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FHEK (interferon, IFN) SR IAA FPLaHIER R EHIKIIRE. TR
y (UFN-y) & 0 BT HREZEFIME— A, o7 B TRHENRENAR, EIE
LT 2P RN RS R R IS T, IFN-y )43l 3 252 3 5 AR A5 240
fe (NKD FIEHAZRAAG T4 (NKT) BIAY: mEE R eZEH, IFN-yFEH CDS
YR CDA" T 4 e 55 40 b A o ANEIVREE N (19 IFN-y 2 WOUE AN R 10AE Sl 1E
ERFEIE LR, JAK/STAT @ B BB0E s MERIREE KA T, IFN-ylI <2155 ICAM-
PI3K-Akt-Notchl {5 5 J¥0E . IFN-y i]/EF T 70 H & AR BE A5t RIS
T BEFE B G2 0 B LR AN T SR AR . TEN-y VAT 3T AR S S I A e 7, 5t
TN BAERE, LG5 BREMPUE TR B S e M A g S b
B RIEE EEIEM .

WA R Z IR, A ERIUR B SR ARSN E E  —Rhas A
FRIBTEMERAR R E OS2 E. SEGMBURHI S BRI, W& R R
ARALREGT %t Rh 2 TE 5 Pk, RIS 6 B A ik B IR . ARG, R AYE R
it B 2 T NI SOE S 5

AR G0 TR R R SRR AR, il 4% 7 A N IFN-y B BE WL IR 2257 T IFN-yA&
M7 R B RIAANAGR] IFN-yE A5, FIH ) G2 A0S & i e mBiR
FRGE R T #E ) IFN-yf) 11 AR REE ST T 51, it KI5l Rk 4, .
DX 11 FhHUiR 9 A FERE,  FRid H 7 X TFN-y 338 A0 ) B e EL s 2 H A 236 B2 5R 1 4t
P, DME S ST K B GORHE IR AR & [FI, s i gn b, i 1%
AN PR FULE L A _E BT IFN-y 5 2R 25 G IR . F M4 R T

1) FIf HEK 293F 4Hfo4lifv.75 2] T His #3251 hFc fr25 1N IFN-yE H .

2) 2 FhbRAE R IFN-y B 530y, S ORI XS MR B AR ST iR S, 43317 11
S A AR HEE ) IFN-y SR SR 741 : C03. C04. CO06. CO8. C11. CI2.
C13. C15. C25. C35. C48.

3) MK W EETT A, AR S T R FEFRZE R 22 S5 BUR 51,
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Abstract

Interferon (IFN) was initially found to have the function of interfering or preventing
the replication of virus. Interferon-y (IFN-y) is the only member of the type Il interferon
family, and its molecules present with three sizes under the normal circumstances due to
different degrees of glycosylation. In the case of innate immunity, the secretion of IFN-y
is mainly regulated by natural killer cell and natural killer T cells. And in adaptive
immunity, IFN-y is mainly produced by CD8*and CD4" T cells through paracrine
pathways. At different concentrations of IFN-y, different signaling pathways are
activated: the JAK/STAT pathway is activated at high concentrations of IFN-y while the
activation of ICAM-PI3K-Akt Notch 1 signal will be induced at a low concentration of it.
IFN-y can act on the cells which secrete itself to form the positive feedback, and it can
also act on immune cells, helping to identify and eliminate pathogens. As a cytokine that
regulates human physiological activities, IFN-y has a dual impact on the organism and
plays an important role in infectious diseases, graft versus host diseases, autoimmune
diseases, tumor immunity.

Phage display technology combines polypeptides, proteins or antibody fragments
with one of the phage shell proteins and expresses them on the surface of the phage shell
protein. Compared with the traditional antibody preparation technology, phage display
technology can not only screen more kinds of antibodies, but also has the advantages of
short screening cycle, low cost, wide application range, and easy humanization of the
screened antibodies

Based on phage display technology, this study prepared the blocking antibodies
targeted human IFN-y and established the detection method of IFN-y. After purifying
IFN-y through eukaryotic expression, we immunized animals with this protein and
screened 11 different single-chain antibody sequences targeted IFN-y by phage display

technology. Then, we expressed and purified them through the secretory expression and
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intracellular soluble expression of Escherichia coli. With these 11 antibody sequences, we
screened for antibody pairs target IFN-y with the highest affinity and meeting
experimental requirements, in order to develop more economical and accurate detection
systems in the future; Meanwhile, through flow cytometry analysis, we analyzed the
blocking ability of different antibodies for the binding of IFN-y to its receptor at the
cellular level. The main results are as follows:

1) Purification of human IFN-y protein with His and hFc tags using HEK 293F cells.

2) After immunizing chicken with 2 kinds of IFN-y protein, we established and
screened the phage library of chicken antibodies, and 11 chicken derived antibody
sequences (C03, C04, C06, C08, Cl11, C12, C13, C15, C25, C35, C48) which were
representative and targeted IFN-y were obtained.

3) 22 antibody sequences, which purity and activity met the expectations, with two
different tags were purified by secreting expression of Escherichia coli.

4) The affinity of each antibody sequence was detected by Elisa and Western Blot.
The results showed that all 11 antibody sequences were positive for IFN-y and 5
sequences of them can bind to linear epitope.

5) Four groups of antibody pairs with high affinity were screened by the sandwich
Elisa method and the highest binding antibody pair was selected by the software analysis
for subsequent development.

6) The cell line with the highest expression of IFN-y receptors was selected from 5
cell lines through flow cytometry analysis.

7) 2 antibody sequences with the best blocking effect were selected by flow

cytometry analysis, as well as five other sequences with blocking effect.

Keywords: Interferon-y; Phage display; Blocking antibodies; Double-antibody-sandwich

Elisa; Flow cytometry
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Abbreviation  English full name Chinese meaning
AP1 activator protein 1 BOEEH 1
CAM cell adhesion molecule i 1) 285 Bff R -7
CBP cAMP responsive-element-binding protein cAMP kNt & E A

carcinoembryonic  antigenrelated  cell & FE Pt i AH 5 41 A 26
CEACAM

adhesion molecule 7 F
CTL Cytotoxic T lymphocyte 2 25 1 T Ik 2 4 A
Eomes Eomesodermin it T 2
FOXP3 forkhead box P3 SOR K [R5 P3
GAS IFN-gamma-activated site T -y BOE AL A
GVHD Graft-versus-host disease MY S T
IDO Indoleamine-2,3-Dioxygenase W51 Wkl 2,3- %000 48 g
ISG Interferon Signature Genes TIEETHE
MAPKs mitogen-activated protein kinases 22 Z 5O B
MDSC myeloid-derived suppressor cell 8 25710 1) 12 4
mTOR mammalian target of rapamycin CLEE SR RNEY] P
T-bet T-box transcription factor T-box ¥ [H ¥

i 968 TR B DR 1 A 5% U 1

TRAIL TNF-Related Apoptosis Inducing Ligand

7 ALK
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1.BIS
1.1 FiLE

TR E 2R 7 (Isaacs) MIMREE S (Lindemann) § 1957 SR I
R SET A, AATRIUAERUEIRFF RT3 2RB PR Bk o2 7= 4 — Fh ik
T, AT AT HRERH R B R ], JE A 408 IFN. HETC AR T K4 10 Fif
AW IFN, HENFKE EURIL 7 F, B IFN-yJE T 1AL, HARYINIA (Pestka
2007) .

1.1.1 IFN-yB9 5 F4F1E

1.1.1.1 IFN<y T Koy T &

N IFN-y IO, T3 12 5 4L Rk b s DUEE R g, BRI B8 = A
T (Naylor et al 1983, Trent et al 1982) . A ML H I IFN-yA =FANE KN (174
20 f125kDa) , X550 FIREEACIREA G —MAR IFNyRVETEIFEES, 15
G AR B A 2 AT IFN-y 7> T o AEWITEMETE 2 IFN-y 2 —F B IR0 42 1)
Al R4, RS AHIRIE 17 kDa 2 IR SR 41 R (Alspach et al 2019, Lilkova et al
2019) o IFN-y[FIJE — RARAS S ATAT LN B I R I B T AR TFN-y s A ity il F 0 pH
eI UL 5

1.1.1.2 IFN-y 7 458 R 52 R 45 &

FEAEFEAN [FIE SR AR T, TFN-y 9 2% S 1) AT 1) 22 IR BE AL A, X345 58 — A
PRI N A3 5 58 AN AR C AR oA, RIS 35— SR N R 15 55 — Bk
(¥ C RutiAHE . HER TR RIERLITE R T — AN R RIZ AL G . X
SRR IR, 7E 62%H N IFN=y 7> 1o, RN BRARER 6 SalR iRk, gz
FHARSS A XA AL 21 DNREIER A F A% C Kiim (Ealick et al 1991, Lilkova et al
2019, Thiel et al 2000) .

IFN-y {324k 2 /0 AN REZH B (IFNGR1 AT IFNGR2) , &AM T# 5
JAK FRH— AN A AR (Platanias 2005) . A IFNGRI 7E ik #H&. fn
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AN G M G 77 R SR DA R A A rp R B e T S 4 R IFNGR1 R4
KA, B RIE AR e, HOOZ B 40/, NK 400, &/5/2 T 4 (Sun
etal 2014) ; 1M IFNGR2 )31k 32 35K 7 SP1. BU&HH 2 (AP-2) 1 NF-«xB
175 S 4% (Gocher et al 2022) . fEZEMIMER T, IFN-ySHEEM 2R 1: 2
it E LA A T O FREE &, I LR 3 O A M 1 2 M o IFN-y[1) 52
PR 25 FHAR I C K S5 M8 AN B 5 2 A T8 il ST . 1X— C oK B X3 43
B WM, BFEAEAN T I AT (Grzesiek 1992) , AR 28 5 1 K 1o P ik
B, MEMKEENIFNy S KZAHKRMPEERSEM, UHE
Arg'?-Lys-Arg-Ser'32 ik B Z Z L3t T 5 hIFN-yR1 {35 A1 540 BAF H (Haelewyn et al
1997, Nacheva et al 2003, Schein 1995) . VJEIH /> C i@ LI FRE (&£ 91 H
Z o SHUIFNy 5 2RSS HISEF 0, i & A 2 B2 5 8 R 1 s
(Nacheva et al 2003) .

1.1.1.3 IFN-y I BE AL AE 11

RIRIN IFN-y& — R 1, R AR EE EA AL B AR ) N-BEEEAL
{7 5 Asn? Fll Asn®7 (Sareneva et al 1994) . Asn® -] % B i 5 SEAEIL X AW ANR &
EERILH R, 3K — L RURIRE IR T IFN-y 4 S 2R P R B, [FIRHEAS T X LR
0 2 RGP Asn® B2 E I B e 2 T H BB AL ORI & R A AL, R
A AN B T O IR AR B . (Mertz et al 1996) o FlEFEAL T T IFN-yR)3F P 3F:
AEE, A SCIEAE R, BRI N IFN-y BAG A B (o 2 1, 9
PR [FIFE P L3038 W 40 PR R R R ( Arakawa et al 1986, Varesio et al 1984) o JG 4k
I TE R, P BN T IR AE MR P 22, JREK T IFNy /- 51
XM (Gordon-Alonso et al 2017)

1.1.2 IFN-yBY 535 K S

FES R G PEHITE LT, IFN-y B AR 1 52 21 NK 324k, 3832 3 NKT 8315
TEMs TAESRAS PR e N, TFN-y U 2y CD8' A1 CD4" T 4H i L 55 73 A=
(Burke and Young 2019) .
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TE SRE SR LR B e, (2 98 40 M DR -2 55 43 b TFN-y (1) 4 . (1% 52 A 4
A WSS, W0 STAT FKIEMIER i (EZZ STAT4) | T-bet. AP1 8¢ Eomes,
MM HE— B HE IFN-y /1724 (Kanhere et al 2012, Negishi et al 2018, Thieu et al 2008,
Pearce et al 2003) . #il41, IL-12 & —F s R4 (APC) WIEWEANM. R
R4 (DCH A1 B 4Ha 7y W 2 RAUMEE 7, P55 CD4' T 4ifarh STAT4 i
W, LB AL, HEMRE IFN-yEss% . [N, (R IL-12 Al i35 CD8* T
SR ) STAT4A BERR AL, AT IS % M IR 8 98 28 3% 77 42 IFN-y (Liaskou et al
2018) o Uh4h, IFN-yEA(REH CrpES&E, enfEH T APC 41, Tk
PR A SO o IX I RAE MR A SO B R A AL I ] (Garris et al 2018) .

