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Yeast extract 4 OXOID A#]. JRZE . Hilik.
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B PO AL 4N T A, baumannii AB3229, A.
baumannii MDR-ZJ06 #% /1 1 : 100 #£# T 100 mL
() LB Bs353rf, 37 °C. 240 r/min 153%, £F% 1-2h
Wi 1k 600 nm ZbRIOBEE, fEfFidsk, H
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1.5 R BEMEH K (2-DE)
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T A B (50 mmol/L Tris-HCl pH 8.8, 6 mol/L
JRZ, 30% T, 2% SDS, 0.0029%7% B i ik ,
0.0025% IAA) V-4 15 min, B 458 T 12.5%%
PRI EEE IS 1, I FH 0.5%fI )% s Bl st 4] .
PR 15 mA EATRLYK, 30 min J5 PR FL TR 15
BN HURE 30 mA I E R . HIKESREH S
JoR T S AR AR Y T RO R A A AR e
1.6  ElF#ZRBUM 2-DE W4

H Image Scanner (GE)FA AL LI, i tif
¥ A F, I ImageMaster 2D Platinum 6.0 Xif
A. baumannii MDR-ZJ06 (blaNDM-1-)#1 ABC3229
(blaNDM-1+)# 47 EG 5 Ar , S8R B A — i &
PR 1S 22 5 L5 AL I, 25 58 11 Al
FHhEBEAENE AN G R Fahidig, o
SE WA R [V R0 S A7 7 S35 1k 25 S ) 2R 1 o7 s,
(KT 1.5 M58Lh |), A BT Bs 4.
17 AR

Tzl R FEE2E R EO A A, KN
kA7 1) 7 TRE I N G R 1 U0 R IR P B i
2 I (Promega) TH AL R (1™ IHAK)R . B ER
IR ELOE T, IR RO EIA
30 pL ZEHUE (67%Z i, 2.5% TFA), 7F 4°C i
30 min, BLOHE BRI EOE T, JF
FHEZS T
1.8 [RisrirFnig % e

FHl ABI 4800 plus MALDI TOF/TOF JGi#{¥
(Applied Biosystems, Foster City, CA)/r e hhis
FIRKBLAE B # KB B2k MASCOT 5|38 5fify
S AREHTFE MDR-ZJ06 2R FIBIRFE I TR .
BRECHHE AR R . 2 lmte 2 DMITRINI R, 7T
AR B Ry 2F I SR TR FR T e PR Ak R R A
fb, TREEBEM. —REMNR2ES 0.01%, —

actamicro@im.ac.cn

% g% %4 0.2 Da, Protein Score C. I. % kT
95%, WITA N S 45 BRI E 1Y o KBS i
FH14:2% (Fal se discovery rate, FDR)fXF 1%.
19 ZREHAUERSE. BEESITFAHEIERMN
b

HT GO R, X2ERERHTEE T
e, RS RIBEBRTMNZEREAIITE
30, FJGHIH STRING JEATH 8 22 R F A
AR ) 45 128 (http://string-db.org/) . Z%05 S 4
T AWK (Organism): 15 A ST R 19606, A
1% B % {8 (Confidence threshold) : 0.70, A 10 4
KB JEM® . Cytoscape M4 0K 7> TR I .
YEM.

2 SR

21 NDM-1 Xt TR

B, MM 6L ZE T A baumannii
AB3229 f1 A. baumannii MDR-ZJ06 15 £ i £k .
MWK 1 ER], WkRE A K RA RS, T
# 5, 0] NDM-1 XS R ST r A K ICRE M .

25
20t 0
4
sh
S J[
S o}
05t F —— AB3229
7 —— MDR-ZJ06
0.0 - - - - -
0 10 20 30 40 50

t/h
1. A baumannii AB3229. A. baumannii MDR-ZJ06
F K%k
Figure 1. The growth curves of A. baumannii AB3229
and MDR-ZJ06.
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Figure 2. The 2-DE profiles of whole cell proteins extracted from A. baumannii ABC3229 (A) and A. baumannii

MDR-ZJ06 (B).
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#z 1 RIELEFE A baumannii AB3229 H83FF A. baumannii MDR-ZJ06 £FFRIAEBIIEES
Table1l. The detailed information of DEPs identified by MODI-TOF MSMS

Spot No.2 Accession No.” Protein name Peptides® Protein Protein F.D." Protein score
MW¢  pl® C. 1./%"

Carbohydrate metabolism

2 gb]JAEP05957.1 NAD-dependent aldehyde dehydrogenase 7 76692.2 594 2.2 100

5 gb]JAEP06361.1 Acetoin: 26-dichlorophenolindophenol oxidoreductase 19 41096.1 590 -24 100
beta subunit

