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2 3 5 A ) U B A A R AR, A LA
G324 AT 58, BEE WOGE AR FZOE YLkt
1 A J, i X 20 AL AR AT DL T B R b A 00 4
DNA F & 2 LR 45 R A i e e 1 U0, 4y
BT 20 g 384 5 45 %% (proliferation index, Prl), ASHF5Y
PEHE 5 AN [RIEWS = MWL, KA R4 A 5E
PR IE B AR N TH BRI LE, D4 E
R

DU RN BRAT A2 D 2R A T 5 AU 5 e 4 Ak
M5 4 e AR TR B A B Ak =1, IR e i i
S BT S R S R B DR . X R
U s R B M SR /N E BN HE S
EREEHY) CaCO; T, CaCOs BT 3
e, WAHREAE R IR R, BRERE,
G I A A Ca®™ W AR AN [ Ik iy = A AL
TR B 1R RE ST, X = AL T e i b5
ARG, WA, BRRAN e e sy it
e, 32 2| Bk 2 I5F ¥ (carbonic anhydrase, CA), #%
4 W% B2 ¥ (alkaline Phosphatase, ALP)Z&4:## 1k
R PR VEH S

AR AR T, 8 5 AR Y
SAAMLEE, PRI [F] A Hh A5 B 24 i 3 5 R AR )
WAL R IEYE, B TEAR T R EE AN 25 I AN A 1 5E fig
P AT ARE TSR S W R N T Bk At
s, WA LE RS HE R AL =M
MR D2 R 20 Jf 15 TR R AR 4

1 MR57FE

1.1 SEIeHs

AL 32 D) T 9 T A R T SR M, R E
WK T RN — O ARBTERRE 0.5 # . 19 .
2 1% 394 4 I A WLEER IR TS SR AT N,
DL IRAEMETT 24 h AW, BRI — k&0t
AR ESRAK, B3 14d )5, T F—L%5%,
1.2 ELWHE
1.2.1 SMEERMAMRMIKE L AR = A
WSS 8 H, %5 20 mg/L 55 Z Wik
B 48 h 5, WP I REINEBHL, &
Sek 100x =PI (HFHER . #HER. HHEER
B BE I 1 A5, SRJE R 1xPBS Beiil 43 51 &

B 2% =P 10% =90 . 20% =i 186 BE 5 wh ik, 4>
B AN T 0o iy 1) A 2 B A 2 4 BB B 2% —
10%— 20% — 10% — 2% 3% & P45 5 min, ZJ5
B AMERRBTRE R | mm®, JNBEE I, SRIET 4
CrkF R AL, ZeabiEe)E A 200 HEH
F1 400 H 28 (0 240 it X i 2ok g 2 23 e, ofSc B 4 i
&, 1000 r/min Z5.0> 5 min, F Fi%, SIS0,
TRINE 10% 625 I3 19 58 42 15 7% 3L 1 41 i 1] Bk
R AT 5] 5 e R B SR L, %5 B Ry
10°~10%mL, TRk,

1.2.2 ZEREEARET B AL BR A AS R RS
SNEREANNE, 2 BUMAFE 70% B 1 mL, KFT
¥15), 4 °C dREE; EESRR4EH 1000 r/min
B0 5 min, 3 L3, 1 mL 1x PBS HEE401,
1000 t/min &.0> 5 min J5 5% L3, JI1 500 pL PI/RNase
Staining Buffer (BD, ¢E)Yek}l, H4H 4 M~EE,
RS g, REOEIEE 30 min; KA Accuri C6 PLUS
i = A (BD, 36 BN DOLE S, JFE
Novo express 7 Hr 8347805 73, Ao il 40 Al
Y, AT SR PrI=(S+Goy/M)(Gy/G1+S+Go/M).,
123 MR Ca¥ A BEMME B 1.2.1
TR AN R B i D B R A0 B, e 4 DA,
JMA 5 pumol/L Fluo-3/AM(Abcam, FL[), # 37 C
WM E 45 min, 2R)5, WEMBEBRH 1x
PBS-free Ca’" [m ¥k 3 )G HET 1xPBS-free
Ca’'h, R0 FITC 26 8 Gk &
K 488 nm) NG5S, UL 1x10° 4S4h
5 JE A Y 5 S B 1 ST A B I R {1

