CHAPTER 4
RESULTS

4.1 Gram stain reaction

Cells of isolates S172, S173, S174, S76, S78, S162 and S178 showed Gram

negative stain reaction as shown in Figure 4.1

e 1

1Y
o ‘ isolates S172, S173, S174,

HH
|

S76, 878, S162 and S178 (Barindicates 20 um)

S178 » Ei.ficn Hw%,w E]’]ni

AR TN NN

Figure 4.2 showed RAPD-PCR fingerprints of fast-growing isolates S$171-175
when either RPO1 or CRL-7 was used as the primer. The results revealed that isolates
S171, S172 and isolates S174, S175 were the same strains and that isolate S173 was
another distinctive strain. Isolates S172, S$173, and S174 were used in further

experiments.
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RPO1 CRL-7

Figure 4.2 RAPD-PCR fingefpriats/of isolétes S171-175 using either RPO1 or CRL-7 as

primer. (Lane M = Mol€cular size markerl; Lane NC = Negative Control).

= =

Figure 4.3 showed RAPDFPCR ﬂn'gerii)rints of Slow-growing isolates S76, S78,
$162 and S178 when €ithe#RRO1, or CRL—%j\;vag used as the primer. Isolates $162 and
S178 were originally tholighifto helutwo dﬁféte_nt sfrains because the high molecular
weight chromosomal DNA fragﬁﬁén't, was thoﬁwﬁ’( to be a PCR product. RAPD-PCR

patterns with either RPO1 onCRE=F as-the pﬁf%ér‘revealed isolates S§$162 and S178 were

the same strain. T =7

« 4~ RPOI 8 ) CRL-7
- ~ w ’_ o~
o= o o W
% & Ml & 7 &

(a) (b)

Figure 4.3 RAPD-PCR fingerprints of isolates S76, S78, S162, and S178 using either
(a) RPO1 or (b) CRL-7 as primer.
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4.3 Strain identification

4.3.1 Types of flagella

Electron micrographs in Figure 4.4 showed strain S172 with four polar
flagella, strain S173 with three peritrichous flagella and strain S174 with one polar

flagellum.

(c)

Figure 4.4 Types of Mlagella @f straif, (8 NS (c) S174 as revealed by

4.3.2 Bradyrhizobium ponsaﬂa Al
fpass

RAPD PCR finge 1:5’” 6, S78, S162 and S178 as shown in
Figure 4.3 revealedyhatithere werethi l S ;&,,: adyrhizobium japonicum
*\LJ train as S178. The strains
were identified as Bre m
reaction, the ssi ni m Figure 4.4 and the
ability to nodu@ﬁﬂ ?] ﬂ]ﬂ Hﬁﬁﬁ Figures 4.5 and
4.6 showed bar dﬁrams of ﬁlant weight, andanodule dry wéight of seven local

soybeﬂ kb S BALNY TR o ste2 o

S178. The results confirmed the identity of the isolates as Bradyrhizobium japonicum

namely S76, S78 an 5

adyrhizobium japonicum  based=én morphology, Gram stain

since the bacteria nodulated all the local soybean cultivars used in the experiments.
There was an agreement between the high values of plant dry weight and nodule dry
weight obtained when each of the Bradyrhizobium japonicum  strain was inoculated
onto the germinating soybean seeds. It is of interest to note that Bradyrhizobium

Jjaponicum strain 162 (178) did not nodulate soybean Glycine max cv. CM 60 resulting
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in lower plant dry weight to the same extent as that of the negative control. Results in
Figure 4.5 indicated that soybean culivars CM2 and CM60 nodulation by strains S76
and S78 yielded the hightest plant dry weight. However, soybean cultivar ST2 and
soybean cultivars SJ5 and ST2 were found to yield high plant dry weight when
nodulated by strain 162 and strain 178 respectively. Visual observations indicated that
soybean cultivars CM2, CM60, SJ5 and ST2 appeared to have touter and larger stems

and leaves when compared to the ot ee soybean cultivars (SJ 4, ST 1 and ST 2).

ound to yield relatively high
atistical test results shown in
obtained when soybean

ins $162 and S178.

