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Amphibian Skin Secretions and Bio-adaptive Significance
—Implications from Bombina maxima Skin Secretion Proteome

ZHANG Yun™

(Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming,Yunnan 650223, China)

Abstract: The studies on Bombina maxima revealed the rich molecular and functional diversity of amphibian skin se-
cretion proteins and peptides. Discovered peptides from B. maxima skin secretions are three classes of antimicrobial pep-
tides, bradykinin analogs and its gene associated peptides with diverse biological functions, proline-rich bombesin and its
gene associated peptides, neuromedin U analog, Bv8 peptides, trefoil factors and protease inhibitors. The molecular and
functional diversity, gene formation mechanisms and expression patterns of the peptides in B. maxima skin well reflect the
molecular basis of bio-adaptation of the frog in certain living environments. In addition, B. maxima albumin with a heme
b cofactor is widely distributed around the membranes of epithelial layer cells and within the stratum spongiosum of dermis
in the skin, indicating its important roles in skin physiological functions, like water economy, metabolite exchange and os-
moregulation, etc. The extraordinary complexity of peptides found in amphibian skin, coupled with the high probability of
their novel molecular structures and possible counterparts in mammals, make amphibians an important target group in
biomedical research and new drug development. Meanwhile, amphibian skin functional genome should be a nice model to

study molecular biology of bio-adaptation, new gene formation and evolution.
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SR, R BA MNshY) 5504 Fh, SRJE 3 H
44 %} 446 J& ( Frost, 2002 ). ' E HAT Wi 31 ¥
3258, FJE 3 H 11 Bt 59 J& (Fei et al, 2005 ),
HdAm . puil, SN FIPERE S50 120, 108, 68
47 Fh, 365 729 (233 Fh), FEE A A S E
AL, X SR, DU, SR AP 5 S DU A
FIARIRES | HOIRFN S SEI A OG . PIATER JE ik
X YERE IR S B A A RN S I S M Y 2 Rl A
SR EREEM, 66k H A IR0 )
e PRMRAERD . JATOK . IRAREE . BURUEA
172, HEME . A555% ( Duellman & Trueb, 1986 ). M
Wi R IR w8 IR IA (245 53 WA R ARG TR
J ), JLRRAAR S WA I AT S B ) A 0 A2 T Y
— A EZRIE (Clarke, 1997; Lai et al, 2002a ).
(1) PR R K2 A 0 1k 2 11 5T 22 IR A e 0y ok
U5 BOARZ KA R PR ik,
LR i TR IR T FL B ) £ A A SRR
o TS R KR — AR R 5 AR I BEIR, B
WA TXEEAREZIR LB, difb M aEnoT .
(2) AIEIPF i Bz Ik b 5 AN )2 0 A 3
4y, b, ZRCH SRR P AR E 5 F
et (3) PIRESS IR i A 1l 2
JIRFE LS TR A 2, XA TIOR8 2 52
IS UEHE( Erspamer, 19715 Bevins & Zasloff, 1990; Daly,
1995 )89 2 Ffo AR SCLL RBERWE( Bombina maxima )
VE R AR FSPEY R EAT AT G PTG iz 19k 431 49 -

TR ZFEE K A Wy 7 T SCRY 253 |, S A AT
XS PR K JEk 2 Wb ) 2 11 o 22 R o 0l) S v
FreRh Rk > 1 2R A AR A R
PRI ST LK R AR 2G0T e v i B SR T

KEERRYE (B, maxima ) SETERWEFE ( Bombi-
natoridae ) %2 W& J& ( Bombina ), 4341 T & U )|
(PR ml X ), = (P e x ), 5t
A o RBEARWE A T LU XA FHFAR A R T, A=
FEAEARN L PR L, AN A R . )
AU E (I 1), T 2 M JE RCES A E AR
“HETo TEXT 6 RPN B IR o3 WA N B EAE
PEL BUR . 5 IR 20 M 75000 1Y) A= 0 235 ) A0 4G
Mivpr, 5 B BERR WA 14 B2 JER 2o 0h Py AT AR i 1) A= )
FIEPE (Lai et al, 2002b, ¢ ), /NF1 RS TS 9
LHBBEHN A 18.8 mg/kg, H “AWREE” Hig
PHgEEA Y . Wl A S0 A E T, 3k
g T TREEEARZK.

1 mERk

WA . TEBEHESH Y . FHESh AR E &
BT B HFARAFHTRR ( Zasloff, 2002 ). 7E PG
Kb, HUEK AL T B RS2 B LB BRAARS3
PR AR BRI T AR R B A R, LA
HHA FHEYDM AR (Barra & Simmaco, 1995 ),
SIS R IR g% 22 GE 0 B 20 AR O o

WEFERBT, KIBEARWE B IR WA =2 A TR Y

(IR L PN S

Fig. 1 Bombina maxima
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PR, B maximin. maximin H #1 maximin S, J&
B UE B R 53 WA W) 4 2 G PR 4 2K HF . Max-
imin Fl maximin H 43 51 %7 W T S W5 & A< )y 48 e
( Bombina orientalis ) M ZE 4 W (B.

variegata )

