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(L o K= B2 0B SO K = R, AR 2660715
2. RIEHFERFAKT= 5 EAr ¥, LT KE  116023;

30 B RS S BRI FS I S e R S e I RO RE S A, IR H ) 266200)
WE: YHRATRZEFET Z K% FEIA F du bk B P i % 2 2 8 (free amino acids,
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AP E ZFRTFEOMREENAAR T FEEARERNL S, M FARLEHIET =
HERTENAF bk B FFAASH S ERE W HAE, £REF, AEFBEAFZRRT
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SEUE LR I35 35 TR DL 25 IE 8 0 A A s 2L
W 3¢ 2l ) 32 AR EE P A OB 2009 18 35 He I 35 AL ]
BV 9E 55 40 i #b 8 715 (anisosmotic extracellular
regulation, AER)FI% 12 41 e 4 77 (intracellular
isosmotic regulation, IIR)“, 44 FLi5 5 Kk A AR
R, HUATE Jeii o AERDS #4715 . AERTE
BLRAEAEEE S AR, SRS FEAKSE A JENa'
MCIHY iz DL BRI B aEE T, il # i 2 21
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r D = A B DR AT 9015 i 4k L v AL S
1 o X AR AT R B AR E I ik T2 i
FEMVEH, (e R BEAEE T, AER Y /2
FAE— W RRME, e TIRA 1 77 20K & %
BRAER, BT HA 5k E P FAASE &
M TTRR A B P 8 i3 R

RITJEN, A0 B B A R I 52 )
Wy 32 SR MCRE LA VA F5 1 90k 132335 ke S
I bk B L 2 5 AR S S A i 3
HFAAstL HEZ 5B BRI kM,
H 5 sh Y LA 4 SR FAAS K 1575 15 R T8 7 e v
W, R sl . s AU FAAsGE
SRR, PRI PR AR N “FA AR
Gread %5 "WF 53 I\ Ky #5 B8 (Callinectes sapidus) LA
H Y FAASXT 5 35 5 I 55 19 5Tk =35 70%,
U, LA ZUR Mk B2 BF R FAASS 5B B TR
PSR OCHEY SR 24K W =P8 + B (Portunus
trituberculatus) A R HRIE , FAASTE =W &
hEGHAEBERMANTEN, UAS5BE
JEVA 5 /E B FAAsIE & 5 HoAh F 52 sh W) 2R A
TRIRAMBETY o A SEE AT T = P00 8 il ik
B 55 AL A 4 4R v i S 4 AL PR (free amino acids,
FAAS)A - E 5538, LI it —20 i Bl FAAs
TE = PerR 18 58 52 38 0 v 4R FH AR SRR TR

R E SRS RES

1.1 SEIe#

SCEUS T 201548 H H [ K Bk B 5T e 1
K= ST T B B T R OK 7 SR A BR 2 R SE 5
S UEAT, SCEAREE 100 H S 1) = PE i 1 &
CEBELTS, MARCE AT (100£10.0) g, B
T3m’=E N KI T, KiE24~26°C, #HE33,
BEsna, BRESRIBERKEK, SrEd
W, R
1.2 XWHE

SEIGEREE YIS 10, 20, 40, 50, FEZH3A
A, N RRYLN IEF K (R EE33), A4lii120
HR78, SLEWns ds, FEILNEA LR H
b ER 12 OB A i EOUL PR I ik I, A
8% =& LR (TCA), DLIEE M, A I mE,
ffiZ ¥, 75 1°C, 13000 r/min#.L> 15 min, fi#
BT, BIABHTCARR B IK . i wlk

£, MO B30 mL, ¥&¥%30s, KJZ A
R R WG I —FhFRWAAR, DA H 37.835-507 4 L iR
A 343 Hr i 22 FAASs.,

1.3 HIENGITFE S

K FH STATISTICHK A4 Xof $5 40 47 e 11 2% 4%
Mro Xt 8URIETT Z 0, AABEZES, HE
Duncanl[CZ 5 [LH, 458 H V2 8 +hr o 25 3%
/N, P<0.05H 255 W3

