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The specificity of the Griffonia simplicifolia IV (GS-IV) lectin was studied by quan-
titative precipitin and quantitative precipitin inhibition assays. The lectin precipitated
most strongly with a human H,Le® blood group substance and reacted strongly with
an Le® and an A, blood group substance with Le® activity. Because of the heterogeneity
of the blood group glycoproteins, the lectin reacted to different extents with substances
of the same blood group activity. Specific precipitates of lectin with blood group sub-
stances which reacted strongly were less soluble than with those which reacted weakly.
By inhibition of precipitation of GS-IV with H,Le® blood group substance, the lectin
is most specific for the Le® oligosaccharide lacto-N-difucohexaose I,

LFuc LFue
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DGalBl — 3DGleNAcS1 — 3DGalBl — 4DGle.

Lacto-N-difucohexaose II,

LFuc LFuc
1 1
al 4 al 3

DGalgl — 3DGleNAceS1l — 3pGalBl — 4DpGle,

was about one-fourth as active on a molar basis and other difucosyl oligosaccharides
were somewhat less active but were more potent than monofucosyl Le* and H active
oligosaccharides. LFuc was inhibitory only at very high concentrations. The binding
site of the GS-IV lectin appears most specific for difucosyl oligosaccharides. Although
the most active is an Le® oligosaccharide, the site may prove not to be Le® specific.

Four lectins, with different carbohy-
drate binding specificities, have been iso-
lated from the seeds of Griffonia simplici-
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folia (GS)® previously called Bandeiraea
stmplicifolia (BS). GS-A, and GS-B, are
isolectins specific for terminal nonreduc-
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ing «DGalNAc and aDGal residues, re-
spectively (1). The GS-II lectin was found
to be specific for terminal nonreducing
DGleNAc residues (2). The BS-IV (GS-IV)
lectin was isolated by affinity chromatog-
raphy on a blood group Le® oligosaccharide
adsorbent (3). Inhibition of GS-IV binding
to an Le® oligosaccharide-BSA conjugate
using various oligosaccharides showed the
lectin to be most specific for structures
containing two LFuc residues on either a
type-1 or type-2 chain. However, the lectin
was found to have equal agglutinating ac-
tivity with ficin treated type-O red cells
regardless of their Le phenotype. This is
an unusual finding when compared to the
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specificity of human anti-Le® sera which
agglutinate Le® and Le™ group O red cells
only weakly (4).

In the present study, the specificity of
the combining site of the GS-IV lectin was
studied further by quantitative precipi-
tation with A, B, H, Le?, Le®, and precursor
I and i blood group substances and by in-
hibition of precipitation using various
monosaccharides, glycosides, as well as
milk and blood group oligosaccharides. The
lectin was found to precipitate well both
with an Le? and an H,Le" blood group sub-
stance. Although the most active inhibitor
was an Le® active hexasaccharide, lacto-
N-difucohexaose I,

LFuc

1

al

4

DGalBl — 3pGleNAcBl — 3pGalgl — 4pGle,

another hexasaccharide, lacto-N-difucohexaose II,

LFuc LFuc
1 1
al 4 al 3

DGalpl — 3DGleNAcpl — 3DGalgl — 4DGle,

was also a good inhibitor. Thus, of the oli-
gosaccharides studied, although the GS-
IV reacts best with Le® structures, it reacts
more strongly with compounds in which
two LFuc residues are accessible to the lec-
tin binding site, than with lacto-N-fuco-
pentaose I and II which contain only one
of the two LFuc residues of the Le® deter-
minant.

MATERIALS AND METHODS

Lectin. The GS-IV lectin was prepared as described
previously (3) by affinity chromatography on an Le®
(LFucal — 2DGalfl — 3[LFucal — 4]DGleNAefS1 —)
active oligosaccharide coupled to Synsorb (3), fol-
lowed by elution with 0.1 N acetic acid.

glucose; DGalNAe¢, N-acetyl-D-galactosamine;
DGleNAe, N-acetyl-D-glucosamine; DMan, D-man-
nose; GS-IV, Griffonia simplicifolia IV; LFuc, L-fu-
cose; LRha, L-rhamnose; BSA, bovine serum albumin.

