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SUMMARY

Lysine content in sunflower seed storage protein is not sufficient to
meet the requirements of FAO. As far as storage protein amino acid compo-
sition of Helianthus annuus is concerned, lysine content of the species from
the IWS "Dobroudja” collection investigated in our laboratory is not substan-
tially different from that of cultivated Helianthus annuus varieties and
hybrids. In a previous study we have reported data about Bidens tripartita
high lysine content in storage protein of seeds (3.4% for Helianthus annuus
and 5.8% lor Bidens tripartita). In 1994, we collected 14 new Bidens tripar-
tita accessions [rom different parts of Bulgaria. A biochemical characteriza-
tion of these genotypes including fatty acid composition, storage protein
electrophoretic subunits and amino acid composition is presented in this
study. It was established that linoleic acid varied from 64.0% to 73.8% and
oleic acid from 18.3% to 23.4%. Seven different storage protein electro-
phoretic patterns were found in the 14 investigated genotypes. Lysine con-
tent varied from 4.83% to 5.45%

Key words: Bidens tripartita, storage proteins, amino acid composition,
fatty acid composition, lysine content.

INTRODUCTION

Sunflower storage protein and oil-cake obtained after seed processing are
valuable products for animal feed. According to Earle et al., (1968), the content
of nutritionally essential amino acids in sunflower meals is comparable to the
estimated nutritional requirements for human, pigs and chicken.

Regarding human food, the chemical analyses indicate adequacy of essential
amino acids, exept for lysine and isoleucine. The phenylalanine content is suffi-
cient to meel the nutritional requirement of growing pigs, when added to avail-
able tyrosine. For young chickens, the feed lacks in lysine, leucine and the
values for sulfur-containing amino acids, isoleucine and glycine are barely suffi-
cient to meet the limit requirements. Therefore, improvement of sunflower stor-
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Figure 1. Bidens tripartita seeds
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Figure 2. Electrophoretic pat-  Figure 3. Electrophoretic patterns of 14 Bidens tripartita
terns of Helianthus accessions
annuus (2) and
Bidens tripartita (3)
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age protein amino acid composition will increase the storage protein importance
for monogastric animal nutrition.

A study on amino acid composition of storage protein in some Helianthus
species has shown that none of them is substantially different from cultivated
sunflower in lysine content (Ivanov et al., 1984; Christov et al., 1993). In a previ-
ous communication (Ilvanov et al., 1994) we have reported data for storage pro-
tein amino acid composition of some species systematically related to the
Helianthus genus. Three of the investigaied species, Bidens tripartita, Arctium
lappa and Cirsium vulgare contain 5.8%, 5.1% and 4.9% lysine, respectively,
which is higher in comparison with Helianthus annuus (3.4%). Storage protein
subunits pattern for Bidens (tripartita is characterized by several unique sharp
bands with approximate molecular weight 80,67 and 50 KD. The conclusion was
drawn that Bidens tripartita can be used as a promising donor for lysine content
improvement in cultivated Helianthus annuus varieties and hybrids.

The second stage in characterizing the genetic potential of Bidens tripartita
was to collect 14 new accessions [rom different parts of Buglaria. The data for
their biochemical characteristics are presented in this study.

MATERIAL AND METHODS

In 1994, 14 Bidens (tripartita (2n=48) accessions were collected from different
parts of Bulgaria. Kernel oil fatty acid composition was determined by gas chro-
matography. Amino acid composition of the storage protein Irom defatted kernel
was determined by a high efficient Hitachi amino acid analyzer L-8500.

Storage proteins of the defatted kernel meal were extracted and separated
electrophoretically according to the method of Laemmli (1970) modified by add-
ing 4M urea in the sample and tank buffers.

RESULTS AND DISCUSSION

The Bidens genus belongs to the Compositae family. Bidens tripartita (2n=48) is an
annual plant with upright and branched stem. The form of the leaves varies from
ovoid-rhomboid to lanceolate (consisting of three parts), the peduncle is short and
wing shaped.

