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CHAPTER |

INTRODUCTION

Soybean rhizobia are bacteria which fix nitrogen in root nodules of soybeans
which have been recognized as one of the most important plant sources of proteins for
human consumption. Domestic consumption of soybeans in Thailand has increased from
1,397,960 metric tons in 2000 to 1,761,016 metric tons in 2005
[http://www.feedusers.com]. However, in 2005 the country was able to produce only 15%
(240,428 metric tons) of the domestic consumption. The remaining 85% of the soybean
consumed (1,520,588 metric tons) were imported. There are several socio-economic and
technological factors which contribute to relatively high soybean import. One of which is
the low cost of imported soybeans which is made possible because of large-scale
mechanization in soybean plantations as well as soybean rhizobial biofertilizer utilization
in countries which are leading soybean exporters such as the USA and Brazil. The use of
soybean rhizobia biofertilizers in Thailand is very limited because there are not many
local soybean biofertilizer manufacturing factories. One of the major soybean biofertilizer
manufacturers is the Soil Microorganisms Research group affiliated with the Department
of Agriculture which manufactures and markets soybean rhizobia biofertilizers. At present,
soybean productivity in Thailand is 241 kg per rai which is relatively low when compared
to the USA (458 Kg.ra/7[http://Www.feedusers.com]). One way to increase soybean
productivity is to select super nitrogen-fixing rhizobia for the development of soybean
rhizobia biofertilizers. At present, soybean growers need to keep soybean biofertilizers in
cool places or in refrigerators. Therefore, if heat-tolerant, high nitrogen-fixing soybean
biofertilizers could be developed, it would save cost and energy. The aim of this research
is to employ RAPD-PCR fingerprinting technology to show that six Bradyrhizobium
japonicum isolates are different strains. Then RT-PCR (Reverse Transcription-Polymerase
Chain Reaction) will be employed to determine if there is differential gene expression in
nodulation genes and nitrogen fixation genes. The results obtained will lead to better

understanding of the effects of temperature on nodulation and nitrogen fixation gene



expression which will eventually lead to the development of high nitrogen-fixing, heat

tolerant strains for the development of biofertilizers.

Rationale for research
1.1 RAPD-PCR fingerprinting technology

RAPD-PCR stands for Random Amplified Polymorphic DNA-Polymerase Chain
Reaction. The advantage of employing RAPD-PCR is sequences of the whole genome
need not be known in order to use PCR method to amplify DNA fragments. In addition,
only one primer is used in RAPD-PCR as opposed to the use of two primers. In this
research, either RPO1 or CRL-7 primer has been chosen based on the finding by
Schofield and Watson in 1985 that RPO1 is a conserved sequence in the promoter region
of nifHDK of three Rhizobium spp. nifHDK encodes the enzyme nitrogenase which
catalyses nitrogen fixation or reduction of atmospheric nitrogen to ammonia. If DNA of an
isolate yields a fragment(s) when RPO1 is used in RAPD-PCR, it may be inferred that the
isolate contains nitrogenase enzyme for nitrogen fixation. Hence the isolate(s) may be
soybean rhizobia.

CRL-7 primer is chosen as the other primer due to the fact that the primer is an
arbitrary primer (5’GCCCGCCGCC3’) [Mathis & McMillin, 1996]. In 2006 Ly and Chansa-
ngavej reported that soybean rhizobial strains with more than 15 PCR product fragments
might be heat tolerant because the more GC rich areas might confer heat tolerant since it
needed more energy to break the three hydrogen bonds between nitrogenous bases C
and G compared to lesser energy needed to break the two hydrogen bonds between
nitrogenous bases A and'T in'DNA molecules. Information obtained on the extent of GC
rich areas as reflected in CRL-7 PCR fingerprints will aid in strain selection for the
development of heat-tolerant ‘strains for production of biofertilizers with a long shelf-life

which do not require refrigeration during transportation and storage.



1.2 RT-PCR technology

RT-PCR technology refers to the Reverse Transcriplase catalysed conversion of
mRMNAs to cDNAs and amplification of selected cDNAs with the use of forward and
reverse primers which are specific to the amplification of the chosen cDNA template(s).
RT-PCR has widely been used in the studies of differential gene expression under
various  conditions.  Expression crf' GAPDH  (Glyceraldehyde-3-phosphate
dehydrogenase) gene is usually concurrently carried out in conjunction with the
amplification of chosen cONAs to control the amounts of total RNAs loaded onto the
agarose gel for electropheresis. Equal intensity of Ethidium bromide (EtBr) stain for
amplified GAPDH fragments is taken lo imply that equal concentrations of total RNAs
have been loaded inthe RT-PCR experiment. Hence, unequal intensity of EtBr-stained
gene fragments implied differential gene expression by the organism(s) under the
experimental conditions,

RT-PCR is a rapid method which is far more convenient to use compared to
other methods that have been used in the study of differential gene expression. For
example, another method used to delect differential gene expression at the
transcriptional level is Northern Blotting. This method requires construction of a labeled
probe which may be either “P.labeled or labeled with non-radioactive chemical
including biotinylated probes. In-addition, the hybridization step of the experiment is
time-consuming. Another method has been used lo detect differential gene expression
at the translational level. This method requires promoter-gene-reporter gene fusions
which is also time-consuming because many steps must be carried out befare the final
step of detection of differential gene expression. In order to use gene fusions to study
differential gene expression, one needs to select promoters and.reporter genes for use
in the ‘construction of recombinant plasmids. ‘Moreaver, suitable methods to introduce
the recombinant plasmids into suitable host cells must be selected. Recombinant
plasmids may be introduced into host cells and expressed as multicopy plasmids or
they may be integrated onto chromosomal DNA and expressed as a single copy gene.
Finally, assays of the reporter genes must be carried out to monitor gene expression.
Table 1.1 contains information on widely used reporter genes in the study of gene

expression at the translational level.



4
Table 1.1 Widely used reporter genes in the study of gene expression at the translational

level (Forsberg et al., 1994).

Reporter genes Detection assay methods

lacZ from E.coli f-galactosidase activity with the use of IPTG inducer

cat Chloramphenicol acetyl transferase activity

luxAB from Vibrio | Luciferase activity

harveyi

In addition, Forsberg et al. (1994) reported that the use of JuxAB as the reporter gene
had to be used with caution because comparisons of results obtained from the use of
luxAB and the use of cal reporter genes had shown that the use of luxAB in gene fusion
resulted in interference of the expression caused by intrinsically curved DNA segment in
the 5' coding sequence of the luxA gene. This DNA topology at the 5' coding sequence
had been shown to either aclivate or repress gene expression depending on the types
of promoters. Thus, care must be taken when interpreting gene expression results when
luxAB is used as the reporter gene. Therefore, RT-PCR seems to be the technique of

choice for the study of differential gene expression.

1.3 Need for heal-tolerant soybean rhizobia biofertilizers

In Thailand soybeans are grown mainly in the northern, north-eastern, and
central parts. Rainy season soybean crops are oblained twice per year as follows : The
first crop is. planted during April_and May. with harvesting during July and August. The
second crop is planted in July-August with harvesting in October to November, Summer
crop. is planted-in December and January and harvested in March to April. Thus, the
months when soybean seeds germinale and soybean rhizobia make initial contact with
soybean roots are April, May, Jzly, August, December, and January. The average

maximum temperatures in these months are shown in Table 1.2



Table 1.2 Average maximum temperatures in Thailand in 2005.

Average maximum temperatures (°C)

Areas
Jan | Feb | Mar | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec
Northern part
316|357 (358 |37.0|362| 288 |329)13141319|314 325|315
(20 provinces)
North-eastern &
part 315|359 (346|364 | 358 | 294 |33.1|33.0|325(329]|31.9]|30.0
(16 provinces)
Central part
3221351350361 |358| 300 [33.1]33.0]325(329|319| 300
(9 provinces) i
Eastern part
31743368337 346|345 | 298 |323|324|320|327]|32.2]30.1
(10 provinces)
Southern part Mo Data
31.0 | 33.0| 33,5 | 34.7 | 33.7 326|33.0| 323|312 |30.7 | 289

(18 provinces) Available

Source : Weather reports 551.506.1, Meteorological Department, Bangkok (2005).

The recorded average maximum temperatures as shown in Table 1.2 indicated

that atmospheric temperature could be 37°C in April.

With the global warming phenomenon the average maximum temperatures in
each region of Thailand are bound to increase. Therefore, if the global warning trend is
still taking place, there is a need to develop both heat-tolerant soybean cultivars and
symbiotic soybean rhizobial strains with high nitrogen fixation capability. At present, a lot
of infermation is_known about heat shock protein gene regulation in the slow-growing
soybean rhizobia, Bradyrhizobium japonicum (Fischer et al., 1993; Babst et al., 1996;
Minder et al., 1997; 2000: Minchbach et al., 1999; Nocker et al., 2001) However, relative
little information is known on the effects of temperature on nodulation and on nitrogen
fixation gene expression. Therefore, the aim of the present study is to employ RT-PCR to
find out if temperatures have effects on nodulation genes (nodD,, nodA, nodB) and

nitrogen genes (nifH, nifD) expression in 6 strains of B. japonicum.




