CHAPTER 11

MATERIALS AND METHODS

1. Bacterials

The nitrogen of Azospirillum spp. and

Azotobacter spp. u ed from Mr. Settha -

Siripin and Dr. Na ”»of Agriculture, Ministry
bacterial strains were

3 iay. R\ : :
isolated from sugar «€a ' COPR- PG various sources of Thai

Five strains of E 1 were used, firstly E.coli
129C 5466 (Spc haybours the plasmid pRD1
(kmR, carbR, Tc R i AJY (Dixon et al., 1976),
secondly E. coli HQO] i thiTa hsd R,ﬂ:d A,rec A,rps L, (str P

pro,gal KZ’ ﬁ 3 ﬁ{ﬁﬁ’i harbours the plasmid
pSA30 (1eR, ﬁﬂ ﬁj}jws coli HB]O] (F™,had
Ch ) re . . ps Lo(Sm"),
20 1 2 20
¥ @ﬁﬁ SKAPTOR P b LAl b e

(Ap o ) (Bohvar et al,1977), fourly, E. coli 5K (res K~ , mod K+,
thr, leu B], ton A, sup E, A ) which harbours the plasmid pCK3 (KmR
TcR, nif A') (Kennedy and Drummond, 198 ) and fively, E. coli Ce00
{F"., thi-1, 1eu‘86,'lac Y, ton Ayps SUp Egps X ") which does not harbours

any plasmid. Klebsiella pneumoniae M5 1 (_rl1'__1_°+) were also used in this

stugy.
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Table 2. Strains used for localization and characterization

Ssource of Soil references

Bacterial strains

Azotobacter vinelandii,;  "Ta nchanaburi  Siripin, 1986
AzOtobactek vinelandif ' _-‘ijo ng,. Kanchanaburi Siripin, 1986

Tamoung, Kanehanaburi Siripin, 1986

AR

Azotobacter chroocogél | ik long,Nakornratchasima Boonkerd and

Azotobacter chrooco

this thesis
Azotobactervpaépali : Boonkerd
Azospirillum lipofe Boonkerd
Azospirillum brasilens Boonkerd
Azospirillum spp. Al12 Boonkerd
Azospirillum bras: g@;m Brazi Tarrand, 1978

111
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o Chémica]s

A1l chemicals were obtained commercially and were of reagent

grade or better.

Restriction endonucleases : EcoRI, BamHI, Bgl II, Hind III
- and Sma I were purchased from Bethésda Research Laboratories, Inc.(BRL).

Restriction endonucleéses : , Xho I and Hae III; DNA

polymerase I and the radioact *1’ TP were obtained from Amersham

Deoxyadenosine 'tidine 5-triphosphate,

'deoxyguanosine 5-tripheSphé -triphosphate, dithiot-

reitol, polyvinylpyrrg

Vine serum albumin (RIA grade),
sodium dodecyl sulfate ’i;ﬁs; igarose (type-I1), low-melting

agarose (type-VII), lys@zyie 7 :f fh?}\; e I, pronase, ribonuclease A,
phenol and tris-(hydroxy , ’Arb hane were products of Sigma Chemical
Company. Sephadex G-50 (fj-._ 400 were obtained from Pharmacia
Fine Chemicals. [ 1 ‘ M paper and GF/A paper
were obtained fro was the product of

Biorad Laboratories.

ﬂumwmwmm
QW?ﬂﬂﬂim NN Y
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3. Bacterial media

3.1 Luria-Bertani medium (LB) (Maniatis et al, 1982)
tryptone 10 gm per 1.
Yeast extract 5 gm per 1.

‘Sodium Chloride 10 gm per 1.

The medwm was - adJuste_ te 7.0 with IN NaOH, autoclaved at
121 C for 15 min

- . " ﬁmedwm 15 gm of bacto agar
was added into 1  Titre 0" o d med

3.2 Burk

0.4 gm per 1.

,1-"' ol
X )

The medwm , IN NaOH. In order to

Y — )

make a sohd medium, }5 gm. of bacto agar was added into 1 htre of

“qmd"‘ed‘""ﬂ‘IJEl’J‘VIEWlﬁWEI’]ﬂ‘i

ammnimumqwmaﬂ
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3.3 Rich medium (RM ; modified BUrk's medium) (Robson
et al, 1984).

Glucose 5 gm per 1.
: MgSO4.7H20 0,2 gm per 1.
, FeSO4 5 gm per 1.
& CaC12.2H20 8.53 gm per 1.

0. 24 gm per 1.

The medium wa \\IN NaOH. In order to

make a solid medium; -\Ea-ded into 1 Tlitre of

liquid medium.

3.4 NF se

J gmep r.1.
P

g per k.

ugeningm

QW']MMW@WWWGEI

DL-Malic acid 5.0 gm per 1.
Yeast extract 0.02 gm per 1.
The medium was adjusted to pH 6.8 with 4N.NaOH, then 0.5 gm of

Bacto agar was added into 1 Titre of medium.

