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Twenty amino acid conjugates of 2,4-dichloro- 
phenoxyacetic acid (2,4-D) were synthesized and 
evaluated for their ability to stimulate cell divi- 
sion and elongation. All the conjugates stimulat- 
ed Avena coleoptile elongation a t  an optimum 
concentration of 10-5-10-s M and were nearly 
equivalent to 2,4-D at  its optimum of M.  
These conjugates also stimulated growth of soy- 
bean callus tissue a t  an optimum concentration 
of 10-6-10-7 M .  The growth resulting from the 

addition of many of these conjugates exceeded 
the growth stimulation produced by 2,4-D at its 
optimum of lo-' M.  Elongation and growth were 
inhibited when higher concentrations of the con- 
jugates were used. All of these properties are typ- 
ical of auxins and the reported metabolism of 
2,4-D to conjugates Glu, Asp, Ala, Val, Leu, Phe, 
and Trp cannot be considered as a detoxification 
mechanism. 

The effect of auxin on the growth of tissues of various 
organs has been extensively investigated in the last three 
decades. But few studies have been performed concerning 
its regulation of ammo acid conjugate formation and its 
role in the growth of tissues. Tissues of soybean cotyledon 
callus, when exposed to a specific and defined chemical 
medium, require kinetin as well as auxins such as indole- 
3-acetic acid (IAA), a-naphthaleneacetic acid (NAA), or 
2,4-dichlorophenoxyacetic acid (2,4-D) for continuous 
growth and maintenance in culture (Miller, 1963). How- 
ever, it has been fouind that a high level of 2,4-D does in- 
duce some growth alone (Witham, 1968). Also 2,4-D alone 
stimulates the growth of soybean root cell cultures 
(Gamborg and Ojima, 1967), different somatic organs of 
rice plant (Wu and IY, 1971), and rice root callus tissues 
(Lieb et al., 1972, 19'73; Yatazawa et al., 1967). 2,4-D has 
also been used in the culture of other tissues without ad- 
dition of cytokinins (Filner, 1965; Harvey, 1967). 

Recent studies with cultured callus tissues of soybean 
cotyledon, for the purpose of the detection, isolation, and 
chemical characterization of 2,4-D metabolites, have dem- 
onstrated that 2,4-D is rapidly conjugated by means of an 
amide bond with a number of amino acids (Feung et al., 
1971, 1972, 1973a, b). Such conjugates were characterized 
by paper and thin-layer chromatography and by mass 
spectrometry. Seven amino acid conjugates have been iso- 
lated and identified (2,4-D-glutamic acid, 2,4-D-aspartic 
acid, 2,4-D-alanine, 2,CD-valine, 2,4-D-leucine, 2,4-D- 
phenylalanine, and 2,4-D-tryptophan). To better under- 
stand the action of plant growth regulators and to evalu- 
ate the biological sigpificance of the recently identified 
conjugates of 2,4-D, 20 L-form amino acid conjugates of 
2,4-D were synthesized and characterized (Feung et al., 
1973a). These conjugates have now been evaluated for 
their comparative ability to effect growth of Avena coleop- 
tile sections and soybean cotyledon callus cultures. Previ- 
ous studies (Krewson et al., 1956; Wood and Fontaine, 
1952) had shown thak several of these derivatives had 
2,4-D like herbicidal activity. 

EXPERIMENTAL SECTION 
Oat seeds were surface sterilized in hydrogen peroxide 

for 10 min and rinsed three times with sterilized distilled 
water. The sterilized :seeds were spread over moist filter 
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paper in glass tfays and were kept in the dark at  room 
temperature. After 24 hr in the dark, these seeds were ex- 
posed to red light for 4 hr (red-filtered incandescent lamp) 
and then allowed to germinate in the dark for 48 hr. Seed- 
lings with coleoptiles 2.5-3.0 cm in length were selected, 
from which 6.5-mm coleoptile sections were obtained by 
excision 2 mm from the apical end (Wang et al., 1968) 
and then placed in basal medium (2% sucrose in 0.01 M 
KHzP04). Eight randomly selected coleoptile sections 
were transferred to each petri dish, which contained 25 ml 
of the basal medium with or without 2,4-D or the conju- 
gate a t  selected concentrations. The Avena coleoptile sec- 
tions were then allowed to incubate in a dark room a t  25" 
for 24 hr, a t  which time the length of the sections was 
measured. 

The callus tissue used in these studies was originally 
derived from soybean cotyledon (Glycine max. [L] Merr. 
var. Acme). Stock callus cultures were grown on an agar 
medium of Miller (1963) with 3% sucrose, kinetin (0.5 
mg/l.), and naphthaleneacetic acid (NAA, 2.0 mg/l.) 
under continuous low intensity fluorescent light a t  25" for 
about 5 weeks. 

