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Abstract  Gastrodia elata Blume, an achlorophyllous orchid
plant, has been used in traditional medicine and harvests in
spring and fall. Here we investigated the quantitative changes
of amino acids in G. elata by harvest times and seed tubers.
In the results, we found that there was not big difference in
contents of total amino acids but the distribution of amino
acids differed depending on harvest times. 19% of total amino
acids were asparagin and valine, an essential amino acid,
occupied 10% within total amino acids in the tubers harvested
in October. Among amino acids in the tubers harvested in
April, serine occupied 23% and arginine, an essential amino
acid, occupied 10% within total amino acids in tuber. Interestingly,
the use of sexually propagated seed tubers produced high
concentration of total amino acids compared to vegetatively
propagated seed tubers. As for sexually propagated seed
tubers, essential amino acids contents similar to the tubes
harvested in October and nonessential amino acids contents
similar to the tubers harvested in April. In this study, we
found that amino acids contents in G. elata tubers altered
depending on various cultivation practices. Therefore if these
results can be applied to food industry, the value of G. elata
as a natural food resource will be enhanced to a great extent.
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AE29] gpato] M2 bt 7] 5ol =2 AlE
o3t =7} 2718k 9 tH(Choi et al. 2012). o] 38t A &F
2 goFst AEAAE 85 AFAEL 74 AEA
2o 2 o]ojA| AL Qltt. o] Y%t 7|5 AlES AR V&
O] FAAAEE of 2} AF At Eo] EE-EH, 159
7154 EA SO 2o T ofe] miteo] tigt
A7 &ks] Y= Qlth(Nugroho et al. 2011). E3]
4l SUF, LufAE, Hupel 22 ofgAlEEo AlEE
ofol] F-EEHA] o] 59| 7|5 EA T oAl THEFI
#ot wo ARLEo] MY ¥l Qrh(Choi et al. 2011; Choi

et al. 2012; Kim and Park 2013; Lee et al. 2010).
A uk(Gastrodia eleta Blume)= 1S4 &2 ttdA Fif
gl SakAer gk Welvh Hoksol HYH 2l 5ol

2bssth JUAS B BLET Bgo] BIsEn

O

SR FQ U WAl (Armillaria sp.)3t Bt 4
S FH Tol AASH= 71 A= ol tHKim et al. 2012).
Aupe] 8k 7holu ol ofFofXith vk &3t
I R R . P E R
ufo] A7} oFro] 3| Ao A AME o] ofo] AL o]
FAZE gastal FE AsE dojyn Az g0 A

A DA i FEAE Sob 2 Theol 82 g
(Lee 2007).

Aok w4sho] 89.8%0l] & Tl 62%2A B
Xl—goﬂ H] OH D]—tﬂ-llel g—%}:o] =7 71—%9,] 61—31501 .E-:_ou;]
QL s, UER, ntavlg oz 45 AtHKim et al.
2012). 8 7)1 5AE- 2+ gastrodin (GA), ergothioneine (ERG),
vanillyl alcohol (VA), alkaloid, phenolglycoside, [3-sitosterol,
citric acid, palmitic acid S-0] Q= Ao & &#A 9l h(Bin
and Chen 2004; Hayashi et al. 2002; Lee et al. 2002). &=
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Mool ez H 42 wo] B A} AufA] ol u}
2t FAP AL vt 754 &4 GAZ ERG g
I} opn| e ARe) BFEF ESE thEo] B EQITHKim et al.
2012). FF A 71, Al By HM—QOE A}ﬁé}b
Apupe] Fipo] whe Mnpe] jsA=E
Z}o] ‘%01 B go] 9ot ofu| At EH?‘& —Eréii il
do]th(Kim and Park 2013).
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Fig. 1 HPLC chromatogram profiles of standard amino acids and extracted amino acids from Gastrodia elata. (A): Standard of amino
acids, (B): Extract of Gastrodia elata. (1); asparagin (Asp), (2); glutamine (Glu), (3); serine (Ser), (4); glycine (Gly), (5); histidine
(His), (6); arginine (Arg), (7); threonine (Thr) (8); alanine (Ala), (9); proline (Pro), (10); tyrosine (Tyr), (11); valine (Val), (12);
methionine (Met), (13); Cysteine (Cys), (14); isoleucine (Ile), (15); leucine (Leu), (16); phenylalanine (Phe), (17); lysine (Lys)
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71ete] % & A AZXA2F0.5%NaAC:Methanol: Triethy-
lamine=4:4:3) 20 W& A7} & %2319} PITC buffer 20
WE ¥il E=38}31 Methanol 20 plE A7 & =359
t}. HPLC analysis buffer (Pico-tag:Methanol=4:1) 200 ul&
B F SN b QHEY T AFAE ol gt
HPLC (Thermo Electron Co, Finnigan Surveyor System, MA,
USA) B4 of A&ttt o] 5AS 0.05% triethylamineS
Z3F5E 0.14 M sodium acetate trihydrate water (pH. 6.4, Acetic
acid)?} 60% Acetonitrile = 7}#] &S Al&3st o, &
222 (.8 ml/min, TP == 254 nmo], HPLC column o 2
Pico-Tag (3.9 x 150 mm) A}-&5}% th(Cohen et al. 1989). 3
Z5S HFE ofu|=Ako] E el H peak Q) retention time} H|

