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CHAPTER =11

MATERIALS AND METHODS

The presentAstudies exre concermed with the isolation of
oligosaccharides and neurotoxin (ODAP) hydrolysing bacteria from
fermented foods and stored grains (commonly used in India) and
detalled gtudies on these bacteria with special reference to the
enzymes which hydrolyse raffinose family of oligosaccharides and
neurotoxin (CbAP), The different aspects investigated are :

1) lsolation end identification of dominant bacteria present
during fermentation of L, sativus dhal and bacteria of stored
graing which cen degrede antinutritional compounds and toxins
such as flatulence producing ollgosaccharides and neurctoxin

(omap),

2) Studies on bacterial degradation of flatulence producing oli-

gosaccharides with reference to =

- standardization of thin leyer chromatographic (TIC)
and gas chromatographic (GC) methods for separation
and estimation of oligosaccharides and their metaboli-

tes,

- detection of enzymes of reffinose degradatiom in a
strain of Bacillus Sp, 1 (isolated from stored soybean
grains), optimizetion of growth conditions for this




3)

4)

5)

127
bacteria for meximum production of enzymes, studies on
regulation of production of raffinose hydrolyasing
enzymes in the seame as well as purification and charaw-

cterization of o -galactosidase end invertase from
Bacillus Sp. 1.

Studies on bacterial degradation of neurotoxin (ODAP) with

reference to

- screening of bacterlel isolates for their capacity to
degrade UDAP and its metabolites,

- detectian of enzymes involved in the degradaticn of
ODAP in a strain of Strephococcus Spe I (isolated from
stored L. sativus grain) end kinetic studies of these

enzymes in celle-free exiract,

- optimization of growth conditions of Streptococcus
gg,_ i for maximum prdducticm of CUAP hydrolysing

enzymes,

Screening the bacterial strains (which have capacity to
breakdown flatulence producing oligossccharides and neuroe

foxin) for the presence of plaamids end detailed studies

on genetlc basis of raffinose degradation in Bacilius Sp.I1,

Production of antisera against o =-galactosidese from
Bacillus Sp, I.
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iathyrus getivus seeds were obtained from the Agricult-
wre Institute, Jambusar, Broach, Gujarat State, Indis, in bulk, -
deimsked and split in a local flour will and used for the
investigation, The dehusked pulse, henceiforth referred Lo as
'dhal' were siored in polytiene bags., The other grains for the
investigation were purchased from local market and stared for
» 1«2 months in stoppered glass bottles.

The common chemicals used in the pregent studies were of
analytical gré.de or research grade purlty obtained Iram stand-
ard chemical ccmpmiies such a&s Ssrabhal Chemlicals, lLoba Chemicals,
etc, The sources from which other chemicals were obtained are
given: in the Table-33n. The important reagents and stendards
used for varicus estinations are given in Table-33h.

~ For experiment of antlbody production rabbits belonging
to "Swiss Himalayen strein® maintained in the departmental

aniral house were used,

Preperation of a fermented product similar 1o 'khamen® from

.

L. sativus dhal :

A fermented product similar to ‘khamen' was prepared
from L. gativug dhal according to fraditional method., 500 g
dhal were taken in a 2,0 litre beaker and washed twice with
wvater, The washed dhal was steeped at 32° in 1000 ml water
for 3to 4 he The socaked dhal was ground with appropriate
amount of water for 1-2 min in 2 waring blender at high
speed to get a coarse texture and thick batter, This prepa-

retion was then transferred to a 3,0 litre beaker and 25g of



TABLE-Z3a:  List of Chemicals,

129

-

e

Name of the chemical

© Source

Agar Agar
Agarose

Alkaline\phosphatase
Acrylamide

Antibiotics (Kanamycin,
tetracycline, ampicillin,
novobiocin, chloramphenicol,
rifampicin)

2,5=big (5'-tert-butyl
Benz~oxarolyl-(2%)
thiophene (BBOT)

Blue dextran

Bovine éerum albunin

N-i' methylenedlacrylamide
(Bis acrylamide)

Caesjium chloride
Coommasie blue

Diamino propionic acid

Dowex 50% (50 x 8 «400)
Dithiothreitol
DEAL Cellulose (LE-52)

Lthidium bromide

EDTA

Freund's complete and
incomplete adjuvant

Difco Laboratofiea,
Michigan, U.S.A,.

Sigma Chemicals, 5t, Louis,
UsS. A,

L
L, Ferck, Germany

Sigma Chemicals, St. Louls,
e Delin

i

Koch Light lab. Ltd.,&ngland,
BDH, Poole, kngland
BDH, Poole, ingland

Sigma Chemicals, St, Loudis,
U. S.A.

13
3]
whatman Lid., «ngland

Sigma Chemicals,
3t. Louis, USA,

i
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Name of the chemical

sSource

- - s e o oG 0

Glucose oxidase
(A niges)
Hydroxylapetite

Hexamethyl disilazene
{(1DS)

Ly sozyme

Lactate dehydrogenase
(rabbit muscle).

Miﬁomycin ) -
2_-Mercaptoethan01

MOPS (3-(N-llorpholino) -
propane-sulfonic acid)
Molecular welght markers
for proteins 4
Orthophthalaldehyde
Phytic acid (sodium salt)
Pyridine

‘ Peptone

géﬁitrOphenyloC-D—galactoside
?eraxidaéé

: p-ﬁitfbpﬁenylog—D~fucoside

' {;»Nitrbphenyl p «D~glucoside
QAE»S&ph&d&x

" Riase
Regtriction endonucleases
. Redioactive chemicals

(LL-leucine-1~C1
Url%ine-T(G), Cxelic acid

- L - -

Sigma Chemicals, St, Louis,
UeSedts

Bio=Rad Lab (Richmond, Calif.,)

¥, Merck; Dornstadt, Germany,

Boenringer, viest Germany

sigma Chemicals, St, Louls,

Uj S’Al

e Merck, Schuchardt, v.Germany

Sigma Chemicals, <t.louis,
UsS. A,

Sigma Chenmicals, U.S.4.
. and
Bio-Rad Laboratories.

Sigma Chemicals, S5t,Llouis,USA

fn

Fluka A.G. Chen,

Difco Laboratories,
ﬁicnigan, UeSsde

Sigma Chemicals,St,Louis, Uaa,

it
4]

i

Pharmacia Fine bhem;calu,
k)‘lf@denq

Sigma Chemicals, “t.Louis, USA
Bethesda Research Leb, U3a,

Isotope Division, Bhabha Atomic
Research Centre, Bombay,

Indisa.
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Rame of the chemicals

Scuroe

Sodium Dodecyl sulfate

Sugars (Stachyose, raffinose,

nelibiose, glucose,

galactose, fructose, sucrose,

naltose, cellobiose
Silica Gel-G
Sephadex G=200

Sepharose 6B

Tetrazolium chloride
Irypsin | »
Trypsin inhibitor
Trifluorocacetic acid (TF4a)
N,u%, N, N ~tetramethyle-
thylene diamine

(TEMED)

Iriton X-100

Yeast extract

Sigma Chemicals, St,Louis, USA

E. Merck, i, Germany

Pharmacia Fine Chemicals,
Sweden

|£]
Sigma Chemicals,St.Louis,U3A,
&, Merck, W, Germany
Sigma Chemicals, St.LOuis, UsSA,

Fluka,A.GuChemw,SWifzerland
Fluka, Switzerland
British Drug House Ltd,, USA

Difco Laboratories,
Michigan, U.S.A.

- o wch e o
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IaBlE-33b 1 List of reagents and standerds used for experiments,

s

D A S SUS Jrs A MO D W DR s o b SR N O

IRy At em T BB s W D EN106 ©B S - o+

Reagent

- - . -

4

Bovine Serum Albumin
{ Standard Stock Selution )

Bovine SPrum Albumin
(vorking standard solutian)

Bromoeresol green reagent

Bradford's reagent for
protein estimatiom

Lam—m-n.—m

¥ethod o.f prepamtiun

- 100 mg B3A dissolved in O,1N NaOH and

volume made to 50 ml to give &
concentration of 2 mg/ml,

The BSA gtock solution was diluted
1:10 to give a concentratiany of

200 fxg/ml.

3

4 0,1 spray solution was prepared by
dissolving 100 mg of.‘ bromocresol
green in 100 ml of, ethamol golution
and pH adjusted to 7.20

100 mg of coomassie blue was dissolved

in 50 ml 90% ethenol and then 100 ml

B5: orthophosphoric acid was added

and volume wag made upto 200 ml with

- glass distilled water, The reagent

Degtaining reagent for
P A?‘{Gu .

Kovac's reagent

wag sgtored at 5°C, The resagent was
diluted by adding & volumes of
distilled water bafore use.

400 ml of methancl wes mixed with 70 ml
glaclal acetic acid and volume made
upto 1000 ml with distilled water,

10g of p=dimethylamincbenzeldehyde

wag digsolved in 150 ml of amyl alcohol
and 4o this 50 ml of ceoncentrated HCL
wes added =slowly and mixed. 1t was
stored at 4°C, l
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W O U K TG D D GO L e

Resagent

Method of preparation

T 850 -

Methyl red solutim

Hessler's reagent

Ninhydrin-acetame reagent
{for detection of amino
acids).

Hitrite detection reagent
for nitrate reduction
test,.

Cmera's reagent

OPT reagent

FS e MBS

0. 1g of methyl red dissolved in
200 nl of 95% alcohol and volume made

upto 1 litre with distilled water.

708 potaasium iodide and 100p of
mercuric lodide dissolved in 400 ml
water, and then nixed with 500 ml of

- 20% agueous potassium hydroxide and

volume made upbto 4 litre. The soluw
tlon allowed to getile and clear
supernatant decanted and preserved
in & brown bottle.

0. %% ninhydrin was pre gzaréd by
dissolving 400 mg of ninhydrin ir
100 nl of acetone,

(A) Sulfanilic acid solubtion @
0.8g of sulfanilic acid
dissolved in 100 nl of 35N
acetic acid,

(B) << -paphthyismine solution 3
Gabg cenaphthylsmine digsolved
in 100 ml of 5N acetic acid.

(ne ml each of the solution A and B
are added to test sclutim.
To 100 ml of 40K aqueocus golution of
scdiun hydroxids Q,5g of creatine

wag added Jjust before use,

T6 100 ng of Qephthalaldehyde vwag
added Q.2 ml of Z-merceptc ethanold
and 1 ml of ethyl alcchol in 2 100 ml
measuring flask and then vBlume made
o 100 mi with 0,5M, potassium tetra-
borate buffer, pH 9,9, '
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Heagent

Nethod of preparation

Potassium tetraborate

p=iitrophenol standard

p-ClB, G,008M

pedimethl aninobenzale

dehyde (p-DAB reagent).

er Lhrlich's reagent.,

Staining reagent for
PAGE

Sohiff's reagent for
glycoprotein staining

Sample buffer for
SDSwrA(E

e by -

76 g of potassium tetraborate and 15 g
of borlc acid dissolved in 200 wl of
digtilled water and pH ad;}us‘t:&d T Y9
with 4N NaOH end then volume made to

500 ml with distilled water.

7 rg of penitrophenol were dissclved
iIn 50 nl of waker,

36 mg of p-CHB dissolved in 0,2N NeCH
and pH adjusted to 8,0 with Q.28 HC1
and made toe 20 nl with diatilled water,

0.8 g of pwdﬁ.m&‘myl aninobenza liehyde
digzolved in 30 ‘ml of distilled
athanol and 30 ml of conc, HCIL,

1.85 g coomassie blue wasg dissclved
in 400 nl methonol. To this solubion
76 ml glacial acetic acld was added
and volume made upto 1000 ml with
digtilled water.

1t was prepared by dissolving 2.5g

- of basi¢ fuchsin in 500 al of water,

then adding 5g of sodium metabisulphite
and 50 ml of 1N HC1l., The solutiom.

was » stirred for 6 hrs at 30°C and
decoleoriged with about 8g of activated
charceal,.

0398, of NellyFOn, 1.02g of Na HPQ, and
1g SuS were dlgsolved In 100 ml
digtilled water. To thds 1 ml
2e-mercaptoethanol and nnd 0,015z
bromephencl blue were added and mixed.



135
TABLE=33b (Contdeess)

Heagent - : Method of preparation
Spray reagent for 20 mg of naphthoresgorcinol wasg

detection of sugers an TIL 40 - 1ved in 10 ml distilied alcohol
and 0.2 nl of comeentrated sulfuric
scid wags added o this.

Trias-glucose oxldage © 20 mg of glucose oxidese (Aspergillus

(IGC) reagent © pdger - 25,000 wits/gm solid) were

diagolved in 80 ml of C.5H Tris-HCL
buffer (pH 7.0}, To this 0.5 ml
peroxidase {horse-vaddish having

40 wnits/mg solid, 1 mg/ml in
distilled water) and 2,0 ml O-dicni-
sidine di-HCl (10 mg/ml in distilled
water) were added and volume meds
upto 100 ml with bulfer.

Seintillation fluid LOU mg of BBUT (2,5=big=(5'wteri-
butylbenzoxazmyl=(2') thiophene)
was dissolved in 750 ml of toluene
and to this 250 ml of Tritaa X-100
wag added, .
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salt wes added and mixed, This was covered with glass plate
and allowed to ferment ’for_ 12-14 h at 32°, At the end of incu=-
| batim period, the batter was poured in a steamer end steamed
for 10 minutes. Thisz wes then cooled end cut into pieces end

seagsoned with mustard seeds cracked in oil,

Measurement of increase in batier wvolume during fermentation 3

hs the typical texture of Indian fermented food is due to

leavening eﬁ‘eét of fermentation beqause of production of (‘:02,
increase in volume was used as a measure of fermentatimm. The
heigh_t of the column of batter was noted initially and after

incubation with & plastic scale andi.the increase in height was

taken to indicate increase in volume,

ph neasurenent

A 10 percent suspension of the batter was prepared using

deionized water and its pH was measured in a Beckman pH meter.

Sengory evaluation :

& gensory evaluation was carried out an a fermented pro-
duct prepered iram L. sativug dhal by a panel of 10 judges,
A traditional fermented product 'kheman' obtained from popular

shop"waa used as the standard for comparison,
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Microbiological analyses of the L, sativus soak water and the

batter :

To for;n a complete éicture of the micro-organisms
involved in the fermentatimm, the fermented L, sativug batter
was analysed, es described below, according %o the method of
Mukherjee et al. (1965). Unfermented and fermented samples of

batter in triplicete were removed with sterile spatula. 10,0
of sample was weighed and diluted 10 fold with sterile normal
saline. (Mixing of the sample was carried out using scid-washed
sand as dispewsing agent). Further dilutions of this ’};ere(rz‘zade viz.
1072, 10™% 107 ana 1075, " 0.1 t0 1,0 nl of serielly diluted

sample was used to inoculate into APT agar and potatc dexbtrose
agar comtaining 30 _})g/ml streptomyc;iﬁ ;a;z,ilpha'he, -(C{omgositicn of
the media is given in Tebles-34 & 35), using spread plate and

 pour ;ﬁlate tecmique, These agar plstes were then incubated at

‘ 30° for 48 h, The Mt&tal colanies were counted using colaay
counter after the incubation,. Representative colonies of the

}’ various isclates wers maintained on slants contaming‘ APT agar
or GYE agar or lactic agar (compositicn of media are described

in Tableg-~34, 36 & 37).

