REFERENCES

Adams, RLP., Burdon, R.H., Campbell, AM., Leader, D.P. and Smellie,

R.M.S. (eds.) Chemical Analysis of DNA. in The Biochemistry

of Nucleic Acids,

New York, 1971.

Allen, E.K. and
273-330.

Andrew, C.S. Nutrit#®na

Exploiting % ﬂ!ﬂv’oﬁ \\}_\; (Vincent, JM.

% X 4
Whitney, A.S 3osé ve 253-254, Nif TAL,

Hawaii, 1977.

gen Fixation by Direct.

o Biological Nitrogen

op. 112-131. A Wiley Inter deience Publication,

Fixationgp] ; - yoIn _
e Y]

|
.

F

New York, hfz :
Bohlool, B.B. andSc mldt. "Immunofluorescengﬂgetection of

s A ingang - o

229-

AN L C LAY

ABacteriology. 8th ed. Williams & Wilkins, Baltimore,1974.

Burns, R.C. and Hardy, R.W.F. Nitrogen Fixation in Bacteria and

Higher Plants. pp. 8-30. Springer-Verlag, New York, 1875.

Christian, J.H.B. "The Water Relations of Growth and Respiration

of Salmonella orianenberg at 30°C." Aust. J. Biol. Sci.

8 (1955) : u490.



75

Christian,J.H.B. and Waltho, J.A. "Water Relations of Salmonella

orianenburg Stimulated By Aminc Acids." J. Gen. Microbiol.

43 (1966):345.

Cohen-Bazire, G. and Jolit,M. Genetics of Microganisms in Relation

to Industrial Requirements. in Biotechnology vol.l: Microbial

Fundamentals, (Réh

Chemie, Germa
Dilworth, M.J. "Ac

from Clostridi

127 (1966)¢

Elkan,G.H. Taxonou; : ww'f aceae n Biology of the

Rhizobiaceae ie i, % Atherly, A.G. eds.)
pp.1-14.,

Garrett, S., Taylor, R 'Isolation and Charac-

ing Nonsense Mutations in a

Porin Regulator Gene, eny Z.! griol. 156 (1983):
62-69. ‘,F;,  >

’ Gibson, A.H. Meth;EL for Legumes in Glassho&ﬂls and Controlled

ting Biological

Dp. 140-183.

AT,

J.B. ed.) vol. 2, pp. 353-378, Wiley, New york, 1969.
Hall, M.N. and S lhavy, T.J.

"Genetic Analysis of the omp B Locus

in Escherichia coli K-22 : General Pattern of Resistance. "

\
J. Bacteriol. 121 (1981) : 983-993,

Halliday,J. " an Interpretation of Seasonal and Short-Term
Fluctuations in Nitrogen Fixation." Ph.D. Thesis,

University of Australia, 1976.




76

Hardy, R.W.F., Burns, R.C. and Holsten, R.D. "Application of the

Acetylene-thylene Assay for Measurement of Nitrogen-Fixation."

Soil Biol. Biochem. 5 (1973) : 47-81.

Harold, F.M. and Papineau, D. Journal of Membrane Biology. 8

(1972): 45-62.

Herridge, D.F. Assesment of Ni n Fixation. in Nitrogen Fixation

p. 123-136. Academic Press,

in Legumes. (Vin

Australia, 19
Hinkel,P.C. and Mc e ATP." Scientific
American. 8

Jensen, H.L. "NitPoges ghion “3ng Leg minous Plants: I. General

Charactersfof gRogtNodule" cterl Iselated from Species

of Medicago'a ifoldum™in A a a." Proc. Linn. Soc.

N.S.W. 66 (:

ransport. in CRC

Kaback,H.R. and Hong
ms, vol.2,pp.333-374,1973.

Critical Reviews >

Krulwich, ©.A. UN& /H AmE == i Biophys Acta.726

(1983) : @-264 jl_]

Kushner, D.J.{ed.) in High Sg&é and Solute Concentrations =

ronments. pp.318-368.¢Academic Pxess, London‘-;l978

Laksmaxmaﬁ T rddeckid Wb d BL L) 1o

Lucerne (Medlcago Sativa Ls) As Influenced by Salanity

and Alkalinity. Plant and So0il.40(1974): 261-268.

