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One of the sost gressing agronoaic concerns with leguae cultivation 1s the tnabiirty of
salected inoculant strains to establish in the soil and cospete successfully wmth indigenous rhizobia.
This probles is confounded in the tropics where stressful soil conditions, such as high acidity and
the presence of toxic levels of aluminue and singanese, affect survivil of the inoculun.
Alternatively, the 1ndigenous Rhizobiug striins are well-adapted to the prevllilng stresses found 1n
these Isoils.

In Rhizobiua, tolerance of so1l acidity and acidity- related factors ialuminum, aanganese,
etr.), )5 a trait that varies earkedly from strain to strain. Ssae strains within the sase species
cannot withstand the siress, while others have been found to function at levels equivalent, 1f not
higher than those found sn acst acid tropical soils Keyser and %unns, 1%7%a,b,; Date and. Halliday,
§979). These highly tolerant strains represent 3 vaiuable gersciasa to be exploited for genetic
ranipeiation,

In nany bacteria, the ability to tolerate high levels o¢ torsc setais and antibiotics 16 xnown
to be diracted by genes carried on extrachrosasosal elesentd rnown s plasaids (Davies and Saith,
1978; Summers and Silver {978} Reanny, 1976; Davey and Reannv, 1380'. It 15 also well established
that many of these traits zan be easily transferred within .and between Species, even genera, of
vacteria (Reanny, 197b; Suasers and Silver, 1978). In the fast-groming rhizobia siny of the genes
encoding host specificity, nodulation and nitrogen fixafion are found on Large extrachromasosal ele-
sents of DNA calied Sys(biosis) plasmigs -- pSys. Soae of these plasmids are self-trinseissible and
are transferable to other strains of Rhyzobius and alter their host range and possibly, even sprove
their syabiotic praperties.

A-gajority of the INa of pSyss ang the other praseifs +oune 6 sast-growing rhizobia is
zryptic. That 15, what the DHA encodes 1s unknown. Hoxever, as with genes for heavy setal resistance
which are located on plaseids, 1n stress tolerint rhizobia plasmids mav harbor genes for alusinua
rpsistasge, in adgiticon to those for the syabiosis,

The 1spravecent of the tropical leguae/Rhizobius syabios.s wiil require & aultifacetes

’aupraacn: A' host virieties sust be selected that can better wit“stand the prevailing stresses; B)

better sveb:of1c bacter1i sust be developed to nodulate the approsriate post and 1mprove its nitrogen
nutrition. The goa! of this project is to isprove the syabiotic 2erfcraasce of the sicrosyabiont

partaer -- Rhizobrus. | propose te ([} detersing the role of the 25vr in glusisue resistaace and to
investigate phvsiolegical mechinyses yavolved 12 alusinus resssti-oe whic™ covid lead to
tgeptiiization of the geme’ss iavsived WET! lo comstruch sireeg-ree-stant -a,03bia for aiternate host

TejueBs via Sva-olasard tracséer,
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Table 1: Response of scm@ast- and slow-growing rhiwbi@mjected to

CULTURE SOURCE/ORIGIN GROWTH

FAST-GROWERS pH4.5 pH4.S + 50 uM Al

Rhizobium sp. (¢. arietinum)

TAL-263 - -a -
TAL-480 NifTAL -
TAL-620 >b
Nitragin 27A3 J. Burton, Nitragin -
Nitrogin 27Al6 +€
USDA 3HOa% D. Weber, USDA + -

[ |

-+

R. leguminosarum

Nitragin 92A3 (%’ S¥eo/ +
Nitragin 175p1 J. Burton, Nitragin -
Nitragin 128C53 -

-

t

> 4202
LK 3005
12

I41

I42

F24
Allen 311
Allen 344
Pre
TAl01
NZp 2089
NZP 5262

R. phaseoli
CNPAF 23

CNPAF 26
CNPAF 43
Semia 4002
CIAT B899
CIAT 2545
Bel 7.1
NzZp 5097
NZP 5232
NZP 5260

R. meliloti
NZP 4013
L-530

R. trifolii
T-12

R. lupini
CC 814

WU 425

D. Bezdicek

Morocco
NifTal,

Rothamsted
Australia

Kew Zealand

Brazil

CIAT
E. Schmidt

New Zealand

New Zealand
B. Rolfe

B. Rolfe

Australia

[ S T Y

1 4+ 4t

i+ + v+ vE

{cont'd.}

1 4 4 1 b & + v @

L+ + VvV ++ v+ 4+



s CULTURE @ SOURCE/ORIGIN

FAST-GROWERS

Rhizobium sp. {L. leucocephala)

TAL-582

TAL-1145 NifTAL
NGR-234 Australia
RL-18

RI~-52 Hawaii
RI-72

SLOW-GROWERS

R. japonicum .
USDA 31

UsDA 110 D. Weber, USDA
USDA 138

Nitragin 611118 J. Burton, Nitragin
Nitragin 611148

TAL-183 NifTAL -
CB1809 (TAL-379)

WBE4

WBE68

2859 New Zealand

2860

2861

2864

Fhizobium sp. (cowpea misc.)