Blood group substances. The purified blood group
A, B, H, Le®, Le®, and precursor I substances were
from human saliva or ovarian cyst fluid and from
horse, cow, or hog gastric mucosae (5-10). Periodate-
oxidized and Smith-degraded H substance cyst JS
phenol insoluble, (11) and A, substance cyst MSS 10%
2X, (11, 12) were described previously. The P1 frac-
tions of the B substance PM phenol insoluble (13)
and A, substance McDon 15% (14) are the nondi-
alyzable portions of the blood group substance after
mild acid hydrolysis at pH 1.5 to 2.0 at 100°C for 2
h. This treatment removed most of the aL-fucosyl end
groups as well as some of the group B and group A
active side chains from PM and MecDon, respectively.

Sugar inhibitors. Mono and disaccharides were from
Sigma Chemical Company (St. Louis, Mo.), Eastman
Organic Chemical Company (Rochester, N. Y.),
and Nutritional Biochemicals (Cleveland, Ohio).
DGalB1l — 3pGleNAc and pGalgl — 4DGleNAc were
from Dr. F. Zilliken (University of Bonn, West Ger-
many). The blood group A specific oligosaccharides
were described previously (14-17). pGalal — 3DGal,
the blood group B-specific disaccharide was prepared
in this laboratory from carrageenan by partial hy-
drolysis.
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DGalBfl — 4DGleNAc
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LFuc LFuc

was a gift from Dr. P. Sinay (University of Orleans,
France) (18). Oligosaccharides from human milk lacto-
N-difucohexaose I and 11, lacto-N-fucopentaose I and
II, lacto-N-tetraose, and 2-fucosyllactose were gifts
from the late Professor Richard Kuhn and Dr. Ade-
line Gauhe (Max Planck Institute for Biochemistry,
Heidelberg, West Germany) and two samples of lacto-
N-difucohexaose 11, one from a nonsecretor, were from
Dr. Victor Ginsburg (National Institutes of Health,
Bethesda, Md.) (ef. (19)). Urine oligosaccharides were
from Dr. Arne Lundblad (University of Lund,
Sweden).

The A, B, Le®, and Le® activity of various blood
group substances were determined by Dr. Richard E.
Rosenfield (Mt. Sinai Medical Center, New York,
N. Y.) using an agglutination inhibition assay.

Quantitative precipitation and inhibition assays
with the purified lectin were carried out by a micro-
precipitin technique (20). Six micrograms of lectin N
was mixed with varying amounts of blood group sub-
stance in a constant volume of 200 nl, the mixtures
were incubated at 37°C for 1 h, kept at 4°C for 1 week
with mixing twice daily, and washed twice with chilled
saline. The total nitrogen of the precipitate was de-
termined by the ninhydrin method (21). For inhibi-
tion assays, known quantities of sugars were added
to amounts of lectin and blood group substance giving
maximum precipitation under the same conditions.

RESULTS

Precipitin curves of total N precipitated
by varying amounts of A, B, H, Le?, Le®,
and precursor I blood group substances, or
glycoproteins, are shown in Figs. 1A-D.
The lectin precipitated best with an A,
blood group substance, cyst McDon 15%
ppt, and an H Le® substance, cyst JS phe-
nol insoluble, both precipitating 6.0 ug of
lectin N and with 3 and 2 ug, respectively,
giving 50% precipitation. Various frac-
tions of an Le* substance, cyst N-1, also
reacted strongly. Cyst N-1 10% 2X precip-
itated 6.0 ug N with 4.0 pg giving 50% pre-
cipitation; N-1 phenol insoluble and N-1
20% 2X gave different curves, precipitat-
ing 5.3 and 5.5 ug of lectin N, respectively,
with 4.8 ug giving 50% precipitation. The
lectin failed to react with the first Smith
degradation product of cyst JS phenol in-
soluble and with the P1 fraction of cyst
McDon 15%. A, blood group substances,
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cyst MSS 10% 2X and cyst MSM 10% ppt,
reacted poorly both precipitating 1.5 ug N
with 10 ug giving 50% precipitation. The
first Smith degradation product of cyst
MSS did not react. Another A substance,
cyst 9 phenol insoluble (22), reacted mod-
erately precipitating 3.9 pg N with 12 ug
required for 50% precipitation. An A, sub-
stance, cyst 14 phenol insoluble, precipi-
tated 4.8 ug N with 3 ug of blood group
substance giving 50% precipitation. The
lectin did not react appreciably with a hog
A substance, Hog 75 10%, or with Hog A
+ H substance.

