CHAPTER 1V

DISCUSSION

{Table 4 and 5). These

ion, modified Eckhardt's
)id alkaline extraction were
jed Eckhardt's method
were using less rfagi : iﬂrsummg° The plasmids
- were gently re]easeg from the sphea}p]asts by SDS lysis during the

e oA AR PO I Faents crose

circular p]a%h1ds migrated through porgagf agarose e without facing
o T S 3 T WA 1 16 ¢ opuing
mod1f1ed Eckhardt's method should be the intacted form (supercoiled
form). The plasmid lose during the procedure should be Timitted
since small andllarge plasmids (pBR322 , 4.36 kb; pSA30, 10.9 kb and
PRD1, 86 kb) could be detected from this procedure (figure 4).
However, the sensitivity of this method is limitted since only small

amount of cells can be applied to agarose gel. Therefore plasmid
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that present in ‘very tow copy number might be difficult.to detect.
Since generating of plasmids using modified Eckhardt's method . .
depend on creation and subsequence 1ys1'-s of spheroplasts, however, we
found that freez and thaw step of cell pellet were promoted the

~ creation and lysis of spheroplasts (data not shown). This method

provides preliminary data abouj the plasmid content of bacteria.

For the large pl@‘[
were generated afte;Mne ;‘eaﬁ]] be 1ysed by SDS and heat

treatment, After

's method, spheroplasts which

neutralization were
performed, membrane 1 ¢ Xes. were removed by salt
precipitated. Bec ‘condition (pH 12.1-12.3) and

neutral conditiof, 1iid- r ; W shile chromasomal DNA

DNA was completly denatu?‘eﬁ:amd inable to renature under these
a-' /‘-f" L2 "‘" “5
condition. Howger, the cond'lfions mgy this method were very

gently, S0, onl d be supercoiled form)

Mn compared to that of
modified E ﬁ § were consumed,
Ribosomal mﬁ cﬁiﬁw ﬁ'ﬁ }pﬁhﬁ: because RNase was
not aq W E‘j lﬁ t plasmid of
raglense p and Azos rj;lum s 2 could c1ear1y

demonstrated in this method. It might be that the copy number of

was seen on agar ge1 e1ec rop oresis,

these plasmids were lower than the others, and because the extracted
yield was very low, which was approximately 40 ng/ml culture, However,
the method can be utilized for detection and preparation of plasmid

~ because only one band could be seen from one specie of plasmid (pRD1)

on agarose gel (Figure 5, lane 1). In addition, not only large
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plasmid (> 86 kb) but small plasmids (11 and 9 kb) can also be
isolated (Figure 5, lane 2 and 3). The disadvantages of the methods
were low extracted yield, using much reagents and time consuming

(2 days).

The last performed method of plasmid detection was rapid
alkaline extr_‘action., As compar w first two methods, the
conditions offered by this.m , drast1c. The plasmids

|
were exposed to such thw:ﬂe and h@ condition. Thus, the

alternation from superc ¢ d rm sometimes happened to

most plasmid extracted

e

preparation. So, this methodrwés SH;

J.-_—,H__/

preparation of small—})lasmid

From three prﬁedupes_of Jf t 'n, modified

Fckhardt's method (f1guge 4), large p1asm1d 1so]at1on (ﬁgure 5) and

rapid alkaline ﬂt%ﬁ};’}?ﬂﬁﬂ‘&r%ﬁd’}ﬂ%] five strains

of Azotobacter dqﬂd not containedsany p]asm1d Thereforﬁj we suggested

that theaﬁq@,ﬁ bl ol Mt fbones.

This suggestmn agreed with the previous report, derivatives strains

of Azotobacter chroococcum cured of various of its six p]asm1ds. showed

no loss of _Nj_fphenotype and one soil isolated containing no detectable
plasmid was ﬂj_f_"' (Kennedy, Cannon et al., 1981), thatmeans the nitrogen
fixation genes might located on chromosome of Azotobacter. However,

this suggestion is inconsistent with the report of Yano et al.(1982)
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whose studied in Azotobacter vinelandii AVY5 showed that-genes

homologous to nif HDK of Klebsiella pneumoniae carried on a 200 kb

plasmid.

