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Results

DNA base compositions

= 1.8) were isoclated from bacterial

cultures by the procedures,dets LE Materials and Methods. Since
these DNA would be : cfue eassociation experiments,

their purity were che s denaturation in a temperature

controlled spectropmot \\ fhes DNA melted in 0.1xssc

solution, no hypes \ emperatures lower than
the DNA denaturati 3 \ e absence of any RNA or
10 1

single stranded DNAJAn Sthy prepar ns4a control for this denatu-

ration experiment, cg@lf %

paralleled with the tes edbacke :

51i B DNA were melted in
ey melted at Tm = 86.7° and
90.2 %c (Fig

e 1a, G+C content of 42.2 and 50.8

mol %, comparabi tr ) thymus, 41.9 mol % (21)

and E. Coli B nun .

The Tm valudﬂatermined :"yﬂ .1xssc solution of K. oxytoc a 1301,

w5 ans mﬂ L Bk B AIAHH TP T e o) anc

97.6 to 88, 4 C for R25 A. 34H and A. E§, (Figure 3) Wt for Pseudomonas

ﬂﬂﬂﬁﬂﬁiﬁ&%ﬁ?%&l@%} the Gic

ccntanl: calculated from the Tm's fell within the range of 54.7-56.4

mol %, 68.8-70.8 mol % and 64.2-65.2 mol % respectively (Table 4).
Therefore, it seemed to be that the bacterial strains fell into three
distinct groups. If significant differences in DNA base composition
were to occur between the bacterial groups, this would be the evidence

for the existence of more than one genus and the similarity within the
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Figure 2. e Fiftekedlan a tur at iSawe®es of DNA from R15, R17
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TABLE 4 Melting points (Tm values) and statisticg ' k:g‘ e o5 mole percentage G+C of bacterial DNA using the

Isolate Average Average Statistical
significance
designation m, °c (Cells/ml) an
(between group)
m5 91.9
R17 92 .5 SD+
K. oxytoca 1301 Q1.8 i
R25 97.6
_A_. 34H a97.8 S+
A. FS Q8.4
—‘.ﬁ ..
E- % = A UYINYN
P. KLHT6 96.1 Y "
ARGAE
alA | |

5D+ = significant diffgrence at 1 % level




37

bacterial groups indicated that the strains could possible, but not
necessarily, all belong to the same genus. As indicated in Table 4,
the mol % G+C values of R15 and R17 was similar to K. oxytoca 1301 but

significantly different from standard strains of Azospirillum spp. and

pPseudomonas spp. This similarity indicated that they belong te one

genus. The G+C content of R2S was very close to the values of both

analysis indicated thal TRE’N - cluding A. 34H and A. FS

5 of Pseudomonas spp.

{Appendix 1). Ho ol & the c%agt genus of R25, its bio-
chemical properti rties of standard

reference strains g

DNA sequence homology

In order to cogipar S pce homology among unknown N, -

fixing bacteria and referg denatured DNA were allowed to

reassociate in 3M4NAC] either between identicdl ) strains or hybrids,

A )
and the reaasoci;ﬁﬁ1 ed™ After complete reasso-

ciation, the reme ing tamparatura {T ) of

sze double stranded DNA were

L g TN L oo e

the remeltinf]temperature {T of the salf hybr:.dazad DNA was used as
= NI NS -
reassodliation time {tr} by two-fold together with reduction in remelting
temperature {T}l by 10°C are taken as strong evidence for difference

in DNA sequence homolegy. Comparison of remelting curves among self-

hybridized DNA and difference hybrid DNA were shown in Figures 5-9, and
the differences in triatr} and Tr {ATr} were shown in Table 5-9. It

can be seen that when R15 and R17 were used as the reference strains
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Figure 7. g © ' ﬁ-.,- with respect to

All curves dg peint is the average

of three replicates,
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Figure 9. 2 GEme g cy ¥ (brid-DNA which formed

zospirillum spp. and

All curves dete] d s ; ch point is the average
[ ' / ' \

of three replicates. s standard error of the

mean .
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Figure 10. -id-DNA which formed

