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Abstract: [Objective] To realize in vitro biosynthesis and activity detection of quorum sensing signal
molecule autoinducer 2 (AI-2) of Aeromonas hydrophila. [Methods] LuxS, MtnN-1, MtnN-2 proteins
were analyzed for amino acid sequences, expressed and purified. AI-2 was synthesized from
S-adenosylhomocysteine (SAH) with purified LuxS and MitnN-1, or purified LuxS and MtnN-2
separately. The activity of AI-2 was detected by the reporter strain Vibrio harveyi BB170. [Results] The

EEmMB: BEEARPEILELTH©No. 21272031); L THEET M5 HNo. L2013508)
*@INEE: K: mikyeken@dlnu.edu.cn
Wi HER: 2014-12-16; ZFZ HER: 2015-02-05; HEEF HAR B #(www.cnkinet): 2015-03-11



A K M BRI T AR A 5 701 AL-2 ARSI BB i PRGN

activity of Al-2 in A. hydrophila culture supernatant was 16.96-fold of the control at 8 h. As analysis of
amino acid sequence alignment indicated, the identity of LuxS of 4. hydrophila with that of V. harveyi
and Edwardsiella tarda is above 76%. The identity of MtnN-1 with MtnN-2 is 26.37%. MtnN-2 has
relatively high homologies with representative Pfs amino acid sequences. The identity of MtnN-2 with
that of V. harveyi and E. tarda is above 53%. LuxS, MtnN-1 and MtnN-2 proteins were successfully
expressed and purified. The activity of AI-2 produced with purified LuxS and MtnN-1 in vitro was
45.04-fold of the control; the activity of AI-2 produced with purified LuxS and MtnN-2 in vitro was
63.62-fold of the control. [Conclusion] A. hydrophila could secrete AI-2. MtnN-1 and MtnN-2 could
both cooperate with LuxS and realize in vitro biosynthesis of Al-2, though the amino acid sequences
between the two showed relatively big differences.
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SAH 7FH AR (Methylthioadenosine, MTA)/S-f#
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aifl, SCBL AL-2 BRI MEY) & U AR PEARIN  %
WFFEA T g 7K A AR (5 520 T ALR2
AR TR, R HASHIR TR QS RGN BUR
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1 MRSl

1.1 #d

L1l BEHRREEFEH: BAKIRBE
ATCC7966, W [ H 53K 38 T A= ) T e O A 3 v
L(CGMCC), MYEFCINE BB152 (BFA: RIS 4 (G
B8 BB120 luxLM::Tn5) M4 [CHRE BB170 (Hf2E 71
G AELCHA BB120 fuxN::TnS), i ERME R B
-V R AR ST T S TR AT N L A 2 ECO
MM77 (EfAE RIS 4E [CINEE BB120 fuxLM::Tn5,
luxS::TnS) Ml /2 Bassler B. L2150
WK S MU T Luria-Bertani (LB)3 33t h g
I MR T AB BR3P hi gk, Bigria g
¥k 28 °C,

1.1.2  EFERFIRILEE: pET-28a(Km")Fl pPROEX-
HTa(Ap") kA b A S50 % 4147 s BRI P YT EcoR
1 Fll Hind 111, T4 DNA ¥E#:0# . ExTag DNA R4A1 |
DNA IR & . DNA glifbikHl & . Bk
WA &%, WA EAEY TRCKRE)A RA A ;
FIx800 %3 AIEAALIHIX, W F 35 E{A#% (BioTek)
{25 FR A 7] ; BioDrop pLite #8 {40 Y6 E T,
) B 9L [E A A% (Biochrom) A FR A F] .
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1.2.1 BEKSEBERE A2 BEMEREN. FIHB4E
FCHM A 45 TR Ak BB170 A5 AL-2 AOTETE, MA4EIR
S BB152 I MM77 5557 2 ODgoo 4 1.0-1.1 BYTC
P TR A A A T BRI X B i 4 R
4 BB170 T AB 3254532 % ODgoo H 1.0-1.1,
H AB B3R 3EH IR 1:5 000 4 LU G5B BB170 15 5%
W, S5 10% 08K AR TCE g . S
YN BB152, MM77 BJGH iSO AB $53%
FL, 28 °C K53 4 h, HEFRUMUMA 96 LAk, HIZe
I SEAFLAG I AL T4 A D0 R P 13 B DY 13
B, WA G . DA RS SRR RS (L
A AB Ri 34 N 2s FAXTIR , AL-2 (36 1 AR X
RICHRIE RN, B VSR AL-2 755 &G B AT
T35 O RS T R G B (A A