\ REFUANSIY FOIUUINBUT N3
q

|

R 1 LY E e RRR e

i




22

4. Instruments
Autocal pH-meter,‘mode] PHM 83 (Radiometer Ltd., Denmark).

Beckman refrigerated centrifuge, model J-21 C (Beckman Instru-

ments Inc.,California, U.S.A.).
Gilson pipetman (Rainin Instrument Company, Inc., France).

High-speed microcentri. ﬁt’p del MC-15 A (Tomy Seiko Co.,Ltd.,
Japan). N

Mupid, mini-ge ctiro , (Maruzen oi1 Biochemical
Co.,Ltd., Japan). _ N~

Packard PR

tion Spectrometer, model

PL (Packard Instru

Power suppl

Thailand).

Instruments Co.,Ltd.,

Thermolyne‘iai DB -ZéEk.Thermolyne Corporation,

Top b%uﬂ g ?J ﬂn§SWl£J ’lﬂ jngland)
WW“Tﬁﬂﬂ’?fH‘ﬁﬂffﬁ’?ﬂ 2 )

p bench centrifuge, Kokusan H-18 (KOKUSAN ENSINDI. Ltd.,Japan).

V.3.A.).

UV-transilluminator, model TS-20 (UVP, Inc., U.S.A.).
Vocuum.oven, type VT 5042 EX (Heraeus)

Water bath, model 0128 T (Sciehtific Instrument Development

and Service Center, Facalty of Science C.U., Thailand).
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B. METHODS

1. Growth condition of bacterial strains.

A11 the Azospirillum spp. were grown in Luria-Bertani (LB)
medium with shaking at 30°C.

Azotobacter chroococcum KT, Azotobacter chroococcum NP and

RM medium with shaking at 30°C

obacter paspali B were grown

,5 ml of bacterial

The bacterial

Azotobacter spp.

Three avai ,"j védction were utilized

to examine a numb‘: '

I At
extracter procedunr'e‘.'-:3 These are modified EckhéJdt lysate electrophoresis

(Eckhardt, 19 %ka f] 1d isolation ( Hansen
and Olsen, fﬁ gglap1d a:§211ne ex ragi[on ( 1nd01m and Doly, 1979).
ORI Mﬂ@ﬂ%&}ﬂ'}’}ﬂ%}@ﬁsﬁl ety

1978 anqu1runsuks1r1, 1984).

Bgcteria] strains were grown in 50 m1 flask containing
10 ml brothvmedium for overnight at room temperature with vigorous shaking.
The cell were harveSted'by centrifugation of'] ml culture in a 1.5 ﬁ]
microfﬁge tube in microcentrifuge at 7,000 rpm for 10 min. Cells were

washed once with PEM (5 mM K2HP04, 0.1 mM EDTA, 0.5 mM MgC]Z, pH 8.0).
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The cell pettet was kept ét -20 C for 15 min, then thawe_d f‘t room
température in order to weaken the cell walls and immediately suspended
in 25 pl of solution A (10 % sucrose, 25 mM Tris-HC1, pH 8.0, 10 mM
EDTA, 0.2 ug/ml RNase, 5 mg/ml lysozyme). After this lysozyme treatment,

spheroplasts would be' generated.

A 0.5-0.7 % agarose gel plate was prepared to contain 2 slots

/ Twenty-five microlitres of
spheroplast suspension u "e.p pette&;he front slot, then 50 p]

T—— 'J
of solution B (5 %y%

DS) hMted into the concomitant
acid, 2 mM EDTA, ph#8.

back slot and elec

¢ j__(”'t;:\en._mm Tris-HC1, 89 mM boric
2. a"t\he\amber until the gel was

1’%&% Electrophoresis was

t 15 volt for 1-2 hrs,

slightly submerged

‘begun immediately.

2.2 Large p]ashtds 1s on (Hansen and Olsen, 1978).
e N
" R
The bact r-ia],culture was phase in 250 m1 flask
containing 40 ml1 b¥ th medium @'; ous shaking. After
the cells were harvsted by centmvfugatlon at ,000 rpm, 4 °C for 20

Baiiogm 12100110 kAL el

once with PEM95 mM K HPO . 1 mM EDTA 0.5 mM MgCI?qJ, pH 8.0). The
washed W t maximum
speed :ﬁl 3ﬁﬁ§2ﬁﬁﬂ:¥ﬂ??gﬁm:&§8 0 at ambient
temperature. A1l mixing steps from this point thrdugh polyethylene
glycol 6000{PEG 6000) addition were done by gentle inversion of the
centrifuge tube at the frequency lower than 20 times per min. First,
0.1 m1 of 10 mg/ml lysozyme in 0.25 M Tris-HC1, pH 8.0 was added and

mixed by four inversions, and the tubes were put in an ice-water bath
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for 5 min. Then, 0.5 ml of 0.25 M EDTA, pH 8.0 was added and mixed by
five inversions, and chilled for 5 min more in ice-bath. After the
addition of 0.5 ml of sodium dodecyl sulfate (20 % W/V in TE), eight
cycles of a heat pulse and mixing were pérformed (one cycle was 15

sec in a 55 °C water bath, and then five inversions during 15 sec after

being removed from the water-bath), a clear viscous solution of lysed

cells was obtained. At amblenﬁhx 1 ure, 0.5 ml of 3 N NaOH (freshly

prepared) was added, i

immediately fo]]owed
ml of SDS (20 % W/V i

hilled in an ice-water
Centrifugation was

performed at 15,000 rpm, ’nf eckman (J-21 C) centrifuge

f‘;

