CHAPTER II

MATERIALS AND NETHODS

2.1. Bacterial strains , pdasni 3N ‘F;mu::rd DNA

The bacteriales€raifs /s la DNA“used in this study and

their descriptive chéfaciendst &5§{ \\ in Table 2.1.

Standard DNA dised : :; ;;, % ight markers in this study is

lambda-DNA (Sigma) d gg edslwith R I showing 6 DNA fragments:

VD

23.1,./9.4,; 6.64:434,° 2.3 ‘I‘-‘:f,:"i

ﬂUEJ’WIW’I?WEﬂﬂ‘i
QWT&!\‘Iﬂ‘iflJlIWTJVIEJ’mEJ



27

Table 2.1. Bacterial strains and plasmids

Bacterial strain Relevant characteristics Source or Reference

or plasmid

Azospirillum brasilense

Sp7 NifTAL
Bradyrhizobium japo.

THAS NifTAL

THA7 NifTAL

" Escherichia coli

HB101

iolivar and Backman

3k supE44 ¥ (1979)

o ﬂUEI’JWW’?Wﬁ']ﬂ‘E

M15 proAB/supE th1
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K]eb51e11a oxytoca

NG13 associative with rice Kazuo Konagata“
R15 associative with rice Boonjawat et al. (1986)
R17 associative with rice Boonjawat et al. (1986)

Klebsiella pneumoniae

M5a1 free-living soil bacteria Dixon et al. (1976)
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Table 2.1. (continued)

Bacterial strain Relevant characteristics Source or Reference

or plasmid

Rhizobium Ieguniuosarlli/' ' —
TAL1402 / with\ Pisum. NifTAL

Rhizobium meliloti

TAL380 ativa NifTAL
\\ \

TAL1372 EE \ ativa NifTAL
pE39 \\ selhoff and Long (1985)
pRmSL42 Egelhoff and Long (1985)
PSA30 ) Tc",nifHDKTY Candon et al. (1979)

<

puCi18 es ing (1983);

ll
i¥ |

Yanisch-Perrom et al. (1985)

/s
Rz R RAIBAR R AT BIAK)
| il

*National Instléute of Genetics,gsJapan.
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2.2. Media for bacterial culture

2.2.1. Luria-Bertani (LB) medium for Klebsiella spp.

(Luria et al., 1960)

Tryptone

(for solid medium)

2.2.2. pobereiner, 1977)

vhate, KH=P04 0.4 g

[ 0.2 g

‘RQ’ T

Calclu; chlorlde, CaCl ZH 0 1& 0.02 g
ﬂ*’ti%“s BHPTNENNT oo s
d1ul molybdate,s Na MoO,. 2k 0 0 002 g

q W’l&ﬁﬂﬁ@&&lﬁﬂ’l’) NYIR Elo :
Yeast extract % g

Malic acid 5.0 g
Distilled water to 1 1

adjust pH to 6.8 with 1.0 N NaOH

Agar 15 g per 1 (for solid medium)
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2.2.3. Yeast-Mannital (YM) Medium for Bradyrhizobium spp.,

Rhizobium spp. (Vincent, 1970)

D-mannital 10.0 g
Yeast-extract 0.4 g
: ' phate, K _HPO 0.5 g

0.2 g

1 1

(for solid medium)

2.3. Cultivations of bs

Klebsiella strai agar plate or in LB broth

with shaking at 37 °cC., "~ and Rhizobium were grown on

YM plate or in YM {go[h i - at ang Azospirillum was

Y |

grown on medium aga¥ p or A. brasilense SpT

|

For EScberzcbza coli HB101 cultures containing

o

with shaking at 37 °

plasmids, alxﬂ uﬂ Q”VISEI W% wnﬂ ’}ﬂ %\d pRUSL42) and

tetracyclin (Tc 12.5 ug/ml (for pSA30) overe ‘used r maintaining
ms-ms’il WA AIHREAR wmay&mg equal
volume of sterile glycerol in medium culture and kept in a deep-

freezer at -70 °C for 1-2 years.

2.4. Reagents

All chemicals used for preparation of reagents were laboratory

grade or otherwise specified.
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2.5. Amplification, isolation and purification of plasmid DNA (Mandel

and Higa, 1970, Cohen, 1972, and Birnboim and Doly, 1979)

Purified plasmid pE39 and pRmSL42 were obtained from Dr. Ann

M. Hirsch, Department of Biology, UCLA Los Angeles, California.

,/) Chistina Kenedy .

