CHAPTER 2
LITERATURE SURVEY

2.1 Nitrogen-fixing bacteria

Nitrogen-fixing bacteria contain_nifH, nifD and nifK encoding nitrogenase which

catalyses nitrogen fixation, the .._“ oiif 1 ,| ;V g to ammonia. The microbes are divided
into symbiotic nitrogen-fixing ahe.free-living xing bacteria. The former which is
known as rhizobia consists “Bhizobi T 9iA0rhizobium spp., Mesorhizobium spp.,
Bradyrhizobium spp. and Azé

In 1982 Keyse fast-growing root nodule bacteria

which nodulated soybean rg eking). The bacteria were named
'\

Rhizobium fredii. (Scholla en et al performed numerical

taxonomy on 240 charactéristies g e i iZobil edii were closely related to but

formed a distinct clad from*RA N-SPP.afe Bra 1 zobium spp. Chen et al, (1988)

proposed that the fast growing r’f{u e ) bacteria be designated a new genus

e

instead of being a species of Rhiz ﬁ' Thy eria were renamed to Sinorhizobium
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fredii. Differences an ;15___..: ..................................... Z "'rii. and Sinorhizobium spp.
| o

are as shown in Table 2.+
¥
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Table 2.1 Comparisons among Bradyrhizobium spp., Rhizobium spp. and Sinorhizobium

spp. (Modified from Elkan & Bunn, 1992 ; Holt et al, 1994)

Characteristics Bradyrhizobium spp. | Rhizobium spp. Sinorhizobium spp.

Doubling time longer than 6 h shorter than 6 h shorter than 6 h

Metabolic pathway | EMP pathway (mipérg | TCA cycle fully active | TCA cycle fully

pathway),E thway 1 | active
(majompaik
cu

Type of flagella 1 polar flagellum or
2-3 peritrichous

flagella

nifHDK | D on the
AN

nitrogen fixation are ‘on ghror : i _ e Of plasmids and

genes only : : firomosome

Intrinsic antibiotic /high |

resistance 1

In 1992, Elkan & Bunn did not inajude Mesorhizobium spp. in the taxonomic

classification of ﬂ %tﬂ %%H %@z w.lﬂ ’}ﬂ? (1998) reported that in

1997 Jarvis et al groposed the transfer of Rh/zobtu loti, Rhlzob/uraJhuakuu Rhizobium
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Table 2.2 Taxonomic classification of the rhizobia (Elkan & Bunn, 1992)

Recognized genus Recognized species

Bradyrhizobium (Jordan, 1982) B. japonicum (Jordan, 1982)

Rhizobium (Jordan, 1982) R. leguminosarum (Jordan, 1982)

, ﬁeliloti (Jordan, 1982)

rdan, 1982)

Azorhizobium

Sinorhizobium (Chen et hen et al, 1988)

sis (Chen et al, 1988)
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Host specificity is indicated in Tiable 2:3 /? :
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Table 2.3 Host-micro ye ;._.- garan & Hoben, 1994)
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Host :l ,';I | Microbe

Scientific name Common name

Glycine max ﬂ u Ej ’J wﬂm 5 w EJ '] ﬁ?rh/zob/um Jjaponicum
Vigna unguiculata¥lL.) cowpea Bradyrhlzob/um (Vigna) sp.
Glycine lax P‘Ta ﬁ‘ ﬂ ismﬂ ﬁ ’] 43 ﬂ Hﬁwﬁ% fredii
Phaseolus gulg w;ns bean Rhizobium leguminosarum
Medicago sativa ‘ alfalfa Rhizobium meliloti
Arachis hypogaea peanut Bradyrhizobium (Arachis) sp.

Trifolium subterranum L. clover Rhizobium trifoli




In 1995 Gillis et al isolated Burkholderia vietnamiensis, a free-nitrogen fixer from rice
rhizosphere grown in a phytotron. In 2001 Moulin et al reported Burkholderia spp. strains
STM 678 and STM 815 as nitrogen fixing symbionts in the leguminous host, Macroptilium
atropurpureum. The latter findings have caused considerable excitement among workers in
the field of symbiotic nitrogen fixation because the results showed, for the first time, that

distantly related bacterial genus of the odulated leguminous plants.

