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A protein extraction method suitable for two-dimensional electrophoresis analysis of
halophytes
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Abstract; We compared three different methods, i.e. trichloroacetic acid/acetone precipitation ( TCA), trichloroacetic acid
precipitation (E-TCA) , and phenol extraction (Phe), to determine their efficiency in extracting total proteins from Salicornia
europaea L. by two-dimensional electrophoresis (2-DE) analysis. Generally, 579, 343, and 535 protein spots were generated by
the three methods. The 2-DE gels of TCA and E-TCA showed strong horizontal streaks, while that of the Phe method had only a
few faint streaks, which indicated effective removal of salt from the protein sample by the Phe method. Moreover, an optimized
extraction buffer of the Phe method was capable of generating more protein spots and gave more clear background in the 2-DE map.
Findings from this study are of great significance for developing effective protein extraction methods for other halophytes, and
halophilic microorganisms.
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KRB, hAEAAHELEET " AENMEY TR AN ALE EMISHNARRE . BXREMEMNEY
HRELRE—FAFEEEUMNEMARAS.

EARBABNBHRARTENEGAZRNERERE PEEIHUBEAFRRLBEAAFTHHRAEER
HREAEFREHNBFAXNXBED, A - STREAENIEIIBRBKE,

WA BHKEARBEARELEUBEARWITAZ —, EMAEBEAAFFEF MR EARETS
BOAMERESPHETHEAORSIABREMNSEY FRANEENNERMNXBSE. MTHEYVEASHTE
SREZH . SR AINRSEXAERBYEREAR HEAXMRE - ERIEE. SAER—MELK
HELRARSHY HEANRSESHRAEARBY R LS E RER Y MEBFHEEETRHEEREN
T, EEAREREEMAYENEE, BRMARLEXRAEREQRBIMAXHR TEMHRE, &3
W3 T TCA ¥ E-TCA 7 Phe ¥V "3 M s i B BB O MR, KT Phe AT IRIF IR EL MR 2L
FEAMERERSFHIEE T 3F5 Phe SR MB R STT T B,

1 BES5FE
1.1 &5

RE (BIKZK), AmpholineTM pH3.5 ~ 10 fF# Z Bt A% B GE Healthcare ( Piscataway , NJ, USA) ; Acr, Bis, SDS,
DTT # B Merck (Darmstadt, Germany ) ; PMSF, CHAPS, CBB G-250 Fi H & B W B Amresco(Solon, OH, USA) ; 3-5i &t
Z®WW B Fluka(Buchs, Switzerland) ; PVPP W B Sigma(St. Louis, MO, USA) ; Tris, EDTA 1 Tris /A By 8 R E A
H) (4L ZL) ; Triton X-100, i B BREE#0 TEMED WA FEH B AR (L) =8 Z ™, WM, 5, 49, F48 .3
W, R, R B, H W RGN S, WAt T .

1.2 H#HYHH

HAEM demx 9em BRIEZ MM, EREFEREGEAYARTRE, B RIBE X 25 ~30C, KAN 18
~20°C , HXHEE 60% ~80% , B RNM 16h, HFHEMTHAEXRKESBENEA L, UKV ES HTH
K J5F 1/4 Hoagland B - B2 ¥, B X 1 K, 815,

P 60d S5, ML H BB AN S ~ Tem B}, FF LA ERAL B, B 1) 1/4 Hoagland % 3% # il A 200 mmol/L &, 700
mmol/L NaCl, 53 77 ¥ [F] 8i o

BX 700 mmol/L NaCl ZbHE 2d F1 200 mmol/L NaCl 43 90d Wi A E M E RO EE D, TR EARA
HIEE - 80CHRF.

1.3 EARERF®
1.3.1 =€ ZM/AWIREE(TCA) 28 Saravanan & Rose 5 3P,

g BEBRRAFREANE BEZH LB, 4ml - 20CH B K 10%TCA RERBE W, Bk, - 20CHIEE 2h
Pt B (Sorvall Biofuge stratos, Germany) (15000 r/min,4°C),20min, LW, U ARE (& 2%3-F Rk Z
B, -20CH)BRIK, ZRTHB . FETHE - 80CRFHA.

1.3.2 =FZMUAFEE(E-TCA) S Shen LW H KN,

Y 1g B BREHHE, MBS IMA 4ml 32 (50 mmol/L Tris,50 mmol/L EDTA, 100 mmol/L £ {L4H ,
2%B-FHiFEZ B, 1 mmol/L PMSF) , FFHAMLSE S ER 5, HEE LB+, W, %0 (15000 r/min,4C)
20min, B EIEW, ME AP NA 1/4 55 50% TCA KW , B 4CULIE 2h KL L, B0 (15000 r/min,4°C )20min,
FLEEBR IERAEE(S 2%3-FiEZE, - 20CH)RERIK,ZRTE B THE -0CHEE/RA,
1.3.3 BtE(Phe) 2B Carpentier £ H S,

