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Abstract: The objective of the study was to clone avian B-defensin (4vBD) 5 gene from pigeon bone marrow tissues and
liver tissues, to express the recombinant AvBDS protein in E. coli, and to determine its antimicrobial activity. The mRNA
of duck AvBDS5 was cloned from pigeon bone marrow tissues and liver tissues by RT-PCR. In addition, phylogenetic
relationships between amino acid sequence of the pigeon AvBDS, AvBDs from other avian species, and some mammalian
beta-defensin-5 were analyzed. The cDNA of pigeon AvBD5 was sub-cloned into pGEX-6p-1 vector to construct
recombinant plasmid pGEX-pigeon AvBDS. The recombinant protein was expressed into E. coli and purified.
Antimicrobial activity and physical-chemical stability of the recombinant fusion protein were measured in vitro. The
complete nucleotide sequence of both cDNAs contained 201 bp nucleotides, encoding a polypeptide of 66 amino acids.
Both B-defensins have six conserved cysteines. Phylogenetic relationships were analyzed. Both pigeon AvBDs shared the
highest amino acid homology (87.9% and 78.8%) with duck A4vBD5. So it was named as pigeon AvBD5a (bone marrow) and
AvBDS5 (liver). Both recombinant plasmids were transformed into E. coli BL21 and the bacteria were induced with
Isopropyl B-D-1-Thiogalactopyranoside (IPTG). After purification, antibacterial activity of the purified was investigated. In
addition, effect of ionic strength on the antibacterial activity, and hemolytic recombinant protein activity of the purified
recombinant protein were investigated. A 32 kDa protein was highly expressed. Both purified recombinant pigeon AvBDS5a
and AvBDS5p exhibited extensive antimicrobial activities against 12 bacteria, including Gram-positive and Gram-negative.
In high salt ions concentrations, antibacterial activity of both recombinant proteins was decreased. In addition, the

hemolysis activity of recombinant protein was extremely low.

Keywords: pigeon p-defensin 5, recombinant protein, antimicrobial activity
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Table 1 PCR primers and predicted length of product

1.1.2 WS EE

KWGFFE (BL21) kb B Al B 27 B i

IR EWE ST T 4 A B B R L =
BRI EAF; DUEEKE (ATCC 2835).
WO AERE (ATCC 29213). VIR
(ATCC 14028). MiE ZEMIFFE (ATCC 9193), &
SASEAFH (ATCC 29245) . BEIRFLIT I (ATCC
4356). SMATE (ATCC 9027). £ 3AM M IHF
W (ATCC 6529). XS HIE (C79-11-S11), &
GLYPTTERH (CVCC 2140), Rt RAE (ATCC
33222) ¥ A A E B 2 i W% PT . pMDIS-T
# IR H TaKaRa A, pGEX-6p-1 AL H
Invitrogen 2 #) o
1.1.3 il

ExTag DNA R4 . rTag DNA REHE . T4
DNA 420 | FRA&IPENUIEE EcoR 1, Sal 1\ IPTG
W HFAEY TR (KiE) ARAA; M-MLV [
U8 S 5% 560 . RNA $2H0 TRizol K77 &34 A
3 Jie [l Wi 7] 6 0 A 58 [
OMEGA A5 GST Resin & H 24l & A
Novagen A rl; HABRF I R 5B 4k,
1.1.4 3|Y

MG AvBDS5 (GenBank Accession No.
AY534897) WEEHFS, Wit T 2 % PCR 514
ST RN S REAEAMRE (& D).

