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Production of lithospermic acid B and rosmarinic acid in hairy
root cultures of Salvia miltiorrhiza
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Hairy root cultures of  Salvia miltiorrhiza were established by infecting sterile plantlets with Agrobacterium rhizo-
genes ATCC 15834, and the transformation was proved by direct detection of the inserted T-DNA by the polymerase
chain reaction. As determined by HPLC, these hairy root cultures had the ability to produce lithospermic acid B

(LAB), rosmarinic acid (RA) and other related phenolic compounds, the water-soluble active components of the

plant. The effect of five different basal media, MS, MS-NH  , (MS without ammonium nitrate), B5, WPM and 6,7-V on
the root growth and phenolic compound production was studied. It was found that MS-NH 4 and 6,7-V media were
superior to MS, B5 and WPM media in terms of both root growth and phenolic compound production. The time
course of biomass accumulation and phenolic compound formation was also examined in the culture using MS-

NH, medium. During cultivation, the content of RA in the roots was stable being approximately 0.48% of dry weight

while the content of LAB fluctuated between 0.73% and 1.61% of dry weight, and decreased gradually at the station-

ary phase of growth. The highest production of LAB and RA was about 64 mg L ~1and 23 mg L 7, respectively.
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Introduction reported the formation of lithospermic acid B and rosmar-
inic acid in callus tissues and regenerated plantlets.of

Dan-shen, the dried roots ddalvia miltiorrhiza Bunge s . . .

(Lamiaceae), is officially listed in the Chinese Phar?naco-m"tlorrhlza [22]. However, in callus tissues, the content of

poeia and h,as been used for the treatment of disordellghgsﬂerm'c a(fj'dr? dlsappearefd compl_et_ely b.)é tge fourthd
- Subculture, and the content of rosmarinic acid decrease

caused by poor blood supply such as coronary artery dIS'raduaIIy during subcultures [22]. In fact, poor secondary

ease and angina pectoris [16,31]. The effective ComponerZ%etabolite synthesis and culture instability of the undiffer-

of the roots, which could be classified as lipid-soluble an : . AR
water-soluble ones, have been studied extensively and a (_iptlated tissues have prevented commercialization of many

wel documented 16,32 The fpc-soluble components rgy % “UILEE SYSteis 5.27) Haly 100, e hes beer
mainly tanshinones (diterpenoid quinones) which impart y P

the reddish-brown colour to the roots while the water—:sol—IorObIemS due to its genetic stability [1]. Hairy roots, also

uble ones are caffeic acid and related phenolic compouna%alled transformed roots, are produce_d after mfeqtlon of
(Figure 1). Recently, much attention has been paid to th usceptible plant cells with a soil bacteriuAgrobacterium

pharmacological activities of the water-soluble phenolic hizogenesand are associated with the integration of T-

. NA from the bacterial Ri plasmid into chromosomal DNA
compounds [18,35,36]. Among these phenolic compoundsD :
lithospermic acid B, a tetrametric derivative of caffeic acidIh plant cells. Once produced, hairy roots may be cultured

(Figure 1) exhibits the endothelium-dependent vasodilato?f(emcha"y n I|qU|ghmed|um_ mdtr;)e abs_er;]cg of exog]]celnousl
and hypotensive effects [14,15] while magnesium litho-P'ant normones. Characterized by a high degree of latera
spermic acid B shows urer,nia and hepatitis preventiv branching and many meristemic root tips, hairy roots can

b P P eijsually grow as fast as unorganized plant cells and maintain

gg%d;r']neig?ﬁ g?fde?ésa[gig’gg]d '\s/lZr_zif;;gﬂ%f;@ﬁggi%the ability to prod_uce root—ggrived metabolites [2'7]'. Hgiry
acid, or its salts were reported to have anti-HIV activitiesrOOt cultures oBcimum basilicunandHyssopus officinalis

by several research groups [2,17,20]. have been reported to produce rosmarinic acid and litho-

Plant cell culture has long been suggested as an alterngP<'MmIC acid B [23,29].

tive means for producing useful secondary metabolites usy: 021%?313?1 dtg? oﬂaﬁrmaﬁ:ﬁgfﬁ ':?%O\r,\tg?t%%vﬁiflgg g(‘:r?]?rll'g
ally unique to plants [7]. Compared to the numerous publi- '

i . . P the ability of the hairy root cultures db. miltiorrhizato
cations on tanshinone production$n miltiorrhizacell and roduce these phenolic compounds. In this paper, we report

organ cultures [4,12,21], however, there have been only . ; . . ' )
few reports on the production of phenolic compoundsShy ﬁ]]eh;?:;n?c}:)(incgliljlrtgsso%mnl:iclztigfrlr?izBa and rosmarinic acid

miltiorrhiza cell and organ cultures. Morimotet al firstly
Materials and methods
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Figure 1 Chemical structures of caffeic acid and related phenolic compodn@gffeic acid (CA);2. protocatechuic acid (PAB. protocatechualdehyde
(PE); 4. Danshensu (3,4-dihydroxyphenyllactic acié);lithospermic acid B (LAB); ands. rosmarinic acid (RA).

