CHAPTER III

RESULTS

1, Growth characteristics o

Monitoring of gpowth Of | Clbium by a direct measurement of

an optical density a uncorrect result, since

¢

the excreted slim ht be the cause of

deviation., To v U, "weading could represent growth
of bacterium, a owed in accordance with a
cell turbidity 4 Plot between cell

density and viabl days period of growth were

Rep ot between viable cell
count versus the repe ti.ﬂr U were shown in Figure 3, These
curVes were our stand “Cupves’ u anvept a unit of cell den31ty

in terms of 0D j Whenever, a genera-

J

tion time op doub!ﬂn EPOW _wia required, a conversion

of the recorded 0D er.KU to the cqtyespondlng viable cell count was

employed byﬂn% H Q %&%I @mﬂ mﬁon of the conversm:;

was restrict only in the lghearity ofisthe curve whith was around
B~ m’]aa&ﬂ bl SVl d | &) Bl of ene
generat on tlme of growth shown in Figure 1 yas performed from the
reading of 0.4 unit of ODSOO' At this point, the viable cell count
was equal to 4 x 108 cells per ml. By shifting the estimation into
Figure 2, the value of 4 x 108 was correlated to 18 hrs and the value
of 2 % 108 was 16 hrs, fhe generation time was, therefore, equal to -

2 hrs,
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Figure1. Relative of cell density with respected
to incubation time
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The growth pattern of R. phaseoli TAL 113 (WT) was obtained by

a measuring of cell dens:Lty at each specific time of incubatiomn.
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Figure 2. Relation of viable cell count with
respected to incubation time

Viable éell_ count ( cells/ml.)

Incubation time ( hrs. )

The growth pattern of R. phaseoli in YM was obtained by a

- measuring of viable cell count at each specific time of incubation,
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'FigureB. A correlation/ of cell density and

viable cell count.
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The cell density was plotted versus the corresponding viable

cell count at each specific point of incubation time.
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2, Selection of salt-tolerant mutants.

The aim of our project was to select éalt—tolerant strains by
an application of a sibling selection. Initially, 50 samples of an
individual colony were grown in YM media containing NaCl at a concen-
tration ranging from 0.01-0.3 M. Bacterial cultures containing salt

'lower than 0.1 M were turbid after a few days of incubation. Cell

cultures from 0.1 M NaCl regrown on 0.1 M NaCl YM congo

red plate. Ten isolate, e second grown 0.1 M NaCl YM

. - .
plates, were pooled in the Cosden flasks, containing YM medium

with NaCl at a conceat#aid® ang i \tg:\\:\\\; 0

NaCl at a final conc do i on 4 f .’ '*jﬁ\k

-5 M. were then prepared.
YM medium containing

5 day incubation., Cell.
were regrown on YM p ‘Wenty two strains were
randémly picked up én- Wﬁected to test for nodulation
ability. It was found . strains tested possessed the

nodulation ability and P19 and P__. which was used

23

throughout this ~; ds

3. Symbiotic abi ﬂi*A test of.

Nodulate abll&t of the salﬁljolerant stralns 1solated was the

most crucial ﬂouﬂ ’J % g VI i wgqcﬂ ‘jaerformed a Leonard's

test as descr d in the Methoés sectlon Plants o ne month old,
planteQnW'anﬂ ?ﬁu u H r}'}%a&}qqa;%}ed with WT
and salt!kolerant strains were our samples. Plants, free from any
inoculation were used as our control. Roots cut from planta with and
withéut inoculation were photographed together as shown in Fig 4a.
Roots cut from planta being inoculated with salt tolerant strains;
PS’ P19 and P21 were separately shown in Fig u4b, Y4ec, 4d and Ye

respectively. At an instant observation, roots obtained from plants

¥4

being nodulated by salt-tolerant strains were glimpsed a variation in

Size. However, all of them provided the similar healthy character as
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the same as that from WT. All plant tops were used to determine plant
wet weight, plant heigﬁt, nodules number and root activity of acetylene
reduction (ARA.). The whole data were analysed statistically. The
details of the statistical analysis were shown in Appendix 1-4. Only

.the final numberical values from the statistical analysis were summarized

in Table 2, Summation derived

the statistical treatment was as

follows. . First, when nodul ' be ; garded as a parameter and the

data were subjected to nearn ! 'érange test, it was found

that plant of diffe \\\\
\ \ 0.05% confidence level.

