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[ ZE] B H I EREES (diacylglycerol kinase, DGK) X} Hedgehog {55 @ B IR, J7ik A A B e Re Lide 5000
S3HT DGK 115 IFT88 BIZS A1 ; siRNA #AK DGK Ji7 , 40l Hedgehog {5 53 FEHIKER Gli1 #5115 mRNA BIFKKF o3t
R BB DCK SR REF BA KN IFT88 2 AFEIREF BN BN AsEM , 4558 : DGK SR 7 A~ BL A #R AT LA IFT88 A A4+
SMEEE A 5siRNA @K DCK 5, JEBKHEILE GLil A% KT 58 T 4 s DGK 2R %3 BK A AR A F Prehl Al Smo 22 [H] 5
DGKS MBI SAMGRA B A K LI IFT88 FEIRAF B 534 . 4518 : DGK RIRUIREEI 1 1FT88 [a) i LF B izt , sz 1 i
LFEILEHIIETBINFEIZ 1 1E R 1T, DGK 5 Hedgehog {7 5 i 1 1E # 7 5 XLTEME , AT RE S MG RAF B E KA L,
[%481A] Hedgehog {5 5 ; 4B N %12 ; DCKS; i 4 &
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The role of DGK in Hedgehog signaling pathway
Shao Lei, Ding Jie, Cheng Steven Yan”
(Department of Developmental Genetics, NJMU, Nanjing 210029, China)

[Abstract] Objective:To investigate the mechanism of regulation of diacylglycerol kinase(DGK) on Hedgehog signaling pathway.
Methods: The interaction between DGKs and IFT88 was analyzed through co-immunoprecipitation. The expression levels of
Hedgehog signaling target gene Glil were detected after siRNA knockdown of DGKs. Ciliogenesis of MEF cells with DGK8 defeciency
was observed under confocal microscope. The localization of IFT88 in primary cilia was detected as well in those DGK8 knockout
MEFs. Results: The 7 members of DGK family were bound with IFT88 specifically. SiRNA knockdown of DGK decreased the
transcriptional level of Glil. DGKs regulated Hedgehog pathway between Ptchl and Smo. Knockout of DGKS inhibited growth of
primary cilia and the distribution of IFT88 in cilia. Conclusion: Knockdown of DGK inhibits the activity of the Hedgehog signaling
pathway, which is related to defect of ciliogenesis.
[Keywords] Hedgehog signaling; intraflagellar transport; DGK3; primary cilia
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FEBIIEH A K YERE X Hedgehog 55 1 1EH 4%
FEXEE AL B RIReZ B B2y
M Hedgehog 571 B AT PESS ) (HIE X — R I
PP AR BAR R AT A R ), RIS 3 A b SO
REAZSSH BRI ZRIERE
HISEE, FATBO) TR FT EEAMES

1, AT A& B — L6355 IR TFT SRR IR et
DUTE S ik s 2F ENFEE E G IFT B 2 L
51 TFT88 1] LA H i — I ¥ % (diacylghycerol ki-
nase, DGK) I8 5% DGK & HIH L5 4, Wk, T84T
R PARE DGK &5 IFT88 45 G HILL &
AP AEEAE X R AF Bk X T Hedgehog 15 %538
PR AETEREIA , DGK 240 MU N — b S PR~F ) B
T a5, W LABEIRR 1k HHM — K (diacylglycerol ,
DAG) , #Ab 52 b A= 18 18 i 12 (phosphatidic acid,
PA) , 3 — I S WA T B G A O Rk A 7E
JRE P ORIEIE DGK A AL TS [F) A s A [R] 4
Wi, K455 A ARE AR D RE . ABF5E % I DGKS
fiEfs 55 TFT88 454, DGKS ARk 2 M| Hedgehog
HEmEETEYE, I H DGKS RIBAEE I T IFTS8
TERLF B A L R BKE, FROTAI DCKS
AL A TFT88 M52 T Hedgehog 15 3 i 1Y
T,

