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FHZE: RNA T3k (RNAI) Z i W4 RNA(dsRNA) 1% & B9 45 ¢ M VL2 B B 32 A R sk i i 42, — Ff
R HAL ] & X% RNA 8y 77 3% 7 DAEF| RNAL A By B2 F o DABE 7 4 4 kazal A & g 58 47 4] 7|
(KPI) 2 4 6], 35 208 T — A LR R R 35 K & #] 4 dsSRNA( >300 nt) By 77 ¥, 6 7 k
# 1% pGEMT 7#n pDRIVE, [ 2 ¥ 7 [% i 44 # 4 & & J 3 (hairpin loop) dsRNA % i # 1k, 4% 1L,
RNA g Il 6k [4 89 A 74T # HT115(DE3 ) #4T fR 4 4% 4] 4 dsRNA, 442 iy & & RNA 5 ik # 1k
4 7H 494 bp B IE [ ¥ 7 5 A1 403 bp 8y K 1 B AN T A, HF OE W 25 7 % B 91 bp BT A
loop 1, T o % B A 0 B fm N o 3535 30 mL By 407, B ] 4% 2| 1 mg 4 {t. iy dsRNA, 7 H ik A X
N B RS TR A & E 92—, KP4 RNAL R B4 1 i &AL 4 2 pg
dsRNA # 7| & , 7 dsRNA 7 41 5 0,6,12 124 h 5% % 1 #f & ,RT-PCR # | KPI mRNA # £ [A %
AT, 5t 84 GFP-dsRNA #a1 NaCl jF 4f 41 48 bt , KPI-dsRNA i 41 41 7 DLFE 24 h 7 970 2k it it
By KPT A, 48R K W% 07 %2 7 KA # &K #y dsRNA By 77 %,

KEIE : 8 X AF; RNA T3k A& RNA; KA 55 K AT & HT115; kazal A & g i Bg 47

1 7
hESES: Q789; S917

RNA T-# ( RNA interference , RNAi ) J2& H ¥
4% RNA ( double-stranded RNA , dsRNA ) 4 5 . 4
LA B [&1 4G 0T MR N S AR i —Fh A 3K
TRAPIGE , T AR R S 0 A 0y A e PR 4 1 i 3R
il RNAL HAT PG A7 80 75 5 A A 5]
PR R SO0 A, BROPR A 25 PR ] (knockdown )
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Z: 5905 B 12 Y 2 T B A At e R - 2 A
RNAI 1 ] 55 7 1 411 (% 88 5, Y 51 4% 5 1k
dsRNA JJUERXS HF PmRab7 K&K 33k, A %Ml 1
JHURRPY WSSV HI YHV fi ke g =)
dsRNA A] D ik i3 5, o 28 L Ak 22l
FRFE YL EE T A A S AN LN . dsRNA Y
il & 0 RNAT 5 Ry B — 25, — R a7
B ARBA ] £ dsRNA J7 %5 0] LLEF] RNAI A
KWFFEAN . H FiHE FH B dsRNA il #5071 £
B 2 B RO A AR N BUR R AR Hih
PRAM 7k L dsRNA AT UTE T ) PCR 774
Wi % b S AR . (4N T7,SP6 45) , S5 1 RNA
R B A A BER) RNA, 7 5 4R dsRNA
TRl A 18 1A S 532G G wT L (58 1) il 2%
t dsRNA, {H ik 52 A B s o A T &, 224
Fr R ) dsRNA, SR 1A A 2800 e 3 125 RIVA) 4 Joe
R, AN AN ko s sk . WA &
JeIRH dsSRNA 4345 2 A~ J o] FLAMR L7 3 F B
R A — A R R, G, 4 X FE ) DNA
BMR, T2 3 e 4 (3 AP a b i) S8, TEW 2
AT R UE RNA TR A [R) I, A W] sk 0 2220
e R R B BRI
ARSCUA AT HIT 1 AF 52 P i 42 VOPBA ( virus
overlay protein binding assay ) £ R X E152N1, 5
WSSV iy 24 A [ VP28 FEAEAH BAE IR XS
HF kazal Y 25 H % BF #10 #) 55 ( kazal proteinase
inhibitor, KPT) "' JL [ Jy 51, SEAN G A 44 R T 2 4
o R 125 14 4 KPT-dsRNA 1) 3 3K 204, il 45 K i

dsRNA F7J5 o Sk B i — Bl faf 2 53 47, A
Lk BB R 4 dsRNA 97 i 2 7 R fr17E
WA HF RNAT 9256 oA S dsRNA 1975 3K
WK T S5

