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Quantitative analyzing the dynamics of LPS/TLR4 signaling in
macrophages
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B EZ M (lipopolysaccharide, LPS) BEW5 15 5 K AR Gl s ) & W 41 A
P S ORE N, 5V 2 SORETE M M) R AL K e B VIR G, Wk R PR e 55 o
B CHVFZ MR T, LPS 35S0 B4 )5 Sl g R RdRs, ik
X I R AT A R TR A6 2 RE S B, 11 BE VR N FBIF 9 19,32 1 5 AT F 70 T B
MIRPR o FRATT 78 73 ) F 2 DX 9 4 0 B2 IS RO BOR, KR T — B RS0
W57, T AR —15 5 & &7 HOV oA i & 1 e 288 0, Ifae
ZH MBS ERERME R . AT X — 5o, /£ B4+ 24 7 LPS
752 1) Traf6 1 Nemo 5 5 E &4, WU T HIERAEE NS EE, R T
—UNEE 2 LPS (& 5 BBl & A, X HIReET T VIEE LR .
KBTI T AT LPS/TLR4 15 5l B s AL AR AR, JENIE R E
(ERep N R R= N VN

KU RIRGSE: NEZHE/Toll FE3Zik 4 (5 5l EREMIE: H9EaWrshisai



FNHE
Abstract

Bacterial lipopolysaccharide (LPS) via activating innate immune
system, especially macrophages, to trigger inflammation, and the
inflammation associates with many inflammatory diseases such as septic
shock. Although LPS signaling is one of the most studied topics in innate
immunity, there are still many gaps in our knowledge on the mechanisms
of LPS-induced macrophage reactions, which limits our ability to inhibit
LPS-mediated inflammation. Current research techniques may aiready be
close to reach their limitation in obtaining further information of the
mechanisms of LPS-induced macrophage activation. We have developed
an effective method to dynamically and quantitatively analyze signaling
pathways. This method has combined the recent advancements in gene
editing and the most advanced quantitative Mass Spectrometry
approaches. Here we use this newly developed method to analyze the
Traf6 and Nemo signaling complexes, indicating the dynamic formation
and dissociation of the signaling complexes in LPS stimulated
macrophages. During this study, we also identified some new molecules
in the complexes which may participate in LPS pathway and investigated
the molecular mechanisms of the candidates. This study leads to great
progress in the understanding of the dynamic signal transduction of
LPS/TLR4 pathway and provides a useful method for studying other
signaling pathways.

Keywords: innate immunity; LPS/TLR4 signaling pathway; quantitative
mass spectrometry; dynamic changes of signaling complexes
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WREIEX

1. IRER

1.1 LPS/TLR4 {SS@E

IR G 3 R NVAR IR S AR A8 T 1D 28— T B e, 1 = 240 A e o A =Gy
1K (pattern-recognition receptors, PRRs) 4 5 5 il #H B 98 JAH 5% 43 7 152 5
(pathogen-associated molecular pattern, PAMP), |41 Toll #£524& 4 (Toll-like
receptor 4, TLR4) 7 LLR A= KM I 2 8E (lipopolysaccharides, LPS) |
WS RN IE R, PR FEREBOR B W JAE R -, WTTI 5 5 S AE S5 7 AT o )&
A BIRTR IR G 22 LB 175 3 PR E S SR LA 1) E A B A A2, (B KRR Vs
WAL 2 AT AR5, 3T 51 K —Se b5 R G e A OC i, T 1 B G e
S EOPE S RE R o R S b A0 o) S L BT 9% R S — B I PR F T S RE 251
AR T A I 24 00 0L AT (3 30 ) 5 B N AR TR N AR AR DGR AR G 28 {5 5 I (1
fiili £