For bioassays, three small clumps (about 5-10 mg each) 
of callus tissue were aseptically inoculated in each 125-ml 
Erlenmeyer flask containing 50 ml of the standard solidi- 
fied medium (0.8% agar) without NAA. The medium 
(Miller, 1963) also contained 3% sucrose and 0.5 mg/l. of 
kinetin with varying concentrations of 2,4-D or the amino 
acid conjugates of 2,4-D at pH 5.8. The tissues were al- 
lowed to grow under fluorescent light (ca. 40 ft-candles) 
for a p e h d  of 6 weeks at  room temperature. At the com- 
pletion of each experiment the tissues were removed from 
the nutrient agar medium, blotted briefly, and fresh 
weight was determined. 

RESULTS AND DISCUSSION 
All the amino acid conjugates of 2,4-D stimulated the 

elongation of Avena coleoptile sections (Table I). The op- 
timum elongation response appeared to be at  the concen- 
tration of A4 for 2,4-D, 2,4-D-glycine, 2,4-D- 
alanine, 2,4-D-valine, 2,4-D-leucine, 2,4-D-isoleucine, 
2,4-D-cysteine, 2,4-D-methionine, and 2,4-D-phenylala- 
nine, although none of the amino acid conjugates quite 
equal the stimulation of 2,4-D itself a t  M .  The con- 
centration of M was optimum for 2,4-D-serine, 2,4- 
D-proline, 2,4-D-threonine, 2,4-D-hydroxyproline, 2,4-D- 
aspartic acid, 2,4-D-lysine, 2,4-D-glutamic acid, 2,4-D- 
histidine, 2,4-D-arginine, 2,4-D-tryosine, 2,4-D-trypto- 
phan, and 2,4-D-cystine. All of these conjugates exceeded 
the response of 2,4-D a t  M and most nearly equalled 
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Table I. The Elongation of Avena coleoptile Sections 
Induced by Amino Acid Conjugates of 2,4-D 

% elongation 
2,4-D or conjugate 10-5 10-6 10-7 10-8 

Gontrol (no additive, 8 . 0  mm) 
2,4-D 
Glycine 
Alanine 
Proline 
Serine 
Valine 
Threonine 
Leucine 
Isoleucine 
Cysteine 
Hydroxyproline 
Aspartic acid 
Lysine 
Glutamic acid 
Methionine 
Histidine 
Phenylalanine 
Arginine 
Tyrosine 
Tryptophan 
Cystine 

38.8 
16 .3  
35.0 
62.5 
70.0 
33.8 
62.5 
47.5 
45.0 
30.0 
53.8 
57.5 
51.3 
63.8 
30.0 
68.8 
48.8 
71.3 
58.8 
66.3 
58.8 

73.8 
42.5 
51.3 
51.3 
42.5 
60.0 
47.5 
56.3 
55.0 
46.3 
33.8 
35.0 
32.5 
37.5 
48.8 
30.0 
58.8 
48.8 
37.5 
41.3 
38.8 

45.0 
27.5 
27.5 
35.0 
25.0 
32.8 
35.0 
36.3 
47.5 
33.8 
28.8 
26.3 
26.3 
25.0 
31.3 
26.3 
32.5 
33.8 
28.8 
23.8 
27.5 

38.8 
25.0 
25.0 
22.5 
23.8 
30.0 
25.0 
28.8 
23.8 
23.8 
23.8 
22.5 
25.0 
23.8 
20.0 
25.0 
26.3 
30.0 
23.8 
22.5 
25.0 

the response of 2,4-D a t  M.  The variability as mea- 
sured by the standard deviation was less than 7% at  the 
optimal concentrations. A concentration of 5 X M 
conjugates caused a decrease in the length of coleoptile 
sections when compared to the length observed at  
M .  

All the amino acid conjugates of 2,4-D stimulated the 
growth of soybean cotyledon callus tissues, showing an op- 
timum response at  a concentration of to M 
(Table 11) and a standard deviation of less than 10%. At 
the optimum concentration for 2,4-D M ) ,  many 
conjugates equalled the stimulation of 2,4-D and several 
conjugates, namely 2,4-D-leucine, 2,4-D-isoleucine, 2,4- 
D-glutamic acid, 2,4-D-methionine, 2,4-D-tryptophan, 
and 2,4-D-cystine, exceeded ( >15-55%) 2,4-D induced 
growth. At  a higher concentration M )  2,4-D-hy- 
droxyproline, 2,4-D-lysine, 2,4-D-histidine, and 2,4-D- 
phenylalanine also greatly exceeded (>35%) the optimum 