Invitrogen 73 Fl ;

Primer name Primer sequence (5'-3") Product size (bp)
Pigeon AvBDS cloning primers ATGCAGATCCTGCCTCTCCTCTTTGCT 201
Pigeon AvBDS cloning primers TTCTGCTGCCGGAGCCGATGGTATTCCTGA 201
Pigeon AvBDS5 expression primers GAATTCATGCAGATCCTGCCTCTCTTTGC 213
Pigeon AvBDS expression primers GTCGACTCAGGAATACCATCGGCTCCGGCA 213
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1.2 Fi&*
1.2.1 & RNA $#H

RS- EHE . IFIEAZ% 0.1 ¢ A4, @
TRizol &7 & %LU RNA, KR4 10 uL.
1.2.2 RT-PCR

FHl DEPC 4b B (2548 7K 10.5 pL ¥ bk $e

I RNA i , IR # A S3— 0.5 mL DEPC 4t
PR3k Eppendorf (EP) &Hr, fRIKIIA Oligo dT
1.5 pL, 2.5 mmol/L dNTPs 2 pL, 70 ‘C/K¥%&
5min, 7K¥ 2 min; FFRME A 4 uL 5x
4 ZE . 2 uL DTT, 37 “C/KIA 2 min;
FEANA 0.5 uL M-MLV SR S s RgR 21, 37 C
K 2h, 70 T/ 10 min, HI2h cDNA A,
A5 GenBank [ H27ZHIXY AvBD 5 KK ¥ 5
(GenBank Accession No. AY534897) % it—X5|
Y, B PL/P2,

PCR E WK ZE N 25 uL, Fi ExTag DNA %
A B FHULIHAT . IOV IRIASHECE « 95 CHAE
1 5 min; 94 °C 30s, 55°C 30s, 72 °C 1 min, 25
AMEER; 72 “CHEMH 10 min, PCR *HI#EAT 2% 3

RHHRE I FL VK S, WLERES IR

1.2.3  EHFETIERFF 007

XFR/NY) A B H B S 19 PCR 77 Py 4%
OMEGA #E 5 InT i) & 1 20 B A TG ORIl
4% pMD 18-T Simple Vector, H&HUS R I
PCR %558 Jhy BHPE 4 BORL & U 3 S 5 R K IR
A BRA JHEATINT o
1.2.4 & B-BitAR KB IE BT

¥ A5 ERYG 4vBD 5 751 H] DNAStar 4
H5UMPE B-Bit R I AR L s p-
I 0 2 35k DXL PP 7 4RI D L, 9k FH DNAStar

1) Clustal V B 5F A AU, 3 Hr
HastfE b R &R
12,5 EHRZIFRHHE. FEREREH
aifk

Xof % FR 4R pGEX-6p-1 FIHE 41 ok it
TTBEUINL S5 538T, b —XF k519, B P3/P4,

H EcoR 1 Fl Sal T I pMD18-T-AvBD 5
W v B B %38 HAK pGEX-6p-1 I, &N
pGEX-P-AvBD 5, 4 FiH BORLHEA TN

W5 B B 20 TR pGEX-AVBD 5 ¥4k 3) Ki
FFE BL21, PRHCERASTE & AE & A 2 R hutk
(Amp) K Luria-Bertani (LB) & A H: 7= 3,
37 CHeG IR < 24 ODgoo [HILE] 0.5 B IA IPTG
(& JEH 0.6 mmol/L) 4TS, 4 5I7E 2 h,
4h. 6hBUERE, 6000xg B> 5min, FF LiE,
PLHE T A 80 uL PBS (pH 7.4) il 80 pL
1xSDS HEWE FHEGZ P, & 10 min J5 UK
1, SRJGPEAT SDS-PAGE Hiyk (FR)ZMHE N
5%, SEICHE R 12%), 4% DLk,
H - K R B e i it 2 4 S A 7
By AR A0 8 I Rik 2 . %M Novagen HH
afi AR & R B B T R P ik, IR E
FIREE
1.2.6 RS AvBD5 & APTE G R R
I 2

