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Abstract: Deacetylation of chitin is closely related to insect development and metamorphosis.
Chitin deacetylase (CDA) is a key enzyme in the process. However, to date, the CDAs of
Bombyx mori (BmCDAs), which is a model Lepidopteran insect, were not well studied. In order
to better understand the role of BmCDAs in the metamorphosis and development of silkworm,
the BmCDA2 which is highly expressed in epidermis was selected to study by bioinformatics
methods, protein expression purification and immunofluorescence localization. The results
showed that the two mRNA splicing forms of BmCDA2, namely BmCDA2a and BmCDA2b, were
highly expressed in the larval and pupal epidermis, respectively. Both genes had chitin
deacetylase catalytic domain, chitin binding domain and low density lipoprotein receptor
domain. Western blot showed that the BmCDA?2 protein was mainly expressed in the epidermis.
Moreover, fluorescence immunolocalization showed that BmCDAZ2 protein gradually increased
and accumulated with the formation of larval new epidermis, suggesting that BmCDA2 may be
involved in the formation or assembly of larval new epidermis. The results increased our
understandings to the biological functions of BmCDAs, and may facilitate the CDA study of
other insects.

Keywords: Bombyx mori; chitin deacetylase 2; prokaryotic expression; immunofluorescence
localization
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IR EAR A BRI N VIS Xho 1 A1 Hind TR EEY]

Table 1  Primers used in this study

Primer name Primer sequence (5'—3") Use

BmCDAZ2a-F' GAGAACAGCGTCACCAGGCTC qRT-PCR

BmCDA2a-R’ TTGTCAACATTCACAGCACCG

BmCDA2b-F’ AGATAACTTGCCCGTCTGGATT qRT-PCR

BmCDA2b-R’ AGGTAGGACGCACTGGTTAGGA

sw22934-F TTCGTACTGGCTCTTCTCGT qRT-PCR

sw22934-R CAAAGTTGATAGCAATTCCCT

BmCDAZ2a-F CCGCTCGAGTCTCGTGTGAAGCGACAAGATG OREF cloning and vector construction
BmCDA2a-R CCCAAGCTTTCACTTCTTAACGTTGTATCCTT

Restriction sites are highlighted with underline.

http://journals.im.ac.cn/cjben



% SRENTREZBME BmCDA? WEREATNREER

5, BV 1% e Ik S, 43 )
JKE Bt BmCDA2a 11 pET-28a H ) DNA A Bk,
MU= P T4 DNA SRR E B, G b E
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FH Bradford 3512 B IR . K45 4180 R
MR i 4% 20 pg/fL LA 4T SDS-PAGE, H
VKGO BRI, [ 48K PVDF %%
WA E W F, 60 r/min, 37 °C ¥ H 1 h &
Mo A —HiE AW (& 1:20 000 {RFHLEY
BmCDA2 —#i), 37 °C L e & 1 h,
4595, TBST PEME 3 ¥, AR 10 min; N
AV AW (& 1:40 000 AFH i 1L 2E 4%
BH0), 37 °CAREERFHE Lh, 45H)5,
TBST %/ 3 ¥k, FK 10 min, #Ef57fb2:%
H B

FERIEVOCEM TR, WRKE 4 B R
Wi 7 A5 A I R B AT Y e, BT
i E &, IR BT 20 min, JEA0 PBST
ZULLZ 5-10 min. [8] 20 2V F 2 1 ik ot 4]
W (1xPBS+1%BSA+1/10 IAFLE 1), {5
IRVEHL, BEIEM 2 he 23— PR R
(% 1:1 000 fAFH LAY BmCDA2 —¥H0) 1 —Hifi
PR (7 1:500 (RFHHL Y Cy3 Anic I -4 —
POXT AT o SRIGER S il LT
it 5 DAPL Qi detn, IR %Ok
BT AR

pZ: cjb@im.ac.cn



1660 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

2 BER540

2.1 BmCDA2a 1 BmCDA2b KIRTHAZRIA
FHE 5 4

HFOAE RN CDA2 FHIMEE, it
JREEXITE NCBI FR k15 K & CDA2 WP A IFH]
oA, ot R BS HABR R 3Bl XA
NP B TR I R NI O N o A
BmCDA2a # BnCDA2b, 53 Hi &, BmCDA2a
mRNA F exon 1.exon 2.exon 3.exon 5 Fl exon
6, 5 MAMNEFBIHIE AL, B/ exon 4 (K] 1A);
BmCDA2b mRNA f exon 1., exon 2, exon 4,
exon 5 fll exon 6, 5 MAMNREFEIHIEAL, &>
exon 3o PG SRAI Jp A i Fast IS Y, 76 5
A 3o A ], 22 S AR B R 9 v ) Y
53NN R AR,

