CHAPTER IT

MATERIALS AND METHODS

A. MATERTALS

1.1 Legume

——

e obtained from Rhizobium

\\“’““

Seeds o

Section, Department ot Agriculture and
co~operatives.,

1.2 Bacteri _
h‘d‘d _

Rhizobiugl pllaseodi- T, 3 Ty obtained from Rhizobium
Section, Department of gr-mfzga_ ‘ stry of Agriculture and

co-operatives.
2. Chemical maten
Chemicali @nd solvents ahdlytical or reagent
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L, Bac erial media

4,1 Yeast mannitol medium (YM.) (Vincent, 1970)

~ Dipotassium hydrogen phosphate 0,5 g per 1,
Magnesium sulfate ‘ 0,2 gger 1,
D-mannitol 10.0 g per 1,
Yeast extract ) 0.4 g per 1,

Sodium chloride 0,1 g per 1,
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The medium was adjusted to pH 6.8 with 1 N HCl, autoclaved at
120°¢ for 15 min. To make a solid medium, an addition of bacto agar,

1

15 g. per 1., was performed.

4.2 Yeast mannitol medium with 0.3 M. NaCl. (YM + 0.3 M. NaC1l. )

It was prepared as in 3.1, with an addition of sodium

chloride to a final concentrs ‘\1 Vﬁ 3 M.
.h\-.\\\‘ .

#.3 Selectionsmmedia for rhfnﬂ- (Vlncent 1970)

1 !!E e T #hnLto congo red.

congo red, was added to

a final concentratioa of 25%n yeas: -1tol medlum.

¥

5. N-free solutioﬂfor plant. (Jensen, 194%

it El THHATHEARG: e e

Soluti@h II Magnesigm sulfate 123 g. per 1.
 AEF R Naa I
Solution IV Ferric chloride 1.8 g. per %,

Ethylene diamingtetraacetic dcld 1,7 g, per L.

- Solution V - Potassium chloride - 0,75g, per 1.

‘Boric acid ; 124 mg, per 1.
Manganese sulfate 67 mg. per 1,
Zince sulfate _ 46 mg. per 1.
Cupric sulfate i 10 mg, per 1,

Molybdenum trioxide 2 mg. per 1,
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1 ml of each solution (I-V) wés diluted with 1 litre of

+
distilled water, 0.1 g. calcium sulfate was added and adjusted to pH
6.5 with 1 N KOH, The medium was autoclaved at 120°¢ for 15 min.
6, Instruments.
Analytical balance model H 10 Tw. (Mettler Instrument,
Switzerland).
Autoclave mode nufacturing Corporation,
. Japan) .
~

(JEOL Ltd. Japan).
BPGD. (Packard Instrument

Company, U.S.A.).

‘Gas chrgmatograph; California, UySA. )%
Y p Y
‘Hot air 'ove many ) .
r
Ll | = B |
Hydrogen -i erator model 15 EHG (GJJ-ral Electric Company,

o eemmiigandenns.. . .
TN TN NI NEAE. . .

Yellow Spring, Ohio, U.S.A.).
0il rotary vacuum pump. model RP. S 100 H (Makashi Seisakugho
Co. Ltd. Japan).
¥ ' pH meter. model PHM 83 (Radiometer Ltd., Denmark ).
‘Recorder mode17613 (Instrumentation Specialities Company,

Lincoln, Nebraska, U.S.A.).




15

Shaking water bath (Heto Lab Equipment, Denmark).

*
Spectronic 20 (Bausch and Lomb Inc., Ltd., UBihi s
Ultratome V. 2208 (LKB., Sweden).
UV-Visible Recording Spectrophotometer model UV,-240; Graphic
printer, model PR-I. (Shimadzu Corporation, Japan),
~

e ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂi
qmmmfuummmaa
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B. 'METHODS
1. A selection of salt-tolerant mutants.

Ten isolated colonies of R. phaseoli clone grown on YM plate
were used as the cell starters, ach isolate was then inoculated and
grown in 5 ml of YM at n. When a cell dénsity of
each culture reached of ODSOO’ a seriesof 0.5 nq1

~ portion from that oculate into a 5 ml of YM

supplemented with i of 0,01, 0.05, Ol B2

and 0.3 M respect 50 samples were, therefore,

available for the of sal 1" ATithis stage the incubation
was prolonged for ization of the cloudy cell

suspension was noticdblg heh “an’ a priate number of cells from

picked up and pur%E}e- 'onﬂlstartlng colonies. The

.similar treatment wqf repeated thrﬁLf thereafter, no observable growth

‘ ‘ ety eﬂ u%% %%%W &’},ﬂ %d for several days.

