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(BE] BHY - B al B i e 22 E R 2B I3 (serine protease inhibitor, serpin), e AR FIREE, JF-478 HAMHI
WPk Ak - WAL T A T, AE NS O A W AL B i (eHOMD) R BT — Bl 015 B8 8 (Arthrospira
platensis) [ serpin, Wi A4 K arthropin; #4853k 21K pSUMO3-arthropin, #H 5 A KR4 B BL21 (DE3) 5%
Tk RABETRMEZEN . BY . SO E ToRAZEN . BB T2 M0 4 28 2 Motk )7 4% arthropin F 41K (4 435
alifk,; 4 arthropin 5 20 25 17150 ) 5 G AL O BEIRLIH T IX (activated factor X, FIXa)., FXa. FXla, 1§fbAY#E 1 C (activated
protein C, APC). KB 1 (kallikrein 1, KLK1) %% 14 Fh 22 SR8 (RGALIFE , FiAIH SDS-PAGE /i3t B & ¥ E
SR B, I S 86 H7 25 5 WK I arthropin X KLK 1 AGHDHI % . XT arthropin HE2H 2 [T 45 Sk 26 F HEAT O 06, BEHCAIE 1Y
b AR X R A S 9T R 42404 . FII AT AlphaFlod Colab i illl arthropin W2 A Z5 My A . Z5 R - SDS-PAGE 43 #1 & 3,
arthropin fift & & [ 76 K W38 75T BL21 (DE3) Fa&ik; glifb)m, KA T r4ifE iy 5 Bhe M %t o i i (45 800) AHIE MY
arthropin A 1. Kf arthropin T B 155 14 P 22 M I HLIFF /5 &2, arthropin 85 FXa. APC, FlXa, FXla.
E AW (trypsin) . ZHZUEABFG (cathepsin G) . KLK1. KLK7 FIEEIMEF (thrombin) 9 F07& [ABHE ks & LM 259,
Arthropin 11 il KLK1 A9 — 2% 5 b 310 il 38 % 5 40 1.7x10° L/(mol-s) . Arthropin 55 41 8 [ 7] LL7E 25% 3R 2 — % % B ik 550
(PEG MME 550) . 0.1 mol/L ik Z, i iz (MES, pH 6.5). 0.01 mol/L ZnCL 2 FIE AR A, X EHEATS A B
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Preparation and target protease identification of a cyanobacterial serine protease
inhibitor, arthropin

XU Jiawei’, ZHOU Aiwu?, YANG Yufeng'
1. Department of Biological Engineering, Zhuhai Campus of Zunyi Medical University, Zhuhai 519040, China; 2. Department of
Pathophysiology, College of Basic Medical Sciences, Shanghai Jiao Tong University, Shanghai 200025, China

[Abstract] Objective: To prepare a high-purity cyanobacterial serine protease inhibitor, screen its target proteases, and detect its
inhibitory activity. Methods* A novel serine protease inhibitor from Arthrospira platensis was identified in the Expanded Human
Oral Microbiome Database (¢eHOMD) by amino acid sequence alignment and named as arthropin. The fusion expression vector
pSUMO3-arthropin was constructed and transferred into Escherichia coli (E. coli) BL21(DE3) system for fusion protein expression.
The recombinant arthropin was purified by a four-step chromatographic purification approach of nickel affinity chromatography,
enzymatic digestion, reverse nickel affinity chromatography, and anion exchange chromatography. In addition, the recombinant
arthropin was co-incubated with 14 serine proteases such as activated factor IX (FIXa), F X a, F Xl a, activated protein C (APC) and
kallikrein 1 (KLK1), respectively, and then analyzed by SDS-PAGE. The inhibitory rate of arthropin on KLK1 was assayed with
kinetic methods. The crystallization conditions of the recombinant arthropin were screened preliminarily, and the suitable crystals
were picked for X-ray diffraction to collect the data. Finally, a sub-stable structure model of arthropin was predicted with AlphaFlod
Colab. Results-SDS-PAGE showed that the fused arthropin was successfully expressed in the E. coli BL21(DE3) system, and
following purification, the high-purity recombinant arthropin, the relative molecular mass of which was similar to the theoretical
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value (45 800), was obtained. The co-incubation analysis of recombinant arthropin with 14 serine proteases revealed that arthropin
was able to form stable covalent complexes with 9 proteases, including FXa, APC, FIX a, FXla, trypsin, cathepsin G, KLK 1, KLK7
and thrombin. Arthropin inhibited KLK1 with a second-order association rate constant of 1.7x10° L/(mol-s). Moreover, the
recombinant arthropin crystalised under the condition of 25% PEG MME 550, 0.1 mol/L MES (pH 6.5) and 0.01 mol/L ZnCl,, and
the crystals preliminarily diffracted to a resolution of 10 A (1 A=1x107"" m). The analysis of the structure predicted by AlphaFlod

