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Fig.1 Morphology structure of smooth and striated

muscle from C. gigas adductor

A: smooth muscle, B: striated muscle
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1. transverse sections of striated muscle; 2. longitudinal sections of striated muscle; 3. longitudinal sections of smooth muscle; 4. transverse sections of

Histological sections of smooth and striated muscles in C. gigas adductor

smooth muscle; black arrows represent the striated structure, blue arrow represents the nucleus
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Plate I NADH-TR histochemical staining of muscle fibers in C. gigas adductor

1. transection of adjacent smooth and striated muscle, A indicate smooth muscle, B indicate striated muscle; 2. negative control, A indicate smooth

muscle, B indicate striated muscle; 3. transection of smooth muscle; 4. transection of striated muscle
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Plate  ATPase histochemical staining of muscle fibers in C. gigas adductor

1. transection of adjacent smooth and striated muscle, A indicate striated muscle, B indicate smooth muscle; 2. negative control, A indicate striated

muscle, B indicate smooth muscle; 3. transection of smooth muscle; 4. transection of striated muscle

PINLEF 4, H ATPases (A 7%; ATPaselt (A%
RIWLEF 4k, HNADHY: (A 25 R4k .

A S5 v A )5 P 7 JIUN ADH-TR S (2, 45
BRI AT, X5 PRI EZERTTN
FER BT PR RESC AR BT A SR
NADH & & F & WA EAE — 3, R iih £
PORDMNLLR 4t BEoL g ik, SRS
AR TE DL Fe PR I P 32 BT TC SR I A AR
W R AR G 0, Ul BT AR SO 32 2R TR ALET
4k, FHHESH Y B B AR B8 S 4 3R W), AT
a3 R R LR 02 L Ah 2 78, HE e bR L o 4 e
P, Ed R AR e, SRS 18

JUL WA 4 o R 1%, A AR IR AR R AT A R,
Aoy 57, denrh, BESUVLR 1 BAE DI R Y
g4k, TR S LA WA R e AR S R A
SRR LA, - LA i 4 R M S AR a2
U555 HE B P 08 LS AR

ATPasels (0 25 5 fe e 1 1 W5 P 76 LY 3
WL A S L A Wi 46 33 B L) )2 ATPaseddi 1 19 2% 5%,
BSO8R, P L ek, 1 I A 8
Wirp FEOE IR ALER4E, - UL 2R TR LET
At , X 50 S WL A R B R T T UL A R
PR — 2, TR A 3 B A i A e LR S L b
WLEREE (% 12 M ATPaseddi Ik 55 T F# L. Nishita

http://www.scxuebao.cn



1398 KorE ¥R

4%

SN WR 58 B3 D1 (Chlamys nipponensis akazara)
-1 WUAT RS S L b BILER 2R 1 i e i A
FIRMILE . BeAh, ATPaselt a4 2 pHiE i
AR, Guth%ECPHEH T ATPasefR i & %, 4%
FEpHA 10,414,409 70 H I 8L, B IRk
T (1 TRY JULEF 24 038 2 % 1% TURY JL2F 4 e EAH I
MBI, DT B 43 FE% . {HJohnston%5 P& B
TEMRPEALFT , P2 ML RE, IS E 6
SR, T EL R (pH O Hh ) RE S X3 Y B 1D
(Danio rerio) /)RS WL . 78 5256 76 X 4 055 1 5%
WLy ATPase s (ot # b, SR EEME 17
B, RERE LT XA TP LR SO .

Sk

(1] WK, By, 6 I, 4. B ZeRL i A 201
AR ) E 2L R R [T]. BB 3R 54k, 2011, 23(1): 15-19.
Deng S M, Liao F C, Jiang G M, et al. The major factors
influencing meat quality of aquatic animals during
cultivation[J]. Chinese Journal of Animal Nutrition,
2011, 23(1): 15-19(in Chinese).

