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Isolation and Characterization of Two Korean Mistletoe Lectins
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Two isolectins (KML-IIU and the KML-IIL) were

individually isolated from the previously reported Korean

mistletoe lectin, KML-C, by using an immunoaffinity

column. Molecular weights of the KML-IIU and the

KML-IIL were 64 kDa and 60 kDa respectively. Both of

the lectins were composed of heterogeneous A and B

subunits linked with a disulfide bond, and showed the

same carbohydrate-binding specificities for Gal and GalNAc.

However, they are different not only in biophysical

properties (glycosylation and amino acid compositions)

but also bioactivities (cell killing and cytokine induction).

The KML-IIL showed 17-145 times stronger in cytotoxicities

to various human and mouse cancer cell lines than the

KML-IIU. The KML-IIL also induced TNF-α secretion

from mouse peritoneal macrophages 4.5 times better than

the KML-IIU. The results demonstrated isolectins in

Korean mistletoe were varied in bioactivities and the

KML-IIL may be developed as an anti-cancer agent.

Keywords: Cytotoxic effect, Glycosylation, Isolectin, Mistletoe,

TNF-α

Introduction

Mistletoe extracts have been widely used as anti-cancer agents for

various kinds of cancers (Beuth et al., 1992; Friess et al., 1996;

Schink, 1997; Steuer-Vogt et al., 2001). Anti-cancer activities of

those mistletoe extracts are attributed mainly to lectins in the

mistletoe (Hajito et al., 1989; Beuth et al., 1993). Mistletoe

lectins consist of A and B subchains linked with a disulfide bond,

and are classified as ML-I, ML-II, and ML-III, depending on the

specificities to kinds of sugars. Many studies have demonstrated

the mistletoe lectins show anti-cancer activities in vitro as well as

in vivo (Franz et al., 1981; Schumacher et al., 1994; Schumacher

et al., 1995; Büssing et al., 1996; Ribereau-Gayon et al., 1996;

Ribereau-Gayon et al., 1997).

Although most of the European mistletoe lectins belong to

ML-I group (Gal-specific), Korean mistletoe lectin is categorized

as ML-II type specific to both Gal and GalNAc (Lee et al.,

1999; Yoon et al.,1999). Korean mistletoe lectin-C (KML-C)

has shown a strong anti-tumor activity through an apoptosis-

mediated cell killing and/or an immune cell-mediated cell

killing (Yoon et al., 2003). An activity of the KML-C in

cytokine induction (TNF-α, IL-2, IFN-γ, and IL-4) increases a

significant level of antigen-specific cellular and humoral

immune responses in mice. (Yoon et al., 2001). In addition,

the KML-C has shown strong adjuvant effect on the mucosal

immune system. When the KML-C was intranasally

administered to mice along with inactivated influenza virus

antigens, both humoral and cellular immune responses of the

mucosal as well as the systemic immune system were

significantly enhanced. The immunized mice were protected

from homologous as well as heterologous viral challenges

(Song, S. K. and Zina, M., unpublished data).

The KML-C existed as a form of mixture of two lectins,

those of which sizes are very alike each other. The KML-C

has shown clear discrepancies from the European lectins in

molecular weights, sequences of protein and nucleic acids,

patterns of glycosylation, and existence of isotypes (Yoon et

al., 1999; Park et al., 2001). In order to study underlying

mechanisms involved in adjuvant effects of the KML-C,

further purification of the KML-C into individual lectins is

required. In this paper, we report isolectins (KML-IIU and

KML-IIL) purified from the KML-C using an affinity

chromatography and their physicochemical properties and

bioactivities. Molecular weights of the KML-IIU and the
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KML-IIL were 64 kDa and 60 kDa respectively. In comparison

to the KML-IIU, the KML-IIL showed 17-145 times higher

cytotoxicity to various human and mouse cancer cell lines,

and a significantly higher level of TNF-α release from

peritoneal mouse macrophages.

Materials and Methods

Isolation of KML-C. The KML-C was isolated from Korean

mistletoe described previously (Yoon et al., 1999). Briefly, mistletoe

leaves were powdered, blended, and extracted in 0.15 M NaCl-

10 mM sodium phosphate buffer (PBS, pH 7.4) for 8 h at 4oC.

