415 B Wl B % U R Vol.41, No.5
2020 4 10 H PROGRESS IN FISHERY SCIENCES Oct., 2020
DOI: 10.19663/.1ssn2095-9869.20190810001 http://www.yykxjz.cn/

RFKIUR, TR, BRZEME. B SR AR R A AR T 20 sy il BRI, 2020, 41(5): 168-176

Zhang JY, Zhang HC, Chen SS. Optimization of extraction process of protamine from Takifugu obscurus. Progress in Fishery Sciences,

2020, 41(5): 168-176

EOE A e REANRERTERUHR

REE T skt P M
(1. B#EE Ry BiE 2013065 2. B FRAKK SN TR AR R 20 (i)
RS TR ERF LR RO (BB E RS B 201306)

HE DA BF 80U %R 7 6 (Takifugu obscurus) i £ A 4 R, R ABRBFRR & E A, UHEE VT,
BHERLE, HETRENRRSH., 2RET, RRAFEANYHEZEEMRA N #RERK
B> A ESRBIRE>S% A E; RERM T LA, MBKE A 02mol/L, #EEFHEN 2.5 .
REAKEH 2K, SULEREN 25 F. BRI LAUT, B AT aEEANEEY 3.82%, &
B & B3Ik 89.01%, M IT 1 = bt 50 B 4 2 4 M Bt 68 I L 3K (Tricine-SDS-PAGE) ¥ £, #2 BBy #L & fF &
BH 2N, 2 FEQAE25 fn20kDa It . p T EABRBRAKLIN, BEAATbaEEoRE TR
aFEE, ¥, BARMHEARSEMSRE, 244 31.40%F0 17.39%., AHF 7 38 SR 7 4 & 4
EHERMNAEERRESFAEAEEE L,

ES5 40

thESERE TS254.4  CEAARIDED A

ARSI, RIHBEARRRAR, W
PAE R E S B, RO TR Z—. A
R H b AT DL HE] — v 2R BT, B fRORE R
H. fiks 8 H (Protamine) XFRKEHE H , J&—FP e R
PR 7K, AU R Fa b A 8, 25 DNA
ZEERTE RN, SFHATE 11~13 ZH(Xie et al,
2018; Egawa et al, 2008; Fu et al, 2019; Potter et al,
2005), fNFHEEK > THEEVN, H 30~50 PNEEER
M, PIETK, NETHE ., CBEAPLER, &
TR PR TR ISP (R AEE, 2015),
F T 00K 25 R IR 1 28 1) 2 2 o i HE R T At 2R
H A & MR DI RE . AR B R R ME— I ds e
A, ATHTANEEFEARE AR, [, BT agE
HEA RIFADAEYE, I, aTfE Rz m
AR (Gill et al, 2006; Kishimoto et al, 2012; Park et al,

B R, akEe; BRI TEMN
XEHS  2095-9869(2020)05-0020-09

2017; Gonzalez-Aramundiz et al, 2015; Sommers et al,
2017), BEAN, HORSER I8 ATy — S 5 B T
BLAr AR B S AR A, HLA ek . P TR RE
4 . RS ME R AR A AR SR T B B
PUE G, & — PR A A& AP 7 (Guan et al,
2017), I, TCiS7EBE A 4eA 2 B A Ak,
A EA & EZE A AN

NG FE DL DNA-SR H B S AE7E, HEE
BRI, ST, TR RK LWTT,  as &
FGRIRE:Y , A VLA RN U (A S5, 2014),
PEHUZ N . DNA-#E A J5+H,SO0,— i iR ok 2 A
+DNA+H,O( % e %5 1999), X DNA-#% & 1 il
RNA-#% 25 (% il FE M IF 5T 2 80, 24 NaCl W JE N
0.14 mol/L M}, DNA-H ¥ i AN R 7K P i i 1
M) 1%, i RNA-EER A S R, ik,
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EH] 0.14 mol/L NaCl R IiiE DNA-#% R F (MR 78 5%,
2002), KR FIZEARIR], SREUS S0 ok 5 (A7 e
WKZES . BT, ENIhEE £ 2 Ef (Oncorhynchus
keta) Flfil £ (Clupea pallasi) i) i 2k S 2 B ok
[, TR fili (Tetraodontidae) A% 2 1 U AIFFE 4870
i, AL R RUAE, R,
BB . SR Korl)E, EE R E . R
B ST R, A SR 2 N B R A i
R HE, 2003), BPA I RE RS R, AN T3
B T B A TE R . PR EE, JRE, R
] 7K F5 0T S 7= 249 23000 t, IR 7K 55 T i =
2R 5000 t, W SCZR J fili (Takifugu obscur us) 2 %
FIEMAZ —, FEIFEEXBUETTIN | R A4 2
X (5K 5E, 2017), VT8 H X 3= BN IR K 258 Tl
PR 7 4 LT IR K FRAE A 68%.

