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: ABSTRACi R ‘ ST

Antisera were prepared against six Rhizobium me]iloti strains

including "three strains which had been seiected for: Canadian 5011
~and ciimate conditions and are current]y used in the production of -

commercia] alfaifa (Medicago spp ) inocuiants The antisera were ‘
" highly cross- reactiVe in agglutination tests. but strain specificitys nt g

. was obtained by repeated ma551ve adsorptions of the antisera w1th

R

“}celis of cross reacting strains. Only two of the strains were found
1.

- to be: sero]ogicaily identica] thus‘five serotypes were found among B

«

o

,
. .. . et e
v ;. A e 5
v, . N . . ".

Immunogiobuiin G was purified from adsdrbéd antisera by sait

' the six strains examined

:u_ fractionation fo]]owed by affinity and gel chromatography and was then 5

,N»congugated with aikaline phosphatase by a one-~ step glutardia]dehyde 'f‘;n-5<
i‘proecedure Antibody—enzyme conJugates we:e purified by gei chroma-" "

.tography and gave strain spec1fic react1v1ty WIth homologous ce]]s in <:::::

’fthe double antibody sandw1ch _enzyme- linked 1mmunosorbent assay (ELISA)___

. ?he adsorbed antisera were used in micro agglutinationctests and

| g in the ELISA procedure to dennnstrate the presence of the Canadian

deve]oped strains 1n their respective commercia] peat base inocu]ants

#s- at levels of . 108

’

to 10 v1ab1e ceiis per 9. An ELISA,determination s
;of’thédidentities of two strains inhabiting over three hundred nodules‘

- was’ accompiished in a study designed to e11c1t information about
{

possibie compet1t1Ve nodu]ation efﬁects between two' commereiai strains

- - - : D
4 . P . -

U



11 _when appred as a mdxed 1nocu?um 1h varying numericaI ratios Both

) A

“'e”strains formed sihgge-strain 1hhab1ted noﬂules according essenti&lly
: 1f:jito the re1at1ve pheporfion of 1nocu1at1ng numbers. APPFOX*mafF{ b
f*~;‘13% of . the nodu1es were founJ to be 1nhab1ted by both strains.-. 'he i
f *ffdﬂ!#-strain 1nh3p1ted nodules occurred predomihant\y When orie’ strain
':;{;“ad ¢°nside;ab1e numericaI advantage 1n terms bf the inoculating

'f‘}_fthe stra1ns.‘ The sg?ologfcaT techniques described a11ow for the

2?stra1n fdentity 6etenninat1qn oﬂ smaT] quantft1es of cel] bound

.

;?;;7ﬂRhizoh1um me]iToti anf‘gen, n@ s_rologica] differences were found

N .

! ’ .

1 N

. f'fpopuTation applsed suggesting possib]e symbiotic differences between
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. '_INTRODUCT'ION'

Life on earth depends on the photosynthetic conversion of .-
carbon dioxide to organic substances. The growth ‘of green organisms
B possessing photosynthetic apparatus in turn- depends on a wide variety
of eSSential substances vThe most hndeiy‘iimiting of these is
combined nitrogen. Begause nitrogen enters biological systemsvoniy'
when it is-combined or "fixed" wjth'another'eiement usuaiiy hydrogen
or oxygen it is both physica'l'ly abundant (N ) and nutritionaﬂy ‘
scarce (NO 4) ‘ Biologicai nitrogen fixation has Supported the
growth of piants for a 1engthy evo]utionary period, yet as a genetic
‘capacity is Timited to procaryotic organisms 1n the form of a few
genera of bacteria (including cyanobacteria) No higher organisms
(a51de from industrial man) have deve]oped mechanisms for_ the' fixation
“of atmOSpheric nitrogen, but many plants share directly in the |
\procaryotic capability: by\forming‘symbiotic assactations with nitragen
lfix1ng bacteria. The most w1de1y studied. of these symbiotic
associations exists between higher plants of the famiiy eguminosae
and a heterogeneous grouping of bacteria currentiy classified as -

~the genus Rhizobium. In. naturai ecosystems. and under the deiiberate

manipuiation of man since at 1east the time of Christ, the Rhizobium-

' " 1egume symbiosis has restored plant-available nitrogen to the soi]

from the abundant but anert reservoir in the atmosphere.
Recent economic emphasis of the limited nature of fossi] fue]s o
has pTaced premiums upon research ieading to increased. knowiedge of

the processes and mechanisms of natural bioiogicai nitrogen fixation.'

: N W
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It 1s. reasonab]e to hope that such know]edge will tead to 1nte111gent
manipu]ations and modifications of existing f1xat1on ‘systems a]lowing
decreased dependence upon the energy cost1y chem1ca1 production of
'nitrogenous ferti]izers The Rhizobium-1egume symbiotic association
is only one of severa] b1o]ogica1 nitrogen fixing systems of eco]ogical‘
1mportance _yet it is current]y the most sign1f1cant in North Amer1can
agriculture. The established agricultural practice of 1nocu1at1ng
1egume seed to 1mprove crop product1on provides the basis for se]ect1on
of Rhizobium strains part1cu1ar1y adapted to spec1f1c host cultivars
and environmenta] conditions. The. 1ncreasing]y recognized variability
amongst strains of a rhizobial spec1es has led to the concept that
‘ the Rh1zob1um-1egume 1nteraction may be 1nf1uenced at the strain-
cu]tivar level and that the relationship 1s affected by a wide variety
of-ecologica] conditions: Rhizobium strain characterizat1on and
~selection thus offers rapid and practical potential for agr1cu1tura]
nitrogen f1xat1on gains. ‘

The requirement of 1nvestigators»to work with strafns withinra
Rhizobium species and the part1cu]ar need for stud1es of the compet1t1ve .

_aspect of 1nteractions between stra1ns requ1res that 1nvestigators

. possess re]iab]e ‘and efficient methods of d1st1ngu1sh1ng amongst them.

This prob]em of strain 1dent1f1cat10n within a mixed strain popu1at1on
1s the major barrier to perlments des1gned to elucidate re]at1onsh1ps

and 1nteractions which May exist.: The work descr1bed in th1s thesis -

b:was undertaken to 1nvest1gate the p0551b111ty of. estab11sh1ng a strain

1dent1f1cation system for commercia] Canadian strains of .Rhizobium

z



meliloti. Spécificéiiy.‘the work wasfdesigned to: (a) determiné ,
if sufficient antigenic diversity exists to a]iow sero]ogical strain |
identification of commerciai R meliloti strains; (b) establish a
serologica] assay system sensitive enoughoto identify the strains -
| directiy as individua1 coionies and as bacteroids in’ nodu1es, and
 (c) appiy the sero]ogica1 assay in studies of ecological or quaiity

contro] significance. . S



2. LITERATURE'REVIEN’OF STQAIN IDENTIFICATION TE&HNIQUES'IN

'GENUS RHIZOBIUM R '

f et
i

2.1 ‘The Root-Nodule Bacteria . %ﬁi,',

| The l1iterature pertainiﬁg to the legume?Rhizobium sym§1;}1s
has been recently described as "overwhe1m1ng" (Bal and WOng 1982).
yet despite the fact that the botanica] family eguminosae 1nc1udes
700‘§enera and 14,000.species (Graham 1976). most of the study ot

OA:

devoted to Rhizobium-]egume'1nteract10ns has been conducted w1th1l’

.Q'\‘%

hosts of agricultural significance. This has resulted in fhe “vmf,f
widely used,, but 1ncreasingly challenged, taxonomic classification :
of Rhizobium which arranges the bacteria into species on the basis™”
of the type of legume host" nodu]ated. Thi;\c}assif1cat1on stems
largely from théﬁwork of‘BaTden and Fred (1929), Eckhardt, Baldwin
and Fred (1931), and Fred, Baldwin and McCoy'(1932).‘ Jordan and

Allen (19745, in the eighth edition of Bergey's Manual of Determinative

'Bacterio169y, divide the genus Rhjzobium into six specfes distinguished

chiefly by differences in legume host nodulated. In additioﬁito the
six specified Rhi;obfum species, an 1]1-def1nea group of organfémé
termed Rﬁfzobium spp. is recognized q%ose common characteristic is
the abi]ity to nodulate w1th1n an exéens1ve assortment of 1egumes
coT]ect1ve1y called the cowpea miscellany (Table 1).

' Symb1ot1c promiscuity (cross-i fection between host groups) and

the existence of effectiveness subgroups within compatible 1egumé- .

Rhizobium groupings has tended to ferode the legume host infectivity




Table 1. Rhizobium species and'host'noduléted

~

Species

R.
‘R.

|

—

!L
R.

trifolii

leguminosarum

phaseol]j

. meliloti

Japonicum

Tupini

Rhizobium sbp.

I

UGrowth
rate

3

fast
fast

fast

fast -
9

slow

slow
N

variable

Host ',
nodulated

Trifolium

Pisum, Lens,
cia, Lathyrus

Phaseolus vulgaris

" Melilotus, Medicago,

TFigone]]a,
Glycine max

Lupinus, Ornithobus

Vigna,'Desmédfum,

Arachis, etc.

.

v

Host
common name

Clover
Pea

Bean
Alfalfa,

Sweetclover,
Fenugreek

Soybean

_Lupih

Cowpea
Miscellany:
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v@'basfs_of cjassical rhfiobjaj takonomy. Nevertheléss. for practical |
purposes it seems unrewarding to supersede the deeply ingrained
termino]ogy of c1assica1 Rh1zob1um ‘taxonomy until such time as the
processes of 1nfect1v1ty‘iﬁﬂ:effectivity have been defined and
correlated with such 1nformation as may be gained from DNA
hybridization studies and genetic ana]ysis of the 1nterre1ating
ro]es of both host and bacterium in symbiosis. Furthermore, a very

: great number of 1&gumes and ‘symbionts remain a]together uninvestigated
and it seems appropriate for reclassification to await the co]]ectron

. of comparative data from these. Tnteractions (Jordan and Allen 1974)

-

.2.2  Non-Serological Techniques for Rhizobium Strain Identification
2.2.1 Technique Applicability IR

A variety of -approaches and techn1ques have been applied to
‘the 1dent1f1cation of Rh1zob1um stra1ns, ranging from simple recognition
of unique stra1n character1st1cs to re1ative1y complex e]ectrophoretic
ana]ySJs of protewn patterns Norris. (1958), for example, reported
"a Rhizobium straln with a unique red p1gment and Cloonan (1963)

'descr1bed a strain form1ng b1ack nodules on Do]1chos lablab. ' On the

"f. other hand Robérts 6t al. (1980) used two d1mensiona1 po]yacry]amide‘{

ige] electrophoresis to 1dent1fy strains on the bas1s of pattern

3

ana]ysis of the differential d1str1but1on of numerous, strain prote1ns



whereas .a distinctive coiony or nodule color associated with a A

) particuiar strain is easiiy recognized such characteristics are

S0 rare as to be of Timited vaiue and, in any case. limit the
investigator to particuiar strains and hosts. Highiy compiex
idenfification schemes such as electrophoretic protein pattern analysis
are not readiiy adaptable to identity determiﬁ';ions of a large
number of samples- of‘zarying size and age such as nodu]es obtained
,JP 2 fie1d95r~greenhouse experiment.  Generally, the applied
Rhizohfhm worker selects the most expedient of strain identification
' techniques con51stent with accuracy, sensjtivity, and exper1menta1
de51gn Techniques yet dev1sed tend to fa]] short in respect of
one extreme or the other. This review of Rhizobium strain 1dent1f1-
3 cation techniques is confined to those of generai appiicabiiity to’
field and greenhouse studies of nodu]ation patterns.

R I

2.2.2 Antibiotic Resistance

‘Mutant marker characteristics, particularly resistance to one

. or more antibiotics, have been widely used for Rhizobium strain

' identification (Johnston and Beringer 1975; Cooper 1979 Schwrnghamer
and Dudman 1973; Pinto et al 1974; Jones and Bromfield 1978; Obaton
- 1973; Brockwell et al. 1977). The stable, 51ngJe step mutation of
Rhizobium strains to high level resistance to-antibidtics such as
streptomxcin, spectinomycin, or rifampicin is ordinariiy readily

achieved, without the aid of mutagens, by simply growing the organisms



on antibiotic containing media (Schwinghamer and Dudman 1980)
" The use of strains resistant to different combinations of anti-
biotics allows the detection of each through replilate p]ating of
a nodule squash onto each appropriat: antibiotic containing medium
_The selective, contaminant suppressing nature of antibiotic media
has\“de the use of antibiotic resistant strains particularly’
popular in the design of nodulation studies conducted in field soils.
Unfortunately, it is not safe to assume that an antibiotic resistant
mutant is otheruise identicai to the parent strain (Jones and :
Bromfield 1978- Josey et al. 1979; Ze]azna Kowalska 1971) The
probiem is empha51zed in the case of mutants selected for high Tevel
resistance to a number of antfbiotics (Schwinghamer and'Dudman 1980) .
RhiZobium mutants to amino giycosidic'antibiotics such as streptomycin
and spectinomyCin have, however, been found to be Tess likely to hawe o
associated Symb10t1C defects than mutants to antibiotics having -
effects on cell’ membranes or.walis (Schwinghamer and Dudman 1980).
,One approach to circumventibg the prob]em'of unseen strain
modifications in antibiotic re51stant mutants has been to avoid
the use of mutants aitogether and measure the "intrinsic”
antibiotic resistance patterns of the parent strains (Josey et a].
1979). ‘ These patterns of intrinsic resistance to low leveis of a'
.spectrum of antibiotics‘differ}sufficientiy between strains tovaiiow

identification The requirement, however, for extreme laboratory

care concerning medid and, in particular, the age, number, and growth



phase of the ce]]s to be tested presents prob]ems to the routine
app]ication of this technique.

12.2.3 Symbiotic‘Marhers N

A Rhizobium strain. wiT] occasional]y be identified which
has some symbiotic character allowing it to be’ differentiated from
other strains. Such a character can be a selective noduiatibn among
a group of cultivars (Diatloff ]977), a distinctive nodulation
morpho]ogy (Cloonan 1963), or differing ]eve]s of N2 fixation effect-
iveness (Brockwe]i 1980). The use of a symbiotic marker as a strain
1dentification technique impliCitiy requires a re]ativeﬂy iong period
of time for the identifying phenotype to deuelnp_ag the 1egume grows.
Where' the marker is defined as a differential phenotype between a
pair or group of cultivars the amount of work required to make the
~ identification is concomi:antly increased. ‘Brockweil and Diat]off
concluded that synbiotic markers, even when highly’spec1fic were
tedious and time conSuming as means of strain identafication (Brockwe]]

1980).

