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(. R EEEREEMBYES TR, WA HE  266003;
2. KRR A S B MR, mE K3l 354330)

oA

EFu, A, EKH

E: A HERNNE s fg(PL)E I R P W K MEAE, A RELT B H KB
5 8 fis BE B A (PC) By AR AN AL, BE UL 4 % x0T 3 g AR ROBE o 52 36 4 3 AN L 44 3% %t iR
RN 2B S0 45 2|8k e 40 X B 5PC, FATHNR R, FFRF“EAR R4 %% R A 65—
v & AT KRR RORL BT B PC U i B flg (LPL) & i ¥ fiE fif & (FFA)W 4l R An & B & b, #
AR BT B G KM ALEE . 45 R B, JLAYIE xH AR AR o 86 Mg A A B 4 4 5 R B . B e
Ay (PLA)). # e EgA, (PLA,). # s 88 C (PLC) X % i 8§D (PLD), H ¥ PLAE /&,
#k177.87 Us HAEM R N F, JLHEXNHPCE E HS516.45F F [F £ 146.14 mg/g, &
FFA4 B H36.42 F 7+ £568.57 mg/g, % % 7 th F2 fis fi B2 (PUFA) & 2 % fn 7 280.5 mg/g.
AT AE K AT AR B K R ERE AL EPCAE L, X IPCH Lt 5PLA R
FE M *(R=0.91) #F 5 K WA A 7= & F PCHE b 2 8 fls A0 B 8 fb B9 KA ML, H A= 4
FEHFFASLPC, HPLA AT &Rt P le i KRR A, ALHES T H
B AKBER, FWTRRT e ABIIE, bk & e 3 R sk e B o & 58 KR
AExTEL AL,

KRR LA, Bl shiRme; AMAHIE

hE53ES: TS254.4

WA (phospholipids, PL)&— 2 & 7 W IR AR I
BTSRRIz T AEwERNY, iR E
Yok IR NG & & — TR IS IR (EPA) . —+ ik
N MR (DHA) S Z AR A T2, B w0 ALk
W, BHATZEMED, B % E KR4 AL .
TEURZS R IR & B %05, Takeungwongtrakul%:P!
W 5E K& B8 LGN T X BR (Litopenaeus vannamei) ) HF
Sk U B AR B B A A% o B IR 9 82.51% 1
38.03%, JLAENT AT FE rf Sy K it 7 AR K LI B e
iR (FFA), FBUK™ Sk . KUK BUE S8 57
PG . HETA R 2 T K™ b e ik F v i BT
FAWWESE, KB 1) A8 b 32 2 i T AR A
A Bl A2 19 S Ak KoK i T 30, oK R kAR
F 3 5B 5HF(PLA, . PLA,. PLC. PLD)HIfI5 i
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XEkFRER: A

fiti (lipase) X, PLA,. PLCH] /K i i g 7= 4=
FFA. LPLE, PLDMEfL Hili#k g anPC. #ifs
Wt L BERE(PE) . 85 A5 156 H il (PG /K A B 8 i TR
TR L (4 A 1 Sk 3R T A 6 7K 7= b i i 7K
fEALER M GE . PR, ST H AT E RS TE 2B K
P E R 3 B v i N K AR AR A B SRl
ABIF 5T T4 U N LA T oF 0 A PRy i BB W g B A %
IR, ST ARSI K AR, Bk T S BRI
RRME 2, B0 T Ie K S IE R C R
WIAARGT T ML X R4 P ol i /K A L
UEAh, WA € 3 — B B B B 2 R (LC-
MS/ MS)iZ i 8% T 43 B A< 1 S5 14 7 45 44 %
R Bisn-1. sn-245 B I 105 R 4E B, v H I 557 s
K 5135 (ESI-MS/MS) HAA KE B FE v . B4 B
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R ESERS, M2 TR, HxXE
DUKS 2 s 80A R R IE o2 1, HOT R AR
%, ATt aHG TS AR R B A o B T AN,
R A P S 25 R B T A, TR XA
AT IS o B A AR, e R BT R R
AT 50 25 08 BUR A 9 h i R o A A, bl o
g i X PL AT 5 Pk o = 40 o Rk, A
ESTHL B 4 A FI = DU AT B3 19 45 e, i B
B 114 (precursor ion scan, PIS) Al A4 75 2k F
(neutral loss scan, NLS)XJ 8% g HE 25 7 A= B9 7 AF i
FHEAT A, RS L P s E AN
[F) P ke i 24 T U1 S K i iy I e IR A2 A

