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Abstract:

transcription of the spinosad biosynthetic gene cluster, two promoter detection plasmids based on different reporter genes

Spinosad represents a new class of insecticides produced by Saccharopolyspora spinosa. To understand the

were constructed and used to detect 9 promoters in the spinosad biosynthetic gene cluster. In addition, the temporal
transcriptional profiles of the corresponding genes controlled by the 9 promoters, together with 4 genes outside of the
spinosad cluster but are required for the synthesis of sugars in spinosad, were examined by real-time PCR. The results
indicate that the 9 spinosad biosynthetic genes were highly expressed at the stationary phase, which coincides with the
accumulation of spinosad in the fermentation broth. Of particular note is that the transcription of the 4 sugar synthetic genes
showed higher level at the exponential phase, suggesting the expression of sugar synthetic genes is not correlated with the
spinosad synthetic genes. The data suggest that spinosad biosynthesis could be improved by engineering the expression

pattern of the sugar synthetic genes that lie outside the spinosad gene cluster.

Keywords: spinosad, biosynthetic gene cluster, promoter detection, transcription profile
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Fig. 1 The structure of spinosad["z]. Spinosyn A (R=H); spinosyn D (R=CHj).
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Table 1 Plasmids used in this study, characteristics and sources
Plasmids Description Source or reference

pSET152 ﬁl;t)érig g.e;tool;'r—litcreeftomyces shuttle vector capable of integration [20]

pSneo Apr’; insert neo in pSET152 This work
pUCI119-kmR Amplify neo gene [21]

plJ4083 Amplify xy/E gene [22]

pSxylE Apr"; insert xy/E in pSET152 This work
pSneo-PspnA Insert the promoter of spnAd in pSneo, upstream of neo This work
pSneo-PspnP Insert the promoter of spnP in pSneo, upstream of neo This work
pSneo-PspnQ Insert the promoter of spnQ in pSneo, upstream of neo This work
pSxylE-PspnA Insert the promoter of spnA4 in pSxylE, upstream of xy/E This work
pSxylE-PspnP Insert the promoter of spnP in pSxylE, upstream of xy/E This work
pSxylE-PspnQ Insert the promoter of spnQ in pSxylE, upstream of xy/E This work
pSxylE-PspnG Insert the promoter of spnG in pSxylE, upstream of xy/E This work
pSxylE-PspnF Insert the promoter of spnF in pSxylE, upstream of xy/E This work
pSxylE-PspnM Insert the promoter of spnF in pSxylE, upstream of xy/E This work
pSxylE-PspnO Insert the promoter of spnO in pSxylE, upstream of xyl/E This work
pSxylE-PspnL Insert the promoter of spnL in pSxylE, upstream of xylE This work
pSxylE-PspnK Insert the promoter of spnK in pSxylE, upstream of xy/E This work
pSxylE-Pspn] Insert the promoter of spnJ in pSxylE, upstream of xylE This work
SxylE-Pspnl Insert the promoter of spn/ in pSxylE, upstream of xy/E This work
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Table 2 Primers and their sequences used in this study