--4

using JA-20 rotor, then the T.gnge wh%let of salt-precipitated

chromosome- membra*

iplexes- discarde volume of the

supernatant was measu ed,(usually abo ~for 40 ml of culture

| E
input) and decanted 1nto the chllled tubes in i1ce-water bath, then

0.313 volume cﬂpu H’Q‘Wﬂ,ﬂﬁw]ﬂ "}ﬂ@hosphate buffer,

pH 7.0) was adde to make 10 %af1nal consg:trat1on. Atillghtly cloud
souuof W APERAT R MGG 070 o
at least 6 hrs the pallet of crude plasmid(s) was collected by a
centrifugation at 2,500 rpm, 4°C for 10 min in Top bench centrifuge.
The pallet was resuspended in 0.15 ml of cold solution of 0.05 M Tris-
HC1, pH 8.0, 0.05 M NaCl and 5 mM EDTA, and kept in an ice-water bath.
Samples of 30 u1 of crude plasmid(S) preparation were mixed with 10 ul
of tracking dye solution (0.07 % bromophenol blue, 0.7 % SDS, 33 %
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glycerol) and subjected'tq 0.7 % agarose gel electrophoresis in TB
buffer (89 mM Tris-HC1, 89 mM boric acid, 2 mM EDTA, pH 8.3).
2.3 Rapid alkaline. extraction (Binboim and Doly, 1979)

Bacterial strains were grown overnight in 50 m1 flask containing

10 m1 broth medium at 30°C with vigorous shaking. The cell pellet were

' speed for 15 min in Top bench
@5 mM |(2HP04 0.1 mM EDTA,
0.5 mM MgCl,, pH 8.0)*-'——F’_ﬁthnﬂughiz:ﬂﬁgzspended in 1 ml of solution

&Wﬂﬂ EDTA, 25 mM Tris-HCI,

or 30 win, follow by the addition

harvested by centrifugation atk_a

ok

centrifuge. Cells were washgéﬁ?'

containing 5 mg/ml 1y$oz

pH 8.0. The mixture w

of 2 ml of freshly pke dA” ?h, ai2“§nNa0H. The lysate was
f ;"  odium aégjdie pH 4.8. The solution

ai'!For- several times. The

maximum speed for 30 min in T
er-'"‘_.-

recovered from the }ppernatant by'%ddi ;{;:y“* qﬁ} of absolute ethanol

and kept at -20 x

3. Isolation gnd pur1f1cat10n of chromosomal DNA from

Azospirillum ﬁww@ WOEJQﬂ@ Rodriquez, 1983).
he acter1al culture was grown teslog phase ins500 ml1 flask
conta1n1

WAASD SV VAN HARE) crre ver

harvested by centrifugation at 8,000 rpm, 4 °C for 20 min in Beckman

(J-21 C) centrifuge using JA-10 rotor then washed once with PEM (5 mM

KZHP04,

at -70°C for 10 min and then thawed in warm water. The cells were

0.1 mM EDTA, 0.5 mM MgC]2 , pH 8.0). The cell pellet was frozen

resuspened ‘in 2 ml of SET buffer (20 % sucrose, 50 mM Tris-HC1, pH 7.6,

50 mM EDTA) and put on ice. Cell lysis was performed by adding 0.2 ml
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of 5 mg/ml lysozyme plus 0.1 ml of 10 mg/ml RNase (previously preheated
to inhibit DNase activities at 80°C for 10 min). The mixture was
incubated on ice for 15 min. The cell suspension was poured into a 25

ml screw-cap tube and 50 p1 of 25 % SDS was added. The mixture was
incubated at 37°C with gentle shaking for 3 to 6 hrs. After the addition
of 300 ul of 2 mg/ml Pronase and 1.5 ml of 3 % isoamyl alcohol in

chloroform further incubatig

f“}’ ith gentle shaking was performed

for overnight. One mili stilled water and 2 volumes
ol i cthere added into the
770 1A

gd/a \ e tube.was inverted by gently

(10 m1) of 3 % iéoamy K
mixture. The cap wa '
for 5 min. The mi ifuge tube, after
contrifugation at 5,00 |  m;  in i §E§§Pperminor centrifuge to
hase was removed in a
steriled 25 ml screw- : éiffl th pasture pipette. The

" chloroform / isoamly al'ahgﬁgéétra ‘Qﬂﬂ; .repeated twice. The
chromosomal DNA was preclp{tifﬁd_f‘f;rge-leo]ution by adding 200 P]

