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Abstract. From mistletoe extracts, a chitin-binding lectin gens of natural rubber latex. cbML could also be detected in
(cbML) was isolated and its primary structure determinedcommercially available pharmaceutical mistletoe extract prep-
The protein is composed of two identical protein chains, linkedarations. The described isolation procedure and characteriza-
by am interchenary disulfide bond. Each chain is charactettion allows isolation of cbML in highly pure form and suffi-
ized by four intrachenary disulfide bridges. The structurecient quantities, now ready for unequivocal determination for
shows high homology to hevein, one of the prominent allerits pharmacological effects.

Mistletoe extracts are multicomponent mixtures, as it iExperimental
usual for plant extracts. Low molecular weight plant
constituents like alkaloids, plant acids, phenylpropanévaterials

derivatives, terpenes, amino acids, amines as well 8§ experiments were carried out with material from a single
high molecular weight compounds like viscotoxins, mistletoe plant, collected from an apple trbfalus domes}
pectins, arabinogalactans and lectins (ML-l, ML-Il, ML- in the middle of September 1999. The plant was freed from
[11) were identified [1]. About 10 years ago,vivostud-  the berries and stored at—20 °C until use. All other chemicals
ies on animals and humans gave the first indication thatsed for the work were purchased from Sigma-Aldrich Chemie
ML-I causes a significant increase and activation ofémbH (Taufkirchen, Germany) or Merck Eurolab GmbH
natural killer cells and enhances phagocytic activity o Parmstadt, Germany).

granulocytes and monocytes [2, 3]. Recently, we could

demonstrate that cultures of peripheral blood lym-Isolation of the Chitin-binding Mistletoe Lectin (cbML)

phocytes with ML-1 led to the expansion and activation, .., o5 and branches of mistletoe were cut into small pieces,
of T-cells [4]. F_urthermore, we _Showe_d that th_e tréatyrozen in liquid nitrogen and powdered in a Waring Commer-
ment of leukemic T- and B-cell lines with ML-l induc- ¢ja| Blendor (Dynamics Corp. of America, New Hartford,
es apoptosis which prior requires activation of proteasconneticut, USA). The fine ground tissue was extracted with
es of the caspase family [5]. Such effects of ML-I on0.5 M NacCl solution (200 ml/100 g plant material) by stirring
cells of the immune system are at present time intenat 4 °C over night. The suspension was filtered through a
sively studied inin vitro test systems, animal experi- nylon cloth and centrifuged at 60@P%or 30 min at 4 °C.
ments [6] and human trials [7] and their therapeuticaSolid CaC} (1.5 g/l) was added to the decanted supernatant
values are under evaluation [8]. These results prompted'd the pH was raised with 3 M NaOH to pH 9.0. The prepa-
us to put efforts into the detailed primary and confor-/ation was kept at 4 °C for 5 hours, and the pre‘f,'p'ta}]e was
mational structure of ML-I, to rationalize the biological removed by centrifugation at 80apéor 30 min at 4 °C. The

. . H of the supernatant was adjusted to 7.0 (with 3 M HCI), the
and medical effects on a molecular basis [9—-13]. In théxtract clarified by centrifugation under the same conditions

course of our work on the isolation of ML-I, Il and Ill, a5 described above and loaded onto a column (1.6 x 10 cm:
we currently came across with a protein component 0fo ml bed volume) of chitin beads (New England Biolabs,
a molecular mass of approximately 12000 Da with chiiNew York, USA), equilibrated with 0.5 M NaCl in 50 mM
tin-binding properties [14]. This compound, accordingsodium phosphate buffer, pH 7.2. Unbound proteins were re-
to our observations, is also present in pharmaceuticanhoved by washing the column with the same buffer until the
preparations. Mainly for this reason, we started studiegPsorbance at 280 nm decreased below 0.01. The chitin-bind-

on the isolation, structural identification and bioactivi- N9 Mistletoe lectin was eluted from the column with 20 mM
ty of this biomolecule. acetic acid, dialyzed against water and lyophilized [15].
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Reverse Phase High Performance Liquid Chromatographythe modified protein was collected and recovered by lyophyl-

