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ABSTRACT

The specificity of purified, peanut aggiutinin has been studied immuno-
chemically by quantitative precipitin and inhibition assays. The lectin showed
substantial differences in precipitating with blood-group substances of the same
specificity. Of the B substances tested, horse 4 25% completely precipitated the lectin,
Beach phenol insoluble failed to interact, and PM phenol insoluble gave an inter-
mediate reaction. The lectin did not precipitate with A, substances, with hog gastric
mucin A+ H substance, or with A, substance WG phenol insoluble. Another A,
substance, cyst 14 phenol insoluble, precipitated ~2/3 of the lectin. Of the H
substances, Tighe phenol insoluble was inactive, JS phenol insoluble precipitated
pootly, and Morgan standard H precipitated about 80% of the lectin. However, first
stage of Smith degradation, as well as Pl fractions cbtained by mild acid hydrolysis
of blood-group substances, gave products which precipitated strongly. The lectin was
also completely precipitated by all precursor blood-group substances, as well as by
cows 21 and 26, all having strong I-Ma, I-Ort, I-Step, and I-Da activitics. Cow 18,
which does not possess significant blood-group I activity, precipitated very slightly.
Fractions of blood-group substances N-1 (Le®) and Tij (B) obtained by precipitation
from 90 percent phenol at higher concentrations of ethanol interacted better with
peanut agglutinin. These differences in activity are ascribable to a heterogeneity
resulting from incomplete biosynthesis of carbohydrate side-chains of blood-group
substances, particularly resuliing in variations in the numbers of pGalfl -
3pGalNAc or pGalpl —»4pGlcNAc determinants. The agglutinin reacted with the
hydatid cyst P, glycoprotein, as well as with the previously studied antifreeze and
sialic acid-free «1 acid glycoproteins, but not with pneumococcus type XIV poly-
saccharide. Inhibition of precipitation showed the lectin to be most specific for the
disaccharide pGalBl - 3DGalNAc, which is 14, 55, and 90 times as active as
pGalfl - 4pGlcNAc, DGal, and DGalfl — 3DGIcNAc, respectively. pGalfl —3N-

*Aided by grants from the National Science Foundation BMS-72-02219A02 and A03, a General
Research Support Grant from the United States Public Health Service, and 2 grant from the United
States—Israel Binational Science Foundation, Jerusalem, Israel.

s*Department of Cancer Biology, the Salk Institute for Biological Studies, San Diego, Ca. 92122,

U.S.A.



108 M. E. A. PEREIRA. E. A. KABAT, R. LOTAN, N. SHARON

acetyl-D-galactosaminitol has ~1/25th the activity of DGalfl — 3DGalNAc.
Substitutions of DGIcNAc or LFuc on the DGal of active inhibitors completely
blocked the activity, in line with the assumption that the combining site of the peanut
lectin is a partial cavity. The oligosaccharides pGalfl -4pGlcNAcp1 —6-hexane-
1,2,4,5,6-pentoi(s) and DGaifl — 3[pGalfl — 40GicNAcf1 —6]N-acetyl-D-galacto-
saminitol showed the same inhibitory activity as pGalfil -4pGIcNAc, suggesting
that the combining site of the peanut agglutinin may not be complementary to more
than a disaccharide. Whereas precipitin reactions of peanut agglutinin resemble
those of anti-I and anti-i, pGalfl — 3pGalNAc did not inhibit anti-I Ma, anti-I Step,

or anti-i Den, nor were these antibodies precipitated by the antifreeze glycoprotein.
INTRODUCTION