1d a ‘ethanol. The content
was mixed gently buI 7'A~.'.;_;tf id =20 °C for 10 min. Fibrous

f
strands of prec1p1tated DNA was spoo]ed out with a glass rod and

dissolved in ﬂ.ru)ﬂrzm %ﬂﬂ%ﬂw m ﬂann EDTA and 10 mM

NaCl). The fu¥ther pur1f1cat19n was performed by the addition of 0.5
ot 3 ) G S Y AP et
absolutelethanol. After gently mixed and incubated at -20 °C for at
least 5 min, then the pure DNA was recovered by centrifugation. The

DNA pellet was redissolved in 3 ml of TEN again and stored at 4°C.
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4. Chromosomal DNA digestion

The class of enzymes known as restricfion endonucleases are
isolated chief]y from microorganisms. They cleave both strands of
DNA at the sites internal to the molecule after recognizing specific
nucleotide sequences on the molecule. Because a restriction enzyme

cleavage pattern is specific for a given DNA and enzyme, the restric-
tion fragments, when isolat “l/

tive scale, represent a
homogeneous population %"13:;1 »éme restriction enzymes and

Table 3.

Enzyme

BamHI

EcoRI

Hind III

Pst I Providencia stuafziié? =
TN

Sma I Serratia narcescens

Purified chr( ,sémhl,dﬂgkiff( ¥-and Azospirillum were
" |

digested by various restriction endonucleases. The digestion was per-

formed in 100ﬂ Hﬁi’dﬁjm%eﬁ){%ﬂ f];ﬂdﬁpurified chromosomal

DNA, 30-80 unitﬂlof»restriction‘endonuclease and appropiate: buffer.

e es R G B 97| 246 G e

tion and &thanol precipitation (see section 13.3 and 13.2), the
'precipitated DNA fragments were recovered by centrifugation. The DNA
pellet was dissolved in 30 ul of TE buffer (10 mM Tris-HC1, pH 8.0
and 1 mM EDTA). The pattern of DNA fragments obtained from digestion

was was analyzed by agarose gel electrophoresis.

Three types of appropiate buffer for restriction endonuclease



29

digestion were used, low salt buffer (10 mM Tris-HC1, pH 7.5, 10 mM

MgCl, and 1 mM DTT), medium salt buffer (10 mM Tris-HC1, ;‘)H“7.5, 50

2
mM NaCl, 10 mM MgC]z and 1 mM DTT) and high salt buffer (10 mM Tris-
HC1, pH 7.5, 100 mM NaCl, 10 mM MgCl2 and 1 mM DTT). Low salt buffer

was used for the digestion of restriction endonuclease; Bgl II. Medium
salt buffer was used for the digestion of restri ction endonuclease; Bam

HI, Hind III and Pst I whereas

l‘r salt buffer was used for the diges-
ase; EL@ d Sal 1. Because the enzyme

tion of restriction endonu

Sma I will not work we! of.!the:m.buffers a separate buffer
was be made up, whi c‘ﬁ’/rd ;
MgC]z, 1 mM DTT.

_,-.-,-

vigorous shaking. The 10g fai-ia:s-e ceT ture (00600 0.6) was harvested

by centrifugation aﬁB OOO’rp" ’4%%

Beckman (3-21 C)

centrifuge using JI 10 rotor and th : uspended in 5 ml of

-

solution containing gmg/mT"‘ chose 10 mM EDTA, 25

mM Tris-HC1, pH 8.0. The, mixture wasgleft on ice for 30 min, followed

o the adaitio ot A8 b b/ rEdnH) arehird ol s 10 0.2 w waon.

The lysate was subsequent]y neutralized bysadding 7.5 m} of 3 M sodium
acetate%wa] ah\g ﬂimnum’lg nﬂf]gatﬂ inverting
the tube several times. The mixture was further left on ice for 1 hr
for complete chromosomal DNA precipitation before centrifigation at
17,000 rpm, 4°C for 30 min in Beckman (J—Zl C) centrifuge using JA-20
* rotor. Thé plasmid ‘DNA was recovered from fhe supernatant by adding
2 volumes of absolute ethanol and kept at -2(_)°C for _overm’ght‘. After

the DNA pellet was obtained by centrifugation at 12,000 rpm for 30 min
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in JA-20 rotor in Beckman (J-21 C) centrifuge, the DNA pellet was
redissolved in TE buffer (10 mM Tris-HC1, pH 8.0 and 1 mM EDTA) and
stored at 4 1

6. Purification of’supercoiled form of plasmic (Dretzen

et al, 1981 and Nirunsuksiri, 1984).

. rapid alkaline extraction was
%ledular weight RNA and
L rwtion of the plasmid

plasmid from agarose

The crude plasmid obtai

always contaminated with
sometimes with chromos

was performed by recover

gel. The process can ' i hre : steps as follows.
a).
er were cut to appropriate
size according to the he agarose gel. The
strips were soaked in 2. al hours and then washed many
times in sterile d1§l1lledwﬂ&5 aﬁd 1 mM EDTA at 4 C until

used.

