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ABSTRACT: AIM To study the amino acids and proteins in 16 batches of commercial fish swim-bladders with
different origins. METHODS A high performance liquid chromatography method based on pre-column
derivatization using 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) was developed for the determination
of contents and components of 17 amino acids in fish swim-bladders. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was performed to analyze the molecular weight distribution of proteins from different
fish swim-bladders, and proteins in fish swim-bladders were identified by proteomics method. RESULTS The
result showed that the determination of 17 amino acids had a good linear relationship (R*=0.998 0). The average
recovery rate was 85.62% —109. 60% and the relative standard deviations of precision, stability and repeatability
were less than 3.5%. The total content of the 17 amino acids in 16 batches of fish swim-bladders ranged from
468. 31 mg/g to 620. 05 mg/g. A total of 688 proteins including 11 collagens were identified from 16 batches of fish
swim-bladder samples and a plenty of low-abundance proteins at 52-95 kDa were also detected in fish swim-

bladders by SDS-PAGE. CONCLUSION This study provides a good reference for the quality evaluation and
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further utilization of fish swim-bladders.

KEY WORDS: fish swim-bladder; amino acid; protein; high performance liquid chromatography; proteomics
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RRERR, Vev g . WAL R R, T By
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Ze10 MR O A SOk S = A A g, T
Y 12y 70% W Rk I T A E R a2, Ak,
W] BRI TR My il | i i 2 A fa Rk £
GO, SRR R B A AR AT
T FEAER, EAMR, ZHEY ) s
SEUE T R IR A BTN, R IRt
7 BRSO 17 AR LR A AR, H R R
EEAFAEZ S, Kaewdang %58 SR R 12 01 il 5 42
YU T i fif 4 £ £ B 1 RSB R AT T RAEAIE
5%, REMMETES | MRFEEA ., HAHRAE
B X i e 85 K /B0 26 1) T B A B P Y R
M BB I AR AT B3N S R 24 BRAE AT, Gk
AR SRe AR R ) T B £ T R R 8 1 a3 0 B SOkt
Febirse, EOA T R R U 1 ARG A B A
TR R, TR, X 2 B AR 5 Y B o A
P W53 HEA T 4 TR A3 BT FIOGT LE 6T £ SR 24 580 ot
Bt e o P AT B R S, Al S A R T
KRR A TS AR
1 #R5FE
L1 A 16 HLE SRR BT R& 211,
H R e R B A e vh 24 5T TP L SRS R B4 ot
PEIRFN DNA S A S JE I, S R A7 T RE K
PR PR, HERE R LR 1,

WIREEL (7 THEMFR) . KR (5 THY
P . R (Fka) . SROm (B . &
G ((agkal) (€ E Sigma /A F]); Waters AccQ -
Fluor™ 2 HE R I 52 177 & (535 4034882751) , 11
15 AccQ - Fluor AT R 2A AccQ - Fluor T Bt
2B, AccQ - Fluor MIFRZZ K . AccQ - Fluor fifi ik
AR v 17 M R IE G AR EIR R [ R
ZHM (Asp) . ZZRM (Ser) . BHAM (GClu),
H&Em (Gly), HAHEM (His), KZAM (Arg) .
500

®1 BBEFERER

Tab.1 The information of swim-bladder samples

His  HA g 7 b WSS
S1 SLWIKE Leptomelanosoma indicum EES| TN
S2 R Sciades parkeri fiqE7) TN
S3 18 161 i Genypterus capensis maE T
S4 AP Pangasius sanitwongsei EpjE T
S5 XG0 e Diodon liturosus IR T
S6 AL Lates niloticus TR I
S7 B Lates niloticus ] PR
S8 KAEME Lates niloticus A 7R3
S9 N1 Otolithoides biauritus Ep g T
S10 bR Cynoscion acoupa I} TN
Si11 il Otolithoides biauritus IR T
S12 ARWEIE Otolithoides biauritus Z&H TN
S13 B Cynoscion acoupa WivT oM
S14 A e Cynoscion acoupa B I
S15 &K Otolithoides biauritus RIKFE TN
Sl6 Wk Boesemania microlepis R PYE I