Table 4.1 Duncan's dry weight when each of

S178 was inoculated onto

5, CM 2,CM 60, ST 1, ST 2, ST

e e

3 in Leonard jars with nitrogen-f reg.me

caiu #,__L.._b or 28 days.

Treatment :__h s (Glycine max cultivar)

B. japonicum strains l SJ 4 1 60 ST1 ST 2 ST3
@B | 1.317 a5t | 130 | {505 | 8=~
o A UBANBTWY A G | o |
5162 i 16%““’8' 1 92’°° T A 52 | ppg® || q1ee™™
QSWW AR RTINS TR 2 | e
Posifive control 140™* | 4iBg™™ | 40" 1.91"'”. - el el B

Negative control pes" | 1™ | 148 | 108 | 061’ 0.79™ 0.76"
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4.3.3 Burkholderia sp.S172 and Sinorhizobium fredii S173, S174

Figure 4.7 showed amplified 16S rDNA products when DNA of strains
S172, S173,and S174 were used as target DNA. Molecular size of the products was
1,500 bp as expected.

)

S
— -
n - n

Figures 5.1-5.6, 5.7-5.12, 5.13- 5&-8 “the’ ix C showed 16S rDNA sequences of
strains $172, $173 and S174 rezsfa'e?k—:irfvﬂeh;c"r artiakseguences were shown in Figures 4.8-
ved INA-Sequences.

Burkholderia sp. S172

- L YT I YT ILE S TEIT-E Y S —

graminis with Gé“Bank The BLAST program compared 1444 bp of 16S rDNA of strain
o QAR U VIV o e
as showfll in Figure 4.11. The results in Table 4.2 and the alignment in Figure 4.11
indicated that this work still lacks the sequence of 5 and 65 basepairs between
nucleotide positions 1058-1063, and nucleotide positions 458-523 respectively. Moreover
about 142 nucleotide sequence at the 3' end of S172's 16S rDNA was still lacking as
indicated in Figure 4.11. Therefore, the isolate S172 was tentatively identified as
Burkholderia sp. S172 until further results on the missing nucleotide sequences are

obtained.
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Figure 4.8 Partial sequence of 16S rDNA of strain S172 (1444 bp)

>gi|S172]
CACCCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTICTTCCGGTACCGTCATCCTCCCGGGGTATTAACCCAGAAGTTTTCTTT
CCGGACAAAAGTGCTTTACAACCCGAAGGCCTTCTTCACACACGCGGCATTGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTGCC
TCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACCAGCTACAGATCGTCGCCTTGGTAGGCCTTTACCCCACC
AACTAGCTAATCTGCCATCGGCCGCCCCTGTAGCGCGAGGTCCCGAAGGATCCCCCGCTTTCCTCCGCAGAGCGTATGCGGTATTAATCCGGCTTT
CGCCGGGCTATCCCCCACTACAGGACACGTTCCGATGTATTACTCAACCCGTTCGCCACTCGCCGCCAGGCCGAAGCCCGCGCTGCCGTCCGACT
TGCATGTGTAAGGCATGCCGCCAGCGTTCATTTACAAATCTACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTACGGCTCCCTTTCGGGCA
CATCCACCTCTCAGCGGACTTCCGTACATGTCAAGGGTAGGTAAGGTTTTTCGCGTTGCATCGAATTAATCCACATCATCCACCGCTTGTGCGGGTCC
CCGTCAATTCCTTTGAGTTTTAATCTTGCGACCGTACTCCCCAGGCGGTCAACTTCACGCGTTAGCTACGTTACCAAGCCAATGAAGGCCCGACAACC
AGTTGACATCGTTTAGGGCGTGGACTACCAGGGTATCTAATCCTGT I GCTCCCCACGCTTTCGTGCATGAGCGTCAGTATTGGCCCAGGGGGCTGC

