Chapter 4

Results
4.1 Selection of B. japonicum strains for study

The results as shown in Figure 4.1 a indicated that fifteen of the nineteen isolates
exhibited an identical RAPD-PCR fingerprint with a band of approximately 750 bp as the
PCR product when RPO1 was used asithe, primer. Figure 4.1 b indicated that isolates
S18, S40, S57, S74, S78 and $205 were the 'sé‘fne strain. Isolates S42, S76, S180, S182,
S184, S185 and S198 weresthe-same gtraimisisolatés 5162 and S202 were the same

strain. Isolates S8, S58:8187 antyS192 were différent strains. The sizes of the PCR

products of each grour&(réms wher‘}I CGRL-7 Was. used as the primer are shown in
Table 4.1. !

(@) (55

Figure 4.1 RAPD-PCR fingerprints of nineteen isolates of B. Jjaponicum when (a) RPO1

and (b) CRL-7 was each used as the primer.

The sizes of the PCR products as shown in Table 4.1 indicated that B. Japonicum

strains S76, S78, and S162 were different strains with 1500 bp, 1400 bp, and 950 bp as
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the respective characteristic bands for the groups where B. japonicum S76, S78 and
S162 belong. Isolates S76, S78 and S162 which were isolated from soil samples from
Nern Mahatsajan, Kao Kaw district, Petchaboon province by Suwat Saengkerdsub (1999)
were therefore chosen for further studies. Moreover, Patima Permpoonpattana (2002)
reported preliminary results of heat shock proteins in these three B. japonicum strains.

The three strains were therefore selected for use in further experiments.

es of PCR products (bp)

S18, S40, S57, S74, sy 0,.620+880;,1100, 1200, 1400, 1500,

$42, 576, $180, 5182 1 570,620/8504 00, 1200, 1400, 1500
198
5162, 5202 70, 620,950),1100, 1200, 1400, 1500,

S8
S58

S187
5192

J

4.2 Nitrogen-ﬁxinﬁotﬁihl of the threasw'aponicum strains

Figuresﬂ d gi;eye!verage Leonard jar grown soybean plant and nodule

dry wei . QT u ' 't‘e' .1 91'“ 61 o 162 and watered
with nitﬂmee Eﬁiﬂ?ﬂp}}iﬁr pc:j;mglre Es%fwed that when
nitrogen-free medium pH 5.0 was used, average plant dry weights of all the three
soybean cultivars were found to be lower than those of the corresponding positive
controls indicating that nitrogen fixation by the three strains of B. japonicum might not be
optimum at pH 5.0. Figures 4.2 and 4.3 showed that the average nodule dry weight of

Glycine max cv CM 60 inoculated with B. japonicum S78 was relatively higher than those

obtained when B. japonicum S76 and S162 were the inoculants resulting in a relatively
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higher plant dry weight. B. japonicum S76 and S162 were found to poorly nodulate all the
three soybean cultivars at pH 5.0 resulting in the same plant dry weights as those of the
corresponding negative controls.

Figure 4.4 indicated that when nitrogen-free medium pH 6.8 was used,
inoculation of Glycine max cv CM 2 and CM 60 with B. japonicum S76 or S78 yielded the
same level of average soybean dry weight as that of the positive control for Glycine max

cv CM 2. Inoculating Glycine max cv ST 2 with B. japonicum S76 and S78 yielded higher

found to increase soybean S > ;_ weld arcompared with the positive control.

The results indicated tha japoni ﬁunction with the use of pH 6.8

nitrogen-free medium resu rage oybean dry weight for Glycine

\\ nicum S78 and S162 yielded the

same level of nodule 'ry G "1‘ \\‘\ \' 60 was watered with pH 6.8
nitrogen-free medium, oy eight When"B. japonicum S162 was the
inoculant for Glycine m 7 er nitrogen-fixing ability of B.
Japonicum $162 at pH 6.8,

Duncan's Multiple Table 4.2 confirmed the findings

that when nitrogen- free mediuny P a_combination of B. japonicum S78

and Glycine max c ,—_, ............_......_.=:.=.—.._,j dry weight (1.44 g.plant'1)
V.
which was in the same=ra / r, rol (1.61 g.plant”). Table 4.4

showed that when nitrog n-free medium pH 6. 8 was used, B Jjaponicum S162 was found

to yield the moﬂyﬁ TQI\T e']nﬂaﬁCM 60 was used (1.96

g.plant and ry welg t obtained was found in the h|ghest statistically

0TS 1761 e )

results as shown in Tables 4.2-4.5 indicated that at both pHs Glycine max cv. CM 60
yielded the most average plant dry weight and that B. japonicum S78 was found to be a
good nitrogen-fixer for Glycine max cv CM 60 at pH 5.0 while S162 was found to be a
good nitrogen-fixer for Glycine max cv CM 60 at pH 6.8.
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Figure 4.3 Average nodule dry weight of soybean Glycine max cultivars CM 2, CM 60
and ST 2 after inoculation with either Bradyrhizobium japonicum S76 or S78 or S162 in

Leonard jars with nitrogen-free medium pH 5.0 for 28 days.



