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[{EE] Br oMt (Oncomelania hupensis) BisFibEHT A IEE (TPy) &KL DNA, Itk
REAMPTEMEE,  FiE HHRA TR IS ATIZ 8 RNA, SR S PCR J7 i TPy JEIN R BE, (IR
B HE cDNA Kk (RACE) 373 TPy B, 18 2K EH cDNA, 5H pGEM-Teasy %42 )5, b KGR A @
(E. coli) DH5«, Wik, P, AT AEWER ST, TIRERURL pGEM-Teasy/TPx FI3eiAZEIA pET28a 22 WUEFY) 5 4 4 ,
VR T LA ok pET28a/TPx, A E. coli BL21(DE3), DUSFHNZE-B-D-HCEILMER (IPTG) iFfSEiL, T+ Tl
-SRI TR BE L FL K (SDS-PAGE ) S0 AT #3577, Sl 4R (IFREE R T (Ni-NTA) ZHTHEr B aifb st 1, el
INTEAER (H0,) WIFIRET, SMAIMAR R TPx EAE (10, 20, 30, 40 F150 pg/ml), UM B
PEEE (DTT) “PATX IR, 3R H0, EBRR ., 78 DNA BIRBES Y g, 4 50nA 2.5, 5.0 7110 pg/ml AR, WEEH
%f DNA FBIENESA BT VER], SR TPy 2 KEEH cDNA Jy 992bp, JFHEEHE (ORF)Jy 747bp, GenBank B35S
IN831437, 4l 249 MR IR, WHATE (AHIXT 7 BiE (M,) > 27 000, Tk pET28a/TPx #E T, 45 Skl
MG PIS T AT, SDSPAGE 455878, M, 4 27000, 4 H,0, BFIRIGEE SR, &4 DIT FRNAZ H,0,
RIS B E S TARE DITHIAR (3 P00S), SAMPELLIR 22 5 G0 HH#38 3 (34 P>0.05), DNA HIE R 5645 5
B, 5.0 pgml YRR T 2.5 pg/ml 4, {H 5.0 wg/ml 4L 10 pg/ml AR SR ZRARHE . &1t JA5WdesT
12 TPy 2K FE cDNA, HEHFRAEHEA—EDEILIIRE,
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Cloning, Expression and Activity Analysis of Full-length Gene Encoding
Thioredoxin Peroxidase from Oncomelania hupensis

MA Xian-liang, LIU Qin, ZHANG Yi'

( National Institute of Parasitic Diseases, Chinese Center for Disease Control and Prevention; Key
Laboratory of Parasite and Vector Biology, MOH; WHO Collaborating Centre of Malaria, Schistosomiasis
and Filarasis, Shanghai 200025, China)

[Abstract] Objective To clone and express full-length thioredoxin peroxidase (TPx) gene of Oncomelania hupensis
and study on the peroxidase activity of the recombinant protein. ~ Methods Total RNA was obtained from the cultivated
0. hupensis and a ¢cDNA sequence of the TPx gene was cloned by RT-PCR. The TPx ¢cDNA ends were amplified by the
SMARTer RACE ¢DNA Amplification Kit. After sequencing, blasting and matching, the full-length ¢cDNA of the TPx gene
was obtained. The TPx ¢DNA was ligated with the pGEM-Teasy and transformed into E. coli DH5a. After sequencing and
blasting, the characteristics of biological information of the TPx gene was analyzed. The positive recombinants with pGEM-
Teasy/TPx and expression vector pET-28a were digested by the double restriction enzymes, ligated each other, transformed
into E. coli BL21(DE3), and induced by IPTG for expression. The recombinant TPx was expressed as a histidine fusion
protein and was purified with Ni chromatography and NTA cation exchange chromatography. The expressed and purified
TPx was analyzed by SDS-PAGE. The different concentrations of TPx recombinant protein (10, 20, 30, 40, and 50 pg/ml)

