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BB EEB X 6B KERZERL

X\ EBW X OB #rz A OB ORA¥E
(P K2R TSE B P AR BE R BTSE57 , TR 400712)

HE . AhALH Ko B8 EHE T Toxoptera citricida £ 7% & ¥ &) & ikAR &, WA T 4o fe By 3042 % |
= &, T8 (trichloroacetic acid, TCA /& BRI IE % . A 4% ik ik A= Tris-HCl % 4 A & G 32 B &,
ARG LAFF R ALK B A8 pH 4% % (immobilized pH gradient, IPG) i 5 #1748 &,45 3f &% &
ey kg Foh . 2R R, TCA/R BRI An AR RERF 2 & R ES# A 425,
4.03 ug/uL, 2% & Trafe i 33t ik Fo Tris-HCl %, L TCA/R BRI E TR EaRF L FFHER
B R TCA/RENIE EZRALES, S LHZAH 100 pg i, iFEARES SHES FRA
Wi, %3 h, F R R EF45000 V-h,5Fik A pH 3~10 3E & IPG A0, &) & ok B 3 P AR @) 36
RIG D, BQ SARTEW, 03 4 o RYPTE L Mey kAR &, 2 SRS, TR &A% 3 & %
OFiRs 1264405, B EAMFRRRES, TH TRE/TEGRAFHIT,

KRR BEAI; AF ORI M wk; XM HAL

Optimization of two-dimensional gel electrophoresis technology system for total
protein from brown citrus aphid Toxoptera citricida

Liu Yingjie Wang Yingli Wang Qin Yang Fangyun Zhou Yan" Zhou Changyong’

(Citrus Research Institute, Southwest University/Citrus Research Institute, Chinese Academy of Agricultural Sciences,
Chongging 400712, China)

Abstract: In order to optimize a two-dimensional electrophoresis (2-DE) system for studying total pro-
tein of brown citrus aphid Toxoptera citricida, four different methods of protein extraction including sat-
urated phenol extraction, trichloroacetic acid (TCA)/acetone precipitation, lysate extraction and trihy-
droxymethyl aminomethane (Tris-HCI) buffer extraction methods were compared. Moreover, the factors
including loading amount of protein samples, isoelectric focusing protocols and pH of immobilized pH
gradient (IPG) strips were optimized. The results showed that TCA/acetone precipitation and lysate ex-
traction yielded much higher amounts of proteins than other extraction methods, and the protein extrac-
tion rate was 4.25 and 4.03 pg/uL, respectively. Furthermore, TCA /acetone precipitation yielded the
best richness of proteins. For 7. citricida 2-DE, the optimized system included a loading amount of
100 pg protein, desalinated for three hours, with an isoelectric focusing of 45 000 V - h, pH 3-10 nonlin-
ear IPG strip and silver staining, which could produce good background, clear protein spots and few
slight streak. This method had detected a total of 1 264 protein spots with a highly reproducible result in
the proteomic study of 7. citricida.

Key words: Toxoptera citricida; total protein extraction; two-dimensional electrophoresis (2-DE); con-

dition optimization
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MG = 1B 9 2 (Citrus tristeza virus, CTV) 5] #2
A ARG 1R , S b ™ E AR 2 — 4
{4 4% 4% Toxoptera citricida 42 H: A5 % W) A% 175 B 4
(Bar-Joseph et al., 1989) . 20 tH4c 80 4F-AX /5 WikE &
TR A AR 7 Ml 235 4 04 1 B A TR N 2 A5
JE i A B A LR B2 i, CTV /8 AR5 H 25 ™ &
(Zhou et al., 1996; Ji Z 55 ,2008) . R IAT TR,
o (EAFEEXT CTV A HERE 132 U IR E]  FE IR AR
2 AR R RIS RS A51 LL R b CTV i
%5 Z A~ H 2 52 1 (Broadbent et al., 1996; J& 2= 4,
2007;2015) . ITLEAERFFERI], CTV nl il it 4544 8
H CPm FIAEL5 4 85 H p61 . p65 546 (g 1 19 & 58
AT R S 45 A, T SE 301209 75 19 1% 48 (Killiny et
al.,2016) . [H# OHGEFRN S CTV 45 & 1 Z &
PTG R . PRG54 s i i e, iF
M 5 CTV RS & 8 1 320K X THE R
W ARG ERE CTV B FHLE A B E L,