&% FL Y bombinin A1 bombinin H FT 1 K ( Gibson B cDNA ¥4, A1 9500 & [ i
et al, 1991; Simmaco et al, 1991 ); maximin S & BK. PIAERVERTAK . [BIBERK LA ST o BK maximin 52

R BB W i e BRI — BT R IR -
1.1 Maximin & maximin H f1 &
1.1.1 ZW o2 @ e+ B,
FH R BEAR W 1z JIK 43 4 vp 4 A 45 BT B K maximin

Bk

maximin Ho X£¢ ¢DNA 41 —3t

1~5, M 27 MAKRERAN; 1 maximin H 1 ~ 4,
M 20 NEAFERA A (Lai et al,
XESHUR KA 73 F 260, WIEE T ok B REERIE Y
PSS AR B R B DNA SO, 15

2002d ). M T fi#

53] 56 AL
IR AR R

b 11 FhAS R A

R maximin PUE K ( maximin 1~ 11) AKX 16 Fh

Rl KBERUERBKHIEA (511 Lee et al, 2005a; Wang et al, 2005)
Tab. 1 Antimicrobial peptides identified in Bombina maxima skin ( cited from Lee et al, 2005a; Wang et al, 2005)

Mature peptides

Structures

maximin
maximin
maximin
maximin
maxinin
maximin
maximin
maximin
maximin
maximin
maximin
maximin

maximin H
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin
maximin

maximin S
maximin
maximin
maximin
maximin
maximin

PR WO~ U s W

= O

jeciieviia i njile sl ofia niifan e
W wW-Joy U WN

H10
H11
H12
H13
H14
H15
H16

Sl
S2
S3
S4
S5

GIGTKILGGVKTALKGALKELASTYAN-NH,
GIGTKILGGVKTALKGALKELASTYVN-NH,
GIGGKILSGLKTALKGAAKELASTYLH

GIGGVLLSAGKAALKGLARVLAEKYAN-NH,
SIGAKILGGVKTFFKGALKELASTYLQ

GIGGALLSAGKSALKGLAKGLAEHEFAN-NH,
GIGAKILGGVKTALKGALKELASTYVN-NH
GIGTKILGGLKTAVKGALKELASTYVN-NH>
GIGRKFLGGVKTTFRCGVKDFASKHLY-NH,
GIGGALLSAGKSALKGLAKGLAEHFAS-NH;
GIGTKIIGGLKTAVKGALKELASTYVN~-NH;

ILGPVISTIGGVLGGLLKNL-NH;
ILGPVLSMVGSALGGLIKKI-NH,;
ILGPVLGLVGNALGGLIKKI-NH;
ILGPVISKIGGVLGGLLKNL-NH;
ILGPVLGLVSDTLDDVLGIL-NH;
ILGPVIGTIGNVLGGLLKNL-NH;
ILGPVIKTIGGVIGGLLKNL~-NH;
ILGPVLGLVSNALGGLLKNI-NH;
ILGPVLGLVSNALGGLIKKI-NH,
ILGPVLGLVSNALGGLLKNL-NH;
ILGPVLGLVGSALGGLIKKI-NH;
LLGPVLGLVSNALGGLLKNI-NH;
ILGPVIKTIGGVLGGLLKNL~-NH;
ILGPVLGLVGEPLGGLIKKI~-NH,
ILGPVLGLVGNALGGLLKNL~-NH,
ILGPVLSLVGNALGGLIKKI-NH,

GSNTGENFKTLDKE

GSNKGEFNFMVDMIQALSN-NH,
GSNKGFNEFMVDMINALSN-NH,
RSNKGEFNFMVDMIQALSK~NH;
GSNKGFNEFMVDMIQALSK-NH,

maximin H PTEAK ( maximin H 1 ~16) (£ 1),
XF ok B F20 H KBS U ISCAR 1 K R 43 1 ) vh R e
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WAKIHEAT MALDI-TOF JT3& 73 Y, maximin 1 ~ 8.
10 ~ 11 Al maximin H1 ~ 10. 12 #B45 EI4R &7 A9 AH X
N F i A, 2R BH X 2 I B2 bk P ) A K
#2158 (Lee et al, 2005a ).

TER LAY maximin & maximin H FTHE K, A
WA FAEAS RGO, H—E& AR HsiErNPiE
BK maximin 9, %P E K& B IR AE B A Y & B
THABSEMPUE K (Lee et al, 2005b), H4EF
TN T 53 F 3B AE FoAth maximin HY &5 BE R ST 1Y
Glyl16 722K Cys16; H J& maximin H5, ZHLHE
JURR: B AR Bt v R 3L B — Ak DR 4 5 %) 2 7 1R
(Lai et al, 2002¢), 1LY 20 2 IRER AL
HEA 3R RAFATR I, A S i 2 IR
BRI,

