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HE ¥ & A (Crustacyanin, CRCN)ZE ¥ 7 3 4 A K3 KAKR A 8 s S WA A EF
Hysh gt . b KB F R A 7 7 I R 2 4T (Procambarus clarkii) 1 5 & & Ak A il p A ey e A, &K
HREFCKEENTRRALTEEE 1 MR FEZA PcCCRCN-L 2 EH cDNA F7|, 2417
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JF 74 2 700 bp, HIF 3 ] i52 HE(ORF) K £ 4 1 587 bp, 4 & 528 /N4 28 7% £ ; DNA ¥ 7 K 6 130 bp,
fIF R RBERETERANE 12 536K, B8 SMMEFRINNET, RETFHETTEF R
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H—Mg 5 5 [C R ESUF PCCRCN-L & [K ) 7 [ % 5 S A AR SR8 T B4 28 3k i) o7 129

FRFH A TR TR AR fif S AR 2, AR E 2 R 800
[CJFEE AR e (AR 21, Wire OB/, PR A F I
B PRI, H RS KBS T IR (A,
2020; Wang et al, 2016). MR EHA LM, KAE
H7e 2R ghim i 3 e A G A MR BE RE AT,
SR AR R A R IR SR R (PR T A8, 2020). K
AR T, KA R Fe 28 sh i ad o AR AR 1 6 it
RN BT SRR i, (A7 S A
BRI A IR A AR R I B #h FE BB &, #MEEA AT
AL (BRI IRAE, 2023; H A, 2021), HIRAEACH 2
MR AR R 5\ ARG A, sIENUA A 3R
ARAM, FEATHLARNE A FbT A K, 15 K
2 it ST 0L R (Bl % 45, 2020)

¥R 2 11 (Crustacyanin, CRCN)J&H 52 sh ¥ ir 45
A —28NeE A, J8 ApoD Fi%E, T8 A f1 C
WO A o MR 2 1 T 5 R R BB TE R 45
HEAEAW, FIRINE 2 Km0 FE S, Wi
H 7% 3 ¥y 5% {4 (Begum et al, 2015; Chayen et al,
2005). B& TS EIIRESN, R KL FE NG ISR
RAR SN VA T B AT R AR ) S D RE (A R,
2008; Goessling et al, 2000), ¥} 5 H [F &%) Glaz T
REB A PE R AR, 25 58U I (Drosophila melanogaster)
AR N PR 1 RN LRI 52 JT BEAR , AR D, FEan i
M HJA Glaz RikJg, RWIRMIEFAWE , YLADT
AALRE ) AU BB 3G s 3 R5K Glaz B, i
XA REA , YUK A2 Ty, (REUENE R iz 3
€17 fie J1 2 %5 (Sanchez et al, 2006; Walker et al,
2006), BRULZAL, R EETES A . PR AR
KRG R T EE PR T EEEH (Wang et al,
2007; Li, 2019; Gao et al, 2021; Yang et al, 2011),

A T DR L A ) BT AR Y B G i 2 R 4
FERI {5 H (Xu et al, 2021), %R 547 58
B A 245 G 1 SR WS AR B T 2R MR 4 1 56 (K (PCCRCN-L)
) cDNA J¥51, IfaiFo8 HIEE R 2540 5 =X, 40t
IR TEA R H LS YRR AN [R] 4 B I 0 SRR R AT,
FE PCCRCN-L i PRI FE AR 40— 52 30 T 1 R k8
X, BIEARAMRIZEE WA R IR A T 5
AN PR T Ve RS %

1 #wRERE
1.1 SCIgHH

A S 6 BT FH v FC RS R SR 4R A VLI IR K K 72
WEFT AIF AL B A3k, 1R 0 (25.320.8) g, T5E
Y= P KB R (A FEAR Y S MENR) . BEHLER 3 H 4

BT RS AR (R 2 B T3, 2 BIBUF R . AL
LR IRAR. S, BB O B IEE A
HAH T HLFRIRFEAE 30T o 4331 3 HALFHERRA
[F] %2 7 B 00 ) O O, BT e g N B B2 20, 43y
PCCRCN-L K& K 7EVE IR AN [7] 4 B I ) RAAFRAE . R
I OIORETE A RRAE I W4 Rk BRI DR R BRI
(TIDEAEBILR, RULOK; T, 502
BN, IR R K; EFEN~VH,
R TRR S 1Y DIRL S R (L (TR 1S UESE, 2010),

