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Abstract; This study was conducted with the objective of clarifying the tissue distribution profile of duck angiotensin—converting enzyme 2
(ACE2) and developing necessary protein and antibody research tools. In this experiment, by using Chinese spot—billed ducks as the model,
the duck ACE2 gene was amplified by RT-PCR, cloned into the pET32a vector, and transformed into E. coli for induced expression. The op-
timal conditions for IPTG—induced expression and purification of the ACE2 recombinant protein were screened. Under the optimized condi-
tions, subcutaneous multi—point immunization of BALB/c¢ mice with the obtained duck ACE2 recombinant protein was performed to obtain
mouse anti—duck ACE2 polyclonal antibodies. Then, the indirect ELISA method was used to determine the antibody titer and verify its speci-
ficity. Finally, the distribution and cytological localization of ACE2 were analyzed using Western blot and immunofluorescence. The results
exhibited successful construction of the pET32a~ACE2 prokaryotic expression vector and the recombinant expression of the duck ACE2 pro-
tein. The optimal conditions for induction were determined as 2 mmol/L IPTG for 12 h, followed by protein purification using the KCl-stained
gel excision method. Further analysis confirmed that the recombinant duck ACE2 protein existed as a single—chain protein with a molecular
weight of approximately 110 kDa and an isoelectric point (pI) of 5. 61, predominantly localized in the inclusion body fractions. Additionally,
the immunization produced high—titer polyclonal antibodies (1 : 12 800). The immunoblot analysis confirmed the antibody’s potent immuno-
genicity and exceptional species specificity. These results confirmed that ACE2 was widely expressed across multiple tissues in ducks, prima-

rily localized on the cell membrane. In summary, this study provided experimental evidence and data for investigating the functional
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mechanisms of duck ACE2.
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N (PCR) “W&BilBMimikeg, TERIMNET Pk
YIFHMZN (15 ACE2 2, AT 4tk kd
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mfE (0, 2.4, 6, 8,10, 12, 14, 16 h) FiES
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0. 125 mmol/L 1 IPTG) #EATHii1E, e AEILIY IPTG
WRAMAE RSB, BOoF LB, BTG E
FEREIEAHM , PR B O WO B EISWADTRE . T
T HE L R B — SR TR IR B FRLVK. (SDS-PAGE)
X} ACE2 EE41 R (I FRBFE XM TEEE
1.6 FSACE2 EHAEANAURETE

W S, PEIH KCl Y bliesk, vEfTH
ACE2 EAHR A4k, B35 M A A W i1 TSDS -
PAGE, HLUK&EHS, 1 0.25 mol/L i1 KCl AR YL {4
10 min, VI MBI AR B Y & IR, PBS
iR, BOHCEWR, BRI T ACE2 SR
H, i SDS-PAGE FlE H BRI L ( Western
blot, WB) HriF AR
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30 min Ji7 M €0 V8 6 £ 8 S 1T R S B A, WA
KRR AEE L, B8 1S ACE2 S 4188 YAk
RN, SRJTIE T SDS-PAGE 2 %t B Ak b i I 5E 1%
5 ACE2 A HE AT,

B, B St Bea)s,
T SRR B TR AR LA B TR W T S 0
Wz pEey, RIERea e IR RS, MR
MERL R B RIS 45 S5 ERE R (Rf) . /0l AR e
M AR R A X ECH R Gk by, 2l bR
fEmZe ., FIRAER 7 kA3 RS ACE2 H A8 (1Y Rf
B, ik, TS S50 Bt AR
ACE2 EAB M i,

HEAK: lg (MW) =a-bX,
K, X WiEBFE RS,

Rf=FES TR B/ Fe R AT IR
1.7.2 " ACE2 &G F 8 & (pl) 1A 2

ST ik, BN IR R S R AR
HYk (IEF-PAGE) MI%ERS ACE2 FA M pl 5, MW
PR pH EIGH K 4~ 10, BERWIE 10%, FaE
HYK, EIRHT 2 mA/, HUUKES G AR AR
SR . M BHM S BERE 0.5 em YR BB, 439k
F/NFER R S5 RE I pH M, LAXT R Y pH
THFNEERCA BB . Ak br, il pH EMhZ, @
1t AR 2R tH S ACE2 40 25 A 45
1.8 R ACE2 ZERAENEHERERE
1.8.1 R4 ACE2 % % &tk ey 4) &

