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Chemical Modification of Antisense QOligonu-
cleotides. Wang Shengqi (Institute of Radia-
tion Medicine, Beijing 100850, China).
Abstract The function of antisense oligonu-
cleotide (ASON), to great extent, depends on
its stability, bioavailability and binding or
reaction ability to the targeting sequence.
These physical and chemical properties can be
changed via specific chemical modification,
and thus enhencing ASON’ s antivirus, anti-
cancer as well as other specific gene expres-
sion inhibition activities.

Key words antisense technology, antisense

oligonucleotide,, chemical modification

cGMP 340 f T BE Y =

thE
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(T K FAERESHERE, HIM 310027)

WE GMP{ENMAS _FME, FE#ELL CMP KB EL MM (cGPK), cGMP ["1ZH B T#iE
GMP HFHABEHRPER _ BB LR ADP-BRRLBEREER, S5FLHAMMENFE.
cGMP BERT L@ B M AL, il 5SE AR R E BAR XM IE 5158 R 2R A 5 & LA M 5F

A I RE.
X@n
ADP- 208 3L By

B 60 FRMAHR GMP RAF %
cAMP IS —FHER, BXEEIRA
FEZSS5HRETEREILEN THRATT A X
cAMP. 3|7 80 14X, 3k cGMP ¥R E S
Y. HEZEE, BT A3  GMP EHEE
SE3E Rk —EE (NO) X—XH o FHES
R FRRERER ANV BEER. 5
CAMP-E M A (PKA) R4 AR R
cGMP fE AR R4 Mi b, 4 5158 i3 cGPK,

cGMP, cGMP 4K #i i B 1 38, c<GMP [ = Tl cGMP EEMHE H TN 356,

cGMP ['T# 1) & F@iH, <GMP BWEHIIFH
FEP M — A& (PDE) , ADP- B SR L BS54
FH®EE, REBEENR. REGFSHER, T
LA AN, WEGMIEL, EHEAMREL
RIEZFHMIIGE. cGMP BE Al i #8538 5%
MEEABRL, ETELSEABRRILE
KA R4 SEHE X 4 T RE TR . AR RIAL
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HfFEZHEEMREYE, HS5MRMHEMEE
WL A A K. AX R T cGMP 48
I RE VRS BT 53 B IR E R

1 cGMP #Bin) & A M

cGMP fE NN fEERMIERZ — B BIE
¢GPK, cGPK 3} Ser/Thr BN, ol &KIE/K
Y EABBRACRIK N, &% BEHBEIEER
%%, cGPK 7EZ #H HE3h ¥ 40 B (40138 WL 4A
M. WE4EM. MR, PNR%E) FHRKERF
£, HEYHhERERA NS PKA MR, B
NH,-Arg-Arg-X-Ser-COOH. ¢GPK A4} % I
A0 AL 1R cGPK 4 A4 2RI
AT RS, WA 8 78 000 By HEH
BEEE B 1 8 GPK RBEEEARK, 2
F &4 86 000, (N7 LM P R, HE5H
MR EHLE A, WE A cGPK 5 1 &Y
cGPK.
1.1 cGMP Z=F B AMh A

EEREINO EHRHLERGE, RER
g5 Kol I B R G 2 F A R P R VA I R S A
B35 4E Y. NO By X8 4E AR 1 ¥
cGMP 4 Ri. # HEI#RZ K L-Arg-NO-cGMP
fEetE@gi"™. NO & REMIES, #ikL-
Arg AR NO, NO ¥ & S HBRINMLEE, #fb
cGMP WAL, #H—F 5| KA LK GMP
¥R, 7E L-Arg-NO-cGMP %4 H ¢cGMP T %
B cGPK KR40 MR AL

B A & BLAY 1T £ 1L E # St 4 JoR B S B0 1l
R | RN NS BU Bl i3 S ot N5 U0 I L
SPRAE S B S T I B RE P9 R 40 B 2R T R
MEE, SIERE LSS FEETR S8
MER AL A KL B2/ s 40 B RS FF 55 B8 F 19
B, NEHAMREATPHSEE FIREARAS, 6
BFESHBAER (CaM), Ca*" /CaM ¥ iF
NO & HE, 4/ NOY. NO {Eh4H a5 S
F, BN AMEEHR A4, R
BETHEIARYNSHFRIFLEE, FRA
cGMP R EF &, FEE cGPK X HFEKEY
HITBERRIL, BRAIBURATFEASE FRE

