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Research on the cell wall related proteins of
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ABSTRACT

At present, Acidithiobacillus ferrooxidans is the most widely applied
and investigated bacteria in biometallurgy. The interaction at the interface
between microbe and mineral plays an important role in this process. In
this thesis, the cell wall related proteins of A. ferrooxidans have been
studied. The surface structures researched at the aspect of Proteomics
would be helpful to clarify the mechanisms of A. ferrooxidans attaching
to minerals.

In this study, the cell wall related proteins of A. ferrooxidans were
extracted and separated by SDS-PAGE. Liquid chromatography coupled
with tandem mass spectrometry was applied to identify the proteins.
Firstly, the proteins which were subjected to in-gel digestion with trypsin,
were separated by liquid chromatography, and then were online analyzed
by the coupled tandem mass spectrometry. As the peptide mass
fingerprint (PMF) database has not been consummated, we construct our
local putative A. ferrooxidans protein PMF database to be used in the
mass spectrometry proteomisc analysis. The acquired 245 MS and
MS/MS spectras were sent for searching in the proteins database with
Mascot search engine for protein identification. The export signal and
subcellular location of each obtained protein was also predicted. Portion
of the aimed proteins were obtained. Among the identified proteins,
42.3% of them possess export of the Sec type, 7.2% of them show a twin
arginine translocation (Tat) signal, 18.6% have lipoprotein signal peptides.
21.6% are non-classically secreted proteins, and 19.6% could be exported
with their subcellular location prediction. According to their functional
categories, 43.3% of them belong to Cell Envelope, 16.5% to
Hypothetical Proeteins, 6.2% to Conserved Hypothetical Proteins, and
6.2% belonged to Unknown Functions. Also, there are a few other
functional proteins. Furthermore, the molecular weights of these proteins
are distributed in the range of 4000 to 118000Da. Their isoelectric points
are between 4 and 12, among which 31.96% of which show the pH values
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below 7, 68.04% higher than 7, and 10.31% over pH values of 10. This
work provides fundamental research of the cell wall related protein of A.
ferrooxidans by revealing the total expressed proteins.

We also studied the comparative proteomics of A. ferrooxidans
grown under different energy resources (Fe** or sulphur). The cell wall
related proteins of A. ferrooxidans were separated by the two-dimensional
gel electrophoresis (2-DE) and then identified by the matrix-assisted
laser-desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF-MS). The resulted Images were quantitatively analyzed
with the PDQuest 2D analysis software. The image analysis indicates 104
differentially-expressed protein spots, 18 of which have been identified.
KEY WORDS: Acidithiobacillus ferrooxidans, liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS), two-dimensional
gel electrophoresis (2-DE), matrix-assisted laser-desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF-MS)
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CERMN, SEA IR DIRER . M T gl R S AL Py ROR R T, R
S EE T ) R 380 < e A P RORSE 8 T PR R RHBRE PRI A7 1T i 40 AT R e B P 3%
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Madigen et al. 2000 =
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Figure 1-1.Cell wall structure of G
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Mo shZ B ZAFAE, M2 Yy (Extracellular Polymers, [k EPS) &’k
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. A2 SR 7 AR R MO RS SR A AN ], 22 28, A
Zhk. wmEm. B U AHMITARE s —hR28. TEO%s.
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RIS, AEBRAGE IR it e A F VR R o WRBH 4 -4 A7) 2 T S T A 1 AR
P N EE A AR rp g 2 B R, BESTRE AR AN 2 R E, Lk E
SR 3 AR AN TR 5500 ) (R W B I R o v 2 38 KV T B i i LB

(g A2 0] 32 SR N T A I A IR ST P R B, AERR I R T B K i 4m
MRS RSN LB 1-2) , #itb e —FhZ DhEE MR T EY . XLLsh
VL IEAR ZFE - R/NEBR, Wiﬁ%ﬁﬁé?@@n%m nm, ERYIKEE F 340~3800
nm, WABCKRNERIALE G RRGR &7 TR 73 0 0 At e 4
WA K91 %%ﬁﬁﬁﬂf@}ﬁﬁﬂmﬂ}ﬁ TR 2%, WEENERZ M
PRI SRR g P s B ds Y A i . SV N TS PR a2 i 20 A0 M Ab, A3 1R ESGCA A0 )
HH, HRERMANERA 7, A RIVERE IR 8UE 5 79 i sk 55—
J7THT, AN AR A T AN S (B IR “ SR G0y St T W) kil oAk,
b3 e I A M HAN A DA AL 50(S) 0 BE IR M B IR A 2 JE R, iy HLAE HEBIAE
B PR BT, EAE B S S 2R B AR S AR . X e Ah
I3 m i, 5 AR S S5 ) o RO S S0 1 — 20 o W 4 TR L3 B F

a b

B FRA. ferrooxidans (40000 x ) Fe'3% 7= A. ferrooxidans(50000 x )
B 1-2 A ferrooxidansy|Mi & a4 b 45 1%
Figure 1-2. Out Membrane Vacuoles of A. ferrooxidans by Scan Electron Microscope
a. A. ferrooxidans cultured in S(40000 x ); b. A. ferrooxidans cultured in Fe**(50000x)
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fi§ Z B (1ipopolysaccharideg, LPS)/& 5 =% [ M40 0 11 3= B3R I Bl s, 20
MpsTE13.4%, FNERINAA1002 T AMEZ 00T, CREE . BEE.
JI £ A S [T e 22 T IV 4 B 40 B R A o A o R BRI sy, MR 2 Wl
1 B AN SRS A EATE A e o AR

HMEEH E (out membrane protein, {7 FX Omp) 7141 W B 224 4k 75 rp b, [F] A
BT EEAEM . B2 RPIPER RN A 3 A 8, OmpA
HEAMIGEE . SMEE AR T AN 2 K 55N B T B SRR, H
FhREZ . WHURN, AMEEO SR SR, WAER, FahsimflEn.
THEARZA, R fLER . EHERAEA, & L CuiENRE. S0
fiF2) 31, Ohmura F1 Blake (1997)LA K Sasaki 25(1999)0F45% T Acidithiobacillus
ferrooxidans(ATCC23270)W bt 2 ekl (R il #, 3R WHIR PR AN A HH Tt /K A FH
HLAE FH 5 RS, 1T A2 7 B 1 aporusticyanin 78 2435 W Fff 52 44 4F H - Renato Arrdeondo
2t N7, 3z % 5E Acidithiobacillus ferrooxidans 2 [ & (1 (T IALTE HEAT T A%
FEME JR1F th 4510, 70 9KER LPS F ik H 40 B 1) 58 2 [ AHR 4 1 5t 40000
(FIAMER o X PR R e 8 IR 2 A LPS A9/ 40 1 26 1 i i K eI o, W
bt 2 B K OB BURL R TR O R RR A AR I AE ) 4 EL XN 0.5 £ A
2.5 fi5. WHIURE, AU LPS 17 HA& 2 71 A. ferrooxidans W b 22 [ 742 [t
Firpi A EEAEH . FTIR D625 s T A ferrooxidans A=+ I 1A] & 55 T
Wh™, H R AA7E-NH;. -NH,. -NH. -CONH. -CO. -CH3. -CH,. -CH f1-COOH
DR, "EATIAFAE REE (L 204N e W P BIBRA o IX LERIF T 4f SR BH 41 1y (1)
A PR VR S I S A IR Y, IR AR AT A A IR 28 T b A ) 41 e AR TR 2R
B BAFAE - : ~

..

E1-3 A. ferrooxidanss itk & & 42645 E % (60000 x )

Figure 1-3. Surface proteins of A. ferrooxidans by Scan Electron Microscope ( 60000% )
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BEPEE, A BRI A g0 . B T A e DU R RE [ LU R 2 4F
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H H 4 (proteome), XMt HEUKAWE. Macquarie K7 ¥) Wilkins 1
Williams 7 1994 4FE42 192, 248 — A 40 o sl 41 233 35 (¥ i A 8R4 T
(protein). FEAEILFTARFAEE AN, W4l M P AL I3 . SNSRI BAE, P
RIS EAMFIE, IR, FSARE, ARG T RS 1 & AR
A 80% 2 NAZAHF T, JRFRZ KA 5K 8 H (housekeeping proteins).

5 F T4 2% (proteomics), & LA F AL NI IEN G, J24E 8 F i 2 K Al
SEDR ) B HOR IR A bk BRI — T 152k o e AR BN AKAP i h HE ]
Rk = ——HE A BTG, SRR Bl 29950 40 AR ) 52,
FEor i HL S LR LB, MR BE DR R 1 1 E 7 2 EAN R — R Al U7 vk
AT, 2 LR O ORI B 1 S A Al A I AT .

1.2.2 W =) £EAL H. 3k (2-DE) 7K

B SRS R0 4 B HARA K M, 2R — It T O g —A
R, AR, RN A UL R AT RER . HR
LA, &5, N & A RFRIEFE R ZRK, ARERE 6 MU=,
e FE IR B TP 29 5 8 8 R R & B RS I R T s b T, 33— 48
etk g S Ve ey N E N TR R i L P 0 =4 & D i< L v = e S [ S
) F i 2 e o R B 1 BRI I FH 5 22 110 0 T i AR XL ) 28 T s T e e e
LUK, AR H AT R (B R e, TR MR I AR,

RIS FEL K H A 1975 4E O’Farrell A1 Klose % H @ . SIPLE, XU
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BEH/IN<10 kKD)ERE 738 . (4R E A AN, afg - SEEMEEE. (5)
15 2 ey JoT e PR X i) 5 B2 FEL K 7 R T R B, DRIk U] 5 2 F 2 0 1) Rk AR
P8,

123 FENEQAREESFEAR

2 2-DE 70, Jeth, MREYRNEAFCREE)E, fxrEa iP5
R sE, WA E A I IR IR A B B e oy SRRk
Fea o3 e RARBER R R T SEHLEMR 0 HrBoR, X BRI 8 A B3 L1
AT TR, B BIEHRL 225 R SRS I BB AR E A P
PSR 2 o, FHIK D BT E A R BN 2R E, R JE A
Edman [ i 808 FE R 2H B 3545 Se A AL 22 7 iR AT 20 A 3B N 1 Bt e
R ARG, SO E AR E; AR R LI B E A TR, Rl b
FirB R FOEHOR, JEAAHN S ER R, SCHLE AR E . DUTE A REA
BRI AU DR LR, UL R . dE . Sl Hah ik aedr i, B
J A B A TSR R B AR O R RO
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1.2.3.1 Edman B&#Z:% M N i 5

Edman FEARVEN N s 77410 1 58 8 B 5 50 2 Ik B H-20 554 5 e SR
RERPITC) A5, 55 I RHR ISR AN REE I H G 0 Rk, 1R 5 Wi
TETCIK AT FRROGIK =3 SRR, AUV T RV A2 IEIR, W a IR TE
W ATZ-Z0 3508 . BRI S A2 SRR L 2 85t A Y a2k, X5 PITC
AT N o ATZ-ZEATEE, =9 SIRIKE IR (25%) 55 A T Al AL pida e
(1) PTH-20 412 . PTH-2 3618 nf Ld ok 3 2 24T, AU, S s (il 45
FhF Bt AT 708 R Bdman BFARVEINTIE R4S, o s, REUEHRA W
PR R R TS, AE eI (R 2 AR5 MERR, DRI s oA B 11 0 T 4 6 e (1) 7 22
WA o {H Edman FEAFE )R BRPE 52275 T ANBERT I IEE S N s 3k 355 P (R K %
AT, BASREI AR R A 1 S R

1.2.3.2 B AR

U O 8 R N B B ROR, X F B T3 AR 1k e S LA
A I 70 it o Pl BOR (P 3EA S R A i o 3 A E , IRIEAN A B 1
Z 1B PR 5 Aap B (my/z) BIAN [R] 2K 23 B8 I E4 5E 7312 - 80 TEARAI S Hh IR PR it 135 i (fast
atom bombardment, PR FAB)HL & FAAE JFTilk AR N A T8 1 BURIR ) 25 S
JE AL . 80 AFARAK SR ] T P AIHT IR &8 A B, R o4 B (R O A i/
2 7 4k (Matrix-assisted laser desorption/ionization, MALDI) /% Hi % 55 5 7 {4
(electrospray ionization,ESI ), XPAFECARMER TR, #ATRENEE . £
JR 37 B 5 AR 231 BRI e i, 7 R R L MER PRI S ) () 43 AT i
P B, M ve 1 Bk B ARAE B B sl (1 3

