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Changes in the activities of ornithine transcarbamylase and
arginase, and concentrations of nitrogenous substances during
germination and seedling development of Vitis vinifera L.!)

by

K. A. RouseLakis and W. M. KLIEWER

Verinderungen in der Aktivitit der Ornithintranscarbamylase und der Arginase
sowie der Konzentration der Stickstoffverbindungen wihrend der Keimung und der
Simlingsentwicklung von Vitis vinifera L.

Zusammenfassung: — Im Verlauf der Keimung und des anschlieBenden
Wachstums der Sdmlinge von Vitis viniferae L., cv. Chenin blanc, traten deutliche Ver-
dnderungen in der Konzentration des gesamten nicht-proteingebundenen Stickstoffs, des
Amino- und des Amidstickstoffs sowie in der Aktivitdt der Ornithintranscarbamylase
(OTC) und der Arginase auf. Die Samen besaflien einen niedrigeren Gehalt an gesamtem
nicht-proteingebundenem Stickstoff als die Samlinge, wobei die maximale Konzentra-
tion im 3. Stadium des Simlingswachstums erreicht wurde (10—15 d nach der Keimung);
danach nahm sie rasch ab. Die Verschiebungen in der Konzentration des Amino- und
Amidstickstoffs verliefen parallel zu den Konzentrationsiinderungen des gesamten nicht-
proteingebundenen Stickstoffs. In allen Stadien der Samlingsentwicklung lag die Glu-
tamin- iiber der Asparaginkonzentration. Das Vorkommen von OTC und Arginase in
Samen und Sidmlingen sowie die parallelen Veridnderungen von Arginaseaktivitidt und
Konzentration des freien Arginins lagsen vermuten, daf} die Biosynthese und der Abbau
dieser Aminoséure im Rebengewebe iiber den Kress-HenseLeir-Cyklus ablaufen. In den
Séamlingsstadien 3, 4 und 5 wurden — nach LiNeweaveEr-Burk — unterschiedliche M:icHAELIS-
Konstanten der Arginase ermittelt.

Introduction

Seed germination is a complex process accompanied by alterations in the con-
stituents of the seed, including the nitrogenous compounds (McKes 1962). Storage
proteins are hydrolyzed into their constituent amino acids by enzymes which are
usually activated by the imbibition of water. The amino acids liberated during ger-
mination are incorporated into new protein molecules, transaminated, or deamin-
ated. The ammonia liberated by the deamination of amino acids is prevented from
accumulating in toxic amounts by being fixed into glutamine and asparagine
(McKee 1962). The maximum rate of protein hydrolysis coincides with the maximum
rate of seedling growth (Bonner and Varner 1965). During germination, enzymatic
activities may change either from activation of preexisting enzyme proteins or by
de novo synthesis.

This paper deals with qualitative and quantitative changes in free amino acids,
amides, and ammonia in germinating seeds and seedlings of Chenin blanc grape-

1) This report is a part of a dissertation submitted by K. A. R. in partial fulfillment of the re-
quirements for the Ph. D. degree at the University of California, Davis,
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vines. Reported in addition are enzymatic activities of ornithine transcarbamylase
(OTC) and arginase as a function of the developmental stage of germinating seeds
and seedlings.

Materials and methods

Plant material

Germinating seeds and young seedlings of V. vinifera L. cv. Chenin blanc were
collected and grown as described by RousrLakis and Kriewer (1978).

Variability in seed germination and seedling growth was too great to express
seedling age in terms of days after planting or germination. Therefore, the age of
the seedlings was defined in terms of one of six different apparent developmental
stages of growth as shown in Fig. 1. Stage of growth #0 (SG#0) designate seeds
kept in aerated distilled water for 24 h. The approximate periods between two con-
secutive stages of growth were 5 to 7 d. Plants at one of these uniform stages of
growth were selected, washed with distilled water, blotted dry between paper
towels, and weighed before being used.

