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(HE] HI:-HEDBFEEXERALEARAMABHm(TPONEH LETEEEABK FATXRARGELAMN TPx &
B, Jiik BB REE TPx cDNA F B R E T B &% 4 pET-32a(+)M, #{b A 4F ¥ BL21(DE3) , Sk B E M k% A &
pET-32a(+)M-TPx, 37C T& IPTG# % . Z @A E A EAMATE BL21(DES) k%, KENEL TPx B HF AL 41t,
Ji SDS-RF M B R Bk (SDSPAGE) i EAEE, N EAEAHTERLETMEN N, R - HAENEAR N
pET-32a(+)M-TPx E KT H H &R KA .24 W EL TPx BEGE TR 0% N £, E 2Rk aFREN 24 460,
FU TPxEERUABE -_RAMERBREOWHRAGE E-RAEE (DT FEN LA LE H,0, 7 M 05t 4 8 5 DNA &
HAEAGREONRPER, IR AL R EAITER AR AP BN AT EA TPxEO HHIESHER S L HAE
M SEEAH X,
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Expression. purification and activity characterization of a thioredoxin peroxidase from Branchiostoma belcheri

Tsingtaunese

LIAO Jian
Institute of Clinical Laboratory Medicine, Fuzhou General Hospital, PLLA Nanjing Military Area Command, Fuzhou 350025, China

[ABSTRACT] Objective: To construct a prokaryotic expression vector carrying thioredoxin peroxidase ( TPx) gene of Branchiostoma
belcheri Tsingtaunese and express it in E. coli. Methods: The cDNA fragments encoding TPx were obtained from Branchiostoma belcheri
Tsingtaunese and were cloned into the expression vector pET-32a (+) M; the product was used to transform BL21(DE3) cells and
expression of TPx protein was induced by IPTG. The recombinant TPx was expressed as a histidine fusion protein in E. coli and was
purified with Ni chromatography and SP cation exchange chromatography. The expression and purification of TPx were analyzed by SDS-
PAGE; the activity and structure of the protein were analyzed. Results: The recombinant plasmid pET-32a(+) M-TPx was highly
expressed in E. coli. The purity of the protein was over 90% after purification; the molecular weight of the protein monomer was 24
460. The recombinant TPx protein existed as a mixture of both dimer and monomer. The recombinant TPx had a significant thiol-
dependent peroxidase activity in the presence of dithiothreitol (DTT) ,and it could protect plasmid DNA and thiol-protein from damages
caused by metal-catalyzed oxidation (MCQO). Conclusion: The recombinant TPx protein has been successfully expressed in E. coli; its
activity is closely related to the advanced structures.

[KEY WORDS]| thioredoxin peroxidase; Branchiostoma belcheri Tsingtaunese ; prokaryotic expression; protein purification;

enzymatic activity; structure
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ASESTRN SN k7 L7/ R ek 7/ N At 2
S R Rl A A A R R B S ik
JsU b A A b AR R I E L, B RN AL
A AR A IR B A ARk,

JS R B ) 3L G o BUAF (1 d B3 AT ME B ) (K )
Fhz — R IUA MES) P R IR S B R B
BT S A0 30 T i 1) S 1 AL A R AR B T RE L AT 1)
T i R ST IR o S A T e AE AR A A R
T AT e H I SIRE. AT RE T 75 5% 3
A TPx 2K SRAF 4 TPx R H L JF X EAE A
BEAT T 03 B AEA RN A 3 R S5 R AT 5

1 MRFTTE

L1 Ras#Hk S RLEA pET-32a
(M HF R R EW, K mRismE =
BL21(DE3)J# H Stratagene A #],

1.2 TEBAEEZRXA Taq DNA E A, R H
PEN VMG BamH 1 . Xho [ & T, DNA % # lig W [
New England Biolab 2 7] ; PFU & & 2 DNA X &
M ANTP W 8 A T4 T A 7 Gel Extrac-
tion Kit Fl Plasmid Miniprep Kit 4 Omega Biotek
ARG AR TR MEE AW A R ED A A
IPTG 3 AMRESCO % w7 it 25 FloUAS 19 )2 #r A
23 A H Amersham Pharmacia 2 & F1_ i 424X
28 4] ;Chelating Sepharose Fast Flow® ,Sepha-
dex G-25(Fine) 1 SP-Sepharose Fast Flow ® %5 4
B H Amersham Pharmacia A @, 42 2 BEIZ & &
M (glutamine synthetase, GS) #l KH,AsO, & Sig-
ma A7 ;i s HEPES 24 Promega 23 7 72 i s ADP,
glutamine, dithiothreitol ( DTT ) #! glutathione
(GSHOM A EilgE TAY TRAW,

