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A Molecular Biological Study on Retinitis Pigmentosa

Mitsuru Nakazawa
Department of Ophthalmology, Tohoku University School of Medicine

Abstract

Retinitis pigmentosa was investigated with molecular genetic techniques, to identify gene abnor-
malities and to obtain a better understanding of the mechanism of retinal degeneration. First, a
search for candidate genes was perfermed focusing on rhodopsin, peripherin/RDS, and phosducin
genes, using non-radioisotopic SSCP and genomic DN A samples obtained from 387 Japanese patients
with retinitis pigmentosa, including 56 families of the autosomal dominant type (ADRP). One ADRP
family with rhodopsin Pro-347-Leu mutation and another with peripherin/RDS Asn-244-Lys mutation
were identified. The genotype and phenotype correlation of each ADRP family was then analysed.
Ocular findings associated with the rhodopsin Pro-347-Leu in the Japanese family were similar to
those reported in Caucasian families, indicating that the same mutation can produce the common
phenotype even among different ethnic populations. The phenotype associated with the peripherin/
RDS Asn-244-Lys showed typical findings of retinitis pigmentosa associated with bull's-eye
maculopathy. Finally, glutamate was immunohistochemically quantified in the photoreceptor inner
segment of rds/rds mice using anti-Glu antibody. The results showed that glutamate was accumulated
in the rds/rds mouse photoreceptor inner segment, suggesting that glutamate may play a role in the
process of retinal degeneration caused by the peripherin/RDS gene abnormality, although the precise
mechanism is currently unknown. (J Jpn Ophthalmol Soc 97 : 1394—1405, 1993)

Key words: Retinitis pigmentosa, Candidate gene approach, Rhodopsin, Peripherin/RDS, Rds
mouse
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(positional cloning)* & & #iE{AF#%8 (candidate
gene approach)®® 2 ohh %, T o BEEHFERIC
BIL CiflioCERic @5 £ LT, WBEEREHEIC
WLTRECS Y aFTAzr—=vID5bTH AR
PIC L o TR EDCREBREGTFOMMIAHE S, 5
i EERAETHRFRCL VERBEFHRAESLS
EWAEHFENREL EHRATETWA, ThiTI¥H
LTWAERBET & LTl ROEENBEAREE
#4E (autosomal dominant retinitis pigmentosa,
ADRP) izt ar ¥ 7> vBIET (B3 HREE)Y

~Y 7= /RDSBETFEE6LAEME, valil
{oF (5 11 B0 REHRE S hicfl, Bz
FKEREI AT, 8 Rt fE R, 5 7 R1E
BFER"Y R L URERPCThZh 1 T2 REA &
EZzbh3BEFEIFEEIATWS, HiEEELHE

B EAMAE (autosomal recessive retinitis pig-

mentosa, ARRP) i@\~ Td, » V7o villEF 9k
I ¥ ¢cGMP phosphodiesterase g-subunit #{=1 (5
A REFEVORENRE IR TS, ThbofkEx
BETaL, MECEEHEORRAE L LHBETRY
D&, ThE I L TR i R Ry
CREATHHREFORKERTH Y, ERMAIFR
Lo v A bOTHAILE, E
EFRFOME BB AECHBICE 0 E1HE S
Lubwo e lEiEIhTETLS,

3. EMENEH

DX ttROKREEY ST L TEAMETHREL
oA, ETE1ICBRACK} MR AFEERIE,
E{IWADRP k2T X0 FRRBETORBECHE
LML, ThEToBXTORELLEET LT
LItk h NBOEC L HBIETREOEZEOLHE, &b
, BRAACHENLBREFREOEEAVHRETSL L
WA AL, B2IBETFOREMNED L 5 I Tl
BEELI SR Torrmblcnnikits nsmiE
ERHLVIRTHA,

ZD2O0OHMD, KPR TIILTO4HAII
DWTHRYT-%, ¥, FLCBEBETRELRE
THLEDRTERETEROKRERBED Y 7 4 DNA
FINEL, Bohicr s ADNAXHWT, #2iC
PCR-SSCP AW TRIETFRMAZ V —=v 7%
Tote, BIRETRENEHPLERRIZ2VT,
BEFRELFOERBCHLERFR L OB #EIZD
EREMBS LB BELE, F4CBEEE T8
WThBrds =7 AFRHCT, rds <7 BESMHER

