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Abstract: Female birds can transmit immune factors into eggs to defense pathogen by maternal effect,
including innate immune factor lysozyme and adaptive maternal antibody. To investigate how the female
birds allocate immune factors into the eggs laid, we totally collected 60 eggs from 20 clutches of great
cormorant (Phalacrocorax carbo) in Qinghai Lake and recorded the nest density and the egg laying order for
each egg. Then we determined the Newcastle disease virus (NDV for short) antibody titer by Hemagglutinin
Inhibition Test and the lysozyme concentration by lysoplate assay, respectively. The Pearson correlation and
Spearman correlation were employed to analyze the correlation between lysozyme concentration and nest
density, the correlation between NDV antibody titer and lysozyme concentration respectively. Meanwhile, the
relationship between lysozyme level and egg laying order was performed by One way ANOVA and student’s t
test was applied to determine the difference of lysozyme concentration between the eggs with NDV positively
and negatively. We found out that (1) lysozyme concentration was positively related to nest density between
eggs from different clutches (r = 0.886, P < 0.000 1, Pearson correlation, Table 1); (2) lysozyme
concentration increased with egg laying order within a clutch (F = 3.95, P < 0.05, Fig. 1) and the level of
lysozyme was higher in the eggs with NDV positively than those negatively (t = 4.08, df = 58, P < 0.001, Fig.
2); (3) the NDV antibody titer had negative relationship with lysozyme concentration in eggs with NDV
positively (r = - 0.840, P < 0.001, Table 2). Hence, we concluded that female birds transmited lysozyme into
their eggs according to the nest density and laying order, meanwhile, effectively transferring lysozyme and
NDV maternal antibody into eggs to provide optimal protection for the offspring.
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IEE R AR e A, IR 5k
AEAFR LI K 2% (Sheldon 1998). 7EK: 1
AR, B AR ST R Tl A (R AR
ESR N6 S AR (P s, BFRTEAS . AT AR
F % (Mousseau et al. 1998), L rh& A %)
RRIERG . NS, i R R ARR 1
(RS R S22 28 GE IR Sk (R R AV B2 R 48
IR, SLrsE Rk S O RGE, RE ST FEAR,
MARAFE s ) NS, REsRVHAES . BT 5
SRR 4)) S A AR s L B T A SRR I

R ML, PRItk & 52 210995 J5U A4 47 3 (Mangel et al.

2001, Cook etal. 2005). [KlHto% & ) il it REAA
A FH 1) 55 O A% 368 AN [7) 1) S 35 40 Jot FH T 4 e s
W, S FAVEAR R CHEE (Saino et al.
2002, Pihlajaetal. 2006),

20 1 1) & ORI AL 38 (1) e B o o e —
AR I OGN DRk
FIAGTAEYI SR . VAR /R 140 e 40

HE KSR OB B-1,4 0 HF B, AT A A 40 B AR K
(Salton 1957); GP#e4kd A Re S Y E KD
TR . Cu™ M1 Zn® & & 4 ik A= A K
(Valenti et al. 1982, Valenti et al. 1985); #i’E
MEEATSHMADERLENEERLS S
(Board etal. 1974). I, ¥l 0 B2,
AMAT A 40 R 2E K (Rogers et al. 1969),

[F] IRt m] LB R4l & LU S22 g ) (Saino et al.
2002). 3R PAFE I Y RS, &
A DURE PRI S0 B AR &5, ATt OR 1 H
(Fadly et al. 1989, Graczyk et al. 1994, Smith et
al. 1994, Gasparini et al. 2001).

B A I SIS T 1 ) ) £ B A 326 K 6 s
Y5 PR ORI AR G o B fE X ¥ (Hirundo
rustica) G rh s R Il 5 B ORI 3G hnn R
F% (Shawkey et al. 2008); 7ERSErh, BHEHT
A i BB A 51 W 14 0 F % (Blount et al.
2002, Mduler et al. 2004), {HIXLEHFTHARAEAT
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WIS R 5 BRI UA Z TR AR KOG R