Colab revealed that arthropin had the classical structural features of the inhibitory serpin. Conclusion-Arthropin, a serpin from

Arthrospira platensis, was successfully obtained with high purity and a broad-spectrum of serine protease inhibition, but at a low

inhibitory rate.
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22 5 R 25 1 i3 1 5] (serine protease inhibitor,
serpin) BRI . A d) BI— 288 E EER0 i
BRIGE, T2 T . Y. 0. e e
0 Serpin FK A Bt £ 88 330~500 A4~ 41 KL R 5
FEA R, BN —ZFREEAR R (425%), H
TR = R EE R AR LAY serpin EEE R 11
£ 8~9 P a2 iE (helix A~I) . 3B HJZ (B-sheet
A~C) BIPRSF ARG R FI A2 55 76 43 2% 1T B RN
HUGER (reactive center loop, RCL) 41i% '*'. RCL)
B2 50 () Z2 A6 PR UL s B serpin B8 2R 1 il 1 R
St

AN T8 3 HC Al 25, 1 kA0 0 550 5 0 0t 2 1 il A 41
HAEFH B (lock-and-key) HLii, serpin X 75 1 i}
IHRZAT R . AERIRET, AT URSHEN
serpin F| ] RCLAili $R$E 25 1l I 5 298 i LA AN e TR
HERNE Y. MG, RCLBIKM (B KA I
7 N i 7 1) 2 SERR AR IR i 44 S P, P2, P3eeeeee , fE
CIi )7 AR AT 45 ] PL'L P27, P3"e--) FEERAMEA
% s3A (B-sheet A %3 3 (T & Medik) 5 sSA ZMIMER
B s4A, X FE B-sheet A Y T ERLE M FATh, 1t
B BE ik B fe A . 5 s4A FHIE ) & (B Bk bk =
serpin Ji& # (Y [\ i, o PRI M b B AR TR AT
PE 7, Serpin XAl E (SHL) [AAs (RAD) IR
SRR ARV E IR R H RS .

TERL AR, AMTTXS I ZL 304 serpin A 4
. ThAE A JA LR O 20T MRS an s gt
XL serpin 43 R I HI B FNAE IR AL 225, S 589 A
TRAAR Z A P B, A R A YL RE R
B O R EE Y AT Y R s
FfRE A L AR T A T ELIX 2 serpin 454
SAMIIREIAr, UL R i kA Uk g 2 4]
HE e

AT X W FL 3 W) serpin 1Y) 12 WF5E, HAbFHE
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serpin BB ST AT 4270 . A B 4 D g 6 R A% AR
Yy serpin (RE 2, FA0, 2002 4 IRVING %
EIRTEA A A TR A2 %5 T 121 serpin [ &
F 3 o Bl S AT SAE AR St W8 #4 19 Thermococcus
kodakaraensis 1 & 3 T HA7 M 12 A HER 2 M A9 Tk-
serpin, ‘B HE S ] PR5E v ) 2 11 g DN DR 47 4 TR A
ZARE DY B AT AR R A A A0
Tannerella forsythia F1 )7 18 25 £ T& v & BAH OC serpin,
BT AT R 3 o S0 SR A O 22 S R AR R 2 5 KR
PAE LI 20 TR R A A W R U serpin 145
¥, THREHIFE H Al v A AT A

