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Lectinochemical Studies on the Binding Properties of a Toxic
Lectin (Ricin) Isolated from the Seeds of Ricinus communis
Albert M.Wu, PhD; June H. Wu1, PhD; Tanuja Singh, PhD; Pei-Yi Hwang;
Ming-Sung Tsai, PhD; Anthony Herp, PhD
Background: Ricin (RCA2 or RCA60) is a highly toxic heterodimeric protein found in the
seeds of the castor plant Ricinus communis. It is a potential biohazard. In the
present study, the fine specificity of ricin was defined.
Methods:
The combining site of ricin was characterized by quantitative precipitin
(QPA) and precipitin inhibition assays (QPIA).
Results:
Of 31 glycoproteins and pneumococcus type XIV capsular polysaccharide
tested, only twelve of them precipitated over 50% of the toxin N added,
reflecting poor precipitability of the lectin with the compounds tested. This
can be explained by only a single chain (B chain of the molecules) participating in binding. The blood group active glycoproteins after mild acid hydrolysis or Smith degradation, as well as sialic-acid containing glycoproteins after
removal of sialic acid, in general, had substantially increased activity. Of the
monosaccharides tested for inhibition of precipitation of ricin, p-nitrophenyl
Gal was the best; this compound was 1.3-fold better than its -anomer.
While methyl Gal was twice as active as its
anomer, Gal and blood
group B active disaccharides (Gal 1-3Gal) were 2.5 times more active than
GalNAc. Among the oligosaccharides tested, Gal 1-3GalNAc (T) Gal 13/4GlcNAc (I/II), Gal 1-4Glc (L) and human blood group I Ma trisaccharide (Gal 1-4GlcNAc 1-6Gal) were about equally active and the best
inhibitors. They were about 2.0 and 2.4 more active than Gal 1-4Gal (E)
sequence and B determinant, respectively.
Conclusion: From the present results, it is concluded that: (a) this toxin has a broad range
of affinity for the -anomer of Gal; (b) its combining site is probably of a
shallow groove type and as large as a trisaccharide; (c) Gal - is the major
combining site of the lectin; and (d) hydrophobic interaction gives a significant contribution for binding. This information should facilitate future usage
of this lectin in glycobiological research and medical applications.
(Chang Gung Med J 2005;28:530-42)
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R

icin (RCA2 or RCA60) is the highly toxic fraction of the carbohydrate binding proteins found

in aqueous extracts of the castor bean (Ricinus communis). It is a potential biohazard. It agglutinated
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weakly human red blood cells regardless of ABO
blood group type, with or without neuraminidase
treatment. Ricin is a dimeric protein Mr = 60-65
kDa, composed of two different polypeptide chains
A and B linked by a single disulphide bridge.(1,2) It
was found that the A chain is a catalytic unit capable
of inactivating the 60S ribosomal subunit of eukaryotic cells resulting in inhibition of protein synthesis.(3) The B chain binds to cell surface glycoconjugate and thereby permits the entry of the toxic subunit into the cell. The combining site of this toxin
has not yet been investigated, especially the binding
relationship among many important mammalian
oligosaccharide units, such as I/II (Gal 13/4GlcNAc), T determinant (Gal 1-3GalNAc), E
(Gal 1-4Gal, human blood group P1 disaccharide),
and B (Gal 1-3Gal, human blood group B active
disaccharide) as well as anomers of p-nitrophenyl
Gal have not yet been investigated. Therefore, in the
present study, we have examined the glycan affinity
of ricin by quantitative precipitin (QPA) and precipitin inhibition assays (QPIA).(4,5) Comparison of the
inhibition profile of ricin (RCA2) with RCA1 is also
included.(6,7) From the present results, it is concluded
that: (a) this toxin has a broad range of affinity for
the -anomer of Gal; (b) its combining site is proba-

bly of a shallow groove type and its size is as large
as a trisaccharide; (c) Gal - should be the major
combining site of the lectin; and (d) hydrophobic
interaction provide a significant contribution for
binding.

