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Abstract: The clinical diagnosis of ALS lacks early biomarkers, and the complexity of peripheral
blood components makes it difficult to directly reflect pathological changes. Blood exosomes, which
stably carry protein information from their source cells, provide a window for non-invasive disease
monitoring. SUMOylation is a crucial post-translational modification that plays a key regulatory role
in disease. However, the characteristics of SUMO-1 modification in the blood exosomes of ALS pa-
tients remain unclear. To address this, this study utilized an affinity ligand (CP-1) screened via
phage display technology to synthesize a specific enrichment material (M2). Combined with LC-MS/
MS, a proteomic analysis of SUMO-1 modifications was performed on blood exosomes from 4 early-
stage and 4 mid-to-late-stage ALS patients. A total of 119 SUMO-1-modified proteins were identi-
fied. The overall abundance of these modified proteins was significantly higher in middle-to-late-stage
patients compared to early-stage patients, and they were primarily enriched in the chemokine signal-
ing and HIF-1 signaling pathways. These findings suggest that exosomal SUMO~-1 modification may
be involved in the pathological process of ALS, providing new clues for understanding the disease
mechanism.
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ALS Il R Witk Z EINAE bR Yy, SEWRISEER | TSR, 2 T RIERIT 2 & R
BEMNE R AR AGEERE, SMNEMEATRL . AN ERRCRIE, RN, (HE
PR SE S EERAEEY . Tk, MESMER(EVs), JEHREIMNBME(Exo), X —fE
R TR A R A . Exo AN BN /- WM AR AR BOSUZ B, TR A . IR AR TS
, BETEMRI R EFAE . T ALSI S, MM H Y Exo F2BRIE T Hr X i 28 R S8 0 2 0 RS e 4
. HAUSRENS SR 5E BEIVRERES, AT QBRI Tt T sk

HHET, ExobrEiomise FEBETEOFTHAMRNAZ, R, EEFRMREAMURET HEEE
. W2 BB G B (PTMs) (™A% a4 . FEMIZRITIESSR, BURE A 058 BRESEIET PT-
Ms S, P, VRANEAT Exo 19 PTMs G858 B HEHHE S5 AH G ThEEME R PG 5 o W) PTMs &
TALFE SR AL (Phosphorylation) . {2 24k (Ubiquitination) . ##%e1k (Glycosylation ) Fll Z k4L (Acetylation )
FY, Gz R, FHARM(SUMOylation )t E 2 287 MBI Z —, $8/MZ ZFHMEHIE A (SU-
MO ) 8 i S R I O e 20 I 8 A R (Lys ) 5836 b, I EE R & A r e nr . faet:
B if RS R ThRe . PRI, SUMOALBIRAE4ERERE R ZHAS e M . IR B R 22 T T g
Py O A WELE I SUMO Ab B 1 2 A7 4E SUMO-1, SUMO-2F1SUMO-3 =FfjEA", SU-
MO-2/3 JFH i FEARRL, 254 PEAT; 1 SUMO-1 By 54 [ IR PERAR (27 45%) , 1545 o By Btk
WA SRR Y R PR REE, SUMO- 1 B4 S 15 2 Rl 23R 47 PR 0 88 13 el i < o7
PN EEI P EHAH R, SRTAT, ALS H SUMO-1AEMATE ML Exo FAS AL BN &8 AR 245k

T SUMO- 1 IBTiTEMZ B h TS TECHEE I . RGEMIT ALS JUE I Exo Hr 1) SUMO-1 &1 B

AEBE S SR, BT AJEMESUMO-1 F B WK T SUM0-2/3,  Hi b hUIRERe etk . 2B &
R P AR AE SRR, INZ MM Exo 35 A BRAHBI VB EIK . Z4B A 00, B1X Exo SR FEAR T
SUMO-1 &4 A 4 2= s i s R Pk . “QTGG™ 1F K SUMO-1 BV 5 B4 E TR k51, |r
PRSI 2r SUMO-1 5 HAl SUMO iR % bt o IRIBL, ABIEGTLL QTGG Jy#ibR, i I b 7 i /% i i 7
5 /5 2E A TR CP-1 (CPEKWLGTC) ,  Ff K 3£ 4y [ %€ T Si02@poly (PEGMEA-co-GMA) , 5 T
SUMO-1 &1k B & SEAPEH(M2) , W, R PR E etk R i QTGG™ . ¥ M2 I H T4 A T2l
ST, EIR RGAT T ALS B LR Exo W) SUMO-1 184, & B H S 32 BERE s U2 o 2 7
. FOReEE TR TS SR HIF- {5508, 387K Exo H SUMO- B ] 1A LB ALS By
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1.1 BEARESEHA

