Korean J. Environ. Agric.
Vol. 4, No. 1, June 1985

2= 5= [AA-amino acid 2&H|2| ol

¥ 8 FX-H B F™
(19849 11¥ 129 AF)

Identification of Amino Acid Conjugates of
Indole-3-acetic Acid in Etiolated Pea (Pisum
sativum L.) Shoots

Chang Kyu Park* and Ro-Dong Park**

Abstract

To identify amino acid conjugates of indole-3-acetic acid(IAA) in plants, 23 amino acid
conjugates of IAA were synthesized and characterized by UV and IR spectroscopies, and thin-
layer and high performance liquid chromatographies.

In etiolated pea(Pisum sativum L. var. Sparkle) shoots, aspartic and glutamic acid conj-
ugates of IAA were tentatively identified as metabolites of endogenous IAA by thin-layer and
high performance liquid chromatography, and by alkaline hydrolysis of the conjugates.
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HC1, H,SO4, Na,S0,, NH,OH, NaOH, NaOCl, (N-
H,).50,, Ba(OH),-8H.,0 %<& EP# == GREY B
LR = ROGHE A 5S Agshgls

9} tetramethyl guanidine&-
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() 28 % 33%: 2279 489 2% 4F
318 &2 (Table ’3 Zz) 25 Sigmajt(v] F) 2B
4 sl vk
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Table 1. Solvent system for thin-layer chrom-

atography

No. Solvents Composition(v,v)
1 Ethylacetate-isopropanol-water 6512411
2 Chloroform-methanol-water 8514+ 1
3 n-Butanol-acetic acid-water 65--13-+22
4 Isopropanol-ammonia-water 80+10+10
5 Chloroform-ethylacetate-formic acid 3555410
6 Ethanol-water 70+30

7 n-Butanol-ethanol-water 10+10+10
8 sec-Butanol-ammonia-water 80+ 5+10
9 Ethanol-ammonia 7030

10 Chloroform-methanol-ammonia 40-4-40-+20

A7t AL 93 TLCH (250 xm)-2 120°Cel A &
B3 A v dl A o] ek WA gD wstat
gewl, TLC -85 SwlA= Table 15 3gkvt.
TLCe A 15 FES] 2elel AHgd A A G207
SalkowskiA] oF, van Urk4} ¢f, DMACA(4-dimethyl-
aminocinnamaldehyde) A] ¢}, Prochazka+] <}, FEhma-

nnA ¢FU =23z ninhydrin A efe] o e}
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HPLCe] & uBondapak Cis 8 81 (W] 7 3.9 mmX 4 o]

300 mm)-g& o] §-39l on], methanol: 0.02M acetate

buffer (pH 4.0)(1: 10, v/v) BAEHS £24vz 2

2 0.8mle} oz £&Azch HPLC &2 89

z2AE S3tel = HPLCE o ZF 9 methanol, GR
#el acetic acid¢} sodium acetate® A}-2-3} 91 o).

3. AIR7|7]

1) UV-Vis Spectrophotometer Shimadzu MPS
5000(Shimadzu seishakusho, < &)
JASCO A302 Grating

4E)

2) IR Spectrophotometer :
IR Spectrophotometer (B A& 47 ¥ T X &7l

3) HPLC: Waters Associates ALC/GPC 244 HP-
LC equipped with the Model 6000A solvent delivery
system and Model 440 Absorbance detector set at
280 nm(Water Associates, u] ).