W3t & ofu] A Amino Acid Standard H, PIERCE)
2 471A] B (5, 10, 15, 20 nmoles/ml) S o]-8-3}o] Ak
= 2% & A= sHUthFig. 1A, B).
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arel W@ EE A (meantSD)2 EAISHT} A EA
2 window-& SPSS 12.0 (SPSS Inc., Chicago, USA)S o]&

3}o] Duncan’s Multiple Range Test (DMRT)Z} t-test= -39
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Table 1 Contents of total amino acids in Gastrodia elata by
harvest times and seed tuber

Harvest time/Seed tuber

Amino acids Content (nmoles/mg DW)

October/Asexually April/Asexually October/Sexually

Essential 5.69+1.17" 7.91+1.68°  8.34+1.71°
Nonessential ~ 15.90£4.22°  23.81+4.43"  26.13£3.33°
Total 21.59£5.38%  31.72+6.11%°  34.48+5.04°

Tubers (approximately 100 g fresh weight per tuber) of G. elata
were produced in the field by using either asexually or sexually
propagated seed tubers and were collected from October and
April, which were used for measuring amino acids. The data represent
mean value = SD (n=12). The same superscript letters indicate the
corresponding components that do not differ statistically (p<0.05;
Duncan’s test).

3} wm4 ofulwAbe] ek @t Aolvh gl Ao U
EFuFeh(Table 1), 7hSo] S8h5k Auke] ofo]w Al 74 H]
& A ofnl Al & FA Aol AFo A9 Y
E}U} = asparagin (Asp)2] geFo] & ofm|Al oFaF 5 19%
2 A|Y =31 serine (Ser) (16%) > glutamine (Glu) (14%),
glycine (Gly) (14%) =22 §Ha-5F3L Qlch(Fig. 24). "4
ofu] i Ak Z£of| &= valine (Val)o] & ofu| Ak 33F9] 10%
o] lysine (Lys) (4%) > arginine (Arg) (3%) > histidine (His),
threonine (Thr), isoleucine (Ile), methionine (Met) (2%) <2
2 UebygthFig 24). 7F8 @ 1A H] L2 Cysteine
(Cys)ZA -SH7|7} 27l dAEo] & ofniitog
ISl gol girEol e 4R 1759 +4 o)l
AL F 0.14%2 A o] 7H WA e THFig. 2A).
ol AT B0 B9 A5 Gk e o)
= AFQ] SerQ] dleFo] & ofu| Al S 2 23%E AlY =

