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3 d M4 dERBKFRETS, REEYR S d J5HFRBKFIFGE AL, 3RS 174 (compound
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WL 0 d I B ETHR . OsGPL. OsPGK Ml OsPK TEWRIG KT « VUK AN [7) ] de43 M ask 7 vl (19 22 SR A5 38 B G
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W(O. vulgaris)B) MBI, g Tk
ek sz —10 HoE K, fEK
FEFRE E AR KRN FENT B
R, R ARl 2 (AT D ARDRE H R R B, S8
HaikAEKog, e, FBTaMRRINE
Il Z F1E SR 5T AT A BRI Sk R 2R 3h ) A Af
AR EEFE N, BHRG, Sk R IR
WA T RAR R, WA N TRE A DR AT AR o
HITF e KB SR R 29 R &= o B RALIA A K
REW = KEFY I Z—, Xk R S W (Sepia
officinalis) AR 4 B AfF 52 & B, K IR S5 1
T T Tk 2 2 B T S R T A, TE AR R
PK il 16 PE TR T 95%, X AT R S5 ML R 4t dr A4
A% Sh BT AR 1 35 T P AR AR DG4
Akagi ZFUCI RS R, Sk 2SR ILRE
N FE AR R R, RV R ATk 2
e AR P RS . Sun SN O SY
FEH, A bl DU ] A E K, HLARTT IR A
HEABFIERY B, A RE N EA
JBT RIS 1) W 2A 2 A a2 v 1) S B R AR A L A
FRIGER o [R) A A 3R I AR ol B R 2R 5 i
FE % 18 15 A T figp IR S 28 OC B 100 3% Pk S R Gk
70 i A A B I P BF S AR TS, AR O
fEREMAERS D EHFRAEFRA . &
WE 58 se b 1 5 v AR I B A AH G OsGPI
OsPGK 1 OsPK 2£[H, FF o AL RHL B E
Hr o RGN TR & B BT . SR TR YLK B a] A
HAERME 3 FORFERDEME LT YRR, 45
A BT T AR EEACAILE], AR DR
FELBCA TR P IR S P B IR HES H 50k

1 M#EFE

1.1 #H&EX

SEHG F H AR I AL U A T 2021 4F 7 AR B AR
AT TR H O XA A AR, SRR E SN
(0.52+0.1) kgo RAENLA . i, 85, 6.0 L JHALAR
N JEMERAR . CBAE. IR AR 10 gy
wE, AT AR A O] GPIL PGK
PK 1 v b e HZRIRHESE .

IR BGAS [F) & & B B A A R L/ DR K™

AR FI R H S XA AE, BEAE ™ N i ™
GUIFARON, HAKIER L, BEKIR 14.7~20.8 C,
SRCRAEZ AN . LUBRT . RBRERIR L) (A
4 ARG, BETAREC 6 ARG T
Ao

LAYV IE SE5G R AL ]y 2019 46 5
STES KR A (22.5£0.5) °C, SZERUKAR 100 L, #E
3 APATHL, BRI ) rh AR 414 1000
Ho B ARl 24 s BEEES ] 5 SO 0 h, AR
B URRE I 0d. 1d, 2d, 3d. 4d 154,
TSR 100 HAGFE TR AT

PR UL 0 A A 252 52 i) AR BT SRR A
RHEE R, BB R R S
AR DL, EWNAMBE IR T2 MR AT
B A AR T, (H L A K S A R a5 R e
K, N TECA R BCR A K AR e
WA S 3 AR A S B 5 B I G, 2R BRI A R R
(compound feeds) . £t V7 48 (Charybdis acuta) Vb T
fti(Sardina pilchardus) 3 P AT HNE o 3 Ffia]
BHE ORI 7E T HUB KA IR A Fl R H i IX
FI AL T, BPAE Ay 4R (1.27+0.06) ke,
BEAL 3 BC I SR AE 3 1 ARAS 4 3.0 mx3.0 mx2.5 m [
WIS, BEFECEE 150 2, IR DU R 20
JKAE W) — R PE 24 15 cm BB HER Ao M 2021
£ 11 7 14 HIFIRHRMRIFRAE, J3 0 5R L5 15
B Bitheg e yb T, BR 0 d. 21 d P42 d
AP RAETHALIR A S, & TSR .
1.2 RNA i2EUHN cDNA &5