The curves de - ‘point is the average
of three replicates. andard error of the

mean .

o
Symbols: (&) hybrid 76; 'I‘r = 89.2°C
(®) hybrid = 95.7°C
(@) hybeds

|
o i¥

AULINENINYINS
AR TN TN

964 T - 96.1°%C
, r



(5,) JUNLYHIdIN3L
26 96 ve 6 06 88 %8 ' . 0

43

] 1 1 J.| 1
|
m 02
_ ol
" o0
| e -0t )
“,_. |ﬂ Il,.ﬁl.ll O_Mwoﬂd.
- —_ ql. w
o o too
-
vm o
L o g - 08
o
—gHd ¢
Cirn Loot

AuEg
AR89




ybrid-DNA which formed

All curves ¢ ShWepoint is the average

of three replicates Ay dard error of the

mean .

symbols: (0) hybrigdbdl of roBLIRER; 2} S\7SHsCC
(&) hybrid-#R “ i \\

(@) hybrid-DNE

AULINENINYINS
AR TN TN



ARs60
(%)

TEMPERATURE ('¢c)

L
ol
°
~
&~ o
1007 o R25LRA7 i A| ﬂ
NS AR Tl
mcl = " S ] J | +) .u. » 1 ﬂ .._..
60 - ’ - c° —
lllllllll » - Q._“l
# _ - A a
40- “ e
| “ W
| @
20 - | I
|
| H
O % 7 72 74 76 78 80 82 84 86 88

44



Figure 12. Wybrid-DNA which formed

"-ML oCa 131:'1 -

All curves g ‘point is the average of
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TABLE 5 The reassociation time ltr} and the remelting temperature

[Tr'.' of the hybrid-DNAs between R15 and standard reference

strains (one of each genus)

Source of t (sec) At (sec) r (°c) ar (o)
r r r r
hybrid-DNAs (n=3) (n=3) {T‘r—B'[ .9)
]

R15 - R15 91.9 -

R15 - K.1301 86.1 -5.8
R15 - A.34H 81.1 -10.8
RIS - P.H8 it -14.8

ety

TABLE & The reassoc 1F on 1 the remelting temperature

ET ) of the hybrte yeen R17 and standard reference

AT

strai )
Source of 1 (=< : B r o | ar. (Po)
] r I
hybrid-DNAs re=g) t o (n=3) (T -92.5) !
~L K- QN ¢ i
WO 4 é i
R17 - R174) - 355 - ]t

R17 § A.34H -12.7

R17 - P.H8 61 38 78.6 -13.9

!
!
A RIgaIalNMn Y EI']EEII
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TABLE 7. The reassociation time [tr] and the remelting temperature

(Tr} of the hybrid-DNAs between R25 and standard reference

strains.
Source of t_ (sec) At (sec) B (°c) ATr (°c)
hybrid-DNAs (n=3) ) J-19) ) {n=3) (T_-97.6)
| lul ‘
R25 - R25 97.6 -
R25 - A.FS 92.2 -5.4
R25 - A.34H 91.7 -5.9
R25 - K.1301 80.6 -17.0
R25 - P.KLH76 78.9 -18.7
R25 - P.HB 76.1 1 -21.5

AULINENINYINT
ARIAIATAUNM TN
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TABLE 8. The reassociation time Etr} and the remelting temperature

iT]__'.II of the hybrid-DNAs between standard reference strains

Source of ' tr (sec) At (sec) T (°c) ﬂTr (°c)

Hybrid-DNAs (n=3) ( tr-i1 ) * (n=3) {-rr-:?:} *k
K.1301 - A.34H 75.8 =19.0
K.1301 - P.H8 75.7 -18.3
A.34H - A.FS 93.4 T
A.34H - P.H8 72.8 -24.2
A.34H - P.KLH76 70.6 -26.2
A.FS - P.HE 74.4 -22.8
A.FS - P.KLH7G 74.0 -23.1
P.H8 - P.KLHT76 89.2 -6.7

* E1 = average t ba£wf:. 5, /i ia that formed the hybrid-DNAs

ed the hybrid-DNAs

*k ¥ = " .

