+3770 - ¢ %% Chinese Traditional and Herbal Drugs 35 51 % %5 14 #§ 202057 A

Jr= FPS Z[X|EE B} 8 2L 32 3 Pe i K B _Eisee SR E T RYTFIE

He2 !, R HBKERL BMAES, HERY

1 HERMR IS0, MR 480 350002

2. WA RNEFER BT T, fRE AN 350014

3. PEESRER JCRT AR R 2 A AR, JERT 100193
4. P EPER2ER AT, dEE 100700

# E: B RS2 =G e ik e LB IR G5 (famesyl diphosphate synthase, FPS) J& K i A4 5 5 K+ .
Bk EARM T FPS BB, HFIEREE pAbAl SRR IEIHE R pAbAI-FPS. ¥4 pAbAI-FPS #4k Y1H MEREEAZ 40
WA E BT T . SFFH SMART 35 RM 2772 B BE 2458 cDNA CFE, BG4 L I35 cDNA. pGADT7-Rec FEELIBHH#E,
ik FPS LIFRIF RN 7. SR WE T8 pAbAI-FPS FIFE B AIHE HiFHE K, W& T cDNA FEIHH#ILIFE
Wbk, it PE el 37 AN, 19 2IMER FPS LN LU EE TR 18 A, WIHRIT 3 A4 P REA 5 A L HAn
FEEA 10 D. 38 FHik S ¥ GISNF2. GIMHR H! GIZn2Cys6 Jyifii% FPS ik fkikIL [, NEEATFE FPS %
Bl (1) ek YA F2 AL B T B T R Al

KB A R REHRREE; BRI, BN RZ 0

FESZES: R282.12 XRRRERS: A NXEHS: 0253 - 2670(2020)14 - 3770 - 07

DOI: 10.7501/j.issn.0253-2670.2020.14.022

Construction of yeast one-hybrid library and screening of transcription factors
regulating FPS expression in Ganoderma lucidum
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Abstract: Objective To screen the upstream regulatory transcription factors of farnesyl diphosphate synthase (FPS) in the
triterpenoid synthesis pathway in Ganoderma lucidum. Methods In this study, the FPS promoter was cloned and connected to the
pAbAI plasmid to construct bait vector pAbAi-FPS, which was transformed into Y1H yeast competent cells to construct bait yeast.
The yeast one-hybrid cDNA library was constructed by using SMART technology, then the purified ds-cDNA and pGADT7-Rec
were co-transformed into bait yeast strain to screen the upstream transcriptional regulatory factors of PFS. Results The bait vector
containing pAbAi-FPS was constructed and the bait strain was screened, the cDNA library was constructed and transformed to the
bait strain. A total of 37 positive clones were screened and sequenced. The sequences of conserved domain were predicted and
performed blast search against the whole-genome database to identify their function. As a result, a total of 18 upstream regulatory
factors were screened out including three transcription factors, five ribosomal proteins, and 10 other transcription regulators.
Conclusion The results indicated that transcription factors GISNF2, GIMHR, and G1Zn2Cys6 were candidate genes for regulating
the expression of FPS, and this study offered data for further study on the regulation mechanism of FPS expression.
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752 Ganoderma lucidum (Leyyss. ex Fr.) Karst.
NI A R, FEA R0 R Z =,
HPUMR . GRAT R R S E B e, Ak
RZ =S RHTANE Y B S L2l FERR I RE
1% (mevalonate pathway, MVA &%) AR . H
W, ke SEAE B R A B9 ( farnesyl diphosphate
synthase, FPS) 4b+ MVA &2 IS — N4>,
AP 5315 R HE AR BRI 5 — W B T R AR 1 TR
TERGEe FEE IR, 2 R 2 =i e R H ) o
iz —, BARIRY FPS L C AW T ML E,
FHAE R FE R H A5 208, (H AR SR B s 4L
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e s R AT DA AR AT R A% 1) 22 AR
AR, RRESEHRERNESE, BIimksET
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HLEIBT S At 7R E R, SR 22 R
NE RN ATRE . fE7R 2 4k R ZH B0 2 h ke 2
629 NG, A C2H2. HLH. HMG. MADS
S, T HRTRA 3 MERETHIRES S
RZWREME KT, B eI E
FOFERT 2 AR OS, [Hh, 3785 R A% 7R 2 M
YER, 1B 75 EX IR 2 A R e S L A A %
RIS 5T BRI T . B BF B AT 4
AR IIE DNA SEAZERMHEEAER, 7Ts>
T EAZ AN A R R Rk % . T TR R 1A
i, BBHPEAS, T PARS L s R 75 5 3l 7 XX
YER T A AR, BRIl iz T H
R e s R 7 e b o IR i e R FE 2D
AL, KEL. BHEE SR i e
VAR A AU = s S IR 1P