2.2 Infection thread form

Soybean root haM saitl 1o, be hostspecific through mechanisms such

/ones excreted by root hair cells
accharides and plant specific

carbohydrate binding pro -‘-" 87 AK6ss l al reported that nod genes in
J’l.ull Fi
Bradyrhizobium japonic ral uged ) vnes, 4', 7-dihydroxyisoflavone

(daidzien) and 4', 5, 7-trihydraXyisofla J > 1g aiste N) isolated from Glycine max. It has

+

been speculated that each B. Ja possesses one subpolar flagellum,

“moves” towards root hai A, chemotaxis. Root hair cell wall

contained V-""":-:—-i-f " yhich—7 ré specific to B. japonicum
* A

extracellular polysacchaﬁ " ap%”cum's receptor proteins. The

next phenomenon is root hai ‘; curling and in so domg enabling B. japonicum to attach to the
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including cellulaségl and lignin- degradm(g enzymes (if any) to digest root hair cell wall. The
next steq W rﬂﬁ ﬂﬁm ﬂwqﬁgeﬂ EIM'] ﬁgﬁtlon sac which
elongates pwar dg(he root cortex layer in the form of an infection thread within which
B. japonicum cells are delivered to cortex cells. Upon reaching the cortex cells, the plant
cell membrane enclosing B. japonicum cells is detached from the cell membrane to form a
symbiosome containing B. japonicum which have lost flagella and become irregularly-
shaped bacteroids which fix nitrogen via symbiosis with soybeans. Table 2.4 showed types

of flagella in Burkholderia spp., Sinorhizobium spp. and Bradyrhizobium japonicum.



Table 2.4 Types of flagella in Burkholderia spp., Sinorhizobium fredii., Bradyrhizobium

Japonicum.
Burkholderia spp. Sinorhizobium fredii | Bradyrhizobium japonicum | Reference
monotrichous or (formerly Rhizobium 1 subpolar flagellum Elkan & Bunn,
multitrichous polar fredir) 1992 ; Holt et
\
flagella 2-6 perittichous V al, 1994
R
flageliams.

»

In 1999 Lin et al repest@c i in,naringenin,chrysin and apigenin

purchased from Sigma (Sti#buis 4 oted growth of Sinorhizobium fredii USDA257 in

the late log phase . Howe Sccelar: X;\. of S. fredii TU6 under the

same condition. So far there avd not: : epdits ‘on the induction of S. fredii common nod
genes by isoflavones isolatedifro % - |

It is plausible to expeat tha odule formation in the case of
Sinorhizobium spp. and Bradyrhi. "{{ Japonicy; be the same except the types of
inducing isoflavones secreted.t ’ ivars_may be different leading to

different host-specific \mmr~
different soybean cultlvam m
R "’“P’fﬁ'ﬁ THEIR AL 7

231 Tradltlonal vs. mole ?ﬂ ﬁj D‘lﬁ

Aart |ti] ﬁcra Wr]g&]u:la oEthests and plant

inoculation tests employed in strain identification of nitrogen-fixing bacteria, there are

rh/zob/um japonicum and

several molecular biology techniques being used in strain identification.
With the advent of Polymerase Chain Reaction (PCR) by Mullis & Faloona in 1987, it
is possible to obtain DNA fingerprints via a technique called Ramdom Amplification of

Polymorphic DNA-PCR (RAPD-PCR) where one primer is used in the amplification of DNA



fragments. The primer may either be arbitrary or sequence-directed. (Young & Cheng,

1998)

2.3.1.1 PCR fingerprints of Bradyrhizobium japonicum
In 1992 de Bruijn used two sets of forward and reverse primers the first of which

annealed to the Repetitive Extragenic Palindromic (REP) sequences. The second set of

primers annealed to the Enter ‘ " Rgpetitive Intergeneric Consensus (ERIC)
sequences. The first set of p REP2-1 ; the second set of primers
was ERICIR and ERIC2 asi ="Bruijin (1992) obtained distinct DNA
fingerprints for several Stral -. 0 léguminosarum, R.loti and B.

Japonicum.