were added into hydrogen peroxide (H,0,) reduction test in vitro to calculate the clearance rate of H,0,, each concentration
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with parallel control of dithiothreitol sugar alcohol (DTT). In the protection test of super-coiled DNA, the TPx protein was
added with a concentration of 2.5,5.0, and 10 pwg/ml, respectively, to observe the protective effect of super-coiled DNA in
metal-catalyzed oxidation (MCO). Results The complate ¢cDNA encoding TPx was 992 bp. ORF was 747 bp with GenBank
accession number of JN831437. The ORF encoded 249 amino acids, and the relative molecular weight (M,) of predicted
protein was 27 000. The recombinant plasmid pET28a/TPx was built, and the soluble recombinant protein was obtained by
induction and purification. The results of SDS-PAGE showed that the M, was 27 000. H,0, reduction test in vitro showed

that the H,0, clearance rate of reaction system containing DTT was significantly higher than the clearance rate without

DTT (P<0.05), the difference among various concentrations was not statistically significant (P>0.05). The protection of

super-coiled DNA showed that the protective effect of 5.0 pwg/ml group was better than 2.5 pg/ml group, but there was no

difference between the protective effect of 5.0 pg/ml group and 10 pg/ml group.

Conclusion The full-length ¢cDNA of the

TPx gene of O. hupensis is obtained, and the recombinant TPx protein shows a certain antioxidant activity.

[Key words] Oncomelania hupensis; Thioredoxin peroxidase; Clone; Expression
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ILETIR (Oncomelania hupensis) 2 H A< [l HL
Pe—R R IE) e 3, 7R H A I e 14 7 b 3 A
Mo B b8 L H ALY (thioredoxin peroxidases,
TPx) J& TORSF LA P50, PreibE R,
J A T IR AR B AR, A SBURTRA
FEORITTER L, TPx fEORIP LA 2 E A i R
AETEAEY, (HOCTMIHLETIR TPx AIBFSE I R L
il AL e I E TR B AU A e e
WAL 4 cDNA, IR 4] TPx Bl 2
JEXE L AT S B s AL R R TR MBS,
PRTIILETIR TPx 194127 T REFNBELT H S 1M Wz He
FARTRAERI SRS

M ETTE

1w

11 %=Eghdh  HASIE BB A ML TR
] 5 i 91 I 42 o) A A B 97 42 o B 45 A 4 ) =
fe it

1.2 Btk pET-28a(+) Bkl o I R 45
i) 2 A B TR A ) i B e a e ORI R A A
(E. coli) FalER DH5a FIFINEE BL21(DE3)M H KAR
AR (LR A FRA L,

1.3 E£&ZX A TagDNA R A8 . FR &M D) g
BamH 1 F1 Xho 1, DL T, DNA M4 A 56 New
England Biolab A H]; S8 =852 (INTP)
I HBIRERE (DTT) W A LA TAY TR R
Al S —%% cDNA & A & (First Strand ¢cDNA
Synthesis Kit ReverTra Ace-a) I H HZA TOYOBO 2y
H); ¢DNA K ¥ 134k 7] & ( SMARTer™ RACE
c¢DNA Amplification Kit) W H 3[E Clontech 2y F]; Ik
SrFARMERE A A USSR BRA ] 5 S N L

U-B-D-FFLBHY (IPTG) My A %[ AMRESCO 247
BB FEA BB EEERS (Ni-NTA Agarose Flow) I H
[ QIAGEN 2 "] ; B ¥ JE #r#E  ( Poly-Prep
Chromatography columns) 1 H 3¢ [# Bio-RAD 73 A ;
TefEEUAR (pGEM-Teasy) W H 32 Promega /w5 9%
Je4ekl PCR B AW (SYBR Green QRT-PCR Master
mix) W 3EE DBIAH],

