tﬁ »h Hogk oy 0 A #1055
1 E?] ﬁ?é: R 4 ¢ 510260
f » R b E{ *ﬁ H,4% 1 020-84192269 020-84456131

] " ] fl*‘ e ]F loev E-mail : insect1979@163.com
Journal or r.nvironmental £ntomo ()g_\ M & : hikexb.alljournals.net

EHEINRERRRIAR
F R, ‘RREV

(L R A 2 T A S0 2, AR AR R AR 25, AR 350002 2. ARERA B HUE A2 7 A0S0 3, 48 350002)
WE: BRI IN RGBT SIEMES), BVEREH (Paramyosin) 72 B HUVLA Y A R 5,
ML EBLM RS 2 —, R REVAKESIKS, HEES BRI S IIANHS M) R
PIFASG . ASCNEIIIEREE R RRFAE . 2 1 BT 45 4 LA R 2 D Re S5 07 T R T 45k, & AL E i
Bl (e ik 5 Ay B LR ZR M, FE% B R E LBk B R SR IR 70 05 AT T R .
KHER: B I KL BINEREA
s3T5 Q965 SCHRAR ARG : A

Research progress on insect paramyosin
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Abstract: Insects perform diverse life activities through their muscle systems. Paramyosin serves
as an important structural protein component within insect muscles and is a major constituent of
thick myofilaments. It regulates the active tension of insect muscles, and its protein
phosphorylation is closely associated with muscle tissue structure and function. This paper
reviews the gene characteristics, protein structure, and specific functions of paramyosin, with an
emphasis on the expression and regulation of the paramyosin gene and its impact on insect muscle
tissue. Future research directions for paramyosin in insects have been also discussed.
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HFLLZ (Thick filament) FI4HALZZ (Thin filament) FIFIXTHEZh, SUERLA = AR Y4k 5L
PR, 2003) o NMIIOKEES S, HULAMEs U R £ ool BREHEZIY
FITCHAMES VIR SEIRIAE G, K 2 HOA HE S ¥ JUL PR S5k R R B 11 0 #A TE  MEZh A 1 [V 4
(Hooper and Thuma, 2005) , W& KIALAMEARZEAKMUZALL, ELREHESIIILA
SAEMESN IR LA A B ZE S, BN, TOEHESD I H BT 22 R (0 UL AR S e 2 1 I AR
(Lowy et al., 1964; Baylies and Michelson, 2001; Lieral, 2021) . BIUIEREAMETLS
HESPAAT () —FP LA 2R EE 1, H AT ARTE A HEZN Y 1 % I (Cervera et al., 2006; Yang et al.,
2022) o RIVLERE (0 AAE T SR EHESN PRI, BT REY . ARSI YA T 5
Y% (Gobert et al., 1997; Zhang et al., 2020; Rastegarpouyani et al., 2024) . Bear EHF 5T
LI/ i X ERAT ST RO T BILEREE 1 (Bear, 1945) o [F)4F Hall A A f 7 24050
SRFALEAR TP IR L 4E (MyofibriD) , 4555 Bear [/NAATHH R — 30, 2 UIIE T
RINLEREE A HIAAAE (Hall et al., 1945) o BARZY P REINIERE B 5155V h gl ULekE
I 7E &5 4 4 R 3 B8 45 7 TH ELAT AH R RE 250 (Yu et al., 20205 Rastegarpouyani et al., 2024).
BT B N2 s S b A R B 2 SR, AR 3 0 2 XS TIZ B
1967 4 Tkemoto 55 N ¥ KRB 145 S A AERILERE 5 (Ikemoto and Kawaguti, 1967),
B J5 75 2 18 B %8 Drosophila melanogaster . 75 Y. % W2 Locusta migratoria 1 X W& Musca
domestica %5 B P RIFWT T, FF HHUS T EZ G (Beinbrech ez al., 1985; Royuela et al.,
1996) .

RIIER R 2 B SUVL AR 22 1) R LS5 M B, A 28 AN EUEE IR IR B 5 P 4111715 e
s, XSO AR S, FINLEREE (Myosin) AHEMEF, JLFMERIE
B2 (Vinés etal., 1991; Hoppe and Waterston, 20000 . E S K4 aniG 5h 5 H LA K
TEH A EHAE, BVLERE (e b P 7 EZAE . BIVIBERE A AN AESE 5 B He L Py
P RAE, ERTTIINTESKIER KRS, X0 T RO & SR S5 A G 3 # R
AEEZ S AR, H AT TCE SRR E A e s, IF B IR F R 2 8 e
BARS YR R I EN YD, TR B EIVIER S (1 Fe 0 SE 2D BRI, A SOt S SR B LRI L
BRI ERRERIRHE . SR A B A The, MRz BfE B RmT Foat e, AR In
TArTxr B BBk A AR, (X2 A — B A AL .

