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Abstraet. Exogenous RNA is degraded under sterile conditions in solution to fragments
greater than tetranucleotides which can be taken up by the tomato. The degradation and uptake
are not equilibre at first. Equilibrium is established only after 20 hours. Fragments of high-
molecular RNA are taken up more readily than those of artificially degraded RNA.

Isolated roots take up RNA fragments in the same manner as the whole tomato.

The uptake of inorganic phosphate is relatively well-understood but the
uptake of organic phosphates has been investigated in some detail in recent
years only. The compounds mostly studied are phytin, sodium phosphogly-
cerate and nucleic acids.

RAaTNER and Samotnova (1958) studied the uptake of RNA by maize under
sterile conditions. They used RNA labelled with 32P which served as the sole
source of phosphorus. Stimulating effects were observed in the plants. Plants
grown in RNA contained more aminoacids and phosphorus and hence could
form more Frotein and phosphate esters. The authors deduce from their
experimental results that RNA is taken up by maize after exoenzymatic de-
gradation. LEDOUX and HUARrT (1962) found that high-molecular RNA is taken
up more readily than degraded RNA. They worked with RNA labelled with 14C
and 3H and reached the conclusion that the whole molecule is taken up. The
uptake of RNA is compared with phagocytosis by leukocytes. This view is
partly supported by the work of TARASENKO and KovALENKO (1962) who dealt
with the uptake of RNA labelled with 32P in the tomato. Most papers dealing
with the uptake of other types of phosphorus-containing organic compounds
ascribe a considerable role to phosphatase and other exoenzymes (1957,
BarTH 1959, SHISHKINA 1962, STRAUS, CAMPBELL 1963). It was my task to
ascertain whether RNA is taken up, in what way the uptake is achieved and
whether it can replace mineral nutrition with phosphorus.

*Present address: Institute of Experimental Botany, Ko dvorn 15—16, Praha- Vokovice.
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Material and Methods

Tomato (Lycopersicum esculentum) cv. Immun from the breeding station at
Hrdly (harvest year 1961) was cultivated in water cultures. The seeds were
disinfected with chloramine (100 g per litre water) for 5 min. After several
rinsings the seeds were sown on sterile agar plates (19). For cultivation we
used test tubes of 30 mm diameter and 200 mm height with a tube (565 mm)
inside tied with sterile gauze and an opening into which seed was placed after
three days of germination. The test tubes were placed in a wooden trough to
ensure growth of roots in the dark. Knop’sand White’s nutrient solutions were
used in the following three variants: A — complete nutrient solution with
KH,PO,, B — nutrient solution without KH,PO,, C—nutrient solution without
KH,PO, but with RNA (55:5 mg RNA per litre solution).

We used either a commercial preparation by Merck or a 32P — labelled pre-
paration from Saccharomyces cerevisiae. Since sterilization caused some degrada-
tion of RNA (determined on a Zeiss spectrophotometer), we had to work
aseptically and to check sterility on nutrient agar plates. The amount of RNA
used (55-5 mg/litre) is equivalent to the amount of phosphate present in
a complete nutrient solution 32P-labelled RNA was isolated according to
BerozErskY and PROSKURYAROV (1951) from Saccharomyces cerevisiae after
48 hours of cultivation in a medium containing 32P. The RNA was not purified
as it would cause partial degradation. The preparation was dried freely in the
laboratory. This caused the proteins to coagulate, whereby a small amount of
RNA was lost but most of the RNA was separated from the protein. The
preparation contained only about 2-59, DNA and less than 19, polyphosphate.
This RNA preparation was dissolved in distilled water of pH 7 and added to
Knop’s solution. For the determination of phosphorus in the plant and solu-
tion we used MARTIN and DoTY’s (1949) method modified by HaveE, Kinc
and CHELDELIN (1955).

The activity of root and overground part phosphatase in tomatoes was de-
termined according to the amount of inorganic phosphate released from RNA
by the action of enzymes at 20° C. The enzyme preparation was obtained
according to DoBREMYSLOVA-HORNOVA (1960). The preparation was added to
the solution with RNA and samples were removed at various time-intervals
to be put into 209, trichloroacetic acid (final concentration 59%,) to inactivate
the enzymes. The amount of phosphorus released from RNA was then deter-
mined according to Martin and Doty.

High-voltage electrophoresis (4000 V) was used to follow the degradation of
RNA (MicuarEc, KoRiNER and Mustr 1959). We used Whatman No. 8 paper
washed with 0-059%, EDTA and distilled water (Lusrinec 1961). Oligonucleo-
tides were separated at pH 3-8 (citrate buffer) in carbon tetrachloride within
3 hours.

