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Abstract

(cyclic AMP) which is a universal second messenger and involved in a wide range of cellular signaling responses.

Adenylate cyclase (AC) catalyzes the conversion of ATP (adenosine triphosphate) to cAMP

In mammals, a total of ten AC isoforms encoded by different genes are identified, and defined by two distinct types,
nine transmembrane enzymes (AC1-9) and one soluble protein (AC10). These AC isoforms feature differences
in spatial and temporal expression and distribution among different organs/tissues or cells, as well as in the
mechanisms of regulation, and exert various physiological functions and obvious influences in health and diseases,
which are summarized in this article.
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PR AL 0k e 3 PR ) Th E 55 R % S HLAE A e 5
TR AT T A R OCRIHRTT

1 ACSHIFEE SR

TEMTFLBN P, ACELFE 107 7 44 1 (isoforms) B
[F] L (isoenzymes), 43 7l FH AL AN [F) G i 4k Bl L ¢
PR B R Y b, B AT 8 TR R A Ak B A
(class III nucleotidyl cyclases)Z% i il i, Hodr, 9
SRR (ACT~9) 8 T %5 i 85 H (membrane-bound
AC, mAC), A4 HF(AC10)JE T 1I ¥ M & H (soluble
AC, SAC)Y,

1E 8 R 45 1 R E BB, & MmACY) &
A CIAC2P A 1w FE 7] PR (2 JE 1R 7 410 A0 AL 1 1k

50%~90%) F] 4 1, il [7] Y5t 25 #4) 45 (cyclase homology
domain, CHD) LA S 24~ 737 HH 61 2% JIE ik 5 4L 1 1) %
i 25 F B TM1~6 A TM7~12, 3 46 2% 49 38 58 H 4 5]
TR T — AN AL TM-CHDZS #4) 51 6. C1AIC2H
A AL = S5 1, B Ak nT LR s— M
Xt FR B S T (pseudosymmerical interface), F£7E F% [l
P B AN IR IL R 2 5 R T ACHE AT T
frrie HTCHERMWIE YRR T H 507 1)
ik, 2R FEUEA — MEfeiE oL, 7%
PN 8 B T (Mg BiMn* ME N R 7 2 5 ek
Fo mACsTEZH M F 4% H K8 FYN-3i (N-terminus)
ANC-3ii(C-terminus) S5 {H A AL 5T 1, 10 A [7] 57 44 44
 TAIN-3i ) A AR B 22 il BB J2 . TM1~6 411

(A)

Membrane

Cytoplasm
N-terminus

Forskolin
binding site

ATP
binding site

Mg’ or Mn®
binding site

C-terminus

B mACs {Te W O i ()

: Autoinhibitory Heme-binding

: motif domain
SAC
(SACﬂ)
(sAC)

A: mACELFTMI~6FITM7~123 4™ #5 B4 M43 LL K CURIC2 7 A F1 AT (R 25 A 35K, P MR BEN- B A C-0 P SN LT .- CUAIC2 7T AT J
— MBS FRBI A, B AR S I BR SR IS R A S (b AT PR A, 75 A 88 B (Mg BRMn ) E Al B, ATPAS & 7ECT-C2 5 i i —
00, 0B AR SR T B ST LA S| B B F AR (conformation) A ZEAE 4K, AT ACHERT L/ £ 00 . B: SSmACSHTEL, sACTHR/> 515
S5, CIANC2E B2 R IAE — 2, A7 T IIKBE (0 Z AR X k. sACHL 75 FH A KemRINA K 26 356 B 452 7 A2 10738 e K 23 ol s 94 F) 1 2 (9 sA C T
SAC; HH, SACAX HCTRIC2ALK, TIsACfECTAIC2H) il C-3i £ 5 — A A AR — DM ZLRAE I sACHAT LlsAC, 5 Z 4w I BEIE 1«
A: mACs each has two domains of six transmembrane spans, TM1-6 and TM7-12, and two of cyclase homology domain , C1 and C2, as well as the N-
and C-terminus located in the cytoplasm. C1 and C2 may form a catalytic active site at the pseudosymmetrical interface by residues from both domains,
with the requirement of two metal cofactors (Mg®" or Mn*") for catalytic activity. ATP binds at one of two pseudosymmetric binding sites at the C1-
C2 interface, while the binding of forskolin and other modulators may regulate AC activity by inducing a conformational change. B: in comparison
with mACs, sAC is lack of any transmembrane domain, and the C1 and C2 are directly connected in tandem and located in the region of N-terminus.
The sAC gene produces alternatively spliced mRNAs coding for the full-length form of sACj and a truncated one of sAC,, respectively; of which, sAC,
consists almost exclusively of the C1 and C2, whereas sACy has the C1 and C2 followed by the C-terminal residues containing an autoinhibitory motif
and a heme-binding domain. The enzymatic activity of sAC, is much higher than sACj.
El FEFLERRE BRI BB S R R E (IRYE S STH(1,7-8] 12250

