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Abstract: [Background] Calcimycin is an essential ionophoric antibiotic. The gene cluster for
calcimycin biosynthesis has been cloned from the genome of Streptomyces chartreusis
NRRL3882, but functions of some biosynthetic genes and regulatory genes in calcimycin
biosynthesis remain unclear. [Objective] To study the functions of the putative regulatory gene
calRl encoding TylR-family transcriptional regulator in the biosynthetic gene cluster of
calcimycin. [Methods] Theca/RI-knockout mutant and complementary strain were constructed
by PCR-targeting and fermented, and their metabolites were analyzed by HPLC. The
transcriptions of biosynthetic genes in Aca/RI mutant and wild-type strain were analyzed by
RT-qPCR. [Results] AcalRI mutant lost the ability to produce calcimycin, while the
accumulation of cezomycin was observed. The complementary strain restored the production of
calcimyc into a certain degree. The transcriptions of some essential genes, including calC, calG,
and calU3, were substantially changed in 4calRI mutant compared with those in the wild-type
strain. [Conclusion] The putative TylR-family transcription regulatory gene calRI is involved
in calcimycin biosynthesis.

Keywords: calcimycin; TylR-family; regulatory gene; biosynthesis

+ 7 % & (calcimycin, A23187, K 1)
1972 4F Reed ¢ 1E#UP 5% i NRRL3882 ik
M REIRAEY, HE5MH o-fLntig . 12
i S AR EmE 3 R RN, R R R R E
BB TR ER, HETEA 17000 25 3C
HROV A, HoRE S AR A B H B - s
BT B ESS, BRI HEE S
I, SRR EAE D, Rk, BF5E
RIS VU B 2R 38 2 2 A A S v
BRESEAGIEEANARE, AT A A5CBTE O BE 40,
DRI )™ 92 IO P 4 B A B A i A Sz fele o ) 35
TR VU R PR A A5 A RO RN B A B

PO HA Y& BRI SRR F R A
2R
XRWHEREYERERMRGT
1980 4R, 2011 4, W S5 S 6 25
NRRL3882 H o [ 31| 11 57 5 Bl S 74 85 3R (19 5L K]
o WRPEEYE BT, caldl-A5 & 5 AR
& W (polyketide synthase, PKS)F&[H , 1 77 1245
PR A s calNI-N3 57 o-i FEm S B9 5 5
calT NPIMEFREIR; calRI-R3 N 3 DA
calUI-U5s AAKIGERER . 2013 4F, FRATHE LT
FE DR i B B M R SE I IE SEFE N5 B9 calB1-B4
FEA 57 3-SR IR IR (3-HAA, R IFFIE
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Calcimycin: -NH-CH,
N-demethyl calcimycin: -NH,
Cezomycin: —H

B
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U2 A3 T R3 A4 AS U3 F GU‘[lJSH orf-29
[T Ps Y Pyrrole EH Thioesterase  [1:] Methyltransferase 74 3-hydroxy anthranilic acid
oy 5kb

M Regulation [] Resistance

B1 ESSEUFEHAREYSHBERZ®B)"

Structure (A) and biosynthetic gene cluster (B) of calcimycin!'!.

Figure 1

IR IR AR B R A M, R RS M AL
SRR UESE CalM 1157 R P4 R R AR F a4 44 1Y)
FR AL, 2018 4F, Wu 2538 i 4 P4 S SL 36 TIE
SCT CalC j&2—Ff ATP {KHi cezomycin-CoA
LR MR ESEE CalG fiEfk cezomycin-CoA
HEvfEE,
RHER YA RIEHE FIE 3 AT6E
BTG S 3L N calRl . calR2 1 calR3, 435
J&F TylR, LuxR Fll TetR Fi%. B LAEH,
FRATT A A T DR R B LRI b B A S M Ak S B i 5
calR3 JERVGHRAEY G PRI
calR3 FEIN BRI AR R PR R 4R
7 A5 T R calR2 HE R B S 2 A8 T AR I X}
LA W S 2R AR MR FE DR e K43 A, IR SE
calR2 TERPIRE R A Y)4 ni il iEJaE A,
A VL T — MIBTER AR I calRT
WRXTL, AWE B2 Xt KB, CalRl
52 IR 2R (tylosin) A= 9 A5 18 35 IR A% Hb () 9 422
T TylR KBk X (carbomycin)AE # & L A