CHAPTER I

LITERATURE SURVEY

2.1 Soybean production and consumption in Thailand

Soybeans have been used in Thailand for the production of soybean cooking oil

and soybean-based products such as tofu, soy sauce, and soy meal for animal feeds.

However, soybean production in Thailand does not meet the demand for domestic

consumption. Table 2.1 shows Thailand produced between 230, 516 metric tons to 260,

696 metric tons in the past five years (2001-2005) with up to 241 kg.rai productivity. In

order to meet local demand, Thailand relies heavily on import of soybeans. Table 2.2

shows soybeans imported to Thailand have increased from 1,363,224 metric tons in 2001

to 1,607,784 metric tons in 2005 which was approximately 85% of domestic soybean

consumption.

Table 2.1 Soybean production in Thailand in the past five years (2001-2005).

Soybean production (metric tons) Soybean
Year Summer crop Rainy season productivity
(Nov-Apr) crop (May-Sep) fou (kg.raiJ)
2001 149, 729 110, 967 260, 696 226
2002 148, 534 111, 329 259, 863 230
2003 142,856 87,660 230, 516 240
2004 150, 996 89, 432 240, 428 237
2005 155, 775 90,732 246,507 241

Source : The Office of Agricultural Economics (20086).




Table 2.2 Soybean import in the past five years (2001-2005).

Year Soybean import (metric tons)
2001 1,363,224
2002 1,528,557
2003 1,689,649
2004 1,435,801
2005 1,607,784

Source : The office of Agricultural Economics in co-operation with The Customs Office

(2006).

Table 2.1 shows local soybean productivity is relatively low compared to those of
countries where soybean rhizobium biofertilizers are used such as Argentina, Brazil and

USA (http://www.feedusers.com). Soybean productivity could be increased by several

means including the utilization of biofertilizers which consist of efficient high nitrogen
fixing strains of soybean rhizobia. Efficient soybean biofertilizers must be able to both
nodulate soybean roots and fix nitrogen in soybean root nodules. Therefore, the
biofertilizers must express nodulation and nitrogen fixation genes.

Figure 2.1 shows genes involved in nodulation and in nitrogen fixation in B.

Japonicum used in this study.



Bradyrhlsoblum Joponicum U506 110

Figure 2.1 Whole genome sequence of B. japonicum USDA110. Each interval
represents 100,000 bp. All the genes are color-coded according to their functions.
Positions of nodulation and nitrogen fixation genes as well as GAPDH gene used in  RT-

PCR in this study are shown in the Figure. (http://gib.genes.nig.ac.jp/single/index. php?

spid =Bjap_USDA110).

2.2 Genes involved in nodulation

There are several genes, the products of which are involved in successful
nodulation process. Chief among these genes includes nodD, and nodYABC.
Nodulation genes (nodD,, nodA, nodB, and nodC)

Nodulation genes of B. japonicum include nodD, and nodYABC. nodD, encodes
NodD, protein which forms.complexes with flavonoids Genistein or Diadzein secreted by
soybean (Glycine max) root nodules (Kosslak ‘et al.,; 1987). NodD,-flavonoid complexes
bind to nodD, box which consists of two 9 bp repeat sequences in the promoter of nodD,.

Wang-and Stacey (1991) reported that the 9 bp repeat sequences of nodD, box are

[ccaeaTeTA] ATTGCTTTT | binding of NodD,-flavonoid complexes to nodD, box activates

transcription of nodD,. The transcriptional start site of nodD, lies 44 bp downstream of
nodD, box as shown in Figure 2.2
The promoter of nodYABC contains nodY box which is made up of four 9 bp

repeats as follows :

| ATCCATCGT | GTGGATGTA| TTCT | ATCGAAACA | ATCGATTTT | ACCAGAT




The consensus sequence of nod boxes are A, Ty Cyg Gyo Ag; Tgo T4, G,, T,, (Wang and
Stacey., 1991).

Wang and Stacey (1991) stated that promoters of nodD, and of nodYABC
overlapped with transcriptional start sites of nodD, and of nodYABC lying in the nod box

of the opposing transcript as shown in Figure 2.2.

Overlapping promoters of nodD ] and nodYABC

Transcriptional start site of !IGD‘D_J Transcriptional start site of nodYAEC

3 _E%s‘;{:-}i‘_‘\: nodYABC

fiod-box of nouyAEC fiou-box of rrm:‘DI

28 bp
44 bp

Figure 2.2 Diagramatic representation of a DNA segment of B. japonicum nodulation
genes showing promoters of nodD, and nodYABC are overlapped with transcriptional
start sites of nodD and of nodYABC lying in the nod box of the opposing transcript
(Wang and Stacey , 1991).

Expression of nodYABC is also activated by binding of NodD,-flavonoid to the
nodY box (Loh and Stacey, 2003). In addition, nodD, and nodYABC are activated by a
two-component system encoded by-nodVW. NodV is a kinase which autophosphorylates
and transfers the phosphate group to- NodW. Phaosphorylated NodW activates
transcription of nodD71 and nodYABC-possibly by .influencing DNA bending as in the
case of the activation mechanism of NodD1-flavonoid complexes (Loh and Stacey, 2003).

Expression of nodD, and nodYABC is repressed by NodD, which is encoded by
nodD,. NolA product from nolA regulates the expression of nodD,. Figure 2.3

summarizes the activation and repression of nodulation gene expression.
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Figure 2.3 NodD,-flavonoid complexes bind to nodD, box and nodY box in the
promoters of nodD, and nodYABC to activate transcription of nodD, and nodYABC. A
protein product NodV autophosphorylates then transfers the phosphate group to NodW.
Phosphorylated NodW-P activates the expression of nodD, and nodYABC. NolA
regulates the expression of nodD, whose protein product, NodD,, represses the

expression of nodD, and nodYABC (Loh and Stacey, 2003).

At present, the function of nodY protein product is not known. However, protein
products of nodA, nodB, nodC are known to be enzymes involved in the synthesis of Nod
factors which are lipo-chitooligosaccharide signals involved in the initial steps of
nodulation process. The exact function(s) of Nod factors is not known although it has
been reported to play a role in root hair-curling, infection sac and infection thread
formation and possibly the induction-of root cortex cell division ‘resulting in nodule
formation (Long, 1996).

Nod factor of B. japonicum is made up of 5 N-acetylglucosaminyl units with
substitutions. The synthesis of Nod factors is catalyzed by these enzymes ; nodC, NodB,
and NodA as shown in figure 2.4. Genes nodC, nodB, and nodA encode enzymes NodC,
NodB, and NodA respectively. NodC is N-acetyglucosaminyl transferase which catalyses
the transfer of N-acetylglucosamine. NodB is N-deacetylase which catalyses the removal

of an acetyl group from the N-acetyl glucosaminyl unit at the non-reducing end. NodA is
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N-acyltransferase which catalyses the transfer of a C18:1 acyl group to the non-reducing

N-acetylglucosaminyl unit.

Synthesis of Nod factor

cHoH QuoE  NedU NodB NolA™ /N _| 5 MNod factor
) D X oH an,
MRS Mg — —~be g A A 4
a-c, 0-C, b o ' = Root curling
ci, ", A Ml 'nl.J o, l
Cortex cell division
Nodules
Strain R1 R2 R3 R4 ' RS
B.japonicum USDA110 c18:1 H H | 2-0-MeFuc H

{2-0-MeFuc = 2-O-MethyFucose )

Figure 2.4 Synthesis and structure of Nod factor of B. japonicum (Stacey, 1995).

2.3 Early study on the role of Nod factors

Bypassing the chemotoxic responses to flavonoid gradients, Pueppke (1984)
submerged roots of germinating soybean (Glycine max [L.]) Merr. cv Hardee seeds to
sterilized 15 ml Jensen’s nitrogen free nutrient solution containing 10" cells of each of the
following rhizobia i Rhizobium japonicum 138, Rhizobium sp. 3G4b16, Rhizobium
sp.229, Rhizobium lupini 96B9, Rhizobium meliloti 102F51, Determinations of cell
numbers adsorbed per 2 cm distal root segment after incubation at room temperature for
2 h showed higher number of rhizobia adsorbed did not always lead to formation of

infection thread in soybean roots as shown in Table 2.3
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Table 2.3 Relationship between cell numbers of rhizobia to roots and formation of

infection threads at room temperature (27°C) (Pueppke, 1984).