26

2.0
oo BcMm2
3 B CM 60
a
D 151 OsT72
bs
S
()]
z
> 1.0
©
€
8
Q
S 0.5
©
)
>
<
0.0-
negative control positi ntrol S162
Figure 4.4 Average plant max cultivars CM 2, CM 60
and ST 2 after inocul icum S76 or S78 or S162
in Leonard jars with ni
2 030
g ECM2
S 0.257 m CM 60
5 ST2
S 0.201 0
=
£ 015
@
3  0.10-
=
S 0051
o
11>) =
< 00 -
: L
AWHINNIUENTINE A B
9

Inocula

Figure 4.5 Average nodule dry weight of soybean Glycine max cultivars CM 2, CM 60
and ST 2 after inoculation with either Bradyrhizobium japonicum S76 or S78 or S162

in Leonard jars with nitrogen-free medium pH 6.8 for 28 days.
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Table 4.2 Duncan's Multiple Range Test for average plant dry weight when each of
Bradyrhizobium japonicum strains S76, S78 and S162 was inoculated onto germinating
seeds of soybean Glycine max cv. CM 2, CM 60 and ST 2 in Leonard jars with nitrogen-

free medium pH 5.0 for 28 days. (Level of probability, o. = 0.05)

Average plant dry weight in grams per plant
Treatment
(Glycine max cultivar)
B. japonicum strains o
M 2 ' ’ / CM 60 ST 2
S76 1.08* 0.63"
S78 44° 0.95%
S162 0.66"
Positive control 142"
Negative control 0.64°

Table 4.3 Duncan's ‘Multi

Bradyrhizobium jap (gt

~u_§- dry weight when each of

."l oculated onto germinating

seeds of soybean G/y(ﬂe max cv. CM'2,'6M'60 and STI2 in Leonard jars with nitrogen-

—a

free medium pH 5.0 for 28days. (Level of prebability, o0 = 0.05)

ﬂﬂﬂ?‘l’lﬂﬂﬁﬂﬁﬂﬂﬁ

| Eardedgh )

A(erage nodulgiry weight in grams per plant
e _ |l
B. jaﬂyﬁ?lﬁsq

CM 2 CM 60 ST2
S76 0.03% 0.06™ 0.04
S78 0.04° 0.14° 0.09”
S162 0.01° 0.08 0.05"
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Table 4.4 Duncan's Multiple Range Test for average plant dry weight when each of
Bradyrhizobium japonicum strains S76, S78 and S162 was inoculated onto germinating
seeds of soybean Glycine max cv. CM 2, CM 60 and ST 2 in Leonard jars with nitrogen-

free medium pH 6.8 for 28 days. (Level of probability, o = 0.05)

Average plant dry weight in grams per plant
Treatment
(Glycine max cultivar)
B. japonicum strains ,
W U/ CM 60 ST 2
S76 1.14%
S78 0.98%
$162 0.67%
Positive control 0.64°°
Negative control 0.40°

Table 4.5 Duncan’ s d dry weight when each of

Bradyrhizobium /ap eum's ‘:'f oculated onto germinating
seeds of soybean G/y ,;- max cv. CM2,CM"60 and ST. in Leonard jars with nitrogen-

free medium pH 6.8 for 28¢days. (Level of probability, a = 0.05)

ﬂ‘IJEI’JVIWﬁWEHﬂ‘i

Ayerage nodulﬂry weight in grams per plant

. jaéj;mmmgwawﬂ@ ¢

CM2 CM 60 ST2
S76 0.10° 0.14° 0.14°
S78 042" 0.18° 0.10°
S162 0.10° @A g2




29

4.3 Growth of B. japonicum S76, S78 and S162 in unbuffered and
buffered YMB

The results as shown in Figures 4.6.a-4.6.f and Table 4.6 indicated different
growth responses of the three B. japonicum strains when grown in unbuffered and
buffered YMB pH 4.0-9.0. The three B. japonicum strains were found to grow best in
unbuffered and buffered YMB, pH 7.0. B. japonicum S76 was found to grow poorer in

unbuffered YMB pH 5.0, 6.0 and.8 t *‘ ared to B. japonicum S78 and S162. B.

