contains 
neurotoxin and otter antiautritional compounds viz. trypsin 
inhibitor, phytate and flatulence producing oligosaccharides.
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Preliminary studies carried out in this laboratory shouted that 
fermentation of sativus dhal decreased raffinose family of 
oligosaccharides completely and neurotoxin to seme extent. 
Therefore the present experiments were aimed to study the mod® 
of breakdown of oligosaccharides and neurotoxin (OjjAP) by 
bacteria isolated from either stored grains or fermented 
L* sativua dhal*

The results of the following experiments are reported 
and discussed in the thesis.

Section-1 : Preparation of a fermented product from aatlvu^ 
dial and the microbial profile during the 
fermentation.

Seotion-II : Isolation and identification of bacteria, capable 
of degrading flatulence producing oligosaccharides 
and neurotoxin, from stored grains.

|
Section-Ill i Studies on bacterial degradation of flatulence

producing oligosaccharides with special reference 
■ to production of -galactosidase and iiwartase*

Section-IV : Studies on bacterial degradation of neurotoxia 
(ODAP).

Section-V j Studies on the genetic basis of degradation of 
toxins and antinutritional factors in bacterial 
isolates with special reference to raffinose 
degradation*
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Section - I ■

Preparation of a fermented product frag eatlvus 

dhai and microbial profile of the seme durian fermentation

As described under 1 Materials and Methods*, a fermented 

product similar to ♦khaman* (a traditional fermented product of 
Gujarat, India prepared from Bengal gram dhal) was prepared using 

L, sativug dhal for studies on breakdown of flatulence producing 
oligosaccharides and neurotoxin (ODAP) during-fermentation,

1’he characteristics of this fermented product are described in 
fable-70* It was found that during fermentation, the pH 
decreased and volume of the batter increased which is a charact­
eristic of other Indian fermented foods (Mukherjee et al, 1963 § 
Rajaiakshmi and Van&Ja, 1967; Steinkraus', et gl, 1967; Akolkar, 

1977). Decrease in pH was also observed in other foods involv­
ing acid fermentation viz, * sauerkraut* (Pederson and Albury, 
1969), "sofyidli* (Ramakrishnan, 1979)» ' sour-dough breads*
(Hood et al, 19751 V/ood, 1977), Kigerian * ogi* (Akinrele, 1970), 

‘kenlcey1’ fermented maize dough balls of Ghana (Christian, 1966? 
Nyako, 1977), Nigerian *gari* (Akinrele et al, 1975) etc. 

Regarding the acceptability, taste and texture of tlie. product 

from ht, sativus dhal are quite acceptable as shown in Table-70. 
V/hen fermented sativus batter was investigated for the
microbial population using selective media it was found that 
it is only due to bacteria and not by yeast or any other fungi.



TABXE-70 i Characteristics of a fermented product from .L. aatfvus dhal.

-r*
iI
*

ju.
Physical changes in the batter

■St

I M Xt&^q.ss 
f in volume 

of batter

iwll A#|rf** *#,£» VMH> ‘aH™o£rfeEi",t” 
unfermentedl fermented J hatter 1 batter I

Sensory acceptability 
aeon mam**

Text*fast© 1I are
t

| Colour 
JLnmb«ra

1} •KhafRan* «* a traditional 
. fomented food prepared 

from Bengalgram dtoal*
123 ± 3.0 6.6- x 0,0? 4.60 i 0*08 3.0 3.0 3.0

2) fermented product from 
h& gativa-s dhal.

116 £7*0 6.5 ± 0*05- 4*5 * 0.14 3*0 2.5 2.5

* Average of four trials & 3.B.

** Ten subjects formed a panel of fudges; scores are average of individual scores* 
3 a very good, 2 a good* 1 ■» acceptable* 0 * not acceptable.

ro►T*
to
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Yeast has been reported to play a role in other Indian food 

fermentations (Lewis and Johar, 1933; Desikachar et gl, 1960; 

Batra and Milner, 197^). But this was not found to be the 

case in the present studies on fermentation of L*. sativus dbal. 

Total counts of bacteria isolated from unfermented and fermented 

L. sativus batter are given in labile -71# and the details of 

identification of the major bacteria are given in Table-72.

The change in total counts of bacteria during the

soaking and fermentation are reported in Table-71 which shows

that the bacterial count starts increasing during just 4 h
soaking of the dhal, and the total counts increased from 10^ to 

910 during fermentation. The morphological, cultural and 

biochemical character!sties of the dominant bacteria present in 

fermented sativus batter showed that they, were namely 

Leuconostoc meaenteroldes. lactobacillus so. I, Lactobacillus 

ferment!. Pedlococcus so.. Bacillus so. Ill and Streptococcus 

ap. II as described in Table-72. It is interesting to note that 

some of these organisms were initially present in the batter in 

very small amount, but the concentrations increased after 

fermentation (Table-73). L&. mecenteroides and fermenti

were present in higher concentration in the fermented batter, 

compared to other bacteria as shown in Table-73. These obser­

vations suggest that the fermentation of sativus dial was 

brought about by bacteria like other Indian fermented foods. 

kx. me senteroldes showed highest increase in its content during 

fermentation in the present Investigation. This organism is
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TABUS—71 ! Changes in bacterial counts during soaking 
and fterraentatlcn of L„o aativus dhal.

| Total bacteria 
counts/g 'a*

*

**5”

Control dhal 5*9 * 0.30 x 104

Soaked dhal 8,9 + 0.54 x 10>
iis MlM dh&i batter 
fermented for 8 h»

20.75 1 1.2 x 10?

L. sativua dhal batter 
feiraentia for 16 h. + 0*10 * 109

(a) Values are mean of four different observations + S.E,
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also found to bo a dominant one during fermentation of soyidli 
(Akolicar# 1977)# * sauerkraut1 (Pederson and Albury, 1954,1956), 
Phillipine vegetable blends (Orillo at al. 1969)# *kenkey* 

fermented maize dough of Ghana (Christan, 1970), Nigerian 
11 pals wine * (Okaf or, 1975) and Nigerian *gari* ( Gk&f or , 1977$) * 

Leue ones toe mesenferoides is the essential micro-organism ■ for' 
leavening of the batter and is also responsible, along with 
Streptococcus facealis for acid production during *idli* fermen­
tation (Mukhergee et al, 1965), L,. ferment! which is present in

fermented L*. sativus batter was also found to increase free 

sugar, decrease the pH and increase the volume of the batter by 

production of gas; and increase niacin in soyidli fermentation 
(Akolkar, 1377), Lactic acid bacteria are also known to be 

involved in the fermentation of several types of foods and to be 
responsible for acidity, flavour and desirable fermentative 
changes (Allen and Allen, 1933; Aklnrele, 1964; Mukherjee gj*. al. 

1965; Orillo et al# 1969), Lactobacilli are found to be one of 

the essential micro-organisms during fermentation of scymilk, 
soy-sauce, Japanese--sake, Maxican pultgue, sauerkraut, scyidli, 
sourdough bread, Nigerian ogi, ‘Eragrostistef*- an Ethiopian
fermented food (Sanchez and Morroquin, 1953; 1970; Pederson and 

fCUwe ana
Albury, l969;^Suglhara s^lX* 1971>"; Banigcr. and Muller,1972s-.; 

Mital et al, 1974; Kcdarna and Yoshlsava, 1977; Ramakrishnan 
et al, 1976; Gaslie, 1985), Bacillus so, are reported to play 

important role in fermentation of African oil bean 'ugba*
(Odunfa and Cyeyiola, 1985), ’natto* fermentation (Hasseitina 

and tdng, 196^), ’soyidli* fermentation (Akolkar, 1977)#

•ogiri* fermentation (Odunfa, 1981a) and •iru1 fermentation
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(Odunfa, 1981b). Pediococcus so. are imported to play ferment­
ative role in fermented products of Thailand (Taraaup&wat and 
Daengsubha, 1983)» 1 sauerkraut* (Pederson and Albury, 1969), 
and a traditional Japanese *miso* (Wang end Kesseltine,1979)•
Thus it can be concluded from this experiment that during 
fermentation of sativus dhal, roesentersides and L*. ferment!
were present as.dominant microflora resembling other Indian 
fermented foods involving acid production. This fermente'd 
product prepared from L*. sativus dhal was analysed further for 
its oligosaccharides and neurotoxin content. ,



Section ~ 11

Isolation and identification o£ bacteria, capable of 

degrading flatulence producing oligosaccharides and, 

neurotoxin,from stored grains.

Earlier studies carried out in this laboratory 

(Ranakriahnan, 1973) showed that the bacteria involved in the 

fermentation may case from the grains used for fermentation and 

that the bacterial flora of different grains are different.

Thus it appears that there may be microflora in stored grains 

which have the capacity to degrade toxins and antinutritional 

factors present in food grains. Since the major aim of the 

present investigations was to study the mode of breakdown of 

neurotoxin (OQA.P) and flatulence producing oligosaccharides by 

bacteria, in vivo and in vitro .the experiment was carried out to 

isolate and characterize bacteria from stored grains which can 

hydrolyse these compounds.

The major grains like rice, bengal gram, black gram, 

soybean etc. used for preparation of legume based fermented' 

foods were used for the isolation of bacteria as described under 

•Materials and Methods’. Using a basal salt medium containing 

either raffinose as sole carbon source or neurotoxin (Oiivh) as 

carbon and nitrogen source, it was possible to isolate the



bacteria capable of hydrolysing neurotoxin or flatulence
producing oligosaccharides. The details regarding the method of
isolation have already been described, under ‘Materials and Methods*

The morphological, cultural and biochemical characteristics of
these bacterial isolates are given in Table-74. Using these
tests they were characterized as Bacillus Sp. I (soybean grains),

Bacillus ap. II (L» sativus seeds), Streptococcus sp. I
~ TT"gativus

(L. sativus. seeds). Klebsiella aerogenes (rice2jand bajra grains), 

Spirillum so. (Bengal gram grains) and Xactobacillus sp. II 
(black-gram grains). These microorganisms which are isolated 

from the stored grains used for preparation of fermented foods, 

have been reported during fermentation of several legume based 
fermented foods (Mukheroee et al, 11965. Pederson and Albury, 1969; 
Altai et al. 1974; Salinas and Herrera, 1974; Gdunfa, I98la,b).

The above bacterial isolates were screened further for 

their efficiency to degrade flatulence producing oligosaccharides 

and neurotoxin.
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Section - III

Studies on bacterial degradation of flatulence 

producing oligosaccharides with special reference 

to production of ~ffalactoaiida.se1 and invertase.

Results on standardization of methods for quantitative 

end qualitative analysis of raffinose family of oligosaccharides, 

effect of different food processing methods on oligosaccharide 

content of L*. satlvus seeds/dhal* capacity of bacteria,1 isolates 

to degrade oligosaccharides, metabolism of raffinose in a 

bacterial isolate and studies.on purification and characteri­

zation of enzymes for raffinose degradation from Bacillus so, I 

are presented and discussed here.

Standardization of methods for quantitative and 

qualitative determination of raffinose family of 

oligosaccharides and their metabolites :

During the course of studies on bacterial degradation 

of oligosaccharides, it was necessary to standardize a simple 

method for the separation and estimation of flatus producing 

oligosaccharides from satlvus samples as well as culture

filtrates during the growth of bacteria.



, A large number of methods lave been reported for the 

separation and quantitation of raffinoae family of oligosaccharide# 
Ceming and Filiatre (1976) have employed colorimetric quantita­

tion of the oligosaccharides after separation by gel filtration. 

Other procedures principally employed for determination of these 
sugars are paper chromatography (French, and Wild, 1953; Kawamura, 

19671 Champagnol and Bcurzeix, 1971)» carboacoluan chromatogra­

phy (Kawamura and Tada, 1967) > centrifugal chromatography 
(Kawamura et al, 1967), thin layer chromatography (Tanaka c"~"} 

LTgfSET 1975) > liquid chromatography CJihaowltt • et al. 1972;

him sJ, al;, 1973; Cegla and Bell, 1977; Robert Macrae and Ahmad 
Zand-Hoghaddran, 1978; Conkerton et al, 1983) and gas chromato­
graphy (Sweely et §1, 1963; Delente and ladehburg, 1972;

Wankhede and Tharanathan, 1976).

The short; comings of the liquid chromatographic proce­
dures are that either the two main components, raffinose and 
staohyose are separated only in the top of their peaks or the 

separation of monosaccharides and d.iaaccharides from sucrose is 
not complete (Conkerton et al. 1983). Consequently the decompo­

sition products of oligosaccharides cannot be measured using 
these methods. The most efficient method for this purpose is 
gds chromatography (CkG) if optimum derivatization and separation 

conditions are ensured. These requirements were not fulfilled, 
by earlier reported *GC ’ methods except by the recently/ 
described method of Perl et al. (1984). Therefore a suitable, 
rapid and sensitive GC method for separation and estimation of
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oligosaccharide8 mad their metabolites was standardized in 
the present investigation.

In the beginning of the present studies* gas chromato­
graph was not available in the laboratory, hence e simple and 
sensitive thin layer chromatographic {(TIC) method was also 
standardized. Results of standardization of the TIC and GC 

methods for the separation and estimation of mono-, di- and
i . •

oligosaccharides are described further.

Analysis of sugars by TIC method s

.Several investigators have reported TIC methods for the 
separation, of oligosaccharides and simple sugars from many 
biological samples including food samples. (Into et §JL, 1968? 
Hansen, 1975; Tanaka et gl, 1975» Gauedii et al, 1979; 
Ghebregzabher et al, 1970). Using these methods either, the this 
sugars can be separated well only at lower concentration 
(5-20 jug of each) in a mixture or preeoated plates are required 

for good separation of sugar.

When the mixture of standard sugars were spotted at 
high concentrations using silica gsl-G plates, and when the 
TIC was run according to the standard methods, the distinct 
separation of sugars was not achieved. Therefore the method of 
Stefanis and Ponte (1968) was modified in present studies by 
changing the concentration of solvent .system, type, of binder

260
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and spraying reagent (details of tbs method are described in 
'Materials and Methods*), When different types of salts were 
tried for impregnating gel, viz*, acetate, phosphate, borate, 
and bisulphite, it was found that 0,114 sodium phosphate bring 
about separation of all the oligosaccharides and disaccharides 
studied, viz,, raffinose, stachyose, verbaecose, melibiose and 
sucrose. The important influence of phosphate salts on silica 
gel-G is that they cause it to be sufficiently insensitive to 
the negative interferences of inorganic .salt impurities and 
non-saccharide components such as urea, amino acids, carboxylic 
acids etc,(Gvodov et al* 1967; GhebregzajE^r et ajj, 197*0.

It was found that good separation of disaccharides and oligo­
saccharides from mmosaccharides was achieved when the solvent 
system chloroform ;acetio acids water (6:10:1) was used to run 
the silica gel plates, • Fig,9 shows the chromatographic 
separation of different sugars studied. Figure indicates that 
it was possible to separate stachyose, raffinose, melibiose and 
sucrose from each other, eventhough the three monosaccharides 
(glucose» galactose and fructose) were not separated from each 
other. It was found that when the plates were allowed to run 
twice or thrice, better separation of the sugars was obtained, 
in the range of 20-200jag of each sugar in a mixture. For tbs 
quantitative analysis of well separated disaccharides or oligo­
saccharides, Roe*s method was used, Cn the other hand, 
monosaccharides viz. glucose, galactose and fructose were not 
separated using this method (Fig.9), hence they were quantita­
tively assayed using an indirect method (as described under
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* Materials and Methods*). The estimated recovery of all the
sugars were 70-90% when they were spotted (25-150 jig) en
plates using different method (Tablea-75-a, b, o). When the
samples from raw L^ sativus seeds were spotted they shoved
presence of verbascose, stachyoee, raffinose, sucrose, glucose,
galactose and fructose (Fig.9). Data given in 'Table-77 show
quantitative distribution of oligosaccharides and their •
metabolites in unfermented and fermented sativus dhal.
Later on these values were compared with, those obtained using
!GC* method. Quantitative analysis of oligosaccharides present
in soybean and bengal gram were carried out using this TIG
method (as known standards) (Table-76), whose values were ccrnpar
able with those reported by Kawamura and Tada (1954) and 

sfc&L
Cristofaro (1974), Thus these observations suggested that raw 
L, sativus pulse contain considerable amount of flatulence 
producing oligosaccharides via, verboseose, stachyose and 
rafsino.se. Quantitative analysis of flatulence producing 
oligosaccharides is reported for the first time during present 
investigation.

In summary, the present TLC method in conjunction with 
the colorimetric methods, viz, glucose oxidase method, method of 
■JuboiSj et al, and Roe*s method can be used to separate and 
estimate oligosaccharides and their metabolites, where GO is not 
available, Verbascose, which is normally difficult to estimate 
by GO owing to its very high molecular weight, can be separated 
well fro® stachyose using the TIG method standardised in the 
present investigation.



TABLE-75a : Recovery of sugars in TIC method

■ WWNliUMBillMWaiWUHH

tCoacentm-
Sugar

25 0,l4 C.13 93
50 0.29 0124 85

Fructose 75 0*46 0.39 85
100 0*58 0.52 90
125 0.72 0.67 93
150 0,88 0.80 91
25 0,05 0,04 80
50 O', 08 0.08 100

Raffinos© 75 0,14 0.12 8.6
100 0.18 0.17 94
125 0,21 0.20 95
150 0.25 0.24 96

25 0.09 0,^3 89 -
50 0.16 0.14 88

Sucrose. 75 0.25 0,21 91
100 0*30 0,25 83
125 0.37 0.34 92
150 0.50 0.38 76

25 0.03 0.03 100
50 0.07 0.06 86

Stachyose 75 0.10 0.08 80
100 0.13 0.11 85
125 0.16 0,13 81
150 0.19 0.17 89

25 0.15 0.14 93
Fructose

‘ (in a mixture «P' 50 0.30 0.30 100
fructose + glucose 75 0,44 0.43 98 '
+ galactose). 100 0.6l 0.59 97

125 0.76 0.74 97
150 0.92 0.90 98

* Sugars were estimated by Roe’s method



IABlK-75b s Recovery of sugars In Tl£ method

Sugar
IConcentra* 
Jtlon 
I spotted

L Jfe^

OD

t
imtimkwi

Before
spotting
(dijfect;

at 490 m
T'..After 

elution 
frcra TW

Recovery(#)

25 0.18 0,14 78
50 0.35 0.26 74

Fructose 75 0.53 0.42 79
100 0.71 0,55 77
125 0*86 0.64 74
150 1.09 0.85 78
25 0.25 0.20 80
50 0.49 0.35 71

Glucose 75 0,76 0.55 72
100 0.97 0.79 81
125 1.29 0.92 71
150 1U52 1.33 87

25 0.23 0.19 33
50 0.51 0.40 78

Galactose 75 0.?6 0.64 84
100 1.03 0,75 73
125 1.30 0,98 75
150 1.55 1.25 81

25 0.13 0.12 92
50 0.29 0.28 96

- Mellbiose 75 0,43 0.42 98
too 0.59 0.59 100
125 0.71 0.70 99
150 0.85 0.32 96
25** 0.64 0.62 97

Mixture' of 50** 1*32 1.28 97
glucose + 
galactose + 75#* 1.96 1.85 94
fructose titi$iii{ii

' «*»■»** *«* «*» w» mw rmn»— — ■auMHmwnni—m* «wnii» mn »* <—
* Sugars -were estimated by HuboiS* •j method.

** Amount of each sugar in the mixture.
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TABLE-75c s Recovery of sugars in TIC method*

Sugar
TS^Srnp32S2S3q------{tion | Before § After f Recovery
! spotted { spotting {elution \ (%)
» (jig) I (direct) j from TIC j
iLimmiiiinM ■ in ■■ i a..— — mm ■ .■> in i i <■ an 11 mi hi -- - - .... ■ m« mi him i i in min — - ---------- —

25 0.15 0.12 80

50 0.32 0.28 88

75 0.45 0.37 82
Glucose

100 0.61 0.49 80
125 0.76 0.68 89

150 0.89 0.73 82

25 0.15 0.12 80

50 0.30 0.27 90
Glucose

in a mixture of 75 0.47 0.36 77
glucose * gala­
ctose + fructose 100 0.60 0.49 82

125 0.77 0.69 90

150 0.92 0.75 82

* Sugars were estimated icy glucose oxidase method#



TABLE-7,6 : Distribution of oligosaccharides and simple sugars in seeds of La. sativus*
Give to® max and Clear arietlnuss analysed 1$? TIL method. ’
Components,expressed es mg/pi of the total dry material^.

f lYuct 
I ose
t

JL I
l Vertas- 
I cose
i■kIimmp

1) Lj. aatlvua
.(Kesari - 

dhal)

(Soybean)

3) Cioer arlet-

5.50 0.30 3.23 0 19.93 6.33 - 18.69 11.77
+ 0*35 4 0,05 4 0.24 + 0.S5 jt 0.24 4 0.73 ± 0.88

4,98 0 1.02 0 54,06 12.63 47.73 0^ 0.10 ± 0.06 4 2.0 ± 0.49 i. 2.5

3.66 2.03 4.04 £5 27.8 9.78 22.33 39.15
& 0,14 ± 0.09 + 0.08 w 4 0.75 £ 0.5 4 0,71 4 0.63

Values are expressed as mean of four observations +,T •** e** *

rocr>-a



TABLE-77 s Distribution of oligosaccharidesugars la uaffensented and ferneatsd 
L. cativus dhal analysed ^caapcnents, expressed as *ag/®a of the total 
dry material ^

*
»

| fructose
iJL.

Galactose
I I
| Glucose |j_____________l Sucrose

t*f»9
9fXt

Raffines® t Stachyose
<

! i| Verbaaeose

Unfersented

Fermented

5.70 0.80 3.53 20.43 6.33 19.90 12.85
& 0.25 j; 0.G4 £ 0.20 + 0.82 Jr 0.20 £ 0.95 +. 0*66

2.07 
& 0.01

o.o 4.34
£ 0.20

1.05 
+ 0.0

. 0.25 
+, 0.02

0.0 0.0

(36)(a) (b) Co) (123) (5.0) (4.0) (0) (0)

(a) Values are mean of four observations ± S.E.
(b) Values la parentheses are percent of control values*

to
CO
oo
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Gas obroniatographic analysis of suioars i

During the present investigation, using UGtf-98 liquid 

stationary phase, oligosaccharides and their metabolites in 

L. sativus samples were separated and quantitatively estimated 

using GC. (The details of the methods are described under 

“Materials and Methods'').

Fig, 10 shows the chromatographic separation of 

standard sugars, from which it can be seen that stachyose, 

raffinose, sucrose and melibiose can be separated very well 

using tills method. Glucose and galactose, which could not be 

separated by Perl et al. (1984) using 3P-225G column at higher 

concentration were separated in the present method without 

altering the elution pattern of other sugars. Using this 

method glucose and galactose were eluted with a difference of 
44 seconds in the retention time (Table-78). The sensitivity 

of estimation using this method was 100 times higher than that 

reported by Perl et al. (1984). Data given in Table-78 and 

Fig.11 show the detector response of various sugars at different 

concentrations, which indicate that though the detector 

response' of stachyose was less than that for otter sugars, 

it could still be separated and estimated, Moreover, sensiti­

vity for each sugar was not affected by the presence of other 

sugars in a mixture. As to derivatization, it was found that 

preparation of SIS derivatives takes less time than preparation 

of ©IS oximes, and further no precipitates were formed during
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F/g.lOSas chromatogram of diffe- 
-rent oligosaccharides and 
their metabolites on a 50cm. 
long u.cw-98 column.
Peaks-- l:{ra<:tosej2=,galactoset 

3=glucose j 4-phenyl 
' fi-T)-g\ucaside(internal-

'standard)j S-sucroset /
6 = melibioSe,7=raffinose,
8= stachyose.

tnlugy. units Xioe 0 1 1 i Ostector response 
integr, units'wg.

