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DATA ON THE PHYSIOLOGY OF GROWING POTATO TISSUE IN VITRO

Lately, almost as much attention has been devoted to plant tissue 
cultures in vitro as to the study of growing tissues of vertebrates in tubes. 
In recent years, the pertaining extensive work has been aptly reviewed in 
detail by W hite  [25], Butienko  [1], and in the report on the proceedings 
of the International Congress held at Briançon [24]. These reviews reveal 
that intensive research work is in progress particularly in France [10, 17], 
in the United States of America [2, 11, 16, 22], the Soviet Union [1, 18, 26), 
Poland [3], and that it had not failed to yield notable results in plant physio
logy, genetics, and histology. In Hungary, too, a few communications have 
recently been published which report experiments with expiants of plant 
embryos and tissues [12, 21].

The problems attaching to growing plant tissues in  vitro have been 
included in the plan of research of our Institute on the consideration that it 
represents a method which fully admits of growing numerous plants of the 
higher orders in artificial nutrient media and of studying the physiology of the 
cultures the same as in microbiological experiments. Besides, it has the advan
tage over the latter that the environmental requirements can be analysed, 
and through the environmental factors the cultures can be influenced, 
instead of in a succession of populations, in the tissues of a single indi
vidual. Nor does it as a rule require organic substances of unknown 
composition [13], such as embryo pulp, tissue juice, serum etc., like ani
mal tissue and embryo cultures do. This fact offers a reliable ground on 
which to study the individual needs of tissues. An additional advantage 
o f the method is that it provides a favourable footing for investigations 
into growth conditions and for an analysis of the laws that govern tu
mour formation.

The present investigations followed a double aim. The first was to find 
a reliable solution for culturing Solanum tuberosum, and in this the writer 
based himself on earlier experience obtained with the classical objects of plant- 
tissue growing (Daucus carota, Petroselinum sativum, Brassica oleracea var. 
gongyloides ).  On growing potato in vitro, data from only two authors are avai
lable. Twenty years ago Nobecourt [17] reported experiments of practically 
negative results. A  few years ago Caplin  and Steward  [2], and Steward  and 
Caplin  [22] published initial achievements attained by dosage of 2,4-dichloro- 
phenoxy-acetic acid (2,4-D) and coconut milk of unknown composition.
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The fact that the mean values for only 2 to δ expiants figure in the 
table included in their report shows how few experiments underlie their 
conclusions.

The second aim of the writer was to extend to plant material his earlier 
experiments, in which the growth-stimulating effect of sulfurus compounds 
had been studied in animal organs (4— 9), and thereby to find out if means 
could he detected by which to induce the reversible inhibition of the sulph- ! 
hydril compounds. As regards the penetration of tissues by organic compounds, 
the results obtained by L e.woigne [14] with methionine, and those of the 
writer's unpublished experiments with glutathione, cysteine, and thioglycolic 
acid, seem to be holding out promises.

