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SUMMARY 

The Bandeiraea simplicifolia B,-isolectin, which combines specifically with a-o-galactopyranosyl 
groups, has been conjugated with fluorescein isothiocyanate and demonstrated to be a reliable 
histochemical probe for the detection of these groups in normal tissues of mouse, rabbit, rat and 
man. Specificity of binding of the fluorescein-conjugated B. simplicifolia B,-isolectin to native 
cryostat tissue sections was demonstrated in two ways: 

1. The hapten inhibitor methyl a-Bgalactopyranoside prevented the binding of the lectin to 
tissues whereas the non-hapten methyl rr-n-glucopyranoside did not. 

2. Pretreatment of tissue sections with coffee bean a-galactoside abolished lectin binding 
whereas pretreatment with A. niger or E. co/i /3-galactosidase did not. The fluorescein-conjugated 
isolectin visualized a-bgalactopyranosyl groups in basement membranes and on the surface of 
certain epithelial cells of mouse, rat, rabbit, and on the surface of the TA3 murine mammary 
carcinoma. These studies suggest that the B. simplicifoliu B,-isolectin may be of great utility in 
studying the family of o-Dgalactosyl-containing giycoconjugates of basement membranes in patho- 
logical states accompanied by basement membrane changes, such as diabetes mellitus, and in 
neoplasms that secrete basement membrane. 

A lectin exhibiting binding specificity for Friberg et al. reported [3] that TA3-St 
a-D-galactopyranosyl groups was isolated murine mammary carcinoma cells are ag- 
by Hayes & Goldstein [l] from saline ex- glutinated at high titer by crude extracts of 
tracts of Bandeiraea simplicifolia seeds. B. simplicifolia seeds. We have observed 
Subsequently, Murphy & Goldstein [2] that the TA3-St cells and Ehrlich ascites 
demonstrated that this lectin is actually a tumor cells [4] are agglutinated by the puri- 
family of five isolectins. The tetrameric fied BS I-B, isolectin, indicating that both 
lectin is composed of combinations of two carcinomas express a-D-galactosyl groups 
distinct subunits, each subunit possessing on their surface. The prominence on tumor 
a unique carbohydrate-binding specificity. cell surfaces of this linkage, reported to oc- 
The A subunit binds both a-D-galacto- cur with low frequency in mammalian gly- 
pyranosyl groups and 2-acetamido-2-deoxy- coconjugates [5-131, has prompted us to ex- 
a-D-galactopyranosyl groups whereas the B amine the distribution of a-D-galactopy- 
subunit binds a-Dgalactopyranosyl groups ranosyl groups in normal tissues of mouse, 
with rigid specificity [2]. rabbit and man. Our studies demonstrate 
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Table 1. Protocol for labelling cryostat sec- 
tions of each tissue 

Tissue 
sec- 
tion First treatment 

4 
5 
6 

8 

9 

10 

11 

12 

PBS buffer 

Coffee bean 
a-galactosidase 
(1 U/ml) 

A. niger 
&d&OS&% 

Anti-NBM 
(50 dml) 

Non-immune IgG 
(50 f.+dml) 

PBS buffer 

Second treatment 

PBS buffer 
FITC-B, (200 pg/ml) 
FITC-B, (50 pg/ml) 
FITC-B, (10 pg/ml) 
FITC-B, (2 pglml) 
FITC-B, (50 pg/ml) 

+ 10 mM Me cr+Galp 
FITC-B, (50 pg/ml) 

+20 mM Me or-D-Glcp 
FITC-B, (50 pg/ml) 

FITC-BI (50 pg/ml) 

FITC-goat-anti-rabbit- 
IgG-antiserum 

FITC-goat-anti-rabbit- 
IgG-antiserum 

FITC-goat-anti-rabbit- 
IgG-antiserum 

Each treatment was for 30 min at 22°C in a dark, moist 
chamber, and was followed by three 3 min rinses in 
PBS buffer. 
-, No treatment was applied. 

that the BS I-B, isolectin, conjugated with 
fluorescein isothiocyanate (FITC-B,), is a 
specific probe for cr-Dgalactopyranosyl 
groups (a-DGalp) in native cryostat sec- 
tions, and that the lectin binds to basement 
membranes and certain epithelial cell types 
in tissues of mouse and rabbit, but not of 
man. 

MATERIALS AND METHODS 
The B,-isolectin was isolated from B. simplicifolia 
seeds (Calbiochem) as described by Murphy & Gold- 
stein [2]. 