I BIEkEBRIZEH
TERHES I LR B 1109 TRCMRIE , 8 R B AN TE AL, AN



Sy FEAE 95~125 kDa . [i] (Kantha et al., 1990) . EIJLERE (& HAT 5 a-18E & & AR
43¥ (Cohen and Holmes, 1963) , WANEE 15T 73 ¥ A0S 5 4 ot U E ) — RIALEH (M
BESE, 2005) o EINIERE A4 IS B NIRE AW 20 MIEREASH P& T e
PR IREE A LIRSS, K IRBERR e, KB EEE (B7&%%, 1999) . EINEREH S5
BRER (KRB A FPIR S 4 EH HIBL (Lowey et al., 1963) o St 2 i SR o (1 B WLER 2R (1 45
PR TR SR P IR R FULER & 1 450 5 A TE B ME S 2 Bh, BAT — A o8 25 i1 T
JRAFPR A, PR FEo- BB e A T X 4, (Vinds eral., 1992) , XA IXIKAEHR 46, 1 H
FEHAPARIB MR FIRZ (Cerveraetal, 2006) .« EILERER FIIZE X AR IL R H A A WITE
28 AR EEIE A7 HLAf 73 A7 (Vinds et al., 1991 o X SFEATH R U BRI LR 25 15 2 AT 5%145 A=725
A% & MBI 4 (Hodge, 1952) , {EHFRAE M iZE A 2O LMTES,
B W R RFAE R B 2 IRV RE 145 ARIRESOM BAT GLF 4RI ER 5 5 KRB ) (Hall et al.,
1945)
2 BIAREENS THE
2.1 BEIBNERE B EFEFFHE

H A0 GenBank I CUSGRIE 2 4% B REAINIERE AL IZH IR T 41, B3 E . HikAE
wEgE H . B E . BOHE . EEH . B H. &H. Z38H, BElE. #HE. SEEEH . XUH
HAYT 5 0L H 46 XSS Rh iR H IR 15 51K B R ERTE 2 500~4 000 bp A, AT /D#RAET
B AR, 0. 4R P /N WF 5 Diuraphis noxia #%FERF 5K 2 000 bp 247, B
M Maniola jurtina () FE 5K EE#E T 4 000 bp. GenBank FLCA 1 T2 4 B REINIERE
IR T 5, B TR IR A 8 45 B i i G R 0 R A T AR Ak

Wi TR 22 A SRR R R LER B (1, % 2R 1 P PR — SE [ Y (Becker et al., 1992;
Vinds et al., 1992) , FERLLT 5 3 KGR B 1) 66 D14 X, B5EEZI4 12.8 kb, ZE/DD
E 10 AR 9 AW E T 12 RE N [ 2 T RE R R B, A Rl T
RIERE A A/ NRIVIER - (Miniparamyosin) , BINERER [ B A 1 9 ST 4ifd 1 1K
PR R L IR 55 PN E T (Becker et al., 1992; Vinés etal., 1992) « AN[F B
AL RRIIER A AN TR A TERCRE BB 2R, WIFER & Bombyx mori H, 4l
FIVLEREE A0/ RILER SR A DR 17 AN SR ETR0 16 AN & T AL 33X B R AR (15 3 5
Ja 6 MNE T RTHIESE, 2009) .
22 EIAKEBNSEBRER



IR R AE R R AR RSy, AN YR 8] (& B MR 7 51+ 40 AHAUL (Royuela et
al., 1996) . BINLERE AR IR AL fE] #. (Cohen and Holmes, 1963) : EEAAHE
M, HUCEHER. FraiR. REAR. BERMNEAR, FRaERmEE RN S 25K,
BT BB R AR R R BRI EE RN T 1.0, Fril S Hfho i he i (AL, ZE A
SEMERAE (Kantha eral., 1990) o ELHEIUERE IR BRI S SRS ) AR5 2
l, HEBERMKLLDAMRNLREE (Bullard et al, 1973) o T o-35 2 e 0= 2R
FLBE 5 2P DU EURR < TR (¥ AR B — kS, P DAYERR LR B 45 il A e — SRR AR E 1k (Vinds er
al., 1992) ,

23 EIAHKEBEEMNRIESIEE

B ER R LR B (1 R R ) ik LA I 2o i, @ JLBR AR 1 5 TR 1 208 5 e AR i L
I LA A K R B EFEAH — 20 (Becker et al, 1992) o EINLERER 4775 T 24 01 BE4H
AESAM A, AR BIAE S &SRR (Vinds eral., 1992) . BINIERE B BER
W AR R 2 BV A —REE R DN A R IR B BERIE, 55— BOAERR M 3 2 4 s, 568
T BONEE A SRR, B SO S Rk B e, ARG S S 45 R A A R R R
(Vinds et al., 1992) . CAWFFURYILE R RIE PTG A9 ULAI 2L 2R b AR e A I 21 B ULER 5
(Becker et al., 1992) o i 4 IR IR G2 4H M A 27 AR A R ER U, SR B B LBR
FUSMAENR . Bk, AT RIS A SV L B b . (EF B4R T, %R AT
L R AR KAT AL (IFMD FEL S5 LA Tergal /& 2e (TDT) ALTHIEEA A 5 . (Maroto et
al., 1996) ; f£ IFM FEIJLERE I mRNA &5 BHK, 1M4E TDT &85 (Becker et
al., 1992) ,

