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MR LA Tz e, e A S RIAEAE S TFE. [B8 ] AR FTEREZADER
A F K L% LUXR Rk F R &G 694 £ A4 AR caR2 492 4. [ %] i@ iT PCR-targeting #9
ZriEAf T HEE AR K LG caR2 A B BATF B, HPLC xR ZARA S ANA AR 6 Rl = AT 5
. FIR K AEZ RT-PCR 45T AcalR2 R X M AZF A MR AR 45 FK-F £ 7. [4 % ] calR2
ARPHGRERTETEFTBHEL, DABARUKE A FHELHED. RT-PCR 4R K
PFEBHEEAMERN—EETZFRARE dcaR2 BREMF O FAKFHAREK, [4£4] LuxR
Kk FOAEAR caR A FBHEF X AWM A m IR TR BRI,

Function of theregulatory gene calR2 involved in calcimycin
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Abstract: [Background] Calcimycin is a structural unique pyrrole polyether antibiotic produced by
Sreptomyces chartreusis NRRL3882, and exhibits multiple biological effects, but the regulatory
mechanism of calcimycin biosynthesis remains unclear. [Objective] To study on the function of the
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potential regulatory gene calR2 encoding LuxR family homologous protein in calcimycin
biosynthesis gene cluster. [Methods] The calR2 gene on calcimycin biosynthesis gene cluster was
disrupted by PCR-targeting, and metabolites of the 4calR2 mutant and complementation strain were
analyzed by HPLC. The calcimycin biosynthesis gene expression levels of AcalR2 mutant compared
with the wild-type strain was analyzed by RT-gPCR. [Results] HPLC analysis of the fermentation
products showed that the 4calR2 mutant could not produce calcimycin and the complementation
strain restored the production of calcimycin. Gene expression analysis showed that the transcription
levels of some essential genes in calcimycin biosynthesis obviously declined in 4calR2 mutant.
[Conclusion] The putative LuxR family homologous protein CalR2 acts as a positive regulator
involved in calcimycin biosynthesis.

Keywords: Calcimycin, LuxR family, Regulatory gene, Biosynthesis
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A RACT W) 43 B R W H 2 5 28T RE e PR 45 44
BT 3R F AL RN AR R LR 1
HE— 2B X R VG 8 R A G R R B 45 R ]
HATIIRERESE , R R IR LR X6 Calcimycin 7™ & 1
S

4 NCBI $2LRR R 515, XF-RPGR R A
e SR P T O 3T, RILRVE R R A
ARG A 3 AT RE A SRR PEREIA : calRL
(TYIRZ %) .calR2 (LUXR %) Fl cal R3 (TEtR %)
I B A AR PN A A S ARSI SO ELIESE cal R3
TER PR R 9 LE YA B R SO v S ARBEge
TEHL calR2 WXt 4, AW E 2 Xt oAl A
CalR2 & )& T LuxR KRR JEHE N v A ATP
S5 0LRL, C oA DRAFIVIRE-5% A -185E DNA 25
Gattl . WA FER A PR B R sk R, 7R
ZAEHREREBLT LuxR KIERIEEM, AR
ZRE R IIRE M R WARE . FRA T %) calR2 K&
DA TrRT . [ERD, P28 bR A [RTRM AR 4 Qg
770 B 5% 738 TR AR R A= DR ke 1) 5 DR S AKOF iR A T
Fede o, #an T calR2 BLEXT Calcimycin AE¥) &
IR, Ry Calcimycin A= 86 R I 25 B IS

F 1 AHRETAR BB RR R E5E
Tablel Srainsand plasmidsused in thisstudy

AL T IR, IR ST AV EART B R AR
X} Calcimycin A= A 1€ st i B R DA bt
AR R ISR
1 #E5ETE
11 ##
111 HHRFARRAL

SO BT FH AR TR FTLS0RE L2 1, Escherichia coli
BW25113/pl J790 ] T4 K v, ET12567/pUZ8002
T KIS EE R R R A A7, pJTU2170
H pIB139 fiiAmisk(Ha W& 2 Fl R R bt it
DRI BT A 2R BT LR, 248 B AR A [l #b
112 EFEE. FERFIFUE