1.3 HFHXE& TPx AB w3 #ikit o d
H TPx 3 K 14 i ki pBSK-TPx Ml pET-32a(+)M
¥ 2 5 B A7 20, B I Oligo6. 0 % 1 TPx Hk B )
PCR 5 #): 5'-CGC GGA TCC TCT GCT GGA
AAT GCC AAG-3" (51N BamH T BgVIAL 1555
CCG CTC GAG TCA TTA CTG CTT GGA GAA
ATA TTC TTT G -3" (5N Xho T MgVILL A0, th
LA T Y TREAF AR,

1.4 BRERERFOMEREZ M BamH [ X
Wi V) JFORL pBSK-TPx, 28 B i 4 48 i i vk [0 B 1Y
Jr B N 28 R AR XU D) A B pET-32a(+) M 8
AL 2 K AT 1 BL21(DE3) , Bk 5 5 7% , fili 42
TR U] %5

1.5 B#EawiFFRiAs SDSPAGE 52 H

L RO JORL % A 4 3K i 32 B BL21 (DE3) #4 & T
FEG PR, PRI T B bk B0 B VR 2 FP T Amp T 19 LB
WA & B FRAE L 37°C R ZU PR 5 7% 16 h, 1E A Fp
T, BOMFRAL 1 100 AR M 37 CH R 2
Do 2174 0.5~0. 6 B, A IPTG F1 20 % i 25 ¥ 2
KU PE S A 1 mmol/L A1 0. 2%, T 20C i F &
15010 h, B0 WCT L B R L R TR DA A 0 Y
G W4T SDS-PAGE 43 #1 K% I 3 41 85 (9 i 1) R
L,

1.6 B#ZAHLEML B EEES0ER LER,
St Ni** 4 s B &k Sephadex G-25 F: 1 SP-
Sepharose PH & F A8 #4E: % H 0 & At 17 gtk , W4k
AN HE T UE e 3 AT SDS-PAGE 43 #7 46 l 7 41
ESWNELR SR

1.7 E41 TPx & & & &R Fi& & SDS-PAGE 4~
T 2XFE AL B GE P SRR S SRR A Wk 5
min, Iff J§ 5438 17 DTT Ab 23t i £ i — & 317
SDS-PAGE,

1.8 =40 TPx & @ & & &40 &% (HPLC) M &
FEA TPx B H T T 50 mmol/L DTT % .
ACHUE 12 b7, KRB EA TPx & A TR A
DTT i ik 4 1 8 s O AT HPLC W,

1.9 £4 TPx&AER H.O,FHEE %G
SCH S Lim 25 5, RNVARR A 1 ml, 4
5 mmol/L DTT #3# 5 mmol/L GSH,50 mmol/L
HEPES-HCI(pH 7. 0) & M 41 TPx & H (0,
20.50,100 pg/mb) . = W E 10 min f5. WA
H.0,(200 pmol/L) . 43l %W JBCE MY 0,2, 5.5,
7.5 min, 10 min J§ A 100 pl B & 4K 8o 50k
100 % ) TCA, ¥4I 5 L B A 200 pl 10 mmol/L
Fe(NH,), (SO, F1 100 pl 2.5 mol/L KSCN, Jll &
Dy, f# & N F# & B H,O, fl KSCN,
Fe(NH,).SO, JE B [ 46 & P 1) D.os 2K A Wy B 4
TPx HHIE I H,O, K fE

1.10 Z4 TPx ZAh#FALHEx DNA £ S
Lim & 1750k, AR RN 50 pl, 445 10 mmol/
L DTT,3 pmol/L FeCl;, 50 mmol/L HEPES-HCI
(pH 7. ) Z . 1 pg B PEG & $2& U 8 18 g
DNA(pGAPZeA) M E 4 TPx £ H (500,200,100,
50.25 pg/mD37CHL A 2 h, KA 5EJE 205 10 pl
BEAT 0. 8 Y6 35 I Bl 458 Jhe v ik, I I 58 Ak o Ol iR
RGTTE R,