8 gb|AEP04952.1 Formyltetrahydrofolate deformylase 12 32673.8 5.74 -1.6 100

10 gb|AEP05548.1 Carbonic anhydrase 12 221282 561 -15 100

24 gb|AEP04987.1 Bifunctiona 4-hydroxy-2-oxoglutarate 8 215454 579 -1.6 100
aldol ase/2-dehydro-3-deoxy phosphogluconate aldolase

40 gb]JAEP07193.1 Putative bifunctional protein (MaeB) 14 827609 552 -15 100

42 gb|JAEP06186.1 S-adenosyl methionine synthetase 13 41948.2 544 -15 100

43 ghb|AEP04541.1 Putative polysaccharide biosynthesis protein 29 40413.1 546 -2.0 100

49 gb|AEPO7159.1 Serine hydroxymethyltransferase 7 44966.7 5.44 +1.9 99.463

51 gb|AEP07395.1 |socitrate dehydrogenase 9 82586.9 5.63 2.0 99.995

Amino acid metabolism

2 gb|AEP05957.1 NAD-dependent aldehyde dehydrogenase 7 76692.2 594 +2.2 100

5 gb|JAEP06361.1 Acetoin:26-dichlorophenolindophenol oxidoreductase 19 41096.1 590 -24 100
beta subunit

3 gb|AEP08253.1 Urocanate hydratase 28 61163.7 564 -2.1 100

19 gb|JAEP07680.1 Putative intracellular protease/amidase 4 20995.6 5.61 -1.6 99.781

24 gb]JAEP04987.1 Bifunctional 4-hydroxy-2-oxoglutarate 8 215454 579 -1.6 100
aldolase/2-dehydro-3-deoxy phosphogluconate aldolase

30 gb|JAEPO7715.1 Gcev-like aminomethyltransferase 6 26768.6 549 +2.2 100

33 gb|JAEP04591.1 M ethylmal onate-semial dehydedehydrogenase,oxidoredu 12 55046.3 540 -2.3 100
ctase protein

36 gb|AEP04808.1 3-ketoacyl-CoA thiolase 8 410619 6.09 +1.8 99.993

42 gh|AEP06186.1 S-adenosylmethionine synthetase 13 41948.2 5.44 -15 100

48 gb|AEP05897.1 Threonine dehydrogenase 8 418125 544 -1.7 100

49 gb|JAEP07159.1 Serine hydroxymethyltransferase 7 44966.7 5.44 +1.9 99.463

Fatty acid metabolism

2 gb|JAEP05957.1 NAD-dependent aldehyde dehydrogenase 7 76692.2 594 +2.2 100

7 gb|AEPO7759.1 Acetyl CoA carboxylase, beta subunit 18 32950.6 585 —2.2 100

18 gb|AEP05106.1 Acetyl CoA carboxylase alpha subunit 14 29622.0 560 -2.3 100

29 gbJAEP05034.1 NADH-dependent enoyl-ACP reductase 17 309969 6.00 -19 100

36 gb|AEP04808.1 3-ketoacyl-CoA thiolase 8 41061.9 6.09 +1.8 99.993

50 gb|JAEPO7777.1 Acyl-CoA dehydrogenase 18 65580.9 542 +1.7 100

38 gb]AEP05798.1 Alkyl hydroperoxide reductase subunit, FAD/NAD(P)- 6 57261.3 498 -1.6 99.995