B bR AL, MAPK 38 15 i 00 8 B8 1 I8 IFN-y ) 38 938 JF ) B L &
(Schoenborn and Wilson 2007) o 2, IFN-y/&Hs 5 20415 78 22 Mol emn (/6
IR ORI, HR ENE TR SRS N R AT IR R IR AT IR T

1.1.3 IFNy2 55 518K

1.1.3.1 JAK-STAT @+ 5%

IFN-y 32 A (R AN 35 70 51 5 JAKD AT JAK2 76 40 Jf 9 A T /E L, T fdi s =t
57 STATI BERRAL . TEALA M. )5 STATI A —RIEFEH B4, K5
5¥FH GAS If] DNA JP54iE, REivr 2 EINE, I3 T AR A R
(Gao et al 2016, Negishi et al 2018, Poggi and Giuliani 2016) . STAT1 [FJ5 — RIATE
SR S A (0 p300. CBP %5) AH TLAE A 5 K3k 45 56 BE ¥ % 5% e 7). (Platanias
2005) .

IFN-y 5 31 N IR RIFRCA ISG, IXRBERIRROS S 2EME 5, EARTEIL R
BN JERE R R o T AE RN S R s R AR v, K843 19 1SG L mT A A i
BERL FEINRERIE SR 7, InKE) IRF-1 A3 0s, mis S 2 ME R RIE. &
BT K] S FE A M &R R AR R R FEAE Y, A4 i I T R AR L A )
FEFFPEZET . AR B A A AN BT LR K A2 S5 #2 - (Schroder et al 2004) . IRF-1
A LLE AL AR SR (MHC) 1A THIER, MM T #ET
IFN-y () 2 g % CTL oy B MUK M (Yang et al 2018) o % 4b, IFN-yi# it 4%

_3-
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JAK-STAT-IRF-1 ZItiR4e, 7 LA S Rg A T A0 b 258 L G e dor 25 i C AR 1
(Abiko et al 2015, Garcia-Diaz et al 2017) .
JAK-STAT M8 R S RE NN, X—IRraew 5MEREAR. Ik
4, STATs 25 90% RANIKE SUIREKIE, FEAEYERE Sy it 52 A0 g i I 7y i
RIFAERH (Sahaetal 2010) .
X {5 5% SHP B RHG (Shp2) =X SOCS Fet A (3= E 2 4H i i H (1)
SOCS1 #1 SOCS3) HIfiffz. Bhobh, X—i@ARiE v REHHIE 1) STATS 1 H 4
(PIAS) Jiilifil. PIAS #idi% S STATI MR 1k Al DNA B K L 1k 356 P 5 5%
(Alspach et al 2019) .
1.1.3.2 E#78 IFN-yi& 815
£ Jorgovanovic ZF M FiH, AE/NAREREMTRE (NSCLC) ZHZ- A IFN-y I ik
5 T IFN-y 5 H 2R 856 5 BuE 115 Sl % (Jorgovanovic et al 2020) o 55 — TAfF 7%
8 7%, JAK/STAT 38 B 7 5 iR FE 1 IFN-y 30T 2 B80S , X A2 4 L1 TFN-y
B9 MDD —FIREBIRTE LT, IFN-y2x 0% LA ICAM-PI3K-Akt-Notch1
NEIME S, HEI S8 CD133 Rk N, HESFE SN TAMA R (Song et al
2019) . AT IFN-yfE 5 FUEEER (1 CXCLY9. CXCL10. PD-LI &) [HKik
Y, A TR HAE IR 40 6 TEN-y [ SO AR, 1 AME 5 B840 2 A AEAE A8 (Gao
etal 2018)
mTOR J& — 2 Z /75 AR W, 7EfEiE mRNA BB & B & oy iR
H 2 {EH (Setoguchi et al 2015) . — IR 75K W], IFN-yA] LU IS 0% PI3K-Akt-mTOR
5515 S E A CEACAMI LAY (15K, CEACAMI AliE I IE R 15—
BHiZigte, SES AR T (W0 IL-6. IL-8) M AIENE (Zhu et al 2019) .
Fah, BHNIESE, ENERBAIEAT, IFN-yREBIE 2L IFN-afl IFN-BATE T
I S N ——18 1S PIBK/mTOR B#pFE/EA, #0E mTOR 1) 3 £ 55 H p70S6 1M
fEFCBERR AL, RIS AZ A B 4R K T 4E 455 88 1 (4E-BP1) HJRIE
(Lekmine et al 2003, 2004) .

T IFN-yii 55 PI3K-Akt-mTOR @ %X —id#8, & H5MALT STAT 15 5 75 25
—DHIERE . AIRIEPR, Akt FER AR ISGs %, (HE S IFNyiIE R E
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ARG, SETIRRESPURER M B ZEA . Bk, THREZAEBIEN Akt
PR T REBOE B JAK-STAT BRI ThRE, FCVF ISG ) mRNA #iF, Jffx
PN (Kaur et al 2008)

B2, IFN-y/ 519 PI3K-Akt Fli 1S AT BE S 5 SRE RN RIS 25 1 (1 3 136
IFN-y HRA IR A D 22808, AR FRAT AT 75 33k — B IE 75 DA 78 20 R %08 % £ TFN-y{5 5

IFN-y
|
ee8 o nan-...."'
............ g w“""‘"‘olwo..
.......... | |
-"- oy
.......... - - oy '.' .'-'
""" 50CS-1 < . . .""-. o,
STAT1 ’_/ L,. PI3K |
®
AKT Translation

(P_?nSﬁ_K = 7 lmRNA

& 1-1 IFN-yRI B F M5 S5 2381 (Jorgovanovic et al 2020)

Figure 1-1 Two Signal Transduction Pathways of IFN-y (Jorgovanovic et al 2020)

1.1.4 IFN-y 5 S & 4 BEIE) AU 35

SoF T BES 77 A2 TFN=y I S 40 i, TFN-y i) A1 A 1B VR 502 3k B o ibh o Btz 41,
IFN-y 3 BE X Bied A 9RE N 1 2 PR R AR /E R, tnERE4iffl. MDSC. #5R4M
il (DC) 1 B ZHfin%%: (Parker et al 2016) , 5 By %% 48 B 15 5 A VE K R A% . At
T IFN-y 515 5 % (8] i A BAE U N E 2
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1.1.4.1 IFN-y5 APC

PUEIE ZAIM (APC) AT HURBE 215 S A0S & B e (U X S
FUMRI CTL )R BT 1. IFN-yBOS40M(5 5@ 8%, i FiFS S5hlEde 2 M
ZMEAR EIE, SRS I A TAP-1 #1 TAP-2. BT & A EFY)
FLT )R IR M iz X BN R, i #c 3] MHC 1 287> | (Pamer and Cresswell
1998) . [, APC H{] IFN-y[5 5t FE S5 Teff /A4 B35 1 A4 M A
TR sk IFN-yE S HIIEOLT, AR DC <%k CAM1. CD86 1 IL-1pB
Sy FHIZRIE (Panetal 2004)

1.1.4.2 IFN-yF1 BG40

fE IFN-yfIPEF R, BRG] et N S A7 (M1D) SRALHE AR 5 1 g2
JRLe TEYETT ELWEAH M8 SR Toll #5324 RC AR LA K TNF 55 40E 41 1 e R A2 e,
IFN-yZ: 5 7 EVEZ0 A 380%  (Hu and Ivashkiv 2009) o EREAHARATG . AWEcE )
88 4 60 FR) B ) A2 S8 I TNy 428 1) FUAR o8 BE R B A 1 SE IR, 1 ek R Rk R e
WEARZ AT bR (5505 LA T R T AR ORI BE R (Castro et al
2018)

1.1.43 IFN-y5 T 41
T 40 9 /7] Thl AT Th2 40 M1 73 46 73 53 52 % 3¢ K 5~ T-bet M1 GATA3 K 4%
(Kanhere et al 2012) . T-bet REfEAEHE Thl A/ F 0036, FeiliE IL-12 524k
IFN-y (Szabo et al 2002) . IFN-y[J7/=4: i IL-12 $3E 0 Thl g4z, 1 Thl 40
LR R e R B IFN-y >k 4E 45 1) (Hu and Ivashkiv 2009) . %0 IFN-y{E H
THZAMIGE, BN T STATL W&, MIMiES T T-bet IRk, MifEAHFZHE T
f— 5, T-bet AT LKt 55— 5635 AT GATA3 5| % Thl f4F S IESE & 8067, M
il CD4" T 4fiffd[7] Th2 DL A Th17 434k, {H GATA3 B3I AR Z 2520 (Jenner et al
2009, Kanhere et al 2012 IFN-yt8 F] LA T CD4™ T GUHLAIH T, AT 20 CD4/CD8
EEB, B — R IR % SOB. (Berner et al 2007)
B Thl #MILAR V2 CD4* T 4000, 1 IL-4/IL-5/1L-13 K724 F1 GATA3 (£ IE
KeiE Lo TFN-y 53 £6 0 R 1) 34 (] ARk R A3 72 T-beto BIATA BRI, IL-4 YTER
—EfEREF T-bet fl Runx3 KIL[FEFRIE, X% Thl-Th2 [EFH4 (Djuretic et al
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2007) o B, TERIESRM T, IFN-yII=4 5774 IL-17 (1 T 402 (8] (B34 3t Thi
A Th17 WEEZ 7)) AR (Weaver et al 2006) o I8 W58 &7, IEN-y4if#] STAT3
o} Smad3 (TGE-BHJ#LT(E S A & Th17 AL (Tanaka et al 2008)

Tregs BT Al KI&FF H 1 FOXP3, #i\ /e CD4" T i Sz i EHE, 1%
Y A 77 A4 IL-104 IL-35. TGF-BEEHH MR A ML R 7 i e Jo, o= A2xs 3By 1R 20N
T 20 o st B 3 AN 2H 2453 4% A2 U AN AT 2D 1) (Gocher et al 2022, Vignali et al 2008) .
FE5%T PD-1/PD-L1 St fi iR T i Fef, IFN-y Al 5 Treg &ik PD-L1, [A]if
IFN-y A 55 Treg KA DhRERRNG, MIfifE7EST PD-1 097 o CTL A5 14 g i
KIEFEE (Halim et al 2017, Wu et al 2018)

Teff FIRFAE SR 733 TFN-y. #1572 FL 3 LUK (Jorgovanovic et al
2020) ; T-bet F1'E 155 R [FIVE 5>+ Eomes 3L [F] 87T Teff FiXIXLL5r - (Intlekofer et
al 2005, Pearce et al 2003) . 1fij IFN-y[{153ih5 T-bet (1=K LA K HUR ¥ 38 #4 BH 5.
IR, Bk IFN-yRERSRZ0A T 40 M0 38 58 A Th R 7E =Rk 2 ). flan, CTL &
IFN-y () 2R G, EHTIHR b i EZAEH (Gocher et al 2022) o 7R i BRI/ G
LR, IFN-yild B 5 456 AR 32 A LABOE CD8' T 4w, (2 3 1

(Whitmire et al 2005) . b4, IFN-yidrliEs FAS S50 Tl R e & A,
kLG B A1 TRAIL, KGN Teffs FIZMfIEEE (Ravichandran et al 2019) . #RTM,
IFN-yXF Teffs [AEFHFEA AR IE R, HUEHER D, IFN-yrl LA R T 20
BB BR I s N (Driver et al 2017, Refaeli et al 2002) o

DC A iNKT MECHE, P A EAERIS, 2 DC B IL-12 JF4545 INKT 4
Mo /) IL-12 524K, 55 INKT 774 IEN-y, i IFN-y X 25@ 5 F i3 sy 712 3k
DC f# (Das et al 2013, Wolf et al 2018) .