K B V& T B0 I 2 A R A BB
TP ¥ 1.1.2 rh s BRANR I EXPEBUE R, SR
J5 PR (0 8 37 00 B AN B %8 2x10° CFU/mL,
JeHIJCH PBS (pH 7.3) Wik E ARl GHE M, 29K
BE435 10 pg/mL. 25 pg/mL. 100 pg/mL F
200 ug/mL, #5250 uL 433l JCIE EP 4+,
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[ PBS Jyxif B, 43 il W U ik 20 B 45 52 )
10 uL B4, AR 3 NEE, 37 CIRGINE
3 hJE, BB 100 pL AR R B 3R 2k
(LB : PBS } 1 : 1000),4%2% 37 CH¥Z I E 3 h,
W ERE R S BIVEAR RIS E R RS, B H R
S3BIHC 200 pL ERNTEE FR B AR L, B8
BIVE 3 AFAT, 37 CHEFRMME 18h 5, W
IFiC AR E IR B Al b A s B, RO
[ R 3 B FRBUR TR s 1~ F a4
SRR R B Al Y TR TR O . AR AR MR B
T AT AT A SR v A A R B, TR U
T8 A B R B T SR AN TR AN R I A A AR
SEIN:ISE
1.2.7 AR FHkEN EHAS AVBD5-GST Bl
AEEPEE N R

FHR A 1 25 8 F oK M S AL 8 (NaCl) 1
WL, LR/ 50, 100, 150 mmol/L,
IR 3R 5 AR [E] NaCl ¥ 3 14 2% i f e T 4
i AvBD5-GST HEHWKE R 100 mg/L, £
250 pL 435I ATC B B0, AR NaCl vk i
(AR R IRAE g B X IR, 43 3] o) R 65 T A 20 R 5
FW 10 uL, A 3 NEE, 37 CHRGHE 3h
J&, AN 100 mL AH R AR BE 85 3R 3
AkZE 37 CHeGIFE 3 ho JikIA 1.2.6,
1.2.8 EZHAY AvBD5-GST Bl 575 5 X I 375 #
A

FHICH PBS (pH 7.4) HfBr Bt XS L1 41 it f e
M 2%~3%, H PBS Wikt HE 4 1S AvBD5-GST i
HEA, KWLM 100, 250, 500 mg/L, HX
20 pL 43l AT B0, [FRE PBS S BH
PEXTHR, 0.2% Triton X-100 S FHEXT R, 2351
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WA 180 uL FBEAF AL, RE2H B 3
ANES, 37 CHEE 1h, 1000xg .0 10 min J5
B, HE s TN ODseo (HIF 1151
MAEEL . BAFEMAE 3 S FATIE, BOFIE,
1.2.9 St

PUATEE LT 20T M NAEE R (%) =
A7 20 TR A5/ B P X HR A TR £ < 100% o 21 T 1 77
TR EDR (3 £5) R o DT Eidi R
FH SASS.0 #fF 1) ANOVA ¥E#EFT )5 225307 o

2 BER54H
2.1 5 AvBD5 EREMEESFIISH
ARWFFEARIEAY AVBD 5 BYSEHFS, BT 1
XPREFPES 19, RS B AL 2 b 43 5119 1
3| 2 129 200 bp HRE R H R B, 5 H
AFER R/ IAARE (B 1) X B 89 R Beo i A T [
WO %423 pMD 18-T Simple 844, o BHPE Bk
Wy, MFLERAWR, LP50 00, FEE KN
¥k 201 bp, 4if 66 AL, /- TN EHE B-
B A 2% BRI P R A5 4, B e 6 M B sT
(2 2 MR AR BRI, A3 B Sy F NN 1~5 .

bp 1 2

El1 45 AvBD 5 RT-PCR =447

Fig. 1 Analysis of pigeon AvBD5 RT-PCR products.
M: DNA marker; 1: bone marrow issues AvBDS5
RT-PCR products; 2: liver issues AvBDS5 RT-PCR
products.
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2~4, 3~6 3 3 X s (K 2). AR [F]
BT R, X251 AvBDS 117 5
Y ws, 8N 87.9% (BHE) M 78.8% (IF
JE); 53 AvBDS W [RIEPE 3 00 84.8% (i)
M 75.8% (HFE). KU, M4E Lynn 5544 1%,

Pigeon AvBD5o:

BATE LI H NS AvBD Sa (BEE) RS
AvBD 58 (JIFJIE) . & F] DNAStar %47 Clustal V
TS B-Bi R S AT 55 Al
AvBDs [P HNIEAT HOER , 22 o) st A% it A
(" 3).

