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2-naphthol sulfate
2-picolylamine
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CKD
Cre
CVD
DCA
DMSO
DPDS
eGFR
ELISA
ESI
GaMCA
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HAT
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HRMS
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HT
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chenodeoxycholic acid
collision-induced dissociation
chemical isotope labeling

chronic kidney disease

creatinine
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deoxycholic acid

dimethyl sulfoxide

2,2’-dipyridyl disulfide

estimated glemerular filtration rate
enzyme-linked immuno sorbent assay
electrospray ionization
glyco-a-muricholic acid
glyco-B-muricholic acid

glycocholic acid
glycochenodeoxycholic acid
glycodeoxycholic acid

germ-free

glycohyocholic acid
glycohyodeoxycholic acid
glycolithocholic acid
4-maleimidobutyric acid N-hydroxysuccinimide ester
glycoursodeoxycholic acid
hypoxanthine-aminopterin-thymidine
hyocholic acid

hyodeoxycholic acid

hydrophilic interaction liquid chromatography
high-resolution mass spectrometry
horseradish peroxidase

human serum albumin
hypoxanthine-thymidine
indole-3-acetic acid

indoxyl sulfate

1sopropanol

internal standard

keyhole limpet hemocyanin



KMUS N-(11-maleimidoundecanoyloxy) succinimide

LCA lithocholic acid

LC-MS/MS liquid chromatography/tandem mass spectrometry

LOQ limit of quantification

mlA 1-methyladenosine

MeCN acetonitrile

MeOH methanol

NMR nuclear magnetic resonance

oCS ocresyl sulfate

ODS octadecylsilyl

OVA ovalbumin

PBS phosphate buffered salts

pCPS p<hlorophenyl sulfate

pCS prcresyl sulfate

PEG polyethylene glycol

pNPS pnitrophenyl sulfate

PS phenyl sulfate

PUFA polyunsaturated fatty acids

QC quality control

QS quinolinol sulfate

RF renal failure

RPMI roswell park memorial institute

SCFA short-chain fatty acid

SMCC succinimidyl trans-4-(maleimidylmethyl) cyclohexane-1-
carboxylate

SPF specific pathogen free

SRM selected reaction monitoring

TMAO trimethylamine N-oxide

TMB 3,3,5,5-tetramethylbenzidine

TPP triphenylphosphine

UDCA ursodeoxycholic acid

UTx uremic toxins

uv ultraviolet

wMCA o-muricholic acid
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Figure 1 Schematic representation of origin and synthesis of the major uremic toxins
from gut microbiome. TMA, trimethylamine; TMAO, trimethylamine N-oxide.
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Figure 2 Bidirectional relationship between gut microbiota and chronic kidney
disease (CKD) progression that may result in acceleration of CKD progression.
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Figure 3 Overview of this study.
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RO AT = X D AT D7 oAb T == VB E DT AT 2% AV T, BRI
®» TMAO X InS ZREZHEMNRELI-—FRMEEEZRE LIz 56, Ll @i
ItETHD TMAO DA77 LMREFFRERIT 0.27 43 LAid TR ok aWicis
WTH TR =7 BN ER L CODEIEE WEEW TR ChoTo, R t+07eh
T LMERRROE = B, Ty MRY 2= AR E O BEZ TR, EEHEHECE
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. ILEEHHOWEACENINEE 2 H 95 UTx OEFEE —F oW RO SN EET
H-oTz,

FITEHT, RO E R T DI20I, BT AEFICE RO B DR RS
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0ODS « Camon Ligand

Scherzo SS-C18 Obelisc R Acclaim Trir.nity P1
(Imtakt) (SIELC) (Thermo Fisher)
Mixed beds Single Ligand Nanopolymer Silica Hybrid

Zhang K et al. J Pharm Biomed Anal. (2016)

Figure 4 Reversed-phased/ anion-exchange/ cation-exchange trimodal mixed-
mode phases.

ZDEAT DI T LD—>TIHD Scherzo SS-C18 #74 (LLF, SS-C18 &
PR9) 1%, ODS FEICHRA A Rt A 2 &I A LIZEEMRZA T 5720 Bk
MHAEERIINZ T =3 M O F A0 @it b &Ikt 544 e A
TERLHIFRFCED 6465, LTeN> T, AT A MALEW THD TMAO 72EL 7=4
MEAEEMTHD InS el E T kR 272 UTx OFRIKHIERIZISHTELEE X
72,

ZO IO FENDARETIL, AR ELA B OB MR RS UV, A
EW7e UTx W2 O A BEEL, SS-C18 Z A =it 7 fid UTx (Cre.
mlA, TMAO, PS, InS, pCS, X" 4-EPS) % /p#ixtGil 75— & &R o i 4L

L7= (Fig. 5),
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Figure 5 Chemical structures, pKa, and ClogP of Cre, m1A, TMAO, PS, pCS,
InS, and 4-EPS. pKa and ClogP are given with reference to SciFinder

(American Chemical Society).
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Fig. 5 O RLIZOHr GG DA 75 ) — VK53 BRI O T HIfE (ClogP) 7>
HHEZETHE, Cre, m1A, KON TMAO (ZBKMEDNMRVMEAE Y THHZENHID,
—FT.PS REDFEEREATHY LT =—MbEWIT. LLBAIBUK D & ME
B THLN, ClogP EATLIL TRY ALZEREHHEIL THLT72 | JlH OitH
I~ NS TT7 4= lEo T, ZIbEE =5 RS S5 SIFE LW TR, FEER
\ZWAER AT A NEFE T 2 e RV AR — R 17 L% WO 5Tt GAb & W)
Wby SRM Z~h/F 4% Fig. 6 (CRL7-, WiE%® ODS X|%. Phenyl-
Hexyl 7725z MW 254E, Cre, m1A, KON TMAO 723aEfRFFah I H
L7z, EBIZ, A7 =—MEEMIT, REFSNDLDOD, BRI —7 e @ik 4%
72O, KRR O 7 79 = NEHZ a2 0B b7z (Fig. 6A, B), —
T, FIZBARMESBLOERIZI0b WA IRFISE S SeQuant ZIC-HILIC #7A
ZROWDE RTINS, BT 2 —MEAEMOREFERREE ThH-7- (Fig. 60),
RUNT, ODS/T =4 W/ 1 F A 0 ZWIR G E— R DIV I AR E—R AT L THD,
Scherzo C18 7 7IU— T L0 RoHTICH#E D) B0 % i ~7=, Scherzo C18 7
7V =BT LT, AT IHREASNT SM-C18 AT L 58AF VTR
WO EITEASNT. SW-C18 W T A 8BAA LIV RRREIZEASNIZ SS-
C18 W7 LD =FHDOHZ LTSN TERY, ZhbzatbiLz (Fig. 6D, E, F),
ZDORER, Cre, m1A, LY TMAO %07 AMrEFSH B —7 0B 5720121,
SRWAA MR AR 2 A7 5, SS-C18 Wit ChHHZEN -7, F-, PS 7L
DY NT =2—=MEENTHONTE, AA M AIEM LD ODS FEEDFH AR,
ZDOARFHEFF IR BL QOB ZERI DN/ o7, HEH L2V U, oo ODS
75X Scherzo C18 77V —7 L% HW25E &L T, SS-C18 Z Mz
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2L CEY, SS-C18 HTLMN, VL7 x—MbLEMDSEEICHE L CWAZEAE L

77, SS-C18 #HW=iGa . B —ZIE0MED 1T L X0 IR I RSB HHH ., BHL

N L o A BN A= | 3 2 — o =1 -
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Figure 6 Selected reaction monitoring chromatograms obtained from a
standard solution of creatinine (Cre), 1-methyladenosine (m1A),
trimethylamine N-oxide (TMAO), phenyl sulfate (PS), p-cresyl sulfate (pCS),
indoxyl sulfate (InS), and 4-ethylphenyl sulfate (4-EPS) using the (A)
XSELECT CSH C18, (B) Luna Phenyl-Hexyl, (C) SeQuant ZIC-HILIC, (D)
SM-C18, (E) SW-C18, and (F) SS-C18 columns.

Each sample (1 nL) was injected onto the column at a flow rate of 0.2 mL/min.
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% 3 fiii LC &Ikt

SS-C18 W7 A%, ODS H\TimA A At a 2 ®mIE AL EEME AT 57
0 BOKMEAR BAE ISR LTI H A O - B A SR | A4 & ITxL T
pH KOMA VB GEIREE) BNENENEELZITD 66, oirxts UTx OWER
LHREEEETHE, Cre, m1A, KO TMAO 1%, BF A BRI RS 1,
PS R DY N7 =—MEAWIL, T =AU A HiIEE ODS RICREFS AL TS
o, KEITIE, TNHDEELREL T, 2 COUERNZIEY TO RAFRE—7
oAk - o3 Bl R AR D Il B EVRIRIRE T D7 TV = U MR R B ik T2,

VI ARE=RAZ AL, ODS BT LEEL T, K EWERE LR T Ty
HE, DREFASATREL 70D, T DT BT LE T H BB LT, AREEIC T Eh=F) L
(MeCN) Z@#IRUT=, Tz, T —FIIRL TRV, BEET VB =0 DX OIS
MU WB B L EOS A &2 TONIT kS UTx BEHENehoiz, Lizio
T AF A BEAERAD, R EXGACLE D O BEARFRTREEBL TV DHEE 2
Bz, BEFE T OMREA NS E L ©—JIRERDHIENTEIZN, B
E— 7 ORPEAL L2728 B, 10 mmol/L. DOFEERET > =7 AR E K%
“Tr 80%MeCN ZBEIMH B LLTGEEL, IRWT, BEIFE A © pH OEL
LTz, Cre X° TMAO %74 F AL I LIRAE B SEL720I21E, BEMHIK T
» pH % pKa JVIERKROZENHE R FIELEZOND, 2T, BEIHE A OB
DRI, 17 LRFFICH 2 DB DWW TRRET LTz, BEEICERZIRINIL WA
TAEED, Cre & TMAO [IfRFFsNZ2 o7 (Fig. TA), BEIHIZ 0.1%DFHEE%
WINT 5L, BTORHER UTx & BAHCREF, mBtSE5Z 8oLz (Fig.
TB), — 5 T, WP OFFFRIE 2 0.3% I ZHNSET2354 . BLLIE, 0.1%F I
ERIET5E1E. Cre & TMAO 75, JOIRREFSNIZ, b0 — 7 23 ffE)s
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WEEL720 LI LT = —MEEMOE =7k EL LT (Fig. 7C, D), %7z,
mlA KOV LT 2 —MEEWORFFRRIL, BROFRSICE > TREREE D727
7oo ZHUL, ZNZFURD TEV pKa SRV pKa 28957290 MiFtl7c pH &l
RN T ALE Y OREERIEDZEALD /NS, T LRFF BN B2 5 2 1)o7
EEZOND, ThbH, RO RIZBWTIL, BEWHO PSR EL T, 55f LK
HIREZ IR 5N Rl THY ARSI L D7 7V = M 2L - T
ODS LA A ZHaE DI BAE A NRANTED LT, AT DR 3 BEDNZERCT

LTS T,
Non-addition 0.1% AcOH 0.3% AcOH 0.1% HCOOH
1qq & 077 10 tei370 1 t: 5.46 100 t: 6.47
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0 0 0 ol
0 mATT 10 ®AT2 1 ty 477 10 =439
m1A ] m1A T l mi1A i m1A
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2 PS < PS < PS g | PS
a a @ a
2 0 2 0 2 0 Z o
" e 11.61 k- 1214 2 ® b 10.44 " te: 9.85
= 100 o a 100 = 100 = 100
& & & &
] pCS ] pCS ] pCSs ] pCs
[l 0 0 1!
100 e 13.00 100 tr: 13.48 100 e 11.46 100 tr: 10.44
A InS A InS 1 A InS b k InS
1] 0 0 o
100 tz: 13.80 100 ty: 14.54 1 tz 12,15 100 tp 11.40
4-EPS 1 4-EPS 4-EPS 1 4-EPS
o 03 o

02 46 8 101214161820 02 46 8 101214161820 02 46 8 101214161820 02 46 8 1012141618 20
Time (min) Time (min) Time (min) Time (min)
Figure 7 Comparison of SRM chromatograms of analytes obtained from
standard solutions. The experimental conditions were as follows: (A) Without
acidic eluent as the mobile phase A, (B) 0.1% acetic acid added to the mobile
phase A, (C) 0.3% acetic acid added to the mobile phase A, and (D) 0.1% formic
acid added to the mobile phase A.



o4 Hi MS/MS $&{bEofeEt

MS (28115 electrospray ionization (ESI) {5 TlE, 9, IRIKDORNDAT
VA= =R/ S BEZHUNL {0 Rz ESE D, Al Loz n T,
[FGE B AT 0D 7 — 1 2 A DN AR D T 3R F1 % B[Rl T2 BRIC R 2@ FEL TER/hE
IR T £72 %, ZOBRE IR T Z L TRIREAITV RASHIIZH b &5 K
FAA LT MS WNERICE TS 67, LI=h3->C, BB H O fE 58 M A I A L
Ra@mbHrZeT, RiBHEMEZ MHRE DR L2 X523 lifFtEs, 22
T, ARHiTIE KVERERAT ACKIFEARD DI RANI T LA T 2—Tar
VAT LB AL, R A S O REIZ OV TGRS A T o 7,

LC OBEHHEL TULHASN TS, A% /—/L (MeOH), MeCN, XY A7 mx
J—v (IPA) % 400 pl/min CEREHLEBRIZELNT TR SE O —7
A% L L7 % Table 1 (SRULTz, FERIMNOLA L HA~T, m1A (XL
ToR A TIZIB W T, DY 10 f5LL R BLT,

Table 1 Comparison of peak area ratio (with vs. without post-column addition).

Peak area ratio

Analyte
(vs. without post-column addition)

MeOH MeCN TPA
Creatinine (2 pmol/L) 0.8 2.3 0.9
1-Methyladenosine (0.007 pmol/L) 10.9 15.9 12.9
Trimethylamine N-oxide (0.4 pmol/L) 2.0 2.6 1.3
Phenyl sulfate (0.4 pmol/L) 1.1 2.2 1.1
p~Cresyl sulfate (2.7 pmol/L) 1.2 2.1 1.0
Indoxyl sulfate (0.8 pmol/L) 1.1 4.8 1.1
4-Ethylphenyl sulfate (0.1 pmol/L) 1.9 2.6 1.1
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MeCN Z W38 DI BTORHT G D

Ji%

N

FEDS 2 fELL R L2720,

AP FHRTIE MeCN ZIRUTZ, D7 DG EER (B IINS DT B =247

HELTEAR I 2<FB L2272 (Fig. 8).
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Figure 8 SRM chromatograms and signal intensities obtained (A) without
and (B) with post-column addition of acetonitrile.
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% 5 Hi mlA-ds. pCS-ds KON 4-EPS-dy DA%

PRI E EAIC B W ORISR AZ NAEHEYE (internal standard, IS) &L T
AWT=SE | v N o7 2B RIC LA A ALIHI OB A IELENRNZENG F
MO EWVE R ROELEIIREETHD 6869, v w7 Agh T, W24
IZRORNERT R DAZ ACDPMBES NIV S0 T HBIR OFFRTHD 0, 44K
B DG DT AF MR HIERZERITXL XD HER 725, v
I ANRAEMET DIoOIIE, I RACE W LR — 72 R R, A4 AL EEL S|
IMOKGAE M EERTe D m/z R OLEM DN ELT2 D, Z<D%E 2H (D) R
BC THEERS IV ZIE FNLIRA £ DB AT, b b ZERMEZ IS &
LTHWAZENREELV, m1A, pCS KT 4-EPS O EKFEEMSMAIL, 22 E [FNL
KDOANFRREETH-T2720 M E THEEKEZITV 2 TORIERRILE DIk
TLHLERMARZNEERELL THELL,

pCS KW 4-EPS OEAKFIEHABIZEBNTIL, ZhE pZLYy — LKD)
4-TF )N T = ) — VOB FEE A A HF AL Edwards 50D 7 {EIZHESW
leE vy —haeRtEL T (Fig. 9A, B), 77205 BB AR T fith -
U LB T AL T, T ) — VKR EE NV L T = — PR LR RN SR
TN BRI N D USEFIAL T, pCS-dy XY 4-EPS-dy & kLT,

RNT, mlA OEKBIEBICEVZ AT HILELL, AT 7 r—FLL T,
F£7°, Sajiki HIZEoTHFEE N, R — A S RMIE A F - KR BEHRSUGE
AN 72274, 20 B, ARY)— A EAEATAE T T, EK (D20) ZEARFREL .,
IKFEATA (He) LEBITBIETHILT, RIEMRIRFE-KFE (C-H) #EEEKHKH-E
KFE (C-D) #EG LRI 722 5 CTRIRAICE T 2 UGS EES<H DO TH
%o ZOEIKFAVEHSEL B RS IEF @ AR AN TRE TELRAE A T D, 2
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DFETE A TEDE MR LIEIZHT20, m1A OGRRIFEEERDT T /2 10h
JEHEI Tz 7, BEREEY, PYC MEETIZTT 7 /v 2 e 8 (LAzhs
BLEAFEBRINZ, TO% AER LT T /v BV AF AT BN IR CHE
IKFITEATF NVEROSSHEDZLIZI ST 1 ALA~BRIRAYICHKFEAT VIR AL
mlA-ds Z& L7 (Fig. 9C),

pCS-di ' 4-EPS-dy (ZOWTIE, LR OIS TR Z B L . WEREYEDE
ELTCORHZ Y M 2R LT-, m1A-ds IZ. nuclear magnetic resonance (NMR)
KON mEofRaeE &0 013t (high-resolution mass spectrometry, HRMS) (2T

HKAIERR ARl AR EWE L L CORIM 2 9 M2 ERd LT,

rfs',-\.
QH o 0
D (i ] S0y-Pyridine [#] 1]
A -
o o Pyriding, 45 °C, 2 h Y o
Chemical Farmula: CgHgD,0 Chamical Formula: CgHgDKO,S
Malecular Weight; 126.1890 Molecular Weight: 2443426
KO, 0
Py
oH oo
D o S0.-Pyridine D o
B Pyriding, 45°C, 2h
D D o o
Chemical Farmula: C7Hs0,0 Chemical Formula: C-H;D:KO4E
Molacular Weight: 1121625 Maolacular Waight: 230 3180

Edwards, D. R.; Lohman, D. C.; Wolfenden, R. J Am. Chem. Soc. 2012, 134, 525.

