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Increment of Germanium Contents in Angelica keiskei Koidz. and
Panax ginseng G.A. Meyer by In Vitro Propagation

Man sang Lee, Joong Ho Lee, Tae Oh Kwon, and Seung Bak Namkoong'

ABSTRACT . This study was carried out to find optimum concentration of germanium compounds
and pH of medium on the induction and growth of callus from A. keisker and P. ginseng and to intend to
increase Ge. absorption by calli while those calli were subculturing on MS medium.

Callus from a. keiskei was rarely induced under light condition. Under dark condition, callus in-
duction from A. keisker was good up to 5ppm, retarded at 50ppm of GeQ, or C.E.Ge. O., and rarely
done at 100 ppm of GeQ,, but was somewhat well at 100 ppm of C. E. Ge. O. The induction and growth of
callus was good in order of pH 5.7 ) pH5.4 > pH6.0

Under light condition, the growth of callus induced from F. ginseng was poor at 1~10 ppm of GeQ,
or C.E.Ge. 0., but shooting from callus occurred frequently. Under dark condtion, the growth of callus
from A. keiskei was good up to 5 ppm of GeQ, or C.E. Ge. O. and was rarely done at 50 ppm of GeQ,,
but was somewhat well even at 100 ppm of C. E. Ge. O. Shooting from callus occurred frequently in a.
keiskel, especially at pH 5.7. The growth of callus from P. ginseng was poor at 10 ppm of GeQ, or 50
ppm of C. E. Ge. O.

Under dark condition, the amount of Ge absorption by callus induced from A. keiskei was much high-

er than that from P. ginseng. The amount of Ge. absorption by callus treated with GeO, was higher than
that treated with C. E. Ge. O.
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1. fta g

E AN E g2 22 A kg A3t
go]&4*, NaClO (sodium hypochlorite, 12%, %
B{LETIE), 2, 4-D (2, 4-dichlorophenoxyacetic
acid, Janssen Chimica), HNO;(nitric acid, 61%,
Fik, MEPREIBEERT), H0,(hydrogen peroxide,
30.0~35.5%, %¢#k, SLEILBETH), CCI
+(carbon tetrachloride, p 1.59, 45#k, #ILBT
), KBS (glacial acetic acid, 18k, #iF/LEL),
BEEEE § (sodium acetate trihydrate, 18k, 3
LB TS), IM acetic acid-sodium acetate €9 (5k
EEER 57. 14mlo) BEEE JEF 135¢% $ol &318
F gol2$=2 1L F4), germanium EEEEN (0.
2N KOHY| £-3]% GeO,, 1,000ppm, FIE/LE),
GeO, (A& BHF I ~>=7 AFFRF 712), C.E.
Ge. 0. (BHF == 2L 12, EFRE
IR 3 Ge §F ALY 24 AL
FAH 535S 4 H rlel bis-g -car-
boxyethylgermanium sesquioxide (Ge-132) 2 Al &
2], HCl (hydrochloric acid, 35~37%, 454k, &
1LBT )

2. [BAEEE e AR W K4

BH H 2 (Angelica keiskei Koidz. ) &= 24 &
Wi ERRR BRI A Auiste AR
Yol AMEI A /IES, AFE (Panax ginseng C.
A. Meyer) & FTAE WolAl7l & T3S g2
AbEStH T AR E AH F 5% el 1023
X & 0.3% NaClOZ 1083 25 ¥ K
KE 33 A et 2x 3mm 2 A et ALt

B H ZEREHMES - MS 1B XY 3%
sucrose, 0.8% agar, 1.0ppm 2,4-D ¥ F7] Ge
(GeOy) & ¥7] Ge(C.E.Ge. 0.) 9] ¥=(0, 1, 5,
10, 50, 100ppm) ™, pH (5.4, 5.7, 6.0) 8 X2 g
F AGFVIEE7IZ 121 ColA 1583 Al
A B F(2.2X15. 0cn) ol 15ml & BF3ch AP B
F 3AAS WAl X4 F 25+1TC , B,
500lux, #3371 16/8A17h) = EEfEfFete] T3
ot BxZd= 1/2 MSHIR & AHg-gith. 1E9
A2 FEEAFF, B2 F4L T o A
v F F 4Fol] 2AL T