The lyophilized chitin-binding mistletoe lectin, isolated by 2210

affinity chromatography as described above, was purified b

reverse phase high performance liquid chromatography (Rl%ggg/matlc Digestion and HPLC Fractionation of the Pep-
HPLC) on a Nucleosil 100 C18 column (7 pm, 250 x 10 mm;
Macherey-Nagel, Diren, Germany) using sOFFA (tri- Digestion of the reduced and alkylated chitin-binding lectin
fluoroacetic acid)/CECN gradient system. More detailed with endoproteinase Lys-C (enzyme:substrate = 1:40) was
chromatographic conditions are given in the legends of thearried out in 25 mM Tris-HCI containing 1mM EDTA and
corresponding figures. After collection, the protein fractions5% acetonitrile, pH 8.5, at 37 °C for 16 h [21]. The resulting
were lyophilized and further analyzed. peptides were fractionated by RPHPLC on a Grom-Sil 100
C18 column (5 um, 250x 4.6 mm; Grom, Herrenberg Kayh,
SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE)  Germany) with: eluent A, 0.1% TFA in water; eluent B, 80%
: acetonitrile in A; gradient program: 0% B for 5 min, then 0%
CbML preparations were analyzed by SDS-PAGE as defo 60% B in 45 min at a flow rate of 1.0 ml/min. Eluted pep-

scribed 'by Lalenérlnli [16]6 usin_g a3.0% s_tadcking and a 120/‘ﬁges were detected by UV absorbance at 214 nm, collected
separating gel. Electrophoresis was carried out at a const o '
voltage of 60 V for 30 min and then over 2 hours at a constaarﬁ“’mualIIy and recovered by lyophylization.

voltage of 150 V. Amino Acid Sequence Analysis
Mass Spectrometric Analysis Automated Edman degradation was performed by using an

Mass spectrometry (MS) was performed using a matrix-as'—o‘pp“ed Biosystems pulsed liquid sequencer model 473A

sisted laser desorption ionization — time of flight (MALDI- gx}/grllt%?ﬁ%tihe(gﬁinﬁmgt]i\?gsI'[g%]?ﬁflssegfjtehnecgrlﬁntﬁle
TQF) Instrument (Kratps Kompact MALDI II; Kratos Ana- peptides, dissolved in 0.1% (v/v) TFA and spotted onto poly-
Iytical, Manchester, United Kingdom) [17]. The samples WeTChrene-coated filters, was evaluated by comparing the HPLC
dissolved in 0.1% (v/v) TFA in water, aliquots of 0.5 pl were chromatograms of standard PTH-derivatized amino acids with
mixed with 0.5 pl matrix solution and applied on a Stalnlesﬁhe profiles produced by sequential Edman degradation of
steel slide. The droplet was allowed to dry at atmospherl?he rotein fragments

pressure and the sample slide was loaded for analysis into the P 9 '
mass spectrometer. As matrix, a mixtureagetyano-4-hy-
droxycinnamic acid and 2,5-dihydroxybencoatic acid in 70%
acetonitrile and 0.1% TFA was used [18]. MALDI-MS spec- Agglutination assays were carried out in 96 well microtiter
tra were calibrated using several peptide ion peagsqub-  plates in a final volume of 0.1 ml containing 50 pl of a 2%
stance Rz 1348.7; bovine ubiquitim/z8565.9) as stand- suspension of washed red blood cells in PBS (phosphate buff-

Haemagglutination Assays

ards. ered saline) and 50 pl of a twofold serial dilution of the lectin
sample solution (initial concentration 1 mg/ml) with PBS.
Amino Acid Analysis Agglutination was controlled visually after 1 h at room tem-

perature. Haemagglutination units were defined as maximum
ilution factor of sample solution in which clear agglutina-
ion was detectable. Papaine treatment of erythrocytes was

