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3. REETHAK=IR T, K 300221

FE: IR RIR B AR (Procambarus clarkid) eV VE A B 43 FHLE], AT T 5 3-8 T RILEE IR 5
P J B MR 1 10 9 O 200 B S 2R 500, & B - S SR TR 5 10 25 S Ak, M HL T B 5 5 [ R B MR A G g T
A o AT ZE 0 200 M B0 i DRI R AT 3 R, IR IGUE 1 H X A0 M S8 035 B R o TR REEE L W, 5 A B R S R v
4 AR YREN TR B M5 (kinesin family, KIF)JE[H, H& 4 KiSc 45k, HWMMERKRUSER . wE2RANE, EA
JE T RAEM EE R o- BN . AR B kinesin-like protein YR <1 5 A8 dak S A 57 L BCRE | Bl ST B AT T 22
5, HAY KIFs JEH KB F o qRT-PCR 45 53R B, KIFs i K 7E 70 G J5UEE 0T A 1 1 4 2R 8 rb 36k A s, e R
JLPA 25 2H 21 rh R IR BRI (P<0.05) . RNAIL S5 IEHT, 0.10 pg/g R E & dsKIF11 MRS R e Ak, W KIF11 3%
BRI E 8.01% (P<0.05); SATIRLMILL, BEE KIFIFEF A REFE, MO 40T FITC bRic 1Y B LR (Vibrio
parahaemolyticus) LT A CIHER BIFFIEZR AT K 36.26% (P<0.01)F1 41.94% (P<0.01), FiR%5 K KIFs KT
PR, 25 T MKE AR EIER, X455 EANI KIFs RRTEe R G b B shBE AALHTR L Tk

KR U ICJEER, MR AnA; IKEhEH; FWAEH,; G5

hESES: S917 CRRARAERD: A
o QR B F (Procambarus clarkii) XFR/NEEF,
FEWCH W], BIERL R Et, H
FEAE IR, | SRS, B SR, 2EEN
E 3R I sh P ih ), o 2 3% B (R K 35
B AT R TR R ) LR A BR B HR A £ P AE
SEARIET IR BB A AN B SR
W (Vibrio parahaemolyticus)Re 5| & RS0 2P T
JERHRIRFEAE, T 35 5 [G Ji 28 0 1) JH I R 1 4t
SO IRSERBETE, 328 1 A A 353 B,
A e TR R A RS 32 . IR, AR
[ S 25 R Yy S e e 77, 5 LG R ot 9 B 1
YEFIBILEN, X 52 B0 e U J3t 228 00 174 it B 53 7 A o
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Guge [y 24 AR U MM IS R 3 B 4 it £ 4 i
] 43 A% B 41 (hyaline cells) . 245047 21 Y (semi-
granular cells)F1B0R. 41 id (granular cells), H:H i
175 Y 4400 R0~ OB A0 A 5 9 A A T A D
i 7P EEL 290 e e B ML O TR
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K, S EAZAE Y A0 I B B AL Y I 4%

BEL£WB: KEHEHG I H(22YFZCSN00200); Rt TS5 2% s 5L 2 OB H KA iR 4 9% Bt H (202303).
EERN: HEE0996-), B, WEB5EA, BF5505 moA Y B2, E-mail: 21818020@mail.tust.edu.cn
WBEEE: FEWEE, #2, VI kKAS 54 REF . E-mail: suily@tust.edu.cn