Plant Development, Chinese Academy of Medicalinoculated using a syringe at the cut of the sterile plantlet

Sciences, Beijing, PR China. After being flushed with tapafter removing the shoot tip and most of the leaves. Infected

water for 24 h, the seeds were surface sterilized with 0.1%lantlets were incubated at Z5 under illumination

mercuric chloride for 10 min. Then, the seeds were rinsedphotoperiod 16 h with an irradiance of 3000 lux). After

with sterile distilled water three times, and germinated onabout 2 weeks, several hairy roots appeared at the infected

1/2 MS medium [24] solidified with 8 g 1* agar. The cul- sites. The hairy roots were subsequently cut off and placed

tures were incubated at 25 for 1 month under continuous on 1/2 MS solid medium containing 0.5 giisodium cefot-

cool white fluorescent light with an intensity of 3000 lux axime to eliminate bacteria. After several passages of sub-

before the shoot tips of seedlings were cut off and transeulture in the medium containing 0.5 giisodium cefotax-

ferred onto the same fresh medium for subsequent sterilene, axenic hairy roots were obtained, which were

plantlet subculture. maintained on antibiotic-free MS medium at°€5in the
dark.

Induction and maintenance of hairy root cultures

Agrobacterium rhizogenestrain ATCC 15834 subcultured

on YEB agar medium [34] was transferred to YEB liquid Amplification of transformed DNA by PCR

medium and incubated overnight at°25in the dark on DNA was extracted from fresh transformed and nontrans-

a rotary shaker at 100 rpm. The bacterial suspension wa®rmed tissues using a protocol based on Doyle [8]. DNA
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guantification was done by fluorometric analysis and theEvery 3 days, three flasks were harvested for mea:surement135
extracted DNA was dissolved in TE buffer (pH 7.4). of biomass and phenolic compound contents.

Four oligonucleotides were designed according to Refer-
ences [3,28] and synthesized by Life Technologies (HongAnalyses
Kong) to identify the insertion of TL-DNA or TR-DNA of Fresh weight was measured after the hairy roots had been
the Ri-plasmid into the plant genome by PCR amplification.separated from the medium on Whatman No. 1 filter paper
The primers for TL-DNA were SATGGAAT- under vacuum and washed three times with distilled water.
TAGCCGGACTAAACG-3 and B-ATGGATCCCA  Dry weight was determined by freeze-drying the biomass
AATTGCTATTCC-3, which are complementary to'5 to constant weight.
coding sequence abl A and 3 coding sequence abl B, For HPLC analysis of methanol extractable phenolic
respectively [28]. And those primers for TR-DNA were 5 compounds, dried samplesa(50 mg) of hairy roots were
CGGAAATTGTGGCTCGTTGTGGAC-3and 3-AATCG mashed and extracted with MeOH (10 ml) for 16 h at room
TTCAGAGAGCGTCCGAAGTT-3, complementary to'5 temperature. Each extract, after filtration through a 0.45-
and 3 flanking sequences of the agropine synthase gengm pore size filter, was subjected to HPLC analysis on a
(ag9, respectively [3]. For the positive control of TL and Beckman System Gold liquid chromatograph as previously
TR-DNAs, the relevant cosmid pLJ1 and pLJ85, kind giftsdescribed [37]. Briefly, the extract solution was separated
from Dr L Jouanin (INRA, Versailles, France) [13] were and analyzed using a 2504.6 mm Beckman Ultrasphere
used as templates, respectively. Cig (5 um) column at 30C. The mobile phase consisted

The amplification reaction mixture containing 10—20 ngof solvent A (methanol / water / formic acid, 14.0 : 85.2 :
template DNA, 10 mM Tris-HCI (pH 8.3 at 28), 50 mM 0.8, v/v/v) and solvent B (methanol / water, 65 : 35, v/v).
KCI, 1.5 mM MgCL, 200M dNTPs, 10 pmol oligonucle- The following gradient procedure was used: 0% of B for
otide primers and 1.0 U Taq polymerase (Gibco BRL, Life2 min; a linear gradient from 30% to 45% of B for 8 min.
Technologies Inc, Gaithersburg, MD, USA) in g& PCR  The flow rate was set at 1.0 ml min The detector wave-
reactions were performed in an MJ Research PTC-200 Peltength was 280 nm.
ier Thermal Cycler. The initial denaturation was carried out
at 94C for 2 min, followed by 35 cycles of amplification
(denaturation at 9€ for 45 s, annealing at 36 for 45 s
and extension at 7Z for 2 min) and the final extension at
72°C for 10 min. The PCR reaction mixture was electro- Development of hairy root cultures and formation of
phoresed on 1% agarose gel and visualized under UV lighbhenolic compounds

