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MAREFHIT TR, KA X 3 FpAE B
B AR (94.83 £3.97) g.(167.24 + 5.58) g.
(426.83£16.72) gl =AW E R . % 81 75
LR B R ERAT 6 AR M E OB JE R A A4
R AT THE A0 T HamRE, A A AL
TWhHE AR ARNENEREERRAHRT =
FWLEE B R AT I M T B, B 7 S AD = A WL

5 H 88 :2007-03-13
REHWA : BRA HER M T 1E% W% B) (2002DEB10052)

NERARIRED A

A T 25 1, O AR R R 2R R A 4R A IR K
%0

1 MRS

1.1 A58 R B

BRI =0 WL A SR 4R T K R4 T
B, HLBABRA=ZAMNECGE DEXRREER
24h, FIRH LA BE A, RFSHS5HER
BA=ZANECR B ERRERFTRI3
dP ERBRK, o ARBRHAS R, BRAN
BHRMBALEFT MR MW # (Scenedesmus
quadricauda ) F1e 38 /NBR 32 ( Chlorella vulgaris) .

F1 RB=RAAEEWFERE
Tab.1 The biology characteristics of Hyriopsis cumingii

e "
e K 9 BE
A gy Gnd) Ty (cm) )

shell width wet weight

12.13£0.18 2.49+0.08 94.83x3.97
14.48x0.14 2.78+0.05 167.24+5.58
19.33£0.19 3.92+0.12 426.83x16.72
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B) (M TEOENE) AT (BT R R
WHE) JHAR(HLE ) B A& 6 AL,
RBRZRBHMGEHAR FH 4 CEHEET
KpENAEY, ARG HBRBRRR T K4S, K
A~TH=AWNHEEHR 1.5 g £H(BITFAH0.7
DRI MR, GRHIESANEE, MIBFTHE
B4 CRHEEZBETK, FHEKRO~4 T)TH
Z583-1 R Y 41 4 R 53 AL (10 000 r-min~') %]
¥ 2 min"™ | BEJE AR S 405 LB R BUR R TE
4 THKFAH,24 h IISE

BEAME  BOAMNESEX KL
R, BB, BB B S M N B T
HATE 30 °C,pH 7.0 I KT, 4540 Bl K 8 B
BEHFE 1 pe BEBRWBEE R 1 MBS L2
PL(U) . T BE R 2 R B - JE M L Bk
TANEWEREEERAEYA . EHEENE
EBXH BRHHHARNFE30 T,pH7.0 WERHT,
5IRYEM 1 min, K#% 1 mg FEM K AMS 2 11
FEE 1 BAL(U) . FAERBENES % CHR17]1
HERMIEBR., SEREEMEE XN BRi#
HAFE 30 T,pH 7.0 WEHT , Bk a4
FRMBER 1 mg HABENBEEN 1 MEHR
f2(U),

AR Fe REAE BT, H Bouin
K EE, e, 58 (BE 6~7 ym),
H.E 45, Olympus BH-2 1 3 4% W & 3F 41 M, B
BEARFTER ST ERI B T A B,

BRHEERLE BBTFREMMNELEAN
By, A pH 7.3,0.1 mol- L™ B ER 28 nh MK 15 ¥ 3

WA 4% R _BERTATEE , A240F5H
A1%BRREBTATEEE, 4 2 h, H0.1 mol-
LB BRE vPIRTE U, B6 B S B K, B R R R R
B BEESCO, AR TR, & WA w4, H L
S-3000NZI 14 i F BAK AR I A

EHRECHENE VM= AWNERF(40.5
mm®) KK 5% R EEE 2h (4 T ),0.2
mol- L™ B BRZE vh ¥ W (pH 7.4) ¥ ¥k 3 K, 1% &
BMEZ 2h (4 T),0.2 mol- L B MR E b VAR 15
¥ 2 Yk, MR B 7K , Epon812 3 & 4% B B % U B ,
R EE G EBEY N RN ES Y6 30
min , F7BE BB 45 44 €8, 20 min, 7E B 37 H-7650 £ % ¥
AT MEIFHE,
1.3 BESWREBRLE

BT BUdE ¥ A SPSS11.5 G #T4 4047,
Z B P) Mean = S.E. %7~ ; B i A Photoshop 7.0
BT,