B RNA S B £ I 433517 (Trizol®
Reagent, ThermoFisher, 7). B B I FL ik K
& RNA 58 244, NanoDrop-1000 £l RNA (1)
WEEMLEEE . B 1 pg B RNA P TRFE%, /WS
M & Ui B 154 T(SuperScript™ 111, ThermoFisher,
), RAFT-20 CTHEHL.
1.3 ¥l GPI. PGK 71 PK ERETE[E

XPAS PR AT O A7 v A I e S 20 55 s e a0 A 7
1, k1% OsGPI. OsPGK . OsPK Z:H (1751 Fr Bk,
FIH] Primer Premier 5.0 #AFBC ML EEESY)
(F 1), FLLBUEFF A 3E4E (ORF) 41 iy e ff
SIS (LAY TREA R R T 6 .
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Tab. 1

Primers used in this study

BlYAFR primer name

51731 (5'-3") primer sequences (5'—3')

& application

GPI-F TCTGTTTAGATAGTAGAAGAAGGT ORF ¥3iiF

GPI-R TGGAATCAGGTTTAGGGTT . .

PGK-F GCCGCCTAAGGTAGCATCACG ORF verification
PGK-R CTTTCGATAATACATCAGTTTCAAACATAGTG

PK-F TAATGGGTAGTGCCTGTTGT

PK-R ATCACCATCGGGATTAGC

qGPI-F GGGACATGGAAAGCAATGGCAAATC P

qGPI-R CTAAGCGGGTTCCTTGGTGAAGAAG . L
qPGK-F GCGGCAAGATCACCAACAATCAAAG PCR real time quantitative PCR
qPGK-R CACAACAGACTTGGCTCCTTTCTCC

qPK-F CGTCAGACACCAACTCCAACAGATG

qPK-R GCAGCAGCATGACACTTGAATGAAG

qPCR-p-actin-F TGATGGCCAAGTTATCACCA A=
qPCR-B-actin-R TGGTCTCATGGATACCAGCA internal control gene

DI | JE MR AR cDNA SHARIETT 3 N3 K ORF
4734 . 200 pL EP & P i N AR & R: ANTP Mix
(2.5 mmol/L) 4 pL, 10xEX Taq buffer (20 mmol/L)
5 uL, EX Taqg DNA %4 #(5 U/uL) 0.25 uL, cDNA
Bitl 2 uL, B TFHESI9(10 pmol/L)4% 2 uL, JGH
JKANME 2 EARFN 50 uL; thAEls GPI RN
PCR " 4S50 F: 94 °C, 5 min; #1735 MEH:
94 “CAEPE 30 s, 50 ‘CiRk 30 s, 72 CHEH 1 min
30 s; PEMGERIR, 72 CHEf 7 min, WHAEEY PGK
FE R 3G AR R R b, R kTR B RN
56 ‘C, ey PK JEF Y 8 iR RE L, iR
KIREWE N 56 C, PCR =¥ aifh s ik HE 3
(i) A TR BRI
1.4 HWEE cDNA RESEBFE T SH

MO 45 4545 OsGPI. OsPGK Fll OsPK
) ORF, F|f NCBI ) BLAST %k {4 (https://blast.
ncbi.nlm.nih.gov/Blast.cgi)i 17 A1 JE P L X, FH
EXPASY Wi ) Translate ¥ {f(http://web.expasy.
org/translate/) i 177 1 B3 o 2R BT 45 44 S8 1) 43
Mri st SMART ¥} (http://smart.embl.de/) 58 i .
it ) 2 R 1y 41 £ L L FH BioEdit 5, %
GEH LR R MEGA-X Kk {4 48 $7%: (Neighbor-
Joining, NJ)#4J#, bootstrap {E.> 1000,

1.5 Ll OsGPI, OsPGK 1 OsPK B3R i%E 5 #r

B 98t E # PCR (QRT-PCR)S ¥ T
OsGPI, OsPGK Fl OsPK J:[F 33550071, RH
B-actin fERNSEE, 5IYFH LK 1, BIE
biosharp™ SYBR Green Master Mix i 7 €5 (2% 784

