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Cloning and expression of cytoskeleton-related gene mreB and
expression differences between two shapes of Spiroplasma melliferum
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Abstract: [Objective] mreBI-5, the cytoskeleton-related genes of Spiroplasma melliferum CH-1
were cloned and expressed in Escherichia coli. Then their proteins properties were predicted.
Expression levels of these genes in spiral and non-spiral shape of spiroplasma were determined.
[Methods] Coding sequences of mreBI—5 were amplified from the genomic DNA of S. melliferum
CH-1. Then recombination plasmids pETmreB1—5 were expressed in E. coli BL21 respectively after
IPTG induction. Ni-NTA was used to purify the recombinant proteins. The properties of MreB
proteins were predicted by online tools. Real-Time quantitative PCR method was applied to compare
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the expression levels of mreB1—5 genes between two obvious different shapes of S. melliferum CH-1.
[Results] Five mreB genes from S. melliferum were cloned. The molecular weight of five MreB
proteins were 36, 23, 23, 37, 25 kD, respectively. They were possibly hydrophobic proteins with no
signal peptide and were identified as part of MreB/Mbl protein family. The results exhibited that the
expression levels of genes mreBI—5 in non-spiral shape of spiroplasma were relatively lower than
that in spiral shape. [Conclusion] This is the first report of clone and expression of spiroplasma
cytoskeleton-related genes mreB1—5 which encode actin-like protein MreB. It could be inferred that
these genes are closely related with spiroplasma morphology. All results contribute to further
investigate the function of actin-like protein MreB in spiral shape and movement of spiroplasma.
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32°C 2d 12 000 r/min 10 min
112 EFREMBR: R2 121 1B CTAB/NaCl
(g/L) 10 5 NaCl 10 DNA!?!
LB (g/L) LB 1.4 HHAEBREFHEXER mreB1-5 894 1
20 g/L LB Primer 5 5
50 mg/L 0.2 mol/L PB (g/L) (D
Na,HPO42H,0 58 NaH,P0O,2H,0 6 Binding buffer mreB1-5 S. melliferum CH-1 DNA
0.05 mol/L PB 0.5 mol/L NaCl 0.02 mol/L PCR 94 °C 5 min
Elution buffer 0.05 mol/L PB 0.5 mol/L NaCl 95°C30s 60°C30s 72°C 1 min 35
0.5 mol/L 72 °C 10 min 1%
1.2 mreBl-5 Fi4mis @ BB A F 5S4 PCR
S. melliferum CH-1 20 °C
mreBI=5 (GenBank 1.5 ZHFh pETmreB By#E
KF680537-KF680541) Expasy mreB PCR pET-28a
ProtParam (http://web.expasy.org/protparam/) Xho 1 Nde 1 1%
[13] mreB
pET-28a
http://www.cbs.dtu.dk/services/SignalP/ http://pfam. E. coli DH5a
sanger.ac.uk/!"*! 50 mg/L LB 37°C
1.3 S. melliferum CH-1 E#kE E 4H DNA BJ32EL ImL 50 mg/L
S. melliferum CH-1 2mL R2 LB 37°C 8h 0.5 uL

Fz1 AMHRIZITHIS5H
Table 1 Primers designed in this study

Primers Sequence of primers (5'—3') Restriction sites Products Product sizes (bp)
mreBI-F GGAATTCCATATGGATTTAGGAACAGCTTACACTCT Nde 1

mreB1 1002
mreBI-R  CCGCTCGAGTTAATAATCTAATTCTTTTG Xho 1
mreB2-F GGAATTCCATATGGGAGCAAGTCACGTT Nde 1

mreB2 669
mreB2-R~ CCGCTCGAGTTATGAAATTTTGT Xho 1
mreB3-F  GGAATTCCATATGTGTAAAAATATCGGTGCTG Nde 1

mreB3 663
mreB3-R CCGCTCGAGTTATCTATTTTTTTTGT Xho 1
mreB4-F GGAATTCCATATGGCTTTATTTAATAGTGC Nde 1

mreB4 1044
mreB4-R~ CCGCTCGAGCTAGTAATTTAATTCTTTT Xho 1
mreB5-F GGAATTCCATATGGGTGCTGAATTAGTTATC Nde 1 mreB5 690
mreB5-R~ CCGCTCGAGTTATTTTCTTTTTTTACCTAATGTTG Xho 1