Fig.1 Schematic representation of domain architecture of mammalian adenylate cyclases (modified from references [1,7-8])
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TM7~124 5E mAC ) 4H i i BE 171 5E £ FCHDs 3 [7]
DYSES L AN

SACHE 1% 18 IE mRNA ) 1% £ 14 8 #% (alternative
splicing) ML il 7 A= AN [7] 1 4% e 4, H b 42 K (1A Cy
T R B 1) 2 25 2R i X 3802 A 9 1S B {2 ICHDs
FRIRAE — 2. B H 5 I N lEC-m 2 — B KJE R
21491 10028 BRI EE 7 71, & AH — A B IR AR
(autoinhibitory motif)Fl — 4~ Ifil. 4. & 45 & #(heme-
binding domain), {H JG T {r] B & 11 55 55 &5 M) 3. 1My
— MEKERIE IISACAL P> CHDs4LK, & R A L
SACHIE 3 = (1065 A ) I BV 1 . S mACsHI L,
SACH)Z LR 7 71 W& r 4k, IF HAESS /) H e b4
FEAR 2 B SRR R L B

H #T A A, ACHS T P 2 B w5 A 7] 5 25 7 U5 1)
CHDsJE ) — AR g 1. HAE O T2 =
SRAAR P 4 4 T, Ao G A0 Tl 2 B S B2 1% B T )
SEtis B, X MAESS R B E T E R R R AC
TP VR T B — b S LA

2 ACSEAEIZFE AP KM HIRIE
55
2%, A3 ORI HRT-PCR. G H4ib

G A 42 A8 S5 1 ARG IR LB WA [RIAC ST R R 1 3
K5 A RHEEAT T AR AN AT R I, 1X
s e g A 25 R A 7 48 K 22 Bl o ) AN ] 88 ' 4L 2R
BN il R IA, (HIERIE KT FAATEESR, U
EATRENEE — 2 W28 B 4L 2 s i i b A 3 R A (R
Do B4, —2e R AR RIAKPIEA K K E T %
W Bl — 5 AR 1 T B2 RAE AR 12 AC3 1)
FAK A2 F AL ZE WL B A 150

PERiE, E O, ACSHIACGE RERS = /K T3
K1) R RIAR, ACIAFRIE, HABmACS 4 A 47 1E
— BT R IEV0 e BRACS AR ik
Ab, HAmACs T H R 5 BE i R 18, H HAC4AFIACG
I B —E RIEIH . EFIEF, AC2HACS
RNFRIE, AC65 HAmACs 744 1A A Eb 2 B HY i
RIS K. (R E T, BRACIARIBIF, AC2,
AC3. ACTFIACSH: HAmACs 5 #) 14 1) 2% ik /K °F
Bmn. TENLAH L T, ACTHIACYI 22 ik 7K P55 &,
ACl. AC2. AC6FIACSIX 2, AC3FIACSA K 1A
5 _E R, BE 6K #IACT. ACS5. AC6. ACS
MACOHIFIL, HMmACSHEMIELLT- Rk, (%
FH, SACR B EERIFRILTEA, FraoMmACs T4
et o BIAFAE — KPR ERIL . AME R I, AC3.

*1 HIANYACRIIFERERE B BAS MM PRI RIEARESE SCH(7,9-10,12-18]12%0)

Table 1 Expression of AC isoforms among different organs/tissues or cells in mammals (modified from references [7,9-10,12-18])

ACHHMK FEAL A B/ L

AC isoform Expressed organs/tissues or cells

AC1 Brain, adrenal gland (medulla), kidney, muscle, ovary, liver, placenta, spleen, testis, peripheral blood leukocytes

AC2 Brain, lung, muscle, heart, kidney, ovary, uterus, testis, placenta, spleen, prostate, small intestine, thymus, bone marrow
stromal cells

AC3 Brain, olfactory epithelium, pancreas, lung, heart, testis, brown adipose tissue, kidney, ovary, liver, uterus, male germ cells,
placenta, spleen, prostate, small intestine, peripheral blood leukocytes, thymus, bone marrow stromal cells

AC4 Widespread (brain blood vessels, kidney, ovary, liver, cholangiocytes, heart, lung, brown adipose tissue, uterus, testis,
placenta, spleen, prostate, small intestine, peripheral blood leukocytes, thymus, bone marrow stromal cells)

AC5 Brain (striatum), heart, kidney, liver, lung, testis, adrenal gland, brown adipose tissue, uterus, cholangiocytes, placenta,
spleen, prostate, ovary, small intestine, thymus

AC6 Widerspread (brain, heart, kidney, liver, lung, testis, muscle, adrenal gland, brown adipose tissue, uterus, cholangiocytes,
placenta, spleen, prostate, ovary, small intestine, thymus, bone marrow stromal cells)

AC7 Widespread (brain, platelets, heart, kidney, liver, lung, testis, muscle, uterus, cholangiocytes, placenta, spleen, ovary,
peripheral blood leukocytes, thymus, bone marrow stromal cells)

AC8 Brain, pancreas, lung, testis, muscle, adrenal gland, uterus, brown adipose tissue, heart, ovary, cholangiocytes