Leonard, L.T. "Method of Testing Bacterial Cultures and Results of

Tests of Commercial Inoculants, U.S.DA. Circ. 703 (1%44) . 8

Lowry, O.H. et. al. "Protein Measurement with the Folin Phenol

Reagent." Journal of Biological Chemistry. 133 (1951) -

265-275.



77

Measure, J.C. "Role of Amino Acids in Osmoregulation of Nonhalophi-
lic Bacteria." Nature. 257 (1975) : 398.

Minchin, F.R. and Pate, J.S. "Effects of Water, Aeration and Salt
Regimes on Nitrogen Fixation in a Nodulated Legume :

Definition of an Optimum Root Environment." J. exp. Bot.

26 (1975) : 60-69.

Miller,J.H. in Experimen enetics. Cold Spring

Harber Laborat

A . Nutman, P.S. The Physiedes¥ of Nodule Femmation in Nutrition of
Legumes. (& | . 7-107. Scientific
Publicatic
Pankhurst, C.E. ang ot 5 : ﬁ-- Ffects of Water Stress on the

Fﬂ,\\\y-ivity of Soybean Root

7 \ 287-304

Strains and Lentil Genotypes

Respiratory
Nodules." J
Rai, R. "The Salt Tolé
and the Effect of a€i p¥§v Aspects of Symbiotic Nitrogen
: EE ot T ‘
Fixationgse : lcultural Seience. 100 (1983)
————— {?'
81-86. -

Ral R, Prasad, V., ‘Prasad, T.N., Kumar, S.gj and Srivastava,

‘ﬂﬂﬁ?ﬂﬂﬂﬁﬂﬁﬁﬂ?wdwm

Strdins of Lentil (Len esculenta) Rhizobium Growing from

ARTAND

98 (1982) : 487-u492.

Radriguez, R.L. and Talt, R.C. in Recombinant DNA Techniques: An

Introduction. pp. 45-46. Addison-Wesley Publishing

Company, Canada, 1983.
Y Roughley,R.J., Dart,P.J., Nutman, P.S. and Rodriguez-Barrueco,C.

"The Influence of Root Temperature on Root-Hair Infection

of Trifolium subterraneum L. by Rhizobium trifolii."

Proc. 11 th. Int. Grassld. Congr., University of Queensland

Press, pp.451-454, 1970.



78

Rudulier, D.L., Yang, SS. and Csonka,L.N. Proline Over-Production

Enhances Nitrogenase Activity under Osmotic Stress in

Klebsiella pneumoniae. in Genetic Engineering of Symbiotic

Nitrogen Fixation and Conservation of Fixed Nitrogen, (Lyon,

J.M., Valentine, R.C., Phillips, D.A. Rains, DW. and

Haffaker, R.C. eds.) pp. 173-179. Plenﬁm Press, Néw York

and London, 1980 'l//
Schobert, B. and Ts @’ropeb‘tles of Proline and

iochim.Biophys. Acta.

zide by the. N2-Fixation

USA.,57(19670:1317-1323

Schuldiner, S. an roton Antiport in Isolated

R'f-
Membrane V esiﬁ ﬂ_ﬂ h ‘ oli." Biochemistry.

17 (4) (1978 r-f» T 1078

Shapiro, B.M. and Stad }

mine Synthetase (Escherichia

coli)

U!\ﬂﬂ!l‘t"—-ﬂi-l""ll‘l ‘-.-m- P (Tabor H and Tabor’
X
L

C.W. eds#) D mss, New York and London,
1970.

