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AT SRS R B D Sk BH AT TR R R Y
AR E TR

fERhm R B, BB AN LR
X A B A R B, HA R AR R IR
JBT 2 e SRR S At A ROR A i, B R IR N R
B EEMEAE . AU R Y,
S HF R 2 o 1A 5 A9 20%~25%,  FF 1A FE 5K (hep-
atosomatic index, HSI) it & T HAth fa 20, &3k
14 Jig 5t AR 2R 32 0k [ T Ak Wl W 0 AR U
BRE S G RAIEERR (B 1), BBk E
TN = WEH I (triacylglycerol, TAG). %2k M
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HH (alkyldiacylglycerol, ADAG), ¥EE (wax ester,
WE) 3 o 14 g J52 R i A6 5 4 G 1 8 M (squal-
ene, SQ) MU 5% (pristane), LI M /b & W) B is
(phospholipid, PL) FlJIH [# [ (cholesterol, CHOL)
(%1 2), 3 FhrbAg B QiR e 2R B Y 2 2RI,
Hof e nl P S e 2R B B B Ak s A A 1D

PR 4 TR B ) 2 N T 2R B B IR s S

i A PR HE A J5 o I A5 i F) 3 A A AR U BE 7

B A FE R e e i Ay FEAR XY N, X

RN BRI S FRATRAIRTE , Foxfit— %

{2 LR AR B AR 2R 2A Rl 878 X — B R

A S, O X ORI R R B S
W B TR

R EH NELia erET‘q EHfattly acidls
. digesti {H glycero
£y dissolve F{{?S transport e T ) ekl
food ADAG manoacylglycerol
Jig s e
fatty alchol
= W2 e spiral valve
stomach KHEMG TR
long chain fatty acids
BRI H vk
manoacylglycerol
SNEPEREZE . IR 5 JiE B fatty alcohol

AR A2 11 L et
aacetyl-coenzyme A produced
by exogenous carbohydrate,
fat and protein metabolism

K 7 R B 2
long chain fatty
acidstmonoacylglycerol

HEWiRE  —————~WEFIADAG
fatty alcohol

WETiE % 3 I intestinal mucosa on spiral valve

—  w TAG

LR SMEHETAG
aacetyl-coenzyme A A (- #  PUFA 415%)
storage exogenous TAG
(mainly composed of PUFA)
‘ WiETE TAG
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L5 JIE TR ' o P .
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Fig.1 The lipid metabolism pathways in sharks
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L1 BERRRASNEMEIRE

BRZBER IR, ZHEE T TAG,
WE M H Y . SEEEmEAR, &EHRT
WA EAT ZRALARIE AL, UL, ZRCE R
rE", apEdEEsEXrEE", EEDZ
2 H BELPY A HUBRE T AL A0 B WO e s PRI AL
R A G 0TSS5, NG 0 o A DA S S
(1), FEBERRTHABER B 73 I I A, SR
N T 3 SR, R AR 2 A D7 9 P TR A ) i
BT AR BB, R A IR ER A AR
7 LA D /0N B 0 S R AR R 7 T
(10 42 S 1 B T AR 5 A 7 A ) JIEL R D) LA [
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B iR, E TN So-BEGR R ER (5 alpha-
alcohol sulfates)!'™. g 7 1% i A o g 7K gt g s
A T B NG I R (free fatty acids, FFA). H il .
FAEH I (monoacylglycerol) A1 i i B (fatty alco-
hols) 8", N4 458 & (Triakis semifasciata) JiE
& T A 1 kK AR TAG I WE, Hirr, K
fift WE 3 B AHXT 5002, esh, ZHCEmIEN
14 1 i 107 TG X TAG 19 1-R11 37 fig i AR LA ks %
Fesede, B PERCAE 1 025 10~100 F51 1,
JERVR T 0 SR B i (R R 2 5 AR BE DY, Mulley
SEPVLE /N SN B (Seyliorhinus canicula) W) [ iE P
oI L TR A R L 9 I L 3 W ) A A AL
FEbE,  RO7E RH R A7 7 1 18 00 T AT & 2k i 1
PN A 7
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Fig.2 Structural formula of lipid storage in shark liver

