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Molecular cloning and expression profiling of a cold stress-related
chitinase gene Mpcht19 in the desert beetle Microdera punctipennis

( Coleoptera: Tenebrionidae)

CAI Qing-Ling, LU Xue-Ying, MA Ji* ( Xinjiang Key Laboratory of Biological Resources and Genetic
Engineering, College of Life Science and Technology, Xinjiang University, Urumqi 830046, China)
Abstract: [ Aim] To understand the mechanisms underlying cold tolerance and to discover novel cold-
tolerant genes in the desert beetle Microdera punctipennis. [ Methods] The chitinase gene in M.
punctipennis was cloned by screening cold stress transcriptome data and analyzed by bioinformatics. Its
expression profiles in response to low temperature (4°C) stress and in different adult tissues were
detected by real-time fluorescence quantitative PCR and immunohistochemistry. [ Results] A chitinase
gene named Mpcht19 ( GenBank accession no. ; KY126382) was cloned from M. punctipennis adult.
Bioinformatics analysis showed that the protein MpCHT19 encoded by Mpcht19 belongs to the type IV
insect chitinase family. It is hydrophilic, and the predicted molecular weight is 27. 18 kD with no signal
peptide. Phylogenetic analysis showed that MpCHT19 is similar to TcCHT19 of Tribolium castaneum with
the amino acid sequence identity of 34. 05% . The results of real-time fluorescent quantitative PCR
showed that the expression of Mpcht19 was high in the fat body and hindgut with tissue specificity. In
addition, its expression was also induced by low temperature of 4°C. Immunohistochemical analysis

showed that MpCHT19 protein was expressed in the fat body and hindgut at 4°C. [ Conclusion] The
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expression of Mpchi19 shows the tissue specificity, and is low temperature inducible. The results may

help to further investigate the relationship between chitinase function and cold tolerance of M.

punctipennis.
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Table 1 Primers used for gene cloning and real-time quantitative PCR analysis

B AFE

Gene name

SR e RES Y FFI(5' -3")

Primer sequence for gene cloning

SE L E B PCR 5I9IF (5" -3")

Primer sequence for real-time quantitative PCR

F: CGGAATTCATGGCTTCGAGTGCCCTG
R: CCCTCGAGCTACAAGTTCTTTTTTA

Mpcht19

MpB-actin

F: AAGCGGATGGAAGGAGGT
R: TGAGCAAGGCGTTTTTGG

F: AAGAACGACAAGGGCAGACTG
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TR MY EcoRT F1 Xhol . Restriction sites of EcoRI and Xhol are underlined.
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GGCTCTGCCACTTTCTCTTCGGTGGCCGCCAGCGCAAGCAAGAGGGCAAAGATGGCTTCG
M A S
AGTGCCCTGCAGTTCTTGAAGAAACACAAGTTCGACGGCATCGACGTCGACTGGGAGTAT
S AL Q F L K K H K DG s el AT
CCCGGAAAGCGAGGCGGCAAATCTTCTGACAAGAAAAACTTCATCGAAATGCTCAAGGCA
P 6 KR G G K S S D KKNTF T EMTL K A
CTGAAAGGCAAACTGAAAAACAACGGTTATTTATTGACTGTGGCTGTCGGCTCGTCTCCT
L K G K LKNNGYTLTLTVAVYV GS S P
GACAGCGGCTCTTACGATGTCCCGAAAATTTCGAGTTTGGTGGACTACATCAACGTGATG
D S S YDVPEKTI S SULVDYTINVHM
ACGTACGACTTCCACGGAGCTTCCGAGGGCAAAACCGGCCAGAACGCGCCCTTGTACGCG
TY DEFEHY6G A S E G KT G QNAPL Y A
TCCTCCAAGGACAGCGACTGGGAGAAAGACAACGCCAACTGCGACGCCGCCGTCAAAAAC
S S KD S DWEI KDNANTCTDAAVKN
TGGAAGAGCAAAGGCGCCTCCGCAGGCAAACTGGTCTTGGGACTGGCTTTCTACGGTCAT
WKSKGASAGEKTLVLGLATFYGH
TCCTACAAACTGAAGAACCCCAAGGACAACGGCCTAGGAGCGCCCATCAGCGGCGACAAC
SYKLI KNPIEKDNGLGAPTISGTDN
GGCCAACTCCCCTACAGCGAGATCTGCAAACTGAAAAGCGGATGGAAGGAGGTCTGGGAT
G QLPYSETIT CKTVLTI KT SGWIEKTEVVWD
TCCGAGCAAAAAGTGCCGTACAAACACAAAGGCAACAAATGGATAGGCTTCGATAACCCT
SEQKVPYKHKG GNI KWTIGTFDNP
ACATCCATCGGTCTGAAAGTGAAATACGCCAAGAAGCAAAAACTAGGCGGCGTGATGATG
TSI GLI KV KYAKZ KA QKLU GG GVMM
TGGGCCGTCGATCAAGACGACAAGAACGGTTCTTGCGGAACCAAAAACGCCTTGCTCAAG
W AVDQDDI KNGS CGTI KNALTLK
GAAATAAAAAAGAACTTGTAGTCTTAGCGGAAAAAAAATAAAGTAGCAGAAGATCGG
E'IT K KN L *