japonicum S162 was found to.g \,‘;"E- #nbuffered YMB pH 4.0-9.0. All the

three B. japonicum straing Come not grow: ouffered YMB pH 4.0 and pH 5.0. Poor

growth was obtained wheae€llsteie gre “\"\-. B, pH 9.0.
Table 4.6 Specific growtjfra ' Bhict 6,578, and S162 grown in buffered

and unbuffered YMB p

\)

strain

Specific growth W AT A Specific growth rate (h™)

buffered pH

40 6.0 4.0, 35'0 60 7.0 849

76 | 0.0170.019 0.07%1

S78 | 0.0240.025 o.ozE).oa 0.025 0. NG NG 0.019 0.034 0.015 0.004

BNG NG 0.016 0.023 0.016 0.005

NG NG 0.023 0.033 0.016 0.009

S162 0.022 0.024 0.0227 q,og 0.023 0.024

CVERNEN R p)

The resu”s as shown in thuges 4.6.a - 4 .c and Table 4bndlcated that when

there wfa W‘Hlaﬂ @ﬂt‘?m %W%@Mﬂ@ﬁ%}smz could grow

to some 8xtent. One reason is because the cells secreted either acidic or alkali products

in response to the medium pH in such a way that the range of the growth medium pH

was 4.2-8.0.
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Table 4.7 : Final pHs of unbuffered yeast extract medium.

Strain
nitial pHs 4.0 5.0 6.0 7.0 8.0 9.0
S76 4.5 6.1 6.4 7.2 {0 7.9
S78 4.4 5.4 6.3 71 il 8.0
S162 4.2 7.6 7.8
4.4 Intracellular pr B. japonicum S76, S78 and

findings as shown on Table #.7 fhak:the ini

more suitable pHs.

when each of the tf V

mannitol medium (

4”““%@?@WHV

YMBY Since no growth was obtained o

as no change in intracellular
icum strains was cultured in
ation of the results lies in the
had been “adjusted” by the cells to

lar soluble protein profiles

LG

' d in buffered yeast extract

en YMB was buffered at pHs

g™

Qﬁ?&Nﬂ‘iﬁUl

"INY1A Y
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Figure 4.6.a. Growth £is B ) ponic 576 ~_ red in unbuffered yeast extract

mannitol broth with initié 1g fom ¢ “\ at u- pm, 30°C.
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Figure 4.6.b. Growth curves of B. japonicum S78 cultured in unbuffered yeast extract

mannitol broth with initial pHs ranging from 4.0 to 9.0 at 200 rom, 30°C.
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Figure 4.6.c. Growth cugles of 8. um S162 o ured in unbuffered yeast extract

mannitol broth with initial 200 rom, 30°C.
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Figure 4.6.d. Growth curves of B. japonicum S76 cultured in buffered yeast extract

mannitol broth with initial pHs ranging from 4.0 to 9.0 at 200 rom, 30°C.
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Figure 4.6.f. Growth curves of B. japonicum S162 cultured in buffered yeast extract

mannitol broth with initial pHs ranging from 4.0 to 9.0 at 200 rpm, 30°C.
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Figure 4.7 SDS-PAGE of intracellular protein profiles of mid-log phase cells B. japonicum
S76, S78 and S162 when cultured in unbuffered yeast extract mannitol medium with initial

pHs ranging from 4.0-8.0 at 200 rpm, 30 °C (M = molecular weight markers).
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Figure 4.8 SDS-PAGE of intracellular protein profiles of mid-log phase cells B. japonicum
S76, S78 and S162 when cultured in buffered yeast extract mannitol medium with initial

pHs ranging from 5.5-8.0 at 200 rpm, 30 °C (M = molecular weight markers).
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45  Effects of changes of medium pH on intracellular protein profiles

Figures 4.9.a to 4.9.d indicated that when mid-log phase cells of B. japonicum
S76, S78 and S162 grown in buffered yeast extract mannitol broth (YMB) at pH 5.5 were
transferred to buffered YMB at pHs 5.5, 6.0, 6.5 and 7.0, there was the same extent of
growth. Moreover, Figures 4.10 - 4.12 indicated that there was no change in the
intracellular protein profiles of B. japonicum S76, S78 and S162 12h, 18h, 24h, 3 days

and 5 days after the pH shifts fromy/ ) 6.0. However, it was noticed that a 53 kDa