Slnanuwongﬂ uﬂ ’Fi(ﬂ i igqNertheast Thailand."
1lgd
ies. 12 (1

Southeast Asian S'tud 31974) : 105 120,

=RNIN BTN o

Formation by Soybean," Plant.Physiol. 74(1984):72-76

Sprent, J.I. Effects of Drought and Sallnlty on Heterotrophic

Nitrogen Fixing Bacteria and on Infection of Legumes by

Rhizobia. in Advances in Nitrogen Fixation Research,

(Veeger, C. and Newton, W.E. eds.), Martius Nifhoff, 1984,

Sprent, J.I. in The Biology of Nitrogen Fixing Organisms.

pp. 94-98. McGraw-Hill Book, London, 1978.



&

79

Steinborn, J. and Roughley,R.J. "Toxicity of Sodium Chloride ions

to Rhizobium spp. in Broth and Peat Culture. J.Appl.Bacteriol

39(1975):133-138.

. Thipayathasana, P. "Isolation and Properties of Escherichia coli

ATPase Mutants with Altered Divalent Metal Specificity for

ATP Hydrolysis." ica et Biophysica Acta. 408(1975):

47-57. ‘/Z’
. W_JVillarejo, M. and Case C. lenv Z"MEdiz es Transcriptional Control
by Local

-.\‘;- ired for Osmoregulation

in Escherici .159 (1984) : 883-887.

Vincent, J.M. (e). : l \\X\ on and Maintenance of

Rhizobid. Ti \ ctical Study of the
U203 S =

Root-Nodule Srig: TBE ; ackwell Scientific

: w v
Vincent, J.M. Rhlzoblum B 1M robiology. in A Treatise of

il
. =

Dinitrogen Fixa (Hardy :'5 Silver, W.S.)

Sectio y nd Sons, 1977.

Vreeland, R.H., nderson, R. and Murray, mi E. "Cell Wall and

10N JE20 ) [V
AW AN, .

Escherichia coli." Biochem. J. 144 (1974) : 87-90.

Zi].be:rstein,D., Padan, E. and Schuldiner, S. "A Single Locus in

Escherichia coli Governs Growth in Alkaline pH and on
Carbon Sources Whose Transport is Sodium Dependent."

FEBS Letters. 116 (2), (1980) : 177-180.




APPENDIX

Appendix 1 Statistical analysis of nodule numbers by F test with
completely randomized design (unequal of N)

Table 1.1 Data taken from Tab

summation of nodule numbers was

listed as follow

number of : N" pr plant
replication ///é\\\\ Pe Py
1 L0 6
2 20 20
3 4t S 10
L 25 15
5 20 8
6 @ e 7 15
7 3
8
)
Total = T.J 4§ 32 - 1730= Tt
Mean " g 44
A
Total of all observations, Tt = 589 + 694 + --- + 77 = 1730
Tt '
Correction term, er A
. I8 gucon.ans
32 N '
T | k 2
SS‘total - g - o N
i=1 j=1
” 2 2 2
= (12)° + (90)° 4+ —-- +(8)“-93528.125

107363.88



81

k 2%
SStreatment = 58 I,7 =KL
j=1 nj
) 2
s KBB9Y 4ua-p (17) -~ 98528.125
8 7
= 45189.467
SSrediual = SStotal-SStreatment
= 62174.41

Table 1.2 ANONA table for

number of nod

-J
| ——
Source of ] ' ean Square . 8
Variation e S MS.) P
treatments : ’ ' 11297 .37 5+ 08
residual P W 2220.51
Total : 14 3. |
Mean Square = - ree of freedom
F-ratio
Le't's, Null E’pothesis, o = There are‘mo significant difference

tcompared between treatments

o AUEINYNSTEDAT
’ii‘ﬁ A A R0 8 e

compared among strains of mutants. (p < 0.005)
Data were paired and were subjected to further step of calculation

using Duncan's new multiple range test.
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|

Standard error of the mean, Sx = Jerror mean square/ri

error sum square
df.of errorX ri

error mean square/ il

k n i L o
= | & %1 = Gxij) ] /ri
j=1] i=1 §=1

ri

error sum -square/ o

{(12) + (90) +——-+(171) (589) }88+---

ke)® & (20)° w—ala)® - (27) }/7

= 18.5537

AT o = 0.05, dF. studentized ranges(SSR.)

