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Abstract:

Experiments were conducted to determine if the lectin from sainfoin (Onobrychis viciifolia, Scop. ) is a
determinant of host specificity in the Rhizobium-legume symbiosis. For the purpose of these
experiments, three pure strains of Rhizobium were isolated from root nodules of sainfoin. They were
isolated under controlled conditions by means of a trap host technique. These strains were examined
and their purity assured by using light and electron microscopy with standard microbiological
techniques for the identification of the genus Rhizobium. Growth of two of the three strains was
measured by optical density on a yeast-mannitol medium and a defined medium. Classical growth
kinetics were demonstrated in three out of four cases.

The interaction of lectin and Rhizobium was examined using a lectin bacteria agglutination assay, an
F.L.T.C.-lectin binding study, a time course 14C-lectin binding assay and a ferritin conjugated
concanavalin A binding study. Bacterial suspensions were not agglutinated when incubated with
increasing concentrations of sainfoin lectin. F.I.T.C.-lectin did not bind rhizobia cultured in liquid or
solid media. Low levels of lectin-Rhizobium binding were observed and binding varied with culture
age and nutrition using a 14C-lectin. Ferritin-labeled concanavalin A was used, with appropriate
parallel controls, to examine the cell surface architecture of lectin receptors on the transmission
electron microscope. To examine possible cell surface polysaccharide differences, stationary growth
phase organisms were cultured on two separate media before staining with ferritin-Con A. Binding was
observed and quantitated in ferritin-Con A stained cat erythrocyte positive controls. However, with
ferritin-Con A stained Rhizobium bacteria and bacteria pretreated with trypsin and glutaral-dehyde no
significant binding could be demonstrated. These data are interpreted as suggesting that simple
Rhizobium-lectin binding is not the basis of, nor does it significantly contribute to, host-symbiont
specificity in the sainfoin system.
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ABSTRACT

Experiments were conducted to determine if the lectin from sain-
foin (Onobrychis viciifolia, Scop.) is a determinant of host specifi-
city in the Rhizobijium-legume symbiosis. For the purpose of these ex-
periments, three pure strains of Rhizobium were isolated from root
nodules of sainfoin. They were isolated under controlled conditions
by means of a trap host technique. These strains were examined and
their purity assured by using light and electron microscopy with
standard microbiological techniques for the identification of the
genus Rhizobium. Growth of two of the three strains was measured by
" optical density on a yeast-mannitol medium and a defined medium.’
Classical growth kinetics were demonstrated in three out of four
cases.

The interaction of lectin and Rhizobium was examined using a
lectin bacteriT4agglutination assay, an F.I.T.C.-lectin binding study,
a time course C-lectin binding assay and a ferritin conjugated con--
canavalin A binding study. Bacterial suspensions were not aggluti-
nated when incubated with increasing concentrations of sainfoin lec-
tin. F.I.T.C.-lectin did not bind rhizobia cultured in liquid or
solid media. Low levels of lectin-Rhizobium binding wiﬁe observed and
binding varied with culture age and nutrition using a C-lectin.
Ferritin-labeled concanavalin A was used, with appropriate parallel
controls, to examine the cell surface architecture of lectin receptors
on the transmission electron microscope. To examine possible cell
surface polysaccharide differences, stationary growth phase organisms
were cultured on two separate media before staining with ferritin-Con
A. Binding was observed and quantitated in ferritin-Con A stained cat
erythrocyte positive controls. However, with ferritin-Con A stained
Rhizobium bacteria and bacteria pretreated with trypsin and glutaral-
dehyde no significant binding could be demonstrated. These data are
interpreted as suggesting that simple Rhizobium-lectin binding is not
the basis of, nor does it significantly contribute to, host-symbiont
‘specificity in the sainfoin system. '




INTRODUCTION

Symbiosis is the intimate living together. of two kinds of orga-
nisms such that there is a biologicai advantage to this relationship.
As man looks more closely at the world that surrounds him, the number
and variety of symbioses steadily increase. One of the most remarkable

examples of symbiosis that has been brought to light with the advent

of the.electron:microscope is the protozoan Myxotricha éaradoxa, which’
inhabits the digestive tract of Australian termites. This motile pro-
tozoan sqpplieé the enzymes that digest the cellulose to ﬁéable carbo-
hydrate and leaves behind the undigestable lignin. Thé-flagélla wﬁich
propel the Myxotricha under closer sérutiny with an electron miéro—
scope turn out to be regularly spaced spirochetes which have éttached-
. themselves to the surface of the protozoan. Embedded in tﬁe-surface
close to this point of attachment are oval orgahelle-like‘structuxes
which are also foﬁnd in the cytoplasm. These oval structures are, in
fact, bacteria living in symbiosis with the spirochetes and the proto-
‘zoan and probably;cqntributing enzymeé neéessary-for the breakdown of
cellulose. The Whole animal seems to be a model for the developmenﬁl
pf more advanced cells as well as a féntastic example of symbiosis.
There seems to'be an underlying force that drives together several
creaﬁures as in the Myxotricha, and theﬁ produces a union [li. Valu-
able insights could be gaingd by understanding the forces causing

such a union.
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Nitrogen is an essential element in all forms of life. Nexéfég'j
water, it is often the limiting factor in crop production. Biological
nitrogen fixation is the process by which atmospﬁeric nitrogen is con-
verted to ammonia and eventually to protein; Bioiogical'nitrogen
fixation by leguminous plants is an example of a symbiosis with great
agronomig imporfance. In contrast to fixation-of nitrogen bx indus-
trial meaﬁs, biological nitrogen fixation supplies appfoximétely three_
and one-half timés as much fixed nitrogéﬁ and takesAplace.iﬁ'the
fields, forests and 6ceans where nitrogen is utilized‘[2].' To utilize
5iolo§i¢al nitrogen fixation for the greatest benefit to mankind,'it
is essential to understand the biology, including the eco;ogical
relationships of those organisms that have evolved this unique capa-
bility. Intimate and specific symbiotic associaﬁions bet&eén legu- |
minous plants and bacteria of thg genus Rhizobium provide most of the
biologically fixed nitrogen available for agriculture as weli as an_‘
excellent opportuhity for management and the harnessing of this sym-
biosis for incréased production [3]. With the increasing scarcity of
fossil fuéls for industrial nitrogen fixation, leguminous -plants are
in ﬁhe spotlight.

Characterization of the Rhizobium
- Legume Symbiosis

The Nz;fixing Rhizobium-legume symbiosis is characterized by a

high degree of host specificity that is ekpressed by both the bacteria
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and the plant [4]. The population of bacteria in the soil is hugé aﬁd
varied. Presently, a biochemical explanation of the selection proéess
is lacking. The specificities expressed by the host legume and ﬁhizo—
bium species culminate in root nodule formation. The root nodule is
the product of the symbiosis and the actual site of nitrogen fixationl
‘Certain morphological changes are evidenced during nodulation L5]. 
First, bacteria aecumulaﬁe on the legume root surface .and induce root
hair curling. Bacteria enﬁer the root with infection thfead initi-
ation. The infection'thréad invaginates, directed by unknown forces,’
toward a tetraploid cell in the root cortex. Releasé of the bagteria
within the tetraploid cell is followed by a morphological éhange of
the bacteria to baqteroids. Bacteroids are branched or enlarged cells
unable to grow on media that support unmodified célls [6]. Within the
nodule the bacteroid's nitrogen fixing machinery is protected from
oxygen poisohing by leghaemoglobin, an oxygen scavenging compéund
provided by the host legume [6]. The hos; legume also.furnishes the”
bacteroids with nutrientslresulting from photosynthesis and, in turn,
receives fixed atmoépheric nitrogen‘from'the bacteroids. However, a
complete discussion of the biochemistry of fixation.is'ndt within the
scope of this work ana is best left to the current reviewers [7,8,9].1_"

The bacteria which nodulate legumes, Rhizobium spp., are specific
in that a single strain of the bacterium can only infect certain

species of legume. This specificity is the basis of species
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differentiation in the geﬁus Rhizobium [5]. Legumes are also oéid to
display cross—inoculation group specificity,xthat is, groups of legume
species are nodulated by a single spocies of Rhizobium [6]. Bergey's
manual gives six major cross-inoculation groups of host'plants and

associated bacteria [6].