REP 546 G NCGECTT/ GGCCTAC- ¥
consensus : \ A
s |
REPIRI  3'-CGGI
—-
REP21 7 GICTTATCIGGCCTAC- &
AT
ZZ M)A
B. =l oy v Wi
Ealc - ..,:f»F'“"mm;’xx“;“'“.lfmmr‘:i ‘j TGG GGTGAGCG -3
consensus | A ‘ ‘
. |
'l
ERICIR ‘1 d. GGe 2 4 |
i - J
—
ERIC2 ¢ - AAGTAAGTGACTGGGGTGAGCG - 3
Fs o/

Zifg:;: iﬁnﬁ:t@:inﬁ mmﬁﬁrﬂrmﬁdﬁrte the direction

In 1993 Judd et al used the two sets of PCR primers REPIR-I and REP2-| ; ERICIR
and ERIC2 as indicated in Figure 2.1 to obtain REP and ERIC PCR fingerprints of 11, 12 and

1 strains of B. japonicum in serogroups 123, 127 and 129 respectively. The results showed



that REP and ERIC PCR technique could be used to distinguish between genetically and
phenotypically near-identical B. japonicum strains in serogroups 123, 127, and 129.

In 1995 Richardson et al used PCR in conjunction with two arbitrary primers (RPO4

and RPO5) of 10 nuclecotides length and a sequence-specific primer (RPO1) of 20

nucleotides length to obtain RAPD-PCR DNA fingerprints which differentiated strains in a

leguminosarum bv ftrifolii and R.I. bv. viciae.

‘ % omoter of the nif HDK operon of

nP1 (Schofield and Watson,1985).

Mathis & McMillin sed CRisfwhich was an arbitrary GC rich

diverse collection of Rhizobium melilo i

The sequence of RPO1 was

Rhizobium trifolii strains Rt329

primer in the DNA finger,

2.3.1.2 PCR fingerpii
Sanchez alf(2Q cporte e simultaneous use of four

primers : nodbox1, nodb R amplification of genomic DNA
from Sinorhizobium meliloti 2011, \ eliloti GR4, Rhizobium etli CE3 ;
Rhizobium leguminosarum 3881 {iRhizobium inesarum STR6 ; Sinorhizobium fredii
HH103 ; Rhizobium sp. Strain N ;{'."ﬁ fluorescens F113. Primers nodbox1

and nodbox3 were used to am plifythe nodbox4 region—wi Jie >h/ was located in one of the

V;‘ : )

£

megaplasmids while Redmplified the 431 bp coding

region of a regulatory protein implicated in the regulati of exopolysaccharides in S.
meliloti. The res ¢ i rf imeitaneous use of the four
primers gave riﬁﬂﬁiﬁ;ﬂﬁﬁ tﬂjﬁv:[nn eliloti.  Sequences of
primers nodbox1, nodbox3, mucRf andmuc e in 2
SV G NiRib L RN BB
q
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1 2 3 4 5 6 7 8 g 10 "

Figure 2.2 PCR amplification of genomic DN’Wm different soil bacteria when primers
nodbox1, nodbox3, mucRYf, anGMMUBRE Were (€es Lsimultaneously. The arrows indicate the
: ? - ;
position of the 431-bp mucR™amplicen and the.8646-Bp nodbox4 amplicon. Lane 1, S.
g—

1/ lane 3,.S. melilotiGR4, : lane 4, Rhizobium etli CE3

meliloti EFB1 : lane 2, S. meljioti™

; lane 5, Rhizobium legumi 'i,,3841 #ane 6, Rhizobium. leguminosarum STR6 ; lane 7,

Sinorhizobium fredii HH103 ) ﬁ'h‘fziob’iu% spi Strail'NGR234 ; lane 9, Pseudomonas

fluorescens F113 ; lané 104 ne@ative Qontfyl Wwithout DNA™; lane 11, molecular weight

markers. A7 "::1 4
LA el

Table 2.5 Sequences of prim u§edfor PC,B:;gmglification of nodbox 4 region and mucR
region (Sanchez-Contreras et aI?OOﬁ ir__

Primer vz . Sequence (5'-3') ;_:JI Melting temp (C°)

nodbox1 - TCTTTTCTTATCCATAGGGTG_G 57.28

nodbox3 ACGGATCGTCCTCGAAG 58.4

mucRf ATGACAGAGACTTCGCTCGGT 57.10

mucRr TCAGITTGCCGCEACGATY 58.2
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2.3.1.3 PCR fingerprints of Burkholderia spp.

