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BWE: [ 883 UEA G Trypoxylus dichotomus % % & & ¢ 5 5 AL B AL, [ %) A
A RT-PCR AR BEL G R R EQLR AN AEMZEFFTEOMERFE QW ENFIER R %
B H ;R KMAFE Escherichia coli kik 23T ML B2 0 A R EQHTERLRL , FRBITLES
F RS BN Tk TR GIATHA RABINE S Z MR ELE AR EEL - LT R
(a-chitin) \B-JUT i (B-chitin) . 7¢ # 4% (chitosan ) Fe ik 4k JLUT Jit (colloidal chitin) 69 2 &-46 /1 WL
R & 8 kR A% B (liquid-liquid phase separation, LLPS) M fi, [ 4R ] A% KEF L EA @ &
& & G & B/ TdCPR12611 ( GenBank % Z 5. MT813021) #= TdCPR7854 ( GenBank % % % .
MT813022) , %&btk A7 4 F & 8, TdCPRI2611 5 & % 4 % Onthophagus taurus OtCP-1 ¢4 % %
% % % if ; TACPR7854 5 4 %4, ) OtCP-acp20-1, OtCP-acp20-2 #= OtCP-acp20-3 # &%+ 4 %
A, CAMH B T CPR_LRR2 %, RE R X 4 KT EH L K% G TdCPRI2611 F=
TdCPR7854, MEHL A XL EH a5 4 HEX ARG ILTREAEARBRE SR, L P A 41.4% &
TACPR12611 5 £ B 4544, W A 62.3% &9 TACPR7854 5 B-JUT i 454, TACPR12611 A 7 P 3%
BRARFQEM B E TR T OLARE &AM BILE, M TACPRT854 R4k, [ 4
W) ABF R Z oA T WX E4 & CPR_RR-2 £ #% & % & & TACPRI12611 5 TACPR7854 #4 57 4%
fEFe 5 IUT R o4, ARERAH TREANS TR R EAXKRAFNGT B, A Ralh A
A R SRS

S MU EAG; AHEG; CPREYG; RR2 Fik; LT RES; imsB; 4 Eist
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Expression, purification and characterization of the cuticular proteins
TdCPR12611 and TdCPR7854 from Trypoxylus dichotomus ( Coleoptera:

Scarabaeidae )

YE Chang-Qing, BAO Han, LIU Tian, YANG Qing" ( School of Bioengineering, Dalian University of
Technology, Dalian, Liaoning 116024, China)

Abstract: [ Aim] To explore the sequence characteristics and biochemical properties of cuticular proteins
from Trypoxylus dichotomus. [ Methods] RT-PCR was used to clone cuticular protein genes of T.
dichotomus, and the structural features and phylogeny of cuticular proteins were analyzed by
bioinformatics methods. Recombinant cuticular proteins of T. dichotomus were expressed in Escherichia
coli expression system, and purified by metal-chelating affinity chromatography. In witro binding

experiments were performed to detect the binding ability of cuticular proteins of 7. dichotomus with
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chitins including «-chitin, B-chitin, chitosan and colloidal chitin. Liquid-liquid phase separation
(LLPS) was observed and determined. [ Results] Two cuticular protein genes TdCPR12611 ( GenBank
accession no. ; MT813021) and TdCPR7854 ( GenBank accession no. ; MT813022) of T. dichotomus
were cloned and obtained. Phylogenetic analysis results showed that TdACPR12611 is closely related to
OtCP-1 from Onthophagus taurus, while TACPR7854 is closely related to OtCP-acp20-1, OtCP-acp20-2,
and OtCP-acp20-3 from O.

TdCPR12611 and TdCPR7854 proteins were expressed by prokaryotic expression and purified. The two

taurus, all of which belong to the CPR _RR-2 family. Recombinant

recombinant proteins had different binding abilities with four types of chitins, among which 41.4% of
TdCPR12611 could bind with chitosan, while 62.3% of TdCPR7854 could bind with B-chitin.
TACPR12611 was predicted to have a relatively disordered structure and could spontaneously coacervate
at room temperature to form liquid-liquid phase separation, while TdACPR7854 could not. [ Conclusion ]
In this study we assayed and analyzed the sequence characteristics and chitin binding properties of two
RR-2 cuticular proteins, TdCPR7854 and TdCPR12611 of T. dichotomus. The results not only deepen
our understanding of insect cuticle assembly mechanism, but also provide ideas for the development of
protein biomimetic materials.