b or c) provided a fiC o c \\
Second, the rest of ' il \\ , plant wet weight and

plant height were

the same mark (letter a,

2t there was no signi-
ficant difference a sardless of having a

group variation in nodiile ‘ : idveibeen remarked in a, b or c.
It was worthwide +to nofe th ot oefficiency of variation
(%Cv.) found, could be devidaed 4 Litine Rt e, Riiliass and
ARA, were falled ‘V lant height and plant

wet weight were theﬁ" ers., ; >

»

ﬂUEI’JVIHVI‘EWEI’]ﬂ‘i
QW’]NT]?@UNWTN]B’]@H



Figure. 4  Nodule form ”,:f' : ilated with WT and its

mutants.,

One month ¢ and its mutants were

drawn from Leonard d and observed for

nodule formation.
(a)
(b)

inoculated

(c) inoculatef
(d) inoculated witir-

(e)

inocw bz

 fusneninenns
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g Table 1. Paramei:en of growth from one month old planta which being nodulated by WT and its
mutants. )
Strain (WO of nodules(Dry wt. of nodule|Wet wt. of nodule A.R.A Plant | Wet wt.
L . per plant per plant (mg) | per plant (mg) (umole/hr/g nodule)| height per plant
¥ 7 . (em) (g)
12 15 150 31.3 - 2.3
90 54 00 48,0 - 3.6
15 ' 10.0 30 3.4
Wr | 60 12.0 38 1 u4.o0
40 6.1 35 5.8
35 35.5 38 4,6
- 166 17.5 39 6.4
171 13.0 33 4.8
70 T - 4.y
60 1.2 39 5.1
B, 26 8.6 37 4.6
75 10.3 37 4.6
7 5.6 a8 6.2
100 17.5 Y 3.0
230 8.2 ) 5.8
190 13.4 40 5.0
Pyy - 80 16.4 39 6.2
: 47 28.6 35 - Wi
20.0 38 5.8
2 8.5 - .| s.0
’ 12.5 . 42 6.2
Py ] e 1 13.3 30 4.8
! 25.0 42 5.5
& 16.7 <l L T
¥ i 27.0 40 5.0
q‘l 5,0 = 3.1
20 7 ¢ 36 g SLMMF o a2 4.0
P : £ i 3 35 9.4
YWAANNTUNRAIVIDINE | & | o
| 8 : B’ Lg " 80,0 Ly 643
E SR 15 iu i - 33,0 40 7.0
3 g 28 5.0 42 6.2
o % = # 40 3.2
e - - - 37 2.9
= - “ & 30 3.3
Control - - - e 37 3.9
¥ . a2 2 i gk 30 3.0
2 i : = g 30 4.y




Table. 2 The final numeiical

with stat-aqkw;;:
(1) Bythe aps /

group of plant samplg

-new multiple range test,
mupbers of no significant
difference were ear hx_é’ b ap 6).
(2) ARA, pls ”, height wére subjected to
F* test all of the lasf n e i AN pbtained, indicated no

significant difference ta being test of,

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂ’i
ammmmumwmaﬂ



inoculated with WT or its mutan

Table 2. Statistical analysis of the symbiotig properties, among group of plant samples being

No. of nodules| AcCety 7 Wet weight Height

e per plant (1) p/ / per plant (2)2 (cm)2
WT 73 ab 4,32 34.7
P1 48 be L4.98 37.8
Ps- 22 be 515 36.8
P19 115 a 5.00 38.4
By 11 ¢ b7 37.7
Control - 3:.45 34.0
g A UBANEHIINYINT™ =

ARANIUININGAE

Ve



4, Growth of salt-tolerant mutants.

Photographs in Fig. 5 showed the ability to form colony among
mutants in the presence of 0.3 M NaCl. Colonial size of tested mutants
was similar whereas no growth was observed for WT. All mutants and WT

were reused to observe growth in liquid culture with and without 0.3 M

profiles, the ability toun ' deMedium without salt of both

WT and all mﬁtants Wa = vels t‘**wng;_except a little lower in
value of OD.,, at thes®iaeis; | bhase wassobserved in mutants.