1.1.2 Y= ARG N E L Maximin &
maximin H 47T B RO 2% PG PH P 7R R 2% ER AT
WKATH . & OEERE . B RZFERTR . o
JHEFF DR RIRI T B A R P O TR 36, I e/ N
N T 1~ 20 pg/mLo B, W TFE5H78 5%,
BT SIS LA TE P 1 2 5 OGS 240 TR R R 1) i
PE (Lai et al, 2002d ). SEPLHEFIGPETT &, XLk
U KA TE F AR, AU A Bk i 2 B PR S
PE, WX A . o A A K IR
SZBGUEB maximin 9 FEAN HA BUA B, WA
A 5 P R AE Y, i LS AR T rh
TEES B BR (Lee et al, 2005b )o SZJEAASE A
B2 [RPHME B T e R RO AT SR A 1, LR A T
JoAnMuRE, PSRN R AN R, LA
JIF [ e A e 380 S A M S A . 4D maximin 9
F R 20 5 AT A T B AR S A B 45 G i B2 31 4

il SRR A
TS, B IR AP RRYESTE B maximin HS

MPLIR TSRS, TERTI M A Y, (UK B4 H
A ER A LU, FIE TR AR (R Mk
J& 80 ymol/L ) (Lai et al, 2002 ). iX B E 455
SR AR, L6 P TI0 RE BOTR RE Bl  BA
RIETIRIREERE , 5 RBERR A 0 AR S PR A i
Wik A AR, TR, TR E i A o S
TEUR IR R IR FE I A P 00 2 5, USRI
AT DABRARAY o BURR AR 11 AN 2 B — A S R AR
JEA IE LT BB S, DA Moot 4 B P
AN, SR, HRTAOBFST & BE, 4N (N4 ¥
CHATERE ) K T Z R R B k) T B

Ho AR [ R AV AN A LA R AR A 67 i for, REREHE
HBT IR, O AL Bl R K i BT K SE . Max-
imin H5 FUAATER I, O 138 W 45 G 1Y 2B 16 PR,
GG IR, BRYEDTR IR AFTE T PINGE3)
YRR e R G, IXREYE N - R R
RAFACUE .

FUHAS [] 52 36 38 % 5% 8 Jm P Al R BEAR 08 (B
maxima ). RITERYE (B. orientalis ) 1 Z R WE
( B. variegata ) AP TR K S0 B i 9T 45 R R B,
K A P 2 R A ML XA R BE AR E TR IR
T2 RERT AT RIEMZ R, W5
PS4 i B K A 53 ) 2 5 1 4 F1 7 1 bombinin
K (maximin 28180 ), PAJ 4 #1'5 4> bombinin H $TIE
K ( maximin H 2810 ), H A0 B 2Z [8] 42 5 B2 AR /)
( Gibson et al, 1991; Simmaco et al, 1991 ). & A%
XA FE2RERE M Z R R R, &G
A AR U AR SR EE B S . AT R AR A2
B, RIBERS W IR A AE AR W R K b, i
TR TN B AR A R AT . U SR E
BRI L B M AR T R E I 2R AR
W TR R 78I 4 SR 5T 2l 4 el 52 1 2 K B )
IR
1.1.3 HAthAY2=mdE BT HREE SN, max-
imin $7 T IR GUURE 2 VR B2 X 5 5% 14 g 40 i Y /s
i FEE (1Cso 15 ~ 40 pg/mL) ( Sheng et al,
2002, 2003 ). ABRAE, TEFIHER maximins 1 ~
59, & maximin 3 B XN 5 9% B BE R B
HIV AW RAHAER, RPEiaEas®) 8, mmHAlHT
FH I HIV A A 225 . E15 0 B A2 maximin 3
PR IR AR TR C - AR, HENTEHRR
ARPL HIV h R T HEEM ., IR RER T
X — 2R P T B IR T A 0 2376 1 Ik i ] R
(Lai et al, 2002d ). Maximin T BRAS H A% ML 15
P, T maximin H 470 T8 JIR ) 558 75 14 53 1) 8 IfL 9
(7E 50 pg/mL WEEF, B IMLHIE 90% o I3 — I
T, R HBTE M AR TS TR BRI b o3 12 %
TIRZHUAEIL, (A BT R B 1R L B4 15 2
TREFHWESY, RO 13 5 maximin 1 3¢ maximin
3RET /DAY T EEAER, AR, RN K
&, SLIIMELER, maximin 1 Al maximin 3 X}/
1 LDsos3 14 8.2 Fl 4.3 mg/kg, fiH/NEUS AT
GERNRTEA B T MY 5K . Maximin HTE BRG] A /)N
AL TR BE R AL H BT M A TE A, Northern 4258
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SERR) AR, IS R IR B 0 fik XA i A
Rk, POREANTEA HAERMA Y6 .

1.1.4 T2 AnpLi O T RBER IS
maximin & maximin H $t & K 2 A2 09 7 A HLT]
SR T IX ST IR SR R 254 . RIBEAR IE LA
2 DNA 1% Southern Z23C UEBH, 7t 7 K 2 i I 14 i
T2V DURR M, XF 7 AHURE IR 1425 510
ERY], BTSSR, Hh 3 AR TR

ShET 1A 5-UTR FERESr ;s She T 2 0 50
UTR BRI . (55 BREL SRR PERTAR 1 89 LA
FRER AL AN 3 dmbS IR VERTAK 1 AR B 4
— ¥ DU maximin (8] BERK  BRMEFTAK 2 . —45 D
1) maximin H 2L & 3’-UTR( &l 2)o B T maximin &
maximin H P IKER 2 i A2 F 3 Pt , $2 /R 7
maximin X maximin H 3008 KA Z A liad #e v,
RNA BT FA K Lee et al,2005a )