4) TLC system : Mitamura Riken Gokyoii(% &

4. TAA-ojn):c At E5H7|0| gHAda

1) TAA9} p-nitrophenyl ester(IAA-PNP)9] 4
IAA 11.6 g3} p-nitrophenol 9.5 g-¢ ethyl acetate 250
mio| =} o] 3 o] & 5°C2 W 4sgxh Dicyclohexy-
lcarbodiimide 13.7 g ¢l ethylacetate 50 m! 2
B 1ot 5°C°ﬂ/‘1 A 28 ALefA 14
ZF Aol Foeh. olw) A 4= dicyclohexylureal= A g
A A ATz ﬁﬁ’” 50miz 53 g P o 3fs)
vt bl Bg zhghete] A Zﬂﬂ AA ez IAA
PNP& ¢ ¢ onl o] & ethylacetates} petroleum ether

AN A A2 A wl o

2) IAA-cke] :4ke] ¥4

olu] = 2} 25 mmole 7} tetramethylguanidine 50 mm-
oles 50% methanol 10 mld] o] 7 of 7]o] ZA 2
% IAA-PNP 25 mmoleg 7}5t5 4847 EaF A3
AelA Ho. ZF4 50mi%s o 7)o 7} ethyle-
ther 50 m/¥ o g 23] #Z4ul 3, 4829 35 HCI
2 pH 52 244 t}h$ ethylether 50 mix o = 33 &
Zadvh. 8459 pHE 13 2433 n-butanol 40
mig 10miE FEA U §7 4 E2S 254 15 miN
© 2 43] 4o} §9 v}. f-alanines} arginine, asparagine,
glutamine, glutamic acid, glycine, isoleucine, leuci-
ne, methionine, phenylalanine, tyrosine, valines] I-
AA E-34 3 n-butanolsg- 7k9 353 A A sk
27, o] alanines} aspartic acid, cysteine, cy-
stine, histidine, hydroxyproline, lysine, proline, se-
rine, threonine, tryptophane] IAA 33 % %= n-buta-
nol%-g- TLC# v} 80% ethanolz #Zsw zelsh

5% [AA-amino acid £33 9 #q)
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Etiolated pea shoots
Extraction with 809 cold acetone
Concentration under reduced pressure
Solvent partitioning
Drying
TLC

Silica gel partition
(or Sep-Pak Cy3)
chromatography

IAA-amino acid conjugates fraction

TLC and HPLC

Fig. 1. Procedures for qualitative analysis of"
IAA-amino acid conjugates in etiolated
pea shoots

o)A FEeg ek

ol & F4 Fol Hele] UV spectrums} IR spectrum,
TLCst HPLCo A9 zgvtezels] 42 9 figs
2439w,

= TAA-oln|icAt E8H7|0] &0l

O‘QZH”H?} 45 8o £7] 20895 80% o))

& 200 m/E- 7}3 Waring blenderz =< oz 157
BobA 2412 4°C8] 2 o) Fol F2ahgch o] 3
Aot BEE JobAE 10mizE Qo ginh oo
AN T FF7 A 55t olal &2 A A ?SPJ—(NHJ
SO.E AAsle] ©Mde ARAZ. o Fdg chlor-
oform 40mi¥ o & 33 FZs9 vS 2.5N HCl g
<2 pH% 1.52 244> n-butanol 40mid o = 33
U 78022 Rol FH4 100miz 45
Na,50,2 AzA7 oe HHAAFEE A F24
Atk

2) AA 2 ghel

Fig. 12 A 5.3%9 TAA-o}u] 1 2 B g e A
+ UHd e . ¥5" A 8= TLC 28 % Magnus.
Fo UL oz el AAsgE. &, A0
7 3.8g% benzene : methanol(20: 1, v/v) £ 40
of Fel FelR(H7A 1.0cmX o] 30 cm)e) b 255
AEE 7He vhg 2L AW 45 mI(FL fraction) 9
benzene : methanol(15: 1, v/v) 25 mi(F2 fraction),
methanol 35 m{(F3 fraction) = x4 % S EAA 5E
sy eh.

