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[ ZE] #ZR®B5EMR K (Andrias davidianus) KK BEREZE O RS> R EEE, BT
KL E ARG EOUE Yy ST LABREHRERAGEG R, Bid W32 o5 H 8 e F %K
BERBERFER . PERA R RRERE G, FiBid SDS-PAGE £ HE Bk WAL
R A F R F RIS VAR E G it Label-free 97 K 8 % Ik 5% KIE W E G 69 R 5 VA
BEW, SREAR REERERTASA SHRERESG, 5> F 5T 10~300 kDa 214, &
P 50kDa 5 FERLEEGLEFHEAFE . AL100kDa > FEALAAHK S%EE .14 kDa AT
EFabLbERY, KA RREREG 1,1-= %K K-2-Z L X B (DPPH) #= 2, 2-3 &~
S (3T E 6B ) B (ABST2 A A AR AR A AL LA —Z R
BALE M, KUK AR KEEE O K AT A Fe B R RO 2 Fran 1 B A B 5% 0 5t R 4E
A B TR EBFEKEREGLA —ZTWHHRBER, &9 it Label-free 2 MM AP X EE G
AW 66 HEORAR; BT ERA 20 ERAL LARBARMML 2RO ERANT
Mk, ARBT RO R RKEREGSA 66 &G, 5T FAT 10~300 kDa, &

R RUERETRAFSRRKEREZEOLARANERFRAFHR,

[EiA] K& B AR, REREG,; FH
[SXEARIRE] A

[FESES] R284.2;58917.4
d0i:10.3969/j.issn.1673-1182.2021.10.009

KB (Andrias davidianus) & 1 E A 09 7
KWy JE T NN A R H REERL, R8I ]
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RIGPIRGAE o F IR B85 YL R B 4 b7 . B fl By
AR 2R TR, BN E R G e,
JEFN A Wil 26 b BF A= S A ) [ B 52 5 2 29 (CITES)
RSk T orht, RELEA W& & M E. LA
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T BR300 R B2 K RE B8 BOK i AN
IR U I B 1 JEk o3 W ) B S 2 R VR
AN, B B bk B R A A R 0
A ORI S SZ RS L R DU SR A A5 ) o
50 LA e B AR Y SRR . B Ah,
B Bk B B AR 4 A R D S A2 RS
DY SRR S5 4 405 O T AT R AE S D BE

1 MBSk

1.1 ##

nwN RSN QRN R R NI SR = N O PN
THRFE R R WA A0, AN 508.4£10.5 g, ik
5 R BAE % N KA R 3R KRR P K T A K B
T3 5 LAARIE 50T AR 37 1 K T R I 5 K AR D3
YR B B R R A 0 0 1) S B AR, PR R R
W5 A A K BT R AT, 78 SR B TR R RE i 10 1] K 5 B
PR BAF A BT R , TCAT o] S 4
1.2 FBEMRE

RO KB THAES LR R E Tk,
FHIGR E 1D 5L 2b A 56 4 R 8 Sk 30. HIH 75 B8 )
750N 1 mL, BRI T R BT L, mEI 2~ 3
WK, B RS B8 B Bk 7 A 643 WA ) 0T i v
BRI FHTTH 35 9 A8 WG Sk 2 38 W U4 I W, AR 5
o3k 520 W — R 3] 15 mL B0 4 g i 4
W) K K AT i, A0 IR S . 7R 4 CRAFT,
12 000 r/min & 0> 15 min, W& E W, B T
—20 C, [R— H KB E % 5 2 W - i, L
By 325 J A5 473
1.3 FBHEMKIEEEREENE

B 1 mg/mL 4 IL7H F & H AR ER K, H PBS
Fif¢ % 0.20.40,60,80,100,120 pg/mL, @A 5 1%
BN Dl E A R ORIES . ERFE 5 min,
R 595 nm AL WG AR . 2 A 3 Ik, O
{EL, 2 57 o 1R R T U S ST B R
1.4 WAEBERN