A
E1(22 bp)
B : Intron 1(—1000bp) =0 Intron 2 ( — 800 bp)
s :
. e ‘n‘
,a” _____-—"-: ______ - : - ‘\\
& T - T Y
d e | A Lo L
el P il A
5! Signal Acidic Maximin (81 bp) | Spacer Acidic Maximin H (60 bp) 3’
UTR | peptide propiece 1 NgS=43:12 peptide propiece Ng:S§=22:7 UTR

dyedg=1.774%

dyidg=3.567*

& Structural region 1
(129-132 bp)
Ng:Sg= 15:6
dy:dg=0.708

Kl 2

% Structural region 2 W
(153-168 bp)
Ng:Sg=13:7
dy:dg=0.394

ARITEYE (A) FURBERYE (B) PURIKIENZEH (51 H Lee et al, 2005a)

Fig. 2 Schematic gene structure of antimicrobial peptides from B. orientalis and B. maxima

( cited from Lee et al, 2005a)

Exon number is indicated as Ex. P stands for a putative promoter.

O AFT AN ) 2k DI A A ) B R R B, 5y
WH A ( domain shuffling ) B ( gene con-
version ) TE K BE 48 WE BT AT IR i) 25 IR o 2 30 86 R AR
Ho 43T 56 P kGRS cDNA AP, maximin
maximin H it XAZ IR i [7) SCA7 A5A% R B 41 34
o Cdy ) BB 1 W) SOAL A% IR 2 - 25 4
(ds), FIFEIGAEHABSEM X B, WES K. BRI
HBK . TRIRR AR R MR B A, fa7R TR B E R
JRFE I maximin & maximin H £852 45 1K /R SCIE %
PRI SR PRI AL, HA U IR R A AR A
JiA (Lee et al, 2005a )o

U KA VE RIBLE] H AT IA SR 7E 50 A 4 5
25, dE I MR R SO ZE FLATL AR AR L TR F) 20 i
JE& ( Shai, 1995; Epand & Vogel, 1999 ), 7£iX—
PR, PR BR R KRB K B8R 3 2EAS [A] B bR 4
RO R RERE S T AR 2P b R A
maximin Fl maximin H 47, 52 B 1E L8R A9 0L 25 70 A
1E alpha - BRHER AN AL, 7T BB T R BT WL ¢

FIRY P> BT T R Z M 2 8] AR ) 0k R R Y 22
(Lai et al, 2002d, e), [AIMFQLIEZR 13X PR TR
JORAE 539 D Al A 0 AR EAE Y v SR BBOAS [] g AL
TE maximin W RTS8 73 A1 REAE B AT T X T 128
P 2L, TTE maximin H W20 A8 XA A8 2
TEATSHMEBZE S (Lee et al, 2005a )
1.2 maximin S HiE K

TERBERSWE OB & L 128 = 2KPUi ik, s
maximin S FLHE K. FLAP maximin S PLE KT, max-
imin ST KRR, HA 14 DMESERKE, Hp 4
A~ (maximin S2 ~ 5) #FHH 18 > 2 FE R 5% SL 41 AL,
I HAHE AL =ik 83.3% o Maximin S 5 max-
imin I maximin H 7EZ5E 08 /541 3304 B 2 A9 [A)
Pk, M N T4 A A maximin S1 A maximin
S4 G P L R R, maximin S4 AN EHATHUAN T &
LU G P, TSR A PSR AR TE P ( Wang et al,
2005 ).

RBERSWE TN B 2R A, s Fhai e . 2
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TR AR SRR R, B2 IR o 2R AT T o
TR RGO ISR AE P AT RE A IZ BT RE
B o R IERE R Z R IREh T ORBERR U BRI
PRI EAL ,  LUE R E RO A P3R5

2 WHELBNE R AR LR IE R 200

2.1 ZHAK (bradykinin ) B EEEHXAK

2.1.1 ZEWFHES FRIEB Bombinainin M, iX
— BT BRI T RBE RS UE B2 IR B Z2 Ik i 19 A2 2k
MRIRELAI AL, 5 IR ZEBUIRE 73 76 N - b
RER YY) BA BER 2R MR EIZ R R
K cDNA ek, XI5 — MR IS HES)
VI Gh eI FE R 1 cDNA FEFE ( Lai et al, 2001;
Lee et al, 2005c ). HAFAETE THIMAH 1 ~8 1E L
BATTA R, I H 587 R B O B R Ik (S Br 2
bombinainin M A9 N — 348 5544 ). BAK B2 SZ 4R
il 7] kinestatin ( Chen et al, 2003a ) F1Z% k3 A
#H % K ( bombinakinin-GAP ) 3% [ % i5. Bombi-
nakinin-GAP J& M K BEFS WE Kt JIR 43 1s 49 Hh 3 5 45 3|
Y ER 28 /> % BE R ik B 2H B ) — i BT A 2 K,
HABERR AT 9 —GE5 0 5 AT R AR 557 4)
CART " IA] B Be L 0 A AU o 00 20 306 1k 0 7 3%
W1, bombinakinin-GAP B A5 1] il 2F 12 1) A= ) %0 i
(Lai et al, 2003a ), 81 3B /8 T iX 26 cDNA 454
IR ERE . FEFE 115 4527 6 1 bombinakinin
M #5 DURY AR 3 s PR 112 g AS 7 8 A
bombinakinin M # U fiIl—~> bombinakinin M-GAP #%
DURYRIREE BT SEbE 578 15 7EbE 553 MHEL4L, Hi
F T 59— bombinakinin M #5014k, J¥41 (/)22
S E R I bombinakinin M AF 544 1 2 i X 3k,
Y H 1Y bombinakinin M A8 AR 15 S48 A AT
MR 14 A RARR) CR AR, R T e FE
KA T R IR