The L. sativus dhal scak. vater was also sasmpled at O h

and 4 h. Intervals for microbilological analyses ag described

above,



TABIE-3L 2 Composition of APT Agar.
(Evans and Niven, 1957 .
— . )
P Ampount
Ingredients 1 L5/1000 ml of distilled
‘ H water)
J

Feptone 10.0

‘feagt extrect 75

Sodium chloride ) 5.0

Potaszgium phosphate 5.0
(monobaamcg

Sodiun cltrate 5.0

LDextroge 10.0

- Polyacrbate«~30 0.20

MgSG@.?HEO 0.80

FesCy, 0.04

Na, COB 1.25

Agar agar 20,0
Final pH 6.7

138

Sterilized at 15 1b psli for 15 min.
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. IABIE-35 : Composition of potato dextrose agar.

: { g/litre of
Ingredients | distilled weter
Potatos, Infusion from - 200
Dextrose 20
Agsr , 20
Streptonycin ' 35 mg/litre

2C0 g of peeled and cut poitatoss were boiled in
vater f.“or ore hour, filtered and the filtrate was made
upto 1000 ml, Glucoge and ager were added to the filirate,
dissolved and autoclaved at 121°C for 20 minutes,

To the autoclaved medium, 5.0 ml Streptcmycin
golution sterilized by filtration was added to give e
final concentration 35 mg/litre.
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TABIE-36 : Composition of GYBE agar. (Collims, 1967).

Ingredients i /1000 ml distilled water
Tryptone 5.0
Yeast extract 245
Dextroa2 , 5.0
Agar co 2040
pi ) 70

TABLE-37 ¢ Cempositicn of the medium for maintenance of
lactic cultures. ‘

(Mital et &1, 1973)

' [

i :

ingredients 3 (g/%ggéngl distilled
i w&ter) .

Tryptone 2.5

Yeagt extract : 05

Gelatin . 2.5

Glucose . 245

NaCl L,0

Sodium acetate 1.5

Ascorbie acid Qs5

Agar ’ 15.0
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Isolation of bacteria from stored grains :

Bacteria which can dégrade raffinose family of oligoe
saccharides and neurotoxin were isoclated from stored grains,
The grainsg used for the study were rice, wheat, bajra, bengal-
EvRi, 80ybean, kesari dhal (L, setiwvus) and blackgrem and green-
‘grem (Appendix-I), |

10.0 g of each grain were waéhed twice with 50 ml stérile
distilled water, The grains were then sosked in sterile distilled
water for 2«3 h _a‘l: 30° with constent shaking, The supernatant
was used for the isolation of ’bacteria. For isolation, 1-2 loope
ful of supernatent was streaked in '(:riplicates on neurotoxin
ager and raffinose ager plates. After streaking, the plates
were incubated at 37°C for 48-72 h and at the end of incubation
pericd, colonies were picked up and transferred to 20 »ml gterile |
bagal mediun contalning neurctoxin as 'C' end ‘N? swﬁcé or
raffinose ag 'C' scurce, ('Canposit:i.m of the media are given in
Ta%jies-sa & 39) end incubated at 30" for 48 h on shaker .(149 rpm).
The bacteria were agein subcultured in the same media for six
tines and after the sixth subculture, culture was plated out on
‘agar .plai;eé ‘of appropriabe isolation medium again ko get ieolated

colonies. :‘i‘haae céﬁ.migs were then fransferred cn ODAP égar/

raffinose agar slants and preserved at 4°C,



TABIE 3B 3 ' Compoeition of raffinose broth.

.y WA b S 20 o i - Lo gl Y Lo

| i p—
Ingredients ! (g/1000 nl distilled water)
- ‘l “““““ -
(Eéﬁa)a 50y, 2,0
K HEG, | 7.0
Iﬁ{.’ZPOQ 3.0
MgSOh ) 7H20 ' 0.2
CaClz : 0,02
Micromutrient solution* 0.5 m1
Yeast extract 0.1
Raffinose 540
pH _ 7.0

10 X soluticns of MgdQ, CaCl, and yeast extract were
prepared separately and sterilized at 15 1b for 15 min.
20% stock solution of raffinose was prepared and
sterilised scpavately at 15 ib for 15 min.

(NHLP‘)zSO‘r ‘
Kz,HPOL}, KHZPOQ and A . were nixed and autoclaved

together, Final pedium wag prepared by adding' appropriate
concentrations of stock solutions after autoclaving in )

gterile conditions,

Raffinosge agar was prepared by adding 20g agar agar to
4000 ml of raffinose broth.



&313“@ (Gmtdqu s )

Micromitrient solution was prepared by

dissolving 11.0g 50,4 TH 0, 5408 MnSO, JH,0,

0,05 5 Co (NO;)o, 0405 g HyBO;, 2.0 g NaMo0,.2H,0
and 0.007 g CuS0,.5H,0 1n 1000 nl of distilled
water,
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IABIE=3 : Cemposition of ODAP broth.

ODAP broth is a basal salt medium containing CDAP

as sole 'C' and 'N' souprce, whose composition is given below &

Apount

Ingredients 3 ¢
i . (g/1000 nl of distilled water)
KZHPQ, 70
KH,POy, 3.0
MgSGy 6.2
ngﬁlz‘ | 0.02
Iﬁieramtrient soluticn 0¢5 ml
Y:aasﬁ extract Ot
ODAP- 4,0
pH 7.0

‘The method of medium preparation and composition of

micronutrient solution are same as described under Table-38.

ODAP agar was prepared by adding 20g agar apgar 0

1000 nl of ODAP broth.



Iﬂentificatim of haeferia H

.m order to identify the bacteria isolated, the tests .
described in the Maxiual of Microbinlogical Methods (Society of
Americen Bacteriologists, 1957), Cruickshank gﬁ:_ 81,(1965),

' Norris end Ribbans (1971), Sharpeel al. (1966, end skerman
{1967) were carried ocut and bacteris were identified according
to Bergey's Manual of Determinative Bacteriology (fuchenan and
Gibbons, 1974). Vérims media used for testing cultures are
given in Tables-40 to 59,

The relative population of each species of bacteris
during fermentation of L. sativus dhal was determined according
to the methods of Pedersm and Albury (19503 1954); Iﬁukheraae |
et ale. (1965) and bavidacn and Gronin (1973).



IABIE~4O : Composition of MRS e&gar.‘

(DeMan Rogosa snd Sharpe, 1960).

-

Ingredients i &/1000 Bl of distllled water
Tryptone 10,0
lab lemco (oxoid) 10.0
Yeast extract 540
Tween=80 1.0 ul
K H PO, 2.0
Iri-emonium citrate 2,0
Dextrose | 20,0
Sodium acetate 5.0
M50y, « THA0 0.2
MnS0Q,, J4HN0 - - 0.05
FeSOp, 0,034
Agar 2040

QH 6;0 - 605

Sterilized at 15 lb. psi for 15 nin.



TABIE-hY @  Differentlal medium for lactic Strepiococei

(Mullan and valker, 1979)

T agredients .
Sodium Carboxymethyl celluloge 10,0
Yeast extract : | 3.0
éepto'ne | . S0
1ab lemco (oxoid) 5.0
lactose 15
Calcium citrate 10,0
Arginine hydrochloride | 1f0 ~
Bromecresol purple’ 2,0 ml. (0.1%)
hgar 20.0
‘ pl 7.0 .
This medium differentiates following 3 types of Streptococci.
Se doctis - purple smear - no clearing.

S, gremoris =  yellow smeer - no cleariing.

S. dlecetylaetis - purple smear extensive clearing.
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IABIE-42 3 Composition of Sodium Azide agar.
(Difco Manual, 1971)

Ingredients

/1000 ml of
digtilled water

- L ]

Beef extract
Iryptone
Lextrose

Sediun chioride
Sodium azide |

Agar

. pH

7.2

4.5
15.0
Te3
Te5
Q.2

20,0

- \b.
HMedium was sterilized at 15,psi for 15 nin.
and aterile glucose solution was addeq separately.
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IABIE-L43 : Compogition of the mwd:!.um for Imole production,
-~ (Mactiie and lMcCertrey, 1956).

i g

) 1 Amount A
Ingredients i (/1000 ml of distilled water)
Peptone . 20.0
Sodium chloride . 540

Tha pH of the medium wesadjusted to 7.4 and the medium
_au‘toclaved at 121° for 15 min, |

Zest for Indole production

The medium was inocculated witﬁ the culture and
incubated at 30° for 48 hrs. After incubation 0.5 ml
of xylene was added. The tube was vigorously mén,
allowed to stand and Xylene layer separated out.
indols, if present, would be extracted in xylene layer.
To this, 0.5 ml of Kovac's reagent is added. Red colour
in the xylene layer indicated the presence of indole.
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IABLE~4L : Compositicn of medium for cerbohydrate

fermentation.

(Fred and Vaksman, 1928)

Anount
{g/1000 ml of distilled water)

Pe 40 ot tew nbony

Peptone 2.0
Sodiun chloride ‘ . 540
rotagsiun osphate :

(ncmabasic?h 0.3

Bromocresol purple ' ' 0,008

The initial pH of the medium vas adjusted to Tols

- 5 ml peptone medlum was taken in a tube to which
Durhen's fermentation tube was inserted and stoppered with
cotton wool. I was sterilised in the autoclave at 121° for

" 15 min. (15 psi}. |

Sugars to be tested were separately prepared at a
congentration of 0% in distilled water and sterilised ;i.n
Cthe autoclave at V" for 15 mine 0,25 ml of sugar was
added to each tube.

4

Fermeptation test : A loopful of the liquid culture
Gyoung. “sulture) was inoculated into each tube containing
the medium. Before inoculation the tubes were inapected to
confirm the absence of gas bubbles fram.the Mrhan's tubes.
The tubes are incubated at 37° for 2 days. The presemce or
abgence of an acid by colcur change and gas formation in the
Dorham's tube vwere noted.: | -



PNy
3 =
)‘-} .(::},( ¥
;}/:‘: ) - 1 5 1
i 8w
. : ;’{ - S
TABIE~45 : Composition of medium for aesculin hydrolysis.
' 3 ‘
. bi){e., il'v S '-":j ;‘
(Collins and Taylor, 1967). ' = o 2.8

T vty e s

| To 100 ml of peptore water or melted peptone water agar,
041 g of aesculin and 0.05 g of ferric citrate were added.

The medium was then distributed into tubes (5.0 ml) and
auvtoclaved 2t 10 1b for 10 min..

- Iy dlen
Peptone water - 100 ml
Aesgculin - 0.1 g
Ferric citrate - 0.05g
Agar - 2.0 g

Medium was distributed into tubes (5.0 ml) after meiting
the agar, and sterilized at 10 1% for 10 min,

t

Tepgt &

;Stabs were inoculated with the Qulture and
Incubeted for 2.7 days at J2°. Blackening of the

medium was consideyed as a positive test.



TABIE-46 ¢ Composition of the medium for citrave

utilisation test.
{ Koser, 1923)

- - " -

! Amount
- %
Ingredients I (g/1000 ml of distilled water)
NaCl 5.0
Mg S0y 7H0 0.2
- KH,PO, - | 1.0
Sodium citrate 25.0

S B . B g Sa g -

The pH of the medium was adjusted to 6.8 and the
mediun was sterilised by sautoclaving at 121° for 15 min,

Procedurs for citrate utilisation tegt @

~ The tubes were incculated with the culture and incubated
at 37° for 96 hrs. The presence of turbidlty was used ag an
index of growth and citrate utilisation.
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47 + Tests for catalase and oxidase producticn,

 then decanted. The colonies of oxidase-positive

gatalasge test

One ml of hydrogen peroxide solution is
poured over a 24 hr. nutrient agar slope culture
of the test orgenism and the tube is held in a
alanting positien. The production of gas bubbles
from the surface of the culture indicates a
pogitive reaction.

Oxidase test

A freshly iareparec‘i 1% solution of tetraw
methyl=p-pheny lene-~diamine dihydrechlarigl& iﬁw
¥ o
poured onto a 24 hr. nutrient agar slope AGulture

of the test orgenism so as to cover the surface and is

orgenisms rapidly develop a purple color,
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‘ for
IABLE=LB ¢ Composition of medium/ litmus milk test.

Preparation of L-ihmu mi iz

- To 400 ml of skimemilk 1.5 ml of litmus
solution (4% ethanolic solution) was added to give
pale muave color and then distributed in test tubes
{5 ml each) plugged with cotton, sterilized by
autceclaving at 110°C for 30 min on each of the three
successive days. |

Tegt ¢+ The cultures of the test organisms
was inoculated into sterile litmus milk and incubated
for 48 hyr at 37°C. The changes brought about by the
cultures in Litmus milk regarding ecid production
{Litmus change to pink), precipitation of casein and
gas production (stormy clot), proteolytic changes
(lltmus change to purple) were cobserved at the end of
incubation period and reported in resulta.
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IABIE.49 : Compositicn of the medium for nitrate reduction

test.
(Fred ond Wekaman,1928)
— -

T o H Anount ~
Lngredlents { (8/1000 ml of aistilled water)
K H PO, ‘ 0e5

I‘ﬁgstQJ 71‘120 ‘ 0. 2

Ghucoge ' 10.0

KHOg A 1.0

Sterilised at 15 psi for 15 min~

_WEWW
The culfure wag inoculated in 5.0 ml of the above
medium and incubated at 30°C for 48 hrs. Afier the incuba= '
t.ion, : 10 ‘ml of sulfanilic acid reagent andfo ml of .
-mp‘chy;&ami}m reagent a;*e added. Production of red colour

indicated the reduction of nitrates.



TABIE-H0 3 Composition of Gelatin niec‘u.um.'

(Mackie and NcCartney,1956)

Ingredients ‘ £/1000 6l of distilled water
Peptone 10
Feat extract 10
Sedium chloride | - F
Gelatin 15

- . It iaas e,

The medium was prepared and kept at 4° overnight.

Next day the gelatinoins dissolved by hesting at .45°.

The pH adjusted to 8.4 and steamed for 10 min. It was
cooled quickly to 45° and 10g of egg albumin dissolved in
50 ml water was slowly added. It was steamed for 30 min,
filtered and the pH of the filtrate adjusted to 7.6.

It was sterilised by holding in the autoclave,dnd then
sﬁ:eamﬁ‘l 0o°) ‘fozf 10 min, followed by keeping at 115° for
10 min. It was removed from the zutoclave as soon as

possible and cooled to 25°,.

Erocedure

The solid media was streaked with the organism to be

identified.
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IABIE~3Y ¢ Composition of the nmedium for methyl red test
and Voges-rroskauer ‘z;est.‘
(Machie and McCerkney, 1956)
_ 'Ingfmdie‘f‘t”’ : j — (8/1000 w1 J’é"’?‘é‘i‘;ﬁima vater)
Pepltone 5.0
KH POy, | 5.0

The pH of the medium©as adjusted to 7.6 and autoclaved
at 121° for 15 min. A 10% glucose was separately sterilised
by autoclaving at 121° for 15 min. The supar sclaticn vas

added to the medium to give 2 comcentration of 0.5%.