Primers Primer sequence (5'—3") Restriction sites

neo-F ATCTAAGTAGCTGATGAGTTGAAGAGGTGACGTCATGATTGAACAAG

ATGGATTGC
neo-R TCAGAAGAACTCGTCAAGAAGG
*ylEF ATCTAAGTAGCTGATGAGTTGAAGAGGTGACGTCATGAACAAAGGTG

TAATGCGAC
xylE-R TTACGAATTCTCAGGTCAGCACGGTC EcoR 1
PspnA-F ACAGAGCGGCCGCCCACGACATGGGCTATGC Not 1
PspnA-R ACAGAGCGGCCGCGGTGATGGCGTCCGTTCC Not 1
PspnPQ-F ACAGAGCGGCCGCGTAGCGGTAGCGCAAGTGTC Not 1
PspnPQ-R ACAGAGCGGCCGCGAACAGGACACGCATGAACTC Not 1
PspnGF-F ACAGAGCGGCCGCGGACCTCGTGCCCGGATG Notl
PspnGF-R ACAGAGCGGCCGCTGGTGGATGGCGCAGGG Not 1
PspnM-F ACAGAGCGGCCGCGCCAAGGGCGGAGTTGGACCGGT Not 1
PspnM-R ACAGAGCGGCCGCGCTGATCGCCGCGGTTGCGGAA Not 1
PspnO-F ACAGAGCGGCCGCGTCTGATGGCCATCCGTGAGCAAC Not 1
PspnO-R ACAGAGCGGCCGCGCCCAATCCCTCACTGCCGTGA Not 1
PspnJI-F ACAGAGCGGCCGCGGGTTCGACGATTCATGGGTGC Not 1
PspnJI-R ACAGAGCGGCCGCACGAGTTCGTCGACGATGGCGT Not 1
PspnK-F ACAGAGCGGCCGCCGTGATGAGCTCCTCATGGCTG Not 1
PspnK-R ACAGAGCGGCCGCCATCAACTACCCGGACACCGAC Not 1
spnA-F GACCACTCGATCCGCGCTAC qPCR
spnA-R GAAGTCGCGCCGTGGCAC qPCR
spnP-F TGATTCTTGGCATGCTTCCCG qPCR
spnP-R AAGAAGTGCGAACTCGCCGG qPCR
spnQ-F CCGGTCAACACGCAGCCAC qPCR
spnQ-R GACGGCTGACCGGAACCTT qPCR
spnG-F ATGCGCCGCTTCCGTTGTA qPCR
spnG-R CCCACTCCCGAGCTCATCCT qPCR
spnF-F GACCGGCTCACCGACCTTG qPCR
spnF-R GGTGATGCCGGTGATCTGGA qPCR
spnJ-F GGATCCGTGCCGTCCAGGT qPCR
spnJ-R CCTGAATCCACGCAACTCGG qPCR
spnM-F GTTCAGGTGCGTAGGTGGG qPCR
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gk 2
spnM-R CAACGGCTACCGGGCTCC qPCR
spnO-F GAGCAGTTCTGTCGAAGCTGAG qPCR
spnO-R TCAGCGCAGAGTCGACGAAC qPCR
gtt-F GTGAAGGGGATCGTGCTGGC qPCR
gtt-R CAGCGGGTAGTAGATCATCGGC qPCR
gdh-F CTGGTAGGGCCCGTAGTTGTTG qPCR
gdh-R AGCCGAATTCCCCGTACTCG qPCR
epi-F GTGCATACGAGTTCACCCCGA qPCR
epi-R GTGGTTGGTCTGCGCGACTC qPCR
kre-F GGACAGGACCGAGTAGGCCG qPCR
kre-R ACCTGGTACGAGTTCGCGCG qPCR
sigA-F CTCTACCTCAAGCAGATCGGCA qPCR
sigA-R CATCTGGGTGGTCAGCTGCTC qPCR

1.3 TEMS5EZRF YL TG RLUWRPE Ny 25 pg/mL,
T4 DNA EHEGFIFRG1PE A YR W T NEB g

ol POE RS HTIAIIA H - Life Technology ' Eﬁ*ﬂ? = Y o o
’ T A 8 F W BT KL pSneo @ DT KL

(ABI) Aw]; 38 Frb/MERH & SRR
IR & . ol DNA FEipaifbidn & . M
L2 DNA $EBGAF G340 F RARA Al

RIRER . LEHEZRIWH AMRESCO A H];
AT 38 S [ 7 4 Bt i o
14 EFEREBEFRFH

KRR LB, AW a®EE TK24
B AR IR F N MS B3RP

LW Zo 0 B [ AR B 75 56 SGC (B K VEH,
2.0 g/L; Hi%gkE, 0.5 ¢/L; Wb, 0.3 g/L;
FARIK, 1.0g/L 5 TR 2.0 g/L), AL A R
TR N . MR 05 g/L, MgSO47H,0
02 g/L, BEEE 03 g/, BEHERR (BEA

J# 1.7 ¢/L, NaCl 0.5 g/L, K,HPO, 0.25 g/L, #i
ZIBE 0.25%) o HE A5 RS o AR AE B 97 3k A Y

pUC119-kmR MAit, HI514) neo-F il neo-R #”
BRI, & EcoR 1 BVIE , 1A
pSET152 () EcoR I Fll EcoR V {3 i,

TCIR B T ok, pSxylE: LLFK: pl14083
MM, HE %) xylE-F il xylE-R § 44 xylE FE[A,
i A pSET152 Y EcoR V 3 5., #RJ5 7 Ve 1E ) i
AT

ANTRJE B0 SR A ke . DURIE 246 T
NRRL18395 [N it , HIZE 2 514550509
W2 AW R LY G BEREN A RS T, A5
2 Not | BiVlJ5, ## A pSneo 53 pSxylE, #R/5
e IE B A el s Forb, BUa) IR 52351 i 12k
TERPA D5 Il e e, B A5 AR S 3+ 2R
Jiiki pSneo-PspnA, pSneo-PspnP, pSneo-PspnQ,
pSxylE-PspnA, pSxylE-PspnP, pSxylE-PspnQ,
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pSxylE-PspnG, pSxylE-PspnF, pSxylE-PspnM,
pSxylE-PspnO, pSxylE-PspnL, pSxylE-PspnK,
pSxylE-PspnJ F pSxylE-Pspnl.