[2] Pette D, Staron R S. Transitions of muscle fiber
phenotypic profiles[J]. Histochemistry and Cell Biology,
2001, 115(5): 359-372.

[3] Schiaffino S, Reggiani C. Molecular diversity of
myofibrillar proteins: Gene regulation and functional
significance[J]. Physiological Reviews, 1996, 76(2):
371-423.

[4] ERRE, 2B, XYL, &5 AAEN5 B AR A K MR 8
EZHUGTHI]. R EKFERFE, 2012, 19(4): 700-706.
Wang Q Z, Li Q, Liu S K, et al. Estimates of genetic
parameters for growth-related traits in adult Crassostrea
gigas[J]. Journal of Fishery Sciences of China, 2012,
19(4): 700-706(in Chinese).

[51 EwnA, T, k. K KRB EM]. F 5
T SR B ARAE, 1993: 186.

Wang R C, Wang Z P, Zhang J Z, Seafish shellfish
farming[M].Qingdao: Qingdao Ocean University Press,
1993: 186 (in Chinese).

[6] Poulet S A, Lennon J F, Plouvenez F, et al. A
nondestructive tool for the measurement of muscle
strength in juvenile oysters Crassostrea gigas[J].
Aquaculture, 2003, 217(1-4): 49-60.

[7] Fujiwara T, Aoki H, Ishikawa T, ef al. Simple selection
of pearl oysters Pinctada fucata martensii with strong

shell-closing strength using near-infrared spectroscopy[J].

http://www.scxuebao.cn

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Aquaculture Science, 2010, 58(2): 253-259.

Li Q, Liu W G, Shirasu K, et al. Reproductive cycle and
biochemical composition of the Zhe oyster Crassostrea
plicatula Gmelin in an eastern coastal bay of China[J].
Aquaculture, 2006, 261(2): 752-759.

Millman B M. Contraction in the opaque part of the
adductor muscle of the oyster (Crassostrea angulata)[J].
The Journal of Physiology, 1964, 173(2): 238-262.
Millman B M. Mechanisms of contraction in molluscan
muscle[J]. American Zoologist, 1967, 7(3): 583-591.
Hanson J, Lowy J. The structure of the muscle fibres in
the translucent part of the adductor of the oyster
Crassostrea angulata[J]. Proceedings of the Royal
Society B: Biological Sciences, 1961, 154(955): 173-
196.

O, s& &/, XA, & BN ALR Y RES N
FIR AW T[], H B ), 2012, 28(35): 51-54.
Yin Y J, Nie C Y, Liu W S, et al. The study on
relationship of muscle histological characteristics to
meat quality of red deer[J]. Chinese Agricultural Science
Bulletin, 2012, 28(35): 51-54(in Chinese).

Audino J A, Marian J E A R, Kristof A, et al. Inferring
muscular ground patterns in bivalvia: Myogenesis in the
scallop Nodipecten nodosus[J]. Frontiers in Zoology,
2015, 12(1): 34.

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

Choi Y M, Kim B C. Muscle fiber characteristics,
myofibrillar protein isoforms, and meat quality[J].
Livestock Science, 2009, 122(2-3): 105-118.

Ayala M D, Albors O L, Blanco A, et al. Structural and
ultrastructural changes on muscle tissue of sea bass,
Dicentrarchus labrax L., after cooking and freezing[J].
Aquaculture, 2005, 250(1-2): 215-231.

MBIFE, B GEIR, 2R AT, 55, Ma A it Bt 5 B PR
FIAR PRI L[], AR A B, 2013, 29(1): 1-7, 72.
Lin WL, Yang X Q, Li L H, ef al. Research of
relationship between texture and sensory evaluation of
crisp grass carp[J]. Modern Food Science & Technology,
2013, 29(1): 1-7, 72(in Chinese).

Chantler P D. Scallop adductor muscles: Structure and
function[J]. Developments in Aquaculture and Fisheries
Science, 2006, 35: 229-316.