1 #RF7EE

1.1 A

TR AEAR B A BN BV IR AT 2 200 B (MEF 21
fitd) HH Wisconsin-Madison #J Wade Bushman 8 -1-15%
I, DMEM = BN SR i 4 1L (Gibeo 24 ],
K, Y7 GBfectene-Elite (5 AP ] ),
Oligofectamine Reagent F1 Plus Reagent (Invitrogen
,NHE), ZEE),RNAiso Plus & RNA #2 BUR 7 & |
Primescript 2 % 5537 & (TaKaRa A ®, HA),
FastStart Universal SYBR Green Master(Roche 2\ H] ,
SEIE) , 5 Shh BUEE R 1F 45 751 (ShhN-CM) A1 A8
B IR (ctrd-CM) S 52565 A 1), Smo 8 077 RIS 1T
%) (purmorphamine, PURM) (Calbiochem 23 H] | 38
[E ),siRNA:siDGK3 5.6.7 Fll siDGKm 1.2.3 siGlil
(QIAGEN A H], J2[H ) ;Protein A B HEER (Milli-
pore 23 ), SB[ ), —$i . KEPT HA IgG AT Glil
IeG . /NEHT B-actin IgG (Santa Cruz Biotech, 3 [H ),
/NEFL FLAG IgG (Sigma 23 A, S5 ), 042, i
IFT88 1gG (Proteintech Group, BIX ), BHT Ac-tublin
IgG(Sigma A A, &M ) ; Pt I FEHT K FL 1sG HRP

(AP AFD), WFEPTNR 1gG HRP(Santa
Cruz Biotech, 32 [ ), HT & 1gG HRP (Cell Signaling
Technology, 3¢ [ ), " HL %G AlexaFluor 488 I it e
AlexaFluor 594 I'#i/N B AlexaFluor 647 (Invitrogen
NEIRE DN
12 Fik
1.2.1 &8 R %)% 5% (immunoprecipitation , IP)

1E 293T 4iiff %% DGKs-HA 1 FLAG-IFTS8S,
B YUEIRZ L GBI YR Ui 45, 48 h 53K
A2 M 2L, TN anti-FLAG Hii4 | 4°CHig 1~2
h J& , A Protein A BifBWEER , 4°CAREL e 1171 IR
A E SRR - R bR &9, FIT0A B Al
SUBREEVE 3 K, 2x ERER R BUISBEER T
JRPUAE SRR IR, 95°CHITHA 5 min, LL4r B HiT
Ji PO AR ER , %R T 13 300 r/min £.0 1
min, YWHE 75 . Western blot ¥l DGK f5 H 5
IFT88 AYALZE /IR,
1.2.2 siRNA # % RNA #2 54w real-time PCR

TERF AR (WT)MEF 4 i+ 43 51 % 4% DGKm #11
DGK3 1 siRNA, BARFLGGLIRZ L Oligofectamine
HYGRFIUA, 5 hJE, 3 1T AR 10%G4
I3 7Y DMEM 3555, T g4 siRNA B9 404
Wie W 1:10 #5849 ShhN-CM B ctrl-CM 153540
Ji,48 h SN EAT RNA FO4RER , W 2aRs a3t
PBS ¥4I 1 ¥, A RNAiso Plus 2440 it , F-4%
PESRIOE R BN A RNA 905 ) A
1% ¢DNA 4T real-time PCR J2 i , BAR B2 B
FastStart Universal SYBR Green Master i,
1.2.3  Zaff S5 9 KAOE 2 B B B AMATILR

¥ WT F1 DGKSKO MEFs 4H Jifl # 7£ Lab-TEK
WEE Y b FRAERHE S 5 0.5% FBS 1Y
LRGSR 24 b, SR WSCHE 20 A 7 A0 A S 3 D1t
Jutt, 492 R HEE 4°CREE A 10 min, PBS Ve
3K, H 3%BSA/PBS/0.3% NP-40 V& % iR+ 4115
LA 30 min, fNAB R FBER —HT 4°CHFF i
W, W H,PBS PE4HMI 3 K, BHK 10 min, ANAZEA]
W 1:200 Fi B 2O P E IRAOEIFE 1 h 5 ,PBS
VEAHMI 3 UK, BFIK 15 min, fITA 1:10 FBEIHTHOE
VK E R R R 4CRGERAT, FEROCIL R B
BT, ERRLAE,
13 %tk