122 FEKSERE LuxS. MtnN-1. MtnN-2 &
EBEFHS . FAHEEEZRAEYHR ARG E SO
(The National Center for Biotechnology Information,
NCBDM# {5 E,, HEBECEA R MER LuxS Fil Pfs 2
FIRFS), $2HLF 578 GenBank 555, HI# U
ClustalX 1.81 ¥FE/KHMIE LuxS. MtN-1 .
MnN-2 SRR 78 SR T8 T 2 E 5 L
X}, F#EA DNAMAN 6.0 BEA7F9 et obr e &
AbHL,

1.2.3 MEKSHEE luxS. minN-1. mtnN-2 72[E
RFIEBARIIMIE: RIEEKRME ATCCT7966
JE PR ZH I 5 25 5 (GenBank J¥51)5 CP000462.1)i%

WEIMIEE ), 51l EEY TROGE)ARAFS
Ao VARG /KA B B 3 P MR, AL HIER 1 s
Y1535 PCR 974 luxS (510 bp). mtnN-1 (774 bp)Fl
mtnN-2 (693 bp)FE[H, IuxS PCR ¥ 14 5&1F. 95 °C
5min; 94°C30s, 58°C30s, 72°C 1 min, 30
¥ ; 72 °C 10 min, mtnN-1 Fl mtnN-2 PCR P35 5%
%::95°C 5 min; 94 °C 30 s, 67 °C 30's, 72 °C 1 min,
30 MG 72 °C 10 min, PCR PEHIFIF 1%3 4
P M FL AR AR P TS & [mlfie . ) EcoR 1
H1 Hind 111 fi§Y) PCR ¥ #1 pET-28a ,pPROEX HTa
AR, BEIZYIH DNA gifbifHl & aife ) s,
P WIEEAY E. coli DH50 A2, THIMF
M bR AR b, SRRk, H EcoR 1
F1 Hind T AUEGY) 46 I35 2 AW TROKGE A
7= 811 I S 195 T 1 W S G AR | R A
pPROEX-HTa-luxS . pPROEX-HTa-mtnN-1 Al
pET-28a-mtnN-2,

1.2.4 LuxS.MtnN-1 MtnN-2 EHMFRIER DL :
B 1.2.2 RIS 5IEE4L E. coli BL21(DE3)&SZ 45
UM K F A R T A A AR P (100 mg/L)
) LB AR 3R%E, 37 °C. 180 r/min #RHHFRE
ODgoo 1 0.8—1.2 B i A 0.5 mmol/L Y IPTG, 30 °C
WRRIE 7-8 h K HA R T 4 °C .02(6 000 r/min,
5 min), WERATUE, H Tris-HCl ZZpik EE )G,
R PR . RS TR AT 4 °C #5.0:(13 000 r/min,
30 min), ZrHIWCEE FIEBRAIDIE . FIERTEE B
T A FHSEFETFE(NI® -NTA agarose)4lifl,, 54

®1 AHRPEASY
Table 1 Oligonucleotide primers used in this study

519 izl RIS,

Primer Sequence (5'—3") Restriction site
luxS-F CCGGAATTCATGCCGTTATTGGAC EcoR 1
luxS-R CCCAAGCTTTCAGAGGCTTTTCAG Hind TI1
mtnN-1-F CCGGAATTCATGGCGGCCAAGCCG EcoR 1
mtnN-1-R CCCAAGCTTTCAGGCTTTGTTGAAGCCGT Hind 111
mtnN-2-F CCGGAATTCATGAAAGTAGGTATTATCGGCGC EcoR 1
mtnN-2-R CCCAAGCTTTCACAGCTTGCCGAGCAT Hind 111
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H Millipore #7E 2.0 (B B8 4 T 10 kD)#EBEE
BRIV A . I PERG IR R 1.2.0 kit
2 ZR545H0
2.1 FEKSEHE AL-2 BTE RN

FIFH RS 4 QIR S H bk BB170 £ AL-2 1
W, 45RRY], BKSPMEEER ATCC7966 Hi
FEA TR B[] J5 il & 1 JE 1 W BESS: BB170
RHNE 1), WERAEK SR ERRE & 55+
A2, ROGREERW, AL-2 7ERE /KRR SR 1T
12 h 2 nE R, HIEHAE 8 h k=
FIXT IR 16.96 £%5(ODgoo A 1.4). 1E 1224 h N,
AL-2 B PESCREARIE N, 24 h B TR Hym vk
FE 20 h I8 375 FIXF IR 17.2 £%

45- 3.0
40-_ 4= 0D,
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Figure 1  Detection of AI-2 activity in Aeromonas
hydrophila culture

TE: ODeoo VR ENT BB TR B LIE.