were as follows:

ge being tested
ol = "" 5
SSR. : : .
24 = 8,183 3.2
LSR. 53 : 58,0731 59,3718
Least _signiiB:a 7 . X SX

Summation of ﬁ ﬁng a Wﬁfﬁ %(W«ﬁ }]aﬁs of data.
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Table 1.3 Statistical test for different pairs of mean by Duncan's

new multiple range test.

pairfbéing difference ‘ :
cEer e of mean P LSR. Interpretation
P19 : P21 104.67 5 59,37 SD+
- 3. .
P19 ,P5 93.67 58.07 SD+
Pl i By =D
: ko . 53.81 .
P19‘ TAL 113 | . SD
TAL 113 : P21 ?.07 SD+
TAL 113 : P5 L SD-
TAL 118 & P1 .81 SD-
B 0 56.4 SD-
P1 3 P5 | v SD-
P5 s P21 = 7% 53.81 SD-
SD+ = significant differvence, SD- 'riiant difference
S— 7
c "_- b

Po1 E Py

AUs TTETFRWEN A
ANAASNIDUNRI TN YR Y,

no statistical difference decided from the Duncan's new myltiple rénge

) "
o TAL 11@ it

test. Common letters denoted the same sign, ie no significant difference
(SD-), but for different alphabet signified the statistical different

of treated data.
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Appendix 2 The F test of acetylene reduction activity with completely
randomized design. (unequal of N)
Table 2.1 Data taken from Table 1‘.; the values of acetylene reduction

activity were as follows:

number of Acetylene r > 1 % ss (nmoles CzHu/hr/g of noduleé
replications TAL 11 w""—_ < P5 P2 1
al 4 8.5 | 5.0
2 12.5 21.4
3 13.3 13:3
n 25.0 12.5
5 1647 80.0
6 17.0 33.0
7/ 5.0
8
(538 8) 9072, 045
AR NN TR o - e
= 63?‘9 32
Q WAANT 5%@3@1’1'1{}%.1%) - 9072.045
= 927.32

6329.46 - 927.91 = 5401.99

SS.residual
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Table 2.2 ANOVA table for the completely randomized design of'acetylene

reduction activity.

Source of af sg MS Prpatie

variations
treatments 4 1] w2 231,83 116
residual / | 200.07
total - @63

At o = 0405, e _ (4,27) = 2.73

fe)
e The val ] on activity were not

significantly different. of mutants.(p > 0.1)

AULINENINYINT
ARIAINTUNRINYINY
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Appendix 3. The F test of plant wet weight with completely randomized
design (unequal of N)
Table 3.1 Data taken from Table 1, summation of plant wet weight was

as follows:

Plant wet weight (g/plant)
TAL 113 P19 5 ; P5 P21 control
2.3 3.0 Ly 4 3.1 3.2
3.6 < N 2.9
3.4 v 1\ 3.1 3,3
4,0 6 iy, B 3.9 3.9
5.8 W 4 SUNCH 6.1 8.0
| "%
4.6 . .- d:'- ] 7'0 H"L"
6.1 : ngﬁ' 6.2
4.8 ; e
| Total. 34.6 30.0 |ahae, 9 33.4 0.7 -k 19%.5
.. Mean n,82 d k77 3.45
C.T. E = (174.5 = 86d.322
- | i LY :
b)) VA RIS b e 0? - eono2
By _
7 = $2.3076 W ;
; (20.7) :
ARAQIAIUMAIVYINE - cor.o2
q 8 6 6
= A0

. . SS residual

1"

52.3076 - 12.24 = 40.0676
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Table 3.2 ANOVA table for completely randomized design of plant wet

weight.

