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Effect of zinc depletion on Streptococcus pneumoniae
revealed by metalloproteomics

YI Shu-Hong ZHANG Liu-Hui SUN Xue-Song”
(Institute of Life and Health Engineering, Jinan University, Guangzhou, Guangdong 510632, China)

Abstract: [Objective] This study is aimed to explore the effects of zinc deficiency and the
corresponding adaptive growth of Streptococcus pneumoniae D39. [Methods] We extracted whole
proteins from S. pneumoniae D39 cultured with or without zinc, performed two-dimensional
electrophoresis (2-DE) combined with immobilized metal affinity chromatography (IMAC) and mass
spectra (MS) to identify differentially expressed proteins. [Results] The 2-DE maps of whole cell
proteins showed that 32 proteins were down-regulated and 35 up-regulated. These Zn®" regulated
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proteins are mainly involved in carbohydrate metabolism, nucleotide metabolism, oxidation, proteins
translation, synthesis and folding. The 2-DE maps of Zn’*-binding proteins by using Zn-IMAC
separation exhibited 7 differentially expressed proteins, 1 down-regulated and 6 up-regulated. These
Zn**-binding proteins participate in the bacterial response to stress stimuli, proteins folding and
amino acid metabolism. [Conclusion] To survive and infect the host, S. pneumoniae regulate many
metabolic pathways mainly including carbohydrate metabolism and nucleotide metabolism under
zinc deficiency. This study provides a theoretical basis for revealing the adaptive growth mechanism
of bacteria in host environment with limited metal ions.
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Table 1 Metal ion concentrations in THY medium

Metal ion Concentration (umol/L)
Mg 1 667.000
Ca™ 1 055.000
Fe** 13.634
Mn** 0.519
Zn** 19.308
Cu** 0.229
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Figure 2 2-DE maps of Zn**-regulated proteins in S. pneumoniae D39 cultured with (B) or without (A) Zn**

%2 S.pneumoniae D39 TET In" ' FH I’ EHAE G THERRESE FRALED

Table 2 Differentially expressed Zn>" regulated proteins of S. pneumoniae D39 cultured with and without Zn>*

Spot No.” Protein Name"” Accession No. ©  Protein MW  Protein PI  Protein score FD. ¢
Translation