A M gRT-PCR A, XJ Z & A [A] i) 11
BmCDA2a . BmCDA2b T£ 3 B W) 3615 L #EA T

A

i, S5RER: 7E 485 5 BRaghdil,
BmCDA2a Wik /KVEwm,  H IR B i i
PR R e i Kk 2 S5 B VR (B 1B);
M BmCDA2b ikt 7E 4y H A B 10 1 40 45
B, HAR R BmCDA2b WIFREKFEEHT
BmCDA2a, HAEALWE G A T M.
BmCDA2a 78 8 % )1 BV 19 2% Bz b 2 454
Fi, T BmCDA2b 3224 BRI A 1 2% Jz v
RIEAE
2.2 BmCDA2 EFBRHEH#H LS

T 5 BmCDA2 5 H AW Fith CDA
PEE R, VEBCECH . ANET . 5 A A HAB Y
Y CDA [Pl EfT 2740 Xt 253 5
7%, BmCDA2a #il BmCDA2b #8417 ChBD.
LDLa Fll CDA iX 3 D453 (&l 2), B2 H
XHMXAETF 5 3 4h BT 4 4F BRI
ChBD 1 20 M2 JE i 5k B AN [A], #E BmCDA2a
il BmCDA2b 7E 5 JL T B 4h & b o] GEAF7E 2

A \
BmCDA2[ ] [l il (H ]
PR
a b

B s
N BmCDA2a
B 1 BmCDA2b
061
= B o
k=
= 044
s
L
=z
= 02H
(="
0.0 i
&&&’@‘&&&&’&@Q\@@

1 BmCDA2a ¥ BmCDA2b EE 5 FRTHRRIE S #r

Figure 1

Analysis of gene structure and expression pattern of BmCDA2a and BmCDA2b. 4L1: Day 1 of 4th

instar larvae; 4L.2: Day 2 of 4th instar larvae; 4L.3: Day 3 of 4th instar larvae; 4M: 4th molt; 5L0: Newly molted
Sth instar larvae; SL1: Day 1 of 5th instar larvae; SL3: Day 3 of 5th instar larvae; SL5: Day 5 of 5th instar
larvae; SL7: Day 7 of 5th instar larvae; PP: Pre-pupa; P1: Day 1 of pupa; P3: Day 3 of pupa; P5: Day 5 of pupa.
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Figure 2 Multiple alignment of CDA2 amino acid sequences in different organisms. The chitin binding
domain was highlighted in asterisk, low density lipoprotein receptor domain was highlighted in line, and
catalytic domain was highlighted in double lines; The 3rd exon was highlighted in green box, the 4th exon
was highlighted in red box, and the motifs were highlighted in black boxes; Bm: Bombyx mori; Lm: Locusta
migratoria; Se: Spodoptera exigua; Ms: Manduca sexta; N1: Nilaparvata lugens; Sl: Spodoptera litura; Tc:
Tribolium castaneum; Kp: Klebsiella pneumoniae; Rm: Rhizopus microsporus.

SN B & L HENREN 25 BmCDA2a, £ T —i2, R 5HM R I—F, JL
BmCDA2b 5 H A5 B sh ¥ () CDA # H 4, TS ST A A0 TR L 25 3R R — 32 (B 3)
CDA Z5# 3 motif 1-5 XIAHXRSF, M 2.3 BmCDA2 EBFF9#

Xt T4 A B FE SR UE, motif 1-3 KR FRSE, BmCDA2a % [ #ilil (#) 5>F1 4 61.54 kDa,
motif 4-5 KIAMESE. dbatr &, K& A pl by 5.04, BA 8 ML AL i(L
BmCDA2a, BmCDA2b &5 H R AULT A, —DEER LB i A5 ; BmCDA2b
RO RS R R T, B SR kE HEABWKSFER 60.86 kDa, FFHL AL pl
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Figure 3 Phylogenetic trees of CDA from arthropods, fungi and bacteria. Rm: Rhizopus microsporus; Rma:
Rhizopus microsporus ATCC 52813; Bd: Batrachochytrium dendrobatidis; Ab: Acinetobacter baumannii; Ec:
Escherichia coli; Eh: Enterobacter hormaechei; Se: Spodoptera exigua; Tc: Tribolium castaneum; Lm:
Locusta migratoria; N1: Nilaparvata lugens; Aa: Aedes albopictus; Bm: Bombyx mori.

