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WA FAE T MESh 1 B0 56 R A Ao i A b A AR B 2 A9 4E T, Ran
GTPase W] LI myosin B4 HT 1 (RAH BLAE H 450 MR L 41 M%) WSSV I 5 1K)
WL, FEBIME WSSV &Gy, (HZ T Ran BE P AL AT B AR AR ERL
RSP TATA £51f) Ran GTPase [JH 30T, FIHAEY) -8 R f =A%
KIL Ran JA &) T A5 Ran SAAH 4S54, 1E Drosophila S2 @iy, FIH#DE
FWER A SE A M & BL Ran GTPase 5 Ran N 45405, Ot Mg LK,
RHE BT IS TERRAR, 380 Ran FERFE /KT R . ARBFSTE R Ran 81
&G GBI A8 RS, IR RS AL RS —FioRT Ran D
B S THL] o

1T~ Ran 28 FIZE RPN o i el b (K B2 Y, AL ASAIT 9T A Ran 2 A 4 ¥R
1, JRL s A . SRR E Ran GTP G 107, THk3RTS 2 MNRER 2K
S5 Ran BV )37, 4000 125 4 RIS ML OP R AR B 38 4 R I G i i
T S SR i 00 S AR s 5 SR I 2 b A T A 2 B o o 4 A
P 040 0 AR P S A A WSSV 2 DSl 25 RAIG, I 08 2 I 0T R R) e
TRTE P B SE T o ARAIE S S T R 7 A S LB 1) S e B it 70,k Sl g
BT RAEB H AR T B

miRNA J&—ZE KL 0h 20-25nt (WERAS SLAE /N 731 RNA,  BEAE XS LRI ZEAT
ek, MMz HAKKE . Aot MRS 2 M AE R,
AR S YA I R S8 (ProPO) AHICIK miRNA, ASHF 5T 53 5l K FH I 4 AL g (POD
PG 77 TPCK AN allythourea AMFEXTUF, FFHEAT miRNA JUFF. W5 45 50 K
TP AR, 19 4% miRNA FEMOE I SAMHEIRIAL B, R F RN i
ik KM Northern blot il Tikgu 45 K. Bk, 19 4255 miRNA X PO {14
EHRERAREAEN, 25 ProP0 ffizit.
BRI XUF, Ran GTPase, JAZ)¥, ffEiisis], miRNA, Mysfbhfy
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Abstract

Phagocytosis plays an important role in the innate immune of invertebrate.
Recently it is revealed that the Ran GTPase can regulate the hemocytic phagocytosis
of shrimp against WSSV infection by interaction with myosin. However the
regulation of Ran gene expression remains to be addressed. In this study, the promoter
of shrimp Ran gene was identified which contained a typical TATA box. The results
showed that the shrimp Ran protein was bound with the Ran promoter in Drosophila
S2 cells. Based on luciferase assays, our study indicated that the transcription of Ran
gene could be regulated by the interaction between the Ran promoter and the Ran
protein, suggesting the existence of a feedback regulation in Ran gene expression.
Therefore our study presented a novel finding on the feedback regulation of gene
transcription.

Duo to the importance of Ran in phagocytosis of shrimp, the Ran was used as the
target protein for the screening of immunostimulants. Based on the Ran activity, IL-4
and lysophosphatidycholine were found to enhance the activity of Ran GTPase. The
results showed that the phagocytosis activity of shrimp hemocytes was significantly
increased in response to the injection of IL-4 or lysophosphatidycholine in shrimp.
After the injection of IL-4 or lysophosphatidycholine, the WSSV copies were
significantly decreased, which led to the significant decrease of mortality of WSSV-
infected shrimp. Our study provided immunostimulants for the controlling shrimp
disease and presented a novel strategy to prevent shrimp from pathogen infection.

miRNAs are noncoding RNAs with 20-25 nucleotides that modulate gene
expression, involving in development, cell differentiation, apoptosis, proliferation
and other physiological processes. To obtain miRNAs involved in the ProPO system,
the shrimp were injected with PO inhibitor (allythiourea) or PO activator (TPCK),
followed by miRNA sequencing. The sequence analyses revealed that 19 miRNAs
were up-regulated or down-regulated. The differentially expressed miRNAs were

confirmed by Northern blots. These miRNAs might regulate the expression of PO and
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be involved in ProPO system of shrimp immunity.