66 Translation elongation factor Tu 21116075932 43 943.4 4.86 256 -3.60

41 Translation elongation factor P gi116076755 20 587.4 4.86 237 —1000 000

77 Ribosomal protein L10 21116077226 17 468.5 5.08 346 —2.22

112B Translation elongation factor G gil16077328 76 782.8 4.86 229 1 000 000

38 Ribosomal protein S2 2i116077704 28 880.0 5.20 53 —1000 000
tRNA aminoacylation

94B Alanyl-tRNA synthetase 2i116076189 96 465.1 5.04 243 1000 000

103B Nucleotidyltransferase 2i116076308 85187.1 5.11 299 1000 000

14 GMP synthase, C-terminal domain 2i116077050 57 436.4 4.94 610 —1 000 000

18 Lysyl-tRNA synthetase gi116077666 56 645.8 5.32 291 —1 000 000
Peptide

20 UDP-N-acetylglucosamine pyrophosphorylase gi116076748 49 397.3 5.30 95 —1 000 000
Ribosome biogenesis

77 Ribosomal protein L10 gi116077226 17 468.5 5.08 346 —2.22
Protein folding

8 Chaperone protein DnaK gi116077074 64 772.3 4.63 78 —1 000 000
Proteolysis

111B Dipeptidase PepV gi116076357 50718.3 4.77 335 1000 000

C )
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C )
121B Methionine aminopeptidase, type I gi116077102 31 629.5 4.90 278 1 000 000
81B Aminopeptidase C gi116077489 50224.1 5.09 458 2.16
Cell cycle or regulation
25 Transcription-repair coupling factor r gi116076727 134 717.8 5.45 49 —1 000 000
20 UDP-N-acetylglucosaminepyrophosphorylase gi116076748 49 397.3 5.30 95 —1 000 000
Carbohydrate metabolism
36 L-lactate dehydrogenase gil116076178 353333 5.09 80 —1 000 000
5 Alcohol dehydrogenase, iron-containing 2i116076462 97 224.4 6.11 54 —1 000 000
20 UDP-N-acetylglucosamine pyrophosphorylase 2i116076748 49 397.3 5.30 95 —1 000 000
118B UDP-glucose 4-epimerase gi116076912 37401.9 4.82 338 1 000 000
30 Phosphoglucomutase/phosphomannomutase 21116076998 48 092.6 4.65 159 —1 000 000
family protein
95B Glyceraldehyde-3-phosphate dehydrogenase, gi116077018 358334 5.29 163 4.21
type I
27 Phosphoglycerate kinase gil16077161 41913.0 4.92 124 —1 000 000
28 Phosphopyruvate hydratase gi116077344 47 073.8 4.7 659 —1 000 000
97B Thioredoxin gi116077356 11 469.9 4.75 317 5.64
40 Triosephosphate isomerase gi116077374 26 533.3 4.75 294 —1 000 000
110B Pyruvate kinase gi116077446 54720.2 5.04 157 —4.18
123B 1-phosphofructokinase, putative gi116077448 32 630.9 4.82 305 1 000000
104B Conserved hypothetical protein gi116077568 60 161.0 4.47 141 1 000 000
86B Deoxyribose-phosphate aldolase gi116077733 22945.9 5.17 326 2.38
48 dTDP-4-dehydrorhamnose 3,5-epimerase, gi116077761 22307.3 5.17 262 —1 000 000
putative
101B Formate acetyltransferase gi116077764 87 766.6 5.10 617 3.85
DNA replication or transcription
25 Transcription-repair coupling factor gi116076727 134 717.8 5.45 49 —1 000 000
Amino acid metabolism
14 GMP synthase, C-terminal domain gi116077050 57 436.4 4.94 610 —1 000 000
Nucleotide metabolism
80B Dihydroorotase 2i116076386 45296.2 5.29 142 2.15
79 Adenylate kinase 2i116076453 23 706.2 4.96 99 —2.12
17 Nicotinate phosphoribosyltransferase, putative gi116076457 55093.1 5.12 114 —1 000 000
126B Dihydroorotate dehydrogenase electron transfer  gil16076552 28 864.6 5.00 362 1 000 000
subunit
92B Phosphopentomutase 21116076924 44 127.2 5.04 336 3.22
90B Orotidine 5'-phosphate decarboxylase gi116076925 25 420.9 5.14 75 2.81
124B Aspartate carbamoyltransferase gi116077395 34 684.5 5.1 413 1 000 000
96B Dihydroorotate dehydrogenase, catalytic subunit gi116077633 33 146.2 5.12 186 4.29
86B Deoxyribose-phosphate aldolase gi116077733 22 945.9 5.17 326 2.38
Oxidation
91B Oxidoreductase, pyridine nucleotide-disulfide, gil16075996 47 145.6 4.83 227 3.02
class I
82B 6-Phosphogluconate dehydrogenase, 21116076029 52 546.4 4.92 638 2.23
decarboxylating
C )
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C )

36 L-lactate dehydrogenase gil16076178 353333 5.09 80 —1 000 000
5 Alcohol dehydrogenase, iron-containing 21116076462 97 224.4 6.11 54 —1 000 000
76 UDP-glucose 6-dehydrogenase, putative gi116076609 46 584.9 5.04 84 —2.31
95B Glyceraldehyde-3-phosphate dehydrogenase, gi116077018 358334 5.29 163 4.21

type |
98B Alcohol dehydrogenase, zinc-containing gi116077095 35727.4 4.95 431 7.15
73 NADH oxidase 21116077245 502235 4.99 576 —2.47
96B Dihydroorotate dehydrogenase, catalytic subunit gi116077633 33 146.2 5.12 186 4.29

Other

26 Conserved hypothetical protein gi116075946 25 659.7 6.34 48 —1 000 000
109 FeS assembly protein SufB 21116076250 52 643.1 4.94 260 1 000 000
122 Pyridoxine biosynthesis protein gi116076328 31720.4 5.23 389 1 000 000
74 Aspartate kinase gi116076370 50176.9 5.78 48 —2.41
88B Non-heme iron-containing ferritin 2i116076391 19 273.8 4.59 191 2.63
75 Acetate kinase 2i116076433 433153 5.09 62 —2.35
17 Nicotinate phosphoribosyltransferase, putative gi116076457 55093.1 5.12 114 —1 000 000
99B Galactose-6-phosphate isomerase, LacA subunit  gil16076466 15234.7 5.35 394 48.01
129 LemA protein gi116076579 20 620.8 5.66 462 1 000 000
125 Glucose-1-phosphate thymidylyltransferase gi116076627 32219.5 4.79 512 1 000 000
13 Metallo-beta-lactamase superfamily protein gi116076736 61 023.9 5.67 301 —1 000 000

domain protein
128 S-ribosylhomocysteine lyase (autoinducer-2 gi116076775 17 912.1 5.31 322 1 000 000

production protein luxS) (AI-2 synthesis protein)
31 N-acetylglucosamine-6-phosphate deacetylase 2i116076809 41 670.7 5.11 160 —1 000 000
46 Glycosyl transferase, group 2 family protein gi116076827 36 143.5 5.93 140 —1 000 000
115 Diaminopimelate decarboxylase 2i116076879 46 619.4 5.15 227 1 000 000
89B Conserved hypothetical protein gi116077084 19 803.2 4.79 330 2.66
67 Glyceraldehyde-3-phosphate dehydrogenase, gi116077099 51 044.9 5.20 172 -3.50

