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HINES 5% 235 A6 33F 47 7 5 b R 43 4 AF b B2 ( Outer
mantle epithelium, OME ) 14 I J ( Inner mantle
epithelium, IME) , i X - H AP B i) 25 4 L B K
MBI RE XA B, J35b, KT ANERA
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B ) UL A0 M R T (IR ) A 40 A (TR T -
3.4),
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RN SR (IR ) , 25 2R 2o, K AL 5 4
BN R AT R B g 3 s AR B 20 i
( Columnar epithelia, CE ) | B T 74 % i 40 Iy
(Electron-dense granules cell ,DGC) F1H, 375 B ff
2l it! ( Electron-transparent granules cell, TGC) , 3
IR R K A A4S A B LC 3 FpEAL, TESME
313 25 XIS A 12 g 29 mT DA AR 2 e 440 i (14
R IL-1) , —f Ay B 2 A bR A i, 2% 18 7 55 4 ok
E (Microvilli,Mv) , %445 £F & ( Cilia, Ci) , WL,
KRR 19, L) 3L JE IR ( Basement membrane , BM ) i
FRAAYW R, LA R b B 2 T4 45 2H 21
JZ 3 53— 2 AR 52 )2 B0 2 AR R 3R B A ML, 9 e 2%
Yo B3 T Al AR 25 48 1 PR O SR & (Striated
border,SB) , LAKEJICIR A IIG 1 22 AR 4 e 200 i
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A %I ( Columnar epithelia typeA , CE-A) , 2 & DA
A g A AR R B2 4l it B %Y ( Columnar epithelia
typeB,CE-B) | F, 7~ 17 WL 40 g DL K 45 45 2H 4 4
fitl ( Connective tissue cell)

TEANE IR 25 DI A SRR B b, LB 31 11
KRR LA A B (B 1-2,3) F2AFAE
T R E R HAR B MR EE 2 T ~
15 pum , A FRUGHMIAZ A 20 B b 3, S g o s
WHOT Y, 2R A BRI, AR
BIZR IS , 43 Wb FHT ( Secretory granules, SG) [t Hi,
TR EERAR R T BE IG5 45 4 dH 2 %,
MELRIMAR R L M B AU (IR T-2) 010

112 5854 4R Z [ i DX, TR )2
- bR AHAR A AR R, M BEZY O 8 ~ 12

m, AL T4l b B, R AW
B BA S5 R S e 05, A 82 #E I
AR L TP, A e b o AEARER B 4 i
C %I ( Columnar epithelia typeC , CE-C) 7EA[F] [X 15
DA oA BECRAR D (R T4, e AT 40 i %
I A AR IS PP S T A AN ) R T R A D
# MUZ/IMA (Lamellar bodies , LB ) Fl#% £ 1 28 F
KB -5) , TTHAL Z R a5 . [FE, & 3
TR ZHIR b B 40 1) A /b i v 1325 BB 4
Ml CERRIL-10)

L RHIFIMEBGAZ XIH(20 x ) 5 2. RAFHMEBEH JL XK (20 x ) 5 3. MR FAMEBA L XIR (100 x ) 5 4. G 2FHME B e X

(100 x ) 5 HELARITAb 37 5 vt G HURE 0

1. The marginal region of mantle of C. gigas (20 x ) ; 2. The central region of the mantle of C. gigas (20 x ) ; 3. The marginal region of

mantle of L. anatina (100 x ) ; 4. Central region of mantle of L. anatina (100 x ) ; The dotted lines mark the sampling locations of TEM.

EhR 1
Plate 1

KegFiEE s SNEER H.E 36

H. E staining of the mantles of C. gigas and L. anatina

http://www. shhydxxb.com



556 S TV = S N S SR 325

B Ot =2 Ab, 76 4 NG AR o s BRI A B BERALE, OF BAE G T LSS B b K An )
(Basal membrane invagination ) 4544 (R M-6) , T B EER 2548 - B9 1% 422 ( Tight junction, TJ) FlZY
RIS AT IR R B AN A F1 B BURIR IR 5/IVil (Zonula adherens, ZA ), WA IT-7,8
BT B T E B 7 U 125 10 200 39 T 2 o 5 R

