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L1.1 HEERSEA: ARSI SER LR
4> v (04 B TH Streptomyces aureofaciens F3 ', K
AP DHI0b, ET12567/pUZ8002F1 5 kiplI778
fosmid 11D 1) | I 52308 A i AR WA 5
UL R, IR BE R cre BB R 1 A 46 58 A8
PRLITA-2 A ASHIEFEAA

1.1.2 FEEFMMUE: PCR N fH I TaKaRa
Taqi®F) &, 1kb Plus DNA ladderly H Invitrogen
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HAFrEAEMmTGo°C, 7L RERKYE. 28R
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GCCTGGAACTCCTGCCGAGTGGGCGATGTAG
GCTGGAGCTGCTTC-3"), PCRY" 445 3|4 A H:
WM Z PR DNAF B, il 584 4%
KW R R SO Bk fosmid 11D 1XUAE e,
153 EEBR R pLITA 02, SR 5 38 1 42 5 e B i
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PRI g ot X0 8 28 b 6 DR R e, e U S B P O
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TER ARG B 1365 bploriT-aadABAX, AL
1%} 56 31F 5] ¥ targBC-F(5'-GGACGGGCCTCA
GGCCGAAC-3")FfitargBC-R(5'-CTGGGGCCG
AGGGAAATCCGAGCG-3")i#Ef7PCRI}, B4 #l
R N857 bp, AL 5 AL RN 41538 bp (J#l1-
A, 1-B),
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1. cteBEFERIGRTHRAMEQA, B)MAEZHIHLC-MSIEN(C, D)

Figure 1.

Construction and LC-MS analysis of the ctcB disruption mutant LJIA02. A: construction of the ctcB

disruption mutant LJTA02. The 0.68 kb region in chromosome was replaced by 1.39 kb aad4 gene. B: PCR

confirmation of the ctcB disruption mutant LJITA02. M,

1 kb DNA ladder; lane 1-3, double crossover recombinant;

lane 4, wild-type strain. C: HPLC analysis of the fermentation extracts of ActcB, wild type (Streptomyces aureofaciens
F3), standard. D: validation of tetracycline and chlortetracycline from the fermentation extracts by mass spectrum

analysis.
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Table 1. Primers used for RT-PCR of transcript assay of the chlortetracycline biosynthetic gene cluster

Reverse (5'—3")

Primers Gene tested Forward (5'—3")

ctcFG-RT cteF-cteG CCCCAGCTCCTCGCGCTCGACGTG
ctcHI-RT ctcH-ctel GGCCTGGTGCTCGCCAAGACCTAC
ctclJ-RT ctel-cteJ GCGGCGAGGGCGTCGACCCGGCCG
ctcJK-RT cte-ctcK GTACGTGGAGACCGCCGAGTGGGA
cttNO-RT  cteN-ctcO TCGCCGCTGGCCGCCTGGGCGGAC
ctcOP-RT ctcO-ctcP GCGACCCGGAGGTCCTGCTGCAGC
ctcQR-RT  ctcQ-ctcR CAGGGGCGGGGCCTTGGAGACGCT
ctcUV-RT  ctcU-ctcV TGCCGCGCTCGCGCTCGATGGTGT
ctcZ1-RT cteZ-ctel CAGGGCCAGCAGGGCGATCACCAG
ctc12-RT ctel-ctc2 CGACGGCGGTGAAGATGGCCTGCT

GACCACCGAGGAGGACGTGCTCTC
GCCTCCAGCGCGGCGTGGTCGAGC
TCCCACTCGGCGGTCTCCACGTAC
GGCCCGGGCCAGCTCGGCCGCGLC
AGCCGGTGCTGGACGCCCAGTTCG
GAAGCGGGGGTGGTGGGCACCGTC
CCGACCCGGACGAGGCCGTGCGCC
CGCGCTGCTCTCCCTGCGGGACGG
TGCTCGGCGACCTGCTGATGGGGC
CGCGCTCTCGGTCGGCATCTCGCT
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2. WHEEPCRIEANISIY

