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Structures of Bile Acids
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Chenodeoxycholic acid

Structures of Nonamidated, Glycine- and 
Taurine-Conjugated Chenodeoxycholic Acid 
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Structures of Chenodeoxycholic Acid and Deoxycholic Acid
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Structures of Chenodeoxycholic Acid and Ursodeoxycholic Acid
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Bile acids

Derivatization of Bile Acids by 1-Anthroylnitrile
J. Goto, M. Saito, T. Chikai, N. Goto and T. Nambara, J. Chromatogr., 276 (1983) 289-300.

R1:         OH                      NHCH2COOH              NHCH2CH2SO3H

Unconjugates      Glycine conjugates      Taurine conjugates

R2:     α-OH             α-OH                  H                 H               β-OH

R3:        OH                  H                   OH             H                  H

CA              CDCA              DCA             LCA           UDCA

1-Anthroylnitrile

+
0.08% quinuclidine
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Mechanism of Negative Electrospray Ionization

Capillary

-

-
2-

-
-

-
-
-

-
- -

-
-

-

-

-+

+ +

+

+

+

+

+

-

-
-

-
-

+

+

-

-

Analyte

2-

Evaporate Split



Bio-Analytical Chemistry

PAPS

Analyte

Derivative

OH

Enzyme :

OSO3H

Derivatization by Sulfotransferase

LC/ESI-MS/MS
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Tandem Mass Spectrometry of the Sulfated Steroids
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blood

kidney
MRP3

OATP ISBT MRP2

Bile Acids Transport Systems 

liver

BSEP

LST-1

NTCP

MRP1

MRP3

intestine

MRP3MRP2

MDR1

ISBT

MRP2

ISBT: ileum Na+-dependent bile salt  
transporter

MDR: multidrug resistance
MRP: multidrug restance-associated 

protein
NTCP: Na+/taurocholate cotransporter
OATP: organic anion transporting 

polypeptide
BSEP: bile salt export pump
LST: liver-specific organic anion 

transporting polypeptide

LST-2
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Structures of Cholic Acid and Cholic Acid 3-Sulfate
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Structures of CA-(Nε-NBD)-lysine and CDCA-(Nε-NBD)-lysine

CA-(Nε-NBD)-lysine
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Analysis Mode
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Histone H3

Deoxycholyl acyl adenylate

Deoxycholic Acid-Histone H3 Adduct Formation via Acyl Adenylate

Deoxycholic acid

Deoxycholic acid-histone H3 adduct
via lysine residue
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Preparation of Anti-DCA Monoclonal Antibody-Immobilized Gel
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DCA-AMP:Histone H3=1:1

After immunoaffinity extraction
3

TKQTAR

Predominantly Adduct Formation at Lys4 in Histone H3
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Before immunoaffinity extraction

1: KQLATKAAR (18-26)
2: YRPGTVALR (41 - 49) 
3: TKQTAR (3 - 8) + DCA
4: PGTVALREIR (43-52)
5: YQKSTELLIR (54 - 63) 
6: EIAQDFKTDLR (73 - 83)
7: VTIMPKDIQLAR (117 -128)
8: VTIMoxPKDIQLAR (117 -128)
9: YRPGTVALREIR (41 - 52)

10:  LVREIAQDFKTDLR (70-83)
K: predicted DCA binding site
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DCA Binding Sites at Histone H3

b3 b6b2 b4

y1y2y3y7 y4y6 y5y9 y8

73 83

27 40

(y11)2+(y12)2+(y13)2+ y1y3

K  S  A  P  A  T  G  G  V  K  K  P  H  R
(b5)2+ (b9)2+ (b10)2+

54 63

Y  Q  K S  T  E  L  L  I  R
b2

y1y2y6 y3y7y8 y4

b2 (b3)2+(b4)2+

y2y3y4y5 y1

64 69

K L  P  F  Q  R

E  I  A  Q  D  F  K T  D  L  R

V  T  I  M  P  K D  I  Q  L  A  R
117 128b3b2 b4

y4 y1y2y3y5y6y8y9
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R1=H, α-OH, β-OH
R2=H, OH 