B Other function [_| Unknown

]

RS - AcyB2 B HAG B i ARME . A
WF5YiE i PCR-targeting M /5%, MHE calR1 %
PRI rh WA A8 bk I S BL IR P SR pJ TU2170
HARM HEAcalR]:calR] WIEIANEFR, XFAcalRl
AL TR AR S [mRD BRI R B )i 4T HPLC 43
BT, I LR A AT A A 7 T 5848 AU T kR
HREVE BN M 25, U
M calRl BERIXT-RPGEE R 7 =N, AR
VU8 R AW A BRI 2 1 B 5T 42 1 TR
W, I RELERM A S FAEY =T B S RIS
E 8 icE T

1A

1.1 ##
1.1.1  E#RFARN

Escherichia coli ET12567/pUZ8002 AT %
E5%, BW25113/plJ790 ] T- PCR-targeting
mbRTE T H AR, AR OR pITU2170 HF
FRAFKRAG IR, DL BRIk A BoRi ok A i sgiE
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KEG Ay imsE, BIRERIE 1,
1.1.2 EHFE

LA K LB ¥#ZEVHT KGRI
TSBY 15772V T45 % 18 . DNA & RNA K
PRI, SFM AR FREE K SFM WA H: 77 3%
A3 M T 55 B T 1 85 5% M R T -
1.1.3  EZERFANEE

KOD plus 1 rTag, TOYOBO A #l; BRi
PN VI T, New England Biolabs 23] ; RNA 2
Bus & . DNA BRI & . FastQuant RT
Kit 1 SuperReal qPCR PreMix (SYBR Green)iz
Mg, RREMFHARAE; RUEHERRIE
air, Sigma-Aldrich A F]. FUAER | MENEHER .
RAREE R PR B R W EE ) HPLC
LC/MS &4 W 3CHR[ 1]

fH W PR K ZWF-200 . fH W 5 3% 4
ZXRD-B2050, | i B 43 B AL 2% i 1 A BR A
H); JT DNA EHE A ScanDrop200, HRE/r#r
XA Befn A 7] ;. AT RT-gPCR i) ABI7900HT,
;A9 & 4828 @l 3 HPLC (Agilent 1200) .
LC/MS (Agilent 6410) /2 ZORBAX SB-C18 ff,i

F1 ERKEBARTIE

Table 1 Characteristics of strains and plasmids

FE(2.1 mmx150 mm, 3.5 um), ZHEACRHEA R
YN
1.2 75%
1.2.1 CalR1 EE/IFFIEEXS 5407

CalR1 (GenBank % 5k5 57 AEH42475.1) .
TyIR (GenBank % 5% 5 AAF29380.1), AcyB2
(GenBank &35 ALK28498.1)) 4 K2 ¥ 41|
K F Clustal Omega T H.3E47 741 He xR
Needleman-Wunsch BLAST J7 33047 —3:
AEARLE B PR B2
1.2.2  calR]1 EFERRRTHEKRAIEE

AW, calR1 FEH R R A & PCR-
targeting J7 5 X151 %) R1-F1 fil R1-F2 (% 2),
PCR ¥ 34 FH F bR calR1 FEH BB A B, 18
id Escherichia coli BW25113/pl1J790 ftj A-RED
HA RGN A BPNAH RPN & oriT 1)
cassette SHTHT TR, pl16F9 L1 calR1 FERUEA T
W [a] PR E e, FR1GE A R pJTU3789,
pJTU3789 My & ¥ H M e &+ i e A5 14 [l 5C
BR[1]. PREUE S 7T KEE5E, IRECLEH A
DNA, K514 R1-F3 1 R1-F4 (5% 2)it17 PCR