METHODS
Lectin

Ricin, purified from the aqueous extracts of the
castor bean (seeds of Ricinus communis) by affinity
column chromatography using the method of Lin et
al.(8) was purchased from Sigma Chemical Company
(St. Louis, MO, USA).
Glycoproteins and polysaccharides

Carbohydrate structural units in mammalian
glycoprotein are shown in Table 1. The glycoproteins
tested were prepared from human ovarian cyst fluid,
saliva, and hog gastric mucosa.(9-15) The blood group
A, B, H, Lea, Leb and Ii active substances were purified from human ovarian cyst fluid (HOC) by digestion with pepsin, precipitation with increasing concentrations of ethanol and extraction of the dried
ethanol precipitates with 90% phenol. The insoluble
fraction is named after the blood group substance

Table 1. Carbohydrate Structural Units in Mammalian Glycoproteins (46)
Codes*

Sources

GalNAc 1 Ser/Thr of protein core

Tn antigen, only in glycoproteins.

T

Gal 1 3GalNAc 1 Ser/Thr of protein core

The mucin-type sugar sequence on the human erythrocyte membrane.

I

Gal 1 3GlcNAc

II

Gal 1 4GlcNAc

II

Gal 1 4GlcNAc 1

1

Tn

2
3
4

5

Structural units

Tri-II

Triantennary Gal 1 4GlcNAc

mII

Multivalent Gal 1 4GlcNAc

Human blood group type I and II carbohydrate sequences. Branched or linear
repeated II sequence is part of blood group I and i epitopes. I and II are precursors of ABH and Lea, Leb, Lex, Ley blood group active antigens. Most of the
lectins reactive with II are also reactive with I. Tri-II and mII determinants are
present at the nonreducing end of the carbohydrate chains derived from N- and
O-glycans.

A

GalNAc 1 3Gal

Human blood group A active di-saccharide.

Ah

GalNAc 1 3[LFuc 1 2]Gal

Human blood group A active tri-saccharide.

B

Gal 1 3Gal

Human blood group B active di-saccharide.

Bh

Gal 1 3[LFuc 1 2]Gal

Human blood group B active tri-saccharide.

7

E

Gal 1 4Gal

Blood group pk and P1 active disaccharide. Sheep hydatid cyst glycoproteins,
salivary glycoproteins of the Chinese swiftlet, glycosphingolipids in human erythrocytes, and small intestine.

8

L

Gal 1 4Glc

Constituent of mammalian milk.

L

Gal 1 4Glc 1

Lactosyl ceramides in brain and part of carbohydrate structures in gangliosides.

6

* , : anomer of sugars; m: multivalent.
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(e.g. Cyst Tighe phenol insoluble, where “Tighe”
denotes the HOC sample code). A similar principle
was applied to other HOC collections (e.g. Beach,
MSS, and N-1, etc). The supernatant was fractionally
precipitated by addition of 50% ethanol in 90% phenol to the indicated concentrations.(9) The designation
“10 (or 20)% (ppt)” denotes a fraction precipitated
from phenol at an ethanol concentration of 10 (or
20)%; “2x” signifies that a second round of phenol
extraction and ethanol precipitation was carried out
(e.g. Cyst MSS 10% 2x and Cyst N-1 Lea 20% 2x).
The carbohydrate chains of HOC consist of multiple
saccharide branches attached by O-glycosidic linkages at their internal reducing ends to serine or threonine residues of the polypeptide backbone.(11-13,16) In
general, the “P-1” fractions (e.g. Cyst Beach P-1 and
Cyst Tighe P-1) represent the nondialyzable portion
of the blood group substances after mild hydrolysis
at pH 1.5-2.0 for 2 h which removes most of the Lfucopyranosyl end groups, as well as some blood
group A and B active oligosaccharide sidechains. (10,17,18) P-1 fractions from HOC gps which
expose the internal structures equivalent to those on
the blood group precursors are defined as “precursor
equivalent gps” (Structure 1).
Human 1-acid glycoprotein and porcine thyroglobulin were purchased from Sigma. Human 1acid glycoprotein contains tetra-, tri- and di-antennary complex type glycans in the ratio of 2:2:1.(19,20)
Fetuin (Gibco Laboratories, Grand Island, NY,
USA), which is the major glycoprotein in fetal calf
serum and has six oligosaccharide side chains per
molecule, three O-glycosidically-linked to Ser/Thr
and three N-glycosidically-linked to Asn.(21) that contains tri- and di-antennary complex type glycans in
the ratio of 1:2.
The rat sublingual glycoprotein (RSL) was prepared by the method of Moschera and Pigman.(22)
The established carbohydrate side chains were found
to be composed of 9, 10, 12, 13, and 15-sugar
residues, respectively, and contain sialic acid, Nacetylglucosamine, galactose, and N-acetylgalactosaminitol.(23) RSL may also contain the Tn reactive
determinants.(24)
Hog gastric mucin #4, a blood group A + H substance (Structure 2), was derived from crude hog
stomach mucin as described previously.(25) Treatment
of mucin #4 with HCl (pH 2, 100°C, 90 min) yields
hog gastric mucin #9, while acid hydrolysis (pH 1.5,
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100°C, 2 and 5 hrs) gives hog gastric mucins #14
and 21, respectively. Extensive hydrolysis leads to
destruction of blood group activities.(4)

