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WE JWHMRFLEE3 (adenylate cyclase I, AC3) JZMLSC RGP I B E N>, AC3 BT /N BUIY T2 50 3% Bz 24H 2
(main olfactory epidermal, MOE) B4R B HTEH, MOE AR Fikil & A4 5 . DNA WRALTESI K T . FERRIL
PERE T BAT EEAE . O TR AC3 Bk S5 /N BUMOE P9 56 R 2l B Ak K ST 9 028 DL B R S R SRR I s, AR SCR
DNA H 3k o i3 6 - (methylated DNA immunoprecipitation chip, MeDIP-chip) it 4C3 Htd/Nf L MOE g )+ X
A 2% kB, FIH A 2464 5 PCR  (methylation-specific PCR, MSP). SZIZE)GE 8 PCR (qRT-PCR) #E—L 4%
SR 43 Y Ak 22 S5 S DR 1) DN F AR /KPR e ik 26 5 45038, AC3 B/ INERU AT 1 978 4N K 8h 71 H Ak /K 7
RAETHAE, 5 BHREEN 9%, Frh 727 AN SEH R shF 3K TR, 1251 RO BEAIS . ThRE A HTRHH, X4k
Bl AL R A R B DR B K W RE S T S IRE 2K . AR E . cAMPIR il . ATPES A . B3 . Ltk
Bt . B ARG . MSP RN, MSEZKIE K Olfr1153 . OIfi231. Olfi378. OIfi651. OIfir691 J& 511X fity F B4k 7k
ETHE . Cngbl. Pdeda Fil Olfi1394 £ K i 8l X 9 HH B AL K- BE A% . qRT-PCR 25 R iR, HE[H Cngbl . Hend. Olfinl
OIfr1394., Olfir1153. Olfi231. OIfi378. Olfr691 MFik/KT- & TR, i Pdeda Fl Olfi651 FER Y FRIAAK - E S . B,
AC3 2k J5 MOE N IRSESZ AR BE D] . 2 R EAHICEED . cAMP {55 10 FR A5 HH 56 5L R 1S 3 7 I Ak KO- & 2 B3 s, sl
B mRYIBRERE . DNAK S FRCEE S5 g n 5, LRGN MOE A (1) B R Fe b Bt kT

KR MUESZIRIEH, DNAR L, MRTTFRRIMLET3, cAMPIE i@, FEMIER L AL
FESES Q956, Q756 DOI: 10.16476/j.pibb.2018.0261

/NS 3 IR 3R 7 21 21 (main olfactory
epithelium tissue, MOE) RE W% J8H1 Fl 73 HF A5 v
R W7 N e S W7 N e a1 U 2L S N
(olfactory receptor, OR) . M 4& AH & G &
(olfactory related G protein, Golf) E-&W . JRFHR
ALBE3 (adenylyl cyclase 3, AC3) FIFAZTFRI]
% B F i i (cyclic nucleotide-gated channel,
CNG) M cAMP 5530, Kb a5 R
Ry LA B A% 3 20 R i g FLA R 2 AC3 BES
i Ak R B RS #% 1F = W 12 (adenine nucleoside
triphosphate, ATP) Az i 5 — A% (i 73 7 ¥F Mg 1 IR
(3'-5' cyclic adenine monphospheate, cAMP) . T
Ll 45 R SR B Iy . 9 i PCR F R i 16
IR, BRI AC3 ER /N IR SZ AR FE A
I B MEL G ot 25 240 L RIS ML o 28 2 LR S 3R A

(R DR 8 B s, TRIRHAS & P55 2 WAL A I R Ak
ZIRRMFTR IR T B
WL AL i £ 45 DNA H 34k . RNA T4 .
JetaRE Y | FENAENIC . HEABWE, fEsh
KB AR F b PR A AR L AR
FLE LN ZH, DNA H 34k 35 5% AF 7E i ms e -
S a5, B CpG v . F DNA F ALK S-
JRY PR 20 114 PP SR 8 301 35 PR 241w g s A 1 T
I, 70%~80% 11 CpG {37 s, 2 A= FH BLAb A4 1, i
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CpG £ &£ TR G o7 X3k, ML CpG &
(CpG islands) . FEPH Ji5 2+ B ALY CpG XUA%
T R Ao A T SR ) DR o LA SRt IR 7
(25 G HE A ] BE R 3Rk, 25 SEUTER I 2R
I8 AR NRR B RR T AC3 Bk S BUR R N 1
FEIRAZ NI 10, 3 R PR SRk A 4 = A5 2
DNA H IEALIK 527 /N MOE 4543 R i
F A KPR e A AR 7 IS SEPR FT RAR K S 1)
USSR S HER B U A5G 7 SR SRR R ]
SRR TR AR SR ) B ANTE A AR SCR
FH DNA I JEAL 8 %t 4C3 B2 /N i MOE P 3E R i3
Bl XA IEARACE BEF TR, S8 AC3 R S5/
5 MOE PN B S 35 P 1) FE B KO e A T ele s, il
FHH AR5 PCR (MSP) . %¢)6E & PCREARS>
IR 3 F2 R R R A K B Bl A S 75 5 Lk e A ek
AHE .