Conjugation of BS I-B, isolectin 
with jluorescein isothiocyanate 
A solution of BS I-B, isolectin (6-8 mglml) was dia- 
lyzed against PBS buffer (sodium phosphate, 0.01 M 
and sodium chloride, 0.15 M, pH 7.0) containing 
0.1 mM CaCl,. To 1.0 ml of the BS I-B4 solution, 
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43 mg methyl cr+galactopyranoside (Me a-p-Galp, 
Pfanstiehl) was added, followed by 0.5 ml of 0.2 M 
Na,HPO,. The pH was adjusted to 9.5 with 0.1 M 
Na,PO, and the volume brought to 2.0 ml with 0.15 M 
NaCl. The BS I-B, solution was dialyzed with stirring 
against a freshly prepared solution of 3.5 mg fluores- 
cein isothiocyanate (Nutritional Biochemicals) and 
430 mg Me cY-&Galp in 20 ml 0.1 M sodium phosphate 
pH 9.5 for 21 h at 22°C in the dark. The pH of the 
dialvsate was monitored at 15 min intervals. and main- 
tainkd at 9.5 with 0.1 M Na,PO,. The fiuorescein- 
conjugated BS I-B, (FITC-BJ was then dialyzed 
against 500 ml of cold PBS buffer containing 0.1 mM 
CaCl, and 2.5 mglml Me cr-DGalp followed by three 
500 ml changes of PBS buffer. FITC-BI was purified by 
affinity chromatography on a column (8x70 mm) of 
epichlorohydrin cross-linked guaran as described by 
Liinnrrren et al. Il41. Tvoicallv. less than 10% of the 
mateAa1 applied- to th; column, measured by ab- 
sorbance at 280 nm, washed through unbound whereas 
the remaining 90% bound materialwas eluted from the 
column with 2.5 mg/ml Me a-o-Galp. FITC-B, bound 
to and eluted from the guaran column was dialyzed 
free of Me a-b-Galp against PBS buffer containing 
0.02% NaN,, and stored in the cold for as long as 
6 months without loss of activity. The ability of BS 
I-B4 to agglutinate human type B erythrocytes was not 
affected by the fluorescein conjugation, which incor- 
porated on the average 1.7 fluorescein molecules/ 
molecule of lectin. 

Labelling native cryostat tissue 
sections with FITC-B, 
Tissues were rapidly removed and trimmed with a 
razor blade to a block no larger than 1 cm3. The tissue 
blocks were immersed in a drop of Tissue-Tek OCT 
embedding medium on a brass cryostat chuck and 
were quick-frozen in a stream of CO, (Tissue-Tek CO, 
freezing attachment). Alternativelv. verv small tissue 
samples were placed into a no. -&I gelatin capsule, 
covered with OCT embedding medium, and quick- 
p5y in a dry ice-hexane bath as described by Klann 

Cryostat sections were cut at 6 pm and dried on 
warm, acetone-washed microscope slides. A minimum 
of 12 sections was prepared for each tissue examined. 
The sections were dried under a stream of warm air 
(hair dryer) for 10 min and washed twice in PBS buffer. 
Each section was incubated under a drop (1540 ~1 
depending on the size of the section) of the appropriate 
reagent for 30 min at 22°C in a moist, dark chamber. 
Following each incubation, unbound lectin or anti- 
body was washed away with three 3 min rinses in PBS 
buffer. The labeling protocol for the 12 tissue sections 
is summarized in tabie 1. The first section was treated 
with PBS buffer only, and served to evaluate auto- 
fluorescence of the tissue. Sections 2-5 were treated 
with varying concentrations of FITC-B, from 2-200 
fig/ml. Two different controls were performed to veri- 
fy that the FITC-B, binds specifically to a-rr-galactosyl 
groups in tissue sections. For the first control, tissue 
sections 6 and 7 were incubated with FITC-B, con- 
taining either the hapten inhibitor Me a-BGalp (10 
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Table 2. The ability of coffee bean wgalactosidase and A. niger @-galactosidase to hydro- 
lyze various p-nitrophenyl glycosides 

Coffee bean A. niger 
Nitrophenyl substrate (source) a-galactosidase /3-galactosidase 

a-PGal (Cycle Chemicals) 100 0.16 
a-r+Gal + 14 mM galactose 11 
cy-r+Gal + 14 mM glucose 98 
P-c-Gal (Cycle Chemicals) 0.03 100 
cu-o-GalNac (Koch-Light) O.Ol> 0.24 
/3-u-GalNAc (Cycle Chemicals) O.Ol> 0.03 
fl-u-GlcNAc (Koch-Light) 0.03 0.04 
a-D-Man (Calbiochem) O.Ol> O.Ol> 
P-n-Man (Sigma) O.Ol> O.Ol> 
ct-L-FM (Sigma) O.Ol> O.Ol> 
c~-D-Glc (Koch-Light) O.Ol> O.Ol> 

Rates of p-nitrophenol liberation relative to best substrate. Glycosidase assays were performed as described 
in Methods. Sufficient glycosidase was assayed so that a relative activity of 0.1 would produce an absorbance 
of approx. 0.1 at 400 nm. 