The presence in crude extracts of peanut (4rackis hypogaea) of an activity that
agglutinates neuraminidase-treated cells was first observed by Bird!. The active
material has been purified by affinity chromatography on Sepharose-N-(6-amino-
1-oxohexyl-B-D-galactopyranosylamine, and is a noncarbohydrate-containing protein
of molecular weight 110,000, consisting? of four identical, noncovalently linked
subunits of mol. wt. 27,500. As with some other lectins (¢f., ref. 3), the peanut
agglutinin (PNA) is devoid of cysteine and low in lysine and histidine, but rich in
acidic and hydroxy amino acids?. The purified lectin agglutinates neuraminidase-
treated human erythrocytes, irrespective of their ABO blood-groups, and binds to
neuraminidase-treated lymphocytes of human, rat, mouse, and guinea-pig, although
it will stimulate DNA synthesis only in human and rat lymphocytes*. Because its
activity resembles that of the naturally occurring “T antibody™, which detects a
heterophile antigen on neuraminidase-treated erythrocytes®, the peanut agglutinin
has been called!:® T-agglutinin. It is of clinical use in diagnosis of the so-called,
acquired T-polyagglutination? accompanying certain bacterial and viral infections
that produce neuraminidase®-®. In the present study, results are given on the precipitin
reactions of PNA with A, B, HLe®, Le?, and I precursor blood-group substances, and
with other glycoproteins and bacterial polysaccharides. Inhibition of precipitation by
various glycosides and mono- and oligo-saccharides was assayed, to provide insight
into the specificity of the binding site of the lectin.

MATERIALS AND METHODS¥

Peanut agglutinin was purified as described previously®. Monosaccharides were
obtained from Nutritional Biochemicals (Cleveland, Ohio 44128) and Schwartz/Mann

*Abbreviations used: pGal, p-galactopyranose; pGle, D-glucopyranose; pMan, D-N1anNoOpPyranose;
Fru, fructofuranose; LFuc, L-fucopyranose; L-Rha, i-rhamnopyranose; DGIcNAc, 2-acetamido-
2-deoxy-D-glucopyranose; DGallNAc, 2-acetamido-2-deoxy-p-galactopyranose; bp-ManNAc, 2-
acetamido-2-deoxy-D-mannopyranose; GalNH,, 2-amino-2-deoxy-p-galactopyranose; methyl g-
DGIcNAc, methyl 2.acetamido~2-deoxy-f-pD-glucopyranoside; methyl a-pGalNAc, methyl 2-
acetamido-2-deoxy-a-D-galactopyranoside; Ala, alanine; Thr, threonine; R, 3-hexenetetrol(s); and
PNA, peanut agglutinin.
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(Orangeburg. N.Y. 10962). The blood-group oligosaccharides used were those
described earlier®—*2. Milk oligosaccharides were gifis from the late Prof. R. Kuhn
and Dr. A. Gauhe, DGalf1l — 3DGIcNAc and DGalfl —»4DGIcNAc from Dr. F.
Zilliken (cf., ref. 13), and pGalfl — 3DGalNAc from Prof. W. Gielen“.

The purified blood-group substances used were from human ovarian-cyst fluid
or saliva, and from horse, cow, or hog gastric mucosae!>~2%. The Pl fractions
represent the nondialyzable portion of the blood-group substances after mild
hydrolysis at pH 1.5 to 2.0 for 2 h, which removed most of the x-L-fucosyl end-groups
as well as some blood-group A or B active oligosaccharide side-chains!7-21.22,
Blood-group H substance (JS phenol insoluble) and its products of five sequential
stages of degradation by periodate oxidation, reduction, and hydrolysis (Smith
degradation) were previously described?3:24. From their reactions with a mouse-
myeloma protein (S117) specific?4 for terminal, f-linked pGlcNAc, stages 1 and 3
contained terminal, nonreducing, f-linked 2-acetamido-2-deoxy-D-glucosyl groups,
whereas stages 2, 4, and 5 did not, in accordance with the proposed, composite
structure of the carbohydrate moiety of the blood-group substances?3. The human,
ovarian-cyst, blood-group substance Fl was provided by Prof. W. T. J. Morgan?®>,
al-acid glycoprotein by Dr. K. Schmid?%, native and sialic acid-free fetuin by
Dr. R. G. Spiro??, blood-group P1 glycoprotein from hydatid-cyst fluid by Dr.
W. M. Watkins?8, and the active and inactive, anti-freeze glycoprotein by Dr.
R. E. Feeney?® through Prof. M. Heidelberger. Pneumococcus type XIV poly-
saccharide (Squibb No. 227, lot 80320) was previously described>°.

Quantitative precipitin and inhibition assays were performed by a micro-
technique®!, and the total nitrogen in the washed, specific precipitates was measured
by the ninhydrin method3?2; 6.0 ug of nitrogen of peanut agglutinin was used in all
the experiments.