2.2.4- Bacteribphagenyping

1 AR

Interest in the Rhizobium bacteriophage interaction has’ been

"divided between the demonstration of Rhizobium para51tizat10n by
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phage resulting in poor nodu]ation (Deme]on and Dunez 1936. Barnet '
1972, 1979) and the ‘use of specific phage to type Rhizobium species
(Staniewski 1970b) and strains (Staniewski 1970a, Lesley 1982) N
_For strain typing, both Staniewski and Les]ey worked with R. me1ilot1._'
Staniewski subdivided 71 strains 1nto 10 groups according to ,‘
‘susceptibility differences to 7. phages whereas Lesley obta1med 80
groups from 350 strains us1ng 15 typing phages. | Lesley (1982)
.emphasized the requirement for carefu] COntro1 of variab]es 1nc1ud1ng\
culture media and both cell and phage concentrat1ons to obta1n
reproducible results.._ | o | o
' Host 1nduced modification (HIM) of phage has been'observed in T
Rhizobium (Les]ey 1982) in which the strain spec1f1c1ty of the
_bacteriophage was controlled by the Rhizobium strain on which the
phage was 1ast vegetatively grown. The use of such a phage forr
strain typing could deve]op from the modification of the phage 1nto

a. var1ety of strafn spec1f1c typing stocks (Schwinghamer and Dudman

1 980).
2.3 Serological Techniques for Rhizobihmfﬁtrain Identification
. 2.3.1 Rhizobium Antigenicity

Sero1ogica1 ‘techniques have provided the most adaptable and

spec1f1c methods for the recognition of diazotrophic microorgan1sms
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at the'strain level (Dudman 1977) and'such techniques have been'}
applied extensive]y to the genus Rhizobium-(Schwinghamer and Dudman
1980). Antigenic analysis of Rhizobium species and strains by
.several groups working independently has 1ndicated that the composition |

of rhizobia1 iipopolysaccharide (LPS) differs as significant]y between o

strains of a sing]e%host nodulating group (species) as between members ‘
| of different host nodu]ating groups (Carison et al. 1978; Russa et
al. 1981 Zajac et al. 1975; Zevenhuizen et al. 1980; Humphrey and
Vincent 1969) Since rhizobial strain antigens are sometimes shared,
vsometimes specific, sometimes dominant, sometimes minor, ‘and the
who1e issue further confused by the fact that different workers
emp]oy,techniques designed to detect different types of antigen (LPS
——flageiiar,_"interna]" diffusing, non-diffusing, etc ), no group of .
\ 1nvestigators has reported. a sero]ogica] capabi]ity to categorica]ly
identify a]] members of genus Rhizobium at the "species" level. Ail
. Rhizobium species, however; as defined by host nodulation grouping,
contain seroiogica]]y distinct strains (Dudman 1977), and for purposes
of identifying strains within a microbio]ogica]]y defined system
.v'seroiogical success has been reported for each of the host noduiating |
.‘“groups (for rev1ew see Dudman 1977) - 0f ‘the several Rhizobium species,
R. meli]oti has been singied out as the most frustrating to identify
'seroiog1ca11y at the strain 1eve1 (Sinha and Peterson 1980; Humphrey
~and Vincent 1975, Les]ey 1982) _
The cell wa]] 11popo]ysaccharide antigens of Rhizobium appedr‘

"to be the locus of greatest antigenic specificity as both flagellar



{' -]2%sz'
lxand interna1 protein antigens are cross- reactive between strains
- and, in some cases. between species (Vincent ]941, Vincent and

Humphrey 1970, Vincent and Waters 1953) The water soiuble

'“‘exopolysaccharide "slime" of R. meliloti did nof’show antigenic

| activity in an immunodiffusion ana]ysis of{;ight strains . (Humphrey
and Vincent 1975) - o ;h_u:js,,;,a:'.:\- .

. 2.3.2 Agglutimation - . - R R

r
.
..o-‘

Of the severa] sero]ogical techniques which have been appiied f .

to the strain identification of Rhizobium the agg]utinatjon reaction

.

"\};was the earliest and is sti]l wideTy used The evoiution of

“”agglutination techniques has been in the direction of- aliowing strain'i~

1dentifications to be made w1th sma11er and sma]]er sample vo]umes.4
but as a basic requirement cell concentrations need to be in the -
range of 108 to 109 ce]is per mL. The demonstration that soybean ;
nodu]es contain suffic1ent bacter1a1 antigenofor 1ndividua1 strain
identifications (Means et at. 1964) Ted to attempts to. dnrectly
1dentify the bacteria1 component of sma]Ter nodules from legumes n-bb
such as clover, a]falfa and birdsfoot trefoi] | Parker and Grove
(1970) performed successful microaggTutination identifications of
1sma11 nodu]es in microtiter p]ates although antigen vo]ume and

concentrat\on 1im1ted the testing to a single antiserum per nodu]e

M1croagg1utination testing in microtiter p]ates can. be reiiably



o

| Aperformed with as 1itt1e as 50 uL of 10 to 109 ce]]s per mL of
-e;test antigen suspension (O]sen et a] - 1981), but competition studies

| ?lru1nv01v1ng the presence. of two or more inoculating Str31NS require

that each nodu1e be tested against antisera specific to ‘each..
_ inoculating strain, preferabiy 1n repiicate fashion This require—
ment provided the impetus for deveiopment ef techniques more |

1 sensitive than agglutination for the identification of Rhizobium

';strains directly frbm):egume noduies '
: . .

2.3.3 Fluorescent Antibody 3

Immunofiuorescence techniques provide a microscopic approach
to- strain 1dent1f1cations in which even 51ngle microb1a1 cells may -
: be examined and 1dentified Immunof]uorescence has been used to
identify both vegetative]y grown ce]]s (Jones and Russe]i 1972) and
.bacterbids (Trinick 1969) and attempts have' been made to mahh\%he
technique quantitative (Fli hSand~Hazen 1980) Dual straim o
'inhabitation of sing]e nod 125 has been detected with immunof]uorescence

u\\974) Immunofiuorescence techniques | )

®

are .of unquestioned value in strain identification and more part1cu1ar]y

'techniques (Lindeman et a1

o in eiucidating specific. events in the microbia1 attachment and

nodu]ation process (Dazzo and Brill 1979) Immunof]uorescence and

it s effective quantitation require sophisticated equipment and

3 considerab]e skill is required in both appTication of the. technique
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" and interpretation of results (Schmidt 1973). Immunofluorescence |
,data obtained from eco]ogicaT studies has genera]]y been “quantitated"
by subaective comparisons of homo]ogous and heterologous fluorescence
(Boh]oo] and Brock 1974) F}uorescent photometric techniques now
available should see increasing use of fluorescent antibody techn1ques '
in eco]ogica] studies of Rhizobium strains ’ |

o

2.3.4 Gel Immunodiffusion and Immunoelectrpphoresis"

‘Ge] immunodifﬁusion has been wideJy used for antigenic ana1y51s
of Rhizobium strains (Dudman 1964, 19715 Vincent 1970; Vincent and
Humphrey 1970 Humphrey and VTncent 1975) due to the capabi]ity of
the .technique to reso]ve separate ant1gen ant1body reactions While
1nmunod1ffu51on offers ana]yticai reso]ution between antigens, it 1s'
. one of the 1east sensitive of serological methods fbr the identification
of antigen (C]oonan and Humphrey 1976) Since 1mmunod1ffusion
‘ invo]ves the detection of so1uble diffusing antigen, it is not
: suitable for the detection of particu]ate antigen such as lipopoly-
' saccharide .bound to cell walls of whoie cells. This fact ‘has

occa51ona11y been overlooked, and in at least one case has 1ed to the

erroneous conc1u51on that strains of R. me]i]oti are not sero]og1ca11y

o dist1nguishab1e (Sinha and Peterson 1980). Immunoe]ectrophoresis

further increases the ana]ytica] resolving power of gel immunodiﬁfusicn,
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but has the sameliimiting feature of'requiring re1ative]y high
concentrations of diffusable antigens for'anaiysis.

/

2. 3 5 Enzyme Iinked Immunosorbent Assay (ELISA)
The most recent of seroIogicaI techniques to be appiied to

the serological identification of Rhizobium strains is the enzyme-

linked immunosorbent assay (ELISA) The sen51tiv1ty of sero]ogical

) reactions can be greatly 1ncreased by the use of either radio— or .

enzyme- IabeIed antibody aliowing the detection of minute amounts

; of antibody bound to small quantities of antigen.‘ Since radio-

immunoassay techniques require speciaI precautions due to the health

hazards;of radioactive isotopes (usually 1125 or 1131) and because

of the short life span of radio- -conjugated antibodies, the ELISA

technique has become. wide]y used in recent years particuiarly in

medica1 diagnostics. ~Once prepared, ELISA conJugated ‘antibodies

’are extremer stable and -economical to use because oniy sma11 voiumes

of extremeiy dilute preparations are required Both direct and

indirect ELISA methods exist depending (as with f1uorescent antibojy

techniques), on whether the enzyme Iabel is attached to antibodies

reacting specifical]y with the test antigen or to .secondary antibodies...

binding to unlabeied specific antibody reacttng with the test antigen

Competitive inhibition versions of‘the technique exist and squbIe, s

) AT LR

'yiral or particulate antigen may be detected :".“’,f"“ e
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" First. efforts at enzyme 1abe11ng of ant1body were intended to
overcome technical limitations of fluorescent antibody techniques
: (Hf1debrand 1979). The first enzyme ‘labeling procedure conjugated
acid phosphatase to specific antibody (Ram et -al ’1966) This was
followed by the use of horserad1sh peroxidase as 1abe11ng enzyme
which gave greater stability and more rapid tissue penetrat1on ‘than
did acid phosphatase (Nakane and Pierce 1967). Engvall and Perimann
introduced the ELISA technique using alkaline phosphatase conJugated
.to rabbit IgG (Engwall and Perimann 1971). An ELISA assay using
 horseradish perox{dase as labeling enzyme was also introduced in
. 1971 (van Weeman and Schuurs 1971). ELISA types and applications
have proliferated widely in the'decade since. then-(for revien’see
The Enzyme Linked Immunosorbent ASSay (ELISA) by Voller, B1dwe11 and
Bartlett 1979). v

2.4 'Literature Review of ELISA Applications to the Identification
of Rhizobium Strains ) S g

2.4.1 'Literature SearchA7

'A computer- search for literature concerned w1th the ELISA

~"id'en‘t:1f'ica1:1on of Rhizob1um was conducted by the Agricu]ture Canada

' “"fhbrary facmty 1n Ottawa dur'lng November of 1982, On'ly six

e

- pertinent artlcles were found __These are’ 1ndiv1dua1]y reviewed below

S e . -~>4»- Doy em o

Y, e
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,1nvchronologfca1 order of their Iiterature'appearance.

2.8.2 Kishinevsky, B. and M. Bar-doseph. 1978. Rhizobium

strain 1dent1f1cat10h in Arachis hypogaea nodules by
enzyme-]inked 1mmuhosorbent assay (ELISA). Can. J:
Microbiol. 24:1537-1543.

The ELISA techn1que was first used to identify Rhizob1um )
strains in this report by Kishinevsky and Bar- Joseph (1978),
working with peanut nodule bacteria (Rhizobium spp.). Strain
identification was based oh a doub1e antibody sandwich ELISA
for the detection of particu]ate antigen in the form of both
vegetative and bacter01d peanut rhizobia. The technique 1nvoTved
the fo?]owing sequence: (1) non-spec1f1c adsorbtion of specific
rabbit IgG antibody to plastic we]]s of microtiter plates; (2)
specific binding of test rhizobia to the adsorbed antibody; (3)
‘specific binding of alkaline phosphatase 1abe1ed rabbit IgG
| antibody to the bound rhizobia; (4) detection of the presence of
bound alkaline phosphatase by conversion of p-nitrophenyl phosphate
substrate to yellow p-nitrophenol and quantitating by -colorimetric
measurement at'405 nm. The specific IgGﬁpreparations used for both
sensitizing antibody and specific conjugated antibody were purified -
from antiserum by d1ethy1am1noethy1 -cellulose column chromatography |
and enzyme—antibody conjugation was accomplished by a one step
‘glutardialdehyde method. The conjugation reaction product was not

further purified before use except for dialysis to ;emove'unreacted
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Q]utardia]dehyde. | |

Using the proce ure described 'Kish{nevsky and Bar-Joseph were -
able to detect homologous reactions with heat treated (]00°C 30 an )
Rhizobium suspensions at di1¥tions as Tow as 105 cells per.-mL. They
were also able to 1dentify homologous crushed nodule antigen; found
that root tissue did not interfere with the test; and conf1rmed the
presence of nodu]es 1nhab1ted simultaneously by two sero]og1ca11y y
distinct Rhizobium strains. The detection and ~identification of |
rh1zob1a ce11s at 105 cells per mL is a sensitivity factor Tdncrease
of approx1mate]y 10 over agg1ut1nat1on techniques and 105 over.
immunod1ffus1on techn1ques (K1sh1nevsky and Bar-Joseph 1978; Dudman

and Brockwell 1968;" Vincent 1970).

2.413 Berger, J.A., M;y,'S.N.,VBerger,'L.R. and Bohlool, B.B.
1979. Coiorimetgic enzyme-1inked immunosorbent asséy
for the identification of strains of Rhizobium in
’quture'and in the nodules of 1enti1s.”AApp1. énd Environ.

Microbiol. 37:642-646.

Berger et al. used an 1nd1rect form of the ELISA test to

identify strains of Rhizobium 1egum1nosarum~ This form of the ELISA

had the following sequence of events: (1) non-spécifié attachment of
rhizobial antigen to we]ls in gl&ss agglutination slides by heat
fixing; (2) treatment of attached ant1gen with bovire gamma g]obuT1n

to e11m1nate subsequent non-specific attachment of spec1f1c antibodies;
(3) spec1f1c binding of rabbit anti- Rhizobium antibody to Rhizobium

antigen; (4) specific binding of a1ka11ne phosphaiése conJugated
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o sheep’ ant1-rabbit antibod1es to anti Rhizob1um rabbit ant1b0d1es,
(5) detectton of-bouud4aihaf1ne phosphatase by convers1on of p- n1tro- _
‘phenyl phosphate to yellow p- nitrophenol and quant1tat1ng by colo
1metr1c measurement at 400 nm. r?
A‘éerﬁer’et al. 1ndicated complete agreement between ELISA and.
1mmunof1uorescence resu]ts in the1r exper1ments whith -identified both .
vegetative1y grovm and. bacterlod rhlzobia, although their resu]ts a
fiind1cate far Tess quantitat1ve d1fferences between pesit]ve and- -

negative co]orimetr1c ELISA values than were reported for the K1sh1nevsky

| ‘and.Bar-Joseph exper1ments The—Berger et al. report does not L

contain an eco1og1ca1 study of Rhizobium and is confined to a

descr1ption of technique.

2;4.4A”M6r1ey;“SIJ””and D. G. iJones ..-1980. - ‘A note on -a- h1gh1y
sens1t1ve mod1f1ed ELISA (enzyme 1inked immunosorbent
assay) technique for Rh1zob1um strain 1dent1f1cation

J. Appl. Bacteriol. 49:103- 109

- This report describes an increase in ELISA sensit1v1ty to
Rhizobium strains obta1ned through the subst1tut1on of a fluorescent
-substrate (3-0- methy1f1uoresce1n phosphate) 1n place of p-nitropheny]l
phosphate. Alkaline phosphatase activity was measured as an increase .
in f]uorescence.as the SUbstrate was hydro1ysed enzymatica11y to the

more fluorescent 3-0-methylfluorescein. Fluorescence was quantitated



with a spectrophotofluorimeter: The sequence of events for this .
fluorescent ELISA ‘was that of the "double, antibody sandw1ch” ‘ ,
- described for Rhizobium by Kishinevsky: (1) non-specific’ attachment
of sensitizing antibody to polystyrene wells in microtiter p]ates,
(2) specific attachment of rhizobial antigen; (3) specific attachment
- of alkaline phosphatase Tabeled ant1 Rh1zobium.ant1body, (4) detection
- and quantitation of a]ka11ne phosphatase act1v1ty by enzyme act1v1ty
-on substrate _

Morley and Jones'made'ouantitative comparTSOns between the =
f]uorescent and co]or1metr1c substrate sens1t1v1t1es and reported

" the f]uorescent substrate to be super1or in terms of detect1on

sens1t1v1ty They report Rhizob1um tr1f0T11 detect1on at 104

ceT]s per mL w1tb the fluorescent substrate and‘at 10 ce]]s per .
| mL w1th the PNPP substrate A11 compar1sons are based on only
vone strain antibody ré]ation5h1p, however, and. 1t shou]d be reca]]ed

"f that K1sh1nevsky and Bar- Joseph (1978) reported stra1n detect1on

at 105,ce115 per mL using the PNPP substrate ‘This Mor]ey and Jones

report does not describe an ecolegical study of Rhizobium and 'is

conf1ned to gtechnical compar1son of ELISA substrates. for the

detect1on of a1ka11ne phosphatase - - ' '

' 2:4.5 Kishinevsky, B. and D. Gurfel. 1980. Eva]uat1on of
enzyme =11inked 1mmunosor§ent assay (ELISA) for sero]og1ca1
3
identification of different Rh1zob1um strains. J. Appl.