Key Words: shrimp,Ran GTPase,promoter,miRNA,Phenoloxidase.
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Ran (Ras—related nuclear protein).
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Ran JLF7GXXXXGKS (T) . DXXG. N (T) KXDFIEXSAXAAM ST (1) 45 K ek, i e 5 4y
WO /NGER BTN . P HIGXXXXGKS (T) FIDXXG A GTP I35 E AL, T3 b4
NGDP/ GTP [R4h A o 1%5E RIE AL A ONBERERI ) h B m BE IR ST 1
1A MARTE AL AN N b R IR IC RIS, e BRI L3P 1) Ran H AT 8 1% 1) [R5,
i fl 5 A Ran 94% L 48 584 AR (2L R B UK RandT 2 B A4) 1

HRas K IEMI B AL, Ran AA—SAR[E T H &/ NCE AR A, &
S, TECAR IR Z —MERBIIEG 7 I IR AL SR DR (AT
e Z R AL IR AT 2 IR R AL S U (e A5 5 AL 1D, BRI, Ran AT 2 0d B Ras
R L I A BT 0 T (B R 5 R R AL A& W . {HRan R I40AH — MRIECK
Uity FF#IIDEDDDL , 5& -4l fiiA%, 31X — 75 FERIRE H (fRan 43 TR0
It RanANFEETERE b, HOSTEM RTINS 5. R, RERan HFAEH
e 5", {HRanE BRI (H80%)

1.2.2 Ran jEMBYIERE
Ran 5H B/ A1 FE R A GTPase, M il 5 H 45 & I0GTP 4 7= A4

2N . DRI, RandE4H P S AR R a1 4 4, U R AT A3 SR AR 1
WA, [, S Ran GBS TR AR FIRES N UG B IRE AR AEGTP 25 S RS FIGDP &S &
WEZMPEREEN (ED

SAFRAC K1 (RanGEF) RCC1( regulator of chromosome condensation-1)All
GTPEHET 2 1GAP1 (GTPase-activating protein-1) J&Ran-GTPEG{E IR 1) = 3L i
A SIFcHBE T (RCCL) R T R4 AL N 55 Y AR 454 145K DI B
1, ATS0JT A5 IR i S T R A e IFd %, ffiRanFHGDP4S & 8 H AL AGTPL &4
(), i GTPEE B £ FIRan GAP LA T ] W41 i i 2% ) 6 SKD ¥ [l 5 SR R 1
F[ 107 f5 ¥3¢ mRanfFIGTP/K Al i %6, ffiRan FH % 1k () GTP4S & &5 52 A GDP4; &
A& USIO1 Hk, RanfA% W 32 LAGTPSE & A4, T/ i i Py 3 22 LLGDP
ORI, KA T 58S & K RGTPIK — N 52 4 1, RandZ57E 41
FRAZ A T 2 R 5 ARG IE BRItk 2 Ak, — B Hfimportin- B FIAH DG )18 244 1)
5 5 Ran-GTPIIZ: &, AE i Ran-GTPLE AL IN 5 B 12 IR e 1 45 45 o
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e, i—t 5Ran% 411 (RanBP1) [A]J5 [ Ran-GTP4: & & 11 L% Ran
GAPJEVE, {HIELERAMGEfRan GAPA T [(IRan-G TP /K fift 33 R 41 =i U 10455