Inflorescenes are 15-20 mm wide. Fruits (seeds) have 2, rarely 3 awns (Fig-
ure 1). The species is widely distributed in humid areas. It is used as a herb in
Bulgaria and other European countries. The crossing of B. tripartita with Helian-
thus annuus is accompained with several difficulties, exept for cases when it is
used as a male parent (Christov et al., 1994).

Most of the obtained Fy, F3 and F,; plants were without top parts and inflo-

rescenes. A large number of normal plants was obtained in Fs. This result proves
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Table 1: Fatty acid composition of 14 Bidens tripartita accessions (% in oil from the kernel).

Accession Fatty Acid
Linoleic Oleic Stearic Palmitoleic Palmitic
1 72.4 17.4 0.4 0.9 8.9
2 70.9 20.9 0.9 1.0 6.3
3 71.0 22.1 1.4 traces 5.5
4 70.3 229 1.0 - 5.8
5 71.3 20.2 0.8 - 7.7
6 731 18.6 0.7 1.1 6.5
7 73.7 18.4 0.9 1.1 5.9
8 68.0 19.9 3.1 1.2 7.8
9 715 17.9 0.6 1.2 8.8
10 73.7 208 1.2 - 4.3
11 68.0 17.0 0.8 1.7 125
12 64.2 217 0.7 1.3 12.1
13 65.6 20.2 0.7 1.5 12.0
14 65.1 22.4 1.6 1.6 9.3

Table 2: Storage protein amino acid composition of 14 Bidens tripartita accessions
(Harvest 1994, in mol%).

Amino acid st 1 2 3 4 5 6 7 8 8 10 1 12 13 14
lysine 3.12 5.08 518 503 545 511 541 515 516 504 511 484 483 4.85 507
histidine 236 239 258 262 251 251 251 236 251 253 246 271 267 275 285
arginine 7.21 561 586 589 551 574 518 538 551 53 538 629 563 568 567

asparticacid 9.31 9.14 971 9.64 931 949 0967 9.03 941 921 9.23 944 883 8.66 9.66
threonine 416 431 441 429 457 431 468 438 457 442 448 421 423 439 443

serine 554 575 632 591 592 586 614 565 596 569 596 594 569 576 592
glutamic acid 20.29 19.27 19.52 19.57 19.44 19.78 18.83 19.71 19.21 19.57 19.71 21.07 20.43 20.51 19.24
proline 586 691 678 666 7.01 682 643 7.11 653 718 721 6.11 721 717 6.83
glycine 10.07 10.03 999 10.01 10.24 9.88 10.53 9.81 10.05 9.85 9.87 991 058 998 997
alanine 661 591 586 594 594 593 6.15 582 601 5839 582 581 568 576 6.01
cystine 0.98 101 - - - 021 021 049 044 023 026 031 065 055 043
valine 553 574 521 599 631 569 569 569 573 574 561 564 541 534 568

methionine 208 103 1.03 093 057 115 124 121 141 123 094 059 132 089 062
isoleucine 411 371 377 381 379 372 371 389 371 399 388 367 3.82 3.89 372
leucine 6.87 682 701 7.01 7.09 696 697 7.01 691 7.09 693 673 682 671 6.97
tyrosine 204 211 148 143 164 159 161 224 184 194 214 156 225 224 1.81
phenylalanine 3.88 5.19 526 531 521 531 549 506 502 508 504 514 489 484 505
Note: st - Hybrid Albena
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that hybridization between these two spicies gives a good opportunity to transfer
desirable traits from B. tripartita to H. annuus which is a major challenge in
investigating the qualitive composition of B. tripartita seed.

In this study we investigated whole seed meal because the seeds were very
small and difficult to husk.

Oil fatty acid composition of the tested Bidens tripartita accessions (Table 1)
was similar to that of cultivated sunflower oil. Only palmitoleic acid is not typical
for sunflower oil.

The tolal storage protein amino acid composition (Table 2) of the Bidens
accessions was quite different from that of sunflower seed protein. Lysine con-
tent varied from 4.83% to 5.46% and was substantially different from that of
sunflower (3.12%). Accessions 4 and 6 were most interesting.