Soybean
Strains Natural Host
Adsorption Infectivity
Rhizobium lupini 96B9 Lupinus polyphillus 384 + 31 -
Rhizobium sp.229 Vigna unguiculata 127 +7 --
R. japonicum 138 Glycine max 120 + 4 +
R. meliloti 102F51 Medicago sativa 107 + 22 -
Rhizobium sp. 3G4b16 Glycine max 567 +

The results indicated that although Rhizobium lupini 96B9, with the natural host
Lupinus phyphillus, adsorbed the most cell number to soybean roots, the adsorption of
the rhizobia did not lead to infection thread formation. On the other hand, R. japonicum
138 and Rhizobium sp. 3G4b16 with intermediate and low adsorbed cell numbers led to
successful infection thread formation. The results seemed to indicate that ablility to
adsorb to root hair alone could not lead to infection thread formation. Nod factors
seemed to have a role in the infection thread formation process (Pueppke, 1984). Most
interesting finding reported by Pueppke (1984) was adsorption of R. japonicum 138 to
soybean roots at 4°C and 37°C decreased to 20 + 10 cells and 50 + 90 cells/root
segment respectively. Hence, temperature seemed to have an effect on adsorption of

soybean rhizobial cells to soybean roots.

2.4 Nitrogen fixation genes (nifH, nifDK)

Nitrogenase consists of two proteins : The Fe-protein and the MoFe-protein which
are 64 Kda and 220 Kda respectively. The Fe-protein is a dimer of identical subunits,
each of which is encoded by nifH. The MoFe-protein consists of a,f3, subunits. nifD
encodes the o subunit while nifK encodes the B subunit. Table 2.4 summarizes the

known information of the genes and their protein products.



Table 2.4 Genes and protein products for nitrogenase

Genes Protein products

nifH Subunit of the Fe-protein

nifD o subunit of the MoFe-protein

nifk B subunit of the MoFe-protein

In the slow-growing B. japonicum, nifH and nifDK are on separate operons in the
symbiotic gene cluster (Elkan & Bunn, 1992). A ribbon representation of nitrogenase of
Azotobacter vinelandii which is made up of an Fe-protein and a MoFe-protein is shown in

Figure 2.5

SNRANA 4Fe:4S
S
. 4Fe:45
V¥

L[}, subunits

* P cluster
+ FelMo cofactor

Figure 2.5 A ribbon representation of Azotobacter vinelandii nitrogenase which
consists of an Fe-protein (light blue) and a MoFe-protein. Metal clusters are shown in
yellow (Moffat, 1992).

Each subunit of the Fe-protein consists of two ATP binding sites and one 4Fe-4S
cluster while each afy subunit of the MoFe-protein-consists of one P-cluster and one

FeMo-cluster as shown in Figures 2.6 and.2.7.



Figure 2.6 Each subunit of the Fe-protein consists of two ATP-binding sites and
one 4Fe-4S cluster. Each af3 subunit of the MoFe-protein consists of one P-cluster and

one FeMo-cluster (http://www.resb.org/pdb/molecules/pdb26_3.htm).

o ”-:'z ; i
; Y 4Fe: 35 1Mo : 3Fe : 35
4Fe: 45 4Fe: 4S cluster cluster
cluster cluster
P cluster FelMo cofactor

Figure 2.7 The P-cluster and the FeMo cofactor (cluster) of the MoFe-protein are
attached the Cysteine, Histidine, and Glutamine residues of the MoFe-protein (Kim and

Rees, 1992).

Nitrogenase catalyses the reduction of atmospheric N, to ammonia by an electron
transfer 'system as indicated in Figure 2.8. The reduction process requires energy in the
form of ATP molecules which bind to the Fe-protein subunit. Electrons are transferred
through the 4Fe-4S clusters of the Fe-protein to the P-cluster and the FeMo-cluster of the
MoFe-protein and finally to a nitrogen molecule which binds to the MoFe-protein. The

electron transfer system is shown in Figure 2.8



Nitrocden Fixation catalysed by

M, + 8H* + Ba- + 16 MgATF — 2ZNMH, + H, + 16(MgADF + 16Fi)
{Pi is an inorganic phosphate)

2A0P+ P
(Femooxinied  (Fe-prolanios [MEFa-prolainined M, & BH
24 {Fermidominkox (Fe-prosein)med {MoF e-protweinjox ZNH+ H,
i < 2aTP

B limes

Figure 2.8 Electron transfer system in the nitrogen fixation process-catalysed by

nitrogenase (Voet and Voet, 1995).

In nitrogen fixation reaction, hydrogen is always a by-product of the reaction.
Ammonia produced by nitrogen fixation by rhizobia is utilized by host plants to form
amino acids via the first enzyme, Glutamine synthase, which catalyses the formation of

Glutamine with Ammonia and one molecule of Glutamic acid as shown in the following

equations :
Glutamine synthase
Glutamic acid + Ammonia + ATP i » Glutamine + ADP + P,
H H
| |
NHQ—(%—COOH + NH, + ATP \' > NHZ—(E—COOH + ADP + P,
?Hz H,O (|:H2
CH, CH,
| |
OH NH,
[J-ketoglutarate
Amino transferase ﬁ'
O=C|3—COOH
R
2 NH;C-COOH CH,
?Hz COOH
CH,
I
COOH

2 Glutamic acids
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Glutamine formed from the incorporation of a molecule of Ammonia to one
molecule of Glutamic acid is used in an amino transferase (transaminase) reaction with o
ketoglutarate as another substrate to form two molecules of Glutamic acids which enter
the amino acid synthesis pathway catalysed by appropriate amino acid transferases

(Voet and Voet, 1995).

2.5 Effects of temperature on nodulation and nitrogen fixation

In 1978 Day et al. inoculated each of the five rhizobium sp. strains onto cowpea
(Vigna unguiculata) seeds in 15 cm diameter pots containing sand, grit, and soil (6:2:1
by volume). The pots were placed in water baths which were put in a greenhouse
maintained between 30°C (day), 20°C(night). The water baths were maintained at 30°C,
36°C, 38°C, 40°C, 42°C or 44°C. Each set of plants were subjected to 30°C continuously
or to the higher temperatures for 5 hours per day from sowing to harvesting at 40 days.
The results showed that mean nodule dry weight as well as nitrogenase activity as
determined by the acetylene reductase at high temperatures. The results indicated that
high soil temperatures reduced the extent of nodulation and nitrogenase activity of the

rhizobial strains used in the experiments as shown in Table 2.5

Table 2.5 Effect of Rhizobium strains and root temperature on growth, nodulation and

nitrogenase activity (Day et al., 1978)

Rhizobium strain ¥
Root - A - " Mean
temperature (*C)*  Uninocllated R3029 R3009 R5018 CB756 R3030 {inoculated)

Mean dry wt plent (g)

i 2-39 8-09 593 614 531 4.62 6.22
6 -3 406 564 447 4-85 5.09 4.72
38 1-72 3-80 3.79 1-43 2:.53 1.26 2.96
40 1-23 1-58 1:67 I°7s 1-48 201 1-70
42 1:31 1-64 1-53 146 134 L 1-48
44 1-17 1-43 1-31 1-14 (Frd] 1:20 i-27
Mean dry wt nodules (mg/plant)
30 0 500 463 505 395 380 467
36 ] 440 530 430 170 385 431
I8 0 530 580 30 295 295 346
40 0 35 13 o 0 150 40
42 0 1] 0 0 0 0 0
Mitrogenase activity (umoles C,H, /g dry wi nodule/h)
30 27 166 129 185 198 181
36 55 115 86 151 129 107
38 68 53 80 144 116 92
40 13 50 0 0 48 24
42 0 o 0 0 0 ]

* Plants exposed to temperatures in range 36-44 °C for 5 h/dav then returned to 30 *C: harvested after 40 days.
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CHAPTER IlI

MATERIALS AND METHODS

3.1 Bacterial strains

The following six slow-growing soybean rhizobia strains were used in the
experiments :

Bradyrhizobium japonicum SK3, SK4, SK26 and SK28 isolated from Wang Muang
district, Saraburi province by Somchoke Kala (2003) and S76, S162 isolated from Kao
Kaw district, Petchaboon province by Suwat Saengkerdsub (1999). The cultures were
deposited at MIRCEN Microbiological Resources Center, Bangkok, with MIRSEN codes
as shown in Table 3.1. Cell cultures were stored in yeast extract mannitol agar slants

(YMA) with 25pg.ml” congo red at 4°C until use.

Table 3.1 Soybean rhizobial strains used.

Sources
Strain | MIRCEN code | Root nodules of Soil sample References
soybean cultivar collection sites
SK3 1596 SJ4 Somchoke Kala (2003)
SK4 1597 SJ4 Ta Muang District, Somchoke Kala (2003)
SK26 1598 SJ4 Saraburi Province Somchoke Kala (2003)
SK28 1599 SJ4 Somchoke Kala (2003)
S76 1537 SJ5 Kao Kaw District, Saengkerdsub (1999)
S$162 1539 SJ5 Petchaboon Province Saengkerdsub (1999)

Strains were maintained at 4°C on yeast extract-mannitol agar slants (Appendix A).




