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Abstract: Frog albumin (XpA-serum) was purified from serum of Xenopus laevis by a combination of gel filtration
and ion exchange chromatography steps. Like Bombina maxima albumin, XpA-serum exhibited trypsin inhibitory activity,
which was lower than that of B. maxima albumin. XpA-serum at the concentration of 180 nM inhibited 84 % activity of
trypsin (30 nM) . The equilibrium dissociation constants (Kp) is 1.44 x 107%M as determined by Surface Plasmon Reso-
nance. Western blot analysis revealed that XpA-serum was also distributed in the skin. It is deduced that serum albumin
of amphibian possessing trypsin inhibitory activity can function directly or indirectly as a defensive substance against preda-

tors.
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HEHPRIKEARE, PESHREZRM, m
B G Fk B IFEAL, FrLUAh MG sh /Y I i B
EARBERKREHEREAR (Follett & Red-
shaw, 1974), SZECEMY RA A ILEAE
EAE], AEMITEE ( Xenopus laevis) ILTE H & HH]
AP cDNA [, HBpe#ER L 68 Fl 74 kDa i
BMEBHEA, WEKFIMELERN 89%
(Moskaitis et al, 1989),

A R 2 MK BEAR S ( Bombina maxima )
KRk B v 4 B difb B 3 3 ( BmA-skin,
BmA-serum), 5+ F &K 67 kDa, JEH 585 T HM
AR PEERAEE O, BA 5 R il Hl EE
FIEERITETE (Zhang et al, 2005), BLU—FM2HH
PLA W R 18, O 22 28R 2 1 B 3 ) ) K R 4
WTHERL, PINEIAREZHREL, TRB
W iz K B I T 11 R B AR R ) B R B R T
P, BCHEN R AR S KRB S I R EF B — R
Bl F-Be . At —LRuE b, AT AR T
RmE e SR EnEAEL, &llEdi
AFREOMEREN, RS RIRENT.

1 MR5FE

1.1 BEHH

ARPHTCHE th o R4 e B B sh it 5 fr 5 —
HHE W Superfine G-75. Resource Q M Mono-Q £t
JZHT A A Amersham Pharmacia 23 ] 7= 8 ; 4 AR
¥) L-Benzoyl-L-arginine-pNA ( BApNA ). p-nitro-
phenyl-p’-guanidinobenzoate hydrochloride ( NPGB )
4 Sigma A A P54k ; TEMED, NEBERE A Fluka 23
Al = HARER R ik O s P o pr et BRIE Y
# (type 1) & Sigma A" ™, f NPGB ZE& A
0.02 mol/L CaCl, ¥ 0.1 mol/L Ll ZZE i (pH
8.6) HHATRAIIEMIEE (Chase & Shaw, 1967),
ZWE, RABHMBEEOR S SRR (97«
2)%, HEMARPTAREABESBEAEE, 45
BP9 8 8 BTV B 2R A Bio-Rad 2 1€ IR
F, UEMmMEHZEBE (bovine serum albumin, BSA)
AR EN E
1.2 AR R M iE & &

4 RS AEMRYE CF341k®E 50~ 80 g) HIZ
OB, BYIT IR 54T O EHUM, M F 37 C
RIE1h, FET 4 CHE4h, 1000 g &L 10 min,
WM, - 80 CIRFF.

1.3 dEMJTHE 68 kDa MiFEHEH (XpA-serum)

