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Preparation of IgY against herpes simplex virus-1 and detection
of its biological activity
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ABSTRACT Objective: To prepare the anti-herpes simplex virus-1 (HSV-1) egg yolk antibody (IgY) and
discuss its biological activity, and to clarify its anti-HSV-1 capability. Methods: The inactivated HSV-1
vaccine was prepared, the high egg-producing hens were immunized by multi-site injection method in the
chicken breast, and IgY was purified by polyethylene glycol-6000 (PEG-6000) method ; the titer, purity,
and protein levels of IgY were detected by indirect ELISA method, sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) technology, and protein concentration quantification kits; the ability of

IgY to neutralize the virus was detected by indirect ELISA method; the virus blocking rate was detected.

[WfsHE]  2023-04-27

[(E£TH] &HMHERBTRBQH M CFf) @i H (YDZJ202302CXIJD054)

(MEEBN] i (1980—), B, HMEBE KL A, FALEN, R4, 3252 F AL Yo 1555 6 il 7 T i aF 9% .
DBREMEE] & M, #¥, LRSI (E-mail: xu_kun2022@163.com)



304 TR (M) 50% 42 20244 3 A

The Vero cells were used as the target cells for viral infection. The cytopathic effect (CPE) at
different antibody concentrations (0. 015 60, 0.031 25, 0.062 50, 0.12500, 0.250 00, 0.500 00, and
1.000 00 g-L ') was detected; the in vitro anti-HSV-1 capacity of IgY was detected according to the
degrees of CPE. Results: The titer of the prepared IgY was gradually increased with the extension of
immunization time. The titer of the IgY stabilized at 1/1 024 000; the clear bands for the IgY light and
heavy chains were observed; the average protein level of IgY was 11. 544 g-1.7'; the blocking rate of IgY
against HSV-1 could reach up to 77.90% ; the degree of HSV-1 induced CPE was decreased with the
increasing of the antibody concentrations, and when the concentration of IgY reached 0. 500 00 g-1. ! or
higher, less than 25% of the cells (even no cells) exhibited cytopathic changes. Conclusion: Anti-HSV-1
IgY is successfully prepared, and this antibody has significant neutralizing and blocking capabilities and in
vitro inhibitory activity against HSV-1, which can be utilized for the development of drugs and diagnostic
methods.

KEYWORDS Herpes simplex virus-1; Egg yolk antibody; Neutralizing virus; Antiviral ability in wvitro
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FERE RN, 25 TR b AR G R Y
3/4RAE T, Bait B (herpes simplex virus,
HSV) J& T o208 WRF, J&—Fh7E 2 BRI FE W
AR, ANREHFEESEY, REDE
PEM AR R, AT H4r 5 HSV 18 (HSV-1) 0
HSV 28 (HSV-2) . HSV-1 & % ad 25 < ok 1
JE IR R, WOl O MWL HR Y Ak
SRR R ABORT IR N TR 50%6~90%
H BTG PR 3222 0 A 1 28 25 03397 HS V-1,
mpTE S . EEEE AR B EE . X
2 I T 0 DNA SR A 1 35 2 Sk 3 i
BE (52 M BE A, 0 O s 0 s R Y i — 2B R R 1 B
1 K R X e 25 55— SN )R, N
5 D RE R4S . JGHR . WO A 2545 T, Mk, F
AT RIE R/ ST 25 R T RO I 1 L HSV 2
Yyt 4y o B R S PR B BB 0% 3 o R
PE T R SE AL, SEIRE B e, BET Ik BIR YT
T i R e ke 1 LR, T A KRR I PR 259
gl B 250, ERERIT M ZE T E X
TE U A B TR T R HS V-1 8% e A G
1 BF 5T 4% /> o B B PR (antibody of egg yolk,
IgY) &5 G s & 255 15 50 1 09 2 b (9 e 5 pE e
e, Hir-gEw, 5 Taitk, H& 7, erlEk
SR, FHOR G 50 FLsh W i S e BR B & A 38 LR
U R BIE S A g HS V-1 K I R B G 8 i B B
G, SR NS BE T PR IR R g Y, AR DN AR
Praf s v, DA A O 8] T 2 e A T AL 1A 4
HSV-1 9 8 B e i & 8, DLW IR IR % H 259