MQILPLLFAVLLLMLQAJAAGLSL[PRGSPQDCERRGGFCSQRISCPPGIGR[GICSKEVIFCCRSRWYS

Pigeon AvBD5p:

MQILPLLFALJLLVMLQIGAAGLSLJAR GSPQDCQRRGGFCSRGISCPPGIGR[VIGICSEREFCCRSRWYS

Duck AvBD?5:

MQILPLLFAVLLLMLQAEPGLSLARGLPQDCERRGGFCSHKSCPPGIGRIGLCSKEDFCCRSRWYS

Chicken AvBDS:

MQILTLLFAVLLLMLRAEPGLSLARGLPQDCERRGGFCSHKSCPPGIGRIGLCSKEDFCCRSRWY'S
2 f8AVBD S EEMEBEERZERFY SHESHERERFT

Fig. 2 Alignment of nucleotide and amino acid sequences of pigeon AvBD 5 and the corresponding peptides.

2.2 8 AvBD 50. AvVBD 5p EH RiAFLEL

2 SDS-PAGE HLIKZ R BN, 535 A
S5ESHMEEALL, B3R 0RERE —50 58
FRES Ay, SR/ (32 kDa) HIFF .5 2.
4. 6h/J5, FHEEBLHBA, EMHLZTIES
4h IR EMNR L (F 4. 5),

2.3 EH48 AvBD 5a F145 AvBD 5p B E
T

AR VA T8, B 4 R 2 FGRA
PEBEA 8 Pl > (R I P AR A I B . 25 SR R
GST | LT WA PRI, A Wk
ZHAS AVBD 50 FlIAS AvBD 5B 25 % 2 A/ PEE R
FRE . SRMEAT R . DUBCER B A4 o (i A BR A 2
A RRBURTEYE, X RV T B R 1
FEER AOPTIRTE PEELSS , 53 /b 41 AVBD Sa [T
FiGtE S EAAY AVBD 5p LREES. MEA
WeRE R 100 mg/L BTG PE AR AR, Rt IRAT]
Ve E B T N 100 mg/L I AT B 15 PR %L

PemPiR B (B 6). H4h, KT AN EIR
AVvBD 5 [HLETETE AR, FRATEXS . 15 %
AvBD 5 WIHTE G579 AvBD Sa Fl14S AvBD 58
MIHAT AL (B 6) (X, B . %5 AvBD 5 FUPLIRIE
PEBES ] A SCHik[16-18])0 25 L E, 5 H AL &I
AVBD 5 #itt, A9 AvBD 50 fil AVBD 5B %4>
WO A PRIA . PUIRER DS . SR RRAT I S5 ekt
FF 18 AP0 B T6 PR R o KRS RV 1] IR B A BT
R E
24 NaCl iREXEHSLE AvBD 5o 148
AvBD 5 BIFT B E B F2 0

TR EE NaCl 251 T, #4049 AvBD S0 i
% AvBD 5B 8 X2 A L IGAT B 4 il R
ARG, 2 NaCl kS 150 mmol/L A,
20 B 0 22 A3 P QAT B 0 B O P T R
(P<0.05 8¢ P<0.01), SHAMEW B-BHtHZ=AHLL
ZRWAREP>0.05) (B 7) (X, 15, # AVBD 5
AOBT S PEEE 51 A SCRk[16-18]).
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Turkey AvBD1
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Chicken AvBDS8
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Ostrich AvBD4

Mus musculus Defb5

Chicken AvBD12
Bos taurus Defb5
Ostrich AvBD2
Turkey AvBD2

. Chicken AvBD2
Duck AvBD2
Chicken AvBD7

Ostrich AvBD7

L Chicken AvBD6
Chicken AvBD9
Duck AvBD9
Quail AvBD9
Chicken AvBD14
Chicken AvBD10
Duck AvBD10
Quail AvBD10
Chicken AvBD13

Chicken AvBD11

211.7—
200

T T 1
100 50 0

Amino acid subsitutions (x100)

(NM_204993)
(AF033337)