BHE, T7HDINIRAE B 4T qRT-PCR, WK FR:
B 4.5 pL, ERIESI#7(10 pmol/L)4% 0.25 uL,
SYBR Green Realtime PCR Master Mix 5 uL, S
PR =4 95 CA8E 1 min; #5147 40 P&
:95 CAEME S5, 60 ‘CiR K 10's, 72 CHEH 15 s,
6 045 RS 2 1 s e il 22, ARG 56 7= W 1) e 57
Peo B 27O g B AR R R 41U . R
[ R IG & B B B . SIS [R) LA s ) DA R 45 it
3 B RIGDER A A T A R B A A DG S 1A
AR ki, JFH SPSS Statistics 23.0 48314k
X E U8 HEAT ¢ A6 g R R O 22 40 i, LA
P<0.05 & . # /K. K GraphPad Prism.v8.0 %X
T, Bl LOF B {E AR fE R (X £SE)RIR .

2 HBRE5HW

2.1 el OsGPI, OsPGK, OsPK F5) 4 h
REIGHAG T 1725 bp B4R GPI ELH 1Y
5£% ORF [X(GenBank % 5% '5: OP066308), fir44
A OsGPI, %l 574 D2 SERR, WOl iy 8 (A SR X
Sy 65.29093 kD, “FHLSK 7.32, Tl GPI &
H 5 BA PGI Z5441481(59~566 aa) (K] 1).3K15 T 1248
bp [H4ENS PGK FEH5E% ORF [X(GenBank %
S5 OP066309), 144 OsPGK, 4t 415 A~ Ik
fiR, A A 1 BT AR XS 435 44.58517 kD, 4
M5k 5.58, TS PGK & 14 LA PGK 451
1(8~404 aa)(&l 2). K15 T 1683 bp [H4EH PK
RN 1958 % ORF [X (GenBank % 5% 5 OP066310),
4 N OsPK, 9ift 560 ANE KL, T 1)K 5
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FHXT 73 ¥4k 61.02241 kD, S5EHL 82 6.92, A
PK 7& 5t A PK 45#418(62~411 aa)Fl PK_C 4%
HI3(426~544 aa)([E 3).
2.2 i OsGPI. OsPGK #1 OsPK S EF 5
LE Xt R R G gt L it 3 i

R Z EIF 5 LT LB, OsGPI & H 50N
HXLBERS (O. bimaculoides)) GPI1E A ¢ 15 1 [F)
W, —BUER 76.66%, 5% M U (Mytilus
galloprovincialis) . EWHWE(Crassostrea virginica)

JH SR W (Ixodes scapularis) . #k KW (Derma-
centor silvarum) . B K B Ul (Pecten maximus) .

i [ X MR (Penaeus chinensis)i GPI 25 F1—201: 0
56.1%~57.7%. GPI R (FE 4)E/R: ik
/RPN I LYINE o RN A ) R v < i %5
Yy, o e AR AN XU 5 R Sk AR s i
LRI EIMHWFER N —32, WG 5T
TR JE SERE I AR v XSRS Oy — KL,
M5 73— RICEHESH W) 53 TF o

91
31
181
61
271
91
361
121
451
151
541
181
631
211
721
241
811
271
901
301
991
331
1081
361
1171
391
1261
421
1351
451
1441
481
1531
511
1621
541
1711
571