SR SR R JULER B 1 0 B A B S R OB T 128 1 mRNA F St as 07 2 iR 3
(Cervera et al., 2006) o Ja 3 T{EFFGRIAHT 21 FIHIEM 90~100 MZ TR X IR, %X I8
FTREX N RNA RAET R G4 & 4. BINERE A8 372 2 AR E (37, IR,
2y O g AL LA A P A RS K B AR AR ISR (Maroto e al., 1995) o HIJE3) T UKE)
(¥ s J5 K] 282 12K 1y 22 TR [ A5 2 B e i LR 50 1 0N L BR B 1 AR 4R 67 25 -0.9 F1—1.7 kb
IRV X3 SR LR B S /N RIVUEREE P [ — JE R G 6, 1% PR 2 p g 5 7 b 2 1
JGR (¥ 7 A A B SR BT RS 11, 3 oA FE T A i3 Bl AU AN ) B S i DA B PRPE R IR R AL
M E (Maroto et al., 1995)

BRIERIE B 724k, BINERE AR 2 S BIX I E % € (Arredondo et al.,

2001) . — /ML 1 HARF 1 B-box XIAN 7 —~ B MEF2 {7 /5 ] MEF2-E [X 1#,(Black and



Olson, 1998) , FIREAE Ao LA IKIMOE A, XS IEAG S s s s VLA o iy LR 2 1
AT (Cerveraeral., 2006) . MEF2-E {15 X 30 T~ @ LR & 1 3 R 7E 2y b i Rk 2
TR0, LERH R R E S EOZ S AE IFM AP [R5 R FIAE BT LA Hh 1) 308 BRI (B
THIE, 20100 5 17 E-box H Y RAZLE MG AN Ll HL LA AN AR AT §EMT . MEF2 {7 s 455
I E-box £ 45 28 [ AT LAZEAS [ L PR 531 5 DR 1) 1 4 v R #4 F ( Arredondo et al., 2001).
RIULER 2 1 8 30 1R A U AL s 10— 58 X3 B AT DR 5F (1 CCAAT Joff, 1ZoeFn] LAZEAS
[ 21 P PA) A A ) (8 S PR AR, e ol B P AR R i, e HAb AR N, 03 B
(Dorn et al., 1987) -

H T A 29 900 bp 1328 s (VLAY 1 555 7F @I JULER 3 18 15 X dbl 0, 35 1% )L
Jr A7 SR i JUL DAY i R 208 1) e eV T 32 362 T 1.4 710 0.76 Z[81 [ R P 1R, X de
U FP B 7O 9 ) O RSG HUUL A P ) DMEE 3 5% 7 3K 51 (1) 3% 78 7K *F- (Marco-Ferreres et al., 2005) .
BILERE I DME #4587 5858 3 T (Troponin T) FIALE5E A I (Troponin 1) K445
FE) B AR, RS VA1 % 2 I ZE IR AR 4 HORT s UL IR 2254 (Marco-Ferreres et al., 2005)
3 EIAEkEBERIThEE
3.1 BIAEREBXN R RALAER TSR

F R T W rh e — B RS 1) — 2%, TEHbER b I B S tE 3 B AT 3L AT LA ¢
Fro RV R AT AR, i AT WL E AU O £ h . R AT LR L4t A
Ji, VAR MIAT B R T BE A 88— UL £F 4 o s WS T WL IR £ 4k B UL 22 Fn4n L
2Ry (B3ESE, 2005) o Huxley FIMLZZIEAT Ut (Sliding filament theory) F7~FHZH 122
MIXHEEh SEALAIGE (Powers et al., 2021) o fEICITFERRILLZ % SCVEH, 1AL
TRV L2 LT P ULERE E Sk SAVL BB E AT AR BAE R, 4 S 8ULAY s (Rt
i, 2010) o EHUULPURVLLZ & —Ff el ULBR B 1 A0 60 & B LBk (I 7 9 1 2 AR AR LR B
B AW (Yeganeh et al., 2023; Lietal, 2024) . iXE85E (5 AL vk 2 ML L2 () B A 45
HAThRE: WIBRE A H R E S, SRR Fod@ i & R i 45 A MR B R R I AN [F] X 4k
KA (Lietal, 2024) o EIULERER FURIULERER (12 502 11T 1 g 47 ) DA 53X

R AR AER L 22 TR I HERR. (Hoppe and Waterston, 2000)