K KA (E.coli) FIRG K S PR TE (AL hy-
drophlia) ¥ R 5 K ik 26 W2 10 AN T E AR I T
37 C AT E IR KA FE IR W 7K <5 M T 2 % 4R
KW, 6 000 r/min &0 Ff B ULTE , f H JC I/ PBS
B R 3 X107 CFU/mL. ¥4l 52 E R
150 pg/mL BYFE i IR & 34 50 0 A 3 JC bt [ 4 85 57
b, XHREARIMERBPBS Z bk, Hi% 6 hn
T ' 2 S o WU 5% 24 T 9 A 1 0L

15 KRR BRER/KB SR B RS E R
1.5.1 DPPH #rrde At % 1 mL #EN 1
mmol/L ) DPPH 5 A [6) ¥k B 09 FE IR & . i A 2%
WK E 25 2 5 mL, A 5 290k B 4 5o 10,50,
100,200 f1 400 pg/mL., FEZER FH'E 30 min 5,
W HAE 515 nm N RYOGHE . BRI B PBS
fERX R, IFE A — B gl /% a4 X
100 %% DPPH 5%,
1.5.2  ABTS #F Fh st A4kl AERIFREL 0.384 ¢
ABTS 5 0.134 g sl R #7148 b, i A ZE 18K,
FEA R 100 mL, BEFEE IR, 76 8O0 AL i & i
W 10 mL W W F Ay 606 B 1T i LA 734
nm T IEAE A ZE G K SE AT 76 B R R B R
WHAE R 0.7 ZEA MWW, 1id R A, BL 0.5 mL.1
mL.2 mL.4 mL ¥R 400pug/mL Ay K 85 & ik 5
WE HVERARES A 3 mL AW AL A ZEAKE
AKE 10 mL, FEHE 15 min 5, HEEE T
FETE 734 nm FRIWOGE . W INEERFL PBS A %t
MRZH ., KB R IR 26 W A ABTS 93 BR R 115
J7 20 (1 — g 41 /X BT < 100%
1.5.3 NO #Frkte A AEFFREL0.2980 g SNP
WTaik IR E A % 10 mL, #H 1 mL SNP %
WA BImA 0.5.1.2.4 mL ¥ JE A 400 pg/mL Ay
L H JER B AR VPR S TR AR IR K B & 5
mL, 78 25 ‘CAKEI P ORI 2.5 hy B Ja 57 B A
ZEIRFN Griess I F . 7€ 540 nm T I & WG 1H .
IR T PBS /R %t MR 4, e 35400 1
RK=[(A—B) /C—1]X100%, HP,A N SNP 5
i A IO L B SRR A AE 540 nm T B0
J#,C Jg SNP 7E 540 nm F I OGAE
1.6 EARESH

W R B R VR K s M 2 1 SRR ik AL s AR R
AR A w47 Bk % 2, i H Gene Ontology
(GO) B 2 %3 3 H 89 43 F I 68 (Molecular Func-
tion, MF), DL Je 2 5 1 £ ¥ i # (Biological
Process, BP) #E 475 & Mo #r. Bl G 3 A KEGG
PATHWAY B4l #4743 B i 2 35 F T2 5 10 i
FEAMRBGEEMNGS K SRR,

2 ZEHE 55
2.1 SDS-PAGE HBikZ& g

FEL UK 445 SR d 7 K68 R Tk R o S A 2 R R
M, FESVAE 14~100 kDa 2> F 0 B N5 8 — &
B4 8, o fE 50 kDa 4 FE L FEALRTFRNE
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221 wRBRERBER RELEEEXH, S5
ZHAH B, M A R N I K B R B T K 5 R R
KPR AR T & A B 0 B A sy (B 2)
& BH 5 1 Tk K VS 1 AR P T K A B B g K
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M. Blue Plus Protein Marker(14 kDa-100 kDa) ;
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SDS-PAGE results of skin mucus samples

and

Fig. 1
from Chinese giant salamander
M. Blue Plus Protein Marker(14 kDa-100 kDa) ;

1. skin mucus samples of Chinese giant salamander

i J& 41 Control

7K B B
A.hydrophila

B 2

Fig.2 Results of bacterial agglutination experiment between samples and control group
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2.2.2 3 NO.DPPH #= ABTS A4 R KBiK