HERS3E 9% 12%

bprAg i vERERLE, U EOWEHEBICOW
T, Bz ofEREBET 5,

II #EE» /- DNA OE

R O R REB T B 5 F AW FHHETED
5h, MEAEENED L > RERTFHEETE, £
Bk EEMEETERESEERE T RRERRET
FIEEVY BRICEEL T30 LEbhs, £
T, AR TIEERAOBEEREHELZCHT S
BERBETHREXTI L L L., FERICOVWTIIE
HTAEN FoOEHOLDZREROBEEOY / A
DNA%#227 ) —=v7T50ERHH, HeDOMaR
KR TREEBCRA S, T T, 2EOEK
Bt hadkE L, AEREomMBE v LEBERLAY
7 5 DNA OS2 EE Lz, +Of5E, RIEHRSE 387
ZomEEizv-Ly 2 A DNAVED BRI, BTHD
PRk ADRP 56 2% 106 5, ARRP 82 &% 96 4,
Usher fEMREE 11 5% 12 4, Leber £ KB 4 FFR 54,
X Qutnfh s VBB A SR A MEAE 5 555% 10 4, P 148
%, Fof 10 A TH -7z, 387 £ 15 L U ADRP 56 %
FoMBHSMEEL, 23T,

7
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ERT.
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2 BIREFEREMESLEN I B, autosomal domi-
nant retinitis pigmentosa (ADRP) 56 R N5
HERT.

M+~ 7 A BILBEHRO FE i > TAmE %
8L, SDS 4B, proteinase K ¥k, 7 = / — A fh
tH, =%/ -2 LBOIRTHSF7 7 » DNA %R
L7, F# X h738ET DNA 2 TE #E&# (pH 8.0)
WTEITRERL, ROBRME~LEAL,

Il @&EF2WA2 ) —=v7
(R ETFRER)

RO L <, ZhETtoBEEREHNELHTS
DTEWENHREORBICL - T, AEOFHKEELS
BETHAECERENCRAT2RAEY=2-FT43
LOTHH ENRRBICHD L - TETVB, £
ZC, dciEEcEsRrc Rtz TIcER L,
Ch*BEMRETLELT, TOBETCREY L SH
AV —=v 7> THREBL T FEr B
T, RIEDEETFEEXRETHZ & & L (RRA#
BETHFE), AR CEMEET L Lo, Tt
DERFEWCL - THREAEEEESRIE LSS 2 L2
BhvEfoThwdr FZo v BETFMND, <) 72
v /RDS BEFNZNET7 + AT 2 — v v (MEKA
EQHE) ¥a2—- FT3HETF"O=ETH 5,

MBI £ SR AL AE O 5 AL RIB A - FiR M 1397

BETZH A7)V —=vIELLTR, ZHAET
e DRI BB RIS, ChETOH
FICL - C, RIEQERERIMIE LY — A~ =Tk
itz Y7 DNA D 11877 HOF R L 3R
th, HLBEOCHICHEET LOTRLL, FRE
Lizhieh s v FaGfikmtT o LambR T
5, Lichio T, AR \Th 5 v & alehhik
RTERFPVNERETELHELHAVALENS -
o, CORMIEHT S T E LT, Sh¥ T SSCP
1 (single strand conformation polymorphism)®~2,
DGGE #: (denaturing gradient gel electropho-
resis)??, heteroduplex 37 EAEE IR TV 5, &
METEEER L LEEENBF 4TI =72
W, RPEMAEICL HDDNAX ARILT S
nonradioisotopic SSCP 2" V&R L7, I THEH
hicBEory 7 ADNA#FER L LTe V7> v BB
F, 2V 7=)v/RDSEBEEFEIV 7+ AT 2—v
VBIEFOE=s v v PCREICL h#AMEL, 3
EHX8~10% 727U 7 $ F¥FEiit1X MDE
hydrolink ¥ v % e dEE®E Y it TERKE %
fTofe, BREHZT7 27 V47 3 FI20.4mm E0iE
FEIIFER " LB iz, ¥4, MDE hydrolink #
AE1.0mmED A Z 7 r LB (10XTem) HW
fz. DNA (Xfiieo & & < $B5f (Bio-Rad #:, silver
stain kit) 2T DNA #B&E L. RELAD LA
DNA iz2\ Tk, 77 A 3 F<2 # —pBluescript ¥
R pGEM Y72 e—=vZ Lt b ton
PCR E¥ic>X 6 LI LD # v —viz o THEER
Pl RE L, MERINIFEXTSA=—FHv 1o
dideoxy ¥ &£ ® ALF. #—+F >»—2 = v 44—
(Pharmacia #) 124 h @ L1z,

l. AF7> g EFoBE

*& (%, ADRP 43 %%, ARRP 60 FH% &1
BREHEEHWB0ETHY, » F7v VillIETFDS
o=z vvbksre—g—HEHf2280bp & T
SIS (K3) PCR-SSCP #1772, 4@
OBRBRICE WEBOFERELVBIRFE A F - v &R
Lo 72 v v 5 BTS2 Vv
347 CCG (Pro) #*CTG (Lew) KHERTAHREX LD
1FEROLTH 7o, TOFRFRCETH SSCP &+
4R T, EFf, ChERPICEBOREE I bK
WDNADOERTHAHKY TA 7 4 XAILDLTIE,
SEOBEFRCHRME = F v o 26 EXEFOA -G
(R5), LAt v e yHOES =7 v vEHERHE
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codon 347
CCG A\ CTG
Pro Leu