X[ FL UKL A Y T | 4 1A B o
HHEAZIKRMEZEFB, Lietal (2001) K H Tris-
HCI AR, IT256 W) HE UK B AT BT 3% 23 B A
K AE W Sitobion avenae ki AT S T 456
K3 B 90 IR B -MAV (Barley yellow dwarf virus-
MAV, BYDV-MAV) i) 2 M F 52 (A . TCA/IN BT
VEVE TR AN TR F Myzus persicae 7¢ —
SUF Schizaphis graminum . JK & E\ Laodelphax stri-
atellus S B HUER 11 4R, Il ik 5 80 m) Fa gk
IS ER FHDOBURE €833 | B o3 B 5 ol BB G i
PR RATH () B35 45 40 0 T BOARZE &, B4 th 24~
55 9% 7 HAE 1Y 25 1 32 /K (Dombrovsky et al., 2007;
Cilia et al.,2011;Li et al.,2011) . BEAk, XLJa] HL KA
AT 5 BT AU i AR 25 &, T e e —
LYo e £ R D K AR Macrosiphum euphor-
biae 19 2% 5+ % 1 (Nguyen et al., 2008 ; Nicholson &
Puterka,2014 ),

H T AN B B A ELAS [
B R 22 R, N RN (AR 20 2
My 4 TR T 22 125 S 30K, (A5 3] Ha ik i)
SEVEZE , BRI [R] 0 5 R AN [] 14 4 2R R BO)T
PRI Bk A (RIS 55, 2014) o H HT 4 JoHs
AT A AR IR 40 B S I AE o A5 i
P A ) e AR O oAb b e R AR
S5 1F | [E AH pH A% % (immobilized pH gradient, IPG)
e SRR 2, DA 37 3 A 4 (A I 4 B 1 A 0L )
HLUKAR 3R, DT R4 A i 2 1 A2 AR 4 S bR R

Xt
1 MR5AEE
1.1 ##

AR IR AR AR, T E R RLEBER RS A5
JIT = M AR VAR 7 O R AL 1R 3R T R R R
¥ Cirus sinensis S H . W U IR Ry 25+
2°C DGR 16 L:8 D AHXTIREE K 60%~80%., ik
H00.03 g JoIB g HACEE T B0 AR
I, ~80°CIR-AE5 .

A AL  IPG IS M IPG G2 i 1 i
3-[(3-JA k2 LN 5L ) — F L 2 ) - 1- N TR (3-[ (3-
cholamidopropyl) dimethylammonio] - propane sulfo-
nate, CHAPS) .+ " bR iR £ (sodium dodecyl sul-
fate, SDS) L B R # MU HH Ik & e\ i O b 1
(DL-dithiothreitol, DTT) . B-%i #& £, i (2-mercapto-
ethanol,2-ME) \fll Z.fEfE IR W5 SR Z , £ 1E GE A
5 30% TN i 2 i/ SCORBL TN s Tk e ¥ Yk (292 1)
Bradford & [ i1 22 & 55 & , 3% [§] Bio-Rad /A w5
Protein Ruler IT, "' [ TransGen 2\ &) ; = 7% 1 3L 47 3L
FHBE , 72 5] Biofroxx 23 w5 H: B 50 1 2k [ 77 43 By
4li, PROTEAN IEF System %5, i B £/ .PROTE-
AN I Xi Cell = F{ LUk R4t .PD Quest 8.0.1 BEL
F S BT 8, 3¢ [ Bio-Rad A A 5 Image Scanner
2D B EE RN, Hii . Amersham A A ; IR KGR
A, Fij i Pharmacia 2 &) o
1.2 FHik
1.2.1 BEBF ARG HMITT &

TRLFT B $2 0 - 2 IR 2 /DRI 45 (2010) 7 i I
EIE. 0.03 gt Bl AAFE J5 , in-20°C Ty
10% TCA/W B 1 mL, 78R A5, —20°CULHE
o 435I FH-20°C A 14 F BEFIT 80% PR 1 T Ak
TEULTE , 2 I TR A Tris 1 A& 500 uL Al
JiE BH/SDS 2% v ¥ (0.1 mol /L pH 8.0 Tris-HCI, 2%
SDS.2% 2-ME . 30% Jif #% ) 500 pL, IR 219 ; T
4°C 12 000 r/min 50> 10 min, BUBAH ; A 3 f5 14
F10.1 mol /L & PR /M B W, —20°C it i o 73 4l
FH=20°C T1¥% 80% A il 175 Y AN P9 R 8 77 Ui e . F
4°C .12 000 r/min K &5.0> 10 min, 25 & THEITHE , -80°C
PRAEE