Ret. time 
sec. diff sec.

f fUC' 3S9 1407000 282

galactose 1043000 326 44

glucose 311200 370 44
phenyl 1168000 520 150
p-O-glucoside 
(intemai standard!

sucrose 1205000 688 168
meliliiose 1044000 782 94
raffinase 948600 978 196
stachyose 46S275 1231 253

STACHYOSE

Iry'scied saccharides’.pg..

Fig- tlDetector response of TMS derivatives on a BOcm.UCW-98 
column.

. 1©

11



Detector response of IMS derivatives of sugars on a 50 cm long 
UCW-98 column in GC#

Component
Detector response 
(integr, units/ug of sugar) ^

Retention time
'OSU Ulllis* Tt

*
Difference in 

seconds

Fructose 14*07*000
Galactose • 16,43,000

Glucoatlde 9,11,200
Phenyl 6 -D-glucose 
(Internal Standard)

11,63,000

Sucrose 12*05,000
MeHMose 10,44,000

Raffinose 9,48,600

Stachyose 4,69,275

282 0
326 44

370 44

520 150

688 168
rjjSO 04

978 196

1231 253

»»»w>' wi> inimi*



this preparation. In the present experiment, the derlvatiza- 

tlon of sugars with TMS was carried out at 70-75°, because 

oligosaccharide a are sparingly soluble in pyridine at room 

temperature. During derivatization, addition of trifluoro- 

acetic acid (TFA} was preferred, instead of chloromethylsilsna 

because it can tolerate proportion of water (moisture) during 

sample preparation. TFA also catalyses the rate of trimethyl- 

silylation of sugars. Thus the present method is superior to 

other reported methods (Sweeley et al, 1963? Delente and 

Laderiburg, 19721 Li and Schabmarm, 1980? Perl and 0zakacs,l981 

Perl et al, 1984) because it separates and quantitatively 

estimates all the oligosaccharides and their metabolites 

present in biological samples, similtaneously with very high 

sensitivity.

The present method of GC determination is a modifica­

tion of method of Sweeley et al. (1963) who showed that 

trimethylsilyl ethers of sugars upto tetrasaccharides are 

sufficiently volatile for use in GC, since then the trimethyl- 

silyl derivative method lias been applied in the determination 

of.oligo- and disaccharides in food samples.

The other derivatization methods reported for sugars 
are derivatives such as trifluoroacetates (Nakamura and Taiaura 

1970), 1sopropylidene acetyl derivatives (Anderson and Boggs, 

1966), trimethyIsilylated oximes (feson and Slover,1971j 

Perl et al.1984) and methyl ether derivatives (Ovodov and. 

Bvtushenko, 1967). Nakamura and Tamura (1970) separated
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oligosaccharides as their trifluoroacetates with less retention 

time (7 rain) using OV-1 column, but increased volatility of 

these derivatives of monosaccharides (compared to IMS derivati­

ves) are in fact disadvantageous because there is a little
s

difference between their retention, times. It is, however, 

likely that trifluoroacetates will be increasingly used for 

oligosaccharides, where volatility is of prime importance for 

oligomers of high molecular weight. The acetates of monosaccha­

rides are less readily formed compared to 'IMS derivatives and 

can form, anomeric/isomeric derivatives as an added disadvantage 

(Sbapira, 1969) although it is the best derivatisaticn method 

for alditols and other pclyhydric compounds. The other isopro- 

pylidene derivatives are useful only for separation of mono­

saccharides but longer.time is required for their preparation 

(\ , ' ' i Dutton, 1973).

Since the GC method standardized during present investi-' 

gation, could give very sensitive and rapid results it vas used 

for quantitative and. qualitative analysis of processed 

L, sativus seeds or dhal samples. The method was also used for 

analysis of the products of stachyose, raffinose and melibiose 

metabolism in Bacillus sp» I.

whan quantitative analysis of mono-, di- and oligosacc­
harides were carried ait using TIC and GC (Fig. 12 and Table-79) 

method, it was found that L*. sativus dhal contains considerably 

good amount of, flatulence producing oligosaccharides, viz. 
varbascoee (1.2/4), stachyose (1,9%) and raffinose (0.6>S)
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H CD ® ®

fermented L.satirus dhal samples on a 50 cm. 
long ucw-38 column. Details of the types of 
peaks are shown in fig-1. Detailed data in 
Table-I.

pig; 12
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as mentioned in Sable-77 & 79 like otter legumes. The quanti­
tative composition of tte oligosaccharides in the unfensented 
lathyrus sativus seed is comparable to that of otter edible
legumes. Kawamura (1954) determined the oligosaccharide content

/

of soybean and reported that it contained sucrose 3.7 percent, 
raffinose 1.0 percent $nd stachyose. Vishalakshi et al.(l98Q) 
also found sucrose, raffinose and stachyose in three varieties 
of Phaseplus vulgaris. Stachyose was the major oligosaccharide 
found in all the varieties. Verba sc ose was found in trace 
amounts .in raw kidney beans (Vishalakshi et, al, 1980) and 
soybean (Kawamura and Tada, 1967). Recently quantitative 

analysis of raffinose family of oligosaccharides have been 
carried out from dry seeds of various plants using high perfor­
mance liquid chromatography by Kuo et al. (1988). Among seeds 
of 29 different crops examined by these' group of workers, 
cotton, garden pea, soybean, cowpea and alfalfa contained more 
than 50 mg of raffinose sacc liar ides per g of defatted TfieoX 

and all ieguminosae species contained more raffinose than 
stachyose. Thus the present studies on the analysis of 
raffinose family of oligosaccharides in sativus are reported 
for the first time which also contains toxins as described 
earlier. Therefore, to utilize this legume as a more acceptable 
source of inexpensive proteins, it is desirable to reduce tte 
flatus factors also*

Ccmmon food processing methods are reported to. break­
down flatulence producing oligosaccharides in different legumes
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(Ku et al, 19?6; Iyengar and Kulkarai, 1977; Rao and Belavady, 
1978; Reddy and Salunkhe, 1980^ Olson al, 1981; Jood et al, 

1985), before they are consumed. Therefore, it was of interest 

to study effect of commonly used processing methods of food, 

viz. soaking and boiling/autoclaving, parching, roasting,

germination and fermentation on the oligosaccharide content of
!

L. sativus dhai or seeds.

Effect of processing on flatulence producing oligosaccharides 

of L, sativus seed/dhal :

The results of GC analysis (except for verbascose) and 

TIB analysis (only,for verbascose) of raw and processed 

L. sativus samples are given in Tables-79 & 80. 'Data given in 

Table-81 indicates the percentage increase or decrease in 

content of oligosaccharides and simple sugars during various 

processing of sativus dbal or seeds. Data given in Table-79 

show that soaking and boiling of the dbal decreased raffinose, 

stacbyose and verbascose significantly. Sucrose and water 

soluble monosaccharides also decreased during this process. 

Present findings are similar to those reported by other 

investigators for some other legumes (Ku et al. 1976; Olson 

et al, 1982a; Silva and Braga, 1982; Bianclii et al. 1985;

Jood et al, 1985), but differ from Rao and Belavady (1978) 

who found significant increase in oligosaccharides on cooking 
cf whole seeds of Italian pulses. Reddy et al, (1980) also 

have reported increase in stachyose and sucrose and slight
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decrease in verbascose during cooking of blackgram in 1s1G 

water ratio for 3 h at 90°C. The present experiment shows 
that soaking and autocSaving is snore effective in removal of 
flatulence producing oligosaccharides (80$ removal) than 
boiling,. Soaking and cooking was considered as a good method 
of removal of flatulance^by Garg et §1* (1980) because in their 
experiments, cooking of chickpeas and peas caused decrease in 
gas production in relation to that of uncocked 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 et al, 
1976) • A 5Q$ reduction in flatulence potential measured by 

hydrogen production ms observed when rats were fed extracted 
California beans by Olsen g£ jsl. (1982 ). A significant reduct­
ion in subjective gastrointestinal distress was reported by 
human subjects interviewed after eating cooked extracted beans 
compared to cooked nonextracted beans.

Data given in Table-79 show that roasting of L*. sativus 
dhal does not breakdown staciyose, verbascose and raffinose to 
a significant extent, whereas monosaccharides were sensitive to 
heat. Similar observations were made by Eakl et al. (1983) 
who found that roasting was ineffective in removal of flatus 
effect of chickpeas, ccwpeas and horse grams and their isolated 
carbohydrate fractions.

Wten Lj, sativus dhal was soaked and fermented for 8 h, 
there was 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 polysaccharides* Excess of 
glucose was detected due to breakdown of starch during ferment­
ation* During 8 h fermentation, there was 50-60% degradation 
of verba,scose and stachyose, whereas alight increase in 
raffinosa was observed. During fejrmentatioa of dhal for 14 h 
complete reduction in oligosaccharide content was observed^Fig.9&12) 
Fructose and galactose also decreased after complete fermenta­
tion. Gdunfh (1982b )also observed the increase in reducing 
sugars during first 12 h of fermentation in *iru* fermentation, 
which decreased during later stages of fermentation. It is 
possible that sugars have been used up during the growth of the 
bacteria involved in the fermentation, because sugars are the 
preferred carbon source for microbial growth and metabolism.
Complete reduction of oligosaccharides can be explained due to 
microbial c< -galactosidas© and invertase (sucrose hydrolase) 
activities during fermentation* Similar results are reported 
during fermentation of ’teapeh* (Shallenberger e£ al, 1967),
* scymilk* (Mital and Steinkraus, 1975), ♦oncom1 (Fardiaz and 
Markakis, 1981), chick peas and cow peas (Zamora and Helds,
1979a)and *iru* (Oduafe, 1982b)due to the production of 
micrcbial oL -galactosidas©• In the present studies on ferment­
ation of Kesari dhal, leuconostoe mesenteroides. br ferment!, 
lactobaclllua so.* Fediococcus so* and Bacillus so* were found 
to be the ma^or bacteria present as mentioned in Section-I*
The efficiency of these bacteria to degrade raffinose family of 
oligosaccharides will be discussed later. Role of lactobacilli*
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and Bacillus ap. in removal of flatus factors Were reported 
invsqysiilkf " and *ugba* (fermented,

oil bean, product) respectively (Mital and Steinkraua, 1975i 
Odunfa and Qycylola, 1985). Pedlococcus so .are also known to 
have -galactosidase activity (Gonzalez and Kunka, 1986).

In the case of seeds when the effect of parching was 
observed, there was approximately ko% decrease in verbascose, 
stachyose and raffinose perhaps due to chemical breakdown of 
all these sugars at high temperature in presence of moisture.
The effect of parching was studied because it has been proved 
to increase the nutritive value in other legumes (Ea^alakshmisetcl, 

1964j ; Carvalho et al, 1977)•

luring gemination of L* sativus seeds there was highly 
significant increase in all the monosaccharides amongst which 
increase in glucose was highest (Table-30). This increase can 
be accounted due to breakdown of polysaccharides and oligosaccha­
rides, during germination. Jaya and Venkataraman (1981) also 
reported, three times increase in fructose and 10 times increase 
in glucose + galactose during germination of chickpeas and 
green grams. Data given in Table-80 also show that sucrose 
content increased during 48 h germination, which may be due to 
the action of <=< -galactosidase which cleaves selectively 
galactose from raffinose, stachyose and verbascose and leaves 
behind sucrose (Gupta and Wagle * 1980). At 12 h germination, 
there was highly significant decrease In verbascose compared to 
stachyose, along with increase in raffinose due to breakdown of
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verbascose and stachyose • In subsequent stages of germiaatim* 
all the three oligosaccharides almost completely degraded*
These remits are in agreement with those of Jood al» (1986)t 
Reddy and Salunkbe {1980b) and Sathe ©&, al* (1983) • In the 

present experiment, early reduction in verbascose content 
compared, to stachyose ms observed, which may be due to the 
reason that during germination, <A -galactosidase first attacks 
verbascose followed by stachyoaa and raffinose. Increase in 
melibioae during early stages of germination could be due to 
the partial hydrolysis of stachyose and raffinose* Melibiose 
is also reported as an intermediate product of hydrolysis of 
soybean oligosaccharides, when scymilk was treated with enzymes 
of Aspergillus aalto (Sugimoto and Van. Buren, 1970) *

It can be concluded from this experiment that soaking 
plus bolling/autoclaving, gemination and fomentation decrease 
all the flatulence producing oligosaccharides present in 
L. satlvus. Gemination and fermentation can be considered as 
better methods of processing L*. sativua because they also 
increase the digestibility as well as increase the nutritive 
value by breakdown of other toxic compounds and increase in 
vitamins (Banerdee and Baner^ee, 1950} Zamora and Fields, 1979qJd. 
7; X-; Reddy et al, 1996^ lay and Fields, 1981} Satha et al*1983)« 

Significant increase in vitamin Bj, B^, Bg, and niacin ivere 
found during fermentation of several legumebased foods as 
described In Section-I, Reddy e£ a^# (1930) while evaluating 
different processing methods using rat bioassay method found that 
germinated bleckgram seeds and fermented steamed product (idli)
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significantly produced lower flatulence than the cooked 
blackgram products# Becker at al. (1974) also reported that 
the disappearance of raffinose and stachyose during autolysis 
in California, small white beans reduced flatulence as measured 
by hydro,gen production in rats. Increase in the content of 
soluble amino acids occurred during germination of great 
northern beans (Satha et al, 1983), Decrease in phytate and 
trypsin inhibitory activity were obserfed by different investi­
gators during germination of legumes (Kakade and Evans, 19661 Chen 
and Pan,1977I/Gupta and V&gle, 1980; Reddy et al, 1982). Soaking and boiling 
cannot be preferred to fermentation and germination because 
there is a loss of water soluble vitamins and minerals during 
tills processes (Raghunath and Belavady, 1979; .Swamihathah, 1974; 
Olson e& al. 1982) ♦

Degradation of flatulence producing oligosaccharides bv 
bacterial Isolates i

Dinee the basic aim of the present investigation was 
to study the mode of breakdown of flatulence producing oligo­
saccharides by bacteria, the different, bacterial isolates from 
stored grains and fermented foods (isolation and identification 
of the isolates are described in the previous sections) were 
screened for their capacity to breakdown raffinose • Other 
flatulence producing oligosaccharides viz, staciyoae and 
verbascose are not readily available therefore raffinose which 
is easily available was used for sill the experiments on bacterial 
degradation unless and until specified. Data given in fable-62
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show the ability of different bacterio! isolates to hydrolyse 

raffinose when inoculated to the basal medium containing 

raffinose as sole carbon source. Bacillus ao. I isolated' from 

stored soybean grains was found to be the most efficient 

bacterial -strain for utilisation of raffinose* Pediococcus sp« 

and Bacillus so. III isolated from L*. sativua batter as well as 

L» mesenteroidea and L. ferment! isolated from fermented batters 

could hydrolyse raffinose to some extent. Thus Bacillus so. 1 

(having maximum capacity to hydrolyse raffinose) isolated from 

stored soybean grains was used for the further studies.

Data given in fable-82 show that raffinose in the medium is 

broken down by Bacillus so. 1 and not concentrated in the cells 

within 2h h suggesting that there is a complete utilization of 

raffinose during growth. The strain was studied for its capacity 

to utilize other oligosaccharides and their metabolites* For this, 

bacteria were grown in basal salt me dicun containing G#5)» of each 

3ugar (stachyose} raffinose, meliMose or sucrose) as sale source 

of carbon as described under 'Materials and Methods*. It can be 

seen from Tables-63-86 and Figs*13rl6 that the culture shows 

a similar grov/th pattern with all the different sugars studied.

The growth curve exhibited an initial lag period of 3 hours, 

followed by an exponential period till 6 hours and then station­

ary phase after that. Decrease in turbidity reading was observed 

after 48 h growth with all the sugars due to the lysis of 

bacteria. Subsequently, pH as well as the sugar content in the 

culture filtrate decreased during the growth, suggesting the 

utilization of the respective sugar by Bacillus so. I. It can be 

seen from the Figs.13-16 that as growth increases, there is a
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FIG.13 * Growth curve of Bacillus so* I in raffinose 
broth and utilization of raffinose.
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FIG.15 i Growth curve of JaojJbfefet ^ 
BSliblea* hroth. tod utilisation
of meiibioie.
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FIG.16 s Growth curve of Bacillus *p. I In sucrose 
broth and utilization of sucrose.
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lABXE-S^ Growth of Bacillus so. I in raffinose broth and degradation of raffinose.

Period of 
incubation 

Ch)
Pinal pH of the 

medium
r *>,* Growth in terms , of J 
| turbidity f
[ (KH at 660 nm) i

Raffinose content 
in the culture 

filtrate 
..(mg/XMskl

| Begra- 
I dation of 
\ raffinose

JL

mho —hi iir*i* nn mp

tt
i

i
t | Control 1 1 | Experimental |

IT Oil iHI IQ MOl

0 7.0 15 500 500 0
3 6.8 64 500 378 24
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 0 100

100 ml of basal salt medium (pH 7*0) containing 0.5?^ raffinose were sterilized in
£500 ml side-armed conical flask, inoculated with 20 x 10 counts of bacteria, and was 

then incubated at 30* in shaker (140 rpa). Growth was measured in terms of turbidity 
at the above indicated intervals of incubation period using Klett-Sumaerson colorimeter 
and also samples were withdrawn at those intervals to estimate raffinose £1n the culture 
filtrate (Raffinose estimation described under ’Materials and Methods). The control 
flask was kept at 2°* The experiment was carried out in triplicates and the data 
given above are the mean of three observations* ro
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rapid decrease In tbs sugar content* ' Thus it can be concluded 
frc® this experiment that Bacillus so. 1 can utilize oligo­
saccharide viz. stachyose and raffinose and their metabolites 
viz. sucrose and meliblose as sole carbon source.

Analysis of the products of oligosaccharide degradation during 
growth of Bacillus sp. I t

luring the growth of Bacillus so. I in raffinose, 
malibiose and sucrose broth the subsequent degradative products 
were analysed by TIB and GC as described under ‘Materials and 
Methods *•

Fig.17 shows that when the cells ware grown on basal 
medium containing raffinose as sola carbon source, malibiose, 
fructose, glucose ^nd galactose were detected in the culture 
filtrate after 6 h of incubation. Analysis of the culture 
filtrate by TIG (Fig.20} or GC/did not show the presence of 
sucrose as a degradatlve product of raffinose utilization,

eventhough fructose, glucose and galactose were detected.
This could be ascribed to the higher levels of p -®«fructofurano~ 
sidase activity in bacteria compared to o( -galactosidase 
activity during utilization of raffinose in this culture.
The degradatlve products of meliblose and sucrose utilization 
are shown in Figs. 18 & 19. When the culture filtrates were 
analysed, after hcurs of growth, the complete disappearance 
of tri- and disaccharides was observed as shown in Figs, • M l9 
indicating a complete utilisation of sugars*
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FIG«18 i Gas cbronatagnuM of product* of meiihioae

utilization by Bacjlllua an.*.. I, at

(a) 8 fer grortb and (b) 6 b growth.

Detail® of the neaks are eiven In Fi«r-17.
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Detection of raffinose fcydrolysiag enzyme system la. Bacillus gp ,1 s

Data given in Table-33 and Fig, 13 show that raffinose 

in the medium was utilized completely during the growth of 
Bacillua so, I, This suggests that bacteria possess enzymes 
which hydrolyse raffinose family of oligosaccharides. Studies 

were therefore carried out to investigate the capacity of the 
culture filtrate and bacterial cell free extract to hydrolyse 

raffinose in vitro.

As discussed in the *Introduction* (Cbapier-I),

<=4-galactosidase and invertsse are the ma^or enzymes responsible
and

for the breakdown of raffinose into glucose* fructose^ galactose 

in bacteria. Therefore, these two enzymes ware investigated 
during the present studies on Bacillus so, I,

For this experiment, bacteria were grown in raffinose 
broth for 6, 12 and 24 hours. The culture was then centrifuged 
at 3*000 xg for 10 min at 4*€. The* supernatant (SH^) was 

collected separately and the cells were suspended in buffer and 
disrupted (details of the method are described earlier) and cell 
homogenate (SNg) was prepared. This homogenate was then centri­
fuged at 20*000 xg for 45 min and the supernatant (SN^) was 
collected. All the samples (SN^ SNg and SNj) were then assayed 

for the presence of raffinose degrading enzymes.

Data given in Table-87 indicate that the culture filt­
rate (SM|) did not possess -galactosidase or invertase activity
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whereas cell-free extracts (SNg and SNj) exhibited activities 
of both the enzymes* Since both the enzymes were absent in 
culture filtrate but present in cell free extract (SHg and SN3) 
it was concluded that in Bacillus bp* 1, ©(-galactosidase and 
invertase are intracellular and cytoplasmic* Haffinose hydroly­
sing micro-organisms have been reported frcm several other sources 
also as described in Table-20* The intracellular localisation 
of -galactosidase has been reported in £*. Coli (Schmitt and 
Rotmaiu,-. 1966? Schmid and Schmitt* 1976)* B»_ steaother&ochlius 
(Pederson; and Goodman, 1980), Pedlococcus so* (Gonzalaez. and 
Kunka, 1986), Micrococcus sp». Bacillus sp, (Aklba and Horlkoshi, 
1976), Lactobacillus so* (Mital et al, 1973) and Monoscus pilosus 
(Wong et al, 1986). In contrast to this, extracellular =< -galacto- 
sidase has been reported in Su carlsbergenals (Lazo et al, 1978), 
Pycnoporoua cinnabarinua (Ohtakara et §Jl, 1984), Baeteroides 
fragilia (Berg et al, 1980) etc, Invertase is found to be 
extracellular or secreted into the medium In yeasts (Wlckerham,1958; 
Iizuka and Yamamoto, 1972) and molds (Mandela, 1956? Maruyama and 
Gnodera, 1979). •=< -Galactosidase in most of the eukaryotic organi­
sm a is present In soluble fraction (Bey and Pridbam, 1972).
However, the same enzyme has been also reported in particulate 
fraction of renals of pig (Debris e£ al, 1962) in mitochondrial 
fraction of rat brain (Subba Rae and Pie ringer, 1970), in membrane 
fraction of bovine liver (Fleischer and Fleischer, 1969), in. 
chloroplast, mitochondrial and microsomal fraction of spinach 
leaves (Gatt and Baker, 1970) and in cell wall of several plant 
tissues (Thomas and Webb, 1979; Asamlzu et al, 1981).
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Further studies on o( -galactosidase and invertsse 

were carried out using cell-free extract of Bacillus so. I. 
Table-38 and Figs* 21-25 give the optimum conditions required 

for the maximum activities of both the enzymes during the 

assay. The optimum pH for <A-galactosidase and invertaae was 
found to be 7.0 (Fig.21). The optimum substrate concentration 

for <=K -galactosidase «s l.Ojamoles of c^-PHFG whereas for 
invertase, It was 10.0 jimoles of siicrose (Fig.22). The enzyme 

activity was linear upto 10 minute of incubation in the case 

of K -galactosidase and 30 minutes in the case of invertase 
(Fig.23). The enzyme activity was proportional upto 50 jig. 

of the crude protein in the case of ®<-galactosidaae and 
500 jig of protein in the case of invertase (Fig.24).

The optimum temperature for'both the enzymes was found to be 
37°C (Fig.25).