mM) or twice the concentration (20 mM) of the non- 
inhibitory glycoside, methyl a-o-glucopyranoside 
(Me cr-~+Glcp). For the second control, sections 8 and 
9 were pre-treated either with coffee bean cy-galacto- 
sidase (Boehringer-Mannheim, 1 U/ml in McIlvaine’s 
phosphate-citrate buffer, pH 5.1) or with Aspergillus 
niger P-galactosidase (Calbiochem, 2 U/ml in McIl- 
vaine’s phosphate-citrate buffer, pH 5.1). With some 
tissues, E. coli /3-galactosidase (Boehringer Mannheim, 
3 U/ml in PBS buffer) was used in addition to A. niger 
P-galactosidase. Following glycosidase pretreatment, 
the tissue sections were washed with three 3 min rinses 
in PBS buffer, and incubated under a drop of FITC-B, 
(50 pg/ml) in the usual manner. The final three sections 
were used to evaluate the ability of rabbit antibody 
against the basement membrane of murine parietal 
yolk sac carcinoma [16] (a generous gift of Dr A. 
Martinez-Hemandez, Hahnemann Medical College 
and Dr G. B. Pierce, University of Colorado) to bind 
to tissue sections. Section 10 was treated with rabbit 
anti-neoplastic basement membrane IgG (anti-NBM, 
50 pg/ml in PBS with 1 mg/ml Pentex 5~ crystallized 
bovine serum albumin); section 11 was treated with 
rabbit non-immune IgG (50 pglml in PBS with 1 mglml 
bovine serum albumin); section 12 was treated with 
1 mg/ml bovine serum albumin in PBS buffer. After 
three 3 min rinses in PBS buffer, the sections were 
treated with FITC-goat anti-rabbit IgG antiserum 
(Meloy, 40-fold dilution in PBS buffer). 

Fluorescence microscopy 
After the treated sections were washed free of un- 
bound reagent, sections were examined within 3 h on 
a Leitz Diavert microscope equipped with incident 
light Ploemopak and Leitz filter system I (for FITC), 
and illuminated with a 50 W mercury lamp. The micro- 
scope was kindly provided by Dr Bernard Agranoff of 
this University. Photomicrographs were initially taken 
with Kodak High Speed Ektachrome (EHB 135- 

Tungsten) and processed by Kodak to ASA 320. In 
later experiments Kodak Ektachrome 200 (ED 135- 
Daylight) was used and processed by Kodak to 
ASA 400. 

The binding of FITC-B, to isolated 
glomerular basement membrane 
Bovine glomerular basement membrane, rat skin col- 
lagen (both from Dr R. G. Spiro, Harvard Medical 
School), and type II collagen from the Swarm rat 
chondrosarcoma (from Dr V. Hascall, NIH) were 
suspended at a concentration of 2 mg/ml in 0.15 M 
sodium chloride employing gentle Dounce homo- 
genization. Aliquots (100 ~1) of each suspension were 
incubated for 30 min at 22°C with 0.5 ml FITC-B, 
(100 pg/ml in PBS buffer) containing either 5 mM 
Me a-o-Glcp or 5 mM Me cu-u-Galp. Particulate ma- 
terial was pelleted by centrifugation and washed free of 
unbound FITC-B, by two 1 .O ml washes of PBS buffer. 
The washed pellets were photographed under long 
wave UV illumination. 

The glomerular basement membrane suspension 
(100 ~1) was pre-treated with coffee bean a-galacto- 
sidase (50 ~1, 1 U/ml) or with A. niger /3-galactosidase 
(50 ~1, 2 U/ml) in McIlvaine’s phosphate-citrate buffer, 
pH 5.1 for 2 h at 22°C. The glycosidase-treated base- 
ment membrane was washed by centrifugation with 
two 1.0 ml portions of PBS buffer, and labelled with 
FITC-B, as previously described. 

Glycosidase assay 
The appropriate p-nitrophenyl glycoside substrate 
(100 ~1, 5 mM in H,O) was added to a 100 ~1 aliquot 
of glycosidase diluted in McIlvaine’s phosphate-citrate 
buffer, pH 5.1, containing 1 mglml bovine serum albu- 
min. Reaction was terminated with the addition of 
1 .O ml of 0.5 M Na$O, and the liberatedp-nitrophenol 
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Fig. 1. TA3-St solid tumor: (a) labelled with FITC-BI, belled with anti-NBM, 50 &ml, X160, 30 set ex- 
50 pg/ml, x 160, 30 set exposure; (b) same as (a), but posure; (d) same as (c), but non-immune IgG was sub- 
pre-treated with coffee bean ru-galactosidase; (c) la- stituted for anti-NBM. 

was measured spectrophotometrically at 400 nm. Con- 
trols lacking enzyme were performed. One unit of 
glycosidase activity corresponds to 1 pmole p-nitro- 
phenol liberated per min at 22°C. 