After centrifugation at 10,000 g for 20 min, the supernatant was

filtered through a Wattman filter paper (0.45 mm), adjusted to be

saturated in 70% ammonium sulfate, and left for 2-3 h at 4oC. The

precipitate was dissolved in PBS, dialyzed several times against the

same buffer, and then applied to an acid-treated Sepharose column.

After washing the column with PBS to remove unbound protein,

the bound proteins (KML-C) were eluted with 0.1 M lactose in

PBS. The fractions were pooled and dialyzed against PBS and

stored at −20oC until used. The purification process was performed

under acidic conditions (3% acetic acid) in order to eliminate or

significantly reduce any possible endotoxin effect. Possible residual

endotoxin was removed further by passing the purified lectin

through the Detoxi-Gel Endotoxin Removing Gel (Pierce Biotechnology,

Rockford, IL 61105, USA).

SDS-polyacrylamide gel electrophoresis (SDS-PAGE). SDS-

PAGE was carried out as described elsewhere (Laemmli, 1970).

Lectins were electrophoresed in the polyacrylamide gel (0.1% SDS

and 12.5% polyacrylamide) after treatment with or without 2-

mercaptoethanol. Protein bands were analyzed by staining the gel

with Coomassie Brilliant Blue R-250.

Preparation of monoclonal antibody specific to KML-IIU.

Monoclonal antibodies specific to KML-IIU or KML-IIL were

generated as described previously (Kang et al., 2001). Briefly,

hybridoma was obtained by fusing spleen cells of the Balb/c mice

immunized with purified KML-C with SP2/0 myeloma cells. The

fusion cells were cloned by limiting dilutions and the individual

cells were amplified by further culturing the cloned cells. The

culture supernatant containing antibodies was analyzed for specificity

for KML-IIU or KML-IIL by an ELISA. Specific monoclonal

antibodies were enriched through a protein-G affinity chromatography.

Preparation of immunoaffinity column and isolation of two

lectins from KML-C. KML-IIU-specific monoclonal antibodies

were conjugated with the Sepharose in a hydroxysuccinimide-

activated hitrap affinity column (NHS, Pharmacia Biotech, Sweden),

according to the manufacturer’s instruction. Briefly, the KML-C

(1 mg) was applied to the immunoaffinity column (0.7 × 2.5 cm,

volume 1 ml, bead structure 34 µm). Initially, unbound proteins

(KML-IIL) were collected by washing the column with PBS, and

then the proteins bound to the column (KML-IIU) were eluted with

glycine-HCl (pH 2.8) buffer. Fractions of the KML-IIL or the

KML-IIU were pooled, dialyzed against PBS, and stored at −20oC

until used.

Western blot analysis. Lectins electrophoresed through a 12.5%

SDS-polyacrylamide gel were transferred onto a nitrocellulose

membrane using a semi-dry type blotter. The nitrocellulose membrane

was blocked with PBS containing 5% non-fat dry milk and

incubated with specific monoclonal antibodies (1 : 2500). After

washing, the blot was incubated at room temperature (RT) with

Rabbit anti-mouse IgG conjugated with alkaline phosphates

(CAPPEL, 1 : 1000) and then treated with bromo-4-chloro-3-

indolyl phosphate/nitro blue tetrazolium (BCIP/NBT).

Hemagglutination and inhibition assay. Human type B red blood

cells (RBC) were processed and resuspended in PBS to be 2% of

the blood volume. Using 96-well plates, 50 µl of the RBC were

mixed with 50 µl of medium containing the lectin in two-fold serial

dilutions and then incubated for 1 h at RT. Hemagglutination

activity of the lectin was monitored by a light microscopy. For an

assay of hemagglutination inhibition, 25 µl of lectin solution was

mixed with the same volume of carbohydrates in PBS. After

incubation for 30 min at RT, the mixture of lectin and sugar was

added to the RBC (50 µl) and incubated further for 1 h at RT.

Detection of glycosylation of lectins. Glycosylation of the purified

lectins was identified by using a commercially available kit (DIG

Glycan Detection Kit, Roche). Detection of the glycosylation was

performed by following the manufacturer’s instructions. Briefly,

hydroxyl groups in conjugated sugars were oxidized into an

aldehyde group by mild periodate treatment. The spacer-linked

steroid hapten digoxigenin (DIG) was then covalently attached to

this aldehyde group via a hydrazide group. DIG-labeled glucoconjugates

were subsequently detected in a DIG-specific ELISA.