Bacteriol. .49:517-526.
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This ELISA=Rhizobium study by«Kishinevsky and Gurfel is an
‘evaluation of the app1ieabi1ity of the "doub]e\antibody sandwich"
'EL£SA with PNPP substrate (see Kishinevsgxtand Bar-Jospph-]Q?B) to
strains of R. trifolii, R. leguminosarum, R me1110t1 R. lupini,

and R. spp. (peanut rh1zob1a) The resu]ts indicate su1tab111ty
of the procedure for each Rhizobium spec1es with minimum. antigen
concentration detection Timits of about 10 vegetative cells per
' mLﬁpr from‘80 to 800 ug of wet. nodule tissue per well, No antigen

common to a11 strains was found

2 4. 6 Hodgson, A L.M. and J.s. Waid. 1981 “Use of enzyme- o
]1nked 1mmunosorbent assay (ELISA) fo 1dent1fy bacter- .wi

. 1oc1nogen1c strains of Rh1zob1um trifo111 in nodu]es

" following a mf&ed strain 1npcu1at1on In Current
. perspectives in n1trogen f1xat1on Edited by A.H. Gibson
sgand W.E. “Newton | Austra11an Academy of Science, Canberra.
p.430. . o s '
Hodgson and Waid used the ELISA method of Berger ot ai. 1979,
(described prev1ous]y), to 1dentify R. tr1f0111 strains in nodules’
Little data was presented 1n th1s poster synops1s to support the
nodulating advantage over non- bacter1oc1nogen1c stra1ns While such
8 suggestion is not illogical, not enough 1nformat1on is presented
for the reader to judge. thab1y lacking are quantitatiue'data on
'crOSS—reactivity of ELISA conjugates, contro1s, and criteria of nodule

RS

strain inhabitancy. E
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2.4.7 Jones, D.G. and S.Jd. 'Mo'rTey 1);81 . The effect of pH o
on host p]ant3 preference for- stra1ns of Rh1zob1um
: trifo]1i using f]uorescent ELISA.for strain identificat1on
Ann. App'l Biol. 97:183- 190 S

i o

UsTng ~the. f1uorescent substrate ELISA‘techn1que (Mor]ey and Jones
1980}, this study is the first app11cat1on of ELISA to an eco]og1ca]

- -study of host nodulatjon by RhizobiUm “The authors descr1be a three

var1ab1e experrment in. which two R. trifolii strains are examined

" for competitive nodu1at1on of four c]over cu1t1vars growing at three

'_'pH 1eve1s The. obgective of the study was to establish whether qr. h_“::;a '

not cu]tivar‘d1fferences 1n preferencg" for nodu]at1on by the two

stra1ns are affected by the PH of the growth med1um A comparison

was a]so made~between Rh?zob1um growth rates in yeast extract mann1to]

broth at d1fferent pH 1eve1s and nodu]at1ng ab111ty at the d1fferent
pH 1evels “ ' _

The authors were- able to correlate growth rates of R. tr1fo]11
in laboratory media of various pH with nodu]at1ng eff1c1ency of the’
two strain$ at the var1ous PH Tevels, but found differences in the -

effect of pH on nodu]at1on between cultivars. This resu]t 1nd1cated

-«te‘ av-

;Mf,ithat environmental factors (such és pH) may affect the Rh1zob1um host

‘l:vrecogn1tion process in, d1fferent ways for d1fTerent bacteria1 strarns

1'and plant cultwvars The authors conc]ude that ac1d to]erant Rh1zobium

shou?d be sought to ach1eve effect1ve nodulation in acid soils and that
the strain-cultivar relationship must not be overlooked in the selection

of Rh1zob1um strains for inoculant use.



3. - MATERIALS AND METHODS - ~

3.1' Buffers

- . - -
wr 1

S ATi buffers were prepared shortiy before use and agusted to '
'desired pH w1th either HC1 or _NaOH as required _Buffers for ai] B
i_chromatography ‘procedures - were deaerated 1mmediate]y before‘use by
Cvecuum. 0 T

3g1.1' o ,Phsdphate!huffered Saiine.(PBS)

o Phosphate buffered saiine (pH 7.2) containing 0. 02%'NaN3 w,s

—used for all cell washings and suspensions: (except plant.inocu

suspenSions) and for all antisera dilutions inciuding antibody- enzyme
conjugate dilutions. This buffer was also used for a11 exc]uSion ge]
ehrdmatography. Cei]s for 0se in the. immunization of rabbits were
washed in this buffer omitting NaN ' W1th the addition of Tween 20 |
(0. 05%) this buffer was aiso used fer—ai] ELISA~wash procedures and
for” suspension of bacteroids frofi plant nodu]e squashes Constitution
Aof the buffer was, per. iiter distilPed water NaC] 7. 65.g, Na, HPO

. 43
’“127g,NaHPo,01Qg,K 6,0219,NaN,ozog
| 254 24 3

e T e

. “:._-2'3_- . : -‘1 . . y'” :
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©3.1.2 . Antibody Sensitization Buffer

An antibody sensitizatjon buffer or "coat1ng buffer® was used
to facilitaterantibody deposition to. the .pélystyrene wells in’ the
‘ f1rst step of the ELISA doub]e ant1body sandwich techn1que This

7_}f was a carbonate-bicarbonate buffer (pH 9.6) conta1n1ng, per Titer

distilled water: Na2C03, 1.59 g; NaHC03, 2.93 g; NaN3, 0. 20 g It
was prepared fresh for each use Later procedures rep]aced th1s

buffer w1th PBS as descr1bed in 3. 1 1 without affectlng resu]ts

L T

313 DEAE AFfi-Gel Blue Buffer

e

Affinity chromatography buffer (pH 8.0) for elution of IgG from
DEAE Affi-Gel Blue cons1sted of, per liter d1st11]ed water: TRIS- HC1,
2.42 g; NaC], ] 64 g.

.

T b e T T e

f!bLISA.Subgtrate Buffer

arwt,
5 - .

é’-.’l‘fh"“ g

| Diethanolam;ne substrate buffer (12%) for detect1on of a}kaltne“‘:' '

':'“> phosphatase conJugates COHSISted'Of 116 mL diethanolam1ne 800 mL

' ?; d1st111ed water, 100 ‘mg MgC]z 6H 0 0. 20 g NaN3 S1x mo1ar HC] was o
L added to a.pH of 9.6 and th tota1 vo]ume brought to 1000 mL Storage '

-was at room temperature The alkaline phosphatase substrate, p-

n1tropheny1phosphate was added at 0.6 mg/mL 1mmed1ate1y before use..

o
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3.1.5 ‘ Piant Inoculation Buffer

‘ Phosphate buffered peptone solution wa$§ used 'for - d11ut1on and ’
suspens1on of R. me111ot1 strains ‘for ‘the 1nocu1ation of a]fa]fa p]ants
in the compet1t1on study. The compos1t1on of th1s buffer was, per
liter disti]led water: peptone 1.0 g; KH2P04, 0.34 g; K2HPO4, 1.21 9.
Autoc]aved PH was 7. 0 - 0 1. This buffer was the standardVdi1uting‘
and inoculating buffer'used with- Tive Rhizobium in the Canadian
Inoculant Testing Program.

a

3.2 Growth Media
3.2.1 ~ Rhizobium Culture Media

Yeast extract mann1t91 broth -(YEMB) ~used: for ce11 cu1ture s

Calin

’conta1nedﬂper ]1ter d1st111ed water yeast extract, 2.0 g; mannitol,
10.0 g;. KZHP04, OA5 9; NaC] 0. 2 a5 CaSO4 2H 0, 0. 2 g5 MgSO4 7H20

‘ “0 2 g; H3BOB. 1.0 mg,_ZnSO4 7H20 1.0 mg;. CuSO4 5H,0, 0.5 mg3 MnC]
.. AH, 0, 0. 5 mg;’ Na MoO -2H 0 0.1 mg, Fe EDTA 10.0 mg. The PH- was
6.8 after autoc]aving For 5011d media agar was added«to 1.5% (YEMA)
P1ate counts of commerc1a1 1nocu]ants used YEMA supplemented w1th

) >
a 7 5 ppm rose benga] and 20 ppm cyc1ohex1m1d§

'3.2.2 :Plant-Nutrient Solution

- Nitrogen free nutr1ent so]ution for hydropon1c cu1ture of

alfalfa host plants used in the competition study contained per



-26-
_11ter disti]Ied water KC] 0.5 g; KH2P04, 0.2 g; MgSO -7H 205
;:0 2 g; CaSO4 2H20 0. 2 g, H3BO3, 1.0 mg; ZnSO4 7H20 1.0 mg;
“CuSO 5H20 0.5 mg; MnC] 4H20. 0. 5 mg; Na2M00 2H20, 0.1 mg;

4
Fe- EDTA 1.0 mg.

| 3.3  Organjéms .

The Ba]sac stra1n of R me1110t1 was prov1ded by Dr Luc1en'
'Borde}eau Agriculture Canada Ste- Foy, Quebecu R me11]ot1 stra1ns
102F34, 102F51 102F66, 102F77 and 104A13 were provided by Dr. R, S.
Smith,’ Nitragin Co., M11waukee Wisconsin. R. me]1]ot1 stra1ns
S-25 -and YG-] were provided by Dr. S. M Lesley, Chem1stry and B1o]ogy
Research Inst1tute Agr1cu1ture Canada, Ottawa, Ontario. R. me11]otf
strains NRG—43 NRG-61 NRG- 1]8 Néz ‘185, and NRG- 259 were from the
culture co]]ect1on of the Northern Research Group, Agr1cu3‘hre Canada,-

_ Beaverlodge A]berta. L o : . ‘ilE
3.4 " Cell Culture

Stock cultures were stored on YEMA s]ants at 4° Q;w1th year]y
transfers. A1l cultures were grown aerob1ca11y at 30 C. Individual
<
broth cultures were grown in.75 mL YEMB media in 250 mb f1asks with

rotary shak1ng on a New Brunsw1ck Gyrotory shaker operat1ng at 180 rpm.
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Antisera were prepared against vegetat1ve ce]]s of R me]i]otiw-
d' strains NRG-43 NRG-G] NRG-185, NRG-259 and Ba1sac.f Ce11s for f:ﬂ"
1njection were grown 1n YEMB for 5 days at 30 C and harvested by
three fold dilution 1n PBS fo]]owed by centrifugation at 6,000 x
.lg at 4° C. Ce1ls were washed and pe]leted three times 1n PBS.
resuspended, steamed at 100°C for 30 minutes and 1mmed1ate1y pe11eted |
and g1ven three additiona] PBS washes . Cells were resuspended to '-2’

1011

ce]]s/mL and 1 mL ce]]s emulsif1ed with 1 mL of Freund s -
comp]ete adjuvant Primary 1njection was with 0.1 mL under each ;
rear-foot toe pad and 0.25 mL 1ntramuscu1ar1y 1nto San Juan rabb1ts
51x weeks later the rabbits were 1htravenous1y adm1nistered 0 5 mL
. of fresh, steamed washed ce115 at. 10]1/mL fo]1owed at week: 7 and

- week 8 by 0. 25 ni 1nJections. Sera Were tested in agglutination:

. ‘react1ons and the anima]s exsangu1nated 7 days after. the Tast

inaection Antisera were. d1v1ded and frozen with the working stocks, K
 containing 0.08% NaN;, kept at 4°C. B
Agg]utination cross-reactivity was se]ective]y removed by repeated

massive adsorpt1ons of the antisera with steamed washed ce]]s

..5_Ce115 for adsorpt1on were grown 1n 5 L batches using . steri1e air for

‘agitation and provision‘of 02 ' Cells were harvested washed, steamed
~.and washed again as fji 1njection Ce]]s of strains shown by =

agg]ytination to be_c §S~ reactive w1th an antiserum were added at

3

h‘10]] cells/mL antiserum and 1ncubated’at'room temperature>¥or_24 hours .
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before pe}1et1ng Adsorptions Were répeated unt11 agglut1nat1on '
cross reactions were negat1ve at 1 25 di]ut;on ‘of the ant1serum

a o

Antisera were prepared aga1nst a]fa]fa noduJe contents der1ved et e

from 1qgivddqp1 1noc01at$on§ oﬁ a§9p%1C p1ant$ with R me]i]otr

L Al

strains NRG 43 NRG 61 and NRG 185 Approx1mate1y thirty 1-2 m

RIS oo

__nodu]es resu]tant from each sfra1n were uéed for each 1n3ect1on

- Each stra1n S nodules were bu]ked macerated 1n 5 mL PBS and

a11owed to sett]e for 1 h to separate bacfer1a1 suspens1ons from

= naj%r p]an¢ debrisﬁ The bactero1d-conta1n1ng supernate was Tightly

De”etEd (400 x g for 20 min. )y r@%uspended 1 m-PBS dhd-emiilsifled” ©

'?5fﬁiw1{h*1 mﬁ% redhd's adJuvant for the. pr1mary 1n3ect1on ‘Secondary
1nJect1ons fo11owed the schedule described for antlsera to vegetat1ve

~Rhizob1um ce]]s and were prepared from fresh»nodules Adsorbt1ons

of ant1sera prepared aga1nst nodu]e contents were performed with

>

vegetat1ve ce11s. Bactero1d content of th1rty 1- 2 mm nodules macerated

dwn 1 mL buffer was est1mated by Petroff Hausser count to be 5 X 10

. b

ce]]s/mL
3.6 | Micro-agg]utinatioanest Procedure

Ant1sera spec1f1c1ty was determ1ned by agglutination react1ons |
in round bottbm microtiter plates (Fa]con 3040) F1fty uL of ant1serum
in ser1a1 di]utﬁon rang1ng from 1:100 to 1:6400 were added to each of
seven wells in a row, leaving the e1ghth well for amon-immune serum

control. Washed cells (either steamed or unsteamed) were added
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- (50.uL cells, 0.D.-620 = 1.05 10° ceMs/nL) to each well. Thorough- .

;mixjng.ya§ obtained by gentle vibration against the voftex mixer

"7 7 at Tow speed. .“ﬁesoTtshwere'noted‘after a'standardlincubation‘ofﬂz h

st 37°(~: folloved by overmght incubation ‘at -4° C. Positive and negative -
\.nesults were readd]y determined visua11y under the magn1fy1ng ]ens

of a colony counter.. Non-agglutination resulted in a compact 1 mm
d1ameter c]ump of ce1ls in the bottom center of the well and
agglutination in a uniform f11m of cells covering the bottom curvature

of the well.

EY N Cew o~

Pe 51

3.7 : Gel Chromatography
3.7.1 Affinity Chromatography (IgG Purification)

IgG was extracted by a s1ng]e passage of antiserum over DEAE .
Affi-Gel B]ue (B1o Rad Labs) e]ut1ng with 0 02 M TRIS- HC] buffer
£ conta1n1ng 0 028 M Na01 pH 8.0, and mon1toring eff]uent~absorbance
at 280 nm. ;Prote1nvco11ected was concentrated.to approximately'3 mg/hL
(A280 nm = 1.4 = ] ~mg/mlL) by dialysis aga1nst po1yethy1ene glycol

followed by d1a1ysis against PBS conta1n1ng 0.02% NaN. Pur1f1ed

3
IgG ‘was examrned for mo]ecu]ar wg&ght homogeneity by ge] chromatography,
then stored at 4°c. '

3.7.2 Exclusion Chromatography =

Non-immune sera, inmune,sera,'adsorbed_innwne sera, IgG, alkaline

o
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:phosphatgse;’and'aﬁtibody éoﬁjugaiee.ie'eaéh.éntiéeruh were examined
on AcA U]trogeﬁs (LKB) of apbropriate fractionation ranges. Samples
were pumbed:in 5 downward flow with a varioperpei 2120 pump,’detected
in-a Uvicord S 2138 UV detector at 276 nm (or 206 nm using NaN3 free
_ e1uant), and absorbances recorded on an LKB 2210 str1p chart recorder.r -

Fract1ons were collected on?an LKB 2070 Ultrorac fraction collector.

| 3.8 Alkaline Phosphatese Assay

: L

- Aikalfne phosphatase activity Was measured by absorbarce at416. = "

nm of the yellow coibr of'thevp-nftropheno1 produced by action of
aifa{jnehphosphataee_on p-n1tropheny]“phosphate,(PNPP). ‘The buffer
used in conjurction with PNPP to form a standard substrate has been
deseribed"(sect; 3.1.4); Volumes of substrate.and sample (whether
alkalrne phosphatase‘or conjugated antibody) and length of incubation

were varied as required.
3.9 -~ © " Antibody-Enzyme Conjugation

Conjugates were preparedlby_mixing 150 ﬁL aka11ne.phosphatase
'fk1o ﬁg/mL, EIA.grade,'Boehringer—Mennheim) with an_amount of purified
‘IgG‘preparatiqn calculated to contain 1.5 mg I1gG, adjusting the
volumevto 2.6.mL Mﬁfh PBS, and adding freshly thawed and diluted

12.5% aqueous glutaraldehyde (grade 1, SIGMA) to—a—f+na1 concentrat1on _

of 0 093% (15 ul). Conjugation for 4 h at room temperature with
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slight shaking was followed by immediate'gel chromatography
(LKB Ultrogel ACA 34, 2.5 x 80 cm) using PBS containdhg 0.02%
NaN3 as. the elution buffer/)JIhewprotein peak excluded from the

©o gel waS*used 1n the EEISA*procedure tonaugates were not concentrated

Mfafter gel. passage, but bov1ne serum album1n was added to a

céncentration of 6 mg/mL for both stab1112at1on and-blockage of
non-specific conjugate bindingtin the ELISA reaction. Conjugates :

were stored at 4°C.'