Characterization of Rhizobium spp.:

| Rhizobium is a genus of aerobic,.heterotropic, non-spore forming
soil bacte;ia [6]. They possess the ability to invade leguminous
roots and'form nodules as described above. This ability to form root
nodules io the most important characteristic for distinguishing Rhizo-
bium from other bacteria genera. Rhizobium cells are small to medium
sized (0.5 - 0.9 x 1.2 = 3.0 um) gram negative rods, often.ﬁoti;e when
foung by polor, subpolar or peritrichous flagelia [e]. _Within the
organisms' cytoplasm can be found characteristic granules of fB-
hydroxy-butyrate which stain with Sudan Black [10]. The surface of
most strains is covereq with an extrapolysaccharide slime layer of
highly variable composition. This slime layer is believed to be
involved in the legume host specificity and will be discussed in more
detail [10]. In short, staining techniques aﬁd cultural tests help to
disfinguish Rhizobium from other genera but are not diagnostic. The
principle test remaiqs to be the ability to form root nodules in the

host legume.




Brief Characterization of Sainfoin
(Onobrychis viciifolia, Scop.)

Thé legume of interest in this study is Sainfoin. The 'Eski'
variety was bfought fo the United Sta£e§ from Turkey and released as a
variety ip 1964 by the Montana Agricultural Experiment Statién [11].
Sainfoin .is a long lived, deep rooted, perennial leguﬁe crbp whiqh has
gained popularity in Mbntapa. As a forage for cattle it has the
advantage of being non bloating and is resistant to inféction-by the
alfalfa weevil., Root and crown rot have limited Sainfoin production
in recent years. Sainfoin is also a poor nitrogen fixer and has a

short stand life.

Host Specificity in the Rhizobium
- Legume Symbiosis

Plant proteins called phytohemaggiutininé or lectins have been
isolated from a large ﬁumber of leguminous plants [12]. Many ré—
viewers ﬁave'discussed_the interesting chéracteristics of these pro-
teins [12,13,14,15].. Because of their‘ability to agglutinate -erythro-
cytes and to bind specific saccharides, they have been used as probes
of cell surface architecture. HoweQer, not much is known concerniné
the biological role of these proteins within the plant. Tﬂe ability
to bind specific saccharides, which originally brought attention to
lectins, is now postulated to function in recognition processes be-
tween plants and bacteria [16]. Several investigators have recently

examined the possibility that the lectins of legumes may serve as
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de£erminants of host specificity [3]. One hypothesis states that rdof
lEQtins‘may bind a diétinctive polysaccharide on the Rhizobium cell
surface'thereby initiating nodulation [17]1 Because lectins are
mulfivalent they.could cro$s~bridge the similar surface'polysaccharides
of the Rhizobium bacteria and legume rpot hairs [18]. A number of
approaches have been taken to investigate the potential cfoss—bridging
rolg of lectins in the Rﬁizobium—legume symbiosis; Hamb;in and Kent
‘showed that a Phaseolus lectin could bind to host specific rhizobia -
.and localized the lectin in the seeds, nodules and on the roots below

the nodules of Phaseolus vulgaris [19]. Bohlool and Schmidt, using a

fluorescent'tagged soybean lectin, found that 22 of 25 strains of the
symbiotic rhizobia tested bound the lectin whereas all 23'nonéymbiotic-
'strains'of rhizobia did not [20,21]..-Dagzo and Hubbell, using the
white clover-Rhizobium trifolii system, have found a common antigen
presenf on the clover roots and on the surfaces of infective strains
of rhizobia [41. This “croés reactive antigen" was isolated from the
capsular polysaccharide of infective strains 6f rhizobia. Dazzo and
Hubbell also showed that a lectin isolated from the clover seed could
bind the capsular polysaccharide antigen [4], as well as infective
strains of rhizobia. Wolpert and Albersheim used a somewhat different
. approach; they isolated leptins from the seeds of four legumes and
obtained lipopolysaccharide (LPS) preéafations from the four respec-

‘tive symbiotic nodulating Rhizobium strains [22]. 1In all cases the
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bacteriai LPS bound only to the lectin'of the host-iegumé and:not t&
the leétins of legumes fhe bacterium could not nodulate. Schmidt and
Tsien (in 16) located the lectin-binding sites at one end of the
bacterium and associated,binaing with the éxobolygaccharide or poly-

" saccharide excreted from the cell. And to add to the confgsion,_-
Plangque aﬁd Kinje found a pea lectin bound to a species of polysac-

' charide which 'is neither 1ipopolysacqharide-nor exopolysaccharide

- [23]. These results, although different, all imply the involve@ent of
léctins in the host specificity of the Rhizobium—legume symbiosis.

- One important fact to bear in mind is that each,sfmbiosis is péten—
tially unique. In_summary, the nature of the lectin bindiné site on
Bacte?ia may be: (1) exopolysaccharide, (2) capsular polysacchafide,
(3)‘1ipopolysaccharidé, ér (4) another saccharide containing fraction
that is par£ of the cell surface architecture.

Lectin Involvement in Host Specificity
in the Sainfoin System

A lectin has been isolated from Sainfoin seed usiné ammon;um sul-
~ fate fiéctiénation and-affinity chromatography:[38}. This lectin
specifically agglutinates cat erythroéytes and has é saccharide‘speci—
ficity for o-D-mannose and‘a—methylmaﬂnoside'which are similar to tﬁe
specificities exhibited'by concanavalin A [24,38]. . A lectin has alsé
been isolated from the root tissue of.sainfoiﬁ and has been shown to

be similar to the seed lectin by amino acid analysis and




8
immunoprecipitation. Sainfoin root lectin was localized on the root
surface by an indirect rhodamine immunohistofluorescence technique

[25].

Research Objectives

The possible role of sainfoin lectin as a determinant or one of
the determinants of host specificity was examined. Since the sainfoin
lgctin protein had been localized on thg outer root surfaces, a numbef
of techniques were used to examine sainfoin lectin binding to the
surfgce of the host specific rhizobia. The specific‘objectives of
this work were: |

1. 'Isolation and characterization of pure stréips of séinfoin

Rhizobium bacteria.

2; Development of techniques to study the interaéﬁidn‘of lectiﬁ

with Rhizobium bacteria cultures.

3. Cell surface architectﬁre studies of lectin receptor sites

on Rhizobium bacteria using a ferritin labeled lectin.




MATERIALS AND METHODS

I. Isolation and Characterization of Pure Cultures of.Rhizobiﬁm

A. Growth medium. One of the most commonly used complex med-

‘iums used for growing Rhizobium bacteria is yeast mannitol. This

medium consists of: NaCl 1.7 X 10_6 M; CaCl2 7.7'k lO‘6 M; Mgso4
© M; K.HPO 4.6 x 10°°

7. 3
4 x 10 2 4

M; KH2PO4 1.4 x lO"6 M; mannitol 10
g/l and yeast. extract (Difco) 1 g/l. ?he 501id_medium contains noble
agar 15 g/l;

Defined media replaces the yeast extract»with inorganic.combinéd
‘nitrogen, several amino acids and vitamins. The'défined medium used
was modified from Jensen's chémically defined mediﬁm [26] by éurrier.
et al. [5]. This medium is prepared as follows: 5;5'x 10-2:M glucése,
- 1.07 x 16-3.M f-asparagine, 7.14 x 10_4 M f-methionine, 8.72 x IO_4M

KCl, 7.99 x 10 ¢ m ca(No,),, 7.91 x 107 M xNO., 1.46 x 10™> M Mgso

3 4’
-4 -3 -5 .
1.38 x 10 " M NaH2P04, 1.41 x 10 ™ M Nazso4, 2.98 x 10 MnSO4, 1.54
-4 -5 -6 -6
x 10 M ZnSO4, 2.5 x 10 M H3BO4, 4.52 x 10 M KI, and 7.40 x 10 M

N-FeCLB. Afﬁer autoc;aving, 1 ml of a filfer sterilized solution of
biotin, ‘nicotinic acid and calcium pantothenate was added to the

. cooléd,medium. Fifty ml of the vitamin solution contained 2.5 mgs

biotin, 25 mgs nicotinic acid and 25 mgs calciuﬁ pantothenate.