B substances tested reacted weakly with
the lectin. Cyst Beach phenol insoluble
precipitated 2 ug N, with 10 ug needed for
50% precipitation. PM phenol insoluble,
from human saliva reacted moderately,
precipitating 3.6 ug N with 13 ug giving
50% precipitation. The P1 fractions of
Beach phenol insoluble and PM-phenol in-
soluble failed to react. Cow B substance,
Cow 21 phenol insoluble, reacted very
weakly. Various fractions of Cyst Tij II,
with weak B activity, reacted moderately;
Tij IT phenol insoluble precipitated 4.7 ug
lectin N and 7.5 ug gave 50% precipitation.

The lectin reacted to various extents with
H blood group substances. Cyst Tighe phe-
nol insoluble precipitated 4.8 ug lectin N
with 2 ug giving 50% precipitation. Hog
59 10% ppt (H) did not react and Morgan
Standard (H) reacted weakly precipitating
1.8 ug N with 8 ug needed for 50% precip-
itation.

The lectin precipitated poorly with two
fractions of a precursor substance OG with
I and i activity, OG 20% from 10% and
OG 10% from 20%; both precipitated 2.7
ug and 3 ug gave 50% precipitation. The
lectin did not react with fetuin and thy-
roglobulin before and after removal of
sialie acid nor did it react with antifreeze
glycoprotein or with type XIV pneumo-
coceal polysaccharide.

The A, Le?, and Le® activities of several
blood group substances are shown in Table
I. JS phenol insoluble, ¢yst 14 phenol in-
soluble, Tighe phenol insoluble, and McDon
15% ppt which precipitated strongly with
the lectin showed high LeP activity. MSS
10% 2X which reacted poorly had low Le®
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TABLE I

INHIBITORY ACTIVITIES OF BLOOD GROUP SUBSTANCES“

Maximum N

Le? Le® A precipitated® (ug)
JS phenol insoluble, 0.96 mg/ml 1000 10,000 0 6.2
MeDon 15%, 1.16 mg/ml 80 10,000 20 6.3
McDon 15% P1, 1.17 mg/ml 100 8,000 20 1.2
Cyst 14 phenol insoluble, 1.2 mg/m] 1000 10,000 <20 5.0
Cyst 14 10% ppt, 0.99 mg/ml 100 2,000 <20 5.7
Tighe phenol insoluble, 1.42 mg/ml 50 10,000 0 4.8
MSS 10% 2X, 1.0 mg/ml 100 1,000 20 1.6

¢ Highest dilution giving complete inhibition of agglutination of A, Le* Le® erythrocytes by the corre-

sponding blood group specific antiserum.
®From Fig. 1.

activity and was A active. Surprisingly,
McDon 15% P1, which did not react ap-
preciably with the lectin showed only
slightly lowered Le® activity and cyst 14
10% ppt, which had much less Le® activity
than cyst 14 phenol insoluble, precipitated
strongly. Similarly the precipitating po-
tency of these substances was unrelated to
their Le® activity.

Many of the blood group substances
failed to precipitate all of the lectin N, as

previously noted for other lectins and as-
cribed to differing solubilities of com-
plexes of lectin with blood group sub-
stances (23-26). These differences were de-
tected by determining the effect of
increasing volume on the quantity of pre-
cipitate.

