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Abstract; Geranylgeranyl diphosphate synthase is one of the key enzymes in taxol synthesis pathway in paclitaxel-produ-
cing endophytic fungus. To study taxol synthesis in paclitaxel-producing endophytic fungus, we need to identify the exist-
ence of GGPP synthase in the first place. With RT-PCR method, we cloned the ORF fragment of PaGGPPS ( GenBank
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accession number; KM881430) from the paclitaxel-producing endophytic fungus Penicillium aurantiogriseum in Corylus
avellana. The bioinformatics methods were employed to analyze and predict the composition of nucleic acid and amino
acid sequence of this gene. The results showed that the length of ORF was 1 113 bp, the molecular weight of the protein
was 40.98 kD, and the theoretical isoelectric point was 6.168, which suggested that PaGGPPS protein was acidic. The
hydrophilicity analysis found that PaGGPPS was a hydrophilic protien. The a-helix was the dominant secondary structure
constructional element of the protein which contained one tpolyprenyl _synt function domain. The identity alignment of
GGPPS nucleic acid sequences of taxol producing endophytic fungi in hazelnut and other species showed that the identity
were highest between Penicillium roqueforti, Aspergillus clavatus and Neosartorya fischeri, respectively 94% , 76% and
76%. The homologous alignment of Amino acids showed that GGPPS genes were divided into two groups. The GGPPS
genes from animal, fungal and yeast were clustered in one group, the GGPPS genes from plant were in the other
group. The homologous alignment of nucleic acid sequences showed that the homologous were the highest between GG-
PPSs in paclitaxel-producing endophytic fungus ( Penicillium aurantiogriseum) in Corylus avellana and in Penicillium ro-
queforti, and GGPPSs in paclitaxel-producing endophytic fungus and plant have the longest distance in the phylogenetic
tree. After the bioinformatics analysis, we constructed a pET30a prokaryotic expression vector of PaGGPPS. The protein
of PaGGPPS was successfully expressed in the soluble state in Escherichia coli. All the experiments we had done can pro-
vide some information for the further research.
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B EIE Wall (1971) WA MZL 542 ( Taxus bre-
vifolia ) W43 B B B ik | BO0F LR R 5 2 F R E R
WYY R, BTz W AR I IR B ( Craag et al,
1993) . LLGARZAKZE, TWIRABR , A2 0 & 5K
(5 TR 0.01% ~0.02% ) , T LA BE IR 5 FF & 1Y
A€, Strobel et al(1993) MG H-2T T AZ 43
BB R EE N A B Taxomyces andreanae , IF
IEWIERE S AN SR A0, IS, AATTRGZE
VUL GAZ ARILLL G A G TR T oy B 3 P 58
B N A4 EL R ( Metz et al, 2000; Kumaran & Hur,
2009 ; Sreekanth et al, 2009; Liu et al, 2009 ;Zhang et
al, 2009) , LA M A Az FLTE Hh e BLHA BT 98 ) o
(ZFR S, 2011), A I Wollemia nobilis
(Strobel et al, 1997) #&F Corylus avellana( Hoffman
et al, 1998) . ¥& P2 Taxodium distichum (Li et al,
1996) B Podocarpus forrestii( FMi 1755 ,2008) |
T4 Citrus medica( Kumaran et al, 2008) Z5F5 4 H53
BRI RN R, BN 8 58 (Penicil-
Lium) I @ ( Fusarium) 32 L& ( Pestalo-
tiopsis) IR 2275 9 ( Noduzisporium ) K% 1 (Al-
ternaria) 85 J& (Aspergillus ) . B2 {0 5 J& ( Periconia
sp.) 2258 & (Phomopsis ) 3 VA 1 J& ( Tubercularia
sp.) A o XL EASEE N AR ELR Y R N S AZ Y
AR L T R iB R, TEZ RS EA R
Hh SR R e AT R ) 200 LR A A TR R

Bi 3R H AR A0 h S A B S e AR E
(Tabata, 2004;Pan et al, 2000) ., ‘540 T AZHE 5540
JRUAR EG , A LR R RS G TR A RS S W e (H
A LR A b AN i AT AT A 4 19 2% 1R R
S SR A B I (% 55 T E — 2D 4 R (BRI
%4,2013)