% 2 BmCDA2a, BmCDA2b HIER M &

Table 2 Comparison of basic information of BmCDA2a and BmCDA2b

Protein property Protein name

BmCDA2a BmCDA2b

Protein serial No. (NCBI) NP_001103795.1 NP_001103796.1

mRNA length (nt) 2153 2135

Amino acid length (aa) 543 537

Molecular weight (kDa) 61.54 60.86

Theoretical pl 5.04 5.27

Phosphorylation modification site T55, T265, S277, T384, S437, S478, T55, T259, S271, T378, S431, S472,
T507, T520 T501, T514

Glycosylation modification site N297 N291
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Figure 4 Hydrophilic/hydrophobic analysis and three-dimensional structure of BmCDA2a (A, C) and

BmCDAZ2b (B, D) proteins. The abscissa is the sequence position and the ordinate is the scale value of the
amino acid (>0 means hydrophobicity, <0 means hydrophilicity).
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] ATS GCT CGA CAC GCS TTT CTG TGT CTC GGT GTG TTA TTA GTT GGT TCG CTG GTA TGC AGT ACT TOT CGT GTG AMG CGA CAA GAT GAC GAC GGA GCT SGA GhT ahg cos |08
]\MARHAFL:LGVLLvcvacsTJsvanquoGAGDEPSG
109 AC oCT GAT CAG TG TGC GAC GGT AGA CCC GOC GAT GAR TAT TTC CGT OTC ACC ACC GAA GGT GAC TGC CGC GAT GTC GTC AGG TGC GAC CAG GGC CTA GAG MAC s 216
37 " »p ¢ L c DGR P A DE Y F RLT T EG DCZRUDJVYV YV RCD Q9 6 L EN S8 T2
217 ©TC ACC AGG CTC GCC TCA GTG CGC TGC CCC GGA GGT CTC GCC TTC GAT ATC GAC CGT CAA ACT TGT GAT TGG AAR ACG ART GTT ARG AAT TGC GAT CAA ATA GAA ARG 324
73 v T R L A S V R C P G 6 L A F DI DRUOQT CDWZETUHNTVIEU N cDpD o1 Kk |08
325 CCA CGA ARR GIT TTA CCA ATC TTG AAA ACG GAC GAA CCT ATT TGT CCT GAA GGT ARA TTG GCT TGT GGG AGC GGA GAT TGC ATT GAA AAA GRA TIG TIC TGT AAT 6o 432
109 # = x v » » 1 » % * b & » I ¢ » E G K L A € G S ¢ b ¢ 1 E K E L F ¢ N G |44
433  Aam CCA GAC TGC AAA GAT GAA TCC GAT GAA AAT GCT TGC ACT GTC GAA CTG GAC CCA AAT AGA GCG CCT GAC TGT GAT CCT AAC CAG TGC GTC CTA CCT GAC 76T 77¢ 540
145 Xk P b ¢ X b E S D E N A C T V E L D P M R A P D CDPNOQGTO C Vvie®?oDpc ¥ |80
541 70T Tor GoT GAC GGT ACA COT ATC CCA GGT GGA ATT GAA CCA AAT CAA GTA CCT CAA ATG GTT ACT ATT ACA TTT ARC GGT GCT GTG ANT GTT GAC AAC ATC GAT TTA (48
181 €¢ s a p ¢ T R I P G 6 I E P N @ V P Q@ M V T I T F N 6 A V N v b N I » L 216
640  TAT GAA CAR ATA TTC AAC GGT AAT COT CAT ART COT AAC GGT TGT CAA ATT AMA GGA ACG TTT TTC GTC TCA CAC AAG TAT ACT ARC TAT GCA GOT GTA CAA GAA TTA 756
217 Y B @ I F N G N R HMN PN G CQ@ I KGTTF F V S8 B K Y TNJZY A AV E L 252
757 CAC CC ARR GGA CAT GAA ATT TCT GTA TTT TCC ATA ACT CAT ARR GAT GAT CCG CAA TAC TGG ACG AGT GGT TCG TAC GAT GAT TGG TTG GCT GAA ATG GCC GGA 6T 864
253 B R K G H E I 8 VvV F 5 1/ B K DD P Q Y W T 5 G| B ¥ D D W L A EMATG a 288
8G5 COT CTT ATC ATT GAR COT TAC GCA ART ATC ACT GAC TCT TCT ATA ATT GGA GIT CGG GGG CCT TAC TTA COT GTC GGC GGA AAC ARA CAA TIC GAR ATG ATG CGT Gar Q77
289 R L I I E R Y A N I T D S S8 I I 6 V R A P ¥ L R V G 6 N K @ F E M M 6 b 324
073 CAR TAC TTC GTA TAT GAT GCA TCC ATC ACT GCT CCT CTT GGA CGC GTC CCG ATA TGG CCT TAC ACA TTG TAT TTC CGC ATG CCA CAT AMG TGT AAC GGC AAc ccc cac | (080
325 @ ¥ Fr VvV ¥ B A S I T A P L € R V P I WP Y T L Y FRMTPHE CHN G N A B 360
] 081 AAc TOT cCG TCT AAM AGT CAC CCC GTT TGG GAA ATG GTC ATG AAT GAA TTG GAC AGA AGG GAC GAT CCC ACA TTT GAT GAA TCT CIG CCA GGT Tac cac orr ota aacl |88
36] ®w ¢ P 8 XK S H P V W E M VY M N E L D RROD D P ® F D E S L P &6 ¢cHV V D 39
1 189 TCA TGT TCA ARC ATC CAA AGT GGT GAA CAA TTG GGA CGT CTT CTC CGA CAC AAC TTC AAC CGT CAT TAC ACA ACC AAC CGC GCT CCC TTA GGC TTC CAC TTC CAC ¢oc | 296
397 s ¢ s N 1 @ 5 6 E @ L 6 R L L R H N F N R H Y T T N R A P L G F H F H a 432
] 207 Tcc TeG CTT ARR TCT ARA ARM GAR TAC AGA GAT GAA TTA ATC ARG TTT ATC GAR GAA ATG TTG GAA AAG AAC GAT GTA TAC TTC ACT TCA CTA ATT G GTT AT cmn | 404
433 s w L k |8 E K E ¥ R D E L I K F I E E M L E K N D V ¥ F T § L I @ Vv I ¢ 468
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Figure 5 Cloning and analysis of BmCDA2a gene. A: PCR amplification of the BmCDA2a gene. B: The
ORF sequence of BmCDA2a gene and its deduced amino acids, the signal peptide region was highlighted in
the black box, phosphorylation modification sites were highlighted in grey, and glycosylation modification

