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, . pH. N
PbPT s )
, P. (P. brevicompactum prenyl transferase, PbPT),
) DMATS .
1
1.1
NRRL 864 (american type culture collection,
ATCO), o 28 °C  PDA 7~10 d,
1.2
NRRL 864 8 ) ,
DNA o °
1.3 PbPT
De novo , ; NCBI
, PbPT DNA o
1.4
NRRL 864 —80 C RNA o
, 100 mg 1 mL Trizol(Invitrogen, Life Science) . Trizol (In-
vitrogen) mRNA,2% RNA . (Takara) PCR
(RT-PCR) cDNA, PbPT PbPT-F  PbPT-R, PbPT
(polymerase chain reaction, PCR) 1 .
cDNA , PCR Pb-
PT ., PCR 1 PbPT PCR
DNA , (5'-3"
Ndel  HindIII , PbPT-F  GGAATTC CATATGACCAAGTCAAACGAA
pET28b, pET28b-PbPT, PbPT-R  TATG AAGCTTTCAGTTCTCCCACGGATA
PCR DNA ) :PbPT-F Ndel ;PbPT-R
. HindIII
1.5 PbLPT
pET28b-PbPT E. coli BL21(DE3), PbPT o 10 mLL
50 pg/mL LB ,37 C,220 rad/min R 1L 1% LB
;37 C,220 rad/min ODsoo 0.6~10 , IPTG 150 pmol/L
,18 °C,200 rad/min 16 h;6 000 rad/min,4°C 10 min . —80 C
. 50 mL Lysis buffer(1 XPBS,10% ,10 mmol/L ,pH & 0)
y R 12 000 rad/min 30 min, y 1 mLL Ni-NTA
(QIAGEN) ,4 C 1 h. , 100 mL. Wash buffer(1 X PBS,10% ,20 mmol/L ,pH & 0)
, 10 mL Elution buffer(1 X PBS,10% ,250 mmol/L ,pH & 0) . G250( )
, Amicon-Ultra-15 (MWCO 30 kD) (Millipore) ,PD-10(GE Health-
care) , —80°C , SDS-PAGE .
1.6 PbLPT
100 pL 5 mmol/L MgCl,,1 mmol/L (Brevianamide F( ).-Trp.p-
Trp. 1-Methyl -Trp., 5-OH- -Trp.,.-Abrine,; -Ala- -Trp., -Phe. -Tyr..-His ( Aladdin) ), 0.5

mmol/L DMAPP(Sigma-Aldrich),10 ymol/L PbPT,50 mmol/L Tris-HCI(pH 7. 5),30 C 20 min,
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100 pL . 20 000X g 10 min, (high performance liquid
chromatography , HPLC) , HPLC , PbPT
., HPLC :
D - C 1% ) 0 ~ 4 min , 30% .
2) 4~24 min , 30%~60% .
3) 24~25 min , 60% ~100% .
4) 25~29 min ,100% .
5) 29~30 min , 100%~30%,
Thermo ODS HYPERSIL (150 mmX4. 6 mm, 5 pm), 280 nm, 1
mL/min, HPLC .
1.7 PbLPT
Brevianamide F, 4,15,25,30,37,42,50 C , 20 min,
(high performance liquid chromatography, HPLC) , PbPT ;
, Tris-HCI (50 mmol/L,pH 7. 5) pH 4, 0,5 0,
6. 0,7. 5,8 0,9. 0,10. 0 (50 mmol/L), 20 min )
HPLC , pH.
1.8 PbPT
pH , (10~500 pmol/L)  Brevianamide F,30 C
, 100 L . 20 000 g 10 min, 50 pL HPLC . ,
(michaelis menton equation) , K., bk
1.9 PbPT
Mg** Ca’" \Mn?" Fe’" \Ni*" .Cu*" Zn*" ,
,30 C 20 min, 100 pLL . 20 000 g
10 min, HPLC .
2
2.1 PbPT
PbPT  cDNA 1 314 bp, 437 . DNA  ¢DNA
, ( 1188 1262 ), PbPT (
) 1 .
PbPT 2 o PbPT Blast s
, PbPT Aspergillus sp. NotF(ADM34132), Aspergillus versicolor
BrePT(AFM09725) Aspergillus terreus CdpC7PT(EAU36020) ,
56. 6%,58 0%,32. 9% 2a) ; . ;
PbPT 198 267 DMAPP , 109
( 2b) . 2b DMATS .
2.2
cDNA .PCR PbPT , pET28b , pET28b-PbPT
o pET28b-PbPT BL21(DE3) PbPT o -pD- (Isopro-
pykp-D-thiogalactoside, IPTG) \ . , Ni-NTA
) N PbPT , PbPT SDS-PAGE
HPLC 3 . 3a , 52 kDa, Histag
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2 PbPT
3 PbPT SDS-PAGE HPLC
2.3 PbPT
( Brevianamide F,, -Trp,p-Trp, 1-Methyl -Trp, 5-OH-, -Trp,, -Abrine, -Ala--Trp, -
Phe, -Tyr [ -His) , PbPT ,HPLC ,  Brevian-
amide F ( ) ,
, 20 min 16 h, HPLC ,  Brevianamide F
. LC-MS , PbPT ,  Breviana-
mide F L-Ala -Trp , , (
Do
[10,12,16,20] )
2 8 PbPT ,

