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synthase 1, GYS1) B R R {1k i L ( glycogen phosphorylase L, PYGL) | % 2§ B %% 12 25 H 4 ( glucose
transporter type 4, GluT4) @R S Wi ( phosphofructokinase muscle, PFKM) | Py iR it & 16 ks 158 1l 1
(pyruvate dehydrogenase phosphatase 1, PDP1) . Z Bt Hfi i A R 1L o (acetyl-CoA carboxylase «,
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[ Abstract ] Objective To explore the effect of KIAAO753 on glucose and energy metabolism in
mouse embryonic osteoblast precursor cell line MC3T3-E1. Methods The GSE182286 datasets of patients

with Joubert syndrome acquired from the Gene Expression Comprehensive database were analyzed for the levels
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of gene expression. After the cells with KIAAQ753 overexpression were constructed and the experiment were
divided into the control group, the high glucose group and the high glucose+overexpression KIAA0753 group,
Western blotting was used to determine the effect of KIAAO753 on MC3T3-E1 cells under high glucose
condition by detecting the expression of the glucose metabolism-related proteins, such as glycogen synthase 1
(GYS1), glycogen phosphorylase L. ( PYGL),
muscle ( PFKM ),
(ACACA),
activated receptor-y coactivator-laa ( PGC-la ),
transcription factor A ( TFAM).

glucose transporter type 4 ( GluT4 ), phosphofructokinase

pyruvate dehydrogenase phosphatase 1 ( PDP1 ), and acetyl-CoA carboxylase o
as well as the mitochondria function-associated proteins, including peroxisome proliferator-
nuclear respiratory factor 1 ( NRF1), and mitochondrial
The effect of KIAAO753 on the intermediates of glucose metabolism was
analyzed by determining the contents of glycogen, glucose and lactic acid in the cell culture medium. Cellular
immunofluorescence assay and adenosine triphosphate ( ATP ) assay were employed to measure the
mitochondrial activity and function impacted by KIAAQ753 in the cells under high glucose condition. The
effect of KIAAQ753 on the proliferation of MC3T3-E1 cells under high glucose was detected by EdU staining.
Results The expression of KIAA0753 protein was downregulated in patients with Joubert syndrome and in

MC3T3-E1 cells under high glucose conditions (P<0.05). High glucose resulted in inhibited protein expression

http : //aammt. tmmu. edu. cn

of GYSI,

ACACA, PFKM, GluT4, PGC-la, TFAM and NRFI,

PYGL, reduced glycogen generation and consumption of extracellular glucose,

enhanced protein levels of PDP1 and

and promoted production of

lactic acid (P<0.05). While, overexpression of KIAAO753 could attenuate the effect of high glucose, that

is, up-regulating the protein expression levels of GYSI,

NRF1,

glucose, and inhibiting production of lactic acid (P<0.05).

ACACA, PFKM, GluT4, PGC-la, TFAM and

suppressing those of PDP1 and PYGL, enhancing glycogen generation and consumption of extracellular

What’ s more, the overexpression also could
b

elevate the activity and membrane potential of mitochondria, and promote the ATP synthesis ( P<0.05) and

cell proliferation (P<0.05) in MC3T3-El cells under high glucose. Conclusion

glucose metabolism and improve mitochondrial activity and function in osteoblasts,

more energy to the body.
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. KIAAO753 878 FEUE A B AR,y B #K
21 B9, f3 Joubert ZEAEY . Joubert £34 fiF I HAE
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SRR 26 3R 25 A5 80P JE ( Gene Expression Omnibus,
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Ko A EE R AN AR TR A 3 3k KIAAOT753 41
MR 2, Kl i Fek KIAAOTS3 Xof ji & 40 s MC3T3-E1



http : //aammt. tmmu. edu. cn

i 25 % 2 R 224k, 2024, 46(20) 2293

VBRI G  r id , BE A SRl S R AR T REAE 0%
H TR R0 38 1 20 AR G 5 o 0 L I A ) 2ot 3Rk
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1 #MRERE