B. Staining techniques for characterization of Rhizobium. ' One
of the most useful staining techniqueé in bacteriology is Gram's

Differential Stain. Burke's modification of this technique was used
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[27] for stéining organisms grown in 1iquia cultures of défiﬁe&
medium. The solutions used were: Solution A 1% crystal violet,
Solution 3 5% NaHCO3,with'Merthiolate diluted to 1:20,000, Iodiné
" solution l% KI ip 0.5% iodine, Decolorizing solution cdnsisting,of
ether and acetdne in'a 1:3 v/v ratio and a Counterstaining solutioﬁ:of
Séfranine.o in 0.5% concentration. All solutions_ére aqueous unless
othérwise specifieﬁ. The staining pfocedure for.organisms ﬁixed to
clean glass slides involves flooding the slide wi;h Soiution A. Three
to five drops of Solution B are then added and allowed to sténd for
one minute. Wash the slide well with water. Cover the organisms with
the iodine solution and let stand for 1 minute. Rinse well with
water. Decolbrize with ether-acetone mixture by adding mixture to the
slide until no more .color washes off ‘the slide. Wash with water.
Counterétgin 10-15 sgconds with Safranine 0. Wash with water, éry and
examine; Gram—posiﬁivg organisms stain blue; gram negative, red..

The_fat Staihing Proéedure for Rhizobium for the light microscope
was done according to the technique of Burdon [28]. Organisms.gréwn
in defined media were heat fixed to a clean glass slide. Flood slide
- with sudan black for 15 minutes (0.3 g/100 ml 70% ETOH). Drain excess
stain and blot dry. The siide is then cleared using xylene and
blotted dry. Counterstéin with 0.5% aqueous safranine 0 fo? 5-10
seconds. The slidé is then washed with distilled water, blotted dry,

and examined.
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The silver impregnation staiﬁ for Leptospira and flagella-was'
done according to the method of Blenden and'Goldberg [29]. Rhizobium
strains 116A8, 116Al12, 116Al4, 116Al5, 116Al7, and 95Cl1l3 (Nitragen)

were used for the staining procedure after 24 Hours growth'in defined

~medium. A‘positive'control organism Pseudomonas aeruginosa was alsq
stained, Firs;; a.loopful of sterile distilled water was'pldded on a
&gry clean slide. N¢x£ to it was placed a loopful of the cﬁlture,
This - forms a éradient. The slide was thén allowed to ‘air dry.

Reagent A.was.appliea-to the slide for 2-4 minute;. ﬁeagéntlA cpn;
sists of 100 mi of‘sterile distilled water containing 5 grams.of
éannic acid, 1.5 grams'of ferric chloride, 2.0 ml of 15% formalin and
1.0 ml of 1% sodium hydroxide. After the alloted time tﬁé slide was
rinsed With water. Reagent B Qas then addéd for 30 secgnds'before
washing with wéter. Reagent B; an ammoniated silver nitrate solution,
waé prepared by use.of 10 ml of 2% silver nitrate. To the silver
nitrate sé;ution ammonium hydroxide was édded dropwise until the heavy
precipitate that formed was dissolved. Reagent B was then backti-
trated with 2% silver nitrate until a slight cloﬁding appéaréé'and
persiéfed. After staining, slides were allowed:to-éir dry éefore
viewing under the microscope.

Congo red yeast mannitol petri plates were prepared agcording to

the method of Gibbs and Shapton [6]. .The congo red dye was added 1 ml

per 100 ml of yeast mannitol medium with the congro red previously
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‘diluted‘l:400 and autoclaved separately. The plates were streaked
with‘a-loopful of each stock culture of Rhizobiqm and’ incubated for 5
days at 21°C before scoring. They were scored (+) for congo red up-—
take and (-) for a puré culture, usually a -milky white_colér.

Phase contrast microscopy was performéd routinely on Rhizobium
grown in defined medium. A Zeiss Standardvmicroécope with phase con-
trast and integral illumination and photometer was used to check
purity as well as initial morphological examinations. This instrumeht
was also used for all photomicrography.

For shadowing Rhizobium were grown on yeast mannitol medium on
petri plates [37]. One small loopful of each strain was diluted in a
.separate arop of sterile distilled water on a clean élass §lidé.

After mixing, a small amount of each dilution mixture was drawn off in
a 1 cc tuberculin syringe., Then a small drop of each mixture was
placed on formvar coated grid (300 mesh) and the bacteria wéfe allowed
to settle for 30 seconds. All excess water was then removed with a
piece of filter paper. All strains of Rhizobium were shadowed at once
with platinum at a shadow length:object height ratio of 3:1 using a
Varian VE-10 vacuum evaporator. The grids were then viewed immedi-
ately in a Zeiss EM9S2 transmission electron microscope. The objec-
tive aperture, 50 um in diameter, was left in place to allow moré
pfecise‘study of the cell surface architecture. A phosphotungstic

acid negative stain was also performed for the transmission electron.
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microscope. The phosphotungstic acid (P.TﬂA.) stain solution cbnsisﬁed
ofhl.O gram of PTA, 0.2 grams sucrose and 50 ml of distilled wéter._'

The' pH wag adjusted té 6.5 with sodium hydroxide. The d?oplet staininé
technique was used [36]. First, formvar coated grids'were placed on a A‘
glass siide. Then-4 drops of the bacteria; culture in défined médium
&l mg/ml) were mixed with 4 drops of the'PTA'solufion; The liqﬁid was
drawn up in a tuberculin syringe (1 cc).‘ One drop of the mixture waél
then added to each érid. The excess liquid wés removed from the grid
after 30 seconds with a piece of filter paper. All grids were then

viewed immediately in the electron microscope.

C. Isolation of pure cultures. WNodulation of sainfoin was
achieved under controlled conditions in 10 inch test tubes. Five
inches.of vermiculite were placed in the bottom of each tube. To each

‘tube was added 10 ml of Thornton's nitfogen—free medium {31]. This

3 4

M NaCl, 7.3 x 1074 n MgSO,, 5.7 x 10 M
-4 -5 -6 ‘
4’ 7.3 x 10 M~KH2PO4, 4.63 x 10 M H3BO3, 9.10 x 10 " M MnClz,

7.34 x 10 M ZnCl,, 3.20 x 107 u caso,, 5.21 x 10”7 M NaMoO
lO_5 M FeCl3, and 5 x 10—3 M CaCO3. The tubes were then cépped and

medium contained: 1.71 x 10
P
K2H 0]
a4’ 6.17 x
autoclaved. Sainfoin séeds were surface sterilized in 5.25% sodium
hypochlorite for 15 minutes and rinsed twice for 15 minutes in sterile
distilled water. . The seeds were then planted aseptically (2 per tube)

" just below the surface of the vermiculite. Seeds were germinated for
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two days'in the dark before placing in a grow;h chamber. The rdofs
remained in the dark. The growth chamber was operated with an 18:6
day, night cycle and 26°C day:18° night temperature cycle. The plants
were then grown for 5 days before inoculation. To prepare the inocu-
lum, non ‘congo red absorbing Rhizobium éoloﬁies were picked from petri
plates of yeast'mannitol medium and trqnsferred.to defined.liquid
medium. The inoculum was incubated at 27° oﬁ’éishaker bath l5O RPM
for 4 days in the dark. An appropriate‘volume of inoculum was re-
moved from each flask and the bacteria wére pelleted with a clinical
centrifuge. The bacteria were resuspeﬁded in sterile distilled water.
This washing procedure was repeated twice with the final concenﬁration
cof approximately 107 cells/per ml of inoculum. Inoculation of ‘the
plants with the bacteria was done by transfer of the bacteria to the
tubes with a sterile pipette. Four weeks after inoculation,'the
plants were carefqlly removed from the test tubes. The roots were
washed with sferiie distilled water to remove pieces of Vermiculite.
The nodules were removed from the roots with a razor blade. The
nodules were surface sterilized for 5 minutes in 5.25% éodium.hypo—
chlorite, 5 minutes in 70% ethanol, and 5 minutes in sterile‘distilled
water. The nodule was placed on a clean glass slide in a drop of
sterile distilled waterrand'was crushed with a pair of forceés. One
loopful of the mixture was streaked out on a yeast mannitol petri

plate with congo red indicator dye in the agar. The bacteria were
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allowed to incubate for 5 days at 21° in the dark. Colony mérphdlogy
and dye absorbing characteristics were recorded.

