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Effect of Tartary Buckwheat Sprout on Non-Alcoholic Fatty Liver
Disease through Anti-Histone Acetyltransferase Activity
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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is caused by chronic lipid accumulation due to dysregulation

of lipid metabolism in the liver, and it is associated with various human diseases such as obesity, dyslipidemia, hyper-
tension, and diabetes. Histone acetylation is a representative epigenetic mechanism regulated by histone acetyltransfer-
ases (HATs) and deacetylases. We observed that tartary buckwheat sprout (TBS) suppressed lipid accumulation in
HepG2 cells through its anti-HAT activity. We showed that TBS was a novel HAT inhibitor with specificity for
the major HAT enzyme p300. Importantly, TBS reduced acetylation of total and histone proteins, H3K9, H3K36,
and H4KS8, resulting in decreased transcriptional activities of sterol regulatory element-binding protein 1c, ATP citrate
lyase, and fatty acid synthase. These results suggest that TBS inhibits the NAFLD transcription-modulating activity
of lipogenesis-related genes through modification of histone acetylation.
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=X A (very low density lipoproteins, VLDL) A &
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E4oltk5,6). olet #AE FH4 8R1E] whe AWtE
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dshetm(8), A A olol 9]¢k p3002] &4 F7t7} car-
bohydrate-responsive element-binding protein(ChREBP)
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d AR E FAvka BaHATHI). Glucoseol st &
4318 p300 4] AR ChREBPS) 87 3| A% el
A3} v|8| ~E g A E9] oMY E 0}04 -l (gly-
colytic) 28]aL A4 (lipogenic) ## 22 HALS &
33}staL(10), A28 Tt v AMIES R,
12). &3}, adeno associated virus—-Cre& ©]-8&3%F histone
deacetylase 3(HDAC3) knock-down "}$-29] 7F ZZ 9
A FAAAEE] eFol A vk~ Y] eu 7t F7behH
(10), 3+ 24 Eo]% 2l HDAC32 AlA Al 1HdF3Hhe-
patic fibrosis)@} 7+¢H(hepatocarcinoma, HCC)2] z138jo]
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2100, Kinematica AG, Luzern, Switzerland)®2 15,000
rpmel A 1027F A getgint. ddste F5E52 2081
259 58 HYs% 2 Whatman No. 2 ] 3% (What -
man International Ltd., Kent, UK)& ©]-&3}o] o 3}&}}
o} o Huk(filter cake) 3|3te] &2 WO 23] Wy
FEeon, FEAA Fe A& ALTFAE TS
> S%7](N-1000, Eyela,
Tokyo, Japan)% AbEste] sEE F 54 Axg o
E- O

M| ZZHH 2

HepG2(human hepatoblastoma)= ATCC(Manassas,
VA, USA)olA Fujsle] Dulbecco’s modified Eagle’s
medium(DMEM)®ll 10% fetal bovine serum(FBS), 1%
antibiotics/antimycotics& #7}3te] 37°C, 5% CO2 %31
o] &43 incubatorol A HiFE A TH,

MZ= LY X ==

HepG2 AXE W AW FHA7]17] 9138} oleic acid
(Sigma-Aldrich Co., St. Louis, MO, USA)<} palmitic acid
(Sigma-Aldrich Co.)& AF&38F3lth. 7 A Wake] AL U
AR FFE SAste] 42 8 mMe| FERE 95% ot
of =l ¥ AATVIAE o] &3t dEEE T (evapora-
tion)A| 7] 22 DMEM<S ©]83}o] 20%= =91 fatty acid
free?] bovine serum albumin(BSA, Sigma-Aldrich Co.)
3} conjugation AlFATH A¢S Yste] 400 pM2] oleic ac-
id2} 100 uM ] palmitic acidE FA]ol] M Eol x&]s} 1L
gz o2 DMEMe] 531 BSARKS w5 A 2]8oith.

