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Tab.1 Product information for astaxanthin obtained from different sources
il P 3l L%y TR (% 5 NG| Ex T 44
(38, 3'S)-AST diester 87 =S YR
d-AST HEM4:3%4E  (3S, 3'S)-AST monoester 11 [17] e G ERE L-IFE &
(3S, 3'S)-AST 2 An
(3S, 3'S)-AST 25 . .
p-AST L4 (3R, 3'S)-AST 50 rg; PSM Agg::ﬂﬁlum“o“ fif 24 iﬁi?gg%@?
(3R, 3'R)-AST 25 ’

1.2 &5 %EERE

FIWITILE 1, BB, B
IR R AR B, XTI BEHL B R 9 4 PVC KA
(0.5 m®, Al 250 HAF), 4 KB4 Ab B A—A
SFRRZH, A3 AR MR 90 mg/kg d-AST. 90 mg/kg
p-AST (PRI IRl A}, R2H 3 P47, H IR E

RIXTERAR BT RE Y 3 %, RREE 14 do SE50 I K R 24y
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WA 0.1~2.0 mg/L, WASFRERIRE A 0.1~1.8 mg/L,
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Fig. 1

Schematic diagram of THE experimental design
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1.5 AL HER
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1.6 A EEZAER
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RYAEAL FRAT L 3 HXFHRATFBEAR A7 T RNA guard 7,
4 CHE 24 h J5 WA R . {1} SPARKEasy ZH41/4H
il RNA $REGRH & (L AR ERHE A AR BRA 7))
MEEANEEA R R EUE RNA, -4 Ff SPARKSCRIPT 11
RT Plus {55 & 5 % 5% 3K 15% H 4 DNA DA B-actin HZ
FEIEH, SR SERT 28 6 7 PCR(RT-qPCR)H: AR &
P AL SE PRt 8 AR T s A B SE Rl (MnSOD), 4 I H
JUk e S AL GBS PXL (Gpx), 4 6 T TR 50 6 2 % i 6k ]
(GST)LL MR TEEE 1 70 BEPH (Hsp70) R 2R 4044
HH B-1, 3-HIRMELS G HE I (BGBP-HDL) AR 33k,
I 2, @R 2704 A SRR Rk i T
fbo FIAFERERIEAT T 12X 3 385 HT .

Tab. 2 Primers used for real - time quantitative polymerase chain reaction

A 519551 (5'-3") £ JZ (bp) 51 H
MnSOD F-TGACGAGAGCTTTGGATCATTCCR-TGATTTGCAAGGGATCCTGGTT 156 [22]
Gpx F-TTTATGTCAGATCCAAAGTGCATCAR-CAGCAAGTTTGCGATTTCATCTTTA 149 [22]
GST F-AAGATAACGCAGAGCAAGGR-TCGTAGGTGACGGTAAAGA 156 [22]
Hsp70 F-CTCCTGCGTGGGTGTGTT R-GCGGCGTCACCAATCAGA 186 [22]
BGBP-HDL F-CTTTAGCCATCCAAACCGR-TCCCAATCCAACCCAGA 197 [23]
B-actin F-GCCCATCTACGAGGGATAR-GGTGGTCGTGAAGGTGTAA 121 [22]

1.7 #%E%+5 o4

ST B DLSE B B AR ofE 22 KR, R SPSS
26.0 ST AT B R R A I A Y O 22 40 B Hl
Duncan £ & 38, P<0.05 M 2ZE ST,

2 &R

2.1 BRAF RRIFFEAIF6) £ KM A

H1 3 3 A, TEARE RaRfbBrBe, WHNERE R
A 32 8 T R S AR K B DL A I R TR
A, HEZESHA R EP>0.05), FIHLE NIWE T
s ALBY B, H AR s AR IR R xR A 2R K
Pl eS8

*3 BUMBAREACERE TN A KT RE
Tab. 3 Growth performance of the shrimp during the
intensification stage

H 5% il
Ctrl d-AST p-AST
VIR B (2)  6.60+0.11*  6.20+£0.08° 6.40+0.29%
KARRTH(D)  8.96+0.26"  9.01+£0.48"  9.20+0.61°
H 5 i (g) 236£0.26° 2.81+0.48" 2.79+0.61°
FEER (%) 2.18+0.21° 2.66+0.39° 2.57+0.47°
1715 (%) 89.8£5.79% 90.8+4.85° 91.0+5.63°

T SRR (2=M~Mo, FFEE KRR (In M-In Mo)/]x100%, TFi%
H(%y=(N/No)x100%, M, KXTERAKRATT L, Mo AATERIIRIRT I, ¢ e
KEL, N, R SERAEARATIR RN, No R SEi (eSO iR . B5ds LA
HabrE 2R (n=20), [F—17AF] EARFR 2 S A G243 L (P<0.05),
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Fig. 2 Survival rate of the shrimp during the stress stage
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Fig. 3 Changes in the body color of the shrimp fed with
diets containing different sources of astaxanthin
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Tab. 4 Skin color parameters of the shrimp fed with diets containing different sources of astaxanthin