B /Il HLT B I Mpeht19 (¥ cDNA Jy 1) K B0 14 2 2512 51

Fig. 1

Nucleotide and deduced amino acid sequences of the chitinase gene Mpcht19 from Microdera punctipennis

IREF S Fm B UL T R ASF 357 FDGXDVDWEYP, MXYDXXG 1 GXXXWXXDXDD ; XU %11 28y 361 i i A/ B AR S5 #4385 AHL 1A 4
BN ZBMITTROL S ; B SR RA 55T, The conserved motifs of insect chitinase, FDGXDVDWEYP, MXYDXXG and GXXXWXXDXDD, are

shown in gray. The potential stress responsive A/B barrel domain ( Dabb domain) is marked with double underline. The putative polyadenylation signal

sequence ( ATAAAG) is in bold type and marked with thin underline. The TGA stop codon is marked with an asterisk.
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Prediction of the phosphorylation sites of the chitinase MpCHT19 from Microdera punctipennis

Motif II

Motif IV

B3 /N BL T S MpCHT19 = 20 45 ¥y il 45 7Y
Fig. 3 Prediction of the tertiary structure of the chitinase

MpCHT19 from Microdera punctipennis

001036067. 1), AgCHT10 ( XP _001238192. 2)
DmCHT10 ( EAA46011. 1) ; T % JL T Jii i TcCHT7
(NP_001036035. 1), AgCHT7 ( XP _308858. 4) I
DmCHT7 ( NP_647768. 3) ; IV % JL T Ji filf TcCHT14
(XP_973005. 1), TcCHT13 ( NP_001036034. 1),
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fiffDmCHT2 (NP_477298.2) , AcCHT2 ( XP_315650.4) ;
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Fig. 4 Phylogenetic tree analysis of chitinases from Microdera punctipennis and other insect species

B BT LT B 2R

RGHALRT B MEGAS RS2 RY NI &840k 7= A fliFE i 5 000 YR #E 4L, The Rome numbers on the right of

the graph indicate the types of the chitinase. The phylogenetic tree was generated by using the neighbor-joining method provided by the software MEGAS ,

and bootstrapping test was performed with 5 000 replicates.
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Mpchi19 FEPRBIARXT R R AR T RF A (Fy 55 =
18.04, P <0.05) , Uit HAMKIR M0 0] 55 Mpchi19 %t
PRI
2.6 MpCHTI9 FIHLAFE AL

7 W E BOKFE BRI LT A MpCHT19
TE 4°C 4ib PR /N i e FEY RS S T A0 g 0 4 v ) 2
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different tissues of Microdera punctipennis adults
AR IR KSR T v K A B A s 1 A R 7
£ /K8 Duncan [RZ HE LK Z R T % (P <0.05), The relative
expression level is represented as fold change by normalizing the mRNA
levels to that in the foregut. Different letters above bars indicate

significant difference by Duncan’ s multiple comparison (P <0.05).
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Fig. 6 Relative expression level of Mpcht19 mRNA in
adults of Microdera punctipennis treated at 4°C for different time
ARSI FE RIS T3S B (AL 2R [) O h) i RCEfb ., A b
AT 7R Duncan [X 2 HE W22 R 8 3 (P <0.05), The
relative expression level is represented as fold change by normalizing the
mRNA levels to that of the control at 0 h. Different letters above bars
indicate that the difference is statistically significant by Duncan’ s

multiple comparison (P <0.05).

