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Lectin involvement in root-hair tip adhesion as related to the
Rhizobium-clo'ver symbiosis

Frank B. Dazzo, Georges L. Triichet and Jan W. Kijne

o, F. B., Truchet, G. L. and Kijne, J. W. 1982, Lectin involvement in root-hair
tip adhesion as related to the Rhizobium-clova: symbiosis. — Physiol. Plant. 56:
143-147.

Contact of adjacent root hairs of seedlings of white clover {Trifolium repens L. cv.
Ladino and Louisiana Noiio) led to ceE-cell adhesion of foot hair tips. The involve-
ment of the root lectin, trifoliin A, in this phenomen was examined in slide cultures of
axenically grown seedlings. Trifoliin A was detected by indirect immunofliJorescence
on root hair tips, which had adhered to one another. Seedlings grown under condi-
tions which specifically reduce the levels of this lectin on the root surface (e.g., in the
presence of 15 mM NO3" or 5 mAf 2-deoxy-D-glucose) had significantly fewer adhe-
sions of root hair tips. In addition, flushing the slide cultures with 20 mAf
2-deoxy-D-glucose resulted in an immediate 4-fold reduction in frequency of tip
adhesions. These results are consistent with the lectio cross-bridging model, which
predicts that cell-cell adhesions would occur when trifoliin A on root hair tips con-
tacts complementary glycosylated receptors on oeighbodng root hairs.
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Introduction ^̂ ^̂  jjubbell 1975) a multivalent lectin anchored to
The phetiomenon of root hair adhesion was recognized glycosylated receptors on the outer face of clover root
in early studies on the invasioti of legume root hairs by hairs, cross-bridges to similar glycosylated receptors on
the nitrogen-fixing symbiont Rhizobium (Fred et al. the symbiont, Rhizobium trifoUi, dudng bacterial at-
1932, Fahraens 1957). In a recent study of clover root tachment. Some of the Rhiiobium-hm&ig lectin can
hair infection by.R. trifoUi (Callahatn and Torrey 1981), also be associated more tightly with the root hair ceU
curvatures at tip adhesions of root hairs were inter- walls (van der Schaal and Kijne 1981). Immunofluores-
preted as a consequence of tactile stimuli (see their Fig. cent studies of white clover seedling roots show that the
5). As the basis for tip adhesions is stibstantially un- lectin, trifoliin A,, is localized at growing root hair tips
known, any information to elucidate this process is of (Dazzo et al. 1978), whereas the glycosylated receptors
value to utiderstanding root hair physiology. for the lectin are more evenly and abundantly distd-

Recently, it has been shown that growing root hair buted on epidermal cells in the root hair region (Dazzo
tips are sites of cellular recognition in the Rhizobium- and Hubbell 1975, Dazzo and Brill 1979). Therefore,
legume symbiosis (Dazzo and Brill 1977, 1978, 1979, glycosylated receptors should be available on root hairs
Stacey et al. 1980, Paau et al. 1981, Kato et al. 1981). for an eventual cross-bridging with trifoliin A located
According to the lectin cross-bridging model (Dazzo on adjacent root hairs during developmeet. This paper
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reports on the occurrence and development of root hair
adhesions and provides evidence that trifoliin A is in-
volved in these cell-cell adhesions.

Abbreviations - IgG, immunoglobulin class G; FITC, fluores-
cein isothiocyanate.

Materials and methods

White clover seedlings {Trifolium repens L. cv. Ladino
and Louisiana Nolin) were surface-sterilized by HgCU
and germinated on water agar plates into humid air as
previously described (Napoli et al. 1975). Seedlings
grown for 24 h were used to prepare axenic slide cul-
tures (Fahraeus 1957) except that agar was deleted
from the nitrogen-free (-N) plant nutrient medium sup-
porting the growth of the seedlings between the slide
and cover-slip. The -N plant medium was supplemented
as indicated with KNOj, KCl, 2-deoxy-D-glucose,
2-deoxy-D-galactose, or a-D-glucose, and filter-steri-
lized by passage through sterile 0.2 fim membrane fil-
ters. Chemicals (reagent grade from Sigma Chemical
Company, USA), were dissolved in distilled, deionized
water (18 MQ-cm). Cultures were grown in a growth
chamber with a 14 h photoperiod and 22°C day/20''C
night temperature. The light intensity was 21 560 lux
(2.4 X 10* ergs cm~''s~' total energy ttnits) provided to
the plants by mixed illumination (4 incandescent 25W
lamps and 8 cool white fluorescent F48/CW/HO Syi-
vania 40W lamp bulbs). After 4 days incubation, the
slide cultures were removed from the tubes and exa-
mined by brightfield microscopy along both optical me-
dian planes of the seedling roots (Dazzo et al. 1976).
For comparison of treatments, the number of tip adhe-
sions along 2.70 mm of both optical median planes of
the root were recorded. This absolute length rep-
resented twice the diameter of the microscope field at
125X. Four to seven replicate measurements could be
made per seedling.