BERE A v K s M R D K T, A R
% £ JIg 5 2 (short-chain fatty acid, SCFA), £
FHRSE L % B 40 M AE T B A AR R RS A
SCFA il i Jiit £ 3 Ha 21 S JE v B0 ek 4 A ™ i
fitt#7, WA B 531z i 25 2 2L LA A Ak
FEREPY MEVS BN TOK BN WK f R, AN
B H M A 5 IR IR (long-chain fatty acid, LCFA),
W55 7E N b B 4R v EOB & B TAGR™, 3 4
LCFA 7E Ji7 18 B A FH T 938 Jit A A0 1 1) B s e
A5G W0 WE 2, G TAG., WE 53
A5 85 [ 45 & B FL BE UKL (chylomicron, CM), il
IR R G A MG, KR SR T
FEAE Hp S 224 A /D CM gz i Z LA g A7
B T % 25 o A R 2 R ke R AR P R D
FRINFE AT BR, X8 LCFA HBE K MRV & 5%
e, DMRSFIE ST T 4144, Beckmann
S PTG R & (Heterodontus portusjacksoni) [
PR A B, R 10 5, FHOITFIE LCFA 44
S B YR LCFA 4L, B9 B IR iR &=
LA, YA ERERTORE, L TAG
Rz = LA A B AF . Ah, BT
PR MK AN R DT PR A0 AN TR 2 21, FRmR 5
s, WK EFILA G T RR AR 53 ] LA ER.
A FIAE Wi 2 (monounsaturated fatty acid, MUFA)
FEAMEFIHEIATA (polyunsaturated fatty acids, PUFA)
g B

1.2 ERRERHNAREERE

FERE & 5 69 & i B EIFIE P4 s
U7 PR i 5 O i o SR BRI S IR i A . £ TR
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fitf A(acetyl-coenzyme A) 1E £k Ki 1K N 5 5B £ R
(oxaloacetic acid) 45 & B FTF B IR (citric acid, CA),
¥y 462 iR 2L it Wl (citrate lyase) B £k B & HE H 19 CA
L0 O A, AR IHAE —BERR IR (aden-
osine triphosphate, ATP) Flif JiL 1 4 fiff 1T (nicotin-
amide adenine dinucleotide phosphate, NADPH) &
AR TR, VRN FE TP R gl £, HE
Y e s BN KEZ AR (long-chain
polyunsaturated fatty acid, LCPUFA), T8 o R
AR AT K, TW A S RES K", Kk,
BRAGERME AR, HFEENE
ik H B MR RAR BRI, W 14:0, 16:0 Al 18:0
L HAE N AP FIEE T A8 14105, 16:107
F118:109",

# 2% H 54 1 (de novo synthesis) i I5 1 R 7E
JHFHE 9 AT E — 25 B Ak o TAGR . Wi &8 H b AE |
I B (glycerokinase) U AE T # iG 1k, 4k 1 78
Tk 2L 5% RL B (acyltransferase, ACT)EF T, 52
ST FIREEGHES A(acyl-coenzyme A) v, A4l TAG
(& 3)" %1, Sargent ™ & B, HIEME (Squalus
acanthias) - JE o H O & B, LA
AR, RUAFIEZ TAG & E25%0, H TAG
1) J e ST A T PR R Y

% 25 1 RS WA T A 3B IR (acyl-CoA redu-
ctase, FAR) i #& NADPH 7 I [t 4 i3 A i )5 fig
Ui B, P 3 R A5 B BE (wax synthase, WS) fi 1k
JIE 177 TR R0 i 7 e %) e T e 1oz A= B WE(I&] 3)P, JHF
JIEN TAG F1 WE #8105 0 5 IR LA il Ao S8
i, B % B IE P TAG F1 WE A B R AH
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Fig. 3 Schematic diagram of neutral fat synthesis in shark liver

1, 2 Fh i i vT 68 76 I 20 0 i AS W) 40 i 5 b &
B, 2K ADAG T8I IE N B9 & i 72 AN T
%, fH Friedberg 551NN, ALY A H R
WAL o B L TR T ADAG 442 i 2= AFJE
FFRE P /R % e 49 B A%, Bakes %P #fF 5%
WoR, WilEEFEN SQ &btk =™, WpgJr
5% (Etmopterus granulosus). KX [G3] & (Centro-

/3>

scymnus owstoni)™ 1 £8 & (Dalatias licha)™" 55 .