Zrocedure ¢

D B

The medium was incoculated with a loopful of the liguid
culture (nutrient broth culture) and incubated at 37° for
48 hra. i‘iiethyl red reagent was added to one tule, nixed and
observed. Brighi red colour indiceted a positive test.
Te another tube, 0.5 ml of 0! Meara's reagent was added and
incubeted at 37¢ for 4 hrs, It was aerated by sheking at
intervals. A positive reaction was dencted by the development

of an pink colour usually in 2-5 minutes.
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TABIE.S2 :; Composition of the medium for HZS production,

(Untermohlon and Georgi, '19140),

ingredients }I (8/1000 w1 %1?:%??.19& water)

Tryptone : 10.0

Sodiunm chloride ) 5.0
 Ager-ager ) 5.0

S o Snioride 0:05

Ferrous amnonium sulfate 0.2

The ingredients were completely mixed with water
and boiled till completely dissolved. The medium was
distributed in tubes end autoclaved at 121° for 15 min.

Prqcaém'e for the st productlion test

Culture was Inoculated into the experimental and’

- contrel tubes by stabbing. 4 red Mne along inoculum indicated
nmoﬁile 5 negative. Black line along inoculun indicated
fhommotile st negative. Diffused black colour through out

the mediun indicated motile H53 positive,
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TABIE-S3 : Composition of the medium for phenylalanine
deaminase test.

(Untermohlon azd Gaorgi; 1940)

| Ingredients j; (g/1000 m‘gmggggil}.ed water)
Yeast extract | 3.0
Di-phenylalanine 2.0
NeHPO, 1.0
NaCl 540
Agar egar ' - 200

The pH of the medium was adjusted to 7.4 and sterilized
by autoclaving at 121° for 15 min.

Procedure for p_l}_egzlalam desminase ltegt

The medium was incubated with the culture incubated
for 24 h et 37°. 4 few drops of 10% solution of ferric
chloride was allowed to run down over the growth of the
slant, Development of green colour indicated positive

.te St L J
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TABLE=DL ¢+ Composition of the medium for ureage test.

(Mekie and McCartney, 1956)

Ingmdi@m" {(g/ 1000 mlﬁxggufgstille& water)
Peplone 1.0

Sodium chloride 5;0

Potassium dihydrogen

phoesgphate 2.0

Fhenol red 6.0 nl

{1g in 500 ml of
agueous solution)

- [

The pli of the medium was adjusted to 6.8 and
sterilized by autoclaving at 129° for 15 min. After
caolizné_ £0 50°, sterile solution of glucose was added %o
give a final concentration of 0,1% and 100 nl of sterile

20% solution of ures was added.

Erecedure for urease test

Culture was inoculated into the medium and incubsted
st 37° for 24 h, Urease positive culture produced & purple
pirk colour, '
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"IABIE~55!: Composition of medium for arginine hydrolysis.

% . Amounts
Ingredients + Lg/1000 ml of
i distilled water)
| Tryptbne | | 50

Yeast extract 5.0
K HPO,, . , 2.0
lmergining monchydro=
chloride | 3.0
Dextross 065 |

For erginine breakdown of lactobacilli MRS .broth
- was used in which the ammonia citrate was replaced by 0.3%
arginins«-fCl. ’

Test for £%£3 production from avginine hydrolysis

Culture was inoculzted into arginine broth for
24=-48 11 and added few drops Nessgler's reagent.Brown colour

indicated ammonie procuction due to erginine hydrolysis.



CEABIESBS :  Composition of the medium for
Felonate utilization test.

(Ewing, 1962)

Ingradients

2/1000 m1 distilled
water

Yeast extract
Apmonium sulphate
KZHPGQ

KH,POy,

I‘@aﬂ;

b@dmm Malonate

Bromothymol blue

- Y wa iy P i 0B S

pH 7.4

140
240
0.6
Celt
2.0
3.C

0.055

itk ooe

ingredients were disgsolved in water and

digtrimted 5 ml each in test tubes plugged

L - \b-
with cotton and sterilized 15,psl for 15 min.
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TABIE-57 :  Composition of thioglycollate medium

(Difce Mamml, 1971)

Amount

Ingredients (g/1000 ml distilled
| o vater) L
Tryotome |  15.0
Yeaat extract 540
Pextrose 565
Sodium thioglycollete 0.5
Sodiun ohloride : 265
L-cystine hydrochloride 0.5

Methylene blue 0.002

Hedium wos auboclaved at 15 1b pei for 15 nmin,



TABIE-SH ¢ Composition of Gibswn'e semi~solid medium

- g mediun for the detection of carbon dioxide
production from gluccse. ’

(Gibaon and AbdeeleMalak, 1945)

%reaat extract - 2.0 8
Deglucoge - 50,0 g
Tomato Juice (pH 6.5) = 100 ml
Reconstituted skim milk - 800 ml
Mutrlent ager - 200 m1

- Tomato Juice was mixed with the reconstituted skim
milk and added the yeast extract and glucose and heated in
& steamer. ¥hils still hot; added the molten mutrient agar
and mixed well, pH was adjusted 1&@ 6.5 if necessary and
the medium was distributed in test tubss to a depth of
5«6 cmy sterilized by steaming at 30 min, o each of three
successive days.
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TABLE : Starch ager medium camposition.
' (Harrigen and Mg Cance, 1966)

Ingredients g££3000 md
Soluble starch 2.0
fatrient agar 1000 ml

Dissolved the starch in the molten nutrient sgar.
Sterilized by eutoclaving at 121°C for 15 min, and poured
into petridishes aseptically.

TABLE=-E0 : Composition of 1B {luria-Bertani) medium,.
(Meniatis et al, 1982).

Anount
;ngz-edienta (8/1itre of distilled water)
Peptone 1060
Yeast extract 50
Sedium chleride ' 10.0

pH was adjusted to 7.5 with O.1N Nalli and autow
RS} , ,
claved at 15 lb,for 15 minutes.
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TABLE-Q&'L s Composition of DAPA broth.

' DAPA broth 1s e tasal salt medium containing DAFA
(diaminopropicnic acid) as & sole 'CY and 'H' source, whose
composition is glven below s

-

. " Amount |
ingredients (g/1litre of distilled water)

KH,P0, ‘3.0

iﬁigﬁﬁh 002

caCl, | 0,02
Micronuttient soluticn 0.5 ml
Yeast extract 43
DAPA (Diemincpropionic @cid) 4.0

‘@H "’ 759

1

The method of medium preparation end compesition
of micromutrient solution are seme as described under
Table«38,

DAPA agor wag pmpared'hg adding 20g agar agaxé to
1000 ml of DAZPA roth,
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TABLL=62 : Composition of axalate broth.

(Chendra and Shetna, 1975)

(] O 1 ot
Ingrodionts  {G[JORGL SE o0
(N4, ) 550, 05
MgS0y, «THLO ' 0.2
K HPO, R
KHPO, | 3ok
Mineral stock solution . 1.0 ml

" L LT

Five grams per litre of potassium oxalate and
10 mg/ml of yeast extract was added to the above medium.
Ag zn indicator of the pH, 5 ml of 0.4% aguacus sclution of

phenol red per litre of the medium was used.

* Nigeral stock solution comtained ZnSoy.7H,0, 11.083
MnSOL;.HZQ, 5.0@; COSO&. Q.Oﬁg,

water.,
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Experimentai fermentation of L. gativus flour with pure
culiures 3

For experimental fermentation, about 200z of
L, zetivus dhal flour was sherilized at 120° for 15 min.
“in 500 ml conlcel flaslk, Thig asutoclaved flour was coplsd
and then transferred to 1 litre s@erile. beaker, and ..alwr:y
ves madé by addition of sterile distilled water, (411 prepa-
ratliena were carried cut in a sterile incculatic chamber
previcusly expeosed 50 U.Ve light). The auteclaved batier
was incculated with test oult:ur;e;é wder sterile conditiw ..
Consistency of batter was adjusted by adding sterile distilled
water, afier adding 2.%% compon s2lt. The batter was the
allowed to ferment at 32° for 14 h, The chenge in pi and

increase in volume were measured.

The incculum of the bacteris to be used for above
experiment was adjusted so that the ms‘alt:i.x'zg; batter wveuld
rosenble the naturally unfermented hetter with regerd to
spproximete initial totel becteriel comt. The inoculun was
adjusted for bacterial count using turbidity measurenent in
coleﬁ:ﬁmet&r at 660 nm. A fresh culbure (24 h old) 03.‘ the |
orgenism to he incculated was prepared on agar slants and
transferred wlth the sterile wirelcop to 10 ml sterile normal
galine, and mixed well. 5.0 ml of this ves taken and the
anount of dllution required to match the incculated batter
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with natural unfermented batter r«agérdin‘g nicrobiel populaw
tim was calculated end the inoculum diluted accordingly.

- Appropriate emownt of this diluted inoculum was added to the
sterilised batter,

Freparation of neurotoxin from }_.a_,_,jggtiﬁug dhal :

The neurctoxin was lsolated from Le sstivus by the
method of Rao et al. (1964)., The decorticated seeds of
Lathyrus sativus (kesari dhal) were taken, washed with water
and air dried and powdered using an electric grinder, 400 g
of the flour was extracted with 2 litres of distilled water
at 60 to 65° for 6 hrs with occasional sﬁx‘ring. The slurry
was centrifuged at 8000 xg for 10 min and the supernatant
(S, Jwas collected; The residue was re;-extracted with 1 litre
of water and kept at 60 to 65° for 6 hrs, centrifuged at
8000 xg for 10 min and the supernatant (52) obtained was
added to the first supernatant (S‘i Jo To the combined extractas,
6 litres of 95% ethanol were added and the final concentraticn
of alcohol was made to 70% using distilled water and allowed
to precipitate at «4° for 12 h. The precipitated protein was
centrifuged at 8000 xg for 10 min, The supernatant was colle=-
cted and the volume reduced to 100 ml in water bath at 60° and A
was then treated with 100 ml of diethyl ether in a separate
funnel, shaken well and the aquecus layer was separated to
remove orgenic acids. The aqueous layer was again taken in a

separating fumnel and 100 ml of chloroform was added and.
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shaken to remove the lipids. The agueous 1lipid free phase
 was removed end passed through Dowex 50x 8-H' (200-400 mesh
size) column (25 cm x 1.8 cm) and eluted with water. 10 ml
fracticns of the eluent were collected, Those fracticus
which gave colour with ninhydrin reagent were tested for
colour formation with OPT reagent with and without hydrolyses
with 1N NaCOH. The fractions which gave positive test with
ninhydrin and with OPT after hydrolysis were collected,

The vo:&:ae vas reduced to 20 ml by freezé-drying in lyophi-.
lizer for further purification steps, When this neurotoxin
vas tested for the presence of sugars, using Dubﬁiﬁ's‘method ‘
{Dubois et al, 1956) it showed the preseﬁce of sugars.
Therefore the sample was further purified by rechrmétography
on second Dowex~50 x 8=-H' column =as described above, The

purified sample was then freeze dried in lycphilizér.

Chemical synthesis of neurotoxin (Ramchend et al, 1983) :

1.4 g of diaminopropionic acid menohydrochloride vas
dissolved in 20 ml of distilled water and to this 10 ml of
distilled methancl was added. ,0g of dimethyl oxalate was
dissolved in 10 ml of methancl and added slowly (during the
course of 1 hr) from a burette with ;:onstant stirring using
& magnetic stirrer énd- the stirring was continued for ancther
5 hy The pd of the solution was adjusted to 9.5 with a
saturated solution of Li(OH)z in methanol, The solution was
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diluted to 100 ml with warm watér (80°) and the pH was
lowered to 3,0 with N KC1l, lxcess dimethyl oxalate, which
precipitated out as lithmm oxalate was removed by filtration.
The filtrate (100 ml) was then charged to a column

(25 % 1.8 cm) containing previously 'activa'&ed Dowex 50 x 8HY
(200-400 mesh) end eluted with distilled water. The fractions
containing ODAP were collected and the volume was reduced to
50 ml, To this 1.75g of NaiCOy vas added to convert UDAP
into disodium salt, and 1 litre of acetone was added and kept
at ~4° for 12 hrs. Thé precipitated CDAP was filtered through
Whatmen No.i filter paper and dried, |

Synthesis of Dimethyl COxalate :

' Dimethyl oxalate required for the chemical synthesis’

of ODAP was synthesized according to the method of Dey (1972).
Uxalic acid was dehydrated at 110° for 1 hr in an oven,
100g of anhydrous oxalic acid a;xd 200 nl of methanol were
taken in a 500 ml round bottom flask and a water condensor was
attached to it., The mixture was refluxed at 30° for 4 hrs,
After the refluxing was ower, the water condensor was removed

and a distiliation condenaer was attached and dimethyl oxalate
wag distilled out at 168"283111% ;ﬁgdrgff‘;lstallisad using

methanol .
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Syanthesig of labelled dimethyl oxalate :

labelled dime’chyl oxalate was synthesized by reflnx-
ing (M%) oxalic acid + cold oxalic acid with distilled methanol
using a  semi-micro refluxing set, Cxalic acid and methanol
were taken in a 50 ml round bottom flask fitted with a
condenszer and the solution was refluxed for 4 hrs in a water
bath air:. 80°, After this the flask was fitted with an alr |
condensor and trarisferred to a sand bath heated et 200°,
First the excess methanol was distilled off at 65° and then
the dimethyl oxalate at 168°, The dimethyl oxalate was recry-
gtallised using distilled methanol and used for the synthesls
of lsbelled ODAP,

Chemical synthesis of oxalyl labelied CDAP was carried
out using a method of Ramchand et al. (1983) as described
earlier except lazbelled dimethyl oxalate was usged instead of
cold dimethyl oxalate.

The characteristics and purity of neurctoxin (ODAP)
 preparations were checked by IR Spectrum analysis as well as
thin layer chromstography.

iR. Spectrum of ODAP preparations :

The purity of the syntheslized compounds vwas confirmed
by 6bbaining IR spectrum using IR spectrophotometer with
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automatic recorder., The frequency range used was 800 %o
4000 cm™Y, A thin film of the compound was made with KBp

pellets end used for IR studies.

Thin layer chromatography for separstion of neurctoxin (CDAP/,

dieminopropionic acid (DAZA) and oxalic acid

‘ To check the purity of the neurotoxin prepered in the
laboratory as well as for the degradation studies, a thin
layer chrowatzraphy (Mehta et al, 1972) wes used to separate
Omi",« DAPA and oxallc acid, |

20 cm x 20 cm size glams plates were washed with
distilled water, dried end coated with silica gel H to a
 thickness of 0.25 mms, The plates were activated at 110° for
1 hr beXore use, | Samples containing CDAP, A-diaminoprepionic
acidr {Dara) anci' oxalate were spotted in duplicate with the
help of micropipette, standerd dilaminopropionic acid and
oxelic acid were also spotted. The plates were developed
using the solven/t gy stem 95% eﬂwnol + water (63 : 37 v/v)
for 2,5-3 h at 30°, Colour was developed by spraying 0.4
ninhydrin in acetone in the case of CDAP and diaminopropioc-
nic acid and by spraying vromocresol green reagent in the
cese of oxalic acid. For this, half the TIC plate was
sprayed with aninlydrin reagent and another half with bromo-
cresol green by keeping the pertition in the middle of the

plate, i )
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Lhin layer ghroma-hog_z;'agm‘ (TiC) end pas chromatography (GC)

methods to geparate gnd estlmate 6ligosacoharidea and their
breakdown products :

(A

bxtraction of sugars from L, setivus samples

All the semples to be analysed were dried at 70¢
in a hot air oven to a constant weight and ground in an

electric grinder to get fine powder.