CR756 Bustralia
CB1024

TAL-420 | NifTAL

32H1 G. Elkan
PDp3722 New Zealand

PR~

pH4.5 pH4.5 4+ 50uM a1l
+ +
> >
> >
+ +
> >
+ -
+ -
+ -
> >
+ -
+ -
+ +
+ +
+ —
+ -
+ -
+ +
+ +
+ -
+ -

@8- no growth

P> cheater® reaised pH of medium

€4 growth

4
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transposon aléo marks the site of the mutation in the genome
(for a review on TnS see deBruijin and Lupski, 1981). This
mskes finding the segment of DNA, for ¢loning purposes,
relatively easy.

Aluminum—resistant CIAT B99 was mated with E. cgli S-17-1
carrying the Tn3 suicide vector pSUF2021 (Simon et al, 1983),
banamycin resistant clones arose at a frequency of S X 10-=
per recipient. 1,200 TnS containing (t'mm) CIAT 899 colonies
were patched onto master plates of rich medium and then
replica plated ornto minimal media to screen for ausotrophs.
Out of the 1,200 clones, no awotrophic mutants were obtained.
This was probably due to insertion of Tnd into CIAT 899°'s two
plasmids. All of the 1,200 colonies grew on media containing
B2M aluminum, non= became aluminum sensitive.

(C) Plasmid Curing. To determine whether zluminum resistance
genes(s) reside on the Sym plssmicd 1n CIAT 837, a number of
sttempts were made to cure tne TIAT 8%° pSym using variaus
agants or techniques. Several zoncentrations of acridine
orange, ethidium bromide, novoblocin at ambient temperature

F24=C), az well as growts st zlevat=d t

1]
m

mperature (3c°C; {no
chemical agent przsentl] fai1l=d to cure CIAT 899 of its

clasmids. However , thne combinaticn of =2levated temperaturs

n

ured CIAT 892 of one of

7"

(Z7=C) and 1Zug /ml scridine orange

rts two plasmids. The Zurzc mutantes ware Mod™ on beans, and

ol

re rough (Exdo™: when plated cnto gesst extract mannitol

m2dium, in contrast ta the gummy perental culture (Exov). The
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rough mutants continued to react with CIAT 899 fluorescent
antibody. )

One of the cured mutants (UHM-5) [ = CIAT 897 (pSym— ),
Exo~1, and the parental culture, were grown 1n liquid media
containing ©, 80 150, 250, 300, 400 and S00uM aluminum at
pH 4.45. TAL-1472 was employed as an aluminum sensitive
control (¢ and 80uM Al treatments onlyl}. The results of these

—
-

grawth eixperiments are illustrated in Figure Za to 3g. Strain
UHM-S5 grows =qually well as strain CIAT 899 at all
concentrations of aluminum. This implies that the pSvym
carries no determinants for aluminum resistance {(or there are
additional cogpies located elesewhere). In addition, the loss
of extracellular polysaccharide oroduction had no apparent
effect uvpon the growth of UHM-3 in aluminum containing media.
Tha pSym of ancthar aluminum resistant strsin ANUILTT (R.
trifolii, resistant to 25uM Al), was curaed by 1ncubation at
elevated temperature. dnlike UHM-I3 the cured mutant remained
as gummy as the parental culture when grown on plates of YEM.
However , as with CIAT 899 the pSym of ANULI17S was not
responsible for determining aluminum resistance. Figures 44
to 40 1llustrate the growth of ANUIILIZ7E, two pSvm—cured
isclates of 117353, and the aluminum—sensitive control strain
TAL-31472 wn OuM A1, pHA. S R, 25uM Al (B}, SOuM A1 (Y, and
8Cum a4l (D). All AMULITE cultures behaved i1dentically in a11
four levels of aluvminum., Therefors the p8Sym does not encode

ztiz=ss resistance mecharisms.

7=

1



Figure 3, Coapart@ of aluminum resistance betwee e

899 and a

pSym~cured, Exo™ derivative (MS5) in seven levels of aluminua.
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Figure 4. Comparison of aluminum resi{stance between ANU1173 and two
pSym~ derivatives at four levels of alumioum,
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Summary. Transposon mutagenesis and Sym plasmid curing of
CIAT 899 failed to produce any aluminum sensitive mutants.
The fact that no auxotrophs weré obtaifed from among the 1,200
Fm~ clones indicated that TnS most likely entered the
plasmids, especially the pSym. Symbiosis related genes are
unexpressed in the free~living state, unless induced by host
plant root and/or =eed extracts (NodD 15 an exception; it is
supressed in both states) (Innes et al.,1985: Lorg et al,
19853 Mulligan and Long, 19853 van Brussel st al, 1986},
therefore a TnS insertion wouwld not produce an altered
phenotype. The curing of the pSyms of CIAT 899 and ANU1173
indicates strongly that no aluminum—related determinants
reside on these plasmids. The lactk of enxtracellular
pol ysacchari1de 1n the cured strain YHM-S had no detectable
2ffzct on the aluminum resistant phenotvpe.
Z2.Physiological Studies