JFBEH SQ M A HUR R A A%, W B4 A
2T £ Bk 5 B A(acetoacetyl-CoA) K& AR,

BN B-2-B-H N k-l a 34 5L (B-hydroxy-
B-methyl glutaryl CoA reductase, HMGR)(&] 4), SQ
e LA E— 2L 45 Bk CHOLP™ ™, [ itk CHOL £ %
B AN iR AR AR o T LB 1Y SQ 7R A B [H
4 R (lanosterol synthetase) A /E FH T 4= Al 2%
BBk [ ¥ (lanosterol), 57 i CHOL, Jf 1] it —
AR R T FR AN [ B R 7 4 5 B BIFFE I
PRITEISHFIE N SQ Al CHOL & BUik A2, 5l
JEREIN SQ %1k A CHOL FY ¢ Bt il = 6§55 i A Al
B2 S AEAE, LUBIE— 20 BRA# SQ il CHOL #y/f:
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HPEMER, O & 28R N T4 37 RS 4R L g
o

2 BRI K R AT 2

21 EREWAANESR

F AR R 28 10 FFA R E M4 5
HAY, HLLEH LCPUFAY, BX MR, FFA
HARE Hizhn, SUCAERY, BHEMEFREIR
2T LU A8 R, MR R AT IR
FE ) = 4 45 0 A s K A FH 1, Atallahbenson
ZEW Otway™! 38 538 1LV & 1 AL UK 3 01 TF B 4
% (Carcharias taurus) F'8: 0 & (Ginglymostoma cir-
ratum) LG P B A H o EE H R[] P A AT
REFFFE Tk, HEGEEMmERE, 5%
TN Y & A T8 % FFA A Retf e v
BRIMW P AT AMIBED, 5 CM. HRIR%
% JIg 25 1 (very low density lipoprotein, VLDL).
1% %% 2 g 2 11 (low density lipoprotein, LDL) il
%% £ 1§ 75 1 (high density lipoprotein, HDL)*, %
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acetyl-coenzyme A
+ ———® 0 HO
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LT LT A A

acetoacetyl-coenzyme A

S %iﬁi < A x
squalene NADPH

p-F2-B-FP IR k-4 A
p-hydroxy-f-methyl glutaryl CoA

=R =R R
trimethyl dodecatriene pyrophosphate

0 OQ OH

—
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Fig. 4 Schematic diagram of squalene synthesis in shark liver

2 CM B EH 5 g AL, DLz A A
£ TAG. CHOL il FEA" 1, H 4% 3 Fh Il iz 4 4
T FFAM, 1 J Sk W6 I & (Notorynchus cepedi-
anus). HIEA % MM & (Galeorhinus galeus) Il 7K
LK FIER Y, DL VLDL Al LDL 454538 i 9 U
FEME TR (palmitic acid, C16:0)%”, Mills 254 & B,
- % 3] % (Centrophorus squamosus) [l & ' VLDL
i, LDL Hik, HDL A, 3 FlEEMAS
B By 025 0 g 2 11 A9 SR Al B B AR LS, H
VADL 1 LDL % & 5 ff & i A7, {H HDL &
ERT i R = S
22 ERFEEARANER

i 23 R A U R TR P R M
(4 B J52 it A7 TN 10 2H 21 (adipose tissue)™ ™. Ji§
H LU NG 7 20 LA B, A AE T 2R 1 AN ]
TAL, W EE (Paralichthys olivaceus) WEEE FE AL
7 4 (Plecoglossus altivelis) 1) 15 BEMETBALA . LA
I KA F i (Clupea pallasii) F1#K J] . (Cololabis
saira) W TIRIESY . BB HNTIRITAA, F
BRI AFRR B>, SEEE M L, Bk
JFRERCR, JoH R RH T R R MIR G,
H HSTH K T 25% 1, Remme 55 ™) 3¢ & 73 #r
3FpE R AU & i, RS O R A
HZU) 30 /% LL I s Davidson 55 " I Pethybridge
HEUIIREI, BICWE R (Sphyrna lewini), FESk
WEE & (S. zygaena) F1 18 PP IR 16 & 2 AE 4 &L i
i B S O NERE SR LA S

