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ABSTRACT

Changes in ascorbic acid, total indoles, tannins, total carbohydrates and
amino acids in resistant (Nemaguard, Nemared and Okinawa) and susceptible
(Meetghamr) peach rootstocks grown in two types of soil and infected with the root-
knot nematode, M. incognita were assessed. Roots and leaves of the resistant
rootstocks grown in sandy soil had higher contents of ascorbic acid than the
susceptible, Meetghamr. Leaves of all rootstocks had higher amounts of indoles than
roots, seedlings grown in clay than those grown in sandy soil. Resistant rootstocks
had percentages of tannins in their roots higher than the susceptible one and vice
versa in leaves. Nematode infection resulted in increasing ascorbic acid, indoles and
tannins contents and the highest percentages of increase was, in most cases in the
susceptible rootstock, Meetghamr. No distinct variations could be observed between
the susceptible and the resistant rootstocks in their contents of carbohydrates. In
contrast, nematode infection decreased carbohydrate contents and the highest
reduction was in Meetghamr.

Fifteen amino acids were present in roots and leaves of different peach
rootstocks. Roots of the susceptible rootstock either healthy or infected grown in
sandy or in clay soil had higher values of amino acids than the resistant ones
especially aspartic, serine, glutamic, valine and arginine. Nematode infection slightly
decreased the amounts of amino acids except few cases and rates of amino acids
reduction varied according to rootstock. Such biochemical changes are, in part,
involved in the resistance of peach rootstocks.
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INTRODUCTION

The use of resistant rootstocks is the perfectible choice in nematode
management in perennial crops. It is considered the staddle of the first
defense line against nematode infection. In peach, there are many rootstocks
known to be nematode-resistant cultivated world wide and substantially
diminish nematode populations in infested farms. Chemical components of a
plant host are among the numerous factors responsible for resisting
nematode infections, some of these chemicals are altered by nematode
infection in different ways in the resistant and susceptible hosts. Such
biochemical alterations in the susceptible and resistant plants were studied
by many research workers in trials to understand the nature of resistance and
susceptibility of plant hosts. Most researches advocated that nematodes alter
the contents of certain chemicals in plant tissues during their development.

Total protein increased proportionally with nematode infection in
galled roots of okra, eggplant and grapes while carbohydrates and lipids
decreased (Baus and Sukul, 1983 and Kesba, 2003). Nematode infection
also increased amino acids with different rates in the susceptible or resistant
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cultivars of tobacco (Hanounik et al., 1975). M. incognita increased some
amino acids and decreased some others in grape (Kesba, 2005).

Nematode infection decreased total carbohydrates and reduced sugars
(Epestein, 1972 and Baus and Sukul, 1983), however, Kheir and Abadir
(1982) reported an increase in potato roots infected with M. incognita. Also M.
incognita did not affect concentrations of reducing sugars but non reducing
sugars increased in susceptible and decreased in moderately resistant
variety of grape (Melakeberhan et al., 1990).

Much lower amounts of ascorbic acid were determined in tissues of
susceptible cultivars than in resistant ones (Zacheo et al., 1977 and Mathur et
al., 1991)

The present study is conducted to find out the variations between
resistant peach rootstocks and the susceptible local one in their contents of
certain chemicals when they were grown in either sandy or in clay soil. As
well, the alteration in such chemicals resulted from the infection with the root-
knot nematode, M. incognita to find out to what extent these chemicals are
involved in resistance.

MATERIALS AND METHODS

One year old nematode-free seedlings of three resistant peach
rootstocks, Nemaguard, Nemared and Okinawa as well as the local
susceptible, Meetghamr were grown singly in 25 cm diameter clay pots filled
with sterilized sandy and/or clay soil with an average weight of 5-6 kg. Four
pots of each rootstock were inoculated with 5000 J2 / pot of the root-knot
nematode, M. incognita while another four were left without inoculation to
serve as a check. Nematode inoculum was introduced to the seedlings by
pouring the nematode water suspension in 5 holes around the root system,
immediately covered with the same wetted soil. After three months of
inoculation, plants were harvested and data on plant growth and nematode
counts were recorded. The total carbohydrate content (according to Smith et
al.,, 1964), ascorbic acid (according to A.O.A.C., 1970) , total indoles
(according to Singh, 1982) and tannins (according to A.O.A.C., 1970) were
determined in leaves and roots of each rootstock in both types of soil. As
well, amino acids were determined by amino acid analyzer “ Eppendor FLC
3000”. The peak area and percentage of each amino acid were calculated by
computer software AXXIOM CHROMATOGRAPHY.