Since the pSym does not carry the genetic i1nformation
zncoding aluminum resistance (1), and transpossn mutagenesis
was not successtul in creating aluminum—sensitive mutants (Z),
the following sets of enperiments wsre designed to nelp focus
in on the mechaniz=m of aluminum resistance in CIAT S99 as an
s1d 1n locating the genes involved. For eqwampls, i% & protein
were to b2 induced in reszponse to sluminum, this protein could
be isolat=ad and ei1tner: 1} antibodies produc=ad against it,

it i

1
L]

the antibodies then used to precipirtzte thsz protein =
transcritbed, oRMA recovered. a cDNA coby of the @mRNA produced

and used as & pfobe of a gene bant of CIAT 897 to find the
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gene; or (2) the protein could be partially sequenced, a -
synthetic oligonucleotide correspon@ing to this protein
sequence produced and used as a probes

{A) Aluminum Binding. Eoth aluminum—resistant and aluminum-
sensitive cells were found to bind aluminum and remove it from
the medium. The change in the aluminum concentration in the
medium was followed by using a colorimetric assay employing
eriochrome cyanine, which forms colored comple;es with
aluminum under acid conditions. 5Since there was no apparent
difference in this aluminum binding/removal between resistant
and sensitive strains further esxperiments were designed to try
to explain why some strains were toplerant of high levels of
aluminum.

(R} Pre—-Conditioning of Media. in this =zet of eyperiments
aluminum—tolerant strain CIAT 899 and twc aluminum-s2nsitive

strains Fre (R. leguminosarum) and USDA 3HOaT (Rh. for

chiclpea) were grown 1n acid media at pH 4.7, supplemented
with ©Q.001% yeast extréct (control, all strains grew) and acid
medium plus 80uM aluminum (only CIAT 3%9 grew). The cells
were removaed from the media by centr:fugsation and the zpent
media were resterilized by filtratiorn, the pH was readjusted
to pH 4.7 and the levels of aluminum were readiusted to S0uM.
The three cultur=s were freshly i1noculatsd 1nto these spent

medi s ‘conditicned by the cther strainzs. The results are

n

—_

summar-ized 10 Table 2.
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Table 2. Extracellular Soluble Products: Strains
were inoculated into media (Part A) at
1 x 106 cells/ml and later remaved by
centrifugation and filtration. In Fart
B aliqucts of filter-sterilized, pre-
conditioned media (from Part A) were re-
inoculated and strains allowed to grow.

Part A

Medi

cdla 80uM Al
Strains pH 4.7 pH & 7
CIAT 899 (Al-tol.) . )
Pre (Al-sens.) - +
USOA 3HO0a9 (Al-sens.) - +

+ indicates turbidity/growth
- indicates no growth

Part B8
st Inogculum/ 30uM al
2nd Inoculumd’ oH w7 pH 4.7

895 /Fre - +
599/380a2 - +
8993/835¢8 + +
Pre/B39 + +
3JH0a2/82¢4% + +

21st incculum removed by centrifugation and
filtration, media was re adiusted toc ori-
gimal cecnacentrations of Al and pH (1.e.,
BOuM Al, o 4%.7). Mecdia were raesterilized
by aseotic filtratio~. All strairs were in-
oculatad at 1 x 108 zells/mi.
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Growth of CIAT 899 in medium plus aluminum did not
alleviate the toxic effects of aluminum for the sensitive
strains Fre and USDA IHOa9.

(C) Co-Culture Experiment. Although CIAT 899 did not
detoiify the medium and allow for the growth of the aluminum
sensitive strains, growth of CIAT 89?2 together in the same
flask with an aluminum sensitive strain might alleviate the
toxic effects of aluminum and allow the sensitive strains to
grow. For example, a component of the growing cell’'s surface
might be involwved in aluminum resistance. Also, readjusting
the level of aluminum in the medium to BOuM might have
potentially overwhelmed any excreted product.

Figure Sa illustrates the growth of the strains by viable
counts {strains grown separatelv, three replicates? and
demonstrates the aluminum—s=nsitivity of strains Fre and
UeDA THDa%. Figures Sb and 3C &re the results of the co-
culture e.periment whers populations were followed by

membr ane—<i1l1ter immunofluorescence enumeration. In co~culture

1l

11 =strains grew under acid conditions (QuM AL, pH 4.7)
fowewer, only CIAT B9% grew when mnedia contained BOuM
2luminum.

(D) Cell Free Extract of EIAT 899. Since nothing libetrated
bv CIAT 299 i1nto the growth medium (1), or poatentially on the
curface of growing cells (=) could =lleviate 2luminum toricity
for the sensitive strains, an 1nternzl componeEntiys' might be

involved 1n aluminum resistarce of CIST £79. Such ta)
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Figure s. ell Surface Components:Z\Growth A
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. Co-Culture {FA ~1iter Counts)

O CIAT 899
O Pre
————— Ht (pH 4.7)
_— 80 uM Al gH 4.7
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component (s) could potentially eliminate aluminum toxicity for
the sensitive strain TalL-1472 i+ added to the growth medium.
To determine 1f this was the case, a cell-frae extract
was nade from strain CIAT 899 grown 1n six liters of medium
containing SOOuM aluminum. The cells, harvested by
centrifugation, washed 3X at pH 4, were passed through a
French Fress at 4°C. The extract was sterilized by fi1ltration
and frozen. Aliquots of this extract {(U.5ml) were added to
SOmle ef MAM with and without aluminum. There were three
replicate flastks per treatment and a total of eight treatments
(e.g., two strains 1 medisd with or without aluminum and/or
extract). ©BGBrowth of the strains was followed by viabla
counts., The results are illustrated 1n Figures &a and 6b.
fSddition of the cell-frese erxiract of aluminum—grown
bIAT 89% did not decrease the touic condition of rAM
conitaining 80uoM aluminum 4or TAL-1472, and may have even
lerated the dis-off.

