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RSG5 G R & @ TR s # Fe Sy e b 209 AR50 LB 89 PR B AR G. oxydans 621H F GOX0645
AR R EE R ABrRAEN, WAL MAANMEZH G XIL, BTFLREELH A
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Bfa b BT EZR B OHFRNASE WL MILTAL; REEFIKN RS T KA LAMIRIN A
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G. oxydans F TCS A& %o t94F A ALH| L2 7 K,
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Function of a potential two-component system protein in
Gluconobacter oxydans

LIU Siyu, MA Yushu', WEI Dongzhi

State Key Laboratory of Bioreactor Engineering, Lu Hua New World Institute of Biotechnology, East China
University of Science and Technology, Shanghai 200237, China

Abstract: The genome of Gluconobacter oxydans encodes a large number of sensor kinases
and response regulators, potential members of two-component signal transduction systems
(TCSs), by which bacteria recognize and respond to a variety of environmental stimuli.
However, little is known about the structures and functions of these proteins in G. oxydans.
[Objective] To study the autophosphorylation activity of a potential TCS protein encoded by
GOX0645 in G. oxydans 621H, and to reveal the role of this protein in bacterial chemotaxis.
[Methods] We performed sequence analysis on GOX0645 from G. oxydans 621H that might
encode a TCS member, detected the autophosphorylation activity of the encoded protein by in
vitro luminescent kinase assay, and then identified the amino acid residues critical to the
autophosphorylation by site-directed mutagenesis. We employed differential centrifugation to
study the subcellular localization of the protein, and BiFC assay and Octet® system to explore
the interaction between the protein and a flagellar motor protein of G. oxydans. [Results] The
protein encoded by GOX0645 contained the conserved domains of both histidine kinases and
response regulators, with a conserved Asp and three His residues associated with
autophosphorylation activity. Furthermore, the protein, as a hybrid protein, showed the activity
of autophosphorylation which was affected by the concentration of cAMP molecule. The
protein was localized in the cytoplasm and had a moderate affinity with the flagellar motor
protein, which implied its regulatory role in bacterial chemotaxis. [Conclusion] This study
analyzed a potential TCS that might be involved in the regulation of chemotaxis in G. oxydans
621H. This finding contributes to gaining insight into the molecular mechanism of
two-component systems in G. oxydans.

Keywords:  Gluconobacter  oxydans;  two-component
autophosphorylation activity; protein-protein interaction
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RR)MES M2, HK KR A B 1, 1 RR
— AL F MBI, HK 412k A1 RR R4
BIRFRFEN BRI LRI 2 BNE o &
AR OCHETS, FEASNRORBE S AT, HK
f4 His 7 s &A= A BERRAL , AR5 K HLm R L AT e
B =X RR 1Y Asp s b, SIEE AR LA
254k, BRI RR 19 DNA 255801 42,
AT S ] e BT R e 0 A el
I RGN, RR BIBEIR L /KF-52 2 HK 36 1
RSB R , 0 40 P A 2 A R A St
WAL 2 RS 1 sh A,

B 1A e s T R AEE TR RR 24, {5
5 G 30 2 I 45 25 M (signal domain response
regulators, SD-RRs)ifiif %4 & HALE T, WHiE
ThIREE A TR B BRI = ) T A%
M KRG H (Escherichia coli) CheA-CheB/
CheY WA 7> R RIBEIEN CheY 2ZH—1
PEERY SD-RR, 2O 7 R 40 ] LT K
Frm aALrE , R IR B2 0 A T 2 Fh 4 el
Hal13-15]

SE AL 2 BEIR FT 18 (Gluconobacter oxydans)
BEPRFT AR (A cetatebacter)F 1 —Fp L U411
2 IRRAVETE, TN SE R AR Y BE
)2 N TR L GPRRITR 255 ol Az eptel,
I oA T N AR AR AT AL R
I R SRR A ] WA A= A B, O
P EEF B, HE S TR
HEER AT A2 LR, U
G5 H R RGE A

AAFFEM G. oxydans 621H BEFEHIHEH 41 H
HE T —BEER, 45 GOX0645, JFH5rHfE
DN 368 7 ) AT R W2 43 2R 4 i 2 2 PR U
BRI T2 5 A HK ). RIMesk
JESLRAIEN] HK £ A RS i i AT Y 4 2 IR oL
RE5E ATP RAEBERILIN, 1% HBERILTE T

A[ZA 5545 F cAMP WEERIMNT . BLAMARDISR
W, HK 51 FEAFAET G. oxydans 415 40 Y
FTN, It 5 HEE Sk i UEA TR AR B A EAE
J1, X RE—9E G. oxydans T TCS REGEHY
YEFIBLHIZEE T 2

1 #HE5FZ

1.1 BRI Bk

ABFE S B i AR A BORL LR 1
1.2 FERFIFNLEF

Kinase-Glo 127 & ik f] & F Progema
/A7) ; PrimeSTAR HS DNA Polymerase /5 7 B3
G HE T TaKaRa 23w 5 FRAGIPE N UIEE . T4 DNA
% H2 W T Thermo Fisher 23w ;4 I k7 2 HX
KA EWAT Axygen 24 H]; AL L] DNA $2H
G &I T RARE AR AL A PR F] ;. DNA
F Bt asn) & AR R EE I R [l o] & T
Omega 2\ F] 5 P v i1 £ (ClonExpress 11 One
Step Cloning Kit)l§JF Vazyme /A ] ; Bradford £
B R S T2 S R BRI 45
K Pl A& R M5 N B -Bp- i Ak T
(isopropyl-p-D-thiogalactoside, IPTG)if5 5574 F I
TR AR A IR A F] . A 5T Hp A G kAt
PETEN. RIREGR . A NEERAMRKKRER
FILHRBE AR 25, 50, 100, 25 pg/mL.

