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1. f AT A R E AR R BTk
Table 1. Strains and plasmids used in this study

Strains or plasmids Genotype and/or features Resistance marker Source
MC1000 F°, A(araA-leu)7697, [aral39]y,, A (codB-lacl)3, galkl6, - (13)
galE15(GalS), 4, el4-, reldl, rpsL150(strR), spoT1, mcrB1
BTH101 F, cya-99, araD139, galE15, galK16, - (14)
rpsL1, hsdR2, mcrAl, mcrBl1

pFL1 Py yfp::rnb Ampicillin (15)
pMLB1113 Low copy number vector (18 per cell) Ampicillin (13)
pUT18C P,-TIS- Ampicillin (16)
pKT25 P, -T25- Kanamycin (16)
pUT18C-zip Py, .-T18-leucine zipper region from yeast GCN4 Ampicillin (16)
pKT25-zip Py,-T25-leucine zipper region from yeast GCN4 Kanamycin (16)
pKD119 Red recombinase expression plasmid Tetracycline 17
pKD3 Cat marker for gene deletion constructs Chloramphenicol 17
pQN1 P ftsZ Ampicillin This study
pQN2 P ftsZ Ampicillin This study
pQN3 PyfisZ" Ampicillin This study
pQN4 P f1sZ” Ampicillin This study
pQNS5 P ftsZ: hisg Ampicillin This study
pQN6 P fisZ™:: hisg Ampicillin This study
pQN7 P fisZ°:: hisg Ampicillin This study
pQNS P fisZ:: hisg Ampicillin This study
pQN9 P-T18-ftsZ "™ Ampicillin This study
pQN10 P -T18-ftsZ "¢ Ampicillin This study
pONI11 P-T18-fts 72" Ampicillin This study
pUT18C-ftsZ P, -T18-ftsZ Ampicillin This study
pKT25-mreB P, -T25-mreB Kanamycin This study
QN6 MC1000:ftsZ::yfp-Cat Chloramphenicol This study
QN7 MC1000: fisZ™: :yfp-Cat Chloramphenicol This study
QN8 MC1000: fisZ"*: :yfp-Cat Chloramphenicol This study
QN9 MC1000: fisZ"™':yfp-Cat Chloramphenicol This study
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1. FtsZ=4EZETTM(A)FNFtsZ (74-82)5#ig 8 1R Bl (B)
Figure 1. 3D structure prediction of FtsZ (A) and helical wheel projection of FtsZ (74—82) domain (B).
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2. FtsZREES=RTK ftsZE75A . ftsZR78GHNftsZD82ATE E.coliF FITR I E iL(A-D)FAIFRIAIK L3 H7(E)
Figure 2. The Fluorescence localization patterns (A-D) and expression levels (E) of FtsZ and its point mutants FtsZ
ftsZ"*, ftsZ2""*" and ftsZ™**" in Escherichia coli strains. A: QNG6, fisZ::yfp-cat; B: QN7, fisZ" ™ : ;yfp-cat; C: QN8,
fisZ% yfp-cat; D: QNY, fisZ™ - :yfp-cat; E: MC1000, wild type.

B

(A) 10 102 103 10+ 103 (3?00_
.5 ——MC1000
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QN7 % 1.50F
QNS 1.00F
0.50F
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0.00
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3. FtsZKHERREFHFRIMESLI (A FE KL 217 (B)
Figure 3. Plate complement assays(A) and growth-curve analysis(B) of FtsZ and its point mutants. MC1000, wild
type; QN6, fisZ::yfp-cat; QN7, fisZ" ™ : -yfp-cat; QNS, fisZ*"*’: :yfp-cat; QNO, fisZ™*': yfp-cat.
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W RE75 . R78FIDS2M 1 & &2 M Fts Z HL A [A] A H.

