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Abstract—The amino acid composition of the vascular sap of a high lysine maize mutant was determined during
kernel development. With the exception of proline and cystine, all amino acids that occur in the endosperm were
found in the vascular sap of the ear peduncle. Glutamine is the major amino acid transported to the endosperm
varying from 30.6 to 20.6 umol%, at 7 and 42 days after pollination, respectively. Aspartic acid, the second most
important nitrogen form translocated to the seeds, was ca 10 pmol%; during kernel filling. Glutamine and arginine
content decreased with maturity, while valine, methionine, isoleucine, leucine, tyrosine and phenylalaninc increased
with kernel development. The remaining N forms were constant during endosperm growth.

INTRODUCTION In maize, a high glutamate synthase activity during
seed development [6] was associated with high levels of
free glutamine in the endosperm (7, 8]. However, little
is known about the amino acids which are translocated
to maize endosperm during development. We therefore
studied the amino acid composition of the vascular sap
of maize ear peduncles during kernel development.

The nitrogen (N) forms translocated to the seeds associ-
ated with corresponding metabolic enzymes in the endo-
sperm, have become a subject of great interest in recent
years. Evidence for amino acid translocation through the
vascular system has been reported in some species [ 1-3].
In Lupinus [3] a high content of asparagine in the sap
of the xylem was highly correlated with asparaginase
activity in the developing seeds. It has been also demon-

. . RESULTS AND DISCUSSION
strated [3-5], that asparagine and glutamine are the

major N compounds entering Lupinus seeds. However, The N content decreases slowly with ear maturity
great differences may occur in the concentration of these  varying from 1.7 at 7 days after pollination (DAP) to 1.3
two amides in different plant species [1, 3]. mg/ml at 42 DAP, respectively (Table 1). All amino acids

Table 1. Nitrogen content and amino acid composition of vascular sap of maize ear peduncle during ear development

Days after pollination

Component 7 14 21 28 35 42
Total nitrogen (mg/ml) 1.7 1.5 1.6 1.4 1.4 1.3
Amino acid (mol/100 pmol) Lys 4.4 438 4.0 5.0 44 2.7

His i3 44 2.6 3.2 32 S.5
NH, 6.2 43 53 6.1 43 6.6
Arg 6.3 5.5 3.8 1.8 2.4 2.1
Trp 45 53 5.2 4.5 438 2.7
Asp 9.1 12.1 12.6 79 10.1 9.1
AsN 55 6.5 5.6 5.1 6.2 7.9
Thr 39 35 4.1 5.7 4.1 3.7
Ser 6.1 5.6 6.3 8.1 6.8 7.4
Glu 1.5 1.6 38 3.2 1.8 1.1
GIN 30.6 28.5 25.8 17.5 20.7 20.6
Gly 3.0 1.5 24 4.8 3.1 3.1
Ala 5.8 5.8 6.0 44 34 45
Val 3.2 3.1 34 6.0 6.0 S.1
Met 0.9 0.9 0.8 1.3 1.7 14
Ileu 1.6 1.8 1.8 2.7 3.6 33
Leu 2.0 2.3 2.3 3.2 43 39
Tyr 1.5 2.0 37 8.0 8.0 7.2
Phe 0.6 0.6 0.6 1.5 1.2 2.0
Cys 0.0 0.0 0.0 0.0 0.0 0.0
Pro 0.0 0.0 0.0 0.0 0.0 0.0
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that occur in the endosperm proteins [8-12] are present
in the peduncle vascular sap, with the exception of
proline and cystine. This indicates that proline and cystine
are totally synthesized in the endosperm. In general, the
amino acid composition, was constant during ear de-
velopment, although a slight fluctuation could be ob-
served for some amino acids. Arginine decreased from
6.3at7 DAP to 2.1 umol 9% at 42 DAP, whereas glutamine
was reduced from 30.6 at 7 DAP to 20.6 pmol %, at 42
DAP. On the other hand valine, methionine, isoleucine,
leucine, tyrosine and phenylalanine showed an increase
during ear development. The remaining amino acids
were constant during endosperm filling.

As was previously suggested by Sodek and Silva [6],
our results indicated that glutamine is the major amino
acid found in the vascular sap. This is probably related
to the free glutamine found in the developing endosperm
[7, 8] and correldtes with glutamate synthase activity in
maize endosperm [6]." Aspartic acid (10 pmol %) is also
an important sourpce of N transported to the developing
kernel. In contrast with findings in Lupinus [3], aspara-
gine (6.1 pmol %) does not seem to be a major N form
in maize vascular sap during kernel development.

EXPERIMENTAL

A double mutant sugary-1 opaque-2 (sulo2) maize variety
was planted in October 1976 in the experimental area of the
Universidade Estadual de Campinas. Plants were spaced
0.2 x 1 m providing a population density of a 50000 plants/ha.
The plots in the field were fertilized on the basis of 80 kg of N,
60 kg of P,O, and 30 kg of K,O per hectare.

Ear peduncles for amino acid sap analysis were taken at 7,
14, 21, 28, 35 and 42 days after poliination in such a way as to
maintain the same level of plant competition through maturity.
Peduncles (10, ca 5 cm long) were cut from the base of the ear
and vascular sap was extracted from each stage as follows: the
peduncle was attached to the top of a test-tube and a vacuum
(0.5 atm) was applied to extract the vascular sap. CHCI, (5 m))
was passed through the peduncle to facilitate extraction. The
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extract from each of the 10 peduncles was pooled and separated
from the CHCI, by centrifugation at 1000 g. The vascular sap
(ca 1 ml from each stage of development) was then stored at
—20°. N analysis was done using the procedure described in
ref. [13]. Amino acid analysis was performed in an automatic
amino acid analyser. using a ligand system [14]. Individual
amine acids were calculated from the total amino acid recovered.
Amides were determined by difference in glutamic and aspartic
acid ceatents before and after hydrolysis with N HCI for 3 hr
at 105° [8]. Before hydrolysis, glutamine was eluted with
threonine. After hydrolysis glutamine was converted into
glutamic acid, allowing the determination of glutamine and
threonine.
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