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HE HE: /it HI5E gasdermin D(GSDMD ) 3% 4% 4k (single—domain antibody, sdAb ) & 2 & 4 5 3 4k . F7ik : A A RALAR L %
4 #7 (in situ proximity ligation assay,isPLA ) %5 & % i@ & M| 5 Jf L 41 GSDMD sdAbs 4% i& /51 ; #) /i isPLA . Co—IP.GST pull
down, % i87% £ & # % (isothermal titration calorimetry, ITC)#-3E3i%X 25 sdAbs 5 GSDMD #4 4% f- 1 45 &~ £ 18 % #2(LPS)#= nigericin
KRG g AR R AR P WL AR R A A dm e b R P A 1-B(IL-1B) KB T AL A B SLER B AU (LDH ) i 4
#5183t Western BP 340 22 b ik 4L 32 5 49 40 A6 P GSDMD vA & GSDMD N 5% 25 #33% (GSDMD N terminus, GSDMD-NT) & #5 %
1, GEBR @it sPLA 44520 57 % 56 ik i GSDMD sdAb #91% ik 5 71, £ F sdAb #26 5 GSDMD C 3% 45 #13%(GSDMD C
terminus, GSDMD-CT )48 Z 4% 7 ;5 sdAb Con *F 2048k, sdAb #26 4L F2 3 & ik GSDMD 2ot = A B =& R ey o B 538 % 5
fm e b P A0 1L-18 AR LDH 2 %42 5 (1=68.54,P<0.001;1=5.909, P<0.01) ; GSDMD-NT /= £ & % &3 /n, £5if:GSDMD
sdAb A &424% GSDMD A F R T8y ), A BT AR R IR G T IRAB T 18X
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Screening and functional investigation of anti-GSDMD single—domain antibodies
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Abstract Objective: To screen and investigate single—~domain antibodies (sdAbs) against gasdermin D (GSDMD) and their biological
functions. Methods: Using in situ proximity ligation assay(isPLA ) followed by high—throughput sequencing,the candidate sequences of
anti-GSDMD sdAbs were obtained. The specific binding of these sdAbs against GSDMD was verified by isPLA, Co-IP,GST pull down, and
isothermal titration calorimetry (ITC ), respectively. In the pyroptosis model of lipopolysaccharide( LPS ) and nigericin treated THP-1 cells,
the cellular morphology, the level of interleukin—1B(IL-1B ) and the release of lactate dehydrogenase(LDH ) in cell supernatants were
detected. Western blotting was also used to detect the expression of GSDMD and GSDMD N-terminal domain(GSDMD-NT) in the above
treated cells. Results: The candidate sequences of anti—-GSDMD sdAbs were screened by isPLA followed by high—throughput sequencing.
One of them,sdAb #26 was verified to interact with the C—terminus of GSDMD(GSDMD~CT ). Compared with the sdAb control group, the
number of cells producing pyroptosis morphology in high expression GSDMD cells treated with sdAb #26 was significantly increased. The
release of IL-1B and LDH in cell supernatants significantly increased(:=68.54,P<0.001; t=5.909, P<0.01 ). The production of GSDMD-NT
significantly increased. Conclusion: Anti-GSDMD sdAb has the potential to manipulate GSDMD-mediated pyroptosis,which may provide
a novel manipulation for the treatment of pyroptosis—related diseases.
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PRIRPTAR (sdAb) ARG K A& (nanobody ) , A%
3 F ik M 15 000~20 000 Da, B H1 4 MHEZE X
(FR1~FR4)#1 3 A~ H % X (CDR1,CDR2 .CDR3)
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1.1 SEEAH difR: AJESRAZAIM THP-1 Ak
B A 293T B HiE ANIE Hela & TR 40 U20S.,
gE g A0 HT29 R EVRE AR U937 Ak /N i itifes
YA AS49 AL B FE R AF s DMEM JIG 4 L5 W
H Biological Industries 23 ) ; JiAV 48437 3% (isPLA)
AU H Sigma—Aldrich; Protein G Sepharose 4
Fast Flow,Glutathione Sepharose 4B F1 Ni2*NTA a-
garose beads Y H Cytiva; F40AF (IL)-1B
ELISA Fzill 71 £ H 28 =K s LDH Rl 50 &0
HEHE