L BPR Tk

1.1 RNAi 85 3iEE R 5| it

FIH M _F siRNA #3180 (http: / www.
promega. com/siRNADesigner/program/ ) §] 2 4y
}r KPI 3% [ |+ 1] ( GenBank : AY267200 ) , 3454
SR SRR E R IO A AU R R A
#9500 bp #FH), &3t 3 KW (E D), UUER
KPI 58 i HE F7> 5] (1) pBluescript-KPT TR £
B, 73 5 T PCR 734 5 OBLUEE RNA i) DNA £
Mo HrR5I¥ 1 A51H 3 F T3 15494 bp Ik [4]
A, 519 1 A58 2 T4 403 bp 1 S 1A
HAMEJF S (£ 1), PCR [R5 Ky - 42 Pk
94 C 3 min, R J5 & 35 MEHFEY 94 T 30 s,
55 C 30 s, 172 °C 40 s, %5 72 CHEfH 5 min,,

target sequence

i
gl%l target gene FlegZ %|4‘?3
pl wam P

E1 $3REiZite 3 &3 MNEEXRTRE
Fig.1 Schematic diagram to show the relationship

between 3 designed primers of the target fragment

®1 SRR REXRN

Tab.1 Primer sequences and estimated product size

PCR /7)) CIL/E S 13 RAIREE(T) 7N (bp)
PCR product primer name sequence of primer annealing temperature  product size
AR 5'GTGGCTCTGATGGAAAAACG3'
1E [a) 48 B primer 1 55 494
sense target fragment 2193
. 5'GTTCTTGCACTGAGCAACCTTG3'
primer 3
A 5'GTGGCTCTGATGGAAAAACG3'
B I Jr B primer 1 55 403
anti-sense target fragment a1 2
. 5'ATGAGAGGAGTGCAGTCGCA3'
primer 2

PhZk 0 98 6 1 GFP-dsRNA iy HE 7 51 i 5+
P dsRNA X it , HC dsRNA 3%k 2k {444 2 77 7 A
LT EI W Sl 5 TGG TGA GCA AGG

GCG AGG 3',5" GGA TCT TGA AGT TCA CCT
TGA 3',5" TGG TGA GCA AGG GCG AGG 3',
F15" GCC GTC CTC CTT GAA GTC 3',
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1.2 F1TEEHEE.REERFFEHE

i /1 PCR 7~ 4 4li b ik 71 & ( QIAquick,
Qiagen ) ¥ [-i& PCR =¥ 4fifb 5, ¥ 1 1 #8 B
TS 2 & pGEM-T easy vector( Proemega)
(T 42 C IR SR A K I T 1 a2 25 20
IM109, 76 5 & N H 8 &= 1Y LB Pl EPkHCE BE,
i FHAUAE 519 T7 F15149) 3 VER % PCR i ik
HAEMHRA R B EA o [FIEREEm B
JrBx vl 22k /& pDRIVE cloning vector ( Qiagen )
o B ALK G AT TR RS2 S 41 L XL 1-blue, 7E 5
URHERR (Amp) FIYFREK (Tet) 1) LB P4
PR BE, ] T7 A4 1 ER 7 PCR ik B
AR AR BB T
1.3 22 PEfEHE dsRNA RiXH K

G 2liAL B E 48 A BOR S A B
9 BH M 5 B B 41 Ji kL ( Gene JET™ plasmid
miniprep kit, Fermentas) , F§ Sal 1 #1 Pst 1 E&Y],
pDRIVE R U] ™ P 1 1. 2% By HE W68 L vk
Je , VIR el H Y Fr B[R] H PCR 7= 4 4fi 4k it