RESULTS

Quantitative, precipitin assays

Figure 1a gives the results of the precipitation of human and horse blood-group
B substances and their Pl fractions with purified peanut agglutinin. There is con-
siderable variation in the ability of these fractions to interact with the lectin. Thus,
horse 4 25% (B-active) is a good reagent for precipitating PNA, as 90% of the lectin N
is precipitated at equivalence, and 6 ug of the blood-group substance is required for
50% precipitation of the agglutinin. However, human ovarian-cyst B substance
(Beach phenol insoluble) did not precipitate, whereas human saliva B substance PM
gave an intermediate reaction, 40 ug precipitating less than 3 pug of lectin N. Miid
acid hydrolysis of the nonreactive Beach substance gave a product (Beach P1) of
striking reactivity that precipitates the agglutinin twice as effectively per unit weight
as horse 4 25% ; similarly, when Beach substance was degraded by periodate oxidation,
the product reduced with borohydride, and the product treated by mild acid
hydrolysis (Smith degradation), the final product was as reactive as Beach Pl in
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Fig. 1. Precipitation of 6.0 ug of N of purified peanut agglutinin by blood-group substances and
other glycoproteins. (Total volume, 210 zl.)
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precipitating PNA. The Pl fraction of PM also showed substantially increased
precipitating power; with horse 4P1, PNA reacted as well as with the original material.
Thus, it appears that the peanut aggiutinin detects a determinant different from those
involved in B specificity, and that concealed, reactive groupings can be exposed by
mild acid hydrolysis or by one stage of Smith degradation (IG;-BH}) of B sub-
stances.

Studies with human, ovarian-cyst, A, substances (MSM 10% 2x, MSS 10% 2x,
and cyst 9) showed them to be completely inactive in precipitating the agglutinin
(see Fig. 1b), but Smith-degraded MSS 10% 2x substance reacted to about the same
extent as Smith-degraded, Beach phenol insoluble B substance or its P1 fraction. With
A, substances, heterogeneity in precipitating ability was also seen, as WG phenol
insoluble was inactive, and cyst 14 phenol insoluble gave about 20% as much specific
precipitate as MSS IstIO; —BH . Hog gastric-mucin A+ H did not give any detectable
reaction with the lectin, but, after a first cycle of Smith degradation, it became highly
reactive.

The interaction of peanut agglutinin with human blood-group H substances
(IS phenol insoluble, Tighe phenol insoluble, and Morgan Standard H) and the stages
of Smith degradation of blood-group H substance (JS) are presented in Fig. lc.
Heterogeneity was again observed, because cyst Tighe did not react, whereas cyst S
and Morgan standard H respectively precipitated 3.0 and 4.5 ug of N of the 6.0 ug of
lectin N added. The first and second stages of Smith degradation of JS precipitated
equally well with peanut agglutinin, the curve being almost identical to that of
Smith-degraded blood-group B (Beach phenol insoluble) or A; (MSS 10% 2x)
substances, but the third stage of Smith degradation of JS showed about 40% of these
activities, and the fourth and fifth stages precipitated only 1.0 and 3.0 ug of PNA
nitrogen.

Figure 1d shows the precipitation of the PNA with precursor blood-group
glycoproteins with I activity (OG 10% 2x, OG 20% from 10% and Fl) and with cow
substances. It is evident that all precursor substances and cow substances 21 and 26
fall on the same curve, showing them to be of equal potency, 3.0 ug of each being
required for 50% precipitation. Thus, these substances are as reactive per unit weight
as the P1 fractions or the first stage of Smith degradation of B, A, or H blood-group
substances. Cow 18 precipitated only very poorly with the agglutinin.

The reaction of Le® blood-group substances with purified peanut agglutinin is
shown in Fig. le. The lectin precipitated best with N-1 10% from first 20%, which
was about 50% as good as Beach P1, whereas N-1 10% 2x and N-1 phenol insoluble
were poorer, respectively showing, ~30 and 17% of the activity of Beach Pl; 6.0,
10.0, and 17.5 ug, respectively, were needed to precipitate 50% of the maximum.