2 iR

2.1 IEEEKIAMIMMNKED RS ER
(FAASRIARR S &=

SE ARSI T 18R FAAs, L PRI I b £ e
S S 2 RE R (total free amino acid, TOFAA)43 il
4123.57H1502.67 mg/L. WL H & & i i I FAAs
M Arg (522 mg/g), 5 TOFAARK22.15%, k4>
%M Gly (3.71 mg/g). Pro (3.55 mg/g). Tau (3.30
mg/g). Ala (2.47 mg/g), & EAMAYANF PRI
(Cys, 0.13 mg/g)4r 3l i TOFAAM15.74% .
15.06%. 14.00%. 10.48%. 0.55%, Lk H Tau
R R (142,68 mg/L), (5 TOFAA 28.38%, Hik
I35k Arg (61.50 mg/L, 12.23%), Gly (60.43
mg/L, £12.02%), Pro (53.95 mg/L, [510.73%),
Ala (39.71 mg/L, 17.90%), & & &AKn N H
AW (Met, 1.56 mg/L, [50.31%)(F1H1#£2),

22 HEMETAAPIHFESEEERFAA)R
ENTK

R EE10~500F, T AL TH TOFAARY & &
B 5 B2 19 38 Jin ML 18.48 mg/g N 5136.65 mg/g, Tt
f 19848, YGMIiE BE i 35 (P<0.05). Pro. Ala.
Gly. AspHIGlufy & &t 55 £h BF 5 W 3 1E AH G
(P<0.05), H & ST EUR KB I Pro, #hE
Somf H & & o tont 9 7.224%, HikAla
(3.991%), Gly (3.831%), Asp (3.83f%), Glu
(2.51%). 7S, B E N Arg, Taus HA
FAAsKE % £5 B 1 T JC B B A8 T (3R 1),
23 HEMETIHEFHFESERERFAA)TE
Fpfttd

Bt ER B s, Ik KL TOFA AT 35 & B &
AR BE B9 T 1 T (P<0.05), M403.97 mg/L
Wn%]652.78 mg/L, FhiE1.624%, 4 i 2%
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Tab. 1

The free amino acid concentrations in the muscle of P. trituberculatus at different salinities

mg/g
#hJE  salinity
FAA
10 20 33 40 50
REHR Asp 0.060.01¢ 0.12+0.01° 0.17+0.03° 0.12+0.03¢ 0.23+0.04°
JEFR  Thr 0.28+0.06" 0.23+0.04° 0.37+0.04* 0.39+0.03" 0.37+0.05"
225 Ser 0.26+0.02° 0.13+0.03¢ 0.33+0.07" 0.38+0.06° 0.26+0.04°
BEE  Glu 0.43+0.03° 0.83+0.05" 0.74+0.08" 0.810.04° 1.080.10°
H&® Gly 1.5140.39° 2.2140.21° 3.71£0.39° 4.43+0.74° 5.79+0.54°
WHR Ala 1.63£0.10° 2.03+0.03* 2.47+0.08° 3.79+0.10° 6.50+0.01°
=R Cys 0.19+0.04° 0.17+0.01" 0.13+0.03° 0.17+0.03" 0.25+0.04"
4R Val 0.51+0.01 0.52+0.03 0.49+0.03 0.50+0.02 0.53+0.05
FiaiR  Met 0.29+0.07° 0.12+0.02° 0.25+0.05™ 0.18+0.05™ 0.2120.02%
SERER e 0.33+0.03" 0.17+0.03¢ 0.24+0.03° 0.23+0.04° 0.41+0.04
AR Leu 0.69+0.11° 0.42+0.04° 0.53+0.05™ 0.48+0.07° 0.63+0.04"
MR Tyr 0.52+0.03" 0.30+0.02° 0.34+0.04° 0.3340.03¢ 0.62+0.06"
HKHNEMK Phe 0.55+0.07 0.38+0.06° 0.35+0.05° 0.37+0.08° 0.67+0.06"
MR His 0.70£0.06" 0.660.03" 0.75+0.07" 0.70£0.10% 0.80+0.04"
WM Lys 0.42+0.04 0.4620.05 0.46+0.10 0.38+0.07 0.51+0.08
HER Arg 5.23+0.13" 6.14+0.14° 5.22+0.11% 5.45+0.12° 5.07+0.25¢
%8 Pro 1.05£0.05° 1.56+0.08" 3.55+0.15° 3.81£0.09° 7.58+0.11°
R Tau 3.83+0.05° 4.92+0.16" 3.300.20* 4.53+0.05" 5.14+0.06"
A& TOFAA 18.48+0.47° 21.37+1.02° 23.57+0.03¢ 27.30+1.53° 36.65+0.69°

