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Separation of Viscotoxins from the European Mistletoe,
Viscum album L. (Loranthaceae) by Chromatography on
' Sulfoethyl Sephadex

GUNNAR SAMUELSSON and BARBRO PETTERSSON

Department of Pharmacognosy, Faculty of Pharmacy, Lindhagensgatan 128,
S-112 51 Stockholm, Sweden :

Chromatography of crude Viscotoxin fractions on SE-Sephadex
yields three pure Viscotoxins called Viscotoxin A2, Viscotoxin A3,
and Viscotoxin B. Viscotoxins A2 and A3 correspond to substances
previously isolated as oxidized material called Viscotoxin Aox2 and
Aox3, respectively. Viscotoxin B is a new substance with the following
amino acid composition: Ala 2, Arg 4, Asp 4, Cys 6, Glu 1, Gly 5, Ile
3, Leu 2, Lys 3, Pro 3, Ser 7, Thr 4 and Tyr 2.

The European mistletoe Viscum album L. (Loranthaceae) contains a number
of small basic proteins with high toxicity as tested by parenteral ad-
ministration in mice. A mixture of these substances was first isolated by
Winterfeld and Bijl! and given the name Viscotoxin. A different isolation
method was described by Samuelsson.? Attempts at separation of the proteins
in this mixture by counter-current distribution 23 or chromatography on
phosphate cellulose ¢ were only partly successful. Thus Viscotoxin A3 — the
purest product hitherto obtained — contained small amounts of other
Viscotoxins even after repeated rechromatography on phosphate cellulose.*
However, complete separation could be obtained after performic acid oxidation
of the proteins 4,5 and the amino acid sequence of oxidized Viscotoxin A3 has
been reported.® For determination of the position of the S—S-bridges in
Viscotoxin A3 access to sufficient quantities of the native protein was neces-
sary, and further work on the separation problem proved chromatography on
sulfoethyl Sephadex (SE-Sephadex®) to be much superior to chromatography
on phosphate cellulose. As described in this paper the new method permits
separation of Viscotoxin A3, Viscotoxin A2 (previously isolated as the oxidized
product Viscotoxin Aoz?2,% and a new substance called Visecotoxin B.
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EXPERIMENTAL

Materials and apparatus

lI)"i;icoto:m'n was propared from leaves or stems of Viscum album as previously de-
scribed.?

SE-Sephadex C 25, Pharmacia AB, Uppsala, Sweden.

Buffer gradients for elution of chromatographic columns were linearly increasing in
pH and ionic strength and were obtained by the arrangement described by Parr.” The
vessel connected to the column contained 1/15 M phosphate buffer of pH 5.0 — here
denoted as buffer I — and the buffer in the second vessel (buffer IT) was 1/15 M phosphate
buffer pH 8.0 containing NaCl to a concentration of 0.125 M.

Ultracentrifuge, Spinco, model E, equipped with the Schlieren optical system.

Methods

Chromatography of crude Viscotoxin was performed on phosphate cellulose as
previously described,* yielding five peaks numbered I-V as presented in Fig. 1.
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Fig. 1. Chromatography of 5 g of crude Viscotoxin on a column (3.7 X 92 em) of phosphate
cellulose (reproduced from Ref. 4).

Isolation of Viscotoxin B. 2.0 g of material from peak IV (Fig. 1) was dissolved in
7 ml 1/30 M KH,PO, solution and the mixture applied to a column (2.5 X49 cm) of
SE-Sephadex previously equilibrated with buffer I (see above). Buffers I and II (6 1
of each) were used for the gradient. Fractions of 25 ml were collected and their
protein content was determined from the optical density at 280 mu.

Viscotoxin B was eluted between 5.15 and 5.80 liters of effluent (Fig. 2). After desalt-
ing on a column of Sephadex G25 and freeze-drying, the yield of Viscotoxin B was 0.63 g
(31 %).

solation of Viscotoxin A2 and A3. 0.77 g of material from peak V (Fig. 1) was frac-
tionated and worked up as described above, using a small column (1.4X 64 ecm), 2.4 1
each of buffers I and II and taking 15 ml fractions. Viscotoxin A2 (146 mg, 19 9) and
Viscotoxin A3 (150 mg, 32 %) were eluted between 1.88—2.18 1 and 2.40—2.85 I, re-
spectively.