1.11 ZA TPx&Z&aHKPyF GSEZaFHEZE S
Kim S 77, MR FR K 50 pl, 046 10 pg/ml
GS,10 mmol/L DTT,3 pmol/L FeCl;,50 mmol/L
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WK - HCICpH 7. 0) FUAS [R]3R B2 (1) HE 40 TPx 8 (20
HI100 pg/mb, A& RGP, —#3 h 30
pls A7 GSUBKMENT TPx; 53— B4 20 pul, &4 DTT
A FeCls, #4122 17 )5 30°C il & A A I 1] (o,
2.8,15.25 min), 2R G A 2 ml y-Glutamyltrans-
ferase Assay Mixture,30°CI¥L & 5 min /5 IA 1 ml
Stop Mixture, W& Dsiwo ., HHE &N R GS A
RS A% S Bk B T B UM y-Glutamyl-hydroxam-
ate-Fe' "ML & WK Dsy oK H Wi 41 TPx & A {R §
GS H HE T 1 RE

2 &% R

2.1 pET-32a(+)M-TPx & X H Ak eg M2 B %
& PpBSK-TPx A DNA, H & ¥ it 5199 1
TPx 3£, 7 2 pET-32a(+)M Fik ik b, /h
A VAR EUE LR, ] BamH T 1 Xho T B
YR, AT YIS PCR P4 (610 bp) K/h—EUH)
FB, LS 2 M AR pET-32a(+)M(5. 9 kb) K
IN—BU R B, O TPx bR UREE S 51 P 48 4l
R M BESRTF 45 TPx WU KA — SRR AE A
Br, W 1, X#EW TPx K i A 5Ok 3 14
pET-32a(+)M ", £ DNA Ml /5 il 52 % 5 K 4
TPx &M,

1 pET32a(+ )M-TPx BIESI 1 PCR £ &
Fig 1  Identification of expression plasmid pET32a( -+ )M-TPx
by enzymatic digestion and PCR amplification
M:1 kb DNA ladder; 1: PET32a(+)M-TPx/BamH [ + Xho | ;2.
PET32a(+)M-TPx PCR amplification

2.2 FTHTPxEAaOFFRE L T
W4 IPTG i )5, 4 SDS-PAGE 73 #1 & or, T2
BRI B R R e e Al AR A TR S R K
£ DNATOOLS 6. 0 Tl i) B i {8 24 460 AHAF, 4%
PR S B0 43 B b AT SDS-PAGE 4y
M, BonEmALE QLT A%, K TR AR R

A W 2> 3 34T Ni*T-Chelating Sepharose 2 &
JZHT Il SP-Sepharose FH 2 42 4 2 B, e 48 Uk i
W, 2 SDS-PAGE 73 #7 W7 B Jo 3K 443 1 41 2 19 4
JERIL 90 KA I, WK 2,

Mr(x10") M 1 2 3 4

Q7 —— —

66 —— —

43— —_—
J) ——  —

2() —— —

B2 ZHTIPxERMAK
Fig 2 SDS-PAGE analysis of recombinant TPx protein
M Protein marker;1: Total bacterial proteins;2:Sonication supernate
of the bacterial; 3:Recombinant TPx purified by Ni?™ chelate col-
umn; 4:Recombinant TPx of Lane 3 purified by SP-Sepharose col-

umn

2.3 T4 TPx & @ 9L R A3k iL & SDS-PAGE
Wk Regat e K E YL TPx & (AT I8 A HE
& SDS-PAGE ik, WK 3. 4iRExw,1 Tk
B DTT RIRMEL TPx RARAT —4HM
BEW LM AL DTT ALF K 2 5 3k i i1 & [ ) 2
MILLEAW, /£ 2 SkiED. K KNAR
45 000 M) £ 1417 HED 2 A A TPx & 1 ik
T ik A 0 P A P R I R Bk ik HAH T ik —
T B 7 T B TR R SR A, T AE DTT WS RN, —
T AR AT W IO AE 1 S IKER A X — K EEW, 2
GYKIELE 25 000 & A4 B AT, Wiz A
TPx & AP AFIE A,