Determination of plant constituents

Relative water content: Preweighed tissue samples were freeze dried
for 24 to 48 h and the relative water content (RWC) was calculated according to the
equation

g H,O

RWC = m +100 % (KrRAMER 1969).

Determination of nonprotein nitrogeneous compounds: A
known amount of freeze-dried material (equivalent to 1 g fresh weight) was pulver-
ized and homogenized in 40 volumes (w/v) of Na citrate buffer, pH 5.0, containing

S6#0  SG#I S6#2 SG#3 S6#4 SG#5

Fig. 1: Age of Chenin blanc seedlings defined on the basis of apparent stage of growth
(SG).

Definjtion des Alters von Chenin-blanc-Sidmlingen aufgrund ihres Wachstumszustandes
(SG).
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0.1 % (v/v) of Tween 20 (Kuewer and Cook 1974). The mixture was stirred for 2 h
at room temperature and then filtered through a plug of glass wool. The filtrate
was centrifuged at 10,000 g for 15 min.

A portion of the supernatant was treated with a 10 % (w/v) solution of 5-sulfo-
salicylic acid, sequanal grade, in deionized water in a ratio of 1:5 (v/v). The pre-
cipitate formed was removed by centrifugation and 0.3 to 0.5 ml was analyzed in an
amino acid Aufo-analyzer. The data are expressed as wmoles of nitrogenous sub-
stances per g dry weight.
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The concentration of total nonprotein nitrogen (NPN) was calculated by adding
the amounts of individual free amino acids, amides, and ammonia, expressed as
pmoles per g of fresh tissue. NPN and total soluble nitrogen are used synonymousiy
in this communication. The total free amino nitrogen fraction was estimated by
adding together the concentration of the individual amino acids and the amide
nitrogen fraction is the sum of glutamine and asparagine nitrogen, expressed as
umoles per g of fresh tissue.

The relative amide nitrogen content was computed as follows:

lati de N Total amide N
Relative amide N = Total nonprotein N 100 %

The relative content of some individual amino acids was cumputed in a similar
manner.

Enzymatic studies

OTC and arginase were extracted and assayed in vitro and in vivo from ger-
minating seeds and seedlings at each of the six stages of growth as described pre-
viously (RouserLakis and Kuiewer 1978 a, c¢). OTC and arginase initial velocity was
expressed as umoles L-citrulline or L-ornithine formed per h per g of fresh tissue.
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Results and discussion

The relative water content of germinating seeds was lowest at SG#0 and in-
creased thereafter with seedling development, reaching a maximum at seedling
SG#4 and #5 (Fig. 2).

The total free amino acids and amide nitrogen compounds present in the grape
seeds and seedlings increased rapidly following germination, reaching a maximum
at the 3rd stage of seedling growth (Fig. 2; Table). The level of total nonprotein
nitrogen was about 7 times as great at SG#3 as at SG#0 (imbibing seeds). The
concentration of total nonprotein nitrogen and total amide nitrogen changed in
parallel during the germination and development of Chenin blanc seeds and seed-

Changes in the concentration of free amino acids, amides, and ammonia during germi-
nation and growth of Chenin blanc seedlings
Konzentrationsanderungen der freien Aminosduren, der Amide und des Ammoniaks
wihrend der Keimung und des Wachstums von Sdmlingen der Sorte Chenin blanc

wmoles . (g fresh rot)™t
Stage of growth?)