Amino Acid composition analysis. Amino acid compositions of

the lectins were analyzed using a Pico-Tag Free Amino Acid

Analysis column (3.9 × 300 mm) and a Waters HPLC system.

Lectins were hydrolyzed with 6 M HCl at 110oC for 24 h in sealed

evacuated tubes. The hydrolyzed proteins or free amino acids were

derivatized for 15 min using a specific solution (ethanol/distilled

water/triethylamine/phenylisolthiocyanate, 7/1/1/1, v/v).

Cytotoxicity test. Various cells were incubated with different

concentrations of lectins for 48 h in 96 well-plates. Survivability of

the cells was determined by the XTT (2,3-Bis(2-methoxy-4-nitro-5-

sulfophenyl)-2H-tetrazolium-5-carboxanilide) method as described

previously (Goodwin et al., 1995). Briefly, XTT (1 mg/ml) and

PMS (N-methyl dibenzopyrazine methyl sulfate) (5 mM) were

dissolved in a pre-warmed (37oC) culture medium and in PBS

respectively. For cytotoxicity assay, 50 µl of the PMS-XTT solution

(a mixture of 25 µl of the PMS solution and 5 ml of the XTT

solution) was added to each well. After incubation for 4 h at 37oC

in a humidified atmosphere with 5% CO2, the plates were measured

the absorbance at 450 nm with a multi-scan plate reader (Pharmacia

Bio-Tech.) following a brief shaking.

TNF-α assay. Thioglycollate-elicited macrophages were harvested

from the peritoneal lavage of balb/c mice at 4 days post injection

i.p. of 2 ml thioglycollate medium (Sigma). The cells were washed

with RPMI-1640 and cultured for 3 h at 37oC with 5% CO2 in a

humidified condition in the same medium supplemented with 10%
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(v/v) FBS, 2 mM L-glutamine and penicillin/streptomycin (Gibco

BRL). Nonadhering cells were removed by washing with ice cold

PBS and decanting the solution. The remaining attached cells were

then treated with the indicated concentrations of KML-IIU or

KML-IIL and incubated further for 24 h. TNF-α released in the

culture medium was measured using an ELISA kit (R&D System).

Protein concentration. Protein concentration was determined by

the BCA method (Smith et al., 1985) using a commercially available

assay kit (Pierce, NY, USA).

Results and Discussion

Isolation of two mistletoe lectins. Previously, KML-C was

isolated from the extracts of Korean mistletoe (KM110) using

Sepharose affinity chromatography (Yoon et al., 1999). As

shown in Fig. 1A, the KML-C contained 4 bands under the

reducing condition generated by 2-mercaptoethanol treatment,

suggesting that the KML-C is a mixture of two lectins. (Fig.

1A and 1D). In order to further purify the lectins from the

KML-C, an immunoaffinity column was generated using

KML-IIU-specific monoclonal antibodies (Fig. 1B). The

KML-C was individually separated by the immunoaffinity

column as indicated in Fig. 1C and 1D. The study revealed

that the KML-C was composed of 65% of KML-IIU and 35%

of KML-IIL. This finding supports the previous report that

multiple isotype lectin genes exist in Korean mistletoes (Park

et al., 2001), which do not exist in European mistletoes (Wu et

al., 1992; Eschenburg et al., 1998; Eck et al., 1999; Bantel et

al., 1999; Krauspenhaar et al., 1999).

Biophysicochemical properties of the lectins. The molecular

weights of the KML-IIU and KML-IIL were 64 kDa and

60 kDa respectively and each of the isolectins was composed

of A and B subchains as shown in a reducing condition of

treatment with 2-mercaptoethanol (Fig. 1D). Since molecular

weights the two lectins were very similar to each other,

separation into an individual lectin was not possible at that

time (Yoon et al., 1999). The amino acid composition of the

isolectins was analyzed using a combination system of an

amino acid analysis column and a HPLC. As indicated in

Table 1, the two lectins were very similar to each other in

amino acid compositions except for minor differences; while

Fig. 1. (A) SDS-PAGE analysis of KML-C under reducing condition, (B) Western blot analysis with the KML-IIU-specific monoclonal

antibody. KML-C (1 mg) was separated by 12.5% SDS-PAGE under reducing condition and stained with Coomassie blue or subjected to

Western blot analysis. (C) Isolation of two isolectins from KML-C by immuno-affinity chromatography. The lectin mixture (KML-C)

purified by acid-treated Sepharose was applied on a Sepharose column conjugated with KML-IIU-specific monoclonal antibodies. The

unbound protein (KML-IIL) was harvested and then the bound protein (KML-IIU) was eluted with 0.1 M glycine-HCl buffer (pH 2.8). (D)

SDS-PAGE analysis of two isolectins isolated from KML-C under non-reducing or reducing (with 2-mercaptoethanol, 2-ME) conditions.