B 1 BILERE A ALERE A7E B SR N R =B (Hueral, 2016; Lieral, 2022)
Fig. 1 Schematic representation of paramyosin and myosin in insects

301 EIUIERER AL R B S L PR UL 22

H i 42 1 T B HE S P22 (R ZE 3R, B4 Squire (1975) FUREAYL, i@\ Ayl
JULER B FURIULER B (I TE LA o 3 ) 2 3% RO L 22— LR B PR O L 22 (1 Ao, BBk R
FA R AZ L, I B2 i R v R i (JRRESE, 1992; Taylor, 2023) . fEEA
gy, BINERE A2 AR LR NLZZ (1) B L5/ S (Vyatchin et al., 2019) o X & Fh
ER AT WL 7 3 B, BIULER B A T PR L2 A% O, HoBr 2 5 R0 13 BEAR OG (Li
etal, 2022) . Li%% (2023) NEILIEREWE Bombus ignitus KATHLH €ATE A (Flightin)
FIMLZEEE (Myofilin) i 3ELAE B (I 45 M4 5 RIVIIR B O B DIAE G . B A0SR AT L
FELWL22 rp 431 IR0 R AR ELAE P ORI T 64T 8 I RILZZ 3 1 i AR s BROR E5 R 5 | LBk &
BBV (Lieral, 2024) . BIALERE B AMALERE B 6208 413 UL L2 T FRIR G5 1
Fe 1 b A M R BE R AR BLAE B (Cohen and Parry, 1998) . BIJLEREE (11 C-AKhumiba —
AR R PR~y G AR, 5 = A5 MR 1 JFC A S5 o (0 PR A ) A A, AT ARDRT e £
AT o SRR RS A A AR P AR 5 R A 1 AR LR SRV 119 4035 (Cohen and
Parry, 1998) .
3.0.2  EIILERER X AN E S8R UL A RELLZ2 (1 5 0

RIULER B AN LER 8 0 B3R AE AN F (K T B MESD A o, LUAE IR — S A R UL R Y
Z B K%+ (Beinbrech et al., 1985; Vinds etal., 1991) . Levine %5 (1976) AMR#EH
JULZ2 1R B2 AN B 05 S I IR B K 2 35K DK B MBI 23 T LRI TOD 25 1 2BLITESS
16 - S MESIRE SRR, LA K AP RELIUL 22 R 5 AR (0 1 FULER 25 (1 /LR 2 1 B Af . 1 AL
P, SR T DRI 208, B BRK UL MR . TR IR P R 24 R
WEREAMIL, BB FRERImAHNE RO, M2, T RMAh &R
KERIVERE A PALLE BAGSRA% L (Twarog et al, 1973) , EILERE A ANIERE A1)



PRt 55 o 91 0 4R 30 K R IRK H 6 4 F. Melolontha melolontha 1) KATL, LA K AR 7K B4 it
LA I LL2 B A 920 %0 (Beinbrech er al., 1985) o SEIGSHME M RATHLZERIL, &R
LRI T 4ERILER & T 1 2501 (Beinbrech ez al., 1985) . EIILERE (SR & B
YRV S &, ERIEZE T B BB E C/UERE A HE, 4RI .
HEINERE A S ENZER 20 BRIV RRULLZ LA 4RV 9 (Vinos eral., 1991;
Cervera et al., 2006) .

TER MBI, AN EEINIERE A RSO b S AL K R ELAR AR AL, T
HES VIR SUVL IR 22 5 5 MESh PR SOUL IR ILZ2 AN, P9 2 72 2 T 2E A, R A g e x
PRYEETT AR KR ZESR (Lieral, 2022) o JAHESNY &4 BIUERE A UL — K
BRZAZE AR E K, BREKR, I HARSERULA A R 22 A ] B 22 5 (Millmax
and Bennett, 1976; Matsuno et al., 1996) . Mackenzie % (1980) 1 Lehmann (1984) (1]
T 75 45 SRR B R ULER B PO R 2 R AR K (R A o ZEAN TR LA, EIUIER B AR AT
WERE A S BB MER, BB SECENZ IR . A8 5E S TR AE 0% (Hooper et
al., 2008) .

