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Abstract. The authors succeeded in demonstrating accumulation of tyrosine and p-coumaric
acid in three day-old roots of maize (Zea mays L.) fed with L-phenylalanine and cinnamic acid.
Phenylpyruvic acid applied under the same conditions gave rise to phenylalanine, indicating
the presence of the corresponding transferase activity. Even simultaneous application of inhibitors
of transaminase activity — hydroxylamine and isonicotinic acid hydrazide — did not result
in the formation of p-hydroxyphenylpyruvic acid.

Higher plants contain a great number of various phenolic materials. It is
very important to study the mechanism of origin of these substances both
from the point of view of their qualitative presence and of their function
as regulators of growth processes. Mono- and polyphenolic materials together
with the corresponding phenoloxidases play an important role in some
complex processes e.g. in biological oxidations, in host-parasite relationships
and in metabolic regulation (RUBIN 1960, FARKAS and K1rALY 1962, FINKLE
and RUNECKLES 1967).

There is a close relation between phenolic substances and aromatic amino
acids; this relation arises both from the similarity of the mechanism of their
formation and from the known possible conversion of these aromatic acids
into some important phenolic substances. Hydroxylation is the key reaction
in the conversion of aromatic substances into phenolic compounds. The
hydroxylation on the level of phenylpropane compounds (of the type Cs-Cs
unit) has been studied by several authors (Nair and Vinine 1965, SaTo
1966, RusseLL and ConN 1967, ExcELsMA 1965, McGALLA and NEISH 1959,
WALKER 1964, Kovics and JinDprA 1965, VavaHAaN and Burt 1967). The
entrance of hydroxyl groups into the structure of phenolic substances can
occur as well on the level of C¢-C3-Cg type (diarylpropane unit) for instance
with flavonoids (Grisebach 1967).

Until now these hydroxylation reactions have not been studied in the root
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system of plants, especially of maize. In the present paper, hydroxylation
of phenylalanine, cinnamic acid and phenylpyruvic acid was observed in
three day-old maize roots fed with these substances and the results are
presented.

Material and Methods

Material

We used 3 cm long roots of maize seedlings of the variety ‘“Cesky bily
konsgky zub”. The maize seeds were soaked in tap water for 24 hours at
laboratory temperature and afterwards transferred to moist filter paper and
germinated for 72 hours in an incubator at 25° in the dark.

For each experiment, 3 g of isolated roots were vacuum infiltrated with
0-59%, solution of phenylalanine and cinnamic acid and 0:19%, solution of
phenylpyruvic acid (pH of the solution was adjusted with 209, sodium
carbonate to 6-5). An oil vacuum pump was used for infiltration: the air
was exhausted for 3 minutes and the pump was then detached and the air
was slowly introduced during 3 minutes. This process was repeated three
times. The roots were washed after infiltration with distilled water and kept
on wet filter paper in an incubator at 30° for 5 hours. Control samples serving
for the determination of infiltrated phenylalanine and cinnamic acid were
not incubated. After the incubation period, the roots fed with phenylalanine
and cinnamic acid were extracted with 30 ml of 809, ethanol by homo-
genization in a mortar; roots fed with phenylpyruvic acid were homogenized.
with 30 ml of 969, ethanol. The homogenates were extracted 12 hours at 0°.
After centrifugation (5000 x ¢ for 10 minutes), the supernatants were con-
centrated in vacuum at 20° to 2 ml.

Amino Aecid Determination

Amino acids were determined after chromatographic separation using
standard technique (Whatman No 1, three times repeated development in
the system n-butanol-acetic acid-water (4 : 1 :5), descending technique).
Ninhydrine reagent was used for detection (HEILLMAN and BARROLIER 1957).
After detection, the spots were eluted in 5 ml of methanol (30 minutes in
the dark) and the resulting color was measured on a spectrophotometer K-51
at 495 nm.

Evidence and Determination of p-Coumaric Aecid

The hydroxylation product of cinnamic acid was identified by paper
chromatography and thin layer chromatography.

We used Whatman No 1 chromatographic paper and for ascending de-
velop S ent the following systems were applied: a) isopropanol-ammonia-
water (8 :1:1, v/v), b) 29 acetic acid, ¢) 10%, acetic acid, d) benzene-
acetic acid-water (40 :10:1, v/v), e) n-butanol-ammonia-water (40 : 5 : 5,
v/v), f) 0-05 M phosphate buffer.