IPTG %357 (mol/L): IPTG 0.5; TBS Z i
7 (mol/L): Tris-base 0.02, 77 pH {H S 7.4; WK
MR (mol/L): Tris-base 0.02, NaCl 0.2, BKmg
0.5, W77 pH HZE 7.4; E[1BEMN W (mol/L):
Tris-base 0.04, MgCl, 0.02, 537 pH{E = 7.4,
A 5%—10% s P22 i 1 (mol/L):
Tris-base 0.02, EDTA-Na, 0.001, &7 pH{H =
8.5, fiLA 1% Triton X-100; PE&EZE s 11
(mol/L): Tris-base 0.02, EDTA-Na, 0.001, JKZ%
2, JH9 pH{E=E 8.5, WA 1% Triton X-100;

http://journals.im.ac.cn/actamicrocn
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Table 1  Strains and plasmids used in this study

Strains and plasmids

Genotype and/or description®

Source

Strains
G. oxydans 621H
E. coli Trans5a
E. coli BL21(DE3)
E. coli HB101/pRK2013

Plasmids
pET21a
pET28a
pET28a-hk
pBBRIMCS-5
pET21a-mcherry
pET28a-c2530g_a2531c-hk
pET28a-c2887g a2888c-hk
pET28a-c3142g a3143c-hk
pET28a-a3422c-hk
pBBRIMCSS-hk-mcherry
pET28a-mc-hk
pET28a-hk-mc
pET21a-mn-flim
pET21a-flim-mn
pET28a-flim

Wild-type, Cef"
Host for cloning
Host for expression vector

Helper bacteria in triparental mating; Kan"

Amp"

Kan"

pET28a expressing HK; Kan"

Broad host range vector; Gm"

pET21a expressing mCherry fluorescent protein; Amp"
pET28a expressing HK-H844A; Kan'
pET28a expressing HK-H963A; Kan'
pET28a expressing HK-H1048A; Kan'
pET28a expressing HK-D1141A; Kan"
pBBRIMCSS5 expressing HK-mCherry; Gm®
pET28a expressing MC-HK; Kan"

pET28a expressing HK-MC; Kan"

pER21a expressing MN-FIiM; Amp"
pET21a expressing FliM-MN; Amp"
pET21a expressing FliM; Kan'

Kept by the laboratory
TransGen Biotech
TransGen Biotech

Kept by the laboratory

Kept by the laboratory
Kept by the laboratory
Kept by the laboratory
Kept by the laboratory
Kept by the laboratory
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

Cef: Cefoxitin sodium; Kan: Kanamycin; Amp: Ampicillin; Gm: Gentamicin.

S 28w (mol/L) :  Tris-base 0.02, EDTA'Na,
0.01, JRE 8, W pH {HZE 9.5; ETEG MK 1
(mol/L): Tris-base 0.02, JRZ 6, 1 pH{HZE
9.5, IMA 20%Hw; ZMZZrE 11 (mol/L):
Tris-base 0.02, JRZEK 3, W75 pH fHZE 9.0, AIA
15% H i ; &M S ph i 11T (mol/L): Tris-base 0.02,
JRZE 1.5, T pHIHZE 8.5, A 10%Hh; &
PEZZ MPE IV (mol/L): Tris-base 0.02, JR&E 1,
JEIT pHAEZ 8.0, A 5% Hh; Y v
(mol/L): Tris-base 0.02, ##757 pH {H % 7.4; Octet
2% M (mol/L): Tris-base 0.04, MgCl, 0.02, BSA
0.1 g/100 mL, #4735 pH {H=E 7.5, A 0.02%
Tween-20; Octet ATP fiﬁj?{?z(mol/L): Tris-base
0.4, MgCl, 0.2, BSA1g/100 mL, ATP 0.002,
WA pHHZ 7.5, A 0.02% Tween-20.

<l actamicro@im.ac.cn, & 010-64807516

SpectraMax 190 £ Jj g B b5/ (Molecular
Devices) . Nikon AIR ¥t 3t R £ B il 5
(Nikon) . OctetQke 43+ AH HAEHE R F &
(ForteBio) . LYNX4000 # # % .(» #l (Thermo
Fisher) . 5804R 1k ifd 5 .0 #L (Eppendorf) .
TC-XP-D PCR 3 { (b M 14 H B4 A PR
F]) . NanoDrop 2000 #% g & & ¥ (Thermo
Fisher) . SPX-150B-Z = 4b3% 3548 (1R S
WA BRA ). DHG-9240A Hi #AsE X446 (
Vi —H B A PR 7)) . BS600 HL T K- (F
W A A BR A D) o
1.3 EFEMEREN

E. coli ¥5 374 ] LB Kr 35 3&, Ry 1 ul
WA IR 4 37 °C. 200 r/min $E KRG 5
12 h; B FERTI G 37 °C, 220 r/min £ 57 &
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ODgoo 4 1.0 (£ 12-16 h), SRJGHL 1 mL &0
A #1200 mL g LB 157 291,37 °C 220 r/min
RiF£ 2 ODgoo 4 0.6 (£ 2 h), FHIIA IPTG i
FIFELAHPE 0.1 mmol/L, 18 °C., 220 r/min 4kZE
Ki 5% 20 h,