However, when culti \\\‘E;?H\\»‘ presence of 0.3 M NaCl,
‘no growth was observ ] j, \Q\Sk\ NS crowth was found in mutants.

Points to be noted w B ime of mutants in the presence
of 0.3 M NaCl was mar ii-;‘ 1ged ¢ ',ues as compared to that of
without salt, and a raghe oW vatmesin cell density at stationary phase.

Summation of the signifi ﬁ? o ues of WT and mutants was shown

i
in Table 3.

ﬂﬂﬂ?ﬂﬂﬂ‘iwmﬂ‘ﬁ
ammn‘mumwmaﬂ

A0S0
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on YM + ﬁS M .Ng_g;;pla}

g
v The isolatedgcelonies of widd type and its mutants were streaked

o o 0.0 FUH L IABIA T WEANS.
ama\mmﬂm%maa

1’ 5’ 19’ 21’ = salt-tolerant mutants
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Figure 6. Comparison of growth profiles between WT and its mutants.

O———0 grown in YM

o—-—@ grown in YM + 0.3 M NaCl
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Wild type
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¥
Table 3. Chafacter of growth of WT and its mutants under salted and
unsalted condition.
klég'pha-ei generation time1 growth yieid1
strain ; ~al
duration (hr) (Klett-unit)
‘WT in YM 350
WT in YM + 0.3 M Na -
; P1 in YM 5 290
P, in YM + 0.3 M Na 200
Ps.in M 259
P5 in YM + 0.3 M NaCl 185 .
P19 in YM 4,0 300
P19 in YM + 0.3 M NaCl 210
P21 in YM ( 275
P,y in YM + 0.3 185

U e ARH3NENIHNINT
AT INGIAY
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5. The studies of cellular morphology by SEM and TEM

Vreeland et al. (1984) was the first who reported that, in

‘Halomonas elongata, there was a difference in the cellular morphology
in response to increment of salt concentration in its growth medium,

We persued this idea by an inspecting of the alteration in the cellular

morphology based on the SEM anc 1 g cells which were cultivated
N
case of SEM, mutant strain

P19 was used as the ictures performed under

our condition, as dstrated no significant

’diffevenee in the he WT and mutants,

regardless of the ase of TEM, mutants

no. P P P as

& S Sl

were some differences

presentatives. There

among WT and its mutants.,
First, there was a surf f@ .aréund outer phase of the cell
5*° Piq

Less surface irre u-—-u---:gru--nw—mu- -—~--'--'--—--: 4 were cultured in the

envelope of P and B d%ﬁté;QEJ g in the presense of salt.

absence of 0.3 M N“T'. 1CHe ompaet was observed
) : o i
as was viewed from tﬁf denser granule of cytoplasma protion of cell

el £ El‘ﬂ FNYINT
QW’] ﬂ\‘\.ﬂﬁﬁu um'mma 4
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&
Fig. 7. Scanning dnd its mutant grown in
YM and YM
Cultures of \ the‘r in YM or YM + o‘,3 M
NaCl were prepared f oscope as previously
described in the Append
(a) WT grow
SIERITY .
(e) Pig edgm
o (’

AUAINLNINYINS
ARANITUNRING A Y
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%,
(a)
“*
(b
V . [ & L . %
‘ AU ':l Pl :l
U
F1 Figure 8 q Wsmls ion electron micrograph of WT
Cells grown in YM, were prepared for transmission electron
microsope as described as Methods section,
% a) Longitudinal section of WT
?f

b) Transversional sector of WT




Figure 9. 8 'of mutant P_. grown under

5
salted

"\,u‘ rown in YM,
grown in YM + 0,3 M NaCl

on of mutant P5 grown in

 fuiingndnens
_QWIANMIUNMINGIAY
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10a.

ammmmum’iwmaa

Figure 10, Transmission electron micrograph of mutant P19 grown'under

salted and unsalded condition.

Fig. 10a. Mutant P19 grown in YM

Fig. 10b. Mutant P19 grown in YM + 0,3 M NaCl.
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Figure 11. Transmission electron micrographs of mutant P21 grown

under salted and unsalted condition.

Fig. 11a. Mutant P21 grown in YM

11b. Mutant P, grown in YM + 0.3 M NaCl.

23
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6. Checking of the difference on cell surface antigen by fluorescent

antibody technique.

