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Physiological Responses of Hairy Roots of Ginseng (Panax ginseng C.A.
Meyer) to Iron Status and pH Change
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ABSTRACT Proton extrusion by hairy roots of Panax ginseng C.A. Meyer was enhanced by iron-deficiency or
single salt solutions of nitrate or ammonjum salts. The enhancement effect of iron-deficiency was confined to the
apical zones, whereas that of nitrate and ammonium was confined to the basal root zones. Under iron-deficiency
medium, the proton extrusion of ginseng hairy roots was higher at two times than that grown in the medium of iron-
sufficiency. According to pH in the medium, uptake of inorganic elements showed various pattemns for the kind of
inorganic elements. Ca>", Mg®* and Fe® were highest uptake at the pH 4.8 and Mn®", Zn®* and Cu® were highest
uptake at the pH 3.8. Free sugars and ginsenosides were analyzed by HPLC. Five kinds of free sugars were
indentified in ginseng hairy roots. Glucose, fructose and sucrose were a major sugar in ginseng hairy roots and
contents of free sugars were highest at pH 6.8 and pH 4.8, respectively. The contents of ginsenosides and phenolic
compounds were highest at pH 5.8. This physiclogical responses in ginseng hairy root indicated that it may well be
a good model system for the study of mechanism of mobilization and uptake of inorganic elements related with the
red-colored phenomenon in ginseng roots.
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Wuto] FAislo] Hat APLE FuHe HAPA (red-
colored phenomenon: RCP)& 29 Est 870 23}
A3 A2 4= QI (Chung et al. 1985; Wang et
al. 1997; Yang et al. 1997b). 2]\t ZHEA ] ¥21Q1xle]
FEol WA o] 7)zte] HHEA AYHA 3T Ue
Agolth AUALE AEeiel A FolR F49 JHE &
F7|F (4018 HX turbo reductase)d) 73 2 24 b
AEC] Hol ksl YT FHo] glSo] Eixo
Atk (Yang et al. 1997b). 22} 214t 24351 Bl o]
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Q4 (Panax ginseng C.A. Meyer)-Z 7130 xZ5W ¢
47t SsHE 553 A3 B4 did R AxE
Y TANA thazk Auis] . otk o g AsAfu) vl

2 o =zt gkl pH W} £7)0l2 2 microflora
o] 278 53 22 2ATEY A&FHA AEHAR
2+ Wale] Yglo] I Qloh B9 ofzt A4 thdzd

Apsior 317 wEo) LAE Walol e WAl 228
NZVE, AAH £40] HEFHT Uk Aywelo] HgA

*Corresponding author. Tel 0431-261-2293
E-mail dcyang @pct.chungbuk.ac.kr

2% 57179 B4l B A7 $99 o ek shks
¥ EYEAN thaziel ATE A Buslel B A
84 20lo] @r] WRolch mehy A JA/AE
) A% WHOR A9He 2o] /E5ey sy
AZZH5ZS 29 A0S o8¢ A7 stk



32

ZAuG 7] WA tEo 37 W3l 93t A3
248 FEINT MHHo T tFAA EF NS A% A
F7b %3] NP2 At} (Fujita et al. 1981; Paek et al.
1993; Yang et al. 1998). 0|2 gt A7 9] 42 A& o)
Agrobacterium rhizogenes& JE3t §L3 TAE (hairy
root)S o]83 EFAMAE BAFTZo] A% 2 EFA Q)
ojd ZAg AEA L FABIAY E& O 587 dio)
F2 AFAFE7E {2 AUtk (Yoshikawa and Furuya 1987;
Knopp et al. 1988; Yang et al. 1998). R 422 A M)
ofvel F AEIEE 18y Frlo|E ¥zt 53 e A%
izl FAAWslol digt A2l Wk Fito] FRE Y BE
o) Aol F= A 2o ZAFIAA Y AelF
< 242 o]& sF=Ao] AlAE ul 9o} (Yang et al. 1993).
2 d7e QA AuEde] A 2E sz oy o
A oo AQEE A7 AR ©EEY Ay
A4S A% NEXZAFFAAY BIALHS sfestaat
TR AEHO T olojd B AFAAL] A ¥R BE
AXE Hol2 status@} pH Hstel] gt A2 (GhrAd)
o A2 ghg Pde AT

