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CHAFTBR-II

MATERIALS -AND METHODS

The present studies ere concerned with the isolation of 

oligosaccharides and neurotoxin (OliP) hydrolysing bacteria from 

fermented foods and stored grains (commonly used in India) and 

detailed studies on these bacteria with special reference to the 

enzymes which hydrolyse raffinose family of oligosaccharides and 

neurotoxin (ODAP), The different aspects investigated are s

1) Isolation and identification of dominant bacteria present 

during fermentation of L*. sativus dhal and bacteria of stored 

grains which can degrade antinutritional compounds and toxins 

such as flatulence producing oligosaccharides and neurotoxin

(gdap).

2) Studies on bacterial degradation of flatulence producing oli

gosaccharides with reference to -

- standardization of thin layer chromatographic (TIE) 

and gas chromatographic (GC) methods for separation 

and estimation of oligosaccharides and their metaboli

tes,

- detection of enzymes of raffinose degradation in a 

strain of Bacillus Sp* I (Isolated from stored soybean 

grains), optimization of growth conditions for this .
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bacteria for maximum production of enzymes, studies on 
regulation of production of raffinose hydrolysing 
enzymes in the same as well as purification and chara
cterization of oL -galactosidase and lnvertase from 
Bacillus 3p. 1.

3) Studies on bacterial degradation of neurotoxin (OL&P) with 
reference to

- screening of bacterial Isolates for their capacity to 
degrade CDAP and its metabolites,

detection of enzymes involved in the degradation of 
ODAP in a strain of Streptococcus 3p. I (isolated from 
stored Lg. aativus grain) and kinetic studies of these 

enzymes in cell-free extract,

optimization of growth conditions of Streptococcus 
Sp» I for maximum production of CLAP hydrolysing 

enzymes.

4) Screening the bacterial strains (which have capacity to 
breakdova flatulence producing oligosaccharide s and neuro
toxin) for the presence of plasmids and detailed studies 
on genetic basis of raffinose degradation in Bacillus Sp.I.

5) Production of antisera against oc -galactosidase from 
Bacillus Sp, 1.
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Lathyrus aativus seeds were obtained from the Agricult
ure Institute, Jambusar, Broach, Gujarat State, India, in 'milk, 
dehusked and split in a local flour mill and used for the 
investigation. The dehusked pulse, henceforth referred to as 
*dhal* were stored in polythene bags. The other grains for the 
investigation were purchased from local market and stored for 
1-2 months in stoppered glass bottles.

The common chemicals used in the present studies were of 
analytical grade or research grade purity obtained from stand
ard chemical companies such as Sarabhai Chemicals, Loba Chemicals 
etc. The sources from which other chemicals were obtained are 
given: in the Table-33a- The important reagents and standards 
used for various estimations are given in Table-33b.

For experiment of antibody production rabbits belonging 
to "Swiss Himalayan strain" maintained in the departmental 
animal house were used.

Preparation of a fermented product similar to 'kliaman* iron 
L. gatljma dhal .

A fermented product similar to ,khaman’ was prepared 
from L. satlvus dhal according to traditional method. 500 g 
dhal were taken in a 2.0 litre beaker and washed twice with 
water. The washed dhal was steeped at 32° in 1000 ml water 
for 3 to 4 h. The soaked dhal was ground with appropriate 
amount of water for 1-2 min in a waring blender at high 
speed to get a coarse texture and thick batter. This prepa
ration was then transferred to a 3*0 litre beaker and 25g of
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TABLE~33a ■ List of Chemicals.

SourceName of the chemical

Agar Agar 

Agarose

Alkaline phosphatase 

Acrylamide
Antibiotics (Kanamycin, 
tetracycline, ampicillin, 
novobiocin, chloramphenicol, 
rifamplcin)

2,5-bis (5*-terfc-butyl 
Benz-oxarolyl-C 2 *) 
thiophene (BBOT)

Blue dextran

Bovine serum albumin

M-N1 methylenediacrylamide 
(Bis acrylamide)

Caesium chloride

Coommasie blue

Diamino propionic acid

Dowex 50W (50 x 3 -400) 

Dithiothreitol 
DEAE Cellulose (OE-52) 

Ethidium bromide

E D I A

Freund’s complete and 
incomplete adjuvant

Difco Laboratories,
Michigan, U.S.A.

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

H

E, Merck, Germany

Sigma Chemicals, St. Louis,
U* S.A*

ii

R

Koch Light Lab. Ltd.,England. 

BDH, Poole, England 

BDH, Poole, England

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

H

!!

Whatman Ltd., England

Sigma Chemicals, .
St. Louis, USA,

n

M
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Warn© of the chemical

Glucose oxidase 
C^-rng&Q 
Hydroxylapetite
Hexamethyl dis-ilazane (HMDS)
-Lysozyiae
Lactate dehydrogenase 
(rabbit muscle).
Mitomycin 4-Mercaptoethanol
MOPS ( 3-(i«4orpholino) - 
propane-sulfonic acid)
Molecular weight markers 
for proteins

Orthophthalaldehyde 
Phytic acid (sodium salt) 
Pyridine

' Peptone .

p-Witrophenyloc-D-galact oside 
Peroxidase

. p-Mitrophenylcc-D~£ucosid.e 
p-Hitrophenyl p -D~glucoside 
0 A £- Sep hade x

' RWa.se
, Restriction endonucleases

Radioactive chemicals (DL~leucine-l-C1^ 
Uridine-T(G), Oxalic acid
0-1*9

Sigma Chemicals, St* Louis,
U.S.A.
Bio-Rad Lab (Richmond, Calif.) 
E. Merck* Dornstadt, Germany.

Boehringer, West Germany
Sigma Chemicals, St, Louis, 
U.S.A.

E. Merck, Schuchardt, W.Germany
sigma Chemicals, St.Louis,
U.S* A.
Sigma Chemicals, U.S.A. 

and
Bio-Rad Laboratories.
Sigma Chemicals, St.Louis,USA 

«
Pluka A.G. Chest.
Difco Laboratories,
Michigan, U.S.A.
Sigma Chemicals,St.Louis, USA.

«
M

K

Pharmacia Fine Chemicals, 
Sweden.

Sigma Chemicals, St.Louis, USA
Bethesda Research Lab, USA.
Isotope Division, Bhabha Atomic Research Centre, Bombay,
India.
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TABLE-^CContd..)

Mame of the chemicals
mnn mm >i»   — nm i— — ■■ wnniw mu mj ■— ■> «■ n »w Hmnim mm m <

Sodium. Dodecyl sulfate
Sugars (Stachyose, raffinoae, 
melibiose, glucose, 
galactose, fructose, sucrose, 
maltose, cellobiose)

Silica Gel-G
Sephadex G-200

Sepharose 6B 
Tetrazollum chloride 
Trypsin
Trypsin inhibitor
Trifluoroacetic acid (IFA)

,N* -tetramethyle- 
thylene diamine 
(TEMED)

Triton X-100
Yeast extract

Source

Sigma Chemicals, St.Louis, USA

H

E. Merck, U. Germany
Pharmacia Fine Chemicals, 
Sweden

n

Sigjna Chemicals,St.Louis,USA.
E. Merck, W, Germany
Sigma Chemicals, St.Louis, USA,
Fluka,A.G.9hem*,Switzerland

Fluka, Switzerland

British Drug House Ltd,, USA

Difco Laboratories,
Michigan, U.S.A.
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la BUS-53b i List of reagents and standards used for experiments.

’nnwi nifna iiranin »tr iikiiwi iw rt Hit rr *** "*■■**■ — —r-"~r-—“■‘->~imiwrrir nnnn-tr-ir- ■■ rrrrrni ni> mmirr- mr —r rrTTrf—ffl^—i-^rmi irir urnm-ir -r iv miti m i n "f fti mu '-tv —

Reagent | Method of preparatlon,
iMflmwwtiitiMiaiia. imm imi «m —» imu — mn am a* — — — —- ——--------------*-~ir .............n,m,... «■ — — — ■■ ■ i —- — ■■■ — —n^jf—

\

Bovine Serum Albumin 100 mg B3A dissolved in G.1H RaQH and,
(Standard Stock Solution) volume made to 50 ml to give a

concentration of 2 mg/ml#

Bovin© Serum Albumin ■ The B3A stock solution -was diluted
(forking standard solution) 1i10 t0 ^ a co^tratica of

200 pg/ml.

Broraacresol green reagent A 0.1% spray solution was prepared by
dissolving 100 mg of bromocresol

Sof-
green in 100 ml ofAethanol solution 
and pH adjusted to 7.2«

Bradford’s reagent for 
protein estimation

100 mg of coomassie blue was dissolved 
in 50 ml 90% ethanol and then 100 ml 
85% orthophosphoric acid was added 
and volume was made upto 200 ml with 
glass distilled water. The reagent 
was stored at 5°G. The reagent was 
diluted by adding 4 volumes of 
distilled water before use.

De staining reagent for 400 ml of methanol was mixed with 70 ml 
PAGE" glacial acetic acid and volume made

upto 1000 ml with distilled water.

Kovac 's reagent iQg of p-diraethylamincbenzaldehyde
was dissolved in 150 ml of amyl alcohol 
and to this 50 ml of concentrated HP! 
was added slowly and mixed. It was 
stored at 4°C.



TABLE—53b (Ccntd..) 133

Method of preparation

Methyl red solution 0. ig of methyl red dissolved in
3GQ ml of 95% alcohol and volume made 
upto 1 litre with distilled water.

Kesslar1s reagent 70g potassium iodide and 1OOg of
mercuric iodide dissolved, in 400, ml 
water* and then mixed with 300 al of 
20% .aqueous potassium hydroxide and. 
volume made upto 1 litre. The solu
tion allowed to settle and clear 
supernatant decanted and preserved 
in a brown bottle.

H inhydrin-ace tone reagent 
(for detection of amino 
acids).

0*4$ nlnhydrin was prepared by 
dissolving 400 mg of nlnhydrin in 
100 ml of acetone • '

Nitrite detection reagent (A) 
for nitrate reduction ' 
test.

Sulfanilic acid solution t 
Q,8g of sulfbnllic acid 
dissolved in 100 ml of SN 
acetic acid,

*=< ~naphthvlamine solution ' t 
G«5g <c-naphthylamine dissolved 
in 100 ml of 5N acetic acid*

(B)

Cne ml each of the solution A and' B 
are added to test solution.

Qmera’s reagent To 100 ml of 40/5 aqueous solution of
sodium hydroxide 0,5g of creatine 
was added just before use,

OPT reagent ' To 100 mg of O-phtbalaldehyde was
added 0.2 ml of 2-mercapto ethanol 
and 1 ml of ethyl alcohol in a 100 ml 
measuring flask and then volume made 
to 100 ml with G.5M, potassium tetra
borate buffer, pH 9.9.
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Reagent
MMM1 — iM» «*«■■«» WHWIrt'illlHWIO Ii — WMIIIM — —MB — ■ i —I W'l IIW HiW HIM imiii <lli n— 1— Hu HI Ml M> Ml Um

Method of preparation
w» mi — Wiwiwuiim w w mi Mini ■' urti — ■» ii> »i »m nuinii mm nn mr—r it Mm iti — mii

Potassium tetraborate 
buffer, Q.5K, pH 9,9

76 g of potassium tetraborate and 15 g 
of boric acid dissolved in 200 ml of 
distilled water and pH adjusted to 9.9 
with 4H HaOH and then volume made to 
500 ml with distilled water.

P-Nitrophenol standard 7 mg of p-nitrophenol were dissolved 
in 50 ml of water*

p-CKB, 0.005$ 36 mg of p-CMiB dissolved In 0.2N K&QH 
and pH adjusted to 8,0 with Q*2« iiCl 
and made to 20 ml with distilled water.

P-dimethl aminobensal- 
dehyde (p-D&B reagent)
®r iihr3.ich*s reagent.

0,8 g of p-dlmethyl aminobensaIdehyde 
dissolved in 30 ml of distilled 
ethanol and 30 ml of cone. HC1.

Staining reagent for
PACE

1.25 g coomassie blue was dissolved 
in 400' ml methanol. To this solution
70 ml glacial acetic acid was added 
and volume made upto 1000 ml with
distilled water.

Schiff*a reagent for 
glycoprotein staining

It was prepared by dissolving 2.5g 
• of basic fuchsia in 500 ml of water, 

then adding 5g of sodium metabisulphite 
and 50 ml of 1M HC1. The solution. 
was stirred for 6 hrs at 30®C and
decolorised with about Sg of activated 
charcoal.

Sample buffer for
S'Q3*‘k‘P£ki£i

G.39g, of 1.02g of i'feUjHPQ^ and
1g SDS were dissolved .In 100 ml 
distilled water. To tills 1 ml 
2-mercaptoatlsanol and and 0,0l5g 
bromophenol blue were added and ntUsd.
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Reagent
■**<&**** •miaagia t**

Method of preparation
»a»»»ManM»»i'anw»«iB«>i«i«wt3**iiwi'«wi» tn fn» iTirmid wui wt iwt mi ami m ww>"■" itm i. n -fn tm

Spray reagent for 20 mg of naphthoresoreinol was
detection of sugars on TIL dissolved M 10 ml distilled alcohol

and 0.2 si of concentrated sulfuric 
acid was added to this.

Trls-glucose oxidase 
(TGO) reagent

Scintillation fluid

20 mg of glucose oxidase (Aspergillus 
njger - 25# 000 units/gra solid) were ■ 
dissolved in 80 ml of Q.5M Tris-HCI 
buffer (pH 7.0). To this 0.5 ml 
peroxidase (horas-raddigh having 
40 units/mg solid# 1 mg/sl in 
distilled water) and 2.0 ml 0-diani- 
sidine di«HCl (10 mg/ml in distilled 
water) were added and volume made 
upto 100 ml with buffer*

400 mg of BBOT (2,5-bls-(5 *«tert— 
butylbeaxoxazaayl«(2 *) thiophene) 
was dissolved in 750 ml of toluene 
and to this 250 ml of Triton X-100
was added.
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salt was added and mixed* This was covered with glass plate 
and allowed to ferment for 12-14 h at 32°. At the end of incu
bation period* the hatter was poured in a steamer and steamed 
for 10 minutes. This was then cooled and cut into pieces and 
seasoned, with mustard seeds cracked in oil.

Measurement of increase in batter volume during fermentation ;

As the typical texture of Indian fermented food is due to 
leavening effect of fermentation because of production of GO 
increase in volume was used as a measure of fermentation. The 
height of the column of batter was noted Initially and after 
incubation with a plastic scale and the increase in height was 
taken to indicate increase in volume,

pH measurement t

A 10 percent suspension of the batter was prepared using 
deionized water and its pH was measured in a Beckman pH meter.