Sugars (oligosaccharides and simple sugars) were
extracted using method of Cerning and Guilbot (1973).

Five grams of the dried cemple was mascerated in 70%

" aqueous ethanol (250 ml) and the mixture boiled by keep-

ing in hot water bath at 70° for 5 minutes, and then

‘kept on a shaker for 2 h et 140 rom, This solutim was

then filtered ﬁsing ‘wnatmén filter paper No.3 and the
residue was ézaémd several times with approxinately
150 m1 of 70% alcohol £ill the lagt extract showed the

absence of sugars by not giving colour with phenol

sulphuric acid reagent. The ethanol extracts were 4
conbined together and concentrated té 50 ml by evaporat-
ing in a water bath at 70°, %This extract was then treated
with double the volume of chloroform and sbaken in a
separating funnel, The layer céntainm sugars (by test-
ing with phenol-sulphuric acid reagent) then removed and
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centrifuged at 3000 rpm for 30 minutes to remove denatured

proteins, . The supernatant was then used for estimating

meno-, di- and oligosaccharide component s,

In some of the. experiments, sugars were extracted
by the method of Goel and Verne (1981) as described below :-

5 g of dried sample was defatted by grinding with
chloroform + methanol (2:1) mixture. Lipids were then removed
by Ziltraticn through Whatmen filter paper No.1 and the sample
- was dried in gir. This défatted powder was then transferred
to 250 ml conical flask and added 50 ml 70§ aqueous ethanol
and sheken an rotary shaker for 10-12 h., The suspensim was
then centrifuged at 3000 rpm for 30 minutes t0 remove denat-
ured proteins. The supernatant was made to final volume

50 ml with 70% alcohol and used for estimating sugers.

- Apalysis of sugars :

Since there was no GC avallable during the early stages
of investigation, the TIC methoed vas standardized., The method
of Stefanis and Ponte (1568) was modified in ihe present

Investigation as follows :=

{(a) Preparation of plates

30g of silica gel 'G' was mixed with 60 ml of
0,05 M sodimn} phosphate buffer, pH 7.0, The suspensiom



175

was applied om 20 % 20 cm glass plates (0.5 mm thickness).
S ak o :
These plates were dried in air end activated, for 45 minue

tes, 20-200 ug of each standard sugsr prepa;\’ed in 70%
alcohol as well es semples 50-100 ul were spotted o
plates, These sugars were then detected affer the run,
by spmying the plates with naphthoresorcinol reagent,
For development of ccloured spots plates were heated

immediately for 10 min at 110° in a hot air oven,

(b) Solvent system :

The solvent system used was a mixture of
chloroform : acetic scid : weter (6 : 10 : 1) The plates

were run at 30° thrice for 23 h,each tinme,

Guantitative estimation of sugars :

Since it was not possible to separate galactose, frue
ctose and glucose by the TIC method during the present investw
igation indirect estimation cf these sugars was done, From the
IIC plates, a mixture éomprising of all the “three sugars was
eluted with 1.0 ml digtilled water and estimated by the method
of uboiset al. (1956) which will give the values for all the
three sugars. From the portion of the elu*cec(lx ngax;;\ﬁg s,trg;;rlvgzo.%
was estimated by glucose oxidase method (Dahlquist, 1966) and
fructose by Roe's method (Roe, 1934), The corresponding values
for these two sugers (glucose and fructose) were determined
referring to standard graphs in Iubois’: method., These velues



177
. were subtracted from the value obtained for the mixture of
- all the three sugars by Dubois’ method, From this value
galactoéa was calculated agein by referring to standard
graph for galactose by the method of Duboiset al. (1956).

wWell separated sugars on TIC plate, viz. sucrose,
raffinose, stachyoge and verbascose were estimated by the
method of Roe (1934), after extracting from gel., Meliblose
was estimated by the method of Duboiset al. (19%56).

Estimation of all the sugars by the method of Dubolset al.
L1856) ¢

Suitable aliquotes of the sample were made to 1,0 ml
with distilled water and to this 1.0 ml of 5% aqueous phenol_
was added, and mixed properly, 5 ml of sulphuric acid was
added from & fast blowing pipette to each tube In order to
produce good mixing snd even heating. The contents were
mixed thoroughly on a vortex mixer, After 30 min the colour
was neasured at 490 nm sgainst a blank conteining distilled

water and gel.

5

¢

Sstimation of fructose, sucrose, raffinose, stachyose and

e TR e

verbascoge by the method of Roe (1934) :

Suitable eliquotes of the eluted sample were made to
2.0 ml with 70% alcohol, to this 2.0 ml of 0.1% alcoholic
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resorcinol was added and mixed properly, 6 ml of concentrated
HC1 was added to this and heated at 80° for 8 min. The tubes

were cooled and read at 420 nm against a reagent blank.

Glucose oxidase method of estimation of giucose :

The samples were made to 1.0 ml with distilled water
and 1.0 nl of TGO (Tris-glucose oxidase) reagent was added,
Tubes were then incubated at 37°¢ for 60 min, Reactim was
terminated with 1.0 ml of 66% canc,. Hyd0ue The colour was
" read at 540 nm against a blank conteining silica gel and
distilled water, o

Reference curves were prepared for the sugars by
spotting known quantity (25-200 ng) of them on TIC plates,

GL method for analysis of gugars ¢

Since gas liquid chromatograph was avallable, the
method of Ferl et al. (1984) was modified and standerdized
to separate and estimete oligossccharides and their meta-
bolites,

Apparatus

The pas chromatograph used was Hewlett Packard
model 5840 A equipped with flame immlzaticn detsctor,

" The column used was & 50 cm x 3 mm I+D. stainless steel
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packed with 10% UCl~98 on chromosorb 80-100, WAW DMCS

{Hewlett Packard, Avendele, USA). The peak area determina-
tlen was mede with HP 5840 A computing integrator attached
to the gas chromatograph. The peaks were normellized ifor
detector response and amount of suger calculated with

respect to internal standard.

T ——re A

Preparation of THS (Trimethylsilyl) derivetives :

The standard solutions of different sugars as well as
the extracis of the sample‘s containing 0.001 t0 0.01 g of
different sugars were evaporated to dryness under a siream
of nitrogen gas et 50-60°C or by lyophilisation., To the
dehydrated residue 500 ypl of pyridine was added, This vas
then trimethyl silyléted wifh a mixture of 900 pl' of hexa~
methyl disilazane and 100 nl triflnorcacetic aclid for 60 min
at 70=72°C. ,i‘wo miqrolitres of thia sclution were injected
into the gas chramatograph. To all the semples & known
apount of .internal standerd nemely phenyl @-IJ.-glucoside

was added.

© Seperetion of trimethvlsilvl (THMS) derivatives

The temperatures of injectiom port and detector were
300% and 380° respectivewly. The oven was programped f{rom an
initial temperature of 1500 for one minute to a final tempere
- ature of 380° at the rate of 10° per min. Twenty three minue
tes were mlquirecl to elute the TMS derivatives. The nitrogen

£low rate was 30 cm” per uin.



Methods for processing L. satiwvus aéeds or éhal
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The traditimal methods used for ‘processsing legumes

in India were tried with a view to see the effect of these

procegsings on oligosaccharides, The different methods tried

are described below :=- .

'1')

2)

&)

Seaking and autoclaving/boiling ;

Ls satlivus dhal was goaked in 4 volumes of water
for 6 h at 25¢ and then cooked by autoclaving at 15 pai
for 20 min in double the amount of water., |

The scaked samples were also cooked by boiling in

four volumes of water for 3(3 min,
#

Roasting and parching :

Fox"roasting, the dhal was kept in a frying pan o
t'he fire for 15-20 min with occasional stirring.

For parching, the whole seeds were soaked for 2 h
in water, The soaked seeds were then.puffed in a hot sand
medium by rapid mixing.

Germination :

The seeds were surface sterilized with 1% sodium
hypochlorite golution, washed thoroughly with digtilled
water and allowed to germinate on a filter paper at 28¢.
They were analysed at 12,24,48 and 72 h of germination,

Fermentation :
Natural fermentation of the dhal was carried out

as described earlier,



Latimation of CDAP ¢

CDAP was estimated by the method of Rao (1978b).
In this method of estimation, neurctoxin is hydrolysed %o
diaminopropionic acid which gives yellow colour with ortheo-
phthalaldéhyde .

For estimation of neurctoxin from L. sativug dhal
samplesv'during fermentation, 1.0 g of dried semple was weighed
andgc&.his 10 ml of distilled water was added, shaken for 15 min,
The suspension was then centr;mge;d at 3000 xg for 15 min in a
clinical centrifuge. The supemaitaxit was used for esi:imaﬁing

neurotoxin content,

Aliguots of the aamble were taken in duplicate tubes
and the volume was made to 1.0 ml with distilled water and |
mixEd. To each tube 0.5 ml of 10% ICA was added and centri-
fuged at 3000 xg for 15 min. The supernatant was collected
and to this 0.5 ml of 4.58 HaCl was added. (ne tube was kept

in a water bath at 80° for 30 m.{n for hydrolysing CGAF to
DAPA whereas the other was kept at 25°. After the hydrolysis
was over the tubes were cooled to room tempersture. 1 ml of
PP reagent was added to each tube. The intensity of the
colour produced was measured ai‘ée:r 10 min at 420 nm in
Beckman spectrophotometer against a blank, which cqn'kained

1 ml of distilled water, 0.5 ml 10% TCA, 0.5 ml 4,58 NaCH
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and 1 ml OPT reagent, The difference in reading afier and
before hydrolyzis will give the value for CDAF content.

4 standard graph was prepared as falloim. Aliquots
, con’;ain.ing different concentrations (4-20 ug) of UDAP were
taken in test tubes. The volume in each tube waz made to

1 @1 with distilled watef and they were treated ag described
in the previous paragraph, A standard g,ra‘pk; wasg drawa using
the values obtained,

Egtimation of DAPA (Diaminoproplonic acid) :

DAPA was estimated using tbe method of Rao (1978b)
for UDAF estimation as described above except for the hydro-
lysis step which was ommitted.

Egt;_m_gt;on of ryruvic Acig :

Pyruvic acid liberated by action of UDAP hydrolysing |
enzymes was esgtimated by LDH (lactate dehydrogenase) method of
Gloster end Harris (1962), After terminatian of the enzyme
reaction, during the sssay the contents of the tube were
centrifuged at 3000 rpm for 10 minutes., 7The aupematént was
used for estimation of pyruvate. To the sultable aliquots of
supernatant containing pyruvate 1.0 ml of 1.1M phosphate buffer
(PH 6,9), 0.05 ml NADH (5 mg/ml) were added and volume mede
upto 2,5 ml with distilled water., The absorbance was read at
340 nm in é Beckman spectrophotometer (O minute reading).
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The reaction was started by the addition of 0.05 ml of -LDH
(50 units) end the decrease in absorbance was measured after
1 min. From the difference in initial and final readings
the pyruvic acid was calculated using the stendard graph. '
(Range of the method for pyruvic acid was 2-20 PEDe ‘

. Pymvate ms also estimated using a colorimetric
method &Frj.ed. AN end Haugen, 1943) during the inhibitor

studies of UDAP hydrolysing enzymes.

Screening of hacterial isclates for their capacitv to utilize

neurctoxin (ODAP) and oligosaccharides :

The basal salt medium was used for screenling the
bacterial isolates for their cépacity to uﬁilize neurotoxin
(ODAP) and oligosaccharides as sgole fC' and 'N' or only
1ct awfce. Since raffinoae 1s cheap and readily available
it was used as a representative of raffincse family of oligo~-
saccharides for studies on bacterial degradatim, Oizhex; sﬁgars
belonging to raffinose family of ol;goaaccharidea viz, stachyose,

verbascose were not readily available,

In order to find ocut the capacity of the bacteria iso~
lated from varicus sources, to utilize flatulence producing
oligosénccharides or neurotoxin (CDAP) as sole carbon or carbon
and nitrogen source in yvitroe, the following experiments were
 gonducted :
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The utilization of raffinose or neurotaxin during growth
~of the test organisms was investigated by estimation of raffi-
noge or neurctoxin in the culture filtrate and cell free.
-extract before and after incubation period.

25 ml of the basal salt medium were dispensed in 150 ml
conical flask and sterilized by autoclaving at 121° for 20 min,
Raffinose (20%) and ODAF (10%) were sterilized separately by
autoclaving (autoclaving did not destroy any of these two
compounds) and then the appropriste amount of these solutions
were added to the sterile basal salt medium to get the finel
required cmcentrations; Bagal medium containing raffinose
was termed as raffinose broth (composition of the medium is
given in Table-38 and basal medium containing .neurotoxin wag
termed as ODAP broth (composition of the medium is given in
Table-39), The inoculum was prepared by growing the isolates
in luris broth (composition is given in Table-60) for 24 h at
roon temperature. 0.5 ml of this inoculum (approximately
5=50 X 106 cells) were added to the 25 ml basal medium
containing raffinose or CDAP and incubated at 30° for 24 to
43 h on rotary sheker (150 rpm). The flasks containing only
basal salt medium with inoculum and flask with basal medium
containing 'C! or 'C!' and 'N' source without incculum served
ag controls., After the incubation period, growth of bacteria
in termas of turbldity wes measured at 660 nm in Klett Summerson
colorimeter, and final pH wes measured using Beckman pi meter.,
The culture was then centrifuged at 8000 xg for 20 min at 45

and the supernatent wes removed (SN,}. For preparation of
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cell free extract, pellet was suspended in 10 ml. distilled
water and disruptéd by sonication using Branson sonifier B-12
2.0 mlﬁar 10 min, This cell homogenate was then treated with
chloroform:methanol mixture (2:1) to remove 1ipids, This fat
free supernatant (31.\!2} and culture filtrate (SN,) were lyophi-
lized to powder forms and used for the quentitative analysis
of raffinose or neurctoxin. This solution was centrifuged at
20,000 xg for 30 min and the supermatant (Sﬂz) vas removed,
SN, and &, (culture filtrate and cell free extract) were
uged for the quantitative analysis of neurctoxin or raffinose,

Neurctoxin (OAP)was estimated by the method of
Rao (1978b) as described earlier., Raffinose was estimated
using the GC method described previcusly.

Raffincge degrading enzyme system of Bacillus Sp, I
s .
fg described earlier, -« «galactosidase and invertase

are the two enzymes involved in the degradation of flatulence
producing oligosaccharides info their monosaccharide end
products, Hence these two enzymes were invegtigated from
Bacillus Sp, I (isolated from stored soybean grains) which
could give meximum growth in raffinose broth, 4

Cells were grown in 100 ml raffinose hroth for 12 h,
24 h end 48 h at 30° on shaker at 140 rpm, After the incu-
bation period was over, the medium was centrifuged at
8000 xg for 10 min at O=4°, The supernctent was used for
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extracellular enzyme activity and cells were suspended in
0.05M sodium phosphate buffer, pH 7.0. The suspension was
surrounded by ice-salt mixture and scaicated in an ultrae-
sonic disintegrator (Bransm B-12 sonifier) at = 20 KHz
by giving 20 pulses of one minute each, vThis cell homo-
genate was then centrifuged at 20,000 xg for 30 min at
0=4° end supernatent viz, cell-free extract was used for
intracaallizlar enzyne activity.

oC «Galactosidase activity wes assayed using parae~
nitrophenyl o -Degalactoside (“oc. -FNiG) as a substrate in
‘all the studies, Sucrose hydrolass (invertase) was assayed
vy the method of Gascon and lampen (1968) using sucrose as
a subgtrate. Details of the assay system for both the
enzymes are given in Table~63, ’

=C «Galactogideze activity égainst melibicse was deter-
mined by measuring the liberated glucose, The reaction mixt-
ure consisted of 10 ymoles of melibiose, 150 umoles of sodiun
phosphate buffer, pH 7.0 and 0.1-0,2 ml appropynately diluted
- enzyme solution in 1.0 ml agsay system. The reacticn was
carried out at 37°C for 30 min and 5topped:by the addition of
0.5 ml 0,25N Ba (0&)2 and 0.5 ml of 0.25N ZnSo,. The assay
tubes were then centrifuged &t 5000 rpm for 15 min in a
clinical centrifuge and liberated glucose was estimated from
the supernetent by using glucose oxidase method, Inzyme
units eare defined as the amount of enzyme which liberates

per min.