Results on the stability of raffinose hydrollysing 
enzymes of Bacillus pp« II in crude extract are presented in 

Table-89. When the crude cell-free extract of bacteria was 
stored at 7-8% both ^galactosidase and invertase activity 

were reduced after 6 h storage* Addition of 2-mfircapteethanol 
(1 mH) to the crude enzyme extinct increased the stability of 
both the enzymes. Hence for further experiments 2«©arcepto- 

ethanol was added to increase the stability of enzymes.
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TAB1&-88 t Optimum conditions for tbs activities of

cK -galactosidase and invertase of BaciUua sp.I. _

mrnm> i»wi»i*wwiiiwi«i .J ■A -ga iectosidase Inverts ae

Optimum pH 7.0 7.0

Optimum temperature <®C) 37 37

Period of incubation
for assay (min.) 10 30

Optimum enzyme
concentration 

( ps protein 5
50 300

Optimum axbstr&te
concentration

(jamoles)
1.0 10.0
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Cultural conditions and nutritional requirement for maximum 
production of raff loose hydrolysing enzymes by Bacillus go.l s

Before carrying out purification of enzymes, studies 
wore carried out to find out the optimum conditions under which 
Bacillus sp. I win synthesize maximum amount of cA -galaetosi- 
•iaae and inverts se in the cells. The results of these studies 
are presented in Tables-90 to 99*

It can toe seen from the data presented in Table-90 
that organism showed the maximum amount of growth and product­
ion of both the enzymes when the 'Initial pH of the medium was 
6.5 to 7.0. As far as the effect of amount of inoculum added 
is concerned, it showed linear increase in growth of bacteria 
and both the enzyme production, upto inoculum size of 4 s 10° 

cells/flask (Table-91). Data on the effect of period of 
incubation (Table-92) show that production of both the enzymes 
were optimum at 12 hr of incubation time. Data given in 
Table-93 show the effect of raffinose concentration in the 
medium on growth and production of enzymes. A linear increase 
in growth and production of enzymes was observed till 0*4% of 
raffinose in basal medium. Haffinoae concentration higher 
than 1 „Q% inhibited the production of both the enzymes, but 
with a very high increase in turbidity. Data given in Table-94 
show that aeration of the culture! during incubation signifi­
cantly increased the growth as well as production of both the 

enzymes.



25
 m

l o
f b

as
al

 m
ed

iu
m

 we
re

 tak
en

 in
 10

0 m
l c

on
ic

al
 fl

as
k a

nd
 th

e pH
 of

 th
e m

ed
iu

m
 wa

s a
dj

us
te

d 
de

si
re

d v
al

ue
s u

si
ng

 ei
th

er
 1N

 Ha
O

H
 or

 1N
 H

C
1.

 Th
e m

ed
iu

m
 wa

s th
en

 st
er

ili
ze

d f
cy

 au
to

cl
av

in
g a

 
12

1®
 fo

r 1
5 m

in
. 

to
 fin

al
 co

nc
en

tra
tio

n
at

 30®
 fo

r 1
8 h

. C
on

tro
l fl

as
ks

 we
re

 ke
pt

 at
 2®

* E
nz

ym
e a

ct
iv

ity
 wa

s m
ea

su
re

d a
s d

es
cr

ib
ed

 un
d 

'M
at

er
ia

ls
 an

d M
et

ho
ds

*.

0 0 0.
26

 

1.
00

 

2.
03

 

2.
53

, 
2.

45
 

1.
95

 
1.

16
 

0.
05

 

0.
0

G 0 0.
40

1.
62

3.
54

4.
25

4.
26

 

3.
20

 

2.
05

 

0.
02

 

0.
0

0 0 65 21
0

41
0

46
2

48
0

40
5

25
5 22 0

00000o00000

0*01

0*6
Z'L
0*9

4*5

0*5
5**?

G
**?

&
*£

0*5

0*2

2.
0

3.
0

4.
0

5.
0

6.
0

6*
5

7.
0 

7.
5

8.
0

9.
0

10
.0

| -Gala
ct

os
id

as
ej

 
In

ve
rts

 se
Fi

na
l

In
iti

al

G
ro

w
th

 in
 te

rm
s o

f 
tu

rb
id

ity
 (KR

 a
t

66
0 n

s)
..n

nw
—

—
c w

in
n.

ii i
fn

n 
■'H

.»w
iM

in
iin

iM
 ii 

m
 i i

 w
i .■

«!»
«

| Fina
l

In
iti

al
En

zy
m

e a
ct

iv
ity

 
(u

ni
ts

/fl
as

k)
-r

---
---

--

itii
.JL

pH

Ef
fe

ct
 of 

in
iti

al
 pH

 of
 th

e m
ed

iu
m

 on
 gr

ow
th

 an
d p

ro
du

ct
io

n o
f r

af
fln

os
e 

hy
dr

ol
ys

in
g e

nz
ym

es
 of

 B
ac

ill
us

 so
. I.

T
A

B
L

E-
90

 
;



TA
B

U
S-

91
 s Effe

ct
 of

 in
oc

ul
um

 siz
e o

n g
ro

w
th

 an
d.

 pr
od

uc
tio

n o
f r

af
fin

os
e h

yd
ro

ly
si

ng
 

en
zy

m
es

 by
 Ba

ci
llu

s s
o.

 I -
 

_ 
3 '' 

-

D
et

ai
ls

 of
 th

e e
xp

er
im

en
t a

re
 sam

e a
s i

n T
ab

le
-9

0*
ex

ce
pt

 fo
r t

he
 va

ria
tio

n i
n t

he
 

in
oc

ul
um

 siz
e .

0.
25

0.
72

1.
35

2.
02

2.
45

2.
56

2.
72

2.
84

0.
32

1.
25

2.
46

3.
18

4.
15

4.
28

4,
64

4.
8

48 16
0

28
5

41
0

48
5

50
0

55
0

60
0

0 0 0 0 0 0 0 0

7.
0 

6*
5

6.
0 

6.
0 

5.
6 

5.
5 

5.
5 

5.
5

7.
0

7.
0

7.
0

7.
0

7.
0

7.
0

7.
0

7.
0

10
.0

 x 
10

7.
5 x

 10*
5.

0 x
 10*

9

4.
0 x

 10
3*

0 x
 10

2.
0 x

 10c
1.

0 x
 10*

0.
5 x

 10*

ad
de

d p
er

 fl
as

k)
 | 

| (KR at
 66

0 i
ea

) {
In

iti
al

 Final 
In

iti
al

 Final J-
C

-g
al

ac
to

si
da

se
 Inverta

s

En
zy

m
e a

ct
iv

ity
 

(u
ni

ts
/fl

as
k)

tu
rb

id
ity

w
? f

ur
uw

w
t in

 tS
iiu

o w
£ i

-r
 

t
In

oc
ul

um
 si

ze
 

; 
i

(n
um

be
r o

f c
el

ls
 

| 
pH

 of
 th

e m
ed

iu
m

 
|



De
ta

il
s 

of
 t
he

 e
xp

er
im

en
t 
ar

e 
sa
me
 a

s 
in

 T
ab

le
-9
0,
 e

xc
ep

t 
fo
r 

th
e 

va
ri

at
io

n 
in

 t
he0 0.
31

1.
35

2.
34

2.
48

2.
51

2.
25

2.
00

1.
83

3.
95

3.
56

3.
05

/t ~t
r • 

a*
'*

''

0 0.
43

2.
26

3.
28

4.
05

48
5

40
5

35
5

47
-ID 65 27
5

39
5

44
5

0 000000

7.
0 

6.
8 

6.
2

6.
0 

5.
5 

5*
5 

5.
2 

5.
2 

5.
0

7.
0

7.
0

7.
0

7.
0

7.
0

7.
0

7.
0

7.
0

7.
0

0 3 6 9 12 18 24 36 72

"i
 °
^»

ga
lB

ct
os

id
as

e 
j In

ve
rt

as
e

En
zy

me
 a

ct
iv

it
y 

(u
ni

ts
/ f

la
sk

)
f G

ro
wt

h 
in

 t
er

ms
 o

f 
J 

tu
rb

id
it

y
1 (K

R 
at

 6
60

 a
m)

1 "
 I
'h
ii
ia
'i
 f 

' . F
in
al

j I
ni

ti
al

 J 
Fi

na
l

* !
00

J!
 

A 
j—

» «
* *

»«
W

> 
im

ui
m

w
 W

M
Ih

ia
i—

 —
l —

 
—

 H

Fe
ri

od
 o

f j 
pH
 o
f 
th
e

Ef
fe

ct
 o

f 
pe

ri
od

 o
f 

in
cu

ba
ti

on
 o

n 
gr

ow
th

 a
nd

 p
ro

du
ct

io
n 

of
 r
af

fi
no

se
 h

yd
ro

ly
si

s 
en

zy
me

s 
of

 B
ac

il
lu

s 
so
. 

I.
TA
BL
E-
92 ti
me

 o
f 
in

cu
ba

ti
on

 f
or

 g
ro

wt
h 

of
 t
he

 c
ul

tu
re



vHv-H
C

O

D
et

ai
ls

 of
 tt

e e
xp

er
im

en
t a

re
 sam

e a
s i

n E
ab

le
-9

Q
f ex

ce
pt

 fo
r t

he
 va

ria
tio

n i
n t

he2.
82

1.
77

0.
33 0

S.
R

fl
«►

2.9H

SiU
25*00

0 0.
82

1.
85

2.
62

3.
96

 

a
 oa 4.
53

2.
56

0.
65 0

56
0

60
0

60
0

60
0

In
ve

rts
se

J <
=<

«g
al

ac
to

sl
da

se
iin

al 0
10

5

23
0

34
5

49
5

C
‘5
fl

000

A V

00000

In
iti

al
i i i t i

5.
0

5.
0

4.
0  

3.
5

ts
 o,8 3.
4

5.
o

7.
0

6.
0 

6.
2

7.
0

7.
0

7.
0

7.
0

r»
 a r .
w

7.
0

7.
0

7.
0

7.
0

7.
0

In
iti

al
 ! Final

En
zy

m
e a

ct
iv

ity
 

(u
ni

ts
/fl

as
k)

,

G
ro

w
th

 in
 tu

rb
id

ity
 

(K
R

 a
t 6

60
 nm

)
pH

 of
 tt

e m
ed

iu
m

0.
75

1,
00

1.
5

2.
0

A
 C*

Ef
fe

ct
 of 

ra
ff

in
oa

e c
on

ce
nt

ra
tio

n i
n t

te
 me

di
um

 on
 gr

ow
th

 an
d p

ro
du

ct
io

n o
f 

ra
ff

in
os

e d
eg

ra
di

ng
 en

zy
m

es
 of

 B
ac

ill
us

 sp
. I

.

C
on

ce
nt

re
* 

tio
a o

f 
ra

ff l
oo

se
 

in
 ba

sa
l 

m
ed

iu
m o 0.
1

0.
2

0.
3

0.
4

TA
BI

E-
93

 ; ra
ff

ia
os

e c
on

ce
nt

ra
tio

n i
n t

he
 me

di
um



TA
B

1E
-9

4 : 
Ef

fe
ct

 of
 ae

ra
tio

n c
m

 gr
ow

th
 an

d p
re

di
ct

io
n o

f r
af

fin
os

e h
yd

ro
ly

si
ng

 en
zy

m
es

of
 B

ac
ill

us
 So

* I
 •

»

o
•»
CM

OCM

Oin

o

vo
VO

o
«s

om•
•4-

tnCM
tn

o

vO
■

in

o*

3
H30
o44

03



The effect of glucose was studied by adding different 
concentrations of glucose in raffinoee broth during the growth 

of bacteria. Data presented in Table-95 indicate that at 
higher concentrations (more than 0*4%), glucose inhibited the 

production of both the enzymes with concomitant increase in 

turbidity.

After determining the optimum cultural conditions for 
the growth of Bacillus sp. I and production of e^-galactosidaaa 

and inverts se an attempt was made to study the nutritional 

requirements of bacteria and effect of other components present 

in Lg, sativus seeds.

Different sugars were compared for the growth and enzyme . 
production. As shown in. Table-96,, melibiose, raffinose, stachyoae 

and galactose could induce production of oc -galactosidase, 
whereas invertase was produced during growth in almost all the 

sugars tried except in case of cellulose, cellobiose and 
lactose which were not readily utili2able by the bacteria for 
their growth* Studies were made on the effect of substituting 
ammonium sulfate by various other nitrogen sources (Table-97)*

A11 the ammonium salts tried gave ■ the same amount of growth 
as well' as enzyme production whereas urea inhibited growth and 

production of enzyme. Organic nitrogen sources viz. peptone, 
yeast-extract and casein hydrolysate increased the growth of 
bacteria, but did not increase the production of both enzymes 

significantly.
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When the effect of different vitamins was studies# 

it was'found that none of them significantly affected the 
growth of bacteria as well as production of raffinos© hydro­
lysing enzymes (fable-98)* Table*99 gives the data on effect 
of addition of different amino acids (which arc present in 
legumes) to the medium* Xt was found that addition of amino 

acids did not affect the production of raffinose hydrolysing 
enzymes In Bacillus so* I*

In summary# Bacillus ffp» X grow well and produce 
raffinose hydrolysing enzymes in a basal salt medium contain­
ing 0,5^ raffinose# when initial pH of the medium adjusted to 

7*0 and incubated at 30 for 12 h* The vitamins# and amino 
acids commonly present in legumes do not affect the production 

of raffinose hydrolysing enzymes*
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Studies on regulation, of raffinose hydrolysing; enzymes 

production in Bacillus so. 1 :

All known regulatory mechanisms In micro-organism# are 

mediated through allosteric proteins, the activity of which is 

altered by binding of small molecules, fence they serve- as 

sensitive detectors of the intracellular concentration of key 

metabolites and modulate the overall metabolic activity of the 

cell in such a manner as to maximize the rate of growth, by 

ensuring the conversion of nutrients into cell material with 

maximal efficiency. The key regulatory mechanisms in bacteria 

are end product inhibition (e.g., feed back control of pyrimidine 

synthesis), enzyme induction s negative control (induction of 

<jg;-galactosidase), enzyme induction i positive control (induct­

ion of enzymes that metabolise arabinose), catabolite repression

(glucose* repressing of oj| -galactosidase synthesis) and end
0 et oh ,.

product repression, (cti stanier^T984).

The growth rate of a bacteria is strongly regulated by 

its nutritional, chemical and physical environment. In larger 

perspective, the control of growth rate involves a number of 

factors,*: the transport of nutrients into the cell and their 

distribution through the pathways of intermediary metabolism, 

synthesis of specific proteins, regulation of synthesis of the 

components of protein forming systems and control over tbs 

processes providing for tbs growth and division of cell wall 

and replication of genome (Donald Nierlich, 1978). .



Enzymatic adaptation has been known for a long time 
in bacteria, yeasts and molds (Btanier, 1951). Since the 
pioneer studies on j^--galactosida.se fro® B« 'Soli (Konod, 1947J 
Honed et 1951) extensive knowledge has been gained on the 
induction and catabolite repression of the synthesis of this 
enzyme and the effect of glucose (“catabolite repression”) 
(Magasanlk, 1961 j Schwartz and Beckwith, 1970). Mow. it is 
believed that catabolite repression in bacteria is mediated 
by cyclic AMP and intracellular receptor GAP protein 
(tie Crcrabrugghe et, al, 1971). However, the role of cAMP as ' 
the unique regulator has been challenged (Dessein ej; g^L, 1978a,b) 
Catabolite repression has also been found in yeast invertsse 
production (Gascon and Gttolenghi, 1972), but here again the 
role of cAMP is the subject of controversy (Sy and Hitcher, 
1972,* Vender Plat, 1974). Regulation of oC-galactosidase and 
invertsse production in micro-organisms at transcriptional and 
translational level has been studied by use of inhibitors viz* 
8-bydrcxyquinoline (Eraser and Geanor, 1974), 5-fluorouracil 
(Kepes, 1963), chloramphenicol (Elorza et al, 1977)» 5-flu or o- 

deoxyuridine, 5-azoguanine, actinomycin-D, cyclohexamide 
(Maheshwari gjl, 1983) and temperature sensitive mutants

t,
(Martinez et al, 1982).

In the present experiment, an attempt was made to 
study the regulation of production of oC -galactosidase frem 
raffinose degrading, Bacillus so., I. Tm experiment presents 
an evidence of induction of oC -galactosidase at transcriptional



level using rifampicin as an inhibitor of transcription,
Rifampicin, the active serai synthetic derivative of rifamycinDS

inhibits the synthesis of all cellular RM in susceptible
elctii

bacteria while DM synthesis is unaffected (CalvGrfjj^T965) •

Since it forms a tight complex with bacterial DMA dependent 
RM polymerase and inhibits transcription* it can be used to 

understand the regulatory mechanisms in bacteria,

Figs,26* 27 & 28 show the growth and levels of raffi- 

nom hydrolysing enzymes when Bacillus so. I was grown in basal 
salt media containing different sugars as 1Ct source, V/ben the 

growth of bacteria in different sugars was compared, it was 
found that it was more in case of glucose and. sucrose (Flg,26), 

Among the sugars studied, raffinose, staefayose, melibiose and 
galactose induced the production of «<i-galactosidase, Glucose 

and sucrose did not induce the production of <=c-galactosidasef 
eventhough the growth was highest in presence of both the sugars, 
(Fig,27), 'i'fae induction of <=< -galactoaidas© was increased 

when the growth of cells was increased in -the case of galactose, 
raffinose, melibiose and staehyose# The kinetics of inverts a® 
production by Bacillus so, I grown on various sugars is shown 
in Fig,3, Cells incubated in the presence of all the sugars 

showed production of invert*se indicating that the synthesis 

of this enzyme is constitutive in Bacillus so, I, Colls grown 
with sucrose shows an early synthesis of invertase during the 

growth of bacteria compared to the other sugars. Synthesis of 
-galactoaidaee took place in cells gram in galactose or 

X-D-galactose containing sugars (Fig,27) • Cells incubated
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--------  I------ ~1----------- I----------- 1----------- 1-----------!-----
1 2 3 4 5 6

rfcricd of incubation (h)

j?XG.26 : Growth'of Bacillus so. I in presence of various
■sugars*
Colls were grown in >\ basal salt medium containing 
following sugars as carbon source t raffinose (G—-O), 
melibiosa atachycse (A—A)i galactose

—£x), glucose (O__D), sucrose (#-—®).



Period of incubation (fa)
FIG.2? t Effect of cartoon sources aa <* -galactosidane 

product!®! during growth of Bacillus m, I.
Ceils w?re grown in basal, medium containing follow* 
ins sugars as carbon source i rafflnose (o—o j, . 

melibioae stachyose (A—A}, galactose
(a—a }, glucose £ a_n ), sucrose ( %.—» )»
Ensymatlc activity expressed as units per ml of 
culture*
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FIG .28 : Effect of carbon sources oi c* -galactosiaase production 
' during growth of Bacillus so. I. Cells ware growl in 
basal bnkUub containing following sugars as carbon 
source : rafflnose (o—o)# ®@UMoee (•*-__
stachyose (a—a), galactose (£>—&)» glucose (D—Q)» 
morose (♦-—* ), Bnzymtic activity ia expressed as 
enzyme units per of cello.
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with meliblose showed highest activity when the values were 
expressed as enzyme units/cell, v/hereas stachyose, raffinose 
and galactose showed the same levels of induction of 
<~galactosidase but- lower than that of mellbiose (Fig* 23) • 
Thus it can be concluded from these data that ®c -galactosidase 
is an inducible enzyme whereas invertase is a constitutive 
enzyme in Bacillus sp* I.

The effect of glucose was studied on the growth and 
production of oC -galactosidase and invertase* to see whether 
the regulation of production of these enzymes occur by eata- 
bolite repression. When the cells were grown in presence of 
0,1 or 0.5>» glucose in raffinose broth the diauxlc growth 
pattern was not seen (Fig.30). When oc-galactosidase activity 
was plotted against period of incubation, it was seen that 
induction of enzyme was not affected by glucose, when the cells 
were grown in raffinose broth (Fig»3l)# Similar results were 
obtained with invertase also (Fig#32)« These experiments 
suggested that glucose did not bring about any catabolic repre­
ssion on the synthesis of oC-galactosidase or invertase.
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Period of incubation (h)

PIG .30 $ Effect of glucose csi growth of BadIMs £j>. 1 wiieii 
grown in raffincss© broth.
Controls without addition of glucose are represented 
as (o—e*). Experimental with addition of 0.1% 
glucose are represented as (*-.—#) and with 
0,5% glucose are represented as (*—*).
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—j——|——i i—r* i------------------

1 2 3 4 5 6
Period of incubation (h)

PIG »51 : Effect of glucose on production of oc-galactosidase
when. Bacillus so. 1 was grown in raff Ariose broth.
Controls without addition, of glucose are represented 
as (o—o). Experimental with addition of 0*1;S glucose 
are represented as (#----») and with. 0*5# glucose are 
represented as (*—®).
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FIG *32 s Bf&at of glucose cm production ©f invert***
when Bacillus so, I ms grown in rafflaoat broth.. 
Controls without addition of gluecs* ar® 
represented as (o-o}» iixperinental with 0#1S6 
glucose ar© represented as (*•—-*■) and with 
0*55$ glue©*© are represented as ( ©-—• j.*
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Effect of rifampicin on '^L -aalactosidase induction i

In order to study the regulation of production of 
=<. -galact osida se in Bacillus so. I effect of r if ample in on 

induction was studied assuming the molecular mechanisms of 
<^c -galaotosidase production can take place at several levels, 

viz. transcription of DM into oc -galaotosidase mRMj 
mRM translation into enzymic ptotEm- The effasi m£

The 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 standardise the 
concentration of rifampicin required to inhibit RNA synthesis 
and not protein synthesis. First, the effect of rifampicin in
protein synthesis was studied by incorporation of radioactive 

14C -leucine into protein by cells during their growth. It was 
found that rifampicin at 50 jug/ml concentration did not inhibit 
synthesis of proteins, but at higher concentrations, it affected 
the incorporation of ^-leucine into proteins in Bacillus ,§p,._ I 

(Flg.33)» On the other hand, BM synthesis, as determined by 
incorporation of (H^)-uridine, was severely affected by rifam- 

plcin at 50 jug/ml concentration as indicated in Fig. 34.
(The details of this experiment are described under ♦Materials 
and Methods) * Thus it was evident from this experiment that 
rifampicin at concentration of 50 yig/ml affected transcription 
of mRHA but not translatlcn of proteins of Bacillus so. I.
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Feriod of incubation (simites )

FIG. 33 i Effect ot rlfampicin concent rati on on incorporation 
of ^-labelled leucine into proteins during 

growth of Bacillus so. X in raffinos© broth.

.Controls without addition of riffcupicin are 
represented as (o—o )* Experimental contained 
following ooaeentratica of riffemplcin s 1©jug/ial

^ )» 20 jug/sl (•>—© }» SOjug/isl j ..A ),
100 ytg/ml ( A A. ) and 200 jpg/’al ( D__□ ;•
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C9

FIG*54 i Effect of rli&npicin concentration on Incorporation 
ox % uridine into Biik during growth of Bacillar m*1
in mi'finose broth*1
Controls without addition of rifample in are represented 
as (O—O ) • Experimental contained following concen­
tration of rifarapicins IGjig/ial }t 20 (*—*),
50 pg/ml (a_a )t 100 fig/mi l A—* } and 200 ]ug/ail'
( O—□ )*
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For further studies this concentration of rifampicin was used.
Pigs. 35 & 36 show the effect of rifampicin (50 jjtg/ml) on
growth and expression of oC -galactosidase. When rifampicin
was added at different time intervals during the induction ofgrowth and
•=*C-galactoaidase, it was found that the further^induction was 
inhibited. Thus it can b© concluded that addition of rifam­
picin wMch will inhibit only transcription and not translation, 
during the growth, inhibited the production of <=<_ -galactosidase 
suggesting that the production of this enzyme is at DNA level 
or o£ -galaetosidase synthesis is dependent on BKA synthesis.
This interpretation is based on the fact that rifampicin inhibits 
transcription of SKA function directly inhibiting RNA polymerase 
by covalent binding with v subunit of the enzyme (Burgess, 

1969)• Thus the repressive effect of transcriptional 
inhibitor on the inducible appearance of oC -galactosidase 
activity in cells is indicative of nde novon synthesis of the 
enzyme.

Thus the present experiments suggested that in Bacillus 
sp. I <=C -galactosidase is an inducible enzyme, synthesis of 
which is not regulated by catabolite repression. In contrast 
to this invertase production seems to be constitutive in 
Bacillus sp. I which is also not under the control of catabolite 
repression.

Alpha galactosidase have been found to be inducible in 
various other bacteria also viz* E*. Coll (Schmitt, 1968;
Kawamura et al, 1976; Koppel et euL, 1953), A .agrogene a
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| Indicates time for addition of rifampicin.