Sensory evaluation s

A sensory evaluation was carried out on a fermented pro
duct prepared from sativus dhal by a panel of 10 fudges.
A traditional fermented product 'lthaman* obtained from popular 
shop was used as the standard for comparison.
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Microbiological analyses of the L. aatlvus soak water and then»i in i ' w.i—i—mu   ■ * Bin     ......i   

batter t

To form a complete picture of the micro-organisms 
involved in the fermentation, the fermented L*. satlvus batter 
ms analysed, as described below, according to the method of 
Mukherjee et al, (1965)* Unfermented and fermented samples of 
batter in triplicate were removed with sterile spatula. 10*Og 
of sample was weighed and diluted 10 fold with sterile normal 
saline. (Mixing of the sample was. carried out using acid-washed 
sand as dispensing agent)* Further dilutions of this were.made viz. 
10% 10~4, 10-5 ^q*”^ q#1 to 1*0 ml of serially diluted

t

sample was used to inoculate into API agar and potato dextrose 
agar containing SO^g/ml streptomycin sulphate, (Composition of 
the media is given in Iables-34 & 35), using spread plate and 
pour plate technique. These agar plates were than incubated at 
30° for 48 h* The total colonies were counted using colony 
counter after the incubation. Representative colonies of the 
various isolates were maintained cm slants containing APT agar 
or CYE agar or lactic agar (composition of media are described 
in Table e-34, 36 & 37)»

The satlvus dhal soak., vater was also sampled at 0 h 
and 4 hu intervals for microbiological analyses as described 
above.



TABUS-34 Composition of APT Agar, 

(Ewans and Miven,, 195V) •

Ingredients
i Amount
I (g/1000 ml of distilled 
j water)

Peptone 10.0

Yeast extract 7.5

Sodium chloride 5.0

Potassium phosphate 
(monobasic)

5.0

Sodium citrate 5.0

Dextrose 10.0

Polyaorbate-80 0.20

MgS0^.7H20 0.80

MnClg * AHgO 0.14

0.04

1%2 co3 1.25

Agar agar 20.0

Final pH 6,7

Sterilized at 15 lb pal for 15 cdn.
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'■EABIE-55 : Composition of potato dextrose agar*

Ingredients

Potatos, Infusion from

Dextrose

Agar

Streptomycin

•KMtMWMMIIWMAKttWMKMnh

1 g/litre of
distilled ’water

200

20

20

35 mg/litre

200 g of peeled and cut potatoes were boiled in 
water for one hour, filtered and the filtrate was made 
upto 1000 ml* Glucose and agar were added to the filtrate, 
dissolved and autoclaved at 121 ®C for 20 minutes,

To the autoclaved medium, 5«0 ml Streptomycin 
solution sterilized by filtration was added to give a 
final concentration 35 mg/litre.



TABUS-36 Composition of GXE agar* (Collins, 1967)*

Ingredients *

w-iwMWHHM—*<i

g/1000 ml distilled -water

Tryptone 5.0
Yeast extract 2.5
Dextrose 5.0
Agar 20.0

• pH 7.0
»«s *■»«»«•«

TABLE-37 s Composition of the medium for maintenance of 
lactic cultures*

— ii ■»»! <m Hi MT — im him* <ii ini inti >111 ■■

Ingredients

(Kital et el, 1973)

AffifSliflii!

(g/1000 ml distilled
water)

Try pt one 
Yeast extract 
Ge3ati» 
Glucose 
MaCl
Sodium acetate 
Ascorbic acid 
Agar

2*5
0.5
2.5
2.5 
4.0
1.5 
0.5

15.0



Hi
Isolation of bacteria from stored grains i

Bacteria which can degrade raffinose family of oligo
saccharides and neurotoxin were isolated from stored grains.
The grains used for the study were rice* wheat, ba^ra, bengal- 
grarn, soybean, kesari dhal (L*, satlvua) and blackgram and green- 
gram (Appendix-I).

10.0 g of each grain were washed twice with 50 ml sterile 
distilled water, She grains were then soaked in sterile distilled 
water for 2-3. h at 30° with constant shaking, The supernatant 
was used for the isolation of bacteria. For Isolation, 1-2 loop
ful of supernatant was streaked in triplicates on neurotoxin 
agar and raffinose agar plates, After streaking, the plates 
were incubated at 37®0 for 43-72 h sand at the end of incubation 
period, colonies were picked up and transferred to 20 ml sterile 
basal medium containing neurotoxin as *C* and *N* source or 
raffinose as *C* source, (Composition of the media are given in 
Tables-38 & 39) and incubated at 30® for 48 h m stoker (140 rpm). 
The bacteria were again subcultured in the same media for six 
times and after the sixth subculture, culture was plated cut oa 

agar plates of appropriate isolation medium again to get isolated 
colonies. These colonies were then transferred on QDAi? agar/ 
raffinose agar slants and preserved at 4*0.
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IABIE-5B ? Composition of raffinoae troth.

Ingredients Amount
(g/1000 ml distilled water)

(M4)2 S04 2.0

k2hpg4 7.0

kh.,po4 3.0

HgSQ4*7H20 0.2

CaClg 0.02

Micronutrient solution 0.5 ml

Yeast extract 0.1

Raffinose 5.0

pH 7.0

10 X solutions of MgS04# CaCl^ and yeast extract were 

prepared separately and sterilized at 15 lb for 15 min*

2C$ stock solution of raffinoae was prepared and 

sterilised separately at 15 lb for 15 min.

CNH4\^\
K^jHPO^, KHgPO^ end^ were mixed and autoclaved

together. Final medium was prepared by adding appropriate 

concentrations of stock solutions after autoclaving in 

sterile conditions,

Raffinoae agar was prepared tty adding 2Qg agar agar to 

1000 ml of raffinoae broth.



Kicrcnutrient solution. was prepared fey 
dissolving 11.Qg aaSQ^,7HgO, 5.0g KnSO^.H^G,
0*05 & Co ai0^)2, 0*05 g H3BC^» 2.0 6 n’a^loO^.gHgO 
and 0*007 .g CuSO^.Sl-JgO in 1000 ml of dlstiHad 
.water*
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i Composition of QDA.P broth.

OQA.P .broth is a basal salt medium containing OMP 
as sole *C* and *H* source, whose composition is given below :

Ingredients Amount
(g/tG'dd ffll of distilled water)

MB BBBBngiri ^ewtr.spfctftB^a — aJui— — mw»n

KgHPO^ ?*0

KH2P04 3*0

KgSO^ 0.2

CaCl2 0.02

Micronutrient solution 0*5 ml

Yeast extract 0*1

omp 4*o
pH 7.0

fhe method of medium preparation and composition Of 
slercautrient solution are same as described under 'i'able-38*

Omp agar was prepared by adding 20g agar agar to 
1000 ml of omp broth.



Identification of bacteria :

in order to identity the bacteria isolated, the test® • 
described in the Manual of Microbiological Methods (Society of 

American Bacteriologists, 1957)# Cruickshank et al.11965), 

Morris and Ribbons (1971)# Sharps el; al* (1966) and Skernan 
(1967) were carried out and bacteria were identified according 

to Sergey*s Manual of Determinative Bacteriology (Buchanan and 
Gibbons, 1974), Various media used for testing cultures are 
given in Table3-40 to 59#

The relative population of each species of bacteria 
during fermentation of L*. satlvus dhal was determined according 
to the methods of Pedersen and Albury (1950§ 1954)$ Mukfaer^ee 

et al. (1965) and Davidson and Grcnin (1973).



TABIS-4Q : Composition of MIS agar.

CDeMan Rogosa and Sharpe, 1960),

uiiWin — iwmn mi     mi       >■ »> m> «■ »i>«ii imi «mi iiw «n wi imugia himmiimtim. am mu *n>«* mi nn.n^i

Ingredients ! g/lOQQ. sI M distilled water
. (-BiBMjiMb    tirM -*■-* - - — ■ n ■II ■mi ■ ■ i— ■ .i ■ — Pn. ■■■ .—i iM. ii ii ii.i ii.. ..i 11 .i.i imii —II Mm 1.1 ■—i ■.> ii. fc. ■■ mmg ■ ■

Try pt one , 10.0

lab lemco (oxold) 10.0

Yeast extract 5.0

Tween-80 1.0 ml

k2h po4 2.0

Tri-anfijonium citrate 2.0

Dextrose 20.0

Sodium acetate 5.0

MgS04.?HaO 0.2

I4nS04.4H20 0.05

lbS04 0.034

Agar 20.0

pH 6.0 - 6.5

Sterilized at 15 lb. psi for 15 min,
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1ABIS-41 : Differential medium for lac tie Streptococci

(Mullan and Walker, 1979)

Ingredients t
yO ml

•-smiled of water

Sodium Carbcxymethyl cellulose
Yeast extract
Peptone
lab lemeo (axoid)

lactose
Calcium citrate 
Arginine hydrochloride 
Bromocreeol purple’

10.0

5*0
5*0
5.0
1.5

10.0

1.0
2.0 ml. <0.1?6)

Agar •2,0.0
__ pH 7.0___

fi!his medium differentiates following 3 types of Streptococci. 
lactis - purple smear - no clearing.

S. cremoris - yellow smear » no clearning*
S. diace tv laetis - purple smear extensive clearing.
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TABIE-42 : Composition of Sodium Azide agar.

(Difco Manual* 1971)

nmmuBiji

Beef extract 

&yptone 

Dextrose 

Sodium chloride 

Sodium azide 

Agar

pH 7.2

iw■iiaHHWwnBiwaiwwuBMtiWiwwnwMHawwwiwfr. —rail) r~ 1 ~n ir <v irittfift ~rrirn~r nwr - ttith mi nn nmir it r~ ir- —n iin

\b.
Medium was sterilized at 15/^psi for 15 min*
and sterile glucose solution was added -separately.

4.5

15.0

7.5 

7.5 

0.2

20.0

Ingredients
» •» m>m» •**«* «a

f
* 
f

g/1000 ml of
distilled water
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TABIg-43 : Composition of the medium for Indole production,
■ (Maciiie end McCartney, 1956).

Ingredients
mim in, m i mi w m •»Amount

Cg/1000 ml of distilled water)
►IWMW mi mm <— wi—ipw iwn >u mmtm** n u n'n m» w» mutw—i —i in —1 ■*«■« m» inuwinw

Peptone 20.0

Sodium chloride 5.0

The pH of the medium u?osadjusted to 7.4 and the medium 

autoclaved at 121® for 15 min.

Test for Indole production ;

The medium was inoculated with the culture and 
incubated at 30° for 48 hrs. After incubation 0,5 ml 

of xylene was added. Tie tube was vigorously shaken, 

allowed to stand and Xylene layer separated out,
Indola, if present, would be extracted in xylene layer* 

To this, 0,5 ml of Rovac’s reagent is added. Red colour 

in the xylene layer indicated the presence of indole.
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TABLE-44 : Composition of medium for carbohydrate

fermentation#

(E*ed and Waksimn* 1928)

nr Amount
(g/1000 ml of distilled water)

Peptone 2*0
Sodium chloride 5.0

Potassium nhosphate 
(nonobaslc) 0.3

Bromocresol purple 0.005

The initial pH of the medium was adjusted to 7*1 •

5 ml peptone medium was taken in a tube to which 
IXtrhaa's fermentation tube was inserted and stoppered with 

cotton wool. It was sterilised in the autoclave at 121° for 
15 min* (15 psi).

Sugars to be tested were separately prepared at a 

concentration of in distilled water and sterilised in 

: the autoclave at ttf" for "\% min# 0.25 ml of'sugar was 

added to each tube.

Fermentation test i A loopful of the liquid culture '
(young. . culture) was Inoculated into each tube containing

the medium. Before inoculation the tubes wore inspected to 
confirm the absence of gas bubbles from >the IAli*toa,s tubes. 
The tubes are incubated at 37° for 2 days. The presence or 
absence of an acid by colour change and gas formation in the 
Dorham’3 tube were noted*



TABi£~45 s C exposition of medium for aesculin hy|lrfplysis*
if;

(Collins and Taylor# 1967)- 1

.To 100 ml of peptone water or melted peptone water agar# 
0*1 g of aesculin and 0*05 g of ferric citrate were added*
The medium was then distributed into tubes (5*0 ml) and 
autoclaved at 10 lb for 10 min,

' Ingredients

Beptone water *♦ 100 ml
Aesculin «*» 0.1 g
fbrric citrate *» 0.05g
Agar - 2.0 g

Medium was distributed into tubes (5*0 ml) after melting 
the agar# and sterilized at 10 Hi for 10 min.

'test t

Stabs were inoculated with the culture and 
incubated for 2-7 days at 32*. Blackening of the 
medium was considered as a positive test.
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TABIB-46 i Composition of the medium for citrate 
utilisation test.

{ Koser, 1923)

Ingredients t Amount
I (g/1000 ml of distilled water)

NaCl 5.0
MgSo4.7H20 0.2

kh2po4 1.0
Sodium citrate 25.0

The pH of the medium was adjusted to 6.8 and the 
medium was sterilised ay autoclaving at 121° for 15 min.

Procedure for citrate utilisation teat i

The tubes were inoculated with the culture and incubated 
at 37° for 96 hrs. The presence of turbidity was used as an 
index of growth and citrate utilisation.



1&BHS-47 s Itests for catalase and oxidase production*

Cfitala.se teat

One ml of hydrogen peroxide solution is 
poured over a 24 hr* nutrient agar slope culture 
of the test organism and the tube is held in a 
slanting position, fhe production of gas bubbles 
from the surface of the culture indicates a 
positive reaction.

Oxidase teat

A freshly prepared 156 solution of tetra- 
methyl-p-pheny lone-diamine dihydrochloride is

, or APT agarpoured onto a 24 hr. nutrient agar slopeAculture 
of the test organism so as to. cover the surface and is 
than decanted. 5he colonies of oxides®-positive 
organisms rapidly develop a purple color*
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for
TABLE-43 % Composition of rsediuc^^litmus mi lit teat.

Preparation of Litmus milk

To 100 ml of skim*-®life; 1.5 ml of litmus 
solution (k% ethanoUc solution) was added to give 
pale suave color and then distributed in test tubas 
(5 ml each) plugged with cotton, sterilized by 
autoclaving at 1lG®C for 30 min on each of the three 
successive days.

Teat i The cultures of the test organisms 
was inoculated into sterile litmus milk and incubated 
for 48 hr at 37°C. The etenges brought about by the 
cultures in Litmus milk regarding acid production 
(Litmus change to pink), precipitation of casein and 
gas production (storny clot), proteolytic changes 
(litmus change to purple) were observed at the end of 
incubation period and reported in results.
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TABLE-49 Composition of the medium for nitrate reduction 

test#

(Fred, and v/akaman,l928)

ingredients } Amount
! (g/1000 ml of distilled water)

K2H P04 

CaG 1^ * HaigO 

MgS04.7H20 

Glucose 

KNQ*

0.5-

0.5

0.2

10.0

1.0

mite.

