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I. Introduction 

Among the many gifts America has made to Europe, one of the most 
important is Solanum tuberosum, the potato. It became a main basis of 
carbohydrate intake for the population of many European countries. At 
about the end of World War I, 350 years after Sir Francis Drake, a sec
ond, less enjoyable, gift reached the shores of France: Leptinotarsa 
decemlineata Say, the Colorado beetle. The name comes from the ten 
black lines it has on its yellow wings. Slowly moving eastward it pene
trated Germany within 25 years, and at the end of World War II the 
first beetles entered into Czechoslovakia and Poland. 

Thanks to DDT and other insecticides, the situation is today under 
some control. But a new threat is coming from Spain. Recently there have 
been found Colorado beetles that are perfectly resistant even against high 
doses of DDT. These resistant strains are already in the hands of Dr. Paul 
Müller, who discovered the activity of DDT in the laboratories of the 
Geigy AG. at Basel, Switzerland, and other institutes are beginning to 
study them too. 

It is very clear that science has to hunt for chemical products that will 
kill even the resistant beetles. In this respect the problem would fit into 
the discussions about drug and bug of this symposium. Unfortunately, 
we have no own experience along these lines. However, there exists still 
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another possible approach. In this we are interested jointly with the 
Rosenhof, an experimental farm located 5 miles north of Heidelberg. 
There Torka is studying the relations between the beetles and their hosts. 

Within the Solanum species there are known wild forms (Hawkes, 
1944). The leaves of some of them are not attacked by Leptinotarsa 
(Torka), 1950). But the potatoes of these wild forms are quite small. For 
the geneticist, for the plant breeder, the problem is whether by crossing 
one could get resistant plants with big potatoes. 

These wild Solanum plants are another gift of America to Europe: 
most of them have been found in Mexico and in South America. 

The leaves of some of them, e.g. of Solanum demissum, are eaten by 
the beetles but not by the larvae: we call them larven-resistant. The leaves 
of others, e.g. of Solanum chacoense, are refused by the larvae and by 
the beetle: they are käfer-resistant. So we have to distinguish between 
these two types of resistance. In the mind of some biologists and plant 
breeders, potato crossings possessing one or the other type of resistance 
would stop the reproduction of Leptinotarsa. 

All that I am going to say today has only to do with one side of the 
problem, resistance against the larvae. We have found that this—at 
least in part—is a chemical problem related to the alkaloid glycosides 
occuring in the leaves. It is not simply a matter of a higher or lower per
centage of one and the same alkaloid glycoside in different leaves. The 
main point is differences in the chemical constitution of the alkaloid 
glycosides we have been able to isolate from the leaves of different 
Solanum species. 

IL The infiltration test 

For testing the crystallized glycosides against Leptinotarsa different 
methods have been developed. One may dissolve the glycosides in solu
tions of gelatin and make thin gelatin films on the surface of the leaves, 
or one may spray adsorbates of the glycosides, e.g. on talcum, and see if 
the larvae like the sprayed leaves or not, etc. The most exact method, in 
our mind, is the infiltration test (Kuhn and Gauhe, 1947; Kuhn et al., 
1950). 

We take leaves from common potato plants which are the normal food 
of the larvae. We put them in beakers containing solutions of the crystal
lized glycosides, whose concentrations are known. Then we evacuate in 
a desiccator. The air included in the leaves is removed. Then we let air 
into the desiccator, so that the solution penetrates the leaves. Each leaf 
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is weighed before and after infiltration, so that the amount of glycoside 
in the leaves is exactly known. The counts are made in Petri dishes. 

The results are recorded as follows: For one week or more, every day, 
we note how many of 10 original L± larvae are now L i , L 2, and L 3, and 
the number of the dead is written in brackets. So the symbol 4.1.0(5) 
means that four larvae were still rather small ( L x ) , as at the beginning; 
that one of them had changed skin once and become a bigger L 2; that 
there were no L 3; and that five were dead. 

An experiment with tomatine and with demissine, the glycoside of 
S. demissum, is reported in Table 1. 

TABLE 1. Infiltration test. 

Potato leaves % glycoside 1st 3rd 8th 
infiltrated with in leaves day day day 

No infiltration — 10.0.0 1.9.0 0.0.9(1) 
Tomatine 0.54 10.0.0 10.0.0 2.1.0(7) 

0.25 10.0.0 10.0.0 0.2.0(8) 
0.086 10.0.0 0.9.0(1) 0.0.9(1) 

Demissine 0.60 10.0.0 10.0.0 4.1.0(5) 
0.24 10.0.0 7.3.0 0.1.7(2) 
0.084 10.0.0 1.8.0(1) 0.0.9(1) 

No food (hunger) — 10.0.0 8.0.0(2) 0.0.0(10) 

For the lowest concentration (0.086%) of tomatine, the results are 
nearly the same as with no infiltration. At 0.54% the inhibition is very 
pronounced. At these levels of tomatine and demissine the infiltrated 
leaves are practically not touched by the larvae, and they die almost 
as if they had no food at all (last line). 