1.2.4 ALP 0 CAFEMME PONE LR SN
HA (AP A 4 RO)#EAT50 . ALP TR E
HRE I AL S O 9k . ALP 3% 1[4 FR A/
g(prot)]=(0OD wsz—OD =1)/(OD #—OD )< bR i
WP (0.1 mg/mL) + FEAEES, HP & R [g(prot)/mL]
CA TP 2 SR FH MK A 928 o3 iy —— XU Be Je 0 i
(LAY, i) R S e UL 2R 15 0 HT o
WZEFRAESL OD {H, 2 ilbrdEih 45 i nl)3 7 2,
Ja A A TR I AN I 40 CA AYIS PE(U/L) .
1.2.5 ALP K CAERERFRIEHH WL EAEEE
W SNE A S (R PR 45 4 ), $2 JRAR e g )
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()5 3E AT B RNA F2EURN S % 5%, Hid4iE NCBI £
Pt PR A EAR A T — AR EF1o(GW694601) 1
CA FEF(KX181539. )5 Wi it, ALP 51¥igit &
R4 AR A O AT 19 2z 3% A 0B P20 s o I o R 30
Jr ALP CDS XA5E., 51¥fFE WK 1. A
CFX96 Touch™ Real-Time PCR Detection Sys-
tem(Bio-Rad, 3¢ [# )R F Ws ik %k (UL EFla
KNS EPFDIITH R CA . ALP B 5E 5L .
RWAKRZRA 20 uL, 45 10 L B9 2xTB Green
Premix Ex Taq II (Tli RNaseH Plus). 1.0 uL cDNA |
RS I#4% 0.4 uL F1 8.2 pL ddH,O, S W %
Wik 95 °C TAEYE 305,95 C 10s, 60 °C 30 s,
40 AR TRHEIRZE 60 C REZN; 95 C %
65 C, %% 0.5 C (5 s)RE—WRTOEHEE
M4k, HRSERFN S5 RN SRR E) kT
100%, R*>0.99, 455 2744 vk vh4T Bdl 4o it
B
1.3 HESH

FT A E 5 25 R - S AR 1 3R (X £SE) /R,
ANTFIRE ST 22 5 0 B AL SPSS 19.0 Ry
one-way J5 253 H1(ANOVA), {#] Dunnett’s multiple
comparisons #1722 7 b FERT I, P<0.05 3R 2%
S . R sigmaplot 12.5 B TVE - 8T

x1 ATZANHEERRESTHSIYER

Tab.1 Primers information for gene expression
analysis of Hyriopsis cumingii

5|4 primer %1 (5'-3") sequence
EFla-F GGAACTTCCCAGGCAGACTGTGC
EFla-R TCAAAACGGGCCGCAGAGAAT
ALP-F CTACCTGCTGGGTCTGTTT
ALP-R TGCCTTTCGGGTCATTTCT
CA-F ATCTTGTCTGGCATTCCTTT
CA-R CTCTCCATCGTGTCCTTCGC

2 HRE5SH

2.1 AEEHHIMERMAE Prl

R 4l AS ) e % 4/ I 200 S 300 st A A, 3
HAN SRR R, SR 2 IR, 2 WA RE
2 i 34 5 4 B 2 T A I 1% (P<0.05), K
JELIBEE, SRJGJE 3 IR 4 i, H 3R A4 R 22
AR (P>0.05), 0.5 {1 Prl 5K (P<0.05). 2
HAFN 3 dE I S 3 AT A L A9 2 M e (P<0.05),
YO 1A 4 ek, FLXAS BRI S AT B
1125 F AN B3 (P>0.05), 0.5 #4EAY S W ik
(P<0.05); 1 #5701 2 #51 Go/M i b A5 i 25 5 F 3L
IS (P<0.05), HKE 0.5 1B F0 4 1Rk, 3 iRk
Gy/M i 5 He i AIK(P<0.05) .

R2 TR = AEINERMEMEE A RE S FIE R R 8

Tab. 2 Cell cycle phase distribution and proliferation indexes of mantle cells from Hyriopsis cumingii with different ages

n=4; x £SE
FE cell cyele i /a age of year
0.5 1 2 3 4
Go/G1/% 44.85+2.00° 36.24+1.80° 29.52+0.58¢ 38.36+0.50° 38.66+1.00°
S/% 37.59+1.10° 40+1.15° 49.33+1.00* 49.1+0.64° 41.17+0.58°
Go/M/% 17.57+0.90° 23.77+1.25° 21.16+1.53* 12.54+0.67¢ 20.17+1.52°
Prl 0.55+0.02¢ 0.64+0.02° 0.70+0.01° 0.61+0.01° 0.60+0.01°

T AT R AR A R 5 B 2 25 1 22 5 (P<0.05).