Estrada-de Los Santos et al (2001) reported that there were 21 species of
Burkholderia spp. including Burkholderia vietnamiensis which was the only known nitrogen-
fixing species in this bacterial genus. In 2002, Salles et al reported the use of PCR-DGGE
(Denaturing Gradient Gel Electrophoresis) system to detect diversity of Burkholderia spp. in

bulk soil samples and in rhizosphere sa s from two glassland plots in a field located in

Wageningen, The Netherland [he ( rimers which were specific for the
amplification of 16S rDNA of .8 um leri ﬁd to obtain amplified fragments of

Forward pinef (Bdfkd) : SGGAT3

Reverse pgimier BukR)f 5STTECCA YYGC3'

a GC clamp (5'CGCCCG GGGGGCACGGGGGGB) was
attached to the 5' end of the fg dypt -[:' 8¢ : it Got € be used in the DGGE system.

Aliquots of the PCR saipless{(? 1 er pplied directly to 6 or 8 % (wt/vol)

L

‘ &
polyacrylamide gels with denaturir 0 60 % of denaturant (100 % denaturant

(corresponds to 7 M urea plus ) 0% Vol ermamide).

DGGE was performed
in 0.5 x TAE buffer at | f'_"_ -constant vol 7:"‘ or 4-6 h depending on the

PCR products. A routmﬁllv S sec@ur detection of DNA in DGGE

Heuer et ﬂ(ﬂé@ﬂt&ﬁqﬂt%ﬁﬂ% separation of the PCR

products in a poly&érylamide matrix over a denaturing gradlent was a technlque introduced

Mo 1 0 1T ) R LA L

bands of interest in depth by sequencing or probing.

gels.

Rosado et al (1998) stated that DGGE allowed separation of DNA molecules that
differed by single bases and hence had the potential to provide information about variations
in target genes in bacterial populations in natural systems. Salles et al (2002) reported that

DGGE analyses of the PCR products obtained from both pure-culture and soil DNAs
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revealed that this technique was useful for evaluating the diversity of Burkholderia in soil

samples. Figure 2.3 showed DGGE patterns of 16S rDNA fragments of Burkholderia spp.

1 2 3 4 5 6 7 8 9 10 11%;!2113

i (7 ‘; "
‘ w;: id \
Figure 2.3 DGGE patterns®of S I 4 kholderia species generated by

PCR with Burkholderia-specifi p fi dug.._ 55 10 663 E. coli numbering) in a 50 to
60 % denaturing gradient. Lane--8:gl ‘ ne 2, B. multivorans LMG13010 ; lane
3, B. plantarii NCPH &~'-=-T-‘=;:~—'-‘i'-_"'=-'ﬁ‘—';f 664 ; lane 5, B. pyrrocinia

iensis LMG10929 ; lane 8, B.

ATCC15958 ; lane 6, B. | t/@w
phenazinium LMG2247 ; ne9 B. caribensis WD3 lane 10, B. glumae NCPPB3708 ; lane

11, B. graminis ﬂzuﬂ ﬁ /n m caryophylli NCPPB353
con ammg

; lane M1, Burkhﬁer/a marker rom top to bottom) B. multivorans LMG13010,

Q0N 0piety ey 2w T

genus-specific PCR with direct screening of the dominant sequences, visualized on the
basis of sequence divergence, via DGGE (Salles et al, 2002), the technique has not been
used for the detection of Bradyrhizobium japonicum and Sinorhizobium fredii in both pure

culture and soil DNAs.
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2.4 Heat shock proteins

Heat shock proteins consist of a set of proteins which increase in quantities upon
tranfer of living organisms to high temperatures. Heat shock proteins are conserved
throughout evolution from E. coli to Drosophila to man (Ashburner, 1982). There are 4 major
families of heat shock proteins in prokaryotes which function as proteases (Clp, 100 kDa),

Chaperones (DnakK, 70 kDa), Cha

0 kDa ; GroES 10 kDa) and regulatory

small heat shock proteins (12-30 nce k proteins function in normal protein

are 'norwt in the cells but increase in

folding and protein degra

quantities upon heat shock.

