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SUMMARY

Ginseng ( Panax ginseng C.A. Meyer) is one of the most widely used herbal medicines in
the world. It is widely accepted that wild ginseng is more active than cultivated ginseng in
chemoprevention. However, little has actually been reported on the difference of wild ginseng
and cultivated ginseng. This project was performed to develop the diagnostic technologies to
distinguish wild ginseng from cultivated ginseng and to develop high functional products of
cultivated wild ginseng.

In order to identify wild ginseng—specific genes, we used suppressive subtraction
hybridization (SSH). And we successfully found some noble genes like NRT2 gene (designated
p—NRT2), chloroplast rpoCI gene (p—rpoCl), p—psbB and p—GAPDH which were significantly
up—regulated in the wild ginseng as compared with the cultivated ginseng. RT—PCR results
showed that the mRNA expression of these genes were highly up—regulated in wild ginseng
compared with cultivated ginseng.

For industrial application, development of the product using the wild ginseng is researched.
We paid attention to increasing the contents of the ginsenoside Rd, Rg3, and Rh2 and
compound K which have the anticancer effect. This research succeeded in increasing these
ginsenosides by applying the various methods, such as red ginseng production technology,
enzymatic treatment, and acid treatment for decomposition technique, etc. But additional
research has to be progressed in the near future. Through these researches, we expects that
development of international products using wild ginseng and industrialization will be made

sooner or later.
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(2) Suppressive Subtraction Hybridization (SSH)ol| ©]3F AbekAbAl ml7] G- =}e] &4

(7}) SSH ®WR& 3t AtgatatolAnt o]z o7 Waste vteolentr] fdx4e £ 574

(D RNA extraction and PCR—based Substraction:

— Total Cellular RNA(Qiagen, Hilden, Germany)Z& #2|5}12, Promega®] PolyAtract mRNA
Isolation Kit® mRNAZ Ez|tl. PCR—select ¢cDNA Subtraction Kit (Clontech, USA)<]
PrimerE A& 3lA] cDNAE $A3tar Controld} AkekAlalo 2 HE o]F1}A4¢] cDNAEZ
Rsa [© 2 A|3kd sl th. Adaptor 13 Adaptor 2R€ 5" —terminal, 3" > —terminale]] &1
Asta 2z} 9 Hybridizationd] €&l Substractiond}$ith. Substraction® cDNA &gt o
28H 7% 2@" cDNAS PCRE ZFZsgd.

@ A 2249

— TOPO TA Cloning Kit (Invitrogen,USA)& A}g&3}ed pCR 2.1 Vectorel]l PCR ProductZ
Cloning3s} 4 t}.

- Zolxl 2BCZHH DNAE FEs5t @742 EA5taL Genebankell Al @71AME A
4 4L Bt FEAE Fdsish

— PCR & Perkin—Elmer thermal Cycler (GeneAmp PCR system)& AF838ln L= x AL ¢}
23 e zAoR 303 ¥rEsIT)

94°C 30 sec —> 56°C 30 sec —> 72°C 1min

(W) sbepabael oA AR RAPE 24 D sl

@ cDNA golB & a FTA:

— Total Cellular RNA(Qiagen, Hilden, Germany)Z& £ #]3}2, Promega®] PolyAtract mRNA
Isolation Kit® mRNAZE Eg|s3).

— 23]® RNAE Spectrophotometer® AF83}od RNA mode (2603 280 nm)o| Al A=k

— A A (reverse transcription) ¥FS-S F£35}r] Y FFTo| A 2ug 9 total
RNA ¢} oligo (dT)12—18 primer (100pmole/u)E g4 70°Cell A 1087 71Eds F, I

Al WZEA ZItk, o 7)o A 1st strand buffer (50mM tris—HCI(pH 8.3), 75 mM KCI, 3mM

MgCl120, 10mM dithiothreitol, 500uM dNTP, 20 unit RNase Inhibitor Z& 12 200unit ]
M—MLYV reverse Transcriptase & ZH7}3F & 37°CollA] 6087 wl-2-A]7]2, 70°Col A
1527t 73t JHALEAE B2 AR

@ RT-PCRE E3F w2 d TH xR H=:

- S AAe] full-length cDNAZ F3 o2 EALAHS PCR W] o& =3},

— PCR& 50 mM KCI, 10 mM Tris—HCI(pH 8.3), 1.5 mM MgCls, 100 pg/ml Az}, 0.2 mM
dNTPs, 1.25 @¢] Taq =& & A (Perkin—Elmer) ¥ 50 pmol primerE Egst= 50 ul ¥-&
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A H G
— PCR 272 94°Col|A] 18, 55T A 18, 72T A 282

- 47195

L

ot

| TR $AAS Alokabatel A §AX

Tester cDNA Tester cDNA
+ . +
Adaptor 1 Driver cDNA Adaptor 2R
(in excess)
- — i _—
—_— —_—

First hybridization

HHW |

Second hybridization:

a,b,cd Mixsamples
+ Add frash denaturad driver
Anneal
a [ 1 Jr—
—

Add primars des
Amplify by PCR

a, d  noamplification

E: b=sb'  noamplification

[ linear amplification

and e  exponeitial amplification®

*Although there is a primer binding sequence on both
ends ofthe type @ molecules, the shorter overall
homology atthe two ends effectively negatas the
supprassion PCR effe ct—except for very short molecules.

13 2. Suppressive Subtraction Hybridization (SSH)®WHH

—|~ o
r]I
oo
filo
w
o
ot

(3) PCR-RAPDE ol-§3 B34k AP 74 Aopabae] Sol f274 4834 7

(7h) %< 47l 3k DNA &

- QLT SEAL B FIAL ALAMLT A abte] f% wd 5
o 1.0% agarose geld] 2 10 ule] DNAE Y A7) 9%35+4 DNAY

(g 3).

(1}) PCRE ol &3t +F9 2FolA F25 DNA9 FF

=
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Z9] AR ek §AA #H ApolE Flsty] st A Sl o3 at® SIMSP
primer (Forward: 5'-AGGGGTCTTGCTATAGCGG. AAC-3, Reverse:
5'—~AGTCTTAATTTCATATTTTCGTATG—-3") 2} SIMGS primer (Forward:
5 —~CTATAGCGGAACACGAGGGA-3’, Reverse: 5’ —AGTTCGCCACCAACTGTAGC-3")
a8]x SIM2  primer (Forward:5’'—=CTATAGCG GAACACGAGGGA-3‘Reverse:
5'—ATACCAAGCGCTCGCTAATG-3)E A}-&35}e] PCRE 34 F.

— SIMSP primer= 359 bp(base pairs), SIMGS primer= 210 bp, Z&] 3 SIM2 primere
290 bp(Fig. 10—-2)2 el Al Hct.
1 2 3 4

27 3. Identification of the genomic DNA of ginseng.
1, Chinse ginseng, 3 years; 2, Chinse ginseng, 5 years; 3, Panax ginseng; 4,

Cultivated—wild ginseng.

11 bp 100 bp 200bp 221 bp 301 bp 359 bp
SIM 5P (Forward) SIM SP (reverse)

SIM GS (Forward) SIM GS (reverse)

—

SIM 2 (Forward) SIM 2 (reverse)

1% 4. The marker primer of chloropast DNA in Panax ginseng.

(th) RAPDE o] &ate] 59 ol tid 7 71Fo] He 2@ fdxte] FE

— PCR—RAPD(Randomly —Amplified polymorphic DNA)7} Xd w2 A|7F o] 22 T
Asm, ANE, TEE FEE AE AW AP, AL 4 D FB ALY
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Eil = al

%ol AFE-E primere & Sol o3 /MEE A(2003)e2
primer—3 (5'-GTGTGCGATCAGTTGCTGGG-3"), primer—=6
(5'=ATGTGTGCGATCAGTTGCTG—-3"), 28] 2L primer—9 (5'-AATGTGTGGCAAGC
TGGTGG=3") & 53o|A] 54 °Ce] A &3t 1 4FE< 1,000—1,500 bpell A
vl Hrtstaxt &9t

1}. Ginsenoside ¥ H A

(1) HPLCE o]&38t Ak, AFFA Tgla A4k AR

A

(7h) d>d717] 3 Al
— Rotary vacuum evaporatore= Eyela (Tokyo Co.)9] T=7]|& AR89, 248 HPLC
2+ Varian 9012 Solvent Delivery System, A< 7]|= Varian Variable Wavelength
9050 UV—VIS detector, 283 Autosampler+= Varian 93008 A}-&35}t9 ). AcCN, MeOH
Y EAA 9GS 27 HPLCE AloFE AMgste SAsen, & 3 298 &=

BF SFA0Fe AMgsted 4 s

(b & 8 B4 A=
— 273 A5(1-20 2)o] 80% MeOH 100—500 mlZ 7}5le] 484 Abo|A] 3A|17HA 33] 5
F&33 A7 F FF5t 80% MeOH FE2ES AUt Aol 80% MeOH FEES
Z 2o detAA n—hexane, EtOAc ¥ n—BuOH oz BHI T =5l Alxd
FAE £3EQ n—BuOH 2 ES AAtt. £AEY n—BuOH £ ES Atz o#
AL % AEE AMSSITH(I D).