Plasmid pSA30 was kindly provi

E. coli strain th1s study. One loop of

cells was inoculated in which was incubated at

37 °c for 16-18 hr,. ulture was inoculated

into 10 ml of LB b incubated at 37 °C with

shaking about 2.5- in the mid-log stage

(A =~ 0.6). ice for 5 nmin before

600 nm

centrifuging at 1000 xg fer 5. & j ‘ hen resuspended in 5 ml

cells were resuspended 0. of M CaCl, and chilled
\7Z ==Y

on ice at least 60 mi n.n contained 100 ul
of CaCl, treated cel‘s (conpetent cells) and 500 ng of each purified

plasmid DNA (ﬁau 95}% ﬂpWaﬁj Wtﬂ{}ﬂ%’ incubated on ice

for 30 min pr1gp to heat-shock at 42 °c fo 5 min and ul LB broth
was a0l i .| Lt ’Q Wk ’1@ . The ce1
suspen31on was then spreaded on LB agar plate containing 50 ug/ml of
ampicillin for pE39 and pRmSL42 or 12.5 ug/ml of tetracyclin for pSA30

and incubated at 37 °C for 16-18 hr:
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Next day, pick a single colony which can grow on LB agar plate
containing ampicillin or tetracyclin and inoculated into 100 ml of LB
broth in a 250 ml flask. Ampicillin was added into the medium to a
concentration of 50 ug/ml for pE39 and pRmSL42 or tetracyclin 12.5

] ‘17 11s containing plasmid. The

5 The cells were harvested

f@nd washed once with TE

N

ug/ml in order to reselect

cells were grown to log

by centrifugation at 5,

buffer (10 mM Tris- . The packed cells were

resuspended in 2 me solution (50 mM

glucose, 25 mM Tris d 5 mg/ml lysozyme)

and left on ice for the cell walls prior

to complete lysis on ice Toin i ‘ ml of freshly prepared

.r.-:,'.—:; -r" A

by addition 3 nhjﬁpf 3 M %0digl_ 4.8, mixed by gently

inversion for sevéral Gimes an efor 1 hr.  The high

l
molecular weight hos chronosonal DNA at flrégldenatured by alkall

was then renﬂruﬂq% Ejswg ‘wﬁq«ﬂ% the plasmid DNA

was still in an soluble 1n§act forn Furthern re, the high
concentrah i of GASH Yoo o ’%%&H@ Pt protein-
SDS conplexes and of high molecular weight RNA. In this way, most
of the three major contaniﬂating nacromolecules were co-precipitated
and removed by single centrifugation at 20,000 xg, 4 °c for 20 min.
The plasmid DNA was then precipitated by adding 2 Vol of cold absolute
ethanol and stored at -20 °C overnight. The DNA pellet was obtaihed

by centrifugation at 12,000 xg, 4 “C for 10 min and redissolved in TE
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buffer, pH 8.0.
For further purification, 9 g of cesium chloride and 9 ml of
plasmid DNA solution were mixed in each 13.5 ml polyallomer tube.

When cesium chloride was completely dissolved, 100 xl of 10 mg/ml

ethidium bromide was added an roughly. The tubes were capped

and put into a rotor (Beckman Isopyecnic centrifugation

| —
was performed at 45?’} |C for After centrifugation,

the tube was punctur band of plasmid was

drawn into a 5 m »thidiun bromide was

removed from the DN - butanol extraction.

To remove cesium , ""add.”; \ :s dialysed against TE
W — ek N %

buffer, pH 8.0. The plasmid N4 Aﬂuf overed by adding 1/10 Vol of

.absolute ethanol and stored

-20 °C overnight. After ; jellet was redissolved

in TE buffer, pH ring absorbance at

I f
260 nm (1 A = O‘Ag/ml of nuclelc acid), and checked for purity

260 nm

ke terly ﬂumwwswmm
5. Is’s] ﬂ’}ﬁﬁfl]m}ﬁ&’nnﬂimﬂm fron

Rodrlquez and Tsit, 1983)

Rhizobia strains were obtained from NifTAL and/or BNF Resource
Center, Division of Soil Science, Department of Agriculture, Bangkok,
Thailand.