3.2 Growth curves of six Bradyrhizobium japonicum strains
3.2.1 Growth curves at mid-log phase
Cells in YMA slants were activated by plating onto YMA containing 25pg.ml'1
congo red agar plates and incubated at 25°C for 4 days. One loopful of cells of each
strain was inoculated into 50 ml of either yeast extract mannitol broth (YMB) or yeast
extract glycerol broth (YGB), incubated at 30°C, 200 rpm for 4-6 days. Growth was
followed by optical density readings at 660 nanometer. Time to reach mid-log phase for
each culture was determined from the growth curves.
3.2.2 Growth curves at different temperatures
Cells were grown to mid-log phase for seeding. 5 ml of mid-log phase cells were
added to 45 ml of YMB or YGB then incubated at 25°C, 30°C, 35°C, 40°C and 45°C, 200
rpm for 4-6 days. Composition of YMB and YGB was given in Appendix A. Growth was

followed by optical density readings at 660 nanometer.

3.3 PCR fingerprinting of Bradyrhizobium japonicum SK3, SK4, SK26, SK28, S76 and
S162
3.3.1 DNA Extraction

Cells grown in 50 ml yeast extract glycerol broth (YGB) until mid log phase were
harvested by centrifugation at 7,000 rpm for 5 minutes, washed with 0.85% normal saline
twice before addition of 100l 2.5mg/ml lysozyme in saline EDTA and incubation at 37°C
for 1 hour. Cells were frozen and thawed at —20°C for 5 minutes and at 80°C for 5 minutes
4 times. 250pl DNAzol” (Invitrogen) were added to the cells before centrifugation at
10,000 rpm, 4°C for 10 minutes. Supernatant was transferred to a new eppendorf tube
and DNA. was precipitated with 500l absolute ethanol -at -70°C for. 15 minutes.
Precipitated DNA was collected by centrifugation at 12,000 rpm,4°C for 10 minutes,
washed with 1,000ul 70% ethanol and air dried in a laminar flow hood. 20ul high-purity
distilled water was used to dissolve DNA. Quantity of isolated DNA was determined by
absorbance at 260 nm and quality of the isolated DNA was checked by OD,s,/OD,,,
ratios and 0.8% agarose gel electrophoresis by standard methods (Sambrook & Russel,

2001).
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3.3.2 PCR fingerprinting
Sequences of RPO-1 and CRL-7 were as reported by Richardson et al (1995) and
Mathis & McMillin (1996) as follows :
RPO-1: 5AATTTTCAAGCGTCGTGCCAZ
CRL-7 : 5’GCCCGCCGCCT

RPO-1 and CRL-7 primer was used in RAPD-PCR fingerprinting in the following mixture:

Mixture Program

10x PCR buffer 2.5 pl 95°C 15 seconds Y

50 mM MgCl, 0.8 pl 55°C 30 seconds \ 5 cycles
10 mM dNTPs 0.5 ul 72°C 90 seconds )

10 UM primer 5.0 il 95°C 15 seconds ~

DNA template ( 60-100 ng) 1.0 v 60°C 30 seconds . 25 cycles
Taqg polymerase (5U. ul") 0.2 ul 72°C 90 seconds

High quality double distilled water 15.0 ¥] 72°C 10 minutes ’

Total 25.0 ]
PCR products were separated by 1.25 % agarose gel electrophoresis by standard
method (Sambrook and Russel, 2001). RAPD-PCR fingerprints were viewed and

photographed on a UV transilluminator (Bio-rad).

3.4 RT-PCR
3.4.1 Extraction of total RNA

Total RNA was extracted with Trizol®(lnvitrogen) according to the manufacturer’s
instruction. Log phase cells from 50 ml YGB were broken by incubation with 700ul Trizol®
for 5 'minutes at room.temperature. After centrifugation at 10,000 rpm, 10 minutes, 400,
supernatant was transferred to a new Eppendorf tube. 200ul chloroform was added to
the supernatant followed by incubation at 15-30°C for 2-3 minutes. The upper aqueous
phase was transferred to a new Eppendorf tube. RNA was precipitated by 500pl
isopropy! alcohol at 15-30°C for 10 minutes, collected by centrifugation at 8,000 rpm, 10
minutes, 4Oc, washed with 1 ml 75% ethanol, then air-dried. 20ul DEPC-treated distilled

water was added to the dried RNA preparation. Quantity and quality of RNA preparation



were checked by OD,,/OD,,, and 0.8% agarose gel electrophoresis with RNA markers

from Promega according to the manufacturer’s instruction.

3.4.2 RT-PCR
Primers for the amplification of nodD,, nodA, nodB, nifH, nifD and GAPDH were
designed by multiple alignments as shown in Appendix C. Primers for the amplification of
nodC could not be obtained because there were not sufficient conserved sequences as
shown in Appendix C. Sequences chosen for using as primers had been checked that

they did not self anneal.

nodD,

Forward primer 5° AAAATGGCAGCAGYTCGAA 3’
Reverse primer 5" CAACATCAATCTGAGCCAG 3
nodA

Forward primer 5" GGTGGAGCGGACGCGAATGC 3
Reverse primer 5 GCTCGCCGATCATGCCG 3’
nodB

Forward primer 5 AGCACAATTGCWCCCGGGCG 3’
Reverse primer 5 GCAACATCGGGTCCCCGCGA 3’
nifH

Forward primer 5 AGCCACCGCAAACAACGTCG 3’
Reverse primer 5 ATCGGCAAGTCCACCACTTC 3
nifD

Forward primer 5 TCMAGCAGAATTCGCGA 3’
Reverse primer 5" AACTATTACGTTGGCAC 3’
GAPDH

Forward primer 5 YTCGTTGTCGTACCAG 3
Reverse primer 5 CTGCACSACSAACTGC 3

nodD,, nodA, nodB, nifH, nifD and GAPDH were used as specific primers for RT-PCR by

using Maxime RT-PCR PreMix Kit (iNtrRON Biotechnology) in the following mixture:
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Mixture
Total RNA
Forward primer
Reverse primer
RNase-free water

Total

Program

Reverse transcription reaction

100-2000 ng
5-20 pmol
5-20 pmol

upto20 i

20 pl

45°C  30-40 minutes

Inactivation of RTase 94°C 5 minutes

Denaturation 95°C 15 seconds

Annealing 47-58°C seconds

30-40 cycles

Extension 72°C 90 seconds

RNA Template Primer concentration Reverse Annealing

(ng) Primers pmol Transcription (min) Temp (°C)
2000 nodD, / GAPDH 20/5 40 54
100 nodA / GAPDH 20/5 30 58
100 nodB / GAPDH 20/5 30 55
100 nifD/ GAPDH 20/5 30 47
100 nifH / GAPDH 10/10 30 55

PCR products were separated by 1.25 % agarose gel-electrophoresis by standard

method (Sambrook.and Russel, 2001). RT-PCR products were viewed and photographed

on a UV transilluminator (Bio-rad).
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CHAPTER IV

RESULTS

4.1 Turbidity profiles of B. japonicum

Since 6 B. japonicum strains produce extracellular polysaccharides, it is likely
that changes in turbidity as measured by absorbance at 660 nm may be due to changes
in polysaccharide contents and not due to changes in cell numbers. In order to find out if
growth of B. japonicum could be monitored by changes in turbidity, absorbance
readings at 660 nm as well as viable plate counts of samples of cells at different time
intervals were obtained. Figures 4.1(A) and 4.1(B) showed changes in turbidity as
measured by optical density at 660 nm over incubation time of the 6 B. japonicum strains
grown at 30°C, 200 rpm, in yeast extract glycerol medium and in yeast extract mannitol
medium respectively. The results showed turbidity of cultures of strains SK3, SK4, SK26,
and SK28 increased at the same rate in both media up to 4 days after which increase in
turbidity seemed to level off when SK3, SK26 and SK28 were grown in yeast extract
mannitol broth (Figure 4.1B).. The strain S162 showed lower rate of increase in turbidity
when grown in yeast extract glycerol medium. B. japonicum S76 culture showed slower
rate of increase in turbidity when grown in yeast extract mannitol medium The overall
results indicated that cultures of SK3, SK4, SK26, SK28 and S76 increased in turbidity
when grown in yeast extract glycerol medium more than when grown in yeast extract
mannitol medium. However, culture.of S162 become more turbidity when grown in yeast
extract mannitol medium.