(NM_204650)
(AF181953)
(P83429)
(P83430)
(NM_001001781).
(P85116)
(NM_001001608).
(JF949720)
(HM452159)
(JQ359444)
(JQ359447)
(NM_001001610).
(DQ860106)
(ABK40533)

(NM_030734)
Rattus norvegicus DefbS(NM_001037549)

(NM_001001607)
(NM_001130761)
(P85113)
(AF033338)
(NM_204992)
(FJ465147)
(NM_001001194).
(P85115)
(NM_001001193).
(NM_001001611)
(EF431957)
(GQY85499)
(AM402954)
(NM_001001609)
(EU833478)
(HM452158)

(AY621315)
(NM_001001779)

El3 5 AvBD 5a. AvBD 5p 5& B-FrflRZRE D MEL Y p-IHEERRFH UM S

Fig. 3 Phylogenetic relationships based on the sequence of pigeon-AvBD 5a, AvBD 5B, AvBDs and partial

mammalian beta-defensins.
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kDa 1 2 3 4 5 6 7 8 9 10 kDa
Ne—m— >35
' >25

4 E%H pigeon-AvBD S0 FiEEHRIEST

Fig. 4 SDS-PAGE analysis of recombinant pigeon-AvBD 50 fusion protein expressed in the E. coli BL21. 1:
supertant; 2: inclusion body; 3: purified protein of pigeon AvBD 5a; 4: purified GST; 5: protein marker; 6: total protein
of BL21 containing pigeon-AvBD 5a without IPTG induction; 7: total protein of BL21 containing pigeon-AvBD 5a on
4 h after induction with IPTG; 8: GST protein; 9: total protein of BL21 containing pigeon-AvBD 50 on 2 h after
induction with IPTG; 10: total protein of BL21 containing pigeon-AvBD 5a on 6 h after induction with IPTG.

kDa 1 2 3 4 5 6 7 8 9 10 kDa

32

5 E4H pigeon-AvBD 5B Bt S EBRIES

Fig. 5 SDS-PAGE analysis of recombinant pigeon-AvBD 5B fusion protein expressed in the E. coli BL21. 1:
supertant; 2: inclusion body; 3: purified protein of pigeon AvBD 58; 4: purified GST; 5: protein marker; 6: total protein
of BL21 containing pigeon-AvBD 5f without IPTG induction; 7: total protein of BL21 containing pigeon-AvBD 5 on
2 h after induction with IPTG; 8: total protein of BL21 containing pigeon-AvBD 5 on 4 h after induction with IPTG; 9:
total protein of BL21 containing pigeon-AvBD 5 on 6 h after induction with IPTG; 10: GST protein.

8GST =Chicken AvBD5 ®Duck AvBDS #Goose AvBDS5 OPigeon AvBD5o ®Pigeon AvBD5f3
120 1

—
o O
oS O

A

XX

N
o

XA
K

>

XX

Bacterial survival (%)
[*))
S
XX

X

NN

L K <

o = K

O 4 \ <] s [
1 2 3 4 5 7 8 10 11 12

6 =408 AvBD5. 5 AvBD5. #3 AvBD5. 8 AvBD Sa. §3 AvBD 5B #1 GST EHMIEE M

Fig. 6 The antimicrobial activity of recombinant chicken AvBDS, duck AvBDS5, goose AvBDS, pigeon AvBD 5a,
pigeon AvBD 5B, and GST against bacterial strains. 1: Staphylococcus acreus; 2: Micrococcus tetragenus; 3:
Lactobacillus; 4: Bacillus cereus; 5: Salmonella choleraesuis; 6: E. coli; 7: Pseudomonas aeruginosa; 8: Salmonella; 9:
Salmonella pullorum; 10: Proteus mirabilis; 11: Pasteurella multocida; 12: Bordetella bronchiseptica.
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2.5 EHEAVBD S0 588 AvBD SRS ER
X 7% I 575 14 B 52 e

HEARY AvBD Sa. % AvBD 5B fill& 8 XS
S 1L 2T 20 M A 3 I TS PERATG , 55 B pXo R AH b 22

100

SARE (P>0.05), 5 M R LE 22 54
F (P<0.01), SHABEE B-BiHZR AL 2 0
ANEFE (P>0.05) (K 8) (%, 5. # AvBD 5 iy
U EEAE T | A SCHk[16-18]).

