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Abstract: High-quality multi-omics data generation for comprehensive molecular characterization
demands stringent standards of robustness, reproducibility and time-efficiency in sample-preparation
workflows. However, current mainstream methodologies in proteomics and metabolomics sample
processing frequently compromise analytical depth to accelerate throughput, or necessitate discrete
and independent pipelines for proteome and metabolome extraction, which critically limits the
parallel multi-omics processing of scarce, low-input or clinically precious biological samples. To

address this long-standing technical gap and develop an integrated sample preparation strategy, a
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methanol-mediated, multi-membrane integrated filtration device for the rapid parallel preparation of
proteome and metabolome samples, named methanol-mediated multi-omics via filter (3M-Filter), was
developed in this study. The core 3M-Filter workflow relies on methanol-induced protein
precipitation and immobilization on stacked functional membrane layers, while simultaneously
enabling efficient solvent-phase collection of unbound small-molecule metabolites. This innovative
design obviates the need for ultrasonic cell lysis, thus not only reducing total sample processing time
but also mitigating the risk of exogenous contamination in downstream analyses. Systematic
validation experiments, including sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), were conducted to verify the consistent performance of 3M-Filter in efficient protein capture
and synchronous metabolite recovery from heterogeneous biological matrices, including cultured
cells, solid tissues and biofluids. Further benchmark evaluations were conducted using HeLa cells as
the model sample with identical initial protein inputs, in direct comparison with three mainstream
sample preparation methods of traditional in-solution digestion, filter-aided sample preparation
(FASP), and single-pot solid-phase-enhanced sample preparation (SP3). This study demonstrated that
3M-Filter achieved a superior depth of protein and peptide identifications, enhanced reproducibility
across technical replicates, higher quantitative accuracy, and improved tryptic digestion efficiency
compared with all three comparator workflows. Additionally, the 3M-Filter strategy exhibited
exceptional throughput advantages and maintained stable analytical performance for ultra-low-input
samples containing as few as 5 000 cells. Compared with conventional lysis-buffer-based protein
extraction protocols, 3M-Filter yielded significantly increased numbers of identified proteins and
peptides with elevated quantitative precision, while remarkably suppressing the incidence of oxidative
side-chain modifications in proteins and peptides. A pivotal merit of 3M-Filter is its unique capacity
to support deep-coverage cellular proteome analysis while concurrently enabling high-coverage
detection of endogenous small-molecule metabolites, generating more than 2 000 detectable spectral
features in this experimental setting and thus realizing true integrated proteome-metabolome profiling
from a single aliquot of sample. Collectively, these comprehensive findings confirm that 3M-Filter is
a rapid, reliable and scalable sample-preparation approach that retains high proteomic depth and
quantitative fidelity, while facilitating extensive metabolomic characterization without additional
sample consumption. Consequently, 3M-Filter is uniquely well adapted for multi-omics sample
processing of limited or clinically valuable specimens, and further represents a practical, effective and
novel alternative for large-scale cohort studies that require high-quality, parallel proteomic and
metabolomic measurements from minimal sample input.

Key words: proteomics; liquid chromatography-tandem mass spectrometry (LC-MS/MS); sample

preparation
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S TN o { S Vit ke R SRk S AT IR R SR
W) (in-solution enzymatic digestion, In-Sol) , i
UE A5 Bh AL 5l #% (filter-aided sample preparation,
FASP) . HL45 [ AH 3 58 A 5 1] 4% (single-pot solid-
phase-enhanced sample preparation, SP3) )k % & 41
i 3% (suspension trapping, S-Trap) 4§, ‘&A1 ¥4 4K #t
335 700 B R R A R LA S IR 440 i 2 i 5 A
PR R ey g Iz N, (A A
TE W] 1 R BR R B AT 1A A e 2 A0 O 0 ) B 1
(v P ) 25 R R T U0 iy 2 B 5 % 2L ik R 1l o3
AIHRAE, N IE A 1 S ] ] L 3 5 A A
IR, I FTRE S AT 2 AR K AR Ak 2= & A (n
A ) R AR A e AR, R R
JoT T B () S A e L S ME S B Y E A
P BB, 36T R 4 Y SR, 4n 17 & 4 JBORN 7
AL BE 5 il £ (sample preparation by easy extraction
and digestion, SPEED) . H ) JC i 7 2 4l By 25 1
Jii 20 (automated sonication-free acid-assisted
proteomes, ASAP) %, . 7F #7053
R, A IC Ik ARAS ] — A W FEAS 1) 22 20 2 5317,
e I LA AR 20 27 0 i b SR VT
AR IR A B3R B 2 1 Ok, dn gk
F 3k U A A0 P 7 R BT R A A5 Con-
filter in-cell, OFIC) L K J 5 i) &% . A 20 H 2 5%
MR 11 BT 40 4304735 R (enhanced, efficient, effective,
and economical technology for proteome analysis,
Edtechnology) 55, 438k 5 1 24 fff i i) 1 A, (B G
P 22 21 24 R i [) 20 i A 38 7 TR A0 ) v R A5 )
RGP,