In Azospirillum, the acceptable result should be obtain from

the modified Eckhardt's method (figure 4). Three out of four strains

were found to contain one to fg:lhr mids, ranging from approximate
9 to 100 kb in sizes. between Klebsiella
pneumon1ae nif structu£==:333§ ahd 1r11]um plasmids was

,‘:, t é:hT$aa£:gftura1 genes of

obtained (Figure 26).

Azospirillum shou]d'b-

results were previdds £
et al. (1982), Uozumi £
(1982) and Planzinsky e

to six molecular specie

weight were detected in manx:gfrai,

Elmerich(1983)

-“"'...a_.. "

fyAzospirillum,

and Planzingsky et,..y_

(1983) also repo

nif genes was not “ob:

Ejorved 1n i

At the presen} time, the p]asm1ds observed in Azospirillum

appear to be ﬁ%ﬁq% Eﬂuwta’ W%}‘ﬂsﬂ '§r to that described

some years agoq#n Rhizobium (Bgchet et al , 1978 and Qefse et al.,1979).

stuces UL Bl BRI reraed v

nodulatioh and N,-fixation are plasmid controlled. Furthermore, nif

structural genes and nod genes have been identified on a specific
plasmid of many Rhizobium spp.(Hirch et al., 1980, Banfalvi et al.,
1981 and Mastersbn et al,, 1985). Thus the plasmid function in

Azospirillum is very interesting, in particular relationship with

nitrogen fixation or association with plant roots.
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In the restriction endonuclease digestion, accurate - .
interpretation of the restriction pattern of the result would rely
on two fattorso Firstly, chromosomal DNA which were used for digest
with restriction endonuclease would be high molecular weight DNA and,

secondly, complete digestion would be performed.

In general, extracted ramosomal DMA which were prepared from
rm, since at cell lysis step

almost cell type would mt.\h\

and among isolation P

shear force. In n“(f o dltNWHtwn, DNA fragment would
imate \75 kb ze (Brock, 1974). The

nearly similar size,
isolated chromo tained,

ge];ﬂe%ﬂ
ntm’fmﬂi ,

1 DNA would be sheared by

tudy are high molecular
weight DNA frag early sharp band of slow

mobility DNA on is was obtained, and plasmid

DNA and RNAs did n reparation solution(Figure 7).

In our expemmen'i:’EEhr 1 DNA extracted from Azotobacter

|./‘ . .."I¥ f

d-.'_-_,’_,,

spp. which wereﬁ:urown in Burk"rs n'lter medium could not be

digested with

y re_stﬂction__ , whereas the extracted

I‘ il f
chromosomal DNA om Azospirillum spp. or ﬂcoh‘ obtained from the

‘same procﬁvuar ﬁﬁﬁg ﬁ Eﬁﬁ?hat slime which
produced zotobacter nter th stion by shield the

recoﬂ‘nm ﬂwﬂ c; gg ﬁ m has been
reported by Postgate (19 that Azotobacter w produce much

polysacharide and polyhydroxy butyrate in nitrogen limited condition.
This was corresponding to our experience that glutinous colonies of
Azotobacter were observed on nitrogen-free agar plate medium and it

was decreased by change the medium from nitrogen-free medium to rich

- medium (RM medium). The inhibitory effect of slime on restriction

endonuclease digestion was strongly support by the evidence that
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extracted chromosomal DNA from Azotobacter which were grown in RM

medium cauld be readily digested with those restriction endonuc]easeéo

Moreover, in our experiment the extracted chromosomal DNA of
all bacterial species were purified by precipitation in presence of
2.5 M, ammonium acetate with absolute ethano]° Some inhibitors of
restriction endonuclease was e11:$s lzﬁ’ Thus,‘fhe purified DNA could

be completely digested w1th'ﬁﬁ§ unt of restr1ct1on

endonuclease (figure 8)_——{ 9

als a number of

c ;roundo The result
al

bacteria, but they have bv-n fﬁpﬁ!f'__ : trains of Rhizobium spp.