NHg NHa MNH
| e 1. DgC-l, DMA, 1, 18 b2 DiC.), N
L‘; | '\} 5% P‘t._C Ha, " __,L-:'_ | "}—D 2 .Iﬂ.mhcrlitF-IFlM‘ll:l -‘1} | ?}—D‘
c oM D0, 120 °C, 24 h" b SN Hoog P B SN
L - OH - OH
8] o o
o i 7% “
aH B9.0% yisld OH ., BT 1% OH
HO HO {2 stap yield) Ha
Chemical Formula: CypM N0y Chemical Formula: Cy My, DaMN-O. Chemical Formula: Gy HygDaNy 0y
Molecular Wiassght: 267 2413 Molecular Wedght: 268.2538 Molecular Weight: 286 2987

1)E=aki, H.; Acki, F.; Maegawa, T.; Hirota, K.; Sajiki H. Heterocycles 2005, 66, 361,
2)Fujii, T.; taya, T.; Satte, T. Chem Pharm Bull 1975, 23 (1), 54,
3)Raya, T.; Saito, T.; Kawakatsu, S.; Fuji, T. Chem Pharm Bull 1975, 23 (11), 25843.

Figure 9 Synthesis of deuterated internal standards. (A) Synthesis of 4-EPS-
dy from 4-ethyl phenol-ds, (B) synthesis of pCS-d; from p-cresol-ds, and (C)
synthesis of m1A-ds from adenosine.
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%6 g o\ T—Tar

RNT, EFEELTZRICONWT, NI T —al a2 EfiLiz, 7, 0TI

AITAL BRI ]I L o T

B2y
5 ;5%&

Y AN ]

RICT BT, Ry /S %

R L7230 L ARALBREB 25t ST R ISR T DL EM AT ~72 (Table 2),

Table 2 Results of stability test (n = 4; mean + standard deviation, %).

Processed sample

Analyte Condition Bench-top stability test
stability test
0.5h 1h 3h 24 h 1h 3h

on ice 91.3+1.7 89.2+4.5  96.2+2.3 102.5+3.5

Creatinine room temp. 93.2+3.3 95.0+4.7 98.1+4.1 94.7+7.4
60°C 92.242.0 98.2+1.4 101.8+2.6 91.8+4.2 99.2+3.5 86.8+1.5

on ice 105.3+2.9 101.9+0.9 96.9+3.2 93.4+5.8

1-Methyladenosine  room temp. 100.3+3.1 97.1+1.7  93.3+5.7 80.3+1.7
60°C 69.2+1.8 47.5+0.6 7.5+3.2 2.3+6.8 100.5+4.1 109.9+3.0

on ice 90.8+1.3 91.5+3.2 100.9+1.8 103.3+3.7

Trimethylamine N-
room temp. 91.9+0.8 90.7+£2.3 96.6+3.8 94.3+6.9
oxide

60°C 92.0+£2.1 94.3+£1.7 103.5+6.0 93.6+3.8 99.1+3.3 110.3+0.8

on ice 118.1+1.7 111.3+1.7  88.2+3.2 92.7+1.4

Phenyl sulfate room temp. 116.1+2.5 113.3+1.7 94.3+9.0 96.8+1.6
60°C 109.7+7.1 113.1+3.6 109.3+1.9 95.1+5.8 101.3+2.2 110.4+1.6

on ice 100.6+1.3 102.5+1.9 107.6+1.9 100.7+1.5

pCresyl sulfate room temp. 101.5+0.9 103.5+1.4 108.0+2.3 100.0+1.8
60°C 99.0+2.3 104.2+3.1 104.5+0.7 103.7+2.9 98.9+3.6 95.3+1.3

on ice 108.9+2.1 103.7+2.6 103.3+4.5 92.2+25

Indoxyl sulfate room temp. 109.7+2.7 103.8+2.5 100.2+5.5 100.9+6.8
60°C 102.1+£3.1 97.9+£5.7 93.5+4.0 102.7+1.7 102.3+3.6 106.3+2.8

on ice 103.2+0.9 91.7+10.8 93.7+3.6 87.9+2.4

4-Ethylphenyl sulfate room temp. 105.8+1.5 102.1+1.3 94.7+2.3 99.6+6.0
60°C 105.1+1.1 99.2+3.5  97.8+1.9 103.5+3.0 100.2+5.7 129.6+1.8
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AR FRIZB T DMERREIL, B ORAF LIS O 2 Bl B DI AT 2 I fii
LTCW5, %72, 10 pL WOk TOBORKICKTL T, MeCN #INC XD E 7
bR SVEABR AL TEY, 1 BRIRIE, 30 S UNIZAENRTE T 35, iEF o
m1A %, 60°C T CHRREHKAFIZ 2 FRLTZN, iR Tld, A7e<et 3 RIS
LE CThholo, BRE /7 IE%IL, 60°C T, 3 Kl CHLE Tholz, D53 HT %t
GUL AT, TN TORBRE; TICBW T, BEICEBNI ) ST, L2 T, i3
HOBTLERZA: T Cl, O ORISR ED 5T,

WNT, RPN BT AR~ Ny 7 A O 4 P OWCRIIiL 72, 43
Frmid, e MILE & QNG TICAFE T DN LS WD DT 7T 7= Ry 7 A
WA BT HZLIINEECTHD, DD KRB~ R v 7 AEL TRE AW BEOMR
BRI — VM~ 2RI TERR L 72 M B & & LEfR L | recovery
factor (MAERMFFOMBEE/KPOME) ZHHLTZ (Table 3), D72<tt 6 MDY
FERL KDY 1 REICSX 4 BOMIRURNERERERAT —ZIZHW, i
RO BEREIL, T_RTONPREMITH LT 0.99 DL ETHY, BEFA ks
RLUTZ. TRTOSHRIZRILEM D recovery factor (%, 0.92—1.06 O#EIFHTHY,
EE—EL T, 20T —2 50 R~ Ny 7 AEL T, KEAWDHZENFRET
HHEHIMTLIZ,
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Table 3 Regression equations, LLOQs, and recovery factors of the seven

analytes.
Linear range ] Regression Correlation LOQ Recovery
Analyte Point
(umol/L) equation coefficient ~ (umol/L) factors 2
Y=0.0628 X
Creatinine 5-1000 8 0.993 5 1.00
+ 0.0380
Y=0.0128 X
1-Methyladenosine 0.0178-3.56 8 0.998 0.0178 1.05
- 0.0087
Trimethylamine N Y=0.1562 X
0.4 - 200 9 0.998 0.4 0.92
oxide - 0.0021
Y=0.0611X
Phenyl sulfate 1-200 8 0.999 1 1.03
- 0.0054
Y=0.4107X
pCresyl sulfate 2.7-132.8 6 0.999 2.7 0.99
- 0.0196
Y=0.1208 X
Indoxyl sulfate 1.9-194.6 7 0.998 1.9 1.00
- 0.0203
Y=0.0891 X
4-Ethylphenyl sulfate 0.1-25 0.995 0.1 1.06
- 0.0025

a: Recovery factor = Slope spiked plasma/Slope solution.

eV T B ROV H O E B K VB EZ 5 my o7 —/LIE K U

— By hOEM =V IF ISR ER RN L 72 sl 2 v C

FEML 7= (Table 4.

Table 5), JEA 57848 O 35 BRI I DA KB P 3R IR EE ik 0 N7

— 3N T ATART A ) ICHID & TOSM R G ST HEFE - FEE 1.

BIEEE 15% LN (EETIRIZBWTIT 20%) Thol-, ZHODFRERIT . KON

RO, IEMETEEMDRDHY, 2L THBIENHLZEE RS, o, Kotrdgibay
T RTCOLZEFRNARIEBAEZ IS LLTHWEAHITRIZITNETICHESNLTED

TR 2R MO~ R 7 RN RAA IE TE DB AR HTR I TEI,
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Table 4

Intra- and inter-day precision and accuracy.

Spiked Intra-day Inter-day
Analyte level
Accuracy (%) Precision (%) Accuracy (%) Precision (%)
(umol/L)
20 6.2 8.6 2.6 12.3
50 -6.0 4.4 -3.8 9.3
Creatinine
500 -1.6 2.4 -0.3 3.6
1000 0.6 1.8 -1.5 3.6
0.0711 0.4 16.4 3.6 14.2
0.178 -0.1 5.2 -4.8 9.1
1-Methyladenosine
1.78 5.6 2.3 -2.5 6.7
3.56 3.3 1.8 -3.6 5.6
4 -13.9 9.0 -11.9 7.2
10 3.4 6.5 -5.3 8.1
Trimethylamine N-oxide
100 9.2 7.6 -3.5 10.7
200 9.2 3.7 -2.3 8.8
1 -18.2 7.9 -10.8 10.2
4 -11.4 3.2 -6.5 6.7
Phenyl sulfate
100 0.8 1.2 0.7 2.2
200 2.8 0.8 0.1 2.3
6.64 -8.4 2.5 -4.8 6.7
13.3 -3.0 1.9 -7.4 4.4
p-Cresyl sulfate
26.6 1.0 2.2 -1.5 5.7
66.4 -3.6 2.1 -1.7 6.6
1.95 -8.3 5.5 -7.2 9.4
7.79 -8.2 2.4 -10.0 3.8
Indoxyl sulfate
19.5 -8.8 14 -8.6 2.9
195 0.6 0.6 -1.7 3.5
0.25 11.3 3.6 7.6 3.8
0.5 -8.1 3.8 -8.0 6.0
4-Ethylphenyl sulfate
2.5 3.1 2.3 -3.6 5.5
25 11.6 3.3 1.7 8.0
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Table 5 Inter-day precision and accuracy.

Plasma (Lot. #2) Plasma (Lot. #3) Serum
Spiked Intra-day Intra-day Intra-day
Analyte level  Accuracy Precision Accuracy Precision Accuracy Precision
(umol/L) (%) (%) (%) (%) (%) (%)
20 -5.6 8.5 -8.3 10.3 9.8 14.5
Creatinine 50 -6.2 5.2 -5.9 8.2 -5.0 6.5
500 -3.0 2.0 -8.5 4.8 -6.2 11.6
0.0711 13.8 4.0 9.9 7.9 1.2 4.8
1-Methyladenosine 0.178 4.3 6.8 -6.8 6.6 0.76 2.6
1.78 0.8 4.3 -7.3 1.8 0.17 1.8
4 -6.7 5.3 3.6 5.3 -8.5 6.0
Trimethylamine N
10 -0.1 5.6 7.8 5.9 -5.2 5.0
oxide
100 0.2 4.6 9.4 2.5 -1.0 4.4
1 -7.0 5.6 -10.7 10.6 -3.1 9.2
Phenyl sulfate 4 -12.3 9.3 -3.6 3.2 -5.6 3.2
100 -4.0 2.1 -6.5 4.5 -13.1 7.7
6.64 -0.8 6.7 7.0 5.6 -3.1 7.0
p~Cresyl sulfate 26.6 4.0 11.0 -5.4 2.0 -13.3 1.9
66.4 -0.9 2.9 -12.0 6.0 -6.8 9.9
1.95 -13.4 8.2 -14.8 4.6 2.5 7.9
Indoxyl sulfate 19.5 -2.3 2.2 7.2 4.4 6.2 4.4
195 7.1 2.0 -1.4 2.1 10.2 1.8
0.25 11.9 3.8 4.3 1.4 14.5 6.6
4-Ethylphenyl
2.5 -11.1 1.5 -9.0 2.4 -11.2 1.1
sulfate
25 -12.7 1.6 -7.8 0.9 -14.2 1.4
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% 7 i CKD B miEdho UTx RS EHAEL O BIfRHT

R L= 22 AW T, F FIRPEICBmlE SN TWEAT— 2—5 [TBT5
#H 19 4 CKD BEMET O UTx EEZHOHICL (Table 6), 4. AHi
OWFZEIL, ALK FRKFBEE e R EE R B S XD RGRAERR T, FEhiL7-,

Table 6 Quantitative analyte concentrations in serum samples from stage 2—
5 CKD patients.

Analyte (umol/L) n  Mean SD Min Max n <LOQ
Creatinine 19 161 86.0 64.9 370 0
1-Methyladenosine 19 0.643 0.282 0.305 1.63 0
Trimethylamine N-oxide 19 39.7 39.6 3.81 158 0
Phenyl sulfate 19 20.3 23.9 1.22 104 0
p~Cresyl sulfate 16 29.0 21.4 <LOQ (2.66) 80.6 3
Indoxyl sulfate 18 21.3 20.5 <L0Q (1.95) 73.3 1
4-Ethylphenyl sulfate 12 1.59 1.52 <L0Q (0.1) 4.73 7

SHTDSE | pCS, InS, KT 4-EPS 13, B4 DEFIZB W TER MR (limit
of quantification, LOQ) % T[EI-7=23, ZOMIZOWTIE, 2MIEOREL R T
&l KMEIZL->THELZ CKD B MIFET D4 UTx REIL, BRSOk~ 72
H7 D& W TRIES V- MFREH#P S I2E B TR 177677 Iy JARE—F
I T TT 4= ORGSR OE MR EA LB,

WUNT, BEHEREFEREL72D ., Cre TN mlA 12 H U7, BRIRIZEITHIM7E Cre
REET, BRI FEICIDE HP RS —RITH S, 22T, AflER THLL
Cre JRELMFRIETHEDNIZ Cre RELALIRLIH R, mWHBIMEZRO BN
7= (Fig. 10A), £z, RMOFEE~— I —L L THFFSNAIME m1A REICD
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Figure 10 (A) Correlations between Cre concentrations measured by LC-MS/MS and
those determined using an optical enzymatic technique. (B) Correlations between m1A
and Cre concentrations in 19 patients with stage 2—5 CKD, as determined by LC-MS/MS.

INBDRERIT, KR, BHEREDIRAEE CKD JiiE L D BEMED W EEL
o UTx IREOWFE %, FIRFICHRFTRETHY | Ji BT OIR I EEBA S 1231
THRRY— e bz ba R LT,

feid T\ Fig. 11 IR R TROZIMIE Cre WREELS UTx JREEOHEBIBILR
Zd, InS & PS &, Cre LIEOMHEENH T3, > UTx ORFUTITAEBEMENX
ROLNIRNSTz, HERZ LT, #5540 CKD #E3E X, Cre BMEWIIH LT,
BT DVAVNFL720F55 TMAO X pCS M HEAEIREZRL T o, L7EA
ST ARKIW R, ZOXIREAEN RV A 295 CKD B O RMIFE LI
DAYV —=2 7L COTE AN C&D,
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Figure 11 Correlations between serum Cre (SCr) concentrations, determined

using an optical enzymatic technique, and uremic toxin (UTx) levels, determined
by liquid chromatography/tandem mass spectrometry (LC-MS/MS), in 19

patients with stage 2—5 chronic kidney disease (CKD).
fincludes lower than the limit of quantification (LOQ).

Ak, CKD BEF BT HHEFE RIS HE (estimated glemerular

filtration rate, eGFR) X ILIfLik Ik % & &

UTx EOFHEMEZEHTL: (Fig. 12, Fig. 13) .
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Figure 13 Correlations between estimated glomerular filtration rate (éGFR), based on the
Japanese population, and concentrations of analytes in 19 patients with stage 2—5 CKD,
as determined by LC-MS/MS. The formula is as follows: eGFR = 194 x SCr-1.09 X age-
0.287 where age is in years, SCr is in mg/dLs, and the GFR is in mI/min/1.73 m2 body surface
area. fincludes lower than the LOQ.
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Figure 12 Correlations between blood urea nitrogen concentrations, determined using an
enzymatic optical technique, and analyte concentrations in 19 patients with stage 2—5 CKD,
as determined by LC-MS/MS. fincludes lower than the LOQ.
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eGFR &13, m1A IZf2 T, InS DNEDOHBMER ED 572, InS EOFEEEMED
FEFEIX, Shu BIZEDBEHEFFEE TH-7- 45, — 7T, TMAO 1%, filid> UTx &
A CEHEREFREE L OFEBI MK > T2, ZHUE, BHEREFE MBS )b 59,
— D EBENFE LB WM REE R L2 EIER L, ZOFKELT, InS <
pCS 72 DEAIL, IBNME # I ERITKAFL THDH2, TMAO X, BFICHE
FNTNDTD 2, ZOEMEDZEICIDEDEZ R HD, ZOLEHIZ, CKD EED
ZIRICB VT, BEFOBEERIZICNZ 72, TMAO 728 UTx OGNt =
H—3, % UTx OAEFRBEBEOMIAL | TR 2 WA R FRIE . TRHHEB %
\ZED D REMED B D,
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RFETIT, IGNME#EE CKD HREOBMEMEEZ B K TS0, 3t 7 O
UTx ZHEX ST DN OmIEEZ LC-MS/MS [FRfE &R O Ea1T
72, LC #8587 5 % O HILIC 717 A0{bE iR MO RR R %
AT 572012, SS-C18 W T LZLDIvIARE—RI/a~< ' T7 —%ZF AU 8.
ZIVETEM TERD TR IEWEALFRIEE O UTx [FRFHT 3 ERM T&E T2,
IHIZ, BETORM RS UTx (IZHOWT, ZOLERNAEZ IS LLTHELEZE
(Z&D | ZRRZRE MK D~ N 7 280 RAAFIE AT DB R0 A EL CT& T2,

RO3Hr%%E, CKD BHE O MIFIZH A LR, @ UTx A3 E &
RETHLHIE, W —EOEE TIE, MIEI7L 7 F = EMENCH DL FUX
FNATI-NAFURRED UTx B0 EEZ R T2 ENHLNT R >T, 2
DZLiE, CKD EE T L, BEFEOBEEEREL 72, UTx OaFER7ZR[FRFE
=X —OEEMAZRBL TS,

P4, CKD BFE MO UTx ZRBEESE 72018, B N 3o 212 1 &
LIe BT 221G T IE DN E B S TnD, Bl 21X A RICE S ER 2R 3 A & 71
EWOEDOWMAEE B L RMEEIT S (4T 47 2) HLE B Co iR
AN EAV72 N AEARITH 3872 5 A R 38 O IR A (Rt S B B iy 2 B E 5 (7
LAAFT 47 R), T LIS v AT 47 A 1879 [RFEFDOFTERIRZ WL
PRS2 E R AST-120 Dt h- 5280 Z U TRFHIEWE & I DD EEHR
IR ET DR TG GRENEEND 81, REICIVEL-FIEIL, £hb
OB FAEHEL72 D UTx B SREFRAE L A [RI R |8 BTN AT REZR 72D | TRIERIE B¢
B WTH A A2y — LU UERTED, BlzIE, EEDIL, 200 RE AW
T, BERIFOIRIEIZHWONS SGLT [HEED —FTHLN T 7V T7ar 03 iy
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WM #EDEbEST-HT LT UTx OB REGTHIEER LT 82, Fio, bl
PRIGIETES B e k9~ om R — MFER A2 I E L7/ R oo PS %, Hi/c
BT % TR~ ——EU TR 46, ZOMICE | 272 BRI IE AL
TEY, REOWIL, ZNHO IR D EE R R Tho7z,

