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(Zpl) and investigate its tissues expression profile and its effect on osteoblast mineralization.
The expression level of zpl was quantified in various tissues of laying hens and in the tibia of
the pre- and post-sexual maturity by RT-qPCR. Zp1 overexpressed vector was transfected into
chicken calvarial osteoblasts which were induced differentiation for 8 days, and the extracellular
mineral and the expression of mineralization-related genes were detected. The full-length
chicken zpI gene is 3 045 bp, encoding 958 amino acids residuals, and has two N-glycosylation
sites. The highest expression level of the zp/ gene was found in the liver, followed by the tibia
and yolk membrane, while no expression was detected in the heart and eggshell gland.
Compared with the pre-sexual maturity hens, the concentration of estrogen (E2) in plasma, the
content of glycosaminoglycan (GAG) and the expression level of the zp/ gene in the tibia with
post-sexual maturity were higher. The extracellular matrix and the level of osteoblast
mineralization-related genes showed a significantly upregulated expression in chicken calvarial
osteoblasts with Zp1l overexpressed and addition of estrogen. The expression of the zp/ gene is
tissue-specific and positively regulated osteoblast mineralization under the action of estrogen,
laying the foundation for elucidating the functional properties of Zpl in chicken bones during
the egg production period.
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£ 5t K 25 B W (keratan  sulfate proteoglycan,
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SER IR 2 AR M 3L Zpl (B4 e
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Jo, AEFFRR IR zpl WZIE, MRS HE
PERSE ARG R RTIE R zp] R RIA R WIHER
RS2 MERR PR, HA P R R 3 220
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FEAENE R 35 BRI B PR 2] zpl
R K2Rk, S5 G A W5 B 225 R
Zpl WEE AT REE o HoOW 88 5 GAG 45/ %
AE A0 AN I B Ak . BIE, TERE XS R 1)
zpl FEH 4K cDNA 741, WF 58 HAE A [ B 5
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1.1 RIEEh TR E

VEE 5 FUARRISEA —35  f@FERy 72 iR
P REN, RN, FFIE. E5TM. i
B, FRE IR, T AL RNA S eI
JRE 15 JRIE AT 19 IR EXS & 8 1, SRENRH
HF B RNA #EBUF GAG &, RAEM TR
PUEEIML LA 3 000 r/min B5.0> 15 min, B FJZ I
W% FH T Wi & (estrogen, E2) & &E . A5
JIT FH 52 560 sl 4 26 T A6 AR b K 22 52 56 5 ) 46 B 25
F123(2019/03)F 1%, FFG s IRY . SR A
FfeEE 0
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1.2 EFZERXF

Trizol up M H Invitrogen; 2xES Master Tag
Mix 1 8 b5t e i 20 A Y B A RS W
50 bp DNA Ladder (Dye Plus)ity [ K% %44
TFEA PR w] 5 PrimeScript RT reagent Kit with
gDNA Eraser (Perfect Real Time) 5% 5% ik 7] &
) H TaKaRa 7\ #); Forget-Me-Not EvaGreen
qPCR Master Mix jf| &l H Biotium A F] ; iR
ik 7] & % H Omega Bio-Tek; A9 MfE i &
ELISA 5 & B F# TR AE Y RHCA IR 2
7; DMEM il . FBS. Xl [ FE 8k K i /R
B A B M EWH Sigma.
1.3 3 zpl EER=E

FACERSIY 5w rE zpl S, FIH
Primer3.0 (https://primer3.ut.ee/)7E £k 5| ¥ %X i1
At NS B H B PCR 5191 (3 1),
Sy hE A R (CEBOARA G . LUIE
HHZ cDNA AT, PCR S B ZR N 20 L.
2xEs Master Mix 10 uL, ¢cDNA 1 puL, F. T
51%7(10 pmol/L)4% 1 uL, ddH,O 7 pL. PCR J2
NIRRT : 96 °C 5 min; 96 °C 155, 68 °C 15s,
72 °C 1 min, 3t 20 MG, EAEIRE 0.5 °C;
96°C 15s, 58°C15s, 72°C 1 min, 3£ 20 M
W5 72 °CCHEAAENF 7 min; 4 °CIRAIF