Mr(x10) M 12
97 —— w—
66 —— —
43— — S — Dimer
30— —
[ —
-— S/Monomer
14 —— —

B 3 Z=4 TPx EARILRFIIEZEJR SDS-PAGE B k4R
Fig 3 Reduced and non-reduced samples of
recombinant TPx analyzed by 12% SDS-PAGE
M Protein marker;1: Reduced TPx purified by Ni?™ chelate column
and SP-Sepharose column; 2:Non-reduced TPx purified by Ni?* che-

late column and SP-Sepharose column
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2.4 ¥4 TPx %@ HPLC W& 5% DTT
W TG [ E 4 TPx & [ #E4T HPLC 43 87, WL &
4, B4 TPx HAL DTT & A7 5 . HPLC 45 31
WA, BERELY DTT it )5 M #E4] TPx &
FI) HPLC 0 & R T LG A B AR
W4 gy, T A Bl AR&E DTT A B 4
TPx HH, MELE PP =0 1,2.3 S0, R
SCHRE RN T T AR S 5 45 L, AT DA 1 0 e A
TPx & A K FUE — Ak, 2 GIER 3 T &2 EH
TPxEH P AMARELL, X —4 K5 SDS-
PAGE ¥ S50 45 B A — 3,

5 70
4 60 .
50
2 3 2 40
< <
B 2 E 30
, 20
10
sl A B
i i " ﬂ " "
0 25 50 75 0 25 50 75

Time t/min Time t/min

El 4 EH TPx EEHSYKIEEE (HPLC) T4 R
Fig4 HPLC analysis of recombinant TPx before(A) and
after(B) treatment with 50 mmol/L DTT for 12 h
1-4 . Peaks

2.5 FTATPxEALR H O, FHEE KN
EH DTT, AR ) H A TPx & A, LR WY
N 1) A R AR L H O, 355 2 A AR B A it 22, LT 5,
MK 5 ATLLE B, 72N w4 TPx & 110 R4 H,
Bt 5 2 N IR 1] 1R S K, H, O, 15 PR32 25 BR AR, 3 W) H,
O H 2 TPx FEEEIR T, M HEEA EH TPx &
PR BE R T s H O, 76 PR R BBk R L 358 BH Bl 3k Jit 11
H,O, =il %, M&E AN TPx 4Lt % A
WA, ZERAEY] T EAN TPx A ik
J H, O, 1 fe s, HIE R e ) 5 H4l TPx & AWK JE
WOE L, #% M DTT M GSH (K bS5 (1% J
BFIA 8 10 min), BAE 41 TPx 8 ([ FE B AL bx,
H, O, 36 75 K AR b A K2 T [, 43 50l LA 340 TPx
WALEAT L DTT 5% GSH (W45 6L ik J5E H, O, ¥ fig
J1 0K 6, MK 6 AT LLWE REMHUE B, /£ 7 DTT
IS0 o W 10 min J& . BB A4 TPx & H WK E
(RIANTR] AN ) & 1K) H, O, 38 Js T, 1 BBt 35 #4241
TPx H F R B T Bd J5 i H, O, it i 2
MAERA DTT IS T, H, O, JL A ¥ B4 TPx
IR, EEHA GSH ML T RIS TEA [F 1)
4 TPx HAWE N, H,O, I EAH A, (HE®

H A TPx 8 A MWK E &KL RR T H O 8 LT —
., WA S H) PSSR B L GSH A & — 2 1)
E R HO. MR8 ), ZiG BIRSEE, AT A 401 GSH
FHARREH B E 4 TPx H LR H. 0.,

100
80 f

60 |

H:0: (%)

W TI o ougmite

-1 20 ug/ml TPx
20 = 50 pg/ml TPx
=Q=100 pe/ml TPx

25 5.0 7.5 10

Time #/min

5 EH TPx EAERE H, 0. BN E

Fig 5 Reduction of H,O,by recombinant TPx
Reaction mixtures (1 ml) containing 50 mmol/L. HEPES (pH 7. 0),
5 mmol/L dithiothreitol (DTT),200 pmol/L H2O; and the recombi-
nant TPx protein (0,20,50 or 100 pg/ml). The remaining Hz O in
the reaction mixture was measured using the ferrithiocyanate system.
The results were expressed as the ratio of Dys; recorded with the

rTPx to that recorded without the rTPx

O: GSH(-) M:GSH(+)
100 r

80 f
60

H:0: (%)

40 f
20 ¢

A

0 20 50 100
rBbt-TPx Ps/(nug-ml™)

O: DTT(-) W:DTT(+)
1or
80
60
40

H:0: (%)

20 f

0 20 50 100
rBbt-TPx Pa/(ugml")

