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Abstract

The changes of carnitine levels including nonesterified-carnitine (NEC), acid-soluble acylcarnitine
{ASAC) and total carnitine (TC) were investigaled in developing soybean sprouts. The concentrations
of carnitines were determined in ungerminated and germinated soybean seeds, and in dissected axis
segments and cotyledone of the germinated sprouts. Soybean seeds contain 136 nmol of TC per gram
dry weighi. The conlents of NEC, ASAC, and TC were increased during the permination of soybean
seeds. The concentrations of NEC and ASAC were highest in cotyledone and in meristemalic tissues,
respectively. These data indicate that developmental differences of carnitine levels do exist in plants,
and that in developing soybean sprouts the levels of NEC and ASAC are highest in the colyledone and

in the youngest meristem, respectively.

Key words: sovbean sprout, carniting, germinalicn

N o

Fole Al A

Faloza v Fog B
U/JE__

%\}%7]%@ =a=

Auk4ke] dfr=Ee] 9le]
ohuzl chaFal Al g
FHeh glof ofe]ld e s oy
gk A7 Fe|oH1). Fol dfst Ade 7154 &
2 ol & #A] ¥l (lecithine), A} # ]{sapomns), & B2 &

(phytosterols), o] €l4H(phyiate), 2734 A &) (wipsin

o
=

inhibiter), -7 So] <A glew (1), wdA el &
T4l & 2] Wl {ferritini= Feo] FHE 2= Aez ®
DE QTR T ol e oy FRE4te] IirE
o] gl T A A FE e e o
28] GABA( y —aminobutyric acid)z} S5k wtekal
fge] A e 2 gl SAEE A oE AR CE).
& wfolz e €& GABA 5] Yyt 24, Al

71w &3 A7 eohA R, wiehA| kg d
ARl ) 2o A3 Y el
F GABAE ¥ A=]7l¥3 yshd 222 A8
o}, el = Fell iz 2w alebd BEE vl sat g

slebl, 23 wlvlake) gake] thE Al Ed w]ale] X

[

t
To whom all correspondence should be addressed

Zlog gelHd g9loh
g4, 7

tyrate}2 o}v

EEECEPSEhs

o 2 o] 22 A x| ulabe] B-ALEE

Z.z] A 7] =

218 (B-hydroxy- ¥ —trimetylammomm bu-
wAlA e g BateEs Pl doksRaA]
o} A7) e rE o)

Gl %

*3%ﬂﬂ6)ﬂfqur%ﬂaiiﬂiLﬁ“%

Hol

7z A 2 :,E__%Li

A4 o].

T

2 A F HofA ek goba

O

Ab D23 E 23] BAa o aAlggko]
qlekB), A slAe] TFEI R 25
u]}

BE2R g TEH AT 71
o] &
{4 ool Fe Hrew
o o] =0 g3 Wk
opol T4 6] gl 7
£ AmelA 2l ey

riZnIEOE.HGF_\EJEmﬂ

ole] -5 ukF

-4 /\] ]

oLz
i3 ] Al
1= '\—-j

o
=

bl 7k 3hak me —1?:%”’{'1‘?‘3]'
= st Al oAl 24

“red ol i (eonditionally essential nurrient)e]ed A
= FakE o] A2 A3 Hg

Y AAE AT ANE, S AT

=3

3wl x 2 dz2E] wEwl ¢, vlEd By W

v EE

2 B & (camivore) EXE] FA =gl So] AL R
]

%2"

kA k(7.8 “PEP‘

A} 2z ez S AR



28] Wold] WE Fl2id ek 763

ek, o Azl AFd e A et g 24w F a4 ® F 72"l 3 £ F 2, F non-
ZE = o] ghep(9-11). kA5 A B 7r2u] 8l 33 eslerified carmtme(NEC), acid-schible acy]carnitinc
ATz v ml el El A 727k 28 Al EelA #p2E (ASAC) B acid-inseluble acylearnitinel ATAC)HS 2]
2] ZA7F Fald 2(7.8) flells dy7h A9 o] Feix 2l4F o] &3k Cederblad%} Lindstedt2] 7F=u]d 24
A ok Al Ee] Aak o wheba) e ste] 7l E ) Bl 13)2 3 Al 7] Sachan 59 BH(14)8 o] &5}
W2 ZAE 975 ok wjela] B e Fela] = =k ATl &, 100~200 pLA = 2] A 5= 200 ulY 0.6
AL whe] Bhgslw gl U5 itele) wlE spE M PCAA A 1500 gz 1087 1A E3]ebe] A
Tl HEE zalvle] o ofabdq) S w4l E =] u¥ AdEs oy 7 ASHE NEC ASACS
gl S atstedn ZA b= AlgElE o, AHELE AIACE A5 =
w Abgslylol NEC 42 AFEaE |50 ulE #H e,

