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M odification of Energy M etabolign -related Protens is
Regonsible for Ceftr mxone-resistance
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Abstract Outer manbrane proteins of bacteria have been investigated systamatically in reponse ©
antibiotic resistance by high-throughput proteamic techniques in recent years but the data of the
cyboplasnic proteins analyzed on a proteame scale are not available yet In this study, 2-D native/ DS
PA GE was first goplied for characterization in cytoplasnic proteins repponding o ceftriaxone-resistance in
Escherichia coli Eight proteins inwlved in modification of energy production and conversion were
identified regponsible for ceftriaxone-resistance  Among these proteins, dowvn-regulated MalP and up-
regulated SucC were found 1o play critical roles in reponse t resistance according to the M IC and
aurvival ability analysis, and the wo proteins may be candidate targets for development of novel
antmicrobial drugs
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Table 1 M ICs of antibiotic-susceptible and antibiotic-
resisant of E coli K-12
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Fig 1 2D native/ DS PAGE analysis of cytoplasn ic protein between normal stans(A) and ceftr axone-

resisant sians(B) of E coli K-12

Cytoplasnic proteins fran nomal stains and ceftriaxone-resistant stains

were electrophoresed in first-dimensional discontinuous native polyacrylanide slab gels (7.5 % for relving gel and

4% for stacking gel) at 4

Gel strips containing protein bands visualized by midazle-zinc aulfate reverse

staining were excised fran native gels and then aked in equilibration buffer on a gentle shaker for 30 min  The

treated gel strips were then svitched © second-dimensional D S-PAGE which carried out in disontinued

polyacrylamide slab gels (10% for running gel and 4% for stacking gel)
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Fig 2 Analysis of represntative enlarged partial two-dimensional gels (A) The enlarged partial 2DE
gels showing altered expression spots betveen control and CRO-R straing (B) Histograns digplay the changes in
ot intensity of altered proteins Bars represent ot intensity with relative volume (%) divided by the total volume
over thewhole mage, according o description of M elanie 5 0 oftvare

Table2 Identification of altered proten spotsand other spotsaligned n the sme line by M ALD I-TOF mass spectranetry

) . . Peptides
Line SpotNa Protein Gene nane NCB INa Protein score  Pred M,
matched
— 21 M altodextrin phoghorylase malP 0i| 7246004 114 90 322 15
— 68 ATP gynthase subunitB atD 0i| 15804332 105 50294 8
1 32 Pyruvate-fomate lyase pfB 0i|16128870 173 85303 12
— Tryptophanase ( L-tryptophan indole- tnaA 0i|41018359 125 52 768 12
lyase) (TNase)
2 10 Succinyl-CoA synthetase, beta subunit sucC 0i|6980728 131 41 052 11
14 Succinyl-CoA synthetase, alpha subunit sud 0i|6980727 63 29 646 6
— 45 Lysine tRNA gynthetase, constitutive lysS 0i|16130792 60 57 567
3 63 M altodextrin-binding protein (maltose- malE 0i|809263 82 39 897
binding protein) mutant
— Transaldolase B taB 0114277926 70 35 022 7
4 16 Cysteine gnthae A, O-acetylserine cysK 0i| 1788754 174 34 358 12
alfhydrolase A subunit
— Iron-containing superoxide disnutase sodB 0i| 56159892 48 21121 4
, 6 , ., AsuC 0.015u g/ml 0.02u g/ml
0.002 0.004 0.008 0.01 0.015 0.02p g/ml . , AsucC AmalP
Fig 5 , 0.015u g/ml . M IC ,
, , AmalP, SucC  MalP
AsudD,Alys A sodB , A atD
A sucC . AmalP 0. 002 2.4
M g/ml 0.01% g/ml ,
, QAlysS 0.004p g/ml  0.0154 g/ml (NCB ) ,
A sud 0.008 0.015p g/ml LysS ,

AsB AatD 0. 015u g/ml ,
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Fig 3 The enlarged partial 2DE lnes showihng proten canplexes
which consist of altered gpotsand other sotsaligned n the sme Ine
Each component of a protein complex should be comigrated in the first
dimensional native-PA GE, and aligned consequently with a vertical line in
the second dimensional DSPAGE According o the criterion, PfB-TnaA
(Line1), SucC-ud (Line 2), MalE-TaB (Line 3) and CysK-SdB
(L ine 4) were all identified as camplex
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Fig 4 Histogran digplays of M IC of 2DE altered protens and their
related protens gene-deletion strans The M IC of deletion strains were
detemined with the standard <erial dilution method in broth medium
2.5
Table 3 CRO-R 8 ,APD,LysS
Table 3 Functional categories of differental protens CyK Humbert
[19]
annotated n NCBI database 2 CC ATP Y
Functional categories Proteins ! 286
- ) 247 Y
Information storage and processing
Translation, ribosomal structure LysS
and biogenesis ATP ,
M etabolisn ATP B
Energy production and conversion UC, ud, ApD, PB 5- [20]
Carbohydrate trangport and metabolisnM alP, M alE, TaB .
, Y _ Sp, - (Type 2 Diabetes)
Amino acid metabolisn Tn&, CyxK
ATP B

Inorganic ion trangort and metabolisn SoaB

,’

(2, ATP
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Fig 5 Testing for survival ability of gene-deletion strains of the 2-DE altered protensand their related

The aurvival ability is defined as the Agy, ratio of the bacteria growth with ceftriaxone and nomal LB

proteins

mediun 5 x 10° CRU/m| of bacteria were cultured in 3 m| LB medium sparately containing 0. 002, 0.004,
0.008, 0.01, 0.015, 0.02u g/ml ceftriaxone, and an identical control group was set up without any antibiotic

Bacterial growvth was detemined by measurement of the Agy, Of

for 8 hours

These tubeswere incubated at 37

the cultures
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Fig 6 The energy metabolic pathway for the key enzymes n regpond to cetr axone resistance n E coli

These proteins were highlighted by gray-oval which inwlved in ATP gynthesis, maltodextrin trangort and

phophorylation, anaerobic hamolytion and substrate level of phoghorylation M altodextrin trangort camplex,

MalEFGK,; FDH complex, pyruvate dehydrogenase camplex
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