WENAESE T d 5, B4 2 BALB/c HEME /N ERBEHL
A3 R IR AT, /N PR R A THRME R i, FH
afifb s ACE2 S E AT 2 i /N, % 200
png/mL ACE2 S EHSIHIRGE AR (FCA) 1:1
RAJE, M s K FL . a5 dl a5 H/h R
I mL AR, MRANEH 1 mL AMHEK, TH
TR Z N, BEIRG 2 R RE 1R, R E RS,

J& 4 WARPEM I RATE AR (FICA), &5 K&
REJG, 1B A R IR H/NEUIR E 3R, BRIV R
M3, 20 CAEFEREH
1.8.2 R4 ACE2 % B4kl 2

ol FH ) 2 P E0C e 88 W B 7 v (ELISA) 3%, H
PURAL BRI ACE2 A EHMBEN 0.1, 0.2,
0.4, 0.8, 1.6 3.2 pg/mL, FFLIIA 100 pL, F
4 CHgk 12 h, YREKIE, BALIA 100 pL DL 2 f588
FERFE (1:50~1 :819200) %, 37 CHEHE 1 h,
VRGN 1 2 5 000 i BEAFEHT L =40 (HRP #3
i), FEHL, 3, 37, 5, 5 - DU BRI B A
(TMB) RO 15 min, HIA 2 mol/L H,S0, &
1B R, e BEFL 0D, 1B, FEIFSE B ML oD
H (P) FIFAMEIMTE oD (N) ZIb,
1.9 RHH ACE2 S EEHAENLE

WB 7&Kzl ACE2 7E .0 Ik . FFAE. MR, &
B, W, +=4 . B, ERSESNEHLS MR,
o —H A 12 1 600 15 H5 B 1) L — 25 il & 1 Bl bt
% ACE2 Z sk, —Hifli H HRP Fric i FEHT R
IgG (1:5000 Ffiks), HARLIRF 1.6, 20, A
PIRXG R, KRB W WIS HSERR
W, Et WB S BBty ACE2 Z bk =
PR, HLUK AL ENAERAR D R 1.6,

DF-1 AR5 T 10% i 45 1L A0 3K R A7 50 2
K Eagle }5353f (DMEM), 37 C. 5% CO, %5374
HRER % AIAE R R R SO T ki AT, S
BE W ik,

2 FHRE5HM

2.1 HERFK ACE2 EE#R PCR ¥ 1g

WE 1 s, e TR, 25 el gH 2
IR, HAA RN 2435 bp 2247, 51
ACE2 FE R R/N—3,
1 2 3

4 M

bp

10 000
7 000

4 000
2 000
1 000

500
250

M. DL10000 Marker; 1~4. 435080 0E . FFIE. 25, [iH4H 2
K,

1 B35 ACE2 EE#A) PCR # 18
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2.2 pET32-ACE2 EAFHRHILE (5896 bp) FIHAYIEE (2 435 bp) EAFHFF;

PCR A 7R, 1~8 SIHMEEY W ™Yk EYIG L5 896 bp Fl12 435 bp iX 2 4547, 43l %t iy
2435bp, S5 HH — (K 24), BEUIRUES, #EHAEMEMIEHE (B 2B), 45 RUFELY pET32a -
BamH 1 B[ Y= 4 8 300 bp 454, 5 # Kk ACE2 EAFRAFGE AL,

A
bp
10 000
; 8000
2435 bp

4 000
3000
2 000

500

250

A. W PCR, M 24 DL10000 Marker, 1~8 AR ; B. HAFCKEEY], M 7 DL10000 Marker, 124 pET32a~ACE2 4 JikL BamH 1 H1fi
Y1, 2 K pET32a-ACE2 A GH. BamH T | Hind T3]

2 B pET32a-ACE2 EA#HFHLE

2.3 IPTG F S EFIRENMLL Wk E iR [INE, & AR AERE IPTG ¥ B Tt
WE 3 s IPTG 755 pET32a~ACE2 A E W, 2 mmol/L W E 4 K, &ML &N 2
HEIE, HRIXERESSEEER MM, 7212 h mmol/L IPTG 5% 12 h,

A kpa M B kba M 1 2 3 4 5 6 17 8 9
180

|
B 135
75 75
63 S 63
48 = S 48

-
35 - !! = 35
-

[
25 25

. «—ACE2

L
B

A. IPTG S FAM A AU0AL, M FARAER 4> T Marker, 1~9 3 1 mmol/L IPTG 43 $iA 2 HRIBEAEIIO0, 2, 4, 6. 8, 10, 12, 14, 16 h;
B. IPTG i SR IKWERIAL, M AFRUEE 20T Marker , 1~9 2 IPTG B FIAWHEE 0, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16 mmol/L,