578

Aok T A7 458 SR 30 2 1A e DR 0804 o B8 M, 9 L 00 M 1 4 e 1 767

SiR R R RS E A R TS NE I EA,
Z 5 MMMz, g 0 i N B DL R A R
s e JR, A A 14 MRS B
F I (kinesin family, KIF)!'Y, ix$L 5% 2 2 143 13
8 Bl A 2 2 VTR M o 4 4 1Ok A s WL A f s
fit /1 Belabed 25U F 5T A, % iKY kinesin-1
AT L e 9 5 /0N B AR 5 R 20 L 9 5 SR BRI
HhurngSs; w8 Rz e KIF18B
N KIF14 13355 40 A HE 58 FHT 08 T /8 1 W E
FHIG . A BT HE I 40 - 2R K B T Rl oT
25 20 TR 1 e mT IR0 D R IR B 2 1 AT L g
2 i J o o 2 1 B S L, i B RIS AR A
L TIRE, B R 20 ) 5 1 e Sk As 451
ARG RM] KIFs JE P S8 RIE AR 520
PR T, 255 i 20 i B i T e, 1 5 i)
BILAAK S50 A1 1) T 37 g

HAE KR S okt KIFs 36D B Fs /0, {3
TE g /K E A8 £ 2548 2 B (Paralichthys olivaceus)H
i . W5 K I microRNA pol-miR-140-3p [
THAES T8 A0 KIF54 (1K, UXHTRIZLG
BEER 1 (Streptococcus parauberis)JE& Y, IEH 1E 5
I G B 2y F 1 A S AL S g AR SR
P2 N ILIRSE KIFs LN AE 70 R IR B K b
92 AR T B LA BILAR, X e £ 1 500 1)
TE R A5 [R R 2 MR A R TR B 2% 3 X

PR TR SR R R R 3- BT R
(3-hydroxybutyrate, 3-HB)-5 5 [ Ji 5 1 45 ) H 4%
7% 0. 3. 6. 12 124 h, FRA5 bk 2402047
RNA M5, 8t st A8 ki 7 s 2R
TR AN SR IR N P R gy HAE e R g h
PIVER, AR 5 DA ar 2e L N AT A9
R HE A S T R RE S AIE, B AEW)
A 1) Y o [ i 2556 T 240 o 240 e R 7 4 L 2 v 7
EHL

1 MEEFE

1.1 LI Eh¥) K #HEKiIRE

v IR SR MR I TR R i Y, FHIRE (23.53+
1.75) g, FIAK(9.21+£0.50) cm, K5Hkik i fa
T ICJE R E T 16~18 CHFAAA T, Wik iz (5

FREIE, R 1k, B9 1A

BRI E RS 3-HB 570 QB R IR,
TR I RNA %, i 22 53Rk s e i,
AT 5 AU S (Cluster-32372.74405 .
Cluster-32372.26862 ., Cluster-32372.109731 . Cluster-
32372.71950 F1 Cluster-32372.87767) 0] it 7£ 3-HB
I S i i Rt b A AR A, IR AN SR
1.2 HEAEBREREMERESW
1.2.1 HMEBRERSERFIIEESF (G
ProtParam (https://web.expasy.org/protparam/)7r £k
L X A 56 e A 0 A 1 S B S R R 2 AT 41
Mro it SOPMA 7EZFR)T (http:/npsa-pbil.ibep. fi/
cgi-bin/npsa_automat.pl?page=npsa_sopma.html) X}
5 EER ) Al AT IO, A R SMART
(http://smart.embl.de/smart/set_mode.cgi?’NORMA
L=1)F00I0 & P ) 45 #4358
1.2.2 HMEREEFTILEI R RGE L REE
ik NCBI 19 blastp TF/F NI L 5 AN FEF MY
R F 3, FHFIH DNAMAN (v6)iE 17 /¥ 81l f1<F
PEHEXT, FELL MEGA 10.2 84 FH AR $23 (neighbor
joining, NNV H RG K B SHE: Bifiil
B N “Possion model”, &t O &% & & “Pairwise
deletion”, K354 E A bootstrap method=1000.
FHK7EZ T 2. MEME (http://meme-suite.org/tools/
meme) 4t T3 ARG I HE 1P 91 A0 PR <7 1 i e (B
Fe i BERRCY 10, HABAE 1 S BROAED) A A H]
NCBI F# % Batch CD-Search (https://www.ncbi.
nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi) 35 1 £
SF45 R 3 3 TBtools- 11 1.120 #E47 AT ML
1.3 EEALAS T