O E R AR X AT H A
(36°58'N, 99°54'E, ifg#k 3 200 m /iAi),
SERIFTHRA K EBELE (Anser indicus).
B3k W (Larus brunnicephalus ) . ¥ W (L.
ichthyaetus) 118 /5% (Phalacrocorax carbo)
KB o I PGS AR R X S A A
FEG Iy o 5 IE P JE T 52 H (Pelecaniformes)
Ji5%8 %l (Phalacrocoracidae), 425 M{f, W)
AR BAEW O E RO, KRN, P
e AL, MM RA BB, FELLS R
AN, A 3 HRITHE2 F S 5,
EEREIRGL, PRECH], RONTEAE, oDl HOME
HMEIL R ORI & 4, VI ERECh 4 (HIEhis
2 1994),

P T 7 8 P 22 2 B I % i B ( Newcastle
disease virus, NDV) [ Rk 32— (Kuiken
1999), HMRFEER A —E LA, WS4
e B Gt o e HEAH N BT AR DAHRARI 55 142 5
SRIMTA S IR G RGA R, 2% i R4
1 FH ) 5 G4 s REIR B TR AR S 41 5, AT 4
AR . O T RS0 8 P 48 anAnT 43 e
AT DA R 3 PTG AR 35 5 S 4k 2 i 2 RO 1)
KF, FRATTIE R T 1) 230 P 408 A Rt 5ot
o oI B R R S S R R OC R
S P RS O OC R, BLA S B
P 5 HUBTIR P 1 BRI PRI DG &R

1 MREThE

11 BEARE

2013 4 4 ~ 5 H A5 0] T il i 228 1 7 4 i
AT WEERIFEA RS, K 18:00 ~ 19:00 I
PRIc TR e SR P ) ORI 4R S 80, [R]Id
SR TR EL 3 m AR N I SRR, 1 D S,
N T AT Rl R e, JOR4E 20 L,
FESE 3 MM, 3L 60 MM, TEFEANERE RS,
N T Wb S5 AT A, AT AT S B4R
BHCGH IO R HBFFE Cllit MHOL, KR
0.1g, ff% 500 g) Fri & Hp i, HU#R KR

(MG 0-150, EEFrsinsal TRAMRAA,
K51 0.01 mm, EFE 150 mm) ) 5E 5 5 g A
K, BEMvHES gARL, SR = o gE i 2
x G <051, R WA S o) S Al
W, HORAFAE - 20°CUKAE .

1.2 WHEER
ZIEICHER (Millet et al. 2007) ll5E Bk N
R BRI, NN 25 | T 05 1R i B A Bk 1A

(Sigma, M3770) T-50 ml 1% figkE (/=T
) TREA R A A, 50°C 1577 ] i BV s
7 96 FLAR VAR b, T E PR AEFLRIRE S AL,
FRUEFLEEFLINN 150 1 B oR 28 il s i
R TRV v BRIV, TR PBE 23791 0.05
0.10. 0.20. 0.40. 0.60. 0.80. 1.00 g/L (Sigma,
L4919), FEMFLEEFLINA 150 pl L id B o
10 Wl H5ifss FIFAREERIC (DNM-9602G, dbxt
B ARAT PR F]D M 850 nm ALK i FLFIbS
HEFLBOGREE, TR ARAESL IO B 2 b
T M2, ) FH b ph 28 SR HA B v B g %
1.3 SVEHTIE R R DA R
1.3.1 ditkl& ROk (F) 0% 1988,
Keck etal. 1993, Vaught 2006) #2H( N 8414,
FEFERES mIBH B, 4 2k B ER KR &
fH#H, §H'E30 minj5, A3 000 r/mini&ly, L
TR A NSRS 2 EEEDUE, A
B R BE U
1.3.2 MESRIE  (E96FLiE VAR, AFSL
MA25 W PBSIEM, 1281 ~ 6FFSE1fLIMA
25 PUKTE RS i s b (e RV LERN )
HARAR AT, R, MEBLALBE25 i
$24L, WAL, IR LR R 1290, e AR
12U 25 P E, BT ~ SHEA IR
£ALINAS0 A 1%% (Gallus gallus domestica)
AN, PRI, FREEA0 mindlsg,
SRR, AR LGN B e A A 1) S W R £
FOABUR PR, IR Ky — A e B