FERE. A B TR BUE 15 R & B S AR
BEHEHMEYERATHRIL. BE—R
IR N EFEFRIWENSBERES. B8
FHRE TR, B RAFBCFRUAL. <GPK
THRUARANBEFERE TROILHZ -2
cGPK ¥15 T Ca’ -ATPase, Ca’ -ATPase j@
KR ATP {6E, KEEFEARNKE
C4n Py 5 M9 ) 3% R i B Ah. cGPK B 1§ Ca*"-
ATPase Z0F FTH =fiE M. a.cGMP
Ca®*-ATPase Wi EQ TR ER (phos-
pholambon) B¥#&4k, ¥iE Ca’*-ATPase, ¥45
A THRBEANMKEM. phospholambon &
L4 i+ 2 PKA B)JRY). b. cGPK fE{—1
KT S BRI B A Y BB R B L, 3B
BIERMALEEBERR (PIP) f95 A, o PIP SEBGE
JARE _E ) Ca**-ATPase. c.cGPK ##4t—/~1]
AE & 4 A B SR A5 B 4 TR DR 240 000 KR H
R ZEBEHREKER, 2R Ca%-
ATPase ZiX I TR E, MG IF R A5
FHE LRI HERFERNAE TR RTL
FIHERE. GPK ERANSEFHRE TN —
YUk R cGPK Xt H K E /Yy Ca®* KB K™ @il
(Ca®* activated K* channels) #E47®Em1k, M
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0 T EE S B A, SBURANEE T
W RATMEHFHNHRCHERNO #
A] A it cGMP-cGPK &2 i B # ¥ i Ca**
Wiy K¥ @, 5B FlE TR X6
RAEBERMT L-Arg-NO-cGNP F&Z# % 7.
BN AEME 1 R

BEBWERMKFZRES, FHA
BB — S — L T AR B cGMP 518 F
IR TR /NE: S SN = S 1= g o
B4, S8 TKFRRER— 249
K. A REAARZHIGERSS5E1TRE,
e ZE W iFFEERXXAYME. 55h cGMP
2 /MR PUEETE R PLE 5 cGMP 7 ¥ 1
JULZH B 42 3tk o A L AR A 48 {81
1.2 <GMP ZEREh ¥R AREL PAEH

S5FHENARARNRE, ErEPHERHKR
WS, NOEARABHEEREB TS
FHER RN S ERMEEE. HAREP YN
koK IMLP SRt T8 SFEE
HIARBE, S5EHARREERL, S
Ca®* i, MUANESSHEFHEE B —HEnf#
— R B BRAERE, 3 GPK 5HJK
MBI EH (Vimentin) gyt ", B—F
45 & F# i L-Arg-NO-cGMP & &, f#
cGMP % E7, Bi#H—FBEC5SRYHEE
{i#y cGPK, {#EYE QBRI T B IE S
EOEHNASR, FRABNELIARBE, 4%
S Bh R I E B BURL. M ERPLE P, W]
PAE 558 7 ok B A9 L & <GPK 5 R
B Vimentin 3@ {2 F LR EEH, HILEfL
5 781 & M 78 cGPK 4 4k Vimentin 8% B& 1k L4 B
1.3 GPK SHEWMEQHER

cGPK M40 M R A4 B3
B A BRI E L. 7EE P R4 i
. cGPK B THREIF%E L - FEUHK,
cGPK H5NERM, 5588 B X K Rk
HEKR, ZXBEEFEHSE,. RFEEQ
(lamin) 71 HAb4 Ha #4242 Bt cGPK 1R7]
BEHEAEHREERS L, #cGPKEEE £
HEY (BEFREAMEFTEEL), AW E

