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SUMMARY

I. Project Title

Development of Shikonin Productivity Enhancing Technique by
Radiation Application

II. Objective and Importance of the Project

To improve the low-dose radiation for stimulation of shikonin
production from the callus culture and cell suspension culture and
transformed hairy root culture of Lithospermum erythrorhizon by ¥

-ray Irradiation.

ITII. Scope and Contents of the Project

The stimulating effects of the low dose ¥-ray irradiation on
callus growth of Lithospermum erythrorhizon.

To investigate the responces and stimulating effects of the low
doses ¥-ray irradiation on shikonin production in cell suspension
culture of Lithospermum erythrorhizon.

To investigate of the activities of p-hydroxybenzoate

geranyltransferase and p-hydroxybenzoate glucosyltransferase in
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cell suspension culture of Lithospermum erythrorhizon after
irradiation of the low doses ¥-radiation.

Selection of cell lines which increase shikonin production by
the low dose ¥-ray irradiation in cell suspension culture.

To induce hairy roots of Lithospermum erythrorhizon by
transformation with Agrobacterium rhizogenes strain 15834 for

shikonin production.

IV. Results of the Project

The cell lines 679, 679-29 and 622-46 of L. erythrorhizon could be
selected on LS agar medium containing BA 2 mg - L' and IAA 02
mg - L' for the production shikonin in cell suspension culture.

The accumulation of shikonin derivatives was increased moderately
in suspension culture of cell line 622-46 of L. erythrorhizon in LS
liquid medium containing BA 2 mg - L' and IAA 02 mg - L in the
dark than other two cell lines. In comparison with the culture of
callus on agar solid medium, cell growth was decreased in suspension
culture.

The accumulation of shikonin derivatives was more increased in
suspension culture of cell line 622-46 by adding 1 uM Cu*" and 100 u
M methyl jasmonate in M-9 medium.

The effects of low doses of ¥ radiation on the production of
shikonin derivatives was Iinvestigated in suspension culture with

callus 1irradiated. The accumulation of shikonin in the liquid

- Xii -



medium was Increased significantly by 2 Gy irradiation to callus
of cell line 622-46 and culture in LS Liquid medium containing BA 2
mg - L' and TAA 0.2 mg - L' in the dark. However the accumulation
of shikonin in cell debris was higher by 16 Gy irradiation.

The activity of p—hydroxybenzoate geranyltransferase was increased
by irradiation of 2 Gy and 16 Gy of ¥ radiation, but the activity of
p-hydroxybenzoate glucosyltransferase was not regulated.

Seedling hypocotyles of L. erythrorhizon were infected with
Agrogacterium rhizogenes strain 15834 harboring a binary vector with
an intron bearing the GUS (f-glucuronidase) gene driven by
cauliflower mosaic virus (CaMV) 35S promotor as well as the HPT
(hygromycin phosphotransferase) gene as the selection marker. Some
hairy roots i1solated were hygromycin resistant and had integrated
GUS gene 1in their L. erythrorhizon genomic DNA. The root tip grown
on M-9 medium showed normal pigment production pattern in border

cells and root hairs.
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Figure 1. Biosynthetic pathways of shikonin from shikimic acid in
higher plants. 4HB, 4-hydroxybenzoic acid;, GBA, 3-geranyl
-4-hydroxybenzoic acid; GHQ, geranylhydroquinone, GHQ-3"-OH,
3"-hydroxygeranylhydroquinone; GPP, geranylpyrophosphate.
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o] A EujoFoll Al A=A tHGaisser and Heide 1996; Mithlenweg et al.
1998). &y} A A AES] F2o] Agsk LSHA|(Linsmair and Skoog
1965)9l A = o] 3t naphthoquinone® A & A 211 €2 ¢+ GHQ %
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quinone?! dihydroechinofran®t t&Fo = wjA| o] A FH = Zo =2 &9l
HAHFukui et al.  1992).  Geranylhydroquinone(GHQ) 2 = €
dihydroechinofran®} shikonin®. 2 3% = 7] %o s = ofx +4
&4 At cytochrome P-450% =LA #Hg3dle Aolghs BRu% 9t}
(Yamamoto et al. 2000)