Once pure cultures had been obtained, growth curves were performed
on each strain of bacteria. Ten ml aliquots of each medium were
inoéulated‘with an equal number of cells. All culture tﬁbes were then
placed on a shéker bath (140 RPM) in the dark at 27°. Gro&th was
measured as a funétion.of optical density at 600 nm and the resulté
.-were ploﬁtéd. Two media were used fdr‘groﬁth curve studies yeast
‘mannitol medium and defined medium.

| . Once strains of bacteria had been'characterizea by the afore-
mentioned techniques, pure cultures were maintained on'slants_of yeast
mannitol medium stored at 4°. These stock cultures were transfer;ed

on the average of once every two months to fresh medium.

II. Interaction of Lectin with Rhizobium Cultures

A. - Agglutination experiments. Four day cultures of strains

li6Ai4 and 116Al5 grown on liquid defined medium were washed and
resuspended in sterile phosphate buffered saline pH = 7 kPBS); Approx-
imately lOlzibrganisms per 0.5 ml was used in this'agsay. In large
depression slides,.0.5 ml of the bacteria solution was added to 1 ml

of a sainfoin lectin sslution in PBS. Lectin concentrations tested
were 298 Lg/ml, 149 Ug/ml, 29.8 ug/ml and O lUg/ml. The bacteria and.

lectin mixtures were allowed to incubate for 5 hours at room
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temperature. At 1 hour, 3 hours, and 5 hours, each was examined macro

and microscopically‘for signs of agglutination.

' B. F.I.T.C.~lectin binding assay. Fluorescein isothiocyanate
was coupled to sainfoin lectin using the technique of Goldman [32].
The fluorescent lectin was dialyzed against PBS and had an OD2-80 = 1.26

and OD49Q = 0.34 and a protein concentration of 0.8 mg/ml. The fluor-
" escein to,prqtein ratio was V2. This conjugate was stored at 4°C in
PBS with no glﬁcose present and no azide présent.

Staﬁionary,giowth Phase bacteria_of‘stréins 11l6a12, 116A14, and
116Al5 grown in yéast ménﬁitol liquid medium and yeast mannitol ‘agar
grown érganisms of the same age were fested for the ability tprbind
FITC lectin; Cat erythrocytés which had been trypsinized and éross—
linked with glutaraldehyde [33] as well és sepharose—maﬂnose beads
were used as positive controls. All organisms and controis were |
washed twice and resuspended in 0.5 ml sterile distilled‘water; FITC
lectin was added to the bacteria and controls to a final concentration
of 200 ug/ml. The mixtures were incubated for one hour at room tem-
'peratu£e. PBS was used for the autofluorescence controls. Bacteria
and control bead; and erythrocytes were.then washed, pelleted, and
diluted lOlfold in sterile distilled water before placing 201x lO-6 ﬁl

of the stained mixturés on a glass slide. The organisms and controls

were all coverslipped immediately and the edges sealed to prevent
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evaporation. The bacteria and controls were viewed using a 495 nm
interference excitation filter and K510 barrier filter in a Leitz

fluorescence microscope with transmitted darkfield illumination.

4 . .o
C. 1 C - lectin binding study.. Ten ml aliquots of yeast-

mannitol medium in capped culture tubes were inoculated With'O.l ml of

5 day cultures of bacterial strains 116A12 and 116A14. All culture

‘tubes were incubated at 27° on a shaker bath (80 RPM) in the dark.

Before examining the binding characteristics of the bacteria, the
optical density was méasured at 600 nm and flocculation of‘the cells
noted if present. In a clinical centrifuge tube, the bacteria were
then peileted and washed with sterile distilled water. After a second _
Qashing, theibacteria were resuspended in only 1 ml of sterile dig—
tilléd water. l4C—labeled lectin was prepared by reaction with 14C-
acetic anhydride according to the methéd of Rio?dan and Vallee [38,39]..
14C-lectin (specific acﬁivity 289,000 cpm/mg) was added to a'final
concentration of V100 Hg/ml and the-mixture was allowed to incubate
for 2 hours at room temperature. After incubation, the bacteria were
pelleted and 0.1 ml of the supernatant was removed and counted in a
Beckmann LS100 scintillation counter. With each sampling, a PBS +
14C—lectin negative control was also counted to allow for pipetting

errors. The same procedure was repeated for organisms grown in defined

medium. Counts per minute per 0.1 ml of supernatant were recorded
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until the organisms reached stationary growth phase as monitored by'
OD600 nm. Binding was expressed as the percent of the total counts

which disappeared from the supernatant.

III. Rhizobial Cell Surface Architecture Studies

A. Characterization of ferritin stain. A 100 fold dilution of

the Ferritin-Concanavalin A stain (Cappel Laboratories, Inc.) displayed
.an‘OD280 = 0.84 and an OD350 = 0.72. _U51ng cat erythrocytes, a serial
hemagglutination titer of. 1/512 was also determined for a 100 fold
dilution of the stain. The ferritin conjugate in phosphate buffered
saline pH 6.8 was determined to be pure by immunoelectrophoresis

(Cappel Laboratories, Inc.). The conjugate was stored at 4° without

preservative until used.

B. Staining with ferritin—@oncanavalin A. Foﬁr samples .of each
of five different organisms were used. The organisms include: 1)'cat
er?throcyte pésitive controls, 2) strain 116Al2 in.stationary'phaée in
liquid defined medium, 3) strain ll6Alé in stationary phase in-liquid
yeast-mannitol medium, 4) strain 116Al4 in stationary phase ip liquid
defined medium, and 5) strain- 116Al4 in ;tationary phase in liquid
yeast-mannitol medium. The four samples of each o?ganism‘were stained
differently as follows: A) the labeling reaction was stained with
uhdiluted Fer~Con A; B) the bldéking‘reagtion; sainfoin lectin was

applied before staining with undiluted Fer-Con A, C) the nonspecific
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binding control was stainéd with an inactivated stain consisting of a
mixture of o-methyl mannoside and undiluted Fer-Con A, and D) the non-
ferritin staining control, received no ferritin stain but only those
stains necessary for visualization under the electron microscope.
Staining protocol: cells were washed in sterile PBS pH'7.Q and. sus-
pended in 0.4 ml PBS. To sample B) 0.2 ml of 1.5 mg/ml sainfoin
lectin in sterile PBS was added énd incubated for one hour at room
- temperature. During this incubation a 1:] mixture of Fer-Con A and
O;l M o~methyl mannoside (cmm) in PBS was made and allowed to incubate
for one hour at room temperature. All samples were then washed and
resuspended in 0.4 ml PBS. One tenth ml of undiluted Fer-Con A wés
‘aAded to samples. A and B. At the same time 0.2 ml of the Fer-Con A
‘and omm mixture was added to the sample’C. Samples A, B, and C were
allowed to incubate for two hours at room temperature. During thié
procedure, sample D was left unstainéd. After incubation é;l samples
were washed tﬁree times with sterile PBS pH 7.0 and twice with sterile\
distilled water 0.5 ml pér wash. Samples A; B, C, and D were pre-
. embedded in 0.5 ml of sterile noble agar in water (Difco). Fixation,
dehydration, and.infiltration then proceeded according to the schedule
of-Mullens which was slightly modified [34]. Fixation of preembedded
cells was for two hours in 6% gluta;aldehyde diluted wi£h Kellen-
berger's buffer containing tryptone. All samples were Washed for .

