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ABSTRACT We investigated the levels of glutathione (GSH) and its oxidized form (GSSG) in 24 cell lines derived
from various plant species to understand the antioxidative mechanism in plant cell cultures. The total glutathione
content was 98 +27 ug/g cell fresh wt, showing a slight difference in plant species. The average content of GSH and
GSSG was 72+20 and 26+10 ug/g cell fresh wt, respectively. The average GSH content in plant cell lines
occupies approximately 73% in total glutathione. During the suspension cultures of Scutellaria baicalensis, one of
the plant species we tested, the GSH content decreased in proportion to the cell growth during the exponential
growth stage, showing the low level at the stationary growth stage (84 ug/g cell fresh wt), whereas the GSSG
content increased to the stationary growth stage (31 pg/g cell fresh wt). The results suggested that the ratio of GSH
and GSSG should be involved in the cell growth and antioxidative mechanism in cultured cells.
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M 2 catalase 59} &FEE A9} ascorbic acid (AsA), gluta
) thione §¢) Th¥E FRe ARA PAsHEYL Yo
(Alscher and Hess 1993; Inze and Van Montagu 1995).

AEL 74 FAAAEY A kEEHH AW A7t F3)
3 BAAAF (reactive oxygen species: ROS)2 2 W gt}
o]E ROSE AUl A deld, X3, DNA 5o &4 F
o] 3ts} A S A5 AY Hee= AXE AR 3
t} (Alscher and Hess 1993; Asada 1999). 2]&-2 ROS¢]| 2]
3t Akgld AEFA (oxidative stress) 2EE] AL H 58}
7] 938} superoxide dismutase (SOD), peroxidase (POD),
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3 AAES B AEHHNM frEHE Feie dF
YA T E Ay AEHAZRE NS B3] HAsto
=2 3A8}7) ¢ (antioxidative mechanism)7} e8] Utk
T A7) R, AE8ul I EE ks 7e M A F
ArslE A Aol A A2 Fdnh AAEL o
& AEFAAM F5E 100 9F9 WFAEFAM SOD,
POD §9 3tslas @48 A A3, AEu A Es
9] HF SOD BAS AEA ) H|sle] F A Fu)
2 48 veie RS AT (Kim et al. 1994;
You et al. 1996; Jang et al. 1997). SOD$} POD YA Al ¥



58

F2 zbzt Ma® FMAR} (Manihot esculenta)9} X7-u}
(Ipomoea batatas) W FHEFE 38t R 4] AL 3abst
a4 $HA9 B2 2 YAIT 40l H8a 0l
I Aok (Kwak et al. 1995, 1996; Huh et al. 1997, 1998;
Kim et al. 1999; Lee et al. 1999; Yun et al. 2000). 12]2 o}
U3 AEAEFE Ao Z AEA B A AsA &
S FA A, P ES H AsA FFE HEA 9] R
v)ate 93)8] A Bht) (Ahn et al. 1998, 1999). 18
U Bl FAEE AsA AYPA D iAol A &
Aol AASIk

A1 E9) tFE A<l FAkal717¢l ascorbate-glutathione ZE
o] F8 FAAEQ glutathione (GSH) glutamic acid,
cysteine & glycine ] 3£29] oju|iLto] AYS 4 (y-L-
Glu-L-Cys-Gly)2 2E g #X3he tiixzd AdA
thiol 3}5HEo|t} (Alscher 1989). GSH< sulfur transport,
protein disulfide reductant, A ZA| 2} 7+ xenobioticd] &)
= % fAx 2dx3 59 7% 7HRe dFirRiEel
o} (Foyer et al. 1976). 21 ZA¥Wje} GSH 32+ A& =34
Z2 9 ZajdAe] wel 225 4o JEA S Ao
A =5 10mM #5202 43A Ak (Foyer et al.
1976). Glutathione-2 A FolM= HE M X EH3}
Al £A3= NADPHS$} glutathione reductase (GR)ol] 2}3]
9% #d¥el GSHE tif§ EAsiAIRL 2709 GSH
7} dehydroascorbate reductaseo] 23| disulfide Ao =
AEE 43 GSSGE 9% EAjske 222 ¢4 3
t} (Foyer et al. 1997). ¥ =FME ¥ 2EHA 20
A ejgElE 2459 A2 GSH &3 olgy 3=
(Scutellaria baicalensis) #€n) kel o}E glutathione 3F
WSS $ARY GSHS} 484 GSSGE 1Fro] RANS
s