HINTCE MBIV b & BIVLEREE L L BOR ME S RSOV R 2 BARSE K,
HZBENIERE A& = S B BAFER RMERYER R, BRI 11 RN
Il EAR AR ML, (ES & @IULER & 10 & BB LU AT & 5~10 i, 1 T ZRAULP IR @ ULER 25 1
HERNE I KERL (Levineetal, 1976) . Hinkel 25N (19900 #f 70 % #& AT AILA BLAL
WL B AR 19~20 nm, 5 H AR R ATUI—2 HEREIVERE QW& &85, EiEHENL
BREE 1A AR A AR ELAR IS [F) S B UL A (R RELL 22 7 22 50 T R AR K
3.3 EIULERER XD RV RV A= KR 5 1

RILERE A 22 7] LIRS E 5 & UL VR E E 22 (Schmitz er al., 1994) o fL T
FHIL224Z 0o R EILER 2 1 0] PR 2 UL 22 IR FE o 1 98 R B RILER 2 ORI 22 1) AR K B e
KAEH, FEHTResem B ARA4ERNAK (Bullard et al., 1973) o ASFESEELILA HI R 4d
FAE AR P 1 22 S V05 T G R 5 WA 40 A 1 T 2R R R PR e 3 PR 20K, T 28 i X G i PRI R T AL
) e B L AR S MR (Cervera et al., 2006) - Liu 5 A (2023) #3738 MKWk Periplaneta
americana AW F5 BRI LER B B B, S S507E A He 3 B R gt B 5k e o s i A e e s
FU R A S P R 30 i e S 1) 2 S s g A K
32 EIEEEETRREANANERK

RIULER A B UL R K NS5 335k 4 (Levine eral., 1976)



R 22K B RIL de oK £ 35K 7 5 IR 8 FORUYLER R 11 1 FLE R AH D% (Levine et al., 1976).
UL 22 ) 388 I A6 A5 AR 22 5 ) TR 22 2 ) f) B 8 XSl on, A AR e e, SR A i
(FIR UL 22 BA 5 0 BBl UL 22 5 22 (¥ M EL A AT R, IR i DA AR B B AN VD RELDL 22 58 R fy 5K
1 (Lowy etal., 1964) o FATROHAKMLL L — = A= Lo B IRV 22 1) LY B e o
73 (Morrison and Odense, 1974) . EINIEREE (A7E R 3K /) Kk e id #2 e S AR AT A1 45 g et
SEVERIFUAE ] (Winkelman, 19765 Schmitz et al., 1994) o I 2EALALE A KA L2
AL M RILERE F/UEBERE A e, = AR m LBk 70, B HR RS i iz B
EA DR m VL2258 (Lowy et al., 1964)

FEBA 8BRS SRR B A HES R SOUURT T SRLPA o, HEULZ R 2 A WA 4
W RFEAAE (Millmax and Bennett, 1976) o ALZ2 4545 1) J5 DR 7T g 2 @l ULER 28 19 A ULER 25
2 8] (R AH LA PR AR SO, BIVIREE AITE XA I AR (0 & R (R A U 0682 . Bullard %5
N (1973) $H B /AT AL A 2E R B LR S (1 1 & B S BN 4 T A sl b . i, 7E
¥ Lethucures “5E3BBS 4T AR BRI KA B durhr, BILERER A K202 L2 S i 1 & B
10%, TEBFTIER SN R, A AR 2%8) & & (Bullard, 1983) .
3.3 BIAEKE QRSB (LT BB sR AN PO 4R LA AN TN RE OS2I

RIVLER B AU BERR AL AE O HESI LA ) 2R SOt F2 A+ > EEAE A (Sun et al.,
2022; Yangetal., 2022) . EHEINIERE BRI, EANKIEE BRI, dF
WELJE 1) N- A iy 45 A4 S B 25 5 2 BB R AT (Vinds etal., 1991) o Liu %8 A (2005) 7EHF
FERIIEREE (BRI, R ISR A S S JULBR 26 1 1) N-A U R AL 2 LT 4E - (Muscle cell)
W 1 I FIR 5 Dh A4 ST B (30 3, O HLJR B e (B3 AT L W FE P O . BIULER R
A LLE S R SRS AN R E RS (Vinds et al., 19915 Maroto et al., 1995) , IXUERELIT
{7 A AT RE S RAT BE ST 3RAE M  (Becker et al, 1992) o 7F B L4 (4 o A Py R B
ZA 3 R TR AL B R EI LR R (A, b B B R I B BRI RILER R (T AL S
RATHLE A BEM o< (Maroto et al., 1996) . M4EIIERE AR TERBGE, &
S 2 R ) AT LI S AL R AT J3 A=A, BRI HE  RATRE ST (Liu et al., 2005).
4 RE

FIULER 28 1 PR 90 13 sk 3 i S A%, FRAR B 1 58 SO —Fh AR 1 5, (B SR AR KRN TE) Y
V2 OB IE N ARTE, FORR R X SR ATH R T AU AR R 1 g 22, 1 22
MIAE A E AFAENL AL SR R . R0 FErh, BIVLERER (G 21 430 R = AR 3 R



