A LB ¥ 4k EHE Sl EENAESHETAES RERENARRERLZENIN
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Sep. 25, 2019, 35(9): 1662-1675
DOI: 10.13345/j.cjb.190142 ©2019 Chin J Biotech, All rights reserved

« TR -

fcl

GRE, MRMW, I, B&A WG, HEE, RTE, BHEE ARN TFH,
Rk

AEILEIRKAREFTAYFERESLEE MG RS AaplEsi MAeY s T EYENmE EALRE,
B Ky 410081

ZHES, IR, 36307, %, fol FEEXNSZME THEZREREYWE BB ERETNZN. £ TR, 2019,
35(9): 1662-1675.

Peng SN, He HC, Yuan SQ, et al. Effect of fcl gene for butenyl-spinosyn biosynthesis and growth of Saccharopolyspora pogona.
Chin J Biotech, 2019, 35(9): 1662-1675.

B E:fcl A %A GDP-& 3454 B (GDP fucose synthetase, GFS), fefiikdy GDP-D-H 454~ GDP-L-
BRABIEFOR Y L6 FMEEALREER L, AL BAEFEAEGED SR, ZHEELEMRERG. BFR
ARG X 4EBE2 —, @ L AT E0 K B 480 A R 9 S0 4E % Jo 18 Saccharopolyspora pogona ¥ A & fcl 2K B . A1 A A E T
FHRAMBET fol LB e9iL £ A FH R S. pogona-fol A3 R E #& S. pogona-Afcl, R AW Z AR HHRAEKLTF .
FORBBLHFOKF. FRER, THASFIRAETANEMERIAAERH. % HPLC 2472+, S. pogona-Afcl
MTHE S FHE S S mAh AR BHHe) 130%, S. pogona-fol 49 THE S X H £ ZSHIKT 25%., A 4R
27, 5% AR BRI S. pogona-Afcl 2454 & 69 F & MBI RIE5%, M S. pogona-fcl 49 & RE AR, FH
AR EBEIE LI, S. pogona-Afcl B L4k &k @ & IAF 4, EI4EHIK, S. pogona-fol B 4 H 55 A R BHH—H.
AR E, fol ARMSEREaBLERNERET, BRBTHEAZZIAFZNADERFEEZRER, &
AR EEEIH T THAS FEHF AN ERAEIRT F k&K, SDS-PAGE £ R AW, Z B HE 96 h iF &
ARBREFRRANR., HEZFBEOBIEHRATEREBUAALLERET, ZAMRBONEIKTAELE
RAEF, BUEHRERMET MARGHAEZER, SArfcl AR AEZBHALARATATHEASFHEZA DS
BARGEA 42 P 4518 1289 Fvm, M MET fol ARPEEGRSERRZ, ABTTHALAS XZE EFADESRGAIZEIH
BARK G G AR RARAE T FRIARIE .

D AES A, THEASFE L, fl AB, AHER, £KAF

Received: April 17, 2019; Accepted: June 3, 2019
Supported by: Major Program of Hunan Province (No. 2017NK1030), National Basic Research Program of China (863 Program) (No.
2011AA10A203), National Basic Research Program of China (973 Program) (No. 2012CB722301), National Natural Science Foundation of
China (No. 31770106), Hunan Province Biological Development Engineering and New Product Development Collaborative Innovation
Center (No. 20134486), Hunan Education Department Project (No. 10CY013).
Corresponding authors: Shengbiao Hu. Tel: +86-731-88872905; E-mail: shengbiaohu@hunnu.edu.cn

Ligiu Xia. Tel: +86-731-88872298; E-mail: xialg@hunnu.edu.cn
WIHA EARINE (No. 2017NK1030), R EH A kBT (863 1%) (No. 2011AA10A203), [ & KALHISE & iR (973
it %) (No. 2012CB722301), FEZK AP ik4 (No. 31770108), w4 £ WK T T8 Sogi™ bbbk 2 B IR €1 %7 o 5T H - (No.
20134486), WIFEEHE/TWH (No.10CY013) ¥EHf,



EHE S EENAESHE T RESEEEEMARRERRSHEN 1663

Effect of fcl gene for butenyl-spinosyn biosynthesis and growth
of Saccharopolyspora pogona

Shengnan Peng, Haocheng He, Shuanggin Yuan, Jie Rang, Shengbiao Hu, Yunjun Sun,
Ziquan Yu, Weitao Huang, Yibo Hu, Xuezhi Ding, and Liqiu Xia