1.1 ##

AR A0 &2 MC3T3-EL W F i 40 i %,
peDNA3. 1-KIAA0753-FLAG iz 1 T [5 Jt 52 2 1
o-MEM 15 3% 2 | i & 5 B A0 iR A 1M i 20 T 58
Gibco 5] ; ATP #5357 & .BCA ( bicinchoninic acid)
K 32X 71 £ | Mito-Tracker Green ( £ b 4 4% 0,5 Y 8
BE) (ZORL A R H Ao A6 1K ) & ( Rhodamine 123 ) Al
EdU #4060 &30 1 [ 28 = KA 7] -5 s = R
PUABOW T 3¢ [H Hyclone 23 Fl 5 Hy ZE K | B-H il 0
MR LRI AR I W T 3E [ Sigma 24 7] 5 W IR AL 1 L
( glycogen phosphorylase L, PYGL) i & g T [
Proteintech 2\ ] 4IRS 1( glycogen synthase 1, GYS1)
Yo % 2 HE 5% 18 T 11 4 (glucose transporter type 4,
GluT4) i 1A, £k i 1K %% 5 A F A ( mitochondrial
transcription factor A, TFAM) Hi{& . 2 LA F A RALE
a(acetyl-CoA carboxylase o, ACACA) HLiA . P4 i ik ik
Sl R 1 ( pyruvate dehydrogenase phosphatase 1,
PDP1) it 1k, i % A6 W B 1k 39 58 80 T5 Z Kk
( peroxisome proliferator-activated receptor-y coactivator-
la, PGC-1aw) Fi 44 . &% PE K K] 7~ 1 ( nuclear respiratory
NRF1 ) #t &, % R R W B B
( phosphofructokinase muscle, PFKM) $i{& . GAPDH $i
PRI T 5] Sangon Biotech 24 w5 4 I I & 1257 4 |
FLIRR I A2 1270 4 1400 T v ] i et A 2 i 5 ] 2
S B 4 W T o 1 b 50 R 32 7 5 Lipofectamine®©
2000 DNA #£ Yy ) il KIAAO753 $Hp 44 3 I T 3£
Invitrogen 2w 5 HE B aGR) G0 0 T b [ RE R A= 12 7]
1.2 7%

1.2.1  HW{E 822007 i GEO ZKHX Joubert Zf
AR HL N R IR B 4 GSE182286, ik IiUH: vh o fT:
AT 40 T 4 1E 5 20 L A0 Joubert £ 4010E F8 24 14 400 it 0
B #4773 4, R GEO2R 73 B GSE182286 %4k 4
FER B R IR 00, IF @ o okl B AT R . R
biolader 434 T. A (https ; //www. bioladder. cn/ ) 43 # 2%

factor 1,

FRE A B R IK I 22 i B A, R T Omiesbean 7347 T B
(http ;//www. omicsbean. cn/ ) %f 25 T IR KL R gk 7 3
PAA (gene ontology, GO) Flnt #8455 R N 41 7
445 (Kyoto encyclopedia of genes and genomes, KEGG)
I8 . KA String £ J&E (https ;//string-db. org/) 43
¥r 5 KIAAO753 A EHAE IR & .

1.2.2 4ffuksaE Kord MC3T3-E1 4 its % -
MEM $5 3556 (I 10% Jif 245 M5 , 1% 75 -5 % 2 8L
V) BUNE 5 A 3R 2R (1 o-MEM 5537 2P i
50 mg/L Hi 3R I AR, 10 mmol/L B-H il iz, 107°
mol/L {BFEKAR) T 37 °C,5% CO, FiFpffip iR, 5
B gy 3 20 (DX BREH Jy 1E 5 15 9% 1 4 ; Q B 4 A
o-MEM 5 % 5& o fin A D-(+) -4 2 b (4 4k 5
25 mmol/L) 55 MC3T3-E1 41 Jfd, ¥4 #1245 FR Jo 20 o A6
T B E B+t Fe ik KIAAO753 4178 i W2 L mlt |- 3 3
Lipofectamine® 2000 ¥ pcDNA3. 1-KIAA0753-FLAG J§
R gL 3 MC3T3-E1 20 g v, JC ifL 75 By F A5 15 57 4 h
JE A E 5 2o A 3Rk 1597 72 h