B RE REERR S —ER A E A e B Lot I BERNEBREFEZE . Ik
£ 8B ALS BB MLV AEAS , MRAEAEITAR ALS DHREIE /> & % (ALSFRS-R) W4y B F2 , 1 Hi 4 4 40
(ALSFRS-R>30, Jiife< 24/ H, n=4)FI 05 (ALSFRS-R<30, FFE=24 /N H, n=4), REEDTAHL
BEAMEIL, MK T RER2h N, -80 CHRAF.
1.2 Exo9BE5%E

SR FH R T B 0 7 40 B LK Exoo LR AR IR 2300, 2 500 ¢ B0 5B 1L, FELL 110 000 g 3 B0
90 min JJLIE Exo. WEMRERZZ 0P (PBS)PE, LA 110 000 g 5 5.0 60 min (5 B R B O AL, £
Beckman) . i AT, IGUUEEST PBSH, H BCA & ARKIMIRF & A REYPARFR AT E &
T AR URL A AT AL (NTA, 55 /R 3C NS300) 1 5E Exo Ko/NFIEL S, 35 5 o 2. 0%%5 (TEM, H 7S JEM-
2100) ML S TR . Hil#5 TEMAEZARRT, BC10 L A& T 300 H 89 (b5 h B RMCH R A 7))
b0 WEF 15 min 5, FHUEAOE 2L RIEW, H 10 wL. 15 me/mL B4 ER AW HERTHL T4 R 2
A BEFT30 s Yefa,, T URLRL NG, S MRS
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FOAHEE, 4iF>05%) 4tk ) () CP-1"", SEmifhl# M2 & &EhkR. EoE, ¥ 4-F0E-4- CERFR AR H IR EL)
IR (CPPA, >97%, Ll kA BHAR AR . N, N -ZH AR IIE (DCC, 99%) 52 N-F2 5L
BEFABE A% (NHS, 98%)#% T J0/K N, N-_HEHBEHZ (DMF), 30 Ciffk2 h, JIASi0,@NH,( H 7K Fuji
Silysia Chemical Ltd. , Chromatorex NH2 SPS300-5; ¥if£~5 wm, fL{£~30nm), 30 ‘CK )V 48 h, j#id e
OWCEEMER, RCH DMF, HEERGBAK G, SESEEHE TG, 15308 mB40Aa n i -k
FEAERS I (RAFT) B8R BERG, BBk N & SRR 4A K MR (CMA, 97%) . KL —FEH 2
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2 3 IR FR- TS - IEIEIRBR G, 65 C N, P 24 h, i safkfeiek£m g ErRE . RV K
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I AR 5 R A Y b IR AR B R A TP, TR e ik, &0 . KRG, 53]
M2, HARAE K R 2R B0 0E O AE RS A TR SE R ™o SEE BT B 2lK B Milli-Q i & (-
18.2MQ-em™, 25°C), DCC. NHS, DMF. GMA. AIBN. TEA ¥WF E#gbh TR AAG M A A .
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Exo &Z24#)G, BT 8 mol/LIRZEW, VK EZ4# 30 min, JIA 50 mmol/L BRIE EE&HE 75 AL FE 3 min,
TE 56 °CF HH 10 mmol/L R BERE (DTT, EH Sigma—Aldrich/Aﬁj )IAE 1 h, BAEZENL T M 25 mmol/L
WL WENE (TAA, SE[E Sigma-Aldrich 23 ®])) B LE FEAY 30 min, 35 A B )G &8 A B (Trypsin, 37 °C,
16 h, 3[E Promega) 58 EWENYIEE(Glu-C, 37 °C, 12h, [E Promega /) ) WEGYI (B : EE=1 : 40,
who) o FJG, H Sep—Pak C18 ¥ (£ [E Waters 22 7)) B IkEL, JE 5 M2 464 C T B I®. a5, W
80% LM (ACN, TE[E Merck)/0. 1% HITR (FA) Peizk & 0 DLTEY) , WCEEDRI I T80 % - H DT 43
Fr(LC-MS/MS, ZE[E LTQ Orbitrap Elite) . JRZ . BRIEZEEL . FA YW Eighrh TiARA R A A,
1.5 S£YEEZSH

8 MaxQuant FAF", H4 B4t 5 A28 A BT AN S 5088 2 (UniProt) HEA T N S e KB . Fifi
J&, i Perseus BAF TG T E AT, Uik E SRR EAT. MTFEREA, 0 clusterProfiler
REMA (WA 4. 10. 0)™, FIIH enrichplot@ﬁ“ﬁ"] cnetplot @’ﬁﬁi}ﬂi%—i@%lﬂ?ﬁ%%((:netplot) , i3t
IR AR IS (GO) ThRE & B T #R I S5 EE R A A RH2 15 (KEGG ) i@ % & 550 #T
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2.1 ALSEEMBEXOMBIINBESEE