(E} Growth of CIAT 899 —— Influence on Aluminum
Concentration in Liquid Media.

Figure 7a illustrates the effect of CIAT B79% on the pH
leve]l in SOmls &f liguid medium (1n triplicate!. The pH level
of the control flasks (no cellsl remsined constant for the
elight—day duration of the euperiment. Growth of CIAT 895 daid
not zlter the pH of the medium until after stationary phase
vizs reached. PMaorimuam cell numbers were reached on Day T and
the pH did not charnge during log growth {compar2 7a with 7ob.

The .2 rH vmit 1ncrease is still well! within the solubility

range of aluminum [aluminum solubi1lity drastically decreases

-1}-
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Figure 6. Internal Factors: Effect of Cell Free
Extrzcet of Aluminum.Tolerant CIAT 899
on Growth of CIAT 899 and Al-sensitive

TAL-1472 (Growth Followed by Viable
Counts).

A. CIAT B99 (Aluminum tolerant)

open symb. 12 CIAT B99 cell-
-free extract
sclid symb. No extract
om H¥ (pH 4.45)
A A 80 uM Al (pH 4.45)

DAYS

-

B, TAL-1472 “Aium. sensitive)

open symb. X CIAT B899 cell-
-free extract
soi:d symb. No axtract
Ht {pH 4. 45}

C
\\A L A 80 uM Al (pH 4, 45)
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abave pH S]. Although the level of available aluminum in the
medium decreased from approximatély g0uM at Day O to
approximately &0uM at Day 8, the decrdase is purely a chemical

phenomenon. The control flasks, without cells, decreased at

“the same rate as those containing CIAT B899.

From these‘euperlments I concluded that CIAT B892 digd not
tabe up sluminum from the mediuﬁ, at léast at levels
detectable by the assay used, and only binds aluminum at
degectable levels when high cell numbers are used {(experiment
2A) . .

(F) Summary. CIAT 899 is an extremely aluminum resistant
strain. Nothing liberated by this organism into the growth
medium, or associated with the growing cell, or soluble
imternal comporments alleviated alumipum touicity for the
senzitive strains growing 1n media containing QDUM aluminum,
{The results of some af these physiclogical experiments were
presented a£ the 1985 Annual Meeting of the American Society
for Microbiology (Abstract N1O7, Praceeaings of the Annual
Meeting of the American Society for Microbiology. 1985.).1]
3. Fhysiological aspects of Aluminum Sensitivity-

Si1nce the preceding sets of cuperiments provided no
razdily apparent explanation for 2 mechanism of aluminum
rzeicstance ir. TIAT 2%%, [ decided to tatz the opposite
spproach and 1nvestigate the physiological basis for sluminum
sensitisaty in B, phisesl: strain TAL-1472.

(A) Concentration of Aluminum. Figure B illustrates a set of

experiments to determine tha level of aluminum sensitivity of

=12~
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Growth of TAL~1472 in MAM containing 5uM phosphate at eight coucentrations of alumiunum.
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-
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TAlL-1472.
aluminum (pH4.3). However, the strain was sensitive ts‘
aluminum concentrations > 15uM. Therefore, unlike strain
CIAT B899 or its derivatives, which grew at concentrations of
aluminum > ZOOuM, TAL-1472 was sensitive to low levels of
aluminum.

(B) Concentration of Fe-EDTA. Davies et al. (1971) i1ndicated
that aluminum interfered with iron uptake in a strain of

Bacillus megsterium; and keyser and Munns (1979b) as well,

found & strain of cowpea Bradyrhizobium spp. (TAL-174N) to be -

more sensitive to SOuM alﬁmlnum when Fellx was used as an iron
sowrce, than when Fe-EDTA was employed. Although the poor
growth effect was due to a lack of iron, they attributed this
effect to Fe-ohosphate precipitates (Fe{OH)zHZFO4.) rather than
to a direct competition of zluminum with iron, as was the case
with the formsmer report. bkazyser and Munrnic ztate that the
stability constant of Fe!I2EDTA greatly eiceeds that of
#lTTTEDTA, such that essentially no A1-EDTA complex should
ftorm at pH 4.% (keyser and Mumnzs, 1979b3x Novell, 1972). Thei:
data (reyser and Munns, 19797) 1ndicate essentiallv no lag
phase when TAL~-174N grows in the presence of S0uM aluminum
when using Fe-EDTA, and =tarting from 19° cells/ml reaches &
final c=11 number of 107/ml 1n 15 dave. Uhen they employed
FeClx, a laq nhase2 of four daye occurred prior to log phase
and the final cell number wasz reduced to l¢®/ml after 1% days

growth.