Ozidation of proteins. Performic acid oxidation of proteins was performed at 0° ac-
cording to Hirs.?

High voltage electrophoresis. The method described by Samuelsson ® was used with
Sephadex G25 as supporting phase.
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Quantitative amino acid analysis. Proteins were hydrolyzed with constant boiling
HCI as described by Hirs et al.’® and the amino acids determined with an automatic
amino acid analyzer according to Spackman et al.,)* modified by Samuelsson.!?

Qualitative test for tryptophan. 2 mg protein was dissolved in 1 ml Ba(OH), solution
(0.4 g/ml) and heated in a sealed tube at 105° for 20 H. After dilution with 10 ml H,O,
Ba?*t was precipitated with CO,. The filtrate and washings were brought to dryness in
vacuo, dissolved in 3 ml H,0 and filtered. 50 ul of this solution was spotted on a filter
paper, dried and sprayed with Ehrlich’s reagent (4 %, p-dimethylaminobenzaldehyde
in cone. HCI). One residue of tryptophan in a protein with a molecular weight of 5000 is
easily detected by this test.

Test for sugars. The presence of non-nitrogenous sugars was tested by the Winzler
orcinol-sulphuric acid procedure.’® For amino sugars the Rondle and Morgan method was
used.!* The thiobarbituric acid assay '* was used for testing the presence of sialic acids.

All these methods permit detection of one molecule of sugar in a substance with
a molecular weight of 5000.

RESULTS AND DISCUSSION

As reported previously,* chromatography of crude Viscotoxin on phosphate
cellulose yields five peaks numbered I-V (Fig. 1). Chromatography of the
material from peak IV on SE-Sephadex gave the result presented in Fig. 2.
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Fig. 2. Chromatography of 2.0 g of material from peak IV (Fig. 1) on a column

(2.5 X 49 cm) of SE-Sephadex. For further details, see under Experimental. denotes

optical density at 280 mpy fo the eluate (left ordinate). - - - indicates the calculated
concentration of NaCl in the eluate (right ordinate). Peak 3 is Viscotoxin B.

One main peak and four small peaks were obtained. Rechromatography of the
material from the main peak gave a substance which was electrophoretically
homogeneous after performic acid oxidation (Fig. 4). This substance was
denoted Viscotoxin B.

The result of chromatography of the material from peak V (Fig. 1) on
SE-Sephadex is presented in Fig. 3. Two main peaks were obtained. Electro-
phoresis in Sephadex G 25 of performic-acid oxidized material from these
peaks proved the substances to be electrophoretically homogeneous with the
same mobilities as Viscotoxin Aox2 and Aox3, respectively (Fig. 4). It is there-
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Fig. 3. Chromatography of 0.77 g of material from peak V (Fig. 1) on a column

(1.4 X 54 cm) of SE-Sephadex. For further details, see under Experimental. denotes

optical demsity at 280 mp of the eluate (left ordinate).- - -indicates the calculated

concentration of NaCl in the eluate (right ordinate). Peaks 3 and 4 are Viscotoxins A2 and
A3, respectively.

fore concluded that these two peaks consist of pure native Viscotoxin A2 and
Viscotoxin A3 which on performic acid oxidation give the previously studied
substances Viscotoxin Aoxz2 and Viscotoxin Aox3, respectively.
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- Fig. 4. Electrophoresis in Sephadex G 25
v Aox3  of performic acid oxidized Viscotoxins.

@ Aoxs Buffer: pyridine (0.156 M) — HOAce, pH 5.6,

| 20 V/em, 3.5 h. Amount of sample 1 mg.

