CHAPTER III

RESULTS

To ascertai ssification of strains

used, some growth '.verified, especia]Ty
their specific ca in ypes of organic compounds
as the so]é'carbo : 1 Table 4, they were not
auxofrophs |

free medium. Intere "f' spent ionic strengths of rich media

they growed betten*'n ﬁEr rest, should belong to

the second group, ggred rich me m of lower ionic strength,

scator t@m@;mgmw@'m@ i

strains showed their specifi¢ natures te use mannitols rhamnose and

starcﬂaﬂﬂrfé] 59 e)edoan hdrbdslhabr hifAcion F o) condiion.

iAs Judged by an observable turbidity of a culture ; A. paspali B

fa11ed to grow at alT cond1t1ons mentioned whereas A.virelandii
gave cu]tures of v151b1e cloudy 1n_med1a having mannitol and
rhamnose as‘the1so]é carbon sources. Azotobacter spp. NP also showed

a simi]arity to Azotobacter chroococcum KT, then it should be

' classified\into_@} chroococcum. A. vinelandii KT2 showed clearly
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that it was not similar to A. vinelandii KT1 because growth patterns
revealed very QUite different. In short, all of them seemed to be

~appropriate strains for our further studies

Azospirillum spp.
‘Veiwed from the oxygen content required for growth, Azotobacter

is classified as therob]igatory> type whereas Azospirillum is

only a semiaerophile. However

an higher ionic streng hﬁﬂh"?vv‘ 7 ) howed more sensitivity

.than‘that of AzCsﬁirfT1ﬁ-!--F?

d"most gentle

|
»  spheroplasts are

prepared and ay ﬂﬁﬁﬂﬂﬁw ErrTﬁj a constant
voltage of'IS Ei; , the cov 3e 1y closed circular plasmids then
: ¢ : s ;
migrate ﬁr It b-]ta rnmi?crgj VT??T E’ﬂraagl drastic ;
' ﬁt e observe pTﬂ :

compared to those ofthe others. In principle

conditiong That means lasmids should be the intact

forﬁs of the plasmid.

i 1.A1]'strains:of being previously classified were analysed and
the resu]tsrobtained were summarized in figure 4, Al1 Azotobacter

'Spp@. showed only the upper fuzzy band, which migrated over the 23.5

~ kb fragment of Hind‘II] digested x -DNA (figure 4A). However, the



46

Table 4. The growth properties of Azotobacter spp. "

agar p]ate1 : Bbrk's(N-free)+carboh_ydrate2
Bacteria ;
LB |{Burk's(N-free)| RM ' |mannitol {rhamnose |starch
A.vinelandii K1 [+++ + ++ + * -

A.vinelandii KT2 +t ++ 4 -

A.chroococcum KT ‘ +++ +++ e e

Azotobacter spp.NP b . F 4
A.paspali B - - -
- “n ) ‘\
1 A single colog ria) as stre ked on agar plate medium and then
incubated at !‘ | \

2 A single colony inogulated into 25 ml

Erlenmeyer flask ing / ml of Burk's medium which has

1 % of rhamno annj as a : on source and bromothymol

«blue as a“p ‘*# cubated on rotary shaker

Growth was obsmved from the change of co]or
from ﬂﬁﬁmﬁﬁ%ﬂjfﬁh as a sole carbon source
ao r plate containing 1 % of
o/ . '
1‘1{’1 NIRRT T "

- no growth or colomes size a]most invisible with naked eyes.

at 30 C for days.

+ slightly grow
++  grow well

+++  grow very well
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‘Table 5. The growth properties of Azospirillum spp.

»

Bacteria | . LB agar p]a'te. (1) | NF semi-solid rmedium (2)
Azospirillum brasi]énse P V / +++ s ‘ e '
Azospirillum brasilei - /‘_ﬁ + J :
Azosbih‘”um lipodf +

AZospiriHum spp. +++

(1) : A ‘ e " . ‘\\\\ s streaked on agar plate

»

hen i .-q 3 30 C for 2 days.
. ﬂf-\f‘ # -J‘
- e One mili17€ee of starter culture was inoculated into 3x20 cm.

.Mf
NF semi-solid medium. The cul-

.-“}f-' t shaking for 3 day.
T
u

ﬂ‘NEJ’JVIEJ'V]?WEJ"Iﬂ‘i
awwmn‘imum’mmaa



48

reference strains, Escherichia coli HB101 (pBR322) and HB101 (contain-

ing pSA30) gave also the same level of fuzzy band (lane 2,3 and 4).
Therefore, they should be interprefed as sheared chromosomal DNA or
sheared chromosomal DNA comigrated with large plasmid. This results
were found consistent eventhough the electrophoresis had been performed
in a very long period of time.

: ; the hree strains that gave

In case of Azospi

some extra bands in ds, the similar bands

to those of Azotoba ‘fore, these extra

sharp bands should The molecular
=T\ N

size of the Azospiri aghid v ja imated by comparing the

mobility to the standdrdfplasmids, 22, (4.36 kb), pSA30 (10.9 kb)

_ 'te. bands which migrated near

cular weight plasmid, appro-

near the 9.7 kb fra@ﬁfhf‘-“f A30 E]asmic represented the

small plasmid, approximately 11 kb in size. Two bands of plasmid

wre tons 1] bebicnd ) NSWUADS. tre mrecutar

sizes were approx1mate1y 75 and’ 100 kb. Whereas A. lipoferum SpMRAI
ebntama gﬂ’lﬁ ﬁ]ﬂnim umqy’gm H’]a Hn A. brasilense
A2, any bands of plasmid could not be found. Although period of
electrophoresis were varied, no plasmid could be detected in these

strains of Azospirillum spp.




Figure 4. Ethidium bromide staining patterns of plasmid profiles of

five strains of Azotobacter and four strains of Azospirillum

by Modified Eckhardt lysate electrophoresis.

A. The gel was 0.6 % agérdﬁe and electrophoresis was performed at

constant voltage of 15 volt for 2 hj then at 80 volt for 3 h.

lane 1, d III as a DNA marker

A -DNA digésted
lane 101 {
lane 3,

*lane

Tane

lane

2
k-
4
5
lane 6,
7
lane 8
9

lane

B. The gel wa-?lf : lectrophoresis was performed at

o !
constant voltage of 15 \'ie for 42 h. \‘

lane 1, & H1nd III as a DNA marker

e 265094 WE‘J’W’? WeNT

lane 3,%E.coli C 600

WRAATRAM AN

lahe 5, Azospirillum lipoferum SpMRAl

~lane 6, Azospirillum brasilense A2

lane 7, Azospirillum spp. Al2

lane 8; Azospirillum brasilense Sp7
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1 2 oA ot 8 8 9
RE—pueii,— gel slot
Plasmid  DNA
Kb
23 7. €— Chromosomal . DNA

le— gel slot

Plasmid DN

Chromosomal DNA



C. The gel was 0.6 % agarose and electrophoresis was performed at
constant voltage of 15 volt for 2 h, then}at 80 volt for 4 h.
lane 1, A /Hind ITI

- lane 2, E.coli HB1O \nu ')

; lan‘e 3, E.coli HBEGL(pSA3Q)
3

54 [ DR

lane 4, E.colim / DpROT) “—
. lane 5, E.co /// \
lane 6, AzosPiri b ';ﬁ \ \

1!;5 |

22

7 Y]
: |

lane 7, Azo
lane 8, Azos

 Audineniwens
RIANTAIMINAY



gel slot

Plasmid DNA
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2. Large plasmid isolation's method (Hensen and-Olsen, 1978)

This method requires more reagents and time when compared
to that of the modified Eckhardt's method. The principle of the
method is spheroplasts that are generated after lysozyme treatment -
will Be lysed by SDS and heat treatment. The extracted plasmid
analyzed are shown in figure 5, al zotobacter spp (1ane6-10) showed
only the upper fuzzy band, BN M%sheared chromosomal DNA.