RESULTS AND DISCUSSION

Data presented in Table (1) enunciate the differences in the contents
of roots and leaves of susceptible and resistant peach rootstocks of ascorbic
acid, total indoles, total carbohydrates and tannins when they were grown in
sandy or clay soil as well as the alterations in such chemicals aftereffect of
the root-knot nematode, M. incognita.

It is perspicuous from the table that leaves had higher contents of
ascorbic acids than roots in all rootstocks in both types of soil. In sandy soil,
healthy roots of Okinawa (highly resistant) had the highest value of ascorbic
acid, while, Meetghamr (susceptible) had the lowest value. Infection with the
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root-knot nematode resulted in increasing ascorbic acid contents and the
highest percentage of increase (220%) was in roots of Meetghamr followed
by Nemared and Nemaguard (106,104%, respectively). The highest value of
ascorbic acid in leaves was also recorded in Okinawa followed by
Meetghamr. Nematode infection as well, upraised leaves contents of ascorbic
acid and the highest percentage of increase was also observed in leaves of
the susceptible rootstock, Meetghamr.

Table (1): Biochemical variations between susceptible and resistant
peach rootstock, healty and infected with the root-knot
nematode , M. incognita, grown in two soil types.

Soil Type
Rootstock Sand Clay
Root leaves Root Leaves
Healthy [Infected [Healthy [ Infected |Healthy [ Infected | Healthy [ Infected
Ascorbic acid

Meetghamr 1.2* 3.84 5.30 7.32 3.01 4.16 3.23 5.92

Nemaguard 1.8 3.68 5.00 6.08 2.10 4.16 4.23 6.88

Nemared 2.1 4.32 4.91 6.56 1.94 3.68 5.86 7.32

Okinawa 2.6 4.16 7.53 9.76 1.90 3.84 3.71 5.92

Total indoles

Meetghamr 13.40 21.97 15.20 95.18 12.30 19.04 15.50 102.51

Nemaguard 14.56 24.89 17.80 95.18 14.10 23.43 24.43 124.47

Nemared 11.80 14.64 24.76 124.47 13.10 21.97 14.97 93.72

Okinawa 10.83 14.64 17.23 114.22 12.98 21.97 17.85 73.22

Tannins

Meetghamr 0.301 0.504 0.083 0.286 0.213 0.336 0.226 0.336

Nemaguard 0.521 0.588 0.203 0.235 0.900 0.974 0.264 0.386

Nemared 0.247 0.269 0.070 0.094 0.498 0.521 0.113 0.118

Okinawa 0.600 0.655 0.614 0.638 0.610 0.672 0.115 0.118

Total carbohydrates

Meetghamr 27.90 25.05 27.40 25.10 37.20 36.60 32.50 29.66

Nemaguard 24.00 22.41 33.80 31.30 29.80 28.02 29.60 28.02

Nemared 27.20 25.71 33.90 32.30 30.90 29.66 29.70 28.02

Okinawa 29.90 28.05 25.00 23.37 31.50 29.66 31.20 29.66

*mg /100 g fresh weight

In clay soil, the opposite was observed whereas the highest value of
ascorbic acid was recorded in Meetghamr roots and the lowest in those of
Okinawa. Likewise, M. incognita increased roots content of ascorbic acid.
The highest percentage of increase was noticed in Okinawa and the lowest in
Meetghamr roots. Leaves of Nemared had the highest value of ascorbic acid
while Meetghamr had the lowest ones. The highest augmentation in ascorbic
acid resulted from nematode infection was recorded in leaves of Meetghamr
followed by Nemared and Okinawa (Fig. 1).