1.1.4.4 IFN-y5 NK 41

NK A0 v 3 HE B SR, JRAE TL-2 A1 IL-12 355 DA K TNF 8458 (1) 2 41 1 7~
4 IFN=y, A SAPEIER (Almishri et al 2016) . HHFFLEP, NK 4058
RERE LR, PR TS ERLE, 1h) ELIMRE R B K R 5 NK 20 IFN-y R IR &
fiA2% (Henriksen et al 2020, Lee et al 2014, Villegas et al 2002) .

1.1.4.5 IFN-y5 B 4/l



Herppoll K 2% 2023 JaBi - A A S
B AAFR T el Pk, IEREIE WA R R A SRR R TR, —
P K 0 B 41 B 0 A AE 40 8 S L P2 A TFN-y, 5 NK 4B AIALL. 78 s 1) e %
WBIT T, CD40 SN AT BE 53X — B 40l T AYE S IFN-y A o6, HIX{2
JEAE, FFARFFESE (Piechutta and Berghoff 2019, Vitale et al 2019) .

1.1.5 IFN<yfE/8 T PRI EIER

TFN-yVE A N A BVE S AR R 7, EAB 5% . BEbiE Hm. 3 5%
P T R PR A TR R M B BN AT ITRRIR Y, O R MRS
RE B8 AIE B HOR T 90008 IO AR AR E I o SATIEARE B2, VP2 PFAEM IFNy A Rk
FERRER, BEE iR RESEE —EKR.

Zaidi A1 Merlino #2 t}, 7fEALZAH BB E KL, IFN-y ] BELE PR 17 40l %52
P R FEAE AR A, TN T B S0k R R B I i R REE A (Zaidi and
Merlino 2011) . BB HZEEIE, A KR IFN-yReEL N i R RTEME SR gp70
fRHE CT26 45 7988 MR8 ) % 9% 396 % ( Beatty and Paterson 2000) . Brody 25 A % B, IFN-y
A DL i SR R AN i R ¥ IDO, 930 55 Treg 41 A LA ik 52 9% 17 ] (Brody et al
2009) o FAMEEETER B, IFEN-yE MRS 15 /NPT R R SRR SR Fi
FEY 5K . MHC 1L 1 CD68 i\ i 48 240 Al I8 - — S Ak R IICR SR (1 8L, 3 T 3
WIN BT 20 A T R T R 2, RIS B A TR, IR I AT
R PHUBIEE DL N EN SRS (Zhang et al 20200 1 2 B ) 4 E e W, TFN-y
SAMIE AR SR B AR RAE— R, IS5 T AN IERBER . EXAMEHRH,
A0 M PR 7 BB O R T 4B B R, Bk B AN AE TS, A RE 1 S0 40 i
TR PRI, BA BN TR R, BB EA (Karki et al 2021) .

BT E 2, IEN-yIERTE F 9% KRG AT DR 7, ENS T KEME
Wp2EE e, E R AR TR B0 ) 67T 0 A AT A

1.2 BRI E R R R

Wit R s oK R 30 24, FLAR A2 AR WG B 400 iR 1 3R T R I 2 IR
B0 HIF AL s 2 IR PTARTT T (AR 5 BE 7T, ZBORAE 2018 SRR T 1 ik DURME

pLYAS)
FHo
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BRI SR FEAE 1985 4, G P Smith ¥ —A 57 Ik 5 2R WAk 4b e 22 5 1T A
RSN FER:, S S AR 2 IR RS S (Smith 1985) , JF
£ 1988 X H AR BEAT T 563 o XA I H RO S im M RAF RS = E R T
Wi B ARSR I, JEOREE T RTE AR Yot USRS e T S BE T RE . e 5 IR R
KT PR R EESR, 4R T I AR AT S B RE T, IO T ST R i g A
(Barderas and Benito-Pefia 20190, Z JG IR &, WG A RN BORFETUIA IR 55 77
R TERMEH, ZHEARNE KA 72 T ERIEW, R EHER
B2 T BB LK s 7 58 ) R S5 4T R R SRl (Hess and Jewell 20200,

1.2.1 MREARRRRIE

BT WR R K DNA BB, WMEARAEARKZK. EAsEimrRS
Wk B AR R R TR I — R g A, RIS TENR B A SR T & b6 b (Sioud 2019).
MR AR GE F 5, HIERIT AR A EIE, FARSNE B (g4 iE A
FH G R FN e B 3 21 (R Rk 5 7)) WS F /R EWR R R R 1T ( Aghebati-Maleki et al
2016) o KM B Sk 2R T 4 M13 S Hoaln 5 fd A 1 2ESCER i (s F By
SN2 o AN, WEREARERIETT LU TN T7. T4 FIAZ 81064 B E A, LU /N
B RNA —HTHAMEE A (QBAI MS2) (Tanetal 2016) « MI13 WK KT A 7%
AR R R ANRE Z IR, /R, BRI R e R S e i A
plll, HYGE FERANFEEA pVILL 1 H, fFEATELREEEI TEAT, RE pll
KEELLA B4R T 4 28 LK AL (Aghebati-Maleki et al 2016, Irving et al
2001) . pITTER [ HYBLAE MR T A R oK 3, T 3 31 5 AN L, IR = AR [R 45 438 (N T
N2 F1 C K& #i8) 20 (Omidfar and Daneshpour 2015) o FHXIHEK (4> T2 1
Z55 3 plILE A N iy,  DARIERE B AR 1S PE (Arap 2005) o pVIIRIE & 7R/
EAMNG T2, BEANRERRS TZRIA T E (Aghebati-Maleki et al
2016) .

1.2.2 BEEFRREARMRSR

e, WETE SO AR . SRR BT A A 0 22 IR T A O i e

-9-
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A DR DR RN TR i ARG BT O0 R AT SR 006, B ROK R 45 &0 % 2 (Hess and
Jewell 2020) o IR A= K0 B 26 R E 70 U5 11 40 P 75 29 S 393 ) 0 A2 o 422 F) sk 2= A
WS IE R E5 RS RE /) (Lebani et al 2017) o IR, JESTENE B KR H 10 £ & A
JRA R, FEATE BT R R R SR R RO S fF s T H SR SR T VA A L
Wi B R R R AR A & S POl R AR A S 21 (Hamzeh-Mivehroud et al
2013) o UbAh, ZEARIE R LAE AR FAH T AR A A S A L T R 2 k. A
JR BB B B A BAE X 38 (Arap 2005, Babickova et al 2013)

FEPUARTI A AR, 2 AR AT LR SRR e — S PR B i i A 7= (ln— 268
MR s e SR 2 BB, ARMER 2RSSR BOR A PR o [RIIN 46 LR B
TNUEAG, AT LA — S A 5eiy

Ui, EEARWA RG] WSCEERE EE, B 2R R AR SRR A
AR MR AR AR K BT RN, AN RN, 8 A RS AR A A R R R
Hl; HEA B K, MEARSERIRE, REEa®z, BHEERLE (Lebani
etal 2017) o [AINS, 4HELHMN & A 200 N iEe, XS8R ERE
% KB A A R AP 2E T RE 5240 . DRIk, R PR R IR R R BE & FE R
B8 R 2 AR T S R AR A MW H (Gagic etal 2016) o BEAh, BT 2RMEH
PR T GBI RSO RIS, AN RERMIR 20 M e A2, B DA 52 R L A RE B I
BRAIARRUZ o« R il A A 52 B I o PRLAS HL g i@ i e, IR ARk A ]
RESE IR IER A% (Castagnoli et al 2012)

R LR TR 7R R G B AT — 5 IR, (H X TREA (1 3 b e 10 1k 7
B AR IHIR 51 7 R ER 2 W 71 % (1)7E & (Peltomaa et al 2016, Petrenko 2008a) .

123 BEARREAMRIARLRE

WK R ARG S KIN R R, HAMEA S . (EAERMEAER L
HIE N YGRSz, WMEERHERS W, BRI IT Ik, R H =461
RHEMAE (Petrenko 2008b, Lee et al 2013, Lebani et al 2017) o X IHE A O AF & ik
6 P AT Z YR LLAE =, Hofh JURP S T AN SR HUARFI B B I 25 IEAE T &
H1 (Barderas and Benito-Pefia 2019) .

-10 -
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EZHEARHAIAE R ), — AR AR R 8 R g, a4 R i 2
DB 7K P 22 DR 5 e LR T84 1) D K B A0 B 1 T I SR SRR ) I fL . B A TR 4, AE
W AR A AR ) Sk T A 7R R V2 — M T 58, (BB ARG K T 7 TH Y
e (Jaroszewicz et al 2022) o —WUBUHT IR 5 & 45 T B FEPUIA R T R e
PUIR B3 7 2 I 0k SR DA S SCPE A g DY AN 32 22 05 T A AR AL DL AR B 0T K
(Ledsgaard et al 2022) .

BT R R A RS DA S HA 22 IR s RGBT A T B AE AWML, il o S A2
BT B W BRI A R T7%, A BEANARRR B BAERAT A E

1.3 MIRENSEX

TEN-y 2 4 D] e ) e o Al AR 9 A o A D S 3 e g 3o A v i 2 (1 1 4 K]
T ERAERIEMNZ R B SRR R EIRZ A FRE ARG B
RS ARG DL R AR R bR S, AR IR R A Bl T RO AR 2 W . SR T
IEN-yfE N ML AR LA, BIF 73 W4 R B IV PR TEN-y— e SR T LR 3
BYLFBe e A, HABE R0 B R DA P e s X (AN R T A 22 5, A
U 75 B RS A AR A4 22 o T T8 [ IEN-y AU A4 SR A0A% 65 B, AFAE AN BESR
REE S RITER . ORI & o JF H i T IFN-yZE4R7 € 260 N BRI 2808
LB I B Gy B AR T RO, x4 5 5 D R 1) BELIBT 1 R A5+ B 2

ASTIE TR FH W T A JE s SCIZE AN S 2, i ade th 11 26 BE RN TFN-y (1) BB DT AR,
FE X 11 U753 2] T IFN-y ROl A &, DUE 52201 R B4
DERBTERAT AR &, Qe BEIEA_E R RAL 2 RO R R . 34k, E )
B, i 1 IXLE B Be 8 ) T IFN-y il P07 s T BT 5 AR S5 5 1 T LA AR, JF
MRERE T FH BT RCR BRI 2 Al

-11 -
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2. MBS RE

2.1 SEEGHFH

BL21(DE3)/&52 4541 i ARSI 25 1) 28 DR AT
HB2151 /&2 440 AR L 55 | 4 R AT
Stbl3 J& 52 A 21 AR L 5 | 4 R AT
DH5 e/ 32 4412 A S 25 1] £ ORAT
Z K% B Sigma

HEK 293T AR S ARAT
HEK 293F AR S ARAT
KAtk A431 4aif AR S 2 ARAT
HepG2 T 2 iy ARSI 5 LRAT
Hep3B fifi 41 AR S 2 ARAT
Huh?7 - 48 il AR S 2 ARAT

PEI AR S ARAT
B R 2B KR (ThermoFisher)
& Wy i e ) Absin

Primer STAR TAKARA

T4 DNA Z#: 1 A SR =5 1) 2%

T4 Buffer NEB

Phusion DNA & AR L 5 | A
BamHI R 3 V) iy NEB

EcoRV [ 14 N U] g NEB

Not IR il 14 A 1) g NEB

10xCutsmart buffer NEB

JrukL /R TIANGEN

TN FE /DM E IR & TIANGEN

DNA 4t iz [RIGR 7) & TIANGEN

12 -
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RNA #BGA &

Y% 575 QuickAntibody-Rabbit
Goat-anti-Chicken HRP
Mouse-anti-FLAG HRP
Goat-anti-Human HRP
Cy5-Lh=FHiAN IgG
SDS-PAGE #5271
PDVF