AT LA SCAR D il R 550 JEORE , R R 1 4R B
RSN, 6 MR, FITHRRIKE .
R . SR R] L PREORE . BREICELEE T 95% £
FH R A0S 26 BB S R, O i 1SS iR A
BT 2, BRRAERRT LA, @i+ ks
i PR M — 3R TN s Tk i ¢ JiE HL YK (Tricine-SDS-PAGE) 43
Mrig SCR 7 kG A o i, IEXT L R
BTN GE o AT i S G kA B A
K& X, DA T fi e R A R DL A b N A
i 24 Gk

1 #RERFZE
1.1 8 5iH

ISR 7 kG 82019 4F 2 A, Wifkiz i) Lonh
PR AL

NaCl., 95%Z . B . Bk FIBR IR ($4) R 43 A
gy, EZ5EM Fg AR A R AT F D8l
Y G-250. SDS-PAGE HLJK# . BeyoGel™SDS-
PAGE T (4%~20%), |28 = KA AR AR
/T3 2 x Protein Loading Buffer, KHRA{LFE AL
F)HFR/AH; Real Band 25 A4, 3E[E Marker Bio

Basic Inc (BBI); @ millid&, M dmAy T
FERFGERT o
1.2 (FEH5EEF

FJ-200 = #or g3 mbL, FiRAnARBR) 5 GL-
26M/MI 7 2R R TR E DAL, iRl A YR A
FRAF; AUW320 FLF4rHTRF, HARRE A ; B
MR RS, Ll REERHEAABRA R ; UV-1800PC %5

ARAT WA BT, i AR A IR 5 a3
iz E AT 1L-8800, HZARHAIZ/AR]; LGI-12 %%
THRAL, I EE Lo A AR 3 55 A PR 7 s DHG-9076A %
P P L R TR, IR 2 SR R A AT BR AN A
TY-80A/S WiAHE IR, TLINE & inthi s ashil il A
FR/NH]; DYCZ-24DN HLJKAE . DYY-6C AU KA,
AN —AERT

1.3 FHik

1.3.1 #&H& W W SR Ty ok SR SUR R )
FZE KBV T (R E LRI E A, ngsghdl
gy Rk BRNIEE), WiTKar, aRETEs RS T (R
425200 g), —30°CE A,

132 BRHEERERA >N KNI SE 5 %
(GB 5009.3-2016) { &5 H K AIE ) HFE BT
PRYE KM E S % (GB 5009.4-2016) £ 5K 4y
BRI 5 ) TR B P B K A I 5 AR B E S
(GB 5009.5-2016) { & &b E B E ) v ElR
ERDE; JRNIEZS%(GB 5009.6-2016) (£ 5 Ig
O R ) ) 2R G AR T o

133 BaAFHEHEFaRRIY T
i VR JE RS SR - S K> B0 — 58 LIHIR,
DUE TR BAE 1 IR—H,SO, ¥ R I — B L — I EE
OB BV W UE— 8 S EEDURE — TN Bk % — £ Bk
Y T fORS E AHLE .