State Key Laboratory Breeding Base of Microbial Molecular Biology, College of Life Sciences, Hunan Normal University, State Key
Laboratory of Development Biology of Freshwater Fishes, Changsha 410081, Hunan, China

Abstract: The fcl gene encodes GDP-fucose synthase, which catalyzes two-step differential isomerase and reductase
reactions in the synthesis of GDP-L-fucose from GDP-D-mannose. It also participates in the biosynthesis of amino sugar and
ribose sugar, and is one of the key enzymes to regulate the metabolism of sugar and nucleotides in organisms. The presence of
fcl gene in Saccharopolyspora pogona was found through sequencing result of genome. The mutant S. pogona-fcl and S.
pogona-Afcl were constructed by gene engineering technology. The results showed that the gene had an effects on growth and
development, protein expression and transcriptional level, insecticidal activity, and biosynthesis of butenyl-spinosyn of
Saccharopolyspora pogona. The results of HPLC analysis showed that the yield of butenyl-spinosyn in S. pogona-Afcl was
130% compared with that in S. pogona, which reduced by 25% in S. pogona-fcl. The results of determination of insecticidal
activity showed that S. pogona-Afcl had a stronger insecticidal activity against Helicoverpa armigera than that of S. pogona,
while the S. pogona-fcl had a lower insecticidal activity against Helicoverpa armigera compared with S. pogona. Scanning
electron microscopy (SEM) was used to observe the morphology of the mycelia. It was found that the surface of the
S. pogona-Afcl was wrinkled, and the mycelium showed a short rod shape. There was no significant difference in mycelial
morphology between S. pogona-fcl and S. pogona. Aboved all showed that deletion of fcl gene in S. pogona hindered the
growth and development of mycelia, but was beneficial to increase the biosynthesis of butenyl-spinosyn and improve
insecticidal activity. Whereas the fcl gene over-expression was not conducive to the biosynthesis of butenyl-spinosyn and
reduced their insecticidal activity. SDS-PAGE results showed that the difference of protein expression among the three strains
was most obvious at 96 hours, which was identified by real-time fluorescence quantitative polymerase chain reaction, the
results showed that there were significant differences of related genes in transcriptional levels among the three strains. Based
on the results of the study, a network metabolic control map was constructed to analyze the effect of fcl gene on growth and
the regulation pathway of butenyl-spinosyn biosynthesis, which provided an experimental basis for revealing the regulation
mechanism of butenyl-spinosyn biosynthesis and related follow-up studies.

Keywords: Saccharopolyspora pogona, butenyl-spinosyn, fcl gene, biosynthesis, growth and development
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Table 1 Strains, plasmids and primers used in this study

Related description Source
Strains
E. coli DH50. Host for general cloning Lab store
E. coli S17 Donor strains for conjugation Lab store
S. pogona The producer strains of butenyl-spinosyn Lab store
S. pogona-fcl S. pogona harboring pOJ260-P¢,me-fcl This work
S. pogona-Afcl S. pogona harboring pOJ260-fcl This work
Plasmids
p0J260 E. coli-cloning vector, containing pUC18 replicon, oriT, AprR Lab store
p0J260-cm-Peme Containing Perme Sequence Lab store
p0J260-Peme-fel Perme -fcl inserted into pOJ260 by Hind 111 and EcoR | This work
p0J260- fcl Homologous arm inserted into pOJ260 by Hind Il and EcoR | This work
Primers
Perme-F CCCAAGCTTCTGGACTTCTAGAGCTAGCC
Perme-R GCATGCCGGTCGACTCTA
fcl-F GGTAGGATCCTCTAGAGTCGACCGGCATGCGGAGATCCTCGTGCCCT
GAC
fcl-R CCGGAATTCCACTGCGATGACATCAGCGTAC
Apr-F AGCCCTAACGGCAAGTTTGCAAGCAGCAGATTACG
Apr-R GGTACTGTCCGTGCTATCCGTCGACCTGCATACTA
fcl-up-F CCGGAATTCGCACATCCAGCGAACCTG
fcl-up-R TCTGCTGCTTGCAAACTTGCCGTTAGGGCTTTCTC
fcl-down -F TGCAGGTCGACGGATAGCACGGACAGTACCCTCGTT
Perme-F CCCAAGCTTCTGGACTTCTAGAGCTAGCC
fcl-down-R ACCAAGCTTTACGCATCGGTCGCCAAAT
16S-F CGTCAGCTCGTGTCGTGAGA
16S-R GTGAAGCCCTGGGCATAAGG
rpoE-F TGACCCAGGAGACCTTCATCC
rpoE-R CGAGGAGGGTGTCGTTGAAGA
groEL-F GGTTCAGGTCCGCGTTCTC
groEL-R GCCACCCTGGTCGTCAACA
rpoB-F GACATTCGCCAGTGGTCGTAC
rpoB-R CTCGCAGATGATGCCCTTG
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1.2 tExE

