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WE: /I RHTKKL2BRERLEXAEAENE KRB YERFTENNE, R ETALET
o2M A FF R T o2M HH B R KR K KK-42 st Rk fnig A%, kK 3.5~
5.0 cm By H RBAFSAFE ALK 2 41,05 B 1.95 x10 " mol/L # KK-42 ¥ ik f1 - 4 KK-42
WERZRALAE I min,12h G, FHAHELQ N2 ATH, 25 MEEPEHEXILLRE T ER
(HAHFERAMEAEFNBA) N EREAK(ERA -1 foxt B4 -1), T B & &N E 4 &7
B R TEF oM EFERAKFREINRM, FRET KKA2 FAETEERGRLEE KA 2
MELE B B AB AT 4 BT K E R . 4 BLAST W3, T & o2M # 4 mRNA J7 7| 5 ¥ K 8 iF o2M A
H90% UL L EFEM, EatR T E PCR EH 8 &, 02M R F KA KTFAEM AT &G, LB
HHHE N D E, KKA2 LB G IT i c2M XEWARA TR E M £ 7% KK £ E R #
# i 28 1 o2M mRNA KFZE3h 0 h #8275 T 580% , 575 4 42 24 h 318y 47.5% ;1 W % 5 52
%4l mRNA KF7E6~48h B d TH R FMN B4, LHA 12 h 318 K 511% ,H5E ) K-Fh 2
AW EAS FRKA,KK-42 T4 2 a8 bR Je o8 K A 500 T 00 40 O oo 40 i o2M 5 B Y

HFACF,H T a2M E R T R IR T 4 0T B R KR, AT R R E R
KB : BABE; FRIEME; KK42; a2-E 3 & f (a2M); ERE KA

RESZES: Q459; S 966.1

58 3 0 1Y) B 92 7 A0 AR SR AR R S A AR
G, o PR G P T A I R B R — S R AR R
fitg 8¢ P ok #E 17, W A kR RS
( prophenoloxidase system, proPO Z %4t ) % Il % .
BEER U SE ARG, HATCER <3
A I 9K 2 v R BT 2 A R, o2- B R
[ ( Alpha 2-macroglobulin, a2M ) &t &2 H H —Fh .

WL R W, o2M 2 5 £ 6 Fl i 15 proPO R
G2 JE %5 s o i) SRR RS 40 7 R
2 R BRE L 2 R A W AR S 2 B R S LA
% HE YR K JE BF ( Pacifastacus leniusculus) W,
o2M E i #1 H — Fb o % ppA ( proPO-activating
enzyme) [ 22 4 B2 4 H 8§ I8 £ proPO £ 4t 1 ¥
W ShAh, a2M T REARAE S DU C3 9 {E
F™ T 8 8% ( Limulus polyphemus) H, o2M 5

%5 H #5:2014-02-28 &8 B 85 :2014-04-14

NHEIRERD A

M3 —Fh ' S RESE IR PEBESE R 45 &, I Bt
K I BE ) R A0 A AR e 0 o X BRE Y U IR
( Penaeus monodon) BT 5% &, a2M £ 1] 5 6] £k
HE(—FEE SR SR IEEZ R TR
BEES WMARG ARG R)E, 2M 5
FZBEHMRIEERE LR, B M N 5EE)
Wy f i ik A RN Y S T AL A T SRR ABESY L H
H A8 B AR SRR 1 T 5 3h W) S
N Z (8] FEHE K BR . 7E H A8 4¢ %) BF ( Marsupenaeus
japonicas) " FNBRERE R AF o2 M 25— T TE Y
o I 1 518 5 JIR SR MRS 230 1 T i 5 140
LM G, 4R % 7 % (Seylla serrata) | B IG TR HF
( Macrobrachium rosenbergii )" Ifl. 40 I8 *f o2M
mRNA 7K 8 25 Fh i 5 4 1 L L 5 s 7 R g ) 3
PR a2 M SRR B