Key words: Trypoxylus dichotomus; cuticular protein; CPR protein; RR-2 family; chitin binding;

liquid-liquid phase separation; bionic material

P AR A L2 () F BRI ST T 1), A A4
RO R TS T 05 R AR B A F
S S Horp B 3 e AR R ol B R i B A R
PE, —E T4 BRI A AR . Bt S5 (2000 ) i
PSRRI K 24, et B R s B Y
A MEL; Vincent Fl Wegst (2004) Xif B 3% J 1) fif
JESRBESEATAISE 2 1 1 0 B R R LR 4R S S b
BHEIT T % . A3 K I I FH R AT A1 ) 1
REOL AL 2 A e R A o

EL R Bz (AR ) X T H 4 R iz shRE )1 x4t
AN IR T AR LB A A5 LA K S 8 9 D G 2B )
fRF 45 7w B A 2 ¢ HE B i /E M (Vincent and
Wegst, 2004 ; Webster et al., 2017 ; Deshoux et al.,
2018) o ELHu Bz 2 iy b Bz 20 i 43 A DUAR T Ok, B
B MUASR T A 2288 8, 45 AR Y 58 B (22
kA, 2014 ), FE LT LA R AR R B R
FA. JUT BR N-CBt R EmER G Y, 7T Loy
ALY B AR ARSI T B AU S BEJL T BT (5
B¥E) 4 Z fp 2 2 ( Fukamizo and Kramer, 1985)
A LT AR Ak OB 6 HE 2 O 20 AY 22 5 SCRT o Dy
o-JUT BT (SPAT) A B-JLT B (A7) 4% AR ML
T BRI SRS K 5 AR TL T B Al S AR AR S
JUT AR Tk, BRABREEAMEE L, HAr
EEH R 12 DK% (Jasrapuria et al., 2012; Liu
et al., 2015; Vannini et al., 2015; Song et al., 2016;
Cinege et al., 2017; Liu et al., 2018), H.#7 CPR

(cuticular proteins that contain the R&R consensus) &
FIE AT 2% B2 2 1 b & B dsc ol 2 50 19 K (Liu et
al., 2018) , CPR ZJML T #R & A BN RS I R&R
B B LT Bigh G AHG . s R&R JEP R
225, CPR S8 X 53R 3 AN IEHR , 430 RR-1 (3
BN T2 K P ) (RR-2 (5240 A T IS i 3 2
A A RRB(EEK D) (Andersen, 1998), BF
WFFE R, CPR KGR B3R AN T 4ER5 K B e Bk
DL WP v 2 O T B A OB (Arakane et al.,
2012; Zhao et al., 2019) , H4M, FEFEER CPR K
LA S A ZE B 1 JL T BT A AR EAE F (Rebers
and Willis, 2001 ; Togawa et al., 2004 ; Tang et al.,
2010) .

W48 Trypoxylus dichotomu B3k M 58 &
HY HR BRI R, B — b AR 1 B 1 2 o %
AL EEaE A 5 ) B ML S, W RE 84S B & DL
RS2 0 1 3 o 22 B A, BT I 38 A BT T 240 1
FHUEAZWINE . Lee 55 (2017 ) H| F 2R £ 8 7 R oz
FRAE I 7 30 XU R 4 Sl A 2 AL P
REFEATHIST , 45 R 3 WY Sk A A o B AT AR vy 1
Bt K LT R SR B . Zhang 55 (2019 ) F A4
P8 WL OO S JBR 4 #  S V 1 R e B HG A o J2 2 1
1 AR I LT J02 40 0K 28 2 R HE A 7 1, 27 4 SR R
BEHES I 0 2, 25 2 Z A i £ 4R 0 2 A0 3%
iz, ARAR 2 22 8] e ME B B U3 B 1) e B A 4 A L 3
Tl it Sy Sk 5 £ 5 118 I R0 P SR AL S48 5 X A2k
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BEIE 10 HYU O i ( energy dispersive X-ray spectrum,
EDS) B rp 1Y 25 11 e A 1) S0 28 4R O S 6 B
Ak, HUT gl ok 21 4E 1 3 n) 28 7 i 36 ) 1142
[l R B RS AR A 5 LT B4 oK 2F 4 Y 55
SE [ — DR T A NIEIRREE s oA, P otk
WA Y 22 LT B 1 T

PRI, AR T 5 308 426 7 S A T 0L 38 46 S T
FAR IR B A AT 4, B e e ke T Gl
Wi~ 2 8 5 TdCPR12611 #1 TdCPR7854 3L A ;
SR i I A TR K 4 T 1 SR RN R A Ak iy 7 vk
AT T WA B, IR P SRR ST A 15
B A B S A RIS BT g &
RE T AEAT 1A W22 LA A4S H 1Y 2R T iU
WA > BIPE BT 22 53 5 456 LR WD A5 B2 00 B 46 2R 0k
WIS B B8 PR 22 5 0 R IR 2R AT T R, B TR
TEBIFFEINTRAS B He 3 B AE UML) 1 ik, S I A
T A5 1 3 K A R AR AL