. N - >~ W ». B N . o W * v Do
- o > "
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-3.10 ELISA Test Procedure

. -
- o uv i 0
b P O A o . > ’

The basic ELISA protedgre,of Engvall and‘PerTmann'(1971;7I§72)""

- modified by Voller et al. (1976) and Clark and Adams (1977) and as

'.descr1bed for who1e cell Rh1zob1um strain 1dent1ficat1on by K1sh1nevsky

and Bar- Joseph (1978) ﬁis used: with. m1nor mod1f1cat1ons
} Microt1ter p]ate (Immulon M129A Dynatech)“we11$ were coated

using purified IgG solution (10 ug/mL 200 uL/well) in PBS, for 3 h
at 37°C. Plates were washed three times with PBS conta1n1ng 0.05% f
Tween 20 (250‘uE7we11) on a Miniwash plate washgr (Dynatech). Test.
antigen was added to the we11s (150 uL/we]]) and 1ncubated for 2 h
at 37° C fo]]owed by overn1ght incubation at 4°C. P]ates were then
washed as before and shaken dry. IgG alka]ine phosphatase conJugate

was then added to each well (150 ul./well) and the p]ates were

~ incubated for 4 h at 37°C. Conjugate dilution was experimentally

e

KK .

\
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\, ’ _determined for each ant1gen - conJugate system to give appruximate1y EREE
the same A410 nm values at equa} cell concentrat1ons P]ates were- .
washed two times with PBS fo]]ow1ng conjUQate 1ncubat1on fo]]owed
:'by twp additiona] washes with phpsphate free sa11ne to e11m1nate o
the possib111ty of free phosphate 1nh1b1tion of the a]ka11ne

phosphatase Fresh]y prepared enzyme substrate solution (0 6 mg/mL

'p-n1tropheny1phosphate TRIS buffer sa1t Eastman) in 12% aqueous ]
diethanolamine buffer, 1 M MgCl,, pH 9.8) was added to each,well
?5.‘“?.(‘200,. dL/vwell}, ,I.n.ﬁut.?dtm Was_obdinarily for 1 hat 37%, but i -

~

. some cases incubations.were'shbrtened or lengthened as required and
absorbance results corrected to 1 h by extrapolation Color

- - .development ‘was'-halted by the-addition. of. 5 M NaOH (50. uL/we]ﬁ) with -

a Dynadrop SR] (Dynatech) The- absorbance in each weTPvms measured

K]

‘at ‘410 nm with a p]ate reader (M1cro ELISA m1n1reader MR 590

- g

Dynatech) . Posit1ve controﬂs (]50;uL of homd]ogous, steamed washed .

cells at 107 ce11s/mL) and negatﬁve controls (150 uL PBS) were

1nc1uded on every plate. The use of . pressure sens1t1ve film p]ate
'"covers CFaTcon 3044) during a1t 1ncubat10ns minifized eFratic resu]ts'

_ in the outside rows of . the m1crot1ter p]ates

P ST oo TS e
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3.17 C Quantitative strain eva]uation of conmercia]
1nocu1ants ‘ v

Y
Commerc1a1 peat- base 1nocu1ant samples obtained from retai]

out]ets in A]berta and Ontario were tested for R. meliloti straln
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"T&V_ content IndCUlants were transported to ﬁhe Beaver]odge Researeh

""Station with- contro] inocu]ants of known Rhizobium count to ensure

2! - .
- . T e 3 R N
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uzithat conditions of transport d1d not affect the microbiai popuiation::f'vv-

o :of the samples. Ail tnocuiants were tested by the p]ant infection
technique (Vincent 1970) and by piate count on YEMA: suppiemented
with 7 5. ppm rose benga] and-ZO:ppm cycloheximide. After 4- S'days
: incubation at 30 C, representative piates from p]ate count tests
" were selected for seroiogicai evaiuation and each coiony eva]uated
by microplate agg]utination and by ELISA The ratto of strain
--~identified colonies to totai golonies was determjned and used*to
calculate the number of rhizobia of specific strain/g inocu1ant -
.ELISA values for strain NRG-43 were not obtained because we were

Q

'unabJe to produce. a functioning ELISA conJugate spec1f1c to strain
NRG-43. | o IR |
' (ﬁ' - For agglutdnation. tests co]onies were indiv1dua11y picked and |

>.4, streaked on YEMA s]ants After 3 days growth at 30° C cells were
suspended by gent]e vortex1ng 1n 1 0 mL PBS transferred to i 5 mL _
disposab]e centrifuge tubes (Eppendorf) and pe]leted in a micro— |
f“centrifuge‘(Eppendorf mode] 5412)., Cells ‘were steamed washed and
peiieted three times and resuspended to an approximate 0.D.7620 nm
1.0, 109 ce]]s/mb. _Nashed ce]]s_were then tested against appropriate
antiSera and_a.non-immUne sérum'controibyladding cells (50 uL/weiT)
~ derived from a single colony to a single dilution (1:150) of anti-

serum (50 uL/we]T).. Cells and‘antisera were ‘thoroughly mixed prior
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to 1néubatfon by gentlzrvibration on a vdrtex m1xen.n_

For the ELISA reaction whale colonies (approxdmaxely 1 2 mm

".'diameter) were picked as comp1etely .as possib]e and each suspended

'1n 1. 0 mL PBS ns disposab1e centrifuge tubes, steamed,

pe]leted ‘and washed three times with PBS in the microcentrifuge

~They were finally suspended in 0. 75 mL PBS with 0 05% Tween 20 and
. used direct]y in the ELISA procedure e

3.12 Nodulation Competition Study Between Two
S - " R. meliloti Commercia] Strains

3.12.] ) Design‘ T
This study was- designed to identify. by means of ELISA the

nodule 1nhab1tant strains resu]tant from the simu]taneous 1nocu]at1on

of aseptic a]fa]fa seed11ngs with varying numerical ratios of two

commercially used R. me]i]oti strains. ' The possibi1ity of dual strain

“The study was established with evght treatments consist1ng 0

- inhabitation of singTe nodules w55'a}so-under examination. 'e\\\
f

»~varying ratios 0f the 1nocu1ating stra1ns Ba]sac and NRG-185 as

follows:-



—fneafr’nent: R m'"]’.otef /rh'l,z'oh‘ia"%un’ft
':;;:,II - Ba]sac alvne . ;;s*ﬁ.;“ | approx 6 X" 104.2?”7‘?’5 j_e
2l NRG-185 to BaJsac, 1: 000 T wUeqed
T m NRG-185to " Balsdc, 1110 ,:uif roext T
T4 NRG4135_to Balsac, 1:1 R
' T5 - NRG-185 to Balsac, 10:1 v 6 x 108
6 - NRG-185 to Balsac, 100: 1 w6 x 10?
17 - NRG-185 alone o ex0t
T8 - No inoculation v" * é <>' ‘;“ nene

Each treatment was replicated four times.

- .o - . . .

© 3.12.2 Plant Growth. Units -

Medicagd sativa (var. Beaver) was used exc]us1ve1y as Tegume

host. Seed was surface ster111zed by twenty minute 1mmers1on in
concentrated su]furic .acid fo]]owed by six washes in sterile
distilled water. Seed was then germinated on water agar and sown
two per unit in autoclaved, cotton plugged 21 x 3 cm g]ass test

tubes containing 4.0 g vermiculite and 25 mL Plant nutrient so]ution,
The pH of the autoclaved growth units 1mmed1ate1y prior to seeding
was 6.4. P]ants were grown for the durat1on of the test in a
Contro]led Environment (mode] E8H) chamber at 65-70% re]ative
}humidity with 16 h light and 8 h darkness;

~
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. 3.12.3 . Inpoculation
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Each p1ant growth unit- (except those 1n the non- 1nocu1ated

: treatment number eight) received a tota1 of 6 x- 104 R. meliloti

suspended in1m phosphate peptone solution (PPS) regardless of

re]at1ve ratios of the .two strains.’ Plant un1ts 1n the n11 treatment

. eight rece1ved 1 mL sterile PPS at .the time of 1nocu]ation of the

other units. P]ants were 1nocu1ated on the f1fth day after
germination. Inocu]ating suspensions were prepared by diluting 4 -

day YEMB'cu1tures of the-tw045tra1ns with PBS to the same A620 nm

- cell density (A620 nm = 0. 065) and verify1ng that Petroff:Hauser and

" Helber counts were equa1 (A620 nm = 0. 065 = 6 x 107 organisms/mL).

¥

The two cell suspensions were then diluted to 6 X 'IO4 organisms/mL

and actual 1nocu]at1ng doses prepared by mixing_.the.strains at-this

Tevel according to the ratios corresponding to the treatments applied.

3.12.4 | Nodu1edHarvest

Nodules“weré’harvested from all plant units eleven weeks after
inoculation. Nodu]es from both p]ants in a growth unit were bu]ked

and then’arranged in visual order of size on PBS dampened f11ter

' paper in petr1 dishes Each nodu]e was then p]aced in 0.60 mL PBS

conta1n1ng 0.05%. Tween 20 in- 1nd1v1dua1 10 x 75.mm disposab]e test

tubes and crushed with 6 mm diameter rounded end glass rods. Two

~r,
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'~150 uL portions of each bacteroid p1ant debris suspens1on weaf

- then transferred to antibody coated microtiter p]ate wells; one

":-~1n the anti- Ba]sac antibody ELISA format the other in the anti- .

NRG-185 antibody ELISA format ~No attempt was made to~ segregate 'VA
plant debris and bacteroids a]though the larger bits of p]ant .
"debris settled to the bottom of. the. tubes and were a1lowed to

»remain there Nodu]es were taken in order of 51ze to attempt a
\]ater correlation between nodule size and enzyme substrate absorbance

tresu]ts - A1 nodu]es were tested against both antisera. -



L4 RESULTS. | -
4.1 Adglut1natipn.resujts_fer antisera prepared against

‘vegetative, pure cd]ture; R. meliloti cells

The non-immune sera of rabbits subsequently used to produce
4ant1 -Rhizobium antibodies showed 11tt1e tendency'mo agglutinate 51x
R. me111oti stra1ns,(Tab1e 2) The s]ight tendenqy of strain NRG-185
to agg]ut1nate 1n weakly di]uted non 1mmune sera (Tab]e 2) requ1red
‘that a higher dilution of non-immune sera be used in negative control
suspensions. . A f1na1 dilution of '1:200 non-immune sera from a single -
rabbit was arb1trar11y se]ected and subsequently used for negatlve
control in all’ agg]utination test1ng '
Antisera raised against each of the.six:strains showed cross- °
reactivity in agglutination testing (Table 3). The fact that each of
the six antisera agg]ut1nated strains NRG-43 and NRG-185 1nd1cated that
a connnn ant1gen(s) exists among the séra1ns Ant1sera raised’ aga1nst
-sstra1ns NRG-259 and NRG 260 produéed 1dent1ca1 agg]ut1nat1on patterns .
when tested aga1nst the six strains, and only these two antisera
agglutinated either NRG-259 or NRG-260 (Table 3).. The apparent identity
betWeen'strains NRG-259 and NRG~260 was confirmed when cross- -adsorption
of either antiserum w1th cells used to raise the other comp]ete]y remo ved
agg]utinab111ty (Tablé 4). Strains NRG-259 and NRG-260 were both jneff-

ective (Nod+, Nif") and were collected from alfalfa nodules taken from the .
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. I@b]é-Z‘ Agglutination ?éat£f91£y<qf pre-immune sera};'

Reciprocal titer of sefa

Antigen  NRG-43 NRG-51 ' NRG-185 ~ NRG-259 - NRG-260 Balsac
_NRG-43 - nr nr nr - nr nr nr
NRG-61 nr nr nr nr nr nr
~ NRG-185 nr nr 0 - nr - pr 10
NRG—259 nr. . npr  nr nr nr nr-
NRG-360 nronr nr nr . nr nr |
Balsac S T S Conr “nr 0 pr
\ .

*nr - No reaction g% 1:10 ditution of sera,

3

5

Table 3. Agglutination cross-reactivity of unadsorbed antisera

Reciprocal titer of antisera

Antigen  NRG-43 NRG-6] NRG-185 NRG-259 NRG-260 Balsac .
NRG-43 1600 1600 1600 400 400 3200
NRE-61 50 1600 50  ar - nr  onr
NRG-185 1600 50 - 1600 50. - . 50 1600
NRG-259 nr* ar pr 1600 . 16000 nr

- NRG-260 nr UL /800 800 nr

Balsac nr nr. 50 nr- nr 1600

*nr - No reaction at 1:25 d11ut10n of ahtisera.»
' #
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Table 4. Agg1utinét10n,react1v1ty of antisera adsorbed against all
cross-reacting strains : '

_ Reciprocal titer of anthera
Antigen NRG-43  NRG-61 ~ NRG-185 ~ NRG-259  NRG-260 Balsac
NRG-43 1600 nr nr nr nr - nr
NRG-61 Cnr¥ 1600 nr nr nr . nr
NRG-185 nr oy 1600 ~nr nr ° nr
'NRG-ZSS nr nr nr i nr nr
NRG=260 nr nr nr nr nrk o
Balsac nr nr nr nr

nr 1600

*nr. - Nb"fea;tion at 1:25 dilution of antiserum,

** Antisera to strains NRG-
to both strains at 1:160
either NRG-259 or NRG-

259 and NRG-260 r
0 dilution until
260.

etained agglutinability

adsorbed>with cells of
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same field on’ the same day For:further“work“'ft‘was\assumed that

’,'_-NRG-259 and NRG—260 were the same strain and experiments were Carried

- y'o,

out with strain NRG-259 on]y _ e

Cross reactivity was se]ectiveiy removéd from each antiserum

fiby repeated ma551ve adsorbtions with cells of Cross- reacting strains
:This resu]ted in strain: specificity without loss in specific titer '
?(Tabie 4) Adsorbtion of &ny of the antigera with homoiogous ce]is x
‘resu]ted in compiete 1055 of agglutinabi]ity Each of ‘R. me]iioti

'7fstrains NRG 43, NRG- 61, NRG-185, NRG- 259 260“ -and Balsac ppssessed o
' suffic1ent individua] antigenic character for,seroiogicai strain ©

1dentification provided that the antisera used were suitab]y adsorbed

. against heteroiogbus ce]ls ! . | ‘

Addition of mercaptoethan01 (to 0. iM) to the” five antisera had
no effect on homo]ogous aqg]utination titer suggesting that the

agg]utination antibody present in the antisera is of the IgG c]ass
%

‘ﬁa,This ‘Was confirmed by demonstrating retention of specific aggiutin—.‘

abi]ity in the IgG fractions purified from the respective antisera
by (NH4)ZS precipitation. affinity chromatography, and ge]
chromatography S ol '

4 2 Aggiutinaxion resu]ts for antisera prepared against buiked

maScerated alfaifa noduies of - Singie strain origin

g Antiserapraised by injection Of}bulked1singie'straininodu]efcontents*f
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a

were capable of agg]utinating homo]ogous vegetative]y grown R.

me111ot1 ce11s and showed patterns of cross reactivity simi]ar to
those found for antisera raised aga1nst vegetative ce]]s Adsorbtion
;Q*°f these nodu]e-produced antisera with cross- react1ng veg;tative ce]]s_
E produced strain spec1fic antisera (Table 5) The 1ow titers of these

~antisera were thought to reflect the sma]l quantIty of antigen
ava11ab1e for inaection No attempt was made to separate plant '
material, bacteroids and vegetative type ce]]s from w1thin the a:
noduies prior to 1n3ect1on which prec]udes the assumption that ant1-

body raised to nodule contents was due to bactero1d ant1gen a]one :
4.3 Chromatography of'IgG-aTha]ine phosphatase COnjugates.