tRSE A B SE 47 H B BERR L. L5l T eGPK
ERANESRHFAEE, SRWHEMAEAR
B, HWETHTE, cGPK 5 PKA #BEit
AR, RAETEFRRRY R R, 8 cGPK
BT BE X R F AL, A2 a0
BERIE cGPK EMNM R EMFSHRERR
Wg? Bt cGPK SIRPAILZE MLH B8R H
EE. ERFIERIME S EE cGMP-cGPK %
SRR EOBRL, KBNS ER S
08 A S DA IR L GIDN: U B 3 )
RiGH: MMSERYIEEMHBEEN. AR
MEES “BR T, SRBRSHEFHE
MR RIEHMTNETRSREN, GPK &
AT N 3 3R Ak B AT B8 O 3R 5 40 A
HEARBEEOHEAARME TSNS,
B RARG Y i 5 — 2 R

2 ¢GMP [JiZR)PHE Fi#iE

cGMP 1% —Ef, ETHITENEF
IS 54 R R IR R T EABMiL
B — MR R. BRBRAY RE A BRAL/ B
BEERALE L. BT cGMP | TR B Tl 7E
B A5 BE B P AVE R R AT
2.1 ¢GMP ZEMHEEH ISP IR

YR B AR A0 B W B AL TR % —
WF WM, ERPRL RS —SE0ES
HEBAIFRZ h 5 5 E A (ransducin) () G, &
H. iS5G BEBHEHE 4 cGMP 571
B —EsR8 (PDE), G, B iE4L/5 #1% PDE
7K cGMP, 1§ fid 4 i cGMP ¥ BF F K&, cGMP
[JHEEY Ca® BN XM, EEFHTRME, Wik
BEARA T, MEPI80 455 T ok B R i R L
cGMP | T# 558 7B A FH45 5 F A
JEAE b5 —A Na* /K*, Ca®* 5 EH (Nat/
K*,Ca®" exchanger) 41 545 8 T4 i 3L R 8
BHGEYN. YEETEENSNEETHR
WA JR M H Nat/K*,Ca®* S F1 A S 1045
B FANFUAK IBAELE . 45 TR 45 F O BE T e
MBI, B RMEREESEET %
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AR 2, 40 B an o] M SE B i R A B R B R
& HETAANFESARGILH: RRNEETF
WETHEE, MET —RIESHEHEH, BAS
P cGMP ¥R BE R B - F1 45 %8 7B E N F
BEIFR, S8 TFHREREIIREKTE. EX
TS, EHEBR RO C mE EHFEn
WL BB BRI, SR/G 5— 1~ arrestin
WEARZES, FREARS G EHRMEEK,
G, BEHEEIXFHRED. Frinsixsm
EORE MRS 5 RIREY 2. R
REBFHRE TR, AIF—FaFEAN
23 000 LS ERE EH (recoverin) 4k
TABESREEHEIE 1510 recoverin 45
AHEESHRALE, SHRACEAENL
GMP & % cGMP, i3 cGMP 3R EF 8. b. £
RS SR FRET, cGMP B8 — B8
H—HBEF “QRAHPEA” (s-modulin) {§
BAE AN MM 45 R T T MRS, s-modulin 5
cGMP B§iE " EEEG R {RHK, {# cGMP BERR " HK
B 15 P T B cGMP 3k [\ 1, cGMP [ 142 A0 45
BT EEENITE o HBETERERTREAY
A cGMP ¥R B , T FLYE BT 845 cGMP ]
BH TR cGMP gy A0 R
SFGMPIEEEEBEELT -1 FENHN
240 000 B EA 5 Cat /i ER (CaM) &4
fE—ig. Ca*"/CaM LiliB M4 & dEL T
cGMP MRS, L5858 T E FEAT, a]
fif CaM b T EBHEFE RS, XHCaM M
BELMHETR SRIABIFAELT
cGMP &M IPRE, ALK cGMP ¥
BT HEESE A GMP, {fEBEFH, BmEFA
W, BEAREE AT — Y& RS K
Y. EARBBRINE 2 Bk

M3 85 8 1 3K BE A T s L { recoverin
FEBBEFSE, SERFCEERE TR, -
modulin W& ¥ 5 cGMP iR —EaBGfREX, B%
M REEETE KR, cGMP PR RS ERTIR
BHKFE, W Ca /CaM 5 cGMP [R5
FEE M EFERK, XHEEN cGMP 1R
S PR HRERAREDIRRE. SRS

