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1 F. BRI AR S IB TR BE AR B DL (B8 AR 6] 40 R T SR st S i 1) L s P (R
T4 R 1 FR ) IS, STk Pk 3 X Acidithiobacillus ferrooxidans ATCC23270 J& 585 1 38 % 4K 08 5256 7
i SEIE I BRI HVK SIS s, A BT AL BT i A0 L S RN [ AR TP A ) 3 ) A 1 R
Tt WERAREH, GIEMBERE SN MRFER 0.1 g(RE), BEBMAMAEY 10 mL, BERMN
YEFIRT IR 15 min, SHSRSRBEIEE/RIN 111 fEENBIREER, UM, J8s e/, ARSI T,
OV Dl L6117 QAN 4 S T et G D e = S b= iy S A [ L S TAZR i D g s 0 S S RN DS 7 e o4
PR, AN AR 0 A 1 ) o B R AAE 2 5

KH#A: Acidithiobacillus ferrooxidans; J&)FiEE s XU ALIK; SRR AN IE; BB Kk
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Selective extraction and differential electrophoregrams analysis of
periplasmic proteins of Acidithiobacillus ferrooxidans ATCC23270
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Abstract: The selective extraction of periplasmic proteins by osmotic shock was investigated. The effects of the
extraction efficiency and the pollution from the cytoplasmic proteins were tested and monitored, respectively, in terms of
the specific activity of malate dehydrogenase (MDH). And the morphology and differential expression of the periplasmic
proteins of Acidithiobacillus ferrooxidans were analyzed by using TEM and 2-D electrophoresis. The results show that
the preferable schema of osmotic shock is founded as follows: the wet mass of cell is 0.1 g, the molar ratios of hypertonic
saline to hypotonic saline is 1:1, the volume of the osmotic solvent is 10 mL and the extracting time is 15 min. The TEM
images show that under the treatment from hypertonic to hypotonic environment, the cell outer membrane is selectively
burst, which makes the periplasmic space protein released. The 2-D electrophoregrams display the most of periplasmic
proteins are small molecular weight protein and cells growth in different phase present difference in periplasmic proteins
expression.
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W R A b W Bk B M B (Acidithiobacillus
ferrooxidans) &t —FHIEERMEAL 6 H 77 45 =2 B PRS0 1,
A LU A A A2 2 S T e AL A 3R R
FAEKM, A ferrooxidans i BEVEIE 5 1 48 4k A i
Bk, BRI, %L R 3 Bk AR A A R A ()
WP BRI AR Rt A AR 22 T 2 1 U
il Q AL NG FEIREE . AL E- =M Bk fiE
J5U W S AR AR TR RS P AR A
ferrooxidans F 5ifin AL R 0T 580, H ETIEANRE
fifi e F A TC BRI B E LS. AR AW TCE N
ANFEfEPERFE A, ferrooxidans ¥ 2K [ 41 2F AT T —
SERRBE IR SURI AT S AR, R P AR A EOREK,
Dfei 5, 4t FeE it o0 oAt i T ARR R o fedlt,
AFIEE WA B2 TN T, 0 4 8 5 2 1) 25 g
AR AT R ] LK 2 S o AT R A ) R 1 AR R
BEAHCERD, i HIREART, MR TR
MTIRIHMERE o EE,  ARSCVE 6 8 iR 4RI O f——
BB W GOEITAL, R B R IR AN R AR K
A A, ferrooxidans il & i A (A HEAT X R) FELIK 23
ESANGE IR LG A b, DU A R A Tk 2 S i e A
fiiiZ A. ferrooxidans 4l Jiid J& 5 e f AL AH SCOCHE B 1
B4 5E Hehit o

1 #R57A%

1.1 Bk EFEFEREN

A. ferrooxidans ATCC 23270 S5 -5 [ B 2, 12
WA Lo A OK B FRFEMATMARES 3R, S B Rl
AT FEAR . BE R N (NH,),S04, 3.0 g/Ls
MgSO,-7H,0, 0.5 g/L; KCI, 0.1 g/L; K,HPO,, 0.5 g/L;
Ca(NOs),, 0.01 g/L; S, 5 g/L. H 5 mol/L ¥ H,SO,
B =50 pH B0 2. 4R TG K S L
BHIHT 30 ClEMRA T, HFPEN 10%, WA
10° AN/mL, BT A BB ok i Bk %
TR0, AR ) o R 51 P 2 B e 15 77 3w 4
wAEK .
12 ZWmE5FEERXH