JH 286 WK 5 Pk 2 3 B R NOLDPPH Fil ABTS 75 [
5 WK 3, R K E W B Bi xS DPPH 5
ABTS HA 38 i 3 B A8 1 . LT Bk 56 Wt K 85 57 ik
BV R T T R B A #
200 pg/mL J& i bR R TH & B T F 22, 8 400 pg/
mL HIEBE R 44850 100%  BE 5% NO L — &
MR R B8 7 AR ORI R BARL, 24 26 1 MR BB SR 400
pg/mL B BR AT 40% . I FLk B — 2 T &
THER A A B FH A,
2.3 BEAREER

T Rz Bk K i MR H 4 Q-Exacitve HF
JEREAL AT BT L FESE 66 AR AR T Hob o TR i
KB SR 5 it A2 A8 #H 2 2 IX 32K 1 (Frizzled-8) , ik
277.5 kDa, 53 ¥ f& fx /N /2 ) )1 8 H # 4 (Dynein
light chain) 4> 7Y 10.3 kDa(F 1), Pl FHEHA
25 GO Whhe % R I 20 Fhd s AH B L 45
PURFLE A 70 M 5 EA 2R WMHEN . ZR
SO A B A /NZ F LR Rab (Ras-
like in rat barin) f H {2 K45 AW E2.12 E kA i
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Fig. 3 The NO, DPPH and ABTS scavenging activity
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Table 1 Identification results of skin mucous water-soluble protein
HHATR BRS 4y F & /kDa A