Ag;,g;;g;;

"‘°"‘*S‘Sf-'4"W“'Tﬂ\1ﬂ‘3m‘Zﬂ meﬁ’ﬂc T

mM EDTA, pH 8.3) for 2 hrs. The buffer were poured out and the gel

resis ar& transfer of DNA to

slot cvontaim'ng DNA markers was carefully cut from the whole gel plate
and stained in 2.5 pg/in] ethidium bromid.‘e‘ for 30 min. The DNA band to
be purified were located by UV light and needles were inserted into

the gel to mark the DNA band positions. This gel was returned to the

gel plate, two thin 11‘_nes above and below the DNA band to be recovered



31

in a’sandwichApattern was introduced in the gel by a steriled surgical
blade. Pieces of DEAE-cellulose paper, prepared as described in (a),
were carefully inéerted into these thin slots. The paper above the »
band protected against any contamination by higher molecular weight
DRA, whereas the paper below the band was used to trap the DNA. The
gel was squeezed firmly against the paper to eliminate air-bubbles,

then the gel was sealed withﬁ;_d’q; ufﬁrgse and electrophoresis buffer

was poured into the chamb \i£il th g; slightly submerged

—
underneath the buffer I erle roWas continued until the

'._’,;r‘wabout T 'hy.).. This

DNA had entered the

was verified by obs

i -
blotted dry with Whatman 3 ﬁﬁ-:pgper

I""‘-r:‘:-f # "Iik

chopped into small B1eces before ;ﬁacin@ ‘Mf‘

e DEAE-ceHu]ose paper was -

conized glass tube.

1 mM EDTA, 50 mM

arginine (free base)-‘.ind 1.5 M a” was added 4t a volume of 500 ul

e N
e TN ST T

ho_]e was made at the bottom of the plastic microfuge tube. This tube
was then placed in the mounth of a glass tube (13x100 mm) such that
the 1ip of the microfuge tube was rested securely on the 1ip of the
glass tube. After centrifugation for 1 min at maximum spéed (MSE
c_entrifugation), the eluate was extracted with 3 volumés of n-butanol

and the DNA was.precipitated with 2 volumes of absolute ethanol, at
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-20 oC overnight, the DNA pellet was centrifuged at 14,000 rpm for 15
min, and dissolved in appropriate volume of 10 mM Tris-HC1, pH 8.0 and

1 mM EDTA AND then stored at 4 C.

7. Characterization of pSA30

To assure that the plasmid used in this study is pSA30, the
plasmid was characterized by th of DNA fragments after restriction
‘endonuclease (Bam HI, EcoR \& w

The experi mer?ﬁt

plasmid DNA with 2-3

1 1) digestion.

L

1 or Hind III or Sal I in

b@ng 1 pg of the suspected

20 Fl reaction mixtur The reaction

was carried out at 374

et

To assure tigt the reéi’bn 0

o

omology Mtween the pSA30 and
DNA from nitr ixi ? w if structural
gene msertedm’u E‘Yras ?Taw IEJ jaﬁbe performed
by vect m liejﬂm&l
fragment q‘romftﬁ p]asa‘zm glﬂbj EJPI

The pSA30 was prebared as described in section 5, then 1 o of
pSA30 was digested with 2 units of EcoRI in 20 p] reaction mixture
containing 10 mM Tris-HC1, pH 7.5, 100 mM NaCl, 10 mM MgC]2 and 1 mM
DTT. The reaction was incubated at 37°C for 2 h. After EcoRI

digestion of pSA30, pACYC184 fragment (4.0 kb) and nif structural gene
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fragment (6.9 kb) were obtained. These DNA fragments were separated on
low-melting temperature agarose gel[électrophoresis and then the

pACYC184  fragment was recovered from the gel as described in section

9.2.

9. Preparation of nif DNA fragments as a probe.

the Klebsiella pneumoniae nif

h pur1f1ed 32P-]abe]led

om nif strutural gene

could be divided intij%h e “;E]
< |

Digestien of pSA30 with BamHI and HindIII

K 1A NHNANEDDT o s 5. 0
By ﬁi"iﬁﬂﬁﬁmﬁmﬁﬂﬂ 13 ”’I‘;i e

50 mM NaCl, 10 mM MgC12 and 1 mM DTT. The reaction was incubated at
37°C for 2 h. Then the DNA fragménts were separated on low-melting

temperature agarose gel electrophoresis.
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"Figure 3. Restrictis nif structural gene fragments.
' The sketch f:_-f‘.-- th n_of nif structural gene fragments
obtained from restricticn er > _digestio p_ot ASA
\ A A
h‘ ~ Endonuclease c]evﬁ : be10W each map by : E, EcoRI ;

H, Hind III and Bm, .Bam HI.