The results showed that the numbers of days needed for cells to grow to mid-log
phase were 2.75 days for SK3, SK4, SK26, SK28 and S76 and 4.5 days for S162 when
grown in yeast extract glycerol medium and 2.25 days for SK3, SK4, SK26 and SK28,
3.25 days for S76 and 4.5 days for S162. Mid-log phase cells were used as inoculum for
the next experiments on RAPD-PCR fingerprinting and the effects of temperature on

growth and gene expression.
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Figure 4.1 Changes in turbidity of growth cultures of 6 B. japonicum strains grown in ~ (A)

yeast extract glycerol medium (B) yeast extract mannitol medium, at 30°C, 200 rpm.
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Figure 4.2 Turbidity of 6 B. japonicum strains grown in (A) yeast extract glycerol medium

(B) yeast extract mannitol medium, at different temperatures, 200 rpm.
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Figure 4.3 Viable plate counts of each strain of B. japonicum SK3, SK4, SK26, SK28, S76

and S$162 grown in (A) YGB at 30°C (B) YMB at 30°C (C) YGB at 40°C (D) YMB at 40°C.
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4.2 Effects of temperature and growth medium on turbidity and viable plate counts of B.
Japonicum cultures

When the six strains of B. japonicum were grown in either yeast extract glycerol
broth or yeast extract mannitol broth at different temperatures from 25°C to 45°C, the
results as shown in Figure 4.2(A) and 4.2(B) indicated that turbidity increased uniformly
up to ODg, of 1.4 in 4 days when cells were grown in yeast extract glycerol broth(YGB) at
25°C to 45°C. Culture of strain S76 seemed to be less turbid when grown in YGB at 40°C.
Increased turbidity of the six B. japonicum culture tended to be less uniform when cells
were cultured in yeast extract mannitol broth(YMB) with maximum turbidity less than
ODgq, of 1.4 for cultures of strains S162 and S76. One remarkable finding was the
increase in turbidity of cultures of strains SK3 and SK26 at 45°C when cells were grown in
YMB as opposed to no increase in turbidity when cells were grown in YGB at the same
temperature. When grown under 25°C - 45°C cultures seemed to increase turbidity in
YMB while at 45°C cultures of SK3 and SK26 seemed to increase rapidly then maintain
turbidity of ODg, at 0.4.

The viable plate counts results as shown in Figure 4.3 reflected the same extent

of turbidity when cultures were spread on either YMA agar or YGM medium.
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4.3 RAPD-PCR fingerprinting of 6 isolated strains

Figure 4.4 showed RAPD-PCR fingerprints of the 6 B. japonicum strains used in
this research. The results indicated that the 6 strains were different because they were
found to have different sets of fingerprints when either RPO1 or CRL-7 was used as the
primer. There seems to be two groups of B. japonicum. The first group with 4-6 DNA
fragments in RPO1 PCR fingerprints of B. japonicum SK3, SK4, SK26 and SK28 isolated
from Ta Muang district, Saraburi province. The second group with one RPO1 PCR
product consisted of S76 and S162 which were isolated from Nern Mahatsajan,

Phetchaboon province.

RPO1 CRL-7

EK3 SK4 SKI6 SKIE £76 5162 SK3 SK4 S5KI6 SK28 576 S162

Figure 4.4 PCR fingerprinting of B. japonicum SK3, SK4, SK26, SK28, S76 and S162

when either RPO1 or CRL-7 was used as the primer.
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4.4 RT-PCR

Table 4.1 showed sequences and properties of primers designed for RT-PCR of

several nodulation genes and nitrogen fixation genes as well as those for reverse-

transcription amplification of gene for GAPDH.

Table 4.1 Nucleotide sequences and properties of primers designed for RT-PCR of

nodulation genes and nitrogen fixation genes as well as gene for GAPDH.

pri Nucleotide sequences PCR product
rimer %GC T, (CO)*
(o 37 sizes (bp)

nodD,

Forward primer 5 AAAATGGCAGCAGYTCGAA 3: (19 bases)
317 42.1% 54.2

Reverse primer 5 CAACATCAATCTGAGCCAG 3 (19 bases)

nodA

Forward primer 5- GGTGGAGCGGACGCGAATGC 3- (20 bases) 70.0% 67.0
414

Reverse primer 5 GCTCGCCGATCATGCCG 3: (17 bases) 70.5% 62.8

nodB

Forward primer 5 AGCACAATTGCWCCCGGGCG 3 (20 bases) 65.0% 64.9
384

Reverse primer 5 GCAACATCGGGTCCCCGCGA 3 (20 bases) 70.0% 67.0

nifH

Forward primer 5: AGCCACCGCAAACAACGTCG 3 (20 bases) 60.0% 62.9
363

Reverse primer  5:ATCGGCAAGTCCACCACTTC 3: (20 bases) 55.0% 60.8

nifD

Forward primer 5" TCMAGCAGAATTCGCGA 3 (17 bases) 52.9% 55.5
445

Reverse primer 5 AACTATTACGTTGGCAC 3 (17 bases) 41.1% 50.7

GAPDH

Forward primer 5 YTCGTTGTCGTACCAG 3 (17 bases) 58.8% 57.9
498

Reverse primer 5: CTGCACSACSAACTGC 3 (17 bases) 64.7% 60.4

*T_ use formula T_=63.3 +0.41 x GC% - 500/length (Pastorino et al., 2003)

(Y=CorT;W=AorT;M=AorC;S=CorQ)
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Figure 4.5 Expression of nodD,, nodA, nodB, nifH, and nifD-of B. japonicum strains SK3, SK4, SK26, SK28, S76 and S162 grown in yeast

extract glycerol medium at 25°C (lanes 2), 30°C (lanes 3), 35°C (lanes 4) and 40°C (lanes 5), 200 rpm. Lanes 1 are molecular size standards.

GAPDH bands are 498 bp.
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Figure 4.6 Expression of nodD,, nodA, nodB, nifH, and nifD of B. japonicum strains SKS3,
SK4, SK26, SK28, S76 and S162 grown in yeast extract glycerol medium at 45°C for 5 h, 200

rom. Lanes1 are molecular size standards. GAPDH bands are 498 bp.

Figure 4.5 showed RT-PCR results when each total RNA of the six strains of B.
Japonicum was used with primers-designed to be specific for amplification of nodD,, nodA,
nodB, nifH and nifD. The results indicated differential gene expression in-only four out of the
30 combinations of 6 strains and 5 sets of primers. These four combinations with differential
gene expression when cells were grown at different temperatures were nodD, of SK4, nodD,
of SK26, nodD, of SK28 and nodB of S76. nodD, expression in SK26 increased when cells
were grown at 35 °C and 40 °C. nodD, in SK4 and SK28 expression was lower when cells

were grown at 35 °C and 40 °C (Figure 4.5). No differential gene expression of nodD, was
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observed when other B. japonicum strains SK3, S76, and S162 were grown at different
temperatures.

Differential nodB gene expression was also observed when S76 was grown under
25°C, 30 °C, 35 °C and 40 °C. The expression was found to increase when growth
temperatures were 35 °C and 40 °C. No differential nodB expression was observed when
the other five B. japonicum strains were grown at different temperatures.

No differential gene expression was observed for nodD,, nifA , nifH, and nifD genes
when the six strains of B. japonicum were grown at different temperatures from 25 °C to 40
°C.

Figure 4.6 showed nodD, nodA, nodB, nifH, and nifD of all B. japonicum strains
were expressed in cells grown at 45°C for 5 h. It is remarkable that in SK28 cells grown at 45
°C for 5 h there was no nodD, gene expression. The result seemed to be in line with those
given in Figure 4.5 where cells of SK28 grown at 40 °C showed relatively little nodD, gene

expression.
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CHAPTER V

DISCUSSION

5.1 Growth and RAPD-PCR fingerprints of B. japonicum

The experimental results as shown by turbidity profiles and viable plate counts
(Figures 4.2 and 4.3) seemed to indicate different degrees of thermotolerance in B.
japonicum. It was found out that, in both YGB and YMB medium, B. japonicum SK3, SK4,
SK26 and SK28 were definitely more thermotolerant than S76 and S162. Therefore the six B.
japonicum strains used in this research seemed to be grouped, based on degree of
thermotolerance, into two groups of more thermotolerant (SK3, SK4, SK26 and SK28) and
less-thermotolerant strains (S76 and S162). RAPD-PCR fingerprints also indicated the strains
used in this research were of two groups: The first group consisted of the more
thermotolerant strains (SK3, SK4, SK26 and SK28) with 4-6 PCR products when RPO1 was
used as the primer. The second group consisted of the less-thermotolerant strains (S76 and
S$162) where the number of PCR products was one when RPO1 was used as the primer. In
addition, the more thermotolerant strains were found to have more GC rich areas as reflected
by the higher number of PCR products when the GC rich arbitrary primer CRL-7 was used. It
remains to be seen if heat tolerance properties could be included in polyphasic taxanomic
determination at species level of soybean rhizobia. In 2003 Thomas-Oates used polyphasic
taxonomy to determine 15 fisolates-of rhizobia isolated from different leguminous hosts.
Symbiotic properties, production of extracellular enzymes for breakdown of 41 synthetic
substrates, antibiotic resistance properties, two-primer RAPD PCR patterns as well as
patterns of low molecular weight RNA molecules and a phylogenetic tree based on 16S
rDNA sequences were used to group the 15 rhizobial isolates into Rhizobium tropici and R.
gallicum. Perhaps, in the case of polyphasic taxonomy of B. japonicum to identify the
organisms to the species level, apart from symbiotic properties, degree of heat tolerance
could be included in the polyphasic taxonomy. Once B. japonicum SK3, SK4, SK26 and

SK28 were established as being more thermotolerant than S76 and S162, interpretation of
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differential nodulation and nitrogen fixation gene expression could be made based on the

degree of heat tolerance property.