BCA &

TMB & &K

JREE R

LEa5 27y

NaCl

TRIzol

RNaseOUT™

M-MLV % #4355 g
0.25%Ji ity

DMSO

Opti-mem

DMEM #5775

I At

RAEHN

F G

22 FEJLHUF

P B MEE AR MR IR
b s B R A

TEAFE (Abbkine)

IR AY) (ABclonal)
TEARFE (Abbkine)

1 B o SRR AT B A W)
AT

3 [ Millipore 2 7]
R AR PR A
FIBREZRAEVHERAG WA
LR A A IR A A
LR A A IR A A

[ 2

Ambion

Sigma

Sigma

GIBCO

Sigma

GIBCO

FEBR KM /K (ThermoFisher)
FigE R (ACMEC)

R EHT
bRV R 2 SRR B )

MCO-15AC CO2 4figks7=#% (SANYO ~ ", HA)
AE2000 S22 R Es (G s seEER B R AR, FED
DYY-6D Y H fixi =522 F A YR (Ab s —Ass ), HED



Harh folh R A2 2023 B Lo 7o AR AL
DYY-II7B ## kA (Abms—AEs, HED
DYCZ-24DN XRARAEE B HIKAE CbaioN—4ds:), ED
-80°CHMICIR VKA (75 Byifg/RE&ER], D
IMS-20 NYFLEHIVKHL CEATERIBEIAR AR, FED
WD-9045 A KPR AERURTEAED E AR AR, P ED
WD-9045B RUK-FREIR (AL atiREEAMIEE FAER A 7], D
5804R & U mEE R R 0L (Eppendorf A F], fEE)
TG16-W SR EEE Ol (KU UEACGEA IR 27, D
PB-10 FriER HAL 22 M1 /pH Tt (Sartorius A #], fH[E)
R BRI K AR (B TR MAGERGR A F], TR ED
Direct-Q3 L5 % 4l /K /2K — Ak 24t (Millipore A w], fE&[EH)

AB204-S FERiA T8 /<°F (METTLER TOLEDO A%, Hit)

R K # S (HIPAY AMA AF], HA)

GZX-9070 MBE % W s A 140 (RIS A IR A R Ry7 &, HED
MF-ChemBIS 3.2 & {4 1X (DNR Bio-Imaging Systems A, A1)
Merinton SMA4000 &% 40Ot GEMIEE AR, b5

2.3 KK FIRECE A

1. LB JRARREFREE: A FREL 10 g BEER R, 5 g BERHEEM, 10 g NaCl,
BT —EENZEK, W pHEZE 7.0, EAZE 1000 mL, SEKEH 121°C, KH
15 min J5, 4°C#&H.

2. 2YT {ARREFRHE: A3 IFREL 16 g REE MR, 10 g BEBHREHUY), 5 ¢ NaCl,
WTEENZEAK, AT pHER 7.0, &FEARZE 1000 mL, HHKEE 4°CHH .

3. LB [0k fERCEF I LB U4 It IS S B IR R B4R T 1.5%
(wiv), FEEKEE, BEIZE 50°C-70°CA AR, THEFEM N2 O m RN LEF
My, = iEEE 5B T 4°CUFR IR & H .

4. LB iRIEFEEE IR 0L 52 & LB M R AR IMAEREA Y HER (1
00 ug/mL) LRAEZER (100 pg/mL), 4°CLRAHH.

- 14 -
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5. 2YT AR B 9% 3. fF— 8 & 2YT WiAR 72 H i N iE & Amp* (100
pg/mL) 8% Kan® (100 pg/mL), 4°CLRiF#&H .

6. SOXTAE #IRZE M (1 L): 735 242 g Tris Bl~ 37.2 g Na;EDTA-2H,0+
57.1 mL JKESIR, FIRGZE/KERE 1000 mL, FERRAF, £ R R 1XTAE i
WRIAT .

7. 10xPBS ZZ¢ik: 5% 2.7 g BEER &40, 14.2 g BRIRE 4. 80 g Alfb
. 2 g EALERAET 500 mL XU KAF, pHIHE 7.4, HXGEKERE 1L, 022 p
m JEME LR G IR AT -

8. HEK293 4fiffaf% 3% 7£ DMEM R 725 A 10%I0iE, 1%, 1%A %
i o

9. IM IPTG (4> &R 238.31): ¥ 2.3 g ¥AR IPTG i & BN KT, &
RKE 10 mL, LEAMFH 022 pm MR JERE, B T-20°CIRE1E%

10. ZHRiEE B: BL5 g By ARKEGHVE T 60 mL XZEKH

11. PBST: 2 L ) 1xPBS il 1 mL TWEEN-20 /&%].

12. SDS-PAGE HL¥KZE: 25 mmol/L Tris. 0.25 mol/L HZ& . 0.1% SDS.

13. % S R250 G4 ii: 0.1%7% S R250. 10%IKEEHR « 25% 5+ T .

14, OB S%TEKOEE. 10%0KEEIR, FZRIE/KICE .

15. # P (Blocking buffer): FREXFZIK 5.88 g, KA 6.96 g, K LMt
WCLER 2 g, MHEOR 4 g, AIMTEHEEEA 10 g, JIA 1 mL TWEEN-20 F 1xPBS
BRI ERE 2 L, BHEM.

16. pH 2.0 ZZifi: 15 ¢ HEBREM T ddH0 ', H 1 mol/L HCI 75 pH
%20, ERE2 L, 045 um JEMEHE.

17. pH 5.0 &R 23.5 g CeHsNasO7 » 2H,0, 2.3 g NaCl , ] 1 mol/L HCI
W pHE 5.0, EAEE2 L, 045 um JEMFEHIE,

18. Washing buffer: 1L 1xPBS F I\ 250 mmol NaCl 1 20 mmol KM,

19. Binding buffer: 1L 10xPBS H /i1 3 mol NaCl #1 100 mmol KM,

20. Elution buffer: 1L 1xPBS H /A 250 mmol NaCl 1 500 mmol PKME,

21. Buffer A: 1L 1xPBS # /A 500 mmol NaCl.

- 15-
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22. Buffer B: 1L Buffer A 1/ 200 mmol KM,

2.4 IFN-yFIXF A2
2.4.1 IFN-yERE /B PCR ¥/ 1%

IDRGIEY/ N any

Py W A AS [ % 3A B4k pPBSPS-IFN-y-His 1 pPBSPS-IFN-y-hFc. £ NCBI %
i N IFN-y CJESCRIFR IFN-y) [ DNA 5581, 12741 K359 Rifg A0 TREAT IR
NG ARYE SR EN], F Primer 5.0 BAF R IE 514

2) PCR

IV R TR A 7 & e PCR SE5GAK 2407 F s, PCR RNARFF: 94°C,
5 min—[ (95°C, 30 s—~65°C, 30 s—72°C, 2 min) fE¥ 25 &k]1—72°C, 5 min—2
2°CHEAT PCR 81, 345 PCR F=4) o 1B IR J A i TR AR 48 A 5] (4 55 SR A B i 2,
— A5 TM { £ 5°C.

# 21PCRAZR

Table 2.1 PCR system

%l Joi B A AR
Sxbuffer 10 pL

dNTP mix 4 uL
Forward primer(10uM) 1 uL

Reverse primer(10uM) 1 uL

Taq DNA Polymerase 0.5 uL
Template 50 ng

ddH,O M EE 50Ul

PSR S, 8 PCR P9 NN 5xloading buffer,  f# 0.8%3 g B ke ke 3k 4T
VK, MR 180 V, 15 min 5 DNA SR AL, VIS HIE A B, &R i ek
[ B

- 16 -
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2.4.2 PCR =Y KRB AR B NEE ]

¥ Notl'5 EcoRVIRHIEFH S, 1F 37°C/KIGER N #AA & PCR 5 EElEY] 3 he
SVAR RN
£ 2.2 WA R

Table 2.2 Double enzyme digestion system

el Jii R B A
pPBSPS # A 3ug

EcoRV 1 uL

Notl 1 ul

Buffer 5uL

ddH,0 N EZ 50 uL

BeUIEi A, X E AR PR AT SRR K, DI B BUR, 15 D
NA J& ISl oo A & PCR 7P 13E4T B

2.43 IFN-yF E§ 5 pPBSPS FRiAH 14 HIEHE

K J2 1WA 280 ) 25 AR BOsEAT IO, WRSIA Y )E, T 16°CIEIR/K I AL &
ERE . RNARRIT:
* 23 EERMNAER

Table 2.3 Ligation reaction system

%l J5 B B A AR
pPBSPS # A 3 g
PCR =4 1 ug
T4 EHG 1 uL
T4 Buffer (10x) 2 uL

ddH,O A EE 20 pL

-17 -
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2.4.4 EBHEFIRFIRHEEL

W HH 1) 8 5 1 Stble OS2SR, JRAEVK FARVR 5 mine ¥ 20 pL EHYIIIA
PRZ A, HBRES BRI, UK ERCE 30 mine ZJEHN 42°C /K
B, 90 s, SRJELEPVKHT 3 min. fEEEEGHIIA 500 pL A EHUAERT LB
BRFRdL, T 37°CHEIEMEIR FIE 1 he F R 4000 r/min &0 3 min, B 100 pL
ISR ARTESS SR A TS R E R B AR R, SPART 37°C BiaRAE, BIE
IR

2.4.5 &=k PCR #&:M

TR E BV AR K B AR, TG IR SK B H 8 A [ L5 1) v B T 7%
SR 500 pL SHUER LB ¥Rk, 37°CIHIRIRIRES IR 4 ho FrbiaRsb g
MR L, BEAT RV PCR IGIE. LAEA b d FH 51 54 N R B S 51 A
W59, BCH PCR KB, PCRAKRRWIT o PCR RFFEF: 95 °C, 5 min—~[ (9
8°C, 30 s—>55°C, 30 s—72°C, 5 min) fE¥ 30 {X]—~72°C, 5 min #£47 PCR ¥,
313 PCR 724, HEATBRARHE LIS Fvk, 105 T BV B e B 1 BV G 5

o I9FT 1 B o P B VRIR A LA TG A REAT IR, OR B I P T A 1 BE P B
Wio BX 800 pL BRI 400 uL 1) 60%H i, JREIJE N-80 CUKFERAE

% 2.4 B PCR AR

Table 2.4 PCR system of bacterial fluid

J&5y (LA
2x Fast Taq PCR Master Mix 5uL
ddH>O 2 uL
10 pmol primer F 1 uL
10 pmol primer R 1 uL
[Z/i 1 uL

2.4.6 RRIZEN
D) HFEEER: [ CP4 t (NS F) N 500 uL T4

-18-
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W BL, 12000 r/min &> 1 min, (S0 B9, BB B W B
o GEREA S R IR ). R TS B E VR PW DA TEK B,
IMNARRRTE 2 OB RAR2E

2) B 5-15 mL S REEFRI RIS CE S, 12000 r/min #4041 min, K&
MR bih . VERR: B Z I AT DU LB O R AR TTIE R B — A S B
SR P B A 2 DL BE 8 70 AR o i, B 22 SRR AN 70 7 23 B AR TR R B LR

3) [ A B ARTTEE R O PN 500 L K P1 GEE A2 R S RN
ase A), A FHAL A8 IR PR SR I B P AN A AN MO DTE « TR WA AR AR IR
SRR, g, P EUREUE AR,

4) A OEHIIN 500 pL VAR P2, AN B EIEL 6-8 YA B AR 7 o B .
R RAHIRS, NERIZEY, UGis Y4 DNA . B BN AR 1375 ok
B, BrAERAREE 5 min, DL BRSZ BN . RIS ARTES, TR
HTHEAE L, RIEAMR, RN ERE.