it

atgtcttgtgagcecgaaaaacgagttgacagetgaatectgettggetagatetaaaagectactatgaccatcatggagjecttatttacat
M S CE®PIEKNELTAESAWLUDTLIEKA AYYDHHSG Y L H
atggatgaaatgttcaaaaatgatccOagatcggtttaaaaaat agtgtttctttggaggactccaacggcaacttgttgttggactat
M DEMTFIEKNDPTDT RTFIKK \ Zéx LEDSNGNTLTLTLLDY
tccaagaatctcatcaatgacactgttatcgagaaactgattgagetggccaagecagegecaaagttgataccatgagagatgetatgttt
S KNt 1 Np(O) 1 EKLIELAZEKG QREKG VDIIMRDAME
aatggtgaaaagatcaatacaactgaaaaccgatcagtctttcatgtagecttgegtaaccaaagtaaccaaccaatgaaagttgatggt
N G E KINTTENTZ RSV VEHVYVALT RN GQSNOQPMEKUVDG
gaagatgtaatgcctggtatccaagetgtecttaageatatgagagagtttacagacfectgtgatecaagggegatggaaaggttacace
E DV MPGTI OQAVLEKEHMERETFEFTTD VI QGRUWEKGY
ggcaaagccatcacagacgtggtaaacattggecattggaggctcagacttaggtecccttgatggtaacagaajcattgaageccatteccag
G K AT TDVVNTGIGGSDULG®PLMVYVYTE L KPF Q
gttggacctaatgtgeattttgttictaacattgatggtactcatttagecaagacattgaagtatttgaaggetgaaacaaccttattic
VGPN\'HFV/é\I\IDGTHLAKOLKYLK%ETTLF
ttaattgcatcaaagaccttcaccactcaggagactataacaaatgecaaacjctgcaaagaagtggtttttggacaactgeaaacaacee
L I A S KTFECTIT E T I T N AN /é\ A KK WP FLUDNT CIEKTZQEP
agttgcaacatactaggtcgetgtecteccagtcagattaaatacgactaaccatgtggecaagecactttgttgeecttjcaaccaacaag
s cN1vLcecrRcULPVRLNMIXINHEVAKHEFUV aL/MSTIINEK
aaacttgtcacagaatttggaattgatgagaaaaacatgtttgaattctgggattgggttggaggcagatatfcagtgtggtetgetatt
KL VTETFSGIDEI KNMMFETFWDWVGGRY V W S A1
gepgctgtctgttgetectgttecattggtatggacaactttgaaatgtttttgaagggagctcattttatggatcaacatttcaaacagget
G L /é\ VALFIOGMDNEFEMMFTLIEKTGAHTFMDG QHTEFEIEKQA
ccttttgaacaaaatatacctgttattcttgecaatgetiggtgtttggtacageaacttectatcaaatggaatectecactgtttgttgeea
P FEQNTIPUVILAMLSGVYVUW¥YSNFVYQMESHTCLTLEP
tatgatcaatacatgecatcgtttcccggecatattteccaacaaggggacatggaaagecaatggcaaajectgtaacacgecactggecagege
Y Dg YMHRTEZ®PAVYFQQcDMEGSNTGEK /é\ V T RLTJ)G Q@ R
attaattataatactggaccaatagtgtggggagaacciggtaccaatggacagecatgetttctatcaacttettcaccaaggaaccege
I NYNTGPTI VW GEZ&PGTNG GOQHAFYQ@LULHGQ@GTTR
ttagttccttgtgatttcttgataccagtgaacacacacaaccccattggtgatggaattcatcacgagatacttctyg
L VPCDTFLTIZPVNTHNPTIGDG GIHHETITLTL
gcacaaactaaagctttaatgaagggaagaaaagaggacgagatacttgaagaactgaagaaajctggaatggecgaggatecgtattaaa
A Q(’E\)K A LMEGRIEKET DETITLETETLTZEKTK G M AEDTRTIK
atgattttgccccagaaggtgttcaaaggcaaccgacctaccaattictatagtettticcaaactgacteccatttatgecteggggetete
M 1 LPoKv FKGeNRPOIINGSIVEMKELO)FVMLGAL
attgctatgtacgaacataagattttcgtgcaaggaatigtttgggacatcaattecttacgatcaatggggagttgaactiggcaaagte
I AMYEHIEKTEFVQGTIVWDTIN r?j D Q WGV ELGIEKUVW
tttgctaagacaatccagccgcaattaaaaggtgacgaacttattacc gtcatgatget ctacaaatggcctgatt gcttcattaag
F A KTTIQFPOQULIE KT GDETLTI T H D A T N6 LI F I K
aaggagaggaaataa 1725

K ER K * 574

K1 el OsGPI R TT I BEHE 7 41 KA 5 ) SR 51
REFTE T atg FIZ LTS taa MIALRIR; PGI 25 MR L T RIZ IR Z 2B R AL AL A T = MIERR
MR TRWERRAC AL A M FIE R W 2 MR AL AL AT 2.

