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TU Yi, ZENG Hui, ZHANG Wei-wei, XU Feng, LIAO Yong-ling, YE Jia-bao
College of Horticulture and Gardening, Yangtze University, Jingzhou 434025, China

Abstract: Objective To clone the key gene of chalcone synthase farnesyl diphosphate synthase (FPS) in triterpenoid saponins biosynthetic
pathway of llex cornuta, analyze tissue-specific expression of the chalcone synthase, construct the prokaryotic expression vector and induce
the recombinant protein to express, explore its function in regulating the biosynthesis of triterpenoid saponins. Methods Based on the
transcriptome data of I. cornuta in the previous study, the full-length cDNA of IcFPS2 was cloned by PCR from the leaves of I. cornuta and
bioinformatics analysis was performed. The qPCR was used to further analyze the tissue-specific expression of IcFPS2. The prokaryotic
expression vector pET32a-IcFPS2 was constructed, transformed into BL21 (DE3) pLysS competent cells and the expression of recombinant
protein was induced by IPTG. Results The size of IcFPS2 gene was 1259 bp, containing an open reading frame (ORF) of 1050 bp and
encoding 350 amino acids, its protein molecular weight and isoelectric point are 40 200 and 5.54, respectively. Amino acid sequence
alignment analysis showed that FPS amino acid sequences of 1. cornuta had high homology with those of Gardenia jasminoides, Eucommia
ulmoides, Glycyrrhiza uralensis, Gynostemma pentaphyllum and Panax japonicus. Phylogenetic tree analysis showed that the IcFPS2
protein clustered with the FPS proteins of Panax quinquefolius, P. ginseng and P. japonicus, suggesting that the FPS protein of . cornuta
may be functionally close to the FPS protein of the dicotyledonous plant Pentaphyllaceae. Real-time fluorescence quantitative PCR analysis

showed that the expression of IcFPS2 gene was highest in roots, followed by leaves, and then male flowers and stems, and the gene was
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expressed at the lowest level in female flowers. The results of the prokaryotic expression analysis showed that the constructed
pET32a-IcFPS2 vector could be successfully expressed in E. coli BL21 (DE3), and the SDS-PAGE results showed that the induced

recombinantly expressed protein was around 45 000, which was basically consistent with the predicted IcFPS2 protein size. Conclusion

The full-length cDNA cloning and bioinformatics analysis of IcFPS2 gene, tissue-specific expression analysis and prokaryotic expression

vector construction were used to provide scientific basis for further research on the function of farnesyl pyrophosphate synthase gene in

triterpenoid saponins biosynthetic pathway of I cornuta.

Key words: /lex cornuta L.; farnesyl pyrophosphate synthase; clonig; expression analysis; prokaryotic expression

M Ilex cornuta L A% FE (Aquifoliaceae)
AT B R EARBUNEAR, ERERKIL N X
BRI MBS I 2| R,
HEZG A E T, W TR R
PR MBFRZ I, 5710 2k AR, [RIF 2 “
THR” BEEEE 22—, =pEEH (triterpenoids
saponins) J& M E 1) EE TR B, DAL B2
FER M B = 2 H BAA WA PrE. Pk,
PUMR AR IS, = Bl 2z A T A SN
S0, =0, BRI HEY . T
KBt M B 25 A WTAZ 4R, PR25 51T )
BT RHSE M. B, W =21 m 59
THLR g g h = B M S E R A EE
=9'E

M = 2 R R IR IR A A BT
KW, FEEREEHR A (famesyl diphosphate
synthase, FPS) 2% Y& BUE A H ) — A kg .
FPS WL EA T o lg, A=
FAEN KL MR (dimethylallyl pyrophosphate,
DMAPP) Fl#itJk — % (geranyl diphosphate,
GP) 5 57 [l ik — W R 1 IE B2 4 & A i Je Bk —
M. (farnesyl diphosphate, FPP); FPS 2% —
AN ARFEGL ) 5B 73 S SR L1
Ik, FPS & A MEMEA D RE 2 52 T Uims A (1 &
B3, HET, FPS R CAES A, S22 gl
fr3eie, T BOGNISE Z R T s ) b S
JE o AHIE TN B TR 1945 2] FPS B4, JF
HATAEWE BF 0, AR, PLRJR
BAEREFT, PLAONEE— 8 SRig M FPS 3R 1)
A, AN = 2 S i 2 B B AR
1 MR5R%
1.1 {EHR

