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1.1 ##

PR 2 A8 W5 & W [ CLOTECH 22 #); FFIR
JRTERIE RS A Invitrogen 2 +]; At R EN A
G H Promega AT, T4 DNA &R, FREITEAN I
& BamHI . EcoRI . Pst] ¥ H 52 /E0 TR (Ki%)
AR AT, Graces B HRANEREFE 3 H Gibeo BRL
AT 5 B4 3BV D IR (X-gal) W
HEAED TR (KIE) fRAH.

1.2 H#

12,1 AJSL 40 Mot s () i) e A I by iy 2RV Tl
AN s s SV (R S TS 3 AL T
(PBS) VB 4L 4 X, EEAHMMWTETH 0.2 ¢/L
JEEE B PBS 1, A 37 CIALIM AR AR (A 1 b,
RIGFS A 2.5 mg/ L PMSF [ PBS ¥k =0k, %
BRpEa (A, 20 fAB S mmol/ L NaHCO3 ¥
Rl 4 e, UK# 5 min. 7E 4°CLL24 000 g 2 L
30 min, I FEIRERDE 4 K, E54 0,15 mol/ L

TR A ARIE IS (39970201) FIHE M A T RO AL 5 U
i,

R R A

Tel: 0451-6669470, E-mail: fuguhu@ 263. net

ki HE: 2001-06-12, f3252 HB: 2001-06-28



2002; 29 (2) S FES5EMEHERE

NaCl f] 5 mmol/ L NaHCO3 #HH A 15 mg/ L B
AR, A4 CHRG MM 1 h (BI2 40 0 ifn 5
LE SRR AT R RIS L) . MRy 3 R
140 ku Z5 K358 85 L. NN antipain (10 mg/ L)
Ji, £47C45 600 g 50 20 min, (i J& FHAH R (1%
W LS S AE 4C RIS A% A B 100 mmol/ L
NaOH It 2 8 4 & A, 6l 4 35 /9 1w 5% 5
5mmol/L. NaHCOsz ¥t 3 &, %K J5 £ 5 mmol/L
NaH CO; ¥ ik, EHR A BIRIEN 1.5 ¢/ L.
I 15 me/ L WS HE, & 37 Cifbid
B ( BP AT 40 M i 5% £ A 3R v 9 b BB AT R AR 1 Y
fky, SRIGAE 4C, 27200 g B0 30 min, Y L
i, T W RO % (HPLC) BEAT 2 k4
;{;ﬁ.[?ﬁ‘ 14]'

1.2.2 SRR AHEE S 84T 0.1% =8 &
BRI 0% ~ 100% £ W% W, 7 2% A7 100 HH (1% kF
(cosmosil C-18, 4.6 mm x 250 mm) [ HPLC i
17 LR Z IR0 0, HE N 0.8 ml/ min, WL
FER AT A% 2y B Al 5 P AOHH 2 S BRI A
(gas phase amino acid sequencer) BT (LRI T
1.2.3 GPA [F5ekE: M GenBank 303 FE i R
FN ARS8, M K562 4 i H R ELE RNA,
ik RT-PCR 3 25 MK 410 bp [ GPA %
f4IX. PCR P~ Fr s, #EAT464 . #hF, JF7E
S umABERRIE A, H TS PR E B Sma ]
IKARIE 2 WERRAL I pUC19 JFki b, 5 20k B ik
PRI E ATk 2k e

1.2.4 Jrkifggd: MR KRMNnAEESA S
i3 HE Clii (AElet) FERFA, 03t mxs 5]
YIN RRIRERE XU IR AS 3K JTORE. i 3 kIR (1) 41 5
K pRGB4 H i 3= KB ZRAf 3 K27 A A 2 F 98 =
Casey #FZHM. S GenBank £k i P 4G 2 21 119
AT AEL C 55190956 i, Tk P9 &
350 bp. H & J¥ %] h: AElaP3: 5 ggegcggeeg
ccteageggeate 3 AElctP4: 5 glgtgagggecgggaga
tetee 3. BLAEL 4K eDNA R HLHR, 1 50 ul (6
PCR. PCR /M2 Wik Jo 155 AMT F M Bek
/N A PCR Pedlifb )G, HEEERES pMDIST
Ak L. H EcoR 1 EVJ pMDI1&T-AEI-C %, 3k
349 350 bp P24, Sk AfL)E, NG R
PN pGADT,, 14°C ¥ f 0k fd, & 7 9 ¥ 1k
DHS5a. 757 240 W 75 % 7 P B b 0 226 BH
4 pGADTAEledb3, 4R Ji /N 7 312 HUR i,
EcoR1 BV . Bal N EGD)NEE. K200 FHPEEFE Y