LR S IR0 5 DX I WL P R ARiT N b o ORI BRI 5 2. AR BC AN A B0 B Y5 3. AR SAME A 1Y 5 4. B4R
FILAM C B 5. BUZ/MA; 6. JRIEBREH (RAARIC) 5 7. LR ANMIMITATOL 5 8. b B2 290 M0 A0 T 9 Bk 45 4 8 5 e B R /Nty (O
Zebric) 5 9. L BHOKIE; 10. BT BWPRIAIMIACRIE s Ci. 2765 SB. ZUIR%: s BM. SRR TG. 1 T-iBWIkL; Mv. 4B N A%
LB.ARJZ/MA; ZA. Fifi /N 5 T1. S8 CE-A. AR LA A #Y; CE-B. HORER R ANAE B &5 CE-C. HORE R AN C &L,

1. The view of the marginal region of the mantle of C. gigas (the dotted line marks the source of the partially enlarged image) ; 2. Columnar
epidermal cells type A and B; 3. Columnar epidermal cells type A; 4. Columnar epidermal cells type C; 5. Lamellar bodies; 6. Membrane
labyrinth structure ( marked dotted line) ; 7. Lateral view of epithelial cells; 8. Special structures on the lateral surface of epithelial cells
tight junctions and zonula adhesion ( marked by dotted line) ; 9. Enlarged image of cilia; 10. Enlarged image of electron-transparent granules
cell; Ci. Cilia; SB. Striated border; BM. Basement membrane; TG. Electron-transparent granules; Mv. Microvilli; N. Nucleolus; LB.
Lamellar bodies; ZA. Zonula adheren; TJ. Tight junction; CE-A. Columnar epithelia typeA; CE-B. Columnar epithelia type B; CE-C.
Columnar epithelia type C.

BT KHFIEFEIGRIBHEFRIESER

Plate I Transmission electron microscopy results of the marginal region of the mantle of C. gigas

2.3 BEFNERBEXIBREAMEDR FEL A R 2 T L 3 R AR, R A AR SR
RGBSR GEE, W B2 ANERIN G X AEaEE A B C7 43 Fhki,
TEAEIE ARG AL BA Z2 JZ AR IR AR B 4, 435 9 40 TEANE i 2 X 3, ol T2 R D), ol LIS

MR TURE Sy Ay 4 B HEAARR AN 0. BB A9 23 2 WG (Seta, Sa) | LA £F 4 )=
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(Muscle fiber layer, MFL) . JL'T it /2 ( Chitin layer,
CL) #0147 2 20 i )2 ( Secretory cell layer, SCL) , i,
B -1 FENLREF4EZRULT a2 Z A AE Y
AR AN AT B AT AR B A (B R I-1,2) , 9
SRR AL K E AR S ~T wm, T R
AN A BE 20 10 ~ 15 pum , & SO HERRER
BN A RY . FER TG B i W5 B — R AR AR 2R
B A (EIRRIL-3 ) , 20 B N HAA 7 3% B3
(0 e g 5T, A W B A% RN S

JRLST A B3 5 o A% | DA J5iE 0 R0 8 % R AR 45 2 i
B BA BRI EWIM, 2R /N2Y o 10 ~ 12 pm,
TESCNFEIRF B A M B” B, BRILZ A1, it A —
FHRE R A (B RRIT4,5,6) , 2 )2 40 i % %
HES, A0 g o A B AR, R/NE O 10 ~ 15
pm , JLF- o5 A 20 (EU 2 P9 A 5 AR
PR J5 4 g 7% S A 45 200 2 5 18 2 T AR B 47 2
ARY I, HE W O R 2 0 I, € SO IR R
A ¢ A,

1. g S2EAME R 2 XI5 4 W B (R AR/ 2) 5 2. BUZHRRER B AR 185 3. WIB MR HCR R B AR |85 4. 22 F0R 3R
FEAL; 5. HCRER B A RBOR L5 6. AR 3 Bz AN 73 I Al ( R ERARTC 3 J2) 5 7. FRR I B2 SH AN 3 i A il ( e 2Rt ) 5 8. 20
AR 9. W HRE R A ; 10. HLF B PRI ; 11, A2 /M CRERARIC) 5 12. FEREHE AR (Hi Sk ARicht) 5 CE. Ffk
RN MFL. JLRZF4EZE s SCL. /MBAif)Z s CL. LT W2 Sa. WIFE; N =5 TG. HL 7B Wk, SG. 0Bk ; DG. i 7R %
hi; LB. HRJZ/IMA; BM. JLJRHE

1. The view of the marginal region of L. anatina (layers marked by dotted lines) ; 2. Enlarged iamge of simple columnar epidermal cells;