AC9 Widespread (brain, testis, heart, lung, muscle, kidney, liver, adrenal gland, uterus, brown adipose tissue, cholangiocytes,
placenta, spleen, prostate, ovary, small intestine, peripheral blood leukocytes, thymus, bone marrow stromal cells)

ACI10(sAC) Widespread/all detected tissues (brain, testis, heart, kidney, liver, muscle, cholangiocytes)

X N7 ) SRR T R R I L A 2 o B i e K P 3k

Underlined organ/tissue or cells expressed this form at high level.
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AC4. AC5. ACO6FIACIOREMS 7L 4 i i 41 2R (brown
adipose tissue) 1 FKiL, AC2. AC3. AC4. AC6.
ACTHIACYRHE S 1E & fi [A] 78 51 T4 Jitd (bone marrow
stromal cells, BMSCs)H' 3 1A DL A — L& 57 4 44 73 i)
REfE 7RO, Baft. M. SME A, 75, /i
UM AN R BRI/ INRR L A BE A
JEE b Rz 4 i S5 A 25 M 2% 4 24 Bl iR v Rk
(&E1).

X #if 22 2 %i(central nervous system, CNS)
HA R MM 2 ACs KIE DI RE B 23 fr . A
TR, B T RINACATE EAE & h RIXFHAFAET
B 50 7 (main olfactory epithelium, MOE), it
RI— L6 F M ATEEHE(AC3. ACT). SUIRIA(ACT,
AC8). 5 (ACT)FEH R B = KB4, B
mACsTE B 2 R AT, M. AN BT
M5 5 0 55 25 M I 2 2 B R i pP 2 R G b RO, ]
EATTHI R IE K AFAE 22 75| 12131920220 0 g Ah 0 A
7] ) A B I I E &R R B, ACHEINAH A K &
BORR 28 AR K R RO R TR ) RIS K AR UK, T
ACSTE FAF i 4H 23 v 1) ik 2 R AR BOR AR AL,
f A AR SRR e Ak R IR E . AR
Tl 2ty LA (0 i 2L 2 AT B UL BT oK, mACs
(YIS 5 B R AR FE A AR B, (B AR AEGRIRZE T HF
A, AT REEAS [F] FImA CsLhF-# [r) 1~ 7 [F]
—H X B AL [F A, TR TR AR R mACs )
A6 7] T R BRAEAN [F] 2H 23 X3 R IR L, - TR, R L
Y HIAS [FImACsTE [ Dy RE 7% 51 T 8L Be 8 K A5k
AT T3 20 B [E] R T D RE

)5, BZTE HE, SACILT-fEIZ S CARIE
B R RSn 0 () 4 B 2H A B i R 3Rk, oA . =2
Fua OHE. B PR, WLRRIRERE bR g0 GR
DPL K B JE 5 5 41 ffd (astrocytes) #F D5 A5 7
JZ /NI R TC R S /N RBR(dendritic spines)
i 98 7K Jifj(axon terminals). ¥ R #f £ 717 (dorsal root
ganglion, DRG). H#EH IEAE K B P& n a2,

3 ACsHIT 4R E N 5%
3.1 mACs

mACs & A 15 158 45 7 455 JFC 0 ) T 48 B s B
EIBE. mACs/EGPCRs-GE 15 5 1F FHIE % T i
(1) 2 RN P (effector), GER FARISAE Ja 77 A 1 25 1)
oV J (G Rl By I 3k - SRAAK(Gy), ‘BT I A% B 3%

P mACsHITEE. Horp, JI B ol 2 (Gog) X BT A
JUFFmMACS(AC1~9)3 = A g /E o #0284 o 2
(Goy)BRXTAC2. ACARIACTIERZ AL, Yo EAx (1 544
WP EAHIER . GpAMHIACT. AC3HIACS, i
B TE— 52 21 T AT AC2 ACA~TF= L Bam AR o e AT,
5 B (Ca*")/85 1 25 H (calmodulin, CaM)BENEH i F¢
A RSO TR 2 S ) A P A LR B U T AR R,
HRHEMACS TR R BAT TR 23 a4 2H.(3R 2): 140
BIFACL. AC3MACS, EAIHIAET H5iE LI CaM
7B B EFEAC2. ACAFIACT, BEWE G,
B ST FEACSFIACS, fit i 3t T 1 BE /R /K1
BAE BT I B Ca®  BA R Gau I #l il STV A
#HACY, © 5ACI~8I 7 FI MM EAR, If HAEMEY)
HOR B — B NG Ak B ) —— T Wk E (forskolin)
nJ DLE 3 BB OE ACT~8, EIXFACOR LS 1E
.

