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HZABEN-Z Bt -p-D-| B B B HE B i 5 [F 7 fE
K KK-42%F B FRIiAHI 220

BHA, XAEX, # B, THE

(AR ITE KA A B Be, TR B2 453007)

T bt — PR TKK-424 42 81 % Bl 89 2 F AL, ARBFR UL H A B I 4 41 4 408,
# 3T RACEH A 56 & T JUT J & #2245 o 6y IR 3% B¢ 3L Bl NAGase cDNA2 K 77|, = &
78T KK-4240 32 77 [7] B 18] 4 Sk A B & 41 4 3 NAGase mRNAAE xt 5% 1k & o xt o B8 38 7 89
Blo KO M EERL T, NAGase cDNA% K2 536bp, 4617 NEALER . IR %20
B, NAGaseR F AR F MM, SNAESITOHENERE, X 568%. %%t ot
B, BHARBI., ZERTE. LAERE. PEANERN —NKRE, LHETM
FEAMIERLXRE AU, HARBEEF — 4o X . Real-time PCRA Tk ¥, NA-
Gasetf X & 35 & 72 Bl B W Do#l ik 2| ; KK-424# 53 h, Dy kA ER B A
#253%, 2 E6h, CH DM & xt B4 2 7 385 7 226%F1187%. NAGaseH; & 77 A
CHI Z|D, 1 iy 3 5, KK-4240 22 66 W] | 42 5 CAnD HINAGase B 75 47, 4 H 3t CHI B9 #
BEHNEE, EAEE3. 612024 E T 11.26. 5.99. 7.15fF ., 4 237, KK-423t H

AT 8T 3k L NAGasety % 3 2 8 7T f % L 46 42 50 % B 09 0 T AL 2 —
KHIE: HAE I N-ZBt-p-D-2 259 # 4 4 B ; wlE; KK-42

FESES:Q459; S917.4

JLT Ji (chitin)j& H 56 3l % J7 1) £ B2 4,
J5 8 TE R AR S P AN B A A T ) s i 29 1 3
Wy, Wik, RS LT BRE i A G T
By TH 2 Bz B (8 B2 s # ) o W sE sh i A
AICHEIA T o IHER B Ay LT BiAE LT Jou g &
PIAEH TIE R B LT Bt 8%, P HN-
Tk -B-D- 4, 3 4 45 B i (N-acetyl-B-D-glucosa-
minidase, NAGase)% it iN-Z B A 2 g 1, =
5 i I Y. NAGasefE A LT i i i 12
Hh Y R, R W B SR B i A — B
SE A DA 5 I AR R —

HREiEFR L], W 523 ¥ & K NAGasesZ I
B R AR A, LRI R Y AR Ak e D
YIMI O . FE KRB (Daphnia magna) . 4 1 K8 IR

I #s BHEA: 2017-01-13 &R BHI: 2017-05-10

XRktRERRS: A

(Palaemon serratus). ¥R (Uca ugilator), ¢
GBI (Eriocheir sinensis)S H 2 s ¥) o, NA-
Gaseffit 1% 7 WA X5 4 BUAE W0 K mip 1), HL 55050 K3
RS R IEAECE, X 4R B8 (Sinopota-
mon henanense) 5T 10 K I, 4% 5 HR AV i o 5t
JZ 0 1) % 2% (molt-inhibiting hormone) X i J7 i #
A E , TP AINAGaseliff 16 R g =
N T i — R NAGaseli§ A9 5+ FR1iE KL BEAE 3
TV, A R B A Oy R T
SEEG R R, R T IXM R T SR A
JE T 20 B e AR S g B g A A (RS S
KB HRGE R D, 7EGenBank AU % T = PEMR
FHE (Portunus trituberculatus KF914 668.1), £L#%
FEWF (Cherax quadricarinatus KP968 829. 1) i [H

BT : WA AE TR RO SE S H (14A240003); 0] 75 T T8 K 22 75 R R R 3 4:(2015QK15); RN sh btk &

RS 3 TT A 45(5201049160124)
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BH X R (Fenneropenaeus chinensis DQ280 379.1)71
FUGHIE X R (Litopenaeus vannamei FI888 482.1),
H A8 ¥R (Macrobrachium nipponense)f) NAGaseXk:
PH] 371 i oA DL 41 3