Sterilised at 15 psi for 115 min

Procedure for nitrate reduction test :

The culture was inoculated in 5.0 ml of the above

medium and. incubated at 50°C for 48 hrs* After the incuba-

io.
tion, : x ml of sulfanilic acid reagent and .1*0 ail of 

-napthyfamine reagent are added. Production of red colour

indicated the reduction of nitrates.
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Composition of Gels,tin me dim. 

(Hackle and. McCartney,1956)

Ingredients g/1000 oZ of, distilled water

Peptone 10 
Meat extract 10 
Sodium chloride 5' 
Gelatin 15

'Ihe medium was prepared and kept at 4° overnight. 
Mext day the gelatinous dissolved by heating at .45® •
The pH adjusted to 8.4 and steamed for 10 min. It was 
cooled quickly to 45® and 1Gg 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,-cmji then.

at .
steam^(lG0°) for 10 mini, followed by keeping at 115° for 
10 min. It was renewed froa the autoclave as soon as 
possible aid cooled to 25® •

Procedure

The solid media was streaked with the organism to be
identified.
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TABLE-51 • Composition of the medium for methyl red test 
and Vogea-Proskauer test.

(Mac hie and McCartney* 1956}

Ingredients Amount
(g/1000 ml of distilled water)

Peptone 5.0
kh2po4 5.0

The pH of the medium coos 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 sugar solution was 
added to the medium to give a concentration of 0.5%.

Procedure :

The medium was iacoculated with a loopfUl of the liquid 
culture (nutrient broth culture) and incubated at 37° for 
48 hrs. Methyl red reagent was added to one tube, mixed and 
observed. Bright red colour indicated a positive test.
To another tube, 0.5 ml of 0* Meara*B reagent was added and 
incubated at 37® for 4 hrs. It was aerated by shaking at 
intervals. A positive reaction was denoted by the development 
of an pink colour usually in 2-5 minutes.
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TABIE-52 ; Composition of the medium for HgS production. 

(Untermohlon and Georgi, 19$G).

Ingredients Amount(g/tOOO ml distilled water)

Tryptone 10.0 
Sodium chloride 5.0 
Agar-agar 5.0 
2,3* 5-tripheny 1-
tetra zolium chloride 0.05 
Fterrous ammonium sulfate 0.

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

Procedure for the H2S production test ;

Culture was inoculated into the experimental and 
control tubes by stabbing. ^ red line along inoculum indicated 

naomotile HgS negative. Black line along inoculum indicated 
ftonaotile Ii^S negative. Diffused black colour through out 
the medium indicated motile HgS positive.
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TABlE-55 i Cexposition of the medium for phenylalanine

deaminase test.

(Untermohlon 'Georgia '•‘1940)

Ingredients
Ii Amount
I (g/1000 ml distilled water)

Yeast extract 3*0
DL-phenylalanine 2*0

Ka2HP04 1.0
KaCl 5.0

Agar agar 20 0

'Ifce pH of the medium was adjusted, to 7.4 and sterilized 

by autoc3aving at 121° for 15 min.

Procedure for phenvlalanlns deaminase test

The medium was incubated with the culture incubated 
for 24 h at 37® * A few drops of %Q% solution of ferric 

chloride was allowed to run down over the growth of the 

slant. Development of green colour indicated positive 

test.
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TABUS-54 s Composition of the medium for urease test.

(Mekie and McCartney, 1956)

Ingredients ] Amount
I (g/100Qi ml of distilled water)

Peptone 1.0
Sodium chloride 5.0

Potassium dihydrogen 
phosphate 2.0
Phenol red 6.0 ml
Clg in 500 ©1 of 
aqueous solution)

Tkw pH of the medium was adjusted to 6.8 and 

sterilised by autoclaving at 121P for 15 min. After 

cooling, to 50°, sterile solution of glucose was added to 
give a final concentration of 0*1% and 100 ml of sterile 

20% solution of urea was added.

Procedure for urease test

Culture was inoculated into the medium and incubated 
at 37® for 24 h. Ureas® positive culture produced a purple 

pink colour*



161

TABIiS-55 s Composition of medium for arginine hydrolysis*

Ingredients
Amounts 

(g/1000 ml of 
distilled water)

Tryptone 5*0
Yeast extract 5.0
KgHPO^ 2.0
L-arginins monohydro-
chloride 3.0
Dextrose 0.5

For arginine breakdown of lactobacilli. MS broth 

was used, in which the ammonia citrate was replaced by 0*3% 
arginine 4iCl*

fast for Iffibj production from arginine hydrolysis :

Culture was inoculated into arginine broth for 
24-43 h and added few drops Jfessler’s reagent, Sr own colour 

Indicated ammonia production due to arginine hydrolysis.



• -IAB1&«*>6 s Composition of the medium for 

Malonate utilization teat*

(Ewing, 1962)

Ingredients g/1000 ml distilled 
water

Yeast extract 1.0

Ammonium sulphate 2.0

i^ipo4 0.6

kh2po4 0.4

NoCl 2.0

Sodium M&lomte 3.0

Bromothymol blue 0.035

pH 7,4

. w«-**>••#«. to*, *»«*»*N*'

Ingredients were dissolved in water and

distributed 5 ml each in test tubes plugged
\b-

with cotton and sterilized 1 5^ si for 15 min



Composition of tMoglyc Dilate medium 

(Difco Manual, 1971)

Ingredients
Amount

(g/1000 ml distilled water)

Sryptone 15*0

Yeast extract 5*0

.Dextrose 5.5

.Sodium thi ©glyc ollate 0.5

Sodium chloride a.5

L-cystine hydrochloride 0.5

Methylene blue- 0.002

Medium was autoclaved at 15 lb psi for 15 min
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TABLE-SB a Composition of Gibscn"s semi-solid, medium

- a medium for the detection of carbon dioxide 
production from glucose*

(Gibson ansi AM-el-Malek, 1945) .

Yeast extract - 2*5 g
D«glueos® - 50.0 g
Tomato ^uice (pH 6.5) - 100 ml

Reconstituted skim milk - 800 ml

Ifutrlent agar £00 ml

- tomato ^uice was mixed with the reconstituted skim 

milk and added the yeast extract and glucose and heated in 

a steamer* While still hot* added the molten nutrient agar 
and mixed well. pH was adjusted to 6.5 if necessary and 

the medium was distributed in test tubas to a depth of 
5-6 cm* sterilised by steaming at 30 min, m each of three 

successive days.
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tahtje^sq s Starch agar medium composition,

(K&rrlgan and Me Cause, 1966)

Ingredients K/IOOOgl

Soluble starch 2.0

Kutriont agar 1000 ml

Dissolved the stareh in the molten nutrient agar, 
Sterilized by autoclaving at 121 ‘’C for 15 min# and poured 

into petridiahes aseptically.

tortej;q i Composition of 13 ( Daria-©ertani) medium,

(Maniatia ©t al> 19S2) *

Ingredients Amount .(g/litre ©f distilled water)

Beptone
Yeast extract

10,0
5.0

Sodium chloride 10*0

pH ms adjusted to 7*9 With 0,1M KaCIi and auto.
P5*i

slaved at 15 Ifej^for 19 minutes*
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TABUSw&i i Composition of DA PA broth*

MPA broth is a basal salt medium containing MPA 
{dlamlnopropioral© ©aid) as a sol© *C» and *NI source, whose

t

composition is given below i

ingredients Amount
(g/litre of distilled water)

3i2HP04 7.0

ii2po4 3.0

MgS04 0.2

c©C 1^ 0.02

Mlcromitilent solution 0.3 si

Yeast extract 0.1

MPA (Dlamlnopropioaic acid) 4.0

pH » 7*0

file method of medium preparation end composition

of micronutrient solution are same as described under 

Table-3 <3.

MPA agar was prepared by adding £Qg agar ©gsir t©
1000 ml of MPA broth,
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IABLk-62 : CompoEitlon of oxalate broth,

(Chandra and, dhetrn, 1975)

Ingredients •j! Of
EUbd'water

(nh4)2so4 0.5

MgS04.7H20 0.2

K2HPQ4 4.4

KI^P04 3.4

FeCl3 0.015
■si-

Mineral stock solution , 1.0 ml

Five grains per litre of potassium coca late and 

10 mg/ml of yeast extract uas added to the above medium.

As an indicator of the pH, 5 ml of 0.4$ aqueous solution of 

phenol red per litre of the medium was used.

£
Mineral stock solution contained 2nSo4.7H20» 11.0g; 

MnS04.H20> 5.0g; CoS04, G.05g,

H3B03# 0.05s Na2l^o04.2H20, 2.0gs 

CuS04.5H20t 0.5g per litre of distilled 

water;
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Experimental fermentation of L. aativua flour with pure 

cultures 8

For experimental fermentation, about 2QGg of 
L» sativus dtial flour was sterilized at 12G* for 15 min, 
in 500 ml conical flask. This autoclaved, flour was cooled 
and then transferred to 1 litre sterile beaker, and slurry 
was made by addition of sterile distilled water, (ill prepa
rations were carried out la a sterile inoculation chamber 
previously exposed to U*¥. light), The autoclaved batter 
was inoculated with test cultures under sterile condition. 
Consistency of tetter was-adjusted by adding sterile distilled 
water, after adding 2.G& common, salt, The batter was then 
allowed to ferment at 32° for 14 h. Trie change in pii and 
increase in volume were measured. fs

The inoculum of the bacteria to be used for above 
experiment was adjusted so that the resulting tetter would 
reliable the naturally unfemented batter with regard to 
approximate initial total bacterial count. The inoculum was 
adjusted for bacterial count using turbidity measurement in 
colorimeter at 660 ran. A fresh culture (24 h old) of the 
organism to be Inoculated was prepared on agar slants and 
transferred with the sterile wire loop to 10 ml sterile normal 
saline, and mixed well. 5.0 ml of this was taken and the 
amount of dilution, required to match the inoculated batter



with natural unfermented batter regarding microbial popula

tion was calculated and the Inoculum diluted accordingly. 

Appropriate amount of this diluted inoculum was added to the 

sterilised batter.

Preparation of neurotensin from dhal •
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The neurotojcln was isolated from L*. aatlims by the 
method of Rao et al. (1964), The decorticated seeds of 

iathvrua 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° far 6 hrs with occasional stirring. The slurry 

was centrifuged at 8000 xg for 10 min and the supernatant 
(s1 )was collected. The residue was re-extracted with 1 litre 

of water and kept at 60 to 65° for 6 hrs, centriftiged at 
8000 xg for 10 min and the supernatant (S2) obtained was 

added to the first supernatant (8j), To the combined extracts, 

6 litres of 95$ ethanol were added and the final concentration 

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 ms colle
cted and the volume reduced to 100 ml in water bath at 60® and 

was then treated with 100 ml of diethyl ether in a separate 

funnel, shaken well and the aqueous layer was separated to 
remove organic acids. The aqueous layer was again taken in a 

separating funnel and 100 ml of chloroform was added and
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shaken to remove the lipids* The aqueous lipid free phase 
was removed and passed through Dowex 5Ox 8-H+ (200-400 mesh 

size) column (25 cm x 1*8 cm) and eluted with water* 10 ml 

fractions of the eluent were collected. Those fractions 

which gave colour with ninhydrin reagent were tested for 

colour formation with OPT reagent with and without hydrolyses 

with 1N MaOH. The fractions which gave positive test with 
ninhydrin and with OPT after hydrolysis were collected*

The volume was reduced to 20 ml by freeze-drying in lyophl- 
lizer for fart ter purification steps. When this neurotoxin 

was tested for the presence of sugars, using Dubci's method 
(Dubois et al, 1356) it showed tte presence of sugars. 

Therefore the sample was further purified by rechromatography 
on second Dowex-50 x Q-H+ column as described above. The 

purified sample was then freeze dried in lyophilizer.

Chiemical svnttesla of neurotoxin (Ramchand et al* 1983) :

1*4 g of diaminopropionic acid menohydr©chloride was 

dissolved in 20 ml of distilled water and to this 10 ml of 

distilled methanol was added. <$.*0g of dimethyl oxalate was 
dissolved in 10 ml of methanol and added slowly (during the 

course of 1 hr) from a burette with constant stirring using 

a magnetic stirrer and the stirring was continued for another 

5 h. The pH of tte solution was adjusted to 9*5 with a 
saturated solution of 3Li(OH)2 in methanol* The solution was
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diluted to 100 ml with warm water (80°) and the pH was 

lowered to 3.0 with 1N HOI. Excess dimethyl oxalate, which 

precipitated out as lithium oxalate was removed toy filtration. 
The filtrate (100 ml) was then charged to a column 
(25 x 1.8 cm) containing previously activated Dowex 50 x QH* 

(200-400 mesh) and eluted with distilled water. The fractions 

containing GDAP were collected and the volume was reduced to 
50 ml. To this 1.75g of NafcCO-, was added to convert GDAP 
into disodium salt, and 1 litre of acetone was added and kept 
at -4° for 12 hrs. Tbs precipitated OQ4P was filtered through 

Whatman N©.1 filter paper and dried.

Synthesis of Dimethyl Oxalate s

( Dimethyl oxalate required for the ctemical synthesis

of GOA? was synthesized according to the method of Day (1972).

Oxalic acid was dehydrated at 110° for 1 hr in an oven,

10Gg of anhydrous oxalic acid and 200 ml of methanol were

taken in a 500 ml round bottom flask and a water condensor was
attached to it. The mixture was refluxed at 80° for 4 hrs.

After the refluxing was over* the water condensor was removed
and a distillation condenser was attached and dimethyl oxalate

using sand hath.
was distilled out at 168®£ It was recrystallised using 

methanol
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Synthesis of labelled dimethyl oxalate ;

labelled dimethyl oxalate was synthesized by reflux
ing oxalic acid + cold oxalic acid with distilled methanol
using a semi-micro refluxing set. Oxalic acid and methanol 
were taken in a 50 ml round bottom flask fitted with a 
condenser and the solution was refluxed for 4 hrs in a water 
bath at 80®, After this the flask was fitted with an air 
condenser and transferred to a sand bath heated at 200°,
First the excess methanol was distilled off at 65° and then 
the dimethyl oxalate at 168®, The dimethyl escalate was recry
stallised using distilled methanol and used for the synthesis 
of labelled QDAP,

Chemical synthesis of oxalyl labelled ODAP was carried 
cut using a method of Ramchand et al* (1983) as described 
earlier except labelled dimethyl oxalate was used instead of 
cold dimethyl oxalate.

The characteristics and purity of neurotoxin (GjOAP) 

preparations were checked by IR Spectrum analysis as well as 
thin layer chromatography.

X»R» Spectrum of PDA? preparations ;

The purity of the synthesized compounds was confirmed 
by obtaining IR spectrum using IR spectrophotometer with
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automatic recorder* The frequency range used was 800 to 
4000 cra"*^, A thin film of the compound was made with KBr 

pellets and used for IR studies.