e FATHAE D LR BERRIROR 225 B35 (P<0.05), FIF

Notes: The superscript in the same column means significant difference (P<0.05), the same below

(P<0.05), JUH 43R M 4084 ] 506f, TOFAA
WiRE K, 1£26.43%, Pro. Ala, GlyMIGlufy&
i AR A I 2 IR A O (P<0.05), Horh AR
B A5 K KA A Pro, #hESORT H & & ok 3
10BF /Y 7.834% , ik bAla (2.544%), Gly
(2.126%), Glu (1.916%), FREFHMArg, Tauy
HAFAAsKE A 35 B 19 7 i G ik 3 B R (GR2).

24 HEITEREAANFIELFTRTEE(NEAA)
POENER S EL ol

I8FHFAAS/T PN KA . W75 2 LR (essentical
free amino acid, EAA)FIHE 0475 24 JE R (non-essentical
free amino acid, NEAA), NEAAMIEAATEJJL A F
MR B FE 20 90 62.54% . 37.46%F173.57% .
26.43%., EAAFINEAATE R B BhE T & 27281k
LI . R 10~50mF, UL P A I gk B AP

http://www.scxuebao.cn

NEAA M & B & ® TEAAM B (A1-~34%), H
NEAA 2t Bifi S L5 B (%) 8 1 3 3G, $h
SO UL P Il 9k X H NEA AR & 40 9 o S
100} 1929015 F11.954% , 45 BIl £ 3 BE 40~500 & &
b T K, M EAARY ARG Wk ek AR
(P>0.05), IAh, 2ZGlu, GlyFlAlafy &85
M, TAARYE 5 A AR B 5 3 I A oG
(P<0.05)(EI1F1E 2)

3 e

TE I K = e 42 7 L AR I gk L v
FAASIEZ R LW, WP FAAsH) & & B35 &
FIMWRE, LH 8 (Scylla paramamosain) . W4 |
H A X ¥R (Penaeus japonicus) ™ [FFE & BLFAASTE
JULIAT H B 5 o 3 e T2 2 Y B
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Tab.2  The free amino acids concentrations in hemolymph of P. trituberculatus at different salinities mg/L