1 HRSH%

1.1 SEIzEh¥

AC3™ (C57BL/6T) /IR | 7E T 56 (R AR B R
2% (PEHERI/0#:) Daniel. R. StormSZHGE, fF#
T K= s Wy o SPEFR B b7, 438 F1%
/INERBY 2 J5 I PCR 7 v 4 FE R 1, S B
B A 3 A AC3 R ACS NI NS A R 52
Uvesi b ) S Uy R e (YR SR SR Y NIEN
HAER2AH AT R OCT BR3P 4
SPERIL), JHE BN IR S Y I N e 2 B
ZXHLE .
1.2 DNAREWR F
1.2.1  SERI4IDNARERIU Bk

I3 H R A B5 A 1 AC3 R AC3/ NRAE N
SEHSALEL, BRI/ BUS 2 2 MOE HAUREA s SR
DNeasy Blood & Tissue Kit (Qiagen, Fremont,
CA) #REUIEH 41 DNA (gDNA); NanoDrop ND-
1000 & & Jf 71 £l 26 1k 1Y) DNA. i F Bioruptor
sonicator (Diagenode) #F]HrgDNA, F B A/
FEHI7E 200 ~ 1 000 bp Z [1] 5 BrOARWEEE e H Tk Ao )
gDNA FIFTW S YD1 DNA, &6 54 H] .
122 WAL 25

BEDN 2 DNA HRAE 2452y b1 AR W)
TARA R W) 58 8. R 5 - H e i s i /) B PR T
(Diagenode) X1 pg 551 DNA #4745 DiyE (BP
A MeDIP) ; i il NimbleGen Dual - Color DNA
Labeling Kit (Cy5-9mer 5 [#)/Cy3-9mer 514)) B,

FRiC DNA; Cy5-9mer 51| ¥)#ric MeDIP #: 4 ; Cy3-
9mer 5| PIFRICFHYEXTBR (input) #Edh; 5 Arraystar
4x 180K DNA H JEAk itk i (arraystar mouse refseq
promoter array) FEAT43E " %0 RO ERE ]
205 bp, WXL SRAL MRS, (transcription
start site, TSS) ¥ -1 300 bp ~ +500 bp, K%y
180 000 MR P78 75 22 327 MNEH A Bl 71X 5k .
1.2.3 2= 5 H AR A Y i

fifi F NimbleScan 2438 0t5 . 0 TIHRR R4
WAL E 225, Al e L . %L
FRUEALANG AT O e i Bt ifEfl, iR
HOEAb s . PR AE S EAT EL 3, #% log, (MeDIP/
input) >2 A5 1 0 ik 22 5 HH AL L A (differential
enrichment peaks, DEP) . N T T f#)aahF+E5FH
FACEE D ThRe, 73K AA  (gene ontology,
GO) FH:, H¥Esr T2 (molecular function) .
Wit B2 (biological process) A 4 g ZH i (cell
component) . FIHHKEGG (5 #RHE 5 AR 2H A F}
24 BRI ESHE, TR ER PR
RS 5MEYEL R
1.3 DNARENHZFMHPCR

kT RGN B R SRR KT A5
AR PE IR 3 e ) 5 HH A2 9 AC3 I AC3 /N
(n=3) WHRFHEPEFN— X MEPEAE g SEE R RE, 5301
e £ MOE I #4143 ¥ 4 . 2k F TIANamp Genomic
DNA Kit $#£ 5 gDNA, NanoDrop 2000 5& & F PF-fili
4l 1k i) DNA. >k | ZYMO EZ DNA Methylation-
Gold™ Kit (ZYMO RESEARCH, DS5005) Xf
gDNA #4747 iR £ 7% 4k . A FH Methprimer 7 2% 3¢
4 (http: //www.urogene.org), XFHEHT) 109~ H Y
FLHN AR EE TSS L7 1 500 bp 47 FH Ak 5 | 9 Al
skt (FD, HAETAEYTE (L)
AR FIG R DA B R $h 5% T i gDNA SH AR,
fii J§ ZymoTaq™ PreMix Kit (ZYMO RESEARCH,
E2004) #4794 . PCR W1k H] 3.5% Bl Mt i
FLUKREIN ,  BERE AL BT 248 (G-box, Syngene)
KA.
14 ZHEEEPCR

TRIzol 7% (Ambion, 15596026) #£HUMOE 41
Z1H RNA; NanoDrop2000 (Thermo) il RNA #¢
B A4l 5 A H PrimeScript™ RT reagent Kit with
gDNA FEraser (Perfect Real Time, TaKaRa,
DRRO47A) J e sl & 5 i Fp % cDNA 4 1 . X
BEHUA 104~ H Y SE I 7E NCBLE R 5 il ke 2, AR
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Table 1 Primer sequences of methylated and unmethylated genes

Gene Accession

Primer sequences

Product size/bp

Cngbl NM_ 145601

Pdeda NM_ 183408

Hcen4 NM 001081192

Olfnl NM_001038612

Olfr1394 NM_ 146276

Olfir231 NM_001005520

OIfi378 NM_ 147024

Olfi1153 NM_146640

OIfi651 NM_146813

Olfi691 NM_147061

M-F:

U-F:

U-R:
M-F:
M-R:

U-F:

U-R:
M-F:
M-R:

U-F:

U-R:
M-F:
M-R:

U-F:

U-R:
M-F:
M-R:

U-F:

U-R:
M-F:
M-R:

U-F:

U-R:
M-F:
M-R:

U-F:

U-R:

TTTTTATTAAGGTATAAAGTGGCGT
TATAAAATTAAAACACAAAATCGCC
TTTTTATTAAGGTATAAAGTGGTGT
TATAAAATTAAAACACAAAATCACC
AGGAAGAATTACGTGTATAATTCGT
AACTACTCCCGCTACTACTATCGAA
GAGGAAGAATTATGTGTATAATTTGT
AACTACTCCCACTACTACTATCAAA
GGTTTAGGAAAATTTTGGGAGTC
CGATCGTAAAACTACGAAACGA
GGTTTAGGAAAATTTTGGGAGTT
ACCAATCATAAAACTACAAAACAAC
GTTTTGATTTGGGTTTTTGC
AAAAAAAATATACCAACCTACCGTC
GTTTTGATTTGGGTTTTTGTGA
AAAAAATATACCAACCTACCATC
TTTTTAGGCGGGAAGTTTATTTC
TATACCTATCGTAAACCATAACGAC
TTAGGTGGGAAGTTTATTTTGT
TATACCTATCATAAACCATAACAAC
TTTTTGGAGATTTGGTATATTACGA
ACCACAAAAACAAAAACCGAC
TTTTTGGAGATTTGGTATATTATGA
AAACCACAAAAACAAAAACCAAC
GGAATAATAATATGAATTAATTAATATTCG
AACCTCTCTTTCCACTAATAACCG
TGGAATAATAATATGAATTAATTAATATTT
ACCTCTCTTTCCACTAATAACCAAC
ATTAGTAATTTTTTGATGTATGCGG
AAAAACACAAATAAAATATCAACGTT
TTAGTAATTTTTTGATGTATGTGG
AAAAACACAAATAAAATATCAACATT
TTAGGTGTTTTAGGAAAATATACGT
AAAAAATAACAAAAAAATAATCGTA
TTAGGTGTTTTAGGAAAATATATGT
AAAAAAAATAACAAAAAAATAATCATA
TTGATAATGGTGATTATTATAGAACGG
AAAACACAAATAACTATAAAACGAT
TTGATAATGGTGATTATTATAGAATGG
AAAACACAAATAACTATAAAACAAT

188

188

192

193

103

105

192

190

115

112

255

257

103

103

130

129

150

152

254

254

$ HXF B ) mRNA JF 1], {8 ] Primer Premier 5 1%
e (£2) . LLB-actin WNZ, 435K H &
PCR 3 Ji7 £ 1 384T qRT-PCR AG U F A1 f) 1 26 34
# (Agilent Technologies), #ZH3 H/NEL, FrfasL
W 3R . SRR CAENEH B-actin #E471H—14k

1.5 SitEaH

SEREA AR

ARER, 2RI

B FE LS B6 B K ] SPSS21.0 B it b, R
FHEEbR IR (2 2 s) Fon, ) R
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Table 2 Primer sequences used for qRT-PCR
Gene Accession Primer sequences Product size /bp
F: ACCCGCAGAGGATCAAGATGA
Hen4 NM_001081192 102
R: TGCGAGTCTCCACTATAAGGAA
F: CAGAGGAGGAACACTACTGCG
Cngbl NM_145601 229
R: AAGTAATCCATGAGGAGCCAGA
F: CATCAATGTCCCACGATTTG
Pdeda NM_ 183408 166
R: TAAGTCCCGCTCCTGGAATA
F: CTGCTGAAGATCGGGGTCG
Olfnl NM_001038612 101
R: GAAAGCCGGGTGGTATTGAG
F: TTTCCAGCCTAGTCAGTGAGAA
Olfi231 NM_001005520 153
R: GGTAACGGAGAGGATAGCAGA
F: TCCCCCTTCATTACATGAGCA
OIfi378 NM_ 147024 183
R: AAGCCACTTTAAGCAGAGTAGAC
F: AGCAACCCCTTGATGTATGCG
Olfr1153 NM_ 146640 369
R: TGCAACAACAGTTAGATGGGAG
F: GGTTGGAGGCTTATCATACCTGG
Olfi691 NM_ 147061 214
R: TGGGCATGGAGCCAAAAGATG
F: GTTCGGCCACTCACCTTATGA
OIfi1394 NM_146276 210
R: GAGAGAAAGTTGGTTGCCATCT
F: CTAAGCTGTTACAACCCAGCA
Olfi651 NM_146813 115
R: TGCCTACAATAGCCACAACATAG
F: GACGTTGACATCCGTAAAGACC
p-actin NM_007393.3 115
R: TGCTAGGAGCCAGGGCAGTA
" R G WA S . RIMEB A& . IR S . /D
2 ERESH

2.1 ERPENEERBITFHIHIE

/INERUFE i DNA S i 24 28 (5 53—, JBRR .
SUMAE, SR IFT G PR UE . AR UGS i ks
W22 327 A FE W shF, 5 AC3/NRA L,
AC3/INE A 1 978 A FE H i 8l 1 B Ak /K- & 4R
Tk, AT A 9%. Ui AC3 7E MOE P X%
W s PR BEAEZEEH, 4C3 kS
5 MOE M 9% Y 3L RS 8l HH B4k K7 & AR AR
X I B D BE ) & FE 7= e — e 52 . kA R 1) i
i, 727 A3 A s AR R, 12514
LA A REAL, BB R 2 T En
e
22 ERFPEUBEHTFERERINGESHT

R T TG o X A 25 L R B S e
S DIRERT AR A DG, A SO Y 1 978 1)
Bl F X b 22 0 3 21T GO b . 25 R iR,
AC3 BRAR B 22 57 W AL SE A 1 296 4> 3
Y o Foihe, T 1a g 3 R EE i 2 10 104>
SrFOife, FEASEENRLS . ETaG . Al

TG E (RO sEE WHE S A
1 313 S AE )k 72, &1 1b 91 B A e
209 10 EY)22d 2  (biological process), %
IR . AR R . IR . AL
RPN AR . A AR AR . AR R A
(AR R AR R DLRR 26 S2) . A7 1 299 Nk [A]
WAL Y, ] 1e 51 3 PR A fe 22 119 10 14
MRk, FEARMMNAIR . diiEdrdinl . B
. B ARMRS . AHM N IR AR AR S (A
ZH L DR R S3)