E. coli
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EAUTRLAEAL . WS 2R EcoR T Il Pst 1
WEFY] pUC19-GPA, 73 410 bp P4 ik 4lifb J5,
INAZAH R XUEFY)  pGBKT,, 14 CHEBNA, &
L= WHALE. coli DHSa. 1E {72 N % P L
i BH Mk F 41 pGBKT+GPA, 4R /s 1 1 B
B, BV . PCR %5,

FER R A B R gl MR ER e A S
B3 514 O PS: 5'-tagagattagatgteagcatcaagtac
3', NSl A Pe: 5-gltguaatagaauulctgcugucuzr
gtgte3 . DUMEHE & A A S8k 5k 7= 9 o BEBGE AT
PCR. PCR /¥4 WK G 72 R AMT T MEE v Bk
/N IR PCR Pegifb )G, BEAZERES pMDIST
Bopk b, R0k BH A 1 A TR lAL - S E .
W, Ak (8 FF R 3 85 F 7 3k pBlueBacH isB ]
BamH | W V), itk, LML) & E&E T
Tris EDTA %P, 20 CRAF&H]. 5 2l i
MR BamH 1 WY G, A& A A HEE
FARLE T4 DNA & BB M40 10 5 1F F AT &8
N, AFPHME AL 7 w44 4 pFAST Bac GPA, #2211
kLG BEATEEY . PCR %5 AU, 740 50 #7 i
FAEY TR (%) AR A 58 K.

1.2.5  PERERIE UKL I Fe AL AN B 2= S0 0 1F Bl % 1
MRS 4% Clontech FMFHEAT. HEHC AH109 H
VAR T 1 ml B SRR, BRI RIEERE R
300 mIHEEIEH, 230 o/ min #&3% 3 h. #0535 L
i, HEH TE S84, &0k Ll BinA
1.5ml fIJEH 1 x TE-1 x LiAc. 0.1 Hg pGADT
AElct. 0.1 Bg pGBKT+GPA H1 0.1 ml Herring
Testes Carrier DNA JR2). #% 0. 1 ml BEEEESZ A4
e AH109 & W, . HMA 0.6 ml TLIH
PEG/LiAc %, #&3% 30 min 50 70 ul — LR
AL (DMSO), 42C/K# 15 min, UK#F 1~ 2 min.
Fih14 000 g 0 5 s, 7 L. M 0.5 ml KK
HE M. B 100 B4 lew/ trp-/ his SD 7 758 Bk f&
PEVH, ARG B LB TFRR AR TR ) — SR
i, &F 100 BI A lew / trp/ his SD #5557 G 54 1 1 B
Fllew/ trp- / his-/ ade- SD ) 7 6k B3 P~ #i, P30l B
PFURE R G YE. 30 CHY SR 2~ 4 d H AL RE.
B FUBE TR R PR IN:  AE =B DY i B
MRV, ECEREat b, s 10~ 30s, W
R B, BUSREA 2 ml Z B
X-gal SHIOIELC L, 30 CHLT, EMEBIHIEED,
BER BHAE,  JEE A8 4 o 1.