B[R SR, TR ERNIERE 1 A (Tropomyosin A) KA 14 JF ULEK 5 1%

(Hooper et al., 2008) o IFJ& M X Fh i ot Fodtf2, SECETLEHES Y HEINEKE A
(IR TERE B NGNS o AR SOR FT RE AR T 0T B e gl UBR 2R 1 (R B RIRRALE , S5 A R AT T
A, i FIE MR e R RS DM E R -, BENERDREEEZNE
B E . PRI, ARG B0 B 2 B SRR B ILER R AT AT T, DOIARRRAT Tz A
(28 ) s HEAL 2 ThRE M BR AR o EILERER 1 C A e B s UL ORIV 22, (B o 2 i B2 SR UL
BE T R B HZ B T AR AL 3 2R 58 AT - 1 BILER 28 1 25 22 A2 A0 5 B LAY I 3k
TG G, DR E AR CHE, DGR RRINERE AR R AEK K E
SR ) AR A e 3 BUVL R R S S0, IRAL B TR R, AR FC R A LAt RILER
AT RN A B d e rp B HE A AR A e B T ) R (B AR IR R I TT 17

2%k (References)

Arredondo JJ, Ferreres RM, Maroto M, et al. Control of Drosophila paramyosin/miniparamyosin gene expression [J]. Journal of
Biological Chemistry, 2001, 276 (11): 8278-8287.

Baylies MK, Michelson AM. Invertebrate myogenesis: Looking back to the future of muscle development [J]. Current Opinion in
Genetics & Development, 2001, 11 (4): 431-439.

Bear RS. Small-angle X-ray diffraction studies on muscle [J]. Journal of the American Chemical Society, 1945, 67 (9): 1625-1626.

Beinbrech G, Meller U, Sasse W. Paramyosin content and thick filament structure in insect muscles [J]. Cell and Tissue Research, 1985,
241 (3): 607-614.

Black BL, Olson EN. Transcriptional control of muscle development by myocyte enhancer factor-2 (MEF2) proteins [J]. Annual Review
of Cell and Developmental Biology, 1998, 14 (1): 167-196.

Bullard B, Luke B, Winkelman L. The paramyosin of insect flight muscle [J]. Journal of Molecular Biology, 1973, 75 (2): 359-367.

Bullard B. Contractile proteins of insect flight muscle [J]. Trends in Biochemical Sciences, 1983, 8 (2): 68-70.

Cervera M, Arredondo JJ, Ferreres RM. Paramyosin and Miniparamyosin [M]. Boston: Springer US, 2006: 76-85.

Cohen C, Holmes KC. X-ray diffraction evidence for a-helical coiled-coils in native muscle [J]. Journal of Molecular Biology, 1963, 6
(5): 423-432.

Cohen C, Parry DAD. A conserved c-terminal assembly region in paramyosin and myosin rods [J]. Journal of Structural Biology, 1998,
122 (1-2): 180-187.

David Becker K, O’Donnell PT, Heitz JM, et al. Analysis of Drosophila paramyosin: Identification of a novel isoform which is restricted
to a subset of adult muscles [J]. The Journal of Cell Biology, 1992, 116 (3): 669-681.

Dorn A, Bollekens J, Staub A, et al. A multiplicity of ccaat box-binding proteins [J]. Cell, 1987, 50 (6): 863-872.

Gobert GN, Stenzel DJ, Jones MK, et al. Schistosoma japonicum: Immunolocalization of paramyosin during development [J].
Parasitology, 1997, 114 (1): 45-52.

Hall CE, Jakus MA, Schmitt FO. The structure of certain muscle fibrils as revealed by the use of electron stains [J]. Journal of Applied
Physics, 1945, 16 (8): 459-465.

Hinkel AS, Hinkel P, Beinbrech G. Four cross-bridge strands and high paramyosin content in the myosin filaments of honey bee flight
muscles [J]. Experientia, 1990, 46 (8): 872-874.

Hodge AJ. A new type of periodic structure obtained by reconstitution of paramyosin from acid solutions [J]. Proceedings of the National
Academy of Sciences, 1952, 38 (10): 850-855.

Hooper SL, Hobbs KH, Thuma JB. Invertebrate muscles: Thin and thick filament structure; molecular basis of contraction and its
regulation, catch and asynchronous muscle [J]. Progress in Neurobiology, 2008, 86 (2): 72-127.

Hooper SL, Thuma JB. Invertebrate muscles: Muscle specific genes and proteins [J]. Physiological Reviews, 2005, 85 (3): 1001-1060.

Hoppe PE, Waterston RH. A region of the myosin rod important for interaction with paramyosin in Caenorhabditis elegans striated
muscle [J]. Genetics, 2000, 156 (2): 631-643.

Hu ZJ, Taylor DW, Reedy MK, et al. Structure of myosin filaments from relaxed Lethocerus flight muscle by cryo-EM at 6 A resolution
[J]. Science Advances, 2016, 2 (9): 1600058-1600069.



Ikemoto N, Kawaguti S. Elongating effect of tropomyosin a on the thick myofilaments in the long-sarcomere muscle of the horse-shoe
crab [J]. Proceedings of the Japan Academy, 1967, 43 (10): 974-979.