Note: ODggp corresponding to absorbance of Aeromonas hydrophila
culture.

24 BBI152

2.2 MEKSEME LuxS. MtnN-1. MtnN-2 &
BB F5 4R

NCBI H 2t g /K L MITE ATCC7966 H:A
A EEER, BKRHAE S EA LuxS Fl Pfs K
IR IE 5V PR R, REZK <R
WS A WIFh Pfs 85 (A RS 3E I mmN-1 Rl mtnN-2.,
1E A2 EWEd, MmN-1 5 MtnN-2 27852 H
B IE A FEEST

VEEULFEAA REER LuxS ZIERR P 5g
KB R RR ATCC7966 LuxS 24/ F 5 k17
FEXT(E 2), 55K, KM LuxS 5%
[CEIPETR LuxS AR S RITENE, Ak imiss IR (—
ek 79.29%), LA KK A 03 I b e 44 DI sl (— 3k
76.33%) FR B2 AEAL QTR (— Bk 78.70%); 592
[CPHPETR LuxS [RIVEMRAR,  an il 48 B ER i (— 2ok
33.12%) FIAR VE K 2R AT PR (— 20 35.90%) . HEik
I, ISR RSP I E FERR (H54-H58—C128) 248
BTSEAAA, W LuxS & Aot g
SEY C83/EST GAEFAN SAAE LuxS fALIE M ik
TR A, RSTRY G93 W BHIESE R A
AL2 Frhd i@ 3R Erg /K S LuxS &
B IP A b ] WL LRSS R A, FRIHAR Y]
e HA LuxS ZKA 5 8 Y YI6E .

VEBULREAT REVER Pfs EILRRITF 5 5 rgK
SHME ATCC7966 Pfs &AL 5 0EAT Ho X (&
3), WREM, RKARMIPE P 5922 [RFHMEE
KA Pfs REMEZERIA K. 5 MtnN-1 ML,
MtnN-2 SRR A FERER R, REHRA K
B (— 2 53.71%), LA S K A6 IR B W 4k FC I (—
et 53.48%) FIR Bl fEAL QA (— 3 55.46%);
TN 8 4% BR T (— B0k 46.72%) FIAHVE RS 28 F04T 1
(—3tE 50.87%), MtnN-1 5% FMEE A R
fi%, R A ICPE(— 3k 22.33%) . P4 IRHIA
(— B PE 20.35%) 1R il % 1l AR QR (— BT
21.65%); WAl SRAERR DA (— 201 23.37%), fidie b 4
FOAFBR (— B0 23.38%)-

MtnN-1 5 MtmN-2 & 38R ¥ 5] — 2t N
26.37%, HIRIAN MTA/SAH #1785, WE 5N
TR RS . PRlGE, E175 F1 R194 2 Pfs
H IR SEE SRR, D198, D209 AL S5 1E Pfs
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1 . LLDERT v VAKTMQTIK(Z':I‘IT TABYKDI LSEKEIRRD 57
2 UB...LLDEaT ol WAKTMOTBNKDTET CVIZNOET LSERGIjSHL] 57
3 UB...LLDEAT AVAKKMTTBHGHOET CRZYKAT LPERGIEHI3 57
4 gB...LLD§ T 2 VAKTMNTI:GﬁT CVIZYKEVMPERGIjSYyL] 57
5 SKEVIVE I AL GEETGBKGH IHS VEN IR vOBYEDS TET 60
6 | VESJYE LJgINAY Y csmwgmlvlm TIECO)RYKORMEPD 57
1 G EMENE LG . DS VETIIRISMES R RS LIETE S Eo0 vADAW IEAMEDVLKVEN 116
2 36 VB LVE - NGV BT TRTEMES G M L {EBDEA RVGARW SDVLTVQE 116
3 WG FMIDH LNG . DG VETIS IE)sMESRINERY S LT ETED EARVARAWTRAMEDVLOVOD 116
4 FEGF {VHLNG . NGVETTiMeloRI{elFyMS 1T TBDEQ RVADAW KARMEDVLKVQD 116
5 18k 6. .. . CEREF IMWERHT SAKIARVIKDSLKEIAETTT 115
6 LEFTI S 0 ViSgEBTAEETVDLLOET LKEAIDIT. 116
1 LlEYTAM/MDEMKQI.KNI.EVGVAVNKNDELALPESMLRELRID 172
2 EYQEETYS EEF-!HAI RH ERGIGVNRNDELALPEEKLKSL 169
3 EFQEETCN TEﬂQQI RDI SGIGINHNDDLALSAEQLARLHP 171
4 QNQ VYREETYO QEMQD RSIMERDVRINSNEELALPEEKLOELHT . 171
5  WED GTTIES NYKDISHES KE KLIEQGISDDAFERHVI. .. ..... ... 160
6 ..E ORKLED EGﬁKRLMR SQDK.EDLLEVEG. ... vuuun. .. 157