B4y B4k
1.3.1 AKTA®FPLC Superfine G-75 %t 3 2 #r

1 ml 3B 0TS 7% B T 40 F R HERRTEEh 12 ~
14 kDa BZEHEEN, F 50 mmol/L Tris-HCl 28 Wik
(pH 7.5) # 4 CHEMNER . HBEHEHIME 5 000
g B0 10 min, 0.22 pm WEESEE EHETHESR
0.1 mol/L NaCl /] 50 mmol/L Tris-HCl Z& /¥ (pH
7.5) V-#i#) AKTA® FPLC Superfine G-75 %R i3 3
(AT 200 mL), W 1.5 mL/min, [EEEZE M
PERR, Wil 280 nm YEIRIAR A K L AT . SDS
PR DK HI T I 8 1 4 4
1.3.2 AKTA®FPLC Resource Q BT HZH M
20 mmol/L Tris-HCl &K (pH 7.5) “F & F1t
(FEARR 1 mL), % G-75 BRI EENIESHBY
T g AR R iR E T S, [FIAE RO R
fa b AE, Wi 2 mL/min, fHT4 2 vk 15
min, ] 0~0.3 mol/L NaCl, 25 min #7885 %
i
1.3.3 AKTA®FPLC Mono Q HR 5/5 BT EH
F 20 mmol/L Tris-HCl ZZ /& (pH 8.0) V-5

FH FEARFR 1 mL), # Resource Q BT ZE T
iR s AR iR BT e, RSO BE
A, W# 1 mL/min, FV#2 piR % 8 min,
T 0.2 ~0.5 mol/L NaCl, 22 min #4786 B
1.4 RASBREREX

SDS-PAGE #1 Native-PAGE & # Laemmli
(1970) B9 ¥, SDS-PAGE w1, #ifbByHE e &
2.5% SDS Wy FAFZE il (FEXRFERAE) RES
2.5% SDS F1 5% K] B - SR LEEN EEEZE MR 8
FRA) H, 100 CALE S min, BERT& 0.1%%
e 2R L8R K (3:1:6) FyefaaisRy,
1.5 N-FRREEBFINE

Ay EH AR FERAES T #4T 10% SDS-
PAGE, MUIKZER G, HEK LWEAREHEE
PVDF [ L, &2 R-250 ®yiFdets, 39 FX)
N FE R B 3 551 (ABI 476A ) 34T
N - 57 5 43 # o
1.6 XpA-serum FIfEE B EEHD G EENE

TEE A 1 mmol/L CaCl, B 50 mmol/L Tris-HCI
(pH 7.8) 19 1 mL VAR FE S, & 41k XpA-
serum Xf [ 25 [ B /K A A €6 M L e . R
[d] & K 41k XpA-serum (¥ FE 10 ~ 180 nmol/L)
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HHEEAM (&WEF 30 nmol/L) F 25 CHHE 15
min, A BApNA (ZURE 2 mmol/L) #EIHR L.
H4E 2 min F 410 nm A& WX — A FEARRL HIRET

XpA-serum %1 85 [ 85 0 400 1 2 g v 00 € T ¥k
[ o 30 nmol/L B I/ 5 A MK . 180
nmol/L. XpA-serum, 45 nmol/L. BmA-serum ¥ 180
nmol/L BSA F 25 C{RiR, BHEZHIHN 0.5, 1, 4.
8. 12, 16. 20 124 h, LARTRIRAY 30 nmol/L i
EEABHE 1129 100% , HERARERE /1.
1.7 XpA-serum SEEABE SN EHHN

E

A BIA3000 (Biacore, Uppsala, Sweden) ill%E
XpA-serum 5 EE HEL G 1 W 5 pg/ml
& I EE T 10 mmol/L NaAc (pH 5.0) ', HIf%
1B R & [E % F carboxymethyl-dextran CMS5 &8 F
B 458H, AT 4 HESEH N-ethyl-N'- (3-
dimethylaminopropyl ) carbodiimide HC1/N-hydroxy-
succinimide 1k, SAJGIEFHE T NaAc W& HES
F| 450 RU, FiH ethanolamine HCI #f14, 3 i iH[A
Moo s, BB, Sl AN
25 °C, Ui# 35 pL/min, SEHBHEA 150 mmol/L
NaCl. 3 mmol/L EDTA. 0.005% P,0 #J 10 mmol/L
HEPES (pH 7.4). AR ¥JE ¥ XpA-serum (10
nmol/L ~ 3 pmol/L) WiilidiH 3 14, #5i4GHf[E] 3
min, FEEIEIE] S min, B —EREHEAESMSER 10
mmol/L glycine-HCl (pH 3.0) A 9 s, FT{HER
P A BlAevaluation 4775814 4 #£47 1:1 Langmuir %5
RS