HAT R T RZ =AM MVA BEMRkIE, &
ACBRT 11 AN Bl R 1) e B A R B 7, TR I
P LA ASIRY 18 | FPS F A1 H 3
TR HN A R T A, S W B B ST HOR T
15188 T AR SR T, I FPS &)
e S B LA TR LA o
1 #H

TR Z MR CGMCC5.0026 TRAF T ARSI = . H
£ PDA [flfkR5773E, 28 CHiFR 7d, 4% PDA
WkRE IR, 28 °C, 180 r/min, #57%7d, Witk
W22 T3St K20 DNA. MatchmakerTM Gold

Yeast One-Hybrid Library Screening System il &
(Clontech) SD/-Ura DO Supplement. SD/-Leu DO
Supplement. Aureobasidin A (AbA). pMD 19-T.
KA DHS o JE A2 245400 . Hind 1 A1 Sma I g5
Wy H Takara 7 &) ; Trizol 7] CInvitrogen) .
Dynabeads™™ mRNA Purification Kit (Invitrogen) Ji
H Thermo A 7] ; Adenine Sulfate( Ade)J H Amresco
AF]; YRR DNA FEIGGH &M B R AL
B AbsD) HIRAHE: g1a s e i LA
V) TREA IR A 58 o
2 FE
2.1 FRZ FPS EEBFHRERFIISH

1E ¢ 2 4 5 A B4R FE Chttps://www.
ncbi.nlm.nih.gov/genome/?term=Ganoderma-+lucidum )
L, N #K FPS BEAS B181 . £E SR 31 X -1 000~
0 bp PismAL ¥ ih5140, IF5I N\ Hind LA Xhol FigY]
figle HIERFGI M2 HN F: 5-ATTGAA-
aagcttGGAAGAGCATTGGTTG-3’, R: 5’-ACATGC-
ctcgagTTTGGCGCAGGGGTG-3", FZHUR 2 [H4H
DNA, 43 FPS %K J5 5)F[X . PCR = #i% 4% pMD
19-T 34K, FEHAL KT DHSo 2 540, 57
MEPH P v B 1A A8 AR ) TARAT IR A I EAT DU
FI AL M8k 2F PlantCARE Chttp://bioinformatics.
psb.ugent.be/webtools/plantcare/html/) 73 #1 FPS F[X]
JE BT X A E et
2.2 iFIEEK pAbAI-FPS AUiE

AR AR pAbAL R FPS JA 31 (1 BURLH]
Hind 11 F1 Xho 1 BEdEAT XUEGY],  BRIEREEEI Ik e
RIS H ki IR, RIS IHER pADAI-FPS.
H Bbs 1 B 5 HE A pAbAI-FPS I FH 4 %) i
p53-AbAi BEATEEAL, Bl IS 7 iR Ze A T T
FLAIBAPE X R 2 Y 1H BERERSZ S At . 4
J&i» 1 mL 0.9% NaCl () # 8 B 547 T SD/-Ura
AR E, 30 CHiFR 4 d JEPREUREVE, (£ SD/-Ura
BrgRdt ERIZL, 30 CRIEREIRE 3 d, i H] Matchmaker
Insert Check PCR Mix 1 #£47 PCR fifiife fHE se e, 45
FIEHEM Y 1H [pAbAI-FPS]. PRHIEH AE K 1) 7515
Bk, H 0.9% NaCl i E &, 1845 Aeoo /¥ 0.002,
HEAT AbA HiIESLES . B 100 pL _F3R B84 SD/-Ura
B _E, AbA Ji S E 43519 0.200. 500+ 1 000 ng/mL,
30 CHIERFR 3 d, MRIE-PARCE AT U E 1] 55
THEMRAE KT BB/ AbA JlTEIREE, Il 51H
TR ARV BRI A4 .
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2.3 ¢DNA & FRIA ERDE K ik

