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J7 W LD e 2RI B W AL BF ST B E T
fifi, 55— L O SR 2 T S A AR AR R
Wroe iRt 17 B AK Y .

1 MRS JTE

1.1 SEIe# R R 7

SEUS BT 4T OGS B AR A 95 M O A 2
IKFEFEFEA RN TFl; EcoR IFRHIFE . Xho IBR i
fifi . Nde IR I . PMDI1S-T# K . pET28%% /4 |
T4 DNA % £ % 4y TaKaRaZ\ 7] 72 & s KIBHF &
(Escherichia coli)BL21 HIDHSak K AR A AL BL 7 (Ab
FOA BRAF s B IO &0 B A TAEY
TR B A AR, GSTIEIR R G H
BBI Life Sciences/A i ; HISHR % . 5 B Hii (4 Fil
GSTHR 2 B o BT AR I F Transgen’A & 5 Thermo
Chemiluminescent Substrate i {4 & Wy H Thermo/:
YINwl; ARG IR EEL-15 . B B 55 A
SIGMAZ H] 3 MDC H Wk il a7 & . K F B i
W HREFEYHARAF; tubulinBt 7K (/) B
Pi) . R AL Y BT IC L E BTN BlIgGIA A 1
WA RAEWHEARAGRRAE; FITCH L4t
B s BT IR B proteintechZy /] 3 CqLC3Pi {4k
A R PR A% 5 H At R 2 Sk [y A
1.2 LWHE

LR R SFLC3 A B (CqLC3) T 5 & ik
BARAM 22 R 48 A 52 36 % 4 4G 4R 45 1 Cq L C3
(GenBank: MH681880), #1154 CqLC3-F-EFil
CqLC3-R-E(E )Y 34354 EcoR TH1Xho 1 BV 54,
JORFAK CgLC3-E. ¥ 4:AF: 94°C, Ak
5min; 94 °CZEPE30s, 60 °CiE k305, 72 °CHEff
60s, 35MEH; 72 °CHEMH 10 min, 1%3 s i E
J LUK S5 AT IS TR, K BT 49 5 pET2 848 44

FIH EcoR THI Xho THEAT XUBEY , 1 %3 i A 58 JIC
FEL UK RS L, 2P e [l ic ™= ) ) FH T4 DNAGE $2
Wil R AT e 4, BUZ $ 7 Wl ok FABUES A 2 DH 50
T AN, O e BH M O RE B, R R B
R & 3 5 pET-HIS-CqLC3 5 2H F2 38 ki, XUl
VI %5 o

LA R 5 AT AR E & 8 o-tubulink B (Cqo-
tubulin) % 5 & & R AR & ¥ Cqa-
tubulink [H 31 (GenBank: HM345985.1)i% 11514
Cqo-tubulin-F-EfI Cqa-tubulin-R-E(F 1Y $ 47 A
Nde 1H1 Xho 1 B§ VI 5 ) ORF 2K Cqa-tubulin-E,
DAL EE S 5e B MR 3 1 4 21 cDNA R 1554 i/ 47 PCR
Pors L YRS 94 °CTHASPE 5 ming 94 °CASE
30s, 55°CiEk30s, 72 °CHEfH90 s, 35/ 1F
5 72 °CAIEAH 10 min, §73HE 7= W2 1% B
I HL UK S HEAT RS I, e D i 5 vk 2 K
F & UL B LT, I FINanoDrop 20004 M [F] i
PR EE o % RIS 9 5 pET-GST# AR F| F Nde
DRI Xho THEAT XUAED] , 1 %3 A 58 1 i ok )5 A 7
JEE TET s, 270 6 8105 4 1) 1 T4 DNAE $2 B kA 7
B, WUE R ) o OB AL 2 DHS o2 2
YA, O R PRV SR, AR BORL B O R &
IS pET-GST-Cqa-tubulin 2 %35 Bk, XU
HEATYEE o

HIS-CqLC342GST-Cqa-tubulinZ & & X 5
Rt $ pET-HIS-CqLC3MIpET-GST-Cqa-
tubulin2F 5 41 k7 43 1) 5 1k IR Z S AN LE. coli
BL21, §ffi ik FHME s b AT Wy RIG 9%, 5
72 0Dy M 0.4~0.60F, I AIPTGZR LUK M1
mmol/Li#F 7552356 h, Z4°C, 10000 r/minf
10 minfU &R i R EAR M, 2% Wl ESA
M7 B RIS 2R B ER 1, IR RIS 2R B
2833 B 2 M A HE AT 4l 4k A5 )4 HISHR 25 Y HIS-
CqLC3%E A FlHF GSTHR 2% i GST-Cqa-tubulingk 1,