3 IPTG ESMEFRENRAER

2.4 BBACE2 EAEARZEANERE

W 4 af L, SRR TR L, RS R
ACE2 W& B, H E 2477 TR R i e v
UiH pET-32a-ACE2 FURIRIAI ACE2 EHEH £
DAL AT A TE
2.5 BBACE2 EHEARMN4AK

VM KCl 4 (5 AT VI 2468 ACE2 B 4H 4K
Fo WIS Bis, Jiiif SDS-PAGE il WB 457, 5 ML R PP T Marker: 14, JRUCRRERSTTRNG, HERTS ML
RAGEHING ACE2 AT AL, KCIUVIRAMIESR s mmvine . mewss i 18w
BT LR TS ACE2 SEAE A,

ACE2

B4 ACE2EAZEQREEANEE
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A. KCl Yz [l 4 b =9 i) SDS-PAGE, M AFRUEEE 143 F Marker, 1 AiESHRIAJG 7 BEFER) pET-32a—ACE2 A LKW, 2 MiEFRIL
J& RWEREH) pET-32a~ACE2 TLAFRIKE, 3 9 KCl VI [l 4k 5 /Y ACE2 LA H, 4 o KCI VI Ml 2lifb J5 &2 52 R Bl AY) ACE2 LA E A,
B. VIRZlifbr=#iy WB, 1 RR4ifk ACE2 HAE M, 2~3 4 KCI VIR IR 4ifb/5 1 ACE2 A EF

5 YIR4 ACE2 EHAEAMLTE

2.6 FSACE2 EAEHMBAMERNERE

M 6 n s, 4 ki ACE2 48 e dEAs pE
YL SDS-PAGE Hidf i L —Z%at7 ) SR H Sy H—
WREEZERY, 585 A 1 P — 3, 38 o X Bl Ak bR

A M 1 2 B

kDa
130 kDa
180
1(7)(5) 130
95
. 72
55
45
43
35 34
25
26
17
C
2.5
y=1.150 12+2.245 85
% 2_
”0 e R=0.999
e
| D
O,
§ 15 e
ic:
M 1.0
KR
0.5

7, BisEE A TR Ef 2, 15 10 ACE2
FHEAMS T =109.81 kDa=~110 kDa, LI pH {H
P AR, BERCA B AR AR R R A R, A5 i
S ACE2 25 145 15 pl=5. 61,

M 1 2 3 4
— e E—— @ — ACE2
PO
e
12.000
10.000 g
¥=1.087 2x+2.460 8
8.000 R=0.999
£ 6.000
=9
4.000
L]
2.000| *

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

FRMER TR

2.000 4.000 6.000 8.000 10.000 12.000

BB S fem

A. JE7A5 1 PAGE 43 4liAb )5S ACE2 A B, M NFRMER 4 F Marker, 1, 2 H4ifb)5T8 ACE2 T4 1, B. SDS-PAGE 43 #r4lifkJ5 Mg
ACE2 BN, M NFRUES F15>F Marker, 1~4 R2lifb)5M ACE2 ALK ; C. /- Ta2ExEu4; D. pH EEEARMEM L,

El6 HACE2EAHZEAIBHERNERE
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Z7Luﬂﬁmmzzﬁ& LA R E F2 HBHMNHE

EE% 2 FJT/T‘ ﬁf“/J\ Eﬂéﬁﬁ lﬁlﬁﬁfhhﬁiﬁﬁi Ijﬁ H [SD'I‘EI% 1 Eji [;m/# 2 % lgﬂ‘ﬁ? 1 % m‘f’# 2 %
%mﬁ“”wNﬁ TRT 2. WA T PR, Rk ODysy fl  0.8765 0.936 0 0.0715 0.073 5
() OD. s, TELBE I35 F BEAT R0 3 SR 2 R P/N 12.2587  12.7347 / /

#, BAPEMLIE T 0D, THBAEA 35 . S BT AL
IKE 12 12 800 B, FHPEIIERY OD,s, . (HIZE 1, T
WA I3 8 R 1 12 800,

A 25 , B 25 ——p
—.—N
20 EL 20
g 15 & 1s
g 10 g 10
0.5 0.5
ole—S—t—s—s—s—s—s—s—s—S—fw—s | ES—s—s—s—s—s—w—w—S—Ru—s
N N S & S O O N N S O & P © O
S F S @ > b@ '»@ LN W@ SIS S x@ 'J"@bﬁw@ & xgwb‘@ oS o o
NN NN . N eSS NN N L AN
\ '\ \ N \ 3 \ N N NN X .
N '\ \ '\ N NSNS
ML R L A L B LG A