=]3-
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Since iron might play an important role in aluminum
sensitivity in TAL-1472, 1 designed an axpariment fg:é;plng
the effect of iron on strain TAL-1472 when grown in the
presence of BOuM aluminum. Figure @A illustrates the growth
of TAL-1472 employing three levels aof Fe—-EDTA under acidic
conditions {(control, pH 4.45). There was no influencg on the
growth rate of the cells with erther a law level of 1ron (10uM
Fe—-EDTA, = 1/2 amount present in standard medium (i.e., ZOuM)]
or at an elevated concentration of Fe—-EDTA [B8OuM Fe—-EDTAI. 1
chose this guantity since 1t was equimolar with the level af
aluminum (1n those treatments containing aluminum, Figure 9B).
As 1llustrated in Figure 7B altering the level of Fe~-EDTA had
e si1gnificant effect vpon the response of TAL-1472 in the
oresence of 8CuM aluminum (pH 4,453, The die—off rate between
the threese trestments was ezsentiallv identical: after four
davye of growth the culturés resched the lower limits of cell
detecticon (£ 1 X 1071 c=llz=/ml}. From this =xperiment I
concludeo that the level of iron 1n the medium was not a
factor in aluminum senrsiftivity of R. phasesli strain TAL-1472.
(C) Concentration of Phosphate. Acid tropical soils, 1n
addition to their seil acidity-—related stiresses suth as
increased selubilities of aluminus and marganese, usually have
iow levels of ava1lable phoszohoruvus, gensrally f1luiM
thesienausr, 15660, fRe keyzer and Murnns (1979b) showed, low
phosphoruz 1n rhicobial culture media alon=s., without

sdded asluminum, can bs &2 severe stresz for zoms strains.

I

fl=o, when formulating media the phosphorus concentrations are
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important since a variety of aluminum—-phosphate precipitates
form. The type of precipitate formed deéends upan the
aluminum:phosphate (Al:F) ratio, the nature and ratio of
aother components aof the sclution, the temperature and the pH
(White et al, 1976 Cooper et al, 1983F). Since TAL~1472 grew
well at éluminum:phosphate ratios of 1:1 (SuM AL:SuM F} and
2:1 (1OuM Al:Sum P) but not when the ratio was Z2:1 or greater
(Figure 8, in Experiment ZFA}, I decided to investigate this
phénomenon.

In the experiments summarized 1n Fiqure B8 (Experiment ZR)
the concentration of phosphate was held constant at SuiM while
the level of aluminum ranged from Sum te QOuM. Since an
aluminum—phosphate interaction might have influenced growth 1
decided to 1nvestigates the effect G% concentrations of
phosphate ranging from SuM {(standard concentration, = .control)
to 80uM phosphate while kesping the zluminum concentration
constant at 80uM. Under acidic comditions {(pH 4.15, QuM Al
increasing the level of phosphate from SuM to 8Guil did not

influence the .growth of TAL-1472 (Figure 10A). The cells in

all trestments gréw at essentiall. the =zamsz rate reaching
maximuin c2ll numb=rs on Dav Z. Irn contrast, the level of

phosphate in media containing 80uM

in

lusz wm (Figurs TOR)
marledly affected the growth response of TAL-1472. When the
Al:F ratio was le:l (eithesr- B0uM Al:SuM P, or 12B00M Al:z B0uM
F} the cells were killed within four davs. As the ratio of
Al:F decreased from 8:1 to Z:1 the cell die—-off abated.

However, unlibke the results illustrated in Figure 8, where

-15-
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TAL-1472 grew at a 2:1 ratio of Al:P (10uM Al:SuM P), in this

experiment (three replicate flasks) TAL-1472 continued to die-
cff in media with a 2:1 ratio of Al:F (BOuM Al:40uM P,
although at a slower rate than for higher ratios of Al:P. As
with experiment FA, when the Al:f ratio was 121 (SuM Al:SuM F
in Experiment ZA; 80uM Al:8Cui P in experiment IC) the
cultures reached the same final cell number as the acid
control flasks. However, & three day die-off preceded cell
growth indicating that the aluminum level in the medium, at
least 1nitially. was touic.

Al though the results of experiment 3L clearly 1ndicated.
an aiuminum—-phosphate interaction an eract interpretation is
complicated due to the solution chemistry of aluminum and
phosphate. In practice, Z2uM aluminum sheould remain in
solution in the prezemnce of phosphate up to JGuM at pH 4.735,
1OuM at pH 4.5 and SuM at pH 4.46%5 {(Cooper =t al., 19833.°
Above thesz levels precipitates will form which, &lthough they
Jecrease the available levels of aluminum, lower the phosphate
concentration as well. I did not gbserve any obwvious
érecipltates in any of the treatments encapt for the lzst
treatment, & 16:1 ratic of aluminum:phogphate (12BOuiM Al:BouM
L Theorecticslly, nc pracipitates shoula form at phosphate

levels from SuM tstandard phosphate Zomcentration emploved! to

T

perhaps 10 —~ ZCGuM, in the presence of 8C0uM aluminum at pH
4,45,
Ir both erperiments 3& and IC, 1:1 ratices of Al:F