K7 ¥F & Escherichia coli #:#)F LB #5355t
i, 37 CHiFEME; AFEZ I S. pogona $EF
FRFEALRFR3E (CSM) 1, 280 r/min, 30 C
iR 2d; HEAFBIECSR A RE BEgR AL, TREH
PRI K R G UL R 37 55, 280 r/min .
30 TR 10-12 d; JFEAEJISLK R CSM,
TSB. BHI 1 R6 35353,

1.3 fol EEEHFIKRMEE
1.3.1 #EFRKBIK pOJI260-Peme-fol HIHIE K %
E

1 R HAAR pOJI260-Perme-fel 444 g3 7 B2 4l &
1A 7R o EA pOJ260-cm-Perme A, LIS 4I%S
Perme-F/Perme-R #6417 PCR 474, 15% 300 bp A 47
() Perme ZE R B o LAZIURE 22 00 B M ARAR , 514900
fcl-F/fcl-R AT R ALY 1S, 155129 1.5 kb 1y fcl Kt
K. SRJEmd B M PCR 145 1.8 kb A 4711

Perme-fel Bl & H Bt (18 1B). i% 5 41 JFoki Z 1 Hind
II/EcoR T BAXLEGFVIHGUE, 25 F£ M 2k p0OJ260-
Perme-fcl # L) (& 1C).
1.3.2 BRI p0J260-fol I E K% E

M BR AR pOJ260-fel (AR AN & 2A it
N o LAZME Z f1 Ch AR, Bl X fel-up-F/
fcl-up-R, H# PCR ¥ 3415 2129 1 kb 1y fel £ I
Wi R B 5%t fel-down-Fricl-down-R, K
PCR ¥ 3415524 1 kb () fol £ R iR A BL; 5l
Prxt Apr-FIApr-R, ##I PCR ¥ 15153525 1.5 kb
i) aac(3) IV (&l 2B). #k )5l S LE(P PCR 15
F| 3.5 kb A A7 Wy miBR A G B, xR &
Hind III/EcoR T HEFYIRIE, 455 % W aBR 4k
A& p0OJ260-fcl FERL L) (K 2C).

14 fol EEIREREKREEMNEE
1.4.1 fol ZEE R EEHREBEFNLE
PLer HARBORL Y E. coli S17 1E LA, LU

A C
Hind T EcoR 1 bp M 1 2 bp M 1 2 3
\\

Hind M P, EcoR 1 10 000
3 000 4 000

2000 2 000

5
| EcoR 1 /Hind T digestion | 750 500 —
I_'l'Ligation 3(5)8 250
Hind TP 100

FEcoR |

pOIJ260-P,,, ~fcl

v

1 SREBEOHESETE

Fig. 1 Construction and identification of overexpression vectors. (A) The vector map of pOJ260-Pgme-fcl. (B) Perme
and Pgme-fcl frangment. M: DL 5000; 1: Perme; 2: Perme-fcl. (C) Enzyme digestion of recombinant plasmid. M: DL 10000;
1: The p0J260-P,e-fcl digested with Hind III; 2: The pOJ260-Pg.e-fcl with EcoR I ; 3: The p0OJ260-Pe,,e-fcl with
Hind III/EcoR I .
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EcoR 1 Hind I
EcoR 1 Hind T ‘
\hm - 7/ 3 p0J260 }
aac(3)IV
| EcoR 1 /Hind 1 digestion
Ligation el
EcoR | l %
Ay
2 Hind TI
pOJ260-fcl
QQC(S)IV /
B M 1 2 3