G. oxydans 621H fdi ] 1LIZ s 15 SR BL b 47 B
F%, JERAY HEEFR AR 30 °C. 220 r/min B
7% 16-20 h; HU 1 mL BWINAZ] 50 mL Hrff 1l
AR, 30 °C, 220 r/min $53% 12 h,
T R

I s FR Bk (g/L) : ERRHY 20, 1L AU
80, KH,PO, 1, MgS0, 0.3, A& Btk 0.1, ([
R RIS 20), 121 °C K 20 min J5
i
1.4  hk ZEFERTEKRAVIREL

K E S 44 PCR (overlap extension PCR)
X hke BB TERGE , A3 1 141 £ Asp
IR EEFNEST HATPase 45#)4 963 17
1 048 {3 His 28 JEFRIRIE L S 25 #4735k N 3t B4R 119
844 1\ His {7 .85 K Ala 5% 3%, 155 4 Fh 8%
a1k HK S8 14

FHEJEM PCR [ 3 4~ PCR JZ B 2H A LA

=2 EEBLEMHEPCRIY

Table 2 Primers used for overlap extension PCR

fill FORL pET28a-hk SR, 1R 5% hk-F FI%R
55| 4 H844/H964/H1048/D1141-Rm #4741,
FER AL S A 7 a5 1 T 3 R R B 5 (RIS A
LR R pET28a-hk AR, [Inl5 |49 hk-R il
RASG|Y) H844/H964/H1048/D1141-Fm 41"
W PR S AR S R W R R B IR
BE 2 Fy=PfF LIER M 519 F F1 R #F1755 3
By, BRG] ARAEN BB

S ST o N I B B GV S L
Primer 5.0 &IS58, &M RZETIWH Agilent
/~F] QuikChange Primer Design Wyl £k 511,
It i RE R AR ) TR BR AR AL, 51
W2 2,

4 BamH 11 Sal 143 5%} 44k )5 ) PCR
FEYIAN pET28a 25 Bk 7 ), T4 DNA
LR 2 )5 3RS pET28a-c2530g a2531c-hk,
pET28a-c2887g a2888c-hk . pET28a-c3142g
a3143c-hk Ml pET28a-a3422c-hk 4 Frifs FEFRIE
BB, 53055463 E. coli Trans50 H 4 14 i
ki, Y& PCR ik HME a7, WP —2 8%
WS SR UTORL, #163] E. coli BL21(DE3)H 47
HERIL,

Primers Sequences® (5'—3") Description

hk-F ATAGGATCCATGTATCTTGTGGAGGGCACTGAAGAGG Digested with BamH I; forward primer to clone
mutants of 4k into pET-28a

hk-R ATAGTCGACTCAGTCCCCTTTCAGCAGAACAGC Digested with Sal I; reverse primer to clone
mutants of ik into pET-28a

H844-Fm  GTTGTTGAAATCAGCCGCCAGACCACCCG To introduce HK-H844 A mutant encoding gene

H844-Rm  CGGGTGGTCTGGCGGCTGATTTCAACAAC Same as above

H963-Fm  ACGCCATGGCTGACCGCG To introduce HK-H963 A mutant encoding gene

H963-Rm  CGCGGTCAGCCATGGCGT Same as above

H1048-Fm GTGGAGATCGCCTCCACGCG To introduce HK-H1048 A mutant encoding gene

H1048-Rm CGCGTGGAGGCGATCTCCAC Same as above

D1141-Fm CCGGCATCCCGATAGCACTAATAAGAACCGCAG To introduce HK-D1141A mutant encoding gene

D1141-Rm CTGCGGTTCTTATTAGTGCTATCGGGATGCCGG Same as above

b Restriction sites are in bold and mutant bases are underlined.

http://journals.im.ac.cn/actamicrocn
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1.5 F|RFREMAL

¥ 5 R pET28a 4 #NIAPET28a-hk
pET28a-c2530g_a2531c-hk, pET28a-c2887g a2888c-/ik
pET28a-c3142¢_a3143c-hk 1 pET28a-a3422¢-hk)
H E. coli BL21(DE3)#:# 2| LB 5%l , IH7E
IR A R A IPTG %5 3455 HK & IR
A

WP R B O W@ °C, 8 000 r/min,
10 min), fff Fl TBS 2wl i Ve i A DLTE J5 T8
SRIGTEVKAKIR S50 T A T 7S R (T AE S 4K
300 W, 5/5s), HREBRIEHGEW . HAEERER
B5.0(4 °C, 8 000 r/min, 30 min) %, 0.45 pm 7§
fr il VR S AR AR A T S8 T R
TE R IE (NI -NTA) 4l Ak 8 11 (i3 2 mL/min).
JH 500 mmol/L WKMEE M H 5 25 11 )5 12 At 2 ks
WeJE<0.01 mmol/L, f35)4lifbf5r HAREH HK
R H5e 5 1A HK-H844A \HK-H963A \HK-H1048A
I HK-D1141A. B T-20 °C vKA H A 1-2 J&
B H A TR
1.6 HK ZE R BB E N E

¥ HK 1R 4 Fios Bk 5 ATP 55, &
Je i A RO Gk e 45 A ATP
KA BB AL SO TG

[ 78 S A 2 ATP 2 FE 4351 0,24
6. 8. 10 umol/L, fHIRMEF (37 °C, 30 min)/F I
A5 RVAR REERFRY) Kinase-Glo b2 & 6
R, dREEMFE 10 min J5, FAREFFRCRINIIL2E &
HA55, 1E ATP S/ b2 kobamizk, daeskt
R R R RO e ATP VR