R ESRMZE  BHAT —1 0 E 1/ 8
REBRARBREFZP. &R, WL
RAATARGESHEIIERENFESEFR
Y BB 2RS4, cGMP #1 cGMP [ 135
TFiEBEERPATRESRN. MREGFSHS
FEMPIRD, EREERNRSHRES
&8 E A MR-
LCa?t]y

¢ i ¢

CaMECaZigh 4 recovennjg{f, s-modulin
5cGMP-PDE
l l R
CaMMGEIE HRE recoverinif % cGMP- PDEfﬁﬁ¢
| SHMFIE
! /"""_“\ﬂ
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i EXFcCMP M 1 + 7 [cGMP] 4

| |
Y
<GMPITH:HICaZ 38 FF

v
5 F P

+

Cca?tls
B2 HEERETEEE (Ca ] AR BN

2.2 GMP FERFBEURNPHER

cGMP 1l cGMP ['] 4% i ¥ 11 38 A L7
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HHMF MR FRIRF L ZRENNF
FEV Y. A AL AT BE S A (S B G R R
. AEEFRIYPIHE TP RELITEE5S
SUWRESHBMRIEEAR, MPLEL R
B, arrestin 205 HATIA RN cGMP [1# 688
HHBEE cGMP F5RECa AL, 25
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3 GMP FiZR S HEBE — RS
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MAECH 25 FIFZHFRR PDE &, gL
cGMP 7254418 45 Y i 35 £ £ 8k PDE & F 7|
=%

a. cGMP ¥7E i PDE (cGS-PDE) : §EXKf#&
cGMP, cAMP, FE/K#HE cAMP.

b. cGMP ¥iE#) cGMP 55/ PDE (cG-
BPDE): {XfE/Kf# cGMP.

c. cGMP i 8 cAMP 55755 PDE (cGI-
PDE): {YfE/Kf# cAMP.

cGS-PDE I WAHRF T ZFTE,
. ¥ BERAMARAESFIBHENFE.
cGS-PDE ¥ [R|¥E — 8%k, 40 F & 105 000. H
CWMiANREETBKBOAS N IwFEH R cGMP
THESNEA. 5cGMP &5/, X cAMP #

KBEWTEB 3~105 MEFTEAR

cAMP. ¢GMP i@t ¢GS-PDE £ 5.0 UL 40 B
B TOEE RS LIRS WA E AR,
cGMP ¥ % cGS-PDE 7K f# cAMP, M B {48
REARBERGERE: LHAENKMRS, JL
FAFELE cG-PK, il cGS-PDE HIE/KF-&ik,
cGMP & i P& i cCAMP 4K #i 19 & H SRS 5% B8
b3 B 0 Y R R R ThAED 1.
¢G-BPDE 53 (A4 iy PDEs #84l, Xt
cGMP Wk AARmERE NEM. i
AL /MR &K FRIA, laprinast B
M %] cG-BPDE Xt cGMP # 7K f.
cGI-PDE B MO LGB 4ifh, HpesE
A, 2+F &% 110 000. cGMP B84 3 H
HE, cGMP M EK#E cCAMP 8 K {UH
0.05 pmol/L. 7EF # Ul 4 fi = cGMP # i
cGI-PDE. WJi#3% cAMP ¥iEMSEE FH. &
OIS, cGMP 7% ¢GS-PDE ) [FBt, 0
#il T %% € X 3 & cGI-PDE, ¥ ] %25 iiF &
cAMP FE MR 575, E4ER R cAMP X35
k. i cAMP R0 — B SN N 7E-OBEDIRERY
AW REEMER". <GI-PDE Xt cAMP B3
TEKAE R cAMP KB4 R4t T —4 5 6
B R .