5) [AELE RN 700 uL EW P3, SCEDIE A N RS 6-8 I, FTEAIREL,
PRI & LA 2R YTIE . 12000 r/min 8500 10 min, M 7E 85005 J6S B IR OTTE -
AR P3G RALENR G, A REUTE. R EE IS A N A B ITE,
A FE VR O e B L

6) K b —DUERI B3SO B FE CP4 o (B AL ONUSER B, LA
TN 750-800 pL ), FEREREAEWRHITE. 12000 r/min Z0 1 min, FHHEE
FR R, BT BT CP4 RN IEE R R

7) WS IR. [FW A CP4 i 500 pL £ AT PD, 12000 r/min B0 1
min, BIFECEE F IR, KRR CP4 SF IS . W EH 2 end
A" f5EH (TG1, BL21, HB101, JMI101, ETI12567 %), iX&8fE L&A KEM
%R, Z)B&fRITTR DNA, HEERH I .

8) [ BHAE CP4 HHNN 600 pL iEBE PW (LR E 2 CIMATIK ED,
12000 r/min 2.0 1 min, BEEEEEE HRIRR, HBRHHE CP4 TRABEEE .

9) HEHRIMEDIES

10) WEFfHAE CP4 BN H, 12000 r/min B0 2 min, H F2 WAL

-19-
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REVEVER 2R . R BRI ZRE TR B e R 2k g S S (BT PCR %)
A AEROR TSI AN IR R SRR, B VO A CP4 PR, BT =iRIK
BEHO B, DA TR BARL b B R BRER R

1D P CP4 BT — AN B O b, )R PR RS % w14 B 23 W o 1
00-300 pL YEfiZZhi EB, =i E 2-5 min, 12000 r/min &> 2 min, R
USRI B O . VER: B GEIBARA D T 100 pL, AR/ gEm [ RL
o Vel pH XS TPl RO AR RRE I . 25 Ja 2R, 751 H ddHL0 Mt
B, FFORUES: pH AEAE 7.0-8.5 VLN, pH {EIKT 7.0 ZFFRIEMAR . H DNA
PP NARAFAE-20°C,  LABT DNA F#fik . 1 85I BURLIR) ISR, RS 31
HHMANB OB, FIRE L.

2.5 IFN-yRIEfZFiE R 4k
2.5.1 IFN-yHIBZRT 3RIA

1) BN T 75 GRS 79 HEK 293F 41 £ iM% DMEM £ 93 3L & &,
RS 200 mL /NEIFE IR

2) Fpgffus IR F) 2x10° cell/mL B, K/ AR REZE 1 L R
B9, REFRARTBORE] 200 mL, BFERFIRE 2-3x10° cell/mL.

3) FRaTH G MR, WRAMRIRES, YRR RBE R RE. & 1<
0NN LG 1 pg BN FE R ) pPBSPS Jfiki, PEI 5ikifafistl 3:1 & . ¥ PE
I 5 1 pg 20 BAMREIZ) 10 uL /) 150 Mm NaCl %7, # 5 5 min; 25
¥ PEL UM N B b, ## & 30 min.

4) PR G U ORI B ER FR T, AE 37°CHIRRRIR h 3597 7 d, WAl
2 d WA MRS .

2.5.2 IFN-y-His B94h1k

D RIS EAM EIEW, 7E 4°CHFAT MARKEC: 2000 r/min 10 min, 4
000 r/min 10 min, 8000 r/min 1 h, )5/ 0.45 pm KIFEMIHIE.
2) B EIERE, ERRE . KRN ddHLO 5-10 MR — Washing buffer 5-
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10 MR
3) EFE PN Binding buffer CFf 10xbuffer FiREH) 130, FFE,
4) 2 JG{E AKTA E A2t H Washing buffer #t 2%, £ UV {E/KF
5) H Elution buffer #HEHEN, WHEEH.
6) ddH.O Me8itE, 5-10 MEER.
7) 20%LEEPPYRARFE, 5-10 MEARER, UCHEF

2.5.3 IFN-y-hFc By4hi{k

1) FE& A T7 2 A His A% 8 A 4lifh.

2) ik protein A SEAEHTHIF ERESEL. HKIK: ddH20 5-10 AR —~1
xPBS 5-10 MEAF— FFE—~1xPBS 5-10 MEAF—pH 5.0 5-10 MEMARF (P
—pH 2.0 5-10 MEAER (e, WEEH.

3) EVRENTEE, M 20%EE 5-10 MEARR, BOHEELR AT

2.6 IFN-yRIEh¥ G &
2.6.1 IFN-yHy38 5 iz

D #hik 2 R (L4 MHE MFEX, 20l%5H Cl. C2. fEHRPENT, B
/BN DK IR, A DB A4 g FEE ARG PR o HEAE AR

2) TEE R RPEINAE, H4 50 pg HU)5 A IFN-y-His A 1xPBS SRS 1
00 uL, ZRJGMARIEL A 1:1 M ELBI 5 QuickAntibody V2T, 4R JG7ERSHISEE 2 FiE
B4 RSP, 56 14 d BRIk Bl GeiglE, SILiT 3 k. 1
FN-y-His 5 IFN-y-hFc PR )R 22 B 500%

3) BRRAE 7 d JE, FEXSHIEERIKAL R, 7 BT, A AR IkIE
M1, M2, M3, JEid (a1 ELISA 57200 5E I35 o e 14 22 o B o A4 R E

4) B fa—UNE MIET R, IR BITUABOR, MRS AT 2 K58, BULE,
BIREIR AE TRIzol HIFRAET-80 °C, JH T 5 Wit 14 1A SC JZE ) 2
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2.6.2 IFN-yZ I 7E RIS N E

1) A5 pg/mL ¥ IFN-y-His $LJR 4% Elisa #, &FFL 50 pL, JRAE 37°CH: 74
% E 30 mine &F—ANIIERSH— N ES.

2) BlFEAR, H PBST i—i, #11J5, H blocking buffer InisfLE 4, 37°C
%5 30 min,

3) KI5 H blocking buffer £ EEMRE. HALMRE 100 1%, )54 1:2 Fike. 5
PR, BB IREA AL 50 uL 2RI, 37°CHE 30 min.

4) BIHiA, FH PBST Pepiil. & tHifk Goat-Anti-chicken HRP % 1: 8000
Fik%, 44150 uL, 37°CH#¥E 30 min,

5) sk, Fl PBST DU, 4%H8ZE 2K TMB ik it m) & i A i) 2
B, A VURI B W% 1:1 iR 4, &4L 100 pL, E£75-10 min EEG5%E4. A 0.1
M [k FRER & L B, FEFL 100 uL.

6) BEFRCIE A450 264 R OD.

2.7 MEE RS FEEF IR K iF ik
2.7.1 EEUBREAEFHE RNA

1) X R E2H 23 -80°C UK AR HH B HE Bk L S TN, LR 50 mg ZHEURT R 1
mL TRIzol 7] (AMBION, Z&[E) HECHIINAAE N & ) TRIzol X7, 7EVREI 5
Hhfd I E R M T B R 3 SRS R B, SLEIZp 3B 24N 1.5 mL B0V IR AE T
80°CUKAH, FHTJ5%: RNA L&,

2) KW I A ZAFE A TRIzol R G E T ZIRMFE 10 min, {3 TRIzol
BRI 70 LR SR A

3) I U5 HEUE (4eCTA R, FRRIZIEIEI 780825 1 min, =if
#E 5 min;

4) 4°CHURES NI, 4°CEAFF 12000 r/min &0 15 min;

5) ¥ BIEEBIH 1.5 mL B0 Y, IMASERRNE (4°CHR LRI,
ETRBREE RS, EHEE 10 min, 70 U0E RNA;

6) 4°C 12000 r/min &> 15 min, LI RNA JUEHTH, T EE;
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) NI FIEIEES, N1 mL 75%Z 8 (DEPC 7K Fi56 E ) 35 A R A7
T 4°0) I ETFRREmE 5-10 K

8) 4°C 12000 r/min &> 5 min, HEEFIE—IK;

9) /N0 FIEIEEST, TRHEOHLH 4°C 12000 r/min &0 1 min;

100 FH 10 pL /S /N Ol T ZFERIRWAR, 55°CTI 1 min 2098 576414
R

1D IIAKEE 1) DEPC /KIE T8 5 16 RNA, 55°CFIE 1 min £ 5825 fE

272 E RNA REEF

D NIRRT R, FEFEEN65 °C, 5 min (ffF PCR {14 GE 5 B Fki b
RERKRERER, BBERK I,
# 25RNA REFHZR1

Table 2.5 System 1 of RNA reverse transcription

%l Jii &
RNA #5Ax 10 pug
Oligo (dT) 2 ul
dNTP 2 uL
RNaseOUT™ HEZE 26 UL

D) REEFAR R R OINE LB R R4, FEF % E N 54 °C, 30 min—80°C,
10 min, 73%/] cDNA.
£ 2.6 RNA REFHEZR 2

Table 2.6 System 2 of RNA reverse transcription

5%l it &
5xSSIV buffer 8 uL
100 mmol DTT 2 uL
RNaseOUT™ 2 uL

M-MLV J %% 3% i 2 uL
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2.73 EEIRR RN EME

S R g T L AR LS 25 SCHRk (Bashir and Paeshuyse 2020)

2.8 fniFpyRES AL
2.8.1 FMEREIIAE AR THRIE R

1) BEAFRFEAL: -80°CUKFIEL HB2151 X2 & AE VK LR, H OGRS
B IR UK scFv Fr B E AL A pComb3X 50 ng INFIRAZZAH, 18R TR
B S)JEAEVK R E 30 min, § HA U/ BT DNA B2 545 B 2 S5 7
SR SR . SRS TE 42°CKIGHe T I 90 s (i AL ORLE N K2 35
MM, ZJERIEIKE 3 mine [FTRARHIIN 500 pL A EHAE RN LB K775 g%
ZAME TS, TEERRKF 37°C. 220 t/min RHEFE 1 ho MIEERER B 3
W, FELL 4000 r/min (¥R EC 3 min, W 450 pL () BIERESE, HEOE D
R B AR UTVE RT3 5T, BUE R RBY SR AT T B AN 8 R R 7R 7
Wb, FERPARGERTTTEES, KRB, urbaid)s 8 T 37°ClEiR R h R
o

2) W PCR: R3¢ 500 L S v H&HR N LB 15T 1.5 mL &0
B, BREUOR B AV T HANE B, Wl ARId T 37 CRER T 220 t/min #R
VithIt 4 h, BTV PCR, ZJ5H4 7 iAT BEIRE vk o B 2% i TEAff 1 B 2 B VR 6
00 puL A 1.5 mL BB T, FEIIA 300 uL i 60% HilES], fMiFtric, F-20°C
UKFE A RAT o

3) — P E: 100 pL FHPESEFERBINAZA 20 mL SZ& N H &R LB K7
L/ 100 mL /NG, fgFbsic, B TRER 37°C. 220 r/min 5557 8 h.

4) TIRYE. EMEARRES 2 NEE 1 L 2YT BRER 2 LR, W&
MBS 1 mL RN E BRI, B 15 mL SR, Hidbsid
Je BT RERH 37°C. 220 t/min R3%553% 3 h, il Nanodrop 78 41 i i = N A&l
YK OD f, 5 OD {EIEH] 0.9 /2 AW BRI HC BRI, o SR oA a2k 1) ) 4k a4 35 15 7%

5) IPTG 5 BANEMA SN 500 uL ) 1 mol/L IPTG &, FIH IPTG
MFEAE AR T SIER, R R KERIEEL R B HEE, & T
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REIRH 25°C. 220 r/min %3715 4597 12 h J5 BCGH R

6) WeBE. PRk # 25°CHFIEFRE MBI 1 L 8O, 78 @l iR B
OAHLFEL 20°Cy 5000 r/min. 5 min KRG, FF ESBOTBERRATTE. Z)5
FI PBS Jarhie —im g AR M, 7¢ PBS Jo HIBI1 PBS BSR4, kL7034
B OHLF, BL20°C, 5000 r/min. 5 min FIZME G, FF BIEROFIREETRE G
R R TTIE o

) WARBRE S e 1 L 2YT B3R AN 100 mL Buffer A B, {JIKE
BT, HERTATEREZRY . 5 100 mL EERETMA 1 mL & LF
M2 MR BRI, ZJa7E 37 CHERF 220 r/min Z4/# 1 he FEREIEHIN ], #3
R, TR Z R 3 B & IEH AN, P I A S AR
BERMER RS, SaibE asgindEE . RAAMEE S, TEAE S A VR B 0L L
4°C. 8000 r/min. 45 min HJSRAFEG, PRE EIEBOFFUE . BOEREOHRE T
KL

9) e K BB S SRR 0.45 pum FURS BOSFLIE R AT Hh g,
2 JE IR I N DRI 25 28K FF Ol 50 mmol/L, 3@ I DRMETE 4 PE 45 AR ES T,
SENEMREATESERET.