Gnseng(1-50) |

Extracted with 80 % MeCH for 3hrs(3 times) / Refiux
Flteration & Evaporation

80 % MeOHext
| Heene-HO(1:1)

I Hexare layer ,, HOlayer
B0rc-HO(1:1)

[eocee]  [ioes]

BUCH-HO(1:1)
-
aciet | ko tiowe |

% 5. Manufacturing process of crude saponin by extraction and fraction
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(t}) HPLCe BEX=A
— HPLC Z7-& column& Capcell Pak C13(150x4.6mm, 5¢m, Shiseido Co.)o]® f&& 1
ml/min, column €E& 40C, A8 FYFEL 20 pl2 UV 203 mojlA A3t &
AAl9] o]FA 7L Table 1.9 LJeR QAT

Table 1. HPLC condition for analysis of ginsenosides

Instrument

Pump 9012 Solvent Delivery System, Varian Co.

9050 Variable Wavelength UV—VIS Detector,
Detector .

Varian Co.

Autosampler 9300 Autosampler, Varian Co.

Capcell Pak Cig (150 X 4.6mm: 5u), Shiseido
Column c

0.

Operating condition
UV Absorbance 203 nm
Column temp. 40C
Injection vol. 20ul
Mobile phase A Water
Mobile phase B Acetonitrile

Gradient profile Time (min) %A %B Flow(ml/min)
0:00 82 18 1.0
25:00 78 22 1.0
55:00 70 30 1.0
75:00 60 40 1.0
90:00 50 50 1.0

o
— "4 AAEUR] Y £48 93 FF XL ginsenoside Rbi, Rby, Re, Rd, Re,

© vz} 100 pg/mA 23 = MeOH 1
st /\}ﬁé}‘}ii ARL Aozl A8
o] n—BuOH 3 E 10 mgL #H3k & MeOH 1 nmlo]] =2 & 0.45 ¢m membrane
filter2 oo5te] BA514T}.

mle] =2 & 0.45 um membrane filter

i
2

— ¥ %= ginsenoside Rbi, Rbs, Re, Rd, Re, Rf, Rgi, Rgs, Rh; 28] Rhe¢] 10&
4 242 500, 400, 300, 200, 100, 50 pg/ml FEZ 3 Asle] BAlste] A& zhzto]
ginsenosided] st 3=z HHH] (XF)9 TFF 5= (YY) g AFAS 747
238t th. 2 27 7 ginsenoside £ A ok ATAS R'ZES Table
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2.9 AASIT &L Table 3.7 2t}

ol

Table 2. Equation and R* value of ginsenosides

Sample Equation R?

= 2211.5x — 848.88 0.9998
= 1230.2x + 3108.7 0.9996
= 2318.7x — 4200.7 0.9996
= 2480.0x — 1937.1 0.9996
= 2233.5x — 3970.4 0.9992
= 2800.5x — 3853.2 0.9998
= 2666.8x — 1945.9 0.9995
= 2618.3x + 845.58 0.9997
= 2450.7x — 5594.0 0.9997
= 1826.9x — 31205 0.9929

Ginsenoside Rbi
Ginsenoside Rby
Ginsenoside Rc
Ginsenoside Rd
Ginsenoside Re
Ginsenoside Rf
Ginsenoside Rg
Ginsenoside Rgs

Ginsenoside Rh;

DI S T T T T B S

Ginsenoside Rhy

Table 3. Yield of 80 % MeOH extraction and n—BuOH fraction on

various ginsengs

Sample 80% MeOH n—BuOH
extract(%)  fraction(%)
1. Wild Ginseng 9.03 2.65
2. Cultivated wild ginseng 6.66 1.20
3. Cultivated Ginseng 4 years 15.62 2.07
4. Cultivated Ginseng 6 years 20.71 0.73
5. Cultivated wild red ginseng 53.70 4.16
6. Cultivated Ginseng 4 years 19.06 2.34
7. Cultivated Ginseng 6 years 20.92 1.56

f

(v}) 102 =9 HPLC chromatogram¥} &

— A7 Al A A v wa} HPLCZE B Aste]l £33 ginsenoside Rbi, Rbs, R,
Rd, Re, Rf, Rgi, Rgs, Rhi 28] 3 Rheo} =529 4Fol gk Z+z+9] chromatogram-S-
de 5 AY FrARAT. FF BodA AolW @ F Axsk AANZ A 5

o 4B WEL T F um 2HHA

A 8¢] chromatogram %
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25Q RuE Q4kel gakzlel BEd dF2E A4S 2439 W Pisisel FrhEa!
Y, agRThe F4bo] $4amY, Belo whel thrd gakstisol ggel' Bud u oo
olg gt AT AFRE A A4S AER g AFo|n o}Hzix HEe oelgH 3 AX
5ol olf2 Ahatol}l Atopatel HhE AE wlF Aok, oo At akak(olat Aba)
T bkt 23 Qate] Fabst B5S WL - Hrkstnat $ s 4T 4 e Tot

t}-8-5 = Total phenolic content, 1,1—Diphenyl—2—picrylhydrazyl(DPPH) A4 &A], x| A 7}2k3k
13 31 Reactive oxygen species (ROS) 52 A3t A} 3t}

(1) Total antioxidant capacity (TAC) =3
— Total antioxidant status(Z 3438} )+= Trolox equivalent antioxidant capacity (TEAC)
e £4% Erel'Me] wel] wat TACE Z3stgth. A4 pHellA Fae] 89
& 2,2'—azinobis (3—ethylbenzothiazoline—6—sulfonate, |3} ABTS)E H,0.9l 23] H=
Mo ABTS'Z AsisA . 9 222 W) Fas2do] ZAsA =1 o5 5E
of wl#ste] ABTS & &4 HH, o213k A Waik-g-o A7E 660 molAe] FFEE

Z AT}

- AlB FZ2E9 TAC 3L 93 0, 2.25, 4.5, 9.0, 22.5, 33.75 & 45 n—mol¢] TroloxE
FEAGoR ARRSlY EEFAHAS A AT. Troloxe & dbsks 3
BHQASHA AR EE A ZFQ FF:A|keo g TAC AL nmol Trolox equivalent®

FSAtt.
(2) Oxygen radical absorbance capacity (ORAC) =4
- TEACS} Bi&o] 3 g43hs 4o de] AHgE L 9lE ORAC assayE Huang 5'7¢
B o] me}l 37Co) Al excitation 33 485 mme} emiss—ion A 530 mmojlA] 2%
3627t A3t ORAC assaye ¥F FAEZd W3l free radicale]

(e}
= o=¢] inhib—ition method2# ¥FEAZE fluoresceine

=]
N
ol

B[}Y
ol

g 4

© ™, peroxyl rad—ical& A= 2,2'—azobis (2— amidinopropane) dihydrochlo
ride (o]3} AAPH)E A&stith 1 F2E dol aistEd o] EA8HA =W ol&
o BlElste] free radical &40l AA=™ FF= A7t A=A Ho

— ZFAeko =z 0, 0.02, 0.2, 1 2 2 nmol9] gallic acidE A&l 1, T4 % F2E
9] area under the curve (AUC)E 2R3} tl. ORACE T FA|F Tx 9} AUC 7+
3| HAFAE o]€5+] nmol gallic acid equi—valent® ¥ 7]s}$th.
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(3) Total phenolic content =3
— FZE& 4 & phenolic =2 gallic acidE TFA] ke 2 A5} Sin—gleton¥} Ortho
fer’”e] ol we} 760 molq FHEE ZHFORMN AT AR FEE
% phenolic &= =& 3 0, 4.69, 9.38, 18.75, 37.5, 62.51 & 93.75 nmol®] gallic
acidg ZFAIGFo 7 AL835te TF:IA4S FAYH T
— Gallic acidEe % phenolic & =Hd 717 o] A& 5= AP ZFQ FFA| ko g =
phenolic &2 nmol gallic acid equivalent® X% 7]5}t}.
(4) 1,1-Diphenyl—2—picrylhydrazyl (DPPH) &AHZ&4 =3
— 1,1-Diphenyl—2—picrylhydrazyl (¢]&} DPPH) free radical 24342 Malterud S"¢]
W ol wel S5tk DPPH €94 (45 pg/ml methanol) & FZ&E3 E%3 g 515
mo| A FHFEo ZAZ 30x 7tHS R S5ET A5
— Free radical £2AEA-& pyrogallol £ (125 pg/ml DMSO)9] T3 % 7+AZ 100%% 7]
Fote] E7]skAT
(5) AABA3 =
— F&2E59] A3 A aute 7 nEZ =g o) wjekal ¢l thiobarbituric acid reacti
ve substances (©]3} TBARS) & & Ao zx AASYT 7+ slEZ =g o} (0.5
mg/ml )E 10 umol FeSO4¢F 100 umol ascor—bic acid¢} &7 F&2E Txd =z 37Cq
A 6087t wlokstg ). | EZ e glo} ujokol o] 2 Aupatsts Staceyet Klaassen’ <] w}
ol ma} excitation ¢ 530 mme} emission ¥ 590 oA BFETE =T o ZH
A skt
— TBARS % =#& $s] 0, 0.063, 0.127, 0.253, 0.506, 1.013
]

