
The forward and reverse cDNA subtractive libraries before and after the toxic effect of α-amanitin were

constructed by suppression subtractive hybridization and randomly selected clones from each subtractive

library were screened by PCR and dot blot hybridization. A total of 85 genes with altered expression

were finally identified, with 41 genes from the forward library and 44 from the reverse library.

Subsequently, the antagonistic effects of candidate traditional Chinese medicines were evaluated based

on the genetic transcription levels of the genes with significant altered expression, including Catnβ,

Flt3-L, IL-7r and Rpo2-4. The results indicated that Silybum marianum (L.) Gaert and Ganoderma

lucidum had significant down-regulated effects on the transcription level of Catnβ that was up-regulated

by α-amanitin, and the two herbs also up-regulated the transcription levels of Flt3-L and Rpo2-4.

Silybum marianum (L.) had significant up-regulated effects on the IL-7r that was down-regulated by α-

amanitin. These preliminary studies suggested that Silybum marianum (L.) and Ganoderma lucidum

were effective antagonists against the toxicity of α-amanitin.

Keywords: α-Amanitin – antagonist – genes with altered expression – suppression subtractive hybridiza-

tion – traditional Chinese medicines

INTRODUCTION

The compound α-amanitin, a bicycle-octopeptide molecule, is mainly found in the

fruiting body of Amanita fungi. It is a major fatal component in poisonous mush-

rooms leading to death if ingested by people and animals. Pathologic study indicates

that α-amanitin is absorbed by hepatic cells through active transport in vitro.

Nucleolus disintegration, chromatin condensation and decrease of RNA synthesis is
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observed in cells within 30 minutes after α-amanitin is absorbed in vivo [25]. Due to

hepato-enteric circulation, repeated absorption of α-amanitin by hepatic cells would

finally induce the failure of liver function [13]. Moreover, the kidney is also damaged

when α-amanitin is excreted [33, 39]. Recent researches show α-amanitin does not

only noncompetitively affect RNA polymerase to inhibit the mRNA synthesis,

but also changes the expression of some important genes [19, 38]. Studies on these

genes with altered expression will facilitate exploring effective treatment against

α-amanitin poisoning. In the current study, suppression subtractive hybridization

(SSH), dot blot hybridization and semi-quantitative PCR are applied to isolate

genes with altered expression and they have proven useful for isolation these genes

[22, 25].

The candidate traditional Chinese medicines (TCMs), including Silybum mari-
anum (L.) Gaert (S. marianum (L.) Gaertn, silybin) [3, 29, 34], Ganoderma sinense
(G. sinense) [6], Ganoderma lucidum (G. lucidum) [6, 18], Perilla frutescens (L.)

britt var. frutescens [23], Perilla frutescens var. criasta (P. frutescens (L.) britt var.

frutescens) [23] and Glycyrrhiza uralensis Fisch [1, 14], are advantageous to main-

tain functions of liver and kidney, and boost performance of the immune system

according to TCM theory. These herbs are used in many hospitals in China to treat

the mushroom poisoned patients, which shows some therapeutic effects [15, 35, 37,

40]. Though it is very important to find effective medicines to treat these patients,

less is known as to how to evaluate the antagonistic effect of the herbs against α-

amanitin’s toxicity. In this study, the antagonistic effects of candidate TCMs against

the toxicity of α-amanitin was evaluated based on their recovery effects on the genet-

ic transcription levels of the genes with altered expression.

MATERIALS AND METHODS

Chemicals and materials

α-Amanitin (Fluka, SG, Switzerland), Superscript II Reverse Transcriptase

(Invitrogen, CA, USA), PCR-SelectTM cDNA Subtraction Kit (Clontech, CA, USA),

NucleoTrap PCR Suspension Kit (Clontech, CA, USA), Clontech PCR cDNA

Synthesis Kit (Clontech, CA, USA), DetectorTM HRP Southern Blotting Kit (KPL,

MD, USA) DetectorTM PCR DNA Biotinylation Kit (KPL, MD, USA), One Step

RNA PCR Kit (TaKaRa, Shiga, Japan), Rneasy Mini Kit (Qiagen, Hilden, Germany).

The candidate TCMs: Silybum marianum (L.) Gaert (S. marianum (L.) Gaertn, sily-

bin), Ganoderma sinense (G. sinense), Ganoderma lucidum (G. lucidum), Perilla
frutescens (L.) britt var. frutescens, Perilla frutescens var. criasta (P. frutescens (L.)

britt var. frutescens) and Glycyrrhiza uralensis Fisch (G. Fisch) were purchased from

Tong-ren Tang Drugstore in China.



Animals

The BALB/c mice (20 ± 2.0 g) were purchased from the Laboratory Animal

Research Center of Sichuan University, China.