Figure 2 shows that precipitation of the
lectin with cyst JS phenol insoluble (H,Le)
is unaffected by increasing volume, while
precipitation with cyst N-1 20% 2X (Le?)

micrRoGRAMS N PRECIPITATED

1 j I - 1 1 § -
] 0.2 04 06 08 10 1.2 14
TOTAL VOLUME (ml)

FIG. 2. Effect of volume on the precipitation of Griffonia simplicifolia IV lectin (6.0 ug of N) by
blood group substances. Symbols are as shown on Fig. 1.
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and cyst Tighe phenol insoluble (H) are
affected slightly. The precipitates of the
lectin with cyst McDon 15% (A,) and cyst
14 phenol insoluble (A,) are similar and
show considerable solubility. Cyst 9 phe-
nol insoluble (A;) which reacts strongly
with the lectin in small volumes gives a
precipitate most of which is highly soluble.
Cysts OG 20% from 10% (Ii), McDon 15%
P1, and Beach phenol insoluble (B) react
poorly with the lectin and substantial por-
tions of their precipitates are highly sol-
uble. In all instances except cyst 14 and
McDon, complexes seem to reach a level
at which more does not dissolve with in-
creased volume.

Quantitative precipitin inhibition assays.
The abilities of various monosaccharides,
milk, and blood group oligosaccharides to
inhibit precipitation of the GS-IV lectin
by H,Le® blood group substance cyst JS
phenol insoluble are shown in Fig. 3. The
structures of the oligosaccharides and
amounts giving 50% inhibition are shown
in Table II. The best inhibitor was an
Le" active oligosaccharide, lacto-N-difuco-
hexaose I (line 1), 108 nmol giving 50%
inhibition; all other compounds are com-
pared to it. A different difucosyl oligosac-
charide, lacto-N-difucohexaose II (line 2)
inhibited 50% at 475 nmol, 4.4 times poorer
than lacto-N-difucohexaose I. Since lacto-

Y
N
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N-difucohexaose II was obtained from a
nonsecreting individual (27), it cannot con-
tain any of the most potent inhibitor lacto-
N-difucohexaose I. Absence of the C-2
linked LFuc as in lacto-N-fucopentaose 11
(line 5) results in a 22-fold decrease in in-
hibitory activity. Lacto-N-fucopentaose I
without the LFuc-linked a1l — 4 to the sub-
terminal DGlcNAc¢ was inactive at 2000
nmol. Lactodifucotetraose (line 3) and
lacto-N-difucotetraose (line 4) were simi-
lar, inhibiting 50% at 620 and 630 nmol,
respectively, 5.2 times more than the
best inhibitor being required. N-terminal
DGalNAc¢, the immunodominant group of
blood group A, linked a1 — 3 to the pGal
of lactodifucotetraose (urine A oligosac-
charide), completely blocked the activity.
The trisaccharide 2'-fucosyllactose was in-
active at 600 nmol and 3 fucosyllactose gave
23% inhibition at 1600 nmol. LFucal —
4DGleNAceSfl — O(CH):CO.ME was not
inhibitory at 398 nmol. The nonfucose-
containing oligosaccharides lacto- N-tetra-
ose, DGalBl — 4pGleNAe, and DGalBl —
3DGIeNAc were also inactive over the
range studied. Lactose (line 6) and LFuc
(line 7) were inhibitory at high concentra-
tions, 1.7 X 10° and 2 X 10° nmol, respec-
tively, giving 42% inhibition. No signifi-
cant inhibition was obtained with the fol-
lowing monosaccharides and glycosides:

2 34 5 6 7

3
Y/ S
- O X AV
z40 / = Ve
g o 4 Z
&0l / 5 /XCS( w/ ¢ /

o X /

® V oh ©@ _QAv_ﬁ ba o v e

10 10’ 10 10’ 10’
NANOMOLES INHIBITOR  ADDED

Fic. 3. Inhibition by glycosides and mono- and oligosaccharides of precipitation of Griffonia
stmplicifolia IV lectin (6.0 ug of N) with Le® active substance JS phenol insoluble (12.5 ug). Total
volume in all cases was 200 ul. Symbols are shown in Table II. The following monosaccharides and
glycosides were not inhibitory: DGal, ¥; DGle, ¥; p-nitrophenyl aL.Fuc, ¥ ; methyl aLFuc, ®; DFuc,

©; bGalNAc, 4 ; and LRha, ¢ .
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DGal (2 X 10° nmol), DGle (1.5 X 10° nmol),
p-nitrophenyl oLFuc (480 nmol), methyl
aLFuc (2.7 X 10* nmol), bFue (1.8 X 10°
nmol), DGalNAce (9 X 10° nmol), and LRha
(1.65 X 10* nmol).