2 2.025 nmol¥]
1,1,3,3,—tetraethoxypropane-g BFA| 2o 2 AlE3le] HFEF AL A

Faict

ol

(6) Reactive oxygen species (ROS) =3
— 2" 7'—dichlorofluorescin diacetate(DCFH—DA)% sodium hydroxidedl] ¢]&] DCFHZ o
2~H| 23} (deesterification) ¥ ™ DCFH= ROS9 2] 35 FFEZAQ
dichlorofluorescein(DCF)e. 2 AtglalA ®Hoh. B AFqAs= 1 uM H,0.9 10 uM
FeSO.& AM&ste] ROSE st webx] DCFHe DCF AkstE o] &% whg2
ROS, 53] H:0; radical S @2 o]&Ha vt DCF F/dol m& I3 = F7t=
LeBel %] wrd o] wle} SPECTRAmax GEMINI XS Microplate Spectrofluorometer
(Molecular Devices, Sunnyvale, CA, USA)E A}&ste] =A39c}. 8345 4AE F
E U gastEE 9% ROS A4 AAE vehdiA Boh. 43S 1] 7
sFAFE, 96—well plateo]] 100 ple] 40 mM Tris¢F 10 nle] thekslt w59 =5 &
< 713 H 50 plel DCFH €98 371ttt DCFH Atgtub-g-& 37Co A 20
plel 10 uM H2029F 20 ule] 100 uM FeSO.& H7tgeo =z A|ZET (

Hy o

¢

£
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excitation 37 488 nm&} emission A 525 mmo| A 28 7FAS 2 10E (10min) E<F

bovine serum albumin(BSA)& ZZEA|¢ko 7 A}&3le] Lowry 5%V

2 24s 9

(8) Superoxide radical 2A&A =3

— Superoxide radical 2AZ4-¢ Liue] w8 ¢) ulat =4ttt 343 A8 20 uld

62 uM nitro blue tetrazolium(NBT) <} 98 uM B—nicotinamide adenine
dinucleotide(NADH) & &+-8-3F 20 mM Tris €4 (pH 8.0) 800 nl& =%3k t}g-, 20 mM
Tris €< 80 ul¢} 33 uM phenazine methosulfate(PMS) 100 ul& z+z+ 7}sty .
Z dHl@4iFoez PMS/NADHE H2H superoxide radical® NBTE A5 ¢
formazane. 2 A A|71H, AAAHE formazansd =A35}7] 98] 560 nmol A 10% %o
B FAEE FASAT. AR HSAIE BHT AAFGHELS [(FF = =
A1x100¢] FA o2 ALlsttt.

525
=7 assay

_]
O
— Hydroxyl radical 24842 Halliwell ¢ 8% wa}l =459} 348 A8

50 plo 2.5 mM 2—deoxy—D-riboseE &3+ 10 mM PBS &8 345 pl& &¢3l v}

£, 1 mM FeClz¢} 1.04 mM EDTA €< 50 ul, 1 mM ascorbate 50 ul 2 0.1M H0:

5 ulE 2zt Hrsluth. 37 ColA 1087F wjekst 3 2.8% trichloroacetic acid 500 ul

¢} 1% 2—thiobarbituric acid 250 pl& FH7}sl 95Co A 8&7F 71 L5ty vFe-E S

WA F 532nmell A 3 EE F45E.2™, hydroxyl radical 2A&AHL [(F3E
1100 42 A4tstAt.

— 27 zZz2 3L SPSS Version 10.0(for Windows, U.S.A.)L o|&35}¥ 1, T5¥

= =
T=
el Paksh mokE AARARNEG AASHA Ao, AE RHoE BE
e

=
¥ W73k 2}ol= Duncan's multiple range test® AF&3}] p<0.059)A] 8¢
=
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& M EZF A AXCIN2

T
=

(1) g AZFs ¢

(2) tEEAE

A
el

il

— CT-26 hFAA =
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3. AF M A

=

— g 2 g HolFgo] sl BuE vl AFEWQ! ginsenoside—Rgz st
ginsenoside—Rhy, 223 compound K 5 AFowt BEXst= So|3t Alxdo|t}y. B

T e 243 T A AepratS 98 7 3}o] ginsenoside—Rgs 9} ginsenoside—Rhy, 28]

A

2 compound K 59 S = A AAZHCE AAHLS Ad F+ I 1Y A4 =
L FAERZAE MATE F e Jes FRFuA T4, dE7E a8l o A 2
AxE Y 58 AFEStY Ukt S HZ AL AL & O I E TLC9 HPLCE o

7F SASE ol 8% AFAE

(1) gx gl 23}l ginsenosideo] ¥=F W3} 3
— QA4 2 o] TAo R FHE oA UEh= ginsenosided] ¥ WHIE T
&) lsle] RE ANEE 32 o
A& F 95-100TCoA 1547t &
A3 95-100C e A 72A12F Bt 2] AEE] BHA FEE FoE 7|&o|HA A
v} H8 g o] &3 AFAY

2
oM
A
ol
B
2
oM
iy
o
mi
Lo
>

(1) dazAol A ginsenosidee] g

- Ax% 4749 ANEES
Zkzkel 4R =7|17F Hd 5 &

Gesttn Ra'Vy §A752 EFH (F) cellbiotec(3h2)9] ATP EF-GALF A FE

Oﬁ
o r‘E
1)
e
511_14

2 (Lactobacillus rhamnosus, Lactobacillus plantarum, Bifidobacterium lactis)S Z+z;e] 4+

o2 1% HZ35te] 37C9 clean bancho|A] HZE 797 wiokstgar, vk 1, 2
4, 7LdA A Z+z+e] WMES AFAS F HPLCE o] 835t 109 ginsenoside & 48
Ay ek
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Z= 250mlo)] E23k & 5M HCl 2= 10% FAAHS 7lste] pHE 5, 4.5, 4,

52 zAsit} 121Co A 1587 712 a8yt 7taxgd A 8= 5M NaOH= 7}3}

52 2T B24S Q8 AT Y5 A2(0.5mDo] BF 1-butanole 713}
[eJe)

vortexale] F&38la AR A& 1-butanol A& AR F=7]d Axstdct. Ax

[-'O
2
o
0Q

filo
oM
i

L

E-2 methanolo] €35l TLCZ EA5}¢c}.
stdom Az A4 BT (4~5¢) 80% methanol 200mle] F2k

l‘N

- uHA AEs B2
st 1A R/ FESFoH ARsta g WAbe 23k o #F FESAT. ARde

a ZH5E Jtete] &858 ethyl acetatem £ oY
Z2z3td 284 AL AASL $89e tha BT 1-butanole 7h3te] B AETh

TEAZSE e AZE 5mge 1mle] methanolol] €&|3te] HPLC £ A}&-3}

FEES
Aot
(2) 914k ginsenosides TFEE9 &4 vH&
— 0.06% ginsenosides®} 0.4% EAE 0.04 M A24 == 244, 18% ethyl alcohol 48

olA gafste] 37CAA w-gAIZl F TLCE 433

(3) 27 A g A4 B4kl o] B—galactosidase AF &4 A&
A Barol(5g/250ml)ol] BAFS 7hsle] pH 4.02 A3 & 121CoA] 1587 7= g

[
U ) A s

stk Al s QAR ARS pH 458 A3 T 100mge B—galactosidase AFE 7}
3tal 45CollA 6, 12, 24, & 48 A|ZF ¥F3-A1Z1 & butanol F&F 2 FZF=1Z%3F & methanol
L35} TLC E439 . Y xl= HPLC £4L 3] 8FF27 E4L 3} HPLC

B0 AT
(4) AR o] B—galactosidase FC30 &4 X

— A4 Bl (5g/100ml)E 80 Coll A 307 A3 Fo] 10% ZAHe 74sle] pH 4.50.2
50, 60, = 70Col A 2tz

[-'O

243 & 100 mge] B—galactosidase FC30-& 7}sle] &84 7) 2
1, 2, 39 ¥k$-A1Zl T TLCSF HPLC BAL 14t}
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bR Aol o] B—galactosidase F &4 9] 37
ZAS 718k pH 4502

A=

Q]

(5) B—Galactosidase FC30 #&] ¢l
AR (5g/100ml)-g 80Coll A 3027 EAE| g Foll 10%

- AN

Z43% % 100 mge] B—galactosidase FC30& 7}8te] &3jA17)a2 60, & 70T A z+z} 1,
2, 39 ¥k&-AZl Zo] 100 mge] B—galactosidase F& 7}8le] & A7) 55Co Al 2447
Hh-3-5} 3t}

(6) TLC &A
— Silica gel G=60 Fss4 TLC plateE AFg-5l¥ o m A7) 8w 2= chloroform—methanol—water

(65:35:10)2 A3t A7NE F 20% B4 TR L8N L B2 F 105-110Col 4] 10837

Fhshel waA AT

(7) HPLC &4
— HPLC 7]7]& Varian 9012& A}8-3}9<em Capcell Pak C18 (150%4.6mm) & YL A}-&3}
TS

dom o]EAS Waters} acetonitrileg 82:189) 4] 20:80-8 FEFu|E o] &35}¢ o H

Iml/mine| 2 #AZ 334< 203 nmo|Rth.
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3 A A-Ee] 32+