2 FHik

2.1 HAATHE TPy 49 PCR 738 S 04T IRSE ¢
HAAR PETE R TPy B B, AL Oligo 6.0 1A
Wit TP FER B PCR 514, L. TUHELIF50 50 5]
4 TP-F1. 5'-TGTTCTTCATCAGCCCTATATTTGC-3'Fil
TP-R1: 5 -CGTATTAAAGCTCTTCCGGGGCT-=3' . HIH
TRIzol IAFHEHUHPEWIHLATIZE RNA, 3075 cDNA
sk, LA TP-F1 I TP-R1 A5 9T PCR 4%, PCR
W& 94°C Sming 94°C 30s, 56°C 30s, 72°C
1 min, 334 MEFR; 72°C 10 min, 19%BNSHIEER H,
VKO B8, Feik Bl A T AR TR AR RS
A BRAFRT

22 RACE ¥ ¥ TPc 2K A H cDNA  LIIRTS A9
JCETHR TPy LGR39 AR, HRE cDNA K
PraF S Ui 45, FIH Oligo 6.0 BFBEH 5/ 565
3" %i; RACE 51 %), J¥ %45 %1% 5 GSPL. 5'-
CTCTTCCG-GGGCTTTCTGTTTGTTG-3' #i1 3'GSP2, 5'-
CCACAGTC-TGAGAGGTCTGTTCATCATC-3’ , TRIzol
WAL ACATIZ S RNA, £ SMARTer 10055 5% i
FHAE RS TP 2K EER 5/ R A cDNA FIE 2 K I H
3" KUl cDNA, LA 5" K cDNA At , LI
F5 191 (UPM) F1 5'GSP1 5| ¥4 PCR 973 ; S5 LA
T 3 AR ui cDNA MR, DL 3'GSP2 #1 UPM A5 (4
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PEFFPCRY™ 4 . 4 HIARAS & 5288 5 R s % o6 4 37
KUy TPy 22 Be cDNA, PCR L0 1403 7
94 °C 1 min; 94°C30s, 65°C30s, 72°C 3 min, 3t
35 MG ; 72 °C 10 min,, 1%3ENEWHEERS B UK AT
s, F DNA BERE PTG &% PCR P~ #itk 17
mlfeatift,, [ DNA FBt5 pGEM-Teasy #4142
5, ¥AL E. coli DH5«, BEBHYEREE, 4R,
% WA TAEY TREEOR MRS ATIRARIIT K407
TERA 3 585 5" AR S A & e 3 oK 1Y) 2 R 7 B
FEFIEATHEXT, BHZEHIIICETIR TPy L 44K ¢cDNA,
23 TP AR B A 5 AR S A WH
GenScan F 14 43 B J& [H] 4 A5 B 11 J0T 9 50 ) 132 HE
(ORF) . 155 HKIXHI Poly A 551X, MRAEIFHRIHE
T EIERR 5, XA F e (M) A S S
25 FIH SignalP4.0 AT HAES MG E . H
Blastn ZA4XHALETIE TPy 2K LR cDNA 74 384T
FEo]—3 e e #. F Clustalx1.8 4 700 ) 11 b 51 42
TPx ZHEIR T3 5 O s HALFP RN TPx 2 ¥ 51
ATEEXT, MEGA 5.0 345 X455, H Neighbor-Joining
(N-J) ¥, T EE 1000 AT, BV RERE
B, HTIHIAEETIZ TPx OB 2R