Pk )5 1 HK 8 U8R 4E 229 5 mg/mL
(4 °C, 3 600 r/min), 35RO, 1. 2. 3. 4 F
5 uL R BN 2 5 A B At ATP ¥R Y S AR 2
it A 2% 2 St ) G 7 A AT Al Sz 1 A4 5
4y ATP (W6, LIRS A SR s 1
[ HK & 1F ATP (REE, 1% cAMP /N1

<l actamicro@im.ac.cn, & 010-64807516

L0, 60, 120, 180, 240, 300. 350, 400 umol/L
WEERR B 2 RN AR R T, DU E F 4 ATP 3,
DL E cAMP /N3 % HK 25 1 A BEER A6 P
=AU

¥ HK HEAM 4 28K HK-H844A |
HK-H963A . HK-H1048A #11 HK-D1141A [RI#f:#
TR AE 2 5 mg/mL (4 °C, 3 600 r/min), Ff LAk
BRI 2 & A Bl ATP W i [ ik &
it A 2% 2 St ) 6 A A AT Al 2 1 A4 3R
IR ATP 16, DI &K AR ILI
IO 1) 2 S R AV 5 o
1.7 HK ZRIAEE L

DL mCherry £125GH A bnic DL &
HK ETE G. oxydans 621H AR IIEN . B
SetE G. oxydans 621H Bk £k hk-mcherry T
Y FEDN, SR 30 ek 2 0 T 4 5 00 L I R 4
B 53, FFAEREAR T Rl 2 B8 (R K
587 nm, KEGIEK 610 nm), LIAfiE HK &1
SR

PL pBBRIMCS-5 ™ fii 32 Bk AR Jhy e B 2%
1K, Bl pET28a-hk BEMFN hk-F/R 5145t
# hk BRI A pBBRIMCS-5 JTkirh, K5 LA
pET21a-mcherry ML, il id mcherry-F/R 5|4
YR R U FE N meherry 23 hk FEA 3705,
Fy# H pBBRIMCSS5-hk-mcherry T 20 Tk . % JE
#| pPBBRMCS-5 JURLiZE F2 /Ml R A R 3 AR
ePR bR E TE R (ClonExpress)fC B 1 BE it 2 57
) 51 9t AN 7 AR SR B M 1520 A4S
pBBRIMCS-5 i hidhi ANz s i [a] Pk AL . or
1P 3 s .

PCR 7 ¥y Fl 50 AL g VT Bt AP S o 8 4R
%, 37 °C JZh/ 30 min, ¥1b#| E. coli Trans5a
HR S TR, A T A R I 5 SRR
FFAIERE, HF s = SEARLE G ¥ Ak (triparental

mating).
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Table 3 Primers collection for ClonExpress

Primers Sequences® (5'—3") Description

hk-F CAGAAAGATCTAGAACTAGTGGATCC Digested with BamH I; forward primer to clone Ak into
ATGTATCTTGTGGAGGGCAC pBBRIMCS-5

hk-R AATTCCTGCAGCCCGGG Digested with BamH I; reverse primer to clone ik into
GGATCCGTCCCCTTTCAGCAGAACA pBBRIMCS-5

mcherry-F GGCTGCAGGAATTCGATATCAAGCTT Digested with Hind III; forward primer to clone mcherry
GGAGGTGGCGGGAGTGGAGGTGGCGGGAGT into pBBRIMCSS5-hk
ATGGTGAGCAAGGGC

mcherry-R AGGTCGACGGTATCGATAAGCTT Digested with Hind III; reverse primer to clone mcherry
TCACTTGTACAGCTCGT into pPBBRIMCSS-hk

¢ Restriction sites are in bold and homologous sequences are underlined.

WU SR SZAKTR (G oxydans 621H) . HE{A
(E. coli/pBBR-hk-mcherry) 1% B I8 (E. coli
HB101/pRK2013)4 1 mL, i N4> 5 5.0
(6 000 r/min, 1 min)/& 5% B3, I JCHE/KPE%
2 RHMARFFIA 1 mL CHEKEEER, SRk
3MBEWIR S, Fif T E.0(6 000 r/min, 1 min),
B 200 uL Ay RIS SRR, WA T Iehih A
Bl AP Al |, 30 °C Bi 9k AR R TR 1 — 2
P R4 8-10 h), 7EME TAES
1 mL JCRZK Mg Fal, WHL 50-200 pL PEHRH
AFES Cef Al Gm ATHE M L BLFE A4l |,
30 °C ¥55% 22 h VG ERET, 538 G
oxydans/pBBR-hk-mcherry T4 Bk

K 5% G. oxydans/pBBR-hk-mcherry B 2H Pk
% ODsgoo M 0.6-1.0 J5 B0 B (4 °C, 8 000 t/min,
10 min), fifi  TBS 28 MR35 e B AR DT I Jm
SRIGAE VKKV A5 T HEA TR F5 I R (T AE S 4K
300 W, 5/5 s), HEFBIERGEN . HH 0%
W 5.0 (4 °C, 12 000 r/min, 40 min)it 15, AR5
TEH B DAL B0 (4 °C, 40 000 r/min, 90 min)
e FISWRRDIEE, Horh BB A
TUTE Ry AL e o2 5 B o