15, L His-MpCHT19 il i A—Hri AT e 4k
FES . A5REN], 5 PBS AU — TR BITE XS
MRAL(IE 7. A, D)L, LB (8 7: B, C, E, F)
AU RR PGS B 5 R B M B P (A
W(ET: B, CHHEELTR) . WAL, iAW A
B AENR A 18] 5T 40 i b A R A AE gy
SYIRINR DT AR e (SR AL, TE U AR,

WA TEE G (T B, FRfLiiR) .
3 itig

3.1 MpCHT19 §Y/F 5 4F1E
ELHULT Bl e —FoiE 8 T 18 KiEIL T
FOMEH K i (GHI8) A E TR IAERETA
DBrEAEAHA N, 2 500 R 0 R A
& B9 F% f# ( Fukamizo, 2000
Zimoch, 2003) . A5 i 3o K 1k % s 40 0 3 OF e
BEEARAG e T U0 A0 FRE B /N 8 FEY R LT o A R
Mpche19 , Fogfith (4 2 11 MpCHT19 {1 $500 73 - it
27.18 kD, ¢ #r s MpCHT19 )2 HE iR T 5]
BABRIUUT BRI, ASCELR AR 18 K
JOE T 7K PR A0 A T MRS A 1, (BT LT s &
75 18, ( chitin binding domain, CBD) , X 5 IV JL
T B 2 K /> CBD B 45 AE — B (Lee et al.,
2009) , MpCHT19 54 H R RIS Bh) TcCHT19
JUT S 50 AR B fi v, B TR 7 51— Bl
34.05% , [N 0, D Mpche19 J& T IV B LT Jo filg 5
E B RA SR IUT B A s by, IR
[ fE5 TcCHT19 #A1LL, JL T GG (EC3.2.1.14) H
A LACHERSR LT B ke, B LT BONARIr
VA O T B SEAR, TERE ) | L AN L
TGS 5 AN RE Y T AL, TE 52 B A Y E A Y
BT LUE S TLT BT R /N g3 TR B
TR N B 15 4 ( Alcazar-Fuoli et al., 2011) K25
Jot w] BE AT AR DA v R DR ) £ 3 4 e R AN 2 19 o
(Neufeld and Leader, 1998 ; Ramlgv, 1999) , X %} F
A JE RAWT T IR Bt A AR e i 8 SE R
BAR R MJUT il £S5 R K A0k
BN H 95 45 A4 1 5 R ( Kawamura et al., 19995 Shi
and Paskewitz, 2004 ; Zhu et al., 2008 ; Arakane and
Muthukrishnan, 2010 ), {H 3 i1 75 B 49 /)N g % B
MpCHT19 JUT J5 il i A% DX 30 B 5 — 1>l 3 1) oz )
Dabb 25 14 38, % &5 4 S8 & 7. 72 $1 ¥ Populus
euphratica {I PR ve 8 H Hsp90 H12 I = B Bl £ H
HRGP R, J2 5 R B AHC 45 8 (Gu et al.,
2004; Lytle et al., 2004 ), 7£ #R Fr 40
Hydrogenophilus thermoluteolus B ¥4 1, 6- i fig [
4T (KR 5 Q9ZA13) 1y C it & B A 45 44
(Hayashi et al., 2000) . ASWFFEH R AR 2ULT it
fitg v & BL % A5 Dabb 25 44 3, {H 5 H [a] 35 7Y
TeCHTI19 il =4 35454 acidic mammalian chitinase

Merzendorfer and
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Fig. 7 Immunohistochemical analysis of the hindgut and fat body of the adult

Microdera punctipennis treated by anti-His-MpCHT19 antibody at 4°C for 3 h
A -C: J5lp Hindgut; D - F: JJIRF{A Fat body. A F1 D JyB#xt i, H] PBS fU¥—#i;B, C, E Ml F i His-MpCHT19 HLIll i A —H0. FHPEE G
A I AR BT Sk R B, A AR D A0 i 2L B 57 Sk R B MDA TR S wm, A and D show the negative control with the first antibody replaced by
PBS; B, C, E and F show the results tested with the first antibody of His-MpCHT19 antiserum. Black arrows indicate the dark positive signals, and the

red arrow indicates the fat cells in mitosis. Slice thickness is 5 pum.

(AMCase ) HITCILZEH , ED MpCHT19 W] BEZ: 5 41
Xof AR IEL PRI 7 , 33X 455 /) 8 PP A A i B A5 )
AAEIE N AT REA G, AHSCHT AT TR IT I