24 M3 pET28a/TPx LR KA R NIEFRE
R RS T, DA S E S IFHIR
TPy KX, BIJTHEHEEHE (ORF) R4 s, il Oligo
6.0 BB BB i B SR A ik s 1, Hiw =
YIBUHAR/INR 700 bp, b FUES 51435 PF.
5" -CGGGATCCATGGTCTATCCGCAAGAAACAC -3’ il
PR: 5-CCGCTCGAGTTAGTCTGGAATAATCGTGTC-3',
TR AT 43 59K BamH 1T H1 Xho 1 4 T HI 47 45 .
HERHJLETIR AL RNA, #4655, DL PF Ml PR Sh5|
Py 3 TPe & RKIEH, VAR 96°C 3 min; 94°C
30s, 56°C 30s, 72 °C 2 min, 3L 33 PMEF; 72 C
10 min, 193 feBEEER IR TS, o™y, It5
pGEM-Teasy ZiA&i%4%, Ak E. coli DH5«, HkEPHE
VR, THEREORLE A T AR TR AR IR 55 A PR A
FIPSERE B P IEf Y pGEM-Teasy/TPx B4 Tk
Hl pET-28a F2ik# A& H] BamH 1 Fll Xho 1 47 WU B
J&, T,DNA HHEERER:, b % RE W BL21(DE3)
& HRIRE RN LB AR RS, PCR
FIXUEF) S e, 1% B A TAEY TR AR RS A R
NFEIN

25 B$FRGEHEFRE S HEAHAEREMT Sml
FRIBE RN LB Wk g3, 37 C 200 vmin 4735
FiF% 16h, #% 1:100 #2801 200 ml LB }55Rkk, 37 CHs
FEWICHEE (Ao 1H) 405, MA IPTG BLMREE

0.5 mmol/L,, T 20 Cif5 KL 4h, 4°C 4000xg &
L 20 min, WA, BAEER, 4°C 10 000xg &0
30 min, ZrHISEE BIERIDIESS, $E1T T T hi R R
-V EEREEE RS LYK (SDS-PAGE) Z3#r, FiEHK
FH Ni FEgEf74lifk, SDS-PAGE 4k il 2 20 45 11 1 4
HIED

2.6 FAAAR(H0,)ERXE  FIH H0, iS5
A4 (KSCN) FIERER V2% 2 [Fe (NH,), (SO, B i 4%
AW, 38 Gk R I O FE B TPx 18 H,0, HY RE
1o B CERBIM T, 580 10, 20, 30, 40
150 pg/ml TPx FEAE LR H0, FY7KF-, AR i
£ 5 mmol/L. DTT AY-FATXFIE , HIKF DTT X EHHHE M
WG VER S, 555 DTT X BB R HRZH . 4%
FONARZRY R 99 wl, F 37 CHEE 30 min J7, AL ul
H,0, ZAMWE 50 pmol/L, 1RAS)IG 37 CHLL M H
30 min, MIA 900 wl 100% =% R (TCA), BA))G
SEERAIA 200 pl 10 mmol/L Fe(NH,),(S0,), 1 100 wl
2.5 mol/L KSCN, W3E A . HO, IEFRE (%)=
(DTT X HRZH A g0 (H-SZIRAL Ao {H) /DTT XFHRL A
{Ex100%

2.7 DNA A3ZarifdXa  FIHHIZGE DNA 7548
EALERG (MCO) 3235 A i A AA b4 i
JEHFRRIE S DNA, 7 MCO ZGiH A TPx, LU
K TPx £R47 DNA MR . 2% SCk41 i, T
3.3 mmol/L. DTT 1 16.5 wmol/L. FeCl; 143 HIMA 2.5,
5.0 F1 10.0 pg/ml TPx EHFEH, KNIERN 50 ul,
R21J5 37 CHFE 2 h, JILA 300 ng pUCLS #8 12 iE
B DNA, TR2IfG 37 CHRZEMFE 2.5 h, £ 10 pl i
1T 193 NGRS LYK, Il it RN R R 5 o
DERE S

3 GITESH
KH Excel 2007 BTS20 HT, WIZHE%L
Z IR AR « Kok

# =X

1 #Bdt5THE TPy E[E PCR #3E

LA TP-F1 F1 TP-R1 A5 %, PCR "3 4t 4T 12
TPx FH, P29 K/INZ1h 700 bp, S5 A BaR/h—
H, &WFIES M E R B (B 1),

2 #AALSTHE TPx &K EE DNA HIIRESF IS
2% SMARTer 11 5% S AFE AR i & TPy KK

5 R A K EE 3 R U cDNA K BE 7290

400 bp F1 500 bp, PCR ¥ 3 ;=4 & 58 % 5" K ¥ty (1)
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bp