NADP-dependent
85B Phosphomethylpyrimidine kinase gi116077129 28 304.6 5.97 479 2.33
45 Cmp-binding-factor 1 gil116077170 36278.4 6.07 168 —1 000 000
49 Hypoxanthine phosphoribosyltransferase gi116077257 20 199.4 5.26 285 —1 000 000
124 Aspartate carbamoyltransferase gi116077395 34 684.5 5.10 413 1 000 000
127 Ribosomal subunit interface protein gi116077494 21 086.1 5.08 452 1 000 000
50 Prevent-host-death family protein gi116077525 9930.0 5.14 49 —1 000 000
87B Conserved hypothetical protein gil16077709 37 881.6 5.10 265 2.55
102 Leucyl-tRNA synthetase gil16077781 94 307.5 4.92 71 1 000 000
39 FeS assembly ATPase SufC gi116077784 28 387.5 4.67 571 —1 000 000

¥ Spot No. 2A B ®  Protein Name S. pneumoniae D39 9 Accession No.
S. pneumoniae D39 Y F.D. Zn* Zn*
Zn** Zn* ;=1 000 000 Zn*
1 000 000 Zn™

Note: : Spot No. is according to the arrows in the maps marking the position of differentially expressed proteins; ”: Protein name is
according to S. pneumoniae D39 database; ©: Accession No. is according to S. pneumoniae D39 database; ¥: F.D. represents change fold of
proteins altered upon zinc depletion; Positive values mean up-regulated proteins in Zn®* depletion condition; Negative values mean
down-regulated proteins in Zn** depletion condition; —1 000 000 means proteins only detected in the condition with Zn®*; 1 000 000 means
proteins only detected in Zn>" depletion condition.
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Figure 3 Functional classification of differentially expressed regulated by Zn>* proteins
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Figure 5 2-DE maps of Zn**-binding proteins in S. pneumoniae D39 cultured with (B) or without (A) Zn**
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Table 3 Differentially expressed Zn*"-binding proteins of S. pneumoniae D39 cultured with and without Zn**

Spot No.” Protein Name"” Accession No.”  Protein M,, Protein pl Psr:(t)er:;n ED.Y
1 Bifunctional acetaldehyde-CoA/alcohol dehydrogenase gi116515886 97 224.4 6.11 166 —2.04
3 Trigger factor gil16516755 47 268.8 443 59 1 000 000
4 Elongation factor Tu gi116515356 43943.4 4.86 63 2.45
5 Elongation factor Tu family protein gi116516567 68 141.0 4.81 775 1 000 000
6 Lysyl-tRNA synthetase gi116517090 56 645.8 5.32 415 1 000 000
7 Beta-galactosidase precursor, putative gil16515472 246 631.6 5.81 372 1 000 000
8 Ornithine carbamoyltransferase gil116516173 37 887.2 5.23 195 231
2 Spot No. 5A B Y Protein Name S. pneumoniae D39 9 Accession No.
S. pneumoniae D39 Y9 FD. Zn** Zn-IMAC Zn**
Zn** 7n** ;1000 000 Zn*

Note: ¥: Spot No. is according to the arrows in the maps marking the position of differentially expressed proteins; ”: Protein name is
according to S. pneumoniae D39 database; ©: Accession No. is according to S. pneumoniae D39 database; ¥: F.D. represents change fold of
proteins altered upon zinc depletion; Positive values mean up-regulated proteins in Zn®' depletion condition; Negative values mean
down-regulated proteins in Zn*" depletion condition; 1 000 000 means proteins only detected in Zn*" depletion condition.

x4 ERREHBTESERAMIIEEFIIT ML E L

Table 4 Functional and locational classification of differentially expressed Zn>*-binding proteins

Protein Function Location
Bifunctional acetaldehyde-CoA/alcohol dehydrogenase ~ Zinc ion binding Unknown
Trigger factor Protein transition Unknown
Elongation factor Tu GTP-binding Cytoplasm
Elongation factor Tu family protein GTP-binding Cytoplasm
Lysyl-tRNA synthetase Magnesium ion binding Cytoplasm
Beta-galactosidase precursor, putative Carbohydrate metabolic process  Cell wall or membrane
Ornithine carbamoyltransferase Amino acid binding Omithine carbamoyltransferase complex
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