Y 1g PR BERE P E , SR A 4ml 2 (50 mmol/L Tris,50 mmol/L EDTA, 100 mmol/L & L4,
2%B-FiHE Z B ,30% FEHE , 1 mmol/L PMSF; B it J5 L 5 24 : 100 mmol/L Tris, 50 mmol/L i 4F Ifl B8, 50 mmol/L &
B,1% Triton X-100,2%B-5i3 Z 8%, 1% PVPP), L /G , KB BER S 60 HEBE LS P, MA S KR
pH8.0 Tris-# F1E% , JA Wk , 35 -C> (10000 r/min,4C ) 10min,
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BB R, S EFEBOEHE 2 K, IMA 5 ZEF 0.1 ml/L ZMEFEEMB, - 20CHE 20 A £, B
(15000 r/min,4°C )20min, # LG W, UIIER - 20C A P AEGE R 1 K, BURE(F 2%8-5iA LB, -20CH
OB 2R, ZHR TR, B THE - 0CHRFRFA.

1.4 BUs K

BABRTHINE R BB (9 mol/L JRE, 1% DTT,2% CHAPS,1% AmpholineTM pH3.5 ~ 10), W E M 1h
At , B0 (15000 /min,20°C ) 20min, B 3% . B (¥ F & R i Bradford 37,

SR RBAEMA llem B E 24cm pH3 ~ 10 £ IPG B % (GE Healthcare) , 7E Ettan IPGphor B3, 3k 1Y
(Ettan IPGphor II IEF Unit, GE Healthcare) F58 Bl RRBH KA T R EFE, 1lem B EHE N 500pg, KALF
B £ 19 70 47 M B4 B 45 18 (Regular Strip Holder, GE Healthcare) 4 # 1T, 30V 12h,100V 1h, 1000V 1h, 1000 ~ 8000V
2kt F F+ 1h,8000V 100kVh;24em 4% LR BN 700pg, 7K 4L 12h, 7E 7K 46 £ (Immobiline DryStrip Reswelling Tray,
GE healthcare) N 5E 5% , 5 & M 7€ 18 i B4 AR b #¥ X 5% & (Ettan IPGphor Cup Loading Manifold, GE healthcare ) P ik
7,100V 2h,300V 2h,500V 1h,1000V 1h, 1000 ~ 8000V £k ¥ L F+ 1h,8000V 100kVh, B Z&F# 2 K, % 1 IKFH-F
#5 ¥ (50 mmol/L Tris-HCl,pH8.8,6 mol/L fRE ,30% H i ,2%SDS) F M A 1% DTT, 5 2 KEEEHHFMA 4%
MWk, %1 SDS-PAGE X 12.5% % B K (SE600 RUBY HL 3K 4X F1 Ettan Dalisix B3k {% , GE Healthcare) .

48 S P S O RS AR B ik
1.5 BEREB/S5aH

B 3 % % A ImageScanner labscan 3 i X ( GE Healthcare ) , 3K 14 43 #7 % F ImageMasterTM 2D Platinum
Software( Version 5.0, GE Healthcare) .

2 BREHH
2.1 3MAEERBAEESM LK

BRI AN 2d M A E LM BHRE G, B W E B KT, AT TCA (E-TCA #1 Phe 3 3 Fh 7 &
BIEBUS R, WA 1 iR, TCA H E-TCA 3% 7 15 B 1 78 BR 1 i 7 7E /™ B A9 88 1) 80 38, E-TCA ¥ B 18 EE
FOUEIFR N E,M Phe ITBEERRTH . EFARELHE., BRNSEEREMPEEFREREN -
BERMT, B FHEE, I NEANSEEFFERNE, #MTREL RN REE, 7N Bk EEPE
BKE T R SCH , X B TCA 1 E-TCA T B H M AR E R ERNEE T, Phe B o7 LR &F 3 2 BR
HAEMEPRENRE T,

LB RA IEF . L HRA IEF 03 ZF R IEF

3
Tl R
kDa

i1 SAEYAEEANER

Fig.1 Total proteins extracted from seedlings of S . europaea
a.TCA ¥ TCA method; b.E-TCA ¥ E-TCA method; c.Phe ¥ Phe method
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3HATBEMBEEEEORNEBENON LW HFEER (B 2), Phe B TCA LB EANKE, 25
535 M1 579;E-TCA M RA 343 1R, 3MA P, B EAEBEE P pld~7 M 8~ 75kDa TEE K, TCA
A Phe REWB IR (B~ 10) FAREBENEA A, E-TCAEMJLFEAZEA(INBE 1 P HEFRR),
FEHEERIBRDP . IEEWEARBRLEEE, SREANBREL., 2 TCA RN EARELNNL, 7
ETCAYEP EHREAN THER-IE-BESVERIRE EAPHEESFERANTEAN VS HER BE
NERENIBRPUEEANTEE VEE EMEEAREIRBENTE, M TCAEPEOHEHEFETR
Eh,RA-SERIR . B TEAMBRK,

