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Proteomic analysis of effects of iron depletion on
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Abstract: [Objective] Analyze the effects of iron deficiency on Streptococcus pyogenes, and
find the key proteins in the iron acquisition systems. [Methods] Streptococcus pyogenes was
cultured in THY medium with or without iron. Total proteins were extracted for the 2DE-gel
analysis. The altered proteins upon iron depletion were identified by mass spectrometry. Fur-
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ther bioinformatics analyzed the relationship between key differentially expressed proteins.
[Results] The 20 alterated protein were identified. With Cytoscape analysis of the betweenness
of these proteins, 5 bottleneck proteins were detected. [Conclusion] The results showed that
iron depletion affect the cellular biosynthetic processes, the metabolic process of compound
containing nitrogen and the macromolecular metabolic process etc. This study laid a foundation
for further studying the mechanisms of the iron metabolism in bacteria.

Keywords: Streptococcus pyogenes, Metalloprotein, Iron, Proteomics
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1.1 ##

1.1.1 Bk fbMetERERRTE MGAS5005, 1
F] ] % SHL 70 T b 498 0> (National - Collection of
Type Culture, NCTC),

112 EZEE&EHBR: FeCl;. CaCl,. MgCl,
(¥4 Sigma 2> ®] A7) 73 S BL il 1% 0.05 mol/L
0.10 mol/L . 1.00 mol/lL ¥ . &% 5 ffi
Millipore — U i B AR UERR T, 4 °C LRA7E5
1.1.3 3EFE: @ THY B3R5 0.5%0) %
BRI (B OXOID AW A7)/ Todd-Hewitt
broth ¥iFekk, LBEFREIE THY 58 H
5% (W/V)I# Chelex-100 resin 254 403 8 h i) THY
Bk,

1.1.4 i&F: Chelex-100 resin. G-250 YL oy H
Bio-Rad AF]; JKRZE . Hillk. CHAPS. —fnih
i%(DDT) . Ml ZBEIZ(AA) . E HEHHIF] (PMSF)
S50 A Sigma 23w 5 [EAH pH 6 EE T 4% (pH 4-7,
13 cm). 2D Clean up Kit %l | GE 23 #]; Pk
i . N,N-F SRR . SDS. Tris-base 4 H
TN IR A

12 FH#%

121 HEFENEZEEBFRENE: A%
A B TR & S5 Optima 2000 (Perkin
Elmen) il & 38 THY 13735 k& 1 BR &Mk
THY S5 & & Bk

1.2.2 MGAS5005 FHkigFE P HRES Fe*'ik
FE B TE : 7E 25 B 1 1 B 5 5 3 b Rk
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100 pmol/L Ca*". 2 mmol/L Mg* 55k 2 rh iy
el T — %41 Fe* ¥ BE (0 umol/L . 25 pumol/L
50 pmol/L . 200 pumol/L . 1.6 mmol/L), T 24 Lk
IR, AT AT 3 L. 2 mL EIRAL, B
Ffit 1%, 37 °C. 5% CO, }i¥t. MIEFITHRIE S
2 /NEHFEREIES 13 /NS, AR/ E — K ODgoo
fH. ZHlER L.

123 WAERIEFSRE: &E 3 4 FAIT5R,
RS M5 Fe RIS Fe 4, BRAYI#MIN Ca*
FIMg?, Hrhfr Fe 2N Fe®* i 1.2.2 JIF9 45 .,
LRI, BO-RBREF ARG, A ddH0
Tk 2 WG FHT BT SR AR 3%, ODego {H. 0.8 A
B Bk L,
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FIER A Sk RN T 2 Y, & m R
VES BRSCHR[10] 757 o 2 85 Tk FE S, —80 °C 43
RERTF, 2D Clean-Up Kit Zlifbke S