R4 R — 28 E B G 4R, &P DA VR 20 JR AR 1) PAMP IR,
TERAR Y% 175 T 1 JORE e b rp e OG- 4T IR 2 B8 (lipopolysaccharide,
LPS) /21X PAMP [1— MUK, E=&H ZBIVERE MBS sy, =2 H TS A
R BE 08 W0 0% 22 4001 5| b IR M R o 1) s ) RSO 2 — o LPS HMAE — e 72
JEE B AT DABEAD, SRR T == IR 11 R RS, T BLE 5 T & AR A DR
J I Bl AR Gy 155 53] o LPS 55 1) WG 4T TG A2 AP 90 AR e 7 25 1) 48 LA
Mz —. wmE4IMR LPS HIRAIAERE 7R IR e B i A B Rk AL, BLAE B
22 60 4%, The Jackson Lab g A& I 1 —#k H R RAZ R LPS HIl AU /)
. C3H/Hel, ZEVFEZRFAXBUITRY] LPS 324k, HF| 1998 4F, Bruce A.
Beutler SEHG = K IL C3H/MHel /MR Tird JEEEARE, AR
LPS, MIfiffise T TLR4 & LPS 324k B, X—TAEHE T ARRGIEES
T IFT R, Bruce A. Beutler AIMLI TAESRAS 2011 S8 DR PR3,

VE N R R IR IR B 244, TLR FERITF B NRN, 52K
MEHLIG. HATC K 10 AN TLR 2448 12 FEJER TLR %
e TLR FKiEM A EARI S MARAE, #R)E T 1 AUES R s A, o N a1

1



AMX L RIS X R C SRR X = k. ANX B SR E R EE TS
(leucine-rich repeat, LRR), 57 A AR 7 1) PAMP; 5 IX 2 & &
PRI, 5 TLR 40 7 HOEA0ME A A DG M XSRS, IFHAE
M FR-1 2GRN X & B FJ8, #RO8 TIR 454438 (Toll/IL-1 receptor
domain), W LLS4MEAEAH TIR WESKEAMEIEM, B3 NiEE5@EE. A
[FIff) TLR 7] DL JS AR A F A, 4 TLR2 AR R 70 JE 44 1 i 2 1,
TLRS et 1M 40 B i ¥ B 2 11, TLRO Re 8 s AR 1 E B 28461 CpG DNA
Ry Pl
LPS iR AER T TLR4, i 75 EH AL = AN A 14 B, £13E5 LBP (LPS binding
protein). CD14 il MD-2 (myeloid differentiation factor-2)*%,  LBP J&—Ffa] v
iz H, ERLLEHEYS LPS 4 )fest LPS 5 CD14 W4hi&, ZJ5 CD14
¥ LPS 123 TLR4/MD-2 £&59) 1, TLR4 R5I LPS 5, TR Tk, 5kt
RO, FERFREAE TIR SHEINESKED, BUE NG S8, i
SLEHAS WA, TLR4 N30 TS 5@ 80l 48 MyD88 (myeloid
differentiation factor-88)ff#i %4 fll TRIF(TIR domain-containing adaptor inducing
IFN-BYKH AL PIE (HE 1.



Bound pathogen

TLR4

Proinflammatory cytokines IFN and IFN-inducible genes

K 1 TLR4 {5 5,

MyD88 #& TLR {5 5l o i B 2 18k 8 H, B 17 TLR3, B TLR #f
WM MyD88 1] T il f% 315 5 . MyD88 & — N Iiff] DD (death domain) %
PN —A> C I i) TIR 4548, (HEANGEE LS TLR4 80 TLR2 AHEAEH, T
U@ 5 — A TIR G884 731 Mal (MyD88 adaptor-like protein, tHFR
A TIRAP, TIR domain-containing adaptor protein) . TLR4 @i Mal ZE4E MyDSS,

P& ) MyDS88 45 IRAK4 (IL-1R-associaaed kinase 4) fHHAEH, IRAK-4 4k
3



TR IS IRAK-1 F1 IRAK-2. 7540 J5 1 IRAKs 5 MyD88 fi# £5 35 TRAF6

(TNF receptor associated factor 6) 4if, TRAF6 s&—~ E3 iz miEHM, 1£
Ubcl3 1 UevlA EEWIHIMEN N REFAT H S 1) K63 iZ &M, Z &AM TRAF6
5 TAK1 (TGF-B-activated kinase 1). TAB1 (TAK-1 binding protein 1). TAB2
M TAB3 JERE AR, AIEGE F ARG S@%. — %2805 IKK E64,
51 IxB BERRAL, AEH A2 S AREAR, BB NF-«B, NF-xB ANAZBUE & Fh {2 4 1%
MR T I RIE o oy — S B IR AT R WU Erk, Jnk, A1 p38 MAPK 1 #3311 54
i AP-1, CREB % 5% [Rl 1SR i 42 75 B 48 I [R -7 1) S (8- 91,

