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Extracellular secretion of glycolytic housekeeping enzymes in

48 strains of Edwardsiella
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Abstract: [Background] The glycolytic housekeeping enzyme can be secreted to the extracellular matrix
or located on the surface of the cell membrane, which plays an important role in the infection and cell
adhesion of pathogen. The study of the secretion of glycolytic housekeeping enzymes in Edwardsiella,
which is an important fish pathogen, is benefit to its pathogenesis and vaccine development. [Objective]
To explore the secretion of housekeeping enzymes in glycolysis of Edwardsiella. [Methods] With ELISA,
five housekeeping enzymes in the extracellular proteins from 48 different strains of of Edwardsiella was
investigated. [Results] Five glycolytic enzymes are widespread in the extracellular protein of 48 strains of
Edwardsiella. [Conclusion] Extracellular secretion of glycolytic enzymes in Edwardsiella is a common
phenomenon.
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WAL 3-RiEAR T yhmE A= AL 1,3- BB TR . fEARZE
3 it Hh 349 R 2 I 1 R A 6 T A R T B )
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pneumoniae) . 4 # AT ATERIA(S. aureus). 43
A& (Mycoplasma bovis) . 7z Ji 2 #1 #T i (Bacillus
anthracis) . 2F7ii FCFF I (Brucella abortus) . &Rt
4l e A& (Mycoplasma suis) . M FGHIEE (V. harveyi) , iR
i 22 i 4 [ (Edwardsiella tarda) 1T 4% R i (S.
iniae) & 7E P 9 S PP AT RLGE IS i S, T
TR IR

Hob 1,6- —BEBRIE4ATF(Fructose-1,6-bisphosphate
aldolases, FBA)[i] GAPDH —Ff, L /2Mils kit
R OGS —, TEM ST R R A o i
PR — 32 TR RN — W I . AR F Rt R i R
HEA RIFM SRR, flan, fREZH3 FBA
A FRR P/ NRUS , 4 R 20 e I G e 2 A
FE X A ZH 4 A SRR T 50915 & G i Hit g
FBA HZHRIK G Hus /M, BEEscin R e iy
FAXH SRR A 2R ik 579%0); iR BERR I 1) FBA T2
FkJE s/ MR, X ERAL/INRICRE IS 5 d &sET,
T RE 2/ N RFE SRR 21 d SET- AN 36%60°,

W T i 38 42 b 0 W R TN W S A4 I8 (Triose
phosphate isomerase, TPI), ffbPMEwERR H e
ATE B2 D B R T, 78 H5>f 22 Bt (Brugia
malayi)§ i I — e I e e s . iR H
TR 184 i (Phosphoglycerate kinase, PGK)f#fk 1,3-—
BERR M B A0 3-BER TR, fEHEE M AE
Bk T# (Candida albicans) H # 1IE 35 & — F o A4 i bt
J5 2 1 L Eg(Enolase, ENO)fEAL 2-BR-D-
I R A= s Tl R s e X P R, 5 i K A (S.
sobrinus)¥) ENO 7rA2 Yy it #2830 il 15 40 Y
S I R, R B AT R A S A
0oL,

FATAMF TR KB, el TR Bl = fE AR [ T (B
s R B AL ) B GAPDHI | FBAMST
PGK 1 ENOMIs HAT R S (R 1, T4
BB REENT IR, S A R BTN g KSR
JROTRT . BESIER | 7w I ER AN QAR 2 2 B B i
RWBETE AR 2 AR 1 FAA i) e, AT T
Z Pl IR S B A T