Z: BRI LA (2018) Al SCEL 45 (2017) B 7 A FHAE
Bk, FREL 100 g BESUAR I ks 5T 2 25 L,
JIA 2 f5AF1 0.14 mol/L Y NaCl ¥, 219 1 min,
VKIBPERE 15 min, #E 15 min, T 4°C. 8000 r/min
B0 10 min, 7RI, DIEEEERE 1R, WEDT
U, A HySO,, 16— E R T HE—ERH, 4°C,
10000 r/min .0 10 min, YWHE LW EFHR, S8,
TEW T — 2 R 95% L BEvKIB DTE i % 5 2500, B
RULTE N EAPR G 2 I, LBEVER 1R, WikTIE R
W S0 AR i A7 B FURL o
1.3.4 AREBERIGERRENELRZSH

()BT Ve 32 %o B 8 7 T f 0 05 B 19 75 53R 119 52 T

WE IR R 3 5 (ml/g), $EHGREH(25+1)C,
FRIURFTA] A 0.5 h, 32X 2 7K, 95% 2 BT 3 % (ml/g),
O3 AR BRI BE A 0.1, 0.3, 0.5, 0.7 A1 0.9 mol/L,
PR 1R T 85 X5 W S0 AR T M 000G 2 P A 2R A 52 )

(2)BRIR FH 12 X6} Wi U ARy e R 2R A3 ) R )

PEERRBRMEE N 0.3 mol/L, FEBUREE N(25+1)C,
PEEURHAE]Y 0.5 h, $2HC 2 WK, 95%ZEEHE N 3 1%
(ml/g), SRR RN 1. 2, 3. 4[5 6%, &
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TR IR FH 0 X6} 5 SR Ty i 1K 2R AR B 52

() FRBIEONS s SR il ok B (A 2 04 52 )

WEMBHE N 03 mol/L, WiMRH=EN 3 %
(ml/g), HEBURE R (25+1)C, $EUE 4 0.5h, 95%
ZEEREN 3 5 (ml/g), s3aldE R BORECh 1. 2.
3.4 F1 5 W, BRHRBORECN B 8UOR J5 il ta kg R
(EESSF AR

(4)FREIRU S [ X6) B S0 ARt oS B A 2 04 5 )

WERBRUIE N 0.3 mol/L, FilHE A 3 4
(ml/g), PR R (25+1)C, $2I 2 K, 95%Z ]
R 3 A (ml/g), B4 PR H R 0.5 1.0, 1.5,
2.0 1 2.5 h, FRITHE A (] %] 1% 40 2R fii £ K B A9
I

(5) I X6} Wi S0 AR il oS B A R ) 5 )

WERBRUIE N 0.3 mol/L, FiMHE A 3 %

(ml/g), $EHUEFER 0.5 h, $#H 2 K, 95% LB =
3 f(ml/g), 43l HIERBGEE  10°C |, 20°C | 30°C .
40°CHI 50°C, FRIHHEBUIR B X i S0 AR Jr i 410K 26
R A T

(6) 95% & it FH 1 Xof 5 &80 7Ry B £ S B 145 R 1
Al

WEMMBHE N 03 mol/L, BifeHEN 3 %
(ml/g), HEBOREE HQ25+1)°C, AN 0.5 h, #
B2 W, ralidl 9s%omERE RN 1, 2, 3. 4
5%, BT 95% 21 o s 430 4Rt fr0kS £ 1145 R

AT
1.3.5 FABRFERFER LI R 2R PR 2 S 06 2%

W, RFERRIKE . SRR UK B 95% 2 1
FHE T Lo IEASSEHs, LATHE RS L0 45 T ol toks 2 1
F BB T A 550, LR 5K BT 1,

1 LGYEAKHHEHERRNT ZEXRREIHREAT
Tab.l Factors and their levels used in Lo(3*) orthogonal design of the extraction of T. obscurus protamine experiments
IR A: H,SO, ¥k B: H,SO, H& C: $EBUREL D: 95% =
Level Sulfuric acid concentration (mol/L) Sulfuric acid dosage (fff) Number of extractions (X) 95% ethanol dosage (1)
1 0.2 2.5 1 2.5
2 0.3 3.0 2 3.0
3 0.4 3.5 3 3.5

1.3.6 WAzl @& afRagnl HERRK
B 10 mg RECAHL RS 1, A BER K EAF 2 10 ml,
Pl B 1 mg/ml Y o A o i) gt
FrzE o

& A BERPCRE A X (DI

Rlzﬂxloo% (D)
Ao

K, RONKFSUAR Jr il (ks 85 AR (%), Al
HATUR(g), A WG SURT5 iR ST i (g) .
1.3.7 WS A7l AR A ST RE e E