LB (Luria-Bertani) 1577 3&(g/L): B M1k 10.0,
T REEE L) 5.0, Sfk44 5.0, pH 7.0; LA K375k,
TE LB 3Gt i A Bk, (T HZORE R 1.5%,
LA J& LB R TR HEREFE; SFM [ ik
B 5 KL OV T SO 4 2 T 70 TS RS RS
SFM AR IR SO T Ul B R R I R s TSBY
WA 3 O T AR 8 DNA &2 RNA A3

rTag, TaKaRa/AF]; KOD plus, TOYOBO &
) 3 BRI N YIS , New England Biolabs 23 ] ; DNA

BERRSFRL FHIE
Characteristics

Strain or plasmid

Reference or source

Strains

Sreptomyces chartreusis strains

NRRL 3882 Calcimycin producer, wild type NRRL
GLX25 (4calR2) cal R2-deletion mutant This work
GLX28 (4calR2:calR2) AcalR2 complementation strain Thiswork
Escherichia coli strains
DH10B F recAlacZ AM15 Invitrogen
ET12567(pUZ8002) CmL, Kan, dam dem hsdS Tra” CmL [9
Plasmids
pJTU2170 aac(3)IV, lacz, rep™, att@C31, oriT [10]
pl6F9 CmL [1]
s T o e
pITU2170-R2 pJTU2170 derived plasmid carrying calR2 for Thiswork

expression in Sreptomyces
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Ji R & - RNA $EBGAT & | FastQuant RT Kit
X SuperReal gPCR PreMix (SYBR Green)id £,
FKRAEMBHABRA T RIFEEZR (50 mg/mL) ., %
"N % (100 mg/mL) . (5 F (25 mg/mL) . Bz
T2 (30 mg/mL) Je W2 2 Tig, KA ZRA YA ]
KV ZhnESh M s, Sigma-Aldrich 23] HPLC.,
LC/MS J2 ZORBAX SB-C18 (2.1 mmx150 mm,
35 um), ZHHERHEA MR ; ScanDrop200, 7
FE RS AT A2 ] 5 ABI7900HT , S %1 ]
EMRGAF
12 A&k
121 caR2EEBEMERFSR

CalR2 (W25 S LT RE TR NCBI (1)
CDD T H™; & 541 R Al Clustal Omega T-
LU ST 7 45 TR 58 2 AR O R R X I R T 4
FEFRARICAE T T o
1.22 calR2 EFFHIRTHKAME

i) PCR-targeting i /5, MM plJ773 %
P R XU (Hind 111 A1 EcoR 1) [T () 75 A
Apramycin FiPE3E R K ori T ) BB s 514
R2-F1 fil R2-F2 (3£ 2), ¥ 34T &k calR2 J: A
) PCR cassette J¥ 41 . 4 PCR " 34 [Hlit i) v Bt ,
FIH BW25113/plJ790 (W #E 4 Z 48 5447 A calR2
SR B AT S SR pA6F9, 3l 1k [ YR AT M 345
A Apramycin HithEE R K oriT H[AE calR2 2[4
Hh T B E 4 SORE pJTU3790, $5 5 K& A B 20 Jkr
pJTU3790 1Y ET12567/pUZ8002 5 W A= il 2 il 4%
B4 NRRL3882 #FTM A G, 30 °C.
220 r/min 557 16 h 5 FFAS R 2R X 280 Bl iRk
I, MREsEsR 4 d ik EA AR =Pk
RGBT, WG 79 KRR R HREUE
(K12l DNA, FIHRES 1Y) R2-F3 Fil R2-F4 (& 2)%}
HE4T PCR BHIE
123 caR2 ERFE[E#MEHRAIHE

i =R E KOD-plus RA i, PAZOHSER#
NRRL3882 ).k DNA Jfsit, ffi 514 R2-F5 il
R2-F6 (# 2)§ #5¢% 1 calR2 3L [H, i EcoR |