BEALZEHL 15 Fefd e Y 5e [Q R 2 AR, 4351
WO M bk A . il AR . B iR
LA B HRARAEZHER, LA S SRR AR [ ZH VR 1
AN B LU RNA, R, FIF qRT-
PCR A FH G 5 7 4% A~ 41 1P i 2 ik /K0,
1.4 RNAi XI§

F| ] Primer Premier 5.0 X381 KIF11 |
KIF20, KIF23 PR RSG5 4% (6,58 6 8 (H (EGFP)
BB dsRNA 5I#I(E 1), R SCHERRIE 1Y 75 2
A UM dsRNAPY S 435115 & %t B 241 (EGF P
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Tab. 1

dsRNA primer sequence

B|Y A4 FK primer name

519 351 (5'-3") primer sequence (5'-3")

dsEGFP-F
dsEGFP-R
dsKIF11-F
dsKIF11-R
dsKIF20-F
dsKIF20-R
dsKIF23-F
dsKIF23-R

taatacgactcactatagggCAGTGCTTCAGCCGCTACCC
taatacgactcactataggg AGTTCACCTTGATGCCGTTCTT
taatacgactcactataggg ATTTCTCCAGCCTCCATT
taatacgactcactatagggGTGCCAGCCACATTTACC
taatacgactcactataggge AGCGTGGAGACTGTTAGA
taatacgactcactataggg TTAGGAGGTTGAATAGAGC
taatacgactcactatagggCAGTGTGAATCGGATGCT
taatacgactcactatagggGCCAAGTCCACCAATGAA

dsRNA)FISZE84H (KIF11 . KIF20. KIF23 dsRNA),
B2 5 R 7 FC R UE ] CPBS #f dsEGFP (dsKIF11 .
dsKIF20 . dsKIF23 ¥k B 43 5544 0.05. 0.10 .,
0.20 pg/g REFIE ., 5K dsSRNA HHRME 2
T 2 MG T A e EG SR B AR P, A R R A
100 puL J5 & THEFRAA TR F7 . 14 dsRNA J5 B
12 h A5 2 JE P hEBUM AR U, ELE 72 he B0
Wi B 17K T 20 O F B RNA, o7 ] qQRT-PCR 6 %
FETHRR G SE B IFUERREFRLL 0.10 pg/g
AR ) & T v IR MR S A9 bk R 40 i, T
ey il
1.5 #HMEEF K FITC FRid

RIS I SN B R TR T B SR BRI A =AY
St o AR R TR & A BRI 1.0 /L. 3R
% 5.0 /L. 24 1.0 g/L F 30 £5 BEH B s /K
(pH 7.4~7.6) 2216E ¥532 5L 1L 28 °C (150 r/min
B EDOr e N

e 5 mL XECHENA MR E 7Y, I
12000 g. 4 C T E.L> 5 min (Eppendorf 5424R,
Germany). FH PBS & 21 Jifd ks 5 27 I k% 3 K.
JH DMSO #% FITC Y FE 5 B 5 mg/mL, %
FRBE W : FITC JRAW=25 : 1 BT ILIR S,
HEOEIFF 24 h 5, 12000 g &0 5 min, 3 FiF. 2L
PBS HEIfFUEN 5 K.
1.6 Mk E4paEFF & Hoechst 33342 #Ri8

L 75%C BEG UEI B 5 ORI AR, F S mL
TC R S DA bk B S HTEER 2 0 3 BRI
W A6 IR EDTA Pkl e oS 2 1715 R 5
FCJR R bR, 7. BI7E 1000 g 4 ‘C T 0> 5 min,
F BV, FHL-15553755(11415114, Life Technologies