X, = average| T} SSCEUEEHNEUOIBSEE £ £o

.vl' '"‘ ‘
- .

TABLE 9. The "*I

eSS

sociation time (tr) and the remelting temperature

-
Sor ﬁf]&q ( tﬁuﬁﬁaﬁﬂ {aQ{E at_ (¢
hybg— As' T n§ T ) ’ i]mﬁ {Tr'ié**
[;15 - R17 42 i B83.7 -B.5
R15 - R25 61 38 71.9 -16.9
R17 - R25 67 46 75.5 -19.6

* X = average tr between two bacteria that formed the hybrid-DNAs

>

*k = average Tr between two bacteria that formed the hybrid-DNAs
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(Figure 5, 6 and Table 5, 6), the other strains fell into three distinect
groups: that contain strain K. 1301, A. 34H and P. HB respectively.

K. 1301 exhibited high heomology with both R15 and R17 because when

their DNAs were reassociated, the tr value increased only about

10-13 sec., and the 'I‘r decreased only 5.8-7.1°C from the tr and Tm of
self-reassociated DNA. A. 34H and P. HB exhibited low homolegy with

R15 and R17, because they, s ‘ : th increasing value of t more

than 2-fold and greates dBerfeasi r (=ATr > 10°%¢) which

are in the range u,‘ : Nilyo 5= respactively. In the

reciprocal situatie from R25 was used as

the reference (Fi which had exhibited

high homology with flave low homology with R25

DNA. The highest § gen DNA from R25 and those

Azospirillum spp. i evident by Atr of only

8-12 sec and-n'rr

Since the Tm of-=R d to be close to Tm of both

Azospirillum ;, - ResmeeniOi{ from P. KLH76 and A. FS
were used to pﬂrfﬁn

form R25. The resui‘td'ndicatad th&} DNA from R25 exhibited high

vy ol WD IREIFS WESATor 5. v

raassoclat:.cn of DNA from R2§ with DNA _from E. KLH7§ and P. H8 showed

a, aamaaammm:a YTy T

and-.ﬂ" of 17-21. 5 C as shown in Table 7.

r '-,“J‘l ts wiht DNA extracted
I

The results of reassociation experiments between DNA from
standard strains of various genera were shown in Figure 8-11 and
Table 8. When the strains from different genera were reassociated,
they gave longer tr values and respective Atr in the range of 45-57

sec anﬂ-ﬁ-Tr values in the range of 18.2-26.2°C, whereas reassociation
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within the same genus, the A tr values were 7-10 sec and the —J'.'LTr were

4,.7-6. '.-'DC respectively.

These results alsec indicated that, although standard Azospirillum

spp. had mol % G+C values similar to those of standard Pseudomonas spp.,

no DNA sequence homology values higher than K. oxytoca 1301 were observed

for these strains.

DNA sequence »h 2
R15, R17 and R25 wer@"STER Hetefming@e "8 shown in Figure 11 and
Table 9, R15 exhibitgad o o ¢ wilheBi] but not R25. The results
suggested that R15 Belong to a single species
distinct and unrelated

in the same genus hu

genus.

Flasmid detection ir

Screening of ormed using various strains of

Nz-fimra indicate

"’hw—
protocal describetfhere WE |sized harbored in these

sasily resolved by the

bacteria were det ad Dy agarose ' hnrasis in 7 out of 8

strains tested by m‘nmﬂ.son to théstandard marker DNA (Figure 13).