Thin layer chromatography for separation of neurotoxin (QiAPj. 
diaminoproplonic acid (PAPA) and oxalic acid :

To check the purity of the neurotoxin prepared in the 
laboratory as well as for the degradation studies, a thin 
layer chromatography (Mehta et al, 1972) was used to separate 
ODAP, DA BA and oxalic acid.

20 cm x 20 cm size glass plates were washed with 
distilled water, dried and coated with silica gel H to a 
thickness of 0.25 mm. The plates were activated at 110° for 
1 hr before use. Samples containing GD&P, diaminopropionie 
acid (DAPA) and oxalate were spotted in duplicate with the 
help of raicroplpette, standard diaminopropionic acid and 
oxalic acid were also spotted. The plates were developed

I
using the solvent system 95% ethanol + water (63 i 37 v/v) 
for 2,5-3 h at 30®. Colour ms developed by spraying 0.4% 
nlnhydrin in acetone in the case of GDAF and diaminopr opio
nic acid and by spraying bromocresol green reagent in the 
case of oxalic acid. For this, half the TIC plate was 
sprayed with ninhydrin reagent and another half with bromo- 
cresol green toy keeping the partition in the middle of the 
plate. ' .



174

Thin layer chromatography (TIC) end ms chromatography (GG) 

methods to separate and estimate oligosaccharides and their 

breakdown products ;

(A} hxtractlcn of sugars from L, satlvua samples

All the samples 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 Cernlng and Guilbot (1973).

Five grams of the dried sample was maseerated in 70% 
aqueous ethanol (250 ml) and the mixture boiled by keep

ing in hot water bath at 7G0 for 5 minutes, and then 
kept on a shaker for 2 h at l4G rprn. This solution was 

then filtered using Whatman filter paper ho.3 and the 

residue was washed several times with approximately 
150 ml of 70% alcohol till the last extract showed the 

absence of sugars by not giving colour with phenol 
sulphuric acid reagent. The ethanol extracts were 

combined together and concentrated to 50 ml by evaporat
ing in a water bath at 70°. This extract was then treated 

with double the volume of chloroform and shaken in a 
separating funnel. The layer containing 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 than used for estimating 

mono-, d±~ and oligosaccharide components.

In sane of the, experiments, sugars were extracted 
by the method of Goel and Verma (1961) as described below :-

5 gm of dried sample was defatted by grinding with 
chloroform + methanol (2;i) mixture. Lipids were then removed 

by filtration through Whatman filter paper No,1 and the sample 

was dried in air. This defatted powder was then transferred 
to 250 ml conical flask and added. 50 ml 70% aqueous ethanol 

and shaken on rotary shaker for 10-12 h. The suspension was 
then centrifuged at 3000 rpm for 30 minutes to remove denat
ured proteins. The supernatant was made to final volume 
50 ml with 70% alcohol and used for estimating sugars.

Analysis of sugars ;

Since there was no GC available during the early stages 

of investigation, the TIC method was standardised. The method 
of Sfcefanis and Ponte (1968) was modified in the present 

investigation as follows

(a) Preparation of plates

30g of silica gel *G1 was mixed with 60 ml of 

0,05 K sodium phosphate buffer, pH 7.0. The suspension
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was applied cn 20 x 20 cm glass plates (0,5 mm thickness).

at Ud5
These plates were dried in air and activated^for 45 minu

tes. 20-200 ug of each standard sugar prepared in 70% 

alcohol as well as samples 50-100 ul were spotted cm 

plates. These sugars were then detected after the run, 
by spraying the plates with naphthoresorclnol reagent,
For development of coloured 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 acid % water (6 % 10 : 1)» The plates 

were run at 30° thrice for 2-3 h,each time.

Quantitative estimation of sugars; :

Since it was not possible to separate galactose, fru
ctose and glucose by the TIC method during the present invest
igation indirect estimation of these sugars was done. From the 

TIC plates, a mixture comprising of all the three sugars was 
eluted with 1.0 ml distilled water and estimated by the method 
of Dubois gt eyl. (1956) which will give the values for all the
three sugars. From the portion of the eluted sample, glucose

and Moydgtrowa,
was. estimated by glucose oxidase method (Dahlquist^ 1966) and 

fructose by Roe1 s method (Roe, 1934), The corresponding values 

for these two sugars (glucose and fructose) were determined 
referring to standard graphs in DuboisJ: method. These values
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were subtracted from tbe value obtained for the mixture of 
all the three sugars by Dubois' method* Fran this value 

galactose was calculated again by referring to standard 
graph for galactose by the method of Duboiset, al. (1956).

Well separated sugars on TIC plate, viz. sucrose, 
raffinose, atachyose and verbaseose were estimated by the 
method of Roe (1934), after extracting from gel* Meiibioae 
was estimated by the method of Dubois et. al* (1956)*

Estimation of all the sugars by the method of Dubois et al,
f

Suitable aliquot©s, 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 a fast blowing pipette to each tube in order to 
produce good mixing and even testing. The contents were 
mixed thoroughly on a vortex mixer. After 30 min the colour 
was measured at 490 nra against a blank containing distilled 
water and gel*

Estimation of fructose* sucrose,, raffinose, gfca.ch.yoss and 
verbaseose bv the method of Roe (1934) :

Suitable allquotes 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 ran against a reagent blank.

Glucoses oxidase method of estimation of glucose ;

The samples were made to 1.0 ml with distilled water 

and 1,0 ml of TGO (Tris-glucose oxidase) reagent was added. 

Tubes were then incubated at 37° for 60 min. Reaction was 

terminated with 1.0 ml of 66% cone, t^SQ^, The colour was 

read at 540 ran against a blank obtaining silica gel and 

distilled water.

Reference curves were prepared for the sugars by 

spotting known quantity (25*200 jag) of them on TIC plates*

GC method for analysis of sugars :

Since gas liquid chromatograph was available, the 

method, of Perl et al, (1984) was modified and standardised 

to separate and estimate oligosaccharide a and their meta

bolites,

AmSMrt£§_

The gas chromatograph used was Hewlett Packard 

model 5840 A equipped with flame ionization detector,

The column used was a 50 cm x 3 mm X»D. stainless steel
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packed with 10% UCW-98 on chromosorb 80-100, WAV/ HCS 
iHewlett Pacterd, Avondale, USA). The peak area determina

tion was made with HP $840 A computing integrator attached 

to the gas chrcnmtograph. The peaks were normalized lor 

detector response and. amount of sugar calculated with 

respect to internal standard.

Preparation of.TMS (Triciethylailyl) derivatives :

The standard solutions of different sugars as well as 
the extracts of the samples containing 0*001 to 0.01 g of 

different sugars were evaporated to dryness under a stream 
of nitrogen gas at 50-60°C or by lyophilisatlon, To the 

dehydrated residue 500 pi of pyridine was. added. This was 

then trlmethyl sllylated with a mixture of 900 pi of hexa- 
methyl disilaaane and 100 jul trlfluoroacetic acid for 60 min 

at 70-72?C* Two microlitres of thia solution were injected 

into the gas chromatograph. To all the samples a known 

amount of ^internal standard namely phenyl p -D-glucoside 

was added.
f

/separation of trimethyTally 1 (THSj derivatives :

The temperatures of injection port end detector v®re 

300° end 380° respectively. The oven was programmed from an 

initial temperature of 150° for one minute to a final temper
ature of 380° at the rat® of 10° per min. Twenty three minu

tes were required to elute the TMS derivatives. The nitrogen 
flow rate was 30 get* per min.
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Methods for processing L. aativus seeds or dhal i

The traditional methods used for processing legumes 

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

processings on oligosaccharides. The different methods tried 

are described below s-

1) Soaking and autoclaving/boiling :

hm aativus dhal was soaked in 4 volumes of water 
for 6 h at 25*; and then cooked by autoclaving at 15 pel 

for 20 min in double the amount of water#

The soaked samples were also cooked by boiling in

four volumes of water for 30 min#
#

2) Roasting and parching :

For roasting, the dhal was kept in a frying pan on 
the 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.

The seeds were surface sterilised with IJS sodium 

hypochlorite solution, washed thoroughly with distilled 

water and allowed to germinate on a filter paper at 28° 
They were analysed at 12,24,48 and 72 h of germination,

4) Fermentation :

Natural fermentation of the dhal was carried out

as described earlier
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Estimation of OI&P :

ODAP was estimated, by the method of Rao (1978b)*

In this method of estimation, neurotoxin is hydrolysed to 

dlaminopropionic acid which gives yellow colour with ortho- 

phthalaldehyde •

For estimation of neurotoxin from Lg. sativus dhal

samples during fermentation, 1,0 g of dried sample was weighed 
-to

and^this 10 ml of distilled water was added, shaken for 15 min, 

The suspension was then centrifuged at 3000 xg for 15 min in a 

clinical centrifuge. The supernatant was used for estimating 

neurotoxin content.

Aliquots of the sample 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 1G$S TCA was added and centri

fuged at 3000 xg for 15 min. The supernatant was collected 

and to this 0*5 ml of 4*5B NaCH was added* Che tube ms kept 

in a water bath at 80° for 30 min far hydrolysing ODAP to 

DAPA whereas the other was kept at 25°. After the hydrolysis 

was over the tubes were cooled to room temperature, 1 ml of 
OPT reagent was added to each tube. The intensity of the 

colour produced was measured after 10 min at 420 nm in 

Beckman spectrophotometer against a blank, which contained 

1 ml of distilled water, 0.5 ml 1096 TCA, 0*5 ml 4,5h NaOH
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and 1 ml OFT reagent* The difference in reading after and 

before hydrolysis will give the value for CDAP content.

A standard, graph was prepared as follows. Aliquots 

containing different concentrations (4-20 jog) of CDAP were 

taken In test tubes. The volume in each, tube was made to 

1 ml with distilled water and they were treated as described 

in the previous paragraph, A standard graph was drawn using 

the values obtained,

Estimation of PAPA (Dlaminopropionic acidj s

DAPA was estimated using the method of Jiao (1978b) 

for ODAP estimation as described above except for the hydro

lysis step which was ommitted.

Estimation, of Pyruvic Acid :

Pyruvic acid liberated by action of ODAP hydrolysing 

enzymes ms estimated by. LDH (Lactate dehydrogenase) method of 

Gloster and Harris (1962). After termination of the enzyme 

reaction, during the assay the contents of the tube were 

centrifuged at 3000 rpm for 10 minutes. The supernatant was 

used for estimation of pyruvate. To the suitable aliquots of 

supernatant containing pyruvate 1,0 ml of 1.1M phosphate buffer 

(•pH 6.9), 0.05 ml NABH (5 mg/ml) were added and volume made 

upto 2.5 ml with distilled water. The absorbance was read at 

340 am in a Beckman spectrophotometer (0 minute reading).
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The reaction was started by the addition of 0,05 ml of JLDH 
(50 units) and the decrease in absorbance was measured after 
1 min. From the difference in initial and final readings 
the pyruvic acid was calculated using the standard graph.
(Range of the method for pyruvic acid was 2-20 jpg).

Pyruvate was also estimated using a colorimetric 
method (Eriedgmann and Haugen, 1943) during the inhibitor 

studies of OjJAP hydrolysing enzymes.

Screening: of bacterial isolates for their capacity to utilize 
neurotoxin (OEAP) and oligosaccharides s

The basal salt medium was used for screening the 
bacterial Isolates for their capacity to utilize neurotoxin 
(QD&P) and oligosaccharides as sole rC* and *N* or only 
*C* source. Since raffinose is cheap and readily available 
it was used as a representative of raffinose family of oligo
saccharides for studies on bacterial degradation. Other sugars 
belonging to raffinose family of oligosaccharides viz. stachyose, 
verbascose were not readily available.

In order to find out the capacity of the bacteria iso
lated from various sources, to utilise flatulence producing 
oligosaccharides or neurotoxin (OEAP) as sole carbon or carbon 
and nitrogen source JL& vitro, the following experiments were 
conducted :
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The utilisation, of raffinose or neurotaxir during growth 
of the test organisms was investigated by estimation of raffi- 
nose or neurotoxin 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 QDAP (10%) were sterilized separately by 
autoclaving (autoclaving did not destroy any of these two 
compounds) and then the appropriate amount of these solutions 
were added to the sterile basal salt medium to get the final 
required concentrations. Basal medium containing raffinose 
was termed as raffinose broth (composition of the medium is 
given in Table-38 and basal medium containing neurotoxin was 
termed as ODAP broth (composition of the medium is given in 
Table-39)* The inoculum was prepared by growing the isolates 
in luria broth (composition is given in Table-60) for 24 h at 
room temperature* 0#5 ml of this inoculum (apprcsximately 
5-50 x 10 cells) were added to the 25 ml basal mediisa 
containing raffinose or QDAP and Incubated at 30® for 24 to 
48 h <n rotary shaker (150 rpm)« The flasks containing only 
basal salt medium with inoculum and flask with basal medium 
containing *C* or *0* and *H* source without inoculum served 
as controls. After the incubation period, growth of bacteria 
in terms of turbidity was measured at 660 run in Klett Summerson 
colorimeter, and final pH was measured using Beckman pH meter* 
The culture was then centrifuged at 8000 xg for 20 min at 4® 
and the supernatant was removed (SN^). For preparation of



cell free extract, pellet was suspended in 10 ml- distilled 
water and disrupted by sonicatlm using Branson sonifier B-12 
%o ly^for 10 min. This cell homogenate was then treated with 
chloroformxmethanol mixture (2:1) to remove lipids. This fat 
free supernatant (SNg) and culture filtrate (SNf) were lyophi- 
lised to powder forms and used for the quantitative analysis 
of raffinose or neurotoxin. This solution was centrifuged at 
20,000 xg for 30 min and the supernatant (SNP) was removed,
SN,j and BNg. (culture filtrate and cell free extract) were 
used for the quantitative analysis of neurcrtoxin or raffinose.

Neurotoxin (0MP)waa estimated by the method of 
Rao (1978b) as described earlier, Raffinose was estimated 
using the GC method described previously.

Raffinose degrading enzyme system of Bacillus Sga. I.
y

As described earlier, -galactosidase and invertsm 
are the two enzymes involved in the degradation of flatulence 
producing oligosaccharides into their monosaccharide end 
products. Hence these two enzymes were investigated from 
Bacillus Sp, I (isolated from stored soybean grains) which 
could give maximum growth in raffinose broth.