{(regardless of concentrations emploved) allowed TAL-1472 to

—16-



grow. With a 2:1 Al:P ratio i1n Experiment 3IC, where a higher
level of both aluminum and phosphate were emplovyed, growth éf
TAL~1472 d1d not occur. This is in contrast to experiment 3A
where growth occurred readily in the presence of 10uM Al:SuM P
(Z:1 Al:P). (These concentrations are well within the
solubility ranges predicted by Cooper et al (19831). I¥
precipirtation of Al and P occurred in Experiment 3ZC, the level
of aluminum was potentially too great for TAL-1472 to grow.
Summarvy. These experiments indicated that TAL-1472 was
sensitive to low levels of aluminum 1n the presence af SuM
phosphate. If a higher level of aluminum was maintained
{80uM) , an increased level of phosphate counteracted the
tonicity (1.e., die-off took longer). However, thic latter

=2F

4

2ct was most likely dus to a complexation/precipitation o+f
aluminum, thereby lowering the overall level precent in the
madium. At this dunctwre the significance of the aluminum-
phoszphate intsraction remains unclear. Whether aluminum
sansitivity in strainm TAL-1472 15 directly attributable to a
competition for phosphate or wnether other constituents are
invol ved remains unkown. Iron, however . doses not seem to he
invol.ed directly.

CONCLUSIONS: The 1nvesta

n

In]

ations of the ohysiological

mechsnisms of aluminum regsiztance/sensitivity did not i1ndicate
an, dafinite mechanismis). Electron microscopic examination
a4 thin sectiorns of alumnum—resziztant and aluminum—senstive
cells, stained to revesl aluaminum Wen and Wisniewshki. 1985},

could potentizally indicate the fate of aluminum in these cells



http:invol.ed

(i.e., internal, external, etc.) as well as indicating any
association of aluminum with particular cellular structures.
This avenue is not currently-being pursued. The Sym(biosis)
plasmids of fast—growing rhizobia do not contain
aluminum—resistance genes,; since pSym—cured derivatives grew

as well as parental cultures in the presence of aluminum.

I1. Construction of Stress Resistant Rhizobia for Alternate
Host Legumes via Sym Plasmid Transfer.

Flanned Aptoroach

Construction of superior straine of Rhizobium species by
genetic manipulations has been limited by available
informaticn on the geneticsz of the genus. Genetics of the

Rhizobiaceae 1s essentially that of the fast-~growing species

R. lzauminozarum, K. meliloti K. phazeocli and R. trifolia

{Schwinghamer, 19773 Beringer et al.. 1980; Frakash and
Atherly, 158&6). With these species, the nitrogen +ixation
iNif, Fiu}) genes, as well as many of the essential genes for
infection of the host (Nod), are located on large indigenaus
plasmids ~¢pEym) (for -reviews see: Nuti et 31., 1979: Stanley
snd Dunican, 19793 Ruvikun and Ausubel, 1980; Frakash and
ftherly, 198&6). Furthermore, among the symbiosis—~related
those that confer host specificity (Hen) can be
mobilized from one species to another (Johnston et al., 19783
reviewed by Fratash and Atherly 1985). The genes responsible

for nodule formation have alze been transferred to the plant

tumor—-forming pacterium Agrobacterium tomefaciens (Hooykaas et

al., 1981; reviewed bv Frakash and Atherly. 1986}.

=]1B-




It 15 clear from the findings described in section I(IC)
that pSyms are not involved in determining stress resistance,
since the strains (CIAT 899 and ANU1173) remained aluminum
resistant following curing. The pSym cured derivatives are a
valuble resource to be euploited for the construction of
stress resistant rhizobia for alternate host legumes. For
example, CTIAT 899 is an aluminum resistant bean Rhizobium, by
1inserting & pea pSym or a clover pSym into the cured
detivative it should be possible to construct rhizobia for
peas and clovers which are not orly highly effective but are
stress resistant as well. The benefits of this approach,
towards impraoving legume svmbioses in tropical areas
containing acid soi1ls, could be great.

Sadowsiy and Hohlool (19335) constructed a highly
eff=ctive strain for peas, scresnsd under controlled

conditions, by transferring the E. leguminosarum pSym pJRSJI

to a Nod™ strain of claver Rhizobyum (#2). The primary
transconjuoants remained Nod—- on clover; however, pea nodule
rel1solates gained the abilitv to nodulate clovers
1neffectively. This result would implv & genetic modification
of tha2 tramsconjugant during plant passage. Theilr results
sleo 1ndicats the 1mpartance of the genotypic backhground of
the microsymbiont. The donor strain &015{(pJESJII? is only
rartizlly effective on peas. while the #2i{pJRSJI1)
transconjugant was highly sffective. DedJong et al. (1392D)
1mproved, wunder controlled comditionzs, the symbiotic

properties of a strain of B. legumingsarum (pea microsymbiont)

«19~
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by plasmid transfer. The constructed strain reduced
significantly more nitrogen than the parent; and it also
proved superior to the field 1solate_from which the plasmids
were obtailned.

