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Production of y-Linolenic Acid by Cell Suspension
Cultures of Lithospermum erythrorhizon
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To produce 7-linolenic acid (GLA) by cell cultures of Lithospermum erythrorhizon, we optimized medium compositions
including carbon sources, nitrogen sources and growth regulators. MS basal medium supplemented with 1.0 mg/L 24-D
was effective for callus induction from mesophyll tissue. Addition of sucrose at 88 mM concentration induced active
proliferation of suspension cells and increased GLA content. Increased supplement of potassium nitrate as nitrogen source
resulted in proliferous cell growth and increased total fatty acid content. Abscisic acid increased cell growth and fatty acid
content in callus culture, whereas as it had an inhibitory effect in suspension cell culture.
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Gamma-linolenic acid (7-18:3, GLA): 447} 187 o]
6, 9, 129 &tdol] 747t o] FATS 7N Qe AR utat
22AM AdeME 45 e AeAAteln vitamin
Fo] oz oeiA ¢loh GLAE dYY=7sl 9 FA
AAFHe] gle] HES, THA3 ALAN A 2 28
5, 23], 223 vt A ol FE3le FAI2E
9l prostaglandins®] HT-AZ w3z on, eli At
22X #2871 =3 gch(Hinman, 1972; g24E214
7, 1990).

GLAE AF7HA| 2 71A] 4] 5Fe] BXey e Ao
&2 SlAT 53] Onagraceaed] 714 @& 222 933y
X, Boraginaceae, Scrophulariaceae % Saxifraceae o] F8 A}
AAEo]tHWolf et al, 1983). 100e] £2] Fu} A YA B2 2
B GLAZR &% 943 23, XA (Lithospermum
erythrorhizon SIEB, et ZUCC)2] k7| 2o|A] 03 mg/g dry
weight (DW)2] GLA7} H&=¢cHKim et al, 1995). GLA
2] 7| WA A= borage?] A|A)Ex] v F(Whipkey et al,
1983) o] glovt ehRSA E8 wiofe] i BiE ¢l A
tolh. £ A7 GLAY 7|WAAIZZE 87317 $)8tod

A28 AHAE Heujkste] HEo] A AUAL YAk
o PlAe HAH2AE TG

Mz o ody
AT 3 SIEHY

Aele FEdE AAFAY F9E5 AAT F 2%
sodium hypochlorite g9 oA 1587+ AbgFsle MS 7] 2u)
Ao A olAlF| L FEEt HEAF F EYE explant(5
X 5mm)E A28l ch 05 mg/L 24-D7} 718 MSujA| o
A 2 Aea oF 1 gS AA ¥4 9% 07 mg/L 24-D
2 003 mg/L kinetine] H7}¥ MS Haw]=](50 mL/250
mL Erlenmeyer flask)oll AF3leq oF 3000 x 53 120
rpm®] gyratory shakero] A} wjokslejom 109 71 o7 A
ulebshsict

et TR, MAEHHo| A
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At GLAZHFA S A% g4
dale] WA AHEAgAL $4 wadel A
osmolarity 2 & 8}e] sucroseE 7|
10% 559 292, 830, 1460, 2060, ¥ 2920 mM X9
sucrose, glucose, fructoseE #7}3}elch ALY 2 A9
ammonium nitrate$} potassium nitratel MS7|Ewux]9]
=9 206 mM ¥ 183 mME Fuj == AW Frbated A
gt ARAZAANZNE auxin (24-D, [AA)F} cytokinin
(kinetin, BA)& 7247} 10 pM =2 A7} 819ch

TEAYE 3 ubRe e asiglon AR sA g
el N E 10 mLE MSHA iAo FEstgL wiok 10
5ol NEE FEste] YAF A, AWA d GLARA
< T dgHE AAFS A FAEE
graduated 50 mL YAl Ee] el &4 T2 3000 rpmejA] 10
271 4l B2 sl packed cell volume (PCV, mL) 2.8 &3]
sholch

KAt 3 GLAS) B4

=AAZ7NM Az AEEF vl st chloroform:
methanol (2:1, v/v) &80 8 Z=Z3 F BF:;/MeOH=Z
esterification 8t ©}-& carbowax column (HP 20 M, 0.2 mm,
25 m)S <73 Hewlet Packard 5890 series II gas
chromatography 2 A|¥MAF @ GLAE £, A= ki)
FEFEAZE ABe FH3 UA % pentadecanoic
acid (15:0, PDA)E EAM| 8% 05 mgg AHrlspoich A4
Abe] gk PDAe djst 7t peakd] wAu|&E AL
o GC-MSE AMgste] #AFE #ldgeHKim and
Janick, 1991).