BHTE - [ 5 A SB35 (30940008 ) 5 ] i 49 KL fill 5 BT v £ AR BF 52 90 H (142300410021)
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KK-42 J&—Fhukms ey 5, o HIE B JUAE K
T FATT I 5 = IS W, 1 B T A
JL4H B XF W ( Litopenaeus vannamei ) % XF B 4=
N F 1S S L T T
KK-42 fig . $2 =g R e Vg /K B 147 (Aeromonas
hydrophila ) ) H A 8 ¥F ( Macrobrachium
nipponense ) BTG 3 . AT H K FORE ) a2M
fIER 70 i 41, & ] Real-Time PCR J5 3%, 0 #fr T
o2 M FEPITE H A TE MR 4 5 o i) i 25 63k D & KK-
42 X HAR KA I E T o2M 3G KPR 281k
BE— 203t T HARTHER G RS c2M FERRIEZ
] AR

L FRSJ5k

H 78 HF A i 2 5 i E
H AV IR (] R e PH 8 < v 48 k) &8 52 3
FIEN R SR G, BEE AR (K4 3.5 ~5.0
cm) 600 B, B HL 4> S KK-42 5256 41 ( KK-42
treatment) fil KK-42 X} 24 ( KK-42 control )
KK-42 52820 1 1.95 x 10 ™" mol/L fit) KK-42 (4
BRI A E R A = 95% ) W Wi i
AbEE 1 min'"HCH AR GE £ T K YR A F K R
Faoh, 40w 7 4R 35 s KK-42 % B2 R & KK-
42 WIE WAL, J7 ¥R A B KK-42 il 4k 2 5 12
h, 53 5 ) KK-42 5255 26 8F 5 &8 152 19 5 20wl
WeE R 3.0 x 1074~/ mL {0 7K < ML B £ 1=
7 6 200 TR s S B N ) R R (T R
SE0G 40, KK-42 treatment-A. hydrophila) 8 20 uL
AEFRER K (B2 4 - 1, treatment-1 ) ; KK-42 X B8
HA% W FE 7 R A B, 3 O 2 A TR I EE R R A
(control-A. hydrophila) F1 %} B840 — 1 ( control-1)
S 3 ANER, 4 TS G 0.3.6.12.24 F
48 h g sk A 2 I R TH R B, TH RS R
1.2 /& RNA $2EUK cDNA £—%H &K

JH RNAiso Plus( TaKaRa) #£ Bt H 7 7 i 1fi ik
BB AR 3R e B LA 2L B RNA, B
RNA [ 5¢ % 14 F1 4l B2 F &8 ke i Tk K 0, RNA 1)
Y RE M A Ao HEAT AE B, 4 PrimeScript™ RT
R & (TaKaRa) #2/E UL W] & B cDNA 25 —4f
1.3 ae2M EEMTEESF5INE

HR A5 C 0 H e 28 B BR AR 1 v B IR S IX BT
it 9, IE M54 R 5'-ATGGGGACTGGAA-
CGAGTTG-3', ) [n Bl ¥} 5'-CGAAGAGTGTA-

1.1

CGGAAGATT-3', 25 pL PCR f% Jif /& % : TaKaRa
Tag™ (5 U/pL)0.25 pL, 10 x PCR Buffer (Mg**
Plus)3 wL,dNTP 1.5 pL,cDNA 1 puL, 53|44 1 uL,
FH ddH,O #h % 25 pL. PCR JERS14:94 C WAk
4 min,94 C 7% 30 5,58 C B 'k 30 5,72 CTLEAfh
30 s,35 MEH,72 TLAE10 min, PCR ¥ 1524
TR 24k, , 4% B8 T, DNA Ligase Kit(Promega) %%
SKi#EAEAE pGEM-T 4k I #EA ALY o
1.4 o2M mRNA XK EHEENE

SIS i FH 5190 SE B A2 f PCR ¢ 514,
Bl H B 2B o2M IE 19 51 ¥ K 5'-ACTTTGG-
GCAGCCAGTCAGTG-3', )% [7] 8| ¥} 5'-GACG-
GTCTTGAAACTAACGGGAG-3'; P % 3t [H 18S
rRNA IF [ 5] ¥ & 5'-TGTTACGGGTGAC-
GGAGAA-3', )X 7] 5] ¥ & 5'-CATTCCAATTA-
CGCAGACTCGG-3', Real-Time PCR #i# i SYBR
Premix Ex Taq'" ( TaKaRa) %K #F17, 7 20 pL
AR Z AR I A K B ddH, 0 8.8 nL.2 x SYBR
Premix Ex Tag'™ 8 wL,ROX Reference Dye 0. 4
pL GESC I 594 0.4 wL (cDNA 422.0 wL, &
O FZ 7L PCR 98 AR EFE )Y #4794, PCR
PEER 25 TS PE 95 °C 30 s, fFFF 1 195 C 5,
60 C 34 s, 7530 40 K, SEHG b 72 9, 1M 40 il RNA
P9 EDUARTIBE F 0 S0 Py 65 5 4 S04 4 ) 35 > 261 A
Cesar 25" [y J7 o 45 SRR 272 L HEAT 40 #T
S T A B SR B R J7 22 43 i ( One-Way
ANOVA) Fl Duncan £ % 22 £ % 15 48 1 43 #r
(P<0.05),
1.5 2M FHBNE