Synthesis of primers

The primers of SSH were synthesized according to the previous references [20, 22,

24, 36], the others are shown in Table 1.

RNA isolation and cDNA synthesis

The α-amanitin was dissolved in sterile physiological saline. Before injecting α-

amanitin, blood samples of mice in α-amanitin administrated group were collected

into the test tube with heparin for RNA isolation from the left eyes of each mouse.

Then, the mice were i.v. injected with LD50 of α-amanitin (0.327 mg/kg body weight)

[27]. After 24 h, the analytic blood was collected from the right eye and divided into

two parts. The first part was used for the assay on biochemical indicator (BUN > 15

mmol/L, Crea > 40 μmol/L, ALT > 600 U/L and AST > 300 U/L), and the second

part was collected into the test tube with heparin for the purification of total RNA.

The total RNA was extracted with Trizol reagent and further purified with Rneasy

Mini Kit. The purified RNA was 50-fold diluted and its integrity was verified

(OD260/280). The relative brightness ratio of RNA was investigated after incubation

at 70 °C for 1 h. The synthesis of double-stranded cDNA was performed in accor-

dance with the manual of Clontech PCR cDNA Synthesis Kit [4, 11, 30, 31]. The

concentration and OD260/OD280 value of cDNA were also investigated.

Suppression subtractive hybridization

The cDNA was digested with RsaI and purified with NucleoTrap PCR Suspension

Kit. The forward subtractive library was constructed with the tester cDNA from
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Table 1

List of primers others than SSH

Catnβ F:5-GCAACCCTGAGGAAGAAG-3 R:5-CAATGGGAGAATAAAGCAAC-3

Flt3-L F:5-GGGTTCTTAGAAGAGGAGATG-3 R:5-TCCCAACTCTAGCACCAA-3

IL-7r F:5-GTGAAAGCAACTGGACGC-3 R:5-TGAGGAAGTGGAGATGGG-3

Rpo2-4 F:5-AACGCCTGCTTGTTCAC-3 R:5-CCCTGAGGAGTATGTGCC-3

β-actin F:5-ACCGTGAAAAGATGACCC-3 R:5-AGAAGGAAGGCTGGAAAA-3
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α-amanitin treated mice to identify the up-regulated cDNA in α-amanitin treated

mice, and reverse subtractive library was constructed by reversing the tester and dri-

ver to identify the down-regulated cDNA in α-amanitin treated mice. SSH was per-

formed using PCR-SelectTM cDNA Subtraction Kit according to the manufacturer’s

protocol.

Screening and sequencing of subtractive cDNA

The secondary PCR products were purified and cloned into pMD18-T vector. The

ligation products were transformed into E. coli JM109, and the recons were screened

on agar plates containing ampicillin, X-gal and IPTG. The PCR products of the

cDNAs obtained from forward and reverse subtractive libraries were digested with

RsaI, respectively. The digested cDNAs were labeled with biotin using DetectorTM

PCR DNA Biotinylation Kit and identified by dot blot hybridization with DetectorTM

HRP Southern Blotting Kit according to manufacturer’s protocol. The dot blot

hybridization was performed with probes generated from forward and reverse sub-

tractive library, respectively. The positive clones were identified when blots probed

with the subtracted tester demonstrated signal intensity tenfold stronger than blots

probed with the subtracted driver, and vice versa. The positive clones were random-

ly picked out for gene sequencing and the sequences were searched for homology in

Genebank at NCBI.

Evaluation antagonistic effects of candidate TCMs

Based on fold change values of dot blot hybridization, four genes (Catnβ, Flt3-L, IL-

7r and Rpo2-4) were selected to evaluate the antagonistic effects of candidate TCMs

against the toxicity of α-amanitin. The decoctions of candidate TCMs were prepared

(0.5 mg/ml silybin solution, 0.33 g/ml G. sinense, 0.33 g/ml G. lucidum, 75 mg/ml

P. frutescens (L.) britt var. frutescens and 25 mg/ml P. frutescens var. criasta mixed

with 30 mg/ml G. Fisch). The BALB/c mice were randomly divided into seven

groups (Ten mice per group) and i.v. injected with 0.327 mg/kg α-amanitin (Seven

groups: α-amanitin group, silybin group, G. sinense group, G. lucidum group, P.

frutescens (L.) britt var. frutescens group, P. frutescens var. criasta mixed with

G. Fisch group, physiological saline group). In 12 h after α-amanitin injection, the

decoctions of the candidate herbs were intragastrically administrated to mice of cor-

responding groups with a dose of 0.02 ml/g body weight for three times per day [28].

