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Table 1. Strains and plasmids used in this study

Strains/Plasmids Description References/Sources

Strains

Msm M. smegmatis MC? 155. The most commonly used M. smegmatis strain; a Our lab
high-frequency transformation mutant of the M. smegmatis strain ATCC
607

AKu M. smegmatis MC? 155 derivate. The genomic Ku ORF was substituted by [10]
the hygromycin B resistance gene.

ASir2 M. smegmatis MC* 155 derivate. A double unmarked (MSMEG_4620 and [11]
MSMEG 5175) mutant.

ALigD M. smegmatis MC? 155 derivate. The genomic LigD POL domain was [11]
substituted by the hygromycin B resistance gene.

M. smegmatis MC* 155 Ku-TAP M. smegmatis MC? 155 derivate. TAP tag was inserted into the C terminal [10]
of genomic Ku gene.

M. smegmatis MC? 155 LigD-TAP M. smegmatis MC? 155 derivate. TAP tag was inserted into the C terminal [10]
of genomic LigD gene.

Plasmids

pMV261 Escherichia coli-mycobacterial shuttle plasmid Our lab

pMind E. coli-mycobacterial shuttle plasmid Our lab

pMind-MsKu M. smegmatis Ku gene fused with 10*His tag was inserted into the pMind This study
vector

pMV261-MsKu M. smegmatis Ku gene fused with 10*His tag was inserted into the [11]
pMV261 vector

pMV261-MtKu M. tuberculosis Ku gene fused with 10*His tag was inserted into the This study
pMV261 vector

pMV261-MsKu 11-273 11-273 aa of M. smegmatis Ku fused with 10*His tag was inserted into the This study
pMV261 vector

pMV261-MsKu 11-273 K29R K29R mutant of pMV261-MsKu 11-273 This study

pQE30-MsKu M. smegmatis Ku gene was inserted into the pQE30 vector [10]

pET28a-MsLigD M. smegmatis LigD gene was inserted into the pET28a vector [10]

5 uL 2h PBS 3 SDS-PAGE
T7 terminator ~ T7 promoter 2x7ag mixture ( 5 min His TAP
Genstar) PCR Western blotting
PCR 1.5 EMSA  Ku-DNA
1.4 Pull-down Ku-LigD 30 bp 5'-biotin-dsDNA Ku
M. smegmatis MC? 155 LigD-TAP T4 ligase
(PBS Triton X-100 0.1% 15min 6% PAGE 0.5<TBE
I mg/mL 5% ) DNA DNA  Hybond-N"
12000xg 30 min IgG  GE) 2xSSC 3 min

( ) 30 min PBS
3 MsKu 11-273

http://journals.im.ac.cn/actamicro



1236

Ying Zhou et al. | Acta Microbiologica Sinica, 2018, 58(7)

Ku

Ku
2.2 Ku

pMV261 Hsp60
42 °C
Msm/
pMV261-MsKu Msm/pMV261-MsKu 11-273
Msm/pMV261 37°C 42°C ( 2-A)
42 °C LB Msm/pMV261
3 Msm/pMV261-Ku 11-273

1.6 T4 Ligase Ku DNA
Weller [12] MsKu 11-273
K29R 80 ng DNA
1xT4 Ligase 5 min T4
Ligase (0.05 ul. NEB) 37 °C 1 h
protease K 65 °C 30 min 94 °C 10 min
2 puL E. coli DH5a 1/10
LB 37°C
1.7 Ku
1.7.1 H,0, M. smegmatis
MC? 155 Ku-TAP
2 mmol/L H,0, Western
blotting
1.7.2 M. smegmatis MC?
155 Ku-TAP 3 mol/L
pH 5.2 (TaKaRa) 10 mmol/L
pH 7.0 5.8
Western blotting

2 ERFAM

2.1 Ku
Ku (MsKu) 328
Ku (MtKu) 273
MsKu 11-273 MtKu
1-268 79%
Ku
Ku Western blotting
( )
Ku (D
MsKu 11-273

actamicro@im.ac.cn

(A) kDa M MsKu

kDa M MitKu

kDa M MsKuC

170——== 170 =
130 —sme 130 —— 95— -
72— 70— 55
55— — 55—
43— 43 —— —-— 43— —
26 1. 26— 26— .

(B) MsKu MtKu

MsKuC

55 kDa-»v.

43 kDa> M 43 kDa>g

1. 4k Ku EE8 Tt
Figure 1. Acetylation of purified Ku proteins. A:
C-terminal 10xHis-tagged Ku proteins from cell

lysates of the M. smegmatis recombinant strains were
concentrated by Ni-agarose, purified and analysed by
SDS-PAGE. MsKu, M. smegmatis Ku-10xHis protein;
MtKu, M. tuberculosis Ku-10xHis protein; MsKuC, M.
smegmatis Ku residues 11-273 fused with a 10xHis tag.
Positions and sizes (kDa) of marker proteins are shown
on the left. B: Western blotting of purified proteins
from M. smegmatis with an antibody specific to
acetylated lysine.
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Growth of MsKu over-expression M. smegmatis MC” 155 was restrained. Cells were streaked on LB or

7H10 (Difco) plates with kanamycin, and kept at 37 °C or 42 °C for 3-6 d (A), 5 pL Log (B) and Stationary (C)
cells of M. smegmatis MC* 155/pMV261 and M. smegmatis MC* 155/pMV261-MsKu were diluted 10"'-10"° on
37 °C or 10°-10 on 42 °C LB plates. Experiments were repeated three times and representative results are shown. Intact
MsKu and its truncated mutant (11-273 aa) were expressed in M. smegmatis MC? 155 using the pMV261 plasmid.
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Tet (ng/mL) 0