T, AT EE T2, Bl R A — AN EE N @ 2RI . X
S K R 1% (Tandem-MS),  RIFESE — il A3 BRI 70 7851, IHCH ARk
MBS AR ABEES 1, STEMEAURRRL, (EIEE IR, TEs— RAIE T,
BN Imf v 51 R 50(B RV C ot i 5 7 RINY RI1), KX B R
Vg 5y M, AT AR K Be i 24 BE TR A1) o Wilm &5 N H A4 s A I 5T o
(nano-electrospray tandem mass spectrometry)HEZE 4K 1 fmol = 7S IKE T4 .
f£ MALDI-MS Jjifii, 35K ] FH U5 IR 52 0k- 2 S5 B A S0 G ik Wi/ & 140 i
(post-source decay MALDI-MS, PSD-MALDI-MS)5 A #3551 20,

1. BEERIERA (ES) ¥

LI 2% 5% 45 R ( Electrospray Ionization Mass Spectrometry , ESI - MS) f&7F
B 1 A i — s H s B AR 1 e HR 3 A DA TR AN L R 55 A A
/N PR PR, A A 1) 288 A YR 4 T PR P i 94 5 88 T 18 A, e i VB0 9 At by K
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AN AN A IR S, B T LB ey 2 L T IR S REAN R
o HE 55 B AL IR R A v AT B T AN R 8 1, AR LT (! 2)
BEEAL 1 22 BT AT A A R LIRS (3 L DXL T KK e 1707 R X 20 A v
BT IR LS 031 it n] AR S5y bE A Ay 255

2. EFEIEOLRIRMRIEHRA (MALDI) PO

S BN BOGENT A (MALDD /2 8 [E R} 2% K Karas #1 Hillenkamp &
PR o KR 2R 1 P R 1) /N 7 P AR (VR B VAR s R A, 22 AR
WCHETTE B IE 4 i, TN YR N o 0GR B T B, SRR T O
BE BT BIWOR A, FEUR AT BRIV, FE I 4 Il S SR R T 5 7
FIE I b SRS Eh s R L B R A 1 SN B TR B R AT A N, PR
BTG % RO B A B A 21 5 K . TOF JiiE 0 BT s A 4 A2 5 MALDI [t
FENC, DA —#HR ket TAE DT 2, AE R A e p B P HURAR D, T ASRAS
R R . TOF JUis a4 R w o, AOHAE, \ORE T UTER
(K AT I AN S A I (m/2) "2 BIE L, R S i o T 55 2R 1 RS 1A RAT R
AT IS TR A AR TS T 1 m/z (. ARG R T A L, BB S 15 B
PR R s PR, B RATERAUR LA s ALY 100ps 2 15 i
JOFE B, WA ARSI B L7 R B R BT B o T RAT I (R BT R A AT AR AR
Ayt 21 AL AT TS5 1R 5T R 23 BT 4% o

3. EIMTiHR-BFEELRRKRE (FT-ICR-MS) B+

A8 ST A - 85 1] e R BT (FT-ICR-MS) 2 5 1 [l et 4y i 5 B
RIPEWE ARG S 17 o AR -2 7 [ e PO & 5 T 3 ey
SEEH T IRIEES), B F AR R, AR B TR R T
it S HGSA 5 W R, o0 8 it n 5 L IR AR AR [ R S A VI, 257
W [FIARASE 03 B — IR IR e, AT 7= A T 52 (R R AL AL A 5« (AT
AR 4 — 25 7 R T i Ty BT SR P (1 S A0 PR 7 5 T AR DN (1 i v T, B 7
BT RO, BTSN (45 5 e N AR e, Rk o P R A A
10 ORI s AT SEI AR IS A s A5 -0 F Ah i B98O 5 (i s
B Beah, fludfr RS, Fayollwe, @k, PERenT S

4. REFHREFRIERAR (FABMS)

PR -5 o i H R ( Fast Atom Bomebardment Mass Spectrometry, FABMS)
e MR I B HOR, e PRI I S S A A T R T R A AR T Dk
HHRE N I3 At X R O B B TE TR s ANERE AL S o0 B, Rl
T2 BRRVE A A AT 9T . FABMS eSO FIRORE A i, Ml
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DA A S I G B U8R 23 73X 117 FABMS-MS R IR A 1 3 F AT AFR LS i
BONVEA 1) 73 T AR5 8 NI AR A M 2 23 M o LT A ke oK o

T A AL, B TR R B R S R4 R AL ), (HHEE T/0
i ID)INEE

1.2.3.3 S EBBAR S

AL IR I AT AR BRI B 1 R P B o L B R W B 1R
AU P 7 PR R T 20 H(%0) B 2 SR IR K R L, SR A 5 5t e b LN 2
FTR B fEREAT LA, 4 I ULRC /SR, B, R S HIEE A
JFORAEIT o W E 2 SR 2 RSE T MY AR TR R APE  AE R KR IR 3 1l £ 2 MR
PEZRR IR, s X P R SRR IR AL, 7 FIRF IR 7 V. AR VL
Dry DU, (HREBEAR, AT LR RER, HARH nl e (0 S8 EEE T 2 & e
€T Blo A IEIRA I AT 2% s S BBUR, WA Al T 2R B, ™ FE 4
SELIR . AR K M AE W AR A BT ], o BlR g i 8 1A 5
WA ATid, e A SE RIS S0 LA 2 o B S F T R T

1.3 BEMARMENRFERNAR
1.3.1 AR ERFIENX

2R AEIE < I (14 32 2R AEAT SR B b A R 2SR AL IR e 2 R
WA, SRZ AN S0 A BOAR, TN IR A L 45 il
-1 S E I IRAL AR AR A S R A B — 7 THIA i 8 R 1) 9 ik
RMHR T J Jr SRR AR (s S I 1 BRI, B T s B AT
BT AARHIT 1) o 8 A o ZE B INRE P T B AL Ar L 1 EL AR DL, X 4l sl
RV A 1TSS R AT D RE BT T ORE FLEE B W AR R AEANTR] 26 A8 1 IR AR LA 321
JRA G IAFAE T SR S, Wl e SR B . 82 F AR B AR ] e B R
S, AT BN AT TOR AR R o DAL A i [ R s S AT 4xif
ARANINIR, SR EAEHEAR . B WE% K- _Eox i A AT 5

BEAL, A5 20 e ] Jo 2 o) R A A LR A i e AR B E R SCBRE R B
Mg, WUEARET . BRORARE . AN A, ARSCHESEIY H KR e IR A
W ARBR AT 1R 4 AN L BEAT O R UK 2 B 40, T AL I Re 028, kbR
ABEFCAED AT PR SR S AR FABLHITT & 1 556, R It i i WL 5T 2
P LR

10
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1.3.2 BEZZIIFR

AR SCUGE 2 LR 30 H Bt ) -
(1) EXRARBH ISR RAIE “omin™ ¥ A& D3 B Al it 527
(50321402);

(2) 973 Wi H “FUEWA LML S “Hiby A4 H Ak
REZFHAEH” (2004CB619204);

(3) B K ARE ARG e By &2 T B M 2 et 5 B e i
Fi” (30400010);

(4) EK QRPN FREIEET TN A, ferroxidans HUE R 54 it
5% (30570047).

133 KIEXHRAR

(1) WERRARA I ARBAUAT 13 4 L AT 5G9 438 BT ) s 3
(2) WERRAEA I BRBRAT 18 L 1 IR e 4 SIS T
(3) ANFIETRFAT WG MR A M BB AT 18 41 ML BE A DG 1 2257 3RE

11
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\ 4 \ 4
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Jie VA i PDQuest ¥} HTr
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\4
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FE LEHRFHRAZE

2.1 LIG#R
2.1.1 Efh

WETRAE AL T 2T % (Acidithiobacillus ferrooxidans ATCC23270) , ASzié
FARLE P

212 EFHFE

A, FEREE IR

KA ) 9K FEAlE R, HA 2 (NH4)2SOs 3 g, KC10.1 g, KoHPOy
0.5g, MgSO47H,0 0.5 g, Ca(NO;),0.01 g, 7&/H7K 1000 mL, pH2.0.
B. fitdhiki SRl

FE Y OK BEAli 1 7R 2L (LAl _E, 73051 0.9% ) FeSO4 7H,0(44.7 g/L),
1% 50 S (1 g/L) AN A I .

2.1.3 LI

WHEIEIZ (AL R 5L E,  Genview 47%5)

NN’ -V SN B Z (AL X Sh [, Genview 47%5%)
JRZEAL RS E, Genview 772%)

SDS (At 54t [H, sigma 57%%)

Tris (AL LA E, Genview 7)%%)

TEMED (7" [ < 24 EifgAb 27 24 wl)

T FRBEEE (dithiothreitol, DTT) (b5t [, Genview)
JiE £ B ( Trypsin ) ( Promega /A 7))

Wl Z 1R (JAA) (Acros A H])

=9 LR (trifluoroacetic acid, TFA) (Acros 23 )
CHAPS (Acros ‘A #l)

PMSF (Acros A F))

&7 7 5% H b5 (Amersham Biosci-ences /A F))

13
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[EAH pH £ & 1k 4% TPG strip (Amersham 2w 77 fh,  AEZEYE pH 3~10,  24cm)
immobilized pH gradient( IPG)Z% ' (pH3-10L),

1. (Amersham Pharmacia) (3£[E Sigma A 7))

IR A (NHHCO;3) (R Sigma A )

FIT A VB4 FE MILQ 7K I 1

2.1.4 LGNS

Eppendorf—5301 E5.0aAL, F[H
Eppendorf—5804R &k Z5.0oAL, FE[E
ALPHA LD-4 ¥ T A1

CR22G iV VR 25 L

JY 92-I1 JH8 75 30 41 M A e AL

DYCZ-26 L Jn] FLIK Al

SCR-4 e Hs HLUKAX

752- AN a] WA O RETH

ProFlex TM III MALDI -TOF Jitif{ (BRUKER 2 #])
Ettan X [ 13K (GE A +))

CaPLC = R0BAH 4 (Waters 4] )
Micromass Q-Tof micro Jii X (Waters A )

2.1 LWHE
2.2.1 B KIEFF

PS5 % -70°C LRAT A. ferrooxidans B A% 20mL/L (1) ELAS 2R T8 B 0 1 1)
CadtE I 9K B 55 (43 HILL FeSOy4 « TH,O FIHLTT S M REVE), 75 30°C [P EIE I
R EEZE, 58 180 r/min JE4L, R AEEFR,

2.2.2 A. ferrooxidans £ i1 B 8 < & H BV 3R BY

1. HEARKRER

K- FiMaurila®H1A Leljung? 1751, MR A. ferrooxidansir MRS R,
TR
1) LAFeSO, *7TH ORI TS Ay REVS 73 3l 15 F24 R AT R, S FaE M, B0(10000 rpm,
15 min) S EE B 14
2) SEFHIC P OKIERI R U 2B BBR 24 I, P VA [ PBSZE MR UL I 4l BRI 2K 5

14
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3) F20 mL PBSH & &, FEMWBTHIMABHFEQ2 g/L), 37CHEE1 h.

4) 7

5) B50(12000 rpm, 15 min), 2 F3F, JUEHImol/LE L HE &, 20°C#H20 h;
6) B3 (10000 rpm, 30 min), W B3, JHE TENIH4CENTILA;

7 MR, RGBT R RAR, -70°CR A H .

2. HARSERNNE

$g-70°CORAF IR 18 K FH 50~100 ul A 5 % (8 mol/L JR %, 4% CHAPS,
2% IPG-Buffer, 40 mmol/L DTT) ¥ifi#, Brandford vEMllE &5 FIKE. SERINT
1) 25 5 Wi W G (o y 0 A 0 P B 2 s, IR AER B S, T
R
2). ¥ 0. 105 20, 30, 40, 50 uL “FIfiif (BSA) AnfE## (1 mg/mL) 735l
ANFRRE S, I PBS #ME 2] 150 uL;
3 A RE TN 2.85 mL G2 i ge (o, WA, =RE 5~10 min;
4). DIAE BSA [MFE S IRROGAE R 25 R IR, A3 R BT E 595 nm Ak (1)W
oA, IR A
5 iRt 2.
6)~ REAFIIRE S R 7 VA0 B, OO, 3 AR, TH RIS
T febrdEthge EE AN S8, IR IR .