Europe, USA)JF IfiL Ik B 40 i i hr 5 B 7 1 A 48 4%
5 10° CFU/mML, 45538 3 0E F 24 LA |, 75
22 ‘CTFH:FE., % Hoechst 7 1 pg/mL 5| & %5 N2
IR AR R A, EEOEIEE 15 min /S L-15
FEFREL VRV 3 Ik, BB SO0 4R (Nikon, Japan)
TR ER Y e e 04 I 6k L AR
1.7 EFETheeleiE

PAFAETH IR Y dsKIF 11, dsKIF20, dsKIF23
JARN ) ) dsEGFP X 58 [C R B R b4 744 P 7
S, 48 h JEWCEEIRE IR MK A0, RRAIMIC A
(Thermo Fisher)A: K J5, MMM AL © &l
MR /56 ER=10 1 BWIRFHANA FITC fric
BRI MR B B8 0.5 pm %¢ Y6 BR (fluorescent
microsphere, Polysciences, USA)JI 781k ~5), it
HEMFE 2 h JEIEUE 3 YR LA B A 1l A 5k 1 4 1
IR B G IBR, B 1 I BE AR 4 B I 9k B 240 g
HA 1 pg/mL Hoechst PAARTC LI E 40 i 20 it
¥, #EEHFE 15 min J5 H L-15 53533508 3 kD
PR, 8B OB TSI R . gt
25 2H IR 0 A M A W 32, g 2 I AR T A R B S
MBS TS, BT 4O D T 100,
1.8 HiELE

ABFFER 224 H ALY mRNA 2%
KKV B R FH L R 5 29781 (ANOVA), %
A Levene ¥4 Fl Duncan 2 LK K . P<0.05
FREFREE, P<0.01 FREZWBE .

2 HBRESH

2.1 EEZEMAEXEEREALER
S A E 2L R H, 4 /N (Cluster-32372.74405 .
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Cluster-32372.26862 . Cluster-32372.109731 . Cluster-
32372.71950) B FEREN KIFs FHOCHEH; o5 —- 0k
(Cluster-32372.87767) # {1 F& Sy W2 Jiié - 2R - 12 Jig
(helix loop helix)Fe 2 BRPLEEFL 5% T MIT Kk
%A ¥ EB (transcription factor EB, TFEB), %%
FER G E A RE R . AR H R SF S

2, FIHMBTIPrEEREN, S M ERPAREA
M2 (Glu)., sc& MR (Leu). #iZ MR (Lys) . 22K (Ser)
FRBEEE 1 a), JAR HEEH s R BoR,
SAFEH B SEFAL, EEE o-120E . - & . T
DU 3 R E AR B A B, L o-MEE NGB U] 3
SR T R ) B GRS (B 1b),

®2 EREENAREREREXEARER

Tab.2 Cytoskeleton gene-related proteins information in Procambarus clarkii

FLH 45 gene number {5 B, annotation

FIHEFECH number of amino acids % HL i isoelectric point

Cluster-32372.26862 KIF23
Cluster-32372.74405 KIF11
Cluster-32372.109731 KIF20
Cluster-32372.71950 kinesin-like protein
Cluster-32372.87767 TFEB

874 9.16
1120 6.08
1866 5.35
3189 5.15

550 5.51

a 50%

40% |
30% |
20% |
10% |

0% |

KIF20 KIF23 kinesin- KIF11
like protein

&1

TFEB

»
60% t o2
40%
20%

0%

20%

VZ lyq’

40% |

60%

KIF20

SO TRJEES IR 5 > 200 i A ik DR ) B P T

a. FEGIEFER G i b "R

Fig. 1

Physicochemical properties of five cytoskeletal genes in Procambarus clarkii

a. Main coded amino acid content; b. Secondary protein structure prediction.