PR, A B9 SR FH0RE 1) A S S 38 A 7K
il 5, DN DL AN T X R A P B8 0 8 1R AH OC il
SIRYIPCYEH], I HI ] e 2 faf 8 1« 4 75 43
BT LA I 0T I A PN W98 i 7K A T FS R JoT 4 A
TR, BRI T BN AE R AR A oK i AR
AL . Ak, S T MARAE ZK ™ i v 48
N B 0 73, oK SR IR L AR K T R
(AL 25 2 pEHR AR 4

1 MRS 1A

1.1 MR RS

e FLARTE TR T & T A B 7K i i 4

gk alin) = ke . A T E Merck A
H 3 WEBENFRPC(14:0/14:0) . ¥ I 8% A5 P A5
LPC(14:0) (21 K F-99%) . F i iR X A ik 2 13 i
(4-NPP). A &2 5 It 0 /I T I % (DMPC) | fif§ i
R IRAE(NPPC) . MR AN . i AL
fitg . NEBRAAALRE . AR ID5 R (C15:0)H P 120 1 3 [
Sigma-Aldrich/A & ; Triton X-100, 8-FEH%-1-Z544
M2 (ANS). 4= & . RBEAR I Tt &R 3K
FERHEA A s HA oy E s Hr 4t

MS 3 B S25H1 8 5 ML, TEEIKALNF
GL-20G-1T KAS R R G B 0HL, [ 2 5 k22 AR
)7 AL204H FROF-, MpRRE-FER 24U ()
AT RES2CSHUNER 78 k%, Lifg W ok
RALER) s Milli-Qi4li/k 245, 32 [E Millipore
ONE T2V, IR SR AR A
FRAW; 680AIEEHR{L, 3% [E Bio-Rad/\ F]; HH-8
RUE P R A, R T W SR AL AR
6980N/59731 < AH (3 — BT 15 1 A . 1260RPLC/
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6410BY AH €115 — = 8 PO AT £ B B i A 2 Ry 56
[l Agilent/A B A4 77

1.2 ERfaig

e BB I PLAW TN MR K T U s vk g AE
FERLEE, KRR YRS T4 °Ci

13 FLAUEITEMA A B AE A A 55 47

B g 0 FE B K H Foleh%E "™y ik . TEVK
TSRS, FRELS gl TReprr, m A& s/ H
B2 1, vVEBEIEFE . 21, IS5 mL
Pl VeI M, BB SRR )G
FHE2 min, HhIE, S IR RN S, B
B R, WERTIREANZ, JoK R
KIG, 40 °ClER 78 B BT, TGRSR
IIATOmLE G/ EEQ 1, VWWERER, 14022 um
A HLIEI)S B T 20 °cCokAa, #5i,

BERG AR AAT SRS g T 4 2 T
TEIGERE ST BERR RN S . B S B R
JE350 °C; BE HLIES.S kV (+ESI), 4.5kV
(-ESI); Z5fk#8JE 7135 psi (+ESI), 25 psi (-ESI),
5 Flm/z 400~1000, #EFER2 pL, +PIS 184,
+NLS 141, -NLS 87F1-PIS 24143 %] ] F-PC/LPC,
PE/LPE, PS/LPSUJJPU/LPI e S PEF .

1.4 PCHItZER4h1L

< LAV KT IR 4R PN 5 T 1) 2 B A5 2 1
WElR S TR/ EEG - 1, V/V)ER Y, SPERE
JREAE A B Al Ak, BT mL T AL B O A0 A R b
W, Je)E S mLEDS/HEEG 1, VIVETR A
S mLH BEVENE, WHE HEBEvE R, AT A
B TANG/MEQ: 1, vVVEkTh, B8 Lk
PeAE, W BRI, AR TR &

1.5 B4BEME <ERHE BN L K IE M E

BERG AR £ EEARILLAL  VERA BRI AL B
JEES0 g T = AR, A3l A SFE R FpH 7.5,
8.0718.5/40.1 mol/L Tris-HCIZE ik, T4 °CF i
$£30 min, 10 000 r/min.0>20 min, B 5K
FHAL 4 ik U o 28 Bk B, JF 0 R T
DAt 2 8 T35 A5 0 Wl M T REL B2 W o 1) IS e I 1Y
4 i Tl AEL B2 Y T AR R BE S 10%~7 0% 2 B
W AT ER AT, AT S DA R AR, B
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T VRN G A S ) BB IR, B R AT
M) I FEER VR B . IR TR UIE, iR T hoE #
BOR BT 2ot 4, BERR R T %M.