GGTGACCGTCCTCCTTGCGGTTAGACTATGCCACTICICGIAAAA ofaets STGACGGGCGGTGTGTACAAGACCCGGGAACGTATTCA
CCGCGGCATGCTGATCCGCGATTACTA A ACCTTS ) wGATCCGGACTACGATCGGTTTTCTGGGATTGGCT
CCACCTCGCGGCTTGGCGACCCTCTGTTCCCAGEAT TG/ AAGH > , AGGGCCATGAGGACTTGACGTCATCCCCACCTTC
CTCCGGTTTGTCACCGGCAGTCTCCCTGGAGLS : STA ACTAGGGACA 'GCTCGTTGCGGGACTTAACC

>gi|173)|

TACGGCTACCTTGTTACGACTTTACCCTA C 1 COITG TTAGCGCACTACCTTCGGGTAAAACCAACTCC
CATGGTGTGACGGGCGGTGTGTA GAASGTA " ATG \ ATCCGCGATTACTAGCGATTCCAACTTCATGCACTCGAG
TTGCAGAGTGCAATCCGAACTGAGATG 5 AG 5 CEC ‘»\ CACTGTCACCACCATTGTAGCACGTGTGTAGC
CCAGCCCGTAAGGGCCATGAGGACTIGA AT(Q TCETC ,TCCCCTTAGAGTGCCCAACTTAATGCTGGCAA
CTAAGGGCGAGGGTTGCGCTCGTTGCGGE ‘ A A $AC SGAG \ \ CCATGCAGCACCTGTCTCTGCGCCACCGAAGT

GGACCCCATATCTCTACGGGTAACACAGEATGIEAA G IGCCTAAGK GCGCE j'l. BCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGG
CCCCCGTCAATTCCTTTGAGTTTTAATCTTGCGAC (NCFCECCA e TAA GTTAGCTGCGCCACCGAACAGTATACTGCCCGACG
GCTAACATTCATCGTTTACGGCGTGGACTACCAGGGT ACGCTTTCGCACCTCAGCGTCAGTAATGGACCAGTGAGCCG

CCTTCGCCACTGGTGTTCCTCCGAATATCTACGAALT < AC ACTCACCTCTTCCATACTCCAGATCGACAGTATCAAAGGC

AGTTCCAGGGTTGAGCCCTGGGAMCA Sace G TAATTCCGAACAACGCTAGCCCCCTTAG
TATTACCGCGGCTGCTGGCAAANA Bl A e eaaah oo toe ettt tereCh &) GAAAGAGCTTTACAACCATAGGGCCTTC
ATCACTCACGCGGCATGGCTGGREEAGE 0 ‘ AGGAGTTTGGGCCGTGTCTCAGTCCCAA
TGTGGCTGATCATCCTCTCAGACCAE;\TGGA e : CCAA [AGCTAATCCAACGCGGGCTCATCTCTTGCCG
ATAAATCTTTCTCCCGAAGGACACA GTATTAGCACAAGTTTCCCTGCGTTATTCCGTAGC IAGGTAGATTCCCACGCGTTACTCACCCGTCTG