2% L (KI5-A1) k WBArHT (E5-A2) Bk f5 , FIIH
JEHE AR, FERIMIFTFts 245 AT MR R A Fk:
f728 4k, ME75. R78FID825E7E gtk Jii A ) it 4,
BRI, S AMFsZA L, RAKE AR A
FIEAR, BAIRIAIER A ER , Hi UAFtsZ™ e A8k
QN6/PQN1T . QN7/pQN1 QN8/pQN1
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—-— - . ;-- G—-—-‘é-—-—-—.
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- — a glIll — !--l;-—-—- — . — FTSZ*Zfop
— — — — FtsZ*

[l 4. FtsZ*-FtsZ/FtsZ*EEAER I SRR 7
Figure 4. Co-immunoprecipitation analysis of FtsZ*-FtsZ/FtsZ* interaction. PE, protein extract; FT, flow through; IP,
immunoprecipitate. QN6/pQN1, ftsZ::yfp-cat/P,,.-ftsZ; QNT/pQN1, ftsZ*"*::yfp-cat/P,,.-ftsZ; QN8/pQNI1,
JtsZ"7°C  yfp-cat/P,-ftsZ); QN9/pQN1, ftsZ**: :yfp-cat/P,,~ftsZ; QNT/pQN2, ftsZ" ™ : -yfp-catl P, -ftsZ";
QN8/pQN3, fisZ** - :yfp-cat/Py,~ftsZ"*; QNI/pQN4, fisZ”*: :yfp-cat/Py, ~fisZ.

(B)
70
" —— FtsZ(wt)
60 B° —o— FtsZE™A
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0 AR Rl
0 4 8§ 12 16 20 24 28 32 36

-10 t/min

E 5. FtsZ(wt)REFZTRFsZ™ . FtsZ " FFtsZ" BRIk 41k (A) FIEINEA D H(B)
E75A

Figure 5. Expression, purification (A) and in vitro polymerization analysis (B) of FtsZ (wt) and its mutants FtsZ™ ™,

FtsZ"*° and FtsZ"**.
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FtsZ-MreBAH B AF I BH g pd 55 ol i 2 (Kl 6-A) . 73

(AN T25

AME LTI A5 QN6 . QN7 QNSHIQNOEH 4 it 4 figt
W, VAFtsZ/FtsZ*::Y{p o+, fiHPIYFPHL
R, 18I e L TIE FlWestern blotZ3#T LA 3|
FtsZ"* | FtsZ" " HIFtsZ™ " RAKE A S
MreBAHEAE, %45 R 5 40 0 AR A8 55 B — 3L
(F6-B). W/RE75. R78HIDS2 A5 Z F MR f& 5 M
FtsZ-MreBAH B.AE B B 22 5L

10°

10

10°

10°¢

(B) QN6 QN7 QN8 QN9
PE FT IP | P FT PE!PE FT P ! IP FT PE
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Anti-MreB=» = ..___.: — ==»:~ - :
- ]

L~ ]

B 6. FtsZFNHENL =R R S5MreBHEEAF M BIME WAL (A)F R ZILITIE 7T H(B)
Figure 6. Analysis of FtsZ and its mutants interaction with MreB by bacterial two hybrid(A) and Co-
immunoprecipitation assay(B). A: +ve, positive control, BTH101/pKT25-zip/pUT18C-zip; -ve, negative control,
BTHI101/pKT25/pUT18C; B: PE, protein extract; FT, flow through; IP, immunoprecipitate; QNG6, fisZ.:yfp-cat; QN7,
JisZ" - yfp-cat; QNS, fisZ**  :yfp-cat; QNO, fisZ™: yfp-cat.