1,0 ).xmoles of glucose/'\_zmdar assay conditions. '



Leteils of the zsasay mystem for o< =galactosidasze and invertase,

ol «-Ga}actasi:mse

D A

Invertase

Substrate
Buffer

z.,nzyme extract
Firel voelume (ml)

Tempperature and
period of incutation

Termination of
- reaction

Treatment of blank

rarameteyr measured

Schmid and Smitt (1976)
~nitrophenyl- oC-l=galactoside
°C ~PHFG) 1.0 umole.

Sodium phosphate ba:tfer, pH 7.0,
50 )malea

50 pg protein {(crude enzyme)
1.0 1

"y »
Lnzyme added

1.0 vl of 054 e .l
centrifugec., if re ui

addeci ang

0,511 Ha COy added before incubstion

or boiled enzyme added,

Liberated paranitrophencl estimated

by reading abasorption et 420 mm.

T T S S BOF WIS SO i D SN

Gascon and lampen (1968)
Jpcroze Q0 )zzaolas‘

Sodium phasﬁhnte butfer, pi 7.0,
50 pnoles.

300 pg protein (crude enzyms)

2+ ml

379 [ “30 miﬁ L2

Eyimwass el 1.

0.5 Bl of (.25 Ea(ﬁéi}e and C.5 ml of
U.25N £n30, added and then centrifuged

to remove precipitated proteins,

Reaction was terminated be:tdm enzyme
addition or bolled enzyme extracis
were added.

Liberated glucose estimeted by glucose
oxidase method of Iehlguist and
Nordstrome (1966)
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The activity of enzyme against raffinose and |
stechyose was meagured by estimsting the amount of galmctose
releaged sccording to the method of Somogyl (1952). Enzyme
unlts ere defined as the amount of enzyme which liberaies

per minute

1.0 umoles of galactose /\under assey conditions,

Protein determination :

Frotein was measured spectrophotometrically accord~
ing to the procedure of Lowry et al. (1951). During the
later stages of enzyme purification, when protein concentra-
tion was low or interfering substances were pregent
Bradford’ s method (1976) was used for the estimation of
proteins, ”

Studies on regulation of | ~galactogidage production of
Becillug Spe I s |

An attempt was made to gtudy the regulatlon of
raffinose metaboliss in Bacillus Sp.I. For these studies
production of éngymes o(-galactosidase and invertass were
studied using various sugars. The evidence for inductiom
of %ﬁgalacﬁosidaae at trenscriptiomal level was provided
using rifampicin as an inhibitor of trenscripticn.
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Enzyme assays during induction :

During this experiment growth and producticﬁ of
enzymes were studied using verlous sugars as 'C! source,
Stock solution (20%) of each sugur was sterilized separately
by autoclaving at 15 1b., for 10 min and appropriate amount |
(the required ¢oncentratim) of each suger stock solution
was added in a sterile 250 ml Erlenmeyer flask, Basalesalt
medium was prepared sepsrately in a bulk and to this was
added 0,5% inoculum (12 h old culture grown in luria brothl.
40 ml of this inoculated basel medium was distributed in
250 ml coical flasks containing different sugars and vshaken

(containing 0.5% sugar)
well, (Controlswere removed immediately from this flask/
for O h readings). These flasks were then incubated
ghaker (240 rpm) ot 32°, During the growth at different
time intervals, 3.0 ml aliquis were remowed for agsay of

-galactosidase, invertase and for measurement of turbidity.
Growth in terms of turbidity wes measured at 660 nm using
spectrophotometer, For oL -galectosidase assay, 1.0 ml cell
suagpensim was toluenized for disruption of cells for 10 min
at room temperature and added 1 jpmole of o -pliFG prepared
in sodium phosphate buffer, pH 7.0 to give final concentra-
tim of buffer to 100 ymoles, The assay mixture (1.1 ml)
was incubated at 37°C for 10 min. Reaction was stopped hy
the addition of 1.0 ml of 1M i\{aaCCs solution and then tubes
were centrifuged et 500#3 rom for 10 min. The supernabant
vas read at 420 nm for measurement of liberated paranitro-
phenol, Comtrols included reaction mixtures to which boiled
extrects (culture) had been added. | |



Sucrose hydrolase (invertase) activity during
growth was assayed according to Gascen and lempen (1968)
by meesuring llberated glucose from sucroge, Cells to
be assayed for this enzyme (1,0 inl) were waghed thrice
with O.05 I sodium phosphate buffer, pH 7.0 using nicro-
centirifuge and suspended in 1.0 ml of the same bufifer,

191

The cells were then toluneized for 15 min at room temper-

ature. The enzyme reaction was started by the additiwn of

10 unoles of substrate (0.5 ml of 0.,02M suercsge) and
100 umoles of buffer and it was allowed to react ior

30 min at 37° . Reaction vas terminated by the additica
of Cu5 nl of 0,25 N Ba(CH), and 0.5 ml of 0.25H Znso,
solutim. The precipitates were centrifuged at 5000 rpm
for 15 min and the supernatant was estimated for glucose
liberated by the method of glucose oxidase. |

Inhibitor studies :

‘In order to study the effect of rifampicin

‘induction of oL -galactosidase, first the concentraticn of

rifampicin was standardized for inhibitian of anly mila
synthesis and not protein synthesis in Becillus Sp. I
during the growth in raffinose broth. Synthesls of RHNA
(mRA) ves menitored by incorperation of (“H) uridine,
whereas synthesis of proteins wes monitored by the

- incorporation of (MC) leucine,



132

Cells ive;'a grown in basal mediwn containing 0.5%
raffincse at 37° on a rotary shaker (250 rev/min) till
log period (4660 = 0.8)., The culture was then centrifuged
in sterile cups at 3000 xg for 10 min and suspended in 2.0 ml
normal saline, These cells were ixsed to inoculate 100 ml
reffinose bro‘t:h in 250 wl Erlenmeyer flaaks to which 50 pei
o (M) leucine (sp. ectivity = 52,4 wil/mmole) end 100 pei
(31‘3) uridine (sp. activity = 2,7 m€i/mmole) were added previ-
cusly., The culture was then distributed in sterile culture |
tubes cantaining different amount of rifempicin (10-200 pg/ml)
and aliowed to grow at BQf’ln shaker water-bath. Frpm thesge
tubes at aifferent time intervals, 0.5 ml of sample was
removed and to this was added 0.5 ml of cold 10% IC4 and
kept for 1 hr at =4°, the precipltate v}as collected m
whatwan filter paper and washed twice with 10 ml of cold TCA.
The filters were then dried and placed in. scintillatim vials
with scintillation fluid (composition is given in Table -33}2.
Redicactivity wes measured using IKB Rack Jeta liguid

sSeintillation Counter.

For siudying the effect of rifampicin during indu~
ction, the cells were allowed o grow in 200 ml raffinose
broth for the induction of S -gélactosidase. .During the
induction, at different time intervals 3.0 ml culture was
withdrawn for aasay of enzyme and measurement of growth,. .
At the same time 25 ml culture ‘was removed for the addition
of rifampicin in 100 ml conical flask to which was added
50 ug/ml rifempicin, Cultures containing rifampicin were -
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also allowed to grow further and at every 30 min time inter-
vals, 3.0 ml culture was removed for growth and enzyme a3sByS,
reasurement of growth and asasay of enzymes viz, o -ga:}actosfaase

and invertase were carried out as described earlier,

Purification of «( =galactesidase and invertase ¢

Cell free extracts of Bacillus Sp. I (isolated from
stored soybean grains) having inducible oL~galactosidase

served as the source ¢of both the enzymes.

1) Freparation of cell free extract

The bacteria were grown in 200 nl raffinose bmth
in 500 ml conical flasks with seratim at room tembératum
for overnight (total 5 litre of medium was used), The cells
were harvested at early statianary phase of growth by centri-
fugation at 8000 xg for 15 min at G=4°, 35 g of cells ‘

(wet weight) were washed with four volumes of 50 mi sodium
phosphaete buffer, pi 7.0 cantaining 1 mi mercaptoethanol,
Affer recentrifugatio, cells were i‘rozen‘ at -20¢, All the
stepa of purification were carried out é’k 5=10° unlesgs and
until specified., rreliminary investigations showed that both
the enzymes required -3H group for thelr activity, hence

1 oM mercaptoethanol was added in all the buffer soluticns
usged during purification steps.
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At the time of purification the cells were thowed
and resuspended in & volumes of 50 mbi sodium phosphate buifer
PH 7.0 and then disintegrated by using Branson Be12 Senifier
at 20Khby giving 20 pulses of cne minuiﬁe each in cold condi-
tion, (The gless conbainer containing sample was surrounded
by ice~sgali mixture during ultrasomiceticnj. The smicated
heinegenate was made upto volume 115 nml and then centrifuged
at 20,000 xg for 60 min at 0-5°. Since both the enzymes
vere cytoplasmic, supernatant was used for purificetion of

enzymes and the pellet was discarded.

The complete iysis of the? cells during sonication
were checked by reading change in absorbence of the homogee
nate at 260 nm and 280 nm in a Beckman spectrophotometer,

To the supefnatant {115 ml) 5% streptomycin sulfate solution
was added (£inal concentretion to 0.7%) for removal of
.nucleic acids, This solution was kept on ice for 1 h in
stirring candition, centrifuged at 15,000 xg for 30 min,
Precipitated nucleic acids were discarded and the supernate
ent (125 ml) was submitted to fractimation by ammonium

- gulfate precipitetion. Aﬁemeval of nuclelic acids vas cbeckev".
by reading the supernatant at 260 and 280 nm, before and

afier pracipitation.

To the supernatant (125 ml) solid emmonium sulfate
was sdded with cotinuous stirring to givwe 0-50% aéturatim.
After the addition of ammonium sulfate, the solution was
kept at 1-2° for 2 h, and centriifuged at 15,000 xg for
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30 min 8t O-4°, The precipitates were dissolved in 10 ol
of 50 mi sodlun phosphate buffer, pH 7.0. Since the
dissolved precipitate did not show the ectivity of

= ~galactogidage and invertase the supernztzunt was usaed for
furtier precipitaticn. It was brought to 50705 skturation
with saiid amponiun sulfete addition and kept for precipita~
tion for 6 hr at 2-4°, The suspensian was centrifuged and
the precipliates were dissolved In 5.0 ml of 50 mi 3odium‘
phosphate buffer, pH 7.0. These precipitates showed 90K
cf the total asctivity i‘o“i" both the enzymes,hence the
supernatant was &iaéamed. 50«70 fraction containing

- maximum activities r:)f‘bcth the enzymes was dialyzed agaiast
2 litres of 50 i sodium phosphaﬁe buffer, gl 7.0 for 12 h
&t 4° with Ifrequent changes of buffer to remove the sall,

fractionation by gel filtration o Sephadex G-200 :

, The dielyesed extract was applied to & Sephadex G-200
‘column of bed dimensioms 66 x 2.5 cm, preﬁously equilibrated
with $he same 50 mi sodiun phosphate buffer, pH 7.0,

Proteins were eluted with the seame bufifer at a flow rate of
& ml/h, Fractions (4 ml each) containing o ~galactosidase

and those which contained ﬁzvertase were pooled sépare.tely’.
Both the enzymes wearé concentrated by dlalysing ageinst

50Uk polyethylene glycol in buffer to 2,0 ml,



Fracticnation by ion-exchenge chramatography :

Em:'h the enzymes were further purified by ion
exchenge chromatography using DEaE cellulose hydroxyl-
apakite and CAE sephedex columns, ﬁ«ll.thﬁ 3 resins were
previously equilibrated in 0.1 sodium phospnate. buffer,
pH 7,0 and then columns were packed at 4=8°. All the
three columns were washed with 4-5 column volumes of 50 mbi

sedium phosphate buffer, pH 7.0.

Cancentrated enzymes were applied separately to
DEAL cellulose columns {(whetmen DE-52) (25 x 2,5 cm} and
columms were flushed with 200 ml of 0.05M sodium phosphate
buffer, ph 7,0. &Since both the enzymes were adsorbed on
the columns, they were eluted with a linear pgradient of
0s1 to 1 H NeCl, 5 ml each fractions were collected at
the rete of 50 nl/h. The active fractions were pooled and
d‘ialy;aeci against 2 1it, uffer :for 6 hr at 4°, For dialysis
50 m¥ sodium phosphate tmffer (pH 7.0) containing 1.0 mb

mercaptoethanol wag used.

The 20 ml extracts contza.ining “195 wnits of
A~galactogidase and o units of invertase were adscrbed
cn hydroxy] apatite columns (25 % 1.8 em), Froteins were
eluted by batch elution using 40 ml each 0.1 to 0,6 I -
scdium phosphate buffer, pH 7.0. 4.0 ml fractions were
collected at a Llow rate of 30 ml/h and active fractions
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were pooled, dialyzed against buffer. Thege pooled fractions
were then loadéd on second DEAE cellulose column (25 X 1.8 em)
for concentrating the enzynes., irst, columms were washed
with 100 ml 0.9 HeCl solutiun (prepared in buffer) and
thon enzymes were eluted by washing the' columns w;ﬁh 100 ml
of M NaCl. The asctive fractions of both the enzymes were
then dialysed sgainst 2 1it of buffer for & h st 4°,

o =galactosidase was further purified by using QAL sephadex.
Dialyzed ﬁactim wags lcaded cn QAL Sephadex colinmn

(20 x 2.5 okj, and the colum was flushed with 200 #1 of
buifer, ffhe column was eluted with a linear gradient of
0.1 to 0,6 1 Hall at a flow rate of 60 ml/h by collecting

4 nl fractions. Active Ifractioms were pooled end dialysed.

Both the purified enzymes were dialysed against 50%
glycerol prepared in 50 mi sodium phosphate buffer, pH 7.0
containing 1 mM mercaptoethenol for overnight at &% for
reductlion of the volume of enzyme as well as for better
stability, |

rolyacrylamide disc gel electrophoresis i

Polyacrylamide dlsc gel electrophoresis (PAGL) was
carried ocut to check the purity of < -galactosidase and
invertage. OSimple PAGE and SDS-FAGE vere capried out
according to Websr gt al. (1972), using 7.5% gels.