R AU 360 52 55 2 HR SCHR AR T8 1B 53 07 R 61T (Xu
et al, 2022), ¥ 5 [RJFEEARRENL /N 2 4, H AT R
PN (6.8+0.2) mg/L, LA A A ) a6
fift 58 R (1.040.1) mg/L, FA1/ % E 3 A~HEKE
7, BAESRIH 15 HOn [CF 2R . TR Th A6 h
24 1 h 124 h [IA 5N (6.8£0.2) mg/L], MAFEH
Ay FIBEPLE 3 H o [C R AR REAR , SRAEAFIEMR 421,
T RNA Keeper Tissue (Vazyme, Fgm)F, 4 CHE
1h, WAERHEAG-80 CLRAFE M.

1.2 RNA i2E5S cDNA B9&

% I RNAisoPlus i 7 £ fdi Ff 1t B 45 (TaKaRa,
Kik), $EEOTIRIFE IR RZHZUE RNA, R
SPGB TGemPro (AUETRARAEALBIHE AT BR A A
Rl RNA ¥REE, BB b e e vl v I e e B vk, il
FH I 5538057 & PrimeScript'™ RT reagent kit with
gDNA Eraser (TaKaRa, Ki%)3kH cDNA,

1.3 PcCRCN-L cDNA F3l =&

7 o5 IR BB & 4 fF B (JAIWQB
000000000.1)25 4R 75 2 |1 PcCRCN-L 3L H 551, &1t
24 (PCCRCN-LF: AGCCGGTCCGTGTATAGTTG,
PCCRCN-LR: GTACGTCTGAGCAGCAGCAG) il T
P15 PcCRCN-L 158 il A HE(ORF) X 4, PCR
YK Z . 95 CHIAEME 5 min, 95 ‘CAEE 30s, 55 °C
iRk 60 s/120 s, 72 ‘CZEfH 1 min, 40 MG ; H i 72 C
FEAH 10 min, PCR =¥ &lifb[mli(TaKaRa, Kif))5i%E
$%3| Peasy-T3 cloning Vector (2304, dtal), 51k
#| Trans-T1 BZS4ME(204, Jba0), BREBHME S
PESEATINT
1.4 EWEBRFEDH

N EditSeq &7 #E4T 5 324E (ORF) 43471 9
g A T oM AH N B LR )P 81 5 A NCBI (http://

www.ncbi.nlm.nih.gov) BLAST #1478 H 5 ¥ 51 A I
PR s i ExPASy (https://web.expasy.org/
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protparam/)7EZE T H M8 B4 o S5 L Sk
AT i SMART (http://smart.embl-heidelberg.
de/) TN 25 (T RE XL ; {# FH Prosite (https://prosite.
expasy.org/) Wl I & 1 2 56 R 45 A D) e or 5 (]
Clustal W2 {44 PcCRCN-L J351] 5 [l Y5 28 I 15 17 571
Xif He 4347 5 19 FH MEGA 6 %k f%F, >R ] Neighbor-Joining

Vb i RS LR ;{8 B Animal TEDB3 (http://bioinfo.

life.hust.edu.cn/Animal TEDB/#!/) T Il H i) 5 KA | i
2 000 bp sk H+

1.5 PcCRCN-L mRNA SR Z ¢ ESE PCR &

MR K45 19 PCCRCN-L 3£ [H ¢cDNA 74115 B, , %
519+ 92w 98 6 % 5 PCR (RT-qPCR) A,
RT-PcCRCN-LF : CCACCATCACCATCATCAT |,
RT-PcCRCN-LR: TCCACATCTTCAACCATCAA,
%5144 RT-GAPDHF: GATGCCCCAATGTTCGTC
TG, RT-GAPDHR : CGTCATCCTCAGTGTAACC
CA). KRS H R AN S 3 H 43 0T 3 1k
#4d, RT-gPCR %M. 95 CHiAEME 5 min; 95 CAF
PE30s, 60 CiE KIEMH 30 s, 40 MEH; 72 CLEfH
10 min, PcCRCN-L J£H7EAR[EA L, YERAF LT
AH U RO S0 T A ARG e SR 0 R 2 itk A7
43#T(Livak et al, 2001), i 15 2 J7 2243 #7 (one-
way ANOVAXEKIRG R #EITH1T, R LSD i
112 8 s (P<0.05).