A A
ATG TAA
(-] — — | T}
1-1 2 | 5
[ S ) —_
P 32 4

3 B F7Y > #EF & polymerose chain reac-
tion (PCR) ki & % 0B ERAL.
% PCR EHo & 213 250 bp Bl & Lz,

4 AF7 RIEFAFMTOER (CCG—
CTG) %+ 2FKRFKI-E1F5 SSCP FE.
fEF 1, 2, 3, 5(X ADRP oR—FRickT 5
REFREMHESEETH D, EF 6 XRA—FROER
#, NXEEADNA #R7. RRTREhMAE
DRI R A 4> DNAICHFETBAVEF, $ =2
7 iz X % SSCP,

UBEEFOG—A (R6) ©2rFERI L,
2. =Y 7z /RDSBIZFNKRE
~ 1Y 7 =Y v /RDS #ETI@2 T, ADRP 56 %
FEuE L L, 207 =) v /RDSHEEFD 32D
VDL, Bloy v iElzryvicES
2LIED, El=z v X408k, 22
YiZ2ooHMcsE L T PCREKCTHIBL 2 (K

HR&EE 97% 125

\"\ N,\‘b\,bq,\,b'b\,bb\%'\ \ho \h\,\hb‘
22e 2

M5 RF7Yyr#BEFovelicabntzf)E
N7 4 XL SSCP AR,
BBt =2 VD 26bp LA A THBHDNA &
GTHHDNADOTHAY FOBEEDEYFRT,
BHOA Y Vg DEAEHEO~T r EEEHTH
B EdmT., 1 =AF AL B SSCP,

«

YD, N o, b 0N &
@§§2§§%£ﬁﬁ
S ERIE

M6 BFF>rRBEFIbardicashtzRY

E I 714X L Dsingle strand confermation
polymorphism (SSCP) FrR.
Eob IEMICERBLTALhBERAMCTRERLE
WA Ed=rz Y v SBBALD 24bp B A
TH%5DNA, fioEFAELHEELTCAbRE A Y
AL G THBDNA, BLo- v FiddEHR
HRREY, EWo 2EML= Vv UToER
(CCG—=CTG) 214 FV AL VA vDIEM,
v—r v ARYAIZE S SSCP,

7). BlEfEESSCPERTEROFEIZS2Z A 7
V—=v e Totc, FOMR, WHEEREREDR
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Heieh BAERY 1FRCOVWT=2 7 v 2 12D
fz, #OSSCP@*M8icRT. MSITRXA L —
v 5 DIEFINFERETHD, ZOEHEFR-FROSE
8 BICABRIL R A v FOHBEAHRE I i, T,
F—RFBOBEEICIZZOL 5 HEH v FIZHEL
fehote, HERINEZFHSTHRBE, COREAAV/F
=2 ¥ v 244 ® AAC (Asn) 2% AAA (Lys) icZER+
HIEIHETHENHB LA, ZOFRICOLT
R SSCP E, flio PCR EMICEFHIZED LR T
Le,

3. ZARTFa—vrEEFORER

2+ AF a— YV BEFIEOWTIERAIADD=2 v v
D3b, TI/BEI-FLTWAE?2, 3, H14
=g YLD, ThR 4 2Friesd(®9), PCR-
SSCPHEICT A Z V—=v 7 % Tot, R %I,
ADRP 36 %%, ARRP 50 %% &1r 230 il & L 7245,
7+AT a - VEBEFEOVTIREENEAIM:
Blidiehs otz

EXON

ATG TGA
A, 3y S,
2, 4 8,

H7 <*Y7xl/RDSHEEFE PCREFIZ L »1
WEER AT,
# PCR E¥)D E 213 180 bp AT & L 1=,

R ERA A D o FERFHPR - PiRfl 1399

IV BETFEE LRI &L oH

BEFREOREOFERLS, KICHIEEEEED
MBHOFELI XBLHZERERNELT, FTE—B
R L L GREFREVPBE IR fliconT, 0%k
B CcH MR R HERB b gE L, =
NWLBEFRENE D L 5 RERKAT RicB#E T 5%
HbhicTatickh, HHBEORGTFENIE
BEEECERCRETHEYHB I LA TEL0TR
e DE ZICESL,