Fz1 FMRAAMGIY

Table 1  Primers used in this study

Primer Primer sequence (5'—3') Size
name (bp)
zpl-F GGGACAACTACAGGACGCAG 150
zpl-R ACAGGATGTACACCTCTCCCT

ibsp-F GGGCGATGAGGACAGTGAT 124
ibsp-R ATGGGGTGTGTGTGCTGTG

bglap-F  CGCAGTGCTAAAGCCTTCATCT 136
bglap-R  GCTCACACACCTCTCGTTGG

on-F CGGGCCTTGCAAATTCATCC 116
on-R TGTCCTCATCGCGCTCATAC

Ibr-F GGTGTGGGTTCCATTTGTCTACA 80
Ibr-R CTGCAACCGGCCAAGAAA
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1.4 38 Zpl T RiXFAHE

FIHA R H AR TN zpl FEH 4D ¥ 51
(coding sequence, CDS)IX F B, F| FHBR 14 4
Yk BamH 1 il Xba 1 ALY pcDNA3.1(+)/
myc-hisA kL, [ IYkzlifb )5 F A T4 DNA %
FEWGT 25 °Ci%d% 2 h, #4744k 2 DH5o J&
AN, IR Sal 1 BGYIFNI 6 FE I R
1.5 BREHMRDEES

B 15 IS i a1, BT RS R4 21
Do B LR AN, 22 N RE L Al AL IE R T R AR
Big% ., A 10% FBS 1 1% XU () DMEM & b
REFRIET 37 °C. 5% CO, USSR h s 3E, 4
aifb it 2 80% Rl G B I A AR AAEE I
1.6 i

¥ F3 ARG BB gl ML 3Rl T 6 FLAR R3S 3%
M, FRRlA FETR 806 K- % 77 5L B 48 Ay i
H SR (e 2R IR AN 50 pg/mL HUdk
M2 . 10 mol/L B-HIH#ERR BN 100 nmol/L Hh FE
KHR), Pgsrih 8 d #HATANIAE U4 (2 ug DNA,
4 uL P3000, 4 pL Lipofectamine 3000), X3 Zpl
i #£ KW E pcDNA3.1(+)/myc-hisA-ZP1 4 .
pcDNA3.1(+)/myc-hisA-ZP1+E2 ZHF pcDNA3.1(+)/
myc-hisA [FHPEXT R ZH I 5 25 11 X6 B4 (CON)
F1E2 X BEZH(E2) (200 pg/mL), 48 h J5 &4
FO$R LR RNA,
1.7 BFRRRESRE

TG0 F3 AR T 12 fLik, 4b
<167, 12 fLIRFFEHEFREE, TN 4% 28R
F % [ %€ 10 min J5 Il 0.5% Triton X-100 i %
3 min, WM& 2% p ik % W (phosphate buffered
saline, PBS)if ¥t 3 ¥, &AL/ 1 mL 0.5% H iz
YA 37 °CEAAF T YLt 30 min, %800 B B
TMEIFI R,
1.8 & RNA $ZEUK ¢cDNA &K

FIIH Trizol up 57, $&HUERXS £ 202 K 2
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Jifd i RNA , F] ] NanoDrop2000 il i RNA ¥ JiF
2 W8 S G W 455 78 cDNA, F-20 °C
TRAF 25 o
1.9 B5E GAG MR HENSENE

& B TR A T TS Ok, #e R B AR S vh
W T (4 mol/L EZFRAN, 0.05 mol/L Tris 1 0.1 mol/L
6-2 LMK, pH7.HH, T 4°C fElkzar L4t
72 h, R4 DUTE OISR & bl T
(4 mol/L ££ERHAK . 0.5 mol/L Z iU Z B2 U4N
# . 0.05 mol/L Tris 1 0.1 mol/L 6-2 &L /2,
pH 7.4), F 4 °CIRFZALHEL 72 ho 24 L35 WO
TR FRE R i R RS 15 min, JUE
Py 525 nm KOG, LA 100 pg/mL AifR%K
‘B & (chondroitin sulfate, CS) MFrifEs:, Hl1ERRE
Bk, TR GAG frir. MMM R
I 2 W% BFH 52 (enzyme linked immunosorbent
assay, ELISA )iz &0 id B 500 5 i SRR Wk
1.10 RT-qPCR #EF BN RIE=S