2.2.3 EH R SDS-ZE A B ELRRE IS Bk

2 Laemmli J7iAPERA Tris- IR BRAELBIR ARG,  S%IRAINL, 12%5)
BIKE, 10 mA TEHIZAT 20 min, FHE T 20 mA 3847 42 WY # i 1S 2155 20 2 IR o
VKGR G, % D iE R-250 Yeft 2~4 h, A (15% LB, 75% UKLMR)
JId €0, 2 F 1 2R AT AT R AL

224 FiAt - BERE (LC-MSMS) 547

1. LC-MS/MS ¥ &%

D YIRS B se i A 4o RN EDIR kR, STFmbIEe 7 e o
WIET 74 1.5 mL BB LA

2) K¥E: VIR R ddH,0 ¥k 2 K, BRRGE S G BUE 10 min;

3) With: REE A 25 mL MNHHCO; [1) 50% &M (ACND % 50~100 uL (42
PR N s, hRUERERE T B0 AT ), 37°C AR 30min, Lk, EHE—
AT et . R OATER, HIAE 2R A 84,

15
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4) MizK: I 50~100 uL ACN JBi7K 2 A% ([ EAIE AR, Fohi A4

5) Wt HBEOBE D, PTG 20 min, BOH R RREOE R, LA
O JRPARE AR PR ER BT

6) EJ: MIANERGR, B H, 57°CKHE 1 h;

) B MK AR G, BIEAE, il Rk, RS A
R BEFE A7) 2 L AR TS 30 min

8) kb N, H 25 mM () NHHCO; UEH B LB (TAAD;

9) Mi/K: 100% ACN Bt /K 2 e b bl 11 £ 5

100 Wefi: oA 25 mM [ NHsHCOs, 75%, i S min, Wi

11) K. [HPEE 8;

12) %+ AP 4;

13) . A IIMNIE BRI, UK CE 30 min;

14) AR IAE oL, InFE 5 20ul, B H, 37°CHRIE 16~18 h.

15) ¥FEA A 37 CoKE I U S, 10000 X g B5.0 5 min;

16) K FIEHA B I S L

17) FEFR I H A I F O s

17) 75 15 min, [AfE 5 min, FEEH 15 min. /KEABEL 40°C;

18) 10000X g Z.L» 5 min, &I Lif;

19) AU TE 30~50 ul, %M.

2. WAHEE-BERIE (LC-MSMS) 4317

LC-MS/MSAH FH ¥ 73 A ok Waters 24 w] (1) B 404 SAHA (150 mmx75 um). 4
I Ik T O 32 TS mmx300 um). Y SHAHARCA 250.1% FFR (/K 59, Bl
H50.1% R I LI, CHUR 77 0.1% R IR /KW . Wik 250 nL/min. #F i 78 FilAE
o CVBR R 5, 23 B AR FH LA B0 S AT A0 B D :5~65 min ZJIEWRIE 5% E T
£50%,65~75 min LR AR FE(E95% ,75~85 min AR5 0 A o

CaP LC (capillary liquid chromatography) — JEME K A BCE N B 25 15 5
AT — ST (MS) FTER 2% T (MS/MS) i, TF B PR . JEE.80°C HE
FLHLH60V, MiHEHLE3000V, Fill#s L H2700V. MSHIMS/MS il ol { 2%
4K A P F) Automated Data Dependent Acquisition(DDA) #ExC#E . 2 B E
SAT I — RS FIRIAT BT, BORBER R 4. HGlu-fibff BRI 2 1
I, AT RSSO

16
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2.25 MWE K (2-DE)

1.

2 BRSOk T VB 1 -20 C AR AE 1K) pH3~10 (240X 30X 0.5 mm) IPG T T
4, Ptk LRER (1000 ug), B ERES s ARIR R 45 5 ARl 1000ug 2%
10 P SR BT 75 AR ) B, AN IORE i ZKAEH(7 mol/L JIK 2 mol/L fii
Ik~ 4% CHAPS. 65 mol/L DTT. 2% # AP HLA#E T pH3~10, R IR )L
EAARUAR] 600 uL, 4RGN Holder #lidr, LPURSTH# R 15 U IPG T
e 4k JEAE LA T ¥ 203 N2 800 ul B 55 v o 45 FL 2R A 10 I TR) R 0 02 44 R
Step-n-hold i, LAt JEFEF U 2-1,

R 21 FEREEF T HHRE

Table 2-1 Parameters used for isoelectric focusing

Step Voltage(V)  Step duration(h)  Volt-hours(Vh)  Gradient type
Rehydration 30 14 420 Step-n-hold
1 500 1 500 Step-n-hold

2 1000 1 1000 Step-n-hold

3 3000 0.5 1500 Step-n-hold

4 4000 0.5 2000 Step-n-hold

5 5000 0.5 2500 Step-n-hold

6 6000 1 6000 Step-n-hold

7 7000 1 7000 Step-n-hold

8 8000 48¢ 5 32000 5 40000 Step-n-hold

2. V5

R AR S, DU R S%, AT A(8mol/L JRZR, 0.5 mol/L Tris-HCI,
2% SDS, 30% i, 0.1 % DTT)$% 1 15 min, FF¥-FA% B (8 mol/L K
%, 0.5 mol/L Tris HCI, 2% SDS, 30% H7iH, 2.5% IAA)ES V- 15 min. HXH
WA DET, A I HLIK .

3.
BV i (RS /OB 2 55 10 B b, TR AR AN RE I R AN REAT Ui #5

17
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RIGA RS T2 8 TR AE 1 JE I8 A0 IR 4 I it o 12.5% 04> BSJke, G
WA, BERIEEN 1.5 mm, SELMKH (IS mA, REHRK)HIK 30 min, AR
By 2 v ) LR 2 A S, e m RS 30 mA, VR LRV B R R i 1
em fEATIHE IR LK, ARG AT Y.

4, Yufa . fifa

“Blue Silver” 2% D52, ity LA I E J: 0.12%H G-250,  10%
IR IR 10%FITEIR « 20% 0 FEERT), et 16~18 A/INiF, 4K 5 ddH,O JE L
i

5. BB GRS K

S 00 1 s P B e €84 05 PRI TR BB e Bl b, R R RS, 15
F PDQuest #1731 1 4- R G5 2-DE BG AT S 500 B (% B HIR TS 5, 5099 14,
B/ RO R A AT KFETESL . B AR S5 R AR AR B, 459 30 X0 ) B I S (Gel
Image) 1B 5 3% (Gel Spot ). FFAI 2D AxviEF] SDS %4315 br itk 25 1A % WL fi)
HEL K I P 0 SR A T B P AT, 3R PRI 4% B 1 RS ) 5 e s S T R

226 EREHH MALDI-TOF/MS 21

1. MALDI-TOF/MS ¥ 5 %1%

D P BT 1000 mL Eppendorf WSk 2R uG BT Fi25 0.3 ecm, LI EHAEZL A
2 mm, IEPEAEENE FEOGEI R FE BT S 1Sk B B 1 0
4 N 1.5 mL Eppendorf & H;

2) Kyk: APITFRIEH ddHL0 ¥k 2 IR, RHKARE D G CE 10 min;

3) Bith: BN 25 mMNH4HCO; 1) 50% 40 (ACND % 20~50 uL (FR ¥
RN GE, ARERER A G 0] ), 37°CARIR 30 min, EEMAE, EHE X
e, FMEATES, BINABERN AT,

4) MizK: H 20~50 uLIACN fii/K 2 A8 L ANE IR, e diifa s

5) W AN 25 mM [ NH,HCOs, %%, ##E 5min, W,

6) JBi/K: 100% ACN i /K 28 e b s bl 11 £ 5

7 e HEOBE O, H TR T 20 min, BUH B EP K, A
R HAEE AR PR ER B ]

8) ng: B INAIEREEE, VK FBCE 30 min;

9) Ky AxME WK, N SR 20 ul, 1T, 37CHRE 16~18 ho

100 FEAES N 37°CoRir R ELH S, 10000 X g 2540 5 min;

18
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1D K BiEHAE 251 EP &b

12) AR A I A G s

13) 7 15 min, [AfF 5 min, FEEHEAE 15 min, /KiEAEL 40°C;
14) 10000X g L 5 min, &IF Lig;

15) AURELTE S 2~5ul, &H.

2. IKIBESYH MALDI-TOF/IMS 4347

{# Ff BRUKER /A %] ] ProFlexTMI Il MALDI-TOF JFiASCut A6 i B4 720 4, 2%
RO, IR REE, B inid s 20kV, SHUREEN 1.12, N2 3
JeP KA 337 nm, BRPRHESE 3 ns, B AEIRHEEN 100 nsec, ELAFE 4X 10 Torr,
FUHEAE 5 B R0 50 K, A FH PR I B B R AR S VA S N AR i
RIE, K43 T RkIRE0E .

2.2.7 A. ferrooxidans Bk R £ 15 L B iL By E

M NCBI I F# A. ferrooxidans 43 8 [1 5741, #:4k ok Fasta #4838, 44
ML AERI A H PMF 208815, v AFE. 50 T AE A0 9 5 e k2
B 1 B R SE

2.2.8 A. ferrooxidans EH R EHE T EE

MassLynx #AFRAEMMSHIMS/MS £ ##s HProteinLynx # A # o & F —
RBEES R/ m/z) FIR B UL S — e 8 R/NIIPKL S X S8 S0 RN
i FE(NCBInr), i Mascot BAFH IR AAFT £ IDC IS Eodfi 16r 2 Th RE(MS/MS
lons Search) AT 5T R4 %% %5 1€ ( http://www.matrixscience.com ) o HUH FEAT 2 T
R ZEAN R [H 2184 4 carbamoylmethylation (Cys), £k B A R AR F B, 7©
VFE N AR B 5 (missed cleavages) #0471, JRBOT & 2 ZL % Z( Mr tolerance) A
1.0, A B EA 2R ZR0.5, BAF B BIE( significance threshold) P< 0.05.
kB 9y (Mowse score ) i IL [ {Ei (threshold) RPRLY ICACHIKREL, Ay JE
TR AT 8 i 2 e o
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SR 5L =% A ferrooxidans 41l B BEAH 5C 8 A 204 i

F=E BRSATHRETEARERXERREEE

31 5|5

ETR AL ERBRAT I (A, ferrooxidans) /& H R AE )6 4 Al it 57 55 22 11
R, JEREA A SRR A5 R () 2 S s RN, NeLson %5 AWF5UH H,
A. ferrooxidans BRI A ML Fe’ o Fe' Mgk ik, JRn btk ¥, o
i ML G, I AR IR £ -

AR SO RSB R P Ak B R (1) A ferrooxidans 411 4 41 i R AH OC B 11 R4
o BT R, MRS, dRas A ferrooxidans ST I HLEE S
PR

3.2 A. ferrooxidans AR EEtH X ER S ENE

Bradford Jj i & —MRad, e, mIEERIIE A BUE RIS ITVER)
TP b, ARSI ek (G-250) 5 AN A B RAE BAE AN —3, BItA
T AR IR E BTV o AH A T VR TR B S AT, W] LA SRR (1) o B S
PRI FRAT R AN 13X Fh 7ok e $ IR A B & 5. L BSA stk 8 1 Hobr
thdk, THEPRAERFREDEBUE, LU B T AR, WROSAE A AR bR v
22 Bl (K] 3-1), A8 IR 2 E T AT o) B () TR e b T ] e gt
LR MM R EGE 0.99959, SD=0.00808, P<<0.001, C.Z&Alnlfs. HRELKIANM
BEAHOCHR B E R 9.64 /L.
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0.7
0.6
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0.1
0.0

= A+ BY

0 10 20 30 40 50
C(g/L)

) 3-1 Bradfordix & & it 7R M) & BSAATAE &

Figure 3-1. BSA standard curve of protein concentration determined by Bradford assay

b, EARKETEARXN: Y=A+B-X,
A=-6.66667x10"; B=0.01353

3.3SDSPAGE & &£

SDS-PAGE AR #E & 70 1 WA A AT 4 B E, XK 1967 - H
Shapiro HEN7, ABATTAIRAERE i A AN DA G e g mhoin N 28 1 25375 A R4S Jt
Pl RO 4= DRI i c RV S 2 S 3 Q7 S I/ 5 == 411 7 NG N S £ R G PN b D
Mo Kl 3-2 4 A ferrooxidans 4f il KEAH G 2 1 H —4E SDS-PAGE 43 & i 44 21 12
TH

