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Materials and Methods

Materials

1. Bacteria and maintenance of cultures.

The bacterial culta 5y references were as follow:

Klebsiella oxytoca 1301%a ice grown in Japan, Pseudo-

um 34H and A. lipoferum FS
il of paddy fields at the

monas sp. HB, P. KLHJEG
were isolated from

International Rice Philippines. The first

strain was provided N nst. Genet., Japan (NIG)

and the latter 4 =] s by Dr. I. Watanabe

Internatl. Rice Res.

The unknown ha (=% >y R17 and R25 were isolated

from the rice root and s at_the experimental site;

Tapra and Eangsi h-.T"J - Boonjawat, Chula-

longkorn Universitilj Thatlant il
)

i¥ |
tained on ri . fer of N —f1x1nq
Pseud

i Wﬂ i
gar respectively. Before use, they

were checked for purity by streaking on agar plates, and new single

agar

colony isclates were used.



2. Culture media and Cultivation

2.1 Rich medium (RM), (4)

Tryptone 10 g per 1
Yeast extract 5 g per 1
Sodium chloride, NaCl 10 g per 1

Glucose 4 ‘ 2 g per 1

pH 7.0 AN /
Noble agar c— &1 (for solid medium)

3.9 Trypties

Tryptic soy broth

Noble agar

pH 7.0

Dipotassium hydrogen 'phns mEe, Ko ' 0.05 g per 1
J‘"T"

e

Potassium dihyd gen 0.15 g per 1

Calcium chloride V 0.91 g per 1
Magnesium sulphate J! Hq$ﬂ4. 1,0 | 0.002 g per 1

Sodium moly

(=]

002 g per 1

e BN TN INENT
GMZBW’T“ﬁﬁﬁ*%mumwmﬁ“a”“

g per 1
pH 7.0
2.4 Glucose-yeast extract medium (GYE), (4)
Glucose 5.0 g per 1
Yeast extract 0.1 g per 1
Dipotassium hydrogen phosohate, K2H9u4 0.5 g per 1

011557
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Ferrous sulphate, Fasod. ?Hzo

Magnesium sulphate, Hg5ﬂ4. TH&G

Sodium molybdate, Hazuao4. 2H20

Caleium chleride, CaClz. ZHZG

Boric acid, H3503

Zinc sulphate, ZnSD4. TH&O
Cobalt sulphate, cosuﬁ-
Cupric sulphate, cu‘f“
Manganese chloride
pH 7.0

Noble agar (for s
2.5 Mals

DL-malic acid
Yeast extract
Dipotassium hydrogen phu'#:J -
Potassium dih -l:_r .
Magnesium sulph,"i

Sodium chloride, "Cl

:zi:i:z:::@ﬂgrwmw NI
=TT HEAN AN §Y

Bio ti

pH 6.8

Noble agar (for semisoclid medium)

2.6 Malonate broth (29)

Yeast extract

Ammonium sulphate, {HH4}2SD4

0.04 g per 1
0.2 g per 1
0.0059 g per 1
0.2 g per 1l
0.15 mg per 1
0.11 mg per 1
0.07 mg per 1
0.005 mg per 1

0.004 mg per 1

4.0 g per 1
0.2 gper 1l
0.1 gper 1

per 1

[1#]

1 g per 1

0.5 g per 1

2.0 g per 1
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Dipotassium hydregen phosphate, KEHPD4 0.6 g per
Potassium dihydrogen phosphate, KH?FGA 0.4 g per
Sodium chloride, Nacl 2.0 g per
Sodium malonate 3.0 g per
Glucose 0.25 g per
Bromothymol blue ’ 0.025 g per
pH 7.0

2.7 Methyl Rex (29)
Peptone 7.0 g per
Dipotassium hydrogen 5.0 g per
Glucose 5.0 g per
pH 6.9

2.8 Tryptonefyofistiextragfifleatiny (Tv), (24)
Difco tryptone 5 g per 1
Dif co yeast extract 3 g par 1
pH 7.0 . lf————————————————————‘*’ A

Vi AX J
2.9 Nutr‘" it bre eas 3Ct meflium (NY), (24)

Difeco nutri

,,m:éiua'mﬂmwmr?a o

g per 1

ammnmummmé’a

pH
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glucosﬂ-yeast extract semisolid medium was used for

enrichmant and acetylene reduction test of Hz—fixing Pseudomonas.