Methods and material

The experiments were carried out under surgically aseptic conditions 
in a sterile case within a room that had previously been disinfected with UY 
light and alcohol sprays. The cultures were kept in the dark of a thermostat 
at 26° C, in retorts and test tubes specially produced by our own workshop. 
Expiants were removed from potato tubers of the Gül Baba variety disin
fected with a 2 per cent solution of Neomagno], and were cut into pieces 
3 x 3 x 1  mm in size. Four each of these standard pieces were then placed 
into solid nutrient medium taking care that they should properly stick. The 
mineral salts in the nutrient medium were composed as in W h ite ’s medium 
as modified by Mauney  et a l . and chiefly by Skoog [15]. The only further 
modification to which this was subjected was to provide a minimum quantity 
of iron1 "-citrate to satisfy the Fe1,1-ion requirements. In agreement with 
the data in the literature referring to other plants [25], 2 per cent saccharose 
was found to be the best source of carbon. Neutralised casein hydrolysate,
0,5 per cent in amount, supplemented with 10 1 M of glycine and traces 
o f cystine, was used to secure the supply o f amino acid. The vitamin 
supply was provided by the addition o f 10 4 M o f ancurin, 5 X 10-® of 
nicotinic acid, and 5 X K) g of pyridoxine. Agar-agar intensively washed 
with water and alcohol was employed to solidify the culture medium ; in the 
cooler months it was applied at the rate of 0,8 per cent, in the warmer ones 
at 1,2 to 1,4 per cent. The pH of the medium was 5,4. To ensure uninterrupted 
growth of tissue ^-indole acetic acid was used initially, and later 2,4-D, in 
10“ 2 to 10“ ’  M concentrations. In each experimental variant 20 vessels were 
involved holding 80 expiants in all. Uniformity was attained by careful 
training and constant statistical control. The initial fresh weight of the expiants 
was 4,5 g ±10  per cent. SH-glutathione of 10 5 to 10 7 M concentrations 
was used in assessing the stimulating action of the sulphurus compounds, 
and IO“ 3, 10“ 5, and IO“ 7 M concentrations of cadmium chloride were 
employed to inhibit the sulphhydril compounds. Growth and inhibition 
were controlled by measuring fresh weights every second and fourth day, 
respectively, in the usual manner known from the literature. The expiants 
were then dried at 60° C and their air-dry weights established. Using 
a torsion scale, on each occasion from 8 to 12 expiants were measured 
separately and then their average weight was recorded and listed in the 
table attached.
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In our first experiments, where /3-indole aeetie acid had been used to 
stimulate growth, slight yet promising results were obtained with a 10 4 M 
concentration. The addition of maize juice, found by Rédei [12, 21] to be 
o f good effect in other objects, failed to assert its favourable action in potato. 
At any rate, it had to be kept in mind by us that the application of an agent 
of unknown composition is to be avoided as far as possible. On adding to the 
nutrient medium 2,4-1) o f higher concentration, the expiants were found to 
become quickly imbued with pigment and to show no growth at all. In media 
containing 10 4 or 10 5 M of 2,4-D, they displayed intensive proliferation. 
A t 10-e M concentration, growth was limited (Fig. 1). Macroscopically, the 
protuberations characterising forceful growth of tissue became visible on the 
4th or 5th day after explantation. By that time, the histological pictures 
showed loosened calluslike structures. The figure attached represents 14-day 
expiants (Fig. 2).

In potato tissue cultures we failed to observe the phenomenon connected 
with polarity, which is common in other cultures and consists in that tissues 
placed on the nutrient medium with the apical surface upward begin to sag 
in a day or txvo.

In the next step we studied the effect o f S II“  compounds on the growth 
of tissue cultures. In this, we departed from the data in the literature which 
claim that SII compounds intensify regeneration, increase the size of cell 
nuclei, and stimulate meristematic activity (R apr in e  20 ; N ightingale  16,) 
as also from the findings of K ostojanc [13] that there exists a correlation 
between the irritability of animal tissues and sulphhydril compounds. At the 
same time with ours, experiments were carried out by Smirnova [23] con
cerning excitability and inhibition of the protoplasma of Elodea canadensis. 
By keeping fragments of leaves for a short time in a cadmium chloride solu- 
tion of 10-2 or 10 3 M concentration, she arrested the flow of protoplasma 
and restarted it again by the use of a cysteine solution one order of magnitude 
higher in concentration.

On the evidence of our explorative experiments, glutathione and thio- 
glycolic acid stimulate growth considerably, methionine and cysteine mode
rately, while cystin and thiouracil are of no effect in this respect. The optimal 
concentration of glutathione was found to be 10 5 M. Our inhibition experi
ments were carried out with 10 3, 10-5, 10 7 M concentrations of cadmium 
chloride known to be an elective thiol inhibitor.-Cadmium chloride solutions 
in a concentration of I0 _s M or stronger, brought growth to a complete stand
still. However, even in nutrient media of 10 3 M the cultures probably remai
ned alive for some time, for in fresh weight they were found to be decreasing 
gradually.

In analysing the growth-inhibiting effect of CaCl2, the “ basic”  medium, 
which consisted of mineral salts, vitamins, saccharose, agar, and 10~4 M of 
2,4-D, was supplemented with the following active principles : in one variant 
with CdCl2 of 10 3 )I concentration, in a second with CaCl2 of 10 3 M, and 
in a third with glutathione of 10 5 M concentration. The pieces o f tissue placed 
on the basic nutrient medium were to serve as controls.

After 48 hours, the tissue pieces of all three variants were transplanted : 
one third of those on the 10 3 M CdCl2 medium were placed on the same

R esu lts
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medium again, one third on a basic medium, and one on a medium containing 
1 0 '5 of glutathione. Those on 10~3 M CaCl2, 10~5 glutathione, and on basic 
medium were transferred to identical fresh media.