H S VA SR 40 5 1 40 i o2 M 3 7 1 I 5 2
Galvéan % fly J5 i .

2 4

2.1 KK-42 XfREEEKSEMEMNBEARBEL
HR R i 2 R

TESZIS A A], XFBRZH — 1 FOSCER 4 - 1 0% %
PRAFLE 90% LA b o FES R AW G 48 h N, MK #
X HECZH TG 38 [ T TR R L g A A 12 ~
48 h 55 B IR 6T R A AH Eb B R A Y L Y
MR AE 133% DL b, JUHAE 12 h B 5 3% 2 5 38
140% (% 1),
2.2 MmM4AE a2M EEFFB S mRNA F5)

PCR " 34 7= 1y 2 1. 0% B N5 Wi € J6e v Uk A6
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7 ) £, % DR Y B KK-42 X H AR AT o2-E 8RB 5 R IK 15 R 915

AU B L 2% Yo AR R A5

J¥ 2 1109 bp( 1) . J¥313#E4T BLAST XS, dIE

Eh HARIR a2M FE 7> mRNA JP31), 5%
[CTEUF o2M JEH HAT 90% L L [A] I8+, L E 7

NCBI i} (7Q345707 ) .

2.3 a2M ERMRERIE

o2M F AL A AR A K3k, o 1 4R

Me s mRNA K (B 2) o 140 B o2M $E
23R K AR W K7 /i I A e, WE 2 A U R R 1) 4

WA BFEEZER(E3),

#1 KK HABHBRAEXSERMENBRBRBEEENTN
Tab.1 The time-course change of the survival rate of KK-42 treated-M. nipponense injected with A. hydrophila

2151 J& Y J5 BsF[A] /h time post injection
group 3 6 12 24 48
XFHEZH - 1 BT Z control-1 100.0 93.3 93.3 93.3 93.3
SZO A - 1 J§I% % treatment-1 100.0 100.0 96.7 96.7 96.7
B 2 75 6t B 41 3T 2R control-A. hydrophila 86.7 66.7 16.7 10.0 10.0
T I S 06 4 T R KK-42 treatment-A. hydrophila 93.3 83.3" 40.0 ™ 23.3" 23.3"
T TR e 7 3 R G T A IRALAR LY A B B 3 2% 5 (P <0.05,P <0.01)
Notes: * P <0.05, #* P <0.01,vs control-A. hydrophila at the same time
1 ATGGGGACTG GAACGAGTTG GATGGGGTCC ATGCTATTGE TAGCCTTCTT CTTTTICTGGA
61 GUTTTAGGAS GCTACATGAT TATAATACCA AACTCCTTGG AACTGGGTGG AAAGATCGCAL
121 GTCTGCATCA CTGTAGATGA CAACACAGCT CCTGCCGGGA AACTGACGTT CAGCGGGGTT
181 GGACALAGGT ACATATCCTA CTCAGAACGA ALGGALAATC CAGATATAGA CGCGGGAGTT
241 GTCGTCTTAC CCACAACGAC AATCGACGTT CCTGCTGGAC GCAAGGACTT CTGCALAGAL
301 ATGGGCTCGT CTACCTCGGA ACATTTCOCTG CACGATGCAT CTCTGALCAT CCTGGGGGAL
361 ATAGCTGGAG TCAGCGTCAA CTACACAGAG AMCATTGALG TTCAAAACCA GAAGAAAGTG
421 ACTGTCATAC AGACAGACASA GTACTTATAC CAACCTGGAC AGACGGTGAL GTTTAGGATC
481 CTCACTTTTT CTGGGTCTTT CATGGACATA TCGACALAGA ATTACCCTAT TGTGTGGGTG
541 ACGTCACCCT CACALACALG GATAGCACAS TOGAGGAATG TCGACALTTC GGACGGCCTG
601 GTTCATCTGG AGATGACGCT GGTGGAGGAG CCCGAAGAGS GTACTTACAG AATTCACGTC
661 CAGAATGALG ATTTATCAGA GGAAACGACC AACTTCALAGG TGGAGGAGTA TGTTCTTCCC
721 CGGTTCGAGS TGACGATCGA GTCTCCAAAG TACGTCTTGT CACGTGATAC CGGCTTCTCC
781 TTCALAGTTT GTGCTAAGTA TACTTTTGGG CAGCCAGTCA GTGGAGAGTT GTCTGTTAGL
841 ATCAGCAATS ACGGACAGAA GAMATSTTAC ACCACCATAL CACGGAACGS AACATTCAST
901 GGATGTALGG AGTTCGAAGT GGTGAACTCG GATATGAGASL CTCTCGACTG CAGTATCTAT
961 TCAGTATCCG TCAGAGCCTT GCTTACTGAG GAAGGTACCG GTGTTGAGAT GACACAATCT
1021 TCTAGCATCG AAGTATCGAG GACTCCCGTT AGTTTCAAGA CCGTCTACAL CGATCGATAC
1081 ATGAAGTACS ATCTTCCGTA CACTCTICG
E1 HZBE a2M cDNA &4 55
Fig.1 Part of sequence of «2M cDNA in M. nipponense
20
20 =
>
— 2 ¢
A 5
5" =
5 Fog
®E10F =0
o = o
283 z St
= 4 = a a a
- r o
5} 3 = 0 —
[ 1 2 3 4 5
0 e [ i I