K H Trizol £ HUIR 2 H 22 5 RNA, K
BRiLalitk mRNA. FIFH SMART 5 A i 5% 3115
cDNA % —2k%%, #A/5%4 LD-PCR (Long distance
PCR) & W XWEE M) ds-cDNA. ¥ XU4E cDNA.
pGADT7-Rec MiFEHEFk Y1H [pAbAi-FPS] /&3
SIMARA LS O0EH, H LIAC/PEG 7%
6 B . BB B R IR AT
SD/-Leu/AbA (200 ng/mL) 4R I, 30 ‘CH45% 3~
5 d WA 1 108 B 4 e P
2.4 PAMSEPERIEE RS

PEEL SD/-Leu/AbA (200 ng/mL) PR Ak
NI R &M T YPDA ﬁs*zﬁ:in?%%tﬁ,
30 'C. 220 r/min ¥3% 3~4 d JEHRKLT
SD/-Lew/AbA (200 ng/mL) “FAx_F. BEHUER A=K

HI# 7%, 1#H] Matchmaker Insert Check PCR Mix 2
AT PCRo BRAFPHME vl f5 b AT R B e . ¥ e
JP HITE 75 2 42 3 R 41 A NCBT A 2 7 Blast T
HEATHEXS, JRAE CDD %4 Chttps://www.ncbi.
nlm.nih.gov/edd) A HEAT LR 57 &5 F IR TN .
3 HRESH
3.1 FPS EEBFHIFTISH

LAJRZ 3 K41 DNA Jyfsiti, 719 FPS Ja3h 1
FHl, WP RS eiE R AT 7 —8. FIAFEZRK
% plant CARE 73 #r B80T 751, 455R3E0], H3hX
A B B 1 A 5 3 RAE A R AR B oo
CAAT-box, Yema o G-box. L-box. Spl F
TCCC-motif, HEYIFHEWIN T/ ABRE. CGTCA.
TGA-element A1 TGACG-motif, Hi FMi N o MBS
FHARDIREARFI I E A oSS (R D

F 1 FZFPS BahFRBIRRA T

Table 1 Cis-acting element analysis of FPS promoter of G. lucidum

HR Fr 31 Dyke KA
ABRE ACGTG/CGCACGTGTC abscisic acid-responsive element 2
ATCT AATCTAATCC light-responsive element 1
CAAT-box CAAAT/CAAT common cis-acting element in promoter and 12

enhancer regions
CGTCA CGTCA MeJA-responsive element 2
DRE core GCCGAC Function unknown 2
G-box CACGTT/TACGTG/CACGAC  light-responsive element 2
L-box ATCCCACCTAC light-responsive element 1
MBS CAACTG MYB binding site involved in drought-inducibility 1
MYC CATTTG Function unknown 2
Myb CAACTG Function unknown 2
STRE AGGGG Function unknown 3
Spl GGGCGG light-responsive element 1
TCCC-motif TCTCCCT light-responsive element 1
TGA-element AACGAC auxin-responsive element 1
TGACG-motif  TGACG MeJA-responsive element 2
Unnamed 1 CGTGG Function unknown 1
Unnamed_4 CTCC Function unknown 24
WRE3 CCACCT Function unknown 2
as-1 TGACG Function unknown 2

3.2 FEHHHNEE

¥ pAbAi BAAFIEE FPS JashTHIFRIE T A
BgU. aifh. R, ERTEYAL E. coli TOP10 52
AU, PRiEBAYE SR BRI =R/ N2 1000
bp (B 1-A), FMHK v BOR/N—8. Mt Hind

I A1 Xho UIAT XY, B bl vkl . Bt
PRI 2 46, R B2 5000 bp ARIARA:, /NA
Bt#)1 000 bp M HEEER B (& 1-B). % PCR
WUEFOSIE R BAPE SRR, MPEs RS H i B 7
Fl—5, RPFHERA pAbAI-FPS MR .
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2000 bp
1000 bp g ggg Ep
D

750bp 2 000 bp
500 bp 1500 bp

1 000 bp

250 bp 750 bp
100 bp Z (5)2 :p

P

100 bp

M-Marker Al-pAbAi-FPS 1t E. coli [{] PCR /) BI- pAbAi-FPS

1) Hind/Sma 1 XUEE#F=¥) B2- pAbAi-FPS J5iki

M-Marker Al- PCR product of vector pAbAi-FPS transformed E. coli

TOP10 cells Bl-pAbAi-FPS plasmid digested with Hind/Sma 1

B2-pAbAi-FPS plasmid

1 pAbAi-FPS f PCR £E (A) FIXEEHES=Y) (B)