Note: Different superscript letters in the same line represent significant differences (P<0.05).

2.2 FEEHINEBRMAMA Ca’ RHAIRE

3 3k 3 K A A 0 AN ) e o A7 R A i
Ca™ DECHR T, Wl 57 i 4F BIR 10 155 25 LA 22 st 4
ML) 2 SR 1 S IS R . Al 1
Jr7R, 2 B B G I 2 R T A S (P<0.05),
HKJE 3 WA 4 Wik, H 3 WA 4 eSO 2
SR EE(P>0.05), R IR, 0.5 # A i

AL Ca 9o i i 3 M Fe/IN(P<0.05) . 4

JHL PR Wk B RN 5 B BRI L AT, 2 A

N R AT P 85 5 - TR R e s

2.3 AEEH =AU ALP 1 CA WERE N
ANEEERE = AL ALP 3 A 5 22 5

(P<0.05), HE 2a RINFHEE FR50 4 BR A3 5, H:

ALP )] B EIL A . 0.5 ISR
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ML ALP i J e (P<0.05), HoZ HABEER T
T2 50 L, 1 EES 2 8 . 3 IR AT I
BE 2T (P>0.05), 4 # G ) 55, H 41005 2
15 3 W IETE 122 5 AN B35 (P>0.05), 4 iR IAb
ERRAZUY) ALP 3 )1 B Z 0T 0.5 W F 1 i =
I (P<0.05),

200000

150000

100000

50000

SERHGIE
average fluorescence value

0 0510 20 30 40
#Fi#y/a age of years
Bl ORFEIEEES SRR Ca® 2R AR 1k
TR AR 35 1 25 57 (P<0.05).

Fig. 1 The fluorescence intensity in mantle cells of
Hyriopsis cumingii at different age of years
Different letters represent significant differences (P<0.05).
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160 a a n=4; x+SE
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ALP acti

ALPE J1/[4 R H A /g (prot)]
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30 c c C

g 1T
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B2 AR SN E I S b i AR
(a) VR 12 T 1 () 1 1 7224k
AR AR R B 2 M 25 5 (P<0.05).
Fig. 2 The activity of alkaline phosphatase (a) and
carbonic anhydrase (b) in mantle tissue of
Hyriopsis cumingii at different age of years
Different letters represent significant differences (£<0.05).

ALPJE 11/[4 R B4l /g(prot)]
ALP activity

AN TRV IR 1 = L SN E R 2 CA I i
Kl 2b fis, BfESERRE, H CA W R
RO T RNER . 1 RIS ERA
2L CA BTG ) 2 & T HAB LR (P<0.05), 2 #
BESNEEZH LY CA TE I LR T 1 e, SRFEJE 0.5
.3 . 4 s, B CA WM ESFARE
(P>0.05).,
24 ALPF1CAEREENEBRALARRRIL

qRT-PCR 63 & B, ALP [ 7EAS R E45 By
BOME R rh ) FRIBACTAEAE 1 3 22 5(P<0.05),
WKl 3a i, REE SRR RIS, HALP B
KA I B TR R 3 ALP FEHTE 0.5 i3
i g 2 E THAAER(P<0.05), HIKJE 1 B EE,
RIS 2 I, Bt 3 IR 4 WAk, H 3 A 4
W E ALP BER IR K22 54 i35 (P>0.05)

50 —
n=4; x+SE

b
| c
d
| ’_T_‘ d
0
1.0 20 3.0 4.0

0.5

w B
(=] (=
e
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b n=4; xtSE

[=)]
[=4
S
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3 AS[R] e S R 2 4 e v ol i il [
(a) IR PR 5T it 5 A (b) ik P 1) R 5
AN AR B 22 57 (P<0.05).
Fig. 3 The expression of alkaline phosphatase gene
(a) and carbonic anhydrase gene (b) in mantle tissue from
Hyriopsis cumingii at different age of years
Different letters represent significant differences (£<0.05).

