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Abstract In order to ascertain the mechanism that the inoculated Penicillium minioluteum P116-1a might enhance saponins
content of Acanthopanax (Eleutherococcus senticosus), which possible regulated with the target genes in each gene family members
of squalene synthase (SS), squalene epoxidase (SE) and f-amyrin synthase (B-AS). We analyzed the genes’ expression of the SS, SE
and (B-AS) in the acanthopanax (E. senticosus) that was inoculated with Penicillium minioluteum P116-1a by quantitative real time
PCR; B-AS while we measured saponins content of E. senticosus by using spectrophotometry method and did the correlation analysis
based on SPSS software (ver. 17.0). The results showed that after inoculated with Penicillium minioluteum P116-1a the expression of
SS1 was significantly depressed (p<0.05), while the expression of SS2 was increased at the beginning and then fell down; whereas
SE1 expression was significant improved (p<0.05); the expression of SE2 was significantly inhibited in the early stage of inoculated
with P116-1a (p<0.05), but then was recovered soon. The expression trend of B-B-AS1 was as similar as that of SS2 that was
increased at the beginning and then was fell down soon. But B-AS2 expression was significant improved (p<0.05). The further results
exhibited that inoculated Penicillium minioluteum P116-1a significantly enhanced the saponins content of E. senticosus (p<0.05).
The correlationship between the saponins content of E. senticosus and the expression levels of SS2, SE1 and B-AS2 presented
obvious positive. We preliminary judged that the genes of SS2, SE1 and B-AS2 might be the target gene that involved in enhancing
the saponins content E. senticosus while Penicillium minioluteum P116-la applied to inoculate on the acanthopanax
(Eleutherococcus senticosus).

Keywords Acanthopanax Eleutherococcus senticosus, Penicillium minioluteum P116-1a, Saponins, Squalene synthase (SS), Squalene
epoxidase (SE), p-amyrin synthase (3-AS)
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TR, & MGl (squalene synthase, SS) 7 5t 7 IR A R — P BEIE L, 4k 2 4rF BIVENR IR B 4
BN 14 TR Kim et al., 2011). &4 A8 (squalene epoxidase, SE)fit 57l J5 AL I B, AL & 5 AL
A% 2,3-% 40 & )7 (Han et al., 2010). B-7 W EGEE & KB (B- amyrin synthase, B-AS) 7 Fifi 4k 2,3-% 4k & IR LT
B B- A IR I, AT 2,3- 584k B M 10E N =i B A AR SR (WU et al., 2012; Jin et al., 2014) . — 3 A8 =i
B R SR .

WAB T Z oA T2 R EYR P, FHarxh g S i 25 B R o & /e AR B ) s e (B ) 35S, 2014).
PR P116-a 43 & B % T 0 ) 4 4= 75 2 (Penicillium minioluteum),  [R1951% % 5 76 2 25 52 mfll T 2 15 B 1 [H)
I 2 I AR KR B WA B S I Et4%, 2009). Real-time PCR Z» M 45 SR EH], P116-1a BFkAl 3%
SUBHI N SS. SE F1B-AS A ERA EE, i 2w g U0 i 2 S O RS, 2012). HEE S ALK
I, AHARYFARLL, BTN SS. SE Al B-AS I K /7 75 5L [N K I B (M ek 45, 2014). UL Fd 7+ (Rasbery
et al., 2007), A Z(Han et al., 2010)5547)Fh Bk il 5 DR SR R e 45 R 3R B, ik DR SRR 1) &% 1l 53 R AR S5 R AR AL,
% BRI 2RISR SR RCR S A S A AN R o 3 T8 BH 2 DR 5 () A 7] 1l 573 6F 24 FE R 20 1) 245 PR 46 1 L
HAFE TR FNAS [F (8 FHLEE

R, ASHF 50 MR R 3 R I A RE S 43 43 M SS. SE Al B-AS Ji [R5 I f 4% 1 53 75 A1 4% P116-1a Ji5
(PIZRIRAE D, 33 1T A 5 D2 %o R I 2 R s, 3k PR 9 s PN A B e v 24 AL 2 FH ROy B s TR 2R (R
il o