3 St

FtsZ fIMreB & VA 45 41 7 43 24 1) A~ T 22 4R
H, H_FWIEE S FHLE BTz 80 347
WX FtsZ 1) =S5 A AT 08T, SR H3 454

W TRz, AR E R RFtsZ (74-82) X ]
TE PSR BES A . S5 /MK IRETS . R78FID824
FEFRAALNL FFtsZETH , 1 FLAL FFtsZ (74-82)IX
A e e ) — I T (BT 1) o I 4 R AT SCHR T
i, RO ELS U H AR T A

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



Yujia Huo et al. | Acta Microbiologica Sinica, 2016, 56(2)

t, XTI PIRS , R . AN
SEN BN AR A S Z B B, MinD®" >
Xk, FtsA“ VXS IBA TR0 5 b & B
FJRNase 1 @ X" AW ETS . RT8H
D824 MM AT Y LR, F3UFtsZ"*
FtsZ" " FFtsZ"" 5 AL R AE A P A 22 (o AS X el 2R
(E2), $#RFtsZ*5]#LFtsZ (74—82) X I ity i 4
BB MAE , HEM M ZIE IR S, 5
BF 2R RIFtsZAH L, FtsZZ8 281K FtsZ™™* | FtsZ" "
FtsZ"* AT —E MAMERE )7, (H3 AR
I | A D RERR IR AN 58 4 —3K,  DAFtsZ”™" %8
AR (A SR R BH 2 (F13), 31X AT B 5 D82 AEH3 L5 #4311
PEA R, BEARPURA R — P50t 75 ah AT
i1 Western blot/#7, A T FtsZ & H. 8 AR A FE
FIFER RN B ZRIB K, HEBR T i TR KE W)
SEFIRM A NBL

J T i — AR R FtsZ 2 AR AT 5 | 1) TR 44 1Y
S AR UE N A FALE], AT FesZ 47
FOAB AT REek AR T O ERARR AR EAE ], TR
M) T Fts ZFA R BE TE A 21 26 iU 5 R R e 28 I Z 30
MIREST o BARASYRBIE ST SRR 3 LR (v v T
FtsZ & FIMIERTE , RS EUEARRIZRE R FtsZ 5
RBYYN I 225, BN FtsZ-FtsZ i A BAE 52 i 45
N, BRI TTTE (Co-TP) 5 R WIRFtsZ Y
FtsZ" " *FIFtsZ" " M T AE 0 W Us 55, TMiFtsZ-
FtsZ M HAE IS 2R s Rl —Fh S8 AR R 2R (9 20
IR A EAE R IT 25 R S Bkt . 7546, TR
T IR Al i 2 A8 (A 2 A TR A R G e il
i, KMFtsZ™* | FtsZ" HIFtsZ™ B4 e )1
BEAG, 1 HLLAFsZ ™ S AR (AR (A dRcoh %, EW
E75. R78FID82X} 44 FtsZ FofAK 1F i 23 [l 4 5 Fl
ORI EAE AR R B . IRATAOIT I8 25 SR 48
7N FtsZ 0 1) AH AR FH T B X 2k 4 5 A ] 9 20 1)
FHEAEHEA EE AR

WAERA MR E LB, TEE. colith, FstZ5
MreBIH A7 ELHEZRAH EAE T, i X FloAE B4R H
XTE. coli ZAWIWCAR . 53 54400 BRI TR 1A 241 it B

actamicro@im.ac.cn

JR SR (0 B At o L A IR P VR Y, IR A s ik
Fts Z R {4 P 5 5 20 28 1 o7 1) 28 A8 A2 15 5 il
FtsZ-MreBIH] iAHEME 7 FRAT3E 2 22 40 TR RS
LRI, SXTHRAAML, FtsZ*-MreBAAH &
VEF B E M B 2, B RFtsZ™ " FtsZ" " A
FtsZ ™ S5 (R BT 5 | e B A 52 i P 4 X A
XS FtsZ-MreBFAH HEAE B . 5548, Mit—
AR SEA TR WAL R, FATLAFtsZ/FtsZ*::Y fphy
oy, ol e U A gL E, ET5
R78FID821 i 2 F R Fir 4 15 A Fes 245 W] ¥4 42 J2:
FtsZ-MreBAH EAEH 0 82+ 5L Al

AW LI, FtsZ E75. RTSHIDS2IEFME.
coliN T HEVEZFA 1Y 1E 76 2H 25 FiMreB-FtsZHH H AF
R B IR . WFSE BRI FtsZ" " FIFts 2”58
AR T 5 B TR VA 2T S 1 2200k B Fes 2O e A R
FE DA A N 2 AR LB A AL AR A 2 — 2 5
2o, Tk e AL B EH R DA 5 — AR BELE R T
MreBIJHERY 224 A FtsZ 5 MreBIHERY WM E.
colin B 5K X,

2% XM

[1] BiE, Lutkenhaus J. FtsZ ring structure associated with division
in Escherichia coli. Nature, 1991, 354(6349): 161-164.