CCGCTCCCCTTGCGGGGCGCTCGACTT‘HGTTAAGCCTGCCGCCWTTCGTTCTGAGCCAGGATCAAACTCA

oo PRI IE 11

>qi|174|

TACGGCTACCTTGTTACGACTTCACCCCAGTCGCTGACCCTgCGTGGTTAGCTGCC“TTGCGGTTAGCGCAC'MTTCGGGTAAAACCAAC TC
SRR
GTTGCAGAGIGC GA THT GC TGTCA CTGACGACAGCCAT
GCAGCACCTGTCTCTGCGCCACCGAAGTGGACCCCCTATCTCTAGAGGTAACACAGGATGTCAAGGGCTGGTAAGGTTCTGCGCGTTGCTTCGAATT
AAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTTAATCTTGCGACCGTACTCCCCAGGCGGAATGTTTAATGCGTTAGCT
GCGCCACCGAACAGTATACTGCCCGACGGCTAACATTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCA
CCTCAGCGTCAGTAATGGACCAGTGAGCCGCCTTCGCCACTGGTGTTCCTCCGAATATCACGAATTTCACCTCTACACTCGGAATTCCACTCACCTCT
TCCATACTCCAGATCGACAGTATCAAAGGCAGTTCCAGGGTTGAGCCCTGGGATTTCACCCCTGACTGATCGATCCGCCTACGTGCGCTTTACGCCC
AGTAATTCCGAACAACGCTAGCCCCCTTCGTATTACCGCGGCTGCTGGCACNAANTTAGCCGGGGCTTCTTCTCCGGATACCGTCATTATCTTCTCCN
GTGAAAGAGCTTTACAACCCTAGGGCCTTCATCACTCACNCCGCATGGCTGGATCANGCTTGCGCCCATTGTCCAATATTTCCCACTGCTGNCTTCCG
TAGGAATTTGGGCCGTGTCTCAATCCCAATGTGGCTGATCATCCTTTCAGAACAACTATGGATCGTCGCCTTGGTAGGGCCTTACCCCACCCACTAGC
TAACCCAACGCGGGCTCATTTTTTGCCGATAAATCTTTCTCCCGAAGGACACATCCGTTTTAATCACAAGTTTCCCTGCGTTATTCCGTAGCAAAAGGT

AGATTCCCACGCGTTACTCACCCGTCTGCCGCTCCCCCTAAAGGGCGCTCGACTTGCATGTGTTAAGCCTGCCGCCAGCGTTCGTTCTGAGCCAGG
ATCAAACTCAA
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Table 4.2 Percentages of 16S rDNA sequence homology.

Isolate Percent homology Reference strain in GenBank

8172 3 partial sequences Burkholderia graminis

Homology = 534/535 (99.8%)

8173 4%)._ =+ Rhizobium rhizogenes

S174 3 \\ Rhizobium sp. K-Ag-3
-r 0248 :s\\\

(455 bp - i
N _-;-;
_,|-1"- ‘ . 1 1 l | 3'
A T T LR | b
1100 1200 1300 1400 1500

1 1 L I 5
L 1 1 1 1
300 200 100 O

34 bp)

o W@?ﬁ%ﬂ'ﬁ REHAATN LI b oo

allgnme s of 16S rDNA sequence of strain S172 with 16S rDNA sequence of

Burkholderia graminis.
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Sinorhizobium fredii S173, S174

Percentages of homology as shown in Table 4.2 indicated that 16S rDNA
sequences of isolates S173 and S174 had high homology with Rhizobium rhizogenes
and Rhizobium sp. K-Ag-3 at 98.4% and 97.9% respectively. These results illustrated
the limitations of utilising 16S rDNA sequences in strain identificaton. Complete

sequences of 16S rDNA should be obtained for reliable homology comparisons. The

results as shown in Table 4.2 wer le since in the case of S173 only 1444
nucleotides out of the poss ‘ _ re aligned. The isolate S173 was
tentatively identified as Siae# 5i e "ﬁd on the fast-growing property,

the possession of thr n Figure 4.4, and the limited

-
ability to nodulate loca \\x\\r
W v b\

Table 4.2 indi \ 0. partial sequences of 16S rDNA

ure 4.12.
were 97.9% homolog \ sp. K-Ag-3. However the
alignment covered only ; ; ere » E percentage of homology in this
case was not reliable a strain ide ation as previously discussed.
Moreover, Elkan and Bunn (# TEPOF ast=growing Rhizobium spp. contained

2-6 peritrichous flagella but the ;T indicated that the fast-growing isolate

S$174 had one polacifid ioiate S174 did not fit the
description of Rhizo‘ o0 st and poorly nodulate all
the local soybean !' ars used In the experiments asmwown in Figure 4.12 it was
tentatively identified as Sthorhizobium fredii SA74.