The present results are in congruence with those of Zacheo et al.
(1977) whom said that amounts of ascorbic acid in plant tissues of
susceptible cultivars were much lower than that in resistant ones, and those
of Arrigoni et al.(1979) when they reported that ascorbic acid depletion in
plants has attenuated resistance in tissue to the root-knot nematode
infections.
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Fig. (1) : % Increase in ascorbic acid, indoles, tannins and % reduction
in total carbohydrates contents of roots and leaves of peach
rootstocks as influenced by M. incognita infection in two types
of soil.
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They hypothesized that plants utilized ascorbic acid for the synthesis of
mitochondorial hydroxyproline proteins which control the development of
cyanide resistant respiration. They also stated that the amount of ascorbic
acid in susceptible plants was unaltered by nematode attacks, but in resistant
plants ascorbic acid synthesis always was stimulated. Also Mathur et al.
(1991) found higher concentrations of ascorbic acid in galled tissues than in
normal ones. These findings emphasized that ascorbic acid play an important
role in nematode infectivity and reproduction in plant tissues and in helping
infected plants to overcome nematode infection.

Concerning total indoles, sensible variations could be observed
between the susceptible rootstock and those resist nematode infection.
Likewise ascorbic acid, leaves of all rootstocks had higher amounts of indoles
than roots. As well, rootstocks grown in clay soil have had in their roots and
leaves higher amounts of indoles than those grown in sandy soil, in which,
roots of Nemaguard had the highest content followed by Meetghamr. Withal,
nematode infection gave rise to roots content of total indoles and the highest
percentage of increase was recorded in Nemaguard roots followed by
Meetghamr. In leaves, Nemared had the highest values of indoles, followed
by the other two resistant rootstocks, however, Meetghamr had the lowest
value.

Spanking increase in leaves content of indoles resulted from
nematode infection in sandy soil reaching 562 % in Okinawa and 526% in
Meetghamr (Fig.1). Similar trend was noticed in case of clay soil, yet the
highest percentage of increase was recorded with the susceptible rootstock.

In peach tissues, indole 3 acetic acid and indole 3 acetic acid oxidase
are responsible, in part for peach fruit growth and maturation (Valpuesta et
al., 1989), while indole buteric acid is responsible for the vegetative growth of
cuttings (Bora and Das, 1998) and increased root length (Rufato and Kersten,
2000). Indole acetic acid is involved in the formation of the feeding sites of
root-knot nematode (Zukerman and Rohde, 1981). They said that tissues of
the susceptible plants had higher concentrations of indole acetic acid than
that in resistant ones. Accordingly exogenous applications of indole acetic
acid resulted in increasing its concentration in root tissues of infected plants
which enhanced the development of invaded larvae to reach maturation
faster than the untreated ( Al-Rehiayni et al., 2001). From this point of view,
the amount present of indole acetic acid in plant tissue is not involved in
resistance, it is just responsible for delaying or enhancing the formation of
giant cells. Yet, in case of the lack of even low concentrations of indole acetic
acid may provoke the formation of feeding sites of the invaded stages
resulting in their death. The success of the invaded larvae in forming giant
cells in tissues of resistant rootstocks asserted this point of view.

Massive variations could be observed between the susceptible and
resistant rootstocks in their contents of tannins. Resistant rootstocks had
percentages of tannins in their roots considerably higher than those in
Meetghamr except for Nemared in sandy soil. It could be also observed that,
contradictory to ascorbic acid and total indoles, roots content of tannins
preponderated that in leaves 2-3 times and more.
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In sandy soil, Okinawa and Nemaguard roots had the highest values
of tannins content, while, Meetghamr and Nemared had lower values.
Nematode infection raised roots content of tannins and the highest
percentage of increase was achieved in Meetghamr roots (67%) vs 8.9% in
Nemared roots. In leaves, Okinawa had amounts of tannins equal to those
observed in its roots, nematode infection increased tannins in leaves by
3.9%. Leaves of Meetghamr had low amounts of tannins (one fourth of that in
roots) and nematode infection increased it by 275% (Fig. 1).

In clay soil, roots of Meetghamr had the lowest content of tannins as
compared to those in resistant rootstocks which had almost 2 — more than 4
folds of that present in roots of Meetghamr. Nematode infection also
increased tannins by 57, 8, 5 and 10% in roots of Meetghamr, Nemaguard,
Nemared and Okinawa, respectively. In contrast, leaves content of tannins in
the resistant rootstocks are lower than those in the susceptible one. The
highest percentage of increase in leaves content of tannins due to nematode
infection was observed in case of Meetghamr.