Structure 1. Proposed representative carbohydrate side
chains of blood group active glycoproteins, prepared from
human ovarian cyst fluid. This structure represents the internal portion of carbohydrate chains to which various human
blood group determinants are attached. The four-branched
structure (1 to 4) shown is the representative internal portion
of the carbohydrate moiety of blood group substances to
which the residues responsible for A, B, H, Lea, and Leb activities are attached. This structure also represents precursor
blood group active glycoproteins(13) and can be prepared by
Smith degradation of A, B, H active glycoproteins, purified
from human ovarian cyst fluids.(11-13,17) Numbers in parentheses
indicate the site of attachment for the human blood group A,
B, H, Lea, and Leb determinants. These determinants as well
as the structural units at the nonreducing end are the sources
of lectin reactive A/Ah, B, I/II, T, and Tn determinants.(4) This
megalo-saccharide of twenty-four sugars has not been isolated. However, most of the carbohydrate chains isolated are
parts of this structure.

Structure 2. Proposed structure of carbohydrate side chains
of Hog A + H gastric glycoproteins.(25) Blood group A and H
active key sugars for ricin. Most carbohydrate side chains are
part of this structure.
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Ovine, bovine, and porcine submandibular/salivary glycoproteins were purified according to the
method of Tettamanti and Pigman(26) with modifications.(27,28) About 75% of the carbohydrate side chains
of asialo OSM were GalNAc 1-Ser/Thr (Tn). Asialo
PSM contains Gal 1-3GalNAc 1- (T ) together
with Tn and GalNAc 1-3Gal (A) sequences, as most
of the outer fucosyl residues and sialic acids are
cleaved by mild acid hydrolysis (Structure 3). Native
ASG-Tn,(29) a salivary glycoprotein of nine-banded
armadillo (Dasypus novemcinctus mexicanus) containing only Tn (GalNAc 1-Ser/Thr) as carbohydrate side chains, was isolated from 0.01 M PBS pH
6.8 gland extract after removal of ASG-A, which is
one of the sialoglycoproteins in armadillo glands.(30)
Desialylation of sialoglycoproteins was performed by mild acid hydrolysis in 0.01 N HCl at
80°C for 90 min and dialyzed against distilled H2O
for 2 d to remove small fragments.(26,30)
The anti-freeze glycoprotein from the Antarctic
fish (Trematomus borchgrevinki) which contains
only T as carbohydrate chains.(31) was provided by
Dr. R. E. Feeney (Department of Food Science and
Technology, University of California, Davis, CA,
USA) through the late Dr. E. A. Kabat (Columbia
Medical Center, New York, USA).
The Pneumococcus type XIV polysaccharide,
isolated from Streptococcus pneumoniae capsule,(32)