One gets the impressoin that the alkaloid-glycosides of the Solanum 
epecies—insofar as they have been found to be effective—are Vergällungs
mittel: That they provoke a denaturation of the leaves, possibly to be 
compared with pyridine bases in alcohol for a man who likes to drink. 

All the alkaloid glycosides investigated have a bitter and ugly taste 
for us. But not all of them are refused by the larvae or by the beetles of 
Leptinotarsa. This is the problem of specificity, which apparently can only 
be discussed in detail when the chemical constitution of the glycosides is 
exactly known. 

I I I . The alkaloid glycosides of S . tuberosum 
Solanine was discovered 132 years ago by Desfosses (1822) in the 

berries of Solanum nigrum and dulcamara. It is regarded up to the present 
as the only alkaloid occuring in the leaves and the germs of common pota-
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HO 

trisaccharide should be 
means of the glucose 
group in position 3. 
of solanine is still in-

Solanidine 
I 

toes. Acid hydrolysis gives solanidine as aglykon, and galactose, glucose, 
and rhamnose as sugars. The chemical nature of solanidine has been 

elucidated by Prelog and Szpilfogel 
(1942) ( I ) . According to Zemplen 
(1928), the 

C H 3 attached by 
to the OH 
This picture 
complete. 

Using chromatographic methods, 
we have found that solanine is not 

the only alkaloid glycoside of S. tuberosum, and that it is not glucose, 
but galactose, which is attached to the OH group in position 3. For better 
differentitation of the six well-crystallized glycosides we have obtained 
from S. tuberosum, we have given them the names: α-, β-, γ-solanine and 
α-, β-, γ-chaconine. Practically, α-solanine is to be regarded as identical 
with the formerly known solanine, although most of the preparations 
described in the literature do not appear to have been really homogeneous. 
β- and γ-solanine are closely related to α-solanine. They may be inter
mediates in the synthesis or in the metabolic breakdown of the main 
glycoside, possibly during the process of germination, or they may be 
formed during the chemical operations of isolation. 

For α-, β- and γ-chaconine, the lack of galactose is characteristic. From 
the standpoint of biochemical genetics they belong to a new series. In 
solanine from E . Merck (Darmstadt), α-chaconine has been found only 
in small amounts, but it is one of the main alkaloids in S. chacoense. 
From this, the name chaconine has been derived. The native aglykon of 
α-chaconine has not yet been isolated. It seems that it loses easily 1 mol 
of water, so that a double bond is formed and solanidine results. In the 
case of β- and γ-chaconine, solanidine as such seems to be the aglykon. 
The products of acid hydrolysis are 

a—Solanine: solanidine + galactose + glucose -f rhamnose 
β—Solanine: solanidine + galactose + glucose 
γ—Solanine: solanidine + galactose 
a—Chaconine: solanidine + glucose + rhamnose + rhamnose 
β—Chaconine: solanidine + glucose + rhamnose 
γ—Chaconine: solanidine - f glucose 

These six glycosides crystallize from methanol in colorless needles. For the 
chromatographic identification a mixture of acetic ester/acetic acid/water 
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has been used as a solvent. Ra s means the velocity of migration cpmpared 
with a-solanine. 

α-Solanine: Ο,δΕ^Ο^Ν, m.p. = 286°, WD 20 = - 5 9 ° (Py) , R « s = 1.00 
ß-Solanine: C a ^ O u N , m.p. = 290°, WD 20 = - 3 1 ° (MeOH), R a s = 1.61 
γ-Solanine: C33H5306N , m.p. = ^ 2 5 0 ° , [do 20 = - 2 6 ° (MeOH), R « s = 2.50 
α-Chaconine: C45H7 301 4N, m.p. = 243°, [«]D20 = - 8 5 ° (Py) , Ras = 1.61 
ß-Chaconine: C39H63O10N, m.p. = 255°, [O:]D20 = - 6 1 ° (Py) , Ras = 2.26 
γ-Chaconine: C 3 3H 5 30 6N , m.p. = 244°, [OJD* = - 4 0 ° (Py) , R a s = 2.50 

α-Chaconine has a relatively low, sharp melting point. It is much more 
levorotatory than the three solanines. 

By partial degradation we have succeeded in isolating the trisaccharide 
in crystallized form from α-solanine. We call it solatriose. To the rhamnose-
free disaccharide obtained from α-solanine the name solabiose has been 
given. 