ME AR 25, i HEfEFIMETEHZUR M T K
LR, ARG 280 CUKFafRfE, H
TJE 8k RNA SEHURIE BRI IL 7 o

1.2 753k

1.2.1 RNA FJ#EHUFT cDNA & M—80 CHUH
AL B &AL RL, ERHBETE SRR, K
& TaKaRa MiniBEST Plant RNA Extraction Kit $#£H
RSV PRI LU B RNA, F 1% iR b bt
Ji2 FLCRIRT A% BRUR FEAS ARSI RNA & 58
ML RS . 1% PrimeScript™ 1st Strand cDNA
Synthesis Kit 4% 51877 & U0 24T cDNA 55—
ST

1.2.2 M IcFPS2 FERFM ke ARYEMIE FE %A
HRUS2012 400 Y 2 S9 Je SRR A R R P A
9y WA IcFPSI IcFPS2, AT Hd iy — 4
IcFPS2 JEFF RS . A Primers #4857
BESIY (R 1), LIHE cDNA NHHREET PCR &
Mo AR R FE 50 uL, FLFE 2xRapid Taq Master Mix
25 uL, L FiF5I4%% 2 uL, cDNA 1 uL K ddH,O 20
uL. PCR M 2kfF: 95 ‘C. 3min, 95 C. 155,
58 C.15s, 72 C.30s, 3£ 35 MEH, 5 72 C
ZEMH 5 min. PCR 3 3P~ 4128 1%35 i W e e Fh ik AS:
M, $%H8 FastPure Gel DNA Extraction Mini Kit 17
AL [ =, K B %R S pMDIS-T
AR, HAL KT # DHSo 52 4%, 37 °C 200 r/min
PRZIFEFE 1 h, AT 50 pg/mL Amp 1] LB £55%
AR b, 37 CRIER IR . PRECR BTG IRk
AT BT PCR BAIE, 5 PH M () 2 7 b B VO & iR
Y TREA =T

1.2.3 M FPS BEFMAEDGE RS0 FIH
NCBI-BLAST Chttp://www.ncbi.nlm.nih.gov/BIAST/)
TELE T BIHAT IcFPS2 J7H|[FJR LY, DNAMAN #
PE5E R T T AR e, SR AEZ TR SPOMA i
ITEAR R4 MWW, {£H ProtParam
(http://web.expasy.org/protparam/) #4755 [ EEAL P
JFR 3. I Vector NTI Suite V11.5 #ExT 22 Fi
VIl FPS 5 H 34T 2 LR 7 51 Lt 4 A, A
Clustal X 2. 0 1 MEGA 6.0 #fF, KA (ND
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W% FPS R 3ALM, 1§ Bootstrap Xf R G n]
ErEATRLS, FEE 1000 K.

1.2.4 IcFPS2 F:NMIHLNF RIERIE SN R
TaKaRa MiniBEST Plant RNA Extraction Kit 7] &5
A1 PrimeScript™ 1st Strand cDNA Synthesis Kit /%%
SRR VLS, BRI B R B SR L 2K
. HELEFIEAE IR S RNA JF #4554 cDNA. 1R
IcFPS2 %:[K cDNA J7 5% 11 € &5, qRT-PCR
ZIEREH KR IcGAPDH (% 1), RN EEZRAN
20 puL, f§5 2XChamQ Universal SYBR gPCR
Master Mix 10 uL, FEX5I1#1% 0.4 uL, #EAK cDNA
2 uL, ddH,0 7.2 pL. R MAEFF Y 95 “C.305,95 C.
10s, 60 ‘C.10's, 3L 35 AMEIR, FfEIIZ N 95 C.
155, 60 C. 60's, 95 C. 15 s. qRT-PCR 44y
A E —ANBATEXT I, TeFPS2 3 KA ik e fd
2T IRISIGH L, 34T 3 IR E RS 3 IRER
HE.