AR (Thr), WA (Ala), R (Pro) .
FPEERR (Cys) . BEAEMR (Tyr) ., BAMR (Val) .
iR (Met) , #izMR (Lys) SezdlR (le) .
LR (Leu) ., KNZIR (Phe), WIEHN 2.5
mmol/L], M) F 3¢ E Waters 23 A); BCA 5 H K JE
e & B R R S . I S A
EHB, EARSTFERME (6.5~270 kDa) | 6%
EHLHZEWR (LBRESREDHEREGR
NP

1.2 ALE  Agilent 1260 =580 AH (3% AL, Bl
G7121A FLD kxl s (EE Aglient A7) 5 Milli-Q
Balik 25 (22 Millipore A7) ; 10 kDa #BIEE
O EASY-nLC 1200 #8 FF 2% % A1 {5 3% X,
Orbitrap Fusion Lumos Jiig{¢ ( 3¢ E R K /R B}
EST/NIEIDIN

1.3 F#k

13,1 EHMR il

1.3.1.1 XS RH & RSB EGE Rk
2.5 mmol/L B 17 PSRBT IS, &
T 1 mL BT, Al KR Xk B8 S 3 T 40 S 1
BHk BE R 25.0. 50.0, 100.0, 250.0, 500.0.
1 000.0, 2 500.0 pmol/L F)Z %1 %f IR SR
1312 FEMIEWHI % B0.05 g BT 50 CHt
TREER AR, EERE, B TEE S,
JA 6 mol/L HCI ¥ 10 mL, 120 °C LA H 52 )
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24 h, B, BEIEER, A6 mol/L HCI ¥ #h
SRR BT, 1SOKARM; LS mL KRR RZE K
M., 80 C/KIRZET, H 9 mL 4K 3 IRPER
ET IR EE=Y), BRI S E 10 mL 2
JEERBZIEE, 3 0.22 pm JERE, B, HAERE
i AT A 3 AR ST
1.3.1.3 fifAtk  Waters AccQ - Fluor 7740501
2 4% B Waters AccQ - Fluor™ 2 R R I 2 17 &
Vi B A THAE S 1 mL AccQ -« Fluor i B 5)2B
IMAEIREA AccQ - Fluor fiT A 71Ky AR 2A #yiFIH
W, RIENRY 10 s, T 55 CHEIR/K IS hn 8 ~
9 min, HIFSATAERH,

T HEAE S A RORIX R S . 0 S 10 L
X B R ol A, 70 wL AceQ - Fluor iR
G 20 pL A7 KT 0.2 mL 2.0, ik
B min, JWHEIR 10 s, T 55 CHEBEAKBH N
M 8~9 min, BHI, HIFE,
1.3.1.4 @it AccQ - Fluor™ Ci {6, 1% 41
(150 mmx3.9 mm, 4 pm); ffFFBLAEKE AccQ -
Fluor iR £h-WE AR £E 2% vhif (pH 4.95) %1 : 10 #
e, VEMThAH A, 60% ZIE/KIEW MRS B,
FAREVEE (0~0.5 min, 0~2% B; 0.5~15 min,
2% ~7% B; 15~19 min, 7% ~10% B; 19~32 min,
10% ~40% B; 32~33 min, 40% B; 33 ~34 min,
40% ~100% B; 34~37 min, 100% B; 37~38 min,
100% ~0 B) ; /AR 1.0 mL/min; #FFEES pL;
FEIR 37 C; FLD Rl g8k P 250 nm, & HHE
395 nm,
1.3.1.5 HdEbH  RH Excel #AXH75 1 %L
PEAT b B, HER G =L (vxs) £, KRH
SPSS 26. 0 #AFHEAT T L5317 .
1.3.2 & SDS-PAGE 437
1.3.2.1 FEAFIER 3% Wisniewski %" 1975
I LAMGHE, FRECO. 1 g fEEFES, A 500 L
1% IRAE ARSI G PBS, WIEIRH 1 h,
HLBEAY 60 Hz BFEE 30 s, EAZMFE 3 K, A
500 pL & 1% 1R & & H i 40 6159 19 SDT 22 v il
(4% SDS, 200 mmol/L DTT, 200 mmol/L Tris/
HCl, pH 7.6), 60 Hz #f % 30 s, vK I 24 f# 30
min, P/KIES min, 100 Wi~ S5 s, HESs, 1§
HW#E A 6 K, BRIk /KE 3 min, €K%,
12 000 r/min &5.0> 10 min, B W, FBIRH &8
BI45, fdi ] BCA 0% 8 (A Ok
1.3.2.2 SDS-PAGE Zr#F  f#i ] SDT 2% vl ik 14 4%