The activity of various fractions from human ovarian-cyst fluid Tij is shown in
Fig. 1f. Tij 20% 2x, which is low in galactose and fucose, and has weak B activity but
high reactivity toward anti-I Step, anti-i Den, and Con A (20), was the most active in
precipitating PNA, and Tij phenol insoluble, having high galactose and fucose
content and very weak activities toward anti-I Step, anti-i Den, and Con A (20),
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reacted only ~1/6th as well with the peanut agglutinin. Tij 10% 2x showed inter-
mediate reactivity; quantities of blood-group glycoproteins needed to precipitate
3.0 ug of lectin N were 3.5, 11.0, and 22.0 ug for Tij 20% 2x, Tij 10% 2x, and Tij
phenol insoluble, respectively, as compared with 3.0 ug for Beach P1.

The best reagent tested for precipitating the peanut agglutinin was, however,
the active anti-freeze glycoprotein from the Antarctic fish Zrematomus borch-
grevinki, a glycoprotein known to be composed?? of repeating units of a diglycosyl-
tripeptide, namely, DGalfl — 3pGalNAcul-O-Ala-Ala-Thr; on a weight basis, this
glycoprotein i sabout three times as active as Beach P1, 1 ug precipitating about 50%
of the lectin (see Fig. 1g) as compared with 3 ug of Beach phenol insoluble P1. Indeed,
it has recently been shown3# to be a potent inhibitor of hemagglutination by peanut
extract. The inactive, antifreeze glycoprotein, whose composition is similar to that of
the active preparation, except that proline is present®®, was alsc very potent in
precipitating the peanut agglutinin, 2 ug precipitating about 50% of the added lectin
nitrogen.

As expected, sialic acid-free fetuin, which contains?” both pGalf1l — 3pGalNAc
and DGalfl - 4DGIcNAc also reacted with the agglutinin, 40 ug giving a total of
6.0 ug of specific precipitate N; however, computation of lectin N precipitated is
complex, as the desialyzed fetuin N that is added almost equals the total N that is
precipitated (desialyzed fetuin contained 13.5 percent of N). This is probably attri-
butable to soluble complexes, or to variations in the numbers of sugar chains on the
desialyzed fetuin, so that all the fetuin molecules may not react. The nitrogen present
in the amounts of blood-group substances added did not contribute appreciably to
the total N. Sialic acid-free «,-acid glycoprotein (orosomucoid), which has3*®
DGalpl —» 4DGIcNACc but not bGalfl — 3pGalNAc, was apparently even poorer than
desialyzed fetuin in interacting with the peanut agglutinin, as 40 ug gave only 2.0 ug
of precipitate N. A strict comparison between these two glycoproteins is not possible,
owing to the uncertainties as to lectin N precipitated. Native fetuin, in which sialic
acid is substituted on O-3 of bGal, did not precipitate. Precipitation of up to 3.5 ug
of N occurred with blood-group, P, glycoprotein from sheep hydatid-cyst fluid. The
agglutinin was not precipitated by pnenmococcus type XIV polysaccharide.

Quantitative precipitin inhibition assays

The ability of various sugars to inhibit the precipitation of peanut agglutinin
with precursor substance OG 20% from 10% is shown in Fig. 2 and in Table I
DGalNH, (curve 4) was the best monosaccharide inhibitor, and ~2.2 times as active
as pDGal (curve 5), which, in turn, was better than pFuc (curve 7), 2.7, 6.0, and
10.0 umoles respectively being required for 50% inhibition. No inhibition was
observed with other monosaccharides or glycosides: D-Man, 40, D-Glc, 20, L-Rha, 21,
i-Fuc, 35, D-GalNAc, 60, D-GIcNAc, 50, p-ManNAc, 28, methyl abGlcNAc, 25,
methyl «pGalNAc, 9.0, and methyl BpGal, 8.5 umoles. Both «- and B-glycosides

<« Fig. 2. Inhibition, by monosaccharides, glycosides, and oligosaccharides, of precipitation of
peanut agglutinin by human, blood-group precursor substance OG 10% from 20%.
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TABLE I