FEAR O R BN A T AR E0RE, &k
G REERE . FEES S 2 a5 T
F, KT FREE R T E ORI . BT,
FRATETXF >R 5T 2% f0 RS TG TR Y 2 W I A 45
FMFEHAEAHT T RERIP O, BT EMNRL
MR BERIPE R, A SCE X 48 bR ZTEAR R
(Edwardsiella sp.)f¥iE#h 8 110 & SEiEA T T /5
B, DABIFSE A o390 04 75 50 s TR P 2 ) S
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PET- R 5 RN X B R B B ) BGR . KIBFFIA
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RMAEARH L) A RAF . pMD 19-T Simple
Vector, FAY THECRE)A R, pET-28a(+),
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1Pk 10.0 (Oxoid, FEBR K /RBHL A BRAF) . BekE
FEEY)(Oxoid) 5.0, [EAEEFRIL N ASENEH (i
IR HARA R A F]) 175, HEEF/KELE,
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TR, DHL [ FRIE(g/L): DHL H53RIEH R
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Table 1 48 strains of Edwardsiella from different origins

S (e U AN
Strains Host Origin Mortality (%)

E. anguillarum ET081126R American eel Fujian, China 100
E. anguillarum BYK00685 Unknown Jiangxi, China =
E. anguillarum BYK00691 Unknown Jiangxi, China =
E. anguillarum ET070829 Marbled eel Fujian, China =
E. anguillarum ET080729 Marbled eel Fujian, China 73.7
E. anguillarum ET080813 Japanese eel Fujian, China 46.2
E. anguillarum ET080814 Japanese eel Fujian, China
E. piscicida BYK00679 Olive Flounder Anhui, China 52.4
E. piscicida BYK00680 Unknown Anhui, China =
E. piscicida CGH9 African catfish India =
E. piscicida CGK1 African catfish India =
E. piscicida CW7 Mediterranean Turbot Shandong, China =
E. piscicida EIB2 Olive Flounder Shandong, China =
E. piscicida EIB11 Olive Flounder Shandong, China =
E. piscicida EIB12 Olive Flounder Shandong, China =
E. piscicida EIB17 Olive Flounder Shandong, China =
E. piscicida EIB18 Olive Flounder Shandong, China =
E. piscicida TX-1 Olive Flounder Shandong, China 40.0
E. piscicida TX-42 Olive Flounder Shandong, China =
E. piscicida EIB05-1 Olive Flounder Shandong, China 92.8
E. piscicida EIB103 Mediterranean Turbot Shandong, China =
E. piscicida EIB107 Mediterranean Turbot Shandong, China =
E. piscicida EIB15 Mediterranean Turbot Shandong, China =
E. piscicida EIB202 Mediterranean Turbot Shandong, China 59.7
E. piscicida EIB203 Mediterranean Turbot Shandong, China =
E. piscicida EIB306 Mediterranean Turbot Shandong, China =
E. piscicida EIB307 Mediterranean Turbot Shandong, China =
E. piscicida ET-Mo Mediterranean Turbot Shandong, China 35.1
E. piscicida ET-Wang Mediterranean Turbot Shandong, China =
E. piscicida WY28 Mediterranean Turbot Shandong, China 52.6
E. piscicida WY 37 Mediterranean Turbot Shandong, China =
E. piscicida LTB4 Mediterranean Turbot Shandong, China 94.1
E. piscicida ET080805 Marbled eel Fujian, China =
E. piscicida ETG Korean catfish South Korean =
E. piscicida L-49231 Turbot Liaoning, China 324
E. piscicida PB46 Pangas catfish India =
E. piscicida PPD130/91 Serpae tetra Singapore 77.6
E. tarda ATCC15947 Human feces Kentucky, USA 13.5
E. tarda ATCC23692 Human feces USA 5.42
E. tarda DT Oscar fish Guangdong, China 2.94
E. tarda ET13 Human feces USA -
E. tarda ET14 Human feces USA =
E. tarda ET19 Human feces USA -
E. tarda ET20 Human feces USA =
E. tarda ET7 Human feces USA =
E. tarda TL1m Unknown Zhejiang, China =
E. tarda TL5m Unknown Zhejiang, China =
HLY1 Unknown Unknown =
LN091124 Unknown Unknown =
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112 FERAFIFULEE