R b 3 B R BN - R TR U I e G F UK
(Tricine-SDS-PAGE) X} 44 Hi i) i £ 7R J i £ 4 B 11 i
00T, DA i (0 3 A AR 40 - B it . 100 v
fH R IKZY 100 min, FRE TR EIEEER T ims
LemAb, fEikrgk, BUREERE, FH% DHmeiEye ey
4 30 min, PRI G2 SR S5 TSI I
(Compton et al, 1985; Sedmak et al, 1977; Schigger,
2006), M iE AL B, TR X B8 28 (R (i W AR 5%,
2004),
1.3.8 B4 & il &4 & G 69 R R 28 R, K H
GB 5009.124-2016 { & it WP 2 JE R i e 77 ) #47
FEA AL B

REER A S A& E: (@35 (4.6 mm LD, x
60.0 mm); SrERE: FHE 2B HRE .
57°C; KK . 570 nm(ffi %2 440 nm); 1 #iEZ%
WEBRE : 0.40 ml/min; SN : B =Bl 2
B SV RGRE . 0.35 ml/min; PERERE: 20 pl,

1.4 HEAIE

Frim s 5ok 3 W R SIS SEME , R Origin
8.5 B AEHEATVER, SPSS Statistics 17.0 # {4 HEA T4 4
it

2 ZER59Hm

2.1 BEQURAEEEERN S

I SR 7 kG S B R LA 20 IAFR 2 WT LA
Fi, SKEETE, K 80.22%; HUEHMEA, &
MR 14.66% ; BE M7 & & 8%, A S IR E 1 1.73%,
W, MER R SUR TSR T E R 74.12%,
NEWI 5 8.75%, U HH IS SUAR Jy ol i S & & 2 1
1 107 AR = 5, S A BB AF (2013)AF 5 1 ol
0K S A SV AR LA 458 — B
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*2 BOUERAHBENERES

Tab.2 Basic composition of the T. obscurus testis

843 Composition K41 Water

#EE F Crude protein

NG Crude fat K4y Ash

£ i Content (%) 80.22

14.66 1.73 1.60

T A4 g it

Note: The content of every composition was counted on wet weight

22 BYRATHERERRNIZEREIR

221 FRERESTE SR G 8 SR ORGSR
T PR Ak FEE o} iy 8 A4 it £ 0 B 1A R B R T L
B 1, IRHREE BRI X foks B R IO 2 4, BiRYS
RS E AL AR, BN AR AR, 4
AR, & YIRS, nTH YRR S B br
EEZEME, e EmEAER, HikERT
0.3 mol/L i, A MIZBUELWAA, %K 3.51%,
HBLIEAE G, RS BEWR MR RS, e, &
W B Y B R 23 AR T AR R R 2 5 K 3t A
(Omana et al, 2010), MIMAEIRER 450, FEE AR
A RERE A AR, BRAR T R RS i X8RS
XIHEE S5 (2019) I8 — 35, 23R B MR AH G 4 v e
MIBRIR 2 i kS R AR R T R B 1 i vl LA
WG SUR il f6ORS B 1 A2 B R TR B RZ I BH S, BT DA
VEPERR IR FE(H A 0.3 mol/L N idi B 41 o

by
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T
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N
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ORI il ek 2 AR
The yield of T. obscurus protamine/%
N
o0

0 01 02 03 04 05 06 0.7 08 09 1.0
HERYE Sulfuric acid concentration/(mol-L™)
BT PR e J3E X s SR T RS 2 1 A3
Fig.1 Effect of sulfuric acid concentration on
the yield of T. obscurus protamine

222 FERAZAELA T S EAFE ARG w

Bl F EXR A 2 m I 2. B M 1 ml/g
(RS FE L, FREH$ME] S mig B, fRE A
RESETHE . ERAL, REBTERNAR G Y
TRl A R /DB, R R A /N SO B i N 58
&, YRR PR A B T akS R A, S
MR FHHE R 3 ml/g B, R 2R SR ey, A B
IRENRFN, AkLedlnai iR, ks AR B/

R BERRAR, T2 R RO R BORAAR R K, 34 T # 4
PR MR UAE, g e TR R B e, A
T X 75 238 7 L 67 THT S ) o AR 2 A 3R B KA Y B
fERRR FHE N 3 ml/g.

w
oo

g
o
—

w
i
T T

—

» N
o
—

N
oo
T

RESUR S RE 2 AR
The yield of T. obscurus protamine/%
w
[\S)

