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Mechanism of YAP Methylation Promoting Obesity
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Abstract The increasing number of complications caused by obesity has a serious impact on people’s
physical and mental health. The study found that YAP methylation could regulate fatty acid synthesis and oxidation
to promote obesity. Yap K327M transgenic mice were used to demonstrate the relationship between YAP methyla-
tion and obesity, qRT-PCR was used to analyze the effect of YAP methylation on the expression of key genes in
fatty acid synthesis and oxidation. The levels of glucose and growth factor in Yap K327M transgenic mice were
analyzed by in vivo glucose and growth factor tolerance test, and the clinical samples were analyzed by immunohis-
tochemical method. Data showed that YAP methylation promoted fatty acid synthesis and inhibited fatty acid oxi-
dation. It can also suppressed glucose and growth factor tolerance, and then led to obesity in mice. Moreover, the
level of YAP methylation in adipose tissue was significantly increased in obese patients. These results suggest that
YAP methylation may be a potential marker for the diagnosis and prevention of obesity.
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Hippo-YAP/TAZA 5 18 % /2 28 #iL {1 BN WL 77
49 ek 988 0 1) P 45 5 38 5. Hippo-YAP/TAZAE 5 i
PR AL AR . AR K IR DL R i R
ARUHE B 1, 6 B I B B s 1A 77 =
FIHLAAR B AR RS, 52 m R i 5 e e 45 E R e
H AT, O SCHRHRE IE a1 52 m 2: 2B b 5 B il
Sirt 1SR 2 4 8N B U AMPK Y 14 521 YAP
EEBUKE, (2t B miEMRE ) k. b, fERERE
TE B F2 H YAP/TAZIE 13 8 15 INKAS 5 38 B 45 91 A
24 J18 10 200 B TR O R PR RO, B AR YAPHE B[]
/NERER I B R AR R B, (HE HE— 2B T AL
PR FT R I, YAP I A (2 1 g 7 248 i 1) i 977 2
UL R, T nl Rl I N A TAZBGE g 5 141
J T I AR R A S DR PPARMIE . 4R
T Hippo-YAP/TAZA% 5 i #% 75 A B TE A% 11 Th g
BEHLHIA 5 2

JIE W7 2 2 Mg 7 2 23 1) 25 B2 4H 1547, Hippo-YAP
15 5 T B A 75 B e 52 1 IR 7 TR 5 o 6 R T T e
EFEARIE R ARBH AT CHRE T R B
BEYAPHI A AZ 5E AT, I HLYAP H AL R I A8 1A (e
FE DRI /IS BRI 8 i 1 Je g i AR R B0, gk — Dk
YAP H AL B BRI BRICIER B 50 R B, YAPH AL
T8 AR 32 TR I R G SR A ) T g T A, o e
B FD A A R 7 i 32, 3 i S B0 B R 4. BLE
WFFLHEIR, YAPH BEA0 AT RE 2 AR A8 3 (I R I2 T A
T AR B, BAT HEIGARTE 52 .

1 MR5ERE
1.1 EEXFIRFEM

EleE. H B, TrisBase. Hll. 4%% EH
. TEMED. Tween-20. 40%7A /& Bt . Bl 2 21
PR, MmraE i WIS T4 TAY TR
WS A B 7] Realtime PCRIAF £, 10x DNA
2R . DNA marker. PrimeScript RT % #% %
RFAEL . TrizolZE AT TaKaRa A 7] ; B 4140 iR
& DABE {55 & 4T Vector Laboratories/A
] ; YAP/TAZ(Rabbit)Hif& % T~ Cell SignalingA A,
GAPDH(Rabbit)fi {£ I T Proteintech 24 & ; BT 41
1Py EE(HRP)FR 1 14 1l 2 Bt S lgGhu i 18 T 4k 5t 1
B B BARAT IR A 715 60% T (keal) AE B P&
JiE BURRIE T 8k AE MR (R A ) .
12 MEmAESXKIE

SPFZ C57BL/6/IN BRI T b i 1 3K v S48 3 )
ABRA A, 1T T RGPS5 O, P2 18
FHORELES B B E « S SLIR RS [F) 5 R 53 sk
5 AR BEZE A 2 T A AU
1.3 Yap K327TM B EALIRI SR T (45 B E /R Y
MEREE