FIG .35 i Effect of addition of rifampicin on growth of 
Bacillus as. I in raffinose 'broth*
Controls without addition of rifampin in are 
represented as (#—# )* Experimental with 
rifampiGin <50 of medium^ art represented
as '% o—o >•
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- - - - 1- - - - 1- - - - r- - - - 1- - - - 1- - - - 1- - - - -3© 60 90 120 150 180
- Period of Incubation (min.)

FIG »56 * Effect of addition of rifesapicin on induction of 
OC-g&lactoeidase of Bacillus so. I. '
Controls without addition of rifamplein ars 

represented as ( *—* )t • Experimental with rifampicim
s,(50 jig/ml of medium) are represented as ( 0—0 ).
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(Kogness and Battley, 1957)» Micrococcus sp« (Akitoa and 
Horikosht, 1976) and B*. atearothemophilus (Delente et 31*1974). 
However* constitutive synthesis of -galactosidase have been 
reported in Lactobacillus so. (Mital et al, 1973)# lx stearo- 
themophilus MCA-2184 (Moeely, 1976), Bg, pneumoniae (Li et al, 
1963)* Alpha galactosidase from yeast 5. carlabergenais ms 
originally described as an adaptive enzyme (lindergren e& al.
1944* Uizo §& ajl, 1977? 1978) whose synthesis was dependent on 
the presence of galactose residue of <=<_ -galactosidss She present 
experiment also shows that galactose, as well as sugars contain­
ing oC -galaetosi.des serve as inducers for the synthesis of 
•=*£~galactosidase in Bacillus so. I. Similar observations 

were made in yeast for the synthesis and secretion of thi3 
enzyme (Lazo ejfc gj,, 1971? Gascon §& al, 1973? Kew ©ad Douglas, 
1976) . In carlsbergenasls besides galactose and the substrates 
of enzyme melibiose, rafflnose and stachyose, D-galacturonic acid, 
L-arablnose, D-tagatose, methyl c£_-D«galactoside, lactose and 
Isopropyl- ^ -D-thlogalactoaide (IP2XJ) also induced the 
synthesis of c< -galactosidase (Isabel at al. 1981), It was 

found that molecular structure similar to galactose may be 
required for the induction of <=c -galactosidase in yeast»
However, Broach (1979) suggested that the actual inducer of 
-<c-galactosidase is an intermediate of galactose metabolism. 

Invertasee in yeasts and molds are synthesized constitutively, 
'regardless of the nature of carbon source in the medium 
(Davies, 1953? Metzehberg, 1962; Dodyla and Rothatein, 1964; 
lizuka and Yamamoto, 1972). However, inducible nature of this 
enzyme has been reported in thermophilic fun^.%3 - Ttermoswces 
lanuginosus (Maheshv/arl et al, 1983)»
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The operon model of gone regulation as conceived and 
developed by Jacob and Mcnod (194?) and their collaborators was 

a scheme of regulation of p -galactOEldase based exclusively 

on a system of negative control derived from the*lac* operon 

in g* Coll. Subsequent work has shown that all rapidly 

metabolisable energy sources repress the formation of enzymes 
necessary for the dissimilation of energy sources that are 
more slowly attacked and the phenomenon now known as ’catabolite 

repression*.

However, in the present experiment, glucose did not 
have any repression effect on the synthesis of either 

c^C-galactooidase or inverts se of Bacillus so. I, suggesting 

that the regulation of production of these proteins might not 
be controlled by glucose although glucose itself could not give 

production of oC. -galactoaidaae. In contrast to the present 
findings, < -galaetosidas© from 3A atearothermoohilas 
(Delente srfc guL, 1974), aerogen&a (Hogness and Buttley,l957) 
and *mel* coded =£. -galactosidase from B*. Soli (Burstein and 

Kepes, 1971) are produced under the control of catabolite 

repression. Although, the plasmid codedoc -galaciosidase which 

is determined by *raf* ‘gene is not under the control of catabo­
lite repression in E*. Coll (Konishi gt. a,!, 1985). Detailed 
studies carried cut by Burstein and Kepes (1971) reported that 

in Bjl Coll melibioae operon is an inducible system and is under 
the control of transient and catabolite repression and the 
transport of melibiose is under the control of Inducer exclusion.
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However* recent studies carried out by Qkada et gjl, (1981) 
suggested that inducer exclusion alone is sufficient in 
preferential utilization of glucose over melibiose in dlauxie 
growth of §x Soli. Regulation of oC-galactoaidase synthesis 
is studied in detail in yeast lay Martinez aj.* (1982) and 

showed that in the simultaneous presence of both galactose and 
glucose* the transcription of oC-galactosidase snRM is blocked, 
regulation is by catabolite repression. In their experiments, 
glucose also interfered with mRMA translation, but the degree 
of inhibition depended on concentration and time of addition 
of hexose to the induced cells. These group of workers also 
shewed that antibiotic *ceru2enin* which inhibits synthesis of 
lipids also blocks secretion of ex ©cellular <=><; -galactosidaae 
in SA cereviaiae as a consequence of changes in the cell at the 
level of transport or at the level of fusion of carrier vesi­
cles with the plasms membrane.

The regulation of invertsse synthesis through catabolic 
repression in yeast and Neuroaoora is well documented (lampen, 
1971 ; Meyer and Matile, 1974; Iglesias et gl, 1980). In yeast, 
invertase is synthesized in the cytoplasm and after the glyco- 
sylation, it is derated by an unknown process (Creanor and 
Mltchison, 1975). In ^ cereviaiae. cells synthesized invertaae 
in media containing maltose or sucrose, whereas in the presence 
of glucose synthesis of enzyme' took place when sugar concentra­
tion was lower than 1*0$ (Elorza e£ &1, 1977) • It was shown by 
the same group of workers that catabolic repression of the 
invertaae synthesis produced by glucose operates at the lewis
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of transcription and translation and causes increase in the rate 
of mRNA degradation. However, later on it has been suggested 
that the effect of repression by glucose on invertase synthesis 
occurs at the level of translation (Chu and Maley, 1980).
Glucose has no effect on secretion and catalytic activity of 
invertase in yeast (Slorza et aj., 1977).

Purification, characterization and kinetic studies of 
°< -galactosidase and invertase from Bacillus so. I :

oi fOalactosidaae and invertase from various sources have 
been Isolated by conventional methods of extraction of proteins.
'fhe common techniques used for purification of qc -galactosldase 
include ammonium sulfate precipitation (Malhotra and Dey, 1967* 
Bahl and Agrawal, 1969? Suzuki et al, 1970j Dey et al* 1971)* 
organic solvent precipitation (Petek and Bong, 1961? hi et al. 
1963)# lieat treatment (II et al, 1963; Suzuki et gl*, 1970), 
acidification (Bey and Pridbam, 1968? 19690# ion exchange chroma­
tography (Coleman, 1968? Bahl and Agrawal, 1969? Bey et al.19711 

Schmid and Schmitt, 1976? lazo et §^, 19^) *. gel filtration 
c hrctaatography (Hadacova and Bene a, 1977? Williams et al.1978). 
and isoelectric focusing (Lee and Vfecek, 1970).

The separation of multiple forms of plant ^-galactosidases 
has been obtained by applying methods that resolve aacronclecules 
according to their molecular weights, ionic characteristics, 
electrophoretic mobility and isoelectric pH (Bey and Camplllo,1984)



Affinity chromatography has proved successful for purifying 

several «=< -galactosidase sf raelibiose sepbarose and meliblose

agarose were used for purification of plant c< -galactosidase
djB.t

(Mapes and Sweeley, 1973? 1978? Camplllo^and Shannon, 1982)*

In these cases the bound enzyme was eluted with solutions of 

D-galactose or p-nitropfaensyl cC-D-galactaside• In several 
instances, Gon-A Sepharose was employed as an affinity adsor­
bent (Gey et al, 1982; 1983), which retarded those glycoprotein 

-galactosidases with glueose/mannose termini on the protein. 

The eluting medium in these cases was methyl- -D-mannoside 

or methyl-c*d»B-glucoside. One of the steps in purification of 

Pneumococcal -Ogalactosldases involved adsorption of the enzyme 

on human blood cells, where enzyme showed an affinity for the 
=-C -D-galactosyl residues of blood -group *B* substance (Li and 

Shetlar, 1964).

Sane microbial inverts ees also have been extensively 
purified to homogeneity, mainly from yeast (Gascon and iampen, 

1968; hisizawa and hashimoto, 1970; Iampen, 1971) and ffUsarlum 

enzyme has been crystallized (Gnodera and Maruyama, 1979).

In yeast, a number of enzyme forms were detected in the culture 
fluid in, which the cells were grown (Berggren, 1970; Colonna 

et al. 1973). Many studies on oerevlsiae and Kluyyeromyces 

marxlanus have hasn shown that invertase Is synthesized within 

the cell, and exported across the plasma lemma, Most of the 
Invertases of fresh baker*s yeast (Arnold, 1972) or of brewer’s 

yeast (Williams and ’Wiseman, 1974) are released into solution 

by mechanical disruption of the cells. Only partial purifica­
tion of seme of the plant invertase a has been reported



(Arnold, 1965} 1966} Kato and Kubota, 1978}» The glycoprotein 

nature of seme plant invertaaes made it possible to demonstrate 
mlcrobeterogenelty by using affinity difference toward immobi­
lized lectins (Faye, 1981} Faye^Jf982)•

As described earlier, in JSg. Coll* plasmid coded 

e*c-galactosidase bad different properties from that coded by 
chromosomal DM (Schmid and Schmitt, 1976) * In the present 

investigation, since a strain of Bacillus ap. I isolated from 

stored soybean grains could utilise staclyose, raffinose and 
melibiose with concomitant production of ®c -galactosidase and 
invertsse, it was of interest to purify and characterize these 

two enzymes. Therefore, during the present studies a culture 

was grown in raffinose broth and both the enzymes were purified 
to homogeneity as described under 1 Materials and Methods*, 
later on the properties of raffinose induced c4.-galaetosida.se 

were compared with <=c -galactosidase induced by melibiose.

The purification of «=c -galactosidase and iuvartase 
from Bacillus so. I is summarized in Table s-1 GO & 101. Using 

different purification techniques viz. ammonium sulfate 
precipitation, gel filtration through Sephadex G-200 and 

Ion-exchange chromatography using '1MAE cellulose* hydroxy laps- 
tite and Q&E Sephadex columns, -c. -galactosidase and invertase 
were purified from a strain of Bacillus so. I to 304 and 232 

folds respectively over the crude homogenate. The detail 
procedures for the purification are described under ’Materials 

and Methods*. Bata given in Tables-100 & 101 show that the
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recovery of ©c. -galactosidase was 22# and that of invertase 
was 28% after purification.

Fig*37 shows the elution pattern of both the enzymes 
when the enzyme preparation was loaded on Sephadex G-2Q0 column 
after precipitation with ammonium eulfbte. It can be seen frcta 
the figure that during present investigation it was possible to 
separate out -galactosidase and invertase from the same extract. 
The enzymes were separately poolsd frets this step and purified 
further. These findings are Interesting because hazo ©t a1.(1977) 
could not separate external invertase and c=£-galactosidase from 
the same crude extract preparation of carlsberrenesia using 
Sephadex G-200. During their experiments* the ratio of 
oC -galactosidase to invertase remained constant throughout their 
purification procedure and only after the partial degradation of 
invertase* the contamination of invertase was reduced* In the 
present investigation since both the enzymes wore not copurified* 
it was clear that there could be a significant difference 
between the molecular weights of ©d -galactosidase and invertase 
of Bacillus so. I.

Figs. 38 6c 39 show the elution pattern of oC-galactosidase 
and invertase when they were loaded on QEAE cellulose columns 
respectively. Beth the enzymes were eluted oat at 0.3M !&C1 
when a linear gradient of 0.1M to 1.0M NaCl was applied onto the 
columns to elute out the enzymes. Hydroxy la patite column also 
could bind both the enzymes and they were eluted out 1st 0*2M 
sodium phosphate buffer (pH 7.G) as shown in Figs.AO & 41.



FIGpOSEPHADEX G- 200 GEL FILTRATION PROFILE OF*C-SALACTOSIDOSE AND 
INVERTASE FROM BACILLUS Sp 11°—°)ABS0RBANCE(0.D)AT SBOnm-.i*—) 
cC-GALACTOSIDASE ACTIVITY, l—) INVERTASE ACTIVITY,

PEACH FRACTION WAS DILUTED APPROPRIATELY TO READ ABSORPTION AT 
880 nm,AND THEN THE READING [VW4S MULTIPLIED WITH THE DILUTION 
FACTOR.
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FRACTION NUMBER

2 6 10 14 ta 22 28 30 34 38 42
FRACTION NUMBER

FIG.'-%$ DEAE- CELLULOSE CHROMATOGRAPHY-I OF INVERTASE 
FROM BACILLUS SpJ[ ABSORBANCE AT Z80 Tim., 
(•—•)INVERTASE ACTIVITY^—) Nad GRADIENT,

FIG:T$DEAE CELLULOSE CHROMATOGRAPHY-I OF°C-GALACTOSIDASE 
FROM BACILLUS Sp.T. <°—=) ABSORBANCE AT 230 nrrii (*—*) 
<V.~GALACTOSlDASE ACTIVITY-, C—)NaCi GRADIENT.
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2 6 IO 14 /a 22 26 30 34
FRACTION NUMBER

p«5.:4|; hydroxylapatite chromatography of
INVERTASE FROM BACILLUS Sp. I■ C°-^) 
ABSORBANCE AT 280 nm^ C*-<0 INVERTASE 
ACTIVITY.

'R®j: 41

f/g-Aq hydroxylapatite chromatography of
^aC-GALACTOSIDASE FROM BACILLUS Sp.-I. 

<fi—°) ABSORBANCE AT 280 nm; <*—*) 
oC-GALACTOSIDASE ACTIVITY.
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Figs. 42 & 43 show the elution pattern of oc -galactosidsse 

and invertase when they are loaded on second iEAE-cellulose 

columns.

o<c -Galactosidaae purification was further achieved by 
loading partially purified preparation onto QAE Sephadex column. 

Elution pattern of ^-galactosidase on QAE Sephadex shews that 
bound enzyme was eluted out with 0.4M MaCl when a linear gradient 
of 0.1M to 1.QK MaCl was applied onto the column (Fig.44).

Tha purified enzymes were further dialysed against 50% glycerol 

and concentrated and stored at **20®^ for further use.

Kinetic properties of the purified enzymes i

Data given in Fig.45 indicate that -=c-galaetOBld&se and 

invertase isolated from Bacillua so. I exhibit maximum activity 
at pH 7*0, in 50 mM sodium phosphate buffer when^PKPG was used 

as a substrate, eventhough there ms 10-25% of activity at acidic 

pH. This pH profile of enzymes show that they were most stable 

at neutral pH in 50 mK sodium phosphate buffer at 37°-. At the 

same time, Tris-HCl buffer 50 mM pH 7.Q inhibited activity of
i

both the enzymes. There are very few bacterial -galactosldasea
(Schmid and Schmitt,1976);

reported with neutral pH optimum viz. from goli^/3, stearother- 

mophilus(-Federson-and Goodman, 1980), -- ' Miorococcooua so.

(Akiba and Horikoshi, 1976), rolfsli (Kaji and YasMtotf, 197^),

E. Soli subsp. eosammlor (Kawamura et al, 1976) and Bacteroides 
oy^tiia (Gherar@ni et al, 1985). Most of the =^-galsctosidases
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fig.-^deae cellulose ~n CHROMATOGRAPHY OF 
INVERTASE FROM BACILLUS Sp.l . “)
ABSORBANCE AT 260 nm, (•—®) INVERTASE 
ACTIVITY.

FIG.- 42DEAE CELLULOSE CHROMATOGRAPHY-E OF 
4.-GALACTOSIDASE FROM BACILLUS Sp.-I.
(^ o) A BSORBANCE AT 280n m ; C*—*X- GALA- 
CTOSIDASE ACTIVITY.
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FIG:- LLQAE SEPHADEX CHROMATOGRAPHY OF<*C-GALACTOSIDASE 
FROM BACILLUS Sp. I. <p-<0 ABSORBANCE AT 280 TVTii 
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isolated from bacteria, yeasts and molds show optimum pH in the 
range of 3-6 e.g. °l -galactosidaae from Cladosoorium cladospo- 

roides (Cruz ej. al. 1981)? Aspergillus orvzae (Cruz and Parl§, 

1982), lactobacllli (Mital e|, a^, 1973), Pvcnoporus so.

(Qfetakara ©£ §1, 1984), S. carlsbergensia (lazo et al, 1978) 

and Monascua pilosus (Wong et aj., 1986) * <=L -Galactosidase from 

plants and animals also have pH optimum in acidic range e.g. in 
Phase plus seeds (Agrawal and 3ahl, 1968), Vic la faba (Dey^1969)Dj 
Dey et al, 198%), Alfalfa seeds (Takatoshi et al, 1979}» rat 
brain (Subba Ha© and Pieringer,. 1970), rat kidney (Gillman et al, 
1970) and rat uterus (Coleman, 1968). Because of the stability 

of plant od-galactoeidases 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.

Invertssos from most of the microorganisms have pH 
optimum in acidic range (Dey and Camplllo, 1984}* Invertase of 
ft. crassa has broad pH optimum from pH 4.5 to 6.0 (Dampen, 1971) * 

In yeast, the pH stability curves for the external and internal 
invertase forms differ markedly (Gascon et, al. 1960).

The external enzyme is inactivated at pH 8,0 and above, but it 

is stable at pH 3.0, whereas the internal invertase form is 
stable at pH 9*0, but it undergoes reversible inactivation at 

pH 5.0 or less. The pH optima of the multiple forms of the 
acid invertsses from plants are generally close to each otter 
and similar situation exists for the alkaline forms {Dey and 
Camplllo, 1984). Dey (1986) has reported high levels of 

alkaline invertase activity in dormant mung bean seeds, which
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during germination decreases rapidly and is replaced by high, 

’acid* invertase activity,

Fig,46 shows that both the enzyme activities increased 

with the increase in temperature and were maximum at 37*'

Above 37®» the activity decreased as the temperature was raised 

further. The optimum temperature for most -galactosidasea

is in the range of 37-40° (Ulezlo and Zaprometova, 1982),

^-Galactoaidaaes isolated from B. Coll. S, bovis, Biolocoeous 

pneumoniae. Trifolium re pens and leaves of cucurbits show 

optimum temperature 37° for their enzyme activity (Bailey,1963j 

Li '§£_ .':ak'v . 1963? Kawamura gj; al, 1976? Schmid and Schmitt,

1976# Thomas and Webb, 1977# Williams et, al, 1978).

The thermal stability of »c-galactoeidase from Bacillus 

fee. I as shown in Fig,47, indicates that the enzyme is Hilly 

active at 37° and retained 55-60% activity upto 40°, Above 

this temperature, the enzyme was extremely heat labile and ms 

completely inactivated at 50®, within 10 minutes. This is in 

agreement with ®c-galactosidase isolated fro® £3. Coll. Micro* 

coccus so, and Bacillus sp, which were also completely inacti­

vated at 50° within 10-15 min (Akiba and Horikoshi, 1976;

Kawamura et al,, 1976) whereas ckL-galactosldases reported from
JjL

Bacillus stearothermopliilus and Pycnoporous cinnabarjus were 
thermostable at 75-80“ (Delente at al., 19Oht&kara et al, 

1984), oc-Galactoaidase from Aspergillus niger (Lee dnhkjK, 1^70); 

Diplococcus pneumoniae (14 et alt 1963)^ Vicia faba (Dey and 

Pridham, 19691, Alfalfa seeds (Takatoshi et al, 1979),
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FIG.47 : Thermal stability of purified oc-galactosidase and
■ Invertase of Bacillus §R»- I.

Enpyrr,g>s were incubated at various temperatures for 
10 min., cooled and then used for assay.



Saccbaraayees car Xsber ReneHs (Lazo et al, 1978), Cladogporlum 

cladosporiodes (Cruz et al, 1901)» Strspt payees olivaceug 

(Suzuki et al, 1966), ftlorterella vlnacea (Suzuki et al, 1970} 

and Mcnascua pllogus (Wmg et, al, 1966} ware quite stable at 

50*60°,

During the present inveaiigatlcn, the activity of 

^•galaetosida.se increased proportionately upto 0,2 jig of purl* 

fled protein (Fig.48) and upto 10 minutes of incubation (Fig,49) 

wlth~4~FdPG as substrate. When raelibios© was used at substrate, 
the activity increased linearly upto 1 jig of protein. (Fig.50) 

and upto 30 minutes of incubation (Fig,52) • When raffinose or 

st&chyose was used as a substrate, the activity increased 

linearly uptofJUQ jig protein (Fig,51) and upto 30 minutes of 

Incubation ( Fig,53).

Figs,54 to 58a show trie Idneweaver Bark plots of 

<=<_<-galactosidaae froa Bacillus so. 1 with different substrates 

from, which the calculated Km were 0.5, 8, 36, 66 and 20 sH and

285,Vrcax values were 83, 250,^300 and 76 jsmoles of product liberated

per minute per mg protein for para-nitropheny 1- =<L«D-gsXactoside,

melibiose, raffinose, atachyose and p-nitropheny 1-°c-D~fucoslde

respectively. When the products of raffinose, atachyose and

melibiose hydrolysis by purifiedcOgalactosidaae frera mclllus

sg.l vrere detected using Ti£ (Fig,58b3, it was found that

raffinose and stschyose were hydrolysed into sucrose glucose

and galactose,, when incubated with the enzyme. When effect of

various sugars was studied on catalytic activity of -galaoto-

sidaae from Encillus sc,I, using oC-HIFO as substrate, it was 
found that inositol, ©rabinose, galactose, melibiose and 
raffinose were powerful inhibitors of this enzyme 
in this bacteria at 1-50 al-l concentration, whereas



Effect of enzyme concentration ©a the activity of 
purified oc -galaetoaidaae and Invert® ae of Bacillus



fig ^49 ♦ Effect of period of incubation, on the activity °f
purified oc -galactoaidase and invert®ae of BgoiaJng, $2.8,i*

362

■Period of incubation (min)



#IG »5Q : Effect of purified oc -galactosidaae concentration on 
hydrolysis of mcliblose*

363

JSSli&L • Effect of purified oc -galactosidase concentration on 
hydrolysis of raffinose end staehyose.
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FIG *52 i Effect of period of Incubation on the hydrolysis of

i-eriod of incubation (min)

; Effect of period of incubation on the raffinoae cm the 
hydrolysis of raffinose and atachyose by purified 
oc *»galact oaidase from Bacillus gp« X,



" 3G5
glucose and stachyose were less inhibitory (Table-102)* lactose 

ancl cellobiose at 1-50 isM did not affect the catalytic activity 

of this enzyme* Figs*59 & 60 shows that galactose and meliblose 

were competetive inhibitors of of -galactosidaee in the present 

investigations, whose KI values were 0*5 mM and 10 ©M respecti­

vely calculated from Dixon plot (Figs. 61 &. 62) • KI values for 
raffinose '-•===—-=4? aM rF for the hydrolysis

of oC-PNPG (Fig.63). Thus KI values for these inhibitors, viz. 

melibiose, raffinose and stachyose are in agreement with the Km 

values of the same.

Thus substrate studies with oC-galactosidase of Bacillus 

so. I show that it can hydrolyse <=< -PI«PG, melibiose, raffinose, 

stachyose and p-nitrophenyl- c< -D-fucoside. The affinity for 

oC-PNPG- was the highest .and for paranitropheny 1 -=< -D-fucoside 

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

Data given in Table-103 indicate the hydrolysis of 

various substrates, from which it can be concluded that oc-galacto- 

sidase from Bacillus so. I is a highly specific enzyme' for 

oC-o-giyc©sides and does not act on p -D-galactosides.

