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Functional analysis of calD involved in calcimycin postsynthetic
modification by Streptomyces chartreusis NRRL 3882
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Abstract: [objective] Calcimycin, a divalent cation specific ionophore, is a pyrrole moiety containing
polyther antibiotic, widely used to study the biological function of divalent cation in eukaryotic cells.
The biosynthetic mechanism of calcimycin remains to be fully elucidated. calD is a gene with unknown
function in the calcimycin biosynthetic gene cluster. The aim of this study is to identify the function of
calD in calcimycin biosynthesis pathway. [Methods] Bioinformatic analysis was used to predict the

HEEWE: (No. 30770016) 973 (No. 2012CB721000)
*BIEH: Tel: 86-21-62932943; Fax: 86-21-62932418; X wangzhijun@sjtu.edu.cn
Uofs BEA: 2014-04-11 $EF HE: 2014-05-12 = H AR B 2 (www.cnkinet) 2014-05-15



NRRL3882 calD 149

function of calD. PCR targeting was used to disrupt calD in Streptomyces chartreusis NRRL 3882.
HPLC/MS was used to analyze the fermentation product. [Results] Bioinformatic analysis shows that
CalD belongs to the family of alcohol dehydrogenase. The cal/D gene disruption mutant was obtained.
The mutant was also complemented with cal/D. HPLC analysis shows that inactivating of calD
decreases but not abolishes calcimycin production. The yield of N-demethylcalcimycin is also
decreased. The calD mutant accumulates hydroxyl-cezomycin. [Conclusion] calD participates in
calcimycin biosynthesis. It might be responsible for the oxidative conversion of the hydroxy-cezomycin
to keto-cezomycin. This result paved way for the further analysis of the biochemical function of calD.

Keywords: Streptomyces chartreusis NRRL 3882, Calcimycin, calD gene, 3-Hydroxycezomycin
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Figure 1 The calcimycin biosynthetic gene cluster
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Figure 2 Proposed post-synthetic modification pathway of calcimycin
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. o Fermentas OMEGA
Streptomyces chartreusis NRRL 3882  Escherichia
, ~ OMEGA
coli DH10B E. coli .
Sigma-Aldrich LB LAPR!
ET12567/pUZ8002 s
SFM
pITU2170 calD pl4F11 n
. 1.1.3 Bk Streptomyces chartreusis NRRL 3882 BY
C ) #E3: (1) NRRL
3882 SFM
D-F1 (5-TTCCGCAC 300 -
GCCCATGGACTTCCCGTTCGTCATCAGCCGCAT . .
TCCGGGGATCCGTCGACC-3)  D-F2 (5-GTTGA lmb  20% —20°C
TGACGTCGGCCGCTTCGGCCAGCTCCGTCACC (@) 500 uL
CGTGTAGGCTGGAGCTGCTTC-3") PCR 50 mL TSBY 30°C 200 r/min
targeting D-F3 (5~ATGCAGGCAGCCTTCATCGA-3")  36h 2mL 200 mL
D-F4 (5'-CTATCGCAGGGCCCCGGCCC-3") SFM 30 °C 200 r/min 7d

F 1 EHBFARRL

Table 1 Strains and plasmids used in this study

Strains or plasmids Characteristics Source

Streptomyces chartreusis

NRRL 3882 A23187 production, wild type NRRL

AcalD calD deletion mutant, produces A23187 This work

AcalD:calD calD complementation strains, produces A23187 This work
Escherichia coli strains

DH10B F recA lacZ AM15 [17]

ET12567(pUZ8002) Cml, Kan, dam dem hsdS Tra" [18]

BW25113/plJ790 RepA101(ts) araBp-gam-be-exo, AraC, RepA101(ts) Cml [19]
Plasmids

pl4F11 Cml, cosmid carrying calD [14]

pJTU3764 pl4F11-derived plasmid carrying an apramycin resistant gene and a defective calD This work

pJTU2170 aa(3)I'V, lacz, reppuc, att®C31, oriT [20]

pJTU2170-calD pJTU2170-derived plasmid carrying calD for expression in Streptomyce This work
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114 calD EEBHB: PCR targeting

calD
115 ZRARAEE: NRRL 3882
calD

Fla-D1 (5'-GGGAATTCCATATGCAGGCAGCCTTC
ATCG-3") Fla-D2 (5'-CCGGAATTCCTACTTGTC

GTCATCGTCCTTGTAGTCTCGCAGGGCCCCGG
CC-3") Ndel EcoR'1
Fla-D2 3’ Flag
pl4F11( 1) PCR
Flag calD Ndel EcoR1
Ndel EcoR1
pJTU2170
pJTU2170-calD ET12567/pUZ8002
ET12567/pUZ8002/pJTUcalD 4 °C
116  calD E A B %) :
ET12567/pUZ8002/pJTUcalD
0.4-0.6 4 000 r/min