1.6 IEERE LLER

I A R I T VAR R L 0 S B IR
W TR e NS RERE R TK24 P, SRIGHESH
AFFRIREZHE (100~1 000 pg/mL) HJ MS
AOFA E3EFR A, AT SE I R & R Ptk R
B OLIEI AR 30 CRESE 4 d MEEEER
1.7 BLTFENEFZE

YT E R AR A 10 mL R BRI
10 000 r/min B5.0> 10 min, BEEATITEHEE Tk
THUE 1R, SRJETE 70 CHLKE 48 h, THIBIHR
FRRE, PRI
1.8 xylE B &K B TIENE

J7 i F SCHk[24], B S mL &KW,
10 000 r/min &5.0> 5 mim, & F3%, HIAHZERK
UE 1K, EET 5SmL vKiR 1% PEA Sl 41
ORI B VK R R (4%15 s, [H]RR 30 5);
A Triton X-100 |2k B 0.1% (V/V),
10 000 r/min flKIEESL> 5 min; 4 FIEHE AR —4
B, UKCERCE s B 20 pL MR AR 1 mL
K (2 0.2 mmol/L 4F7E "y, Z i 30 C
By FRIfSr EITRA); 30 ‘CIRE 10 min J5 7 B]
AT (5HE BioSpec-mini) A8 5z W i
TE 375 nm AEREIR IR, xylE AEXE PR
el xylE {fitE=A37s/mL, RAPRLBER xylE {f
PERR DL R ARI T, BS54 Rk xylE B9H
X G PE
1.9 $EEH RNA BIHI&

TR 22 BRI RNA A4 15 R SCHR[25],
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PR B RNA £ RNase-free Dnase (Promega 22
")) WALER B BN 4 DNA, JfiEid PCR KilE
HHR B L
1.10 ZRERHVER

HU5.0 mL ZFE, A 5.0 mL HEE, 5853
PRi%, MM 15 min, 20 R 12 h;
8 000 r/min 5.0 10 min; B FIHRZS 0.45 pm 1%
FLUERE S UE, B 1 mL AR T, EHNsm
T 100 pL H AT HPLC #6:30 . HPLC #6045 14 -
A . YMC A C18 A (250 mmx
4.6 mm); JENAH: HEE © OHE7K=40 : 55 : 5 (%
0.05%1) £, R%%); HEil: 30 C; Rillasiii .
246 nm; FEEER . 20 pL (AN EE RN

20 uL); Ptk : 1 mL/min,

1.11 A ZEE PCR 4R

2 pg RNA FEGH T cDNA FUEERY S 5%
S sk SuperScript 1T (Invitrogen 23 #)), 7
P FB A

YOLE i PCR XA ABI 7500, 353k
H SYBR Green PCR Master Mix (Applied
Biosystems A Hl), S EU T : 95 °C 10 min,
B 40 DALY HEIEER (95 CAEME 3055 60 C
60 s iR KCFNIEfH) . 2555317 ABI7500 software
v2.0.1, WZHEKEHTRIE 205 32 sigma [
¥ sigA.

2 EREMN

2.1 BEHTFHRMNERARHE

T RN 22 A 2R R AR
BN 45 08 2 7 O AL SRR XS, AR TAEE
SRl TR SRR BORE, e BE R B T
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XPIEPE , A TCARTER A BE PR =R 28 R 2% 12
()4 AT AR R AR AR ZE & 07 5 o —HRZE 1 F %50
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Not 1 (574)
int Sac Il (574)
tri stop codon
RB
pSneo S
neo
6 684 b ,
attp = P || EcoR 1 (1 539)
oril ‘\:*:;\
aac (3) IV
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22 ZREREVESHERZBIHTFEHRN
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Pl 32 Tk 6k DXL R J A8 M B DR R R A, EL 5 A
[A)o PRI, AS AR R R 1 i SE L HE A A 5k
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i, T ZRWEREYENIERIER spnd |
spnP. spnQ. spnG. spnF. spnJ. spnl. spnM.
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Fig. 2 Genetic maps of integrating plasmids used for promoter detection.
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spnO F spnK 55 10 DFEF G sh XTI . &
e, KX Ee)E 8 Fi% A pSneo Y Not I 55, %%
G H] TK24 WG T KB, X5 3h
FBR spnK ZANSA AR RTESE, B 4 Bos
T spnd . spnP Fl spnQ % a3 2T HIABXHE Y, 7T
VIE H spnd J5 810G A X 88558 , spnQ IRZ,
spnP TEX 3 NEash iRl . X458
WY, A TAEEEST R 21 R0 7 v RE 5 B i b AR
WIASIR R B G 2+, J34h, FRATH TAE W R
FWE Z A A 2h T RERE TS E i BE R T TK24
HEATA RN

1 LA AR SRR, AR
TAESE— 0 X 285 B 7-3% A iukr pSxylE, %4k
TK24 J&, 38 S8 M SUM ARG P T i Ak
30T BR spnK ZAb, ARAEEER HEAG PN Y &
A, X5 R RGO ORI 1) 25
R—3 FIRR L, XS 3 G T
A, Horb i 57 R EGE S AU EE — A spnd 1Y
Ja s FIEEER, HUCH spnd WIR 3hF. 4K,

600 pg/mL

4 TR EEEENBEHFES

Fig. 4 Evaluation of promoter activities by neo reporter gene.
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Fig. 5 Evaluation of promoter activities by measuring xylE activity.
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Fig. 6  Kinetic curves of growth and spinosad
production in batch fermentation.
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Fig. 7 Transcriptional timing analysis of spn at different time points. (A) Genes in the cluster. (B) Genes out of the

cluster.
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