The Tower two molecular Weight bands might-be ribosomal RNA which
£365 b uld be eliminated by

0

contaminated in the prepa

7

d.in this experiment. Although,

jgree times, the high

t Wethdd Bf ot ksiia! o8 Z‘ﬂ:lﬂgm alkaline
110 T ek 1)
and lysg‘jﬂth Hh roplast by in alkaline ond15 ion. The

chromosomal CNA and the plasmid are denatured by alkali in this step.
Upon neutralization with sodium acetate, pH 4.8, the chromosomal DNA
- forms an insoluble net work while the plasmid is remained double-

stranded.

The contents of plasmid of Azotobacter spp. could be confirmed

by using this method. Plasmid profiles are shown in figure 6. The



- This method is seemed to
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results are identical to those obtained from the previous methods, no
plasmid band was detected in all strains of Azotobacter spp. However,
plasmid bands were observed in E. coli which harbours plasmid (]ane
2-4). The yeild of extracted plasmid from this method was higher

than the others (60-100 ng/ml culture) and only small amount of

chromosomal DNA and ribosomal RNA were present in this preparation.

\ %ble method for large scale

preparation of pl 35% :
The plasmi of| ; "ﬁTTTEFiel strains of Azotobacter

spp. and Azospir '/ N ?“';" i Table 6.

4,:-",.- =31 3
fixing bacteria using moﬁiiied method of Rodriquez (1983). The

The extracted DNéjhas fr ein and:kNA since the ratio of

ODQGO/ODZBF;if varfous samples of@extracted DNA was always in the

il Elrdede %1‘1&&1 ki b vas 1n the o
TR AT

aha]yzed by agarose gel electrophoresis (Figure 7).

range of 1.8

From the study of restriction endonuclease digestion of
Azotobacter chromosomal DNA, it was found that chromosomal DNA
extracted from Azotobacter which were grown in Burk's N-free medium
could not be cut by every test of restriction endonucleases. But,

when Azotobacter were grown in rich‘médium‘(RM), the isolated
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Plasmid DNA

«—Chromosomal DNA

Plasmid DNA }

RNA
Figure 5 Eth1dfﬁ;gf#ffgg stalining patterns of plasmid profile
extracted fy jous species and strains of Azotobacter and

Azospiri

mere)grepared by method of Hansen and Olsen

ad

(1978).

.-'J‘:, L

The extracted pJa$m1d ﬁuA 400 ng) were loaded on 0.7 %

agarose gel and eIECIropthé%4s in Tris-borate buffer, pH 8.3.
After sta1n1ng wfth eth1d‘ﬁm‘brom1dejfphotograph was taken

——= g

under ijﬂ1ght. : — ad

P

lane 1, lﬁasmid pRDl

T

lane_Z} Azosplr111um_4pp A12 8

lane 3,‘ Azospirﬁl1um brasi]ense Sp7

]ane'4,. Azo;p1r111um 11poferumASpMRAl :

N Ve lsnh Azosp1r11]um Brasilense A2

lane 6, Azotobacter vinelandii KTl

lane 7, Azotobacter vinelandii KT2

lane 8, Azotobacter chroococcum KT

lane 9, Azotobacter paspali B

lane 10, Azotobacter chroococcum NP




Figure 6.

53

€ gel slot

dd

Eth1d1um brom1de stavnﬁmg pattérns of plasmid profile extracted
from various specieéand s&x§1ns.of Azotobacter by rapid alkaline
extraction procedire: 2H

The extracted_p]asm1d ByA were loaded on 0.7 % agarcse gel and
e]ectrophpresed in Tris-borate buffen, pH 8.3. After staining with
eth1d1um'brom1de, the photograph was taken under UV light.

lane
lane
lang
lane
lane
lane
lane
lane
lane
lane

- - -

-

- - -

07 00 4 0 ON ") L) D e
4

-

—
o

/X -DNA digested With H1nd,III
pBR322
PSA30

pCK3
E.coli .C_600

Azotobactewr vinelandiickTl

Azotobacter vinelandii KT2

Azotobacter chroococcum KT

Azotobacter paspali B

Azotobacter chroococcum WP
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Table 6. Plasmds in Azotobacter spp. and Azosp1r111um spp.

number and sizes

Strains Number of plasmids Plasmid size

(approximate in kb)

Azotobacter vinelandii Kig

Azotobalcter Chroo-coM |

Azotobacter chrodco.

Azotobacter paspali

Azospirillum brasilense

Azospirillum lipoferum Sp

Azospirillum brasilense A

Azospirillum spp. ","f,;—_- — i 11, 70, 80, 90

.ll
A

note :-, not found any

ﬂuﬁl?ﬂﬂﬂiwmﬂ‘i
ammnimummmaa

plasmd
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chromosomal DNA could be cut by restriction endonuclease, . However,

Azotobacter and Azospirillum chromosomal DNA extracted according to

the method of Rodriquez (1983) can not be completly cut by restriction
endonuclease. The digestion could not be improved eventhough as high
as 10 units of restriction enzymes were used per 1 ug of extracted
chromosomal DNA. The chromosomal DNA extracted from the same organism
\yly ) in which ethanol precipita-
'c; 4& ammonium acetate instead

e p
P °

using modified method of Rodr:

tion was performed in the

of 0.2 M NaCl were com : i
The example of the di i

clearly showed that

estriction endonuclease.

8. From this result
in the presence of
2.5 M ammonium acetag e-effectin _‘;élimfnating'the inhibitors
of restriction endonuglease/di »_;— | recipitated DNA. These

v

‘undefined contaminate.

with suitable amounf:]l of ré's'i-lr‘ﬁtﬂdﬁ“* b

i

that digests the chré}oéGM->';‘ ‘comp eteﬂ}as analyzes by the

constant reproduce restriction pattemnsupon the addition of the

enzyme). Ethiﬂl‘u&% m&nnﬁtmﬂﬂ@rited chromosoma
U

DNA from various species and stfains of Azotobacter and-Azospirillum

after d@sﬁM\‘m ﬁam NMI | PIT' ﬂnx',ai Jal11 and

Haelll are shown in figure 9-17. After digestion, DNA fragments

with heterogeneous molecular sizes were obtained. Smal, and EcoRI

digestion of Azotobacter and Azosipirillum DNA generated wide range

Qf fragment sizes (Figure 9 and 10). Moreover, the digestion patterns

among various species and strains of Azotobacter and Azospirillum
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show many differences.

Mainly large fragments were obtained by digestion of

Azotobacter and Azospirillum DNA with BglII (Figure 11). Most
strains gave similar but not identical restriction patterns.