hEE  salinity

FAA
10 20 33 40 50
REGME  Asp 5.2140.23 8.21+1.00° 6.4240.75" 7.6240.73° 7.4241.50°
HEME  Thr 15.12+1.19° 13.21+1.36® 10.22+0.45° 11.41+1.29% 10.62+0.86°
25 Ser 7.43£0.36™ 6.84+0.38* 27.50+0.52° 8.2120.56 6.24+0.25"
HHE  Glu 14.95+0.51° 18.73£0.75° 22.60+0.93" 26.54+1.43" 28.5143.73°
HZA® Gly 26.71+1.50° 45.44+4.25" 60.43+1.66" 58.37+3.46" 56.73+3.08"
WER Ala 29.72+2.02¢ 33.95+5.19% 39.71£2.14° 57.20+4.65° 75.51+3.04°
PP Cys 7.96+1.15 6.87+0.98 7.91+1.10 7.60+1.41 7.53+0.55
4R Val 11.78+1.67 13.73+2.11 12.32+1.89 14.13+0.86 12.31+0.42
iR Met 1.42+0.21 1.76+0.55 1.56+0.23 1.31+0.28 1.60+0.22
AR e 7.74+0.40° 4.63+0.79° 6.32+0.17° 6.61+0.40° 5.41+0.40°
SEAMR  Leu 8.94+0.73" 9.25+1.24 8.55+0.34" 11.73£0.75° 9.62+0.51°
fg R Tyr 11.47+0.99° 3.93+0.95¢ 8.62+0.49° 3.11+0.09° 5.70+1.02°
KN Phe 8.58+0.57" 5.93+0.50° 8.71+0.67° 7.32+0.60° 9.10+0.83°
M= His 13.65+2.34 14.63+1.97 13.81+2.60 17.11+1.58 15.21+1.32
AR Lys 10.21£0.77° 13.36+2.07° 9.86+0.75" 8.21+1.31° 9.80+0.81°
HRAR Arg 59.64+2.24° 51.53+£2.76" 61.50+2.73° 57.62+1.40° 59.87+3.88"
% Pro 23.23+1.99° 30.12+0.58¢ 53.95+2.84° 71.21+1.31° 181.81+5.48°
RERR Tau 140.21+1.33° 161.21+6.88" 142.68+3.92™ 141.00+3.64° 149.78+4.45"
B&E  TOFAA 403.97+3.56° 443.33+5.05¢ 502.67+8.96° 516.31+7.77° 652.78+1.36"
28
w8 24 600
wE 20
EE 16 500 t
<5 X
g 12 2028 400 |
gmﬂg b %og
It &
° 8 df <2300
4 de 8
Mﬂ% 200 |
0 418
1 2 3 100

EVEREBNEAANN T LIER . . .
LRI, 2. BEREIERG, 3. AR T AR H2 RERMETIHBRLRIEMEANT

FREAR A 05 2 5 1 % (P<0.05), FIA ELEFEBNEAAPNTLIER
LTI, 2. BERRARERR, 3. TR0 T I R

1 ZE B TR T RER(EAA)F
B

Fig. 1 Variations in the concentrations of EAA and

NEAA in musscle at different salinities Fig. 2 Variations in the concentrations of EAA and
1.EAA, 2.TAA, 3.NEAA the different letters mean significant NEAA in hemolymph at different salinities
difference (P<0.05), the same below 1. EAA, 2. TAA, 3. NEAA
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Y UUEFAASE E N AT, U5 R H
FEHY A B N FAAs EE ZEE P IEGI,
Ala., Gly. TaufllPro!™", Bl A R FLAY
TEXTHF (Litopenaeus vannamei) Ifil I A0 LA A&
it s FAAsE R Gly, HoAth & B S ) 322
Arg. AlafIGlu%:, Vincent-Marique&5" W57 IA
1, ARG (Eriocheir sinensis)ILIH B FTILIA
HiProfr i B fe i, LR B B AR IR 43 i)
ANGly. Ala, Arg. TaufllAla, Gly. Tau. Ser,
WK =R FENAAL R S 'R SN
Arg, HIR435AGly, Pro, Tau. Ala, IML#KE
W i S O Taw, KKK b Arg. Gly.
Pro. Ala, IZZ53 5 H AL H 5 sl il iF 58 45 5%
Ffl. [ KRB, EROARA T LA RN o gk 2 A
18FP S FL MR IE F K T S BAAE 2, (HER
FRFAASI b7 ELATR X RRE o