Strain or plasmid Characteristics Resource
Strain
E. coli
BW25113/plJ790 RepA101(ts), araBp-gam-be-exo, araC, Cml [17]
ET12567/pUZ8002 Kan, CmL, demdam hsdS Tra* [17]
DH10B lacZ AM15F recA Invitrogen
Streptomyces chartreusis
NRRL3882 Wild type NRRL
GLX24 calR1 disruption mutant This study
GLX27 GLX24 complemented with calR] This study
Plasmid
pl6F9 CmL, repE ori2 oriV [11]
pJTU3789 pl6F9 derived plasmid carrying a defective calR1, Apr This study
pJTU2170 aac()IV, lacz, rep”™, att®C31, oriT [11]

pITU2170-R1

pJTU2170 containing calR1

This study
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#*2 KWRFA PCR 54
Table 2 PCR primers used in this study

Primer Sequence (5'—3") Size (bp)  Usage
RTC-F1 CGGCTGGGGTCATTGTT 17 calC RT-qPCR
RTC-F2 AAGGCGTTCGACTTGTA 17
RI-F1 TTGCCCCGCAGCGACCAGCGCGGGCGCGGCCTCGACTACATTCCGG 59 Disruption of calR1
GGATCCGTCGACC
RI-F2 CCGGCGCACCGGGTCGCCCAGCCAGACACCCGACAGCAGTGTAGG 58
CTGGAGCTGCTTC
RI1-F3 CCGTGCGACCGATCGAAC 18 GLX24 and GLX27
RI1-F4 GCACCGCACACATCTCCA 18 validation
RI1-F5 GGAGTTCCATATGATCACCGGACACGACCTCGAAG 35
R1-F6 CCGGAATTCGAGAACGACATCCTGCTGACCCT 32

PR, SEEE R LN DNA AYHREUR %
PCR WA R . 4544 W SCHR[ 1]
1.2.3  calR1 EFH B E KA E

514 R1-F5 Fl R1-F6 (3 2), VAZH#E
5P NRRL3882 (LN 4] DNA Mkt , it
BT KOD-plus DNA 584 fiff 47 44 5 4% (14
calR1 FE[H . PCR j7 4y ik FR il 14 N VI Nde 1
J EcoR 1 FiY)J5 %45 pJTU2170 L, F4%E[H
#MFURE pJTU2170-R1, 724 By Sk pUZ8002 (1)
PRI, R AT R R R TR 2 [ R AR
PS5 K pJTU2170-R1 S A dcalR] 5575
e, RIT-RIBE Rk, JH6#/H PCR ¥
B [mRM R Y S DNA LLIGIE [B R 75 85
1.24 BEMEABRAEFYIH

WP A bk NRRL3882 ., 2878k GLX24
Ko mANE AR GLX27 (AcalR1:calRI)HHLT-3 R
Fro IR SRR TR AT . KRR WS
AHEL, Hedi, LUK HPLC B LC/MS Kl /Hr &
P ISCERL], Hrp g : 0-5 min, 70%
S50 BE R 3 620 min, 70%—90% H BV ;
21-40 min, 90%—100% F BN ; 41-45 min,
100% H 36
1.2.5 $EH 5 RNA BIREVFI R 45

457 2E NRRL3882 I Al 28 48 B bk GLX24
PYFE 4R T TSBY #5571 ,30 °C 220 r/min

BiF% S d, WU R R 12 000 r/min 2.0 1 min,
F . SRJ5 1% Total RNA Isolation Kit #:/E
ULIHEEHL RNA, ZJ5 % 2:Fk DNA ) RNA J f%
&N cDNA, R4 FastQuant RT Kit B9 #4150 B
Bt HEWSUE1].
1.2.6 THEFFREYEHNEEEFE RN
K9 B PCR TP A= Bk S calR1
o T 9 2 28 Bk S P 2 R AR S S DG B R Y
B SKF- . DL cDNA it , 16S rRNA FEK Ky
WS, s AAC HHEARY, Mk ¢
{58 H bRk R 7R 58 728 T R R0 B 2B TR AR AR 5 5%
IRV 22 53 o R A R PR 2R AR W) B AR DGR R 1Y 2
AE S HAEBE R BB or A it 1 14 A Hpn 2k
, Herf calC ) RT-qPCR 514751 WA & 2,
HAEE 895 190 WL SCHR[ 116932 2. A4 SuperReal
qPCR PreMix 5] & F fil 20 uL Real-time PCR
JZ WA Z : 10 pL Super Real SYBR Green PreMix,
. RIS 19300 nmol/L)4% 3 pL; itk cDNA
(4 ng/uL) 4 uL, PCR S 54 WL SCHR[ 1]