A2 o] Al Euf ol 1ol A shikonin®] b2 wjgzdol wEbA @
= Zkeol7b 9lo], Fujita (1981)¢] A¥pr arol] st wjx e /g
2t X % shikonin®] kel & i}olﬂ qom w Aol A9}
shikonin®] /3= Blg|He] op S Holal Ut = #jA e F/dolA
A9 FF9 sxol Wk shikonin® AiteFe] & IFS F9
NHs-N+= o= AE9 4713 AxY AFE F318A] 9 shikonin®] &
Aol 1= e] A4 9S8, NOs-N7F shikonin® A =
Aoz Yl AlEuolA e shikoninggdol 9&8s v &
o] A Brb oYzt THdAAME Hol7} 13l ascorbic acide
shikoninolvb =1 FAEA S FAE FRsn, wFwel Ca’vb Fe''t
AA = e AQt(Mizukami 5, 1986).

ob-ze] AlE=HE shikonin® §AL B FFe Bo] wop F=x4
3loll 4= shikonin®] A o] AdA¥ 1, dZFA3Fo A= shikonin®] A
| SdE = A7 vston, o9 U1 AEWe aio JForA
Fxz38lo A= shikonin®@d e F7FHAo| A p-hydroxybenzoic acid”}
p-hydroxybenzoic acid-O-glucoside® # 35 o] shikonin® & ] thA}a}

Aol FuE AW dFxAslAE p-hydroxy-  benzoic  acid’}

[*_1

jus)

ro
rlo
=
A

m-geranyl- p-hydroxybenzoic acid® d%+¥ o] shikonine &4 3st7] uj
o2 Il HHeide 5, 1989).

olo} e AFNES HEI E v phenylalanine® Z4-H shikonin®
2 7l tiARAE S W] &) ddFo] AN AlEWe] EAgd )






A3 dTEFd e

HE
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A1d d7UHE R B

A

1. Shikonin®| W ZFABL ¢F AEF AEHZHQA HAd
1) TAA=

= FAbl A 43 A X (Lithospermum erythrorhizon)¥-21 S A
sk o 70% ethyl alcohol® A%3F thS 25% sodium hypochlorite(Cls
T 10%)&Holl 207t A AFeA T Amo] ¥ & HaTRTE 3
5] Al e m FE fus oo 2AdHe AFste] sANRER
AREetR T = HEHLS NAAZE bmg/L H7FE MS(Murashige and
Skoog, 1962)7]1&u8j=|e] X]4F3ste] 25T, 16A13F FLEdx=13 Fr+e
20,000luxstoll A v Fate] Aol AY A5 FAANERE AFESATH

o

2) Callus® Wi g 9% A R W F=x
AEZFo FAE 91 72 uiAl= LSHAIE ARESAaL, A FE

Ak 7] EuA == LSHi Aok M-9ui A o] F FTR/HE A&

5o = & 5(200009 Hire] ¢ BA 2 mg-L'¢

IAA 02 mg-L'E A7, sucroseA TEE 3%E 39T pHe

Ayt dol 58= stal, 121C= 1687 1dE stk TAACF methyl

jasmonate®} ZS 54 A2 membrane filter(0.45 um)= A 73}
A uf e A 17 13 22 58 E 9 wjdrlel 19 29 22 7Y

H 9] bioreactorE ©]&3slo] oz Ao A w st

« xg X]—}_?f_i%x]i‘:.



Figure 2. Bioreactor(left, 5 L; right, 7 L vessel) for cell

suspension culture of L. erythrorhizon.



3) AxF9 A

CallusZ AEHo=2 BA 2 mg-L'9 TIAA 02 mg-L'ES H7138
LS(Linsmeir and Skoog, 1965) LA wj x| AFell A 2542C <] 9z A 3
FuAes AHAQ AuFes sAM LSAA M Fl M el shikonind

~
=
T

oX,
9
o2
foi
&
>
kel
il
rx

)

=
ofr
0

2

o]¢} o] Fo] MHE AEXF E F LA uA A A shikonin TA
o] 714 <F& 3 Aoz FAE 679, 679-29 L 622-462] A 7FA] HEF
= ZAIEY] BA 2 mg- L' IAA 02 mg - L 1= H7Fsk LS A ul A o