Electrophoretic patterns of the storage protein exiracted according to the
Laemmli (1970) method (Figure 2) were different from the patterns of H. annuus
(hybrid Albena). Several sharp bands with approximate molecular weights of 80,
67 and 50 KD were unique for the previously investigated Bidens (ripartita acces-
sions (lvanov et al., 1994). Similar characteristics were observed for the newly
studied accessions (Figure 3). These new genotypes can be classified into 7
groups according to these unique high molecular weight subunits. The first one
includes numbers 1, 7, 8 and 9: the second - numbers 2. 3, 4 and 5: the third -
number 6. Group four includes number 10, group five - number 11, group six -
numbers 12 and 13, and group seven - number 14. The two accessions highest
in lysine content (4 and 6) belonged to the second and third group. Amino acid
composition of storage protein extracted according to Laemmli method was
determined on the basis of the same procedure used for establishing total stor-
age protein. Lysine content (Table 3] average 4.8% was also higher than that of
H. annuus but lower than the man value of the total storage protein (5.09%). In
Tahle 3 the value of lysine content of accession 6 is highest, too.

Amino acid composition of the residual protein after applying the Laemmli
method of extraction of soluble proteins from the total storage proteins was also
studied (Table 4). In this case, the average lysine content determined for the
Bidens accessions was 5.25%. which is higher in comparison with the lysine
content in the total storage protein - 5.09%. The lysine content values for resid-
ual protein in accessions 4 and 6 were highest in Table 4, too.

These new data on Bidens tripartita storage protein amino acid composition
give us reasons to consider it a promissing partner in crossing programs for
improving the lysine content of H. annuus cultivated lines and hybrids.
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Table 3: Amino acid composition of storage protein extracted according to Laemmli
method in 13 Bidens tripartita accessions (Harvest 1994, in mol %).

Amino acid st 1 2 3 5 6 7 8 9 10 1 12 13 14
lysine 320 493 476 478 473 504 491 494 495 466 450 473 478 475
histidine 253 2.80 243 238 235 233 234 231 228 229 244 244 240 235
arginine 766 6.04 618 607 6.12 585 587 588 580 598 6.68 626 6.23 6.04
asparticacid 9.28 876 9.01 904 89 859 865 867 870 868 B865 853 801 884
threonine 419 414 399 421 402 425 415 416 431 425 383 422 423 414
serine 539 498 501 562 501 499 496 501 542 541 525 557 521 531
glutamic acid 21.13 19.76 19.72 19.94 19.79 19.31 1946 19.55 19.58 19.76 21.11 20.68 20.27 19.18
proline 6.84 958 924 915 922 921 911 922 926 954 915 9.05 9.88 0956
glycine 839 B8.65 841 865 864 882 846 856 867 859 820 852 828 837
alanine 51 583 573 591 576 601 578 589 586 582 548 587 568 577
cystine 023 048 043 056 051 045 0864 - 055 - 0.64 038 053 059
valine 516 605 592 508 589 606 6.07 613 543 566 522 506 543 552

methionine 199 153 157 146 152 158 182 17% 188 191 181 162 212 186
isoleucine 403 382 379 324 379 389 3.91 388 346 372 352 346 361 3.61
leucine 708 663 661 661 657 667 6.66 672 655 655 634 658 641 6.63
thyrosine 228 172 204 219 1.96 181 222 207 222 231 221 202 223 24
phenylalanine 4.10 527 527 518 521 519 505 523 501 4.983 499 504 484 5.12
Note: st - Hybrid Albena

Table 4: Residual protein amino acid composition of seed defatted meal after extraction
according to Laemmli method in soluble proteins of 12 Bidens tripartita
accessions (Harvest 1994, in mol %).