R By B % 77 M) % Bl 3 mg/mL 4-NPP/f
RIEPEER™, KW AR R 470.2 mol/L Tris-HCI (pH
T2, BURYIE IR 5 ML « L(VIV)iR
5], 4 mLIBA WAL mL_E R $2 B a4k i) il
T, WHERA], & T37 °C/K 10 min/5 A1 mL
95% L VR IR A 1E TR, OD 4051 5 WK BE 1H -

HREEEAE MR BEAREEA T 1 5% 3
BR19TI 22 o 7E 305 o A 2.0 mLi) 5P B A5 (8%,
0.1% CaCl,, W/V)#12.5 mL Tris-HCI (10 mmol/L,
pH 8.5)Z& whii, JF /A 0.5 mL2HR & 1k () ik
TBAIETF37 °ClU 15 min, SRIGHCHRITEEEE.

BRReEEA,E A M E 450 uL DMPCH) F
W (40 mmol/L)F150 w40 0 R 40 119 FF I % W
(40 mmol/L)IR &, PR A1 mLKr, il il £
W 2200 pmol/L I DMPCE My v i ™, 18 1 il
o ASCTE W WSORR & 55 i 4 43 51 R 37711470 nm T~ il
Eo #4170 uL¥AE (50 mmol/L Tris-HCI, pH 8.0,
100 mmol/L NaCl, 5 pug/mLAFIfLiF FAZE 1, S mmol/L
CaCly, 10 pmol/L ANS)F120 uL DMPCJE 47 T
26 °CFARIES min, A 10 pL46 B 46 £k 0 il
(1 mg/mL)J5 FF IR SN, 96K 515 min Wi F 5
PIES S

BHIGEECE M BRI T

EERGERDE A SR TR fo e S0y S HE
HEAT I E P, 4450.4 mLJZ W i (0.1 mol/L CaCl,,
7.5% Triton X-100, pH 6.0MFF & IR 2% k)5 0.1 mL
GRS WOR A, A 0.1 mL A &l Ak 1) il
W F37 °CH 820 min, Ml A0.2 mL 50 mmol/L
EDTAW Wb, KIS min, B 2%
5, MA0.2 mLi 4% (1.0 mol/L. pH 8.0 Tris-
HCIZE mi%)37 °CF . £4,30 min, ODsqolll & 6
FEfA
1.6 1EHIBEAE KB R R

R 1 PLAREE X BFPCEE i 75 5 mL 0.1 mol/L
Tris-HCIZZ % (pH 8.5, 45 0.1% CaCly) il AL
TRV o T i AP O il 2 B i 1 B i il e
VR T AR A DG T g% % 110 mL pH 8.0490.1 mol/L
Tris-HCIH, H B 5 PCIE YR WAES = 1(V/vym

ANRIFERE T, 37 °C/US he FFHL2 mLAS[A]
[i] st A R L, A A/ TRE(2 1 1,
VIVYE, ZBUGBCT )2, 3000 r/mini.0>5 min,
REFEQK, #FIFFZ, 37 CRAXT, Rl
1.7 AR KR =4

PCAt £ R A ¥ 0% P ISP IRN
PR B8 A L o0 A v 8 0 E R AR S,
BN AR AR UE S PC (14:0/14:0) %5 AN ] il i i 1] 5
PCHEATE R0, +PIS 184 TPC/LPCH: 144
i, ESI-MS%# i@ 13 Mass-Hunter i 3% T 1F ¥ 5%
LI M AT, IESRPCE AL,

FFAM £ 2 &2 0 < K E AR B R
¥ i % M I R FF IR . (i FHP-INNOWax 1 % B
045 HE (30 mx0.32 mm, 0.25 pm), 3 33 SR (4 i —
T A T RR IR A 2 S B P SR IE— 1k
XF A A Ay W T AR T ARy, TR AR X B

B % K iR BE & A AL R K <k 5 AH
O Tt 3% 3000 > i R 0 g K S A R v O ]
[E) 5 (] PC 2 2 K 0) Asf [) 50 YR o5 OO AT