AR B AEE AT R R B K — B A
I 2 IR e Uk, T TR 1 A B AR
FESBYFEA T £ (methanol-mediated multi-omics via
filter, 3M-Filter) . 1% J5 ¥ I FH st vl A1 5 2
JOT T 3 30 2T A4 R g S R O A 4 HOA s 1 R
T8 o — APk SR 1 T T S AR 2R R, DA
faT P B A A0 | 46 i A BRRSE B) | 4R BT RIOR,
I R BR 2 sl 7D 22 Ik AL R B A R A A 14
Ao BRTEAFWEARHPEERESEL
PE R 52 T 42 A i A SO | BRI A T R
Z NGO E 7 S T I TN DR AW Rt =
SR 1 BT 4 5 AR AR A A 0 R AR A,
] — A WA 2 4 22 06 G 4 pr 4 plb B g | T
SEMRE R ST 6 .

1 SKEES
L1 FENFERE

Orbitrap Fusion Lumos Tribrid = & — Jii %
% . EASY-nLC 1200 24 JI 8 & 280 v AR €0 3% A |
NanoDrop One i 73 & 2% b 73 06 06 & it 58
Thermo Scientific 23 & 7= it ; ExionLC AD # /5 3%
WA (5 3% X . TripleTOF 6600 i % 1% : 3¢
SCIEX A H) ™= il ; TC20 [ 2l 40 il 1 £ 5%« 26 1=
Bio-Rad 7\ & 7= & ; Concentrator plus B 25 5.0 ¥
451154 . 752 = Eppendorf 2 7] 7= i o
1.2 FEHREIRF

WEIR 2 phEh i W W (BTG ) . & (5T
W) W2 (BTG 2% ): 35 [ Thermo Fisher 23 F)
PRy SEEC BT Al KT s TR A4k T AR
O3 F) S PV (oA 46D [ 25 4 H b 7R A
PR ZS 7] 7 s T2 T i vt o i A2 A W R
AR A A= s R % (Urea) . — 9 & 2 (TFA),
AWM (CAA) . = & Btk T2 & 5L W i)
(TEAB): 3 [# Sigma-Aldrich 2% &) 7= & s -+ %%
FEORRREH (SDS): b3t 3 28 A W) B AR A PR
7y REIRIR N (SDC): At i 2R ERH B A R
INTTE B RS £F 4 R S IR (glass fiber separator)
C18 B%: AU UIRIEA MR AT BRZS v 7™ ; Amicon®™
Ultra 98 2508 (30 ku) . = (2-F8 £ 3% ) W 1 W
(TCEP): Z&[E Merck /A7 fih; SP3 #Ek ( Sera-Mag
SpeedBeads): 3¢ [ GE Healthcare 2% & 7= fifr; 458 4
TR s VLR B 22 A MR B A7 BR A ) 7
mily — % H R S Y I 36 2 £6 (Tris-HCD) 22 WP -
e B E R R A R o
1.3 £WEFEARNKE
1.3.1 ZiAERES: HeLa 408 7 Dulbecc 2 K 1
Eagle 55 77 5 (DMEM) H 55 5%, I U 10% (V1Y)
24 ML AN 25 R -4 R (100 U/mL), BT 37 °C.
5%CO, 714 T W2 8 5 FH K& i B IR £k 22 vh K
(1xPBS) 16 4H B 2 ¥k, =R FH ) B Aige 25, 1o % 25
() 40 L R im A 1xPBS; 1250 S 4H LT UE , FE T
1xPBS Mk 2 ¥ ; A 5 4t M v 2R o326 Sy BT R
FH A, PRGBS O 5 25 B0 W K B B 4 B DL
UE, —80 C IRAF, Ff i £ Ab B (B3 .0 451 1 000%g,
4 °C,3min),
132 4ZURERY 4 50 mg /s UG 2 20 & T i
B T, A 500 pL R 2 24/ % (8 mol/L JR & |
50 mmol/L Tris-HCI, pH 8.0) A A 85 89 ¥k ; fdi Fl 21
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U AL T 4 °C B BE6E, B5.0 (12 000xg, 4 °C,
15 min) J5 W B 2 WAH GRETF E 2 IR S T 2
AT AT I EL AT o AR AR i A T
FEWR A IREE T 78 WP