116KDa

66.2KDa
45KDa

35KDa

25KDa
18.4KDa
14.4KDa

B 3-2 A. ferrooxidans m /i, B 48 % & @ SDS-PAGE .3k B
Fe R mABM BHERFHTRRGEE, MEATEOFL;
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Figure 3-2. Cell wall related proteins of A. ferrooxidans separated by SDS-PAGE

Fe, Proteins of A. ferrooxidans cultured in Fe**; S, Proteins of A. ferrooxidans cultured in S
34LC-MSMS 431

WL 2-DEREEMEARZ & F MmN EE, (GFE & AT K PER 5
PR 1 (2 11 ) DA 3 S ) 2- DB Je 45 30 A 25k 1) 3 91 BUARSROE — 28 7 vk vk
AR A TR PRI S5 ] LA e S A 1 PR A R Bl R A B e v s AR E ]
DAye g — 2B dR R, HIX T2 LG 2 R it & o DRNTASHIF 7T mp AT FHBORH 2 335- o 3
iR A, AR AT B % 5E . A ferrooxidansgil i BEAH OGS — 5y
JREET BT, B e — M 2-DERSR IR D AN Gy v, JF HAR S R BN 2
Sy LA B R e s Ol T IR AN ), S B RN AR (S HE TS DS-
PAGEHLUK, FFEEANS50ug, AJ54 EIRIISDS-PAGES% i I L2 N 4574347
B N AR S re 4 ARt % 23 B, 20 mmol/L LRRECUENE . 1¥13-32420
mmol/L Z. FR#5 e JI (1) i £ 1 g A\ ferrooxi dansdll it A AH ¢ 8 (3 1) (6 1% 5 28 1
W (TIC)

|m T 3051 3080
. GSEGPQGVR .
L 11,30
s 2385 24,50
3 0] 1T Msie %
§ ] .35 111
< 10 1371 f‘ I’ﬁ J| RO gl
f- 3 - 1131 ‘ 1861 ]| . LI {aw 412
F o9 \ R b ! HM;L W ' |Fﬂ,5|_|3r12:1[l Lm&@
v Cr e W L Y B T T T T
: U._-‘:a&-*'*"[u*"ww A 'hw”““*fﬂ ] PM

il 5 10 15 0 23 e 35 40 43 0 35 all 65 Rl
Time( min)

B 3-3 20 mmol/L T B4 HLAY RSB A AT 1% % B %
Figure 3-3. Toatal ion chromatograms (TIC) of tryptic digest of cell wall related proteins from A.
ferrooxidans removed by 20mmol/L CH;COONH,

LC-MS/MSHAR TV N FAMIFE S (Zat R ARE =80 R K51
Bk B ZRRZHD 8T, ORI G B I A 8, ol & 4%
AW A SR IR RO 2, Al — R e AR e 81, BT E AN
ST IR B T RN B T 1 22 A H i Bl AT S ROk, A B — ok i I . B ARSIk
REWACaPLCYEN G, TR Bt Aol 25 -5 e i AT — g i, dbmgk N — 4%
T . 13-4 546.3 minBGME IS LEE K BEO15. 277 IPMF, JtAG tH20 4 ik itk i .
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{IEA!

1
T
w.
mE
m-
'm-
m.
o .
Lo {2178
A
n-
PR
T
s
Rl w3y
W e
ik uJ \-._ |

Iy T T T
# 1354 1838 bl iH] HOlE
Mazsmz)

A 3-4 46.3 min JEALT 69 Bk i 49— BT 4B
Figure 3-4. The MS survey scan during LC-MS/MS at time of 46.3 min

35A. ferrooxidans Bk R EIE N EIEMMEREAREE

T AEAR [RS8 451 N R A& 080 ea e 1 o &, LIR35S
CLANTS DO, S T e e A B o O SR RS 2 B I Ik B s 4R 80, A
FH Expasy ™ [f]Peptident ¥ i 4K {148 2 SWISS-PROT LA &y NCBI% s [ % 5 25 14 it
FIFHE, Mscotdhk 2B i IR R T, L TAEF I WK3-5, WESHN:
SE &1 A carbamoylmethylation (Cys), A% B A B 1, 7o 120 e KRB DA 55
(missed cleavages)HUA 1, Bk B & 25 20 1% Z2( Mr tolerance) A 1.0, 8 25111 it 1=
HRARZERN0.5, B L F{H( significance threshold) P< 0.05. .
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‘Y Natrizx Science — Nascot — Peptide NMass Fingerprint — {¥F [Nazthon]

CEME &EE BT dWe HBEEE 2T TEO '0w BB

B RCRCRONCHOR B IR IR al s

| Htr \ht_tp.ffwww.mamxscxeme comf egifsearch_form. pLYFORMYER=Z8SEARCH=FMF vl - @@ @0

[Matrix Seien... |

3

If MATRIX
SCIENCE. HOME | WHAT'S NEW : MASCOT {HELP { PRODUCTS : SUPPORT i TRAINING | CONTACT m

ot > Peptide Mass Fingerprint

MASCOT Peptide Mass Fingerprint

Your name ‘Iqh ‘ Email |guozilgh@126.com
Search title \
Database MNCBInr v
Taxonomy ‘ .. Bacteria (Eubacteria) V‘
Enzyme Allow up to missed cleavages
. Fized [pintin (k) ~ Variable [wipcam (C ~
modifications |gigtin (N-term —| modifications D
Carhamidamethyl (C) Oxidation (M)
Carbamyl (K} Phospho (ST) =
Carbarnyl (N-term) b Phospha () v
proteinmass —Jkoa peptite ol + [12 03 V]
Mass values @ MH*+ OM.— OM-H- Monoisotopic & Average O
Data file [D:\ERE#WIP\NS datas\080108 (Bl
Query 1
MNB Contents
of this field
are ignored if
a data file
is specified.
— ™
&) @0 g(v[ojes 217 196 100 184 0 FF &M 1

o R D RO s

A 3-5 Mascot 3348 B & Fdm

Figure 3-5. Wet page of Mascot software searching in databases

R SR i A AR T e R A e TR —, K s
JE FITHH) PMF $dfi T Mascot B G B 1 808 i « 72 SEBR R B0 1 1R &
PMF EHEH A ANFN G5 RIS DL, B R BN S RN DXEEERER, Ak
A. ferrooxidans )8 F 5. IXFIRATIN B 82 Al BE A R FN R E, HAB AT BEEEL
19 1) SWISS-PROT .NCBI %5 %it4f ' A. ferrooxidans &5 [ 5 1) PMF %idfs g i A4
&l 3-6 MKIZ I Q72AR1_DESVH, Iron-sulfur cluster-binding protein. I
1 J& T Desulfovibrio vulgaris (strain Hildenborough/ATCC 29579/NCIMB 8303),
M9k A. ferrooxidans.
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MATRIX
SCivens Mascot Search Results

User + zhouck

Email ¢ chunxi.zhou@bruker.com. cn

Search title

Database : MSDB 20060831 (3239079 sequences;: 1079594700 residues})
T axonomy : Bacteria {Eubacteria) {1475502 se(uences})

Timestamp : 21 Dec 2007 at 09:22:37 GMT

Top Score : 81 for 072AR1 DESVH, Iron-sulfur cluster-hinding protein.- Desulforibrio vulgaris {strain Hildenborough I

Probability Based Mowse Score

Protein score is - 10¥Log(F), where P is the probability that the observed match is a random event.
Protein scores greater than 74 are significant (p<0.05)

Humber of Hits

30 &0 70 80
Probability Based Mowse Score

A 3-6 NCBI £k4% Z(NCBI i & 45 R : Q72AR1_DESVH, Iron-sulfur cluster-binding protein
Figure 3-6. Mascot Search Results searched in database (NCBI) : Q72AR1_DESVH,

Iron-sulfur cluster-binding protein

AT R REEE FE A ferrooxidans i I PMF idfs AN 4 14 i i, BT TR
G B E AR A. ferrooxidans £ 15T PMF B4, DA o Eiciis P22
A4 BN B A T CARRIXER . AEREELT ) PMF 508 e SR (1 45
RLW], BB P S TR ITCR AR SOEAT IR AP I UL C A 2R . N T4~ El (347,
3-8) MIFEARBURGWIAE AFE Bl E b IR R 45 R, R IKBUR G0 # et
RANZAEE, HILEHMER .

MATRIX
ives Mascot Search Results

User

Email

Search title

Datahase : AFE (3137 sequences; §88186 residues)

Taxonomy : Mammalia (mammals) {3137 sequences)

Timestamp : 27 Apr 2008 at 07:18:11 GMT

Harning : Taxonomy 'Mammalia {mammals)' ignored. Ho taxonomy indexes for this database
Top Score 1 122 for Mixture 1, AFE 0007 + AFE 1644

Probability Based Mowse Score

Tons score is -10*Log(P), where P is the probability that the observed match is a random event
Protein scores greater than 47 are sigmficant (p=0.05).

Mumber of Hits

Probability Based Mowse Score

B 3-7 AFE #t38 Ete k4R 1
Figure 3-7. Mascot Search Results searched in the local putative A. ferrooxidans
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protein database AFE (1)

1. Mixture 1 Total score: 122 Expect: Ze-009 Queries matched: 16
Components (only one family merber shown for each component):
AFE 0007 Ma=s: 29154 Score: 71 Expect: 0.00027 Queries matched: 9
oxidoreductase, short-chain dehydrogenase-reductase family {Aicidithiobacillus ferrooxidans ATCC 232
AFE 1644 Mass: 26555 Score: 53 Expect: 0.017 Queries matched: 7

phosphate transport system protein PhoU (pholl) {Acidithiobacillus ferrooxidans ATCC 23270}

2. Mixture 2 Total score: 102 Expect: Ze-007 Queries matched: 14
Components (only one family menber shown for each component):
AFE 1644 Mass: 26555 Score: 53 Expect: 0.017 Queries matched: 7
phosphate transport system protein PhoU (pholl) {Acidithiobacillus ferrooxidans ATCC 23270}
AFE 2309 Mass: 44951 Score: 51 Expect: 0.023 Queries matched: 7

deoxyguanosinetriphosphate triphosphohydrolase, putative {Acidithichacillus ferrooxidans ATCC 23270

3. AFE 0007 Ma=s: 29154 Score: 71 Expect: 0.00027 Queries matched: 2

oxidoreductase, short-chain dehydrogenase-reductase family {Aicidithiobacillus ferrcoxidans ATCC 232

4. AFE 1644 Mass: 26555 Score: 53 Expect: 0.017 Queries matched: 7
phosphate transport system protein PhoU (pholl) {Acidithiobacillus ferrooxidans ATCC 23270}
AFE 2155 Mass: 6411 Score: 18 Expect: 45 (Queries matched: 2
hypothetical protein {Acidithiobacillus ferrooxidans ATCC 23270}
AFE 1368 Mass: 11151 Score: 17 Expect: 67 (Queries matched: 2

hypothetical protein {Acidithiobacillus ferrooxidans ATCC 23270}

B 3-8 AFE %48 Aok 45 R 2
Figure 3-8. Mascot Search Results searched in the local putative A. ferrooxidans
protein database AFE (2)

¥ RAFI AL ferrooxidans 41 i BEAH G 5K 245 TSR SR % /E AFE
HARPErPR R, HATHEANE, FNIERIIIRBA>, LR, EEERA
Feor 2RI ER,. (Locus) , FEIXHANHI > CAr R B H .
AFE 2957
Mass. 44829 Score: 256 Expect: 7.9¢-023 Queries matched: 22
tol-pal system beta propeller repeat protein TolB (tolB) {Acidithiobacillus
ferrooxidans ATCC 23270}
AFE_1188
Mass. 22934 Score: 47  Expect: 0.057 Queriesmatched: 6
superoxide dismutase (sod) [1.15.1.1] {Acidithiobacillus ferrooxidans ATCC 23270}
AFE_1293
Mass. 47660 Score: 126 Expect: 7.9¢-010 Queries matched: 13
sulfide-quinone reductase, putative {Acidithiobacillus ferrooxidans ATCC 23270}
AFE_1644
Mass. 26555 Score: 53  Expect: 0.017 Queries matched: 7
phosphate transport system protein PhoU (phoU) {Acidithiobacillus ferrooxidans
ATCC 23270}
AFE_0343
Mass. 44951 Score: 51  Expect: 0.023 Queries matched: 7
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outer membrane lipoprotein LolB, putative {Acidithiobacillus ferrooxidans ATCC
23270}

