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(AS10715) Agrisera His-tag
(66005-1-1g) flag-tag (20543-1-AP)

-HRP( SA00001-2 SA00001-1)

Proteintech DNA
(CW0552) GFP (CW0087)

IPTG  L(+)-arabinose  Sigma
(HisTrap HP 17-5247-01) GE
(Cat"200518)

Stratagene (cat’46147)

Thermo
1.2

Escherichia coli MC1000 (F-araD139A4(araABC-leu)
7679 galU galKA(lac)X74 rpsL thi) BL21  DHS5a

pMLB1113
pKD3 pKDI19

pET30a(+) (Invitrogen)
pFL11 79 1)
1.3

FtsZ E237A
E237D E237K E241A E241D E241K

PFL11 (Pc-yfp::ftsZ)
(Cat"200518)

DNA

PQNI3 (Pycyfp::fisZ ™) pQN14 (Preyfp: fisZ7P)
PQN1S (Pucyfp:fisZ ™) pQN16 (Pucyfp- fisZ5*)
PON17 (Pucyfp::fisZP) - pQNI8 (Pucyfp::fisZ**)
pQN13-pQN18 DNA
pET30a(+) FtsZ
PQN24 (P fisZ™: hiss)  pQN25 (PrufisZ: - hisy)
PQN26 (PyofisZ7 : - hisg) pQN2T (PrcfisZE*': :hisq)
PQN28 (PuofisZ*'P: :hiss)  pQN29 (ProcfisZ"'%: - hisg)
E. coli MC1000 DNA
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Table 1. Strains and plasmids used in this study
Strains or plasmids  Genotype and/or features Resistance Source
MC1000 F,A (araA-lew)7697, [aral39]g,,4 (codB-lacl)3, galklé, [14]
galE15 (GalS), A, el4-, relAl, rpsL150 (strR), spoTl, mcrB1
pMLBI1113 Low copy number vector (18 per cell) Ampicillin [14]
pKD119 Red recombinase expression plasmid Tetracycline [15]
pKD3 Cat marker for gene deletion constructs Chloramphenicol [15]
pFL11 Pryfp::fisZ Ampicillin [16]
pQN13 Proe yfp: iftsZE374 Ampicillin This study
pQN14 Pracyfp: fisZF37P Ampicillin This study
pQN15 Pracyfp: ftsZE37E Ampicillin This study
pQN16 Pracyfp::ftsZE414 Ampicillin This study
pQN17 Procyfp: ftsZE#1P Ampicillin This study
pQN18 Pracyfp: fisZE41E Ampicillin This study
pQN21 P ftsA::hisg Ampicillin This study
pFL15 PrafisZ: hisg Ampicillin [16]
FL37/pFL11 MC1000/pFL11 (AftsZ-Cat/P,,.-yfp: :ftsZ) Chloramphenicol [16]
pQN24 Plac—ﬁsZEZj’M::hisé Ampicillin This study
pQN25 Plac—ﬁsZEZﬂ D hisg Ampicillin This study
pQN26 Plac—ftsZEZﬂK::hisé Ampicillin This study
pQN27 Plac—ﬁsZEMM::hislg Ampicillin This study
pQN28 ProcftsZE41P: hisg Ampicillin This study
pQN29 Proc-ftsZEK - hisg Ampicillin This study
QN19 MC1000:mreB::hiss-Cat Chloramphenicol This study
QN20 MC1000:mreB::hisg This study
QN21 ON20:ftsA::flag-Cat Chloramphenicol This study
QN22 MC1000:mreB::hisg, ftsA::flag This study
QN23 ON22:AftsZ-Cat /P, ~yfp: :ftsZ Chloramphenicol, Ampicillin ~ This study
QN24 ON22: AftsZ-Cat /P ue-yfp: fts 2537 Chloramphenicol, Ampicillin ~ This study
QN25 ON22: AftsZ-Cat /Py e-yfp: fisZ537P Chloramphenicol, Ampicillin This study
QN26 ON22: AftsZ-Cat /P u-yfp: fts 237K Chloramphenicol, Ampicillin ~ This study
QN27 ON22: AftsZ-Cat /Pyye-yfp: fts 2544 Chloramphenicol, Ampicillin This study
QN28 ON22: AftsZ-Cat /P u-yfp: fts Z5241P Chloramphenicol, Ampicillin ~ This study
QN29 ON22: AftsZ-Cat /P ue-yfp: fts 254K Chloramphenicol, Ampicillin ~ This study

C His FtsA

PON21 (Pyu-ftsA::hise)

14

MC1000

QNI18 (MC1000:mreB::hiss-cat) QNI19 (MC1000:
mreB::hisg) QN20 (MCI1000: ftsA::flag-cat)