Al 273 Bkt $ shikonin ¥ FS SH A

4) Cu®* € methyl jasmonated &3}

AdEl MEF & F shikonin FAo] 7H dEg Aoe=m dAdd
679, 679-29 2 622-469] Al 7}A AEFZS FA 5ol BA 2 mg- L9}
IAA 0.2 mg-L'E 78 M-9dAE Ao 0.1 ¥ 1 uM9 CuSO:E
7}&te]  reciprocal shaker® 100rpme X&o =z 257F w3t X
shikonin@4 ¢] 58S zAlelgon, 3% o2 jasmonate®] THE 7
E3L7] 98] 100 uM 9] methyl jasmonate®™ F Aol =] ] 821t}

Methyl jasmonate™= Yazaki(1995) 52| ®Hol o3 DMSOe°| &3[A|
20 5 MFFE I8AIZE Aol vjA el HF Fx=7F 100 uMo] Hx=5 H7}
e

5) Shikonin®] & F XA}

717t g o wj gt & o] 2] (Watman No.2)Z o] ¥&}o] uf %] ) 1}
callus= +& 3t th  #lgd2 150 mLe chloroformo = e (47T)
oA 24r7r FES F F 3t chlorformsS 3|53 th  Calluse

Mizukami 5(1977)2] WHol] o] A el chloloforms 713 JEH =
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mortarol| A 2 vl & 30mLe chloloform8 A o2 LA E(47T) e A]
247 FE3 v, oA (Watman No2)=Z o35}
chloroform& 9] 1-2 g9 MgSOE H7lstel g©A7
evaporators ©|£3}lo] 40CoA 5 mLE JAFFF=AZA 5
HoZHE 0.05 mLE AMFAste] oF 30EF AFA=AZ v, AAH S
F5 Mol 25% KOH 1 mLE #7hstar oF 1583+ 743}
71 3 spectrophotometer (UV/Vis)Z 622 nm¥} 520 nmolA] shikonin++
LA FEFE FAstel @9 agd FHA=R SAkste] ZAIsEAT

(Mizukami et al. 1977, 1986).
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2. AAZE WALA  ZAFY 93 2 X9 Cell Suspension
Culture® Shikonin A4 FA A E

)

—

) AR 24

F AEAz=AAAE (PCo, 9= 150 TBe)S ol &3}
2.0, 16.0, 30.0 Gy9] 49 F2o =2 callusol AH AT A
Fricke dosimeter® =743} t} (Niels and Roger, 1970). WA}X
AL F 1olA BoF= vpef 2o

ARG AR 24P AFEE AL FIARHA
[¢]

4

b

rx e %

N o flo =

o o~ R
rlo

>
N

o o

i}

¢

Table 1. Irradiation condition of ¥— radiation used in the

experiment
Treatment Dose (Gy) Dose rate Irrgdiation
No. (Gy/h) time (h)
1 0.0 0.00 0
2 2.0 2.01 1
3 16.0 2.67 6
4 30.0 5.00 6
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2) AAZF WAA ZFAlo] 9% X X9 Bioreactor Culture
Systemell ¢] 3 Shikonin AAtE7F &3

1AA o2 Adtd AAAEF F shikoninBAH o] 7HE 4
FE 622-462] callusE -erf‘ﬂ:?_—ri AAste] 353 Aldin
of 2 Gye vAdS& XA 5 10 go A7]E 500 mle] LSHA| =
of  3FZF AEH|YI 5 A &Ay v AlEFE YT FHE
shikoning F%3}4] 622 mm¥} 520 nmolA S48 A 3, AEHsA vAS
00, 20, 160, 300 Cyel 45F=oz Zojste] zAZ F Z7k 10 g9
callusE HiY71=2 257 widste] 622 nme]  spectrophotometer =

shikonin®] ¥4 &HE =AU

3) AAH WA 2ALel @ AL BYFUEI

(1) Cell free extract®] <=H]

AMuteE A EF 622- 464 callusE FFTAEFE 3577 Alhuf g 3
of 2Gy¢] ¥vAE& ZAE 3 10 g9 =7 500 mle] LSHAA W+ 7} w7
5 Lo wjtrlol o 253 v g ksl