5.2 Effects of temperature on nodulation and nitrogen fixation gene expression

The results on the effects of temperature on nodulation and nitrogen fixation gene
expression were discussed in terms of growth temperatures from 25°C to 40°C and the effect
of 45°C on gene expression. The reason was because log phase cells were obtained when
cells were grown in YGB and YMB medium at 25°C - 40°C but not much growth was
obtained when cells were grown at 45°C. (Figures 4.2 and 4.3) cells were grown at 45°C for 5
h before harvesting for RT-PCR experiments. In addition, attempts were made to discuss the
results in terms of gene expression responses to temperatures in less-thermotolerant B.
japonicum strains S76 and S162 and in term of the more thermotolerant B. japonicum strains
SK3, SK4, SK26 and SK28.

5.2.1 Differential nodulation gene expression

The expression of nodD, was found to be the lowest because for RT-PCR
experiments of other gene expression, the concentration of RNA template of 100 ng was
sufficient for the detection of gene expression, but, for nodD, the concentration of the
template was 2000 ng, for the detection of nodD, expression. The finding was as expected
because normally, with no induction of nodD, by the soybean flavonoids (Genistein and
Daidzein in slow-growers; Daidzein and Coumestrol in fast growers, Bellato et al.(1997a,b),
the constitutively expressed. level of nodD, was low. The finding that nodD, expression
increased with increase in growth temperatures in the heat-tolerant.B. japonicum SK26 strain
used in this study was interesting. Heat seemed to induce nodD, expression in heat-tolerant
strain "SK26 although it ‘was found to reduce nodD, expression in the other heat-tolerant
strains (SK4 and SK28). It is speculated that heat may change promoter topology enabling
RNA polymerase to bind more firmly in SK26 and to bind more loosely in SK4 and SK28. It is
interesting to note that there was no expression of nodD, in cells of B. japonicum SK28
grown at 45°C for 5 h. The result agreed well with the finding that under 35°C and 40°C there

was relatively little nodD, gene expression in this strain (Figures 4.5, 4.6).
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The effects of temperature on expression of nodA and nodB was far less marked
when compared to differential nodD, expression. Most strains were found to express nodA in
similar levels when grown under different temperatures (Figure 4.5). However, it is interesting
to note that nodB expression in the less heat-tolerant B. japonicum S76 was found to
decrease with increase in growth temperatures. Since nodB encodes N-deacetylase activity
to remove N-acetyl group of N-glucosaminyl unit at the non-reducing end of the Nod-factor,
the activity did not seem to be crucial to the less heat-tolerant strain S76.

5.2.2 Differential nitrogen fixation gene expression

No differential nifH and nifD gene expression responses to growth
temperature was observed in all heat-tolerant B. japonicum strains used in the study, (Figure
4.5). The results seemed to imply that mRNAs of nifH and nifD of thermotolerant B.
japonicum were stable at 830°C—40°C and at 45°C for 5 h.

It is suggested that nitrogen fixation potential in terms of shoot dry weight as well as
activity of deactylase enzyme (encoded by nodB) should be carried out to verify the results

obtain by RT-PCR.
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CHAPTER VI

CONCLUSION

The experimental results indicated that B. japonicum SK3, SK4, SK26 and SK28 were
more thermotolerant than strains S76 and S162 when vialble plate count experiments were
conducted on yeast extract glycerol and yeast extract mannitol medium incubated at 30°C
and 40°C. RAPD-PCR fingerprints with either RPO1 or CRL-7 as the primers showed the six
B. japonicum were different strains which could be divided into two groups based on the
number of RAPD-PCR product bands. Group | consisted of the more heat tolerant SK3, SK4,
SK26 and SK28 strains with 4-5 RPO1-PCR products and more than 3 CRL-7 PCR products.
Group Il consisted of the less-heat tolerant strains, S76 and S162, with one RPO1 PCR
product and 1-2 CRL-7 PCR products. RT-PCR experiments revealed the more
thermotolerant strains SK4, SK26 and SK28 showed differential nodD, gene expression while
the less thermotolerant strain S76 showed high nodB gene expression when cells were
grown at 35°C and 40°C. It is suggested that nitrogen fixation potential in terms of shoot dry
weight as well as activity of deactylase enzyme (encoded by nodB) should be carried out to

verify the results obtain by RT-PCR.
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APPENDIX A

BACTERIAL GROWTH MEDIA

Preparation of all bacterial growth media is as described by Somasegaran and

Hoben (1994) unless otherwise stated.

Yeast Extract Mannitol Broth (YMB)

Mannitol 10.0g
K,HPO, 059
MgSO,.7H,0 0.2¢g
NaCl 0.1g
Yeast extract 059
Deionized water 1.09

pH of medium was adjusted to 6.8 with 0.1 N NaOH. The medium was autoclaved at

121°C for 15 min.

Yeast Extract Mannitol Agar (YMA)

YMB 1 liter

Agar [Loge)

Agar was added to 1 liter of YMB. The solution was shaken to suspend the agar
then autoclaved at 121°C for 15 min. After autoclaving, the-medium was shaken to
ensure even mixing of melted agar with medium before pouring onto petridishes and

left to solidify.
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YMA with Congo Red
Congo Red stock solution: 250 mg of Congo Red dissolved in 100 ml of

deionized water. 10 ml of Congo Red stock solution were added to 1 liter of YMA. The

final Congo Red concentration was 25 Mg.ml'1. The medium was autoclaved at 121°C for

15 min.

Yeast Extract Glycerol Broth (YGB)

Glycerol 10.0 ml
K,HPO, 0.5¢g
MgSO,.7H,0 029
NaCl 0149
Yeast extract 0.5¢
Deionized water 1049

pH of medium was adjusted to 6.8 with 0.1 N NaOH. The medium was autoclaved at

121°C for 15 min.



1.
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APPENDIX B

CHEMICALS AND SOLUTIONS

Solutions for DNA extraction

Saline-EDTA solution

15 mM NaCl, 10 mM EDTA, pH 8.0

0.9 g NaCl, 0.29 g EDTA were added to distilled water. The final volume was made to
100 ml. 0.1 N NaOH was used to adjust pH to 8.0 before autoclaving at 121°C for 15 min.

DNAZzol

DNAZzol solution (Gibco BRL) was used according to manufacturer's instruction.

Solutions for RNA extraction

RNA loading buffer

Glycerol 500.0 ul
Bromophenol blue 2.0 pug
Xylene Cyanol 2.0 ug
0.5 M EDTA 2.0 pl

The final volume was made to 100 ml. by deionized distill water

25x MOPS buffer

MOPS 41.82 g
Sodium acetate 6.80 g
EDTA 0.38 g

The final volume was made to 100 ml. by deionized distill water

RNA Sample buffer

25x MOPS 40.0 pl
di-Formamide 500.0 ul
di-Formaldehyde 55.0 pl

The final volume was made to 1,000 ml. by deionized distill water



Trizol

Trizol solution (Invitrogen) was used according to manufacturer's instruction.

TriReagent

TriReagent solution (Gibco BRL) was used according to manufacturer's instruction.