®1 BARASIMFIIES

Tab.1 Primer sequences used in this study

514 SR HI(5-3") (37N
primer sequence restriction enzyme cutting site
CqLC3-F-E CCGGAATTCATGAAACTCTACGAGATGAAGTCTG EcoR 1
CqLC3-R-E CCGCTCGAGTGTCAGACAGCCTTTACCCAA Xho'1
Cqo-tubulin-F-E GGGAATTCCATATGATGCGTGAGTGCATCTCCAT Nde 1

Cqa-tubulin-R-E

CCGCTCGAGTCAATATTCATCCCCATCTTC Xho 1

e DU TR N UIBER AL R

Notes: bold font means the enzyme recognition site
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WL IR FE AR BRI R T, A3
E AR T SDS-PAGESE I LIk , A6 56 76 11 4
fRACR .

HIS-CqLC3 #= GST-Cqo-tubulin® & 49 &
VEHF A, B3 H A GSTER AR M 19 250045 43 i)
FRic R FHPEXT IR BRI R A SC IR, w o, B
PR B2 il A GST-Cqo-tubulin (1, B X} 1]
4 fin AHIS-CqLC3E 1, S804 i A GST-Cqa-
tubulinf [, B T4 °CHFRH P 3R 7 X L2218
HE 3 SR R IR, A RIRG S S
Ji, 4°C, 3000 r/ming.0>5 min, ¥ 35 A UT
V€, o3l FH B R 2% v R %5 W (phosphate buffer
saline, PBS)WWEIE S UUVE & FRR &0, BUPH
Xof HEZH 55 B o B T 0 43 ) 5 & R
WIRA, 4°CltERMH. BEZRADHINA
HIS-CqLC3E [, T4 °CHiF48 MR AL 2%
BIRwmEE A3 05, 4°C, 3000 /min, 5.5 min,
5 LI B UITE, FHPBSWC IR A1 U0 Ve J5 FE K B
O, WA S E A LHEZWRIES
o B34 % F R 10 min, SDS-PAGEH Jk
J5 #E4T Western Blot, i FHHISHR 2 FUHL 7@ B o ik
FGSTHRZ: B e DR AT &, 74 FH AR
it ALY (HRP)bR 2 E P BRPT iR it AT A, &
74 Thermo Chemiluminescent Substrate & A& , fif
PVDFJF I 0 Hrp i (5, BIO-RAD #E i s% 14
%L, 43 M7 H 41 85 F GST-Cqa-tubulin5 HIS-
CqLC3IW B AETE B o

T 3 ) A K BT BRI ) IRE B R B B
W )N S8 A ) 2T % 6 50 B UF i 21 27 40 i A
SMEEFE TR S O A LTSRN IR
TH A B4 21 5 6 7 B 0 1 1l 41 20 40 B 3 Fh T 2L
AN R B 2450, 1x10°4 /1L, 59E24 h
2 i G B FS P VR BE R S mg/m LA % 7 0 b B 48
L, X B2 0N AR B, B 23 °C, 2.5%
CO,, —HEALMEEFM P T2 N0, FERKER
B SRR FE, I PBS Uk 1 IR, I 4% £ %
F VA o e A, = IR CE 10 min, PBS PRk
00 3 K, 0.5% Triton-X 4L 10min, PBS ¥t 1
K, A tubulin/ B SERESTLAR, 37 °CIFHE2 h,
PBSH¥E3Y, S AFITCHRIC I 2EHT B 798t —
¥, 1637 °CHEHE 30 min, %525 £ BRALARN 10
i, WA & TR L, HArwsh,
PG AU T WL ZE K A T OO T A FHAOR
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i 5 A AR ) D i R O R, FIHIMDC |
Wt G 100 25 Xof < A T i Ak L ) 40 R ) 9
FEAGIN, A J7 2 2 BEMIDC 3 Wi A6 i i 57 4 150
B3