AL FE A A, BRI 2R ) KK -42
CIRPRTE 2 P SR LR AN g A BN [
HEMNAGase T fE L KK-4298 5 (080 H br o 451,
A SCLL H AR ER G ER R W0 5, TEIRIG R K
2 20 SR A N R B A |, R H cDNACK By
PRHE P 1 (rapid amplification of cDNA ends,
RACE)$% AR 98 [ 5] T NAGase cDNA% K ¥, If
JE N GE T KK-4240 B 5 R B 21T NAGase
mRNAFF R 3K 5 R0 1 BTG 7 28 4k, Sk ) ]
KK-4245 J5 W58 52 J& 51 i) AL ) AR 3R BT

1 MRS T7E

1.1 SLIe# R

TEHS00) fik BRE H A V3 (] g U 31 K 2 7K
B A AT EBHIF [1K1(2.0£0.5) em], WFFET
KGR, BENLT-35 5 R kb FRALFO G RE AL . Ak
FRA 26195510 mol/L I BRI ) i KK-42(4 15
Fo g P AL 2E R AR 40 EF = 95%) A W2 1 1 min
WO, R BOR TR SR A K A T, R
L FEU XA 5 0.01%(0v/v, KFRE) 2 BE
(KRN EL, ik L. 3T #Eo, 3.
6. 12, 24F148 hHUAL T A [F] it K2 Ji) 91 1 40 o Sk
i B2 Bz P S e s, W R S E S
CF SCHERY, JERS It SRR E 3N E A

1.2 2 RNAZEUK cDNAE—$EE R

¥ F TaKaRa MiniBEST Universal RNA Extrac-
tion Kitiz 7] 55 43 7] i B Ak $HL 2 1 X6T R 2 36 7 i) 1)
(CHI) . B B2 AT 1 401 (Do 30]) 58 K2 iy 391 ) 6 401
(D01 H AV 0F Kk i FH R e RNA, 5532 S 56 AR
3k iy R B 78— 18— e s, HE3W, %
HERT MasterMix (Abm)izk 7 & #:4F Ui B A& ik
cDNAZH—#%
1.3 HZAR;BEFNAGase cDNAE K 7 b K 55
-

AR 27 S 2 7 2 (4L B NA Gasel% 0 7 B
B X RACES | ¥ NAGase-F1, NAGase-R1(#1),
FHISMARTer® RACE 5'/3'Kit (clontech) i 7]
o PR T W A

®1 EREREBSIY

Tab.1 Primers used in experiment

GlEVEZR

primer name

NAGase-F1 ~ GATTACGCCAAGCTTGCCTTGGGCTATTAGTTT

51 F(5'—3")
sequence (5'—3")

NAGase-R1  GATTACGCCAAGCTTAATGAGTGAGAATCCGTGA
NAGase-F  TTGACTGTGGGTTTGGTG
NAGase-R ~ GGTAAGATTTGTGGCTATTT
18S rRNA-F  TGTTACGGGTGACGGAGAA

18S rRNA-R  CATTCCAATTACGCAGACTCGG

14 £YEEZERH

W AR A5 1977 ) F FHORF finder 53 Bt ¥ 4F: (ht-
tps://www.ncbi.nlm.nih.gov/orffinder/) F i FF jif [5] 32
HE S 3 S &0, {4 INCBI Blast PHEAT 24 2%
B2 ¥ 50 [ PPk e xE, il Protparam K {4
(http://au.expasy.org/tools/protparam) i Jlll & FH 1k,
PESBT, CD Searchil il ff ¥ £5449 35, Singal P 4.1F2
JP o355 K, Clustal WARE#EAT 2 )57 51 LE X453
Br, KA [F) W b (9 28 B R 1 51 ) FIMEGA 6.0%K
A R G HEALRY