AFE 2309

Mass. 44951 Score: 51  Expect: 0.023 Queries matched: 7
deoxyguanosinetriphosphate  triphosphohydrolase,  putative  {Acidithiobacillus
ferrooxidans ATCC 23270}

AFE 2502

Mass: 32731 Score: 137 Expect: 6.3e-011 Queries matched: 20
phosphoribulokinase (cbbP) [2.7.1.19] {Acidithiobacillus ferrooxidans ATCC 23270}
AFE 2974

Mass: 29631 Score: 99 Expect: 4.3e-007 Queriesmatched: 11

Tat (twin-arginine translocation) pathway signal sequence domain protein
{Acidithiobacillus ferrooxidans}

AFE 2047

Mass. 43743 Score: 44 Expect: 0.12 Queries matched: 6

hypothetical protein {Acidithiobacillus ferrooxidans ATCC 23270}

AFE 2887

Mass. 10669 Score: 67 Expect: 0.00066 Queries matched: 8

LPS heptosyltransferase II {Acidithiobacillus ferrooxidans ATCC 23270}

AFE 2510

Mass. 16574 Score: 144 Expect: 1.2¢-011 Queriesmatched: 12

conserved hypothetical protein {Acidithiobacillus ferrooxidans ATCC 23270}

AFE 2545

Mass. 19182 Score: 157 Expect: 6.3¢-013 Queries matched: 14

inorganic pyrophosphatase (ppa) [3.6.1.1] {Acidithiobacillus ferrooxidans ATCC
23270}

AFE 0025

Mass. 29871 Score: 175 Expect: 9.9¢-015 Queries matched: 12

membrane protein, putative {Acidithiobacillus ferrooxidans ATCC 23270}

AFE 2136

Mass. 19936 Score: 54 Expect: 0.013 Queriesmatched: 6

orotate phosphoribosyltransferase (pyrE) [2.4.2.10] {Acidithiobacillus ferrooxidans
ATCC 23270}
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W TFkAEE RERFEASE, BAEMNRHE, HAMUFE 112 M EE R,
3.6 A HT

FURT, X4 BE 2 3 PR BUE A — D R WK T & B E, ZE]—
A TG PR A AR A g DA, AT RN VAT e AL T — A
N, HEEFUEAL G BAAAE T E A A S Sk, a2 AR i A AR A
LG, X s T IME 2Rl RSO, R ARG ES TS, A
— BUM ALK IR PP O [RNA R B IXAN R 7 51 Uhk 4 45 5 ik signal pep
tide), B B L IGE R Z A S IR UM E A B EF 1 ik ie . X —Rjic
2045 2 R I UESE AR B, 200 BT R ZEWAE B 7 Wiz Fh s 5L e 471
W HAT AR S IR DL 8 T R (g T4k di

SR BN A NEE, HREH Locus?E CLE B 10 3E K (http:/www.tigr.org)
AR A N TR BEHE, A — R A RS R B 34T 20 M
SignalP v3.0 (http://www.cbs.dtu.dk/services/SignalP/ )& AE SIS Wyl 8 FE 1R 7 41 S
M HATE S IRHEAT 707+
TatP 1.0 server (http://www.cbs.dtu.dk/services/TatP/)?X{¢[77]XHL’_?_-EE\ H P41 215 B AT Tat
(twin-arginine translocation){s 5 JKBEAT 707 5
LipoP 1.0 Server (http://www. cbs.dtu.dk/services/LipoP/) #AFSI% 85 1A FE 71 2 15
HA Lipofs 5 kAT 70475
SecretomeP 2.0 Server Chttp:/www.cbs.diu.dk/services/SecretomeP/) {514} 41|
2 LW B A AT 0T
TMHMM (http: //www.cbs.dtu.dk/services’ TMHMM/) A7 HITHUMBUP
( http://theory.med.buffalo.edu/soft-wares-services-files/thumbup.htm ) AT 51 (1)
5 X HEAT 737+
Big-PI Predictor (http:/mendel.imp.univie.ac.at/gpi/gpi_server) HH™ 2 1~ %5 i 1
JF ) GPIAH 8 A 15
TargetP v1.01 (http:/www.cbs.dtu.dk/services/TargetP/ YA

Subcell Specialization Server 2.5 Chttp:/pasub.cs.ualberta.ca:8080/pa/ Subcellular ) #A4:1

CELLO v.2.5 (http://cello. life.nctu.edu.tw/) HAF** X PSORTb v.2.0
Chttp://www.psort.org/ ) FA TS P A IR B 7 SV 40 L 55 1) 93 A1 R 0 30— 2

B E A 5 P A A5 A AT 5 ik

XA RIS TIGRIE A E RS HIh REREAT 7098, tbsh, A H]compute PMW

(_http://www.expasy.org/ tools/pi_tool.html) T AP S PR (R A

KAEPMEEE FER Rl BEAS 21, S TR ER, HEgdE Pl & .
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1. AU Sk

SignalP V3.0l 45 A4 brfEL=-918.235-123.455 X (Mean S score) +
1983.44 X (HMM score) AT HI5E . 24L>0, H A GPI-45E [F47 £i(no GPI-anchor
sites)s JCEEHRIX (no transmembrane domains, TM). ¥ 13 & & b A4l HoAth fifd
41 iy #% 1115 %5 (no targeting signal to subcellular location), [FJE 5 A2 LA _F4 54
BNIFIAE . TN A 45 R L IEI3-9.

50.0%

42.3%

40.0%

30.0%

21.6%
19.6%

20.0% 18.6%

10.0% 7%

0.0%

SecP TatP LipoP SecretomeP No signal

B 3-9 Za e 5 KaA A

Figure 3-9. Percent distribution of proteins according to their export signal

T 25 K B IAT 97 MEECN HAR, 42.3%1 A. ferrooxidans 4 L EEAH OC £
FI#RAT Sec-type i Tk, Sec RGUEM H ORI MWHLE], FEH T Al M A
YR EAAAE - Sec RGERE AT T8 1 s s, Rl AT R AR Al A
M7 7.2% ) £ & AE Tat {55 U BI A5~ 3 B R, #is 2B LK) Tat LML &S
2y B Ja pas 2 AN RS . 18.6% 10 H T HAT IR R AR S Bk, 21.6%[)
FUONARZ I A 1, AT AR R Wh i A% 0 Wb B AR A o TX L850 A 3 11
H 2 AN (AFE 2974, AFE 0801) [FIIf 45 Sec-type fii "5 Ik F1 Tat 55 ik,
5 MEF(AFE_1918.AFE_0189.AFE_0190.AFE_0297.AFE_0420)[F]i] Sec-type
5 SR Lipo {5 5 k. & 19.6%MHE ARA TG 5. XLERm A5 &
FHZ IR JRZ MR I A L IR A & S B R, 6
HAEH M (pilus assembly protein) pE#(E 5/ FFI8 1 (pilin signal sequence
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domain protein) . 7Mi5 | 5 &5 1 Couter membrane usher protein)  #F-{R ¥t & & 1 (rod
shape-determining protein). J& JJi ¥ (A Hi SR M AW & B2 1 (periplasmic glucans
biosynthesis protein) &, SR AT AT S, AH SRS FLOY 0 A e A T, ARy
TR, Fmesia) . AME E, AR nT DAk 2 4 iR A DS ER
2. HERIIGETE

A TIGR R FEH EEH Rk, K L HbrdEE (97 MR #EAY)
REREAT 212K, LK 3-10.

others [ ]s.1

Hypothetical protein 16.5

Conserved hypothetical protein 6.2
Unknown function 6.2
Cellular processes 4.1

Protein fate ] 5.2

Energy metabolism [_]3.1

Cell envelope 43.3

Transport and binding proteins | 10.3
0 5 10 15 20 25 30 35 40 45 50

A (%)

B 3-10 448 TIGR EHE QR At £ H
Figure 3-10. Distribution of cell wall proteins in functional categories according to TIGR

annotation

M EE P ULE S, Gz —Lhi b (43.3%) M FFCh Acidithiobacillus
ferrooxidans 4 Jfil £.4% ( Cell envelope )i [, HiH 54.8% 1) 85 [ oA 4 [H 45 #4) (Surface
structures) [, 21.2%[1) 4 F A JUEE FONTUIRERBE () 4= 405 B 5 % (Biosynthesis
and degradation of murein sacculus and peptidoglycan) 3% [ 2 4 Fl s 22 0 1 2=
Y1 & 5 F% fi# (Biosynthesis and degradation of surface polysaccharides and
lipopolysaccharides), 4 35.7% ALK A0 AL EE H . 16.5% K8 H M Rkt
4 (Hypothetical protein), 10.3%[1)# H A%z 54558 H (Transport and binding
proteins), 6.2%[11EK [0 P57 MR & 1 (Conserved hypothetical protein), A
6.2%HE H A ARFNHEHE (Unknown function), JAMIhEERIH H & =AIR D
3. AL A TR T

¥ ERE BN TR AT g A, &R W 311,
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140000
120000 .
100000H B .

ph<7 pH>T7 pH>10 ’

= 80000 - . ¢ *

=)

= . * .

= 60000 - . o0

. "0‘:‘ .
40000 + o o .‘ ¢
.
20000 | “’0:300 “Npe .
s *s
ha 200
0 1 1 | 1

0o 1 2 3 4 5 6 7 8 9 10 11 12 13
pH

A 3-11 ZARFL/5TESHAR
Figure 3-11. Distribution of cell wall related protein according to their theoretics isoelectric

points and molecular masses

M EEPTEUE H, A, ferrooxidans 4 i e AH OCH A I pH =250 A0 7E 4~12
2 0al. 31.96%M & [ I pH /N 7, 68.04%IME AT pH KT 7, 10.31%/15
[ pH KT 10, fhfigih i (228, XA fE S A. ferrooxidans i b IR MR B 5,
JadRiE, A ferrooxidans J& 5t 458 ) pH £ 2.5~3.0 Ja B, Ak, LA, X
LOHR RN TR BN A U A T 1. T 20 & 2240 A {E 4000~118000Da.

3.7 itig

HATRIRITSE S, A R EEAN DGR A S U h B0 — N5 B8 A 2 LB PN
(K1, AEZFRAT Tl LA 73 J9l 6 20 MLBE i Y A 1 PR S PEDTARR H west
bloting 1) 75 K W0 UE P B A 5t A LIGE e i — S i )3 PR SR 5 P B2 2 1
AU [, RS E HE I RFEAE, AT RLE— R A R (R T 2R T
AP E GERNIERZI SN o« 3TN DI fE B2 R ik ] DOE R A
R HETAUBR . S F BT B AR 8 AL 1 AR R IB B U e e 24 5 (oL A8 40 ¥ 41
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DALE o AWEGTR A AR B I ER AR —A 2 E T AL B A B AT T, 3R
TG RIS R o A AT T A e 7 B rboker I 210671 N IR el e, il
EF-Tu, carboxy- some shell components, subunits of ribulosebisphosphate
carboxylase, and some ribosomal protein. FAITFEIX I AT~ 40 o R g ok 7 v i N 2
[ ¥3 H o 4817, —EEribosomal proteins 7 7 [ Ji A IE AN 417, chaperone DnaK,
the chaperonin GroEl, superoxide dismutase, EF-Tu and some ribosomal proteinsf}:

ARSI AR ARG A A T A R . DRI, A e AL A TR

[68]

o

TR 5 R IR DG I FH A 20 B S SR 1 5, U R /K MRS (0 2 1 B
AR AT, AESCXAEH SAH I B AT Z 14T — SOHIURHR 7T, i BARE
T PRI IE A B2y 2R 25110 [ SDSFICHAPS &5 2% [ Ik A 4 ik BE I /E FH
HASE BT 5 BT 20 25 1) B VA T2 AT, RO v T RS

RN A A I AR R AN — B IRBS 5 [R)— I [R)3RAS A IR B0 ot
i, B ANIRB TR R, XA R B T e 1, R,
IR A I o R 40 3% (peptide mass fingerprinting, PMF). iX— 71k, A K
TEEAT N AT, SRR sE i 3R I PMF 5 8 1 5 5508 2 A 2 1 i I 2EE PMF
X, e DA% e i 8 0. PRI Le AR 48 vl . vy, e s TR
BEER 1 50 S () i vk, o E A (AT 1 A 1 B e Tk — o U ARk
I 5 £ 11 IO P B8 2 DR 2 0 T A A ) i 1 el e P RO g R A e 3, Al
PMF 7 12 ()3 FH PR R i g0 41420,

HE, PMEVAAR [F) R 52 21— 2L fR T, 52 M PMFIL 58 e 45 W DGR N 25 2200
(1) REBE, B REHERAPME(E 52 5 2L A el . R0 I sk
SIEMAGWE L, e R FGE MBS . S o, nrA I B Ik B>, XS
Bl FERr R I A
(2)~ KiHAEE, PMFEJ7 ik B2 S IR B 701 o I e SRAFHER I A 2 45 R,
DT M0 o R 0 5 S T L (4R o R I0E 43 BT 140 20 1 B R 0 5 Tk 5 X
10° fidi, CAEEFFAEIRERRMER. RS TAET, IR
i, B P AR SR TS IR S, KSR AR AN HEAL, SR KRR B Rgmmp R 45
R REBOK, KR AR RS
(3) FUERIE, % THRIEENPMES: R E ER, Bk E s b A ny b
[F)—, JEHXTOFBE T as, FrEARIE 2 o F 2 B & . e
FAEA AN AT A ARAS IE P A P BRAS IE B AMAS IE EER A, ANEARYE SN IR D
BRACEI, bt it R FEAT K, BOM SR a5 S i), R SR HI i, XPMF
(PRI P I 2 AR A B
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(4) 7R, R ERRE LSRR AR, PR N, gl S
W, FEREETRRE T .