Tannins are accumulated in vegetable buds of peach during spring
then disappeared in summer, new tannins-containing cells were formed
during autumn and winter (Eraud et al.,2000). Tannins and momeric phenol
concentrations were lower in low quality cultivars than in white or yellow-
fleshed, commercial quality ones (Senter and Callahan, 1990). Condensed
tannin contents inhibited beta-cyanoalanine synthase which resulted in the
production of hydrogen cyanide in the roots which reduced plant growth
(Mizutani et al., 1988) . Tannins condensed in the epidermal cells of peach
are responsible for necrotic lesions of bracts (McAvoy et al., 1998). According
to these findings, tannins may be play an important role in resistance of
resistant rootstocks which contain in their roots higher amounts of tannins
comparing to the susceptible rootstock. Such role may be the formation of
necrotic lesions around the invaded larvae in root tissue resulting in hindering
the formation of giant cells

No distinct variations could be observed between resistant and
susceptible rootstocks in their contents of total carbohydrates. It could be
generally said that leaves content of total carbohydrates are remarkably
higher than roots except some few cases (Table, 1). Nematode infection
resulted in reducing total carbohydrates in roots and leaves. Percentages of
reduction, in the majority of cases, are somewhat higher in sandy than in clay
soil (Fig. 1). Likewise, the highest reduction in both roots and leaves in either
sandy or in clay soil was observed in the susceptible rootstock, Meetghamr.

These findings comported with those of Nyczepir et al. (1987) when
they stated that Criconemella xenoplax reduced sugar content in roots and/or
stem tissue of Nemaguard peach seedlings. Accordingly, continuous
exposure of peach to nematode invasion may affect fruit crop quantitatively
and qualitatively. Kheir and Abadir (1982) found that tubers and shoots of
potato infected with M. incognita contained less amounts of total sugar. Other
investigators (Massoud, 1971; Epstein, 1972; Massoud, 1980, Shohla, 1980
and Melakeberhan, et al., 1990) reported that nematode infection either
increased or did not alter the content of carbohydrates of infected plants.
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Amino acids were determined in roots and leaves of healthy and
infected susceptible and resistant rootstocks grown in sandy and clay soils,
and data are presented in Tables 2 — 5. It is obvious from the tables that roots
and leaves of different rootstocks had 15 amino acids namely, aspartic,
therionine, serine, glutamic, glycine, alanine, valine, methionine, isolucine,
lucine, tyrosine, phenylalanine, histidine, lysine and arginine.The highest
value of amino acids content in roots of Meetghamr grown in both types of
soil were aspartic, glutamic, and lucine while tyrosine had the lowest value
and methionine was not detected ( Tables 2,4).In Nemaguard roots;
aspartic,lucine and glutamic had the highest values; phenylalanine had the
lowest and methionine and tyrosine were not detected. In roots of Nemared
and Okinawa, like in Meetghamr, aspartic, glutamic and lucine had the
highest values, tyrosine had the lowest but methionine was detected in roots
of Nemared grown in clay soil.

In leaves, more or less similar results were obtained. It could be
generally said that roots of the susceptible rootstock either healthy or infected
, grown in sandy or clay soil had higher values of amino acids than those in
the resistant rootstocks especially aspartic, serine, glutamic, valine and
arginine. Nematode infection resulted in almost all cases (few exceptions) in
a slight reductions in amino acids. The highest rates of amino acids reduction
were in tyrosine in Meetghamr (13.06%), Nemared (11.63%) and Okinawa
(12.59%), however the highest reduction in Nemaguard was in glycine
(10.36%). It is worthy to observe that nematode infection increased the amino
acids; valine in roots of Nemared grown in sandy soil by 83.96% and lucine
in Meetghamr leaves by 38.81% and by 85.94% and 56.27%, in leaves of
Nemaguard grown in sandy and clay soil, respectively as well as
phenylalanine (56.27%) in leaves of Nemaguard grown in clay soil (Tables
3,5).

It could be also noticed that percentages of amino acids reductions
due to nematode infection are generally higher in roots than in leaves of
different rootstocks irrespective of the type of soil in which it was grown.

In conclusion, there were conspicuous differences in the amounts of
amino acids presented in the susceptible rootstock and the resistant ones.
Such differences are more pronounced in sandy than in clay soil.

In literature, antipodal results have been reported on quantitative and
qualitative root contents of amino acids in infected and non infected plants.
Amino acids significantly increased in roots of susceptible plants and
unchanged in roots of resistant hosts (Doney et al., 1970 and Lewis&
McClure, 1975). However Singh and Choudhury (1974) found no differences
in amino acid contents in resistant and susceptible tomato roots. Hanounik et
al. (1975) recorded an increase with different rates in either susceptible or
resistant tobacco, however, Tayal and Agrawal (1982) recorded high levels of
amino acid reduction in tissues of eggplant.