—
el

=3 4+ 2%

AT R AA B

(1) SSHE o]-&3t
(7}) p—NRT2

] Bl R A

=S

- QT e ABHoln WHIHo R FEI] AT Sold FAAET BIHu
J

suppressive subtraction hybridization

A ARl HHA Aol FHELA

A%

o

vy

=l
[e3

o
El

]

pNRT2

1
GATGTTCCAT

CGGTGGCGTT
TCTGATCGGC
GTAAACCCTT
ATAGTAGTGT
GGGAAARACA
CCACAGGAAG
GGTGAGACCT
AAGATCAACT

TCTGCATTAC
AACACCGAGG
TATTCTCGGC
CTGTTTTTCG
TCTTCCGAGT
TGCTGCCCCA
AGTTAAAGCC
GTTGCAGTGG
GCGTCARACC

4=4A] (high affinity nitrate transporter) 8-Zx} NRT2 3t
o] pNRT2 %At sttt RT-PCR 2423 pNRTZ §-AAE 4
dE =, Qi EE ol
B A XE pNRT2 SR
— pNTR2 §AAE ESoz2HH
NIL, Ak E Huksl Eokz
Abekabatoll Al pNRTZ2 S Ape] 3}
ZhA] ARl A pNRTZ f3 219 F8d3 Fold2 Abekabatat

g 5ol rprrt E 5 S Aem

40
GGGTGGCATA

CTTGCCACGC
CTTCCATTGT
ACTCGGATCC
TTTCGAAGCT
TCCACTAGTG
CTCCCATCCA
GCCCGTAAAG
TTC

ACATGGCTTG
CAATCATCCT
ARACTTGAGA
TCCTCAGTCC
GTTCTTCATT
TTGTGGAAAG
ACAGCCATGA
AGAATCTTGA
GCCACCAAAG

7L ol g3t

ST 2 AT aritel

BB Qo I A
o] W EEA Ege

13t
Populs NRT2 (AYSB189)  CHAFTgGeTCcESATR IO CTAGTATICET T GcCTCR T TR hccTogRGRT T ecrofied

!

i
PrnusNRT2 (Adg00)  CoMICSGrecibocea acTotememenacenccAf AT oo Gt enenrie

; 2
Cucumis NRT (4Y534{a5) " RRCTRNEM oG ToAACh b oIt ach claa A G ST IS

Panax DNRT2 ! GEAACTITGGT66CEET I GACECACT ICATCTICTT TACGGGCTCAAGAT TCTCCACTGCAACAGRTCTCACCTORATIEE

% 6. pNRTZ2 gene expression
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20 q

=3

=

CG MCWG MWG
123451234123

Relative pNRT2 mRNA

pNRT2

CG-1

CG-2
CG-3
CG-4
CG-5

McweG-1 [
MCcwG-2 [
MCcwG-3 [

MCWG-4

MWG-1 OSSN

?
é
é
%
8
3
s

a7 7. Gene expression of pNRT2

(\}) p—GAPDH
- EI FHI e E Ad4I FHEEE ARkl So] {f3A GAPDH
(glyceraldehyde 3—phosphate dehydrogenase) A x}2 vtAsIS 1, pGAPDH—-w &1
Bt th RT-PCR £ 27 pGAPDH-w fAAe At A s e S = 4t
A= dde] mug Ao e weba 4bakoll Al pGAPDH-w -2} whd 9]

o

=2 T 991\"5-' %—9—:_].' .‘_E'.o]x_-} 1:!]—747]— % '{l: 991\'% 3‘1———%—

CCTGGTGGTGCAAAGAAGGTTGTGATTTCTGCGCCTAGCAAGGATGCACCCATGTTTGTTGTGGGT
GTCAATGAGAAGGAATACAAGCCTGAACTTGACATTGTCTCTAATGCTAGCTGCACTACCAATTGT
CTTGCTCCTCTGGCCAAGGTTACATGAACTCCTTTTTCAAATACAAGTATATACTGGCATTGTTGAT
ATATAAATTCAATAACCTCTGGTCTTTCTTCTTAAAATTTTGCAGGTTGTTAATGATAGATTTGGCA

TTGTTGAGGGGCTCATGACAGGGGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTC
GGTACCAAGCTTGGCGTAATCATGGTCATAGCCTGGTTTCCAG

13 8. Determined DNA sequence of putative wild Panax ginseng pGAPDH—w gene. (Novel

sequence are in red)
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{New)

POAPDH-W 50T GCACTACCART IGTCT TG0 CCTCTGE0C ARG T TACAT GARC T OO T T T T T CARATAC ARG TATATACT GECAT TETTGATATATARRTT

PGAPDH  MSTIGCACTACCARCTGTCTTSCICCCCTTS CAARGGTER-- =SS
{(Well known)

1% 9. DNA sequence alignment of pGAPDH—w gene with known pGAPDH genes

across species. (Novel sequence are in red)

10 -
B cc

B mwe

=]

e MANA expression

Gene expression
(Fold change)
PRI o+ |

2% 10. Quantitative real—time RT—PCR analysis of pGAPDH—w transcripts.

GACASS FEAMT TOCAGCACAL THEC

ATCCGAG TS TASCAAGCTT GASTT AATCA TOOTCATASS CTRG

pGAFPDH

TTICCAS

ﬁ TSI e MGG ST TGO TAT T T CAGTT O TAGCAMAS AT

ACCCATGITTOT IO TCARTEA FARGE AATAC ARGCT TEAR
CTTAMCATOFIC TITAL IOSTAGIT IS ACTRC CAACT O0CT 2400
CICTIOC CAASSTTATAATIAT ASATT TRICATTIOTT SAS09 CT0N
TEACASGSEMAT TOCAS AL TSa0S 20N TASTASTEAATONS
AGCTCGG TACCANETTT GECGT ARTCATEET CATARC TEETT TOCT

GAA

2% 11. RT—PCR analysis of differential expression of pGAPDH—w genes.
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(t}) p—pshB

— I ThE Ahke] BEo] §HAR AEA Y A

star, o= thylakoid membrane ol $]x|s}HA] dol tj

= A2
=]

=
%ﬂ%é 57
st 4

OJ%LOHH—E
chloroplast p—psbB FZx}le] && oFA2 A4 2HHS
14 m7A7E € = dE& A

d 2491 chloroplast p—psbB FAX=
3k e Das

ki

18 =

>

#Ht}. RT-PCR &4 723} chloroplast p—psbB A X= AH4toll
ddoe] A JeEhA e Aoz #AHT
e

o2 FAHPY (2 12-16).

CCTGATCCCATTGATAACGAGTAGGCCCAAATAATTCGATCAGGGTAGTTGCTGAACCATACCACA
TAGTTCCGGCAACAACAAAAGCTGCAAAAAAGACAGCAGCGATACTACTGGAAAGGACGGTTTCAA
TATTGCCCATACGCAATCCTTTGTATAGACGTTGGGGCGGGCGGACACTAAGATGGAATAGACCGG
CCAATATACCCAATGTCCCTGCTGCAATATGATGAGAGGCTATTCCTCCCGGAACAAAAGGATCAA
AACCTTCCACACCCCACGCTGGATTTACAGATT

1% 12. Determined partial DNA sequence of putative Panax ginseng Chloroplast rpo —psbB

gene

L - E e
Saphutng
-

1881 CCA ACT ACA AGh AGR CRA GTA :1" "‘h
a v v w

T T B

w
=3
-
Lt

598

4

b
r

]

An S B ®,

TAT CGT GIT CAT ACC GIT
R W BE T W
CCT GOT ToS 08 GLT TC
& W A & =
Z5 ACA CRZ GGT ATZ TIC Th 13 T
R @ g W F 9 I ¥ ¥ I K 5 W 8
CA GGR GGG GCT ATR CCG AAT ATT T I GCC GGG GCh CAT 300
E & A I ® B H = I N s ¥ E ¢ ¥ A & A BH 100
ITG TGC TTC TIG GCA GOT RTC TGG CAT T GTT TAT TGS GAT CIA GAR ATT TIT TCT GAT 37E
c F L A A I W H v ¥ W D L E I F g o 115
T GAT TTG CCC ARG ATC TIT ATT CAT TTA TIT CIC GCR GGG GIG GCT IGC 450
o L P E I F I H L F L A & ¥V A < 150
RCh G0 TIG TAT GFT CCT ATA T % TCT GAT OCT TAT GGA CTA ACG  5I5
I & L ¥ G ® I W s B ® X G L I 175
05 TGE G6T COIC GAR G5T T CAT CCT T CIT COC GGA GGA ATA GCC ICT E00
R w -3 v E G 3 D = F v ¥ ir3 -3 k3 A s 200
CT ATA TIG GCC GET CTA T CAT CIT AGT GTC COGC CCOF CCC CAR OFT CTA €75
€ I L A G L r B L % V¥ R P ® @ R L 25
AIT GAR ACC GTC CTT TCC AST AGT ATC GCT GCT GIC TIT TIT GCA GOT ITT 750
I E I ¥ L -3 B 8 I A & Y EF. F Kk k. F 280
T TCA @Ch ARCT ACC CCG ATC GhA TTA TIT G@F OCT ACT CGT TAT CAR TGG BIE
G B A T T L I E L F & ¥ T R X @ W 278
KTh TAT CGh RGh GTT AST GCT GGG CTA GCT GAR RAT CAR AGT TTA TCA GAR 500
I T R R ¥ 3§ A & L A E E O § L g E 09
TIh GCT TIT TAC AIC GGT ART ART COG GCA RAR GGG GER TTA TIC 375
L & 7 kS I H F A K & B 9 F 35
GAT GGA AT SR TS e CCT ATC TIT AGR CAT RAA GAR 1050
1] G I G [ P I F R D K E 380
AIG CCT A T Ghh GIT TIG GTA GRT GGC GAC GGA 112%
H P T F E v L ¥ D = b & a7s
CGA AGE GCh GAR TCG ARG CAR GTA GGI GTA ACT GTT GAG 1200
R R & E -3 K ] vy & ¥ T ¥ Ik 400
FIT AGT TAT RGT GAT CCT RAR TAT @CT AGA CFT GCT CAR 1175
v § ¥ 3 o P E T A R R A Q 415
TFT GCT ACT TTG AARR TCC GRT CGT AT RGT CCG AGG GOGT TGG 1350
R A& 7 L LI k R H 3 ® R
ST TG CIC TIC I7T7 777 = CAT ST 0T AGR N
Rk L L F F F = B 4 L+ A R F §
CCh GAT T:C GAT GCT Chh GTA Gha TIT GGA GCA TIC CAR I
¥ D o A Q v E F & & E 0

1% 13. Nucleotide and predicted amino acid sequences of Panax ginseng p—psbB.
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CG MWG

p-psbB

% 14. RT—PCR analysis of differential expression of p—psbB genes.