Owing to the presence of growth retardation ,found among mutants

being cultivated under salted condition, it was therefore, essential

strain. Thus, a éhe cing BE—c suﬁigen based on the fluorescent

antibody technique a

Fig. 12 was the fluore talned with the fluores-

\“\

ceht antibody and Fig 4 do! thos &~ts stained with the same

,pa\\

e *\ ose of the R. japonicum,

fluorescent antibody . tr found in both flgures
were identical but ébv daf

the slow growing rhizob as used as the positive

control.

ﬂ‘UEJ’JVIHVIﬁW g3
QW’m\iﬂ‘imﬂJWl’JVIEﬂaﬂ
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Flamscent ‘mit_:lrjég"!%‘apﬁ’s; ©of R} ‘phageoli &)

Culture grown in YM was performed. The procedure of checking
the cell surface antigen by fluorescent antibody was described in the

Methods section 6.



Figure 13. Fluorescent micrographs of the salt-tolerant-mutants.

All mutants grown in YM + 0.3 M NaCl were checked for cell
surface antigen by fluorescent antibody technique as described in

the Methods section 6.
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Figure 14. 'Eluorescent miérographhgf R. japonicum.

oJ P’ ¢udbue foF R.TJaponiclim, thd 16w growing frhizobium, was

used as’'control for checking the cross reaction of the fluorescent

antibody. The sample was primary stained with the fluorescent antibody

and double stained with ethidium bromide.
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7. Measurement of the GC content.

To be assured that, strains being isolated were the genuine
derivatives of WT, we should therefore, aetermined a % GC content
between them. P19 was used as the representative b Its chromosomal
DNA was isolated and purified in parallel to that of the WT. The

| procedures including the cale . D f the % GC were as described

in Methods section 7. Galf
""‘h:'

i .‘_
R Cckme %GC and R. japonicum

pupified ufder the same procedures, was

g. 15) was employed as the
standard DNA for a pr

chromosomal DNA, isolg

()

used as the positive sented in 3 different

figures, Fig 16, 17 edures, we found an
identical value of % X romosomal DNA (61.2%)

which was significant Japonicum chromosomal DNA

(64.9%).

B B ioenerg_t ic propert :Le

—

Flts mutants,

Generall

o

] ﬁ ovided a difference
~in properties V ' ' t ’ time, although théy

]

were grown in the sdme condition, then the pdm'lt to be asked whether

NG 1) 10} 13111 1) 0 10 BN
g ) MNPV N[0T

was in Table 5 and the performance of the statistical analysis of fhese
results were illustrated in Table 6 and 7, Details of the étatistical
analysis were described in Appendix 5,6. Based on this statistical
treatment, it was ensured that, in the presence of salt,'rate of 02
cohsumption in the whole cells of each mutant was Increased to 2-folds
whereas the level of ATPase activity in all strains tested were remained

at the same value,
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Figurels. The DNA meltihg curve of calf
thymus
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85,5 ©c from the melting curve. Therefore, % G + C of calf thymus DNA

100

= (85.5 - 65.4) x 2,44 = 39.3%.

Three different melting curves represented triplicated experiments,
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¥ Figure16. The DNA melting curve of TAL 113
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melting curve Therefore, % G + C of TAL 113 DNA = (94 5-69,4) x 2, 44 :

= 61.2%,

Three different melting curves'hépresented triplicated experiments,




Figure17. ~ The DNA melting curve of mutant Pis
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THe DNA melting curye of Mutant P19 was performed as described

m&h a

under Figure 16, The Tm for Mutant P19 DNA was deduced; as 94,5°C
from the melting curve. Thefefore,'% G + C of Mutant P1§ DNA =
(94.5 - 69,4) x 2,44 = 61,2%,

Three different melting curves represented triplicated

experiments,
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Figure18. The DNA melting curve of

R. japonicum
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DNA melting curVe of R ;aponlcum was performed as descrlbed

; under Figure 16, The Tm for R. japonicum DNA was deduced as 96,90° e
from the melting curve. Therefore, %G+ C of R, jaBonicum DNA =
(96,0 - 69,4) x 2.44 = 64,9%,

Three different melting curves represented triplicated

experiments.




Table 4. Effect of hlgh concentration of sodium i

consumption and ATPase activity of WT TAL 113 and its

mutants.