PARFRTE TR . ONE. FFIE ., BP
W, BT cDNA WA, BE 0 fbhnE
L[ It 5 H (integrin bone sialoprotein, ibsp) .
‘B 5 & (osteocalcin, ocn or bglap). ‘B #hi % 1
(osteonectin, on, bm-40 or sparc)z%ik UL E 40
Jfl cDNA St . Sl 2t E f B4 B e
J¥i (real-time fluorescence quantitative polymerase
chain reaction, RT-qPCR)HAY Jz I 5% 14 M B ¢ 4%
R, KOWAAZR 20 uL: 2xEva Green Mix
10 uL, ¢DNA 2 uL, ROX (100x) 3uL, | R
5147(10 umol/L)4% 0.4 pL, ddH,O 4.2 uL. A
ABI Q6 SZBf % Y6 5E it PCR R AT E B A#r,
WIIERR Y R . 95 °CHUZZEYE 2 min; 95 °CAETE
5s, 60°CiBk 30s, k40 MEH, HAHIKE
3ANES R 274 S S A X ek i
1.11 35 Zpl 2 S 0

| NCBI ) BLAST #& % (https://blast.ncbi.
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nlm.nih.gov/) 17 [F] I L XT 5 BioEdit # {4 ik 17
WILTR P 5 ) 2 B LA s MEGA HF22 i Zpl
HOL R Y IR S AR R T 4 B
NetOGlyc 4.0 (http://www.cbs.dtu.dk/services/
NetOGlyc/)Hiill Zpl O-#iILAbA7 &4, NetNGlyc
1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/) Tl
N-WERARA A
112 FKitoh

FIFHAASIAEAS ¢ K30 B 15 A 19 Jd
It S CON Ml E2 AN Ik 2257, 3 4]k
PR 3 22 5 R T ERLLA 3R ) 22 43 A fl Duncan’s
H L DL P<0.05 222 57 835, 3R ; P<0.01
HEESFW R, R DL P>0.05 A ZRA
B, M ns £R,

2 BRS04

21 Bpl BEAZTEMEE
PIIEE cDNA MHR, § 52108 zpl 3

A

B1 plEERTESEE
Figure 1

KR B A& U H R BOR/INEL TA), DREESE
R 3 045 bp, Hirpt S E4RASIXA 5 bp, 3
AR5 X 166 bp, FFHLHEAEN 2 874 bp,
gty 958 A2 HEMR . A Sal T A V) AR H 2
pcDNA3.1(+)/myc-hisA-ZP1 Fuki E1 Y], W
DIy P Ik a5 /R, DI B s Hey v Be
KEZ (& 1B), 2800 ¥ Bk 5 HU AT -
22 Zpl ERZREMEELIHANL S

F ] NetNGlyc 1.0 fEL T H S| Zpl &
PV TE I N-B A7 550 21 5 F NetOGlyc 4.0
BAFH ) 63 SVEALER O-BEIALAL K .

{di Jfl BioEdit 4k {FXF X(Gallus gallus) Zpl
B R IEMR 7 5 55 K (Meleagris gallopavo). ¥
#HE(Phasianus colchicus) . 58 #4575 (Coturnix
coturnix) . H &A%Y (Coturnix japonica) . 2§k
(Anas platyrhynchos) . 28K (Numida meleagris) .
7 BEMR 5 (Odontophorus  gujanensis) PN
(Cygnus atratus) . FEEFERS(Oxyura jamaicensis) |

B 1 2 MO bp

10 000
8000
6 000
5000
4000

3 000

2000
1 500

1 000

500

Cloning and identification of zp/ gene in hens. A: Electrophoresis of PCR amplification

products of zpl gene fragments. M: 100 bp DNA Marker; P1-P5: The amplification result of zp/ gene
fragments. B: pcDNA3.1(+)/myc-hisA-ZP1 by single endonuclease digestion. MO: 1 kb DNA ladder; Lane 1:
Undigested pcDNA3.1(+)/myc-hisA-ZP1 plasmid; Lane 2: Single endonuclease digestion products of