1.2.3 Western blot #; i $2HL MC3T3-E1 40 Jifg ¢
SVEET, T BCA 70 G B B ok B B B 1 R
2 W RN AR RO ) IF 8B 10 min, [T 10% ~ 15%
(%) SDS-PAGE BEEHLIK , T 7 20% i) H it g B o v &
BEE, 0 S%BieH P EHER 2 h, BHE T, T
4 CHER Fid . %W FBFE 4t 1 h, ] Bio-Rad
B AT AR I A A 5

1.2.4 B3 m s 0. 05 mL 1) 4 s 2L A X
FEih 5 0. 15 mL BRI 20 & rh s i i R
J5 AW 20 min, BRI FHRS DR BE 10 15 )5 5
BEWIRAGEW S min, B A5 T 620 nm Lb Y
JEMEL D(620) ],

1.2.5 ) % B A U HBUS pl o940 M 15 77 2 5
195 pl B9 TAEWIR 2T, F 37 C B 20 min J5 78
570 nm ZEPSEREE(EL D(570) ],

1.2.6  FLRRKGI 20 wL A9 4020 L 3s iR
200 WL BAAGRIRST, T 37 CORE PN 10 min J5HIA
2 mL Z B IR AT 530 nm MO BREEEL D(530) .
1.2.7 Mito-Tracker Green % Y UL {f MC3T3-
E1 400553 58 UG 22 BRIE R4k, F 37 °C HHAY JC I
THEEFRERHUE 3 I, A 37 CHEE 30 min J5 [ Mito-
Tracker Green TAEFi B . 37 CIFH 40 min J5 37
AR, A BRI B IR I8 3 K. DAPT et (s,
HEALN 300 W, 37 CHi'E 30 min, Fifi DAPT JE9,
FHPFAR R TR AT 3 UCo IBCH A AfIC J I (31 ik e 2
Y BT A g
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1.2.8  Zar {AR JIE e 437 A6 00 MC3T3-E1 41l if5 5
SENUG FE iR B 3R 4L, PBS whik 1 3K, i A Rhodamine
123 Yeaif,37 CHFE 30 min J5 BRGSO, HTHAT)
BRI VRV 2 YKo DAPT 4e il e €5, 45 L 300 L,
37 CJi 30 min, F54 DAPT Yy, FIHAM R R 3L
Tk 3 Ko U 20 e R E A AR Bk R BT B T
MEZ

1.2.9 ATP K  f ATP K H] -5 75 B4 i
TRFREL 1:9 W B ATP TAEW, B RS ATP 24
FE R FRARFLEL 124 R RS, B 100 wL i ATP TAEWK
TAE] 96 FLAR H, IR HCE 3 min J5KF 20 pL EE
Fi BRI S5 ATP TAERI IR AT, ki & 6 E o
1.2.10 EdU % MC3T3-E1 40115 5 52 )T,

HRL:T BRBUINA, 37 CEE 2 he LBREGFRE
PBS iEVE. HEfLINA 300 pL 1 4% 2 W, i &
15 min J5 [ PBS ¥ ¥k, & fLINA 300 pL # 0. 5%
Triton X-100,# & 15 min J5 4 PBS vk, &FLIMA
150 pL A9 Click S i , wECIE F 30 min J5 F PBS W
Uto DAPL Gy e n,, &:fLJm 300 L, & 7 min, 545
DAPT 43 5 1] PBS V& Uk B 20 i IC R (81 e 230k
ARl o AT 6l DU 98
1.3 it E o

R SER ¥ E L 3 K, f#  GraphPad Prism 9.0
XPEARIEAT BT, A5 & IE S50 A0 UG DL x+s 320K
2 21 A e R ] Student” s ¢ £33 41 & LA ERIEL
P BRI R 7 2200 Hr . P<0.05 KR 7 A5