3. Enlarged image of columnar epidermal cells near seta; 4. Multiple columnar epidermal cells; 5. Enlarged image of columnar epidermal

cells; 6. Columnar epidermal cells and secretory cells (layers marked dotted line) ; 7. Columnar epidermal cells and secretory cells ( marked

by dotted line) ; 8. Enlarged image of secretory cells; 9. Electron-denser granules cell; 10. Electron-transparent granules cell; 11. Lamellar

bodies ( marked by dotted line) ; 12. Hemidesmosomes on basement membrane ( marked by arrows) ; CE. Columnar epithelia; MFL. Muscle

fiber layer; SCL. Secretory cell layer; CL. Chitin layer; Sa. Seta; N. Nucleolus; TG. Electron-transparent granules; SG. Secretory

granules; DG. Electron-dense granules; LB. Lamellar bodies; BM. Basement membrane.

] R 111

BEFMEEDZREHEHBRER

Plate Il Transmission electron microscopy results of the marginal region of the mantle of L. anatina

(EL AR R S AR 8 52 25 A I P L 1 R
UM (TR TIT-7,8) , 40 P & A H T
AR AULR 70 WA IR, 4 % 78 396 A 2 T i, ELR
KB S 20 A AN e, M RN AN R R

N 8 ~30 wm, FF7EH ] A IR A2 /M, %
G UAZI N o — ol R 1) S IS AN M SR B, T LA
HMERE R A F A R0 (TR RRI-9) |, 24 i
WA ES/NT 1 um By B F 5 %5 5k
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(Electron-dense granules, DG ) , X #§ 5 N 8% 14,
ML 3 ~ 5 um, PN B ORI KELTAT 1A S5 4
AR )2 /AR 45 JH Al 200 i 45 S B 3, 240 LR /N oy
10 ~12 wm, BRULZAM, 3 B APER PR & A
T MR 40 (PR TL-10 ), 40 i N 7835 1 pm
e A5 1Y HL 375 B 7@ ( Electron-transparent granules,
TG) ,AMIAZABE ]y 3 ~5 pum, HL T B, N8
LML HH T PN PRI AR 2 M TR TIT-11) 4
MII/INR 12 ~ 15 pm, FEEENRAR b, 38 W] AL
¢34 M BE OIS T KR BR A5 M, 2E W ORL
( Hemidesmosome , Hm) |, GLIE R M-12
2.4 KHEWFIMEREDRRIEREAMEER

TEA A W 1 £ B v e DX 3 2% B 1
AL 40 I, PR 75 R 200 i AR A R 2 B A4 i
(ERRIV-1,2,3,4) , Horp FEAR R B 40 i B 2 Js
% WO 2R 200 A P, 37 W ORE 20 MY AN A 43
MAENINER B JZ | 30 73 A TESE T 2 K 1) 45 45 2H 21
W CEIRIV-1) o H -8 2 b 20 i i (A B L R (&
WRIV-5,6) , 252 — MR 26 Je A MOAR R 1 ~ 3
5, R TR 200 i A% ) B A 0 200 L S5 A, 8 A 4 i
HEAEN 1 ~2 wm 15 H 850k (3 WAURL) T
FE , A A AR D B R R MR 1A, i
HF AL L R AEAAR R L R (T RRIV -7 ), KA —
HERER B AR AR 1 ~3 15, R T & A — 1
TR A AL S, ML B A i 5 1.5 ~
2.0 pm Y HL 537 W19 (53 WA 0RE ) BT S5 58, A —
SET] DLTE 37 W96 22 TR WL 3 5% A7 B AR, 32 W]
HWHSIFATE 2B, N A0 A Qe BRI 1
HEARY T TE I 2 00 40 2 T 55 0 % DX 3 ] A
B R MeE, I BAEMEE T i i 52 5|
- Bz 0 L TR T R R 2 AL R IR AR S
/it CERRIV-8) o
2.5 BEFMEEDPRXIEREAEER

T 12 A B v e DXl R O 58 B A AR 3R
2T 530 0T L T P, R 2 40 i, 3 O 5 ) o
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BN A A IR A — A DX ik
ST E JBORE ZH 2 r WL 3090t s R 1 I 400 i, DR/
N 12 ~ 18 wm  JEAL IR APRLANN , N & R EE
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AN R R T RN R 1 ~2 wm 1 H, 537 B
WEMV-6) , 52 A 058 42 2 59 J5 i ( Lipid
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droplets, LP) 2581 75 % 37 5 IS B 10 17 5, 18
TSR 5 i 2 X R RE B RR IR 25 A 2R R
Ab 8 &I T %5 %42 ( Adherence junction, AJ) Fll
4% B2 3% 22 (Gap junction, G ) W Ff 4 ik 45 44 ( /I RR
V-8),