Cell gro ‘Cell grown in YM + 0.3 M NaCl
——
L 0 Consumption’1 Consumption1 ATPase Activity
Strain no. 2 : . .
(ymoles/min/mg protein) oles/min/mg protein) | (pmoles/min/mg protein)
TAL 113 6.4 + 0.9 = oF 5 | BT
B 6.2 % 0.5 forid i\ 13.3 £ 2.4 3.4 £ 0.3
E, : 4.8 + 0.6 % 2.3 .5 295
P19 4.8 = 0.4 T 0.6 27 £ 0.8
. 4.1 % 0.3 P ESNTTTTA S 43,4 + 0.1 2.3 0.1
Cells at exponentiall phase, Wn elther ifYM medium %ﬁ + 0.3 M NaCl, were used and the O2
consumptlon and ATPase actlvrty m &mim EJ onsumptlon and of activity of the

ATPase were :s ::r:jeamﬁ Tj‘i:gd ;J M r] 'g VI El r] a E'

( ) WT TAL 113 could not grow in YM + 0.3 M NaCl.

74°]



Table 5. Statistical analysis of salinity effect of sodium ion on O
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2

consumption of WT TAL 113 and its mutants.

0, Consumption (pumoles/min/mg protein) gzzg;‘izical
Strain no. Cells grown in YM | Cells grown in YM + 0.3 M NaCl| among S’troainsl
|
WY
TAL 113 . (./’ NG
Py e SD-
P5 D, , SD-
Flg 0.6 - SD-
P‘,2 1 0 ? ST~
[Statistical
Decision
between
treatment
i Based "'C-%':Ff-‘_Fﬁ?f-f':“f-‘-'—-'-‘--i'--ﬁ--—---:"é ‘test (Fisher's test

igh, no significant
1‘

with randﬁiz d

difference .imgug strains a&.:’the 0.05 level of significance

R INHNINEINT

Based on the stat:.st.ical analy31s of F. test ith randomi=zed

’5] HAR IR FUNNG IR Bhisero-

between treatment with and without salt at the O. 05 1eVe1
of significance.

The method of calculation was described in the Appendix 5,

~
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Table 6. Statistical analysis of salinity effect of sodium ion on

ATPase Activity of WT TAL 113 and its mutants.

ATPase Activity (umoles/min/mg protein) Statistical
Strain no. Decision
Cells grown in YM : ells grown in YM + 0.3 M NaCl among strain31
TAL 113
¥y 0.3 'SD-
P5 0.5 SD-
P15 0,5 SD-
. P21. 16 1 ' SD-
Statistical
Decision?
between
treatment
NG = No growth a;ﬁ%ﬁi%‘ﬁmf No significant difference

e il ,
1:2 The & :ﬁh‘ 1ther among strains or between
- il | I‘ &

treatmef , showed no significant -1fference at 0.05 level

AUIMENINGINT

The meé"od of calculatipn was des ribed in th ppendix. 6o

Qmmmmumawmaﬂ
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9. Comparison of the rate of sodium efflux

9,1 Efffect of starvation and reconcilation on O2 consumption.

The hypothesis was proposed that an increment in rate of

, of Na+ out from the cells. . To .
/ f energy should be depleted.
Thus a starvation exper s Wr 91-# ig. 19 showed a starvation

profilbe of WT cell wI{ ‘ S se of mutant P, in the

N
:

ound that, 12 hrs was the
"'1. \\ ) .
de ation of O, consumption down

AN 5

respiration was related to the.

test the hypothesis, endo

presence and the absen
key of starving hour w
to zero. After suc€lin mption was immediately

increased. The rate idétested in the starved cells

's were cultivated in the

':asur'ement of a Na'
excretion from intrgellu a - ularﬁnvironment.b Procedure
used was as describedf im, Methods seqtion 10, Kinetic of sodium efflux

o can sevafhlod abrcrlh I HUEL Hobebson, e paccem

£ the exper:.mental pefor'mancé was esseptially impongant, In this

experlr:ammflxadﬂ:ﬁ]lj‘gu umqu nﬂ:‘l\‘az& until an
equllibrlum was reached and succinate was promptly added to drlve the
efflux of Na o Kinetics of this Na'@ efflux was followed for 10 min as

shown in E:ig, 2 2, 23, An initial rate (;f Na' efflux was calculated

- from tﬁe slope of the efflux profiles and summarized the obtain.edr
pesults in Table 7. FCCP and DCCD were the two uncoupling inhibitors

being used to verify the test. Efflux of Na+ in starved cells without
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any addition of succinate was assumed as an endogeneous control and
used to substract from those obtained with the addition of succinate.
Accordirig to our treatment, a minus effect was found in the initial

: rate‘of all cases when FCCP was added in the assay. However, the
initial rate of Né* efflux found in P19 were sigﬁificantly higher than

those obtained from the wild type gardless of growth conditions.