X FR AR e e W 326 A 2 e TR R AR R PR 3R A T
Pathway 7747, &4 209 LA 0 25 09 AR 015 30
W36 4% (22 5 W AL [N Pathway 43 A1 UL B2
FS4) . Horh 52 S filAH OC A D-2 2 A% -D-
HAMRCHHER . MR, GABAREZR fil. JIH
el BE 2 il . {2 R PR R B R (gonadotropin
releasing hormone, GnRH) {55 #%; 5 DNA1
RN F AR RR DG i A IR Gl e ARl . A%
HRRVIRESE . DNAKEHE . e s; 5%
A OGP . EB R EERRYY L IR rh G Sk R



478+ EYUZSEYYIEH#RE  Prog. Biochem. Biophys. 2019; 46 (5)

@ [258] Small molecule binding
[352] Nucleic acid binding

[1175] Binding

[359] Metal ion binding

[368] Cation binding —————_

[780] Protein binding

[515] Catalytic activity —"

[543] Ion binding
[532] Heterocyclic compound binding

[538] Organic cyclic compound binding

(b)
[844] Regulation of cellular process
, [1267] Cellular process
[859] Cellular metabolic process
[1172] Single-organism process
[883] Primary metabolic process
[1043] Single-organism
[893] Regulation of biological process —/ cellular process
[908] Organic substance 4 [962] Metabolic process

metabolic process

Fig. 1 Gene Ontology analysis of the differentially methylated promoters

[929] Biological regulation

(c)
[800] Membrane [1372] Cell

[936] Cytoplasm
[1371] Cell part

[978] Intracellular membrane-
bounded organelle

[1225] Intracellular

[1071] Intracellular organelle

[1207] Intracellular part
[1083] Membrane-bounded organelle

[1168] Organelle

Gene Ontology analysis of the differential methylated promoters, which was classed to molecular function, cell composition, and biological
process. (a) Shows molecular function, which covers 1 296 differentially methylated promoters. (b) Shows cell composition, which covers

1 313 differentially methylated promoters. (c) Shows biological process, which covers 1299 differentially methylated promoters.

BRI CTUNFRE . MMERYRE . JE T RS 5 keI, KB RER MR 7 D RE X,
20 M AR A A G B AT MAPK A5 Sl B . AT AE 0l MBE 2R TR | e BAHOCEEIN . cAMP
L AnEibes (R3) . HT EEAHSCHEIN | ATPAS GG | 458 14

PE— LT AC3 B /N MOE R Bl 7 HIE FEAHSCEEIN . ML BIMiAR SC I N | e A5G E
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Table 3 Pathway analysis of the differentially methylated promoters

Definition Selection counts  Count  Percent/%  P-Value The false discovery rate

Pathways in cancer 47 323 15 0.00099 0.038 099 71
HTLV-I infection 37 277 13 0.01321 0.110476 9
MAPK signaling pathway 36 253 14 0.00543 0.110 476 9
Endocytosis 32 221 14 0.00656 0.110476 9
Epstein-Barr virus infection 29 213 14 0.02078 0.110476 9
Protein processing in endoplasmic reticulum 27 168 16 0.00290 0.110476 9
Purine metabolism 27 174 16 0.00476 0.110476 9
Transcriptional misregulation in cancer 25 178 14 0.02153 0.110 476 9
Ubiquitin mediated proteolysis 23 139 17 0.00397 0.110 476 9
Hippo signaling pathway 23 154 15 0.01369 0.110 476 9
Pyrimidine metabolism 22 103 21 0.00014 0.115 667 8
Cell cycle 22 126 17 0.00243 0.115 667 8
Tight junction 22 136 16 0.00630 0.115 667 8
Glutamatergic synapse 20 114 18 0.00354 0.117 497 3
Hepatitis B 20 145 14 0.04364 0.1174973
Oocyte meiosis 18 111 16 0.01243 0.1174973
Estrogen signaling pathway 17 98 17 0.00772 0.125 7117
Cholinergic synapse 17 113 15 0.02927 0.172 378
Insulin secretion 16 87 18 0.00541 0.172 378
Salivary secretion 15 77 19 0.00399 0.172 378
GABAergic synapse 15 89 17 0.01536 0.172378
Circadian entrainment 15 98 15 0.03411 0.172378
Protein digestion and absorption 14 88 16 0.02973 0.177 3232
GnRH signaling pathway 14 89 16 0.03241 0.177 3232
Morphine addiction 14 92 15 0.04151 0.207 896 9
Bile secretion 13 72 18 0.01344 0.220 875 6
Cytosolic DNA-sensing pathway 12 63 19 0.01139 0.220 8756
Nucleotide excision repair 10 45 22 0.00679 0.236 687
Fanconi anemia pathway 10 52 19 0.01876 0.251 648 8
Endocrine and other factor-regulated calcium reabsorption 10 55 18 0.02705 0.251 648 8
RNA polymerase 8 29 28 0.00374 0.257 367 4
DNA replication 8 36 22 0.01485 0257367 4
Nicotine addiction 8 40 20 0.02725 0.272 081 6
Proximal tubule bicarbonate reclamation 7 20 35 0.00146 0.277 892 8
Mismatch repair 7 23 30 0.00362 0.328 520 6
D-Glutamine and D-glutamate metabolism 2 3 67 0.02393 0.335807 4

"Selection Counts" stands for the count of the differential enrichment genes' entities directly associated with the listed pathway ID. "Count" stands

for the count of the chosen background population genes' entities associated with the listed pathway ID. "Percent" means the % of "Selection

counts" to "Count".