2.1.2 AWEiErE RIEENE XL SR —
F£, bombinakinin M B4 K B 1817 W 46 05 P ( Lee
et al, 2005¢ ). HFHURHAYR, Bl ZBLHY bombi-
nakinin M 7% 5 {4 B B OO IR R 181 1) WS4
P, TR T X bombinakinin M ~F-18 ALY 46
EVERY G s o EAS T ERY 2, bombinakinin M
HH ORI A BB 5 — RS Z R FR FETE. bombinakinin
M 2 SR b B R T R B e, Sy — T,
DYTIRTRLH 2 IG5 7E % 578 A1 553 A% A4 iy
ARER 11 BT 1) R IBCHE S FIVE LR N T AL ) A7 T

R ZR, HRRAIEEICRAFINES ., A
MR JE, DYTIRTRLH Z KE B 5 bombinakinin
M 78 SR N — 2R3 0 B P A0 [ P (1 3A ). 1
PEMREZZHH, B X) bombinakinin M ELA BH & (1 901 1]
TGP, T SR D B A S A

GEHURA 3 T Z RO E YR A v, AR R
i e 8 DL 4. 9K 9 %5 (Regoli et al,
1997 ). TERAEE F1J5TF bombinakinin M #Y £ #5 Il
ST R BERR WE A HLA A B T R B IR O A 2
PE” WiB A RO  ATRAHEN, 7RSSR AR A
M F, bombinakinin M ¥ VUK m, @it 8 4
BHE (TGCGGGTA ) i AT HA i &tk se
1 bombinakinin-GAP FJ #1113, DA bombinakinin M
AR S RXT bombinakinin M A 9036 P A3 5 AR AT LA 1
TN BERR WE Xl &5 X HUER] . (B —J0Ti, X
Se CEEET YRR RS ORI AT R 2 x i B
WA E, JUHRTE R R EE LT, Wik,
DYTIRTRLH Z ik 5 kinestatin #5505 #4775 7] BETE
PRI A B Gl st “Fpd” WpJsitn ol 2 e s
FIVERT, IEAIEATR cDNA A6 FriE s —F, X
SE 2 kA W RS AR R — iR B Y 2 AL ——
A EE S A BRI T FFA

FEAsE AN ] 52 35 = X6 K BE A2 E bombinakinin M
cDNA ZEFIN5E 25 R 1Y 22 S ik — a8 T B R
XX “FEMET W) R AL B 0. Bombi-
nakinin M B 3R 4 Ff cDNA F 28 7Y 52 MBI 4l 4R
AP AR CBES WE AL Y cDNA SR 487 R 1Y
Chen et al (2003a, b) #IiE T PiF bombinakinin M
1 ¢DNA %51, H—427% bombinakinin M 1Y 4 {~H
BREE; 55— bombinakinin M #2451 —4
kinestain H45 D1, X P22 52 AT REZTE mRNA 22
i, IXSEE A AE R BT R R . FRATT e
JIT FR A Sl 2 W MNP SR8 4K 19, T Chen 5571
M)A ROF AR A7 IR BN AR TG T AR — B[]
(SERG SR 4 4F ), SCREE BN, 5Pk T
VAL, AT 5 A PR Y IBEAR W vh 2 IR
AR Z IR Z e A A2 2k W 38 R T K A R i 3
Yy, S Hh TR A A A7 PR E b AR W O Y
fiic #5785 bombinakinin M BYJER 5% A Bl F ik —
A5 ) B T G 25 51 ) 8 AR DG 22 IR PR3 3 oy 3 A v
I3 ¥R K LR S
2.2 $R%ERK ( bombesin ) B HEE XK

Fic b DAY 2 0 B Ik Hh 20 B A 81 1+ DU Ik s
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A Putative peptide-1
Putative peptide-2

DYSIKTSIH
DYTIRTRLH

Bombinakinin M variant DLSKMSFLHGIPPGFSPFR

Bombinakinin M
Human bradykinin
C-terminal peptide

(kinestatin)

Bombinakinin-GAP
CART fragment (Rat)

DLPKINRKGPRPPGFSPFR
RPPGFSPFR
QIPGLGPLR

DMYEIKQYKTAHGRPPICAPGEQCPIWV-NH,
KSKRIPIYEKKYGQVPMCDAGEQCAVRK

78 105
* * ok ok kkkk
r ; sto
B 5'-UTR+signal vP 3'-UTR
5'-UTR+signal St:p 3'.UTR

{HHHHHE:

5’-UTR+signal stgp 3'_-UTR
I THEG

5/-UTR-+signal Sp 4,
Clone 553 S1gnd v ¥-UIR

[0 Bombinakinin M

O Bombinakinin-GAP

o Untranslated bombinakinin-GAP

Bombinakinin M variant /A Peptide DY TIRTRLH-amide &> Kinestatin

B3 RBERR IS IR MR AL KA DGR S5 48 (A ) K H mRNA AFZHAZERY (B)

(51 H Lee et al, 2005¢)

Fig. 3 (A ) Bombinakinin M and its gene associated peptides, and ( B) mRNAs encoding

bradykinin-related peptides in Bombina maxima skin ( cited from Lee et al, 2005¢ )

JIKo BRUE KA S B T HFL R e B R
WEFK (GRP) FI#H 277K B ( neuromedin
B) A . GRP Fl Neuromedin B 7£ B i (GI)
A X2 24 (CNS) )12 4 ( Martinez &
Tache, 2000), I3 T &R AR A A=A 00 1, AL
TR U Es . A G R M AR A B 3R
SEEEHL R AR Y (R R AT O R IR I )
S MRIBERRWE Y B R b ) vh o3 e A3 3 — B 4%
WK AR OC 2 Ik, H — 945 ) & pEKKPPRP-
PQWAVGHFM-NH,, &4 4 R 3 ik
FIEMRIR B Z R i (N - R ), 5 HAB R I
RIS IAT ) 2 22 5. I, BIX—Z ka4 A
&I E R ME K ( PR-bombesin )o 5% & B PR-
bombesin ¥ R B IR LA SZEA S ER, B S
Leu13-bombesin AH HCAETE 5 FE F1 N FETSG 1 5 TR A
BERS (Lai et al, 2002f), 4HAMEFHF BT
KA E LIRS TR . AR BRI

A3 AN () A SR PR R R P 2 0 IR 32 AR W TR ( Moody
& Merali, 2004), HHIFELNE 2 HT PR-bombesin 7E
WS AN ) 52 (A B A FTSCR A R AR WA =
o

FEXT R BERS U5 K K cDNA SCZE B R R
L, BT 5 —2E %Y PR-bombesin HJ ¢cDNA ( 3T
FE 576, &l 4), A4 ATREAYACHEEL N AL SHEN T
—AN 34 DEIEIR G B A O 5 A — X AR
BTG K ( bombesin-GAP ). Hu 388 13 41 [R) 5 4,
WA R IAEAT IR S L H P, A A B H bombesin-
GAP XF [ H WL A 2 B A Wi 18 T, (H IS ¥ 1
Leul3bombesin Ik 2| JiZ & # 1% ( Shen et al,
2005 ). #E 1% bombesin-GAP /E I TRWEIRZ K, LU
FAE T BB WL A5 B AL I8 75 2 i — 28 iy iIF 5
4 PR-bombesin /Il bombesin-GAP ( %¢[% 576 ) #l
UM ZiAY PR-bombesin ( FEFE 126 ) [ cDNA Z544 53
MrlG, & B bombesin-GAP FY 1% J& 18 o — 1~ 146
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AIREERY E RS B s AR, AR 146 1
BRI Y R B BE cDNA #BHA 1Y 210 ~ 355 {7 il
S SE A U, O AE IE A A B D A 2
bombesin-GAP 7E 5Ll 126 2R mRNA 1A REHY
B X RIS W T FE WIS R IO o A 0 1 R
IRV WOAE 0 20 FOLT . AT BT A R Y ] I
PR-bombesin #1 bombesin-GAP FJ % [H 254y, DL M
bombesin-GAP H) RIRAFAETE X, K Haf U A= Wy 2~
ThREAVE R
2.3 WEFHEU

PREEJETT 2R U Sl e ISE 1Y Hh o 245 3
B, FEREHF B URSE WG E T 44 ( Minamino et al,
1985), MR UNAEY e filE 5
S ISR R T P FR I R T ) B TS
BT LSE IR RS0, AN AR SR ET RS
P B TR AR DGR TR . B, A EEA
FHICH G & PR EBR ) Z AR O M Z TR U
sz, Hrh—MESERBTANAAL; H—1 &
BRIBT M Z RS (Brighton et al, 2004 ), M
TRIBERS W 1) B2 IR 43 W v 43 5 31— TR0l ) o 22 8 4
£ URXLY Bm-NmU-17. ‘EH 17 MRILRRIEILA]
B, — 9% 45 1 % . DSSGIVGRPFFLFRPRN-
NH,, N R 5 AR IEM 28R U
AL, A EA BRI R (Lee et al, 2005d )o
Bm-NmU-17 BA3 K B8 1 1 0w B2 AR M 1k
e . HREITEE X Bm-NmU-17 XF &R &R U
AN Z AR B (A FHEA T i0E— 2R A 20T
2.4 Bv8 MK