Fig. 1 PCR detection (A) and restriction enzyme digestion (B)
of pAbAi-FPS

3.3 FIEERAYTTFIE
FFIHE R pAbAI-FPS FAV BB YIH S,
AT SD/-Ura #5550 I, ATUAK BV, RIAC
RN EEFH B (B 2-A). FHHERN AbA 155
WREERITRIERE, £ AbA WA 200 ng/mL B, W]
PLre e isliE AR A (B 2-B).
3.4 cDNA XERIERFECIFIERER
FEHUR Z B 22 RNA, BERH KRN 2R, 28 S
rRNA F1 18S rRNA 257iriGMr, FiEHLF (KB 3).

2 SIEEHKTE SD/-ura (A) F1 SD/-ura/AbA (200 ng/mL)
B) EHFRELHEKIER

Fig. 2 Growth situation of bait strain on solid media SD/-ura
(A) and SD/-ura/AbA (200 ng/mL) (B)

2tk 193] mRNA J5 & cDNA 5—2%8E, A
LD-PCR 3X3XU5E cDNA. 35 IEHE e L bikoka ) 3
7 AL RSB AUEE cDNA Fr B EEAE 0.5~3 kb
(K 4.

F AL IS cDNA 5 2110 1 pGADT7 2 A

AL B HE M YIH [pAbAi-Ls] [EZ2A4M, %
#iF SD/-Leu/AbA (200 ng/mL) P4 b, #3953 d
JG, AR EAEEEK (B 5-A). R P P
ik, FIKAE SD/-Leu/AbA (200 ng/mL) ~F- b £
7= (K 5-B).
3.5 cDNA RERIEXELERFTSH
X PRI TR ) FRLR VR 34T PCR 971, 260
M 1 2
2 000 bp (NS

1000 bp
750 bp
500 bp

250 bp

100 bp

M-Marker 1. 2-752 & RNA
M-Marker 1, 2-total RNA extracted from hyphae of G. lucidum

3 FRER RNA BRZEKE
Fig. 3 Electrophoresis of total RNA extracted from hyphae

of G. lucidum

10 000 bp
8000 bp
6 000 bp
5000 bp
4000 bp
3000 bp
2000 bp
1 000 bp

800 bp

500 bp

300 bp

M-Marker 1. 2-Zi4LHIAUEE cDNA
M-Marker 1, 2-ds-cDNA

4 SELHINEE cNDA EEAS R KE
Fig. 4 Electrophoresis of purified ds-cDNA

5 EORMREMEKER A) MEIKEFR B)
Fig. 5 Growth of partial positive mono-clone in solid

medium (A) and their secondary culture (B)
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500 bp LA ARHME FORE . HikI 37 ASFHME ERE (K
6), 193] 18 %74,

B r 2k 5 /RZ LR A AT Blast tLX,
Xt b9 ANEE: RS R HEHE L B HAR 9

M 1 2 3 4 5 6 7 8 9 10 11

ANEE, £ NCBI BEAT HO AR ST 25 R Pt o ¢
KR 17 ADIRECHBIEH, O 3 MR T,
2ABIRTEE A 5 MR E RS, IBAh, A1
NINRERFIIE A (R 2).

12 13 14 15 16 17 18

19 20 21

22 23 24

&l 6

EBSY BRI R FZRY PCR £ 8

Fig. 6 PCR identification of partial positive clones

x2 S5HFZFPS BHTEMENER
Table 2 Proteins that interacting with FPS promoter of G. lucidum
T Gene ID NCBI ID Eff P
1 GL17291 PIL28183.1 3.00X107* Ferredoxin reductase superfamily
2 GL18172 PIL36713.1 2.00Xx 107! BolA protein
3 GL20588 PIL28988.1 1.00X 107 Ribosome protein S30
4 GL22280 PIL27514.1 7.00%x107% Ribosome protein L24e/L.24 superfamily
5 GL22329 PIL23247.1 1.00X107% Ubiquitin-conjugating enzymes
6 GL22913 PIL30314.1 2.00x10777 heat shock protein, Hsp
7 GL24318 PIL33833.1 7.00x107" Lysine-dependent metalloendopeptidase
8 GL25188 PIL32183.1 7.00X107% Function unknow
9 GL25628 PIL36303.1 1.00X 107 transcription factor MHR
10 — AHC00614.1 7.00X 1078 cyclophilin, CYP
11 — PIL25109.1 2.00X 107 Ribosome protein 37ae
12 — AGW47789.1 2.00X10°% Ribosome protein 27a
13 — PIL37202.1 1.00X 107 ER membrane protein complex subunit 10
14 — PIL25233.1 3.00X107% Ribosome protein L35A
15 — PIL30303.1 8.00X 1077 heat shock protein 20, Hsp 20
16 — PIL33763.1 3.00x10°% Myo-Inositol-1-Phosphate Synthases
17 — PIL36188.1 5.00%x107* transcription factor Zn2Cys6
18 — PIL35001.1 8.00x10°% transcription factor SNF2
4 g H cDNA 744K 1 083 bp, 4wt 360 M IER .