He Hp Gi

Ep

Ms In

E2 o2M EEEBARBNABEAANRKIEIE
He. Ifi. 40l ; Hp. JFBEIR ; Gi. 88 ; Ep. £ 55 Ms. LA ; In.

n=5/HMN

Fig.2 Relative mRNA levels of a2M gene at

different tissues in M. nipponense

Hc. haemocyte; Hp. hepatopancreas; Gi. gill; Ep. epidermis;

Ms. muscle; In. intestine. n =5/each tissue

3 MK e2M BEFEERRBHESHEMENRIEE

1,2, W6 R FE 45 3. Wi fe (| 4 5 4,5 W8 Bz wi N

n=5/W K BB AN [E AR A ) 25 7 3 (P <0.05)
Fig.3 Relative mRNA levels of a2M gene in

haemocytes of M. nipponense at different molt stages

1,2. post molt stages; 3. intermolt; 4,5. premolt

n = 5/each molt stage; Groups with different superscripts are

significantly different( P <0.05)
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2.4 KK-42 f1rg/K S B® A E X B 258 4F 1M1 28
a2M EEFRIEWF I

TE 52 B LB 1], KK-42 %t 18 20 2M mRNA
TP 2 W0 B S M AR Ak, T KK-42 5256 2 o2 M
mRNA K5 Z MR EH 2R (K 4), 3
{LF KK-42 A H % o2M 3 B 5% 5 5% 8 K
PR UCEE X R 2 o2M mRNA K76 3 h i Jh i, 5
O h#HLLF+ & T 580% (P <0.05),7E 6 h Bf ¥k &
FNIEH K BN FE LK 4 o2M mRNA 7£ 6,12
48 h 50 ALt 2 BT &, L HE
12 h, 3 E s 511% (F5) .
wKK-42%F B 4] KK-42 control
oKK-42525G 20 KK-42 treatment

o
!