1.3.3  IEAES  B—80 °C RAF M REA Tuk |
Rl TR RE A 2 B 0 (12 000xg, 4 °C, S min)
Je B VAT S 2 A AT

134 JRIEFESY  BU-80 °C VRAF IR AR A T vk
AR, B R EC T, A3 R IR -20 <C
WA, F—20 °C # & 30 min, 550 5 BOITTE #E17
Ji B2 Hr (B0 24F 12 000xg, 4 °C, 30 min) .

14 EARAEXRRE

1.4.1 M0 ZLH 58 R 24 A TR
£ HeLa 41l ifg (1x10°) UL 3E , 8 i 5% W 4% L & K
FT 0505 A0 B o 4 24 ik R I e 2 4 o =R 75
ACHR, T ORI S5 F T S A 3 GRS )26 200 W,
Jok v BB 1 s TAE/ s 845, BEHE 5 min), &
16 000xg, 4 °C F &[> 10 min J&, B -

142 RJFEREEAL [ A ERBOR I A LR B
10 mmol/L TCEP 5 40 mmol/L CAA, i Jig IR &)
J&i, T 25 °C T 60 min 5T 95 °C T 10 min.
1.4.3 WEEY] ] 50 mmol/L TEAB 22 i
W30 S b B AL 5 1) AR O R, IR ZVR /N
FH%TF 1 mol/L, LA 0.5 g B S, & T 37 C
PAR G, DL 1300 /min IR % BEFE 4 h, BEJS 5
T S5 S 2 B, AR SEAR % 8 he

1.4.4  SP3FEMIAE 1608 Tl SP3 f Bk
42 10:1(wiw, BEZR/EE 1) 1Y H B 5 38 J5 e 34k f5
M A SR A IR TR 100% 2 B9 5t
SHIRA], BT 24 °C #ARG AT, Lh 1000 t/min
VW 15 min, {1 A SRR G . FIH#E)
0, AHFH 80% BT 45 G B I R RV 4 3 I
TERE PR b 47 B R INF, n A LA 50 mmol/L TEAB
%t BC I 19 0.5 pg AR BRI W, BT 37 C
PHRH AL, L)L 1300 v/min #7505 4 h, b5
TINS5 JE R I, QKSR E 8 he B, B
BB E TR L E 2 min, R E 2K
WG BN 50 mmol/L TEAB T VEREER, T
I E R E 2 min, B9 2 ICEERY FIE R .

1.4.5 L uEEREBIRE S H A 7E 24 C THE AL
BLHF SR A 30 ku 108 250048 HEA T A0 B . O 348 SR Aot
FEAC G 1 B FA WO A I T, B 200 uL
8 mol/L JK R ¢ kA 7 5.0 A0 35 i J= A 200 pL