BB ABEEMEME - Al 2 SHUIR] W) 3%
sucrose, (. 8% agar, 0.5ppm 2, 4-D, 2.0ppm p-
CPA, 0. lppmkinetin® A 7}3t] dZ2ZA A 5
SHRA S Althel Fste] F2 Zolth. MS 71 2w
Aol 3% sucrose, 0.8% agar, 1.0ppm 2,4-D ¥
GeO:% C.E.Ge. 0.9 F=(0, 1, 10, 50ppm) ¥
2 AMejste] pH 5. 72 2HT T A9} Zo] A,
5ot A28 wiR o] X A5t B H g A
o} o] BiEg Sl Tt} &A= 1/2 MSH)
A& AR o nEe] A& FA S 4F T4
ENNS

3.2 %

FAT B 2E AL THRFE 3~48 A
F70CHM EF AR 0L AELE Byl
50meshA o] AH T, 60T EH3 AR g8 &
AT A (2.4X20.2cm) o] ¥ HNO; £94&
10m 78 & 2o 271 & Lejm 19 B3 o
& hot plate’doll A A3 120C7HA] &8 1412
7tEstn Ea&AE 23 F HO.E 6m FVe
o ThA] 7tE sttt Bl gado] nA =g £y
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A a7 25d Aoz AuksiA g 18X Table 1. AAS  operating conditons and in-
o HOZ 1ml B Arbstz 7143t 237} strument parameters for Ge analysis.
¢854 /A B ot s A In strument : Graphite Tube Atomizer-96
E 9711 £ EHE 5m7tA SHAIZ T ol Graphite tube  Partition tubes (coated)
SFE 7lete] 12.5m 2 A &Gt Varian part no. : 63-1000120-00
N Temperature 12.600C
4. GeZE 24 Time : 2sec
271 12.5m £XE SR (separatory fun- Gas flow - 3L/min.
nel) o] ¥ 3 9M HClo] §|%2 HCIS 37.5mi7} 3 Lamp current oma
Slit width : 1. 0nm
3 11.3m CCLZ 23] (2%/3]) #WHs (shaker) & Wavelength © 965. 2nm

o

14 2Z&31a] 22322 6m &Aoo ThA] Buls
£ ol & "o| 25 dm & 23] (28/3]) 2239k
F2% 8m BHL 10m A F flask® $7 F 1M
acetic acid-sodium acetate & 1mlE ¥ 11 ol &

Agron input pressure 1, 5Kgf/om

* . Atomic Absorption Spectrophotometry

0]
% B ESAT. £%9) pHE 4602 2E F BE % AR
BT RV RE ST (Model © Vari SpectrAA-~
TR .jlﬁjtfgﬁ<. ode arian pec» i 1 i~
30, Australia) @ graphite furnace ¥ o2 2318}
= 2 BAZH L Table 13 2o}, BHZEY A9 dAHAE o8 =4 A= &

Table 2. Effects of concentration of Ge compounds, condition of culture, and pH of medium on callus in-
duction from leaflet of A. keisker.

Ge Ligth Dark
Compd. Conc. pH pH
(ppm) 5.4 5.7 6.0 5.4 5.7 6.0
%
0 12.5 0 0 50.0 50.0 50. 0
GeO, 1 25.0 0 0 54.4 52.9 65.5
5 37.5 0 0 60.0 87.5 60. 0
10 16.7 0 0 50.0 66.7 40.0
50 0 0 0 37.5 45.6 16.7
100 0 0 0 0 20.0 0
C.E. Ge. 0. 1 0 12.5 0 70.0 50.0 50.0
5 0 16.7 0 67.5 50. 0 40.0
10 0 16.7 0 40.0 50. 0 25.0
50 0 0 0 37.5 37.5 16.7
100 0 0 0 25.0 25.0 12.5

- 253 -



4o ZALS A3 # 29 2o H&2 stellA
Bdge] Ax e FHE I9A @ 2
A8 F A el 23X Fd =AM 43 HEF
ou Hj&d Z2FHE AU AF F dd EAE
T old 5/ Edo] w2 Avj 5o B2 K
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=7t A @gter} C.E. Ge. 0. A A] 10ppm¥F
B ARFHA T 100ppm AME FE7T T HY
o}, GeOstt C.E.Ge. 0. X3 2% djx 8] pHE
5.7 5.4 6.0 &2 B2 27t Fed
Sppm7AR| Y] AH A FrE FAZRY 238 &
e Aol A,