(5) HlsE, T PMEF%E & UL U 1, RO R A 5 2 15 58 3%
AR G N R 2 — . SWhs TR &5 & HIPMF B R 4F, HA AT 451
GOl BRIEZ — & B PEAN A, S0P B 3 DA 2500 e T A7 AE, RITAT g
RHEEE . HArCA R E AP ET, DRSO RNCBIne £ 7R 5 56 3

BAERE 7 Bz A, RMERE A P2 O, B A NS 1 BT B 55 K
W, AR AR, A TOEE R E AT

(6) FEALHlA, AISZIIPMEVA S E B i) 4 R B9 Ny DR 31 32 B R il i) 45

FE T8 B I IR 2 E R 2 0 (0 R A RS AN 2 3

(7) KRIFVEMTH, WA PMF IR SEEG 45 FONBEE B3 AT LU PP, 2
Vg S 0 B e e e R FLAT AR ) i S 5 R OB R 1 AL IS SR A Bk
A PR IR G 1) T, AN A2 A E s B R e . HATVF2 5t B i A
KRl IS S EXPASY £ 1T 2H 22 i 45 #s iz

( www.expasy.ch/www/tools.html ), XEEHAFA] T4 E ML, otk
TP T, 0 AT RE R PR SR AE T LU S R 1 ) = i g b, bR R e
JRORI 2 U e P DK 00 P R P R AL 5T 0 A s S A% O R R B
HAHWAS-1,

#.3-2 PMF# A sh44

Table 3-1. Sotfwares for PMF in common use.

AT HR E
Mascot WWWw.matrixscience.com
Profoud Prowl.rockefeller.edu
Peptldent www.expacy.ch/tools
ProteinProspector Prospector.ucs.edu
PepSea 195.41.108.38

VAT B e S B AT P 8 I A4 RS 1A AR SR M P IR B o i DA B Tt 9
R B T AN F i (g2 Uik B scicls e A HP 91D . NCBIL EBINTH
AHBBEAT W] Ao B AR IR S5 T 51 8 e P, RV X B A R R R T2 1A
AT, B — NS I R G i ORAT AT — AN R EEIRTUR T, s
BT LN 2R (751102,
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E DR 7' 3 A ferrooxidans 4 JBE AT B 1R IA K

3.8 ARE /N

A. ferrooxidans 5 3137 NI EEAHE (ORF) , 4ifid 3137 ANER T, MU
IR BT E R SUEIE I (AFED KOR T8 1 256 Hhon 88 1 B 380 o ACS e i
LC-MS/MS $ARZRAT A. ferrooxidans k2 44 i BEAT OC 8 11 1) 245 TR TR
B, N Mascot ¥ A1 E AFE Al FEP AT ER . B TS5L8&0, Hurg 2l 97
FPE . X 97 NMERET 42.3%F Sec-type 551K, 7.2% A ARG A RIS E S
K, 18.6%M&E A HAMRE A TIK, 21.6%M 8 [ IEL 87 wh a5 al ek 9E 5
K> WA I AR 53 Vb B A B AN o V40 s 457 TN A5 0, X 8 B 1 2 A T R T )

(Periplasmic)  #ME (OuterMembrane) . b (Extracellular) B{Z A7 &,
AR A AT L, (HJE PSORTD AT EATTE S 2~14 A o i lE, FAG N
ZIHEML A (non-Cytoplasmic) {5 5 IAFLE, KIIA N IX LS E H Lo it
FLEE R AT BB PRI 1 JE i e i e 2 L ok . 4% TIGR 7 A ferrooxidans
FEDRIERE, 4IRS 2K 43.3% M 40 R EEAH OC B 1 B Al e du gy, o 54.8% 1) 8
FOARIMES A, 21.2%10 8 F A JEE SO IR ERBE (10 A= 26 i R 3 1 22
FREFING Z BRI A& S B, o 35.7% A A B iR A . 16.5%I1)
HEANEREEH, 103%MEHE iz 5455 HE (Transport and binding
proteins), 6.2%H FANRFIMREEN, ©F 6.2%EEA AR EH, H
fDhRERIH H S = AR Do XL I pH F 20 A A(E 4~12 Z[A], 31.96%]1)
FAFI pH /NT 7, 68.04% A pH KT 7, 10.31%M5H pH KT 10, 1
Bt E A2, XS A ferrooxidans i NV IR PEIR B . EIRIE, A
ferrooxidans J& Jii 75 [ [f) pH 7 2.5~3.0 yulil. K, wRLAK, XS AT
a1 <3 = = Sl [ L A 2l i T 0 S i 1 BT M -~ S S0 i 1
4000~118000Da.
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FMOE FRBFFHTRRSLTRETEMEERXE
BRIZER

41 318

TR R, R ARG & P 2 2 ) BRI, RN R I A
[ () 4= 4% . K Harneit 25\ & B4 A. ferrooxidans 547 ¥)1EH] 10 h J&, B8k
W LB T 90%K 4N R, T s A R NS I 60~75%, AidE L LT
W BRI AN B o B A A5 A5 R LA MIRIEL AU LA AL S50 (S) by g 5 ) B 7 2
AT . IXLCHRUL, FECED A DI I R, R AR AR I AN [
USSR

A S0 T el o) o 1 VA A L ST Y S AN [R]85 7R 451 A ferrooxi dans 4 Jif B
FHORHE I 70 3 20 B B, SRR IR 22 et 1, K487k A ferrooxidans
TEARIREFRAAT T BRI 22 5

42 WATENEFEMET A ferrooxidans AEEIE X EQ S ENTE

{EH H 5T 2-DE 73 BT, EAEX AR IR T A, ferrooxidans 4 i B
R E R, LUMEAE 2-DE HRESCIUAR A ) AR . [RFE ] Bradford VAN E
HBURIE . A2 WL 4-1. FeSO4 M S MANREFR 41 T I 8 1 B0 FE 2370l Ay
11.25 ug/ul, 13.66 ug/uL.

4.3 REIEFEHT A ferrooxidans ZHREEEtH L E B SDS-PAGE 48

— 5%, {F 2-DE 4> B8R [ B 4k SDS-PAGE #J5 %58, M 5 [ SZ I A i
O MIUES . SDS-PAGE HiL vk K an & 4-1,
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== —

B 4-1 RR3EAREMT A ferrooxidans a5 48 X & @ SDS-PAGE [
Fe R TABR L 4RIZ R S R T RFAIEFH
—— R TERE

Figure 4-1. Cell wall related proteins separated by SDS-PAGE from A. ferrooxidans which was
cultuered in different conditions

Fe, Cell wall related proteins from A. ferrooxidans cultured in Fe*;

S, Cell wall related proteins from A. ferrooxidans cultured in S.

——, The different band.

SDS-PAGE &M 5 (A 4 1 KAV A R A i 25, MWK 4-1 o] LA H
St WA (R B AN AN R RSS2 4T A, ferrooxidans 41 J B AH DG 8 1 it 1A S5 1)
8 N, XU IX YL 1 B AR BRI 2 5

4.4 REEFEMHT A ferrooxidans fEEHH X E R 2-DE 4R

XF FeSOy FHERL 5T A BEUR P45 F T 55771 A, ferrooxidans 4l i1 BEAH 5C 4R
AT XA Hk o B, JF 2 IR AT, XU K R I T R R,
ANTF] BEVS B IR (1) A ferrooxidans 411 i BEAH 5 2 IR0 a) FEL UK AR 18] 4-2.
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pH 3 > 10
— - =
d : =
v :
.." '
.
" ‘ " *
‘ L
g
3
™,
— - wd A A f‘" L-’_k-‘ = —
b v
v
| e
' ' P 4
' .
.
e - e . Y W e - _5

A 4-2 A. ferrooxidans m fit. B2 48 k& & 6 Wik B 1%
(a) VAR S A 4R A ferrooxidans m JILEEAR % & @ & ik B i,
(b) vA Fe A 447k A ferrooxidans 2m it B2 48 % B & KA B 4.
Figure 4-2. Cell wall related proteins from A. ferrooxidans separated by 2-DE
a. Cell wall related proteins from A. ferrooxidans cultured in Fe*';
b, Cell wall related proteins from A. ferrooxidans cultured in S.

M ERTUAE H, BLFe® h BEUE A PR AR 1% 9% A ferrooxidans 4H g B AH ¢ 2
S E AR AE pHA~10 (s N, HAE pHI10 A — MR &, Xl fig
AL pH KT 10 MEABE W EHFA G, X500 S5 45 A2 A 57 A
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(K. MWE FIETTLLE H Fe? A HEUE K A. ferrooxidans b5 5o b BEVE KT A
ferrooxidans 40 BEM RS R IZE L . FATRHA PDQuest 2-DE 43 1 2F Xt
2-DE Kt —2 0¥, e 1N ERRIEEA.

45 TFERIEFHFEHT A. ferrooxidans BB tH X E H 2-DE &R 947

PDQuest 2-DE 73 Wi RGEFIILE 2-DE 7 Wik i R4 —FF, tass EIGCR
A5 MG TS B AU S B B R B R A A SRR I IR AR R & in T
DE 1 57 M L BRI T AKP- I 4540, PDQuest 2-DE 7381 FCR HY e i1
1 (Gaussian smooth )« 58T 555715, EFAIE RIS HERAT T I W= 1 K]
T,

326 AN R RS A g K7y “dpe /D R”s “Be g9 RS e SR R AR,
NP 4-3 WA TS T TR 4-3)43 31 T BE AR/ TEAR S AL E S TR
MEL BN BE VBN I Gel Image Bl . BshfaseEe G, A L8 fUoRHR
A, LR RN, A SR B R i A RO AN A, BT LIS T XS
—SE S REATIR 0 MR B AE I . BT e R R AN R 11
S, 23 RU W H SO R RS AR S, WP SRS I 58 B e T IR 4-4 N
A. ferrooxidans & 5T XU In] k12 FL DK s A U IS W R T S i Il . AT Gel
Image XJ A. ferrooxidans X [ eI FLUK B 1% T 285 A Hic - A A BRI B R 34T T
PO, BRAG T 232 B 15 MEA K. BUPBEA R D ECELIUZI] Gel Spot 2K
AP, 7 Gel Spot FAIHATESEHL R S 7 FHRILAC. Frid. AIF] Gel Spot 2 [H] UL
BoA5aE . i EIREAIE 0T b, AT RASRAS 2 1 22 5 R ik (] 4-5 ). Bty
Fel LI e A ANRBRUL G L BB s, R ZE S i, i e I ZE R
HERZ 5

FE 8 T B R AN 6k 1 S i 25 Al EabAT 2-DE BRI IEMR Z R UL HC .
PDQuest Zr#T#k A bZiseFe € —A> 2-DE B UG AE 275 1 (Gaussian Gel).
PDQuest 4 B ILECHE it 7 2 ALl Ty 20, A5G BB ULECHF-3IULRL . H T vk
LR — BRI R K5, B [A] A o Y O FRLDK R 2 TR A AE R A BT
RPN EAT T AT L IR PR AN S 5045 21 E R VL AR - 53 bl K = L5 )
VLC, BPSeT e — oA B VLG 8 BBt s, DURCI o A s i fli2s A
ANAKHE T € M AT R IE AT A B T A5 A 1Y) 2-DE BRI R ILIE, 5
i e Hoe VL le 2 5L 58 AN LRI 2

PDQUEST A ULECES SR M fit 7 2 707 e flan AN A BBt s A [A]
2-DE iR G BA RIE BRI Z R, Image Master BERJ 8507k A 2L AR I S e,
R H BRI TE AT B R IA .
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&

PDQuest - 7.1.0

Ele Edit Wiew Image

RS DROHE B TFihide B il B B DeteotLag Spot

Spots  Match  Analyze Identify Report ‘Window  Help ‘

Edit Spot Tooks

Spat Detection Parameter Wizard

m

Step1-5¢

ERRemo

M Maste

Count 2

Step2-Dn

Parameter

Log File Na

BERe

Basic  Advanced

Step 1 - Give Manual Guidance

©. Click on a faint spat.