Natural differences in the amount of amino acids between different
rootstocks, may be or not, involved in the variable response of these
rootstocks to nematode infection.
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The slight reduction in amino acid contents which was higher in roots than in
leaves and in susceptible than in resistant rootstocks, resulted presumably
from the utilization by nematodes during the development and the formation
of the feeding sites. Only few exceptions in which amino acids were
increased as a result of nematode infection. Kesba (2005) reported that M.
incognita resulted in increasing some amino acids and decreasing some
others in roots of Thompson seedless grape seedlings.
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Table (2) : Amino acids content of roots of peach rootstocks grown in sandy soil as influenced by M. incognita infection.

. . Peach rootstocks

Amino acid p/m| Meetghamr Nemaguard Nemared Okinawa

Healthy Infected Y% red. Healthy Infected Y%red. Healthy Infected % red. Healthy | Infected Y% red.
Aspartic 360.816 355178 1.56 204.357 199.201 252 335921 330.609 158 317.65 313465 1.32
Therionine 165.353 158635 406 70.723 630271 1088 164231 160.017 257 13528 131465 246
Serine 202.350 195503 338 83.967 77.7693 338 186.785 181.627 2.76 15482 149565 340
Glutamic 309.192 303691 178 138.937 1333% 399 288975 283.794 179 24535 239.987 219
Glycine 150416 143614 452 64.384 57711 10.36 154983 150.981 258 13495 128014 515
Alanine 156.314 15013 3.96 73673 66.761 9.38 173234 168579 269 14035 135963 313
Valine 215.879 209.178 3.10 100975 94.8793 6.04 114.947 211459 | +83.96 17985 175383 249
Methionine - - - - - - - - - - - -
Isolucine 150.756 144075 443 71.862 65.6428 865 150.753 147177 237 12687 121681 4.09
Lucine 207.785 201.267 314 98.940 92.049 6.97 208.859 204.321 217 180.29 174992 294
Tyrosine 54.974 47.7954 1306 - - - 55.549 49.0525 1163 43587 38,0981 1259
Phenylanine 121.852 115.385 531 49.976 44.8789 10250 118.124 113612 382 93.742 87.4433 6.72
Histidine 142438 136.1 445 96.764 90.1726 6.81 132348 126436 447 11086 105568 4.78
Lysine 162,517 156.105 34 145834 138.398 510 173983 169.608 2.52 14368 148.364 +3.26
Arginine 120529 115215 441 61.947 55.39 1059 99.678 935746 6.12 98.834 944843 4.40

* 9% red = % Reduction
Table (3) : Amino acids content of leaves of peach rootstocks grown in sandy soil as influenced by M. incognita
infection.

Amino acid wml Peach rootstocks :
Meetghamr Nemaguard Nemared Okinawa

Healthy Infected %red. Healthy | Infected Y%red. Healthy | Infected Y% red. Healthy | Infected Y%red.
Aspartic 33243 330.304 064 417.62 415.424 053 440.436 437.393 069 400 397.924 052
Therionine 1139%5 110495 3.3 140.5 136005 320 1845 180078 240 63427 59.7794 5.75
Serine 12975 126467 253 14957 146.757 188 186975 182414 244 12696 124629 1
Glutamic 245 220.496 178 2822 279101 110 330.846 327.284 1.08 203.17 199731 169
Glycine 12562 122261 2.67 155.21 151422 244 190.486 187511 1.56 15069 147.069 240
Alanine 13539 131193 310 15783 154.228 228 190821 188.41 1.26 14064 13836 1.62
\Valine 16599 161663 261 188.31 185493 150 134932 231954 71.90 14575 142725 208
Methionine - - - - - - - - - 75.725 71.277 587
Isolucine 12073 118207 2.09 13693 134.129 2.0 187.923 185281 141 35.626 32.0266 1010
Lucine 16744 165404 12 11092 206249 | +85.94 | 265.924 262.301 136 10028 96.0823 4.19
Tyrosine 55.867 52.7826 552 68.719 65.337 492 106974 104.789 204 50.654 46.654 487
Phenylanine 10518 102,711 235 135.74 132377 248 160.015 157103 182 81.864 78.8264 371
Histidine 116.71 11417 218 134.27 130.762 261 172.216 170121 122 295.94 292.409 119
Lysine 16186 159.848 124 18548 182.248 174 236.379 234.322 087 13594 131313 340
Arginine 82478 79.244 392 14954 155065 370 165821 162.228 217 56.537 52.2533 758

%red. = % Reduction
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Table (4) : Amino acids content of roots of peach rootstocks grown in clay soil as influenced by M. incognita infection.