&tk pGEM-T kil U] 7=y, ¥ B8 7: 1 LL

B4E, BFin A T4 DNA % $:7# ( New England
Biolabs ) , 7Ki% 3 h, ¥ S5z 1] 4N Fy B E 5 P 2
& A AR B2 pGEM-T ki b (1]
2) . 42 CHIRE PG L 3] RNA g I ik 75
KM HF T R A2 A5 4l HT115 (DE3 ), iRk 4ii LB
(Amp + Tet) ¥4 ,37 CHi %K

T7

Nco 1
El‘i AR /P“

pGEMT vector - & DI I 1%pGEMT vector

_—=Sal 1
SP6 S”’ I’ SP6

T4@%ﬁ

T7
Er \FEARB
pGEMT vector

LY kPN
SP6

B2 dsRNA RZEHEE2 FRERETER
Fig.2 The schematic diagram of step 2

for constructing dsRNA expression vector

1.4 PHMEEZRIE
PR A28 T R 50 L KT K F 8, i

NZEARFE S Al 42 & DNA,12 000 r/min 4 C
B30 10 min, U7 pL BVE, T 1. 2% B s B BEI
HLK , B0 0730 i BV o B B 0 o B A5 30 1) FH M 5
P H] 4 mL LB (Amp + Tet) ¥ {4 35 5% Jik,

37 CHRGEEFRAIR o $RIUTORL, f FH FR 64 P D)
fiff NCO 1 1 Sac 1 £ 37 CHEH 2 h, Hi ik WL 5 il
PIZEA, 55 2 WO L 45 7E dsRNA 3R 3K 44 [ &
SLRE
1.5 dsRNA fJiESRIE

PRHCFAE pe ke, $2F0 %) 4 mL LB ( Amp + Tet)
WA SE I 56,37 CIRGEEF LR, WK HEM
L2100 Fb Bl #7497 KI5 5%, Kl ODg, 15 5] 0. 4
IEIMAZ A By 0. 5 mmol/L 1) IPTG 4% 25155 &
BF%4 h, 4000 r/min 4 CE.L> 5 min, YL
ULVE, 3¢ A 700 pL TE (10 mmol/L Tris-HCI, 1
mmol/L EDTA , f| DEPC H,0 it & ,pH 8.0) %%
MR, SR I M/ 5/ S I (250240 1) 4
PEEEHEEC RNA . FL] RNase A Fil DNase ZhFH | %
2 S RNA FIJE R 41 DNA, i 24445 3] dsRNA,
M7E OD,,, 1158 dsRNA ¥k B2, HUER 43 #F i
RNase Il AAb B FRRRE B dSRNA 1A .
1.6 RNAi IRIEMG

S A BRE TS X HER ( Penaeus monodon ) 11
TREIR IR, VA E 8 g, LA
PCR £l JC WSSV & 4t (1IQ 2000 kit, Farming
Intelligene ) , SEHG % BF 97 3 d Jafli . XS IR (12
FEHF) 7 5F 100wl 150 mmol/L NaCl, %5 4 2 4~5E
S (& 12 B UF) 43 ) 11 i KPI-dsRNA, GFP-
dsRNA, A FE R 71 41 0. 1 mL (16 pg) dsRNA (150
mmol/L NaCl #i#¢) x5 #R &5 DU =2 1R 15 LA
{24 dsRNA 0 h,6 h,12 h 1 24 h, SR FEHLER 3 J&
BRI 200 WL IR, 4% 121 B Be Al A i
i) AC-1 f5ehiEes (0. 45 mol/L NaCl,0. 1 mol/L
HiZepE 30 mmol/L FEEIR4SN ,26 mmol/L ¥rEig,
10 mmol/L EDTA,pH 4.6) """ | #£H( RNA, L/ 5|
W11 1 54y 3, Fl—# RT-PCR( Titan,Roche ) £l
KPI mRNA {45 5% 7K ¥, EF (elongation factor) 2y
WZ, RREE /R INEm) RNA Bitiiie, 5195510 5
GGT GCT GGA CAA GCT GAA GGC 3’ 1 5’
CGT TCC GGT GAT CAT GTT CTT GAT G 3',
PCR J% i 26 :50 °C 30 min,94 C 2 min, X5
230 MEHR 94 T 105,55 T 30 s Ff168 T 45 s,
I 68 CHEM 7 min, 1. 2% BRIk AT 3
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2.1 dsRNA FRizHEaorgzE