Surprisingly, Azospirillum brasilense A2 DNA could not be cut by

BglII (lane 10). Digestion patterns show many difference among

various species and strai

digestion of their ch@ : “
Small fragments (¢ lvqﬂf-r—ff _¢ TAT-‘f-zwﬂ!ﬁ from Azotobacter

r and Azospirillum after

paspali B chromosoma (" didestion (Figure 12, lane 5). Ethidium
: L VAN :

bromide banding patters€ of jextracted ch ‘§§§S$:I DNA from various

species and strains“of #Azgtobactier land Azospirillum after digestion

When chromosomal DN
et

digested with Haelll, which

ion endonuclease

(Figure 17). Main¥y e obtained. Two -

strains of Azospiri ;um, SpMRA1 and A2 (1ane’ 9“and 10), gave the

larger Hae.zIIIF;{!| uﬁﬁf‘w’w 'Sgwlfﬂlm

¢

RUABDIAUNKIINY A Y

As mentioned earlier, the recombinant p]ésmid pSA30 was
constructed by insertion of nif stfuctura]lgenes from K]ebsie]]a
pneumoniae at EcoRI site of pACYC184 and the transformants containing
~ pSA30 were tetracycline resistance (Cannon et al., 1979). 1In this
study, pSA30 was used as a DNA probe in hybridization experiments.

Therefore, large scale preparation of pSA30 was required. Prior to
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€«— Chromosomal DNA

= i”*h
Ethidium bromfde:staxntgg-patterns of extracted chromosomal

DNA from var1ous-sp€c1es aﬁd”ﬁf?a1nslff Azotobacter and

Aummruﬁwg e ———— —
\Z L) -

One m1ewogram of extracted DNA was loaded in each well of
0.7 % agarﬁse gel and e]ectrophoreséﬂ in Tris-borate buffer,
PH 8.3. Aftér Staining with ethidium bromide, the photograph of
the|'ge 1 wag |taken under'uv,1ight.

Tane

1 lane

lane
lane
lane
lane
lane
lane
lane

1
2
3,
4
5,
6
7
8
9

10,

500 ng of @ -DNA digested with Himd 111
AZotobatter vwne1andi1 KTH | | :

Azotobacter v1ne1and11 KT2

Azotobacter chroococcum KT

Azotobacter paspali B

Azotobacter chroococcum NP

Azospirillum brasilense Sp7

Azospirillum lipoferum SpMRAI

Azospirillum brasilense A2

Azospirillum spp. Al2
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BamHI EcoRI
52 8

e f . Y o .
Eth1dlg§ br g gattexnugf;phromosomal DNA digested
with rest : N agarose gel.

Digestign of chromosomal DNA of Adotobacter vinelandii KT1
which prepared by the method ,of Rodriquez (1983) and the modi fied

methﬂaﬂ o‘gu%%}ﬁ‘ﬁr%p&}ﬂﬂ@re loaded on 0.7 %

agarose gel,then electrophoresed in Tris-borate buffer, pH 8.3.

RIS N R < -

qane 1, Bam HI digested DNA which prepared by Rodriquez's method
lane 2, Bam HI digested DNA which prepared by the modified
Rodroquez's mothod.

Tane 3, EcoRl digested DNA whiéh prépared by Rodriquez's method
lane 4, EcoRI digested DNA which prepared by the modified
~ Rodriquez's method. o



Figure 9.

2
3
4
| 1ané b ) AZotdbactel | paspati B
b
7
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g
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Azotobacter spp. Azospirili‘lim SEP.

§8 Mo Ty o W T £ gAY

Ethidium
of chromosomal |

omli de<stainingipatterns of Smal digested fragments
NAfffom fiﬁngtrains of Azotobacter and four
strains of Azdspififium. il

Four microgran d?lchroﬁ§§pmal DNA were digested with 50 units
of Smal and then were loaded on 0.8 %fagarose gel. Electrophoresis
was perﬁgﬁmed in Tris-borate buffér,kgﬂ 8.3. After staining with
ethidium ?50m1de, photograph was taﬁin under UV 1light..
lane 1, A -DNA digested with Hind III, as a size marker
Azqtobagtep vipelandii KTl
AzétdBacter-vinel@ndii kT2

lane
lane 3,

lane Azotobacterechroococcum, KT

lane Azotobacter chroococcum NP

lane Azospirillum brasilense Sp7

lane Azospirillum spp. Al2

lane Azospirillum lipoferum SpMRA1

lane 10, Azospirillum brasilense A2
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_Azotobacter spp. Azospirillum spp.

Ethidiu b.am1degsta1nxng patterns of BglIll digested fragments
of chromosoma QNA From- fiuéﬂstra1ns of Azotobacter and four
strains of Azosg;ril]um

4 -

Four’ m1crogram of chromosomal DNAjWere digested with 40 units
\-‘! ; jSJ% agarose ge] Electropho-
resis was[performed in Trls~ﬁbrate buffer, pH 8.3. After staining
with eth1d1um bromide, photograph was taken under UV light.

lahe 1; l /Hind II%
lane;2, Azotobacter v1neTand11 YTl

¢ ¥1ng|and13 A S,

Az to ac e‘

lane 5, Azotobacter paspali B

lane 6, Azotobacter chroococcum NP

lane 8, Azospirillum spp. Al2

, Azospirillum lipoferum SpMRAl
0, Azpspirillum brasilense A2

lane

5
6
lane 7, Azospirillum brasilense Sp7
8
9
1

Tane
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Azotobecter spp. Azospirillum SPP.

T T

Bt
. i
: ‘J"
Yy -lr..

- T

Ethidium bromfae sta1nnng patterns of EcoRI digested fragments

of chromosoma] DNA from Azotobacteerpp and Azospirillum spp.

J_V.r

S1xum1crogram of chromosoma1 DNAswbre digested with 100 units
of EcoRI jand then were Toaded on 0;5 % agarose gel. Electrophore-

sis was performed in Tris-borate buffer, pH 8.3. After staining

with Ge tHii ¢l BRiofirildéf) pHotegrianh™was) €aken under UV 1ight.

lane
1ane
15ne
lane
lane
lane
lane
lane
Tane
lane

S
i 3

© O N O S @

>

-

9

b

10,

A /Hind 111
AEOtobacter winrelendih KTl

Azotobacter vinelandiil KT2
Azotobacter chroococcum KT

Azotobacter paspali B

Azotobacter chroococcum NP

Azospirillum brasilense Sp7

Azospirillum spp. Al2

Azospirillum lipoferum SpMRAl

Azospirillum brasilense A2
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s _"'l- ;;.-
Ethidium bromfde statﬂing patterns of Pst I digested fragments
of chromosoma1‘DNA'from f?va stra1n?Pof Azotobacter on agarose gel.

"—el, e e ———

Fourjmicrogram of chromosomal _ﬂ)ﬂere digested with 80 units
Pst I and then were loaded on0.7 7 agarose gel. Electrophoresis
was per?énned in Tris-borate buffer, pH 8.3. After staining with

eth1d1um bromide, photogragh of the ge] was taken under UV light.
el O Y bR d 1,9 VRS REA A

u]anel . Azotobacter v1ng1ahd1] le, b
187eN3.| |AzbtobacterNinglandiil kT2 | £

lane Azotobacter chroococcum KT

2
3
4
lane 5, Azotobacter paspali B
6
7
8

lane Azotobacter chroococcum NP.
A JEcoRI

AJTREA

lane

lane



Figure 13.

gel. e ?ﬁé;-

_-.a_;‘?-'f_-f_.:--_ : "“‘{}_::q -
Fourhhicrogram of chromosomal DNAfwere digested with 80 units
of Pst,L?and then were 10aded on ﬂdgii agarose gel. Electrophoresis
was perf*ymed in Tris-borate ﬁuffer pH 8.3. After staining with

ethidium bromlde photograph was taPen under UV Tight.

Gl 81 VR VI I N &I

‘qpne 2, A JEcoRl

Aane 3, - A /H1nd I, noIA A
o6 W T Az fibd think i pb ekl seitrat
lane 5, Azospirillum brasilense Sp7

lane 6, Azospirillum brasilense A2

lane 7, Azospirillum spp. Al2
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Ethidium b am1degsta1ﬁxng patterns of BamHI d1gested fragments
of chrcmosoma QNR “From f%véﬁstra1n of Azotobacter.