3. LigD fRBEE I EFRiE MsKu EBHNHIHEE K<
Figure 3. Growth of MsKu over-expression LigD
deficient strain was restrained. Log and Stationary phase
cells of ALigD/pMind-MsKu were diluted 107, 10, 107,
and then 5 pL cell samples were cultured on hygromycin
plates with different inducer (tetracycline) concentrations
(0 ng/mL, 20 ng/mL and 200 ng/mL). ALigD/pMind
was used as the control. This experiment was repeated

three times and representative results are shown.
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Figure 4. Joining of blunt-ended DSBs by MsKu 11-273 and MsLigD. A: MsKu 11-273 (K29) and its R29 mutant
(Lys-29 substituted with Arg) were purified from M. smegmatis using a Ni-NTA system. Purified proteins were
analysed by SDS-PAGE (kDa). B: Western blotting of MsKu 11-273 (K29) and its R29 mutant purified from
M. smegmatis with His-Ab and AcLys-Ab. C: Plasmid DNA cut by EcoR V was incubated with increasing amounts
(10 ng, 40 ng and 200 ng) of MsKu 11-273 (K29) or its mutant (R29). NHEJ in these reactions was assessed by
PCR (C) or by counting E. coli transformant colonies (D). The positions and sizes (bp) of marker DNA are shown

on the left. Error bars represent the standard deviation based on triplicate experiments. ** 400 bp PCR fragment
generated by NHEJ.
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Figure 5. Protein stability and LigD interaction of MsKu derivates. A: Protein stability of MsKu 11-273 (K29) and
its K29R mutant (R29) in T4 ligase buffer. 1 ng 10xHis-tagged proteins were incubated at 37 °C for 0 min, 30 min
or 60 min in 1xT4 ligase buffer (NEB), and then electrophoresed on SDS-polyacrylamide gels and Western blotting
with His-Ab. B: LigD interaction activity of MsKu 11-273. MsKu 11-273 (K29) and its K29R mutant (R29) (20 ug)
were incubated separately with MsLigD-TAP-bound beads for 2 h. After equilibrating with the wash buffer, all
proteins bound to the beads were analyzed by immunoblotting with antibodies specific to the His tag or TAP tag.
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6 fmol DNA
Ku NHEJ DNA
DNA NHEJ -DNA
EMSA MsKu 6 fmol DNA
DNA Ku 100 pmol MsKu 11-273 DNA
DNA DNA MtKu 33 bp DNA
dsDNA [14] 30 bp MsKu 11-273  DNA
5'-biotin-dsDNA 50 pmol 100 pmol MsKu11-273 DNA -DNA
6-A 50 pmol DNA
100 pmol MsKu 11-273 K29R 30 bp MsKu  MsKu 11-273 K29R
DNA biotin DNA MsKu 11-273  MsKu
11-273 K29R  DNA MsKu 11-273
MsKu 11-273 K29R DNA MsKu DNA
50 pmol 100 pmol Ku DNA DNA
MsKu 11-273 30 bp DNA NHEJ DNA
5'-biotin-dsDNA EMSA DNA
(3 fmol) DNA DNA T4 Ligase
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Figure 6. DNA binding activity of MsKu derivates. Reaction mixtures contained T4 Ligase buffer, 3 fmol (A) and
6 fmol (B) 30 bp 5'-biotin-dsDNA and increasing quantity (pmol) of MsKu derivates. C: T4 Ligase was incubated
with increasing amounts (500, 900 and 1800 ng) of MsKu 11-273 (MsKuC) or its mutant (K29R). The ligation
product was transformed into E. coli, and colonies were counted after overnight culture. Error bars represent the
standard deviation based on triplicate experiments. MsKu 11-273, MsKuC and K29. MsKu 11-273 K29R, MsKuC

K29R and R29.
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Figure 7. Acetylation of Ku in M. smegmatis under

environment stress. M. smegmatis MC* 155 Ku-TAP
was treated with H,O, (2 mmol/L) and NaAc pH 5.2
(10 mmol/L), and bacterial cells were collected at 1 h,
2 h and 4 h. Total cell lysates were Western blotted
with TAP-tag antibody and acetylated lysine antibody.
RpoA was set as loading control.
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Acetylation reduced the DNA binding activity of Ku protein

Ying Zhou'?, Lijun Bi*’

" Foshan University, Foshan 528000, Guangdong Province, China
*Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] To understand the role of acetylation modification on the activity of Ku protein. [Methods]
Acetylated Ku protein and its non-acetylated mutant were expressed and purified using M smegmatis expression
system, and then their biochemical activities were compared. The effect of oxidative stress and acidic environment
on Ku protein acetylation level were analyzed in M. smegmatis. [Results] Ku protein over-expression M. smegmatis
strain grew slower than the control strain transformed with the empty plasmid. Acetylated Ku protein had lower
DNA repair activity and DNA binding activity than the non-acetylated Ku. Quantity of Ku protein in M. smegmatis
cells under oxidative and acidic stress decreased, whereas there was subtle change of acetylated Ku protein.
[Conclusion] Acetylation modification can regulate the DNA binding activity of Ku protein, thus regulate the
activity of Non-homologous end joining system. The increase of acetylation level of Ku protein is the response of
mycobacteria against the adverse growth environment.
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