Amino acid st 1 2 3 4 6 7 8 10 1 12 13 14
lysine 306 532 523 526 6552 553 536 534 524 48 511 5.01 517
histidine 253 261 2.61 271 265 279 264 261 252 268 267 253 253
arginine 654 47 499 476 457 467 489 487 464 535 416 499 504

asparticacid 8.94 9.09 939 935 912 921 902 961 884 89 9.05 865 935
threonine 409 444 454 435 453 465 463 455 451 413 437 438 448

serine 561 601 686 609 608 638 639 624 614 593 614 611 617
glutamic acid 20.01 17.51 18.52 18.43 18.41 17.76 1793 17.37 17.71 19.41 18.66 18.32 18.03
proline 809 779 792 7.81 808 791 818 779 9.04 907 905 888 855
glycine 10.32 11.31 1174 11.01 11.08 1161 1132 11.03 1093 1074 1093 11.32 1069
alanine 663 601 625 601 615 641 611 621 621 584 601 613 6.18
cystine - - - - - - 0.48 - - - - - -
valine 517 581 481 578 561 529 527 541 546 6512 522 515 521

methionine 1.81 146 1.72 121 131 141 1.4 164 153 148 167 181 169
isoleucine 411 373 3.06 365 351 341 337 348 352 339 354 345 337
leucine 681 677 6.41 666 657 657 648 681 671 639 646 639 648
tyrosine 229 201 149 196 198 1.91 201 222 227 198 228 230 24
phenylalanine 3.86 512 4.44 495 479 4.51 467 468 471 472 465 452 466
Note: st - Hybrid Albena
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ALTOS NIVELES DE LISINA EN LAPROTEINA DE ALGUNAS
ENTRADAS DE Bidens tripartita Y ESPECIES DE
Helianthus

RESUMEN

La proteina de reserva del girasol es deficiente en contenido de lisina de
acuerdo con los requerimientos de la FAO. La composicion de aminoacidos
de la proteina de reserva de especies de Helianthus de la coleccion del IWS
"Dobroudija” investigadas en nuestro laboratio ha mostrado que ninguna de
ellas es sustancialmente diferente de las variedades e hibridos cultivados de
Helianthus annuus en relacion con el contenido de lisina. En un estudio pre-
vio se publicaron datos en Bidens tripartita de contenidos ma altos de con-
tenido de lisina (3.4% para Helianthus annuus y 5.8% para Bidens
tripartita). Durante 1994 se hizo una coleccion de 14 muevas entradas de
Bidens tripartita en diferentes partes de Bulgaria. En este estudio se pre-
senta una caracteizacion bioquimica de estos genotipos incluyendo com-
posicion de acidos grasos, subunidades electroforéticas de proteina de
reserva y composicion de aminoacidos. El contenido de acido linoleico varia
de 64.0 al 73.8% y el oleico desde 18.3 a 23.4%. Se encontraron siete difer-
entes formas electroforéticas de proteina de reserva dentro de los genotipos
investigados. El contenido de lisina varia de 4.83 al 5.43.
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AUGMENTATION DE LA TENEUR EN LYSINE DES
PROTEINES DE RESERVE CHEZ CERTAINES ACCESSIONS
DE Bidens tripartita

RESUME

Selon les speécifications de la F.A.O., les protéines de réserve du tourne-
sol sont déficitaires pour la teneur en lysine. La composition en acides
aminés des protéines de réserve des espéces d'Helianthus annuus de la col-
lection de I''WS "Dobroudja” étudiée dans notre laboratoire a montré que
l'une d'entre elles est trés différente des variétés et hybrides cultivés
d’'Helianthus annuus pour la teneur en lysine. Dans une étude préalable
réalisée sur Bidens tripartita on a souligné la teneur plus élevée en lysine
des protéines de réserve (3.4% pour Helianthus annuus contre 5.8% pour
Bidens tripartita). En 1994, on a collecté 14 nouvelles accessions de Bidens
tripartita dans différentes parties de la Bulgarie. Une caractérisation bio-
chimique de la composition en acides gras des sous-unités des protéines de
réserve par électrophorése et de la composition en acides aminés est rap-
portée dans cette étude. Le teneur en acide linoléique varie de 64% a 73.8%
et celle de l'acide oléique de 18.3% a 23.4%. Sept profils différents ont éte
trouvés dans les électrophoréses de protéines de réserve des 14 genotypes
étudiés. La teneur en lysine varie de 4.83 a 5.45%.