Sy FrekEh BT AEIR Pfu 1 Tag DNA R4
fitf . DNA Marker . Loading Buffer. 47 55 K 26 il
PR . BoRi BN & . DNA glifk [R5
& . Bradford £& [k B2 @ 50 65 L TMB R SE,
RIAMR L) A RAF; $iEZER, INALCO
3wl BRAIME N YIS, NEB 23 7] ; DMEM 555535k |
fiE & ARG 4 1 W (FBS), Thermo Fisher
Scientific /> H); SDS-PAGE #H 12t 5 Fi 4 L3 11
EO, ETAYTR(EH)BROBAERAHR; &EA
Marker, Tanon ZA#]; Anti-FBA. Anti-GAPDH .
Anti-TPl, Anti-PGK. Anti-ENO %I & H Ak,
FHEEIRAEMA T ERAE R Y. FhR
PUA ECL fh2f &6k Kit, B Attad AWk
HIR/NH; PBST A1 PBSTB, b R AR
AIRAF

4, GE Healthcare /A +]; MasterCycler pro
FAEE PCRAY, ATEHEAMR AR ZiRa miL,
TR CMRBH A IR A E]; ZI6eRAY, R4
AR 2E 7 i () A FRAF
1.1.3 SI¥MIERSNEF

116 Bl R A P T AR PR R S8,
DU TAE B o3 G MER A R A BR A /58 i, 5

WIgNR L 2,
1.2 A&k
121 FREZELRKE EIB202 HEEMEEEHERIE
ESRPNE AR AEES

ARG TERELRIR T 5 PRI i B A 1 i 3
[K: FBA. GAPDH. TPI. PGK #1ENO,

I FH 240 1 35 DR 21 B G0 e 4R . ENB202 JE [
4, MR, He bR 100 ng/ul, 7Ek PCR
(IR o Fac RGN (AR R RN 5% iE4T PCR §74 . PCR
RVARZRGO pL): 1E. S5 14(5 pmol/L)45 1 uL,
REHR (100 ng/L) 1 pL, 2xPfu Mix 25 uL,ddH,0 22 pL.
PCR JZW 4&f4: 95°C 5min; 95°C 30s, FHR5|4Y)
Tofli%E, B30 s; 72 °C, #HBHK T BKE
BEE (K2 1 min/kb), 35 AME¥R; 72 °C 7 min; 4 °C
10 min, PCR j=4yif i3 Sr B Wi i v UK 43 28 I F R
DNA [Fiatsal & ik4 T H A R BE RN B0 i 7B
1£ 16 °C K 5 pMD 19-T Simple Vector #%#% 3 h )5,
LA E DHba EZE I, 37 °C Kigk
12-16 h, PkEPAPETERE 37 °C. 190 r/min B53%, #)
FRBRL Ak 32 12 7] 6 45 B 20 Sk Al pET-28a(+) it
Bi, WS A Y] (BamH 1/Xho 1)FFHLIK,
1 [0S0 A5 20 A8 AR [RDRG P 2R o 1 2K 5 AR
DNA 5B, FIH] DNA &2 BRR —38 % H pL 4

*2 31¥&it
Table 2 Primers used in this study
519 A Gk el
Primers Gene Primer sequence (5'—3’)

M13-F = CGCCAGGGTTTTCCCAGTCACGAC
M13-R = CAGGAAACAGCTATGACC
T7 = TAATACGACTCACTATAGGG
T7-Ter = TGCTAGTTATTGCTCAGCGG
fha-F fba CGCGGATCCATGTCTAAAATCTTTGACTTT
fba-R CCGCTCGAGCAGCACGTCGATGCAG
gapdh-F gapdh GTGGGATCCATGACTATCAAAGTAGGTAT
gapdh-R TGCTCTCGAGCTTAGAGATGTGTGC
tpi-F tpi CGCGGATCCATGCGTCAACCA44AGTTAT
tpi-R CCGCTCGAGTTAGGCTTTAGCGGCAGCGG
pgk-F pgk CGCGGATCCATGTCCAAAATCGTTAAAGTC
pgk-R CCGCTCGAGTTACTGCTTGGCGCGCTCTTC
eno-F eno CGCGGATCCATGTCCAAAATCGTTAAAGTC
eno-R CCGCTCGAGTTAATGCTGGCCTTTCACTTCTT
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20 mmol/L, pH 7.4)Pk¥% 2 i o 28 A B eI H 3,
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1.2.3 ZrkEhiKE&