Table 2. Primers used for quantitative real-time PCR

Primer Forward (5'—3") Reverse (5'—3")

ctcG-RT ACGTCGCCCTGGTGACCGGGGCGA GACCGTGCTCACGTCCTGCGCGGA
ctcH-RT ACCACCGACGCAACGAGGAGGCCC GGCGCCCTGCTCGATCGCCGCGCG
ctceM-RT CCGCCTACCTGGCCTCGCAGCCGC CACGATGTCGTCCACCACCAGTGA
cteN-RT CGGGAGCGGGGCCGACCGGCCTGA GTTGCCGCCCTGCAGCACGCCCGC
ctcQ-RT TGCCGCTGGACCTGGCCCCCGGCC CAGCACCCGGCTGTCGCGGTTGAT
ctcW-RT GCCGGCGCGTGGTGGTCACCGGGA ACGGATCTGACGCTGCGTCAATCC
ctcX-RT GCGTGGTCGGCGGCGGCCCGGCCG GTCGTGCTCGACGGCGCCGTGCGC
hrdB-RT CGCTCCCGCCGGAGATCGCCGATT CGCGGCACTGACCATCAGTGTCAC

2 BRFAHN

2.1  cteBEERBERFEBRRI AR BE =4 53 B

Xt 4 5 2 WA A cte BIEAT TR 7 51
Fexsordr, RIE g H 53R RIS A
RAEWA B FFE N A E A RE R R,
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identity)''"" . SF2575 )4 WL K 7 N U SsFT1
(51% identity)"™ | %5 A WA BLEE IR #5 P9 9
OtcR (46% identity)"”, FHI/MHr £, CteBHEA
N B OmpRZE I DN A 45 4 45 ¥ B8 1 C 3 1Y
BTADZI st BG a5k, & T s wbid:
E P K% (Streptomyces antibiotic regulatory
proteins, SARP)!'". N T #fiikcreBRN HITNfE,
FIRRIAFF TR . 4% 25 18 s (] 2 A e B A ) R 2
PR T, MHEET cre BEE N @ bR 5 48 bk
LITA02, # 7 A= RIS A SRR LITA02, HI4:
B R ARG SR HENAT KSR, 30 °CHE %5 dJs
REEWR AL G THPLC S LC-MS2r#r. M
HPLCKZIMZE SR (B 1-C) AT LA, BPA 11,7 min
AR £ % UG 55 DU A R (TC)BRifE i —2,  22.5 minkb
065 e 5 R (CTOARER—2L, 2 kIR ES
TEMRO T S hR i — 3 128 RRLITA027E
11.7 minf122.5 minkb ¥ o i (30 . fififs,
JFLC-MSHE— A T 7E11.7 minf122.5 min/2& 75
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Hr AT eI sy R Rl B A 161>, (H R IR A
24 K PR 58 SCH B TN AEAE 1Y (8] P XA 61,
X611 1] B DX i J 118 24> 358 PR i T [A)— e 5k
Bt B, T AW RS E TR 5
SRHIG, T AR RS AR AR A A Rl R X a1, XF
P B0 I IR XA TRT-PCR IV, J& T4
[} s BT IR B R 25 B S B [R] IO RNASE |, ]
TCEARAFY . AR R RS, R4
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Figure 2. Organization of the gene cluster for chlortetracycline biosynthesis and verification of the operons in
chlortetracycline biosynthetic gene cluster. A: organization of the gene cluster for chlortetracycline biosynthesis, in

which mini-PKS genes (black) and resistence genes (gray) are highlighted. The vertical solid arrows show the
intervals between the adjacent genes without overlap. The horizontal dashed arrows indicatethe different mRNAs
transcribed by specific transcription units. B: PCR confirmation of the amplicons fragments (300-400 bp) on an

ethidium bromide-dyed agarose gel. The amplicons were designed to covering of the adjacent genes. M, 1 kb DNA
ladder; lane 1, ctcF-ctcG; lane 2, ctcH-ctcl; lane 3, ctcl-cteJ; lane 4, ctcJ-ctcK; lane 5, ctcN-ctcO; lane 6, ctcO-ctcP;
lane 7, ctcQ-ctcR; lane 8, ctcU-ctcV; lane 9, ctcZ-ctcl; lane 10, ctcl-ctc2. RT-PCR bands indicate that most genes are

transcribed from the same mRNA.
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Figure 3. Transcriptional analysis of the chlortetracycline biosynthetic gene cluster in wild type and mutants

LJTIA02by quantitative realtime RT-PCR. The measurements of ctcG, ctcH, ctcN, ctcQ, ctcW gave values lower than
1.0 indicating that the mutants produced less mRNA than in the wild-type strain. Error bars were calculated from three
independent experiments each of which was performed in duplicate.
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CtcB, Streptomyces aureofaciens