e ST E YA A DAL B 1 Bl JBT b S e A
%, TAG Fl ADAG HI T R &t 1 J&1 1 % 4%
1M WE HI T i A7 2> 3 5o JH e N At A7 AR
FE SQ LIHR L 1, AEgi bR B, I
WEN PL 7% & 3 IC H = 22 B IR WEAR ok (DR &N
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phosphatidylcholine, PC, % & 85%~97%), MMt
R (K5 M5, phosphatidylethanolamine, PE,
T 3-13%) A/ O BERR (cardiolipin, CL, &<
2%), %5 EE AR SR, RS E
N ZRLAR K | PL 1Y @3/w6 PUFA & & Fb (]
TR 2e, FEREE . R B A& W 4k 1 AH W)
MIIRE AT, BALRARIE L PL A1 FIAS i
M2 (saturated fatty acid, SFA) & & W &, Xnlfg

SRGERE A, FERRR B HA L,
23 HAREBHMERANER

Jig 0 R S Ak R ML AR 2 g it ik 45 1 2 Ty
K, BARAHLUR N5 IR A KA 7E 3 2%
S0 Speers-Roesch F5° g T s B T% (Chilos-
eyllium punctatum) /A~ [F) 220N 2 5[5 i iR E AL 1)
OCHERETG M BTN B 1 2 S A K B e
BHE. ERmOhETh Rz, LA TR, #
DU JHF A1 20 257 e AN MO s D IR SR Ak o X 5 R
AR, L0 AR 7 il Takifugu rubripes) 1) 1T Ik
IXREREAENE T, BRI E AL ACTARAREY =51k
W8 (Oncorhynchus mykiss) W)L JJIE A1 L A 2H 218
g 107 1 S Ak K T d 2 T I

& 5 A 21 3 R R 4K (ketone body,
KET) A fb=fg. 7EMFNET, BEWIRR B A4k
(3070 L TE A e A 7E B A 1 (thiolyase) fiE AL T 4=
WL BE LT A, PS5 LB A LE B-EE-p-
FH O k-4 B A A B (B-hydroxy-p-methyl glut-
aryl CoA synthetase, HMGS) FWEH T4 ETE HMG
CoA, #— R h KET(E 5)%, A #f) KET
Bl 1V 2 i 2 A A 2L, Hoas AN T B R R
H FFAN 24 fk KET (14 88 7 38 o A5 I 3- 15
Mok 46 it A ' 75 il (3-ketoyl CoA transferase, OAT)
1) & R PEAL . OAT RERF KET %% 1k & T il il

R E K P72 22 3240 sponsored by China Society of Fisheries
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A A =R IRE IR (tricarboxylic acid cycle, TCA
cycle) A= R, fempben i, A i iR 7E T
W EAEHEATRRDI R p 4L, 55Ul KET, #
iz iy 2 AN SV AT AR R e AR R, Wat-
son S5 G B, ORI 10 Arerp B2 R 28 E
HMGS % #8585, 1 OAT & i AR, 7E LA A
O JUE R D 25 SR AR B, 2R W I PN A= A 4R T

LB A

acetyl-coenzyme A

AAFIH KET %Ak ™= fg, 1 AL AL IE Y KET
AALBR T, X5 Speers-Roesch 1 3¢ T 5 5t
W Mt a5 ] — 3. SR, KET fE R & f 2
IEH A RS T W E 2L, VLR I AR
S RRARRE VR, =A% R T AR g by, A
KET &R TR, JrisfZEN A b6, %R
aYfE, HAFIEN KET A BRI 57 B 25 TR,
2R IRUNI

mitochondrial membrane

D

aYa

D

O

L BEAEE A

[l
2CH,—C—SCoA acetyl-coenzyme A
(@) (0]

0 I LBt TSR A
H,C—C— CH,— C—SCoA

acetoacetyl-coenzyme A
P-F-p-HUX IR A AR
f-hydroxy-g-methyl glutaryl CoA synthetase