. WLSE A2 R Bt 0lfr1413 . OIfr103. Olfi231 .
OIfi378. OIfi736. OIfr1153. OIfi561. OIlfi651 .,
OIfr691. OIlfr472. OIfr945. OIfi90 . Olfm2 J 5
THIAL KT, Olfr1394, Olfiml3 . Olfinl H
FAL K RRIE (B S2) . W& & & A SC 3R R
Htr7. Smarcel. Ncaml B IEAL KT E, Ascll.

Sle6aT H ALK F#K . cAMP 15 538 6 AH C 3L [
1 AC3 (Adcy3) . AC2 (Adcy2) . ACT (AdeyT) .
Pdeda Ji 31 W EEALAKE Y F 8, AC9 (4day9) .
WA IR 19 K4 (Hend) . Cngbl Jii 51 H
FALKF-FEAK . ATP 255 HHOCEE R Aatk . MyoSa
Rps6ka6 . Stk32c W IHALK VT4, Acss2. Actr3b.,
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Map3k12. Pkn3. Sgkl. Tars12. Tyro3 H XAk /K ¥
WA . 5 B R 5 A OC B R v Clsm2 . MyoSa.,
Spnal W 3 4k K ¥ F+ &, Cacnalh, Cdhl5,
Cistnl, Epx. Kcnn4. Pcdhl0, Tgm2 H 34k 7K
A . £ Mk b 1& 1 AR oG 36 TR Mysed . Myl
Pdlim5., Arpp21. Chrl, Rm3 W 3AL KTt &,
AcotT. Arhgap8. Arid3b. Clic4. Vegfa .
Acss2. Actr3b. Akl. Eya4. Faml92a. Ribpl.
Tarsi2 Tubb3 W IEAK-FEAR . e SRAHICHE A v
SACKF TR 9 AT 24>, Trp73 Ml Mystd, HAEAE
IKF-BARAAG Arid3b . Barh12. Ebfl., EIf5. Eya4.
Irfd. Msx3. Mypop. Sox8. Vax2. Vaxl. Zfp300,
Zfp536. Phfl1l.
2.3 MSPERNEREZFXDNARENLEN
M GO TE RN Pathway 4307, 43T 19784
22 5 AR A TP 128 H 5 cAMP ARG 3> Jk K]

Tem? |

ACIHFL ACI ]

<
c
=
c
<

Cngbl

Pdeda

Olfinl

Hend

Olfr1394

OIfi1153

0Ifi231

0Ifi378

Olf651

0Ifr691

ACIF+2 AC3 -2

(Hcnd, Cngbl, Pdeda) VA K W3¢ 52 (K FE K 74
(Olfml, OIfr1394, OIfi231, OIfi378, OIfir1153,
Olfr651, OIfir691) (F4), F|H MSP XfixX 5L [H
BB 71X (=1 300 bp ~ +500 bp of TSS) i) F At
A TERIE (K2) .

Table 4 Selected genes used for MSP

Gene Name Chromosome Promoter Classification

Cngbl chr5 LCP
Hcn4 chr9 HCP
Pdeda chr9 HCP
Olfm1 chr2 HCP
Olfr1394 chrll LCP
Olfi231 chrl LCP
Olfir378 chrll LCP
Olfr1153 chr2 LCP
OIfr651 chr7 LCP
Olfr691 chr7 LCP

AC3*Y*3 AC3T3

M U M U M U

Fig.2 MSP of differentially methylated genes
The genomic DNA which was extracted from MOE of 4C3 knock-out (AC37) (n=3) and wild type (4C3"") mice (n=3), was modified by
sulfite and subsequently used to conduct MSP  (methylation-specific PCR) . Differentially methylated level of Cngbl, Hcn4, Pde4a, Olfinl,
OIfi1394, Olfr1153, OIlfi231, OIfi378, OIfi651, and Olfi691 were determined by MSP  (M: methylated. U: unmethylated) .

Rk R R, SEARUNSMLE, 4C3 Bk
/N B RS Hend. Olfinl . OIlfr1153.  OIfi231,

Olfi378. OIfi651 . Olfr691 Ji 5T X iy F Fe Ak K
Th&5 ., i Cngbl . Pdeda F Olfir1394 FE[H 3 3 1 X
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[ H L Ak K S B AR . H H OIf11153 0 OIfi231 .
Olfi378. OIlfi651, OIfi691., LA Cngbl. Pdeda
Olfi1394 i H FEAL K- 50tk 45 31—
24 QRT-PCR#&MERHDEEmRNAFRIEER

K H qQRT-PCR 73 B 34 10 A>3 A (1) 3235 7K
KB, SEARAMLL, 403§k /N Cngbl |
Hend. Olfnl, OIfr1394. OIfr1153,  OIfi231.
Olfi378. OIfir691 fFIR /K& F R, 430 F K
T 813%. 73.7%. 77.0%. 85.4%. 882%.
78.6%. 70.6% F182.0%. Pdeda Fl Olfi651 JE [ ) 32
KAKF W E TR, T T 123 5 R 4.8
£ (E3) .