K. oxytoca R15, R17, NG13 and K. pneumoniae M5al were grown in

LB broth with shaking at 37 °C, B. Jjaponicum THAS5, THA7, R. melilot i
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TAL380, TAL1372 and R. leguminosarum TAL1402 were grown on YM broth
with shaking at 28 °C and A. brasilemse Sp7 was grown in medium
broth for A. brasilemse Sp7 with shaking at 37 °cC. Cells were

harvested from culture (100 ml) at early stationary phase (A =

600 nm

0.7-0.8) by centrifugation at
once with SET buffer (20

pPH 7.6). The packed ¢
thawed in warm wate gidn 2 al of ‘SET
buffer, pH 7.8 aﬂd performed by adding
200 ul of 5 mg/m ) mM Tris-HCl, 1 nM
Na_EDTA, 10 mM NacCl, s/m1 RNase A in RNase
buffer (0.1 M sodium ace ] B 7 :y 7’ , pH 7.4). The mixture
wvas incubated on ice for > . f 'j [ or incubated at

and Rhizobium).

The cell lysate was™_pou to su=cap tube and 50 ul of
25% SDS was added. After mixing by inversion, the mixture was

incubated at 3ﬂéu E ,%‘B'q ﬂ%@rw ﬂ'ﬂrﬂ ﬁter the addition

of 300 ul of qg mg/ml pronase in TEN fer, pH 7. nd 1.5 ml of
cvtorarofy ian 3k b1J mumm &l ’1@ Wxture s
further 1ncubated at 37 °C with gently shaking for overnight. Then,
1 ml of sterile distilled water and 2 Vol of chloroform/isoamyl
alcohol solution were added into the mixture. After mixing by gently
inversion, the mixture was centrifuged at 1,000 xg for 20 min. The
aqueous (upper) phase was removed into a new tube and the

chloroform/isoamyl alcohol extraction was repeated twice. The



chromosomal DNA in aqueous phase was precipitated by adding 1/25 Vol
of 5 M NaCl plus 2 Vol of cold absolute ethanol. After gently
inversion, the content was placed at -20 °C for 10 min. Fibrous

strands of DNA were spooled out with a glass rod and dipped in 70 %

ethanol to remove excess salt wvas allowed to air-dry and

redissolved in TEN buffe ount, and purity of DNA were
checked by measuring 7

2.7. Restriction e atis et al., 1982)

Table 2.2. #8ho h ef lonucleases type II used
in this study and th€irSreeog i quenc They were purchased
from Bethesda Research’ Laborator ‘*j ‘ wtd., U.S.k%, Biolabs

and Sigma € cal Company Co. Ltd., U.S.A.

Co. Ltd., U.S.A.

o 2

G
AUEINENINYINS
MIAINTUNNINGAY

Tikaebbd ¥ .
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Table 2.2. Recognition sequences of type II restriction endonucleases

Enzyme Recognition sequence

BamH1 “h ‘///il GATCC

BgllI

EcoRl1

HindIII ~

Pstl

Sall

Smal

Xhol

2.7.1. Plasnly DNA dlgestlon

ﬁ’uﬁ"ﬁ‘l Ew@wmlﬂﬁng 1 ug of the

plasmid DNA w1tﬂ]5 units of a restriction enzyne, (pEB igested with

sonss, Guib] Giklbded Cd a7 B 'La Hinartn ana

pSA30 dlgested with EcoRI) to separate inserted genes from vector, in

20 ul reaction mixture containing the appropriate buffer at 37 °C
overnight. The reaction was stopped by denaturation at 65 °C for 20
min and addition of tracking dye (50% glycerol, 0.1% bromphenol blue,

0.1% Xylene cyanol FF) 1:5 (V/V) of the reaction mixture.
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2.7.2. Chromosomal DNA digestion

The digestion of chromosomal DNA was performed in 20-
100 41 reaction mixture c'ont.aining 1-4 ug DNA, 10-20 units of
restriction enzyme in appropriate buffer (as recommended by the

suppliers) and distilled \\ adjust the volune. The reaction

mnixture was incubated SnaI at 30 °C) overnight.