O OH [0}

B-F2-p- TP I RR-Hi T A

I | I
HO—C— CH,— Cll— CH;—C—SCoA p-hydroxy-S-methyl glutaryl CoA

CH,
~ CH,COCH,COOH
— AT —
acetoacetatae
BFET TR T ARG

p-hydroxy butyrate dehydrogenase

i 5k
dehydroxylation 3

CH,CHOHCH,COOH CHsC%CHz
|

pETHR
f-hydroxy butyrate

\

acetone

S

fii{4 ketone body
5 EXFIEAEREERREE

Fig. 5 Schematic diagram of ketone body synthesis in shark liver

3 RFMESR B AR & SR AR KR B AT
fEH

3.1 RFRERRFRIRMEEE

BN IEAN Y 3 Fh A R JiE Bt TAG. ADAG
I WE b S EARREY) B, YT KRBT, fE A7
TP HIE £ P PR R SOK A Hh A FFA, FEA 34T
g Wi g B %A1k (B-oxidation) LA f=RE . JHHE N FFA
FFAE TR LTS, SCFA l B4%3E A, LCFA
D)5 38 3 TR B 5k 3 2 A2 1§ (carnitine acyltransferase)
R mARAREET N, 8 A5 D5 BR TG 16 S AR It
it ALLZ 5 BAAS, IEWIRR pEH A HIE ™ E
ATP, H7=¥) 2 BEA#E A 1873 TCA cycle F1% 1L
W51k (oxidative phosphorylation) j=4: K i ATPY,

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

Speers-Roesch % 1V 15 s, BEAT & T HIE P9 A 0 1 1Y
B A % 5L %% B2 [ (carnitine palmitoyltransferase,
CPT), JiFS2 T CPT 2 LCFA HHT B EAbitcsd, 1k
Hb, TE BEAT T A oA T S A R T A
Sl (hydroxyacyl CoA dehydrogenase, HOAD) A
DRI RS AL (carnitine octyltransferase, COT)'*,
HOAD [FIF:Z: 5512 B A fk, COT iz fiit ik
YIEEHA (peroxisome) E AL HHEER AR (medium chain
fatty acids, MCFA)"*",

RE LS T, I A] ol S 2 A B NG B
fEfF R RE®, W N & (Carcharodon carcharias)
JFF IO A 1 2 285 SR 5] (34.10+3.20) kl/g, 1 ILIAI
A (18.40£0.10) kI/g"™"; K& (Lamna ditropis)
WDk BE IR, FURFIE A TR TAG(80%) ™
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1444 KopE o R 45 3%

FFA =t BE MY 1 3£ 4> T, Gallagher &7 &K B, 2
PSRRI B S . B—AYE& (Carcharhinus lim-
batus) FKEE B & (C.leucas), HIM 3K+ FFA ¥k
&, Y{E ST A 0.80 mmol/L A1 0.67 mmol/L; i
FHXTIR M 2 1 %, B RARIE AR, Hoili % FFA
e B AAT 0.13 mmol/L, I 3% P 22 A it A7 SR I
Ui TAG We 0w, mlak 1.66 mmol/L.

3.2 FPBRBEFRIRMEIZ N

R AR BE R PR B M, SQ 1 WE
() % o 0.86 g/mL, ADAG % &} 0.91 g/mL,
TAG % K, 7 0.93 g/mL. I FAE 7 =0R
Wi E A 22 5, B 2508 o 8 HIE N 45 AR 2
JE i T DA PR U R Bl BE 7
o LR B RATE N B 2 26%~60%, EE
153 TAG(72%~80%), (L&A /D SQ Hl ADAG,
Ui SI AR ER 88 77 A2 AR BR 3 07 5 TR e 28
LI LR B H A AR TR SQ AT B A R PN YR M
SQ HAFLERFHEH (7] 35 B g & 5 1Y 90%) UL 4E+F
0, WD REREHARS S, IR X
R AEME S A, g N & 7E KB T
P AR v 2 AR R I IE N A A IR B, S 3L
SRR, AL (drift rate, UFshEIER
R oy i) R NY, Pinte %517 X 3 Fh i 86 2%
B IR & R B, 2RSS % (Emolleri).,
PR O % (E.spinax) FI VY 3K BE & (Isistius brasili-
ensis) £ EARGE R AE7E 0, B2 LR R 0K
I pA