The amino acid compositions of Viscotoxin A2, Viscotoxin A3 and
Viscotoxin B are presented in Table 1. The figures for Viscotoxins A2 and A3
are in complete agreement with the previously published amino acid composi-
tions of Viscotoxins Aox2 and Aox3.5:¢ The main differences between the three
substances are that Viscotoxins B and A2 both contain glutamic acid which is
absent in A3 and that valine and phenylalanine are only present in Viscotoxin
A2,

Tests for tryptophan, sugars, amino sugars and sialic acids were negative
in all three substances.*

* The tryptophan and sugar tests on Viscotoxin A2 were performed by Mr. Thomas Olson.
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able 1. Amino acid composition of Viscotoxin A3, Viscotoxin A2, and Viscotoxin B. The results
are expressed as number of residues per molecule.

Viscotoxin A3 Viscotoxin A2 Viscotoxin B
. . reported reported
Amino acid found | nearest | for Vis- | found | nearest | for Vis- | found | nearest
integer | cotoxin integer | cotoxin integer
Aox3® Aox28
Lysine* 4.20 4 4 3.07 3 3 3.01 3
Arginine® 3.00 3 3 2.98 3 3 3.69 4
Aspartic acid® 4.08 4 4 4.16 4 4 4.00 4
Threonine® 4.62 6 5 3.90 4 4 4.07 4
Serine’ 5.05 5 5 7.35 7 7 6.94 7
Glutamic acid® — — — 0.97 1 1 0.96 1
Proline® 5.03 5 5 3.44 3 3 2.99 3
Glycine® 3.93 4 4 5.08 5 5 5.00 5
Alanine® 2.98 3 3 2.16 2 2 1.93 2
3 Cystine 5.91° 6 6° 5.65° 6 6 6.16° 6
Valine® — - — 0.93 1 1 - —
Isoleucine® 2.87 3 3 2.93 3 3 2.94 3
Leucine® 1.93 2 2 1.03 1 1 2.08 2
Tyrosine 1.62 2 2 1.97 2 2 1.95 2
Phenylalanine® — — — 0.98 1 1 — —

% Mean value of 2—5 determinations.

b Value extrapolated to zero time or maximum values as calculated from analysis of samples
ydrolyzed for 24 h and 72 h.

¢ Determined as cysteic acid.

Table 2. Determination of molecular weights of Viscotoxin A2 and Viscotoxin B
according to Archibald.

M(1-V
. __(W_g_) X 1078
Min
Viscotoxin A2 Viscotoxin B

24 8.4 _

30 8.6 —

38 8.2 —

46 8.1 7.1

54 8.6 7.1

62 8.6 6.9

70 8.8 7.1

78 8.6 7.0

86 8.8 7.5

94 — 7.5
Mean value (graphically 8.5 7.2

determined)
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The molecular weights of Viscotoxin A2 and Viscotoxin B were determined
in the ultracentrifuge by the Archibald method !¢ as modified by Ehrenberg.1?

The results are presented in Table 2. The values for M+(1— Vp)/RT do not
change with time, indicating the sedimenting substances to be homogeneous.
Calculation of the partial specific volumes 18 from the amino acid compositions
(Table 1) of Viscotoxin A2 and Viscotoxin B gives the value 0.706 for both

substances. Inserting this value in the mean value of M+(1—Vp)/RT from
Table 2 gives the molecular weights 7040 for Viscotoxin A2 and 5960 for
Viscotoxin B. The minimum molecular weights for the two substances as
calculated from the amino acid compositions are 4833 (Viscotoxin A2) and
4856 (Viscotoxin B). The molecular weight of Viscotoxin Aoz3 is 5123 ¢ while
determination by the Archibald method gave the value 9600.4 This indicates
that the Archibald method tends to give too high values for the molecular
weights of the Viscotoxins, probably due to association phenomena. The
molecular weights calculated from the amino acid compositions of Viscotoxin
A2 and Viscotoxin B are in agreement with the number of peptides isolated
from the tryptic hydrolysates of the performic acid oxidized proteins (details
will be reported elsewhere).
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