1.2.5 JFERIE ST NT %% IcFPS2 R4
YIsETheE, R pET32a #04k, HEAT T i%3E 15
MiE . Lk EcoR 1 A1 Hind TIE NG
e, Wi BRSS9 (R Do Dl

- cDNA MRS B3RS 1eFPS2 ZEH 741, 4T
Jez Ec ik, SR Ak A E AR Y R SR EGAR &
$2HX pET32a Jiiki. RAXUEGNE, 43 AIX IcFPS2
FEAN pET32a JFURLEATEEY], BEUI=4)4ifil 5 (8
T4 HHREER. FHGBOIE E 45 Rk
pET32a- IcFPS2 ¥ N\ DH50 KT B EAZ2S, W&k
JERATES A Amp 1) LB PR b, 37 Cid#i#% %,
PRV PCR i PH M B e e, 1R 238 iAW) TR A #]
W o W e 3 BT 1 B 40 FORE pET32a- IcFPS2 #54k,
KJGAT# BL21 (DE3) pLysS 324, L HEVEE IR,
PCR %55 J& Pkt PH A 5 B ¥ 215 Amp () LB AR ES
FrEEdiEA 12 he BUSMEFRIBHL 1 2 50 MR
FLB N E & A Hid E 1 50 mL LB £53:3E, 37 C
TEIR PR IR 200 r/min 35773 Agoo H 0.6~1.0, TIAMN
[FVRE ) IPTG, 28 CiiFEAKIA 0. 4. 8h, LA
AL E R pET32a MIRIBME NN IR, R T
Wi, 1E4 ‘CLL 5000 r/min A% B0 5 min 733 1&
UUGE, {FFH 200 pL A5 ARG i B Ak, IR
AR FE A 30 min, 12 000 r/min A% 50 10
min A3 EFE S BIEEE, 10 pL #H4T SDS-PAGE
LKA o

x1 SHIFIIER

Table 1 Primer sequence information

GIEVEA i T8 (5°—3°) Fi&
IcFPS2-F ATTAAGACCATCTGTGGAGCCTAGC B v
IcFPS2-R GGGTGACAGGTTTGTATAGCATCCA
gR-IcFPS2-F ACAGATTACCGAAGGTTGGTATG S BOLE # PCR
qR-IcFPS2-R GGTTGTCTGGAATTCTACCTCATTA
IcGAPDH-F TATCAACGGCTTCGGTCGCA WS EE
IcGAPDH-R GGACGGAGTCGTACTTGAGCAT
yh-IcFPS2-F CGGAATTCATGGCAAATCTGAACGGAACTAC K IR Az Rk i dk
yh-IcFPS2-R CCCAAGCTTCTACTTCTGCCTCTTGTATATCTTA

2 BERSHH

2.1 IcFPS2 3[F ¢DNA %[ SFEFHHT o Eg
DU 55 ) cDNA AMEAR, FIIH PCR AT TA sefE 1000 bp

7531 FPS JEH¥) cDNA 741 (B 1), &7 FIfEL 750bp

TH NCBI-Blast FXf, It cDNA J¥41 5 HAb i oote

FPS JE[A 54 BA R m i) — 8, Ui s RIS 1) fgg EE

cDNA FHI NI FPS 3, 4N IcFPS2. %
cDNA K4 1259 bp, HIBHELHE (open reading frame,
ORF) 41050 bp, %t 350 MM AEfE (B 2).

1 IcFPS2 BRI 1%
Fig.1 IcFPS2 gene amplification
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76
26

151
51
226
76
301
101
376
126
451
151
526
176
601
201
676
226
751
251
826
276
901
301
976
326
1051
351
1126
376
1201