Brewin et al. (1983) showed, again under contreolled
conditions, that pSym content affects the percent nadule
occupancy by the host strain. pSym content had no significant
effect on the rhizosphere populations of the constructed
strains; the population levels were essentially equal [same
Fhizobium background genctype {three strains) containing ore
of four pSyms, all four transconjugants within the same
background ipoculated simultanecusly, 1n approximatzly equal
numbers, on peas {(see Tables 2 and = Brewin et zal., pelow)l.
Therefore determinants on the pSym, in conjunction with the
genotypic background of the microsymbiont host, ultimately
dictated nodule occupancy. What the phenotypic property of
the transconjugants is, that resultz 1 zuccessful nodule
DCCUpPAancy. remains unknown. Tha authors did not report the
nitrogen +iuxation efficiency of the individual RBhizobium/pSym
combinations, so it is difficult to draw any strona conclusion

2

U

to why the host plant preferred particular combinationzs to
the auclusion of others. One of the pSvns (plJ1016) always
formed the lowest percentage of nodules regardleses of the
genotvpic background, while the percent noduls octupancy by
the cther strain/pSym combinations varied [ses Tables 2&3

{Brewin et al.., 1983711,
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Table 2. Percentage of cach synthetic stroin (streptompcin-resittant) present in mixtures with the
standard strain 726 (rifampicin-resistant) in the initial inoculum, tn the final root sisface
population and in the contents of individual rodules

Synubetic sirin Initiat inoculum Finat rhirosphere Final nodales®
~ A ™ r A ™ ~ A . “ " - ;)
Background Hm
geDRype plasmid Mezn sem at Mean S.E.M. «t Mean e af
Bis) piJioos M9 b ) 3 4“5 10-3 3 913 42 9
B1i51 pIB3 374 22 3 924 17 3 367 93 10
BiS1 ptlidi9 27 37 $ 476 37 5 452 1 0
Bi3l plJi016 52-9 - ] 45 43 5 10 47 9
17 piJiocs 49-3 1-2 L 614 34 3 o T8 9
k.10 pJBs 561 22 4 636 31 3 954 35 9
617 piJio19 43-2 ko) b 613 66 b 176 60 8
3617 piJioi6 474 19 ] 62-t 85 ] k. 134 ]
4401 111008 51-2 3 5 718-5 28 3 9-5 g5 1 {1]
8401 piBS 59-3 22 L] -7 34 ] 9719 ts 9
8401 piliot9 566 26 ] ™ 2-1 5 100-0 00 4
30 pLio16 594 14 5 -8 42 ] 881 40 g

* The minority of mixed nedules (containing both Str-r and Rif-r bacteria) have not been included in this

analysis.
t &, number of cephicates.

Table 3. Analyses of wariance for percentage af streptomycin-resisiant sirain {after angular
transformation)

The angular transformation is given by arcsin vpercent/100 (in radians). DF, degrees of resdon; MS,
mean square value.

Inoculum Rhirosphere Nodules
f——_g——'\ r - A f —A— Al
Source DF M3 DF M3 DF M35
Plasmid 1 00014 k) 00075 3 26798**
Strain 2 0-0303**~ 2 ¢7915°** 2 29256
Interaction § 002290 5 0-0069 & 0-5567°¢
Error 47  000R 43 6-0151 96 0-0633

*** Highly significant effects (P < 0-0005).

(Brewin et al,, 1983)

Screening System. lneffective strains, thouoh capable of

forming nodules on the plant, do so without comtributing much
nitrogen to the economy of the host. Cornsscusntivy. plants
nodul ated with these rhizobia turn yellow within twc-tn three
weeks of growth in nitrogen—~free cultures. &nv 1mprovements
1in the effectiveness of a strain will show «p in the gross
morphologvy and colorastion of the plant nodulated by 1. All

of the genetically-manipulated strains will be screened on the

4



appropriate host growing in sterile vermiculite moistened with
nitrogen-free nutrient solution (for peas and beans}i clover
plants will be screened using an agar blate assay (Rolfe et
al., 1983 .  All plants showing growth differences compared
w1th the uninoculated controls will be confirmaed by acetylene
reduction. Fresh iseolation of the bacteria will be made from
nodules of plants that are significantly healthier than the
controls. The stability of these strains will then be

ascertained by further growth chamber tests.

Work Plan

Strains.And Sym Flasmids. The relevarnt characteristics

of the strains 2nd plasmids to be used are listed inm Table .

Flasmid Curinag. The standard methods of curing plasmids

in Rhizgbium (heat cuwring, acridines ofangds' will be emploved.

Bacterial Matings. Standard membrane—filter mating

techniques will be empleyed {(Hirsch et al., 1980). Recipients.
for pSym transfer will be marked with antibioctic resistance
marlers via standard microbiclogical pbractices {(sporntaneous
mutation) to counter—-select against the dorncr strains.