binding, detoxification of hydroperoxides
Nucleic acid metabolism

8 gb|AEP04952.1 Formyltetrahydrofolate deformylase 12 32673.8 574 -1.6 100

11 gb| Orotate phosphoribosyltransferase 10 240576 559 -19 100
AEP08190.1

12 gb|JAEP07873.1 Xanthine phosphoribosyltransferase 6 20806.2 583 -19 100

(f72k)
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(% 1)
16 gb]JAEP04475.1 Hypoxanthine phosphoribosyltransferase 13 19576.1 493 -1.5 100
Trandation
15 gb|AEP07282.1 Elongation factor P 3 212055 4.88 +2.0 99.868
Transcription
21 gb]JAEP04730.1 Regulatory protein for nitrogen assimilation by 4 12195.6 541 +59 99.966
glutamine synthetase, regulates GInL (NRII) and GInE
25 gb|AEPO5556.1 Esterase operon transcriptional regulator 20 337519 544 -15 100
Iron transport
1 gb]JAEP04976.1 Outer membrane receptor for monomeric catechols 10 81197.3 5.71 +2.1 100
28 gb]JAEP08077.1 Osmolarity response regulator 23 28797.2 591 -1.7 100
22 gb|AEP04581.1 Putative ferric siderophore receptor protein 26 794832 570 +3.9 100
Cell wall synthesis process
4 gb]JAEP04540.1 Putative UDP-N-acetylglucosamine 2-epimerase 6 44276.0 5.79 2.4 99.999
31 gb| Putative polysaccharide biosynthesis protein 17 403169 556 -19 100
AEP04542.1
Vitamin synthesis process
6 ghb|AEPO6176.1 Biotin synthetase 13 371135 546 -19 100
17 gb]JAEP07119.1 Thiamine biosynthesis protein, thiazole moiety 6 29636.3 5.09 -1.6 98.652
Others
9 gb|AEP06368.1 Zn-dependent hydrolase, including glyoxylase 9 26025.7 520 4.0 100
13 gb|AEP06219.1 Glucose-inhibited division protein B (methyltransferase) 8 237046 576 -1.7 100
14 gb|AEP04726.1 Conserve hypothetical protein 6 311926 483 1.7 99.149
20 gb|AEPO6847.1 Conserve hypothetical protein 10 373805 549 -1.6 99.996
23 gb|AEP04978.1 ATP-dependent Clp protease proteolytic subunit 16 225253 526 -1.4 100
26 gh|AEP06438.1 Zn-dependent alcohol dehydrogenase, class || 5 39225.7 564 -1.6 99.852
27 gb]JAEP07535.1 Nitroreductase 19 228257 513 -1.6 100
32 gb]JAEP08348.1 Gentamicin 3'-acetyltransferase (gentamicin 15 193759 578 4.6 100
acetyltransferase I) (aminoglycoside
N(3')-acetyltransferase 1) (AAC (3)-1)
34 gb|AEPO8000.1 Conserve hypothetical protein 11 18057.1 6.06 -1.4 100
35 gb|AEPO7457.1 Putative porin protein associated with imipenem 11 26489.1 480 -19 100
resistance
37 gb|AEP05088.1 Acyl-CoA synthetase (AMP-forming)/AMP-acid ligase 10 60187.5 539 -2.6 100
I
38 gb|AEP05798.1 Alkyl hydroperoxide reductase subunit, 6 57261.3 498 -1.6 99.995
FAD/NAD(P)-binding, detoxification of hydroperoxides
39 gb|AEP06215.1 Parvulin-like peptidyl-prolylisomerase 18 489985 6.35 -1.6 100
41 gb|AEP07733.1 Outer membrane protein 15 384265 532 +1.7 100
44 gbJAEP06279.1 Scaffold protein 4 13773.0 538 -1.8 100
45 gbJAEPO7759.1 Oxidoreductase 10 393549 583 -1.8 100
46 gb]JAEP08000.1 Rossman fold nucleotide-binding protein 7 20885.6 5.15 -1.8 100
47 gb|AEP06956.1 Putative kinase 22 49626.5 5.60 +1.7 100