HHS FIEREARFUN TBS 2% i SR
€, HEN LB A T SDS-PAGE

HLVk 23T, JEH] Bradford & & & ILAH &
I e B, e S Tl R mCherry 21682 2R
F1(587/610 nm)AY F 240 Ai i B, MIMAAE HK
1100 200 i R A
1.8 FEBEHEIIEREREN

F T MN159-MC160 ) mCherry X531
WEHANRGHIN HK 251 G. oxydans 621H
HEEE Dk 1) FIM 2 (2 B A EAER : K
mCherry & F143 7 M 159 1 160 {3 Z L B2 2 [8]
YIIT, 449 MN F1 MC H B, 35> 9lEid 3%
PE4 3k (linker) % 35 7E FIiIM FI HK S0 N sk,
C %i, DL pET21a Fll pET28a NFikakik, #ys
FORANE 1 R, KBRS TE E. coli
FIRRG R o 38 L B U I R A 3RS
PRI, I PO IR £ I U I EE 2 i
96K, wT LB B A5 2R 112 A5 5 A
HAEH

TR BRI s 5 [k 4 Fios o 5 1]
mnl-F/R 1 mn2-F/R 5|¥%I7E pET21a-mcherry
B FE R 437 N s Al C iy B et R
linker J¥ 81 ) mn Fr B, %42 2 pET21a 25 #Ji k0,
%2 pET21a-linker-mn Fl1 pET21a-mn-linker #1241
kL, A3 E. coli TransSo FHiEF7H 18,
15 35 B o = 000 7 Bk SR 471

http://journals.im.ac.cn/actamicrocn
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Not 1 (166)

Hind 111 (683)
Sal 1 (689)

pET21 a-flim-mn
6972 bp

flim1
Sal1(179)
Sac1(453)

me W

4 —
frorl

pET28 a-hk-mc
9251 bp

_ BamH1(4081)

1 WaTFRIABHKIE
Figure 1

BamH 1 (1 727)

Four plasmids created for BiFC assay. fliml

Not1(166)

Hind 111 (1 205)

pET21 a-mn-flim % "

6982 bp

Sal 1(1718)

flim2

Xho 1 (158)

Hind 11 :53 797)
Sal 1 (3 803)
hk4 Sac 1(4 077)

: mn segment ligated on C-terminus of flim; flim2: mn

segment ligated on N-terminus of flim; hk3: mc segment ligated on C-terminus of /k; hk4: mc segment ligated

on N-terminus of hk.

LA G. oxydans 621H FER LA, 435l fd
FA flim1-F/R F flim2-F/R 5 ¥y% va e flim FE R A
B, BVIERAEA AN pET21a-linker-mn Y,
pET21a-mn-linker FokL b, EHALE E. coli
Trans5o H15%] fliml (pET21a-flim-mn)Fl flim2
(pET21a-mn-flim) ki .

[FIFEHL, i mcl-F/R Fll mc2-F/R 5|45} vl
2 AT 2 linker 89 me FrB, BHE% pET28a
sk b, U hkl-F/R FI hi2-F/R 5| 45%F

<l actamicro@im.ac.cn, 010-64807516

vibE hk BN, D). E4E. A ERZA5E] hk3
(pET28a-hk-mc)Fl hk4 (pET28a-mc-hk)[Fki .

¥ flim1/2 F1 hk3/4 PUFPSRIPR R, 70 511
b2 E. coli BL21(DE3)EZ S, WAL
PR b, PR RTVE RS E TRITE PCR BRI,
HorAr S5 R N TR A P TR BV R Uk R 4

R T THBRAEEAE O SR A AR5, FRuR
JUZABHMXTEZH, 4045 flim1+mc (pET28a-mc JiTkr) |
hk3+mn (pET21a-mn JFRD)FI mn+me BUTHL RS
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Table 4 Primers for BiFC assay

Primers Sequence® (5'—3") Description
mnl-F CCCAAGCTTGGAGGTGGCGGGAGTGGAGGTGGCGG Digested with Hind III; forward primer to
GAGTATGGTGAGCAAG GGCGAGG construct pET21a-linker-mn
mnl-R TATGCGGCCGCTCAGTCCTCGGGGTACATCCG Digested with Not I; reverse primer to
construct pET21a-linker-mn
flim1-F CGCGGATCCATGGCAGGGCTGGGCCAT Digested with BamH I; forward primer to
construct pET21a-flim-mn
flim1-R CGCGTCGACGCTATAGGATGTGGCACGATCCG Digested with Sal I; reverse primer to
construct pET21a-flim-mn
mn2-F ATAGTCGACATGGTGAGCAAGGGCGAGG Digested with Sal/ I; forward primer to
construct pET21a-mn-linker
mn2-R ATAAAGCTTACTCCCGCCACCTCCACTCCCGCCAC Digested with Hind III; reverse primer to
CTCCGTCCTCGGGGTACATCCGCT construct pET21a-mn-linker
flim2-F CCCAAGCTTATGGCAGGGCTGGGCCAT Digested with Hind III; forward primer to
construct pET21a-mn-flim
flim2-R TATGCGGCCGCTCAGCTATAGGATGTGGCACGATC Digested with Not I; reverse primer to
construct pET21a-mn-flim
mc3-F ATAAAGCTTGGAGGTGGCGGGAGTGGAGGTGGCG Digested with Hind III; forward primer to
GGAGTGGCGCCCTGAAGGGCG construct pET28a-linker-mc
mc3-R ATACTCGAGTCACTTGTACAGCTCGTCCATGC Digested with Xho I; reverse primer to
construct pET28a-linker-mc
hk3-F ATAGGATCCATGTATCTTGTGGAGGGCA Digested with BamH I; forward primer to
construct pET28a-hk-mc
hk3-R ATAGTCGACGTCCCCTTTCAGCAGAAC Digested with Sal/ I; reverse primer to
construct pET28a-hk-mc
mc4-F ATAGGATCCATGGGCGCCCTGAAGGG Digested with BamH I; forward primer to
construct pET28a-mc-linker
mc4-R ATAGTCGACACTCCCGCCACCTCCACTCCCGCCAC Digested with Sal I, reverse primer to
CTCCCTTGTACAGCTCGTCCATGCCG construct pET28a-mc-linker
hk4-F ATAAAGCTTATGTATCTTGTGGAGGGCACTG Digested with Hind III; forward primer to
construct pET28a-mc-hk
hk4-R ATACTCGAGTCAGTCCCCTTTCAGCAG Digested with Xho I; reverse primer to