700 |
500

300

M: DNA#RCY); 1~3: TPx PCR ¥ 144,

M. DNA marker; 1-3: PCR product of TPx.
1 TPx K PCR i i&7=#)
Fig.1 PCR product of TPx

cDNAFIE SE3E 3/ K uif) cDNA LM F I, KB4
A 123 bp F1229 bp, BHERFAAEK cDNA P, 4
K4 992 bp, FFICIEHESN 747 bp, GenBank & 5k5
oA IN831437, ?ﬁﬂjt%ﬂz% TPy 2L cDNA 751 5
NCBI &7 19 TPx P8 AT e 81— S A 45 2R o
53840 (Haliotis discus hannaL) TPx FEH 75—k
N T13%, S BFIE (Biomphalaria glabrata) HJ—
HMEN 68%, ST (Ixodes scapularis) BJ—
HYEHR 67%.

3 #ALETHE TPx ERKEERF 7 HFN 5 S ek
VA i)

PG ALETIR TP 24K cDNA Tl Ho 4w 5
L5 249 AMEFERR, M, “h 27000, 2565 (pI)h 5.5,
SignalP4.0 THI 2K [ B {55 IK X Ry N-diig 1~21 {3 28 5
B, TPx Kt B 4 5% 25 M BT & A R SF X motifl
(FYPLDFTVCPTEI) Fl motif2 (HGEVCP), =LY
Y N-viig M1 C-gigf e PR FEEL (C) 43l 2 T 97 il
218 v 5 i motifscan PN & (7 P4 X Jak g At 40 2
FH 2-Cys 1 (Thioredoxin 2),

O HIA R 13 MEEREEYI R TPx Z IR 75
50 ETIR TPx WO E L0 7 5 s L b, e
BHHESHY AT SR TPx N WARE, HIR{EN 61,
ARSI I ETHR TPx 556 SUBFIR Be-TPx N
I —32, HRMER 82, JFSMHZLNY TPx Bk
YRR (F2),

4 pET-28a/TPx EZFRIEHEHIMERLEE

4 Ok pET-28a/TPx 28 BamH 1 Fl1 Xho 1 Wil
VI 3135 PCR =¥ R/ R B Be, £ 700 bp
(K 3), MFLEREN, TP FERFII AT, L
BelEAE IR, PIIERFGAE M,

5 #desTEE TPx EATEAMIBESRIAF 4L

61 56 Aa-TPx

17 Bombyx mori-TPx
18 ™ Eg-TPx

53 10( M Bh1-TPx

Cp-TPx

39 — Cp-Thx

30 b= Hdh-TPx

P HS_PI.X4
Mm-Prx4

100 I?: Rn-Prx4
J™ Oh-TPx

82 — Bg—TPX
Sc-TPx

Aa-TPx; REMIL (Aedes aegypti), B35 AAL37254.1; Ac. c-TPx:
AR %I (Apis cerana cerana), 3¢5 ADT65135.1; Bombyx mori-
TPx. FA: (Bombyx mori) , oS AAR15420.1; Eg-TPx: AR R

it (Echinococcus granulosus) , oS AAL84833.1; Tm-TPx. g2
W ( Taenia multiceps) , % %5 ADW77118.1; Bbi-TPx. 3L & fa