1 A 2 P AR RN
1 MB57FE

1.1 @R mFs. 58 h. EZ2XMNPRE JEN
G A (Vero 4 il) F1 HSV-1%5 75 H & AR K
NI T A S EER AL 3 JoR e e XS I H
REABRLRIYEFTARLA, sh¥ 4 vF ek
5. SCXK () -2018-0004. 3k K58 45, b
AR . FLAEH T-20 (Polyoxyethylene-20-
Tween-20) F1 R & = Jig
6000 (polyethylene glycol 6000, PEG-6000) ¥J0g
T SigmaAwl, 4HMIIE R (RPMI-1640) 1
FEE Gibco A A, 4 1MIE (fetal bovine serum,
FBS) W T REREADFHE A RN, B
T REMFEEDAA, EEWRES NEEH
(bovine serum albumin, BCA) i % 2 71 & 1 7 2
EHB S FEARES T B RE R RAEYHEARAR
oE BiYRRE RIS (B GI-2) W T o N
RELW W EARAE, 2 BEEIRY (85,
Infinite M200 Pro) Wy F 3¢ [ Biotech 23 &, KR
HHEE LN (A5, Allegra X-30) M H 3% &
Beckman 2~ #, ‘£ W) % M (#5 . MSC-
Advantage 1.2) W4 F 3&E Thermo Fisher Scientific
Aw], AL (B4 TU-1810DPC)
W bt 38 A A A AT BRSTAE A W), T A A UK AY
(75 . VE-180) MZIyfestickaill st &g (A5
TANON2500R) W4 T | g K BERHH A R A, e
RS A T 1) T AR DL RAL g A BR A ), 31
B (5. DMIS) T & [ ok K 1% A B
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1.2 BERFAAEAMNEZ Veo 48 T &
10%FBS i RPMI-1640 40 i &5 = W, F 37 °C.
5% CO,REF=AH N G 2T W 2 i i Je 3 bl o
TR, WigE EANAE AR K 60% AT, WOIRE
B R ORAE . BT T AT R AT BERE I E .
Vero 4l ffl 5 5% 2 X0 A K, 1 0.25% [ 1
A, WAl i A, PAREFL 1< 10> 40 i 2%
JEF DT 06 FLAH AL K5 FR AR, AL 100 pL, E T
37 °C . M RIRE & 5% CO, 40 5 37 4 b B 3R
24 ho TRAFLIRE 74 K 2 I BE Vero 41 )5
FE AN A KW . ¥ HSV -1 %% 75 50 T 40 M 4 35
W (& 2% FBS i RPMI-1640 40 Mo 55 7% & ) %
L10fF R IR AT AR R, JL 8 AR BEBR I, MM IRED
WE 6L, Bl AREEW 100 pL, [F A5 X}
WROZH X BECZH 5 L0 40 L 4E 7 W 100 pL, K5 5%
1.5 hjG s b, &L A g0 4k 5 100 pl 4k 2:
g% o BRI AR BB W UBE T LS 4 I i TR S AR AL
e 5% W BE AR 1Y A0 K 8 & (cytopathic
effect, CPE), T4l i 5 2% A Bk Ji i 492 1 W 5%
M Al A% i R o R L B S AN M B R, R IR
Reed-Muench ¥ 1 5 95 7 41 f 2 B s e i (50%
tissue culture infective dose, TCID.,) . &2
LgTCIDy= & T 50% 5 A8 R 1Y 5 B B (= s B X
B+ P ES LA < R R B G IEE = (&
F AT 50% MR —50%) / (& Fl%FTF
50 % A8 R — I T 50 % B AER ) .

1.3 S&EZA 3 H gAY JCR € W I & R
X IR TR E A SRR GREE 20 °C, BE70%, )k
TR 12 hot /12 h BB 5 ) v, K KR g &5
JE R BEAR R, 35 R R RS e . Rl TR
X WU, 0 4 A E S B IV, T
—20 CRAE# . el P58 . 7E HSV-10% #
WA B-NMEE (0.1%), REREGHAY, T
4 CUKFEAL P 24 h LUK TGRS 8, Bl S iCE T 37 °C K
W2 h DAL BRER B Y B-T N T 5 R K0 I 1900 25
1 mL 43 5 5 48 AR B 91 [ 5 4 4 700 R B FCOR 58 42
TR TR B e a3, T4 CrkFE N IR
L, ZILRARSE s RGN o 0 S0k e 2
X, E R R GG 1 mL o [ 58 AR R RET
BE J5 A A) B 2 R BEAT 1 O R S, A XY U Y
1 mL 30 [RS8 A e 1, FRnsi s 31 Bk
G BERT, T XY E IKAL SR 143 25 003, R T M ot
T8 PHUAR I 77 SO AR AL s WOAR SR T e XY AR T

IR, T4 CIEEEM.