1.2 %7k

12.1 43R 293T . HeLa,U20S F1 HT29 4fififl
FHEA 109341135 100 UmL 5752 100 wg/mL
B2 ARUTRE SR DMEM 35950 ; THP-1.A 549
U937 4 &4 10% 64113 . 100 U/mL H %
R 100 pg/mL #E&GR . AE05 2RI RPMI-
1640 5550, T 37°C, 5% CO, HHIEIE AR .
1.2.2  isPLA 254 = 38 &2 00 7 0 ik BT GSDMD fY
sdAbs B S 59 == i WA # 1Y Flag—sdAb SCE FI
HA-GSDMD L Rz [ % B oher 34 ek HEK293T
YA, 48 h S WCEEANNL, Bl S XTI Y 40 M A T
PLA SC50 7% isPLA J5 ,ilad Ji=C A e o v 2T 7¢
SeAE S R4, 5 BH A0 AR B CDR3
X, 13 sdAb W, H 48 FaR P IRIEAT 3 #R ik,
LY 1 CDR3 =ik B ARBUR A "l T —
DT o LI 71 2 IR SR,

1.2.3  ZHff isPLA 5258 CBERiERI) CDR3 JFAIH4
ARNHA 3xFlag [ sdAb BER4EA [, [R B MR
Joi hi— 2 43 51 F HA ~GSDMD .GSDMD-NT . GSD-
MD-CT 5% A HEK293T w1, Ba JORs 20 i 25 280
A b, FRAUMINSEE S UEFT PLA 5256, DAPI Yet% )5,
R, BRI . SCI0 773 A SRR,
1.2.4  GST pull down SZ5 43 51K GSDMD #4)
TE GST A2 AR IR IR |, ik 1) sdAb JF 5144
HEAE His SRR FGA A [ I T RS S35,
A IPTG 229K F 0.2 mmol/L, 16°Ci5 F:id
TR W R VRORR 75 W I B OB 3, 40l GST
PR Ni BR, 4°CRERIT 2 h, R4 s BT
SHEEYTIRIEYS 3 UK K His A28 T 50 mmol/L
BRIEUEZRIT L 300 mmol/L BRMRKF His 5258 11k
BTk o KRGERE T R A His bR AMATILE S T

GST bR&ME FANER T-7h , 4CIE RN 2 h 45 a4s
J& A R T R AR R S A R A PR S T
B YRS

1.2.5 Co-IP L5 4y 4447 A HA #5251 GSD-
MD Fl47 A Flag $5%5 19 sdAb Con.sdAb #3.sdAb
#26 L% 3| HEK293T 4iiffdrtr, 48 h 5 US4 e - 7¢
VKL 4, 1] B0 PR S I AL & Protein
CHTME 2 h IEBRIERERE A, RELH
Protein G Bk 1, ] Y T HA-GSDMD AL+
A 1gG HiAk, 5341 3 AFEE A Flag $iLiA,4°C
PRI E » 465 2 K, mBAFESTIA Protein
G BT, 4CHIKIFE 2 h, B 45 IERR T
e, BT Western ERRAEI

1.2.6 SF{RIHE LR R KBTI BL21
(DE3) thif5 5335 GST-GSDMD F1 8xHis—SUMO -
TEV site—sdAb #26, % GST-GSDMD %44 GST ¥k 1
Ja 8 10 mmol/L i J 43 e H K VEME . 8xHis—
SUMO-sdAb 1 Ni k456 /5, IIA TEV BEDIESR,
83 44k 1 sdAb, f# ] 10 000 Da [ 18 56
Haifb iy B9 & H % T 50 mmol/L Tris,pH 7.5,
200 mmol/L NaCl %1 o 3 31 MicroCal VP-ITC 4%
28, TEIMAREMLINA 10 wmol/L 4 GST & GST-GSD-
MD, 7E i E B A 300 wmol/L 1) sdAb Con 1§
sdAb #26 FHATIE , 8 FH MicroCalPEAQ-ITC 4374k
PR A A B, R Origin 7.0 b LA ik
1.2.7 sdAb 4lifk 4 FH A ki GST-TEV site -
sdAb —ETA -3 xFlag % 1t # A X W ¥F B BL21
(DE3) ™, Y & OD A5 2 0.8 B, A IPTG
BLAWE0.2 mmol/L, 16°CiF T 7 . LSRG 5
DU B TR VK L )5 L 12 000 t/min #5.0
30 min YAE L 75 BB HINA GST Bk T, 4°CHER
R 2 h R RS T U R TR T S
W, 5 BSAZE TR, AR A RN
H, LA sdAb:TEV=10:1 [ H 4 15 2R 7 HOmA TEV
fitf, 4°CI AR LBR T GST %19 sdAb,