181 x 403+
12- i B 4037
*
6p =

Relative expression level of mRNA

/\‘b c,)\ ) 0!\
o\r\:‘b 0\\4\4@

SRS P
o ¥ o o\‘\.‘ﬁ ()\%‘N 0\\@ 0\@

Fig. 3 The relative expression level of differentially

methylated genes by qRT-PCR

Total RNA was extracted from MOE of AC3 knock-out (AC3") (n=
3) and wild type (4C37") mice (n=3) by the TRIzol method,
and subsequently was reversed into cDNA. The relative mRNA
expression level of Cngbl, Hcn4, Pdeda, Olfml, OIfir1394,
Olfr1153, OIfi231, OIfir378, OIfi651 and Olfi691, was determined
by qRT-PCR, respectively. - Actin was used as an internal control.
Data was represented by mean = SD  (n=3) . *** P<0.001, **P<
0.01, *P<0.05.

3 #

R Z B FL 8 W 4 42 D 4 FEL N CpG Az A5,
H LA A, AR T2 D SRR 4R 62 £ A CpG
3 A0 AR IR, AT R B2 B SR T
PE .Y SORIGAL AL B CpG & 52 B AR
W, sk N TSR NE S a2, i i
LD B SRR 1, DI DNA FEA K F3d 3 5
SR FRB R " 5350, DNA HEEfLik il LA
R 3 52 M) TSR e 000 3 A9 454 5 2 1 - DN A AH B

VE A 56 DR A e s 1, SXREJAR 3l F CpG 55 19
RSk H AL AR AT B (S S L R A H BURE R 3R
KAE . BIRGEFZ CpG 3 22 A U Y
DNA Ak 7 A 757, /N B e 1) e s ik
SOX30 75 S AL 4 3R 05 1 B I 25 6 S Pk ki
IESE W T IE 3+ CpG & AR K i ek s i 7 A
(R, i EL Bl RS B B SR AR KT X
LR FR IR By A s R R A SUR e
P LLI A5 1 R FH e Sre AL I 5 R i 1B A C3 Bk 2R /N B
MOE Hr1 22 e R A BE R R B, 22 S DA el 1) 4%
O 1391, TIEAECE 1988, 225k R AL
w2 T . Rk, =R DNA B
At A i i AC3 BN BUMOE wh 22 5 3 R i 2 7
H A AT T AR 1 2 TR e, (HEC S
H R AC3 /N MOE Hh 22 S 56 K3 3l 1~ F R kK
PR AR I B2 T m g, STUNEE R A
. RATHTH Z AW 45 R R 5 4AC3 R 5
/N MOE H GRS 28 T Ak A2 252 e, 20 il
KT, R Z IO R B R e S R
5 (activating transcription factor 5, ATF5) B T
P[RS AT LA DNA 25 B AR 0 XU 48 TET3
(ten-eleven translocation 3, Tet3) £/ MOE H
FRmAWIUE B, HEN AT GRS B T AR
DNA JP U 55k TN & . SHIECpG 45 &
HEEE, DLES SRS . /NI g
Tet3 M EMRIVER, oods T iy, BERE(R
7 DNA HUEEAR K-, oA 45 58 40 i PR e Sy 41 of
Pk, S30A4C3 B/ MOE Hs )+ F Ak ok
IR ECR Z T T R

TEMFL B AR GC & i R S 3+ B A
AFER R, BT CpGI L, GCF Al
CpG-E £ XKEE, HaFrl L CpG % E A
31 ¥ (Hgh CpG - density promoters, HCPs) , H
CpG % % Ji 8 ¥ (intermediate CpG - density
promoters, ICPs) Fl11& CpG % & i 21 F (low
CpG-density promoters, LCPs) . 7& 1E & 4K 41 fify
HORTR7r HCP AR REAE 1) g, PR 4
1 H3K4 H LA R H3 2 kAL, 3% T DUAS b Bl
1 DNMTs (DNA methyltransferases, DNMTs) 5
HCP 9454, Ml HCP R HHIC H EARRAE =2
ICP Jii 3l ¥t Tkt = 41 1 H3K4 H ZEAL I H3 L7
LI 4 5 4 DNMT3A FIDNMT3B 51, 7E4H i
A B R S K NS AR, TTLCP T
=z CpG &, CpG# A, — B 2RIk



"482- EMUFESEYWIRHR

Prog. Biochem. Biophys. 2019; 46 (5

A 2RSSR 1 978 22 5 B AL E B
FHHCPAY1 1327, Hr390 4 H B KF- I i
742 NREAK . ICP (194504, Hod 153 4Tk, 297
AL . LCP Y3964, Hb 1844 Tk, 2124
i . FE— 2% &R 4 Y mRNA 258 2 174047,
KB Olfi1394 F1 OLfi651 ) mRNA 3% ik /K F-FlJG 3l
T X B ALK SR IR R A OG, TR
OIfr1394 F1 Olfr651 [ J& 2 ¥ IX J& T LCP, T
CpG % FEAL, BT A DIXS 3L R ik 7= A4E
SO, N2 5 A — e SR R T s 4 A R A B D
PRI P A R R 22 MSP AN Hh & BE Hend
Ol i 87 X H BAL A 5 R 85 3R AT, e
AT e i T Hend F1 Olfim 4 3 HCP J3 80 7, 1M
HCP Ji7 8l F KB4 AR R AR H FE AR AR, DT 5% ]
T Hend 1 Olfm1 B S 8l 09 AL K-