Source of MS. F-ratio
Variation
treatments o — : 2,448 1.96
residual - 1.2521
total

it 4 = 0,08 = (5, 82) & @2.51

~ Since, F-y
* . The values g r—;r¥$1él ighth were not significantly
different, compared among stra: F- and mutants. (p > 0.1)
— it o

ﬂ‘iJEl’J‘VIEWIﬁWEI']ﬂ‘i
’Qﬁﬁﬁﬂﬂ‘imﬁﬁﬂ’sﬂﬂﬁﬁﬂ
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QWWﬁ\Tﬂ‘TﬁJ llﬁﬂﬂmﬁ&l

SSHiesidual = 551.7180 - 90.299 = 461.42

Appendix 4. The F test of plant height with completely randomized design
(unequal of N)
Table 4.1 Data taken from Table 1., summation of plant height was as
follows:
- Plant height (cm)
TAL 113 P19 ] P5 P21 control
30 4 Q88 2 32 40
33 9| Lo 35 37
35 < 33 30
38 ' L 57 by 37
39 . v . QN 4o 30
33 _ Bl 42 30
’ Il /N ,
total 208 192 == 226 204 = . |= 24165
i it
mean 34.7 38.4 - N7 .8 37.7 - 34,0
C.T‘
SStotal (30) + (33)7 +--- (30 - 42413,281
SStreatmghts = im nj EJ’Z’lﬂ 42413 281



89

Table 4.2 ANOVA table for completely randomized design of plant height.

Source of MS. F-ratio
variation

treatments 0598 1,02
residual 7.7469

total

. 'f— —
AT o = 0.05, theflcnd £ = (5, 26) = 2.59

= w

.". The values of plant'heigl not significantl
re, Ty

= B -

different s compare T o s~ e P i 1 0 B 1 - 8 . 10 0 8 = ey

I.‘"

) T —
AULINENINYINS
MIANTUNRINGIAE
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Appendix 5  Statistical analysis of the values of 0, consumption

2
using F test with randomized complete block design.
Table 5.1 Data taken from Table 4., the data analysis of O2 con-

sumption of mutants was summarized :

Mutant strain =
; T
(3 «—_-‘- in
M NaCl
P1 1.9..5
P5 16.3
P19 14,8
P21 475
7.9 68.1 = Tt

The total QFFT

ie. = 6.2 +13.3 = 19.5
e tﬂ %ﬂﬂ}w 'ﬂﬁ 2)z4211p]
qua\?ﬂimﬂﬁr]?mﬁ"lﬁﬂ“ %

T e grand total, = }: T,3.. = g B
j=1 i=1

= 19,9 + 48.2 = 19.5 + 16.3 + 14,8 +

17.56 =68.1



o1

The computing formulas for sums of squares:

y ’
sStotal OB B o=
§=1 i=1
sSblocks = & T -cCT
j=1 3
2 "
SStreatments = ;
-
when CT = correctio lel) = 579,7013
.*. SStotal ' RN Peee(13.4)°2 - 579.7013

*. SSblocks 7.5)° - 579,7013

.. SSresidug 2 C Streatments)

V;‘

4

AULINENINYINT
ARIAATAUNNINGIAY
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Table 5.2 ANOVA table for the randomized complete block design of

0, consumption.

2
S £ D S S M
ource O egree of um o .quare ean Square ol et
variations | freedom {df.} {M.s.}
treatments a1 100.1412 69.78
blocks 1.9712 1,37
residual ~ 1.4346
total

d.f. (treatmen . ers of treatments)

df. (blocks) “pumbers of blocks)-
df. (residual)
Mean Squ

:.,,.

F-ratio o ‘1 2

“’“ﬁﬁﬁﬁ ww?%i’m

1) Compared gutween treatmengf

YRR U WIRVHIARH =

consumption

At o = 0,05, the critical value of F with 4f, (1, 38) = 10,13
Since F-ratio of treatment (69.78) > the critical value

of F (10,13)

‘. The values of O2 consumption were significantly different compared

between treatment with and without salt (p < 0.005)
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2) Compared among strains.

Ho : The values of 02 consumption were not significantly

different among strains.

At a = 0.05, the critical value of F, df.(3, 3..) = 9.28

Since, F-ratio of blocks (1.37) < the critical value of F (9.28)

ot significantly different among

.". The values of 0, consumpti

strains of mutants.