The quantitative evaluation of glycon and aglycon specificity 

has been carried cut with oC -galactosidases from sweet almond 
(Malhotra and Dey, 196?) and Vj. faba (Dey and Pridham* 19692)) 

which showed that the affinity (t/Km) of the enzymes for the 

substrate a seems to depend largely on the structural changes in 
the glycon moeity and follows the order ; oc -D-galactosfd 

^-D~fucosides />>'L-arabinoside. This suggests that one of the
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£IGa54 2 Effect of CC-EEKJ concentration on the rate of its
hydrolysis nr by <X-galactosidase frca bacillus so. I,

She assay mixture contained <f -PNK» (desired concentration),
2-mercapt©ethanol (t raft) and purified oC -galactosidasa {O.2 jag protein) 
in 50 aft sodium phosphate buffer, 7*0 (fetal 1*0 al assay 
system) at 37®* Reaction was started by addition of enzyme* 
ihe rate of reaction (V) is expressed as nmoles of paranitrophenol 
liberated/min/mg protein. Inset shows double-reciprocal plot of 
the data.
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FIG, 55 % Effect of mellbiose concentration m the rate of it a 
hydrolysis by CC-g&laetosidcise from Bacillus, so, I.
The assay mixture obtained meliblose {desired concentra­
tion)* 2-mercapi©ethanol (1 »M) and purified oc-galact©- 
sides® (1 |ig protein) in 50 mM- sodium phosphate buffer* 
pH 7,0. (Total 1,0 ml assay system) at 37® • The reaction 
was started by the addition of enzym, The rate of 
reaction (?) is expressed aa usoles of glucose liberated/sin/ 
mg protein.
Inset show® double-reciprocal pLot of the data.



FIG *56 : Effect of raffinose coneentratloa. m. the rate of its
' . 1 .»? :

hydrolysis by oc -galactosidase from Bacillus so* I*

The assay mixture contained rafflnose (desired concen­
tration)* 2-mercaptoethanol (1 bK) and purified 
or.galactosidaee ( 4 jag protein ) in 50 ®M sodium 
phosphate buffer, pH 7.0* (Total 1*5 ml assay system) 
at 37°* Reaction was started by addition of enzyme* 
The rate of reaction (V) is expressed asjumoles of 
galactose libera ted/iain/mg protein. Inset shows 
double reciprocal plot of the data.
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FIG *57 ; G fleet of staohyose cQncenirs.f 1 tsi on the rate o£ its 
hydrolysis by oOgalabtoaidaee from jj&S&y&ft 1*

fhe assay mixture contained, gtachyoae (desired concentra­
tion)* 2-meroaptoe tfaanol (1 nsH) and purifled OC—galacta— 
sld&ae ($->ig protein) in' 50 oM sodium phosphate buffer * 

pH 7*0, (Total 1*5 ml assay system) at 37** Reaction was 
started by addition of enzyme. The rate of reaction (V) 
is expressed as paoles of galactose liberst©d/nin/mg 
protein. Inset shows double-reciprocal plot of the data.
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FIG .58 m Effect of i&rani.tvopmnyl'* OQ -D-lUcoslde concantr&tlon 
on the ret® of tis hydrolysis by oC ~galact0glclase from 
Bacillus so* 1,

The assay mixture contained p«*nitrophenyl» C ~H-fucoslde (desired 
concentration)# 2~®ercaptcethanol (1 saM) and purified oC-nal&cto- 
sidas® ( 0-2 ps protein) In 50 mK sodium phosphate'buffer* pH. 7*0 
(Total 1*0 ml assay ay stem) at 37* * Reaction was started by 
addition of enzyme. Th&. rat® of reaction (V) is expressed as 

jnaoles of p-nitrophenol lib®mtad/ain/mg protein* Inset shows 
double reciprocal plot of the data.

s,

\



PIG.58b : Detection of products of stachyose, raffinose and
melibi03e hydrolysis by purified cc-galact osidase 
from Bacillus sp. I (analysed by Tl£ method).

uoith Y&ff wose dor O Hour. (Condr

oodH Y^di moso- j-or 1 Hour.

coi+K 5+txc.V\y p Se. dcT 0 Hour.

uj \H\ StocVjosr ■dor 1 Hour.

d>ifh Sd-acK^ose- dor M Hour.

lc\H\ •MeUv^cse a i •{our.
^ c '1 .j 1 — ' '»

eg, Eviyiwe Ircuba-M MeUbiaSo- '



02
 i Ef

fe
ct

 of
 va

rio
us

 su
ga

rs
 on

 oc
 -g

al
ac

to
si

da
ae

 ac
tiv

ity
 of

 B
ac

ill
us

 so
. I

c 1 
r̂

- 
oo

^E
nz

ym
e u

ni
ts

 ar
e e

xp
re

ss
ed

 as
 am

ou
nt

 of
 en

zy
m

e re
qu

ire
d t

o l
ib

er
at

e o
ne

 nan
om

ol
e o

f 
pa

ra
ni

tro
ph

en
ol

 pe
r m

in
ut

e u
nd

er
 as

sa
y c

on
di

tio
ns

.
Su

ga
rs

 we
re

 ad
de

d d
ur

in
g t

he
 as

sa
y o

f e
nz

ym
e.

15 10 10
2 35 25 92

38

10
0 82 15 50 13 10

25
.2

20
.7

 
3.

8
12

.6 3.
3

2.
5

22
.1 3.
8

2.
6

25
.7

 
13

.9 8.
3

23
.1

20
.2

10
0 88 36 75 10 24 95 32 28 95 68 55 95 96

25
.2

22
.1 9.
0

19
.0

 
2.

5
6.

0
23

.9 8.
1

7.
1

23
.9

17
.1

13
.9

23
.9

24
.2

10
0 99 55 94 28 34 10
9 38 32 10
2 84 11
1

10
0 92

25
.2

24
.9

13
.9

23
.7

 
7.

1
8.

5 
2.

75
9.

6
8.

0
25

.7
21

 .2
27

.9
 

25
.2

 

23
.1

%
 He

 si
 du

al
 

ac
tiv

ity

10
0

10
3 85
 

10
1 80 99 11
9 78 70 97 10
5 94 10
2 86

25
.2

26
.0

21
.4

25
.4

20
.2

24
.9

29
.9

19
.6

17
.6

24
.4

26
.5

23
.7

25
.7

21
.7

C
on

tro
l

Su
cr

os
e

M
el

ib
io

se
G

lu
co

se
G

al
ac

to
se

In
os

ito
l

M
al

to
se

lia
ff

in
os

e
L-

ar
ab

in
os

e
C

el
lo

hl
os

e
Fr

uc
to

se
St

ac
iy

os
e

La
ct

os
e

M
an

no
se



- 373

0.02 .

-Vo ~2-o • _,.0 1*0 2*0 3*0

1/(s)

FIG .59, t line-weaver Burk plot of oc-galactosld&ae for the 
hydrolysis of oC -JPiiFG in tha preface of M 
inhibitor (galactose).

Ihe reaction mixture consisting of 0*2— 4*0 $M oC-BKFG,
50 IE*’! sodium phosphate buffer, pti 7*0, 1 bH norcaptoetbanol 
appropriate amount of inhibitor (galactose) and enzyme 
(in total volume of 1.0 ml assay mixture) was incubated at 
37*0 for 10 min, — o — no inhibitor; — X —oc-galactose 
(0,5 nSOl*—«—'galactose (2.0 mK).

4.G 5*0 6.0 7.0 8,0
(biM-1 )
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FiG»69 # llneweaver ■ Burk plot for the hydrolysis of dl -J34FG 
In the presence of inhibitor (meHbiose),

to reaction Mature consisting of 0,2 4,0 m oc-PMBS*
50 siK sodium phosphate buffer* pH 7®G* 1 «M mereaptpethaaol* 
appropriate smomt of inhibitor (aelibiose) and enzyme (total 
volume of assay ■ mixture *» 1,0 ml) we© incubated at 37*C for 
10 min, — o— ,no inhibitor} —■%— * melibiose 
*—e— * melibioae (10 mM).
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Fia»6l t Dixon plot’ of oC --galactosidase of Bacillus ap. X 
for the inhibition by galactose.

The reaction mixture consisting of 0*1 3♦GboM
galaot©»3|-'‘C3C>E$iPCr (desired concentration)* 50 hM sodium 
phosphate buffer* pH 7,0* 1 s?M g-iaercaptoethanol and 
oc-galactosldaae (Total volume of the assay mixture * 1,0 mi) 
ms incubated at 37*0 for 10 minutes, '

1 m 00 -PMfGl — _j( -- 0,5 atf OC-F&K5*O r
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(X) (pH)
\

FIG »S5 s Dixon plot ©f oc*ga3aot ©side®e ©f BaeilMs so* X 
for the inhibition 'ey xmffinosa.

Details of the experiment iser© same as described 
in legend of Pig.61, except raffinoae woo need as 
an inhibitor-instead of galactose*

1 pH of OO PUBS

0*5 ssH of C^H-SPGU
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TABIE-.103 i Substrate specificity of <=* -galactoaldaae 

from Bacillus So. I*

Sabstrate

1

Vmax
(jiraoles of product 
liberated per min 
per mg protein)

1) p-nitrophenyl-
galaetosidase

0.50 83

2) p-nitropheijyl- <=< «D«
glycoside (a) (a)

3) P«»3aitrophenyl» o^-D- 
fucoside

20 76

4) O-Hltrophenyl- od*D- 
galactoside

1.5 70

5) m-lUtrophsi^rl
<**»D*gaIactoaide 7.5 68

6) p»Nitrophenyl- 
-jp-D-galactoside (a) (a)

7) p-Hitrophenyl-
-^uLrarabinoside (a) (a)

8) Heliblose 8.0 250

9) Baffino®© 36.0 285

10) stachyose 66.0 300

(a) » Hot hydrolysed
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specific points of attachment of the substrate to the enzyme is
through the primary alcohol group of the galactose structure 
(Dey and Pridhaa, 1972| Gishi and Aida, 1976). Hiring the , 

present investigation on <=c -galactosidase from Bacillus spf I 
also similar results were obtained vis. affinity of the enzyme 
for oC -D-galactoside >£D-fucoside. The Km and Vmax values 
of «>c-galactosidase during present investigation are c cm pared 
with -galactosidase from various sources in Table-104.

s
It has been known that <=*£ -galactosidases recognize and 

require for their action the specific configuration of -OH groups 
at the C-1, 2, 3 and 4 positions of -J>galactopyranaside.
The configuration at the C-6 position is also recognized but is 
not necessarily required for the enzyme action (Dey and Pridham, 
1972). Thus -c-D-fdcoside (Dey and Pridham, 1969ajpj Oishi and 
Aidam, 1976) and p -L-arabinoside (Dey and Pridham, 1969a; 
Malhotra and Dey, 1967? Suzuki et al, 1970) having D-galactose 
configuration are hydrolyzed by oc -galactosidases, although 
some enzymes are unable to hydrolyze the latter substrates 
(Bailey, 1963T/? Li et al, 1963) • The structure of ©c-D-galaeto- 

pyranoside and related glycosides are as follows

#<-D*G*tictosidf •C-D-Fucoside yS-t- Arablnosid* O-GJyc *ro-<-0-
gatactohepioside

i »■ a-U-Galaetopyranoside and related glycosides.





D-Galactose, L-arabinose and inositol behaved as *
inhibitors of c=c -galactosidase of Bacillus sp. X when
p-*iitrophenyl~ ©><: -D-galactoside was used as a substrate,during
the present studies. D-galactose is a powerful and competitive
inhibitor of various other -galactosidases, viz. Yicia faba
(Dey and Pridham, 1969a), alfa-alfa seeds (Takatdshi et al,"
1979)» Aspergillus niger (Lee and Waeek, 1970), Calvatia 

. - cu\dLShetlanf •
cvanthlformis (Li 1964), Diplococcus pneumoniae (Li at al.

*?

1963), Mortirella vinaceae ('S'MkOK’i ©t qL, 1970)j Bacillus stearo- 
thermopbilus (Pederson and Goodman, 1980), Saccharomvces 

carlsberaensis (Lazo et a1.1978) etc. In contrast to this,
Akiba and Horikoshi (1976) did not find inhibition of o(. -galacto­

sidase from alkalophilic bacteria by galactose, but glucose and 

sucrose inhibited the enzyme reaction. The action of ^ -(gklacto- 

sidase in many cases is strongly inhibited by L-arabinose 
competitively or non-competitively (Dey and Pridham, 1969a}
Dey, 1969} Lee and Vacek, 1970} Suzuki et al, 1970), <=»<.-galacto­

sidase s from Pvcnoporus sp.. Micrococcus sp.. alfaalfa seeds and 

Streptcmvces sp. are found to be inhibited by melibiose and 
raffinose either competitively or non -c om pe t i t i ve ly (Takatoshi 

et al, 1979*. Akiba and Horikoshi, 1976} Oishi and Aida, 1976} 

Mitsutorai et al, 1985), whereas ot -galactosidases from some 
plants are not, inhibited by these sugars (Dey and Pridham, 1971) * 

Xylose and Inositol behaved as competitive inhibitors for some 
plant ©4- -galactosidases (Sharma, 1971} Hankins et al, 1980^- 

A highly specific inhibition of <=£■ -galactosidases occurs with 

myo-inositol due to similarity in the orientation of -OH groups 
at C-2, C-3 and C-4 in myo-inositol to those at C-4, C-3 and
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C-2 or 0-1, C-2 and C-3 of <=< -B-gal&ctopyranoayl residue of the 

substrate (Keleiaan and Vvbei^an, 1966j Sharma, 1971)* Glucose, 

fructose.* mannose and b-rlbose do not produce inhibition of 

°C-g&lactosidase in the present investigation, which is similar 

to other ^ -galactoeidasas (Cf* Bey and Pridbam, 1972). In the 

present experiment, e< -galactosidase from. Bacillus sp. 1 did not 

recognize -galactosyl bond thus lactose and cellobiose had 

no effect on catalytic activity of the enzyme.

In the present investigation, the rate of hydrolysis 

of the substrate seem to be reduced by an increase, in the chain 

length of oligosaccharides because Km for mellbiose ^ raffinose 

<C stacbyoae of *< -galactoaidase from Bacillus ap» I.

Similar observations were made by several workers for-C -gslacto- 

sidases from various sources (Li et al, 19.6^| Coleman, 1968;

Ley Oishi and Aida, 197^{ Akiba and Horikoshi, 1976j

Lazo et al, /1978). but in many other o£-galactosidases reverse 

is also reported to occur (Courtois et al, 1959; Bailey, 1963).

data given in 'fable-105 show the effect of different 

divalent cations and other organic and inorganic compounds on 

the catalytic activities of o<-galactosidase from Bacillus spif X. 

It was found that enzyme activity was completely inhibited by
*i* « p xp

Ag , Hg , Pb and Cu . <=>4 -Galactosidase from various 

microbial sources have been shown to be affected by metals like 
Ag+, Hg+^» Cu+^, Pb"^ and Fe+^ (Li and 196,1}.; lee and

wacek, I9^bj Suzuki ad., 1966; Gishi and Aida, i|72; sahalfi
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3S5
Aklba and liorikoshi, 1976; Schmid and Schmitt* 1976; Williams 

et al, 1977# 1973; Qhtakara et al. 1984). Plant

aliases from Vic la faba and Prunus ana

Pridham, 1969^) 

almond (Dey an

* spinach leaves (Gatt and Baker*. 1970) and avieet 

i Malbotra, 1969) are also inhibited by various

metal icns.^-Galactosidase from fungi (Ohtakara e£ al, 1904),

legumes (Dey a 

are usually in

attributed to

binding of the 

Chinen eib al,

-galacto- 

(Day, 1969; Dey and

id Pridhain* 1977) and sugar cane (Chinen et al.1981) 

slbited by silver and mercuiy ions competitively

or none ocipe t it ively. The inhibition by silver ions may be

:heir reaction with the carbonyl group cr histidine

residues, and that by mercury ions may be attributed to their

thiol group of tbs enzyme (Dey and Pridhain,1977j 

1981). Bacterial =<-galactosidases are also 

inhibited by l^ad, zinc, cobalt,magnesium and nickel Ions 

(dezlo and Zaprometova, 1982). Other inhibitors like PCKB 

and MEM also caused 100% loss of o<. -galactosidase activity

investigation suggesting that presentc<L~galacto- 

**SH groups for its activity. Contribution of 

sulphydryl group for the c>4-galactosidase activity is also 

shorn in Mlcrococcus so. (Aklba and Horikoshi, 1976), A*. ntmv

during present 

sidase require

(Lee and Wacek 1970), JX pneumoniae (Li et al, 1963),
S, olivaceus (^uzuki et al, 1966) 'whereas' -galactosidase from 

I Shetiav}
Calvatia eventhiforms (Li 1964), spinach leaves (C-att and 

Baker, 1970), sweet almond and Vicia faba (Dey and Pridham, 196$i 

were not inhibited-by sulpbydryl binding reagents.



Studi- a ware also carried out to find out the effect of
386

various metal ions and other known inhibitors on catalytic 

activity of invertsse of Bacillus sp. I. Data given in 

Table-106 shows that the enzyme activity was inhibited by .
Ag+, Hg*^, ZriL Cu+^ and iodide. ^ -D-fruetofuranosidases 

from crassa. yeast and, plants are also found to be inhibited

1980; Presoey

by metals like* Zn+2, Cu+^, hg+2 and Ag* (Xampen, 1971? Hawker,

+2and Avants, 1980). However, Im had a prote­

ctive effect on sugarcane enzyme (Quiroga et al, 1977).

BOMB and HEM also completely inhibited the catalytic activity 

at 1-10 mK suggesting the requirement of -SH 

group in its active site. The thiol group requirement of the 

enzyme from Bacillus sp. I is similar with external invertase

of £. crassa. which also requires *-SH* group at an active 

site, whereas it is different from yeast external invertase, 
which does not require ‘-SH* group (iteumann and Lampen, 196<5f )• 

Urea and guanidine -HC1 at 1-50 mM did not affect the enzyme 

activity, whifh indicates that the present enzyme might not be 

multimeric fora. Pyridoxal phosphate which 
inhibited invertsse of potato (Pressey, 196?/) did not affect 

the present enzyme as shown in Table-106.

-Galactosidase isolated in the -present investigation 

was completely inhibited by 10 mM Tris-HCl buffer, as shown in 

Table-105. C mapetitive inhibition of glycosidases by 1 Tris * 

is reported by other workers also (Dahlqulst, 19611 Jorgensen 

and Jorgensen 1967; Schmalreck et al, 1975? Pederson and
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Goodman, 1980) 
that an oc -ga 
enzyme is at orb 
not require any 
action unlike 
(Schmitt and Rp-

and 3urstein and Repos (1971) have also reported 
Lactosidase of E. Coli loses its activity/if the 
d in Tris-iiCl buffer. The present enzyme dees 
cofactor or divalent cations for its catalytic 

'mel* coded <=c -galactosidase of E_. Coli 
tman, 1966; Burstein and Repes, 1971).

During present investigation, v/hen substrate studies 
with p-D-fructofuranosidase from Bacillus sp. I were carried 
out it was fouijid that Km for sucrose, raffinose and maltose 

were 5 mM, 22 nK and 20 mlvl respectively as shown in Figs.64 & 65. 
Trehalose and melilotriose were not attacked by the purified 
enzyme preparation, which suggest that it is a very specific 
enzyme. Thus substrate specificity studies on invertase of 
Bacillus sp, I shows that the affinity of the enzyme is highest 
for sucrose among all the substrates studied. Invertase from 
R. crassa (lampen, 1971) and S, cerevisiae (Barnett .,1980) 
seem to have similar properties whereas Grootwassink and Fleming 
(1980) reported a higher rate of hydrolysis of stachyose^ 
raffinose j> sucrose for a commercial preparation of this 

enzyme from *x> other Saccharomyces species. Purifiedp -D-fructo- 
furanosidase fr om SR cerevisiae hydrolyzed ethyl -D-fructo- 
furanoside and p-nitrophenyl-p -D-furanosylamine according to 
Bas^r and Shall (1971) who suggested that later compound might be 

a useful chromcgenic substrate for the assay* Since this compound 
was not available easily, the hydrolysis of the same hyfi -D-fructo 
furanosidaee from Bacillus sp. I was not studied in the present
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60

FIG*64 s Effect of substrate (sucrose 0-0 ; and maltose j
concentration on the rate of its hydrolysis by invertaae 
of Bacfllua «p» I* She assay mixture contained substrate 
(desired oomentratioa), mercaptoethanol (1 sit), 0*05 M 
sodium phosphate buffer, pH 7*0, purified inverts**® (3-o/j^ ) 
in total. volume 1*5 ml, at 37®« Keaotion was started by 
the addition of enzyme and the time dependent rate of 
glucose liberated vast measured* ihe rate is expressed 
as micr< moles of glucose liberated i» per minute per mg 
protein, Inset shows double reciprocal plot of the data*



120

Csl im)

gio. & f\ Effect of rafflnose concentration on the rate of its 
hydrejlyals' by purified invertsse from Bacillus so* X*

The assay mixture contained rafflaQs© (desired conce- 
atraticn}, 2-mercaptoetbanol (1 mM), and purified 
inverjt&se ( s' P& protein) in 50 s$4 sodium phosphate 
buffer, pii 7*0* (Total 1*5 ml assay system) at 37°* 
Reaction wag started by addition of the enzyme.
The rate of reaction ‘V* is expressed as nmoles of 
reducing sugar liberated- per min per mg protein* 
Inset shows double-reciprocal plot of the data*
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investigation, The Km » values of p -D-fructofUrano-

sidase for various substrates in different micro-organisms are 

compared in Table-107. The ]5 -D-fructofuranosidase isolated 

in the present .study was inhibited in 10 mM Tris-BOl buffer, 

pH 7.0 resembling French beans invertaee (Hawker, 1980) which 

ted by Tris buffer.was also inhibl

The

are compared in 

otter sources.

Molecular props

character!*sties of invertases from Bacillus sp. I 

Table-107 with invertsse isolated from various

‘ties of purified QC-galactoaidase and invertaee

of Bacillus sp. I :

Purity 

dodeeyl sulfate 

1 % SDS and 156 2 

as described ua 

each enzyme pre 

ranging from 20 

homogeneity as

of the final enzyme preparations was tested by 

gel electrophoresis after boiling the sample with 

-mercaptoetbanol in sample buffer (Shapiro, 196?) 

ler * Mate rials and Methods’. A single band of 

paration was obtained at protein concentration 

■100 jig protein/gel indicating a high degree of 

shown in Figs. 66 & 67.

Specific staining of gels for glycoprotein using a 
method of Zachajrlas et, al. (1969) gave no positive reaction Indl-

i

of detectable carbohydrate moiety in both 

°Ogalactosidase and invertaee in the present investigation*

Tills is possible because only eukaryotic oC -galactosidases and
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FIG .66 • i SDS^polyacrylafrilde disc gel electrophoresis in,
7,5/i acrylamide gels of purified <£*-g&lactosidasa 
from Bacillus sp« I and of standard proteins s

tv
(a) Standard proteins{ 1) Myosin L chain - 

M v 2 * 00* OOGj 2) Phosphorylase ** b ~
MW - 97?000p; 3} Bovine serum albumin - 
MW - 68,000. 4) Ovalbumin MW « 43*000*
5) oc -'Cbyra'oerypainogen ~ MW - 25*700*
6} ^ -lact.Gglobulin « Mil - 18*400|

(b) Purified oc-galactosidase from ^aclilua ap|t> Ij
(c) Standard protein - (ovalbumin - MW 43* 000);
(d) Standard protein (bovine serum albumin »

MW - 68r§d0),



(»> a») (c>

,

s*—

i

i

FIG,67 : SDS-polyacrylamide disc gel electrophoresis in 7*5%
acrylamide gel, of purified inverts se from Bacillus 
sp.I and of standard proteins;

Sa) Standard proteinsCSawje a-s »n J->'3 66), 
b) Other standard proteins; 
c) Purified invertsse from Bacillus bp. I
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invsrtaaes are reported, to be glycoproteins (Malhotra and 

bey* 1967? Mya and Bibo in, 1977* iazo et, al, 19'18'i Dey et al* 

1982; Ssy et al, 1983).