Cells were grovn in 100 ml raffinose broth 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 to min at 0-4®. The supernatant 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 sonicated in an ultra
sonic disintegrator (Branson B-12 scnifisr) at 2.0 '<HZ. 

by giving 20 pulses of one minute each. This cell homo
genate was then centrifuged at 20,000 xg for 30 min at 
0-4° and supernatant viz* cell-free extract was used for 

intracellular enzyme activity*

-Galact©sidas® activity was assayed using para- 
nitrophenyl -D-galactoside (-ENK*} as a substrate in 
all the studies. Sucrose hydrolase (invertase) was assayed 

by the method of Gascon and Lam pen (1968) using sucrose as 

a substrate. Details of the assay system for both the 
enzymes are given in Table-63*

c=c -Galactosidase activity against melibiose was deter
mined by measuring the liberated glucose. The reaction mixt
ure consisted of 10 jamoles of melibiose, 150 nmoles of sodium 
phosphate buffer, pH 7*0 and 0.1-0.2 ml appropriately diluted 

enzyme solution in 1.0 ml assay system. The reaction was 
carried out at 37°C for 30 min and stopped by the addition of 
0.5 ml. 0.25H Ba (CH)2 and 0.5 ml of 0.25N ZnSo4. The assay 

tubes were then centrifuged at 5000 rpm for 15 min in a 
clinical centrifuge and liberated glucose was estimated from 
the supernatant % using glucose oxidase method. Enzyme 

units are defined as the amount of enzyme which liberates
pev min.

1*0 nmoles of giueose^under assay conditions.



TABLE*65 i details of the assay system for **g&lactosldaa© and iavertasa.

.. |„
■ m mrmm

oc *G&lactosidaae
“■¥*

t.U
lavertase

Basis of the method
used

Substrata

Buffer

iirizyase extract

Final volume {ml)

Temperature and 
period of incubation

Schmid and Sfcitt (19?6)

p-nitrophersyl- <=c -B-galacteslde 
t.Qjjsiole.

Sodium phosphate buffer, pH 7*0, 
50 pistoles

50 jug protein (crude enzyme )

1 *0 ml

37*, 10 min.

Gascon and Lampan (1968)

Sucrose 1Q*0jmoles*

Sodium phosphate buffer, pH 7.0, 
50 jtiasoles*
300jig protein (crude enzyme) 

2*0 ml

37% 30 min#

a ua & uau iiawu

Termination of 
reaction

Treatment of blank

Sp *•’****'«►*•,■*;*»► <». #4 #44«*AAfc»jr tt*** Vl/W* M.

1*0 ml of 0.5M ifepC0» added and 
centrifuged if required.

0,51*1 laa^COj added before incubation 
or boiled enzyme added.

&n<qrftraa£b _
W'MfWjf **VW WHAM* W, V

0.5 ml of G.25H BaiCH)^ and 0.5 al of 
0.25H ZnSC^ added and then centrifuged 
to remove precipitated proteins.

Reaction was terminated before enzyme 
addition or boiled enzyme extracts 
wre added.

Parameter measured Liberated paranitroph&nol estimated
by reading absorption at 420 nau

Liberated glucose estimated by glucose 
oxidase method of Dahlqulst and 
Lordstroae(1966)
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The activity of enzyme against raffinose and 

stachyose was measured by estimating the amount of galactose 
released according to the method, of Somogyi (1952). Enzyme
units are defined as the amount of enzyme which liberates

per minute
1.0jumoles of galactose^under assay conditions.

Protein determination :

Protein was measured spactrophot©metrically accord- 
ing to the procedure of Lowry et a^, (1951). During the 
later stages of enzyme purification, when protein concentra
tion was low or interfering substances were present 
Bradford’s method (1976) was used for the estimation of 
proteins*

Studies on regulation of -galaotoaldaae production of 
Bacillus Sp. I i

An attempt was made to study the regulation of 
raffinose metabolism in Bacillus So.I. For these studies 
production of enzymes oC-galactosidase and invertasa were 
studied using various sugars. The evidence for induction 
of “C-galactosidase at transcripticnal level was provided 
using rifampiein as an inhibitor of transcription.
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Bnzviae assays during induction s

Haring this experiment growth and production of
enzyme jb were studied using various sugars as *C* source*
stock solution <20%) of each sugar was sterilized separately
try autoclaving at 15 lb. for 10 min and appropriate amount
(the required concentration) of each sugar stock solution

was added in a sterile 250 ml Brlenmeyer flask. Basal-salt
medium was prepared separately ha a bulk and to this was
added 0*5% inoculum (12 h old culture grown in luria broth)*
40 ml of this inoculated basal medium was distributed in
250 ml conical flasks containing different sugars and shaken

(containing 0*5% sugar)
well. (Controls were removed immediately from this flaak^. 
for 0 h readings), These flasks, were then incubated on 
shaker (240 rpm) at 32°. Hiring the growth at different 
time intervals* 3.0 ml aliquts were removed for assay of 

-galactosidase» invertase and for measurement of turbidity. 
Growth in terms of turbidity was measured at 660 nm using 
spectrophotometer* For ot -galactosidase assay, 1.0 ml cell 
suspension was toluenized for disruption of cells for 10 min 
at roan temperature and added 1 jamole of -pWPG prepared 
in sodium phosphate buffer, pH 7.0 to give final concentra
tion of buffer to 100 jamoles* The assay mixture (l.t ml) 
was incubated at 37°C for 10 min* Reaction was stopped by 
the addition of 1.0 ml of 1M MagCO^ solution and then tubes 
were centrifuged at 5000 rpm for 10 min. The supernatant 
was read at 420 nm for measurement of liberated paranitrc- 
phenol. Controls inducted reaction mixtures to which boiled 
extracts (culture) had been added.
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Sucrose hydrolase (invertase) activity during 
growth was assayed according to Gascon and lampen (1968) 
by measuring liberated glucose from sucrose. Cells to 
be assayed for this enzyme (1.Q ml) were washed thrice 
with 0.05 f* sodium phosphate buffer, pH 7*0 using micro* 
centrifuge and suspended in 1.0 ml of the same buffer*
The cells were then toluneised for 15 min at room temper
ature. The enzyme reaction was started by the addition of 
10 jimoles of substrate (0*5 ml of 0.02M sucrose) and 
lOQjumoles of buffer and it was allowed to react for 
3o min at 37°v . Heactien was terminated by the addition 
of 0.5 ml of 0.25 N Ba(0H)2 and 0.5 ml of 0.25W ZnSo4 
solution. 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 rifampiein on 
induction of «c -galactosidase, first the concentration of 
rifampicin was standardized for inhibition of only mKMA 
synthesis and not protein synthesis in Bacillus Sp. I 
dur:Lng the growth in raffinose broth. Synthesis of RHA 
(mRNA) was monitored by incorporation of (%} uridine, 

whereas synthesis of proteins was monitored by the 
incorporation of ( C) leucine.
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Cells were grown in basal medium containing Q.5% . 

raffinose at 37° on a rotary shaker (250 rev/min) till 

log period ($660 ~ 0,8). The culture was then centrifuged 

in sterile cups at 8000 xg for 10 min and suspended in 2.0 ml 

normal saline. These cells were used to inoculate 100 ml 

raffinose broth in 250 ml Erlenmeyer flasks to which 50 jxct 
of (14C) leucine Up. activity « 52.4 iwCi/nmole) and 100 juci 

(%) uridine (sp, activity » 2.7 m€i/ramole) were added previ

ously. The culture was then distributed in sterile culture 
tubes containing different amount of rifampicin (10-200 jag/ml) 
and allowed to grow at 33?-' in siiaker water-bath, from these

y ,
tubes at different time intervals, 0.5 ml of sample was 
removed and to tliis was added 0.5 ml of cold 1G)S TCA and 
kept for 1 hr at -4°, the precipitate was collected on 

Whatman filter paper and washed twice with 10 ml of cold TCA. 

The filters were then dried and placed in. scintillation vials 
with scintillation fluid (composition is given in Table-33^. 

Radioactivity was measured using IKJ3 Rack Deta liquid 

Scintillation Counter.

For studying the effect of rifampicin during indu
ction, the cells were allowed to grow in 200 ml raffinose 

broth for the induction of oc -galactosidase. During the 
induction, at different time intervals 3.0 ml culture was 

withdrawn for assay 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 jug/ml rifampicin, 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 assays. 

Measurement of growth and assay of enzymes viz. &<_ -galactosliase. 
and invert©se were carried out as described earlier.

Purification of -galaotosidasa and invertase t

Cell free extracts of Bacillus Sp* I (isolated from 

stored soybean grains) having inducible od-galact©aidas@ 
served as the source of both the enzymes.

1) Preparation of cell free extract

The bacteria were grown in 200 ml raffinose broth 
in 500 ml conical flasks with aeration at room temperature 
for overnight (total 5 litre of medium was used). The cells 

were harvested at early stationary phase of growth by centri
fugation at 8000 xg for 15 rain at 0-4°, 35 g of cells
(wet weight) were washed with fair volumes of 50 i#i sodium 

phosphate bufiter, pH 7.0 containing 1 mI4 mercaptdetbanol*

After recentrifugation, cells were frozen at -20°. All the 

steps of purification were carried out at 5-10° unless and 
until specified* Preliminary investigations showed that both 

the enzymes required ~SH group for their activity, hence 

1 mM mercaptoethanol was added in all the buffer solutions 
used during purification steps.
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At the time of purification the ©ells wsro thawed 

and, resuspended in k volumes of §0 ©M sodium phosphate duffer 

pH 7,0 and then disintegrated by using Branson B-12 Sonifler 
at 20KH^by giving 20 pulses of one minute each in cold condi

tion, (The glass container containing sample was surrounded 

by ice-salt mixture during ultrasonication) * iha sonicated 

homogenate ms made upto volume 115 ml and then centrifuged 
at 20,000 xg for 60 min at 0-5°. Since both the enzymes 
were cytoplasmic, supernatant was used for purification of 
enzymes and the pellet was discarded.

The complete lysis of the cells during scnicatian 
were checked by reading change in absorbance of the homoge
nate at 260 nm and 280 am in a Beckman spectrophotometer.
To the supernatant (115 ml) 5% streptomycin sulfate solution 
was added (final c ascent ration to 0,7%) for removal of 

nucleic acids, This solution was kept on ice for 1 h in 

stirring condition, centrifuged at 15»QQG xg for 30 min, 

Precipitated nucleic acids were discarded, and the supernat
ant (125 ml) was submitted to fractionation by ammonium 

sulfate precipitation. Hem oval of nucleic acids was checked 
by reading the supernatant at 260 and 280 nm, before and 

after precipitation.

To the supernatant (125 ml) solid ammonium sulfate 
was added with continuous stirring to give 0-50% saturation. 
After the addition of ammonium sulfate, the solution was 
kept at 1-2® for 2 h, and centrifuged at 15,000 xg for



30 sain at 0-4°, Tbs precipitates were dissolved in 10 sal 
of 50 dsM sodium phosphate buffer, pH 7,0. since the 
dissolved precipitate did not show tha activity of 
<=»(' -galactosidase and tovertase the supernatant was used for 
further* precipitation. it was brought to 50-70/6 saturation 
with solid ammonium sulfate addition and hspt for precipita
tion for 6 hr at '2.-1\-t. The suspension was centrifuged and 

the precipitates were dissolved .to 5*0 ml of 50 bjM sodium 
phosphate buffer, pH 7*0. These precipitates showed 90s® 

of the total activity for both the enzymes,hence the 
supernatant was discarded. 50-70;<i> fraction containing 
maximum activities of both the enzymes was dialyzed against 
2 litres of 50 ml-] sodium phosphate buffer, pH 7*0 for 12 h 
at 4° with frequent changes of buffer to remove the salt*

Fractionation by gel filtration on Sepbadex G-200 :

The dialysed extract was applied to a Saphadex G-200 
column of bed dimensions 66 x 2.5 cm, previously equilibrated 
with the same 50 mM sodium phosphate buffer, pH 7*0*
Proteins were eluted with the same buffer at a flow rate of 
8 ml/h. Fractions (4 ml each} containing o<~galactosidase 
and those which contained invertase were pooled separately. 
Both the enzymes were concentrated by dialysing against 
50/-* polyethylene glycol in buffer to 2,0 ml.
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Fractionation by ion-exchange chraaatography ;

Both, the enzymes were further purified by im 
exchange chromatography using 1MM. cellulose hydroxyl- 

apatite end QAB sephadex columns, All the 3 resins ware 

previously equilibrated in Q.1M sodium phosphate, buffer, 
pH 7,0 and then columns were packed, at 4-8°, All the 

three columns were vested with 4-5 column volumes of 50 mK 

sodium phosphate buffer, pH 7,0,

Concentrated enzymes were applied separately to 
OEAB cellulose columns (Whatman OE-52) (25 x 2,.5 cm; and 

columns were flushed with 200 ml of G*Q5M sodium phosphate 

buffer, pH 7,0* Since both the enzymes were adsorbed on 

the columns, they were eluted with a linear gradient of 
0,1 to 1 1*1 NaCl, 5 ml each fractions were collected at 
the rate of 50 ml/h. The active? fractions were pooled and 

dialysed against 2 lit. buffer for 6 hr at 4°, For dialysis 
59 mM sodium phosphate buffer (pH 7*0) containing 1,0 raM 

mercapt©ethanol was used*

The 20 ml extracts containing ‘ |g>g>\ units of ■ 
<^-gsia.ctosidase and jjo -units of invertase were adsorbed 
on hydroxyl apatite columns (25 x 1*8 cm). Proteins were 

eluted by batch elution using 40 ml each 0.1 to 0,6 K 

sodium phosphate buffer, pH 7.0, 4.0 ml fractions were
collected at a flow rate of 30 ml/h and active fractions
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were pooled, dialyzed against buffer* These pooled fractions 

were then loaded cm second OEAE cellulose column (25 x 1 *8 cm) 

for concentrating the enzymes* First f columns ware washed 

with 100 ml Q.1K HaCl solution (prepared in buffer) and 

than enzymes were eluted by washing the columns with 100 ml 

of 1H MaCl* The active factions of both the enzymes ware

then dialysed against 2 lit of buffer for 6 h at 4°,
\

°{-galactoisidase was further purified by using OAK saphadex. 

Dialyzed fraction was loaded on Q&E Saphadex column 
(20 x 2*5 cis), and the column was flushed with 200 j&l of 

buffer. The column was ©luted with a linear gradient of 

0.1 to 0,6 M WaCl at a flow rate of 60 ml/h by collecting 

4 ml fractions. Active fractions ware pooled and dialysed.

Both the purified enzymes were dialysed against 50?$ 

glycerol prepared in 50 mM sodium phosphate buffer, pH 7*0 

containing 1 mM mercaptoethanol for overnight at 4e>. for 

reduction of the volume of enzyme as well as for tetter 

stability,

Polyacrylamide disc gel electrophoresis :

Polyacrylamide disc gel electrophoresis (PAGE) was 

carried out to check the purity of <=<-galactoaidaoe and 

invertase* Simple PAGE and SDS-HAGE were carried out 

according to Weber et al, (1972), using 7*5^ gels.