( Branchiostoma belcheri tsingtauense) , %% 5%"%5 AAU84951.1; Cp-TPx;
B (Cristaria plicata) , %55 ADM88874.1; Hdh-TPx; #%fifl
(Haliotis discus hannai), &35 AAZ22925.1; Hs-Prxd: & N (Homo
sapiens) , k5 NP_006397.1; Mm-Prxd: /NER (Mus musculus) ,
e = AAH19578.1; Rn-Prx4. R R (Rattus norvegicus), =
AAH59122.1; Oh-TPx: WIJL4T MR ( Oncomelania hupensis hupensis) ,
BRES IN831437; Bg-TPx: G MUKIZR (Biomphalaria glabrata), %53
5 AAK26236.1; Sc-TPx: BRIEEEL): (Saccharomyces cerevisiae), %53
5 EDN61482.1,

Aa-TPx: Aedes aegypti, Accession No. AAL37254.1; Ac. ¢-TPx: Apis
cerana cerana, Accession No. ADT65135.1; Bombyx mori-TPx: Bombyx
mori, Accession No. AAR15420.1;
Accession No. AAL84833.1;
ADW77118.1; Bbi-TPx: Branchiostoma belcheri tsingtauense, Accession
No. AAUB4951.1; Cp-TPx: Cristaria plicata, Accession No. ADM88874.1;
Hdh-TPx: Haliotis discus hannai, Accession No. AAZ22925.1; Hs-Prx4.
Homo sapiens, Accession No. NP_006397.1; Mm-Prx4. Mus musculus,
Accession No. AAH19578.1;
No. AAH59122.1; Oh-TPx: Oncomelania hupensis hupensis, Accession
No. JN831437; Bg-TPx: Biomphalaria glabrata, Accession No. AAK26236.
1; Sc-TPx: Saccharomyces cerevisiae, Accession No. EDN61482.1.

2 #LSTHE TPx £ EE cDNA FEEHL ST
Fig.2 Phylogenetic analysis of Oncomelania hupensis hupensis of
TPx full-length ¢cDNA

Eg-TPx: Echinococcus granulosus,
Tm-TPx: Taenia multiceps, Accession No.

Rn-Prx4: Rattus norvegicus, Accession

bp

3000
2000
800
500

M: DNA4RZEY; 1. BamH 1 H1 Xho T BHFYI; 2. PCR =4,
M: DNA marker; 1: Digested by BamH I and Xho I ; 2. PCR product.
3 EHFH pET28a/TPx 1) PCR FEGI L E
Fig.3 Identification of pET28a/TPx by PCR and digestion with
restriction enzymes

BHHFEIRHL IPTG 5T )5, SDS-PAGE 432k
RN, IR IR =W AT 43T i A
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HUYSME M, 27 000 14T, HEMHEA N AIEEEA
(K4),

55000
43000

32 000

26 000

M: E[’—Iﬁ#ﬁg%. 1. ;Kﬁ%'ﬁ", 2. %?}ﬁ%?ﬁiﬂ@, 3. ﬁ%ﬁ‘)ﬁiﬁ;, 4.
5 4lifk™ ),

M. Protein marker; 1. Without induction; 2: After induction; 3:
Supernatant of pET28a/TPx after IPTG induction; 4, 5: Purified product.
4 EZAEA TPx i SDS-PAGE ##7
Fig.4 SDS-PAGE analysis of recombinant TPx protein

6 #ILETEE TPx EAEAEIMERE H,0, iKIE

WK, 10, 20, 30, 40 F150 pg/ml TPx HA
AR H0, EBRFZ 0] 22 5 G 12 5 L (P>0.05)
M4 AR & DTT BIRBAR R H,0, TR 43
WM (55.7+0.6) %, (57.1x02) %. (58320.2) %.
(59.840.4) %FN (62.3+0.8) %, ¥JWEE T AS DIT
FI VAR RIEBRR (P<0.05) (& 5),

100

NS |
S8 8
1.
— 3

O
@ = 401
® <
= m AN

00 20 30 40 50
TPxFE IV /g - ml™
Concentration of TPx protein/pgml™
O DTT+ | DTT-

5 #AdLsTiE TPx EHEE AHIMER H,0, X1
Fig.5 Peroxidase activity of O. hupensis TPx protein