The α-amanitin and physiological saline groups were treated with physiological

saline. The total RNA was isolated from each group with and without the intragas-

tric administration of candidate herbs. Each RNA sample was reverse-transcribed

with One Step RNA PCR Kit following the user’s instructions (Primers are shown in

Table 1). Expression of β-actin was used to normalize the amount of the four genes

presenting in each semi-quantitative PCR experiment. The antagonistic effects of the



candidate TCMs against the toxicity of α-amanitin were evaluated based on their

recovery effects on the transcription levels of the four genes with altered expression

[16, 26].

RESULTS

Suppression subtractive hybridization

Tester cDNA, which was digested with RsaI, was ligated with Adaptor1 and

Adaptor2R. The subtracted cDNAs were greatly specifically enriched after the nest-

ed PCR. Total 146 clones were identified with 77 from forward subtractive library

and 69 from reverse one.

Screening and sequencing of subtractive cDNA

All the 146 clones were hybridized with probes made from forward and reverse sub-

tractive library. The 41 positive spots were identified from forward hybridization and

44 positive spots from reverse hybridization (Figs 1 and 2). The 9 positive clones

marked with arrows were selected for sequencing and homology searching. The up-

regulated expression genes in α-amanitin treated mouse were D14716, NM_007563

and NM_019946. The down-regulated ones were NM_013520, AK013055,

AK013732, NM_007645, NM_016974 and NM_021718.

Evaluation antagonistic effects of candidate TCMs

After candidate herbs intervened, the mice showed different changes of clinical

symptoms, especially in the groups of S. marianum (L.) Gaertn and G. lucidum.
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Fig. 1. The 77 clones selected from forward subtractive library were identified by dot blot hybridization.

Left: Probe was made from the cDNA of reverse subtractive library. Right: Probe was made from the

cDNA of forward subtractive library. Arrows showed the sequenced positive clones
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Comparing with the poisoned mice, the mice of these two groups behaved actively

and moved quickly. The comparison of the variation data for the mouse weight of

each group showed that mice in the S. marianum (L.) Gaertn, G. lucidum and P.

frutescens (L.) britt var. frutescens groups significantly recovered their weight after

the administration 36 h of these herbs.

Based on their significant fold change values in dot blot hybridization, the four

genes were selected to evaluate the antagonistic effects of candidate TCMs against

the toxicity of α-amanitin. After the herbs administered, the expression levels of

these genes were analyzed according to the results of semi-quantitative PCR (Figs

3–6).

Fig. 2. The 69 clones selected from reverse subtractive library were identified by dot blot hybridization.

Left: Probe was made from the cDNA of reverse subtractive library. Right: Probe was made from the

cDNA of forward subtractive library. Arrows showed the sequenced positive clones

Fig. 3. Semi-quantitative PCR analysis of Catnβ expression after candidate herbs administrated. 

(M) DNA Marker DL2000; (1) cDNA from α-amanitin group; (2) silybin group; (3) G. sinense group;

(4) G. lucidum group; (5) P. frutescens (L.) britt var. frutescens group; (6) P. frutescens var. criasta with

G. Fisch group; (7) physiological saline group



Comparing the expression levels of these genes with β-actin in each group, each

herb had different recovery effects on the genetic transcription levels of these genes

with altered expression caused by α-amanitin. S. marianum (L.) Gaertn, G. lucidum
and P. frutescens var. criasta with G. uralensis Fisch had significant down-regulat-

ed effects to Catnβ which was up-regulated by α-amanitin, and the ratios of Catnβ

transcription amount to β-actin were 0.71, 0.80 and 0.85, respectively, which were
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Fig. 4. Semi-quantitative PCR analysis of Flt3-L expression after candidate herbs administrated. 

(M) DNA Marker DL2000; (1) cDNA from α-amanitin group; (2) silybin group; (3) G. sinense group; 

(4) G. lucidum group; (5) P. frutescens (L.) britt var. frutescens group; (6) P. frutescens var. criasta with

G. Fisch group; (7) physiological saline group

Fig. 5. Semi-quantitative PCR analysis of IL-7r expression after candidate herbs administrated. 

(M) DNA Marker DL2000; (1) cDNA from α-amanitin group; (2) silybin group; (3) G. sinense group;

(4) G. lucidum group; (5) P. frutescens (L.) britt var. frutescens group; (6) P. frutescens var. criasta with 

G. Fisch group; (7) physiological saline group



288 Q. CHEN et al.

Acta Biologica Hungarica 60, 2009

far lower than 1.28 of α-amanitin group. S. marianum (L.) Gaertn and G. lucidum
had up-regulated effect on the transcription of Flt3-L gene. After administration of

these two herbs, the ratios of Flt3-L transcription amount to β-actin were 0.83 and

0.79, respectively, which were close to 0.88 of the physiological saline group. The

transcription of IL-7r in the S. marianum (L.) Gaertn group was significantly up-reg-

ulated, which transcription amount to β-actin increased from 0.36 to 0.78 that is close

to 0.83 of the physiological saline group. In addition, administration of G. lucidum,

G. sinense and S. marianum (L.) Gaertn had a significant influence on the transcrip-

tion of Rpo2-4. After administration of these herbs, the ratios of Rpo2-4 transcrip-

tion amount to β-actin increased to 0.58, 0.56 and 0.50 from 0.23 of α-amanitin

group. These results suggested that S. marianum (L.) Gaertn and G. lucidum had

strong antagonism against the toxicity of α-amanitin.