=g we] FA3A7 Sep-Pak Cuoll o} ® 2099
methanole] ¢l A 8% F93ke] SRz 233 4
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1. TAA-oja|=AL el g

el 1o
29 ee 99 o]
E el A
2z 85%, mp 104~105°C).
IAA-PNP ester&
dicyclohexylcarbodiimide & ©

SR A A olnd 39 T44

TAA29] p-nitrophenyl esteri Al e A
% (mp 100~103°C) %

9} petroleum ethers] #
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A A4 sk
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Table 2. Colours of amino acid conjugates of
IAA on silica gel layers

Reagents

Colour
Salkowski Violet
van Urk Violet
Prochazka Brown-yellow
DMACA Pink-violet
Ebmann Blue

Table 3. Rf values” of amino acid conjugates

of TAA
Solvent system

Conjugate

2 3 4 5 6 7 8
Ala 18 00 70 b5 53 78 66 21
5-Ala 19 06 73 49 49 74 64 21
Arg 05 00 36 25 02 7 66 33
Asn 10 00 46 45 28 76 66 33
Asp 10 03 58 20 34 63 54 1b

333 %) A4 A1Z (1985)

Cys?® 05 28 28 00 69
22 00~1358 38 38 75 64 13

32 76 58 59 85
Cys’ 02 00 30 29 03 68 63 04
Glu 01 00 66 26 40 69 59 07
Gln 09 00 48 45 27 76 63 15
Gly 13 00 58 51 46 74 63 19
His 50 00 32 42 03 72 60 15
Hyp 10 00 58 47 32 7 64 28
e 24 09 77 57 58 7 63 34
Leu 26 08 76 48 56 75 66 34

Lys» 09 00 34 30 02 64
20 00 70 65 44 78 60 21
Met 21 03 70 57 53 76 63 34
Phe 26 07 8 56 55 76 72 28
" Pro 14 07 64 46 48 74 62 21
Ser 13 0L 57 47 33 76 63 20
Thr 16 01 60 46 40 75 63 21
Trp 24 02 77 53 53 75 63 34
Tyr 20 00 8 50 51 77 63 30
Val 19 08 76 57 51 77 63 33
TAA 36 12 82 46 64 76 67 . 32
D hRf__ngisjinpj:‘erspo.t‘ciegitre from start point
distance of solvent front from start point

X100

2) Multiple values for TAA-Cys and -Lys.

Table 4. Relative retention time of amino acid
conJugates of TAA with C,; HPLC

Conjugate RRTL®® Conjugate RRTH%%
Ala 0.61 Hyp 0.41
5-Ala 0.74 Ile 1.00
Arg 1.01 Leu 1.05
Asn 0. 32 Lys® 0.61
Asp 0.35 0.30
Cys?® 0.32 Met 0.96
0.35 Phe 1.00
1.07 Pro 1.64
Cys'® 0.36 Ser 0- 36
0.84 Thr 0.52
Glu 0. 47 Trp 1.02
Gln 0.38 Tyr 1.00
Gly 0. 33 Val 1.01
His 0.50 IAA-PNP 0.71

1) RRT refers to relative retention time
___Retention time(conjugate)

2) RRT= Retention time(IAA)

3) Absolute retention time of IAA=21.7 min.

4) Multiple values for IAA-Lys, -Cys and -Cys’
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Table 4ol = HPLCoj| A} 7+7}9] relative retention time

TS_— el o}, Cysteined} lysine #i&fe>+ HPLCs} T
Aol A 77 3EF 2% BEHo HelHqw

cystine R HPLCol At 24 %oz Fa39

t}. @ HPLCo| 4] methanol : acetate 234 (1: 10,
v/v)atg £E 802 AEstd A = 235 ofvm A %
FAEE AR BS23A FA4718 AL ozdde
v, TAA¢l TAA-Asp, JAA-Glu, JAA-Lys 55 #el 3}

= de &g Fig 5).