Three m1crogram¢0f chhﬁhﬂsoma1 DNA were digested with 24 unit
of Bamu}*and then were loaded onvﬂvffﬁ agarose gel. E]ectrophore-
sis waSnJerfonnéd in Tris-bor tg buﬁiér pH 8.3. After staining
with eth191um bromide, photOGrabh of the gel was taken under
UV Tight.

| Hin'iéﬁ';[fl dipested fragrefts ar 1 ora

Tahéllg
Tlane 2; Azotobacter v1ne1and11 KT1
g Aane) 3g cAzot yinejan
N vane! 4y 'Azoto%act'ét— Wolcdd
lane 5, Azotobacter paspali B
lane 6, Azotobacter chroococcum NP
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o de sta1n1pm patterns of restriction endonuclease

digested fragmants Uf chrdﬁzsoma] DNA from four strains of
Azospirillum on agarose geI+4f

Four mhcrogram of chromd%oﬁhT DNA ﬁpre digested with 80 units
of Bam HIZer—250-t#i-ts -
agarose gel. Electrophoresis was perﬁbnned in Tris-borate buffer,

then were joaded on G.8 %

pH 8.3. AF%Er staining with ethidium-bromide, photograph was
taken under UV light.

Tane
lane

1 Tanen

lane
lane
lane
lane
lane
lane

A =DNA d1gested with Hind T as a size marker

g Azosp1r111um 11poferum SprAl/H1nd 111

,"Rzosg1r111um brés11ense Sp?/Hund 171

Azosp1r111um brosilense A2/H1nd 111

Azospirillum spp. Al2/Hind III

Azospirillum lipoferum SpMRA1l/Bam HI

Azospirillum brasilense Sp7/Bam HI

Azospirillum brasilense A2/Bam HKI

1
2
3
4
5,
6
7
8
9

Azospirillum spp. Al2/Bam HI
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4 “h s ida .*.u; #
EthidiumBroMide gtaining patterns of Hind I1I-digested
fragments of ramcsoma1 Bﬂﬁ'ﬁroﬂ five strains of Azotobacter

in agarose gel. __,i: 7 oy

= T S T

Four m:crogram of chromosoma] DNA.ﬁere digested with 250 units
of H1nd.;1j and then were 10a&ed on Ui$ % agarose gel. Electropho-
resis waszﬁerformed in %ris-ﬁbréte égffer, pH 8.3. After staining
with ethidium bromide photograph was taken under UV light.

Yand 171 DNA di gested i th! filng | m
1§hé‘2, fAzotobacter v1ne1and11 KT1
yey Hang-3 Azq;opactef !lnglgndil AT »
’ﬁf1&ne’4,.fAzotohatter chviootoccum! KT
lane 5, Azotobacter paspali B
lane 6, Azotobacter chroococcum NP
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Azotobacter spp. Azospirillum spp.

A A

p— r ™

g 3. 4B RE -8 830

Azospirillum spd

4
f:?e&

E—
—

al|| --_'I -
Fourimicrogram'bf chromosomal. DNA_were digested with 50 units

9.8 % agarose gel. Electropho-

resis wéL perfonmed in Tr1s-borate;buffer pH 8.3. After staining
with eth4d1um bromide, photograph<was taken under UV 1light.

1ane
- lane
Tane

Tane

lane
lane
lane
lane
lane
lane

" A o/Hind JLI
Azotobacter v1neiand11 KTl

Azotobacter vinelandii KT2

Azotobacter chroococoum: KT

‘Azotobacter paspali B

Azotobacter chroococcum NP

Azospirillum brasilense Sp7

Azospirillum spp. Al2

1
2
3
4 |
5,
6
7
8
9

Azospirillum lipoferum SpMRAI

10, Azospirillum brasilense A2
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plasmid purification, it was essential to characterize it$ restriction

map that would be used as the marker of the preparation.

Large scale preparation of pSA30 was performed by rapid alka-
Tine extraction from tetracycline resistant culture of E.coli HB1O1
(pSA30). The extracted plasmid was analyzed by agarose gel electro-

phoresis, Figure 18 clearly s}-;', ze of the extracted plasmid

is larger than pBR322 (4.36 Kl

. ; The restrict [s C 75‘- A30 was determined by
digestion with BamHI : - ?l}:"i‘ . The restriction frag-

ments were resolved. rophoresis. According

£)

pectg"j pSA30 with BamHI,

of 1.6, 3.6 and 5.
The result oﬂd?ée"

HindIII, EcoRI and Sa¥l .are shown ingfigure 19. The fragment sizes

cere cobracdilubtngn bbb el hiancore worecutar

ize. The calxbrat1on curve i¢ shown in Appendix 1. iWA;fragments
obtameﬂ‘m ’1@ ﬂ-lﬂdimoumq g n EJA,] arﬂsponded to
.the expected fragments size calculated from the restriction map of
pSA30. }The results from this experiment clearly show that the
~extracted plasmid is pSA30.

Purification of pSA30 plasmid

Plasmid obtained from rapid alkaline extraction is always

contaminated with residual small molecular weight RNAs sometimes with



Figure 18.
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Ethidium brdmrde st@iﬁﬁ#@ pattern of pSA30 plasmid extracted
by rap1d alka¥ine ﬁxtraﬁﬁ}qp;procedure

tr aded on O 7 % agarose gel
and eTéctrophoresed in 1 f"efbuffer, pH 8.3. After
sta1n1ng}w1th eth1d1umbbrom1de thﬂ photograph was taken
under UV digh

FI8INENT Y inb 1113

ane 2, pBR322

A RN TR NRIINYIRY

5
I

(V2]
n

superco1] form

relaxed form
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Figure 19. Ethidium bﬁbmiﬁe staiﬂfﬁq patterns of the plasmid and the
restriction fragments onJagaTose 9?1

S ‘ ~-~§dJDNA were loaded on 0.7 %
agarose—qe1 and electrophoresed 1ﬂ Tr1s borate buffer, pH 8.3.
After sfa1n1ng with ethidium brodee photograph was taken

‘ under uy 1ight

?_”]%ﬁe 1, 0 &l bNa digested with H1nd 111 as molecular weight
; size marker

.Twzngrihefz;; undigested PISA30 |
"lane 3, Bam HI digested pSA30
lane 4, Hind II1 digested pSA30
- lane 5, EcoRI digested pSA30
lane 6, Sal I digested pSA30
lane 7, undigested pSA30
lane 8, size marker of A /Hind III fragments
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high molecular weight DNA. Purification step is necessary for DNA

which will be used as a probe in hybf‘idization experiment.