1 #RETE

1.1 ##5iH

KIMGFFE Escherichia coli 3 [H 7 [ H #% DHS
& H 3£ 15 % Bk BL21 ( DE3) | PrimeSTAR® HS
( Premix ) 5 /% E fiff . Premix TaqTM (Ex TaqTM Version
2.0) .Mighty TA-cloning Kit ,RNAiso Plus RNA $ZH¢
7 & | PrimeScript'™ RT Reagent Kit Jz %% 5% it 7
& FREIPERZTR NI Nde T F1 Xho 1 LA K In-Fusion
BEAEREN H TaKaRa 24 7] ; pET28a JFURL 4K Jy S5
FARAT s HABARAR B0 1 g [ 7 3 A 46

1.2 REZEQEEZEMNFRIE

BTS00 3 e X RS R 4 e M R AT 1 Sk
FE A S SV 20 5 5 ) 2 D s 80 K AR A A 2
FeWR K ¥ 1R 7 = B3 11 Blast & CutProtFam-Pred
HEATIF A LR I 43 25, 0 ik tH P J@ T CPR_RR-2
KR H % 1 TdCPR12611 #il TACPR7854, #1
RNAiso Plus 275 & $2 W SR 45 0, B0 401 3K 52 40
212 RNA, F]JH PrimeScript™ RT Reagent Kit Jz % 5%
&AL cDNA, I F 81 W4 1, PCR S 4 &
(50 wL): cDNA £z 1 pL, Premix Taq™ (2 x ) 25
pL, T-12611/7854-F 1 T-12611/7854-R (10 pmol/
L)£& 1 wl, ddH,0 22 uL, JZ N 55fF . 98°C 10 s,
55%C 30 s, 72°C 1 min, 30 NMEH; 4CIRE. B
PCR ¥ 774 3% 2 3] 52 P 44K T-vector I, 38 £:3 ]
FPS Ry 5 R BOAE AR o 38 A BRI A A
TR A A (4 535 AL, DL T-vector SAAAR , H2
PR 5 Be i g [ (R 1) | IRl 7
FPA P51 A 20 bp 7245 1Y 5 238 AR P 51—y
[ 058 X3, A P 0 7 | A BIR i) P P LD 0 P 067 5
FETIN A 1751 N K5 il A 6 x His Tag, PCR JZ i
RZ (50 pl) : T-vector #ifi 1 wL, PrimeSTAR HS
(2 x) 25 pL, pET28a-12611/7854-F I pET28a-
12611/7854-R (10 pmol/L) 1 pL, JZhiZ&f4:: 98<C
10 s, 55°C 55, 72°C 5 s, 35 MEH; 4CIR-F, A
FHBR 4% A YT Nde 1 R Xho 1 X 323Kk 2 A JFORE
pET28a #47 XU V], il i In-Fusion [W] ¥ 5 41 09 77
R B R Y e B S OB A 15
) % ik B pET28a-TdCPR12611 ;. pET28a-
TdCPRT854  JF-HEA 7 7 B UE

®1 59ER

Table 1 Primer information

Bk FIMFFFI(5" -3") ik
Primers Primer sequences Purpose
T-12611-F ATGATTAGTAGTTGTGGTGTAGCGCT

T-12611-R TTATTGGTACTGGTAAATCACATTTCCTTTGG HEH T
T-7854-F ATGTTCATCAAAGTCATCTTCATCACTTTC Gene cloning
T-7854-R TTACCATCCATGTCCCAACAGG

pET28a-7854-F
pET28a-7854-R

pET28a-12611-F
pET28a-12611-R

ATCATCATCATCATATGGGATTGGCAGATGTCGAAATTGGAGGC
GGTGGTGGTGCTCGAGTTACCATCCATGTCCCAACAGGCC
ATCATCATCATCATCATATGGCACCAGTAGAATCGGGCTTT
GGTGGTGGTGCTCGAGTTAAAATTGTATATTGTGCCCTCTGAGGAACGC

E LN AUR

Construction of expression vector

1.3 TdCPR12611 } TdCPR7854 & 8 I 45 #945
ERRFEEZE ST

H 3R B 2 P SR 4 0 BT B CutProtFam-
Pred ( http: // aias. biol. uoa. gr/CutProtFam-Pred/
search. php ) X R SR 4 3¢ |2 & H #4740 S /AL