Results

after ethidium bromide staining. Direct infection of a sterile plantlet witA. rhizogenesfol-
lowed by antibiotic treatment, yielded several clones of
Chemicals and standards axenic adventitious roots. One clone was selected for

Caffeic acid, protocatechualdehyde and protocatechuic acifilirther experiments due to its rapid growth. The transform-
were purchased from Sigma (St Louis, MO, USA). Rosmar-ation was confirmed by PCR. PCR amplification with tem-
inic acid was purchased from ICN (Costa Mesa, CA, USA).plate DNA extracted from hairy root cultures and synthetic
Danshensu (3,4-dihydroxyphenyllactic acid) was kindlyoligonucleotide primers gave positive results (Figure 2).
provided by Shanghai Medical University. Lithospermic The PCR products from the hairy roots for Tiol A and
acid B was a gift from Dr K Kamata (Hoshi University, B) and TR @g9 regions gave the expected 1.540-kb and
Tokyo, Japan) and Dr Y M Xu (Shanghai Institute of Mat- 1.647-kb bands, respectively.

eria Medica, Academia Sinica, Shanghai, China). All other Using HPLC [37], the main phenolic compounds found

chemicals were purchased from Sigma. in Dan-shen such as caffeic acid (CA), protocatechuic acid
(PA), protocatechualdehyde (PE), danshensu (3,4-dihyd-
Culture experiments involving hairy roots roxyphenyllactic acid), rosmarinic acid (RA) and litho-

The effects of different basal media on the growth and phespermic acid B (LAB) were successfully determined in a
nolic compound production in hairy root cultures were single run. The HPLC profile of the methanol extract from
investigated by employing MS [24], MS-NHMS without  hairy root cultures ofS. miltiorrhizais shown in Figure 3.
ammonium nitrate), B5 [9], WPM [19] and 6,7-V [33] LAB (lithospermic acid B) was the main constituent of the
media. Hairy roots were cultivated in 250-ml shake flasksextract and RA (rosmarinic acid) was the second highest.
containing 50 ml of the hormone-free liquid basal medium.CA and PE existed only in trace amounts while danshensu
The pH of the medium was adjusted to 5.7 prior to auto-and PA were not detected (Figure 3 and Table 1). The
claving it at 122C for 15 min. Cultivation was performed accumulation of these phenolic compounds was intracellu-
on an orbital shaker at 140 rpm in darkness &Q%r 30 lar as no detectable phenolic compounds were found in the
days. The inoculum size was controlled at about 0.5 g rootulture medium.
tips (fresh weight) for each flask. At the end of cultivation,
the growth rate and phenolic compound content of hairyEffects of basal media
roots in each flask were determined. The experiment wa®f the five basal media tested, MS-Nidnd 6,7-V were
performed in triplicate. superior to MS, B5 and WPM media in terms of both root
In a time course study, 38 250-ml flasks were used, eacgrowth and phenolic compound production (Figure 4 and
containing initially 0.5 g root tips (fresh weight) and 50 ml Table 1). The profiles of phenolic compounds formed in
MS-NH, medium supplemented with 30 gL sucrose. these cultures were similar to each other with LAB and RA
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Figure 2 Detection of T-DNA by PCR amplification of DNA from transformed and non-transformed tissu&snoiftiorrhiza Two sets of oligonucleo-
tide primers were used for TL and TR regions, respectivélyl-kb DNA ladder;2. non-transformed root3. Ti C58 transformed cells [4]4. hairy
root clone 1;5. hairy root clone 2. pLJ1; 7. 1-kb DNA ladder;8. 1-kb DNA ladder;9. non-transformed root]0. Ti C58 transformed cells [4]11.
hairy root clone 1;12. hairy root clone 213. pLJ85; andl4. 1-kb DNA ladder. Arrow heads indicate the position of 1.636 kb.
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Figure 3 HPLC profile of the methanol extract from hairy roots $f . ) . .
miltiorrhiza. Peaks: 1. rosmarinic acid and 2. lithospermic acid B. Figure 4  Effects of different basal media on the growth of hairy root

cultures of S. miltiorrhiza in shake flasksJ, Fresh weight; - dry
weight. Values are means of triplicate results and error bars show stan-
dard deviations.