B2 LuxS RREERFILEXT
Figure 2 LuxS amino acid sequence alignment
e 1 PAHECHTE BB120 (5555 AAD17292); 2: WE/KS B ATCC7966 (5 3%5 ABK38869); 3: iRAlZ ML ATCC 23685
(B35 EFE24408); 4: KHIRAICHE 0104:H4 C227-11 (& 575 EGT69648); 5: MiRBEERE Kor74 (B35 AFC91868); 6: fif

TERS AT FZB42 (5355 ABS75126).

Note: 1: Vibrio harveyi BB120 (accession No. AAD17292); 2: Aeromonas hydrophila ATCC7966 (accession No. ABK38869); 3
Edwardsiella tarda ATCC 23685 (accession No. EFE24408); 4: Escherichia coli O104:H4 C227-11 (accession No. EGT69648); S:
Streptococcus pneumoniae Kor74 (accession No. AFC91868); 6: Bacillus amyloliquefaciens FZB42 (accession No. ABS75126).

H AT R B R YT AR R K
MtnN-2 24 3 2 77 4 v i) UL DL b 2 R A A
MtnN-1 ZERRFH R & A FIRRsF A B RR (7

B B o7 B & A= AR fk (E200/R219) . 55
MtnN-1 5 MtnN-2 AJ g3 24 PIS/MTAN ZEHE K
R ATIRE.
2.3 [EKSEBEE luxS. mtnN-1. mtnN-2 5%
RFIEH AR

5H AL A AR B, KR SR E
ATCC7966 F:HFAH(F B B/R &AW Pfs 814t
K menN-1 F1 mtnN-2., LAFG /K S HLI T ATCC7966
FER A AR PCR 43504 3% LuxS .mtnN-1 .mtnN-2,
HLUKZE SRR T 3 s 3 R/ NS AT 4%
i (P 4) o F 20 JooRr XU U] I H DR T 1) 355 T3
AT 407, T &5 SR R & 4 R R
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M AT PEER o X A IR A O B0 S5 1) 3 R
TR FZNT 2l . AR BT S e g )= A
aifb R K ENER, EORNMEE
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2.5 {HEESMNEIE K AL-2 BYIETERR T
YR AN G L AL-2 AR R, SAH 29k
1 mmol/L, FEFFIEELHEE N 1 g/, A2 TG TE
KEE R 2)F W, LuxS fEE/r %5 MtnN-1,
MtnN-2 LA A TR AT-2. UERH MtnN-1,



R A K I A AR

I35 AL-2 B ZAIIA N A  A PEAG D

1863

1 RE AMTHNCCTVNEAGCTFF S€oInDvDEVEL 53
2 ALALKDKCELTVGE T YNCETLS GYPRVES RTERMEL L 60
3 RSCHSNP TTLQLGGCEF Y€ TLAGKERTET 53
4 RERIENCCTLTLAGCE IYIgRLHGVE(, LEL 53
5 RDKIENRCT ISLGGCE IV IEQLNGTE LG 53
6 QBLDNTGECVVLGNT YHTETILSHE ESG I 53
7 RSKLKD LKQEMIAHCEFTTES YEGVE( IEL KSGHE 53
1 GTTIBLDEYC FDSS ISTEVR. «ocvveennnnennn. 96
2 AATTL AMERFCRRL n«r[GEnG HDP AlH IGTKSFNNGAYRSDLTPAECGVD 120
3 svaSL LEKF 2 FAQDEH TASEMR. .ovvvvniniennnns 96
4 HGT'IL LDHCG A LAS R -I ................. 96
5 LGATLELEHC b T (G| AGL WY 48 G DRIV =301 of ) - S 96
6 MSEMsVATHADHFCVE ALNOESIed AF G AVEMAYTADKLA . o oo ve e aeeanas 96
7 ISTTLELDRF IESIeGF BHTENVEE VIS TDVR . .. oo v v v e ean e 96
1 naGOB AR E KD LAEK A LACHENTHAY 153
2 I-IRLRD KLVEH. ss LGQUPERVGRALGMADRYRHGRVY 179
3 MAC POUE THIAVAQDC ILEQGKHCT M 153
4 QP MAGC A SHY. MBTALAERC IGALQ. LNAY 152
5 LPGCRAGEK YYD KETALAE AC TAELN . LNAY 152
6 mc E ACIQESLSCLD . QNWH 152
7 n E PGL A K ISITEEAVSELNGICVA n 153
1 CTAERQEFIRKHEPsv TR -H1ac TCHOFNTIF I DKESPIIS'E LP 213
2 RQVARINULHQTH.QTBRNATSS ALY AELYKWFVGIIVLENTDLHG. . . . . EBJDP 233
3 CKPDAIAKARADEPQUUINARNAGUEIGCVCRNFKIZY 18D THGKEQVESED g IE 213
4  NGAEPLARIRHTEPQVNARNAL LM IGHVCHLF L 1-' I DHVSHLSEDEQLK 212
5  NGSVGLAKIRHNEPQXL IFNANIAA TR IAHVC DQCSHL D Li 212
6  AGNDRIEAIRSHEPEVLINING AC.ﬁ. TLN 1 HEANI 11 212
7 NDPKWEDvmmmL AJENERY Acvc QFK Fa L GKESDV D LE 213
1 LEarsfsEMurruL.EfTE. .. .. 231
2 QTAIHCCQFVIDYAK INGFNKL 257
3 MEVIIKMLGEE. ...... 230
4 TLMWE AMLREBACQ. . . . 232
5 SLMVESLUQKEAHG. . . . 232
6 EQVLLEFLK ...... 230
7 .w TELVLNVIKREH...... 231
B3 Pfs REERFYI LY