—— Chicken AvBD5 —#—Duck AvBD5 —&— Goose AvBD5 —e— Pigeon AvBDS5a —%— Pigeon AvBD5f

80
60 |

Bacterial survival (%)

D

40| M

0 50

Concentration of NaCl (mmol/L)

7 EBBFREMNEHEG. 5. #5 AvBD5 K48 AvBD5a. £ AvBD5B % R4 EKATE M0
Fig. 7 Effects of salinity on the antibacterial activity of chicken AvBDS5, duck AvBDS5, goose AvBDS5, pigeon

AvBDS5a, pigeon AvBDS5 against P. multocida.

120 1
100
80
60
40
20

0 —

Hemolysis activity (%)

PEosSSS m— |

Negative O Chicken AvBD5 M Duck AvBD5 M Goose AvBD5 O Pigeon AvBD5a 4 Pigeon AvBD5f N Positive

—

100

250

Concentration of protein (pg/mL)

El8 ZHIG. F3. #5 AvBD5 K &3 AvBDSa. &3 AvBDSP = H AR MIE M
Fig. 8 The hemolysis activity of recombinant chicken AvBDS, goose AvBDS, pigeon AvBD5a, AvBDS58 protein.

3 itk

AWFFE AR Lynn 2528 R RXS 4vBD 5
(AY534897) WYL, #itFesEqI, RH
RT-PCR 1775 MGG 1 BELH SURI AR 20 2L rh 43
BFEREL 2 & B-BiHZR I . cDNA K/NHEh
201 bp, it 66 N IEMRIREL , X2 ka5
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R R 83.3% . - F A & B-BiHE 194:
TEPERIERRZE A, RIFR 6 A7 B IR F A0 2K e 2 iR
BRIEAIL, 53 TEsrFINIERL 1~5. 2~4, 3~6 4t
3% R o B i RE R T ) E R Sy 41 A
YR (Y AvBDs S FER ¥ AT R IR LR &
P, ZBE 508 AvBD 5 B LR RN, 4>
BN 87.9%F1 78.8% . KL, HixFEH 4N
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Y AvBD Sa (‘B HE) RS 4vBD 58 (AFIE), 3% Fh ik
5 )7 91 22 25 1 I A7 A 7T R 2 R T S R 4 v B
IR AL TR (HZ I AR 5L N 25
¥, BAEBIE S AR B IE R R/IMIE R 201 bp, Fifis
66 IR

H Al H Rk A BRI RE MR
RIKRG, FEERERG (RKIBHFERILRS)
& il N RERGEZ —, Bl THRks T+
N, Gy R TR, XHE 2 E. coli AR
i1, HABELE E. coli HETEFRIL, AT,
AN TR B . ARSI, T AR 2R
FIE 2038 ] 3 il 26l i, il 263k J5 st
PP T AR Al SR B U TE Y Rk
Y., RS EATE E. coli BL21 W& IR A0 TE
A, XFEALREOR Y B A8 52 26 R
fift, MASFNTE ERA AR, R T
t THRE IS B E. coli BUMRAIAG A
RETE E. coli "WEEEFRIXMNIE, AIEHERET
GST AN A RIERGE T pGEX-6p-1 #AAXS
#% AvBD 5o F§% AvBD 5B FIENMEA TR Fik . &
SDS-PAGE Hiyk 7B, K8 H DA
). JClE PR AR IR AR . AL TR A 2 R A
FRRY E LR VP B R, RERY H B E
FIAN3Z 8 AR AR, i EORSE e R AR,
AFIF =00 58, I AR AR T4 AR
= AR e R EE . T HWEEK
ARG AR EA A, F, AR5 R
Novagen 2 A i Protein Refolding Kit £ FH 2fifbix
R EIRE LR AR T A . EHERENT, JFa)
DAl s E TS, A mglidb A SRR B Y
HH,