BT e s (Arthrospira platensis) J&—Fh & &
RIREVER T IOGE R wE, reedpk, BT e
BAE R SRR AR IRz Y, REE
PR 2 e AN, Bl T O T
EE . IRZERRRRR, HAREY WL EA YR
G Y PoEs T Rk D Y
FBUAE 2 AR LT Ak 0 7R A A R
98 A A A A R R R AN B AR g R
FEZA 5 SR T O et 30, BT e e vk 3R
T 14 1) serpin, Jf i 44 4 arthropin; 3 i3 #4) £
pSUMO3-arthropin fill & & ik # &, F ik | 4ifk
arthropin & [, 22120 T X =45 S A F 1 b i e, [\
IR I 1 B % 14 B AN () 22 B2 2 2 P e 0 400 o 3 e
RIS X LA D BE A ST B T A

1 HES5HE

1.1 Mk

111 WS ER KRWBRA W (E coli) BL21
(DE3) M B KR AR (b)) ARAFA .
pSUMO3 & ik K i 4 92 06 % s IF R A7 . R
pSUMO3 #ARFIX Rl & 28 5T /N 12 AR
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FEH (small ubiquitin-like modifier, SUMO), H7r{#
e Rl R I FRIBIKCE RIS, AT 8Nz B R R
TE 1/ 2 (sentrin-specific protease 2, SENP2) 5% %
I D RS S X pSUMO3 ik # ik [l 1%
Tk (Riy) AWRHEABRA A ] #EAT, MBR 1
SUMO AR %8 A o H 2R 22 BR ] 1 N DI BamH 1 Bi§U)
AL BT REE P A, XA Rl G R PR S (R B
VA2 5008, D8/ R e 2 1 BT 4s 0 52
112 FEEON 5 2N R G P
R AT A TR (B ROARAE, 2x
YT} 355 [ % [ Oxoid A H] , 5 %-B-D-1-#i At
RFLBET (IPTG) W H Ll AR EVEARARA
Al T R IR B - R TN A Tk i B RS LUK (SDS-
PAGE) i ifil K W9 [ 5 [l Invitrogen 23 7], 14 Fh 2244
1% %5 [ i W 3€ [ Haematologic Technologies /A ] ,
OB LG 1 (kallikrein 1, KLK1) 2¢J¢)EY (H-D-
Val-Leu-Arg-AMC) 1 A E KA YRHE (db50) AR
/v F), HisTrap™ FF FieAE (His bR 8 1 4ifbAE) |
HiTrap™ Q HP ( &5+ 52 # T 4 41 ) W H % M GE
Healthcare /A F], SENP2 {1525 %= 44k FI H]. Crystal
Screen™ 7K [ 45 #1057 & 1 [ 5 [ Hampton Research
NS

UH-12 %4  Fe 4 AL A 13 R B AR Rk (1
W) AT, AKTA purifier 2 [ 4l 4k 1L g [ B i
GE Healthcare /A &), Gel Doc XR BEJJE A2 Wy H 3¢
[ Bio-Rad 7A w , 96 L Ak % =X &5 & M W A 36
Hampton Research /A @], Screenmaker 96+8 75 [1 4% &
P T A3 [ i+ Tecan A7), LG-P52 {8 &
% A H A Olympus A ) .

1.2 Jiik

1.2.1 B8 serpin (UL SRl G Rk A F
A LAY serpin ol - RS (ol-antitrypsin) Y%
FLR ¥ A0 AR N2 1R AR W R R (eHOMD,
http://'www.homd.org/) #AT 2 FEFR 741 LLXT; #EHL
J7 90 [a) A A v Y BE AL serpin (score>100), Jf5 al-
PUowE & B . N VR PR BORK R G 45 A A
(kallistatin, KAL), miropin 4§ serpin 1) % FL 82 T 51| -
WX, 2 F B i 1 v 5 AR S X R P
G5 ] SWISS B A X6 ) 25 i 158 3545 (1) BEA serpin [F]
VR EAIE T 4548 o KB R serpin 1 3% R 13 51 22 1h %
FHis (CRHE) AR A RN R T 2R EE ARG