SS-C18 #T7 AL, AbAWBRINMEICE o720 | LOMEREN e UTx RIRFHT RO
FAFICLE IR CTEL0S, ENEFRIRHIIY VAR E—R I~ N T 7 4 — D IOERVERfE
FTRDOBNTLIBED AT = A LENT LDINRDOW ST ONWTY | SHIRDAFFEH B
Tho, Ikt Gm D ClogP & pKa L0, &ORREED T L 28 2 7 ] 7T HE
THoTZ AT LOALZERINEE LRFHEN 2 L0 9528 T, @b B i)
FASRIEORYUAEERITRY, UTx OH7ebT | B & DT FIR 53 BT OB
FIIERDEMIFFTED,
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% 2 T P PS ®/7u—TF AHUROIERIEE S ELISA ([ZX5ehd PS |

TE TR DR

1 &

i

CKD (%, #EITHEDOIRIETH L, B OZW - 1BIRIC L > TEDOHEIT O L3 7]
RETdHD 8384, HARIZIWT, B MG EE OB TROZ VW OIT, FEIRFEMEE
g FTHDI0 | BEIRINEE OIS ZOFIEY AT 95 @ W BFE O B 158 LI
b CTEEChD, BUE, BiR THOONL BEHREMEEEEL T, 7L T
SV IV T F =2 7T TV A CRERIRIEIR B MIRIRFBEFR RPT LTI &,
SAEF v C RRENFFLND, LLans, ZH OB HEREFRZ AL ThD
RABIE, BEIRERIR DO IR IBHERE DS FE L TWAZEZERL , B B hE I i
BNZHWDIZIEA R BIE CTh D, IRAT IV T IAREDNIER THDHIZHD 005
T BHEEME T T DREBIDFAET D7 JRP TV T IR E TIIER TER
PP OB FREEDFIELRESNTNVD, T2bb, TR THICE TR/ (4~
— A — DN ILETHD,

FEHT ATEETOMIEZEE T, B EF IO TGN ME 5 BRI O IR
NIRFED, B ICEB T D22 HOMICL TET, TR, EELOZES L —T 1%,
Eh OB g R PR A L 78 s AT v b (SLCO4CL MV AV ==v 7T h)
(ZARL TR R A Lo THE IR M B PR 2 5h Fe S MRERIAZ RN e — MRt 4
FEAT LT &2 A WE R I M B gl (2 B o 5 B B2 B &L LT MG AR &5 H R
UTx ®O—>Thd PS ZRELR 46, EHIZH 1 EICBWTHELZ UTx O—
FE R AR EB IR, K OWE PRI PEE IS 5 (362 A) Mfsicu A L7/ R,

t TCKD ZIHAART AL 2018 L0 MR “BEIRFIEEE" TN A BAMET V7 IV R 2DV EE GFR 728
T 92 I IR0 W PR B B R B & e e LT BRI PE R BN 2 RTRS TV D

33



e PS 25, IR T VT I IS b B L 4 PRI M B g 0 JRL RN K] 770> 5
BT~ — T —L720GHZ LB LT 46, £72, PS Ol REAH|#ET 5L
. B BEEFEOFHIGRIEIEN LIRS W LT 46, PS ORIEKME ThHoH7 =/
— i, BOREOIBNMENE 5T a7 /) — )T —FBIZksT, Friyv
MHAERKT S 8586, Frui T x /) — U7 —EIL, BEOFe R EITEFL TR
AR TRESRE ThD, 2 BUERFTERE Tl HE L TTFav v 28 Lo
TBEOMAREDIEINL TNDZEDD 8T, ZNHOHRREE PS O ifil i L2
DD BIEEDEEDALDDY, Z ORI AR SN SORDT B LEELESND,

FRIRIZIWT, PS il TR E 2R T 27201213, DI E &g s
THEMRROOND, ZNETICHRESN TS PS OEEHEMTEL UL, AiET
ST L7= LC-MS/MS DIFh, HAZu~h7T57 —= ultraviolet (UV) #Hi2i%
W HiELHD 43768890 Z NHDFEIT, RIREED D IEME TIZH D03, Mgk
W ODH AT DRI B D SEMES S RE S 725, — 05 C PRI x4~ D45 B
T ARZ R Lo 2 TIBIC LD ERTIE, 970bh ELISA 7ol &,
M, R, R AR ALBERE I AL, 8 AV BRI i R TR M CEOF R a A
T2, PIAIL AT OARRBVEL | DA EBFEEHTUR 2 Rk © 7 b B WIS
SNTEY, BRICBWTAZ) == 7T AL B R EICRE<HEBL TV D, UTx
ZRWTE, R InS ZEEICHRHT2HIESIAESILTODA 91 PS
(23X D FIRIIAFAEL QUVRh o T,

ZZTARETIE, KON PS Ot FEORKEMZ BFL. 5T PS £/
sa—F FREERIL  ELISA ([ckAbehfid PS HIEZRDBREZIT-7- (Fig.

14),
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P Competitive ELISA
. . o] @ / Bio-YKS19.2
Blood
Phenyl sulfate - s Generation of anti-PS
(PS) B> monoclonalantibody
/ = OOO D—‘%—DH
= = o @ o
CKD patients I ' ~ H”\O\j:?-s
_ s

Prescreening of the patients with high blood PS concentration by ELISA and
comparison to PS concentration determined by LC-MS/MS analysis

Figure 14 Overview of the phenyl sulfate analysis in human blood.

(SRS DPURRF RMEIT, B2 72 PS REEHLUAL DG ELISA (25~ T
BBNI LT, SHIZY Mk E /P Rk (phosphate buffered salts, PBS) &
M HZ BT DHURR EAEOEWE BB EMLIERBH I L Tl i ZeHt R HUA
PSS E L, &%I(Z, CKD & Mo PS JREZANIETHIEL
ELISA THHL, RIFEICTHELELZ LC-MS/MS 1L TR LZIRE L O g

IZXD, EEMEOZ L OW TR E N2 T2,
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w9 NS T OTY AL LR

7 /)= VORI EERETHS PS 1T o1 &N 174 OIRSFHLEMTHLT-
| T E RO IEIIARD TR, HFURLL THWSTZOIZIE, £F13Fv T8
IpBH R EOREEGIR (LLF, PS Yo —hed) ZERT 20BN H -
7o 1T, PS Ol iy, HERFUFIRE L THLEHERIL T, 5EFITB T,
PURRE D DR HEN AL BT v VT 2 B AR SEHTEN, Btk
WHIRZAERIT 2 ECOEEER>TND, LTZR3> T, PS ORUEBVBRD/RFALIC
FA—NEEHTD 4- AN AT T 2= REE (LT, PS-SH EF3) &5EICA K
L. ~7 8 flitE0Z4E# Tdhs N-(11-maleimidoundecanoyloxy)succinimides$

(LA, KMUS E759) 20T, SxUT X" 0BG SE T2 (Fig. 15),
B

NH2+ &Wt? —_— W :

KMUS KMU S-Protein

-
O===0

| Palystyrene-Ph,P 7

OH
/©/ 1. SG]‘F’Y. Py 45T, 2h a (2.39 mmaol/g) a===0
. : - it OO I —
g 2 KOH, iProH R 3"-;,/@/ s
| KO /Q/ over night s
e )

W |
PS-KMUS-Protein

Figure 15 Synthesis of PS-SH and conjugation with KMUS-activated carrier

proteins.

§ BT L AINELLE N-EROX U ATV U AIRTE T AT VA4S FOMIch b, 73Skt L g = 2
TIRBUGL SH HE& T~ AN ARG T3,
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PS-SH 3, B X @-tRuds7x=/1) P2VT7 4R e FEEEL BV it
BRI &S TT = /= VK IR B ARG S~ ST R N T 2= ViR AT 4 DL
PVUBHRBEMIKICE T, DALV TANRI G AR TS I G R RET
BT,

XX UT X NTEFIE, F—F— Xy h~ET T = (keyhole limpet
hemocyanin, KLH), 7/ 1fiLi&7 /173 (bovine serum albumin, BSA)., & 04
A7 V7I (ovalbumin, OVA) ZZNENHW, G 3 FiD PS av vy —hx
ERIL 7o, RETIX, e PS-KMUS-KLH, PS-KMUS-BSA, &' PS-
KMUS-OVA &L, LABEOSEGUR X%, A7) —=27" ELISA HOEFEHR
ELTREMLT,
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% 3 it PS £/ /u—F A HURDIER

RIEICIERIL7Z 3 »Dar Yo —rdHh S RMEN KL E LV PS-KMUS-
KLH Zpife L CGEEL, Th2 B EMKISZ5 SR ILTVvesnd BALB/e
~URERPERE EELTRINL, B2 R ORERTaA ANV av M v
HRER, JEEN~ PS-KMUS-KLH #iBi16aE L7z, 7Y 2\ U MREA DT —
AN GO T, G 3 BORPEEFERMLIZLZA, & PS av vy —NIxt3%
MAEFURM O LR ZMEEE LTz (7 —2FEHa#), 2o LTz~ D 20 PIgHI I 2
HL., v~ AIze—~fildtD A7 VR —~<Z/EHR L 7=, Hypoxanthine-
aminopterin-thymidine (HAT) ¥5Hik5 28 1T K28 R1% | H5 0 B2 v [#4E
ELISA [Cko TRV —=0 7% 3L 7o, KLH (2SI 25 % FR<T=01Z, PS-
KMUS-BSA., ' PS-KMUS-OVA % ELISA OREFUFEIZHWZ, 20 TFE%,
ML C 2 [BIFEMELZAER, G 721 well OBEAMBELNTZ, ZDOH | GPEE
FRARIZL T 1 BE ORI —=2770I13Er 96 well, 2 Bl HDOAZ)—=2 7 bi!
24 well ZREL, SHIZ 3 FED PS ar Vol — U700V — LD
PEZADINC LTz, ZOFER, §F 12 well (X, PS 22 Yo7 —MIRL TO A, 5<
BOSTHZENHB LI, IRWT, ZhbDan=—%[RRHERI/m—= 712K L7z
%, KR LiEE AV LE ELISA 12X~ T, &7a— U RNEAETHHED PS
(XTI Z IO LT, IS, 2 DDA T IR =< 70— IA R,
ENENDPEATHE/ 7u—F LV HilkEeZh i YK33.1 KT YKS19.2 L
AUl MPURZT AV ZAC L T UG, MO 7 7T 23~ U X IgGl/k T
HoT,
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% 4 fi Bi5 ELISA ([R5t PS £ /27u—F L HuRO R EMEFHE

TaTAy G HT7ATTRERLE YK33.1 KO YKS19.2 @, HUR R M2 5T
liLiz, £9°. 3 D PS ==y —b RO, KMUS VoI —iEia AV ELOFy
VT2 XN 58 E R EE ELISA (2 CHLMZLT: (Fig. 16A, B), i
PUASLIZ, PS a0 V2l =ML TOHRIRWEEEMEERL, FX U720 "I X
TV =% LT XY VT Z BT FEAEREE LN D o7z, IR
T, PS LU —EAEAS FURGERREAL L7 > TOD RIREMEZ BRST2DIT, PS &%y
VT B _YEEDY Ty —% a7 VT G KRN KMUS J0EWT L% LR
WiEEZTNZENAT D succinimidyl trans-4-(maleimidylmethyl) cyclohexane-
1-carboxylate (SMCC) XIX 4-maleimidobutyric acid N-hydroxysuccinimide
ester (GMBS) (ZAH L= PS =y — R MAfFILT-, YK33.1 KUY YKS19.2
(. VT —=DAR—H =7 — LG LT HEBALRIZ, PS a2 Y= —hEGRO
H% L= (Fig. 16C, D), ZIHDFERMNS, PS v v —NMIBITS PS #idk
HAS, MPUARIZE > T MAHDHUFRRREINL LR STz,
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Figure 16 Reactivity of hybridoma culture supernatant (clone YK33.1 and
clone YKS19.2) with PS conjugates with various carrier proteins and linkers.
Hybridoma culture supernatants (50 uL; A, C, clone YK33.1; B, D, clone
YKS19.2) were incubated with various PS conjugates (A, B, 10 pg/mL, n = 1;
C, D, 5 pg/mL, n = 3) coated on 96-well microplates in 50 uL volume followed
by an HRP-conjugated polyclonal antibody. Bound mAbs were visualized

using TMB substrates and measured on a plate reader. Bars indicate means
+ SE (C, D).

Iz, BHE ELISA (I2X- T, PS (T D& AR ~-, e 4T 71kl
7~mHAR (LU, Bio-YK33.1 &Y Bio-YKS19.2 L#:4) 12ktLT. PBS #o»
K PS F.PS-SMCC-BSA =y =/—hepflEGAZE H L (Fig. 17A,

B),
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Figure 17 Competitive inhibition curves
of PS and its analogous compounds in PBS,
human plasma, and serum.

Prior to incubation with Bio-YK33.1 mAb
(A, C) or Bio-YKS19.2 mAb (B, D, E), free
competitors in PBS (A, B), human pooled
plasma (C, D), or serum (E) were added to
PS-SMCC-BSA-coated microplates at the
indicated concentrations. B and By indicate
absorbance in the presence and absence of
competitors, respectively. Each B/Bo is

represented as the mean of three wells.
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ICs0 1%, Bio-YK33.1 & O Bio-YKS19.2 Z# 4 100 pg/mL } T8 250
ng/mL THo7-, I, WHRD PS (ZxF9 2HURE RO KO fET D725 |
Fig. 18 12/~ 3 PS #EHMUAL InS (2k9 25 PBS O GMEA ML E

ELISA (2Lvif~7= (Fig. 17A, B),

o
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Figure 18 Molecular structures of PS and its analogous compounds.

oCS, owresyl sulfate; pNPS, pmitrophenyl sulfate; pCPS, p-chlorophenyl
sulfate; QS, quinolinol sulfate; 1INS, 1-naphthol sulfate; 2NS, 2-naphthol
sulfate; 4MUS, 4-methylumbelliferyl sulfate; InS; indoxyl sulfate; pCS, p-

cresyl sulfate

ZOFER., MPLRLL, p=br7 ==/ Uil# (pnitrophenyl sulfate, pNPS). p
JLPVEREE (peresyl sulfate, pCS). o 7L U /VHilE (ocresyl sulfate, oCS). 4-
AF N Y7 U )VEREE (4-methylumbelliferyl sulfate, 4MUS), XY 1-F-7h

— UHil% (1-naphthol sulfate, INS) (%L CTAZEMINEZE R L, PS IDHEW
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ICs0 T -7z (Fig. 17A, B), Bio-YK33.1 D4, 2-F7h—/LHil2 (2-naphthol
sulfate, 2NS), pCS, X ¥ p7un” ==L (p-chlorophenyl sulfate, pCPS)
WL COREM A2 R~ LTz, —F5 T, InS &% /U /— VHilE (quinolinol
sulfate, QS) (XL Tl SIGPEMEWZ E 572, 2B BiL, WHTAA,
PS ol (NoBUBRKOHIRER) 28T 2L aWmEilikl, AN — VR T 7
HL o OREIE LT X ATRE T DR RR LT,
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55 ffi ERYEE RN E I AR R B B R

AL T o BATIR, RGBT ORE % 7208 HUR-HUR RS589 % 7T 6E
PR B2 9295, FRKICHZBEL ., EMLE R NIE~ N v 7 2 FICEB1T5H, PS KT
AT DAL A I T D OGHED 2 bz L ELISA (IZXk - TH~7/z, Bio-
YKS19.2 1%, PBS Hrllbiizl €, ehHER QLI T, PS 12k DR
PE2N, BRIz EL7z (Fig. 17D, E), PS J0HAKW ICs Z/RkL7=bDik, ERDON
RPEAL S EL TSI TRV oCS ITHL TO A TH -T2 (Table 7),

Table 7 Cross-reactivity of YKS19.2 mAb with PS and its analogous compounds
IC,, (ug/mL)

Compound PBS Plasma
o-Cresyl sulfate 54.3 13.0
pNitorophenyl sulfate 7.5 >100
p-Chlorophenyl sulfate 48.3 >100
Quinolinol sulfate 434.7 >100
Phenyl sulfate 275.9 29.7
1-Naphthol sulfate 179.4 >100
2-Naphthol sulfate >500 >100
4-Methylumbelliferyl sulfate 139.3 >100
Indoxyl sulfate >500 >100
pCresyl sulfate 278.1 >100

The IC,, of PS and its analogs was determined by inhibition ELISA (Fig. 3) using Bio-

YKS19.2 mAb in PBS and plasma matrix (n = 3) in the range of 1, 10, 50, 100, 250, and 500
pg/mLor 1, 5, 10, 25, 50, and 100 ug/mL, respectively.

—J77C, Bio-YK33.1 @ PS (ZxF 9 2HFEMEIT, e MIAEF TRESEL L)
7= (Fig. 170), &H12, YKS19.2 O iiEHIcEB TS PS Feikikm EoZ kix, ¥

U7 BN R AEMETR (PS-KMUS-OVA &8 PS-KMUS-KLH =
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27 —h) ZEALZSE Th, Blgisn/z (Fig. 19A, C), PBS HUTZHWT, b
FROEOGMEZ R LT pNPS SO RUGHEIE, MEH CIHE FL (Fig. 19B, D),

A B
PSvs. PS-KMUS-0VA phPS vs. PS-KMUS-OVA
120% 120%
80P 808
2 =}
e} &
o —8—Serum & —&—Serum
40Py 4P
—4—PB5 ——PBS
0% T 1 0% - T T T T T T TTTTITm
1 10 100 1 10 100
pgimL pgimL
c PSvs. PSKMUSKLH D pNPS vs. PSKMUS-KLH
120% 120%
B0 8%
[=] [=]
m [us]
& —8—Serum & —8—Serum
A% A0%
—A—PBS —A—PBS
0% - — ——rrrm 0% =
1 10 100 1 10 100
pg/mL pg/mL

Figure 19 Effect of matrixes on competitive inhibition curves of PS and pNPS.

Prior to the incubation with Bio-YKS19.2 mAb, free competitors (A, C, PS; B, D,
pNPS) in human pooled serum were added in PS-KMUS-OVA (A, B) or -KMUS-KLH
(C, D)-coated microplates at indicated concentrations. B and Bo indicate the
absorbance in the presence and absence of competitors, respectively. Each B/Bo is

represented as the mean of three wells.

T, Bio-YKS19.2 IZ8IFAZ DR ML, R BRIy~ ) v 7 228D
HONEINE TRz, EOFRER ., PS (kAR B B2y BT, e L TE & OV
FEZE A OLOTHY, b~ AMBED R BRI EE RIES -7 (Fig. 20),
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120%
O5%HSA

80% - A Monkey
X Mouse

BB,
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40% -

0% ———TrrT — T
1 10 100
PS (pg/mL)

Figure 20 Competitive inhibition curves of PS in 5%human serum albumin (HSA)-
containing PBS, monkey, mouse, and human plasma as assayed in inhibition ELISA

using Bio-YKS19.2 mAb.
Assayed using Bio-YKS19.2 mAb as in Figure 3, except for 5%HSA, monkey, and mouse

plasma.