(Better et al., 1983) and q}sg,mspp, (Ono et al., 1982),
e - Vi :

syringal p.v. "phase’ icola" (Sl& 4), We suggested

that the presence of the re1terat1ons in Azotobacter and Azospirillum

R et o Autca i i I

Moreover, the position and 1ntensy§y of eth1d1qﬂbbrom1de

statning ot v et o [ e b e soure

of DNA These banding patterns showed reproducible differences among

var1ous species, surprisingly, down to strain differences (figure 9

to 17). Although Azotobacter vinelandii KT1 and Azotobacter vinelandii

KT2 ; Azotobacter chroococcum KT and Azotobacter chroococcum NP ;

Azospirillum brasilense Sp7 and Azospirillum brasilense A2 were

classified by cell morphology, nutritional characteristic and some
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special properties into the same species, different didested pattern
could be seen between the two strains of the same species. Until ’
recently, the classification of bacterial species relies mainly on

cell morphology, nutritional characteristics and some special properties
(Buchanan and Gibbons, 1974), Nutritional characteristics have been
extremly useful, but it is clear f 7F studies of perfect general that

the nutritional variation can éc\ embers of a clearly defined

species, for example MMTI could be grown in LB

not be grown in this

medium whereas Azotobact!?'—gﬂfr] dii KT

i ‘ m tﬁxdon“bap
nu;%?THonal characteristics.
| j ~fi§§$?°9 is propably significantly less
sensitive to mutationth qutr% "
identification of bacteri ;iiﬁiﬁ%f by ¢

technique which is d1ff1cu]%é§ﬂ§,1s;§g§;5consumpt1on technique. Thus,

medium (Table 4), si se loss of the ability

_to utilize any one

Cell morphology is
eétrum is. Moreover, for

formed by using ELISA

our results lead th3 idea 'fo"t&entﬁf ﬁu? and strains of .

Azotobacter and Azg p1 Um W .Q, were n vm;;rated sequences in

-l . et
their chromosome by ‘}amina‘ ctiontﬁndonuclease finger-

printing of cﬁmosomad-ﬂlA since thurestmctmn endonuclease

TEANENIIEANT ae erteom
iii”ili’éﬁiﬁ“ﬂé iﬂ?ﬁiﬂ“ﬁﬁ“ﬁﬁﬁﬁﬁiﬁjﬁ;ﬁ_ﬁﬁl

(Magee et al., 1987).

fingerprintin

From the result of Hae III digested pattern showed that small
fragments lesser than 1 kb in size were cbtained from almost strains

studied. Thatmeans Azotobacter and Azospirillum DNA have a high

composition of G and C base, since the recognition sequence of Hae III

is GECC. This result agreed with the previous reports, which reported
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that Azotabacter spp. have a DNA G+C content of 53-70 per cent

(Becking et al., 1974) and Azospirillum spp. have a DNA base composition

of 67-70 mole per cent 6+C (Tarrand et al., 1978)

_ Labelled probes were prepared by using "nick translation".
The reaction was occured by the activity‘of DNaseI and DNA polymerase,
3-hydroxyl terminus is mtroduces\[!}to the DNA duplex by DNasel then

# ick would be removed by the

ew deoxy - nuc]eot1de

nudeotide on the 5-phospha

triphosphates includi inserted by the polymerase
activity of the DNA po | ”1  = e one removed by exonu-
clease. Thus rate of 4 inetic rate of enzymes

reaction, so, kinetic f 'u[‘ ‘ ( “In almost reaction and

‘ and 3) Washing off
the non-hybridized obe from the n1troce11u]JSL fﬂter° The solution

and the cond1ﬁfuﬁ ﬂjm EI st appropriate
esign

condition. ThQJprehybr1d1zat1on step was ed to b]ock all the

stes o RREIe 1]t g By e R 77

specifically, thereby reducing the background. The nonspecific
sticking of sihg]e - stranded DNA can be prevented by preincubating
the nitrocellulose filter in an albumin solution which compose of BSA,

ficol and polyvinylpyrrolidone (Denhardt, 1966).