After digestion, the Cohes end of ] 's denatured at 65 °C for
20 min, tracking wvas added and

analysed by agaros

2.8. Agarose gel e Maniatis et al., 1982)

5
The sizes o ere determined in a submarine
horizontal gel elect.rophore" using agarose gel (Type II

Sigma) 0.7 % in TEB HC1, 89 mM boric acid,

X"
2.5 mM Na,EDTA, pH-8.3 85 100 x 90 x 6 mm and

electrophoresis was" arrled out. at 80 volt.s for 3 hr in TEB buffer, pH

- o0 AL BI04 T A v 0w s

destained in a'lst.llled water 60 min befora exannat.lovy ultraviolet

‘light. Qq W'n}a?ﬂnﬂlﬁm&l %%&m&ﬂoa&] restriction

fragment length polymorphism (RFLP).
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2.9. Recovery of DNA fragments from low-melting temperature agarose

gel electrophoresis (modified from Maniatis et al., 1982)

After digestion with proper restriction enzymes, 20 ug of

plasmid DNA (pE39, pRmSL42, and pSA30) was loaded on 1% low-melting

temperature agarose (Type VII and electrophoresis was carried

out. at 80 volts for 3 hrs

fragments (genes and ' t i %narkers were carefully

cut from the whole g wof TE buffer, pH B8.0.

After heating at 65 was extracted with
an equal volume of phase was recoverd
by centrifugation oform/isoamyl alcohol

solution followed by e 'rgqﬁiah, ,er-saturated ether. After

was dissolved in Tgfpuﬁfer,.ﬁn a{afﬁn..'

=9 e

4l
rgl Ishii, 1992)

b
21 10% Dot hybridiza;]on technique (Modified f
[

e f HH RPN T ARG e

nifHADK) and é%konosonal DNA ‘of 10 stralns of N, f1x1ng bacteria
. onsiokl s SRR Tt T Yo T,
R. 1911]ot1 TAL380, TAL1372, R. leguminosarum TAL1402, B. Jjaponicum
THA5, THA7 in suitable amounts. Denatured these DNA in dot
denaturing solution (10:1) for 10 min at room temperature. Marked a
nylon membrane (Boehringer Mannheim; Biochemica) lightly with a
pencil to identify each dilution before spotting. Dispensed each

dilution onto the membrane, fixed the DNA to the membrane by UV
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crosslinking with a UV transilluminator for 3 min. The membrane
wvas kept in a sealed-plastic bag at 4 °C until prehybridization

and hybridization step.

2.11. Southern blot transfe n, 1975 and Meinkoth and Wahl,

1984)

After electro (100 x 90 x 6 mm in
size), the gel was. iffed /i  ; -3 “of ethidium bromide and
photographed. The - (partial hydrolysis)
by soaking in a ml of 0.25 M HCI1 for
15 min. This proces 'itating the transfer

immediately and then trani}w ) __a box containing a 200 ml of
piT Lv_f' -

containing a 200 ml of transfer solut1on (0 25 M NaOH, 1.5 M NaCl)

for 15 min. ﬂ uE] %%W?Wlﬁ(}ﬂ\ﬁer The gel was

finally laid o&lkop of a trapsfer solu ion, takln are to remove
all alrabﬁqﬁpﬁﬂimu mﬂ'«gtﬂ EJan El A piece
of nylon nenbrane, cut about 1 mm larger than the gel on all sides,
was carefully placed on top of the gel, again avoiding trapped air
bubbles. A 3 cm stack of 3 MM Whatman paper, cut about 1 mm smaller
than the nylon membrane on all sides, was placed over the nylon
membrane. A polyethylene sheet (Glad Wrap) was used to cover the

blotting box to prevent evaporation of the solution. The weight 700-
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1,000 g was placed on top of the stack of 3 MM Whatman paper so that
a flow of 1liquid from the reservoir through the gel and the nylon
menbrane could be set up. DNA fragments were therefore eluted from
the gel and deposited onto the nylon membrane as shown in Figure
as allowed to proceed for 12-24
&n the size of DNA fragments
e