R

2.1 PcCRCN-L FF 54 #fr

vi [G Ji 2 WF 28 0 3 & H 2 K (PCCRCN-L) 1
cDNA J¥51 K 2 700 bp (GenBank % %5 : OP235978),
N FEE 12 5 e fk b TR R EHE(ORF) M 1 587 bp,
Hifih 528 NEFEIRIRFL(E 1), HILISEH SN 5.64,

2

AR 4> BN 5775 kDa, J@ TR KMEHEH .

PCCRCN-L DNA #5114 6 130 bp, 5% 5 4A~4M il
4PNEF, SAIMEF R/ 88 bp £ 1047 bp A
L ANNE TR 195 bp ) 1966 bp A%, 54
TAAELE, MR AT RN, NS AN BT T
56 GT-AG FLW(GR 1), FEfE B LR 7 2 L 2 000 bp
I A 2 MMTEE S HIF-1 45 G 070 6

5-RCGTG-3" (814 ~—831 bp F1-244 ~ 255 bp) (Kl 1),
2.2 PcCRCN-L REEMELEXT S &G 247

XS SE TR T 8 T 45K 3 AT I, PcCRCN-L
BA—AN528 1 lipocalin 45 M1, £, & S5 f) ) 9] {1
SEIXC T (SCRDFS G-X-W . 57 X 1T (SCR2) 7 4
T-D-Y FIfR5FX M (SCR3)FHI-R. [H] 8 H X 25 2 i
/8, PcCRCN-L 5ZEPE L IF(Homarus americanus)
[ Y5 B 9 (68.09%) , 5 H [EI X HF (Penaeus chinensis)
FJEE R 55.24%, 5 HAXHIF(Penaeus japonicus)f]
TPk 53.85%, 5 FLAGEXTER(Litopenaeus vannamei)
[T 56.64% (B 2). RGEBARI AL R BIR,
PcCRCN-L 52 YHNE e UF . A EXTHR . LGN X R A
HAXTINR y—3, oy TSI FEHA S C, 5
H5esh¥ ApoD Ml HL ApoD JE RS 43 %, 5154
CRCN 4325 45 A — B (A 3).

2.3 PcCRCN-L WJZH A RILHFHMED T

PCCRCN-L FEPA7E 5 [CF AR 9 AL, TR
W, B SREC OE. WL, B B AT R R
HYF RS R 7R, PCCRCN-L 35 [R 78 I AG i #4454
HEVh A R, Hoh IR B R 3R i 3
FHAth 41 41(P<0.05). PcCRCN-L JEH7Efi738 . LA .
OE. B RH L B TN DL RN A 2 b i Rk
AR, HESHANRMESE LW EEER
(P>0.05) (& 4)

# 1 PCCRCN-L EFEMMEF-RNETEHE

Tab.1 Exon-intron splice junctions of PCCRCN-L
LT VI N T4 T /¥ Sequence at exon-intron juction HaEF  F/h SR LT T L
Exon No. Size /bp 53 5"-splice donnor 373 3 -splice donnor Intron No. Size/bp Amino acid interrupted
1 >180 GAC TTC CAG AAC gtaag...gacag TTC AGC GGC GTC I 1 966 Asn-60
D L Q N L S G V
2 88  TAT AGT TGG GAT G gtaag...ttcag GG AGG CAATTT Il 1506 Gly-90
Y S W D G R Q F
3 135 CGC TCT CCC AAT G gtaag...tacag  TT CCA CCT GTC I 195 Val-135
R S P N VvV P P Vv
4 1047 ACCAGT ATG ACA G gtgag...gtcag  AC GTG AAG GAG [\% 876 Asp-484
T S M T D V K E

5 137




BG4 5 QB IR PCCRCN-L S [ ) v b 45 1 e 7R AR SR T B 235 1 1o

131

91
181
127
361
451
541

1
631

28
721

58
811

88
901
118
991
148

1081
178
1171
208
1261
238
1351
268
1441
298
1531
328
1621
358
1711
388
1801
418
1891
448
1981
478
2071
508
2161
2251
2341
2431
2521
2611