ACTIVITIES OF MONOSACCHARIDES AND OLIGOSACCHARIDES IN INHIBITING THE PRECIPITATION OF
PEANUT AGGLUTININ

Inhibitor umoles to give Relative
50% inhibition  potency

p-Gal 6.0 1.0
Methyl 6-O-methyl-a-D-Gal 6.0 1.0
p-GalNH, 2.7 2.2
p-Fuc 10.0 0.6
Methyl a-p-Gal 2.7 2.2
p-Nitrophenyl «-p-Gal 2.7 22
Methyl §-p-Gal 4.0 1.5
p-Nitrophenyl £-p-Gai 4.0 1.5
pGalf1—-4pGlc 2.7 2.2
pGalfl—6pGlc 2.7 2.2
pGalfl—4pGIicNAc 1.5 40
pGalf1—4pGlcNAcS1— 6hexane-1,2,4,5,6-pentol(s) 1.5 4.0
pGalBl—3[pGalfl—4pGIlcNAch1—6]-2-acetamido-2-deoxy-

p-galactitol 1.5 4.0
pGalfl—3pGIcNAc 10.0 0.6
pGalfi—-3pGalNAc 0.11 54.5
pGalB(1—-3)-2-acetamido-2-deoxy-p-galactitol 2.7 2.2
DGlcNAcxl—4pGalfl—3pGalNAc >2.0 <3.0
DGIcNAcxl—>4pGalf1—3pGicNAc >1.9 <3.1
pGalal—6pGlc 10.0 0.6
pGalel-->6pGlcf1—2Fru 10.0 0.6
bGalxl—6DGalzl—6DGicfl1—2Fru 7.0 0.9
pGalxl—3pGal 7.0 0.9
pGalNAcxl—3pGal >4.0 <1.5
pGalfl—3pGlcNAcf1—3pGalfl—4DGlc 10.0 0.6
LFucxl—2pGalf1—4pGlc R >10.0 <0.6
LFucal—2pGalf1—4pGlcNAcl-6R >3.0 <2.0

were somewhat better inhibitors than pGal, methyl apGal and p-nitrophenyl apGal
both being ~2.2, and the methyl f-glycosides 1.5, times as active. The 6-hydroxyl
group of galactose is apparently important for the binding as methyl 6-O-methyl-
«pGal is about 45% as active as methyl «pGal, and as active as bGal (which is twice
as active as pFuc).

Of the disaccharides tested, DGalfl —3pGalNAc (curve 1), as previously
noted? ® by hemagglutination inhibition, was the most active; ~110 nmoles was
required for 50% inhibition of precipitation, as compared with 6.0 umoles for pGal.
The specificity of the lectin site for this disaccharide is evident as 1.5 umoles of
DGalpfl - 4pGlcNAc (curve 2) and 10.0 umoles of pDGaifl — 3DGIcNAc (curve 7)
were needed for 50% inhibition, and they are thus only 7 and 1% as active as
DGalfl - 3pGalNAc. The blood-group oligosaccharides N-1 Ry, 0.71 b, pGalgl —
4pGIcNAcB1 — 6-hexane-1,2.4,5,6-pentol(s) and N-1 R; 0.44, pGalfl - 3[pGalfl —»
4pGlecNAcp1 — 6]2-acetamido-2-deoxy-D-galactitol showed the same inhibitory
power per micromole as DGalfl - 4pGlcNAc, indicating that addition of the
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f-(1—6) linkage to the pGalfl - 4DGIcNAc residue did not result in an increase in
the inhibitory activity, unlike the findings>® with anti-I Ma. The reduced disaccharide,
DGalB(1— 3)-2-acetamido-2-deoxy-D-galactitol (N-1 Ry 1.36) (curve 3) is ~1/25th as
active as the corresponding, unreduced disaccharide, indicating a contribution of the
ring structure of pGalNAc. The oligosaccharide R, 0.97a, pGlcNAcal —» 4pGalfl —
3pGalNAc, was inactive when tested up to 2.0 umoles, as was compound R; 0.97b,
DGIecNAcal — 4DGalfl - 4pGleNAc, up to 1.9 pmoles. Substitution of fucose on
active compounds sharply lessened the activity. Thus, 2’-O-fucosyllactose and the
blood-group, H-active oligosaccharide HR; 0.75, L-Fucxl —2pGalfl—
4pGIcNAcp1 — 6-R, were inactive at 10.0 and 3.0 umoles, as compared with lactose
and WN-acetyllactosamine, which gave 50% inhibition at 2.7 and 1.5 pmoles,
respectively. DGalfl — 3DGIcNAc and lacto-N-tetraose, pGalfl — 3DGIcNAcS1 —
3pGalfl —4pGlc, are only about 15% as active as DGalf1 —4DGIcNAc, suggesting
that the lectin may have a preference for the p-(1-—4)-linkage. Unfortunately, the
compound DGalf1 - 4pGalNAc was not available.