2.2 18 IcFPS2 ERNEMEEFES T
2.2.1 M IcFPS2 2 A MIFAL I B0 b

TGGCTCGGCTAAATATACAAAGTGCAAACAAACAGCCAATGTGAAGGACTGACACGAGGAGGCGTTCCCTTCAAT
TTACCCCACATCCTCTCTCTATCTCTCTGTTCTCTTCCTGCGTCTCATTGAGAAAGAGTAATTGAAATGGCAAAT
M AN
CTGAACGGAACTACGTCGGATCTGAAGTCCACGTTTCTGGGGGTTTACTCTCTCCTCAAATCCGAACTCCTTAAT
LNGTTSDLEKSTPFLGVYYSLLEKESELTLHN
GACCCTGCTTTCGACTTCACTGATGATTCTCGTCAATGGGTCTACCGGATGCTGGACTATAATGTACCTGGAGGG
DPAFDFTDDS SR RQWVYRMLDYNVPGSG
AAGCTGAACCGGGGGCTGTCTGTAATTGACAGCTACAAGTTGCTTAAAGAAGGAAAGGAGCTAACTGAGGATGAA
KLNRGLSVIDSYEKLTLTEKESGEKTELTETDE
ATATTTCTTGCAAGCGCCCTAGGCTGGTGTATTGAATGGCTACAGGCATATTTTCTTGTTCTCGATGATATTATG
I FLASALGWCIEVWLAO QAYTFLVLDDTIM
GATAACTCACACACGCGGCGTGGTCAACCTTGTTGGTTCAAAGTGCCCAAGGTTGGGATGATTGCTGTAAATGAT
DNSHTRRGRQPCWFIEKVPEKVYGMTIAVNTID
GGTGTTTTACTTCGCAATCGCATCCCTAGGATTCTCAAGAAGCACTTCAGAGAGAAGCCTTACTATGTTGATCTG
GVLLRNRTIPRTILIEKIEKHFRET KPYYVDL
CTGGATTTATTCAATGAGGTGGAGTTCCAAACAGCTTCAGGACAAATGATAGATTTGATTACTACGCTTGAAGGA
LDLFNEVETFQTASGQMIDLTITTTLES®G
GAAAAGGATCTATCCAAATACTCATTGCCGCTTCACCGCCGCATTGTTCAGTACAAGACTGCCTATTACTCATTC
EKDLSKYSLPLHRRIVAQYI XKTA AYYSTE
TACCTTCCGGTTGCATGTGCATTGCTTATGGCAGGTGAGAACTTGGAAAATCATATTGATGTAAAGGATATTCTG
YLPVACALLMAGENTLTENHTIDYZKXKDTITL
GTTCAGATGGGGATATACTTTCAAGTACAGGATGATTATTTGGATTGCTTTGGTGATCCAGAAAGAATTGGCAAG
VQMGIYFQVQDDYLDCFGDPETRTIGEGHK
ATTGGAACAGATATTGAAGATTTCAAGTGCTCTTGGCTGGTTGTGAAAGCATTGGAACGTTGCAATGAAGAACAA
I ¢GTDTIEDFIZKXKCSV¥LYYVYEKALETRTCNETEQQ
AAGAGAGTGTTATATGAGCATTATGGGAAAGCAGATTCTGCTGATGTTGCAAAAGTGAAAGCCCTCTATAATGAT
KRVLYEHYGEKADSADVAKVYVIEKALTYNTD
CTAGATCTTCAGAGTGTATTCACGGAGTATGAAAGCAAGAGCTATGAAAAACTAACATGCTCTATTGAAGCTCAT
LDLQSVFTEYESIKS SYEIEKLTTC CSTIEA AH
CCAAGCAAAGCAGTGCAGGCAGTGTTGAAGTCCTTTTTGGGTAAGATATACAAGAGGCAGAAGTAGAAACCACTT
PSKAVQAVLEKSTFLGEKTIYZ KT RA® QEK =*
CGGAGGAGGAAAAATGAAGCAGAGGAAGGTTGGATGAACTGAAATAATCCCATTGGCTG

2 IcFPS2 E[X cDNA Fr5FHEN B S EEL 51
Fig.2 c¢DNA and deduced amino acid sequence of IcFPS2

Tk

M HE (AI72208) AT S (AKNS52395) %5 FPS
EAR—S T 80%LA ., 435N 88.83%.