ﬂuﬂ?ﬂﬂﬂﬁwmﬂ‘i
QW']Mﬂ‘iﬁlJﬂJWI'JV]EﬂﬂEI
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9.2 Recovery of DNA from low-melting temperature agarose

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

The 0.7 % low-melting-temperature agarose (type VII,
sigma) prepared in electrophoresis buffer (89 mM Tris, 89 mM boric acid,
2.5 mM EDTA, pH 8.3) was dissolved by heating to 70°C. This solution
was poured into a hole of conventional agarose gel plate (type II,

sigma), as a supporter, untu\t\! if as equal to the supporter
gel. After the low-melii

4
set (4 h at room tery t
DNA sample was load .

room temperature as

se gel was completely

fully remove then the

: rried out at
1‘.3' 1.7 After voltage was
supplied at 50 volt ctmtﬂmng DNA markers was

gp-f pggte and ta\ned in 2.5 pg/ml ethidium
LY s

e further purified were located

carefully cut from thé
bromide for 30 min. T
by UV Tlight and needle werelinserted the gel to mark the DNA band

positions. This gg] was re!ﬁ_nwftm:ge] plate. The desired seg-
o i i e

ments of the ge1 S Eu — 20 mM Tris-Hcl
(pH 8.0) and 1 mM E@l\ ek

melt the gel. At room temperature, the melted gel was extracted with

o e voufl o) YOG TH ATHFrtscr, o .

‘and contalmngq‘b 1 % hydroxyquinoline and.0.2 % betamercaptoethanol),

the squitudprab ik Ficordrkd b Wonthishakti@) hieektracted witr

3% 1soamy1 al cohol in chloroform before extracted with water-saturated

atﬂ)r 20 min at 65 C to

ether. After ethanol precipitation in the present of 0.2 M NaCl, the
precipitated' DNA was dissolved in appropriate volume of 10 mM Tris-HC1,
1 mM EDTA, pH 8.0.

AP N AR KRR O
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10. Labeling of DNA probes by "nick-translation " (Rigby, 1979
and Maniatis et al, 1982)

In vitro labelling of purified plasmid pSA30 or nif DNA fragments

by nick translation was performed by using the modified procedure des-

cribed by Rigby (1977). In principle, 31hydroxy1 terminus is introduced

into the DNA dep]ex by DNase I. Nucleotide on the 5:-phosphate side of

the nick is removed by the activity of E. coli DNA

polymerase. New deoxy 32

-dATP will be inseryi
to replace the one 5y ¢

The reaction

tes including (a- %)

jvity of the DNA polymerase

Tris-HC1, pH 7.5,
1 mM DTT, dCTP and

.r-'_.',

The react]'_‘g\ was carried fo;ut at gﬁ] maximum incorporation

of the radioactive<into the'DNA' ob ;»Jie progress of the

reaction was fo]lowl by determ mng ‘the accululatmn of acid insoluble
radioactivit i i . i qﬁ’ i tion of (a- 32p)
-dATP into aﬂﬁgf ?Izjm a?g:&J Jﬁjing 1 pl aliquot

of the.qﬂne]aaqﬁtﬁm n.} . ‘Tﬁ aked in 10 %
TCA. The filter was washed wi tﬂﬁmyﬂ/\ and QEI ethanol
respectively; then dried and placed into a scintillation vial containing
5 ml of distilled water and counted for the incorporation of 32p into
the DNA. To measure the total counts of radioactive added into the

incubation mixture, another 1 pl aliquot was spotted onto the untreated

GF/A paper and counted as described above.
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After the maximum incorporation of 9e

P-dATP into ?hg DNA was
obtained, the reaction was stopped by addition of an equal volume of
0.25 M EDTA and heat at 70 C for 10 min. The labeled DNA was separated
from labeled deoxynucleotides by passing through Sephadex G-50 (fine)
in a 1 ml steriled disposable plastic syring which was packed by

centrifugation at 2,500 rpm for 2 min in a top bench centrifuge (Kokusan),

then the column was transfere¢\ : 1e plastic syring) to a glass

tube (15x100 mm) conta1n1nd§22m§

bottom. After the rew

recentrifuge at 2,500

w1th out the lip in the
d to the column and was

ch centrifuge (Kokusan).

To assure that -;1.; R;Obtarﬁut.from nick-translation
is a native form of | ‘: >-;,' e e5}eQeq§rophores1s pattern was
determine. About 10, ‘_>-‘5 ,’ » : a‘digpo ng of crude pSA30
were subjected to 1 %

The gel plate contammg 'tqdda.rd D&gke and crude pSA30 was stained
32

with ethidium bromide whereasﬂh’e ﬁ%tm ning
b WS |
dry and then sealéﬂ- P ?5',;‘*,: WwitGiradiog aphed (as described

P-pSA30 was blotted

in section 13.4) for

compared to that of aq;o ad1ograph1c attern.