(hemagglutination units, HAU),

1.3.3  MLEEHNHRAL:  FHPBSH R ik iz
993 23 DU ARRE A ML AT, e R4 HAUST
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i (HAUH —AN MRS D o 7E96FLIH R i b,
Wb, AEFLINA25 il PBSYW, 1~ 64F5514L
TIN25 JFE SRS, SBTHER1FLINAN25 HT b
FE BRI 1F 4 PRSI (W IR 4E R E )
FARABR AT, EBSHEAIFE S P/ R
BIERT AL B RT— vk, 01 ~ 7HEE
AT RIFERI RS LR RS, VA RLIDA25 Wl 4
HAU B b, = EE30 ming BEFLIIA
50 Wl 1%XSZ0 A0 Mo, PRZiRS), HiEHE
40 mindlgg, I LE R, Ligaiifle HAUB
9% B ) B e AR R RS R A RE S R B Y
(hemagglutination Inhibition, HI), #7HI <
2log, 2, HE&FMBIME; #7HI = 3log, 2, &5
RnrBE CGnEF—x, ER = 3log, 2
MFEYE, < 3log, 220 BIHE); #HI = 4log, 2,
JE SR BHYE (WHO 2002) .
1.4 BHEG5HT

Hed kb BEAE SPSS20.0 - i3E4T, F 1] Pearson

R IR IR 6 1% DI TR A 58 B SR FEE AR AT %
KA, M A Z5 Z2 0 Hries 56 5 D 1R IR
[ SST AP D LSNPS E 90 &2k > e il o s
560 BT BT 2 PR B A1 % B T AR P A
BB R PUAR B E & O H R G R, A
HI Spearman BRAH S HBT BT #5HT AR E
B NGRS H R R R R

2 #R

2.1 YE SEEINEWERRE S BE . RF
RICR

A 7] 55 (1815 5 25 9 v T A 5 SR
ERFIFMEL (r=0.885 P<0.0001), E7E
o B S R SR S 2 ) S Ry L TR 2 IR B
filp (& 1D [R]— S5 1 G B AR 52 Bt A O It
FEf NG (F=3.95, P<0.05), RlfxjE
1 MR IR o B P e (BT L)

R AFETEEET K I R RER

Table 1 The lysozyme concentration under different nest density

i

Clutch number

KA L IE (n)
Collecting eggs

Fhaw R ()
Nest density (nest)

PRI IR (gL
Lysozyme concentration

3

<« v 4 mmm I OrOO0 X >»  OZ T IO
W W W W W WwWwWWWWWwWWwWWw W W W W w

7 01711
7 0.1833
7 0.1891
7 0.1892
7 0.1909
8 0.184 6
9 0.1897
9 0.1905
9 0.1959
10 0.1997
10 0.209 4
10 0.2256
11 0.206 3
12 0.203 1
12 0.207 7
12 0.2239
13 0.2240
13 0.2326
13 0.2354

15 0.2334
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0.32
0.30
0.28
0.26
0.24

022
0.20
0.18
0.16+
1

TR
Lysozyme concentration (g/L)

0.14
0.12

2 3
GEE Y Laying order

B 1 WERRESINRPRRR CrE * bz
Fig. 1 The relationship between lysozyme

concentration and egg laying order (Mean +SD)

2.2 IE I ES 5N v o VR B A B IR B
(ESINFE

EZSuNlIRE S DR ) =P JE RN EIE Stk
T8 PG GR 53 A TR EE DU BH O (n=34)
MEHIEE I BRI TEDY (n=26), ¥ &%
PR FE AT 22 S MRS, BT e B b Ak 9]
1 O AT Pl AR 2 42 v T PHME B (1= 4.08, df =
58, P<0.01).

3 DA T8 0 BE PR BH 3 2 g B
IS LM (ng=12). 52 M (ny=11) FIZE 3
M (ng = 11D GP RS B R FE 55 e s s L
PRIIPEDE RS B OR (n' =8, ny=9, ng'=
) IS PR FE AT 22 VAL IS, BB S a3
YWHAEBEEZR G5 1HUN: =282, dfi=
18, P;<0.05; 22 M(UN: t,=2.21, df,=18,
P,<0.05; 2 3 UN: t; = 2.42, df; = 18, P53 < 0.05,
2,

2.3 FrZ R EHUAR RN ARNT S
R SRR

TERE BRI O, PUiasih
WRBER S L B A (r =-0.840, P <
0.001, n=34) (£2) .