1.25 WEHX: & Fe ARAE Fe AN 2%
FRES L 100 pg ERE, ARSI S
W2 BESCRR[11].

1.2.6 BEMGSHT: AR YLAT 2 0L B K BT i
FH Image Scanner A {XFERl—Z 80 F IR
1%, ImageMaster 2D Platinum .4 SE562H Fxt 1R
MR K RS, B P<0.01 H2ZERAER 2
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e e PR R R B AR 1 23 IR AR B
B HAZCREMLS, Horfy 2 (Node) &
HW . BB T, HIE ORI LA Y4
Z I A EARH

2 HRG45M
21 E®B THY 5XBFREIMNE THY p&€
BEFRKENELER

W 1R, Watx THY B350 T 8 h %%
0P, Ca®* Hy 2 104.0 pmol/L 8/ 227.5 umol/L,
BAMFEN 89.2% ., Fe** iy 226.1 pmol/L /b 5]
M92+ EH

1.7 pmol/L, # & % % K 99.2% .

3485.0 umol/L 387051 712.5 pmol/L, ZEERCEEN
79.6%. H BT IRCRR R, RaRem s T1EL
Je SR HT A RN
22 RiEBAFSIREMMNESLER

AR AN [ B SR 0] 26T N ODgoo fH, 2231l
TR Fe® e A pAE ik A L&, Y
Fe** ¢ FE7E 25—50 pmol/L 22 i fi 2 10 311 1% 5 it
THA KRS, 1 Fe* > 0 pmol/L B, EARIEFE
FEHRAMINT Ca®* 1 Mg®, A= RKATERZ 3 T BRI,
AR AR FEREFREE AN 200 pmol/L .
1.6 mmol/L v FeX mtuimibl T 4mpny s Ak
Koo ML ESZBOEE RS, ANEE7E 50 pmol/L 1 Fe*
W B TRRIE THY B3ty ORS
WSl THY S5 IRa, ol &1 Fe® W% .

F1 LBETHY 5EXBFREIMETHY P EREREBFIRE
Table 1 Metal ion concentrations in normal and Chelex100-chelated THY medium

%E%% Ca2+ Fe3+ Mgz+ Mn2+ Cu2+ Zn2+
Metal ion
il THY
Normal THY 2104.0 226.1 3485.0 0.5 0.5 46.7
(umol/L)
EBF THY
Chelex100-chelated THY 227.5 1.7 712.5 0.0 0.0 0.8
(umol/L)

1.4 r —©—Normal

—o—( pmol/L

1.2 =& 25 imol/L W

<~ —m— 50 umol/T e & 2 a

1.0 SV pIRoNL S i

—£—200 pumol/L
g 0.8 —&— 1.6 mmol/L /Z/Q/Q\El»\g
Q
o /g/ /
04 +
0.2
0

0 11 12 13

t(h)

Bl 1 Fe* 3L ATk E £ KA

Fig. 1 Effect of iron on S. pyo
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2.3 W [a) ALK EE

WE 2 FiR, ¥ Fe FANT Fe JigR T 1592
() 20 TR 4 2 A TR F K TR G, A5 313 B
fe BRI DK ER YL [, 28 3 IRE R
5256, di ] Image Master 2D Platinum 6.0 #4174
%500, 1545 1 047452 MEHE M. AR Fe
HANE Fe HENEXT I, M i3] 34 2545,
Hrofy 28 ME S PIEFIEOL T B, U 51
AEXS T
24 RIBETELER

e 18 22 S 3RO B S N A S 90 s, dE
B xix 34 2 i vk, RIUARIE I
FEH 20 NMEE, HAH 18 NMES SRR IE M
T LI, A2 RN SEER AR LR 2,

FIFHAEYE BB e e G 258N
AT GO THRET K, MARIEHURE, XUEE N
FEZ 58P 6 AR SE, Mk T
smOu. AR, SR EmRE. K9
ARG R 2 P B A A DB THT . SEER A5 R
L2 3,

pH 4 >7

i#id STRING HilsEIRAFAH IR L5 Fe FIA
T Fe MREFRE MR EIM SR A MZERE NI
HAEFXZ, it Cytoscape X AHHAE M4 i
IR, T 3. P R as R, m T8k
YR 5 L Y 22 57 R R AR I Z [ A IE A BN B
BHIAHEAER], AR M2 Je il o — 285 R R Y
MR AR D S UG R
[l