Chromatograms were detected with diazotized sulphanilic acid (NAIR and
Vinie 1965). The resulting red spots of p-coumaric acid were eluted with
5 ml of water and quantitatively estimated at 445 nm. Cinnamic acid was
detected with 19, solution of potassium permanganate (BLAND and Logan
1967).
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A layer of potato starch or silica gel 0-4 mm thick was prepared in the
following way: 10 g of starch (silica gel) and 1-4 g of calcium sulphate powder
were thouroughly mixed in 25 ml of water; the mixture was layered on
a plate 15 X 15 cm which was dried at laboratory temperature for 15 hours.
We used the following developing system; toluene-ethyl formate-formic acid
(5:4:1, v/v, system —e). To achieve good separation, saturation of the
developing chamber with vapours of the system used was necessary.

Chromatographie Analysis of Aromatic x-keto Acids

These acids were analysed in free form and also in the form of corresponding
quinoxalinols which were prepared according to N1ELSEN (1963). When free
acids were analysed, the following systems were used: a) isopropanol-
ammonia-water (8 :1:1, v/v), b) benzene-propionic acid-water (2:2:1,
v/v), ¢) n-butanol-acetic acid-water (4 : 1 : 5, v/v); p-hydroxyphenylpyruvie
acid was detected with diazotized sulphanilic acid (NAIR and VINING 1965).

When quinoxalinol derivatives of keto acids were chromatographed, the
following systems were used: a) methanol-chloroform-0-1 ¥ sodium hydroxide
(56 :5:1, v/v), b) ethanol-chloroform-0-1 ¥ sodium hydroxide (5 : 5 : 1, v/v),
¢) ethanol-0-1 N sodium hydroxide (10:1, v/v). Before the developing
procedure, the chromatographic paper was sprayed with 0-1 N sodium
hydroxide and dried in the air. Quinoxalinols of phenylpyruvic acid and
p-hydroxyphenylpyruvic acid were identified under ultraviolet light using
standards. The spots were intensified by spraying with 0-1 ¥ sodium
hydroxide.

Spectrophotometric Measurements

For analyses in the ultraviolet zone of light, we used a Unicam SP-800
spectrophotometer with 10 mm cells. The spectrum of tyrosine was measured
after chromatographic separation and elution with 3 ml of ethanol. The
homogeneity of the originating p-coumaric acid was evaluated using the
same method. The chromatographic paper was washed before use several
times with 709, acetone. The amount of infiltrated cinnamic acid was de-
termined according a standard curve at 268 nm. After chromatographic
separation and determination of the site of cinnamic acid on a guide strip
of chromatogram by detection with potassium permanganate, the correspond-
ing spots of cinnamic acid were eluted with 3 ml of ethanol. The extinction
of eluates was measured at 268 nm.

Determination of Proteins

Proteins were determined according to LOWRY et al. (1951) using crystalline
bovine serum albumin as standard protein.

Results

Results obtained on hydroxylation of phenylalanine are given in Table 1
and Fig. 1.

Table 2 and Fig. 2 represent results obtained on hydroxylation of cinnamic
acid.
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TasLE 1
INFILTRATION EXPERIMENTS with phenylalanine
Protein moles infiltrated pmoles infiltrated pmoles formed g'm()l(?s formeld
(mg) t henvlal n.a phenylalanine/mg tyrosine/mg yl.'osﬁl]l;e/ %.n:io ©
g prenylalanine protein protein ratec
phenylalanine
15-6 7-8 0-503 0-033 0-064

The hydroxylation product of cinnamic acid — p-coumaric acid — was
also identified by paper chromatography using various developing systems
and detection reagents as well as by thin layer chromatography. The results
obtained are given in Tables 3 and 4.

TABLE 2

INFILTRATION EXPERIMENTS with cinnamic acid

pumoles formed
. . pmoles infiltrated pmoles formed p-coumaric
Pf::e;n “Tiﬂﬁ irlrrxli‘ili?ified cinnamic acid/mg p-coumaric acid/ymole
g protein acid/mg protein infiltrated
cinnamic acid
15-6 13-5 0-87 0-14 0-155

When free aromatic «-keto acids and their quinoxalinol derivatives were
chromatographed, it appeared that the hydroxylation on the level of phenyl-
pyruvic acid did not take place in the observed material under the given
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Fig. 1. Absorption spectra of tyrosine: 1 — authentic sample, 2 — tyrosine from control and
3 — from phenylalanine fed roots.