1.5 HZAZEFNAGase mRNAEX FRIEE S

MR 4 4K 15 1) cDNA 4 K J¥ 41 F118S rRNA
cDNA (M Z: % H)JF 51 % 11 Real-time PCR5| ) NA-
Gase-F, NAGase-R, 18S rRAN-F, 18S rRAN-R
(1), f#iFLightCycler 96(Roche) PCR{Y, SYBR
Green Master Mixi® 7] & (Vazyme)Fi B8 ([ 154 B HF
1o BEHRH228C BibAT 0BT, S50 Fr A5 508
K FH B K & )7 2253 B (One-Way ANOVA) #E474¢
1438 (P < 0.05),

1.6 HZARZAINAGasel§E o

it 3% 3 %) D S S ISR O ik IR RS ek
E o ARk i R e 18, BERAMRA N —
ANFESN, R ITETA BY0.1 mol /LI IR 2% wh it
PKIRAI%20 s, B0 (4 °C. 12 000 r/min)10 min,
B3 W RS 108, A3 ER .

2 R

2.1 HBZABIFNAGase -DNAL K HE R 4T

NAGase cDNA4 K2 536 bp, JF il i AE
(ORF)K £ 411 854 bp, 5" EHHIEIX (UTR)H382 bp,
3" UTRH300 bp, %7 54228 GenBank 1 1 M
SHKU522 433.1,
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12 FE PR 2 % 11 25 10 Il 6177 2 3k R 7 ik 4
W, R EE T (ATG)N T-383 bpht, & 1L%HY
TF(TAG) T2 236 bphl, A Ab45 #4 SURFAE Of 57
FATHI . R241, D384, E385, W442, W466,
Y493, D495, WS48FIES50, L ExPASyR vl i
W, HAHEIINAGasesE IS 71 2 H 69
ku, ZFHE AR 5.43, F|FHSignalP 4.1 server/ AT,
BIRZFINEA 23N FERNE IR, R ix
EHFREE T/ W AE .

2.2 ELEMEE R R G # LR

ZBlast PIF A X}, 53R ER, Z)F55
2 T KT B P8 AR e v M 68 %, R 2 H [ BE X6

IR, MR N67%. PRSFEEIT, K3 H A
THEFNAGaseZ SR T 51 (220~5971 2 5L 12 ) & A
BEFF 7K 7 B 204 % (GH20-Hex A-HexB-like ) 5F
B Rz B AR SF U B RR Y 5 5 L9 I G R
r ] B O R Y PR S N R AT L R B, R AL
i590.4%, H HLAG 1 A 45 F4 SRR AF PR <7 05, o
i H A THEFNAGase R FE R ¥ 51 5 GenBank ' E2 I
% 1 745 i 2 4 (3 3k R ORI 2 Bl 0 )NA-
GaseZ HFRIF 51, K A Clustal WHIMAGA 6.0iF
TRGE AN R, HARBIF, KRBT
B LN NTER o E IR ER R Oy — A KR
L&A 5 8 0 ey [ IR X B S 2% O R E N BRI,
H A TB IR 5] — 43 32 (F 1)

100 —— I\ FERIE Xestia cnigrum

52

87

|—*5J\2Xﬁﬂﬂ§ Trichoplusia ni

 EEBE Harpegnathos saltator
00— ppmmis

B W Camponotus floridanus

R KIE Locusta migratoria

=R T, P. trituberculatus

100

98

& HARVHUF Macrobrachium nipponense
|—‘:P BAXTHR F chinensis

100 I—fL?W‘JEXﬂLiF L. vannanei

JKUE Hydra vannamei

W% Danaus plexippus

ol s Bombyx mori

0.1

1 ETNAGaseBREBRMENRELXEN

Fig. 1 Phylogenetic tree based on NAGase amino acid sequences

2.3  KK-425F H A ;B4 NAGasezk ik i 52 1l

Real-time PCR%ZE R B8, NAGase X ik
HAED WA BNl , D JUIA BT T BEE & T Cl
(F12). 76 FT MEE R34~ J2 JE o B, KK-421%
af g DR N R, TEAPEE3 h, DY
49 A X6 2 38 d S X B2 19253 %(P < 0.01)(I¥]3-¢),
WEHE 6 h, CHIFID WAt f 2 53 g & T
226%F1187%(P < 0.01)(/¥13-a, b),