RESULTS 

The specificity of FITC-B, binding to 
native cryostat tissue sections 
In all tissue sections examined, maximum 
FITC-B, binding occurred at a lectin con- 
centration of 50 pug/ml or higher. No fluo- 
rescence was observed in tissue treated 

with 2 pg/ml FITC-B, while those sections 
exposed to 10 pg/ml FITC-B, exhibited in- 
termediate fluorescence intensity. 

The binding of FITC-B, to tissue sec- 
tions was prevented by the hapten inhibitor 
Me a-DGalp (10 mM) but not by Me a-~ 
Glcp (20 mM) nor by Me a-D-GalNAcp 
(10 mM). 

The binding of FITC-B, to tissue sections 
was abolished by pretreatment with coffee 
bean a-galactosidase but unaffected by 
identical pretreatment with either A. niger 

Exp Cell RPS I20 (1979) 
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Fig. 2. Mouse kidney cortex: (a) labelled with FITC- 
B,, 50 &ml, x 160, 90 set exposure; (b) same as (a), 
but pre-treated with coffee bean cY-galactosidase; (c) 

or E. coli P-galactosidases. The following 
observations substantiate that the effect of 
the coffee bean cu-galactosidase was due to 
cr-Dgalactoside hydrolysis rather than to 
the action of contaminating protease or gly- 
cosidase: (1) No protease activity was de- 
tectable in the commercial preparation of 
cr-galactosidase employing either Azocoll or 
Azocasein as substrate; (2) the a-galacto- 
sidase preparation was essentially free of 
other glycosidase activities as measured 
with p-nitrophenyl glycoside substrates 

same as (n), x250; (d) labelled with anti-NBM, 50 cog/ 
ml, x 160,60 set exposure. 

(table 2); (3) the action of cr-galactosidase on 
tissue sections was prevented by adding D- 
galactose (14 mM), but not Dglucose 
(14 mM) to the enzyme. As shown in table 
2, D-galactose is a specific product inhibitor 
of coffee bean cY-galactosidase. 

LOCUS of FITC-B, binding in 
mouse tissue sections 
TA3 mammary carcinoma. FITC-B, bound 
specifically to tumor cells of both the TA3- 
St and TA3-Ha sublines. Sections of TA3- 

Exp Cell Rrs 120 ( 1979) 
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Fig. 3. Mouse testis: (a) labelled with FITC-B,, 
50 pg/ml. X160, 60 set exposure; (b) labelled with 
anti-NBM, 50 pg/ml, x 160,60 set exposure. 

St solid tumor labelled with FITC-B, (fig. 
1 a) exhibited intense, uniform fluorescence 
surrounding each tumor cell. FITC-B, bind- 
ing was prevented in the section pre-treated 
with coffee bean cu-galactosidase (fig. lb). 
demonstrating the small amount of non- 
specific binding of FITC-B, to the tumor 
tissue. The TA3-Ha solid tumor behaved 
identically to the TA3-St solid tumor. In 
comparison to normal mouse tissues ex- 
amined, the fluorescence intensity of the 
tumors was significantly greater. 

TA3-St ascites cells incubated in suspen- 
sion with 50 pg/ml FITC-B, at 4”C, were 
strongly agglutinated and exhibited intense 
fluorescence on their surface. The TA3-Ha 
ascites tumor cells, although equally capa- 
ble of binding FTTC-B,. were not agglu- 

Fig. 4. Mouse muscle: (~1) skeletal muscle labelled with 
FITC-B,, 50 pg/ml, X 160, 120 set exposure; (h) skele- 
tal muscle labelled with anti-NBM, 50 &ml, x 160, 
45 set exposure; (c) heart labelled with FITC-B,, 
50 pg/ml 1 X 250.45 set exposure. 

tinated by the lectin. When allowed to warm 
to 25°C on the microscope slide for 15 min, 
the uniform cellular fluorescence gave way 
to patch formation in most TA3-Ha ceils, 
and cap formation in a few cells. 