Yap & FE R /N iR A2 181 Crispr-Cas9 A4 i 1 .
Yap K327/ f5 Ff)sgRNA oligos e 7 K £ S 06 =5 9 b
(http://crsipr.mit.edu/) F BT FRATTET X Yap K3274%
RTE TR I 51, BIIF/RIH T KIS B
RIS 5 FY/R2FHTWT/NREE R S8 . A1)
JPHVEE B INAR . /N ERIE DA %5 5 20 uL PCR R B A
%N: 0.2 uL rTaq, 2 pL 10x buffer, 10 pmol/L1E 2 7]
51¥IF/R%0.5 uL, 14.8 uL ddH,O, 1 pL dNTP, 1 pLA%
HRDNA. FI/R1 PCR I Z4F: 95 °CHiIAZ 10 min;
94 °CAPE30 s, 56 °CiB k30 s, 72 °CHE{H30 s, 30 ME
Fo F2/R2 PCRIZW 264 95 °CTiAE 110 min; 94 °C

=1 YAPERAZUNRBXSIVFIIER

Table 1 Primer sequence information of YAP genotype mice

ATT TTT TAC TCT TAG GCA ATA CGG AAT ATC AAT CCC AGC ACA GCA AAT GCT CCA ATG TGT CAG

GTA GGC TCT TAT ATG ATG TTT TAG CAT TGG GGAAAAAGAT

FE S HI(5'—3")

Information Primer sequence (5'—3’)

K327 locus AGC AAATGC TCC AAAATG TC
Oligo donor

Fl1 TCA GTG CTG CTG GAC TGT GA
R1 TAA GAG CCTACC TGACACA
F2 ACA GCA AAT GCT CCAAAA

R2 GCT CAA GTG GAG GCA GCT
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Table 2 Primer sequences for gPCR

F R AR SIFHI(5—3)
Gene name Primer sequence (5'—3')
Chrebpf F: TCT GCA GAT CGC GTG GAG

R: CTT GTC CCG GCATAG CAAC
Elovi6 F: GTA CCA GTG CAG GAAGAT CAGT

R: ACAATG GAC CTG TCA GCA AA
Fasn F: GGA GGT GGT GAT AGC CGG TAT

R: TGG GTA ATC CAT AGA GCC CAG
Cd36 F: ATG GGC TGT GAT CGG AAC TG

R: GTC TTC CCAATAAGC ATG TCT CC
Cptla F: CTC CGC CTG AGC CAT GAA G

R: CAC CAG TGA TGA TGC CAT TCT
Lcad F: TCT TTT CCT CGG AGC ATG ACA

R: GAC CTC TCT ACT CAC TTC TCC AG
GAPDH F: AGAAGG CTG GGG CTC ATT TG

R: AGG GGC CAT CCA CAG TCT TC

1430 s, 55 °CiR k30 s, 72 °CHEH30 s, 30ME R
PCR“Yi% 5 M 4 MER A= D RHE A BR A w1 -
1.4 /NRBLFZRNARIEEL

/INERIBEEALBE, B AR AN 74124, B TPBS
HOG PRI B K, 28590 26100 mg /e 47 4H 21
%1.5 mLfJRNase-free EP /1. F R R BY K 2 21
7847 B B AR AL AR 7 A, B I mL
Trizol, J¥ & 1F #% % #5 L #% %10 min/5 &% & S min.
FEINA200 pL=5F 0 B FIEI1I0R A4, i E
5 min, 12 000 r/min. 4 °C& 0215 min. 5 FFE A,
PLAREIR 4y 2, B b — 2R T 4% 191.5 mL
RNase-free[JEPE 1, TN SRR 1) 2 A B, 5
10K e 47, BPT & 2 H B ZURFIRNA, #E 10 min
#i 44,12 000 t/min. 4 °CE0210 min, 77 3%, JIA1 mL
TA75% £ B b T B 2 & 1 T3, 12 000 r/min.
4 °CEL2 minFt BiF, BT 00RS S AR I8 U sE A
i&E B MDEPC /K 54 42 V5 il
1.5 qRT-PCRA&GMEEHFImRNARIAKF

gRT-PCRf# F§ TaKaRa’» 7] SYBR Green Premix
Ex Taq II (Tli RNaseH Plus)ififll&. 10 uL PCRX M
1A £ 9: 5 uL Premix Ex Taq 11, 1 pL_-3%514)(10 pmol/L).
1 uL R ¥7514(10 pmol/L)<2 uL cDNA. 1 uL DEPC/K.
PCR % [ 2644 95 °C 5 min; 95 °C 30's, 55 °C 30's, 72 °C
10 s, 39MEFR . A FH 27 VA 1 B3k R G R IA 7K
S, BN W B3N EIAL, W TR
MSTREAR G 56 732%, P<0.05, P<0.01FEREFEES

¥R, ns BREFHA G E L. qRT-PCR
TR B R FR2(F A 7 51350 09 B -
1.6 Western blotE[iZ5 A48 M & B FRIA K F