¥ 1.2.2 4ifbfs iy 5 R4S Ak B RAE
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124 AREXRBFEZEERBERIBINDIFTR

Z iSRS G , I ELISA 1Y kst
AN [) e 15 2% A F BT 1 i A/ P b e A g
AT R

BRI AR SR . e i RE 3%, 48 Rk
5 100 pb ARFNVE TRV ER A T DHL AR
I, 30 °C K53% 24 h, SRIGiHf T —9 M — B HE,
Horh—20 ] LB 35354k, 30 °C . 190 r/min #4535 14 h,
TR 1% DMEM R 55 357E 30 °C ik
BRESE 24 h, —Z0M 3R 25 FH A 50 mL
(TR T4 %

A B C
bp M 1 bp

4500
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B 1 5MiEREERHEREBEARARNET PCREE
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WA FIROERE . B 20 35 e iU B T
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5.0 20 min, W2 HX 800 pL |17 %47 Eppendorf 45 7,
YK 5 000xg #5.0r 20 min, FiHWEN-MARAME A
Horo

it EBE H 925 W BRI (ELISA) : TE B AR A FL
HIA 200 pL R4 1 (n=3), DMEM H=5 [9%f 1Y,
4 °C AR ; B mPaR, PBST Pk 31K;
LA 200 uL PBSTB, 37 °C 1] 2 h; {2458t
Wi, PBST Vi 3 ¥K; 4 1:1 000 Ay Hb ks — ik B
f£ PBSTB 1, ffLHIMA 100 pb —HifaRa,
37 °CW¥E 3 h; fHlFi—pi, PBST Pk 5K; %MK
ZHUULA A B LB R REAE PBSTB H, AL
HIMA 100 pL —Hifs B, 37 °CHFE 3 h; {5l
i, PBST ¥l 5 I BEFLIA 100 pl TMB K4,
37 °C LIk E 10 min; &:fLANA 50 pL 2 mol/L %
M2k, FEREHR I ODgso-

2 ZRH5ah
2.1 5 FhiERRARERE A RIK AR MR

Pl 1.2.1 MEE A RIBTOR, HAb E AT
A BL21(DE3)J5, #kkfrike, M T7 5l4ifis
B 7% PCR BIE, 255 4n& 1 Btz . i T7 promoter
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Figure 1 Colony PCR products of five different glycolytic housekeeping enzyme recombination expressing plasmids
Note: M: 5 000 bp DNA Maker. A: FBA, 1 077 bp; B: GAPDH, 996 bp; C: TPI, 783 bp; D: PGK, 1 182 bp; E: ENO, 1 320 bp; 1:
pET28a-FBA; 2: pET28a-GAPDH; 3: pET28a-TPI; 4: pET28a-PGK; 5: pET28a-ENO.
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F1 T7 terminator Z [A]i4 45 360 bp i, LA 1
HR TR B 25 /NS H IR R B foa (1 077 bp) .gapdh
(996 bp) . tpi (783 bp) . pgk (1 182 bp)Fil eno (1 320 bp)
—2, VLHIBkER TR R B TR . HE— 2Bl
A3 R BRI 81 5 A 0 B AR I TR EIB202 JE R
HIFFHEe—5, RPEH IR K.
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Haifk, FSar. FSEMaifb s r & A Lt
SDS-PAGE F1% il s ik Je o, 45 RNl 2 fs.
LL FBA JRffil, %5 1 Jkifih FBA T IR
IPTG W #HIAR&E T, 55 2 JkiEl FBA B K
RWARTE IPTG a2 W&, Al WLAE 37 kD
BEIE A 2 LR RN s 5 3 UkiE A BA Ak S
) FBA HEHEN, HAANR/NGHHA/ N3
HoAt 4 FrE 20 88 2405 OO MBAT ST, HAE
4l B—, DRIIIRAS T 5 Flob e i i 1 () B4
BA, HTRESZ bR,
2.3 ELISA ESthAEREIL