Solabiose, 0 1 2 Η 2 2 0 1 1 ? [ < * ] D 2 0 = + 40.5° (H 2 0, equilibrium), gives 
galactose + glucose when heated with diluted strong acids. After oxida
tion with hypoiodite, acid hydrolysis gives only glucose as a reducing 
sugar. From this it follows that the reducing group of the disaccharide 
belongs to the galactose and that solabiose is a glucosidogalactose. It 
forms a beautifully crystallizing osazone, m.p. 225°, which excludes link
age in position 2. Solabiose is easily hydrolyzed by emulsin. It is quite 
different from 6-/?-glucosidogalac- ^ 
tose (synthesized by K. Freuden- R—Ο Η 
berg et al., 1927, 1928) and from (> 
4-/?-glucosidogalactose (lycobiose, ^ Q _ Q H 
obtained from tomatine). A very | 
simple proof demonstrating that it I 0—C—Η Ο 
is 3-glucosidogalactose has been CH ι HO—C—Η 
found. When solanidine-solabioside H—C—OH H—C 
(ß-solanine) is oxidized with peri- I I 

j . . j / υ τ Λ \ η j Cm H O - C - H Ο C H 2 O H odic acid ( H I 0 4 ) , we find, after I 
subsequent acid hydrolysis, the H—C—OH 
glucose destroyed but the galactose H—C-
unchanged; as can easily be seen CH2OH 
only substition in position 3 de- II 
prives the galactose in ß-solanine Solobiose (R = H) 
OF all its glycol groupings ( I I ) . /3-Solanine (R= C27H42N) 

Solatriose, C 1 8H 3 20 1 5, [ « ] D 2 0 = —4.5° (H 2 0, equilibrium), colorless 
needles, m.p. /-> 200°—in contrast to solabiose—does not give an osazone. 



R E S I S T A N C E T O L E P T I N O T A R S A D E C E M L I N E A T A S A Y 127 

It forms an oxime, but this cannot be degradated according to Weygand 
and Löwenfeld (1950), no HCN being split off with dinitrofluorobenzene. 
Finally, solatrionic acid did not yield a rhamnoglycoside of a pentose 
under the conditions of Ruff. All this points to the assumption that the 
rhamnose is attached to position 2 of galactose and that the triose of 
a-solanine is a branched trisaccharide ( I I I ) . 

R - 0 Η 
\ / 
C 

I I - C - O - ^CH 

CH-

H - C - O H 

I 
H O - C - H 

H - C - O H I 
H - C 

— 0 - ( ^ - H Ο 

H O - C - H ' 

H- -C I 
CH2OH 

H - C - O H 

Ο H - C - O H I 
H O - C - H 

I 
C - H 

CH3 

CH2OH 
III 

Solatriose ( R = H ) 
Solanine (R= C 2 7 H 4 2 N ) 

IV. The alkaloid glycosides of S . chacoense 

S. chacoense has been found in the south of Paraguay, in the area 
of the Gran Chaco. The leaves are rich in alkaloid, 2 to 4 parts/1000. 
This is a mixture of about 50% α-solanine and 50% a-chaconine. 

V. The alkaloid glycoside of S . demissum 

This species originates from the highlands of Mexico. The number 
of chromosomes is 72, compared with 48 for S. tuberosum. The plants 
are highly resistant to the larvae but not to the beetles of Leptinotarsa. 
The main alkaloid, 0 5οΗ 8 3θ2οΝ (up to 4.7 g in 1 kg of fresh leaves), 
has m.p. 305-308° and [<φ 2 0 = —20° (Py). It has been named demis-
sine (Kuhn and Low, 1947). Acid hydrolysis gives 5a-solanidanol-
(3)8) as aglykon, and 1 mol xylose, 1 mol galactose, and 2 mol glu
cose as sugars. From this the formula IV follows for demissine. The 
chemical constitution of the tetrasaccharide is still unknown. But the 
four sugars are the same as in tomatine, and since, after different partial 
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hydrolyses, exactly the same spots have been found in the paper chro-
matograms as after partial hydrolysis of tomatine, it is possibly permis
sible to anticipate that the tetrasaccharide of demissine will be identical 
with that of tomatine, which we have studied more carefully. 

V I . Tomatine 

Irving, Fontaine, and Doolittle (1945) have shown that extracts 
obtained from tomato leaves exhibit antibiotic activity in vitro against 
certain of the fungi and bacteria causing disease in plants and animals. 

allopregnenolone 5-methyl-2-ethylpyridine 
VI VIII 
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They succeeded in isolating from Lycopersicum pimpinellifolium crystal
line tomatine as the active substance (Fontaine et al, 1948). From L. 
esculentum, L. peruvianum, and L. hirsutum we have obtained the same 
alkaloid glycoside and found that it is active against the larvae of the 
Colorado beetle (Kuhn et al, 1948, 1950). 