For simple PAGE purified enzymes, 20-100jag proteins were 

loaded on gels directly. For SDS-PACiE, the enzymes were
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denatured toy incubation for 1 tor at 30° - to 0.Q1M phosphate 
buffer, pH 7,0,containing 0.1% of 2-mercapteethanol and 
6M urea. Samples were also denatured by boiling with equal 
volume of Q.Q1M phosphate buffer containing 0.1% mercapto- 
ethanol and sds for 3 minutes. Electrophoresis was performed 
at 5 MA/tube for 5-6 h. After electrophoresis, the gels 
were stained for 4-5 h with staining reagent, and then 
de stained with de staining reagent for 24 h with frequent 
changes of the de staining reagent. (Composition of staining 
reagent and de staining reagent are given to Table-33^.

The activity band of oi, -galactosidase was detected on 
gel by running the gel to simple PAGE at 8® and then stain
ing with 0.G05M <=<-PiiPG, The gels were also stained with 
periodic acid-fuchsto reagent (‘Zoch^xius'- elj. al, 1$6§) for 
detecting the presence or absence of glycoprotein nature^ 
of ensymes.

Molecular weight determination of purified enzymes :

The molecular weights of both the enzymes were 
determined by analytical gel filtration using the method of 
Andrews (1964) as well as SDS-PAGE method. Molecular weight 
by ge 1-filtraticn was determined using Sepharose-6B and 
Sephadex G-200 colons,

Bepharose~6B (Pharmacia) column (1.5 x 48 cm) equi
librated with 0.05M sodium phosphate buffer, pH 7*0 was
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used for detemination of molecular weight by gel filtration* 

The column was calibrated with known molecular weight makers 
viz, bovine serum albumin (68,000), ovalbumin (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 proteins was carried out with 

the equilibration buffer at a flew rate of 20 ml/h and 2,0 ml 

fractions were collected'. Blue dextran was detected spectro- 
phot erne trie-ally by measuring absorption at 660 ran; BSk, 

.ferritin, ovalbumin, alcohol dehydrogenase, V. '";;3

at 280 am and cytochrome-C at 412 ran, Alkaline 

phosphatase was detected by assay for its enzyme activity,

20 ug of purified -g&lactosidase and 100 jig of 

purified lnvertase were loaded to the calibrated column# 
Elution was carried out with equilibration buffer at a rate 
of 20 ml/h and 2 ml fractions collected* The void volume of 
the column (Vo) was measured with respect to elution volume 

of Blue dextran. The elution volume (Ve) of protein® of known 
molecular weights were found out and the ratio (Ve/Vo) was 

plotted against the log molecular weight of corresponding 

protein. From the standard graph, tha molecular weights of 
samples were calculated* „

Sephadex G-200 column (2,3 x ?G cm) was equilibrated 

with OoQSM sodium phosphate buffer, pH 7.0, and calibrated
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with the known molecular weight markers as described above» 
Purified enzymes were also loaded onto the column. All the 
proteins were eluted with the equilibration buffer at a 
flow rate of 8 ml/h (4*0 ml fractions each). Molecular 
weights of the two enzymes viz* -galactosidase and invert- 
ase were determined toy using calibration curve as described 
above.

For determination of molecular weights of enzymes by 
SOS—page, known markers were used as molecular weight stand
ards. 10-100 jag samples ©a well as protein markers were 
loaded onto gels in the tubes after mining with the loading
buffer and electrophoresis was carried out as described above.

QDAP hydrolysing enzyme system of bacteria :

- Preparation of cell-free extract from QDAP hydrolysing bacteria

50 x 10^ cells were inoculated In 100 ml QDAP broth, 
containing 0.4% QDAP and incubated at 50® for 24 h* After the 
growth, the cells were harvested by centrifuging at 8000 xg 
for 10 min at 4e;-. The supernatant viz. culture filtrate 
was brought to pH 7.0 using 0.05N HC1 and used to check.the 
enzyme activity. For preparation of cell free extract, the 

cells were washed with 50 sM potassJUsn phosphate buffer, 
pH 8.0, recentrifUgsd and suspended in a 10 ml buffer in 
glass beaker surrounded toy ice-salt mixture, and sonicated
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in Branson sesiifier atlorHity giving 20 pulses of one minute 
each in cold condition. This hoaogenate was used as an 

enzyme source*

For the preliminary investigations cn the presence 
of QDAP hydrolysing enzymes in bacteria (which could degrade 
ODAP), the enzyme activities w?re measured in terms of disap

pearance of the substrate viz* GDAP,, The assay system con
sisted of 20 jjmoles of GD&P, 50 uraoles of potassium phosphate 
buffer, pH a.O, 0.5 to 1.0 ml of crude enzyme preparation 
(either cell free extract or culture filtrate) end water to 
a final volume of 2.0 ml. After Incubation for 1 h, 0.5 ml 
of 10;« TCA was added to inhibit the reaction and centrifuged 
for 20 min in a clinical centrifuge. The supernatant was 
used for the estimation of GIJAP by the method of Rao (1978b). 
Blank was same as that of experimental except that TCA was 
added before the incubation. The enzyme units ’were defined

per" minwLe,
as jumoles of GE&P disappeared/^uu.der assay conditions.

i

Measurement of activities of PDA? hydrolase and PAPA-ammonia 
lyase of Sfcrestococeus Bp, I i«■> iTaWBKi^wi

When crude extract of enzyme preparation .from
Streptococcus Sp. I (call free extract) was incubated with

CJDAPA)

ODA.P as a substrate, dlarainoproplonlc ecid^was detected 
during the reaction* During preliminary studies on the 
growth of Streptococcus Sp. I, DAPA was detected as art
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Intermediate during the breakdown of ODAP.f So it

was assumed that OD&P gets degraded enzymatically first into 

BAPA and oxalic acid. This can be a •hydrolase* reaction 

as follows i

eooH

COOH

(Oxalic acid)

( GBAP )

Biamiaopropionic acid liberated by enzymatic ■' 
hydrolysis of GOAF can be 'further cleaved into pyruvic acid 
and ammonia, This assumption was made on the 'basis of 

BAPA-aramcaaia lyase reported tpm Pseudomonas og. ^ Vi^ayalak- 
shmt gtj, ajj, 1975)* Therefore ,considering al^above stated 

facts, the first enzyme of OBAP breakdown pathway is reported 
here as GBAP hydrolase whose units are defined as micromoles

per minute.
of pyruvate liberated^per assay system when the extract was 

incubated with GDAP as a substrate, OBAP hydrolase was also 
assayed for oxalate liberated as a product, using oxalyl 

labelled OBAP as a substrate. Second enzyme of the pathway,

BA PA ammonia lyase was assayed for pyruvate as a product 

using DAPA as a substrate. The enzymatic reactions are as 

follows :~

HjjC'------- CH------ (20GH H«C----  CH---- COOi

m NH,

»0

COCH

SL.0

■** hh„ m.

aba;



Diaminopro- 
picnic acid + I3«0(MPA) *

Pyruvate + NADH * Ii+

...... -............... $j»»—

—«------------------

Pyrumte
* 2MB^

lactate + NAD+

Lactate dehydro*

203
(1)

(2)

' * A

Separation o£ oxalyl labelled OBW and C -oxalic acid by 

solvent extraction method :

The method of measuring activity of CMP hydrolase la 

standardized for the first time using labelled GD&P. The crude 

cell-free extract was incubated with oxalyl labelled OJDAP 

as a substrate and the enzyme activity was measured in terns of 
labelled oxalate liberated.- The assay system consisted of 

20 nmoles of labelled 0MP, 50 umoles of potassium phosphate .
buffer}» pH 8,0* 0*1 to 1*0 ml of enzyme (crude cell free 

extract) and water to a final volume of 2,0 ml* After the 
incubation for 1 h at 37°C* 1 ml of 4.5M JteQH was added to

inhibit the enzyme reaction. The pH of the assay mixture was 
then made to 1,0 by addition of o.5 ml of 12, W HG1* .After the 

enzyme reaction ms terminated* it was necessary to separate 
labelled oxalate (product) from labelled OSAF, 50 a simple 

advent extraction method was standardized for this purpose •
The basic principle involved • is extraction of organic acid 
(oxalic acid) in solvent otter at pH 1,0, When the method
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tfhen the method was standardized with, known amount of labelled 

Cul4P ©nd labelled oxalic acid + cold, oxalic acid* it was found 

that -the extraction of oxalic acid was highest at pH 1.0* 

when carrier 1©S> mg"o£ oxalic acid was present along with 

labelled oxalic acid. Accordingly after 'the termination of 
enzyme reaction,, to each tube 100 mg cold oxalic acid wag 

added before the extraction with ether*. To each tube 2*0 nil of 

solvent other was added, components were mixed by vortexing 

and allowed to stand At roc®- temperature for 5 minutes for 

separation of two layers*, The upper ether layer containing 
labelled oxnlic acid (product formed frera labelled QJD&P)* was 

plotted out in a scintillation ylsl with a pasteur pipette* 

This procedure was repeated,- 5v? times for complete extraction 

of oxalic acid* ' The ether collected in a vial was then 
evaporated at 50° in . water bath to’dryness*. Residue of 

'oxalic acid was, dissolved in 0.5 al distilled water and 10 ml 

of scintillation, fluid was added* The extracted labelled 

oxalate wag measured by counting the radioactivity in Beckman 
liquid scintillation counter (LS-7000), The assay systems 

for the measurement _ of activity of QC&F. hydrolysing enzymes 

viz. GMP hydrolase and EAPA ammonia lyase are given in 
iable«*64*
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List of reagents used for experiments m 
"Genetic basis of degradation of neurotoxin and 
raffinoae family of oligosaccharides in bacteria*1.

All glasswares and plasticwares used for these experi
ments were sterilized by autoclaving. Whenever possible, the 
reagents listed below were also sterilized by autoclaving. 
All antibiotics solutions were sterilized by filtration

Reagent Method of preparation

Acridine orange/ 
acriflavine solution

Ampiclljiin solution

stock solutions ware prepared in 
distilled water at concentration of 
5 ffig/ml.

Stock solution of sodium salt of 
ampicillin was prepared in distilled 
water at concentration of 25 mg/ml.

Chloramphenicol solution Stock solution was prepared In 1GOAj
ethanol at concentration of 34 mg/ial*

Chloroform slsoamyl 
alcohol (24:1) mixture

A mixture of chloroform and Isoamyl 
alcohol (24:1 v/v) was used to 
remove proteins frcsa Mk preparations*

EjySA, 0.2M, pH 8.0 74.4 g of disodium HXffiA 2Ii,0 was
dissolved in 800 ml of distilled water 
using magnetic stirrer, then pH was 
adjusted to 8.0 wlth.1 N N&OH and 
the volume was made up to 1 litre 
distilled water. It was sterilized 
by autoclaving at 15 pel for 15 min ' 
before use •
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Reagent
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Method of preparation

0.25M SETA ~ 50 m Trls 
(pH 8.0)

50 ml of 0.5I4 Sim (pH 8,0) was mixed 
with 50 ml of 100 m Trls-HGl buffer 
(pH 8.0).

Ethldium bromide solution 1 g of etbidim bromide was added in 
(10 ng/ml) 100 ml of distilled water and stirred

using magnetic stirrer for several 
Hours to ensure complete dissolution. 
The container was wrapped in aluminium 
foil and stored at 4° ;

Gel loading buffer for 
agarose. gel ■ 
e lectrophore sis

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

Idgase buffer, 10K, for 
T4 DMA ligaae

0.5 ml of 2M Tris (pH ?.4), 0.2 ml of 
1M MgCl2, 0.4 ml of 1M DTT, 0.2 ml of 
100 mM ATP (pH 7.0 with MaQB) and 
100 ug BSA were mixed together and 
volume made upto 2.0 ml with 
distilled water.

Mlt©mycin~C solution 1.0 pg/ml of solution was prepared in 
10% dimethyl sulfoxide solution.

Novobiocin solution Stock solution ms prepared in
distilled water at concentration of 
10 mg/ml*

MaCl solution, 5M 292,2g of NaCX was dissolved in 800 ml
of distilled water. The volume was 
adjusted to 1 litre and sterilized by 
autoclaving at 15 psi for 15 min.
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TABIE-65 CCcntd* ,)

Reagent Method of preparation

Phenol saturated with Crystalline phenol was redistillad at
buffer 160® to remove contaminants and stored

below 0% Whenever needed, it was 
melted at 68®. The melted phenol 
was extracted several times with an 
equal volume of buffer (1*0 M Iris,' 
pH 8,0) followed by 0* fM iris, 
pH 8,0, until the pH of the aqueous 
phase was more than 7*6. The phenol 
solution saturated with buffer stored 
at 4®r'v

Pronase solution Dissolved prana ae at a concentration
of 20 mg/ml in distilled water and 
stored as stock solution at -20°C. 
Working standard was made by diluting 
stock solution in 10 mM Iris HC1 
(pH 7#8) buffer at a concentration 
of 1 mg/ml before use.

Restriction enzyme buffer (medium), 1QX This medium salt buffer was prepared 
by mixing 100 mM Trie (pH 7*4),
100 mM MgClg, 10 ml Di’f and 500 mM 
Had*

Restriction enzyme buffer (high), 1Q5C High salt buffer was prepared by 
mixing 100 sM Tris (pH 7*4), 100 mM 
MgCl2, 10 m mX and 1M WaCl.

RHase solution Dissolved pancreatic RMase (RMags A)
at a concentration of 10 mg/ml in 
10 mM Trie HC1 (pH 7.5) and 15 mM 
MCI* Heated to 100®C for 15 minutes 
(to make it free from DNase) and
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TABUS—65 (Cavtd...)
«# mwh»hw mi MUM ww — — «wn—4M»

.Reagent
meimmim+mmmHmmftmimmtmm************

>mmmm m»m hh«h m mum mm mmm mm mm mm »»»»*>■ m
Method of preparation

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

Spheroplast medium 10% sucrose solution was made in
50 W Tris (pH 8.0).

ST3T buffer A litre of solution was made
containing O.tf-i Had; 10 asM Iris 
(pH 8*0) | 0*1 mM &3DTA and 0,5% 
Triton X-100.

3DS, 10% solution iGOg of SDS was dissolved, in 900 ml
of distilled water and heated at 
68®' to enhance dissolution*
The pH of the solution was 
adjusted to 7*2 with cone* HC1 
and then volume made upto 1 litre.

Bacterial strains used
SiM?"' :033© tSstJ osfpsrSEic^fet'cr-:

1) 8* coll strain C«6GG» harbouring
paa-Sa*"’'

2} wild type B*. coll « C-600.
F*% thi~% ihr~, Leu B6, Lae Y^, 
ten A21, Sup £44 , Rk~, Mk**

(The strains were obtained from 
Biochemistry Division, BARC, Bombay)*
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i-reparatlon of plasmid IMA from bacterial isolates as well as 
M,., Coll strains |lllg*ail<>ww*r—---r ■---nrn>niwmif

It was necessary to screen all the ma^or bacterial 
isolate a for the presence of plaaaid DMA for further genetic 
experiments* Deuconoatlc mesenteroides. Bacillus So* I, 
Bacillus So. II and Streetococ&us sp.a were used for screen
ing of plasmids, Standard doll K-12 strain containing a 
plasmid pEi-322 tas also used for comparison and further 
restriction analysis.