ZORNBRE AT EARS FERIRRT D200, AR AR L 7B A LU T-E
Mg~ w7 2% A EL., FERICILEfRRA2/ERIL7-, Fig. 21 ([ORLZXIIT, BB
ORI RLERLU T AR SV, PS FREMN WM E T A RNE LA LT,

120%

80% A

BB,

40% A

0% — ——
10 100 500

PS (ng/mL)

Figure 21 Competitive inhibition curve of PS in protein-depleted human plasma as

assayed in inhibition ELISA using Bio-YKS19.2 mAb.
Assayed using Bio-YKS19.2 mAb as in Figure 3, except for protein-depleted human

plasma.
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ZOFERIL PS K OVEOFBURE MR & 7B EOF EAEAD, Bio-YKS19.2
D PS FrEMER BICEEREEZHS TWAZEE R LT, LT T, IiE LT
MRS S B ICEENDLZNTED 1 D THLT VT IV, FRitEm ki
FHHELEDINEI N ERFELTZ, Fig. 20 ([Z/RL7Z#EY ., 5% MIiET V7 I
(human serum albumin, HSA) & PBS ik 1 Tk, 8422 b3 w720z
D, TNTIW, BioYKS19.2 @ PS Refb) RICF 555570 "0 ThDH ]
REMEIRWEZ R BND, MDZ LRI Ea 3D | S ERSOIRDENT LB THD,

RNT, mREACIZ T 7o G 21T o 72, ZIVE TICHUR-PUR RS AR 5
FE LU T, A A AT ETE A2 M SUEHT RN 2 5 1ER MBI TS % L
TeD3o T, ARHITIE, Tween 20 #ANMIEFEHZI TS Bio-YKS19.2 @ PS #f
BRI Zx 9 BN A RET U T2, FEUSIEEE LT IR 0.05% &% Y 0.1% Tween
20 MiEI%, ICs0 Z#F N 14.3 KT 15.3 pg/mL £THA &~ (Table 8),
RO Bomax) (3. AR 0.1%IREICIH W TR KEEARLIZZEND, LIk
DRFHIILZOREZE Vo, Tween 20 23R R IZ G 2 5L FIL, ED
TIFRWD, FURRL T L — M A UL IR A S ORI R T 5B 2 b,
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Table 8 Effect of Tween 20 on the sensitivity of ELISA using Bio-YKS19.2
mAb

Tween 20 final Conc. IC,, By,
% ug/mL

0 76.8 0.1211

0.01 23.8 0.2571

0.05 14.3 0.4015

0.1 15.3 0.5420

0.5 20.9 0.4733

1 22.6 0.4034

2.5 30.1 0.3747

5 43.9 0.4096

The IC, and B were determined in human pooled serum by inhibition ELISA using Bio-
YKS19.2 mAb in the range of 5, 10, and 100 ug/mL PS as in Figure 3 (n = 3), except for the
addition of Tween 20 in a reaction buffer of Bio-YKS19.2 mAb at the indicated
concentration.

MBI TH RO RDFEO O, FMyF LRI PS (T4 2%k J ik m L

NRNT A DB -2 727> 7= (Table 9),

Table 9 Cross-reactivity of YKS19.2 mAb with PS and its analogous
compounds

IC,, (ug/mL)

Compound Plasma + Tween20 Serum + Tween20
oCresyl sulfate 8.0 4.4
pNitorophenyl sulfate 52.1 57.2
p-Chlorophenyl sulfate >100 >100
Quinolinol sulfate >100 >100
Phenyl sulfate 24.4 10.4
1-Naphthol sulfate >100 >100
2-Naphthol sulfate >100 >100
4-Methylumbelliferyl sulfate >100 >100
Indoxyl sulfate >100 >100
pCresyl sulfate >100 >100

The IC, ) was determined by inhibition ELISA in human pooled serum and plasma using
Bio-YKS19.2 mAb in the range of 1, 5, 10, 25, 50, and 100 pg/mL PS as in Figure 3 (n = 3),
except for the addition of 0.1% Tween 20 in a reaction buffer of Bio-YKS19.2 mAb.
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Bio-YKS19.2 DI & OMiFIZH1T5 PS (2 T2 EMBRE Fig. 22 (IR
L7z, i PS oMHRAIE, 2.5 ng / mL (AF=2—F b t #HE . n= 3. p

<0.05 vs. Bof) &EHE ST,

A B
Plasma Serum
120% 120%
y = -0.183In(x) + 1.0946 y = -0.181In(x) + 0.9246
100% D R* =0.96 100% R* =0.9863
i ﬂ-.__
80% - .
.. © 80% B
f o f o -@
S 60% S 60% -
e o
40% - A0% - .
-
o
[
20% 4 20% - ®.
o
0% y——r—r—r—rrrrT ———r—rr—rrr
0% ——rrrer ———rrrr
1 10 100 1 10 100
PS (pg/mL) PS (ug/mL)

Figure 22 Calibration curve of indirect ELISA using Bio-YKS19.2 mAb for PS.

(A) Result from using PS-spiked plasma samples as a competitor. Plates were coated
with 25 ng PS-SMCC-BSA per well and Bio-YKS19.2 mAb was diluted at 0.5 pg/mL
in 1%Tween20. (B) Result from using PS-spiked serum samples as a competitor.
Plates were coated with 25 ng PS-SMCC-BSA per well and Bio-YKS19.2 mAb was
diluted at 0.5 pg/mL in 0.2%Tween20. Each point represents the mean+SE (n = 3).
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# 6 fii CKD B&MmiEHD PS EEKFE DM

Bio-YKS19.2 ZbhfiFs PS HIEIEICHESSEAH-DIC, gz CcHWE 19
4> CKD BE&EMiGEE AW, fL5E ELISA ICTCHHLZ PS #EEL LC-
MS/MS THHLZEELDOEEZTT-7- (Fig. 23),

20
O Stage 2
R? = 0.8605 O Zstages
* Stage 4
15 - [ Stage 5
2]
=
S 10 _
E X x
= 5 O
o ﬂD
Oﬂ
%
0 g A

0 10 20 30 40 50 60 70
PS (ug/mL)_Inhibition ELISA

Figure 23 Correlation of serum PS levels determined by both a developed ELISA
and a validated LC-MS/MS method.

The same serum samples from 19 stage 2—5 CKD patients were determined by
inhibition ELISA using Bio-YKS19.2 mAb (x-axis) and an LC-MS/MS method
(y-axis). The correlation coefficient (R2) was 0.8605 (p < 0.001).

W FETRO PS RET, RAFRMABEREGRI LN (R2=0.86), LaL. [H
% ELISA T:R7z PS X, LC-MS/MS TR®OMEIVEEBEZ 4 fFEn
EE7Ro7c, ZORROFELWER T, BB TIXRW 23, Bio-YKS19.2 728 PS &
A —ZF @2 R T RO M A 531126 LT R ZERICZ R ULIZ AT RN B 2 Hivd,

FLLIT, AT OFE R I, DX 7B D Bio-YKS19.2 & PS O SHEICE
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I HIEDRBIN TS, CKD BEOHEIRRE (K72 A X MIE) A3, H
EN BT AR B A b iTe, ZOTEZFEMNITARGE T A7, KRB IREFRIE
D—DTHDOHMIGHRL L NITERE R RNT VT IV REEL PS HIEREEEZMEATL
7273, B IR b o7- (Fig. 24),

b
m

10 10
R* = 0.0065 R?= 0.0869
- @8
T o =
E L °| =
3
s | R ° < o
o 5 o £ 5-
: ;|
1 — | E—
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
PS (ug/mL)_Inhibition ELISA PS (ug/mL)_Inhibition ELISA

Figure 24 Correlation of serum PS levels determined by a developed ELISA and the
levels of serum total protein or albumin in CKD patient serum.

(A) Serum PS levels in CKD patients were determined by inhibition ELISA using
Bio-YKS19.2 mAb (x-axis) and the serum total protein levels were determined by
FUJI DRI-CHEM system (y-axis). (B) Serum PS levels in CKD patients were
determined by inhibition ELISA using Bio-YKS19.2 mAb (x-axis) and the serum
albumin levels were determined by FUJI DRI-CHEM system (y-axis).

(ZXE DR RS E D MK FC S 12 Lo Tl o8 F RLIE, HIE R A+

FI D ETHMOTZD, ZHZBDLEES T OBTF IOV TL SBRSHFZEN
WEETHD,
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ARBETIL, BERIFHEBIED T THIS°, CKD O B2~ — I —& L THIfFS
NOEWNHIEBEK UTx @ PS ([ZoWTHHL, TO M P RELZIE TEL ML
FHITFEOWEZ AL LT, 5T PS PUAZG57200 ZIRINT T 2T %
AL, PS &R ELETS 2 oE /7 —F L Hiik, YK33.1 &
YKS19.2 ZERLT-, £kx 72 PS FEUALDOBiE ELISA ([2X- T, YKS19.2 23,
EMALFIZEBWTO A, PS (2T DR MM BT D8 A2 R LT, o, B
ELISA (2B 5—RBEA SUNDERIZ . FEAA AR mIEHAITHDH Tween 20 %
IR 0. 1% ETIRINT 58, MHIRED 7—8 ML, MG+ PS 2kt
4% Bio-YKS19.2 M\ /=54 ELISA OFLEMH#RIZ. 1—100 pg/mL O#IPI TR
7R EAEE R (ICso : 10.4 png/mL), CKD BE M D PS 2 EEHIE A P RE/ R
HIRE L HEE LT, LC-MS/MS T:Reiz PS EEMEEDBICLY, AR E &I
DB PEIZ DWW THRAELZRE R . mANTRAHE 72000 #ixtiin, BXL% 4
EREESEEINDZEN T, ZORKRITHLNIZES TR A YKS19.2
2 PS LR —ZF@EZ R T RAOMA 75 F 12X LT, R BRI E R LT AT REME N
2 BID, IR Z RIS B L TV LT, PS I REOHIE N AR TH
HIEND, AFURIL, TNHEAEEL TR TES TH PS FHUARA) (LT M
F PSS EMEREAEEREOEIKFI AN ATRE Th D, /o, AT CTHEEL. LC-
MS/MS (2L 2kE% 7 UTx & FEaI i A 5 SRR B A %, R,
T 50D TREELL TCOISHBBFRFTED, A4 %I, BIREHIZIB W TESHITLT
FLWF Y MER RGE, SRR D88 H T IE DR Z D T2 ET, PS
NIt PS BRUARYY — =0 7% JO IR K RTREE L B RT3 LB I8eos D T- 1% 72 It
R CKD &N AHEE # O BRI D FENT ICb LS E iR s LD, Ll YKS19.2
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DOerMILPIZEITE PS BERMEDEEFDEALSSFIT DN T, ISR DN
LD, ZOREICIE., I EIEeF Uk 7 aT 437 A, Ay M8 B AR i
Witz O T2 KD e R 2= RO MEAL BT 72 E s . A A FEEE 26
7=,
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% 3 ' 2PA ZEFRNAEF LC-MS/MS % W -GN A B E A VAR oL
G A O HERER R E B ORHEEE

1 &

Rl

ENAIE L, PS &t 1 EOSHRIZMOIORAER UTx ZEAT
%73, K 1,000 f&, 100 JKEEDME OIS NDILEND 2, — DDl
EPFSNDIEE DFF ED = AL — R RE I B E R R B A H - TVD 14, F e,
TURARYEEZR B TNT SCFA K UM R—/L-3-[EfiZ (indole-3-acetic acid, IAA) %
PEAT D120 72K 16 EO SR BN O IR G- LT 269597, IHIHER | AR,
BV TAA 1, ZNENZLOMRBHRIE CHREREEIZHI S T THDHID, T4 A
PNAF =V AR EIC L DAL, B BEZ B TRk 2 R BRI F 5 LG5 409698,
EHIL, INLOEEFIZHVRF UV IEF T L@ AN B EICE B L. (Fig.
25).

Fatty acid

Saturated fatty acid
EX. Stearicacid

Unsaturated fatty acid
EX. Oleic acid

Short chain fatty acid
EX. Butyric acid

Bile acid

Ex. Chenodeoxycholic acid

Figure 25 Chemical structures of fatty acids, bile acids, and indole-3-acetic acid
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T EELIX, 7T =0 B RN SPF-RF ~UADAX R — MENTIZE - T,
a— L% (cholic acid, CA) 72E DIRHEEDIIN, BIREE, L ONT =T B VR E
DREE NIV RF LNV A RF O O | B IR E L D8 2 M bR B iz
HGNZL TG 42, — 5T, GF-RF vV R(ZEWTIL, 2O I R E OB A
OB | B EORELIVERML 42, 2O/, ILRFs
VIS A RBED D, BEEOET, BHLIIMRE IV T AT LLO A PR RE
BT ZLBREBL TS, LTS T VAT UV IS H A2 I 25
AT FIET, BEEREL G N I # E O BIRIED S HRDIERICH M &S A7,

LC-MS/MS (%, &5 FALEMNT LT BN TR LISV EIRMEZ A 35720
A RO AR FEDIEAER 72 FEE IR0 D D8 5 99100, LSe35, AZARmr— AT,
SR DL AT Iy 7L D EBRRNEE S, FEH IS ARIRT0 | MR & IEfER
TERIEE A TN R OMESUT, FEEICHEETH D, Frio, MS i, ot
EATACSHDVEDRHLHD, ZDRRICAET DN 7 AN RN E Bl Rl 2
ERIFETENMEE2D, 2D, LC-MS # W= ERIEZHETIHA. N
KIH: « SMRPEZ [ Z<DERIE T, LERNLIAZ NEEREME L LT 5L R
MEtvs, L, Tl ZERALAIL, IEFITEMTHY o2 TOILEMmITHo
WCTEERN ARSI TSI TiERWad, ARBEREERZ L5, -,
~ N7 2 RAMEIT 5 EE LT LC 7ML BEANDEEE /DN, i
bR 1= N T T 0 — T WS RV RO S B MR L S O TREF 8
INEEL72%,

ER U7 RHL T 2 FiEO— 2L T, Tt b MO BRI 5
Fr 7ot ROGEFIH LTz CIL-LC-MS/MS 723%% 101-104 = D 5 yE Tl Bk
AL 2D ZE RN AL, T 28 BHIE A L, £ 0EMEE LC-
MS/MS (Zfft32& T, AWDO~ R w7 2B BAAH E L7t FE R 728 xf & )3 vl B
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725101 SHIZ, T ab B O BT EIA A AL () o b&ebi, BiK
MamHbHIET, W a~ ' T7 40— BT AR ERL S B RE D W E N B L HIFFC
&% 101, ZIETIT, DVRFI N EEE RS L LT CIL-LC-MS 23, EEFEnHi T
% 105110, U773 22 € [ ARG S T RS AL Cuveny B LIEIER 128
FTHY R LUSITR AT 2 RHZET 5720 ZRALIITIIRAE ThH o7,
— 5, M, Al D OdGEIC NV RF VA E R L TEDRIELL T, 2PA
PAH LS 2 HNHH 1-18 ZOZ ERINRRIEIZ OV T, fscomiia s #s
HENTVRD T2,

LI TAETIEL, £7° 2PA OLERNAE W CIL-LC-MS/MS ZHEEEL |
JE PR B 3 2N AT ERSBR D D MBI IE il . TAA oD el FR A7 fH e i B B
FELTo, Fe T ARIEOHF AYERGEDT=D . 4 FEDO~Y A (SPF =i hr—/L SPF-
RF. GF = ba— L, KON GF-RF) oI, #, 5EHNEYZE5HTL, CKD L5
WHIE RS TN E EORBHIH =0T EIZ O W THLZL: (Fig. 26), .

AREDOWES G A O FHEE ROV TE, ERIHEZZ RIS,
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Figure 26 (A) 2PA derivatization reaction of carboxylic acid-containing
metabolites. TPP: triphenylphosphine, DPDS: 2,2-dipyridyl disulfide (B)
Workflow of differential analysis of carboxyl-containing metabolites for
plasma, feces, and cecal contents from 4 groups of mice.
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% 2 Hi 2 PA KBRS DE R

fifiE, DD Zfl7e CIL-LC-MS/MS 73, Z ik 2 M E 3 5355 12I3FE
WA ERD, 2PA X, ZIVETICHIRME L USRI DR 2 Ie ViR vV R B A
fbAMIRT 2555 KL LC-MS (2 S T\d 11-113) 2PA X, 10 43 THL
REVNVEEHIEMEDRIERTE T T2, BN IBEZ 0.16 ¥/mg LIFHE
\ZZATH D, 7EOF| b, BifARye CIL fA3EZ 2 6z, Lol ZRET
(2 2PA D EKFEFAAZ HV -, CIL-LC-MS/MS [3#EShTEL Y, - &
KB A TRRETHoTZ, 22T AETIELH 1 O mlA-d AEkE
[FERIC Sajiki HIZK> TSN, A — A& AR AW - B KRB S %
FIVNT 7274, 2-picolylamine-ds (AT, 2PA-ds LF5T) DAKEIT-72, FRIZ, BV
ACE DI UT-REH A 4, 2PA-ds DA FRITHE A TEHEHERIL T,

SMAREEDOD LK EFEKFED H-D RELUSIZH WD A s L <, Pd/C
& Pt/IC DIRAFEMPAENTHLEDOW|EITHDE 14, —BH OFURITIE, 2PA 12
XFLT, 10%Pd/C & 5%Pt/C %, ZALE1L 10 wt%& 20 wt%DEIG TIRGLICH
DEH LTz, 7 —2FTRL TRV, FUGTREZ 120°C, 160°CE EH-SEDE,
FETDERDN ds K, di IR~EE(ELTE, 180°CIZB W THML G TH S
ds RDMVERLTE (ZAVLL EOIREE T, SRR MER T 2N R bo7-72 | MGt
L7ehot2), LinL, RSB D, MS A A AT MUVIREE AR LI-EZ A, d, KK
O &5 KDBENZIVR 5% K K 20% R EFRAFL TRV, BHKRESOEZ 0
W N DoT, IREGREZ WD L, ROSZ#RD IR I 2PA-ds DAF B —
JEREEDA L BIAEY (m/z 125—126) LHEEISNDAA B — 7 FREE RS INLTZ,
ZZT, ZBEHORISIZIL, 5%Pt/IC DAzl U THWZAE R, 95%LL LD HEIK
FIREABTD do WAL, BIER DR EE B/ NRICIMA HZENTET
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(Fig. 27), 77005 2PA-ds %, 2723 KIC K55 2 MIOMDIRLS THESIZ
BRRTET, S6IT, RUSICHWZ A@ R X, 740 7 —JRiE & (B, FHA
AIRECTHDHIEL . ZOHIEDOR R ThoTz, ZORUGRIE, Moo CIL #3450, LC-
MS M OB 2R EME A RRICHIS A FTREL B 2 615,

10%Pd/C (10 Wt) Ny .
HeN NS + 5% PY/C (20 wt%) 5% PUC (40 wt%) HoN X
| - - "7
~ H,, D,0, 180°C, 120 h Hz D,0, 180°C, 120 h DTN D
D
2-picolylamine 2PA-d,
(2PA)

Figure 27 Synthesis of 2-picolylamine-ds from 2-picolylamine.
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% 3 fiii LC &Ikt

NEWGER-CRET IR IE, AR T & B RIS AR T DT, s~ T TT7 44—
HENEZE L2, AREITIL, 2 8B O T WiHE D7 LIk 200K 11705
bW, Tt LR Kk OV OREE RER TH LAY EERICOW T, LC B
RO AR pH, K ONE I ARSI E AL, 2B R 2T ML 7z, BEHIC
fivy 115 VA BEIC 1T, MeCN & TPA OiRIEZ AV -, BEIFIC 0.1%8F
VIv) ZIN DL, JOFRRE — 223 5541, sBEses m EL- (Fig. 28), Zh
UL EDmE, 37005 0.3%DEFEEARINSC 0.1%DFEEIRINNE, 717 LD O% H N H
LM, B BRI L LT, ZHUE, 2PA OAF LRI EI S HANTER 55 0
EZZ DI, (RFFRE, ©— 2Tk FEBLEA BEL . RAEHICBEIE A & 10
mmol/L: §ifg7 o E=7 2. (AcONHy) Z 5T 0.1%EFKIER., BEFE B &

0.1%MFfE MeCN/TPA (viv = 1:1) IZHEL ., LLEORKHZ1To7-,
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A 0.1% AcOH

g tr: 2.90 Propanoic acid-2PA
I
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Figure 28 Comparison of SRM chromatograms of propanoic acid and butyric
acid obtained from pooled mouse plasma.