. . Peach rootstocks

Amino acid /ml Meetghamr Nemaguard Nemared Okinawa

Healthy Infected Y%red. Healthy Infected Y%red. Healthy Infected Y% red. Healthy | Infected Yred.
Aspartic 496.745 490 1.23 383.985 377.852 1.60 450213 443402 151 342.78 335.997 198
Therionine 180476 173121 408 109.753 102573 64 241510 23301 352 10329 96.9692 6.12
Serine 195.120 189.125 307 120412 113451 5.78 255105 247.994 287 115.78 108.834 6.00
Glutamic 336.242 329.349 205 113.986 208296 | +82.74 | 415600 409432 148 19095 184.372 345
Glycine 174911 167.89%5 4.01 108951 101.83 654 217984 | 210.116 361 10594 97.4902 798
Alanine 195.109 188.242 1.98 16964 11012 35.08 304.262 208.314 3154 130.21 12402 4.76
Valine 232568 22645 263 147967 142.382 377 300427 204.824 187 14224 135432 4.79
Methionine - - - - - - 36.9753 2325 2325 - - -
Isolucine 185682 178763 372 105153 98.8765 597 241.958 235.14 282 94.659 838.162 6.86
Lucine 254015 248051 235 149.254 142.895 426 315.752 309.075 212 12939 122913 501
Tyrosine 52.9687 46.8667 11.51 - - - 91.534 84.3513 785 - - -
Phenylanine 130984 124,617 4.86 74.9875 67.9533 9.38 210.263 203.642 315 67.586 59.9205 11.34
Histidine 173537 166.044 432 113.684 97.3166 1440 254.267 247122 281 86.934 819213 5.77
Lysine 219.637 211.766 358 144916 137.116 541 365581 358424 196 117.87 111.983 500
Arginine 208.314 203421 235 122526 114,065 6.91 85985 78.0292 925 13426 127626 495

%red. = % Reduction
Table (5) : Amino acids content of leaves of peach rootstocks grown in clay soil as influenced by M. incognita

infection.
[Amino acid yml Peach rootstocks :
Meetghamr Nemaguard Nemared Okinawa
Healthy Infected %red. Healthy Infected %red. Healthy Infected %red. Healthy Infected Y%red.

Aspartic 4932 4482 9.16 456.13 "51.127 109 504.861 500.77 081 420.78 416478 102
Therionine 221.36 218.737 1.18 233.85 229.528 1.85 155.959 15394 126 19385 188.258 2.89
Serine 230.62 226015 199 226.98 223.829 139 170693 168533 127 18757 183435 221
Glutamic 435.13 432.003 072 415.95 412.774 0.76 330.851 329.012 050 345.75 340.157 162
Glycine 227.99 225.325 116 23411 229.119 213 160.65 156.562 255 200.74 196.474 213
Alanine 204.95 200.085 237 21533 211776 1.65 165.65 163423 14 19276 188475 222
\Valine 283.59 279.055 160 275.98 273.3 0.97 216.251 211.245 2.3 241.33 238.895 1.01
Methionine 80.978 74.9327 747 31859 295443 727 - - - 29.957 26.9638 9.99
Isolucine 276.36 271.221 1.86 243.45 238.54 2.02 166.954 163591 201 205.95 201.449 2.19
Lucine 24571 341.057 +3881 332.82 328.185 139 239.815 [ 235442 182 33031 328.213 0.64
Tyrosine 16096 159.552 083 14295 138.744 294 90.984 87.525 3.79 1098 106.777 2.75
Phenylanine 234.57 230.057 1.92 166381 261.181 +56.27 140.891 138861 144 176.11] 171101 284
Histidine 243.96 240.33 149 22651 223.154 148 153461 149144 281 16247 158.604 2.38
Lysine 20121 287.356 132 309.86 305.586 138 215987 | 213.977 093 245.82 242.188 148
Arginine - - - - - - - - - - - -

%red. = %Reduction
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