The molecular weight of native purified ©c -galaeto- 

sidass from Bacillus sp« I as determined by gel filtration 

technique (details are given in 'Materials and Methods') is 

found to be approximately ^90,000 (Fig.68)*

Data given in Table-105 Show the effect of urea, 

guanidine-Id on the activity of purified -galacto-

sidase from Bacillus sp. I,. All the three compounds inactivated 

the enzyme as the concentrations of each were increased, suggest­
ing that ^he protein must be having oligomeric structure. When 

the mobility of denatured enzyme in SDS PAGE was compared to 

those of proteins of known molecular weights, it appears to 

have molecular weight of f|gf000 as s^own in Thus the-

molecular wight determined by &DS-PAGE and gel filtration 

proved that 04 -galactosidase of Bacillus so, X is having a 

tetraiaer structure with each subunit of 4&foGQ* *

With respect to molecular weight -galactosidase 

from Bacillus so. I, -r resembles other microbial °c -galacto­

sidase s from Py* cinnabarluls MW 2,10,000 (Ghtakara at a 1.1984). 

B. Coll MW 2,00,000 (Burstein and hopes, 1971), whereas 

«=c -galactosidase having oligomeric structure and higher mole­

cular weights have also been reported from otter sources viz*
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/
BIG.68a % Molecular weight dotemin&t ± of the native

c*>galaet ©sidag© and invertase by analytical gel 
filtration using Seph&dex G-20Q.
An aliquot of purified enzyme was filtered through 
a column of Sephadex G-2GG equilibrated with Q.05B 
phosphate buffer. pH 7*0, and their elutionicompared 
to those of (1) 6ytcehramose»C (MW «- 13,000; |
(2) Ovalbumin (KW « 43, OCX)) | (3) Bovine eerum albumin 
(mv< - 63,000) j (4) Yeast alcohol dehydrogenase 
(MW ~ 1,50,000), and (5) Horae spleen ferritin 
(M’tf - 4,40,000).

(3) * IfEvertas© from Bacillus sp. I*

(4) 1 cc«*3alactosidase from Bacillus -sp* I*
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s*. cgrlsbergenesis. MW 3,00,000 (lazo e£ §1, 1978), B*. atearo-

thersoophilus MW I - 2,80,000, II - 3,25,000 (JBederaea and

Goodman, 1980) and Coll harboring PRSD^ plasmid KW 3,00,000

(Schmid and Schmitt, 1976). The present enzyme for Bacillua

sp. I Is not having any molecular forms unlike those which

are reported in thermophilic 3^ stearcthermophilua by

Federson and Goodman (1980). The existence of multimolecular

forms of oC -galactosidase has been reported in various seeds

as discussed im Seetion-I. Dey et §1. (1962) have found that

esc -galactosidase of Viola faba is separated by gel filtration

using Sephadex G-100 into two forms, form I with molecular

weight 1,60,000 and II of 40,000. Later on, they resolved
1 2Form-II into two ionic forms II and II , and also shown that 

form I (1 ,.60,000) is a tetramer consisting of subunits II .

\

The molecular weights and other properties of 

oc -galactosidase from various other sources are compared with 

that of Bacillus Sp. I, in Table-108.

The molecular weight of purified lnvertase from 

Bacillus 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, it was estimated to be
75.000 (Fig.67). Thus invertsse from Bacillus so. I is a smaller 

enzyme compared to those of eukaryotic sources as described

in Table-107# In the present investigation, the enzyme was 

not found to be glycoprotein and the multimolecular forms were



also absent unlike those present in eukaryotic sources#
The molecular forms of yeast invertsse differ in their 
molecular -weights and cellular location (Iglaaias et al.1980)# 
The heavy enzyme is a glycoprotein (MW 2*70,000) with 50# 
mannose and 3% glucosamine, whereas the light enzyme 
(MW 1,35,000) has no carbohydrates# Many plant inverts se 
have been also characterized aa glycoproteins, e.g# those 
frcan'grapes (Arnold, 1966), barley (Prentice and Robbins, 1976), 
Convolvulus (Elis and Akster, 1974) and raddish (Faye and 
Berjohneau, 1979). Invertase from craasa is also a 
glycoprotein containing 11% mannose and 3% glucosamine 
covalently linked to the protein moiety (lampan, 1971).
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action - IV

Studies on bacterial degradation of Ifeurctoxln (QI&P)

The results of the investigation eh capacity of 
variate bacterial isolates to degrade neurotoxin (Qfl&P), mode 
of breakdown of OMP and optimization of cultural conditions 
for the maximum production of ODAP hydrolysing enzymes

^ 'J-in a bacterial isolate 
and the effect of fermentation on QDAP content of L#. sativus 
dhal are presented and discussed in this section.

For these studies# it was necessary to have a large 
quantity of pure neurotoxin (ODAP)• The method of isolation 
of Q&AP from seeds as reported by BaO/41964) was time consuming 
and further the yield was very low* Therefore a chemical 
method for synthesizing the toxin from diaminopropionic acid 
was reported later on by the same worker. He prepared a copper 
complex of diaminopropionic acid to protect the ^ -amino group 
and introduced the oxalyl group in the "p' position, by treat­
ing the complex with oxalylchloride• It was possible to avoid 
this step and introduce oxalyl group in the sp' position by 

treating diaminopropionic acid with dimethyl oxalate in the 
synthesis method reported by Kamchand et al» (198&) • 2y this 

method# oxalyl group enters only in the 'p' position of diamino-
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propionic acid* essentially due to eleetrcesric interaction 
of G«0 and bonds* Hence for the present investigation, 
ODAP was prepared using method of ftamcbancl et al. (1981), 
as described under ‘Materials and Methods*. ODAP ms also 
extracted and purified from L. sativus seeds using method

et stl.
of Ra0^(1964) for comparative studies*

Many investigators have used labelled ODAP for
b

understanding its mechanism of action in animals, Rao (1975^ 
has reported a method for the synthesis of (^H) ODAP containing 
tritium at 2 and 3 positions, Mehta et al.. (1976) have reported 
a method for the synthesis of ( C) cxalyl labelled ODAP.
In the present studies, labelled ODAP was required for meta- 
bolic studies in bacteria, hence an attempt was made to 
synthesize oxalyl labelled ODAP using 1**C-labelled oxalic acid 

as described under "Materials and Methods".

Tables-109 & 110 gives the percentage recovery of 
radioactivity in the intermediates and final product viz. 
dimethyl oxalate and ODAP obtained during the synthesis of 
labelled ODAP. This labelled OMP having specific activity 
14*2 ju€i/mmole was used in the enzyme assay as a substrate 
to assay the bacterial enzymes, after checking the biological 
and chemical properties as described below :
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Biological and chemical properties of different PDA? 
preparations ;

Chemical properties of the OBAJ? preparation were 
studied with respect to melting point, 1R spectra, as well as 
mobility in the thin layer chromatography ('fable-111)*
The IR spectral analysis of labelled OJDAP, cold synthetic 
OJaftP and OUP extracted from seeds was found to be the same 
which is given in Fig.69. The chromatographic 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 diasssinopropionic acid as impurity.

Since Clap is found to be toxic to the rats when 
injected iatraperitoneaHy, the toxicity of the compounds 
prepared were also tested during present investigation.
When ODkP preparations at a level of 50-60 mg/l00g body weight 
were injected into adult rats intraperitoneally, the typical 
symptoms of paralysis and death were observed after 10 to 
15 minutes of injection (fable-112)* These experiments showed 
that all the three preparations had neurotoxic effects on rats. 
When the precursors of the OBftP synthesis viz. dimethyl oxalate 
and diaminopropionic acid were injected they did not show assy 
symptoms of the toxicity, thereby suggesting that the toxicity 
is due to Qt&P only and not the intermediates/precursors.

Since the biological and chemical properties of the 
Oil? prepared in the laboratory were same as reported ones, 
this OQftp was used for further experiments.



fig£9ir spectrum ofODAP^*'’ ::?'od>

PIG.70 : TLC of different neurotoxin (OOAP) preparations:
(a) Standard diaminopropionic acid,
(b) OQAP extracted from Lj. sativus seeds,
(c) ODAP, synthesized using the..chemica 1 method of

Ramchand ejt al. (1983 ),
(d) Oxaly 1-la be lied QQAP, synthesized using the 

chemical method of Ramchand et al. (1983 ).
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Screening: of bacterial isolates (from fermented foods and 
stored grains) for their capacity to breakdown QDfeP:

A a discussed earlier, fermentation of legumes 
as well as a mixture of legumes + cereals bring about favour­
able biochemical changes along with the degradation of anti- 
nutritlcnal caapounds, and detoxification of certain toxins.
The preliminary studies carried out on fermentation of 
L. aativus dhal showed 20-3054 decrease in neurotoxln (OMP) 
content (Sable-115). Therefore the experiments were carried 

out to isolate the bacteria from fermented foods as well as 
from grains from which they are being prepared which have the 
capacity to degrade CMP. For these studies, various bacteria 
isolated from fermented scyidli and L*. aativus dhal as well as 
from stored grains were screened for their capacity to break­
down OMP. The preparation of culture media containing OMP 
(OMP broth) as sole source of *0* and *N* and the methods 
involved in the estimation of CMP have been described under 
‘Materials and Methods*. '.Cable-113 indicate the data on the 
change in pH, growth in terms of turbidity and the amoint of 
OMP present in the culture filtrate and cells. It was observed 
that among all the bacteria studied* Streptococcus gp> I and ■ 
Bacillus sit.. II isolated from stored L*. satlvua grains were' 
efficient in degrading neurotcxin. They showed highest growth 
in CMP broth in terms of turbidity measured at 660 nsa#
The cells did not show a^y accumulation of OMP after the 
growth, suggesting that it is taken up in the cells and



412
utilized during the growth# The pH of the medium increased 
from 7*0 to 8.0 during the growth of bacteria* due to accumu­
lation of alkaline metabolic end products* mainly MH^* Since 
there were no other *0* as well as sources added in the 
medium except OD&P* it can be concluded that bacteria could 
utilize OB&P as sole’ *C1 and *N* source. Klebsiella aeragenea 
isolated from stored ba^ra grains did show degradation of 
CMP, which is much legs than that by two other bacterial 
isolates viz. Streptococcus jm. I and Bacillus so. II.
It can be seen in the Table-113 that bacteria isolated from 
fermented foods ware not efficient in degrading GDAP.
L, fermentl, Jss. megenteroida and Ptediococcus so. which are 
dominant flora during fermentation of L*. aativua dhal might be 
responsible for bringing about other biochemical changes 
during fermentation.

When bacterial isolates Streptococcus so. X and ■ 
Bacillus sp. II were grown in ODAP broth (containing GQAP 
obtained from natural source - .sativus, seeds)* as sole 
source of carbon and nitrogen* it was found that these 
bacteria could utilize this CBAP also (Table-114). The growth 
in terras of turbidity was mors when seed GDAP was used as a 
substrate as compared to that of synthetic GQAP. In the 
preliminary experiment on TIC analysis of the culture filtrates 
of these bacteria (during the growth in OBAP broth)j diamino- 
proplcmic acid and oxalic acid were detected as the degrade- 
tive products of OBAP utilization. Since BA PA and oxalic acid 
were found to be the intermediates of GDAP degradation* attempts



were also made to study the efficiency of bacteria to utilize 
thee© compounds*

Figs, 71 & 72 show the growth curve of two bacterial 
isolates in GOAF broth and MPA broth respectively. Strepto­
coccus sp. 1 grew faster than Bacillus sp. I in QBAP broth* 
Complete degradation of OMP was observed after 24 h and 48 h* 
of growth in the case of Streptococcus sp* I and Bacillus sp.1I 

respectively (Fig, 71), It was found that when bacteria were 
grown in MPA broth they exhibited similar growth and degra­
dation pattern as in ODftP broth (Fig. 72)*

It can be seen from Fig.73 that Bacillus sp. II and 
Streptococcus so* I which can hydrolyse GEAP also have capacity 
to grow in oxalate broth. This suggests that those bacteria 
can utilise oxalic acid as 'C1 source which is one of the 
metabolites during the degradation of CMP. Several other 
aerobic species of bacteria viz. Pseudomonas so*. Thiobaoillua 
so. and Alcallgeaes so* are known to be capable of utilizing

Yoxalic acid (Bhat and B^jer, 1948; Jakoby and Bhat, 1939; 
Crossack e£ §1, 1977} Chandra and Beihna, 1S73). Anaerobic 
escalate degradation occurs within the gastrointestinal tracts
of certain herbivores (James et, jal, 1967; Allison e£ &L, 19795

!

Allison and Cook, 1981) and recently an anaerobic bacterium 
which decomposed oxalate to formate and CGg was isolated £rm 
a sheep rumen (Dawson et gj* 1980). Anaerobic microbial 
degradation of oxalate in aquatic sediments is also reported 
{Smith and Cremland, 1983).
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Oxalic acid is assimilated into microbial cells either 
by the glycerate or by the serin© pathway (Blackmore and ( 
Quayle, 1970) • The necessary energy for growth on oxalate 
is derived from a series of catabolic reactions involving 
formation of cxaly CeA, £©rnyl~CcA and formate as intermediates 
(Blackmore and Quayle, 1970). Oxalate is metabolized by the 
glycerate pathway involving glycxylate carboligase in 
Alcaligeaes Lox and Pseudomonas - ko*. and by the serine pathway 
involving hydroxy pyruvate reductase in other Pseudomonas Mo* 
strains (Chandra and Shethna, 1975)*

Thus Bacillus so. II and Streptococcus Sp.X. which 
can degrade neurotoxin, are also capable of utilizing oxalic 

acid as sole *C* source, and thereby can assimilate ODAP into 
their cellular metabolites.

The present experiments on degradation of GOAF and 
BA PA and growth on oxalate broth suggested that the two 
bacterial isolates i.e. Streetoccua sp» I and Bacillus so. II 
(isolated from stored kesari dhal grains) could utilize 
neurotexia (GBAP) and its metabolites for their growth.

Fermentation of h« satlvus batter by a mixture of nes 

aides, h, ferment! and OI&P degrading isolates s

liar liar reports suggested that reduction of OhhP 

content in sativus seeds by various methods such as steeping, 
parboiling, roasting and use . of mutagens cause either loss of



vitamins or involves cumbersome technology”* Therefore studies 

were carried out on the better method of detoxification of the 

toxin present in seeds viz. fermentation during present invest- 

gation,

Hiring preliminary investigations when a fermented 

product of satlvua dhal was analysed for OB&P content, it was 
found that during natural fermentation only reduction of
O.QAP occurs (Table-115). The dominant bacteria isolated during 

fermentation of L*. satlvua dhal were mesenteroldea and 
hA ferment! as discussed previously* Studies carried out by 
Ha© (197?) <21 experimental fermentation of *soyidli* showed 

that when sterilized (autoclaved) rice-soyidli batter was 

fermented with a mixture of dominant bacteria viz. L.mesenter- 
oldes. L* ferment 1 and L*. raesanteroidea' (PA) showed the same 

changes in the volume and pH as naturally fermented one and 

hemagglutinin ms completely hydrolysed* Since Streptococcus 
gp. I and Bacillus so. II isolated from stared he sari dhal 
grains were able to utilize OMF aa sole *C* and *W* source 

during their growth, it was of interest to see whether these 

bacteria can bring about degradation of ODUP during fermenta­
tion when inoculated along with the dominant bacteria of 
fermentation* Therefore during the present experiment, 
experimental fermentation of sterilized L&, eativus flour was 

carried out using L*. mesenteroldea. L. ferment! and Bacillus 

so. II .or Streptococcus so. I.'
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Data presented in Table-115 show that when experime­
ntal fermentation was carried out using these bacteria, 
experimentally fermented batter resembled naturally fermented, 
batter with respect to increase in volume, acceptability and 
pH. Significant decrease viz. 82$ in the content of OO&P ms 
found during experimental fermentation with Streptococcus as.I. 
During natural plus experimental fermentation also 90$ degra­
dation of GDftp were observed with Streptococcus so. 1,
When the experimental fermentation was carried out using 
Bacillus gp. II,there was 42 to 51$ degradation of ODkP which
is less compared to that brought about by Streptococcus so. I#

\

This may be due to Inability of Bacillus sp. II to grow, 
in presence of other bacteria during fermentation. Another 
explanation which can be given is the inability of these 
bacteria to degrade OD&P in presence of other constituents 
of L*. sativus.

Thus these studies have shown that when L*. sativus 
batter was fermented for 16 h with a mixture of dominant 
bacteria and Streptococcus sp. I, neurotoxin concentration 
decreased significantly compared to natural fermentation.
This proves that the bacterial isolates Streptococcus so. I 
could grow during the fermentation in presence of other 
bacteria and degrade neurotoxin to the extent of around



Studies oa enzyme system involved la the hydrolysis of OMP 
by Streptococcus sp. I ?

Preliminary experiments (described earlier) allowed 
that Streptococcus »g. I and Bacillus so. II were able to 
degrade ODAP completely wit bin 43 h during their growth in 
0»P broth* These observations suggest that bacteria possess 
enzymes which hydrolyse QQAP into their cellular metabolites. 
Studies were therefore carried cut to investigate the capacity

i

of the culture filtrate and cell free extract of bacteria to 
hydrolyse Olftp in vitro. Data given in Table-116 indicate 
that both the bacterial isolates produce an intracellular 
enzyme ay ate® to hydrolyse GDAP, while the culture filtrates 
of both the bacteria did not show any ODAP hydrolysing enzyme.

As mentioned earlier, OBftP is synthesized from oxalic 
acid and £>L -2,S-di&minopropionic acid. Ma lathi g£ al.(l968) 
indicated that (U-*\l)-axalic acid is incorporated as a unit 

into OBdp in the seedling of L* satlvus. Further during the 
growth of bacterial isolates In GX&P broth, diaminopropionic 
acid and oxalic acid were detected in the culture filtrate.

The presence of oxalic acid as ene of the product
during GQAP 'hydrolysis fey the enzyme extract was also checked 

1A
using 0 -cxalyl labelled QX&P as a substrate. The cell free 
extract of Streetococcus sp. 1 wan Incubated with the labelled 
CiliP for different periods of incubation and the liberated 
C ^-oxalic acid was estimated: (the detail* of extraction of
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C -oxalic acid are given in ‘Materials and Methods1)*

Data given in 2Ub!e«1t? show the OMP hydrolase activity
14in terms of C -oxalate liberated and Iran this it is also

14evident that there is linear increase in counts of C oxalic 

acid during the assay of the enzyme. On this basis it was 
assumed that the first degradative products of OMP breakdown 

by bacteria could be oxalic acid and MPA by the ‘hydrolase* 

enzyme as follows s-

14

KgG - CH

;*H UBg

CO

C0QH

E.0
COOH ____^ HgC - CH -'COOH 2G0H

M&g IIHg ♦ :ooh

(MPA) (Oxalic
acid)

(OMP)

Oxalic acid and diaminopropionic acid can be further 

assimilated into cells after conversion into their metabolites. 

Diaminopropionic acid can be further metabolized into pyruvate 

and ammonia by DA PA-ammonia, lyase as reported in Pseudomonas so. 
(Ra^agopal Rao, 1976).

When OMP was incubated with crude cell free extract 
MPA and oxalic acid were detected as products. . Therefore it 

is proposed that the following pathway of OMP degradation 
might be operating in these bacteria (Fig. ^4 ). Data given
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Period of 
assay (min)

** «•*

0

5

10

15 f 

20 

25 

30 

45
i
60

s Measurement om? hydrolase activity of 
streptococcus so. I in terms of 
oxalate liberated. ■

—rrepm of C'Z. oxalate liberated

Blank
(B)

Experimental
I (B)

nr*-;-----—— —-t Enzyme activity
| (E - B)

mlw«

6200 6420

5800 16680

6998 28892

8108 41392

6280 44976

5930 52060

5938 57220

6120 62600

7980 71160

220

10,880

21,894

33,284

38,696

46,130

51,282

56,480

63,180

Cell free extract of Streptococcus bp? I having 500 ug
of crude protein was incubated with oxalyl labelled OOA.P
(20 pmoles, having specific activity 22 pCl/mmoles) v/ith
150 praoles of potassium phosphate buffer (pH 8.0) and
0.1 mM pyridoxal phosphate for various time intervals.
The enzymic hydrolysis of ODAP ifes measured in terms of 

14amount of C -labelled oxalate formed. Details of the, 
assay system and separation of substrate and product 
are given in ’Materials and Methods*•



PIG,74 Postulated pathway for the degradation of neurotaxin 
(Omp) by bacteria (Streptococcus bp« I).

0Q - CH - COGH4 i
jE-COOH COQH

HpO | 4* | ■
f

nh mt, * ■ h2n COOH

1 ' ODAP hydrolase (Oxalic acid)
CO (Diamine-

propionic
acid)

COCK

Comp) -

baba -ammonia
lyase

V
OIL GOOH

Zm

(pyruvic
acid)



in Table-118 indicate that the amount of first intermediate 

(MPA) formed i© not proportional to the amount of OMP 

disappeared# However, MPA is; converted into pyruvate at a 

fester rate# This indicates that the rate of second enzyme 

reaction win be fester than that of first# Hence the activi­

ties of both the enzymes were measured in terms of pyruvate 

liberated. In the present Investigation, for detecting the 

activity of first enzyme# the crude enzyme extract was incubated 

with OMP as a substrate# and for detecting the activity of 

second enzyme the extract was incubated with MPA as a subst­

rate. The first enzyme reaction is reported as nQMP hydro­

lase" in the further studies# event hough during the assay the 

first and second enzymes were assayed together. The second

enzyme is reported as “MPA-ammonia lyase"1 (ISC.4*3*1.-__)

the reaction carried out by this enzyme is as follows i-

lif - CH - COOH

m, wl.