£ BT AR SRSV E A 1 mg/mL, B 20 pl &
FAERE T 0.2 mL B.OE S, A 6xEH L
ZEPPWE, #E 100 C F & ¥ 5 min, &L LA 10
pL, BERCH K THE AT 2R 17, UG B A e fR
Fefe 60 V, HEA B IE R RLE R 120 'V, HLTK
ZEdn, % DR s R-250 K A YL (G 1 h,
TR (% 50% H . 10% vKESER) it
12 h,

1.3.3  HEHA AR E T

1.3.3.1 HEHAFRER S 2% Wisniewski
TR IR MG, B “1.3.2.1” WREH
JERE S, BT SDT 2% vl i i 7 o S8 2 A ot o o
W 1 mg/mL, B 200 pL & AL SR A 3
e T FH 300 Wl 8 mol/L JREFMEE, 12 000
r/min Z.0WAE 30 min, FH 300 pL 8 mol/L JREE
He—k,; A 100 wL 50 mmol/L #ll 2 Mk Fit ¥ W,
I A K2 30 min, 12 000 r/min B5.0H45; 8 mol/L
PRZ B 3 Y T 300 wL 50 mmol/L B2 & 5%
WIRCEH 2 0 AR ARG (1:100), £37 C
FiE it A s WA SE R, 12 000 r/min B0 TR
;] 10% =IO IR B LU 0. 4% 241k
JINE, BE AR E IR VR, T 0. 1% H R ZK
IR e EALI

1.3.3.2 LC-MS/MS ¥i#E RE  BHFMIRA
JRRE SR ) EASY-nLC 1200 44 F1 ik #H 2 48 i3k 47
IYES . (ARERER ] Acclaim PepMap 100 RPLC C,, T
(300 pmx5 mm, 5 wm) F Acclaim PepMap 100
RPLC C, /3t (75 wmx 150 mm, 3 pm); 3
2% Mg (% 0.1% HHR) (A) -80% L IE (&
0.1% &) (B), BEEWEM (0~14 min, 5% ~12%
B; 14~40 min, 12% ~24% B; 40~53 min, 24% ~
38% B; 53 ~54 min, 38% ~95% B; 54 ~60 min,
95% B); IAFHVHE 580 nl/min; #FFEHEE 3 pl,

i 2035 43 55 )5 A Orbitrap Fusion Lumos &
SR, BEFIEARTHR,; B 2.2 kV (I
BTHR) s m/z 100.0~1 500.0; 43983 60 000 at
400 m/z; BRESTERE N 3 m/z, H—fLhl i fE &>
40 eV, PEREFRERT 15 AR TR ST,
1.3.3.3 4872 B A A6 $0E SR - Proteome
Discoverer 2.0 % #F 17 & % %, B ¥s E N
UniProt_ Sciaenidae. fasta (3£ 66 963) . UniProt _
Ariidae. fasta (3£ 1 410 %) . UniProt_Ophidiidae.
fasta (3% 554 4%) . UniProt_ Polynemidae. fasta (3t
411 4%) . UniProt_Pangasiidae. fasta (3£ 21 731 5%) |
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UniProt_ Diodontidae. fasta (3t 344 £%) . UniProt_
Centropomidae. fasta (3£ 58 460 5%) , Kr RS D]
R R, SRRk 2, EEBE, A
etivcE oy AR A, HEH Niwmlmife, &