e
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1.22 FAEEANERE KRG REEAK pSUMO3-
arthropin #% 1k 2 K 3% 4y % BL21 (DE3), JFiRfi T
RN HEREMNLBEAR T, 37 °CH & Rk
5, PRBURANTRE B8 AN E E R I 2xY T AR 57
B, T37°C. 220 vmin B K YR, HEEBRAE
600 nm &b /Y9 5 % B2 (H 35 ) 0.6. A Lk E N
0.1 mmol/L HY IPTG W53k, JFREl R 2 20 °C4k
ZEHiFR 12 h, S5UG 4 CCRLODUUETEIR . b BBV
FEAT . JRRRW, A SDS-PAGE B ik il 4 & 111
LB

1.2.3 REEANEYI S8 Kl L 2
MW A [20 mmol/L Tris-HCl (pH=7.4) . 0.5 mol/L
NaCl, 20 mmol/L BkMg | F &, JF7E 6x10* kPa i
TREHEANM . A HisTrap™ FF P8 1 280550 J5 19 41
PR R LS, TS PEAT 20~300 mmol/L WK ) 7% 25
FEEEVENL (G20 B HA s> 5 22 vl A #RT], A
WK B AR AR ) o IS 19 280 nm W2 AL IS 1) DA 35k i
WOEHT R BRwkme P08 FH 2 % SENP2 I fb fil &5 25
12 h (@& %[ : SENP2=100: 1), ffi His-
SUMO3 HR % Ui 25 o 4 14 16 W PR IR 3 4% T HisTrap™
FF ik tt, WA T 28 e rh (1) arthropin, 55, e
W3 T 2 8 vh i C [20 mmol/L Tris-HCl  (pH=8.0) .
0.1 mol/L NaCl], 4%k T HiTrap™ Q HP fii 41,
#E4T 100~1 000 mmol/L NaCl ) % 4L i i e i, Wi 5
280 nm M T I 1Y) g R Ok GV, B AT A B i 4l 1Y
arthropin 2 H A 4l Ak 34 {8 ] SDS-PAGE 43
Uiane

1.2.4  Arthropin i #8 25 [ i i 26 55 2 N7 3l ) 27 K
M PEHA SRS 2= % A 14 Fh 2 F IR A B, fL46
WEALIEE N R TIX  (activated factor IX, FIXa). {Hfk
MEEM ¥ X (FXa). iGEr&Em P+ X (FXla) .
TGALIIE 1 C (activated protein C, APC) ., ZHZIRILT
W B DR 75 77 (tissue-type plasminogen activator,
tPA) . A WE PR R 40 B SR M AR 11 B (human
neutrophil elastase, HNE) . & [ if 3 % & A
(pancreatic elastase, PE) . J# & [ i (trypsin) .
KLK1. KLK7., #[1/#3 (proteinase 3, PR3). #&ElL
fitf (thrombin, X FKFla). HLIHEHEFB (cathepsin
B, CaB). HZIHEHEF G (cathepsin G, CaG). FlH
Y serpin B85 25 A BHIE UL MM AW 00 Re , FF
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ali {4 i) arthropin (3 wg) 435 14 M EHBEE (0.4
pg) IRA T 37 °CHEE 30 min, FJH SDS-PAGE 43
M) UL /R arthropin 15 14 FP 2R 11 B A 45 S5 0

TE 20 pL & W AR & o, B KLKD (2 9k B2
0.1 pmol/L) 43 5| 5 A [7] ¥ B arthropin  ( £¢ 3¢ i 0~
3.2 umol/L) IRAIFTEWIFF 20 h, FEIN 180 pL
B KLK1ZOUIEY) (A9 0.1 mmol/L) #Y 22 il
[PBS. 0.1 mg/mL 41l #§ & H . 0.1% R & B
8000 (PEG-8000) J, #ill 460 nm &b7 G155 31
MY e, H Cui 7-25E-4-MHEF TR (7-
amino-4-methylcoumarin, AMC) 09 2¢ G615 58 N Ui
H,N AT e 5 T 22 iS4 ¢ KLKL K i, Bl i
AMC 7E 380 nm AU, 4R INTTE 460 nm Ak 7R 5K