Table 1 Phenolic compounds in hairy roots 8f miltiorrhizacultivated in different basal media

Basal medium Phenolic compound content (m§ dry weight)

Danshensu CA PE PA RA LAB
MS 0 0.039 0.035 0 341 3.72
MS-NH, 0 0.011 0.010 0 7.05 14.01
B5 0 0.019 0.011 0 4.66 6.29
6,7-V 0 0.005 0.009 0 6.77 11.36
WPM 0 0.007 0.006 0 4.39 5.56

“Hairy roots were cultivated in 250-ml shake flasks containing 50 ml of the hormone-free liquid basal medium with an inoculation size of about 0.5
fresh roots. After 30 days’ cultivation, the growth and phenolic compound content of each culture were determined. Values are means of triplic:
results. CA, caffeic acid; PE, protocatechualdehyde; PA, protocatechuic acid; RA, rosmarinic acid; LAB, lithospermic acid B. Danshensu iothe comm
name of 3,4-dihydroxyphenyllactic acid.

as the dominant products. The LAB content in MS-NH Time course of shake-flask culture in MS medium
medium was higher than that in 6,7-V medium (1.4%  without ammonium nitrate

1.1% of dry weight) while the RA content was about the Biomass accumulation and phenolic compound production
same (0.71%s0.68% of dry weight). Based on these find- are presented in Figure 5. As shown in Figure 5a, after
ings, MS-NH, medium was employed for the time course about 6 days of lag phase, the roots grew rapidly until
study. entering the stationary phase on the 27th day of cultivation.
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a ® also showed that phenolic compound production was
0 5 improved in MS-NH medium.
) 45 Due to the pharmacological value of rosmarinic acid,
£ % .- extensive research has been carried out for its production
L 2 in plant cell cultures [5,11,26,32]. However, little infor-
g 2§ mation is available about LAB production in plant cell cul-
2 1 tures. This is probably due to the fact that LAB and its
S I U R N multiple pharmacological activities were discovered only
0 3 6 & 12 15 18 20 24 27 30 3} 3 recently [10,14,15,30,35]. In the hairy root cultures f
Cultivation time (d) miltiorrhiza established in the present study, the content of

LAB and of RA (1.61% and 0.48% of dry weight,
respectively) was one third of that found in the roots of the
regenerated plants (4.93% and 1.54%) [22]. In contrast to
the instability of the callus tissues &f miltiorrhizain pro-
ducing RA and LAB [22], hairy root cultures d. mil-
tiorrhiza retained the ability to produce both RA and LAB
after more than 2 years’ subculture. With strain improve-
ment and optimization of culture conditions, the production
of secondary metabolites using hairy root culture could be
greatly enhanced [7]. In addition, the development of a fer-
mentation process for hairy roots is much easier than that

Phenolic content (mg/gd. w.) T
>

4] 3 6 9 12 15 18 21 24 27 30 3 36 39
Cultivation time (d)

Cx for in vitro shoots or regenerated plantlets.

g e In hairy root cultures o©Ocimum basilicunandHyssopus

€ wf officinalis (Lamiaceae), RA was the main phenolic com-
£ ol pound [23,29]. In contrast, in the hairy roots 8f mil-

2 Ll tiorrhiza (Lamiaceae), the content of LAB was much higher
2 ol than that of RA. Recently, Omott al [25] measured LAB

g and RA in the leaves and roots of plants from 26 species
s 0r M in Lamiaceae and found that high levels of LAB only

existed in the roots 08. miltiorrhiza(5.1% and 0.15% of
dry weight in the roots and leaves, respectively). TBus
miltiorrhiza is unique in accumulating LAB. Consequently,
Figure 5 Time course for biomass accumulation (a), phenolic contentit is understandable that LAB was the main component of
(b_)lt;’z‘)fr‘rﬁr'1 igze(na(;”% COFTePsOhUWeiPL(;qzC“g:‘ S\Zl)eii”hthﬁtgya:]?tc)c’“““l_rz?o“ phenolic compounds in hairy roots & miltiorrhiza Our

tnDI- RA. In.the experiment, 25gO-r’nI flas)k/s ea?:h .containing initially b.5 g results indicated that halry roots 8t mlltlor_rhlzaproylde
fresh roots and 50 ml MS medium without ammonium nitrate were used@ USeful system for the production and biosynthetic study

Every 3 days, triplicate flasks were harvested for the measurement ddf phenolic compounds, especially LAB.
biomass and phenolic compound contents. Values are means of triplicate
results and error bars show standard deviations.

0 3 [} 9 12 15 18 21 24 27 30 33 36 39
Cultivation time (d)
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