B, 1cFPS2 £ F AN 40751 f 0 40 200, FIR5E
HL AN 5.54; SOPMA 73T IcFPS2 &5 [ 4 2510 ¥
71N o BRI TCRE I AN B A L4 3N 63.04%
27.51% 2.87%; {E£ T.H BIASTP (NCBD #1 Align
X (Vetctor NTI 11.5) 3 #rioR, IcFPS2 5H
J& T 2857 I s A R
BB SR IR R

222 ME IcFPS2 & H B A& bbbk R H
Vetctor NTI 11.5 AR X HIE 2 4> FPS HE R 1) 28 B 1R
FFANREATEET,  REMER 83.7%, J& T RIVEEH.
B4 IcFPS2 5 IcFPST R HAY M FPS J R b ()
FHMF AT AN, S5 8R IeFPS2 S A ]
V) FPS ZERmisit i AP A= ERE (B3), Hrhs
Ma 7 (AYC62332.1) KJFPS AR —#itie, &
5 9026% , 5k ( APG79413 ) . 1% R
(ALR72606)~ K F11£ (ALT07952) H# (ADE18770)-
TAMUERT (AAK63847). 5410 (ADV03080)-.

(isoprenoid biosyn C1)

87.98%- 87.11%- 87.10%- 87.9%- 86.82%- 86.51%-
86.22%-

2.2.3 MIE IcFPS2 EEMI RGd bt AT
WHFEHIE 1cFPS2 SR H iS5 IeFPST N AbHEY) FPS
EAMMSEE KRR, 2T IcFPS2 WAL T, F
H BlastP 7E4k T B, 1% T NS Panax ginseng C.
A. Meyer. PSS P. quinquefolius L. 7T Z P
japonicus (T. Nees) C. A. Meyer. —H 4L Salvia
splendens Ker-Gawler. #i ¥ Gardenia jasminoides
Ellis 5% 11 FEYIH) FPS EH 751, R ClustalX
2.0 A1 MEGA 6.0 SIFH4EE T FPS SRH 5 R 40t
r (& 4D, RS R TR, IcFPS1 &AM IcF
PS2 HHS NS, WHFESAT 2 E A REE
[i— 3 b, FKEMH FPS & H 1l ge 5 X+ HEY)
FunFl FPS SR AR L RO . fEMEH, HE
T IcFPS1. IcFPS2 W HE W [R] A F2M0 i SR A A Y
o
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i FPSI 1
W& FPS2 1
& 1
KHTE 1
BT AT 1
T 1
A 1
HHE 1
e i) 1
S 1
s
consensus srw rml
Mg FPSI 74
& FPs2 81
BEiEsE 8l
KPE 81
B 81
wBr 81
Apf 81
HeE 74
B 74
S 74
iz 74 R .
consensus lrn| ipril hir k
My FPS1 154
Mg FPS2 161
Bt 16l
SKEE 16l
w161
By 16l
Fpp 161
e 154
@Mﬁ 154
Kk 154
iz 154
consensus
M FPSI 234
g FPS2 241
ST 241
ﬂél?“ 241
BT 241 LDCEGIP ¢
*)ET‘ 241 | pBVeREEE (R EVITEINE
Pt B /S YR GG TD LEDFKC
o234 LDCFGRPAI L GKEGTD LEDFK
’r?ﬂyﬂf 234 il
KWW 234
s 234
consensus rale

& FPSI 314 IKF "
Mg FPS2 321 TC
BEEE 321 NS
KHEAE 321 ITG
BT 321 ITS
¥ 321 TS
Ah 321 T
HE 314 VI
BER 314 VI
LREEE 314 NA
iz 314 IKH
consensus 1

—HERERA AR RMBOE RN RTEERA AT RAROE RN FAUEAERA RO A G RRR; LOERRE
FHAER 7 X IR BEOMER R m AR AT X

Completely identical amino acids are indicated with white foreground and black background; Conserved aminoacids are indicated with white foreground
and grey background; Non-similar amino acids are indicated with black foreground and white background; Red boxes indicate seven regions of

significant similarity; yellow boxes indicate highly conserved regions

&3 FPS RERFIINZELLY

Fig.3 Multipe aignments of amino acid sequences of FPS
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Fig. 4 Phylogenetic tree of FPS genes from different species
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WEFE AR

NAFRRRZER B, P<0.05
Different letters indicate significant differences (P < 0.05)