12) Pk FGESHEITHAERE, K4 10 MR RIXGE K, CLER
FAE IR 20% B, PR 10 MEARFR 1 Buffer A SHRAEHEAT P AL 22,
K S 5 P R4S B, 2R S AMAEAARRR I N BRI A 29K B9 50 mmol/L (1)
25% Buffer A Meiit:, HE—PRESHEEFEEGNIBIRMARED, WEX N1 m
L/min.

13) H AKTA pure S E AL RSB R JeH 100 mL XUZ&K M E 8 R
ZETENN 20% 28, FEH 50 mL Buffer A ZZ3nf, #5718 AN 735 Buffer A,
PAE 2 B EFHE A 10 mL/min, A B %5 50%. 253N 1 mL/min,
¥ B IR RN 0%, R ved 2k B 2 AU |, 4% A FRON Buffer A 28
M, B I Buffer B 220, ¥ B ZEECE Y 10 min E &M 05 F] 100%H:
JEWEI HIEE . B R4 80%)a g, 7 UV EHEIN 20 5, {8 Fraction Collectio
n ige, 1.5 mL EP EWCRTEHK, FEWEE | mL. fF UV [HZH LT ZRIEE 2
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Ja, FREZRIE UV A5 40 BHE bR . EEvehiseE)E, H 100 mL X

ZZ7KH1 50 mL 20% LBERK IR PR A AR A 18, iE N 1 mL/min.

2.8.2 BRELRITIERRE

MRAE LI i R 45 L, R 3 2y IRt 2 F A e BB AT e 8k, BT
Ji R AR AR SO mL, R AT6F 10 mL DAY ARBR 4 B B S v v A T e ol i 2= A e
Bh, MBUE RN AT REMERTE R, RIl, R B SeN P BUR BR FBOR AR R 10 mL.
10 kDa #Ut% 1B M4 2500 B K IR ZE K . PBS TG, A A& PBS, 1K
TR RSO B LA 4°C. 2500 r/min ZKF B0 3 min, DAIEBEEEIEIR S 2500 (R JEHE
Vo B B e A A I R BB IR A B 0 R, TEIRIRKSF AL B 4°C, 250
0 r/min 7K-FE5.0 10 min, HCH IR YE 5508 IR B IEIERT, LUK R
R R R ERAT Rk, (AR NENE, 2 SRS DA R AR L, BEREA
WARBIRAEZE 10 mL, FRSHGT 70 W IB IR 5 4 B A i, BT — A 50

2.8.3 SDS-PAGE LIS {ERTE

(D FHEWRBEN: — R TFIRBIER, 55— R TSR R RSt W
s fa A skokit, T 2K T S S BT

(2) ARSI : K 1.5 mm BIRAREE T4, SERBURN SR b, R
BRI 10 %%, HAPAT, SRR, W HBONRIREE b, g e o
ZJes TR IR, EE S min, WL N, AN BRI EA AR
TRE, AT B

(3) 53 B IR AR 45 g 1 i 4 -

L 12%4r 2558 (12% SDS-PAGE 5 mL): Z1H7/K 1.6 mL, 30%&ERI %W 2
mL, 7B (1.5 mol/L Tris-HCI pH 8.8) 1.3 mL, 10% SDS 50 pL, 10%id#i 8
¥ 50 uL, TEMED 3 pL.

Ll 5%iR4EHE (5% SDS-PAGE 2 mL): ZZ1H/K 1.4 mL, 30%&E 4% 0.33
mL, K%M (1.0 mol/L Tris-HCI pH 6.8) 0.25 mL, 10% SDS 20 uL, 10%3id

4% 20 uL, TEMED 2 uL.
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(4) FERR: BEISHR IR R RS, REREREL T FHERER.
VRIS EAFT B 55, DA . fEMMA TEMED & ZRIFESJRI AT #ENR . HERRHS,
A 3 mL PR 10 mL PR EGE BB B, AT T Sk R 2R
i PE R AT SRS En— 2K, WS YRR SE R . QIR IR AT — 28, ik
T PR B T 75 e B SRS B . BRI R — 8 BB BUOR T, R A A A
e MRS ENEEA TR, B R RIS A,

(5) FFf: 18R AR S R I TRIE B 1 ARG i sl Al SR Y AR
95 °CT¥4 10 min, HHEAZEME. 12000 r/min 250 2 min, ZRJEHFE SN B & 47
) SDS-PAGE figH .

(6) HiVk: MFESERR)G, fF bas, EmBIkDG FIFRIKOOTRIG, FE it
JRCHT HL R E 80 V, K%Y 15-20 min; #F5 R IY B FR /R I BIE 3 BIIR )5
HETHE) 120 V, B Ik R B R A 5 o IR I Fe AT A BIFE RV 1-2 om 4b
ik ik, £90.5-1 he Wizl e, FTIFHIKAEIEIR K, AR IKIRE .

() Rt 5t HIKGRE, REHEIE, BUHBEEN, ERK PRI T
BN, RIS B R R RS, RIS — RIS, RE R R
FEld, FEoRFIDK A o OAR N A bR, ORI R e ta, fd 2% o o i
Jeill, Yeth 2-4 h, DLEN AR AERER, HABKIERINEL LK, REm
ANBLER, BEATY BN G, Wb R, HEEARTER L.

2.9 BREXGE R HISEEs
2.9.1 [8)#E Elisa M EiFFEF N

I FH IR R R 8 R e M 45 5 LR A R AL R B A4 7 51

D BREPIAR: R AT IR B R S M DU BR B B R G VR (110 pg/mL),
1533 BRI AL NN 50 uL, A TR IAFT BEbR AR AR 5178 S AR,
4°Cik %, B 37°CHFE 30 min, FFLHIIAL) 300 pL 1) PBST ¥R 4G Pk,

2) $ Ml A% LR INAZ) 300 uL ) Blocking buffer, 4°Cid#k, o 37°CiEE 3

0 min
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3) Mkehili: F Blocking buffer 4% I8 — 52 LuBIAH B R REAE A I BT 2R 1

4) HUR SPURL G KB A BRI, K LA Blocking buffer f8l#5, fE
WK AR BB I AT, FE R R PSR BRI B0 B LA, REFLINA 50
uL HUEMER . TR ABE AR i ALK, 37 °CH#EE 30 min,

5) §%E HRP FbR 0. BORE L REARER, R Els, HERKAR L
T, PBST ZZiMwGEU: 3 IR, RRIREETIE 2 RUR, # B —Hiu 45 EAR i
Etf5 LA Blocking buffer #if —Hi 2 TAEWEE, ®FLIIA 50 pL, 37°CH¥ & 30 min.

6) . HUHEEARAR, ARSI IFAEROKAR B3, PBST ZZiHnlvE 4 1K,
FHEEE 2 K TMB S B R & vl B b B, A VRS B VIR IR 1: 1 LR &,
FLIMA 100 pL. E 10-15 min 25848, A 100 pL 0.5mol/L HoSO4 R
1R

7) MEALFKAER: HEFRCNE S LI OD 5, Rl A 450 nm. id3xE
i, FEH Prism BT 8T

2.9.2 31> Elisa T8 M3t

1) SHHskPIAR: F Blocking buffer #RE5 His A% MPLAEEE 5 ng/mL,
TEI WA BEARAR I B UL DN 50 pL, FFRR 34T B ARARAE v 4k 35 51 78 w5 AU,
4°CIER, B 37°CHEE 30 min, SFLHIIAZ) 300 uL 1) PBST &2 K45 & PLiA.

2) #H: HAFLF AL 300 pL ) Blocking buffer, 4°Cid#, ok 37°CHEHE 3
0 min.

3) Fikepi)E: F Blocking buffer 4% {8 — 5 LA B2 A3 BE AR I (0 BT R 2 1 IF
N-y-His.

4 PR SHURL G KB A BRI L, KL Blocking buffer {545, 1E
WK AR BB I AT, F R R PSR BRI B0 R LA, BEFLINA 50

uL PUSEFRR . TR MBEbR SRR W8T LK, 37°CI#E 30 min.

5) IAfEllFtiAk: A Blocking buffer #ksii HisFLAG (JaHk HF) FrEEMIHILAA
HAZE 1 pg/mL. BCHIFE L RBEARR, BB SR, JFEBUKER B9+, PBST
ZEIPRLEES 3 K, LI 50 pL BURFESR, 37°CH#E 30 min.
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6) W% & HRP Bebs — 4. HBOHTE G BEARI, KA B, IFERKEt Bin
T+, PBST Z&1f¥RHei 3 X, %8 HRP-Anti-FLAG () —fi it B 15 _EARBA 1: 8000
EEA H Blocking buffer #ikE — 4, #FLLIIA 50 pL, 37°CH##E 30 min.

7) Rt BUREGARA, AR GIEIFEROKAR LT, PBST Zihilik 4 XK.
1 R TMB & B30 & U B 2 69, A WS B IR 1: 1 LR G,
FFFLIIAN 100 pLo A 10-15 min ERA5ELE, A 100 uL 0.5 mol/L ] H2SO
PRS2 TS

8) WEACTEE R FIE I E &AL OD {H. ic%di, I Prism S AFHET
G

2.10 Western Blot

FIF Western Blot SEIAR I 25 & Lk MR AL BUIAR T F, SEIHRAED IR

1) B HIKE R R H AT B CUR YR, Bl S 4% I A R Rk
87 0.2 pm PVDF JEAIJELR, MARE|ENAZ A, J84%, HE AN, PVDF %, 3
A, WEERIIT TR AR R A AR N K R B g
JG, UK E 200 mA %% 1-2 h (RE A TEINE, EE5TEBR, BEH
K.

2) Hpl: HFELHG, 4 PVDF B (UL B 1 i3 B T WL Maker 25450 FH 8%
FANVCHCH JEBON TBS ¥ RHHIEBE 138, 158N B TBST 3T il 1 5% Mt 5 47
WEm, SRWE 12 hai4°C HELR.

3) WHE AU B HE, ¥ PVDF BN 2 b i s 00k 7 0 R B o (155
BPUREIRE, ZRPFE 3-5 h 8L 4°C WELR, HURRIZIKEN 0.6-1 pg/mL.

4) W E ROBUR: SERAIBUAIT & 4505, K PVDF N3] TBST #l e,
AKPRIZIRESE 5 min 2 4K, VEIRESHRE, ¥ PVDF JRTBON S i i i 908 v M R 19
A HRP bR S PR ER S, SRS 1 h, b B AU R LG5 4 8 3
B EiEAT.

5) Il WEL WS, 4 PVDF BEBONE] TBST Bl e, ACFRIZIES 5
min 5 K. #ME3EZRK M ECL ARG & U Bl B B AW (A WS B % L:
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2.11 RN HrsLie
2.11.1 RSN AR E IFN-y AR IAE R

1) 73 B4R % A431-LG. HEK 293T. Hep3B-LG. HepG2-LG. Huh7-LG:
W A B RS FRM R S 2R AL, 0 PBS Bk 138, b 1 ml BRERIRTE 37°CHH B 7= 4
WAL 1-3 min, ZIEWAL BN 15 mL B0 H, #1000 r/min B0 5 min Y
Mg, FHH PBSIEVE—i. 5K ELEIK b, AT RRRR LR B LA K
FERAE:

2) F Blocking buffer (RNEBRANIZR) FEAELNM, 40 M I 368 07 Bk 2 40 it 4
WAk 3 =, B8 LmL, H0lbsid s AR, B—Radigd (2ND
M) FsEEGH, oK _EE 30 min.