100

B cs
B we

-
(=]

Gene expression
(Fold change)

01

2% 15. Quantitative real—time RT—PCR analysis of p—psbB transcripts.

'

a3 16. Organization of photosystem II and p—psbB (Cp47) protein in the thylakoid

membrane.
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(2}) chloroplast p—rpoCI
— QA Aol fA A AlolE ARt A ste AR £3HE fHA dE Y AT
AN At Agt EojHo g 3 WAFHE E TE A) %
3991, RT—PCR £ ZA3 chloroplast rpoCl FAA =

|

=1 a
Ha QAo ME wdo] BEE xR gkt

— wabA] Abakel A chloroplast rpoCl &R RFe] drd ofALe olibyl AL 74 S 4=
AE FAT Keld wAT F 5 e Aer FRAYTHEAA 17-18).

p-rpoC1

28 17. RT-PCR analysis of differential expression of p—rpoCI genes.

rpoC1

RNA polymerasa

1% 18. Schematic diagram of rpoCI subunit in RNA polymerase.

4 Az}
% 1.0% agarose gelS& o|-&3}
S4 AR A=A Ak
19-23).

(m}) ¢1a+9] genomic DNAE F93s}7] €3 PCR—-RAPDe] &
St Al A4 AbkA, T3 T4 AFEEe] DNAE F&3
FAA7E d=XE A Y. 2 23

o

=

o Zeldow wHIIE §
HelA Foldoz wHSE #AA Aee FAT 5 YR

o ol
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7% 19. PCR-RAPDE o] 43 £

ARk B4 -1 ST A, 2. BTN A4
)1\:}_

123 123 128 123 123

238 20. RAPD using primer—3. 1, Chinse ginseng; 2, Panax ginseng; 3, Cultivated—wild
ginseng.

% 21. the difference of RAPD using primer—3. 1, Chinse ginseng; 2, Panax ginseng; 3,
Cultivated—wild ginseng. *, 1000—1500 bp DNA fragment: **, 900 bp DNA fragment.
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123

123

123

123123

2 3

1

2 312 3

1

3

2

1

2 3

a9 22. RAPD using primer—9. 1, Chinse ginseng; 2, Panax ginseng; 3, Cultivated—wild

ginseng.

X
X
\ 4

98 23. the difference of RAPD using primer—9. 1, Chinse ginseng; 2, Panax ginseng; 3,

Cultivated—wild ginseng. *, 1000—1500 bp DNA fragment:

#% 600 bp DNA fragment

ol

1))
5

A

B

el

Him

] Adelel gE Y

1))

B

o
o

il
)

~u

Hn

|

o2 AR

=
=

Ade] FH
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1}. Ginsenoside k&4l

(1) #9le] nhe g
— QAT AR el AN Aol i HREAS AT AT 2olo) g} 53] WA
AOIES] FFANE AN FTA ARGl FAE IS U, B 5923 10

WZo] w9 AR BEE UrhiT QQTHaY 24-26).

mg/c

O - N W > 0O OO N ©©

T 24 FFe) AolA Sel FE AAEALel= 9 WA
CG: 14, 5y K—CWG: 533 =4k Abokabat, 10y K—CWG: 1083 =4k Abokabad
10y C-CWG: 1093 T4k Abeabih, WG 20-30d gh=atk Apdak Abad

Rg3: ginsenoside—Rg3, Rh2: ginsenoside—Rh2, Rgl: ginsenoside—Rgl, Rb1l: ginsenoside—Rb1l

2.5

2

o 1.5
IS}

= 1

0.5

0

a3 25, £Z9 AoA Z7)d TFeE AA=Alo|l= T v

el 1
CG: 14}, 5y K—CWG: 52 =4k Abkabit, 10y K—CWG: 1093 =4k Abokabad



10y C-=CWG: 102 F=4F 2bFabah, WG 20-30'd gh=pat Apdat Abat

ma/g
N
O Or—= 01 NOT WO~ Orom

5y K- 10y

a9 26, 59 4ol Heje i AMAlel= F WA
=
[¢]

CG: 14t S5y K=CWG: 5 a2 =4t Abefabak, 10y K=CWG: 10d2 =4k Abekakat
10y C=CWG: 10d2 =2 AgFakat, WG 20-30d g4t AbdAk A4t

(2) A4t AT TR, 2T FIA Abopate] HEEA A

(7}) 4=Z9] AEo )3 HPLC analysis of ginsenoside—Rg3 and ginsenoside—Rh2

T3l th. Ginsenoside—Rg3E RE A|BoA] el gon E3) AL A4t
ANA FFol AR BES & F A Y FHEFH AAE HEE
UE ABEHEE AFEo] o€ FHEEHUH.

— Ginsenoside—Rh2 GA| BE Al oA Qo] At} At FHaFe] vlud A=
Adqtel 7 Bk, sliAte]l I o, SEAkA 7Y e g JERRL
th. o= ginsenoside—Rh27} Adqtst =fj4h, aejal =48] A4S FESHET
=

8% AZEdel B 5 A& AASE Holth

(W) $=Z9] ASo )3k HPLC analysis of ginsenoside—Rb1 and ginsenoside—Rgl
— 24 A}E Y FAEI ginsenoside—Rb1 and ginsenoside—Rgle] sj8 A& 4
Fsl7] Qdsted A7|sh 27ACE peakE FIE¥Y. I ZAIY EE A FlA
ginsenoside—Rb1 and ginsenoside—RglS &35t YR, e B Fxjo|7F HIEH

3] JEhA] S o AT
— we}A ginsenoside—Rbl and ginsenoside—Rgl-& AFAAkz} 4k, 8] S22t

HEsh71% TIEEEE YA Fee & AT

o
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ARpabgol Ao, LA B, W, B Fol F w4 4908 AgAE AL A
£ W U b Dohns] Slste] £3e] FA PES olgsle] EFS W A% N
e AR AT AS) AR GBS 0] 98-S WRTH EI AT el AH
o el Histel WEF PuS B0l YL & 4 9ol AAN Al Wstel SHHelt 3

SolA U AAEL BT g BPWHE P BEE AUA7b e TRl A

ZpALE Abak(olst A F Abekat, T A4te] atst 5 & vl - HUkstaat &
gakel =S =43 4= 9= Total antioxidant capacity(TAC), Oxygen radical absorbance
capacity(ORAC)¢}  aaksl =Ad U85 = Total  phenolic content,
1,1-Diphenyl—2—picrylhydrazyl(DPPH) A A &4, X Ax4kst 28] 22 Reactive oxygen
species (ROS) & =x3 A7} o]/\Lo /\]./\Lo]b]. /\].ot/\Lo} ]o].oq x%u}x_—] o= I/Lo
itsts& YERAIT

webs] 8 1039 AFEaS ARtel Blste] dqtshsol At AV 3 e g Bt
A qtgrld o2 Qg AW oAWE o3 AT s Abqto]l A4 4
o Al AR EMo] gle AR AGEHTH(ZE 27).

60 5 25 184
- mmm Wild Ginseng 'g P m |Vild Ginseng
i === Cuitivated Wili Ginseng b o T 14 { |23 Cultivated Wik Ginseng
8 T 507 |mmm Ginseng 8 % mm Ginseng
Q0
O ® 8 %
(@] % S o
== £ U
5e ¥
=% 8 £ <
el w2
=4 £
=0 g
£ e c 2
o~ £ E
= g E

0.75 15 3.75
Amount (mg) Amount (ug)

70 100
m Vild Ginseng
60 | | =3 Cuttivated Witd Ginseng 0
mmm Ginseng 80

70
60
50
40
30
20
10

w Vild Ginseng
3 Cultivated Wild Ginseng
mm Ginseng

DPPH Radical
Scavenging Activity (%)

Total Phenolic Content
(nmol Gallic Acid Equivalent)

0375 0.938 1.875 33 6.7 16.7
Amount (mg) Concentration (mg/ml)
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600

- Vo Ginseng a min
= Cultivafed Wild Ginseng
mmm Ginseng

m Wild Ginseng
1.8 1 | == Cultivated Wild Ginseng
mmm Ginseng

aaa

Fluorescence Intensity

TBARS (nmol)

0 1.25 6.25 125 31.25

Amount (mg) 0 25 5 125 25
Concentration (mg/ml)

2R 27, Ak, Abgah B AAAd ababe) gabs -l

— A71%F AbAE Qe AkE S E uE WRle R Hla - Fristazt
Al

superoxide &} hydroxyl radical 24 AL =A3 Az} A4 9 Aokaz=5
9] =57} =7} wal superoxide radical AAZAHE FE oEFHoz =7}
3t oL & 4 gt} o83 A= hydroxyl radical 2 AZAAAME =Y

SHA UER AAtell vlste] AbEAel dHibeE Zgo] @S A £ Tk
(28 28).