DNA (<1 kb) transferred

£.%s The transfer of DNA f
hr. The rate of transfe
and porosity of the ge
from 0.7% agarose g hile larger fragments
of DNA (>10 kb r blotting, the 3 MM
Whatman paper shee k‘v-vj"f:r  Lhe ylon membrane, The
orientation of the ‘ a  d with a soft pencil
before it was peel ~ which was then stained
with ethidium bromide to ':;rvf" ler the transfer was complete

or not. The nylon Hen! " buffer (750 mM NaCl,

75 mM sodium aceta : embrane was blotted

between 3 MM Whatnan paper and dry at room elperature. The DNA

fragments uerﬂ%ﬁ}fﬂiﬂ 8%‘5 wg’%f}, UV crosslinking

with a UV trangyllunlnator for 3 min. e lenbranql,was kept in a

sontoa- ksl oo ﬁﬂ‘iﬂi&l%’l’}wﬂﬁﬁ Borsatzation

step.
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Diagram of Southern blot transfer (Modified from Southern,

Figure 2.1.

1875)
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2.12. Labeling of DNA probes with DIG-dUTP by random primer

(Boehringer Mannheim; Biochemica, 1993)

In vitro labeling of purified DNA by DIG-dUTP is used

in this study. The random primer reaction for labeling of DNA probes

(pE39:nodD1, pRmnSL42:n0dAB, PSA 30:nifHDK) was from
Boehringer Mannheim; Bioeh

The genes
by heating in a boili 10 min and chilling
quickly on ice/NaC " to a 1.5 ml microfuge

tube on ice .

Reagent Final concentration

—~— — = ‘
Freshly denat.urv o '-150 ng/ml

Hexanucleotide mixture 2 ul 1

dNTP labeliﬂ'lu‘ﬁiﬁ m &I %ﬂ EI f] ﬂ ‘j

Sterile distﬂqled water tq;ls al

Sy R T U3\ TN 2 8 G

X
X

Total volume 20 ul

Centrifuge briefly and incubate for at least 60 min at 37 °C. Longer

incubation (up to 20 hr) can increase the amount of labeled DNA.
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Table 2.3. The amount of synthesized DIG labeled DNA depends on the
amount of template DNA in the labeling reaction and on

the length of the incubation time at 37 °cC.

Amount of template DNA+

per labeling reactio ; 30 ng {400 ng|{300 ng|{1000 ng|3000 ng

Amount of synthes
DIG-labeled DNA
after 1 hr 0 ng!120 ng| 260 ng| 530 ng

after 20 hr {120./ng [ 260. ng 500 ng| 780 ng| 890 ng

Stop the reactionfﬁﬁ A pH B8.0. Precipitate

the labeled DNA wilh

(=20 ) ethaﬁluﬂ?%ﬂ ﬂﬁw H‘T}:ﬂ%} min at -70 °C or

2 hr at -20 ° . After centrifugation, t DNA pellet s washed with

.70* colﬂ W&ﬂaﬂﬁl ﬁrﬁudmﬂ?? nﬂ’]@b&ler PH 8.0.

Then stored at =20 "e.

2 5 ul of 4 nol/l Licl , and 75 ul prechilled
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2.13. Hybridization and washing (Boehringer Mannheim; Biochemica,

1993)

2.13.1. Prehybridization step

The blotted nylon membrane was placed in a plastic bag

containing at least 20 ml .0 rd prehybridization solution
(5 x SSC, 1.0% casein a

Na-salt, 0.02% SDS) per Air bubbles in the

bag were removed. a plastic sealer and
incubated at 65-68 *ing prehybridization,
denature the labelec at 95 °C and chilling

quickly on ice/ethan ‘

of bag was cut off

and the prehybridizat , 1 with 2.5 ml per 100 cn”

membrane of hybrldlzatlon solution contalnlng freshly denatured

labeled DNA. ﬂ‘u&})@s‘ﬂ H%@j 4t fdiovd, Tmhe bag vas then

sealed and 1ncJHated overnight for at least 6 hrs) at 65,68 K7

ARIANN I SJ‘W]’JWEI']GEI

2.13.3. Washing non-hybridization probe from nylon membrane

The membrane was recovered from the hybridization bag
(the hybridization solution containing the probe could be reused) and
washed in a plastic box containing 2 x wash solution (2 x SSC
containing 0.1% SDS) and shaken at room temperature for 5 min. This

was done twice. The membrane was then shaken with a non-stringent
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0.5 x wash solution (0.5 x SSC containing 0.1% SDS) for 2 times at
65 “C, 15 min each time. The washed membrane was used directly for

detection of hybridized DNA or stored air-dried for later detection.