Taurine conjugates
Glycine conjugates3-Sulfates

7-N-Acetylglucosaminides

3-Glucuronides 24-Glucuronides

Various Conjugation of Bile Acids
3-Glucosides

CONHCH2COOH
CONHCH2CH2S O3H

C
O

OO
HO

OH
OH

COOH

HHO3S O

H

OHOOC
HO

HO
OH

O

H

OHOH2C
HO

HO
OH

O
HHO O

Ac HN
OH

OH
CH2OHO

COOH

HHO

R2

R1



Bio-Analytical Chemistry

Amino acid conjugation

Acyl glucuronidation

Protein

Protein adduct formation

Bile acid 24-glucuronides

Amino acid conjugated bile acids

Unconjugated bile acids

CA
CDCA
DCA
UDCA
LCA

: R2=α-OH, R3=OH
: R2=α-OH, R3=H
: R2=H, R3=OH
: R2=β-OH, R3=H
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Glycine conjugate
Taurine conjugate
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: R1=NHCH2CH2SO3H
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Proposed Mechanism for Biosynthesis of Taurocholic Acid
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Procedure for Affinity Labeling of Deoxycholyladenylate
to the Binding Site on the Anti-DCA Monoclonal Antibody

AntiAnti--DCA monoclonal antibody (8.7 nmol)DCA monoclonal antibody (8.7 nmol)
DCA-AMP (17.4 nmol)

in 50 mM potassium phosphate buffer (pH 6.0)

Incubate at 37ºC for 2 hours

500 mM NaOH aq.

Incubate at 37ºC for 24 hours (pH 7.4)

Iodocarbamidation

Trypsin digestion
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Lys 74 (FR H3)

Tyr 31 (CDR H1)

Lys 63 (CDR H2)

Tyr 58 (CDR H2)

Thr 50 (CDR H2)

Tyr 32 (CDR H1)Tyr 99 (CDR H3)

Arg 97 (CDR H3)His 102 (CDR H3)
Pro 58 (CDR L2)

Asn  55 (CDR L2)

Thr 53 (CDR L2)

Tyr 34 (CDR L1)

Thr 30 (CDR L1)

Thr 26 (CDR L1)

Trp 93 (CDR L3)

Phe 94 (CDR L3)
His 97 (CDR L3)

Protein Modeling of the ScFv of Anti-Deoxycholate 
Monoclonal Antibody with the SWISS-MODEL
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Cholesterol

7α-Hydroxycholesterol

Cholic acid (CA) Chenodeoxycholic acid (CDCA)

Biosynthesis of Bile Acids from Cholesterol in Human 
Hepatocyte
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Rat brain cytosolic fraction
1.65 M Tris-HCl buffer (pH 8.6)
containing 0.03 M EDTA,
7.3 M guanidine hydrochloride
300 µLMix for 60 min

Add hot ethanol 5 mL

Mix
3,000 rpm for 10 min

sup.

Evaporate

LC/ESI-MS
Folded protein Unfolded protein

Procedure for Analysis of Bile Acids Bound with Protein in
Rat Brain Cytosolic Fraction

Bile acid

Bile acid
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CA

18O-labeled CDCA

Peak A=CDCA?
Peak B=DCA?

Peak C=CA?

18O-labeled CDCA

(A) Without protein unfolding (B) With protein unfolding

LC/ESI-MS Analysis of Rat Brain Cytosolic Fraction with
or without Protein Unfolding

Chromatographic conditions: column, Inertsil ODS-2 (2.1 mm i.d. x 150 mm), mobile phase;
20 mM ammonium acetate (pH 7.0)/acetonitrile (2:1), flow rate; 0.22 mL/min, electrospray
voltage; -2.5 kV, orifice voltage; -20 V, ring lens voltage; -100 V.
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Specific Extraction Strategy of Small Molecule-Binding 
Proteins by Cleavable Affinity Gel 
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