50 mmol/L TEAB % i i Uk ¥ 4 Ik (& .0 55 1
14 000xg, K 15 min); HHUYCELS 5, 17 U85 N
A LA 50 mmol/L TEAB 2% i It il 4 0.5 pg Ji:
FEEAR, 37 C THEE 4h, b5 B NA S5
JBREE i, 2R BEE 8 hy £ 14 000xg B 0>
5 min W Z K, Bl S A 200 pL 8 467K I FRk
B0 VRN
1.4.6  CI18 [BRER SR AL W 45 W 3k [ AH A% BURE
Xf SP3. FASP. ¥ s U it 5 1) 22 Ik A7 B £6 4k
B R 3 2 CI8 BEHESHe A 200 uL W3k I, 4K
WA 100 pL Z W . 50%2. 16 (& 0.1%TFA, VIV).
0.1%TFA(V/V) i A HOR}, 38 o 85 .0 3K 3l it 3
(1000xg, 30 ), HF e T fb W o 52 44 2 [ A
U (sample loading ) 3 ¥, % 300 uL 0.1%TFA
KW WBR AR B S LA 300 uL 50%Z JiE (&
0.1%TFA)VEM £ Ik, T 45 C F E25 5.0 T4,
—80 °C {47 i FH 0.1%H B % i B i I, Bv]
RNy Rl
1.4.7  3M-Filter F T & 1 03 41K i 1 48 52 50 3
T FHATAL A4 C18 FRE TN I 365 21 2k o 125 3 5
B TE B RT, B TR IS ER, IR B
FHATIMA 50 puL F s R A7 850 T Ve AL 2 . )
0B BT VE N A 200 uL —20 °C T ¥4 14 B B, 39 e
BEIATE VK L H BB E 10 min J5 %R B g
Erp, B e AR B VE LR WOE TR R T
R 22431 . 18] 3M-Filter %% B A8 & A
10 mmol/L TCEP. 40 mmol/L CAA. 50 mmol/L
TEAB & &, T = it ) i 60 min 3% 95 °C J i
10 min, B J5 ¥ 1 £ = 11 ; I A LL 50 mmol/L
TEAB 2% ¥ IiC il 1) 35 & B 28 (i, 37 °C 1 #
EWFE 4 h, BSOS B R R, gk S0
B 8 hy I AKMREE Jy 1%TFA & 11 I, 550 L
T 22 ik (R 5200 28 28 WA B T4 e 22 Ik [l i
R), AR 0.1%TFA L. 50%2 05 (5 0.1%
TFA, V/V)HEMi; 45 °C 25 T 5, 1 H 0.1%H
PR s T A2, B AT S A

XoF 200 S A R i, T e AT I SR e S Ak
AR TR, PN E R 1%TFA e 4 AR
FEOMIR A AULTE B 5 B TR G e B IR A
H1, 1000xg 250 1 min, 75 /& W B2 Eh 5 SDS 455
295 700 R T AR 90% FH B Uk 3K
0.1%TFA W5 % 1 Ik, 15 VERT H7E 1 000xg T &0
1~3 min, DLSE4 KBRS . S5 252 0 R it 37 £ A
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1.5 RIFEFEHRFEZHTRE

1.5.1  3M-Filter F F 1R 55 41 24 FF & il 2% 52 56 U
K% 3M-Filter FF B [ 5 20 0 538 Dk 26 B op
A IR ZE VA O, TR ARSI A 2V B 0.1%
HZ . 244 ¥ am ik & (biomass concentration ) 2 1I%
I, AR RE AR T80 °C Fil¥ 30 min, FEFEAT
ZEDURT, TG RS T80 C R 17, Ik
R I T A e A R I R R B 3% 2%
FE), AR SR B AR (Y e A Wy LR B, e 2
FEAMRAT, 416 000xg, 4 °C B0 10 min J5, B _E
T T s s

152 HEUUVE T A 248 i 5 S0 50
TRE OB TR B 80% HH BRI A A R i (1A
st A 4l Y e 2894 B2 Ry 80% ) e, T e 22 5T
IMRA], T=20 °C 8 1 h, 2516 000xg, 4 °C B0
10 min J&, B3 WO T 0 i A

1.6 HHEBERRESHLZE

1.6.1 HAFAFEESM 4 NanoDrop One
B B 43 6 BE 1T AE 205 nm Ab I A2 Z2 K vk B
£ Ik BEREH 0.6 pg; 8 ] EASY-nLC 1200 44 7} 43
T 5O HE {6 3% AL AE C18 (733 A (30 emx 150 um)
B Z K, WA R AE A 1.9 pm ReproSil C18
JIg ;s HE iR 60 °C; i 600 nL/min, BIAHH 0.1%
R (A) RIS A 0.1%H BR 1Y 80% I (B) 41
Z JIK 53 B B FE R B 0~7 min(7%~12%B), 7~
51 min(12%~32%B), 51~64 min(32%~45%B),
64~ 66 min(45%~95%B), 66~75 min(95%B) .
1.6.2 AT AU SR AR RO AR MR
42 (DDA) 3 HEATREAR A3 B o 1 il lf 46 e 25
(HCD) #2452, 1E B F B4, MRS ] 2 s
— G RS S 8 R AR 25 Y Orbitrap, 43 B %
120 000, J5i 5 4514 5 Bl m/z 300~1 100, H 33 25
P il (AGC) 1x10°, e K 4 A B [H] 50 ms; — 94 5t
&S50, 43 B A2 Quadrupole, 43 B % 1 m/z 1.6,
¥ #5274 Ton Trap, AGC °& Standard, fix KA
BF 18] 35 ms, Ji IS HCHE FH Xcalibur SEAT R4