Different methods have been used to isolate plasmid 
DMA* 'All of them involve three basic steps $ growth of 
bacteria and amplification ©f plasmids, harvesting and lysis 
of the bacteria and purification of the plasmid JltA, I’hese 
purification procedures exploit in one way or another the two 
ma^or differences between the chromosomal DMA and plasmid 
DMA t

1; The chromosomal DMA is much larger than plasmid DMA.

2) fha bulk of chromosomal DMA fro® the cell is obtained 
as broken, linear molecules, whereas plasmid DMA is 
extracted in a covalently closed, circular form.
Most of the purification protocols therefore involve 
a differential precipitation step in which long 
strands of chromosomal DMA, entangled in the remnants 
of lysed cells, are preiferentially removed.
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Bach of the complementary strands of plasmid DM is 

covalently closed c ire la, therefore, the strands cannot be 

separated toy conditions such as heating or exposure to mild 
alkali (upto pH 12*5), which break most .of the hydrogen bands 

in DM„ Closed circular molecules regain their native ecnflB- 

uratiea whan cooled or returned to neutral pH, whereas chromo
somal DMA generally remains in the denatured state#-

Growth of fc, e&ll containing p.BR-522 and amplification, of the 

tola said i

Amplification in rich medium

Flaemid p£R-322 undergoes relaxed mode of replica

tion in dopLi &-12 harbouring them, hence the amplification 
can be carried cut if chloramphenicol is added during the log 

phase,, For amplification of these plasmids following proto
col ms followed (Haniatis at al. 1982)#

1) 10 ml of IS medium containing appropriate concentration
Os>Cu^I^O

of «wteuu^«a toooutoted «th a

stogie colony of Coll E-12 harbouring pBR-322.
■ This was than- Incubated at 3?® overnight with vigorous 

shaking*

2) Heart day meaning, 25.ml of IB medium to 100 ml flask 

containing antibiotics was inoculated with 0*i 'al of 

overnight culture and incubated at 37* until the culture
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at

reached late log phase (O.D^ 0.6) with vigorous
shaking*

3) 25 ml of the late log culture was inoculated into 500 ml 
of IB medium prewarmed at 37® with the appropriate anti
biotic in 2 litre flask. The flask was then incubated 
for 2*5 to 3*0 h, with vigorous shaking. To this flask 
2,5 ml of a solution of chloramphenicol (34 mg/ml in

at

ethanol) when the 0.0^ 660^became approximately 
0.4-0,5*

4) The cells were incubated at 37° with vigorous shaking 
for further 12-16 h*

Amplification in minimal medium s

1) A single colony grown in the presence of appropriate 
antibiotics, was inoculated into 10 ml of IB medium 
containing antibiotics and grown overnight at 37® by 
vigorous shaking,

2) 2,5 ml of overnight culture was Inoculated Into a
2 litre flask containing 500 ml minimal medium (M^>
with requirements of E* Cold. C-6QG strain (composition

and b'f-

of the medium is shown in Table-66^ containing 1*0?6 
glucose and appropriate antibiotics. This was incubated 
at 37° with vigorous shaking until the culture reached

- TlW, •
an O.jd* at 600 of o*4-0*5*
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MBlE-66 : Composition of Mej (minimal) medium.
(Maniatia et 1982)

Ingredients Amcwat (g/1000 ml distilled water)

NftgHPO^ 6*0

kh2po4 3.0

HaCl 0.3
hh4 Cl 1.0

pH «. 7.0

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

n»

1M MgS04 
1M CaClg

2*0 ml 
0.1 si
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I&BIE-67 % Composition of medium for the cultivation 

of E# 0031 K^2 " c6q0*

—wwnumwt i»»»wbh» ■»•»•«> *»»«»»«»#• a*** n*na»w — tmm mmrwm

Ingredients Amount
ttaiiri»»«t,i|.HiH1ll> wtiMimuMwii—wtwiiiiMKinwwwtwiwiiifffiitnwwuawtttwnwtietaito

w* *****
1000 ml

Glucose 5*0 g

Threonine 50.0 mg

lAucim 50.0 mg
Thiomine 5.0 m

Stock solutions of glue oee»threonins, leucine and thiamine were prepared, sterilized separately and then 
added to Mgj medium to give appropriate final concentrations.

Mates- For selection of 'Ref** transformants during the 
cloning experiment, 0.*$u raffinoe® was used as 
carbon source instead of glucose.

Appropriate type of antibiotic viz. ampleillin 
C25 J4g/ml medium) or tetracycline (12 jag/ml medium! 
were added to tbe medium whenever required.



3) 2.5 ml of solution of chlorampfaenical (34 mg/ml in ethanol)
ms added and incubation ms continued for further 12-16 
hours*
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Large scale isolation of plasmid IMA by SDS-lvaia method. :
(Manlatis et al, 1982)

Plasmid sMA preparation ficom Bacillus Bp. lf Bacillus
carried out

Bp. II and g* Soli C-600 containing pStl-322 were/jasing the
method described as follows :

a) Growth of bacteria and harvesting

1) Bacillus Sp.I capable of degrading raffinose and 
Bacillus Sp« Ilcapable of degrading neurotoxin were 
grown in 500 ml each of raffinoee broth and gdap 
tooth respectively till late log period (as mentioned 
earlier) for preparation of plasmid DNA«-. B* Soli 
K^g (0-600) harbouring pHl-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 
was discarded.

The cells (each collected separately) were washed in
100 ml ice-cold spheroplast aediiM^Co^P0^'0*'1 3lVe?1 
in TaUk- Ur).

3)
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b) Lysis :

The washed cells were resuspended in 10 ml ice-cold 
spheroplasfc medium (in a transparent centrl&ige 

cup of 100 ml capacity 1*

2} 2.5 ml of lysozyme (freshly made 10 aig/ml in 10 mM

Trig, 1 mM LOTA) and 2*5 ml of G.2M L£ffA 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 sin*

3) 4.0 ml of 10^6 SDS was added to each tube and the 

solution were shaken immediately to disperse the

SDS evenly through suspension, care was taken not 

to shear liberated UNA. 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 ice for overnight incuba
tion,

c) Purification of plasmid DMA

Removal of proteins from pNA preparation can be 
carried out by extracting aqueous solution of JPNA with 
phenol ©nd/or chloroform. The standard way is to 

extract once with phenol, once with a 24s 1 mixture Of 

chloroform and isoamyl alcohol This procedure takes 
advantage of the fact that deproteinizatica Is more



efficient* when two different organic solvents are used, 

instead of cue* Furthermore* although phenol denatures 

proteins efficiently* it does not completely inhibit 

RNase activity and it is a solvent for RNA molecules 

that contain long tracts of poly CjA (Brawarraan at al, 

1972). Both of these problems can be circumvented by 

using chloroform in addition to phenol. Also chloroform 

removes any lingering traces of phenol from the DMA 

preparation.

1) The supernatant obtained after salt precipitation 

was missed with an equal volume of phenol saturated 

with TE buffer in polypropylene tube with a cap.

2) The contents of the tube were mixed until an 

■ emulsion formed,

3} The sample was centrifuged for 10 min at 5000 xg 

; and aqueous phase was transferred to a glass 

centrifuge tube with pasteur pipette,

4) An equal volume of chloroform * isoanyl alcohol 

mixture (24:1) was added to the aqueous phase and 

steps (2), (3) and (4) were repeated.

d) Concentration of DMA

1) The volume of aqueous phase obtained after the second 

centrifugation in step C~(4) was measured.
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2) Two volumes of ice-cold distilled ethanol (exactly) 

was added to the solution, mixed well and chined*

3) The sample was stored, overnight at -20* to allow 

ENA to precipitate. Next day, it was centrifuged at 
0-4° for 30 min at 25,000 xg,

4) The supernatant was discarded and the tubes were kept 

in a vacuum dsssicator for drying precipitates of ENA.

5) The ENA pellet was dissolved in the desired volume of 
TE (Tris 10 mH, BETA 1 mfO buffer.

e) Treatment with RNase

1) The volume of the ENA solution in TE was measured and 
to that DNase free RNase (Table- 65 ) was added to a 

final concentration of 10 jig/ml. Tubes were incubated 

at 37° for 1 fa.

2) Suspension was treated with phenol and chloroformsiso- 
asyl alcohol mixture (24*. 1) as described in Step (c) 

for removal of RNase and other proteins.

3) To the aqueous phase was added double the volume of 

distilled alcohol and kept for ENA precipitation at 
-20* for 24 fa.

4) Next day ENA precipitates were dissolved in desired 

amount of TE.
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Isolation. of plasmid IMA frcsa » I and

j^MSj^gdLSSs. species by alkaline lysis method i

(Blrnvoin and Doly, 1979)

1) The bacterial pellet from the 500 ml culture was resuspe

nded in 16 ml of 50 tsM Iris and 20 xriM EiIEA. 1 ml of 

freshly made lysozyme (10 mg/al) was carefully added
and incubated at 30° for 20 min followed by 2 ml of 
prenase (5 mg/ml) and the sample was kept at 37° far 

1 hair.

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

37s for one hour.

3) 0.5 ml of 3M MaOH was added, The solution was mixed well 

and kept at room temperature for 15 minutes (pH of 

solution was made to 12.5) *

4) Mow, 1*5 ml of Bi Iris (pH 7*0) was added to bring the 

pH of the solution to 3.0. It was allowed to stand for 

15 mins at room temperature.

5) 5.2 ml of 5M NaCl (final concentration » t H) was added 

and the solution was kept overnight at 4°C,

6) Hext day the sample ms centrifuged to remaw high 

molecular weight DMA and bacterial debris at 12,000 xg 

for 30 min.



7) The supernatant was treated with 30% HSO (in distilled 

water) so as to give a final concentration of 10% PEG*

8) The solution was allowed to stand for 8 hours at 4°' .

9) , It was then spinaed down at 20*000 xg for 15 minutes*

which yields DMA pellet*

10) The SKA pellet was dissolved in about 200 jul 50 mM Tris

. ^zq tm. Eim.

Rapid isolation of plasmid IMA frcm drug treated colonies?
(Roberts gt ml, 1986)

me. of furv\
1) 2 ml volume of LB^was inoculated with each single colony 

and grown to late log phase i,e« for 18 hours*

2) A 1*5 ml of this culture was transferred to an Eppendorff 

tube, and the cells were harvested by centrifugation.

. 3) The pelleted cells were resuspended by vorter.ing in
400 jil of Tris-EDTA-Sucrose buffer (50 rM Tris, 1 mM EHTAf 

6*7?» Sucrose) pH 8*0 and suspension warmed at 37°*

4) 100)xl of lysozyme solution (20 xng/al) in 25 mM Tris, 

pH 8.0 was added*

5) This was mixed by inversion and incubated at 37° for 

5 to 10 mins.
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6) iGOjil of 0.25M K0TA - 50 bM Iris (pH 8.0) and 60jul of 

20?$ SOS (in 50 isM Trla, 20 m EiXCA) ($H 8.0) were added 

and. mixed by inversion and the mixture was incubated at 

37° for 1G-15 mins.

7) 28 jfi of fresh 3* CM HaOH was added and again mixed by 

inversion,

S) Mixture was allowed to stand at room temperature for 

10 mins.

9) Then iGjul of 2.0 M Tris hydrochloride (pH 7.0) was 

added end mixed by inversion and this was allowed to 
stand at room temperature for 3 mins,

10) 75 Jil volume of 5.® HaCl ms added and mixed by 

inversion. Mixture allowed to stand at 4® fear 90 mins 

or more*

11) This mixture was centrifuged for 5 mins and the pellet 

which contained the bulk chromosome IMA was discarded,

12) Supernatant was treated with 2 jul of pancreatic Ri'iase 
(10 mg/mlf boiled for 2 mins, before use) and allowed 

to stand at room temperature for 15 mins or more.

13) To the RNase treated solution was added 600jil of 

phenol saturated with 3% M&C1 and 100jil of chloroform- 
isoamyl alcohol (24s 1). This was mixed thoroughly

by vortexing and centrifuged for 2 min.
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14) The upper aqueous pi»s® -was removed and precipitated 

with double volume of distilled alcohol, incubated at
-20° for 10 mins and centrifuged at 4* for 5 mins.

\

15) The supernatant was discarded and the tube was inverted 
■ to allow the JMA pellet to drain. The pellet was dried
under vacuum for 15 mins to remove alcohol and then 
taken up in 2Qjj1 of IE buffer for agarose gel electro
phoresis.

Purification of OSA bv centrifugation to equilibrium in
caesium -chloride-ethidium bromide gradients ;

(Maniatls et el, 1982)

1) The volume of IMA solution was measured and for every 
millilitre^ 1 g of caesium chloride (solid) was added 
and gently mixed till all the salt dissolved,

2) 0*8 ml of ethidium bromide solution (10 mg/ml in HgO) 
was added for every 10 ml of caesium chloride solution 
and mixed well, with final density being 1.55 g/ml
(n * 1*3860) and concentration of ethidium bromide 
being approximately 600jag/ml*

3) The caesium chloride solution was transferred to a tube 
suitable for centrifugation• This was then centrifuged 
in analytical ultracentrifuge using swinging bucket 
rotor, at 40,000 rpa for 36 hrs.
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4) The upper band, consisting of linear bacterial ehresao- 

scmal EKA as well as nicked circular plasmid DNA were 

observed under U.V. light.

5) Plasmid UNA vas purified by collecting the lower band 

of UNA into a sterile glass tube through sterile P«21 

hypodermic needle inserted into the side of the tube.

6} Removal of at hidings bromide

a) Equal volume of 1-butanol saturated with water or 

isoamyl alcohol was added and mixed by pipetting 

vigorously.

b) This was then centrifuged at iSQOg for 3 min.

c) The lower aqueous phase was transferred into a 

clean glass stubs.

d) Extraction was repeated 4-6 times till all the pink 

colour disappeared from the aqueous phase.

The aqueous phase was dialysed against several changes 
' Of TE (pH 8.0).

7)



Preparation of chromosomal DMA from Bacillus So. I :

(Manlatis et al, 1982)

Cells were harvested by growing in raffinose broth

as mentioned in plasmid JMA preparation. Rest of the proce

dure ms as follows : -

1) l.Og cells were washed with TE buffer and suspended in 

10 ml ice-cold spberoplaat medium.
\

2) 1.0 ml lysozyme solution (prepared freshly) was added 

to give final concentration of 200jug/ml, 2*5 ml of 

0.2 M ElMA pH 8.0 was added immediately, and incubated 

at 37° for 30 min and suspension was transferred to 

250 ml flask.