L. AF7LB#EFIAF TR %E (Pro-
347-Leu) MERRFR D45 H

AEADEREOREIZ2\TIL, T Tz Shiono
BN L W HE IR TV, AFRTHEE Licoik
ADRP @ FE—FKF 4L TH Y, EMI-4 (FHE) 49

B
ok |

K8 ~)7z)/RDSEBEFTIV 21285
REZRENCF (L—r5),
2KV 24 0FER (AAC - AAA) KHET 5,

1 Kb
—_—
Exon | ] 1] v
)
ATG TGA
— | - ) [ S—
1 2 3\._._1

9 T7#RFa— HBIEFE PCRZEIC & 5 HIESRAL.
% PCR EE# D E 22100 225 300 bp ofElicic s X 512 L
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w, REGII-5 (3B) 47 8%, EMILL (B 20 &, i
FI-2 (ki) 12EVCHIBERTH D, ZhbOFEF
DERFTRX LD L, UTOX51Tik%,

HRERT R hofd 0 F Atk AR EEE
D x4 7EREL, BEOHbhERLEBoSEmEZEL
R L LS CEEL LB, POBRLICRESR
49 EOFEFI -4 THFOBENELOERFLTL 5,
WEF LR OO S LBE D, FiRe & dITRD
PEpesE b e A, EBEER (ERG) TR T @ 12 O ER
=, white flash ERG 2T a#, b & b iKiRIBDE
FaasL, 30Hz 7Y v #» —ERG ic T IRBOE T %
Tt h, 20 U EoEFATIRGTROEMT L white
flashERG, 7V » # —ERG & b iciH&E 2R L1,

e FFyvlifETF2 Py UToBFE>WTiiZ h
FTIMEORD D, KFHREERNTEEUL TR
KRR EBZEARERTWE, ZOZLRARE
PRI T HBETRE LR L Thiud, FRROERK
BEFETLETEL TS,

2. R1)7x!) »/RDSEEFAF 2D EH
(Asn-244-Lys) DERFFR OE

<) 7 =) v/RDSBREETEHEM 5 BRELED
BERGEOWTIR o hE THlE&ENSH D3, TORK
FRBEAR 10 CRT, ChETOREEXHREGTS
&, 2V 7=)v/RDSEETFRLZOERIMICL Y
B nBERTREEAET3 L0 AR LMTR- T
A, SEOBETHOLM k-T2 FV 244 OFRIT
ZhETicittReREL L FHLVARTHS, A
ZZoR%E% 42 ADRP 1 5% 8 EFlT-WT, £D
ERIRAT RAfE®E L, &, 11-5 (Bum#E, 631,
1-6(3, 62, I1-9(, 53, N-2(FMmE KL,
37, -3 (M=%, 32%), W4 (116 D&%, 34
), 16 (19 pE, 23, IV-1 (JI-20E%,
9% Thb, AFRROBREOFHHL T LHE L,
LlTFo@b &es,

REGTEROFAKOBRAFELEELRL, FHAE
Wi b AT oFRcE L LTEEIET
A, EHEE 30 fURTE E TR EBNIEE TR EE
L, OG0 CRBECTRIEL 2%
SIS 5, 30 RNERLEOEMICIE, OVE A
BEZE M 2 TEIEC AT RARD S L 5,
Z itk 30 fo~50 s Tidh LB A BT EE O
ETFreRaaBRkiED s LTREs bh, SRERK
B Fu@ 5 bull’'s-eve maculopathy @A B & 7
H, 60 fIcie s EEMAMOEMERE L eD, #HDL

HER&3E 978 12%

CYTOSOLIC SPACE

INTRADISCAL SPACE

10 ) 7=z!)»/RDSOERXE & 244 FEB D7
2 /B (IEE T2 Asn) OfIE,
IHETEERSAHEES ATV AHBMEYER TR
G i

bull’s-eye maculopathy ®HB & & H{EFL, -2
Tk 0.5 I1-9Tix0.1~0.3 CTHhH, EMHEMER
BAgkLtuwbI1-5, I11-6 TRIEATFE~0.0212ET
LTw3, fFCclRe ¥ vilifETFa PV UTOE
Rz X AR AREEERE P OoBoREER T
thE b, AHAcEREERE AT L, BRI
fOMEE~FES ERG TRHEDOHEDLVIV-1 T
L H R ERG T3 Ticikil 2R L, #4% ERG T
(% subnormal B! %R L7z, 116 X 9 HF#so & EFT
R, #AERCThOERG THRIGHEAR &
oo T, BENEIGHRTE TERICHE » CREMED
LaEAEDH R, -6 TEIEFICH L 1.0 log unit, 1II-
4Tix 3.0logunit, I1-6 Tix5.0logunit ER %KL
gE