RWEFE A ALS FHH B i B B3 ) ML AR AR 43 B PR I Exo. B4, SRR B0 I AR AR T
Exo(El 1A, B). )G, BIEAZEMWEE SRR Exo #1758 . K 1CHT/R, ExofE TEM H 23
T AUZRELE 1) S 2 L FRARTERS, 5 Exo MM HFFIESE 2 &0 X Exo K/ANHEITSITH250HT
RI Exo M E], SEH RN A 101,36 nm (B 1D) . NTA MY, 246k 25000k AR S h /3 A fE 50~
150 nm, HIEMHZFE 125 nm A (E1E), 5 TEMZ5RA EEHE, 28 E, MR ssh o 3 eSS 60
BT EPRIER Exo, 3R 70T H T8 A Bl i s i A i o
2.2 SUMO-1&ifRKEZ iR 3 Z By 36 iE

K SUMO—1 28 Trypsin B V15 5% SRR B < AR T B Al i i) 8, 51N Glu—C WK YT,
P HAE BT A QTG bRZE MBIk B (1 2A4) o LLQTGG A Hibs, ik ek i 4 J /R i e 35 1 7 CP-1
(2B), FJERMAEDIETHHA(BLD, i 7 CP-1145 SUMO-1 Sk BHOAH EAEH] . SE6 1 H A
5 QTGG O FM I E M KB ELGMEEDVIEVYQEQTGG, L% CP-15 QTGG 1E BLUKI {55 A2
SEM IR, BLIZE SRR, CP-1 5 %E kB i) T i i 25 H 50 (K,) A7 111, 9 nmol/L, W —F fFAEAR 98
HZEEFEMII(E2C, D). FRiEE ERATO LR TR, K,=71.78 nmol/L, FHHCP-1XQTCC HA R
FRMNERERME(EI2E, F)o BETIZEIELSR, #—P L) CP-1 MR R MBEC AT #5 M2, £ Si0,@NH,
b, it RAFT RV Si0.@poly(PEGMEA-co-GMA ), 5 CP-1 M E B3 M2(826), HTES:
SUMO-EMMIKELI & 4, %APRHN S S0 et S PR CAE RIS P AR B RS RIE™
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Fig. 1

A. plasma was isolated from peripheral blood samples of ALS patients by centrifugation; B. Exo were separated from plasma using ultracentrifuga-

tion; C. representative TEM image showing the typical cup—shaped morphology of isolated vesicles; D. measurement of vesicle hydrodynamic di-
ameter, n=15; E.NTA analysis of Exo size distribution and concentration (A. ALS [ ZME MABEARZ E O BRSNS B SR FHH 0
R B Exo; C. TEMMUEE Exo HYMBIARREGH); D. Exo WS 12 HARMMIE, n=15; E. NTAME Exo KRG AIHKEAEL)
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Fig. 2 Schematic of specific ligand screening for SUMO-1-modified peptides and fabrication of the M2 enrichment material

A. schematic diagram of the QTGG derived from SUMO-1 after dual enzymatic digestion; B. screening of peptide ligands targeting QTGG via

phage display technology (biopanning) ; C-D. BLI binding kinetics and fitted curves of extended peptides with CP—1 at varying concentrations;

E-F. ITC titration curve and fitted isotherm of CP—1 with QTGG in aqueous solution"”’; G. schematic illustration of the preparation of the M2
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Fig. 3 Analysis of SUMO-1 from isolation to quantification in blood-derived extracellular vesicles of ALS patients
A. schematic diagram of the enrichment and LC-MS/MS analysis workflow for SUMO-1-modified proteins; B-C. quantification of SUMO-1-modi-
fied proteins identified in Exo derived from the blood of early-stage and middle-to-late-stage ALS patients. Owing to the scarcity of clinical samples
and collection volume constraints, the identification numbers shown are the actual data from a single analysis per sample (A. SUMO-1 {211 5 4
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SOIMT. B 4A PR, BB ALS LS E 5] 21 4 SUMO-1IBHiE B, e R S5 31 74 4
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O SR 5 0 ) S BRI (81 4C) , Q9Y243 (AKT3) | P42224 (STAT1) J iz i 2 2 A i@ % (1
Chemokine, HIF-1. Apelin signaling) , 3¢ 7 HAE A do0 i 4 K 7099 15 Wi Q13370 (PDE3B) |
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Fig. 4 Statistical and pathway enrichment analysis of differential SUMO-1 proteins
A. Venn diagram comparing SUMO-1-modified proteins between early and advanced ALS stages; B. KEGG enrichment bubble plot(size: enrich-
ment factor; color: —lgp); C. Cnetplot showing pathway—protein associations (node color: pathway category; node size: number of proteins) ;
D. GO enrichment bar plot(Top 10 terms), categorized into BP, CC, and MF(A. EU 5 i ] ALS HE 310 Exo B SUMO-1 &R B T35
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HIF-1{Z 5, M SUMO 1L &1 )2 10 i ALS Pofg it IRt TR & . LR ZE SRR, Exo W
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