1.4 IgY®#l& IgY Ml WIS YER
W HATHE, /B UREE; 78 3 mL BR & thoim A A5 (K
U (6 mL) PBSZE i, FhA PEG-6000, fifilL
Sk R ERRIN 3.5%; A RHIRA)S, &
B 10 min, F 4 °C B L #Hl P & O 20 min
(10 000 remin™") J5 &k & W A PEG-6000
(AR 5%), AR GRS G, &
£ 20 min (10 000 r=min™"); B0 )55 L3, Ui
FMA 10 mL PBS ZZ il (i L E &, FimAl.2g
PEG-6000, oK@ )G, B L 20 min
(10000 r*min""); B0 JEF B, FEUURE T MA
1 mL PBS Zh i i & RH0.1% A FEERK
FPBS Gk G5B 0T 10 fid h, MmiHl4 i IgY,
1.5 IgYH#H LEAZEGELESHERN RHMZE
ELISA ¥ IgY Msf: el (HSV-1) FH$LE
MR (BRIR R % vhil, pH9.6) 1: 20 % B,
P RS B L 4 L 100 pl 4 8% T 96 FL ELISA #7 ;
PBST ¥tk 3k e, A7 H A LIRS @4 T ELISA
M & 11 PBST PR 31K, AT Lo # B 1 745 T
IgY s I3, 4F4L 100 ul., 37 “C #% & 120 min, %
922 T 4 HCIR) 0 1A BN VE VR S B XS B PBST VAR
SWA, BALINA 100 pL £ PR BEbr BT, fF i
540, BALA 50 L TMB W0 3, &% ik
B 15 min J5, HFLAIA 50 pL & 1k (H,SO,,
2mol-L™"); R EFFR LT 450 nm P K T K I
B O(A) 5, UUZEHEARALMEE AME/BAEAMH
(positive/negative, P/N) =2, 1fFH R FHE, ¢l
IR R RN EOR i i el = € D O R A L1 72
ELISA ¥ 43 5l N AL B 25 1 1 2% 11 Fn — Bt S iz
A 3A TR TR . LR SR AR 4 C bR
37°CHHE Lh M 37 CMEF 2 hy M &AL 4E £ 14
W [1% BSA. 1% WA W ¥y . 5% Wi AR Wik F1 5%
FBS] FIEpBFE (1 A2 h) 5 405 & 46
YU (1:5000, 1:10000, 1: 15000 F0
1: 20 000) 1 =90 WM F BHE (30, 60, 90 F
120 min) ; AR P/N A 3% £ 4 52 56 19 AR A2 Bl 2 18
37 °CWEE 1 h, sk &b 1% BSA £
Lh, ZHinyEefE TAESAMF R 37 CEFE 30 min, R
FH A ot 08 2 4 - 3R TN 0 Tk i 8 S VK (sodium
dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE) ¥E# M 1gY 1y 2l i, EAAR#RAE A 3%
Bl il 12% 4r B 5% Wi e, JnAe 5 80 V HLE
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T HLYK 20 min, HLE PR 120 V5 4k 5L 5 Bk 4
B A SR Y (0. 25%) 448 30 min,
FERY R IEATI G, AT N5 0 B A
18 Z GE AT B R HEAR P 25 Koy B o SR FH B 1k
BCA M SE i 7] & k6 I TgY 1 & 1 & i . 4 2 IR
U B AT AR, T AR AL 562 nm K AL ) A7
REREARSL AME o LABRAELLI AT AL A5, R Y
WS RS, e fl bR 4 AR 95 Fr il Bt
) ARSI 1Y B A& &

1.6 IgY s HSV-15 & ¥ A= [ f& J1 dh 4ol R
FH ] 4% ELISA ¥ 46 M IgY X HSV-1 i v 1 B W7 g
J1 . ¥ IgY #E 47 1/8 000, 1/16 000, 1/32 000 .
1/64 000, 1/128 000, 1/256 000, 1/512 000 #i
1/1 024 000 F& BE, B AS [] A B A% B i) IgY LA 45 fL
100 pL A 96 FLAR ML ES St b, 4> 7 B 1 &
SANE AL, A B A O HS V-1 3 IR i
KiGJa 1 20F R, DAAEFL 100 pl Jim A b 3 41 i 5%
FEM, T 37 °C AN 1 h; RHEEHRIL T 450 nm
WK TR 2 A A, TF S0 AR 6] 995 B A BEL I %
REL VBT % = (BHL W7 i A (B — BH BT 5 A {0 )/ BH W7 A
AfH X100%