&

ik Box the largest spot cluster.

Click on a small spat,
if difterent fram the faint spat.

Step 2 - Test Seftings

=,?,'_Flm:l Spot Centers Spot Count 267

Q.‘

Image s-1-crop-1 v1 (Filtered)

Parameter Set s-1-crop-1-262 Save.

!-;. Process All Gels Qi

) 3744 1 - Microsaft Word

A 4-3 #|H PDQUEST k149 Spot Detection Wizard J&& #4172 € /R 2 548 & 2

Figure 4-3. Windows of Spot Detection Wizard of PDQuest software

N |
o *
4 -
o .
hd ' "._J .
. . . T ‘e ®
‘ C, ik
. ‘ L. " 2
™ ’ ... ' '
L] L . .."- ‘-
*® . . h ) -9y,
- - o, o =§
™ )  —— - = H‘" -
- - -
- - -

B 4-4 R —H9H 7 AE RIS K Ao A L000 BIRkE

Figure 4-4. Viewer of the image filtered some backgrounds and tripes
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4.6 A. ferrooxidans B2 tH X ERE S HER R A —BIE S

AL LUK 2 B RO IS 52 2 T AL 3R R (10 22 20 SRS, O 1 A
EENE WTHPERRE TR 2-DE B, REANEIRAATIRA A T 3 LB
17, BATER 3 5K HIK ] PDQuest B I (s — EUPEREAT 204 P 4-5
S BiIR AN A ferrooxidans 4 JfUHEAT G 1 3 OB A FELIK A5 SR K —SUE BT o

POONest - 7.1.0

ma

5-p {Modified)

R P
Match symbols (matched: 195 unmatched:_l3) A

R B
Match symbols (matched: 205 mumatched:27)
- 5 12.16 v1 x3 (Raw 2-D Image) Kk

S-p (Master) n !

n F " .
B syh)%@ﬁzqwcy’?’\k b %g’@mqwﬁﬁ?f
T, 4 g Saphies
g roipt g 1 v & rolpt; mg
e a|$ { ;ﬁ‘? o aw f"@!f';? ;
Crb j_hb G & i crb 3 2

e d oA . _
Match symbols (matched: 232 mmmatched:0) Match symbols (matched: 205 unmatched 8
"

) h
5 11.06v] v1 =5 (Radp 2-D Image) krr‘n 511.23 ] =3 (Raw 20D Image) ! m
|4
@ Matching Summary Far 'S-p' @

Member infarmation

Gel Mame Fieplicate Group Spots Matched Match Rate 1 MatchRate 2 Corr Coeff Detect parameh

512161 not assigned 208 +0 195 +2 93% +1% G4% +1% 0.932 +0.001 S-p
*311.06%1 1 not assigned 232 +0 232 40 100% +0% 100% +0% 1.000 +0.000 S-p
511.23v1  not assigned 213 +0 205 +4 Q6% +2% 88% +2% 0.958 +0.000 S-p
4 3
@Master iz matked with * Cotrelation coefficient based on = 11.08v1 w1
tatchSet information Feplicate group information

Spots matched to every member. 187 46 Replicate Group tember  Matched to al tean CV

Overall mean coefficient of A all not assigned 3 187 +B 15.08 -0.05

wariation of all replicate groups:

J Cloge Mormalize Fematch Scatter Flat @ Help
@ PF-] =) B Fe-P4T48 doc - Mier... [ BROER (I PDCuest - 7.1.0

B 4-5 S 3 HREMT A ferrooxidans 2 L BE AR £ 44 5 & — B M4
a. A Master JiX; b. A 11. 06 @) &R
c. A 12.16 M@ e kiR, d. A 11.23 W) kg

Figure 4-5. Group Consensus of cell wall related roteins from A. ferrooxidans cultured in S
by the PDQuest software
a. Master gel; b. 2-DE gel of 11.06; c. 2-DE gel of 12.16; d. 2-DE gel of 11.23.

MBS 4 SR I B 8 1 5 208 232, 213 4, L 11.06 ik &3 Master
g, HoAh P HIZ ) Match Rate 1 43 %124 94%. 98%, Match Rate 2 43511 4 85%-
90%. Match Rate 1 & RV S A AL B T AU E 43 B, Match Rate 2 7
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VCHC A 7 Master IR B8 ST 20 . DLRIRE V00 Fe 53510 A
ferrooxidans il U BEAH G 1, FLULHCHRIE 90% LA b, Ui ASLIG AR ER
P,

47 FEIEFEZHET A. ferrooxidans A2 B X E R ES S

H PDQuest B AF T AR BE 72 445 T A ferrooxidans 4i it B AH 5 25 FH XL [\) H
WKE FIZE SR AN, DL Fe? B2 3711 A. ferrooxidans 41 o AH 528 1 14 % A) HEL bk
Bkl A Master 158, B PERIUEATICHDS, 25 RILKE 4-6, 4-7,

Mateh symbols (mmatehed: 230 mumatched:0) Mateh symbols (mmatched: 104 mmatched 257 Mateh symbols (mmatehed: 230 mumatched:0)
Fe-3 12.18 (Master) S-l-crap-T vl (Faw 2-D Image) fa-1-crop-F vl (Raw 2-D1 Image)

B 4-6 B 12.16 IR L& & 5 EF5H
Figure 4-6. Analysis of different proteins by the PDQuest software
a. A Master ix;
b. Fe'32 749 A ferrooxidans 4m e BE 48 X & & W) ook K
c. S3¥EFey A ferrooxidans 4l BEAR X & & A6 BIKK;

b} a fe-s-1 (Mo b C 0606
B
! @ é &
d F ® . [
’
. & ‘ &
N a L ®
e}
- ‘ % . é .
- Q& % »
- = - . a B ]
. b é
. w
:
.o we e
u - N
. @® " ? L
- P = 1
-
e 9 o8 . s
m e - y -
o
fl (Mster) s-lcvop-1 vl (Raw 2 Dlmage) @ fo-l-avnp-1 vl (Raw 2.D Image) : v

B 4-7 12.16 lx L& & & £ F 547
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a. # Master I&;
b. Fe'#:7549 A ferrooxidans 4m it B 48 X & & AL w7k A ;
c. S3EFeY A ferrooxidans 4m AR AR K & & W6 Wk A
Figure 4-7. Analysis of different proteins in gel 12.16
a. MASter gel;
b. 2-DE gel of cell wall related proteins from A. ferrooxidans cultured in Fe*';
c. 2-DE gel of cell wall related proteins from A. ferrooxidans cultured in S.

21 (5 B P A A ANBE VL IC I B 1 BCRE i, BRI 22 7 0. ZEAH IA] A
EEN T, EARKNZERORE LR ZESAE LR ZES. K 4-8. 49 435K
A. ferrooxidans 4l il BEAH G BR (IR IA 5 BRI =N &= 7 L

i} Fe-5 12.16 {todified) 0686

SSP4M

Matchoffiets
Fie5 1216 (Master) fi §-L-erop-T vl (Ram 2-D Trnage) fiel-omop-F 71 (Raw 2.D Image)

| 4-8 RFI3 AL T A ferrooxidans 2 iAn £ B & AL & éﬁf i
Figure 4-8. Different well wall related proteins from A. ferrooxidans expressed or not in

different cultures

Fe-5 12,16 (Modifie b 06

= |
o

»

i
-

B 4-9 RREZRFMT RO RLEH L7}
Figure 4-9. Different proteins with different quantity in different cultures
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a. Fe"327549 A ferrooxidans 4m oL BE 48 X & & &) o,k ) ;

b. S3FFray A ferrooxidans 2m e BEAR X & & ey Wik .
a. 2-DE gel of cell wall related proteins from A. ferrooxidans cultured in Fe*';
b. 2-DE gel of cell wall related proteins from A. ferrooxidans cultured in S.

k4l B49YRERBORLEER
Table 4-1. The different quantity of the two different proteins in Figure 4-9

RT Fe" Rig% S Higt TR LE
1 2119.7423 4663.1+38 0.45
2 958.3+23 406.5+8 2.36

Whiz: FHAEh Fe BALH T RO AEAZTE SEAFMH T EA KL THIMA.

Average ratio: Quantity ratio of expressed proteins in Fe*" and S cultures.

DIAHIEIR) 2-DE 240 HY R I P sk B B oy — AN X LR 4L, #B Fe” B398 A
ferrooxidans 4l fifd B AH 2 85 1 X R LK R A Master 1, BEAT 3 IRULEC, HR¥E5>
Mras B, v 3 BRI TR

42 MR e IR Buss R
Table 4-2. Matched spots in the two gels

Gel name Spots Match Matched Rate 1 Matched Rate 2
Fe*' 240 240 100% 100%
S 219 126 57.5% 52.5%

M ELRTATLAF Y, Fe? BiFR41F R A. ferrooxidans 41 it BEAH 5 4K A 240 4>
Tk, MEFREAM N IH 219 4, 126 NERALPIFISME FHRE B s 2,
Fe? R4 T LE S 35341 F 2 0k 21 NME . 5 Fe? 133511 A. ferrooxidans
MLk, 78S EAK M A ferrooxidans A 93 /N7 40 i BEAI <15 1 .

4.8 FEIIEFEZHET A ferrooxidans ZfEE LA E R EZER L E

T8 LC-MS/MS it /& MALDI-TOF-MS #5f A & (AL fi, A 7155528
(140 f AR G I RIS B, SEPritse b A TR VR O L 4 AR, g —A
AT BLE . NHGEUEETE A. ferrooxidans 41 it BE R ¢ 8 1 22 7 I8 1R
B AT A, AT aiBE E A (B ZEREO D Z2H, BN
JR AT B, SR S5 3E4T MALDI-TOF-MS 7341, Jf LA H 2 [ Af 15 (m/z=1993.9772Da)
HHATAZIE . I Expasy H 1 Peptident A fj#f#2 SWISS-PROT LA K NCBI
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B, BRI R S5 A VCRC IR B IE BOR A, SE R ORI 2, IR A XL
[ 5 J FEL SR A Y. B 0 s R R I 45 R A L 20 i DEIE Y BRI 22 2D (5 AN e L
JRITK I B VL E ) A A 2 HE R e 41 1R 78 o 22 (> 30%) EAT 8 L B 78, 7E3RA IR ITR T
HiIRQEE SR e g ER R, HilcfE 18 M EREH. 4-10 K
MALDI-TOF-MS f&g 45 R L > 22 52 H, 75 A, ferrooxidans 4 & A
KHEARE S P AKX 18 AN A IAHE B GRAMIE B 3.6 157
AT IRA ), WAk 4-3.