tweive hours with Kellenberger's buffer containing tryptone. Post
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fixation was.for 20 hours in 1% osmium tetroxide in Kéllenberger's
buffer. A brief 15 minute washing in Kellenbefger's buffer preceded
post staining for one hoﬁr in 1% uranyl acetate in Kéllenberger's.
buffer. This was followed by'a stepwise dehydration with the ethanol
concentration increasing from 25% to 100%. The samples wére trans-—
ferred to 100% propylene oxide. On a shaker table (60 xrpm), Spurré
epoxy was added graduaily over a three hour period to a final concen-
‘tration of nearly 100%. Finally, samples were placed in pure Spurrs
and allowed to shake for 2 hours. All samples were then transferred
to beem capsules filled with pure Spu%rs. Embedded samples were
polymerized for 8-16 houxs.at 70° [35]. Samples were thin sectioned
on a Reichert OmU2 ultramicrotome with gléss knives made with a LKB
7800 A Knifemaker. All sections were post-section stained for 3-5
minutes with Reynold's lead citrate stéin [36]. Sections wére viewed
in ; Zeiss.EM9SZ electron microscope and photographed us;ﬁg kbdak'
electron microcope f£ilm no. 4489 at a magnification of 9,000x.'
Finally, strain 116Al4 grown to stationary growth phase in defined
medium, was prétreated with trypsin and glutaraldehyde [33] before

staining with ferritin-Con A as per the schedule discussed above.

C. Quantification of ferritin labeling. Ten fields were photo-
graphed of each sample and printed using a Durst Laborator S-45 EM

enlarger and a Kodak Ektamatic Processor to a total magnification of
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32,400 x magnification. From these prints, ferritin particles associ—
ated with the membranes were counted and the total length of membrane
calculated using a K+E map measure. Ferritin binding was expressed as
the average number of.particlés bound‘éer'centimeter of membrane

surface in the final print..




RESULTS AND DISCUSSION

I. Isolation and Characterization of Rhigobium Bacteria

A. Characterization. Sainfoin Rhizobium strains 116a8, 116Al12,
116A14, 116Al5, and 116Al7, as well as a trgfoil strain 95C13, Qere
examined for classical cultural characteristics as indicated in Téble
1. All strains proved to be gram negative rods using Gram's differ-
ential stain. The fat staining procedﬁre revealed inclusions of 3-
hydroxy-butyrate in all strains. .These fat body inclusions varied in -
size and staining dénsity within each culture tested. The flagella
staining procedure revealed peritrichous flagella. Many of the fla-
gella had.beén broken during manipuiation. Although every culture
stained exhibited flagellated organisms, a few nonflagellated orga-
nisms were noted in some of the fields viewed with the light micro-
‘scope. Congo red dye testing for culture purity of initial strginé qf‘
Rhizobium revealed mixed cultures. Both congo red absorbing and hon-
absorbing organisms were found on yeast~mannitol plates containipg this
dye. Examination of inifial Rhizobium cultures with shadéwing and
negative staining for the electron microscope revealed rods of the
characteristic size and morphology. Electron miéroscope'studies were
performed only on stationary growth phase organisms and no'flagellated
organisms were observed. Strains of Rhizobium are classified accord-

ing to their ability to nodulate legumes, therefore, as expected, none
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_Characterizafion of Rhizobium

congo~red uptake

: Strain #
l16a8 116A12 11l6A14 .116Al5 116A17 95C13
gram negative + + ' + + + +
‘fat stain + + + + + + .
flagella stain + + 4+ ++ + NT
++ ++ + Sk ++ NT

+ = pos. for test
NT = not tested
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of the techniques discussed above evidenced any strain specificistaiﬁ—

ing or morphological characteristics.

The establishment of pure cultures of sainfoin Rhizobium must pre-.

cede further experimentation for the sake of réproducibility and inter-
pretation. Rhizobium babteriaAare gram-negative rods with character-
istic inclusions of B-hydroxy-butyrate. Kleczkowska et al. [6] state
that as a Rhizobium bacterium grows oldér, the amount of A-hydroxy-
butyrate found in the cytoplasm increases. The size variability of

the fat inclusions seen in stained cultures could be a‘reflection of
this age differential. Flagella are believed to be present only on
young organisms [6]. They are also fragile. Manipulation or culture
age could account for the broken or missing flagella seen in light and
electron microscope examinations.

The most common contaminant of Rhizobium cultures is a very

common soll bacterium Agrobacterium. Congo red dye ﬁptake by Agrobac-
terium is one of the few means to distinguish it from Rhizobium.
Since all initial cultures of sainfoin Rhizobium were believed to be

© contaminated with Agrobacterium, efforts were made to establish pure

cultures.

B. Isolation of pure cultures of Rhizobium. To obtain pure

cultures of sainfoin Rhizobium, it was convenient to utilize the natu-

ral specificity'exhibited by both the bacterium and its host legume
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through the 'trap host' technique. Surface sterilized sainfoin seéds
germinated under sterile conditions using Thorton's nitrogen free
medium appeéred‘healthy before inoculation. After inoculation with
siﬁgle strgin cultures of contaminated Rhizobium bacteria, nodu1a£ion
oqcurred in three of five strains tested. Rhizobium bacteria were
successfully reisolated in all three cases. Qualitatively, strain
116A12 produced fewer nodules than did strains 116A14 and ll6A15;
Congo red dye tes£ing of all three reisolated s£rains produced milky .
white coloﬁies indicating pure cultures of Rhizobium free of Agro-
bacterium contamination. : !

Strains 116A12 and 116Al4 were éelected for further study.
Growth curves of strains il6A12 and 116A14 were plotted as optical
density at 600 nm versus time in hours in Figures 1 and 2. Growth was
recorded on yeast-mannitol medium and defined medium. In Figure 1,
strain 116A12 grew to a greater optical density than did strain 116A14
in stationary growth phase on yeast-mannitol. No flocculation of
organisms was observed on yeast-mannitol medium until the organisms
were many days older than represented on the graph. Stfaiﬁs lienl2
and 116Al4 cultured in defined medium grew more slowly than in the
yeast-mannitol medium as shown in Figure 2. Strain 116Al2 flocculated
after 72 hours. of growth. Strain 116Al14 reaehed stationary growth

phase after about 300 hours in definédﬁmedium.
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o 116A12
oli6hi14

2.0

= OI)600

0.5

48 96 144 192 240
HOURS

Figure 1. Growth Curves of Two Strains of Sainfoin Rhizobium
Cultured on Yeast-Mannitol Medium at 27°.
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O 116A12
o nsehi4

48 96 144 192 240 288 336
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Figure 2. Growth Curves of Two Strains of Sainfoin Rhizobium Cultured
on Defined Medium at 27° (compare to Figure 1).
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The ability ta form nodules in.the host 1egumeAis-the oniy ai$§¥
nostic test for the identification of the genus Rhizobium [6]. Nodu-
lation under controlled conditions'or a 'trap host' technique utiliées
the natural host spécificity 6f the bacteria and the host 1egqme.

Bacteria reisolated from those nodules proved to be free of Agrobac-

terium contamination after testing on yeast-mannitol petri plates

containing congo red dye. During the reisolation of pure culturés of

Rhizobium bacteria, it was noted that strain 116Al2 produced fewer

root nodules per plant than did strains 1l6Al4 apd 116A15, Measure-
ments of.the nitrogen fixiﬁg capacities by acetylene reduction and
guantitation of nodulation with these strains were perfbrmed in another
laboratory [40]. These quantitatiye data verified that strain 11l6A12
was a poor nodulator-nitrogen fixer whén compared with the nodulating
and nitrogen fixing capabilities of strains 116A14 and 116al15 [40].