Isolates of Pseudomonas were cultivated on TSA for 5-7 days at 3005,

then subjected to acetylene reduction assay in semisolid GYE at 30°c.

A. lipoferum strains were cultivated on nutrient agar for 5-7

days at 30°¢ and in malate-yeast extract semisolid medium at

30% under
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stagnant condition. To produce nnn—Hz—Eixing cultures, NH4C1 (2.5 g/l)

was added into liquid medium at 35°C.

As for unknown bacteria and K. oxytoca 1301, rich agar medium
was used for purification and rich broth medium was used for enrichment
at 35°C.whereas for C_H, reduction assay, the nitrogen-free medium was

22
used.

4. Chemicals

All chemicals Used.were

3.1 For ag gj"r’#:;‘ Ao PSS ARA) measurement
PO

Compressed air

f.iénca Department.

Hydrogen (HZ} ience Department.

Ethylene standard (C,H, frial Gases Limited.

Nitrogen ENz OFN) strial Gases Limited.

Acetylene {CEHEJ;_ Eneering Limited.

Porapak N (mesh BD—1FE&~ From ﬁatqt,hsscciates. inc. USA.

3.2 M%M}ﬂjﬂlﬁ)ﬂ ﬂmjmmum, (30)

smmwjl;a . gnﬁ:]ﬁpﬂj 1] mwmaé{ﬁcetata (EDTA) ,

Sodium lauryl sulfate (SDS), 25 %
Sodium perchlorate, 5M
Chloroform-iscamyl alcohol, 24: 1 (V/V)
Ethyl aléohul, 95 %

Saline-citrate (1xssc): 0.15 M-NaCl plus 0.015 M-trisodium citrate, pH 7.0

0.1xssc: 0.015 M-NaCl plus 0.0015 M-trisodium citrate
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ixssc: 1.5 M=NacCl plus 0.15 M-triscdium citrate
Ribonuclease, 2 mg/ml (crystalline, Armour) in 0.15 M-NaCl, pH 5.0
Acetate-EDTA: 3.0 M-socdium acetate plus 0.001 M-EDTA, pH 7.0

Isopropanol

3.3 Reagents for chremosomal DNA isolation, small scale, (31)

TE buffer: 0.01 M-Tx
Chloroform solution:
Ether
Stock 10 mg/ml RNase
Abszolute ethanol

70 % Ethanol

3.4 ection of plasmid-and agarose gel

:-' r

i
J ]

Lysing solution: 3 ‘k‘SI}S. 50 mM Tri B-hydrﬂxa.de {pH 12.6)

mﬁ%&@ HERIN EJ’] ﬂ 3

E buffer: 4l} Tris-acetate, 2 mM audi

mamoaemwadmms LT

acetate (pH 7.9)

Staining solution: 0.5 ug/ml ethidium bromide

DNA marker: ADNA

3.5 Reagents for enzyme restriction cut, (31)

10X High salt buffer: 100 mM-Nacl, 50 mM-Tris-HCl (pH 7.3)

10 mM-MgCl,, 1 mM-DTT
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Restriction endonuclease (Type II): EcoRI, provided by S. panyim
" Pracking dye: 0.25 % bromocresol purple in 50 % glycerol 0.05 M Tris-

acetate (pH 7.9)

Methods

1. 1Isclation of deoxyribonucle scid from bacteria (30)