1.2.8  4iiffd_LiEH LDH Bl il Ff THP-1 4
Jusi A 96 FLARHT, FHAHF4lifbiF i sdAb Con.sdAb
#26 IMAZIRE 38,12 h /51 1 pe/mL LPS Fikk
4 h, B 10 pmol/L nigericin AbFE 1 h )5, W 4E
R A L LDH AR , Al 77k 2 i)
UL T,

1.2.9 ELISA il 2 jt 3% 1L-18 &R /K F  #%
THP-1 ZUfEEEA 24 FLAH, bW RE 5 |, ¥ 4lifb i)
sdAb Con .sdAb #26 Jin A4 id7%,12 h J5 H
1 wg/mL LPS TIALEE 4 h, 75 10 wmol/L nigericin Ab



624 AEEBREER

529 &

1 h e WM L R ARSI TL-18 MR EE A
W72 B S U BT,

1.2.10 Western EJiBSLE RIS HANME F , 1%
WAL BEIEFT Western ENE 4, —Hi: GSDMD(1:
1 000) .FLAG(1:5 000) . HA(1:1 000) . ACTB(1:5 000),
4CHFF A, FIR BT 1 h, BREIFEG,

1.3 itz prafidih 3 sy s, A E
IESS AT AR BORME B £ bR 25 R0 Bl 4y
MR XU )5 220007, P<0.05 R 22 55 B Gi it
2 #R

2.1 GSDMD sdAb 5t isPLA J& , iz ik
IEATIE S PR, XTRRZN A HA R4
25 BRI sdAb SCEE(IE 1A) o H5 PHE 4RI A
Fam it 5 A WiEEE SOV, 1 CDR3 X, A Bt/
325 bp([&l 1B), £ 3 #R0fiiL/5 , K & 4/ CDR3 IX
AT R E A5 404 1 Frg i CDR3 & ILM)T
H|, $E Tk, #id PRODIGY Rk Fiiilfe % sdAb il
GSDMD FHEAEH T, S W 456 A 00
) sdAb #3 1 #26 FEATERIIE

&1 H isPLA-seq /523 GSDMD HidHifk CDR3 F3
Tab1 The CDR3 sequences of the anti-GSDMD sdAb obtained by
isPLA-seq screening

%' IR T R
1 VGCDRCWQMDVTGTMQHNLRS 212 535
2 VPARALKDRWIIRTGCGTGRS 137 100
3 PVELADLDSSPVYTVVSSLIG 127 790
4 GRRIPYSVGCHRVWMQAVSIA 78 841
5 CSVTALMIARLTSKIRGTVSG 76 361
6 FVPGQQASGWFYLAPHTECLL 57 512
7 HGSTCQSTGHDRGSAVGALDV 42 466
8 PDWRRSRRGDSTSIICQGTTC 42 376
9 EVTLLVAACCRYNGRWRNGVD 34 349

10 PGGGSAYLTMGIRYVHWYCSH 26 801
11 HDLKCTFFAIRRVRSGLLGAR 18 899
12 GVLMQLRSKSGRVPIEGVTFV 17 684
13 LRCSISGHALSSLEHSEKRCV 14 812
14 IRFATGQCALFEESRMVLDRD 12 624
15 TPGGACAQSCRLRRYEKAAHL 10 578
16 TWVYISSQACWRVTVSLSATG 20 088
17 RAGVCGVVGSFSMYTIGNWVY 6 903