Kidney cortex. Peritubular and glomeru- 
lar fluorescence (fig. 2~1, c.) was observed in 
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Fig. 5. Mouse midbrain: (a) labelled with FITC-B,, 
50 pg/ml, x160, 60 set exposure: (b) labelled with 
anti-NBM, 50 pg/ml, x 160,60 set exposure. 

sections of kidney cortex labelled with 
FITC-B+ The specificity of FITC-B, bind- 
ing to kidney sections is exemplified by the 
ability of coffee bean a-galactosidase to 
abolish lectin binding (fig. 2b). The pattern 
of fluorescence suggests that FITC-B, binds 
to peritubular and glomerular basement 
membrane. As a basis of comparison, base- 
ment membranes of mouse kidney cortex 
were visualized with a second probe, anti- 
body to murine parietal yolk sac carcinoma 

basement membrane (anti-NBM). Midgely 
& Pierce demonstrated that this antibody 
binds to epithelial, capillary and muscle 
basement membranes of normal mouse tis- 
sues [ 171. The anti-NBM-labelled kidney 
cortex exhibited peritubular and glomerular 
fluorescence (fig. 26) similar to that ob- 
served with FITC-B,. The specificity of 
anti-NBM binding was shown by the ab- 
sence of fluorescence when non-immune 
rabbit IgG was substituted for anti-NBM 
IgG in the staining protocol. Anti-NBM 
binding differed from FITC-B, binding in 
three respects: (1) anti-NBM visualized a 
continuous peritubular basement mem- 
brane, whereas FITC-BI revealed an inter- 
rupted peritubular pattern; (2) anti-NBM 
bound to the basement membrane under the 
parietal layer of Bowman’s capsule, where- 
as FITC-B, did not; and (3) anti-NBM pro- 
duced a weak, diffuse fluorescence in the 
tubular epithelia whereas FITC-BI did not. 

Testis. Sections of testis labelled with 
FITC-B, exhibited fluorescence in peri- 
tubular basement membrane and capillaries 
of the angular interstices (fig. 3a). Anti- 
NBM produced an identical pattern of fluo- 
rescence (fig. 3b). 

Skeletal and cardiac muscle. In both 
types of muscle, FITC-B, bound exclu- 
sively to capillaries (fig. 4a, c). In contrast, 
the anti-NBM bound the connective tissue 
endomysium (fig. 4b) surrounding each 
muscle fiber. 

Brain. As in muscle, capillaries were the 
only structures visualized by FITC-B, (fig. 
5a). This observation was made in several 
brain regions, e.g. cortex, hippocampus, 
corpus striatum, and midbrain. An identi- 
cal result was obtained with anti-NBM 
(fig. 56). 

Liver. Neither FITC-B, nor anti-NBM 
bound to mouse liver sections. 

Exp Cell Res /Xl (1979) 
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Fig. 6. Mouse duodenum labelled with FITC-B,, 
50 pg/ml, x 160, 30 set exposure. 
Fig. 7. Mouse skin labelled with FITC-B,, 50 pg/ml, 
x 250,60 set exposure. 
Fig. 8. Mouse cornea labelled with FITC-B,, 50 pglml, 
X250,45 set exposure. 

Duodenum. Both FITC-B, (fig. 6) and 
anti-NBM labelled the capillary network of 
the lamina propria. 

Skin. The cells of the stratum basale and 
the continuation of this cell layer in the ex- 
ternal root sheath of the hair follicles, 
bound FITC-B, on the cell surface (fig. 7). 
This is the first of three examples, along 
with the epithelia of lens and cornea, of 
normal cell types that bind FITC-B4. 

Cornea. The predominant locus of FITC- 
B4 binding in cornea was the intercellular 
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Fig. 9. Mouse lens capsule labelled with FITC-B,, 
50 wLa/ml, x250.45 set exposure. The lens capsule has 
be&- torn away from thd lens. A layer of kpithelial 
cells remains attached to the capsule. 

substance of the cornea1 epithelium (fig. 
8). Bowman’s membrane and Descemet’s 
membrane, basement membranes sub- 
tending, respectively, the cornea1 epithe- 
lium and the cornea1 endothelium, exhibited 
a weak but definite capacity to bind FITC- 
B4. The connective tissue of the cornea, 
rich in collagen and proteoglycan, did not 
bind FITC-B,. 

Lens. The lens capsule was rendered in- 
tensely fluorescent by FITC-B,. The lens 
epithelium also bound FITC-B4 (fig. 9). 



Fig. 10. The absorption of FITC-B, (100 pg/ml) by 
suspensions of bovine glomerular basement membrane 
(a-d), Type I collagen from rat skin (e) and Type II 
collagen from the Swarm rat chondrosarcoma v). See 
Methods for experimental details. Basement mem- 
brane was incubated with FITC-B, containing either 
(a) 5 mM Me ol-nGalp or (b) 5 mM Me o-D-Glcp. 
Basement membrane was pre-treated either with (c) 
coffee bean a-galactosidase or (d) A. niger P-galacto- 
sidase prior to incubation with FITC-B,. FITC-B, 
bound to the washed pellets is revealed by long wave 
UV illumination. 