MG BT 519), PCR 43 )5 45 21 1E 1] 46 A
FiBL 493 bp, 4 AR BL 403 bp (] 3-A) o I
HR Y 90 bp Fr BLRICHIE L dsRNA I ) %
4544 Fr B (spacer) o

A

500 bp

3000 bp

1000 bp

B3 dsRNA RikF ik R PR e B if ik
(A) IE/R IR BL) PCR 3845254, . 2log M:DNA 7318
FRHE(100 ~10 kb) (NEB) ;9k3& 1. Jy 403 bp 1 2 [ 48 Jr Be 5
VKIE 2. 79 493 bp WYIE I #E R BL. (B) Sal 1 # Pst 1 Ei 4]
pDRIVE JkL, 1321 &4 S 10 B 7 51 i A Beo (C) B
DR 0 2R 2 A AR B i PR SR . VKOl 1 Akl 2
AR R BU B vE e s UK GE 3 RIKGE 4 M BA AR
BervebE . 7 HE TR R I e i 5 AR o BL. (D) NCO 1
H Sac 1 FEYIE— A B0AE dsSRNA ek 0K 1 BH M e b
Fig.3 The construction of dsRNA expression
vector and selection of positive clone

(A) the PCR product of sense and antisense target fragments.
2log M: DNA maker (100 — 10 kb) (NEB). Lane 1 was the
product of antisense fragment with molecular weight 403 bp,lane
2 was the product of antisense fragment with molecular weight
493 bp. (B) plasmid pDRIVE with the reverted insert digested
by Sal I and Pst 1. (C) the first screening for the positive
clones of secondary constructed vector by phenol-chloroform
extraction method. Lane 1 and lane 2 are the positive clones with
inserts,lane 3 and lane 4 showed the negative results. Indicator
fragments were showed in the frame. (D) secondary screening

for the positive clones by NCO 1 and Sac 1 digestion.

51 B3k a , M) pDRIVE kit 2] K 24
500 bp IR BL (N & Bl AR B (13-B),

JRE BT J P A 4 A B, AT 56 2 IR R
FHEHA K I 454 (hairpin ) 1) KPI-dsRNA 24K,
Il RNase Il 5t[g % ff) E. coli HT115 ( DE3) /£ X
dsRNA Kk Pk,

Py SRR B DNA, 350 i 4 0 Jie v ok s, 3
if EEXT 3 000 ~5 000 bp [E] #9774 7 BEK /N, B
PR SR o L rb B S 2 R 2 X P 1 7= 9 e B
KA 5000 bp (&l 3-C) , it — 4R EUBTRL, £
NCO 1 # Sac | FgYI5 , FRUCHH & 15 B4 BE 20 4
1 000 bpi) H H46 A R Bt (Bl 3-D) , fR1IE Jifi 1% 5]
) B A A 1) T A
2.2 IEFESRIE RNA =)

IPTG 5% )5, B/ & A5/ 7 G BE(25:24: 1) 4l
vk B A% R, JH RNase A F1 DNase &b # 2= B
DNA, ¥4 RNA ( ssRNA) il dsRNA [ hairpin
W, BIAR3) 7T EE 2y 500 bp (1, ¥ 9 S Y
KPI-dsRNA (K 4), % RNase M43 5, pri53)
1) dsRNA #iH 1k, UK N E A F] RNA B, 1K
UESE ] A B FF 2 dsRNA (& 4) o HL4R 0 22 1)
OD,, , 1143 dsRNA [/ £, 2725 1 mg dsRNA/30
mL FH .

2logM

sl = 500 bp

4 BREBEFSHE RNA RS
VKIE 1. L A FI ) RNA; JKIE 2. RNA B A 105 197
P13 9k 3. RNA R ILH AL #9774
Fig.4 Analysis of RNA produced by
the dsRNA expression vector

Lane 1 was total RNA obtained by in vivo transcription, lane 2
was the RNA product digested by RNase A,lane 3 was the final
product digested by RNase 1I.