2.4 KK-425F H A ;BERNAGaseli 7F 119 22

STE LB [R], % R A N A Gaselif 15 f1 A
CHN D) 5 2 D& 8 T+, AEAE [A]— 6 7 ]
W, BmhREA WK BE LS ER
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(K4, 5). KK-424FREH 32 = CHIDINA-
Gasefif 1% 11 (K 5-a, b), JCHXTCHA R 5 &b 2
=, ARSI S TR AL, FE3. 6112 h
SR E11.26. 5.99F17.156%(P < 0.01)([€5-a),

3 iR

AT U H A TH UE 4 0 Sk g B 3% Rz 4
YIS S T NAGase cDNAS K JFF , T 4 i
S R 7 9 i & AT R A K B 20 5 % (GH20-
HexA-HexB-like) <1 38R Ak 25 44 SURFAE S <1 437
AR B 23 SRR A R A K, #fE
W% 2 e —FP R UL T B R A 4 IR R
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30
g
o sk
Ch Al :
#Jaz().
K B
e
3 *
Ss 107 -
< 3
Z% 51
=
0 —=— L L
1 2 3

5 K2 Ji SIS [ B B

different stages during molt cycle

B 2 AEEENAGase B RET L
1. CHT (L B2 1101, 2. DolyI (158 5% B 400 3 5L 300), 3. D300 (888 5z i 33
B ): *FRSCHMLEL, P<0.05, REER, »ER5CH
A, P<0.01, REBZEZER: TH

Fig. 2 Change of NAGase expression during
different molt cycles

1.C stage (intermolt), 2. D, stage (early premolt), 3. D, stage (late pre-
molt); * represents significant difference, P < 0.05, ** represents very

significant difference, P < 0.01, vs. C stage; the same below

H o 2 IR T 5 R 73 B Wos, ¥ 50 5
YR XTI AR AR S B e, AEALEE S 68%, K
o B TR, ARARLBE 3K 67%.  H A VH R 5 35 ) A
HRRAE Jr R AL AR 43, BT 8 09 B A AL
P AR, HOE AR SF 45 A 50 7 51 AR B EE AT
LI E90% LA |, 3% B i il Ak DY) A48 S A J3E L 3
K, 3X ] BEHL A2 PR i 12 1 i DR o A% G2 BT S
JERI Y T R S K e, R, DAAEXTF
H 52 3 WINAGasel [ iF 57 K 2 4 i 76 [ 19 43 25
afifk . WEIRs e R AE, T OC T cDNAJT I A
XD o ARSI AR 7§ KT TT R A 5
IRe it % SR P LG 55 1 Al

Real-time PCREZEG 45 R & L, 76N ) F 58 B2
J I NAGase mRANAH XT3 ik 1 5 3% 3l 7 A8
16, DodRmr, DJHA BT EARE S TCH; NA-
Gaseli§ 1 J7 2 AR LAY 28 fb ka3, g8 b B 7E
DY, FHWE G T mRANM RG], XA A %
PRI Sl e S 5 B IO RRAE 5 30 T 488 R v A g 2
T T A — 3 O R, W R R 4
i A= AL RE DL S 3% B 5 4 Wl 25 8 Ak g ik 39, A
R LT 0T e A i G S S . NAGasefE H 7E A
91 190 v % 35 R 1R 3 A T PR I g KR A TH Y Ak
S o

KK-424b ¥ 58 i & 175 5 3k Mg B 3% 2 NAGase

= 07 X DAL control
) 'g oAb HZH KK-42 treatment
[ L
Hﬁ 5
= 2
= E 10
e
&}
= § ’—}
0 3 6 12 24 48
KK-42 4b3 58 )/h
time post KK-42 treatment
(@)
18 r sk
16 | 57 oX] BEZH control
g m /b HZH KK-42 treatment
= 14t
i H
ﬁ £12f
o
g g 10 ¢
_‘% Rl
v 6 |
S g
= S‘D: 4|
=
21
o FBLEBR A A A Fa,
0 3 6 12 24 48
KK-42 43 j5 i [A]/h
time post KK-42 treatment
(b)
25 ¢
g oXfHE4 control
1 %2 20 ¢ ok pAbHEZH KK-42 treatment
< 8 &
REs|
22
_‘% ~
310}
©
S g
= S‘D: 5t
Z
0 3 6 12 24 48