Wik £8 & 20 g9 AEE AHIT T K-Pi &4=90.1 M, pH 6.5),
0.01 M DTT % 5%(w/w) PVPP(polyvinylpolypyrrolidone)E& % 7}3+F 4+
el A = widstA k. v AEZE 10,000 goll A 1023 FA
g3 3 AAES AAsE AAHANS AFH 5] sephadex 25(Phamarcia
PD 10 column; sephadex G-25M, bed vol. 9.1 mlL, column length 5
cm, column diam. 1.6 cm)ol &3A]7]3L, Tris-buffer(0.05 M Tris-HCI,
pH 7.8) & elutiond} i

(2) PHB-glucosyltransferase®] &4& =H3st7] flste] 25 pMe
PHB, 20 uM<®¢] UDP- glucose % 80 uL®e] cell-free extract <35+ 100 u

_13_



LE 23kt
(3) PB-glucosidasee] &A= =AH37] fdiA= 90 uLel cell-free
extract®} 25 uM DHBOGY &3 100 uLE 2HA 33t}
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3. AR FAASS Y3 Agrobacterium rhizogeses®] gene

transformation

1) Vector Construction

-

Introne 7FA 3l 0+ GUS(f-glucuronidase) genes Yazaki &
(1998)2] wWrHo| wa} binary vector pBinl9e] subcloned}$it}. o &
FAA3HE hairy rootE AHsl7] 98] hygromycin phosphotransferase

gene™ sAlol T-DNA < & <tol|l 43135t
2) A X seedling°ll ¢] A.rhizogenes infection

Z 219l F2E 15% sodium hypochloride® 2057F T HAE3 & o
TSFTE 33 2A AHI b5 MSHiA|o] FHA oz stFato] 2
5T kxxez oA A, siuj=o] 2-4dem A= AAsds o A
&, AF sk As= AFESH3

Binary vectorE® ¥ 33t Arhizogenes strain 158345 YEP 114 vj
Aol HFste] 28TCAA sk ¥ wldst % single colonyE |
stod 50 mLe YEP HA|ufAo] HFg 5 28CE orbital shker
(180 rpm)oll A sF4E &<k v skt

o2&t mess®E A ato AHI A X9 shujFol] H#FE A HE
3 MS (Murashige and Skoog, 1962) aLA|8jX]e] %]
gk & 25T FxHao R gttt Arhizogeneset 293 FEu|F
st & "dAyt SRTE AAZ FEH bacteriag: A WA T 3%

sucrose, 0.8% agar @ 250 mg - L' cefotaxime©] 7} MSILA| vl A o]

_15_



ThAl 2] 7gste] 25Coll A wl et At

17hY AHE2] wjdolA] hairy root7} WA —?Oﬂ 25 mg - L*
hygromycing # 7}k MSHj#] o] &7 vjdstaA A dsd MAE A
3kl o, Fujita 5(1998)¢] Y Oﬂ 9]k PCR&E GUS gened 495
elst AT

_16_



A2d d3Z2y 2 nF

‘_.
N

—~

o] Au

T uw =

1. Shikonin® o FA} §-&F A ELF A &2

A2

Callus® A&H o= BA 2 mg-L'9 IAA 02 mg-L'E H71s
LS(Linsmeir and Skoog, 1965) A uj x| Ate| A 25+2C 2] otz 3
FrAo 2 xEFHe AhuldE sH Al shikonind o] 45 Zo=
ASH= AEFE A Uk A3 B A Y AlEFE et 712

lineo & ##3%t}.
T 5 % nAEfA| el A shikonin &3
679, 679-29 % 622-462] A 7FA| A E
< BA 2 mg-L'¢ TAA 02 mg-L 'S
A7rgk LSatAuf x| ol A kv Fed of callus®] 2ol kAdstds ¥ of
Yt callusoll 419 shikonin &1 % H] 22 <35 3515 tH(Fig. 3).