Open reading frame and deduced amino acid sequences of OsGPI in Octopus sinensis

ctaacttcctg
N F L

Fig. 1

90
30
180
60
270
90
360
120
450
150
540
180
630
210
720
240
810
270
900
300
990
330
1080
360
1170
390
1260
420
1350
450
1440
480
1530
510
1620
540
1710
570

The initiation codon “atg” and the stop codon “taa” are shown by bold; PGI domain are shown by underline; serine

phosphorylation sites are shown by triangles; threonine phosphorylation sites are shown by ovals;
tyrosine phosphorylation siteS are shown by rectangle.
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1 atggctttcaacaaactcggcattgacgatattgatpgtcagtgaccaaagggtectactcagagttgacttecaatgtteccaaccaaggee 90
IMAFNKLGIDDIDVSDQRVLLRVDFI\VP@KG 30
91 ggcaapatcaccaacaatcaaagaattgttgctgctetaccaactatecagtatgctetggagaaaggapgecaagictettgtggecatg 180
31GKITNNQRIVAALPTIQ\’ALEKGAK%\‘.’V:\M 60
181 gtcatttaggpapggccagatggaaaacccaatgaaaaataticecttgaaatgtgtagttectgaacttgaaaaacttttgggaaaatet 270
615HLGRPDGKPNEK|T|5LKCVVPELEKLLGK 90
271 gttacatttctttctgaccgtgtgggteccecgaaacggaagetgectgtagtgatectgaaccaggttctgttttecttttggaaaacttg 360
91 V. T F L D RV GPETEAAC/S\NDPEZPGSVEFEFLTLENTL 12
361 cgtttccacttagaagaagaaggtaaagpaactgatgatcatggtcaaaagatcaaageaaaatcagatgatgttaagaggttcegteag 450
121RFHLEEEGKG®DDHGQKIKAK D DV KRTFTRE 15
451 cattgicgaaactaggagatgtttatgtcaatgatgectitggtacggetecaccgageccacgagectecaatggttggtgttcaactecce 540
151 /S\ L KLGD\"'T‘VNDAFGC’DAHRAH S MV GV QgL P 180
541 cagaaagtggctggtttcctectcaaaaaggaactaacatattttgetaagectettgaaagaccegagraaccgtttttagecatectt 630
18IQKVAGFLLKKEL@,T‘FAKALERPEEPFLAIL210
631 ggaggagccaaagttgctgataagattaaactgattgagaatttactggagaaagtaaatctgatgataataggtegtggcatggctttc 720
211 ¢ ¢ A K V A D K I KL TITENTELTIELETIEKTYVNTLMTITIG GG GMATFE 240
721 actttcctcaaagttattaacpgacatggapatiggpeaticcctetacgatpaapatggtpccaaaattpttaaccgtetcatagaaaaa 810
241®FLKVINDMEIGD&LDEDGAKIVNRLIEK 270
811 tcaaagcagaacaatgtagaaatagttttgectgttgattttgtaactggteataaatttgetgaaaatpecacagttggtcaagetaca 900
271bKQNNVEIVLPVDFV@GDKPAENATVGQA@300
901 gtapaagaaggtattcctgcaggacatatgggttteggatgttggagaagagacaaacaagaaatttictgaagttattgctacagctaag 990
301VEEGIPAGHMGLDVGEE@NKKFbEVIATAK 330
991 actattgtgtggaatggccctectggegtttttgaatttecgaagttetetaaaggctcaatgtictatgatggatgctetagtgaagece 1080
331’1‘IVWNGPPGVFEFPKF/b\KGSMb_\'IMDAVVKA 360

1081 accgaagacggtgccacaactattgttggtegagetegacactgetacctgetgtegccaagttecaaaaccgagactaaagtgagccatete 1170
361TEDGAT@IVGGGDTA@CCAKFKTE(T)KV HV 390
1171 agtacaggaggtggcectagtctagaattectggaageragagtecttccaggtgteogetectttgaccactgcatag 1248
391bTGGGASLELLEGRVLPGVAALC"DTA*415

Kl 2 AR OsPGK YT I EHE 7 4] B 3 1) 2 5L R e 51
R T atg FIL LB tag IITKHLERR; PGK S5 DL F R R ; LR MRBERR NS
M= 3os; IR mBm L LS M EIE R, MBI ML AR R,

Fig. 2 Open reading frame and deduced amino acid sequences of OsPGK in Octopus sinensis

The initiation codon “atg” and the stop codon “tag” are shown by bold; PGK domain is shown by underline; threonine

phosphorylation sites are shown by ovals; tyrosine phosphorylation sites are shown by rectangle.