Jﬂummmwmm
Q' R EIR ﬂ‘W&fﬁ%%”ﬂﬁ fig ONA fragnents

that have'been electrophoretically separated on agarose gel onto
nitrocellulose filter, the DNA are immobi]ized:in the filter in exact
replicas of their gel separations. The_nitrocellu]ose filter was then
prehybridized and hybridized with the labelled pSA30 probe in a sealed
pastic bag. After hybridization process, the nitrocellulose fi]tef was
washed to remove the non-hybridizedilabelled probe. The hybrid formed

was determined by Autoradiographic method.
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1.1 Southernvblotting

The modified method of Southern (1975) was used in
“this study. The restriction fragments from various species of

- Azotobacter and Azopirillum, which had been fractionated in agarose

gels, were transferredonto nitrocellulose filter. This process can be

divided into two steps :-

" il

elétm the 0.7 - 0.8 % agarose

ui brom1de (2.5 Pg/m]) and

gel (9x10x0. 5 cm) was'
photographed. The

200 m1 of 0.25 M HC1 r 10 min This was performed
twice, and the gel wa 7t» ‘ \?water immediately

The gel was transferre t a.éé%~ g 200 m1 solution of 0.5 M
NaOH and 1.5 M NaCl, an 4 The solution was poured
off, a fresh solution wai¢§§§§§> d- .iiher incubated for 10 min. The

gel was neutra11zéh with 1 M Trisl 5 M NaCl for 5 min,

then treated with“fresh s :}M"a“ ﬁh;f,

~Blot transfer, step

A ‘LJEJ ’mﬂmw SN i e
A A O T A

the 20xSSC (3.0 M NaCl and 0.3 M Tri-sodium citrate, pH 7.0). A piece

of nitrocellulose filter (cut about 1 mm larger than the gel on all size
and previously soaked in water and equilibrated in 20xSSC for 30 min
before used) was carefully laid on top of the gel, éll air-bubbles
trapped between the nitrocellulose filter and the gel were carefully

removed. At the top of this was a stack of Whatman 3 MM paper (1 am
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high) and a stack of paper towels (7 cm high). A polyethylene sheet
(Saran wrap) was used tb cover the blotting set to preven£ évaporation
of the solution. A plastic box (12x15 cm) containing 200 ml water

was placed on top of the stack, so that a flow of 20xSSC (3 M NaCl1 and
0.3 M Tri-sodium citrate, pH 7.0) from the reservoir through the gel
and the nitrocellulose filter can be proceeded. The transfer of DNA

14 hrs.

%ce]lu]ose was soaked in

te pH 7.0) for 5 min. and

fragments was allowed to proce’d

After the blot was

1xSSC (0.15 M NaC1 and 15§ "’
then blotted dry betw i

fragments were fixed

aper (3 MM). The DNA

i by baking at 80°C
for 2 hrs in vacuum o ke %Uza sealed-plastic bag
d from the blotting

set to a box containing 2. g/ _ : ide to check whether

..---""'.-""":'r""i ;‘.r

11.2 Iﬁbrld’lzaﬂoﬁ' (M@ﬁ _‘ ;1 982 and Tirawanchai,
1{:1 1 Pre hybr1d1zat1on E]

ﬂ U EJ '3 wﬂ%ﬁ‘wﬂ]‘ﬂﬁfﬂter was placed

in a plastic baéuconta1n1ng 4 erof pre-hybr1d1zat1on so]ut1on made

w of <R WARETHY T ARG Gy 0. o

Denhardt s solution (0.1 % Ficoll, 0.1 % polyvinylpyrrolidone, 0.1 %

1983)

BSA fraction V), 5 mM EDTA, 20 mM Tris-HC1, pH 8.0, 50 % formamide and
100 pg/ml denatured calf thymus DNA (denatured by heating at 100 C in
thermolyne dri-bath for 10 min, followed by}rapid cooling on ice). Air 4

bubbles in the -bag were removed as much as possible. The bag was sealed

and incubated at 37't for 16-18 hrs without shaking.
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11.2.2 Hybridization

‘One edge of the bag was cut off and the
prehybfidization solution was squeezed out. Four mililitres of
'hybridization solution ¢ontaining 5xSSC (0.75 M NaCl and 75 mM tri-
sodium citrate, pH 7.0), 5x Denhardt's solution (0.1 % Ficoll, 0.1 %
polyvinylpyrrolidone, 0.1 % BSA fraction V), 5 mM Tris-HC1, pH 8.0,
50 % formamide, 100 Fg/m] de- // hymus DNA and 500 ul of

| 'c1 £1ty 6- 7x106 cpm/ug) 3

denatured radioactive pr-i* Sp

in_then rapid cooling on
ice,and then were adde "" oca '7gf”* Titer. Air bubbles were

removed and radioactiVe p ..'; ”;s ead he bag. The bag was

be reused, by stored before used). The

I ' 2l I
nitrocellulose filtéjrwas removed from the bag=into a plastic box and

subsequently ﬂﬂ n W§M f 3xSSC (0.45 M -
NaCl and mM trigsodium citra p 30 m1n 1nterva] at room
e QO S T T Y I TR

of a nonstringent washing solution containing 3xSSC (0.45 M NaCl and

45 mM tri-sodium citrate, pH 7.0), 1 mM EDTA and 0.1 % SDS for 30 min

interval at 50 C with shaking. And then the ﬁitroce]lulose fflter’was
washed with two changes of a stringent washing solution (0.1xSSC, 0.1 %

| SDS and 1 mM EDTA) for 30 min interval at 50 C with shaking. The

nitrollulose filter was.blotted dry between sandwiches of 3 MM Whatman
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papers and then sealed in plastic bag and autoradiographed-as described

in section 13.4.