5, MR RN WITE 460 nm Ab PG AE S ) ARk
R A] H450 H KLK 1 AR AR 05 P . arthropin/KLK 1 ik
B EE 5 R & KLK ) 4 300 1 E 17 4t 0L BT 45
F9% /A9t 2+ 3 & e (stoichiometry inhibition,
SD) ¢,

TGN W R H 4 (apparent second-order
rate constant, k) HIRIETEh—ZUR B fE (HD
arthropin ¥ £ i K F KLK1 ¥R B ) T 79,
0.1 wmol/L KLK 15— ¥ J& 1Y arthropin IR 5 I 7 &
ATRIEHE], A 0.1 mmol/L KLK 1 2 )i ) 2% i
R S A4 Z& Y KLK L BTGP, R 0 4 16 4 1) 17
XPE 5 I R 2 A, R AR — G R
‘%0 (first order rate constant, k). ¥ A[A] arthropin
WHE (3~12 wmol/L) IV k. 5 arthropin i & 47
LMERLA, HARPREDE L, 10 900 R L

pp’

(second-order association rate constant, k,) =k, X
SI =,
1.2.5 Arthropin B 45 & 25 14 0 & K Crystal

Screen™ & 45 Al &AL 7 19 1 600 FR 45 556 43

P|l7
[al-AT]
[KAL]

[Miropin]
[Siropin]

Hinge

EKGTEAAGAMFLEAIPMSIP - -
EAGTEAAAATSFAIKFFSAQ-TNRHILRFNRPF
[PN1] EDGTKASAATTAILIARSSP - - -
EEGTEAAAVTAVEMVKTSSPSTTPINFHINKPF
EKGTKAGAAALVEMVDSACA-INEKQVILNRPF
[Arthropin] EKGTEASAATGVIAGSRSSI - -

2 R 1 R159) arthropin (R 4 B BE Mg pE | 431

S L 65 nL/AL > 28 96 £LAR IR 3 U&s Al 1, 7220 °C
T, $200 nL 2l | PB4 — ) arthropin 25 FH A T
(13 mg/mL) 5 200 nL 45 df i F1E & I 480 T 96 1L
Ae S AR, R P A ERAERIH A SR L
NFEML e EERTRITRAE A, PRI BB I 45 i 2k A ik
oA, BDVREE P BTk EE . DOTESDREE . KR pH
RS R SE, LIRS S B S A i B A A, 5
—F 1, HABZE (cyoloop) 41 0 Fr £5 i A 55 BL
TV ORI (FE JEL45 i Z P B A 25%
) o MATBERWR R, T RlgRD RS OLIR
(Shanghai Synchrotron Radiation Facility, SSRF) 18U
AT X SR I R AR

1.2.6  Arthropin —4EZ5F9 1 T K arthropin (2
FEMR 7 A S A 2 AR 1 P 45 48 £ 4 %2 (AlphaFold
Protein Structure Database, https: //alphafold. ebi. ac.
uk) AT A s = 4EgEF T, R AR Rk Y
arthropin Z5 f R B AT 50 H7 o

2 R

2.1 B serpin 95 L 5 il 2k A M fa

T8 6 R T A 0 X 5 AT, ARl T e
Wk I T — A8 B serpin,  FFHEE iy 44 A arthropin,
5 2 Mt serpin 1) RCL J7 41 LU X 45 28 (&1 1) RR,
arthropin A7 #7831 ] B serpin K2 A A0 3R, H
P9~P17 54444 ExGTEAAAA (x=E/K/R) MIRSFF
UL, TG PE O P1-P1TUE I &Y serpin f 3 WL AY
R-S, #27K arthropin 1 58 575 1l 22 2 BR 25 (1 1 A 345
PE . Arthropin & P 5 91 4 A AL IS 9 pSUMO3 ki
(BamH 1 Fl Xho | BEUM s 22 [0]) A4 Rl Fe IR 204K
pSUMO3-arthropin,

Pll }I’l’ PIIS’
--PEVKFNKPF

-PWFIVDRPF

-RDRIHINRPF
s1C

Note: al-AT— al-antitrypsin (Uniprot ID: AOA024R617); KAL—kallistatin (Uniprot ID: P29622); PN1—protein nexin 1 (Uniprot ID: P07093); miropin
(Uniprot ID: G8UQY 8); siropin (UniProt ID: R6RSK?2); arthropin (GenBank ID: AMW27298.1). s1C—strand 1 of B-sheet C.