Kantha SS, Watabe S, Hashimoto K. Comparative biochemistry of paramyosin? A review [J]. Journal of Food Biochemistry, 1990, 14 (1):
61-88.

Lehmann K. The developmental profile of paramyosin and other myofibrillar proteins of larval and imaginal thoracic muscles of
Lepidoptera [J]. Journal of Insect Physiology, 1984, 30 (3): 217-223.

Levine RJ, Elfvin M, Dewey MM, et al. Paramyosin in invertebrate muscles. II. Content in relation to structure and function [J]. The
Journal of Cell Biology, 1976, 71 (1): 273-279.

Li H, Li Q, Yu H, et al. Characterization of paramyosin protein structure and gene expression during myogenesis in Pacific oyster
(Crassostrea gigas) [J]. Comparative Biochemistry and Physiology Part B, 2021, 255: 110594-110603.

Li J, Yeganeh FA, Rastegarpouyani H, et al. Cryo-EM analysis of molecular interactions in the Drosophila flight muscle thick filament
[J]. Microscopy and Microanalysis, 2024, 30 (1): 760-762.

Li J, Yeganeh FA, Rastegarpouyani H, et al. Exploring molecular interactions in the Drosophila flight muscle thick filament: Insights into
flightin-myosin binding [J]. Biophysical Journal, 2024, 123 (3): 466-467.

Li JW, Rahmani H, Yeganeh FA, et al. Structure and arrangement of non-myosin proteins in the flight muscle thick filament from the
bumble Bee, Bombus ignitus by CryoEM [J]. Microscopy and Microanalysis, 2023, 29 (1): 917-919.

Li JW, Rahmani H, Yeganeh FA, et al. Structure of the flight muscle thick filament from the bumble bee, Bombus ignitus, at 6 A
resolution [J]. International Journal of Molecular Sciences, 2022, 24 (1): 377-401.

Liu F, Cui Y, Lu H, et al. Myofilaments promote wing expansion and maintain genitalia morphology in the American cockroach,
Periplaneta americana [J). Insect Molecular Biology, 2023, 32 (1): 46-55.

Liu H, Miller MS, Swank DM, et al. Paramyosin phosphorylation site disruption affects indirect flight muscle stiffness and power
generation in Drosophila melanogaster [J]. Proceedings of the National Academy of Sciences, 2005, 102 (30): 10522-10527.

Lowey S, Kucera J, Holtzer A. On the structure of the paramyosin molecule [J]. Journal of Molecular Biology, 1963, 7 (3): 234-244.

Lowy J, Millman BM, Hanson J. Structure and function in smooth tonic muscles of lamellibranch molluscs [J]. Proceedings of the Royal
Society B, 1964, 160 (981): 525-536.

Mackenzie JM, Epstein HF. Paramyosin is necessary for determination of nematode thick filament length in vivo [J]. Cell, 1980, 22 (3):
747-755.

Marco-Ferreres R, Vivar J, Arredondo 1], et al. Co-operation between enhancers modulates quantitative expression from the Drosophila
Paramyosin/miniparamyosin gene in different muscle types [J]. Mechanisms of Development, 2005, 122 (5): 681-694.

Maroto M, Arredondo J, Goulding D, et al. Drosophila paramyosin/miniparamyosin gene products show a large diversity in quantity,
localization, and isoform pattern: A possible role in muscle maturation and function [J]. Journal of Cell Biology, 1996, 134 (1):
81-92.

Maroto M, Arredondo JJ, Roman MS, et al. Analysis of the paramyosin/miniparamyosin gene [J]. Journal of Biological Chemistry, 1995,
270 (9): 4375-4382.

Matsuno A, Kannda M, Okuda M. Ultrastructural studies on paramyosin core filaments from native thick filaments in catch muscles [J].
Tissue and Cell, 1996, 28 (4): 501-505.

Millmax BM, Bennett PM. Structure of the cross-striated adductor muscle of the scallop [J]. Journal of Molecular Biology, 1976, 103 (3):
439-467.

Morrison CM, Odense PH. Ultrastructure of some pelecypod adductor muscles [J]. Journal of Ultrastructure Research, 1974, 49 (2):
228-251.

Powers JD, Malingen SA, Regnier M, et al. The sliding filament theory since andrew huxley: Multiscale and multidisciplinary muscle
research [J]. Annual Review of Biophysics, 2021, 50 (1): 373-400.

Rastegarpouyani H, Li J, Hojjatian A, et al. Near-atomic resolution structure of the Drosophila melanogaster flight muscle myosin
filament [J]. Biophysical Journal, 2024, 123 (3): 50.

Rastegarpouyani H, Li J, Hojjatian A, et al. Two different forms of thick filament in the flight muscle of Drosophila melanogaster [J].
Microscopy and Microanalysis, 2024, 30 (1): 779-781.