Figure 3 Pfs amino acid sequence alignment
o PRYEIRINE CAIM 1792 (555 EMR37082); 2: MEZKS I ATCC7966 MtnN-1 (5385 ABK36761); 3: MEZKS MR
MtnN-2 (&3R5 ABK39195); 4. REIEMEMAEITE ATCC 15947 (B3R5 GAC64529); 5. KHIR7A KE 0104:H4 C227-11 (B35
EHF20296); 6: HliREEERE R6 (55 AAK99698); 7: MEIEHYZEAUF[ B UASWS BAL (555 ERK82321).
Note: 1: Vibrio harveyi CAIM 1792 (accession No. EMR37082); 2: Aeromonas hydrophila ATCC7966 MtnN-1 (accession No. ABK36761);
3: Aeromonas hydrophila ATCC7966 MtnN-2 (accession No. ABK39195); 4: Edwardsiella tarda ATCC 15947 (accession No. GAC64529);

5: Escherichia coli 0104:H4 C227-11 (accession No. EHF20296); 6: Streptococcus pneumoniae R6 (accession No. AAK99698); 7: Bacillus
amyloliquefaciens UASWS BA1 (accession No. ERK82321).

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



1864 WY 5B Microbiol. China 2015, Vol.42, No.10

bp bp
2 000 2 000
L35 1000
minN-1 750 mtnN-2
750 500
500
250
250
100 100

Bl 4 IuxS. mtnN-1 F1 mtnN-2 E R 18
Figure 4 Gene amplification of luxS, mtnN-1 and mtnN-2

120 20 -
- = i 8
i ‘ 60~ - -
_= 50— e 40 -
40 20
; bt - “MtnN-2
‘ 30- i
30- i o \((nN-1
50 . —LuxS 20— . ‘ .
ey j A 2 -

5 LuxS. MtnN-1. MtnN-2 ERRER 4L
Figure 5 Expression and purification of LuxS, MtnN-1 and MtnN-2 proteins

F: A: LuxS HEHARIR KL, B: MnN-1 2 HRE K2l ; C: MinN-2 A RIK KAk, 1. RS FwbnifE, ProteinRuler I1; 2:
RFFWREN; 3. BRELEH; 4 BREEC LER; 5: BRMEACFINE; 6: BHSBER.0R HE; 7. gift5HEA.
Note: A: Expression and purification of LuxS; B: Expression and purification of MtnN-1; C: Expression and purification of MtnN-2. 1:
Marker, ProteinRuler II; 2: Negative control; 3: Total cellular proteins of E. coli BL21(DE3) harboring constructed plasmid with IPTG
induction; 4: Supernatant of E. coli BL21(DE3) harboring constructed plasmid with IPTG induction; 5: Precipitation of E. coli BL21(DE3)
harboring constructed plasmid with IPTG induction and cell disruption; 6: Supernatant of E. coli BL21(DE3) harboring constructed plasmid
with IPTG induction and cell disruption; 7: Purified protein.

MtnN-2 RAREEMITIIRABNRESR, FHMEE 3 3
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