2 GRS

2.1 HUBEHSHRIYE

ZRERN(ER2) SH=ZMNHESHABEE
HEEEYUATRES EEBTHMSHAR,
HBERZ, . B B BN, BER
AEE(P>0.05),

M BURT BN EOBEEEEERER
B BT, W AL BR A B B R B B VS ) R
ERERE TR, BPIEE FRSK B
B 4 LS TH AL BE T3S 58

xR CANEREAREESEER

Tab.2 Activities of protease in different digestive organs of Hyriopsis cumingii U-g?!
H3 El 1 kil LI = Mt
group straight intestine middle intestine inner intestine digestive gland stomach crystalline style
I 1.93+0.12° 1.94+0.10° 3.86x0.15° 5.16+0.11° 2.69+0.04% 6.81+0.16"
I 1.87 £0.06% 2.25+0.13¢ 3.57x0.13° 4.80%0.05" 3.28+0.15° 8.03 = 0.42°
I 1.97+0.22° 2.39x0.08° 2.36x0.32° 4.45+0.17° 3.64+0.10° 10.51 +0.56°

E:RA—THARARTFERAZRBE(P<0.05), TH

Notes: The same row data with different letters are significantly different( P < 0.05), the same as follows

MBS, ZANESHARERBETE N BENR, GTFRNERBIEEEERERN
VR HEMUR MR BEERXNMMRIKY  EMBEEREM(P <0.05) , X UEH = A W X &

miF > A > B > MR v . Eh. SEEW

THALF R BE ) B R o
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£33 ZHANESHAREREDEEN
Tab.3 Activities of amylase in different digestive organs of Hyriopsis cumingii U-g?!

H3 El 1 kil LI Mt
group straight intestine middle intestine inner intestine digestive gland stomach crystalline style

I 9.62+1.03% 10.81+2.17¢ 34.83 + 0.82° 13.43+2.75%  17.71x1.31° 57.39+ 2.48°

I 11.79 +2.00% 8.89+0.73¢ 29.51 + 0.41° 14.85+ 0.88° 16.29 +1.76° 44.79+1.58°

I 9.59+0.79° 10.37 +0.47° 29.17+1.78" 13.56 + 2.14° 14.11 +2.48° 40.33+1.08*

MEATH,ZANHEEHALSENTLER
BEMYAE , MUEBME FREEENRE,
A (6.81 £0.13) U-g 1. (6.76 £0.20) U-
g7 LR WEAYT, =MW 6 AP E R
EHRNSBRGE >AFAEZHE>FEABNG

e, JEMBETE T R T HA A EEE . R
FET 4 22 W 35 4 BiE 3 I B A B 0O T IR, T AR
EEERENAE XM EAE—ERBE ERBRT
= SR LI X B A IR B IR R TR AL BE D B e
2o

x4 “ANEEEASEAEERER

Tab.4 Activities of cellulase in different digestive organs of Hyriopsis cumingii

Ueg!

H3 El 1 kil LI = Mt
group straight intestine middle intestine inner intestine digestive gland stomach crystalline style
I 5.39+0.28" 3.67+0.32° 3.63+0.18° 3.99 +0.45° 6.76+ 0.20° 3.36+0.10°
I 5.58x0.14° 3.02x0.01° 3.05x0.07° 3.810.45" 5.84+0.34° 3.65+0.22%
I 6.81x0.13° 3.45+0.34% 3.00+0.03% 3.96+0.14° 5.13+0.06" 3.59+0.09°
2.2 BRSNS -18),
H vy =] — —
mATEEA Y AR AL R G FF B ST P A R R, R BRB A = A

H—XHEKWILTRYERY, 2EXKEEHER
& (ER-1~3), 2K 5~15cm, B EAEHZ 1.5~
3mm, N TRFEN(ER4),AFHEEE,5
BT Ry ESR, AR LEERIRE KR
Tk F 2R (BR-5) , 19 5 B & A48, B A FF
REEH, KERTFRERAEHE RS E (B R-6)
MERENAERNES, AT Y, 558
10 ~ 100 ¥ R % KA ARSI E . T 24 YL B[R]
KB 72 h D EE R EER

RATH R TR AFEH EHRHEBEET,
mAk RS EARHEANEY (BR-7,8) B
A fF R RE Y 2AMER, B —F B, 1 b
W RS R B I T AL B OB (B iR-9) . FESBEEE,
HLHMAENBRIE Y, EYHHE L, REE
KER-10) ;RN EYEENRYRSER I
Y, 2R B NS E (B R-11) ;8 EWet, i
2—FF (B R-12,13) 5 2 B e (K iR-14) , 78
REM SN2 (B IR-15), B 7] fE 2 45 X (B JR-
16) .