YA RE

FaAes J|W AT AA d&FZHo2NE AYa
FEE 10 mg/L 24-D8} 2432 FN 7H3 A8
(Table 1). 20 mg/L 24-D7}A)%= 05 mg/L kinetin®] 353

Table 1. Effect of growth regulators on the callus induction of
Lithospermum erythrorhizon.

o &3} Aot 24D SeA ke Az sk,
GLA AAl0f| O|%j= ErAglel 95t

et o] F5ol whE A ZAAHPCY) S AHEE sucrose
8 mM(3% +2)olM 13 g nE FF @
24N 206 mME 235 Aol FAA Fasisd
. dHAEF F FAWANTFA) g5 A EZAAgas
N 2 sucroseol] A 7} Wokow] fructose 88 mMejl A 1A
£ YL bl a9 FFol B Helr} F
s 9e.

GLA®) e st2dle] £F % Aessel get 2ol
7} AN AEF g3 FAHAE FF-E glucose 146 mM,
fructose 88 mM, 181 sucrose 29 mMoA FH TR E e}
Wt Sucrosex]]ol|A] TFA, GLA®]&o] Mt 2 ¥or
(119%) FAAEFF TFAGHS 713 v Jelge o
Ae wdagde] FRel weh WAl datA o] oS
W & goke AL ulsE, guoed Bado
o}t Chlorella saccharophila®] 73-S-olAMe A|uFAke] B3}
=7} A3 FolX|H AupAbgteke] F7l8leiciE Hav)
912vHTan and Johns, 191) £ dFe|ME 283 d4&
AT 4 gdoh 29T oIF B4 T} FobdS
5 wjr|zte] AF] wet AErt AR WAEE
HE7} W3ty HmA)eEel M Alxelest A7wA
Fdsle Y4 AT 28y uHos 7 Bad
o) 88 mM3} 146 mM5 9] Hejol e Hehi oA £7}

Table 2. Effect of carbon sources on cell growth and production of
fatty acid and 7-linolenic acid in suspension-cultured cells of
Lithospermum erythrorhizon.

Kinetin 2, 4-D (mg/L)?

(mg/L) 1 2 3
0 F+ ++ + +
05 ++ ++ + +

Source Conc Cell growth TFA2 GLAP
(mM) (PCV, mL+SE) (mg/g DW+SE) (% of TFA)

Glucose 292 105+10 157405 29

830 135+09 327408 6.7

146.0 147409 329453 73

2050 125403 319417 53

292.0 87+13 2715112 52

Fructose 22 93+04 25417 40

80 11.8+08 N9+12 6.1

146.0 142406 339+20 55

260 82+14 04+03 39

2920 7505 282+06 32

Sucrose 202 210106 193430 6.6

830 322+17 164420 119

146.0 168406 165+08 92

2050 105405 176x12 72

2920 65103 126+0.7 95

& ++4+: very good, ++: good, +: poor

aTotal fatty acid.
by-Linolenic acid.
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Ammonium nitrate # 2o A = FE Z7lo] WE X
A3, TPAZ, GLAS] 3u]del Ael7} ¢ldeh 28y
potassium nitrate®] -$-o| M= FE7t 71l wel AE
A7} TFA, TFAZ GLAZE)§o] 2718l 56.3 mMeA
FH1AE Jepfigl e, 2 E(PCY, mL)9F GLAFHE
%3 mMESA 7 @bl vhdel ammonium nitrate?]
7ol R A A LI So)skg ok

Potassim nitrateo] A= 7| 2559l 188 mMH oA A X
o A E o] Azl er HIuAPFxel 563 mMA
A AV e AR sl

NOs = A ZdfokA] 7H B39 ALge= Ruxy
9)om (Jessup and Fowler, 1976), NOs 2 3}-5-31%= ulj#|¢j]
NHe & 71224 soybean A EA o] A F71&
Hel 7loz ¥Musle] gJHBayley et al 1972). B A
Ae 7180 BaE 2o 4 2 NOs x4 3xe
AZYA 9 GLAZHo) WA Fo| Sold oz 47
o}

Table 3. Effect of ammonium or potassium nitrate concentrations on

cell growth and production of fatty acid and 7y-linolenic acid in the
suspension-cultured cells of Lithospermum erythrorhizon.
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Table 4. Effect of auxin and cytokinin on cell growth and y-linolenic
acid accumulation in suspension cultured cells of Lithospermum

erythrorhizon.