M SignalP-5. 0 Server ( http: // www. cbs. dtu. dk/
services/SignalP/ ) #E47{5 5 BRI ; F) FH ExPASy %t
P& 22 (https : // web. expasy. org/protscale/ ) PF 17 35 i
JKEEFIAMH75 P PLAAC (hitp: // plasc. wi. mit,
edu/) Y478 A B9 N #8671 (intrinsic disorder ) T
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il # ] CIDER ( http: // pappulab. wustl. edu/
CIDER/) #4725 1117 A 200 A, O % 2 1 A9 451>
FRILAY W 118X (net charge per residue, NCFR) £l
T HL R HL /3B (fraction of charged residues, FCR) if
1318, FIH BLAST (https: // blast. ncbi. nlm. nih.
gov/Blast. cgi) 7E 2 # & T. B 1% TdCPR12611 A
TACPR7854 & IR )T %) 5 GenBank ¥ #E & i &
FI PP S R4 T HOXT, 0 2 5 2 19 91— Stk di s 1Y
I FIH MEGAT 84 % H1 48 4% ( neighbor-joining )
Baxf 47 Fh R AR B AR AT R e AR 43 B (500

WHEH) .
1.4 TdCPR12611 % TdCPR7854 K R#% KL R
SELL

00 7 5 IR T 1R JE Y 3R 3K BT ORL pET28a-
TdCPR12611 } pET28a-TdCPR7854 %4k A\ K g 1
WA IKF MR BL21 (DE3) | RRTE AL J5 47 R 7R 3%k
HUE M) Dy = 0.5 ~ 0. 6, 1l AZEH S 0. 5
mmol/L {4 IPTG,37°C%ES 5 h J5 B O UAEANTH . il
25 (20 mmol/L Tris, 500 mmol/L NaCl, pH 7.4)
T, I S SR A SR R A T, 850 5 B A
MR R 0TE , EIE R B R MUZHTAE s I AKTA &
F 4l A A% 2 35 8 1 TdCPRI12611 #E 47 3k % (20
mmol/L Tris, 500 mmol/L NaCl, 100 mmol/L BfmBk
pH 7. 4) F1%EME (20 mmol/L Tris, 500 mmol/L NaCl,
200 mmol/L Wk, pH 7.4) , %} 25 % f1 TACPR7854
T HPEFT P (20 mmol/L Tris, 500 mmol/L NaCl,
100 mmol/L Bkme | pH 7.4) FIpEA (20 mmol/L Tris,
500 mmol/L NaCl, 250 mmol/L Bk, pH 7.4) ; &
J&i 1 SDS-PAGE #: 8& 1 £k i 25 5L, I FH Western

blot AT HRIIE
1.5 TdCPR12611 % TdCPR7854 ER 5 /LT /&
HEXR

K EA S AREAAILT R & 4610k
JE R 5 v (R Bl A 55, 2017 ), 4% «-JLT P (-
chitin) \B-JLTJ& ( B-chitin) \5¢ 2 4 ( chitosan ) A1
AJILT i (colloidal chitin)4 Fh2ERIAY LT it FE 20
PR R K A B TIRINE G 528 . BARSCIRRAE
N SRRl 0 2H 0K 8 L A B4 5 22 i
(20 mmol/L Tris, 500 mmol/L NaCl, 100 mmol/L B
e, pH 7.4) o #9200 WL SRR, H A
WIE R 0.5 mg/mL, JLT BT HE N 2 mg/mL,
MEATEZ IR (25°C) #hAT , PR AR 1 5 AN R 2R AL T i
72 mL BB TP RFSEEIENRS) 2 hy RONESHRIE,
12 000 r/min #5.0> 10 min ¢ 3 B0 R 45 &

JUT BRRYEE A o AETURE AR S T RVAK R 5 %
PRFRAY V8 vk 22 vh % (20 mmol/L Tris, 500 mmol/L
NaCl, 100 mmol/L WM, pH 7.4) Il i T2 I Wi
BNRA] 5 min PEATIEBESS 12 000 r/min BS.0 5 min
Fit B, AR 3 W, B e B UUTE A KL A T A
JIETH B 200 WL A5 S8 il e 0 TUTE #E4 T 2
= R AR AR B Y BT R DD UE O HE AT SDS-
PAGE, KN F1 5 A FZERBLT B ZS 51 0L )
JH Tmage J JKBE 53 B4 #4444 SDS-PAGE 45 R 47 K
JE AL R T 45 S5 B A AR K R (B
R, AT RONAR BRI TR ST VE AR R R AR
AR R EETHAAL, FIAR IR BEAE AR EE G LT By
EASBEAMNE S, DIRIEEASILT M
L5 RE ). A SPSS 22,0 X454 LT AR (1 440
R BB A T B PR 2R 5 22 00 W B 2 5 W 3P 0 A
(LSD %) .
1.6 TdCPR12611 ¥ TdCPR7854 & H & & K918
TEERNE