CLELAZ AN A2 B AR W) G R TR B AT e
(Walker & Croteau, 2001), M FPP F1 IPP J 15 3|
AL 20 A H BT 58 I, 8 A — P A
GGPP BRI T 5 M. GGPP £ it KAl 2 JL 5 4
A4 )L S £E % R & B8 ( Geranylgeranyl pyrophosphate
synthase,  geranylgeranyl  diphosphate  synthase,
GGPPS ), SRy i 2 7 I Al e 1R 5 g (L SCF
45,2014) . ERYEZINRENHE 3 0T R IR
W52 (Isopentenyl diphosphate, IPP ) F11 4rFi&JE
FLAEBERR ( Farnesyl diphosphate, FPP ) 45 & 4 iY, 20
fo i 2k LA A= )L FE W5 R ( Geranylgeranyl pyro-
phosphate, GGPP ), Al LI ZR & 2R 2K | i K%Y
JR A AR B 5 B B R BT R ) (Kojima et al,
2000) , HEGEAEZAP R IFRE T %5 5 1) ve b
IBEHT (PS4, 2014 T#0%,2012) , 540
S, WAE B S BE A W) 8 U T R AR D
TEWNAEE 1, GGPP & FiE N A2 0 & s T
T2 — D, A 0 B e M E B W, ABIESE LA
PR rh oy s B0 1 7 A2 BE N AR LR Penicillium au-
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rantiogriseum M B, 7E X} HIE 410 ¥ ( Yang et
al, 2014) 13 2| B %P8 B ml b, B IF TiZ N B
GGPPS H:[H cDNA 1) 38 R | I A% 3 15 K 4l Ak i F
I, AT —HRARIEIZ N A B GGPPS H: K 1 E
FHRIR e 7 S AZ B R DR T AR R AR AL T A

1 MR 57

1.1 ##}

N B W Penicillium aurantiogriseum NRRL
62431 2 H Angela Hoffman 245 IS5 E AR XN
IR AR ( Corylus avellana ) W43 2545 31| 3
HM, i MBI pUC-19, K K M FF B DHSa Fi
BL21(DE3) plysS ¥JJ& M FE A 42 W45, Rk #iik
pET30a s H LLZRAE A BIFFE T 6 A 2 T I 2%
1.2 EE RNA HIREL

15 PDA FEFRH A b 4 ECBR R A, 1R A
AR PR A F] 200 mL PDA AR R I
7E 28 CHEIRF 200 r - min' 1595 3 d,8 000 x g &0
WAE T 22, WARURAE

i FH R PR W) LT RNAout 1057 &, I 4%
HEOHC U8 B 45 20 BR 4R ML T8 &L RNA, AR5 16
TAKARA 7 A B9 PrimeScript'™ 11 1st Strand ¢cDNA
Synthesis Kit # UL 11T cDNA G 1%

1.3 EE KT ESF IS5

T 3 X B TR FE R 4H ( Yang et al,2014) #4774
B, LEXT 4R 3] GGPPS BEH Y DNA F741) i i 1 H Al
GGPPS JPAHE AT LA 1 H ORF, JF 3T L5114
PaGGPPSI-1;: ATGAATTCAAACCCCTTTCAAC, #1°F
Wt 51 ¥ PaGGPPS2-1; CTAGTGCGCATTGGAATC-
CGAC, & e M ml 43 . i KAPA 24 ]
(4 HIFT U5 3l SR BRI T 9 4%, PCR 25 0F
95 C ALY 3 min; 98 °C 20 5,65 C 15 s, 72 C
1 min, 3%t 32 PMEFH; 72 °C 10 min,

4 PCR 152 19 Jr Btk A7 e i, 48 5 3% #2 3]
pUC-19 b IR F ik 2 vh 2 Z8 A4 w47 I e 46
WE. A EditSeq BAFXF ¥ 9 #1500 22 004, 2 5
i F AF 28 53 1 8K 4 ProtScale ( http : //www. expasy.
ch/tools/protscale. html ) I SMART ( http://smart.
embl-heidelberg.de/smart/set_mode.cgi? GENOMIC =
1) #1 SOPMA ( http ;://npsa-pbhil.ibcp.fr/ cgi-bin/npsa_
automat. pl? page /NPSA/npsa_sopma. html) X} 731
PATHE— LM