It  can be seen from the data in the table listing the fresh and dry weights 
o f every third day that glutathione, which in the previous experiments had

Abb. 1. Tissue cultures in vitro  o f  potatoes in 14. day in medium contening 10_2M,
10 '1 M and 10-« M  2,4- D

Abb. 2. Growing tissue o f potato explantate Carnoy fixation. Tolouidin blue stain X 600 
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Fresh and dry weight of potato tissues (in nig)
Table I

Fw — fresh weight Dw drv weight I. control —i control : II. glutathione 10"*M —» glutathione 
10-5 M ; I I I. CdCl2 10"» M - »  CdClj, 10“ 3 M ; IV. Ca 10~3 M -> Ca 10~3 M ; V CdCl2 10~3 M - ,

—* control VI. CdCl2 10~3 M —* glutathione ΙΟ-3 M

proved to be the optimal agent in a concentration of 10 5 M, exerted a slight 
growth-promoting effect. This permits the conclusion that CdCl2 inhibition 
is not simply a bivalent cation or chloride action.

CdCl2 inhibition did not cease on the basic nutrient, but upon the action 
of 10_ 5 M of glutathione it became markedly reversed, and this affords sup
port for the view that what is blocked by the CdCl2 is the SH groups and 
confirms the major role played by sulphhydril compounds in the growth of 
potato tissue cultures.

SU M M ARY

On a nutrient medium which contained 2,4-dichlorophenoxy-acetie acid it  has 
proved possible to grow' potato tissues without any active principle o f unknown com
position (such ns maize juice, coconut milk, tomato extract, extract o f yeast etc). Pieces 
o f  tissues were found to have trebled in weight within two w’eeks time.

Р Е З Ю М Е

В орннентировочных опытах, направленных на изучение физиологического дей
ствия серных соединений, мы обнаружили, что цистеин, глютатион и тиогликолевая 
кислота стимулирует рост тканевых культур меристемы корня и стебля Daucus carota, 
Petroselinum sativum и Brassica oleracea v . gongyloides.

В данной работе мы желали в первую очередь проанализировать влияние иона 
глютатиона. Картофель казался очень подходящим объектом, однако предварительно 
нужно было разработать такой метод его культивирования, при котором питательная 
среда не должна содержать компонентов неизвестного состава (например кокусовое 
молоко). Эту проблему мы удачно решили определением соответствующей концентрации 
2,4-дихлорфенокси-уксусной кислоты (рисунок 1). В течение трех недель вес тканей 
почти устроился (таблица I.). Гистологическая картина культур обнаруживает характерное 
разрастание тканей (рисунок 2).

Глютатион в оптимальной —  ΙΟ-8 М —  концентрации вызывает примерно 25%-ую 
стимуляцию роста (таблица II. ).  Для выяснения механизма действия свободные сульфгид- 
рильные группировки мы блокировали 10 :i М раствором CdCl2, в результате чего про
изошло торможение роста (таблица I I I . ) .  Возможность, что торможение является просто 
результатом двухвалентного катиона или хлористого иона, нами устранялась таким
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Time 
(in days)

I
Fw Dw

II
Fw Dw

III
Fw I>w

IV
Fw Dw

V
Fw Dw

VI
Fw Dw

0 5,4 1,0 5,4 1,0 5,4 1,0 5.4 1,0 5,4 1,0 5,4 1,0
[ 3 ~ 1.1 7,2 1,2 5,9 1,3 7,3 1,0 5,9 1.2 5,9 1,2

ti 11,0 1,3 11,3 1,7 4,3 0,9 8,S 0,9 5,9 1.1 6,6 1,5
. 9 12,7 1,4 13.2 2.1 4.7 0,9 11.5 1,2 6,5 o ,s 8,8 1,6

\
(

12 14,3 1,6 17,5 2,1 4.5 0,8 12.3 1.2 6,6 0,8 6,4 1,8



образом, что культуры переносились на питательную среду, содержащую 10 3 М СаС12. 
В этом случае торможения почти не было (таблица IV.). В результате переноса культуры 
на среду, не содержащую CiCl2, торможение не прекращалось (таблица V.). Одновре
менно в тканях, перенесенных на глютатионсодержащую среду, торможение оказалось 
в значительной степени обратимым (таблица VI.). Этот факт позволяет сделать вывод, что 
в стимулирующем рост действии глютатиона решающая роль принадлежит сульфгид- 
рильным группировкам.
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