DISCUSSION

The compound α-amanitin could cause severe damage to liver and kidney and

change the expression of some important genes. The results of SSH and dot blot

hybridization revealed that there were 41 genes with altered expression in forward

subtractive library and 44 ones in reverse subtractive library. Meanwhile, for the sig-

nificant fold change values in dot blot hybridization, four genes with important bio-

logical functions were selected to evaluate the antagonistic effectiveness of candidate

TCMs against the toxicity of α-amanitin.

The four genes with altered expression: Flt3-L, IL-7r, Catnβ and Rpo2-4, that

were involved in the important functions of regulating immune system, cell signal-

ing pathway and gene transcription were identified in α-amanitin poisoned mice by

Fig. 6. Semi-quantitative PCR analysis of Rpo2-4 expression after candidate herbs administrated.

(M) DNA Marker DL2000; (1) cDNA from α-amanitin group; (2) silybin group; (3) G. sinense group;

(4) G. lucidum group; (5) P. frutescens (L.) britt var. frutescens group; (6) P. frutescens var. criasta with

G. Fisch group; (7) physiological saline group



SSH and dot blot hybridization. After administration the TCMs to these poisoned

mice, different recovery effects on the genetic transcription levels of these genes

were observed. Compared with the physiological saline group, Flt3-L and IL-7r were

significantly up-regulated after S. marianum (L.) Gaertn and G. lucidum adminis-

trated. Flt3-L is a hematopoietic growth factor, which has a profound effect on the

mobilization and expansion of stem cells and progenitors. It plays an important role

in both dendritic cell (DC) and natural killer (NK) cell differentiation from

hematopoietic progenitor cell in liver, bone marrow and thymus. It promotes the gen-

eration of large number of CD11+ cells, DCs, plasmacytoid dendritic cells and

CD14+ cells. T cell-mediated immunity could be promoted by Flt3-L [4, 5, 28]. IL-

7r is an indispensable cytokine receptor in immune system and it is important for the

expansion and differentiation of lymphocytes [2, 12, 21]. S. marianum (L.) Gaertn

and G. lucidum could up-regulate Flt3-L and IL-7r, which were down-regulated by

α-amanitin, thus S. marianum (L.) Gaertn and G. lucidum were benefit for recover-

ing the normal functions of Flt3-L and IL-7r. The gene Catnβ, up-regulated by α-

amanitin, is a member of intracellular glucoproteins. It is essential for normal liver

growth and development. Moreover, it is identified as a component of the Wnt sig-

naling pathway, which is highly susceptible to alteration in Catnβ stability. Wnt sig-

naling pathway is crucial for sustaining the balance between proliferation and differ-

entiation throughout embryogenesis and postnatal life of organism [7, 10, 17]. There-

fore, the Catnβ gene expression and its biological function were recovered by S. mar-
ianum (L.) Gaertn, P. frutescens var. criasta with G. uralensis and G. lucidum.

Besides, S. marianum (L.) Gaertn, G. sinense and G. lucidum could up-regulate the

expression of gene Rpo2-4, which was down-regulated by α-amanitin. Rpo2-4 is the

14 kDa subunit of RNA polymerase. It plays a key role in gene transcription and in

maintaining their normal function. Many works have demonstrated that α-amanitin

not only noncompetitively inhibits the transcription activity of RNA polymerase in

eukaryotes, but also suppresses the expression of RNA polymerase [8, 9, 32]. S. mar-
ianum (L.) Gaertn, G. sinense and G. lucidum helper the recovery of the important

biological function of Rpo2-4 in organism.

The candidate TCMs have been used to treat patients poisoned by poisonous

mushroom in many hospitals in China, which reveals they have some therapeutic

effects. In addition, they have effects of maintaining functions of liver and kidney

and boosting performance of the immune system according to the theories of TCM.

Therefore, the candidate TCMs were selected and its antagonistic effectiveness was

evaluated based on the analysis of semi-quantitative PCR. The research revealed that

Silybum marianum (L.) Gaert and G. lucidum can significantly recover the expres-

sion levels of Flt3-L, IL-7r, Catnβ and Rpo2-4 in α-amanitin poisoned mice, which

indicated that they were the effective antagonists against the toxicity of α-amanitin.
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