DISCUSSION

In a previous quantitative precipitin
study (3) of the reaction of GS-IV lectin
with blood group active oligosaecharides
coupled to BSA, the lectin precipitated best
with conjugates of Le® and H active blood
group oligosaccharides to BSA and poorly
with a conjugate of an Le® oligosaccharide
to BSA. From these findings and from in-
hibition data with various oligosaccha-

LFuc LFuc
1 1
al 5 al 4
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rides, a difucosylated type structure was
proposed as the most likely specific deter-
minant. However, the lectin-agglutinated
ficin treated group O erythrocytes equally
regardless of their Le phenotype. Because
of this, it seemed desirable to study the
reactivity of the lectin with water soluble
blood group A, B, H, Le?, Le®, and precur-
sor I substances by quantitative precipitin
asays and to define its combining site by
inhibition of precipitation by various oli-
gosaccharides.

The results presented show the combin-
ing site of the GS-IV lectin to be most spe-
cific for a blood group Le® oligosaccharide,
the best inhibitor of precipitation by an
H,Le® blood group substance being lacto-
N-difucohexaose I,

DGalBl — 3pGleNAcS1 — 3pGalpl — 4pGle.

The LFucal —4 contributes relatively
more to the binding than does the
LFucal — 2 linkage in that although lac-
o-N-fucopentaose II, which lacks the
LFucal — 2, inhibits 50% at 2,350 nmoles
while this amount of lacto-N-fucopentaose
I, in which the LFucal — 4 is missing, gives
no inhibition. Lactodifucotetraose,

LFuc LFuc
1 1
al o al 3

DGalgl — 4pGle,

and lacto-N-difucotetraose,

LFuc LFuc
1 1
al 9 al 3

DGalBl — 4DGleNAe,

LFuc
1

al4

had identical activities 5.8 times less ac-
tive than the best inhibitor, indicating that
the 81 — 4 (type 2) structure reduces ef-
ficiency of binding. This is consistent with
the finding that the multivalent Le®-BSA
and the

LFuc LFuc
1 1

1
al 9 o 0

DGalfl — 4DGleNAcS1l — BSA

were equally effective in precipitating the
lectin (3). LFuc was more than 1800 times
less active than the best inhibitor and no
inhibition was obtained with methyl oLFuc
and p-nitrophenyl aLFue at the highest
concentrations tested.
Lacto-N-difucohexaose I1,

LFuc
1

al

3

DGalBl — 3DGlecNAcS1 — 3pGalBl — 4pGle,

was a surprisingly potent inhibitor of the
lectin activity, with about one-fourth the
activity of the best inhibitor, lacto-N-di-

fucohexaose I, and five times better than
lacto-N-fucopentaose I. This suggests that
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the oligosaccharide may be able to assume
a conformation in which the two LFuc res-
idues are in an orientation resembling that
in lacto-N-difucohexaose I or that the Le®
structure may ultimately prove not to be
the best fit for the combining site or that
the site has an as yet undetermined spec-
ificity but one in which both lacto-N-di-
fucohexaose I and II can fit. Conforma-
tions of types 1 and 2 (DGalB1 — 3DGleNAc,
DGalBl — 4pGleNAce) H, Le?, and Le® oli-
gosaccharides have been determined by
NMR studies and by hard sphere molec-
ular modelling based on X-ray crystallo-
graphic measurements (28-30). However,
lacto-N-difucohexaose I has not been in-
vestigated and such studies might shed
light on this question. These crystallo-
graphic and NMR studies (28-30) have
shown that the most stable conformation
in Le® oligosaccharides of different sizes is
influenced by the other glycosidic bonds in
the molecule.