18 SDRAGSTTGRFATLDPRIDVP 4992

19 ECSASAFDIVVGVRIIRLDWP 3063

20 YDRVGGGHVLIACYSDDLCMG 2 569

21 IVTGLNCRFVAGSRGVSYHKA 1251

22 YSFWWRLVRSTPRVAVQPFIS 1216

23 ARARCSTAVRPSLTDYWTLAV 1 070

24 CVSSRLADWIMFSAYLYRMNR 1 007

25 VCLPGAAPAMFILLARHAESC 995

26 GPGRDHGCWSGRDVRLTWEYG 962
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T A:FACS 433 FHPE A ; 206 7 HE i > FHE AR s B FH B
FHFSE IR LUK G isPLA FRPE 2L CDR3 X PCR 43877 1) 5 sdAb
ConisPLA positive cells \H;0: LA sdAb Con.isPLA BH:4H g F1 H,O
SRS 7R bp - BRILAT
1 &3t isPLA-seq % GSDMD Hig i &
Fig 1 Single —domain antibodies against GSDMD screening by
isPLA-seq
2.2 GSDMD % sdAb #3 #= sdAb #26 5 GSDMD
M LE A FHAIM isPLA SZI045 S AT, sdAb #3
1 #26 5 GSDMD 4=+ J GSDMD-CT ;=4 T # &
YER, TiAFT GSDMD-NT HAHVERH (K 24 2B). H
T I 4% sdAb 5 GSDMD 454 =5
HEEAHEAEH, EEESHHSA GST &
GSDMD 5 His #5251 sdAb 4T pull down SZ5 o
ZE R R 7E GST FRict GSDMD HiAG 3 His Anic
B sdAb, 5 isPLA Bl —3(E 2C) . &, WA
Flag 32511 sdAb FlHi A HA 2519 GSDMD Fh4%
HE 203T 4 fifg v, i i Co—IP 5256, FEUIE 52 sdAb
#3 1 sdAb #26 43 5 F1 GSDMD A#HHEAEH (K 2D) .,
A, L ITC SEEE T GST-GSDMD il sdAb
#26 2 [8] IR B & 8 (dissociation constant,K,) A
(3.78+0.42)wmol/L, 1l GST-GSDMD F1 sdAb Con LA
K GST F1 sdAb #26 Z [AJ#A L&A HAMEHE 2E),
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& 34- - —— - - - sdAb w GST-GSDMD+sdAb #26
S 26- —-— [— -— - GST 4 GST-GSDMD+sdAb Con
60 ® GST+sdAb #26
3
180~ == 2
i p— 2 40 K 42pmol/l
100 - _ )
- — — [S— = =3.78+0.42pmol/
3 55 < 201
E 43 " —
S — —— — —— — - sdAb ){ssgaesaagagialnt-ia
34 — — " GST
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0 05 10 1.5 20 25 3.0 35 40
Molar Ratio

1 A GSDMD 45438 4735 3 8] 5 B 4H 0 isPLA K33 GSDMD At /RS54 ; FL: GSDMD;NT: GSDMD N ¥fii; CT: GSDMD C 3 5 [ (457 3k 48
7% 1isPLA BBAPEGS S LI : 10 wm; C: GST pull down 431 GSDMD FIEAIRHALE &5 D : Co-IP K& GSDMD FIIHIALE A B 1TC 5216
W ZE GSDMD FEABFTIARZE A1) K, (A
2 i GSDMD #J sdAb #3 #0 sdAb #26 5 GSDMD E#E&4&
Fig 2 GSDMD-resistant sdAb #3 and sdAb #26 binding directly to GSDMD

2.3 GSDMD # sdAb #26 1% 3t GSDMD 4544 £ AR 2 (B 3B, i3k iR ), TPEAR 2R GSDMD
T Western EJE A GSDMD £ A [A] 4 il 2 7l v B9 U20S 4 ffd A A g 2 e 2 R (& 3B), 1t
FY R PR, 45 R /R, Hela M1 THP-1 40 A6, FH LR RIRES AL B THP-1 20, 3557 W 15
F35 GSDMD & ,U20S 4l A3k GSDMD 4 Y TL-18 A1 LDH 7% & i 34 n (& 3C¢..3D), i
(B13A), FH sdAb #26 #I7R TiiAb PR LPS/nigericin it Western EJ 35 #5:1) GSDMD 1 GSDMD-NT % [
BRI, i P IA GSDMD [ Hela f1 &Rk, 25 EH, SXTRAZLA L, A sdAb
THP-1 40, S5H0A sdAb Con FIZHMIAIEL , 400 #26 ) THP-1 i GSDMD-NT 7= A 7K - g 4
TR B L it ki R O EA1F2ZS & 3E),
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o
*
e}
=
3
D LPS,1 pg/mL, pre—treated,4 h - + +
Nigericin, 10 pmol/L,1 h  — - +
1001 0.004 5
—
80 1
_ sdAb Con sdAb #26
& 604
= LPS - + o+ -+ 4+
= S Nigericin = - & - - 4 KkDa
204 . GSDMD | = v - — |55
0 GSDMDM — - |35
LPS,1 pwg/mL,pre-treated,4h - + + - + +
Nigericin, 10 wmol/L,1h -~ — + - - + Flag| - —— ——— |43
sdAb Con sdAb #26 ACTBl o pE—_—— 1_42