4
o
T

e
w
T
I

A FRIE B
relative expression level
(=]

[*))

(=]

0 3 6 12 24 48
KK-424b 2 J5 i 1] / h
time post KK-42 treatment

E4 KK-492 523 B A MM a2M EERiEZER 00

n =9/ 4/ IR MR A B TTIANER CRIF)) 5 #7 “#" FoR 5

0 h KK-42 Xof M4 AT 1 35 B0k 3% 25 5 (P <0.05,P <0.01)

Fig.4 Effects of KK-42 treatment on transcriptional
levels of a2M gene in haemocytes of M. nipponense

n =9/each group/each time point; Materials are derived from

prawns at premolt( The same as the following) ;#P < 0. 05, ##P

<0.01 vs KK-42 control at 0 h

w HIEEXT AL control-A. hydrophila

_ 14T o B SE R KK-42 treatment-A. hydrophila
212t sk
2
i § 10
6
Eé 4
= 2
5
0
0 3 6 12 24 48
XY JE 1] / h

time post injection

B 5 KK-42 FbE BEBKSEMER
B 7B HR I 40 i o2 M E [F 3R 3% B &2 10
no= 9/ /I IA) RS w7 e T RO AR T B0 X IR 2H A L
ARFETARLEZR (P <0.05,P<0.01)," #"FLR"50h
TN BRAHAH LA 22 5 (P <0..05)

Fig.5 Effects of KK-42 pretreatment on a2M gene
expression in haemocytes of M. nipponense
injected with A. hydrophila
n =9/each group/each time point; * P <0.05, #% P <0.01,vs
control-A. hydrophila at the same time,#P <0.05 vs control-A.

hydrophila at 0 h

2.5 KK-42 frE/K S 8 i E X B 2488 4R 0 44 i
i o2M & ST #

SRR KK-42 X IE4] o2M 1 J5 A /N
JEW S, T IR A HE R —E K KK 42 S5 20
a2M i J) HAE 24 F1 48 h A B 811 i 3l Pk A2 4k
(P<0.05) (¥ 6), MK HM G RE R &R S
o2M T 7, T BUEE X A o2M 36 JJAXAE 24 h
WERT O h, WHOELEA o2M 6 J17E 6,12 F
48 h L T EE X AL B3 (B 7)o

12+ "KK-42%f 4] KK-42 control

3 0KK-425252H KK-42 treatment
: L #
= 10 #
.g . * *
£5
~3
RI
et
>
o
® 0
0 3 6 12 24 48

KK-4240 21 j5 i8] / h
time post KK-42 treatment

6 KK-42 4323t H 7578 5F 0 48 B o2M & 51 9 521

n=9/41/BF ] ¢« T KRG KK42 Xt IR M A B35 %5

(P<0.05),“#7F%/x~"50h KK42 W HEAMLLAREES

(P<0.05)

Fig. 6 Effects of KK-42 treatment on o2M activity in

haemocytes of M. nipponense

n = 9/each group/each time point; * P < 0. 05, vs KK-42

control at the same time,#P <0.05 vs KK-42 control at 0 h
200 =R IEEN AL control-A.hydrophila

OB B L 2H KK -42 trefiment—A.hydropitila

* %

wn
T

«2M ¥ J7 / (ug/mLIALH EL)
a2M activity
9 =

0 3 6 12 24 48
JEGE 1A / h

time post injection

7 KK-42 BB ERAEASERER
B 75 78 4F f0 40 B o2M & 1 B9 R T
n=9/ 4L/ )L w7 e 7 TR 5 R L B R X TR LA L
ARFEHREEZR(P<0.05,P<0.01);" #"K/R50h
W TR B A LA 3 22 5 (P <0..05)

Fig.7 Effects of KK-42 pretreatment on o2M
activity in haemocytes of M. nipponense
injected with A. hydrophila
n =9/each group/each time point; * P <0.05, #x P <0.01,vs
control-A. hydrophila at the same time,#P <0.05 vs control-A.

hydrophila at 0 h
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{25 < WK e S i KK-42 X H AR {8 8T o2~ B B 4% P32 32 10 32 o17

H A VA B2 3 ) 5 2 14 3R /K 3% B & B, 7 5K
W 5T SR, AR FE T RARMR, N T T
KK-42 X% H 2 71 KR &) iR 550 22 00 52 ), >R F K (A
W UL B T KM TR N R T s S B4 A
R AT 36, AR S I 23 SR SR WY, A S 6 H ¢ 1 ]
KK-42 i ib 3R] ff 4Jy 8 50 28 0 2 T

o2M W E SR TTIZ A AR W Ay B AR
a0 390 8 3 AR K A VR i R I B R 9 R R
Bl & PR T i X 9 I Y6 B A6 16 20 R %
Z 5] AL A I S L Bl A Al R o 40 i
W o2 M B PR 32 35 7T BE 23 B AT it 1A Jk e X 1 3
R EEER . AP a2M SN
SEVTE Z AU AN B, L L 4 i b e L, S
MIEIRIE—B"" o A oh, a2M SR [ 3k K
BiEL 58 Bz ) 390 010 7 A T AR Ak, A W50 R i 0 e e, 4
Ji PR R 7E TH A 52 14 8 fige AT 1 36 (4 T8 st A —
Bl AR 25 5 B A FIHLIR ™ J0 AL A 1 o 93
BE A HRPUR R R g