RanGAPI

RanQé&9L

T
Stk RanT24N

RCC1

GDP

&l 1 Ran f] GTP-GDP f&¥F (5] B3CHA[17])
Fig.1 The GTP-GDP cycle of Ran

1.2.3 Ran BIEYIETIRE

1.2.3.1 IZREIE

RanfE A% itz i RPN ZEMA (0 D KFE T Ak FEBfRan— GTP BEHI7E
, IREAZ S G R4S TS, W58 eV U AL 12, Ran 7RIX i #%
AR R0 A B8 1) 8652 o 71X — B Ran 715 A AL AR 2 AR (149 )5
Fn 77 IR A F [18] o AR AT % A 5 FLR P &5 5 I SR 2 AERCCL IR AR
N 5Ran-GTP JEME &Y, 1145 7ERan GAP MRanBPL{EM K, Ran-GTP 7Kfi#
JESEARA IR 53 8 B I, ANZZARLENSR b 5 IR 454 b2 A& Ran GTP
(¥, 1 & LARan-GDPIR T 5 S ANLSI R VBB &Y, NMEG 426K E &
Yy 5Ran GTP 445 J5 ¥4 ) RE i, 10 J5 32 4 LA Ran—GTP 45 &5 1) ¥ 20k M) 21 i
¥, Ran—GTP {EILAKHH T RanGAP/RanBP1 7Kfi# (F2)

Ran(PIXFRLIfE, ERNAM R Ia b R4 EEAER, A JLF I IIRNA
e N 7, IF HAs 20 A M2 BI040 M 54 REAE A0 OB RACH i /E . RNA Hidx %
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2B IE R Texportin 225, Ran—GTP 17588 . Ran GTPIIVE ] & 1A%
W, 4EFrfsE R IE A Texportin SHRNA TR B &M, TN,

b Importin-B

G- e G-

P,

RanGDP '

Cytoplasm

Import

!

Nucleus

"/\- Importin-p { Protein—N@—/\ CRMI

Importin-c

B 2: Ran EIZALBEHZEE (51 83CHRI17]D

Fig.2 Ran shuttles across the nuclear envelope through nuclear pores

Ran—-GTPE I E &), Bl tHRNA. K2 BRNA (mRNA , snRNA , rRNA %) fKH5x
FiRan GTP Y HUEZ™ o {HtRNA 1KLL REFIAR (ImRNA (¥ A% e 18 A %2
Ran/ RCC1 JyGMBHAN™", Wl AER S SISHIX RN 1T A SAEERZL N, AT
Ran—GTP 1 15 A%
1.2.3.2 ZERERIBET&E

Ran % A% MRS i e 25 A% O PR R E AR ZE4 M 7> 24530, Ran B9 JF %
CUTL, J3 A0 M 5T, e rh — 303 S A R G AR R s 7R R 43 25 SR
A, BEAT ALY TR, Ran ST 0] 040 M A% 4 ™o ERTFIURZ B Re i B LB v
KIN, Ran ZWliBeads 5 FAXIHLNL 2 — A FBNIEFE, FZiRan Ak 1584 11
VIR ZRCCIAIRanBP1 12 5%, Ran (58748 fARan T24N F1RanQ69L HJAHE
B FAZNRREAC, A X 2T 5 AR A ) 343 My S B A I A V0, (I L
AN RENS A3 R Rl 2 B e B IR A ™, B3 1) b 5 75 B Ran ) 145 . X UEWIRan
JeHGTP/GDPIEHE B 2\ M A A AL IR S il A i R o A T 1, B A S
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1.2.3.3 45K RYIBIEThAE

1999 4, Zhang %', Carazo-Salas %™, Kalab %", Ohba 2™ A
Wilde 25" LT[ & IRan BAT A # g1k SEARAZEAER . LR T B 2
W) AP BHIF SR I, I GTPH € JE 2 FIRan S AR AR B # I ARCCT LA#2 =iRan
GTP (¥ LA, REAEHE > R YR AR 1A 412%%, RIRan GTPREASE iR 1AL, TN
GDPH{AE JE A I S AL AR RanT24N, W97 Bl (A (1) 21 258 52 248, JHe it giik/ Ak
(K 2SEN8E ™ JE R IR R BN, LR AT 22 43 245 FE R RCC LR etk |-, 1k
ARan(AZ IR HLAF K 1, AL G oA A [ 7 AF K BE [FRan-G TP, Ran-GTP 54k (h,
PRULAG T RO TROCII R X i e, fE g ¥ 2 e il = 24 H
S BambaZi RIE: FEC. elegans T FIRNAIF A TP G I Ran il %,
Ran, RCC1E{RanGAPHIFIEFL, FEURNIG T AL H e m g AR A REP
B e, X VLI L2 547 2203 2T AR e e U, (R HhO LR IR A R A
HIEH, AAE B E A AT R o HIRRE 7 24mIRCCII = A, WU
PR e v, ARG T AN S H A A EIRRan GAPERZL, 5
RGN 5y 24 IR (AN LR A0 L, A A R AT — P B e AR SR I St pk
O34 1KLL Ran—-GTP/Ran-GDPHE # % 1E 5 97 8 74 JE B D e Kk # HAT PoE 1k
e,