Name of protein Accession  Molecular weight PI
PR T H 70 HSP 70 Q6AZHS 71.3 5.58
FE K T 1o B Elongation factor 1-a (fragment) A1L3KO0 50.9 9.13
JER R F 1o GURR4H TR B Elongation factor 1-a,oocyte form P17508 50.2 9.16
Hﬂfﬁjﬁﬁ Actin P53505 41.8 5.48
iz 4 #E M 1 SBP-1 Q6DCH?7 52.5 5.81
o DLWLENEE 9 1 Actin « cardiac muscle 1 P04751 42.0 5.39
LOC100036902 A1L2N5Q 42.1 5.49
7z & Ubiquitin 6GMC1 18.0 9.64
L-FLHE I A i L-lactate dehydrogenase QIWS5Z7 36.4 8.06
K B AR 2L % B Argininosuccinate lyase Q66J94 49.4 7.99
- 3- B ER L AU L Y Glyceraldehyde-3-phosphate dehydrogenase L. homeolog Q8AY70 35.9 8.25
595 45 H Calmodulin P62155 16.8 4.22
HwmEE-3-WE R i A B Gapd-prov protein Q772Y52 35.8 8.05
o i Alpha-enolase P08734 47.5 6.24
GTP-454 % 4 GTP-binding nuclear protein P52301 24.4 7.88
12 454 Ubiquitin-conjugating enzyme Q4QR35 17.8 8.66
R EE LR RS 1 PITP Q5XHEIL 31.0 7.77
¥ ZBETR B Nucleoside diphosphate kinase P70010 17.5 6.57
JEIEHE (1 Al 2S [A] ¥ Annexin Al 2S homeolog Q75798 37.6 6.60
B W R I 4 i FBPA 012975 39.4 8.29
48 2k & 75 1 Calcium-binding protein Q6PAB4 39.2 8.40
2 H K5 #2 Bilf Gstm2-prov protein Q78723 25.4 7.83
fHE M 18 Keratin type 1 P05782 29.9 5.06
BRIR PR S A4 TPI Q7ZWN5 26.7 7.36
454K ffi K 2% & % 1 Copine 111 L homeolog Q3BSL6 59.3 6.73
/NZ Z AL BPEFR] Small ubiquitin-related modifier Q6GPW?2 10.9 5.50
& BRI 5 B Argininosuccinate synthase Q7ZW M4 46.7 7.69
RIS H A4 S RIJE Annexin A4 S homeolog Q6GND2 36.0 8.21
47 M 18 Keratinl8 Q3KQ13 43.0 5.20
i ek A R B B AHCY B 093477 A7.7 6.40
Rab % 1 (7 B RAB35 protein (fragment) A3KNC5 27.9 8.59
S AT R I A i TDH Q640H5 46.8 6.14
i 1l A2 k-8 A OE £ X 8K 11 Frizzled-8 associated multidomain protein Q6EHHY9 277.5 6.30
T EALWIEE 2 Peroxiredoxin 2 G3GBS3 22.4 7.01
VG Mg B 22 KB Thimet oligopeptidase QIPTV2 78.1 6.38
5 H H Asbl5-prov protein Q6DCLO 65.7 5.19
F-W3h 1 F-actin Q6PA24 32.1 5.67
R H h AR B PGK Q6DD48 44.6 7.06
127 Z 454 E2 Ube2n-prov protein Q7SZ88 17.1 6.57
LA ADH Q6DKD6 40.1 7.49
12 2 B K St 7K f# i Ubiquitin carboxyl-terminal hydrolase Q3B8B3 24.8 6.00
B 1 A7 SR Annexin A7 S homeolog Q66J40 54.8 7.96
SRR A Crystallin Q6GR36 36.2 5.96
WP B M B T A Microtubule foldable auxiliary factors A AlL2W4 35.8 5.60
FLER A bt & K 2L /% il Lactoylglutathione lyase Q6DFI5 21.6 5.81
ADP B AL F Arf-1 protein A1L3K6 20.7 6.80
W8l M4 4% Dynein light chain Q5M781 10.3 7.37
232066-prov 2 4 it g32066-prov protein Q8AVEY 36.8 6.25
<R S5 H W 17 2 MP12 Q66TW0 24.7 6.71
i H 62 Keratin 62 A1L2T3 60.7 5.72
o~ FE IR I 2 5 i (B «-amino fat gallic dehydrogenase Q66J16 55.1 6.68
#E K A T Elongation factor Q52MA1 95.3 6.83
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HAAK xR 43 F it /kDa 5 HL A
Name of protein Accession  Molecular weight PI
SRR 22 0k 3K 1 Lens filamentous protein Q6DKC1 74.7 5.16
KA FFRFE 4 Z M Aspartate aminotransferase Q7ZTK9 46.0 7.44
NEDDS-1Z % % 4 B NEDDS-conjugating enzyme Q6DCZ9 20.9 7.27
127 Z B4 Ubiquitin-conjugating enzyme A5PKP9 16.7 7.37
Rab GDPa 43 & il 7] Rab GDP dissociation inhibitor alpha Q642Q8 50.7 5.03
W E LA CAT Q5PPTI 29.9 6.54
AT R B4 i Pyruvate kinase Q92122 57.5 6.99
S-(F2 O 23 B H BRI & S-(hydroxymethyl) glutathione dehydrogenase Q4V813 40.0 7.05
22 R WL H R IEEE H CapZ-B A1DPLO 30.7 6.01
H A E W3R 7455 I F 3-A Interleukin enhancer-binding factor 3-A Q2TAV5 98.2 8.59
6- i 1% 74 % B T A B Glucose-6-phosphate isomerase Q6GP33 62.1 7.47
ATP & iR AL W3 ATP Synthesis enzymes catalyze subgroups Q4KLX0 68.5 5.74
M4 2L 23 L Cell division cycle 23 L. homeologQ6AZHS Q7TON9 67.4 7.40
%2 ABEHERARMEASSHENEE
Table 2 Biological process of skin mucous water-soluble protein %

e )24 33 #& Biological Process

H#41] Proportion

HEWEf# Glycolytic process

/N GTP Wi F45 5% 5 Small GTPase mediated signal transduction
v L 3h 3 1 22 N iE Barbed-end actin filament capping

1 fiiZ % 1k Protein ubiquitination

[ %12 Protein transport

i 54 Gluconeogenesis

AR T Glucose metabolic process

JRZ G Urea cycle

R K K 4% 1 1T Ribosomal large subunit export from nucleus
KR /N 87 1 Ribosomal small subunit export from nucleus

IRH% & & Eye development

HEAC T P2 Carbohydrate metabolic process

OB SA A R I BE- /3T Ethanol oxidation pentose-phosphate shunt
=BG Tricarboxylic acid cycle