Clp, Casein-lytic pr éampose llular ATP dependent proteases

which degrade either d OF ag :.,. 8d P o eins resulting from misfolding.
2.4.2 DnaK |
dnaK forms an oper Sit _‘_, “ORPE- sdnéJ genes. DnaK is approximately
70 kDa and contains the ATPase -1-"4"- d site , polypeptide binding site at the amino
terminal and at the carboxy term .#ﬁr w} \ e ATPase activity of DnaK has been
suggested as a majertthermodynamic force in the relea ase and/or folding of DnaK-
associated proteins. -’2’-’: r dbmplex. Upon heat shock,

DnaK, Dnad and GrpE ‘l lisassociate from the complex te" perform chaperone function

o LN (13N ) 10

GroEL comprlses two stacked Hollow rings eash of which conists of seven 60 kDa
units. G&Wr]ﬁﬂ n gmuw ’] g m H‘I’laﬂlthln the hollow
structure o?the complex GroESL provides an environment for folding nascent polypeptides
preventing undesirable aggregate formation in the cytoplasm. GroEL and GroES form a
complex with each other in the presence of ATP. Figure 2.3 is a diagram depicting the
folding of a polypeptide in the hollow space of the complex structure GroESL (Voet & Voet,
1995).



14

(C
P \‘ Partially-folded
system: polypeptide ) .
ys Dissociation of -
Association of
oAy CWOES nd ADP GroES and ATP
ADP mTE—

14ATP

Peptide enters o L = Folding cycle
14ADP &LY  repeated until folding
5 is completed
(Rotate 180°) <

Native protein

ZANS

Figure 2.4 The reaction gyclgfoffthe ﬁ; ! \. \o s GroEL and GroES in protein
folding (1) GroEL in asymmaeitfic lﬁg W ;',' ytameric ring of GroES and 14 ADP’s
e

(one per GroEL subunit) binds ‘M,- : idedin its centrol cavity in a process that
releases all 14 ADP's and the bound :,‘ OEL binds 14 ATPs thereby weakening

the interaction betwe D

defand causing the rebinding of
e imultaneously hydrolyzed,
. (4) @he polypeptides has folded to

its native conformation, it is feleased from GroEl/Volt & Voet, 1995).

AIUBINENINEIND

Bradyrhizaljum japonicum contains 5 groESL operons as shown in Figure 2.5

ARIANTUNNING 1Y

GroES to the opposite Az

thereby releasing the bomi polypeptide w!
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Flscmer et al (1993) determined the transcription start site of B. japonicum QroESL,
operon by a primer extension experiment using two different 32 mer oligonucleotides
complementary to sequence positions 359-390 and 457-488. Template RNA was isolated
from anaerobically grown B. japonicum strain 7987 and 400 units of Superscript reverse

transcriptase were used for the extension reactions for 1 h at 42°C. A well-conserved —24/-
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12 promoter was identified ~70 bp upstream of the coding region for gro£S3 (T,,.GGCCT-
Ng —TTGCT340). A putative binding site for the transcription activator protein NifA was
present at ~120 bp upstream of the —24/-12 promoter (T,,sGT-N,,~ACA) suggesting that

expression of groESL 4 in B. japonicum was dependent on NifA and the o RNA polymerase

as indicated in Figure 2.6.

-200 -180 -160 -

Figure 2.6 Promoter ¢leiner ~effB, japonicum. Wavy arrows

— i‘
schematically indicate ¢ V oo s are marked : P, promoter

; Py, house-keeping pr ter IR, inverted repeat ; UAﬂpstream activator sequence

(binding site for
Accordmﬁﬁﬂﬁaﬁgw i wﬂ-’s]ﬁ zucuble groESL operons

(groESL, were not transcribed and fegulated b &uwniform mechafi€m. o was shown
to be re ﬁurﬂ;]ya @&j mmm 1@ M’La E.Lf groESL, and
groESL,, both being of the -35/-10 type, were followed by a conserved 9 bp inverted
repeat, CIRCE element, which Zuber & Schumann (1994) reported the following sequence
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-35 -10 +1
STIGACATTTTTCTTGTGGTTTGATACTTTTGTTATAGAATTAGCACTC

GCTTATTGAGAGTGCTAACAGAGGTGATGATGATG-3'

CIRCE is abbreviated from Controlling Inverted Repeat of Chaperone Expression.