2 HZRE5OM

2.1 CalRl1 BEYEEZS
WK 2 AR A X R, CalR]1 &
T R IR R AR WA R TR R A R IR
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CalR]l ~————————— MI'IGHDLEGPGL*DAGAGSVDEVEH DIRCIBET 33 PI3S ERCIAE YLHGLIBFNAGRRSTRNT ASING GleislA AR ORSwE
TylR MSAVTGATPVTEPVWPLPGRA-SVPAVRT PDAAGDPCAGIE L@ T . S KGN YVHGLLESSIGR KT TRN I AR G2 s 89

AcyB2 MHSIPCGSKPSASMWDT--—————————— GVHDDFDTHSIAT®SEIRESSIER F 2o YVRGLIg¥Ne GRK TARNLARN G G A AT Ol
TyIR SS EHEL r REaggELAP SAWVVREI = T RY ROTVNS@HS MR SERJEnN SG%W 179

AcyB2 S SR YEDOTVRGDE\IAERLes) Y G RE" GRVVSC®QSY A S DEVGR TIEGGEP 168

CalR1 BGDPVRERQAGIPAGECPESY :ﬁgﬂsvamasm ‘RE‘VV“D PEWDTLATEIGE RTﬁLRRLL DGGLRIENAADAANPRS -D 249
TylR GDEGLERRAAT PREWBRARES NAGHIV - GE TAGWGIS RIS IR EW B VA S) S-INAGOPEM NGTTIMPAPGLS[EAERE—— 265
AcyB2 EDRHD-jgo-——-—-- SAYGE EKED AELTRSNRYTAIN Qi =RI§TLP R S-EDQSFL SGDLEWNIAGSREQMDRRA 249

CalR1 RYRSEGEMMRAMAPLR YP*RAPEVSP@GRGGLLAAVRVRVPAASLGAGA ————————————— AGRHGDIRMILELAGPGEQWP 326
TyIR vnmﬁn ELERSQOBIEVERVDPEER ’PRTSLLALLPVCWPGLLPVPC—TVARPGGAAGNGTRRPPARS AEWQPDRSR! 355
AcyB2 QVWPiQHI_MEQE:KRL VENQGSSE" BIPCN - —— === —mm e VVLTDQLPQRTIHA EEVWRANRRRP‘ 312
CalR1 SVSSAPE TQLVH SRDARS‘ESE 8 VGIRDFYGRSEH T VOB LARPRSGQPGRVS———————— 398
TylR BMTDAGRET GKFLRIEAYE T GSEGEGHDNefzi)ar €12t D) IWYLARPD-———— HPAAGGRRATA 430
AcyB2 BLTSWNRE MLT DADFQRESL VGIRDEEGR 2 AL:HSCTDTARTP"QPALSR ~~~~~ 387

2 CalRl EMEBEEAREMFFILLY  CalR1 (GenBank %3554 AEH42475.1)KI5 T Streptomyces
chartreusis NRRL 3882; TylR (GenBank % :%5 K AAF29380.1)KiiT Streptomyces fradiae; AcyB2
(GenBank #5587 ALK28498.1) kUi T Streptomyces thermotolerans

Figure 2 Amino acid sequence alignment of CalR1 with its homologous proteins. CalR1 (GenBank accession
No.: AEH42475.1) from Streptomyces chartreusis NRRL 3882; TylR (GenBank accession No.: AAF29380.1)
from Streptomyces fradiae; AcyB2 (GenBank accession No.: ALK28498.1) from Streptomyces thermotolerans.