OB I AN Ran GTPERGTP 45 & R A (I Ran R A2 4£, importin B M| 5
RanGTP4: &, B KMuMA (nuclear mitotic apparatus protein) [, i
HEELRMAIZE™, Ran-GTPIRHEAL R/ Gk A4 2% (MHL I A b /&Ran GTP 5 MuMA
o AR S A AR/ GV R Fimportin B, fMuMA B K, EHERLR/ i
KL% . WESTIE K Bl importin a 5 importin B A5 AL MI T BE™ . TPX2
( Targeting protein for Xklp2) M ZAPA (aster—promoting activity , {&f
PRALHTE ) (R oy 2 — ", ot — P 5 6 8 A, E8 i kinesin HEHIAK
FIXKIp2 5 45 A . importin a STPX2 & HHIEA/ Fitkik4l%E. i
RanGTPHJ L5 TPX2 #4454 Importin a , K4 TPX2 [KJAPA JEPERESCH ke, f ik i
1/ YRR EE . Arnaoutov 5™WISY K Blexportin K AEIRMIAZ M
SNES 2 ARCrml, BN T4 2280 |, 55 4ERan-GTP 5 Ran—GAP1, RanBP2 JE % — 5§
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1.2.3.4 Ran REZEEHS5{HIZ DNA £l

WFFCR I, RanZ€A AR K IAPMHIDNAIK & ™ ", g 3 Pl v A mT LA
WIS  FRan-GTPA#RR, 18— D050 R L, 7RI HIDNAS i F o,
RanT24N%5 % i 55 ROCT 45 & JFIHIRCCLI¥Ran GEFLjfig. PRIMIACY, Ran-GTPHES
PEAIE A 2 DNA S il BT 75 211

E L JBORE 7Sk NN TS SRS ER) (A% A S50 op, MDNATFAG S, I
¥7 A= RanmiRan ) RAZIR, DNARJ R HIASREGREE, (HE, MPEDNAJT UL 2 it
Y1265 S N T AR I N A\ Ran R 2848 44, TUIDNAIKI S BIASREREA T o IR ZEDNAKE il
ZH, TR AT AR AR, R S U B Ran A HL g A B R P Al A 4
3, MIfTAFZEDNAS il

TR BUZ AN M rp, Ytk S IR o) 2452 ) s ], — Al i R
DNAKZ fill— Uk FL BB S — ™ o SEEL— /1~ 40 ffa 307 — RDNA S Il M LAk S 4
T T B SRR (prereplication complexes, pre—RCs) [FZH &k X} H
e AEGLI, 1R NDNAKL IR 2) A1 IMCMs 2 F (minichromosome maintenance
proteins) E#E|pre-RC (EHIESMHTAD, AR5 cdk2fECI-SHALI R il
pre—RCJABNDNAKL i, 4B 1hpre-RCIEHEE 2, SEBUMDNAS Il ERENT
AN A2 i, MOMsASREFF Sipre-RCES ¢, DA TR IEDNAAS AE - =701,
RanGTPIE i 2 55MCMs Fl|pre-RCs R FE, I IDNAM & il /2
1.2.3. 5 RanB5%%%

BRI 7R AEJCEMESN AR, XTHF Ran GTPase (fiv44 24 PjRan) 7F
PO H P S B RN TR A T IR R AR CIEPURER) RIA R B E B, KR
PjRan & [ 1] B8 2 5 B IF GO SR S R M e R ™ i —B0HTR
B, JETEA M EAEMRPII, PiRan &AL myosin BEEE H KAH HAE
FE YA X6F B 0 40 (1 o R AN 1 2 5 6 R (R s 2 e ™

1.3 miRNA BYRFSTHLR

19934F, LeeZ"™ Hsitrgkidi (c. elegans) FIEIG R B WAL —FKEL
H 22 N HIAE TR I /N 2 T AEGmEBRNA, BT S LA R B IR, HHA4L R
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