A= ol g I M KHCO:-E 35 1L 384 4] of2 dalfelds 4

Za 100 uLel] [1-14CJacety] cocnzyme A7} 0.02 mM

= <0.025 nCl) 53 Wk-gl g 400 uLE 7hska 1 unit®)
2 1) 455 Tiglyeme mads 1998 AF AL coamitine acyltransferase= '7]-?{“ H, 37" CO%}H_ 3082k b
S% A AFT AHS A Aol FalEhe o], ] A fH) ‘%.1-%5’—3 200 uLE anion exchangeuresm( Dowex
SH z7)9h vope] okEd 2o Gabow AWshel £C L > §-400)9) _%ﬂ—‘ﬂgca]umn% 3147 [1-14C)] acetyl
W me] REShA el 5k A mm A} el carnibine& % ’*ﬁ‘l' F liquid scintillation counter = cpm
& SAFS 2E 72V S cpmF L E A4 2E

At 3 719 422 53-8 NECY-E A&ttt ASAC ¥4 & 459

100 uL.E 05 N KCH 75 uL2 7h§East2. PCA/
FREu R $4 AL SigmatHSt Louts, USA) AF MOPS-TT £-1(0.12 M PCA, 1 M MOPS) 30 yLE %3

+ A 3L UV/Vis spectrophotometer£ Shimadzu 3 e Al 2l Ee] AEas 2a)d & Eogl vy

Al A E(UV-1601PC, Japan)s, Sd# &7+ lshinat o2 24l AJAC 242 FHHES 06 MPCAR
A% (FD5508, Korea) & o] &-8k8dt}. “Crasotope®t ¥4 33] 48 51e] &3} NEC @ ASACE 2+41%] A7 &
& %)=l Barkman+}2] LS 3801 liquid scintillation counter (05N KOH 200 1LE 60°Cell 4] 60321 < =tas sz
(LSAYE AHgshaich 2 o] Alehe 534EE A3l PCA/MOPS-[ %41(0.3 M PCA, | M MOPS) 100 nL2
£, micracentrifuge $-= Vision b Al E(VS-15000CF, Z3g the flAlfe)sle] Abmals e & Eadgr
Korea)2 Al-g-8h4ith Wiez Hieigdd & s2uEE NEC, ASAC ¥

23] Wl 2 98] WA T 5% Faole] 587 SAF

2t EE 4TS R T EE FadES s E A e ZE AP AN HFmean) T 2 FHAED)E £
Atk ele] F& 647 Bab Bl AREle] A FbE st on, Z F2be FAE £94 HAL GraphPad
AR 7] (12)ell A kel A H ol Moli= 23~26°C2] a4l InStat Software{San Diego, Califormia, USA)S- o] 23
A 2A 2 A e B Bo] FgEES =Esle] AAlsA of p005 FellA] Tukey testS Eabed A =atgich
ch 32 294 A 5E A A ) #alke] ok g0zt A s

F50cm At FrhE Adeted 10em A2 A Anp gl O

F ozl 9 7 pe] T]ibl-rc’i Afdrz 54

B3 FUE ol -80°CH Ratsleltt F) ety ol = ofel AL o] u]ol 2] 717 7]”"3 HEEo| 7
AR AHE 98 FUES I PERED, 20, 40, 60, °EM 9] Lo] 7% ubs]R] 7 g)c} 04 5 ko)
8.0, 10.0 em) 2 A me) AEE) F oA 22 A0 fute o o] elghe 2 B ool ol A zlh‘ol-/ﬂ o] Afef] gle] 2

wlshe] -B0PCH] wRE Al Bl ALgaen

—{) rU‘

CRFERE EREEE STy L ESEER T

B Z7)EE EASch AYALE AuE FohE F 3

},.
oy
ol

ZledElel B o % 7k E gere A5 gF o 136 nmole] F 99
L) wle) 2] kg o)a] TlEe] By el 3 = o} 9l 2R FARE Qe Table 1). o)1= #g7k#] =AM
WE A g E dele] 32 Feldn AFA 2 Q= o} E A Eell el 2] Pl ek = asparagus?] 121

(1p)e 0.6 M perchloric acid(PCA) 6 mL3. &34 3] nmel/gl7), broceoli] 0.23 nmole/s % potato®] 0.8 nmole/



764 ;’{]»z:ﬂd‘ﬁ 1'0 .

r_n‘.j_'
Dln(t

Table. I. Changes of carnitine levels during the growth of soybcan sproutsn

Axis length {cm)

Carnitme C. 1 2 4 8 8 10
NEC gz7E28” g0sxe3®  q08ag LR g a17+21" 952+3.2° 971425
ASAC 73.2£30¢ 69.7 535" gpotaar 83727 2BRELT 89.4%35" 95 7+3.3°
TC 1359458 1303+5.8 1510747 1662130 1785168 185267% 1928+58"

”Soybean sprouts grown to 1.0. 2.0, 4.0, 6.0, 80, 10.0 cm were harvested at diflerent time mlervals and analyzed as described

i the Materials and Methods.