100 1

= Ginseng
=== Cultivated Wild Ginseng

= Ginseng
=== Cultivated Wild Ginseng

* *

Superoixde radical scavenging (%)
Hydroxyl radical scavenging (%)

0.01 0.10 0.25 0.50 0.01 0.10 1.00 2.50 5.00

Concentration (mg/ml) Concentration (mg/ml)

Y 28 AAF Abekate) ks B wlw 2

(1) AXINZ f-HA9] L@ oA
- R YgES FEE AT KA A

N ABstRTh o A abgkabate
epithelial-mesenchymal transition (EMT) #3¢] =83 =& AR}l AXINZ 8-A
ol e AfAFS U A WFYHMEFYA LOVO AE 2 Az A%
¢l SNU601 M Eef Agabats A3t 3¢ %71 F71sel waeba] AXINZ f-4
o Wrdo] FojmE TSI ‘ﬂ%‘ﬂ

[e)
rkakel Al Aol oA fHAAR
dH A maspinTt nm23 FAAY] LH= FTFL vRA EFIY. g A

RS

[+

2
He

>

fr o ‘lo



Gene expression of AXIN2

okbF o] HlWAF A Abkababe AXIN2 42 oA &) Holwgon Adskatat
L ouse 598 AT weld dedoz Mepmiel @ Holame suow
A AXINZ fAzLe] AAEzE F3F EMT g9 227|He] F483F 985 & 5
ANE Aoz AHAFHATR (2 29).
\ Cancer cell
T 0 1 10 50 100 0 1 10 50 100
ﬂ _ﬁﬂ
T _ =Mm-z
_Snail t
LOVO SNU 601
[E mm g 1 o |
- 2 _
£ 5 5T
5 LOVO 55 w
B W 25 SNU 601
i 85
ey e
u H ﬂ [ ] =
1 100 Y 1 10 50 100 (pg/mi)
6 MWG  MCWG - 1dCG3u 1':WG3d ricwgd
= 1d 3d 1d 3d 1d 3d
Axin-2
Nm23
B-actin
109uatm! 100ug/mi
Mepael GEs FHAT: ge Hold] Belshs AXINZ AR BHL AL
Mol BE EHoz ot AL % + AT
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el
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o 5 Ay (3" 30).

4000

2000 4
1000
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T3

a3 30.
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7t @A FAHANA Z A 59 ginsenosides T W3t A3}

- 4 F AR T AHE 5T d AF5E £ 27 ginsenosided] FFol WMt UEREE
4 4 AdAqrk(Fig. 3—11).

— 432 AoAE T43} FAH o2 ginsenoside Rby, Rbs, Re, Rd, Re, Rf, Rg; Z&] 3 Rh;9]
S7tet AL, 53] Resk Rf= A9l 2v) A5stlen Rge 2 HstE UehiA ettt

— 6l A= S43F IS 2 ginsenoside Rby, Rby, Re, 28|32 Rg; o] &F F718l¥
Re, Rd, Rf, Rgs 28|31 Rhi& & WS epf =] Fdoh.

— kRS T3l #go = ginsenoside Re, Rf, Rgi, Rgs I3 Rhio] F718¥x
ginsenoside Rbi, Rby, ReE 7HA sttt 28]1 ginsenoside RdE 2 W32 Vehf ] &9
oHz" 31).

1}, g a9 A ginsenosides?] FFH3l A}
— Ax3 A7 ANEES 2uA BE2E e T fAESE EFHE (F) cellbiotec(F=)9]

ATP &340 BFE D (Lactobacillus rhamnosus, Lactobacillus plantarum, Bifidobacterium

lactis)& Zyzte] AF mA| R 1%% HZE51o 37C9 clean bancho|A HZ 747t vjeks}t

Az, vk 1, 2, 4, TEA ) Zzte] MEZL AFH I & HPLCE o]83te] 10F 2] ginsenoside
Stk 248 A3 A9 ooy e AES A

1504 6

S B

Minutes

mal

Minutes

(3)
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90
a0
70
G0
a0
40
30
20
10

malJ

! o o ) 40 50 50 70 a0 50 !

Minutes

(4)

an
a0
70
B0
a0
40
a0
20
10

mAL

! "o 20 N I "0 50 70 a0 lan :

Minutes
a2 31. (1) HPLC chromatogram of standard ginsenosides.; 1: ginsenoside Rgi, 2:

ginsenoside Re, 3: ginsenoside Rf, 4: ginsenoside Rhi, 5: ginsenoside Rbi, 6: ginsenoside Rc, 7:

ginsenoside Rbs, 8: ginsenoside Rd, 9: ginsenoside Rgs, 10: ginsenoside Rho.

HPLC chromatogram of cultivated ginseng 4 years(2), cultivated ginseng 6 years (3) and

cultivated wild ginseng (4) of fermented 7 days by lactic acid and bacteria.

(1). Ginsenoside Rb;¢] &k W3}

— BN A FF9 AR/ st ginsenoside Rbio] FF #4
= U4k 6.86 mg/goll A HE 1LA 5.64 mg/ge 2 EFTHIt 24U A
7Vl ar, 490+ 5.78 mg/g, TR = 5.44 mg/gS VeI &
LERN AT

- 692 A4 5.15 mg/gol A A 1UF| 5.04 mg/ge =, 2UE 4.27 mg/g, 4Ll
3.27 mg/g, 2e)x 7TAANE 2.69 mg/gL VERNO] A&LH o7 ZAA4ste B Ve
W ATt

— AboFAre 2.85 mg/gollA]l WA 19A 1.69 mg/go 2, 2¢Ml= 2.31 mg/g, 4QdE
mg/g, 23 7LdA = 0.35 mg/gs UERHU=ST A&H 2 Hastes A vE
ot g 7ol A% TAE JER AT (2 E. 32).

(2) Ginsenoside Rb¢] o=k W3}

— BFHRAHNA F£F ] AFol thate] ginsenoside Rby2] T AL A3 Ay} 43

>
>
rok
i
=)
o~
L

g rr g
g
7
0o
lo
u
o oM

= OIS 4.86 mg/gol A E 19R 4.17 mg/ge 2 Sty 2d4A= 4.71 mg/gl 7 A
Z Zylslga, 49olE 4.34 mg/g, 79T 4.27 mg/gs UERf o] AE FasE
BEFE Ve T M3t 2] 49T

O
Z AAL 293 mg/gol A TE 1A 2.96 mg/ge 2, 24 E 2.93 mg/g, 4L =
2.89 mg/g, 28] 7TLA = 2.31 mg/gS VERNO] W37 Aol vERA] ¢kupr) @
& 7EA AATES G F AU

o
L
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— 2pekAbo 227 mg/gol A wrE 19A 1.40 mg/ge @, 2dAlE= 1.79 mg/g, 4Uo= 1.69
mg/g, 22]3 74 = 0.40 mg/gS UERATT, AEHH oz Faste HEFS YE
ok g 7ol 43 dAaE JERITH (™. 32).

(3) Ginsenoside Rc¢] &k w3}

— BFFHAAA FF AFo) hle] ginsenoside Reo] ek BAS Ax3 A7} 43
Z oAb 4.42 mg/gol A BE 198 3.82 mg/ge.2 Zt}r} 2U A= 4.30 mg/go 2
Z Z715l9ga, 49o)= 4.00 mg/g, 74 A= 3. 72 mg/ge vER O] drE 7Aoo
TS 4oF FGostes A eV O ks 34 gt

QlAFe 2.61 mg/gellA WA 1Y 2.87 mg/ge @ AT Zrtsignil, 2dAE

b

9 mg/g, 4Ll = 2.00 mg/g, 28] TLA = 1.63 mg/g& YERN O] wrEr}t R =

TE 73 gadEe o 7 UAAH

— AboFako 178 mg/goll A WE 1d9R 1.14 mg/ge g, 2¥UAE 1.54 mg/g, 4= 1.35
mg/g, 213 7R E 0.22 mg/g& YERNAEH, BE TdAd §4% FAE vHE
Waloh (2. 32).

(4) Ginsenoside Rd¢] = w3}

— BN $F9 M5 iste] ginsenoside Rde] 3HaF 2L AAS
= Qe 1.79 mg/goll A E 194 1.69 mg/go 2, 2¥A = 1.77 mg/g, 4
mg/g, 7L Aol = 1.55 mg/gS VeI o] I Wal= 32X 2t}

— 6 QLS 0.96 mg/golA] wE 194 1.11 mg/ge 2, 2¢4AE= 1.01 mg/g, 4=
1.06 mg/g, 23 7L A= 0.77 mg/gS VERH O BEAGAA A Ws}stA] et
7 EE TdAl FAaTE & T AT

— ARoFaAke 0.73 mg/goll A wHE 1A 0.71 mg/ge g, 2UA= 0.90 mg/g, 49
mg/g, 23 74l 0.36 mg/gS YERNA=T, 27l E FUtste AEFE vER
oot g 7dAol A% FAE et (2", 32).