TLR4 iR%] LPS J5Fx T Ae ELEAE 40 M I b 3545 Mal-MyD88 U NiEE 5
R, ERLLTE TLRA M ) i N #4212, W0iE TRIF AR5 5 il k%, TLR4
& TLR SZAR S0 oM — BE A% [F] I IS5 X 255 5 BRI 8 H . TLR4 5 TRIF
[F) 454 75 5 TIR <% 1 TRAM (TRIF-related adaptor molecule) [/, TRIF
oW 5 — 4 m " L5 TRAF3 M H fE A, ¥ & TBKI

(TRAF-family-member-associated NF-«kB activator binding kinase I) 1 IKKe, iX
P T AR 1k IRF3, %405 10 IRF3 TR AR, JE3h IFN [I3RiA.,
BE4h TRIF A LGS NF-xB Fl MAPKs, %S4 FHIFRE, X—dFEER
] |- & T MyD88 /-2 (1S i F2, X 4ERe LPS 1558 B e A B2

[10, 11]

1.2 EERERAR

L AR, DUBE v R SR A EE A S EMEHER T IHA T KE
WA . B EHAH 7] UK N 567k H 40 (shotgun proteomics) FHHLAR
I 2H %~ (targeted proteomics)!"?!, RFFH Iz TERASE, R UG B AT
KRAERI (IDA, Information Dependent Acquisition) TAE, FEXFHER T, ik
VPR S IR B T REAT AT, SRS SCRAT I 7 75 B . R 51 EHR
XKL T DL RATHE R T3 75 8, BT @My i — S8R0 ) ] LA H
XEAF BT E R, IDA A& RAERIEEE, s SHRR MBI PR E T,
S AT EE IR E AN E R, SHERAA PN TIHRX A IERE S
P, BIN T Hrid g€ ®E7E, W SILAC (Stable Isotope Labeling by Amino acids in Cell

culture) F1iTRAQ (Isobaric Tag for Relative and Absolute Quantitation) %%, {Hj&

4



KRR IC T EEHE IR B R BRI s, ARid R A H A R A SRR
HAHZMHIZ N T HER IDA kRS FRIBENINE, iRt N 4%
AR (SRM, Selected Reaction Monitoring) iz i N 2. SRM il /28 1T
7E=HPUZAT (QQQ, Triple Quadrupole) i &, L& —RIZE =AVULAFTEN
JRE LRSS, 20k RS AR E KB TR TR TE R, SRR
B RN T B 75 5 Fl 5 I 8] (0 A8 10 28, G 2 iy 2 mT DUF 18 b B B PP A6 A
. 5 IDA AHEL, SRM & &4k B r ki PR 2 AR, i ELRE AR A
BRI, AT A AERR IC € BT VA< ShriE” . SRT, SRM J5vthify HoBH B iy
W, HARRERZ R EeRilZ 100 MR B, @R, 1mE T ER TR HirE
MR R, DL R S A S ke it H bR IR B IR AR S 2 o M2 B B 1 1 111K
£ AR (SWATH-MS, consecutive precursor isolation windows MS acquisition) #&
BB R R S 7 RS, X PR AR Ty 2R it T IR BT A IR U A A — A oy
PERIBCF B, BIE 7T A RBIN TE TEE . 725 S8R it i, W
DICE IR B 1) 7 B 1 0 2 ORI e F T T A A P mh it R, DTS 381050 I o
¥ VAR ff 2 21 H bR o IXPPERERS T IDA F1 SRM 1R s, AMET] BLliz H
T 2R R B MR o &, T HARKT UE MR e B A BT

HH.

@ lon
source M51 CID Ms2
&
Shotgun . ‘ bt . o
: .l = _, ®— . L] E
. - -‘- ‘ - . E I
Scan Intensity-based Scan m/z
/, isolation
®
SAMY | ¢ | zl |
MAM _ ° = ® -, # C
o . ‘ . ‘ - |
0.7 Da filtering 0.7 Da filtering Time
©
. o Fn ;
SWATH — _ - - ®_ o @ [ X
MS = - $ 1% . —L
e . ‘ e o r 2| 4 - . Tf_f’
Sequential Scan m/z me