pcDNA3.1(+)/myc-hisA-ZP1.
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KK WS (Aythya fuligula) . ARG (Asarcornis
scutulata) . N\(Homo sapiens) . Z5(Equus caballus) .
INE(Mus musculus) . 2B (Pan troglodytes)
PEAT HERT, 4528 R85 KO Y Fe 91 A A d
5, 4 88.2%, 5 HALE AR BIAETE 72%-88%
Z 18, 55 e L 3 4 i AR P A A (24%-27%)
(F 2). 76 FRE KA Zpl FEA I Zp Z5F9 5,
LILIR P SRR &, DA Zpl TR &R
A PR ST AR B
2.3 38 zpl EERERRIEDH
PAFE RS 4241 2H cDNA Mt , UL zpl Fl Ibr
JEIYHE T, PCR 455 B, MR, B8
IO B LT ZUTE 150 bp Fl 80 bp Ab A7 %7
LA FE MR 80 bp ZEA NS &
W, HEYEER zpl R WRIK(E 3A), AR E
AN 2 zpl FENAEE B HA KB FIH
RT-qPCR il j FEXG AR A b zp ] FEPH )4
ki, GORFRW, zpl BEDTE T IEAB A h 2Rk
KRR, FEIN B R A R Ak,  mfeOE
AT Ak TR B RARME = AR K

57% "—Humn sapiens

Pan troglodyies

55%

56%

Equus caballus

590, e Mus musculus

Cygnus atratus

Oxyura jamaicensis

82% ’-—-z{l'fb_l'u‘,fin’igm‘u
= )
85% ;;f.\wrm‘n.‘.\ scudulata

Gallus gallus

85%

83%

Phasianus colchicus

84%

34% Meleagris gallopavo

Anas platyrhynchos

84%

84% ﬁ('u!m RIX COrnix

(CAHAM 3K 33.4 F1 34.3) (K 3B)., H4E 5%
i PCR ¥ 45—,
24 AREIREAEBMREHZFEES GAG
BER pl REXE

X 15 F1 19 JEE S A I E 8 AR AT TR AL
KB 19 BB EMMAE B2 W 4A), 1RE
GAG & (K 4B)RURH zpl FER AR Rk 7
Wi 2 T 15 i (P<0.01) (K 4C).
2.5 Zpl FRIEYEREN

TEGIN/ASG N 200 pg/mL E2 445 F , 78/
BB A pcDNA3.1(+)/myc-hisA-ZP1,
UL A8 h Jr ARG, I RT-qPCR #al zp1
i RIBME, R TR, pcDNA3.1(+)/myc-
hisA-ZP1 #4145 pcDNA3.1(+)/myc-hisA-ZP1+E2
2 zpl FEHF XKL pcDNA3.1(+)/myc-hisA
447 3 E T+ 38.59 F1 44.65 fiF (P<0.01),
pcDNA3.1(+)/myc-hisA-ZP1 215 pcDNA3.1(+)/
myc-hisA-ZP1+E2 2L, zpl FEHRIRIKF- &
225 (P>0.05); CON Fl E2 4 zpl LA E
K(CAEF N 34.0) (K 5A),

- 62
34% ]— Coturnix japonica Fom’
[ 2

— Numida meleagris e =}
v . .
sl Jdontophorus gujanensis B e} -
1 26
I Zona pellucida domain P or terfoil or TFF domain Transmembrane region [ Low complexity region

& 2

AEM#M Zpl [REBFIENREEUMRERTERF

Figure 2 Phylogenetic tree and conserved motifs based on the amino acid sequences of Zp1 from different

species.
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bp &

ST
220t
z
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[

300 & 0 ==

NS &

100 - A o
o 80 bp & L

B3 pl EEEEBAREBLPRIFRIEKE

Figure 3 The expression level of the zpl gene in different tissues of laying hens. A: PCR amplification of
the zpl gene in different tissues of laying hens. B: Relative expression levels of the zp/ gene in different
tissues of laying hens. M: 50 bp DNA ladder; Lane 1: Liver; Lane 2: Tibia; Lane 3: Eggshell; Lane 4: Heart;
Lane 5: Eggshell gland.
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£ g 501 g
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O S &
15wk 19 wk 15wk 19wk 15wk 19wk

B4 FTEIHAMER E2KRE. 28 GAG 2R pl RixE

Figure 4 The concentration of E2 in plasma, the GAG content and zp/ gene expression in the tibia at
different ages. A: The concentration of E2 in plasma. B: The content of GAG in the tibia. C: The zp/ gene
expression level in the tibia. 15 wk: 15 weeks of age; 19 wk: 19 weeks of age. **: P<0.01.