1.4 RS R GHLREEE

{fi 1 NCBI [ blastx %} PaGGPPS #AT HXF, 4%
HRENEE = P51 . GenBank 03 ZE1E1T PaGG-
PPS ZHEMR 74 & , k33 5 4. ( Danio rerio, NP_
956329.1 ). 2R W8 ( Drosophila melanogaster, NP _
523958.2) /INER (Mus musculus, NP_034412.1) (A 2K
( Homo sapiens, NP_001032354.1) \FLI& v & 4 2 1F
( Kluyveromyces lactis, XP_455003.1) BRI P L) ( Sac-
charomyces cerevisiae, NP _ 015256. 1) | e 22
(Ashbya gossypii, NP_984623.1) 54 % 14 ( Magna-
porthe oryzae, XP_003718242.1) . Jik {4 4 ( Neurospora
crassa, XP_960695.2) . 1 2 W ( Penicillium roqueforti ,
CDM28596.1) . T K ( Zea mays, ABQ85646.1) fUIRGST
(Arabidopsis lyrata, XP_002884145.1) & MWV 21 542
( Taxusxmedia, AAS67008.1) IR 7S ( Ginkgo biloba,
AAQ72786.1) 14 NHIFF ) GGPPS (A& FEMR 741, fif
FHARAF ClustalX 1 MEGA4.1 XH3X 15 4~ GGPPS #E47
Z )75 R I Lo A
1.5 RiES| MRt H @R

AT Primer 5 73T seBERIY GGPPS KEH ¥
S LL SRR 2R R AR pET30a AU A, 43 i ik
F Kpn 1 F1 Not T MIABEVIAL (R RILALFR ) | IF
W51, Bii#S 198 G- pET -1-1; CGGGGTACCAT-
GAATTCAAACCCCTTTCAAC; Rii51#%1°4 G-pET-2-1;
TTGCGGCCGCCTAGTGCGCATTGGAATCCGAC,

LA GGPPS (1 pUC-19 [T ki Ay 554, 1
KAPA 73 )Y HIFL #4J5 3l & ff L f 4T PCR 37
8 PCR Z4FUNF 195 C #ilAE M 3 min; 98 °C 20 s,
65 °C 155, 72 C 1 min, 3t 5 MEFFF;98 C 20 5,68
C 155, 72 °C 1 min, 3L 28 MEH; 72 C 10 min,

K320 PCR 729 (FH Axygen 24 Al PCR /™=
Py DSt 5 G kAT mISC) | A0 3 3k R 3 i
NEB 7 ] B4 7 Kpn T H1 Not 1 K], BEYI 2 h
JEHE T4, JF ) NEB B9 T4 DNA JE %7 16 °C 3%
P 6 h, FALKIHATHE DHS o, {58 37 C il i dsi 3%,
V& PCR it B Bk . K BH R T ik v 98 280
25 W) 5 Uk, R B M TR R YT OR B IR,
Axygen JFORL /N #1230 57 & $2 BOORL, #E 17 X )
Y
1.6 EAZARERZRIE

) % E 1Y B 2H OB AL B R A BL21
(DE3) plysS Btk i 6 B PR B R 3EAT 9 K 85
It IR I R bR
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BB R 1 mL 3] 50 mL LB W iARE S5
37 CHERAE 200 r - min” T35 3 h Z2HE W OD K
0.5~0.6 I, FRJH 2= 20 C kL 5% 1 h, M ERK P
B IPTG ZELWE H 0.2 mmol - L, FEATIE K,
UKZETE 20 CHEFF 8 h, WWHEFW , 4 000xg &L 10
min WCAE AR, ST 5 mL BE M 2020 1 1 40 1 &
R BGRF , T840 A1 )5 500 WA 2 min 2467 41
W, ARG5S, 12 000xg B0 10 min, W8 3
FFiE4T SDS-PAGE Hijk , 48 %8 B I 2825 T i,
1.7 EAZEARNAEK