Structure 3. Porcine salivary mucin gp (PSM). The carbohydrate side chains of this glycoprotein are O-glycosidically
linked through GalNAc at the reducing end of the carbohydrate side chain to Ser or Thr of the protein core.(28) Twelve
kinds of carbohydrate side chains have been isolated. They
are composed of one to five sugar residues with Gal 13GalNAc -1-O-Thr or Ser as the carbohydrate core region.
Substitution by NeuNAc, NeuNGc, GalNAc, or LFuc exhibits
blood group A and H activities, respectively. The mild acid
treated product of porcine salivary glycoprotein contains
mainly mixtures of the above sequences. H, LFuc 1-2Gal.
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was a generous gift from the late Dr. E.A. Kabat.
Sugars used for inhibition studies

Mono-, di-, oligo-saccharides and their derivatives were purchased from or prepared by Dextra
(Berkshire, UK) and Sigma.
Immunochemical Assays

Quantitative precipitin and precipitin-inhibition
assays were performed by a microprecipitin technique(33) using 6.0 µg of lectin nitrogen (N) for each
determination: total N in the washed precipitates was
estimated by the ninhydrin method.(34)

RESULTS
Quantitative Precipitin Assays (QPA)

Quantitative precipitin reactions of the purified
ricin with various blood group active substances and
glycoproteins are seen in Figure 1 and Table 2.
Reactions were carried out in 250 µl and some of the
differences reflect solubility effects (Fig. 1). The
most reactive glycoproteins, cyst Mcdon P-1 and
Beach P-1 precipitated over 80% of the lectin N with
less than 4 µg being required for 50% precipitation
(Fig. 1b and 1d). 1st Smith degraded product of cyst
MSS 10% 2x (Fig. 1a), hog gastric mucin before and
after mild acid treatment (Fig. 1c), Pneumococcus
type XIV capsular polysaccharide (Fig. 1f), asialo
fetuin (Fig. 1f), asialo RSL (Fig. 1g) and desialized
PSM and BSM (Fig. 1h) gave intermediate reaction
and precipitated about 2/3 of the lectin nitrogen. Of
the soluble complex carbohydrates tested, only
twelve of them precipitated over 50% of the toxin N
added. This result indicates that RCA2 has a poor
precipitability. This can be explained by only a single
chain (B chain of the molecules) responsible for
binding. The blood group active glycoproteins after
mild acid hydrolysis or Smith degradation as well as
sialic acid containing glycoprotein after removal of
sialic acid, in general, had substantially increased
activity. This indicates that ricin-glycoprotein interaction was strongly masked by sialic acid or Gal substituted residues at non-reducing end.
Quantitative precipitin inhibition assays
(QPIA)

The abilities of various sugars to inhibit the precipitation of ricin with desialized porcine sub-
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Cyst MSS 10% 2x (Ah[A2])
Cyst MSS 1st Smith degraded
Cyst MSS 2nd Smith degraded

Cyst Beach phenol insoluble
Cyst Beach P-1
Cyst JS phenol insoluble
Cyst Tighe phenol insoluble

RSL
Asialo RSL
ASG-A
Asialo ASG-A

Cyst Mcdon
Cyst Mcdon P-1
Cyst 9 phenol insoluble

Human 1-acid gp
Asialo human 1-acid gp

Asialo PSM
BSM
Asialo BSM
OSM
Asialo OSM
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Hog gastric mucin #4
Hog gastric mucin #9
Hog gastric mucin #21
Hog gastric mucin #14

Pneumococus type 14 ps
Asialo fetuin
Fetuin

Porcine thyroglobulin
Active antifreeze gp
Inactive antifreeze gp

Fig. 1 Quantitative precipitin curves of ricin with glycoproteins and Pneumococcus type XIV capsular polysaccharide. Conditions:
6.0 µg ricin nitrogen; total volume was 250 µl.
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Table 2. Comparison of Precipitating Activities of Ricin with Various Glycoproteins and Polysaccharides
Curve in Fig. 1
a
a
a
b
b
b
c
c
c
c
d
d
d
d
e
e
f
f
f
g
g
g
g
h
h
h
h
h
i
i
i