Nucleic acid hybridze most efficiently at approximately 25.C :

below the temperature at which they are 50% denatured (melting
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temperature; Tm) (Studier, 1969). From the formular Tm=.69.3+0.41
(% G+C) (Marmur and Doty, 1962). Since the average G+C per cent of
Azotobacter and Azospirillum rangé- from 53 to 70, so that the melting

temperature (Tm) of Azotobacter and Azospirillum DNA is approximate

- from 90 to 100 OCC. Thus, the hybridization should be conducted at

65-75 C in aquequs solutions. Since each increase of 1% formamide

concentration in the reactﬁ)\‘ {& owers the Tm of a DNA duplex
by 0.7 C (Meconaughy eth\:'e’w? ézy and Davidson, 1977),

hybridizations inv

rmamide) are conducted at

ion. ¥ u\h\this study which were
“Cia \(ery ingent condition,

T\I\ss of an evaporation

30-40°C. Therefo

performed in 50%
Moreover they are

problem, and are 1 N the' 1qt cel Tulose filter than is

solution (Casey ai))d Davi‘ inetics of nucleic acid

reassociation aré -fasti s in the smaller volu . of hybridization

solution, Moreoveg the dete@ion of hybridizationr

bands are increased by=the large amount of DNA (4 g on the nitro-

cellulose f1ﬂeu§sl ’;dq{] EJ mﬂ Wifa] qg] mperature and salt

concentratwn are chosen as s(ringﬁt condition a]sﬁrce in general

washinasma aﬂﬂgmyl 1&&3{1&1& the hybrid

(Maniatis, 1982).

A1l steps of hybridization process is stringent condition, so
that the hybridization bands which were detected in this study might

be the hybrid molecule of nif structural genes of Klebsiella pnenmoniae

and Azotobacter spp. or Azospirillum spp., certainly.
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From our studies show that Southern hybridization-between nif

structural genes of Klebsiella pneumoniae and restriction fragments of
chromosomal DNA from various species and strains of Azotobacter and

Azospirillum show many differences. The number and size of the res-

triction homologous fragments were different from one strain to another.
This result has been used to pr e a preliminary information about
D‘ /‘ much difference among these

_1cqjed ié!f structural genes of all
A—— - { :

the nif genes organizatio

strains. The results a

nine strains located

d Brigle et al. (1985),
and A.vinelandii with ref t&ﬁ n Ausubel (1980) and

Azospirillum brasilense

Sp7 which is refererae stram.show similar regﬁtlt as report by Quiviger
et a] (1982)ﬂ ﬁ th 1on pattern of nif
structural genes may?lw?nsngﬁ erﬁwte quite easﬂy among these
strainsaf wjﬁ'ﬂ] wt‘lﬁ EIm the result
from restriction pattern on ethidium bromide-stained ge] which we

suggest that its can be used to dentify the strains of bacteria as

mension earlier,

Moreover, one hybridization band was detected from the
extracted chromosomal DNA of all strains, at least in one restriction

hybridzed pattern (Table 7). For example, 5 kb of HindIII fragment
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of Azotobacter vinelandii KT1; 5 kb of BamHI fragment of Azotobacter
paspali B; 4.3 kb of Pstl fragment of Azospirillum spp. Al2 ; 3.8 kb

of Hind III fragment of Azospirillum brasilense Sp7 ; 6.9 kb of BamHI

fragment of Azospirillum brasilense A2 and 6.2 kb of BamHI fragment of

Azospirillum lipoferum SpMRAlo These fragments should be long enough

to code for nif H, nif D and ni Therefore, we suggested that the

Brigle gg;glp 1985 and
Beynon et al, 1987) ay

. (Scolnik and
spp. (Rice et__Jo,L$982), Rhizobium phaseoli

(Quinto et a] ng%ﬁ%ﬂﬁes et al., 1984)
and Azotobactgn andii (Jacobson et al.,

Ok d Mﬂdﬁemﬁl &ion qg%ﬂ'qfalﬂlosomal DMA

reveal uhdetectable hybridization band. For example, Smal digested

chromosomal DNA of '‘Azotobacter vinelandii KT1, Azotobacter vinelandii

KT2 and Azotobacter paspali B and Pstl digested chromosomal DNA of

Azospirillum brasilense A2 andJAzospiri]]um lipoferum SpMRAl. Whereas

the others restriction digestion of these strains showed strong

hybridization band., It is estimated that the nitrogenase structural
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genes have many clevage sites for these enzymes, so tiny_rgstriction
fragments of nitrogenase structural genes are obtained. Then, they
did not retaine on the agarose gel in the electrophoretic condition.

The similar evidence has been observed in Rhizobium japonicum which

reported by Kaluza and Hennecke (1982) and Kaluza et al.(1983).