2 A: GSDMD 7EA R4 22 O Z3A8 1500 s B TBAMEE F WLEE U20S \HeLa \THP-1 ZH UL A ; BAHT S A T-40M; LB : 10 pm; C: ELISA
FEDU THP-1 353230 1 118 &5 D: THP-1 41 L& LDH B s E: Western EJ 3 A& I THP-1 4 it GSDMD (54 000 Da) .GSDMD-NT

(32 000 Da)fi¥ 25 [1 4t ; GSDMD™': GSDMD N 3iii; NS : JEGe 45 X
3 sdAb #26 {2 B GSDMD Nt SRR T
Fig3 sdAb #26 promotes pyroptosis mediated by GSDMD

3 itig

GSDMD 2 EET- AT Az —, TR B
LIRS THUAMRRAS . AWFEE L isPLA 4565
T AR ik 4T GSDMD 1Y sdAb, B631E i 1%
1Y sdAb #3 Fl #26 fig 5 GSDMD-CT FEs 454,
FERILRITIE sdAb #26 FEE UE GSDMD /S 141
MUfET. AUMfE T FELE A AR A — e
Wt caspase—1 BYLEHMIRAT , 57 —FP MK caspase—
4.5 11 fARLBRAR0, MYNE JR#E A RS R0,

28 it PN A X TR ) A2 AR R Az B SO O
caspase, i HX} GSDMD #E17VI#IEfL , 724 BA 1
PR GSDMD-NT, 555 240 i Jo JI5% A A0 %) e e UL 435
A RN EEA T AL, A e A, Rk At A 4%
PEP T, 38 % IAH , GSDMD-NT 1 GSDMD-CT 22
[E] BB T 1 A FRAM I AR 16 B X (H R A Sk
38, VIE) 5 19 GSDMD-CT i1t 5 GSDMD-NT JE
ARSI EAER, 1 GSDMD-NT 7EFLIE A%
B ARG AR L, X AT BB 2445 GSDMD-NT 4
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ST R Z —1, ZRSCHIEF 29 sdAb #3 il
#26 eSS GSDMD-CT 454, fedtdmET- A
Az, AT RE 1% sdAb 5 GSDMD-CT 45 & )5 ftt e 17 %t
GSDMD-NT A3l , Fe 20l 40 M fsE L4750, fE 2k 20
MIfET =,

CA RTINS, 522 [ TR A 220 1 o3 #E 41 i
N EAZIE caspase—4.5 .11, X LEPF T 1) caspase
2:YIE) GSDMD, 5 [ A & AR FE T, S5 A ik
i, MHLARRE HIV B RPN CARD-8 &/
PRTT LIRG] HIV SR, S DR HIV 28 XS
CARD-8 RM/IMEIEATUIE] , TGS caspase—1 1
GSDMD, ffi /g4 HIV B4 & A 5T, 18/ HIV 7£
PRS0 I FIAE B , m] DL, AR T % — ek e A
I BB S AR A — I ORAP PR DR ko
I RAEEET-VERIRY sdAb AT R4 HIV 2595 5
YIRS HEHTR I . H RTRFR I UESE, T
AR R IR Il a4, R AT R M, an 2 (28
F R ) & 5 = W AL % (a-NETA ) i 1 GSD-
MD/caspase—4 i&A2 175 T b Rz MO0 SR A e fE T, 2
BT /INEL BV BR S 0 RS, HA I TRy
Jier e A At s AR T R B T AR P E AR TR
[FINHEEBES T 400 NK 4080 M1 20 R it
TR M T A0 M2 A | A 4 i A
18 A A I A0 M AR s D, s fE T S AU EE
I ECL 200 P A A T, 3 e I R R PR AR B AR
TPEER, Fi4h, BT e T RZE T,
LR G o A BEL BTt )32 1 FH I 96, T
Jifa B S A ik = DL B ASBE AR SO PG R S iR N 1
T M S IR T SR R A I E B R A, (H
FETT 1 A 23 B R T i L B IR P 1 38
PEGIE , A4S Ul A 24 PR 5 g 20 i A T
AT WEFE AR, SR, TR —ETI &1, K
o IE H UM 2 A AR TR S B B A R E L TL-18.,
TL-18 [ S AT S0 Ho 28 200 i 1) JER e o SR 4E
Foa R PR LIZ T L U 9 AE TR, 53
PR UE 25 B el b 20 B PR T B A AR & 2, DT
f& K At

z B, ASSCHIF isPLA 456 i B
J7 3 TN i BE ) GSDMD Ay sdAb , 378 41 g 4 56:31E
T HAR BT A IIRE,, I GSDMD sdAb By R4k
WFFEHEAL T8 i o
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