= & 1% (trichloroacetic acid, TCA /N BT IE
1 : 2 M Nguyen et al.(2007) LI FISEE M, 0.03 g
W AR I Y RIS 5, JIn A TR0V 1) 75 2% 2-ME 10%
TCA/W R 1 mL, IR J5-20°Cid &% ; F 4°C .
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12 000 r/min F & .0> 20 min, 73 51 F 1 (9 10%
TCA/TH B F1 80% P4 il 22k 17 ULVE , —20°CHiE 30 min,
FHE 2K, T4°C.12 000 r/min F 250> 20 min, 25 &+
BETTHE , T-80°CARAE4 H] o

1 2R « 5 I Wang et al. (2009) J5 5 3
BEAEIE L. 0.03 gt (UG BH IR A S J= , ind 11 2
fi# % (8 mol /L JR & .4% CHAPS .40 mmol /L DTT,
2% Bio-lyte)500 pL; 7535 JE#iE 5 min, T-4°C.
12 000 r/min T &0 20 min, [ 5 h0mA 2 5451
VA PSR , 4°CF §# & 30 min; T 4°C .12 000 r/min
T 15 min, PUER TR, T-80°CIRAERT H -

Tris-HCI 3% . 2 I8 Li et al. (2001) J5 35 IF- W& 1k
B, HL0.03 g 4 (547 I W A B s, I 24 i v
(9 mol /L JRZ .50 mmol /L Tris-HCI pH 6.8.4.5% SDS,
2% 2-ME 2% Bio-lyte) 500 pL. Ji %84 5 ) B
AR o
1.2.2 BERAITAH R R ESZNE

15— 80 CAEAE I ER FAFE & 43317 F 500 pL_F A
7KAL ¥ (8 mol /L JR % .4% CHAPS.40 mmol /L DTT,
0.2% Bio-Lyte .0.002% 1R M #% ) , Z W 5 min 5, T
12 000 g T #5.0> 10 min, 2 Bradford 25 [ & 27
(Bradford, 1976) 158 & I
1.2.3 & a6 SDS-PAGE %, 7k

R BN R IO AR A5 8 PR I R s B
B 4R EEBOT LIS R AR IR 2 1 pg/uL,
B 10 pL #E47 B[] SDS-PAGE HL ik , 43 5 I8 Ak 4i
WS BE 43 ) R 12% 1 5% ARG (B = ,2012) J
JH Image Scanner {4 {SCRAEEIGAF B, IridE4H
PD Quest 8.0.1 X {-3#E4 7 EG AL B 43-Hr , F 4 3 1K
124 EHZ FeRELEZISFpHIA KA

EREEAY AL R 13 om pH 3~10 BAEZRE
IPG 5%, AR FAERE 535124 50,100 F1200 pg,
FH EAEKACBOKS 1 SR 22 300 uL. NFERT,
W BRGNS, 8 KBR IPG E
Z BRI BT R A R AL BRI o5
BORTC IR, IS T4 I 7 i I 2%, (T L TE K 43
Ak, w PR A R s A B T AR R S RO T
B mAFRRE,

FHLRER T : 2 1 (Bio-Rad & 1 it 4
XL [] HL K S5 T, 8 2 A4 S R BT
FEF 1:50 V #3h7K 4k 12 h, 500 V PeEERER 30 min,
1 000 V Z&PEERER 30 min, 5 000 V i T+ 30 min,
8 000 VZEETHE 1.5 h, 8 000 VHHEEE A 30 000 V- h,
500 V#4510 h, 2EERER 1.5 h, 25 S AE 30 000 V- h;

TR I1: 50 V 8 5h7K 4k 12 h, 100 VHLEERER 30 min,
250 V £ [%:£h 30 min, 500 VL FRER 1 h, 1000 V
A MERRER 1 h, 1000 VR FHE 1 h, 8 000 V PR F
J£4 1,8 000 VHLH A 45 000 V-h,500 VAEEF 10 h,
FEEREL 3 h, L A 45 000 V- h, Sl RERE
BEE M 15°C, BRI AR AR R FL I A 50 pA.