;.[Jerformed as follows: 1.5 ml of a 2% suspension of washed

(Eppendorf-Biotronik, Hamburg, Germany). Amino acids red blood cells in PBS ( . . .
o . iy , X ; pH 7.3) was mixed with 2 mg papaine
were quantified with post-column ninhydrin detection [19]. in a volume of 500 pl PBS. After incubation for 30 min at

The results were edited using our developed calculation Pro37ocin a thermomixer, the cells were centrifuged for 2 min

gg?‘mhggrsnec?ngnﬁ: aosftAV\)/are Fxcel 97 (Microsoft Cooperaét 2000xg and the supernatant was discarded. The cells were

resuspended in 2 ml PBS and the washing procedure repeat-
ed four more times. Finally, the cell suspension was reconsti-
tuted with 1.5 ml PBS and stored at 4 °C until use.

For determination of the amino acid composition of the pro-
tein, a sample of 299.7 ug was hydrolyzed in 6 M HCl at 11
°C for 24 h and analyzed by a LC 3000 amino acid analyze

Reduction and Alkylation of Cysteine Residues

Reduction of lyophilized chitin-binding mistletoe lectin
(2.8 mg) with 2-mercaptoethanol (7 pl) was carried out in aProtein Similarity Search and Sequence Alignments

final volume of 1 ml 0.25 M Tris/HCI, 6 M guanidine-hydro- The sequence, derived fra¥terminal amino acid sequenc-

chloride, 1 mM EDTA, pH 8.5, at RT for 16 h in the dark. . ; . ; :

! . V ' ; .- ing, was compared against published protein sequences with
Then, 10 ul of vinylpyridine was added and the reaction mix- N .
ture was stirred in the dark for 4 h [20]. The alkylated chLthe program PSI-BLAST [23] at NCBI (National Center for

iotechnology Information). Multiple sequence alignments
was desalted by RP-HPLC °k!‘ arI\ Aquapore RP300 dC8 COv'%ere performed and presented using the software ClustalX
umn (7 um, 30 x'2.1 mm; Perkin Elmer AB, Weiterstadt, Ger—[24] and GeneDoc [25].
many). The elution was performed using the following con-
ditions: eluent A, 0.1% TFA in water; eluent B, 0.085% TFA,
80% acetonitrile and 20% water; gradient program: 0—80%Results
B in 60 min at a flow rate of 0.2 ml/min. The absorbance of

the eluate was recorded at 214 nm. The fraction containingo avoid isolation of isoform mixtures from different
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plant species, a single mistletoe plant, growing on amvith 0.5 M NaCl in 50 mM sodium phosphate buffer,
apple tree, was used as starting material for the isolatiqoH 7.2, for several hours to remove unbound material
of the chitin-binding protein. Leaves and branches weref the plant extract. At absorption of the eluate below
cut into small pieces , frozen in liquid nitrogen, pow- 0.05, the chitin-binding mistletoe lectin was eluted from
dered and extracted with a sodium chloride solutionthe column using 20 mM acetic acid as eluent (Fig. 1).
After filtration of the suspension through a nylon cloth, Protein-containing fractions were pooled, dialyzed
centrifugation, adding Cagladjusting the pH to 9.0 against distilled water and lyophilized.
with NaOH, followed by another centrifugation step, the Further purification of the isolated chitin-binding mis-
supernatant was adjusted to pH 7.0. After the final centletoe lectin by RP-HPLC resulted in three fractions (Fig.
trifugation procedure the extract was loaded onto a chi2, peaks 1, 2, 3) with retention times between 30 and 45
tin beads column. The loaded column was then washeaiinutes. TheN-terminal amino acid sequences of the
three fractions were identical for the first five amino

. acids. The peak fractions with retention times larger than
’ 60 minutes consisted of a mixture of different compo-
10 nents as indicated by Edman degradation. In this com-
c
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Fig. 1 Affinity chromatogram of the mistletoe plant extract.
Column: Chitin beads ( 10x1,6 cm; New England Biolabs, 20000 =it
New York, USA). Washing buffer: 0.5 M NaCl in 50 mM ol 10000
sodium phosphate, pH 7.2; elution buffer: 20 mM acetic acid —

Washing flow rate: 0.5 ml/min; elution flow rate: 0.7 ml/min.
Detection: UV afA = 280 nm. The arrow indicates start of the | 10000
elution.