1 1 1 1 1 I

1 2 3 4 5 6
FiBR Fi & Sulfuric acid dosage/(ml-g™)

P2 BRI T I S0 7R T A RS 2 AR R
Fig.2 Effect of sulfuric acid dosage on the
yield of T. obscurus protamine

(=)

223 RICRHTHE AR T 6 a5 & G/ R0

SR BEO HORS 3 AT R AR ILIET 3, WFEUR
Tt A 2t 2 WHRBUS , ARSI
W, A3 R BOMFEAR, BEHIFR A bl S Ry foo 8 B 7
55 2 WHEA PRS2, k2 A 4R U 2 in#e A
AP, FBEIRERSE AR Mk, SRPORE

2 WAt
}\l /E\.

N @ > by
oo N (=)} o
T T T T 1

N
n
T

|

1 2 3 4 5 6
HBKREL Extraction frequency/¥R

Pl 3 BRIRUREONT I SO 7t f60K5 2 1 75 A 52 )
Fig.3 Effect of extraction frequency on yield
of T. obscurus protamine

BEBUR  STAEE E AER
The yield of T. obscurus protamine/%

»
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2.2.4 PRI ATEEAR T S EAE R O F YR

P2 IR [] X6) W5 280 A 7 Bl #0053 P45 23R 14 52 1 D,
B 4, Bt EEESHE N 0.5 h iEK-F 2.5 h, BESCA T
fii 10K B A5 R AR B R R B, U I B A ]
At AR B B9 R . DU A BRI 1R $2 Ut
F, 0.5 h Ay, Bl 24 B ok 5 1 -5 AR 2 0] ) B
¥, BEE BRI, fREEREAL, TTREER
HIHE 53 25 R i o0k B TR K A, DRI, 48 K248
FRS 8 T ARTE 0.5 h BRI Sk . 256K F, 0.5 h
i, S A SR E R RIR L, 1534
&, PEBUR Ay, WGRBER I E] R 0.5 h H A .

by
o
1

»
=
T

et
¥}
T

g
)
T

N}
»
T

0.5 1.0 1.5 2.0 2.5 3.0
B A] Extraction time/h

P4 BRI ) T I S0AR D fii £0RS 28 U 38 0 52 )
Fig.4 Effect of extraction time on the
yield of T. obscurus protamine

WU el Ak 2 A R
The yield of T. obscurus protamine/%

(=]

225 RBEMNBELARF S EHEOHFENT A
P2 B 2 X6} 65 S50 2R Jr i £ 0 B P A5 2R 1) B2 ) D
Bl 5. R BEARET, X R E FARRAERIER, Y
IREE 10°CTHE S S0°CHY, foks & AR LT
A TR R A B IE Y T e R T 5y T
iz g AR, PR T A R R R AR, 2013),
kNI, MRS R AR R TS, miETE
IR RS, Ui RS B I PR, ARG
R E R AR M . SR, R X YT £ A AR
H R I I AR, BRI E A A6,
R, 76 1 fh 4R BRSNS B8 AR 1) ) BE %5 )
TEIRCE R P LA
226 95%CTERN BB ARG EOFEN
0 B F A X ORS8RI AR R 052 WL 6. Fifi
B ORI, W SUR Ty il ook 3R AR R 2 e
KIGREARA S, I 3 f5n, SRB R R A, gk
SR EEA R, R PSR RS TR, 1T
e O EE K, MR TERAMEN, g,
Kk, SAEHEN 3 ml/g.

40 -
36| {
]

32+

2.8+

WS SUR Sl R S R
The yield of Takifugu obscurus protamine/%

2.4 1 " 1 N I N I N I N
10 20 30 40 50 60

$EBURE Extraction temperature/'C

5 BRIBCIBE T I SUAR D fis £k 2 A 3 0 52 )
Fig.5 Effect of extraction temperature on the
yield of T. obscurus protamine

4.0

351
30F .
25+
20¢
15 ¢

1.0-— E/

WA T AR 2 1 5

The yield of T. obscurus protamine/%

0.5

T

0 1 s 1 L 1 L 1 L 1 L 1
1 2 3 4 5 6

95%Z. W& 95% ethanol dosage/(ml-g™)