Mz W Yy
e =L

ABITHRTAE HEIATET FAALAE FAALRA
o o3 e, vigEL e Bes 24F L Yo E FYY
GSHet 4343 GSSG| #§#2 ARG BRE AEFE
45 240 2 A gFate] 25Tl gl gkl

33 (Scutellaria baicalensis) QEM UM ETE Ahn 5
(1999)0] Fs A YAEFE ARSIk AEF 1 29
A EE 2 mg/L p-chlorophenoxyacetic acid (p-CPA), 0.5
mg/L 2,4-D, 0.1 mg/L kinetinz} 30 /L sucrose’} 33
SH (Schenk and Hildebrandt, 1972) 50 mL v}jXE &3
250 mL F=kiFlA HFate] 25TAA GEzIoNAM X1y
& (100 rpm) 3}

Gilutathione &2k =X

Glutathione -2 glutathione reductase (GR)#} 4-
vinylpyridineZ o}&3} Griffith (1980)¢] "o ulg} &4
Aok dFA F7lo gshs Bl B S5 A
UF dATACR T8 X AAF 05 g2 €599 7
ol A w3k & 1.5 mL 2] metaphosphoric acid (5%)& 2
o] AA glutathioneS F&31YGch £ 11,000 gollA
1587 443 459E dAh 45 0.5 mLE 0.5
M 2JAkgbxl (pH 7.5) 0.5 mL3} &38ta] glutathione &3F
A AEZ2 AHEEIATh Al glutathione $32 w39 (5
mM EDTA, 0.6 mM 5,5 -dithiobis- (2-nitrobenzoic acid),
0.2 mM NADPHE ¥ gsl= 100 mM Q14kkEl (pH 7.5)]
3mLo] H7HE 138 Fulo] A& 100 L2} GR 10 unit (10
pL)E YW1 Estd 412 nmolld 187 v AA F3E W
312 ZAKElY GSH 83 Z3AoZRE  Faqith Aty
GSSG9) §8e X Fof 5 pL 4-vinylpyridine (95% £%)&
A7lsle 102 % Ad2eM ¥AIZl F, A7) g 3
mL3} Esle AA glutathione §eHEAs) 7+ Mo 2
233519tk GSHY &2k AA| glutathione §2k3 GSSG
Frakol A2 A FE3ATE Aol ARS-E Aok SigmaAlE
¥ FYsigct

43 9 u#

)

CioksH AlZ2M|EZe| glutathione B2

ekt AEFNM FEF YA EF 24F9 #qHAY
(GSH)$} Ak3}3 (GSSG) glutathione §H3-& Table 1o] &
gk A A ES] HA glutathione T (YUY
GSHSl 233 GSSG] # #3h)2 98+27 (pg/g cell
fresh w2 218 F70| o2 ebiste 32 Fyok WY
Ao QY GSH 418ty GSSGo) 3 (ug/g cell
fresh wt)-& Z}z} 724209} 26 +102.2, 3989 GSH7}F A
313 GSSGY] #FHTh oF 2.8u) Fo} wiFAIEY AA
glutathioneFol A 938 GSHT oF 3% & AAFATE =
Aet e EFo A AHA glutathione§FF2 3,
(Pleuropterus multiflorus)9t @At (Rosa chinensis)ol A
Zbz} 175.59 140.602 BFzke] zhzh ok |.8ulie} 148} =
oty 18l7 G=FIF (Ubnus davidiana) A E5F7}F 7V
w2 7k (48.5)& JEMITH

21 20] 2o w}E HA glutathione TFE 2 aJolE el
WA ekkA| e, AL (Rosa multiflora), Rosa hybrida X8
2L F9 HEZE vjA 9] ZAo el thE S HY
t} (Table 1). & R. centifolia®l 73+ MSIDujx <}
MSNKze} oA v <kslg-2 of AAl glutathione T3 Zt
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Table 1. The levels of reduced and oxidized glutathione in 24 cell lines derived from different plant species.