215 ant RTTEIJLEJ SUEVLRELNVINA rercer enan 33 4 ams

( A DNA) uhareas 34H, A.F5, %.H8 a plasmid of
maleclmrlfaﬂﬁﬁmn;n ﬁ ﬁfﬂnrmosnm&l

DNA. Flamiﬂs of R15, R17, P.HS, FP.KLH76 were detected after heating

at 65°C for 30 min (Figure 13 a, c) but of R25, A.FS and A.34H were

detected after heating for 60 min (Figure 13 b). As seen from the

Figure 13 a,b,c the plasmid profile of R15 and R17 were similar to

each other but the plasmid profile of R25 was similar to A.FS and
A. 34H which were different from P.H8 and P.KLH76. No plasmids was

detected in K.1301 and thus it may be considered as plasmidless.
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X DNA

PE=1= P S T= s B

—CCC

(a) —chr

b
o _chr
~ccc

1 2 31 2 3

Cc)

ccc
-
-chr
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Physiological characteristics of N, -fixing bacterial strains

In this experiment, we selected the tests that can distinguish
different genera of bacteria from each other. The characters of all
strains tested are shown in Table 10. R15, R17 and K.1301 were positive

for V.P. reaction, indole production tests and could utilize malonate

as a sole carbon source. ¢ initiar g= ing results reported hereby were

the salt and detergent &l piifefefes of R15, R17 and K.1301.
J
hebated a requirement for biotin.

\
e

No growth after seyugesl g a\transtersawere observed. In this

N

Jioid misjudgement due to

only R25, A.34E

case, large inoculg
starter problems. ers, the inoculant was
also centrifuged and spended in biotin-free

medium. These strain such medium.

Also, only theSe @llow colonies on rich agar

plates and pink coleonie plates after 3 weeks of

incubation. They e Sh—swith—d=a=i¥atl but no growth with

A

5 % NaCl and they :E"
L}

s fo HE G . KLH76, tHe# were negative for V.P. reaction,

e e A A V129 m BN D satonate as sote
) amﬁiziima“ A

requirement of biotin for growth.

Antibiotic resistance

211 the strains showed various degrees of resistance te at least
one of the 5 antibiotics tested (Table 11). R15, R17 and K.1301 were

resistant to ampicillin, kanamycin, streptomycin and sulfanilamide.
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st, A.34H and A.FS were resistant to ampicillin and sulfanilamide and
P.H8 and P.KLH76 to sulfanilamide only. All the strains were sensitive

to chloramphenicol.

TABLE 11. Growth response of the unknown and reference strains to

antibioties.

Strain Sm Su
R15 +(6.25) +{100)
R17 +(6.25) +(100)
K.1301 +(6.25) +{(100)
R25 - +(6.25)
A.34H - +(6.25)
A.FS - +(6.25)
P.HE - +(25)
P.KLH76 - +(25)

Amp, ampicillin;-ir, chloramphenicol; Km, kaflamycin; Sm, streptomycin;

f;‘;;ii“ﬂﬁ_;ﬂm?m:ﬂm L4141 (e —
RN TN INGINY

Grurwth pattern in nitrogen-free medium

Figure 14 shows aerobic growth as followed by changes in optical
density at 420 nm in NF medium with glucose as carbon source, in cultures
of K.1301, RIS, R17 and R25 at 37%C. It is noticeable that, this aerobic
condition supported better growth of R15, R17 and K.1301 whereas only

minimal growth of R25 was observed. When 0.05 % agar was added into
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Figure 15. GréWill cuphms=s ) 'H- 7 bacteria in stagnant

culd Lk 2

Symbols: e
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(0) RI5. Each
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Figure 16. bacteria in NFb semisolid

Symbols: A) A.34H; (@) P.H8; (O) P.
pated in g-ml tubes with
i¥0°c. Each measurement

wag carried™t : nree racatas. VErtical bars

aefent standardgdeviation of the mean.
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Bacteria in GYE semisolid

Symbols : P JF ;‘:‘f ; H ) A.34H; (O) R25; (A)
& » cubated in 9-ml tubes with
.t 30°c. Each measurement
,;;?:tas. Vertical bars

-:-'atia‘;\f the mean.
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the medium and the cultures was incubated by stagnamt at 37%¢ (Figure 1 5
growth of R25 was enhanced slowly to the same maximal growth of K.1301,
R15 and R17 although slower growth rates during the first 30 hours.