25 Da filtering 10 ppm



K 2. Shotgun.SRM #1 SWATH-MS ) /i1 3 R A 2L ALZE — AN B A s (MS 1D
P ATA MBS T, Bl R T ) L 0 P 5 ) BE RS /E ARV (CID,  Collision-induced
dissociation) HHFATITHE, FEAEMTE TAE B A RES T (MS2) fridsk. B.1E
MS1 A, FEANERSE I RF B T4k, FLAE CID FhaTE, BN I T3 146 MS2 ik #%,
RO R A B B o B [ FO SRR AR A I 28 . C. SWATH-MS & — {5 B AR Y
FI R R F A AR (IIA, Information Independent Acquisition) o HFE -3l id i &4 ik 32 4
25Da WIELLE L, BAEDMATE B PR, HERERE FETIEe. &
114 I e R Fr G BF B T A 7 B 715 20 SWATH-MS JF s R &M AU 85 (3 5 A At AT
53 HT

1.3 AHES

P R INLAE AR 22 NS 1) R A R R RS 5 MR A, TR, X
TEMESCAT I, A R R, RS ) S8 BEL BB 2% RE SN T RE RO TR
X LT 1) R . FEIT 251 T LA IR R AR G 15 5 I BR TR 70 KOl R e, R
2 (A R 52 4 B HG R I IR S 50 , A AT IRS SRE S R -2 4 14 431
PUHIAT 7 RN T A, AR RIS R BV 22 1) AR A3 S AN S0 S 25 AR 78, S
AEFRATTE AR B AATR JERE S S AR SR 170 A B o BV Xt 75 3 S e K A
(¥ LPS {5 5 i@, IR FEVF 2 EART IR, Bl (1) IRAKs Bl 5T
& 75 /& TLR {5 58 T 425 1 LA K HC ] % R 7 () TRAF6. TR FLahp— 3t
AU IRAKs, H A IRAK-1, IRAK-2 DL N IRAK-4 B A HBEE L, IRAK-4 52 TLR
{H 5 MR AT L), IRAK-1 Al IRAK-2 Thig BT DLE AR, 1f] IRAK-M A S
W, BOA R AR U R, s RIA IRAK-1 RIS 1 5%
SRR TT LLBOE NF-«BU7Y, 7 IRAK-2 R i 1k 58 AR AR U AR AT 050, %
IRAK-4 il 1% 14 & #5 TLR 15 5@ B8 T b AR S, =AML AE
Rl & B T IRAK-4 BEE 1 R AL B RN TN, AR 7K P R A
PULPS 5lAL AL, (HZH MK (12 B & A TH], Hr N 78N IRAK -4
(IR 1 2 TLR 15 508 8% BT s 200, T 53— A Ay FL s 14 R s INK
A ERK, p38 I NF-kB [IM0E, (H 2 RS 1 548 J5 % 4 i mRNA
fRifase ERRAR 1, bR HL A RIBUS2U, 5 4h, IRAK-1/2 275 i & n

6



f[EG% TRAF6 AW, BIR—HELOK IRAK-1 #iA N2 B#EEUE TRAF6 1
IRAK FEM I, (B2 ERIE IRAK-2 7] LL5]#2 TRAF6 17z Z 4k IRAK-1 A
471221, (2) TAK1-TAB1-TAB2/3 complex 7£ TLR 15 538 % o 4 I W AELESL,
FARAR AL S B0 3R I IX — 5 AR R B AT DL IKK Z A7 L& MAPKs, —HE LK
AN AKX 5% TS 5 1 XA, (E R IR R /0N B AR R 08 AN SR — W
M. f£ TAB1. TAB2 DL TAB3 W2k KRR AL /N 1, NF-xB & MAPKSs 30
HANZ 7N (23261, TAK T B DIRECEA R 4R R b 22 AR K, 78 TAKL (1) /N U
BIAF4ESL (MEF) 1, NF-«xB [ MAPKSs IS FEA B HIH], (HAE R B
Y1 i R AR 252 m, T E FP PR 4R (neutrophils) H, TAKID (iR R M2
5% NF-xB. p38 A& INK g7 281, (3) Wi RBI7E TRAF6" 1] MEF 1,