2.1 R&HABRASENE

211 RGEEHM BUGAALE X RS TR
FRERVATE, 6 “1.3.1.47 TW&AF T aEeEm e,
GERFW | AL R B 17 FhIR A E LR bR v S

FBRFHPERE <1% . FEG B EIE EIEIZIREE, e RYF, W T g
2 HREHW R rh B IR E e I, LR 1,
A
251
201
2 151
107 -
51 : 2 34“' 67 8
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
t/min
B
140 16
™ o
2 8 12

)

14]
40 2 8 11
s 67 9
o bk n Bk
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
t/min

H: 18 Asp, 24 Ser, 38 Glu, 4 4 Gly, 58 His, 6 & Arg, 74 Thr, 8 A Ala, 9 4 Pro, 10
ﬁ\]Cys, llﬂUTyr, 12 4 Val, 13 4 Met, 14?\7Lys, 15 &y e, 16 4 Leu, 17 K Phe
B1 =SEBITER (A) MEEER (B) HPLC REREIEE

Fig.1 Representative HPLC Chromatograms of amino acids standard ( A) and swim-

bladder sample (B)

2.1.2 EPECRFEE A “1.3. 117 WR
W B SN 25.0, 50.0, 100.0, 250.0. 500.0,
1 000.0, 2 500.0 wmol/L )4 3R % A S IR 10
pL BEAFf A, 76 “1.3.1.47 WA T BEREI5E
DL R br o S i 0 B G Ak AR (Y), X
N R AR bR (X)) AT, ANk 2 iR,
HE—E WL N, 17 Fha S X R B i,
HAH R EAE 0. 998 3~0.999 9 Z[a], W LIME N E
TR

2.1.3 HEHEIRE  BUKE 100.00 pwmol/L AYXT
WA AE VAR, 76 “1.3.1.47 TSR AT AE
6 UK, TIHE 17 b o Jik 1R 06 1o AU 22 {19 RSD, 45
KR, 17 P B0 T AR RSD R 0.28% ~
2.28% , FRUNZITEAE® RS, AT A
W17 R FERR A & I E

2.1.4 RUEMERS: B ST RIS, TE
“1.3.1.47 BT 45T 0, 12, 24, 30 hifkke
WSE AN [ I ) A 17 Ao 2 i e T A 7 A1
) RSD, Z5R W, 17 FREEERTE 30 h P I i F
MEE RSD 4 0.80% ~1.78% , FEHIFESHTE 30 h
502

x2 1THMEEBRNRERLZ, BXREREETE
Tab.2  Calibration curves, correlation coefficients and

linear ranges of 17 amino acids detected by HPLC

WER MR R MG (pmol L)
Asp Y=0.038X+23. 11 0.999 5 25.0~2 500.0
Ser Y=0.37X+4.52 0.999 3 25.0~2500.0
Glu Y=0.48X+11.09 0.999 9 25.0~2500.0
Gly Y=0.47X+0. 66 0.999 9 25.0~2 500.0
His Y=0.45X+14.73 0.999 7 25.0~2500.0
Arg Y=0.73X+12.9 0.999 7 25.0~2500.0
Thr Y=0.71X+8.58 0.998 3 25.0~2500.0
Ala Y=0.83X+19. 89 0.999 7 25.0~2 500.0
Pro Y=0.76X+12.28 0.999 5 25.0~2500.0
Cys Y=0.32X+5.63 0.999 7 25.0~2500.0
Tyr Y=0.86X+11.09 0.999 8 25.0~2500.0
Val Y=1.35X+17.69 0.999 6 25.0~2 500.0
Met Y=1.04X+20.78 0.999 9 25.0~2500.0
Lys Y=0.82X-17.32 0.999 6 25.0~2500.0
Ile Y=17.40X-7.50 0.999 5 25.0~2500.0
Leu Y=1.11X+134. 45 0.999 7 25.0~2500.0
Phe Y=1.68X+291.51 0.999 8 25.0~2500.0
EREPE R AT .
2.1.5 HEMRAE B S1S5 4y, 51730.05 g,