Fig. 3 SDS-PAGE (3.0% stacking and 12% separating gel)
of reduced (B) and unreduced (A) chitin-binding mistletoe
lectin. Standard: 10 kDa protein ladder (Life Technologies,
Karslruhe, Germany) . Detection: Coomassie Blue G dye.
2 Lanes 1: 10 kDa protein ladder; 2: unreduced cbML; 3: re-
duced cbML; 4:10 kDa protein ladder.

w

munication we concentrate on detailed structure infor-
mation of fraction 3 only.

! For protein purity control and molecular mass deter-
J mination of fraction 3, SDS polyacrylamide gel electro-

Absorption (214 nm)

phoresis was carried out (Fig. 3). The unreduced pro-
tein showed a molecular weight of about 14 kDa, where-
T E——— as the reduced form migrated lower than 10 kDa. No
0 1 2 oo 4 %0 © 7 ®  further bands were detectable with the Coomassie stain-
Time (min) . . . . . .
, , o , _ing [26]. More precise information was obtained with
Fig. 2 HPLC profile of the chitin-binding mistletoe lectin 1A DI-MS analysis of fraction 3 (Fig. 4). A molecular

purified by affinity chromatography (see Fig. 1). Column: . SR —y
Nucleosil 100 C18 (7 um, 250x10 mm; Macherey-Nagel, TSS of 10847 Da was determined, which is in coinci

Diiren, Germany). Gradient: 27% B for 10 min, 27—40% B dence with the results obtained by acrylamide gel elec-
within 39 min, 40—100% B within 20 min: eluent A: 0.1% trophoresis. Furthermorm/zvalues of 5410, 3604 and

TFAin H,0; eluent B: 80% CKCN, 0.1% TFAIn HO. Flow 2705 were detectable in the lower mass range, corre-
rate: 1.2 ml/min. Detection: UV at= 214 nm. sponding to double-, three- and fourfold loaded species.

814 J. Prakt. Chen200Q 342 No. 8



Characterization of a Chitin-Binding Lectin from Mistletoe Extracts FULL PAPER

5409.6
100
] 3604.0

2704.8

10846.9

50

Relative Intensity

K JL i

T

. .
2000 4000 6000 8000 10000 12000

Mass/Charge

Fig. 4 MALDI-MS spectrum of purified chitin-binding mistletoe lectin. Matroxcyano-4-hydroxycinnamic acid. Number of
shots: 50. Laser power: 94. Wavelength: 337 nm

Table 1 Amino acid analysis of cbML after 24 h hydrolysis

Amino acid Concentration  Amount aa Calculated Theoretical Weight contribution
(aa) [nmol/ml] [nmol] number aa number aa of aa [ug]
Asx 880,12 264,04 6,05 6 30,39
Thr 415,27 124,58 2,85 3 12,60
Ser 368,82 110,65 2,53 3 9,64
Glx 718,39 215,52 4,94 5 27,82
Gly 883,61 265,08 6,07 6 15,14
Ala 312,69 93,81 2,15 2 6,67
Cys 1298,00 389,40 8,92 9 40,15
Val 5,29 1,59 0,04 0 0,16
Met 6,42 1,93 0,04 0 0,25
lle 141,46 42,44 0,97 1 4,80
Leu 264,62 79,39 1,82 2 8,99
Tyr 144,51 43,35 0,99 1 7,08
Phe 4,92 1,48 0,03 0 0,22
His 161,82 48,55 1,11 1 6,66
Lys 323,29 96,99 2,22 2 12,43
Arg 616,24 184,87 4,23 4 28,88
Pro 293,92 88,18 2,02 2 8,56
Trpd) 2,00 2 16,26
Sum 2051,82 49,00 49 b) 237,46
Average 43,66