qRT-PCR #ailll K B, Bl F75H AT PR A3 g
CA PR IK KB IS & 5 BT s
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TR (K 3b), CA FEFTE 1 i kK
T HA R (P<0.05) H 25k 2§ H
i, 2 W0 CA BERTEAPE MR 2 i 3Kk KA
KT 1R, €4 BEDITE 0.5 1% .3 AN 4 B kAN
JIE 4] 2 e 3k K 25 AN I8 3 (P>0.05) HL2 i AIK
T 1A 2 11 (P<0.05)
3 iFig

7 R AN A SR K A R 8 7
SR A TR, e < 0 PR B e 7 b vy W Ao A
HAEr, o E R T B, X Bk
B THEENEOR, BleE kB AL ARE R 2 ¢
HE, B LR IR P 230 PRI I 6 2%
M RO Al R S E L R R 2 —
AN R4 1 1 AR A 52 i 22 2R %) 23065, R B2 3K o ) T
FAPL ABFFE B 25 R R 2 WAk P 5 40 i 184 7
T75 T R0 L PR A B R T A Y, R
VEHT 2 WA AR R e pA ] 7= A A B ERARCR . F
G285 S Ry A 7 S Bk P BT IS 4 e DA B AR v
B K B TR AL T AR 2E SR

Prl i1 S I Gy/M ISR gesE, RRAS 44T Hh
J AN A1 MR R B S RS Y, kTS A
Go/M W40 BB 22, Pl (B4R, DU) 40 i 5 7 ik
TR 2 AR I 2 WG Prl 3 T A
IS (P<0.05), N 2 #¥5F S A1 Go/M B i
Fo B 2 2 T A (P<0.05) . S AT
DNA & §il FiA L H A R, — B T 3455 RE
T2 R ) MBS AR B B R, G A A0 L A S T
M A A A 22 5 24001, A MBS FE 4R 2L Prl =
(S+Go/M/(Go/G1+S+Go/M), i FH i 2 40 A%, 43
Ve A RIS, A A B T A (S+GyM) . B
UL RWIAAESE, IR I 0 /)N 12 5 240 it 54
W IR, A" FEREE T 2 R RIS I f /N
R, TIRESE N T W FRA A, (HR 25 G A
FELEIR, BB 2 WUV L i R R A G B

Ca” M N ER R U AL 10 B RSy, 7 DL
I BIES B AN DL 5 A 3 o 3 o A1 2 B PN 36 7 AR
B Ay R BOR R, D12 Ca® Ml A
B3z | or W AU SR AR I R 27 B ML T A 1
BB N Ca’ S I R T A OB JE

ASCHR AP SE R RA B IR BEAE 1.25~3.0 mg/L
A B TAME AN P CaZ (I A7, A HT Ca®'
AU, FE ISR T Ca® FEANE BRI Vi 2
AR BR S S A A A N A K o AR 9% 7E ARAIE
TR IR BT — B A5 1F T BUB A [7] B 1 &1 22
AN Ca” IR E, 458 B8 478
SR AT B R(P<0.05), H 2 g ca®
ST CHR I e, WEn T 2 Wi ANE AN i
A% B T I e S, AR Ca® I AE MU
RIS 2R 0 1 3 A v LA B 3

ALP TERGME S5 A4 1T DAL LT B A A B R
BARE A OEBERR, FE RIS 5 LB R 2 A
RSP0 SRS S AR SC R B . K
RS WF 5T R W, ALP 5 D155 £ 55 1 45 00 WA
BT HAR R KR LT AN AN e 2
BRI PR, ZEAHIF IS fr ALP mRNA 75 A [f] 1
IR AP E R 2P A ik, H 0.5 R 1YY
ALP (5 PEFIGEE F 8 Y U = 7K F, X SR
BRAEOIPO g 01 B Rk 0 CYR AF g
B, DS B I A K T o 5 A0 1 3 o i T
AR KR, ZIRBETH, X5 ALP 1%
IRZE IR EEAR L, B #S (0.5~1 #%)8F ALP 3=
TR AT K AR, 2 B ALP F%
T AT Y RS BR T .