IR W Bz R 43 1 9 v 4y B A5 B P A 77
AN G HE TR 5% 3 A L AR W TE ME K (Lai et al,
2003b ). FH FASTA [R5 7 41148 2% R 78 £ 4l e v
AT R, ZIENTM Bv8 IKFHIHAG 80% &£ 4
FIFEVEE (Mollay et al, 1999 ). K, ¥ efi14
By 45 4 Bv8 FEAK 1 ( Bv8-LP1) Al Bv8 #E ik 2
(Bv8-LP2 ). Bv8 MK MY — 2% 25 4 1 B o i HY 5% g
( Dendroaspis polylepis polylepis ) B W A 41 B BY 73 26
FIBT A e BE AR . FH 23 A K BRIl i A ) 2 Ak 1
Bv8-LP1 Fll 2 {36 HE, X 46 By8 FEIKTE nM ¥ & B
SRR W LIRS, T HL Bv8-LP1 XFF- 3 AR
AU E TG YE L Bv8-LP2 B 5k, Bv8 HERKAY ¥ 41 L
B A A T 2 SRR S B e kA= o HE5E 62 if
KT — DR, Asn A Lys, X5W
HTEMEZE R ATREA EE LR, B8 WIHFLEY

KLY EG-VEGF, 5 Bv8 FEIR—HFEHAHF Y N
— Rui AN ARt A=, BT uEITER
W EA RN K Ao 2E0E R o VM PRk Y
MmAEESEF, efMEHT ¢ A2k, %
Rz EMARK Y Z K[ ( LeCouter & Ferrara,
2003 )-

3 =ZMEZEA—HEM/NMREENF

EMAIYF, =M HRZKE (wefoil factor fam-
ily, TFF) AW RN EER, e
AL B 20 g i) A e & A o TFF B 1A
LR — EA TR T, S TFF 32 AR50 )
PR I8 A 15 B PT A IESE ( Sands & Podolsky
1996; Emami et al, 2004 ). M IKBEES U 57 ik 43 W
Py i AR SE RS B — N AT A G5 A 38 TRF
M (Bm-TFF2 ), HATHWIFR E/R Bm-TFF2 HAT
BEEK a3 AP L/ TG AT P ( Zhang et al,
2005 ). 5 H stejnulxin ( —4™ ML/ & I GPIV
WA, Lee et al, 2003) 1&1b5 | Ky i /M R 4R
ANF, PLCY2 7E Bm-TFF2 55 A9 I /Ml R 46 R
BEBEIR AL . Bm-TFF2 255 — /Wi 38 i 2 AT A i
/RIS ACTEVE ) TFF A5, WP R 45 R R,
Bm-TFF2 ¥ il /M 8 VE I BL A 8] 5 RATE 9 1f
NN, A — T T o IRE ZERFAE N
/INH T A VLA 5 A% S0l P AR AE L Bm-TFF2
WoAFFEAR DG/ TFF 25 F 450 - DhEE=Z ] ¢ &
AP AT R

4 INoFEBBERANGF

22 G R B8, 11 T A 1050 7 2 1 AR L h B A 9 Y
M EAEEMER, S SRR RIR s 2 A
JE&E (Bode & Huber, 2000 ). TEX} 6 Fft 9 7 2%
FE R0 WA T AR A W i e e R v, FRATT R
R R 1 T ) 3 e A T A R A
W (Lai et al, 2002b ). — %88 [ 4 il 57 &
22 INATIZS I K Bk A iy vh S R s 0ok, Tk
H ZRARWE 1 B IR 3 WA BSTI ( Mignogna et al,
1996), MAETGIER ( Bufo andrewsi ) W B2 k43 Wb
Wb o B4 21 22 kDa B SEFHPEMEIRI AN 50 kDa
) serpin ZEA AT HNEIF] ( Zhao et al, 2005a, b )o
NI BERS W 14 R R J3-0ih 49 v S N 2liAl T — i i)
JEEE ARG, JFAr 44 BMTI, H 60 P2 &R
B H2H i Lai et al,2002g ). ' 5BSTIF81.7 %
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Clone-576 ctcagactctcacagetetgeggtactcacagetttagacATGTCTGCAATTCCTCTGAAC 61
[l ¢ Y= 1 U
M S A I P L N 7
Clone-576 AGGATCCTGCCTCTAGGGTTCCTATTTTGCCTGCTTCTTTCCTCCTTCATTTCTCTGTCCAGC 124
CLOnE-126 .ttt it i i ae et et e
R I L P L G F L F CL L L 8§ S8 F I s L s 8 28
Clone-576 TGCATGGAGTTCGTTGAAGATGCCAACAATCAGGGCAGAATCAGCCTGCAGAAGRAGCCACCC 187
[0 o ¢ = v
C M E F VEDA ANNDNAOQOQSG RTI S L Q K K P P 49
Clone-576 CGGCCACCCCAGTGGGCAGTGGGTCACTTCATGGGTAAGAAGAGCCTGCAAGACATGGACTTT 250
[ 3 < T X N
R P P Q WA YV GG H F M G K K S L QD MDF 70
Clone-576 GAAGAGATGGGAAGTTTTGCTAAACGTAGCGTTGAGAAGATTAGAGCTGCTCTCCTGCAAGAG 313
[ o T I
E E M G S F A XKR SV E K IR AATLTLQ E 91
Clone-576 CAGCAAGGAGCAGGATCAGAAAGAGAGCTGCGGCATGCACAGGTCACTTCATGGGTAAGAAGA 376
Clone-126 .. it e e e et e i e e T —mmmm e
Q ¢ G AG S EREULUZRUHAQUV T S W V E::E 112
Clone-576 GCCTGCAAGACATGGACTTTGAAGAGATGGGAAGTTTTGCTAAACGTAGCGTTGATAAGATTA 439
Clone-126 ~-= - m oo m e e e oo oo oo
A C X TWUTOLEKRMWEVILTLNV VA ATLTIRZRL 133
Clone-576 GAGCTGCTCTCCTGCAGGAGCAGCAAGGATCAGGATCAGAAAGAGAGCTGCGGCATGCACAGT 502
Clone-126 -=---------mmc e e e eemmmmmeaoo—oo
E L L 8 C R 8 8 KD QD Q K E S C G M H S 154
Clone-576 TGGTAGcaagggagatcttggcgcagtatctggagaatatgcagaattagcaaagaaatgtgt 565
Clone-126 ...... CAAGGGAGATCTTGGCGCAGTATCTGGAGAATATGCAGAATTAG ...........
W o* 155
L VAR EI UL AQYULEIDNMMGQN *
Clone-576 cctcctgtacatacagaaatataaataaatatatttgtgectgagatatgggacttattttac 628
[0 o o = R
Clone-576 acattccaaa-gtttattgtttacaaaaacaaaccaaacaaactgaagtctaaagacaatgag 691
Clone-126 .......... = S e ittt
Clone-576 aatttttcatttataattttaatttagcagccattttctaaagttaatgtaaaacaaaactca 754
Clone-126 — - - - - - e e e e e e e o
Clone-576 tcttcagagtatgtacggaatatttttgtctgecattttatgcagtgttctaactaaaacctg 817
ClonE-126 ~-— - = - == e e e e e e e e e e oo
Clone-576 tgaataaaagacattctttgcacacaaaaaaaaaaaaaaaaaaaaaaaaa 867
Clone-126 ~-=------ccccemcccnccan-