HZRESH

2.1 XpA-serum B9 B4k

L JTUEE 1 75 22 AKTA® FPLC Superfine G-75
BRI R SR B AN (B 1A), 4 SDS-
PAGE &3 68 kDa #J XpA-serum £ E /M7 11
e, ARSI WM — 34085, 4 AKTA®FPLC Re-
source Q B AR HJENE, 7F£ 0.15 mol/L NaCl £
ERE—AFE (E 1B), &% #IT AKTA®
FPLC Mono Q HR 5/5 B F3¢#ZH7, #£ 0.3 mol/L
NaCl BERE]— P F 1 (B 1C), XHEH#HTE
T XTI H 1S 2K 68 kDa 4lifL#H 0 #E1T N
- RGBT IINE , FTFE RS Moskaitis et al
(1989) IR NJNEE M7 & 3 H DNA JF3IHES
HIEIERR 7 51 — 3. IERNTIF B A 68 kDa Y

2

w5 26 %
FEPEEmE AR
soo(A .
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1 AFPHIEE 68 kDa ILIE H & H B4 RSk iR
Fig. 1 Purification of 68 kDa serum albumin from

Xenopus laevis

A: %2 AKTA® FPLC Superfine G-75 BERZ T 382 HT; B: AK-

TA® FPLC Superfine G-75 %E B¢ 1 3% J2 67 B 15 45 — 5 25 AKTA®

FPLC Resource Q B TR #Z#7; C: AKTA® FPLC Resource Q

1 E W22 AKTA® FPLC Mono Q HR 5/5 B F A E#T .

B A RE A

A: Gel filtration of X. laevis serum on AKTA® FPLC Superfine G-

75 column; B: AKTA® FPLC Resource Q chromatography of peak

Il of G-75 column; C: The main peak of AKTA® FPLC Resource Q

was finally loaded on AKTA® FPLC Mono Q HR 5/5 column. Frac-

tion containing 68 kDa XpA-serum was indicated by arrow.

2.2 BREABMHEEUNESESR

Xf XpA-serum #E 47 i & 3 B3 ) 15 R U 2 K
W, eRAAMHKEAEAENE. 180 nmol/L )
XpA-serum BEHIHI 30 nmol/L fE 5 [l 84 % WG ;
T 45 nmol/L B BmA-serum, F5Z 2 MH T 30
nmol/L #J i & F1 B A 16 145 BSA W & LM #l


http://www.cqvip.com

P 0 00 _http://www.cgvip.com|

6 3 B R TS LI 1 3 A S B Al R R R R TS 625

(& 2). % 30 nmol/L EZE HEFIE] 180 nmol/L XpA-
serum {£78 15 min F, B] LA 84 % 0 BRE H BEIE
P M{RE R E R E 24 h B, ISR AT L
80% 724 ) 2R A B IE . T 45 nmol/L #] BmA-
serum {£IR 15 min 522 % T 30 nmol/L HIBEEH
FEIS T, HERIE 24 he 58 XpA-serum 7] BmA-
serum —#F, X BREE (1 ES H H B A AH H R E
BSA xR 1 B ()35 HE W TR 5w (K 3).
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RIRRGIT T Residual activity (%)

A, A A
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MAEPH RS i 7 B XpA-serum; O KEREMEHEA
BmA-serum; 21135 HEH BSA.