IR Z HFHI et &, OsPGK #1510
MALBERS ) PGK R It e, 7 94.50%, 5 K°F
TE 4t Wi (Crassostrea gigas) . J& 5¢ i D (Mytilus
coruscus). J7kBEM (Dinoponera quadriceps) .
E[ B Bk B (Harpegnathos saltator) . L4 = X} HF
(Penaeus vannamei) . H A& X HF(Penaeus japonicus)
ff) PGK HH—EMEHR 67.9%~75.6%. PGK R4
HEAEA (] S) S R A i [E) A AR 31 9 i fin o
XUBERE S5 5 Ry — 3, F-5 Bsh W ITi FLAR i xs
BF . HARXTIRSER Dy — K3, LR MR EH
MESIMI R N o5 — 3o

RILTRZ FET Y LA Z I, OsPK & 5
BEHE R P[RRV, — 2 77.20%, 5
WF S b DI (Mizuhopecten yessoensis) . BRI Ak DI |
FUNEEEG . KSF PR . FLANEXTIE | X R
(¥ PK #E [1—3H:H 50.7%~56.0%. PK REEHEb

E(EL6) 7R Fh AR 5 [R) Sk A 2l 9 1 o XBE
W ORSF PR . MR IR —32, HHY
JC BN H 1108 FLAR e XTI | v [ X R 2R R — K3
55— KA 53T
2.3 il OsGPI. OsPGK #1 OsPK TEAN[E4H 4/
mERIXE

qRT-PCR 45 R 7, 76 AR R4 ZU8% 5,
3ANFEN G 21K, OsGPI T3 26K 76 T AL A
Fifki . OsPGK Fl OsPK fE i h ik w i &, Hik
S Je M R A AL R (B 7).
2.4 th4Edl OsGPI,OsPGK 1 OsPK TEFEBA AN [E]
AEMARIEE

TEMRIR AR & B, OsGPI 12 il | 21
PRI B SRR IR AA AR AR, BRI R EDII
AT IR IR KT 2 T+ OsPGK TE 2 4 i 0]
ST BRI AR BRI R B AT R T, s TEW)
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1M A QLL AQPGAGETLG QT RTIH

1 atggctcaacttcttgcccaaccaggtgctggggaattgcagagaattca;ﬁ:ctctccctttggattgcctggttctggtactcagaca 90

Arrcrercsc@®a@@ 30

91 aatgttggtcttfcacaacaacttcaggecagetigtgccagajcacaactggaacacatggtigetttggatattgattectgagectiagt 180
31N V ¢ L Q Q L @ A A CAR Q LEHMVALDTIDSETPTC 60
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Kl 3 OsPK T EEHE 7 1) A ) SR 51

AR BT T atg FIZE LB tga L FRIR ; PK 45 MR L T RIZSR0R; PKC S5 ABTE 0R ;22 ML LA T = AIERR,

MR TRWERAC AL A M PFIE R W 2 MR AL LRI 2.

Fig. 3 Open reading frame and amino acid sequences of OsPK in Octopus sinensis

The initiation codon “atg” and the stop codon “tga” are shown by bold; PK domain are shown by underline; PK C domain is shown
by shade serine phosphorylation sites are shown by triangles; serine phosphorylation sites are shown by triangles; threonine

phosphorylation sites are shown by ovals; tyrosine phosphorylation sites are shown by rectangle.
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Fig. 4 Phylogenetic tree based on GPI sequences from different species

The numbers in parentheses are the GenBank accession numbers of the species; the percentages are the identity

(%) of multiple alignments between Octopus sinensis and other species.
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Fig. 5 Phylogenetic tree based on PGK sequences from different species
The numbers in parentheses are the GenBank accession numbers of the species; the percentages are the identity (%) of multiple
alignments between Octopus sinensis and other species.
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100 A\ WY O.sinensis (OP066310) — M identity
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Fig. 6 Phylogenetic tree based on PK sequences from different species
The numbers in parentheses are the GenBank accession numbers of the species; the percentages are the
identity (%) of multiple alignments between Octopus sinensis and other species.
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Fig. 7 The expression of OsGPI (A), OsPGK (B) and OsPK (C) in different tissues/organs of Octopus sinensis