mACsHE 1% 18 1 % & 1k (phosphorylation) 4 J&
1 (glycosylation) F1S-3F. i 2 {4.(S-nitrosylation) %5 & [
JRAE AR, 77 A ) SO RN, — S S g A
(AC1. AC5. AC6. ACY)H) — RA&M 5GHE H 1M
AIERA RN, Ak, 124 B IIA B B R R T RE
% 5mACs™ 4 TLAF T 5200 H 2 fiE, £145SOCE(store-
operated Ca**-entry)%& B Fl B & 745 45 5 7 W 18
(voltage-gated Ca®" channels, VGCCs)®\. A% 3 fiff £
%€ £ [1(A-kinase anchoring proteins, AKAPs)*", fi
Bt 25 1 A4(annexin A4)*), SnapinflIRic8a%%:>!, X
B8 0T BAE B A g 22 fEAC-cAMPE 5B % 5
AP AL A% A OB, B P R HARAE 5 4
AC-cAMPE ST, B 7T LM, — %4k & (nitric
oxide, NO){E 5 i % 52 MmACsH] 3§ 231, XfCa**
BUK FImACS(AC1. AC3. AC5. AC6. AC8)FE %
S HAFAE T 40 B I ) i 4L (lipid rafts) 2w, IF 5
SOCEA £ X = 1k (compartmentalization), 1% K JE
A H T 1X EemACs X Ca® W J 7K F 48 A0 A L Bt
S NP 5d A AR A AN R S A a8 B 2 S e A
AR AC T 1R BEAS 2 15 7 e IS 5 308 I A0 48 i
MBI, X mACs 7 AL G BT 70 3E e 1 VR AN T,
A — SR FHAL O REN— RN
j‘ii%‘[llillfﬁﬁﬁ] R
3.2 sAC

SACTR /D 5 JE S5 18, FARAE T A M o7 A5
{100 IV 24 i 45 (200 PR A% R0 B R A S )b, I HLRE % R AR
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Table 2 Regulatory properties of mammalian AC isoforms (modified from references [25-26])

ACHE 4 Ga, G G, 5 EER (i B
AC isoform group i Calcium Protein kinase Forskolin
mAC Group I: stimulated
ACl t | I t CaM t PKC, 1
t RTK
AC3 t | I t CaM | CaMK IV 1
t PKC,
AC8 t | I t CaM I CaMK II 1
| PKA
Group II: insensitive
AC2 t - te - t PKC, t
AC4 t - te - t PKC, t
AC7 t - te - t PKC,
Group I1I: inhibited t PKCa ¢
ACS t | ts | free Ca® t RTK 1
| PKA
I PKGs,. t
AC6 t ' ts | free Ca® t RTK
| PKA
Group IV:
AC9 t | (weak) - | via CaN | PKC, t (weak)
t CaMK 11
sAC AC10* — - — stimulated - -

ACTEME EFCH), ), BERAE () o S G, FHIAE F KIS T Go 38 B Ik 2 LGS . *AC10/SACH] 7 AR R S . CaM: 451/

A, CaN: £G5B EREG, CaMK IV: £51f % A EEFIV; CaMK I1: 451

B I RTK: SZARES 2R N, PKC: B A IIC; PKA: B HM

fEA; Gog: FIEAIGH Hall A Gog: #IHI BLGHE (il 5L Gy GHE APy R A2

AC activity is stimulated (1), inhibited ( | ), or not modified (-). * Gp, stimulation is conditional upon Gas or forskolin co-activation. *AC10/
sAC is activated by bicarbonate. CaM: calmodulin; CaN: calcineurin; CaMK IV: CaM kinase IV; CaMK II: CaM kinase 1V; RTK: receptor
tyrosine kinases; PKC: protein kinase C; PKA: protein kinase A; Ga,: stimulatory G protein o subunits; Gao,: inhibitory G protein o subunits;

Gg,: G protein By subunits of heterodimer.

Bl A& e % UL KE B ARl 45 K 33 (microdomain)” 2
L, AN XT cAMPIR AR SIS 5 A1 F3EAT K 48 () I 2
P 5mACsIE 45 LA IR KA, sACH:
ANBERE X Ga N B Mk 2R S AL Gt b TN S0 I ACTHUE 77
P N, HIBEHCO, FICa> BB 0E, JF5F 40 i Y
ATP IR BEARAL EE R RURR Y, Ca® B s AC KT H:
S JEPIATP-Mg> (1) 55 A1 73, TIHCO, 7] DL 42 = i
SN AR GG 5 B ATP-Mg® JE 477 A= R 3 i
BZ, 33X P 2 R SACHE A W [|] ) 30E 7 FIH. sACH
2 HE B IRV AR R Y, B REEE S5 ORS T RE S Na
H ¥ [7) #1255 F (sperm-specific Na'/H" exchanger,
sNHE) E.AE, HTTHCO; /5 KIS 1 4.,

4 ACSHESEFENSERMERLEH
HI1EF

T Ak, B 3 A @ % (knockout, KO). RNA
FHL(RNA interference, RNAI). FIE[A 1T R IE (over-

expression) FEARAKR, /NG 4 71 (small molecule
inhibitors). FEL7HT AR & RINTTiEM
HOR, TEAEA W 45 755 H AN R AC T R AR BT R A 1 %
TS A ) AR A S L S AR AN () K R