Note: Restriction sites are underlined.
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T7 T7 terminator (
5'-TAATACGACTCACTATAGGG-3’
5'-TGCTAGTTATTGCTCAGCGG-3") PCR

Xhol Ndel
100 uL  2mL 50 mg/L
LB 37 °C
30% 1:1 -20 °C

1.6 ELHFRK pETmreB £ ARG E Y FE#%
Rix

BL21(DE3)
50 mg/L LB 37 °C
50 mg/L LB
1%
50 mg/L LB
37°C 35h

1 mL

1 mol/L IPTG
32 °C 4 h 12 000 r/min
1 min

5 min SDS

100 uL

pM1-5
30% 1:1
1.7 MreB EHBI41L
500 pL
LB 37°C
5mL 500mL LB
35h 1 mol/L
4h 4 °C 10 000 r/min
Binding buffer 15 mL
10 mL Binding buffer 10 pL 0.1 mol/L PMSF

-20°C
SmL 50 mg/L

37°C

IPTG 32 °C

10 min

4 °C 10 000 r/min 10 min

8 mol/L Binding buffer
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0.22 um
Binding buffer 2
2 uL
1 Elution buffer
SDS-PAGE
8 mol/L Binding buffer  Elution buffer
Binding buffer  Elution buffer
1.8 S. melliferum CH-1 B#k2 RNA BB S
&R R R

CH-1 2 5 mL R2
32 °C
(
) [11]
4 °C 12 000 r/min 10 min
TaKaRa RNA Extraction Kit
CH-1 RNA RNA

PrimeScriptTM Master Mix
cDNA -20 °C
1.9 ERRKXEE PCR il mreBl-5 BEEE
BRAFMARRSREESR

16S rRNA
3 Real-Time PCR
2 2xXSYBR Premix Ex
Tag 1l 10 puL 0.8 uL RT 2 uL
20 uL 95°C30s 95°C
5s 56°C 1 min 40 60 °C 1 min
ROX 7-AACT
AACr- (Cr -Cr ) -
(Cr -Cr )
[10]  5-AACT
IBM SPSS Statistics 19 t
P<0.05
mreBI -5
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Table 2 Primers used in Real-Time PCR

Primers Sequence of primers (5'—3") Products Product sizes (bp)
RT-Fib-F ATTACCCATAACCAATCACATCT Afib 186
RT-Fib-R TGAAGGAATAAACGCTGG
RT-mrebl1-F CGAAAAATGAAAGTTTATGGC AmreBl1 191
RT-mrebl1-R TCGGAAAATGTCTCCTGCT
RT-mreb2-F ATGAAAAACCAGTTCGTGCC AmreB2
RT-mreb2-R ATTCTTGAAAAAGGGGCTAA 12
RT-mreb3-F TGGTGATGCTGTTGCTAATG AmreB3 105
RT-mreb3-R GCTACACGAACGGGAAT
RT-mreb4-F GCATTAGGTGGTGGGGTTG AmreB4 257
RT-mreb4-R CTTCTTTCATCAGGGTATTTTG
RT-mreb5-F ATTACAGTTTGTGGGGGA AmreB5 211
RT-mreb5-R TTCTTTTTTTACCTAATGTTGAT
RT-16S -F AGGCTTGACATCCAGTGC A /6S rDNA 210
RT-16S -R CATCCCCACCTTCCTCTA

A A

Note: A: Target gene; A: Reference gene.

2 HSR540H
ProtScale 5 MreB1
2.1 MreB EEMEL R (1 95  Cys /
CH-1  mreBl1 2.233 326 His
36 kD MreB -3.322 MreB1-4
(28] 3 CH-1
MreB1-4 (Grand average MreB5
of hydrophilicity)>0
MreB5 <0, 2.3 MreBl-5 & H RAITH BElE 7 #
Sanger MreB1-5
2.2 MreB EBHH KK MreB1-5
MreB/Mbl MreB