3 itig

AR S I A 2R 0 0 S P B 1) O 1 ) 40
B3R s R 2 A 2 IX R e X
I 20 O 2R B 2 R0 B R Tl R i, R B A2
RETCIE 2 20 I 2 B 2 W A b 4 2 LA A W] 2
Ab | 386 2% S T RE SR B9 A S0 ) AN A4 Bl 4 D
FEITE LRI FL VR AR LA 2%

I HBOUEE 1 e P E i AN S B LA
2E5 o MERCT AL ¥ 28 1 03 J2 e RO W]
T, TEANE TR S X3, KL W5 2 B 2 HIR R B2
AN, 1 52t 22 SR AR AR B 40 L, T AE A IR
Hh e DI, P B BRR AR R K A, AT
FHAth B, B 4075 B D1 (Argopecten irradians) |
HIREREE DU = A WLIE ( Hyriopsis cumingii) &Y
¥ ( Crassostrea virginica ) 21718224 otk Je
B AR 22 R B Sy A, T LR A T ANE IR 2
DX IR A AR 3R B A0 L 2 22 2 4 A, 5 Z ALY
= JE b 2 sh W ny g L U ( Magellania
venosa) ' FEREIR e g 40 U2 R )5 T, 2 TR
TSR AN[R], P30 b S0 D AN [R) #8200 i 2 7
Foan, AL W AR AR A0 i A B A E 2 A (B LC
3K, R LEAKSH T ZHGE 5 Rk B
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PLE RS A 3 28 AL TR LR 4R FL T i
JRZIE ) A R R NI XA iy B B DL K&
A Z Z S AR K s €7 B

LU, A8 5 b 40 0 8 25 4 1) B 38T T,
AN A 0 5 vl 1 R 20 P AN - B R 4
JL, A B 5 3R W HL 1 0 DR AN — Ak o S PR
R B T B ORI AN, T
BEWINVRLAIML . H T HL 7 B /NVRL AR AR ERUN,
IEH BN R A Tl 3R B 4, 5 D58 T8 B
TC AR 375 PR A0 i X545 H 325 B Dk
MBS 2 B T R R A0 i R i B
LA, JCTE I R/ INIA 2 N2 ) A A 5 24 A8
AHTA], R A5 v 9 o 43 005 48 L ) R A0 17T
X, HAHTE R Rl S D IE A — KR
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TREQ ;WAL N, AT B I 200 A A L, 9
RARFALE WG I A FIRRZ/IME . KRB
AR/ IMA S BN Ay S A T2 RO A
JHE A 681 T2 20 9 06 A5 R D P A L 2%, B
JECAEAE A3 WA I RE , T RE e 26 40 i 45 A T

oK, ZHIETFARZ/MA IR IE 2K A W FL 3.
SR 5 A A= /A IR 0 iR RT E R B A 3 ) RE
M2, BLARAE KA T L B T AR /A
X —FEIRAE A, (ER AR KR BN i 2 R
FEZIMTFARRIR B A C R

LM AN ES R e ok DX WL (R AR T BRI, P B 2R AR T i T AR R4 ) 5 2. AR B AR B Y ( Bk b e HL 7 B9 2
Hif) 5 3. FEARK SN B BUHCR I CBZARIC AL 5 4. AEARR BN B BUBORIEL; S da BRI AR I 5 6. i1 7%
KA 7. 0 TIE VRN ; 8. bR AR ON MR ERES 4 SR BB &/l (BT S ARICAL ) 5 BM. ZEIEME; TG. L TEWIk; DG.
THERL; My, SRR s N AZ(T; ZA FiG /Il s T). Bk, CE-B. MR K40 B 1Y,

1. The view of the marginal region of C. gigas ( basement membrane marked by straight line, electron-dense granules cell marked by circle

lines) ; 2. Columnar epidermal cells type B (electron-dense granules cell marked dotted lines) ; 3. Enlarged image of columnar epidermal

cells type B (simple cell marked by dotted lines) ; 4. Enlarged image of columnar epidermal cells type B; 5. Enlarged image of electron-

dense granules cell; 6. Electron-dense granules cell; 7. Electron-transparent granules cell; 8. Special structures on the lateral surface of

epithelial cells tight junctions and zonula adhesion (marked by arrow) ; BM. Basement membrane; TG. Electron-transparent granules; DG.