4.1 mACs

4.1.1 ACIl. AC3AwACS X465 1y {4 R 8 fd 4
il A Ca* HcAMPAE 5 R 4t kK A BB, M B A JE
WE TN R, ACIHIACSZTE H IR #H 4 &
G LA RIE A EEREE, SO 510
1255 5 N EAT R DA R TR A K & v AR R
Wi, B 50 2 B, ACTER 2R B AL 23 5 Wi K A4 2k
Wi % JZ (somatosensory cortex)HH 1 28 43 A [ 5
k. (patterning)” 5 “barrelfield” ] J& B, . i 5 fik
(thalamocortical synapses) ) il 2 Fll 5K 44 J& 5 12 2))
1T N(somatosensorimotor behaviors)*l, i FX fii
5 11414k (retinotopic refinement)*”, iz #2£37 Fid 12
(remote contextual memory) ¥ LA J £ Fift 2 = 11 5% fik

AR
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A] ¥ 4 (synaptic plasticity)*>", AC85ACIZ ¥ &
AR 7] 50 T0 A% 1) AR BRAE L, HAE 52877 TH B A7 AE W
SR ER . AR, ACSHR 2 B35 30 5 il i it
R (presynaptic silencing)ifs 5 K AF 2 J5 I 1E ¥ 5 fil 1)
REMI I, TACTRFRAEIX T TH ) f2m HEA, ACT
i Bk 2 52 22 2% 10 17 (reference memory), 11ACSHY
B A0 520 10 A2 R 7 (memory retention) FH PR #3145 8
F1 78 145 S LA S AR ME SRR id A2 (working/episodic-
like memory)®2. ACIERACST [4: 15 it 0% )ik 42 18 1
LR PR, R ACT (1) 3% 5 M 40 il 71INBOO1 fig

Xt W % B 45 4 ik (irritable bowel syndrome, 1BS)i/5
) B R A IR (— A B 2 N R ) BA
A2 g5 BV 5 T 98 PR S5 08 P A 7 AR B R (1) B
I AR, ACIFIACS S 5 i 31 7] K [Kl (cocaine)
B i (opiate) 5 175 5 AT mT BE 1 B, XA
1) e o T A/ B BRI Bl 2R 6 7 s TR BT, K
#f(methamphetamine, Rl FF 3% 2K 15 %) %5 % 5 7= 4
PR AR A A DA S B IR 22 L8 f s W27, ACTATACS
T, Jk o 28 6 TP R ) RO P O O B 1) R T AR
F, EAT ik 25 23 35 38 0 SOR A& 28 A i o T
(apoptosis), | 7> 5 V8 RS 75 5 (1) #2208 A7 PR AR
(neurodegeneration)P*>%, JLAb, AC1/ACEXL i
/)N B 3R LY 21 R (hypoactive) . Ji 2D i 1 B fh &

(sucrose preference) fIf# &5 #7315 5 (neurotrophic

signaling) ) o8 A% LA & 1 2 14 (impulsivity) [ 4% A1 4L
S (sociability ) 3 M1 SEAT AHHAIE, TIACHEBZRIA )
DAL /I BRI 77 A A B B B 1006

ACSTENRHE 5 IR iR AT I 73 A 1 & 2 (insulin) )
EEH RERTEN, Z25REBRSME FREN
|21, ACS(T A R ACT bk BT ) 2= FRARHE 5
T BB TR A B 2 A WA B BE N, S U BN A
B AT 52 14 A 22004, 4 SRR /) BN 135 2 IR (kainic
acid) il B 5L 25 7 Bill(pilocarpine) i /& i 5 11 i fr) %
MR, T BAEEATE R S ik R R AT MM £
JURE 5 28 4 )% 2F (mossy fiber sprouting) & 2 i />,
1t I AC8 59 & 2E (epileptogenesis) £ <%,

AC3 2 W5 5 e ol B 1 0 ZE Ry, 1% 2R A
)R 2K 22 4 25 PAIK 3 MR EK (main olfactory bulb)ff)
R /N FT R A 28 % A (adult neurogenesis) [ 7K -
HA 0 PR 41 A (granule cells) A T A4 LB Bl
L 20 i PR R OO, A R BR b I ] (topographical
map) DL K T B 32 B G AR R R — SR SRR ) R