‘ ConJugate react1on m1xes were preparat1ve1y chromatggraphed on |
: U]troge] AcA 34 (2 5 X 80 cm: column) fol]owtng the conJugation
3 procedures in order to removed unbound IgG free a]ka]ine phosphatase,

and g]utara]dehyde

4.3 5Ca11brationﬂof the coiumn
o - . . , ‘ \( .
_ The exc]us1on volume of .the co]umn was determined using b]ue ‘
dextran (MW, = 2 x 106 da]tons) mon1tor1ng eff]uent fractions at 280 nm.
Cata]ase (M W. 240 000 da]tons) and aldo]ase (M W. = 158 000 da]tons)

o]



..Tab1é.5;

‘Agglutination reactivi _ |
~str@1n¢nodu1e‘contents'beforg and after'adsorbtion with

-43-

. ) L.
ty of antisera raised against single

Cross-reacting strains

| “Reciprocal titer bf.antisqga o
__Before adsbrhxion" ‘ __After adsorbtion.

. Antigen " NRg.43 NRE-61  NRG-185 NRG-43 NRG-61  NRG-185
. NRG43 00 nr g 40 e

- NRG=61. 2000 200 g Loonr. 200 nro .
. NRG-185 40025 400 L TS 400




standards were run to define the position at which IgG and™ a1ka11ne .

phosphatase shou1d elute (Fig. 1) Purified 196 and EIA grade

a]ka11ne Phosphatase eiuted in the same posit1on as the a1do]a5e

standard

- 4{3.?' Chromatography\of'conjdgate reaction'products .
- The entire rdaction mixture for each antibody enzyme congugate

was chromatographed ‘on the Ultroge] AcA 34 co]umn The mo]ecu1ar

weight distribution pattern shown 1n\Fig 2 for the Ba]sac antfbodya f*

enzyme conJugate mixture was typﬁcal of the others In each case -
unreacted prote1n show1ng a1ka11ne phosphatase act1vity was found
(fractions ]50 160) The exc]uded peak (nomina11y + 350 000 M.W.
materlal) was poo]ed for use in the ELISA procedure. Chromatography o
of a sample of, the poo]ed exc]uded peak from F1g 2 on B1o ge1 A 50 V
(nomfna] fractionation range. = ] X 10 50 X 10 da]tons) showed a';
range of moTecular e ghts ranging from 2 X 10 to approx1mate1y ;:
350,000 daltons. Q o B ' .

Under the conditions of congugation used 1n these experiments

: on1y a relative]y sma11 proport1on of the tota] a1ka11ne phosphatase

activity is. found 1n the peak exc]uded from the gel. 'For the Ba1sac :
conJugate shown in Fig 2 the area under the alka11ne phosphatase

act1v1ty qurve for fractions~84 94 equa]s 20 1% of the tota1 aotivity

fand this wa; typ1ca1 of* the other conJugate react1on mixes :5 . ; E

\ . : . -

| -44-.



FIGURE 1 *~

ELUTION PROFILE OF STANDARDS ON AN
(LKB AcA 34 GEL FILTRATION COLUMN

\"'

‘G.

Three standards were 1nd1v1dua1]y applied to an  .
Ach 34 coTumn (2.5 x 80 cm) of nominal M.W,
‘fractionation range 20,000 to 350,000 da]tons
=vThe co]umn was equ11brated and eluted w1th PBS

1

and e]uate monitored at 280 nm.

= blue ‘dextran - M.w. 2, 000 000 da]tonS-

| 1r~# catalase ° M.W. ~240,000 da1tdn§

N s - )

. Il'= aldolase M.,

158,000 daltons
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lFIGURE 2

'ELUTION PROFILE OF ANTIBODY-ENZYME
CONJUGATION REACTION MIX ON AN AcA 34 GEL

Anti:Balsac IgG and a]kaliﬁélphosphatase
were mixed and allowed to redct as described
in Materials and Methods. The éntire reaétion
 m1x‘was then'éhromatbgraphed on the AcA 34 gel
‘filtrationlco1uhn described by Fig. 1. Eluate
was monitored at 280 nm. Fractions were
collected (1 5 mL) and neasured for a1§a11ne

phosphatase act1v1ty (A4]0nm)

= A280"m o
— e T Pgytm

#*
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e ’ | N
4.4 ELISA reactivity of five R. meliloti antibody-enzyme
conjugates |

o~

7 - ’ ,
4.4.1 Determination of sensitizing antibody concentration

Ji‘"’" HA

.,.‘_A

‘The efﬁect1g¥ vary1ng the sensft121ng ant1body concentrat1on

on the A41Onm value generated 1n the fxna] step of the ELISA react1on

%

+1s shown in Fig. 3. Enzyme act1V1t1es of the conJugates were equa]1zed

¢

“»

pefore.use. The d1fferences in overé]lgA41mehVa1ues generated by ,
2€ i

the various ELISA conJugates therefore refl¥ts”gdifferences in ant1-45 e

! AR o
body aff1n1ty and/or antibody -antigen concentrations rather than in

-amounts of conJugated enzyme available. It can be seen from F1g 3

that sensit1z1ng antibody concentrations greater than 10 ug/mL" ngre

wasteful of the sens1t1zing antibody preparation. Periods- of

-sensitiz1ng antihody 1ncubat1ons 1n excess of 4h did not 1ncrease the

ffna1 A4]0nm values seen, in fact, overn1ght sensit1z1ng 1ncubat10ns

"

appeared to lead to w1de1y erratic final- A4]0nm values among rep]icate

samples. To minimize variat1on, a sensitizing antibody concentrat1on

yof 10 ug/mL and an incubation per1od of 3h was subsequent]y used in

all ﬁtISA experiments |

t

4 4. 2 Effect of antigen concentration (ce]]s/mL) on ELISA

response of five ant1body-enzyme conJugates -

‘The specificity of each conjugate W1th-homo]ogous and heterologous



N &

 FIGURE 3

EFFECT OF INCREASING SENSITIZING.ANfIBDDY‘ -
CONCENTRATE.N ON THE ELISA Ag1o"m RESULT FOR
FIVE HOMOLOGOUS SENSITIZING ANTIBODY-ANTIGEN-
CONJUGATE SYSTEMS |

w

-t
[}

ianti'NRG~259 system:

IT = anti NRG-61 system -
~1IT = anti Ba1§ac‘system

Ivgé‘anti NRG-185 system

v =-ant1 NRG-43 syStem

NN L
e Conaugates were adJusted to equal alka]ine _ %?,
phosphatase act1v1t1es before use. The antigens

_were homQ]ogous whole cells at 108 ce]]s:per mk.
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ce]]s at five concentrations is shown in. F1g¢ 4 A—E The conJugate

prepared against stra1n NRG-43 did not give a sign1f1cant A4]Onm

[
[ ’
\‘J Ly

resporise even at 108 cells/mL (Fig. 4, E). Var1at1on in sensit1z1ng
antibody and/or conjugate concentration fai]ed to provide a specific
- ELISA response to strain NRG-43 as did antibody and conauggzes
‘prepared with adsorbed anti-NRG-43 Ig6 from two other rabbits.

Anti NRG 61 conjugate bound to the plate wells in a uniform, but
non-specific manner as shown by the high background A410 nm values
seen in the contro1 wells rece1v1ng no antigen (F1g 4). Despite
this non- sped1f1c b1nd1ng, a high degree of specific binding was
_.seen when this conJugate was used against strain NRG-61 (Fig. 4, B).
}The non spec1fic bind1ng of NRG-61 conjugate was subsequent]y geduced
to a Tow level by adding additional bovine serum albumin to the
conjugate (10 mg/mL). Thiswlevél of BSA apparently provided a high
BSA to conjugate ratio a]]ow1ng the BSA to effectively out- compete
for non-specific protein binding sites on the po]ystyrene

Despite low homologous levels of Ba]sac .and NRG- 185’ ELISA response
(relative to the homo]ogous responses of cohjugates to NRG-259 and
NRG- 61), very little cross- -reactivity was seen between stra1ns Balsac
and NRG-185 with elther conJugate (Fig. 4, C & D). This allowed for
the ELISA distinction between these two stra1ns in a microb1o]og1ca]1y |
defined study of compet1t1on for nodule formation between them (see

section 4.5).



 FIGURE 4

- -
»

EFFECT OF -ANTIGEN CONCENTRATION ON ELISA
"~ RESPONSE OF HOMQE?GOUS AND HETEROLOGOUS
ANTIBODY SYSTEMS

The A4]0nﬁiELi§A‘response‘of each of the five
antibody systems is shown in.re]ation to i
four antigen concentrat1ons and a no antigen
control (NC) for: -

NRG—25§ cé]]s 

A=
B = NRG-61 cells
C= Ba]sac ce11§
D= NRG-185 cells
"E = NRG-43- s 0

A
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\ An experiment was performed to determine the degree of ELISA
specifity exhibited by the five conjugates when tested against R

o k; meli]oti strains not used for adSorbtion of antisera pr1or to conaugate

-~

production | No cross react1v1ty was found‘ 1nd1cat1ng that the

spec1f1c 1dent1fy1ng entigens of strafns NRG-61 NRG-185 NRG 259

and Ba1sac were not present in any of the other strains (Table 6)

,"_(,

‘\

: 4 5 Nodulation compet1t1on study between two commercia]

Canadian R me1110t1 strains

. .
Aseptic a]fa]fa (var Beaver) seedlings grown 1n N free nutrient (h~-
so]ution in large g]ass coftbn p1ugged tubes (two plants per . tube 2
| one unit) were 1nocu1ated with seven vanying numerica1 ratios of two
o R meliToti strainse Eight treatments were app]ied in four rep]icates

1 as fb]]ows

. 'Treatment f‘ "‘vs.fjk"‘;‘ ';Total rhizobia/un1t
T Balsac alone o b 00 .

T2 NRe-185:Balsac 1310o1 0 exot

T 3,‘ii_»._NBGelﬁS:Balsac—_Tde ; f};s{‘ f6 x 104"t;
T4 hNRG;xés-EATsaé L 6 it
ST 5 **NRG-185 Balsac_ 39§1<t:']]>' d}*s.xﬂloﬂ o
Te :A<NRG-185 Balsac ibQ;I” f‘;;f'€3ﬁé.x w o

CT7 NRG-185 alone . S 6x0?

f’g*iTiB,a v:l;;Nofinoeujation,L- ~§,7f ﬁ'.7_ nonéf;f'“”

e
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' Table‘ﬁ Specificity of - antibody-enzyme conJugates tested against
. R me1110t1 strains with the ELISA procedure . _

ELISA ant1body~enzyme conqugate

statn  WCH Wes  We1ss wezs et

NRG-43 .05t o5 . .02 .03 . 06 . -
NRG-61 .04 . .41 o7 06 . Los
NRG-185 - 03 o3 . 209 o6 Los
NRE-259 .03 .03 w07 3877003
. Balsac . 06 - " .04 - .07 . .06 2.06
NRE-118°° L0602 Lol . Loz Yo

“

102F34 - .05 = - 0] B e

025107 00 .01 .01 o2

A2

. _102F66 - -.04 . .01 L0 00 .00

R

Lz 72N TR | . DR 02 Lo
| s o
s-25. .. .07 0 . .02 " .02 . .01
1o e e oz o

A]1 va1ues are A4]0nm absorbances obtained wfth 10 vegetative
ce11s and corrected to a substrate 1ncubat1on period of 1.0 h
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‘Nodules were harvested from a1l piant units e1even weeks after
ihocu}ation and each nodule’ individuaiiy tested for strain 1dentity
against both anti Ba]sac ELISA conjugate and anti-NRG-185 ELISA
conaugate. Uninoculated contr01 p1ants (T 8) had'no nodu]es

The average number of nodules per plant (exc]uding uninocuiated

"'controi p]ants) was 5.75, with. a total of 322 nodules formed. These ‘

nodules were numerica]]y distributed among treatments and repiicates

x‘i"as shown in Fig 5. whiie the average number of nodu]es in rep]icates_ , _‘

.jappeared to decreaSe slight]y as the numberica]]y dominant inocu]ating-

popuiation shifted from the Baisac strain to NRG-185 (T 1 7) the '

“large variability in nodu]e number between repiicate treatments

'precluded meaningfu] conclusions

All nodu]es were 1ndividua11y macerated in PBS and tested for

Rhizobium strain inhabitant - 1dent1ty in the .double antibody sandwich

R

| ELISA format Each ‘nodule's content was tested separate]y against

antibody spec1fic to strain NRG~ 185 and antibody- specific to strain
Balsac. The resu]tant A410nm values were determined after 1h substrate"

incubation and are represented graphicaiiy in Fig. 6. Fig 6 represents

z'the average Aulonm value of the four rep1icates in a treatment (w1th

the average of the extreme replicate in either direction also shown)
for.both ELISA antibody systems (anti- NRG-185 and anti Balsac) g <

The,average value of the 54 negative controls (receiving PBS in place‘

i-'of nodu]e antigen) dispersed throughout the eight microtiter p]ates
‘used in this test w%f A410nm = 0. 037 There Were minimai differences

’
. . 2 T ’ ¥ o
. ) ‘ I . . PO



" FIGURE- 5

NUMBER OF ALFALFA NODULES PRODUCED BY SEVEN,
VARYING INOCULATION TétATMENT RATIOS INA
COMPETITION STUDY BETUEEN Two COMMERCIAL -
INOCULANT STRAINS - |

Trea~ttﬁenf§“- "

T _4Balsac a'lone ,
T2 NRG-185:Balsac, 1:100 -
o T3 ._NRG»-IBS.Ba'Isac :»'l._]O- e
T4 NRG-185:Balsac 1:1
T5 NRG-185:Balsac 10:1
T 6 \NRG-185:Balsac 100:1

T7 NRG-185 alone ™ -
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FIGURE 6

ELISA RESPONSE (A (A lonm) OF COMPETITION STUDY
 NODULES “T0 ANTIBODY CGNJUGATES PREPARED AGAINST
INOCULATING STRAINS ‘

Al nodu'les (322) were tested aga‘lnst both ant1-
.body systems and the average A .lonm va'lue generated
» against each system is shown The range jmes _
indicate the ‘average A4'l ohm values"o.f f'he
extreme rep]icefesz*z‘:'- |
- ) -i'rfreet'ment
T Ba1Eéciajqﬁg¥.__
T2 NRG-185:Balsac, 1:100
f‘s"NRG-185-3a1§a¢”‘J:1o A
T4 NRG-185:Balsac -1:1]
© T5 NRG-185:Balsac -10:1
T6 NRG-185:Balsac  100: 1
' f[7‘;NRG-185 alone!



between negative controi vaiues for the two separate antibody-
enzyme conjugate systems. ‘ |

' Expression of A4]0nm values in terms of strain identity required
:that a particuiar minimum’ A4]0nm value be seiected as indicative of
a particu]ar strain’ s presence. The seiection of such a va]ue, while
criticai to interpretation of resu]ts was somewhat arbitrary -due -to
| the fact of great variation in nodule size and thus antigen concentration
in the ELISA. Since variation in concentration between 10 cells/mL
and 109 cei]s/mL has large effects on A4]0nm va]ue generated (Fig. 4),
the determinative vaiue seiected had to be small enough to allow
'identification of the smaiier noduies and large enough to av01d false
positive identifications For “this study an A410nm va]ue of 0.15 was
selected as a reasonab]e minimum vaiue for ai]ocation of nodu]e
.inhabitants to strain categories This va]ue is four times the back-
ground vaiue (negative controi 0 037) and high enough that no
nodu]e in the sing]e strain inocuiation treatments (T1and T 7) is .
seen\as cross-reactive to the heteﬁﬁﬁogous conjugate. The use of |
A4T0nm = 0.15 as the value for iower iimit for identification defined
eleven nodules of the 322 tested or 3.4% as unidentifiabie (A410nm
less than 0.15 with both antisera) The effect of selectingwa higher'
4.lonm.vaiue as indicative of strain identity is. to decrease the

" number. of nodu]es identified as dnhabited by both. strains whiie

i increasing the number unidentifiabie Seiecting a lower vaiue has the,'

~opposite effect (Tabie 7). The reiationships between the number of



<62~

HIGWNN INIWLVIHL

I oL 6L o bl £L
LI 1. . 1

1 —_— 1

[os
- Fog-

- For

00’

o

. fos

o6 .