KK-42 43 5[] /h
time post KK-42 treatment

©

3 KK-42403B3C. D& D HHABIR L EF R K
NAGasezz 1L #5200
n=9/41/Wf [l 55 (a) CHI, (b) Do, (c) D5 * 2RI 15 A0 I3 X J
ALUARFEZER, P<0.05, *RpBREER, P<00l; TH
Fig. 3 Effects of KK-42 on cuticular NAGase expression
in juvenile M. nipponense at C, D, or D, stage
n=9/each group/each time point; (a) C stage, (b) D, stage, (c) D, stage; *
represents significant difference, P < 0.05, ** represents very significant

difference, P <0.01, vs. control group at the same time; the same below
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Fig. 4 Change of NAGase activity during different

molt cycles
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Fig. 5 Effects of KK-42 on cuticular NAGase activity

in juvenile M. nipponense at C, D, or D, stage
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(3K, FE BT UL EE A 34N W6 7 JE 0T B B, KK-
PR L IRIZIE RS, SIRATET AL
05X IR A AF 7 45 SR — 3, KK-425% il 1% 7 /)
VRN R ERIAECHIRIDI , 5B 3k
ISR EX A, KK-42X%7 D
FiE G PESZ RN K, RN KK-4240 3 S 80T B S 5
(R U (R L0 B, ETRT NP T IH 3R R 0 R A
Ff g I 4548 . T NAGase%: JL T B i)
Wi fif 23 5| S TH 3% 2 25 40 1 25 RL R B A%, B LAIH
KRR E O S RAEMY AL, X5KK-
4240 PRAE W35 BN DI B A TR R 36 R R Y 45
SAAE, FRATATIIAE ST 2B, KK-4240 HAE 2
155 H AR VE HR 40 8 i 9 EL 20 B30 P07, H b HE
KK-42%F NAGase?) I P& 0 7T RE J2& i o i iz 3% %
[ 422 S
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Molecular cloning of N-acetyl-B-D-glucosaminidase (NAGase) gene and the
effect of KK-42 on NAGase gene in Macrobrachium nipponense

LU Yanjie, GUAN Jianyi, DU Juan, NING Qianji"
(College of Life Sciences, Henan Normal University, Xinxiang 453007, China)

Abstract: In order to further explore the molecular mechanism that KK-42 shortens the molt cycle of the juvenile
prawn Macrobrachium nipponense, the full-length cDNA sequence of NAGase, the rate-limiting enzyme in chitin
catabolism, was cloned from carapace by RACE technique. The relative expression of NAGase mRNA and its
activity in cuticular tissue were determined before and after KK-42 treatment. Sequence analysis showed that the
full length NAGase cDNA was 2 536 bp, encoding 617 amino acids. Homology analysis indicated that NAGase
was less conserved and had the highest similarity of 68% to that from Litopenaeus vannamei. Phylogenetic analys-
is showed that the amino acid sequence of NAGase from M. nipponense was clustered into one major group with
that from Portunus trituberculatus, L. vannamei, and Fenneropenaeus chinensis. The NAGase sequence from L.
vannamei and F. chinensis shared more similarities with each other, M. nipponense belonged to a separate branch.
The mRNA concentration of cuticular NAGase in control group peaked at premolt D, stage. Once treated by KK-
42, the mRNA content increased significantly, with a 253% rise in D4 phase at 3 h, as well as a 226% or 187% rise
in C or D, phase at 6 h. The activity of NAGase rose gradually from C to D,. KK-42 treatment could cause signi-
ficant increase of NAGase activity in C and D, stages, especially in C stage, during which the activity increased by
11.26, 5.99 and 7.15 folds, respectively, at 3, 6 and 12 h. The results above suggest that the induction effect of KK-

42 on the cuticular NAGase of M. nipponense may be one of the molecular mechanisms to shorten the molt cycle.
Key words: Macrobrachium nipponense; N-acetyl-B-D-glucosaminidase; clone; KK-42
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