AP RERN RS (ER-17) B, Y&
EEFRWMBETRR,E 4~530, THREW, BXE
E& AR BT R, I & 57 kB Uk (B AR

HRaTFRNETFEEYRERR(ER-19), 80
HNARABRHFRE R FEEX (BR-20),E&
HPEEXARESHREH(EW/E) (ERR-
21), ECEERM BT F R LHE LA B
BERBmE(ER-22),

3 itig

3.1 HUABBSHEE

Fak R 2 R0 w0 2 0 1k 8 19 BF
FERA ARFEAHFEREE RS A, F8
REROCEA , FEOWEEURT P ES, HARK
KA BB P 257K 38 BE IS
YRR AR, B, B AR P B B W7
—ERER S A ERMEEUE RS P RIE
R THMEAR, LT HEN, RFHFTENEE
0 B AT R = A LSRR R A 2 5 5 Y 4B R AT
LB A B FE B R g AT 4 4R 4 M S H AL
) E AL

XA B ok B 2 ) 2 i T g 3
B TR RAKNRETHEIIERNY, EERE
RINE B R0 A LR B R At /) B i 3
¥, BeAh, Biesiot AN TE MBS 5 B GRS
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HE(A/P)RERS W RN — N EERIR: AP
R, 30 ¥ o 1 B SR A B AP (IR,
FVWARERRMA BT, 2LRERER, =
IR LB E RN R RS > AR >
BEHBEM G, B I8 B s 4T X F H i v fh i
Wi, FEEREREM, =ML A/P HZH %
K, EB RN ELRE R, XTESERNE
B E SR K, HEE 5 3 0 , 88 22 5] FR A AR
KHERAENRBRESHER, SAkERE
MR =M RR R RESHHRERM
W& o
32 BAREHRINEE

—HUR, NMEHARENTRTRNIEER
F—o REED Y AR IBIYN RITFEEBE
BYRThEE, XY N B AT ERTEE
R MSME e, BH RS B sr R
FETL AR DU G AF 2 52 0 B, 7 55 95 45 260 2 o S s
FFRF 5T o 4 I & F PO 3 B A0 4 B N TH AL R, S
HILEBEYRNABEREY ., MAPRN=
FMEEORE ERBNAERBONE, BB
MR RS REH, Y=ANE4 TR, B
HRAZLERYARNEGT, WERATYWE
B IHEBI A ERES), F— & 19 e DK
H oRMEEEY . BUNREYBREARELE
AT M P T AL R W, R G SBURL U 7E B W B
BEATTH AL IR W, oK TH 4L 58 19 B 9 S0RL I 6 A i Jik
H AT B IR IH AL R o

BFEL SRS ML Bk BE 5T & B R AT
FEBE 4> WS 14 AL BE; T Henry % A 24 Pecten
maximus WEHFF AR KR BERBEH BAHRXK
TEMEE WA A, REEE SR RTT R,
EERUSEG G TEE, AR BITIHLE
RIS, Wi B8R 4 IR 7E 4 W WA R
Wy R R BN 43 A TE AL B, AT 2 BN R AP AR A 22
ROFNGEH ., XARTH—-BRARERIE,

SRR R R/NS R T, K
BEREE MR R , 58 aWAERN, JUR
L+ AR ERFHEE, XS5F AMES F 2
gl maxpxl R EEHU. @
Langton[zg]ﬁﬂjﬂﬁ‘ n( Mytlius edulis) RN
NiERBAEKINERE T K H R, T 5%K pH
R R B A BRI,
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Distribution properties of digestive enzyme of Hyriopsis cumingii

and morphological configuration of crystalline style

XU Gang-chun'*

HUA Dan'”?,

GU Ruo-bo!,

WEN Hai-bo',

SHAO Xian-ping®, KONG Ling-long®
(1. Key Open Laboratory for Genetic Breeding of Aquatic Animals and Aquaculture Biology , Ministry of Agriculture ,

Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi
2. College of Fisheries, Nanjing Agriculture University , Wuxi
3. Virginia Polytechnic Institute and State University , Virginia

214081, China;
214081, China;
24061, USA)