3) SEEGHARE N 10 pg (K IFN-y-hFe, K B E 1-2 h GYIAI%EE 10min 4522
— R

4) 4°C, 1000 r/min 5min Z.CUKZHHL, F£H 1 ml PBS ¥E—i.

5) FCHE AP (Cys-Lh2EHN 1gG), & Iml i 4 pL RAPUk, RiER
5], BEN 300 uL EE4HM, VK EFFE 30-60 min, & 10 min b R3] —

6) 4°C, 1000 r/min 5min, &5-CUCAIME, FH 1 ml PBS BEMik;

7) M4, AN 200-500 uL PBS, K54 i £ T 5 HR B R E

8) Y24 ARA 3 M A 4 SR T TFN-y 2 AR A 15 0

2.11.2 /)ll.itﬁ#ﬁ*ﬁl}n“ IFN- Y*)'LMSE’] BE.LﬁIj]

D) L4 R Hep3B-LG, F/H PBS H¥e—i. 2 JE¥AiEEK -, B4
R ARRR FAL A B O ERAE VK A

2) i Blocking buffer (RNEBRMIZR) FE4NM, F40HL TR 8 01 Bk 25 4 i (41,
SR 1.5 mL B0, B 250 ul UK B E 30 min.

3) FF AR E = FOREHRE (100 pg/mL. 10 pg/mL. 1 pg/mL), 54 250 uL,
I B2 A IR, A — B adiiAdl (OND 40 R IRPiAdl. 2 5525 dls i)
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A1 2 pg IFN-y-hFe HUJREUK B E 2 h, RS RARMGURTUARRIE S GRS AT
PRIRFERG N 50 pg/mL. 5 pug/mL. 0.5 pg/mL). K EFE 1 h GHESE 10 min 342
5] — T ).

4) 4°C, 1000 r/min &5.0» 5 min Y401, JFH 1 ml PBS ¥k,

5) FeH B EPURER (CyS-hEHA 1gG), & 1 ml N4 pL S EFUE, HWiER
5, FEIN 300 WL HELM, VK E§¥E 30-60 min, 10 min bR U5 — Ik

6) 4°C, 1000 r/min &0 Smin YA, FFA 1 ml PBS P

7) MARZ >, N 200-500 uL PBS, KR4 IF 5 R 20 A

8) VL ZUAN A3 A s I & AN ) S AR FH W 1% 150
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3.ERE S
3.1 AFFRERIA IFN-yRIEZRIAA L

TEXPIRAS R4 H2% B2 2 8% HEK 293F UMb TR e ik fa, A2 T
P R H Al B3 = P A IFN-y B4R 85 H (IFN-y-hFc F1 IFN-y-His), & H2%&745
Rl 3.1 Fros . FIAERZE ) IFN-y 8z H B8 77 A2 = S AN RIR/NI AT o FEIE JR AT
hFe —SRAPOE R RAATERS, His Fr%5 8 A AN ZIE FR ARSI . TR, B4k
22 S 5 bR S HE R 2 2% K/

I ZRE KA, DA LSE R RS EoR, 2 Ja JATHR L E S eix — il &
HEEE £, JEAT .

IFN-y-hFc IFN-y-His

kDa M 1 2 3 4
200
]‘118 g S M: Marker

— 1. non-reducing
75 2: reducing
. e + roducng
42 — ' i
30 -
23 s
18 - . -

& 3.1 IFN-y M B RIE R ifh

FI 12% SDS-PAGE 73 5L IR 5 ARIEJFARAF T, PIRIARZE 1 IFN-y LB 8 (45 A
Koo BEMZEAFR _EREREDNY 3 pg.
Figure 3.1 Eukaryotic expression and purification of IFN-y
Detecting the purity and size of two tags IFN-y in reduced and non-reduced conditions by 12%

SDS-PAGE. Each kind of sample was taken 3 pg for loading.
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3.2 TFN-ylk B 48 3 FE B0 A 38 K% i it
32.1 WHRE

NSASLER & 75 TH 22 FARR R . BARRS 5 N IR 290 60% frIARALIE,
(S I 3 2 R G B AR LR BB/ e BT DR 1 3RAS SRR 7 sy ELEE A B8 2 3R AT 1
PUAT S, A TERERGIE N E Y e 16 3

FEL =AM REE, BAEET Cl. C2 P XS =HtifiE. K4 His
PREE s SR AR/, FRAI 1% TIFN-y-His L% Elisa B2, W05 J5 W9 VU035 14 40 %%
Rt A RWE 3.2 P,

GiAoRE, ClIME IR UL T C2, E58 = Ik%u)E, Cl MBI L
A 2.5x10% Bk, e C1RIEATHIERTEE . RNA BN S e 555 o 22525

Chicken immunited with IFNg-His

serum, coated antigen (5ug/ml)
1.0+
o —8— |FNy-chicken-M0O
£ —8-  IFNy-chicken-1 M2
S _
g@ —&—  IFNy-chicken-1 M3
§>$ 0.5 —— IFNy-chicken-2 M2
s —& IFNy-chicken-2 M3
0.0 T T

serum dilution fold

B 3.2 M IiESUA T R

F IFN-y-His F IFN-y-hFc % C1. C2 Fi RS, 7d B I, S 450 fa il i o 4t
RRAN . HoHp IFN-y-His @R PR S ng/mL; SIS B FLARRE 50 £, 25 RAL4% M 1.
2 [ EE BB AT RS BE AR B IR IO N AL, 4L 50 uL; #J5 I Goat-anti-Chicken HRP )& o3 {4 3
BEAT TMB S, FIEGFR ORI A450 TR . MO: S Al Ry . M2: &5 kG5 s
M. M3: 28 3 GG KRS I .

Figure 3.2 Determination of antibody titer in chicken serum
Chicken C1 and C2 were immunized with IFN-y-His and IFN-y-hFc. After 7 days, chicken serum

was taken and the antibody titer in the serum was tested after immunizations ended. The concentration
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of IFN-y-His coated tablet is 5 pg/mL. Chicken serum in the first well was diluted 50-fold, then the
serum which was added 50 pL in each well was diluted with a gradient of 1:2. Finally, the
Goat-anti-Chicken HRP chromogenic antibody was added and TMB visualization was performed.
Detecting A450 absorbance value with Microplate Reader. MO: Chicken serum before immunization.

M2: Chicken serum after the second immunization. M3: Chicken serum after the third immunization.

3.2.2 MEMERHIL

MBI L5170, ¥ cDNA SCEHHURRI AT (Ve Vo) By ik,
2 JEiEid overlap PCR 3 LA G4S linker 4% . 1@t T4 MR scFv v BOE 2 IR A
REE L, BEEEN TG Ripht s, W2 1 IFN-yI BB DA R SO .
T4 U 10 ST P PP 7 BN 8.4%10° CFU/mL, JER R IEH

F M3 22R G B AUy B 4@ IR B TG KIBHT i, & EK. B
BLLBREVIESS, BAMSE 7S AWRE AN EER, DO — Sk R R, 4
N 1.5%102 CFU/mL; 5 —#B4> F PEG 8000/NaCl RyTjm, KB LA R MyTiE
PBS i, N 60% H i LR A7 T--80°C.

2 J5i Fil TFN-y-His X315 2 (15 B A3 AT 4 5000k, 4533 3.1 PoR. 16 4 50
WEER S, FRATPEEL T 96 AN TLBEHEAT Elisa Blll, 453 7 248600 & BA P 7o j
ZJE R % T AT DU o

F 3.1 A IFN-yHIXS IRk B ik

Table 3.1 Screening for chicken antibody library of human IFN-y

Round S1 S2 S3 S4
Input (CFU/mL) 1.5x10"2 1.8x10!" 1x10" 6.5x101°
Output (CFU/mL) 7x106 5x10% 3x107 2.5x10°

3.3 IFN-yinfARBIFRIE R ik

TEXTRHE SR e, o BTl A4S 1 2% 2 20 2 RN AL S, FRATTAS 2] T 11 265%4
IFN-y>Ef g5 A REEWPUEF 5, 2 5lar 48 C03. Co4. C06. CO8. Cl1.
C12. C13. C15. C25. C35. (C48.
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e H LR 2 935 A 6xHis #3258 [ FLAG #7% (G RIFR HE), X3 A it
I AF I, FE LAY 4O scFv-TFN-y-Cxx-HF (xx N Eid 11 &F 5 Hd—40)
FEAE DA i 32 AR IR . DR 1 07 i RE A A TFN-y (BT, JRATTEIX 11 %607
FIH) C A B ERE | 6xHis #3%%, w44 A scFv-IFN-y-Cxx-His, FAEHIAX] i
S AE TR T FIR LS

RIRIE 22 P B R B RIK AR, 58I KA i Rk i) 7 afifh,
SDS-PAGE HJ7 20k il 8 H 262 5 K/, SR 3.3 fos. @i, i Kinht
T 73 Wb & ) TFN-y R4 LA 45 v PR 2 B R T R PR A

FRGE AN T B IR R 7 0 ELARRE S M S A SRR, DLRCRE e JSR AT )
R ILAR . TERSE DT 2 250, AE A S EBAAR 2z, Bk, 7R
XA AR BRI BUAR 5 41 BEAT SR A0 ks

A B

kDaM 123 4 5 67 8 9 10 11 kDa M 12 3 45 6 7 8 310 11
M:Marker 200 - M:Marker
e 1:C03-HF Y 1:003-His
110 W 2.C04-HF 5 - 2:C04-His
3:C06-HF 3:C06-His
A 4:C08-HF 55| - 4:C08-His
55 5:C11-HF 5.C11-His
4 6:C12-HF 12 - 6:C12-His
. 7:C13-HF pr— 7:C13-His
50 8:C15-HF 0 = S e e 5.C15His
- 9:C25-HF - o 9:C25-His
45 ..... o W LN 23 - - - 10:C35-His
- 11:C48-HF 11:C48-His

& 3.3 IFN-y 4% §i4k SDS-PAGE %/ F vk I
S KA HT B b2 ik IEN-yHiik . FIH SDS-PAGE #5221 75 A5 B IFN-y ik 4l
FECAKR/IN, LA 3 pg FENEREFLIN EREE . (A) W7 HF #3281 IFN-yhifEk. (B) i A His A58
(1) IFN-y L

Figure 3.3 SDS-PAGE of single-chain antibodies for IFN-y

IFN-y antibodies were purified by secreted expression of Escherichia coli. The purity and size of
IFN-y antibodies expressed and purified in two ways were detected by SDS-PAGE. Each kind of
antibody was taken 3 pg for loading. (A) IFN-y antibodies with His and FLAG tags. (B) IFN-y

antibodies with His tag.
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3.4 Elisa ¥ MR ZE=F0 77

FEREI LA R TR e v, PABEBUAA 5 TFN-y IR 45 & B8 1 5 00k H I o ideoxt e &
REELHEARSG, BDES& e B R m, HAUGHE 71 hlkok .