HjC — C — COOH

MPA-ammonia

MPA
Pyruvate

OMP hydrolase activity was not measured using oxalyl labelled 

OMP for the further studies# because of very low yield of the 

labelled compound during its preparation#
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431

Kinetic properties of ODAF hydrolysing enzymes of 
^EifilSSOSSBa Mjl a i

Streptococcus ao. I was selected for further studies 
©a Kinetic properties of enzymes degrading neurotcecin. The 
enzymatic degradation of QhftP was brought about by cell free 
extract and not by culture filtrate (Table-116) which implied 
that the enzymes «* CO*P hydrolase and OAPA ammonia lyase are 
intracellular in Streptococcus si>. 1* The crude enzyme prepare- 
rations were carried out as described under “Materials and 
Methods9 after growing the cells in Oii\P broth. The optimum 
assay conditions for both the enzymes from Streptococcus so. I 
are given in Pigs. 75 to 79* - GI&P hydrolase activity was 
proportional upto 500 jig of crude enzyme protein whereas 
MPA-^usaonia. lyase was proportional upto 200 ug of enzyme 
protein (Iig.75)* The enzyme activity 'was proportional upto 
45 minutes Incubation in the case of OBftP hydrolase and 
10 minutes Incubation in the case of DAPA-ammoni© lyase (Fig.76). 
The optimum substrate concentration required for OQAP hydrolase 
and DAPA-ammonia lyase was same for both the enzymes viz*.
20 poles of QBAP or CAPA (Fig.77)» omp hydrolase cind DAPA- 
ammonla lyase both had sharp pH optimum 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 (Pig.78)* 
Therefor© for further studies potassium phosphate buffer was 
used* The optimum temperature required for activities of both 
the enzymes was 37c/> as shown in Fig.79#
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Effect of substrate cooeentratim m activity 
of ©rude OOAP hydrolysing enzymes of 
Streptococcus sd» !»
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FIG/?9 % Effect of temperetur« or the activity of 
crude GIMP hydrolysing mzyms of 
Streptococcus gp. 1.
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TABiE-119 i Optimum conditions for tbs activity of 

OMP hydrolysing enzymes of 
Bm2&9£S£SM SEx I*

>w»iwiw»MMM.<wi3»wiiwnMwnMiMNi —mw» w»n»w<Mn>h»«!»«y ■no tmvnmmmmmmtmt0nmm

| OMP
I hydros* se

' whw«m»«nwu» ini in w mm iim wn nr n i iii nn imr n r I in *t$ m m« mPm m« m im n> mm nmwwiwua

«,W'iiHM,nmi mm —

j MPA-ammcaia
J lyase

ew »ilwWiaii|iiW>Mllll'l>ii — Mw — — ««n

Optimum pH 3,0 3.0

Optimum temperature (®C) 37 37

Barled of incubation 
for assay (min*) 45 10

Optimum enzyme concentra­
tion. (jag crude protein) 500 200

Optimum substrate 
concentration (yjnoles) 20 20

Cofactor requirement fvridosal 
phosphate, 
0,1 jmole.

tyrldoxal 
phosphate,
0,1 JiSiOl®



453
tiis measurement of growth of bacteria, OMP content and 

OMP hydrolysing enzymes, haw been already described under 
‘Materials and Methods*#

The results of the studies carried out on the various 

factors controlling the enzyme production and growth of the 
organism are presented in Tablea-126 to 134# Data given in 
Table-126 show that growth of bacteria, OMP breakdown 

as well as production of omP hydrolysing enzymes were maximum 
when the initial pH of the medium was 7*0• As far as the 

effect of the amount of inoculum added is concerned, it showed 
linear -increase in growth and enzyme production upto inoculum 
size of 60 x 10 cells/flask# Inoculum 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 OMP hydrolysing 

enzymes are given in Table-128. Exponential increase in growth 
and production of enzymes were observed till 0,b% OMP in the 

medium# When the bacteria were grown in shaking condition, 

they showed significantly higher growth as well as higher 

production of enzymes compared to stationary conditions as 

shown in Table-129#

Date given in Pig*82.show that when.the culture was 
grown, in basal medium containing 0#4$ OMP and 0,114 glucose, 

the growth curve did not exhibit dlauxlc pattern of growth#
It can be also seen from the figure that the presence of 
glucose charing growth did not affect the. breakdown of OMP
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Period of incubation (h)

Bacteria were grown in 500 ml side armed conical flasks 
containing 100 ml OD&P broth (with and without glucose), 
it different intervals during incubation, growth in terms of 

‘turbidity was measured and 2*0 ©1 alienate was withdrawn from 
the flask for estimation of OGAP* Growth is represented as (®~°) 
as OQAP content Is represented as (i-A ) when the -bacteria were 
grown in a medium containing GDAP alone (glu**)* «hen the 
bacteria were grown in a medium containing GDaP + 0*5% glucose 

(glu / growth is represented as (#—•) and ©DAP content is 
re predated as (A-A ).

PIG ,a;P ; Effect of glucose on growth and degradation of 
QDA? by Btreatococcus so* 1* 459
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o—c Growth .(glu"*)
#—a Growth (glu4)
.A—A Gap content (glu

OEtftP content(glu+)

G
m

P c
on

te
nt

 (m
g/

fla
sk

)

Tu
rb

id
ity

 (K&
 a

t 6
60

 *»
)



460
as well as production of QBkP hydrolysing enzymes. When the 
effect of different glucose concentrations was studied m the 
breakdown of ODkP, it was found that glucose concentration 
upto 0.5% did not affect the degradation of QOA.P but at 
higher concentration it caused decreased production of OD&P 
hydrolysing enzymes (Tdble-130). Eventhough, high concentra­
tion of glucose increased the growth of bacteria with decrease 
in pH of the medium.

Data given in Table -131 show the effect of different 
sugars (which are present in L. satlvus seeds) on growth and 
breakdown of QDA.P. Addition of different sugars, viz. mono-, 
oligo- and polysaccharides (at 0,5% level) did not affect the 
production of enzymes as well as degradation of 0OA.P,, signifi­
cantly. pH of the medium decreased and turbidity increased 
during the growth of bacteria in presence of glucose, galactose, 
fructose, sucrose, maltose or starch. However, melibiose, 
raffinose, stachyose cellulose and cellobios® were not utili- 
zabls by the bacteria.

When the effect of different vitamins was studied, 
it was found that biotin and pyridoxins significantly increased 
the growth of bacteria as well as production of omp hydrolys­
ing enzymes (Table-132). Increase in production of enzymes 
can be attributed to the requirement of pyridoxal phosphate 
as a cofactor for these enzymes as discussed earlier.
Table-133 gives the data on effect of addition of different
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amino acids (which are present in legumes) to the medium.

Addition of lysine, tyrosine, methionine and leucine did not 
affect the breakdown of GIMP, but tryptophan, threonine *cysteine, 
alanine and tyrosine affected it to some extent. The most 
interesting observation made in this experiment was complete 
inhibition of GIMP degradation by addition of glutamic acid 
and aspartic acid. This can be attributed to the structural 
analogy of these amino acids with GIMP. Mehta et al. (1972) 
also showed that GIMP is a potent antagonist of L-glutamic 
acid transport in resting yeast cells.

Data presented in Table-134 show the effect of differ­
ent antihutrients viz. phytate and trypsin inhibitor (present 
in seeds) on the degradation of neurotoxin. It was found that 
both phytate and trypsin inhibitor at higher concentration at 
1.0% level decreased the utilization of ODAP and subsequently 
the production of ODAP hydrolysing enzymes. Although addition 
of these compounds at low concentrations did not affect the 
breakdown of ODAP.

In summary, Streptococcus ap. I grow well and produce 
ODAP hydrolysing enzymes in a basal salt medium containing 
0.4% GIMP.and 0.5% glucose when the initial pB of the medium' 
adjusted to 7*0 and incubated at 30° for 24-36 fa, with complete 
complete breakdown of (IMF. The vitamins, amino acids (except 
glutamic acid and aspartic acid) and sugars commonly present 
in L. sativua seeds seem to promote the, growth of bacteria 
without affecting the rate of hydrolysis of ODAP. Since these 
compounds are generally present in legumes, it might be
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justified in assuming that atrsotccoecus so. 1 grow well 
during ^fermentation of I* sativua dftal. •

Induction, studies m QI&P hydrolysing eagles ;

Sine# the two bacterial isolates viz# Streptococcus 
ao. I and Bacillus so. I chewed the pro sens# of CM#* hydrolysing 

eozyms studios were also carried out to find out whether the 

enzymes are inducible or constitutive •. It was found that when 

Mctcria wore groan in basal mdim containing glucose as sola 
*C* source, OI&P hydrolysing «nzya*a were absent (fable ~135)» 
whereas presence of GmP In the medium showed the presence of‘ 

enzyme* Ihese results suggested that W hydrolysing, enzymes 

are inducible in these bacteria* Fig*82. & 81 indicate that 

both the bacteria showed presence of CHAP hydrolase and MPA* 
ammonia lyase when they were grown in CO&P broth* however, 

during tbeir growth in BAM broth only Basiling so. IX showed 

the presence of both the enzymes* fhie experiment suggested 

that in Bacillus bp* II mfa acts as an inducer of both 
GMP hydrolase and MPA^ffissoala ly&ae* whereas ia Streptococcus 

as. X oily GhiiP acts as an inducer of both these enzymes#

Thus it can be concluded fro© these experiments that 
OJDAf hydrolysing enzymes in bacteria are inducible and not 

ccnsitutlve*



TABIS-155 s Production of GDAP hydrolysing enzymes during 

growth of Streptococcus so* X in presence of 

different *C* sources*

468

Specific activity of 
G£sAP hydrolysing enzymes

(units/ag protein)^®'

QDAP
hydrolase

T!*
DA PA-ammonia 

lyase

OJQftP broth
(GOAF as sol® *C* sad *N* 0*415 £ 0.08 - 3.99 £ 0.19

source}

MBA. broth
(MPA as sole *C* and *N* 0*008 £ 0,0 4*50 £ 0,28

source}

Glucose broth 0 0
(Glucose as *C* source )

•a* - Values are mean of four different observations 
£ S*E,

Cells were grown in 100 si be sal medium containing 0,4% 

OQAP, MPA or glucose for 24 h» at 50* cn shaker (140 rpa}* 

After the incubation, cell-free extract was prepared 

and it was assayed for the activity of OMP hydrolase 

and £&PA*«i$mmla lyase, as described under “Materials 

and Methods***
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FIG.t Production of OJQAP hydrolysing enzymes whan bacteria 
were grown in ODAP broth.

0-0-ODAP hydrolase, ^---- # DA PA-ammonia lyase.

Streptococcus bp. I. Bad Hub bp. II
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FIG.gl!:' Production of ODAP hydrolysing enzymes during 

' growth of bacteria in DA PA broth.

q_ODAP hydrolase, ^^ qa. PA -ammonia lyase.

t Bacillus sp. IIStreptococcus sjOj. I -----------------“

Period of incubation (h)
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Section - ¥

Studies cn genetic basis of degradation of antlnutri- 

tionai factors and toxins in bacteria with special 

reference to raffinoee degradation*

As discussed earlier, recombinant DNA technology can 

be a useful tool if one wants to prepare a novel strain having 

capacity to degrade the toxins and antinutritiona 1 compounds 
present in commonly consumed cereal-legume based foods*

Since different bacterial strains isolated from fermented 

foods and stored grains exhibited the capacity to degrade 
antinutritional factors like hemagglutinin, phytate, flatulence 
producing oligosaccharides and neurotoxin (GflkP), there is a 

potential to prepare a novel strain which can grow in a 

fermented batter and breakdown these compounds*

Tina basic strategies for the selection of new and 
improved strains of industrially important micro-organisms are 

screening strains and selection techniques, selection after 
mutation or recombination (by sexual hybridization or proto­

plast fusion in eukaryotes and sevse, cloning in both prokaryotes 
as well as eukaryotes) and gene amplification (Johnston, 19B5)•

A ma^or step in the construction of bacterial strains capable 

of degrading novel compounds is the recognition that a complete 
set of A genes allowing the degradation of a compound is borne 

on some transmissible plasmids or on main chromosome



472(Reineke and Knackmuas, 1979* Chatter^ee §£ 1981).

Plasmids are known to have the capacity to express enzymes 
which participate in a number of peripheral metabolic pathways 
(Kagalhaes 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 genetics of degrada­
tion of various compounds (Chakrabarty* 1983)•

As mentioned earlier* different bacteria are known 
to have certain degradative plasmids* it was of interest to 
study whether the cultures isolated during the present investi­
gation contain plasmids, because the genes coding for the 
enzymes responsible for the breakdown of food toxins could be 
present either on chromosomes or on plasmids. Therefore, the 

studies were carried out on screening of bacterial isolates 
for the presence of plasmids and the genetic basis of neuro- 
toxin and raffinose degradation in the same.

Screening of bacterial strains for the presence of plasmids :

Bacillus sp. I which can degrade raffinose. Bacillus 
So. II and Streptococcus »o. I which can degrade neurotcecln, 
and I*, meaenteroldae which is a dominant bacteria for the 
fermentation of L*. sativus dhal were screened for the presence 
of plasmid. For this experiment £*, Coll strain harbouring 
plasmid pBR-322 was used aa a positive control and wild type 
E. Coll strain C-6G0 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 were loaded on agarose gel and electrophoresis 

was carried out. Figs. 83 & 84 show the electrophoretic run 

of the DNA isolates obtained from various bacterial strains.

As can be seen in Figures all the bacterial strains screened 

during present investigation showed the presence of at least 
one pla|i;id;:.ENA band along with the contamination of a band of 

chromosomal;'DM. .. Thus Bacillus sp.I. Bacillus so. II, Strepto­

coccus so; -I and L. mesenteroides showed presence of plasmid 

DNA in them. Bacteria belonging to these genera are reported 

to have plasmids. Mainly degradative plasmids are detected 

in the genus 'Pseudomonas'.

Earlier investigations have shorn 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 various hydrocarbons and pesti­

cides. Chakrabarty (1983) successfully transferred various 
plasmids like Oct+, XYL+ and NAH+ to a single strain of

/Tv
bacteria, thus constructing a novel superhug which can 

degrade wide range of hydrocarbons.. Degradative genes for 

the number of hydrocarbons 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, 

1976; Shapiro et al. 1984). The use of micro-organisms in the



The enzyme OQAP hydrolase has not been reported 
so far in the literature* In the present investigation, 
for the first time the presence of this enzyme from prokaryotes 
is reported. Table-119 summarizes the optimum conditions for 
the activity of OOAP degrading enzymes from Streptococcus sp.X 

from which it can be seen that the rate of second enzyme 
(Q&PAHaiamezifa lyase) reaction is much faster than that of the 
first enzyme (GOAF hydrolase). The amount of crude enzyme 
protein required for the hydrolysis of DAPA was also much 
less than that for ©DAP hydrolysis. These studies indicate 
that DA PA ammonia lyase is more active than OQAP hydrolase 
during conversion of 0BKP into final products pyruvate and 
ammonia in Streptococcus 3ft. I•

Cofactor requirement and inhibitor studies of ODAP hydrolysing
/

enzymes of &&. I %

During preliminary experiments, it was found that the 
activity of GQAP hydrolysing enzymes is lost during dialysis. 
From the literature studies, it wee observed that in general 
lyases including 'CAPA-ammonia lyase' require pyrldoxal phosphate 
(PIP) as e cofactor# hence the present studies were carried 
out to check the requirement of PIP by OQAP hydrolysing enzymes 
of Streptococcus sp. 1. Since carbonyl binding reagents and 
eulphydxyl binding agents are known to inhibit 'hydrolases* 
and 'lyases' from various sources, attempts were also made to 
see the effect of these compounds on the activity of QDAP 
hydrolysing enzymes.
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Data presented in Table*120 show that dialysis of 

crude enzyme preparation against 50 mK potassium phosphate 

buffer pH 8,0, resulted in the complete loss of *QI&F hydro­

lase* and *MFA ammonia lyase* activity. The inactivation 

due to dialysis was partially revered by the addition of 

pyridoxal phosphate ( 1 mH ) and mercaptoethanol (1 mH) thus 

suggesting the requirement of both PLP and sulplydryl groups 

to restore the full activity of both the enzymes. Table*121 

shows that SHEA does not have any effect on these enzymes 

indicating that the divalent cations are not .required for 

their activity#

Data given in Table a«121 & 122 indicate that QMF 

hydrolase and MPA ammonia lyase were inhibited- by both 

sulfhydryl binding agents and agents which bind carbonyl groups 

at 0#1 to 1*0 nsK concentrations* However, the loss ©f 

activity due to agents binding carbonyl and sulfhydryl groups 

was reversed by the addition of excess of pyridoxal phosphate 

(l iaM) and dithiothreltol Ct —10 mM) respectively*

Table-123 summarizes the effect of..certain known 

organic and inorganic inhibitors on activities of OCAP hydro­

lase and JDA PA-ammonia lyase# 0DA.P hydrolase activity was 

inhibited by glutamate and aspartata at 100 mil concentration 

to the extent of 89?6 and 7556 respectively* Inhibition of 

DA PA ammonia lyase by these compounds ms much less compared 

to OQAP hydrolase. The inhibition by these ccmpoimde can .be
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1ABIE—121 : Effect of compounds which bind carbonyl groups or metal ions on ODAP hydrolysing
enzymes by Streptococcus? so, I.

i Inhibitor
I conceatra- 

Inhibitor l tions

—----- —- -T’t Fyridoxal \
}phosphate |
1 (m) !

Enzyme units I
Cjuaoles of pyruvate I 

liberated) !
Inhibition {%)

t ( mM ) i
< i omp l MPA Ammoniaf OlAP ! MPA ammonia

I t i* * hydrolase 1 lyase ? hydrolase ! lyase
aa&wm.MM.'MilN'<M«*» wt—n wfil »+■■+• ctm *n»■»<M»«« mMiWIK

——■*—

0 0.0 0.181 0.725 Q 0

1• Control O 0,1 0.200 0.804 0 0
0 1,0 0.220 0.861 0 0

0.1 0.0 0.181 0.725 0 0
2. EDIA 1,0 o.o 0.181 0.725 0 0

5.0 o.o 0.180 0.721 0 0

0.1 0.0 0.036 0.058 80 92
3. Hydroxylattine 0,1 0.1 0.045 0.021 75 70

0.1 1.0 0.145 O.616 20 15

0.1 0.0 0.069 0.011 62 85
4. Semicarbaside 1.0 0.0 0 0 100 100

1.0 1.0 0.144 0.65 20 10

0.1 0.0 0.100 0.35 45 52
c

5* Sodium cyanide 0.1 1.0 0.179 0.721 0 0
1,0 0.0 0.027 0.074 85 90 ws1.0 1.0 0.180 0.717 0 0
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Ĝ

G
ua

ni
di

ne
42

11
 (1

0.
G

 mM
$

i m
m

 a*
. ■

■n
>y

—
 —

1 ■
»<

 m
u 

m
i .1

 —
« ■

I Ac
tiv

ity
 of

l ODA
P . 

hy
dr

ol
as

e

TA
B

LE
-1

23
 (C

on
td

...
...

...
)

ex
ce

pt
 ur

ea
 an

d g
ua

ni
di

ne
 -H

C
1 w

hi
ch

 w
er

e a
dd

ed
 he

 fo
re

 as
sa

y t
o t

he



446
attributed to the structural analogy of glutamate and 
aspartate with QDAP. Urea and guanidine-HI 1 did not bring 
about denaturation of the enzymes indicating that the 
enzymes do not exist in multimeric structures. Among the 
inorganic salts studied* H024, Ag4 and Id24 inhibited both 

the enzymes, whereas acted as an activator of both the 
enzymes. The antinutriticna 1 compounds present in L*. satlvus. 
viz, trypsin inhibitor, raffinoae and phytate did not affect 
the activity of ary of the enzymes.

Since CHAP hydrolase from bacteria is reported for 
the first time during present investigation, comparison of the 
characteristics of this enzyme is made with other hydrolases 
(from various sources) which can act on *G~$V bonds of 
nonprotein compounds as can be seen from the fable-124.

The present studies on D&PA-ammonia lyase from 
Streptococcus bp. 1 catalysed -elimination reaction similar 
to the reactions catalyzed by other PIP requiring enzymes viz. 
typtopbanaae (E.C. 4*1.99*1), tyrosine phenol-lyase t&.C.4* 1.99.2) 
threonine dehydratase (E.C.4.4*1.1), cystathione p -synthase 
(E.C.4*2.1,22) reported by Davis and Ketzler (1972) and
DAPA-ammonia lyase (E.C.4.3.1.----) reported by Vi^ayalakshmi
et al« (1975). Currently the enzyme nomenclature lists more 
than 90 pyridoxal phosphate £ requiring enzymes, these are 
mainly classes, E.C. 2.-,4- - nnd 5- with quite a few in the
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other classes of this system, Xu all living beings, pyridoxal
phosphate proteins catalyse hey step and many specialized
reactions in the assimilation and metabolic transformations of
nitrogen and sulfur containing compounds. These include a
broad variety of elimination exchange and condensation reactions
particularly at theoc, p> and Y' -carbon atoms in amino acids
and in other ’ME,* containing compounds (Braun steinand •- -
G oryachenkova f 1984),

In the present investigation LA PA-ammonia lyase from 
Streptococcus eg. I showed pH optima at pH 8*0 (in 50 mM 
potassium phosphate buffer) which la comparable with PAPA- 
ammonia lyase from Pseudomonas so* (Vi^ayalakshini et, al.1975). 
thre onine dehydratase from Sg, tvphimurium. aspartate ammonia 
lyase from Bacteroldes ca da varies (William and [Lartigue., 19§7) 
and Ej, Coll (Rudolph, 1971), Trls-HCl buffer at pH 8.0 was 

found to decrease the activity of DAPA-ammonia lyase from 
Streptococcus so. I in the present study, which is similar to 
the observation made by Greenberg and Matsao (1958) and 
Vi^ayalakshmi et &3.* (1975) during their studies on hctnoserlne 
cystathione Y -lyase and LAPA-ammonia lyase respectively*

" activates whereas LI v inhibits the 

DAPA-ammonia lyase from Streptococcus bp* I in the present 
studies. Strong activation by KH^+ and K+ is observed with 

tyrosine phenol lyase (Toraya et §1, 1976), tryptophan 
synthase (Miles, 1970), threonine dehydrates from mammalian



450
tissues, plants and microbes (Davies and Metzler, 1972) and

G oryachenkova
all bacterial tryptophanase (§nell» 1974). Braunstein an‘d£~
(1984) have imported that in«*c -specific lyases, the mode 
and strength of coenzyme binding is modified by monovalent 
cations.

DAPA-ammonla lyase from Streptococcus ao. I resembles 
the other ammonia lyases in being dependent on pyrtdoxal- 
phosphate and thiol groups. The enzyme is also inhibited by 
agents which bind carbonyl and sulphydryl groups, however, 
inhibition can be reversed by pyridoxal phosphate and dithio- 

threitol respectively, as discussed earlier* The inactivation 
of the enzyme caused by dialysis during present studies could 
be due to the removal of certain ions or PIP. Since EDTA 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 ruled cut. This inactivation caused by dialysis was 
reversed by PLP and 2-mereaptoethanol, therefore, it tes 
concluded that DAi-A-ammonia lyase from Streptococcus... am*. 1 
requires thiol group for binding to PLP. In the binding site 
of PIP enzymes carbonyl group binding reagents with highly
reactive ©mine groups, e.g. free and aUsyl or acyl-substituted

4iydroxylamines displace C aldehyde group of the coenzyme
and bind to it in the form of fairly stable PLP aldoximes or
hydrazonss inhibiting the activity of the enzymes (©raunstein and 
G oryachenkova,
/"'•T, 1984), Similar observations were made by Vi^ayalakshmi 

et al.( 1975) in other ammonia lyases, who also found noncompe­
titive reversible binding of these agents.
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Curing the present investigation, the specificity of 

the enzyme towards various substrates was not studied, since 

the protein was not purified* The rat liver eystathiona 

lyase has a broader specificity acting not only on 2—diamino-

propionic acid, but also on the isomers of homoserine, allocy- 

stathione, cysteine end serine (Mushawar and Koeppe, 1973)*

Tryptophanase, the most extensively studied <*•, p -ammonia 
lyase has also broad specificity (Newton et al.1965: Merino anl 
Snell, 1967) and .forthermore the reaction is reversible and

in fact it has been used to prepare tryptophan analogues
and §n£||

( WatanaW* * 1972) * n
n 4, *

The properties of PLP dependent lyases from different 

sources are compared in Table-123*

Optigiizati»on of growth eondftlonafor the, breakdown of mm and 
for the production of QDftF hydrolysing enzvmea br 

Streptococcus ip. 1 ?