AU INENINEINT

4.4 Nitrogen f ixing potential of Burkholderia sp, S172 and Sigerhizobium fredii

QW TANNIUANTINETRE

4.4.1 Burkholderia sp. S172 as a free-living nitrogen-fixer

Figure 4.2 indicated that the primer RPO1 which consists of 20
conserved nucleotide sequence in the promoter of two strains of Rhizobium trifolii and
one strain of R. meliloti could anneal to DNA of isolate S172. Therefore it is likely that

isolate S172 contained a nitrogenase. The PCR product was sent for sequencing at the

12011466
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Bioservice Unit of the National Center for Biotechnology and Genetic Engineering. The
sequencing result is being analysed to find out if the PCR product is part of the nifHDK
operon which codes for the nitrogenase enzyme.

Since there was no nodulation when the isolate S172 was inoculated onto -
germinating seeds of the seven local soybean cultivars as shown in Figure 4.12, it was
concluded that isolate S172 was a free-living nitrogen-fixer in the rhizosphere of

soybeans. The plant inoculation test res as shown in Figure 4.13 indicated that

noting substance(s). This is the first

report on the identification -‘n---;':;_{“ olderia”sp™aswa free nitrogen-fixer in soybean

Duncan Multi as | ‘ ( lant dry weight and not on
nodule dry weight be__ | ] al | er does not always reflect
nitrogen-fixing potential d - TG > nodules.

Tables 4.3 and 4.4 — iple* Range Test for plant dry weight
obtained when Burkholderia r?'ﬂ‘r 2% 3izobium fredii  S173 or S174 was
inoculated onto getm

ogan cultivars watered with

nitrogen-free mediu® he test results showed

f"
5 an (Glycine max) cv. CM60

grown in nitro ﬁﬁm %m 'ﬁ ﬁ?ﬁ]S promoted the best
growth for soﬁ EJ H rogen-free medium at
both pH 5.0 and 6.8. Sinorhizobium fredii $174 premoted the bestfgfowth for soybean

@l < BINE| 3 Thndk Ve blrighioh Bk e 50 v o

respectlvely

Burkholderia sp. S17 ' omoted the best growth for so



37

g|noou|

] d
v/.lS s €/1lS vLLS oen €218
| | w% 0
eISH — -
AR 5 | q w -
LISH ﬂ Aqa
osno O vw c
= =
anNo ﬂ u -
=i o *—e
vrSE ﬂ m
i . .
od o7
—~ &
. «F C
sAep gg 104 8’9 Hd Jo |
0§ Wq

Hd wnipsw 8ay-usbosiu yym siel pieuce ul ¢21S ‘€LLS Pe wniqoz/yioulS Yim uolenooul Jeye ¢ 1S

puB Z 1S ‘L 1S ‘09 WO ‘Z WD ‘S 'S ‘¥ 'S SIBANINO xew 8uloAl9 ueeqkos jo Jybiem Aip sinpoN |4 8inbid

(6) yybrem Aip sejnpou



38

- - g9 Hd 0'G Hd 8'9 Hd 0'G Hd
89H 0SH |0JJUCD BAINISOd [0JJUOD BANISOd |oAju02 eAnebaN |0JJU00 BAlEBEN
vLLS €S TLIS VLIS €S CLLS VLIS €LIS TLIS V.S €LLS CLIS VLIS €LLS ZLIS ¥.LS €L1S ZLIS

m

m

S0

i
il
i
B
' |
| |
-
H

[~

W N DI

€1s@
zism
iisa
osnOm
Znono
srso
rrem

VERNCRAIONC. TR RN ¢ SENRRE
o~

Reew

B WO AR TN SRR

S T TR W

-

2
[ W R PR RN AR I P T VL N
L R

i e ¢ 3
ARGPBORY ANR B R T T N TR S I S RO TR TS
3 50 . ™ o SR S

-G

- o]