2.6 iIFRIE Zpl REHBME KSR L

I B 2R e s et s 3 R 3K Zpl SR AR
ML ORI S SB), KB #IE Zpl
A ImAn s LS ) e, 1Rk Zpl [H
BEAS I B2 AR 3 0 0 40 B o Ak 3 5 AR AR
(P<0.01), 75 FAXTREZH AN E2 XF R4 40 B /1 £k
FEE A AN &
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PS50 8 d AR L B A s B2
48 h J5, #id RT-qPCR il & M fL L ibsp
bglap . on %575 X BEZHAH H 3% 2 2 B AIG
(P<0.05); pcDNA3.1(+)/myc-hisA-ZP1 HH 1k
JEPH 5 pcDNA3.1(+)/myc-hisA ZHAH 34T i 35 2%
SE(P>0.05), HEEAUNIN B2 J&, ibsp. bglap
on FE R AN FRiA 1 B2 TR (P<0.05) (K 6).
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~ | 5 X = sk
i) <,
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Figure 5 The zpl gene overexpression efficiency and the effects of Zpl overexpressed on mineralization in
chicken calvarial osteoblast. A: The zp! gene overexpression efficiency. B: The effect of Zp1 overexpressed
on toluidine blue staining and quantitative results. **: P<0.01; ns: P>0.05.
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B 6 Zpl dRiAXIGHEMEMIET LEERIF I
Figure 6 Effect of overexpressed Zpl on mineralization-related genes in chicken calvarial osteoblast. A—C:
The relative gene expression levels of ibsp, bglap and on, respectively. *: P<0.05; ns: P>0.05.
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3 it

AHFFE TE A BN zp 1 FERF41 3 045 bp,
Hegafih 958 ANEIEMR, HAEXS 5 H A& 514 [F]
TR RIS 72%-88.2%, FHIZ LA & AR .
A Zpl MEABTIEA 2 4 N-FEEAL A
63 N~ O-WiILALAL i, 4D Zp 1 BEEE 17T BBAE R
WD Ll O- 1% HEEY B-N- £ ok 28 5L 1 4 b i
B GAG {2 0E5 4n AL R 1k o

TR BN, XY zpl FERHA 4 L5y
SR, AR AR R ek, AR T Ik
T2 7B B Rk | TR O IEMESEAR AR
FEXG IR H T, Zpl |, Zp3 Ml Zpd J& 5 5 ALY
B TN Ay, Hodp zpl ok A FRE, i i ias
W) OPI, Zp3 1 Zpd ¥k [ P AR 41 0
WEFE W, zpl mRNA TEM: RS 1 48 3 7
HE R ik i, HoAZ MR M aRus
NG MEM R K zpl RB R THEWRIRR T
zpl DR SZ MEE JRAA L BEAG 10 JRI AN 38 JE %
B JFF U 2 SR 2 B 5 TR B 7R zp 1 A 7 25 e W T
) Rk R R T I E R Y 15 %, $20R zpl
FRZ MR PR UG TS P EAR B Y
Pt sl E R zpl RENRYFRIL, HAELD
U PR i 5 H L BB AL XS R IR 2 800 512
zpl SERTENBERG T . P2 XS IFE . IREHa
Fik, FWILAEIRE NG 7 A A A e
HAEEE,

B2 X A1 200 i 338 4 AN 434k ) 3 15 Bk
AL B (B8 LT A L R/ A AR B B )
Wy 2z S AN R G Y ARBFR LAAMEE 8 d
AR P B 1S B 240 B (R A Ak B B I B S R 42
FEININ B2 A R A bR i SE R T A,
T E2 7ERUE 40 R L B B vl R & #E I
TER . T HARS Zpl 275 16 e 5
PEETACVE T, 16 38 0% 3 PR (0 38 fi i B i
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