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Response of universal stress protein from Streptomyces lividans
1326 to oxidative stress
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(State Key Laboratory of Microbial Metabolism, School of Life Science and Biotechnology,
Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: [Objective] Universal stress protein (USP) belongs to an ancient protein family. In
Streptomyces, its physiological function has not been reported yet. This work focused on the protein
particularly. [Methods] Sequence alignment was performed. The association between cAMP and USP
was detected using circular dichroism spectroscopy. The usp gene (SLI 7517) was also disrupted.
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Susceptibility of wild-type and the usp disruption mutant strains to the thiol oxidant, diamide, was
analyzed. qPCR was conducted to detect the expression differences of glutathione peroxidase and thiol
peroxidase genes between the wild-type and usp disruption mutant strains. [Results] USP from
different Streptomyces species shares 90% similarity, with the highly conserved USP-like domain. The
alteration of USP CD spectra was observed when USP was mixed with cAMP. Tolerance to diamide
increased after usp was knocked out. The transcription level of glutathione peroxidase gene was
up-regulated in the usp disruption mutant. [Conclusion] USP protein from Streptomyces lividans 1326
can bind to cAMP. It might be involved in the regulation process, that suppresses the transcription of
glutathione peroxidase when the bacteria exposed to oxidative environment.
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Table 1 Strains and plasmids used in this study

Strains or plasmids Characteristics Source
Streptomyces lividans 1326 Wild type Our lab
XKL1 usp deletion, aac(3)IV This work
Eschrichia coli DH10B F, recA, lacZ, Am15 Our lab
Eschrichia coli BL21 (DE3) F, ompT, hsdS (rBB mB ), gal, dcm (DE3) Our lab
Eschrichia coli ET12567 (pUZ8002) eml, kan, dam, dem, hsds, Tra', pUZ8002 [12]
pET-28a N-His, N-Thrombin, N-T7, C-His, kan Our lab
pJTU1278 oriT, repA, amp, lacZ [13]
pXKL Derivated from pJTU1278, aac(3)IV This work
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112 EZRF AR
Maxima SYBR Green/ROX qPCR Master

Mix ( )
(50 g/L) (25 g/L)
(50 g/L) (100 g/L)
(25 g/L) IPTG (1 mmol/L)
Omega
Bio-Tek KOD ( )
rTaq «C )
RNA
cAMP
«C )
Bradford
3 kD (Merck
millipore) J-810
(JASCO) 7500 PCR
AH1500
ATS

1.1.3 EFE LB
(g/L) 10.0 5.0 NaCl
10.0 pH 7.2 TSBY
(g/L) 30.0 340.0
50 pH 7.8
(g/100 mL) Difco 1.0 pH
8.0 MMT MM (g/L)
L- 0.5  K,HPO4,3H,0 0.638
MgSO47H,0 0.2 FeSO47H,0 0.01 pH 7.2
2 g/200 mL
MMT MM 1L
(50%) 4 mL (0.7%) 10 mL
(30%) 4 mL CuCl,-2H,0 (10 g/L)
02 mL L- (149 g/L) 1 mL
(g/100 mL) 1.0 Difco
1.0 1.1x10° Pa
30 min MMT
0.95x10° Pa 30 min
1.14 3|4

%<2 PCR3I¥MREFT

Table 2 PCR primers and sequence

Primers

Base sequence (5'—3")

usp-Nde 1-F"

usp-Xho I-R"

usp-L-arm-BamH I-F"
usp-L-arm-Hind III-R*
usp-R-arm-Hind 11I-F*
usp-R-arm-Kpn I-R"

16S rRNA-F

16S rRNA-R

qPCR-Thiol peroxidase-F
gPCR-Thiol peroxidase-R
qPCR-Glutathione peroxidase-F
gPCR-Glutathione peroxidase-R

GGGAATTCCATATGATGACGCGCCCGATCACGGC

CCGCTCGAGTCACCTGTGCGGGACCACCG
CGCGGATCCGCACCCGGATGTTGG

CCCAAGCTTGCGGGTCCCTCCCTG
AAAAAGCTTGCGGTGCTCCAGCAGC
CGGGGTACCACCACCTGCCCGACGCCGGGGT
AGTAACACGTGGGCAACTGC
CTCAGACCAGTGTGGCCGGT
ATGAGCGAGCGACTCCAGCC
CTGCTTCGTGCAGCCGGGGG
TCAACCGGCGAGGCGTTCCT
GACGCCGAGGGCCACAGCGG

Note Underline sequences are cleavage sites of restriction enzyme.
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1.2 KA®E
1.2.1 THHFHESHE 132689153 (1)
SFM 30 °C 5d
20%
-30 °C (2)
TSBY
24h
122 THREHEE 1326 B USP EARBERER

30 °C 200 r/min

“ik:  usp N C usp-Nde 1-F

usp-Xho 1-R Ndel Xhol
PCR
pET-28a
USP N His M
( )
BL21(DE3)

1:100 LB 37°C 200 r/min

1:1 000 20% IPTG

16 °C 16 h 5000 r/min 10 min

Ni buffer A (50 mmol/L .
150 mmol/L NaCl,25 mmol/L Hepes 10%

pH 8.0) 800 MPa
5 min 15 000 r/min 30 min
Ni buffer A Ni
Ni buffer A Ni Ni
buffer B (500 mmol/L . 150 mmol/L NaCl,
25 mmol/L Hepes  10% pH 8.0)
(1] Heparin

Heparin buffer A (150 mmol/L NaCl,25 mmol/L
Hepes 1% pH 8.0)
Heparin buffer B (2 mol/L NaCl,