Babst et al (1996) reported that there was no evidence for up-regulation of groESL,,

either by heat shock or by any other gro ion tested. Therefore it appeared that this
operon was expressed constitutively: fror OUSCak ,ging promoter which contained -35

and —10 motifs which was TREN 5 5e re Qniw RNA polymerase holoenzyme

containing i \ \
\ groESL, operon, there are three
’ t- ulat|on in B. japonicum. The

32 4 g o [l
¢ forms a comple j al \' perature, However upon heat

In conclusion oth
additional two known me
additional mechanisms are

1) Transcriptional regul

. . o & " . . .
shock, DnaK associates its ﬂ:‘..r. = one in protecting partially denatured
: : 32 ; LA 7N '
proteins leaving ¢ available -foE-binding -\ A_polymerase core enzyme (o,pp

subunits). The holoet -wW—_:.

LY
2) Repression by HrcA on .CIRCE

shock operon such as thﬂyro
oot 484 AR I s oo

(Controlled Invert8d Repeat of Chaperéme Expressnon ) which con3|sts of 9 inverted base

pairs. :Jm ﬁmmd@ lﬂbﬂlﬁﬁeﬂatlon at CIRCE)

binds at the op pon heat shock. HrcA loosens and detaches from the

‘ > ~10/-35 promoter of heat

operator site enabling RNA polymerase to attach to the promoter site for transcription of
heat shock genes (Minder et al, 2000).

Babst et al (1996) concluded that B. japonicum was clearly the first example where
both the 6°>- and the CIRCE-dependent modes of heat-shock regulation were functionally

characterized in one and the same bacterium.
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2.4.4 ROSE-dependent heat shock operons (ROSE = Repression Of heat Shock
gene Expression). (Mtinchbach, 1999)

Miinchbach et al (1999) reported that there were at least 7 small heat shock

proteins, 15-30 kDa, in the 5 operons as shown in Figure 2.7

Figure 2.7 Diagram showing RQSE--d&p hock operons coding for small heat

~Bregeding each operon represent

Y

AULININTNEINS
AN TUNMIINGA Y
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(A)
(B)
ROSE2
ROSE3
ROSE4
ROSES
Figure 2.8 (A) Predic japonicum. Nucleotides are
numbered starting fromhe-transenption-start-site—+ uence comprises the entire

ROSE element includingll- e e cemhe translation start site (AUG)
(B) Alignment 2} the 3'ends of ROSE mRNAs from B. japonicum (ROSE, ).

(Nocker et al, 2oﬂ>uﬂ'g ﬂﬂﬂiWﬂqﬂ‘j

When preglicted mRNA structures of ROSE from B. /apon/cum ROSE,, from

AR DA
Mesorhi:ﬂi m" lot re analysed, Nocker et ound tha 3" end of the ROSE

sequences starting from nuleotides 68 to 108 form conserved stems and loops.

Therefore the secondary mRNA structure around the ROSE area might play an
important role in small heat shock gene regulation. Hence Nocker et al (2001) randomly
point mutated the 682 bp Pstl in translational ROSE,-hspA-lacZ fusions as indicated in

Figure 2.9 and integrated the mutated fusions into B. japonicum chromosome.
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randomly mutated region

Pstl
8
g

Psil

ROSE, "

e N wr >

Figure 2.9 Schematic representation of the translational ROSE,-hspA-lacZ fusion for site-
directed point mutations in ROSE (Nocke ¢
The results indicated t ~ hICh

were chaped to Gg,Ag, and X ,;»; ,. \- of the /lacZ gene. The authers

formed complementary base-

mutated that is, T4, Tg, and Cg,

st-transcrlptlonal level and that
at normal temperature the sg€onda Structoy ':s ‘mR ROSE, prevented the 3' end of
16S rRNA to get acces owever, upon heat shock the

loosening up of the sec@nd: _' bleed cess to the Shine Dalgarno

sequence and hence the trafiSiafion started:as's , ure 2.10.

anasashiumifuas’

Figure 2.10 Model for temperature-responsive regulation by ROSE. The SD sequence and
the AUG start codon are indicated in the schematic hairpin structure at the 3'-end of ROSE.

Grey ovals represent large (50S) and small (30S) ribosomal subunits. (Nocker et al, 2001).
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