1.7 IgY#kshaum &6 h om0 & Kk
B2 Vero 4 L 1) 96 FL 40 Al B = A, W 5 45 R
PN AR K 2 R WO B HSV-L iR (WRE N
100 X TCID,), 4 fL 100 pL, & T 5% CO,.
37 CHFA A L h, FIINFHW, FAEKGER
WE 20 Bt K AR 1gY (0. 01560, 0.031 25,
0.062 50, 0.125 00, 0.500 00 F1 1. 000 00 g+L™")
PLEEFL 100 pL i A 40 I35 2R, BRI E
S AL, A I A A B X R B BT X
B AMMIRE IR T 37 °C. 5 Y% CO, 8% F- 4 b K5 9%
72 hi5, WEEIFICE CPE. ARG A [ ik B fi Ak
JEREE S A 0 CPE B2 B, P4 1gY R 4h bt HSV-1
R BE M AE 1, CPE RN, U6 B o iR ik Sh b
B AE B R o ARl 00RO W)k B PR N A S CPE
1R BE W IgY RSN dERE T, 7 Ron
METCHAE ; “+7 FRon 25% LA B9 40 B A& A2 0 AT
“HTORIR 25%~50% M AN & AR AR s CHET &
IR 516 ~T5% A ff K A A8 s i RN 7600~
100 %0 4 4t Bt & A= 9 722 o

2 & B

2.1 HSV-1mH&HEMH T HE DS T WE
ZER BN, IEHK VeroMHIESIER , ERKRRBIE,

20 f BE LB T M, HESI ST, R HS V-1 BT 80 40
MO A R B AN ML 4 . mlG . MR SRR, HE
JE ik 28 B . HR 4B Reed-Muench 3% 3+ % HSV-1 11
TCIDy, K 1X10777/0. 1 mL, VLI 1, BIiZ%% 7 5
W 107" M5 I, $ERP 100 L AT 4 50 % Y 40 i %
A A8, HSV-1 4% 25 J5 M M B 105. 54 1% 5 1Y 94 BF
W (100X TCIDy,) R F JF 22525 .

100

Percentage of CPE (/%)

0 I N IR N NN N B 2
10" 10° 10° 10" 10° 10® 10" 10°

Virus dilution factor

Fl1 RAEABEENHSV-1REFBHEM Vero 41l CPE
BaER
Fig. 1
HSV-1 virus with different dilutions

Percentages of CPE of Vero cells caused by

2.2 IgYWhR M LEFEGESE HIRMMA
FR 1) 42 ELTSA 325 46 I 85 XS 0 958 1 I 35 /9 34
TR R S 0SS 1IN SR S RE T, AR XY I N bR
PIRCH A 5] 1/512 000, 55 3WARLEERT, IMLIE M Bt
REIRLM A S 1/1 024 000, FHEARFFRaE, WK 2A.
Wi J 0 B X i T BRI Y AL M,
LA rh gt © 7% 4 HSV-1 Buik, BE & %5 K
oy ss X OEE b LR N T T~21d N A
T, S ik E) 1/1 024 000, RS AR a2,
W 2B, K SDS-PAGE % % 1gY 1y 2l JiF, 4
B TgY Y 2 2% e i R 2 2% BE A R T O, 16 AT
e 25 1 IgY 2l By, WEI 2C. R BCAEH
W R ) A S Y B A S i, LI BSA#R
HE VR BN RS AR bR, AE IR AR, ARAEINZ N
Y=0.551 5X+0.100 6, R*= 0.997 1, WK 2D,
W XM Ik B Fa 5 S Y TgY WA WA T, AR R AR o il
LT HMAME, TAEBSI YW EATEN
11.544 g- 17",

2.3 IgY *xf HSV-1% & ¥ 4= FL B 4k /) 44 4 ;) 2
R OEPURFREAMT 1/128 000 K, BHM: PR AY
BH R 35 & F 70%0, & BIAIESE BT il 4% 169 1gY AT LA
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A: Assessment of titer of laying hens serum after immunization;B: Assessment of titer of IgY produced by hens after immunization;

C: Assessment of purity of IgY (Lane 1:1gY;Lane 2:Molecular weight marker);D: Assessment of protein content of IgY .
B2 IgYHIH&MIEHN