VATHI S S OYRESR W, AE “1.3.1.47 TURMET
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HEREIE , THA 17 Fha B2 R % e JF 1153 RSD, 45
RE/R, 17 MEER ST =EITHEMN RSD K
1.21% ~3.25% , FWIZ LN EE LT,
2.1.6  fnAERNSCRE:  HE M s R IR VR B B A
WS 60y, H410.01 g, KERE, & TH/E
B, W3 MMA—4l, B AMA 1.0 mL KR
47 2.5 mmol/L ) 17 P& FERR XS FR W, 55 4
A 150 L ¥ EEH N 2.5 mmol/L B 17 & LR
NFHE R, MR C1.3.1.27 TR 7 kK ke
fh, BUS mL KS#EFES, B TZEKILT, 80 C/KIE
7T, F 4 mL B4k 3 k8T 5 B E k=
Y, BRI E 5 mL s, A ES,
15 0.22 pm JEME, BUASFEMIER, 75 “1.3.1.47
TS SRR R, B — AL RE I A AR
itE Asp, Ser, Glu, Gly, Arg, Thr, Ala, Pro,
Val, Lys. Leu BJEICR DL K RSD; 38 i 55 414
b B E 25 2L, 1195 His, Cys, Tyr, Met, lle,
Phe B IR L K RSD, 45 5 W78, Asp. Ser,
Glu, Gly, Arg, Thr, Ala, Pro, Val, Lys, Leu [
SELA IR [ #E R 102, 69% ~ 109. 60% , RSD K
0.57% ~3.46% ; His, Cys, Tyr, Met, lle, Phe [1
SEH I RE 81 Wi R 85.62% ~ 108.00% , RSD Jy
1. 17% ~4.43% , JInAE ISR A b i 2 S5 o
S R 1 I K
2.1.7 AEEFER P EER T REIE 16 fL MR
FEMAS 30y, B3 0.05 g, KEEME, FIrHlE 3
DYFESVR W, 78 “1.3.1.47 T T SRR E
R ILE 3, 16 bR G AR 17 R R,
BRI S EAFE2E 5, AT 468.31~620. 05 mg/g
ZI, fENE LR, Sa s E I H AR,
IAF] 110.43~133.91 mg/g, 295 EEM 21.50% ~
24.35% , HUCHIHZEIR . K2R, A2
fR, bk 5 Fha B & &b R w1 60.42% ~
69.61% , AAEEH LA IR, KHR 57 6
SHERIRWARER A EMEAR, LB 516
mg/g, SMEERR G RIET, X5 BIREE T
FAHANLL,

Fa B ) LR S L RR AT VIR G, £
B ELAT R R I A LR RO R T P A R
REHER, HAR., WAL, KN AR AR
iR, 6 PR LR G & i S ARG 49. 77% ~
52.98% , fOEEAORS R T34 1R 56. 26 mg/g,
K s R e b 2 e = I L TR T, TEIRIT i
TR W RS DR BEAEE DA R

JrRLP . FEIG RN, a8 697 ks
WHFE RSB EAEE, XSS AR
e R AR A OGP

BB ALIN, A AR 20 g i LT
He Mgt il b ok o s 4% to A
Xt 0 ARG TS Y 16 A SOk IR T
10 FpeaZs, Ho S1~S8 skRIHFAE A BE aflh, S9-~
S16 JKIRE T Rl A J5 i fo 88 2 SR 7
WAAE—EM S, WS2 Ry dh 4 M#I I, KR
TaER IR (IR G, UM A Sk, A
468.31 mg/g; RIEMR B &R E SN S12, RiE
TaE AR VL f, H 2R S5 5 Ak
620.05 mg/g, IR S2 HY.S A EM F /LT S12,
0 S2 fr & AL h T R 5 A SRR A Y
23.5% (110.23 mg/g), @ I SI12 ¥ 20.0%
(124. 10 mg/g) , PE—2XF 16 b B S R 5
AT T F W o It el a R B, 45 R LK 2,
S1~S8 F1 S9~S16 7E45—F5E — F s FARREW]
DX TF, WAL R WA RPN A R £ 6
T 2 B B 25 S RN