K6 ] X I SR Tyt RS 2 1A 585 e
Fig.6 Effect of icy ethyl alcohol dosage on the
yield of T. obscurus protamine

23 BYAAHERERRNIZMRL

MR B R I, /0l AR R R BT . BiR
L PR 95% OB e B 52, LIRESUR
J5 B A0 3 AR IR AR bR, 4% Lo(3hilb AT IE 385
55, A AR UR R, S5 3,

HER 3 AT, 76 9 D eigmiitdid, 5 4 Anyde
BUSCR By, BAMSRRE] 3.04%; HUONE 2 41,
A RIRT] 3.01%; RZESHT A, 52 RS8R
D7l R B AR R IR C>B>A>D, HifE
VR B> T P B> B PR VA >95% L B it o W 8U7R
5 fifi fe K B R BRI T 2 A8 ABIC.Dy, RIER
PRV B 0.2 mol/L . BRI R 2.5 1% . $RBURECH
2. BOBEMRA 2.5 15, Z T L& M HEU
KSR AR T IA 3.82%, 1 145 SL 6 21 v s 80 7R Jy fidi
AG R,
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Tab.3 L9(34) orthogonal result of the extraction of T. obscurus protamine
S A: H,SO, ¥ E B: H,S04 fiH C: RIURE D: 95%CBEMT  yaysfi fo 4 78 148 %
L Sulfuric acid Sulfuric acid Number of 95% ethanol Puffer-fish

Test number

concentration (mol/L)

dosage (f%)

extractions (¥X) dosage (fi5) protamine yield (%)

1 1 1

2 1 2

3 1 3

4 2 1

5 2 2

6 2 3

7 3 1

8 3 2

9 3 3

K, 6.91 6.82

K, 6.28 6.47

Ks 5.89 5.79

k 2.303 2.273

ky 2.093 2.157

ks 1.963 1.930

R 0.340 0.343
WK A B,

Optimal level

1 1 2.09
2 2 3.01
3 3 1.81
2 3 3.04
3 1 1.87
1 2 1.37
3 2 1.69
1 3 1.59
2 1 2.61
5.05 6.57
8.66 6.07
5.37 6.44
1.683 2.190
2.887 2.023
1.790 2.147
1.204 0.167

&) D,

MR 4 AlH, ROERE

MAAREE, Hh, &

PR (A) . B IR FH i (B)RHHE BCR 1 52 11 (P<0.05)

B2 UKL (C) R 2 HUR 1Y
i (D) 4R HUR 1Y

H/
2

=2
iz

M (P<0.01), 95% & B

Wi (P>0.05), ey v 5 3 11 7%

RERFMKIOT B B3 REFMAL. 1Y
T I SR D7t £ K5 £ P B G o v R A A A Y
IRE g+ i MO > T > T R J3E >95% £ I8
M

FTa4 EXTWHENHR

Tab.4 Analysis of variance of the experimental results of orthogonal array design

J5 22 KR i 227 J5 e ¥J5 F 1 P {H i
Source of variance Sum of squared deviation Degree of freedom Mean square F value P value  Significant
5 I AL
B LA 6.165 8 0.771 28406  <0.0001 o
Correction model
U Intercept 80.772 1 80.772 2977.467  <0.0001 ok
Az LR Sulfuric 0.353 2 0.177 6510  0.0178 *
acid concentration
B: ﬁ,@ﬁﬁﬁ,g 0.373 2 0.186 6.868 0.0154 *
Sulfuric acid dosage
T
C: R ) 5.348 2 2.674 98.575 <0.0001 ok
Number of extractions
. 0 qE=p=1
D: 95%C R 0.091 2 0.045 1.670 0.2416
95% ethanol dosage
%2 Error 0.244 9 0.027

¥ R, P<0.05; **. ZRMEE, P<0.01
*: The difference is significant, P < 0.05; **: The difference is highly significant, P <0.01
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2.4 SDS-BRTA V5 B B% g AL B ik