Total

Plant species n?:(;:ﬂﬁd glutathione R(E;?;/Cge?r ?v?)H O’;Ld;::,risj(] GSH/GSSG
(ug/g frwt)
Achyranthes japonica MS2NIB 110.7 89.5 21.2 4.2
Cucumis melo var. inodorus MSID 732 56.7 16.5 34
Cucumis sativus MSID 102.7 71.3 314 2.2
Doucus carota MSID 729 50.3 22.6 22
Ipomoea batatas MSID 67.2 53.6 13.6 39
Leonurus sibiricus MSID 116.0 84.1 319 2.6
Manihot esculenta MSI1D 113.5 80.2 333 24
Magnolia salicifolia MSID 112.0 84.7 27.3 3.1
Melandryum firmum MSID 70.6 52.6 18.0 29
Platycodon grandiflorum MSID 118.6 91.0 27.6 32
Pleuropterus multiflorus MSI1D 175.5 113.1 62.4 1.8
Quamoclit coccinea SH 87.6 67.6 20.0 33
Raphanus sativus MSID 102.8 68.7 34.1 2.0
Rosa centifolia MSID 838 63.0 20.8 3.0
Rosa centifolia MSNK 80.5 59.9 20.6 29
Rosa chinensis SH 140.6 105.2 354 29
Rosa hybrida SH 68.7 50.9 17.8 2.8
Rosa hybrida MS2NIB 108.6 73.8 348 2.1
Rosa mudtiflora 12MS1B 89.1 64.9 242 2.6
Rosa multiflora SH 115.2 91.8 234 39
Scutellaria baicalensis SH 107.1 85.0 22.1 38
Sophora angustifolia MSI1D 109.0 824 26.6 3.0
Syringa dilatata MSID 72.5 45.3 27.2 1.6
Ulmus davidiana SH 48.5 334 15.1 22
Average 98 +£27 72120 2610 2.8x05

* Thirty g/L sucrose and 0.4 % gelrite were added to all media. The pH of all media was adjusted 5.8 before autoclaving. MS2NIB: Murashige
and Skoog (1962) medium containing 2 mg/L. NAA and 1 mg/L BA; MSID: MS medium containing 1 mg/L 2,4-D; SH: Schenk and
Hildebrandt (1972) medium containing 2 mg/L p-PCA, 0.5 mg/L 2,4-D and 0.1 mg/L kinetin, MSNK: MS medium containing 10 mg/L 2,4-
D and 10 mg/L NAA, 0.1 mg/L kinetin; 1/2MS1RB: half-strength MS medium containing 1 mg/L BA.

z} 83.837 80.5% wvls=&tgdh 12U R hybrida®) RS
SHu)R)2} MS2N1BujRlo)l A zbz} 68.73 108.6 1182 R.
multiflora®] A4 1/2MS1BujA| &} SHelR)o| A z}2} 89.1
& 11528 wixe] FRd wet %7k 2ol JehlAh
J83 BE AEF7L g wiedeiol Ax %S 7
obsle 2t vjokM| E 9] glutathione & A& AZEHF
ot Fasitty Rozich MiFAIES A glutathione ¥
7heH $43 GSHY §ako] 2 A2 AF71A] BE1d 4
249 Axe} dxsk= Aol (Smith 1985; Foyer et al.
1997). & F4AHQA e 9] AEAXE YoM 3L (GSH)
o] AA glutathioned] 90%°)4-g AR e 9 AEFHA
of o& AXuUY 4tslEe] nlgo] TG AEAEE
GSH] 3hitst 3 gaAEX e 9L F3sl7] At =
2 GSH/GSSG9] H|&-E §A1 "ort = 2o Azt
o} i I 9] glutathione T3 B F9] 4EA Ao &F
I vlxdk A3}, A EA QR of 2-38) o] AU
(A3 ORI, A EujdA Ee A 71 T8y AEA

A A glutathione S ZALHA 2+ 713, vl A7)
3wl xS s TE ojfded E&0) 8 AeR
Aztsle} FF oo g AN T 4 TP ARl