construct pET28a-mc-hk

9. Restriction sites are in bold and linker sequences are underlined.

W 4 FhBUTORL R 58 (flim1+hk3 . flim1+hk4
flim2-+hk3 F1 flim2-+hk4)F1BF 4 Xt BE 2H 23 51 78 3L
PURE SR IE PR S84 IPTG 55 2 Fhat & &
Rk,

Bl mL #REARMERERTEO
(8 000 r/min, 2 min)/5 Fl TBS 2% i e 14 w1 1AL
TE 2 K, ARG 250 uL TBS 25 ik B B A
B 200 pL Z €0 96 FLARH, (i FHEEbR A L

PEAB RIS 587 nm, K UG 610 nm);
FIHMELS mL B, DUBTEE LB BASS FREAE N
Zt, WXEH ODgo fH

T B SR 45 A B T 10-30 pL 3% 78 T4
SNES %l ok S o S =l £ LU/ WA VTN L/ G
i 3 O R AR B AR IR iC SR A R AR
1.9 ZEB8MHEEEREIMEN

Octet A= ¥153FAH B A FASUH P00 i
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DUEE PR B2 /NG5~ BUICAAR 7 26 B o3 R g A T 25
BT, AHEFE R F BB A8 4 5 R 45 A
His Fr25H) Anti-Penta-HIS #4541, LA His-FliM Fil
GEAENPUR, HK EOE DU, i =3
Z A EAER .

P G. oxydans 621H F:[RZ Mk, {6
flim-F/R 5¥1%F (3% 5% flim FER AT 3, 4R
JA BVl 2 pET28a Jfiki 34 A E. coli
Trans BL21(DE3)/&z 4 ig %k, HF FliM
B FVAE R AT TR P TG 325 1 1 4 28 T 2 DA TR 1
P XAFAE , BRI SR A TR AR A2 5 e 1 =x
BEfr 4tk

W5 IR I PR 0 5 2500 (4 °C,
8 000 r/min, 30 min) AL PLTE, i 30 mL PRk
Gz P 1 E R TFIH BEDLVE , B 02(4 °C, 1 000 r/min,
15 min)J5 {# FH 30 mL PEI& 2 vhif 11T S8 905 U
PUVE 3 K, FRE.04 °C, 1000 r/min, 15 min),
BA 25 mL ARPE5% i fe i i i, A
BT, RIEH 1L g 1, I, 100,
IV, VAERBITRIETENT, €4 °C HKMHTH
RGBT 3 h, SIS a5 TR
BI04 °C, 1 000 r/min, 15 min)HF 3 B 47 His
FRZEH) FIM 5 AR

S3 IR A A2 H B AL Z B Fl Z J5 /) HK
5 FiM A RZER ST, LU#AT Hs R ALK 1
S Ak R BORE B B A B s e .
Octet Buffer #4lifb i1 2 Fh 25 U B BB T —IK,

=5 flim3¥CEER

Table 5 Primers for flim

VAR 1135 1 22 pfifour SE B4 SR A2 , Z AT 45 R
JE IR EIHRELA N 0.1-0.5 mg/mL, K54
SRS AL 30 B A3 R 7 4G

HERE5 M

2.1 WEERNENE HK EERERTIK
B BER LA M

DL ATP B4 A xR, fh2 K Gk HK
A AL AN E 2A Bk, AU B, BE
HRRPEATETE, 2R ROUEREH R,
LERAESE, W% HK A& BT, ATP i
FERLZWTIG N, T4 ATP Wb, Sk
RIS, R HK & HA 5455
ATP 1) H PR AL G 1 o

NCBI Blast 7E£k /3 Hr&i R Bon , HK &
FETEZARAT I S BET C I 1 141 (25
iR Asp FRIL R — RS ROBERR AL AL S, DI
FH T BERRIE A 1538 5 5 A A 235 SR oK /s RES 4k
WERRALEY His A7, {8 Asp FRIELF A AT Y
HATPase 45 A4 35 (& bl F HoAth 21 22 2 il v 1)
CA Z5H3) , Z b 34 2 4> His (963 £
1048 37) , =00 AT B 4 RE A5 1 B IR AL 11 His 5% 3L ;
35 HATPase Z5FJ38k A N 3 548 — > His {7 4
(844 fii), [FIFE V] RES SRR LA e 2 FfL i
iR B A T2 L 7 [ B T =8 S PN N
HK-D1141A . HK-H963A . HK-H1048A Al
HK-H844A, HIT A BERRAIEVESIE

Primers Sequences® (5'—3")

Description

flim-F CGCGGATCCATGGCAGGGCTGGGCCAT

flim-R  CGCGTCGACTCAGCTATAGGATGTGGCACGATC

Digested with BamH 1; forward primer to construct
pET28a-flim
Digested with Sal I; reverse primer to construct
pET28a-flim

®: Restriction sites are in bold.
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Figure 2 Autophosphorylation activity of HK and
four mutants. A: The phosphorylation reaction of HK
kinase consumed ATP, resulting in decrease of
luminescence. B: Autophosphorylation of HK
mutants. HK-H963A, HK-H1048A and HK-D1141A
lost the autophosphorylation activity, while the
activity in HK-H844A remained unchanged. C:
Influence of cAMP on HK autophosphorylation
activity. cAMP improved HK autophosphorylation
activity in a quantity-dependent manner. Error bars
indicate SD (n=3).