K Nde | XY 5 Fo R i pl B39 fir A K i A
218 B0 B I A IR K pJTU2170 (A TR R
MRS RPUE) b, AT EANTOR, pJTU2170-R2,
SRIG I B AR I o mIANTTR S | A B calR2
BB R 5 AR bR, g — 2D R R AR R = PPk i
VERIANRBR, FFEad 514 PCR 36 UE [FI#M g B 1) 1E
ik .
124 BEHREERRBZYS

¥ 209 H I AR AF I B AR PR . 58728 PR B (el £
BRI 4% 1:1 000 A9 EL BRI T TSBY B3k
1, 30 °C. 220 r/min $55% 3 d, Z 5 R 1:50
(4 Fe 511642 T 100 mL A4 SFM B FRskrp - KR,
30 °C. 220 r/min &EEESR 7 do H 2 5K 2
SRR IS R BERE T2 HL, 25 4 000 r/min i
B0 5 min, KIS BIFWIE TIE ZE K, ST
VEVIR 1 mL BRI T AR, 1 i8S T HPLC
o, LCIMS Kot 7 Agilent 1100 System K&
ZORBAX SB-C18 J3HrAt X i A 7kl . JiahiAd A
AHBEF AT 0.1%0 = LBR(TFA)RI/KET, B AR
% (70%-100%) , fi# A 0.3 mbL/min, Fill i K
4 280 nm.,
125 #EHEE RNA BIERFRER

W 57 A R AR I R AR KR AE TSBY K5 L rh
30°C. 220 r/min¥53% 4 d, ZrBIWRI 1 mL &,
12 000 r/min &[> Imin 3 FiE, SRJ5HE RNA $:
BOL ) S e it R B RNA, JFHR 4 14 B -1
DNase | XJ 315 RNA i1 72 BRIEH2H DNA Lb#,
)5 ScanDrop200 J g HEEE X i RNA 1Y
WP AT R A TR, RS RT16SFL
RT16S-F2 (3 2)¥ 14 16S rRNA H:R1E Ry N2 2L
KA DNA 2 miHE 4. HiAiris RNA I&H
DNA %85, M4 FastQuant RT Kit #:/EUi Bl 45,
1% RNA (2 ng) 5% 577 cDNA,
126 HEREMKSRTEMPFEFASEEYER
R B E R K F

RAPOEE = PCR (Red-Time PCR)H#5 574
TR X 7 kR R Calcimycin 2E 914 B G BE R Y

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1522 (PEXYESIE(

Microbiol. China

%2 ZAHWIRFTA PCR 3147
Table2 Primersused in thisstudy

314 1751
Primers

Fi

Primers sequence (5—3) Usage

R2-F1 GTGACGCATCGGCCTTCGGCCCAGGAGCGCGCGGTGTCGATTCCGGGGATCCGTCGACC Disruption of calR2
R2-F2 CGTCCGTTCCGCGGTCCTGCGGGCATCGGCCGCGCCCGGTGTAGGCTGGAGCTGCTTC