[2] Figge RM, Divakaruni AV, Gober JW. MreB, the cell shape-
determining bacterial actin homologue, co-ordinates cell wall
morphogenesis in Caulobacter crescentus. Molecular
Microbiology, 2004, 51(5): 1321-1332.

[3] Randich AM, Brun YV. Molecular mechanisms for the
evolution of bacterial morphologies and growth modes.
Frontier in Microbiology, 2015, 9(6): 580—593.

[4] Galli E, Gerdes K. FtsZ-ZapA-ZapB interactome of
Escherichia coli. Journal of Bacteriology, 2012, 194(2):
292-302.

[5] Dominguez-Escobar J, Chastanet A, Crevenna AH, Frominon
V, Wedlich-S6ldner R, Carballido-Lopez R. Processive
movement of MreB-associated cell wall biosynthetic complexes
in bacteria. Science, 2011, 333(6039): 225-228.

[6] Garner EC, Bernard R, Wang WQ, Zhuang XW, Rudner DZ,

Mitchison T. Coupled, circumferential motions of the cell wall



EMAESE | MEW2R, 2016, 56(2)

[7]

(8]

(91

[10]

(1]

[12]

[13]

[14]

synthesis machinery and MreB filaments in B. subtilis. Science,
2011, 333(6039): 222-225.

Aaron M, Charbon G, Lam H, Schwarz H, Vollmer W, Jacobs-
Wagner C. The tubulin homologue FtsZ contributes to cell
elongation by guiding cell wall precursor synthesis in
Caulobacter crescentus. Molecular Microbiology, 2007, 64(4):
938-952.

Fletcher DA, Mullins RD. Cell mechanics and the cytoskeleton.
Nature, 2010, 463(7280): 485-492.

Garrido T, Sanchez M, Palacios P, Aldea M, Vicente M.
Transcription of FtsZ oscillates during the cell cycle of
Escherichia coli. European Molecular Biology Organization
Journal, 1993, 12(10): 3957-3965.

Typas A, Banzhaf M, Gross CA, Vollmer W. From the
regulation of peptidoglycan synthesis to bacterial growth and
morphology. Nature Reviews Microbiology, 2011, 10(2):
123-136.

Van der Ploeg R, Verheul J, Vischer NO, Alexeeva S,
Hoogendoorn E, Postma M, Banzhaf M, Vollmer W, den
Blaauwen T. Colocalization and interaction between
elongasome and divisome during a preparative cell division
phase in Escherichia coli. Molecular Microbiology, 2013,
87(5): 1074-1087.

Kruse T, Mgller-Jensen J, Lobner-Olesen A, Gerdes K.
Dysfunctional MreB inhibits chromosome segregation in
Escherichia coli. European Molecular Biology Organization
Journal, 2003, 22(19): 5283-5292.

De Boer PAJ, Crossley RE, Rothfield LI. A division inhibitor
and a topological specificity factor coded for by the minicell
locus determine proper placement of the division septum in E.
coli. Cell, 1989, 56(4): 641-649.

Karimova G, Dautin N, Ladant D. Interaction network among
Escherichia coli membrane proteins involved in cell division as

revealed by bacterial two-hybrid analysis. Journal of Bacterial,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2005, 187(7): 2233-2243.

Lu F, Taghalout A. Membrane association via an amino-
terminal amphipathic helix is required for the cellular
organization and function of RNase II. Journal of Biological
Chemistry, 2013, 288(10): 2741-2751.