IE K A i AR AC3ER RN BRI N
PEAIAT D9 P R 5 9 2K (anosmia) A K BEPEAT ([
R BN, BRI R E Y. AC3TE fig
ARSI BAE A, 2 Ak R R R AR /)N B
B AE ERE AR, T AC3Th 8 IR AT B R AF /N B AT
Bl 1B 5 5 O RERE, 2R B A A4 R T o & ) B
BTG DA % b I 1 R At JR 5 2R OB AP, — o
GLP-1(glucagon-like peptide-1)ZE k¥ —— F| $i &
Jik (liraglutide), ] fd FFAEHAC3IRIE T, 5l A
B AR A 5 2% HK Pi(insulin resistance) ) £ 37,
AC3Z 51715 5 JIEH0 i 3 1) 1% 40 ML g™ 32 i, £ 'S
rROOH B AR S P AN R 2 5 B0 BRUPR VBRI B o il R 1)
Mg R F 38N, 175 Mg K B AR Mg IR & 24
N TR AC3HE/N R B AR R i T
PREFVENHEME, 75 /N ER 8IS % (glomerular filtration
rate, GFR)# [%{K50%. AC3MB\F 5 HU& 1 A 2%,
‘BAEHEK 29341 fifg v i Rk > I hn 4 f it #% . 1=
22 MGE AN v TR Bk, T M) FH shRNA FEAR A 1 i 48
JHL P A C3 ) 2 18 DU 2 0 ) fek 8 A= 400
412 AC2. AC44=AC7 H I, 1 JoAC2%
g [ B I B ) A R I I T AR . B Ak B,
AC2FR A 1R 5 TR AN g #h & N 45 6 r 98e
(neuroendocrine tumors, NETs)%% i fiE A <, AC2
TE 3 ik 5% (ductus arteriosus) ) ik & 7K 7 A & 8 5
P A — s iR R U7, B AP 5 K S g
b3 5] EE T 52 A R, 5AC2—FE, AM111E4
XTACARAEFEAE I = T . 18I X ACAE /N B
(145 PR & (collecting duct)HH HEAT 45 57 P R B O 0T 72
W, 12 AL DR R 2 IR AR /N B AR AT AT B 2 i AR
R BARAL,

i 5T 3 B, ACTAE Ik B2 4 g (lymphocytes) fil B
Wik 2 il (macrophages) 51 B2 K ik, 25§20 5 R
AT N g% N2 o ACTHR /N B3 3R U™ =5 () IR iR
HIEGHIE90%) XT g £ BE(lipopolysaccharide, LPS)
53 B N B 2 VAR o S BURK, IR TR B v Al
ARG T 7 A 2 B FOAR SN S AZ T4 i )
Wb A EE AN B AE S X LPS J B 1 AR B 2 A 4%
P2 A7 TNF-o(tumor necrosis factor-alpha)®, [}
% B (zymosan) il 1= AC73# i PKA(protein kinase A)
T AE K 28 W5 58 R A I N2, ACT8k 2 23 83
TE R SR A B 2 e 2k B BEER K/ 2 I cAMP
FPKATEME T 5, SUETNF-aff) = A 38 Y, AC7H
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) F 2 PE 6 40 B (1 1975 (acute myeloid leukemia) ]
RAE, T2 R R Ak 23 3 B0X S 190 40 iR A2
KIg b . FEFFACBE T T i Al e-My e 3Rk PR IR
4.1.3 AC54=AC6  H AT AAIT¥E 3 N9, ACSHIACG
S A A A e L AR B R . ACSH R AT
/NP3 K 30%. IR MEZ R ES
() B 55 P AR O L S5 i IR P ACS 1) 1%k %
A ) O R T DR 5 A A R B R 2 5 S )
O WIUEH LR T, A7 A GBS T ACS I Rk K
10T 0o A 52 R 77 I RE 300, 5 kO LA g A Lo
¥ (sarcoplasmic reticulus) ) Ca® i 2 NI A B T 5
50 2K (arrhythmias)® . ACSHE % 76 o MK #h 22
R SR A4 (dorsal striatum) AR B A% (nucleus
accumbens) = 5 £E 1R IA, 5 £ L& (dopamine)sZ 4
D1FID2 LA Jz il Fr 5% #4(mu opioid receptors, MOR)
SFALAE, W RE= 2 52012 3) T fE(motor function).
#. Jili(reward) Fll 15 & (emotion)ZE B8, ACS5ER 2% Bl
il 2 i 1 IE (morphine) Y 3 AT 250 9 2 AT
S AR 16 B VR BN A IR RS B SR 3 0 /) BRI
Ui R U R o e e MRl S /1= 975 % = g A
(anxiolytic-like response)®®!, IR X5 A7 WL 26 2% &
POHIAT 9l 450, #0122 2% BT A L-DOPA(L-3,4-
dihydroxyphenylalanine, F] T 7497 TH & %)% 5
112 2 5% 15 (dyskinesia)'®), o & 8 5 25 AP SRR
FEI BUbR . AP BUN)FIE 1 (L FE 2 A HE 28 0E
PR PR B RO K B 1E AR B 5 A AR R B 2R
BT BBAN, ACSTRAL 5 BRI (chorea) MIILTK /)
(%75 (dystonia) 351z 51 fF A% A R,
HACS—FE, AC6H 2 fEMi A s Ok /v &
B-'& I B¢ 2 e 52 {4 (B-adrenergic receptors, B-AR) M
55 FEE R, (BN E R DR R A
FHTE], J0 I 2R AL R 10 855 JBir 38 1) S 82 o ACOAE (O JIiE
IR IO B 1R, R DA SR R It o L R
7m0 77 3 PR 0 IR D RETRL B vy O AR S
AL LA ) B ZE0 10T L R BRI R 773 30 I 1Y)
ok I Th e BRSO, AC6RS 4 I8 2> 1 B- AR 45 7
B O WU A ) IR ) FE T Z2 3 o) DL AR A
ALK 7 3 T 5 e e 25 T B B & RN, AR
% BL % B 9% (polycystic kidney disease, PKD)H, AC6
XoF B JH TR BSCRH B 453 45 4% W S R T AR Ak T
(A8 2 T B B 1 R /N FIVEE R 1l 35 T RE 503
B RE 2RI, ACOIESR R E 2 5 TR T AR K I