15 FH R M 22 23 /] Ni-Agarose His b2 25
aifb iR & (IR RLE ) T E A E P stk &
TR L UL AT A A L R IR
Jn—¥k 10 FAAFRAY 50 mmol - L BEWRGE—IK, J5
SR WA UL B AE R B S N gl Ak i B kAT
SDS-PAGE HLK T4

2 HRH4M

2.1 PaGGPPS ERE W FEFF 554

VIELTA 1Y cDNA SHHIRR, i i PCR 75 2] — Bt
1 113 bp B9 ORF F Bt (K 1), 3 ¥1% B Bt 38 Gen-
Bank , 15 2|5 5% 5 . KM881430,, 44143 K PaG-
GPPS.,

I EditSeq 5 A4 & B ORF A 4ifish 370 1~
BRIt RIS E A2k 40.98 kD, Fl 2
LN 6,168, FHAEZ TIMAK A ProtScal ( Kyce
& Doolittle, 1982) , & ZECHERIA, /M%)
SEBUK M, T 45 5 o AR O SEK R A,
SEFI TN T H SMART (Schultz et al, 1998) X H:
QIR TN 3B ke B, %S A 3 2 5 e — s 24k
BWEEERR A 19— polyprenyl _synt FFAIE 25 44 35k,
HAEL M SOPMA ( Geourjon & Deléage, 1995) i
T 5RO, 45 R 1% GGPPS ZEH i 185 4~
IR LAY 20 4> - BIE, 23 N IEPR ALY 8
FEAREE 18 MNRIEM ALY 10 4> B-F4 /A Al 144 4
FHEWR A B 20 A Bl A A R, B AT B
50% .6.22% 4.86% F1 38.92%

22 ERERRGELSF

i1 NCBI A9 blastx X PaGGPPS & F:MR 5 51 75
NCBI | iEA7 [ JE M e X, 25 R 7 N A B
1 PaGGPPS ZJER T 51| 55 25 Hb # B5 ( Penicillium ro-
queforti) W5 (Aspergillus clavatus) | 3% B Hr 5% 4G

bp
5000 —
3000
2000
1500
1000
750
500

«—1100bp

250
100

K 1 #%FWNAEEE Penicillium aurantiogriseum
NRRL 62431 GGPPS J:[H ) PCR HiJk ]
M. DL 5 000 7+ F#hric; 1. PCR ¥, T,
Fig. 1 Agarose gel electrophoresis analysis of PaGGPPS gene
fragment in Penicillium aurantiogriseum NRRL 62431
M. DL 5 000 Marker; 1. PCR product. The same below.

B ( Neosartorya fischeri ) | 42 A< 5 W ( Byssochlamys
spectabilis) | o B ( Talaromyces stipitatus) . Rl
BRI T ( Paracoccidioides ) & B8 2H 2310 3 T8 ( Ajel-
lomyces capsulatus ) . I P4 2 £ & ( Paracoccidioides
brasiliensis ) FIERAL T ( Coccidioides immitis ) %5 7
GGPPS 2 ZE MR ¥ 5 A B ORI, 7350 949%
76% 76% . 76% . 711% . 11% . 71% . 71% . 70% , F&A]
M NCBI B R T — 281 GGPPS, I H ClustalX
( Thompson et al,1997) F1 MEGA 4.1 (Tamura et al,
2007) *PART AR R BRI T 2 PaGGPPS 2 2
WP e T Z2 P A LU, RGBT R AT de-
fault 4L, FIRZ2E 1000 WK, 450 a1E 2 fiis, M
PEAAR AT DU BRI AR LR GGPPS FlI75 %
W AYFEAEOC R T s JLAP B 19 GGPPS Mgl ¥ i)
GGPPS (AL R W RERE R B3 1T -5 JLAP A 4 1Y
GGPPS HHEE R R IRIL,
2.3 RiLH M pET-30a-PaGGPPS WM R L E