All operation wa ned tampsratura except the RNase

treatment, which was &8

Bacterial sgarithmic phase of their

growth cycle were at 7,700 xg for 30 min

and washed once wi -8 ne=EDTR 2-3 g wet packed cells

were collected by c nded in a tatal volume of

25 ml-saline-EDTA. @ by adding 2.0 ml of 25 %

5DS and incubated in 10 min then cooled to room

temperature,
Sodium -; TE—tS! e .‘:’ﬁ final concentration
of 1M to the visctﬁ, ySe and ‘»# whole mixture was shaken

with an equal volumefgf chloroformgigoamyl alcohol in a ground-glass

stoppered fﬂ SeEh sgh] EFU] e flec] fohducea into 3 1ayere

by a 5-min cantrifugation at €12,100_xgs, The upper ggueous phase
conta B b ADFUUBI IR DA S e

The nuclum acids were then precipitated by gently layering approxi--
mately 2 vol. 95 %, ethyl alcohol on top of the aqueous phase. When
these layers were gently mixed with a stirring red, the nucleic acids
spooled on the rod as a threadlike precipitate and was easily removed.
The precipitate was drained free of excess alcohol by pressing the

spooled rod against the vessel, and then transferred to approximately
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10-15 ml of dilute saline-citrate buffer, pH 7.0 and gently removed
from the stirring rod by swirling it back and forth. The solution was
gently shaken or pipetted until dispersion was complete. The solution
was adjusted to standard saline-citrate concentration by adding concen-
trated saline-citrate, shaken as before with an equal volume of chloro-

from-iscamyl alcohol for 10 min, centrifuged and the supernatant removed.

It was then deproteinized re \ sl s WF g U chloroform-isoamyl alcochol

as described, until o s seen at the interface.
——

The supernats last in the series of

N

\"\
deproteinizations (3-5 il U s A '-..-..' with 95 % ethyl alcchol

1N\

volume). Ribonucl&asal| ¥ mg, ] aghadded tc"a final concentration of

and dispersed in sa o 0.75 final supernatant

50 ug/ml and the mi 30 min. The digest was

again subjected to afSe afions until there was little

or no trace of protein viWeEie At terface after centrifugation.

3 again precipitated
with 95 % ethyl alée ) ocids dissolved in 9.0

ml dilute saline—cmrate. Into this sblutiom 1.0 ml of acetate-EDTA
was added, rapidl ﬁi 5ﬁ. ; 5 eis ANEA, HEopiias
while on thaﬂjJa’ . ?lﬂj] lﬁjrﬁitad in a fibrous
form qm aal i ¢ i 911 ﬁ apsular poly-
sacchargde were rmﬂmﬁﬂnut 'YTEI:T ﬂ:c

ipitated was

washed free of acetate and salt by gently stirring in progressively
increasing concentration (70 to 95 %) of ethyl alcohol, and was then

dissolved in dilute saline citrate.

Finally, the DNA solution was stored in a freezer at —Zﬂoc, or

in a refrigerator by adding 2 to 3 drops of chloroform into the tube.
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2. Determination of DNA base compositions by melting temperature (Tm)

method (22)

The sclvent used for the DNA was dilute saline-citrate solution
(0.1xssc solution, pH 7.0). The DNA solution was prepared at a concen—

tration of approximately 20 ug/ml (assuming one unit of optical density

at 260 nm for 50 ug of DNA), ,f\ , sferred into a 1 ml-quartz cuvette

having 1 em. light path. SUsin g blank, each sample of DHNA

éﬂing Shimadzu UV spectro-

(PRI) in which the tempe-

solution was heated
photometer 240 eguippec
rature was increased

g of a thermostated

circulating water batj}

Usually in dege oh, DNA solution, the

temperature of the chafibe “?7f;c':_f,' 2ll% at 25°C and raised
quickly to about 5°C ha PWE set of the melting region,
when temperature equ;llbr —hac ba tained, the temperature was

then raised slowlylabout 1°¢C af ; amegallowida/about 3-5 min for

equilibration at &dep F’ “density was read at
| 1

aase in the absorbanca usually oeccurred in the

transition rﬁﬂﬂ?ﬂﬁﬂﬁﬁﬁftﬂ ?’len no further

increase of A was observed on ra1a1ng the tamperature. the denatu-

Y W"Iﬂ“@ﬂ‘iﬁﬁﬁ“ﬁ“&“ﬂ IR

a difference between the optical density (h } at each

260 nm. A sharp int

temperature and the Azﬁﬂat 25°%¢ {hﬁzsu, %) were plotted versus the

temperature of the solution. The temperature corresponding to 50 %

the maximum increase in the optical density at 260 nm was designated

as the Tm. The mole percent G+C content of native DNA was calculated

using the equation of De ley (1970):
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ol % G 4+ C = 2.44 (Tm - 69.4°C), correct for 0.1xssc
solution was done by using DNA from E. CDll B which has a Tm value of

BB.EOC and a G + C composition of 50 % as a reference DNA.