PO HK 2748 B BiEER 1k 16 P A I 25 S
& 2B firn, HK-H844A & 1 ith < 2s fbila#i 5 1y
A RUAH R, B 844 37 His 5% 5L 1Y 28748 R 5 i 5]

HK AT ; 1 HK-H963A . HK-HI1048A
M HK-D1141A ABFRRALZINES R R, Toinik
E i AR R I Y A oy W B N S SR ]
JE, WA LA ATP [IHFE. X—45RER,
963 i fl 1 048 {37 His #%FE, LIK 1 141 fi Asp
FRIL [ S AR ER 2 HK B AR 25 H SRR AL TG
DRI 3 A7 5 % T HK 2 A 1945 S 15 i Rk
BT EXEEME.

T HK 21 N 3 &5 2L s a5 5,
REAE IR0 20 L N A Z N FH) B (- cAMP
cGMP %), FExF A G ibdEr=A s, kL
HK A5x4, B3E cAMP X H: [ B R 1L
TEHER I . B 2A T HK A BERRAL RN 45 R
IR, R R TR EETE 0.05 g/L 2247 B RHR i
K, BV B ARG 00 SR R ey, R AR R rp
HK ¥ 0.05 g/L, ATP ¥ B 5 pumol/L, L5 cAMP
Xf HK A HBERRALIE R, LR A
cAMP X IR, AR RO BRI =, 45
W 2C Fion. B cAMP ¥R FHE, HK &
PR B35 TIHAE ATP BIRE ST, 1524 cAMP ¥
JEiLF] 240 pmol/L B, mhdtaT P2z, #HEMiA
F ATP CEAFER . X—245 R E/R, cAMP
X HK & 1 B SR A 16 vk A e gE1E A .
2.2 HK ZEHEM

¥ mCherry £LEAZOGE M g &2
hie LRI A G. oxydans 621H 1, @ #4610 43
SRR N 2e s B2 oW i o el D EA R G
SREE, X HK & T E 740 P E
621H it I Wtk & G
oxydans/pBBR-hk-mcherry 4 [ kK 45 2H 5 19
SDS-PAGE %5378, pBBR ikifF AR G.
oxydans T4 5 8 1 RKIBTCH] 52

A3 0T D e T RN L 4H B A SR FE 587/610 nm
SR AT IOMER, S5 3 s, a4
LR A RS A R R R YA B B AT

G. oxydans
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6000l °© G. oxydans/pBBR-hk-mcherry
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3 Gluconobacter oxydans 621H [RIGE ¥k N E
HEKRABMHSET mCherry I BXKNAEARES
&

Figure 3 Fluorescence in various samples from
Gluconobacter oxydans 621H and the recombinant
strain with pBBR-hk-mcherryof samples. Sample 1:
Cells before sonication; Sample 2: Cells after
sonication; Sample 3: Supernatant after low-speed
centrifugation; Sample 4: Pellet after low-speed
centrifugation; Sample 5: Supernatant after
ultracentrifugation;  Sample  6:  Pellet after
ultracentrifugation. Error bars indicate SD (n=3).

POUFT, MR ELE, 2a5O0HBE L
HWH, £ HK-mCherry FEHTE G. oxydans
621H Hh Rl PERIR . 6 B0 5 0 5 i 4 A
FLH 3 A (5 S ) R RS ZH A i (6 S A
A BRI 7, SOGMES ROk B T4 i
51, BVHK HEF FEAATET G. oxydans 621H 2
PR AR 2 S v, e o 5 HAth R XUZH 7 R
H PRI AN ]
2.3 HK 5 FIiM £ 5 AERHEEEH
4% NCBI Blast 454, HK & C %i REC
(signal receiver domain) ' fF7E CheY 53k, H
G. oxydans 621H JENA P AF7EM B k&N
FIiM (#[A] J5 5L R (S=120). Ry43#r HK 115
FIiM & [ Z B2 S AATEA AR IR AT RE, 23
K H T mCherry 19X 5+ ¢ 5 H 4 R 5t Fil
Octet A9 73 F +H EAE G TSR
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B PR R B A5 R E. coli T
FIRFG RN, TR OIS 4 FP OSSR 5
S5 BN AN RN R 4A s . S SE IR 2
FIRAPE X BELHAR EE, flim2+hk3 ZHAD flim2+hk4
M ER R, FRWLE FIIM & A1 HK &1
FI5ISF, MN FI MC F BoAH BL45 6 51 508 F Al
THATEEMAASOEEN, %45 R R HK
FIiM PFPEE 1 Z [ B SEAAAE A BAE T 52 AH
e, flim1+hk3 F1 flim1+hk4 25868 ILTP HE .
ERGFFEH, FliM &S K N g Ei S
CheY MIEAEMM™, HiLE MN ##7E FliM
HHEW C R, AlREMIHS MC F By s
I, Mo S AL O G E SRR A . 75 4b,
MN F B 5 FIiM 2 11 C A% 2t AT RE 2 =21
Hzs a2, HHIGEIER &, WRBO0UR
BLRGIDNF T -