5 IcFPS2 EEMFRIASHT
Fig. 5 Relative expression of IcFPS2 gene

2.3 IcFPS2 ERFFEKESH

RN TRIC IcFPS2 BRI PAEY ¥ D)k, Eit
qRT-PCR & T IcFPS2 TEMIE R . 25, IF. HELE
FUMELE R R IEB . G5 RWE 5 BIR, IcFPS2
BRI G ENRE R AERE; Hd, ElRF
AR RIS S, FLIRME, TR MR
FEMERE T ()R TE B IR . %45 SRR W] IcFPS2 3 A
TEA B Rk A AR B R e AR,
Y FPS LR KX B AL 2, JEH b E
R IR IRAT Y & B 3G 0ol wr I A
R, MEFERRERSY S ERe, BREKRE
MRS B A YRS BT R,
FLIR A RN SR R0 AR 5T IeFPS2 e PR AE AR
A KR B R, 5= Ra s M 20
— e, B, HEW AT AR RS Ml = s B A
Y& RE VI K .

2.4 IcFPS2 EFEMEZFRIE ST

A FAFEEVINL A EcoR 1R Hind 111, #id
MUBEVEMIEE T pET32a-IcFPS2 JEM% Rk Ak .
TN K AT T, PCR IR 3] T KN
1100 bp M2k (Bl 6), HSHM BN —3 i
— 2B W T uUE g% i IE B, R OB R # ik
IcFPS2-pET32a #4)  J% Ll o ¥ #4) 2 1% T 1) 20
PET32a-IcFPS2 JFi%RIEH A F AN KB BL21
(DE3) pLysS #1, MIAANIFKRER) IPTG, 7£28 C
ZME T FEAEIS, 04 4. 8 h JFHUREALFE 5 HE T
SDS-PAGE HiJkfll. 53Rkl 7 fizw, ALK
B BL21 (DE3) pLysS Afd £, 1 mmol/L IPTG,
28 C. 200 r/min #RAEFEF 22 h N, 7E 45 000
A B I TR R R A, REREAW RS
. RLFHESHSH B R pET32a-IcFPS2 ]

2000 bp
1500 bp
1000 bp
750 bp
500 bp

250 bp
100 bp

6 pET32a-IcFPS2 E40 FRiFAME 7 A&
Fig. 6 Detection of positive clones of pET32a-IcFPS2

recombinant plasmid

9.97X 104 —
6.64X 104 — %

443 X10* —

2.90 X 10*

2.01 X10* —

143X 10—

M-Marker 1-ZF#f& pET32a 2~3-1 mmol/L IPTG 5%,
pET32a £ik 0.4 h 4-REFFHELTNR pET32a-IcFPS2 5~
7-1 mmol/L IPTG 53 B4 Jfi ki pET32a-IcFPS2 0+ 4. 8 h.
M-Marker 1-empty vector pET32a 2—3-1 mmol/L IPTG induced
expression of empty pET32a for 0, 4 h 4-uninduced recombinant
plasmid pET32a-IcFPS2 5—7-1 mmolV/L IPTG induced
recombinant plasmid pET32a-IcFPS2 for 0, 4, 8 h

B 7 IcFPS2 ERFRIEHIH) SDS-PAGE 531
Fig. 7 SDS-PAGE analysis of IcFPS2 gene expression

products
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WA KRB IZEA . U EZ RS K
pET32a-IcFPS2 # g 2y, Il IPTG 53 &
iX. H 1 mmol/L IPTG %1 N1 pET32a-IcFPS2 &
Y FRLRINAE 4 h A1 8 h IS IRI i 5: H H R A 4%
i, HREHE R EH TR AREZED.
3 itig

=R AR R, e NS,
=t wmK. RESEDTEER . ME=
i S AN S SR EE . FERDE. ARKK
B AR EEER AN, RATR . PUME. iR
G2 PGP IR, BEAE MR 25 H A E AN W g a2
I, ME =R Y E R R B TRk
FHMRE. AT IR E =R S
FRAR P OB H AR LR ) 43 TR LA, ARHE
FUHE T e B, il PCR HAR Tl B A
HI AR T 1 FPS EF4K cDNA 7
5. [RIVRE TR T 5 L0 R B, IcFPS2 HEH Y
IcFPS1 & AR —FME N 83.7%, H. IcFPS2 A 5
BET AAb. B, KREIE. Sl HE, AT
TSRV FPS R H & FE . 1Ak E R
HAZHI A FPS KR ZEARBIER 7 X I~V
JUTARFIR2,  Hodr TR VI X3R5 B AR IR
KRBT, 4778 DDXX (XX) D (D HRAR
M, X NEEEER), BHAN FARM; 75—
DDXXD, ## N SARMZI, 4k, REHHLH 5
B iR IcFPS1. IcFPS2 &5 ANkl FPS HATE
B R BRI, I IcFPSI . IcFPS2 7] R Al
PEM B WSS 8B