Regarding the chemical nature of the aglykon, tomatidine, Th. D. 
Fontaine et al. (1950, 1951) have found the important fact that the 
1 mol H2 taken up on catalytic hydrogenation does not indicate a 
double bond, but that an oxygen ring is opened. Ai6-allopregnenolone 
(VI) could be isolated as a degradation product (Sato et al, 1951), 
Under somewhat different conditions, oxidation with Cr0 3 gave us 
tigogeninlactone (Kuhn et al, 1952) (VII) , and degradation with Se 
gave 5-methyl-2-ethyl-pyridine (Kuhn et al, 1952) (VIII) , so that all 
the carbon atoms of tomatidine have been found again in substances 
of known structure. On this basis formula (V) has been proposed 
for tomatidine (Kuhn et al, 1952). 

In (V) the stereochemistry at the spirane carbon atom is still to be 
clarified. The aglucon of tomatine could be converted into the aglykon 
of demissine as follows (Kuhn et al, 1952): 



130 RICHARD KUHN AND IRMENTRAUT LOW 

By partial acid hydrolysis of tomatine a disaccharide (lycobiose, 
15% yield) and a trisaccharide (lycotriose, 10% yield) have been obtained. 
Both sugars crystallize very easily in the α-forms, which mutarotate 
downwards, and show high, sharp melting points. 

Lycobiose, after acid hydrolysis, gives galactose + glucose. If lyco
biose is first oxidized with hypoiodite, acid hydrolysis yields only 
glucose as reducing sugar. From this it follows that the disaccharide is 
a glucosidogalactose. The nonidentity with 6- and 3-/?-glucosidogalac-
tose, together with the fact that it is hydrolyzed by emulsin, indicates 
that lycobiose is 4-/?-glucosidogalactose, an analogue of lactose, in 
which glucose and galactose are interchanged. However, a direct proof 
is lacking. 

TABLE 2. Properties of lycobiose and lycotriose. 

Properties Lycobiose Lycotriose 

Formula (mol. weight) C 1 2H 2 2Ou (342) C 1 8H 23O 1 6(504) 
Cryst. from H 20/MeOH Δ leaflets rods 
m.p. (decomp.) 246-247° 260-261° 
R (lactose) in butanol/Py/H20 1.31 0.94 
[«]D 20 in H 20 (initial) + 7 0 ° + 2 1 ° 
[O:]D20 in H 20 (equilibrium) + 4 1 . 5 ° + 13° 
Emulsin hydrolysis — 
Yeast no fermentation no fermentation 
m.p. of the osazone (decomp.) ^ 2 1 0 ° 224-225° 

For lycotriose we have found that hydrolysis gives 1 mol galactose 
and 2 mols glucose. Here again the reducing group belongs to the 
galactose, so that the trisaccharide is to be regarded as glucose < glu
cose < galactose < . 

Assuming that the tetrasaccharide of tomatine would be "linear," the 
formula of tomatine should be: xylose < glucose < glucose < galac
tose < tomatidine. But the fact that solatriose from α-solanine is 
a branched trisaccharide makes it doubtful if this assumption will turn 
out to be correct. 

VI I . Activity against the larvae 

In the infiltration test α-solanine (solanine), up to concentrations 
of 0.5 to 0.6% in the leaves—this is about 50 times more than the alka
loid glycoside content of normal potato leaves—is practically inactive: 
the infiltrated leaves are eaten almost like the noninfiltrated controls. 
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According to preliminary tests the same is true for a- and ß-chaconine. 
This means that the chemical nature of the resistance factor of L. cha
coense is still unknown. On the other hand, demissine and tomatine are 
so active in the infiltration test at levels around 0.5%, that the alkaloid 
glycoside content, e.g., of S. demissum leaves (up to 0.5%) or of L. 
esculentum var. pruniforme (up to 0.48%), accounts for the natural 
resistance of these wild species. 

Surprisingly Dr. E. F. Möller and Mrs. E. Jahn have found that the 
response of a yeast (Hefe Μ) to the five alkaloid glycosides that have 
been tested so far somewhat parallels the activity against the larvae. 
The growth of this yeast is practically not inhibited by a-solanine, 
α-chaconine, and ß-chaconine up to concentrations of 0.12 mg/cc. These 
are the three glycosides with little or no activity against the larvae. 
On the other hand, demissine and tomatine, which are active in the 
infiltration test, inhibit the growth of yeast quite strongly (Fig. 1) . 

yeast M, acetate-peptone, 40 h, 28
 C
C. 
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3 

FIGURE 1 

Here it seems that, regarding the specificity, there is something 
common between the big bugs and the small ones, the microorganisms. 
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