- Growth of the reisolated pure strains on yeast-mannitol medium
and defined medium produced almost classical growth kinetics in three
out of four cases. The exception was strain 116A12. When cultured in
defined. medium, it floéculated after 72 hours of gfowth and made accu-
rate measurement of even the-relative phases of growth impossible.
Floccu;ation of bacteria during manipulation ‘also prevented dilution
plate technigques for the actual quantitation of viable organisms dur-
ing growth curves as well as other studies. This flocculation is be-

lieved to be caused by the sticky cell surface polysaccharides
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recently termed the "glycocalyx" by Costerton [45]. Unlike manyﬂotégr
genera of bacteria, Rhizobium bacteria do not shed this glycocalyx
when cultured in the laboratéry [46]. Although the actual pumber of
viable organisms remained speﬁulative it was possible to délineate the

lag, log, and stationary growth phases as shown in Figures 1 and 2.

II. "Interaction of Sainfoin Lectin with Rhizobium Cultures

A. Agglutination of Rhizobium with sainfoin lectin. Stationary
growth phase organisms cultured in defined medium and reéuspeﬁded in
PBS were examined for agglutinability in the presence of unlabeled
sainﬁoin lectin. Results are shown in Table 2. Neither increasing
lectin concentration or increasing incubation time produced aggluti-
nation of the bacteria. Bécterial aggregation in the absence of
lectin did, however, increase with time. This background aggregation
was indistinguishable from any possible lectin induced agélutination.

Dazzo and Hubbell deﬁonstrated'a common antigenic determinant on
the surface of white clover roots and their symbiont rhizobia [4].
Dazzo and Brill then isolated a specific agglutinatiné prptéin capable
of agglutinating_ohly symbiotic strains of Rhizobium from.a‘saline
extract of white clover root tissue [18]. .This specific agglutinéting
protein was hypotheéized to be a multivalent lectin. It was concluded
that symbiotic bacteria would be agglutinated by lectins isolated from

the host legume. Agglutination of symbiotic bacteria would result
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Table 2. Agglutination of Sainfoin Rhizobium with Sainfoin Lectin

Strain 116A14

Lectin - -
Conc. 1 hr 3 hr 5 hr

Strain 116Al15
1l hr 3 hr 5 hr

0 Hg/ml * * *
28.9 ug/ml -= - -
149 ug/ml - - B

298 ug/ml - - -

* * *

background spontaneous aggregation
- = no change above background.

(Results and Discussion).
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from the cross linking of cell surface polysaccharides by a multiva-
lent lectin isolated from the host legume.

Sainfoin Rhizobium bactéria were examined for agglutinability by
incubation with varied doncentratibns of sainfoin lectin. AHowéver,
spontaneous aggregation of the bacterial suspensions was observed even
in the lectin free controls. This épontaneéus aggregation §f rhizobia
was also obéerved by Dazzo and Hubbgll [4]. The ‘spontaneous aggrega-
tion background increased with incubation time and may have mésked any
lectin induced agglutination. Spontaneous aggregation'éould have been
flocculation resulting from the intrinsic properties of the glycocalyx
‘as described above, or it could have been due to cellulose microfi—
brillar extensions of the cell's polysaccharide coat as hypothesized

by Dazzo and Hubbell [4].

B. F.I.T.C. - Lectin binding assay; Fluorescein labeled sain-

foin lectin was used in a qualitative microscopic tgchnique for the
examination of Rhizobium-lectin intéfaction. Unstéihed control'bac—
teria displayed no autofiuorescence.' Uﬁstained sepharose—ménnose bead
controls and unsﬁained cat erythrocyte controls, likewise displayed no
autofluorescence Wﬁen examined ﬁnder the microscope. When stained
with F.I.T.C.-lectin sepharose-mannose beads and cat erythrocytes dis-
played a strong fluorescence. F.I.T.C.—lectin stained purified
strains of Rhizobium bacteria faiied to diéplay any visible fluores-

cence. Results are shown in Table 3. No difference in labeled-lectin
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Table 3. F.I.T.C.-Lectin Binding Assay

Strain - S . Fluorescence
. 11eAl2
Agar ’ . o
Liquid ‘ L T K —_
116A14
Agar ‘ o -
Liquid ) _
116a15
Agar R ) -
Liquid ) . : ‘ -
Cat RBC's , ) ' | +
Seph~Mann’ o : ‘ o +,

+ = fluorescence
b -- = no fluorescence
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binding éapacity-was observed bétweén liquid and’agar culfﬁréd Bac-'
teria. Both liquid and agar cultured organisms of each strain were
" exaiined for lectin binding in an atfempt to explore possiblg cell
surface polysaccharide differences résulting from culture coﬁditions.
A number of fluorescent globs were notiéed. These globs did not
appear to be fiocs oflbrganisms ana.were’not directly associated with-
any bacteria. The fluorescenf globs were randomly observed on stained
slides of both liquid and agar cultured organisms. 'No.fluorescent
globs were oBserved in the labeled-lectin stained erythrocytes or
sepharose-mannose bea@lpositive controls.

F.I.T.C.-lectin was used for a qualitative micfoscopic examin-—
ation of Rhizobium-lectin interactions as well as the examination of
possible differences in cell binding dué to culture conditions.
Aithough ﬁo binding was observed in any of the bacterial preparations,
positivé controls displayed a high affinity for the FiI.T.C.—ledtin
stain. This lack of binding could have been the result of a number of
variables within the sainfoin system. First, iectin receptors may not
have been present on the surface of the bacteria. Second, if lectin
receptors were present, they may have been inaccessible to the lectin.
And finally, the binding constant of ‘sainfoin lectin may héve been too
low to produce any Qisible staining.

Bohlool and thmidt demonstrated a high correlation between the

binding capacity of a F.I.T.C.-lectin to Rhiiobiuﬁ cells and the
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ability of these cells to nodu¥a£e the host legume--soybean [20];
Dazzo and Hubbell using F.I.T.C.—labeled éoncanaValin A could not
demonstrate preferehtial binding to Rhizobium bacteria capable of nod-
uléting jackbean [17]. In the white cléver system,'however, Dazzo and
Hubbell could demonstrate preferential binding [4]. Chen ;nd Phillips
using a gquantitative fluoroéhrpmé-labeled lectiﬁ techniqué revealed no
relationship betwéen iectin—Rhizdbium interactions and the ability to
nodulate host legumes [41].

Fluorescent globs not directly associated with the bacterial
cells as reported above have been observed by o;her investigators.
Bhuvaneswafi et al. noticed particles of F.I.T.C.-labeled material not
attached to bacterial cells [3]. They hypothesized that these globs
may be aggregates of réceptor material which have become detached from

the cells and precipitated by the fluorochrome-labeled lectin.