Prohabiliny Based Mowse Score bability Bated Muvne Score

B 4-10 NCBI HAxkB|09MAN£27%A
Figure 4-10. The two different proteins searched in NCBI
A. Q93MGS8_THIFE Rhodanese-like protein precursor (EC 2.8.1.1).- Thiobacillus ferrooxidans;

B. Q9Z4J5_ THIFE Major outer membrane protein 40 precursor.- Thiobacillus ferrooxidans.

RA-3 LERMH IBAEREE
Table 4-2. Eighteen different proteins identified by MALDI-TOF-MS

Match
Functional Export Subcellular PI/Mw
AFE Function Score querie
category signal location (Da)
s
lipoprotein, Sec/ Periplasmic/ 942/
0297 ) Cell envelope 151 3
putative Lip Extracellular 10253.65
periplasmic Transport and 910/
2981 solute-binding bingding Sec Periplasmic ) 84 5
) ) ) 36673.42
protein, putative proteins
conserved conserved

. ) OuterMembrane 891/
2954 hypothetical hypothetical Sec 163 6
. . /Periplasmic 28707.44
protein protein
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% 4-2 4
Table 4-2 continued
Match
) Functional Export Subcellular PI/Mw
AFE Function Score  querie
category signal location (Da)
S
ABC transporter,
) ) Transport and
periplasmic 931/
1586 o bingding Sec Periplasmic 87 5
substrate-binding ) 33547.95
. proteins
protein, putative
Energy ) ) 9.49/
0008 cytochrome c4 ) N-Sec Periplasmic 48 1
metabolism 24737.35
. . Energy . .
3186 rusticyanin . N-Sec Periplasmic 353 31
metabolism
lycine cleavage
&Y & Energy 4.74/
0555 system H protein, N-Sec Periplasmic 208 6
) metabolism 15033.93
putative
LysM domain Unknown 9.62/
3006 Sec Extracellular 23 3
protein function 37600.39
major outer Transport and
493/
0365 membrane protein bingding Sec Extracellular 192 28
4225143
40 proteins
tol-pal system beta Transport and
Extracellular/Pe 7.85/
2957 propeller repeat bingding Sec 103 4
riplasmic 44742.25
protein TolB (tolB) proteins
) ) Periplasmic/Cy-
hypothetical hypothetical ) 9.04/
2429 ) ) N-Sec  oplasmic/Outer 57 2
protein protein 46292.36
Membrane
OmpA family ) ) 9.40/
2722 . Cell envelope Sec Periplasmic 146 6
protein 22924.46
eptidyl-prolyl
peptidyl-proly 924/
2516 cis-trans isomerase, Protein fate Sec Periplasmic 318 21
28022.49
PPIC-type
conserved conserved

Periplasmic/Out 9.69/
0411 hypothetical hypothetical N-Sec 58 3
erMembrane 23207.49

protein protein
Tat (twin-arginine Tat
translocation)
) Unknown ] ] 6.55/
2982 pathway signal ) Periplasmic 110 6
function 29455.49

sequence domain

protein
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% 4-2 4
Table 4-2 continued
Match
Functional Export Subcellular PI/Mw
AFE Function Score querie
category signal location (Da)
S
1-acyl-sn-glycerol- Fatty acid and ) 11.17/ 51 4
o No Cytoplasmic
2313 3-phosphate phospholipid 33422.04
. signal Membrane*
acyltransferase metabolism
conserved conserved 6.93/ 49 5
2344 hypothetical hypothetical N-Sec Periplasmic 20595.58
protein protein
Q93M Rhodanese-like 9.36/ 63 3
Sec Periplasmic
G8 protein precursor 23780.26
% % Sec, SignalP TR &) 5is1z 5 Ak, Tat, TatP TR &) WA R BEL 441515 5 Kk, N-Sec,

SecretomeP TR 44 F 22 $ 5~

/Lﬂ'a'fy‘ﬂt No signal, ZA #1535 Ak,

*, PSORTb & fmfe g AL TN iz & @42 TR L, 1224 non-Cytoplasmic 125, #IAKZ%&
A ABRGRIEERE, A —HWEMILT RN,
Sec, SignalP prediction; Tat, TatP prediction; N-Sec, SecretomeP prediction;

* The protein was predicted by PSORTb software in Cytoplasmic Membrane with

non-Cytoplasmic signal. So it could be considered to have a cytoplasmic membrane location with

partial component in perip

M5 PDQuest A3 M4

lasmic.

HEAEIE L T R 4-4,

F A4 SEALZMMTLHF ' BERALHTEORRER

Table 4-4. Differrntially-expression proteins of A. ferrooxidans cultured in S compared in Fe”*

Locus o4 HHRIEZE 7
AFE 0297 lipoprotein, putative t
AFE 2981 periplasmic solute-binding protein,

putative t

AFE 2954 conserved hypothetical protein t
AFE 1586 ABC transporter, periplasmic

substrate-binding protein, putative t

AFE_0008 cytochrome ¢4 f

AFE 0365 major outer membrane protein 40 t

AFE 2957 tol-pal system beta propeller repeat T

B protein TolB (tolB)
AFE 2429 hypothetical protein '
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F4-4 4
Table 4-4 continued
Locus e HERILZE R
AFE 0555 glycine cleavage s?lstem H protein, T
putative
AFE 3186 rusticyanin '
AFE_3006 LysM domain protein t
AFE 2516 peptidyl-prolyl cis-trans isomerase, |
N PPIC-type
AFE 2722 OmpA family protein t
Tat (twin-arginine translocation)
AFE 2982 pathway signal sequence domain t
protein
AFE 0411 conserved hypothetical protein t
AFE 2344 conserved hypothetical protein '
AFE 2313 1-acyl-sn-glycerol-3-phosphate T
- acyltransferase
Q93MGS8 Rhodanese-like protein precursor t

L ATEOESRANALETH, PESERALH TRABREFBANALELY,
T, RTEOE S BANKAFTTH, WES BRFHTRATIE F' B AN AR TS
2.

1, Proteins of A. ferrooxidans cultured in S were expressed less than that cultured in Fe**.

1, Proteins of A. ferrooxidans cultured in S were expressed more than that cultured in Fe*".

18N E AT 44N FRIE N, 14 K IE B Horp Rhodanese-like protein
& A ferrooxidans 7« BACARER SR Bl MIARBAL YIS T T RIEHT, M
1E Fe* F7AE 5% 7590H Rhodanese-like protein ik 324, HA» 754 21kDa,
PI=9.18, & Deinococcus radiodurans [ SRR 27% K1 IR, 42% [ AHAL
M. SANRRIREEANE, ©AT A ferrooxidans 4 a4, $EIRIE S5 TH IR
R K. M Ramirez 25 APV 7 4 3 36, periplasmic solute-binding
protein(AFE_2981)1j MolA #15¢, HAE S Bif4cfF FIIRIA BB T Fe™'.

4.9 18

WA kP RE 2, REINA, S8 P K2R P 106 S 45 R AT IR KIS0
PRI 2 R A AN L R B 2P IR, R AR B2-DEFOAR UL S B
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N LR A FROAE i T S EER 1 R e DR 3R AR 22, N U AR RS ] B 2
AR O S ST Rl s S D2 RS Y e Ay W (A o - - g S I WA = k7
I R R T ) B AR 25 2 o ARSI BT R S TRE ROV, R R
EBOIR T o Pk 3R A ek AR P R B Bl 1 s R A R RS, s T K A AR
B, Bk T HEEER,

RERIE RN TR T AR B s TR I2-DERHR B2, ARSI T T
LR EFERIIEER, AR NS00 ught, KEHE A SRS Y Ik
Z />, WO A e w2 /& A ERER 800 ught, & H U&7
YL EATE T B TR, HE A L K/ NAME T-MALDI-TOF-MS 7347
JIT LALE S B 286 th JRATTRE 71000 ughty ERER, T ERADSHTEE.

WAk, A5 SR AR AN 70 gy nlaed B A5 i SR AR 5 i AR 2-DE JE 1% o BE 7R K P T
HESEINUS SASUNA AR - SUNAS R AN ¥ Ik g R it L PN NI ANAER] K we e
SRR IS TR AP e, AR S50 o i >R P ) &5 PR 2R AR AR P 443 31 1 2-DE 35 R HH 3K
P2

TE25 M) SDS-PAGE MY, WUR BRI LA G, B K I IR,
HLPKO FE PR, 2t GR 70 BRE R A JR X U A1 2R . ARSI R F 12.5% 1 73 B IR
I HL e 35 PR BB FEL UK I HIA S 20 mA, 30 min, K25 mA, 7h, £45] TR
LFR2-DEZS B o bAoA T 4 i B A MR A S 1 5% — [n) SDS-PAGE HLJK H Bk T
A o

4.10 AKRE/NEE

VE R —Fh EEN Wi 405, A, ferrooxidans 753 W 6 F 2538 5
SR I W) SRR, AN[R) ) A2 PRI, 3K L6 PR] 2% 05 25 5% ) ) Tl A 0 16 A B
S B TA Y B R IE o ANSEEG DL FeSO4 FELTT S S REURAE A X LU, RE4
W7 ZAESE, BT AR OCH F Al X e UK AR 7 B, 4 PDQuest K
o, R T EEHN ST LA 2= 5 WA FRAE T EE AN 3
UK VLR R IE R 90% LA |, ARSLIHE A B M. [FEE, ot S K
FAM T E Fe™ B R4 M AR LN B AR SC B (IRIA 22 S 05 93 o K22 5 i g
H)5, 4 MALDI-TOF-MS 7347, HAfC¥5E i 18 M ZERE M, 4 MARIL T M,
14 gL . HH Major outer membrane protein 40 (Omp-40) precursor Fl
Rhodanese-like protein precursor 2 44 4 Guiliani,N**/fll Ramirez,P!**! 43 5%} X
PR H AT I AU
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5.1 fiRgit

A H BRI A. ferrooxidans 4 il BEAH G 8 5tk SDS-PAGE FIAL
[a) BLVK 2> & )5, > R LC-MS/MS FI MALDI-TOF-MS R Xf 42 # A,
ferrooxidans 4 JLEEAHOCHE 1 AN RIS IR AF T I 22 e iR LT EHAT 0 A e, te gt
LR IA vl 22 S 0% o AR S B LA, PARM AR A U F, R SEEG o
2-DE K3 ER BT & A S A% T MALDI-TOF-MS 21 %€, b 78 7 LC-MS/MS
ANBESY BIEE a5 T LC-MS/MS i F1 IR 48 8 R AR 728 XA FIK R AN RE 7
BMEAMEE. FE, RAEE SDS-PAGE K L2z R 40T T
LC-MS/MS, VAJ7 ERAERN 22 5t AT 0 AT % SEBG TR 3RATTR A 9015 12
2HRRKIE T A ferrooxidansPMF 4l 2, fif ek T NCBI 544l 2 A
ferrooxidansPMF AN 4> (1) [a] i, KK 58 T X A, ferrooxidans &5 1)1 45,
LG T A ferrooxidans 25 [ [IAF 9T B9 5E T R U0 JE Al

T 2008 T JGE B HLAS R, HATDR R B 112 MRE. WX 112 4
WEMATAEYE BB, 97 ANMEEEMRER, K 42.3%f Sec-type
5K, 72%EA X AR5 5K, 18.6%ME A A IREARE 5K, 21.6%
(RSB 28 )/ g & It (RPN | S A e AEa Xl 0 A i DR VA
TRINAF 5, IXLLHT () 3 A T 8 Bt S [A] (Periplasmic) « #MEE (OuterMembrane) -
a7 (Extracellular) 5 247 4, $% I RESr IS 43 3% 14 TN A1 B B 25 1T 16.5%
A ER®RE, 103%MEANFEE 54 GEA, 6.2%ME FAPRF FIER%
HH, & 6.2%EAAYIREARME N, AR E A& EAIRAD . XLLH T
JFEI) pH T Z A AE 4~12 2 (7], 31.96% 14 15T pH /N T 7, 68.04%[11 5 115
pH KT 7, 10.31%H 8 H pH KT 10, bkt 2 L8, iXnlfig 5 A ferrooxidans
T N R PR AT SOG4  E B AR E 4000~118000 Das

5T 2-DE IR AN FEE TR 404 A ferrooxidans 4l i BEAH < 8 1 22 7 K0k,
Hato¥ e 18 MNEREA, 14 /N hRIE LR, 4 D NRE T

52 RE

A. ferrooxidans 41 fifd BE A ¢ i 1 R IA I g7k T AL ferrooxidans 2 1 1F) BT
FEAT XA LUG R 90 B 50102 11 ) S HAE A 90324t 77— 2 Ak 4, [
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IS th D4 J T AR ST AT BE0E T kAt (it AN e B PR S5 BRI 0D - AR 5K
PR IR, A A S AN A A, pHL AN LSRR
BRI AR A A R IE e . A ferrooxidans 4 it BE AT 5% 2 11K
IR, K BADR AR A B R A ferrooxidans & HRIE MIWFIUBEE
T, Ty T BA TR PR 22 R ST, o BATTE R R T E IR T SR
W) B N R FR I T 5 1]

S ARSI EIRETOTRE T AR A, 2 i) B H AT D4
I N TR R BURITERAE A AT, RIS T R
B BRI 58T, OB T i i B A S R R — U o Tk A
SR BOR EREARA AR, WM et T REE A RA N, 4
PEMIARE AR IR 4, I ER B S VARSI 4 S SR AR A

PATA B AE, AN SR AT ATRb7E, S e Rt
YIE 1 I B S A FIBLER, DA SRR e WE TR (R R
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