. 6
S2
44
5 . 2 s
N S4
~ ]
= $15
& 0 S8 [
R W T
:ﬁ -6 -4 s9 3.1;2' e [0 a® Za s12
I ™ $10, s7 S14 S5
® S13 S16 1 3.1
-4

-6-
B ZERD124.43%

E2 16#tEENRIEERTH T ITE
Fig.2 Principal component analysis of amino acids

in 16 batches swim-bladder samples

(IR AMIDEER eSS S AN RN SRy eaaed
MU TR gz, = 5—mnifE, 25EMR
AR F BN —, IR Y A R S h A
RN TG AR o e - N KR SRR =
RO 22 5, NURE S e i i H AR
Mz . MR, FRARFENEEIEIR, [R5
Hetatr, QBgHRR AW 4) BT 5 A 4l Je B ik A T
gty SLEAE A o B T A o AR, DL 4
T, ZOULHD PP fo 5 Y BT o
2.2 &8P EG K SDS-PAGE 547 HIE 3
AAL, 16 it i 8 1 7R 4> iU i 52 ~270 kDa
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£3 I6HHEAEREERMERESE (my/s, n=3)
Tab.3 Kinds and contents of amino acids in 16 batches of commercially swim-bladders (mg/g, n=3)
HILR S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16
Asp 29.45 24.10 35.81 26.41 34.78 36.83 28.49 31.69 25.45 30.32 27.43 36.49 21.32 30.36 36.37 21.79
Ser 26.76 20.84 35.08 21.77 31.01 30.99 24.17 25.85 20.93 23.68 22.43 30.39 18.46 24.99 29.42 19.40
Glu 45.46 19.84 46.10 34.24 39.10 44.13 35.39 42.83 42.87 32.69 40.51 46.82 47.26 41.04 39.64 45.67
Gly 127. 64 110.43 123.66 114.96 127.79 124.69 127.82 127.03 114.34 118. 12 119. 36 133.91 115.05 127.06 132.72 128.55
His 10.95 15.54 16.44 10.28 11.62 12.26 11.81 13.12 10.52 9.70 10.63 12.92 9.34 11.55 13.05 10.65
Arg 58.42 39.52 62.15 43.81 66.07 70.35 57.39 59.70 47.89 48.53 49.87 69.89 50.47 59.45 64.84 51.85
Thr* 17.03 14.67 15.99 12.97 19.40 18.35 14.34 15.11 13.85 15.92 14.56 20.11 11.62 16.18 19.05 14.16
Ala 65.99 53.41 54.41 50.02 64.14 63.52 66.25 62.69 57.25 59.22 60.16 71.39 54.36 64.21 70.48 60.02
Pro 74.52 59.74 67.61 63.17 73.48 73.84 76.70 73.22 64.29 68.21 66.56 79.75 67.66 78.21 77.62 75.19
Cys 4.86 5.67 5.22 5.01 5.25 521 535 522 565 423 536 6.66 4.80 6.49 3.50 4.07
Tyr 3.63 8.99 7.54 6.42 6.85 506 3.58 6.61 5.68 505 589 7.73 2.72 4.88 9.12 4.41
Val * 16.83 18.01 18.97 13.51 18.17 16.38 16.53 18.60 14.55 13.76 14.31 18.29 12.92 15.70 18.91 14.26
Met * 10.16 6.98 12.70 9.30 13.48 10.71 7.82 10.28 9.13 13.54 10.07 11.97 6.41 11.38 15.18 12.34
Lys 24.77 20.25 23.92 19.44 23.51 21.42 21.98 23.87 19.66 24.31 21.08 26.29 21.42 27.57 26.39 24.61
Ile 7.71 12.89 10.89 11.40 7.08 8.53 8.22 10.75 7.12 7.43 7.12 9.23 6.75 8.56 10.35 7.43
Leu 16.92 19.87 19.82 18.96 17.16 18.13 17.54 20.42 17.12 17.55 16.83 20.84 16.26 19.40 21.75 17.74
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