Example: For the bacterial strain with a Tm value of 91.E°c;
mol % G + C = 2.44 (91.8 - 69.4 °C)

4.7 mol %

3. Determination of the&.z s gte by rapid start technique (24)

The DNA so

an optical densit to 1.
The DNA samp 3 - g at 100°C for 5 min,

and NaCl was add : =-3g . = ,\, ;f- order to boost the
reassociation ra ple was injected directly

into a cuvette held &t J ature about 60-65°C already

f-l'c{ o "J’ 2
placed in the Shimadzu UV spec! =pec ‘.: eter and recorded the time

1]
required for thesfor ! aded DNA molecule from the

melted single siands of DNA. \H
T

At the enlﬂ of the reassociation, th=ﬂsamp1a was again remelted.

-:1: Z::mng ﬂlﬂm E]a,u. ﬁﬁ:he same as that of
1818

Cells were grown in 3 ml of rich medium overnight at 30°¢ and

pelleted by centrifugation (5,000 xg, 4':!:. 7 min). The cell pellet

was thoroughly suspended in 1 ml of E buffer. The cells were lysed by

adding 2 ml of lysing solution, which was mixed by brief agitation.

The solution was heated at 65°C in a water bath (0, 30, 60 min), and

2 volumes of phencl-chloroform solutien (1: 1, vol/vol) wers added.
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The solution was emulsified by shaking briefly, and the emulsion was
broken by centrifugation ( 5,000 xg, 15 min, 4°C). Avoiding the
precipitate at the interface, the upper aqueous phase was transferred
to a screw cap tube by using a pasteur pipette. Samples could be
withdrawn directly for electrophoresis immediately. Usually 35 pl of

sample was mixed on parafilm with 10 pl of 0.25 % bromocresol purple

tracking dye (pH 7.9). /
: D"Q from bacteria (small

I x\\\-r overnight at 37°¢ and

; \-x A\migkocentrifuge tube. The

5. Isolation of long=esh =

scale extraction!

Cells were
contrifuged at 7,
supernatant was dis ; 7'.7 K U 11 of pronase buffer was added,
gently mixed fnlloﬁ '( 1 i : lysis buffer. The suspension
was mixed well but vig r;_sﬁ-'é 2 Fﬁation was avoided. The
suspension was incuhat:tf;é;f G 8 min to achieve complete cells
lysis. After thalt) UEI0d Was added and mixed

L]fi__;:__“_____f+;-;——_;;_____34'

slowly by invert —'il . * followed by 200 pl of chlo-
]

roform solution and m1x1ng as hafnra. The tube was spun in a microcen-

trifuge at ﬂﬁg?ﬂﬁ%%ﬁﬁ]ﬂ %mnon into two layers.

The lower phaba {phanulnchlnfnfnrm laynrl was ramuved and discarded.

= SR SOTRIA W IBII B i s

¢hlnro at least three times.

;ftar the last extraction, the upper phase was transferred into
another 1.5 ml-microfuge tube. Contaminated phenol was removed from
the solution by extraction with ether. RNase A was added to a final
concentration of 100 pg/ml and the mixture was incubated at 37°¢ for

30 min. Again, the solution was extracted with phanol-chlorofors and
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ether for removal of RNase A. Chromosomal DNA was precipitated by
adding sufficient 5M NaCl to make a final concentration of 0.1 M
together with 2 vol. of absolute ethanol, and gently mixed. The tube
was kept at -20°c about 60 min for complete precipitation of DNA, then
centrifuged at 7,000 xg for 10 min. The precipitate was washed with

70 & ethanol, recentrifuged f.