Explantates. Tomato seeds to be used for cultivation of roots germinated
for 7 days until the root was about 2 cm long. The roots were cut off from the
hypocotyl (PETRG and RETOVSKY 1956) and grown in 100 ml Erlenmayer flasks
with 50 m] White’s solution again in three variants of nutrient solution. The
roots grew in the dark for 4 weeks at 20° C.

During the first 14 days their length was measured every other day and their
phosphorus content determined after 4 weeks. Roots cultivated in the solution
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without phosphate and RNA were transplanted after 2 weeks into a solution
with RNA and the solution was examined spectrophotometrically in regular
intervals and the results compared with those for the whole plant.

Results

1. Growth of sterile tomatoesin three variants of Knop’sand White’s nutrient
solutions (to compare the results with those from explantates).

The tomatoes were grown for 4 weeks. The variants differed only in their
root system. Plants in complete nutrient solution had long main roots with
rich ramification. Practically no adventitious roots were formed. In the variant
C the main roots were less branched than in the variant A but numerous
adventitious roots were formed, their length equalling that of the principal
roots. Plants in the solution without phosphate (B) had long and unbranched
principal roots. A great amount of adventitious roots (very short) were formed.
The difference in the phosphate content between variants A and C is not
significant.

2. Uptake of high-molecular RNA by the plant.

Test tubes containing 20 ml active solution of RNA and mineral phosphate
32P received one plant each under sterile conditions. Pre-cultivation carried
out for 7, 14 and 30 days in nutrient media A, B and C. After 2, 6, 12 and
24 hours the plants were removed and studied by autoradiography. The
intensity of phosphorus uptake from RNA decreased as follows: B, C, A (of
pre-cultivation) and depended on the age of the plant. The uptake of organic
phosphate lags behind that of mineral phosphate by about 2 hours. At the
same time, the activity of the solution was determined and found to decrease
in dependence on the duration of cultivation; the amount of P released from
RNA was also estimated.

It follows from the results (Fig. 1) that RNA is degraded and that inorganic
phosphate is released and is not immediately utilized.
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Fig. 1. Course of release of inorganic phosphate from RNA solution (55~5 ppm) as influenced
by tomato roots.

It may be concluded from the results that phosphorus from RNA is taken
up by the tomato probably after exoenzymatic degradation. Plants precul-
tivated in a solution without phosphate were transferred to RNA and after
2, 6, 12, 24 and 48 hours the solution was aseptically decanted into cuvettes
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of 0-5 ml volume and the absorbancy of the solution measured at 258-5A
(Fig. 2, curve 1). A rise in absorbancy indicates degradation of RNA and
a decrease reveals the uptake of RNA fragments by the root system of the
tomato. In addition to the foregoing, the individual samples were left to stand
for the duration of the experiment (48 hours) and the solution examined after
the same intervals (Fig. 2, curves 2, 3, 4, 5). The rise in absorbancy in the
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Fig. 2. Change in absorbancy of RNA solution as influenced by 14 days old tomato plants
under aseptic conditions.
1. with a plant,
2., 3., 4., 5. after removal of plants.
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Fig. 3. Release of inorganic phosphate from RNA under the action of an enzyme extract.
—~——————— enzyme extract from roots, — — — — - — — enzyme extract from
overground parts.

individual measurements indicates exoenzymatic cleavage, since even after
removing the plant degradation proceeds under sterile condifions. The amount
of degraded RNA is directly proportional to the amount of released enzymes.
The solution in which the plants were grown for 24 hours was subjected to
electrophoresis. Only free phosphate was found, without any separation of the
starting spot. Hence, it is concluded that the fragments are larger than tetra-
nucleotides, since electrophoresis permits to determine at most tetranucleotides
(MrcraLEC, KoRINER 1959). After artificial degradation of RNA actually
individual bases could be determined. It was, therefore, verified that the
tomato enzymes can degrade RNA (Fig. 3). Knop’s solution with an enzymatic
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extract removed at the time of phosphate determination and Knop’s solution
with RNA plus trichloroacetic acid after 28 hours served as controls.
3. Uptake of degraded RNA by the tomato.
RNA was degraded by sterilization at 100° C for 30 min. at pH 8. The
" experiments were then conducted as in section 2. It follows from the radio-
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Fig. 4. Growth curves of isolated tomato root. A — White’s nutrient solution with NaH,PO,,
B — White’s nutrient solu'ion without NaH,PO,, C — White's nutrient solution without
NaH,PO, and with RNA.
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Fig. 5. Change in absorbancy of RNA solution as influenced by isolated tomato roots.
1. with an isolated tomato root, '
2., 3. after removal of roots.

grams that 32P from RNA is taken up only after 6 hours of cultivation in an
active solution. The activity of the solution remains constant for 6 hours,
whereas the amount of free phosphate rises. Between the 6th and 12th hours
the amount of 32P decreases and activity is also diminished. It may be said
in conclusion that_the uptake of phosphate from degraded RNA lags behind
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the uptake of mineral phosphate by some 6 hours and behind the uptake of
high-molecular RNA by some 4 hours.