Fig. 2 Preparation and evaluation of IgY

5 HSV-1 85I & A b MO8 . Y PR
BB 10 64 000 B, BH PR BT AR 9 BH W7 5 Sk
77.90% , TiBAMEPUIR R BHBI R R 5. 79% , ik E
TR R B AR B Ao Tg Y R S A BRI
HSV-105 8 MRCE ILIE 3,

100 ~ Positive —
Negative —
" 80
3
o 60
Q
g
= 40
£
9
2
=] 20
0 ] ] ] ]
N N O & & & N N
(NS R\ R\ R SR\ D\ SR\ S
PN b g g o
NN Ny
IgY dilution factor

B3 IgY X HSV-1iR % # 4 5 th BT s R
Fig. 3 Specific blocking effect of IgY against HSV-1

virus

2.4 IgYRSMHR B ER S IgY #£ 0.500 00 A
1.000 00 g+ L' # ERF, X HSV-14% 7 1% ALY CPE
PR R Bes, LTI A SR A g0 Ml R OB
CPE; IgY 78 ¥ J¥ 4 0.125 00 A1 0. 250 00 g+
BF, TgY B BA — 7 i 40 ML OR 4 34K s TgY 78k B
flEF0.12500 g-L7'AF, WA H &6 HSV-1 45 %
XA ML EEE R BE ST . IR 1.
3 W i

HSV-17Z A7 T HAR S, EZ R .
FE . B RRBEBEAN A 2 R R e, 2 N d
WILBR R/ Z —, 5IRTHREN) ZX
TR BRI A b N B I RN R
EREAT IR YT HSV B, 3k 28 25 W) X s 27 Jek
e 1 20 LA R A R, (I L ) 5 R
B D Re AT SRR L R R AR T 2 bR AN R
B U B, SRR RN YR RO AT T
RIHTHSV-1 259 +4r3a U1, ) $0 ik 55 b 9 T Be
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1 IgYBABHSV-IIREZRRES
Tab. 1 In vitro antiviral effect of IgY against HSV-1

Group CPE
Virus HH
Cell —

Antibody(g-1.™")

0.015 60 HH
0.031 25 it
0.062 50 H
0.125 00 i
0.250 00 H
0.500 00 —/+
1.000 00 —/+

IR YT BT 0 R — A A O vk, (AR R
PURPT HSV-1 B M A e > o A & 7F
il # IgY, WF98 X — otk 25 9 X HSV-1 19 Hihs
L

WG L HSV-1 B, il & I3 2 1 b 9%
RN B G 5 U BRI B8 0 R G g e TR Y SR, e
R A B TER, A F] 1 2 1024 000 %5 =5 P iR 5%
W5 TR R AR AE o 1Y A T A RN AR 4 45T W) v
WL, 8 B A 5 A (0 T Y 4 BE AL hy, Puikor
WEMKFE N 11,544 g- L7, B F—L K0 HEY)
ST VPR T AR SR . DL 1gY 4 O ik e R
AL, AR, R IR AR 25 LR
J¥ HSV-1 By R ™,

R TS5 SE T A PR B A TR, AR O
SR FH AR 5 1 L DT 52 56 0 5 B AR 1 v RSO LB T, 2
B i B AR T 1/1 280 000 B, X HSV-1 iy BH 1K
R Em T 70%, 4R FKP HSV-1 1 L5 6 & W
TgY 5 SR UM I Az PR RO, Ay o B S I
B 100 B 290 HE Al o Bl S SR FH A L A8 e I 3k A
IgY X HSV-1 B AR Sl B8 , 25 R R0 . BEE
IgY WE T, M CPERYRE I Fhes, SR
HIPE . YU E E T 0,125 00 g- LU, IgY 4
HSV-19% 5 5 A B 5 0940 i 7 H .

Zi LTIR, ASHIESE L A A v RN Al R A
B P HSV-1 9% % B9 IgY, JFEUE T X IgY g 5
HSV-1 & A4 tpofn g g, HA7 BH WG 2 8% g A i &
i EEIZ W R B9, IR T i IgY A RS
HSV-Uig i tE, TgY #th/N, ANiifzh, HAMRLY
47 2 25 ) R T 5

Tl SRR
A AR P RS AT A i o8 o
fEE AN

PRI TS SR R R BT, TR TE L R IBARR T 3
TUESCHYSEE, R AR A THE SCRE .
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