iz, BRI S PRIBIE R A, IR E AR
PRI U], % J5, AC6HE % 5 SnapinflSnap25
gh4r, YA R4 93 AE f (neurite extension)!'*,
414 ACO  HEIRIE, ACORFR 2 5l f i R4
RAEAR, 2 =1gGont RIE 8 Bk e BT R
FHSIRNAJP 1] B 4% 20 Mo HACIOM) R Ik, 2 B 35 1
HITNF-off) B 5007 M AC9F ik /K 7 1) o mi f1
il 1 i 9% {2 ETAH i AN = 2006 4 B 1 36 5, Rk
/U G4 i 9 TOUOSIOOL S R A AR I (acute
promyelocytic leukemia, APL)4H il ANB4H, %F4C9
FEIKIKF )R Y AT #1Hi ATR A(all-trans retinoic acid)
75 S APLANHL 430 b Ak, AC9FRIEIKF/ENF1
A A ] # 22 5 ifRE (peripheral nerve sheath tumor)
2 i R T =
4.2 sAC

FH T B R I Il L 2F B2 48 Bl 40 Al P Ak A
7E, HHCOs « COMpH=4 2 I8 JLF 4t F I 51
HHPRAS, 52 AT . sSACEEIE 3
HCOs HL#%#E, M #8242 _E & % CO./HCO; /pH
BURZR P DI REM . sACHE PR B A AN 2 2 miks 1 K
A, WP E R TIE ). SEUEMEARE, MEER
A/NRRILE M IE R, sSACS 5 /11 2k R A T
WS RS 2 R T B R AR IR 42, B AE 2Rk AR Hh e
i mi NAR 77 A I CO,, 175 ATPAI S P 45 (reactive
oxygen species, ROS)A: i, M i X 7% 43 (1) 4 2 1k
50 SR, s AT R R o JUL 2 B 7 B 0L B Ak s 1T
(simulated in vitro ischaemia, S)2&F T, & FEsAC
Ty i B 2 K5 AR 1 2R A 1) 2 # 4k (depolarization)
DL Ko T J 76 A5 40 B ¥ (simulated reperfusion, SR)
S 0] P &40 0 9 12, 1 A STCIESR) 3 8] 1 F 47 1) 771 i
ShRINAX sA CHEAT I 427 W] 5 25 P IRST/SRF 2 1
SR AR A AV B O T AR, sA CH I I B AT
DAV B 5400 9 4 Bk I B R H 75 (acidosis) 175 5 e R 5l
Jik PN B2 4 i (coronary endothelial cells)ff i T2k 44
AR I T2 STRL R 40 1) 40 A RH [ B (oxy sterol ) B 48
A8 75 5 L E T g LT B2 (vascular smooth muscle
cells, VSMC)¥ T 1) £& Fi 44 i 15 FIROS A 7181,
[F) B, AF 5038 IR, sACTE 4 i Joid (1M AS 42 2 bor 44
B RIK, 23 i 25 (2 gk ST R [ e Ak B 455 < ) 4 )
TAIROSH R,

SACHE B2 TV JI Jo7 48 M v iy B 3R IK, & RE W 4
L ik BR & BN P 17 %% 32 2R 1 (electrogenic NaHCO;
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cotransporter, NBC) /™ 5 [FJHCO 4 it BT 807, 5 21
CAMPT 51, AT 75 505 J5L 70 fife AR 2 i (1) 38 o, el
LR B T 21 48 i 471 8] BT 4 A 22 Je RIS, AR D 4
FF R fiuk Ty 5E 1 BE U5 R P, DR s ACHE fixi 1) e & A
W5 dh 2 oo R BER, SAC(IT A &mAC)HE 15 1iE i3k
PC124f g i 57 #f 28 2= K Al F~(nerve growth factor,
NGF) 1 {# 5 I (phorbol ester, PMA) 5| #2 ) R 3E iL
%, € =NGFF F /) 7> TG FRap 1 UG T 4 5
I, sSACTE Rl % K & H fg % i B ph 22 4 KT 1)
FNetrin-11f] /= EcAMP, "B ) 8 1k 23 {2 3 4
K #E(growth cones) ) & 4= Fl il 58 1) A= K (axonal
outgrowth), T X &L F 0 i1 I S AH S i/ AP sAC
A K I cAMP S i Y8 P #ih 2278 77 K] T (brain-derived
neurotrophic factor, BDNF)5¢ iz #ifi #5 &5 & # &
(myelin-associated glycoprotein, MAG) /™ FHHZE R4
K(neurite outgrowth) HJ I By 06 75 1o 10 E K BN
/INER AN i FRIASAC, BT DL SHREH 2 R A
K FNE 33 i 5€ 4 (axonal regeneration)!?,  7E 41 ¥
JIE 4 22 75 41 o (retinal ganglion cells, RGC)H, sACHI
il 2 2 2 BEAIKRGC P A7 35 AVl R A2 K 1 X mACs
(R S M 4 i) BRAC /A CS WL b, I R AFRGC K 4
A, SACTE TGt 2 IR b K 48 i (nonpigmented
ciliary epithelial cells) PN /=1 B 32k, T = ik iR £k 1 7
HE7E 75 7K (aqueous humor, AH)A 7= it 2 5 i SC B AE
H, XtsACHI##1| ] 5 3R N s (intraocular pressure,
10P) & 3 nt22,