4. Explantates.

Variants A and C were identical as to the character and phosphate content
but differed strikingly from B (growth curves, Fig. 4). It may be seen that
even roots alone will take up phosphate from RNA. The type of uptake of P
from RNA was checked spectrophotometrically. Roots after 2 weeks of cul-
tivation in a phosphate-free solution were transferred to a solution with
RNA and the solution was examined at regular intervals (Fig. 5). The results
obtained were compared with values from the experiment on the whole plant.
RNA is taken up identically, is split exoenzymatically and the fragments taken
up. Constant absorbancy from 0 to 24 hours can be explained by the assump-
tion that the roots were impoverished by a prolonged exposure in the phos-
phate-free solution so that it took a certain time (24 hours) before the root
began to grow and also release enzymes that would degrade RNA, as follows
from the graphical representation by curves 2 and 3 of Fig. 5 which show
the course of RNA degradation in the absence of roots.

Discussion

The finding that RNA is taken up by the roots is in agreement with the work
of some other authors (RATNER and SamoiLova 1958, TARASENKO and Kova-
LENKO 1962, LEpoUuXx and HUART 1962).

The possibility of exoenzymatic cleavage of RNA in solution was mentioned
by RATNER and SamorLova (1958), TARASENKO and KoVALENKO (1962), STRAUS
and CampBELL (1963),but LEpoUX and HuaRT (1962) are of the opinion that
the entire RN A molecule is taken up.

It follows from the present results that fragments of high-molecular RNA.
are taken up more readily than fragments of artificially degraded RNA. This.
may be explained by assuming that the plant regulates its phosphatase activity
depending on the amount of phosphate in the plant. If this is the case it is-
quite clear that the enzymes contained in the plant will degrade high-mole-
cular compounds to such fragments as would be readily taken up by the plant.
If RNA is presented in the degraded form, the preparation of such fragments
for uptake takes a longer time. The observed difference in uptake is 6 hours.
It is understandable that the age and stage of development of the plant affect
the uptake of RNA, since as long as at least the first leaf does not emerge the
plants do not require nutrients so urgently and are not even capable of degrad-
ing high-molecular organic substances. A similar effect on RNA uptake is
exerted by pre-cultivation of plants. .

In conclusion it may be said that RNA is taken up by the tomato in such.
amounts as will fully replace mineral nutrition with phosphorus even under
sterile conditions.
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RNK je degradovéna exoenzymy na ¥tdpy v&tdi ne? tetranukleotidy, které jsou rajéaty priji-
mény. Stépeni a piijem nejsou zpoddtku v rovnovéze. Rovnoviha nastava a% teprve po 20 ho-
dindch. Lépe jsou pfijimény $tépy z vysokomolekulérni RNK ne# %tépy z uméle degradované
RNK. Izolované kofeny pfijimaji $tépy RNK stejnym zptsobem jako celé rajée.

A. Momxarmona, Ornen gusmosiornm M NOYBEHHON MMKpoOGHosorAn ecrecTBenHoro a-
ryusrera Kapiosa yamsepcutera, UncTaryT sxcnepumenranbaoi Gorannke YCAH, Ilpara:
Hornomenne PHK kopueBoii cncremoii Tomara. — Biol. plant. 8 : 110—116, 1966.

9x303u3mMEl gerpaaupyoT PHR Ba npomykTsl pacmemsrenus pasmepaMm Gosiblue Terpa-
HYRJIEOTHJIOB, KOTODHIE NOIVIOMAKTCA TOMAaTaMH. Pacmensieame m TorjomeHme cuepsa
HepaBHOBECHK. PaBHOBecHE ycTaHaBIMBaeTCA JHWb nocae 20 wacos. Jlydiie norsiowaoTcs
MPOXYKTH DACIIEIVICHAA BHCOKOMOJIeKyaApHo# PHHK wem mpoayxrel pacmernvienms mc-
KYCCTBEHHO JRerpajaumponanuoii PHH. i

OKCIUTAHTATH YOTJIOMAT OPOAyKTH pacifenyienns PHHK rammke wax pacremme Tomara.