polypeptide was either absen T . e tity after mid-log phase B. japonicum
S76 previously grown in buffére D 5§&éﬁﬁerred to buffered YMB at pH 6.0
for 12, 18 and 24 hour . Aig 1.1 Indieated the absence of the 53 kDa
polypeptide even in t ' of B. japonicum S76, pH 5.5
to pH 6.0. SDS-PAG extracted from B. japonicum
S76, S78 and S162 d 5 to 6.0 as indicated in Figure
4.13 offered a possibl i B hse \-\ disappearance or reduction in
quantity of the 53 kDa. Fi .. _' ’ te d that there was a 53 kDa pblypeptide in B.
Jjaponicum S76 and S78 duri (T i ift from 5.5 to 6.0. The polypeptide
might be a labile protein. Moreoye "' er proteins than 50 ug per lane might
also lead to the .;o,fe' = : he 53 kDa polypeptide. The N-
terminal amino acid \"f-, U \J. being analysed. So far the
preliminary results as d|cated in Appendix D mdlcafﬂ the first 4 N-terminal amino
acids are Asn E[ %(ﬁ ce the area under peak
of each aminoéjrﬂ Tﬁ gﬁ fica ﬂn’ﬁfjﬁ ). Repeated extractions
and SDS-PAGE of intracellular proteifis of B. iaponieum S76, S78 afid S162 after medium
o o RNV IH DL LL - s = o
revealed‘!m changes in the intracellular protein profiles as shown in Figures 4.14-4.19.
Some occasional disappearance or decrease in quantity of the 53 kDa
polypeptide was also observed in SDS-PAGE separations of intracellular proteins
extracted from B. japonicum S76 after shifting of yeast extract mannitol medium from pH
5.5 to 7.0 for 12 h and 18 h (Figure 4.15), and from pH 5.5 to 6.5 (Figure 4.16) ; in B.
Japonicum S162 after pH shift from 5.5 to 6.5 for 12 h (Figure 4.18) and after pH shift from

5.5t07.0for 12 h, 18 h and 24 h (Figure 4.19).
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Figure 4.9.a Growth cuges 67 B fjaponicum S76, S 3.and $162 cultured in buffered
yeast extract mannitol-(Y B) JO 55, tnelshifte {6, YMB pH 5.5 and cultivated at 200

rpm, 30°C.
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Figure 4.9.b. Growth curves of B. japonicum S76, S78 and S162 cultured in buffered
yeast extract mannitol (YMB), pH 5.5, then shifted to YMB pH 6.0 and cultivated at 200
rom, 30°C.
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76, 'S78 'and S162 cultured in buffered
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Figure 4.9.d. Growth curves of B. japonicum S76, S78 and S162 cultured in buffered

yeast extract mannitol (YMB), pH 5.5, then shifted to YMB pH 7.0 and cultivated at 200

rom, 30°C.
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Figure 4.10 SDS-PA ‘ of mid-log phase cells B.
japonicum S76 whe uffe , annitol medium pH 5.5 then
transferred to pH 6.0 ‘ l
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«_ Cl ”';
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Figure 4.11 SDS-PAGE of intracellular protein profiles of mid-log phase cells B.
Japonicum S78 when cultured in buffered yeast extract mannitol medium pH 5.5 then

transferred to pH 6.0 at 200 rpm, 30 °C.
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S162
pH 5.5 6.0
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<4—53 kDa

S162
A 24h Oh 12h 18h 24h

53 kDa

4

Figure 4.13 SDS-PAGE of intracellular protein profiles of B. japonicum strains S76, S78,
and S162 cultured in YMB medium, pH 5.5 until mid-log phase, then transferred to YMB

medium with pH buffered at 6.0 and cultured for 6 h, 12 h, 18 h and 24 h at 200 m,
30°C.
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Figure 4.15 SDS-PAGE of intracellular protein profiles of mid-log phase cells B.

Japonicum S76 when cultured in buffered yeast extract mannitol medium pH 5.5 then

transferred to pH 7.0 at 200 rpm, 30 °C.
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Figure 4.16 SDS-PAGE8f iftiicbliurar=protein brofiles of mid-log phase cells B.

W *
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Figure 4.17 SDS-PAGE of intracellular protein profiles of mid-log phase cells B.

Japonicum S78 when cultured in buffered yeast extract mannitol medium pH 5.5 then

transferred to pH 7.0 at 200 rpm, 30 °C.
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S162
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i v
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Figure 4.19 SDS-PAGE of intracellular protein profiles of mid-log phase cells B.

Japonicum $162 when cultured in buffered yeast extract mannitol medium pH 5.5 then

transferred to pH 7.0 at 200 rpm, 30 °C.
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