The experimental conditions were as follows: (A) 0.1%acetic acid added to the
mobile phase, (B) 0.3%acetic acid added to the mobile phase, and (C) 0.1%
formic acid added to the mobile phase.
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Table 10 SRM transitions and compound-dependent parameters for CIL-LC-
MS/MS analyses of the analytes

M+2PA M+2PA-ds

Analyte (abbreviation) QL Q3 (/) Gb Slens (V) QL(md Q3 (md) G Slens (V)

Cholic acid (cA) 499.5  109.0 20 180 5055 1150 20 180
a-muricholic acid (aMCA) 499.5 109.0 20 180 505.5 115.0 20 180
B-muricholic acid (bMCA) 499.5  109.0 20 180 5055 1150 20 180
w-muricholic acid (wMCA) 499.5  109.0 20 180 505.5 1150 20 180
Hyocholic acid (HCA) 499.5 109.0 20 180 505.5 115.0 20 180
Hyodeoxycholic acid (HDCA) 483.5  109.0 20 180 489.5 1150 20 180
Chenodeoxycholic acid (CDCA) 483.5  109.0 20 180 489.5 1150 20 180
Ursodeoxycholic acid (UDCA) 483.5  109.0 20 180 489.5 1150 20 180
Deoxycholic acid (DCA) 483.5  109.0 20 180 489.5 1150 20 180
Lithocholic acid (LCA) 467.5 109.0 20 180 473.5 115.0 20 180
Glycocholic acid (GcA) 556.6 109.0 20 180 562.6 115.0 20 180
Glyco-a-muricholic acid (GaMCA) 556.6 109.0 20 180 562.6 115.0 20 180
Glyco-B-muricholic acid (GbMCA) 556.6 109.0 20 180 562.6 115.0 20 180
Glycohyocholic acid (GHCA) 556.6 109.0 20 180 562.6 115.0 20 180
Glycohyodeoxycholic acid (GHDCA) 540.6 109.0 20 180 546.6 115.0 20 180
Glycochenodeoxycholic acid (GCDCA) 540.6 109.0 20 180 546.6 115.0 20 180
Glycoursodeoxycholic acid (GUDCA) 540.6 109.0 20 180 546.6 115.0 20 180
Glycodeoxycholic acid (GDCA) 540.6 109.0 20 180 546.6 115.0 20 180
Glycolithocholic acid (GLCA) 524.6 109.0 20 180 530.6 115.0 20 180
Propanoic acid (C3:0) 165.1 109.0 12 55 171.1 115.0 12 55
Propanoic acid-ds (C8:0-d5)  170.1 1100 14 55 176.2  116.0 14 55
Butyric acid (C4:0) 179.1 109.0 12 66 185.1 115.0 12 66
Butyric acid-d; (C4:0-d7) 186.2 110.0 14 66 192.2 116.0 14 66
Lauric acid (C12:0) 291.1 109.0 18 120 297.2 115.0 18 120
Myristic acid (C14:0) 319.3 109.0 18 119 325.3 115.0 18 119
Palmitic acid (C16:0) 347.3 109.0 18 119 353.3 115.0 18 120
Palmitoleic acid (C16:1) 345.3 109.0 18 120 351.2 115.0 18 100
Stearic acid (C18:0) 375.3 109.0 18 145 381.4 115.0 18 147
Oleic acid (C18:1) 373.1 109.0 18 140 379.4 115.0 18 148
Arachidic acid (C20:0) 403.4 109.0 18 151 409.4 115.0 18 150
Lignoceric acid (C24:0) 459.4 109.0 18 164 465.5 115.0 18 174
Nervonic acid (C24:1) 457.4 109.0 18 180 463.5 115.0 18 190
Linoleic acid (C18:2) 371.3 109.0 18 136 377.3 115.0 16 120
a-Linolenic acid (C18:3n-3) 369.3 109.0 19 90 375.2 1150 22 100
y-Linolenic acid (C18:3n-6) 369.3 109.0 19 90 375.2 1150 22 100
Stearidonic acid (C18:4) 367.3 109.0 18 130 373.1 115.0 18 110
Dihomo-y-Linolenic acid (C20:3) 397.3 109.0 18 150 403.4 115.0 18 147
Arachidonic acid (C20:4) 395.3 109.0 18 105 401.3 115.0 18 82
Eicosapentaenoic acid (C20:5) 393.2 109.0 18 130 399.3 115.0 18 110
Adrenic acid (C22:4) 423.4 109.0 18 156 429.4 115.0 16 160
Docosapentaenoic acid (C22:5) 421.3 109.0 18 152 427.4 115.0 16 150
Docosahexaenoic acid (C22:6) 419.3 109.0 18 153 425.4 115.0 16 145
Indole-3-acetic acid (1AA) 266.1 109.0 19 100 272.2 115.0 19 108

CE; Collison energy
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(A) Without derivatization
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Figure 29 SRM chromatograms and signal intensities of propanoic acid and butyric
acid.

(A) The QC sample (I umol/LL in human plasma) was analyzed without any
derivatization (negative-ion mode), and (B) the same standard solutions were

analyzed with the 2PA-derivatization (positive-ion mode).
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(C) Siliconized 1.5 mL Tube
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Figure 30 SRM chromatograms and signal intensities obtained by using (A) non-
siliconized plastic 1.5 mL tube, (B) glass tube, and (C) siliconized 1.5 mL tube.
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Figure 31 Selected reaction monitoring (SRM) chromatograms of mixture of 18 bile
acid standards.

The standard mixture was labeled with either 2PA or 2PA-ds, and 1:1 mixture of the
labeled compounds was analyzed by RPLC triple-quadrupole mass spectrometry.
LCA: lithocholic acid, UDCA: ursodeoxycholic acid, HDCA: hyodeoxycholic acid,
CDCA: chenodeoxycholic acid, DCA: deoxycholic acid, wMCA: w-muricholic acid,
aMCA: a-muricholic acid, bLMCA: B-muricholic acid, HCA: hyocholic acid, CA: cholic
acid, GLCA: glycolithocholic acid, GUDCA: glycoursodeoxycholic acid, GHDCA:
glycohyodeoxycholic acid, GCDCA: glycochenodeoxycholic acid, GDCA:
glycodeoxycholic acid, GaMCA: glyco-a-muricholic acid, GbMCA: glyco-B8-muricholic
acid, GHCA: glycohyocholic acid, GCA: glycocholic acid
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Figure 32 . SRM chromatograms of 21 fatty acids and IAA
The standard mixture was labeled with either 2PA or 2PA-ds, and 1:1 mixture
of the labeled compounds was analyzed by RPLC triple-quadrupole mass

spectrometry.
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Table 11 Results of peak area ratio (2PA-d¢/2PA) (n = 3; mean + standard
deviation, %).

Analyte (Z”Il’/zi) (ZI:’Kf o) Re’%:;n:lll.lté;)n Std. mixture ~ Human plasma  Mouse plasma Q((}iupl:la;:)la Q((r:n l())ﬁlssga
Cholic acid 499.5  505.5 12.5 0.96 + 0.04 0.87 + 0.06 0.79 + 0.05 0.84 + 0.03 0.89 + 0.04
a-muricholic acid 499.5  505.5 9.1 1.00 + 0.05 ND ND 0.88 + 0.04 0.87 + 0.04
B-muricholic acid 499.5  505.5 9.4 0.90 + 0.03 ND 0.82 + 0.12 0.85 + 0.02 0.83 + 0.04
o-muricholic acid 499.5  505.5 8.7 091 + 0.03 ND ND 0.84 + 0.06 0.85 + 0.01
Hyocholic acid 499.5  505.5 11.5 091 + 0.04 ND ND 0.90 + 0.10 0.88 + 0.04
Hyodeoxycholic acid 483.5 4895 12.6 0.84 + 0.01 092 + 0.16 ND 0.82 + 0.03 0.84 + 0.03
Chenodeoxycholic acid 483.5 4895 14.1 0.97 + 0.05 0.88 + 0.03 ND 0.87 + 0.03 091 £+ 0.02
Ursodeoxycholic acid 483.5  489.5 12.1 0.95 + 0.04 0.95 £ 0.11 ND 0.86 + 0.04 0.87 + 0.01
Deoxycholic acid 483.5  489.5 14.8 0.97 + 0.04 0.90 + 0.06 0.99 + 0.10 0.92 + 0.06 0.93 + 0.04
Lithocholic acid 467.5 4735 16 0.90 + 0.03 091 + 0.04 ND 0.89 + 0.08 1.00 £ 0.14
Glycocholic acid 556.6  562.6 11.3 1.04 + 0.05 1.24 + 031 ND 1.05 + 0.13 1.00 + 0.04
Glyco-o/B-muricholic acid ~ 556.6  562.6 7.3 0.88 + 0.04 ND ND 0.82 + 0.06 0.88 £ 0.03
Glycohyocholic acid 556.6  562.6 9.4 0.95 + 0.05 ND ND 0.97 + 0.06 0.89 + 0.07
Glycohyodeoxycholic acid  540.6  546.6 11.1 1.01 + 0.04 ND ND 091 £ 0.12 093 + 0.02
Glycochenodeoxycholic acid 540.6  546.6 14.1 1.08 + 0.15 0.55 + 0.20 ND 0.87 + 0.10 0.71 £ 0.12
Glycoursodeoxycholic acid  540.6  546.6 11.1 1.04 + 0.06 ND ND 09 + 0.12 0.93 £+ 0.02
Glycodeoxycholic acid 540.6  546.6 14.1 0.98 + 0.04 0.93 + 0.04 ND 091 + 0.07 0.93 £ 0.03
Glycolithocholic acid 5246  530.6 15.3 1.03 £+ 0.06 0.82 + 0.10 ND 0.86 + 0.07 0.89 + 0.10
Propanoic acid 165.1 1711 2.5 095 + 0.11 0.92 + 0.04 0.98 + 0.04 0.88 + 0.04 0.87 + 0.01
Butyric acid 179.1  185.1 5.1 0.92 + 0.13 0.87 + 0.04 1.04 + 0.11 0.83 + 0.07 0.88 + 0.02
Lauric acid 291.1 2972 18.6 0.99 + 0.03 0.96 + 0.03 1.29 + 0.18 091 + 0.12 1.02 + 0.09
Myristic acid 3193 3253 21.3 0.96 + 0.05 1.03 + 0.12 095 + 0.11 0.84 + 0.19 0.80 + 0.19
Palmitic acid 3453 3512 244 0.96 + 0.10 0.90 + 0.09 0.78 + 0.07 092 + 0.27 0.81 + 0.18
Palmitoleic acid 3453 3512 22 1.46 + 0.03 1.18 + 0.05 1.04 = 0.14 1.19 £ 0.22 1.20 £ 0.26
Stearic acid 3753 3814 27.6 1.04 + 0.07 1.13 + 0.29 0.83 + 0.07 1.16 + 0.43 091 + 0.24
Oleic acid 373.1 3794 25.1 1.11 £ 0.10 0.79 + 0.06 0.71 + 0.11 0.82 + 0.22 0.74 + 0.21
Arachidic acid 4034 4094 29.6 1.39 + 0.16 1.20 + 0.27 0.83 + 0.04 1.26 £ 045 0.94 + 0.23
Lignoceric acid 4594 4655 31.1 1.20 + 0.28 0.75 + 0.28 0.82 + 0.04 0.88 + 0.29 0.79 + 0.11
Nervonic acid 4574 4635 30.3 1.02 + 0.08 0.72 + 0.09 0.60 + 0.11 0.71 + 0.18 0.62 + 0.15
Linoleic acid 3713 3773 229 1.05 + 0.03 0.93 + 0.04 090 + 0.11 093 + 0.2 091 + 0.24
a-Linolenic acid 369.3 3752 21.2 1.37 + 0.04 1.12 + 0.05 094 + 0.15 1.12 + 0.18 1.10 £ 0.25
y-Linolenic acid 3693 3752 21.5 1.28 + 0.05 1.08 + 0.03 0.89 + 0.16 1.06 £ 0.18 1.06 £ 0.27
Stearidonic acid 3673 373.1 19.9 1.27 + 0.07 1.18 + 0.02 1.09 + 0.14 1.17 £ 0.13 1.22 £ 0.25
Dihomo-y-Linolenic acid 3973 4034 24 1.46 + 0.03 1.10 + 0.09 0.88 + 0.08 1.13 £ 0.28 1.06 £ 0.35
Arachidonic acid 3953 4013 22.8 1.21 + 0.06 1.10 + 0.04 0.97 + 0.06 1.11 + 0.25 1.12 + 0.35
Eicosapentaenoic acid 3932 3993 21.1 1.37 + 0.06 1.09 + 0.03 0.99 + 0.17 1.10 £ 0.17 1.14 £ 0.30
Adrenic acid 4234 4294 25 092 + 0.12 0.69 + 0.08 0.61 = 0.10 0.70 + 0.19 0.63 + 0.24
Docosapentaenoic acid 4213 4274 233 1.06 + 0.07 0.78 + 0.06 0.74 + 0.13 0.78 + 0.2 0.77 + 0.26
Docosahexaenoic acid 4193 4254 225 1.20 + 0.06 0.84 + 0.06 0.74 + 0.06 0.85 + 0.17 0.86 + 0.27
Indole-3-acetic acid 266.1 2722 11.6 0.92 + 0.16 1.33 + 0.13 1.37 + 0.10 125 + 0.17 1.16 + 0.15

ND; Non-detected
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Table 12 Regression equations and Correlation coefficient of propanoic acid
and butyric acid

Analyte Linear range (umol/L) Regression equation Correlation coefficient
Propanoic acid 0.1-100 Y =0.04782 X + 0.0057 0.999
Butyric acid 0.1-25 Y =0.04494 X + 0.0142 0.992

ZOHE ERIEOREE  FEEA | BN O~ T A MHEE W BN EDGERER I LR
RIFER BT EE ORI BRI T ARG 3 IR ik o " U 7
—al AT ATART AL *IZAID, & TORHTRIEL Gk T DB K
1T, BIRE 15%LN (EE FRRIZEBWTE 20%) THHZEEMEELTZ (Table 13),
ZOTENG, 2PA FHERbME T E RIED, M AIZEBIT 57 e S U EROEER O IE
eI FE A HE FTRE ThHDZ LD RS,

** https!//www.pmda.go.jp/files/000157722.pdf
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Table 13 Intra-day precision and accuracy (n = 6).

Analyte Spiked level Human plasmaf Mouse plasmai
(umol/L) Accuracy (%) Precision (%) Accuracy (%) Precision (%)
0.5 -10.6 6.9 -
1 3.5 7.5 -1.6 2.9
Propanoic acid 5 -2.4 3.5
10 3.4 1.7 -4.8 2.4
75 2.6 1.7
0.5 4.0 3.2
. . 1 -4.5 3.4 4.8 6.1
Butyric acid
5 -9.8 2.4
10 0.6 1.5 -3.9 1.7

T3 propanoic acid: 2.86 umol/L, butyric acid: 0.76 umol/L. I; propanoic acid: 4.11 umol/L, butyric
acid: 1.17 pmol/L. -; unexecuted

0 2PA FHEMRILHEXE ®&IEE CIL-LC-MS/MS (2K 5% E & {k% . SPF
~UAK N GF ~V AR —AEICE AL, o7 a4 il EIC DN T
Ot (GF/SPF) #EHL, ikl (Fig. 33), Z0#EF . CIL-LC-MS/MS (k-
TR —7mfEIE, fxtE'mEPDE L ERE ThoTe, T7bb,
2PA-ds % = CIL-LC-MS/MS @, &\ HXE B DS RS,
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Figure 33 GF-to-SPF ratios of propanoic acid and butyric acid determined by the 2PA
derivatization LC-MS/MS method (Absolute) and by the CIL-L.C-MS/MS method (CIL)
Bars indicate means + SD. Gray bars indicate the ratio was obtained from absolute
quantitation method; Three independent plasma samples were prepared for each group
mice and separately labeled by 2PA. GF/SPF ratios of propanoic acid and butyric acid
were calculated by mean of the absolute concentrations. White bars indicate the ratio
was obtained from CIL-LC-MS/MS method; The plasma samples were obtained by
combining equal volume (n = 3) of each group mice. The pooled plasma was labeled
with 2PA (for SPF) and 2PA- ds (for GF), respectively. Then labeled samples were mixed
(1:1) and subjected to the differential analysis. GF/SPF ratios of propanoic acid and

butyric acid were calculated by the mean of ion peak area in triplicate measurements.
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Figure 34 Reconstruction of bile acid metabolic pathways from 18 bile acids
Relative quantitative analysis of the bile acids in plasma and feces between (A) SPF
and SPF-RF groups. (B) SPF and GF groups, SPF-RF and GF-RF groups.
Metabolic pathways are involved in host and microbiota as indicated by black arrows
and red arrows, respectively. Bars indicate means + SD of ion peak area in triplicate
measurements. * < 0.05, **P<0.01, *** P< 0.001 compared between indicated groups

(Student’s t test). The pooled samples were prepared from each groups of mice; n =4 in
SPF control (SPF) and GF control (GF), and n = 3 in SPF renal failure (SPF-RF), and n

= 5 GF renal failure (GF-RF) mice.
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Figure 35 Reconstruction of bile acid metabolic pathways from 18 bile acids
Relative quantitative analysis of the bile acids in cecal contents between (A) SPF
and SPF-RF groups. (B) SPF and GF groups, SPF-RF and GF-RF groups.
Metabolic pathways are involved in host and microbiota as indicated by black arrows
and red arrows, respectively. Bars indicate means = SD of ion peak area in triplicate
measurements. *P < 0.05, **P < 0.01, ***P < 0.001 compared between indicated
groups (Student’s t test). The pooled samples were prepared from each groups of
mice; n = 4 in SPF control (SPF) and GF control (GF), and n = 3 in SPF renal failure
(SPF-RF), and n = 5 GF renal failure (GF-RF) mice.
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Figure 36 A panel of statistically significant fatty acids and IAA in plasma and feces
between SPF and SPF-RF groups

Bars indicate means = SD of ion peak area in triplicate measurements.
* P<0.05, ** P<0.01, *** P< 0.001 compared between indicated groups (Student’s t test).
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Figure 37 Reconstruction of integrate metabolic pathways from 19 fatty acids, SCFA,

and TAA

Relative quantitative analysis of the fatty acids and IAA in plasma and feces between
SPF and GF groups, SPF-RF and GF-RF groups. Bars indicate means + SD of ion peak
area in triplicate measurements. * < 0.05, ** P<0.01, *** P< 0.001 compared between

indicated groups (Student’s t test).
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Figure 38 Reconstruction of integrate metabolic pathways from 19 fatty acids, SCFA,
and TAA
Relative quantitative analysis of the fatty acids and IAA in cecal contents SPF and GF

groups, SPF-RF and GF-RF groups. Bars indicate means + SD of ion peak area in
triplicate measurements. * P<0.05, ** P<0.01, *** P<0.001 compared between indicated

groups (Student’s t test).
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Figure 39 A schematic model of the generation and protective effect of microbiota-
derived carboxyl-containing metabolites in SPF, SPF-RF, GF, and GF-RF mice.