WOGIE R A D R A T B WA I 25 R
Kl 4B PR, SO REASF, fliml+hk3
A flim1+hk4 20 JL-P WS B9, T flim2+hk3
HA flim2+hk4 ARG B, HF— 2B uRse
FIiM 5 HK % [17E E. coli THIMEAEH

Stk — A 2 PR L Z B AR EAE R T,
I HK 2 AR AR AR — A E AR
MISZIR , TE E. coli th 4y 53Rk 4l4L T HK Fil FliM
B, IR AT L0 4K 5 HK RS
ATP 6, H&BRIL HK A, SRR
HK & 20 91T 5 FIiM 2 [ 8 Octet 22 F1 73]
. MARAS AR Mg, ATRL oA 2 Fhik
BT Z 8] B 45 G s 3T R Ko R 25 28 2K
Ko, FEARMEEE 1537 5 RV B 3105 T 3R AE
RN iR 55 T A R R K (R 6). Hith,
Kon FI1 Kogr 12 25 (8 50501 FE A /IN— A B 2
R REE R AT
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Figure 4 Interaction between HK and FliM analyzed by BiFC assay. A: Fluorescence in bacteria with different
dual plasmid system. B: Cells images by LSCM. fliml: pET2la-flim-mn; flim2: pET21a-mn-flim; hk3:
pET28a-hk-mc; hk4: pET28a-mc-hk; mn: pET21a-mn; mc: pET28a-mc. Error bars indicate SD (n=3).
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#* 6 HK 5 FIiM ZEA%EFEMA
Table 6 Affinity between HK and FliM

Kp (mol/L) Kon (L/(mols)) K, error Ko (s Ko error
FliM+HK 2.296x107" 6511 507.5 1.495%x107° 1.118x107*
FliM+(HK+ATP) 2.196x107" 4487 330.4 9.835x107* 8.664x107°

s e &, HK il FliM &4
B AE A OF- 45 % B0 F 107 mol/L Al
10°* mol/L X [a] N, W& A AR ELAE LA Hh 455
JERIZEATT, B HK MBI AR XA BAE R Y
SN

3 WwEE®

W15 5 5 A Gt (two-component signal
transduction system, TCS)TE JUAZ A= 9 i %o 3R 55
Bk, BN 093 F . cAMP /N F, TTEE
RS AIE s b ki EEEHPY. TCS R4
5 3 DA 4H 2 R B (HK) H Y O 51 4 2 R
(His)¥ &5 A BRI T 45, HK & 1A CA (fitfk 5
ATP S5 A5 MS FEORSY, T LUK ATP 43[4
SELE ATP 36 F454 (lid)F o I8 =2 a2, ATP
I3y (TR LA R ERAES, IR DHp (2R {K
b R A% et P el ) 2H S R A A AR 42
I CA AL 23 a7 B SRS I R fL Y His
fisio HK 2 AL, i 50 &+
(RR)EE H 456 1 ) AL b iR 5L A . by
RR &S RAEMBISAE, REC ({55 W N ) 2544
1 B3-a3 I B4-ad FRFIFRAY ad BRHEL #1532 3L
P PR, MM S AR IR L i A
Foflsh, FZAE AR A Y,

TE E. coli BL21 HEENRIET G. oxydans
621H B Ak 1) 2H 22 B2 T I 10 25 19 25 A
HK, &M EA &SRS, G808 H w1k
X5 WA ME 5 T R G 11 o i 20 24 B2
TEPERRAE AR AT T HK AR (B iR Ak 45 SR &
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B, 1 141 43 Asp (S8 1 RR g3k A+
LB R HE A A PRSP 05 5 (H AR ABEIRIL Y
His 7 SRR ANBERAE , BRI 963 A 1 048
v/ His ¥ T HATPase Z5fsd, ©NI174EH
B R Ak s o7 P AR T R e 28] A4t £k 1 = 2 Al 7 i
AITEF o AN, cAMP 75— 5 ¥k J3E 70 Bl P i ik
HK 2 (1 H BRI T A 25 4R T 15 IR 4 44
BUAEAE , WE— R T HK 8 AR A W 5
5SS RGN, TR RN A AU
P B SIS TERRE

AR, BN cAMP &z 2
B 35 A 0 LR R R 35 T R 2 R B A
H AT R R A BN cAMP K RO,
1T 4 77 2685 A FE U I B P R TR A AL T R0
cAMP WFEE FFt. HHILHEN, G. oxydans 621H
rh HK 5 [ 7] BB 3 cAMP BN 40 AL R 55 rh 7 25
B AR AL

HK S EML R BN, L6506 F B4
TE 621H WA 4B rh, kR HK & A9 4
I A7 2 A4 L T 254 o B T SRR AR 7 R 3 3L
o RGN A AR IEEE S MRS 52T, Rg
INER G LT ARML S, T B B A A i S i
WP 25 HK A RE RN AN cAMP ¥
JERARAREE AL, WT LAHEWT HK 8 R T K4
XU 53 F 580 A A BRI , & A A T 4 M 5
e, TN NS

5 KHHFFE CheA-CheB/CheY MZH> R S8
#HIE, HK & HA CheY fRSr&ifg, R
Al HE SHEE DIk E M FIM EAME/ER,
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