The purification of the pSA30 was performed to recover only
supercoiled plasmid using agarose gel. The purified supercoiled

pSA30 is shown in lane 3 of figure 20. The recovery of supercoiled

as in the range of 20-30 %.

three linear mo]eculéa of n 5 .76 @J)which carries part

of nif K, nif fragment@A2.(1.44 kb) which carries part of nif D and

nif . fragment Aﬂu E.J)th\&lxm‘j ﬂﬁl rliraag of nif D from
Klebsiella neumomae would be ébtained after estionof pSA30 with
st R AV S0) IO LE VR EL o e
very from 1ow—me1 ting agarose gel as described in Materials and Methods.
The ethidium bromide banding pattern of the purified fragments are
shown in figure 22. The recovery of linear DNA fragments using this

purification procedure (recovery from 1ow-me1fihg agarose gel) was

in the range of 70-80 %.
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l'u-t

Jl.l- 1 dﬂl
Figure 20. Ethidium omﬂé stainingy pa%terns of crude and purified

supercoiled pSA30‘ﬁasmFﬁn .agarose ge]

_.-.-_',,__,__7

The Bdie extracted and purifmgmo were load on 0.7 %
agaros&.@e'l and e'lectrop,omi- is-borate buffer, pH 8.3.
After stJmng with eth

rom1d¢ the photograph was taken
under UV 'lﬂlght

Pl & PR P )9

flane 2, 300 ng of crude extracted pSA30

q RTASTS Ay S /3
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If‘"""i b
Figure 21. Eth1d1um -roﬁiﬂ%ls “?v pattern of pACYC184 fragments.
ter pSA igested w , the 4.0 kb fragments
of pAGY€184-p3 d-bylovi-me1ting agarose gel then
electrop! =1, After staining with

ethidium‘bromide, t'e.p otograph 64vthe gel was taken under

UV light.® &

ﬂ LS NN

ane 2, pACYCig4 fragment.

ARIANNIE wnwma e



Figure 22.
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Ethidium brodeEESta'
nif fra%Tents on’agﬂruée'

_.

"—"m;yared from the pSA30.
;Js -borate buffer, pH 8.3.
the photograph was

‘“W?J ANENIIEINT: w2 e e

Electrophigresis. uggipﬁﬁf]f“i
After sta1n1ng with ethidium bromi

R b o e MY G

lane 4, purified nif fragment Al (5.76-kb)
lane 5, purified nit fragment A2 (1.44-kb)
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Labelling of DNA-by nick translation

Plasmid and DNA fragments were labelled by nick translation
using 32P-dA.TP as described in Materials and Methods. An example of
the kinetic of nick translation was shown in figure 23. The specific
activity of the labelled probe obtained was 2-7x107cpm/ug DNA. Usually,

the incroporation of the 1abe1] 2 [ leotide into purified pSA30 was

W

about 40-50%, whereas for th }' ~fragments were in the range
of 50-80 %. ' ‘

Characterization of &he ‘.‘.'-. Q,J.&_;-_.

The labelled pl /-/n 'om nick translation were
NN

confirmed to be pSAS0 by lectrophoretic mobility of

the labelled plasmid#i

gy

An example of cha erization

o

is shown in figure

band on au o’radiogm@was found to be at

the same positi rus Twﬁﬁ%/%pﬁqp] T%s indicated that
the labelled s~pSA30. v | | ﬂ
Lo Y,

24. From the figurﬂ the

hybridi z:?tion

‘ Principally, DNA-DNA hybridization will be used to verify the
relatedness of particular organisms. Because, when mixed single-
stranded DNA, carrying specific nucleotide sequences in common,

will anneal at the regions of genetic homology to form duplexes.



Figure 23.

- %INCROPORATION
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a04

20 -

60

TIME (min)

slation reaction.

. 1abetlef-pith 50 pli ( a - 2P)-
245 C. The reaction mixture

also contained 10 1t MGCT,, 50 dg/ml BSA, 1mM DTT, 10 uf

. dNTPs (dCTP, d GTP and,d TTP), 1 pg DNase and 3 unit of

%yMO?}ﬂlerui ﬂﬂmof o '32") dATP into
AMANTUNNINGNY
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W0
uTlmT W

mL}
’

ol

....,,1,?;;;;[1111

1ty of 32P Tabelled pSA30 and

\,&ii’k {
'““‘““"*’““*’““‘?ﬁ?f"‘ 3 pSA30 were subjected

g2 0se] e1 in Tris-borate buffer

Figure 24.

to e]eti‘Ophonesi§m9nng:°k
pH 8.3, and then the marker gel was stained with ethidium
aken under UV Tight

Mﬁﬁ&iﬁﬂﬁﬁﬁﬂﬂﬁﬁmewmmm

exposed to X-ray film at-70 E& for 2 h.

o VA7V el 55 T ke ) b e eragmencs

lane 2, crude pSA30 plasmid
B) Autoradiograph of 32P-1abe11ed of purified pSA30 on

dried agarose gel.
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Further, the ability to form DNA-DNA hybrid molecules can be
exploited to locate particular genes in a given fragment of nucleic
acid. Thus, two techniquces of nucleic acid hybridization were used

in this studies,

1. Southern blot hybridization

- In principle of Souther “ﬁ ridization is that, DNA
fragments that have bee y t eparated on agarose

gel are transfered to

1a capillary action
prior to hybridizati

~in the exact replic

Materials and Methods, the rema1ned DNA on the ge] was checked by

ethidiun bromi & !uﬁnﬁ‘] (Wmffﬁ NEIN?

This regﬁlt indicates that small DNA fragments could be trans-

rered QP QYRR 9L ’ﬂf‘ﬂ%ﬂﬂ firge oun

fragments Yield of transfer is approximately 50 % or more in this

condition.

1.2 Detection of nif structural genes on plasmid of

Azospirillum spp.

In the present study, we attampted to find the

answer wheather nif structural genes are on plasmid of Azospirillum




9

spp. So, the homology between nif structural gene of Klebsiella

pneumoniae on pSA30 and Azospirillum plasmids were studied by Soufh-

ern blot hybridization experiment.

Plasmids were isolated from three strains of Azospirillum

spp. by the method of Hansen and Olsen (1978). It purity is shown

in figure 26 A and the autoradi

ﬁ of hybridized DNA is shown in

&( nif operon of Klebsiella

pneumoniae (Dixon et al® \@ u:‘! positive control as well
as a molecular weigm o m from over hybridization

figure 26B. The pRD1 pl

This resuIi suggested thf;t he Ctural genes of

ight not id. Therefore, it

nif structural genes of AiDrasﬂense Sp7, A. lipo-
ferum SpMRAI WW eir chromosomes,
which are s1ﬂ'ar to A. brasilense A2 ani‘f;'je?] ims of Azotobacter
- QW’]aﬁﬂ‘iﬂJ URIAINYIAY

1.3 Detection of nif structural genes on restri ction

is likely that the ,

fragments of chromosomal DNA.

Thi_s experiment was performed to investigate
restriction fragments of various chromosomal DNA from Azotobacter

and Azospirillum which showed homology to Kelbsiella pneumoniae nif
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Wy i =
Ze it h

Figure 25. Ethidium bronﬁdéfstain%éﬁfpattern of sheared calf thymus
e

DNA on agarose'ééT:’ £
Ca]Eﬁ%ﬁymus DNA was sheared bywbaig;through a 26Gx1/2
needle fon several times and then wére load on 0.7 % agarose

gel. Electrophoresis was performed in Tris-borate buffer,

pH /8L 3. 1 After stajining witheethidium.bromide, the photograph
was_taker-under UV Jight (A),"and then!Séuthern blot was
performed for 12 h. ¢The gel was, stained with ethidium bromide
and pletodragh was| taken' inder UV/1ight” adain®i(B).

Lane (1) and (10) are 1 pg of X DNA digested with Hind III.
Lane (2) to (9) are sheared calf thymus DNA, concentration of
1.3..8,:7; 0. 15,40 384 &5 M9, respectively.