Royuela M, Garcia-Anchuelo R, Arenas MI, et al. Immunocytochemical electron microscopic study and Western blot analysis of
paramyosin in different invertebrate muscle cell types of the fruit fly Drosophila melanogaster, the earthworm Eisenia foetida, and
the snail Helix aspersa [J). The Histochemical Journal, 1996, 28 (4): 247-255.

Schmitz H, Ashton FT, Pepe FA, ef al. Substructures in the core of thick filaments: Arrangement and number in relation to the
paramyosin content of insect flight muscles [J]. Tissue and Cell, 1994, 26 (1): 83-100.

Shu S, Liu AX, Liu GQ, et al. Research progress of myosin [J]. The Chemistry of Life, 1999, 2: 25-28. [#Fi&, XI5k, %IEZE, 2. L
REAUIFUER ] AR, 1999, 2: 25-28)

Squire JM. Muscle filament structure and muscle contraction [J]. Annual Review of Biophysics and Bioengineering, 1975, 4 (1): 137-163.



Sun X, Li L, Zhang T, et al. Identification and characterization of phosphoproteins in the striated and smooth adductor muscles of Yesso
scallop Patinopecten yessoensis [J]. Food Chemistry, 2022, 372: 131242-131251.

Taylor KA. John Squire and the myosin thick filament structure in muscle [J]. Journal of Muscle Research and Cell Motility, 2023, 44:
143-152.

Twarog BM, Dewey MM, Hidaka T. The structure of Mytilus smooth muscle and the electrical constants of the resting muscle [J]. The
Journal of General Physiology, 1973, 61 (2): 207-221.

Vinos J, Domingo A, Marco R, et al. Identification and characterization of Drosophila melanogaster paramyosin [J]. Journal of
Molecular Biology, 1991, 220 (3): 687-700.

Vinoés J, Maroto M, Garesse R, et al. Drosophila melanogaster paramyosin: developmental pattern, mapping and properties deduced from
its complete coding sequence [J]. Molecular and General Genetics MGG, 1992, 231 (3): 385-394.

Vyatchin IG, Shevchenko UV, Shelud’ko NS. Protein composition of thick filaments from molluscan catch muscle and the role of
twitchin in the catch-state formation [J]. Biochemical and Biophysical Research Communications, 2019, 520 (3): 634-639.

Winkelman L. Comparative studies of paramyosins [J]. Comparative Biochemistry and Physiology Part B: Comparative Biochemistry,
1976, 55 (3): 391-397.

Xu SS, Li B, Xu XK, ef al. CDNA cloning gene is structure of PM/mPM gene from B. mori [J]. Journal of Anhui Agri Sci, 2009, 37 (18):
8377-8379. [#RTHIE, F4%, WiliZE, 5. KEBINERE A/NBINERE A3 F 1 v Lt (1], ZHeRLERE, 2009, 37
(18): 8377-8379]

Xu SS. Gene Clone of Thick Filament Gene in B. mandarina and B. mori [D]. Suzhou: Soochow University, 2010. [#: 7+, K& MEF %
FHNLL A BRI T [D]. J3M: JRMER 283, 2010]

Yang P, Yu HZ, Cheng JA, et al. The proteins in flight muscles ofi nsects [J]. Chinese Bulletin of Entomology, 2005, 6: 726-731. [#4 B,
KU, BxE, & BRTIEARK 7. BRI, 2005, 6: 726-731]

Yang Y, Zhao D, Zhou LQ, et al. Molecular characterization and expression pattern of paramyosin in larvae and adults of Yesso Scallop
[J]. Biology, 2022, 11 (3): 453-469.

Yeganeh FA, Rastegarpouyani H, Li JW, et al. Structure of the Drosophila melanogaster flight muscle myosin filament at 4.7 A
resolution reveals new details of non-myosin proteins [J]. International Journal of Molecular Sciences, 2023, 24 (19): 14936-14956.

Yu C, Gao X, Lin H, et al. Purification, characterization, and three-dimensional structure prediction of paramyosin, a novel allergen of
Rapana venosa [J]. Journal of Agricultural and Food Chemistry, 2020, 68 (49): 14632-14642.

Zhang F, Jiang SS, Feng X, et al. Effect of heat treatment on physicochemical state and in vitro digestion of salt-soluble protein from
Pacific oyster (Crassostrea gigas) [J]. LWT, 2020, 134: 110126-110133.

Zhang ZH. The movement of animals [J]. Biological Bulletin, 2003, 38 (10): 11-13. [3k 7. sh#iiEsh [J]. Wik, 2003, 38
(10): 11-13]

Zhou NH, Wang BH, Chen M. Localization of paramyosin in the indirect flight muscle of Apis mellifera [J]. Acta Entomologica Sinica,
1992, 35 (1): 117-118, 131. [JA&ME, E5te, BRW]. VLR Q78 SOCR S8 CHIT e fn (1] BER%R, 1992, 35
(1): 117-118, 131]