SACHE — L83 4 M A 35 58 rh R4 AR F, 5
R APEFE R . BT ALK B, sSACTE |G 51 i (prostate
cancer) 4 fifd 1 3K 7K P T iy, 6F e R 0 AT S
i A R T AR R R
SACHE 1K | 25 {2 14 40 e 38 5, Ao T80 RO 2 25 1%
RIS, R IR R, SACH Je 23 S 3 A T
A £ 5 1410 MY (keratinocytes), 1M 7E 2F 57 J8E/4R J&8
J#i (psoriasis). =+ ¥ Yt (verruca vulgaris)Fl 57 ik il 77
5 &S ) AL % R 41 B 5 (squamous cell carcinoma in
situ, SCCIS)& — &3 i 38 A M Je B3 1, sACH
et B REMA Y A . PR
SEBSAE R, SACHTZESH i 73 A0 i 78 S 40 A%, 1BhF
RE % 1 717 B D 1) Rk K HEAE ™. BACA K
L, sSACHE 40 fu A% 1) K 18 55 M 2R 4 il (melanocytes)
MR B0 e i 1 AR A R0, sSACH SIS 5 d
P 15 3L A0 B ) 1Y G A ORI B A

o, B2 S 5CO,. ATPHICa? 25 =Fh gl il N 15
SRR, SACR IE B AU AR A Rl Ui B =
W T EO, LEINS-1EME 5 #0084l i, sACHE
A% S B 1 A\ (calcium influx) 1My # #0055
cAMP# I} &, GLP-1U] 5 F:mACs /1 FcAMPH] Tt
T BRI, SACHKR A= 1Bl 2 B e SR AR 5
K14 11 SR 45 F (absorptive hypercalciuria)f 2%, T3
B 250 )T A B 2 R PR, sACIE S 5
1T 4 B #5 N  GE #2 (transendothelial migration,
TEM)!"), 5200 ' 378 3ty Jii §~ 43 (renal distal proton

secretion)!,

s EESRE

TER L3, ACsZcAMPAE 5 H i 4% 11
KPP, A RATACSHIZE R R IE 5. &
15T 45 R A0 AE BT e 55 7 THI A AT IR TR
kR, il FL N A NI 25t K B br. B
i, AC1. AC3FIACSH] 1 Ay b 3 4 7735 i (mental
retardation). ¥ i . - (addication). £E € (anxiety)-
R (depression) LA & #2838 47 M A8 ¢ 995 [ 4 BT /K
7% 1 BR Wi (Alzheimer’s disease)Z% | H ¥ T #E A1,
ACSH I O . ZR A R PR AR
JHESE S5 HAT VAR R TT S PR, b Ah, B AR
I mA CstIF A& A 5 11 BRI, 4447 BT 8 TR G )
BRSZ AR FACHE AL 5] S 1 24 4 il A0 R i ax
— 2 A BRI AR Ak ) R, ARk, AT
VO sACHE O 1 4 3 %2 (male contraceptive). 17
BE /KI5 (type 2 diabetes) 7 YtHE(glaucoma). i %
R . B 8 E ¥ (melanoma) ) VA T 40 & 502 W ke
o Bra01221200270 s ACHY TE 7E M B T AR B R S
fie LR 210 PR P 12 Wb TE RN 24 Wt e B R 110,

Ha2, Wi dE H, BT ASE R AC T 14
JH Y BE S 1E [F] — 8 B A 2 gt i b A [F 2Rk, AN
T X4 AT [BILE D e -5 1 775 45 77 0 A7 7E 1 22 =
— LERIE S T B2 PR A AN [R] ) A4 2 TR A7 AE A M AR
B AR S N AR R, S B SLIR A5 R BB
[, &4 XTACsH 3 15 T /F R 5 70 1 %
BUHIE) T i, K2 BARET R R IR T B AR %A R
XA AR B, 4 Ja N 78 43 R & Bl sh i R
A RS 55 R 5 07T e 31X 77 T 1) A, LAE
T8 57 #8 7 H— 1 E B AC S F4 A4 BA (7] 7 44 4k 2 []
B EAFAEAS [ 25 B 4 23 B2 i 28 B R FE A (1) 5
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