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Elucidation of new non-genomic mechanisms of action of retinoic acid and their
applications
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Retinoic acid (RA% is an essential bodily nutrient that is attracting
increasing attention for its potential value in the prevention and treatment of cancer and
lifestyle-related diseases. Using human leukemia cells, we investigated retinoylation (protein
modification by RA), which is a non-genomic mechanism of RA action that differs from its nuclear
receptor-mediated actions. We elucidated physiological roles of retinoylation of the actin-binding
protein o -actinin and the regulatory subunit of protein kinase A (PKA). We found that retinoylation
stabilizes and changes the localization of each protein and that nuclear retinoylated PKA
phosphorylates splicing regulatory factors and histones. These nuclear proteins are important for
gene expression regulation, and promoting cell differentiation and suppression of proliferation. Our

results support non-genomic actions of RA.
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(1) HL60 HL60 10% FBS 10 mM HEPES RPMI
1640 (5% C0O2 37°C)
1x10° cellg/ml HL60
(4 °C, 200%xg, 10 min) D-PBS(-) 2 2x10° cellg/ml
[10 mM HEPES, 5 pg/ml insulin, 5 pg/ml transferrin RPMI 1640
] RA ( :0.1,0.4, 1 uM)
( :0.1%) 24 MG132
( :5uM) ( :0.1%) 4
RA RA 0.4 uMPKA Myr - PKI
(PKA Inhibitor 14-22 Amide Myristoylated) (Sigma) ( : 0.4 uM) 2nM Mcl-1L
$63845 (Cayman Chemical, Ann Arbor, M1, USA) ( :2nM)
( : 0.1%) 48
2 HL60 (2x107 ) Lysis Buffer A (10 mM Tris-HCI (pH 7.4), 10
mM NaCl, 3mM MgCl,, 0.1 mM EGTA, 10 mM glycerophosphate, 1 mM NaF, 0.5mM DTT, 1 mM PMSF,
0.5% proteaseinhibitor cocktail) 10 10% Nonidet P-40
(4 °C, 1,000xg, 5min) LysisBuffer C (20

mM HEPES pH 7.9, 420 mM NaCl, 1.5 mM MgCl,, 0.5 mM DTT, 0.2 mM EDTA, 10% Glycerol, 10 mM
Glycerophosphate, 1 mM NaF, 1 mM PMSF, 1% Protease inhibitor cocktail)
(13,000xg, 4 °C, 10 min)

(3) - (2D-PAGE) 2D-PAGE O’Farrell
RA HL60 (4x108 cells) 95 M , 2% NP-40, 2% ampholytes
(pH 4-7 pH 3.5-10) 5% 2-mercaptoehanol
2% ampholyte 10% PAGE




SYPRO ( (5)) ECL Plus
4 RA HL60 (100 pg of
protein)  Buffer B [10 mM HEPES (pH 7.9), 10 mM KClI, 1.5 mM MgCl,, 10 mM glycerophosphate, 1
mM NaF, 0.5 mM DTT, 0.2 mM PMSF, 1% protease inhibitor cocktail]

input Anti-Multi Ubiquitin mAb-Agarose (MBL) 10 pL
4 °C (4 °C, 2,500%g, 5 min)

Buffer B 4 Sample buffer [63 MM Tris-HCI (pH 6.8), 2% SDS, 5% 2-mercaptoethanol
10% glycerol, 0.005% bromophenol blue (BPB)] -

(1D-PAGE) SF2 Protein G Mag Sepharose (GE
Healthcare) 15 uL 4 °C
BufferB 4 Sample buffer [63 MM Tris-HCI

(pH 6.8), 2% SDS, 5% 2-mercaptoethanol, 10% glycerol, 0.005% BPB] 1D-PAGE
(5) 1D-PAGE 2D-PAGE

PVDF (40 mM Tris-glycine, 20% methanol, 0.1% SDS)

0.1% Tween 20 PBS(PBS-T)
2 HRP
ECL Plus Western Blotting Kit

(6) RA HL60 RA HL60 (1.0~2.0x10° cells)  0.005% Tween

20 10 mM Tris-HCl buffer (pH 7.5)  2~3ml
100,000xg, 60

-80 °C 0.005% Tween 20  10% CHAPS 10 mM Tris-
HCI buffer (pH 7.5) 100,000xg,
60
@) (Mono Q) Mono Q 2mM 2-
mercaptoethanol 1 mM EDTA 20 mM Potassium phosphate buffer (pH 6.8)
(6) 0-1 M NaCl
(8 MS 2D-PAGE
(MS) Orbitrap
(9) RT-PCR RA HL60 MRNA (2.5 ng) 5xVILO™ Reaction
Mix, 10xSuperScript Enzyme Mix cDNA B-actin
Blend Tag polymerase cDNA  template PCR PCR
2%
(20) H2B H3 H2A H4
HL60
(1) + (SD) Prism6
Student  t Dunnett's
5% (*p<0.05) 1% (**p<0.01) 0.1% (***p<0.001)
D -
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