1.2.6 SO 4f Ji i) 55 5% A1 7 41 7% 75 pFAST Bac
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GPA ¥ 4% S19: Sf9 AMfI{E Grace s F& M40 M5 557
HRIIE, O 3.3 of L BERHEHUY L 3.3 of L K
FUHEH . 0.35 g/ L BKERAW . 5% ~ 10% Jifi 2 1fiL
W TNM-FH, 7F 28 CHi7E. 4% ¥ Bacto-Bac™
expressing system 17 &8 H] Ui W 4T H AL ¥
pFASTBac AE1 4ifb)5, {ENEAN TN, Hijk
SfO B HAn e, HOR S WO R Bl a,  HApRD R
FeA ) S A AT

1.2.7 EAEEMEE DR 5%
10 5 52K (m. o, 5. =~ 10) &Y SO 49, 7
K59% 3 d B AR IR OGR A iR, RIA M E A SDS
FNGEBEE R vk (SDS-PAGE) Fl 8 (4 Jit E)) iF
BEATHGIN. 37 L8536, PBS ¥E 1 k. ¥4 gi?
T PBS Wi, UKHTEE AR, A SDS AL
W5 T SDS-PAGE. HLyk 41 h: 1R 200 V,
WP 2~ 2.5 h. BARHE S G L2 12% SDS
PAGE J&, B P MBRAHEEM L, HE 10%
BSA ) TBST ¥f /4] 30 min J5, Hl TBST (%
0.02% Tweenr20) PEME 3 ¥, HFK 10 min. —HL
NHNFAR 3 HEPUE, P08 BRI S ALY
PRc Bt B 1gG-AP. 28I —HU A 90 W,
G RV R (5 15 min, F58R A FUSTE 28 45,
M2 K& B A,

2 &4 B

2.1 SHEEBIESH

21 20 Mo B if s 8 e Bl 1 g T Ak, B0 e b
TFTREAT WA = RO (53%  (HPLC) 4387, v &
W 1R, P8 AN EE RS, FIRD B
BEAT HPLC 2l fk, SR 5 WP, &R KW, K
GPALysl01~ Aspl130 — 4 IKBEAh, Al 47 3
F AR EK IS (loop M1 C By, 456
AHIF 9% 5 K [ A0 16 At F 9 45 SR, BRATT HE B AE
GPA ity 3 H2H C g 2 A7 LEAH B 0] fig 1.
AL 45 R a1 P,
2.2 EBEEWNEXZRALG S AEL Cin5 GPA B4
EER

ME IR 45 B K gk FoyHr, 4 3 HE C
Ui bk 2 5 Ala893 ~ Val9ll 19 AN % 3k ik ok Ik 5
GPALysl01~ Aspl130 177545 AH BAE I o] Ak, &
TR — F = 1 — K 458 Band3  Ala893~
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Val911: ATFD EEEGRDEYDEVAMPV ; GPA  Lys101
~ Aspl30: (YGIRRLTK) KSPDVKPLPSPDTDVPL
\ SSVEIENPETSDQ. 3 Z [ C i %5 47 K (417
LA R TE 2 JERR, 11T GPA [ C BT L £ 11
BRI, 4K AR EAE AR, SRR
KRN, BATREE T TSR AT B
FEREOURAZ AD 1 BD i 35 34k, 21K 131 M
JERR 1) GPA % B4 4% & 5| GAL4 1454 5% BD
i, iR AT 3 A C K 116 D2 L ER S5 18
(K04 T B B 5 1) GAL4A 3T IR AD iirf, RS
LR RED, WS EAE A R, % IERIXUA
LRGERI G, ARSI LART REAH BAE AL
RS 2 G T R IB AR, B GPA &K
LI (WERIEFPA) Ay 3 HEE C b 348 bp LA
GPAK101~D130

1.28 '
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-
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Fig. 1 HPLC analysis of membrane peptides released into the
supernatant following trypsin treatment
First, white ghosts were treated by trypsin from which the eytoplasmic
domain of band3 had removed. Following alkalitreatment, the
membranes were redigested with trypsin ( 1.5 g/L). Peptides released
into the supernatant were collected and analyzed with a reversed phase
colume ( Cosmosil C-18, 4.6 mm x 250 mm) using a linear gradient of
0% ~ 100% acetonitrile containing 0. 19 trifluoroacetic acid. GPA Lys101
~ Aspl30 is shown. The amino acid sequences of GPA and band3
C-terminus were showed as the following. GPA: 101KSPSDVKPLPSPI-
TDVPLSSVEIENPETSDI130; Band3 CG-terminus: 879NVELQCLDADID-
AKATFDEEEGRDEYDEVAMPYV 911.