2.3 RF5455R1M dsRNA TE KPI EE 3R

F4T dsRNA J5 0 h,6 h,12 h il 24 h HUEE,
RT-PCR £ il] KPT £ () mRNA #%5g7K 7, 2554
B~ 5 150 mmol/L NaCl £1 GFP-dsRNA & 5 Xt
HELHAR B, 7 91 R 5 1 KPI-dsRNA 1] LL7E 24 h
PIUCER ML 2 i KPT LR (& 5) . N2 EF (1
P AR, R SO BT Y RNA AR i
HEA—H,
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KPI-dsRNA

GFP-dsRNA 150 mmol/L NaCl

———24h——— ———24h——
10 11 2logM 13 14 15

16 17 18

5 RT-PCR #& U KPI # R RikKTE
EF(187 bp) NS, KPI(494 bp) AN H Y A Bto WKIE 1 ~11 2 KPI-dsRNA 5141, AP ikiE 1 ~3 0 h #fdh; 7kiE 4.5 46
h B UKTE 6 ~8 g 12 h BT TKIE 9 ~ 11 g 24 h Bf 5 JKE 13 ~ 15 25 GFP-dsRNA (FIPEXS B T4 /5 24 h B TKIE 16 ~18 24
150 mmol/L NaCl( %5 FIXIH) 1515 24 h b, B A KEBRERA RBIF.
Fig.5 mRNA expression level of KPI detected by RT-PCR

EF(187 bp) was used as internal control,KPI(494 bp) was the target fragment for detection. From lane 1 to lane 11 were samples collected

in KPI-dsRNA injected group. Among that,from lane 1 to lane 3 were samples collected at O h,lane 4 and 5 were samples collected at 6 h,

from lane 6 to lane 8 were samples collected at 12 h, from lane 9 to lane 11 were samples collected at 24 h,from lane 13 to lane 15 were

samples collected in GFP-dsRNA injected group(negative control) at 24 h post injection, from lane 16 to lane 18 were samples collected in

150 mmol/L NaCl injected control( blank control) at 24 h post injection. All lanes were representative of different shrimp.

3 e

dsRNA 7£ RNAi i #2 Ha] DA fil & — > 58 K
) 5 R SR [F] 5 mRNA il B4, — K
A DL 2t A H i Sy R S 4 T A PR SRR 28K 2 Fil
77 Ak %5 dsRNA . 7E4f F RNAT F AR BT FEE
FEPR T RE B s B B AR BIL A I R R R
dsRNA , —Fi /] 5, A (KB 19 dsRNA i 5
D7l U A RNAG AR (1 #F— 254 ) F0
2003 4EA 24 YN E. coli HT115( RNA i 11T
BT kIR dSRNA K2 Y il 1 k7
XTFEP Gy, SO SR T 3 ik A
3 A R B E A T 244 dsRNA, Hor i
A TANEME BT AE 2R B AR loop R B, DAE K
CHFRE I RNA R G50, 07 i 1
dsRNA [ AL A5, 5557 20 mL 1) AT il 4%
251 mg [ dsRNAM"M

AR SCAEZ T 0 by B aEAT 4L, S T —
il 2 20 e At dSRNA 1A A FRIB AR 73k
5 EARAHE 1 R N S dsRNA D5 IR MTEE T R
SCHYIE AN I NGB AR F BB B ILA B3
IR . B, RATRHEMEAFBK I
90 bp{EA hairpin loop, M JoHs A4/ A5 Ak
JFHNTC A loop B, ik i 22 20 S I 1Y) AH A A 2%
PR, R4 T 24k A5 8 Lk, Il b T R e
SERIRAR I 51 5 5 = T 5 | AN T 22 PR
BI85, PR AN 22 DNA 4 5 3% 3k 244 (1]
U eSS N TR e ) LR B Y N A

2 dpN R AT 2% SE G i 1) K i dsRNA, K537
30 mL K AT #4529 1 mg dsRNA, i H A Ny
i FH R AR R0 & R AR SN SR A DU 4 22—