A e 5 R — SR TR 4 T e 5 e FR UK
(Tricine-SDS-PAGE)#ff 12 5 SUAR Jr il b 51 v T B 6 P
B A o0 B A s A s UL I 7 1 7 w]
AU, TR R W SUR T R S A A B TR PR A
Mo 2 NN, ERBESHX S FREE 17~
25 kDa Z [0, 115, WSO Jy i foRG B 14 2 4% XAl
FIART AL 2R (R 51°h 0.7814 F11 0.8772, DIbRiEER
153 F it BT ECR DA AR, A XTI RS S8 (R B AL e
PEAT EHLR B30 (E 8), [B1JH &%k R*=0.9934, [F])5
FRER Y=—1.1073X+2.2321 ., IKELCZ: J7 fili fk 26 (1 1)
AFREAE IR 23.27 F1 18.23 kDa. TEAH G ks ST
B PR A BSR4 R AR X 4 R
R TR B AE 45 (2004) 75 i €5 (Cyprinus  carpio)it

Kl 7 WEQURJr i faofs 8 Tricine-SDS-PAEG HiJk
Fig.7 T. obscurus protamine
Tricine-SDS-PAEG electrophoresis

M: WG 1 Marker; A: WESUAR Iy fifi o0k 2 1
M: Pre-stained protein marker; A: T. obscurus protamine

21

20] =
=

219f

02 03 04 05 06 07 08 09
HAXTIERS 2 R
B8 AR o> T e b il 2k

Fig.8 Standard curve of the molecular weight

PRARURS B 4005 19 4315 (15.32 kDa) o ZRBFFE 4 U I
SURTT AR A A 2 AR, AT R N 2
2 5, —kER TP E AR E R, CRZEARS T
HA AW A OFTERY, M RPTREEPEE A
o IEA—, Bl BSR4k

25 BYRAHERERNSERAN

WG SR 7 i RS A A R R R LR S, A
F ST LIE B, T RURR FIORG SR A 2 % R B )
FEAImR, X E RSN 17.39%F 31.40%, 2
IR 50%. X S5XILD EFEQOONFFRII KRS
i #a.(Oncorhynchus  keta) ) 2 38 FR 4 B 251, 3
TR ER . WA ERE AR . R
HAEB) N 31.87%, 5% (Hypophthalmichthys
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Tab.5 Amino acid composition analysis of
T. obscurus protamine

LR oans AR ﬁﬁ
Amino acid type Content Relative
(g/100 g) content
KA Asp 3.07 4.84
TR Thr* 3.07 4.84
22 Ser 3.56 5.61
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H&ZA Gly 3.93 6.70
e Ala 11.03 17.39
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W2 R Phe* 1.51 2.38
5= R Lys* - -
AR His 0.3 0.47
H =R Arg 19.92 31.40
i 2R Pro 2.24 3.53
PR Cys - -
R 63.43 100.00
Total amino acid amount
BAGEERE 14.85 23.41

Total essential amino acid amount
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*: Essential amino acid; — : Not detected
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Abstract

The fish's testis, commonly known as fish white, is often discarded as waste owing to its

specific odor and is one of the by-products of fish processing. A basic protein, protamine, can be extracted
from the testis of fish. Protamine has the advantages of high safety, good antibacterial performance, and
high thermal stability. It can be used as an antibacterial ingredient in some foods in the field of food
preservation. It has obvious antibacterial activity under alkaline conditions and is a promising
antibacterial agent. Here, the testis of Takifugu obscurus was used as the raw material, and the protamine
was extracted by acid extraction. The extraction coefficient was used to determine the optimal extraction
parameters. According to the results of orthogonal test, the importance factors of the extraction of
protamine are as follows: extraction times > sulfuric acid dosage > sulfuric acid concentration>95%
ethanol; optimal extraction conditions are: sulfuric acid concentration 0.2 mol/L, sulfuric acid dosage is
2.5 times, the number of extractions was 2, and the amount of 95% ethanol was 2.5 times. Under this
condition, the extraction rate of protamine from T. obscurus was 3.82%, and the protein content was
89.01%. According to the tricine-SDS-PAGE, the extracted crude protamine has two bands with
molecular weights of 25 kDa and 20 kDa, respectively. Analysis of its lytic acid composition found that
arginine and alanine content were relatively higher, accounting for 31.40% and 17.39%, respectively. This
study is of great significance for the efficient use of testes of puffer-fish (dark-spotted oriental carp), and
also lays a theoretical foundation for the application of stag beetle (dark-spotted oriental carp) protamine

in the food and pharmaceutical fields.
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