X)W 8 H e B oAl i 0y oo b, & OB
TdCPR12611 TEHTEH E LR 15 mg/mL, 28 sh i N
20 mmol/L Tris, 500 mmol/L NaCl, pH 7.4 54T,
FEAE Tk B8 e 17 AR VOR3-S B4, T ZE AR [R] 254
TdCPR7854 NIFAERII L . ¥ TdCPR12611 FE [
VETWCE T H@ LR, A IR AR 7E 4°C f1 25°C F 2K
FIV0™ AR RORAR 23 B R LG O o DG s
WA 400 A5 ( H A 10 x|, P05 40 x ) HORAEECRAT T
TACPRI2611 £ IR MU 7 28 B OO 2

2 #R

2.1 TAdCPRI2611 F TACPR7854 % (5 i G545 1E
VERE AR A R SU R e fp R B H O
TdCPR12611 ( GenBank % 3% 5. MT813021) #i
TdCPR7854( GenBank %535 . MT813022) )54, i
i %t TACPR12611 Fl TACPR7854 7K 1 — 45 4
KB EARAFZMMA, B8 TR K
HH CPR KA RR-2 WKL, He N S 47 7F — B
FT K, AN E L, AR B S LT RA
HIZCHYSEH I R&R Hefp (1 1) o (HPTH A7 1T
Z 25, TACPRI2611 A7 £ P B 7 4% 2 W M 19 X
1 (Q-rich region) , 4 Q AYF HEARE , b 16.8%
(52/309) ;7 TACPR7854 WI77-7E P B & & H 2 MR 1Y
XI (G-rich region) , 3 [ G B9 & BAR &, N
28.7% (52/181) . Jr M & H K Hi K ¥ & B,
TACPRI2611 B T {5 5 KA 2> L BB /K 41, % 8 A
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RN EE R (K 12 A) sTACPRT854 ffE 5 Ik PIBL Q-rich region MLALTC T , A X JC e 19 ¥ 43 Al fiE
Jei— Bt Grich region BONEK, AT WAR XL GBI 73 28 M50 BT, 1575 12 8 LR AT R A
KRS (F 1 B) . IIREVESSAIME T o T A B TR B S (9717 FL

ST BN G R R BE, TACPRI261L R iy BORIAl R R FE /BT 45, P B Q-rich region JLF-AN
FLEOAE 5 BRAB 20 L K R&R motif # 73 LA 5, M AP, R&R motif SHIE A HLAT SR B (1 22 A) 5

A 4.0 R&R motif
.8 30}
<3| ol
SEle 1o0f
= | 7
S0
< Z | =-10r
®E| -20t
=.
= -3.0F
4.0 . . . . . X
0 50 100 150 200 250 300
ZFEFZFH) Amino acid sequence
B SP R&R motif
£ 30¢
By
| &
T |&
¥E|™
>
jus]

"0 50 100 150
FHFRFF) Amino acid sequence
K1 SR e R EZEH TACPRI12611 (A) K& TACPR7854 (B) i 45 H4 2l S i K P 3 A
Fig. 1 Structural composition and hydrophobicity analysis of the cuticular proteins TACPR12611 (A)
and TdCPR7854 (B) of Trypoxylus dichotomus

SP: {55 ik Signal peptide; Q-rich: & & & & B 19 X 1{ Glutamine-rich region; R&R motif; 5 JLT T 4545 M %19 R&R £ F R&R domain
associated with chitin-binding; G-rich: & & H %2 1Y X 35 Glycine-rich region. [§] 2 [F] The same for Fig. 2.
R&R motif B S T R | R&R motif  ENESTHT
1.0
a
E 0.5 d 0.5
0
1.0
o= A [ Sy T S S (R a1
S O o lhi RN R S
= rr =
-1.0
1.0 R
& g
= 0.5 = 05
0 50 100 150 0 50 100 0

AR IF ] Amino ac 1(1 sequence S FEREFF)] Amino acid sequence

K2 XUCURE AL EE TdCPRI2611(A) Jz TACPR7854 (B) NHBILF L
Fig. 2 Intrinsic disorder analysis of the cuticular proteins TACPR12611 (A) and TdCPR7854 (B) of Trypoxylus dichotomus
PLD: PH#TC)/F I BUMEAE 0. 5 LA EAF A ICER FARELS I, W ICIP S5 , 2T 2 2R , TR Lk h 5 5 2R Prediction of internal disorder, the predicted
value above 0.5 conforms to prion protein-like structure, which is the disordered structure. The red line is the prediction line, and the black line is the
background line. NCPR ; 434~ L R 4% 5k (0T B far B0, Ho A ik €0k TE J a7, 21 €654 1 H faf Net charge per residue, in which blue is positive
charge and red is negative charge. FCR: 77 B 5% KE 7050, 27 B 1) S8 BB 7k Bt T4 195 H M (9 BTk L 1) Charged residue fraction, the percentage of

charged amino acid residues contributing to total protein charge.
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11l TACPR7854 45 FIREARH IR 8RA 7 1ARAS , HiZ
HEREANIE i Ay S RS (K 2 B) e
N FR AR B AR AT e SO [A) B2 e e 1 22
SRR Z—,
2.2 TdCPR12611 % TdCPR7854 B FZ LA B HHT

