Changes in the Concentration of Amino Acids in
the Leaves of Sugar Beet Plants
Aftected with Curly Top
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Introduction

Previous investigations {1y* have shown that striking differenees ocour
in the relative concenwration of certain amino acids in the juice expressed
from the deaves of healthy and curly-top-discased sugar beets. The work
reported here summarizes some of the findings obtained at this laboratory
on the amino acids found (and the relative amounts of certain ones) in the
feaves of healthy, susceptible sugar beets. LThese are compared to the find-
ings in compurable leaves of plants aflected with a severe strain of the
curly-top virus,

Preparation of Samples

A variety of sugar beets, susceptible to curly top, was grown in the
greenhouse in six-inch pots in highly fertile soil. The plants, four per
pot, were inoculated with a virulent strain of curly-top virus as carly as
the two-leal and as Iate as the siv-leat stage, depending upon the expert
ment, by means of virulifcrous beet leafhoppers. The uninoculated plants,
thinned to two per pot, were cared for in the same manner and made up
the controls, 'The plants were fertilized immediately afrer inoculation and
at frequent intervals uneil the leal samples were taken.

The samples were taken ufter the discase bad reached a maximum
degree ol severity, This was wsually lour to five weeks alter inoculation,
depending upon the age ol the plants at the time of inoculaton. The
oldest leal’ showing severe symptoms of curly top, together with all of the
vounger leaves on the plant, was taken lor a sample. T.eaves of the same age
range were taken from the healthy control planes at the same time. Leaves
were taken from a minimum of 20 to as many as 100 discased plants for
cach sample of diseased lcaves and from smaller numbers of healthy plants
for the control samp
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The petioles were removed at the base of the leal and the juice ex-
pressed from the washed, quick-frozen blades to 6000 p.si. The juice was
filtered through a mat of celite and preserved with thymol and phenyl
wiercuric nitrate and stored ar 10° ¥, The samples were filtered again
unmediately before using., Eleven such pairs of samples were  prepared
over a period of two years.

Analysis by Paper Chromatography

The number of amino acids and their relative amounts were determined
by 2-dimncnsional paper chromatography by the ascending method. Normal
butanolacctic acid-water (4:1:3), phenolwater (1:1) and 2.6-lutidine (200
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mly, 95 percent cthanol (200 mly. water (100 mbly  and dicthyl wmine
(6.25 mL) were the solvents used. As much as 10 /g1 of the cleared juice
wus spotted on T x0T Whatman Nos. 103, and 532 papors for identifbeation
purposcs.

For quantitative studics, T-dimensional papergrams were used {or all
amino acids except histidine, Iysine, seaminobutyric and glycine, These
amino acids, except the last, were determined by 2-directianal paporgrams
uwsing phenol followed by the tutdine solvent. Gamuweaminobutyric acid
was separated by dusting the line ol ascent of the adds in phenol with
hasic copper carbonate followed by the lutidinge solvent which did not con-
tain the diethyl amioe. Glyeine was determined using the butanol solvent
{ollowed by Iutidine. The butanol sobvent alone was wsed 1o determine
valine, the “leucines” and cvstine while the lutidine sohvent was used o
determine threonine and as o check upon the Vleucines” and valine. The
pheool solvent was used to determine aspuartic ackd, glutamic acid, adanine,
and argenine. The concentration of argenine way so high, relative o that
of histidine and lvsjne, that only 1 /b ol juice was sullident for o deter
mination of the former aud without interference from the other two acids,

Duplicate spots of 1 o 3 ]
acic being determined, ol cach pair of samples of healthy and diseased
feaves were placed side by side 2 cm. apart on all three papers.

/g,.,l of the juice, depending upon the amino

Phe same volume of the standards, shown in Table 1, was rephicated
four times with cach concentration on separate sheets of each puper and
run concomitantly in the swme cabinet with cach set of unidivectional
papers.

The papers were developed at o temperature of 237 C allowing the
solvents to ascend, in most cases, 18 to 20 ¢m. above the origin. The de-
veloped papergrams were dried overnight in w dreulating oven at 480 €,
then dipped into a G3-pereent solution of ninhvdrin in 95 percent cthanol,
Color developiment took place during a sixchour period in an incubator
maintained at 407 Coand a relative humidity of 45 percent by passing
preconditioned air through the fncubator av a rate suflicient o replace the
alr at least ouce every two hours,

Tuble I—Compmsition of Amine Adid Soludous Used as Standards,

Amino Acid 1 2 3 ]
Mg ¢
Aspartic 110 70 ] 17.5
Glutinnde B 70 85 17.5
Argeninge 110 i 35 175
THstidine 200 160 50 25
Loysine 200 Y a0 25
Valine 200 90 R3] 25
Leusine 200 100 50 23
Serine 201 100 50 25
Fhyeonine 204 100 A0 25
Cammua-Aminobutyyic 200 1040 30 25
Glveine W) ol 25 12,5
Cystine 200 HIe a0 25
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Figure 1L—Typical standard carves obtained by plotting log ol amine
acid concentration against transmission density,

The relative density ol the spots was determined the fallowing worn-
ing by a photovell transmission densitometer unit using a danm. aperture,
The wransmission density values were corrected for the background value
of the paper. "The log concentration ol the standard amino acids was plotied
against the mean “oansmission density” of the {our spots. Typical curves
are shown in Figure 1. The curves were usually straight lines {or the three
lowest concentrations. but the curves of some ol the mnino acids tended
to Hatten somewhat above the 100 ang. percent concentration. The concen-
wation of cach amine acid was determined on all three papers, (Whatman
Nos. 1. 8, and 52) and the papergrams compared as to quality lor quantita-
tive purposes. The paper which gave the bost separation and sharpest spots
was selected for each wino acid for the final determinations, Duplicate
spots of cach sample on the same paper and duplicae papers were run for
the data shown in Table 2.