IPG i 2% pHAE AL : S Bl 65 43 B 48 (Al
WEER 109 IPG HE 45 pH R, >R HH 13 om IPG 4%,
1 EARERFEE D 100 pg, X pH 3~10 FOIEL M
pH 4~7 WY IPG & 5570 AT AR L SR £ . RS8R
Jei R WA vk, A48 15 min, 265 1A
6 mol /L JKZ .2% SDS .75 mmol /L Tris-HCI pH 8.8 .
30% H i .0.002% IR % 1% DTT; 5 2 A i [7)
5120 SURH 2.5% W OB DTT, P f5 4
B4l K Ve A, T 12% By 5k i it 17 SDS-PAGE Hi
P o DAEEBR AR 2 LR 60 V HLIK 1 h, FRTR B TR
AT RS 1 ) AR SRS 20 5 2 eI I IR L R &
300 V, V5B 46 s R IR 2% 5 mm B 452 1 E
UK, LUK AR KPP TR R 10°C ., ARYY S
JH Image Scanner {4 {SCRAEEIGAF B, Irid E4H
PD Quest 8.0.1 {347 G AL B S3Hr , F 4 3 1K
1.2.5 R FE) A 7 ik 67 O A oa 6 &, ok B 3

R A A5 () XS ) FEL K A4 2 X6) 4 R 75 it 2
25 TCA/P B ITTE 1 | 45 24 W% RN Tris-HC1 i
FRAT 04 oA 0 4 B PR AT L ] LYK, 2 — 25 B
oy LR I 4 2 1 B R B o
1.2.6 BEGTFAEG NG BRIk A E L EIE

SR A 45 T 0 7 16 T A5 B R B OB WL ) H
VKT, B TCA/N BRI TTE 2 42 U Gt ivf =
PEFE K 13 cm pH 3~10 BYAEL M IPG I 5%, L FE
TN 100 pg AT IR AR BRER 3 h ML R A
45000 V -h, 55 2 0] 53 B IR B2 R 12% , R YL 58 45
RUEE IR,

1.3 HBIESH

FIIFH SPSS 19.0 B A X £l A T 521+ #r , R

Duncan [GBT &l 2550 722 7 b 2 PR 9

2 BEREHM

2.1 EEAMRAENILRT®ERE
2.1.1 BEFTHREGIRE

TCA/PA T T E 15 R 2 2R i Vv 4 A 4 £
ARG UL AR ot 28, VR B S 1, 43 J31)°A 4.25 F1 4.03 pg/ul,
B TR AR L A Tris-HCUZE R A48 (A%
HEFARE i B R B (P<0.05, 161 1)
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EEWE (ng/ul)
Protein concentration

1

4

2
EH %H’UJ%}‘%‘
Protein extraction method
E1 AERRAEHENEEEFTFERERIRE
Fig. 1 Protein contents of Toxoptera citricida extracted by
different protein extraction methods
1~4: HORERAETES | TCA/ERTTIE TS | ALk
A Tris-HC1E o [T B A V5 8 bnife 22 . A 5 REOR
2 Duncan [CH#7 &2 W 225K 56 4F P<0.05 /K PR W, 1-
4: Saturated phenol extraction method, TCA/acetone precipita-
tion method, lysate extraction method and Tris-HCI buffer ex-
traction method, respectively. Data are mean+SD. Different let-
ters indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.

2.1.2 EHHHSDS-PAGE® k& R

ELHE RO Tris-HCYE SRAS (0 85 1120 T
FEAEAE 25~75 kD Z ], = o AR F i
HARH/D R TCA/W R UTIE B AR Ay e i
PRI RE i 2 1 48U £, 10~180 kD A9 I 4 43
AR E], ST N , {EAE 10~25 KD 3 Bl , A0 F s
AR ARG Y B 1 L UK AR BB D F TCA/IN DL
TEEE (#2) , Z6 W% FH TCA/N R ITTE s 1Y R A5 0 2R
FRCR B T HE 3F ik,

kD M rl, 2 ) 3

1% i
100

|
75
6
45 [ =
—
5 :
-

4

0
2
10
B2 AEHRAZRNEEFTEAN
SDS-PAGE H ik Eli
Fig. 2 SDS-PAGE electrophoretogram of Toxoptera citricida

proteins with different extraction methods
M: 7 [ marker; 1~4: 7600119 il 42 3 . TCA/PY B 170 3€
e E RSB IOE A Tris-HC1 75 . M: Marker; 1-4: saturat-
ed phenol extraction method, TCA/acetone precipitation meth-
od, lysate extraction method and Tris - HCI buffer extraction

method, respectively.