o] & zt MEF 10 g9 callus® BA 2 mg- L'} IAA 02 mg - L'Z
A71e LSYA A A dxHoz 377 v & AEe T2
shikonin §AFS FAH3I A}, Fig. 4olAe ol AT F7he
622-46 linel A 7Fg a8t v 6797F FZsklon 679-29 line
o] 7} AxstAdtt. vt 622-46 lined| 7A-F-olA %= LA ul ] ol A €]
ASHTE AxY AT S7HEEs 4 Az Hollth Shikonin
o] Aol M= th2 F lineol H|&| 622-46 linel A €5 3HA
o 679 lineo] AT F7FolA 679-29 lineol| #la} <4
shikonin®] Aol A= W=E 679-29 lineo] YA Y33tAd A= 1
Ep ko

ol Axt= & wj dnbHom Ao A EujFelA shikonins A4S
Bl AEFY FAGA o]&st= wiA R X3 shikonin
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shikonin 849 +F
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Figure 3. Calli of cell lines selected by subcultures for shikonin
production in cell suspension culture after irradiation of ¥-ray.
A, cell line 679; B, cell line 679-29; and C, 622-46.
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40 .0 4.0
| Growth B shikon
30.0 30 3
~~
- ()]
= E
=
= 20.0 [ 20 <
o p
S =
10.0 10 &
0.0 e - 0.0
679 679-29  622-46
Cell line

Figure 4. Increasing rate of growth and the contents of
shikonin from callus culture of 3 cell line of L.
erythrorhizon for 14 days on the LS medium supplemented
with BA 2 mg - L' and IAA 02 mg- L.
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AdrE 679, 679-29 2 622-469] A 7] AEZFE FAISt] BA 2
mg - L'¢F TAA 02 mg-L'E H718 M-94Au Aol 01 2 1 uMe
CuSOsE #H713te] shikoningHid o] &3S FAlsal, o}27 jasmonate
o] 9= HESH] 93 0, 100 uM2] methyl jasmonate= & Aol =] &
3to] reciprocal shaker® 100 rpm¢] HEo = 2F7F wjokst o Ay
+ Fig. 5o1A & o] M-9ujAell A = 622-46 line®] A|3EF=ol A =
lineoll H]3)| shikonine] Aol A TA FE st

Cu”e] &l lojrle 1.0 uMo AHeolA 42%9 T7tans A&
7} A%+=4d], o]+ Fig. 6°14 p-hydroxybenzoic acid’} g A
o7k A Aol A p-hydroxybenzoic glucoside® d@o] 71+ &
m-geranyl-p-hydroxybenzoic® do]7b= 34 (Fig. 6, @) Cu®'7t =
Aate 297 e Aoz &A1 Adrh(Heide et al. 1989, Fujita et
al. 1981). ZLefvk Cu”'¢] @vtell YefAE 0.1 uMF 2& AFLo]A=
237 A9 gle Aoew FotE

Shikonin®] A3+ ol 41 2] methyl jasmonate?] 3o JqJ A% 100 w
M s== Agstde 45 FAE vls) of 2ujdl 7k F7HE B
Aom 53] 0.1 uMe] Cu”'¢F TA Hestgds weols dxA el o]
3 oFA] 28] ZM7hE S7HES Holal QlTh ©]& methyl jasmonate:™
Cu”'el #HoAe 7ol p-hydroxybenzoic acid”’} m-geranyl-p-
hydroxybenzoic acid=® ‘doi7}= HFAS FHst= Aoz &ex i
(Gaisser and Heide, 1996), Miihlenweg % (1998)2 methyl jasmonate
100 upME AHgsgre =4 p-hydroxybenzoic acid’}  m-geranyl-p-
hydroxybenzoic acid® Wol7l= FAHS HFE3t= p-hydroxybenzoic
geranyltransferase®] Al o] 20000y =7Fstdtha H a3k}
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679 (] Cont. H
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6.0

0 0.1 1.0
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679-29 [ ] cont. Hw

— N s .
0 0.1 1.0

Cu concn ( uM)

- 622-46 [ ] cont.

ﬂJ[l

Cu concn ( pM)

Figure 5. Shikonin contents in cell suspension culture for 2

weeks with selected

cell line 679, 679-29, and 622-46 of L.

erythrorhizon 1n modified M-9 liquid medium containing O,
0.1, 1.0 uM CuSO4 and 0 (Cont.), 100 uM methyl jasmonate
(JA) disolved in DMSO 18 hours before harvest.
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COOH

GOOH COOH CO~SCoA
NH2 ™ N 00K
ﬂ/ 0—Glu
s o
UDPG
* CH CH
phenylalanine cinnamic acid p-cumaroyl-CoA p-hydroxybenzoic acid
)\A)\/O
gerany|pyrophosphate COOH
|
P
OH

m=gerany|-p-hydroxybenzoic acid

Figure 6. Biosynthetic pathway of the PHB-glucoside and
m-geranylhydroxybenzoic acid. (D, PHB glucosyltransferase;
@, PHB geranyltransferase.
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2. AAZFE WALA ZFAY] 93 XX 9] Bioreactor Culture
System©®l| ¢] & Shikonin B4+Z7} &3¢