QN19 P1 QN21
(MC1000:mreB: :hisg, ftsA::flag-cat) pCP20
QN22

(MC1000: mreB::hisg, ftsA::flag) QN22
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FL37/pFL11 (AftsZ-Cat/P.~yfp: . ftsZ)
(donor) ( ftsZ : AftsZ-Cat)™
P1 QN23-QN29 (
1) E. coli
ftsA::flag, AftsZ-Cat QN

mreB: :hisg,

1.5 FtsZ

[11,16-17] LB

5mL
10 pmol/L IPTG) 30 °C
10 uL

LB (
OD¢00~0.8
YFP::FtsZ/FtsZ* ( x100
x10)

1.6 FtsZ
37 °C

ODg¢~0.05
ODgp~0.5

QN23-QN29 ODyo
SmL
(10'-107)
1.2 pL
LB ( 30 pg/mL Cat 100 pg/mL Amp
20 umol/L IPTG) 37 °C 24 h
ODgyp~0.05 1

1.5h 1h 1 ODgpo

1.7 E. coli

QN23-QN29
500 mL
3 15 mL 20%
[ HE (10 mmol/L. Hepes pH 7.4

5 mmol/L EDTA) ]
3 20 s

(18] SGO ( )

HE 1 (130000xg
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30 min) 400 uL TE (10 mmol/L

Tris-Cl 1 mmol/L EDTA pH 7.5)

100 uL  20% SDS 100 °C

5 min (12000xg 2 min) -20 °C
Western blot

1.8

PON24  (Poe-ftsZ5™ : hiss)  pQN25
(Prac-ftsZ53P:hisg)  pQN26 (Prac-ftsZ57 - his)
PQN27 (PrfisZE*": hiss)  pQN28 (Pruc-fisZE*': :hisy)
PON29 (Po-ftsZ54X - hisg)  pQN21 (Pue-fisA::hisg)

BL21(DE3)
[19] LB
0.2 mmol/L IPTG 30 °C
(4696xg 10 min)

45 h
50 mmol/L Tris (pH

7.9) 2
(23480xg 30 min 4 °C)
HisTrap HP
1.9
QN23-QN29
[17,20] 5-10 mL Buffer A [10 mmol/L

Tris-HCI (pH 7.5)  0.5% Tween-20 5% glycerol
1 mmol/L EDTA 0.1 mmol/L DTT 0.1 mmol/L

PMSF] cocktail
(50%) —80 °C

(cat’46147 Thermo)

[15] 10pg -Yfp
(CW0087 ) 800 pg

25 uL protein A/G plus agarose beads Co-IP
50 uL

1.10 Western blot Far Western blot

Far Western blot
FtsA-hisg

[21-22]
2-3 pg
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2% SDS 100 °C
4 min SDS-PAGE
Far Western blot
TENS5O0 buffer (10 mmol/L Tris-HC1 pH 8.0
1 mmol/L EDTA 50 mmol/L NaCl) 4°C
72 h 5% HHB

buffer (20 mmol/L HEPES pH 7.7 75 mmol/L
KCl 0.1 mmol/L EDTA 2.5 mmol/L MgCl,
1 mmol/L DTT 0.05% Triton X-100)
1h NC
1 mg (
1% HHB buffer ) 4 °C
Western
blot [17] -FtsZ -His
-YFP
1:1000 1:1500 1:2000

ECL (P1020 )

-Flag
1:1000 1:20000

1.11 FtsZ
buffer (50 mmol/L Mes pH 6.5 50 mmol/L
KCl 5 mmol/L MgCl, 10 mmol/L CaCl,) FtsZ
6 umol/L 30 °C

3 min GTP 1 mmol/L
20 min (100000xg 10 min)
(Supernatant ~ S)
(Pellet P) Western blot
20 min
-FtsZ Western blot

2 ERFAM

2.1 FtsZ (236-245) FtsZ

FtsZ E. coli

3D-JIGSAM FtsZ
FtsZ (236-245)
FtsZ
E237 E241 FtsZ (236-245)
( 1-A B) E237 E241
FtsZ
E237  E241
(A) (D) (K)
FtSZE237A/K FtSZE24lA/K
( 1-C D) Ftsz"7P
FtsZ" 4P FtsZ
(236-245) FtsZ
2.2 E237 E241 FtsZ E. coli
Z
E237  E241
FtsZ FtsZ
FtsZ"™®  Ftsz™*'P FtsZ
z
FtsZF?™  FtszF2%  FszB44  FrszB1K
z
( 2B D E G) Ftsz"™ FtszB¢
FtSZE241K FtSZE241A
FtSZE237A
FtsZF2™® FtszB44  FtszB4E
Z E. coli
FtsZ (wt) (FtsZ")
FtsZ/FtsZ"
Western blot FtsZ/FtsZ®
MC1000 FtsZ (wt)
( 2-H)
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Figure 1. Effect of amphipathic helix characteristics of Escherichia coli FtsZ (236-245) domain on FtsZ function.
A: 3D structure prediction of FtsZ; B: helical wheel projection of FtsZ (236-245) domain; C: plate complement
assays; D: growth-curve analysis. MC1000, E. coli (wt); QN23: ON/P,,~Vfp::ftsZ; QN24: ON /P,ac-yﬁ):.ﬁsZEBm;
QN25: ON/Pracyfp::fisZE P, QN26: ON/P ue-yip: :fisZE2 75, QN2T: ON/Pruc-yfp: ftsZ211, QN28: ON/P ey fis 252417,
QN29: ON/Pyoe-yfp: ftsZE41%; QN: mreB: :hisq, fisA::flag, AftsZ-Cat.
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MCI1000 QN23 QN24 QN25 QN26 QN27 QN28 QN29