2. Growth of bacteria.

AN mum A0 ’lﬂﬂ s

prepare a starter inoculum. Whenever, growth of bacteria was required,

107 cells per ml from each starter inoculum was tranéferred into a

125 ml capacity of an Erlenmeyer flask containing 20 ml of cultivating
y  medium. The culture was iﬁcubated on the rotary shaker with a speed

of 100 rpm at 30°C and its cell density was observed in ODgy, With a

Spectronic 20 or in KU with a Klett-Summerson colorimeter. In certain

cases, viable cell count was also performed by dilution plating method

in accordance with the measurement of the cell density.

IIIIII.I.llllIlllllllll...---—-____¥
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3. A maintenance and a preservation of bacterial strains.

3.1 For short-term storage.

Bacteria were grown on the surface of YM agar, and

maintained at u°c for at least 6 weeks without observable loss of

viability.

In case

ml of bacterial culture

was mixed with 0,5 m yed, The bacterial suspension
in 50% glycerol wa A : ‘\t>:>\\ — ‘ v
— N

4, A detection o

ivity,

4.1 Prepa onard, 1944)

The bo as made of a wide mouthed-

. The upper part was
a bottom free, long ne edgﬁﬁefle‘{: when placed upside down to the

'_.?F-_—,. = 7 o 4
: = J_:} - . 3
bottom part would madesa Lécnards jap . .gAfter filling with

. ‘ z
steriled river bE?T I& Upper par . & ﬂ plantation whereby

a property of noduﬁion oul

be ce%d. For example, at

each time interval oirjsg inspectatiion of bacterial nodulation, young

Plant was puﬂcgufﬂag mﬂm iﬂeﬂ qﬂﬁted by soaking into

water. Steriled nutrient solution was smpplied to pladt twice a week
ARIALDIUIRIANEARE
%

Seeds of a healthy look were subjected to surface sterization

by soaking in 20% chlorox or 70% ethanol for 5 min. 'The-seeds were
then soaked in sterile distilled water for several times in order to
remove the sterilizing agent. Seed germination was performed by an
vincubation of the steriled seeds on a moisted cotton wool in a Steriled

petri-dish for 2 days at room temperature,
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4.3 Plantation and Inoculation. (Gibson, 1980)

+
The pre-germinated seeds of uniformed appearance were
selected and sown in Leonard Jjar. 109 cells of rhizobial culture were
promptly inoculated into each jar except the control. All samples
were cultivated either in a glass house or in a growth cabinet.
4,4 A measurement ne reduction activity. (A.R.A.)
. A pla of%li weekswodd, free of sand, was
~ | .
e R CBM ST Each flask was
sealed with a sleev s ' \\\ o) nd de#acuation was

replaced with argon. and" oxygen were subsequently substitued
for argon to a final e tionjoff \\- 20% respectively.
Incubation was perform an hour. The amount of the

|

evolved C2Hu was detected by an imjection of 100 Hi: of the gaseous
phase into a Gas’ | geentration of C'QHUr was -
quantitated by V M With that of standard CQHLF

A specific activim' of the acetylene reduct@n was expressed in nmol
¥ CQHu/hr»/g. ﬂﬂﬁﬁ}j Iﬁﬁﬁﬁ ﬁdule number, height and
; o ‘ wet weight lant u r pded ‘i :
' i ¢ o Y _
: y’ vey T afChadt erial Morphol gl f][gﬂ&lf]a ﬂ
"\ & U Y| g O 'lr |‘ i | |

9 Samples of WT and its mutants were sent to the Scientific '‘and

Technological Research Equipment Center, Chulalongkorn University for
a visualization of bacterial morphology by scanning electron microscope

(SEM) and transmission electron microscope. (TEM).
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6. A detection of cell surface antigen by a fluorescent antibody

technique. (Bohlool and Schmidt, 1970)
A fluorescent antibody technique, employed as a mean for a
visualization of an antigen-antibody complex was stepwisely devided

as follows:

6.1 An immunization off

wild type) grown in YM
were-harvested and wae ce Wi 10, 85¥"NACL. Cells were resuspended
to give a final cofice el L\ S “' 7 r ml, The cell suspension
was heated for an | to inactivate flagella
and other protein .antiges ‘ J ate ,ical preservative was
added to‘obtéin a ‘ 7 The inactivated cells

were kept at 4°C untifl

bbits were used to immunize

by the following,

!

131

Day éﬁlan O - e .. of antigen injected

 AUBANENINEINS-
AMABTIINANGAY

" | 2.0

gth . 2.0

10-15tH ' rest
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A week after the final injection, rabbits were bled through
the marginal ear yein for checking of an agglutination titer of
antibody. Whenever a titer showed primary detection of at equal or
higher than 1,280, a portion (30-40 ml) of blood was collected via

a cardiac puncture. Serum were pooled and preserved by merthiolate
and kept frozen at-20°c.