Electron-dense granules; Mv. Microvilli; N. Nucleolus; ZA. Zonula adheren; TJ. Tight junction; CE-B. Columnar epithelia type B.

BRIV KEFPERPREIGHESBELER

Plate IV Transmission electron microscopy results of the central region of the mantle of C. gigas
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1. g S 2E ARG b e I 4 UL BT (R ERARIC 70 WA A ) 5 2. MR SR B Al 3. A3 Wb A MR R 18l 5 4. LA M5 5. Fl 8 280 240 i
6. S I AU KNG 5 7. S I 2 M S A2 /MAS s 8. R 1 MR RL (i Sk ARICAL ) , B HE HE A E B (R ARiL) 5 CE. HREE
B CLJLT )2 N TG. F Bk SG. ZrMh ik ; DG. s A% R ; LB A2 /MA; BM. JLIRHR; LP. g s AL 6y

s Gl BEBRERE

1. The view of the central region of the mantle of L. anatine ( dotted lines mark secretory cells) ; 2. Columnar epidermal cells; 3. Enlarged

image of secretory cells; 4. Blood cells; 5. Electron-dense granules cell; 6. Secretory cells and lipid droplets; 7. Secretory cells and

lamellar bodies; 8. Hemidesmosomes on the basement membrane ( marked by arrows), adherence junction and gap junction ( marked by

dashed lines) ; CE. Columnar epithelia; CL. Chitin layer; N. Nucleolus; TG. Electron-transparent granules; SG. Secretory granules; DG.

Electron-dense granules; LB. lamellar bodies; BM. Basement membrane; LP. Lipid droplets; AJ. Adherence junction; GJ. Gap junction.

EhR V

BEFMEETREEHNEHEREER

Plate V  Transmission electron microscopy results of the central region of the mantle of L. anatina

BRI A1, WA~ P Rl fe S A [a) o7 ' 1 L
A YIRRE SR R IR S AL o A, 2 R A0 )
T b R ) 25 A AN AR [R] , AR5 H B Rk
v AL NI RY I ORI E AN}
YR AR M 5 2E B P RLX
—RRIRES Y, I HAEEBPRLRT T i Sb T Bz 41 i
B WA R TR S 5 A 2 B 40 M P 0
K5 R B T S R R /N g 2
TEAEZEAGS Y, 5 i S e B ot e R 8 Ao 125
52 B2 AN R4 I 125 1, A5 i A A R
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Ultrastructural comparison of mantle cells between Crassostrea gigas and
Lingula anatina

MU Kang'***, CHEN Yaru"***, CHAN Jiulin'**, ZHANG Linlin'***

(1. Key Laboratory of Experimental Marine Biology, Institute of Oceanography, Chinese Academy of Sciences, Qingdao 266071,
Shandong , China; 2. Oceanographic Research Center, Chinese Academy of Sciences, Qingdao 266071, Shandong, China;
3. MarineBiology and Biotechnology Functional Laboratory, Qingdao National Laboratory for Marine Science and Technology
Qingdao 266071, Shandong, China; 4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The Pacific oyster Crassostrea gigas is a mollusc with calcium carbonate shell, while the brachiopod
Lingula anatina is with calcium phosphate biominerals. Here, we compared ultrastructure observations of the
marginal region and the central region of mantles between C. gigas and L. anatina using histology and
transmission electron microscopy (TEM) approaches. Our results found both species have similar cell types
including the columnar epidermis cell, electron-dense granules cell and electron-transparent granules cell.
However, the ultrastructure of the columnar epidermal subtype cells and the inclusion contents of secretory
cells in those two species were different. The columnar epidermal cells of C. gigas consists of subtype A that
mainly concentrated on the marginal region of mantle, subtype B mainly concentrated on the central region of
mantle and subtype C was not common. The sizes of those cells were 7 — 15 pwm. Meanwhile, columnar
epidermal cells of L. anatina consist of subtypes A’, B’ and C’. Their sizes are 10 — 15 pm. As for
secretory cells, both species had electron-dense granules cell and electron-transparent granules cell.
However, L. anatina also contained a special class of secretory cells containing lamellar bodies. Those results
can partially explain the difference of shell composition between brachiopods and mollusec, and provide
reference for the study of shell formation mechanism and mineralization of brachiopods and mollusc.

Key words; Crassostrea gigas; Lingula anatina; mantle; ultrastructure of cells; transmission electron

microscopy
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