TGTCTGTGTGTGGAGGGTGACAGCGACTTGTGCAGTCAGTCAGAATAATATCGTCTGTCCTCTAGTGGCTGGTACTGGTAATCTCGGTAT
TATTTCTTTCAAACTCCGGTTAAAGTCTGAAACTTGCTCGTTAAGGGAGATAATCACTATACCACCGGGGACGTGTTTATGTAATTATGG
ACTAAATCGTTTAAGTGTACATGCAAGTGACTCTTCTGTTGGGACTTTACCAGGAAGCATCTGCTTAGAGGTGTGACAGAGCCTGACACA
AGCGACTGGAGAACCACCTTCAGGCAAGAATAAGCTCTGAGGTCATAATCTAAAAGGATCATTGAGAAGGGAACTTACTTGCCCGATCTA
TAAGATGACATTCTTGTTCAAGAATCCGACGTGATTAGGCATCCTTCGCGAACAATAGAAGTCAGTTCATGAAGGATATAACTCACTATA
GAGCTGAGCCAAACCCCTTATGACAGAGGATCACACACTCTACACAACGCCTCGAATCTTTTCCACAGGAATTCGGTGCTAATCCTTCGA
ACCCTCGGTCATGTTTCATGGAGGTGACTCCCCTGTGTCCCTGCGTGGGACCCCAGCGACGCTGGTGATGCTGCTGGTGACGATGACGGG
MFHGGDSPVSLRGTPATLVMLLYVTMTG
TCCAGCAGCTGGGAATATCATAGGCTTCGCCATCCCCGACATGGTCCAATACGGCAGTTGTGCAGACGCTCAGACCATCGAACGCCTTGA
PAAGNTIGFATITPDMVQYGSCADAQTTITETRTILTD
CTTCCAGAACTTCAGCGGCGTCTGGTACCAGGTGGCAGACGTCCCCAACTCTTACGTCAAGGTGACGCAGTGTAGCCGGTCCGTGTATAG
F QNFS GVWYQVADVPNSYVEKVTQCSIRSVYS
TTGGGATGGGAGGCAATTTAACGTGATCTCGGAGGGCTGGGACGACT TCGGAGACCAGATTGACCAGATCACCAGCATCTCTCAAGTACA
WDGRQFNVISEGWDDEFGDQQTDQT TS TS QV Q
GCCAGCGAACCCAGACCAACCGCATCCTTACCTCCAGATTCGCTCTCCCAATGTTCCACCTGTCCCGTACAACATCATCAACACCGACTA
P ANPD@QPHPY L QT RSPNVPPVPYNTITINTDY
CCTGAGCTTTGCCTGCGTGTACTCCTGCTTCGAGTTCCTAGGGGTCAAGGTTGAGATTTATTCCATACTGAGCAGGACTTCAAAGGTGAC
L S FACVYSCFEZFLGVY KVETYSTLSRTSZKUVT
GAATGCGTCACTGGCTGCTTGTCACGTTTCGTTAGAGGCTCTGGGTGTGGATGTGGCGAACCTGGAGCCTGTGCCTCAGGGTGACGAGTG
NASLAACHYVY SLEALGVYDVANTILTEZ®PVPQGDEC
CTGGTATAACGACCCCAAGCAGCTGCTGGCTGTAGAGAGCAGCAGAGTCACAGAGTCGCAGACCAGCCAGAGTGATGTTGCGCAGATACG
W YNDPEKQLLAVESSRVTESAQTSQSDVAQTIR
ACCACATCACCACCATCACCACCACCACCATCATCCAGCCGTCTCTACGCTACCGACGACCAGAACGAAGATTGGATCTGAGAGCAGCGA
PHHHHHHHHHHEPAVSTLPTTRTZE KTIGSESSE
AGGGATGGAGCCTCATATCAACCATGGTGAAGCCCCGAAGACAGAACCTCACCACCACCACCACCATCACCACCCAGCGGTCTCCACACA
GMEPHTINHGEAPIKTEPHHHHNHHHNHPAVSTA Q
GCCTAGTACTAGAGCCAAGACTGTATCTTTGGACAGGGAAGTAATGGAGTCACAGACCAACCACGCGGAAGCTCAGGGGACCGGACCTCA
pPSTRAKTVSLDREVMESAQTNHAEAQGTGTPH
CCATCACCACCATCACCATCATCATCTAGCAGTCTCCACACTGCCGTTGACCACAGTGAGGACGCCTGAAGATGTGACACCTGCCGCAAG
HHHHHHHHLAVYSTLPLTTVRTPEDVTPAAS
TGATCCAGATGAAAATTTGATTGAGGACATTGACGAAATACTAAGTTTGATGGTTGAAGATGTGGACAATGTTGAGGAAACTCACTCACA
bpPpDENLTIEDTIDETLSLMVETDVDNVEETHSH
CCATGAAGCTGTATCACCACCAGAGAAAATTTCCCAAGCTGGCGAGGATGCGAGAAAGGCTTTTGGTGGCATCAGGACAGGAAAAGGTAA
HEAVSPPEZEKTISQAGEDARIEKAFGSGTIRTG GZK KGN
CGCTGCAATCCGTCCCTTGAAATCGAACATAAGTTTACAAGGGACCACAACTGTAGAAGCTGAGAAAAGAGGTTCAGAATGCAATATCAA
AAT RPLKSNTISLQGTTTVEAETZ KTI RSGSETCNTIK
GACCCGCTCAGGTTGTTCTGATAGCTCCACCAGAGGTCAGGCCCACGAACCTGGCCTCCGAGCTCAGTCACTCCCAAAGCCTACTACAAG
T RSGCSDSSTRGAQAHEPGLRAQSTLPIKPTTR
ACTATGCACCAGTATGACAGACGTGAAGGAGAAGACAGAGAGTGGAGAGGAGCCAGAGGACCCTGACAGCTGCGACGGTCACTCAGCTGC
L¢cTswMTDVKEZKTESGETEPETDPDSCDGHS AA
TGCTGCTCAGACGTACTCAGCATGGATGCTTATCATCTCGTCGAGTCTCGCTCTCTGGGCGAGATAAGAGTGGTACTTTATGGACAGCAT
AAAQTYSAWMLTITITSSSLALWAR *
CACCACAGATACCGCTCTTTGCTCTCAGCTTTGACTCAAGAGATAGATTTAATACTTGTTAGCTACTGCGGACTCTAGTGAGTGCAGATA
CTAATGAGTATAGGTTCGATCATTAGTGAGAAGAGGTTCGAGAATTAGTGAGCAGAGATTCAAACATTAGTGAGTGTAGGTTCGAACACT
AGCGAGTGTAGGTTCGAACACTAGCGAGTATAGGTTCAAATTCTAGTGAACACTGGTTCGAACACTAGTGTTTATAGGTTCAGATACTAT
TGAGCACAGGTTCGAACACTAGTGAGTGCAAGTTCGAACACTAGTGAGTACAGGTTCATATACTAGTGAGCAAAGTTCGAATACTAGTGA
GCACAGTATCGAACATTAGTGAGTACAGGTTCAGGAGGTCACAAGATAATTCTGTAATGTGTAAGTTGTTATTTTGAACGCCTCTGTTCA
AAAAAATATTGAACTAAATTCAATGTCATTTAATTTAAATCATGTGAGTCTATTAGCTGATATCAAGAGCTCTCAACATGTATTAATTTG