2.2 KIFs EEEFEHES

BB 45 40 3k T 45 2R s, KIF23 (Cluster-
32372.26862). KIF11 (Cluster-32372.74405). KIF20
(Cluster-32372.109731)Fl kinesin-like protein (Cluster-
32372.71950)4 & A 1 4> KISc 53k (BFHIE 1) F]
FH DNAMAN 4%t 5 A2 ffd B 4 3 R 5 Hoftb 10
A1) b o Rz S PR ) R R AL R HE AT XS, R B
KIF23 ., KIF20., KIF11 iX 3 H3HTE 10 N FpH
(RN 5 67.42% ., 48.22%F11 46.61%; i
TFEB 5 kinesin-like protein 7E 10 />4 % o %) [] 5
AN 36.21%5 21.70%., KIF11 FIERIT 5 541

FFEE MR (Cherax quadricarinatus) 1 [6) Y5 14 B 5
RN 75.40%; KIF23 . KIF20 1 TFEB (1% 3%
12 7 5 5 56 9N b R (Homarus americanus) W) 7] J&
PEE R, 9N 77.13% . 59.77% Fl 55.52%;
kinesin-like protein 5 H A X} ¥R (Penaeus japonicus)
IR PR =, ol 36.46% (FHAT 2),
2.3 KIFs BERRGERE DT

FIFH MEGA 10.0 X 5 4™ 4t Jfd-1 42 35 R 1% ]
PERE 10 AP G 2 B RR T 51 1 4R 1k
SNARGKER, HHiEid TBtools FAK:H 5 fil
1) motif K PR~F 258 B M 4 RAHZE A (B 2)0 B0
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g PRSI,
a motif location conserved domains
st o [MHH4- T
- YTEEKUP Cherax quadricarinatus U:nn]:m—n—ﬂ— 7 motif10
— moti?
L SEWWHEF Homarus americanus u:nn]:m—n—ﬂf “ ‘ | l-l l % Eggé
] moti
— [ motifl
— =R & Portunus trituberculatus HﬂW “ I | l | ‘ [/ motif3
— mot;lfg
[ moti
— ¥ e M Hyalella azteca U:nn]:[[’—n—ﬂ— “ l ‘ ‘ ‘ ‘ [ motif8
= KISc_BimC_Eg5
. [ SMC superfamily
— 8UHEE: Amphibalanus amphitrite U:nn]:m—n—”— l l ' ‘ | [ Microtub_bind superfamily
[ 46 superfamily )
™ 235kDa-fam superfamil
— YW Schistocerca americana HW I:[:D] = SMC prok Bsuperfamily
1 MukB superfamil
— BXIIE I Patella vulgata Hﬂnﬂ[ﬂ]—n—u— ™ SCP-1 superfamily
& 1 APGI superfamily
S S
- 53 4 Anneissia ji i Hﬂnﬂ[m-n—ﬂ— /| 72 superfamily
FiPIEL H 34y Anneissia japonica I l [_| ’ | [ Gp58 superfamily
wnssomnes [MIH—+ TN
- SRMHH Lytechinus variegatus WW I | ’ l—”
5, ) ) ) ) ) L3 5", X X X ) 3’
O O \] L D
LSS TS SSS
P LE PREPEEFIR
b motif location conserved domains
i
NARIEXTHR Penaeus vannamei M—n[m—ui H | H | ‘ % ﬂgt}g
—/ motiff;i5
™™ moti
) . | ™ motif4
HREXTUF Penaeus chinensis 3 motifl0
1 motif2
—/ motig
L S1D0 [ moti

—  HZAXFHF Peaneus japonicous

—  EWIEEF Homarus americanus

—  HARGESE Eriocheir sinensis

—  BREA & Armadillidium nasatum

— Y2 W Hyalella azteca

r FLERJEEMF Procambarus clarkii

5

HH— 1]
HH—— [
HH—— =

= ZIEHKAT Cherax quadricarinatus M—MIH]7 D:I:

MH—— P

— =Y TE Portunus trituberculatus ﬂ]:n—ﬂm]]—l]i H l H‘ ‘ '

ME—— TP
L —

35

N RN RN RN RS RN RN RN AN NN \] \] AR
PREERNRERS NN %“3@@“3»9\@ 2N

[ Motor_domain superfamily
[ SMC_prok_B superfamily

[ RBD_KIF20A-like superfamily
[ Macoilin superfamily

™ Smc superfamily

[ SMC_prok_A superfamily

(f5%: to be continued)
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(i 2 Fig. 2 continued)
e (R,
¢ motif location conserved domains
HIE X Penaeus chinensis MDMH_DD ” ‘ | | ‘ [ motif7
% moti%
1
BEATXTER Penaeus monodon MDD:H]—D—DD | | ‘ ’ ‘ | | ‘ = ggtifj
[ motif4
‘ % mot@go

- JLBABEXTET Penaeus vannamei *D]-DD'D:H]—D—UD» || ‘ | | ‘ (i Eggfg

] motif8

[ motif5

— =Y T Portunus trituberculatus —m—l:":l—mu—n—ﬂn—
— @2 H3h¥) Trinorchestia longiramus «D:H:ID-D:H]—D—UD—
— W HEBY Cryptotermes secundus m-uﬂ-mu—n—ﬂn»

—  HZARX}HF Peaneus japonicous

—  FLERJFAEENMF Procambarus clarkii

= ZEWIHF Homarus americanus

—  SUEAE Amphibalanus amphitrite

—  #8FEETE Pollicipes pollicipes

[ [T
I [T

[ 1

[ KISc_KIF23_like

[ MKLP1_Arf_bdg

[ Spc7 superfamily

[ Smc superfamily

|| Im | H [ PRKO03918 superfamily

[ PRK11901 superfamily

” | ’ ‘ ‘ | ‘ [ MKLP1_Arf_bdg superfamily
[ SMC_prok_B superfamily

[ DUF3584 superfamily

F [ SMC prok_A superfamily

HIp A E

d motif location

i

{ TR EXTUF Penaeus chinensis

JLREESTET Penaeus vannamei I[M ﬂ H ﬂ ﬂ
L HZAXTHF Peaneus japonicous Ilmm H H H H
L BEA XU Penaeus monodon W

L To[RJREAT Procambarus clarkii

— SAELRIEIE Eriocheir sinensis HMM H H
— =PEtR T Portunus trituberculatus IM[H—H»

— 5 F ) Trinorchestia longiramus ﬂ H m
L 58 Hyalella azteca ﬂM[ﬂ I’} II} H
— 8B Pollicipes pollicipes IIM

— YAy Amphibalanus amphitrite

conserved domains

[ motif9Y
=
[_] motif2
[ motif8
TP S
[ motif3
[ motifl
r ™™ motif5
[_] motif10
[ ] motif7
D:[I [IKISc_ CENP_E
[_1SMC super family
l ‘ ‘ ‘ | ‘ H [ 1SMC prok_B superfamily
HOOK superfamllty
[ KCNQ2_u3 superfamily
[ PLN03229 superfamily
[ PRK03918 superfamily
[_1KISc
[ SbcC superfamily
l ‘ ‘ ‘ | | ‘ | ‘ 1 SMC prok_A superfamily