R2-F3 CGCCGACTGCCTTTCCG
R2-F4 CGATGAGCCGTCCCCGTC

R2-F5 GGAGTTCCATATGTTGGAACGTCGGGGGACGCACA
R2-F6 CCGGAATTCAGGAGATACTCGCCGACATCGTCAGA

RT16SF1 CTCCTCAGCGTCAGTATCGGC
RT16SF2 CGGGCAGGCTAGAGTTCGGTAG
RTA1-F1 ~ ACCCGACCGCCAGGAGATT
RTA1-F2 CAGCAGACGCCCGAAGGAG
RTR1-F1  TGGACGAGGTGCTGCACGAT
RTR1-F2 TGGATCAGCCCGTGGAGGTA
RTM-F1 ~ ACCCTATGAACAGCCTGCCG
RTM-F2 CGTCTACACCAAGGATCTGGAGC
RTR2-F1 ~ GTTCTCCTCCCTCAGCGAACTG
RTR2-F2  AGTACCGCAGCCGCCGTA
RTB4-F1  CGTCGTGTACTTCCTGCCTACCT
RTB4-F2 TCCAGTGCGCCGTTCGTG
RTN1-F1 ~ CGTTCACCGACTGCCACGT
RTN1-F2 GCTCCATCAACCCGAGGTAGAC
RTU2-F1  GACGCGGGCAAGATCAACAC
RTU2-F2 CCCGAGAAGGAAGTCCAGGT
RTA3-F1 ~ ACACCCAGTGCACCTCCTCGAT
RTA3-F2  TCGGCAACGACATGACGCAG
RTR3-F1  CGAGCATCCGGGGAAGATCA
RTR3-F2  TCGATCGTCGTCGCCTCGTA
RTA5-F1  TGTCGGGGAAGTCGTATGTGC
RTA5-F2  ATCGCCAACGCCTCACGC
RTU3-F1 ~ CAGTCCCGCCATCTGCTGAT
RTU3-F2  GCTTCGCCCAGTCGTACAGA
RTG-F1 GTGCGTGGTCGACGAGGAAGAAGT
RTG-F2 AAGGCGAGCCATGACGAGGTAC

Confirmation of calR2
disruption in Acal R2 mutant

Complementation of

GLX25 (4calRe)

internd reference

calAl1 RT-PCR

calR1 RT-PCR

calM RT-PCR

calR2 RT-PCR

calB4 RT-PCR

calN1 RT-PCR

calU2 RT-PCR

calA3RT-PCR

calR3 RT-PCR

calA5 RT-PCR

calU3RT-PCR

calG RT-PCR

FesrokP 225, LAk cDNA Jyfid, 16S
rRNA RN N2, RIEAK AAC=(Cr pwm—
Ci wzsm)sema—(Cr pmoen—Cr o) zua, X CEIEATEL
B, PR BRI AAR X AR fb i . ARYE L%
FEI PR S i, BERLITE T 12 A JEPR ARG AR
GRAF e P Rz SR AKOT 5 T A DA T 5 R 1) 7 s 22

5, AR NSRS [P 03 2. Rea-time PCR
JZ W AR SuperReal gPCR PreMix (SYBR Green)
AL 20 ul iR & . 80 ng #Ak cDNA,
300 nmol/L 5[#J; 10 uL SuperReal SYBR Green
PreMix, Z Bl &t B w5k . 95 °C
15min; 95°C10s, 60°C30s, 40 MEHf.
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2 ZR 50
21 CaR2MEMEEFDH

Wi NCBI Ay BLASTp ¥4 H x4 #r 26 B
CaR2 J&F LAL (Large ATP-binding regulators of the
LuxR family)f% s id K00, X580 0 LuxR % 5%
PEFWRI— 4332 . CaR2 Hi 1040 AN KR 41T,
L& MR TR E A MalT KA RN —2
PE(—EE 20 29%, 1 2A), 55 H & BE R Rk
JEI LAL K AU T X BB, CalR2
(9 N 3 BATIZF R ATPIGTP 454 45 k38, Walker
A Fl Walker B, C i LuxR ZEMAI HTH
(helix-turn-helix) DNA 25 & 25 F 38 (K] 2B, P12 ik
TR 1N B ), B CalR2 X R PG 55 2 1 LE W06 il
EI I
22 calR2 EFEHHIRTEHS E*MERAIIE

hTHE calR2 JEHERIUGRAY A A1
Thik, wid PCR 451 REDIRECTR Technology 4%
ARXFRPGE R AR A FIY calR2 S #E T

A

| 125 250 375
Query seq.
Specific hits
Superfamilies COG3899

500 625 750 875

Wr, 3k R S i calR2 SR GBI A R
PO R 0 ) AL Tk pJTU3790 (] 3A). dliad
PR A A FE AN pITU3790 S A 200 55 45 T
NRRL3882 H1, i [F] i B4l i 7 calR2 LK vl
GEAR TR o PRI AR TR S S8 A8 TR AR 1Y) S (K 41 DNA
#E1T PCR Y ISEGIE, BWPAE PRI PCR FBoR/IVA
987 bp, XINiAIRAERE GLX25(4calR2)AYY 14 A Bt
K/NR 1568 bp (& 3B), iHAZASE Rk GLX25
cal R2 K& A H 7 ) BS80S ok