(H)  YFP-FtsZ/FtsZ*—»
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—

}Anti-FtsZ
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Figure 2.

Analysis of fluorescence localization patterns (A—G) and expression levels (H) of YFP::FtsZ and its

point mutants. A: ON/Piuc-yfp::ftsZ; B: ON/Pruc-yfp::fisZ5"; C: ON/Pruc-yip::ftsZ57P; D: ON /Pruc-yfp: :fisZ57X,
E: ON/Prucyfp::fisZE, F: ON/Pracyfp: fisZE'2; G: ON/Pruc-yfp- ofisZE*™; QN: mreB: :hisq, fisA::flag, AfisZ-Cat.
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PQN26 (PiuefisZ7%  hisg) pQN27 (Prac-fisZE*:  hisg)
PQN28 (PyufisZP: thisg)  pQN29 (Pruc-fisZ2X - his)

SDS-PAGE
FtsZ
( 4-A) Western blot
( 4-B) FtsZ
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(A) QN23 QN24 QN25 QN26 QN27 QN28 QN29

YFP-FSZ/FISZ: > e il — —— __ (Anti-YFP

MreB-his—> == e w— e —— = = Anti-his
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()

7
Proteins

E 3. FtsZ (W)RERIK FtsZE3A, FtsZPPP, FtsZEP%| FtsZF41A | FtsZ2P10 | FtsZPX g pE & S5 S
Figure 3. The membrane association analysis of FtsZ (wt) and its mutants FtsZ"'*, FtsZ*"P, Ftsz"*'% Ftsz™*'4,
FtsZ®*'* and FtsZ™*'*. A: Western blot; B: densitometric analysis of immunoblots. QN23: ON/Pj,-yfp::ftsZ;
QN24: ON/Piac-yfp::ftsZE774, QN25: ON/Prac-yfp::ftsZ557P; QN26: ON/Prac-yfp::ftsZE7%; QN27: ON/Pucyip::
SisZE 4 QN28: ON/Pacyfp: fisZE'P; QN29: ON/Pcyfp: fisZ5*%, QN: mreB: :hiss, fisA::flag, AfisZ-Cat.

W gt a® ot a® ¥
gvﬂ)& ol ol b gvﬂj gvﬂj osb
A Commassie
Sam— ~staining
B -
_— e e Ry — S—
C— .
| — ) > Anti-FtsZ
D> — - S
3> — i T
— =
4—) —
J

4. FTIXGEILEY FtsZ (w) R EREREH BRIk 5 BF0 Western blot 524
Figure 4. Separation of the purified FtsZ (wt) and its mutants protein on SDS-PAGE/native PAGE and Western
blot analysis. A: Coomassie staining; B: Western blot analysis after separated on SDS-PAGE; C: Western blot
analysis after separated on native PAGE; 1-4: Different molecular weight polymerization of FtsZ/FtsZ*.

GTP 1 mmol/L 20 min FtsZ 4
Western blot FtsZ
Western blot FtsZ ( 1)
FtsZE®P  FrgzF241D ( 2)
FtsZ®27  FtsZ®7%  Ftsz®4  FtszP¢ FtsZ ( 4-C 4) E237  E241
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FtSZE241A FtSZE24lK

(5
E237A E237K E241A  E241K 2.5 E237 E241 FtsZ-FtsA
FtsZ (wt) FtsZ®#7* FtszF?® FtszB27% YEP:-FtsZ/FtsZ* Yfp
FtSZE241A FtSZE241D FtSZE241K (cat#46147 Thermo)
20 min (100000%g 10 min) E237 E241
(Supernatant  S) (Pellet P) YFP::FtsZ-FtsA
Western blot YFP::FtsZ"™  YFP::FtsZ"*’®  YFP::Ftsz®*4
20 min FtsZ YFP::FtsZF41K FtsA
FtsZF®  Ftsz®*'P YFP::FtsZ"*®  YFP::Ftsz"*'P FtsA
FtsZER7A  FrsZER7K ( 6

FtsZ (WT) FtszE237A FtszE237D FtszE237K FtszEzdlA FtszEzdlD FtszEZMK
GTP -— + = + = + = + = SIS + = +

§ - — s . S e S ey A T GEn =

Anti-FtsZ

e

5. FtsZ WHREREXREAMERIES SN
Figure 5.  In vitro polymerization analysis of FtsZ (wt) and its mutants. —: absent of GTP; +: present of GTP.