Curing the present experiment, studies were carried 

out to find out the optimum cultural conditions for growth and 

production of omp hydrolysing enzymes of Streptococcus bp* 1*

For these studies, bacteria (maintained on OOftP agar 
medium) were subcultured and 24 h old culture (50 x 10^ cells) 

were inoculated into 25 ml of basal medium containing 0*4^

ODAP in 100 ml conical flasks, incubated at room temperature 

(30*)* Control flasks were incubated at 0-2°• Details regarding



natural decomposition of oil spills as well as residues in 
oil tankers and storage drums has teen reported (Gutalck and 
Rosenberg, 1977; Atlas, 1981). Many of the genes involved 
in the biodegradation of chlorinated compounds are found to 
be clustered and borne on plasmids (Weightman et al, 1984;
Ghosal et al, 1985) as shown in Table-136*

The presence of plasmids in Streptococcus sp* is also 
reported, which are as common in this gems as they are in 
gram negative enteric bacteria (Clave 11, 1981). As described 

in Table-137 in the case of S*. faecalis and iaotls* it is 
not uncommon to find strains containing five or more plasmids, 
whereas plasmids seem to be less frequent in isolates of 
S. mutans and S*. pneumoniae. Plasmids present in streptococcal 
strains determine variety of different functions including 
conjugal activity, drug resistance, hemolysis, protease produ­
ction, bacteriocin production, U.V. resistance and utilisation 
of lactose, sucrose and citrate. In the case of lactic strepto­
cocci, which are very important in dairy fermentations, the 
ability to coagulate milk is very much dependent on the ability 
of the organism to metabolize lactose and also to breakdown 
casein which are also properties governed by plasmid S1A as 
shown In Table-137* Recently, it has been suggested that 
plasmid DMA is associated with the ability of some strains of 
S, lactis to ferment sucrose, produce nisin and grow in the 
presence of nisin, by data on curing studies, ’ rec * -independent 
transfer and bilateral incompatibility with known plasmids*
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However, physical evidence linking the ‘Sue*1, *Nlp+, *Hia+*

markers to a distinct plasmid was not obtained (Steele and

McKay , 1986) • Occurrence of plasmid IMA in Iauconoatoo »dp.
associated with vancomycin resistance (Crberg and Sardine,

o’1984) and lactose fermentation (^ullivan and Daly, ) tow 
been reported# Evidence that plasmid DHA is involved in 
carbohydrate fermentation and ottor phenotypic charaeteri 
expressed by various lactic streptococci is vail documented#

Extrachrcmosamal DKA amongst the genus Bacillus. was 
first demonstrated in B*. mecaterlma# and since then many 
repeats have been made of plasmids in Bacillus so# e.g*
B# subtiHs and 8*. oLBsilua (Carlton and Smith, 1974; Tcmaka 
and KosMkawa, 19771 Berntord e£ gl, 1978; Kostas §t al,1980;
U osuffii gjj, gjj, 1980)* However,, the majority of these plasmids 
lack readily identifiable markers except the ones which are- 
described in table-138#

In the present investigation the most interesting 
results were obtained with. Bacillua go# I capable of degrading 
raffinose family of oligosaccharide which showed the presence 
of five plasmid IMA bands (Fig.83 )• As discussed earlier 
(Section-I),the genetic basis of raffinose degradation is very 
well studied in E* eoil. In enterobacteria, isolated from man 
and domestic animals, raffinose degrading plasmids were detected 
(Qnith and Farsell, 1975; Magaltos and Veras, 1977)# Grakov 
and Orskov (197=5) reported that six of eleven strains of 
E# Coli that transmitted ability to produce hydrogen sulfide
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also transmitted ability to ferment raffinose • later on it 
was reported by Burkardt aJL. (1978) that the tetraoydine 
resistance (Tc) and raffinose-hydrogen sulfide (Raf»lyS) 
characters of £. £oli D 1021 are located m two compatible, 
conjjugative fi~ plasmids namely pRSDf and pRSDs, respectively*
* pRSD* y showed a buoyant density of 1*716 gms/cnr* (56& GC)' 

and the *00* form had sedimentation coefficient of 35 s 
whereas pRSDa had buoyant density 1.718 gms/em^ {53% GC) and 

the sedimentation coefficient of *CC* form was 58a. During 
experimental growth of Coll one copy of pRSDa per chromosome 
was found indicating stringent control of plasmid replication 
(Burkardt et al, 1978). Schmitt et al. (1977) have reported 

that raffinose plasmids enable strains of E*. Coll to use a 
trisaccharide raffinose as sole carbon source by the action 
of three inducible plasmid coded functions, namely a transport 
system (*raff permease), oc -galactosidase and invertase whose 
structural genes form an operon. Evidence for plasmid linked 
oC -galactosidase and sucrose hydrolase activity in Pedloeoccua 
pentosaceus has also been shown recently by curing methods 
(Gonzalez and Kurika, 1$JS6).

Thus there is possibility that the genes responsible
for the degradation of antinutrit ional factors and toxins say
also reside on plasmids. For further studies, Bacillus so* I
capable of degrading raffinose and Streptococcus so. I capable
of degrading neurotoxin were used to investigate whether the

dt% Ya d citron
raffinose and neurotoxin^are i controlled by degradation 
plasmids present in these bacteria*



4S2
Studies on genetic basis of ODAP degradation in .SISMlSSJSSSM

SP-’ 1 8

As described earlier* Streptococcus eo. X which is 

capable of degrading ODAP showed presence of plasmid DMA. 
Therefore,, this strain was farther used for studying the 

genetic basis of ODAP degradation, Curing studies were carried 

out to locate the genes coding for the degradative enzymes.
For this, tubes of iuria broth containing various concentrations 
of curing agents (acridine orange, acriflavine, mitomycin or 
novobiocin) were inoculated with 10^ to 10? cells/ml. These 

were incubated on shaker for .24 h at 30° and the minimum 

inhibitory concentration was determined for each curing agent 
(Table-139). Set of tubes containing different concentrations 

of acriflavine was also Incubated at 40°. AHquotes were taken 

from the tubes showing minimum growth and then diluted with 
normal saline, plated to give 30-300 colonies (appropriately 

on luria agar plates containing 1 % glucose). The colonies 

obtained were replica plated onto different media to select 
the cured colonies. The media used for selection (replica 

•plating) ware Basal media + agar (control), Basal media + 
glucose, Basal media + ODAP (neurotoxin)and Basal media -?• DAPA.

As can be seen from the Table-140, some of the colonies 

did not grow on ODAP and DA PA agar, eventhough they did show 

growth on glucose agar. Flirt her when these colonies were 

individually inoculated in liquid media containing ODAP or DA PA 
as sole *C* and *N* source, they did not show any growth when
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TA BUB-139 $ Minimum inhibitory consent rati on of different 

curing agents tried for Streptococcus so. X*

Curing agent
* Minimum inhibitory 
| concentration (MIC) 
I (pg/xal)

Acridine ©range §00

Acriflavine 500

MovoMosin 250
Eitcmycia«C 10

gftBXS-140 s frequency of loss of neurotoxin degrading 

ability of Streetococous an. I by different 

curing ©gents.

Curing agent clone©
0M£*"

clones
| Total 
I colo- 
I nies 
I tried JL-iiriMelMn

Loss of 
QMP* 
(curing %)

Acriflavine (30*) 162
Acri flavins (42®} 110
MovoblocJLn (30°; 196

Mitomycin (3 dj 232

08 1?Q 4*7
to 120 8.3
04 200 2.0
08- 240 3*3



checked after 48 h. Thus these colonies might haw lost' the 
capacity t© degrade ODAi? and MPA which could be due to two 

reasons :

1) The chromosomal DMA might be affected*
2) The resident plasmids might cod© for the degradatlve 

enzyme a•

T© confirm this* the colonies which turned OMP~ 

were analysed for the plasmid DMA by small scale alkali lysis 
method. When electrophoresis of ENA preparation was carried 
out with Coll harbouring pBR-322 and wild type untreated 
Streptococcus so. I as controls* it was found that Streptoco­
ccus sp. I had lost the plasmids after treatment with curing 
agents (Pig*8^,) • These experiments provided a preliminary 
evidence for plasmid linked QOIP utilisation in Streptococcus 
£E* •£*

Thus in the present investigation, it was found that 
the bacterial strains capable of degrading neurotoxin do have 
plasMds. Curing studies with different agents on Streptococcus 
so. 1 provided preliminary evidence for the presence of plasmid 
coded degradatlve enzymes for neurotoxin degradation. However* 
further studies are necessary to confirm the linkage of this 
phenotype (QOAP degradation) with plasmid IMA by transformation

j i"

or conjugation studies. Thuts»^neurotoxin utilization vo.'.-.:!; is 
a plasmid coded phenotype, it v/ill be advantageous for further 
genetic manipulations.
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Studies on genetic basis of rafflnose degradation

As discussed earlier. Bacillus as. I capable of 
hydrolysing rafflnose showed the presence of plasmid IMA 
bauds with nSDS lysis'* method. Experiments were conducted to 
determine the role of these resident plasmids to code for 
detectable phenotype such as *raf* and *mel* utilization. 
Various methods of curing plasmid IMA, like treatment with 
mutagenic agents, SDS and elevated temperature were used 
(Materials and Methods^ and the minimum inhibitory concentra­
tion (MIC) of the chemicals used for curing plasmids of 
Bacillus gp. I are shorn in 3bble-l4l • When bacteria were 
grown at MIC of these chemicals, ths derivatives free of 
plasmids were not obtained. However, the bacteria treated 
with aerlflavine and .acridine orange at 6 pg/ml and o10 jag/ial 
concentration respectively and incubated at 35° • 4s.® and 45® 
(according to the method describes by Gonzalez and Kdnka,1986) 
resulted in the detection of aggregates as shown in
fable-142. A drop in curing frequency was observed at highest 
temperature (45®) due t© a drop in cell viability at this 
temperature as shorn in fable-143.

Analysis of plasmid DMA from these isolates after 
curing studies showed that the cured derivatives had lost the 
plasmids suggesting that utilization of raffinose in Bacillus 
ap. I might be plasmid coded (Fig, 83), Therefore it was of



£A3US-l4t : Minimum inhibitory concentration (MIC) of

different curing agents tried for the 

growth of Bacillus an* I.

Curing agent
m*»«—*wm*i *n—<w m>

»r.w i. »—>

| MIC Oug/ml)
hi tn mi ^ in a « ■■ uni iwnniin an tit up «

Acridine orange 6*0

Acriflavim 10.0

Movobiocin 0*6

Mitaaycin-C 1.0

Sodium dodecyl - sulfate 40

Sthidium bromide 0.2



Th
'B

l&
*A

k2
. s E^q

ue
nc

y o
f l

os
s o

f r
af

fin
os

e d
eg

ra
di

ng
 ab

ili
ty

 of
 Ba

ci
llu

s. s
p. 

I b
y t

re
at

m
en

t 
of

 di
ff

er
en

t c
ur

in
g a

ge
nt

s.

2 ~J i

0 0 0 0.
44

0 1.
1

2.
57

5.
0

4.
0

41
0

30
0

50
0

45
0

37
5

45
0

35
0

41
0

20
0

fe
ta

l c
ol

on
ie

s * L
os

s o
f B

af
*»

 
tri

ed
 '  ̂I ^fel

* (
cu

rin
g %

)

0 0 0 2.
0

0 5.
0

9.
0 

33
.0

f 
safuoxoo

! 
JF*8

41
0

30
0

50
0

44
S

37
5

44
5

34
1

37
7

19
2

N
ov

ob
io

ci
n

M
ito

m
yc

in
SD

S

A
cr

ifl
av

in
e (3

0®
) 

A
cr

id
in

e o
ra

ng
e (3

6°
)

A
cr

ifl
av

in
e (3

7e
)C

a)
 

A
er

ifl
av

in
 (4

0°
) 

A
er

ifl
av

in
 (4

2°
) 

A
cr

ifl
av

in
e (4

5®
)

cc
o Bac

te
ria

 we
re

 gro
w

n i
n L

ur
ia

 br
ot

h . 
co

nt
ai

ni
ng

 10
 y,

g/
m

l a
er

ifl
av

in
 

at
 37

®
 fo

r 2
4 h

r.



.488

l&B££-t43 i Viability of cells (Bacillus go* 1) at elevated 

temperature during their growth with acrif lavlna.

No, of celle/ml 
©rCfU/ml of medium

Control*

Acrifl&vine (30°) 

Acriflavine (37°) 

Acrlflavine (40°) 

Acriflavine (42®) 

Acriflavine (45®)

o5 x 1<r 

5 x 107

4.5 x 107

1.5 x 107 

5.0 x 106

2.5 x to5

Bacteria were grom in Juris broth containing 10^ug/ml 

acriflavine at different temperatures for 24 h and the 

survival of cells was investigated using spread plate 

method as described under *Materials and Methods*.

* For control, the culture was grown in huria broth at 30° 

without acriflavine.
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interest to determine whether quantitative differences in 

enayme activity in parental and cured derivatives were 
correlated with the presence or'absence of plasmid DMA*
The parental and cured strains were assayed for <?c -gaiacto- 

sidase with permeabilized cells as well as frees cell free 
extracts as described under ’Materials and Methods* •
The specific activities of inducible c?c -galactosidase of 
parental strains were and Or&’^'Sln raffinose and me lib-

lose broth respectively, whereas the cured strains were unable 
to utilize these compounds as growth substrates (Table-*144) *

U)CAS
When the parental strain^grown in luria broth, it showed 
oc- -galactosidase activity 0^.65* whereas cured, strain did not 

show enzyme activity.

Cornells et al„ (1978) have suggested toluene resist­

ance as an useful marker for defining strains which harbour
t

a raffinose plasmid and for distinguishing them from 'Kaf~

strains. In the' .present studies also a permeabillzed cell
assay for c*. ~galactoaidase activity of Bacillus sd. 1
shoved the plasmid associated enzyme activity in parental

strains to be toluene resistant. Characterization of
oc -galactosidase activity associated with raffinose plasmid
in Ej, Coll has also shown that in contrast to the chromosomal

-galactosidase (Mel ^-gal) specified by the *mel‘ system 
1 * Schmitt, 1968)

of Mjj. coli (Burste^n and Hopes, 19?P)X *raf* coded c^c-galacto- 
sidase (Raf -gal) which is plasmid encoded can be assayed 

in toluene treated cells (Schmid and Schmitt, 1976).
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Tbs selective advantage or role of raffinos© plasmid 

in Bacillus so. is not studied during the present investi­
gation. However, this strain resides on the surface of 
stored grains and is associated with legumes where raffinose 
and sucrose are the most common sugars found in them. It is 
therefore possible that plasmid encoded raffinoae utiliza­
tion may give these isolates a selective advantage in being 
able to ferment sugars which ere commonly found in legumes*

Knowledge of plasmid coded enzyme which govern the 
fermentation of carbohydrates in bacteria ia of importance to 
the food fermentation industry. In product development, it 
may be necessary to promote or prevent the utilization of 
certain naturally occurring or added carbohydrates in ferment­
ation 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 carbohydrate. One such example is a recently issued 
patent (Gonzalez, U.S. Patent, 1985) in which naturally 
occurring * raffinoae* and 'sucrose* plasmids were eliminated 
so that Pjj. oentofsaceug could be used to ferment meats and 
vegetables in the presence of added sucrose without ferment­
ing sucrose.

To determine if the transfer of the "Raf*" phenotype 

was possible by transformation and if this mode of transfer 
will result in a detectable ,!Ra£+” phenotype, transformation
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of cured Bacillus bp. I and g* Coli with HRaplasmid were 
attempted using CaClg method* These experiments did not 
giw “Raf*” transformants which might he due to inefficiency 

of the method used in the case of Bacillus so* and inability 
of MRa£+M plasmid to multiply in a new host viz. E. goli.

Since the attempts of transformation of cured Bacillus 
strain and E*. coli were unsuccessful, it was thought of 
transferring this foreign DNA using another placid vector 
pBR-322 using a recombinant DMA technique. For this the 
plasmid DMA frcsa Bacillus so* I and pBR-322 plasmid DMA from 

Coli were isolated from a large bulk of cultures and, were 
purified using caesium chloride density gradient centrifuga­
tion (details of the methods for isolation and purification 
of plasmid DMA ere described under “Materials and Methods*). 
The purity of the purified plasmid DMA preparations was 
checked by, agarose gel electrophoresis. The restriction 
analysis -of plasmid IMA frcci Bacillus so. I and pBR-322 
'plasmid (which was used as a vector) were carried out using 
restriction enzymes *Pst-I% *Eco-RI* and Fig.85
shows the number of fragments generated after the digestion 
of DMA with restriction endonucleases.

A gene bank of Bacillus so. 1 plasmid DMA was constru­
cted by ligating the Eco-RI and pst-I fragment of plasmid DMA 
with pBR-322 fragments cut with the same enzymes using T4 DMA 
ligaae *•:-:0#' E. doll was transformed with the resulting 
recombinant plasmids followed by selection on IB agar plates 
containing either ampiclllin or tetracycline using © principle
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Agarose gel electrophoretic pattern of DNA preparations! 
digested with restriction enzymes:

FIG ,85

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. I (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,l digested 
with Bam-It|, Pst-I and uco-ki respectively. 
Other standard DNA3,
Purified pBR-322 DNA,
Purified pBR-322 DNA, digested with Bam-Hl, 
Purified pBR-322 DNA digested with Pst-I, 
Purified pBR-322 DNA digested with Ero-R 1,



494

of “Insertions! inactivation11* When these transformants 
(viz* amp^ tet^ in pst-I cut fragments) were 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 contain an additional fragment as shown in Fig.86 
when digested with pst-X. When '&A Coll strain ( C-6QG ) 
contained only pBR-322, no oc -galactosidase activity ms 
detected in cell free extracts or by plating csn minimal 
medium containing raffinose as *C» source* In contrast to 
this* Eg, Cell strain harbouring a recombinant plasmid could 
grow on minimal medium containing raffinose and the cell- 
free extract possessed oc-galactosidase activity* this 
data support the condusion that in Bacillus so. I Rafv 
phenotype is plasmid coded. However, the expression of 
oc- -galactosidase gene cloned from Bacillus so* X into 
B. Coll is not studied here*

Clearing of *raf* operca that mediates catabolism of 
raffinose ms also carried ait by Kcnishi et §1. (1985) from 
E*. Coll D-11S8 into E*. Coli C600 using a vector pBR-322. 
Their experiments gave an evidence that genes for raffinose 
utilization constitute an opercaj the gene order is the 
regulator, °< -galactosidase, the permease and invertase. 
However* the location and number of the premotor of this 
operen are still not known. Kosugi e& gl. (1986) constru­
cted a cointegrate plasmid in. vivo between a plasmid that 
mediates raffinose catabolism in £. Soli and XncP-l plasmid
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2-0 Kb. 
2-2> Kb.

it-ib Kb.

i-5 Kb- 

q.if K-b.

£$•1 Kb.

IG .86 ssa.-i.-asssws^r'l^Sr
Lane-1
Lane-2 
Lane-3

Bacteriophage "VIMA digested with Hind-IIX, 
used as a reference standard,
gfo«Tp^-3f|geXdi^e^It& Pet-I.
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R-63-45 from Pseudomonas ma.. This cointegrate plasmid was 

then Introduced Into Zvmcmonaa mobiMa to improve the strain. 

But still there are no data available on the size of the 

genes which constitute a *raf' opercn in E*, (Soli or other 

bacteria. Whereas there are reports m the size of genes 

coding for melibiosa utilization in Eg, &o11. Melibiose utili­
zation in Eg. OoM is determined on the meMblose locus •mel* 
which is located at 93 min on the genetic map (Bachmaan, 1983} • 

The *nel* operon is induced by several oe. -galactosidits:
CjriA JpAKViCC

(Prestadge^ 1965 s Schmitt# 1968) .and its expression is 
controlled by cAMP-CRP regulatory circuit (Cicada et al.1981). 

•Mel* locus is believed to form an operon consisting of at 

least two structural genes * me 1-4* and •mel-B* coding for 
0(2 -galactosldase and mel-permease respectively (Banatanl 

et al. 1984). *Mel«4B* region has been cloned into another 
£. CoM strain using a vector pBR-322 by Hanatani et all 1984). 

Using genetic complementation tests and recombination analysis 
of rscominant plasmids and •mel*4"*’i and 3mel-B“* mutants 

enabled them to determine the physical location of the premo­

tor, •mel-Jl* and genes m the iUA sapient, viz. sire

of *mel-AB* region is about 3000 base pairs. . Complete nucleo­

tide sequence of the •mel-B* gene coding for the melibiose 
carrier in K*. CoM ms determined by Yazyu et aj.. (1984).

The melibiose carrier is predicted to consist of 469 amino 
acid residues (7Q% nonpolar amino acids) resulting in a 

protein with a molecular weight of 52,029. Recently, *mel«4* 
gene of E*. 6oil is also closed and sequenced, which showed that'
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it codes for 450 amino acids long protein* with a aolsculsr 
weight of 50,6 kilodaltons (Li 34® strom and LiljestroB* 198?},

In conclusion* the present exp^riaants reported on 
Bacillus ,gp. 1 suggest that Haf* phenotypes is plasmid coded 
in tills bacteria * The Involvement of plasmid. £&A is suggested 
by the curing data and trmisforsm t i on of plasmid genes using 
recombinant £WA technique*

Studies on inmmological .properties of °Clactoaldaae of 
Baeillutii spj^ I :

. As discussed earlier (Section-Ill)* ,sraffinose induced*1 
o<L -galactosidate of Bacillus so. 1 was purified to homogeneity 
laving molecular weight of 1,90*000 and tetrameric structure* 
,5Mellbi©te induced11 cc -galaetosida©© from Bacillus ,fpt I ms 
also purified to homogeneity by other workers in the laboratory. 
Therefore comparative studies between *ref * induced and *11101* 
induced oc -galactosldases from Bacillus an. I were carried out * 
Studies carried out m the purified enzymes showed that these 
two enayxaes -have similar kinetic properties, elee trophoretic 
mobility (Fig.87) and molecular weights (Table-145)* As discu­
ssed earlier* curing studies also proved the plasmid linked 
raffinoee and melibioaa clegradaticn in Bacillus sp* 1 unlike 
that of ooli system (Schmid mid Selmltt* 197^)* Therefore 
the studies wore also carried out to detect whether *mel* 
induced oc-^lactosidase and *raf* indusad^-galactosidaae 
are imamologically related or not. For this investigation 
antisera were raised against both the purified enzymes in. 
rabbits as described under ^Materials and Methods51*

Sera obtained fro® the rabbits after inunction of 
oc-galeetosidase were tested for the pretence of antibodies 
against them by jjmamedif fusion technique a* it ms found that 
the sera obtained after 28 days* 35 days and 42 days showed 
clear precipitation lines in the gels* indicating the 
pretence of antibodies. For further studies 1 anti-raf * arid 
'antinael* sera of 35 days (having high antibody titer) were use
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For studying tie isuaunologlcal relationship between 

•mol* induced and *r«f1 induced oc. -galactosidase, cross- 
reactivity and liMsunotitration wore carried out using 
*anti-®el*oe -gal* and *an$i-raf» c*.-gal* sera# She result of 
double -issuaodiffusion are given in Fig#8S frees which it can 
he seen that the precipitin arc formed between the antibody 
and test antigens fused indicating that the antibody is preci­
pitating identical epitopes in each antigen# This does not mean 
that both the enzymes are necessarily identical, but they are 
identical as far as the antibody can distinguish the difference# 
Thus this experiment confirmed a ccanon antigenic determinants 
of the two enzymes because of the fusion of precipitin lines#

Babbit antisera raised against tbs two enzymes were 
titrated against the enzymes by assaying changes in the activity 
in the supernatants as described under •'Materials and Methods** 
Data given in Flg#@9' shew that in both the cases i&tunopreci- 
pltation occurred although the reaction was relatively poor in 
*antl-raf~ oc-g&x* sera# The icnunoprecipitatioa curve using 
*anti«mel» oc-gai* sera 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 that ‘©el* 
induced and *raf * induced <x. -galnetosidAses in Bacillus so.I 
are structurally closely related, Thus results obtained by 
imiamotitration curve confixed the results of double iEsamo- 
diffusion method.

Therefore from all above mentioned studies, it can ’ .be 
concluded that in the present investigation, in Bacillus so. I
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(a) C.b) Cc)
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•raf * eodei and *®@1* coded enzyae proteins sight be the gam® 
proteins or they must be having hcaaology in their structural 

and functional properties* It can' be also postulated that 
•raf* sat ’sal* gents are components of the case ©peron in 

Bacillus an* I* flue raffinoae and aelibioee utilization is 

different -in Baclllaa species than that of g*, coll, because 

in E- coll *raf• coded and •a»l* ceded -galactosidases have 
different molecular iM immunological properties (.icbmia and 

Schmitt, 1976)'as' shown in fabl©»l46*

Xamiunochexnical relationships were established among 

•Kef* plasmids ©f 39 independent isolates trm mm and domestic 
animals (from thnse continents) by using antiserum against 

oc -galact asides© * Iraaunodiffusion revealed three serological 
subclasses of ^•galaetoeidase* which were correlated with the 

biological and geographical origin’ of the host strains* It is 
concluded that the »raf* determinants of all *Haf1 plasmids
tested have evolved from a comm ancestor (Sshald et al, 1979)*