0 1 2 3 4 5
Free amino acids
Alanine 1.36 3.55 3.85 2.82 2.46 0.37
Arginine 1.01 1.21 1.42 2.7 1.80 0.20
Aspartate 0.80 1.00 1.16 0.86 0.74 0.26
y-aminobutyrate 0.34 0.71 0.70 0.33 0.50 0.16
Glutamate 1.53 1.96 2.29 1.02 0.54 0.37
Glycine 0.17 0.66 0.77 0.60 0.36 0,06
Histidine 0.07 0.19 0.26 1.62 1.00 0.20
1Isoleucine ND3 019 0.36 2.40 1.24 0.40
Leucine ND 0.45 0.66 1.52 0.45 0.15
Lysine 0.22 0.22 0.27 1.00 0.40 0.09
Methionine ND ND 0.06 0.25 0.13 T?)
Phenylalanine 0.14 0.36 0.46 0.32 0.16 T
Proline 1.38 0.92 0.82 T T T
Serine 0.42 0.88 1.21 4.69 2.15 0.46
Threonine ND 0.19 0.31 2.05 1.14 0.21
Tyrosine 0.08 0.22 0.27 0.48 0.23 T
Valine ND 0.41 0.60 3.15 1.65 0.11
Total free amino acids  7.52 13.12 15.47 25.82 14.95 3.14
Amides
Asparagine 0.50 0.42 0.46 4.06 2.47 0.85
Glutamine 1.30 4.32 5.65 29.59 11.00 4.64
Total amides 1.80 4.74 6.11 33.65 13.47 5.49
Ammonia 0.60 0.29 0.26 12.94 4.90 3.83
Ethanolamine ND ND ND ND 1.24 T
Total nonprotein nitrogen 9.92 18.15 21.84 72.41 34.56 12.46

1) See Fig. 1 for definition of the various stages of seedling growth.
2) ND and T respectively designate ‘not detected’ and ‘trace’.
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lings (Fig. 2). This pattern of change in the level of the nonprotein nitrogen fraction
after germination of grape seeds is in agreement with that reported in germinating
pea seeds (Lawrence and Grant 1963, Larson and Beevers 1965), Cucurbita moschata
seeds (Lignowskr et al. 1971), and Vicia faba seeds (Bourter and Barser 1963). The
level of soluble amino nitrogen in the endosperm of castor beans increased up to
the 6th d after germination, whereas the insoluble nitrogen fraction increased after
the 5th d (Srewart and Beevers 1967).
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Fig. 4 (top): Free arginine and relative arginine in

Chenin blanc germinating seeds and seedlings. Re-

lative arginine was calculated as described in the
text.
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Fig. 5 (bottom): Total nonprotein nitrogenous com-

pounds and relative arginine content of Chenin

blanc seedlings at different stages of development.
(Note the different scales).
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Abb. 4 (oben): Absoluter und relativer Gehalt an

freiem Arginin in keimenden Samen und in Sim-
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Abb. 5 (unten): Gesamte nicht-proteingebundene
Stickstoffverbindungen und relativer Argininge-
halt von Chenin-blanc-Simlingen in verschiede-
nen Entwicklungsstadien. (Die unterschiedliche Ska-
leneinteilung ist zu beachten).
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Glutamine was the predominant soluble nitrogenous compound in the seedlings
at growth stages #1 to b and was present in a concentration 3 to 12 times that of
asparagine (Table). The ratio between the total nonprotein nitrogen fraction and
amide nitrogen fraction was maximal at the 0 stage of seedling growth (Fig. 3). There-
after this ratio continued to decrease up to the 3rd stage of growth and then re-
mained almost unchanged during the subsequent two developmental stages (Fig. 3);
this pattern of changes in the ratio with development of Chenin blanc seedlings was
due to the marked increase in amide nitrogen, especially glutamine, at stages 1 to 3
(Table). The relative amide content increased, whereas the ratio of total nonprotein
nitrogen over amide nitrogen decreased (Fig. 3).