Kl 4 PiF4ii% PR-bombesin A mRNA L% (51 H Shen et al, 2005)

Fig. 4 Nucleotide sequence of PR-bombesin plus bombesin-GAP ¢DNA and predicted amino acid sequence of the PR-bombesin

plus bombesin-GAP precursor protein and comparison with those of PR-bombesin alone from Bombina maxima ( cited

from Shen et al,

2005 )

MF 50—k, R EATRRE R A R R [ I8
Y1, {HY BSTI A[E, BMTI A H 7% % i i 51 6] 15
Mo BRI, ER R LR P2 R R S s R
WAAE, HAYEOIREAAERE, D AT GEAE R Bk
ﬁ%%A@EWﬁﬁ%mIﬁﬁ¢@ﬂTﬁ%%W
Fs S5—Jr D, 186 Rz Ik i) 2 A I i 500 T e
o S SHARANFUE I AR, IR b

AR Z2 88 1 B 0 AL 2 A ) B AR Sh e, Gnss s i)
REMEAN, UK ERNIRZE (Laskowski &
Qasim, 2000 ),

5 KIRBEB

5.1 BEHWEKRKIE
F&#EM (albumin ) 2 MG RGEH & F A
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PRSNGSR s M E AR . XS
Yt fha)E . BEIMR . IR . U2 25
EaW. I, FEE EE A A PR R A X L
MR AP BUs FIEL R T, JF4EFF MK A pH F1&
B EMFL S, A& S A O
W E I ( Peters, 19965 Kragh-Hansen et al,
2002 ). MIBERRHE b AN T FE B R Rk
) RIEFRIA ( Zhang et al, 2005a, b). HFELH LT
W3RN, REERRIE BRI E ) iz o AT e SN B = 20
N M EL R AR RN . RS, R AR A B
Jkeb, AR PN IEE ( Xenopus laevis ) FAHE T4 WE iy
( B. andrewsi ) ( Zhao et al, 2005c), HWUEH] T H
HEARRL AHBAGE, XEHEATELRT
2o, JEHGRAER BT Z 0 A R e 7
A= 16 B RS S A AP TR P ot .- H AT R BIF
TR T —PABIRLE, SEAEAARR,
REEFSUE BRIV S A LT b HiiEE (0,95 mol/
LA ) BIRIEWEAEPIRGZE Sh4) vh o A i 3
fii (Duellman & Trueb, 1986), RBEFWE Ik FI4E
FTB MILET 38 T 45 5 S UL L e 2 B PR P R o 19
FHRINBEILAEDT I . BTG 2 B ik b LA R
FORMBRR, XF T I KB A9 A= PR RE AU A5 K2
JRIEE Ko Prds . A scH | B B A 1T S5
AHEERE L,
5.2 AEAMEALISBREQEMEIF
PIFERISCHR T, 8B KT A E A HHEE 22
28R AT R R O HRGE . P98 A DR BEAL
AR L —Fhop B R 8 g R, HoaE s h
— X BB CysP—Cys® B B — 1> 2 88 () 1G PEAL
RER, D1 o FEER R R 1 (rypsin) B
BASE AR ZE S B Y, OGP AL RN
Arg®® (P;) —His® (P"). KEERIEREAERT
— B BB AR SR B — A, RO
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