The locus of FITC-B, binding in 
normal tissues of rabbit, rat, and man 
Rabbit. The following tissues were labelled 
with FITC-B, identically to the correspond- 
ing tissue in mouse: kidney, skeletal and 
cardiac muscle, brain, duodenum, skin. In 
contrast to mouse liver, however, an in- 
tense uniform fluorescence of rabbit liver 
sections was observed. This fluorescence 
was only partially inhibited by Me a-DGalp 
and was unaffected by a-galactosidase pre- 
treatment. This is the only significant ex- 
ample of non-specific FITC-B, binding we 
have encountered. 

Rat. Both kidney and skin were labelled 
with FITC-B, with results identical to that 
obtained in mouse tissue. 

Man. The human tissues we have studied 
did not bind FITC-B,. Brain (autopsy), kid- 
ney (biopsy), foreskin and mammary car- 
cinoma have been tested. 

The interaction of FITC-B, with isolated 
bovine glomerular basement membrane 
Glomerular basement membrane has been 
isolated and characterized by Spiro and co- 
workers [ 18-201. Although this substance is 
insoluble in PBS buffer [21], FITC-B, was 
specifically absorbed to a suspension of 
glomerular basement membrane, but not to 
a suspension of either Type I collagen from 
rat skin or Type II collagen from the 
Swarm rat chondrosarcoma (fig. 10). 
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DISCUSSION 

The ability of plant lectins to bind specific 
saccharides has been widely exploited in 
the study of glycoconjugates of mammalian 
cells and tissues [22-261. Of particular im- 
portance have been the investigations of 
Roth & Thoss [23-251 who established 
fluorescein-conjugated lectins as histo- 
chemical reagents. Similarly, we have now 
employed, the fluorescein-conjugated BS 
I-B, isolectin, specific for terminal cr-D- 

galactopyranosyl groups, to study the oc- 
currence and distribution of this uncom- 

Table 3. Distribution of a-D-galactopyrano- 
syl groups in mouse tissues 

Tissue 
Structures labelled 
by FITC-B, 

Kidney 

Testis 

Brain 
Heart, skeletal 

muscle 
Skin 

Eye 
Lens 
Cornea 

Liver 
Spleen 

Capillaries, glomeruli, peri- 
tubular basement membrane 

Capillaries, peritubular base- 
ment membrane 

Capillaries 
Capillaries 

Capillaries, basement membrane, 
basal epithelial cells 

Lens capsule, lens epithelium 
Bowman’s membrane, Descemet’s 
membrane, cornea1 epithelium 

(None) 
Reticular cells 



330 Peters and Goldstein 

mon carbohydrate unit in tissues of mouse, 
rabbit, rat and man. The distribution of 
FITC-B, bound to native, cryostat sections 
of mouse tissues, summarized in table 3, 
supports the hypothesis that a-D-galacto- 
pyranosyl groups occur in epithelial and 
endothelial basement membranes as well as 
on the surface of certain epithelial cells. 

FITC-B, binds to endothelial basement 
membranes in murine tissues 
We have studied endothelial basement 
membranes of blood vessels (brain, kidney, 
testis, duodenum, muscle and skin), Des- 
cemet’s membrane of the cornea, the con- 
nective tissue endomysium of skeletal and 
heart muscle, and the reticular network of 
spleen. As has been demonstrated by Pierce 
and coworkers using anti-NBM, these 
structures share a common endothelial 
basement membrane antigen [16, 171. The 
following observations suggest that endo- 
thelial basement membranes are capable of 
reacting with FITC-B,: 

(1) Both FITC-B, and anti-NBM label in a 
histologically identical fashion blood ves- 
sels (of brain, testis, kidney, heart and 
skeletal muscle, duodenum) and the reticu- 
lar network of spleen, but neither reagent 
binds to liver sections. The connective tis- 
sue endomysium of muscle, which binds 
anti-NBM but not FITC-B4, is the only ex- 
ception. 

(2) FITC-B, binds to Descemet’s mem- 
brane. In collaboration with Dr John Lillie 
(University of Michigan), we have tested 
the ability of bovine cornea1 endothelium, 
grown in culture, to bind FITC-B,. These 
cultured cells secrete a layer of basement 
membrane biochemically and morpho- 
logically similar to Descemet’s membrane 
[27]. We found that FITC-B, does not bind 
to the endothelial cells, but does bind spe- 
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cifically to the basement membrane se- 
creted by the cells. 

FITC-B, binds to epithelial basement 
membranes in murine tissues 
The epithelial basement membranes we 
have studied include the peritubular base- 
ment membrane of kidney cortex and 
testis, the basement membrane of skin, 
Bowman’s membrane of cornea and the lens 
capsule. The following observations sug- 
gest that epithelial basement membranes 
are capable of reacting with FITC-B,: 

(1) Both FITC-B, and anti-NBM label 
peritubular basement membrane of kidney 
and testis in a similar fashion. An exception 
in kidney is the basement membrane of the 
parietal layer of Bowman’s capsule which 
binds anti-NBM but not FITC-B,. 