1.6.3 fRd 2= g 5 f#i 1 ExionLC AD i
e RO AR 1% AR AT 43 B, 3 S 25 B
(DuoSpray Ion Source) f£ £8 i 4% TripleTOF 6600
B . ARSI AE C18 {43 A (Kinetex” 2.6 um
C18 100 A, LC Column 100 mmx2.1 mm) b 4355,
FEIR 40 °C, Wi 0.35 mL/min, 37 35 A0 H 0.1%H

iR (A) FIE AT 0.1%F BRI LGV TR (B) 4. 1R
W oy BB R VR 0~1 min(5%B), 1~
2 min(5%~35%B), 2~8 min(35%~95%B), 8~
10 min(95%B), 10~10.1 min(95%~5%B), 10.1~
12 min(5%B) .

1.6.4 fUMA 2=k 55 1F  7F DDA #BF 47
FEARI T, B B FIRIEE 500 °C, AT R
2.41x10° kPa, B TR 1. 2 iR N 3.42%
10° kPa, £ FEHEE 80 V, — H I Hi 2 TOF MS,
SRR ] 0.15 s, 1E B F 1, B F 3R 0 Y o
KA E B T 400 15, Ak sh BT st HibR . %
45 24 & Product Ton, = % SR 2, B BT[]
0.035 s, fffEAE R 35 V, ffFEAE P HL 15 V, A3
AFIE] 0.725 s

1.7 RS

1.7.1 FEHBRAREIET R Maxquant(2.4.2)
BT B D U B AT AT, PR R K
55N BUBOUE B X T 2025 4E 5 J1 26 H M UniProt
B T A, NSRBI PR A 20 422 MR
i, /N RBE R L 17 237 A EARDPY. B8
BB AT AR F1 B f R VI A3 25 R
VEfic (PSM) Fil &5 11 53 1) {2 & 1% (FDR) ¥ 5 h
AT 1%; & F BT N 3 £ BE 4k (acetyl/+42.011 w)
55 R A 1% 484k (oxidation/+15.995 u) 4 g 7] A5 &
Wi, > B 22 R Bt £ 1k (carbamidomethy/+57.021 u)
A [ 5 B

1.7.2 A A 2= B8 - B R 1 MExplorer
Ultimate v1.3.0.270(227 ) 4% 5 33 J5E 46 H 405 a2t
AT FRURRAE SR I, B3k 3 PO fR By 1 2 0
SH(BRIN)

1.7.3 KEGG & &4 #7 >k J OmicShare Tools
FELR T H AT 5307 o

2 H#ER5itie
2.1 EWAHRIGIT

AW R I RGP T —Fh T B EEA
) Z R RGT IERE R, TR AR S5RA
BE Y 4T 1 % (3M-Filter) . 1% 77 15 18 1% .0 )
WET, B0 —E B R0 53R E, R A
. FERT H 25 51 ACKE S35 2% 1 224> 20 A4 R
FRAETCBE R G, 10 BV N 58 AL A5 AR 4
i S D DENE L Y50 S S AN S DAL 2 DS E A
b £6 55 22 20 A AR Al A R iR
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FOMhEE . FEEA S0 2 AR B R T 2 A A R PR 519

3M-Filter Ji§ % ¢ B /4 U8 7.0 (U4 ) Al
LI Al . g R OC R 2 28515t
FL 452 B BRI LT 2 bR B A C18 . o,
DY IS AT YRR B S C18 X HA B4 (1 ML 5
R, R MG AR, BRG] R AT L AR
TR BT BT RE, T e se g s A 1T
il 2% o 25 B R T D RE AR 1 T, DR ps 14 A~
T2 0% B, SRR AE B0 Y B 3 o ) e 5
J2, TR A BERE 55 457 BE 1) (] BR 5 U, X — 1523t
A RGRE G T RS R B AR R R R, $E
TR TR A A R B BT AN TR A
FE S, ARBFGETTE R T 2 RS 1 56 B
T HAE (Micro trap) i F 8 H & & 20~200 pg
BORE s B MR RS (Mini trap) 38 ] T 85 11 & hF
T 20 pg ML, 7R T 1,