Q14 (Panax ginseng C.A. Meyer) B8]0l Agrobacterium
rhizogenes A4 3532 HEs L8 AMNEAD (GhrAd)
S AM23EIHT) (Yang et al. 1996). BARZS 250 mL AH2HE
2k23 100 mL2} % MS (Murashige and Skoog 1962) <Y
ARR E ol YAEIZ 110 rpme] E]oIA 23CE 33
2 vjorstel AT ARE AT

2ADe| $40/2 WA

>

AMEAZY Faol W #ale Kramer 5 (1980)
9 PEe ot WYse) STk B2 ARG
2H o 2.0cm 2712 F93l pH indicatorZ bromocre-
sol purple (0.01%, w/v)e]l F7t8 % MS ZAMIA (1%
agar, pH 6.0)o X233tk WA= iron source & A A A
2]-#¢} iron source7t XEE 2T E ro] Aol AR
et WS AT EF FA0l2 WEd vRE F)
ol &9 ddEzE Uotr7] 9s 1 mM KNO;, | mM
NH4Cl, 1 mM KClI, 0.5 mM (NH;)-SO4, 0.5 mM K-SOs&
HolZo] XFd agar MiA} A|AS vz Hrlsted A}
g AT FholE WEY el wiAUE WUEd
a0l &g wix)e] AAJEE pH indicator®] Aj7Zst
2 #FEAL HEE Faol2e dFE EA] Y8l 30

mL 724 plastic chamberel] 20 mL % MS dAujA] & @
o] 3718 94402 FF (mL/min)slZ ¢ 3.0 cm 2719
RATE 1044 ARHANUG. $2018 FEE TA2E ¥
2 chamber$} YA &2 chamberol| ztzt pH electrode &
A3l pH WstE S48 U § chamber Alo]9] Zto|2
Areich

PH Hislol 142 4% SAIT Ol2 &4

AEAFEe] F7)olE FoA pHY EHE gotry)
A3l %5 MS dAuiA| e} pHE 3.8 oA 7.8 714 2E% o&
Z}z} 1.5 cm Zo)9) RS 10 7] (0.005 g dry wi)¥ HE
3t 4 F7 itk Mg BAEE AT oS §
ARz AFEE ST, 2AY ] FrlolL §FE &
Atk F7)0] e 42 Ax% X3 1g& AVIZ2A
33kst o8 =432} (indutively coupled plasma;
ICP JY38 PLUS, France) 2 #4384t} (Yang et al. 1997b).

felgt 2 ginsenoside2) &2t

BAZ29 #2819 2 ginsenoside k& ¥ 3} 3-butanol
(n-BuOH) #&4o) 93l #2319t} (Yang et al. 1996).
SAAZS 237 50 mgE 80% (viv) MeOHZ 323l A
Z% thS ethyl ether$} chloroform© 2 22 2 Y48 A
ASET) $38 n-BuOHE 38 38 ¥ $3& #299
R9o) AHEHOH, n-BuOHSE ZF52 38 AHalal
gensenoside A 2ol AR F2]F3} ginsenoside2] A
22 Lichrosorbe-NH; (5 pm, Merk)Z A}23§ HPLC
(Pharmacia, Sweden)E BAHct 3FEL =24 7)
(RI detector) & ©l&-38td] HEsh #AZ &=
acetonitrile:water (85:16, v/v)3, ginsenoside®] &=
acetonitrile:water:n-BuOH (80:20:10, v/v/v)E AR89 th
Z}zke] A eke chromatogram$] retention timeg R FES
H) Fated peak height2 AAvstgich