Trifoliin A was localized on seedling roots by indirect
immttnofluorescence (Dazzo et al. 1978). Seedlings
grown for 4 days on slide cultures were carefully re-
moved, rinsed in filtered -N plant medium, incubated in

tubes with purified rabbit anti-trifoliin A IgG (1 mg/ml)
followed by FITC-goat anti-rabbit gamma globulin {1 h
each), rinsed again with -N plant medium, mounted in
10 mAf Tris-glycerol (pH 9), and examined by FITC-
epifluorescence microscopy. As a control for im-
munological specificity, rabbit preimmune serum was
substituted for rabbit anti-trifoliin A IgG. Representa-
tive results were recorded by photomicrography of epi-
fluorescent images, followed by darkfield-transmitted
illumination of the same microscope field.

Experiments were done to determine whether 2-
deoxy-D-glucose, an effective hapten of trifoliin A,
could dissociate preformed root hair tip adhesions. Slide
cultures were grown axenically for 4 days in -N plant
medium. The slide cultures were then blotted to remove
the rooting medium in the slide chamber and flushed
with 15 ml of filtered -N plant meditim containing 5,10,
and 20' mM 2-deoxy-D-glucose or 2-deoxy-D-galactoSie.
This was done by holding the slide in a vertical, tilted
position and slowly pipetting the wash under the cover-
shp on both sides of where the seedling was inserted, so
that the wash drained out the bottom edge of the slide.
Effectiveness of this technique was confirmed in sepa-
rate slide assemblies using -N plant medium tinted with
crystal violet dye. Before and immediately after flushing
the slide cultures, the frequency of root hair tip adhe-
sions on the root was determined as described above.
The slides were then returned to large enclosed tubes
containing fresh -N plant medium supplemented with
the same concentrations of hapten. The cultures were
incubated for an additional 6 and 30 h, and again re-
examined by brightfield microscopy for root hair tip
adhesions.

Results

Localization of tip adhesions, — Twelve seedlings de-
veloping under nitrogen-free conditions were examined
for tip adhesions. Young root hairs developing near the
root meristem were short, straight, and spaced suffi-
ciently apart so that there was little chance for contact
of root hair tips (Fig. 1). Touching of root hair tips to
adjacent root hairs was an inevitable consequence of

Fig. 1. BrightfieM photomicrograph of young root hairs of white clover {Trifolium repens var. Ladino). Bar magnification equals
50 nm.
Fig. 2. Brightfield photomicrograph of mature root hairs of white clover {Trifolium repens var. Ladino) showing tip adhesions
(arrows). Bar magnification equals 50' t̂m.

Fig. 3. Indirect immunofluorescent detection of trifoliin A on root hairs of white clover {Trifolium repens var. Louisiana Nolin)
which have tip adhesions (arrow). Rabbit anti-trifoliin A IgG was used. Bar naagnification equals 30 |xm.

Fig. 4. Root hair tip adhesions in the same microscope field as Fig. 3, viewed by darkfield illumination without epifluorescence.
Bar magmfication equals 30 ^m.

Fig. 5. Results of control root hairs using rabbit preimmune serum followed by FITC-anti-rabbit gamma globulin and fluorescence
microscopy. The lack of a fluorescent image shows that non-specific immunofluorescence and autofiuorescence are absent. Bar
magnification equals 30 [»m.

Fig, 6. Root hair tip adhesions (arrow) in the same microscope field as Fig. 5, viewed by darkfield illumination without epifluores-
cence. Bar magnification equals 30 jim.
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crowding in the older region of the primary root. This
zone was generally restricted to an area 0.8-1 mm be-
low the root hair closest to the hypocotyl and 2—3 mm
above the meristem. Within this region, cell-cell adhe-
sions involving root hair tips were readily detected
(Fig, 2). Such adhesions were not disrtipted by short,
brisk shaking of the slide during adjustment of the
mechanical stage of the microscope. In contrast, looser
contacts were easily disrupted by the same treatment.

Stable root hair tip adhesions on 11 seedlings de-
veloping under nitrogen-free conditions were counted.
The individual plant-to-plant variability in frequency of
tip adhesions per 2.7 mm of optical mediati plane was
marginal (average ± standard deviation of 35.0 + 4.9;
total of 39 replicate meastirements on 22 planes). Simi-
lar results were obtained when the sample size was re-
duced to 4—7 replicate counts along 4 optical median
planes of two seedling roots (34.5 ± 3.7 tip adhesions
per 2.7 mm optical median plane), and therefore this
latter sample size was adopted for further studies.

Role of trifoliin A in tip adhesions, — Trifoliin A was
detected by immunofluorescence on root haiis, includ-

Tab. 1. Tip adhesioDS of mature clover root hairs after 4 days
of growth on slide cultures in nitrogen-free media containing
different supplements. For each treatment, 4—7 replicate
counts were made along the four optical median planes of two
seedling roots. Data were statistically analyzed using the Stu-
dent's t test. The average values in the column followed by the
letter "a" are significantly different from the control value at
the 5% significance level, s, standard deviation.