Figure 26

A. Ethidium bromide stainino pattern of plasmid on agarose ge].

-

The extracted plasmid of Azospirillum were prepared by the

}method of Hansen and Olsen. After e]ectréphoresed on 0.7 %

‘fagardse gel, the gel was sta1ned w1th eth1d1um bromide then

.: photograph was taken under UV 11ght

ane 2 is pRD1; lane 3 is flank;

Lane 1_1s
~ lane 4 and lane 7 axe ‘_:“' .Q- Al2 plasmid; lane 5 and
'Tane 8 are Azosum;..uwsira 11ense. S .}1asmid; lane 6 is

Figure 26

‘Azospirillum 1ipg

B. Autoradioegdra

ilter containing

‘quf ith 32

piasmids of A P-labelled

pSA30.

The gel in | sferred onto nitrocellulose
filter and then was P;{f;é!' d wit P-labelled pSA30 (specific
5 * A i : ~ o
activity of 3x10 /ug DNA and spmewas added) at 42 C

for 48 h. The T
film at -70°C E?r 14 davs w

Eﬁf exposed to X-ray

ensify H- screens.

ﬂUEJ’JVIEJV]ﬁWEHﬂ‘E
’Q‘W’]Mﬂ‘im NM’]’JWEI’]R g
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azg.

structural genes by Southern hybridization techn1quees, .using the

labelled pSA30 as a probe.

After digestion of chromosomal DNA with various restriction
endonuclease, the restriction fragments were size fractionated by
electrophoresis on agarose gel and then transferred onto nitrocellulose

32p_1abelled pSA30.

filters. These filters were ybnidized with

Southern hybrid;;i(7;, of iction endonuclease digested

27-32. Linear black bg 44" the p \°a' of gel slot on the

00 base pair for

ion. From table 7,

u]ts showed’that homo]og;]detected between the

Klebsiella ﬁﬂﬁ%ﬁﬁ NA was limited to
a 5 kb Hind nt, rge b g]I fragment and three

E°°RI’:IW’TS&\1ﬂ‘§fU URIANYAY

AThe results illustrated the ability of nif structural genes

for example, the

. frOm K._pneumoniae to hybridize with some restriction fragments of
chromosomal DNA from all strains studied. Thus, these results also
clearly show that the nif structural genes of all Azotobacter and
irillum strains locate on their chromosomes. In addition, the
hybridization patterns of their nif structural genes showed difference

among the species and strains.



83
Azotobacter spp. Azospirillum SPp.
P\ i

!
Kb ‘
; -
2.3
2.0
Figure 27. Autoradifgr 3, filter containing the Sma I-
digested fra F van ies and strains of Azotobacter
and Azospird11dm afber hybkidizad with S2p-1abelled pSA30.
The gel in figure o a5 ransferred onto nitrocellulose filter
TSI 2
and then was_hyb¥idized wi P-]abe] ed pSA30 (specific activity

added). The hybr1d1zat1on

- of 2.3% ‘*'--:.';;:::;:-"""“';;rz X0 C DT W

e ———————— f‘
was per“( TTlter was washed at 50 C and
exposed~t3[X-ray' =7U C for 1* days with intensifying
screens.

] ¢ 3 RBIWYANT
Azotobacpgr vinelandii KT1

9 W“ﬁﬁﬂﬁmﬁfﬂﬁm" At

lane 5, Azotobacter paspali B
lane 6, Azotobacter chroococcum NP
lane 7, Azospirillum brasilense Sp7
8
9

lane Azospirillum spp. Al2
Azospirillum lipoferum SpMRA1

Tane 10, Azospirillum brasilense A2

lane




84

Azotobacter spp. Azospirillum spp.

A

i
7 NS T

78 "B og 8 8.7 '8 8. 10

Kb

231

95

5.7

4.3

2.3 : -

2.0 ‘!,/ _ -
‘—‘"*%~: ":422522::—

: | )
Figure 28. Autoradiograp offnf§roceilu]osq\f11ter containing the
Bgl II-digegteg ﬁragmenﬁi&of various species and strains of

Azotobactef apd Azspirillum afieg hybridized with 32P 1abe11ed
pSA30. w;g:'-?;i Rl

The gel 1n~4&ga&e 10 W¥sﬂtransferred onto nitrocellulose filter
and thgr?_', was hybridized mibﬂl‘_id{vled pSA30 (specific activity

( as added). The hybridization
was perfu}med at 42 o forv- Tthf11ter was washed at 50 C and
exposed tqfx ray f11m at ~70 C for 14 days with intensifying screens

Aol 2 DYhb MR R T

9%&ne 2, Azotobagter v1ne1and11 KT1

BV Nim et imwe DL

lane 5, Azotobacter paspali B

lane 6, Azotobacter chroococcum NP
lane 7, Azospirillum brasilense Sp7
lane 8, Azospirillum spp. AlZ

lane 9, Azospirillum lipoferum SpMRAl
lane 10, Azospirillum brasilense A2
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Azotobacter spp. AZospirillum spp,

. B o

I's -~ - —

1.2 8 'S g oy R e

— e

Kb

Figufe 29. Autoradiggr ~57111}o$e filter containing the

EcoRI-digeste ra > %$f¢:';a'if‘ pecies and strains of
Azotobacterdan Azos?J: Ty or hybridized with 32P labelled
pSA30. )

The EcoRI dlgggtgu Fra of Azotobacter spp. and Azospiri-
1Tum Syy were fixed onto ose filter and then was

d IR Fic activity of 2.5x107

cpm/ug DN:jan? 7 . .ddei! The hybridization was
performed q} 42 .G fTor 48 h The filter was washed at 50 C and

@mﬂ?ﬂﬂﬂ i‘w mﬂﬁj with 1ntens~|Afy1nq
QLY AstifiraIng s 2

lane 3, Azotobacter vinelandii KT2

hybridized wit

lane 4, Azotobacter chroococcum KT
lane 5, Azotobacter paspali B
lane 6, Azospirillum brasilense Sp7
lane 7, Azbspiri]]um spp. Al2

. lane 8, Azospirillum lipoferum SpMRAl
lane 9, Azospifi]]um brasilense A2




Figure 30 A. Ethidium bromide staining pattern of restriction fragments

of ;hromosoma] DNA from Azotobacter.

Four ug of DNA were digested with 100 units of Bam HI or
35 units of Hind III or 50 units of Sal I, then electrophoresed

on 0.8 % agaroSe gel. After staining with ethidium bromide,

photograph was taken unde ,)
A /Hind J"'

lane 1,

lane 2, Azotosa'xaé’”ne ndi‘ SI1/Hind TII
- lane 3, o | K12/H
1;ne

- lane

‘lane

“lane

4
5
6
lane 7,
8
9,

~Tane

F1gure 30.8. Autoradwgra' --------------- e ;' ontaining the
restr1ct1on fragmiﬂts‘off . afqar hybridized with

32p labelled pSA30. ¢ .

~The gel ﬂ u.ﬂ g Ys] ﬁmj wﬂ’lﬂrjeﬂulose filter
b mﬂ A A e

tion was performed at 42 C for 48 h. The filter was washed at
o ' o
50 C and exposed to X-ray film at -70 C for 14 days with

intensifying screens.
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Figure 31 A. Ethidium bromide staining pattern of restriction fragments

of chromosomal DNA from Azospirillum.

Four pg of DNA were digested with 100 units of Bam HI or
350 units of Hind III then e]eétrophoresed on 0.8 % agarose
gel. After staining with ethidium bromide, photograph was

il

taken under UV 11g t

lane 1,

lane 2, : D7 ) 11 Sp7/Bam HI

lane 3, _A70spiv lum spp. " Bam HI

lane 4 AN ﬂ%SEE:gnﬂ pMRA1/Bam HI
lane 5 N e A2/Bam HI
lane 6 brasilense Sp7/Hind 111

lane and ITI

lane 8, 2rum SpMRA1/Hind III

iane 9, v br: i]ense A2/Hind III

Figure 31 B. Autors : :=a====:::-::==::\,\;§‘ filter conta1m ng the

restrict# ,-lu DNA after hybridized with

325 yabell ed_pSA0.