25 mmol/L Hepes 1% pH 8.0)
(50 mmol/L Hepes
50 mmol/L NaCl pH 8.0) 3h 3 kD

1 g/L
[15]
123 USP EHE cAMP &&HE &L .
200 uL  USP (0.8 g/L) 200 pL

cAMP (50 pmol/L) 4 °C
5h 200 pL
190-300 nm
CD +100 mdge!'*!”
10 CD

124 THREHERE 1326 B usp EE P#T:

1326 DNA PCR
usp 1.5 kb [13] usp
1.5kb BamH1  Hind III
usp-L-arm-BamH 1-F usp-L-arm-Hind
II-R  usp 1.5 kb Hind Il Kpn
I usp-R-arm-Hind I1I-F usp-R-arm-Kpn
I-R PCR BamH1 Kpnl
pJTU1278
DH10B Hind 111
Hind 111
aac(3)IV DH10B
pXKLI1 pXKL1
ET12567/pUz8002 ¥
ET12567/pUZ8002 1326
30 °C 12 h
30 °C 3d
usp 200 bp
usp-delF  usp-delR PCR
XKLI1
125 BRCHPHBERLETHEHSER 1326 &
XKL1 BIFERNE 1326
XKL1 TES
(1.0-4.0)x10’ CFU/mL
50 °C 10 min 1 mL
I mL 2 uL
5 mol/L CaCl, 37 °C 200 r/min
25 h 3 10
2 10 900 pL
100 pL (15 30
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45 mmol/L) [19-20] 30 °C
200 r/min 1h 3
10 MMT 30 °C
3d

1.2.6 BR_HERLETHEEER 1326 &
XKL1 /5 qPCR # R YBEREREE
1326  XKLI
1.5 mmol/L
3 mmol/ 30 °C 200 r/min 1 h
4 °C 15 000 r/min
RNA

1,[19-20]

15 min
RNA RNA

cDNA 20 puL

RNA 11 pL (10 pmol/L) 1 pL
dNTPs (10 mmol/L) 2 pL.  5x%RT buffer 4 pL

Ribolock RI (RNA ) 1 uL  RevertAidH

Mimus RT (RNA ) 1 uL
25 °C 5 min ( ) 42 °C
60 min (cDNA ) 72 °C 10 min ( )
16S rRNA PCR
150 bp 16S rRNA-F  16S rRNA-R
150 bp

qPCR-Glutathione
peroxidase-F  qPCR-Glutathione peroxidase-R
qPCR-Thiol peroxidase-F ~ qPCR-Thiol peroxidase-R
( 2 SYBR Green/ROX
cDNA PCR (ABI 7500

PCR ) PCR

(25 pL) Maxima SYBR Green/ROX qPCR Master
Mix (2x) 12.5 uL (1.25 pmol/L)

(1.25 pmol/L) 1 uL cDNA 1 uL
10.5 pL PCR 50 °C
2min 95°C 10 min 95 °C 15s 60 °C 1 min
40 [21-22]
2 SRELH
2.1 TEHREWEERE USP EBEFFI ST RIIRETN
1326 14 USP

40%—45%

USP (E0Y52220.1)

USP 90%
USp 1326 usp

873 bp 291

30.0 kD

NCBI Protein BLAST USP
¢d00293
1326

[Streptomyces coelicolor A3(2)]
NRRL S-12 [Streptomyces violaceoruber NRRL S-12]

USP 90%
[Mycobacterium tuberculosis H37Rv]
45% 4 USP
USP-like
cAMP 1326
[ON cAMP( 1)
2.2 cAMP 5 USP ZERMHEEERAMR
USP
cAMP
cAMP
cAMP CD 205 nm
CD cAMP
( 2 cAMP USP
(SN CD
1326 USP
cAMP

23 SFUEAMNTIREESHE 1326 AR5
XKL1 B FE R

1326 usp
usp XKL1
O 1.5 3.0 4.5 mmol/L) (
3) 1.5 mmol/L
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WRFQCQCVAGAVDRETQECWARDALARAV GRS
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REKIVOKERYSEXIVIAKS I

Cd00290 USP-like domain

E1 USP ZARIREBFYIELX S

Figure 1 Amino acid sequence alignment analysis for USPs from different species
1326 'WP_030866806.1 NRRL S-12 NP_631354.1

H37Rwv.

Note: EOY52220.1 from S. lividans 1326; WP_030866806.1 from S. violaceoruber NRRL S-12; NP_631354.1 from S. coelicolor A3(2);
NP_216521.1 from M. tuberculosis H37Rv.
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Figure 2 Analysis of binding between USP and cAMP by
circular dichroism spectroscopy

Figure 3 Sensibility test of WT and XKL1 strains to
diamide
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3 mmol/L PCR XKL1
30% XKL1 ( 4
70% 4.5 mmol/L
30% XKL1 50% XKL1 1.3
(P=0.004<0.01 P=0.017<0.05) 1.5 mmol/L
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XKL1 1.5 (P=0.002<0.01 P=0.006<0.01)
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Figure 4 RNA tanscriptions of thiol peroxidase and glutathione peroxidaseof WT and XKL1 strains

XKL1
F) mmol/L

¥ P<<0.05  **

P<0.01

oKk

P<<0.001.

(A B)

1.5(C D) 3.0(E

Note Variation of RNA tanscriptions of thiol peroxidase and glutathione peroxidase of WT and XKL1 strains treated by 0 (A, B), 1.5 (C, D)
and 3.0 mmol/L (E, F) diamide. *: P<<0.05; **: P<<0.01; ***: P<<(0.001.
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