1: digestive gland; 2: brain; 3: posterior salivary glands; 4: branchial heart; 5: gill; 6: central heart; 7: intestines;
8: eye; 9: kidney; 10: muscle. The expression of significant differences is indicated by different lowercase letters (P<0.05).
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Fig. 8 The expression of OsGPI (A), OsPGK (B) and OsPK (C) in different embryonic development stages Octopus sinensis
1: multicellular stage; 2: red-bead stage; 3: black-bead stage; 4: newly hatched larvae. Significant
differences are indicated by different lowercase letters (P<0.05).
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Fig. 9 The expression of OsGPI (A), OsPGK (B) and OsPK (C) in the larval Octopus sinensis starvation experiment
Significant differences are indicated by different lowercase letters (P<0.05).
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Fig. 10 The expression of OsGPI (A), OsPGK (B) and OsPK (C) of Octopus sinensis fed with three diets
Different lowercase letters indicate significant differences between any two groups (P<0.05).
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Cloning and expression analysis of genes related to glucose metabolism
in Octopus sinensis
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Abstract: At present, the cultivation of cephalopods mainly relies on natural feeds. The absence of artificial
compound feeds is a restrictive factor for the large-scale development of the cultivation of cephalopods. The genes
related to glucose metabolism in Octopus sinensis, including glucose phosphate isomerase (GPI), phosphog-
lycerate kinase (PGK), and pyruvate kinase (PK), were cloned, and their expression levels were examined to study
the glucose metabolism pattern of O. sinensis and provide a reference for optimizing the proportion of carboh-
ydrates in its compound feed. The results showed that the open reading frame (ORF) length of OsGPI was 1725 bp
encoding 574 amino acids, the ORF length of OsPGK was 1248 bp encoding 415 amino acids, and the ORF length
of OsPK was 1683 bp encoding 560 amino acids. The sequence alignment and phylogenetic tree results showed
that the identity of O. sinensis GPI, PGK, and PK proteins was the closest to that of Octopus bimaculoides.
gRT-PCR results showed that these three genes were expressed in different tissues/organs of O. sinensis, with
OsGPI having the highest expression level in the digestive gland and brain, and OsPGK and OsPK in the brain,
followed by posterior salivary glands and the digestive glands. This difference in expression distribution may be
related to the biological functions performed by different tissues/organs. OsGPI, OsPGK and OsPK were
expressed in different developmental stages, with the highest expression at the hatchling stage. During starvation
stress in larvae, the expression levels of OsGPI, OsPGK, and OsPK decreased significantly after 2 days (d) of
starvation, followed by a significant increase in expression levels after 3 d or 4 d of starvation. Finally, the
expression levels started to decrease after 5 d of starvation. In the experiment of feeding compound feeds,
Charybdis acuta or Sardina pilchardus, the expression levels of OsGPI, OsPGK, and OsPK in the digestive gland
of O. sinensis were increased to varying degrees in the compound feed group and S. pilchardus group after 21 d
feeding. The expression levels of OsPGK and OsPK decreased to varying degrees. The expression levels of OsGPI,
OsPGK, and OsPK were significantly increased in the C. chinensis group after feeding for 21 d and 42 d,
compared to those at 0 d. After 42 d of feeding, the expression levels of OsGPI, OsPGK, and OsPK decreased to
varying degrees. The expression levels of OsGPI, OsPGK, and OsPK were significantly increased in the C. acuta
group after feeding for 21 d and 42 d, compared to those at 0 d. The expression patterns of OsGPI, OsPGK, and
OsPK during different embryonic development stages, starvation, and feeding of different feeds indicated that they
were involved in regulating glucose metabolism in O. sinensis. These results may aid in the selection of diets and
the addition of carbohydrates in compound feeds.

Key words: Octopus sinensis; glucose metabolism; starvation; feed; expression analysis
Corresponding author: WANG Yilei. E-mail: ylwang@jmu.edu.cn.