12402 Adrd XXM ESF 5 shikoninAd ol 7MY 4%

e 622-469] callus® FEAEFTE A8t 353 Adefdd &
2,16 3 30 Gye vd& =AM ¥ 10 g9 2 5

A Aol o] 3 Lo bioreactoroll A 1493t o= @ ehu] st
Ay vkl x| of v FAZREE v Adrgsial AR A

T7F AATHFig 7,8).

1o v Ad st s Fai Aol A el shikonin® A F  Fig. 9 ollA
st ol 2 Gy ZAHrOlA 21 mg- LR e ZAbyel HlE 4T
A=A e AL, o2 16 Gy 2AM7E =%kem, 30 Gy AT
ANM = T 2Fo]E Holx| Fskt.

g WA ERNE FE3 Fede wiA & Ae vE=A
16 Gy ZAFFolAl 637 mg - L'2  shikoning 34 2 ZHo] &4 3}
A E=dEs BoFJaL vhao] 30 Gy ZAMTE WERS

ool Az & uw, AFoA shikonin ABAte] wW$ FaAlo] =&
AEF 622-46°] ATEHAoH, o] AEFE AEL AF AEFTHL
b A& ¥ = LSuA| ol A %= shikonin®] AJ4ikell Slo] Al x5 2]
shikonin@ & #AIE &35t AEZE vjdst= 29 vigRclA =2
gto] sduj Aol Ao ALufo] e S %

Shikonin A4S HH o2 3t A X dAGgu|ged Ao, AXF v
Aol AL 27 dAdHANeH, 1 A7 AVl AR &=
AX = 2 Gyt 7HE BaHellen, AEF WY el A=
16 Gy Z=Ab7F dAs A whebA Al EW ] shikonin®] ¥& HiAIW =

X

SEAZL F Y UHES AT HAS- 16 Gy vAS ZAE oA A

j )
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29l A derujeko 2 shikonine] Ay AF
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Figure 7. Red pigment of shikonin extracted from LS liquid medium
cultured for 14 days with callus of cell line 622-46 irradiated
with 0 (upper, left), 2 (upper, right), 16 (lower, left) and 30 Gy
(lower, right) of ¥ radiation.

~
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Figure 8. Red pigment of shikonin extracted from callus
cultured for 14 days with callus of cell line 622-46
irradiated with 16 (left) and 30 Gy (right) of ¥ radiation

W
o
1

N
[S,]
T

N
o
T

- . I
0 2 16 30

Dose (Gy)

—
o

Sh ikonin content (mg/L)
o

(6,1}

o

Figure 9. At 622 nm shikonin contents in the suspension
culture medium of cell line 622-46 irradiated with ¥
radiation of 0, 2, 16, 30 Gy and cultured in LS medium
containing BA 2 mg - L' and TAA 02 mg-L" in the dark
for 14 days.

_27_



100
S sof
= [
E
S 60F
5 [
[ =y
o
[&) L
£ 40r
£ [
o
g [
A . l
0 j
0 2 16 30
Dose (Gy)

Figure 10. At 622 nm shikonin contents in the callus of
cell line 622-46 irradiated with ¥ radiation of 0, 2, 16,
30 Gy and cultured in LS medium containing BA 2 mg - L™
and TAA 0.2 mg - L' in the dark for 14 days.
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718 Aol wel AAFoem  Add AAAEST 622-469
callus®] shikonin Aol &EH7F 7FF <3949 2 Gy vAS o
Ro® AR ¥ 2397 10 gof AEE 3 L9 BA 2 mg-L'9
IAA 02 mg-L'2 H7Fsk LS AAmAl] o] 7 L bioreactor®
14947 wjekst A3 Fig. 11elA 9 Zo] 2 Gy vA& XA
Aol FAE T ol Aol gle] FERE Xo]E Heola 3l
ATH.