1d allowed to dissolve at 4°¢

overnight before subjseted té agardseJedselectrophoresis.

6. Analysis of plasgad pates, 3‘\ arc®e.gel electrophoresis (31)

‘\\\\\\ in 100 ml of E buffer

by heating and letgfog l > &l ’\\\\ guspension was poured

into a gel chamber_ ::ﬁﬁ': : \\\

Agarcse 0

loading, and allowed to

cool down to room teg solidification of agarose

gel, E buffer was pounéd /jinte I:EP o, The DNA sample was mixed

with the loading dye (DNA : loading dye) and was

loaded into eachs 2. The chamber was

attached to the ”-II er

negative pole to th% positive p-nla at 120 volts for 8-10 hours, or until

the lnadlngﬂr%m ﬁﬂ%@ weEJ ’;'iﬂaﬁ'tha gel. After

turning off a power supplyy the gel was removed f the chamber and

s SRS RN Grkmiaer o 1

min at om temperature and destained in distilled water for 30-60 min.

"rent to run from the

The DNA bands were observed by placing the gel under UV light.
The concentration of DNA was estimated by comparing fluorescence

intensity with the marker DNA.
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7. DNA restriction cut by restriction endonuclease (31)

about 12 pl of nuclease-free distilled water was added into a
microfuge tube to make the reaction mixture to a final volume of 20 pl,
then 2 pl of 10X high salt buffer was added. After that, 5 pl, of DNA
was added followed with 1 ul of the restriction enzyme EcoRI (approxi-

mately 1-2 units). Spun the mic

uge tube in a microcentrifuge (Tomy-—

\ S\EDN/S ' e reaction was stopped by
adding the tracking d aiiGe-atb j taﬁhur analysis by agarose

gel electrophoresis /

‘ : ﬁ'::.nu
8.1 Malonate #€1l@%s i, (23 \ -"""/

15 A) and incubated at

A single colon £ was inoculated into a

tube of malonate brot “C for 48 hours. Observe

the color change from grea to dag e for positive test.

8.2 Indole |

X

Filter -il 3 r;j oaked in a warm, saturated

solution of oxalic ag:.d. Crystals of the acid were formed on the strips

o caolmgﬂ %E}%%%}ﬁ@%’}ﬂ%ﬂ inserted ssspticaiiy

into the m-::c%ated culture. ‘Thu strip should not c me into contact
o R RAAAAFUHIBNR R B o o
the wall of the tube and remained near the mouth when the cotton stopper
or screw cap is replaced. i The culture tube was incubated at 37°% for

48 hours. The paper strip became pink during growth of the culture.

8.3 Hes-Prnskauer reaction (29)

The tube of MRVP broth was inoculated with a young agar slant

or broth culture and incubated at 37°C for 48 hours. After incubation,
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1 ml of culture was removed to another tube and 0.6 ml of 5% (W/V}

of- naphthol (dissclved in absolute ethanol) was added, mixed thoroughly,
then 0.2 ml of 40 % aqueous KOH was added. After mixing well, the tube
was incubated in slant position to increase the surface area of the
medium. Strong red color began at the surface of the medium after 15

or 60 min of incubaticn.

8.4 Requirement fo

Cultures ﬁf 1) medium were inoculated

into 25 ml of nutny " ubated at 37°¢ for 48 hours.

The cells were harvg@ted Yat 7,700 xg for 15 min a
and washed twice wi 3 $F- steri led water. The cells was
resuspended in ster' optical density of 0.4 at

560 nm. One-tenth mi sion was used to inoculated

each 5 ml-volume of m‘ séd was NFb with 0.0001 g/1

of bietin and NFb without -»-'- == fhe culture was incubated at STGC

for 48 hours in [CQs id, in the medium lacking

i, F ; \
bioctin, compared y -h .- ‘ medium with biotin,
!l r!!

a second serial trensfer (0.1 ml) was made

the medium with and with-

.\ FIEMNYINS

8.5 Sodflln lauryl aulph%pa res:.stamc:e (32)

Q ﬂﬂqmm mum :‘] ,‘gm ﬂtﬁ@ Hﬂth supplemented

with 5 crr‘ 10 % (W/V) SDS for 72 hours with rotary agitation on a shaker

at room temperature. Growth was estimated in Klett units. Growth =

> 100 Klett units; ne growth = < 10 Klett units.