Although a-glycosides of DGal were slightly better inhibitors than the cor-
responding f anomers, the oligosaccharides containing terminal, o-linked bGal were
all weak inhibitors. Thus, 2.7 umoles of allolactose, pGalf1 — 6DGlc, were required
for 50% inhibition, whereas melibiose (DGalal — 6DGlc), raffinose (DGalal -
6pGlcpl — 2DFru), and stachyose (DGalxl — 6DGalal — 6DGlcfl —2DFru), were
all poor inhibitors; 10.0, 10.0, and 7.0 umoles were needed, and they were thus much
less active than pGal. The blood-group, B-active disaccharide pGalul — 3pGal was
85% as active as pGal, and the A-active disaccharide pGalNAcxl — 3DGal did not
give detectable inhibition at 4.0 umoles.

DISCUSSION

Hemagglutination inhibition studies with crude extracts® and purified lectin?
showed the peanut agglutinin to be most specific for the disaccharide pGalfl —
3DGsINAc. The results presented in Fig. 2 are in general agreement with earlier
studies?, and also demonstrate specificity for terminal, nonreducing, p-linked
D-galactosyl-containing oligosaccharides, particularly for the structure pGalfl —
3pGalNAc, which is 14, 55, and 90 times as active as DGalfl —4pGIlcNAc, pGal,
and pGalp1 — 3pGIcNAc, respectively, 110 nmoles giving 50% inhibition of precipita-
tion of the agglutinin by a precursor, blood-group I glycoprotein (OG 20% from
10%). Oligosaccharides in which DGIcNAc and LFuc were substituted on O-4 and
O-2 of the terminal, D-galactopyranosyl group of pGalfl —3pGalNAc and
DGalpfl - 4pGlcNAc, respectively (as in DGIcNAcxl —4pGalfl — 3pGalNAc and
LFucxl — 2DGalfl - 4pGIlcNAcS1 — 6R), were inactive up to 2.0 and 3.0 pmoles,
respectively, indicating that the lectin does not recognize internal D-galactopyranosyl
residues. These findings differ from those of Irimura et al.37 with glycopeptides
obtained by pronase digestion of a pig submaxiilary mucin having blood-group A
activity; these workers found that L-fucose linked «-(1—2) to the D-galactosyl residue
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of pGalfil -» pGalNAca-Ser/Thr increased the affinity of the glycopeptide toward the
peanut agglutinin ~2.5 times; addition of a pGalNAc linked a-(1—3) to the pGal
-of this structure did not alter®” the inhibitory activity. Moreover, their PNA
preparation did not stimulate DNA synthesis in neuraminidase-treated, human
lymphocytes®®, whereas ours was mitogenic for neuraminidase-treated, human and
rat lymphocytes®. The two preparations could differ in specificity.

The oligosaccharides containing terminal, «-linked pGal residues were all
much poorer inhibitors of precipitation than the corresponding S-linked compounds,
and the methyl and p-nitrophenyl «-D-glycosides were slightly more active than the
B anomers. However, the p-nitrophenyl «- and B-p-galactosides were not better
inhibitors than their corresponding methyl a- and B-glycosides, unlike findings with
such lectins as the soybean agglutinin®® and the sponge agglutinin*® of Aaptos
papillata.