W R S AT 523K cal R2 (R k4% 45 50 [ e ot
K pJTU2170-R2 it #2555 R4 1 )y i A B 58738
Wtk GLX25 (dcalR2) Hr 4k 45 |l #h & & GLX28
(dcalR2:calR2), Fir e[l A I iz ] Fsf15 A s BTy
P RPN A Boh BT cal R2 BE 1R B4 4 70 o]
#MTRE pJTU2170-R2 #5771 56 4% calR2 JE [, [Rlitk
DA RE GLX28 B DNA Mt , PCR 4™
WA IR RIPIAHT, G 1568 bp K/MAE L 450
J 987 bp fETA: 45417 (K] 3C).

1 000 1 040

DNA binding residues 4404 A

| HTH sup’

MalT superfamily

B

Walker A motif Walker B motif
CalR2  anfiz FEALTDHF - -- JIUAE A
MonH LWLS MERAWADRT

AveR LLVAE

PikD -:i_-':'
SInR LEGAVECER

GdmRI LU 4
GdmRI1l  ALRLDEP
OlmRI  AVEVESAAGCES
OlImRII NAGPEVER]A

Cons G L

Bl 2 LAL 3% CaR2 EHF5IRLE L3
Figure2 Insilicoanalysisof LAL regulator CalR2

LuxR HTH motif

TE: A: CaR2 Z5Hfiiil; B: CalR2 5HE LAL SR RSP A E I LT, Walker A B: NTPE5GHET; HTH: LuxR %
% HTH-DNA 45425818, MonH KJ5T S cinnamonensis; AveR KJET S avermitilis K139; PikD JiT S venezuelae; SINR Kk
F S albusXM211; GdmRI il GdmRII KT S. hygroscopicus 17997; OImRI 1 OImRII SRiEF S avermitilis.

Note: A: Conserved functional domain prediction of CalR2; B: Alignment of the conserved motifs of CalR2 with other LAL regulators from
various Sreptomyces. Walker A, B: NTP binding motifs; HTH: Lux R-family HTH DNA-binding domains. MonH from S. cinnamonensis;
AveR from S avermitilis K139; PikD from S. venezuelae; SInR from S. albus XM211; GdmRI and GdmRII from S hygroscopicus 17997;
OImRI and OImRII from S. avermitilis.
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Double crossover

m‘m m«‘«‘ GLX25

bp M WT  GLX25 bp bp M WT GLX28 GLX25 bp

3000

2000 2000

1568 1650 1568
1 000
750

1 000
850
500

987

Bl 3 calR2 £F R EFERAIE R ITIE

Figure3 Construction and verification of the calR2 disruption mutant

TE: A EGEIER B calR2 LR PRS2 R PUHEIL R B4 calR2 FER IR Rtk GLX25; B: calR2 JE[K iRz

GLX25 Y PCREGIE; C: calR2 [ [al4ME#k GLX28 [ PCR %L

7S

Note: A: A scheme showing the disruption of calR2 by the apramycin resistance gene cassette aac(3)IV to generate the mutant GLX25; B:
The 4calR2 mutant GLX25 was confirmed by PCR amplification; C: The calR2 gene complementation strain GLX28 was confirmed by

PCR amplification.

23 HHEEHK. BETEMK GLX25 SEI*MNE i caR2 FEFAERER WS eI

GL X28 Xt F=49 5> ¥ fEH .

MEPIERbR . R GLX25 HIAAR 24 calRe izt S BBk EREES

GLX28 #Eifi kK Wedi s 7d, IR CBER KA & BB LR EEEFKESH

TTHIARE, I HPLC XM =ikttt i KT M calR2 Jh R R PH RS 2 A 1) i
RVGEE R ES M PEHMEXT IR, HPLC 250 B on (- R I 6 PR R e S /K52 ), B T 5 31 540

4), calR2 FENHIMIZE itk GLX25 244k (96 h) Bk g Tk K2 B9 2 Bk i

MORNA, HIfEHE

PUEEEE ), KR caR2 LN RIEEZENAY [RIZhRE Ko v BANE] , 24 T 12 5K (cal Al calR1,
ARG R E TE I RE . X8Rk GLX25 ¥E calM. calR2, calB4. calN1. calU2, calA3. calT.

