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Identification of Copper Binding Proteins of
Streptococcus pyogenes with IMAC and LC-MS/MS
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(Institute of Life and Health Engineering, Jinan University, Guangzhou, Guangdong 510632, China)

Abstract: Streptococcus pyogenes is a common pathogenic Gram-positive bacterium causing world-
wide diseases with high morbidity and mortality every year. Metalloproteins have been highlighted for
their essential roles in the metabolisms and virulence of pathogens. In this study, Cu-binding proteins of
Streptococcus pyogenes were isolated by using immobilized metal ion chromatography and identified
with LC-MS/MS. Totally, 21 proteins were identified and the network of interactions of the proteins
was established. These proteins function in many biological processes such as translation, metabolism

and ion transporting.
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W S —J5 T, IE AR 3 b B B R T A R
XA B v ) 1 P S S AT THE SO M A
B2 IRYT IR R T PR R — R LT

o I 1 e K R A S — P DL S LA R O T Y
B [CPHPETE, REE R IREIH . IR SRR
FE B s SURYE, 51k 2Rk H RTER st
R e P B K B ) 2 1 P 9 I D LR o T Ak
4 )8 EFEFT AR AIMAC) H T RE A 304 B 31 5 4
P& B T BORES A RE RN, BHEZ RN
FEAH B, BrLOZE AR SR & A
PR A E AR R T2 AR . ARSI = T &
() LTQ Orbitrap i 1A & — 3K IR BT i /2 5 B/
MR A S . MR FUERA SR 10
WA L R LR, B
EBFEA P R B RS, R 1
WK, REA S B 24 00 B 22 0t AT 4 B RS A
XWEHROE A, ST TR KA
P, BRIE T 45 R E R

1 MBEH%

1.1 #MR5E&

A W5 TR R R O Ak B P BE Bk R
MGASS5005 & #k, B A 35 9% 2 Todd-Hewitt
Broth 5 EUYIACE (B OXIOD 24w 4E 1),
f#i F Eppendorf 23 B ZE 7 1Y 1.5 mL &.0 8 R AR
wEHER., BRI AR E . BIK. CHAPS,
PMSF. DTT ¥J#h Sigma /A ®4:7=, IPG 28 0Pl 5 4%
MREHE AW A GE AW, IMAC AR I
IDA-Agarose I F| Pierce A H], 2T H Bio-Rad
o], AALHE F Sigma /A ] o EBIERIA H Bio-Rad
oaEl, BUAE SR 3 kDo R A IR 4 R AR 1 I
Promega /A ], IAA FIERER 2 8 I Sigma A F] , H
b 35 ¥ oA [ 7= 43 B Al a5

F ARG Millipore 23 ) 2E 7 1y 4l /K HL
Thermo & 2R/ 19 & KR 250415 Eppendof 22
AR R NRAIR B OB I B R A R
AT AR R FRAR . T 2 AR A Rl A
FERYAR A Y . Amershame 2 B A2 P2 Y4366 1 LA
J%2H Thermo 7~ F] 42 7= ) LTQ-Orbtrap XL B {%
1.2 7%

1.2.1 WEEFSWE: MEEFRL R 37°C. 5%
WEER) CO, FREE AT, B3R T 0.5%ME B2 HUY)

B Todd-Hewitt Broth 3555 3E 4 . M40 HE A=K 153
B A I (ODgoo = 0.7), 7E 4°C L) 5000 x g BS.0»
10 min WHEMEREIR, JEHITFEVK E 2 M ICH PBS
BEUS, B0 (4°C, 500 x g 10 min)8E B 5 B 1A
UiE. YRk EL 3 K1, ¥ PBS g s, irfs
B PR A FE I 224 FH 2 i B A T8 AY Eppendof 8 H F
—80°C A7 o

1.2.2 HEEBRYIRE: 40E 0240 b n A 24
Jei B 5 VR il B RR 7R YR R S . T 2R
7 mol/L JRZE . 2 mol/L Hillk. 4% m/V [¥) CHAPS
1% m/V #) DTT. 2% V/V 4 IPG & i (pH 4-7).
1% m/V 1) PMSF LA} 15 mmol/L ) Tris-HCI, pH &
8.0, HBL/KELE . FrilAs i B AARTE A I iR 24
&, FEARTEIRS], TEWRA A 10 min, Ff)E T
37°C i Wl FEEE 3 K, RE GG,
B AL GB0%IR)LL S s PR A LA 15 min #F
T T 400 . PR IS AE VK L E 15 min 241, A
1% V/V IIREREAY), VK EFE 30 min, T 4°C
L1 13200 r/min &0 30 min, B V. LA Brandford
P s T AR S, BT -80°C &
LIRS e el Y.