Ashmore C R, Doerr L. Comparative aspects of muscle



9 1] BE, A KRGS NUNLET 4k 04 21 2 2 e i 1399

fiber types in different species[J]. Experimental cultured Pacific bluefin tuna Thunnus orientalis[J].
Neurology, 1971, 31(3): 408-418. Fisheries Science, 2012, 78(2): 471-483.

[20]  Peter J B, Barnard R J, Edgerton V R, ef al. Metabolic [24]  Akolkar D B, Kinoshita S, Yasmin L, et al. Fibre type-
profiles of three fiber types of skeletal muscle in guinea specific expression patterns of myosin heavy chain genes
pigs and rabbits[J]. Biochemistry, 1972, 11(14): 2627- in adult torafugu Takifugu rubripes muscles[J]. Journal
2633. of Experimental Biology, 2010, 213(1): 137-145.

[21] Brooke M H, Kaiser K K. Three “myosin adenosine [25]  Nishita K, Ojima T, Watanabe S. Myosin from striated

triphosphatase” systems: The nature of their pH lability adductor muscle of Chlamys nipponensis akazara[J].

and sulfhydryl dependence[J]. Journal of Histochemistry Journal of Biochemistry, 1979, 86(3): 663-673.

& Cytochemistry, 1970, 18(9): 670-672. [26]  Guth L, Samaha F J. Procedure for the histochemical
[22]  Aguiar D H, Barros M M, Padovani C R, ef al. Growth demonstration of actomyosin ATPase[J]. Experimental

characteristics of skeletal muscle tissue in Oreochromis Neurology, 1970, 28(2): 365-367.

niloticus larvae fed on a lysine supplemented diet[J]. [271 Johnston I A, Patterson S, Ward P, et al. The

Journal of Fish Biology, 2005, 67(5): 1287-1298. histochemical demonstration of myofibrillar adenosine
[23] Roy B C, Ando M, Nakatani M, et al. Muscle fiber triphosphatase activity in fish muscle[J]. Canadian

types, growth and development in the whole myotome of Journal of Zoology, 1974, 52(7): 871-877.

Histological studies on the muscle fibers of Crassostrea gigas adductor

LI Huijuan, YUHong , LIQi
(Key Laboratory of Mariculture of Ocean University of China, Ministry of Education, Qingdao 266003, China)

Abstract: Paraffin embedded tissue section and hematoxylin-eosin staining were used to investigate the
morphological characteristics of smooth and striated adductor muscles in Crassostrea gigas. Muscle fibers were
stained histochemically for NADH-diaphorase and adenosine triphosphatase activity (ATPase) to identify fiber
types in smooth and striated muscles. The morphological characteristics of myofibers within smooth and striated
muscles were compared by quantifying muscle diameter and cross-sectional area. Muscle fiber diameter in smooth
muscle (5.97 um) was significantly smaller than that in striated muscle (7.41 pm) (P<0.05). Muscle fiber density of
smooth muscle (25 485.65£3917.807 n/mm’) was significantly higher than that in striated muscle (16
908.25+3917.807 n/mm’). The cross-sectional area of myofibers in striated muscle (40.45 um®) was significantly
greater than that in smooth muscle (26.25 um®, P<0.05). The result of NADH-TR histochemistry showed that the
myofibers in smooth muscle were slow oxidative fibers (type I), as indicated by positive blue reat unstained by
NADH-TR. ATPase histochemistry revealed that fibers in striated muscle were intensively stained and the fibers
was type II with a high ATPase activity. The fibers in smooth muscle were lightly stained or unstained, suggesting
the fibers were type I. The results of ATPase/NADH-TR staining were consistent. In this study, we firstly
illustrated the morphological characteristics of myofibers in smooth and striated adductor muscles of C. gigas, and
compared the differences in contraction and metabolic profiles between smooth and striated muscles. This research
not only provides important information for in-depth studies on biological characteristics of muscle fibers in C.
gigas, but also provides theoretical basis for improving the meat quality of molluscs.
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