The contribution of glutamine and asparagine to the total nonprotein nitrogen
fraction increased from 18.2 % at the 0 stage of growth to over 40.0 % during the
last three developmental stages. Glutamine concentration and glutamine synthetase
activity increased in germinating seeds of Cucurbita moschata, reaching maximum
levels on the 4th to 6th d after germination (Licnowski et al. 1971). In vivo synthesis
of glutamine-“C from glutamic-*C paralleled the increase in concentration of
glutamine and glutamine synthetase activity during germination of the Cucurbita
seeds (Licnowskl et al. 1971). In germinating Vicia faba seeds, glutamine was not
formed extensively until after 6 d of growth (BouLter and Barser 1963). These authors
postulated that the delayed synthesis of this amide may be related to the onset of
photosynthesis to provide a readily available supply of carbon precursors. Glutamine
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was not synthesized in large amounts in the Chenin blanc seedlings until SG#3
and thereafter, when the cotyledonous leaves were fully expanded.

17 free amino acids were identified in the germinating seeds and seedlings
(Table). Additional amino acids may also have been present in concentrations less
than 5 nmoles, which was the lowest detection limit of the amino acid analyzer.
Glutamic acid, alanine, and arginine were the predominant free amino acids at the 0
stage of growth. With increasing seedling age, these three amino acids continued
to be present in relatively high levels, and in addition, serine, threonine, valine, iso-
leucine, and leucine were also present at high concentrations (T'able).

The maximum concentration of free arginine in Chenin blanc seeds and seed-
lings occurred at the 3rd developmental stage; however, the highest value of
relative arginine (calculated as a percent of the total nonprotein nitrogen fraction)
was present in SG#0 germinating seeds (Fig. 4). The decrease in relative arginine
content with increasing age of seedling development supports the role of arginine
as a nitrogen-rich storage amino acid and as a source of readily available nitrogen
for synthesis of other nitrogenous compounds. Fig. 5 showsthat the level of arginine
and the total soluble nitrogen fraction per seedling followed a pattern of change
very similar to that obtained on a concentration basis (Fig. 4). ‘
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The free arginine content in germinating seeds of Pisum sativum (Larson and
Besver 1965) and Canavalia ensiformis (Jounstone 1956) increased during the first
14 d of seedling development, whereas in Phaseolus vulgaris seedlings (Jones and
Bourter 1968) the level of free arginine was less on the 7th d after germination than
in ungerminated seeds; thereafter, an increase was again observed. In pumpkin
seedlings the concentration of free arginine increased as seedling growth progressed,
reaching a maximum concentration 9 d after germination and decreasing thereafter
(SpiTTSTOESSER 1968).
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The presence of each of the four enzymes mediating the reactions in the Kreps-
HenseLerr cycle was demonstrated in various plant tissues from V. winifera, thus
suggesting that the biosynthesis and catabolism of arginine occurred, as least partial-
ly through the Kress-HenseLeir cyclic reaction sequence (RousrsrLakis and KuiEwer
1978 a, b, ¢).

o——eSeedlings of SG#3
o——oSeedlings at SG#4

Fig. 8: Lineweaver-Bunrk plots for in vitro arginase
o——oSeedlings ot SGH# 5

activity as affected by stage of growth of Chenin
blanc seedlings. Reaction conditions were as des-
cribed in the text.
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SeritTsTOESSER (1968, 1969 a, b) reported arginase in germinating pumpkin seeds
and seedlings. He suggested that it was intimately associated with arginine degrada-
tion. Kastine and Derwicnar (1958) detected the amino acids arginine, citrulline, and
ornithine in watermelon seedlings and suggested that those compounds were inter-
related through the Kress and HenseLrir metabolic pathway. The same conclusion
was reached by other workers who demonstrated the presence of OTC in germinating
seeds and young seedlings (Reirer et al. 1963, Kieczkowski and CoHeN 1964, KoLLOFrEL
and StroBanD 1973, Eip et al. 1974).