B2 =FhRIRAY N EX B BRI &S
Fig. 2 Trypsin inhibitory activity of serum albumin
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&
<
L
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0 3 6 9 12 15 18 21 24 27
{R IR 8] Incubation time (h)
OZE ik Buffer; AFINFTEIEE BSA; MAEM T i 1§ 5 &
H XpA-serum; OKEERWEIMEHEH BmA-serum,
B 3 dRYHRYE 68 kDa IML7E A& I MKIEE R
Bl e R E
Fig. 3 Time-stability of the inhibition of 68 kDa serum
albumin from X. laevis on trypsin activity

BmA-serum 55— ¢ & B A B R 1B 5 1T Na-
tive-PAGE, FILIIR B HE5REABERNE S
Y B B, T BSA B{ XpA-serum ‘5 BEE A B
RIBEHLE S L, (EREEEE b A
hn, BSA ZHWOKME, BHEFBETEE, XpA-
serum WX B ELA (B 4), HEEEEFIt
PRI E XpA-sernm SEE AN G %%
B, BEVAEEN Ky=1.44% 10"°mol/L,

5 6 7 8 9 10

free albumin “‘ et i -

B4 =RORIEHILT A E S R BRE A B R IRE 5 Y Native-PAGE
Fig. 4 Native-PAGE of the mixture of trypsin and serum albumin from three kinds of animals

PkiB 1: XpA-serum (2.5 pmol/L); ki 2. 3. 4: XpA-serum (2.5 umol/L) SARIEMBEE L (4 FE/RELHF 1:0.1, 1:0.5,
M 1:1) F25 CHRE 15 mins KiE 5: BmA-serum (1.85 pmol/L); K 6. 7: BmA-serum (1.85 umol/L) SAFEHIBEE L
(S FEERELA 1:0.5, F1:1) F 25 CHRIR 15 min; iKil 8: BSA (1.85 ymol/L); ki 9. 10: BSA (1.85 umol/L) 5 A[F &
BREAE (SFEEREN 1:0.5, F1:1) F25 CHIR 15 min.

Lane 1, XpA-serum (2.5 uM); lane 2, 3, and 4, XpA-serum (2.5 M) were incubated with trypsin at different molar ratio 1:0.1,
1:0.5, and 1:1 for 15 min at 25 C; lane 5, BmA-serum (1.85 uM); lane 6 and 7, BmA-serum (1.85 M) were incubated with trypsin
at different molar ratio 1:0.5 and 1:1; lane 8, BSA (1.85 uM); lane 9 and 10, BSA (1.85 uM) were incubated with trypsin at different

molar ratio 1:0.5 and 1:1.

3 3 i

Wt B IE R 2T, RATIE
HTCHE B L35 - 4 B i AL B H 68 kDa I MLIE B &
Ho & N - REGEEMRFHIHHr, i N-Kigs
SCHRIE B3] — 8. XpA-serum L EL A BEE (1 85

MRNEN:, BENTREREQEQ, HNREN
BAK, ATESEeMH 30 nmol/L EE MBS & LG
FHEEWELAL . XpA-serum 5 B E F B 69 i 55
BHEC Ky =1.44 x 1079 mol/L, T BmA-serum ¥
Kp=1.55x10"° mol/L, Bi&EAMZE 3 MESK, UL
HEEKBEECBMSE N EREKTHTE. BmA-
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serum A i1 B — X “HLEE Cys>-Cys2IE ) — 12
BHOE HEOLAER, BA 101 S FEER LR R AR O B P
BRENELNEENESY, RGN
Arg58 (P,) -His*® (P;’) (Zhang et al, 2005), H B
WEA KBS S IE F R E B A B E B
7. % XpA-serum, BmA-serum., HSA F1 BSA i
TTREBRFS LB A, XpA-serum Fl BmA-serum
FFE 5 58 [ EABR BN Lys M Arg, IMAENS
B Y Ser, X FIRER T AT B K B
R EEZFHE, XpA-serum [F] BmA-serum #f L,
JBEEE RS IRITE D BIK, XATRER B T R TE AL
BN EERTIERBEATIER, HAELEAR
B ARG SME R A ARG, BRI A4, H
FIMIR R G S WK EREEZNEM (Bode &
Huber, 1992). 534F, # Native-PAGE %% I A B
B E] BmA-serum [FREABERHME S, W
XpA-serum 5 HBRIEE NWEREE Y1
R, X8 IFS XpA-serum BYINHITE I BARA K.
MM H. XpA-serum FJfi# 25 -4 % 5t BmA-serum & 3
MRS, WEAEEGY AT et 5 XpA-serum [F]
JERZE [ B TE LAY B8 WD B I YA o i 5 S R A AR
Ko