Fig. 2. Absorption spectra of p-coumaric acid: 1 — authentic sample, 2 — p-coumaric acid
from control and 3 — from cinnamic acid fed roots.
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TABLE 3
SoME PROPERTIES of the product as compared with p-coumaric acid
Compound
Test
p-coumaric acid product
Ryt values in solvent a. 0-42 0-42
b. 0-40 0-40
c. 0-50 0-50
d. 0-47 0-47
Colour with reagent 1. red red
2. white on violet background | white on violet background
Fluorescence in u. v. light
—NH3 — —
+NH; dark blue dark blue

Reagents: 1 — diazotized sulphanilic acid
2 — potassium permanganate

conditions. p-Hydroxyphenylpyruvic acid did not originate in experimental
samples which were incubated with phenylpyruvic acid, nor was the in-
filtrated phenylpyruvic acid present.

We tried to determine whether transamination of phenylpyruvic acid
takes place in the material studied. For this reason we determined the content
of phenylalanine in samples which were fed with the corresponding acid,
using samples fed with water as control. Chromatographic analysis showed

TABLE 4

SoMr PROPERTIES of product as compared with p-coumaric acid, caffeic acid and ferulic acid
on thin layer chromatography

Compound
Test -
p-cc:;xiréa.rlc caffeic acid ferulic acid product
Rt values in solvent
e 0-82 0-69 0-90 0-82
Fluorescence in u. v.
light —NH; — blue blue —
+NHg dark blue blue blue dark blue

that the experimental sample contains 0-05 pmoles of phenylalanine/l mg
of protein, more than in control samples. Although this result indicates the
conversion of phenylpyruvic acid into phenylalanine, we used some inhibitors
of transaminases to suppress the possible competition for this substrate
between transaminase and the corresponding hydroxylase of phenylpyruvie
acid. As inhibitors, we used 0-1 M solution of hydroxylamine, and hydrazide
of isonicotinic acid, which were infiltrated into the material together with
sodium phenylpyruvate. In these experiments, phenylalanine was not formed
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and when quinoxalinols of aromatic «-keto acids were chromatographed, the
presence of phenylpyruvic acid was demonstrated. p-Hydroxyphenylpyruvie
acid was not found even under these conditions.

Discussion

The results obtained show that hydroxylation of phenylalanine and cin-
namic acid takes place in 3 day-old roots of maize (Zea mays L.) variety
“Cesky bily kontisky zub”. Comparing reciprocal ratios of the originating
products to the respective substrates — pmoles Tyr/umoles Phe, respectively
pmoles p-coumaric acid/pmoles cinnamic acid, as well as amount of originating
products to 1 mg of proteins (tables 1 and 2) — it is evident that hydroxyl-
ation of cinnamic acid is more intensive. This finding agrees with the opinion
of other authors (BATE-SMITE and SwAIN 1965, McCarrLa and Neisg 1959)
concerning the secondary importance of phenylalanine hydroxylation in
production of phenolic compounds in plants. It is very probable that the
primary change in phenylalanine in the material studied is deamination,
with simultaneous origin of cinnamio acid which undergoes intense hydroxyl-
ation.

When seeking evidence for hydroxylation of phenylpyruvic acid in the
presence of transaminase inhibitors, we obtained negative results; this result
is in agreement with the fact that hydroxylation on the level of phenylpyruvic
acid has not as yet been demonstrated. When phenylpyruvic acid was
infiltrated accumulation of phenylalanine took place; this indicates the
presence of phenylpyruvic acid transaminase.

Another recent investigation deals with isolation, purification and separ-
ation of phenylalanine transminase and deaminase as well as the study of
some properties of these enzymes from roots of 3 day-old maize plants
(PSENAROVA et al. 1969).
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V trojdiiovych koreiioch kukurice Zea mays L. sa po infiltrdcii L-fenylalaninu a kyseliny $ko-
ricovej podarilo dokédzat nahromadenie ich hydroxylaénych produktov, t. j. tyrozinu a kyseliny
p-kumaérovej. Za rovnakych podmienok pouZitd kyselina fenylpyrohroznové viedla k vzniku
fenylalaninu, 8o poukazuje na pritomnost prisludnej aminotransferazovej aktivity. Ani stidasné
aplikdcia inhibitorov transaminaénych reakecii — hydroxylaminu a hydrazidu kyseliny izo-
nikotinovej — nemala za nésledok tvorbu kyseliny p-hydroxyfenylpyrohroznovej.