0O TCA B E-TCA Phe

160 B0 p
“oL- N,
’ 200 |- .
120 |- .
] =11 A ]
2 anarm 3 _
@ 100 | ‘AR &
% = AW #®.g 150
T2 g0 | N ©e
Tt it it
B nn i & 100 M
s 60 ‘n: ]
5 7 2 %7 :
Z ol (W01 . 2
2| |10 7 50 H
20 HEA {18 |13 | id 2
3 |18 |t :
0 AR AR _-; %7 o LA E = S 2
34 45 5~6 6~7 7~8 8~99~10 <25  25~50 50~75 75~100 >100
B pl 35 F 1k M; (kDa)

B2 3HAEMBESRETHE N (QMENSTTROL)NELNNR
Fig.2 Classification of protein spots within different categories of pI(a) and M,(b)
TCA: =R ZM/AMULTE S E-TCA : =/ ZBULIE ; Phe: 3%

2.2 Phe ZRIRBUREL 7 ik

AT it —F Rk Phe 3R RBUSCR , AL AL HE 90d 92 /5 2 N 41 BH R BB 1, 4 24em pH3 ~ 10 IPG i &
1 SDS-PAGE 53 B, B 78 T BUF AR B (B 3a), SR BURAL S /5 ,Phe XL ERM LR R INEEH
(B 3b) , R REMFEN, AR BAEASNE SR EESBENEE,

memry R R R
H

B3 Phe BM#FR (a)E(L)EBMLAEBEHMLE
Fig.3 Comparison of proteins extracted from S . europaea with Phe method (a) or the modified one (b)

3 itig
i3 B TCA ¥ \E-TCA B 1 Phe BXt i A M B AW EEBOL R, R 9 Phe A RT AR 47 B SR R EE A
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EREQ,MEREREZREMRPHEE T, RIEFERENINAHET,

RN EKFHE R —FRE, BEREB RS T RE BT 100 mmol/L” B EH W EH R A
BHEAT . RN T RE % R A BT A SRR TCA UIE . BIRE ", BMRHAEERE—EN
BEAGES, MAENK FEBEEESNER AXABTRERK ¥HEEORNREMILRE. VIRE
BEARNWEREOREGFREE T BEORNEER LB

Phe B ] LU 3 R BRAE G PO AI M4 ETO R RT AR Rk, HFHEN BMEEARNRIFEN,
ERRHETRS EORMBRETHRA. & LR . SRNSEFUNEEYREAKE, ATTHLUIE . B
BHREORATETTREE - SaAL, —REAZRENFRER. CREEFRE. ABESEEIENTER
FHRME, B A LUEEENIERR(AE) IR FRE BELEFHTIABTF. SEFESFHTEMIL, Phe
BREERBESIT,

B3, Kirkland %2 R8T —F B T Trizol B3 (E T R4 4 By AR 51 MU0 B9 28 B R R IF 3, AT LR
W M EL B Haloferax volcanii FRBEAHARERERTHER T, HANTMNIEEREE FHRER
FABTEMBE N RRERI(Z AR ERRERIRE, MANRESEO - EH#ARMEN ., mMELHN
ERER. LB . BEAVEATRHERERMYSMKE, EATRERNHEABRM, GBI NBRERERE
Hi, AR ZEF RS RNA —BESEKAFMERER . 550, ZBER A Trizol B, B4 B Tris
BB LTS,

MTREMEOREBRENRIELETRENRY MEERRTEFREMEBHR, MS5% FHH
KA A WX £ 00 A AR BRI K o Breckle!" ¥ 5h A A5 0 LR AL M4 N BL EL AR M RO 2R A
YRR EAI S E N AE B AESE R REEY AR R ERLN R BT R aOFEELY,
BRR £h FR £k 5 A R 3R 26 s (B AR A R AR O Bk B & AR

ASCIRIE T Phe AILIRF MBI ATEAFRERERFERPHEET N KA NEL
WEVEORNEREEFEENBELET L,
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HE HERA
Appendix Abbreviations
EXHE EHXEH i &2 EXHE HXEH HE R
Shortings English names Chinese names Shortings English names Chinese names
2-DE Two dimensional electrophoresis 18] 3K IPG Immobilized pH gradient [ A8 pH B8
Acr Acrylmide IR BE IR PMSF Phenylmethylsulfonyl fluoride RN
Bis N, N '-methylenebisacrylamide N,N-F XN AEBERE | PVPP Polyvinylpolypyrrolidone RZREMELEN
CBB Coomassie Brilliant Blue TS SDS Sodium dodecyl sulfate T oM
3-[ (3-cholamidopropyl) SDS polyacrylamide SDS 5 75 % Bt ik 8% B
CHAPS — SDS-PAGE
dimethylamonio - 1-propanesulfonate A gel electrophoresis B, 3k
DTT Dithiothreitol HREHREME TCA Trichloroacetic acid X . ]
N,N,N’,N’'- ,N,N',N’'-
EDTA Ethylenediaminetetraacetic acid LN Z & TEMED L ]i N.NLN-IFREZ
tetramethylethylenediamine Y '3
IEF Isoelectric focusing SHRE Tris Tris( hydroxymethyl) aminomethane =~ —
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