212 sEllok| mE glutathione Bl2HHS}

w3 o] wWE glutathione T3} FAR= Table
19 NEF 7hed B3 glutathione ##-E LHERNHEA]
olu] AxEo 2a] M ZAR ] whE ascorbic acid (AsA)¢]
StbdslE ZAE vl U= = (Scutellaria baicalensis)
HeP ok £ 2 A28} (Ahn et al. 1999). 3 Feul
o] MEAAL figure 1AMAE ATl & 13Y0] MEA
A AA7 e F gFE 1995 Faske SAFY
AARAE Jehich g3 wiAEe] HE|oe] wE
GSHE] gtk (ug/g cell fresh wi)2 At ST 1GFE Al
T AR Agsie BUAAE o 847k ASHoR
ZHag F ulEE 19l = oAl 178744 S7Het ATt vl g
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Figure 1. Change in GSH and GSSG contents in suspension
cultures of Scutellaria baicalensis. The cells were cultured in SH
medium containing 2 mg/L p-PCA, 0.5 mg/L 2,4-D and 0.1 mg/L
kinetin in 250 mL Erienmeyer flask at 25°C in the dark (100 rpm).
Error bars indicate SE of three replicates.

F7)e) SF3R= 25U = 223 FA AU (Figure 1).
8 GSSG) #HE (pg/g cell fresh w)2 ZUlEAE i
4712l FU18te WiE 1390l 317K F7tekslY
FEZIQA 259z oF 487A] FhetHTh AMEAAF 271
dl= AA glutathione FollA YUE GSHE v &o] 98.5%
Z RS AR ARG ZA7e) sgehe wld
1393} vjFirlo) sjPshs 25Ul Zhz) 73.0% 9} 31.4%
£ AAsAT 53] k3t AA"E 2594 A EMe 23]
2] 43Hy GSSG9 Hlgo] 3ttt

AERY Z71dA ] AA, o] G4 d5352]719)
WYA T893 k37 AAY BHAZ R3S glutathione
3 £H% 23} AA glutathione % 7k Asky
GSSGe) gaulgo] 242} 33%, 59%, 62%E JeR) o] )k
710 Z4E 213159 vjgo] FrsAth MEA ol wE
A glutathione §epasiel S8 GSHS}F A8 GSSG
9] ¥)-gWskE glutathioneo] AEAYG L wiFH L] Ak}
7)ol FR28 o S-S AAElE AeE 3 A
Mgt A7t aFg

B}F Aol o AsAS] APHLE MEY AP w)

dste 2718 & wgFrols A3 AU, 53 )
YAEE AsA AP AT £ B FASHAJT (Ahn
et al. 1999). Glutathione-& AsA ¢} 3l 2122 ¥ Z <l 3
Asp7 e A4 Ee)7] Wi e RN doid
A7t BE AEGINEY 542 gsks AUA 354
9 B AUAE gotrr] YalME tE AE F9
HIATE AMSEte 593 AES 4398 F97 g
(Noctor 1998). T3 vk Eol 4] glutathiones} AsA <]
gL FH3l7] i e vt Eel AAH 47 FH~
EHAE H3HS W o159 AANTE £ F4FH A3}
o] ZAHUIE TAIY o7t glen A ojd e AY
o] ZlgYFojct.

q 2

g Rl 0 [ R - g et = S | o A B o = e
EXAA g9 2435 2] AEFE o8 898 (GSH)
3} 24318 (GSSG)9] glutathione & ZARIGATH vl FA)
29} AA glutathione &8k (pg/g cell fresh wt)2 98 +272
A5 wet & Aolzt Uk viSAIEe] Y GSHY
A3 GSSGe] HATF (ng/g fr w2 22 724209 26
10 Yehic) vikh 2] AA glutathione FoljA H
& 893 GSHE °oF 713%E XA &t 8F (Scutellaria
baicalensis) B|¥A ¥2] e w2 GSH T=F (ug/g
cell fresh wi)Z Al IE-H ) 5F2 717 A&t 74+
A3t AZAZ AR7|QA ST 13Yol= 8471A] FHAgh
F A 1A vl dF e s Al AT s
GSSG2] &2k (ug/g cell fresh w) & 23]8] 4227|714
€ 718k wjE 13Ydle 318 JEpIY wigF7)ed
25Ul = 482 23]8 4tstE GSSGE| vlgo] Etth o
& A= GSHS GSSG} Bl&o] A X Azt 4t
3171l FQ38HA BT S-S AlALGITL

MAL- 2 Q75 387123 ARTENLAIIE B4
(NB1170)¢} @77 7o]ct.
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