T TR R AR D HAT A UL T B o3
FIMIHM T RE, W5 2R BoR , MpCHT19 & 1A R
PSR AN SR, 5 VB R LT Bl A {5 5 Ik
FAAEAR S , N2 50 R B I AR 048 5 79 TeCHT19
8 N i HAT {5 5 ORI Al 295 440 JolFL A 80 A 1 R
DX, P H] MpCHT19 J&=E 73 A BY 48 [ H. 7] REAS &
REARSCA T, ) RELE 20 1 N & #4545 ] (Keefe et al.,
1990; Thomas et al., 1999 ) . X} B fJL T 5 B ¢ 7.
B LA ST SR R IE A | RURDV BT TG
SEAL TR P, T A LT 5T A T i 5T A A (B
1, 2004) . MHh, B MpCHT19 HA 1 MHEEEAL
AL 16 BRI AL, HEN 5 A 5 B 1k
LG A Ko JUT BB 2 Bt . R
B 8 AL T B ) R A I BER AL

SRR OB B A B OB AL RUSE, 2008 ) . /) g Bk
MpCHT19 (A2 & i 5 H DI RE I 1 1 OC R A Fr iR
AWFFE
3.2 Mpch19 ERFEFREIMRIRPIE R LS A
AR

Mpcht19 FE2e3t 4 CIGRTE T 1 h J5 RIR T
U6 B3 h R ENE I, T b JE IR B g, O w0
X BRI 8 £, 76 5 11 h i, ERREAK BIAR KK F
T OB RY ) kA6 50 Mpehe19 ZEARIE T A3 Fh
FEIRBE AR H AR B 2 AR 5 2075 5, by S I /)
¥ H LT B MpCHT19 5 HAR I 3 7 A G
A A W 7 338 A5 3 e, i DR B i 2 e SRR A
ZRIE, TR B8 A DA R AR T AR A
HORGSIA I SENR b GUE SS R SIN R & Say shing
B (Gao et al., 2016; Xu et al., 2016) , LA{E4H A
GRS ER IR QBRI 8k SN T
RAS GTP [iff #0055 11 55 [ MpRASGAP (L& 55 4%,
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2015) FH EEJLT Bl A (V@A 2015) 7RG
TR IR A RIS . RARTTE ] BET E 4
GRS FRARIAT

BRIV EULT B F =AW E R R R, S
5 LT B2 B HY B f# UL ( Arakane and
Muthukrishnan, 2010 ) , i REHEHTH L 19 AR, H
A RIEINRE(Yan et al., 2002) . AWPFF L BALE25C
IR T, Mpche19 J PRUTE B 1 S5 1 AR 107 4 v s
Feik, LU/ W LT B MpCHT19 7E= iR T
ATREEAT BiRThfE. X5 W HEEF B IV R LT
Bt e IS 1 TP s 26 3% (Zhang et al., 2011) — 2,
EL Hu i o i S A 8 R0 1 B A A RO, Mpeha19
FERTENR I A b E ik, S H T RE S 5 & S
TR B D RE— 2.

X 4CAEFE 3 h g LAY B AN IS 1 1Y) S g 21
ZUL A BT R B, Mpehtl9 S L 7EAR W 4 )5 11
KA A R 2255, 5 mRNA ZKSF- [ F 78 25 5
—H, NRIIANAAAE I EEZEY) BT, REAE AR ARIR T
TEH RAEAE RN 07 4 P B0 1A 0 Jo e Ak b /N o
TR DR AP W o, 4EFp B H ik 22 vp 25 B 5L g
17 B IK AR G W 55 ) T it 45 ( Hayakawa and Chino,
1983) , &M Gromphadorhina coquereliana 1% B
AL 3 5 B Wi 14 A 45 B 24 ( Chowanski et al.,
2015) , JKFEIE B Ay Saigoku A= 25 4l dt (Tzumi es
al., 2007 ) F1BE W Osmia lignaria ( Sgolastra et al.,
2011) FERAHE B Ak b S IHAE R R . MY
TR A B A N TE AR BT ) SC B R, /N il
HEHIY MpCHT19 A2 IR 5 5 H7E B Wi ik N A 3k
ik, 45 G 25°C il T TENR Wi VRIS 1 s 2 3k, 4
MpCHT19 7EAIRIR T B8 1EH KA, i i R A K 4y
THJLT BN FHIBESE, Jy B S AR TR R 4
PIJT, R FEA R R ATT R

AT e BT o3 M 1 /)N i s R LT Joi it s A
Mpcht19 B3 3553 B 1 He 4 5 25 1RO 2540 R
XF Mpeht19 FEAN [R] 2H AR IR 38 T 19 28 S ik ik
157753 Hro UEW Mpchi19 78 J5 iz FAR 107 44 v v
K A AR e 1 35 PR, B 7 /) e e PR OTL T B ) sk /K
& P D RE AT BEIE A B TR T o B g it
TRAPE T WFFE s A B T 58 g T3z 3t T e S i B
Hu/ N s T it ZE 18 3 LA SR o
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