HAT &4 &3

AE Well A Ao o]e HAT &4 9] wsts 32135}y
Q3}e] HepG2 A3l 400 pM2] oleate, 100 uM2] palmi—
tate2} &7 200 pg/mL, 500 pg/mLe] ZHd A% FE&



e A

o

S 244 7F Bk 3 23 3 nuclear extract(NE)E 3
=3kl NE9] %5 ¢kl A7k phosphate buf-
fered saline(PBS)S ©]&3t] MEE 33] M3 & AE
£ F835 . 1 mL9 cytosol lysis buffer(10 mM Tris
pH 7.4, 10 mM NaCl, 3 mM MgCls, 0.5% NP40, protease
inhibitor)E #7138} iceol 203} incubation 3+ % 4°C
ol A 58%F 4,000 rpme.E AR 3Fo] cytosolS £
AT P pellet& 2712 PBSE o]-&3to] 33 A3}
3 200 uL9 NE extraction buffer(20 mM Tris pH 7.9,
0.42 M KCl, 0.2 mM EDTA, 10% glycerol, protease in—
hibitor)& 29¢] icedll A 403} incubation 3 % 4°Col| A
30%%F 13,000 rpm o2 94182 slo NES doich &2
H NE= 100 pg/ule] 5% 2 HAT enzyme? &4 =4S
Aeto] AFEEUTE HAT 84 54 T 494 o= Ady
+ HAT activity kit& o]&3t &4 532 Hela A3l A
NE(Biovision, Milpitas, CA, USA)E, 183 Eo]%<l
HAT @32l p300(Enzo, UK)¥} CBP(Millipore, Darm-
stadt, Germany) &4 42 747 @94 9| catalytic do-
maing ©]-&3F human recombinant &2 & o] &3} o
o, SAWHL FufAl?l Biovisione] A WS upsko)

Total RNAQ| &1} quantitative real-time PCR(qRT—
PCR)

AZ N AYFY A A AL A Ashel
¥ qRT-PCRE 913te] HepG2 A EE 5x10° cells/
welle] D=2 6 well plated] 3} 10% FBSE 73+
DMEM s x]ol| A vl Fstsitt. A *E7F 70% confluenceol
=dde W AEE 13 AlFste] A DMEMe= viA &
A F 400 pM9] oleate9} 100 uM<] palmitateS = 2]
skeltt. olw] A& T2 oleate, palmitate?} &7 100 ng/
mL, 250 pug/mL, 500 pg/mL, 1,000 pg/mL 5=° F&%
= SAll Ak 16A17F = AEE F3kaL total
RNAE F%3kaL cDNAE $7d38t3lth. qRT-PCR £412
SYBR Gree PCR Master mix reagent(Thermo Fisher
Scientific, Waltham, MA, USA)E ©]-8-3}4(Bio-Rad CFX
Connect Real-Time PCR Detection System, Bio—Rad,
Hercules, CA, USA) th3-3 2 202 Al gsgith &
A= GAPDHOl whe} A% o2 A &FstE itk PCR
95°Coll A 30%, 56°ColA 30%, 72°CellAl 30zl A
cycleZ Al E oW, wlx]a 72°Coll A 1083 F71=
Soto] PASAZTE FF] BE HelH = A cycled
72°C, 30z GAlCA R AT 2 EA el AREE o]
W= g3 Zr}. Sterol regulatory element-binding
proteinl(SREBP1c¢) forward 5'-AAACTCAAGCAGG
AGAACCTAAGTCT-3', reverse 5'-GTCAGTGTGTCC
TCCACCTCAGT=-3', ATP-citrate synthase(ACLY)&
forward 5'-TACCACCTCAGCCATCCAGA-3', reverse
5'-GACCCCAACGAGACCAAGTT-3', fatty acid syn-
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thase(FAS)& forward 5'-AACCGGCTCTCCTTCTTCT
TCGACTT-3', reverse 5'-TCCGAGCGGCAGTACCCA
TTC-3', 28] 3L glyceraldehyde-3-phosphate dehydro-
genase(GAPDH)+ forward 5'-ATGTTCGTCATGGGT
GTGAAC-3!, reverse 5'-GCATGGACTGTGGTCATGA
GT-3'0] AFEEATE BE WS 302 Algrglo
W, A4 we 9 standard deviation(SD) value: com-
parative method& A}&3}e] ALkt