Hormone Cell growth TFAa GLAb
(10 M) (PCV, mL+SE) (mg/g DW+SE) (% of TFA)
Hormone 17.5+45 196430 97
free
Auxin
2 4-D 135+10 289407 67
TIAA 233+10 194437 96
cytokinin
kinetin 113103 218+15 91
BA 11.3£10 197+10 82

aTotal fatty acid.
by-Linolenic acid.

Table 5. Effect of ABA on fatty acid and 7-linolenic acid
accumulation in the callus cultures of Lithospermum erythrorhizon.

ABA Callus growth TFA= GLAb
conc.  (mg FW/esplant+SE)  (mg/g DW+SE) (% of TFA)
Free 520460 162 103
107 M 67080 202 145
106 M 45070 26 153
105 M 200+15 114 14.2

Nitrogen  gne Cell growth TFAs GLAD
sowrees  (mM) (PCV, mL+SE) (mg/g DW+SE) (% of TFA)
Ammonium 206 100140 250440 6.3
nitrate 412 90431 23.0£33 57
618 105423 12421 63
Potassum 183 97430 197427 58
nitrate 376 126426 274+14 69
5.3 167+21 252421 79

2Total fatty acid.
by_Linolenic acid.

Table 6. Effect of ABA on cell growth and production of fatty acid
and y-linolenic acid in suspension-cultured cells of Lithospermum
erythrorhizon.

aTotal fatty acid.
by_Linolenic acid.

GLA =X0|| 0|Xlc H&=ENe F

ogt

IAAE At 28 AlolA AEAAFe] Fasisler
TFAZeES 24-D2) 737} oF 29 mg/g DWEA Fg]q
Hlate] #A3 @ FAHE Byoh webM 24-DAeA
N EAQ Gl A3 GLAGRH o] dgol=e &7 F
Agpakgeol wol WM £ (mL)F GLARH2 7H ¥
ek 22)31 cytokinin 8] wioke) Afele awdn T
4Aele] AR 2y gl AET e FAo] ug £
dFlMe 4 AA2AA L] AHelsEd 10 M2 1A s}
AAstgel Ao #HA AegEr FF THIA G &

ABA Callus growth TFA2 GLAD
conc. (mg FW/explant+SE)  (mg/g DW+SE) (% of TFA)
Free 16307 178+05 79
107 M 160109 200440 78
106 M 112403 172428 6.3
105 M 112408 154+17 70

aTotal fatty acid.
by.Linolenic acid.

Rog A7

ABAE WA Z 9 et R T frell AM Eeje] Au}
A s Z7M9E AeE XuFy 9 (Kim and
Janick, 1991). & A oA ABAL 10'M ~ 10-MEEZ2
A afEd AW AEAguoFaAe] Hrtete
ANEART Adatstg 2 GLAZS W ZAbsksid
(Table 5 and 6). BB AZA L2 ABA 10™MollA $e)Ho=
271519 T TFARES 10°M 9 106MsSel A @x3) =
Zbstet. eyt depioke] A$olMEe ABATE N EFA
of AsA 9oz ztgsigdon FAWA FFE 10'M
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ABAS =AM frojxoz Frtsllth. GLATRM| &2
ABAd]| 9]}o] o8F& bz gdokow AwjrolA dAehaiF
*ﬂii‘:}l"“" gk go] AEHN-
2 AR °lﬁ}°4 A A I 2 AEA T 03
mg/g DW)(Kim et al, 19%) ¥} 3319 #H$ G9AE
3 % Bl 820 GLAGE ¥4 + Ao WHAE
°1 ZA4EE hachd Akl 5E AL Bl
e AASE DA Dkt AN AR
0131 Aeedst dRANE A ARl 44
A9AAE no Yz 3gHe Adel a7¥eE
TEEE!

5 9

2 X (Lithospermum erythrorhizon SIEB, et ZUCC)2] 4=
qozie fE3 AULE Gkl ofeld AA
31 7-linolenic acid (GLA)E AARE 7|€S #3staa
B2q, A2, AREAA JFE AT

AYA 5= 10 mg/L 24-D 4374 714 A8k
o}, Sucrose 88 M Eo|A] A EA L] 7iA AT F
JHHHTFA) 5 GLAR|Eo] Fol ENAEFT TFAR
P kgl 5 fasket GLAYANES 714 wisieh Aad
222 potassium nitrate’s &7} MEAAA D AuRAg
% U GLAGHE Z/HASH A7 A2)5Ed 563 mM
A A25TS ehish A A7k WA E e
AT 24D APAENS 2V FFE FolE
432 UehRen, kinetind} BAL AZA%e) A3
192 Uehie 107 M ABAE AE2ARE fodo2

NN

7MW TRA 9 GLAREE Z7H17A0 dghg
AES) A4 At 240 Aoz s,
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