CA ZE—Fh& 5 Lr &R &m0
Miyashital® %} & FRERBE DL C4 5/ X 3EFT T
MR, RIZIENAESNERE . AL, I
EFN 72 I rp B3Rk, S SNV EREN LY B
Mo BEier P Is % H— 0 a-C4 2N
HeCA,, VR IKRGE R R IZ I EZAE = M
EEANES Y FR 5k, Hfh 4 2 SRk AR AR, HLAE
BERRIY i R v B T o X ST IESE T CA
S50 5E MR fbid . AWFFTss 5 FEE R
T CAXEFTE = fMNEESPE R h 335, Hib 1Al
2 HRUE) CA BEDH Y 2R 25 RS MR 22 B4 i A 7K
F, Ho2 BB c4 RIXBEST 3B, 4 1B
(P<0.05), B 5 ZE PRI ST % B, AF 4 2 5 iR X5
NARKMEERZR, 54784 KRR,
X5 CA MFIBEER B 81 1R C4 s Rk
FEAFRATNRMARK 2 WX m
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IRFEEH TR,

ALP Fl CA XY L CHEns, 7EA
] R B BE R AN E L 2 P 39 ik o TEARIR By
B Rk, MBEAE I A 3G BR8I35 M T B .
AR FEGERIR I, RIE B B DL 72 0 A4 R MU
P, SEIAR B EE ALP 1 CA T2 T4 5 11 5%
M AE R A A B RE o 2858 ALP FIl CA I3 IX,
KB 2 W AL T AR e S PR 0 i A
U, 2 {8 I A 0 AR 35 o DUIBOR 19 1 3 0 AT, 2
B . 0. o R TR EE(L #. 0.5
%), TEHERIME AR H il A AN T
oy {E

ZE L TIR, ST = AR (] 0 i 1S B 4T
Ji 3 58 B8 ) SO AE W AR R W, 2 iR A E
B 290 L 54 B0 905 7 R 400 A 5 9 Ol i EL A A
g, H ALP 1 CA WFRIXEBIRTIWIE W Lt
BAH . AR A 7 58 B B AN B if iy
eSS S R

S 30k
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Abstract: The mantle is an indispensable tissue for pearl cultivation, but the biological activity (cell proliferation
and biomineralization) of donor mussel mantle of different ages has not been systematically explored. In this study, Hy-
riopsis cumingii was used to investigate the proliferative activity and biomineralization capacity in mantle cells in
different years. In this experiment, five groups of H. cumingii were selected by age, at six months and one, two,
three, and four years. Flow cytometry was used to detect the cell cycle of H. cumingii mantle cells of different ages
and to calculate the cell proliferation index. Fluo-3/AM, a calcium fluorescence probe, combines with intracellular
Ca*" to produce fluorescence. The average fluorescence intensity of mantle cells of different ages was measured by
flow cytometry fluorescein isothiocyanate (FITC) channel, which represented intracellular calcium concentration.
Quantitative real-time PCR (qRT-PCR) was used to analyze expression of biomineralization related genes.
Biomineralization-related genes included carbonic anhydrase gene (CA) and alkaline phosphatase gene (ALP). The
enzyme activities of ALP and CA were determined chemically and by ELISA, respectively. The aim of this study
was to determine the suitable age of H. cumingii with fast proliferation and strong biomineralization ability of
mantle cells. The results showed that: (a) Under the same environment, the proliferation index of two-year-old H.
cumingii mantle cells was the largest (i.e., fastest proliferation). (b) The average fluorescence intensity of the
two-year-old H. cumingii was the highest, in other words, the concentration of calcium ion in the mantle cells of
the two-year-old H. cumingii was the highest. (c) The expression level of ALP gene in six-month-old mussels was
significantly higher than that in older mussels (P<0.05), followed by the one-year-old mussels and the
two-year-old mussels. There was no significant difference between the three and four-year-old mussels, with the
lowest gene expression level (P>0.05). ALP activity was the highest in six-month-old mussels (P<0.05). (d) The
expression level of CA was different in mantle tissues in mussels of different ages. The highest expression level
(P<0.05) was found in one-year-old mussels, followed by the two-year-old mussels, and the lowest expression
level (P>0.05) was found in six-month-old, three and four-year-old mussels. The activity of CA was different in
mantle tissue of different mussels and the activity of CA was the highest in one-year-old mussels (P<0.05). Finally,
it was concluded that the proliferation of mantle cells of the two-year-old mussels was the strongest and the intra-
cellular calcium concentration was the highest. This study provides a foundation for further research on the pro-
liferation of mantle cells in H. cumingii and the selection of donor mussel age for pearl culture.

Key words: Hyriopsis cumingii; mantle; cell proliferation; biomineralization; Ca®"; carbonic anhydrase (CA); al-
kaline phosphatase (ALP)
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