2.2 AE LRSI E B KA

SR 50 pg AR R, JOTk S A TR A
10~45 kD Z [Al IR F R 1 (B 3-A) o SRHI 100 pg
R, AN ES D PR, AT AR
WEAFEF Y 2E A (K 3-B) . K200 pg ERE
B, 26 1 1) A H AR OR 58 4, Bk v 2k SO,
ST ARSI E SIS (K13-C) . BT 13 em
pH 3~10 [AEZRME PG e %, R AR YL /M, 100 pg
AR A B AR AT
2.3 AEZ B ER R X W 6 kA 20

Wb BRI A T 1.5 h ZEK 2 3 h, & i B 4R
130 000 V-h ZE K ZE 45 000 V- h, Ir{5 B vk (813
BRI T, B 1) i A PRS2 R P s T T AR
(K4),
2.4 ARIpHERIPG AR &3 W [ B ik B 52 M

K13 cm pH 4~7 HY IPG Jie 5% i, Tk I A6 0 59
T34AER 10T A (B 5-A)  JRAC SR AEAE pH 3~103E 4k
PEIPG JiE 45 %5 1, 15 3~5 1 7~10 22 ] B R 22 25 1
ST BRI MR FE R A A S R
F S TS . SR 13 em pH 3~10 FOIEZE 1 IPG i
S5 R i) R Yk P13 A 1) 1 226 4~ 28 P 5 A5 (1R S -
B), BRI T-HEAE 90~100 kD Z [A] A5 #5438 11 )51 o5,
A, AT E D KBS AR EE (A S A
YI5) 4y B AUR BT . L, 13 om pH 3~10 [IEZ
PEIPG i %30 T8 (g iF 4 8 1 Ll B IK 34T o
2.5 AREHIRFTERIE B H &Y E B ik B

K AR RN B AR TCA/PI BRI e | 45
F R AN Tris-HCLL 43 53K A5 1023 (1 264,726 Fl1
563 N E S (B 6-A~D) . Ho TCA/RBRTTTEZ:
PR E A e €A Mo 4 B 1A %) K] LK PR 3RS B
J e 22 BLIRVGE  . Tris-HC1EE 3RS H 8 1 R
SR/ R St R s ) S B T R
SRR o P42 24 T AR 5K Tris-HCLIESRAS IR
B B B 2 (B/D i A SR BGE , Bl
80~100 kD (1) 85 1 5 s ASH A ROR I o 7 1 442
AT B E AT /DT TCA/WNER T . 45
SRR, TCA/WERITYE L T 38 FH 1 548 (A I 4
B L[] LYK i
2.6 BEFBUEEQBEKERNESHIIE

DL T 75 foe a5 AT 3 WM (kg IF 4 2R 1
LI LUK, 0 BRI 3 1 264 .1 226 F1 1 278 45 1
JE i (L 7) , B PR 5 3 5K RS A VL i %635 75%
Tz A R A B E Z M, v T8 s
W B 1 R 2 AT o
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kD 3 pH 10 3 pH 10 3 pH 10
100 BT -

-
-

10

3 AE LEE RS R B R M R X (6 Bk
Fig. 3 The 2-DE patterns of Toxoptera citricida extracts with different loading sample quantity
A~C: FFEES5120 50, 100, 200 ug, A-C: Loading sample quantity with 50, 100, 200 pg, respectively.

kD 3 pH 10 3 pH 10
100. Emu—— — —

10

4 FRIEFRRERFVEEFBYE QW@ R KEE
Fig. 4 The 2-DE patterns of Toxoptera citricida proteins from different isoelectric focusing electrophoresis (IEF) formula

A: BERFL; B: BEMFIL, A: IEF formulal; B: IEF formula IL.

kD 4 pH 7 3 pH 10
100 @

101 4 Ll o
5 BEBHTEBHEMAE pHEESEE IPG B4 W 6 ik EiE
Fig. 5 The 2-DE patterns of Toxoptera citricida extracts by using different pH gradient IPG strips
A: pH BRI [ 4~T (AR S5 5 B: pH BEIEYEE 3~10 AYAE LM 55 A pH gradient range 4-7 IPG strip; B: pH gra-

dient range 3-10 nonlinear IPG strip.

kD 3
100

3 pH 10

10]

6 REHIR ZRFHIE BB E B MW e Bk EE
Fig. 6 The 2-DE patterns of different extraction methods for total protein of Toxoptera citricida
A~D: ISR | TCA/IEITTTER: | HH 245 A Tris-HC1%: . A-D: Saturated phenol extraction method, TCA/ac-

etone precipitation method, lysate extraction method and Tris-HCl buffer extraction method, respectively.
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E7 8 &g E AR I e B ik E
Fig. 7 The 2-DE patterns of Toxoptera citricida extracts
A~C: 3 X#4 . A-C: Three replicates.