=R A AL TR R, WA
% Panax ginseng C. A. Meyer. &8 Platycodon
grandifloras (Jacq.) A. DC.. R Z Ganoderma
Lucidum Karst (Curtis) P. Karst. =GR, %
Vaccaria hispanica (Miller) Rauschert) FIFH¥-, 2
R Siraitia grosvenori (Swingle) C. Jeffrey ex A. M.
Lu et Z. Y. Zhang [{IRSCFIFI TR 2, of, FIfde
Betula platyphylla suk W [ TR S5 E A7 S8R 855
F B =R R AR TSN SO E B A R R
IcFPS2 JEPEME 1) AR P R RIE AR AR 2
s, HrpERPRREER . B OES
YirhikAT 1 FPS ZERI 20 B 5 DhRE S IE, 40T B
FPS JERIFEAE . . ZFIR A RL, fEARFIH
i RIE R AT SRR FPS BEAER . ML X
hIHEERRE, HARTREERE>): E

IcFPS] TEMR R R FRA B iR E, HHRIERER
2, WETEHER, TEZEFIMERE A i) 2R B R I 1260
MBI FPS TEMIR BRI Rk B e, iR 1
W FpFIR 2, FEhRIA B RAKRT; &L FPS
FERFIZE (AR R IA B, R8I FLfh FPS
FEM RIS SR |2 RIE P, X 5 ARSI IcFPS?2
BRI RANL 1A S FPS B R 131K K Fhf
A KR AR 3G 0 2 i Rk e s, LR rE R
W REERE, MR RRAEET 0B HH
I FPS fE#hZER R E R &, HARFIRIRZ,
AR R 2Rk B R IR, IX SR 7L R B FPS JE A )
FESEACPAEA A2 2 RIE W] R 5 IR A AR B = 1
AR BRI A, MAEA R REY) XA —
MR ZE et o 9B SR AR IR S 2 H R IR IRIE 42
IR — N SRR BRI, R =i R E S
BOSAEFEE B CHEBEMER .. R FRE T
=t FPS WK, AR T =L 2 i
B2 B AEEBI R I PFPS IR Bk TS
WAEMNSgFSEAERNET SR, B, Edi
5 1cFPS2 FERIFRIEKFHA B T4 b B =
BN,

NEBE— ST FPS 3 DR 7E B R Th AE,
F# 7 pET32a-IcFPS2 #Ak, FF HAE Kt i
FRIERIE, KB THRELN 45 000 FHEH
IcFPS2 HEH .

JERZ AV RIAEAA 2P, HAF pET 2 H il
i & o2 BARMERE R 3k 2 — B4, [,
BL21 (DE3) & —Mmadkis H AR B AR R IL
RGP, 5 EMEP ARG RS0 —E, A
Fride F 1) pET32a #AAFI KA B BL21 (DE3) 1]
PlEs. KEHIES IcFPS2 AR, AR
FIH KA E A EYS FPS J: N 1 R A% ik %
A, R JE R S b R e 2 DU PR =k B
o7 R, RREBIRRG AAE
pET28a-4sSS4 A A, NHERUTE 1M JE A
(1150 THLHIBE 5 T Jehl; 2Rk D IR TE K
FHEFRIET AARER AsERFI EH, JaisHE
REMEE TR /KT BT R EH ASERFI B4
SEINAEBEE T TN . I8A B R S ORI K
J A B R LA e M S B CpSOST. CpSQS2 B
MR RIEB AR, NFE— DA =G5 D&
BUS AP T B KR .

AT FC e — D R R R IeFPS2 HEA
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