AUEININTNYINS
ARIAINTAUNNIING 1A Y
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Appendix 6 Statistical analysis of ATPase activities by F test with
randomized complete block design.
Table 6.1 Data taken from Table 4., summation of the ATPase activity

was as follows:

givities
Mutant strain rotein) Total
.3 M NaCl
By _ 6.1
P5 | e 6.2
B _ . 7o : 5.4
| &ﬁ"
P21 _,'2' u'.l_ l"’.9
' )
Total = 1T.9 “22.6
;u"J
= %
Gl
88, total --_+(2 3) - 63.845 = 1,175
sS.blocks 5 (6.1) + (6 2)% +_Mu.9)? = 63,845 = 0.565

s B RTINS - e
W"iﬁﬂn‘ﬁﬁm bV IHREH
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Table 6.2. ANOVA table for the completely randomized design of ATPase

activity.

Source of variation MS. F-ratio
treatments 0.18 126
blocks 0.565 1.20
residual 0.1433
total

1) Compared begw
At o = 0.05, ffheroniticalowaiuelof F, df. (1, 3) = 10.13

F-ratio of treafin:

.". The values of \:: se_act: signdficantly different,

AY |

compared betweenfr?‘ out salt, p & 0.4
g i
2) Compared a?png strains.

i) U IERITNEFS @ 0 - o

F-ratio of blocks, } <20 < 9. 28

- SR SN ATRHR B

compa: d among strains, p > 0.1
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Appendix 7. Preparation and procedure of electron microscope technique

7.1 Scanning electron microscope (SEM.)

Cell sample in mid-log phase was first prefixed as cell
suspension. An equal volume of cell sample was mixed with an equal

volume of a mixture of 8% and 4% paraformaldehyde and glutaraldehyde,

3, used as the fixative agent.

The fixation was allqwed - "’--,ﬁ: t for 2 hrs. Cells were

collected into a millipore filtering p@) and washed once with

0.1 M phosphate buffer pH 7 e e dehydrated sequentially
g 2 | .ﬂ\ 200

. d 95% respectively.
Soaking in each gradi ' wed \at mBoom temperature of

10 min. The final ste yadra 46n was pe formed by soaking twice
)

: i \ ed sample was then subjected
e A

BT e
PR ¥

(Tousimis USA). After the

drying process, sample on _gy;.n as mouthed on a brass-stub

and subsequently cos with gold by using ,-,l on Sputter, model
IA——i’ -\ S

JFC-11000, Japan. [ sady for a visualization

by JEOL Scanning Electﬁon Microscope JSM-35 CF, Japan.

qe’-cell pellet dollected from a_culture'uf mid-log
phase, w% ﬁ?\aﬂsﬁ\ﬁi ﬁu Mﬁ :r]agsu ﬂg a ﬂrimary
fixation with 4% paraformaldehyde in 0.1 M phosphate buffer pH 7.3 for
24 hrs. The fixative agent was removed by a centrifugation and washed
4 times with 0.1 M phosphate buffer pH 7.3. The secondary fixation
was subsequently performed by suspending the sample in 1% 0504 at
room temperature for 2 hrs. Decantation, washing the fixative agent

and dehydration were performed in the same manner as did in the primary



V4

fixation process. The dehydrated sample was embedded in Liquid Spurr
Resin, (a mixture of 11.5 g \'rinyl cyclohexene dioxide, 7 g Dow epoxy
resin, 31 g nonenyl succinic anhydride and 0.5 g Dimethyl amino ethanol)
and the resin was allowed to polymerize at GSOC for 2 days. Thereafter,
the sample was subjected to a thin sectioning on the LKB Ultratome

V 2208, Sweden. The 60-90 nm thi

c3s of the sections were selected

and placed on the grid. t stained with 5% uranyl

@ distilled water,
dy aceeat %olu’tion (1.33 g lead
\ \ \.\;‘\ g

illed water.). The

acetate. After washing
the sample was post-s
acetate, 1.76 g sodium St:

stained sections were a visuyalization under

the JEOL Transmission E ~\: B0 CX, Japan.

ﬂUEl’JVIHVI?WEI’]ﬂ‘i
QWWMF]?W?MTJV]EI'IMI
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