T TyIRU2" DU VR [ it 446 25 1 (Streptomyces
thermotolerans) W)tk 25 Z& A W) G W3 DR A% 0% 81
FERT AcyB2P I B B m i Ak . Hodh
CalR1 5 TyIR WJ— St AR 2351 R 38%F1
49%, 5 AcyB2 H—ZBCPEFIARRIE 53510 37%
Ml 49%., XRFA], CalRl AlFENRIHER
W R AR R T
2.2 calR] EEFMRRERTE S B E K
R

BT HHIN calRI FEHRIIEE, ik PCR-
targeting FEAR, XT 294 R " NRRL3882 JE[H
H R calR1 FEIFEATRER S BIAbSE g, 5
WAE e [ R EE A & T A T tbR calRI FER Y
LR s Bk pJ TU3789, ULIKI 3A K pJTU3789
A KGFFHE ET12567/pUZ8002, 1% 54k
WVRE SRS, Tk S BrAdr a RS
F. i if PCR BRI BRI A, Hohxsg
e 5 Bk GLX24 i PCR 474 Bt 4 1 760 bp,

1 P A= B AR A B 38 - BE A 750 bp, &5 9 LI 3B,
S5 A

B AR WF S calRI FE [ 0] &b i kE
pJTU2170-R1 § A B 545 F Pk GLX24 (AcalR1)
th 345 [0 FM bk GLX27(AcalR1:calR1), $2H 0]
*NEIFR GLX27 ) DNA, PCR §"I4564E, KN
pITU2170 R4 & Bk, BT DL UAN B AR &
750 bp RYEFAERIZAH I 1 760 bp BN
(K 30),
2.3 BEHRREEIN R

¥ S. chartreusis NRRL3882. GLX24
GLX27 4l ATk & ¥, 30 °C. 220 r/min
K97 7 d, >R HPLC M & =9, LA calcimycin
FRAESRVE N FEIPERT IR, HPLC 255 DL 4, PR
Fhr= A R P68 & M cezomycin!'™, 875 #E GLX24
R RV RMEE ST, HA cezomycin [
R, G630 2.0 MAEYEBAATINEER, Ul
W] calR1 ST REAE RPUB R A G bR
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A {4 750 bp b
A2 _L R1 5 Ul M
WT - K -
..:::{-::, .._::A':,a
= = = |'\' =
/ .
it aac(3)1V
pJTU3789 l Double crossover
Ul M
GLX24-|7;:>—‘MZMZ_—< K A
e 1 TOOBp e
B
bp M WT GLX24 bp bp M  GLX27 GLX24 bp

1 760

1 760
750

750

3 RTE#H GLX24 BIME N GLX24 5EI%MNEHE GLX27 B PCRIIE A ifad 3N B aac(3)IV
PUVEEER W calR1 B33 288 T bk GLX24. B: 2878 #k GLX24 5 ARk GLX27 1) PCR Kk, M:
DNA molecular weight marker; WT: DLBFAE BEREF) B DNA AR AP B =) ; GLX24: DARZS#E GLX24
.50 DNA AR B 1874 GLX27: DAIIAM R GLX27 HY.E DNA SRR 944 71

Figure 3 Construction of the GLX24 mutant, and PCR verification of the mutant GLX24 and the
complementation strain GLX27. A: A schematic diagram elucidating the generation of GLX24. B: Validation
of the mutant strain GLX24 and complementation strain GLX27 by PCR analysis. M: Marker; WT: PCR
product using total DNA of wild-type strain as template; GLX24: PCR product using total DNA of the

mutant GLX24 as template; GLX27: PCR product using total DNA of the complementation strainGLX27 as
template.

VIR, AIEETA ST cezomycin ERPHE R 2.4 RT-qPCR i FHAEBZEEY S KR

ZEIH AL . calRI FEIXT RAEMR GLX24 17
[IANG , BIRNE R GLX27 R E F= A R RN
, W calRl FERFWXT-RPGER =&MW
?ﬁﬂﬂﬁx%mw'r@iﬂjﬁi , if—2L U] calR1
FEHTE R VR R AW A B A AR

REREFRKFE

i3 RT-qPCR 4347 calR1 KEP %R P55 &
B UAH G BE D] A 2 S 48, SR IUE SR 96 h (F &
WU S, chartreusis NRRL3882 5 GLX24 [
SORNA, 7 RIUsSRAEY& MR F 14 4>
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UV,,, (mAU)

Calcimycin
A standard
Cezomycin
N A WT
} l GLX24

N }l J\ GLX27

15 20 25 30 35 40
Time (min)

4 BHHEHRWT).GLX24 (T HK)5 GLX27
(BI4MNE#F) Z B8 HPLC &  RKAEZR
PRAE AL 12 1]

Figure 4 HPLC analysis of the metabolites of
wild-type, calRl knock-out mutant strain GLX24

and complementary strain GLX27. Calcimycin
standard as control.