I sAbfE S EN=
Vil a* b* a* b* a* b*
Ctrl 11.06+0.01 12.28+0.01 13.37+0.07° 9.16+0.32" 5.45+0.18" 6.75+0.15°
d-AST 11.06+0.01 12.28+0.01 13.72+0.10° 7.75+0.23° 6.34+0.01° 6.51+0.02°
p-AST 11.06+0.01 12.28+0.01 14.48+0.20° 7.07+0.13° 5.98+0° 5.72+0°
P-value — — 0.039 0.001 0.002 0.037

TEra*: L0/ b*: B/ (U B DIP S BEARE 22808 (n=3), [Al—FI K [ L ARoR 22 5 Ge it 22 7 L (P<0.05)

23 HRARRBITFHFESIFALEMAET
BB HFELSELTR
I 4a AT, RS IRE RIRALIBS, Yo IR

L XTI HR p A IR R A O AR Mk, d-AST A
p-AST Ab B 4] rp 4 UF IR 5 2 5 2 3 g 3 1 i (P<
0.05), Jf & & & T X B4 (P<0.05), 43 5 ik 5] %f &
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i & 4b Al AL, ARGl iR ALY B R, X IR
1 %F HF R AR AR T R S R 3 R IR (P<0.05);
d-AST AhHE L] b G BRI R AR R 5 R & &2 W & T =

(P<0.05), S LI 48.0%; p-AST Ab#Z
X W R R AR T 2R S R TR (P=0.216), 5 4G AH
FE3 K 17.5%, d-AST AbBEATL )5 R T R AR 3 AT 15 5
MURT 2R & i, Gl Eh B B B s, X B X AR
JF R AR P R R i T ARk, d-AST AbHEg]
JHF J JU B 25 5 B B AR (P=0.093), 5 1T [ BEAH L %
i 15.1%; p-AST AbH4 T AR IR 5 & & BRI (P=
0.189), K&K 5.7%.
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Fig. 4 Changes in astaxanthin content in different tissues of the shrimp fed with diets containing different sources of astaxanthin
T AR FHRFRRG G222 5 ( P<0.05, n=5)
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3 A Ab BT B BB RE ) 3 5 58 1 TR T

FyRad, St REB4IAH L, d-AST Hl p-AST b FEZH A
AR, 7K T R 55 RN 28 05, (H PN Ab BREH - Tk 3

S HAE 48 h 3k B mKF Bt Ak BE ) i R AH,
O3 AR B TR 35.4%F0 30.1%.

i L6 AT, AEERBEIN 0 B B, BE a0 B[R] 4
X AL AH L, d-AST 1 p-AST &b BH2H 1470 48 AL L
MnSOD, Gpx, GST Fl Hsp70 W3R R B T Jekk
G T AR R a3 . 5 d-AST AbHAIH L,

p-AST AbFRL B A AL I P Rk Btk R I — 2 1
WIS TE, d-AST ZbFEZH MnSOD 1 GST R H47E 24 h
IR E R i 23k K, 1 p-AST AbFEZLTE 48 1 48 h
ZJa AR ER m KO #RE

-a Ctrl -o- d-AST -4 p-AST

(I) 2I0 4I0 6IO 8I0 l(I)O
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Bl 5 $RIROR[E) R IR AR 26 WRAE £8 52 e T 1 BBk
RES1 724k
Changes in the total antioxidant capacity of the shrimp fed

with diets containing different sources of astaxanthin during
the stress stage

TE: AT ERR A g1t 2 25 53 ( P<0.05, n=6)

Fig. 5
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Fig. 6 Expression of antioxidant genes in the hepatopancreas of shrimp fed diets containing different astaxanthin sources in
stress stage

1: a. d-AST; b. p-AST, A [] T8 F /R AR E] 2 [0 47 Ge 1125 22 5:(P<0.05, n=3) ; “*”.  [i] — s 18] %5F BEAL AL FRLE 2 W] A7 A5 354 22 57:(P<0.05)

2.5 B-1,3-HERBLELFOANHRE 3% B 45 4% 11 (BGBP-HDL)JE [N ¥ 7E 24 h i ik 5]
M 7 T, SR EE MG B B, MR AR, TARRY R RIEIKOT, R R 97 f5 A 145
Ej X BELLAH L, d-AST Fl p-AST b BEZH A4 BT IR AR B-1, 5o FE Al A], d-AST 4b#4] BGBP-HDL #:[H 31k
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Fig. 7 Expression of SGBP-HDL in the shrimp fed with
diets containing different sources of astaxanthin
during the stress stage
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Xof TR 7 35 S N P A A R € B U555 o PR LG R 9 B 45
ISERPOEININAEIN= o MR 55K APPSR N HE Nk
HHtE bz MO A B L,

ACBIF 5 235 5 3 W A5 MRS T AR 7 2% 0 DR X Xop R
() A KM RE RIS SR I — i IR, ERCRTT
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VSR 75 22 %) A0 3820 i A7 17 2 5 X0 IR 7 I 2 22001
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FEH S B, B0 I A P R 2R T L I A
K MR X BRI 3 il 38 AR HT T o 3X P RE 5 i3 b 3
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AHFFERIH T 3%0kh JBE M FF S A TR, 3l B5F 7] R
A 30 RT RERE S TR R A AT T, A Ab