A 1SR B2 5K,

7 RIS ACE2 &5 EHRz Ml

2.8 FRPIEE ACE2 S EEHEHNEE W OLRY SR TR RRE . A B, PR R R
2.8.1 R ACE2 % £ &H4k WB X2 SIRRES P A RS B R ZH AP i) ACE2, {HE5 K

WME 8 fin, bR RE e N EA R AR B2 i ACE2 J A X 555,
ACE2 B KM IR i N IR ACE2 P, R4 FURHBEA @M ERE R, A0 ab &8,
THEMIS TRAAEZES, HEN1/E SDS-PAGE ' ACE2 7EREWS.CoE . FFAE . MRUNE . BB . B E X i 1A
PIEBEZ 110 kDa &, HEBITAMFGZEEN (T8, =, 5 hEaERE

B

ACE2 [*

B —actin

A. BT ACE2 £ iR iR 5 4ifb)5 NS ACE2 T2 & (1 M WS L4116 (AR S PE LS & 55, M OWARHESR (4> Marker, 14 KC1 H)JKE ]
Weaifb S ACE2 B H A, 2 MMAFIEZHL ACE2 11 ; B. ACE2 Z i EPURTE R YA b S 4h I, M O RHER (43T Marker, 1~6 fRUCHIFR
MR EPIAN . KRR, WM E ALY, ¢ RIS ACE2 Z iR Y E ACE2 7RISR G0 35, 1 D E, 2 MATHE, 34
JLRE, 4 RIRE, 5 OREIE, 6 hHaEM, 7T hEl, 8 WEM.

E 8 ACE2 ZREMEHREIERERSH

2.8.2 RIM ACE2 % HEHikeg ok R 5T Kl ACE2 76 DF -1 i i 3k (& Emat),
K9 g5 iR, BT ACE2 £ wEdiiknT LA F A ACE2 AR Z /A fE i L
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DAPI

ACE2

Merge

E9 DF-1#4a ACE2 BI45#FFRIE (200%)

3 itig

H 2000 4E KT T AN ACE2 4K ¢DNA J14)
BT IFF LA, /IS BLA IR 2L 30 4 Ak 15 55 3 i 1Y
ACE2 JER AR 4k 4 ve b, X T8 B Ik 5% A X )
Jo He B = XS 45K & ACE2 JE[H (I FERE B TS %5k, 45
B RS B e K AT B P o v e A B R
SPE R ACE2 A& A, Huk B ¥ K B M 1Y
ACE2 1/3{#+F SARS-CoV MIZIRIIRE, W44 5" F
AR % RH  ( Escherichia coli) JRAZFiEREA,
PATEM ACE2 F|A/E Wi KR, k5 1LF
ACE2 Z itk JAGHSE " Mt [FA 7 ik 64 T 1%
ACE2 (WEMHEH, JHHAZEAE A Sl & TR
BUFH) ACE2 ZsibEdilhk . AWFE LTt 1Y
BHFLFIAMER, P43 TR ACE2 EAEA, il
AT B R RN BB ACE2 Z i Ehiik, If
KRB, il R ACE2 22 o e A mT 52 450AG 0 R
8 RGALh ACE2 Y, EXF R, AP 20
20 ACE2 FE I RN #2855 o

ACE2 1Eh RAS ZRG0 1 i R T LA B et tR s 2 1F
AR SZ A, 0T HAEAS R L0 0 o0 A DA R
WA BT T AR R 2 W i A TR 2L i Rk T
e, AT R FH e v S, FIFH % ) Bt iy
ACE2 Z yiEHUARIIESE ACE2 T B3 4E DF -1 41 ji
2R |, X —25 R 5 FLsh b ACE2 W41 5y
ARAE — 30" — 2 R B Ay AT R,
ACE2 7RO E , JFFIE, MGUAE . FAE . BFE . 718 20 41
Pz A, A AR ACE2 AL,
YER RSA RGHIAZ LT, ACE2 3 i & Angll 5%
b Angl-7, & 54510 AAR -y, IF &5
REGERYAER, HAEOm B, FisEggih)
R, 2R T ACE2 X4 B AR
A, BT ACE2 HEMAEY¥E X, R HR Rkt
REIFF K ARG ACE2 fCHE T B, A 5T BL A
TR E RS ACE2 (R KA RS, M8 THS
ACE2 T 1 MR ACE2 ZFifsHifk, JiFSE ACE2

TENS PR BT 2 50 A, XA BT H AT RETE S (A Py 1 3
HEEMO, AOTEERN Y] ACE2 fEM IR A Y A=
Yrr IRESLE 1 AR
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