£ IR S W i SE B PP R A B, ST BmA-skin

SENM:

Bode W, Huber R. 1992. Natural protein proteinase inhibitors and their
interaction with proteinases [J]. Eur J Biochem , 204 (2): 433 —
451.

Chase T Jr, Shaw E. 1967. p-Nitrophenyl-p’-guanidinobenzoate HCl: A
new active site titrant for trypsin (J]. Biochem Biophys Res Com-
mun, 29 (4): 508 - 514.

Follett BK, Redshaw MR. 1974. In: Lofts B. Physiology of the Amphiba
[M]. New York: Academic Press, 219 — 308.

Laemmli UK. 1970. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4 [J1. Nature, 227: 680 — 685.

Laskowski M, Qasim MA. 2000. What can the structures of enzyme-in-
hibitor complexes tell us about the structures of enzyme substrate
complexes [J]. Biochim Biophys Acta, 1477 (1-2): 324 - 337.

Moskaitis JE, Sargent TD, Smith LH Jr, Pastori RL, Schoenberg DR.

1M HES JE P THE 68 kDa 9 XpA-serum & 4 S fE
AN, PLEFEE RN 1:1 000, 1M -5 BmA-serum
R e RS U B HLAR T B 1100 000, ik FH
JEWEE 68 kDa ) XpA-serum [F] BmA-serum B &
FA PR E B . dEPTIE R RS XY
S55%PT BmA-skin L5 & 4 BEEZ XN, PLiEE
BEA 1:100 Z£47, IEFAZER R HHLFFEH 68 kDa K
XpA-serum,

2@ RE OB R ZEE Ty, HY.
AR, SRR, 2 ZRRE F RN H R
FFRAENTERENEENE, -HVHRANS
ES €20 R S B AT B R Y DIES B R Y W
BB ENBERRTHRER P LA LE R
BIUKRE, MWL EREABYKELE. B,
VERPREY), 22 &R B R e DL Y A PRV
ghp Py i F B B M) A 4 (Laskowski & Qasim,
2000) . fEMY, 22 EAFRE HEEMHIF B EZ D)
RERPIEHR R E . R FRATT Ay AR Y T s B ok
PUE T AR T AT E AR AR BT RE SN, H
FEEBNRENE, RO E SN S 5 B
KEAT R, XESFH B T YR A & HAE
PRAEEIBERIBE ST

1989. Xenopus laevis serum albumin: Sequence of the complemen-
tary deoxyribonucleic acids encoding the 68- and 74-kilodalton pep-
tides and the regulation of albumin gene expression by thyroid hor-
mone during development [J1. Mol Endocrinol, 3 (3): 464 -
473.

Peters T Jr. 1996. All about albumin: Biochemistry, genetics, and med-
ical application [M]. New York: Academic Press, Inc.

Sugio S, Kashima A, Mochizuki S, Noda M, Kobayashi K. 1999, Crys-
tal structure of human serum albumin at 2.54 resolution [J]. Pro-
tein Eng, 12 (6): 439 - 446.

Zhang YX, Lai R, Lee WH, Zhang Y. 2005. Frog albumin is expressed

in skin and characterized as a novel potent trypsin inhibitor {J].
Protein Sci, 14 (9): 2469 - 2477.


http://www.cqvip.com