7 HEETHE TPx EEEZE B IMRIT DNA BIZAEXE

FHIIR, TEMCO REEHIMA 2.5, 5.0 F1 10 pg/ml
TPx 21 & 1 34 0] WL %% 5] BB E 25 4 DNA, H
2.5 wg/ml A 5> DNA BIZHELE BN, A2 i
IR DNA, 17 5.0 we/ml ZHF1 10 pg/ml 20 JCFRIR DNA
AR, MCO REHRIMAEHEH TPx 4, IR
Btk pUCTS JBoki DNA S8R (18 6).,

it #

TPx AEN] ZAFAETHERE | O, s Ay

NF

SF

1. pUCI8 ki DNA; 2. {UHIA DTT; 3. {XUHIA FeCly; 4: DTT+
FeCl; (MCO f&%); 5: DIT+FeCL+2.5 pg/ml TPx; 6: DTT+FeCly+
5.0 wg/ml TPx; 7: DTT+FeCli+10.0 mg/ml TPx, NF: FRIRZEH; SF.
ABIRELEHY

1. pUC18 DNA; 2: pUCI8 DNA with DTT; 3: pUCI8 DNA with
FeCly; 4: pUC18 DNA with DTT+FeCl; (MCO); 5: pUC18 DNA with
DTT+FeCL+2.5 pg/ml TPx; 6: pUC18 DNA with DTT+FeCli+5.0 pg/ml
TPx; 7: pUC18 DNA with DTT+FeCl;+10.0 wg/ml TPx. NF. Nicked

form; SF: Super-coiled form.

6 #dL$TIE TPx EHE A IMRIT DNA BRI,
Fig. 6 Protection of super-coiled DNA cleavage by recombinant
TPx in metal-catalyzed oxidation

H: AR Sh ) 2R A BT R R, e iR
AUV R FEEEEAE A, TPx 38 i 5 4t i A1k
S2 Y AN (== A S 11T T e 37 26 =7
e AR A I EE . BFSR R, 24 2-Cys 7 TPx H
APUAAE T, IF TR R A 2 L HE SR S8 AL
P REDY ARSI B ATIR Hr TE pE 3R AT TPy 42
KA, 21 992 bp, HIFHHIEEHESN 750 bp, FEH
gty 249 ANEFERR , Wi AW E BF i & B
WIACETIZ TPx HEIR T A 2 MRS & iR sk
I RUIALETIZ TPx J& T TPx FKjEH 2-Cys AU,

i MR 2-Cys 3 S AL AE S A AF 5% B
HAAR BATEER 2 4 Cys BREES 55 1 ANk
Cys FRILIE AL —His, DA R R — SR R0 o
K, W 2-Cys o S8 A T ) [ VR — 2R A4
FHESEIE IR 2R, kb T SR AACIRZS A e A
1) 2-Cys 1 B AL PRI, T HIE M A 55
FRLABA TEPEN . FEAE R DY, JR Y 2-Cys i ifk
Py J5 i 3 BRI A AR AR P A Sl LA TR PR
PRI R AFVEA . AWFIEE AL ET 12 TPx 8 PR
W H,0, I LB, & DTT N RR H0, Gk
FHREEGTAE DIT AR, KIFBILETIR TPx £
AR A DTT SRR AR, (EHEA PR
TG I FIR IR H0,, X5 Hu G HRIE 45 R —2,
HPU AR S MR . BFFE R, 40
o TPx HAA o AL G P, VT AR P M R
(ROS), W H,0, 7K, XF-F4iffirf DNA 455 5 A
PG RS A 5T o AR IR E DNA 5455 R b
R LM, 768 MCO R4, WALETIR TPx & 1
5.0 pg/ml 4% T DNA BIRAPRCRIET 2.5 pg/mld,
FEUIWIALET IR TPx & 1 HA -9 DNA B3 7EH ,
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