4 cGMP g #) ADP- TR ILER
L A — 5 P 8 7 A B

Ca®™ 55, RAPEZHAMRIE XN
I EH SRR MT RA KA 558 E R R
ryanodine 3 {& (RYRs) HZ XA TR LH. X
HAKRABEESS C R B HF
H P id  (regenerative process of calcium in-
duced calcium release, CICR)"8., CICR &%
FEQE CT AWM MEA RYRs 5¢ IP; ik
(IP;Rs) 4NN 4S . 1P:Rs #l RYRs B #
KA Ca* 3 B A —Ff F B4 858
i, RYRs AT Ca?* S50 WA A AL
IP:Rs 4003 F 34 1P L5560 HRIE
xf Ca’ T HUR. L4 RZ B /MEESHIM, 78
A EFOLE . AR i B EE A
T, HAGL K Z i 1P, HKH A P JALER, £ Ca®t
MHES A, YERT8 Ca®t (Cag™) s HoE
TIRABEBASE, BFHEHE, B&E5EKR
FKNFF R Ca® KETHE, At CICR 472
it R S5 PR L RYRs 5% IP;Rs BN Pt
Ca* M IRETE, B Ca* fEAE ST
HE—AEAMBSHERREE T, SBHREN
Ca™ B EF . H/GRATEEH T Ca® #fh
RN, f Ca** Bk ik, Ca®t BEASE
AR HHeAh, AR Ca " IRE IR A K, #E
#T—REF, N Ca® FSHA BTG
R2ZEXR. XFSHEGESEETAEENZS,
AHAER, 2k, B, BETESFEEZHA
B .

H 8l 89 B &1 & 3 % ADP-# #
(cADPR), —M&EFZ AL ZHERNBETT
Y, BB R (<10 " mol /L) WCa?t IR K
W, HEEERTERULL KSR 25
i _E A RYRs, {f Ho@ 8 750 SBURAERRS
EEFARRER. X5 IP; B [P;Rs ERR
TR 85 8 F B RO ML, cADPR hAE 5 —#
HPI{ES, it ryanodine kS B A RHER
TR TR, BEARENMAEHE, cADPR % 48
R K FRREZRHMESEFGHHREE. B
E 7E#G RE BR R & ], cGMP fE{E T ADP-
¥ Bk 3% 4L B8 O W 1E % B8 A\ B-NADT & &
cADPR, cADPR # — % 4 i F ryanodine 3%
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e, (R Ca™ B, RANBFERESE THRE
Frid, AR EEL. I ENE
3 7R

5k
4 R8s
_ ]
LeGMP] #
™
ADP-E; i P 4L B8
B-NAD+ cADPR
\ L ryanodi
ryanodine
G
Ca2+
P i

B3 GMP 1 SEEBRAFRHSEFRENIH

Z7 b Bk, cGMP 40 U Th B R IR £, 7] 3
HERESERER, ERY ZHEEARA
BEZMARKESEHINEE. EAEKR AMP
sk A B —, W cGMP gfE L%
B, BTEEXRMORENE, R%NGMP
ML BT ST R 2, BRI ®RGE T AMH
SEEW. AR, EAZRKR, cGMP 41
R TR A AL ] B 0T 500K BRUAS SE R L .
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Regulation of Cell Function by Cyclic GMP.
Mao Junhao, Lu Zhiliang (Department of Bio-
logical Science and Technology, Zhejiang Uni-
versity, Hangzhou 310027, China).

Abstract As an important intracellular se-
cond messenger, cyclic GMP regulates various
functions of cells, such as visual and olfactory
signal transduction, vascular smooth muscle
relaxation, lymphocyte activation and chemo-
taxis of reproductive cell. In different kinds of
cells, cyclic GMP interacts with cGMP-depen-
cGMP-regulated ion

channels, cGMP-regulated cyclic nucleotide

dent protein kinases,

phosphodiesterases or ADP-ribosyl cyclase re-
spectively. This means that cyclic GMP can
regulate cell functions through protein phos-
phorylation or through pathways not directly
related to protein phosphorylation. It appears
that the regulatory mechanisms of cyclic GMP
are variable and related to the specific subcel-
luar structure.

¢GMP, ¢cGMP-dependent protein
cGMP-regulated ion
c¢GMP-regulated cyclic nucleotide phospho-
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kinases, channels,

diesterases, ADP-ribosyl .cyclase