10 000
1889

2000

1 000
500
250

B2 fol ZEARMMRBEHEESETE

Fig. 2 Construction and identification of knocout
vectors. (A) The vector map of pOJ260-fcl. (B) aac(3) 1V
gene and homologous arm fragments of fcl gene. M: DL
2000; 1: aac(3)IV; 2: fcl-up; 3. fcl-down. (C) Enzyme
digestion of p0OJ260-fcl. M: DL 10 000; 1: the pOJ260-fcl
digested with Hind III; 1: the pOJ260-fcl digested with
EcoR I ; 3: the pOJ260-fcl digested with Hind III/EcoR I .
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FEAE BN, LABIYIXT Perme-F/fcl-R PCR ™
RN NZ) 1.8 Kb B Perme-fel @G B LIS
X} Apr-F/IApr-R PCR ¥4 aac(3)IV H B, #5HR#%
B, 1+ F Ak S. pogona-fel HEERLEN (K 3).

pO lzéo-P(rm.’ -fc'l

3 fol BEEERIZFEKIMER PCR E£E

Fig. 3  Construction and PCR identification of S.
pogona-fcl. (A) Schematic diagram of S. pogona-fcl. (B)
Perme-fcl. M: DL 5000; 1,2: S. pogona-fcl genome; 3,4:
S. pogona genome. (C) aac(3)IV. M: DL 5000; 1,2: S.
pogona genome; 3,4: S. pogona-fcl genome.
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1.4.2 fol EEERERIWENLE

L& AR E. coli S17 /F RUHARE, U
I Z A S. pogona 1 A Z AR , P78 I %4
RERSAIS , AR [ 5 R A K TR SR S TR
LR 4] 42 S. pogona Al S. pogona-Afcl
BLNHAE MBI, LASIYIXT fol-Fifcl-R §38K JiE
245k 1.5 kb 11 fl I [, LAS 97 %F Apr-F/Apr-R PCR
P18 aac(3)IVIEM Bt S5 0EMT, kAR
4 itk S. pogona-Afcl (& 4).

A
‘ pOJ260-fel ’
m hm

S——ss

hm N hm
\@f Genomic DNA

4 fol HEMMEKIMER PCR IIE
Fig. 4 Construction and PCR identification of S.
pogona-Afcl. (A) Schematic diagram of S. pogona-Afcl.
(B) fcl gene. M: DL 5000; 1: S. pogona-Afcl genome; 2:
S. pogona genome. (C) aac(3)IV. M: DL 5000. 1,2: S.
pogona-Afcl genome. 3,4: S. pogona genome.
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1.5 fol EEMEMKERLZERBLARSE
fERY %21

AR E . DRSOk R SR 2
XTHE, B 12 h W BE 55 5L ODeoo fH, HFR BEAS
BT AR SR IR ODgoo fH. LI HEE
3, LKLk,

FEALRE S R 2 AT AR ML . B 100 pL
A= R B Bk AL TR B R S. pogona-fel | S. pogona-
Afcl B2 5% A5 T BHI. CSM., TSB L R6
5% 7% o [ AOF A b ] X, B 24 h WSS )P
B b A7 i AR A IR IE S . AR A 1 mL #5
F% 96 h By LW, 4K K I i U i R T
15 LA E, TEMRA A E , R . B2 50T B
4, A H 57 SUB010 ¥ 37 43 4 M ¥ i U WL 4%
BEAh, X B AR TTIE A R R A T e,
AN 7]V B 1) 2 T VAT A B K, AR T
4, FIFH H L SUB010 A i 4 HE R 94 Fa 1 B il
BRUFAT I 22 IR T A MER
1.6 fol E2E N E kL BRRRIEENS G

FHCL mL = RRE R 10 d BR BRI, S
515 20 mL #3448 . Helicoverpa armigera 1} i
RSB 24 fLbrh, TREERS, BN
R 1SRRI A R AR 4% L, B T 26-28 C
TR 3% 6 d, WA 4E 24 h WM i0 # R hufr
I 5
1.7 fol EEMNEKRTHEZRBZEVEK
FEE

P O T A 10 R R B (ST
LR CTRAIL) HATRERE, 22 R VR IR 46 58 4
YT S, A 50 pl BB fRULTE . A
Agilent 1290 i = OB A (3% (L (UHPLC) Al
THREZRWERSE, WO sCER[31E,
FFUSCAE H AT T 5
1.8 fol B X148 % M w & A E B B2
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FEFIRHREL, 28 SDS-PAGE il & BIA 4 KE 12
SN
1.9 #RKFER qRT-PCR ME

FI - Trizol 3 ) £ B & Bk S. pogona .
S. pogona-fcl, S. pogona-Afcl (] RNA. 7351 LAY
ARG AR e TR AARES 4 R R% 5% cDNA1EH
Bifl, 16S RNA 5 N2, FIH] 7500 L2t
SE B PCR 248X %% (Applied Biosystems, USA),
PP rpoE. groEL. rpoB #4745 K I E .