Gut microbiota produces bile acids, SCFA, PUFA and IAA. Fatty acid is also derived
from dietary sources. Germ-free conditions have deleterious effects on the intestinal
carboxyl-containing metabolites level. Loss of the intestinal bile acids, n-3 PUFA,
SCFA, and TAA accelerates epithelial barrier disruption, and induces inflammatory

processes and the progression of renal failure in GF-RF mice.
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V. A% OBEHNATTIE, BEAHYE G D KM — & E = &IOEHTED,
SHIZ, T PS HuikiE, HIED TROBLEFHAMZICIDOWRAITHIZET, &
ORI MES LML 2 22N AT RE T D, BUE ., PNl w5 L2 DR
DRIESTAICED, CKD #HEDAEFTHSL CVD FIERRE D/ N—RT U RRA
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b e BERHEH A L L7277 SMEHBGEABRIIAAAEL TRO T BRI ~DHE
FUZm T, R P TELOPTENED B TODIRIUZD D, AWFTED R LT
T3, B PR BT 72 16 PR RS B 56 -0 155 PRl B 3 IF 2 0D 8 R L ZAR SZDh D LA
ERAN

T RL A ZEIE ., MEMERE | FENBIEICR F-oTRY, Rl L TH ALK RN 6D
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A

AR OMR % 52 COEIEE ZOBITIZHTZNZ KRN | HFE, #H8)
SRV ELT FILKR PR PRI RR DA FRIEIE P B0z & MEA
FAENTHEATHRM B L LT £, FEARMIEOZITICHIZD, B~ | lIZRIE R DS
W EHEREA IS EUT-[FIFRAT AAARTERRER Jede | RIBhE ARz Sk, B
AT AT = AT JHERETERN —BoKil Se/E RAE R 0 = 5 R FE R
e L PN 3 WA 753 B« BAE R P R B R PR S8R 43 I HE 1 150 B 2
BB B e RIS DRV A L B E T, SR TSI, WA R & N RAL
DT 72T EIEEZ B E LT, HARTHEALFL L ET,

A ARG R T2 & L A ICERL CI@E b 255, 8 S B U AL
RERFEEARAHTER R RKILEAT Jedi. MR SisE1T AL
HL EET,

ABFFEDEATIZHTN BRI EE TR T E 2 HEEL AL R FEE S
HREE SR AT JERL B e ML e N3RS E o B SR TR AR, [FIBhE — Bt
AL RACAT A T30« ATT S 7 KRS USRI S S R P Bh . S Se —  SE/ZRICiR<
LA L BT ET,

A SAERRIC I W T ALE O 2 RKFEL TIHE, BEAZIHEEZTHEEL
ToRAEREEBE B - AR e IR EPRkHE SEZE, [RIMERER - BIZAIE R (B 1LJE

88



R BRI E R P B0 - A R) (iR e AR EELAR L B Ed, %
AT OTEBRLTIIRLERT HZENTEEEATL,
AMFFEDZATICHTZY | LRBFFEHR L TEWLR TG N EBEZLOTHEEBVEL
FERAE RS BeMEZdR A Sed. WBhE ANERER S DEDELERL
BT EY AT, HFSRICIRS IR & 221 TR RS HEZ K-> TRFSWEL
7o ERTEMLAL B ET,

AWFFEDZRATIZHIZD, CKD A SADMIEZRAHE L TSV ELIETie 5§
Rietimbe BIERSR HAE] SeAEISEATERBR L BET,

AMFFEDZATIZHTZY AL A AL BT 3t 2 TG T SWELE R
AERFRFEBEILEM TR 7+ R 0 B . AR Je/E. [MBhZ fEH
ERA SRAITRSEH A L BT £,

WFEDFEMER 5 2 TR, F72, A AKRE R ORI, EIEZ0 B2V E D
JhE LA TES U= HE K E R AP 0% - BISEARR R s RE AN o4l
DIVEEHRL EiFEd,

‘7

AKWFFEDBATITDTZY 2 RIRDT 8 - T 12 e T2 E LTI R R T e
TR D AACFIRIERF 0 B R0 32 B O BRI LIV ELZ L
BT ET, Fo, RALRFRZEFE A AR AR JgHIES JeEZ 3T ALK
FIRBEEEART ORI 2 T mbl 2 B0 LT, ZIESEFLER L BIF T,
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A SNERIZ RN T AL SR E DOl LA TR SHAGE L CTHE ELTHNE RS2 E B 22
BIRBERE R FEHEE o & — DERICREA TR L BT £,

WD LD 5 2 TIHE XU e AL R R e et e st Bz
HOER FER S STHIR R RFEEE Bk T E R SIS L I AL
HL EFET,

BT, A= N2> TS AL BT 2 B R R D LW O RAD & s F7a Tk W
fEL . BIZIR2NWDE TRAFD DO ERR> TN E EfRERY HE, kP
TR, T LTS IR 2 W LIk e R L E
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FFN/ BEA BRI RIR & W M O At A A BN BR IR & 1%, Cayman
Chemicals (Ann Arbor, MI, USA) bl ALTZ, H@/RE (Pt 5%), 74 F
a—)UE, Uha—/ Vg, TAA, a4 g, B, Cre, VU MIET V7V pr=h
n7x/—), pranyz/—) KO LC/IMS 7V —ROFEET =17 LKk OfE
feld, Fryesis il TS (Osaka, Japan) 7>BiEALTZ, 2PA, DPDS,
TPP. TMAO —/Kfi#), A (4-eFr¥ T 7=x=/1) TRV T4R U=t
BREBEEEIR, o 7L — b 8-F )Y ) — )b 1-F T )b 2-F T =)L 4-AF TR
V7xry O pCS AVT LT, A bk T34 (Tokyo, Japan) 7°5
BiEALTz, PS FRUD LM KON PS-18Cs R LML, Sundia MediTech
Company (Shanghai, China) 75 AL7-, m1A %, Santa Cruz
Biotechnology (Santa Cruz, CA, USA) MBiEALT-, VLY T A Foa— Vg,
TVay T AR a— Vi, InS BT LHEIL, FATAT A0S (Kyoto,
Japan) DOEEA LTz, a4 R-ds & OBEER-d7. 4-EPS. Cre-ds. &X' InS-
ds 1Z. TRC (North York, Canada) JZVi§AL7-, TMAO-db (%, Cambridge
Isotope Laboratories (Tewksbury, MA, USA) 7>HiEA L=, 4-EPS-dy. pCS-
di. KO8 m1A-ds 13, ALK RZFBE AR IR 2 AL R A B TR AL
TebOE AW, ZVaa—ig, JVaFta— g sVay )7 dxa— Vg, o
VaF A a—ik, ZValha—Vig, eAa— g, eA T AT a— LR, a- A
Va— g, B-LVa— Vg, o-L)a— g ZVaFt T AFxra— g, 7la-a-b

Ja— g, 7V =-B- LU= — UgIE, RALR S R B3 FE R R840 - 3620
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ICTERLIEbDOE RN, TV T LS (PA 10%), 22—V, 7/ T A Fva—
/U, OVA, EMILE B HEH R RO T VT I R ORI~ —F5EG R 7 ==Lk
A7 421%, SIGMA-Aldrich (St. Louis, MO, USA) 2bi§AL7-, LC/MS 7L —
ROALZ )—)v 2-7 X )—)v RO =R/ BKIE, B bRt
(Tokyo, Japan) 7HHEA LT, b7 —/ L%, Biopredic International
(Rennes. France) & Innovative Research (Novi, MI, USA) JViEALT=, =
AV, KO~ RMEEL, £1E 4, Valley Biomedical (Winchester,
UK). } O* Rockland Immunochemicals Inc. (Limerick, PA, USA) 2D AL
77 BN — Ui 1L, HAKEEERE 4L (Tokyo, Japan) 2 BEA LT, @tk
1. AT kA& (Tokyo, Japan) @ PURELAB Ultra Genetic (2 TRHIL
7=bDZxH W2, SMCC &Y EZ - Link NHS - LC-£° 45 (&, Thermo Fisher
Scientific (Waltham, MA, USA) 7D A LTz, KMUS &Y GMBS 13,
Dojindo Laboratories (Kumamoto, Japan) 7Bl A LTz, F—7hR—/L Uy b
£ 7= (KLH) !X, MP Bio Japan (Tokyo, Japan) /bl ALT-, FEEETHE
~LA R X —F (horseradish peroxidase, HRP) fE&V¥Hi~7 A IgG Ab
IZ. Jackson ImmunoResearch Laboratories (West Grove, PA, USA) 7»biEA
L7=, 3,3,5,5-tetramethylbenzidine (TMB) & (1 X) X, eBioscience (San
Diego, CA, USA) 70l AL7-, HRP #& A7 R7E Y14, BioLegend (San

Diego, CA, USA) mblEALT-,

i
[

1 BROH 2 BT, AFALEEL T, ESI Ye—7 23 E Lz = #E U &

s &

iy
i

).

i
=

73ATEE TSQ Quantum Ultra (Thermo Fisher Scientific) (i (A&

=

Z4=d\

3

"7 7L C NANOSPACE SI-2 (Shiseido) ##zfeL/=dE@E AL, I
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TESRAT S OV A MBI 2 A @ B AL, Xealibur (Thermo Fisher Scientific)
IZED T o7, 3 8 T, A4 AbE LT, EST 7'u—7 & 35535 U7z =8 U FE i
B BT TSQ Quantum Vantage (Thermo Fisher Scientific) (& @i &
sa<h7 7L T Nexera >V—A (Shimadzu) ki 7= @AM AL,

HRMS #HIE 21, Q Exactive (Thermo Fisher Scientific) @& 2 L 7=,
NMR #E 21X, ECA600 (JEOL) ZE@EZEAHL., ji#m#riciL, CHN =—4 —
MT —6 (Y7 =) HEEECn AL,

Wt~A27a7L—h)—4—%, Multiskan FC (Thermo Fisher Scientific) %
B L,

M fr 2

ARWFIET, ALK ZFERZF B = e B B B = O &Rz 32 T i B HA &l 3 L O
Tuba—WZfEo7z, CKD A Mg, B CE . 7' MR ORE SCGEZ
TAL CREZST-#%I2, BRELL ., —80°C THUMIRIF LT, £, B ERIL,
HALR I KR Z B2 KRR S VB SERF B I U TESZ RS
ENFRAER AT 20 I 5 (T B9 D i) Z28sr L C3M L7z,
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%1 E AEER

ST Z 2

ZOWFETIZLL FOAZ 2% LT, XSELECT CSH C18 (2.1 mm i.d. X 150
mm, 3.5 pm; Waters), Luna Phenyl-Hexyl (2.0 mm i.d. x 100 mm, 3 pm;
Phenomenex), SeQuant ZIC-HILIC (2.1 mm i.d. x 50 mm, 3.5 um; Merck).,
Scherzo SM-C18 (2 mm i.d. X 50 mm, 3 pm; Imtakt), Scherzo SW-C18 (2 mm
i.d. x50 mm, 3 pm; Imtakt). Scherzo SS-C18 (2 mm i.d. x50 mm, 3 pm;
Imtakt), XSELECT CSH C18 #7A4K (N Luna Phenyl-Hexyl #7 A% f /-
o, LC BHEifHIL, Ar 0.1%HCOOH in H20, B: 0.1%HCOOH in MeCN #%fifi
L, 77V NaE (& 0-2 min: 5% BEIfE B; 2.1-12 min: 5-100% &
B B; 12.1-13 min: 100% B EFH B; 13.1-16 min: 10% BEHH B; 77 Lk
JE 40°C) \ZTHIEEIT 72, ZIC-HILIC W7 2% HW=EEo, LC BEFHIL, 10
mmol/L. AcONH4 in H20/MeCN (20/80, v/v) ZfEHL, 74777 v (O
FAIREE 55°C) (T CHIEAAT 72, Scherzo SW-C18 H 7% VW zfEd  LC #
EFEIE. A 0.1% AcOH in H20/MeCN (80/20, v/v). B: 10 mmol/LL AcONH4 in
H20/MeCN (20/80, v/v) #fEHL. 77 = NaH (Gt 0-1 min: 5% B &)
B; 1-4 min: 5-9% BEIH B; 4-4.1 min: 9-20% BEH B; 4.1-14 min: 20%
B EtH B; 14-14.1 min® 20-60% B EFH B; 14.1-15.5 min: 60% B EH B;
15.5-15.6 min: 65% & B; 15.6-18 min: 5% BENH B; W7 AIRE 557 C)
[ZTHIEETT 72, Scherzo SM-C18 H7A K N Scherzo SS-C18 7 L% H\ -

B> LC SfFid, IRIEITRLTZ,
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Scherzo SS-C18 K& 1 Scherzo SM-C18 # M\ /- LC-MS /MS &A44

[LC]

Mobile phase:

Gradient:

Flow rate (pump A, B) :

Flow rate (pump C):
Oven temperature:
Injection volume:
Needle wash solvent:
[MS]

Tonization:

Spray voltage:

Heater temperature:

A1 0.1% AcOH in HoO/MeCN (80/20, v/v)

B: 10 mmol/LL. AcONH4 in H2O/MeCN (20/80,
v/v)

C: MeCN (Post-column solvent additions)
0.0—1.0 min: A/B = 75/25

1.0—4.0 min: A/B = 75/25 — 66/34

4.1—16.0 min: A/B = 40/60

16.1—17.5 min: A/B = 0/100

17.6—20.0 min: A/B = 75/25

0.0—16.0 min: 200 puL/min
16.1—18.5 min: 600 uL/min
18.6—20.0 min: 200 uL/min
0.0—20.0 min: 200 pL/min
55°C

1 pL

10%MeOH

0—6.5 min: ESI (+),
6.5—20 min: ESI (-)
ESI (+): 4000 V, EST (-): 2500 V

500°C
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Sheath gas pressure: 60 psi

Auxiliary gas pressure: 60 psi
Capillary temperature: 350°C
Collision gas pressure: 2.0 mTorr
SRM Transitions:

ESI mode Q1 (m/2 Q3 (m/2) Collison energy (V) Tube lens (V)
Creatinine + 114.2 44.3 19 95
Creatinine-ds + 117.2 47.3 19 95
1-Methyladenosine + 282.1 150.1 20 95
1-Methyladenosine-ds + 287.1 155.1 20 95
Trimethylamine N-oxide + 76.1 58.2 21 65
Trimethylamine N-oxide-dby + 85.1 66.3 21 65
Phenyl sulfate - 173.0 93.3 24 52
Phenyl sulfate-13Cs - 179.0 99.1 24 52
p~Cresyl sulfate - 186.8 106.9 26 73
pCresyl sulfate-d - 191.0 111.1 26 73
Indoxyl sulfate - 212.1 131.9 24 95
Indoxyl sulfate-ds - 216.0 136.0 24 95
4-Ethylphenyl sulfate - 201.0 121.1 23 71
4-Ethylphenyl sulfate-d; - 205.1 125.1 23 72

pCS-diy KX 4-EPS-dy DER%

FATRERE (25 ¢ x150 mm) (T2 AL, p7LY —)b-dy Xt 4-=F )L
7x/—/V-dy (10 mmol) &, =Ll -V 85K (11 mmol) LBV (5
mL) ZEAL, ¥y THEHEL, 45°CT 2 FEEHEALZ, REICEL, kK T
TR Z KAV 2K (1 mol/L, 50 mL) H1izwp-o<0i FLiz, iz, A
V78—V &) 200 mL N2 C, @ISR RRE LT, AT e —hT
Tl , A7) — L CheoTle, BONflEZ 200 mL 77A2lBL, =4/

—/L 1K =3:1 OWHEEH 100 mL Mz . BEEEHN LR (>80 °C) 12k
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Do e MBERR AT o T, AR ZIRI L | IR 1 kR A& LT, AT

L | AR O - LR A F 2 0 I3 Z LI KD B D pCS-di HHWMT 4-

EPS-dy 3364172, W#H O Z LR 0TI THERE LT 2A [RFEAKRFE LD
A7 £ 0.3% AN D FEHEA - L M 99%LL EThHZLa iR LTz, u#h

ST —4% FIoRT,

[pCS-di]

Anal. caled. for CHsD4KO4S: C, 36.50; H, 3.41. Found: C, 36.42; H, 3.19.

[4-EPS-d]

Anal. caled. for CsH5D4KO4S: C, 39.32; H, 3.71. Found: C, 39.64; H, 3.81.

mlA-ds DERL

50 mL AL O#REREIC D20 (10 mL) . 77 /3> (1.07 g, 3.99 mmol) K&
10%Pd/C (5 wt%, 53.4 mg) ZhNx ., EHEH H2 KT 140°CT 24 KN
BIRHRLT-, Bt SOSR AW %7 4V % — (Millipore Millex - LG.0.20 mm) %

U CAEZ R E LT BB 7 V2 —% D20 TiBYEE L, B L7z I8k Z =
R —F —CIEfE 52810k, 75 /3 -ds (956 mg, 89.0% yield) 23EH4U7=,
Oy B R UMb, K EEEHRIZ, HRMS &Y TH NMR {2k~ CHERL
72.JHNHR 7 —%% FIZRT,

TH-NMR (D20, 600 MHz) § 8.326 (s, 0.009 H), 8.228 (s, 0.008 H), 6.068 (d, J
= 6.6 Hz, 1H), 4.437 (dd, J= 5.4, 3.6 Hz, 1H), 4.303 (dd, J= 7.2, 3.0 Hz, 1H),
3.935 (dd, J/=12.0, 2.4 Hz, 1H), 3.845 (dd, J= 12.6, 3.6 Hz, 1H). 'H peak of
ribose 2’ position was laid over the water in D20.