Bl 6 DIT# GSH M EH TPx EAXEE H,0,F MY
Fig 6 Reduction of H, O, by combination of
TPx with DTT or GSH
Effect of 5 mmol/L DTT (A) or 5 mmol/L GSH (B) on the activity
of the rTPx protein for reducing H,O; was examined in a 1 ml reac-
tion volume. Various concentrations of the rTPx protein (0, 20,50,
100 pg/mlb were incubated with Hy 2 (200 pmol/L) in the presence
or absence of the thiols for 10 min. The remaining H; O, in the reac-
tion mixture was measured using the ferrithiocyanate system. The re-
sults were expressed as the ratio of D75 recorded with the rP{Prx-1

to that recorded without the rTPx protein
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2.6 E4 TPx Zxa R ALER DNA 8 MK
NAA R &4 RSH (W DTT) Ml Fe' ™ I, 484k 6 5
RNTE R B B3 OH « &8 DNA [ I8 5E 4
G AT B T, RO HL Sl JEAT BN R HL UK
Rr I B BE 2 0. 8 %) o 3l I 58 4k 4y e AR & 4
SIATE A W 7, AR BIR AR R B BORE DNA
H DL AR 2 BE (supercoil form) — Fl ) % ££ 78 (k&
DL FEE AT DTT A Fe® i, ki i 8 12 Jie
K%L BRIR B 151 — M % (nick form) (UK 1E
4y, ERMNAKRTINNESY TPx & A5, ol LLFE £
bE G AL TPx 8 AW LA R ORI 8 W5 JiE 44 %
28 T AN [RRE FE I AR B (UK I 5-9) , 1T _HL TR 1) 48
WEN %52 B ) R 47 B B2 5 F 4L TPx 8 B Ik B2
Et,

7 El TPx EHRIFBIZHE DNA LAY RIKER
Fig 7 TPx-dependent inactivation of DNA
cleavage in a metal-catalyzed oxidation system
1: pGAPZaA DNAj; 2. pGAPZeA DNA and 10 mmol/L DTT;
3:pGAPZaA DNA and 3 pmol/L FeCly; 4: pPGAPZaA DNA, 10
mmol/L DTT and 3 pmol/L FeCls ;5-9: pGAPZaA DNA,10 mmol/L
DTT,3 pmol/L FeCl; and 500,200,100,50,25 pg/ml rTPx, respec-
tively. Migration of the nicked form (NF) and the supercoiled form
(SF) of the pGAPZaA plasmid DNA in the agarose gel are indicated

on the right

2.7 EATPxZARY GSEAEFTHEE 4
AR RS A RSH (W DTT) Al Fe' ™ I, 3 1 4 4k
IR NG H B OH « , &8 GS S H, 3%
FE M . AR Kim &0 (0 7%, K0 41 TPx
HEARTAHMRY GSEAFMEMR ., LR AN
8., MKl 8 W LLEF, 7k Mk RS DTT Al
Fe'" \EHEY TPx & [ A% . GS & (1155 1k bl %
SN IR TR ) S G T AR T BREA, 8 e AR R TR I T
ANFR E I HH TPx & H W IAx, GS 81 H 113G M
BB T AR ER R, BEA TPx & H Kk
100 pg/ml A%, GS ARG EIJLFRA T
B, 1ZSCIGUE] T E 4 TPx A X EW kN — Lk
Xt 1% PE 40U IR (reactive oxygen species, ROS) JF & &
&R A 40 GSdanbai 55 H A RYEH .

0~ | mmol/L EDTA = 20 pp/ml TPx
=0~ 100 ug/ml TPx - 0 upg/ml TPx

2

100
80

0

60

40 |

GS activity (%)

20

5 10 15 20 25

Time t/min

B8 ZHTIPxEARIFPAEHIEEKE(GS)EREY
Fig 8 Protection of glutamine synthetase(GS) by
recombinant (TPx) protein via DTT/Fe*" /O, system
The inactivation mixture contained 10 pg/ml glutamine synthetase
(GS), 10 mmol/L dithiothreitol (DTT), 3 pmol/L. FeCl; and 50
mmol/L imidazole,pH 7. 0,in a total volume of 50 pl. All inactivation

reactions were carried out at 30°C. The remaining activity of GS was

measured
3 3 it

W 2 o8 i AL A 0 A T I 1R AN TR N L AT
R B R B S AR A I E T, SR iE
5Bt A A o P T 2 ) R 40 B 7 e ) L HE L
SR ) AR B AR AN B A S e R G
SN T LGS R v g g b R A O, AT
#T pET-32a(+)M -TPx R R EEMAIFIAT T
FGRIE W DEBRTEY TPx & 17 KW H
TR R A A, JF SRR T A AT R L IR )
iEr, WA IR T m e Al E A TPx
T IR R R A A AT T AP S, X
53T B A0 1 S A 3 D AT T 2 B IR