Fig. 2= IAA-PNPs} TAA-Glu¢] IR spectrumo]
t}. @ JAA-PNP+= 3400 cm™'o] 4} N-H stretchingo
o8t WIkE, 1770 cm~'o| A carbonyl C=02] stretc-
hingoll €] 3 %k S, 15207 1340cm™'o] A1 Z+2+ NO,
group®] Hif A=} f A stretchinge] o3t ®KE =
of 3 9ot TAA-GluE 3410 cm™lej 4} N—H stretc-

e
-

% Transmittance

B #W0 3200 €30 TAG IR0G MO0 D 1§00 (000 1700 1500 1900 1460 1500 1300 [100 1600 D00 B0 206 fo 60 400 X

-1

Wave number (cm )

Fig. 2. IR spectra of IAA-glutamic acid(A) and IAA-PNP(B)
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Table 5. Fractionation of IAA derivatives on silica gel column chromatography

Fractlon Compounds eluted”

1 Indole-3-acetamide, indole-3-carboxylic acid,
indole-3-aldehyde, indole-3-glyoxylamide,
indole-3-glyoxylic acid, indole-3-acetone,
indole-3-pyruvic acid, indole-3-methanol,
indole-3-ethanol, oxindole, isatin,
2-methyl-indole, 3-methyl-indole, 5-methyl-indole,
7-methyl-indole, indole-3-propionic acid, JAA

2 Indole-3-acetamide (tail), indole,
indole-3-acrylic acid v

3 Indole-3-acetaldehyde, indole-3-lactic acid,
tryptophan, indole-3-acetyl aspartic acid,
indole-3-acetyl glutamic acid, (IAA-sugars)

1) Groups of derivatives eluted together in each of three fractions were identified by C;y HPLC.

hingel] ¢ % WBIkE, 1710 cm™o] 4 carbonyl C=09]
0

I
stretchinge] o & Bk, 16559} 1430 cm~loj 4 C—O
0

9] stretchingel] <3 WiiE, 1520 cm™'of A g)——NH—
(trans)oll o1& RIKE Hol T2 glon, = 1455cm™!
of 4} CH, bendinge] 9]& M= el s gloh 0.8 F A B

IAA-PNPu}+ TAA-Glug] UV spectrum IAASl =
Az} Falstglom U9 gl 280 nmol 4] methanol F
TAA-PNPS] ZE¥FHE= IAAY &334 4 5150 cm
SIMT wg 2,60 £ gkl (et TAAGlu®] 27 06 b ‘
TAA 3t} <7k & 6150 cm~*M~to] ¢l o}, '

Rf 1.0

2. 2= 8= JTAA-ota|Ate] 50l

4% 2719 LAE F52 MitH#S n-butanol ® 3
sol mob ¥3AsW AA gl 2mg AHe crude 0.4 )
extract: 9& & 9. o/ & TLC, Helst A Ad
zazvtE by z8] s Sep-Pak Cpy mzvlEz2td] 5
o] gote] 7 A sk vk (Fig. 1). ® 2
Ao A A9 azvEadddd 25 A% 549 0.2 b
#&- Table 59 o] 3fHEfo2 oA %%5491 ® ()
h. IAAE Fl S, [AA-olu] 4 E-§4 5
S 27 $E33 A8E $olA 204 TLCR

g A8k ﬂ A azvtE ey sl [AA-obe] = 0 j !

A Ee mew b TLCs o] IAA-Asps)t JAA-Glu

& Zold & ogloh(Fig. 3). 50 o5 0a] A ok Fig. 3. Tllltill:-lairer cthron::atog:an;tof peft]_extrac:
with solvent system 4 after si

deted EEIGFES FLA e e, TLC partition chro;atography o e

A wAle] ZezRe gudt A 5 SPAe 2 & (A) pea extract: (B) authentic standards;

oAl A58 2. (1) TAA-Asp, (2) IAA-Glu, (3) TAA
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Fig. 4. Thin-layer chromatograms of hydroly-
zates of pea seedlings
(A) was developed in solvent system 4 and
sprayed with Ehmann reagent. (B) was
developed in solvent system 9 and sprayed
with ninhydrin. (1) IAA-Asp; (2) IAA-Gluy;
(3) TAA; (4) acidic ether fraction of plant
hydrolyzates; (5) Asp; (6) Glu; (7) aqueous
fraction of plant hydrolyzates