WNT, B LT T /3> -ds (135 mg, 0.5 mmol) % 10 mL AU HiREBREIC

A BREFBHK FIZT NN-AFATERNTIN (Bik, 2 mL) 2Nz CAfRS
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Bz, KE T, IVAEATF L -ds (4 eq. 124.5 pL, 2 mmol) %% FL, LT 18 K
FIRIRLTZ, ROSRAZETAMY 1 g TlEmL , J8RIZT B 24 10 mL x| %
JEE T 14 RFERREEFHE 528 T T2 1-ATF AT 7 /v -ds-av bk R
ZAWL. 7N 2mL W F L —F )L 2 mL TV, BHAKE 1 mL
(SRS T, BRI IRIEK R T RNIY KRR EBMK Car T va=r 7 LA
VR HaEE (Amberlite IRA-410 (HCO®), £ 2 mL &%) % 5mL U
(ZFEIEL , 1-AFNVT T /v -ds» AV LKSE OVEMER A T L, Bk 4 mL %
3 AL TR L 7o ¥ R A e . RS 1-AF LT 7 /3 -ds (96 mg, 67.1%
yield) #1537,

Gy M OME S, B KFEARCEIZ, HRMS &Y TH NMR (ZX->CThERL
77.HNHR 7 —%% IR~ 7,
TH-NMR (DMSO-ds, 600 MHz) § 5.819 (m, 1H), 5.509-5.154 (m, 3H), 4.501

(m, 1H), 4.149 (m, 1H), 3.980 (m, 1H), 3.682 (m, 1H), 3.584 (m, 1H).

BEEAEVS IR DVERK
BB EREFEL . N KIAZ 7 —)v (101, viv) IZIRARESHE T, 10 mmol/L

Cre (11.4 mg/10 mL). 1 mg/mL m1A (10 mg/10 mL), 20 mmol/L. TMAO (23
mg/10 mL), 20 mmol/L PS (42 mg/10 mL). 2.5 mg/mL pCS (31 mg/10 mL),
831 pug/mL InS (9.8 mg/10 mL), 10 mmol/L 4-EPS (24mg /10 mL) DOFE#EJFHK

LT,

IS ¥ DIERK

BAES ARG, ZNENKIAZ 7 —)v (111, vIv) RS HE T, 1 mg/mL Cre-

ds (10 mg/ 10 mL), 1 mg/mL m1A-ds (10 mg/10 mL). 10 mmol/L. TMAO-db (12
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mg/10 mL), 10 mmol/L PS-13Cs (22 mg/10 mL), 1 mg/mL pCS-ds (10 mg/10
mL). 1.1 mg/mL InS-d; (1.1 mg/ 1mL). 7.85 mmol/L 4-EPS-d; (19 mg/10 mL)

DL TE RN AR HE R 2 i LT,

AR EUEE OO B Y
BRI E — EBED ., K THIRTH52L12L->T, 1 mmol/LL Cre, 1 pg/mL

m1A, 200 pM TMAO, 200 pM PS. 250 pg/mL pCS. 83.1 pg/mL InS. 50 pM 4-
EPS # & TEERARIRARM L=, i 2,5, 10, 20, 50, 100, 200, 500 f%
ICHIRUT2b OZF MR G e U TR 72, 45228 RN AR KR HE IR i 2 — 1B B BRY |
KIAZ 7—v (11, vIv) THRIRTHZET, 30 uL. 72912 10ng Cre-ds. 200 fg
mlA-ds. 20 fmol TMAO-ds, 200 fmol PS-13Cs, 50 ng pCS-ds., 100 ng InS-d;.
100 pmol 4-EPS-d;, # &1 IS IRAWIKAMBL -, M A3k 10 uL 123 LT,
IS A% 30 uL F*>¥L. 1 pL % LC-MS/MS T AT AIZIEALT,
AR R 7, BRI 2 LY | T IS 1k A HE s S oY — 7 E gL
BloTrryhLi-tk, 1/x TERAMIT Ui/ —FIEICI0T B E R,

o U RITALER

10 pL oM FmgEsEHI L <L IS IBAHKE 30 uL 372 1.5 mL ¥
TNTF 2—TIZ AT, 0.1%F RN MeCN & (100 ul) =z 7=, ik, &
KB T 5 EELZ, =008 (16,500 X g, 15 min, 4°C) %, Lk
100 pL ZH WY T NTF a—7|28ED  b—F— (60°C) IZHEEL . 15 min &K
LT FICTHARIETLE LT, 30%MeCN 20 nL. THIEMSE7-%. 1 uL % LC-

MS/MS T AT AIZIEALT,
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SH N T =gy
[ 22 e el ]
EMIAEIC 2 AR UM E SR 2 A A LT R 2 T VT 2 —T I ER

L., £t 60°C, =i, K EIZ 0.5,1.3 MU 24 FEKELZ, €D, IS
BATRERETINU T, FaR U 5L CRTLEEZI T, 1 ul 2 LC-MS/MS v A7 A
\ZEALT, FbRZ e "7 T o7 % 0 RIS HEL . 224 60°C, =
WK Bl 1 BEfE 3 REMIFRE L%, 1 uL % LC-MS/MS v A7 AIZHEALT,
xHPREEELC, RIRE DR E A REIEZRE Lz, ZR 2o sirstgo 1S (2xhd
LRER SR O — g 2R L G5 RO — 7 mfE I THRT52&
T B FRE KD,

CVNENIERT)

BN — VI ATEE O — Vi E (% 10 pl) 2, BEERIEIEA N
FUBHZIEAIRE A RN L | A EES IR NGB N 34 A R G % Table 4. Table
5 TRUICIRELRD IOz, ik ORTLERIZ 0B 28U 1 L %
LC-MS/MS ¥ A7 AZIEALTZ, BIERITEINGEIO E ' LY | FERINEE O E
BEZSIWEEZR ML, HNFBRERR T, ZRE 5 B CH-— B ICEE
OFFEHEZ SR FRRRZE L VBB R BE R U, Fio. A SRR
T, BIRE 3 AR FICTHBEBEIEZITV, BRI R 2 K OVE Bk
BaBEHL,

FAxIFAZE = [Ci HR B — PNIRIPERRED) / W —1] X 100 (%)

ZENREL = (R B OFEHERR 2 [ R IR EE O X)) X 100 (%)

CKD & fLigDOHIE
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FriaF g SRR EPES L. 19 ADFEFENT CKD BENOELIL-IMNIF
ZEMREL . 10 uL Z AW T, ik U7 5 TRILERZFTV N, 1 ul % LC-MS/MS

AT DIEALT
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%2 T AR ER

¥ M Ol
BALB/c ~U R, HARZLTHEASHIOIEA LT, fF 1L, ALK F oWk

D SPF FTiTolc, vV AE#iE SP2/0-Agld I—r—~<#fifd (CRL-1581)
% American Type Culture Collection 2 5fE AL, 10%FBS KT8 50 pmol/L
D B-ANH T ) — )V EIRILT- Roswell park memorial institute (RPMI)-

1640 #HAVTEIELT-,

4- VAT =)V L4 (PS-SH) ol

Synthesis of Potassium 4-mercaptophenyl sulfate

S 5

S
/©/ SO;-Pyridine complex!
HO _— L
Pyridine, 45 °C, 2 h MeOH — H,0, 120 °C, overnight
Bis(4-hydroxyphenyl) Disulfide e
Chemical Formula: C1,H100,S, Chemical Formula: CgHsKO,4S,
Molecular Weight: 250.34 Exact Mass: 243.93

5 /8100 yen (TCI) Molecular Weight: 244.33

Edwards O HIEICE> THRE T2 T, T7ebbH EA (4ERad s 7o=)1)
AT 4R (4 mmol) & SO3 VP> (12 mmol) 2tV (8 mL) FITRAL,
45°C T 2 WfIR#EL 7o, BUGHE . KM FITTKER LYY LKE#E (1 mol/L, 20
mL) Zpo<OiiE FL, Y71/ —/b&#) 100 mL N2 CHREEIC A RE L,
W Z AL, =& /—)L @ 7K =311 OE%E 160 mL iz, BERKHIZT
BHESETZOb | MBJEICHKEEE LT, LB E AET 528 E0 RIRfED T A
WTARDYNT 2 —MEBRELNTZ, RO /bE L TH-NMR, HRMS (ZXV[F
ELT,

TNT, FREDOS 2V T 4RI T 2 —MELRIZF L B — A E N 7 ==
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JVIRAT 42 (2.839 mmol/g) &A% /) ——K (1:1) HFITIRAL., 120°C THRA IR
L7c, RIS B =X %A 52 THRMO PS-SH VY LEA 1572, AL
HRMS (ZL0ffEiB LT,

PS ziv Vo — /R

[KLH-KMUS-PS D {E#]
KLH 10 mg % 1 X PBS i 1mL [CTHREBESE, EIE T 20,400 X g |2
S OE O EZFD FiEEZ 4 ELT-, Dimethyl sulfoxide (DMSO) (2T 20
mg/mL (ZFFRL7- KMUS % 25 pL #inL (820 1 :400) | =IRIZT 30 4
MRA L=, 4°C5MF 20,400 X g 12T 5 DR LEITV, TO EiEE 1 X
PBS i#iE Tk L7z PD-10 BisinT s (GE ~VATT) ICCHBESE, 757
aral gX—ZEoTHELTL, 7Ty R 74— RIEIZTEL R G IR EE D3 N5 ]
WiRZRINL TR 3 mL OFEEES-, ZOWK 1.5 mL (ZxL T, EilTARRL
72 AANHT N7 2= VYT 2 — VT A 15 pmol (KLH EDOHEEE /L
1:10,000) #MZ T, BIRICTREIRE Lz, BLra—XERNICE AL, 1 X PBS
IR P CHBITLEZITO, 0.22 pm 7 AV F — I TCABBRE AL -H DEHUREL
MLz, Z0$itF%z KLH-KMUS-PS LFRL7-,

[PS 7T varva—hofER]

T IIET V73 (Bovine serum albumin, BSA) 3 mg KO RT LTI
(Ovalbumin, OVA) 10 mg (2L T, ZhEi KMUS A#E/LEE 11147, 1:40 O
a2 HWT R EFO FEEITV, ZNENOEEEEZERL | ELISA o[
MHUREL THW, ZobiiEdZhEi BSA-KMUS-PS. OVA-KMUS-PS &Fr
L7z,
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BSA |25\, 10mg (23 LT, Vs —ELT GMBS Xix SMCC #Zh
ZhE/H 11100 DEZ AW T EREFRRO GIEZATV, &% OB ERZ/ERL
ELISA HOBEMHUREL THW-, ZofiREZ i BSA-GMBS-PS, BSA-
SMCC-PS :#RL7=,

Pi PS £ /7u—J )LHiko /el
[Fe2 5 k]

<YK33.1>

1. 2 JE® BALB/c ~v (8 i, #f) (2.1 X PBS ¥&iIZifiEL 72 KLH-
KMUS-PS (100 pg) % Imject Freund's Complete Adjuvant (Thermo
Fisher Scientific) DK (200 pL) L TIEMENIZHRE LT,

2. FIEl S 4 B % ., KLH-KMUS-PS (100 pg) % Imject Freund's
Incomplete Adjuvant (Thermo Fisher Scientific) *®D#k#&{Z (200 uL) L
T, IS [RRR I NE RPN B N s LT,

3. JEME 9 F %, KLH-KMUS-PS (100 pg) % PBS (200 ul) ¥Rl . I8
eI Ak Sz LT,

4. K& 3 Hik, BALB/c w7 A 2 LBl zf L, JRERZ A M 1
MR A L2 NS R g e 2 R S L 7z

<YKS19.2>

1. 1 Vo BALB/c w7 A (8 ifn, M) 12,1 X PBS KIS L7 KLH-
KMUS-PS (100 pg) % Imject Freund's Complete Adjuvant & R&#& ik
(200 pL) ELCHEMENIZHRIE LT,

2. #E 4P 4 M %I, KLH-KMUS-PS (100 pg) Imject Freund's

Incomplete Adjuvant &EDOR&#EE (200 pl) &L T, #IEIGEEE RIEEIZAERIENIZ
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=1

BINsREL,

BNsE 16 Hi%, KLH-KMUS-PS (100 pg) % PBS (200 uL) (ZIAfEL , 18
eI B &g LT,

wAcHE 3 Hi%, BALB/e v~ A 1 EDMfEZfHL . 7R LBk 2T M |

S

MAa AL A (D PR e 2 F L L 7,

H
=g
&r
=
=
op

]

2 VEXE 1 PEO~uANLRRE -2 CoMlEMineE SP2/0-Agl4 STa—
~fiE (BX% 1x108 ffl) % polyethylene glycol 1500 (UL T, PEG1500)
(Roche) # MWl A L7z, BAREEIZLL FOEY TH D,

e s SP2/0-Agl4 % 50 mL =LA IZEINTE, RPMI1640 55T 2
[l L7,

VeVt . MIIRIC 37°CITIMR L7z PEG1500 1 mL %<0 iNZ THi#:%,
3T°COKIRT 1 FyMIFECMITHIFR, SHI2 1 S HFFHEL,

ML 37°CIZNiR L7 RPMI1640 £iHiA 1 mL. 10 mL DNEIZWD LD
Z72#%. 50 mL T RPMI1640 Rz Nz 7z,

Mlufl A%, PEG1500 275 1> RPMI1640 KA is 0L CThRELE, 10%
R IRIMIEE 100 unit/mL penicillin G, 100 pg/mL streptomycin, 50 pM
2-mercaptoethanol Z& e RPMI1640 551 (RPMI 55##%) 80 mL |2 8%
L.8 ¥t 96-well microplate (Z 100 pL/well 72550 CHFRELT-,

CO; fFaX—%—7T 1 HE#%.2XHAT (200 pM sodium
hypoxanthine, 0.8 pM aminopterin, 32 uM thymidine) % & %e RPMI £5#%
e (HAT 551 % 100 pLiwell TIRIIL, 3557 1 M. kL7,
HAT £5#ic K oEp#%, — SR L7283 % VT BSA, BSA-KMUS-

105



PS. OVA. OVA-KMUS-PS (Zxf #2554 ELISA THigEiL ., BSA-
KMUS-PS $8HNC ST DENAT IR —~ 2 E LT,

7. BtE A7 YR —~<iL, 100 uM sodium hypoxanthine, 16 uM thymidine %
& 1e RPMI £5# %, hypoxanthine-thymidine (HT) 551 (2~ R Jig i 40
fal BRI L. 1 cell/well £7251912 96-well microplate (ZfEfEL . COs A
YFxaX—F—T 1 HERERELE,

8. H—ifgizra— ALz A7 VR —~id, ELISA |2&% BSA-KMUS-PS,
BSA-GMBS-PS K U8 BSA-SMCC-PS (ZHFEPI 2 ML Y PS 1285
fH7 ELISA (Inhibition assay) (2 CGRAIL, &R BENAT IR —~<21

—> YK33.1 & YKS19.2 ZF/51L7-,

PS FPAD G K

FH5 ELISA ([CX2PUREFRMEMREEICH W p=baT7 2= LEilE, o 7L VL

Wil 4-AF N N7 2 LRREE, pran” == )L, /U /) — Vg, 1-F7
M= UBiER, KOV 2-T 7 h— VBRI, T NODXIE T D7 =/ — VB E KNG
Edwards DA TEMEITo72 T, BRRZREBEIILL T O@Y THD, 7=
J—/VEEER (10 mmol) & SOsEVY (12 mmol) VY (10 mL) HIZiE
B, 45°CT 2 WERIRERL 72, RUSHE ., K TISTREBE YD 2K ESHE (1 mol/L,
50 mL) #Wpo<ViiE FL, AV 71/ —)L%&H) 200 mL I1Z CHRR L HEA i E
L7, ez AT, IR LR SH AR ) — WZIRIRS T T, RIRMEIRE | AX ) —
JVEIRIR A I - JEAE L CRRfS a9~ 22 &Il B OV V7 = —MEE 1572, 155
N baix tH-NMR, 13C-NMR, HRMS ([ZJV[RIEL, H—{bamThHorllr
MR LTz, JTEHRIHTICEDMEREIX £0.3 UINTH o7, FIZH L& orkssT
R N I
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(NS

o’S‘OK

©/CH3

Potassium o-cresyl sulfate: According to the general procedure using o-
cresol as a raw material, potassium o-cresyl sulfate was obtained in 21%
yield as colorless plates; 'H- NMR (600 MHz, D,0O) &: 7.36 (dd, 2H, J =
8.2 Hz), 7.29 (t, 1H, J=8.2, 7.6 Hz), 7.25 (t, 1H, J=8.2, 7.6 Hz), 2.33 (s,
3H); *C-NMR (150 MHz, CDCls) &: 40.5, 115.0, 115.2, 120.5, 129.8,

130.6, 143.1, 144.4, 174.1; HRMS (ESI) m/z caled. for [C7H7KO4S-K]™ ([M-K])
187.0071, found 187.0064; Anal. calcd. for CtH7KO4S: C, 37.15; H, 3.12. Found: C,
37.04; H, 3.11.

N\

o’S‘OK

NO,

Potassium p-nitrophenyl sulfate: According to the general procedure using
p-nitrophenol as a raw material, potassium p-nitrophenyl sulfate was
obtained in 31% yield as pale yellow needles; 'H- NMR (600 MHz, D>0O)
5:8.34 (d, 2H, J= 8.9 Hz), 7.51 (d, 2H, J = 8.9 Hz); *C-NMR (150 MHz,
CDCl3) 8: 121.6, 121.8, 125.7, 125.9, 144.9, 156.4; HRMS (ESI) m/z calcd.
for [CeHsaKNO6S-K]™ ([M-K]") 217.9765, found 217.9761; Anal. calcd. for

CcH4KNOGS: C, 28.01; H, 1.57; N, 5.44. Found: C, 27.99; H, 1.65; N, 5.45.

N\

O'S‘OK

Cl

Potassium p-chlorophenyl sulfate: According to the general procedure
using p-chlorophenol as a raw material, potassium p-chlorophenyl sulfate
was obtained in 28% yield as white powders; 'H- NMR (600 MHz, D;0) &:
7.47 (d, 2H, J = 8.9 Hz), 7.30 (d, 2H, J = 8.9 Hz); 3C-NMR (150 MHz,
CDCl3) o: 123.1, 129.7, 131.0, 149.8; HRMS (ESI) m/z calcd. for
[CeH4CIKO4S-K]™  ([M-K]) 206.9524, 208.9494, found 206.9521,

208.9485; Anal. caled. for CéH4CIKO4S: C, 29.21; H, 1.63. Found: C, 29.15; H, 1.77.