Glycoprotein / Polysaccharide*
Cyst MSS 10% 2x (A1 or Ah)
Cyst MSS 1st Smith degraded (I, II, T, Tn)
Cyst MSS 2nd Smith degraded (I, II, T, Tn)
Cyst Mcdon (Ah)
Mcdon P-1 (I, II, T, Tn)
Cyst 9 (Ah)
Hog gastric mucin #4 (Ah, H)
Hog gastric mucin #9 (Ah, H)
Hog gastric mucin #14 (A, I/II)
Hog gastric mucin #21 (I/II)
Cyst Beach phenol insoluble (B)
Beach P-1 (I, II, T, Tn)
Cyst JS phenol insoluble (H)
Cyst Tighe phenol insoluble (H, Leb)
Human 1-acid gp (sialyl mII)
Asialo human 1-acid gp (mII)
Pneumococcus type 14 ps (II)
Fetuin (sialyl II, T)
Asialo fetuin (II, T)
RSL (sialyl II)
Asialo RSL (II)
ASG-A (sialyl Tn)
Asialo ASG-A (Tn only)
Asialo PSM (T, Tn, Ah, H)
OSM-major (sialyl Tn)
Asialo OSM (Tn)
BSM (sialyl Tn, GlcNAc 1-3Tn)
Asialo BSM (Tn, GlcNAc 1-3Tn)
Active antifreeze gp (T )
Inactive antifreeze gp (T )
Porcine thyroglobulin

Maximum precipitated (µgN)†

GP or PS giving 50% ppt (µg)

0.5 (8%)
4.4 (73%)
0.3 (5%)
3.3 (55%)
4.8 (80%)
0.5 (8%)
2.4 (40%)
3.9 (65%)
3.9 (65%)
3.8 (63%)
2.3 (38%)
5.1 (85%)
1.5 (25%)
1.6 (27%)
0.3 (5%)
2.4 (40%)
4.2 (70%)
0.8 (13%)
4.1 (68%)
0.2 (3%)
3.0 (50%)
0.3 (5%)
1.8 (30%)
3.9 (65%)
0.3 (5%)
0.7 (12%)
0.4 (7%)
4.2 (70%)
1.1 (18%)
0.5 (8%)
2.2 (37%)

4
13
3
13
9
6
4
2
6
10
4
15
-

-

* The symbol in parentheses indicates the human blood group activity and/or lectin determinants. Expressed in bold are: Tn
(GalNAc 1-Ser/Thr); T (Gal 1-3GalNAc); I/II (Gal 1-3/4GlcNAc); A (GalNAc 1-3Gal); Ah (GalNAc 1-3 [LFuc 1-2]Gal); B
(Gal 1-3Gal); H (LFuc 1-2Gal); RSL: Rat sublingual glycoprotein; ASG-A: Armadillo submandibular glycoprotein; PSM:
Porcine submandibular mucin: OSM-major: Ovine salivary glycoprotein; BSM: Bovine submandibular glycoprotein.
† The value in parantheses indicates the % of µgN precipitated at maximum when the amount of lectin added is expressed as 100%
(= 6.0 µgN).
(46)