For simple PAGE purified enzymes, 20-100 ng proleins were
loaded an gels directly, For SDS-PAGE, the enzymes were
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denatured by incubation for 1 hr at 30°. .’m 0.0 phosphate
buffer, pH 7,0,containing 0.1% of 2-mercaptoethanol and

6M urea, Samples were also denatured by bolling with equal
volume of 0,014 phosphate buffer containing 0.,1% mercapto-
ethanol and SDS for 3 minutes, ILlectrophoresiz was performed
‘at 5 MAftube for 5«6 h, AaAfter electrophoresis, the gels
were stained for 4~5 h with staining reagent, and then
desteined with destaining reagent for 24 h with frequent
chenges of tha desteining reagent, (Composition of staining
reagent and destaining reagent are given in Teble -33/3. ‘

The activity bend of o\ -galactosidase was detected on
gel by running the gel in simple PAGE at 8¢ end then staine-
ing with 0,005M <{ ~PNFG, The gels were also stained with
periodic acid~fuchsin reagent (Zachaxius e 8, 1969) for
detecting the presence or absence of gilycoprdteiﬁlnaturep

of enzymes,

Molecular welght determination of purified enzymes :

, The molecular weights of both the enzynes were

' determined by analytical gel filtratiom using the method of
| Andrews (1964) as well as SDS~PAGE metheod, Molecular weight
by gel-filtration was determined using Sepharose~6B end
Sephadex G-200 columna, |

Sepharoge~68 (phamacia)' column (1.5 x 48 cm) equi-
librated with 0.05M sodium phosphate buffer, pd 7.0 was
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used for determination of molecular weight by gel filtration,
The column wag calibrated with known molecular weight xz;akers
viz. bovine serum albumin (68,000), ovwalbumin (43,000),
cytochrome~C from horse heart (13,000), alcohol dehydrogenase
from yeast (1,50,000), ferritin (4,00,000) and blue dextran
(20,00,000). Elution of the protei;is vwas carried ocut with
the equilibration buffer at & flow rate of 20 ml/h and 2,0 ml
fractiens were collected, Blue dextron was detected sg}éctmg

photometrically by measuring absorption at 660 mn; BSa,

5

Yo

ferritin, ovalbumin, alcohol dehydrogenaso,

27,775 at 280 nm and cytochromesC et 412 nm. Alkaline

o

phosphetase was detected by assay for its enzyme activity.

20 ug of purified of -galactosidase and 100 ug of
purified invertase were leaded to the calibrated column.
Blution wag carried out with equilibratian buffer at a rate
of 20 ml/h and 2 ml fractions collscted. The void volume of
the co}-.wm; (Vo) was measured with mépect to elutican volume
of Blue dexitran. The elution volume (Ve) of proteins of known
molecular weights wers found out and the retio (Ve/Vo) was ‘
plotted against the log molecular weight of corresponding
orotein. From the standerd graph, the molecular weights of

-

samples were calculated,

Sephadex G-200 colurn (2.3 x 70 cm) was equilibrated
with 0,05/ sodium phosphate buffer, pH 7.0, and calibrated
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with the known molecular weight markers as described above,
Purified enzymea were also ioaded, anto The column, All the
proteins were eluted with the equilibratim bugfer at a
flow rete of 8 mi/h (4,0 ml fractios each), Molecular
weights of the two enzymes viz, { -galactosidase and inverte
“ase were determined by using calibraticn curve 4aa described
above, |

N
For deternination of molecular weights of enzymes by
SDS-PAGE, lmown markers were used s molecular weight stande
'ards. 10~100 ug samples as well as protein markers were
loaded onto gels in the tubes after mixing with the loading
ffer and electrophoresis was carried out as described above,

. Preparation of cell-free extract from ODAP hydrolveing bacteria

50 x 10° cells were inoculated in 100 ml ODAP broth,
containing 0.4% ODAP and incubated at 30° for 24 h, After the
growth, the cells were harvested by centrifuging at 8000 xg
for 10 min at 4¢., The supernatanf viz,. culture fil’cxfate |
wag brought to pi 7.0 using 0,058 HC1l and used o check the
enzyns activity. For preparation of ¢ell free exiract, the
cells were washed with 50 mM paﬁaasium phosphate buffer,
pH 8.0, recentrifuged and suspended in a 10 ml buffer in
glegs beaker surroumded by ice-salt mixbture, and swmicated
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in Branson sonifier at?20kH;by giving 20 pulses of cne minute .
each in ccld condition., This homogenate was used as an

enzyme source,

For the preliminary investigations on the presence
of ODAP hydrolysing enzymes in bacteria (which could degrade
ODAP), the enzyme activitiesware measured in terms of disape
peerance of the substrate viz, GDAP, The assay system con- '-
sisted of 20 ymocles of ODAP, 50 umoles of potassium phéaphate
buffer, pH 8.0, 05 t0 1,0 ml of 6!‘1:.@9 enzyme preparation
(either cell free extract or culbure filtrate) and water to
a f£inal volume of 2.0 ml. After incubation for 1 b, 0.5 ml
of 10y TCA was added to inhibit the reactim and centrifuged
for 20 min in & ¢linical centrifuge, The supernatant was
used for the estimstion of ODAP by the method of Rao (1978b).
Blenk was same as that of experimental except that TCA was
added before the incubation. The enzyme units were defined

per minute
asg pmoleg of UDAP diseppearedjunder assay conditions.

i

Measurement of activities of ODAP hydrolase and DAZA-ammonia
Jyese of Streptococeus Sp. 1 3

when crude extract of enzyne preparaticn v
Streptoscceus Sp. I (cell free extract; was incubsted witi
' (DAPA
CDAF as a gubstrate, dleminoproplonic acm/\was detected

during the reaction. During préeliminsry studies on the

growth of Streptococeus Sp, I, DAPA wasg detected as an .
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intermediate during the breakdown of ODAP.( .- So it
was assused that ODAP gets degraded enzymstically first into
DAPA and oxalic scid, This can be a 'hydr@la;se' reaction

as follows

HaC»-—mTHmGO‘OH ZTM Tﬁﬂ—cc@a CCOH
b n ¥ 1 "' ™ k
NH Nﬁz , 7‘* 'NHZ NH}Z o 00
$0 Hy0 {LaPa g {Gxalic acid)
COCH
{( Cuap )

Diaminapropionie acid liberated by enzymatic
hydrolysis of CDAP can be further cleaved into pyruvic acid
end avmonia, This assumptim; waé made on th@i ’iz&sia of
DAPA-gmmonia lyese reported Ifrom ?mué@nonag %%é \Vijayalukw-
shni et al, 1975). Therefore,considering all/sbove stated
facts, the first enzyme of CDAP brea&idmm pethway is reported
here as OLAP hydrolase whose -units are defined as micromoles
of pyruvate liberatgagéﬁssay gystem when the extract was
incubated with CDAP és‘ a substrate, ODAP hydrolage was also
assayed for oxalate liberated as a product, using oxelyl
labelled CLAP ag a substrate, Second enzyme of the pathway,
DAPA pomonie lyase was assayed for pyruvate as a produet
using DADPA ag a substrat@. The enzymatic reactions oare as

follows e
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Lieminoproe ' . Fyruvate
plonic e¢dd + H,0 > + 20, (1)
(DAPA) -
Pyruvate + NADE + HY — » lactate + NMADY (2)

|

lactate dehydros
genage

‘ ’ !
Separation of oxalyl labelled ODGE and ¢ 4’-~;;13;m1ic acld by

solvent extraction method ¢

The method of mezawiﬁg activity of ODAD hydrolase is
standardized for the first time using labelled ODAP. The crude
cellefree extract was incubated with G-1% oxalyl larelled ODAP
as a substrate and the énayme activity vwas measured in terms of
lsbelled enga’ée liberated, ‘I‘&e assby system consisted of
20 umoles of labelled G%PQS}G unoles of potassium phosphate

buffer, ;::F 8.{3, 0.1 10 1.0 ml of enzyme (crude cell free
e:%tmct} end weter to & final volume of 2,0 al., Afier the
incutetion for 1 h at 37°C; 4 nl of 4.58 NeOH wag added %o
inhibit the enzyme réactxém. The pH of the agsay mixture was
then made to 1.0 by addition of 0.5 ml of 12 N HCl. After the
enzyme réactim was terminated, it was zzeaéasary to separate
labelled oxalate (product) from labelled CLAF, S¢ & simple
golvent extraction 'mathcd wags gtandardized for this purpose.
The basic érinsigale involved is extracticn of organic zeld

{oxelic acid) in solvent ether at pil 1,0, When the method



204

%‘hem the methed was standardized with known anount of labelled
CUsP and lébﬁllad oaxalic acld + ¢oid oxalic acid, it was founmd
that the extraction of oxalic acid was highest at DH 1.0,
wvhen carrier 100 mg of oxalic scid was present aloag with
labelled oxalic acid. Accordingly afier the terminatiion of
enzyme reactions 1o each tube 100 mg ¢old oxalic acld was
added before the extraction with ether. To each tubs 2.0 ml of
golvent atzﬁr wha added, components were ﬁzixeci vy vortexing
and allowed to gtand &t ra@m temperature for 5 ninutes for
separation c::? two layers. “’Ei‘xe u@ﬁ}@r ether lsyer cxmt&kzmg
Jabellsd oxalic acid {pm&uéﬁ _fe;?méd from lebelled CDAF), was
pipetted out in & admtilla‘é;im vié.l with & pasteur pipetie.
This procedure was repeated Se7 times for camplete extractionm
of oxallc acid. The ether collected in a vial was then
evaporated at 50° in . water bath to drynegs. Hesldue of
‘oxalic acid was dissolved in O.5 f:aJi distilled water &nd 10 ml
of acintilla’;im fluid was. added. The extracted labelled
ozalate was measgured by cwamnting the redioectivity in Beckman
ligquid scintillation counter (L3-7000), The assay systems

for the measwrement of activity of CF hyﬁéelysiﬁg enzynes
viz. ODAP hydrolasge and DAPA anmenis lyase are given in
Tabhle«b, |
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TABIE=G5 : I1ist of reagents used for experiments on
Genetic basis of degradation of neuroboxin and
reffinoge family of coligosaccharidea in bacteria®,

A1l glagswares and plasticwares used for these experi-
ments were gterilized by autoeclaving. Vhenever possible, the
resgents listed below were also sterilized by autoclaving.
A1l entibiotics sclutions were sterilized by filtraticn,

Reagent ' Mathod of preparaticn
Acridine orange/ Stock solutions were prepared in
acriflavine solutim distilled water at cancentration of

‘ 5 mg/ml.
Ampicillin solutim Stock solutiom of sodium salt of

ampicillin was prepared in distilled
water at concentration of 25 mg/ml.

Chloremphenicol sdlutim S3tock solution was prepaved in 1005
' ethanol at cangcentratian of 34 mg/ml.

Chloroform E}Isaamyl A mixture of chloroform and Isoamyl
alcohol (24:1) wixtura alcohol {2431 v/v) was used to
remove proteins from LNA preparations.

EDIA, 0.2y PH 8,0 7hu4 g of disodium EDTA 20,0 was

digsolved in 800 ml of distilied water

using magnetic stirrer, then pH was
adjusted to 8.0 with ¢ N NaOH and
the volume was made upto 1 lltre
distilled water. 1t was sterilized
by autoclaving at 15 psl for 15 min
befors use.
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0o
o
-3

. Reagent

iethod of preparetim

. o

0.25M EDTA -~ 50 mM Trig
(pH 8.0)

bthidiun bromide solution
(10 mg/=l)

Gel loading buffer for
aﬁmm,gel- .
¢ lectrophoresis

lLigase buffer, 10X, for
Ty DNA ligase ;

Mitemycin-C solution

Hovobiocin solution

NaCl solution, 5M

50 ml of 0.5M EUTS (pH 8,0) was mixed
with 50 ml of 100 mM¥ TrislCl buffer
{pﬂ 3‘0)'

1 g of ethidivm bromide was added in
100 ml of distilled water and stirred
using magnetic stirrer for several
hours to ensure complete dissolutiom.
The conteiner was wrapped in aluminium
Ioil and stored at 49 -

0.25 g of bromophenol blue and 40 g
of sucrose dissolved in 100 ml of
diasolved water and stored at 4° -

0,5 ml of 24 Tris (pH 7.4}, 0.2 nl of

1 MgCly, Oub ml of 1M DIT, 0.2 ml of
100 M ATP (pH 7.0 with Na(H) and

100 ug BSA were mixed together and
volume made upto 2.0 ml with
distilled water, ‘

1.0 )xg/'ml of solution wag prepared in
105 dimethyl sulfoxide solutim.

Stock solution was prepared in
digtilled water at concentration of
10 mg/ml,

292.2g of NeCl was dissolved in 800 ml
of digtilled water. The volume was

- adjusted to 1 litre and sterilized by

autoclaving at 15 psi for 15 nin.
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Reagent

Method of preperation

Penol ssturated with
buffer

Pronase golutimm

Regtriction enzyme buffer
(medium), 10X

Regtriction enzyme buffer
(high), 10X

RNase solution

Crystelline phenol was redistilled at
160° to remove cantaminents and stored
below O°. Whenever needed, it was
melted at €8¢, The melted phenol

was extracted several times with an
equal volume of buffer (1.0 M Iris;
pH 8,0) followed by O, 1M Tris,

pi 840, until the pH of the agueous
phese wig wore than 7.6. The phencl
solution saturated with buffer stored
at 4% ‘

Digsolwed pronage at a cwcentration

~of 20 mg/ml in distilled water and

stored mg stock solution at «20°
Working standard was made by diluting

- stock 89111‘%:1@ in 10 m¥ Tris HC
- {pH 7.8) uffer at a concentratim

of 1 mg/nml before use,

This medium salt buffer was prepmred
by mixing 100 mi Tris (pH 7.4),

100 mM MgCl,, 10 mM DIT end 500 mM
NaCl,

-High salt buffer was prepared by

mixing 100 mi Tris (pH 7.4), 100 mM
%:45012,‘ 10 mM DT and 13 NaCl,.

Dissolved pancreatic Rliage (Rilage A)
at a concentration of 10 mg/ml in

10 M Tris HCL (pH 7.5) and 15 mi
NaCl. Heated to 100°C for 15 miputes
(to make it free from Hiose) and
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TABLE=65 {Contdess)

o o e bund - Ladaas T 1)

Resgent !*ietnod QI Bmp&ratim

o

allowed to cool slowly Go room
temperature. Dispensed into
aliguots and stored at -20°. -

Spheroplast medium : 10% sucrose solution was made in
50 mi Tris (pH 8,0).

STET buffer A litre of solution was mede
: cataining 0,14 NaCl; 10 mM Tris
(pH 8.0)5 0.1 mM EDTA and 0,5%
Trita X=100. :

SDS, 104 solution 100g of SDS was dissolved in 900 ml
of distilled water and heated at
68¢ %o enhance dissolution.

The pH of the solution was
adjusted to 7.2 with conc. HC1
and tien volume made upto 1 litre.
Bacterial gtraing used 1) £, ¢old strain C-600, larbouring
LOm{IReUin ORBEPIEURUET o o aE iy 0 o e e e
pzﬁ~»3242. ‘
2) VWild type e coll - CeS00,
F", thi”!, thr”, leu B6, lae Yo
ton A21, Sup B4, Rk™, Mk“.