The hybridized restric fragment reported here (Table 7)
are very useful for nitro H%\u_ 1 genes cloning of these nine
strains. The appropri r1g$1o c]ease which provide a

- -
single hybridizing b.v- ould 1_}ff"f?UF-eﬂon1ng experiments. For

BamHI should be used 0spiii f;ﬁ: : ]e‘“e A2 and Azospirillum

lipoferum SpMRA1. It"is ntétéin5?-.b clene these fragments which
should be carrying the who?@LﬂﬁLn1é§§§EHa§é structura] gene§° It will
be more understandﬁfg in trfe"m"gam% ﬁaracterization of

_a;j

JrALLSA) | HEA
o gy g 7 101

a large fiumber of different nucleic acids may be spotted and fixed on

-

nitrogenase genesT 8sSe or

the same nitrocellulose filter sheet for testing by a single probe
(Kafatos et al., 1979). Dot blot hybridization is very useful and
advanced, for example, it has been used to rapid screening tests and
is particularly useful as semiquantitation of DNA or RNA (Thomas,

1980). It has been successfully employed as a sensitive and
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reproducible assay for the presence of rotavirus in human stool
suspensions (Flores et al., 1983), furthermore, a modified procedube
has also been used to detect and quantitate human cytomegalovirus in
urine (Chou and Merigan, 1983)., In this study, modified dot blot

hybridization technique was used to determine the DNA homo]dgy, between

nif structural genes‘fragments‘.f lebsiella pneumoniae and chromosomal

~;4‘gﬂﬂwas fixed anto nitrocellulose
@U probe in appropriate

ybridizationo This

iutoradiography, but it

on small pieces bf

"'_..i'

the first order grﬂthe h_ybnd'iza{ion k_)ﬂc es. This modified
:5dvantages,.?yl

procedure has ma DMA sample was used

|
in test, no greate

DNA can be t ﬂﬁ ?]PEJ m wzjjx rient, the homology
study betweenga single rob fjp ies of DMA comparable
on th itselt to
TR A A
produci

rapid détermination. Thirdly, sensitive and r e procedure

than ].Pg;. Secondly, a ﬂﬁLge'number of different

was obtained, as little as SOfu;of Klebsiella pneumoniae chromosome

which contained approximate 10 pg of nif structural gene can be

detected very easily in our experiment.

It is evident from the hybridization experiments that the

homology between Klebsiella pneumoniae nif structural genes and
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Azogifi11um DNA was found limited only to nif H and nif D, whereas in
three strains of Azotobacter spp. the nomology was detected with ;
nif H, nif D and also nif K, but nif K region show the lowest degree
of homology. On the contary, the homology appear similar among the

three genes in Azotobacter vinelandii KT1 and Azotobacter paspali B,

The result illustrated that gif } nif D sequences are very highly
) f:: s1m11ar evidence of the

homology was limited onl} i was found in many Rhizobium

species (Ruvkun and A '_5_31,, 1981 ; Hennecke,

H, 1981; and Parkash e rabdena 7120, the same degree

f K of Klebsiella

of homology was observe

pnenmoniae (Rice et’al, of conservation of

nitrogenase structurdal genes., ween these diverse microorganisms
P 7T ) %

indicate that the nitroge asen~m~, pal genes from Klebsilla

}‘_3-

pnenmoniae, Azotobacter Spps—3 pirillum spp. arose from a common
...-":_‘,Ju-";'f" -3
ancestral origin, by the nif K gen ea ow-homology suggests

that this gene prodis

evolution in naturezﬂ

ﬂuﬂawswswswni
amaﬂnmumwmaﬂ i



SUMMARY

1. No plasmid was found in all five stains of Azotobacter spp.

Whereas one to four plasmid, ranging from approximate 9 to 100 kb in

L?r e strains of Azospirillum spp.

@a] genes of Azotobacter and

“”» observed in chromosome

sizes, were randomly located i

2. A11 of the ni

Azospirillum were loc

of Azotobacter and d »_f hands of restriction

4. Structura ge es‘ggg 3] ' :_~. ocate in difference

restriction fragment if al® &t f’f;, both genera.

5. The O i ! s1r'1'llum spp. was

found to limit ot f to n (3 0-14.4%) as

'compare to Klebs1 a pneumoniae. ereas, r Azotobacter spp., t

= Z°TZ‘Zgiqgﬁ£E§M$%§ﬂ%I’iﬂ‘3”
ammnimummmaﬂ o
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