123 EEKEBFEMEHR: K 1 mL
IDA-Agarose ¢ A TR ZATHE, FEDRE 1 h 54T
FFENTAE FITE, B 10 mL Ay aiK mhekE ik,
JMA 3 mL ) 50 mmol/L &ALV, ML 5 mL
AR PP UE L S BR AR S G 1A B, IR S mL i 4h
B M (E 20 mmol/L WEFRHN . 0.5 mol/L S L4,
pH 7.0) MR . K LZE A G v i B 10 55 1Y
FEAFERINAJZHAE, BJE 254 5 mL 4545 2% 0
WRERGGEM, 5 mL & 5 mmol/L BEME 45 &
e PR B BRAERR SRS G . B S W B A
I B B 52 1) B O AR 1 bk, fiedm, DL 3.5 mL
% 500 mmol/L WKW 1 255 22 Wl HEAT I, IR 43
2% vhog B R N S S A 4 Y B L B S
4%, MFEURTR S 1 OB AR A T ) P A Rt
IZ B R AR S EA T BR R Fvk i . LA BrandFord &
P iy e BT B R R B

1.2.4 AREERE: 7ETHZ S EARES T, MA
LW JE S 10 mmol/L Y B 75 B B (DTT), 7
37°C /KB HEAT 3 h IR SRR N, Bl J5 Iin A 2R
20 mmol/L HIHLZ Bt (TAA)TE 2 IREHEAL AT 1 h
M BESALALEE . A 4 FRAARF T EAAE—20°C #E17
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Fig. 1 MS’ spectra of typical Cu-binding peptide (DTDKPLLLPVEDVFSITG) get from the LTQ mass spectrometer
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# 1
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Table 1 Identified Cu-binding proteins in S. pyogenes and their functions

Accession No.” Protein name® Sf° Coverage* Protein MW Gene name*
Translation
71911593 30S ribosomal protein S2 4.93 17.30 28382.83 rpsB
71909864 30S ribosomal protein S3 0.98 7.40 24118.89 rpsC
71911644 30S ribosomal protein S4 4.27 26.10 23108.31 rpsD
71909857 30S ribosomal protein S10 0.75 0.00 11606.34 rpsJ
71909883 30S ribosomal protein S11 0.95 10.20 13362.19 rpsK
71909861 508 ribosomal protein L2 0.95 6.10 29858.21 rplB
71911460 50S ribosomal protein L13 0.83 0.00 16120.63 rpIM
71909865 50S ribosomal protein L16 1.81 18.20 15442.35 rplP
71910321 Elongation factor Tu 4.56 17.80 43828.44 tuf
71910046 Elongation factor G 5.52 17.30 76480.73 fus
Carbohydrate metabolism
71910369 Phosphopyruvate hydratase 8.35 35.90 47325.04 eno
71910686 L-lactate dehydrogenase 0.99 13.10 35250.23 1dh
71909999 Glucose-6-phosphate isomerase 0.81 0.00 49422.30 pgi
71909853 ?;i‘;%igggﬁ;:ecetaldehyde'c°A/ alcohol 0.60 13.00 96676.05
71910047 ggﬁ;gﬁi;;ﬁiif'3'ph°Sphate 5.69 17.90 3592035 .
Lipid metabolism
71911306 Acyl carrier protein 0.86 14.90 8338.06 acpP
Protein metabolism
71911414 Membrane protease family protein 0.97 9.80 33045.74 Pre2
Oxidation
71910686 L-lactate dehydrogenase 0.99 13.10 35250.23 1dh
71910047 S;g;gii?:gs‘i“'ph“phate 5.69 17.90 35920.35 gap
71909853 ?eiﬁ‘;%igggg;::“aldehyde'c"A/ gleohel 0.60 13.00 96676.05
Membrane transporters/binding proteins
71910650 Chloride channel protein 0.22 16.50 55984.53 Spy_1114
Other
71910743 Hypothetical protein M5005_Spy 0930 0.09 7.8 29998.30 Spy_0930
71910933 Eﬁg;giz;:;;ﬁfruvateﬂnﬁteh’ph°s' 0.97 2.90 63095.86 T
71911213 LTI RS, [ BEHSeRee i 1102 0.12 18.80 11280.73 Spy_1710

component

Note: * Accession number and Protein description in the NCBI database of Streptococcus pyogenes MGAS5005; °: Final score; °: Percentage
of protein sequence covered by the experimentally detected peptides; *: Gene name obtained from Uniport database of S. pyogenes
MGASS005. Searching parameters: Filter(s)...deltacn = 0.100; xc(= 1, 2, 3) = 1.80, 2.20, 2.80.