(5) Ginsenoside Re¢] g ¥ 3}

— BFHHANA FF] AFol thate] ginsenoside Red] 3 BEA-& AAE A} 43

—

4
1.6

2
o

o
L

¢

e
©

fr

= QAL 2.06 mg/go A BE 194 1.38 mg/ge @ 2}y 2dA= 1.67 mg/go g &
Z Z7lst9 3, 499= 1.14 ng/g, 79 = 0.88 mg/gS LlERf o] waTAo] A
A5 A3 dasts AEFE UER A
— 6@ A4 HA] 1.19 mg/gollA HFE 1€ 0.93 mg/ge &, 2013111—‘5 0.67 mg/g, 4L
= 0.53 mg/g, 282 7AA = 0.42 mg/gS VJENJo] BET Aol APESFE Fko)
HaTE G T AT
A

— 2loFAS 0.66 mg/golA WE 194 0.27 mg/gez, 2= 0.48 mg/g, 4L = 0.41
mg/g, 1 il TR A= 0.59 mg/gS el o] 2Uldle Fiste AEFE JERTHL
Azt Frtste AAHozes 1 Wby X FgrH(d. 32).
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(6) Ginsenoside Rf¢] =k w3}
— B FgANA $£ZF9 AFo| tsle] ginsenoside Rfe] T BAL 2A3 Azt 43
Z QAL 0.48 mg/golA E 194 0.87 mg/ge g Euirl 24A = 0.79 mg/go 2 A

= A5k, 493 7Rl = 0.72 mg/g& YERN o] &F FTlst T
— 6 d2 QIS 0.64 mg/gollA] WA 1YR 0.64 mg/g, 29AE 0.61 mg/g, 49dE 0.
mg/g, 2L 7TEA = 0.47 mg/gs vERO] WITE A vEhA] @G5S &

1
N}

N

— Abokabe (.37 mg/goll Al vrE 19 0.37 mg/g, 2UA = 0.45 mg/g, 4Ld)= 0.34 mg/g,
a3 79l = 0.48 mg/gE UER Ol HAl 2 W37 22 k(2" 32),

(7) Ginsenoside Rg19] 3 E4

Z9] 5ol thate] ginsenoside Rg19] §HeF B AL A3 Ay} 432 1
mg/gﬂl*i 2HE 194 1.20 mg/ge 2 E0irt 29AE 1.37 mg/ge 2 AF FUHEYa,
49ol= 0.93 mg/g, 7dA = 0.73 mg/gE UERo HWHo R FAiste FAFS
ER ATt

— 6@ QAL 1.29 mg/golA L& 1YA 0.86 mg/go ®, 2URE 0.64 mg/g, 4Yd=
0.47 mg/g, 8|3 7R E 0.41 mg/gS Ve o] BE Ao o X&He=z 3t
2FE L T AT

— ARoFake 0.38 mg/goll A BE 19R 0.17 mg/ge 2, 2¥A = 0.26 mg/g, 4o 0.25
mg/g, 2T 7LANE 0.00 ng/g YRR EH, TE 7L FAF B e
o] E3f ZAgel s &As] EES & F AU (T H. 32).

(8) Ginsenoside Rgs;9] 3 E4

Z9o] AFo) st ginsenoside Rgz¢] $HeF £48 AAlsl Axp 4 d2 A4 0.17
mg/goﬂi\i g 195 0.13 mg/ge 7 7} 2dAl= 0.15 mg/g, 4Yel= 0.18 mg/g, 1
23 7ol E 0.19 me/g2 VhEhf o] 1 WghE 24 gkt

— 6@ AL 0.16 mg/gol A HE 1LA 0.12 mg/geZ, 2dAE 0.09 mg/g, 4L =
0.11 mg/g, 18] 7dA = 0.16 mg/gS Ve O THaet 71 IS VeI
]/]- ?}]—E]:o] .‘E__ = Oﬂ?]:.g_ u];‘(];(] o}o):q_'

— kNS 0.12 mg/gol A @& 1dA 0.16 mg/ggi 297 = 0.18 mg/g, 4ol = 0.16
mg/g, 22 7AA = 0.31 mg/ge JERJO], vrF 7UR| S FH3 T ==
Yehi Aoz ", 32).

(9) Ginsenoside Rh19] g3 E4

Z9o] AFo tate] ginsenoside Rhi €] g3 48 AAlsk A3} 41dZ QA4 0.18
mg/g"ﬂ*i HE 1YA 0.12 mg/ge g Fh7F 28AE 0.14 mg/g, 4QelE 0.15 mg/g, 2
2ol 74 el = 0.16 mg/gs VROl 2 WIS VR A 9kt

— 69T A4S 0.11 mg/golA & 144 0.10 mg/ge =, 2¥AE= 0.12 mg/g, 4¥oll=

ol
[-'O

o
ke
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0.09 mg/g, 22jxL 7LdANE 0.12 mg/gS vehleo] Hst7h A vehA eS¢

— 2FFAL 0.11 mg/gol A vrE 195 0.11 mg/g, 2YA1= 0.14 mg/g, 44o)= 0.15 mg/g,
aga 74l 0.15 mg/gs YERN o] 93t Frkste S Eiov Wste =4
gretoh(1d. 32).

(10) Ginsenoside Rhy2] 3 B4
— 7% 4Rl thste] ginsenoside Rhyo] & E4& HAAIF A7 2E Ll
A=A g, @xg HHolt daAA i E YA 4G5S & F AN

o},

Ginsenoside Rb1 3 .
Ginsenoside Rb2
8
7 ]
] = ~ = 5
5 L 4 —— - Ginseng 4y 4
malg 4 e P —_ o Ginseng dy
— inseng 6y mafg
z il = s = Ginseng 6y
2
B = CWG
1 S
0
Freshing  Red  Ferment 0
ginseng  ginseng  1day SO ddwrs o Tdars Fresting  Red  Ferment . o
ginseng  ginseng Tday
Fig. 2 Changes of ginsenoside Rb:i contents on various
ginsengs in the process of heating and fermentation. Fig. 3 Changes of ginsenoside Rbz contents on various

ginsengs in the process of heating and fermentation.

Ginsenoside Rec Ginsenoside Rd
5 25
1 ra - - = =
y i > . 3
31— s Ginseng dy . ' ! Ginsen
g & g dy
e ._.,__/-\\ iy malg 13
2 — inseng éy i == Ginseng 4y
————
. WG 06 WG
Frash Red  Ferment i
reshing  Re ermen Frashing  Red  Ferment
ginsang ginseng  1day  Co®  ddeys Tdays g s adms Tdws

Fig. 4 Changes of ginsenoside Rc contents on various

. . . . Fig. 5 Changes of ginsenoside Rd contents on various
ginsengs in the process of heating and fermentation. g g g

ginsengs in the process of heating and fermentation.

Ginsenoside Re . .
Ginsenoside Rf
25
10
20 y
. 08
;i 18 v L S - Ginseng dy / — -
malg 06
10 \ — eGinseng éy v : \ +- Ginsang 4y
owe o — == == Ginseng 6y
BT ~— — owe
02
Fresting  Red  Ferment . o 00
ginseng  ginseng  1day Frashing  Red  Ferment
2days  4days  Tdays
ginseng  ginseng  1day
Fig. 6 Changes of ginsenoside Re contents on various Fig. 7 Changes of ginsenoside Rf contents on various
ginsengs in the process of heating and fermentation. ginsengs in the process of heating and fermentation.
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Ginsenoside Rg1 Ginsenoside Rg3

Ginseng 4y I Ginseng 4y
malg 13 1 R malg 0.20

[ S o= Ginseng éy 015 — = Ginseng éy
06 — owe 010 —— owg
g 005 + =
L W ek Red F
Eresh Red F t reshing g erment : . y
Fig. 8 Changes of ginsenoside Rgi contents on various Fig. 9 Changes of ginsenoside Rgs contents on various
ginsengs in the process of heating and fermentation. ginsengs in the process of heating and fermentation.
Ginsenoside Rh1
035
019
- Ginseng dy
ma/g B =
W.MW‘-“”"*»-..W{M—“’S ws Ginseng by
006 | owe
000
Freshing  Red  Ferment . oo
ginseng ginseng  Tday
Fig. 10 Changes of ginsenoside Rhi contents on various
ginsengs in the process of heating and fermentation.
g ul y o] Ao H

a8 32, 48 %2 g=x zA £ ginsenosided = W3} 24

EtOH ext. @ EtOH ext.¢] v E E3] 2 I=fE A
& B} gt s3] 2 2aE F g 2 GHE
971 48tk B ginsenoside RgzeF R
| 1% FHo 2 A4S ARE 3t e 2 ATFE AT
214k 4d2 EtOH ext. & EtOH ext.o] n| A&

!
o,

N,
o
4

(7}) <l =3
D 94 492 EtOH ext. A%
4 4d2 - EtOHZ &7/ & — o7 glo] 55 — 4t 4d2 EtOH ext.
@ <14k 4 tOH ext.ol] g n|AAE E3f: A4 492 EtOH ext(70%) + #i=|

191 o1aF 4\d 2 EtOH ext.o} a|AE BE[A2(1), Lacto(2)]°ﬂ sl 71E

o] AFEW Az o8] ALEW A Z(n—BuOH ext.) HPLC &4

() AAZG Aol AFEE 432 A4 EtOH ext. 2% 2 wjok Aite] A5 2 &
=

- 1,2, 3)

>1'ﬂ

e
N
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Sample A= (g) | MeOH ext(g) |FX3% n-BuOH ext.(g)
4d A4k EtOH
3.00 1.27 0.185
ext.
W% QE-1C-D ||, 973'}4(807) 1.98 0132
341
g AA-2(C-2) 1.89 0.181
I (4.87 X 0.7)
() +€(%)
Sample AlE2 % (g) |MeOH ext.(%) | ¥E3n-BuOH ext.(%)
Ad< 14 EtOH
3.00 42.3 6.2
ext.
g AA-1(C-1) 3.48 56.9 3.8
g AA-2(C-2) 341 554 5.3

() 432 Q4 B 2 wjok 14 glejx] 10% ginsenoside®] 3= (mg/g)

Sample Rbi | Rb2 | Re | Rd | Re | Rf | Rg1 | Rgs | Rhi | Rhe
AA T Q14 EtOH
¢ o 2651299 312 | 141 | 214 |08 | 1.74 | 0.01 | 007 | -
cXl. - =