C. 14C—labeléd lectin binding assay. The possibility that

Rhizobium-lectin binding could be trapsient in nature was examined
using 14C—labeled lectin. This technique offered increased sensitiv-
ity as well as a quéntitative~estimation of binding. TWo_strains of
bacteria were examined for lectin binding activity as a function 6f
culture age:strain 116A12 énd ét?ain llenid. 14C—lectin binding was
ekXamined using the above %trains cultured on both yeast-mannitol and

defined liquid media. .Thé organisms‘Wére»washéd and resuspended in

N - o . , 14 .
sterile distilled water prior to incubation with C-lectin.
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l4cflébeled lectin wés not bresént in the groWing cult@res because of
the resultant -counting inaccuracy.due to the quenchiné effects of the
growth medium. Organisms cultured in yeasé—mannitol mediuﬁ aisplayed
the greatest degree of bindipg in early log and late log growﬁh'phases,
as is shown in figure 3. Organisms cultured in defined medium’dis—
played different binding characteristics as shown in Figure 4. Strain
li6A12 cultured in defined medium bound 30% of the labeled lectin in’
the early log phase of growfh and then lost all binding capacity. Thié
loss of binding capacity in strain ll§A12 corresponded with the floc~
culation of the strain when cultured in defined medium, as was shown
in Figure 2. Sainfoin Rhizobium strain 116A14, when cultured in de-
fined medium, p;oduced less clear results. Bipding of between 15% and
20% of the labeled lectin‘was generally observed thrgughout £he matu-
ration of the organism. However, during the early and la;e'logarithmié
phases of gfowth, sharp decreases in the Binding cabaéit§ of straiﬁ
116Al4 were noted; Sepﬁarose—mannose bead controls were utilized to
assure that changes in Rhizobium-lectin binding was not a function of
changes in the labeled lectin molecule. Periodically during the
course of the 14C—lectin binding assay, a few sepharose-mannose beads
were incubated with the labeled lectin. These control beads consis-
tently bound 50% of the labeled lectin. If larger numbers of

sepharose-mannose beads were incubated with the labeled lectin, 90%

bind could easily be demonstrated. Counting acéuracy was maintained
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# C-labeled Lectin Binding Assay of Two Strains of Sainfoin

Rhizobium Cultured on Yeast-Mannitol Medium.
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Figure 4. A C-labeled Lectin Binding Assay of Two Strains of Sainfoin

Rhizobium Cultured on Defined Medium.
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at 5%. If each bacterium had bound 10 moleculeg of labeled lectin,:
106% binding would have béen obse?ved, based on the concentration §f
14C-lectin and a minimum of 106 organisms pef sampling.

The modulation of Rhizobium-lectin interactions by nutritional
factors and growth phase, as observed with the sainfoin system, was
first hypothesized by Bohlool and Schmidt [21]. Bhuvaneswari et al.
reported the greatest degree of Rhigobium—lectin binding télbe at mid-
log phase and reach zéero binding by the stationary phase using a quali-
tative system emplo&ing a fluérochfoﬁe-labeled lectin. Sainfoin
Rhizobium bacteria exhibit transiént low levels of‘lectin binding.
Nutritional factors as well as culture age elicit changes in binding
capacity. These changes in binding capacity were considered to be’
reflections of corresponding changes in the cell surface polysaccharide
coat or glycocalyx. Mimicry of the rhizophere environment would be
helpful in elimihating these media induced Binding diffefence which
remain ﬁnexpiained in strict biochemical terms. Until rhizophere
conditions can be duplicated, tﬁe degree of importance.of these
Rhizobium-lectin interactions will remain complicated.by foo ﬁany

variables. -

III. Rhizobial Cell Surface Architecture Studies

A. Rationale behind the use of ferritin conjugated concanavalin

A.- Initial attempts in the examination of the Rhizobium cell surface

architecture by lectin binding were focused on a direct
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ferritin-labeled lectin staining technique. Ferritin conjugated
sainfoin lectin was to be used to examine the ultrastructure of bac~
terial cell surféces. Preparation and purification of the.conjugate
was unsuccessful. The coupling of the proteins was attempted using
the techniques of Shick and éinger [47] and fhe coupling précedure.of
AQrameas'[48]. Initial purificétion involved the removal of the
uncoupled ferritiﬁ on a sepharose—mannose affinity column and removal
of uncoupled lectin by gel filtration on Ultrogel AcA 34. Because no
ferritin chjugatea sainfoin léctin was recovered.using these tech-
niques, the initial affinity chromatography step was eliminated and
gel filtration column fractions weré asayed. for activity according to
ability to agglﬁtinated cat erythrocytes. These final attempts fol-
lowed the techniques of Nicolson and Siﬁger [43]. However, after
numerous trials, no active ferritin conjugatéd sainfoin lectin was
obtained. Because no actiye copjugate could be‘obﬁained,.an alter-
native ferritin conjugated lectin was choseﬁ: ferritin-concanavalin A.
Concanavalin A and sainfoin lectin have.overiapping monosaccharide
specificities [24,38]. With the use of aépropriate controls, it was
felt that a demonstration of limited sainfoin lectin Sinding to

Rhizobium bacteria cell surfaces could be achieved.

B. Staining with ferritin-concanavalin A. Ferritin-
concanavalin A binding was observed with thin sections of the cat

erythrocyte positive controls under the electron microscope, as shown
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in Figufe 5. Quantification of the ferritin bound per unit of er&tﬁro—:
cyte membréne showed a significant_diffefence between ferritin-Con A
staining (sample A) and both the nonspecific staining control (sample
C) and the nonferritin staining control (sample D), as shown in Figure
6. The figure is a diagrammatic representation of the ferritin—Con A
staining procedure as well as parallel control reactions performed on
cat erythrocytes gnd Rhizobium bacteria. Sample A refers to the
labeling reaction, as shown in Figure 6, B refers to the blocking
reaction and so on through the nonferritin staining con£rol, sample D.
The sainfoin lectin blocking reaction (sample B) did not decrease the
number of ferritin-Con A particles bound per unit of erythrocyte mem-
brane, as illustrated in Figure 7{_ Figure 7 is the quantitative esti-
mation of particles of ferritin bound per unit length of cell membréne
for all samplés of the cat erythrocyte position control binding study.
Examination of sample A, the undiluted ferritin-Con A labeling reac-

tion and sample D, the nonferritin staining control, of non pretreated

. Rhizobium strains 116A12 and 116Al4 cultured on both yeast-mannitol

medium and defined medium displayed few bound particles of ferritin—
Con A, as can clearly be séen by comparing Figures 8 and 5. Pretreat-
ment of strain 116A14, cultﬁred in defined medium at stationary phase,
with trypsip and glutaraldehyde [33] before ferritin-Con A staining

did not affect binding. Pretreatment of cells, as described above,
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Figure 5.

Ferritin-concanavalin A bound to the Cell Membranes of

Portions of Three Cat Erythrocytes that were Thin Sectioned.
The Erythrocytes served as Positive Controls (Sample A in
Figure 6). A Bound Ferritin Particle is indicated by the
Arrow. The Cytoplasm of an Erythrocyte (E) is also shown.
Magnification is 69,300x. Scale Bar represents 0.25
microns.




42

Fer-ConA Sainfoin Lectin

B ne

A, LABELING RXN B. BLOCKING RXN

o -methyl-mannoside Cell membrane

)
)

C. NONSPECIFIC BINDING D, NONFERRITIN
CONTROL STAINING CONTROL

Figure 6. Diagrammatic Representation of Ferritin-Concanavalin A
Staining and Parallel Control Reactions.




PARTICLES BOUND/ UNIT MEMBRANE

Figure 7.
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A B C D
SAMPLE

Quantification of Ferritin-Concanavalin A Staining of Cat
Erythrocytes Positive Controls (refer to Figure 6).
Sample Designation: A Labeling rxn, B Blocking rxn,

C Nonspecific Binding Control, D Nonferritin Staining
Control.