3M-Filter £ 45 #4515 i1 I 5 FASP 2541, ¥k
FH 2k 308 2 B AT R S A B 8 AR S PR N R
P 2 07 e E L. 15, 3M-Filter i 1 H
it (7] 2 S gt ] PR 4 AR 1 BT, 7 FASP fiff TR
TEE | M, TEAL TR DNA BE RO RE 5L, 580
AP P B SO VR A IR, G T S I ]
HYK, 3M-Filter 2% & 4 i C18 5%, g 96 15 [7] —

g

RESNELE Sy

B} B RS
(Micro trap)

Bl TS LT 2 b 2 Ao
= [Deiv Wik
C18Jp (Mini trap)

P 22 48 N 56 AL 465 B ER T 9 1% 2 1 o AL A o
AR, BORAR T T BRAE 0 %5 AR AT SE
E G TR S A AN ) 25 A ] i A BT 7 AR Y TR
B | 3k BA K 52 S5 g XU, DT Sk 5 2 e 1 IR
FER AR N ERE . AN, HETF FASP
SIAAT BE 0B T Ak 5 5T 33 S S 1) 728 M ) AN
o e B 4 43, 3M-Filter A9 HY 1 i 52 58 s AS A3 46
S TR S A RS ], 38 BB A SRR R A S AR
PEBM R TIA . ZRGIE T UM . A Fn 4
SUAF Z R A WU RE L 2R, RE A AT T JC P Ml v A5
REHE AT, I EEJE, 3M-Filter 3278 [
J5T 20 5 A AR i B AT DR i %, A B P AR
Sk 3E A T, 0T [ 25 S AR 1 o S A i
W, BN T B SREATE 2 20 24 43 B rhodE LA
B AT B AR T S A B AR A
22 3M-Filter E A TAREEERNSHE
ST

S 1FAl 3M-Filter X 25 11 /51 1) [ 2 G 77, A
SENE AN L I L 2 SR PR VAR S R
(MeOH-fixation load ) % 7 1t (MeOH washes ) & 5§
JOE 7 A B SRR R T, O 5 B AR T ) R
(7] B A4 o B R - 2R PN 4 T i e g P T

AR R T
N Y
-
)
[l . v AU HLIRL
5 min 5 min
N =i
w b [
= I AL —
7{? @ 10 min VA®)
T
AL =T i wEIE Y
©)
JEETE T Ak
1~12h

PP A 1) 22 A R D 5 P 1 22 22 R (1 DR i 4 (BM-Fiilter)

1 3M-Filter {JEI0 iR 2
Fig. 1 Workflow of the 3M-Filter method
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(SDS-PAGE) MR 4L 73 #r . 45 R B, 724 i FUA % i R fd M (robustness ), 7 A7 R4 RE G E o
DL 2 VR A T Y R WL B B 1 BT AR T R [ PR GBI R G IR, B0 T 0 I R A (n
JE 21 53 (retentate ) 38 18 H AT UL 3= 5 HL 5 W (4 2 1 F T R 2 B ARV AN I AR ) Ab R S L
JoT 25T, AR A3 A BOR FE 5 4 8 1 SRR R I, 3M-Filter BE fr R & 22 45 28 FF i o (9 2 11 )3
2H (control) A — 2, 75 T &l 2a. ¥l ZF WA A H R RE T 0 38 R PR 2 AR iR
HE TR, R A A B SR R WA ) IFS BT E B A B 2 7 T Y EE R4

>
Sl
>
%
@%b‘zs“’
O O
[ Protein [ Peptide
b X102 x10° x10° x10°
sk
L sk 13 8
3 — |5 4t
£l 7z 7 2. I, 52 63
2 1|2 122 2 21| 2862 2 2 22 L
1) a © 4 128 © a2 ° 4 2
= o 2084 @ = 2F o & @
& ot & &~ | bs4 2 A 118 = 2
2 1 11 1 2 11 1k 2
L T T J 0 L T T J 0 0 L J 0 0
N K
) )
¢ 1.000 1.00 1.00
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3M-Filter PPT 3M-Filter PPT 3M-Filter 3M-Filter
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