NSO ER T & ORs 2R [ 1F % 638 T b i
(), A S FLESFLAR 580 ORs B (1 R Bl TR,
B 2T AN TR 2 P AR AR
PRI MR WELBE A 22 TC AR A7 305 . TS %)) N A g
RIETFRE LM ORs I 22 . sh¥) B it R
J 55 H L R 20 b 2 i ORs Y B0 52 1F AH 56 2728
1 ORs 1) %5 & 7T LA Sz il 3y 49 XF <ok 19 9 1) fig
J3 2 AEIEH /N MOE I, BRI B i 22
TCAL R IR B FE R P ) — 4~ OR B, Rk (1)
OR PAE TP ZTT i R U BV, Tk A [R]
OR AU FHZE TTHI G SR AT, 0L [ 45 5 B ML ER AR
JZHAR R X 22 OR FE AT 1 200 2247, Horp
30% Y OR B& (K R A D Re Y B EE K ), MOE
HADIREMN) OR B (5 A8 [R] 1SR4 FAH B 1 T
454 . OR Rk DL KA cAMP 5 53 i 5
5 IRER IR 40 M2 TE R, AC3 Bt SO SE b
TN R B SR, 5 R U 4 2 45 H
B @RI, AC3 B/ NI N P Y IR
DG, TR T ABRERIEE S . ik, AC3 Ek
/INER LB A S 3 PR 3l 1) FH Ak T RE RIS 52 i e
B ORs T FRIE . LASESE Y B FN R AR . AR
WFSEEREN) 7ML 32 A 6 3Rk i FRE, Ui
i R W S AR 2 AC3 B s R, 5
HITHA R FH FISH A 107 K I L5 37 1A I [R] 3 3k 45
RAHTF .

M2, TEANRFERIALZIMOE Hr, AC3 [k
JRZM T DNA K-k As , i — 2052
M) Ak 2 LR 35 . {HE, DNA H LAk /K7 1k as
SEUMAIE A7 Anfar s i s 2z S L R g ik 7 i

AR Tt —P5EE .

MifE 2% S1-S4 WA UM Jilt (http://www.pibb.ac.

cn)

£ £ X M

[1]  Brunet L J, Gold G H, Ngai J. General anosmia caused by a
targeted disruption of the mouse olfactory cyclic nucleotide-gated
cation channel. Neuron, 1996, 17(4):681-693

[2]  Johnson J L, Leroux M R. cAMP and cGMP signaling: sensory
systems with prokaryotic roots adopted by eukaryotic cilia. Trends
Cell Biol,2010,20(8):435-444

[3]  Defer N, Bestbelpomme M, Hanoune J. Tissue specificity and
physiological relevance of various isoforms of adenylyl cyclase.
American Journal of Physiology Renal Physiology, 2000, 279(3):
F400

[4] Wang Z, Zhou Y, Luo Y, et al. Gene Expression profiles of main
olfactory epithelium in adenylyl cyclase 3 knockout mice. Int J
Mol Sci,2015,16(12):28320-28333

[5] Bird A. Perceptions of epigenetics. Nature, 2007, 447(7143):
396-398

[6] LiE, Zhang Y. DNA methylation in mammals. Cold Spring Harb
Perspect Biol, 2014, 6(5):a019133

[71  Suzuki M M, Bird A. DNA methylation landscapes: provocative
insights from epigenomics. Nat Rev Genet, 2008, 9(6):465-476

[8]  Zhang Z, Yang D, Zhang M, et al. Deletion of type 3 adenylyl
cyclase perturbs the postnatal maturation of olfactory sensory
neurons and olfactory cilium ultrastructure in mice. Front Cell
Neurosci, 2017,11:1

[91  JAHLSY, Eh4105, 47405 IR H R PR LRAG 3 BRI xR
AR AAR D 7 R A5 Sm g p s o R A S
I FEYI A F1,2016,32(7):816-822
ZhouY F, Han S F, Shu L, et a/. Chinese Journal of Biochemistry
and Molecular Biology,2016,32(7):816-822

[10]  JAHET5, A0, 2 el as . I AR AL 3 R T i)/ N LR 3
ZRIEH L P EEY S T A 2 HR,2017,33 (11):
1143-1151
Zhou Y F, Wang W N, Yuan H N, ef al. Chinese Journal of
Biochemistry and Molecular Biology,2017,33 (11):1143-1151

[11] Wang Z, Storm D R. Extraction of DNA from mouse tails.
Biotechniques, 2006, 41(4):410-412

[12]  Weber M, Davies J J, Wittig D, et al. Chromosome-wide and
promoter-specific analyses identify sites of differential DNA
methylation in normal and transformed human cells. Nat Genet,
2005,37(8):853-862

[13] MengH, Cao Y, Qin J, et al. DNA methylation, its mediators and
genome integrity. International Journal of Biological Sciences,
2015,11(5):604-617

[14]  SchultzM D, HeY, Whitaker J W, et al. Corrigendum: human body
epigenome maps reveal noncanonical DNA methylation variation.

Nature, 2016,530(7589):242



2019; 46 (5

B3, % REBRIMUERSRAI/NR EEZER R K AR ADNAREL KN

-483-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

[24]

(23]

Prokhortchouk E, Defossez P A. The cell biology of DNA
methylation in mammals. Biochim Biophys Acta, 2008, 1783(11):
2167-2173

Eckhardt F, Lewin J, Cortese R, et al. DNA methylation profiling
of human chromosomes 6, 20 and 22. Nat Genet, 2006, 38(12):
1378-1385

Illingworth R, Kerr A, Desousa D, et al. A novel CpG island set
identifies tissue-specific methylation at developmental gene loci.
PLoS Biol, 2008, 6(1):e22

Han F, Dong Y, Liu W, et al. Epigenetic regulation of sox30 is
associated with testis development in mice. PLoS One, 2014, 9(5):
€97203

Rollins R A, Haghighi F, Edwards J R, et al. Large-scale structure
of genomic methylation patterns. Genome Res, 2006, 16(2):
157-163

Hackett J A, Reddington J P, Nestor C E, et al. Promoter DNA
methylation couples genome-defence mechanisms to epigenetic
reprogramming in the mouse germline. Development, 2012,
139(19):3623-3632