- Loot

wu gLyy



\Table 7. Effect.df’change‘in 1owerilimff~A410nm'va1ue taken as ,
.~ indicative of a positive ELISA strain identification on
nodule numbers allocated to identification categories’

- Inoculation  Aggmm>0.10  Agignm > 0.15

- Treatment L — ; ' —
Number Bal! 1852 p3 B4l 185 DI
1 - 48 0 3 o0 . 51 0 o
2 4 2 . m 1. 48 S8 1
3 25 5 21 .1 27 5 19

4 13 18 10 2 12 18 9 2

5 6 34 5 5 3 .39 -2 -6
6 27 0 1 .27 1 o
7 0 35 .2 3 0 3. 0
Totals -~ 13 121 8310 144 128 3 1

N ! ) C ) .
' ™ Agigm>0.20 Ag1onm > 0.25
Bal 185 p1 y Bal 185 . DI U
%9 0 0. 2 3 0 0 6

2 52 4 54 2 1 2
3 N30 133 31 6 12 3
4 6. 19 6 2 6. 20 5 2
5 o 42 07 1 4 0 8
6 1T 28 0 o0 1227 0 3
7 0 37 0o 0. 3 . 0 2
Totals 149 134 .23 16 146 132 18 2

] Balsac strafn;’_.
3

_NRG-185 strain, L
. * Doubly inhabited by Balsac and NRG-185 strains.

Y Unidentified.
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noduies identified as single strain inhabited double strain
inhabited and strain unidentified using A“0 = 0.15 as the
| indicative iimit ~1s shown in Fig. 7. - The preponderance of nodules
identified as doubly inhabited occurred in treatment 3 where the
,inocuiant ratio was 10:1 4n favor of the Ba]sac strain over strain
NRG- 185..,Comparison of Fig. 7 with Table 7 shows than an increase - °
in the ?eterminative Agqonm value from 0.15 to 0.25 would decrease’
-the size$ but not the occurrence of the doubly inhabited noduie
population peak in treatment 3.
| ConverSion of the data presented in Fig. f to'percent of -total
nodules in.a treatment identified by strain reveais a near]y symmetricai
relationship between single strain inhabited nodu]es and inocuiating
ratios (Fig. 8) Apparent]y neither 1nocu1ating strain had any
marked advantage in fbrming single strain inhabited nodules under
" the conditions of this test Singie strain inhabited noduies comprised
g 83.5% of the tota]. Doubiy inhabited.nodules. however, were not o
“distributed even1y~around the point of equal inoculation (treatment 4),
A]together, 13. 0% of the nodu]es in the experiment were ciassified ‘
as doubly inhabited (using the 0.15 A4]0nm va]ue as the indicative
value). The fact that only treatments 2-6 were inocuiated with both
strains 11mits the number of nodules where dual strain inhabitation -
could occur. Treatments 2- 6 had 2 tota] of 234 nodules of which" &1~

42 or 17.9% were ciassed as inhabited by both strains Of the 42 ’

doubiy occupied nodules near]y oneuhalf (45 2% were found in treatment_:



FIGURE 7
.~ NUMBER -OF NODULES STRAIN IDENTIFIED IN EACH
COMPETLTION STUDY TREATHENT

" Treatment

T 1 Balsac alone |
T 2 NRG-185: Ba]sac, 1:100
T3 'NRG-185 Ba1sac 1:10
T4 _NRG—185.Balsac 117
TS5 NRe-185:Balsac 10:1
© T6 NRG-185:Balsac 100:1
T-7' NRG;185 aiqne»
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" FIGURE §

PERCENT OF TOTAL NODULES IN

COMPETITION STUDY
~ TREATMENTS IDENTIFIED BY STRAIN

T
T2
T3
T5
T6
17

T 4.

Ba]sac alone

NRG-185:Balsac

NRG+]85'516ne (

'NRG-185: Ba]sac. 1: 100‘3‘ o
.NRG-185,Ba}sac
NRG-185:Balsac
NRG-185:Balsac

‘1-90"
1

10:1 o

100:1
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"Q’ﬂ's in which the Baisac inocuiating organism was ﬂPP1‘ed at ‘° times ?:
"f‘the rate of strain NRG-185 A further 19% of the tota] number of ,

”‘?fdoubly infected noduies were found in treatment 2 in which the o

i-:"CLBaisac inocuiating strain was appiied at a rate: 100 times the rate
,;;fof Strafn NRG-185. Thus. 64.2% of. the doub]y infected nodu]es

1“~resu1ted from dual strain inocuiation in which the Balsac strain

'.ﬂihad a. numericai advantage of 10: 1 or. better
" . 4.6 Strain-analysis of,commerciai-alfgjia;jnocu]antS",_ .

Four separate iots of commercia1 aifalfa inoculant were samp]eq

iat variOus Aiberta and Ontario retai] outlets and transported to :

f“<,§ the Beaveriodge Research Station with controi inocuiants of known .=‘?'

R ii‘Rhizobium count 4he cdntro] inoculants were tested for number of .

'f~1firhizobia of proper species by the plant infection technique Contro]

| _fl,inocu1ant Rhizobium popuiations were determined bx piate count aqd ;3~

' t-'ihad not been affected by conditions of transport Aii of the p

‘Aﬁcommercial inocuiants tested had been manufactured in the United ‘"/

. ".:'States by the Nitragin Company (specifical]y for Canadian distribution),-

'.fﬁgand the package iabels indicated that the inocu]ants contained either _- i
“V'he,Balsac strain or a comhinationaof strains NRG 43 and NRG-185

"fﬁiﬂThe inOCUlants contained 4 8 - 15 3 x 108 rhizobia/g as’ determined_hy

:"7{;fthe plant infection technique (Tab]e 8) The Canada Fertiiizers Act L
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1551é;8. 'Quality eva]uation of 4 samples of commerciaI a]falfa
o . 1inoculants determined by the plant 1nfection_count
p1ate couht. agg]utination test and ELISA test

B ”hiZObialg‘ansulant‘(xibs)v

!Sample R me]iloti

oL Meas

s oNes

_ ;No " lstrain ﬁiAﬁf 1nfect1on p]ate count agg1ut1nat10n ELISA
11 1(4 0-30 6)*; 18. 4 + 7 9** AR .,_.L D
LT s Rkt

| 0. 5 nd f

S 200 NRG-43 .

T 234146 3

: NRG-185 e
O Neees R ,_ffs;o.”e}7;, 7. 4
AT T Ba1§ac;;JT ) 15 3(8 6 74 o) 25 4+ 4. 2 _fﬂ13;8_”] 13. 1 s

)
)
).

i_; 4 8(1 8 12 7)
; & 0 8
)

)
‘)
),
)
3

-8. 6(3 2~ 44 2)

,, ~.-.1U

e 95% confidence 11m1ts f f;' L fif ;- T
2 +SE LT R T

- ff*** nd - not determined L ST e e

17 3 17 3
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seed at the manufacturer s recommended rate must prov1de 10 viab]e
[

| rhizobia of designated species per seed (Anon 1979) . The minimum

. .requirement for these products is therefore 7 8 x 10 rhizobia/g '

| inocuiant ca]cu]ated as foilows A g }: e ) '_ .
' -j»jmanufacturer s recommended " | ' ’
-rate of appiication o - 142 g inocu]ant/25 kg seed
“'aifaifa AR S --4 4 x 105 Seeds/kg
required rhizobia/seed 271000
441 x 105 X 25 x 103— 7.76'x 107 rhizobia required
e 142_1- ST g inccu]ant -

.Aii sampies tested met this requirement (Tabie 8) ‘
: Piate counts of the inocu]ant samp]es were somewhat higher than :
piant 1nfection counts because the inocu]ants were prepared using

: non sterile peat carrier and contaminants visual]y indistinguishab]e{

from rhizobia were common- on the semt-se]ective media used Agg]ut-'?“ .

| aination resuits (Table 8) indicated that the ratio of strain NRGLTBS"

o _ to. NRG 43 in the mixed strain inocu]ants was about 25 1 1nstead of

| ﬁthe desired 1 1 ratio The inocu1ant manufacturer produced these 77 'ﬁ

”'inocuiants by simuitaneous inocuiation with starter cuitures of the ;“;- B,

"_‘_fitwo organismfginto the fina1 mass production growth medium, The '

"1é'f;imba1ance of strain numbers in the mixed inocu]ant coqu be due to.

. differentia] growth rates inaeither broth«or carrier, or to differentiai?,ﬁ :

"}surviVaT abi]ities in-the carrier,

The aggiutination and ELISA strain anaiysis resuits were in c]ose o

:h:qagreement, and gave vaTues simiiar to thOSevobtained by p1a"t 1"f35t1°“hi;; ‘

| ?t'fﬁcounts (TabTe 8) Based on the sero]ogica? resu“ts. al] inocuiants

[ R
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' tested exceeded the Canadian standard of 103 rhizobia/seed (7 8 x 107 »
| rhizobia/g) if applied at the recommended rate The Baisac and |
:fNRG=185 specific ELISA antibodies were tested against the five R
;meiiloti strains (102F34 102F51. 102F66 102F77 and 104A13) ordinariiy,‘
.used by the Nitragin Company in’ its production of a1fa1fa 1nocu1ants ‘
,-and found to be non Cross~ reactive (Tab]e 6) ELISA determinations
of strain NRG-43 in the inocu]ants were not attempted due to the’

”iack of a functioning conjugate against this strain (see section 4 4.2).

4 7 Optimization of ELISA response of R meliioti antibody-.

- enzyme conjugates

Aithough prepared in identical procedures, conaugates specific

T 1o strains NRG-259 and’ NRG-61 showed much greater sensitiv1ty than

}those Specific to NRG-185 and Baisac (Fig 4) ' Gel chromatographic .

_1.3examination of all of the conJugates showed no significant differences U

in mo1ecu1ar weight distribution R ‘ingdthem Chromatographie e

_examination of the IgG fractions-f'edﬁto prepare the conJugates, e
:"however, reveaied that the Balsac, 185 and 43 IgG preparations were |
L contaminated with protein eiuting at the same position as ca]ibration
: ;standard bovine serum aibumin.‘ The IgG fractions used to prepare
"the 61 a d 259 conjugates appeared homogenous in moiecuiar weight
eiuting j‘hfﬁé same position as highly purified commerciai alka]ine

o phosphatase Repurification of the Ba]sac, 185 and 43 IgG fraction?/
. : B . o
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by, affinity column chromatography (DEAE Affi Ge1 B]ue) and repeated

",(NIL!,*)SO4 precipitations purified the Ba'lsac, 185‘: and 43 IgG preparations,‘ o

| . of: the suspected’serum albumin leaving so1utions of homogenous mo1ecu1ar'f

4'“-jweight e1ut1ng in the proper column position Conjugation as before, } -

.but using the repuriﬁed IgG, significant'ly 1mproved the ELISA e
response for conjugates aga‘lnst stra'lns NRG-'IBS and Ba'lsac (Fi g 9)
".IZ'Non speciﬂc binding of conjugate 61 (F1g 4) was effective'ly reduced
by 1ncreas‘lng the BSA content of that conJugate to '|0 mg/mL R
Repuriﬁcation of the anti NRG 43 IgG foﬂowed by reconaugation again |

‘faﬂed to produce a functional ELISA conJugate against that stra1n

.\ :—. r - '. . ‘ . ’
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.‘OPTIMIZATION OF - ELISA RESPONSE OF ANTIBODY-

-”‘ENZYME CONJUGATES THROUGH REPEATED RURTFICATION;‘
. OF SPECIFIC IgG PRIOR T0 CONJUGATIGN

,".

The | A41 Onm ELISA response oﬁ each of the f’ive

'Vantiquy systems 'ls""hown‘ m re] ation to four

antigen concentrattﬁf
“(NC) fort . |

2 fe A';“&Reizsg"ceils' Rt

B = NRG-G] ce]'ls

) .C = Ba'lsac cepf

D= NRG-185 cel'ls

k= NRG-43 ce1ls "e '”vel,;:::.,.:nu.
A The 1ncrease @ ELISA f‘esponse o f anti Ba'lsac

' “_"and anti 185 conJugates through extra attention

01196 purtfication can be pn by comparison
.oa Fig 9 with Fig, 4 Y &

,.01. .

and a no amtfgen controlf

ar

o
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5. DISCUSSION
5.1 General -

The resu]ts presented have demonstrated that five of six R
.meiiioti strains examined are . sero]ogicaiiy distinct that designated
'Canadian se]ected strains were in fact present in a]falfa inocu]ants-

"soid by cooperating manufacturers marketinﬁ in Canada and that .

Et SA techniques for the 1dent1ficat10n of smai] antigen quantities,'ﬁ

'such as trom plate colonies: or. .root nodu]es are- fea51b1e The-: |

"basis for demonstration of spec1fic sero]ogicai reactions,among

| ; 'the strains was: the use of heav11y adsorbed antibody to detect heat

'stabie, cell- bound antigen

\

. A 4
§ ' o
5.2 Seroiogicai quaiity contro] evaiuation of commerc1ai
1nocuiants

. ‘ . [

SN Prior to this work strains of R( meiiioti adapted to re 1ona1

| conditions in Canada had been seiected fieid tested, and rel sed
"for commercia] production of aifaifa ( dicago -SPp. ) inocuiant

‘These 1nocu1ants are manufactured in the U.S.A. and marketed in '

- Canada on a regionai ba#is.-\lnocuiants contaiQ;:g the BaISac strain f’,,'

-;1’ from the Ste-Foy Research Station (Bordedeau et 1977) are

-

| :-:f7é-fi '
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marketed in eastern Canada and inoculants containing two strains

(NRG—43 and NRG 185) from the Beaver]odge Research Station (Rice
.and Olsen 1981) are marketed in western Canada During the 1981
and 1982 seasons approximate1y 95% of the a]faifa inocu]ants N
tested in Canada under the nationa1 inocu]ant quality contr01 - .
program contained one or the other of the Canadian deve]oped R ‘
me1110t1 strains | '

Inocu]ant quaiity control in Canada is presently based ‘on

o

Y Rhizobium enumeration as determined by p]ant infection counts

' which give estimates of the- number of v1ab1e Rhizobium of proper.-'-

"

spec1es per unit weight of inocu]ant._ The 1ntroduction of spec1f1ed
Rhizobium strains "in inocu1ants particuiarly prepared for Canadian
distribution requires that 1nocu1ant quaiity control . techniques

be modified to enumerate Rhizobium of spec1fic strain perrunit weight
inocu]ant The- introduction of ant1b10t1c re51stance markers into f»:
~these strains is appealing in terms of ease of marker 1ntroduction
and- recognition, but poses possibilities of unseen modifications

to the carefui]y se]ected strains (Jones and Bromfield 1978 Josey '

~ et al. 1979 Zeiazna Kowa]ska 1971) Sero]ogica1 techniques are _'

the most specific methods for 1dentify1ng micro-Organisms based on

f natura1 marker characteristics (Dudman 1977 Schwinghamer and quman

1980) Other workers have conc]uded that serologicai techniques are -

of seve?!]y 11mited use in the 1dent1fication of R me]iloti strains

5

I
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‘(S1nha and Peterson 1980 Humphrey and ancent 1975) Here,

adsorbed antisera were used to detect unshared ant1gen(s) attached

‘to the ce]] (non-d1ffusab1e) perm1tt1ng fd;;t1f1cation of R. meliloti

strains The ‘micro- agg]utinat1on and enzyme linked 1mmunosorbent

”.vassay (ELISA) techniques descr1bed confirmed the presence of the
Canad1an deveToped stra1ns 1n anana 1nocu1ants so]d 1n Canada

. during-.1981 (OTsen et al. 1983) These technlques cou]d be used

-E‘to form the basis of an 1nocu1ant qua]1ty contro] program based on ]

,’serologica] determ1nat'ions as opposed to p1ant 'infectwn tests.
The advantage of the sero]ogicaT determ1nat10n 1s the ab111ty to |
ident1fy spec1f1c stra1ns while shorten1ng the t1me per1od requ1red
for test1ng The ELISA determination is rapid w1th resuTts

J. ava11ab1e w1thin.f1ve days (inc]uding ‘the pTate count grow-out
per1od) whereas three to four weeks are: requ1red to eva]uate an

"finoculant by the p]ant 1nfe§t:og techn1que The aggTut1nat1on v

' -analysis of inoculants is aecurate and simpTe but is cumbersome

- in that each coTony 1solate requires regrowth to generate suff1c1ent
ce11 numbers and each ceT] suspension further requirfs opt1ca1

Aadaustment to 109 ce]ls per mL (0\D. 620 nm 1.0).