response of 2,4-D. Seven amino acid conjugates, 2,4-D- 
glycine, 2,4-D-alanine, 2,4-D-proline, 2,4-D-serine, 2,4- 
D-valine, 2,4-D-cysteine, and 2,4-D-arginine, did not 
equal the response of 2,4-D a t  any concentration. All the 
amino conjugates, as well as 2,4-D, show less stimulation 
of growth (inhibition) a t  the highest tested concentration 
of when compared to M .  A small portion of the 
tissue in the center of the callus clumps was found to be 
dead when the tissue was grown on media possessing the 
conjugates a t  a concentration of lo-' M .  These small por- 
tions of dead tissue may be due to depletion and/or me- 
tabolism of the amino acid conjugate since at  M 
some of the entire callus tissue clumps were found to be 
dead. Generally the tissues resulting from the bioassay of 
the amino acid conjugates were yellow to pale green in 
color and were composed of loose masses of cells. In con- 
trast, the tissues grown in stock cultures (plus NAA) were 
yellowish green to green in color and formed a dense com- 
pact callus. 

All the 20 amino acid conjugates of 2,4-D stimulated 
cell division and/or cell elongation in the two bioassays 
performed. A number of the 2,4-D conjugates stimulated 
growth in the soybean callus tissue to a greater extent 
than 2,4-D at  its optimum concentration (lo-' M ) .  In 
fact, 2,4-D-methionine and 2,4-D-glutamic acid at  
M gave 50% more growth than 2,4-D at  this concentra- 
tion. When higher concentrations were used the conju- 
gates inhibited growth of soybean tissue and Avena sec- 
tion elongation. All of these properties are typical of aux- 
ins. The reported conversion of 2,4-D to seven amino acid 
conjugates (glutamic acid, aspartic acid, alanine, valine, 
leucine, phenylalanine, and tryptophan) (Feung e t  al., 
1973b) thus cannot be considered as a detoxification 
mechanism but perhaps is an activation step. 

There are a t  least two possibilities with regard to the 
conjugates activity. The first is that only 2,4-D is the ac- 
tive molecule, since it can be formed as a product of the 
metabolism of the amino acid conjugates of 2,4-D as we 
have previously shown for the glutamic conjugate (Feung 
e t  al., 1971). In this view the higher activity of the 2,4-D 
conjugates compared to 2,4-D in soybean callus growth 
would be related to secondary factors such as altered up- 
take or metabolism. 

The second possibility is that these conjugates are re- 
quired active intermediates. Soybean callus tissue rapidly 

Table 11. The  Growth of Soybean Cotyledon Callus Tissue Induced by Amino Acid Conjugates of 2,4-D 

Weight (rng)= soybean cotyledon callus tissue 
2,4-D or conjugate 10 -5, M 10-6 M l o - '  M 10-8 M 

Control (no additive) All died 
Control (2,4-D) 65.0 i 4.2 224.2 31 15.4 
Glycine 73.3 i 6 . 6  215.0 i 15.9 245.0 i 27.5 46.7 i 8 . 3  
Alanine 81.7 f 15.0 168.0 i 33.3 275.8 i 32.5 54.8 i 9 . 6  
Proline 113.4 f 6.8 247.5 i 41.3 255.9 i 20.8 40.2 i 3 . 7  
Serine 84.2 i 12.5 

280.8 i 35.8 61.4 i 11.5 Valine 60 .0  i 9 . 9  188.3 i 26.7 
Threonine 97.5 f 19.2 200.0 i 20.0 258.3 =!= 31.7 53.7 i 6 . 2  
Leucine 81.7 It 9 . 2  287.5 i 27.5 385.9 zk 27.1 183.3 i 11.7 

332.5 i 4 .2  91.2 i- 8 . 2  Isoleucine 72.5 i 5 . 8  274.4 i 25.8 
48.7 i 5 . 8  257.5 i 21.3 Cysteine 109.2 f 9 . 4  222.5 SC 19 .1  

143.3 i 23.3 No growth Hydroxyproline 265.9 f 27.5 388.4 i 31.9 
Aspartic acid 88.4 =t 10 .0  272.5 SC 27.5 302.2 i 16.3 92.1 f 13.3 

144.2 i 10.8 No growth Lysine 330.0 f 11.1 480.9 i 30.9 
Glutamic acid 101.7 f 7 .5  288.4 25.0 437.5 f 17.9 132.6 i 9.8 
Methionine 110.0 i 6 . 5  291.7 i 24.2 442.5 i 26.7 113.6 i 10.9 
Histidine 282.5 i 31.3 433.3 =t 30.9 275.0 i 19.3 No growth 
Phenylalanine 125.0 i 20.0 433.3 i 28.3 312.5 i 37.5 150.8 i 4 .2  
Arginine 188.3 i 12.5 274.2 * 30.9 278.3 f 14.6 No growth 
Tyrosine 132.5 i. 7 . 5  301.7 d~ 30.8 255.0 rt 23.4 81 .4  f 7 .3  