QN23 1 QN24 i QN25 i QN26
PE FT IP:iPE FT IP iPE FT IP iPE FT IP

YFP-FISZ/FIsZ' —> W = e . e S i —— e (o e }Ami-FtSz

—

FtsA-flag —> === L g — ---:l- . Anti-flag

QN27 i QN28 i QN29
PE FT IP iPE FT IP iPE FT IP

YFP-FtSZ/FtsZ" —>| i =— == D — ——— }Anti-FtsZ

FtSA_ﬂag_> — g— —_— ——-g S —— - }Antl-flag

6. FtsZ REMARTIKS FtsA HHEEAM RE LIRS
Figure 6. Co-immunoprecipitation analysis of FtsZ/FtsZ*-FtsA interaction. PE: protein extract; FT: flow through;
IP: immunoprecipitate; QN23: ON/Pac-yfp::ftsZ; QN24: ON/Pic-yfp::ftsZ57; QN25: ON/Piuc-yfp::ftsZ57P;
QN26: ON/Pye-yfp: :fisZE57%, QN27: ON/Pe-yfp: :ftsZ54'4; QN28: ON/Piue-yfp: ftsZE41P; QN29: ON/Puc-yfp::
fisZFK, QN mreB: his, fisA: :flag, AftsZ-Cat.
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FtsZ"™"P/FtsZ™*'P-FtsA FtsZ-FtsA
FtsA (bait) SDS-PAGE FtsZF?™  FtszB2%  FtszB414
Far Western blot FtsZF41% FtsA
QN25  QN28 E237A E237K E241A E241K
Western blot QN23 FtsZ-FtsA ()
Far Western blot
M  Bait Bait:FtsA-his6/Prey: Y{p-FtsZ/FtsZ*

(kDa) alone  (QN23 QN24 QN25 QN26 QN27 QN28 QN29

FtSA-hi56 _> I II IIIII
-

Ponceau Anti-FtsZ

B 7. FtsZ RERTIKS FtsA tHE{ER B Far Western blot 5
Figure 7. Far Western blot analysis of FtsZ/FtsZ*-FtsA interaction. QN23: ON/Py,.-yfp::ftsZ; QN24: ON/Pjc-yfp::
fisZE7, QN25: ON /Prac-yfp:: fisZEP; QN26: ON /Pruc-yfp:: fisZE7%, QN27: ON/Pae-yfp:: fisZ54'4; QN28:
ON/Pracyfp: - ftsZE*P: QN29: ON/Proc-yfp: - fisZE'5; QN: mreB: :his; fisA: :flag; AftsZ-Cat.
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Effect of amphipathic helix characteristics of FtsZ (236-245)
domain on FtsZ assembly and its function in Escherichia coli
strains
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Abstract: [Objective] To study the effect of amphipathic helix characteristics of FtsZ (236—245) domain on FtsZ
assembly and interaction of FtsZ with FtsA in Escherichia coli strains. [Methods] We constructed FtsZ and its
mutant’s plasmids by molecular clone and site-directed mutagenesis, and purified targeted proteins using affinity
chromatography. QN23-QN29 strains were constructed by linear DNA homologous recombination and P1
transduction. We observed cellular localization patterns of FtsZ and its mutants in E. coli by living cell imaging
experiments, examined membrane binding properties of FtsZ mutants by membrane proteins isolation and Western
blot analysis, and analyzed interaction of FtsZ/FtsZ* with FtsA by Co-immunoprecipitation and far Western blot.
Native gel separation and in vitro polymerization experiments were done to check effects of FtsZ point mutation on
FtsZ assembly. [Results] Yfp-labeled FtsZ®7** and FtsZ®*'*** mutant proteins failed to localize in E. coli strains,
assemble into functional Z-ring structure, and had decreased function of FtsZ (wt). In vitro experiments showed that
E237A/K and E241A/K mutations of FtsZ decreased the polymerization efficiency of FtsZ monomer, weakened
FtsZ*-FtsA interaction and changed membrane binding properties of FtsZ. [Conclusion] FtsZ E237 and E241 are
critical amino acids that affect the amphipathic helix characteristics of FtsZ (236-245) domain, FtsZ assembly and
FtsZ-FtsA interaction in E. coli strains.
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