EREE10~500), AR E LA MK L TOFAA
4 o R B2 19 388 i 43 501 DA 18,4835 Jim 1) 36.65 1
403.9734 /N %1652.78 mg/L, 4> 5IFFE1.984% 5
1.621% , B4 g i 2 (P<0.05), LAFE 2% & W
FERBL, T3 WX ER (Penaeus stylirostris){E L i
J10~500F, Gly., Pro. AlalifiZF 4555 B B 3% fin
MG, Glyh EE MBS R R, s
SEUSIXE PLogh I X R B g R B, M ERE N
0~30fF, Gly. Glu, ArgflAlajE FLAN T HRA P
BB EEAER . LuE A, #0E
B RBHEE P Glu, Gly, Pro. Alag i TR
ka, HohGlud & TR ERK, Fi,
ANFE AN R R 2 2V H8 3 R JH 1 E - FAAS
FFAE—EMESR . T H10~500F, =P &
JUL PR 2EL 21 rp 5 o T R 2 B v Y Pro (7.221%), e
WAKIK S Ala (3.991%), Gly (3.831%), Asp
(3.83fi%), Glu (2.51f%), WitR ¥ il itk b & &
T ves 1 5 A5 v 14 ) A 2 Pro (7.837%), HiYK Alla (2.54
f#), Gly (2.121%), Glu (1.914%), Asp (1.424%).
MY, Pro. Ala, Gly., AspMGlufig T EHLIA
FEMBERMYTHET, xRS HAH R
PIARZEARL S HAR T b 5B s R Y VR
I FAASTT & A e s W il i =X, 9058 k&
M, NEAAR S 728 46 5 40 3 BE /Y el 28 52 1E A
XK, MEAAR & & A X2 E (P<0.05), Pt 136 ]
BT P NEAAZ R BB EEMNIEN, %
S5 R 54 H AL H S sh b i g5 R — e 1,
[F I NEAARY (f Hotls i 22 5 TEAA, I\ & i
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| EBENEAAKEAATE S % 15 i i 5 e VR
SEZEIR KN, HBE R EH R Asp. Glu,
GlyfiAla#fB W TAA, Kk, NEAATTAATE B
JE VA5 77 TR A 2

Pro7E 1 52 sl W 1A N AFLE P R & ik 42 43 5
J 5 {2 (ornithine)i 12 5 Gluig £, Hh Gluik 4z
PLGluhy HAZ AT B2, Gluly A il 3 258 1o
2 18 I A (glutamic acid dehydrogenase, GDH)
VEF T o - 186 8 & A6 3 SR e A S o GluAs Y
AGR-FEZENBERINY), [F B GE>
HoAth & 4535 38 IR 9 VR I FAAsHe it 2 J 2 &
20 WAsp. Ala, Gly%s, BLAMNGluif & Pro B %
PIRTARYI BT, PRI GlufR 82 mT DA 250 A 2 At
KAEBE R FAAsI A RS ¢ 2, LudE A
Wang %573 il 72480 /O 8 5 rp A2 B4 8 e 1 B 5
B, (KR REE Ml GDHEE L, T AL B
ek GDHF ik, GDHIRIBN ML 5 FAAsT &
(AL A4, N GDHAT fETE & i FAAs T T
R E R HEEN . ATma R A, hE
10T = 2 S0HF,  Profe AL PR I ik B v 2 ¢ 30
R K T R R, AR AR 40T i R
500F, XFTOFAA® & B3 i oTk e Ko LAY
R R, ProfEiF £ W 7818 i% K8 15 J7 1
A B EAE R BELE YO R B LN
WEEXTHR LA H Pro i i A2 SR FE U SE /N,
EmEIR M RSB ERFEMN, ALRERYS
HARAF, DR HE DU ProfE B2 8 3k B2 5 1 Hh R )
RSB AG D LHEE R HEN S &R
YEH o Burton®5™ G 32 LD JR B 4% 7K 2% (Tigriopus
californicus) WX %, 5% GDHJZ 75 68 I 4% Pro
MG B, TS 1 R 2R A i 45 SR 3R W % B A UK
#& T Profy M5 432 A AR e, T
3k 5z B|GDHM A5 . ProfE iR T =518 b h &
R HEBEERER, SR H AR AR
T Prof CIaf il B 1 AH SCH Il , PRI AE R B
1t 7 rh Prof Gl 3 % i /R FHE A5 5 SER ARFSR