AD i pGADT 7- AE ledb3 HE DA K 3E 4 7 () 4 Sk
T 41
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Ctc agc ggc atc cag ctc ttt gac cgc atc ttg ctt ctg ttc aag cca ccc aag tat cac

LS G I Q LF D R

L LLF K P P K Y H

cca gat gtg ccc tac gtc aag cgg gtg aag acc tgg cge atg cac tia ttc acg ggc

P D V P Y V K

R V X T W R M HULUVFT G

Atc cag atc atc tgc ctg geca gtg ctg tgg gtg gtg aag tcc acg ccg gee tec ctg
w

I Q 1 1 C L A

v V XK S T P

A S L

gcc ctg ccc ttc gtc cte atc ctc act gtg ccg ctg cgg cge gtc ctg ctg ccg ctc atc

A L P F VvV L I

L T V P

L R R VvV L L P L I

ttc agg aac gtg gag ctt cag tgt ctg gat gct gat gat gcc aag gea acc ttt gat
L

F R N V E

Q CL DADUDAZEKATTF D

gag gag gaa ggt cgg gat gaa tac gac gaa gtg gcc atg cct gtg tga ggg geg

E E E G R D E Y D

Py gt 18 P9 S % BE iR pGBKT~GPA I
pGADT 7 AE Let L[ ALARIPI A% 1F AH 109, AH 109
7E GALA B ) FiiF 5 A1 His « Ade Ml lacZ —
MR EFER, SREARFRMRS) 72T, s =4
R BEDR e % KO T IR A B, AR5 A
MZRGRIET lacZ . His3 1 Ade = /MR LA,
gifnr 5. KA AEL C 355 GPA A7 4H H 4 H,
GAL4 HEY DNA 45 G50 DNA S5 84 g A 5.
FEE, WOE AR LR e k. AE lew/ trp/ his SD
B PERIR I A T I B P FURE ARG,
g5 W B 2. 23 KL 4% 48 pGBKT 7- GPA 4L 1 B

Fig. 2 Yeast two hybrid assay of the GPA and AEl C terminal
domain
AH109 cells were transformed with pGBKT+GPA and pGADT - AEla,

and the P-galacosidase activity was measured. The dots indicated the

blue colonies after the B-galacosidase activity was measured. Cells were

tramsformed with the following plasmids: 7: pGBKT+GPA only; 2:
pGADTrAElet only; 3: pGBKT+GPA+ pGADTy; 4: pCGADT -
AElct+ pGBKT7: 5: pGADTrAElct+ pGBKT+GPA; 6: pLAMS
{ hybrid of the GAL4 DNA-binding domain and unrelate protein,

laminin) .

B (1K) ABURE A pGADT7-AE 1t % 4L % Bt
(2 X)) — AN R AR — A 55 41 TR A

(3 X4 X)) BN IRL IS O B 4L IR AR (5
X): BITEXHE (6 X). HAAEL C ity GPA M
Tk B3 BRI, B I;Lﬁﬁfﬂfmh#)&lxmﬁ%&&

E V A M P V §

G A

W2, 5 X)), S AR, BUEEAR

A& FAK K EE SR G AR, 76D EH L,
w%&&%%lmmﬁw)dd&$&‘ﬁﬁ+%

PEEFRE R IN, &0 MEA R (K 3). xekgh
FEW: AEla '—7 GPA TEMRFANWOE T GAL4
FH =AML, GESE AELet 5 GPA 45 B %
EGRER (SN

w
T

]
T

The number of colonies

1 2 3 4 5 6
Fig 3 Yeast two hybrid assay of the GPA and AE1 G terminal
domain with the different reporters activated
'I\h!‘ (‘[I]l[n'll]!i -‘il]l]\\' l‘[] Il](" lllllll[](“.r tlr iltl.‘ii[ i\'l' ("II“]'Ii(".:"! ﬂf l!](" fi\'l' n'\l\'(".]-ilg_l'
GPA and pGADT; plasmid transformed AH109 on the
lew /trpr plates; 2:
AH109 on lew/trpr plates; 3: GPA and AEl G terminal domain
transformed AH109 on lew/trpr/ his plates; 4: GPA and AEl (-
terminal domain transformed AH109 on lew/trpr/ his/ ade plates; 5:
GPA and AE1 CG-terminal domain transformed AH 109 on lew / trpr / his /
ade / LacZ plates; 6: pLAMS (negative control) .