SRR R ] SPSS18.0 HEAT43HT . Bt 4%
+ HREZE(X £ )R SRR I 22507 (one-way
ANOVA)FIl ¢ K636, P < 005 NERAGIE X,
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b 5% . DCK 7E Hedgehog {5 5 i £ ] -907-
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2.1 DGK F & 5 = IFT88 *T AAR I 45 &
HIHHF-38 IFT 25 5 & A kg b, RATm S
IFT AT PRz i 52 G 1 51 TFT88 I Hidk, 4T
AR AR EDTTESS I, W45 SR R T % AT, K
P IFT88 % 1 7] UL 5 DGKS 454 (Z R M A %K
) . DGK FIGEIA 10 AR5, #5rk 5 2R,
S :Type I (DGK o B.y) Typell (DGK 8.m.k) .

Typelll (DGKe) TypelV (DGK 1) . Type V (DGK®),,
AT 5T IFTS8 5 DGK Z a4t &, Fii1A £k
PR 50 K2 Lefkowitz R) #UIZ 158 A7 A HA
1 DGKa .DGKB .DGKy . DGKS DGKe DGKL DGKL
X7 FhEE AR R R (B TA), T 7E 293T 41 i
a3 il it 2R3k TFT88 & [ AiX 7 i DGK % A
BT A R AL DO SR SR & L, TFTSS
I DGK KIG M) 7 > AR e g e w45 & (&
1B.C),

A EH B y e 4 .
B
DGKa DGKB DGKy DGK3 DGKe DGK( DGKL
- + - + - + - + - + - + -+
|
IP.FLAG (IFT88) === —_—
B — — = —
IB.HA(DGKs) ——
IP. FLAG (IFT$8
IB.FLAG(IFTS8)
‘ :" -y — —
IB.HA(DGKs) -_— :
i
c— -— — — e o —

IB:FLAG(IFT88)

A.DGK & FA7E 293T ZHfa b 195 A 100 ; B Hanti-FLAG iR SR UTIE IFT88, A anti-HA HUfA&JS Western blot 34T DGK K& 7 4
Y515 TFT8S (L5 A5 ; B anti-FLAG Western blot 437 IFT88 ZE 45 protein A BIEHEER L5 ARUH .43 BIFH anti-HA A anti-Flag 46 1 21

M4 R DGK AT IFTSS MY AT,

Bl1 DGK ZHQFIFTSS ERAUEELE S
Figure 1 DGK protein can be combined with IFT88

2.2 siRNA 3% Type II &3 DGK & 3 J& 2 47 4
Hedgehog 15 5 il #4-# 7 1

AR DCK TE AT AN [ 4127 s 40 i Y A [ 35
B, K¥EEARRAFE B 6, DCKS &8 T
DGK ZK % Type 1 WAL | PR FRATTREI T Type ITE
A 3 ARG FEXT Hedgehog {55 85U /N L MEF 41
i mRNA 17K, 45593, DGKS Rik ki,
DGKm FEAEAIRHR , 11 DKk M LPAZF A (&
2A), A THFSE Type 1T WA DGK & [ J2& 15 5 i
Hedgehog {5 5463, #1173 %151 X DGKS 1 DGKn
FWTT T 3 2% siRNA, K 7E Hedgehog 5 518 9%
TG B 41 P9 R DGKS Al DGKv J& , 5518 I 1Y
FOEEP Glil SbS YR K-, DU R ER DGKS F
DGKv XT4HME P Hedgehog 15 18 B T 0 &2, H:

1, Hedgehog #1875 () MEF 40 itd 2 FH Glil siRNA
K Glil J& , Glil A /KA B SRR, 156RH
IEET Hedgehog {5551 B 116 PR, FTAE AR SE 56
B BHPEXT R FRATAZBL, H siDGK3-5.6.7 ik
DGKS J5,Glil M8 FH /KA 88 I B R B (&
2B), UtAH Hedgehog {553 #E A6 MMl . [FIRE,
X} F DGKm, 4] siDGKn-1.2.3 @ik DGKn J& ,
Glil MEAK A — I (B 20), %L,
DGK3 F11 DGKn Blff , %F Hedgehog 15518 B& I8 1%
A —EBEMMHEAEN, A DCKn BYRCR A
DGKS HH 2.,

2.3 DGK % &+ T Hedgehog 13 5 i 3% 64 1 4= 3F 4%
A~TF Pichl F= Smo Z 4]

ST WFSE DGK & 145 5 - 38 I 1Y) 1T g
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A:Type I W AG 53 7E MEF 410 2 7 A9 mRNA k7K - ;B Western blot £ 1 F 7] 45 52 M @i fIK DGKS /9 3 4~ siRNA siDGK85.6.7 m{fik
DGKS J5 X4l N Hedgehog {55 B P Y52 M ; C . Western blot A6 I FH FTRq 5 IR DGKm Y 3 4~ siRNA siDGKn1.,2.3 @ik DGKv J& X 41

J1P Hedgehog 15318 B 17 14 (1 50

B 2 siRNA s DGK E&# % Hedgehog 1= S1# B A i 1%
Figure 2 siRNA knockdown of DGK can inhibit the activity of Hedgehog signaling pathway

il , FA143 51 FH ShhN BLHEAT Smo AYELITE K PURM
Ab3E WT MEFs 40, Hirb ShhN FL 2 5 Pich 45
A, F#ER Preh XF Smo AP TS (55 10 3% 110
PURM J& Smo FUIE ), EAEIE Smo TGS T UiFiE
. real-time PCR Z53 600, Y4k DCGK J5, X
Hedgehog {55 BG4 B2 2 A R A (813), H
ShhN P 3£ 3 7% Hedgehog 17 5 1 s, m I 9
DGK #’f Glil 7K B i AR (P < 0.001) , % B
Hedgehog 15538 i HUTE PEAZ 8 140 , 1 H PURM
P Hedgehog 5 538 B, @dRPIFP DGK 21N HE

B 3 Hedgehog {5 7@ B& 1T, X MNEHRER,

DGK & 1% T Hedgehog 15 =i i BRI AT g AT
Ptchl 1 Smo ZJd],
2.4 DGKS skrkstJa ¢F £.609 4 ¥ v A % IFT88 12 R 4F
EN N A
3007 et
O non-targetin
i - ancks
2 2007 B siDGKn
o
= *
= 1001 "
£
=
0 r
NA control ShhN PURM

4331 ShhN FCHEA Smo AYIHLIETF] PURM AL FRAH AL , @ik DGK
J&i ,Real-time PCR 1l Glil mRNA #Y32i57KF, 5 non- targeting HeEs,
P < 0.001,
B 3 DGK % B\ Xf T Hedgehog {5
Ptchl #1 Smo Z [8]
Figure 3 DGKSs regulate Hedgehog pathway between Ptchl

i B B i AR AL A T

and Smo

DGKS 7] LI5S 5 RLF B s s A
IFT88 454, J THIFE DGKS XLFEBMNEEB I, 3
TR DGKS FBRAG/INR MEF 20t S H A A X6}
Y, TERO IR AR T AR LERGX PP MEF 4
Ji P AR B B A KA LA S TRTSS 78 JRLAT B 43
i, ZrHEH 0df2 Ac-tublin X} TR B HR A
EEETRRIC (B 4A)  Z55 R B, 5 HPA: 7 MEF 21
A, DGKS B MEF 423 Re SR IX Bl i i
/Nl 4B.C,n=30,P < 0.001) , LB AYK EE A i
5 (8 4D ,n=50,P < 0.001) , [AIF IFT88 7854 £ b
B tie B A8 /0 (K 4E,n=50,P < 0.001),