HT XA, FE1 T 514+ (Bottleneck
moleculars) 73 #r , B & B 4% 7 5 A £k
(Betweenness), 41 %E M 454 F M2 4 B F LY 4
Wz —, AR TUAR B AR I e R Y R AR
H o @B s 6l E W 2 b O 43 15 S,
X SOE OB 1o RS2 4 P
25 e (B AR B AL, A0 SRR 43 52 3 B i
W FEUF SSRGS, 2t i, A
F R 28 ) 5 AN EE H (Elongation factor Tu.,
30S ribosomal protein S1. 30S ribosomal protein
S2 . Phosphoglycerate kinase #1 Triosephosphate
isomerase), ULl 4,

pH4 > 7

2 A& FeAINE Fe AHERAIN B EiL LA
Fig.2 The 2-DE maps of S. pyogenes MGAS5005 cultured with or without Fe**

H: A, BAillfRES Fe AR Fe 4.

Note: A: Cultured in THY medium with Fe**: B: Cultured in THY medium without Fe®*.
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Table2 Summary of differentially expressed proteins of S. pyogenes MGAS5005 with and without Fe** culture

W Aoson  Gare  Pown Prown s
1 ﬁgﬁgi‘:c;f;;;de'diph“phate TELUGEES gil71910936 nrdE.2 813008 535 47 A
234 ggih?fpe”de”t otz AT =B, gil71910507 clpL 773001 558 56 A
5 D-fructose-6-phosphate amidotransferase 0i|[71910799 glmS  65523.6 5.10 105 +2.174 12
6 Chaperonin groel gi|[71911574 groEL 57 060.0 4.75 264 AN
7 Inositol-5-monophosphate dehydrogenase gi|[71911670 guaB 52 774.2 5.65 163 +2.281 31
8 30S ribosomal protein S1 0i|71910528  rpsA 438229 4.90 453 A
9 Elongation factor Tu gi|71910321 tuf 43 828.4 491 249 A
10.11.22 h“)g?giﬁ%igﬂg?; ShEsel gi[71910932 gapN 503374 506 101 A
12 Glutamine synthetase 0i|[71911409  glnA  50408.2 5.21 92 A
13 Phosphoglycerate kinase gi[71911412 pgk 42104.0 4.82 214 A
14.24.25  Ornithine carbamoyltransferase gi|[71911086  arcB 37 873.2 5.19 350 +1.947 27

15 3-Oxoacyl-(acyl carrier protein) synthase Il gi|71911302  fabF 43 623.9 5.38 324 +2.126 54

16 Phenylalanyl-trna synthetase subunit alpha  @i|71910400  pheS 39 153.9 5.65 113 A
17 Molecular chaperone dnak 0i|[71911311 dnaK 64 880.2 4.62 50 A
18 Putative manganese-dependent inorganic 0i|71910133  ppaC  33596.0 4.47 103 A
19 30S ribosomal protein S2 0i|71911593 rpsB 28 382.8 5.11 62 A
20 3-Ketoacyl-(acyl-carrier-protein) reductase  gi[71911303  fabG 259134 5.52 52 +2.377 22
21 Triosephosphate isomerase 0i|71910322  tpiA 26 601.3 4.57 127 +1.962 32
23 Arginine deiminase gi|[71911088 arcA 46 267.8 4.99 455 —4.136 10
26 50S ribosomal protein L3 gi|71909858 rplC 224121 10.13 54 —2.03594

¥ Spot No. Zi 5 xR 71 2 LSk s R FIBS, ARIFIIY Spot No. S8 Ay ] — 25 115 4 T RIS 192 1. 45 B 3 I 18 1 5
J5H 5 R; : Protein name 3K [ Streptococcus pyogenes MGASS5005 ¥ fi; 9: Accession No. 3K [ Streptococcus pyogenes
MGAS5005 $4fiF; V: F.D. 467 Fe Bi IR MAN T 28 (1 LR (1 Rk AR AR & Fe 8597 F Rl — MR AIRA B IEEL A
{UHE 7 Fe LHIMIASIZ 5.