In order to use this nitrocellulose filter for rehybridization
with a new probe, the filter was washed twice in a stringent washing
solution cdmprising of 0.1xSSC, 0.1 % SDS and 1 mM EDTA at 60 °C for
30 min. Then the filter can be ridized with a new probe after
| 7.8 w % SDS solution at 80°C for

e@hout pre-hybridization.

washing in 10 mM Tris-HC1
1 hr, then hybridizatiof"

12. ‘tat bl

In princip
chromosomal DNA on
and hybridized with plastic bag and then

the filter was washed ized probe. The hybrid

of Azotobacter and Qoskpii - treated gth an equal volume of

0.5 M HC1 and for 10 min. Ten microlitre of
0.6 N Naok w ﬁ:ﬂ ﬁ%ﬁm ﬁéw Eljoflﬂ j’maﬂy 10 )u1 of

2 Ma ’gji re whi chﬂMas then boiled
at 100 ”gﬁﬂiaﬁﬂs M%ﬁaﬁﬁv ap1d cooling

in ice. The concentratmn of DNA was now 12.5 ng/}ﬂ. The treated

DNA, which final concentration of 25 ng/ul were prepared from 10 ul

of 1 pg of chromosomal DNA as previously described. Then, 250 ng

(20 )ﬂ of 12.5 n'g/)ﬂ) and 200 ng (20 p1 of 25 ng/p1) of denatured

DNA solution weke spotted on the 20xSSC buffersturated nitrocel lulose

filter as shown in the diagram below. The DNA fragments were fixed
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on the nitrocel]uiose filter by baking at 80°C for 2 h. The nitrocel-
lulose filter was then prehybridized, hybridized and washed as
described in séction 11.2 and 11.3. After the autoradiography was
performed as desﬁribed in section 13.4, the filter was cut into even
pieces of 1xl] inz, then immerséd in a vial containing 5 ml of Bray's
solution (6 % napathalene, 0.4 % PPO, 0.02 % POPOP, 10 % methanol

\ Wd counted for radioactivity.

and 2 % ethylene glycol in

13. General

phoresis of 0.6-0.8 is-borate buffer solution

 (TB ; 89 mM Tris, 89 ricacidy 2.5 mIEDTA, pH 8.3). The gel

=" ‘
mixed with one part of taék%ﬁg‘ - taining 40 % Ficoll 400, 5 mM

-r.'" :.':"

EDTA and 0.1 % nﬂhmphenol blue .
of the gel. Eleetr :

After e]ectgpphores1s, the ge] was stained by submerging in

. o o8 D T VR e ot

The ge] was g&bsequent]y des§a1ned by submerg1ng'n1n)stn11ed water
o RN BRIV B 0 o
pattern of DNA band was observed and photographed under UV light
(UV transilluminator-UVP) on Kodax Tri-X film. The molecular size
or molecular weight of the unknown DNA was compared to that of the
standard DNA of the same molecular form. Restriction fragments of

A DNA and pBR322 were used as standard size maker.



]3,27 Precipitation of DNA

- DNA could be precipitated out of the solution by
addition of 2 volumes of cold absolute ethanol in the presence of
0.1 M NaCl, at--ZOéC for overnight. After centrifugation, thé dried
- pellet was dissolved in and appropriate volume of TE buffer (10 mM

“Tris-HC1, pH 8.0

» 1. mM EDTA). |

» e proteins from nucleic
acid solution is t ume of phenol (equili-
brated with 0.1 M J g 0.1 % hydroxyquino-

line and 0.2 % g- lene tube or silicon-

43

ized glass tube withda ic f '7 “‘";‘" t of the tube was gently

mixed, then centrifug f*:_ at, 1 i‘ pm in a microcentrifuge
or 15 min at 3,000 rpm. na;_,ﬁ_'f"_ﬁif"r  uge. The aqueous solution
was removed to a new tube{EEEEg N ?k ;'-'vn-wa$ mixed with an equal
volume of 3 % w -m\ entrifuged as above.
Thé aQuéous so]utﬁiﬂ nﬂy tube for further

extractlon with wateqrs turated eth r

Quﬂ?nﬂm§Wﬂﬂﬂ§
a ) 6 OF PR ] oA Y fr o see

- plastic b ag was exposed to Fuji RX 100 X-ray film, between two inten-
51fy1ng screens. The cassette was incubated at 0 C for appropriate

time.
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