PcCRCN-L * —

5 5’
1

2kb 1kb 0 1kb 2kb 3kb 4kb 5kb 6kb
00 SME T Exon == {7 Intron wem S5'f0J3E[X Flanking region A Hif-1 §54v ) Hif-1 binding site

11 PCCRCN-L 5:[H ) cDNA J7 41l Fo A ki Rl bt [ 45 44
Fig.1 c¢DNA sequence and its amino acid and gene structure of PCCRCN-L

A: HLIK ATG Fl TAA Z3 AR G305 7 LRSS 7, TRIZAMIHURMAE S B: JERH S5
A: Bold ATG and TAA represent the start and stop codons, respectively, and the underlined part represents the catalytic domain;

B: The structure of the PCCRCN-L gene
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YL [CJREHF Procambarus clarkii T----¥TGPAAGN I IGFAMED ADART IFRLDFONER MK - 77
FEWERIF Homarus americanus - TAALA&VT PVGG)\[FMNEARRSE) g€ S8 NAGTAIZOL S OIS 4D : 108
FUERESTHF Litopenaeus vannamei : TLIMTUCLIKAANSS-— TNy N 123
R EXTEF Penaeus chinensis : 128
HZAXFUF Penaeus japonicus 1 70
Consensus
TaRJEELNT Procambarus clarkii EQ pDBPHENAOM 1 142
KB KR Homarus americanus EZI 1 173
FUEHUEESTHF Litopenaeus vannamei : C MO EELbE)(GDMAEGE ISV T)=GN Y SODKIN 8ok 2 - 188
FEXTUF Penaeus chinensis : C EELPENGEQAE® VEPE : 193
H AXTHR Penaeus japonicus : MAGESMINMTIIKEDLMTAYERELTS DEKK I R@ TSV MM ;130
Consensus V gC 3 5 Wdg v G d Q 3 6svp