2 HEH

2.1 pET-HIS-CqLC3 1 pET-GST- Cqo-tubulin
BEREHRAKEE

F 9 1) R 4H 3¢ 35 UK pET-HIS-CqLC3Hl pET-
GST-Cqo-tubulinF 17 XU EFYI 480, 45 R BN, &
W Y] J5 pET-HIS-CqLC3 Al pET-GST-Cqa-tub-
ulin ] 73 5 U0 246 5500, 430 5 Ak & B 1Y
FERK/MHFRF, PR H 4 38 3 AR pET-HIS-CqLC3
HIpET-GST-Cqo-tubulinf4) & i L1 (K 1)

M 1 2

bp

5000

3000

2000
1500

1000

750
500

250

100

1 E4HFRKpET-HIS-CqLC3#N
pET-GST-Cqo-tubulin X A 7] % &
M. 4> T2 r#EDL 5000; 1. & £ i ki pET-HIS-CqLC3; 2. & 41 i ki
pET-GST-Cqa-tubulin

Fig. 1 Restriction enzyme digestion identification of
recombinant plasmids of pET-HIS-CqLC3 and
pET-GST-Cqa-tubulin
M. DL 5000 DNA Marker; 1. recombinant plasmids of pET-HIS-

CqLC3; 2. recombinant plasmids of pET-GST-Cq-atubulin

2.2 HIS-CqLC3F1GST-Cqo-tubulinZE B Y&
r54M

i 4 %6 3K iR HIS-CqLC3FI GST-Cqa-tubulin
I3 G I ALK AZ IS E. coli BL2IAII S, 7F
37°C, IPTG5F4ik6h, FHWGE AR, -
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WA FGST . HISKRIC %A 2 M k4l 1k 15 5 4
L M, SDS-PAGEHENE LUK F AT I 25 5 7w
HIS-CqLC3 T & 1 7 F 5 29 4 18.00 ku, GST-
Cqo-tubulin Bl & 14 F 5 4 52.62 ku, 4lifbEE A
KW RNG Z AP, BRI AR T T RA
Haifh(#2),

1 M ku

180
] 3 ()

e 95
12
— O3
- 43

_ 26

auilE

- I |

RS-

&l 2 ZE4HZE A HIS-CqLC3MGST-Cqa-tubulinfy
SDS-PAGEX E
1. H 20 8 FHIS-CqLC3; M. H H 7 T & brifk; 2. #H 4 & 1 GST-
Cqo-tubulin

Fig. 2 SDS-PAGE identification of recombinant protein
GST-Cqa-tubulin and HIS-CqLC3

1. recombinant protein of HIS-CqLC3; M. protein marker; 2.
recombinant protein GST-Cqa-tubulin

2.3 FHZE HHIS-CqLC3FMGST-Cqo-tubulin
RINEAE

FIIFH GST pull-down 5 7 % 5 2 23Kk 85 1 GST-
Cqa-tubulin ATHIS-CqLC3H)AH BAE FH#EAT T 5%,
gE R R, 4 I HIS-CqLC3/E Ay B4 X} R G
s, Ui B EE 4] F IR FTHIS -CqLC3IANRE 5 GST
TR 25 A s H 41 K 11 GST-Cqa-tubulinf A BH
X B8 B — 5y, DR EE 4 3k B H GST-Cqo-
tubulin 5 GSTIARBEHEAT T 4565 SC0dlrp i 3
25555, U GSTHEIEME 15 76 5 #2408 1 GST-Cqo-
tubulinZ & J5 , 41 H 1 GST-Cqa-tubulinff 5
HIS-CqLC3#k47T T 454, #41# 1 GST-Cqo-tubulin
5 HIS-CqLC37E R AN HLA HAE 2 & (F13).