MVA A2 P2 Vi 2 A9 70 16 CET s
s, RERS. 29, HBENERRES
SN s P A B SR, HoA FPS BRI ZE S
f Bkl R R 2 — . Ding 2 P50 % 7 77 2 FPS 3£ [,

IR RN BRI B RE S T AR, 5R
Z WS R R IEAT K JEL A FPS R BT 81,
RIVEZ Y5 EAAAEE SO Lo E . Y
NI LB N e A . O TIERA T FPS
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FERIFRIA L i, AW IS P RE R A A H R
PAF T 18 MG Z R A 37 BAR R,
xR, PRwES. R EAS.

i 108 H B B 5 JE R 2H 84T Blast, W EEXT 9
AN, Al 9 ARSI, AT B9
AT IR 5 58 2 B0 1 ) 7 9 s AR UL, X
SO S DR R AE 7R 2 IR R P AP AR, I AR 2
RIZH Lot BRI TR IR, AT e A PR R A S B A5 A ) —
35 A TR 22 T 25 AT ZEL 00 7 A8 P D 2 B R B 22

i 8 H 1) 3 A% 5% K1 2300 )8 T SNF2.MHR
Al Zn2Cys6 K I . SWI2/SNF2 £ R K I ) {2 47-4E
THEEAYH, Bf SWI2/SNF2 Ml AR5
ATPase/Helicase ZhREIR, J& ATP i P e o i &
WEEY), &— e qe )i I8 5 A1 1) AT 5,
A5 REH] . EAH . S EOE A S ) S it
FEr 4 MHR SFRE RN T, 76 N g — Ak
Bl GAL4 ) C6 BIEFIR 45 . 1% 5K Ik i s [H 7 Af
RS E WA A RB RN RIAE, TR
Wi bt 7 A - ZERE B . Ol B S LT T SR
TR, Zn2Cys6 SR T 2 MBS T/
6 I~ Cys kA4 &, A ETHREZ T EKRE
SR FRERS TS B A AE KR B AR AR = 1Y)
. KIHHhE T NosA 1 RosA F& (A 5 &
MM TRAKE, RosA EVIMIAR EHiELER
FHIVER, 10 NosA i 3 JR i sl g0, gk
4, Zn2Cys6 Kk % A 7 & g W =
D-galacturonic acid. RZHE . KEERITREL S
WO B B AR 22, B BE A S 2 S 2 SRR T,
VL 3 NS R FHRE S FPS Jash PR AEHAE, i
BEA 13 52 5 2 FPS sk .

AR — SR A R RO R T Re S 5
BB A RN, 38 W] B 42 B R R 2 R DR R A %
B, TR HEAA R 1 YPT Y N Sl & 31 GAL4-BD
Hh PR A SR A P K B A% W R B 1 Nop53
A LR FOCE F A O e AR K . RE AR
P R, RSesb e T S MERERE A,
XL BE AR B A ] RE A AR SN DR I 2 5 3|
FPS JE A s i

A, EHPRRTEARR., REILEBIE R
. BolA B[\ Z R4 G . HARFF T IEEEN
BEEE. SEREAFEMIER. ER EEAEASYIE
10 FNYUEE-1-BERR & BOEESE 10 MR, XA
T HeZ 53 FPS A i e = T R

g LRTR, ARG IE F I RE R AS T VAN
ik FPS LR 18 ANFTRERIIAIEH 7, Hif,
FE#: 55K F GISNF2. GIMHR 1 GIZn2Cys6, JIE
AWEFE FPS BRI R IAHLHI B € [ HeAl, (H/21X 18
ANE AR TS 55 FPS R R &R , B85
FEHEIRN IR T

SE R
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