SCR-2 SCR-3

[ ]

TR JEFRAR Procambarus clarkii : 207
FEWEIF Homarus americanus : 238
JUERIEXTUR Litopenaeus vannamei : . 253
FEXFHF Penaeus chinensis : . 258
HZXTUF Penaeus japonicus . 195
Consensus
ﬁ&ﬁgﬁﬂc Procambarus clarkii DPKQLLAVESSRVTESQTSQSDVAQIRPHHHHHHHHHHPAVSTLPTTRTKIGSESSEGMEPH : 272
EWE I EF Homarus americanus - KPEEPLTSLDS———————————————————————————— GVETVEETIITVIPEEGE----- : 270
JLENEERTUF Litopenaeus vannamei : S GG == = === ——m : 259
R EXTHF Penaeus chinensis t BSEAG— === = = e o : 264
HZXHR Penaeus japonicus P : 197
Consensus wY

Kl 2 PcCRCN-L &L 751 [E] IR b X 2 #r

Fig.2 Alignment of amino acid sequences of PCCRCN-L and other related sequences

Pl B AR AR KSF 100%, R AR ZRA R K- = 50%.
JP 9 B SR T HEZR 7R 3 4> Lipocalin FEFHEARSE X IH(G-X-W . T-D-Y F1-R),
Black denotes the homology level is 100%, and gray denotes the homology level is =50%. Black solid line box in the sequence
represents three characteristic conservative regions of Lipocalin family (G-X-W, T-D-Y, and -R).

B HAXTER Fennero merguiensis HM370278.1
— , A
FRINZE S MF Homarus gammarus P80007.1 } AR EH

CRCN-A
I: JLENBESTUE Litopenaeus vannamei N
| BEATXTEF Penaeus monodon AKS26012.1 } ?R%I%—?C
HZXHHF Penaeus japonicus XP 042889174.1
E FEXFEF Penaeus chinensis XP_047494740.1
JUGHIERTHR Litopenaeus vannamei XP_027213301.1
_|j KNEUF Homarus americanus XP_042213075.1
S5 R JEELHR Procambarus clarkii EVM0003911.1 @
KHVE Daphnia magna XP_032780954.1
T L SR Penaews monodon XP_037785848.1 } SRR D
\ . . Crustacean ApoD
KBk Eumeta japonica GBP17936.1 R —
K& Eumeta japonica GBP77574.1 Tnsect ApoD
—
0.2

Kl 3 T PcCRCN-L Z AR 7 91 A4 g i) R G ALY

Fig.3 Phylogenetic relationship between PcCCRCN-L and other related species based on amino acid sequences

24 PCCRON-L EMMARLEMBURAFENT - 0.09): MR =V, PeCRONL JE
FUKTHEIR, 1145 % I I 09525 5% (P0.05)

PCCRCN-L JE M 7£ 52 [RJF AL IMERA A BTN (5 5 fE o).
{92657 ST L7, PCORON-L JEIAEBH L 15 s
BEBIRALEUE f s kL. MR Ty, 20 POCROVLERE-SREME FIRESED

P55 5 HFRAR L2 ) PcCRCN-L BRI 1A K7 i fREME 1 h i, 5 A R R R 2 21
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BG4 5 QB IR PCCRCN-L S [ ) v b 45 1 e 7R AR SR T B 235 1 1o 133

PCCRCN-L 3[R & ik i ik 3 F# K (P<0.05), {EAI M
i1 h FIREMNE 6 h 2o E XS ; B8 1h)h,
PCCRCN-L FE[H # ik % Fi#(P<0.05), H%4 12 h
J&i, PCCRCN-L ik 5L W PEH N (P<0.05) (K 7).
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Fig.4  Expression of PCCRCN-L in different tissues