IZJThe values represent nmol carnitine per gram dry weight with standard devialion of the mean of three determinations.
“Different alphahetical superscripts in the same row indicate significant differences (p<0.05) among groups by Tukey lest.
NEC, nonesterified carniline; ASAC, acid-soluble acylcarmtne; TC, total carnitine; C, ungermnated soybean seed

g@et & od7ale] 2AME & Fo 7l2u 825
nmol/g dry basis, oL EAF ) 2131e] LA w2 ako]
o}, ola} e HEE v Re] & of Fo| 7lmL]El S 5)
H-Hala ol Al EA ‘54 4 shiel AL Z gk
2o 2 olE A g 25 g9 dl7r) o] o] Felxel &
o2 A=)

drelebA Y F FlEuwe] gk 49
7h A A= H A fE] 72U " (NEC), el 2
FCASAC), & 7H=U BI{TC)9 ghako] Y42
e okt 2olm, A4 7l H(ATACHS
AE A2 e} 7 4ol g A Ao
t}, who} )& o] Hlsle] 10 om Wels F A
Z L=y el ekl of 151 Er1E Ao g 2AlE
(Table 1) F-£] %lo}aﬂ ojet A g A0 Solkehe
712 Zlabsbal @0 A)e] Wi E #5002 Lelygrh o] &
F %—7‘}5}} Fp B A shed dbelrh Al o) ope} A2
o} wbeko] E2dk oA R (ATP)e] d5-2 24k Bad
FE E YA Br] $ste] FrEUEL] 2840 S
des ez gadn) A2 o2 el A E
ZAle] hele) whe} ATPY] FaE geld e sleE W
T® vl o], o] ATP B4 sl mE=ejel-l 2F
4k 9lakabe] Zagl Aoz 2l g 9loi(15-17). ¢
= deriae Eded A B o Pl nR AR a2 2 4
BHA, T-& Feolel o) wlelnl C, asparlic acid, as-
paragine 5% FEZ He Aoz oA glel
(18-200 F-ba-& Fo| dokd k3 5 o5 $4A7le

"

f
n
"
ui
3

U R

_i_.,o{N

jo &

Ny

o,
= S P A W

1

2

e

Hl

ol}i
2,

#Hog sekgch

Woly Fa| Rag slEn]de] geks
NECH &2 A4 (cotvledon) F-91e 7]
2] ofe) 12 Boteli= Al A2 E AL ool
gz Aoz RAPEJ?JIE]'(Table 20 Ak

el ga s nE JeEe F5 4

r
e

ga. ot
= ru\fﬁ
=

02‘4.1]}41
O
K2

B
£
ij_
O
~q
nn 0}‘& £ e o
Eﬂl HU nw—fg_
g T oo 5 oo do M
9
=

NECE el @il sl A& FibE 2

7 skAl g 29l Fd 3 (meristem)ﬂ'ﬂ

P
ook

A
3
r_}:‘
_i;Jd
i
—al
Er
:‘.‘l_
rZ
o
&
u
Fl.i
L
L,
o9
&
-.’U
ol

t
-

rir

o0
B e 2o Bl 2

It

A HkAk2] patslel] 2@ oﬂﬂzl *Moﬂ 71046}3
L7 SAC ghae] el Bda
ZA+5 A 7(Tahle 9)% 21"
FlEuEe] Yz olal-FlEuE 3
2ol A ukake] pakskr} f1d =)o ole :g
o} HE A Age s Ae|zen
el4l 37l ds] 2l E " o Al ASAC gk
E7Eokn AaE Y oH0,22), uela] 2
ASAGC7L ellv]=l AlA wabz] wS- %@-s}fn deji}
D A3 drE o] xSt 2 gr] veel 2
| 2kak AbEE g Dﬂbﬂ 7 HE2] 17e] 2o
&3 £ glylt} Bdzxald Az e
el delulm 9l F5 2 A E Bl o
= 7| elch2]) wal By xal L8 E Ak
8% ZE g ] gh4e] defuie Feoln, whlA
g7] HElAe oA Fge] Z 83T 2324)
ARl 27 vhE Aol F Ee vk ghrEel

ﬁﬂ
=
el 32 do

e

i) g
o
fu)

¢

)i
oL
y &
C
=

I I
s

Mo

X

e
we
£

f

il

[a]

U

e dle il ko o 30 T
ku
ﬂ'

Table 2. Developmenial changes of carnitine levels in developing soybean sprouls

Ihssected gl‘oupsl]

Cearmuline N
I il I\ V VI
NEC £17+355% 40841 29535 aB4+45 23.6+72 2 152+2.1°
ASAC 62 0+5.1° Ge2+55° 723-61 755175 g93t57" 109488
TC 126.7 £ 0.6 107.0+0.8" 101.8:£9.6" 1009+120° 1129+749° 124.6+10.5°

"Between 200 and 300 eliolated soybean sprouts (60 hr grown) were dissected nlo cotyledone and axis segments, The
axes were dissecled furlher mio 10 cm segments. I, colyledone; II, cotyledone node Lo 1.0 em; II, 1.0 to 2.0 cm; IV, 20

to 3.0 cm, V, 30 to 40 cm; VI, 4.0 cm to lip

"The values represent nmol carniting per gram dry weighl with standard devialion of the mean of three determinations
ifferent alphabetical superseripls n the same row indicale significani differences (p<0 056} among groups by Tukey test.
NIEC, nenesterilied carnitine; ASAC, acid-soluble acylearniune: TC, lotal carmilme.
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