colonies. [

AEl C-terminal domain and ]1(';|IK'I'-,| transformed

2.3 #H K pFASTBac GPA I BN EHFEHE L
SF9 £ iR

8 PCR 7= ¥ f1 pMDIST A#H i %,
BamH 1 % 5& H 4L Jiki pMDI8T-GPA J&, BRIV
IRl D) %0 1), IE [ # AT BLYTR 400 bp ()
FEL. 4L TR pMDIST-GPA I BRI ¥ A 1) s
BamH 1 YI'F GPA K 1 By 55 AH [ B U (1) AR 55
BRI R pFAST Bac HEATIE %, b, 7E% 1 X-gal
PRIV AR 9 226 200 A P BH v AL TR 74, BE LB HUE
R % B R, SR FORL pFAST Bac GPA Jf (1
PCR ¥ 3%5e.  BAA 3 |9 B GPA 4145 ik
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I XF AL T pFAST Bac GPA HEAT Y, 454
Bl 4 FioR, BRES 91 {5 58 2l R4 N 2 B HUARAh,
HREIR S A GPA M IERF4 —. &
AU RE P BEEIEAA, TR PHeRescie. AR
TR EERE B 8K pFAST Bac AEL 1E IR LA & T 5%
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el Higi iy Sro A 2. B 3 d ARG
ST T 5 3 B e A i ey T R AL R T |
A EEE L, AR, g bt BUBOR A
Vs, Aifuse BERLES.

5! taaaaaaacctataaatattccggattattcataccgtcecaccategggegeggatectctagagattagatgteagea tca

S

agt acc act ggt gtg gea atg cac act tca acc tct tot tca gtc aca aag agt tac atc tca tca

S TT GV AMHT S

T SS SV TKS Y 1S S

cag aca aat gat acg cac aaa cgg gac aca tat gca gec act cct aga get cat gaa gtt tca gaa att

Q T NDTHI K RD TY A A

T P R A

H E V S E I

tct gtt aga act gtt tac cct cca gaa gag gaa acc gga gaa agg gta caa ctt gee cat cat ttc tca gaa cca

S VR TV YZP PEE ETG

R V QL AHUHT EFSEF?P

gag ata aca ctc att att ttt ggg gtg atg get ggt gtt att gga acg atc ctc tta gtt tct tac ggt att cge

E I T L1 I FGVMAGV

I G T 1

LLVSYGTIR

Cga ctg ata aag aaa agc cca ftct gat gta aaa cct cte cce tca cct gac aca gac gtg cct tta agt tct g#f

R Ll K K S

P S D V RPLP

S P DTD V PLS SV

gaa ata gaa aat cigcagacaagigicaatcgtcgacctgcaggeatgeaagettgtcgagaagtactagaggatca

E I E N

taatcagccataccacatttgtagaggttttacttgcetttaaaaaacctcccacaccteccectgaacctgaaacataa3 '

Fig. 4 DNA and inferred protein sequence of pFASTBac GPA

2.4 FHEEAR SDSPAGE FIEQRINTLELER

ARG B Y SI9 41 3 d S5, W Ek A

M. BB, SDS PAGE FIEE (i BT % 5E

AW iE . SDSPAGE 4y Bt 2% B i 41 #F IR 9%

HRIAMGPAE A Pl E A N8 kuls fi
1 2 3

Fig. 5 Western blot of GPA after 12% SDS PAGE with the
monoclonal anti- AE1 antibody
I: marker; 2: the normal Sf9 cell ( negative control); 3: GPA (about
18 ku).