2 HER5AW

21 fol BEEMMBERZOEERKEZE NN

R fol B R Z0ME 22 460 D AR K B e R
Ry Y6 CRE 4 12 h X & B ODego HEATIINNAE .
SRR, HE 72 h i, o R RE S. pogona-fel
A K AR AL 5 AR R B S. pogona AR — 35 B
A TUTRAR AN 96 h FFIR iE ATSE W, 2 TR AR
84 h Frinik AfeoE s ARECFHFAE TR 5
S. pogona-fcl ) ODgoo {ELIE A7 AL, {H 5 S. pogona
ARBREEAR B WHREKRIY T 156 h #F A%
R, 216 h iRFE . MIBRTAME S. pogona-Afcl
ARG, 108 h AR EW], 132 h i AZEIR M,
228 h iR E, ODeoo (AW TR, Ui fel K&
D] Py e B AU ) 1 508 22 A R AR G, i 2 i R
TR RN RIBIE, BRI R A R
BEIEA—3 (K 5).

2.2 fol EEXHHES ME KRS~ §
B9 52 M

SHWFFE fol I8 R X B AT A5 1 s i, ) R s
G3 BRI B B NV Rl L B XS A TR 96 h i BT
HERITE B S. pogona, 1 ik #k S. pogona-fel 5
BRI FE S. pogona-Afcl iy B 22 AKTE S HEA T ML
45 KW, S. pogona-fel 55 B A= R G R T 22 1A 1
I JCHE A, 73 8% 5 S. pogona-Afcl T 22 K [
A, N2 R R Ui fol il ik
XF PR R TC W] S 52, R S X T 22 AR A
REHRAWHER (K6, 7).

WS fel KRR 22 160 PR 7E AN () [ 44 355 77
T HIBE ST RS, A3 SR BT A R D R AN TR
WHRAE 4 FhBEFREE B0 s ol 458,
3 PREAREYI NS 48 h PG AL+ 120 h B,

20 —=— 8. pogona
—— S. pogona-Afcl
+— S, pogona-fcl
15 F
Q§ 10 |
&} \
51 T Wi
0 50 100 150 200 250 300

Time (h)

5 fol BEETREERIEIKHLZ
Fig. 5 Growth curve of fcl gene engineered strains.

El6 foZERIREEREBSSYHIAMEETFEMBEUNR

Fig. 6 Scanning electron microscopy observation of fcl gene engineered strains. (A) S. pogona. (B) S. pogona-fcl. (C)

S. pogona-Afcl.
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mm > 10,0k SE(U) 5.00 pm BUSDL0 2.0kV 2.9 mm =30.0k SE(U)

E7 foBERTRERLZEAMRETEMENE

Fig. 7 Observation of fcl gene engineered strains by scanning electron microscope. (A-C). S. pogona. (D-F)

S. pogona-fcl. (G-I) S. pogona-Afcl.

S. pogona-fel A8 A= B PR TE CSM Fl TSB 1 57
Ry LBE S A s S. pogona-Afcl 1E R6 555 5L
FEEE T B ES , —RIARAE BHI BE SR BT
REJIAAIR] . —RRTER B BTE 4 PRI b= RE
JIWAFTEZE S, R B 5K CSM . TSB . BHI
R6. AIfgRE M THFREEFRBITNAR, i
O 2 R — AR TE Bk 4 R aR Ik p iy =
fge I BB R (K 8).