(2) The lens capsule, of sufficient thick- 
ness to be unequivocally identified with the 
light microscope, avidly binds FITC-B,. 

Specificity of FZTC-B 4 binding 
To equate fluorescence in tissue sections 
treated with FITC-B, with the occurrence 
of a-D-galactopyranosyl groups requires a 
rigorous demonstration of the specificity of 
PITC-B, binding. The first criterion of spe- 
cific binding, that the lectin combines with 
the tissue only via its carbohydrate binding 
site, is supported by the ability of the mono- 
saccharide hapten Me cy-D-Galp (but not 
Me a-D-GalNAcp) to completely prevent 
FITC-B, binding. Hapten inhibition of 
fluorescence is not sufficient, however, to 
identify the FITC-B,-binding sites as a-D- 
galactopyranosyl groups. Two important 
objections remain: (1) A non-specific lectin- 
tissue interaction could be inhibited by the 
appropriate sugar hapten if, as a result 
of saccharide binding, a conformational 
change in the lectin distorted the non-spe- 
cific binding site. Such a phenomenon has 
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been suggested for concanavalin A [28]. 
(2) Carbohydrate binding specificity of any 
lectin is relative. In the case of FITC-B4, 
even though its affinity for the monosac- 
charide Me a-D-Galp is loo-fold higher than 
for Me PrD-Galp [2], the possibility that the 
lectin interacts with /3-galactosyl groups in 
tissues is real, especially given optimum 
orientation and concentration of /3-galac- 
tosyl groups. These objections are an- 
swered by the second criterion of speci- 
ficity. Fluorescence is abolished by pre- 
treatment of tissue with coffee bean (Y- 
galactosidase, a glycosidase capable of 
specifically hydrolyzing the a-galactosyl 
groups to which FITC-B, binds. That an in- 
hibitor (galactose) of the a-galactosidase 
prevents its action on kidney sections sub- 
stantiates that its effect is not due to a pro- 
tease or glycosidase contaminant. These 
two criteria, met in all the tissues examined 
except rabbit liver, justify the identification 
of cY-D-Galp groups in tissue sections by 
the FITC-B, fluorescence. 

The TA3 tumor 
The BS I-B,, isolectin at 50 pg/ml aggluti- 
nates ascites cells of the TA3-St subline but 
not of the TA3-Ha subline, confirming the 
observation by Friberg et al. [3] with a 
crude extract ofB. simplicifofia seeds. Both 
TA3 sublines, however, express a-D-Galp 
groups on their surface as shown by the 
ability of FITC-B, to bind identically to 
each. That FITC-B, binds, but does not ag- 
glutinate, TA3-Ha ascites cells is probably 
related to the presence of the high molecu- 
lar weight mucin epiglycannin on the sur- 
face of these cells, which has been shown to 
interfere with the agglutination of these 
cells by other lectins [29, 301. 

The solid tumors produced by both TA3 
sublines avidly bind FITC-B,. The fluores- 
cence is localized to the cell surface or per- 

haps to intercellular substance. Because 
FITC-B, and anti-NBM bind to identical 
structures in almost all normal mouse tis- 
sues tested, the ability of anti-NBM to bind 
to the TA3 tumor was examined. In both 
sublines, the ascites and solid tumor cells 
bound anti-NBM. (The St solid tumor la- 
belled with anti-NBM is shown in fig. 1 b.) 
We therefore add the TA3 carcinomas to 
the growing list, originated by Dr G. B. 
Pierce, of murine tumors expressing base- 
ment membrane-like substituents on their 
cell surface [ 16,3 1,321. These observations 
extend the correlation between the occur- 
rence of a-D-galactosyl groups and of base- 
ment membrane in murine tissues. 

Contrasting BS I-B, isolectin with 
Ricinus communis agglutinin 
The remarkable ability of FITC-B, to bind 
exclusively to basement membranes and 
certain epithelial cells is accentuated by the 
studies of Roth [25] and Etzler [33, 341 em- 
ploying fluorescein-labelled Ricinus com- 
munis agglutinin (FITC-RCA,,,). Whereas 
both lectins label the basement membranes 
of kidney and capillaries of brain, muscle, 
and duodenum, FITC-RCA,,,) in addition 
labels structures with which FITC-B, does 
not react: connective tissues of liver and 
muscle, epithelial cells of the kidney tu- 
bules, and the brush borders of kidney tu- 
bules and duodenal epithelium. Since both 
RCA,,, [35] and BS I-B, [2] combine with 
cY-D-Galp groups, it is not surprising that 
they react with a common subset of histo- 
logical structures. The primary binding spe- 
cificity of RCA,,, is, however, for P-D-Galp 
groups [35] which occur with high fre- 
quency in a variety of mammalian glyco- 
proteins [36]. The interaction of FITC- 
RCA,,,, with this common saccharide is re- 
flected by its ability to bind to a much more 
inclusive set of histological structures. 
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Bretton & Bariety, labelling rat kidney 
with peroxidase-conjugated RCAIZo, found 
lectin-binding sites in the lamina densa of 
the glomerular basement membrane, in that 
portion of the pedicell membrane in contact 
with the basement membrane, and in the 
mesangial matrix [37]. Similar ultrastruc- 
tural studies with the BS I-B, isolectin 
would be of interest to determine which, if 
any, of the RCA,,, binding sites are a-~- 
Galp groups. 