At 5 wjx] A wjF MEFE FE38HY] shikoning F
2l

=5t 622 mollA SA43 A3 Fig. 120149 o] wix] | &=

shikonin® %<& 1.4mg-L'elg=d vl 2Gye vA<S ZAS & ol
& wiA el Ao %S 210mg-LTOE HAT olE mPow wjY

AEZEZHRE #2573 shikonin® 4% thZT9 16.3mg - L] 1) 2
Gy9 vAS ZANSE & vt A ¥o|A] F#73F shikonin®] ¥ 215

mg - L'o® & £X2 Holx Yt

13ef A o} o] tjztel Ml 2 Gyl vA &A}f& o wl gt w0 A
o] ko] HASA F7}ste] shikonin®] AAHS 993 XX 2] Callus Ml %
AA v 2ARe] &7F QA E A2, B S-0] shikonin®] Aite] &7}
Totthal dE AW AE F2E wiA A LSl A % shikonin®] AJite] 7h
53 Ao oyt

[l
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Figure 11. Shikonin contents of cell line 622-46
irradiated with % radiation 2 Gy(A) and 0 Gy(B) and
cultured in LS medium containing BA 2 mg - L' and IAA 0.2
mg - L' in the dark for 14 days.
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(-

Adbd AEF 622-469 callusE FTAEFTE 357 At £
o 2Gy¢] vAd& AR ¥ 10 g9 =271= 500 mle] LS A== 7} E11
5 Le wjgriel wol 253 wids sta, Wi T8 % 20 g9 AEE
A # 3ol PHB geranyltransferase®t PHB glucosyltransferase?] 4]
ZAFsES

PHB geranyltransferase= shikonin® 33344 mj$- T & ol
= ot ZaRA HjA AU s B dFe weth & A

=

SolA B w 622-469] AEZFS  AS LSulAdA

t

N 8396 Z7HE meol AEF| Aol met o] Ehe BHL ¥
A F7h gk A4S & F ANeM 53 AAF voraye) A @
% 24e 3 2

shikonin®] §/d o] wf
aE I ok ol gk & YA ZA = LSujA o
EAet= vy 159 ammonium®] PHB glucosyltransferasee]
S Z7FA 71" p-hydroxybenzoic acid’} glucoside®] HEJZ =% o]
HHA AE A2 shikonin®] FAAS JA|dtta B3 lth(Heide et
al. 1989, Fujita et al. 1981). 12y & Ao A= Fig. 15014 Ho] F
5ol AXFEFe] v-ray? FAbol wE PHB glucosyltransferase?] &4
Al 2 GydlAl 366 pkatel 16 GyolA 382 pkat®Z A9 431
pkatell H3l] oA st AES Holrlv AW & WHElE B F

7} 1tk o9k p-hydroxybenzoic glucoside®] %2 ZA7F F Q351 t}

ol
32
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Figure 14. PHB geranyltransferase activities in cell
suspension culture of cell line 622-46 of L.
erythrorhizon irradiated with ¥ radiation in LS medium
containing BA 2 mg - L' and IAA 02 mg - L' in the dark
for 14 days.
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Figure 15. PHB glucosyltransferase activities in cell
suspension culture of cell line 622-46 of L.
erythrorhizon irradiated with ¥ radiation in LS medium
containing BA 2 mg - L' and IAA 02 mg - L' in the dark
for 14 days.
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3. AR FAASS Y3 Agrobacterium rhizogeses®] gene

transformation

1) Vector Construction

Introne 7FA 3l 0+ GUS(f-glucuronidase) genes Yazaki &
(1998)2] wWrHo| wa} binary vector pBinl9e] subcloned}$it}. o &
FAA3HE hairy rootE AHsl7] 98] hygromycin phosphotransferase
gene'= Aol T-DNA @ ¢tel Arlste] Fig. 169 22 729 F 7}

A geneS Z'E binary vectorE 2HA &%

2) A A seedling®ll &] A.rhizogenes infection

A A o] FAE MSHj Aol FirA o= slFsto] 25T xR
ofAlZl & Bt o] 2-4em AL A FeEA S W Ad, AHSS A=
binary vector® X33+ Arhizogenes strain 158345 <53t 0.8%
agars 3k MS (Murashige and Skoog, 1962) LAl 8] %] o] 2] A+3h
25Ce FxAo® Arhizogeneset 297 Fxujudd & WA F5F
2 QA A= FH bacterias A H3 WH v 3% sucrose, 0.8% agar 2
250 mg - L' cefotaxime©] #7hg MSILA Ao thA] x44ste] 25T o]
A wjeksle] Fig. 173 Zo] = 28 E hary rootE: 942 71
ALt