24 KEMEIMNGNERBE BTN
KA TIAL FES 5 19 2L 2O 5 20 3 1M 40

1 2 3
e —
-

3 GST pull-down3 Jif & 48 & H GST-Cqe-tubulinFf
HIS-CqLC3gI#H E1EFA
1. B 4 xR 2H (G ST I # i ¥ in 41 & 9 HIS-CqLC3), 2. FHE
o HE 2H (GSTE5% iR B V45 I 28 48 2 [ GST-Cqo-tubulin), 3. SL46 4
(GSTEz fig #% 7 75 0 5 41 2% (4 GST-Cqa-tubulin’5 HIS-CqLC3)
Fig. 3 GST pull-down identification of protein
interaction between recombinant protein GST-
Cqa-tubulin and HIS-CqLC3

1. negative control (GST agarose with recombinant protein HIS-CqLC3),
2. positive control (GST agarose with recombinant protein GST-Cqa-
tubulin), 3. experimental group (GST agarose with recombinant protein
GST-Cqo-tubulin and HIS-CqLC3)

72 hJ5, tubulindt M 6 38 5 S Gy £ 46 P 1l 48 A8
fb, SRR, IE W 20 EO6 ST B IR A I R AT
LB 2 O R BB (B R-1), KB
R FE A B e e B B S R R 4 A

By OEAFEMEMEALMEBPHER
A 5 92 2 S T 82
L R IR (40 B A 5 e 8%, 2. KA BT IRATE FH 72 W) 1o i 4
WP RO MEE, 3. H SR A MDCY e (5, 4. KFFFHE 720
41 i MDCHe (4

Plate Immunofluorescent analysis of microtubules and

autophagosome in hematopoietic tissue cell of
C. quadricarinatus

1. fluorescent observation of microtubules in normal cultured cells,
2. fluorescent observation of microtubules in cells added with vincristine
after 72 h, 3. MDC staining of normal cultured cells, 4. MDC staining of

cells added with vincristine after 72 h
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PTG, R 2R R T e (i -2),
Wi T A T Bk R 6 £ B Ol e 2 O ik i 2 41 4
PO R AT R . MRIE A, A
MD C k& # I 40 i A wis iR i 22 4k, &5 R i,
1E 21 B 6 58 B AN A0 i P O U e D ' s
PR (ETRR-3), 52 56 4 O B I 1) 200 i 1 ] L )
B ARTO R F AR AR (B R -4), 15 U A%
RIGAH WS A nEARER R

3 v

I WA Ay A 200 i o S (1 ) S R At oo AR
HoA3 -4 AL FE R A PR P B A A
F Wi AH G B P LC3TE [ W AR J 17 428 1< Rl 45 v 3
REBEREEMEM, & A WEIE R LT 0Es,
LRI R (B SN NN R NS 70 s e e 1 0}
Fmg o R b, O AR 2 o 2 - T AR L A R
FI 1 W S AR X R AR A P AR A T T AL B AR A
WFoE R, EWERIE R 2 )5 iz i 2 0 R 1T
R 1) o AR R T S B B B gy, T a4
it B SR I 28 R G 1) i S B ARG T
FIFHAE S B2 0T R IR, UF W RE 685 I LC3
k4 & Ha-tubulin B A HEAEFRZK, 1Mio-tubulin
A Sk 20 1 4R R O O ) R Ry, R
X A0 B AR L i . TR Mk A E
FOCTEZAVE Y, DRI R 2 A 4 i Y
12 i T BE A B S R 52 B

R B UE £1 2 S e B MR A I 1 WA S U 1Y
MEAER, ARSCRIIA 8 T &4 % EHAKpET-
GST-Cqo-tubulinfl pET-HIS-CqLC3, F-4> 9I7E &
A e 3k H 4 B 11 GST-Cqo-tubulin A1 HIS-CqLC3,
FIH GST Pull-down /5 32 %t HoAH B AE kAT T 0F
5, RN, WOMEAEERIIEA BEELR,
FW A W ORAR AT R R ad HLE 1 A LC3 R S
45K 1853 o-tubulinE R AT AH B T S 306
Bz

Ry it — 2 W E TR A E R G e R Y
VERT, 7S 5256 1 B35 ik 288 390 K 7 9 o xof 41 %%
76 S MR 3 i 4 2 A M TR A5 R AT R R
N, tubulindi AR G328 2 6 AG I 2 A 45 Bl Ak 2
A1) A0 B B 5 A A S B IR, R R Ol B
5 OEE A A0 EE B B R AT, HR A BME R
YR B Bd b, X —25ie 5 R EE R IE —
B, BAEDME kAW B R T MO0
SR BB U 55 , Uk B K A T R Ty ) 41 S e BT
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L AT TR R BRI HIMD CE K I f
ERERIG AN A IS, SRR, a4
FEEMFA M A AR B 2, HE AR
B0 WS, FR W W N ) R AN B
TS 1 IE 8 s A e 58 . Kochl&E R s %5
TS WA TR 5 i 2 I e SR TR ) T TR A T B IR
SR, R B SE R O AR e A R TR aE B R
Sy ARG, U0UT B WA 8 L 20 A A
B HATIZ R, SAXGE R