1ER 55
1.1 85 P116-1a XRIFLHN SS1. SS2 KIKHIFLM
[l BE P AL B bk P116-1a )5, HFL N SS1 1 SS2 HEM ik IR A B B0k () 1), Hreh, SS1 3R
fEInl$E P116-1a J& 12 3% (K (p<0.05), HRFIARMBLAEHE 60 d B, SOMXTIRAL SS1 RiAR [ 19.7%. SS2
SEPHAEF 2 PLI6-1a b 30 d B, W4T} S0 TRALY 155 (p<0.05), 2 JGFFA F I, [mHz 60 d I Xt il
R, 2 5 MR 2 5 S T AL 26 1 K P (p<0.05)
30 ¢
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Figure 1 The effect of inoculated with P116-1a on the expression of SS gene family in E. senticosus
Note: The different small letters mean significant difference (p<0.05)

1.2 8:Fh P116-1a SR AN SE1. SE2 RIAKIF M

4N A H % P116-1a MRS, HilTun SE ZERI KRR A A 2 B . fERHE R K P116-1a 8N4
K], SEL FE[R K FIA KP4 2 35 4 =1 (p<0.05), Horr, [H182 30 d I (R THAK ik, kX REZLI 2.61 £i%,
[F142 90 d I (UFRTF K T A, SAXTHRY 1.35 7%, {H[EI4Z 60~120 d i), P116-1la %t SE1 IRIEEHTH K27
A, SRR, 704 P116-1a ik 60 d LLA, SE2 )31k 1k 2 30 (p<0.05), b, [a14% 60 d I
EERAK, PONSTIRZLN 22.3%, 2 J&[EIFH 25 4L SE2 IR IEK .

1.3 BFh P116-1a XTRIFLAN p-AS1. B-AS2 FikHIFL M

2N AE 5 PL16-1a WiRSE, HIFN B-AS FER FKE MR E B aIE 3 Fran. [HH: 60 d LAY, fE3filH
hn B-ASL EER R IA B R E A, Hrb, mAEHIERE 60 d B, AXTIER) 4.77 f%. [H142 90 d i 2k FEAIK
ZXFHRI 25.5%, [E142 120 d B [BITF 20 m T B RIE KT, EHNEERAERE . EREE B E K
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W, P116-la AR EHRTH T B-AS2 IR K FRIAKT, SHXHRAMEL, PRI 2.84 /%, Hrr, [a182 90 d i
BARRK, EXTHER 417 1%, B8 120 d B FERF-EHD, XA B-AS2 FRIAEAT 1.89 f%.
30
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25 4
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>
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Figure 2 The effect of inoculated with P116-1a on the expression of SE gene family in E. senticosus
Note: The different small letters mean significant difference (p<0.05)

%0 r EbASI-P116-1a
Zgt 2 BbAS1-CK
E ol f BbAS2-P116-1a
W 2 60 BbAS2-CK
Kz 50
E 330
5 20
Z 10
0

Bl 3 Hfh P116-1a X4 TLln B-AS J K 5 31 1 B2 I

T AEVNE FRAE 2 7 B3 (p<0.05)

Figure 3 The effect of inoculated with P116-1a on the expression of B-AS gene family in E. senticosus
Note: The different small letters mean significant difference (p<0.05)
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BEE T IR A R (p<0.05), BAMEKWIA 2R T 3.31 6%, b, (818 30 d IR THAK PR, A Xt

FRZH B &) 4.38 £%, [BI8: 120 d I 42 i, X RREH & &1 1.65 fi5.
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Figure 4 The effect of inoculated with P116-1a on the saponins content of E. senticosus
Note: The different small letters mean significant difference (p<0.05)

1.5 REBEFF KRR LM BT S BRI

AERVE ST 25 R B, RIEEE R P116-1a J5, HFIFNA SS2. SEL Ml B-AS2 (R AE B E R, HitHE
HRHFSEMAE TR, A5 R250 58 0.917. 0.814 Al 0.878, F74F & K IEAMH %% & (p<0.05). 1]
SS1. SE2 1 B-AS1 WKk &5 2 H & &R A OC REEUR, 08 -0.264, -0.371 1 0.671, KRiLEF#H
Ko

208

TG FHREDI N A B R TSR 0, AR B IENTE AR G, e o5l rs RS RIE 5 5 S AR DGR R 1R

KA, SRR AR F TS B ARSI RN, SRR RIEEE, A RER& 52 FE YA Uk
PR IOREA AR RO #IMEE, 2012; 5T 585, 2014).