The precipitin findings with the peanut agglutinin are of interest, in that
differences were observed in the interaction of the lectin with blood-group glyco-
proteins of the same specificity, thus providing additional evidence for heterogeneity
of the carbohydrate chains of blood-group substances. Thus, the agglutinin was
completely precipitated by a horse B substance (horse 4 25%), did not react with the
human ovarian-cyst B substance Beach, and was poorly precipitated by human
saliva B substance PM phenol insoluble (see Fig. 1a). Of the A, substances used, cyst
14 phenol insoluble interacted with the lectin, and WG phenol insoluble failed to
precipitate (see Fig. 1b). Variation was observed among blood-group H substances,
as cyst Tighe did not precipitate, whereas 4.6 and 2.0 ug of N of the 6.0 pg of lectin N
added were precipitated at equivalence by Morgan standard H and by JS phenol
insoluble, respectively (see Fig. 1c). None of the A,; substances tested precipitated.
However, one stage of Smith degradation, or mild, acid hydrolysis of the blood-group
substances, strikingly increased the reactivity toward the agglutinin, as seen with
substances PM (Fig. 1a) and JS (Fig. 1c); with Beach phenol insoluble (Fig. 1a),
MSS 10% 2x, and hog gastric mucin A -+ H substance (Fig. 1b), the increase was even
greater, as the original, blood-group glycoproteins did not precipitate with PNA.
These findings strongly indicate that the peanut agglutinin does not recognize the A-,
B-, or H-determinants, but, rather, interacts with residues in the interior of the
blood-group substances afier their exposure by mild acid hydrolysis or by Smith
degradation. Reactivity is most probably ascribable to pGalfl — 3pGalNAc (and,
to a lesser degree, to DGalfl - 4DGIcNAc), as both are present in blood-group
substances and are the best inhibitors of precipitation by peanut agglutinin (see Fig. 2).
Incomplete biosynthesis of the oligosaccharide chains by failure to add fucose and
DGIeNAc could account!?:!® for such terminal, nonreducing ends. Moreover, the
antarctic-fish antifreeze glycoprotein, which is composed of repeating units of the
diglycosyltripeptide DGalf1 — 3DGalNAcal — O-Thr-Ala-Ala was the best reagent in
precipitating the peanut agglutinin, whereas sialic acid-free, a;-acid glycoprotein
(orosomucoid). which contains pGalfl — 4DGIcNAcS1 — 3(or 4) pMan residues,
precipitated poorly.
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It is interesting that the fractions of N-1 and of Tij blood-group substances that
require higher concentrations of ethanol to precipitate them from phenol reacted best
with the peanut agglutinin (Fig. le-f); a similar parallelism was observed with N-1
fractions in their cross-reactions with type XIV and with anti-I sera>®, as well as with
Tij fractions and anti-I Step, anti-i Den, and Con A?2°. It had been noted?® that Tij
phenol insoluble has a higher proportion of larger carbohydrate chains than Tij 20%
2x, accounting for its higher galactose and fucose content and its higher B activity.
Thus, the poorer reactivity of the phenol-insoluble fractions toward the peanut
agglutinin can be ascribed to these larger carbohydrate chains which, by themselves,
are inactive, as all are substituted on the DGal of the DGalfl - 3pGallNAc or
DGalp1 - 4pGlcNAc determinants2?; in addition, larger chains could hinder access
of the lectin combining-sites to the remaining, unsubstituted pGalfl —»3pGalNAc
residues linked « to serine or threonine. A similar inference could account for the
heterogeneity in precipitation of peanut agglutinin with blood-group substances of the
same specificity.

The pattern of precipitation of peanut agglutinin with various blood-group
substances resembles that of anti-I cold autoagglutinins, in that the lectin and anti-I3%
react strongly with Pl fractions obtained by mild acid hydrolysis, as well as with the
Smith-degraded materials. with precursor I antigens, OG and Fl, and with cows 21
and 26. Moreover, the 20% 2x fractions of N-1 and of Tij, which are more reactive
with anti-I-Step and anti i-Den than the corresponding phenol-insoluble fractions,
are also more reactive with the peanut agglutinin. Thus, it appears that the peanut
agglutinin reacts with some I or i determinants, although, when tested up to
0.51 pmoles, DGalfl — 30GalNAc failed to inhibit precipitation by 10 ug of OG 20%
from 10% of anti-I Ma (30 ul of 1:2) or precipitation by 38 ug of Tij 26% 2x, of
anti-I Step (20 pl of 1:4) and anti-i Den (20 ui of 1:16). Moreover, these antisera, in the
amounts indicated, were not precipitated by 5 to 40 ug of antarctic-fish glycoproteins.
Anti-I and anti-i sera of other groups** should be studied. It is obvious that, besides
being useful in diagnosing T-polyagglutination’, the peanut agglutinin will prove a
very important reagent in structural studies of glycoproteins and of cell-surface
receptors (cf., ref. 42).
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