Table 2 shows the mean concentration of the principal amino acids
in the juice expressed from healthy and auly-top-diseased sugar beet leaves
i 1 separate experiments, together with the wmean rado ol discased 1o
healthy for cach amino acid. The concentration ol cach amino aeid varied
sommewhat in the T osamples of healthy juice. This variation could be due
ta one or more ol several factors, such as the difference in the feralivy level
nintained in the diffcrent sets of plants, the age of the planis at the dme
of maculatton, the variatton in the time mtervel between mnoculation, and
the taking of the samples, or the time of the vear the plants were grown.
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Table 2—Concenration of Certain Amine Acids in the Expressed Juice of Icalthy
and Discased Sugar Beet Leaves.

Asntun acid Leal Juice
Healthy Driseased Ratio
Mg, o Mg 4 D/H
Aspartic 33
41
Gluaamic Gt
1682
Argenine 50
Lvsinge 5
[isudine Y
“Letcines” ‘ 8
Valine 35
Serine 44
Gumana- Aminobutyric 15 1.5
Threouing 23 1.4
Glyeine 12 3.6
Alanine 37 1.9
Cystine 10 i

PMéMean value of samples taken at 10200 aun

A oan value of samples taken ac 4:00 poni

With the exception of evstine, all the amino adds shown in the table
were prosent i greater concentration in the diseased than in the healthy
saiple, in 10 of the 11 pairs of samples analyred. Why the one pair of
samples did not follow this samce patern in b respects is not known.

The concentration ol aspartic and glotunic acids was found 1o be
influcniced by the time of day dhe samples were aken, These amino acids
were higher in the diseased Teaves than in the healthy leaves, only in the
six o samples taken in the morning. The mean ratio of discused 1o healthy
was 133 and 133 for aspurtic and glutamic adids. respectively. The five
sumples waken at 400 pan show that, during the day, aspartic and ghiamic
acids decreased sharply in discazed leaves while at the same tme they in-
creased du the healthy leaves to a degree which completely reversed the ratios
found in the samples taken i the morning. The ratio of discased 1o Diealthy
for the samples taken at 400 pan. was 067 and 049 for aspartic and glu-
tamic acids, respectively. From this, it appears that the ability of the beet
leal o utilize these acids durtng the dav is pot greatly affected by the discase.

The most striking difference observed is the accumulation of the basic
amino ackds, argenine, histidine, and Iyvsine in the leaves of the diseased
plants. Argenioe makes up by far the major portion of this group. The
lowest ratio of argenine found in the diseased leaves 1o that in 1the healthy
was LG, while rarios of 4.0, 5.9, 8.1, and in onc case, 130 were found. In
the last instance, however, the argenine in the healthy juice was only 10
mg. pereent, which was the fowest value obtained. Glycine accomulated in
discased Teaves untdl the concentration was 3.6 thnes greater than that found
i the healthy Teaves, The concentration of glyeine, however, was rclatively
low in the healthy leaves in comparison with thar of argenine.
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In addition o the amino acids fisted o the table, wyrosine, phenyl-
alanine, and methionine huve heen found in the juice expressed lrom
healthy and discased sugar beet leaves, At Jeast three other amino acids
were present inosmall amounts. These have not been idendfied. At Jeast
one of the unidendfied acids s cither o beta or a gavina-mnino ackd

Summary

Coertain apnnoe acids tend o accumulate in the leaves ol susceptible
sugar heot plants affected with aosevere strain of the carlv-top virus, Argenine
appears 1o accumulate to the greatest extent in the diseased eaves relaive
to that i comparable healthy lesves. A e ol all the determimations
showed that the concenwration ol argenine was approximately  three-fold
greater in the leaves of discased beet plants than v bealthye Jeaves. Aspartic
andd glutamic acids were present in grenter concenration in discased leaves
in the samples taken in the moring, whercas the reverse was true for the
samples taken lue in the alternoon, The average rato for all the amino
acids i the discased leaves 1o that don the healthy leaves wus greater than
2.6, This indicates thuat, in general, the ammo ackds as a0 whole, tend 1o
accumulate in the leaves of susceptible sugar beets when inoculated with a
severe strain of the curlv-top virus, 1o about double that Tound in comparable
healthy leaves. At Jeast three unidentiicd amino acids ave present in the
feaves of healthy und diseased beer Teaves, one ol which appears to he o
bet or o gemma-amino acid,
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