The presence of 0.05 % agar produces an oxygen gradient in which

these nitrogen-fixers grow and typically form pellicle at reduced

oxygen tension just below the ace of the medium. An agar concen-

tration of 0.05 % in the Im | fier i easy manipulation of bacterial
suspensions and direcbasmeasStrema , turbidity to estimate
growth. This manne STt sthos®feund with standard strains

%\\
NN

‘at@land gave the same pattern

s cultured in specific

epirillum spp. as shown

[ \ The Pseudomonas spp. had

gqure 17 is the comparison
of growth in GYE semis® 16l glicose as carbon source. The

results indicated_tha ster growth of R25 in stagnant

. -j and A.34H. In contrast,

cultures than 5, —

P.H8 and P.KLH76 i! ed simi WER patte '; in both malate and

glucose (F e 18 1"

: mm mm B Qs comported more
AR AT STYN A Y

atyle e reduction activity

In this experiment, colonies from each bacterial cultures were
tested for nitrogenase activity by the acetylene reduction assay.
Acetylene reduction activity (ARA) was measured for a 24 h pericd
after 2 days growth at 30°C on semi-solid media and 12 h period after

4 h growth at 30° in liquid media. Population of N,-fixing bacteria
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were determined by dilution plate counts on TS5A plates.

All the strains showed acetylene reduction activity under any
or both cultured conditions. As shown in Table 12, only K.1301,
R15 and had ARA under aerobic condition among which R15 showed the
highest specific activity of 234 nmol of C2H4. h”T. mg protein'1 and

6
the highest population on TSA @llks of 2 x 10 cells/ml. K.1301 and

R17 were less active, bu , _. and Pseudcmonas spp. did

not grow under this ggi : | __i

From Table 1 : D1 ceable shat, when ARA assays were
conducted on micro g It A £ iMeNstrains that failed to
show ARA under aer : -'. ] o) specific activity than
did K.1301, R15 a.nd F/ £ the cells number of the
five strains were in yges "hi tha .1301, R15 and M17 As
shown in Table 13, thefStasds he mean were greater for a

given isclate. This is prof g difficulty in keeping the

subsurface grow -_‘;‘ 1d inta 1 g P S8ifig) for the acetylene
= \"’
_ :f:.'-;-a the oxygen-sensitive

reduction assay.

) ¥ |
nitrogenase enzyme to suboptimal concentrati®n of oxvgen. However,

ARA and :haﬁﬂﬁﬁmé:w ﬁqm R15 and R17 under

both conditifiis were not significant different. The results suggested

> QAT IO MM TR Y o e

aerocbid] or microaercbic condition in contrast to R25 A.34H, A.FS, P.HS

and P.KLH76 that were able to fix nitrogen only in microaercbic condi-

tion at best.
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TABLE 12. Specific acetylene reduction activity of unknown bacteria
compared to standard reference strains in NF aerobic
- condition.
Population of Mean n mol mg C2H4
i " -1
Culture Nz-flxers of of (n ml h mg
(x10° celils/ml) 1| protein/tube |of protein"1j
R15 2 0@ (3 0.060 234
R17 0.7 0D.052 135
e, K.1301 2 o . 0.057 203
- e
R25 0 1] 0
A.34H ) o 12 0 0
B _“h'd
A.FS 0 3 0 0
e
P.HB 0 7% 0 0
"‘w;l
P.KLH76 0 o 0 0
A%
* i
< Mean ARA is licates, with three
tubes in each licate.

oL b i
RINNIUUNININY
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TABLE 13. Specific acetylene reduction activities of unknown bacteria

compared to standard reference strains in microaercbic

v condition?
Population of | Mean n mol mg CZH a
culture | N,-fixers of (n mol h™'mg

(x1 0° cells/ma! protein/tube | of prr::‘tein—i}

R15 1 279 (=428 . 0.054 234

R17 ) i = b 0.049 229

K.1301 0.061 258
R25 0.081 404
A.34H 0.075 340
A.FS 0.072 402
P.HB 7 0.087 320
P.KLH76 0.064 314
Y]
E 2 Incubated 2 days 1 freeleultuss tubes (0.05 % agar), 30°c.
B Average and ata‘t d error of : 5-mL clture tubes after 24 h.

under wﬂ%ﬂs’a swm'w BIN3
A AINTUURIINIAY
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