21 glycine (Gly), Asp (15%) > proline (Pro) Glu (10%) <=2
2 34
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Fig. 2 Distribution of amino acids in G. elata. Tubers (approximately 100 g fresh weight per tuber) originated from the same
vegetative stem were collected in October (A) and April (B), respectively, and then were produced in the field by using either
asexually propagated seed tubers. Tubers of G. elata were harvested in October by using sexually propagated seed tubers (C)
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A &Rl 9%o] ™, Lys (6%) > Val (3%) > phenylalanine
(Phe), Thr (2%) > Ile, leucine (Leu) (1%) =2 2 YEMTH
(Fig. 2B). Cys= 0.19% =2 7}-& Huloj A} Zro] 7}
& A BHES e thFig 2B). & A1 A9 £
Aot 17709 ofulle Al 1E 7hA 2 Qe AR 1
Ebyt o, 53] Ser, Asp, Glu, Gly?t &2 B Z = ofu|le
AFe] g0l e Ao ehdeh
QAR 25 AL B =2 H AEA
735 Asp, Glu Z-2 3}ehEo] F20] Hu, 53] @& E
& o Heldof s Asl W A& Ser, Arg, Lys,
His, Gly &2 3}e&5& @ol S35t 2oz ddA 9l
Th(Flores and Galston 1984; Pulich 1986; Rabc 1994; Smirnoff
1995). i*“}h o] E3} Hof 9 B3 4% S
g]-oﬂ ]XPO] OJODE EE]—_/}_Q,] §]-7:] AE
23}o] Ser, Asp, Glu, Gly €} Z+2 ofn]
skl Qe Ao® F350] Hrh Ser,
9] EHW%] <3 YEsH =99, Gl
olu|l Al 0 2 Tl A A 3lo]| =
B2, HAFA 2] oY
2ot & AdzA 9] 3

:10:L

H

12
]
flo wfo

(Lee et al. 2014; Na, 1999). Gly
AEog HE= XF5o =2
2449 Aror 295, 7}

W A =, AR, U Ao A Ayt
Aol oful- Ao 7 e A Q) th(Chung 2005; Curtis et al.
1968; Young and Mc Donald 1983). o] gt o}u]=AFS] 7]

o

oS
ogi
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N
3

S5 Ante) el BRE EY 5 Uk A=}
d Aolg 22 ek Avke] 4 Auk, whik Ak A,
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28] ofn|iiel B2 Rfo]

SAl710] nhet & ool wAr FEFE Folsk A 9kt
Wk, 7 ofo]Ake] gpols 2 Aol& Bt 7S
3 vl A B ool % Mete] §Fo] 28

wo Aoz velyton, Val, His 2.5 @& AoR
EFth(Fig. 3A). H|Z 4> ofu]| Ak 72 alanine (Ala)
o] 628 ® W A= ey tHFig 3B). wol +3t
Hulol A3 B2 ofu] At 3 Arg®] FHol 492 B
Ao g Ueytom, Phe 438)], Lys 194, Leu 178 @&
Aoz UESTthFig. 3A). B2 ofn]leibof A= Pro9]
Sheko] 8.6ul) W2 AoF YEYF S, tyrosine (Tyr) 5.0
Hll, Ser 2.14f, Gly 1.68] @& ZHo=F yelytch(Fig. 3B).
48 47 olotel ol Yol SIS 1 9

L=y

oft

smoprotectants_J kel o] AL
Folo $EEAEY #RL 245 B
E}(Choo et al. 1999 Samaras et al. 1995). TE9] A 2
AEHA Y 1 Prod] tﬂako] L0 oFst EEo] Ao
228, 733t 59 5 26.68) F71ES B S tH(Kang et
al. 2007). £of 4=g+ 5P Aulo| A ArgT} ProdtsF o] =718}

LS Ag B Ao} A AEd A0 A7 ¢
& wrol7) kol et & 4= itk W4 obmlimarel lle, Thriz
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Fig. 3 Effect of different harvest time on amino acid contents in G. elata. Tubers (approximately 100 g fresh weight per tuber)
originated from the same vegetative stem were collected in October and April. (A); Essential amino acids, (B); Nonessential amino
acids. The data represent mean value £ SD (n=12). The same superscript letters indicate the corresponding components that do not

differ statistically (p<0.05; t-test)
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w1 ALQl Glu, Asp B3 5 ofu] Al BE u g2 %
SOt 42k A7)o] wret ofu|iwAbe] Fee 2 AolS
2ol ¢eFrhFig. 3A, B).