2.14. Chemiluminescent detect Lumigen' PPD (Boehringer

Mannheim; Biochemi

ﬁ -
The membrane w Genius buffer 1 (150 mM

NaCl, 100 mM Tris- - was then incubated for
60 min with 100 ml ing reagent in Genius
buffer 1) followed of diluted antibody-
conjugate alkaline mU/ml in Genius buffer 2)
per 100 cn® of membran : boun ibody-conjugate was removed by

vashing the membrane twice for = each in 100 ml of Genius

buffer 1. Equilibratéd the rane {fi with 20 m1 of Genius
buffer 3 (100 m "‘ 50 mM MgCl,). The

membrane was placed et.veen two sheets of plast.1c bag, gently 1ift the

top sheet of ﬂéﬁcﬂaﬂa waj wp‘xiiwagl’] ﬂﬁ.l per 100 can” of

membrane of 81ut.ed Lumigen’ gPPD (1:100_in buffer 3), with a sterile
sicrop st ol 64 o e ilWl’meJ ’l@&g the drops
of the subst.rat.e over the surface of membrane. Air bubbles in the bag
were removed. The bag was then sealed and the membrane was incubated
for 5 min at room temperature followed by 30 min at 37 °C. The blotted
nylon membrane in plastic bag was exposed to X-ray film, between two
intensifying screens in a cassette. The cassette was incubated at

room temperature for 15 min-2 days.
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2.15. Stipping and reprobing chemiluminescence-detected membrane

(Boehringer Mannheim; Biochemica, 1993)

The membrane could be re-hybridization with a new probe by

washing the membrane in sterile distilled water for 1 min. Incubated

the membrane twice for 10 ’” 2 N NaOH, 0.1% SDS solution at

37 °C. This incubation led probe. The membrane

was rinsed throughlfy C and zation can be carried out
without the prehybridi#8tioh. &tep. -WQM'

2.16. Cloning (Modi

The chromosg f

BamH1) and recovered 4.0-4.9° _ ‘i,;~ibw-lelting temperature agarose

gel electrophores@ﬁi;ﬁﬁ; 4 X lasuid pUC18 used as the

=3

anid 1 ug of the plasmid

vector DNA, was pr*.{”ff

DNA was digested with 5 un1ts of BanHI. he linearized plasmid

DNA was deplﬁpuﬂq ‘Hyﬂ;wg WOEI "}Jﬂ ? calf intestinal

phosphatase (é?%) 1 unit of alkaline pho hatase. er that, the

wixture 4af{ b Wb L4ud Ve oL &Htﬁ & bour. e

plasmid DNA was recovered by adding 1/10 Vol of 3 M sodium acetate

Then,'

plus 2 Vol of cold absolute ethanol. The pellet was redissolved
in TE buffer and the concentration determined.

DNA fragment of K. oxytoca NG13, after digested with BamHI
vere mixed with dephosphorylated plasmid pUC18 DNA in a 5 : 1 (W/W)

ratio in 20 ul of reaction mixture (500 ng of DNA fragment and 100 ng
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of dephosphorylated plasmid DNA). The mixture was incubated at 50 °C
for 10 min, then 5x ligation buffer (50 mM Tris-HCl, pH 7.5, 10 mM
MgCl_,, 10 mM DTT, 1 mM ATP, 20 ug/ml nuclease-free BSA (Biolabs) and 5
units of T, DNA ligase were added. The solution were mixed and frozen

'/6 -18 hr. The control was the

ot added. After phenol

for 5 min, then incubated at 15
same except the chromosona '

/chroloform extraction, ¢ as performed. Finally
the DNA pellet was da e of TE buffer. This
recombinant plasmid transformation.
Transform 1i chromosomal DNA into
E. coli strain JM101 s described in Method
2.5.). The cel} re ‘ ns AL / preaded on LB agar plate
containing 50 wug/ml V g ugllnl of 5-bromo-4-chloro-
indolyl-p-D-galactpsiic " of Isopropylthio-g-

galacto-side (IPTG)_ an or 16-18 hr in order to
Qolonles

select only white that cont.amed reconblnant. nodD1-pUC18,

for further ﬂa%ﬂqw&}%%\w&ﬂ]ﬂ‘ﬁ inserted DNA of

fragment size 4%-4 9 kb.

ammmmwnwmaﬂ
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