ZAWe = #HE3¥dES Hammerschmidt®} Pratt
(1978)9] WS tha W3t FFsgich AWEAATE 2
N HCIZ 90%-7 87 F&3% 48 ethylacetate 2 &3}
ZFe28T 027 N9| HClo] 38 MeOH £olo] =d
Aol AHESATh & dAEtEY FFE FEAF 2%
(w/v) Na-CO3 & %3 t}8 50% folin-ciocalteau's £94-&
A7vste] 750 nmol|A FF =S ZFA3} T chlorogenic acid
o] FFFAE o3t AFach
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2l ol Aol g A w3 oE Fio]
25 Edhe 717 EA1%to] 891= i} (Figure 1). Ho)
0] Z29gd WA A ANRAGZY FTHEH N 4
ol2o] W&o vjA e MstE Zeshs AR FUHNU
t}. o123t A3 3= B4 plasma membraneol A3
proton pump$] ZHLOZ Fao)Lo] wixE WEE Asjo]
o mEba QJAAEAFZAME FA E3dslel it A3
RS Al2"o] JHEEHI Aol E1EHAT 25 EA
proton pump= Mg - ATPase7} @381 &0 H1
(Stout and Cleland 1982) 5t} o] ATPase:= Cl-, NO;~
o} ZZ Fol2F 171 ol I3 Tl Ao 3]
Qg w= ZHog 43A stk (Du Pont et al. 1982;
Bennett et al. 1984). o1& proton pumpe F7]0]2, & 1z
T oopuedt 5o G 59 950l H2 Utk X3 A
2 - AR E 24 vIAED HYAd 7Y g4 o
ke 20} (Munns et al. 1977; O'Neill and Scott 1983). wa}
AN QEATe proton pump BAE AN HAAYTH @
28 F7101& Alole] 45E3 2 AgE} 127 24 7
AE39) IAE TR T2 VLY 5 U FFAol
0y Bodn

A

Figure 1. The physiological responses for iron status in hairy roots
of Panax. ginseng. (A) iron-deficiency; (B) iron-sufficiency. Hairy
roots were embeded in agar medium (pH 6.0) with the pH indicator
bromocresol purple. Thewhite color (yellow in the photographs)
indicates acidi-fication of agar medium to pH 5.0 and lower.

KNOs  NHiCl (NHa}2SOs  K2SOs
Figure 2. Localization of proton extrusion along hairy roots
of Panax. ginseng into Fe-deticiency (A) and Fe-sufficiency (B).
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Table 1. Rates of proton extrusion by the ginseng hairy roots of
different iron status and various salt solutions.

Proton extrusion

S + .
tatus (pmol H™ - g fr wt' - h l)

Fe - sufficiency +2.40£0.03"

Fe - deficiency +4.76 £0.01

Single Salts

1.0 mM KNOs +5.83+0.04

1.0 mM NH4ClI +4.81£0.03

0.5 mM (NH4)2S04 +7.46+0.04

0.5 mM K2SO. +4.16+0.03

1.0 mM KCI +0.40+0.04

“The data indicate the mean + SE of triplicate measured.

AAEAGZY] dol2 WEE Holol AYPH Aol
M 476 pmole H - g frwt' -h'2 Hoj&o] T39 y=7
9] 2.49 pmoleol] Hla] % 199} A Jeht, HolLo] Ay
¥ sfuietr] ¥ wkg (5.0 pmole)# FASHATH
(Romheld et al. 1984). A3} sulfated] Y 22)d) 3k
proton pump2] HHe-2 A4 o] B 0] o (NHs):SO:
oA 7 ESkTh (Table 1). 3+ Hol2o] AP EA L
AMe AARAA FholE WEo] 3o HolZo] FF
d AgTe ZAFHANM Y FholE WEol 2yt
(Figure 2). o]gjt A= siulelz]e] RejolAe] wh3- &
AFgt Zoln} (Romheld et al. 1984), QAAFRAFZ ] F2A0]
a2 37 Wzl o) g2 el &S AAEe
Zoltt. &, Hol& A tisixe Helo HARSolM F
Aol2e WEo] Fristdl, thE F7lolo] gt Fiol
HE= 23 o]99] 7IARYeA e 22 E& ¢ F
Atk Foj2ol| g Fiol2 WEE AALTA (Marschner
and Romheld 1983)0]\} ammonium® 23 (Riley and
Barber 1971)o] 43§14 whole root systemollA Yeh}i 1
o & o] 3k 4ol HEE fusicoccin, cyclohexamide
18)F cordycepin S0l 98] 74 FEE JAguE BY
(Romheld et al. 1984; Romera et al. 1998)= AAH Az}
o] &4 ¢ duiz e A g3 =-HE FAYE YA
32 Utk web APEAATE o83 Bd AlAdE A
HAER Mo o8] JElE £ UE side effects 53] 23}
EAUALY] W3S Sl 2 FHE AFY e
leiRil=