HOET,  H 2 e e 2 s i 5 475 02 PR ) A
KRG AT 2k ke ) B ZE R, AR
FERW, MR R S s A B R U OG
H W AR A S R e b A4 T AR R, A
JtL AT DL OR B 20 B e T SR U E R, (H
e 51E EA ML W ey b, 20N T
Rl Z Mg TR SR AR RR, £
— 205 B 1] DL ] B mEAIL Y 28R A A2k A
SR, Wi, wEES HEEARRER ., 5
FIVE R SC RS AR A 32 20 L R B R AN
H W 5 9 B B9 AE 5 IR A 6], 3 # Al 43 R 3%
AL (1) H B e #E A 5 (2)75 B FELIET B
Wi, BTG A A AR DT B 19 0 R i
BHEEH; G A A 82 5,
PEARGE , R 1 BELE A IR B (WSS V)& YL FLYY
{EXT R (Litopenaues vannamei))& , 7] il i #3016
E 404 H W PI3K-Akt-mTORE B M 75 H B &
il $E AL A, I L A 45 X6 0 I bk B A AR W K
TR BT HeARPAT ST K B, WSSV LI
A miRNAJ [ W DR T H 580 . % T
BHHEMOCR, W B WY &R DL
il e HE G, AL E Sy AR R,
H W& A= mT ARSI WSSVAYE5E , M T2 =5 FLAN
WEXTURAE G 3, Rk, ELAR T A R 20 B X
TR PR B A HEE X,

B2, ARICHFHGST pull-down s i &3, 4L
ZEEE T A0 L B g AE SC R 2R R 1 CqLC3 RS 2 1
Cqo-tubulinfE/RSMRESEAH BLAE T, il o-tubulinfk
oY IR e P &= R U o 5 s A LD
W TR G AT i SR S A B It Y
RIS, ULWILLEOGST B AR B W S
IR AERTEMAMESRARSE, 4htis
RV BEIA, IS Z A T8 BUSERE 1Y F O AR
SE I W SN o A S B O R 2R AN B
B [ wgE ik 5 MOE A B AEH T T RS,
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Study on interaction of autophagosome and microtubule during autophagy
process in Cherax quadricarinatus

MENG Fanjuan, ZHANG Guangcheng, YIN Wenjuan, WANG Liyan ", SUN Jinsheng "
(Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Science, Tianjin Normal University, Tianjin 300387, China)

Abstract: Insect research suggests that autophagy plays an important role in virus infection and proliferation,
while shrimp autophagy research reports are rare. Understanding the autophagy of shrimp cells will open up new
ideas for shrimp disease immunity research. Autophagy related protein LC3 is a marker protein of autophagy,
existing in the membrane of autophagosome during the whole autophagy process. Our bioinformatics analysis
found that Cherax quadricarinatus LC3 (CqLC3) and a-tubulin (Cqa-tubulin) had the interaction relations. To
further reveal transport way of autophagosome during autophagy process, in this study, recombinant plasmids
pET-HIS-CqLC3 and pET-GST-Cqa-tubulin were constructed and induced for protein expression in vitro. Then
HIS and GST tagged fusion proteins HIS-CqLC3 and GST-Cqa-tubulin were purified by using affinity
chromatography respectively. Recombinant proteins HIS-CqLC3 and GST-Cqo-tubulin were found binding each
other by the GST pull-down assay. In order to further reveal the role of microtubules for autophagosome transport,
C. quadricarinatus cell microtubules were depolymerized by vincristine which was a microtubule inhibitor, then
the autophagosomes were detected by MDC staining. The results showed that autophagic reaction was incomplete,
and autophagosomes increased after microtubule depolymerization. Therefore, the autophagosomes in C.
quadricarinatus cells can interact with microtubules through CqLC3, and microtubules play an important role in
autophagosome transport during autophagy process. This paper for the first time revealed the transport pathway of
autophagosomes in shrimp autophagy, and the results laid the foundation for the study of autophagy in shrimp
cells.
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