(%4 to be continued)
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HFPAIE

e motif location

FEXHIF Penaeus chinensis

PESTXIUR Penaeus monodon

— -

HZAXFHF Peaneus japonicous
LW HF Homarus americanus

-HHITH

L FERJFHENMF Procambarus clarkii

— =Y T Portunus trituberculatus

ARG EERE Eriocheir sinensis

LIHEFENP Cherax quadricarinatus —M

JLNEEXTHF Penaeus vannamei

— RIERHH I Microctonus aethiopoides M
— M HBHY Cryptotermes secundus W

5

—{HIM
—HHIM

(42 2 Fig. 2 continued)
PRSFEE IR

conserved domains

™ motif9
[ motif6
[ motif7
™™ motif5

[ motifl10
[ motifl
] motif2

[ motif4
[ motif3
[ motif8

[ bHLH_SF superfamily

[ MITF_TFEB_C_3 N superfamily
[ PHAO03247superfamily

[ bHLHzip_ MITF _like

™ bHLHzip_MITF

[ MITF_TFEB C 3 N

ull

oo oo 38y 3

,I
Q

1
PR TARRL L 0 ERRR L OO &
SHENSSSRSS QNN MO

PP PEOLPS

Bl 2 e RJEEAR 5 A0 ZREE I 1 R G &/ 0 A

a. KIF11;b. KIF20; c. KIF23; d. Kinesin-like protein; e. TFEB.
Fig. 2 Phylogenetic analysis of five cytoskeleton genes in Procambarus clarkii
a. KIF11;b. KIF20; c. KIF23; d. Kinesin-like protein; e. TFEB.

[RJRFEHR KIF11 5 KIF20 34 52128 0F KIF11 Rl
KIF20 R—3¢, FCRIGEAF KIF23 53 g iR
KIF23 R — 3, iy (K IR kinesin-like
protein 5 TFEB N 5 rf & B X #F (Penaeus
chinensis). ¥ X ¥R (Penaeus monodon). H A X
KR (Penaeus japonicus) ¢ 3N Jo MR 5 hy— 7 o it
MEME 7E48 T HXF L | 3 418 AT < B
O, LA 10 SRR ORSFRY, B KIF11 4
Ko KIF20 i) 1 A FEFER Sb, 3 20 KIFs B &
AR motif #i, PRSFE5AE Y A7 & AR
ZEFBUN, HIXTRSE, kinesin-like protein £l TFEB
PIHEL I motif MBCR AT 2257, HARSF 45
B 7 R IS 25 S AR

24 HMEEREXEERNARSHE

T FG A BN A5 A 2 v 20 it SRR S S TR )
BT 85 R R, KIF23 . kinesin-like protein
L KIF20 73 1 20 21 3% 3K & % = (P<0.05);
KIFI11 F1 TFEB 7Effl . &40 A i
(P<0.05)(1 3).
2.5 KIFs EERERMETIERIERRSEIRR

AU P IR RS MR 5 dsRNA, 48 h J5 i
PP BB, B0 WA bR EL A B RNA, %
SR REIE R FER K. 4559 8K, 0.05~0.20 pg/g 1A
TR dsKIF11. dsKIF20 F1 dsKIF23 S47a[Hk o2
Wil KIF11 . KIF20 R KIF23 [3E35P<0.01), 5%}
MRZAHLL, dsKIF11 BYRAET LRI E R 0.10 pg/g
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=8 EsfRiW =3 Gifif = Hell4iffl = HpfFfEfY = Hpt 44! es nfpil = MsiLA
KIF23 kinesin-like protein KIF11 TEFB KIF20
a
a
=
S 100 ¢ L L L L
g
o0
2
=
H_
¥
ﬁ 50 - X i - b - -
3%? a é b a
= v
d —— d
(v
b ﬁc! - = 2 < c
ole ee Loelll=r2 bb)] = <l = T == T

Els di ch HlpHi)t Illfl Nis ]és (Iii I—ic Hllept Iln NIIs Els di ch HIpHIIJt Illl Ms ]E:,s (I}i I—ic HIpHIpt 111 Ms E:s di ch Hllept Illl NI[s
24 tissue