3 g

SR IR IBOR A ] FL K BB AR A0 T i 1
£t (Pan et al.,2013) o R4 fiff i 4 B PR HCHR AR 1]
i 5w T B9 428 AR U7 5 (Gygi et al., 2000) .
JEAEA A5 (2011) 2R F B 24 R AR T35 305
1K Alexandrium tamarense WA TE 1 . ASWFFTH
i B SRRGE AR R B ARIR R (H
FIF IR OEMEEET YR L, B scr
2. NIHBR 4 8 4% B AY 52 A | Liang et al.
(2013) A 55 (2016 )45 B 24 BOE RIS 1 42
FEEFR AL, 15 T IR A PR Tris-
HC1 7% LA Tris-HCL 1 SDS S 2% ihifk , B AR5 T8 H
EPE (O SEE A LR K E MR, R
15 R &AL (Wang et al., 2009) ., Pan et al. (2013) Fil
Wongpia et al. (2015) 7£ & JH TCA/PN B {70 i€ 12 I 38
T Z W TCAUTTE , 2B% TR B i Sk 5 1,
WEHR = 1 8 T, s TR A FE . AR
F TCA/PR BRI R AR B B, AU e i, L
XS] FL K S T R 2] () 8 A S e 2 RS D T
T, PRI, 6 TCA/PSTRITE 12 B U (A 1 Y
E =

L) FEL KON 4 B 1 1 43 B O R A2 ALK A
i RSN pH B R R AR AR R s,
Hh G 3 1) HRL K AR T g U] FL UK 4 R I
FEREZ B FIRE S AN PG i 55 K 8 25 R K52 ) (Ji-
ang et al., 2017; Thagel et al., 2017) . {j 057 %
B, A 11 om pH 3~10 AHEZ M IPG i A5 T 4 2R
F UL ] EL YK 0 5 4 5 B, P 2R F 100~400 g 19 8
AEE (Lietal.,2011; RANIES,2014; Thagel et al.,
2017) . AWFFEas R, 44 H 13 cm pH 3~10 1)
ELNE IPG e 25 HER B R 100 pg B, ALja]
VKRR IR AT, PR R0 73 2548 AR I i 2 2

B R S L R AR B3R 45 A A5 S T L

Fsf 5] 55 B, 9k 38 £ 12 & (Ong & Pandey,2001), A~
(A i B B ) L 7 5 FL SR BRI 1) 22 S AR, SR AR
() 3 25 3 B IRT i A 25 PR 0, SR A I ) J2
ST S 2 H 8 s 5 2> (Gorg et al., 2009) .
IR 5T 2 B, 22 21 W W Sitodiplosis mosellana .
A KAE W R85 8 Acyrthosiphon pisum K FH ) 55 H,
RHEEE N 16 000~40 000 V- h (i .54 ,2010; Pan
et al.,2013; AN UHZE,2014) , M ASHF 5T 24 2K H 19 &5
L SR A 45 000 V- h i, T A5 e ok P14 1) i 22 2R
SR R SEEW . AN, AT IR AL
FERBRER IS A] F — D4 5 T R i A B AR

B I 1) PG B S5 3RA 5 3 P rL K 3 1Y)
HELSMF . Gorg et al.(2000) Fil Bruneel et al.(2017)
AR R T AR MR R i, ISR H BT TPG i
S ATHIIE P B pH TE IS &5 IkAh, Xl
AL AE (2013) A 7 45 (2017) WF 58 = B, pH 4~7
PG JI S5 X843 3140 RN B TR R 8 A9 4 28 11 43 B9 4K
Rt AW as BRI, 54 H pH 3~10 mydEZk
P IPG S5, 4 AR I 4 2R 104 0 BS R I, X
L5 Pan et al.(2013) FIZC AN 045 (2014) K F 22 KA
FE I A E R AT AR, H IS I 45 AT
AEA T A2 ) o B A A

ARG EE R R, R F TCA/INEATTIE AR BUE
OG5 A, %K 13 cm pH 3~10 fIEZME
IPG 2%, I FEfR 100 pg, S5 HL R AR BRER 3 h A%
RATE 45000 V-h, 552 ) 7 B B R 12% , R
BRI 0, AR S AT HER T SOE M A ML
XL ) Bk T3, HL 32 8L 1) HE K A4 22 %6 F pH 3~4 1§
100~250 kD 73t 55 KA 1 0 43 B 350 R a8 AN R AR
PR TR R A
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