LPS %5 51 NF-xB [ MAPKs [0 56 2 4 3, 10 B TRAF6 #& Myd88 fil TRIF
LR NRROE 2> 1, (BAEE Rt A 52mT LPS ¥ 3R 1 NF-«xB #l
MAPKs & A2, Uil TRAF6 ANgi TRIF W5 Fis P30, 54ha
RIEFR TRIF 7] LLE T 524E RIP1 (receptor interacting protein kinase 1)f1 TRADD
(TNFR-associated death domain protein)#iiF NF-xB Fl MAPKs, $RT0 A 43 1145
WoR T MEF A AH RS04 H 14, B MR AN i rP (1015 58 2 15 e A7 AN e
SEBT], FIR IR ] AN S T RIR G5 il I E A, WA 2
AR5 23 F RPN LG A7 SR N 24 o B0t FUE — e R R B2 T
I, WS SRR NERNASERE, ERNEREARTECEANRE
T 2 H 2t R IRV RE K, AR A ST B A RO 7%, A, 31K
JEUkE 7 Fh T B U AL R R R, ASIESIAERR, EE. S
SIS SR T, IR S AR S E R AN LPS R HIE T
FESIEE, RENSBOAIRIbELATE . LPS 1557 SR VE4IRLE], R E
— 1 e R R IR PR 200 0 P9 A5 R T B, 35 AT TR SRE SR BEATL R AR, AR YT
FEREAR IR LTI 73— 8 5o [  FRATTRIBIE 7513 23 B 40 M A5 5388 B A 9T 1
WA, A JEHAE 5@ R AR E 777



2. FEXBHERSFHE

2.1 EERBRARARNAE

1) ¥ & CRISPR-CAS9 it #i # f& : fE CRISPR £ K 4 T & W 4k
(http://www.genome-engineering.org/crispr) it H8 1A H FIZERI P51, Ak
AN 514, BX2 ul 10*M buffer 9 ul 100 uM sense strand. 9 ul 100 uM anti-sense
strand¥@ 53957, 95 CH V5 mins/5, Z i E 10 mins, B 1 IR EIRINMA R
499 uL KE/KH, AL ; 16 Hbbs 1 BHH LgRNAZ A, 200 B i b et
B, o 3R 51 Wi A A AR T T4 DNATE BRI N AR 2 S /N, B4k
EZASHE, IWATLBPHUS PR e BE VA TR B, SREUIURIDNA

2) JEpiiARE; YeRaw264. 74010 ¥ 4B B Z I Thermo Turbofect{d FH %t Bl 15,
DA Y 1 2FLBR PR AW264. 720 it 4y 5] 67 B2 A 25 JLid 72 o 5 LT 16-24 /)N A 4
i, BLZJ40%-60% 1% B 35 51 1Al T 12 LAk 85 7= LA, HX200ul opti-medium 52ug
H B BR T 1.5 mLEPE 1, FAG SRR S, I A 4ul TurboFect 447, 25
J5 Z IR E 15-20min, F EIRE SRS MR T, IR, 4h/EH
R IR, 24/ JE LB YLl

3) PriBEAMEAITTL: Bk 36 I JE, K IHBE IR E A blasticidin(10
ug/mL) B R IR0, e T Cas9 I JTURL 1 4H AR BE & pRpi P 2 T 45 DAAF
e UG GFP FL BRI AN N I PEXS IR, e Tk i ol . B xS e 4
M4 AEG)T . 5 blasticidin MBS IR 4 BUIE W R BERE IR, SRR IZ
2R TR R A R L A S HLi D, R BRI 24 /NETEE 48 NET . FEAH AR
IEHAEKE, KM LUE S % H 2 8 96 FLiF, fRESAN LR RE&HE — 141
M, ZF— AL 2. R BEMRKRE, B3040 a5 e
Western Blot 45 5 tH H (145 PRl e 53 Fr) B0 5 B 240 Mt

2.2 EFEARRNIOE

1) K% H 5L R A 3*Flaghn 25 (12304 B ki
2) B ERmke. RAVIBTR R4, HAEE R KTH R FTHEK293 40 i
(293T) AL EF IR FH SRR i YA 6 F LA 293 T4H i Py 32 Y U A i
B (=M% FkipVSV-G. pMDLg/pRREFIpRSV-Rev & % ik H 1) 5 K 1) 3 i
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R, 12-16/MJE, RBRIASFRE, HHR2.5 mLBrEERIREs, JHEI37CRFR
MAkEER IR . HTBma R OB E, SRS BT, Bk, ¥ieE36-48/)
f UACERE 2 L 7 % 5 VR RS B B