23 fol EENTHEESZRERFEL W
ELER

R fol JEREX T M52 R W R AW A L
UsZm, R HPLC 7 # 7 A BU B #% S. pogona.,
if #% ik B Kk S. pogona-fol DL K @ B B bR
S. pogona- Afcl KW T2 R H R 1™
o FIHFRRERT 13 min (@356 TS E, 25
SRR BN [) A5 (1 0 5 A i 189.1 1Y
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SRR e (B 9), IERIZY B T M
R AW EHHP HPLC 45 8%, S. pogona
LR R 13 min Ab i T 96 58 2 % 1 R e 1mi
FAH 606.2 mAU. S. pogona-fcl 7Ei% I 7] Bk ) i
AN 455.4 mAU, TR 2 8 R R 177 RE AR
g B A= BB AR 75%., S. pogona-Afcl 7% B
] PN B U TR AR R 786 mAU, TR R 2 R E R A
TR WA R AR Y 130% (] 10), % fel
FER R ER el T2 R W R T R,
b FIB A R
2.4 fol RE M E kA B R HIE M
bt fol e DR AR TR Bk T VRN A A% R
H. armigera A HyGHER 2N, FIFH = H S 10
K1) RN AR % UHEA T A2 ) 2% RIS PR 2 o 45
RN, SEAERE AL, S. pogona-fcl 1% H
TGRS, 1 BBUT Al A B A R B bR R 29 0.7 d.
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B8 fol BERTREEMRERKEFRELFMRENILR
Fig. 8 Comparison of sporulation ability of fcl gene engineered strains on solid media. (A) Sporulation ability at 48 h.

(B) Sporulation ability at 120 h.
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Determined by LC-MS/MS.
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Fig. 9 MS identification of butenyl-spinosyn from fcl gene engineered strain. (A) Determined by LC-MS.
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Fig. 10 The butenyl-spinosyn yield analysis of fcl gene engineered strains. (A) S. pogona. (B) S. pogona-fcl. (C) S.

pogona-Afcl.
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fol B, Z5RAPE 4 RIVHERE R 25 R,
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6-24 W5 (RopE). 57 kDa 4> F1£{8 (GroEL)
DL 144 kDa 1) DNA 53 RNA ARG 5
B(RopB). FIFELE 143 HrfF Uniprot #i

Table2 Insecticidal activity of fcl gene engineered strains against H. armigera
Strain Slope Relative coefficient (R?) LTso value (d) 95% confidence interval
S. pogona 9.5714 0.979 3 4.346 4.005-4.741
S. pogona-fcl 9.4000 0.990 3 5.069 4.710-5.529
S. pogona-Afcl 9.629 0 0.981 5 3.690 3.370-4.018
120 - Bl S. pogona KEGG &% Hk T Ihag s (3% 3).
S. pogona-Afcl
< . B S. pogonafel 2.6 3 FIKFER gRT-PCR ME
S 8o0f = N TR ESEARRBETRIE, FHZOE
I fE Bt PCR(ORT-PCR)X AL SEACP HEATINAE . 452
3 40} il e KB, 454 Kit, WFREE S. pogona-Afcl i rpoB
= 1 FI rpoE &% 5 7K P A X T B A AU B Bk 43 0] 1
5.422. 2.189 fif; groEL YK N A B Az A

Time (d)

B 11 fol EEIEEKRNHBEERATHERE
Fig. 11 Insecticidal changing histogram of fcl gene
engineered strains against H. armigera.
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Fig. 12 SDS-PAGE analysis of the protein of fcl gene engineered strains. M: protein marker. (A) S. pogona and
S. pogona-fcl for 4 d. 1: S. pogona-fcl; 2: S. pogona. (B) S. pogona and S. pogona-Afcl for 4 d. 1: S. pogona; 2:
S. pogona-Afcl.

®3 Al BEIREMREREANRIELETE
Table 3 MS identification of differential proteins of fcl gene engineered strains

Number Protein Gene My (kDa) Function
A ECF subfamily RNA rpoE 35 DNA-dependent RNA polymerase catalyzes the
polymerase sigma-24 subunit transcription of DNA into RNA using the four
ribonucleoside triphosphates as substrates.
B Molecular chaperonin groEL 57 Prevents misfolding and promotes the refolding and

proper assembly of unfolded polypeptides generated
under stress conditions.
C DNA-directed RNA rpoB 144 DNA-dependent RNA polymerase catalyzes the
polymerase subunit beta transcription of DNA into RNA using the four
ribonucleoside triphosphates as substrates.
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21 s oo 3 &
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il T L 22 R T R 17 i X R A
R, 3 Aok Xof A0 22 60 T B DR A R PR TR
B 13 fol ERTEEKRHPERFERKTEH gRT-PCR J5 3% fol JEIR g1 F2 8 bk S. pogona-fel Al K

grobELL rpobl rpoB

e B #E S. pogona-Afcl
Fig. 13 gRT-PCR detection of gene transcription level -Pog ° i
in fcl gene engineered strains. EA KT fol R & H 4nfih GDP-7 #EMi G il
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Fig. 14  Metabolic regulatory network map of fcl gene in S. pogona.
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