The lectins (1 mg) were separated in 12.5% SDS-polyacrylamide gel and stained with Coomassie Brilliant blue. Lanes: M. molecular marker

in kDa; 1. KML-IIU; 2. KML-IIL
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the KML-IIU showed higher contents of Thr, Lys, and Asx,

the KML-IIL contained Gly, Glx, and Ala more. As indicated

in Table 2, the two isolectins of KML-C showed stronger

affinities to lactose than the two sugars explained above. This

seems to be a reason why the isolectins were isolated together

because the KML-C was separated using an acid-treated

Sepharose column. The lectins were then tested for their

sugar-binding activities through a hemagglutination assay

using human erythrocytes. The two isolectins were similar to

each other in hemagglutination activities and also to the

KML-C, a mixed form of the two as shown in Fig. 2. In

addition, the two isolectins showed strong affinities to both

Gal and GalNAc, which is typical in ML-II type lectins.

However, the isotype lectins demonstrated higher binding

activities to lactose than to those sugars (Table 2). Glycosylation

of the two mistletoe lectins was determined using a method to

detect glycans of the lectins after labeling with digoxigenin.

As demonstrated in Fig. 3, glycosylation patterns of the two

lectins were different: the KML-IIL was glycosylated only on

the B subchain unlike the KML-IIU which was glycosylated

on both subchains.

Biological activities of the lectins. Mistletoe extracts have

been increasingly used for cancer treatment. One of the major

bioactive components of the mistletoe extracts was known to

be a lectin. Several studies have suggested that anticancer

Table 1. Amino Acid compositions of KML-IIU and KML-IIL

Amino acid
M% Amino Acid

KML-IIU KML-IIL

Asx

Glx

Ser

Gly

His

Arg

Thr

Ala

Pro

Tyr

Val

Met

Ile

Leu

Phe

Lys

11.8

10.29

11.02

8.64

0.96

6.97

9.68

5.86

5.28

1.48

6.56

1.13

5.59

8.12

3.06

2.61

10.9

11.3

10.39

10.70

1.22

6.39

8.43

6.69

5.01

1.52

6.20

1.36

5.29

8.07

3.53

1.53

Cystein and Tryptophan were not determined. Composition is

expressed as weight of each protein.

Fig. 2. Hemagglutination of human erythrocytes (type B) treated

with Korean mistletoe lectins. 50 ml of samples in serial dilution

were mixed with 50 ml of erythrocyte suspension in PBS (2% of

blood volume) and incubated for 1 h at room temperature.

Untreated erythrocytes were used as control.

Table 2. Inhibition of lectin-mediated hemagglutination by sugars

Lectins

Minimum concentration of sugars (µM)

Galactose Lactose
N-acetyl

galactosamine

KML-IIU 12.5 3.125 6.25

KML-IIL 12.5 3.125 6.25

Inhibition of hemagglutination of the isolectins was tested by

adding different kinds of sugars in various concentrations to

determine specificities of the lectins. 25 µl of various concentra-

tions of sugars were mixed with 25 µl of KML-IIU or KML-IIL

(32 mg/ml) and pre-incubated for 30 min at room temperature.

50 µl of human erythrocytes (2% suspension) were then added

and incubated for 1 h at room temperature.

Fig. 3. DIG Glycan detection of KML-IIU and KML-IIL to identify

glycoprotein. The lectins (40 mg) were oxidized and labeled with

digoxigenin (DIG) according to the manufacturer’s instruction. The

labeled lectins (1 mg per lane) were separated on the 12.5% SDS-

polyacrylamide gel and transferred to nitrocellulose membrane. The

conjugated DIG was then detected by an enzyme immunoassay.

Transferrin and creatinase were used as control-glycoprotein (+

con) and non-glycoprotein control (− con) respectively. 1. + con, 2.