2 HHRE50M

2.1 FLYUEXSITERE H R

AR 206 SR FH B2 M R Y F S 55 e IR O
BT 19 A St PLAN T ot MR PR G AL B A T 43 # o
LGN R AR PN 5 o e T W B R hPC, o
JF i 760,989 16:0/18:1 PCAr TR & B %
HIKJEPE, PSHIPIE mEAL. BLAh, % w5
2, EEG LR IR Y LPCH i 5 i (K 1)
22 WRERSRENG G EM K

AR S G Al Ak O VR AT T Ak, DAAS
S B AE B I 7 0B B AH DG . 2% M pH 8.0F
JE Wi . PLA,. PLCHIPLDH®Y TG /1 K,
PLA {£ 2% M pH 7.50F il 1 1 fe K, Hofif pHER
HoAbBE N B AR . 276 5 IR BUSCR, € pH
8.0 $& L N il 119 Jpc i pH(FR 1)

SR FH L T e UV v 2l AL B IR Wl , X T
NG 7 . R R JpHIE AT A2 . BE B B R
B ARLRN BE A AN DTG i, AR R T AR Y R
FLfar g TPORI S BT AT A B SR N U E (812).
4 5 R 4 AR D PR 10% T E20% 0, b 35 93 TP
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2.0 1 760.9
g 8 1.5
= _{g LPC 786.9 806.9
g 1.0 R ——
H# 5 734.9
05 4 520.6 586.6 : 834.9
496i6 b 1 b s AllL L
0 - T T T T T T T T T T T
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At bE/ (m/z)
mass to charge ratio
(a)
8 - 764.4
o9 6
T E
N
5 4
# = LPE
| PR .
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4523 526.2 N il l‘h [ 8364
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8 o
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! |
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()
8 .
sg 7]
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# 2 881.9
5 ‘] l 909.6
L A JI
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J i B/ (m/z)
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(d)
E1 YRR — R R E

(a). PCHLPC (+PIS, Jfifif kb 184); (b). PESLPE (+NLS, Fifif Hi141); (c). PS (-NLS, Jififtb87): (d). PI(-PIS, Jiii fiif bk241)

http://www.scxuebao.cn

Fig. 1 PIS and NLS mass spectra of PLs from L. vannamei
(a). PC and LPC (+PIS, m/z 184); (b). PE and LPE (+NLS, m/z 141); (c). PS (-NLS, m/z 87); (d). PI (-PIS, m/z 241)
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=1 EHikpHIT A5 EE IR BN R 20
Tab.1 Effect of pH of buffer solution on extracting efficiency of phospholipase

pH JEWTBE/U  lipase BHIREFA/U- PLA, WEHRREA,/U - PLA, WilREEC/U  PLC BE/EAED/U  PLD
7.5 1.68+0.05 0.96+0.06 14.36+0.17 0.410.01 4.47+0.21
8.0 3.41£0.13 0.720.02 28.46+0.97 0.67+0.01 5.1740.28
8.5 2.31£0.02 1.52+0.01 26.36+0.45 0.63+0.01 4.50£0.19

E: BRSPS, T

Notes: values are expressed as mean + SD, the same below

2.5 1 A r 30
—~ = R
2.3 201 protein concentrationf 235
<5 -a- FiFIE ) 2
D5 enzyme activity 20 %
S5 154 =
=2 15 =&
> o W ©
%3 101 =&
= 10 22
—_ 0 =
=205 — A%A o
By & . FS5

0.0 ' 0

0 IO 20 30 40 50 60 70 80
TR R /%
ammonium concentration

2 BBEKRREBROTRER SRR AT 4k

Fig.2 Ammonium sulfate fraction precipitation curve

of phospholipase and lipase

WS 7 2 N, AR R R B AR AR,
Ui U] 3 SR 0 A R UUTE 5 Y O R BT R EE Dy
20%~50%HT, IR W I RN A vk B X LR
REREH; M60%I, i W i Tl S ) AR R
JEE R R, H L3 pHE B WILR48.50
R 227.04; B IR £ 10 A2 K 31 70% I 28 1 T TE
SR 60%I AT, H 3SR pHME 2 6.85, B
A CEB A B AR 0 Bl pHe BRI E, 5 22 60% 4
AL IR B AR AN B, T BEAR e ER AT TI0VE

St BRR B DTV S5, W K ff B S 1 $2 &
T 3~6fi5, AHH T4 Bl G A 2l Ak B b A T i
2K, AN IRl NG 28 AL A O TR) (2) . PLALTE )