P iE , Z T R 2K S Y e A0 B L L A
BE SR Y2 o0 G0 K SROBE R 2 MR e & T 3L
Q@M LR FRE N RSB A5 R R, R g
KAHME 3 h J5, H A E R I 40 il «2M mRNA
KRR T (B 5) . B, KK-42 B b 35 X}
2Jy 0 I 40 ML o2 M PR SRR R AR K (B 4) ]
KK-42 FiAb . + 4 5 18 7o M 17 mT Wk 35 5 1M
YA o2M FL PR %% 55, mRNA K78 6,12 F1 48 h
B 5 3 T (L 5) 5 L 3E 7 K OF- A 52 40 A A8 4k
BHCE 7)o B b, A R SR R
RNA R4 B 5 MR oo i g sh+ 3 58 1 55
AHEAE R I AE 8 B B i PRl R S, 1H
SCOG I , KK-42 0] G838 i Rk AR g eR T ok A
I 7K BRI T 1) IR SR W BN 2 M X a2 M TR
SRR ST, RNA A i T A RO 456 25 K 1
Ja 8l b, DT B e e SR RO TR AL A 1F S IS
W5 o

S %30k
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Effect of imidazole derivative KK-42 on expression of

o2-macroglobulin in Macrobrachium nipponense

WANG Pei, LU Li, ZHANG Zheliang, LU Yanjie, YANG Hong, NING Qianji"
(College of Life Science ,Henan Normal University ,Xinxiang 453002, China)

Abstract. KK-42 pretreatment can promote the survival rate of Macrobrachium nipponense infected with
Aeromonas hydrophila. In order to investigate the possible molecular mechanism of KK-42 action,the partial
sequence of a2M gene was first cloned and the spatio-temporal expression of the gene as well as the effects
of KK-42 on its gene expression and activity were measured. The prawns,3.5 - 5.0 cm long, were soaked
for 1 min in KK-42 solution at a concentration of 1.95 x 10 * mol/L ( KK-42 treatment) or 0 ( KK-42
control) ,respectively. The KK-42 treatment group was injected individually with A. hydrophila suspension
(KK-42 treatment-A. hydrophila) or saline ( treatment-1)into the ventral sinus at 12 h after KK-42 treatment
and the KK-42 control group was divided into groups as control-A. hydrophila and control-1,according to the
same way. Then the survival rate was surveyed at different time points, and the «2M mRNA level and
activity derived from different tissues were measured. Results showed that the survival rate of KK-42
treatment-A. hydrophila dramatically increased by 133% than that of the control-A. hydrophila group.
Sequence comparison indicated that the a2M deduced amino acid sequence of M. nipponense had an overall
similarity of 90% to that of Macrobrachium rosenbergii. Real-time PCR analysis revealed that a2M was
mainly expressed in haemocytes,and higher at premolt. Compared with the KK-42 control group, the changes
of a2M mRNA level and activity from KK-42 treatment group were not statistically significant. In control-A.
hydrophila group,the a2M gene mRNA level and its activity in haemocytes obviously increased by 580%
and 47. 5% , respectively, only at 3 and 24 h post-injection compared to 0 h. In KK-42 treatment-A.
hydrophila group,the «2M mRNA transcripts were significantly higher at 6 —48 h and reached the maximum
at 12 h with an increase of 511% than that of control-A. hydrophila group. The change trend of a2M activity
was basically similar to that of its expression. In conclusion, our present results indicated that KK-42
pretreatment could significantly up-regulate the a2M gene expression as well as its activity in haemocytes of
M. nipponens infected with A. hydrophila. This might lead to the enhancement of immunity in the prawns,
which was likely one of the molecular mechanisms of KK-42 acting for increasing survival rate of the prawns
infected with A. hydrophila.
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