3 W54

MEEREAT, TAT TR IAN R 53 1) 5 B v il
R 5 L P AT DGR ELIR)— 53 9 5 B 1
WA B SO S8 00 s B se s s LR A Ak

. 0350 AT Positively
ﬁm 030+ — [t Negatively
=
o & 0%
%2 L
= § 0.20
E £
o S 0.15
&2
% 0.10
2 0.05
s
0.00

. L2 3
GRMGY Laying order

B2 B R AR PR 4 1 BF S AN [R5
WK EZRELR CPME * bRl
Fig. 2 The difference of lysozyme concentration of
NDV between eggs positively and negatively with NDV
by the laying order (Mean +SD)

5 G A AR P 2 s TR R B P A4 BH
15 G R A P FLAE B S BN R SR i S
WA RO R, XRPIE S HEA
SE AL TC 5 e R UB SR8 13 23 BRI P4 2
ORISR AR TR
31 WHEREHEEERR

W PGSR, A IR A & b
77 (Ward et al. 1973, Gamark et al. 1984,
Danchin et al. 1997) (¥ [RIF, 38 I s 4
5 IR XS (Brown et al. 1986, Tella
2002), {E SR, R EE AN 0T LR s vk
By 48 1y 5 mT LA B Bk A PR BT A Trziszka
1994), [RITE G & WAL, B i ok 55 () 1A
fifg ] LA S A S AR08 SR A= o T R R
W) B 5 A R R A OE AR G (Tella
2002), ABFFLE R LA BT, B
2 1) & G 43 C 5 22 3 VT I8 LG P3G

5 G TR RA 5 5 S R 1) O AR AR T g
ST S S ARROLI — R . 1SS T
BUZ /T, ST REAR N RE R AN T TR
ML N G & (Klasing 1998, Saino et al.
2002), IX WA B ACRBEAN I B e S T8 97
(R BRI, A4 A FRD Y e g 2 I AR TR AE
5T ) B0 1) 540 P2 v e A B RSB 1
PrAELLEAE TR, AL FE T EHFE R B
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Table 2 The relationship between antibody titer of

Newcastle disease virus and lysozyme concentration

Hns G e N
R SWUF e (gL BebkA
Clutch Laying . . .
Lysozyme concentration Antibody titer
number order
1 0.162 9 26
A
2 0.2351 24
2 0.147 4 2’
B
3 0.1899 28
1 0.2010 24
o] 2 0.188 3 2°
3 0.164 5 28
1 0.196 7 28
D
2 0.1610 27
1 0.208 0 24
E
2 0.1843 28
F 1 0.1816 28
1 0.1951 28
G
2 0.1732 28
1 0.196 5 28
H 2 0.158 0 26
3 02128 25
2 0.1651 28
|
3 0.1955 25
1 0.1816 28
J
3 0.242 6 24
2 0.1740 28
K
3 0.1953 25
2 0.2233 24
M
3 0.1736 25
1 0.1451 28
N
3 0.1899 24
1 0.1629 28
0 2 0.159 2 28
3 0.276 9 24
p 3 02116 25
Q 1 0.181 4 2°
R 1 0.196 8 28
S 1 0.179 4 28

o, SRR RIS ek (K%
& 20050, HEPATIHERAMILSE, SEITAER
TH B ATAE e S b e, L e
R TR, AL TR (Ward et al
1973, Gdmark et al. 1984, Danchin et al. 1997 ).
FH T S0 v o 100 P T e A R B
PRI, RN S S R, DT Ry
IF) 4 G 53 e 58 22 5 TR G

32 WHEBRESWNTFRR

T R P DRI T AP AE TN RR, 56 1 A B
I B R AR T B I A, i B
TG LN, PR KRR A ) ) A B O AR
PR B, SR S OR K H (Cook et al.
2003), BRI R S AEAEAE ™ R 28 1 A O At 146 i
YU (Clark et al. 1981), FJ 47 R B4A% 5P 4 7 I huk
WG IHLZ: (Cook et al. 2005). #Rif1, iX
NS ARG I Je — MO URAE TG R AR ), B
A S ALK 3 B — 5 AN [F) AR B A7 A
ZES, IR 22 7 35 8 S48 % % 5 B A K
(Price et al. 1995, Vifuela 2000).