AT TR R AN ] S 36 20 =22 ] HAT . 38 1 2% 5+ (P<0.05),
iR ZL NEZ, .
Different letters represent significant differences in different
experimental groups (P<0.05). The error lines in the figure
are standard deviations. The same below.
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Fig.5 Expression of PCCRCN-L in hepatopancreas
at different developmental stages of gonad
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(A5 4T (Wang et al, 2007; Yang et al, 2011), Gao %
(2021)7E 4 & 1 HF (Exopalaemon carinicauda) 3k 15
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Molecular Characterization and Expression Response Under Hypoxic-
Reoxygenation Stress of a Crustacyanin-Like Genein Procambarus clarkii
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Abstract Crustacyanin (CRCN), a family of lipocalin proteins specific to crustaceans, was primarily
found in the exoskeleton of crustaceans. By binding with astaxanthin to form the astaxanthin-binding
protein complex, it resets the proton at the end of astaxanthin and modifies the acidic site in astaxanthin,
thereby regulating crustacean shell color. In addition to regulating shell colors, crustacyanin is involved in
the transport of small molecule lipids such as steroid hormones and pheromones and has important
biological functions in moult growth, gonadal and nervous system development, resistance to heavy metal
lipid metabolism, and hypoxic stress. It was first discovered that the pigment in the blue shell of lobster
could be extracted with ammonium chloride via a complex combination of organic bases and lipid
pigments. It was later proposed that the pigment was a combination of astaxanthin and multimeric protein
complex known as a-CRCN. This complex is composed of an octomer of dimeric f-CRCN subunits, with
this dimer formed by two types of CRCN A and C in association with two astaxanthin molecules. Natural
crustacyanins are all a-CRCN, comprising a total of 16 molecules. Procambarus clarkii, a member of the
order Crustacea (Decapoda, Crayfish), is native to North America and is an important freshwater
crustacean in China. It had been established that P. clarkii is susceptible to low oxygen stress during the
culture process. The low oxygen environment inhibits the metabolic rate of P. clarkii, leading to increased
susceptibility to pathogens; therefore, the ability of P. clarkii to tolerate and physiologically regulate stress
due to other environmental factors was also affected, which can lead to irreversible damage and even
death in severe cases. To understand the role of crustacyanin-like genes in gonadal development and
hypoxic-reoxygenation stress in P. clarkii, a cDNA sequence of the PCCRCN-L gene was isolated from the
hepatopancreas of this organism. The structural characteristics and evolutionary patterns of the
PcCRCN-L gene were analyzed, and the expression characteristics of the PCCRCN-L gene in different
tissues and gonad development stages were investigated. The expression response pattern of PCCRCN-L
under hypoxic-reoxygenation stress was investigated. The DNA sequence of the PCCRCN-L gene was
6 130 bp long and located on chromosome 12 of the P. clarkii genome. The cDNA sequence was 2 700 bp,
and its open reading frame (ORF) length was 1 587 bp. It contained five exons and four introns, encoded
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528 amino acid residues, had a theoretical isoelectric point of 5.71 and a relative molecular weight of
55 613.55, and was a hydrophilic protein. The intron/exon splicing pattern was in accordance with the
GT-AG rule. The PCCRCN-L protein had a complete lipocalin domain, which included the typical
sequences G-X-W of conserved region [ (SCR1), T-D-Y of conserved region II (SCR2), and arginine R of
conserved region III (SCR3). The results of multiple sequence alignments and phylogenetic analyses
showed that PCCRCN-L, as well as the crustacyanin A and crustacyanin C subgroups, were separately
clustered into a branch. The expression characteristics of the PCCRCN-L gene in different tissues showed
that PCCRCN-L was expressed in all the tissues; however, the highest expression level was found in the
hepatopancreas. The expression trend of the PCCRCN-L gene in the ovary and the hepatopancreas was
similar in different stages of gonadal development. The expression level of the PCCRCN-L gene was
significantly decreased in stages [ ~II of ovarian development (P<0.05), but no significant difference
was found in stages 1~V (P>0.05). The expression of the PCCRCN-L gene was significantly decreased
under hypoxia stress for 1 h (P<0.05), but there was no significant difference between hypoxia stress for
1 h and hypoxia stress for 6 h. After reoxygenation for 1 h, the expression of the PCCRCN-L gene was
significantly up-regulated (P<0.05). Compared with reoxygenation for 1 h, the expression of the
PcCRCN-L gene was significantly increased at 12 h (P<0.05). The results showed that PCCRCN-L should
be closely involved in the regulation of gonadal development and hypoxia-reoxygenation stress in
P. clarkii.

Key words Procambarus clarkii; Crustacyanin-like; Tissue expression; Different developmental
stages of gonad; Hypoxia stress