R
2 R

2.1 KIAAO73 /& Joubert 2z 4-4E & % W & & TR
il GEO %dfe )28 i 6 iy GSE182286 i 4%, Xt
AP JCAT A A0 B TE 5 A0 MU A0 Joubert £33 ik 734 1Y
2R M Py s A T b o SR K L PR R s T i PR Y
FORMHOL(P<0. 05, FC> 1, [ 1A ), Xof 22 57t ik R EA T 34
B2 (P 1B) , Horp KIAAO753 I R ik R
Xf 2 EEN AT GO il KEGG IIREZM T, ke B ik 46 72
SN R AR B M X, 2 5 R e, B 5
b3 A A A R T I EE, f Hok 2672 S R I 2 5
= ARTE PISK-Akt {5538 [ SR E A 5 1) 155 3 J o
([E11C.D) , Hirfr PI3K-Akt {5538 -5 B Qi 4 D) A
Ko L String BAEZEXS 5 KIAA0753 BA AHE AR
AT A B, KIAAOTS3 5 10 FfvuC A 5 i
HEHEFZ A EAE ], 45 OFD1 CEP120 3 4%
(E1E) , 5L B A DI . L ESE R R 5

£ EH A KIAAO753 W] R SHE R AR R
2.2 KIAAO7S3 {2t 3] B 4432

Western blot #5125 5 B 7R, 5 % R4 L5, i i
20 KIAAO753 Fil GluT4 5 (9 323k 5528 F V8, 1 76 125 i+
1323k KIAA0753 41 KIAAO753 il GluT4 & (4 %k
EFI(P<0.05, & 2) o 2B = 0 00 il 4 2 5 10 5%
16, TE AR 1R i 2Rk KTAAOT753 mJ {2 i3 4 4 i e
B R GluT4 [k | DTN 200 A 45 HC 26 4
2.3 KIAAO753 423 5 JR & B B30 6 48 R o fig

Western blot 45 5t i /<« 5 %F HR 4 Hu 4, o BH 4L
GYS1 f [ #KIA b 3 A%, PYGL &5 [ 3Rk i 3 7 i 5
SR dL LuE , mbE +ad 2238 KIAA0753 41 GYS1 &
Fik W E T, PYGL B 3R B F L, 2 R A%
TR R L (P<0.05, 5 3A~C) o XJ 20 ff OB Do &5 s A
T 22 B, Ve AR LELAR DA ot A 2 S O T A+
1 2238 KIAAO753 2 et 7% f 5 my B A I & 15 i ( P<
0.05,[& 3D), [Ai} £ mpis T MC3T3-E1 4/l 48 h
S, A0 248 i 5 7 5 o 2 W e e R v L A 2
FITHAE B 0T HEZH I 2 /D, H b+ #2558 KTAAO753
ST 1) T AR A R M AL B R (P <0. 01, &
3E) o DA -SSR SR EORE A B AR RS R4y
i, T AE SOHE 25 8 T 2 3R 3k KIAAO753 38 i+ {2 #F 3 1
GYS1 Zik HIMHIE 11 PYGL f3535, Inssb 54 i M
ORI DA A3, I 240 X 280 A P BB L, AT R
SRR
2.4 KIAAO753 {2 8t 45 69 A AAAL

Western blot A5 M (144 48 S8 AL AH G B B 45 R i
AN SN IRA HeAE, mrbE 4L PFKM (ACACA I RIA T
I8, PDP1 2 [ 3Rk L (P<0.01) , I & b+ ik
KIAAQ753 41 3% % T 75 % %F % [ PFKM . ACACA #
PDP1 ik 5 (P<0. 05, K 4A~E) , #F— 4%
MC3T3-E1 4 2L IR & s A I, % B bE 4l 2L IR &
O B W T (P<0. 01) |, T 78 & B + 5 3k
KIAAO753 2H 3L IR & 12 8 i Wi 4 12 25 F#AIK (P <0. 05,
Bl 4F) o DL 25932 B s il i b i A 4 AL, A2
0B P LR AR B, T AE = Bl A% 1 R 2 #R ik KIAAO0753
{2t PFKM F1 ACACA & (31K, il PDP1 & 3%
Ik R IERE A U GE A 0 A P LR AE K
2.5 KIAAO753 3 3% £ k5 k o 4 B AT ATP A%,