3) UML) R Ay JRALRT12-24/ NNV AL AN B, RS 5 KA 2 AH LAY FLAR
H, TR R Y, ARG 4T B B 20 N30-50%.  LL6FLAR B (A AR
FE RS FRAZ LUBIIG IR, R GL I i B VR i 355 TR B I SRR 2.4 mL, JwEEH
B 7 IR B A 2R RO A SR IG 75 SR M 58« 7E2.4mL IR B8 VR AV R I 2K S R
10 pg/mLI¥]polybrene, =15, LA2,500 rpmE-0o3070 81, 550048 A 15 41 i st ]
37TCHEFRAAY, AP E, BRI

4) Hr LM ik JRGL36 N S, R 4R DU 2 #2196 LR
TRIERANLP R &0~ i, 27— PMERALa2. R EaRKHE,
B — B 70 A 0 385 Western Blotharill H AR R )ik, PREUGRIA &5 B AR
I 4H AT Ja B2

2.3 ERESFHLAL

- FEIR RN ) Raw264.7 41l F LPS AR R R [A] 25, TR 9830,
ATAT PBS, FAHME] TG40 E ~, HB 2 5oml B0 T, AR S H
F15 A 15em fif (29 5%10° 1Y) W40, 25 TREE 04 CLL 1,000 g B0
3408, W2 PBS, JIA S0ml Tiv ELARLE MR (lysis buffer), FIME MR
MEE, Frk B2 1/, ZJ54 CLL 35,000 g &0 30 2050, K LigEEE
Hriy 50ml S0 E Y. BOEFARAAYII 100 ul, FEIMASEARIT) 2x SDS
R, VR2IET 100 CEWARME 10 438k, AT Western blot 4> HT4H i 4=
ZURR P BERIA K IR 1LY NN 300ul [¥] Flag M2 beads,
JET 4 CHEEIRAI 9 R e Wit %, 2 J5 F 50ml lysis buffer ¥4k beads =
UG BT 4 CR 1,000 g B0 3 408 fe fa — i 2 5 2 BiE, SRS I 400ul
WifiR T 3*Flag peptide H lysis buffer, 7E 4°C 4@ 1R 2] 8% LB VEM 30 704f, BEJG
1,000 g B0 3 43, WCAEVERL, BEEMGPIRWIR, WSkE T HWEAZSGK,
AT e 4508 .



4 BRIEHEmATHIE

2.4.1 BREEMERBI&

D £ FIRE AR A RIER I TCAZ LIKE N20%, 4°CHE30min/5 T
AR EOHL4 CLL13,200 rpm & -0230min, 5 _EiFE, A ImITRA I AR G A
DUE R ZEBRTCA), T4°CLL13,200 rpmE.Cr10min, % BIE, PERIE L =5 Hl
T

2) IIA200ulHr AL B FTUATE W (8M Urea (0.48g/ml) in SO0mM NHsHCO3),
TEfZ Vo LR W Imin, 18RS SWUIE R EM .

3) JIATCEP (ZKFEN10 mM) FICAA (ZREEN40 mMD, 37°CHlEEX
J%30min.

4) AT H)50mM NHAHCO3, fiUrea ik BB EI2 M, 22 J5 I RE
(trypsin), 37CIRE 12-18h, HIA1% FA (Z¥RJE) KibMMN, WREGUE,
12000rpm, SminZ J&, B EE#HATHE LK.

2.4.2 EEMRRKERROCI8 R HH G EAERREL

IATH B I STAGETIP C18 X FiAKBO#AT Bidh, Wi PR

1) #HETIP holder: FHETJIFE1.5ml EP# 6 E#k—ANF, KSTAGETIPALA
T, PRAUEtp A ZEEE HEPE K2, PAB B0 B9 L . e v A 44
STAGETIPHF A\ i 8 C18J

2) W STAGETIPAF|TIP holder. JIA50 pl FEEF|STAGETIPH (iE1k
C18/#5), 5000g, 1min.

3) HIAS0 ul 70%ACN/1%FA, 5000g, I1min.

4) JIAS50 ul 1%FA, 5000g, 1min.

5) ¥ _EiREESIINSTAGETIPH, 4000-5000g, 5-10min, B2 A KIRAE
B

6) JMAS50ul 1%FA, 5000g, SOGHrARA. HEEHDE IR,

7) K STAGETIPIEAHT191.5 ml EPEH, A S50ul 70%ACN/1%FA, 1000g,
5-10min, YeifkB. HEEMHDE—

8) K FAFMRBRE 0T, B T-80° CIRAFEE
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