Adition caused nearly a dupli-

cation in the efflux @ ’-“““: ju @d increase in values from
1.0 to 1.7 n mole per mi g protel An addition of DCCD caused

no change in this tre

AUt IneningIns
RN IUIRINYIND
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Figu're19. Starvation effect on the O2 con-
sumption of TAL 113

oo

I~ (o))

0"2 consumption

N .

( pmoles/ min/ mg protein )

o1 12 14
tarvation (hrs) :

o e U NPT UYIAT e, s s

was resuspended in 0,1 M phospWate buffen-pH 7.2 contagning 0,01% Mgso, ,

searvar B Wl boRNH 1 Ghoddslibelod WL DG Ll i

time in‘t:ervals a portion of the culture was 'taken as sample for O2

consumption measurment. -
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Figure20. Starvation effect on the O, con-
sumption - of mutant Pie

10

OCo

£

- 0, consumption
( pmoles/min/mg protein )

ﬂﬁﬂngﬁfsjmg%nﬂnrs) -

ARIAINIU NN INYA Y

Gpowth of cultures used and method of cell starvation were

performed as previously described under Figure 19,

! R | Mutant P19 grown in YM before starvihg

8——8 Mutant P19 grown in YM + 0.3 M NaCl before starving,
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Figure21. The reconcilation of 0, consump-
~ -tion

00}

OZ consumption (pmoles/min/mg protien)

salt were stapyed as prev1ous y descrlbed After 12 hrs oF starva—

AT AN -

measured

¢ ~ e
wild ﬁ ij Wmiﬂﬁﬁwith and without -

¢———& WT grown in YM before starving

b;—————i P19 grown in YM before starving

oo P19 grown in ‘YM + 0.3 M NaCl before starving




Figure 22, Measurement of di 2fflux in WT and mutant P

22NaCl and assayed

The starved ce'iéu . passivi W6aded with

for 22Na content as d&E

hoed e starvation, 10 mM
\ at zero tlme.
R LN fore starvation, no addition

WM+ 0.3 M NaCl before starvation,

added at zero time.

—_— ‘_m"E" | :
3" NaCl before starvation,

.'I'

addition of sodlum suceim te°
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Figure 23. Effect of an addition of FCCP and DCCD on sodium efflux

of WT and mutant P19

The starved cell was passively loaded with 22NaCl as described
in Methods. 10 puM of FCCP or 40 UM of DCCD was added 3 min before

starting of an assay.

(]

0====0  WT with a \‘ Il of FCCP (10 uM)
o-..-0  WT with &n-additi 3eD (40 M)

WP WT

R ion with an addition of
A-,.-A 'bn with an addition of
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Figure23. Effect of an addition of FCCP and DCCD on the sodium
efflux of WT and mutant P,g
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Table 7. Effect of an addition of FCCP and DCCD on the Na+ efflux in WT
and mutant P19
Rate of Na+ efflux1 (nmole/min/mg protein)
Strain 2 3
- Succinate + Succinate
FCCP5 DCCD6
WT. i -0.1 0.3
i l -0.5
128
-
. , 3
P19 in-yM -+ i :.. 0.4 1.7
1. The 1nﬂh re of Na© g} ulated from Fig. 15
and 20, “" A
i
2, Values o a efflux, assayed undeﬂJ o addition of succlnate,
wer jLiJEjuﬁiiiﬂ Eﬁgi@iigﬁiﬁ[jgigj'fje
B4 @ ‘E efflux assayed

LR iR bk (115 e

4.

5,

Values shown were the Na' efflux obtained in normal condition.
Values of this column were the Na' efflux assayed under an

addition of FCCP.

Values of this column were the Na'@ efflux assayed under an

addition of DCCD.
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