Karimova G, Ullmann A, Ladant D. Protein-protein interaction
between Bacillus stearothermophilus tyrosyl-tRNA synthetase
subdomains revealed by a bacterial two-hybrid system. Journal
of Molecular Microbiology and Biotechnology, 2001, 3(1):
73-82.

Datsenko KA, Wanner BL. One-step inactivation of
chromosomal genes in Escherichia coli K-12 using PCR
products. Proceeding of the National Academy of Sciences of
the United States of America, 2000, 97(12): 6640—6645.

Vats P, Rothfield L. Duplication and segregation of the actin
(MreB) cytoskeleton during the prokaryotic cell cycle.
Proceeding of the National Academy of Sciences of the United
States of America, 2007, 104(45): 17795-17800.

Bates PA, Kelley LA, MacCallum RM, Sternbery MJE.
Enhancement of protein modeling by human intervention in
applying the automatic programs 3D-JIGSAW and 3D-PSSM.
Proteins, 2001, 5(S5): 39-46.

Szeto TH, Rowland SL, Rothfield LI, King GF. Membrane
localization of MinD is mediated by a C-terminal motif that is
conserved across eubacteria, archaea, and chloroplasts.
Proceeding of the National Academy of Sciences of the United
States of America, 2005, 99(24): 15693—15698.

Pichoff S, Lutkenhaus J. Tethering the Z ring to the membrane
through a conserved membrane targeting sequence in FtsA.
Molecular Microbiology, 2005, 55(6): 1722—-1734.

Fenton AK, Gerdes K. Direct interaction of FtsZ and MreB is
required for septum synthesis and cell division in Escherichia
coli. European Molecular Biology Organization Journal, 2013,

32(13): 1953-1965.

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



274 Yujia Huo et al. | Acta Microbiologica Sinica, 2016, 56(2)

E75, R78 and D82 of Escherichia coli FtsZ. are Key residues for
FtsZ cellular self-assembly and FtsZ-MreB interaction

.. 1 . 2 . . 1 1 1*
Yujia Huo, Qiaonan Lu’, Xiaowei Zheng , Yuanfang Ma', Feng Lu
' Henan Engineering Laboratory of Antibody Medicine, Medical School of Henan University, Kaifeng 475001, Henan Province,

China
? College of Forestry, Northwest A&F University, Yangling 712100, Shaanxi Province, China

Abstract: [Objective] To explore effects of FtsZ mutants FtsZ™>*, FtsZ""*" and FtsZ"** on FtsZ self-assembly and
interaction of FtsZ with MreB in Escherichia coli strains. [Methods] We constructed FtsZ and its mutant’s plasmids
by molecular clone and site-directed mutagenesis methods, and purified targeted proteins by affinity chromatography.
QN6(fisZ: :yfp-cat), QNT(fisZ" : ;yfp-cat), QN8(fisZ*"*’ : :yfp-cat) and QNI(fisZ”**: :yfp-cat) strains were constructed
by linear DNA homologous recombination. We observed cellular localization pattern of FtsZ and its mutants in E. coli
by living cell imaging experiments, examined interaction of FtsZ/FtsZ*-FtsZ* and FtsZ/FtsZ*-MreB by Co-
immunoprecipita-tion and bacteria two hybrid, and analyzed assembly characteristics of FtsZ mutants by Light
scattering. [Results] The Yfp-labeled FtsZ""*, FtsZ

Z-ring structure and localize correctly in E. coli strains. Interaction of FtsZ with its mutants, or FtsZ*-FtsZ* and

%6 and FtsZ™*" mutant proteins failed to assemble into functional

FtsZ*-MreB interaction were weakened or completely disappeared. In addition, in vitro experiments show that E75A,
R78G and D82A mutations decreased the polymerization efficiency of FtsZ monomer. [Conclusion] FtsZ E75, R78

and D82 are critical amino acids in the assembly, function of FtsZ protein and FtsZ-MreB interaction in E. coli strains.

Keywords: Escherichia coli, FtsZ assembly, MreB, cellular localization
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