Western blot

5x10°70¢] AEE HepG2 A EZ 6 well platedl] 53}
a1 AEZF 70%9 confluenced] =E3l9S uw =S
DMEM ®jA] = n33}aL 400 M9 oleic acid, 100 pM <]
palmitic acid®} 7 250 pg/mL, 500 pg/mLe] FE2ES
A28tk 24 A7 § A|EZE 343815l RIPA buffers ©]
&-3}o] whole cell lysis 3l Abcam histone extraction
kit(Abcam, Cambridge, MA, USA)S- o] &3} 3|~E o
WAL Fesheleh Al 15 ngel dmAS 10% = 15%
SDS geldl #7)9% A3tz HDAC1(Santa Cruz Bio-
technology, Inc., Santa Cruz, CA, USA), B-actin(Sigma-
Aldrich Co.), a-tubulin(Millipore), total-AcLys(Cell
Signaling, Danvers, MA, USA), H3K9ac(Cell Signaling),
H3K36ac(Cell Signaling), H4K8ac(Cell Signaling), L&
3l total H3(Santa Cruz Biotechnology, Inc.)& ©]&3}4
western blottingS A5} T}

Oil Red O M

5x10*70¢] HepG2 AEE 24 well plateo] EF3 &
70%9] confluenced =€ 3-S w 400 uM oleic acid9}t
100 pM9] palmitic acid®} g7 200 pg/mL, 500 pg/mL<]
FEES APl 2447 & PBSE o] &3k F A d
AZE A8t 3.7% formaldehydeE o] &3}o] 21 L0f A

b

12
[o
e
2
ol
2
N
o
o
o
A
R
o
o
=
¢
o,
o
2
1=

4.9.1(Carl Zeiss, Oberkochen, Germany)< ©]-&3}o A}
e AT G Ao G=3tE 98k 200 pL9 iso-
propanols Bl AlX W G kS &3/ - &afe
100 uLe] isopropanold 96 well platel] %7 Ho} 510

nmel A FHEE SR80,

MTT assay

5x10'70¢] HepG2 AIEZE 24 well plated] 53}
70% confluence®] =234 wW 400 uM oleic acid9};
100 pM 2] palmitic acid®} 7] 100 pg/mL, 250 pg/mL,
500 pg/mL, 1,000 ng/mL &x°] MES Aol Aes3t
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t}. 2447+ 3 PBS®E 23] A& 3ta FBS7F E8h% %] &
B R 2 WA 3k T 3-(4,5-dimethylthiazol-2-y1)-2,5-di—
phenyltetrazolium bromide(MTT, Sigma-Aldrich Co.)&
vzl H7belel 2A17F FQF wigetal FAdE blue for-
mazan< DMSO®l| €-3]3l4 570 nm¢} 630 nmo| 4] mi-
croplate readerE AF&3le] NEAEES SAHSA T

SHEM
2 AFME HA 33 dHE] gk P E gEEAE
Ao, ZF AaS dizael gigh WEE = YER
T 7He] BAA felAd S Student’s t-testE

A In vitro HAT assay
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To A AAT tsle] §o)ld o2 HAT &84S A 3)s)
‘—E A0 2 EFHTHI/X0.01). 5ol HAT g 3
A= Fig. 1B9F 2] 100 pg/mL, 200 pug/mL, 500 ng/
mL9] TBSE *2]3l31-& Wl p3007} CBP EFol A TBS
o3k 5= o|F A HAT 24 ATl #EEglon, 53
p300°] Z-%- 500 pg/mL &%°] TBSe| 93] 80% 7}%
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Fig. 1. Effect of methanol extract of tartary buckwheat sprout (TBS) on histone acetyl transferase (HAT) activity. (A) HAT activity
assays were performed with TBS as indicated concentrations. The result was represented with relative percentage compared to

a positive control which was incubated without TBS. Values are mean+SD for three independent experiments.

P<0.01 versus

with control, treated NE only. (B) HAT inhibition activity of TBS against specific HAT enzymes was measured using representative
HAT enzymes. The result was represented with relative percentage compared to a positive control which was incubated without

TBS. Values are mean+SD for three independent experiments.

"P<0.01 versus with control, treated NE only. (C) HAT assay was

carried out using nuclear extract from HepG2 cells. TBS was treated with oleic acid and palmitic acid (OPA), and each activities
were relatively represented with relative percentage compared to a positive control which was incubated without TBS. Values are

mean+SD for three independent experiments.
or cytosol, respectively.