RIS =

ARG T DGK X Hedgehog 17518 % 4 8145
ML, ZERTIAIRF R AT R L BN iz O
IFT88 AJ LA FI DGKS 45 &1 7 e 3eali I, FRA T8 i
B e L PITE SL R B IE T DGK & M IFT 2§
FIES AR ny . WFoR R, R 21 B i A4 i A
SRR T IFT 8112 504 £ N L],
M£F B N2 A 7 47T DL R EF B R IEH K
eSS, XF Hedgehog {55 [ IE# 7 T XUR 2 X HE
sl FRAT AR B3 R DGKS A1 DGKm J5 , %
Hedgehog {7 510 [ 14 38076 BB A — 2 R B2 1 0 61
YEF, 325, 320143 51 ShhN Bt 3EFT Smo AT 71
PURM 4bBEFA= 7 MEFs 20 % B, 45K Type 1
KGR DGK W5, T Hedgehog {7518 i1 1
B RN, ek, FRATHEWT, DCK A XT
Hedgehog {5 7 i [ (1) 4 7] &/ F Ptchl F1 Smo
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A OGIEBR B VS T AR R B AR K, SR (AR IR (0dI2) , 2035 TFT88, £ {6 /03 4TF (Ac-tublin) ; B .C. X #Fh MEF 4ifigrh
Odf2 RGBT BEE T LA R (n=30) ; D . X PFP MEF 4R A B K E R RS0 TT HLANEER (n=50) ; £ XF Wi FP MEF 4 IFT88

TR G LA ZE R (n=50) , L LLAR, *P < 001,

B4 DGKS mif3t R BRI IR IFTS8 7R EH S5 HHI 00
Figure 4 Knockout of DGKS& can inhibit growth of primary cilia and the distribution of IFT88 in cilia

Z I8, ARSI, IFT 8 2l 5 i 52T 145
FEI LA K A, 1 B3 i AT R4 Hedgehog 5 5 i
PR I R AT 7 0 I R T OB T LS EL 5 R
MEF Zififl, %3584 A MEF 400 AH L, DGKS fif
FR) MEF 4 i 2 B4 B AR S8 i s B, [R)
B, IFT88 7EJREF B it i W A8 /0 o Fr AFRATTIA
4 DGKS A RESZMA 2] IFTS8 ik AJFRLF Bdfe, dEm
SO JRLAT B 25 B 52 BT RE Y IE W18 1T, I & T
H5HAN KA Hedgehog 15518 & #E HI1HH]
TEAHESI Y | IR 4T E )& Hedgehog {55l i 1E
G T T I — A S R ORI R
R EXA B A & B UL g
P R G E (R R AR B AR K L
FFC P ot i BARPLE B ATaARNE R, 152
NZEHBENR B 2Bl UE S i 2T B 45 4 e o ke 1 T
FENEABBEERE VMG, GiFE R akite
P25 9% (PKD) Fl BB 22 [n) M R (AN B2 b — [RZR G
fiIE R FRLEAAE M T REE A IENIR LA RS

RS ), X BB ZE A AE A F 28 7 1 (U 22 348 T Fl
BESEH) ATRERZ T Hedgehog 5 52 ALE MY H
S HA R A CANEPE B ) A 40T 354 B BT ANTE2E
Hedgehog {5 55 5 [ B —LL it 5 )5 4F B D)
A,

AT R AT LLAIET B N S iz 8 1 IFT88 AHA.
25451 DGK & I B Ak 2 7 i 4F B 1Y I H 45
¥y, It H T AR 18 Hedgehog {5 518 BEHEFE A Glil
P AT mRNA ZKCF, Sl BE v, FRATHE,
DGK R T TFT8S (1] B LR T AYz iy , M T 52 1)
TR BN RLF B NS W IEE T, 52
M Hedgehog 157 i@ B 17EPE . #E—2P3 M DGK
F 1] BB 2 30 A 5 i) [ £ 6 19 D) RE AT 521 Hedge-
hog 15718 #%

AR TR IR B S Hedgehog 15518 1Y
MR, MiE—H9T Hedgehog 15555 5
(LT AT Hedgehog 1755 38 AR 5 VE IR 9 I
RIGYFERHE TR BRI AR
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