The ser01091ca1 identificat1on of an unknown
jstrain 1n a commercia] 1nocuiant requ1res the aSS'mption thht\a
'l’.iposit1ve 1mmuno]og1ca] response equates the unknown*with the stra1n

to which the antiserum was ra1sed Th1s assumpt1on is va11d on]y

I 2

"ch as a Rh1zob1um o



.when it is possib]e to fu]ly document the spec1f1city of the va'
¢ reaction Even where extensive experience suggests that a. given
' ﬂantisera has -a h1gh degree of. specificity, pOSSibilities exist
that_different strains ‘may be sero1og;ca11y identical It s f P
therefore difficu]t to be certain that a strain obtained from a o
i'commercial 1nocu1ant is the same strain with which the manufacturer “
'was prov1ded However, in the study described it has been |
" demonstrated that the adsorbed antisera used did not serologica11y
»_react with ‘other: R meliloti strains ordinariiy used by the 'f\i;-'
_manufacturer in the production alfalfa 1nocu1ants (Tab]e 6).
Simi1ar1y, there was no. cross- reactiv1ty between any inoculant
_-isolate and antisera hetero]ogous to the strain or strains
~'identified on the 1nocu1ant package 1abe1 This prov1ded a high
degr‘p of confiden in sero1ogica1 techniques for eva]uating
: a]fana 1nocu1ants€iontaining the R. me]iloti strains selected for

r!?,* Canadian conditions
5.3 The ELBA .. ., .

| The use of (q\d literatuns describing) ELISA techniques has
grown exponentia1]y during the lastgdecade Originally emp]oyed
for the. detection ?f antibody protéin (Engvall and Per]mann 1971),
the technique was rapidIy expan%ed to the detection of soluble
/ ahti

‘ of many types andtto the detection of vira] antigens The‘ft,; e

VoA,



“use of the ELISA for detection and 1dentification of 5urface

. N e '80‘.

-

antigens on bacter1a1 who]e ce]]s has been a re]ﬁtively late

- deve]opment and was first reported for Rhizobium strain-

1dentifications in 1978 (Kishinevsky 'and Bar Joseph 1978)

The reiative mass ‘of a bacterial -cell éo tha“‘bf a soiub]e
protein or to a virus particie is enormous. The successful__e___
app]ication of double antibody sandw1ch microtiter p]ate ELISA :

;techniques to bacterial whoie ceii strain identifications depends :

on the estab]ishment of sufficient bridges between amtibody, non-

| covalently bound to poiystyrene we]i surfaces, and the spec1fic '

'antigen which is bound to the reiativeiy maSSive ceii ~ These two

Key bindings (antibody to po]ystyrene and antibody to cell) are

. essential to the capture of the ce]i thereby a]iowing detection

N

| of spec1f1c antigen on the ce11 through the medium of an additionai

enzyme-tagged 'gpecific antibody. The ce11 capture must be of suffiCient
binding strength to. ho]d the ceiis over the two day period of testing 2

. while- being subjected to rigorOus trip]e washings befor:ng}*"'*"—‘
b;nding, after ceii-binding, and fo]]ow1ng antibody-enz conJugate ‘

binding The work reported here made use‘of antisera massive]y

adsorbed against hetero]ogous cross reacting cei]s Where the cross-

”ireacting antigen on“the cell surface was reiatively massive, the :
'adsorbtive removal of antibodies to these sites wouid be- expected to _.
/furthercreduce the derali binding of the ceils to the piate we]is _
i via the use of adsorbed first antibody as binding agent. Adsorbed <::;>

i second antibody carrying the enzyme tag wouid Similariy have fewer .



. . . - . . ’ -
' ) . . . - . . . L R .
. . .

'reduced sensitiv1ty for the assay

‘sites’ for binding onto the cell; the net effect of both reductions ‘

in binding is the final iessening of bound enzyme which amounts’ to

TSpecu]ativeiy, it i} felt that ,

)

one or both of the din'”r uctions are sufficient to account for

the differences in sensitivity of the ELISA 1dent1ty determinations

of Rhizobium meiiloti strains described in this work e

The failure of the ELISA to 1dentify strain NRG 43 may also be"

related to these phenomena. Strain ‘NRG-259, for example, was »

‘\
clearly the 1east cross reactive of the strains examined and antiserum

to: strain NRG- 259 required much 1ess adsorption to achieve

aggiutination spec1ficity than did any of ‘the others examined, ;
SN

“Strain NRG 259. shows the greatest ELISAfsensitiVity by far. yet

these\resuits are achieved with antibody enzyme conJugate

uy

concentrations twenty times as diiute as’ those required for. 51mi1ar

co]or development, in a. given time, w1th strains Ba]sac or NRG—185
Of the antisera produced against each. of the five strains, that

raised against strain NRG-43 required the most extenSive adsorptions .

; against all heteroiogous ce11 types to yie]d agg]utination specifiCity.h

It is possible that the purified IgG antibodies used in the )
productibn of enZyme-antibody congugates against strain NRG—43 had

u been adsorbed to extinction if. each of the differing NRG- 43 antigens ,
aretshared by one.or more of the adsorbing strains If this is so. o
it is. necessary to assume that the 160 000 dalton protejn (presumabiy

L »

@ " I AT e



o ylarger than vegetatﬁve celis, are to be identified In actual

o

IgG) used in the preparation of anti NRG«43 conJugates was either

not antibody or ‘was antibody which had no react1v1ty with strain e

J'NRG-43 It shouid be pointed out that within a microbio]ogicai]y

defined system (in which all. strains present are known, though not

'individua]iy) it -has been possib]e to identify strain NRG-43 through' )
~ the use f antibody conJugates prepared against strain NRG 185 but

not adsorbed against strain NRG 43 These conJugates react with
both strains NRG-185 and NRG-43 whereas fu]]y adsorbed conJugates
A prepared against NRG~185 react 0n1y with ?RG 185 thus NRG- 43 may

‘be differentiated from NRG-IBS This 1atter approach is not suitable, '

however, to strain identification in nodules or inoculants as the
' possibiiity of dua1 strain inhabitation is rea1 in noduies and i
-,colonies iso]ated from commercia] inocuiants cannot be considered
l"ﬁ1as a. part of a mjcrobioiogicaliy defined system s

WOrk to define the relative importance of the amount of binding

| avaiiab}e to ho]d cells§ to micrbtiter;p]ate 'a&% 'vers_s'the number

inding foIJowed with adsorbed high]y

:, ';;a prob]em on y exacerbated when bacteroig@ with celi sizes much

)

e . . Lo cot . RN
. R .. - B -

.y\§:: strain detection S such»an o

o
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1ssuew1s somewhat moot as the demonstrated ab111ty to 1dent1fy

*;ff strains at 105 ]0 ce1ls per mL a]]ows the ready 1dent1ficat10n of
o nodu]es weighing as 11tt1e as- 0, ] mg, as sma]1 as is. praqtﬁca] to .

1so1ate. In any case, we\have recent]y fpund (work not yet reporggd)
that 1t 1s possib]e to dispense a]together w1th the "doubTe antibody

sandwich" ELISA through the, simp]e expedient of bakfng the Rhizobium \%?*::

cells: 1nto the microtiter p]ate we]]s at 94 C (temperatures above ,' e

this ‘warp the p1ates) In our Rh1zobqum sero1ogy, the decis1on was

taken to produce antibody to 11popo1ysaccharide of the ce11 wa11s, A

antigen which 1s not notab]y heat sensitive Ant1body was therefore |

produced by the 1n3ection of washed Rh1zob1um who1e ce1ls wh1ch had
been steamed for 30 minutes at at 1east 100 C This ant1body binds
we]] to Rhizobium ce]]s which have beeh essentia]]y heat faxed to L
the po1ystyrehe of microtiter p]ate we115 UnconJugated spec1fic\

(adsorbed) rabbit ant1body 1n PBS Tween 20 buffer 1s added d1rect1y7t, '. .
to the dr1ed hjgobﬁ 1n p1ate we]]s and after a two h 1ncubat10n f o

1s fo]1owed with enzyme conjugated swine ant1 rabb1t IgG ant1body
This approach has a]]owed the ready detection of Rhizdb1um-stra1ns
at 10 10 ce]ls per\mL and e11mthates the overn1ght incubat1on of

ks ce]]s for attachment to sensit1zing antibody It has also proved

LG

' feasible to use d1rect1y the specif1c rabbit ant1body-enzyme

conffgates prepared for the doub]e antibody sandwich procedure on

| dried Rhizobium bound 1n the pIate we]]s This direct form of k 5

: ~\p\actice for the applied Rhtzob1um lab however. the who1e binding :: )



b-hthe ELISA further shortens the period required for testing, but Lfi;‘

R TS apparentiy-iess sensitive with detection 1imits in the 10 107 iﬁ\?g

¥

"-:_:lceiis per mL range.. Both techniques are readi]y performed in one

~8h work period o R i" ~". S _ S ‘ :_i' c-ii-'

| ) Regardiess of the particuiar technique appiied the ELISA f'\‘

o requires antibody of high purity and spec1f1city In ELISA o
'tvi;_ appiications involving the "double antibody sandwich“;‘such as:
' the work described in this report nanogram quantities of protein i
. are bound in the sensiti21ng antibody coat (Pesce et ai T977)\\\If
__'-_ & significant proportion of this coating protein 1s\5ther than\ 'v .
S specific antibody the quantity of antigen bound is concommitantiy ' o

. reduced In practice, antibody-enzyme conjugates are generai]y -’151 ‘h;
: prepared from an a1iquot of the/antibody stock from which sen51t121ng :
e antibody coating so]ution is prepared If the antibody stock 1s _ g
B 1ess than pure, not oniy in terms of being bioiogica]ly active IgG
- but in terms of Beang active against a specific de51red antigen(s), o
then conJugate prepared from it cannot reach it s fu]i potentiai |
}““These factors arising from the‘heterogeneity of anima] antasera,.s'
4form the basis of ‘the numerous advantages to be gained from ‘the use;‘
'6f monoclonal antibody systems. B - B 'f*9'f73§
' Thg coating»buffer used. for sensitizing antibody depoSition B 4;:
onto poiystyrene for mdcrotiter p]ate ELISAs is aimosttuniversaiiy .
a carbonate-bicarbonate buffer of pH 9.6: This buffer is unstabie
-and requ1res room temperature storage with fresh recomp051tion every‘

0 .l ) oot . , - o
A : T o . : :




'two ‘weeks" (Vo11er et al 1979) Experfments 1n our- lab demonstrated o

‘«\no effect on ELISA resu]ts through the use of our norma] carr1er

a“ buffer of PBS, pH 7. 2 as sens1t1zing antibody coating buffer. The",yr

| use of PBS for coating buffer a1lowed the refrigerated storage and -
multip]e reuse of stock dilut1ons of sensitiz1ng antlbody at 10 ug
"prote1n per mL Such reuse of the sens1tizing antibody showed no “v
\decrease\in ELISA sensitivity over a period of one year and a11owed
"for considerable conservation of pur1f1ed adsorbed ant1body wh1ch

'_fwas in short supp1y

. _5.4 ‘Noduiation competition;studyfr'-‘ ;
Compet1t1on between Rh1zob1um strains for 1egume nodu]ation
“1nv01ves such a comp]ex set of 1nteractions that there 1s 1mposed 1

',;a requireméht for caut1ous and conservatiVe interpretat}on of

',_fresu]ts The resu]ts of the nbdu1at10n compet1tion study descr1bed

'-1n this report apply go the sudden and simu]taneous-1nocu1at1on of

jone\a]fa]fa cultfvar, rooted asept1ca11y 1n vermocu11te, under IS 7“

'_‘91ass, under a glven moisture, temperature, nutrient and pH status,

wrth artiffc1a1]y grown, ear]y stationary ph!!grg me1110t1 ce]]s
- Such. resu]ts s1mp1y canndt be extrapo]ated to f1e1d conditions
.‘_" As descr1bed ear11er, some 95% of the a]falfa 1nocu1ant so1d
in. C!ﬁadf in 1981 and 1982 conta1ned Canadian developed R me]iloti -
| strain'.d1stributed differentia11y on a reg1ona1 ba51s Considerab]e

~. W

'-,”IOQist cal 1nocu1ant supply s1mp11f1cat1on could be gained were 1t ’

N



e considenédvfeasibie and wise to mix these strains into a 51ngle Q?7V‘iw'

_ :inocuiant which couid then be distributed nationwide This ;
-/desirabi]ity of a mixed strain Canadian a]faifa inocuiant prov1des :
the impetus for studies of interactions and reiative competitive ,45

'noduiation abi]ities between the strains ihvolved ,¥¥—/?;;«7"35W

The resu]ts of the nodulation study described in this report» ;tiff'f

indicate an essentiaily BQUal status of competitive noduiation\ ;ffjc'gt="‘

_FabiTity between the Ba]sac (eastern) and NRG—185 (western) strains'}

Mo evidence of ahtagonism (or synergism) was. noted It appears ;iﬂ B

.(on the baSis of the 51ng1e study, under the conditions described)

| that strain NR# 185 may be more ab1e to share nodule inhabitancy, ‘v'gffi;{

- in the face o# superior opposing numbers than the Ba]sac strain
. That - this phenomenon offers any advantage to strain NRG-185 is

;uniikeiy, given the reiative]y sma]i percentage of noduies found

" to be inhabited by both strains Nhiie the resu]ts are enc0uraging :?;‘J,,

to the p0551b11ity of estabiishing a 51ngie mixed strain Canadian"
alfalfa inocu]ant considerable work remains work 1s required

to investigate the abiiities of the straids to nodulate other
» w .

cu]tivars under varying enVironmentai parameters and in particuiar,}"rf'T

_under field conditions The re]ative MUitipiication and surv1va1
X characteristics of the strains whiie mixedﬁfn peat carrier wi]]
aiso require examination. Probab]y the most”Significant aspect

of the Competition study results described s that reasonabie, .-'f’i:

-beiievable resuits were obtained which lends credence to the fxf:’Q;;f.g[

| iRhizobium—ELﬂSA protoco]s used thereby creating an avenue by

which theunecessary further studies may be conduCted atpffﬁwfx

@



BIBLIOGRAPHY =~

. T e
= ,,_Y.vn-

"" ?‘ANONYM"“é 1979, Fertilfzers Act.ang Fertilizers Regulations,

‘0ffice Consolidation.” C.R.C., c. 666 amended by P.C. 1978- " - T
3455. P.C. 1979-1271 Government of Canada.;jw';- S

R'BAL ‘A K ) and PP NONG. 1982 Infection process and- s1ough1hga;;'f ‘.

off of rhizob1a1 outer. membrane in effective nodu]es of 11ma .:”{:(
bean. Can J M1crob1o1 28 890 896 ST

‘BALDNIN 1. L., and E.B.. FRED 1929 Nomenc1ature of the root .
nodu1e bacteria of the egum1nosae ds Bacter1o1 7 141 150:‘

*'bBARNET, Y M 1972 Bacter1ophages of Rhizob1um trifo1ii
: Morpho1ogy and host range. J. Gen. - Virol: 15‘1 15 T

-'1979. Properties,of Rh1zob1um tr1f0111 1so1ates surv1v1ng R
exp0;3r63§° ‘specific bacterTophages. Can. J. Microbiol.
,  25:979-9 o | |

BERGER J A , S N. MAY L. R BERGER and B B BOHLDOL 1979

CoTor1metr1c enzyme-11nked 1mmunosorbent assay- for the 1dent{f1-.'~f'

- cation pf strains of RhizoBium in cultire and:dn the nodu1es of
1ent115.> App1 Environ. Microbiol 33 642 646 L |

BOHLOOL, B B.. and T, D BROCK., 1974 Population eco1ogy of .
- Sulfolobus: acddoco1dar1us. 11 Immunoeco?ogical studies., Do
Hrch: MicroEFE e e e

———BORDELEAU L Mv, H/ ANIGUNa_and_R+A+_LACHANCE. 1972 Effet ;des;“u
souches de: Rhizobium meliloti et des coupes successivesde
luzerne (Medicago sativa) sur 1a f1xa’g1on symbwtiqu _‘d azote. '
Can J P'ant Se. 57 133 439 S A %_L Dok

BROCKWELL J 1980 Experiments w1th crop and pastur ' gumes -

' princ1p1es and practice. In’ Methods for evaluating Biological

nitrogen fixation.a Edited_Eg F.d. Bergerson. John w1]ey and
Sons, New York 117-180 s

BROCKNELL 3. .y E A SCHWINGHAMER and R. R GAULT 1977 Eco1ogicaT

A-critical examination of.the stability. of- antigenic and

f?,“'fﬂfstreptomyc1n—resistance markers for identification of stra1ns";
s ot Rh1zob1um tr1fo111 ' So11 ‘Biol. B1ochem 9:19-24, - -

,A,mstud1es of root-nodule bacter1a ‘introduced 1nto field enviragments .