L 40 S B

fﬂter and then weré hybridized wi th P labelled pSA30

QARAN DS 2240 Wit om e

added). The hybridization was performed at 42 C for 48 h.
The filter was washed at 50 C and exposed to X-ray film at

* )
-70 C for 14 days with intensifying screens.
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BamHI

~HindIII

Kb

~Soe~sM
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Figure 32 A. Ethidium bromide staining pattern of Pst I digested

fragments of chromosomal DNA from Azospirillum.

Four ug of DNA were digested with 80 units of Pst I were
electrophoresed on 0.8 % agarose gel. After staining with

ethidium bromlde, photograph was taken under uv light.

lane 1, - A /Hm |

lane 2, / R i
T e
Tane 5’7‘%}:\:\:\
lane 6,4 AZOST *\\

' EcoRI

Figure 32 B. Autoradiograph ».. ‘the nitrocellulose filter containing the
.ﬂtt"f?fﬂ‘! ; \ X :
restriction/fragmen omosomal DNA after hybridized with

3p-1abelled pSA3E. -~/ iGk

The % Tigure 32 A was trai ;‘ rred onto nitrocellulose
fﬂtergm ad ah 325_1abelled pSA30
(speci flq'g._gtwny of 2 107 cpm/ug DNA and 6. 5x10 cpm was

ﬂiuﬁr@hﬂwﬁﬂﬁwsﬂ'}ﬂ‘ﬁ at 42°C for 48 H.

The filter was washed at 50 and expose o X-ray film at

’5] W8 ﬁ:ﬂ@@“»ﬂ%’l’%%&l '}@%l
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Table 7. Restriction analysis of nif structural genes of Azotobacer
spp. and Azospirillum spp. by Southern hybridization when use

nif structural e

f Klebsiella pneumoniae on pSA30 as a
hybnduat'l ’” ol
--.,) \ \\

.N-'* ; bndlzatlon fragment (kb)
j/ﬁiq\m nd III Bgl II Smal Pst I

Bacterial str

I Azotobacter |

A.vinelandii 8.7,4, 30 - ND
. A.vinelanddi Ki ‘ 2.2,3 ‘ | ‘ 30 - ND
- A.chroococcuft ki /] C 9.7, ¢ N 30,13 [3.9,3.2,2.1] o

A.chroococcum NP SR J 6,2.9 5.9 ND
A.paspali B P | 30 - _ND
1T Azgspirillum spp. Yl -

A.brasilense Sp - W

A.Vipoferdn SHRA ; .“.
m$np VL e ; ‘. 2‘.4  s 4.3
al UU’JW’E}%‘%‘WH’Iﬂ‘ﬁ

- = negative resu1t

QW?ﬂﬂﬂimNMﬂWmaﬂ

17 - 3.9:2.7
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2. Dot blot hybridization of Azotobacter and Azospirillum

chromosbmal DNA and pSA30 with Tabelled pACYC184

.In order to assure that hybridization in this study was the
property of nif structural genes inserted pSA30. Thus, the homology
between the vector DNA (pACYC184) and variety of DNA were tested by
dot blot hybridization. The denatured chromosomal DNA of Azotobécter‘

C (**M lulose filter then was

prehybridized and hybridi 1ab YC184 After the

filter was washed toy o : , ‘robe The hybrid
formed was detected AdiOghar hy DNA and pSA30

plasmid were used as

and Azospirillum were fixed

respectively.

The photographic pict in figure 33.

- 3
LA
.I'.H.mli‘

Determination of #if structural @genes 'ragments homology by

dot blot hybridization

In an attempt to dete}ﬁrne.‘ ology between various

fragments .of nif styw al gene el :%- eumoniae which

genes on chromosomal

q”» i
DNA of Azotobacter or zospwﬂ]um dot blot hybr1d1zat1on technique

s e ot 8] AP 1N THYN

Two hundﬂed and fifty napograms and. 500 nanograms, of denatured

chrémosom’ﬂ U0 e striind ot idorbbactbt faha el ebrains of

Azosp1r111um were bound to nitrocellulose filters and hybridized with
32

carry on pSA30 (figur

P-labelled of nif fragment Al (part of nif K) or nif fragment A2
(part of nif D) or nif fragment A3 (nif H and bart of nif D). One
sheet of nitrocellulose filter which carry chromosomal DNA from five
strains of Azotobacter and the other sheet carry chromosomal DNA from »

four strains of Azospirillum were hybridized in the same bag with
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each labelled probe.

Twenty five nanograms of DNA from Klebsiella pneumoniae and

500 ng of calf thymus DNA were used as positive and negative control

in these experiments, respectively.

After washing, the filters were autoradiographed and the

| \%\V// Then the nitrocellulose
O 2

The piece of nitrocel-

autoradiograms are shown i

lulose was immersed i
counted for radioa
from-counting the

exactly the same

Dot blot hybridizati Rifét i curyes and the autoradiograms

when used nif fragme nd nif fragment A3 as a

#
L, i A e
hybridization probes are

T :
The results show«ﬂ that when increasing urg{._ of chromosomal DNA
i g X R s ol
th a “P=Tabelled probes, the
linear rel ationshig at fir: Lhe ki&tic curves and some

maximum hybﬁizatidﬁﬂere obtaineds These indicated that the

homology co Ldu ﬂtgmmﬂuﬁawgﬂﬂm'ﬁ ng DNA at the

first rﬁ,ﬁ]o ca:ﬁﬁ Nﬁ hich obt&ined from hybridization curve
of K]i la ﬁu a ﬁuv&mqaﬁﬂh’; j.'was calculated

and summarized in Table 8.

Table 8 shows that the degree of homology between nif K of

Klebsiella pneumoniae (nif fragment A1) and four strains of

Azospirillum chromosomal DNA was very low (1.7-2.0 %). This evidence

is not observed from Azotobacter chromosomal DNA since the homology

of nif K in these organism was in the range of 5.0-9.6 %. By using
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the nif fragment A2 (part of nif D) of K]ebs1e11a pneumoniae as a

hybr1d1zat1on probe, high degree of homo]ogy of nif D was observed

in Azotobacter vinelandii KT2 (15.9%), Azotobacter chroococcum KT

(]3.‘3 %) and Azospirillum brasi]énse Sp7 (14.4 %) whereas low degree

of homology was obtained from Azotobacter vinelandii KTI (3.4 %) and

Azospirillum spp. A12 (3 %). The high degree of homology between

y

0\ |
penumoniae and Azotoback\% oSpILi chromosomal DNA was

observed from Azototmeldﬁm w.f %) and Azospirillum

brasilense Sp7 (8 %). e logy was seen in

nif fragment A3 carrying nif rt of nif D of Klebsiella

Azotobacter vinelandi

(3.1 %),

i1lum lipoferum SpMRA1

Furthermore abelled probes (nif

fragment A1, A2 and A erm of ug of hybridized
probe/kb of genome. T ; "'.7-'1 pecific activity and size of
the labelled probes are us’s-d-::—‘,r‘-“ : ion (see appendix). The
result was surrmal'l‘(in din ble 5. e resuii Showed that the nif
fragment A2 wh1chcﬂ'tav‘ - ___fE"bof Klebsiella

pneumoniae hybr1d1zeddto the chromo al DNA from three strains of

e G130 B T BB oty 1.5

20.7x10° Fg ofmpr'obe/kb of geneme) than the nif fragment A3 which

carrytial 1o W] 63 sl VB AR 808 o or

probe/kb of genome). The nif fragment Al which carrying nif K gave
the Towest degree of homology (4.5,-8.3x10 }9 of probe/kb of genome).