19 Am=el wFelA  hairy root7t HAE Fol 25 mg- L’
hygromycing % 7}3F MSHj Aol 27 v H A hygromycinol] thale] W
AS 2 AES L e olHAlES FEASE VAR Adste] A
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SFA AL, M-9uj x|l A wiFstar 9= o] & hairy roote] SLEFo&
Fig. 184 ®¢] F3o] shikonin® F/Adel ok HAo=m Hols A4
A o] =Ao| 3Hely Q)

3 o] & hairy rootE 3 Aste] Fujita & (1998)°] 2]k wlFHof u}
2t PCRZ GUS gene? HYS gQlstth o] A3 Fig. 19914 ¢} 2
o] hygromycin® gt Wi o] A= hairy rootoll A= 750 bpell A GUS
genel ZHEH FHEHE AR Hol= 73 band’t Eelg oz HAA
slyl Ao g 3Helst 71 9t

AR AN
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LB intron RB

- Tag
Q 35S GUS Tocs | | Pnos HPT ﬂ

(14.5 kbh)

Kan'

Figure 16. Binary vector construct carrying GUS as the reporter
gene. The promoter is CaMV 35 S, and the terminator Tnos. HPT is
the selection marker for transgenic plants.

Figure 17. Hairy roots of L. erythrorhizon grown on MS
medium. Left, non-transformed root, right, hairy root
after 40 days of growth.
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Figure 18. Root tip grown on M-9 medium showing normal
pigment production pattern in border cells and root

hairs.
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750 bp >

Figure 19. PCR products amplified from genomic DNA of
hairy roots. PCR in which a pair for detecting the GUS
gene was used. C, the control hygromycin-sensitive hairy
roots; A and B, the GUS clone; M, the DNA ladder used as

the size marker
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s LSpAM A A GRACE 377 WG T Az FAs

shikonin A HEHS =g A3 AT F7F= 53] 622-46 lineol A

7HE sl e aAA A e BsETE AxY AT SHEEE
x4 Az Hollt} Shikonin®] Aol QA= 622-46 lineoll A <
s otAl =%

AdrEl 679, 679-29 2 622-469] Al 7HA] MEFE 8] gt A

shikonin@Zd ol it Cu®'e) &HE FAFSIAL, oF2 8 jasmonate?] &3}
S AES Ay M-9ujA| | A% 622-46 line®] M AEZFo|A] tE lineol
W8l shikonin®] Al @ATA FEsH, Cu”'e Fel gojA=
1.0 uMe] AHFelA 42%e] S7tERE IS F7F dReH, o=
p-hydroxybenzoic acid”} p-hydroxybenzoic glucoside® do]7}A] &L
m-geranyl-p-hydroxybenzoic® ‘do]7t= #AoA Cu®'7F Z3l8t=
#7b Qe Ao Brh gy Cu®'e &¥d eINE 01 uM¥ 22
Asrolde T3 A9 fle Aoz FotH .

Shikonin®] A3+ ol 41 2] methyl jasmonate?] 3o JqJ A% 100 w
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2. AA=ZE HAFA  FAFo] 93 xx9 Cell Suspension
Culture® Shikonin A4 IFX HE

vy

1A o2 Awtd XXM EF T shikoniniAdol 714 Fsdk Ao
2 AdE  622-469 callusE TEAMETE AASIA 37 Adu] s
? 0,2, 16 ¥ 30 Gyel vd& =48 & 10 g9 A7]E 500 mlg
LS| u=]o] Yo 3 Lo bioreactoroll A 14€3F Fx71o 2 &HEn
g A wFa A et ENEZTE wfe AHsta AR MAES
=2 F7F AT
) &ku) < o] 1 ¢] shikonin®] A #HS 2 Gy ZAFFOA 21 mg-L'E
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_
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X
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ET 622-4609] /\-]HLQ/\/\—JJ% of MEFE AL A5 AExFTHo=vL
A& E = LS Al A = shikonin®] Aol o] AEZFAE wjA]
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E
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& A el el F& 210mg - L'oR @AE Aols mPom, WY
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