®2 BEKBEBHIBEALER
Tab. 2 Purification summary of the phospholipase

W HHERRERE/U  2CERRRES /U Al fgk

o crude enzyme  purified enzyme multiple of
phospholipase . .. . .

activity activity purification
HeHig lipase 3.41%0.13 15.520.27 4.55
PLA, 0.72+0.02 2.64+0.12 3.62
PLA, 28.46+0.97 177.87+1.03 6.24
PLC 0.67+0.01 3.39+0.21 5.06
PLD 5.17+0.28 16.22+0.73 3.13

fems, FLEEE 1 UAR W EG . PLDR90% AT, A
PLA G IA96715 . K, PLA,W fE S LN
BEXTURPC & A= AR AL 1 SC R, MR 9T —F M ¢
P, ARBFGEHE—25 HESL T ARSI K AR

2.3 BB TKRRAR IS R B A T

ARG R SRAE LR A G A DL ML i
X R AR BRI PCOR K R, 5 2liAb s 1 B
JEWEF37 °CCR IS h, AN[EGrFFZEPCH &R
IR DG (K3), MPCH I HIS16.450 % T2
146.12 mg/g(P<0.05), /KA L E]71.70%, Hr
i B AYPC 16:0/18:1H172.20 T F % 16.45 mg/g.
I HL PUF AR i 5 5 540 RIS 17 2 784 (SF AW iR
i R (P<0.01), HAPC 16:0/18:2F1PC
11:1/18:111154.09F %9.21 mg/g, PC 16:0/22:6fh
36.56F% %10.22 mg/g, PC 16:0/20:50121.66F% %=
6.77 mg/g, KRR F70%, FBARIHLI N H
JLAN % R PCHE B g /K B VE R & 2B T 7K i
Ak
B NG K ARAE BB o 5w P RGBT AL
KR e 3E R 4R LPC, H & B Brig i,
MLPCH R M M ET17.197F 75 £304.10 mg/g
(P<0.01), LPC & (1) i 3 4% in 3% B I P PCHE

N BEAE FH R & A2 B K (6 4) o TR L I %) R
KN PCIsn-217 2 I PUFA, %[is 5k 5 Wi 24 7= A=

sn-1fZLPC, i 4 A% 9 A 7K fiee i 3% 07 fc s 1Y
PLA, %) 7K fift sn-2 5 A 15 B8 186 #4 7 2 sn- 14 LPC o
K, LPCHYRIEHEINATRE SPLA, I i Ko
Tl g 7K eSS H0L 52 0L v i 25 B T 1R ) A Ak DA
afi 1k 1) FL AT X R PC R IS MDD K Ml S, R
FHGC-MSF#T S /il J5 FRA R A8 Ak . 45 R iR
LY HRAR P 45 FIFEA & 11 5 35 1 i (P<0.01),
SAFFAH IV BT (1936.4234 111 %5 568.57 mg/g(5);
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Tab.3 Molecular species and contents of phosphatidylcholines from model of phospholipase hydrolysis
% E/(mg/g) content F&/(mg/g) content
p S — — po 4 > — —

Jﬁﬁtllj/(m/z) ' IJHI‘%M ' KR KieE JF A [:E/(m/z) ' lﬁTﬁJ% . KR KR

mass to ¢! arge ratio molecular species before after mass to cl arge ratio molecular species before after
hydrolysis hydrolysis hydrolysis hydrolysis
704.8 14:0/16:1 7.37+0.04 1.244+0.22 776.8 16:1/20:6 - -
706.8 14:0/16:0 4.00+0.12 0.93+0.01 780.8 16:0/20:5 21.66+0.14 6.77+0.01
718.8 al6:0/16:1 5.39+0.29 1.494+0.08 782.8 16:0/20:4 13.44+0.17 3.63+0.11
720.8 al16:0/16:0 4.11+0.02 1.03+0.01 784.8 16:0/20:3 21.18+0.02 3.73+0.01
732.8 16:0/16:1 13.37+0.43 2.64+0.01 786.8 18:0/18:2, 41.26+0.11 7.14+0.19
18:1/18:1
734.8 16:0/16:0 18.59+0.19 3.30+0.01
744.8 al16:0/18:2 8.53+0.17 1.77+0.15 788.8 18:0/18:1 21.56+0.01 4.11+£0.34
746.8 al6:0/18:1 10.63+0.02 2.50+0.12 790.8 al6:1/22:6 4.30+0.01 1.41+0.45
748.8 al16:0/18:0 4.14+0.01 0.94+0.01 792.8 al16:0/22:6 12.32+40.02 7.66+0.17
756.8 14:0/20:3 6.15+0.61 1.37+0.01 794.8 al16:0/22:5 10.29+0.02 8.31+0.88
758.8 16:0/18:2, 54.09+0.09 9.214+0.22 804.8 16:1/22:6 6.41+0.91 1.63+0.21
16:1/18:1
806.8 16:0/22:6 36.56+0.73 10.22+0.01