i B TdCPR12611 ( GenBank % 3 5.
MTS813021 ) 1 TdCPR7854 ( GenBank % % 5.
MT813022 ) ity 1Y 2 B 1R i 41 BLAST J¥ 41 LU X, 45
KL . TACPR12611 £ H 5 &4 6 Onthophagus
taurus cuticular protein 1 ( GenBank % 5g 5. XP _
022920963. 1) .38 B K4 Anoplophora glabripennis
cuticular protein 1 ( GenBank % % 5. XP _
018577010. 1) 4t 3% :k B Photinus pyralis cuticular
protein ts15( GenBank % 5¢5 . XP_031347513.1) k&
ih 8 v BA 3¢ Abscondita terminalis cuticular protein
hp65 ( > KAF5297863. 1) {51 — 30585, 70 N
83% , 78% , 75% Fl 75% ; TACPR7854 5 fr ¥ 4: 1t
adult-specific cuticular protein ACP-20-like ( GenBank
ok E. XP_022914362. 1) F1H BRI AR K /N 22
Dendroctonus ponderosae adult-specific cuticular protein
ACP-20-like ( GenBank % 5%5 . XP_019761647.1) {1
J¥ 8 —EE A B, 25 46% 1 40% o K 47
U=y S (BT R B Vi o s o -2
TdCPR12611 5 &34 8 RR2 K EHE H OCP-1
( GenBank %35 . XP_022920963. 1) 264 % &
T, 7E Rl —43 3 | ; TACPR7854 535410 3 FpAN[v]
ZEA ) adult-specific cuticular protein ACP-20-like 25
] OtCP-acp20-1( GenBank %55 XP_022914362. 1) |
OtCP-acp20-2( GenBank %35 . XP_022920192. 1) #
OtCP-acp20-3 ( GenBank # 5% 5 ;. XP_022903303. 1)
MIPESC FR e NI, BT R T CPR_RR-2 %%
(E3),
2.3 WXEBEgAFREEAR TACPRI2G611 K TACPR7854
HIFRIE R dhife

TR A TdCPR12611 1 TdCPR7854 [ /) 78
R AR TN AR BRI 7 8 7 To i i, W PR3 1 3
17 T AR A5 3 3R 0k, 28t SR B 1 2R I ZE A 4l
AR5 3RS0 H 955 11, SDS-PAGE F1 Western blot £
MZERanE 4 frs . TACPRI2611 8 H4r 172y 35
kD ( B4y T 32. 52 kD) , TdCPR7854 & H /7 T
=2 18 kD (i 43 F 4 17. 62 kD) , )\ SDS-PAGE
ZERVT LA A sl BB, T AR N J5 2252 50
8L, Western blot £5 53520 B — 55 457 , BHL1]
ISR EHRENEN, I HEABNREE R

PG,
2.4 TdACPRI2611 %1 TdCPR7854 E{ 5 /L T &
ZE58N

FIH] SDS-PAGE #&:il] TACPR12611 J% TdCPR7854
5ARZEBILT RS A Re 100, KR sk i 45
WEH2 MEAS 4 MARRBILT RMESE6e 0
YIfFfr 25 5% . TACPRI2611 {UA EH BB S o-
LT RS G B FEAET LIECREAER)
W 5 B-JLT MR IL T B4 & B A, 24
£ 28.0% 1) TACPR12611 & 456, EUITE (456 1)
) RAEFETR O F 5 550 B 45 4 58 0 AR
R 41. 4% [ TACPRI2611 ZE 9454 (K 5. A,
B) . TdCPR7854 & LT AL o JLT A G, 464
30.0% MK L RENS S 72 R AL T RES &, 5
B-JL T AFAE RS A RE 1, 0H 62.3% R A 45
A(K 5. C, D),
2.5 TACPRI12611 % TdCPR7854 & (5 i % i 18
NEMER