Note: ?: Spot No is according to the arrows in the maps marking the positions of differentially expressed proteins. Spots with differ-
ent No. have been identified as the same protein probably due to phosphorylation or other post-tanslational modifications; ®: Protein
name is according to Streptococcus pyogenes MGAS5005 database; 9: Accession No. is according to Streptococcus pyogenes
MGAS5005 database; ¥: F.D. represents fold of proteins alterated upon iron repletion; A: The proteins are only detected in Fe®*
replete condition.
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Table 3 Functional classification of differetially expressed proteins
Gene

Function? Count? ame Protein name © Spot No. 9
Cellular biosynthetic process 10 nrdE.2  Ribonucleotide-diphosphate reductase subunit 1
guaB ?r:%r;?tol-s-monophosphate dehydrogenase 7
rpsA 30S ribosomal protein S1
glnA Glutamine synthetase 12
fabF 3-Oxoacyl-(acyl carrier protein) synthase Il 15
pheS Phenylalanyl-trna synthetase subunit alpha 16
rpsB 30S ribosomal protein S2 19
fabG 3-Ketoacyl-(acyl-carrier-protein) reductase 20
tpiA Triosephosphate isomerase 21
rplC 50S ribosomal protein L3 26
Cellular nitrogen compound meta- 8 nrdE.2  Ribonucleotide-diphosphate reductase subunit 1
bolic process alpha
glms D-fructose-6-phosphate amidotransferase 5
guaB Inositol-5-monophosphate dehydrogenase
glnA Glutamine synthetase 12
pheS Phenylalanyl-trna synthetase subunit alpha 16
tpiA Triosephosphate isomerase 21
arcA Arginine deiminase 23
arcB Ornithine carbamoyltransferase 14.24.25
Cellular ketone metabolic process 7 glmS D-fructose-6-phosphate amidotransferase 5
glnA Glutamine synthetase 12
fabF 3-Oxoacyl-(acyl carrier protein) synthase 11 15
pheS Phenylalanyl-trna synthetase subunit alpha 16
fabG 3-Ketoacyl-(acyl-carrier-protein) reductase 20
arcA Arginine deiminase 23
arcB Ornithine carbamoyltransferase 14.24.25
Cellular macromolecule metabolic 7 nrdE.2  Ribonucleotide-diphosphate reductase subunit 1
process alpha
groEL  Chaperonin groel
rpsA 30S ribosomal protein S1 8
pheS Phenylalanyl-trna synthetase subunit alpha 16
dnakK Molecular chaperone dnak 17
rpsB 30S ribosomal protein S2 19
rplC 50S ribosomal protein L3 26
Organic acid metabolic process 7 glms D-fructose-6-phosphate amidotransferase 5
glnA Glutamine synthetase 12
fabF 3-Oxoacyl-(acyl carrier protein) synthase |1 15
pheS Phenylalanyl-trna synthetase subunit alpha 16
(3]

http://journals.im.ac.cn/wswxtbcn
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fabG 3-Ketoacyl-(acyl-carrier-protein) reductase 20
arcA Arginine deiminase 23
arcB Ornithine carbamoyltransferase 14.24.25
Protein metabolic process groEL  Chaperonin groel 6
rpsA 30S ribosomal protein S1 8
pheS Phenylalanyl-trna synthetase subunit alpha 16
dnaK Molecular chaperone dnak 17
rpsB 30S ribosomal protein S2 19
rplC 50S ribosomal protein L3 26
Unknown clpL ATP-dependent protease ATP-binding subunit 234
tuf Elongation factor Tu 9
ppaC Putative manganese-dependent inorganic 18
Other pgk Phosphoglycerate kinase 13
gapN NADP-dependent glyceraldehyde-3-phosphate 10.11.22

1 ¥: Function #5725 115t GO TIfiE/25; V: Count R4 111 Bkl ; ©: Protein name 3£ [ Streptococcus pyogenes MGAS5005 %t
JiE; ©: Spot No. 45 X 0 Tl 2 |7 k48 5 14 8 1 B A
Note: ?: Function represents GO functional groups; ®: Count represents protein number; ©: Protein name is according to Streptococ-

cus pyogenes MGAS5005 database; 9: Spot No. is according to the arrows in the maps marking the positions of differentially ex-
pressed proteins.