2. HeA 1858

HHEE: 22 &S ZAS T YR AY
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&g %75 & A #3792 ixg oz A
2 ZX Are AHAA FEFZ(RE )4 ¥R
& A3 Hdet, B2 e dF Ao 4
Ha7t 2F F2HYEY AY F 289 T4
w3 XY 92 gk

A GeO,W C.E.Ge. 0. A= BF
S5ppm7HA] WA 2 FF @l 50ppm GeO, H EA|
E A9 F4o] gle WA $Y %9 C.E.Ge.
0. H A= pH 6. WA & A Yetae tti Z
At} GeO M} C.E. Ge. 0. A3 25 ujx 9] pHE
5.7 5.4) 6052 BAYA Fo] F2 AY
olth. A& F4 F AX Ao B U
Ge0, A8l = 1~5ppmel A, C.E.Ge. 0. Mg lA
£ 100ppm7HR] LA P pHS. 7 viA A &3]
ol AT}

EEAZE . 427 oA F2dti 54
25 MS ¥R ¢ Ge T8 A]staL B
o] AHA FHE FAT AL B4 2k W&

Table 3. Effect of concentration of Ge compounds, condition of culture and pH of mediumj on callus

growth from leaflet of A. keisker.

Ge Light Dark
Conc. pH pH
Compd
(ppm) 5.4 5.7 6.0 5.4 5.7 6.0
0 ++ - - +4++ +++ +++
1 +(9) - - ++4+ +++O) +++EO)
5 +(S) - - ++ +++©) ++
GeO, 10 - - - ++ +++ +
50 - - - + + -
100 - - - _ _ _
1 + -~ - +++0Q) F++E6) +++0)
5 + + - +++  HFEEOQ) ++©O)
C.E.Ge.O. 10 - - - +4+4+ +++O +
50 - - - ++ ++ (S -
100 - - — _ +4+(9) _

Callus radius (mm) :

00, +:0.1~2.0, ++ :2.1~4.0, +++ : above 4, (S) : shooting
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Table 4. Effect of concentration of Ge compounds and condition of culture on callus from F. ginseng.

Ge Light Dark
X i Physical
Compd. Conc Growth Color Physical Growth Color vsica
(ppm) property property
0 + Yellow Brittle +++ PY soft
1 + (s) PG hard ++ PY soft
GeO, 10 =+ (s) PG hard + PB soft
50 - - - + brown soft
1 + (s) PG hard +4++ PY soft
C.E.Ge. O. 10 + (s) PG hard ++ PY soft
50 + PG hard + brown soft
- ‘none, + :poor, ++ :moderate, +-++4 :good, (s :shooting, PY:pale yellow, PG : pale

green, PB : pale brown

M e FA % TL3A FZ 3, 10ppm*H
A A7 50ppmef Al & EFH 20 ut
T & A3 dAsh BolA e 2sb GeOt
Ge-132} Ge 300ppm7H#] & Z4 Jed| (7L E)
JHEL EAYH GL RolE BAF vt A E
o A E 2ol JEA FL2ANAY vl
A77t Basirh. HE A Gel(GeOy) o FF
T B (Si0) o A KA o) glef Si FF7F
2 A2 M) o] Geg Bl FFVeTeY T
Ges ¥ol F53HA 1 ¥lo] A2 YKol B &
APELE A 22 52 vRAME S5 A
a2 Si F47F 2 48] Rl AERT
Ge F5%= Bl stHA Ge fittE= ZF8tA gotn

Aad 4 Utk
3. Ge ¥

OF d4e] EFA Bl Yo g gol 2ole
HCIOE AM&-31R olof o3 wtEojxe 488
& FRAHCE FHAWIY] Wi B A=
HNO:# H.0,& AH&-3tith. 9~10M HCIZH-H
GeZ CCLol 218} GeCly TEHI 2 FZEHF O BN Ge

WA dAERRE Egsted Aa3A
H-& A A G o)) Ge FZf of WY e ol A
At A 2 4 wx 7 dAo) FRFR
2% Ge AH = GeO,2d, o] Aejol KFE/H
%58 (hydride generator) 2 o} -& 22 243 vt

N oo o dlo
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0 glot o]l 7| ES AIRE B GYAAHCk BIE
A v gule] Elo] EAZE Ak E Ade
A GeO, AH oA pHE AA A 33t o) 23}
o3 A A} (ionization suppressor) & acetic acid-so-
dium acetate ¥F Y S AL T O2H Ge FZEE
Eoly B Zmrt £ EFRESERER
graphite tube atomizer (flameless AAS) & A}-£-3}o]
ZA 3t et