PRI R UL A~ 8 i Wi & B TACPR12611 #7 H
TE AC 5T RIS RGE W RS Bl T T 2
il (25°C) , 2R W W 2 BT R VB T AR kT
TACPR7854 A M ML MIB L. =R T AL
27 I UL Z 9 3 1 B T, & B TACPR12611
I RAK (coacervate) LG, IR AAHA i 3)
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Fig. 3 Phylogenetic tree of insect cuticular proteins by neighbor-joining method based on amino acid sequences (500 replicates)
H K Y Fh & L GenBank % 5% 5 Origin species of proteins and their GenBank accession numbers: TdCPR12611: XU X JE 4 14, Trypoxylus
dichotomus, MT813021 ; TACPR7854 . X X J# 4x i, Trypoxylus dichotomus, MT813022; OtCP-1. 3% 4> i Onthophagus taurus, XP_022920963. 1;
AgCP-1: StJ8 B K4 Anoplophora glabripennis, XP_018577010. 1; PpCP-ts15; dt.3&%% k dt Photinus pyralis, XP_031347513.1; AtCP-hp65 : 114 ¥
D2 Abscondita terminalis, KAF5297863. 1; OtCP-acp20-1; 344> 1@, Onthophagus taurus, XP_022914362. 1; OtCP-acp20-2 : £53%4: 1@ Onthophagus
taurus, XP_022920192. 1; OtCP-acp20-3: 341, Onthophagus taurus, XP_022903303. 1; LyCP-hp39: Jii & Lamprigera yunnana, KAF5299004. 1;
HkCP-18. 6 . g Hr 5Bl T J& 1% Hyposmocoma kahamanoa, XP_026328431.1; AgCP-PA: [X] H. iV 4% 8L Anopheles gambiae, XP_556966.3; AdCP-
135 JKERHEML Anopheles darling, ETN63120. 1; PxCP-ascl: /NI Plutella xylostella, XP_011550962. 1; ApCP-SNF5. [qU %535 T Agrilus
planipennis, XP_018318748. 1; AtCP-apkl . /NE%EE H iU Aethina tumida, XP_019877778. 1; CqCP-hp: (% FE UL Culex quinquefasciatus, XP_
001865100. 1; DnCP-mp3: & XU YF Diuraphis noxia, XP_015375949.1; DvCP-bep: T KM Diabrotica virgifera, XP_028141552.1; BICP-19. 8.
LS VG Y SEW Bactrocera latifrons, XP_018801521. 1; HvCP-hpl0377 : JHZE7% 18 Heliothis virescens, PCG64628. 1; HaCP-7X2: 44 1 Helicoverpa
armigera, XP_021196834. 1; HvCP-hpl10377-2. 4 2f % W% Heliothis virescens, PCG64627. 1; HaCP-7X1. # 4% i Helicoverpa armigera, XP _
021196833. 1; BACP-ts26 : #%/]NSEWR Bactrocera dorsalis, XP_011200150. 1; BmCP-78p : ZZ 4% Bombyx mori, NP_001166682. 1; BmCP-ascl ; ¥} Z& 4%
Bombyx mandarina, XP_028026464. 1; PpCP-Edg84A : T R Papilio polytes, XP_013134319. 1; PxCP-Abd2; A A R e Papilio xuthus, NP_
001298788. 1; DpCP-acp20: HEKILIFAK/INEE Dendroctonus ponderosae, XP_019761647.1; LyCP-hp11968 . Jii# Lamprigera yunnana, KAF5297637.1;
TeCP4 ;. FRAULHS Tribolium castaneum , EFA04643.2; TcCP-7; FR{UA ¥ Tribolium castaneum, XP_008193006. 2; AtCP-hp06625 ; i1 5 Vi 2 37
Abscondita terminalis, KAF5307754. 1; HhCP-1. Z5## 4% Halyomorpha halys, KAE8573268. 1; PpCP-acp20: b 3& 3¢ k Hi Photinus pyralis, XP_
031344218.1; LyCP-hp6728 . Ji & Lamprigera yunnana, KAF5275617.1; SoCP-acp20: K% Sitophilus oryzae, XP_030749553.1; AtCP-acp20: /N
W it Aethina tumida, XP_019875905. 1; NvCP-acp20: K1 ZEH Nicrophorus vespilloides, XP_017784612.1; AtCP-acp20-2: /N5 H ti Aethina
tumida, XP_019875906. 1; HhCP-191. %5## % Halyomorpha halys, XP_014279712. 1; OtCP-acp204. 1 % 4> o, Onthophagus taurus, XP _
022903303.1; HhCP-19; Z5#% Halyomorpha halys, XP_014279718.1; ApCP-acp20; FUE%E 5 T Agrilus planipennis, XP_025830566. 1; AtCP-
hp6635 ;. 11 46 Vi B2 3% Abscondita terminalis, KAF5307764. 1; HhCP-7. Z%3# W% Halyomorpha halys, XP _024217407. 1; HhCP-R2. Z% ¥l W%
Halyomorpha halys, KAE8573269.1; AtCP-hp6637 ; 11148 i S5z Abscondita terminalis, KAF5307766. 1.
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Fig. 4 SDS-PAGE and Western blot detection of the purified recombinant cuticular proteins TACPR12611 (A)
and TdCPR7854 (B) of Trypoxylus dichotomus
M: & S50 F B Low molecular weight protein marker; WB: Western blot.
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Fig. 5 Binding abilities of the cuticular proteins TACPR12611 (A, B) and TdCPR7854 (C, D)
of Trypoxylus dichotomus with different types of chitin
A, C: SDS-PAGE; B, D: KJEHEILLE R Gray scan quantization result. T FTF45 45256 1% B & IFEST Cuticular protein sample for binding
experiment; F: TR IAZ L3S, BDA45 4 JLT A9 8E 14 Supernatant of the reaction system, unbound protein with chitin; E; & WVAK R ITIEE S,
EN&54 LT SR 1 Sediment resuspension of the reaction system, bound protein with chitiny; M: & 114> T & b5 #f Protein low molecular weight
marker. FIHREREFRREEAILT BAE A G BE AR E S, B0 3 A AREE . B EAFE/NG FRRR S RRZERILT g4 0 E
FLEE 3 L CERME + FRifER) 22 5 B2 (P <0.05, LSD 3£) . The gray column in the figure indicates the percentage of protein binding with chitin,
and each treatment has three technical replicates. Different lowercase letters above bars represent significant differences in the percentage (mean + SE') of