6.2 A fractionation o lobulin.

@ (usually 15 ml), an aqual

“volume of cold 3.9 M affiMondum sud: i}owly added at LLOC. The

cloudy serum mixtul( o A or an hour and the serum

globulin was separ i \\\\
The pellet was pa ; ed, \‘.\.\
- cycles of an addi A ) ‘.

the globulin disso 85% NaCl. The final pellet was

0,000 rpm for 30 min.
ming a two successive
e to an equal volume of

dissolved in a mini and dialysed against

0.85% NaCl until the 4 aly *{- _-_- o detectable amount of sulfate

ion. Dialysate of thessériim-g! Jbia’ ept, at 4°C until used.

& :
6.3 Prefulig _“,!_, (F.A,)

After‘n appropriate adjustment m f the serum globulin,
approximately 20 mﬂ 4 T 1‘4ﬁ egscein isothiocyanate
. (FITC) was aéqjleu ﬁﬁﬁﬂja ﬁ:ﬁil ie fluorescein dye
and t in_prot § ﬁ £ 0.1 M pH 9.0
was thagﬁja ﬂﬁt ﬁﬁ’jc ﬁH’j H/V. The :

mixture was allowed to conjugaté by a gentle stirring for an hour and
standing oVernight at 4°C. The conjugated fluorescent antibody was
separated from the unconjugated and unreacted VFITC by using gel
filtration. The conjugated mixture (about 300 mg of total protein)
was applied to a 2.2 x 35 cm. and eluted with 0.1 M phosphase buffer

saline pH 7.2. The fractions of conjugated fluorescent antibody were
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pooled and kept in freezer (-20°¢C) until used.

6.4 An initial testation of fluorescent antibody.

An optimum working dilution of the fluorescent antibody
was accomplished by making a serie of 2-fold dilution. The diluted

antibody was tested for the antigen-antibody reaction with the smear

of WT as further described in Méthods; section 6.5. The smear of

dficity of the fluorescant

with e@omide. After the cell

of R. japonicum was stadfice ) ‘}‘-_’ ‘-?"- sscent antibody, the washed

R. japonicum was used te_al
antibody by a double 'ste

cells were re-staineg ~.,\ idium bromide and viewing

under the fluorescent

6.5 A detBc ‘tibody reaction.

.ﬂ\l.hl d

\ R
The cell j8u -] w'rv-* 'f gnioff all mutants was compared with

their WT as follows: M’ﬂ,
A drop of ba *'-, : was smeared on the glass slide

on of F.A, Staining was

—
.

achieved by an 1 ‘st-chamber for 20 min.

" The excess FA. was J.nsed off by a saline ph@phate buffer pH 7.2

¥ (2.9 g NaH ﬁ: i‘lﬁ and 0.02% NaN,).
_‘ o Each slide, wa ng ijﬂﬁ ﬂsﬁﬁﬁater. The air-dried
sllde qﬂ p1 ggantlbody :
complexnwas obavgd unmgﬂ:l\ mic Elcope

7. A measurement of GC content.

7.1 An isolation of the chromosomal DNA. (Rodriguez and Tait,

1983).

A 80 ml of bacterial culture at stationary phase was
- harvested by a centrifugatioh at 10,000 rpm for 15 min and washed once

with 10 ml of SET buffer (20% sucrose, 50 mM Tris-HC1, pH 7.6, 50 mM EDTA).
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The cell pellet was subsequently freezed in a dry ice-ethanol bath for

2 min. and immediately thawed in warm water. After the step of freezing
and fhawing » cells were resuspended in 2 ml of SET buffer and kept on
ice. The cell suspension was lysed by an addition of 0.2 ml of

Lysozyme solution (5 mg/ml in TEN buffer,nlo mM Tfis HCL pH 7.6,

1 mM EDTA, 10 mM NaCl) and of 1 of RNase buffer (10 mg/ml in

0.1 M sodium acetate pH preheated at 80°C for 10 min, ).
The cell mixture was | .
thé cell were trans
25% SDS was added, gent! -- at 37°C for 3-6 hrs.

Tq the mixture, O. TEN buffer) and 1.5 ml

of chloroform/ n-a goiol (24\:1) were ??:~d. The incubation'was
continued overnightfwi - ’-? nak! +87°C. A chloroform

~ extraction was perfowmed ] v_rrwﬂ ing I¢ by an addition of 1 ml
sterlled water and 2 volume 5  chloroform/ n-amyl alcohol.
After 5 min of a gen '*;h* jere- separated by a centri-

I pipette was used to

fugation at :‘,';——M—__~ —
remove the. upper pigse nto'e ube. Tig chloroform extraction

was repeated twice. iE:gc1pitatlon ©f the chromosomal DNA was achieved

e s addmﬂ Ml 3 VWG WEFIThdee of sce-cora

95% ethanol. The solution wa8 gently mimed and standJ/in ice bath for
5 min.QTwI;;l\a'nﬁQ im Nm’llmﬂl&ﬂ a glass rod.
The remainlng of low molecular weight contaminants was eliminated by
dipping the DNA to fresh 95% alcohol. The purified DNA precipitation

was dissolved in TEN buffer and stored at 4°C until used.
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7.2 A measurement of GC content from a DNA melting curve,-