A 3

5 ™ 240 1 R DR A o R U O A A U IR 3

[F]— 3 PR R [R] S B e /R 4l 4L R AF 7 (2 35 22 57 (P<0.05).
Fig. 3 Tissue distribution of five cytoskeleton genes in Procambarus clarkii
Different letters on the same gene indicate significant differences between tissues (P<0.05).
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Fig. 6 Phagocytosis of Vibrio parahaemolyticus and fluorescent microspheres by Procambarus clarkii hemocytes
observed under fluorescence microscopy
a. Vibrio parahaemolyticus; b. Fluorescent microspheres; c. Hemocytes; d. V. parahaemolyticus and hemocytes, the
white box indicates phagocytosis of V. parahaemolyticus; e. Fluorescent microspheres and hemocytes, the white box

indicates the phagocytosis of fluorescent microspheres; f. V. parahaemolyticus, fluorescent microspheres and hemocytes,
the white box indicates phagocytosis of fluorescent microspheres and V. parahaemolyticus.
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Kinesin-related genes regulate phagocytosis in Procambarus clarkii
hemocytes

DU Guoru', XIE Wei', ZUO Jiajun®, LIU Wei', WANG Xuehui’, SUI Liying'

1. Key Laboratory of Marine Resource Chemistry and Food Technology (TUST), Ministry of Education; Asian
Regional Artemia Reference Center; Tianjin Key Laboratory of Marine Resources and Chemistry; College of Marine
and Environmental Sciences, Tianjin University of Science & Technology, Tianjin 300457, China;

2. College of Animal Science and Veterinary Medicine, Shenyang Agricultural University, Shenyang 110866, China;

3. Tianjin Fisheries Research Institute, Tianjin 300221, China

Abstract: Procambarus clarkii is an economically important aquaculture species in China, and pathogens,
especially Vibrio parahaemolyticus, have caused significant economic losses in large-scale farming. However, the
mechanism of the immune system response to pathogen invasion remains unclear. To delve into the molecular
mechanisms behind the immune regulation of the Procambarus clarkii, this study analyzed the transcriptome data
of its hemocytes that had been co-cultured with 3-hydroxybutyrate. By analyzing the transcriptome data of
hemocytes from P. clarkii co-cultured with 3-hydroxybutyrate, significant differential expression of cytoskeleton
genes was observed, suggesting a potential association with immune regulation in P. clarkii. This study annotated
and classified cytoskeleton genes and validated their impact on cellular immune regulation. The annotation results
showed that out of five cytoskeleton genes, four belonged to the kinesin family (KIF). All contained KISc domains, and
they encoded amino acids primarily composed of glutamate and leucine. The secondary protein structure was
mainly composed of a-helices. The genes encoding KIFs were generally similar across species, except for
variations in the number, type of conserved motifs, and gene structure among kinesin-like-protein genes in
different species. Quantitative reverse transcription-polymerase chain reaction results showed that the expression
levels of KIFs were higher in the hemopoietic tissues and gills of P. clarkii than in tissues such as eyestalks and
muscles (P<0.05). RNA interference results demonstrated that the optimal knockdown effect was achieved with a
dose of 0.10 pg/g body weight of dsKIF11, reducing the expression level of KIF11 to 8.01% of its normal level
(P<0.05). Moreover, compared to the control group, after the knockdown of the KIF11 gene, the phagocytic rates
of hemocytes towards green-fluorescence-labeled V. parahaemolyticus and red fluorescent microspheres decreased
by 36.26% (P<0.01) and 41.94% (P<0.01), respectively. The abovementioned results indicate that KIFs exhibit
high conservation and are involved in the phagocytic activity of hemocytes. This finding provides a basis for
further investigation of the function and mechanism of KIFs in innate immunity.

Key words: Procambarus clarkii; hemocyte; kinesin; phagocytosis; immune
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Appendix 1  Conserved structural domains of cytoskeletal gene encoding protein in Procambarus clarkii

a. KIF11;b. KIF20; c. KIF23; d. kinesin-like protein; e. TFEB.
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Appendix 2 Amino acid sequence comparison of cytoskeletal gene encoding protein in
Procambarus clarkii with those of other species
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