50X TAE buffer ( pH8.0 )

Tris-base 24.20 g
Na,EDTA2H,0 1.86 g
Acetic acid Ol

The final volume was made to 100 ml. by deionized distill water
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APPENDIX C

Nucleotide sequences for design of primers

1. nodD, forward and reverse primers are in boxes

Bjapo2
Djapolld
Bjapul
Belha®d
Bsp
E.japolom

ITTTUTAAL LA

CTTCTCGT

.HE-ETTIZ T

PRCTTCTCGT
y i

Djapo
Djapolld
B japul
Belka®y
Bsp

B japnCnom

CTGCGATCGC

CTGCGATCGC

CEECTGCGC

ACGECTGCGE

Djapo

B japolld
Blapol
Belka¥3
R=p
B.japoCom

LA T

CTLULRATLEL
CTRCCATC GO R TG
-

NCCCCTiC

CACCCACCO

B japu?
Blapolld
Ejapol
Ralkat9d
Bsp

B. japoCom

Blapoz
Ejapolll
Rjapni
Balkafd
Bep

B. japoCom

TLCTERCL
TERZTIRICL
TCCTCCT
TCCTCCC

BlapoZ
Kjapniin
Bjapol
Balkafd
Bep

D. japoCom

Ejapny
Bjapollld
Bjapol
Belka®d
Dap

B. japuCum

AR cigls EepiEc AR EEREECR:

TTTLACATART

TRATULTIUL ATULLLACTL

AGAGGTCGCGRARCTCGTCCE
!IZ!TI: GTCCC
REICTCCTC
I'L! CTULTULL
) i’l’! TCGTECT
et TC

TecakCTlCTCRATCATE
atccancffcrcllarca
CEAACTRUTL H
LCATECARCT
RTHCRRCT

:u!'_[ CGRCCC
AT L] R "
GCCCTRETRD
CCCCTECTEC

CCCCTCCTCC

CATHEcHE HENCAETHES oA
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Djapo
Bjapolll
B japul
Belka®d
e

D . JapoCom

Rjapn?
Djapolld
Bjapol
Belka®d
Dap

E . japolom

Djapod
Ejapolly
Blapul
Belka®d
Lt ]

D . JapoCom

Ejapn

B japolld
Bjapol
Rl kadd
Dap

E . japolom

Djapod
Bjapollld
Blapol
Delkadd
L]

B. jagproCuom

HEcclEcchc EEcHIE-R

1 S [T B

CERYC G
CERYC e
(MA TR o

C A

G T TR

"

-l -
&

[wi |

CTICE
CITCC

reccE e C TT oA

Ak

oo Bl B

GTGCRGGGNT
"-I:“IZ' CINT

CG GT
- L - L-T
CG GT
TC CleyCC

TGCGGATCK

LU A LEECNIERE

(BN T GEATGCG
CEAMC A TCCATCCC
CEREr A TREATRCR

T ATIL L

TTEcc---HE FATERrELT

EﬂTCJL'I'C'I'Eh ATTGCCTACA TGCCTCTAAA GCCGACGGCG CAACTCGCCA
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2. nodA forward and reverse primers are in boxes

Belkanii94
Bjapolloh

Belkanii94
Bjapolloh

Belkanii94
Bjapolloi

Belkanii9od
Bjapolloa

Belkanii%d
BjapollDa

Belkanii9d
Bjapolloh

Belkanii94
Bjapolloh

Belkanii94
Bjapolloh

Belkanii9d
Bjapolloa

Belkanii94d
BjapollDa

410 4

2580 400 Z0
S N I I T I
e o T ceccEC
TG e Tl G

Forward primer
450

ZE0 270

460 47

a 450
T O L
iz s Cn ;
X Cclelsc
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3. nodB forward and reverse primers are in boxes

BjaponllOB
Belkanii9d

Bjaponll0B
Belkanii94

Bjaponll10B
Belkanii94

BjaponllOB
Belkanii9d

Bjaponll0B
Belkanii9d4

Bjaponll0B
Belkanii%4

Bjaponll10B
Belkaniif94

Bjaponll0B
Belkanii9d4d

BjaponllDB
Belkanii%4

Bjaponll10B
Belkanii94

L3an

BB

Reverse primer
140

a7



4. nodC

Eelkaniiddn
Ejapa110nod
BijapoSyrrnod

Eelkaniiddn
Bjapa110nod
BjapoSytrinod

Eelkaniiddn
Ejzpo110nod
BjapaSimnod

Eelkaniiddn
Bjapo110nod
BijzapoSytnnod

Belkaniid4n
Ejapa110nod
BjapoSyrrnod

Eelkaniiddn
Ejzpo110nod
BjapoSytrinod

Eelkaniiddn
Bjapo110nod
EjzpoSyrrnod

Eelkaniiddn
Ejapa110nod
BijapoSyrrnod

B (leaaa
G C CEG GGG
G CCEAGGHG
--TEIGCAQRT

EEEE
G AQICC -

ST}
--clsagcce
CCTEAGHGEG

TTTATCTTGT
TTCGEAGCCAL

ATCTGGTTCT
ARGC T A LG

GLCATGACCCE
TCGGAGCTGLC

20

TCG
TCG
CAA

160

B
BTTCTGMCCA
BETCSTTEC TS
[E]s A TCARGCA

CAaaaCCGLGA
ATATCGCCGT

TEGGCGAALCAA
CATTTTTCGLC

CAACGTCGAT
CTATCTGGCT

CEAATCGGETE
AAGAACAGTGS

CTA
CGA
ATT

TTT
TSI
cCcc

CLGENGE & TiE]
CTGENGG A CE
AATENTCG AES

CETTETCGCG
TCCABGGCCAG

TETGEGEGEAMAG
CEACCGTTGET

TCCGATACGA
GeddeT T0T CA T

CGECCATGEG
CGCGECGEAGET

11

o = -
B i (cfc] c (R
M1 aMiGE

ACMEEG TG CMC
GEENNG TG CH5
15 T CERCECRN C N

SRR
AGACTACG

C
AGACTACGMC
CATACGT TG

CET-GTACALC
TTITCGTAAAG

CGCAAGGLCGC
CEGEGEGACTGE

TACTTGCTGC
CEETGATCAG

TCAGCTGATC
TTGGACAGTT

L]
|

RN TRNCERNC T T

TCCCyCENENE
Ca b CRcENENE
TCG AQSERES A

130
|
TEITHTCAATG
TEICHITCAACS

CEITENC AGGLC A

260

« R
GEAARNLCTG A
GEAARGATGE
CATGEALCCAL

CEGGATATATG
GTGGACTTTT

AGATCGCAGE
AGGTCGECTCT

CGACGTCGTLC
ACGGGEGTCG A

GLCGAGLCAATL
CGTGCGGTGE

EIC 4G 4 A MG
TIE]- - -G AMA
ElC TG4 TEC

200

o aaoall
AGGEACMCA LA
AGALTIMCG AL

TATCTMGCCG

CEAGCGATCLE
CGEGCGC0TAA

GATACGCAGEC
GEAGGGEGECGEGE

ACGAAGCTTG
G ANGGEGETCA A

GLCAACCAGAL
TCGAGGTGTG

i
-

IR
CEN)

CTCE A
TEREERYC ] s T
- - - - cfc PR

140

ATMTCGAG

ACMTTGEGE A

GLMECAAT

20

afloaoa
ACEIC -QaC T
ACHEIC -WICG

GEEIT A QNG A

GTCG A CERY-
CTCG A TERY-
CGATG CERYA

GAGATTCAGT
GATAACCACT

TCATCCGGTG
CAGCCGCGCG

TATTGAAGAT
CCTGACTGCT

CTGGCTGACE
AGAGGGCGTA
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Eelkaniiddn
Ejapo110nod
BjapoSyrrnod

Eelkaniiddn
Bjapo110nod
BijzpoSyrrnod

Eelkaniiddn
Bjapo110nod
EijzpoSyrmnod

Eelkaniiddn
Ejzpo110nod
Ejapo Syrrinod

Eelkaniiddn
Bijapa110mad
Bjapo Syrrinod

Belkaniiddn
Ejapo110nod
BijapoSyrrinod

Eelkaniiddn
Bjapo110nod
BijzpoSyrrnod

Eelkaniid4n
Bjapo110nod
Bijapa Syratod

AGGCTGATCE
ALACCTCTTT

TCATGTGTTE
CGCGECCACTA

AGCCCAATTL
CETTCATCCE

GCGGEGGETTTC
TEEGECATGECA

ATCTACGACA
AAGATCCAGE

AGAGCTCGAT
CAGGAGCAAL

ACATGGAATA
GETGCTCGTT

CTGCGGCOCCA
TTTTGGCGETT

TTTCGTGGG A
GEAGGTCGCG

GAACCGAATA
GAGCTGATTA

GLCAACTCCGC
TTAGACCAGE

GETTATTTGA
TGCCGTGATT

TTEGGECTCGECE
GECETGCGLG

TETGCCATGT
CAAAKLAGCGE

AGCCGAGCGA
AGAACAGGTLC

CGTTCCGGAL
GAaAGAGCGGEC

TEGEGECGECGEA A
TEGEGAGCTAL

CECTAGACGT
TCGTOCGAGCG

TLCAC--TTGL TGLGCTCGLA CAGCTCCTGA

GCAAGGTGAC TGTGATTTGC GTTTAGGGGEG

TGCAATGACT ACGGTCCGGT GCTGTGTGGC

CECTGGEATCT GCTATTCGAG GCCAACTCGC

TECAACGAMLG
GCCCACGAGA

ATCGEGLETTC
AGTAAGAAGA

TTTCGGCGAG
AGACGATTGE

GCCATAGCAG
ATTGGAGAAT

GTACCTTTLCG
GATTTCAATT

TATCGGEGEC A A
ACACCGAAAT

TCGATGGCTC
GCCTGAAACT

AGCGCTTLCGT

AGCECECEGE
CGCTGEGLGE

CECECTCGECC
TGCATCTGALC

GACCGLCCACC
AACGGTCCAC

CCACAGTCGT
GATGTCGLGA

AGATACGTTT
TEGACGATG A

AATCTCGGECC
GTTCCCGGTC

TATACCCTGE
TATTTGAAGDS

GCCCGLCGAGC

ACAGGLCGCGE
CECECCTTCC

TTGCTTCTTG
AGGTCTTTCC

TAACGATACT
ACTCTCGGCG

CCCGCACAGT
TCETCACAGT

CTTGCTTGGE
TATTGGACTT

CATTGCTCCT
GGCTATCGAA

TEGACGGGEAT
LAAGCCGTTAC

TGCGGTTTAT

AGTTACTTCG GLCCTGAAMAGA TATAGGTCAG

TTCGEGTGCOCG
GAGATCCGAA

ATCAATATGA
GCAGGCAAGDS

CATGCTCAAG
CCCTGCATCT

CTTCGGCCAT
GTACCCGAALD

GCCTGCTGCC
GLCCCTACGETT

CECCATTTCA
CGTATGTATLC

TEGACGATTGEC
TGGAGCAATLC

CGGCTTCTCG
GLCGATCCTGE
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Eelkaniid4n
Ejapo110nod
Eijapo Syimtod