FERIMASDS LG, 42J& #1100 °C3&10 min,
12 000 r/min5.0>5 min/& B 10 pLFF 5 76X B[ SDS-
Pagellii LA S FE.  HLUKAE IE 7RI FLS, SEFH80~90 V
) HL s R I B9 4 JI 7 B IR A AL, R A 120 vV
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F1200 mAREAN L IR TE IR 0K 562 he FEIESE RS
FENCIEHAES% B G 24 9 = R L hy 285 A
XN — FT(YAP/TAZA B EL451:1 000, GAPDH A
FELEAF11:3 000) 4 °CiiF F i &, X H FIPBSTHE 3
VR 0 B ) — BU(HRP L 2 5T R g G P A7 B H 431
1:4 000), e f5 B AT 252
1.7 BEEEFEKEFm 2S00

AN NEIE 16 h, B8 ES D-H & FE(2 g/ke)
BEAT R 9000, /DN ERAEE6 h, MR H A N i
5 2(1.5 U/kg, Eli Lilly)#F47 i 5 R i £ 5256 . H
I BEAX (LifeScan)ill & /) BLR B ik 4 (i (1) 1 B 7K1
I 4 Ji 5% 25 7K T 1of D ot k4 928 W BRI s 4 5
6, AR )3 e P B AT I
1.8 HFAELUFAHC)SELE

AL 12 WA EJa, WK KI h, #4178
PR B, 2K, AbUREBE. B, B
PUALLRGERIR . B, At HASDE,
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2.1 YAPREMLRERHEBKXEB/NREMLASE

F A2 H Crispr-Cas9+i A ffil] % Yap K327M H
AV G AR A L R B, S L /) SO A9G o 4 R Jt
s AT A Lo BRATIAE X /0N BRBE AT 358 (R 28 S
I, A% Ik 45 SR U IR245 bp— 264, T A Yap
K327M(KDZli& /N, A 533 bp— 265 IAWT
Y AR RN R W S AT U D 4 & /N R 1A).
/NERA IS B8 F B, B AT &, /N SRS
BERDNE. TIRLE TR, Yap K32TMZEAZ /N
B AR TR A4 5 B S B K (P<0.05) (I IBAIE 1C) . Ko}
/NERAS AL B LUK I, Yap K32TM AR 1A /)N B A T
A S AR 5 A B AR, TR O IR i

(A) WTKIHE
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A AT G C T € CAlA A AT 6T C A 6 6 T A
= n
245 bp— i N\ A f\{’u i ) p
§ { A7\ / f\ .‘\
FIRI A [\ \!L ATATAAY
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5 xmmme neesTTElS @ e Nw e .
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Yap K327M

(B) wT ©

Body weight /g
>
=

WT Yap K327M

(E)

WT Yap K327M WT

Yap K327M

LU w3 (ED~E1F).
2.2 YAPHREMNWAFMTAZE B RKF

IH i Western blot =256 4 I fig 17 2 21+ YAP/
TAZE A iKY, SEEe 45 BRI, Yap K32TMRAZ 1A
FIEF 2 BN B YAPHITAZ R 1 7K V- 3 B 2738
th(E2).
2.3 YAPHREIRHAEIHER S A

JE i 18 2 g 7 28 23 00 2 AR BB 4y o i W R
BRERERII AL RSP RIEEEER . Bl
Xof /0N GRS i 7 20 R B R R A 2L 203 o g 7 R 5
(00 b 7 i R 3 K P R AT A I 43 A1 B, Chrebp)
ElovI6F Fasn 5 Rg i 2 6 i AH O 25 B3 R R 38 /K
SPAE Yap K327TM SR /) 5 14D 350 A M 2H 23 R0 JHF Ik
HE B 4L 2 AR B BB T 155 (P<0.05, P<0.01)(3).
2.4 YAPREHIHIREERE 1L

JE 107 R S A R MR s 23 AR ) B R . FRAT
[RS8 45 B B 71, YAP H A AN AN S 0 g i R 5 1k,
T EL 30 AR B R SR AR . /D SROBE 358 g iy 4L 2R BT
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" R -
202 =
>
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%0
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WT 5020
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£0.15 ¥
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WT Yap K327M

A: LR IR E Yap K327TM/DN BRIER B HIF; By C: /MR B84 I, BB/ AR D~F: NSRS B R/ B, nsi&

INEA G FE L. #P<0.05, **P<0.01, ***P<0.001, SWTZAHLL.