OTC was present in extracts from Chenin blanc germinating seeds and seed-
lings at each of the six stages of development (Fig. 6). Maximum OTC activity was
found in seedlings at SG#2 to 3. Thereafter, OTC activity leveled off and remained
about the same for the subsequent stages of growth. OTC activity from germinating
peas and wheat seedlings also increased during the first days of seedling develop-
ment, then leveled off, followed again by increased activity at the latter stages of
growth (Reer et al. 1963, KLeczkowskr and Conen 1964). On the other hand, KoLLdrreL
and StrosBanp (1973) found that Vicia faba OTC activity was higher in cotyledons
from germinating seeds than in cotyledons from seedlings. The different pattern of
OTC changes between whole seeds and cotyledons during their development may
indicate that, during germination, plant organs other than cotyledons are more
active in synthesizing arginine,

Arginase activity increased rapidly during seed germination and the growth
of Chenin blanc seedlings, with maximum activities in SG#3 seedlings (Fig. 7). Be-
tween SG#3 to 5, arginase activity in the seedlings declined markedly. KorLreeL
and vaN Doke (1975) studied changes in arginase activity in extracts from Vicia faba
germinating seeds and seedlings. Arginase activity was very low in seeds but in-
creased after germination up to the 6th d of seedling age, decreasing thereafter.
Speritrstoesser (1969 b) reported that arginase activity in cotyledons of germinating
pumpkin seeds increased rapidly with germination and reached a maximum 7 d
after germination. The activity thereafter declined, with no enzymatic activity
detected after 14 d.

The concentration of free arginine and arginase activities in Cenin blanc seeds
and seedlings showed parallel patterns of change during the different stages of
germination (Fig. 7). Similar changes occurred in pumpkin seeds and seedlings
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(SeuittstoEsser 1969 b), This raises the question whether arginase is a substrate-
inducible enzyme, or whether some other cell constituent regulates de novo syn-
thesis of arginase or the activation and inhibition of preexisting enzyme protein.

Arginase extracted from grape seedlings at SG#3, 4, and 5 showed different
affinities to L-arginine. Fig. 8 plots data according to the Lineweaver-Burk equation.
The MicnarLis constants for SG#3, 4, and 5 were respectively 6.1, 17.9, and 8.3 mm.
This may indicate that the partially purified enzyme preparation contains some cell
constituent(s) causing the observed changes in the affinity of the enzyme to sub-
strate; however, the effect of the extraction procedure on the enzyme protein can-
not be excluded. Muszynska and Rerrer (1970) found an inhibitor of arginase in sun-
flower seeds.

Stewart (1975) found that excised bean leaves catabolized exogenous arginine
much faster at high arginine concentrations. That finding is supported by the data
in Fig. 7 showing parallel changes in arginine concentration and arginase activity
in grape seedlings during their development.

The nonparallel change in OTC and arginase activities after the 3rd develop-
mental stage may indicate either that there are two arginine pools in the cell, one
anabolic and one catabolic; or that arginine was rapidly incorporated into newly
synthesized protein molecules. Whether the decline in OTC activity after the 2nd
stage of growth was affected by the lack of exogenously supplied nitrogen or was an
endogenously regulated phenomenon is not known.

Summary

During germination and subsequent growth of seedlings of Vitis vinifera L. cv.
Chenin blanc, marked change§ occurred in the concentrations of the total nonprotein
nitrogen fraction, amino nitrogen, and amide nitrogen, and in the activities of orni-
thine transcarbamylase (OTC) and arginase. The level of total nonprotein nitrogen
was lower in seeds than in seedlings, with maximum concentration reached at the
3rd stage of seedling growth (10 to 15 d after germination) and thereafter declin-
ing rapidly. Changes in the concentration of amino nitrogen and amide nitrogen
fractions paralleled that of the total nonprotein nitrogen. The concentration of
glutamine exceeded that of asparagine at all stages of seedling development. The
presence of OTC and arginase in seeds and seedlings, as well as the parallel changes
between arginase activity and concentration of free arginine, suggested that the bio-
synthesis and degradation of this amino acid in grapevine tissues occurs through
the Kreps-HenseLeir pathway. The MicHAeus constant for arginase, calculated from
the Lineweaver-Burk plot, differed in seedlings at three different stages of seedling
development.
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