HAT, 30 TN B A RO BRI [N CURE Sl e R, IR AT 7 PLL6-La St il T o6 el I D] 3R 08 1) 52 i (S
A, 2012). (HBEJE FIRF AR, AFER FOINTE N A, A =05 B A& B SS. SE Rl B-AS 3
PL 2 A8 2 AN B b s BRoR R 3 TR R A . A7 AE (Manfield et al., 2007; Uchida et al., 2009; &4, 2014), {2
ANE e I B AN R, HL RO AR R A 7E 22 57 (Han et al., 2010; FREAKSE, 2014).

HAr, S0t R LR TS, Mo 25 FAEYI A OG0T 5T /b (Manfield et al., 2007). Xf A% SS
REFEBEMF R R, NBHEA PgSS1. PgSS2 Al PgSS3 3t 3 AN kfd, =& B AFMEM AV EThEE, H
PgSS1 5 FILINKML, EFFALARYFERIE, T PgSS2 FTAEM AR &Kk, PgSS3 MITEM Fhm %
15

AN, BAR A REE R AR B A H S5 IR T RIA R, {H PgSS2 Al PgSS3 IR E RN, KRIARFHK
F, T PgSS1 AR TR B T IR (Kim et al., 2011). fFFIFAOI 45 R BoR, H SE BN i 6 AN i
i H R 1~3 gelid A ThREI B 5 A A, 4~6 L% (Uchida et al., 2009). 1 AZH1 SEH 2 NEAEW
THREMI R R, SR FTRR BRI B /= 7 PQSEL IRk, 1M PgSE2 [H3RIA #1522 T #1i](Han et al., 2010).

TEARZE RS R TR A i R S OL R, X 35 S BB N KR AT R — M N 45 R R, RN AEHE PL16-
la J&, SS FEFI Sk IR AR IR BN M RO R B S . R [T () 2, SE & R SR K 1A f % T
Fb, AEEE 120 d B R E T AT, B-AS BRSO 1R AR Rk SR B R (30 d)Ah, B T RO
FIXREE, 2012).

AW, bk P116-1a 2 EHRTF THITLIN SS2. SE1 Al B-AS2 ik & H 5 M TUmr 2 & & L BE W
IEFIRR AR Ui, bkid 3 ANERENAERE P116-1a R FM B S RN B SRR, X—4R75
TN SS. SE Al B-AS F K F 5 - 5 b3 6] 5 F00 28 A= -6 A F 9 B2 1 93 W 45 SR AH — B A k4, 2014).
{H5 P116-1a X} SS H:PH FKik s ik 8 2 OB /M 45 RO IR EE, 2012) 2 E A . X FEZF A P116-1a £
BEP R AL SS FERI S b SS2 Rk N, R EINH] SS1 HIFeIA, RN 18 K A J DRI B o

3RS
3.1 KA R

i) 71 fin (Eleutherococcus senticosus) K H 5 ARG MR 7. WAEFH R MK P116-1a AL =558, Kefl
TR N TR T4 BT L, SRSk ik (et e, 2012), 4l 7E [Hl#; P116-1a Bk 30 d. 60 d. 90
d 1 120d J&, HUH R PR SR RNA RN 5E 215 25 B KA
3.2 P116-1a MBS & &

A7 I A 4275 % P116-1a 18 7 (Penicillium minioluteum) i 7 B 4% B 4w Bl 7 2% |, 28°CHigR 7 d )&,
WCERTEAG I 5 B 22 B BUK Bl . S CSCIROB B S, 2012) 1 kT8 3%, T IR S % E .

3.3RNA HJIREL. R¥EX551Y

FIFA Y S RNA B S (R RA F) M RevertAidTM First strand cDNA synthesis Kit (H A
TaKaRa /A 7)) 73 i FHUG I8 Az [0 42 P116-1a kK 30 d. 60 dv 90 d Al 120 d J5 & FEAME RNA, FFEL 1 L &
RNA S #3%5 cDNA.