(The strains were obtained from
Biochemistry Division, BARC, Bombay).
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Freparation of plasnid [NA from bacterial isolates as well 8s
Ly Goli strains . ‘

It was necegsary to screen all the major hecterial
~ isolates for the presence of plasaid DNA mz' further genetic
experiments. leuconogtic mesenteroides, Bacillus Sp. I,
Bacillus Sn. 11 end Strepbtococeus SpsA were used for screen-
ing of plasmids, OStendard L, Coli K-12 strain contalning a
plasald pBRi-322 was also used for c¢ompariscn and further

restriction analysis,

Lifferent metheds have been used to isdla‘ae plasmid
DA, ALl of them involve three bLasic steps 3 growbh of
bacteria and amplification of plasmids, barvesting and lysils
of the bacterie and purification of the plasmid DNA, These
purification procedures exploit in cne way or another the two
majoxr dii’fez;encea between the chromogomal DNA and plasmid
HA ¢

1; The chromosomal DNA is much lerger than plasmmic Dith,

2) 7The bulk of chromosomal DNA from the cell is obtained
as broken, linear molecules, whereas plasmild N4 is
extracted in a covalently éleaed, circular fovum,

Most of the purification protocols therelore duvolve

2 differential precipitation step in which long
strands of chromocaomal DA, entangled in the rémnants
of lysed cells, are preferentially removed,
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bach of the emg@lementany s-l;mnds of plasmid DNA is
covalently elosed circle, therefore, the strands cannot be
separated by condlticns suck as heating or exposure o mild
alkall (upto pH 12,5), which break most of the hydrogen bands
in D4, Closed circular molecules regain their native config-
ureticn when cooled or returned to neuiral pH, whereas chrand-

sanal DNA generally remeins in the denatured state,

Groweh of £, 693.% cmtammg pBR.322 and emplification of the

ploomid

Applification in rich wedium

; Flagnid plR=-322 undergess relaxed wode of replica-
tion in £, €oli K-12 harbouring them, hence the smplification
can be c‘arz*ied eut if chlorempheniceol ig addéd daring the log
phage. For amplification of thege pl‘aénids :f.’ol:lzmizig; pProto-

col was followed (Menistis gt al, 1982).

1) 10 ml of LB medium centaining appropriate concentraticn
|  C2npglmi) Cizpg/ml)

of ampicillin and tetracycline Awas inoculated witk a
gingle colony of E, Coli K-12 harbouring pEl.322,
Thig was then incubeted at 37¢ overnipght with vigorous

shaking.

2) Hext day morning, 25 ml of L8 medium in 100 ml flask
containing antiblotics was incculated with O.1 ml of
overnight culture and incubated at 37¢ untll the culture
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at
reached late log phase (0.Dy 660nm=0.,6) with vigorous
shaking, |

25 ml of the late log culture was inoculated into 500 ml

of 1B medium prewarmed at 37° with the appropriate anti-

biotic in 2 litre flask. The flask was then incubated

for 2.5 £ 3.0 h, with vigorous shaking, To this flask
2,5 nl of a soluticm of. chloramphenicol (34 mg/ml in

"ethanol) when the O.D,\ 660 became epproximately

’4“0950

The cells were Incubated at 37°¢ with vigorous shaking
for further 12-16 h, |

Amplification in minimal medium 3

1)

2)

A single‘ colony grown in the pi’esen‘ce of appropriate
antibiotics, was inoculated into 10 ml of LB medium
cantaining antiblotics and grown overnight at 37° by
vigorous shaking. | | |

2.5 ml of overnight culture was incculated into a

2 litre flask cantaining 500 rl minimal mediun (Mg)
with requirenents of £, Coli C-Eoohjtr?in (cempositim
of the medim is shown in S"able-ESA conteining 1.0%
glucose and appropriate antibioctics, This was incubated
at 37° with vigorousz shaking until the culture reached

. -
an O.D. at 600 of 0.4-0.5.



TABLE~G6 Composition of Mg (minimal) wedium,
| (Meniatis gt al, 1982)

Amoaunt

Ingredients (/1000 n1
ner ﬁétnmd yater)

NeHPO,, 6.0
KH,POy, . 3.0
NaCl ‘ ‘ S ¢ 8-
NH,, C1 1.0

PH = 7.0 |

Ingredients mentioned above were mixed together
autoclaved and cooled, To this medium, following solutions
(separately sterilized) were added :

g 1] ﬁgSQ“ i 2.0 ml
) i CaClz - Qo1 ml



TABLE-S7 : Composition of medium for the cultivation

of &, coli K.‘z - CGQIQ‘

Ingredients . Amount
Mg medium | 1000 ml
Glucose 5.0 g
Thremine 50,0 ng
leuvcine 50.0 mg
Thianine 5.0 mg

e e -

Stock solutions of glucose,threonine, leucine and

thismine were prepared, sterilized geparately end then

sdded to Hg medium to give appropriate Linal concentrations.

Nute b

For selection of 'Baf" transformants d;zrmg the
cloning experiment, 0,5% raffinose wes used as
carbon source instead of glucose.

Appropriate type of antibiotic viz. ampicillin
(25 pg/zl medium) or tetracycline (12 pg/ml medium)
were added te the medlium whensver required.
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3) 2.5 ml of solution of chloramphenical (34 mg/ml in ethanol)

vas added and incubation wes *continugd for further 12-16
hours, »

lerge scale isolation of plasmid DNA by SDS-lysis method :
(Maniatis gt al, 1982)

Plagmid DNA preparatiom from Bagillus S é. B%cil;g,g
carried ou
Spe II and £, Coli C«£00 containing pBi=-322 werefusing the

method deacribed as follows :

a) - Growth of bacteria and harvesting

1} Bacillus Sp.1 capable of degrading raffinose and
Bacillus Sp. Ilcepable of degrading neuroloxin were
- grown in 500 ml each of raffinose broth and CDAP
broth respectively till late log periocd (as mentioned
earlier) for preparation of plasmid INA,. B, Qg&v
K, (C-600) harbouring pER-322 was grown in rich
medium as well as minimal medium as mentioned in

amplification protocol,

2) All the bacterial cells were harvested by centrifuga-
tion at 8000 xg for 10 min at 4°., The supernatant

wasg discerded,

3) ihe cells (each collected separately) were washed in

100 nl ice~cold spheroplast medium( Compositfon given
in  Table- bs),



b) Lxssig 2

1) The washed cells were resuspended in 10 ml ice-cold
spheroplast medium (in & transperant centrifuge
cup of 100 ml capacity ).

2) 2.5 wl of lysozyme (freghly made 10 mg/ml in 10 o~
Tris, 1 o E00A) and 2.5 ml of 0,21 LOTA pH 8.0 were
added to each tube, The tubes were shaken gently
and incubated cn ice for 15 min and at room temper-

ature for 15-20 min,

3) 4,0 ml of 10% SDS was added to each tube and the
solution were shaken immediately to disperse the
SDS evenly through suspensim, care was taken nrot
to ghear liberated DA, Complete lysis of the cells
were checked by seeing the clearing of the suspension,

4) 4,0 ml of 5M NaCl was added to each tube and mixed
immediately by Inverting the tubes gently. The tubes
were kept immediately on lce for overnlght irncubae-
tion, ‘ ’

c) FPurification of plasmid DNA

| Removal of proteins from DNA preperation can be
carried out by extracting aqueous asoclutiom of INA with
phenol and/or chloroform. The standerd way is to
extract once wifh» phenel, ence with a 241 1 mixture of

~ chloroform and isocemyl alcohol. This procedure takes
;édvantage of the fact that deproteinizaticn is more
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efficient, when two different organic soclvents are used,
instead of ane, Furthermeore, although phencl denctures
proteins efficiently, it does not completely inhibit
KNase activity and 1t is a solvent for RNA molecules
that contain long tracts of poly C:A (Brawverman gt al,
1972). Both of these problems can be circumvented by
using chloroform in additian to phenol. 4lsc ghloroform
removes eny lingering traces of phencl from the LNA

prepavration,

1) The supernatant obtained after salt precipitation
was mixed with an egqual velume of phenol saturated
with TE buffer in polypropylene tube with.a cap.

2) 7The contents of the tube were mixed until an

“emulsion formed,

3) The sample wag centrifuged for 10 min at 5000 xg
T and squeous phase was transferred to a glass

centrifuge tube with pasteur pipette,

4)  An equal volume of chloroform : iscamyl alcchol
mixture (24:1) was added to0 the equeous phaze end
éteps {2), (3) and (4) were repeated.

Concentration of DNA

1) The volume of aqueous phase obtained after tha second
centrifugstim in step C-(4) was measured,



2)
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5)

1)

2)

3)
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Two volumes of ice~cold distilled ethanol (exactly)
wes added to the solution, mixed well and chilled.

The sample was stored, overnight at -20* to0 allow
A to precipitate, DNext day, it was centrifuged at
O=4° for 30 min at 25,000 xg.

The supernatant was discarded and the tubes were kept

in a vacuum dessicator for drying precipitetes of LNA,

The DNA pellet was dissolved in the desired volume of
TE (Tris 10 m¥, EDTA 1 mi) buffer.

Ireatment with RNage

The volume of the INA solutimn in Ti was measured and
t0 that DNase free Rtéase (Table~ 65 ) was added to0 a
final concentration of 10 pg/ml. Tubes were incubated
at 37° for 1 h.

Suspension was treated with phenol and chloroform:iso=
amyl alcohol mixture (24:1) as described in Step (c).
for removal of Riase and other proteins.

To the agueous phase wag added double the volume of
distilled alcchol and kept for DWNA precipitation at
=20 for 2‘% he.

Next day DNA precipitates were dissolved in desired

amount of Tk,



Isolation of plasmid DNA from Streptococcus Sp, I and

1)

2;

&)

5)

6)

Leuconogtoc species by alkaline lysis method ¢

(Birnvoin and Doly, 1979)

The bacterial pellet from the 500 ml culture was resuspe=-
nded in 16 ml of 50 mM Tris and 20 mM EUTA, 14 ml of
freshly mede lysozyme (10 mg/ml) was cerefully added
end incubsted et 30° for 20 min followed by 2 ml of
pronase (5 mg/ml) and the sample was kept at 37° for

1 hour,

2 ml of 10% SOS was now added and the suspension kept at

37° for one hour,

0«5 ml of 3M NaCH was added, The solution was mixed well
and kept at room tenipsraturee for 15 minutes (pH of

sclution was made to 12.5).

Now, 1.5 ml of 24 Tris (pH 7.0) was added to bring the
pH of the solution to 8.0, It was allowed to stand for
15 mins at room temperaturse,

5.2 ml of 5¢ NaCl (£inal concentration = 1 i) was added
and the solutlion was kept overnight at 4¢C,

Next day thé sample was cenirifuged to remove high
nolecular weight DNA and bacterial debris at 12,000 xg
for 30 min.
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7) The supernatant was treated with 30% FLG (in distilled |
water) so as to give a final cancentration of 10% FEG,
8) "lfhe solution was allowed to stand for 8 hours at 4% .
9). | It was then spinned down at 20,000 xg for 15 minutes,

which ylelds DNA pellet,

10)  The LNA pellet was dissolved in about 200 pl 50 ok Tris
20 wi BDFA.

Rapid isolation of plasmid DNA frem dyug treated colonieg:

medium
1) 2 ml volume of LB/,\waa incculated with each single colmy

a;éd grown to late log phase l.e. for 18 hours,

2) & 1.5 ml of this culture was transferred to en Eppendorft
tube, and the cells were harvested by centrifugation.

The pelleted cells were resuspended by vorterxing ia
400 nl of Tris-tDTA-Sucrose buffer (50 M Tris, 1 mM EDTA,

Wi
Hour”

6.7% Sucrose) pH 8.0 and suspension warmed at 37°.

L} 400 ul of lysozyme golutien (20 mg/ml) in 25 mM Iris,
pil 8.0 was added,

5) ‘This was mixed by inversion and incubated at 37° for
5 to 10 mins,
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100 ul of 0.25% EOTA - 50 mi Iris (pH 8.0) and 60 pl of
20% SDS (in 50 mM Tris, 20 md EDIA) (PH 8.0) were added
and mixed by inversion and the mixture was incubated at

37° for 10«15 nmins.

28 1 of fresh 3.( Na®H was added and again mixed by

inversim.

Fixture was alloved to stand at room tempereture for
10 mins, |

Then 10 ul of 2,0 M Iris hydrochloride (pH 7.0) was
added end mixed by inversimm and this was allowed ©o

stand at room temperature for 3 mins,

75 1l volume of 5.0 NeCl was added and mixed by
inversion. Mixture allowed to gtand at 4° for 90 mins

O more .

This mixture was centrifuged for 5 mins and the pellet
which contained the bulk chromosome INA was discarded,

Supernatant was treated with 2 ul of pancreatic Rilase
(10 mg/ml, boiled for 2 mins, before use) and allowed

to stand at room temperature for 15 mins or more.

7o the Riase treated solution was added 600 ul of
phenol saturated with 3% NaCl and 100_nl of chlcroform=-
iscamyl alcohol (26:1). This was mixed thoroughly '
by vortexing and centrifuged for 2 min.
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The upper aqueous phese was removed snd precipiltated
with double volume of distilled alcohol, incubated et
~20° for 10 mins and centrifuged at 4* for 5 mins,

A

The supernatent wes discarded and the tube was inverted

-to allow the IN4& pellet to drein. The pellet was dried

- under vacuum for 15 mins to remow alcohol and then

taken up in 20 pl of TE buffer for agarose gel electro-

phoresis,

Purdfication of INA by centrifugstion to eguilibrium in
ceesiun-chloride-athidium bromide gradients :

1)

2)

5

(Maniatis et gl, 1982)

The volume of INA solution was measured end for every
millilitre, 1 g of caesium chloride {solid) was added
and gently mixed till all the salt dissolvad,

0,8 ml of ethidium bromide solution (10 mg/ml in HZO)
was added for every 10 ml of caesium chloride solutim
and mixed well, with final density being 1.55 g/ml

{n = 1.3860) and concentraticn of ethidium bromide
being approximetely 600 ng/ml.

Tifse csesium chloride solutian was transferred tc a tube
suitable for centrifugation, This wes then centrifuged
in esnalytical ultracentrifuge using swinging hucket
rotor, at 40,000 rpm for 36 hrs, |
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The upper band consisting of linear hacterial chrouo-
somel DNA ag well as nicked circular plesmid DNA were
observed wnder U.V. light,

Plasmid LNA was purified by collecting tke lowsr band.
of DNA into a sterile glass tube through sterile Ped
hypodermic needle inserted into the side of the tube,

itemoval of ethidiuve brouide

a) Equal volume of 1-butanol saturated with water or
isoamyl alcohol was added end mixed by pipetting

vigorously.

b) This was then centrifuged at 1500g for 3 min.

c) The lower aguecus phase was transierred into a

clean glass ‘bube.

d) Extraction was repeated 4~6 times till ail the pink
colour dissppeared from the aqueous phase,

The aqueous phase was dialysed ageinst several changes

of TE (pH 8.0).