Supplement to basal medium

Control (-N)
15 mM KNO3
15 mM KCi
5 mM 2-deoxy-D-glucose

10 mM 2-deosy-D-glucose
5 mM 2-deoxy-D-ga1actose

10 mM 2-deoxy-D-galactose
15 mM a-D-giucose

Tip adhesions/2.7 mm
root length
(X±SD)

34.5±3.7
12.9±2.2 a
41.0±5.7
8.8±0,8 a
4.8+0.8 a

3O'.8±2.6
31.5±3.2
41.4±4.1

ing sites of root hair tip adhesion (Figs 3 and 4). Con-
trols where preimmune serum was used instead of anti-
trifoliin A IgG showed no fluorescence (compare Fig. 5
with Fig. 3) at sites of root hair adhesion (Fig, 6) and
illustrated the specificity of the immunofiuorescence
reaction.

Development and stability of root hair tip adhesions
were examined under conditions which reduce the ac-
ctimulation of trifoliin A on the root stirface. Seedlings
grown in the presence of 15 tnM NO3" or 5 and 10 mJM
2-deoxy-D-glucose developed significantly fewer adhe-
sions of root hair tips than when grown on tin-
stipplemented -N plant medium (Tab. 1). These results
were specific and not due to osmotic effects, as counter-
ion controls of KCl and sugar analogues, e.g., 2-deoxy-
D-galactose and ffi-D-glucose, were without effect
(Tab. 1).

Some of the preformed, root hair tip adhesions were
tmstable in the presence of increasing amounts of
2-deoxy-D-glucose (Tab. 2). In addition, flushing the
seedling roots in the slide cultures with -N plant
medium containing 20 mM 2-deoxy-D-glucose resulted
in an immediate 4-fold reduction in frequency of root
hair tip adhesions. This inhibition was hapten-specific
because 2-deoxy-D-galactose had little effect on pre-
formed root hair tip adhesions.

Discussion

This work shows that during development of white
clover seedlings, many root hairs adhere to one another
by their tips where the lectin, trifoliin A, accumulates.
Both tip-to-tip as well as tip-to-hair body adhesions
occur. Conditions known to reduce specifically the
levels of trifoliin A on the root surface (Dazzo et al.
1978, Dazzo and Brill 1979) significantly reduce the
formation of root hair tip adhesions. These results
suggest that trifoliin A is involved in formation and/or
stability of tip adhesions. Such cell-cell adhesions are
predicted by the lectin cross-bridging model '(Dazzo and
Hubbell 1975) to explain specific rhizobiai attachment
to root hairs. In the present case, however, the muitival-

Tab. 2. Percentage of preformed root hair tip adhesions remaining after treatment with haptens in nitrogen-free plant medium.
Root hair tip adhesions per 2.7 mm root length were measured before and 2 min, 6 h, and 30 h after treatment with haptens.
Percentages are calculated from 8 replicate counts on 4 seedlings. Control rinsing with nitrogen-free plant medium (no hapten)
did not reduce the frequency of preformed tip adhesions.

Hapten added Concentration Percentage of tip adhesions remaining after hapten addition
mM Jltim ' 6 h WE

2-deoxy-D-glucose
2-deoxy-D-glucose
2-deoxy-D-gIucose
2-deoxy-D-galactose
2-deoxy-D-galactose
2-deoxy-D-g,alactose

146

5
10
20
5

10
20

not determined
45
23

not determined
101
94

78
20
15

109
111
123

67
17
11
93
88
85
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ent lectin anchored to the root hair tip would bind to
complementary receptors accessible on an adjacent root
hair.

Some preformed tip adhesions can be dissociated by
the specific hapten 2-deoxy-D-glucose. However, other
root hair adhesions resist such a treatment, suggesting
additional means of enhancing adhesiveness, so that a
portion of the root hair adhesions are not disengaged by
2-d'eoxy-D-glucose at concentrations as high as 20 mM
(Tab. 2).

Root hair tip adhesions may have a physiological sig-
nificance to the Rhizobium-clover symbiosis. Root hairs
which sandwich rhizobia between tip adhesions fre-
quently become infected without marked deformations
(Napoli et al. 1975, Higashi and Abe 1980). In contrast,
infected root hairs which develop separately de-
monstrate marked deformations such as shepherd's
crooks when incubated with homologous rhizobia. In
both cases,, conditions optimal for rhizobiai infection
occur io the microenvironment created by overlapping
root hair cell walls.

It is interesting to note that some root hairs grown
under axenic conditions develop curvatures only at
tip-to-tip adhesions (see arrow in Fig. 6). These curva-
tures are less tight than typical shepherd's crooks, btit
may be a consequence of the same physiological pro-
cess. Development of shepherd's crooks require direct
contact with homologous rhizobia (Yao and Vincent
1976). We raise the question of whether formation of
shepherd's crooks, as well as tight cun'atures of tip-to-
tip root hair adhesions, is a consequence of the growth
of root hairs about a iixed surface: the adherent bac-
terial floe or an adjacent root hair tip. This process
would be similar to what has been reported as the
"contact guidance" system of pollen tube orientation
during its passage through the style to the ovule of com-
patible flowering plants (Ferrari et al. 1981).
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