o

, 10 ,PbPT . Brevianamide F,
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) . 16 h, PbPT
2 o
2 PbPT
LCMS LCMS
/% M, [M+H]" /% M, [M+H]*
Brevianamide F 70+12 353.2 354.1 L-Abrine ND ND ND
.-Trp ND ND ND L-Ala--Trp 343.2 344.3
p-Trp ND ND ND L-Phe ND ND ND
1-Methyl--Trp ND ND ND .- Tyr ND ND ND
5-OH-.-Trp ND ND ND L-His ND ND ND
:ND 5 DMAPP
15 mL R 5 mmol/L MgCl,,0. 5 mmol/L Brevianamide F,0. 5 mmol/LL. DMAPP, 10
mmol/L PbPT,50 mmol/L Tris-HCI ,30 C 16 h, .20 000 g
s 3 s s s 1 mL ,HPLC
1. 8 mg
'"H NMR Brevianamide F ,
.1. 56 ppm (6H. d. J = 10, 1 Hz); 5. 11 ppm(2H. ddd. J = 14. 0, 11. 6, 1. 0 Hz);
6. 22 ppm(1H, dd, J = 17. 4, 10. 6 H2), , Brevianamide F o~ (7. 09 pg/mL,
1H, s) , ; 2o,
Deoxybrevianamide E, PbPT @ , Deoxybre-
vianamide E.PbPT Deoxybrevianamide E  'H NMR 4
4 PbPT Deoxybrevianamide E 'H NMR
2.4 PbPT pH
Brevianamide F , 4,15,25,30,37,42,50 °C  pH 4. 0,5 0,6, 0,7. 0,7. 5,8 0,9. 0,
10. 0 20 min, 100 pL .20 000 g 10 min, 50 pL HPLC
. PbPT Brevianamide F pH 5 . 5 , Brevianamide F
30 C, pH 7.5,
2.5 PbPT
,  Brevianamide F , 5 mmol/L Mg*" ,Ca*t ,Mn*" ,Fe** ,Ni*" ,Cu*"
Zn?" , , Mg** 15%
PbPT , PbPT 6 o
Brevianamide F , HPLC , Origin 9 ,
, PbPT K. 33 1 pmol/L,k,, 1L 5 min', ,PbPT
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5 PbPT Brevianamide F pH
3
1 (Penicillium brevicompactum NRRIL 864)
[-2] , [17-18] ,

PbPT, 437 , As-
pergillus sp.  NotF(ADM34132), Aspergillus versicolor  BrePT(AFMO09725) Aspergil-
lus terreus CdpC7PT(EAU36020) ( 2a),

, PbPT 198 267 DMAPP , 109
( 2b)- RT-PCR.cDNA N PbPT
° PbPT @ C [6:16,19.20]
10 ., PbPT ( 2), HPLC PbPT
, 10 ,PbPT Brevianamide F, Deoxy-
brevianamide E, Brevianamide F Ga ( 4),
[16,20] ,
2) pH , PbPT 30 C,
pH 7.5, NotF(ADM34132) ,BrePT(AFM09725) CdpC7PT(EAU36020)
pH (el (18] | )
, , Mg?™ PbPT
15%, 6 PbPT .
(N/D)DxxD (motifs) ,PbPT (DMATS),

3)  PbPT

Brevianamide F o« C

’



114 ( ) 31

DMATS ,PbPT a C DMATS o
PbPT Brevianamide F, Deoxybrevianamide E(K,, = 33 1 pmol/L
b= L 5min '), Brevianamide F ,
, NRRL 864 o

, PbPT,
RT-PCR , , 1 314
bp., 437 o N . .pH
.PbPT . ,PbPT
R Brevianamide Fa@  C , Deoxybrevianamide E,
,PbPT , Brevi-
anamide F ,brevianamides )
,brevianamides [2 2 2] « D-A (Diels-
Alder) . . Brevianamide F
) brevianamide F , ,
[4+2] Diels-Alder (22 2]
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Functional Characterization of PbPT,
a Prenyltransferase from Penicillium Brevicompactum NRRL 864

SUN Jingran'?, LIU Changning®, LI Ronggui', ZHANG Wei*, LI Shengying”
(1. College of Life Sciences, Qingdao University, Qingdao 266071, China;
2. Shandong Provincial Key Laboratory of Synthetic Biology, Qingdao Institute of Bioenergy and
Bioprocess Technology, Chinese Academy of Sciences, Qingdao 266101, China;
3. Xishuangbanna Tropical Botanical Garden, Chinese Academy
of Sciences, Menglun 666303, China)

Abstract: A novel prenyltransferase PbPT was mined out during the whole genome analysis of the filamen-
tous fungal strain Penicillium brevicompactum NRRL 864. The open reading frame of PbPT was amplified
by RT-PCR(Reverse Transcription PCR) using cDNA as template and cloned into pET28b to construct the
expression vector pET28b-PbPT. The recombinant PbPT was overexpressed in Escherichia coli BL21
(DE3) and purified to homogeneity by one-step Ni-NTA affinity chromatography. The catalytic features of
PbPT including substrate specificity, kinetic parameters, optimal pH and temperature, and preferred met-
al ions were determined. The results showed that PbPT is able to specifically catalyze the prenylation of
brevianamide F at the G-« position when dimethylallyl diphosphate (DMAPP) was used as the prenyl group
donor. The product was structurally determined to be deoxybrevianamide E using MS and NMR analysis.
Brevianamide F is an important intermediate for the biosynthesis of brevianamides, which belong to a fami-
ly of fungal alkaloid antibiotics. The identification of PbPT as a new member of dimethylallyl tryptophan
synthase, could set the foundation for searching thebiosynthetic gene cluster and illuminating the biosyn-
thetic mechanism of this novel family of fungal alkaloid brevianamides.

Key words: Penicillium brevicompactum ; prenyltransferase; filamentous fungi; DMAPP; functional char-

acterization