protein binding with different types of chitin ( P <0.05, LSD method).
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Fig. 6 Observation of liquid-liquid phase separation of cuticular protein TdCPR12611 of Trypoxylus dichotomus
A: TACPRI2611 3 11 WL A [l il B2 T 9 P RO B2 45 28, 3 19 Hh B0 70 1 B R B 6 Ui 2 DAU38 J2 AT 3% () The macroscopic observation of
TACPR12611 protein solution at different temperatures showed that the protein separation in liquid phase was reversible with the change of temperature; B
TACPRI2611 A TE SR A& 1F T b2 B8 W8 45 51, 2R A W0 P 1 B0 i [ 5K B 4 A1 38 fA& TdCPRI12611 protein was observed under light

microscope at room temperature, and the globules in the protein solution were coacervates.

XPIUT Bt BE i MR AT AR KRB, JLT B 45 5 48k
(chitin-binding domain, CBD) fJfEZEM R HLFEIR T
AR R KON ) Fdg DR o 9 A0 R AR R £ 1Y)
P h BBRE MR B LT B 28 2l AR i o
(R B K ) 12k > 80% , 4% [ B & 4 2k > 90%
(Montroni et al., 2021) , &4 WALF4E R 45 S ik
( cellulose-binding modules, CBM) (1) T. 2 H 5 4
KEFYER E AT, o BB AE W25 52 T 90 K 21 4k R
(R BRPL A i B2 M B2 K ) (Malho et al., 2015) ,
TACPR12611 5 H EA REAE 5 LT 4 & 1Y 45 i AR
P, g R A S B R A BORA AR
PR, #EI TACPR12611 2 Al GEREMS 5 LT Bi &R
& B AL RAERER 05 AR 8
St A rh & B TACPR12611 45 1 RE A8 1E % il
£ F B kB B W LLPS, 5 Mohammadi 4§
(2018 ) FI| i Wk 22 2 11 ADF3 & M AAIR 1) 141 SR AR
LLC) % % Ba 26 oL, T
TACPR7854 WA H 45 KL py ML T, 7EAIF 5 s 2
F1 (elastin) A5 i 544 2 1 (resiling) Yt B i 132 AH A2
AR B, BT A TE—F P-Xn-G BEF (P il
ARG WA X AL —Fh R ;0 0 ~4 3
B0 AEE A XA R A R H B BT S
HEZE ( Quiroz and Chilkoti, 2015) . 1ii 7 TdCPR12611
PN A AEAE SR B, 4RI A L Y
WP IR Q & && , 41 N = il AH B AR AR
128 1454 , 1 o 32 5 HL A B9 P9 B Q-rich region
RE AP, TR 1 2 AR IR 2
AR AR TC e, AT LA B8 R e 5 v B
Z A 5Tk ( Alberti et al., 2019), iX 7] BE &2 & A
TACPRI12611 £ BB JE it LLPS (1) 5 K. A1 5% 2

(liquid-like coacervate,

A X SR 311 U 8 JP RS [ O VRORH o K
VW A SRAR BN R A ) T2 LR ) K o3 F I 4
4, D PR AT SR A ELA AR v ) Sy R A 1 Bk L (L
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2 HTEIE R DI REPE ) 2510 Z i #8522 28 17 1A
BRI I 2 ( Mohammadi et al., 2018) , A0AEAF
FENR DA HEVE AR ) R RG B 50 4000, R 2 R E o
22 OB 53 15 4R I Sk ] A 38 BT 461 4
AR (Stewart et al., 2011 ; Waite, 2017 ) ; B £ 5
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W5 B2 I A SR ARG — v ] 35795 (Tan et al.,
2015) s 7EsME £ 11 41 208 i B AT T RE Ak 45 A0 1Y 3
itk K i 1 A B8 A B8 ( Muiznieks et al., 2014)
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