LB 2

ODeggp

5 min

NRRL 3882
TES 50°C
5 mL
37 °C 200 r/min

5 mL

10 min

10 puL CaCl; (5 mol/L)
2 h

SFM 30 °C
14h SFM
30°C 4-5d
117 BEREAEBRAEYER:
20%
1:100 50 mL TSBY
(0.1% Kan  0.1% Apr) 30 °C 220 r/min
36 h 1:50
200 mL SFM 30°C 7d
7d 2

5 min

1 mL

14 500 r/min 2 min

1.1.8 HPLC-MS #& 5 #7 & B2 =4 : Agilent
1100 series LC/MSD Trap System ZORBAX
RX-Cig (5 pm 2.1 mmx150 mm)
HPLC UV 280 nm LC-MS
HPLC 0.3 mL/min A
0.1% B
(70%—-95%) HPLC-MS
3

[16]

2 HR5aMh
2.1 Streptomyces chartreusis NRRL 3882 # calD
EEMEVEERFEDH
( 3) calD
S. viridochromogenes (NCBI
WP_003988535.1)  93%

S. hygroscopicus subsp. Jinggangensis 5008

(NCBI YP _006245105)
S. Roseochromogenes (NCBI
WP_023553318.1) 69%
Segniliparus rugosus (NCBI
YP 006245105) 55%
Micromonosposa sp. M42 (NCBI
EWM 63021.1) 62%
GroES-like
2.2 calD ERARFRS ER)
REDIRECT® Technology!'**"!
calD
D-F1/D-F2
pl4F11 calD
pJTU3764 ( 4A) plTU3764
ET12567/pUZ8002
A23187
D-F3/D-F4
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Alcohol dehydrogenase GroES-like domain
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Figure 3 Amino acids sequence alignment of CalD with its homologous proteins
CalD S. chartreusis NRRL 3882 WP_003988535.1 S. viridochromogenes YP_006245105 S. hygroscopicus subsp.
Jinggangensis 5008 WP _023553318.1 S. Roseochromogenes WP _007466972.1 Segniliparus rugosus EWM_63021.1
Micromonosposa sp. M42.

Note: CalD: S. chartreusis NRRL 3882; WP_003988535.1: S. viridochromogene; YP_006245105: S. hygroscopicus subsp. Jinggangensis
5008; WP_023553318.1: S. Roseochromogenes; WP_007466972.1: Segniliparus rugosus; EWM_63021.1:Micromonosposa sp. M42.
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23 AEBFMSHHERIES ZREESHh 16 min
510.243 9
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Figure 4 Construction of mutant strain AcalD and its metabolites analysis
A PCR targeting AcalD B PCR .B
PCR calD .C PCR
calD .D HPLC . calD
1 2 Cezomycin 3 -

Note: A: Gene disruption by PCR targeting, double crossover replacement to generate strain AcalD. The dark rectangles indicate the positions
of the primers used to generate the PCR products. B: Ethidium bromide-stained agarose gel. The size of 1.0 kb DNA band from AcalD
indicates the success of gene replacement. C: Ethidium bromide-stained agarose gel. The size of 1.7 kb DNA band from AcalD:calD
indicates the success of gene complementation. D: HPLC analysis of calcimycin biosynthesis intermediates from WT, AcalD, AcalD:calD.
The absence of calD caused a great decrease in the calcimycin production while the ca/D complemented strain restored the ability of
calcimycin synthesis. Compounds 1: Calcimycin; Compounds 2: Cezomycin; Compounds 3: N-demethylcalcimycin.
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A
N-demethyl calcimycin
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Figure 5 GC/MS analysis of N-demethylcalcimycin and 3-hydroxycalcimycin
A - HPLC AcalD -
.B 3-Hydroxylcezomycin ~ HPLC 3-Hydroxylcalcimycin
.C - 175.049 0 I .D
3-Hydroxylcezomycin 176.035 4 [

Note: A: HPLC analysis of N-demethylcalcimycin in WT, AcalD and AcalD:calD. The accumulation of N-demethylcalcimycin was lower in
AcalD than in the other two strains. B: HPLC analysis of 3-hydroxylcalcimycin in WT, AcalD and AcalD:calD strains. The accumulation of
3-hydroxylcalcimycin was lower in AcalD than in the other two strains. C: Mass fragmentations of N-demethylcalcimycin. The mass peak of
m/z=175.049 0 (CoHoN,0y) is the characteristic fragment of Amino-benzoxazole moiety. D: Mass fragmentations of 3-Hydroxylcalcimycin.
The mass peak of m/z=176.035 4 (C10HgN;Os) is the characteristic of hydroxyl-benzoxazole moiety.
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Figure 6 Proposed postsynthetic modification step of calcimycin biosynthesis
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