Sample weight: 299,7 pg

Protein content of sample: 79,23%

a) The extrapolated values for Trp (2 residues) are based on the sequencing datm of all aa middle-unit contributions including one
average molar amount of water; aa: amino acid (residue)

For determination of the amino acid composition ofsequence data (see below).

cbML, the highly purified protein was hydrolyzed with ~ For primary structure elucidation of the chitin-bind-
6N HCI. The detection and quantification of the sepaing mistletoe lectin, the protein was reduced, alkylated
rated amino acids was achieved by post-column ninhyand digested with endoproteinase Lys-C. The resulting
drin derivatization. The obtained results are presentettagments were isolateda HPLC separation on a C18
in Table 1, characterizing cbML as rich of cysteine, gly-RP column (Fig. 5). Besides the three main fractions
cine and Asx residues. The determined amino acid rgL.C 1-3), a considerable number of further minor ones
tios are in close relation to the subsequently establisheaere detectedN-Terminal sequencing and MALDI-MS

J. Prakt. Chen00Q 342, No. 8 815
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Fig. 5 HPLC fractionation of the fragment mixture ob-
tained after endoproteinase Lys-C cleavage of the puri-
fied chitin-binding mistletoe lectin (Fraction 3, Fig. 2).
Column: Grom-Sil 100 C18 (5 pm, 250% 4,6 mm; Grom,
Herrenberg-Kayh, Germany). Gradient: 0% B for 5 min,
0-60% B within 45 min; eluent A: 0.1% TFA in,&;
eluent B: 80% CECN, 0.1% TFA in HO. Flow rate: 1.0
ml/min. Detection: UV aA = 214 nm.

5 10 15 20

analysis demonstrated that they resulted from incom-
plete alkylation and/or digestion of cbML (data not
shown). Therefore, only fractions 1—3 were further proc-
essed. Their primary structures were identified by Ed-
man degradation and confirmed by MALDI-MS meas-
urements (Fig. 6, Table 2). The amino acid sequence of
pyridylethylated intact coML could unequivocally be
identified up to residue 40. The information of the three
Lys-C peptides, together with tiNeterminus, allowed
the complete alignment of the cbML sequence, further-
more confirmed by MALDI-MS.

The highly purified cbML showed no agglutination
activity at an initial concentration of 1 mg/ml cbML,
neither against type A, B nor AB human erythrocytes.
However, a suspension of papaine-treated human red
blood cells of type B were agglutinated in a concentra-
tion of 1 mg/ml cbML. These results indicate a relative-
ly weak haemagglutination activity of cobML in contrast
to ML-I. For ML-I (see introduction), one of the major
bioactive components of mistletoe extracts, a minimal
agglutination concentration against papaine-treated hu-
man B erythrocytes of less then 1 pg/ml is observed
[27].

Discussion

Recently, Peumaret al [15] reported on the isolation
and partial characterization of a small chitin-binding
lectin. The published 268l-terminal amino acid resi-
dues are identical with the sequence of cbML, isolated
via affinity and subsequent HPL chromatography (Fig.
2, fraction 3). However, there is some doubt, if the par-

25 30 35 40 45

chL(1-40)IDHRCGREATPPGKLCNDGRCCSQWGWCGTTQAYCSGKCQ. .o

LC1 I DHRCGREATPPGK

LC2
LC3

c¢bML

Fig. 6 Complete amino acid sequence of the chitin-binding mistletoe lectin (cbML) as determined from overlapping sequencec

Lys-C fragments and its-terminus

LCNDGRCCSQWGWCGTTOQAYCS GK

CQSQCDCNRDL

I DHRCGREATPPGKLCNDGRCCS QWGWCGTTQAYCS GKCQSQCDCNRDL

Table 2 Comparision of experimentally (MALDI MS) and theoretically determined molecular masses of Lys-C (LC) frag-

ments of cobML

Fraction Alkylated chitin-binding Theoretical mass

Experimental Mass (Da)

(Fig. 5)  mistletoe lectin fragments (Da)