Preparation of chroamosomal DA from Bacillus Sp. I :

(Meniatis et al, 1982)

Cells were harvested by growing in raffinose broth

as menticned in plasmid INA preperation. Rest of the prece-

‘gure wag 88 follows i~

1)

2)

3)
4)

5}

€)

1.0 cells were weshed with TE buffer and suspended in
10 ml ice-cold spheroplast medium,

\

1.0 ml lysozyme solution (prepared freshly) was added
to give final concentration of 200 pg/ml. 2.5 nl of
0.2 M EUT4 pH B.0 was added immediately, and incubated
at 37° for 30 min and suspension was transfarred to
250 ml flask. |

6.0 ml 10% S80S was added and mixed gently, lysis of the
cells was carried out by heating at 60°C for 10-15 min,

Volune of the suspension was measured and treated twice

with equal amount of saturated phenol solution,

The aqueous layer was treated with equel volume of
chloroform + isocamyl alcohol (24:1) twice and the

aqueous layer was removed.

The voluze of the aquecus layer was measured and placed
in a sterile beaker, to this two volunes of chilled
distilled alcohol was slowly added without mixing the
layers. Threads of DNA were separated by swirling around
a sterile glass rod. |
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7) LA was then separated and kept in a tube., This was
then dried in vacuum desicator and dissolved in desired
amount of TE buffer, Alage and pransse treatmeants were
given to the preparatiom before resiriction analysis,

,égarom gel electrophoresis

The methed of Sharp et gi. (1978) was used for sepa~

ration, identification and confirmation of purity of DiA
preparations using slab é;ei horizontal agarose electrophore-
8is. | |
v _

- Horizoantal mini slab gels (05 x 6 x 9 ém") ofv 07
o 1% (w/v) agerose. in TEA (40 mM Tris-acetate;t mM EDTA,
pH 8,0) buffer, were mixed with c.iie’ third of their volumes
of loading buffer (0.25% bromophenol blue in 40% sucrose)
end vere loaded (5-20 pl) into the wells (slots) of the
submérged gel with micropipetite, Llectrophoresig was
carried out for 3-4 h at 50 V, |

Staining ONA 4in agarose pelg ;

The most convenient method of visualising INA in
agarose gel is by use of the flucrescent dye s ethidium
bromide (Sherp et g;t,. 1973i« This substance contains ‘a'
planar group that intercalates betwoen the stacked bases
of A, The fixed position of this group and its close
proximity to the bases, causes dye bound to DNA to display
~ an increased fluorescent ydeld compared to dye in free

(53 ]



solution, UV irradiastion ebsorbed by plasmid DNA at 260 nm
end transmitted to the dye or irrsdiation absorbed at 300 nm
"and 360 nn by bound dye itself is emitted at 590 nm in the
red-orenge regim of the visible spectrum. Thus to detect
A bands, gels were stained with ethidium bromide (0.5 pg/ml)
end DNA bands were observed with a short wave-length U.oV.
trangilluninator {Fc'éodyne) or U.V. lagpe ”

Curing of plasmids from Bascillug Sp, I using chemical mutagens

and temperature treatment :

Cufing, (mmovai of resident plasmids from the bacterial
strains) was carried out to find out the location of the
desired genes in bacteria, Pacillum Sp. I which could degrade
raffinose family of oligosaccharides showed the presence of
plasnids, To remove the plasmids, bactgria were treated with
different multegens viz, mitcmycm-c,u,_ ,acx".idine oranée » NOVO=
biocin, ethidium broplde and SDS, as follows : |

Curing with mutagens

1. Isolates to be used in curing experiments were streaked m
| Bl + raffinoge agar plates, A aingle cclony wés then
trangferred to 20 ml LB gedium, and incubated at room
temperature for overnight., This culture wag used &s an

incculum.
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Tubes of LB containing various concentrations of drugé
were inoculated with the diluted inoculum 10° cells/ml.
These tubes were incubated on a sheker at 30° for 18 h,
and minimum inhibitory concentration (MIC) was deter-
nined for each drug. |

Samples from the tubes showing some growkth were then
plated on LB + glucoze agar plates to get ismolated
colonies after serial dilution and plates vere incubated
at 30° for 18 h. |

Nunber of ¢olonies obtalned after the treatment with
mulagenic agents and SDS were then transferred 4o

E¥ + raffin&ae agar, BV + melibiose agar, B + glucose
agar end B! + sucrose agar plates with the help of
sterile toothpicks to check the degradative capacity of
each colony. These plates of selective media were
incubated for 24-48 h at 30°, DM + glucose agar plates
served as master plate, o{ k--galactosidase activity was

" also checked from itreated colmies.
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Curing trisls at elevated temperature :

Curing of plasmids was accomplished through growth
at an elevated tempefature by the method of Steele and Mc Kay
(1986),

Bacillug spe. I wes grown overnight in raffinose broth,.’
A 1% Inoculum was then added to 25 ml LB mediunm am%:aiixmg
different coancentratica of acridine orange/acriflavine,
A11 the tubes were incubated at 379, 42° and 45° for 24 h o
shaker j.nc%.xbator. The culture were gerially diluted with
0.9% saline and plated on nutrient agaf plates, Re plica

plating of the colaies obtained vwas done ag stated earlier,

Detectim of <A -galactogiﬁa:s& actilvity in, drug _treated colonies:

Bach coclany after treatment with drug was transferred
intc 1.0 ml luria bmtﬁ end allowed %o grow in sheking condie
tim for overmight. Cells were then toluenized by adding
0.1 ml of toluene to the culture, and kept at 37° for 10 mii'z.
©o this, 0.1 ml of 1 sodium phosphate buffer was added.
Enzyme reactim wag started by additiwm of iOD ul of 0,09 M
A =PNPG soluticn (1 umole). Reaction was carried out at 37°C
for 10 min and termineted by additim of 1.0 ml. 1M ﬁagc%
solution. Tubes were then centrifuged at 5000 rev/min for
.10 min. snd supernatent was read ot 420 nm against media blank

on spectropictometer.
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Gene Cloning Experiments 3 (Meniatis et al, 1982)

 Shot gun cloing of gene coding for vaffinose degrae
dztion from Bacillus Sp, I was carried out using a vector
plesmid pHR-322 In 5 steps as follows i |

1) Ceneration of INA m@em:s {both chro:ﬁoscmaljﬁ and
plasmid DNA) by treating the N4 somple with a site
gpecific raestriction endmuélease that generates DA
fragments having termini with an appropriate polynucleo-
“t:ide sequence, | )

2) linkage of the fragments 4o be cltmed to a vector plasmid
- pBR~322 by treatment of the INA fragment/vect ci' mixture
with T, DNA ligase, viz. censtructicn of & recombinent

plasmid.

3) Introductian of LA products of ligation into & suitable
host cell system viz, E, Coli K12 (C=600} by trans-

formatioe.

L) Detectien of transformed ¢lones conteining required
hybrid Dih. species. |



Restriction enzyme analysis of DHA and Qlaamid' oA of
", Bacidlus 5p. I or pER-322.

It was necessary to do resgiriction enzyme analyais
of chromosomal and plasmid DNA of Bacillug Sp.l, &s well as
pER-322 [NA, s0 that the fragments generated after digestion
hy the enzymes can be used for further clening exmrhent.
Plasmid DNA from I_iacillugl Spe 1 and pBR«322 DNA from e COli
were purified using caesium chloride density gradieni centrie
fugation as described earlier. The pu;;’ity of DNAg were
checked Ly agarose gel électro;:hcms;s.

The restriction enzymaes used were Pstel, Eco~RI and
Bam~{l (Bethesda ﬁeséarch laboratories, inc., Geithersburg,
MDJ)e« The protocol followed for digestion with these enzymes
was of raniatis et al. (1982); as roilows 3

knzyme reactions cantained 0.2-2 pg of INA in a

valwne' of 20 }11 or less.

1 (a) Assay system for cutting pER322 DNA consist of 20 pl
’ DNA, 8 ul of 10 xmedium buffer, 48 ul of sterile water
and 4 ul of restriction enzyme (Ban-HI, PstI or

Ex:éz.-&tl). |

(b) 4sesy system for cutting cthcmoscmal DNA of Bacillus
Spe I consisted of 40 nl cif A, 16 ul of 10 x mediun
- buffer, 100 ul of water and 4 ul of restriction enzyme
(Bam, Pst-l or Eco-RI). o
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(¢} Plasmid DNA of Bacillus Sp, I was cut in an essay
system of 10 ul of DNA, & nl of 10 X buffer, 24 ul

sterile water and 2 pl1 of enzyme (Bam-HI, Pst-l

or Ees-RI).

N
»

Digestion was carried out for 1 h at 37° and the react-
ion wag stopped by heating at €8° for 5 min.

3¢ The efﬁciéncy of digestion with enzymes was checked by
analysing 5 ul of the cut LA on gel, by agarose gel
electrophoresis, Rest of the DNA was precipitated with
double the amount of distilied alcchol and preserved
et «20°, '

Construction of recombinant plasmid and transformation

- Reccombinant plaanids were produced by joining chro-
'mosomal DNA or plasmid DNA with fragments of a vector DNA
pBR-322, The principle of inserticnel inactivation was
used in canstructicn of recombinant DiA and selection of the
same, The p&'t-jzz vector speciﬁes resistance to ampicillin
(4mp™) and tetracycline (Tet"). The Amp’ determinant
contains the unique Pst-l site of the plasmid end Tet™
determinant canteins unique ECO-RI, Bam-tl, Sal-l, Sph I
and ima-1II sites. When pBR-322 was used for cloning of
pst-1 Iragments transformants were selected mm tetracycline
containing plates. Transforment clones carrying hybrid
molecules selected were Tet® Amp*,
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Ligation of foreign DNA with vector DNA

The chromogomal or plasmld DNA of Bacillus Sp,
cut with Pste] and Bam-Hl were ligated with pER-322 DNA
cut with Pst-I/Bam~il as described below, in a ratio of
431 pg final concentration :

Agsay systems for ligation were as follows ;

Plasmid DNA (Bacillus Sp, 1) - 20 nl

pER-322 DNA -  zo0p
Ligation salts , - 5pl
Ligation buffer = 5,
Ligase (T,~INA ligase) - 5 pl

Chronosonal INA (Bacillug Sp.l) -~ 60 }zl

pBR-322 DNA - 20yl
Ligation salt | - 10 }Al
Ligation buffer - 10 nd
Ligase (T,-DNA ligase) - 1o

Ligation of LNA was carried out at 12* for overnighnt and
ligation efficiency was checked by analysing DNA on gel by
agarose gel electrophoresis.



Transformation of reccmbinent plasmid DNA into g Coli
usn '
G- bog, cAloiun chloride procedurs 3
Wiy :

Iransformation of recombinsnt plasmid was cerried
out in E, €olj K12 (- boo by following method of Mandel
and Higa (1970) :

1} 2,0 0l of LB medium was inoculated with (C-b¢o strain
- of £, Cold culture was incubated at 37° for overnight,

2) Hext day, 0.5 ml of this inoculun was added to 10 ml
LB mediuvm end grown for 90 min at 37° by shaking

vigorously.,

3) The cells were centrifuged in a sterlile centrifuge
capped tubes and were suspended in 5 ml of 10 mM 8303.2,
incubated at 0° for 3 to 5 min.

4) Célls were centrifuged ar;d, suspended In 0,5 mnl of
75 it CaCl,, 50 mi ‘Mops’ mixture, pH 6.8 at 0° and
- then 0.2 ml of this were used for transformation snd

rest of the suspenasion wasg used as control,

5)° 0.2 ml of suspension of these cells was mired with
20 nl of each ligated DNA and incubated at 0° for 45 min,
LB medium conteining proper antibiotic was added to this
and incubated at 37° for 2 h. ‘
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&n appropriate quantity of cells were spreaded cnto
s;eleectivé media by spread plate method. Plates were
incubated et 37° for 2hels8 R,

Transformants were selected using the principle of ingert-
ional inactivation for further experiment. Lumber of trange
formants were counted from each plate for checking

frequency of transicrmetion.

Controls from Step~4 were also plated. on LB agar es well

as LB agar cantaining antibictics.

Controls as well as experimental suspension were plated

on ager plates centaining different medie as follows, when

recombinant plasnmid preparation was carried out using INA

fragments act with Pst-l enzynme.

1) 1B medium + tetracycline
2) 1B medium + amplicilliin + tetracycline

3) Minimal medium + raffinose + tetracycling (composition
of the minipel mediun is givwen in Table;é‘?)

4) Minimal medium + glucose + tetracycline,

When the recanbinant plagmid preperation wag carried ocut

using [NA cut with Bame-HI, after the transformation, semples were

plated on LB apar plates as well as plates containing following
different nedia :

1) 1B medium + ampiclllin ‘

2) lB medium + ampicillin + tetracycliline
3; Minimal medium + raffineose + ampicillin
4} Minimal medium + glucose + ampicillin

selectign of 'Raf'' trensfoments

Raf® transforments of 5, coli cells were selected for

their abllity to grow on ampicillin or tetracycline containing
reffinoge sgar plates.
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Production of antisers against <\ -golactosidase of
Bagillug 5ps I' 3

Three rabbits weighing 1.3 to 1.5 kg were used for
reiging antibodles againgt purified 'mel' induced { -galacto-
sidase and ‘raf’ induced o -galnctosidass. Cut of three
- one served as & control and two were injected with two
different enzymes subcutaneously, Rabbits were injected
acgording to the protocol given in Teble-68, Habbits wers
bled using a needle to blsed the middle vein of the ear and
5~10 ml of blood was collected al each blseding. The proto-
col followed for bleeding is given in Table-50.

Immunodiffusion tegt : (Quterlony, 1967)

1% Agerose gel prepared in 50 mi4 SGdimn phosphate
buffer pH 7.0 with & pinch of azide wes used to prepare gel
cast on slides, and the slides were dried. A coating of
1.0% agarose solution was spread on the slide to form a
thin £iln and allowed to set. lells were then punched
into the gel and the antigens { =\ -galsctosidase) (10 1 each
having protein concentration of 14 mg/ml) and immmized sera
(10 ul) were added into different wells and allowed to
dif:m'se for 2b h at room temperature. The slide was kept
wnder moist ‘atméaphﬁre to prevent gels frum drying out.
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Stainiangz the gels

The gels were washed with saline (containing &
pinch of azide) to remove excess unreected proteins from
the gel 10 x 10 om . Whatmen paper No.3 was placed over
the gels A pad of absorbent paper and fina;ly a 1.0 kg
weight vere placed. After 10 min, the weighits were removed,
gel wes dried with a dryer,then the glide was stained with
coomassie blue for 2-3 min, astain was poured off. The slide
was rinsed in distilled water and then destained with

reagent ,
destaining,/ - till the clear band was cbtained.

Ipmmptitration of =< -gelactosidase

Inpunoprecipitetion was carried cut in plastic
picro centrifuge tubes by adding vafiéble amounts of
antisexrum (diluted ant:!.ééra in total 50 ul of sodium
phosphate buffer, o 7 .0) to canstant amcunt of antigen
{ X =galactosidase having five enzyme units), After |
mizing the anti sera and enzyme, the tubes were incubated
at 4° for 3 hr and centrifuged et 18,000 rpm for 10 minutes
in & microcehtx‘-ii‘ugé end supernatent assayed for oA -galachoe
sidase activity as described earlier.
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TABLE-69 : Bleeding Schedule for immunization of animals

against oA -galactosidase from Bacjllus Sp. I,

Bleeding schedule

RS ah S P ) N

Dﬁy.s Rabit~I Reblit-1I (Rggﬁif%n)
0 + ¥ '
, A . -
14 - - )
28 + * )
35 * ’ '
42 + | ’ )

{+) indicotes animals blad.

(~) indicates enimals not bled.