A: genotypes of Yap K327M mice were identified by nucleic acid electrophoresis and sequenced; B,C: mouse weight of 8 months; D-F: changes in the

size and weight of different organs in mice. n.s. means no statistical significance. *P<0.05, **P<0.01, ***P<0.001 compared with WT group.
Bl Yap KR2TRELRHERRENREHAE
Fig.1 Yap K327 methylation promotes obesity in normal diet mice
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Western blot =S58 16 JI 77 20 43 YAP/TAZ 2 A i KT

The protein levels of YAP/TAZ in adipose tissue were detected by Western blot assay.
E2 YAPREWTFAITAZE A RKF
Fig.2 YAP methylation dose not affect TAZ protein level
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A: qRT-PCRAEHI /N BRI 0 R 07 2L SUIR IR 45 JSUAR 5 5 R 3 1400 B qPCRAS I/ BRUTF I i 5 2L 2P0 I T A AT DR FE R A e s R

Bt L. #P<0.05, **P<0.01, SWTHARLL .

A: expression levels of genes related to fatty acid synthesis in abdominal adipose tissue of mice were detected by qRT-PCR; B: expression levels of

genes related to fatty acid synthesis in mouse liver adipose tissue were detected by qRT-PCR. n.s. means no statistical significance. *P<0.05, **P<0.01

compared with WT group.

E3 YAPREALIRHAEAIER A M
Fig.3 YAP methylation promotes fatty acid synthesis

P A i 2L 203 e g 7 PR S8 A o T i R R0 7K ST A 0 25
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48 i 7 20 5 URT T R A s 4 2 B S AR (P<0.05) (&
4).
2.5 YAPHREHIFIEEEREKEFi =

Bk T U RE TR (1 A RS A A A1, YAPH AL

B AN/ B A E A T 2. DR R

16 h, 5 ey S8 2 W 0 267 W 32 5256, 45 R OR,
Yap K327TMREAZAR /N BRI A 7 &5 0% 5 7515 min

r UGB B kT Y AR R, TEBE 2 hN R AT KT
T B AR (P<0.05)(KI5A). /NREEE6 h, fEIEE
SR 5 R AT IR 5 R A2 5200, &5 SRR, RIS
JiEE 1 hiN Yap K327TMABEARA/N R ML ik B R &
BN RE T B AE RN, JEHTE]D hit) Yap
K327M AR /N BRI AR 8 5 2 2 e I Sl e T B AR
AN R (P<0.01)(EI5B).
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] 3 3
O ], 3 _
¥ 0 =) s
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B) 3 s 20 ERRER
- 5 5
=} =] =1
= 1.5
Z 27 % i %10 **
s : R S
3 = 05 S
S 3
0 0 0 |
WT Yap K327M WT Yap K327M WT Yap K327M

A: qQRT-PCREGIN /I B 5 i 7 4L 4R T R S AL bR 35 IR Cd36. Cptlaf Lead %35 7K B: qRT-PCRATIN /N 6T T R 157 20 27 i 7 P A A A i 36
RCd36. CptlafiLeadFikKFo ns KRB A G ¥E L. *P<0.05, **P<0.01, 5WT4LAH
A: expression levels of fatty acid oxidation marker genes such as Cd36, Cptla and Lcad in abdominal adipose tissue of mice were detected by qRT-

PCR; B: the expression levels of fatty acid oxidation marker genes such as Cd36, Cptla and Lcad in liver adipose tissue of mice were detected by qRT-

PCR. n.s. means no statistical significance. *P<0.05, **P<0.01 compared with WT group.

El4 YAPHREAINEIBEATERE K
Fig.4 YAP methylation inhibits fatty acid oxidation
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Ar /NREEE16 h, J s 20 AT 2 T 22 S50 B /NS £ 6 b, R M VA B B AT IR B A2 9246 . #P<0.05, **P<0.01, 5WTZALAALL .
A: the mice were fasted for 16 h and injected intraperitoneally with glucose for glucose tolerance test; B: mice fasted for 6 h and were intraperitoneally

injected with insulin for insulin tolerance test. *P<0.05, **P<0.01 compared with WT group.
E5 YAPREMIIHIEEEREKEFE
Fig.5 YAP methylation inhibits glucose and growth factor tolerance
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R EERIIRS ), YAP VAL /N RS B AR RN USRI AL 23, JFAE S XS EE
After feeding on a high-fat diet for 5 weeks, YAP methylated mice were compared with WT group in abdominal adipose tissue, liver, and kidney.
El6 YAPREM/NRESKERENELTRMEREEE
Fig.6 YAP methylated mice on a high-fat diet have a significant obesity phenotype
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A: immunohistochemical staining of adipose tissue from patients without obesity; B: immunohistochemical staining of adipose tissue from obese pa-
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tients, the red arrow indicates the stained nucleus; C: the localization ratio of YAP protein in the nucleus and cytoplasm of normal and obese patients.

*P<0.05 compared with the normal group.

E7 BERHmABERTLEA T YAPRRE LK TN

Fig.7 YAP methylation is increased in adipose tissue in obese patients
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