(Adams, et. al., 1971)

A DNA solution at a concentration of 1 ng/ml (OD2 ~ 1,0)

60
was heated under FE-2 thermo-bath (HAAKE, Germany). The hyperchomicity

was relatively recorded with the resputive temperature raised from

. '@nt of the chromosomal DNA was
tin &“sing the equation as follow:

25-100°C. A percentage of

calculated from the sc

ting temperature)

8. A measurement o g -ior i éyathasana, 1975)
ultivated either in YM or
YM + 0.3 M NaCl, w : 7 'f?‘f : “x\: of the 0, consumpti;n.

The oxygen uptake off ce u 1l *;f u ored with an oxygen electrode
(Model 53, Yellow Sp

SOOC in a 5 ml vessel.

An 02‘consumption Wwas exp

£ O2 per mg protein per min,

9. The measuremet

S

The :’w; \‘ ;/ity of ATPase
described previousigg(Thipaya asana, 1975) wﬂi modified as follows:
Samples of WT and ﬁ c ‘ (0~ i ein) were‘ 'incﬁbated
in 10 ml of @fw : ﬁﬁﬁﬁu 1 om§0.1 M Tris-HCl pH
6.8, 20% sucrose, 1 mM_E ﬁ 37° i i ,.xlyi ~treated
cells éﬁgaalﬁhi uﬂia V;[Elllli gl;ilters
(0.45 um pore size). Cells were collected and washed with 10 ml of
0.01 M Tris bqffer PH 8.0 and the filters were transfered to assay tubes
containing ATPase assay mixture (7.5 umoles ATP, 2.5 umoles MgCl2 in
60 pmoles Tris buffer pH 9.0). The filter pads containing ATPase were
immersed in the assay tubes ﬁsing glass rod and incubated.at 37°C for

30 min. the releasing of inorganic phosphate was measured as previously
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descpribed in Methods section 11.2. Specific activity was expressed as
y molés of inorganic phosphate released per mg protein per min.

10. A measurement of sodium efflux.

10.1 Preparation of Starved cells (Zilberstein, et. al. 19 80)

Cells of a mid-lo

were harvested by a centrifuga-—

tion at 10,000 rpm for 15 | resuspended in 0,1 M

phosphate buffer pH 7.2 to achieve a final

concentration of 2 mg rving of cells was

performed by shaking for at least 12 hrs.

10.2 A loadfmg sodium efflux.

To an apPropri 6Pt \ arved cells,22NaCl was

added to a final conce

5

having the specific

ac.tivity of 2.5 @10 mixture was incubated at 0o

for 2 hrs. Before.the Ay of ¢ od: : wag performed, the cell

-
.

mixture was -’v room —temp: "“‘ min., Sodium succinate
was immediately addﬁ to & 3 ior@wf 10 mM. An aliguo-t
of 0.5 ml of the cellsagmple was rapidly transferred into a pad of

aiilipors mﬂ‘u £ 34&%}3%& e v v

an addition of 2 ml of 0.1 M N¥iCL; Lells were rapidly filter-ed
and wasﬂdw’] \a&n imiu WC’.] ’)’m& r}‘aaﬂas removed
and used for Na counting by a y—counter (model BPGD, Packard

Instrument, U.S.A.). The efflux of sodium was expressed in nmoles/min/

mg protein.
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11. General methods.

11.1 Protein determination. (Lowry, et. al., 1951)

‘After washing cells with 0.85% NaCl, protein was extracted

by mixing an equal volume of cel spension with 1 N NaOH and hydro-

lysed in boiling water ba After cooling, 1.0 ml of
.

sample was mixed with 2 per reagent (1 ml of

ate in 50 ml of 5% sodium
\\\\"\

\ perature, Subsequently

0.5% CuSOu, 1 ml of
carbonate) and let

0.5 ml of phenol

and held at least f f— 9 \\ "

measured at 650 nm, \

> phosphate, (Shapiro, B.M. and

antly added, mixed

+ The absorbance was

pared by using bov:me
serum albumin as sta

11.2 Determin £ f{

Stadman,
Inopganie-phosy ' 18] as followed 1 ml of

sample was mixed wiB 3. gent ~L g FesO y> 1.25 ml of

7.5 N H, SO in 500 mlgof distilled water) and 0.3 ml of molybdate

st 6 AU RHIIWEIVAT s i,

promptly read absorbance atg660 nm. QQPO was used for making the

AR AN TU NN TNENA Y
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