(FE5), SO 4l fuff A IPER . 25 AE1 F1 GPA
@B 5T Wi (0%, AE1 fil GPA A figfF A8
NN R TR AR AEAS RN, HAEL
SEREPURIETT GPA 18T 1 B EL A I, 45K
BIZE 18 ku KA H — &M B %&H (B 5), WEW
GPA 5 AE1 A7 M PTBR ve e 7%, 7T fE 75 2040
(I R 1 A R R A SR DI R

3 W %

Ak, VPR WA LM A 3 H AR GPA
ZIFETNRE EAEE S VIMER: a. GPA AL R AN
GPA Rk b 2L e B8 e iy 3 2R A IO BT 1, egh
LW, GPA 4%l ) F2 1 Ui 45 iR A 4y 3 B ET
BIEEEME; b, Fi-GPA MIHLATT LLIR A 3 K
H ey ahtk; o 76Tk JE 59 REGN I |, GPA mT LA
iy 3 A S TRk, JFfienas L & 7226
fE; d. REEPFFBIES: GPA 5 3 HAGEH
PO EAER, 7 3 8 IR v e oA mT LU ZT 40 g
BBt GPA. T H, AXW 3 EAERZE
PERR EHUE Wor B Whe 9T B 3 RS GPA
(LRt > B R 4 AR R W 3 R AR
GPA fELLAN LS L2 DK &R,
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HAE, HEHE LT Z#HAH B X R E A
RINEE R L E RS, iU T IS 4R,
ASHIFFEAE AT 21 40 M 1t S8 BT 38 AT 407 i R Ry
3 2 Asp893~ Val9ll 5 GPALsy101~ Aspl30 45
5K, IRV R B3 3 e — o 5 Tk A R S
WG ARRE SR (% TRniG 1 B e O o)
MR B T WF 58 20 A0 B AE I sl SRl 1. AR

Anion exchange

AYA
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AW HEESE G uEs, 3 HEC Iﬁlﬂ{] 116 /Mad Ik
Rk GPA A e M HAEH], X&EFE M AhE X

R AP B B BLAE R B, 455 T0Ah g
i SRR ELAE A% AE C 3 16 AN I 1R VG [
W, JFERAERAES 3 B E C i o] BEAFAE R I A &5 1
Bk

A W B

\/ \/

Naeminus

Cterminus

Cieminus

Fig. 6 The structural relation between the anion exchangerl, glycoporin A and the novel protease

The right part is the anion exchagerl; The middle is novel protease;

The left is glocoporin A; <¢: O-linked glycosidic bond;  #: N-linked

glycosidic bond.
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The Study on The Interaction Between Band3 C Ternimus
and Glycophorin A and Their Immunologic Cross link Relation”

DU Hong-Qing", FU Guo-Hui"" , JIANG Xiao-Shu", LONG Xiac-Yu",
. - \ .2 v 3
ZHANG Zherr Yu", YANG Bao-Feng”?, KONG Xian Gang”

{“prar!nmnf of Pathephysiology, Harbin Medical University, Harbin 150086, China;
2 Department of Pharmerlogy, Harbin Medical University, Harbin 150086, China;

3'” arbin Veterinary Research Institute, Chinese A {'adﬂm_‘r {f A gn':'nhun' Secience, Harbin 150000, China)

Abstact The correlation of glycophorin A and band3 was confirmed by purification and identification of
hydrophilic peptides of red blood cell transmembrane domain with high performance liquid chromatograghy
(HPLC). Glycophorin A gene (410 bp) was amplified from K562 with RT-PCR and subcloned into the yeast
BD hybrid vector pGBKT; and baculovirus transfer vector pFASTBac. Glycophorin A and band3 C-terminus
were co-transformed into the yeast strain AH 109 and the interaction was identified by nutritional selection and B-
glycotosidase activity detection. The GPA expression product in Sf9 cells was analyzed on Western blot with
antt GPA and antr human band3 antibodies, and the result showed that they have immunologic cross link

reaction. All the results above confirmed the interaction between band3 and glycophorin A.

Key words glycophorin A, band3, baculovirus expression system, membrane protein
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