Haifb G ENE A EE L RN
Hil % 2w, SRR TR RS B

GAPDH

B2 5MIERRFRIBEARESANER

b, TR SR ELISA & 43 BT [ S 5 2 i 4e
[ P I &M 11 R R I A I 2 i

AL SEI R IR 1.2.4 kit Arscss, RA E.
piscicida EIB202 ffI/ME A Tk , 2 saEhiik
Fi& 500, 1000 A1 2 000 fi5. 25N 3 FrsikE
Anti-FBA F1 Anti-GAPDH [\ BA5%50CH 500 135,
Anti-TPI. Anti-PGK #1 Anti-ENO 1 BA5 %0k
1000 %5, #EA7T/EEEH ELISA 4347,
24 EBEEERERIEATHEEBEBIEN
ST

R T RS R K 5 2 7 A TG T i A0 28 1 o
PEfm ) & i SR ) . PE SRS A A, 2
U 1 PRk ANE S, 12 F ELISA XL
o 5 ROl A T T ST S RANE 4 fr
N, VERMN RV R RE R R G, ERs R
I s A7 E I AT R 44— SR M A 1 1
RB o 73— THIAN [F) DR R ) e i il 2 11 ZE M A1 9 43
W AAE—EZEIE, Hribit 54 5k 13 019
TCRH AR Rl —FPE A bk, RSN S
WAL, T E. tarda ET7 FERE MR MR 1 14
A1y i D) BH S g LA R A

TPI PGK ENO

Figure 2 SDS-PAGE analysis of five different recombinant proteins from Edwardsiella piscicida EIB202
E: A: FBA, 40kD; B: GAPDH, 37 kD; C: TPI, 26 kD; PGK, 40 kD; ENO, 45kD; 1. IESmEREA; 2: BFEERE

T 3 NPSERUZHTAMEE M. M: BRI T

Note: A: FBA, 40 kD; B: GAPDH, 37 kD; C: TPI, 26 kD; PGK, 40 kD; ENO, 45 kD; 1-3: Whole-cell protein of recombinant proteins
before induced, after induced and after purified by Ni?* affinity chromatography, respectively; M: Protein Marker.
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Figure 3 Optimization for dilution ratio of polyclonal antibodies of five glycolytic enzymes based on ELISA assay
Note: A: Anti-FBA; B: Anti-GAPDH; C: Anti-TPI; D: Anti-PGK; E: Anti-ENO.
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Figure 4 The ODys of five glycolytic enzymes in extracellular protein of 48 different strains of Edwardsiella

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



JRIFHT45: 48 PR TEAE [QTR BT A 1 2 ) I A 70

1289

AEXT T GAPDH Jash o3 i A W e A D RE A %
AWFFE, HAbRR R W E AR iRiE s>,
Tunio %5 A RIS BOK T H Y FBA B/ A] 485E
00 PR = (BN S W) B3 131 211083 T 211 0 L
By A AR AP, Yamaguchi 255 i S2 3 iE
B TPI e T4 i (0 A A BRIA I 2 T, TR 4 b
BT A T 52 BT 5 2 452 P ENO 7ERE K< 34
M & BE O TR T, fE S T8 R IAF i
A IS5 5 25 754 B2 F AT 1 (Paenibacillus
larvae)th & BUELAE M W B MO A1, SRR 8 e 4yt ot
Frrp R SR TP AR TR A — R 4 T b
JEE T B RE T 5 MEFMET GAPDH .,
FBA. TPI, PGK #il ENO B4 MribiE e, W58
TREFXT RNA 542550 — i P 8 11647 T Western
blotting, TIESZ T ixX SL AR 73 WA AN J2: HH i it P 224 et 1T
FEAERBS . AT B AT SCERIRE 2N R R AT
BAERE IS R E TSN, BATHIFTE &
N A PG TR OB TR A 5 5% il 1 40 3 B M
TG, AT XSRS B A 3 U0 S5 T
FRINREHA T R GIRADIVEBE, I T e e 5
PR AL BV o