a The spot of 2-DE. b: The number of protein in NCBI. c: The number of peptide. d: The molecular weight of protein. e The
isoelectric point of protein. f: The fold istheratio of protein expression levelsin A. baumannii ABC3229 to A. baumannii MDR-ZJ06.
h: The confidence level of peptides matching to protein.
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Table2. Thebiological process of DEPs
Spot Accession No.  Protein name Biological process Count F.D.
No.
26 gb|AEP06438.1 Zn-dependent alcohol Fatty acid degradation, Biosynthesis of antibiotics, 11 -1.6
dehydrogenase, class Il Glycolysis/Glyconeogenesis, Carbon metabolism, Biosynthesis
of secondary metabolites, Microbial metabolism in diverse
environments, Methane metabolism, Tyrosine metabolism,
Degradation of aromatic compounds, Naphthal ene degradation,
Chloroalkane and chloroalkene degradation
49 gbJAEP07159.1 Serine Biosynthesis of antibiotics, Biosynthesis of secondary 10 +1.9
hydroxymethyltransferase metabolites, Carbon metabolism, Biosynthesis of antibiotics,
Microbial metabolism in diverse environments, Methane
metabolism, Cyanoamino acid metabolism, One carbon pool by
folate, Glycine, serine and threonine metabolism, Glyoxylate
and dicarboxylate metabolism,
36 gb|JAEP04808.1 3-Ketoacyl-CoA thiolase Fatty acid biosynthesis, Biosynthesis of secondary metabolites, 9 +1.8
Biosynthesis of antibiotics, Microbial metabolism in diverse
environments, Fatty acid degradation, Benzoate degradation,
alpha-Linolenic acid metabolism, Geraniol degradation, Valine,
leucine and isoleucine degradation
18 gbJAEP05106.1 Acetyl CoA carboxylase  Fatty acid biosynthesis, Fatty acid metabolism, Propanoate 8 -2.3
alpha subunit metabolism, Pyruvate metabolism, Biosynthesis of antibiotics,
Carbon metabolism, Microbial metabolism in diverse
environments, Biosynthesis of secondary metabolites
7 gb|AEPO7759.1 Acetyl CoA carboxylase, Fatty acid biosynthesis, Fatty acid metabolism, Propanoate 7 2.2
beta subunit metabolism, Pyruvate metabolism, Biosynthesis of antibiotics,
Carbon metabolism, Microbia metabolism in diverse environments
51 gbJAEP07395.1 Isocitrate dehydrogenase  Citrate cycle (TCA cycle), Biosynthesis of secondary 7 -2.0
metabolites, Carbon metabolism, Biosynthesis of antibiotics,
Microbial metabolism in diverse environments, Biosynthesis of
amino acids, 2-Oxocarbosylic acid metabolism
5 gb|JAEP06361.1 Acetoin:26-dichloropheno Pyruvate metabolism, Biosynthesis of antibiotics, 6 2.4
lindophenol oxidoreductase  Glycolysis/Glyconeogenesis, Microbial metabolism in diverse
beta subunit environments, Carbon metabolism, Biosynthesis of secondary
metabolites, Citrate cycle (TCA cycle)
33 gb|AEP04591.1 Methylmalonate-semialde Propanoate metabolism, beta-Alanine metabolism, Inositol 5 -2.3
hydedehydrogenase, phosphate metabolism, Valine, leucine and isoleucine
oxidoreductase protein degradation, Pyruvate metabolism
24 gbJAEP04987.1 Bifunctional 4-hydroxy-  Carbon metabolism, Microbial metabolism in diverse 4 -1.6
2-Oxoglutarate aldolase/2-  environments, Glyoxylate and dicarboxylate metabolism,
dehydro-3-deoxyphospho  Pentose phosphate pathway
gluconate aldolase
40 gblJAEP07193.1 Putative bifunctional Pyruvate metabolism, Carbon metabolism, Microbial 3 -15
protein (MaeB) metabolism in diverse environments
29 gb|JAEP05034.1 NADH-dependent Biotin metabolism, Fatty acid biosynthesis, Fatty acid 3 -1.9
enoyl-ACP reductase metabolism
42 gbJAEP06186.1 S-adenosyl methionine Biosynthesis of secondary metabolites, Biosynthesis of amino 3 -15
synthetase acids, Cysteine and methionine metabolism
8 gb|AEP04952.1 Formyltetrahydrofolate Glyoxylate and dicarboxylate metabolism, One carbon pool by 2 -1.6
deformylase folate
12 gh|AEPO7873.1 Xanthine Purine metabolism, Biosynthesis of secondary metabolites 2 -1.9
phosphoribosyltransferase
2 gb|JAEP05957.1 NAD-dependent aldehyde Microbial metabolism in diverse environments, Phenylalanine 2 2.2
dehydrogenase metabolism
16 gb|JAEP04475.1 Hypoxanthine Purine metabolism, Biosynthesis of secondary metabolites 2 -15
phosphoribosyltransferase
6 gb]JAEP06176.1 Biotin synthetase Biotin metabolism 1 -19
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Comparative proteomics reveals the role of NDM-1 in
Acinetobacter baumannii

Guandi Zeng, Qian Xu, Wanting Liu, Xiaoyan Yang, Xuesong Sun’

Key Laboratory of Functional Protein Research of Guangdong Higher Education Institutes, Institute of Life and Health
Engineering, College of Life Science and Technology, Jinan University, Guangzhou 510632, Guangdong Province, China

Abstract: [Objective] In order to investigate how NDM-1 affect the metabolism of A. baumannii, we analyzed the
differentially expressed proteins (DEPs) between clinically isolated multidrug-resistant A. baumannii MDR-ZJ06
(blanpm-17) and ABC3229 (blaypm-1') Which have a close genetic relationship. [M ethods] We used 2-DE coupled
with MALDI-TOF MS/MS to analyze the differentially expressed proteins (DEPs) between A. baumannii
MDR-ZJ06 and ABC3229. Based on GO annotations, we analyze DEPs by KEGG, Function classification,
enrichment analysis and protein-protein interaction network. [Results] We found that there were 51 DEPs,
including 11 up-regulated proteins and 41 down-regulated proteins in ABC3229. These proteins were
predominantly involved in reducing carbohydrate metabolism, amino acid metabolism, fatty acid metabolism, cell
wall synthesis, and increasing of iron transport system formed. [Conclusion] These results uncover the effect of
NDM-1 on bacteria may be resistant to antibiotics by slowing down the metabolism of bacteria and increasing the
uptake of iron, thereby the bacteriawill systemic resistance antibiotics.

Keywords: Acinetobacter baumannii, NDM-1, multidrug resistance, comparative proteomics
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