760.8 16:0/18:1 72.20+0.82 16.45+0.21 810.8 18:0/20:4 6.59+0.01 2.28+0.81
762.8 16:0/18:0 11.94+0.01 2.60+0.01 812.8 18:0/20:3 3.784+0.09 1.51+0.01
764.8 al4:0/22:6 4.04+0.03 1.6340.01 814.9 18:0/20:2 3.67+0.01 1.25+0.32
766.8 al4:0/22:5 11.86+0.08 10.83+0.09 820.8 al18:0/22:6 7.09+0.19 4.28+0.01
768.8 al6:0/20:4 4.11+0.11 3.3840.07 830.8 18:2/22:6 4.68+0.56 0.97+0.18
772.8 14:0/22:4 8.57+0.23 2.07+0.01 832.8 18:1/22:6 9.8240.18 2.894+0.36
774.8 14:0/22:3 7.77+£0.01 1.68+0.02 834.8 18:0/22:6 13.31+0.02 6.69+0.03
> PUFA-PC 343.13 108.89™ >MFA-PC 130.52 28.43
>'SFA-PC 42.8 8.8 >PC 516.45 146.12

e -ORKH *EREFE, P<0.05; s ERREE, P<0.01; FFH

Notes: -. not detected; *. significant difference, P<0.05; **. extremely significant difference, P<0.01; the same below

4 WBEEE K ARAR IR R o % I 1 434 B A RE AR
MARERTH
Tab.4 Molecular species and contents of lysophospholipids

from simulation of phospholipase hydrolysis

Ji 77 b HE/(mg/g) content
/ it — "
miomass  ATRR KRR KW
to charge  molecular species before after
ratio hydrolysis hydrolysis
496.5 C16:0 6.53+0.12 112.18+0.92
520.5 Cl18:2 3.20+0.01 7.74+0.03
522.5 C18:1 5.04+0.29 74.80+0.01
524.5 C18:0 2.41+0.01 109.38+0.03
YLPC 17.19 304.10"

http://www.scxuebao.cn

PUFA 5 it H 7K fff SV T 12,6514 /i1 5283.15 mg/g,
BRI Y R A D FFASL , o B i %
B3 LA v Xof R4 P PCAE 85 i K e I 1 T kAR
TR FRKAER, HATBE S PLAH XK

2.4 WEREIKRRIEINN N K RRERIE AL

A AL S ) A G K A S 0, T
TR S PCAEIL I M M 2 BT, RIIPCH =7
b 5 PLA, M 1% 1 A8 4k 22 [8] 52 A B 3% A9 1E Al 3¢
P, KA EGK0.91(36), HEIPLA, N MLYY
XiF WA P B B K B R R O OK R G HOR,
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R"5 BIEEEKRRAEIR M SRR RA R R S BT
Tab.S Molecular species and contents of free fatty acids

from simulation of phospholipase hydrolysis

#H#/(mg/g) content

e TREAS A 4 T Rh
- /min molecular KA K=
peak no. L .
retention time ~ species before after
hydrolysis  hydrolysis
1 6.99 C14:0 0.11£0.01 1.76+0.11
2 11.67 C16:0 10.47+£0.18  66.29+0.47
3 12.27 Cleé:1 1.67+0.01 34.08+0.90
4 17.49 C18:0 10.32+0.91 80.32+0.11
5 17.92 C18:1(n-9¢)  11.2+0.11 102.97+0.82
6 18.21 C18:1(n-9c)
7 19.36 C18:2 0.45+0.21 67.65+0.99
8 20.23 C18:3 0.09+0.01 17.33+0.28
9 25.69 C20:4 0.22+0.01 58.18+0.11
10 27.12 C20:5 0.81+£0.01 67.67+0.78
11 38.68 C22:6 1.08+0.01 72.3240.12
>SFA & 33.77 285.42
MFA
>PUFA 2.65 283.15
SFFA 36.42 568.57"