=i RE T

=

il il
&l

¥ A NGO A 0 SSSANT N N, RN N RS

-

S¢

Y

AULINYNTN
e mmmfwn

sAep gz 10} 0'G 10 8'9 Hd wnipaw 8au-usboniu ynm siel pieuoe Ul ¥21LS ‘€LLS Hpely wniqoziydodis ‘g1 "ds euspioyying
UiM uone|nooul Jeye € (S pue Z 1S ‘L LS ‘09 WO ‘T ND ‘S IS ‘¥ 'S SieAnno xew eujoA19 ueeqAos Jo yblem Aiq ¢y ainbiy

(B) wybiem Aip jueig



39

Table 4.3 Duncan’s Multiple Range Test for plant dry weight when each of Burkholderia
sp. S172, Sinorhizobium fredii S173, S174 was inoculated onto germinating seeds of
soybean Glycine max cv. SJ 4, SJ 5, CM 2, CM 60, ST 1, ST 2, ST 3 in Leonard jars with
nitrogen-free medium pH 5.0 for 28 days.

Treatment Average plant dry weight in grams (Glycine max cultivar)

CM2 CM 60 ST 1 ST2 ST3

bcde bedef bedef

183" | 1.45 1.37 1.39

Burkholderia sp. S172

o . 5 o al cde fg
Sinorhizobium fredii S173 BT | 14170 | 134} {767

: - 4bcde bedef
Sinorhizobium fredii S174 s : , 1.40° g = 0 e

1.4 1.95

abcde abed

Positive control 1,59 | 1.56 1.61

Negative control 0.47° | 069 | 0.46°

Table 4.4 Duncan's Mulifple Ragfe Test foF / Weight when each of Burkholderia
sp. S172, Sinorhizobium ated onto germinating seeds of
soybean Glycine max cv. S 5O 24 ) ST, ST 2, ST 3 in Leonard jars with
nitrogen-free medium pH 6.8 foi28 7
— %

L. 1 g ams (Glycine max cultivar)

B. japonicum strains sJ4 GM60 | ST1 sT2 | sT3

Burkholderia sp. S172 BR[| 1577 |Qu8a> " | 1.74% p ik R |4 e | 4 g |
Sinorhizobium /ius ‘1‘39% gzvl W‘E ﬂﬂ &.57“’“’"‘ 1.25°%°0" 19,4%%0
Sinorhizobium Wi s174 | 2.17° %068" A0 11 oghReRs 1.63’;"""' 1.95%  [1.37°0%"

e RER e ) 2y )] el

Negativq‘:ontrol

Treatment
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4.5 Effects of temperature on growth of Burkholderia sp. S172, Sinorhizobium
fredii S173, S174, and Bradyrhizobium japonicum S76, S78, S162 and S178

Figure 4.14 showed the effects of temperature (30°C-45°C) on growth of
Burkholderia sp. S172, Sinorhizobium fredii S173, S174 and Bradyrhizobium
japonicum S76, S78, S162 and S178. Table 4.5 showed corresponding specific

growth rates.

Table 4.5 Specific growth rates @

f \“ ’ @atia, sp. S172, Sinorhizobium fredii S173,
S174, Bradyrhizobium japonieym-ST6, S % S178.

‘ :

/ l spesific growth rate (h™)
Isolate g
A‘Q\\\ e Il S

Burkholceria sp. S148* g 4 J['| /89880 \N. 0 | 00561 | 00534

o \ .
Sinorhizobium fredii S#73 I I ‘rﬁ 3 \\ \ 0 34 0.0457 0.0520

0.0431 0.0452

Sinorhizobium fredii S l I ‘g{ m\\\\ 421

Bradyrhizobium japonic l “’bﬁ/ J\\ 0178 0.0143 0.0111

Bradyrhizobium japonicun 7 ‘,;,-»F \ 0.0216 0.0171 0.0166

Bradyrhizobium japonicum S162 0.0236 0.0182 0.0144

Bradyrhizobium /4080 78 | ‘o 0265, | 00178 | 00151
v, 70 X
The above remts indicated that™ the st—gro@rs Burkholderia sp. $172,

Sinorhizobium fredii $173%mekS174 rew eq well in a broad temperature range (30°

C-45°C) whllem uv%lugrs%] Mtﬁm &Lﬂlﬂsﬁm, $162 (S178) were

thermotolerant. Comparisons of changes in proteinsprofiles when thefast-growers and

o s RpRA IR DB TSR e

response% toward heat stress.