BRI P — AR BB TR, B

— KW AR HE T 2K, fEE R
KA P & 45 2 BRI B AT
FL i PSR Z5 4GSR0 R 1 O 5t B A 28 1) R TR
PE SRR F A G, KRR it = R A T
PEsR . KEMFRTERN, LieREHAES . RRF
SR N T A BB R, X522 [P R .
ETCRAME . AT . A . TR . B . IR
. R (TR EE . N . SLEIN )
S AT ARSR B A5 i 21 B ki
PUHTER, CERIMER, A2 IR fod: P i ik
G YA 1 1231 I AR & 1D i -l M)
EIE NI BE N S R 7l = S /NS YN ORI
Tk R S A T B B A 23 e A
W BB 20 PR R T, K S5 K K e A2 R
AT R AR L REE A 2548 , A DRI - 3 1 2 LA T
A AT P AT E T HLHAS AVBD Sa.
S AVBD 5B il GST & Xt 12 Fh4i B AT
T G5 SRR WA TR RY A4vBD Sa. FLAS AvBD 54
B XTI 4 Fh % PGP B A 8 Pl 2 G R B
P et B R, ELXS AR [R) B B4 0 s A
SR ESUA PR E], HE T RE 5 B 3R A B i 25
B K, RY AvBD S0 FIfE AvBD 58 (F5)H & & K
T IE LTI LR , 79 AvBD Sa F A1 8 MMl IE
LT 25 R (7 MAEERR, 1 DBERR), 2
AvBD 5B &H 8 MEAMR . 459 AvBD Sa FIY
AvBD 58 5IHABE IR B-BifHER 5 LR, Hr
i IE R AOIC B 3% 25 5%, (HAY AvBD 5o FIGY
AvBD 5B PP th B far e A H i (1 A R&
S, 2 MREIR), YN T Z KR Y IE AL,
TSN T HA R 1 o (23S AvBDS H§ AvBDS |
¥ AvBDS XD G AT R TG PR 2 e T
#% AvBD 50 FIRS AvBD 58, X Al fig &t TRt &
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F B 4540 b 1 22 55 S SO0k 4 B 1 0 1 RN I
JERIARTE . XFFRFBAFEARIE, A8 AvBD Sa
I T T PR I 5 TAS AVBD 5B, XAl gl T
A% AVBD 5a Flf% AvBD 5 () DNA 41 i — 26
AT TR & A R P e RN G, 302 B % DL I — o
R, XA R AR T IR 2 A
PR, AT RE S5 MR AR [ 5T 0 45 1) B R kK
-, R AT AR 1% A B RS GST ik
77 YU IR TERM E , 45 KW GST A A
AT, XU EE T EARE WP
PEI29220 e B NaCl X 4HAY AvBD 5o FllE
4175 AvBD 5B WIHTH G 1394 — 520, Tomita
S R T T A B~ X A 2R A A T P S
& PR Ay B B B % 5 K1 A% 1 1 B 4 2R Y
U, X RIS PR R 2 T8 o
FET AR B Y, X Bt TSR
TE A L2 A B TR AN DA R T, DTS )
T B R A R R A A A, SN I R R AL
JIRIRFE , IO AT B2 FH T o Eh v B o s L 2 1 4
MIRPR T, AV ER] . FRRER], 2 b
MER =4, A, EHA AvBD 5o FIHE A
AVBD 5B XFET AN HE Y MG PEMRAR, — ok Ul, &
MAEF SRR F 450 h Bk R & A 6, B
KB B bl e DI A 5 L P Al ki ), e
WFFE4s - 45 AvBDs 40 8 1 —FE sk
%) IR 2470 A 2% R 8 S AU S o 7] 45 g FH Y 7] g
PERRAE T BRI AR

BT, XFTFREB R AR 86 A 7ER 2 1n)
A Rt — 2B R, AR5 s b 1S AvBD Sa
19 AvBD 5B B R RS RN & B-Bli
T A PUAE T AR B — AT B R SRt T
WA
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