DaTl, Dactylosporangium sp. SC14051

SstTl, Streptomyces sp. SF2575

43

OtcR, Streptomyces rimosus

41

Actll, Streptomyces coelicolor

FdmR1, Streptomyces griseus

46| ¢9

Dnrl, Streptomyces peucetius

TylS, Streptomyces fradiae

NanR2, Streptomyces nanchangensis

NanR1, Streptomyces nanchangensis

{Moan, Streptomyces cinnamonensis
100

ChlF2, Streptomyces antibioticus

RedD, Streptomyces coelicolor A3(2)

C ylT, Streptomyces fradiae
99

VmsS, Streptomyces virginiae

92

AfsR, Streptomyces coelicolor

SanG, Streptomyces ansochromogenes

TylR, Streptomyces fradiae

0.2

4. CtcB5SARPEIRERRGH UK 24
Figure 4. Phylogenetic analysis of CtcB with other members of SARPs. The neighbor-joining phylogenetic tree was
constructed by using MEGA v5.0 with 500 bootstrap replicates. The scale 0.2 is the genetic distance. Accession
number in NCBI: CtcB, AEI98645.1; DacT1, AFU65883.1; SsfT1, ADE34517.1; OtcR, AJO26937.1; ActllI-ORF4,
AAA26692.1; FdmR1, AAQO08934.1; Dnrl, AAA26736.1; TylS, AGG68810.1; NanR2, AAP42854.1; NanR1,
AAP42853.1; MonRI, AAO65809.1; ChlF2, AAZ77687.1; RedD, AAA88556.1; TylT, AGG68812.1; VmsS,
WP_033220281.1; AfsR, BAA14186.1; SanG, AAV31783.1; TylR, AGG68811.1.

8 bp
(A)  PetecG GCGTGTGAGGCGCGCTCGAACCGCAGTCGAAGCCGTCCGGGMIEEEINCGGCCC
PcteN  CTCGCGTACCCGCGCTGGACTCCGGCTCGAAGTCCGGCTGA SMEIGAGGCC
PeteQ  GGGCCCGACGACGGCCCGGCGCCGGCTCGAAGGCGCCCCGCEIEMMIGGGGGC
Pl CGCGTGGACGGCGGCTCGAAGQCGCCGOGAACGCCTGCCAG S NENICTGTTC
(B) 2
2
e}
A ¢C6.cl00As,
0 ANGASE ;GCQG CE Q
1 23 4567 891011121314151617 18
_—

5. £ EZ4 A REFEFEAISARPLE & XFMEL 33 (A) F1—EU 1% 53 #7(B)
Figure 5. The predicted SARP-binding sites of chlortetracycline biosynthetic gene cluster. A: the predicted SARP-
binding consensus sequences of chlortetracycline biosynthetic gene cluster. The solid arrows mark the tandem repeat
sequences identified in this study. Putative —10 regions are dashed underlined. B: analysis of the consensus SARP-
binding sequences of the promoter regions from chlortetracycline biosynthetic gene cluster using MeMe. The solid
arrows mark the tandem repeat sequences.
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Function of Streptomyces antibiotic regulatory proteins family
transcriptional regulator ctcB in the biosynthetic cluster of
chlortetracycline
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Abstract: [Objective] In order to understand the regulatory mechanisms of chlortetracycline biosynthesis in an
industrial strain, function of an Streptomyces antibiotic regulatory proteins (SARP) family transcriptional regulator
cteB in the biosynthetic gene cluster of chlortetracycline was studied. [Methods] By double crossover recombination,
we constructed Streptomyces aureofaciens F3 with disrupted SARP family transcriptional regulator ctcB gene. The
amplicons of RT-PCR were designed to cover the adjacent genes for verification of the operons in chlortetracycline
biosynthetic cluster. Transcriptional level was analyzed in the chlortetracycline biosynthetic gene cluster in the wild
type strain and the ctcB gene disrupted mutant LJIAO2 by quantitative real-time RT-PCR. [Results] The disruption
mutant LJIAO2 abolished tetracycline and chlortetracycline production. In RT-PCR six operons were confirmed in
chlortetracycline biosynthetic cluster. Quantitative real-time RT-PCR indicated that ctcB directly activated five
promoters from ctcG-D, ctcH-K, ctcN-P, ctcW-T and ctcQ. [Conclusion] CtcB is an essential activator as an SARP

family transcriptional regulator in the chlortetracycline biosynthetic gene cluster.

Keywords: chlortetracycline, Streptomyces antibiotic regulatory proteins (SARP) family transcriptional regulator,
gene disruption, biosynthesis
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