FR4E I Fin SS JE Kl K e i) SS1 Kk B2 (HQ456918) . SS2 Ji it (IN714465) . SE HEPF 5 e () SE1 % A
(JF818129). SE2 f% [ (IN228206). B-AS FE:[K K B-AS1 ik 72 (JF818130). B-AS2 h{ Hi (JF818131) 1 Py 2 il %k
actin (KC469585)(] cDNA 4K %1, FIH real-time PCR 434 5| Wit HFEA JH I, 79 5 Wit & R PR
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19, A TAEY(EE)ARAT G . §H SS1 B FI5I %A 5'- GAGATCCTGCTATCTTCCGGTTT-3'
1 5-AGACCACGCCTCAGTTTCACTAC-3', ¥ K 118 bp M B ¥ 44 SS2 XM 5I Xt N 5-
TCACGACTAGATGGACAAGCAAA-3'fil 5- GCCAATAACAAGAGCAGGAATG-3', F'iK: 143 bp A EX:
1 SEL FEA M 51 4% N 5'- TAAAGTCGGAAGGAGTTCG-3'f 5-CTTAGTGAATGAATGGGAGG-3', # ik
82 bp B A B ¥ 3§ SE2 f 5] ¥ % N 5-TGACAAAGCAAGGCAAGAAATG-3' fll 5'-
AGCGACAGCAAAGAAGTGGAG-3', ¥ # K 142 bp W H Bt ¥ 8 B-AS1 X K 5l ¥ %t A 5-
GCTCTGAAGACTACCATGAAACACA-3'fil 5- ACCCAACAAGCAAGCATACAGA-3', ¥ #K 104 bp K
Bt ¥ B-AS2 FEHK 5 #%t N 5'- TTCCCGAATGCCAACAGAA-3'fil 5-TCCCAAATAGCAAAACCACCA-
3, FIK 117 bp W 4 Bt ¥4 actin B B 5 XN 5-GCAAGAGCTTGAAACAGCAAAG-3' il 5™
TCAAAGATGGCTGGAAAAGGA-3', # 18K 128 bp I H B

3.4 Real time PCR R M. 5B H A BT

PA 3.3 & HEA cDNA A real time PCR B IREHR, 207l FIF SS1. SS2. SE1. SE2. B-AS1. B-AS2 fll
actin Z=[X[ 1) real time PCR 43§ 5| #3417 PCR ™1, 774 1.5%IRigha st ik, w9k e is, FIHZR
JEFEEER DNA SRR S CRAR A BRA BRI, 3845 8 58 B SR B R iR FE = . DAL i iR FE =0
PrfEdh, BETZOECH 5 R 10 EFRE, HIMERRERIZE . %18 SYBR® Premix Ex TaqTM Il {38, FIF ABI
7900 HT real-time PCR system i3£47 real time PCR J .o b S SifA R, 8- 3 R SR B 7 G I 2 5 D5 (1 97 184 51 4
% 0.3 uL, 50 xROX reverse 0.2 pL, FAEAN] cDNA J i B I AR HEEE A H 1Y) DNA 0.3 uL, dd H20 3.9
pL, SYBR® Premix Ex TaqTM I 5 pL, 3t 10 pL. M ZAfFH: 95°C 1 m, 95°C 55, 60°C 30s, FLiHAT 40 4
Real-time PCR f§¥F. Real-time PCR S &5H G, Zrb & ZEDH 3 =M i il 2k, i e =0 ke e bk
AN EE 3 WK MRS IE R bR v 28 K HXE R ) Ct B, S IESCHROMRANKSE, 2012) /77155 i 5 4% 3L A
KM AMRILE

Z I SCHEROR XSS, 2012) KT VE I E S REAR S BT & &, FH8 A RIEENITISE FIATH S E S

Ve Tk

HH L4157 Real-time PCR. SIMIRIH L2 H & EMNE . SLRBEIE T 50 0RS . BRNFEES
57 RNA Sl ek, MR SLIG IR UG TREDR A3 S iie s, SSiemsit. 189 2%k
B OB I R R AR R

B

AWEFT T AC A B OB 5 < - 2454 141 2 2 Bk 5 T 9T 9 <2 (H2012401006) . b8 #0F 7 55 B RL ot H
(QN2014102) M AL I & K 41 242 (GP201306) 3L Al B Bl o BV BT AB IR & KA 25 22 Be 1 97 R = 308 . ]
BB KA B2 22 e 1 R MG S BT & 2011 AR LAZ SRl [F) A AE SER A h s T I e A B
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