i# 11k Mito-Tracker Green F1 Rhodamine 123 #iM A,
NS AR 05 P S R IR A . 25 R R
S} HALH A, 2 MC3T3-E1 40 i (1 28 ey 1 375 M
I ORI L AL T [ 5 5 s Bl 2 L, b+ 3k
KIAAO753 28 2 L SR ARG P38 0, SR N e A3 T 5
(F 5A B), Western blot Kl £k AT BEAH G 1145
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RN, 5X A b, & b4l PGC-1a, TFAM Al
NRF1 25 [ 15 B R AL (P<0. 01) 5 5 @ M4tk
BB+ g #1k KIAA0753 4] PGC-1ae TFAM # NRF1 &
H#RIB R E T (P<0.01, 8 5C~F) o [ B4 I B B
Yiiffs MC3T3-E1 H ATP [ 1% &, 45 5 B = i 0 4l

ATP B4, s % % KIAAO0753 {23 ATP A= i ( P<
0.05,[5G) . LA 25 TR M BERAR T b (R T fiE
TITE R B A5 1 T 1 265k KIAAOT753 3 3o 348 i 4 b (A
TR Y 2R R /3 O AR I 4 AR E A5, 2 R
YA A o
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300 il ‘Wat signaling pathway 0g10(q value)
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Glutathione metabolism s 10 (1.66¢-02]
Metabolism of xenobiotics by cytochrome P450 e 12 (2.24¢-02)
PI3K-AKkt signaling pathway 64 (8.03¢-10)
Calcium si; pathway 34 (1.52¢-05)
nt signaling pathway 28 (9.57¢-05)
A Apelin si pathway 23 (7.24¢-04)
TNF signaling pathway s 19 (1.80¢-03)
Rap1 signaling pathway 29 (3.76¢-03)
Hill)J)o i pathway 23 (4.52¢-03)
¢GMP-PKG signaling pathway 23 (9.56¢-03)
CAMP si; ing pathway 28 (1.03¢-02)
A TGF-beta signaling pathway s 14 (2.08¢-02)
] AL Ras si ing pathway 27 (4.07¢-02)
JAK-STAT signaling pathway s 20 (4,28¢-02)
BHAl M-receptor interaction msss—— 26 (4.14¢-09)
Cell adhesi 34 (2.33¢-08)
ligand ptor interaction 52 (7.13¢-06)
Cytokine-cytokine receptor interaction 46 (1.34¢-05)
‘iral protein interaction with cytokine and cytokine receptor s 14 (3.35¢-02)
Focal adhesion m——— 35 (1.48¢-05)
G::pjunctinn — 14 (1.21¢-02)
Signaling pathways regulating pluripotency of stem cells m— 20 (1.28¢-02)
Tight junction e—— 21 (3.64¢-02)
of actin 27 (1.53¢-02)
C ang cascades 13 (2.07¢-02)
NOD-like receptor pathway 23 (2.34¢-02)
Platelet activation e 17 (2.47¢-02)
Th1 and Th2 cell differentiation — 13 (3.71¢-02)
Renin secretion s 15 (3.86¢-04)
Melanogenesis mmm— 17 (3.34¢-03)
Cortisol synthesis and secretion s 12 (6.04¢-03)
Ald hesis and secretion 15 (1.35¢-02)
R of lipolysis in adip 10 (1.47¢-02)
Estrogen signaling pathway s 19 (1.75¢-02)
Relaxin signaling pathway s 18 (1.80¢-02)
Ovarian steroidogenesis w9 (2.17¢-02
Parathyroid hormone synthesis, secretion and action 15 (2.61¢-02)
B nRH secretion s 10 (3.48¢-02)
GnRH signaling pathway s 13 (4.00¢-02)
. Insulin secretion s 12 (4.78¢-02)
JEP S Protein digestion and absorption s— 17 (1.70c-03)
o, o, o, o o, Gastric acid secretion w11 (4.53¢-02)
RS 0 GO R Glutamatergic synapse mmmmm—"19 (2.22¢-03)
GABAergic synapsc s 14 (1.33¢-02)
single-multicellular organism process . Cholinergic synapse s— 15 }4.30&02)
multicellular organismal process 'y mediator r of TRP channels 15 (1.61e-02)
ical structure devel g Axon guidance m—— 31 (6.27¢-05)
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