SAFEEFR I E FE Tsocitrate metabolic process

GTP & it GTP biosynthetic process

UTP 4 it #2 UTP biosynthetic process

CTP & it #2 CTP biosynthetic process

RNA R A&7 1 )3 81 T 5 FH+E Regulation of transcription from RNA polymerase II promoter
A0 I8 ZE 1 BHIFEAE I 3E A2 Tanslation cellular protein modification process
Z Z AR - A A T 2 Ubiquitin-dependent protein catabolic process
20 it 1) 2 L R A 3 A2 Cellular amino acid metabolic process

ki &R A T 2 Arginine biosynthetic process

N BRI 2 Fatty acid metabolic process

FARRACH 3 B2 One-carbon metabolic process

41 i N 2 [ 8 fi Intracellular protein transport

WS FA L FE Microtubule-based process

WS E A E 42 %% B0 Tubulin complex assembly

15.91
9.09
4.54
4.54
4.54
4.54
4.54
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
2.27
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IK i B . ADP A% b 2 £ Kl CADP-ribosylation factor,
ARF) (4 J& &5 B0 1) 77) 2, NEDDS-Z R 28 & i .
GTP(ZBER S H)-ZaEN 2 RESM. AN KRG
T 45 A T s i 2 k-8 M 2 K& A Friz-
zled-8 E5 AR i i 45 & 85 11 . Rab GDPo 43 85 7 il 51
mi A R 30,300 LK 2 Mt E AL G L B
EPUR R (AN R I BN 7] R U g B
3.03%,

LI FEHAZ %A GO Biological Progress 1 F,
K66 FIE S 30 Al fe, HrphZS 5k
AN GTP M HE S S EARZ, 7
R R 15,91 % F1 9.09% (£ 2), KEGG H#
iR .66 FiEAFEES 5 30 AR EE®RE
FUE 5 F s e, Hoh 8 36 2 R 1Y W) 6 WL
(9.9%0) HEREME (9.920) JBRAR I (8.900) IZ R A T
8 FUK AR (7,900 .

31 ®

3.1 KEREBFRAKBAEEANREINE

V2028 J PR B2 IR LA —Fh AR 57 i R
S5, BE AR A R R AR I AR IR LB — M)
T AT AR 22 i A ke 3 4 ) s R K AR .
5L R kR AR A R AR 1 5 — T8 Bl 2k FE AR BUR
JEAR AR b R ¥ EE DR . KB R AR
St P O LS AR W e A L S R T
N2 KA, 33k S ) T 7 B ok ) RE & 45 I 4 i
B, RE RN EY IR,

AR TR S B 6 5k R VK M R 1 R S 4
KIGFF A K R, 7T R R A LR I RE . 7E
MG A PR B 25 R R BT 20 Al e
REM JCHE 11 L AR 1T BE 5 K 50 Rz Jk G A8 0 B R AR A
RETIRER X, XEEABRGTAMREZEZ RMAHKE
FL. a2 £.02 £ 6 .12 20K I K # i .
NEDDS-ZREB G ZREAME., EHEZ %1
JE 2 Z PO 2 RIS AL R K OE B 3 Fh il
VA B A N 3 A Gk Nk HE B AT
A6 M 28 T OB e RO B Y A AR . A RS B, 2L
1A 37 ) 41 B 45 SR A 42 28 IF L 32 20T LG i A AR
PATEE 11 Bel-2 11 B il DA 400 4] 5 0 48 e 1) 0 1
S TR VIR UNIU R/ AR L IV s SRR S | R & G-
B BOTE F U NF-B {5 53 H4E oF R E 7 19
Feik, T B IS e o B0 R R 86 T b
AHZR 5/ GTP {55 5 S AHCHE 11, A48 Rab
E 1 ADP B REAL N GTP-454 % 1 .Rab GDPa