F 6 JLMEIMNIMAAPCE BE LS B K RS
BT RRE XD
Tab. 6 Correlation analysis between the activity changes of
hydrolytic enzymes and the content of

phospholipid in L. vannamei

MRAL R

e phospholipid
fgwifis  PLA, PLA, PLC PLD

PC 0.52 0.82 091"

0.14 0.26

PLA | 5PC /K fif Al 52 I — & I AH G . R LYY
VX WA P PC 3 BEAE W A /K A A DG B AE R R &
KR, JF B T IR B AR & PLA, 1 /E
FH ., DT UE B 7 7K™ it 9l Bl 0 0 sk 2 v 4 A
(1 A5 Ak 3 22 02 W A K ik A b A A K i SN
BB, JF5 R 0 R T AE G

3 v

K7 it 70 T e ik R o 3 A A R T K
i I T o1 N L BTy S W S (o
fE B & A 5 T AN B EPA/DHA % n-3 71

PUFA, 5 EAIKMAEL A, Wik 5 b g g
b7 BUIE He % R, WintherZs 51452 BB # Kk HF
(Euphausia superba)¥Fill & 88 H i () B I & & 2
IR SR E61.7%, PCRHBEIRM £ B2
—, AW IT A L M g T 2 2k A AT LR E X
WA P AR 4R (1), ZBLPCELPE. PS. PI4)
FHMEFEE., SEES, HEE00 K
PCH % 3 B H: LAPUFATY g F2(23), R FL4A i %)
RIS P & & PUFA, 5 Ali-NehariZ PO 57 45 5=
— B, AT K BRI Y 4> BN PC, PE.
PI%:, Hrh Fr & AUEPAFIDHA (5 5 I B2 A Y
22%~35%. PR UL E X MR N PC, i
— B9 & & PUFAIPC S Wi NS 7K i il 1 ¢ 2R
BREIT I o A B B K R HLER, XF TR 2R
il F R 7K e B R

AT A SHe 7K P S S 1 K A B R BRI A
F2 B K S AR SE BRI A R AR R K
fift A5 Ak o R B BF 5 38 A 43 A IR ek AR R B A
J VA B FF A AS A Sk oF 2 IR ot /K i 1% Bl -,
Takeungwongtrakul 55 ®' % B N 44 1€ %o MR 78 24 A%
I R, FFARK &SN, A HFFARIE &K
FUH I = B 080 TR & KRB K o AR AR
e, RIS I B4 2 s B S A — R
TR PO S0 T PC R FFARYZZAL,  [RIAE & WK fif
JEPCH i Kk /b, 45 J& PUFARIPC i 2 ) />
(%3), [FEB &M HFFAKRLPCE & 8 hn
(P<0.01), ItA, B W5 L P B K -5 o is
Fit 11 i F it 2 DD AR 1 21 ELJR M R B 4Rk
il 1T Jo R R ) K R AR AL R R, AR . KR
SRR A, HARRIERY, SR X AR R Iy
(A A 2 R iR AL s 25 xR 1% R LA
KNG B iz S B, e DL S B R K g AL EE 1Y)
WFFE o AW 5T 223 3 oo 2 B ML 40 T X6 R A4 P Y
Wl B RS B K e, EE ST T IR AN B K A AR 4L
R, HEBR TIRNIE R T, AT o S e A
IR AR, I A 43 M K A R S B TR 4R
KR FFA S i . PLARGIE 1407281k, e
TV O L 08 M % B A P K R AL B R A T R Y

A 5% TE BB NG K e S LR, Ak T B
BE BRI s, AW E % MR pHIE N 8.0, 5
Romero&5 ™% ) 1 5% {4 A H2 B # S T A, S Wang 25!
FEHUPLA, FIPLCZE W& 11 e i pH (7.5~8.0) %30T ;
F3 3 A A B TR T T 3 OO U Wl R M DG il 4l Ak
Z3~6f%, KIHAPLAE Iy (R2). TEK I
SWH, PLA,. PLASHI/E T PCHsn-143 Flsn-2
{7 s 4 9 72 4 LPCFIFFAPY  BEIE S CAE T H
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THUB A TR B e A IR TR, BEIREEDAE F T HERR
FEA IR IR (PA)FI ARG SE AT . Rk, 255 A5 K
e T 0 Ot TR R ) 7 ' DA LR IR A8 1k, PLAREIS /)
K FFAS 50 W3 pg 45 8, #EMPCAKE S
PLA, R HAH G . A 57 245 S 3¢ WA FLgh T8 o 0 4
WPLA X HBE R K i VEH B R, MXRES
1£0.91(36), Wang5“EZR TS PA] JE ) i ok 7%
Wk B N 5 5 I L FRA 3 1IN -5 PLA, il
% H1 AL B YA 6 (R=0.996, P<0.01), L4k, A
W 5T 38 78 PLA K FL AN I X MR B g 7K At Al 7= A=
—E R