MBI 2(012 EF

ujA] ¢} pH Wstol] w& A7 pH 5.89)A] pH 7.8 Alojo]
= & F9xE JepiA 9gtor, pH 3.85} pH 4.8¢4
T3 o] A= @ide] vehsth (Figure 3). ©]
§ Z= pH3.8 % pH 4.87 32 H33 W2 pHAA
& F7)012¢] AL FUtsAT EHqAR HEE
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Figure 3. Influences of pH on the growth in hairy roots of Panax.
ginseng. The data represent the mean +SE of triplicates measured
after 4 weeks of suspension cultures. The initial inoculum was 10
hairy root tips (5 mg dry wt) per treatment.
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Figure 4. Influences of pH on the accumulation of Ca®*and Mgz* in
hairy roots of Panax. ginseng. The data represent the mean=+SE of
nine replicates measured after 4 weeks of suspension cultures. The
initial inoculum was 10 hairy root tips (5 mg dry wt) per treatment.

¥hE-2 pH 5.8 0]4d0] 33 2AYL dAEE Holth

8 pH {slo] wE 271 Fr)ol29 F4 M E
Ca™, Mg™, Fe™' = pH 48014 713 ¥ 548 Yyl
o, Mn™, Zn™ J2]7 Cu™E pH 389N B E42 4
EFNQATH (Figure 4, 5, 6). =3 Fe™* 2 A| 93 1}n)=] 0]&-9)
F5E AY pHE A o2 pHIt 71845 F243) Z4a
3= Aol kst meta] sikulR) e 2ol pH
W3k 77102 mobilization ¥ &5l AR Hge F
7] 2o gorlelgyoz ¢ 2% Azlz gk
AHRAZAM A BE F7)oj 29 471 v|2d v
pH HejollA F7teks A€ el RS F28 ¢824
Folc}. Ql4te] AWtz AHA AF7A 9 BE (Chung
et al. 1985; Wang et al. 1997; Yang et al. 1997b)2} F5H-
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Figure 5. Influences of pH on the accumulation of Mn*"and Fe" in
hairy roots of Panax. ginseng. The data represent the mean=+SE of
nine replicates measured after 4 weeks of suspension cultures. The
initial inoculum was 10 hairy root tips (5 mg dry wt) per treatment.
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Figure 6. Influences of pH on the accumulation of Zn’*and Cu™ in
hairy roots of Panax. ginseng. The data represent the mean+ SE of
nine replicates measured after 4 weeks of suspension cultures. The
initial inoculum was 10 hairy root tips (5 mg dry wt) per treatment.

A B7l0)e 4o ABVAE /T slcke Rolgk o
24 ANRAZY pH o] 0 7)ol F4 WS 3
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2|2k} ginsenoside &2k

A2 pH Wsk= f2lge 7 2 % wsts 24%
d#o] gl AUt (Figure 7). Sucrose §ake pH
4891 71 =ken, glucose= pH 6.89)) A, arabinose=
pH 3.89A4 7P & #3& Jeplidck ¥Hel fructoses}
galactose pH W3jol e BF WA 2 FAA4E
Eldx] gstel (Figure 7). 8l 3 sucrose, glucose 18]
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Figure 7. Influences of pH on the contents of free sugars in hairy
roots of Panax. ginseng. The data represent the mean+SE of
triplicates measured after 4 weeks of suspension cultures. The
initial inoculum was 10 hairy root tips (5 mg dry wt) per
treatment.