PHZEFOG B AE A5 23 A W i 2200

IR R EXIR R Z AR bR, IE IR
FR R £ 1) 32 B DR ;] B R 7 25 % ) R A e 4Rk i
J1. LR RURE SN R T R T A B B
i), 3ok 46 A ) D REAEAR KAR B ] DUH B T IR
FOR AR PUALPERED 2O MR, XPdF = Mk A
A R E A AE ST, 33X BRI AR P A I R
5 R IR AU B8 0 P AS A i, BRIV b 45 (0 %
VR e b LA 3R A5 L B HLA JHAth 5 2 ) A By e,
R 220 6T A P 1) A S/ A 6 8 RASUART 12 00,
FE A (O D) RE AT A Ak D BB 22 (R AT AUA 1Y)

R T B UE K — 5, AR ST AE GRS o g A
AN TR R R R R 7 R X FLgh i X R kAT Ak, I T
AT T A [RVEFE ZACE WX R, 78 WA b B4 v,
WS R A TR I R s iR 52 b [R5 T
X WA €0 ) 3 B i, T R R A A R R
Y5 UR e IR R e PV, Wk, BRSE il
TR IR R AT DAEIA R 2 43 T 21 5 68 D e (9 &6 45,
A P RSEAR T R ) & it = IR(E do) 5 A (0 55 (A
3. R XN RABIEM T X — %, il d-AST
I p-AST AbFRALFEAT LA A, X URXSF AN [] 44 75
(R RAEA R A2 BT B e b, &
TR AL TUUR T Y d-AST AbHLL T, URT5 EAE AT HRAR
T B A UORR R T R B AR R ALY p-AST
Wb, HRE REM R B E S DI E, X
L R 1 e e g AR 75 2 B T AR 19 (ORICR .

IR RAE MBS A MHTE A 5 R M4 A
g JL )b B T R e 25 A B AL B R R P,
ARHIFFE 13 B Wil S0 R R AP T e T
TR o WA P SR AR T, XTERAZ B T R4 e,
XTERA BB RE S s, JHAE 48 h BFAEIIR K
E(E 5). d-AST F1 p-AST 4bBRAL Y BB AfbRE I A
E5XF RERAH AR A G A2 E K, (EJRAE 48 h RIS
3R T B AT AL BE 11(P<0.05), 43l i it
HRZH 35.4%71 30.1%. X704 1 4T A AL RE )2 th
AR S KR IR Z S R . d-AST i p-AST
A FRZ P A AL DR Y 3k TR AR 2 A 1 T a3
(&1 6)(0 h B4 FE PR Bk P 2238 vT g 55 i 5236 1 i
It IR BRI A AR A A 5, RIS AR B B ) 7k A rp 5 7%
F et B B KA ), ST A A B T LR P4
PRI Ao TR AR G 22k, A8 IRt 4L A 5 1) B
P AR e sl 5 B BE AR, PR
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Resource tradeoff between coloring and antioxidation of
astaxanthin in Litopenaeus vannamei under salinity stress
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Abstract: The environmental pressure generated by industrial culture causes stress and weakening of the body color
of the shrimp. Our results show that astaxanthin (d-AST) and synthetic astaxanthin (p-AST) contents in the hepa-
topancreas of shrimps treated with astaxanthin increased by 48.0% and 17.5%, respectively, compared with those
who were not treated with any form of astaxanthin. Astaxanthin content in shrimp shells increased by 42.8% and
45.2%, respectively. d-AST rich in esterified astaxanthin was deposited in high amounts in the hepatopancreas,
whereas p-AST composed of free astaxanthin was deposited in high amounts in the shell. Different tissues had
preferences for different forms of astaxanthin. The body color of shrimps in the two treatment groups was signifi-
cantly enhanced. Astaxanthin content in hepatopancreas of d-AST and p-AST decreased by 15.1% and 5.7% after
applying salinity stress, respectively, whereas its content in the control group remained unchanged. Astaxanthin
content in shrimp shells of d-AST, p-AST and control group significantly decreased by 17.8%, 52.9%, and 14.3%,
respectively. The expression of the gene encoding the astaxanthin transporter B-1, 3-glucan-binding protein
(BGBP-HDL) was significantly upregulated after 24 h of stress, which may reduce astaxanthin content in the shrimp
shell. A simultaneous upregulation in the expression of antioxidant genes with the progression of stress was ob-
served in the two treatment groups compared with the control group. The antioxidant capacity of the groups in-
creased, subsequently decreased, and finally reached the maximum value at 48 h. At 48 h, d-AST and p-AST were
1.35 and 1.30 times that of the control group, respectively. Therefore, we speculate that astaxanthin content in
shrimp affects pigmentation and antioxidant functions according to the resource balance principle. Under environ-
mental stress conditions, astaxanthin used for pigmentation (shrimp shell) is preferentially transported to the hepa-

topancreas to participate in antioxidation, which weakens body color and increases antioxidant capacity.
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