Hos o A9 8kA 7)ol whet F obulmAbe] F
of Zfol7} o] BIMEAT, Argd] FeFo] 40% % ¥
o] SIe(Iwa et al. 2000). &5 Z% 7heol G A B
oF Bo] AT FFOIA B obulitol] thak B4 of
M1 ARS] A HlE Z7F5He AO.E B3l Ho)¢)th(Kang
2007). £ Aol A ofnlie ko] G Aol2 HLS W)
B2 ofu]:Akel Argo] %ol S8 Aute] e B
RAo@ Wol Forate 3ozt e 1HGT 7O ¥ &

J

doh o
o

Q010 OO0 O
g%, A o Hgow
27 &4 AROlE Hol 58+ Aupt GHAY Ao
2 23 4 QltH(Chang et al. 2002; Choi 2007; Lee et al.
2012; Woo and Paik 2002). &0 =25t Hufoj A THA

o

N b
( o)~
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Ueh} 9% 2o1EI 2o Aok Bo] 434 Ant

= [e] o= f
A%, Fol%o] Ak WAAZ 27, AFE2, 48004
A Aol Bo 43k Ak Kok ARAY A0 F

Aw

3 2> QTHKim 2009).
Xiafoi| E ofn| At 4 HIS2 &EF X0

Aok Aohel S0 weh AT FaL A ]
A BA0] 2oz} go| ojn] BiLE ¢ th(Kim and Park
%

013). B AF AT, fAZAAY F9 F ofu]mAl
ol B Avpact 16w B Ao el 5y

on] T4 & EF Aols] ThE ACE UepgTh &
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A5 A ko A AYAFE Hutbel ofn]leAbe] A4 H &2
Bofu] AL 74go] 2543t Aoke] ofel kAt T4
& H|25he, Bl 4 ofn]leibe Fof gt Huho
ofu|leil /g W& 2} vjek Ao 2 2l H Qlrh(Fig. 20).
SAZAATE Sere] ool F ool Al TF F 21%
2 AY =31 Gly, Asp (17%) > Ala (13%) > Glu (12%) =
O 7 H|ZP ofn|ieibo] FAE o] glom, F4obn]l it
< Valo] & ofu| =4k kO] 7%0]™ Lys (3%) > Arg, His
(2%) o2 FE o] QItk(Fig. 2C). F4= ofn|i=Ato] 7
2, Pheo] SAZA RIS 4302 71 BE Aol w
Hom, Arg (4.64l]), Thr (28), Lys (1.94]), Leu (1.88])=
S4ZA AL wgo] Sel FoATkFig 4A), ¥)L of
0] =4k Tyro] 458 2 & Aol Hglom, Ala (2.54)),
Cys (209, Ser (1992 §4 241 A7} W&ol Sl 5
%A THFig. 4B). B of] e Ak Val, Met (2.38))9] &
B2 Ak o e A8 SHel H otk 4A) 2

W= A=

AT Aol GEW 2 A7]o] S FHZH Aot
FHFA AN Beh & ofuwite] Fupe] B o=
ehgom, 9749 Wo: obnlieibE 574G ofu] i Ato]
HEA] o ol 9t Aoz btk o] Autt

AHFOR AT B, BR FORRE o4
2goR st Yol A 12 AT A
FA4Jo] ol o] |3t Anpz F2o] Hrk(Kim and
Park 2013).
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Fig. 4 Changes in contents of amino acids from asexully and sexully propagated tubers of G. elata. Tubers of G. elata were produced
in the field by using either asexully or sexually propagated seed tubers. Approximately 100 g fresh weight tubers were collected
and used to measure essential (A) and nonessential (B) amino acids. The data represent mean value + SD (n=12). The same superscript
letters indicate the corresponding components that do not differ statistically (p<0.05; t-test)
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