REFERENCES

[1] Henderson B, Martin A. Bacterial virulence in the
moonlight: multitasking bacterial moonlighting proteins
are virulence determinants in infectious disease[J].
Infection and Immunity, 2011, 79(9): 3476-3491

[2]1 Henderson B. An overview of protein moonlighting in
bacterial infection[J]. Biochemical Society Transactions,
2014, 42(6): 1720-1727

[3] Perez-Casal J, Potter AA. Glyceradehyde-3-phosphate
dehydrogenase as a suitable vaccine candidate for
protection against bacterial and parasitic diseases[J].
Vaccine, 2016, 34(8): 1012-1017

[4] McCarthy JS, Wieseman M, Tropea J, et al. Onchocerca
volvulus glycolytic enzyme fructose-1,6-bisphosphate
aldolase as a target for a protective immune response in
humans|[J]. Infection and Immunity, 2002, 70(2): 851-858

[51 Marques HH, Zouain CS, Torres CBB, et al. Protective
effect and granuloma down-modulation promoted by RP44
antigen a fructose 1,6 bisphosphate aldolase of
Schistosoma mansoni[J]. Immunobiology, 2008, 213(5):
437-446

[6] Ling E, Feldman G, Portnoi M, et al. Glycolytic enzymes

[7

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

associated with the cell surface of Streptococcus
pneumoniae are antigenic in humans and elicit protective
immune responses in the mouse[J]. Clinical &
Experimental Immunology, 2004, 138(2): 290-298
Hewitson JP, Rickerl D, Harcus Y, et al. The secreted
triose phosphate isomerase of Brugia malayi is required to
sustain microfilaria production in vivo[J]. PLoS Pathogen,
2014, 10(2): 1003930

Calcedo R, Ramirez-Garcia A, Abad A, et al
Phosphoglycerate kinase and fructose bisphosphate
aldolase of Candida albicans as new antigens recognized
by human salivary IgA[J]. Revista Iberoamericana de
Micologia, 2012, 29(3): 172-174

\Veiga-Malta I, Duarte M, Dinis M, et al. Enolase from
Streptococcus  sobrinus is an  immunosuppressive
protein[J]. Cellular Microbiology, 2004, 6(1): 79-88

Dinis M, Tavares D, Veiga-Malta I, et al. Oral therapeutic
vaccination with Streptococcus sobrinus recombinant
enolase confers protection against dental caries in rats[J].
The Journal of Infectious Disease, 2009, 199(1): 116-123
Li X, Wu H, Zhang M, et al. Secreted
glyceraldehyde-3-phosphate dehydrogenase as a broad
spectrum vaccine candidate against microbial infection in
aquaculture[J]. Letters of Applied Microbiology, 2012,
54(1): 1-9

Liang SQ, Wu HZ, Liu B, et al. Immune response of turbot
(Scophthalmus maximus L.) to a broad spectrum vaccine

candidate,  recombinant  glyceraldehyde-3-phosphate
dehydrogenase of Edwardsiella tarda[J]. Veterinary
Immunology and Immunopathology, 2012, 150(3/4):
198-205

Sun ZY, Shen BB, Wu HZ, et al. The secreted fructose
1,6-bisphosphate aldolase as a broad spectrum vaccine
candidate against pathogenic bacteria in aquaculture[J].
Fish & Shellfish Immunology, 2015, 46(2): 638-647

Liu XH, Sun JM, Wu HZ. Glycolysis-related proteins are
broad spectrum vaccine candidates against aquacultural
pathogens[J]. Vaccine, 2017, 35(31): 3813-3816