348.3 i 20.9 No growth Tryptophan 129.2 + 14.2 304.2 + 30.5 
Cystine 109.2 31 2 . 5  293.4 i 25.8 348.4 i 16.7 94.6 i 8 . 5  

285.8 + 25.3 71.7 f 21.7 

188.3 i 17 .4  b No growth 

a Wet weight. Died after 3 weeks. 
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forms the active gluLamic conjugate, making it difficult to 
understand why the glutamic conjugate would be more 
active than 2,4-D iin this tissue. Studies (Feung et  ai., 
1973b) with 2,4-D-[ l-14C]-glutamic acid indicate a more 
rapid conversion of it to the inactive 4-OH-2,3-D or 4- 
OH-2,5-D than conversion to 2,4-D itself. This is again in- 
consistent with the higher activity of the 2,4-D-glutamic 
conjugate. I t  thus seems possible that the conjugated form 
of 2,4-D could be exclusively the physiologically active 
form. In any event some of these active conjugates may be- 
more suitable auxins) for plant tissue cultures than either 
NAA or 2,4-D. 

Different responses were observed for the various conju- 
gates; however, it  is possible that a t  the subcellular level 
no real differences exist. The observed differences in phys- 
iological responses may reflect variations in permeability 
and/or metabolism which thus affect micro-pool environ- 
ments. 

Amino acid conjugates of auxins can effect responses at  
very low concentrations and it has been postulated one 
site of action is at  the nucleic acid level. Cellular localiza- 
tion of 2,4-D in the nucleus (Liao and Hamilton, 1966) as 
well as in nuclioli (Zwar and Brown, 1968) has been 
shown. Key and Shannon (1964) reported that IAA and 
2,4-D, a t  the concentration which promoted cell elonga- 
tion, enhanced 14C-rmuleolide incorporation into ribonu- 
cleic acid (RNA) of excised soybean hypocotyl tissue, 
whereas inhibitory levels decreased incorporation. I t  has 
in general been concluded (Key, 1969) that RNA and pro- 
tein synthesis are essential for the process of cell elonga- 
tion to proceed at the normal rate. The observed differ- 
ences in physiological response may also reflect a differ- 
ence in binding to a protein and/or a selectivity in an en- 
zyme reaction leading to biological function. These amino 
acid conjugates could compete with amino acid or specifi- 
cally react with transfer ribonucleic acid to affect‘ selec- 
tive protein synthesis. Labeled 2,4-D has been reported 
bound to macro-molecules (Galston and Davies, 1969). 
Additional studies are needed to elicit the function of 
these amino acid conjugates of auxins in plants. 
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Extraction of Nitrogenous Constituents from the Jack Bean (Canavalia ensiformis) 
Mario R. Molina, Carlos Enrique Argueta, and Ricardo Bressani* 

Studies were carried out on the nitrogen (protein) 
solubility of the Jack bean (Canavalia ensifor- 
m i s ) .  Using 12 solvent-to-meal ratio of 100:6, the 
optimum conditions for a one-step protein ex- 
traction, using an aqueous system, were pH 13, 
70” for 1 hr. The point of minimum solubility was 
found a t  pH 4.9, and nitrogen solubility increased 
toward the acidic and basic sides. Jack bean 
meal proteins displayed a different pH-nitrogen 
solubility profile in 0.5 N NaCl solution. At pH 
4.9, 70% of the extracted nitrogen was recovered. 

The recovered proteins showed a higher essential 
amino acid content than the original meal. Me- 
thionine was the most limiting amino acid in 
both cases. When using methionine, the chemical 
score for the protein concentrate was lower than 
for the original meal. The reverse was true when 
the second most limiting essential amino acid 
was used, indicating a better quality protein for 
the concentrate once the methionine deficiency is 
overcome. 

Jack bean (Canavalia ensiformis) can be grown relative- 
ly easily, producing high yields in regions of low altitude, 
high temperature, and. relative humidity, inadequate for 
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the growth of other edible legume foods such as Phaseolus 
vulgaris (Rachie, 1973). Thus, the Jack bean has a high 
potential in regions of varying climates and altitudes like 
the Central American area where it would not compete 
with the black bean (Phaseolus vulgaris) and could yield 
an additional protein source. 

Although the Jack bean has a relatively high protein, 
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