B IAH-1(C-1) | 097 098 | 0.20 | 1.24 | 0.84 | 067 | 060 | 252 | 029 | -
vjF 14H-2(C-2) | 1.08 | 1.20 | 093 | 0.79 | 1.02 | 0.78 | 0.67 | 350 | 032 | -

— C—1:(S)—Rg3 — 0.657 + (R)—Rg3 — 1.858 = 2.515 mg/g
— G—Rh2= A A <tg, G—Rg3= 250 =7}, G—Rhl= 48] ZF7}1(Rbl, Rb2, RC &3}

)

— C-21:(S)—Rg3 — 1.065 + (R)—Rg3 — 2.436 = 3.501 mg/g
— G—Rh2&= A4 <, G—Rg3+= 3508] =7}, G—Rhl= 4.68) =7F(Rb1, Rb2, Re, RAdE3))

0|9l GALF FFE o] 83lo] AL urE 3t AT} ginsenoside Rgse 250—300
9] 3h}Ql ginsenoside Rhao7} A A3

-3
97 43 F o A7k AAsolor @

hy

o

P
ar &
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1604 6

L

100

Minutes

a3y 33. 10F ZEFF<¢ HPLC chromatogram
1: ginsenoside Rgi, 2: ginsenoside Re, 3: ginsenoside Rf, 4: ginsenoside Rh;, 5: ginsenoside
Rby, 6: ginsenoside Rc, 7: ginsenoside Rbs, 8: ginsenoside Rd, 9: ginsenoside Rgs, 10:

ginsenoside Rhy

ALl

Minutes

125
100

Minutes

A4 4d 2 EtOH ext.3H(FE 3 o7 glo] &%) & #jg—-1(C-1)

§
o
W
Ol

(o]

125
100

Minutes

A4 4d 2 EtOH ext.3HFEF 3 o7 glo] %) & afjg—2(C-2)

§
o
W
(@)

(o]
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o4 9 BT o]§F ATd

o

v g14kel AHETE 7HE Aok ZA whEE o &% d4tel Jidk g ginsenoside Mg

(1) AFH7F Q4 E2tdle] 7td =g

— ZHS HUlsle] pHE 5, 4.5, 4, & 358 A3 F 121CoA 1587 7FEAE S A4t &
ALl 1) ginsenosiced?] W32 TLC (Fig 1)+ HPLC (Table 1)2 BA5}e] A5G, BEAE
< #H7FSHA gFa 7Pk AL dA YA &2 AT FAFSH ginsenosides A4S B Y
om TLCoA & AT AHS F7lshAl 962 4 4k pHE 5.87 o|Unt.

— ZAHE H7bste pHIE Bolel mel A Fofl 4ke] Rgl, Re, Rbl, Re, Rb2, & Rd7}
Z+4st9e ™ Rf, Rhl, Rg3(S), Rg3(R), & Compound Ko] Z7}5tt (29 37, 1).

kel

PR a = s

cK

Rh2

Rg3 - . -
.

Rd P

Rb1 | ' ‘

a8 37. ARG 1A B AL e] ginsenosidese] TLC £4]. 1. ¥F ginsenoside; 2. 14};
3. A 237 7VE A 4 4~7. BAS HUEske] pH 5.5, 5.0, 4.5, ¥ 3.5 2 A3l

= 7td A8 sk 24k, PR. Protopanaxadiol; CK. Compound K
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I 1. ARG 4 Al o] ginsenosidese] HPLC £A.

Heated Heated Heated Heated Heated

Ginsenosides Control no acid pH 5.0 pH 4.5 pH 4.0 pH 3.5
Ginsenosides 32 (%)
Rgl 0.062 0.054 0.046 0.032 0 -
Re 0.385 0.350 0.285 0.201 0.141 -
Rf - - - 0.030 0.031 0.058
Rh1 - - - 0.030 0.048 0.098
Rb1 0.221 0.240 0.178 0.104 0.091 0.082
Re 0.172 0.189 0.136 0.082 0.046 -
Rb2 0.091 0.104 0.074 0.046 0.030 -
F1 - - - - - 0.027
Rd 0.070 0.070 0.054 0.036 - -
Rg3(S) - - 0.033 0.078 0.107 0.135
Rg3(R) - - 0.026 0.062 0.088 0.126
CK - - - 0.062 0.071 0.098
PR 0.215 0.259 0.303 0.132 0.305 0.395

CK; Compound K
PR: Protopanaxadiol

— . Not detectable

(2) Q4 ginsenosides EZE9 &4 WS
— 0.06% ginsenosides$} 0.4% &E4E 0.04 M JAFE == 2AFE, 18% ethyl alcohol -8 of] A
1 &8fsted 37CeA ¥hgA17l & TLCE

12 3 4 5 6 7 8 9 10 11 12 13 14
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3 38. Ginsenosides Rbl (1~3), Rb2 (4~6), Rc (8~10) and Rg (11~13)¢] B—galactosidase FC30
of o3k AR 1, 4, 8, 12. 6 A|Z+: 2, 4, 9, 12. 24 A|ZF; 3, 6, 10, 13. 72 A|ZF.

22 39. Ginsenosides Rbl (1~3), Rb2 (4~6), Rc (8~10) and Rg (11~13)¢] B—glycosidased] 2]3t
A3 1, 4, 8, 12. 6 A7+ 2, 4, 9, 12. 24 A|ZF; 3, 6, 10, 13. 72 A|7F.

— [B—Galactosidase FC30< Ginsenoside Rbl, Rb2, 2 RcE Rd, Rg3, compound K =
protopanaxadiol®2 A 33}t Rg3ol= W37 et (2d 38).

— B—Glycosidasex Ginsenoside Rbl, Rb2, & RcE HZ2Z 2 2 ginsenoside F2& A g5ty o™
olo FZtibEo] AAEHUTH Rg3E Rh2z HEstAdnt (27 39).

FZ’

2% 40. Ginsenosides Rb1l (1~3), Rb2 (4~6), Rc (8~10) and Rg (11~13)¢] viscozymeol] <3+ A
g 1, 4, 8, 12. 6 A7+ 2, 4, 9, 12. 24 A|7F; 3, 6, 10, 13. 72 A 7F.

— Viscozyme-& ginsenoside Rbl, Rb2, & RcE HZ2Z© 2 ginsenoside F22 33} o o]d
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THERA Rd Fol AFEAT. Re3oll= W7t glolth (2" 40).

— Pectinase= ginsenoside Rbl ¥ RcE HZZF o 2 compound K2 AP om o]d Z=7+Al
24 Rd 5ol AAHNCH Rb2e 2 FF2] ginsenosides® HAFHITH Rg3e Rh2g}
protopanaxadiol®. 2 AJA]3] AT (28 41).

PR
CK mp - -

CK
= Rh2
s CK. map =

- Rg3

Rd

Rb1

29 41. Ginsenosides Rbl (1~3), Rb2 (4~6), Rc (8~10) and Rg (11~13)¢] pectinaseo] 2]3%+ A

L

g1, 4,8, 12. 6 A7k 2, 4,9, 12. 24 A7} 3, 6, 10, 13. 72 A7t

(3) Ar7Eg A gl 4t B4kl B—glycosidase &4 A&

— Q1A Bl (5g/250ml) ol ZALS 7}5le] pH 4.02 243 & 121 Co A 1587 71935y

A3 & 100mge] B—glycosidase® FH7lsta 45C

0
e
_NI_[/
o
ol
ro,
X
Sis
(2
1%
filo
o
s
=~y
Ol
fru
2N

Al 6, 12, 24, & 48 A7+ vr&A|Z] & butanol F& 2 =123 T methanoldl] &35+
o TLC #43}3ltt.

=

B—Glycosidase®9] ¥hg-A|7ko] Zojgof ule} Rg37F #A4sIH o™ Rh27F F7bsldy (2™
42).

— o]e] Aol A QAqkell AFE Thsted pH 4.0-3.5 =A% F 121 CollA 714

=
B—glycosidase® &A W5l ginsenoside Rh2¢} compound K7} th&F TG <Ak A&

A 5 S 5 UAH
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a3 42, AAHTIEAE Q1Ae] B—glycosidase &4 BFE-o] 93t ginsenosidese] A3+, F%

M

ginsenosides; 2, no enzyme treatment; 3. 37C 6 hr; 4. 37C 12 hr; 5. 37 24 hr; 6. 6. 37C
48 hr; 7. 45C 6 hr; 8. 45C 12 hr; 9. 45C 24 hr; 10. 45C 48 hr; 11. 3 ginsenosides.
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J= Ak Ui Hu

0

AAE

Al
s

to A&l W

b A, BelE 5

d 2] 3l

=

g} o]9]

He Ao B A7 BN ¢ 10 oiF]

o} - A 2o k(¥ 33).
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* 2kl 2

B gA|e] oA Abpke] So] fAA daEr A E ¢ fHXLEe Au) 37 — 2008We] 29k,
2009\d¢] 109H3=2] mcko] 77dE o] HAubEAl g 2o ER A dor] st Q.

£ A FRgA FHRE 5 FHL FHH FFE 27] Y3 mid fRAEe] fHx 245 E
ArStT 9le (a3 35).

AARZVE ST} ol et APQEARAIT ARQPARMZ AhQEAL LS
(5-6yr) 2yr) (2yr) (2ym)
poCl 1 2080 1830 1780
PNRT2 1 01 01 0.09
psbB g 58.9 485 52.3

0 35, AR AALE Bol FAso] 4 3 fakel BHE
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