"f CARLSON R, oy R E. SANDERS C NAPOLI and P ALBERSHEIM 1978
Host-symbiont 1ntqract10ns 111, Pur1f1cat1on and partialv

s character1zation of: Rhlzobium lipopolysaccharides Plant
Physio] 62 912 917 , -

"-; CLARK, M. F os and A N ADAMS 1977 Characteristics of the m1cro-‘

-plate method. of enzyme-1inked 1mmunosorbent assay for the detection' ,'
of plant viruses YJ Gen V1r01. 34: 475 483, - R =

CLoggAn M 3. 1963 Black nodu'les in Dohchos Au:‘si;.. ‘a., 'séi‘." "

o CLOONAN, M. J., dnd B. HUMPHRFY 1976, A new: method for stra1n s
‘ 1dent1f1cation of. thzobium trifo111 1n nodu]es J App]
Bact 40: ]01 107 |

: COOPER J E. 1979 Rapid nethod/?or count1ng ant1b1ot1c res1stant
rhizobia rn 50115 Soi] B1o] B10Chem 11 433 435. 5..__.¢ T

nw, DAZZO F B., and W, J BRILL.‘ 1979 Bacter1a1 ponsaccharid PP
wh1ch binds Rh1zob1um trifo111 to c]over rOO; hairs J Bacterio] ~
137 1362 1373 | , _»__j '__*,, : ?,.. , e ﬁyu,”,

DEMELON A .y and A DUNEZ ‘1936 Nouve]]es observat10n sur e
bacter1ophage et la fatique des so]s cultives en luzerne Ann R
Agron 6 1 21 T ,‘,_,“, E __Uﬁ R

LT N L
o DIATLOFF A 1977 Eco]ogica] stud1es of root nodu]e bacter1a Lo

lntroduced into field environments, 6. ‘Antigenic and symbiot1c ; o
stabi]ity in ‘Lotononis: rhizobia over a 12-year period So1] a e
Biol B1ochem :85-88. L _ , S _'-_- -

;**TIHHHMUT“'N F 1964 Immunodiffusion ana1ysis of the extracel]u]ar S
- solub]e antigens of two stra1ns of RhizotnunLn&ﬂllniﬁa ...... J+_Bacter101‘ .
_ 88 782 794 . | -

. ——-——-1971 Ant1gen1c ana]ysis of §h120b1um Japon1cum by 1mmUno-., ﬂ"
‘ d1ffusion Appl. Microbiol -985 ‘ j;

~— 1977 Serologica] methods and the1r app]ication to din1trodén-_* Lo
o fixfng.drganlsms In A treatise on. d1n1trogen‘fixat1on -Section-.
IV.. Edited'gx R. W. T"'Hardy and A H Gibson John w11ey and Sons,

_ New YorE pp 487-508 . e R .m‘



DUDMAN N F. ,. and J BROCKNELL 1968 Eco'logicaI stud1es of root- TRy
e nodule bacteria’ IQ%gduced Tnto field' environments. I. ‘A R

- survey of field performance. of clover 1nocu1ants by ge] 1mmune .
diffus‘I'o‘n ser‘o‘logy.l Aust . Agr‘ic Res. ]9 739-747 ' o

ECKHARDT, M.M., I. L5 BALDWIN, and E.B. FRED 1931 Stud1es on.
b ttfe root nodu]e organism of Lugmus J Bacterio] 21 273-285

ENGVAL:-"’-’f E., and P PERLMANN. 1971, Enume-aned 'imnunosorbent o
© assay’ (ELISA) (?ﬁantit'lative assay bf imnunog]oban G T
Imnunochemistry. 8: 87]—874 ST TR S T I

o
1972 Enzyme hnked'wmunosorbent assay (ELISA) III ..
Quantitation qf specgfic -antibodies by enzyme-]abeﬂed anti- T
ilrmunoglobu'lin in antigen-coated tubes J Inmunol 109 129 135. Yol
FLIERMANS E’B vy and T. C HAZEN. Rt 80, Immunoﬂuorescence of
Aeromnas gydrophila a,s.measuredv Y, fluoréScence photometmc
microscopy Can Jds- M1t:r~ob101 2' 161 168

-

FRED E.B., T.L. BALDWIN, and E. McCOY. (. 1932, Root nodule: bactema R
and Iegummous pIants /'Umversity of Wisconsm Studies in. SR
Science, No 5y Umv' ]

GRAHAM P 1976 Ident1f1cat1on and. cIass1f1cat10n of root R B
nodule bacteﬂa In Symbiahc mtroge'n fixation in’ plants. . e
‘Edited by P. Se Nutman Cambridge Umversi ty Press, Cambndge
pp 99- 2 .? o . :

1:ty of bhsconsin Press, Madison

HILDEBRAND R L 1979 ELISA (enzyme aned 1mmunosorbent assay)
“In Rapid: diagnosis in’ 1nfect'ious d1sease. Ed1ted gy M w Ryte]
_’CEC Press, Inc pp 7'I 88 RO

C HODGSON A L M. and J. S WAID 1981 Use of enzyme-]inked . : ;o
... - [immunosorbent assay: (ELISA) “to identify bacteriocinogenic" strams - ;’.
- [ ofRhizobium trifolii in .nodules fo]]owing a mixed strain. .. | o
inocu'latwn “In- Current perspectives in nitrogen: ﬁxatwn Edited

by A.H. Gibson and. w F Newton Austrahan Academy of Sc1ence,
Canberra p 430 SRR AR . ; ‘

HUMPHREY B A op and Jd. M VINCENT. 1969 The somat1c ant1gens ef
two strains of Rhizobwm trifol'h J. Gen. M1crob1o] 59 411-425

PO ]975 Speciﬁc and share ;m:igens 'in strams of Rh1zob1 um 5 _.
| msﬂO_t_ M1crob1os, 13; 71- nEE L AR -




S e AR NG e

- "..3'1‘.,5gv”_‘*-‘_‘“‘ - 3*'{-7]'_a‘*'_ﬁf ’»5 N o . R

JONES D G vy and E S P BROMFIELD 1978 A-study of}the compet1t1ve .
ab111ty of streptomycin mutants of Rhizobium: trifolii using B
var1ous marker téchniques Ann AppT. B?oi 88 138 450

JONES D G., and S J\ MORLEY ]981 The effect of pH on. host p]ant o
'preference’ for strains of Rhizobium tr1folii us1ng f]uorescent
ELISA for strain 1dent1f1cat1on Ann App] Bio] 97 183 ]90

JONES, D.G., and P.E. RUSSELL. 1972, Thg, application of fmmuno- . -

‘flusrescence ‘techniques to- host plant/nodule ‘bacteria se]ect1v1ty ;ﬁiﬁc

experimehts using Trffolium gens" 5011 Bio] -Baochem 4 277-
282 . , R : v ‘

JOHNSTON A W B. and J £. BERINGEﬁ 1975 Identif1cat1on of the

. Rhizob1um strains: in pea root nodu]es using genetic markers ' ;-fi~-

f{ . ;3T*T§§"‘M¥crob1ol 873 M350, eyn

JORDAN D C . and O N ALLAN 1974 Fam1]y Rhlzob1aceae In
: Bergey s manudl of determinative bactério]ogy, 8th ed. EHT%ed
oo %y_R .E. Buchanan ‘andN.E. G1bbons The w1111ams and w11Eans
 Co., Ba1t1more PP, 261 267 T

JOSEY D.P., d.L. Bévuon A W, B. JOHNSTON, aﬁ% J.E. BERINGER 1979
Strain 1dentificat10n in Rhizo ium: using 1n¢r1nsic ant1b1ot1c
res1stance. 10 App] Bacter'o<,f46 343 350 ‘ '

KISHINEVSKY, . B. . and M. BAR-JOSEPH. 1978, Rhlzob1um Ltrain f7'7»
1dentif1cation An Arachis’ h'*o ea‘nodu]e y:enzyme-linked .
Can Mlcrob1ol. 24 1537 ]543

| KISHINEVSKY ‘B., and D, GURFEL. 1980. _Evaluition of enzyme- . - ?gsf
- linked 1mmunosorbent assay (ELISA) for serological 1dent1f1eation
.of different Rh1zob1um stralns App1 Bacter1o1 ,49:517- 526

’~1'KONDEROSI A., G B. KISS T FORRAI E. ‘VINCZE. and Z BANFALVI
. 1977.  Circular’ Tinkage ‘map. of Rh1zob1um me11lot1 chromosome
7Nature (London), 268 525 527., SN . ,

1mmunosorbent assay E,;,'

@.;. LESLEY,S.M." _ 1982 A bacter1ophage typing system for Rh1zob1um
o me1110t1 Can J Microbio] 282 180-189 L

‘fu’LINDEMAN W.C., E.L. SCHMIDT, and G.E. HAM." 1074, Evidence for .
. double 1nfection w1thin soybean nodu]es So1] Seiv 118 274 279

'LMEANS M., “H.W. JOHNSON, ‘'and R:A. DATE. - 1964. Qu1ck serological =
- method: of - c]ass1fy1ng strains of Rhizobium Japon1cum fn nodu]es o
J Bacter1o] B7:547- 553 K :

N

SRR S



-5> V:» 1dent1f1cat1on of. Canadian deveIoped strains of Rhizobi

MEADE H. M., and E. R SIGNER 1977 Genet1 pping of'RhTzobium
' meIi]oti ’ Proc NatI Acad Sc1. U S. A 7 076-2078
"—'———ﬁ—

MORLEY S, J and D G JONES Y 1980 A note on'a h1 th sensitive
modified ELISA (enzyme-]inked 1mmunosorbent assay? ‘technique for
Rh1zob1um strain identificatio Q‘J AppI BacterioI 49: 1031109

NAKANE P K., and G B PIERCE JR 1967 Enzyme-]abe]ed antibodies
preparation and application for the 10ca112ation of antigens R
Histochem Cytochem 14: 929 L

NORRIS D.0. 1958 A red strain of Rhizobium from Lotonon1s
bainesﬂ Baker ‘Aust J Agr1c R‘"“‘g‘e?oes -632. T

OBATON M. 1973 The use of spontaneous antib1otic res1stant -
mutants for the ec Iogical study of Rhizobium Bu]] EcoI Res
Comm (Stockho]m) 7 170 171 5 " , S

OLSEN P.E., w A, RICE 6., STEMKE and- w J PAGE 1981 i%The g
u meliloti

“in'commercial alfalfa inoculants. Program and Abstracts, E1ghth :

North American Rhizoﬂium Conference, w1nn1peg p. 9%. :

1983 Stra specific sero]og1ca1 techniques for the 1dent1f1cation
of Rhizobium- me iloti in. commerc1a1 aIfaIfa inocu]ants Can J.
MicrobioI 29 225-230 e ERCT , . *,.

PARKER C.A., and P, h GROVE 1970 Rapld sero]ogica] 1dent1fncation y
of rhizob1a 1n smaII noduIes d. AppI BacterioI .33:248- 252

PESCE, A J., D. J. ,FORD M GAIZUTIS ‘and- V E POLLAK 1977, B1nding '
- of protein to polyst yrene 1n soI1d phase immunoassays onchem o
Biophys. Acta 492 399 407, s ‘ , e oy

PINTO C M., P.Y. YAO and J.M. VINCENT 1974 , Nodu]ating compet1t1ve- g
- nes$ amongst strains of Rhizobwum me1110ti and R.: tr1f0111 Aust. -
J. Agric Res 25:317-329, , L

RAM J.S., P. K NAKANE D, G, RAWLINSON, and G B PIERCE 1'96_6'. ‘
' Enzyme IabeIed antibod1es for. u]trastructura?’studies Fed-
Proc Abstr. 25:732. . ‘

| — N

RICE, W. A., and P. E OLSEN 1987, Synergism between effective and
ineffective strains of Rhizobium meliIoti In Current perspectives
in nitrogen fixation. Fdited by son and W. E. Newton L
Australian Academy of Sc1ence ”%anberra p. 440, ‘ i



fROBERT§ .GLP. ; N T LEPS L. E SILVER and w Js BR;§1 1980
Use . of - two- dimensiona1 polyacryIamide gel electrophoresis to

Ydentify and classify’ gh1zob1um strains APP1 Environ M1cr9-3}~ o

biol. 39:414-422

"f'tj'i_RUSSA, o URBANIK, T., ZURKOWSKI, W., and\LORKIEwICZ, 1981 L
o Neutra] sugarsvtn,lipopolysaccharides of Rhizobium trtf0111 T e

anq 1t‘s non~

;SCHMIDT EiL. 1973 F1uorescent antibody technique for the n
- -Study of. mjcrobia] ecdlogy.  In'Modern: methods -1n" the study :
- of microbial eco]og{ Edited’B’ T. Roswa11 Bu11 Ec01 Res
_ Comm - (Stdckholm) 7: 6 SR

.dulatfng mutant - Plant. ana So 1|£;5t:81785. N

"'s‘ 4-ﬂﬂ' .-'. ) DR

"”fSCHwINGHAMERm.E .. and W.F. _DUDMAN . 1973, Eva]uation of

spectinomycin resfstance asa. marker for. ec01091ca1 stydies
with Rhizobiu SPP- - J. App1 Bact 36 263 272. Lot

1980 Methods for 1dent1fy1ng strains of diazotrophs
In Methods- for’ eva1uating biofogica] nitrogen fixation. o
‘Edited by F.J. Bergers i John w11ey and Sons, New York e

. PP 337-365. . L

-.SINHA R c. s and E A P P 1980 ‘bbnm1ogous sero]ogical
ana1ysis of Rhizobium Miloti. strains by 1mmUnod1ffusion. '
Can, Je: M1cnobio1 26: 1157- 1161 - o

‘,STANIENSKE 1970a Re]atnonsh1p among different Rhizobium
< strains- determined by phage 1ysis Acta Microbio] T -Ser. »
B, 2 3-1 ~

~F———-— 1970b. Typing of Rigfzobium by phages céne,J;_MtthBﬁbifi“"
© “16:1003-1009, !glﬁi-——- i3, Wicrob

TRINICK M.J. 1969 Identffication of 1egume nodule bacter1a

by the f]uorescent antibody technique . APP‘.,BaCteri°1vffa.},<J,,i- S

' 32 181 186.

VAN WEEMEN, B, K:, and A.H. uﬁh SCHUURS . 1971 _ 18
. antigen enzyme conjugates FEBS Lett 15 232- : ,-’1:‘}, L