– con, 3. KML-IIU, and 4. KML-IIL.
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activities of the mistletoe lectins were attributed to cytotoxic

properties and immunomodulatory effects of the lectins

(Hajito et al., 1990; Dietrich et al., 1992; Beuth et al., 1993;

Janssen et al., 1993; Büssing et al., 1996; Büssing et al.,

1999). Therefore, for determining bioactivities of the lectins,

cytotoxicities and cytokine inducing activities were tested.

Cytotoxic effects of the KML-IIU and the KML-IIL were

investigated on various human and mouse cell lines. As

shown in Table 3, both of the mistletoe lectins showed strong

cytotoxicities to all the cancer cell lines tested. The KML-IIL,

however, was much stronger in cytotoxic properties than the

KML-IIU; the KML-IIL was 17 to 145-fold more toxic to the

cells than the KML-IIU depending on the kinds of cell lines.

The lectins were also cytotoxic to primary mouse splenocytes,

suggesting that the lectins were not cancer cell-specific in cell

killing activities (data not shown). The lectins were then

studied for their activities in TNF-α release from mouse

peritoneal macrophages in an endotoxin-free condition (Fig.

4). Although both of the lectins induced TNF-α secretion

from the macrophage cells, the KML-IIL, like the case in

cytotoxicity, was more potent than the KML-IIU.

Although the isolectins were similar in hemagglutination

activity and sugar specificity, biological properties of the lectins

were significantly different from each other. The KML-IIL

was 17 to 145 times more toxic than the KML-IIU to various

human and mice cancer cell lines. These diversities in cell

killing activities of the isolectins were shown even similar

affinities to Gal and GalNAc (Fig. 2), suggesting that cytotoxicity

of the lectin is independent of the concentration of Gal or

GalNAc on cell surface. Although glycosylation on the KML-

IIU but absence of glycosylation on the KML-IIL A subchain

may contribute for the differences in biological properties of

the two isolectins, this possibility is certainly to be confirmed

by further experiments.

A therapeutic index of the immunotoxin made of a ricin

lectin was significantly improved in tumor-bearing mice when

the subchain A was deglycosylated (Thorpe et al., 1988). This

result suggests that glycosylation affects on the bioactivity of

the ricin lectin. It has been well known that carbohydrate

moieties on the cell surface polypeptides influence characteristics

of the proteins like conformational ability, protease resistance,

charge, and water binding capacity (Cumming, 1991). In other

report, however, a plant-derived lectin and its recombinant

version have no detectable differences in biological activities

(Eck et al., 1999), suggesting that glycosylation may not

affect on the bioactivities of the lectin. Considering the

controversial results discussed above, exact contribution of

glycosylation on bioactivities of plant-derived lectins is still in

question. Amino acid sequencing and gene cloning of the

KML-IIU and the KML-IIL are currently underway. Further

structural and functional studies using the wild type isolectins

and the recombinant counterparts may clarify the issue.

In conclusion, we report two isotypes of Korean mistletoe

lectin having the same sugar specificity but very different in

cancer cell killing activity and cytokine induction capability.

Although the structure/function correlation between the

KML-IIU and the KML-IIL has not been elucidated in detail

here, this correlation may be of great importance and be a

topic for further investigation in anticancer activities and in

immunomodulatory activities. The results suggest the Korean

mistletoe isolectins have a great potential to be developed as

therapeutic agents of cancer.
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Table 3. Comparison of cytotoxicity against various tumor cells

between KML-IIU and KML-IIL. 

Name Origin
ED50 value (ng/ml)

KML-IIU KML-IIL

Sarcoma-180 Mouse 29 0.2

U937 Human 20 0.3

3T3-A31 Mouse 25.5 1.1

P388D1 Mouse 30 0.3

L1210 Mouse 28 0.6

HL-60 Human 30 0.8

Colon-M31 Mouse 42 1.3

RAW264.7 Mouse 19.8 1.2

Cells (1-5 × 104cells/well) were incubated with indicated concen-

trations of lectins for 48 h in 96-well-plates. The cell viability

was measured by XTT method. The data were represented as

ED50 values in triplicate.

Fig. 4. TNF-α induction by mistletoe lectins. Thioglycollate-

elicited peritoneal macrophages (1 × 106) were incubated with the

indicated concentration of KML-IIU or KML-IIL for 24 h, and

TNF-α released to the medium was measured by ELISA. These

data are from three independent experiments.
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