Zr LTIk, AW ST R A B R H WSS AR
RGBT T LA X MR AR P s K g i
Je WA B B AR AL, TR AT AL B R R
E L RS HODR O MER R T RN LG
Y T WA P 8 4l 9l Mg B i Mg /K it il ST T AR A
IR AR S AR FR L, R s B K LB AT T
BWUF, xR R T HERR AR T, A R T AR 40 %
B e FFE. FFAS &= L FF X PLARGIS 71 097481k
TEOL, EOUL . MR Hb o AT I 40 S oK B R
B 7K FR LB, R K™ b S B Ik Ao 2 o 8l i
51 B AR A B AL BRI AR A .
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Study on hydrolysis mechanism of Litopenaeus vannamei phospholipids during
storage in vitro model system

WANG Xiaoxu', WANG Xincen’, LIANG Dong', SONG Yu', XU Jie'", XUE Changhu'

(1. College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China;
2. College of Tea and Food Science, Wuyi University, Wuyishan, 354330, China)

Abstract: Litopenaeus vannamei contains abundant phospholipids (PL), especially rich in polyunsaturated fatty
acids (PUFA), which was easy to be hydrolyzed during storage and to produce free fatty acids (FFA). The increase
of FFA leads to flavor, color and other changes, which affects the quality of aquatic products. Therefore in recent
years, some information regarding the changes of lipids in aquatic food during handling and storage has been
reported, such as L. vannamei, Pacific white shrimp and so on. However, the limited information on PL hydrolysis
mechanism during storage is available, which is mainly owing to the complex system of PL hydrolysis and the
lower content of phospholipases and lipase in aquatic food than mammals and microbes. Fortunately, electrospray
ionization tandem mass spectrometry (ESI-MS/MS) has demonstrated high accuracy and reproducibility in
phospholipids analysis, which brings potentiality for the study of the PL hydrolysis. Thus, to better understand the
hydrolysis mechanism in sea foods during storage, we established a model system of phospholipids hydrolysis for
the first time, which avoided the barrier of the complex system. We had extraction and purification of the
phospholipases and PC from L. vannamei, and measured the enzyme activity of purified phospholipases. What's
more, a fast and efficient "shotgun" lipidomics strategy was applied to analyze the levels and changes of PL,
lysophosphatides (LPL) in L. vannamei. And the content of free fatty acids was analyzed by gas chromatography-
mass spectrometry (GC-MS). The results showed that the phospholipases extracted from L. vannamei included
lipase, phospholipase A; (PLA,), phospholipase A, (PLA,), phospholipase C (PLC) and phospholipase D (PLD),
among them PLA, had the highest enzyme activity. And in the reaction system, the content of PC decreased from
516.45 to 146.14 mg/g. Meanwhile, FFA had a significant increase from 36.42 to 568.57 mg/g, and PUFA
increased by 280.5 mg/g. Furthermore, the study showed the close correlation between PC hydrolysis and PLA,
(R=0.91) by measuring the enzymes activities before and after hydrolysis reaction. Besides, PLA, also showed the
relatively close relationship with the PC hydrolysis compared to PLA,. These information, mentioned above,
suggested that aquatic phospholipases can hydrolyze phospholipids and produce a series of hydrolyzates, mainly
including LPL and FFA. In a word, this study indicated the hydrolysis mechanism of phospholipids in aquatic
products was correlated with the activities of lipid hydrolytic enzymes during storage, and PLA, was crucial to the
hydrolysis of PC, which laid a theoretical foundation for the aquatic food storage and phospholipids research.
Therefore, the suppression of lipid hydrolysis and the study of the complete hydrolysis mechanism will be a means
to maintain the quality of aquatic food stored in ice, which may be a significant research direction in the future.
Key words: Litopenaeus vannamei; phospholipids; phospholipase; hydrolysis mechanism
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