EEpaE
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Effects of different salinity level on free amino acid composition in muscle and
hemolymph of the swimming crab Portunus trituberculatus

FU Ping **, LU Jianjian ¥, LIU Ping ", LIJian"’, GAO Baoquan "

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;
3. Function Laboratory for Marine Fisheries Science and Food Production Processes,

National Laboratory for Marine Science and Technology, Qingdao 266200, China)

Abstract: Salinity is one of the most important factors influencing distribution, abundance and the physiology of
aquatic animals. Changes in ambient salinity are directly related to osmoregulation capacity. During acclimation to
salinity, the main challenge for aquatic animals is to regulate their osmotic pressure to maintain normal life
activities. As the predominant aquatic animal, crustaceans can dwell in seawater and fresh water due to their
various osmoregulatory mechanisms. The two forms of osmoregulatory mechanisms are anisosmotic extracellular
regulation (AER) and intracellular isosmotic regulation (IIR). AER can mainly control the osmolality of the body
fluid through regulation of gills and antennal glands, while IIR maintains intracellular osmolality and maintain the
balance between tissues and the hemolymph primarily by regulating amino acids (FAAs) especially non-essential
amino acids (NEAA). Under excessive changes in environmental salinity, it’s difficult for body fluid osmolality to
be maintained at a completely stable level through AER. At that point, it’s believed that IIR compensates for AER
by accumulating or degrading some particular NEAA as osmolytes, effectivley moderating fluctuations in
extracellular osmolality and facilitating volume readjustment. Hemolymph is directly involved in responding to
salinity exposure and muscle is the major tissue for protein deposition and possibly represents the main pool of
amino acids. Therefore muscle tissue and hemolymph are very important to study FAAs's involvement in osmotic
pressure regulation.The experiment analyses the free amino acids content and concentration variation in muscle
and hemolymph of Portunus trituberculatus at different salinities. Clarify the composition of FAAs and its
function in the salinity adaptation.Enrich the FAAs in the field of salinity adaptation and provide the basis for
further study of the molecular mechanism. The contents of FAAs were measured at salinities and the experiment
lasted for 5 days.Determination of FAAs extraction solution of muscle and hemolymph with Hitachi 835-50
automatic amino acid analyzer.Results showed that the highest amounts of individual FAA in seawater-adapted P.
trituberculatus was exhibited by Tauine, Arg, Gly, Pro and Ala. As salinity increased, the total free amino acids
(TOFAA) of the hemolymph and muscle increased significantly. NEAA increased significantly when the salinity
varied from 10 to 50 while Essential FAA (EAA) was not affected by external salinity change. The result showed
that FAAs played an important role in salinity adaptation, especially Pro, Ala, Gly , Asp and Glu.Because Ala,
Gly, Asp, Glu belong to the taste amino acids (TAA), so TAA played an important role in osmoregulation.The
content of Pro increased significantly both in muscle and hemolymph, especially from 40 to 50 period. Therefore
Pro played the most important role in hyperosmotic stress.

Key words: Portunus trituberculatus; hemolymph; muscle; salinity; NEAA; TAA; Pro

Corresponding author: LIU Ping. E-mail: liuping@ysfri.ac.cn

Funding projects: National Natural Science Foundation of China (41576147); National Natural Science
Foundation of China (41306177); Taishan Leading Talent Project Eco-efficient Agriculture Innovation Project
(LINY2015002)

http://www.scxuebao.cn