Eelkaniiddn
Bjapa10nad
Bijapa Sytmtod

Eelkaniiddn
Bjapad10nad
Bijapo Syrmtod

Eelkaniiddn
Bijapo10mod
Bijapo Syrmtod

Eelkaniiddn
Bijapo110mod
Bijapo Syrmtod

Eelkaniiddn
Bijapo10mod
Bijapo Syimtod

CTCCACACGEC
TAAAGCGCGC

GCEATTGEGECT
CEEAGTGECCLC

GAATGCCGEA
ACGGCACTCA

CTCCATCGAG
CGAaCATCTECG

CGGCTGATGA
AAGATTTAGA

CGATCAATAT CTGTCTCTTA CTGCCTTTGA

CETCGECAGAC CTGCTTLCTCG ATTGCGAGAT

ATCTCGGAANA GICACCGATA TGCCGACGEA

ATTTECGTCGE GLTTEAGGLCG ATTTAACCET

CEGAAGTCCTGE CTGEGTGTAGG GGGGCGLCCTO

ACCGTILARG AGAAGAGATEC GLCCGAGGAG

CCTGGECGGEC0G ACGGAGAGTGE TTTCCGGTCG
GATAGAGTTT CGACAGTTTA GACTCGAGTT

CTCAGGACGA AAACCATCAG TTATTAGAGC
GCAGGTCAAG CTCCCATTCT TAATTATTGE

AGGCCTATGC. GCTTTGTALCA

AAGETTTGTG

CCGACCGTG A

AGAGGEEAAL CAGCCTGTCA

TCCGAGCTTG ATGAGCTGTC

CTCCTATTCG TAAGGCGGCG

CEGTCAAGCGET GRAGGATCTG

CCGATCGTTCG ACTGTCTACA

TGTTCGGATT GTCGAC-GCT

CAGAGTTGGC TGTCGACGAC
GGCTGCAATG GCTCATGGCEC

TTGAGCAATA
GATACAAGAA

TCCTGCACCD
CTGTECTCTTC

TTATCGCAGD
GTCGCGETCGG

LATAAGTGGT
GATAATTTCA

CCGTGGLGCEC
TCACGGT- - -
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5. nifH forward and reverse primers are in boxes

Bjaposymni
Bjapolloni
Belkanii94

Bjaposymni
Bjapolloni
Belkanii94

Bjaposymni
Bjapolloni
Belkanii94

Bjaposymni
BjapollOni
Belkaniif94

Bjaposymni
BjapollOni
Belkanii94

Bjaposymni
BjapollOni
Belkaniifd

Bjaposymni
BjapollOni
Belkaniif4

Bjaposymni
Bjapolloni
Belkanii9s

Bjaposymni
Bjapolloni
Belkanii94

Bjaposymni
Bjapolloni
Belkanii94

Bjaposymni
Bjapolloni
Belkanii94

Bjaposymni
BjapollOni
Belkanii94

Reverse primer
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6. nifD forward and reverse primers are in boxes

BjapoSymni
BjapollOni
Belkanii9d

BjapoSymni
BjapollOni
Belkanii94

BjapoSymni
BjapollOni
Belkanii9d

BjapoSymni
Bjapollini
Belkanii9d

BjapoSymni
BjapollOni
Belkanii94

BjapoSymni
Bjapollini
Belkanii9d

BjapoSymni
BjapollOni
Belkanii94

BjapoSymni
Bjapollini
Belkanii9d

BjapoSymni
BjapollOni
Belkanii94

BjapoSymni
BjapollOni
Belkanii9d

BjapoSymni
Bjapolloni
Belkanii9d

BjapoSymni
BjapollOni
Belkanii94

Q1 g1 Ga

730
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BjapoSymni
BjapollOni
Belkanii%4

BjapoSymni
BjapolliOni
Belkanii94

BjapoSymni
BjapollOni
Belkaniio4

BjapoSymni
BjapollDni
Belkanii94

BjapoSymni
BjapollOni
Belkanii94

BjapoSymni
BjapolliOni
Belkanii94

BjapoSymni
BjapollOni
Belkanii%4

BjapoSymni
BjapollDni
Belkanii94

BjapoSymni
BjapollOni
Belkanii94

BjapoSymni
Bjapoll0Oni
Belkanii94

1130 1140 11E0 11&0 1170 1120 1130

1z00 1z10 1220 1230 1240 1zZE0 1z&0
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7. GAPDH forward and reverse primers are in boxes

10 20 30 40 50 60 70
T O I T O [ L O R
Bijla o G T R e e I e e E L L E et
EcoliGap GATCAAACAG TGATATACGD CETCACGCTT GTTATGCAGT AAACGACCCGE TAAATGECGE CTCTGETCCCA
a0 a0 o0 110 120 130 140
L I T T | | ). | | | | | |
Bijla oS G R P R e R i il e
EcoliGap

Bjapoll0GAP
EcoliGap

Bjapoll0GAaP
EcoliGap

BjapollOGAP
EcoliGap

Bjapoll0GRP ————— - —— - oo e e e e -
EcoliGap CEAGTCAGTC GCGETAATGECT TASGCACAGE ATTGATTTET CECAATGATT GACACGATTC GCTTEACECT

Bjapoll0GRP - —————— - - - — o m o e - R =
EcoliGap GOGTAAGSTT TTTSTAATTT TACAGECAAC CTTTTATTCA CTAACAAATA GCTEETEEAA TAT TL

550 560

Bjapoll0GAP
EcoliGap

620

TTAE B

Bjapoll0GAP Caa

630

T
piC e TITC
G, T

EcoliGap TTCT
650 60 690 TDD
.
Bjapoll0GAP s G'I‘ @ c ey GGC
EcoliGap T T e T e CA TC
?30 ?50 760 770
| ee e
Bjapoll0GAP T (& c e e
EcoliGap Ciele] Ty T T T

G40
.|

780 9
AP I T .|....|
Bjapoll0Gap TixCl o=+ e T ACC CTC CGC
EcoliGap A TEETC adile) TCE T
250 ge0 340 QDD aln
T T ..
Bjapoll0GAP CHECCINC TSC [0 [ale; iale)
EcoliGap TARNAMT (ST (e T T A

e
GCTG C
T T TAT ST
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Bjapoll0GAP
EcoliGap

Bjapoll0GAP
EcoliGap

Bjapoll0GAP
EcoliGap

BjapollO0Gap
EcoliGap

BjapollOGAP
EcoliGap

Bjapoll0GAP
EcoliGap

Bjapoll0GAP
EcoliGap

Bjapoll0cap
EcoliGap

BjapollOGAP
EcoliGap

e
AA cc TG (&
GCMAGE A by

CAC
TCT

Reverse primer

930 40 50 960 a70 980
-

1000

R e e |
(i ACC CTHRC
ERI S ) TCHE

lDSD 1070 10E0

TCTCTAT
T FECE0

1130

1230 1240 1250 1z6C
4 - e
CAT BeccaBecao CGACG T,
TCE pyeTE orr accRe
1270 1280 1290 lSDD 1310 1320 133C
B |
cc;c Rorh GCA coh GC oF s
GCD 56 O
1350 1360 1380 13590 l40c
'I‘CCGCA s - FXeTe) CAGACC el
GTTTE Ty rgcTs BaccresTRr clgoms
Forward primer
1410 142[ 1430 1440 1450 1450 14?[
O o |l
Ll T i =T & C T CGC G FC
T = na o uleliy CTGA
1480 1490 1500 1510 1520 1530

4

TCGC
CTCA

GGTG CT e e e .
l FATEA CACTETEATC ACACCATCGET CACAGCCTTC GATC
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