Burkholderia sp. $172 Sinorhizobium fredii $173 o
1.5 5 —— 3
1.5 ——30
£ —-—35 ‘3
= £ —%— 4
o ! 40 g
8 ——45 8
a 0.5 :
[}
O o
0
0 10 20 30 40 50
0 10 20 30 40 50
incubation time (h) incubation time (h)
- : —
Sinorhizobium fredii S174 s Bradyrhizobium japonicum S76
15 - — —
£ 40
= 1
3 —— 45
a 05
o)
0
0 10 20 2 40 %
60 80 100 120
incubation time (h)
Bradyrhizobium japobium S78 —e—13g Jjaponicum S162 S5
+35
E 15 40
é 1 . /?J‘ i
: R RFH— ' fjj )
g os 4 0 0.5 !
@ 2557 o ,f
0 X-300p ‘a / W alt
& "h T T 1
o »  SAHYINYNINIIDD
0=="20 1 40 ! 66" 80 100 120
rostaton s incubation time (h)

Bradyrhigobium japonicum S178

0 2 4 & & 100 120

in cubation time (h)
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MUFTATTNA Y

Figure 4.14 Effects of temperature on growth of
Burkholderia sp. S172, Sinorhizobium fredii S173, S174
and Bradyrhizobium japonicum S76, S78, S162 and
S178.
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4.6 Changes in protein profiles

The results as shown in Figure 4.15 indicated that when each of the seven
bacterial strains was cultured at high temperatures from the onset of the experiments,
polypeptides of the same molecular weight as the heat shock proteins (70 kDa and 100
kDa) were sometimes increased only in S. fredii S174 and B. japonicum S162 (S178)
respectively. The 60 kDa polypeptide was found to increase when Burkholderia sp.
$172, Sinorhizobium fredii S174Brad ‘ il

w104

with the same molecular WBIGRE 25 thosé of twk proteins were not found to

increase reproducibly in alline"SPE / E ~_ results not shown). Therefore
it is concluded that therg Was / rease \
' LW \

\

p japonicum  S76, S162 (8178) were

cultured at high temperature :‘. Samentioned increases in polypeptides

\ \o\ with the same molecular

weight as the heat shock pfoteihs 3, and © . It is interesting to note

that when each of thé se f temperatures, a lot of low

&Y Fa .J

0-25°kDa

10-28°KDE c¢ed in such high amounts that

molecular weight polypéptig

heavy silver stain in the lgWer, varts ofthe gels werelobtained (Figure 4.15). It was not

\

possible to analyse if therd" wea<sny: diff s A the quantities of low molecular

weight proteins. Figure 4.15 alsoladioateds e 40 kDa polypeptide was found to

increase in Burkholgetia sp. S172 whi en_cultur 2d-at 40 =

C - o
er/a s Crand 45 'C. More 43 kDa

L7 X
polypeptide was o-;.’n‘ 78" when cultured at high

|

temperatures. S. frea 173. S fredii S174, and B. japorittum S162 (S178) were found

¢
with more 5 Iﬂ ﬂ? Bmgﬁlﬂptﬁ ﬁen cultured at high
temperatures. | e mt' anhd rease " in¥protein quantity was
obsewﬁj i_wc%(]ain _rcﬁeﬁf %e e\ﬁrﬁaﬁr@]ﬁrﬁuﬁrﬁaﬁ@ emperatures.
- . iu
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Figure 4.15 Changes in protein profiles of Burkholderia sp.§172, Sinorhizobium fredii
S173, S174, Bradyrhizobium japonicum S76,S78, S162 and S178 when cultured at high

temperatures.

Burkholderia sp. S172 Sinorhizobium fredii S173
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