\XZ

o’S‘OK

N
-z

S

Potassium 8-quinolinyl sulfate: According to the general procedure
using 8-quinolinol as a raw material, potassium 8-quinolinyl sulfate
was obtained in 20% yield as white cotton-like crystals; "H- NMR (600
MHz, D>O) ¢: 8.91 (m, 1H), 8.46 (dd, 1H, J = 2.1, 8.2 Hz), 7.91 (d,
1H, J=7.6 Hz), 7.87 (dd, 1H, J= 1.4, 7.6 Hz), 7.69-7.64 (m, 2H); '3C-

NMR (150 MHz, CDCl3) 6: 115.0, 115.2, 120.5, 129.8, 130.6, 143.1, 144.4, 174.1; HRMS
(ESI) m/z calcd. for [CoHsKNO4S-K]™ ([M-K]) 224.0023, found 224.0020; Anal. calcd.
for CoHeKNOA4S: C, 41.05; H, 2.30; N, 5.32. Found: C, 40.8; H, 2.41; N, 5.24.
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Potassium 1-naphthyl sulfate: According to the general procedure

N

O’S‘OK using 1-naphthol as a raw material, potassium 1-naphthyl sulfate was

obtained in 28% yield as light brown crystalline cubes; 'H- NMR (600
OO MHz, D;O) ¢: 8.25 (d, 1H, J=8.2 Hz), 8.01 (d, 1H, J= 8.2 Hz), 7.89

(m, 1H), 7.68-7.62 (m, 2H), 7.58 (m, 2H); "*C-NMR (150 MHz,
CDClh) o: 117.7, 121.9, 125.8, 126.2, 126.9, 127.0, 127.2, 127.9, 134.6, 147.0; HRMS
(ESI) m/z  caled. for [C10H7KO4S-K]™ ([M-K]) 223.0071, found 223.0068; Anal. calcd.
for C10H7KO4S: C, 45.79; H, 2.69. Found: C, 45.71; H, 2.74.

Potassium 2-naphthyl sulfate: According to the general

O‘;Slf: oK procedure using 2-naphthol as a raw material, potassium 2-
O naphthyl sulfate was obtained in 21% yield as colorless plates;

'H- NMR (600 MHz, D,0) 6: 8.01 (d, 1H, J = 8.9 Hz), 8.01 (d, 1H, J= 8.2 Hz), 7.97 (d,
1H, J=8.2 Hz), 7.84 (d, 1H, J= 2.1 Hz), 7.63 (d, 1H, J = 8.0 Hz), 7.59 (d, 1H, J = 8.0
Hz), 7.50 (dd, 1H, J = 2.7, 8.9 Hz); 3C-NMR (150 MHz, CDCl;) &: 118.4, 121.3, 126.2,
127.0,127.7,127.8, 129.9, 131.3, 133.6, 148.9; HRMS (ESI) m/z calcd. for [C10H7KO4S-

K] (IM-K]) 223.0071, found 223.0068; Anal. calcd. for C10H7KO4S: C, 45.79; H, 2.69.
Found: C, 45.75; H, 2.77.

Potassium 4-methylumbelliferyl sulfate: According to the

0O o2 - :
~g=p general procedure using 4-methylumbelliferone as a raw
X OK  material, potassium 4-methylumbelliferyl sulfate was obtained
CHj in 6% yield as white cotton-like crystals; "H- NMR (600 MHz,

D;0) 6:7.82 (d, 1H, J= 8.9 Hz), 7.35 (s, 1H), 7.33 (d, 1H, J =
2.7 Hz), 6.36 (d, 1H, J= 1.4 Hz), 2.49 (d, 1H, J = 1.4 Hz); 3*C-NMR (150 MHz, CDCl5)
o: 18.1, 109.4, 112.9, 117.9, 118.1, 126.7, 153.4, 153.9, 156.0, 164.3; HRMS (ESI) m/z
caled. for [CioH7KO6S-K] ([M-K]) 254.9969, found 254.9970; Anal. calcd. for
Ci0H7KO6S: C, 40.81; H, 2.40. Found: C, 40.43; H, 2.52.

FH%E ELISA (Inhibition assay)

EPURIAEIIHOENUDFA R —a 21T, FUEENHUR &2 ~E R
(7272 NSRRI U T, S8R, e F AL 21T 7-b D%

FAV =, YK33.1 lc oW Ik FiE 2L T BSA-KMUS-PS (0.5 pg/mL) # 1<%
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BSA-SMCC-PS (0.5 pg/mL) %# M\, YKS19.2 I 2\ Tkl L T BSA-
KMUS-PS (0.5 pg/mL) # 1<% BSA-SMCC-PS (0.1 pg/mL) %\ 7=, Nunc
Maxisorp® 96-well microplate (Thermo Fisher Scientific) (Z4Hif% 50 uL
FTONEL 4°C, —BAEMKELEMLL-, PUREIREZRVZOE 1 X PBS 150
pL ([ CTHE TV E 4 BT OWEETTo72, 1%BSA iR (A1 X PBS) %4
U /UIZ 200 pL TOWML, 4°C, 2 FELL EFFEL T uy® /LT, 7ay¥k s
TERIEZERWZ0B 1 XPBS 200 pL (2 TH£ YL 1 HBE4L7-, 1 X PBS,

5%BSA. th 7 —/V I HE, BN — VLGS 2 (SIS T2 PS KO PS FHEUED
0,1, 10, 100 pg/mL &iEEZNZEH 25 uL 7 251EL7=0H YK33.1 (1 pg/mL),
YKS19.2 (1 pg/mL) 25 pL. 4% 7 =/~ 8L 4°C, 1 B pOSS T2, £D
#% 0.05%Tween 20 (&1 X PBS) 170 pL (2 C&Kv=/L% 5 [E¥EHEHL . HRP
LT AR TR E Y (BioLegend) @ 2000 47 BRIk %Z 50 uL >N
L.4°C, 1 BERIGEETZ, ZDH% 0.05%Tween 20 (A1 X PBS) 150 pL (2
THTx/VE 5 mPeiEL, WEEKREL T 1 X TMB (eBiosience) % 50 pL 9
DOWIMLTz, FIRIZT 156 5375 60 HBUSSEZOBIT 1 mol/l DY FREIK
% 50 pL TR SIS ZAF LS, BUSRERITIFIE L2 8% A HCTHeadL .

450 nm (ZBTFDWIEEE T L —R)—F — T THIELT,

s 7 AL PR

MmAEF 70 (25 ul) 12 0.1%FEE2 5 Te MeCN 75 L #0NZ | ik, @B E
WK T 15 sHEFE L, =058 (16,500 X g, 15 min, 4°C) %, ik
90 pL ZH LWL 7T a—T7 (2D, 60°CT 45 min, SpeedVac i /Do ik
(TOMY Digital Biotechnology) % H\\CHzESH7-, 25 u, @ 1 X PBS I

WL, HE ELISA M#EELTz,
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CKD B 1MmigD s

CKD BHFIMIEIX. 5 2 BCTHWbOLFR—OLOEFEH L, bbb, #
P R YR ARPE I EBES . 19 ADIEENT CKD BELAELN-IME (25
nl) vz,

R HAEHT, 1 X PBS (ZMEL CTRELL 72K IRE D PS fRMER AN —
JVIITEICAR (v /v = 1:9) LCHRL, RERIE, 1, 2.5, 5, 10, 25, 50, 100
ng / mL O#iPH, n =4 TIER LIz, BElIREZ LY itz 450 nm ([ZB1F 5K
WEELESTTay b, “IRRUCE DT R 2 KD 7=, EilL7-[i% ELISA
2L TRLNIER O EE 2 B AR Y CiXd D2 e T, PS JREAFHL,

CKD &M iE e SV E R T VT I ORI E

BFIME 10 pL 2T, & LRI 474 NX500 HEE (B L7 1vs) KOs
ISTHHER Y (BERIA7 LATAR TP-PIIL, & LRI A4 7 L A7AK ALB-P)
WCEVREEFE L,
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% 3 W ATEER

it 7V
GF KO SPF ~vAdiiiE, #FlE, M OEGNEWIL. LIRTOHFSE (5] SChk

35) TUNLEL, —80°CTIRIFL CW b D &AL, fE 2R <5, GF KO
SPF 1QI ~7 A%, Clea Japan (Tokyo, Japan) 2B ALz, 7 HleC, MIE2
\Zarhr—L e RF BEIZ 072, GF &KUY SPF = b — LEEIZ DWW T,
Ho CE-2 &% 5 WMHkET7-, RF BEZOWTIX, 0.2%7 7 =% 5T CE-2
EE FoBAlsEs THRath) & 5 M 527 RF #HCOW T, 5 EHD
MM o&E%O 2 B, 1 EMIC 2 BF@EOREL 5 X7, KT, FriEKE
K H BBERES Tz, A7V T RN R CRSESE 7%, BIfEL TE BB
U7z, i3, MERFRIREVERIRL . 72 b DA UL T, £ 7 uid, #l
EFET—80°CTREHIRIFLT,

K OGNS SO ED ORI
FEIEHENEY 10 mg %2 1.0 mL Ok MeOH T 2 43iE (30 #

X 4) REVF AR, IWT 15,000 X g T 10 4rME oLz, Sbni- -
BHaBRINL, oAy 7Ll mEYF A XTI, B — XA
(TAITEC) ZH\. 1 o NBHT-0AT LA — % 3 fiffi LT~

2PA-ds DERR

50 mL U O #RBRE I DO (18 mL). 2PA (540.7 mg.5.0 mmol) K& O}
10%Pd/C (54.0 mg. 10 wt%) M 5%Pt/C (108.1 mg.20 wt%) &Nz, £

Ho F5PH5T 180°CT 120 HFFIMBVR#EL I, A% IR EWE 7 4V 2 —

111



(Millipore Millex - LG,0.20 mm) Zi@L CAtEABREL - JEHLIZ 7 V2 —%
D20 (1 mL) TEBHEHFLIZ HLV 50 mL U OB IZIEIRE B L, 5%Pt/C
(224.9 mg. 40 wt%) ZNx., EHEF He FFAS T 180°CT 120 HFEIINEFEHEL
T2 R L7274 V% —% D20 (1 mL) TiBVEHL 7%, BN L7Z 8k A = SR
— X —TEME LT, RN T, <~V F 3B HPLC v A7 . LC-Forte/R (YMC) %
Wik 7a~ 77— (He0/ MeOH) 12k~ TRERLL 2PA-ds Z15%7-. fhHi%)
Ze Pt R [ L 72 1% . MeCN (PR LT, 43 F ) UMb o, B K RIER% R
o RREE TR LY TH NMR (28> THERE L7 IR EE T, LC-UV 44Tz
RELT,
[no-D 'H-NMR]

MeCN TS ETZ 1mM @ 2PA (4L KO 2PA-ds (B ifdh) % 'H- NMR

(600 MHz) (ZCTHIZEL, £ NMR Fv—h& gLz,

0

]

X - parta e Miiom  Promm

Taho =7 OFE LY, 2PA-ds 13, 98%LL EDIFRER THLHEF M LT,
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LC &t
SINTRBENFRIZIE, A ¥ E LT 10 mmol/L AcONHy %25 Te 0.1%AcOH 7K¥%
W.B R ELT 0.1%AcOH =& 1Te MeCN/IPA JBHE (v/v=1:1) W=, %
M7 20214, Inertsil® ODS-3 (2.1 mm i.d. X 100 mm, 2 pm; GL Sciense) %
iz, ZDIENE LT OFMCRIEL Ehi L7,
[N TAA]
Gradient: 0.0—1.0 min: A/B = 95/5
1.0—10.0 min: A/B = 95/5 to 80/20
10.0—15.0 min: A/B = 80/20 to 40/60
15.0—28.0 min: A/B = 40/60 to 20/80
28.0—32.0 min: A/B = 5/95

32.0—35.0 min: A/B = 95/5

Flow rate: 430 pL/min
Oven temperature: 45°C
Injection volume: 10 pLL
(QERRNIY|
Gradient: 0.0—10.0 min: A/B = 70/30 to 60/40

10.0—15.0 min: A/B = 60/40 to 30/70
15.0—17.5 min: A/B = 5/95

17.5—20.0 min: A/B = 70/30

Flow rate: 450 pL/min
Oven temperature: 45°C
Injection volume: 30 pL
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MS Zft

Tonization: ESI (+)
Spray voltage: 3000 V
Heater temperature: 500°C
Sheath gas pressure: 60 psi
Auxiliary gas pressure: 60 psi
Capillary temperature: 350°C
Declustering Voltage: —10V
Collision gas pressure: 1.5 mTorr

2PA MO} 2PA-ds (ZEAYV 7 )V ORI

BEEERIGREHZ W T, Y3+ A AR 1.5 mL Yo7 /v F=2—7 (Watoson)
(2B 20 pL ZAEL. 200 pL @ MeCN & 10 pymol/L 7' v 4 Ee-ds M
OEEER-dr Z N Z T2 IRWVT, MeCN IZ¥ L TIERKL 72 10 mmol/L TPP (10 pL),
10 mmol/L DPDS. 10 mmol/L 2PA (10 pL) X% 10 mmol/L 2PA-ds (10 pL) %
INZ T, ZOREGWEIEZ . 60°CITNR LT —h7 my 7 @ (2 10 SR E Lz, %
D%, B2 DR 2 AV T, 40°CTHZES W7z, #%iE% 50 pL @ 50%MeOH 7k
IR C R L 7=, LC-MS/MS JI7E fij i Fhig sl L& BIR AL E A7 v
~BLT,

MR 72 E DAEREHZ SV T, 1.6 mL Yo7 Fa—7 125k 20 pL 2 H
EL. 200 nL. ® MeCN Z[pZ 2 _IFEAEDOT-OIZIRINUT, % B H K
WHT 5 EEE L, =008 (15,000 X g, 10 min, 4°C) . k& 200
uL 23 Va A XK 1.5 mL Yo7V Fa—7 18, B UG E FIRED )7
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T 2PA T 2PA-ds (XD 7 NV OREA L E T T,

7 e A i M ONBE IR O i B P AT METR R 0D i
TR R OEEE L ENDITRIGT D IS (ZERMRIER) 2%, £

ZRKIAZ ) —v (1:1, vIv) \ZEEMEL, 10 mmol/L, OFEHEFR AR 7=, 7' ae
W C B DS FEE R A — TE B | SHITKIAZ 7 —v (101, viv) IZTHRRL
T.0.1,0.5, 1, 2.5, 5, 10, 25, 50, 100, 500, 750 pmol/L. DIEHEIRAIRIEA TR
72, IS 122\ Tk, MeCN ZHWTHRL, 10 pmol/L DIEHER A Ik Z TR RL
77

Zae A ik K% OEEIR O o B e e o i

TR R N O R O A5 i E OREMER B2 20 L ££Y, 10 pmol/L. @ IS

IRAW 30 L 2L T, 0.1, 0.5, 1, 2.5, 5, 10, 25, 50, 100 pmol/L, D Efzak
Bl L7z, Bk L7z L[RICFNEIZHES T, 2PA 1Eik b SOS&2 4TV, 5 pl &
LC-MS/MS ¥ A7 MMIIEALT, MEMAERL-, SR EL LY, fitfhic IS
WX DHERZE O — LA > TTry LT, 1/x TERAMIT Ui/
CEREICEOII A RO T,

AUNEIEES 7y
TN T, IR AR A ~ T AT — )V IE R e b7 — VTR IR (v

[v=1:9) LCHBLZ, ebiiETiX, 0.5, 1, 5, 10, 75 pmol/L. DIEE L2551
FRLL w7 ZMAETIE, 1 umol/L }2TX 10 pmol/Li DIRELD I 7=,
KRR 20 uL 1ZKL, B LD ERICTFNEICHE S T, BRZ 237 B fE R Y

2PA #ERALOEZATV, 5 plh &2 LC-MS/MS v A7 AZEALTC, FiRE n =6

115



TR— BICHIEL, BE K OEELZBEH U FEE L, JS7 U721 E O FE of 12 U
7 (RSD) LLTEFRSIN, —F, BEX, FTOIIGHRESNMx#EZE (RE) &L
TRz [BRHERE —NRMERE) [ TINEE —11 X 100 (%),

T2V B A R O R E B O FM

WAL P &2 3R BEIE K O TAA OB IERERIRE — & &Y.,
19 FEOMEHBIEAY (30 pmol/L), 9 FEFEHO faFn— A fufii5 I ERIR &)
(3.75 ng/mL), 10 FE¥ED LM faFfiig IR S (8.75 ng/mL), 7o't i
(20 pmol/L), E&#: (20 pmol/L), TAA (50 pmol/L) % & EeiEHEIR AR IR A L
7o ZOIRAB IR Z, MeCN [2T 10 fEA RIS DAIRRERIKEL T L, %
72, QC #RBHI. ZOREBWIKZ~ T AT — /LI KR e b7 — LV IECHAR (viv =
1:9) LCHBIL-, IRAEER, e — i, ~7 27— v, v &I
TIERLT7: QC #lElZZn 2 40 uL B8V, Sblicznba e (20 pl) 325l
DY T NTF a—T ~1ELTZ, — 71T 2PA B SUS ATV, #1512 2PA-ds 1
WG ZAT ST, B ARk 2 B2 IR G 1L CL 10 pL 2 LC-MS/MS v AT AIZ

HFALT,

116



Bile acids R1 Rz R3 R4 Rs
Cholic acid OH H a-OH OH OH
a-muricholic acid OH B-OH a-OH H OH
B-muricholic acd OH B-OH B-OH H OH
w-muricholic acid OH a-OH a-OH H OH
Hyocholic acid a-OH a-OH a-OH H OH
Hyodeoxycholic acid OH H B-OH OH OH
Chenodeoxycholic acid OH H a-OH H OH
Ursodeoxycholic acid OH H H OH OH
Deoxycholic acid OH H B-OH H OH
Lithocholic acid OH H H H OH
Glycocholic acid OH H a-OH OH NHCHz2COOH
Glyco-a-muricholic acid OH B-OH a-OH H NHCH2COOH
Glyco-B-muricholic acd OH B-OH B-OH H NHCH2COOH
Glycohyocholic acid a-OH a-OH a-OH H NHCHzCOOH
Glycohyodeoxycholic acid OH H B-OH OH NHCH2COOH
Glycochenodeoxycholic acid OH H a-OH H NHCH2COOH
Glycoursodeoxycholic acid OH H H OH NHCH2COOH
Glycodeoxycholic acid OH H B-OH H NHCHz2COOH
Glycolithocholic acid OH H H H NHCH2COOH
Propanoic acid A, Nervonic acid (>~
o 3 - - 000N
Propanoic acid-d; Ry Linoleic acid N
o . R . e N - CO0H
Butyric acid A a-Linolenic acid e
o y-Linolenic acid C\ < e
— NN

Butyric acid-d;

Lauric acid

Myristic acid

Palmitic acid

Palmitoleic acid

Stearic acid

Oleic acid

Arachidic acid
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