Screening of Trancscorningsnts. Fluoresz—ent .antibodies

orepared against recipient strains w:ll be usad to screen the
resulting transconjugants and assure thelr purity. To
demonztrate the presence of pSvims in the reciomient strains 1

will use gel electrophorsels. Baci.croszes of the

—-22=
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Table Z. Bacterial Stains and Flasmids used.

Strains and
plasmids

o A e . . A i A T e ST S o e S i P i Tt S o e e i e Yk T e g T . e L B e B T o o R o B . e e o 1 g e B

STRAIHS

R. phaseoli
CIAT 899

UHN=3

UHM-11

R. legquminosarunm
b01S

R. trifolii

ANU 1173
UHH~1173

A. tumefaciens
GHIS02Z

- M
o2
L]
O
- {2
o
ot |
i
A
a
—

PN20Q

Piasmi1ds

pdBIY

PER1AN

Hild~type, Nod* Fix* on beans
filr {BOuM)

CIAT 899 pSye—, Ap- Cn~ Par
AlT {BOum)

CIAT 899, Ap~ Cmn~ Per, Al" (BOuM)
Nod* Fix*on beans

pSye—,phe- trp-

Hild-type, Nod* Fix~ on white
clover, Al7 (25uM)

ANU 1173 pSym—+ Al"(25um}

contains R.p.CFN 42 pSym,
p42d::TnSmob, Ka~

pdB3Jl is a km™ derivative

of RF4 (Ke~ Ap~ Tcm), used for
mpobrlizing TnSmob containing
plasmids

=HBIOI (pRirS14a::ReB. 4
{R. trifolii pS5ym ccintegrate

-with the wide -host-range
celf-trancamissible plasaid REB.AS)

K. lequminosarum pSym marked with
TnS, self-transmnissible, Nod*
ot peas, Nod~ on clover

pdB5Jd1 derivative with altered
host-speciticity for clovers
Ned™ on peas, Nod* op clover

This study

This study

B.

B.

Rolfe

Rol fe

This study

R.

Palacios

Falacios

Fankhurst

n
=
—
e
w

Rolfe


http:HS1101pRtr514a::R6S.45
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transconjugants, to strains cured of their pSym, will ensure
the integrity of the transferred Sym plasmid in its new host.
1. Construction of CIAT 899 -Transconjugants.

The symbiotic properties of several transconjugants of
CIAT 899, UHM-Z (M3) and the relevant backcrosses to K.

leguminosarum &01S are listed in Table 4. None of the

transconjugants of the plasmid-cured strain UHM-5 were Fix™* on
any host tested. Transfer of the plasmids pJBES3I and pBRI1AN
to the wild-type pare&t CIAT &9 resulted 1n transconjugants
that could generally still nodulate beans effectively but were
ineffective on the host for the i1ntroduced ptym. When the
various transconjugants and backcrosses were screened by gel
electrophoresis their plasmid grofiles (data not shown) were
very different. CIAT 897 has an apparent plasmid
imncompatibility with both pJBSJI and pBERLIAN since the trancesfer

fireguency 15 low and there is e=ntenszive rearrangement of

‘plezmid profiles. Other evidence for plasmid rearragement is

the phenotypic data of the various baclcrosses, many of which
are Nod~ gr Fisn—-

Construction of successful transconiugants regquires

i
rt
bt
LYl

1ns which do not restrict or rearrange the introduced

¢

npiasmid=s. Since CIAT B9% iz not a strain of choice for these
tvpes of consiructions arother pSym—cured sluminum resistant

strzin will b5e employed - UHM-117T.

23—
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Table 4 Symbiotie properties of control strains, transzconjugante
and backcrosses on three host legumes

STRAIN HOST LEGUME
controls BEANS CLOVER PEAS
'o/v&" * - -
M5 - - .
6015 (pJBSJI) - - (*’%
6015 (pBR1AN) - : (+/+) -
Transconjugants
Mo(p - ND -
M5 (pJB5JI) S : /- ND -
M5 (pJBSJIN0 ./~ ND -
M5 (pJBSJIN1S of- ND -
backcross
6015(pJB5JI)BCIC - ND +/ =
6015(pJBSJI)BCSE +fs ND -
6015 (pJB5JI)BC10C - ND -
6015 (pJB5J1)BC15B * ND +/
6015 (pJBSJI)BC15C = ND -
6015(pJB5JI)BC1SE +/~ ND /-
transconjugants
s i_pﬁﬁlx.g”%x - - 2
MS (pBR1AN)3C of - /- ?
M5(pBR1AN]3G - - ?
M5 (pBR1AN) 3T - - »
backeross
3 pBRIAN)3G2 - - ?
6015(pBR14AN)3G3 - - ?
6015(pBR1AN)3J2 - - ?
transconfugants
E D 14 -/ - *
CIAT 899(pJBSJI)IB +/+ - ?
CIAT 399({pBR1AN)ZA 7/« +!- -
CTAT 399(pBRR1ANI2E - +/- -
CIAT 829{pBRIAN}ZJ - +/- /7
backeross
SUTSpBRIANYIZAZ - + - ?
50157 pBR1ANIZBS - -/- ?
9915{pBRIANYIBL - *;- 2
= /- H

5015/ pBR1ANY 2J1

*{Nodulation/Fixation)
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