mandibular glycoprotein are shown in Figure 2, and
the quantities (µmoles) required for 50% inhibition
are listed in Table 3. Among the oligosaccharides
tested, blood group I Ma-active trisaccharide (Gal
1-4GlcNAc 1-6Gal, line 2 in Fig. 2, Table 3), type
II (Gal 1-4GlcNAc, line 3), L (Gal 1-4Glc, line 4),
Gal 1-4Man (line 5), type I (Gal 1-3GlcNAc, line
6) and T structure (Gal 1-3GalNAc, line 7), respectively were equally active and about 2.4 times more
potent then Gal (line 17). Of the monosaccharides
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tested, p-nitrophenyl Gal, p-nitrophenyl Gal and
methyl Gal were the most powerful inhibitors with
0.066, 0.084 and 0.084 µmol being required for 50%
inhibition (lines 1, 10 and 9). p-nitrophenyl Gal
was (line 1) was 1.3 and 2.4 times better than pnitrophenyl and methyl Gal (lines 10 and 15),
while methyl Gal (line 9) was 1.9 times potent than
anomer (line 15). This group of inhibitors was
its
about 4.8 and 2.5 times better than GalNAc (line 21),
indicating that the N-acetamido group at C-2 in the
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Gal
Gal
Gal
Gal

1
1
1
1

4GlcNAc 1 6Gal (I Ma)
4GlcNAc (II)
4Glc (L)
3GlcNAc (L)

p-NO2phenyl DGal
Gal 1 4Man
Lactulose
Methyl- DGal
p-NO2phenyl DGal
Gal 1 6GlcNAc
Gal 1 3DAra
Gal 1 6Gal 1 6Glc 1 2Fruf
(Stachyose)
Methyl- DGal
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Gal 1 3GalNAc (T)
Gal 1 4Gal 1-Me (E)
Gal 1 3Gal 1-Me (B)
Gal

Gal
Gal 1 6Glc (Melibiose)
Gal 1 6Gl 1 2Fruf (Raffinose)
DFuc
GalNAc
LRhamnose
LAra
Glc
Man
Methyl DGlc
Methyl DGlc

Fig. 2 Inhibition by various monosaccharides and oligosaccharides of the precipitation of ricin with desialized porcine salivary
glycoprotein. Total volume was 250 µl.
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Table 3. Amount of Various Saccharides Giving 50% Inhibition of Precipitation of Ricin by Desialized Porcine Salivary Glycoprotein*
Line No.
in Fig. 2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Inhibitor

Quantity giving
50% inhibition (µmol)

p-NO2phenyl Gal
Gal 1-4GlcNAc 1-6Gal
(Human blood group I Ma trisaccharide)
Gal 1-4GlcNAc (II)
Gal 1-4Glc (L)
Gal 1-4Man
Gal 1-3GlcNAc (I)
Gal 1-3GalNAc (T)
Lactulose
Methyl Gal
p-NO2phenyl Gal
Gal 1-6GlcNAc
Gal 1-3DAra
Gal 1-4Gal (E)
Gal 1-6Gal 1-6Glc 1-2Fruf (Stachyose)
Methyl Gal
Gal 1-3Gal 1-Me (B)
Gal
Gal 1-6Glc (Melibiose)
Gal 1-6Glc 1-2Fruf (Raffinose)
DFuc
GalNAc
LRhamnose
LAra
Glc
Man
Methyl Glc
Methyl Glc

Ka
(103 M-1)

Relative Potency†
Ricin (RCA2)
RCA1(6,7)‡

0.066
0.066

8.5
8.5

2.4
2.4

14.6
9.1

0.066
0.066
0.066
0.066
0.066
0.066
0.084
0.084
0.084
0.10
0.13
0.13
0.16
0.16
0.16
0.20
0.28
0.28
0.37
0.54
1.0
30.0
56.0
56.0
100.0

8.5
8.5
8.5
8.5
8.5
8.5
6.7
6.7
6.7
5.6
4.3
4.3
3.5
3.5
3.5
2.8
2.0
2.0
1.5
1.0
0.41
0.019
0.010
0.010
0.006

2.4
2.4
2.4
2.4
2.4
2.4
1.9
1.9
1.9
1.6
1.2
1.2
1.0
1.0
1.0
0.8
0.6
0.6
0.4
0.3
0.2
0.005
0.003
0.003
0.001