I fructose?] o] ml§ FL utde] galactoses}
arabinose®] & WA Uelych o]t ZE Aols
ginsenoside 2] G A% FF7F F2AAHANN FF
o2 7R EAE o]E F8]F°] amino-carbonyl ¥HE-9)
B &= 247 A5 o) (Choi et al. 1981)e)] e} &
2o 579} oA 7‘]’°]E Yehts A08 Addn
TS ginsenoside ¥ F7)012 F, 12X H{
F9] 3 st P dEA AAo] F2 pH 584 7}
A =A Jebstt} (Table 2). ©]2l§t A3= Datura stram-
monium?®] BAZAAE BFE pH B} 52 HYdA A
2 23} thAMHES] o] T Yang 5 (1997a)9) B
FohE= o o7t e Aolth A E AT 2 B uiY
ol A #Ae] e 13 A WA EY e
AR 24 dAIRAY 2L MR tZA olFAAx gl
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t} (Fujita et al. 1981; Jaziri et al. 1994; Yang et al. 1997a).
s AR s pH e oA 835 3

B 13 AAE pH 48 oelNE TA J%E ¥R
%}9}01} {Figure 3), ginsenoside &FAA A3 zo)E 1}
Elis AL 2x EFUAL #Ad F2g ALY
cofactorZ AHgsHe m]ZALs] S pH Wkl w2t 4
3k B3o] 2=y WEoF Hokgct o)} 22 23 £
AAL FA 2] TS AT AES] ginsenoside AARA 3}
Aol #PY T2 FFAHA 9L F7] W&l pH
s8¢ 71702 o WAt B WAdME aAY B 7
AE Yepdle Aolth ol8jst A EFAdAL 239 A
X whgo] QUBAZINE LAT HZANNS 1R
2 doju QS UehE ZeE Aleirs 479 2y
NadoE S AU oz BT,

Z Hzdsies

pH ¥Wsl7t A RAAZW ] & slsAdsigHEe] #gl v]X
= 48 M = ginsenoside §FF IR E pH 5.8004

7t A Jebsttt (Figure 8). HEAIsSHES A4+ A4
o] WiFAEAA s AL Udeple E3E BIHY
glth (Han et al. 1985). B3t Lee 5 (1995)2 #H|EA3EE
o Qe AWMAGAE FHo] vty Btk Tyt
2 A7 dFgMe F dBAES 2EHA BN
wotole} A 7ol Asty AN GAEA ol F
od M o] Frlske RAE £ 471 AUtk A=A
A} pHe} 74+ 9 7<) wshl ©E 3 HEAsiRiEe)
TF 2ol Jehlie Aeld 54 Ih4A -r7]°]-°- "}
o]9] Aa e it I3 Wytehzt AHALe] €
A FHo) F23% A7 E F e FHE AT 7)“!——?-
71 A}

Table 2. Influences of pH on the ginsenoside contents in hairy roots (GhrA4) of Panax ginseng C.A. Meyer.

Ginsenoside contents (mg/g dry wt)

PT PD
PH PT/PD  Total
Rgl Re Sum Rc Rb2 Rbl Sum
3.8 0.71 £0.05 1.72+0.05 243 0.383+0.01 0.32+0.03 0.21+0.01 0.91 2.67 3.34
4.8 0.70+0.01 1.62+0.03 232 0.36+0.02 0.28+£0.01 0.12+0.02 0.76 3.05 3.08
5.8 2.37+0.04 3.16+0.05 5.52 0.68+0.04 0.48+0.03 0.99+0.04 2.15 2.57 7.67
6.8 1.39+0.06 2.04+0.08 343 0.29+0.0¢ 0.28+0.01 0.24+0.03 0.82 4.20 425
7.8 0.37+0.0t 1.37£0.02 1.74 0.29+0.01 0.27+0.02 0.26+0.02 0.82 2.12 2.57

The data represent the mean=+ SE of triplicates measured after 4 weeks of culture. The initial inoculum was 10 hairy root tips (5 mg dry wt)

per treatment. PT: Panaxatriol, PD: Panaxadiol.
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Figure 8. Influences of pH on the phenolic compound contents in
hairy roots of Panax. ginseng.The data represent the mean* SE of
triplicates measured after 4 weeks of suspension culture. The initial
inoculum was 10hairy root tips (5 mg dry wt) per treatment.
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