1 Arthropin 5 % # serpin # RCL /¥ 51l Eb X
Fig1 RCL sequence comparison of arthropin with various serpins
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432 | bEx@EASeR (EEHD
22 AAENMRE Sk

Bt fill A 22 3K 5L pSUMO3-arthropin 55 A K 7 1%
W BL21 (DE3) J&, FIHIPTG#ATH5 %Kik, 45
RN, FSIE R RIIE A TE 2R S R 2R
HAX T R 29 K 60 000 FE 1, 5 His-SUMO3-
arthropin BB AHXT 43+ i (60 800) AHIT, HEWH
arthropin @l A5 8 H  (K12A) 5 M4l # 2% Figw b X
A RZE N, SRRl A DA R R IR 2

1
170 000 |
130000 | ==
100 000 e
70 000
55000
40000 -t
35000 s

25000 =

y p— e

i 1

10000 s

FEAE, A DG AR PR e A . 23k
IR FH HisTrap™ FF #iett (BRESF2RAZHT) 4
B 24 T R P 44k His-SUMO3-arthropin fill & 245 11,
SR i it SENP2 il U) b 2 2 OB B SR RZ M 25 B
His-SUMO3 #5345, Ff-ii i HiTrap™ Q HP fitétt (Ff]
BT EZNT) iE— 44k arthropin, AR T &
PR HEIRARS > T B (45 800) ALY E L
arthropin (2B, C).

170 000
130 000

100 000
70 000
55 000
40 000 IS

35000 s
25 000 s

15000 s -
10 000 =
W —

Note: A. Protein expression in the whole bacteria and lysis supernatant of E. coli before and after induction. Lane 1—marker; lane 2—total bacterial protein
sample before induction; lane 3—supernatant protein sample before induction; lane 4—total bacterial protein sample after induction for 12 h; lane 5—
supernatant protein sample after induction for 12 h. B. Enzymatic digestion and purification by nickel ion affinity chromatography. Lane 1—marker; lane 2—
protein sample before SENP2 digestion; lane 3—protein sample after SENP2 digestion; lane 4—5—flow-through solution of the nickel column after SENP2
digestion; lane 6—7—washing solution of the nickel column after SENP2 digestion; lane 8—elution solution of the nickel column after SENP2 digestion.
C. Purification by anion-exchange chromatography. Lane 1—marker; lane 2—12—protein samples eluted by a continuous gradient of 145-685 mmol/L NaCl.

The black arrow indicates the fusion protein and the red arrows indicate the monomeric protein.

2 SDS-PAGE 43 #f arthropin i & & H IR L BBV 5 41k

Fig 2 Expression, enzymatic digestion and purification of arthropin fusion protein analyzed by SDS-PAGE

2.3 Arthropin (I8 25 1 55 5E 5 2h )y “# R

91 %5 arthropin ] 22 54 R 45 11 1 A9 4 Sk
F AT F 41 arthropin 5 14 F 22 & /g 5 1 B 43 51 2
N, SR )5 i SDS-PAGE £ il 5 22 5 ik & 11 i 2
WAL E SRS . B 3AZ R B s, arthropin A
AE 5 HNE M PEJE IS G W), M 2VE ISP #x 2
T2 R A, 72 I 1 AR ARXT 43 - B i RS /NI AR
257 M1 2T 10 000 [ 4517 . Arthropin BE5 F X a,
APC, FIXa, FXla, BRI H M . CaG. KLKI,
KLK7 FfIF L aJE ke e 3 a5, Kby
KLK1JE 2 &Y 40 s, X i B arthropin X iX
SO A RS PR, AT RE X KK 0449 i 4 A

R T R HE T arthropin X 2K 1 A A 30 i fiE
1, FATVRIH B J32% 5 240 T arthropin #1)1 il KLK 1