Wang YM, Wang QY, Xiao JF, et al. Genetic relationships
of Edwardsiella strains isolated in China aquaculture
revealed by rep-PCR genomic fingerprinting and
investigation of Edwardsiella virulence genes[J]. Journal
of Applied Microbiology, 2011, 111(6): 1337-1348

Terao Y, Yamaguchi M, Hamada S, et al. Multifunctional
glyceraldehyde-3-phosphate dehydrogenase of
Streptococcus pyogenes is essential for evasion from
neutrophils[J]. Journal of Biological Chemistry, 20086,
281(20): 14215-14223

Egea L, Aguilera L, Giménez R, et al. Role of secreted
glyceraldehyde-3-phosphate  dehydrogenase in  the
infection  mechanism  of enterohemorrhagic and
enteropathogenic Escherichia coli: interaction of the
extracellular enzyme with human plasminogen and
fibrinogen[J]. The International Journal of Biochemistry &

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1290

TEY I8

Microbiol. China

[18]

[19]

[20]

[21]

[22]

Cell Biology, 2007, 39(6): 1190-1203

Alves J, Madureira P, Baltazar MT, et al. A safe and stable
neonatal vaccine targeting GAPDH confers protection
against Group B streptococcus infections in adult
susceptible mice[J]. PLoS One, 2015, 10(12): e0144196
Oliveira L, Madureira P, Andrade EB, et al. Group B
streptococcus GAPDH is released upon cell lysis,
associates with bacterial surface, and induces apoptosis in
murine macrophages[J]. PLoS One, 2012, 7(1): e29963
GoOmez-Arreaza A, Acosta H, Quifiones W, et al.
Extracellular functions of glycolytic enzymes of parasites:
unpredicted use of ancient proteins[J]. Molecular and
Biochemical Parasitology, 2014, 193(2): 75-81

Tunio SA, Oldfield NJ, Berry A, et al. The moonlighting
protein fructose-1,6-bisphosphate aldolase of Neisseria
meningitidis: surface localization and role in host cell
adhesion[J]. Molecular Microbiology, 2010, 76(3):
605-615

Yamaguchi M, lkeda R, Nishimura M, et al. Localization

[23]

[24]

[25]

by  scanning immunoelectron microscopy  of
triosephosphate isomerase, the molecules responsible for
contact-mediated killing of Cryptococcus, on the surface
of Staphylococcus[J]. Microbiology and Immunology,
2010, 54(6): 368-370

Sha J, Erova TE, Alyea RA, et al. Surface-expressed
enolase contributes to the pathogenesis of clinical isolate
SSU of Aeromonas hydrophila[J]. Journal of Bacteriology,
2009, 191(9): 3095-3107

Antunez K, Anido M, Arredondo D, et al. Paenibacillus
larvae enolase as a virulence factor in honeybee larvae
infection[J]. Veterinary Microbiology, 2011, 147(1/2):
83-89

Deng J, Wu HZ. Regulation of GAPDH secretion in
Edwardsiella tarda[J]. Microbiology China, 2017, 44(10):
2398-2406 (in Chinese)

otk RMFE. IRGRZAEAR IR h il -3- BRI A e Y
WA T IR [J]. ik P#3m i, 2017, 44(10): 2398-2406

RY RY R HRY R HRY Y R Y Y HRY Y HRY Y Y oY) Y HRY Y R oY Ry ARY Y Y HRY Y AR Y AR oY Y oY) Y HRY oY R oY Y ARY Ry R oY) Y oY Ry AR oY Y ARY Ry HRY Y R oY Y R Y

IMAEAR A

5 M G 2 ] o A S R R R

BIFEICE (REYSEEIR) TARKES
NT WIS AEE L R R MG Z AN KA . RS, (s ) BTl
DNARWARIR ST o VR WAL U BE S S B A A TR T, 25— ) T R R AR I S A B A

SCEEH SR, AR PO SR

PSEDIN.Y

1. FERE A AR S R A Pl R s wswxtb”;

2. AMEHA D —4ing .

Al FUE R B G T TR (R )

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