SdE oA HAF L 5, A4 44 Al
S F A BHAE BT A0 59 2o}
TY F% (ppm) oA F A E BF GeO, ¥ 3 2

727} C.E.Ge. 0. A83 AET Ge F57F &
stth. wlx 9] pHel glolMe HLEY A+
10ppm GeO, A 81A] pHS5.7 YpH5.4pH 6.0 > &
X2 Ge FF7F 243, 10ppm C.E. Ge. 0. A&

AolE6.0 > pH5.7 ) pH5. 4 ©MZ F57H B
gtk FF Fdel oM s HLE AF GeO,
A A 10 ppm7tA & 48] F57F F7tshv o
F= a4ag 1 C E. Ge. 0. HEAE GeO, A o
Hl8) 100ppm7kA] £3HslAl 43t AEgeld e
v Qlatel A9 F X 25 50ppm 7HA] FE9)

S7H.

Table 5. Effects of concentration of Ge compounds and pH of medium on Ge absorption by callus in-

duced from A. keiskei and P. ginseng under dark condition

(ppm)
Ge A. keiskel P. ginseng
pH pH
Compound Conc.
5.4 5.7 6.0 5.4 5.7 6.0
0 - ND - - ND -
1 - 159.75 - - 74.8 -
5 - 243.70 - - - -
GeOz
10 495, 87 797. 96 396. 86 - 239.6 -
50 - 1,715.33 - - 892.2 -
1 - 83.92 - - 56.9 -
5 - 201. 81 - - - -
C.E.Ge. 0. 10 246. 38 305.17 525.79 - 186.9 -
50 - 1,322.34 - - 743.1 -
100 -~ 1,719.04 - - - -
2 AN Ge AA HLdG BH AT} QA% 2 AAE 229 3o AEE 749 Ge FF T
2o} Ge B0l gL AL BYAY AT/ Qb A Fool AT AR FE Sl BY A
o Ge ¥4 5ol 5L A2 ARAT Lee 57 8740] A AT ABAW Ge FF FES W2

o] A deiolM BdPo] dFARTE Geol 2
M FRdctn Bad urt g F 2L %
g 2ZNM Ge A2 BNEERF FLFol dTH
(WEE) B} Ge ol E3heh. wabal Zluel

AN DT FE Yok YAk AARu A A2
shgo] Aol s f5sh F40] MR L GFE A
O3} ppEYolH Rad v Yot 2N F Ge #
FEN2 A ge He 2 49N HRE ¥ 5
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KB 598 Ge-1329] Ge 1, 000ppm §-&- 9 of] A
FHUFE FHE L MBEESIY Ged F54
5 #EF FFL HE3 Azt BAE E
I vl @ F R Geo] 2408 (337 13. 9ppm/H] =
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Ge ¥+ H=E &

Ge 40 &% A 3
DA NEE FHst=R 52 HESNE A7 &
Zg Ao g nFAT}

HEDAM ddge) AHdx Fxo FHe
Ge0,%F C.E. Ge. 0. M8 =% A9 =A &k},
dZA ste] BH A FEe HdFAA GeO,® C.
E.Ge. 0. 28] 2% 5ppm7HA] #3832, 50ppm
e A& =t 100ppm GeO, A8 Ale A9 5
A gk WA 100ppm C.E. Ge. 0. A2 Al& th4h
HAavh Bdge das F g AL w9
pH7}pH 5.7 > pH5.4 ) pH6.0 &A= £9th

W27 el AAatdlA = 1~10ppm A BEeks}
A AX A2E & Y dxd a9 2
#HA F2e FdgoA GeOF C.E.Ge. 0. g
A 25 Sppm7t Al FZ g3, GeO, X2 Al 50ppm
FE A9 =HA egtert C.E.Ge. 0. A&
pHS5. 79) 2 100ppmol| M &= tha F54vh. Y F
NME A S F A2 PAo] EtEd pH
5.704 @At Aol e S NA GeO,
2] Al 10ppm¥-E, C.E.Ge. 0. A 2}A)¥& 50ppm
RE EFevis 2o g we.

A27A FFAA Ge0,} C.E.Ge. 0.9 RE ¥ &5
A Hdgel A art iy Aavg &%
| =34tk A8 25 5Y XM Ge0, A2
e B 27t C.E.Ge 0.9 RABRT =4t} &<
G sl s HYEY A GeO,E 10ppm
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