AR SC AR KPT 35 B R 1], 38 2o 4 P 32 5 it
il 25 P 5 F5 52 1 19 dsRNA | FF 51 RNAL gUR 17
BSUE. SRANLA S 77 5, B KPI-dsRNA 3 A
XTHRAR P, 8 2 RT-PCR A5, fiE 52 24 h Py ] )
SEERUTER H A9 KPR 3k o (AR 7 it Ak
hifil % T 4% YHV 381045 5 1) dsRNA, 75—
FEFREE LUk 9% T 0 Sk I 76 FLAA T X MR A4 A 1) 34
BEU L FEOMIRAIE T %7 i 45 1) dsRNA A LIAR
LF 5 2 RNAG 7R (17 5K, T = 850k 5 b T 8
I NEHIUE S S

HTil RNAI 72K A sh WK AEAE IR EE
SR T RE RN AL PP TR ST AR T ROk
PR XX R, B s FLIE Y
ARAFE G2 N 2B RN, A AR 7 9 e S 1 e R
G BE B AR 25, T L R X635 75 140 537 A ATL ol o A<
BN, A — AN AR F BN B IR R
17715 . RNAL B & — iR 5 A A i 50
PURBEHA , 28 1T DL SR F 5 % R0 2 45 18 321
AHELAE AL, T LAk %ok 96 75955 19 5% B 76 2
PEELSIKHE . H H AT dsRNA 3 A SRA ) I 20A
FELIN T LRSS R 3 FERHRE S, 35250 sh 4
F14) e R AN T 3 A P i — e P o i L IR — 3K
TS dsRNA B A B, 7725 1) RNAL &R B A
BRSO, AN BE S B I A DO BR AR o 0 2R B )
—ANERR R N FFEE /A dsRNA ik R 45, il it
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Synthesis double-stranded RNA on a large scale and
its application in Penaeus monodon

LIANG Yan', Vanvimon Saksamerprome®”, Kallaya Sritunyalucksan®’, HUANG Jie' "
(1. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences ,Key Lab of Sustainable
Utilization of Marine Fishery Resource ,Ministry of Agriculture ,Qingdao 266071 ,China;

2. Center of Excellence for Shrimp Molecular Biology and Biotechnology , Faculty of Science,
Mahidol University ,Rama VI Rd ,Bangkok 10400, Thailand ;

3. National Center for Genetic Engineering and Biotechnology( BIOTEC) , National Science and
Technology Development Agency( NSTDA) ,Banghkok 12120, Thailand)

Abstract: RNA interference (RNAIi ) is initiated by double-stranded RNA ( dsRNA ) and has been used to
improve our knowledge of the shrimp immune system. RNAi has also been used on a therapeutic approach
for shrimp virus control. Method for dsSRNA synthesis on a large scale will facilitate the application of RNAi
in farmed shrimp. Kazal proteinase inhibitor ( KPI) gene of shrimp Penaeus monodon was used as an
example to show a large-scale preparation of long double-stranded RNA ( >300 nt) in detail by a 2-step
cloning method. Two commercial vectors pGEMT and pDRIVE were used to construct a dsRNA-expression
system, which transformed into RNase-deficient Escherichia coli HT115( DE3 ). The hairpin-RNA consisted
of the target forward sequence (494 bp) and a 91-base shortened version of its inverted repeat (403 bp) to
introduce a loop,no more need for direct cloning of the loop segment. The hairpin-expression vector resulted
in large-scale dsRNA synthesis, the yield of dsSRNA was about 1 mg dsRNA/30 mL bacterial culture,and its
cost was approximately one fourth of the cost of same production by using a commercial in vitro transcription
kit. A test group of shrimp Penaeus monodon(8 g,12 shrimp each group) was injected intramuscularly in the
fourth or fifth abdominal segment with 16 pg dsRNA to investigate the sequence specific RNAi effect on
endogenous KPI mRNA expression. The NaCl injected group and GFP-dsRNA injected group were used as
control. Hemolymph (200 pL) was collected from 3 shrimp at 0 h,6 h,12 h,and 24 h. RT-PCR test showed
that KPI expression was completely knocked-down at 24 h. It should be possible to produce industrial-scale
dsRNA production for shrimp farms by this in vivo transcription method.

Key words: Penaeus monodon; RNAi; dsRNA; in vivo transcription; Escherichia coli HT115; kazal
proteinase inhibitor
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