site was highlighted in dot.
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Figure 6 BmCDA2a gene detection of restriction
enzyme digestion. M: DNA Marker; 1: Empty
plasmid of pET-28a; 2: pET-28a was digested by
enzyme (Xho 1, Hind III); 3: Digestion (Xho I,
Hind 1III ) of (pET28a-
BmCDA?2a).
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Figure 7  Expression of recombinant pET28a-
BmCDA2a detected by SDS-PAGE. M: Protein
marker; 1: Supernatant of pET-28; 2: Precipitation
of pET-28; 3: Supernatant of pET28a-BmCDA2a
induced at 16 °C for 20 h; 4: Precipitation of
pET28a-BmCDAZ2a induced at 16 °C for 20 h; 5:
Supernatant of pET28a-BmCDA2a induced at 37 °C
for 4 h; 6: Precipitation of pET28a-BmCDA2a
induced at 37 °C for 4 h.
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Figure 8 Purification of recombinant pET28a-BmCDAZ2a. A: Affinity chromatography of recombinant
pET28a-BmCDAZ2a. M: Protein marker; 1: Original solution; 2: Flow-through; 3: Pooled washing fractions; 4,
5, 6, 7, 8, 9: Elution with 20 mmol/L, 50 mmol/L, 100 mmol/L, 200 mmol/L, 500 mmol/L, and 1 mol/L
imidazole, respectively. B: SDS-PAGE detection of recombinant pET28a-BmCDA2a. M: Protein marker; 1:
Recombinant BmCDAZ2a protein after purification.
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9 BmCDA2 fE A [E]4H42 A HY Western blotting 15
Figue 9 Western blotting analysis of BmCDAZ2 in different tissues. 1: Head; 2: Epidermis; 3: Midgut; 4: Fat
body; 5: Ovary; 6: Testis; 7: Malpighian tubule; 8: Silk gland.
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Figue 10 Localization of BmCDA2 by immunofluorescence in epidermis from silkworm on 4th molt. Green
fluorescence: Chitin; Red fluorescence: BmCDAZ2; Blue fluorescence: Nucleus; Merge: Overlay signals; 4M
6 h: 6 h of 4th molt; 4M 12 h: 12 h of 4th molt; 4M 18 h: 18 h of 4th molt; 5L 0 h: Newly molted larvae; OC:

Old cuticle; NC: New cuticle; C: Cuticle.
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