The results of inhibition of precipitation
of the lectin with the H,Le® active blood
group substance, cyst JS phenol insoluble,
are consistent with those obtained previ-
ously by inhibition of precipitation of the
lectin with a synthetic Le® oligosaccha-
ride-BSA conjugate (3). In both systems,
lacto-N-difucohexaose I was most active.
Of the monofucosylated compounds, 3-fu-
cosyllactose inhibited precipitation of the
lectin with the Le® oligosaccharide-BSA
conjugate and was 17.6 times less active
than the best inhibitor. In our quantita-
tive precipitin assay, this would corre-
spond to 1900 nmol for 50% inhibition, an
amount of oligosaccharide which was not
available.

Most blood group substances precipi-
tated to some extent with the lectin. Sub-
stances of the same blood group specificity
reacted quite differently, a finding ascrib-
able to the heterogeneity of blood group
glycoproteins resulting from incomplete
biosynthesis (31-33). For example, blood
group A substances would have different
ability to precipitate with the lectin de-
pending upon how many chains lacked the
terminal nonreducing DGalNAe, the im-
munodominant blood group A determi-
nant, giving H,Le® determinants which
could react with the lectin.
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The quantitative precipitin and precip-
itin inhibition results show the lectin to
react strongly with Le® structures. How-
ever, the degree of Le® activity of several
blood group substances did not parallel this
precipiting activity with the lectin. McDon
15% and McDon 15% P1 both had high
LeP activity, yet the lectin precipitated
strongly with McDon 156% and weakly with
MecDon 15% P1. This reflects the fucose
content of the substance, which comprises
20 and 3% by weight of McDon 15% and
McDon 15% P1, respectively (34). Fur-
thermore, cyst 14 10% and cyst 14 phenol
insoluble, while differing significantly
in their Le® activity, both precipitated
strongly. In a study of their composition
(85) fucose comprised 14.7 and 10.9% by
weight of cyst 14 10% and cyst 14 phenol
insoluble, respectively, and hexosamine
23.1 and 26.2%. The lower hexosamine
content of cyst 14 10% may allow the lec-
tin greater accessibility to the slightly re-
duced number of fucose residues, allowing
both substances to precipitate well. Thus
reactivity with the lectin did not always
reflect the Le® activity of the carbohy-
drate. These data suggest the site may not
have Le® specificity.

Studies with other lectins have dem-
onstrated that the solubility of specific
precipitates is related to reactivity (23-26).
The solubility profiles of the precipitates
of the lectin with blood group substances
reflects both the lectin binding site spec-
ificity and the heterogeneity of each blood
group substance. In small volumes, the lec-
tin is likely to precipitate with substances
with weakly or strongly reactive deter-
minants. With increasing volume inter-
actions with weakly reactive determinants
would dissociate and in the absence of
other specific determinants, the precipi-
tate would dissolve. It is thus interesting
to note the differing slope and plateau lev-
els of the solubility profiles.

The GS-IV lectin differs in specificity
from the other LFuc binding lectins Lotus
tetragonolobus and Ulex europeus. The Lo-
tus lectin reacts best with monofucosyl type
2 (pDGalBl — 4DGleNAce) oligosaccharides
(36) and Ulex lectin (37) with both type 1
(81 — 3) and type 2 (81 — 4) monofucosyl
oligosaccharides, whereas GS-IV shows
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specificity only for difucosylated com-
pounds.

Since it was previously shown (3) that
the lectin-agglutinated ficin treated type
O erythrocytes independent of their Lewis
activity, it was presumed to be reacting
with non-Le® difucosylated H structures
on the erythrocytes. The findings pre-
sented provide additional indications that
other difucosylated or even monofucosy-
lated oligosaccharides other than those
examined, not having the specific Le®
structure may be present on erythrocytes
and that GS-IV may not be truly Le® spe-
cific.
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