AN ERR B 15 A ) LAAS [ (A J7 BEAT AL . %5 T HF 28 diik, %8
| hFc b2 A AR PS5 4, K IFN-y-His JUR & A 4% 2] Elisa 1 -, [A
i DL gp350-scFv-RO1-HF A B, N E LN 300 nmol/L, H4% 1: 3 L
1334766 5 R BE IO A4, 05 NN Mouse-anti-FLAG HRP 47005 & Rl Ho 45 A 68 1
ST His #2800, % T4 His b2 R APTARRSE S0 S5 M 0 3, K His Fiik
WAE Elisa 4 b, FFFE &L 5 pg/mL JF4% 1. 3 B EEFVBER) IFN-y-hFe 55, ZJ5
B Goat-anti-Human HRP J & .. 7£ GraphPad Prism I, XFHFIHiIALE A REF1 K&
BRI UAA ECso (AT 04T, RIE R AN 3.4 s

WA HF bR BT & B AR EAT REFRSRANGE, 3 ECso fH7 7125 C03: 33.10
nmol/L. C04: 1.52 nmol/L. C06: 0.68 nmol/L. C08: 1.49 nmol/L. C11: 3.76 nmol/L.
CI12: 33.19 nmol/L. C13: 3.91 nmol/L. C15: 1.44 nmol/L. C25: 3.53 nmol/L C35:
1.21 nmol/L. C48: 3.71 nmol/L. M, 7 HF SRS IHUMAH 360 7 B i i) 2 C06,
H 11 &REHRF5)5 IFN-y D 8556877

17 His AR25 MPUARRSEAN B A 7 AN FRAR LIRSS, H C25 i T-ali B i i
BH A . PUIKI ECso {EH43 724 C03: 33.26 nmol/L. C04: 11.38 nmol/L. C06: 11.18
nmol/L C08: 33.24 nmol/L. C11: 3.93 nmol/L. C12: 11.30 nmol/L. C13: 11.08 nmol/L .
C15: 11.11 nmol/L. C35: 11.11 nmol/L. C48: 11.21 nmol/L.

ERTIR, GG VBRI IR BUATE =k B T Rl SR 2 S IR, IRk 4
R T R SR00 T oK, DRI T AREAT 5 S i i pdend i ik
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Ab Ab
Control C12-HF Control C12-Hs
- CO3-HF C13-HF C03-His C13-Hs
= CO4-HF —a CI15-HF 2 CO4-Hs —- C15-Hs
«— COB-HF -e C25-HF g C06-Hs = C35-Hs
CO8-HF = C35-HF C08-His —e C48-Hs
C11-HF -—e— C48-HF C11-His
7-||w
0.01 01 1 10 100
Concentrations(nmol/L) Concentrations(nmol/L)
40+
mm  |FN-y -scFv-HisFLAG
mm  [FN-y -scFv-Hs
304
E
5
E 204
s
& 104
0_

FFFFSF PSS
B 3.4 BEEHES IEN-yRISER 1A 3

(A) HisFLAG $ifk 5 IFN-y[{J3E A1 1) . IFN-y-His (K47 %A 4 pg/mL, Mouse-anti-FLAG
HRP R EHALL 1 6000 #i%E, LA HisFLAG bRk /1 (B) His $ifk 5 IFN-y¥35%
H177o IFN-y-scFv-His [ N 300 nmol/L, Goat-anti-Human HRP LA 1: 5000 Fiks, LAk
M His ARZPUAER F1. (C) BRI ECso (-

Figure 3.4 Affinity of single-chain antibodies to IFN-y

(A) Affinity of antibodies with His and FLAG tags to IFN-y. To detect the affinity of antibodies
with His and FLAG tags, the coating concentration of IFN-y-His is 4 pg/mL and the chromogenic
antibody, Mouse-anti-FLAG HRP, was diluted at 1:6000. (B) Affinity of antibodies with His tag to
IFN-y. The concentration of IFN-y-scFv-His coated is 300 nmol/L and the chromogenic antibody,
Goat-anti-Human HRP, was diluted at 1:5000 to detect the affinity of antibodies with His tag. (C) ECso

values of two kinds of antibodies.
3.5 Western blot f& MR Z5 58N

N TR LW EAT 28 G 0, R 0 1 ik — PR I IR e ik 5 41 (1 e At
GhaRM, FHEYE DR IS5 & AN RALHIRE )

1 AE 11 Fl HF AR5 Piik 55552 2 PDVF I E IS JEAS IFN-y-hFe 454, F+H
Mouse-anti-FLAG HRP & (HiiAATEE &, A2 ROGEIR UG R 48~ WS ik r)
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gEEEN . R 3.5 fias, A 5% (C04. C06. Cl1. Cl13. C35) WHL

PR AL EE B
A B c D
co3 Co4 Co6 cos
N |
55kDa 55kDa 55kDa 55kDa
p— B
42kDa 42kDa 42kDa 42kDa
E C11 F G12 G C13 H cls
55KkDa 55kDa 55KkDa 55kDa
- —
42kDa 42kDa 42kDa 42kDa
| C25 J C35 K c48
55kDa 55kDa 55kDa
——

B 3.5 Bk S IFN2yARERANE GRS
¥4 20 ng 1) IFN-y-hFe 538 J5 VR S i RE,  REIR B vk IR 5 78t 1 o Y 5% ) i i 933t 4]
PDVF i, B0 1 pg/mL HF 32 Hifk4E & 1h, BOFALL 1: 10000 LLFIFEFE. (A-K) 11 %31
PRJFF1 ) western blot 455 .
Figure 3.5 Binding ability of single-chain antibodies to liner epitopes of IFN-y
The sample containing 20 ng IFN-y-hFc and reducing agent. Seal PDVF membrane with 5% skim
milk after SDS-PAGE and protein transfer. Adding 1 pg/mL antibody with His and FLAG tags for 1 h.

The chromogenic antibody was diluted at 1:10000. (A-K) Western blot results of 11 antibodies.

3.6 21> Elisa HLixt B 7% 1%

AR S DAL 0 (1 7V S S TFN-y I SRS U A 5%, DT b s 97 32t (R e A %o
o, SRR BT R A R IFN-y AN R Ho 3 — 1 45600 s o His APk A /R
SRPUA, 73 8% 3] ELISA B, 355 P15 I AR BE AR RS (%) IFN-y-His, Z J5 A FLAG
&P, H$T FLAG [ Mouse-anti-FLAG HRP & k45 &35 TMB L th, 45
FUrE 3.6 Fior.

C11 #1 C15 FUA P LA ILE SR BT, 150 B IFN-y bR 25 -G 47 s AT e AN
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1E—A, REEMENBEAPUA. 2R ER 4 AR PR S G50 LS EoR, FF
F GraphPad Prism #47 T 7347 . Hivh C03-His 5 C35-HF A & &AL ECsofE: 0.9418
pg/mL. [RHGE X — A friaon A S Sk R it .
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Concentrations(ug/ml) Congcentrations (pg/ml) Concentrations{pg/ml)
G Coated with IFN-y -scFv-C13-His H Coated with IFN-y ScFw-.C15His | Coated with IFN-y -scFv-C35-His
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»
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g
<
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-#- Control 3
18 B IFNy SCFWCOBHE
& IFN-y -SCF-CO4-HF
o T IFNy SCFR-COS-HF ~ 12
06 - IFN-y ScFvCOB-HF £
o L d
E L 1FN-y scFwC11-HF -_g
0.4 6~ IFN-y -SCFwC12-HE 2
” 3 g1
z A IFN-y SCFUCT3HE
02 ” /—4 IFN-y -SCFWC15-HF
&
o ——£ = —a—3 IFN-y -SCFWC25-HF 0
- T T T 1
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IFN-y SCFVCA8-HF Ky <4 v il
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& 3.6 3.0 ELISA fF LB Hiik
I > Elisa i 4714450 ARSI IFN-y o 5 SR UK - 7.5 pg/mL, IFN-y i LK : 9 pg/mL,
KB : 1 pg/mL, Mouse-anti-FLAG HRP FBeLL#l: 1: 10000, (A-J) : &HUAARXT

ik, (KD fuihxt ECsofHo
Figure 3.6 Screening for paired antibodies by sandwich ELISA
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Screening antibody pairs to detect IFN-y by sandwich Elisa. Capture antibody concentration: 7.5
pg/mL, the first well concentration of IFN-y: 9 pug/mL, detected antibody concentration: 1 pg/mL,
Mouse-anti-FLAG HRP dilution ratio: 1:10000. (A-J) Pairing results of each antibody. (K) ECso values

of antibody pairs.

R DT IFN-y R RIKER
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i I 2 BRI 5 A AR i 2R R TET IEN-y 32 AR ) SRR 5 Ol . SEER A4 A 10 pg/mL 1)
IFN-y-hFc 4b# 1 h, SEHUE Cy5-11EHA 1gG LL 1: 500 Lb@IFi%E. Control: ANZALFE ()44
fd. 2ND: HUNE EfiAa b B . (A-E) 5 Fhdi il R R M K2 AR & .

Figure 3.7 Expression of IFN-y receptors on the surface of different cells

Detection the expression of IFN-y receptor in the surface of 5 cell lines by flow cytometry.
Experimental group cells were treated with 10 pg/mL IFN-y-hFc for 1 hour. Chromogenic antibody
Cy5-goat anti human IgG was diluted in 1:500 ratio. Control: untreated cells. 2ND: Cells only treated

with chromogenic antibody. (A-E) Receptor expression levels on the surface of five cell lines.

75 5 Fhef &, HEK 293 41 51 A431 41 i R 310 (1) IFN-y 32 /A KI5 B R IK,
ANBEF T 5 SEPUARRBE T AR /) S5 5 = Fh T 4E R, HepG2 #1 Hep3B 4H /IR M
IFN-yZ AR IE B m — 2, &G TR 2Rt . Bitl, B2k Hep3B 41
FKIEAT 5 B TR BRI R 525

3.8 I\ AR S A R T BE

TEHE LI AR ARG, V5% E LI AP E, A8 =ANKE: 50
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Z el 5 A PHWT IFN-y 5 2R 455 C13. C35 (MPHIWTRE /7 Eimg 25—k, {HibEE
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Wrs A 4 AN A FITRE .
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TN BIAFHARS IFN-y 5 H 32 R 25 & (R BEIrE /0. L6 Ko IR ik 4L am g A 1
pg/mL ) IFN-y-hFe 4038, S AHifA Cys-1FHiA IgG LA 1: 500 LLfIRRE . Control A7 1%} R
2, 2ND B (i i B — AL B, HF Dyt IR PTARA, Hor =4 FEIHTRIREE T 1 sE 3640 - (A-KO
HUARTEAN B AT LR BEL T RE )

Figure 3.8 Blocking ability of single chain antibodies for the binding of IFN-y to its receptor

The blocking ability of different antibodies for the binding of IFN-y to its receptor by flow
cytometry analysis. Cells in the experimental group and control antibody group were treated with 1
pg/mL IFN-y-hFc. Chromogenic antibody Cy5-goat anti human IgG was diluted in 1:500 ratio.
Control: blank control group. 2ND: group only treated with chromogenic antibody. HF: control
antibody group. Others: experimental groups at different antibody concentrations. (A-K) The blocking

ability of antibodies at the cellular level.
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N T AR B RE VR RE ) IFN-y IR SRR, Sl 1 2l R HLid vk R 1
IFN-y&E E, 38 H 5 FHr2E (hFe 1 His) 484 —i&, JFFF HEK 293F 4jii%

o WIS Lk, IFN-yH TR IR, REEARE LRI =FMAR K
/NSRS o T hFe bRt A2 DL BB i 2R A, (2% K/ NI Gy, FEE 577

W55 22 [ B RAOIRAS RIS IFN-y 8 7 5U4EH C R — 4L furin & ARG VIEIA7
w VIEG JLT-6 IFN-y 2 A 5 HAREAR 2 2 85 . BRI, TR RS T s/ 2%
@E:mWMMM%ﬂMh>ﬁm%%tmem:&ﬁﬁWHE*%%m%ﬂ
%A R A K /INAHIE ) B B BOEHRAE 7 — 2, JE J5 4% AR R 1 IFN=y 2% EIIE 13X —
B T AR R A R B 2% IFN=y-hFe 46785, IR 4610 T H 4517 IR 57—k,
VLA KNS E) HARIT I 56417 A 1 k2. T His AR2E5CH ~RARMLIESL, 1Rl
B S5 AREJR A TR AKX AR R, WA, FFEEIREN.

o NG o g RO PER TR JS , B 284S 3 T HE M) IFN-y 1) 11 262 5 W ¥ scFv

F¥%1: C03. C04. CO06. CO8. Cll. C12. C13. Cl15. C25. C35. C48, FH¥ixX 11

B 53 B His P25 Hisy FLAG %, I FH K AT 1 i o R o 2 1)k AT 3%
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