G . /N GTP B§f145 Ras (Rat sarcoma vi-
ral oncogene homology).Rho (Ras homolog gene
family) . Arf, Ran (a small nuclear GTP-binding
protein) fll Rab & FLA~ 0% . 2 5 8 715 20 1t 7 441 fifu-
BEJ5AAH EAE T L Sh LS & 1 E HE A0 N
BAEZRIIRE . MR 4 AR Ry S R s R G
(18— 43 2 HAE A DA 1 5F — 3 B T 2 Rl
G'TP B RE % 875 HORG R AL 46 A Ak Btk s 4R A
W DL Je A S 2 R aE . A BESE R W], Rab27
P e R 200 i bR T 1) J G A e AR L R TR AR E R
ARFERT IR W Rab5 BE 98 8 7 H Mk 40 i Y
WG TEPEVE R AR AN . BRI Z Ak SR 58 R
IR 5 5 516 K e 8 T3 I Mk e 5 A R 15 o T EEAR
AP RS A A S TR R RE FURS A o SE Y
PR A DR B 45 G R S o A T A L A
Az LA B RAE A
3.2 RBIEBRFMBEKAEZEONR AL EEE
R IR BOK VR 2R R BN B 35 1 S AL )
I BRBE T o ASBIF S e B M50 5 TR 266 Y 5 0 A 1 %
DPPH.NO,ABTS %) Bt H A7 845 (9 1 B 8CR L 1t
I RA BRI h e . iR & A Bis 45 2R,
P A A VAR TT BE S b o Sk S0 AN i B AL W T 2
PR BRTaX 2 R bt S A, R B TR K
HA AR A HE A B, 6l in HSP70 fE
UZ N =k SR AR o i = v - S Wil ] 2
figet > LA HLIAR S A A0 5 . A B 5 2 B R B iR
60 51 T RE 8% $5E = A5 B H IR AY B i M SOD i M, M
FETHHLAR BT SR BE 1 o A A B AR 51 10 SR A D
WO RS S TR 7 K5 1 B Bk 8 R 4
ARG RO Ikt LA R 47 i 0 S A L X0 2 A el R
DPPH H A 5 193 B 250 B 6 9 it 2
B 3 5 S A LA AR i e A v =
I AD ALK S 2 g it A SRR e & A SR E I B 2 7 Ak
F IRk e [ A et HILAA IE B 4 2
P E SRR . KW R TR W i A AR ) B
RE A5 TR BRIX 28 5 ph i, 3 AT B8 X R #5495 11 & A AL
AR & B . ) A AE 20928 W R Jik v e 31
— o KRB A5 418 HE 405 1A A A0 TR R R O R A
Vi 2575 R 8% A2 it /)N LR R be i i 51 L X BB A0 03
BIPIRG SE A7 B R W RE 98 0 i 1 10 AL 5, T X 28
R AT RS B K b i BT A AR TR PR SR

4 g w8

AR 6 e B R M50 B IR B K R A 66 Rl
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Composition Analysis and Activity Identification of Skin
Soluble Protein of Andrias davidianus
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Abstract: To study the components and activities of water-soluble proteins of the skin mucus in Chi-
nese giant salamander (Andrias davidianus) and provide a reference for the further development of bio-
logical resources of skin mucus,in this study, the skin mucus was collected by physical and chemical stim-
ulation methods to prepare samples of water-soluble proteins. The composition and activity of water-solu-
ble proteins in the skin mucus of the salamander were analyzed by SDS-PAGE vertical electrophoresis as-
say, bacterial agglutination assay, oxide removal efficiency assay, and Label-free protein spectrum. Re-
sults showed the mucus of Chines giant salamander contained various water-soluble proteins, with molecu-
lar weight ranging from 10~300 kDa. Among them, protein bands for molecular weight above 50 kDa
were more abundant, that above 100 kDa had more proteins, and that below 14 kDa contained less protein.
The water-soluble protein from the skin mucus of Andrias davidianus has the scavenging ability to 1,1-di-
phenyl-2-trinitrophenylhydrazine (DPPH) and 2, 2-binazo-bis (3-ethyl-benzothiazole-6-sulfonic acid) dia-
mammonium salt (ABST), indicating that it has certain antioxidant activity. Besides, the skin mucus wa-
ter-soluble protein of Andrias davidianus has strong agglutination effect on Escherichia coli and Aero-
monas hydrophila , suggesting that the skin water-soluble protein of Salamander has certain antibacterial
activity. Label-free analysis of protein spectrum showed that these proteins are composed of 66 proteins,
and 20 proteins are related to immune resistance, and 2 proteins are related to antioxidant activity through
molecular annotation. The water-soluble proteins in the skin mucus of the salamander contain 66 kinds of
proteins with molecular weights ranging from 10-300 kDa. The results of activity identification suggest
that the water-soluble proteins in the skin mucus of the salamander have antioxidant and antibacterial ac-
tivities.

Key words: Chinese giant salamander (Andrias davidianus); skin mucus; water-soluble protein; ac-

tivity identification; antioxidant activity