P<0.01 versus with control. HDACI1 or tubulin was used as a marker of nucleus



HepG2 A|EF59l oleic acid, palmitic acid®} $H4 200 pg/
mL, 500 pg/mL®] TBSE 2413t &<t HE|dk &, A E ly-
sisE Fall ¥o]x 100 pgel NEE °]&3te] HAT &85
=39y, In vitro HAT assay9d ZAde} mlz7A =
TBS7} 347 Ae]d 3ol A HAT mao] &4do] A3+
RS Gl th(Fig. 10). ol2lg A3= TBS7F HAT
enzyme A3 #4& zra flom, HAT d¥jd 5 53

p300°] tsle] EojHoz =& A a5& HYS ofn|t
th HATS] &4 S71He thedet QA Ao A Badse= 4
Jo g Azl oy} X85 9dte] HAES 7|wo = d
HAT gl A o] 34 AsA|s= 23] AFH 3 Ao} Gallic
acid(26), EGCG(27), garcinol(28) 5<& <¢t3} #ddg Hd
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2 fﬂxﬂﬂ it l—Ei A2k th Fig. 2A¢9 o] OPAES
= 283819 79 HepG2 Al U vl A 5 0] ol el 3}
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o] ofAE sl ] TBSO oJate] @4 o= A= &
< #1353 THFig. 2B). 71& A Aol s A2
ol A v 3 2249 Thfa A%} promoter 41
H3K93} H3K189] olAEs}7} Z=713kth(29). B3k HATY
71A 2 AR EE acetyl-CoAQ MNE U vx= 4y <
2 v} o] A bal AgA o] Q35 § 42 ATP-citrate
lyase(ACL)®l 9l3l4] 571%™ (30), acetyl-CoA2] F7}
o vl #|3le] H3K9¥} H4K8<] ofAE s}t S7Fetth(31). H]
U AR Sl A o] 3] ~E ofAE S ] T
+ p3003} CBP9} 22 3% HAT 459 &4 57]-9}
DA #rlo] o, Frte o5 AL 3l
ol nl3|~E v A S oM E T3l A
2 g dahg B FAAE 2AE3IH9,14). 99 ge
=5 T o ngmed AN

AAE A= A2 olel 7|18k HAT &4
& B¢ 23 A4 FHAAES] promoter H-9] 3| ~E
2o olMEs}l JA7} 2T o R o FHT) 7|Ee AT
ANE FUsHA 2 Aol A E OPAC 2§k HepG2 Ml
W A A %2 A H3K9, H4KS8, 18] 1 H4K369] ofAle 3}
7P BRH e, AYE TBSY Fk o&EF 0w 3~
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[eRauy

E o2 o N oox

i lo,
19

A Whole cell lysate
OPA -+ + ¢
TBS 0 0 200 500 (ug/mL)
72 7 B
60
a0 Histone extract
%g . e aAcLys OPA - o
2] _——— (short TBS 0 200 500 (pg/mL)
exposure) =wreses
- — —
(K1d1a) s s | QH3K9ac 25 ..
20 -
S —— . | aH3K36ac 17 | I . ./—HS
79 - T — —— —— i o
28 i e e e | oHiksac 11 ————__ H2A
Kda Ha
25 - n—— aAclys m aH3 e
20 -
(long exposure)
7 CBB staining
11
(Kda)

A A ap-Actin

Fig. 2. TBS reduced acetylation of total cell lysate and histone. (A) HepG2 cells were treated with or without OPA, alone or
in combination with TBS. Acetylation status of whole cell lysates were measured with anti-Ac-lysine (aAcLys) antibody. (B) HepG2
cells were treated with or without OPA, alone or in combination with TBS. Core histones were extracted from cells, and acetylation
status on histone tails was measured with anti-H3K9ac, H3K36ac, and H4K8ac antibodies. To confirm histone extract, coomassie

brilliant blue (CBB) staining was performed.
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TBS 100 200 500 1000 (ug/mL) 8BS - 100 200 500 1000 (ug/mL) TBS 100 200 500 1000 (ug/mL)

Fig. 3. TBS suppressed transcriptional activity of genes related lipid metabolism. HepG2 cells were treated with or without OPA,
alone or in combination with TBS. mRNA expression of genes related lipid metabolism was measured by qRT-PCR. RNA was
extracted from HepG2 cells, and then 2 pg RNA was synthased to cDNA. All experiments were carried out three times independently
and data are expressed as mean+SD. P<0.01 versus with control.
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