#=3 BEE{K CH-1mreB EFERIBNERRANIELIER

Table 3 Predicted properties of protein translated by mreB of S. melliferum CH-1

Z::i — Open r.eading Numbf:r of amino Molecular weight Theoretical Instability A!iphatic Grand average of
frame sizes (bp) acids (aa) (Da) pl index index hydrophilicity
mreB1 1002 333 36 610.7 6.08 34.10 111.50 0.030
mreB2 669 222 23 895.0 6.00 20.41 128.24 0.259
mreB3 663 220 23 745.6 6.64 39.04 106.00 0.051
mreB4 1 044 347 37 986.3 8.58 32.96 107.87 0.052
mreBS5 690 229 25211.1 6.00 47.65 108.60 —-0.075
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ProtScale output for mreB1 sequence
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Figure 1 Hydrophilicity or hydrophobicity of MreB1

MreB/Mbl
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2.4 pETmreB E4H R A 38 & 56 iE
mreBI1-5 pET-28a
T7 T7 terminator
PCR Xho 1/Nde 1 1%
DNA mreB
pET-28a ( 2
pM1-5 pETmreBI1-5

1234567 8M

i 'Z_ 200 % 2000 —k?'
N 443 :
- 29.0 _-
25— . 29.0 —

: “—20.1
ﬂ‘ o= 20.1

kD M9101112 kD

25 EHEAWIFSRERAL
12% SDS-PAGE

pETmreBI-5  BL21 (PM1-5)  IPTG
36 23 23 37 25kD (
3) MreB1 Bacillus subtilis
mreB E. coli
MreB 36 kD!
SDS-PAGE
( 3 4 8
12 16 20)
( 3 3 7 11 15 19)
1 2 345 6 78 9 1011 M bp
2 000
1000
500

2 ELHRAL pETmreB 384
Figure 2 Corroboration of recombinant plasmid pETmreB
M: DNA marker (2 000 bp); 1 pET-28a Xho 1/Nde 1

2 4 6 8 10 5 pETI-5
PCR 3579 11 5 pETmreBl—-5

Xho 1/Nde 1
Note: M: DNA marker (2 000 bp); 1: Plasmid pET-28a digested
by Xho 1 and Nde I; 2, 4, 6, 8, 10: Colony PCR of five
recombinant strains pET1-5, respectively; 3, 5, 7, 9, 11: Five
recombinant plasmids pETmreB1-5 digested by Xho I and Nde 1,
respectively.

kD M13141516 kD kD 17181920 M kD

a' ~— 200.0

25 J. - 290
" 20.1

E 3 ZE4H MreB &HHJ SDS-PAGE 347
Figure 3 Analysis of purification recombination MreB proteins by SDS-PAGE

M Marker; 1 5 9 13 17 IPTG
3 7 11 15 19 4 8 12

pM1-5 2 6 10 14 18 IPTG
16 20

pMI1-5
MreB1-5.

Note: M: Marker; 1, 5, 9, 13, 17: Total proteins of pM1-5 before inducing by IPTG, respectively; 2, 6, 10, 14, 18: Total proteins of
pM1-5 induced by IPTG; 3, 7, 11, 15, 19: Purified proteins of supernatant; 4, 8, 12, 16, 20: Purified proteins MreB1-5 of inclusion body.
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mreBI-5 CH-1 B. subtilis 3  MreB (18]
4
mreB1-5 (19] 5 mreB
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*P<0.05 8 mol/L Binding
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L2 425EIk Spiral [0 JEA2HEIR Non-spiral MreB1—4
1.0
£ MreB5
%08
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g "0 0 (-0.075)
15 % —U.
'zi 0.4 * * . .
£ 02
0 ﬂ Mayer  Amann  E. coli B.
mreBl  mreB2 mreB3 mreB4 mreBS5 subtilis mreB MreB
4 mreB1-5 HEEIRRIA CH-1 IZHERFIIEIZHER "' Van den Ent
MRZBNEEER Thermotoga maritima 2 mreB MreB1
Figure 4 Significant differences of relative expression
levels of mreB1-5 genes in spiral and non-spiral shape of S. MreB2
melliferum CH-1 MreB1 B. subtilis
* B1-5
' e MreB 76%
(P<0.05).
Note: *: Significant differences of relative expression levels of MreB1-5 NCBI B.
mreB1-5 genes in spiral and non-spiral shape of spiroplasma subtilis (GenBank: AAA22397)
were analyzed by Student’s #-test (P<0.05). ’
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