Nature of the glycoconjugates bearing 
a-u-o-Galp groups 
Glycofipid. The glycosphingolipids digalac- 
tosyl ceramide and trihexosyl ceramide 
(CTH) possess a-DGalp groups [8,42] and 
occur in murine and human kidney [38-42]. 
These molecules are potential binding sites 
for FITC-B,. The following arguments dis- 
suade us, however, that these binding sites 
contribute significantly to the fluorescence 
profiles observed: (1) Chloroform-methanol 
extraction of cryostat sections of mouse 
kidney and brain has no effect on the fluo- 
rescence pattern; (2) human kidney [39, 401 
with a level of CTH comparable to mouse 
kidney [38], does not bind FITC-B,: (3) cell 
types known to contain these glycolipids 
(BHK-2 l/C 13 [43], human P, erythrocytes 
[44,51]) do not bind FITC-B,. The failure of 
a cell or tissue to bind FITC-B, therefore 
does not prove the absence of a-Dgalacto- 
syl groups. Possible explanations for the 
apparent crypticity of these glycosphingo- 
lipids could be: (1) FITC-B, combines with 
these molecules, but they are present in 
amounts too low to detect by this tech- 
nique; or (2) the glycolipids are masked by 
protein or mucopolysaccharide of the gly- 
cocalyx [46, 471. 

Plasma protein. In light of the studies of 
Westberg & Michael demonstrating the 
binding of plasma proteins to glomerular 

basement membrane [48], it may be argued 
that the intense reaction of capillaries with 
FITC-B, could be due to the adsorption of 
a BS I-B,-reactive plasma protein to capil- 
lary endothelium or basement membrane. 
Our initial observations suggest that mouse 
plasma does contain small amounts of BS 
I-B,-reactive substances. The fact that 
avascular basement membranes (Des- 
cemet’s membrane and the lens capsule, 
and Descemet’s membrane in culture) react 
strongly with FITC-BI, whereas highly 
vascularized liver does not, argues against, 
but does not rule out, this hypothesis. 

Basement membrane glycoprotein. Al- 
though it has long been known that base- 
ment membranes are rich in carbohydrate, 
the carbohydrate structure of basement 
membranes is still an unsettled question. 
Spiro has shown in the case of bovine glo- 
merular basement membrane that half of 
the hexose occurs as the collagen disac- 
charide [ 191 (cu-r+Glcp-( 1+2)-P-DGalp- 
(l+O) hydroxylysine) [20]. The remainder 
of the hexose occurs as a polydisperse he- 
terosaccharide [ 191. Since FITC-B, binds 
specifically to this preparation of glomeru- 
lar basement membrane but does not inter- 
act with the collagen disaccharide (fig. lo), 
it is likely that the heterosaccharide moie- 
ties bear a-DGalp groups. Lui & Kalant 
isolated heterosaccharide glycopeptides 
from purified rat kidney glomerular base- 
ment membrane and demonstrated that on 
the basis of susceptibility to hydrolysis by 
coffee bean cr-galactosidase 10% of the 
galactose occurs in a-linkage [49]. Our 
histological studies with FITC-B, confirm 
the occurrence of a-DGalp groups in glo- 
merular basement membrane, and we 
speculate that the heterosaccharide groups 
constitute, at least in part, FITC-B,-binding 
sites in basement membranes of mouse, rat, 
and rabbit. 

E.wp Cell Rrs I20 (1979) 
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In summary, we have established that the 
BS I-B, isolectin is a reliable histochemical 
probe for cr-DGalp groups, and that these 
groups are found in basement membranes 
and certain epithelial cells of mouse, rat, 
rabbit, and in high amount on the surface of 
the TA3 murine mammary carcinoma. 
These studies suggest that the BS I-B, iso- 
lectin may be of great utility in studying the 
family of cx-Dgalactosyl-containing glyco- 
conjugates of basement membranes in those 
pathological states accompanied by base- 
ment membrane changes, such as diabetes 
mellitus, and in neoplasms that secrete 
basement membrane. Characterization of 
the FITC-B,-binding sites is currently the 
focus of our investigations. 
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