3 EREQMREXARE
Fig. 3 The protein-protein interaction network of the identified differential proteins in S. pyogenes MGAS5005

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



FHIAF: IR R 2 1 736 AT Rk 15 IR X AL ek BEBR T MGAS5005 1521 523

4 EREAPRXREAEEXRE

Fig. 4 The interaction network of bottleneck proteins
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BTN TR FURT By 8w 8 A2 r e,

Chelex-100 resin CZ:4%) 2 AT E G 15
AR, X 4 JE B A AR RS TR A1
FHPO, AR B A RRIAE 90%., 7E LB TIR
HlPERE R I, ANEESA AT LK, e &
Tl At 42 8 B, RTTE R — 2 B4R ARk
RiPY, FER Fe FIAE Fe WAL IR PRI, A4
i Fe AN TG 2, AR N Pt 4LIR
MO B A0 B A R TR B AT o

Nanduri 55X 1] 1255 b 3% J7 v il 98 5 Bk

T (Streptococcus pneumoniae TIGRA)fi T #F5E . i
FH%ET 2-D LC ESI MS/IMS g aEARiC 2 f i AR B
4 Pathway Studio X fili 4 4% BR A Blek 55 7515
RWE A BTRIBZFAE T o0, BB
XFA BRIz . DNA G 185 LU Bl 5 1 i
HYsEM o it P HARFN T 2 A, X S E
P A 3 38 OB 1) R 1 T 22 T) P R B AR FH R 3 i
1A AT B BT S A TE A OG5 b )
ZAEFPEOR, PSS R 5 S 5 i 1 A
I ER

ASCH R AL B AL BRI A 5T T S 15t
WMV EBE BRI RS2 . 5 Z AR, A5
SR 4 2 6 1 0L 1) F K R i 8, 21 2 T
2, PR AR AT DO 21 HE S0 5 1 AN [F]
XM AR E B mIE AR, AR
B S R A M R TR AR W G B B T AR
BEH cFEA SRS LT, 2 %) Elongation
factor Tu &R EA XTI, BETEMREE
BRI TP T A LA T, Ea—MaE
JE () BA 1 BEORSF IR I TR A N R B B, FE AR
5T A W B SEE i R ol B T OGB4
JAEASIEAER, EF-Tu HUZME N —FPHT & LA
I SrFH 2 (Pathogen-associated molecular pat-
terns, PAMPS)/3> -1 52 2| & B E i 2, B xt s
F AR 28 T T R i 3 20 MR S b TR
M5 %15 £ 85 [0 . 30S ribosomal protein S1
1 30S ribosomal protein S2 f{) At 25 A,
HHYE R, 30S ribosomal protein S1 A1 30S
ribosomal protein S2 GEMHMEIMERIEY, 5 30S #%kE
PR 45 AT 52 0 5 2228 RIS G . AR
WM, RMAS Fe BiRMEEAT
Phosphoglycerate kinase (B2 H RIS ) =ik A
SRR, XGRS, S 5
TR (%) DG BRI, 0 A PR A LA AE R AL, 1%
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sephosphate isomerase (fif ik P94 S5 P ) 6 22 5
A R IAH R T, 2Rk 1 it S S0 40 TR H At
RIS Tl R th 32 BAR KR i ) e 4 P Ak
£ F ¥, NADP-dependent glyceraldehyde-3-
phosphate f9 51k A7 B B A8 fL, TEHRIrE 4k
SCHAIEA T NADPH 225 T8 Fe™ 6L Fe*' ity
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BMATTE, HIEFRE S Fe &30 2R,
SR A YA BARSCHE H BT AR AR DGR
P25 PP 2 TR B AR ARG 3, X Ui Fe 21
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