T calR2 JEH EIAMF , WA GLX28 K4 calR3, calAS K calG), W HAEsAR

TR AR (VAR 78%) it BPEERAORE SR SR S
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UV280/mAU o
Calcimycin standard

A Wild-type
A ~N\

A GLX25 (AcalR2)

A AGLXlS (dcalR2: calR2)

20 25 30 35 20
¢ (min)
Bl 4 HPLC 4 E#K. caR2 £ H P W& LTk
GLX25 R [El#ME#k GLX 28 894K 74
Figure 4 HPLC analysis of the fermentation extracts of
wild-type, GLX25 (4calR2) and GL X28 (4calR2:calR2)

T RPYE R (Calcimycin)brifEah S 1.

Note: Calcimycin standard as control.

N5 R PEEE R S5 BT E PR & ARG cal AL,
cal A3 k. cal AS L[], I HEMEFRAE AL BT AR
1 calB4 JE[F, JEEHMIEEA calM KAt calT
(5 SRk ERRAR, ARFIINRERE calu2 Ll
calR2 JE (X A B 1% sk Pl A T RE. AHEILZ T,
AL calR1, cal R3 LI B4 B TC5 UAH G
A calN1 K ZHREAR A 1| AU ERRGEEA calG 1Y
Bl SR KPS AR TR R AR LA AN B R o X S Sy
DRI DG SOKP 0 B PR 5 R AL itk GLX25
RUURER AR IR —2, B calR2

Lar mWT  sSGLX25
g
§ 10 1 1§ L 1] -, L 1 [L § IR
2 . I A A
N IRY0 IRER IR
o N\ N \ 5
2osl N N1 § B MR
= ) P N \ N \ N
= N\ \ N NN N N
g N S Y N Y \ \
* NERREEELEL LD
oolle BN BY BY BN B B\ B B BN B R\
TN WD e O S b an O
[ Nl T N A B
FFFFFFPF SFH S

5 FARE#S GLX25 caR)M+ABEEME
R R E EFERKTFEEFAEN

Figure5 Thetranscriptional difference detection between
the wild type NRRL 3882 and the calR2 disrupted strain
GLX25

FERVEERAY G B R R .
3 WiktE4w

LuxR ZEIEHR I — 2 B A ) BE Y 4%
SRR N, AT E2MAE T, S5
PR PR AR B . A BT 1) 8 0 R s B
WA= PR S R 2 o R Ry
RS R CaR2 (1 C i A LuxR KL
/) HTH DNA Z5&4hfgi, R Ha s A LuxR
G SR e SRS T BE . LuxR SR ER (1R
b IE PR R AR LA R AR A B e e R
T PRI, B4k S cinnamonensis T P& Y
LuxR FIEFVEFER monH FERRIG, RAFHERK
77 A B RE R 2 (Monensin) I fig 1119 [RIEE, B S
avermitilis FERAY LuxR ZE% ] TEIE A olmRI &z olmR
WRRIE, SRR 2 K (Oligomycin)™.

AWF5E T PCR-targeting 19 )73k, M T
calR2 TR A H bk GLX25, HPLC ZpHr4s i ik
7 cal R2 HE DR T (1 S AR e ate J AR R TU R R 1 RE
77, AN LD [l A A [ R AR GLX 28 K
R HERVERRMAR T YO it RT-PCR S50
UESE calR2 JEH BT 28 A8 ik, RIS R A
FAIC S5 RS R 5 Sk OF B RIS . X 136HH CalR2
TERVEERAY G B IE TR,

LuxR 1% 8 1138 i 452 52 S A 15 5 40 F1E R
Fofd, Ml SRS AR g, T HZ,
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