B4k pET-30a-PaGGPPS 3¢ 35 2 4 1) B ik vk
17 PCR %5, S E S5 RN B, LX) e 45 2R 3R
W, PaGGPPS 5 R F Bt O 0 % $2 1) 3 55 k.
Kpn 1 F1 Not T WUBG) 4 7 75 241 5ok, 55 20 5ok ] LA
VI —> 1100 bp 2247 193 A 7 BORI— A~ K T
5000 bp Ay R BL, W 3 Bk,
24 EAZEMTIREETE

FAFRTE 20 °C 42 0.2 mmol « L' IPTG 5%
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Saccharomyces cerevisiae
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K2 GGPPS H ARG AT
Fig. 2 Phylogenetic analysis of GGPPS proteins
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& 3 H4FRL pET-30a-PaGGPPS B XU 4 5
Fig. 3 Double digested identification of recombinant
plasmid pET-30a-PaGGPPS

ik 8 h &, WA A IR IF 2L, W W R AT SDS-
PAGE HLIKEHE, 25 R A B EHEATE 51 KD A4
RENFRIR IR T RO R, nE 4
Fis .
25 EHEAAUER

ZA N G alifb e, 19 8] 7 B Al B E 4
GGPPS #H ., 4 SDS-PAGE i/~ , #4H GGPPS
A AR BT, 75 208 m ik BE 1 B — 457,
Kl 5 B,

3 it ie

FRTC AR 1 AP rh o8t 1 s i

62kD —

<— 51kD
51kD——

42kD—

Kl 4 PaGGPPS TERAFTF B th&is
M. 15 F bR ; 1. PaGGPPS T ARG 13
2. PaGGPPS #2127 PLVE .
Fig. 4 PaGGPPS express in Escherichia coli
M. Protein Marker standard; 1. Products of recombinant bacteria
of PaGGPPS protein in supernatant; 2. Products of recombinant

bacteria of PaGGPPS protein in precipitate.

M 1

62kD—

51kD — <«—51kD

42kD —

K5 F4 PaGGPPS &[4k~
Fig. 5 Purification product of PaGGPPS recombine protein

SR N A BT (5 EH 45, 2003 ), fH X X 48 Py
A RS IS G B9 R £ 0L, GGPP &
T A A B TR T, 1 GGPPS {4k 1PP
1 FPP 454 W GGPP, J& GGPP £ & 12 v iy e it
it , FEAE D A=A Ak TR o S S AR AR
J5 ] % H 5 ( Croteau, 1998 ), Aharoni et al
(2003 ) 1 Han et al (2006 ) i i 75 1 g 7 20 Jfd i
ik GGPPS K, M mIrdifirh GGPP (i Hil 2%
it 2 E FL A0 8 19 A O, GGPP A BT 75 B Y
GGPPS TEWI K b3t — i Kb & W 04 Gk &
PR, DRI R P AR L AR T A R R
1, TG BGE B L e e T S GGPPS, ARHER
() GGPPS I 8 B MY E Ak ¢ R Bl , 5 HoAh EL R 1)
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HEAE G RWARIE , W RBJE FLIA LY GGPPS AR {R
S TS A A S Y GGPPS 43 & T A [ Y
25, AT LA H b B MR Z [ GGPPS $E A
(1) 7K S5 R G A, e 00 R TR T R 25 Tl 1
KRR IR B (ke G2) SHNEERDY
BRI G WG RE =S e ) X
SEHR A S S T ELAE S 1) R)

AMFF T HE i N A LR Penicillium auran-
tiogriseum NRRL 62431 [ GGPPS 3L M1 584 ORF
JEH1, I AR B 2= T A 5381 T PaGGPPS M2
FERR T 5 BARVERT i Kk SR K PE | Dy RE LS AL AN
ORGSR KR JE I R AR SRR PR T — S
B, L T, PaGGPPS 2K 11 (0 25 5 N
6.168 , TEIEA T IRAZ F IR, AT RS R L0 pH (E i H:
FVE A A A AE F AN [) ) DA AT ARG n 3Rk 1 5
PRI, TR R A% R A 5, e fb
KIGFFE TSR EREA S Rk
AIEPERE R S T T A, X T
VE#S R — LR AT 5T 1% N AE LA 1 S A2 B s
728 T I D] AR ROl 7 SR A2 e A TR R A
AL T —RE M FEAE

SE A
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