EVBVRALN A : 10 mmol/L Y Tris(pHS.0)Z% i
W, 20%E R, 25 mmol/L EDTANa,. {KIB¥ N
5 mmol/L MgClyo = 5 it S s 177 & 0 1 R it
HRAEY AT K 100 mg F LR G-250 ¥ T
50 mL 90%ZBEH, A 85%IEMEIR 100 mL, ),
INZEWAKZ 1L, TR, HIR5 STl G-250

B EMEIRA . BRI (PBS) ALl : NaCl,
8.0 g; KCI, 0.2 g; Na,HPO, 12H,0, 3.48 g; KH,PO,,
0.2g: MAMKZ 1L, 1 mg A MiEEH, BT
1 mL ZZ08/KH, Ik 1 mg/mL & 1A HER .

[ A7 pH 86 T4 (IPG 4%, pH {4 3~10,
KHEH 24 cm). IPG 2 ¥(pH 18} 3~10) ) Amersham
Pharmacia 2~ &) /=&, & E X3 F R E bR, A
MBI 2 #] 7=

X I K K AL T 8 mol/L JR 2%, 2 mol/L Ik,
2% CHAPS, 18 mmol/L DTT, 0.5 mmol/L PMSF, 0.5%
IPG buffer 1 0.002% 5y i 2H 1%«

S 2 R 0.05 mol/L Tris 22/, 6 mol/L f&
#, 30%(AFL A E0) H AT 2% (i 4> £0)SDS 41 ks
pH=8.8.

1.3 BARZERRRAERL
13.1 Ards

J s T UE 4t uE b T oo B A KT A
ferrooxidans 4l 1T 7R 5L,  UEMES B/ OICER AN B TIE s
10 000 r/min i, 4 ‘C &0 15 min WCH . BAASEH 9K
SERBERRTFRIECN B ROTRR)UE 3 Wk, i pH HA 2.0
() HaSO4 W HEE: 3 IR PRI A T &, B
FRabst, A1 ELN 0.1 go
132 BREaRIERRGE

1 ISR R AR A I RiB ¥ 1 mL, 7F SR
B2 4% 5)) 30 min; TICIE 2506 000 r/min) HFT AR
WG, PRI AMEIBI 1 mL, JE4), UK 30 min,
7E 4 °C. ¥k 16 000 r/min #5.0> 10 min, WdE L3,
B A5 R o v
133 Fikthik

T B IE AR I TR], BE BN, B
TN B S RIS L A8 11 e 38 W S S H R A4
50, 155 2 I8 Bradford VA & 8 (A Tk g, 4R
Pk BE R H S .

134 RABRBTEG#HE

DA 5 R IO B o 2 1 e e 2D Ay D ),
W2 5 =R BRAG PN SRt 8 175 P 5 S
A a2 R e R IO & R A
(Malate dehydrogenase, MDH) & —Ff —RAKE 2L 171, |
ATAET PO MR A A0, 2 S I S A T il
R SR B 2, SN TR (b s g —
IR MDH 354 ] LA 20 B 5T 2 17 G,
MHD J5 P, 3075 Y™ . MDH AMH Re g fi
A3 R AL R I SRR, T BRSNS R R L R
JFU, 7 MDH {EHI N, SERB AN, AR
12, NAD' 2/l A M 4ilg, DL NAD'E 8 i1 52 e
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%48 NADH+H'. NADH 7 340 nm &b 45 W Wi,
NAD ¥ Wi, [Atk, TR 340 nm ALY R
(A4 TT DL 2 MDH 35 U s MDH $5-PEAS I 2L A4
VSRR BEG ME vT 57 07155 25 i AR A 7] H b
SRR 5t S R ]
1.4 AFE4AEKATEREY A. ferrooxidans B R B W (6] B

KEIEE R

F AR AR IOTT 28 43 D0) B ST 55 9 35 7R 1) A
ferrooxidans % $Ci], £ WA 8 T B0 M B o iR
F1, BT VR SOM AR, 7R ] Hadk EAE T H
IR A 5 1B L Bradford 320 58 W, DABRERR IR 4%
300 g FEATAE A HL K AT pH BB T4 pH
4 3~10, 30 V K4k 12 h J5iE5 nss) 8 kv, R
5h, PREFNEEZ 4 80 000 V-he P45 1) IPG JIR/K
SPIRAE 12%0¥) SDS-PAGE Jii |, ] 0.8%1%445 s B g
BB, [ IPG I EHEAT 5 — 1) k. IR % 1
e i gtk g .