W R TSP, RS R A
MY Re AL 2T, IR AR
FReR 2D, IIRE— 22 IRAMA TR 22 5+
J8 5 R T I ) & O P A AN R PR BOR BRI IR
Pz, LSRRG (Saino et al. 2002)
o BREFARIR ISR ARRE, i
BT B 4 AEAFE U (brood-survival strategy ),
EBZN RS ERCx /LA 91 S N S Bib R ) YA
SRR T BN ) 2 TG, AT i v AR A A R
(Clark et al. 1981, Schwabl 1993), AR
T BRIV VAT 2 T DA ke v AR
1577, AHE R 512 HRe 2 i HoAA N 5 T g - 22
K H TS (Saino etal. 2002). H T4 5
CRLFEAS BN 1R 7= A FOA AR (1) A= K AR 75 220
FE e (Lochmiller et al. 2000), 4 /%19 4]
A MU Iy O 2 W I, AT AT
R W L ARBE A e, R FLIE AL HE 0 %)
Bl U4 BRI ae R T 4K (Heeb et al.
1998, Buechler et al. 2002), F#f%H: 5 [F— 5 H:



+ 316« 27 Chinese Journal of Zoology 51 %

flAS A TR] 1 B 72 5, T4 iR AR AR R
(Lindén 1992).
3.3 WK SHUFTIE N B BEP A
E3

o B3k BEAARAE H 1) & O AR 386 HUBT 200
BERRIEPUAR, ] LA 5 55— RO B Ik i
TR G, TR AR, g4 S
AAEZ, [N BRE SR SEm AR R4
KHE (Carlier et al. 1995, Lemke et al. 1999,
Buechler et al. 2002, Lozano et al. 2002). LA
s S AR SR L (1) RS B e W i 22 /DA OG, SR
i BRSPS 0 FARRIE RAN R T
FEAEEIVE R (Carlier et al. 1995), JLAEHIML
HWIATRE R (1) BREHTAGE N PR 45647 5
[antigen-binding fagment, F(ab),]5 % EWks i
IPUAHES A, T LA e 4 S0
M FART 40 B AN B 41 G S Y e s, {67
R A I ZABERN# (Harte etal. 1983); (2)
BEYE o448 1 30 ] 45 & v BE Cerystallizable
fragment, Fc) nJ DL B4 & 1 nl 45 i Bes%
4 Ccrystallizable fragment receptor, FCcR) FH4%
A WONE B A H 2 A BE T AR PR
(Kazatchkine 1997); (3) BREHUIA R H50A
WG AN R T IA B 2 FeR, W 22544,
1M1 4] 55 FLIR Bere W 4 Mo e A s 4k, % B
T W 20 i AN BRI o3k, 25 1B 22 5 AR IR

T REJR PR BT T35 1 PRI A Ji
A, TR AL T AN AR RS, AR
Hho IR A 5 5% S BAEE TR B AR A 25 i, BRI
PUARAE A B[R] 58 43 508 A ek e 75 22
MW RASE, W 1gA Al IgM, {HE5ER
FEIB L TR BREPUA T A PR, 20 19G.

5 G o TR AN RT DR S v R v
JEGHAE ) 2 B SR, DA SR Y BR AT Hhoi
JE MG (Salton 1957). [ IS AE A4 Ay #ie
P BRI AR K R ( Murakami et al.
1997), fRHEWREGiM AT 211 1gG F IgM
Prpk, LR FATLH S E N 20 1 P ek f 928 Bk
Bt R, AN I g a9 3, HAE

5 XA MO T 2L g v ¥ (Sugahara et al.
2000), X ICHEAL 1A S A7 AR S A4 42
G,

0, TR IR BRJEBICAAR () S ) o A= s
TEHFE NS, N, RS ES
Rt AR5, DR T e P ) A
ERLE, 4 e e ) o i VT e R Ik e s 2 B it
A, BAFEHBE: 5SS m ok
3 T B I 5 15 BRI FE RS T AR B
AR RV . ARBFRAE R, B
BEPUAAR I % O R RRA BE v BRI S5 01, DA
SR I R REH TR R 5V R i A P S AR O
M, FSCRERATAB L. AEAR RIS TR], AR
R0 ) 2 T IR B A FE AN B R B, T
THERKR, AR

T I 516 B G AR] ) 5 G 3 P 2 R A S )
SORISRAFE BRI FUA T, AT LLEFRATIA R
5 HAR TR AR R, B A 1 o] 3 .
o RARERES , T BATAED 2 N B R R
& B9 7 T B AL SR i
B B E K E AR ORI A R4
PR TTAE N DILEBF AR AT i TR B2 4k 10 35 B
X

Z % X M
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