LC1 1-14 1642 1643 (MB

LC2 15-38 3154 3172 (MN)

LC3 39-49 1600 1600 (MB

816 J. Prakt. Chen2000Q 342 No. 8
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tially characterized protein, reported in reference [15],
is identical with the biopolymer, described in this com- ]
munication, for several reasons: Hev 3 12 17 18 24 31 3
1. Based on MALDI-TOF measurements, SDS-PAGE
and gel filtration chromatography, the authors of refer-
ence [15] determined a molecular mass of 21.6 kDa for
their lectin. We found a molecular size of 10.8 kDa only
for the biopolymer, characterized in this report. L [ ]
2. For our lectin, we could not determine any aggluti- [s 16 21 2 28 35 39 43 4]
nation activity for A, B and AB type human erythro- -
cytes up to initial concentrations of 1 mg/ml cbML. The Mt
chitin-binding lectin, described in reference [15] agglu- ’—‘:—‘ ]
tinated untreated and trypsin-treated human type A [s l6° 21722 28" 35 39 43 45
erythrocytes at concentrations as low as 5 and 30 pg/
ml, respectively. One reason for this discrepancy mighFig. 8 Hevein and cbML chains with identified, respectively
be that minor contamination of ML-I caused errors inpostulated disulfide bridges
the determination of the haemagglutination urkitg.
we observed for papain-treated human type B erythrogous disulfide bridging for cbML, can be assumed.
cytes a minimal agglutination concentration of less themherefore, in the two identical chains of cbML 16
1 pg/ml for ML-1 [14]. cysteine residues form 8 intrachenary disulfide bridges
3. PreliminaryN-terminal sequencing data of different (residues 5(5% 22(22"), 16(16)- 28(28"), 21(21')
HPLC fractions of chitin-binding mistletoe lectins, iso- 35(35"), 39(39')- 43(43")). The cysteine residues at po-
lated by affinity chromatography on chitin beads (seesition 45 and 45' link the two identical protein chains
Figs 1, 2), demonstrate that the plant produces severby an interchenary disulfide bond (Fig. 8).
chitin-binding protein isoforms with identicilltermi- The complete primary structure elucidation of cbML
ni. allowed to discover its close relationship to hevein. Itis

Based on the sequencing data, the cbML chain corwell known that hevein is a major IgE-binding polypep-
sists of 49 amino acid residues, including nine cysteineside in Hevea latexand is responsible for development
for which a theoretical molecular mass of 5413.1 Da if latex allergies [30]. Therefore, similar effects can be
calculated. However, by MALDI-MS an exactly two- expected from the structurally closely related cbML. As
fold higher mass is determined for the molecular ionwe could determine cbML in different commercially
This result is in coincidence with the value determinedavailable pharmaceutical preparations in quantities up
by SDS-PAGE. Therefore, cbML is a homodimer, com-to 5 pg/ampoule, it is essential to screen different phar-
posed of two identical units, linked by a disulfide bridge.macological parameters for the lectin, l&kg. toxicity,

By sequence homology search [23], a high identityallergic effects, stimulation of lymphocyasc One pre-
of cbML to hevein, ragweed allergen Ra5G and the dorequisite for these studies is, however, that highly pure
mains of wheat germ agglutin [28, 29] was found (Fig.7).and characterized material becomes available in suffi-
In these proteins, especially the cysteine bridges areient quantities. This is one of the main aims of this
highly conserved, and with high probability an analo-communication.

[ ]
6 43 |

Position 1 5 10 15 20 25
cbML i DHREEG REATTPUPGEKTLEIND G REIls o W
Hev - - EQEEG R Q A G - - ¢ K LEI? NN LEKIds QW

26 30 35 40 45 49
¢bML ¢ Wl TT QA YEIs 6 K - -Fle s cKEDPEKAN R D L
Hev ¢ WEllc s TpD E YEs P D H NFllo s NEKlK D

Fig. 7 Sequence homology between cbML and hevein (Hev). Cysteine residues are black shaded
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