8.6 Salt tolerant (15)

A tube of NY or TY medium supplemented with 3 % or 5% NaCl

was inoculated with a single colony of a bacterial strain from an agar
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slant and incubated at 37°C overnight. Growth was estimated from the
turbidity of cultures comparing with normal growth in NY or TY medium

without sodium chloride.

8.7 Drug resistance test (33)

Young culture of the test organisms was streaked on plated NY

agar medium or TY agar me m'co iding the antibiotic. Antibiotics
were tested at two-fo fuj,mfiis 3 trations starting from 6.25
pg/ml. Presence or clafed=ret th was recorded after 24-48

h of incubation akt

9. Growth pattern ol ‘

A colony of \ an agar slant was inoculated

into 10 ml of culturs hours and then transferred

to 200 ml of fresh medilu SR ‘ i 5 ml-aliquot was taken at
various time intervals ar he optical density at an appropiate

wavelength. -~
1§G_________‘ﬁ 1‘

During gr 35 aerated by attaching

- i
u'l
a flask or tube ta % rotary shuk;ng platform or a rotating wheel. The

wme ot (B} DY THH R Py oo 2o oo

of medium iE’Lnntained 50 as to allow vigornus ahaklng

A AIAIOUUAL T BY AR e e o

added Lnta the medium and the culture was incubated by stagnant at

appropiate incubation temperature.

10. Test for acetylene reduction activity (ARA)

Aerobic-culture, (4):

Single colony of a bacterial strain was inoculated into 5 ml
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of NF + 10 % rich medium and incubated at 37°C. Cells were harvested
in the midlog phase by centrifugation and then resuspended in NF medium.

The culture was incubated aerobically at 30°C for 4 hours.

Microaerophilic-culture, (34):

ARA was carried out in 22 ml-tube containing 5 ml semisolid

rboulated into the medium and the

cultures were incubated.s : al aya at 30%.

ARA assay:

Three repl stton plugs were replaced

with serum caps t volume was replaced

with acetlylene. d disturbing the zcones

of subsurface growt jsation of ARA in case of

microaerobic-culture gain incubated for 24 hr

at 30°c, after which, lyas measured in a Varien 3700

gaschromatograph, eq ionization detector (FID) and
using 30 ml/min DY ORyGEN=Eres= Gds. Ethylene production
per tube per 24 h%s deter o ira the peak height in cm

with that of known ahmgunt of standapd ethylene.

U DI ENEINS s e
W?\Nﬁﬁfﬁmﬁﬂ NYIaY

& 'CE lular protein content determination (36)

After washing cells with 0.85 % NaCl, protein was extracted by
mixing an one volume of cell suspension with equal volume of 1 N, NaOH
and hydrolysed in bioling water bath for 5 min. After cooling,1.0 ml
of sample was mixed with 2.5 ml of carbonate-copper reagent (1 ml of

0.5 % Cu504. 1 ml of 1 % sodium potassium tartrate in 50 ml of 5 %
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sodium carbonate) and let stand for 10 min at room temperature.
Subsequently, 0.5 ml of phenol reagent (dilute 1 : 1) was instantly
added, mixed and held at least for 30 min at room temperature. The
absorbance was measured at 650 nm. Calibration curve was prepared by

using bovine serum albumin (BSA) as standard protein.

gondition, the protein content was

In case of mir:roaemb

the cultures by addirigw %8BS to 5 ml of semisolid culture
medium and heating-#eF & 2 )| ile semisolid medium was
used as blank, an€ semisolid medium.

Frotein determinatlong” wene ey £b#m 1iplicate for each bacterial

culture.

AULINENTNEINS
ARIAN TN TN
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