IAA-opu] x4l 5#1e Rol Ba(OH),z ¢z 7
TAHAD e 2 THEY 5 [AA B399 s
4% TLCZ # =}% Fig. 4o vrebvi i} ethylether
Zdl 4 IAAE, E&oA aspartic acide} glutamic
acid& #qlalg . o] &5 IAA-Aspe [AA-Glus F+
dete BHtapel vl ethylether 2.& ¢JF 24t
o2, 52 di=d Ade® B A

Fig. 52 A2F55& A< A A8 mazaray
3] (Fig. 5B) m=3¥ Sep-Pak Ciy = 2wl % )9 g (Fig.
5C)71 & HPLCsle e mazuzaaztez 5 [AA-
Aspsl TAA-Glu®] retention times} o X 3t& peak%
F9% 4 ggieh $2 BAR AzolA IAA-Aspe}
IAA-Gluz 94HE Zdo g2 7AEAzRE 1
FgUel $AAE ARAT 2 FEE 44
% #lele o HPLCY A 4ol 239

oo AEA B T8 JAAY [AA-Gluz A
AP hE HL in vive [AA-Glue] e WHERS o
A AAstE Aol m, U g% Fuo4] [AA-
Glus} #ql & o)zle] A% & deloh. =z o
TAA-Glux in vivod| A o}A 7= FAH=A of &gl
7?7 ol Be A% #AY azrEadgsy TLC

o A TAA-Asps} IAA-Glux A 2 A Rz ol)s}
vl (Table 3), o27}A] whA A Fzahe] JAupgo] A=z

IAA-amino acid ¥-§4 ¢ 3o
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Fig. 5. HPLC of amino acid conjugates of JTAA
A TAA-Asp(1), IAA-Glu(2), TAA-Lys(3),
IAA-PNP(4), IAA-Trp(5) (standard)
B : Pea extract partially purified by silica
gel partition column chromatography
C: Pea extract partially purified by Sep-
Pak C;3 chromatography

22 ofslz(Table 2), 7t42
SHE FEE &AL AHEel Fe F9% ’;‘SPX] %
YR W oz gAA w A5 4% A
Wet 4Edd 32 HY Be WDz JAA-
Aspst IAA-Glue] #faRel Ao oA} patterno] A=
gy oz & Fxle] A& Fx Y& Aol

IAA-ole] 3 3be) FHede AEE $PAE FAHE
opul ko] FHol whet b2l IAA-olv R Ay
BHES PRl 2 ASEAY A% A49E #4
[AAd] 7118t Bg@20 o B A TAAS o
198 A 7R [AA-Glurl A FFe =d5tz oo
of TAA-Asprl A F/51d s 2a=® 259 o

3 ol RHLaH
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Ab kAol tham trEoiE A& AAsE Zolvh
IAA-Glud] g3 FAES A4 & GC-MS =& MS
2 o0 STES fEsts 97 IR spectrum9] wla 3
9l, =zl = IAA-Glug F4 3+ glutamic acid®] <
Al e Felo] Folglel. £ Aol HE LEFE
IAA-Glug A}gstgiert, D =& L3 e ¥
2 ood, ukek IAA-L-Glus} IAA-D-Glu9} zzvlEz
ghs] Aol ofF vty ey TAA-Glu %34
= IAA-D-Glu == JAA-D-L-Glual 7}54 & QA 2
o} :LE‘]V}' Cohena @ IAA-Asps} L-#& &4
. A Aol L8 obe] x4l
< a] f?l—l:]-ﬂ,j 714 9" TAA-Glue IAA—L-Glu
Ao Fvrs Aok

o el B

]_
A
o

e o

A2 Fe [AA-obv] x4 BgAE s st
o 2359 IAA-opvl =it BHAT FA A 1%
UV IR spectra, TLC, HPLC =83 7l¢&3 5 &
33 275 Bdz, FAANE 45 F29 F7
A IAA-Asps} TAA-Glug FAARA ez FAI}AG.
TAA-Aspe A Exlol A TAAY WAL ER el
2 (bAoA IAA-Glue obd HaH A ¢ vt
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