22 ABTFEEEFSW PV TE AR B 7455 07 5 C(X),C; C(X).H(n = 2-9);

B T 4 TR S 4 5 RE OB T AR I 9 2=
25 K ARS8 I AR P 511 BiTE S i g3k
W], 7EEHEAERTI P, AR HE RS T
B R B DR JE A R T B i 25 A 1 X
THEKRBP PG 50 R, DUT R E

H(X),H(m = 0—11); HX)M(i = 0-10)F1 M(X)M (t =
8 1k 12)M", XA 77 % 5 B 45 A R kA Tk
HIFH o 53R, K BLBR T A 5 (Acyl
carrier protein) I E & 1 M5005_Spy_0930, HAl
1 R B 91 v 14 R R SR 0L 4 0 T R B A
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Ry, HARKPRERABIR 2 Fis,
2.3 BREEH Spy 0930 MRIREMEEZER 2
EEERW 21 MRS EEAT, BE&A
Spy_0930 Ry Hifig HHETASAA M. @1t NCBI A AH{RL
PR R DIfE, RATR R I 5z A RS —
WoaEE, MXfFEEHE 3 FIh, XEEAA—
S, WEA—A KIS ADP-RBEAT 3 m 26 Al
ﬁ%%mﬁm]ﬁ%§ﬁ¢ﬁ%ﬁamiﬁﬁﬁﬁ
FEM 5B, H AT Se 8 1 0y R 45 R 3 2 i B
U AR, X R B RAE T PRI A2,
FH X BB A A HAER T R E5E 2 A

24 RMHIKEIGESESHEEERE
FRAE String K 22 v H2 11 B 15 B LA K 3 A A

AR W, 75 20 1 e 1k 3k B op A 45
FEAMMEERGR. WK 2 Fos, 752 1
20 MR PERE R B 25 A T, A 154 EA
e e 22 B ELREA DG o MHOG I B 209 I B R
1 EE L SO A . 9 2 ANEEFTE String B
JE P R AR B B ARG R o by R BHEEAR G
HHM rpsK 5 fus SR CE A gap 5 eno
AEHBEWHEAE, BUREENEBMEMREN
A B A B A T AR OG0

R2 LSEMURMEEREDRERRSESKERERF

Table 2 Identified Cu-binding peptide with motifs from the digest of whole S. pyogenes lysate

Peptide sequence

Protein name

Motif

HFGHQTRRWNPKM 30S ribosomal protein S2 H(X),H; H(X)sM
MGQKVHPIGM 30S ribosomal protein S3 M(X)sM; H(X);M
ARQFVNHGHI 30S ribosomal protein S4 H(X):H

SREQFEMRTH 30S ribosomal protein S10 H(X).M
HIHATFNNTIVM 308 ribosomal protein S11 H(X),H; H(X)sM; H(X),;,M
HQGGGHKRHYR 508 ribosomal protein L2 H(X),H; H(X):H
MKLKVFVGGEHTH 508 ribosomal protein L13 H(X),H; H(X)sM
HRREFRGKMRGE 50S ribosomal protein L16 H(X);M
HIDAPGHADYVKNM Elongation factor Tu H(X)sH; H(X)sM
LHDRLQANAH Elongation factor G H(X);H

MMNIINGGSH Phosphopyruvate hydratase H(X)sM; H(X)M
VHAYIMGEHG L-lactate dehydrogenase H(X),M; H(X);M; H(X):H
LNHHFANLQTAK Glucose-6-phosphate isomerase H(X)H
MAFANAFLGISHSM Bifunctional acetaldehyde-CoA/alcohol dehydrogenase M(X) .M
TTNCLAPMAKALH Glyceraldehyde-3-phosphate dehydrogenase H(X):M

HQVAEEMSTY Membrane protease family protein H(X)sM
MAIAVVTFVSYLVM Chloride channel protein M(X).M
HLMVLADPEM Phosphoenolpyruvate-protein phosphotransferase H(X):M; H(X)sM
MSDRGYDVHCDAVM PTS system, galactose-specific IIB component M(X);,M; H(X):M

#3 SREEA Spy_0930 AR ERZEM

Table 3 Proteins show high homology with hypothetical protein M5005_Spy_ 0930

Accession Description Query coverage (%)
ZP _00789461.1 Appr-1-p processing enzyme family domain protein [Streptococcus agalactiae 515] 98
ZP 00785413.1 Appr-1-p processing enzyme family domain protein [Streptococcus agalactiae COHI1] 98
ZP 05737608.1  Appr-1-p processing enzyme family domain protein [Granulicatella adiacens ATCC 49175] 96
ZP 05852148.1  Appr-1-p processing enzyme [Granulicatella elegans ATCC 700633] 84
CAQ48843.1 Protein in Tap1-dppD intergenic region [Staphylococcus aureus subsp. aureus ST398] 88
ZP 04062002.1 Protein in Tap1l-dppD intergenic region [Streptococcus salivarius SK126] 84

(S SR [Clostridium cf. saccharolyticum K10]

ZP_06340971.1

Predicted phosphatase homologous to the C-terminal domain of histone macroH2A 1

87

Macro domain-containing protein [Staphylococcus aureus subsp. aureus H19] 73

http://journals.im.ac.cn/wswxtbcn
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Fig. 2 Protein-protein interaction network of the identified
Cu-binding proteins of S. pyogenes
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