Abstract: Enzyme analytical method was used to investigate the activities and distributions of protease, amylase,

cellulase in straight intestine, middle intestine, inner intestine, digestive gland, stomach and crystalline from

three different styles of Hyriopsis cumingii . The morphology and structure of crystalline style were also examined

by paraffin section, light microscopy, scanning and transmission electron microscopy. The results showed that the

relationship among digestive enzymes activities in all the six kinds of digestive organs was amylase > cellulase >

protease, and amylase activity was significantly higher than cellulase and protease. Both protease and amylase

activities were significantly higher in crystalline style, while cellulase activities were higher in stomach and

orstraight. In contrast to a marked rise in protease activity, the amylase and cellulase demonstrated pronounced

decreasing trend accompanied by the increasing wet weight of Hyriopsis cumingii . Compared to the solid line of

crystalline style under starvation, a food channel was formed when Hyriopsis cumingii was full, which

circumgyrated in one direction to mill, separate, enwrap food and digested them finally.

Key words: Hyriopsis cumingii; protease; amylase; cellulase; crystalline style
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ElfRi%HA Explanation of Plates
L BFEER, BR 1 mm;2. RREEEF,BWR 1 mm;3. 3 AESF, RR 1 mm;4 8 FFESH H.E MR L mm; 5.8 S LR, RR
1 mm;6. 75 ETEIELE H.E, 48R 0.1 mm; 7.7 &P L FRH E B, SEM, AR R 50 pm; 8. R FR K BFRL, SEM, 472 R 10 ym;9. 758
AT REES , SEM,FER 5 pm; 10 R E S LN SAFLEER 10 pm; 1l REEYHEYEE, R 1 mm;12. R“—"FHEYEHE,
PR 1 mm; 13. 38 ERTEYHEE, R 1 mm
1. Holistic observe of crystalline style, scale bar: 1 cm; 2. Showing hoar crystalline style, scale bar: 1 mm; 3. Showing fleshcolor crystalline style, scale

bar: 1 mm; 4. Showing configuration of crystalline style bursa, H.E, scale bar: 1 mm; 5. Showing head crystalline style, scale bar: 1 mm; 6.
Showing Cilia of crystalline style bursa ektexine, H.E, scale bar: 0.1 mm; 7. Showing algae of head crystalline style, SEM, scale bar: 50 pm;8.
Showing algae and Enzyme granule , SEM, scale bar: 10 um; 9. Showing surface configuration of crystalline style, SEM, scale bar: 5 pm; 10. Showing
head crystalline style full with algae, scale bar: 1 mm; 11. Showing food channels without food, scale bar: 1 mm; 12. Showing“—" shape food
channels, scale bar: 1 mm; 13.Showing food channels with light feeding, scale bar: 1 mm
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ElfRi%HA Explanation of Plates
M. RBREEEYEE, AR 1 mm;15. 8 BFAREY, AR L mm; 16, RERXNSF, R 1 mm; 17 RS FBRREEH B8, SEM, 7R
500 pm;18. 78 AT EE P ELEEE,SEM, FRR 20 pm; 19 R BREFHEEYH, TEM, 7R 1.0 pm; 20 FHREHE FHE X, TEM, iR
5.0 pm;21. R EH /D, TEM, R R 500 om;22. R BT HE TRYIEESD WEXRIE, TEM, /AR 2.0 pm
CS: @#F; F: BY; CSB: BHFHE; C: 4%; FG: BYHR; FA: BYH; EG: BIR; FC: BYEE; TV: B/l
14. Showing spiralfood channels, scale bar: 1 mm; 15. Showing outer food of crystalline style, scale bar: 1 mm; 16.Showing kinked crystalline style,

scale bar: 1 mm; 17.Showing scanning electron microscope of crystalline style on the across section, SEM, scale bar: 500 um; 18. Showing algae
morphology in food channels, SEM, scale bar; 20 um; 19. Showing flocculent electron density material, TEM, scale bar: 1.0 pym; 20. Showing
banded high electron density area, TEM, scale bar: 5.0 um; 21.Showing translucent vesicle, TEM, scale bar: 500 nm; 22. Showing algae sectionin
food channels under transmission electron microscope, TEM, scale bar: 2.0 um

CS: crystalline style; F: food; CSB: crystalline style bursa; C: cilia; FG: food granule; FA: food agglomerate; EG: enzyme granule; FC: food
channels; TV: translucent vesicle
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