XPEYL TPx 8 [ | H, O, 3% P58, AT
RIMAEHH DTT RN AR RS, Y TPx & H
LR JR H, Oy s (HAZE S GSH RN AR R H, &
41 TPx AR A XA TG, WM. d b
W3 i 38 T e R DR (Cys) 2 Pk R e
G TE . 3 7 22— S84 Jgt 7R A &0 f A4 DR OE & 1)
Cys ¥ % LR34 T 38 JFUIR & (-SH), DTT Al
GSH #& & 7-SH [ B, B b 1% 46 n] LLE
HEA TPx &AKR H,O, Ak, HELT K
AT S5 IE B . GSH AN REAE 8 240 TPx & 1 1WA
gk JRR AT REAE T 40 K 2 B i A A )k I
JE T BRI 2-Cys b 54k W 38 TR, A 45 5 4116 S
B TPx EE, EATHRAARK A Cys B A OB
J B B P AN B TR Cys 5% i AH B8 b — 6
TEHE Y R SR AR A A A A AL D I LA AR
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MR —RAREAS WA m RS EEY . Be
NV R AE B B 1090 M I, W % 75 22 R AT 2 A
SH & 1938 J FIAE 4 H A4 Can DT 43 ik
W A J R L AT -SH 36 1 B R 1 i R A
A 1 A-SH 8 S AR 158 J5 57 Can GSHD ,
A 4% 3 A% T 1 B B A S RTIR ELY L AT T
W 30 IR R S RS . R AR A R AT 2
AN-SH 18 J5 72 6 48038 85 11 (Trx) s T BUAE A2 4
PN IX 2RI A P I SR R R K SR Trx S IE J 44
FRREPUAMAE T, BRI — 21 “-SH” 5 41
i 4 A AUE B E O AR (TPx)

I 1L 4R i8 )5 SDS-PAGE HLk Al HPLC 2 #7 , 5
4 TPx FEEAFAEZ M % 024 DTT W 1E
TLMHESH A -RIE A, MEH TPx REAES
4 DTT Wi A B A& R H, O, [F 68 7 Ut W] & 41
TPx &5 5L R BA G, CH IR K
P T A A P 3 T T TR P G A A LR R
F LT[ 2-Cys Tk 504k 4 388 J5 i 16 9T 52 3K 0, 36 5
I RAEER A Cys BRI 55— AN kn
Cys BRIETE B — B B L DRI JB 1l R 50— SR 4SS, 3@
o BB 8, SOR BB 2-Cys i A AW
I 55 1 P TR] 5 SR A R B TR B BRI ) 2R A
MM AL T 2R AR & 1 L B 2-Cys i A A3 i
[N S I R AR e M S - I N ST D B S I
PERT L SRR ALY 2-Cys 1 4 0 4 38 5 i
SUBE MK 2 0 S8 B 1 AR AL I R AR R R 3L O R sl LA
R AR T R AR TERRAT AR AN E IR H O,
[ sEas W& A DTT SRARE Trx oK 56 BE I &
H TPx HAMAES ALK A A Hre s vk, i
AHF T, BT LUK I SEAK 5 (1 E 4L TPx & AT I
R DR E P A T O R R R AR (R A T 5UAT
TER M BA 2 A-SH BB BIE 55 DTT 4 A%
G 4L TPx & B E J5 e HL AT 38 PE-SH 56 A 1
FRRE T R A BRI E R, (AR R
F 4 TPx &AM IEIE J5 SDS-PAGE K o 7E ¥4k 11
PrE B 2 4% 8 Al R AR SCRET R HE DU T e 2
THE TPx H AN Cys Bk &L K A= P bt %00 1k 18 pk
() AR LSRR R A A Tk — P E A,

HI T 3RA9 1 3C & A0 R D, ok 2 8 BT R R
WA, TP A TPx & A I
PR A SO By SCE 4L TPx 8 4T Tk
i R IE Rk, I X e oh GE M 45 M AT T 4125 1
DI = S Nl e o TR/ AB VR SR A7/ N3 2R (ARSI
(KRR BL0E T il , A B 440 Je e W 0o 40 1k 0 I 5
Fofr 2 S AL AR L AR £ A B T

[Z % X #K]
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