~Y 7 =) v/RDSBET = F v 244 DRHE (Asn
— Lys)ic & % 8RR B MAEAE 1T, 00 A MO MR
Wi % T 30 MR LLEE W 2 B R B bull's-eye
maculopathy 2ME#EITH 5, Z 1, 83k ADRP @
BB c@ED bh B E &R T Zkbull’'s-eye
maculopathy D EE DO O & 212~V 7 =) v /RDS
DRENBEELTWAZLERTEOTHY, SHO
bull's-eye maculopathy ® FIERERMIZ0 LoD F
bbb TRLEL- T,
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11 rds/rds ¥ 7 AMBRECH T BTN E I e 71 & v DR BHREB{LSFRE.
EEFEHE rds/rds = v ARSI B /A 5 s vEBEO S, 5 EBEH  Balb/c <@
ARBLC BB /A2 2 VBOSH, £ FEHE | rds/rds = 7 ASBEIC KIS 7 ) >
YDA A FER [ Balb/e = v ABBICK T B 7 ) o v o, 7)o v g L
bARIRE L WBRB IR b d, rds/rds ~ 7 235 X U Balb/c = 7 AL Fh b &
BIBEDOLD, 4L bICA—OFERTHY, K EFEHFD 250 ym,
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V AR 7 B (rds/rds 7 &)
IZE 15 R R oE

HAAREWTH~=Y 7 =) v/RDSHBEFRE
X AR EEERIEOTFENEREhZ LItk b,
=V ALBT LR —0BETFRERICL->TCRET S
retinal degeneration slow (rds/rds) =7 A5
PE RSN T 5 2 2L, & ek A EER
FEMEOFREE S M2 ETRERTRBRY S 2
b0 LicAss, TIT, SEH A GEEEMELLE
WEELTEbLR, ¥, EEEHCLIBEST5LE
2 bhaFAs T vEEYS o, FBEM rds/rds
< ABEATOSRERH S L 2 L BB E AV
TR R TIRE L 72,

&L, rds/rds = v 24 # 3 E 9 AOBERE A
Vs, 2.5% g —n7aFe FRCBEL, T2 ¥
Wik # LR white CEE L7z, —RHELLTT
TA4=T4ATARTRER Ly yFHIAL2 I VB
bifka v, —@kyifkE LTd= o FEBRYFHY
4 IgG Pifd s v CHREAE 2TV EF BB T,
Ff, FEMRY 5 v - ICEREXTOETFHERBECT
BELL, wBELCA—AEKO Balb/c ~ 7 AR%

HIR&EE 97# 12%

Hu, Xbhic, #4453 VB 7 3 7BRELTY
¥V vHARRCTY ) v vieonT b [AER
ik =5 )| - o

Yt TOBEYR I CRT. F v 2 1 BRI
Balb/c =7 R & OB Trds/rds = 7 A B\ TH
MPEAEC X DERBRL AR LB, child
ERMCEZET 00, BTG CEHMRNER
ZRHbhicgarn g FRTEZ » oY P LTHBELE
EZA(R12), 44 3HE Citrds/rds =7 A 365+
80, Balb/c =7 = 220+120 GCP/um?, £# 9 HHET
1% rds/rds = 7 A 415470, Balb/c = ¥ 2 300+60
GCP/um?® CEH+E#RE) €, wWThoBits T
4 rds/rds = 7 ALV THBKE 1% I THEE
BiEER /8 i vBBO LAXBD bR, 1,
B ELTHWIEMZ Y v viifkic kb7 ) v v O
#C(2, rds/rds = ¥ A & Balb/c =7 & L OicE X
FDLAT(R10), i, SHMBRARCKT2ERD
B bhichote, 2O Eitrds/rds =9 AickiF
AMMANETO I L2 I VEBOBEAR) 7=
v /RDS BEFREIC L - TR ARMBEE I -
TRIABEREOBVHETHD Z LETFLTWS,
B ST, ZA2: vEBoERSEAREEo KR

®12 rds/rds =7 ABMBEAT B0 AL E I CEABORIGERTED
CEA
HH3ERB, -2 1um,
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DI ER LD ANIRETH B H, HAMIIEN: R 2
i ETcos oo AR TRTHRECHL LELR
5.

VI ZEZHERIVELD

SEOBRETE, P F7 vy BETFRECL B
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