2 ZR5VE

21 FEREASREERRARHHE

1A R RO R AR AEA R FT T, X
SUBVBIE VR AR I TR), DA A R S SRR R A
BTG YE . 2R Sl Bradford vE 58 W T IR HR A AR AR
AR, 3P R 0 S TS ) P S S g U
WAGRI, R WR 1 Pon. WER 1AL, BEE
LR LNl P D s e S TR 7= w5 )y N (E
Al R )™ T, AEAE I )55 2> (15 min) 4 by 3% 5%
JIt S LT P B /ML, U0 D SR IS B 1 e e

R BB AR A ) R B A B L ) R
Table 1 Effects of extraction time on specific activity of MDH

BERARSRR AN, SRS A S A R
R2PRe 42 R, 7B REAERHTIE T,
IS BAAR, S KRB B R K, 13 21
JRER TR AR NG, SRR o S g LT Y 2 b i 4
I, FERB - RIS BE R EE O 101 I B s/ ME
VEHIFE LR LE T R B AT Bt b, ORI

R2 BHEREHWERIE R ER B ABE I E AR
Table 2  Effects of molar ratios of hyper- to hypo-osmotic

pressure on specific activity of MDH

jep FOAW KISE AR/ MDH tﬁgﬁD‘If'{Jr‘/
(FBUmL FBUmL g U (T

1 1 0.1 121£10  0.07+0.01 5.79
2 1 0.5 173£10  0.10+0.01 5.78
3 1 1.0 260+10  0.15+0.01 5.77
4 1 5.0 343+10 0.20+0.01 5.83
5 1 10.0 393+10  0.23+0.01 5.85

FEAF IR, 15 min, B S RIS WU BEZR LE
b 0 B8 111 75 R 69 AN - R (e PN Y A
SR 1 SRR DA S R P =0 1 L 1 (22
SIS HUHM A RN 3 Pros. £ 3RY, HEHEBE
WORARFRIOHE N, F 5 A ISR U AR K, 3¢
SRR P U LU PR SGIRD JR i, AR B AR 10 mL
Ketpe/hs, BEWIHEIZAAT P IRBCR S RAIR D, 1R
e E SV

R 3 B E R RPLABE G E 6 F e

Table 3  Effects of osmotic solvent volume on specific

B B
e e e EORMDR S
i/min  [@/min M€ PR (10° Upg™)
1 15 15 230£10  0.12+0.01 5.22
230 30 283£10  0.16+0.01 5.65
360 60 346£10  0.25+0.01 6.87
4 120 120 420+10  0.35+0.01 8.33
5 360 360  465:10  0.49+0.01 10.54

VAR ISR R 15 min, J&RE A RBUOT 2 HAb 4
AR, BRI ES - S ARSI R R LG, A

activity of MDH
I - o MDH
LR e

i i ng WEPE/U (10° Ung™)

1 1 1 27310 0.14+0.01 5.13

2 5 5 366+10  0.18+0.01 4.92

3 10 10 412+10  0.20+0.01 4.85

4 20 20 466+10  0.25+0.01 5.36

5 40 40 492+10  0.30+0.01 6.10
WL, BEWENZSEAE BTG 15

min, S SRS BRI 101, BB
AERMARUN 10 mL. 7ESLAAF R I ) st i B
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SRR, AR Y YRR

DA FEAR T ZE R0 JSUUR BRI 58 93 I HN 3 4 1
R A, RSy E AR, e EA
FECGH P R BRI AW 1, 45 Rk 4 fis. aT i,
R SR B AT SRR 7 R T 50%
MDH FiE AN 20% 2547, R4 0 2 1 7 e
B 20%, AHXHGRFAG 12 LLE, BB el BT 1A
WIS R AT M okb TS5 4L, #iE A A ferrooxidans
JE TR AR AU A T %

R4 KB EERLESRIEFTENH B AR
Table 4 Comparison in extraction effect between modified

and unmodified osmotic shock methods

CeSYIES UREYES

Jpe A MDH MDHLE  #[9 MDH MDH Lt
w0 O MY E= VARG VA )
wg U (10'Upg"h pg U (10'Upgh