6.4
4.1
3.7
3.2
3.2
ND
2.3
0.6
3.3
3.3
1.7
0.6
0.8
1.5
1.0
1.5
1.1
ND
0.02
0.8
0.2
0.006
ND
ND
ND

* 6.0 µg N of ricin + 5 µg of desialized porcine salivary glycoprotein. Total volume was 250 µl.
† Relative potency of Gal taken as 1.0.
‡ Data taken from references 6 and 7.
Lectin abbreviation: RCA1 = Ricinus communis agglutinin 1; ND = not determined.

pyranose ring blocks reactivity. DFuc (line 20) was
1/2 as active as Gal (line 17), implying that the OH
group on C-6 participates in binding; LArabinose
which has the same configuration as DGal but lacks
the CH2OH of C6 was about 1/5 as active as Gal, an
indication that the CH 2OH of C6 is necessary for
binding. Glc (line 24) and Man (line 25) showed
1/200 and 1/333 of Gal activity, demonstrating that
the configuration of carbon-4 and carbon-2 in Gal
are essential for binding. Melibiose (Gal 1-6Glc)
and raffinose (Gal 1-6Glc 1-2DFruf) were equally
active but 1.5 and 2.0 times less active than
stachyose (Gal 1-6Gal 1-6Glc 1-2Dfruf) (lines 18

Chang Gung Med J Vol. 28 No. 8
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and 19 vs. line 14), demonstrating that the carbohydrate-binding site of the lectin for the -anomer of
Gal can accommodate up to trisaccharide structure.