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

AR A, K 3BEE R IIR, arthropin il il KLK1
SHE H 5.120.5, k,, A (3.320.1) x10° L/(mol-s). fif
P, arthropin X} KLK1 % k, % 1.7x10° L/(mol-s), ik
T H b 41 B Sk JE 19 serpin (@l miropin, siropin
A ) 10Tl L EEEIRE W, arthropin J2— 0
Y serpin, X 22 Fh 2R 1B A P00 M, H N B R

Ao

2.4 Arthropin P45 5 70 & 15 450 Al 5 B
Y B arthropin (14 25 A4 R i SO0 b 1) B HC
PHIALE, Fo 12201 Ve arthropin (945 5 &4, Mn
SL AR SEH B AT B SRR . AR LAR & R R £R
YRR UTTE ], %W pH N 5.6~7.6 1 45 & ik 7l
arthropin A LUJE BrE Rk o At RFR/INBDRCR (9 28 1 5T
mfk (E4), o, RoRaidrs f 43 W1 HOGE8 A
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Arth+ Arth+ A
Arth
M Arth FXa HNE PE APC tPA FIXa FXla M Arth Try CaB CaG KIKI KLK7 PR3 M Arth+Flla Flla
170 000 —_—
130 000 — —
100 000 , -
70000 S - - el — 4= Cpx
55000 s pa— — -
10000 . it (bbbl — - ey S & Arthropin
35000 “w - — -
25000 -_— —
15000 S - —
10 000 - -
E e
B
100@ 0.005
80 0.004 I kypp=(3.3%0.1) x 10> L-mol™"-s™
° SI=5.1+0.5
E
£ 60t _0.003F
g 2
S 40} i =< 0.002f
=
[
E o0t 0.001
0 1 2 3 4 5 0 5.0%10° 1.0x 107 1.5% 107
Concentration ratio of arthropin and KLK1 Concentration of arthropin/(mol-L™)

Note: A. Arthropin (3 pg) was incubated with the proteases (0.4 wg), respectively, and the complex formation was analyzed by SDS-PAGE. The red arrows
indicate the complexes of arthropin with the target proteases. M—marker; Try—trypsin; Arth—arthropin; Cpx—arthropin-proteinase covalent complex.
B. Determination of the SI (left panel) and the k,  (right panel) of arthropin’s inhibition of KLK1.

3 Arthropin ¥8E A EHI IF 1% 5 K M 3h 1 4

Fig 3 Screening and reaction kinetics assays for target proteases of arthropin

[ 45 5 4. 25% B & " BE P H E 550 (PEG MME  mol/L ZnCl, ], 1B FiZ iR s/N, X FLar it s 2
550) . 0.1 mol/L WMk Zfif% (MES, pH 6.5). 0.01  HERICN10A (1A=1x10""m),

Note: A. 25% PEG MME 550, 0.1 mol/L MES (pH 6.5), and 0.01 mol/L ZnCl,. B. 20% PEG 4000, 20% iso-propanol, and 0.1 mol/L sodium citrate (pH 5.6).
C. 0.4 mol/L NaH,PO,, 1.6 mol/L K,HPO,, 0.1 mol/L imidazole (pH 8.0), and 0.2 mol/L NaCl (final pH 7.6).

4 AELREGFILES 2R arthropin B B R (x6.3)
Figd4 Arthropin crystals from different crystallization conditions (x6.3)
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serpin (UL, BAT FPIAISEREAY B-sheet AFIZRER/E  5.35, AT M arthropin & —Fh it E H .

http://xuebao.shsmu.edu.cn [V AC I K2R (B2 0D, 2023, 43(4) @



434 | rmmEAERE (B2

2023, 43(4)

Electric charge +50.000

Note: A. The arthropin model created with AlphaFlod Colab. B -sheets A, B, and C are indicated in red, blue, and yellow, respectively. RCL is in purple.

B. Surface charge diagram of arthropin. The red colour indicates the negative charge and the blue colour indicates the positive charge.

5 Arthropin 955 #7
Fig 5 Structural analysis of arthropin
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