Roh T 'Y, Cuddapah S, Zhao K. Active chromatin domains are
defined by acetylation islands revealed by genome-wide mapping.
Genes Dev, 2005, 19(5):542-552

Weber M, Hellmann I, Stadler M B, ef al. Distribution, silencing
potential and evolutionary impact of promoter DNA methylation
inthe human genome. Nat Genet, 2007, 39(4):457-466

Lovkvist C, Sneppen K, Haerter J O. Exploring the link between
nucleosome occupancy and DNA methylation. Front Genet, 2017,
8:232

Zhao S, Tian H, Ma L, et al. Activity-dependent modulation of
odorant receptor gene expression in the mouse olfactory
epithelium. PLoS One, 2013, 8(7):¢69862

Buck L, Axel R. A novel multigene family may encode odorant

receptors: a molecular basis for odor recognition. Cell, 1991,

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

65(1):175-187

Krautwurst D, Yau K W, Reed R R. Identification of ligands for
olfactory receptors by functional expression of a receptor library.
Cell, 1998,95(7):917-926

Gilad Y, Przeworski M, Lancet D. Loss of olfactory receptor genes
coincides with the acquisition of full trichromatic vision in
primates. PLoS Biology, 2004, 2(1):ES

Laska M, Genzel D, Wieser A. The number of functional olfactory
receptor genes and the relative size of olfactory brain structures are
poor predi ctors of olfactory discrimination performance with
enantiomers. Chemical Senses, 2005,30(2):171-175

Niimura Y, Nei M. Evolutionary dynamics of olfactory and other
chemosensory receptor genes in vertebrates. Journal of Human
Genetics, 2006,51(6):505-517

Mombaerts P. Odorant receptor gene choice in olfactory sensory
neurons: the one receptor-one neuron hypothesis revisited. Curr
Opin Neurobiol, 2004, 14(1):31-36

Bozza T, Feinstein P, Zheng C, et al. Odorant receptor expression
defines functional units in the mouse olfactory system. Journal of
Neuroscience, 2002, 22(8):3033-3043

Rodriguez-Gil D J, Bartel D L, Jaspers A W, et al. Odorant
receptors regulate the final glomerular coalescence of olfactory
sensory neuron axons. Proc Natl Acad Sci USA, 2015, 112(18):
5821-5826

Secundo L, Snitz K, Sobel N. The perceptual logic of smell.
Current Opinion in Neurobiology, 2014, 25(4):107-115

Zou D J, Chesler A, Firestein S. How the olfactory bulb got its
glomeruli: a just so story?. Nature Reviews Neuroscience, 2009,
10(8):611-618

Wang Z, Balet Sindreu C, LiV, ef al. Pheromone detection in male
mice depends on signaling through the type 3 adenylyl cyclase in
the main olfactory epithelium. J Neurosci, 2006, 26(28): 7375-
7379



484+ EMSESEYYIEHE  Prog. Biochem. Biophys. 2019; 46 (5)

Effect on DNA Methylation in The Main Olfactory Epithelium of Mice With
Deletion of Adenylate Cyclase III"

ZHOU Yan-Fen", WANG Ya-Wen”, WANG Xiao-Ting”, SHU Li",
LI Shu-Juan®”, WANG Zhen-Shan""

(MCollege of Life Sciences, Hebei University, Baoding 071002, China;
DDepartment of Preventive Medicine and Health Management, Hebei University, Baoding 071000, China;
ICollege of Medicine, Hebei University, Baoding 071000, China)

Abstract  Adenylate cyclase Il (AC3) is an important component of odorant perception signaling in the
olfactory system. The thinness of main olfactory epithelium (MOE) become thin with ageing, and the gene
expression profile alters after 4C3 deletion. DNA methylation plays a key role in animal development and
regulation of gene expression. In the present study, whether the DNA methylation level of gene promoter, as well
as their associations with the expression of the genes in MOE will be altered after AC3 deletion, was investigated
by using methylated DNA immunoprecipitation chip (MeDIP-chip), methylation-specific PCR (MSP) and real-
time fluorescence quantification PCR. The data showed that the DNA methylation levels of promoters of 1 978
genes were altered in AC3-deficient mice, accounting for 9% of the total number of genes. Of which 727 genes
with their promoter's DNA methylation levels were elevated, 1 251 genes with their promoter's methylation levels
were lowered. The functions of these genes are mainly involved with olfactory receptor, neurodevelopmental,
cAMP signaling pathway, ATP-binding, calcium regulation, acetylation modification, and transcription factors. It
was further confirmed by MSP that methylation levels of promoter of the olfactory receptor genes Olfir1153,
Olfr231, OIfr378, Olfr651 and OIlfir691 were increased, whereas methylation level of the promoters of Cngbl,
Pdeda and Olfir1394 were decreased. In line with MSP results, qRT-PCR data showed that the expression levels of
Cngbl, Hen4, Olfml, Olfr1394, OIlfr1153, Olfr231, OIfir378 and OIfr691 were significantly decreased, whereas
the expression levels of Pdeda and Olfr651 were significantly increased. In conclusion, the methylation levels of
promoters of olfactory receptor genes, neurodevelopmental related genes and cAMP signaling pathways in MOE
are modified significantly after AC3 deletion, which affected the transduction of signal pathways such as
nucleotide excision and repair, DNA replication and mismatch repair, thus comprehensively regulating the

number and level of gene expression in MOE of mice.

Key words olfactory receptor, DNA methylation, adenylate cyclase Il , cAMP signaling pathway, main
olfactory epithelium
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