3.3 MEEERAYERBRRHTES

BISEIAE L IR AR AR 3 Fh AR g O
R ET, HARA KRR TS, WidiEk
BT R RE i S 7% i BRI AR AR AT

b A 2 TR R, AR R B W BT
T AR R OP L (yolk) $2 L7, B S
BERJFRESR LAY TAG. Wt H il (diacylglycerol
ether, DAGE). WE fil PC"*™, Hrf, TAG & &
&, 290 IR SIS B Y 36%~55%, &K
HFEENRERRE™, PCEMMETREERN
BRI, v S5 G ni kW I AR 0 ik 4 il & B T
X URIE S S A A T R 4 R R i R B,
k7SR (docosahexaenoic acid, DHA) f& 7 i i
() PUFA, XT 4% I FIpf 28 R 458 R B M IIae4E+r
BRAE, WAL, WRAGINAEA: DGR (arachidonic
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il

acid, ARA) ¥ B 2 31l & AR 9 &5 1 8 i,
IR B F IR & . Beckmann 57" X I [C J§
TR B, R BG FN BRI PN B S 2
FLA s AR DG, BR R GE i A BURE G 1Y B T
B 7z B 2 O 4 i T ) SEAE DA B s R R
FIE IR NG A& & B 1Y B .

BN IR AR 0 B 2 OP B AR AR N AL, (HIR
G BRI E L . AR S 19 4 hT AR B R
T B Ak S SRR L 25 1 IR (HIRN A D4R
A B B IRAGE 57, WNBUE R (Hexanchus)
N4 18 % & (Chlamydoselachus). Castro 25™ #ff 57
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Lipid metabolism and its physiological and ecological effects of sharks

LI Yunkai **, XU Min'
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Abstract: As the key species, sharks play an important role in regulating the structure and function of
the food web of marine ecosystems. In recent decades, due to the continuous increase of global shark
catches, the resource status is not optimistic. Eighty percent of marine species are assessed as near
endangered by International Union for Conservation of Nature. However, the lack of knowledge on the
basic biology, physiology, ecology and other important life history processes of sharks hinders the
effective regulation and protection of shark resources. In this paper, we summarized the lipid metabol-
ism pathways of sharks and its effects and the differences of lipid metabolism between sharks and tele-
osts, in order to further understand the life history of sharks. Shark’s liver is the primary organ where
the lipid storage and synthesis, fatty acid oxidation and ketone body formation occur. Digestion and
absorption of lipids from diet is the exogenous pathway and lipid synthesis in liver is the endogenous
pathway of lipid accumulation of sharks. The lipid metabolism pathways in shark are unique compared
with those of the teleost fish. The free fatty acids in shark’s blood are transported by binding with lipo-
proteins, while those in teleost are carried by albumin and usually have adipose tissues. The oxidation
of fatty acids in extrahepatic tissues is limited, which is more dependent on the metabolic capacity of
the ketone body which plays a limited role and is only used as alternative sources in the teleost fish. Tri-
acylglycerol and free fatty acid in shark’s liver are the main energy sources, and squalene can provide
additional buoyancy. During reproduction, female sharks provide nutrients for their offspring with yolk
sac. The fatty acid profiles in the liver and muscles can be used to investigate the trophic ecology on
ecological roles, resource partitioning and nutritional physiology of the shark species. Understanding
the lipid metabolism pathways of sharks is of great significance for revealing their evolutionary pro-
cess, understanding their mysterious life history and making effective management strategies for shark
conservation.

Key words: shark; lipid metabolism; trophic; fatty acids

Corresponding author: LI Yunkai. ykli@shou.edu.cn

Funding projects: National Natural Science Foundation of China (31872573); Natural Science Foundation of
Shanghai (19ZR1423000); Shanghai Leading Academic Discipline Project (Fisheries Discipline) and Laboratory
for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science
and Technology (2017-1A03); Open Research Fund from Key Laboratory of Oceanic and Polar Fisheries, Min-
istry of Agriculture and Rural Affairs of Chinese Academy of Fishery Sciences (2019-3)

https://www.china-fishery.cn R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

	1 脂质累积途径
	1.1 脂质累积的外源性途径
	1.2 脂质累积的内源性途径
	肝脏中脂肪的合成
	肝脏中角鲨烯的合成


	2 鲨类与硬骨鱼类在脂质代谢方面的差异
	2.1 脂质运输方式的差异
	2.2 脂质储存方式的差异
	2.3 组织能量供给方式的差异

	3 肝脏脂质在鲨类生长发育和繁殖中的作用
	3.1 肝脏脂质提供能量
	3.2 肝脏脂质提供浮力
	3.3 肝脏脂质为幼鲨发育提供营养
	3.4 肝脏脂肪酸组成揭示鲨类摄食生态

	4 展望