1 378 0.17 4.50 267 0.14 5.24
2 386  0.17 4.40 273 0.14 5.13

3 392 0.17 4.34 275 0.14 5.09

Vg 3853 0.17 41.33 2717 0.14 5.15

22 BiEKTEXAIRBE A ferrooxidans BB ST B4R

S

KBS BB T A ferrooxidans 4ii it it s
R GEVEAC IS A s I sofe itk o, &5 R 1
N IO, ZHRAE B ARSI RSN 14 i AMATE
BEAAR, fEEBIHET, AW MK, T3
0 WS4, 40 5SS (P VD) AT 2 B AR I (OM) 22 1] ) 45 i
(PS)ZE/N, AR AR /N R0 R S ARV B WAL #E—
BN Z G, AR w2k, s KK
TN AN TR A0 B T R, A M o T R i
Ji, SR S B ] PN B T BERE B BT, R AR
BEABIR o
2.3 TE4EAHR A. ferrooxidans B R 1 X [a) Bk Xt

b5 #i

2 iR A AEKAE T Em AT T A
ferrooxidans A=K 4k, mI UL, 75 DA TR AT A REVR 1)
9K H;7E3EH, A. ferrooxidans 7E#HFH 5 25~150 h 4k
TP E K, 150~300 h A R 0T, 300 h Ak
ANFETHH e KA FOR R R0 8 o 2 SR A1, 43l
X E AR AR SR S T 4 R T R kAT
TIEPEVEARIG ARJE, SRR R) FELUK O TR E 5 Joit

(a) FBHG (b) IRIBW
B 1 55 E&S5RKERE T LS A ferrooxidans %m
B iy A2 T4 K B A AL
Fig.1 TEM images of A. ferrooxidans cells after treated by

hypertonic solution and hypotonic solution
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Fig.2 Growth curve of A. ferrooxidans in elemental sulfur

medium

HEIATHE P8, SRR A 3 P, Ky
By 1 IR RE P ok B 3(a) A 3(b) A T BE AR ) 2 1 5%
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(a) AMPEO — - pHI0
' S e ol =

(a) 100 h X+ A4 K30 (b) 200 h £25E 39; () 300 h T
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Fig.3 2D-electrophoregrams of periplasmic proteins in
different growing phases of A. ferrooxidans grown in elemental

sulfur media
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b. ZBRPEE MY, XA EE L A B A R R
AT, BRI E AFERRYEIA S M AR A, AR
TRUEAAE;

c. AU TR (18] 3(a)) AR 70 1 B ] i
SO, R AL TR, B ] S A

d. SXPEONAILE, e W B (B 3(b))
AR AR A o0, A BB, A
X MBI B AL, R ST — L8 AR 201 i
BRI 30) R 2 FioR), WAL

B TR 10 8 1 (L] 3 (a) 1) [543 mp o D
Fik;

e. ST HURIAR E IR L, ETS IR R AR (0
BE 5 R AL 3(c) 18 2 FIToR), {HLBE S
IR INE 3(c)), HZNB@REEAE 3P ERE 4
Fi7R), Ut AT 5 CLE8 A7 30 70 40 M 228 3 1033 i i i 4
P B (7 G TR AS I A v ) S R M S
RIUBEEE T INR (A5 AL 1), AEI 73X 85

f. 3 AN T R 0 — 4L B A AR 2 A7 AE (B
Bl 3 B 3 FR), rTREA ALk G, HAL TR
P o

3 4 it

a. A. ferrooxidans ATCC23270 J& 52 (4R EH) &
WA ZEA: AT 0.1 g(RHE)A M, LL 10 mL B ifE
F 15 min J5 #5025 B3, FFEL 10mL RIS 007 1 14
AN 15min J5, SO EEERIFEEA.

(it =S DS N D AN E D 7 e D8 4 = o

c. XEIN SR E N Z bR .

d. 0 ES R 5T R 4 ) 2 B R
AT, D ] R

e. e B JE oA B R T b, L A
T EBE R S0 HONAIAL, RS B — S AR 4 1
SR ARG, [N, RN E
FERSE R WARIE o

£ TR IR A B S AR e A AL, B A
W, HZ NRIEEA.

g. 3 ANEIN R — 4 8 A B T U AP A
IR R s, B TR MR . XS R
— AT 5 (B N D e MR AR 1 BEE T Akl

S 30
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