3) 6*0 ml 10% SDS was added and mixed gently. lysis of the 

cells was carried out by heating at 60°C for 10-15 min.

4) Volume of the suspension was measured and treated twice 

with equal amount of saturated phenol solution.

5) The aqueous layer was treated with equal volume of 
chloroform + lsoamyl alcohol (24:1) twice and the 

aqueous layer was removed.

6) The volume of the aqueous layer was measured and placed 

in a sterile beaker, to this two volumes of chilled 
distilled alcohol was slowly added without mixing the 

layers. Threads of IMA were separated by swirling around 

a sterile glass rod.



7) IN A was then separated and kept in a tube. This was
then dried in vacuum desicator and dissolved in desired.
amount of TE buffer. RNaoe and prcnase treatments were 
given to the- preparation before restriction analysis.

Agarose gel electrophoresis :

The method of Sharp «rt, al, (1976) was used for sepa
ration, identification and confirmation of purity of ENA 
preparations using slab feel horizontal agarose electrophore
sis*

\

Horizontal mini slab gels (0*5 x 6x 9 cm) of 0.7 
or 1% (w/v) agarose in TEA (40 z$7 Tris-acetatejl roM EDTA, 
pH 8*0) buffer, were' mixed with, cue third of their volumes 
of loading buffer (0*25% brcmophenol blue in 40% sucrose) 
and were loaded (5-20jal) into the wells (slots) of the 
submerged gel with micropipette * Electrophoresis was 
carried out for 3-4 h at 50 V#

Staining DMA in agarose gels :

The most convenient method of visualising INA in 
agarose gel is by use of the fluorescent dye* ethldium 
bromide (Sharp et gl, 1976)* This substance contains a 
planar group that intercalates between the stacked bases 
of ENA, The fixed position of this group and its close 
proximity to the bases, cause® dye bound to DMA to display 
an increased fluorescent yield compared to dye in free

to ro



solution, UV irradiation absorbed by plasmid DMA at 260 nm 
and transmitted to the dye or irradiation absorbed at 300 nm 
and 360 am by bound dye itself is emitted at 590 nm in the 
red-orange region of the visible spectrum. Thus to detect 
IMA bands, gels were stained with ethidiura bromide (0.5jag/ml) 
and DMA bands were observed with a short wave-length. U,¥. 
transilluminator (Fctodyne) or U.V, lamp.

Curing of plasmids from Bacillus Sp. I using chemical mutagens 
and temperature treatment s

226

Curing (removal of resident plasmids from the bacterial 
strains) was carried out to find out the location of the 
desired genes in bacteria. Bacillus Sp. I which could degrade 
rafflnos© family of oligosaccharides showed the presence of 
plasmids. To remove the plasmids, bacteria were treated with 
different mutagens viz. mitcmycin-C, acridine orange, novo
biocin, ethidium bromide and CDS, as follows s

Curing with mutagens

1, Isolates to be used in curing experiments were streaked on 
BM 4 raffinose agar plates, A single colony was then 
transferred to 20 ml LB me dim, and incubated at room 
temperature for overnight. This culture was used as an 
inoculum.
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2* Tubes of LB containing various concentrations of drugs 
were inoculated with the diluted inoculum 10 cells/ml* 
These tubes were incubated on a shaker at JO4 5 for 18 h, 
and minimum inhibitory concentration (MIC) was deter
mined for each drug.

3. Samples from the tubes showing some growth were then 
plated on LB + glucose agar plates to get isolated 
colonies after serial dilution and plates were incubated

■ at 30° for 18 h.

4, Number of colonies obtained after the treatment with 
mutagenic agents and SDS wares then transferred to
EH + raffinose agar, Wi + melibiose agar, Hi glucose 
agar and EM + sucrose agar plates with the help of 
sterile toothpicks to check the dsgradative capacity of 
each colony* These plates of selective media were 
incubated for 24-48 h at 30°, BM * glucose agar plates 
served as master plate. M. -galactosidase activity was 
also checked from treated colonies.
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Curing; trials at elevated temperature ;

Curing of plasmids was accomplished through growth 
at an elevated temperature by the method of Steele and Me Kay 

(1986),

Bacillus sp. I was grown overnight in raffinose broth#’

A 1?3 inoculum was then added to 25 ml LB medium containing 
different concentration of acridine orange/acrif lavine.
All the tubes were incubated at 37°* 42° and 45° for 24 h m 

shaker incubator• The culture were serially diluted with 
0.9!$ saline and plated on nutrient agar plates. Replica 

plating of the colonies obtained was done as stated earlier.

Detection of -galactosldase activity in drug treated colonies:

Each colony after treatment with drug was transferred 

into 1.0 ml Luria broth and allowed to grow in sinking condi

tion. for overnight. Cells were then toluenized by adding 

0.1 ml of toluene to the culture, and kept at 37° for 10 min.

To this, 0.1 ml of ih sodium phosphate buffer was added.
Enzyme reaction was started by addition of 100 ul of 0.01 M 

^ -ENPG solution (1 jumole). Reaction was carried out at 37®C 

for 10 min and terminated by addition of 1*0 ml. 1M NagCC^ 
solution. Tubes were then centrifuged at 5000 rev/min for 

% 10 min. and supernatant was read at 420 nm against media blank 

on spectrophotometer.



Gene Cloning Experiments 8 (Maniatis et al, 1982)

Shot gun doling of gene coding for raffinose degra
dation from Bacillus So. 1 uas carried out using a vector 
plasmid pEE-322 in 5 steps as follows t

1) Generation of DMA fragments (both chromosomal, and 
plasmid DMA) by treating tbs DMA sample with a site 

specific restriction endonuclease that generates DM 

fragments having termini with an appropriate polynucleo
tide sequence.

2) .linkage of the fragments to he cloned to a vector plasmid 

pBR-322 by treatment of the IMA fra&nent/vect or mixture 
with DMA ligase, viz* construction of a recombinant 
plasmid.

/

3) Introduction of DMA products of ligation into a suitable 
host cell system viz. Coli K12 ( C-60'Q } by trans
formation*

4) Detection of transformed clones containing required 
hybrid DMA- species.
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Re strict ion enzyme analysis of DMA and plasmid DM of 

> Raclll:usR>p. I or pBR-322.

It was necessary to do restriction enzyme analysis 

of chromosomal and plasmid DM of Bacillus .dp.I. as well as 

pBR-522 DMA, so that the fragments generated after digestion 

by the enzymes can be used for further cloning experiment. 

Plasmid DMA from Bacillus Sp, I and pBR-322 DM from ^ Coll 

were purified using caesium chloride density gradient centri

fugation as described earlier. The purity of DM a were 

checked by agarose gel electrophoresis•

The restriction enzymes used were £sfc-I, IBco>-RI and 
Bam-HI (Bethesda Research laboratories, Inc,, Gaithersburg, 
MD), The protocol followed for digestion with these enzymes 

was of Maniatls et al, (1982), as follows :

Enzyme reactions contained 0.2-2 jig of DM in a 
volume of 20 ji 1 or less.

1 (a) Assay system for cutting pBR-322 DM consist of 20 jil 

DINA, 8 jil of 10 xmedium buffer, 48 ^tl of sterile water 
and 4jal of restriction enzyme (Bam-HI, pst-I or 

Heo-ai),

(b) Assay system for cutting ohrctaosonal DMA of Bacillus 

Sp. I consisted of 40 jil of DMA, 16 ul of 10 x medium 

buffer, 100 jil of water and 4 jil of restriction enzyme 
(Baa, pat—I or Scd-RI).



(c) Plasmid DMA of Bacillus So. I was cut in an assay 
system of 10 )xl of DHA, hjxl of 10 X buffer, 24 ul 
sterile ■water and 2 jal of enzyme (Bom-til, pat-1 

' or firo-ai).

2. Digestion was carried out for 1 h at 37® and the react
ion waa stop^d by heating at 68° for 5 min.

3* The efficiency of digestion with enzymes was checked by 
analysing 5 >il of the cut EfJA on gel, by agarose gel 
electrophoresis. Rest of the IBA was precipitated with 
double the amount of distilled alcohol and preserved 
at -20* .

Construction of recombinant plasmid and transformation

Recombinant plasmids were produced by joining chro
mosomal DNA or plasmid DMA with fragments of a vector DNA 
pER-322. The principle of inserticnal inactivation was 
used in construction of recombinant I^A and selection of the 
same. The pBR-322 vector specifies resistance to asspicillin 
(Amp4) and tetracycline (Tetr). The Amp* determinant 
contains the unique Pst-I site of the plasmid and Tetr 

determinant contains unique £ao-RX, Bam-HI, dal-i, Bph I 

and Xma-III sites. When pBR-322 was used for cloning of 
pst-I fragments transformants were selected m tetracycline 
containing plates. Transformant clones carrying hybrid 
molecules selected were Tttr Amp4,
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Llgaticti of foreign IMA with vector DMA s

The chromosomal or plasmid DMA of Bacillus So. I 
cut with (3st-I and Bam-HI ware ligated with pK-322 DMA 

cut with as described below* in a ratio of

4:1 }ig final concentration. :

Assay systems for ligation were as follows :

Plasmid DMA (Bacillus Sp. X) » 20 pi

pER-322 ENA 20 pi

Ligation salt# - 5 pi

Ligation buffer - 5 pi
iigase (T^-BKA ligasa) - 5 pi

Chromososnal MA (Bacillus Sp.l) -* 60 pi

ipBR-322 EfiA 20 pi

Ligation salt - 10 pi

Ligation buffer - 10 pi

llgase (T^-DNA ligaae) - 10 pi

ligation of ENA was carried out at 12* for overnight and 

ligation efficiency was checked by analysing DMA 'on gel by 

agarose gel electrophoresis*
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Transformation of reccrabinent plasmid DMA into L. Coll
using

Tr 6 oo^ calcium chloride procedure s

Transformation of recombinant plasmid was carried
out in E*. Coll K12 Q- boo by following method of Handel
and Eiga (1970) s

1) 2*0 ail of LB medium was inoculated with ' C- boo strain 

of Eft, Coll culture was incubated at 37° for overnight,

2) Mext day, 0*5 ml of this inoeulisa was added to 10 ml 

LB medium and grown for 90 min. at 37° by shaking 
vigorously,

3) The cells were centrifuged in a sterile centrifuge 

capped tubes and were suspended in 5 ml of 10 mM CaClg, 

incubated at 0° for 3 to 5 min.

4) Cells were centrifuged and suspended in 0,5 ml of 
75 mft CaClg, 50 ®M ’Mops’ mixture, pH 6,8 at 0® and 

then 0,2 ml of this were used for transformation and 

rest of the suspension wan used as control,

5) 0.2 ml of suspension of these cells was mixed with
20 jiil of each ligated DMA and incubated at 0® for 45 min, 

LB medium containing proper antibiotic was added to this 

and incubated at 37° for 2 h.
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6) An appropriate quantity of cells were spreaded onto 

selective media by spread plate method# Plates were 
incubated et 37° for 24-48 h,

7) Transformants were selected using the principle of insert- 
ional inactivation for further experiment, buaber of trans
formants were counted from each plate for checking 
frequency of transformation•

Controls from Step-4 were also plated on IS agar as well 
as LB agar containing antibiotics.

Controls as well as experimental suspension were plated 
on agar plates containing different media as follows, when 
recombinant plasmid preparation was carried out using IMA 
fragments act with Pst-I enzyme.

1) LB medium + tetracycline
2) IB medium * amplicillin + tetracycline
3) Minimal medium + raffinose + tetracycling (composition 

of the minimal medium is given in Table-67)A

4) Minimal medium + glucose + tetracycline•

When the *recombinant plasmid preparation was carried out 
using DMA cut with Bam-HI, after the transformation, samples were 
plated on LB agar plates as well as plates containing following 
different media :

1) LB medium + ampleillin
2) IB medium + ampiclllin + tetracycliline
3) Minimal medium 4- raffinose + ampicillin
4) Minimal medium + glucose t ampicillin

^sJLggSAjga.
Raf+ transformants of coli cells were selected for 

their skbility to grow on ampicillin or tetracycline containing 
raffinose agar plates.
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Production of antisera against < -galaotosidase of

gaayjMa &ai i «

Three rabbits weighing 11.3 to 1.3 leg were used for 
raising antibodies against purified "mel* induced ©( -galaeto- 
aldasfc and ’raf* induced ^-galactoaidase* Out of three 
one served as a control and two were injected with two 
different enzymes subcutaneously• Babbits were injected 
according to the protocol given in Table-68, Rabbits were 
bled using a needle to bleed the middle vein of the ear and 
5-10 ml of blood was collected at each bleeding. The proto
col followed for bleeding is given in Table-69.

Immunodiffusion test s (Oudsfcerlony, 196?)

%% Agarose gel prepared in 50 mM' sodium phosphate 

buf&r pH 7.0 with a pinch of aside was used to prepare gel 
cast on slides* and the slides were dried* A coating of 
1*096 agarose solution was spread on the slide to for® a 
thin film and allowed to set. Viells were then punched 
.into the gel and the antigens C -galactoaidase) (10 jil each 
having protein concentration of 1 mg/ml) and immunized sera 
(10 jal) mm added into different wells and allowed to 
diffuse for 24 h at room temperature. The slide was kept 
under moist atmosphere to prevent gels from drying out.
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Staining the gels

The gels were washed with saline (containing a

pinch of aside} to remove excess unreacted proteins from
tie gel 10 x 10 cm / 'Whatman gaper Ho.3 was pieced over

the gel, A pad of absorbent paper and finally a 1,0 kg
■weight were placed. After 10 min, the weights were removed,
gel was dried with a dryer,then the slide was stained with
ccomasole blue for 2«3 min, stain was poured off. The slide
was rinsed in distilled water and then destained with 

reagent
de staining^. till the clear band was obtained*

Iaar»motitratiagi of °< -galactosldase

Immunoprecipitatlm was carried out in plastic 

micro centrifuge tubes by adding variable amounts of 
antiserum (diluted antisera in total 50 jj, 1 of sodium 

phosphate buffer, pH 7.0} to constant amount of antigen 
( <=< ..galactosidase having five enzyme units). After 

mixing the anti sera and enzyme, the tubes were incubated 

at 4a for 3 hr and centrifuged, at 18,000 rpm for 10 minutes 

in a microcentrifuge and supernatant assayed for <=<-galacto- 
ald&sa activity as described earlier.
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TABIB-69 s Bleeding Schedule for immunization of animals 

against ^-galactosidase from Bacillus So. X,

Bays
Bleeding schedule

*

1» vmammmuB mrwti *

Habit-I Rabit-II
_I

J Control 
(Rabbit-III)

0 + ♦ ■ ♦

7

14 - - «*

28 + + ♦

35 *

42 + ❖ +

( + ) indicates animals blsd#

(-) indicates animals not bled*