ANE T REBELDR (1 5) B 4% sk /K-, D g 3 26 5 [
TERD MR GE AR 25 7, & HEBE W
G B T i D e WL 1B

SERE 5 fon, SRR, KA

1 000.00
100.00
10.00 ¢

1.00

Transcriptional fold difference

0.10

M ARl R2 R3

HcalC. calG T calU3 WY 5K 8.3 T %,
A 11 AL 5 SOKE YA 8 BT i
Kl 4 AT, calRI FEIR 0w R 3 350 6] 77
cezomycin KM R, JL A=A L™Y
calcimycin, [, 7ERFAERIERT, calRl 7]
AEE 3 IE W% calC  calG & calU3 [ 557K,
fiE #F cezomycin [1] calcimycin AYF4 1L .

3 WAREER

calR1 FTEAYG B2 & F TylR %
FE, I F AR B SL st s i, B
ARIRWRAEYEHEREFER T IR Mk R
W R R acyB2 AT RIE . AWFFE
WK calRT FEDHEATRRCGR S [k, 38 2ok A3
TR /R A TR 1o = N B K -9 YN RN [E D
cezomycin [ 24 W) R PR R FAL . RIUE R
1E 3 17 Y cezomycin Z—/~H L (K 1A),
W calR1 A HEH BT cezomycin Y 3 v 24 FeAk o

IR 14 AMCRME IR HE T
ACE2Z 5K, RIEBR calRI 5, calC,

T B4 NI A5

0.01

5 GLX24 5HAREHRMBEFRERERKEERSH

BRI R A HE SRR 25 AR B

Ph Ry £ FE R E GLX24 rhAH 48 T W 4E 7Y

Figure 5 Detection of the difference of transcription level between the wild-type strain and GLX24 mutant.
The vertical axis is the fold difference in the transcription level of each gene in GLX24 relative to the

wild-type strain.
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calG . calU3 M55 K-35 583 T B 3 F B
24 0.013, 0.028., 0.01 £%). fix AT Heil
/N, CalC 5 cezomycin 7E 3 i FUTE AL A7 51,
ifi CalG fi#fk CalC A3 ", Cezomycin £
CalC L), AIREL L 24 SV fE CalU3 54K
FERT 3 & 610 (CalUs ThEEMF 515 & %),
SRIGH CalM HE—H AL, B =&
TUsE R o I calC 5KV 2 257 JRDK B A%
cezomycin [ —25 [ B, 13X -5 4B 53 W82 E] Y
R calR1 T I 2 PR 3 S Y 22 S 45 R A — B

MEBR calR1 5, calM %5 11 3L R R K
FIAEARFRBRER EF, B8 calRl & —1R
AL R T (i R, RS iR
ML, 1E Streptomyces fradiae % tyIR J5 ,
BIRWRAEY SRR A 2D 19 DEEK
e oKOE T REOR RIS, M2 13 AR
it SR AN SRR A GRAR P« 4 )R
PSR, W65 CalR1 5 TylR ) DNA 4%
B A )R A G

HEBR calRI J5, calR2. calR3 (%% %7K
KA AR ETHE S), Bon 3 A EEIEEZ
AT RE A M BN, CANR RN, bk
calR2 J5 , calR1  calR3 W)§E 58K BeA T AL
M caldl . cald3. cald5. calM. calB4. calT.
calU2 FFF A B2 T, S8E A R E
% M cezomycin', BiBR calR3 J5, calR2 %5
KLy EFE 345, calRl FEARANAE, BRT caldl
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