DISCUSSION
Ricin, like other plant toxins such as abrin from
the seeds of Jequiriti beans (Abrus precatorious),
mistletoe lectin from mistletoe plant (Viscum album)
and modeccin from the roots of Adenia digitata are
galactose specific lectins,(35) has played interesting
and important roles in the history of clinical medicine and biomedical research.(36) During the past two
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decades, this cytotoxic lectin has been cloned and
sequenced. (37-39) and its protein crystal structure
resolved,(40,41) but its fine specificity profile and the
precise combining sites have not been established.
Furthermore, the binding relationship of lectin determinants among II, T and Tn in ricin was obscure.(42-44)
Therefore, in the present study, we characterized the
binding properties of ricin by quantitative precipitin
(QPA) and precipitin-inhibition assays (QPIA) which
can provide insight into the specificities and size
parameters for its combining site. During the past
two to three decades, this system has been used as an
important tool to characterize the affinity of lectins.(4)
In this study, the blood group precursor equivalent gps (Structure 1), such as cyst Mcdon P-1 and
Beach P-1 were the best and precipitated over 80%
of the lectin N. Of the soluble complex carbohydrates tested, only twelve of them precipitated over
50% of the toxin N added. This result indicates that
ricin has a poor precipitability. This can be explained
by only a single chain (B chain of the molecules)
responsible for binding. The blood group active glycoproteins after mild acid hydrolysis or Smith degradation as well as sialic acid containing glycoprotein
after removal of sialic acid, in general, had substantially increased binding activity. This result is in
good agreement with Baenziger and Fiete (43) who
reported that the presence of sialic acid substituents
on Gal of I/II or T/Tn markedly reduced the binding
reactivity. Thus, sialic acid plays an important masking effect on cell interactions. The poor precipitation
of ricin with the active and inactive antifreeze glycoproteins, which are composed of repeat units of Gal
1-3GalNAc can be ascribed to the glycotopes
masked by steric effects or GalNAc for reaction.
This case may be similar to the result obtained by
another T-specific lectin, amaranthin of the seeds of
Amaranthus caudatus.(45) The poor reactivity of ricin
with desialized ovine submandibular gps, which contains over 75% of Tn determinants and asialo
armadillo salivary gps whose carbohydrate side
chains are exclusively made up of Tn determinants
(Table 2) can be explained by the high-density of Tn
residues along the peptide chains which prevents the
lectin domains to access the Tn glycotopes.
Among the monosaccharides tested for inhibition of precipitation of ricin, p-nitrophenyl Gal was
the best; this compound was 1.3-fold better than its
anomer. While methyl Gal was twice as active
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anomer, Gal and blood group B active disas its
accharides (Gal 1-3Gal) were 2.5 times more active
than GalNAc. Among the oligosaccharides tested,
Gal 1-3GalNAc (T) Gal 1-3/4GlcNAc (I/II), Gal
1-4Glc (L) and human blood group I Ma trisaccharide (Gal 1-4GlcNAc 1-6Gal) were about equally
active and the best inhibitors. They were about 2.0
and 2.4 more active than Gal 1-4Gal (E) sequence
and B determinant, respectively.
It is of interest to compare ricin (RCA 2) with
RCA1 (Ricinus communis agglutinin 1; Tables 3 and
4).(6,7) Ricin is a potent cytotoxin but a weak hemagglutinin, whereas RCA1 is a weak cytotoxin and a
powerful hemagglutinin. As illustrated in Table 3,
the interaction of ricin with simple sugars is similar,
but not identical to that of the agglutinin (RCA1).
Melibiose and raffinose were 80% and 60% less
active than Gal in causing inhibition of the precipitin
reactions of glycoproteins by ricin; both results are
different from those found with the agglutinin.
Though N-acetyllactosamine (Gal 1-4GlcNAc) and
human blood group I Ma trisaccharide (Gal 14GlcNAc 1-6Gal) are 6.4 and 9.1 times more effective as inhibitors of the agglutinin than Gal, p-NO2
phenyl Gal was the best inhibitor of the agglutinin
and 6.3 times more potent than the methyl analogue.
On the otherhand, ricin showed equal potency with
type II, L (Gal 1-4Glc), T structure (Gal 13GalNAc), blood group I Ma-active trisaccharide
and Gal 1-4Man. Besides, in both toxin and agglutinin, the specificity for p-nitrophenyl and methyl
glycosides, the -anomer of Gal is preferred over
the -anomer, and that hydrophobic forces are
important for interaction. However, the ratio of
GalNAc/Gal in ricin was 20 times less than that of
agglutinin (Table 4). Furthermore, the relative
inhibitory power of some important oligosaccharides
with ricin and RCA 1 differs considerably. For
instance, the values of the relative potencies of Gal
1-4GlcNAc (II), Gal 1-4GlcNAc 1-6Gal (I Ma),
p-NO2 phenyl Gal, and Gal 1-3GalNAc (T) are
strikingly different. These variations support the concept that every lectin with its unique amino acid
sequence has its own binding characteristics.(46)
Overall, the conclusions of this study are the
following: [a] from the present and previous results,
it can be deduced that the combining site of lectin
domains in ricin should be a shallow groove-type,
recognizing Gal 1-4Glc as the major binding site;
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Table 4. Variations in Binding to Monosaccharides and Their Glycosides of Ricin and RCA1*
Lectin

Specificity for
p-nitrophenyl glycosides

Specificity for
methyl glycosides

Hydrophobicity (p-nitrophenyl
vs methyl glycosides)

GalNAc/Gal (RP)†

Ricin
RCA1 (6, 7)

>
>

>
>

yes
yes

2.5
50.0

* Values are calculated from moles required for 50% inhibition.
† Expressed as reciprocal of relative potency.

[b] its binding size may be as large as a trisaccharide
of the -anomer of Gal; [c] illustration of the high
specificity of ricin for clustered II/I and Tn glycotopes (Fig. 1; Table 2); [e] configuration at carbon-2,
-3, -4 and -6 are essential for binding; [f] hydrophobic forces are important for Gal - interaction (Fig.
2); [g] Gal was 2.5 times more active than GalNAc,
indicating that CH 3CO in NH.CH 3CO decreases
reactivity; [h] sialic acid blocks the access of reactive
glycotopes to ricin binding; and [i] on a micromolar
basis, the carbohydrate specificity of ricin for mammalian disaccharide structural units can be mapped
as: II/I ≥ L ≥ T > E > B. This study not only demonstrates the structural basis for the interaction of ricin
with natural glycans and oligosaccharides, but also
explains the biological activities of ricin with respect
to toxin-receptor recognition processes.
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