Figure 8.
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Cross-sectional Views of Bacterial Cells of Sainfoin

Rhizobium (R), Strain 116A12, which have been grown to
Stationary Phase on Defined Medium before Staining with
Ferritin-Concanavalin A (Sample A). Very few Bound
Ferritin Particles are Visible on the Bacterial Cell Walls.
A Fat Inclusion (f) occurs inside one of the Bacteria.
Magnification is 69, 300x. Scale Bar represents 0.25
Microns.
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did strengthen the cell surfaces and they displayed a mofe ﬁniforﬁ
cell surface, however, no ferritinjCon A bound'fhese cell surfaces.
Ferrition-Con A has been previously demonstrated to bind erythro-

cytes by Marikovsky et al. [42]. Parallel_controls-using‘hapten inac-
tivated stain (sample C) and fer;itin free preparations (sample D) made
qugntification of nonspecific staining straightforward, as iliustrated
in Figure 6. A ten fold difference in bbund ferfitin—Con A between
samples A and C in erythrocyﬁe positive controls was considered sig- .
nificant (refer to Figure 7). The séinfoin lectin blocking reaction
(sample B) produced no difference in the ayerége_number of ferritin-
‘Con A particles bound to the erythroé?te cell surface. The specificity
of ferritin'conjugated'lectins'is thg.specificity of the lectin itself
[43]. Cqﬁcanévalin A and éainféin lectin:have overlapping monosac-
charide specificities [24]. Both lectins agglutinate cat erythrocytes
agd are mitogenic for 1ymphocyte§ [24,38]; Tﬁe failure of the sainfoin.
lectin blocking reéction (sémple B) to produce a significant reduction
in the amount of ferritin-Con A bound to the erythrocyte cell surface
could have been tﬁe result of a'number of unknowns. First, sainfoin
leétin may not have been an effective competitor for the saccharide
receptor sites. Concanavalin A is tetravalent and sainfoin lectin is
divalent with respect to saccharide hydrophobic binding sites as well
as .the specific saccharide binding sites. For equilibrium'reasons

alone, concanavalin A could have displaced sainfoin lectin on
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erythrqcyte membranes. Or second, the.receptor sites for concanavalin
A ana sainfoin lectin may be distinctly different in spite of monosac-
charide specificities f44j. Monosaccharide binding specificities have
been determined througﬁ the use of simple sugar hapten inhibition
;tudies for most lectin characterization studies [24]. This method
in itself could present an oversimplification of the actual lectin-cell
surface interaction. Current research.points to the actual cell sur-
face lectin receptors as being compléx oligosaccharides [24]. A
dichotomy'was found between different lectins: some interact strongly
with terminal sugar residues while others interact most strongly with
oligosacchéride complexes. Concanavalin A is beiieved to fall into the
latter groﬁp [24]. No oligosaccharide binding studies have been per-
formed using sainfoin lectin. |

The failure of ferritin-Con A to bind sainfoin Rhizobiuﬁ bacteria
coula have been a reflection of the possible dichotomy in ;accharide
specificities discussed above. Host specificities as expfeséed by
both the bacteria and host legume could account for the lack of bougd
ferritin-Con A. An electron microscopic éxamination of the transient
ﬁature of cell surface lectin binding sites, as seen earlier with 14C;
labeled lectin, was beyond the limits of this work. The lack of con-
canavalin A binding to sainfoin Rhizobium could have also been a re-
flection of the importance of lectin-Rhizobiun interactions within the.

sainfoin system's method of host specificity determination. Once




47

again, however, lectin receptor sites may ﬂot have been present, méy
have been unavailable even after trypsinization and prefixation with
glutaraldehyde, or the iectin may have a very low bindiﬁg constant in
this. system. The possible dichotomy of specificities between sainfoin
lectin and concanavaiin A as well as the lack of demonstrable lectin-
Rhizobium binding present a number of stumbling blocks in the illus-
tration of the biclogical role of.iectins as determinants of hos£.

specificity within the sainfoin system.




SUMMARY AND CONCLUSIONS

Original Rhizobium strains used in these studies were received
from Nitragen and were tested for - -their ébility'to form root nodules
in their appropriate host plant. Threé pﬁre straips of Rhizobium
(Lleal2, 116A14, and 116Al5) were iso}ated under doﬁtrolled.COnditions
using a 'trap host' technique from root nodules of saiﬁfoin {Onobrychis
viciifolia, Scop.). These bacterial strains displayed the appropriate
staining chafacteristics when examined with gram's stain, a fat inclu-
sion body stain, and a flagella stain under the light microscope.
Characteristic morphélogy was also observed using a pho;photungstic
acid negative stain.and a éhadow technique for electron microscopic
examination. In culture, the bacteria failed to absorb cohgo-red

dye showing them to be free of the common contaminant Agrobacterium.

When sainfoin Rhizoﬁium strains were cultured on yeast-mannitol medium
they displayed classical growth kinetics rgaching stationary growth
phase in gbout 250 hours. Howevér, when cultured on defined medium
strain 116A12 flocculated after 72 hours, whereas, strain 116Al4 grew
more slowly than on yeast-mannitol medium but did not flocculate and
reached stationary growth phase in about 330 hours. The flocculation
- of strain 116Al2 was believed to be a glycocalyx ihducgd phenomenon
which varied with.culture éonditioné. Therefore, . by use of a trap
host.technique and appropriate characterization methodology, it is

possible to isolate and- characterize pure strains of sainfoin rhizobia.
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The interaction of sainfoin lectin an& Rhizobium was éxploreé t;u
_ £est.the sQecific hypothesis that lecéin—Rhizobium binding is a deter-
minant of hést,speqificity among léggmes. 'Control preparations of cat
érythrocytes were readily agglutiﬁated When incdbatéd with low coéncen-
tra£ions of 'lectin. Héwevér, bacterial éugpénsions were not agglu-
'.tinated when incubated with increasing'concentrafioné of lec£in-up to
a final concentration of about 300 micrograms per ml. -Spéntaneous
aggregation of the bacteria suspension. was observed in lectin free
controls and this aggregation increased wifh incubation time and may
have masked any.lecﬁin induced agglutination. F.I.T.C.-labeled sain-
foin lectin bound cat erythrocytes and they displayed a strong fluor-
escence, whereas F.I.T.C.~lectin did not bind to Rhizobium cultured on
liquid or solid media when examined with a flﬁorescence,mic;oscope.
Possible nutritional as wéll as culture- age effects on Rhi zobium-
lectin binding.were gxamined'using 14C—léctinw Transient loﬁ levels
of binding were observed and binding-capacity varied with growth
mediﬁm. When cultured on yeast—ﬁannitol medium, strains 116Al1l2 and
116A14 displayed -a maximum of 20% bindiﬁg'in the early and late log
'phases of growth. When.cultured on defihéd.medium strain‘ll6Al4
consistently bound between 15% and 20% qf the.lectih,'whgreas strain
11eal12 boﬁnd 30% of the lgbeled‘léc£in in early lqg phase and then

lost all binding capacity. Therefore, it was possible to monitor
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these low levels of Rhizobium-lectin binding through the uselof hothzm
qualitative and semiquantitative technigques.

The cell surface architectu;e of lectin binding was examined via
.the transmission electron microscope using ferritin-labeled concana-
valin A and appropriate parallel controls. Cat erythrocyte positive
controls, when stained with ferritin-Con A, displayed a significant
amount of'bound ferritin. A ten-fold difference between bound ferritin-
Con A and nonspecifically adherent ferritin-Con A was quantitatively
estimated for the cat erythrocyte positi&e controls. A sainfoin
lectin blocking reaction failed to reduce the amount of ferritin-Con
A which bound erythrocyte membranes. The failure of the sainfoin
lectin bloéking reaction to reduce the amohnt of bound ferrihin;Con A
'canhot be explained in strict biochemical terms but probably resulted
from subtle differences in the nature of the complex-oligosaccharide
,iectin receptor sites. Rhizobium strains 116Al2 ;nd 116A14 were grown
_to stationary phase on both yeast-mannitol medium and-defined medium
before staining wihh‘fgrritin—an A. Howeger, Rhizobium cells when
- viewed under the‘electron microscope after ferritin-Con A staining
aisplayed little bound ferritin—Con’A. Pretreatﬁent of RhiZobium-
strain 116A14, grown to stationary phase in defined medlum, with

trypsin and glutaraldehyde before ferritin-Con A staining did not

effect lectin binding. Although no Rhizobium=lectin binding could be
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demonstrated, suitable techniques were developed for £he'study oé
lectin receptor sites on cell surfgces.

The literafure concerning Rhiéobium—lectin binding as the deter-
minant of host specificity in legumes is'divergent_from system to
system. Although these data do not Suppért:the popular role of lectins
.in host .specificity, neither 60 they dispfove the bésic concept that
hoét—symbiont specificity may result from some type of rééognition and
attachment phenoménon. ‘Sainfoin lectih'dpes not appear to'function'as.

the determinant of host specificity within this system.
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