In Azotobacter paspaliB, the highest degree of homology (8.5x10-8 Iug
of probe/kb of genome) obtained from the hybridization when the nif
fragment A1 (nif K) was used as probe. Whereas difference of degree

of homology among the three fragments of nif structural genes is not
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,seén in Azotobacter vinelandii KT1.

Al strains of Azospirillum spp.
showed that very low degree of homology (ranging from 1.5 - 1. 8x10 8

Fg.of probe/kb of genome) was found in the region of nif K (nif frag-
ment AI) whereas the high degree of homology (ranging from 3.9 - 18.7x

10}8 Mg of probe/kb of genome) was seen in the region of nif D (nif
fragment A2)

iins < 2
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Figure l33. v
~ of Azotobact pixiliumend pSA30 after hybridized with
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" eontaining chromosomal DNA

P-Tabelled pACYC184 fragment
0L 4.2%10 ug DNA was added). Hybridization
was perfo l—____é_ hdd)at 50 C. Then the filter
was exposed “fo ay A '32) h with intensifying screens.
~ (2, 1) 500 ng _. al | DNA
(a, 2) o ng of ,g_a&f thx s DNA

mﬂuﬂﬂﬂﬂﬂ§W81ﬂﬁ

(a,

amaszﬂﬁfwmfmmaa

brasilense Sp7-DNA
0 ng of Azospirillum spp. A12-DNA

(b, 4) ‘500 ng of A. lipoferum SpMRAI-DNA
(b, 5) 500 ng of A. brasilense A2-DNA
(c, 1) 500 ng of A. vinelandii KT1
(c, 2) 500 ng of A. vinelandii KT2
(c, 3) 500 ng of A. chroococcum KT

)

)

(c, 4) 500 ng of A. paspali B
(c, 5) 500 ng of A. chroococcum NP



Figure

(X) (a,1),
(4,2},
(a,3),
(a,4),
(b,1),
(b,2),
(b,3),
(b,4),
(b,5),
Eet],
(c,2),
{c.8);
(c,4),
(c,5),

g

Autoradiographs cf dot blot filter containing'chromosomal
DNA of Azotobacter (X) and Azospirillum (Y) after hybridized
with 32p_labelled nif fragment Al, pif fragment A2 and nif
fragment A3.
The filter X and filter Y were hybridized in the same bag
with 32P-1abe11ed nif fra  1 (specific activity = 2.9x107
- cpm/ug DNA), nif frag ne % activity = 1.5x108 cpm
/ug DNA) and nif fragmen Au(spﬁmtwny . 3, f'>x107 cpm
fug ONA). Hybr- TPl _ \a? 42°C for 48 h and
washed at 50 C ‘ N sad to X ray film
at -70 C for 48
25 ng of K.pneum g of. K.pneumoniae M5al
500 ng of calf thymus ) 800 ng of calf thymus DNA
blank
and (a,5) - e :
250 ng of A. v1ng!§ndi KTIJEEh ( ”“"j g of A bras1Tense Sp7-DNA
st ng of A.vinei 1_‘.’_; , i Qg of Azospirillum s SPp.
250 ng of A. chroojl‘cum KT-DNA Al@lDNA
250 ng of A : ‘s ab,3) 250 ng of A.lipoferum SpMRAI
250 ng of M%ﬁﬂj(ﬂ&’lni A.brasilense A2-DNA
500 n 3500 jﬁasﬂense Sp7-DNA
500>ng @ﬁ vtnglanIdLl jﬁﬁ{:uw &E pirillum spp.Al2
500 ng of A.chroococcum KT-DNA (c,3) 500 ng of A.lipoferum SpMRAI
.500'69 of,ﬂ-é;;;;ZE—;jBNA (c,4) 500.ng of A.brasilense A2
500 ng of A.chroococcum NP-DNA

e e ee.



Figure 34,

Labelled probes

nif fragment Al

(part of nif K)

nif fragment A2
(part of nif D)

nif fraément A3 wr] ;

(nif H and part of giqu)

—

b

(X)

Azotobacter
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Azospirillum
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fragment Al (part of nif K).

Variable amounts of chromosomal DNA of Azotobacter and
Azospirillum were fixed onto nitrocellulose filters and then
hybridized in the same bag with L P labelled nif fragment Al
(specific act1v1ty = 2, 9x107 cpm/ug DNA), i
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fragment A2 (part of nif D).

Variable amounts of chromosomal DNA of Azotobacter and
Azospirillum were fixed onto nitrocellulose filters and then
hybridized in the same bag with 32P-1 abelled nif fragment A2
(specific activity = 1.5x108 cpm/ug DNA) * . 7.
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q ariable amounts of chromosomal DNA of Azotobacter and
Azospirillum were fixed onto njtr;oce'llulose filters and then
hybridized in the same bag with 2P-labelled nif fragment A3
(specific activity = 3.6x107 cpm/ug DNA), %3




Table 8.

between Klebsiella pneumoniae and Azotobacter spp. or

Azospirillum spp.

The denatured chromosomal DNA from Azotobacter and
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The relative homology of nif structural genes fragments

Azospirillum were bound to nitroce]]u]ose filter by dot blot

method and hybridized

hybridizati

chromosomal

Bacterial str

" I/

)ﬂ’ ocellulose filters were

Klebsiella pneumoniae Msal,
A. vinelandii Kgy

A, chroococcum NP
A. paspali B

A. brasilense Sp7
A. brasilense A2

A. lipoferum SpMRAI1
Azospirillum spp. Al2

A. vinelandii lﬂ uEJ ’3%&47

0.54
0.12
0.1
0.1
0.1

by comparing

P labelled of nif fragment Al,

ad1oact1v1ty in Bray's

o L_Q}ﬂ’ﬂ mnmuma Wzﬂ

if fragment A2 [nif fragment A3
art of nif D) |(nif Hand part
of nif D)
------------------- %homology| Acpm/  [%homoTogy
ing DNA
400 13.2 | 100 1.2 100
‘EWE,'aﬂil 3.4 0.38 | 3.4
.9 1,33 11.9

i | o |73
0.47 4.2
9.6 0.75 5% 0.41 3.7
2.0 1.9 14.4 0.9 8.0
1.7 0.9 6.8 0.6 5.4
1.7 0.8 6.1 0.35 K B
f 82 0.4 3.8 0.45 4.0
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Table 9. The relative homology of nif structural genes fragments

between Klebsiella pneumoniae and Azotobacter spp. or

Azospirillum spp. (.1‘rnx10'8 ug of probe per kb of genome).

nif fragment |nif fragment |[nif fragment
Bacterial strains Al ( )f nif|A2 (part of nif|A3 (nif Hand part
LSS/ | of nif D)
Klebsiella pneumoniae M5alge=" 100 ' 100 100
Azotobacter vinelandii v ! 4.4 4.2
Azotobacter vinelandiis 0.7 14.6
Azotobacter chroococc 17.3 9.0
Azotobacter chroococcumNP 9 7.9 5.2
, e a4 :
Azotobacter paspali B B0 A 7.4 4.5
; . P iore . 1N
Azotobacter brasilense Sp#'| 7 =1.8 = 187 9.8
Axotobacter brasilense A2 G /T 6.6
Azotobacter lipoferm Si 3.8
Azospirillum spp. Al m 4.9
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