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7 M3k R EH protein 4,2 REAEDKES T & WERRIFIC
SR g

HARTT %

FMIKBEE protein 4.2 (P4.2) REEIR, AXETOHEOOFRELYESS,
ZTLT, COPAIREEFAEXEACSVEVIR[IMSATVSE, F2T, PL2S
FREREEZER, 7L, TOREFEFEZALTEO W IBYERTET I ELE.
AMAETIE, AXEBTOHEEMIORT, 17195 2ERADEZEZAVTHEOAERETL,
COIEEERMICERRIEFEESE WA D - L3IXF KA (non-autosomal dominant
hereditary spherocytosis (non-AD HS)), RIFEHF HS L IRE S PLITERIBIE, P
4.2doublet EN P42 REEEL, BERABAMRLIVICIHELE. 205 525FH D0
T PAL2RUZDHEEEETH S band I DRMIEFWINEITL, PL2REEOFRERIEF
DEEz#AAL. TORE, £TPLIOEMNERECALTR, REEH2ERT 3
type @ P 4.2 doublet Nagano fEfl (72/T4kD) CHEWVWT P42 RIEFO RSB H HEE &
h, TOREAELA3ZENFTRENE, RIS, PLIOBHRFICEALTIER, dSE~F
K P42 RIGIETIS, band 3 MIEFICHKEEHFT S (XH : Band 3 Fukuoka : G 130R) &
HEL, ¥EPLIORERBETH, PLIBIEFOAFTR, ¥4 b5 Nippon type(A
142T) NEOEBTHZZEHFRAL L, BEPL2REETIR, ZOFELE P42 R
band 3 MIEFIZHLT, MOBREASFREEICEI ST PL2NAMICRIBLESOE#
Eahi (CFH0E10H 27 H 2 #8)

Genotypic and Phenotypic Analyses of Protein 4.2 Anomalies
Mayumi KAKU

Anomalies of red cell membrane protein 4.2 (P4.2) have been considered in the possible
pathogenesis of congenital hemolytic anemias. These P4.2 anomalies have been discovered almost
exclusively in the Japanese population. In this study, the P4.2 anomalies which were found in
patients with congenital hemolytic anemias were based on the results of protein chemistry and gene
analysis. The P4.2 anomalies were identified by quantitative membrane protein analysis from 179
patients in 80 kindreds with congenital hemolytic anemias. Regarding P4.2 anomalies, patients
with hereditary spherocytosis of non-autosomal dominant inheritance, P4.2 complete deficiencies,
and P4.2 doublet Nagano were detected. These cases were divided into two type ; ic.. (1) a
qualitative anomaly (P4.2 doublet Nagano), and (2) a quantitative anomaly. The latter was

further classified into three subgroups ;i.e., (a) complete deficiency, (b) moderate~severe
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deficiency, and (c) mild deficiency.

45 1998)

To elucidate the pathogenesis of these disorders, gene

analyses were carried out on the P4.2 gene and the band 3 gene in 25 patients with P4.2 ano-

malies.

In the qualitative P4.2 anomaly, a point mutation (R488H) was identified on the P4.2 gene in

P4.2 doublet Nagano, in which abnormal proteins (72/74kD) were detected by protein chemis-

try.

In the quantitative P4.2 anomalies, mutant genes were detected ; ie., (1) Band 3 Fukuoka

(G130R) in the patients with moderate to severe P4.2 deficiency, and (2) aP4.2 mutation of the

Nippon type (A142T) in patients with complete P4.2 deficiency. No mutations were detected in

patients with mild isolated deficiency of P4.2. Therefore, it was concluded that P4.2 abnormalities

were derived from qualitative and quantitative anomalies detected by protein chemistry and

molecular bi()l()gy, {Accepted on October 27, 1998) Kawasaki Ipakkaishi 24( 4 ) 0 243 - 260, 1998
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FMEREE N protein 4.2 (P4.2) 13, BRI
B) k 72kD @5 F & % #§-2 basic protein TH
AU, F7-, integral protein & peripheral protein
oOMEEEE LY, BFEEEE6T 2V BERL
MWE Ao, BEEMIZIE band 3 EAICEEL
ankyrin & LB EMICK LT v h — 0 E
PET5HY.

P4.2 Bz FIRBETHESL 15915921 IZE
&, 130 exon *HHD, €O mMRNAZT DD
isoform # & LT\ A, SDS-PAGE Ligiizh
572kDEHEI—FT5 P42 EETFIE
Type I & BFiLH, P4.2 BIETF D exonl D90
bP # alternative splicing {2 £ - TR WT W 5,
I @I D exon 3, 57%splicing & F i /-l
Ak R, &0 exon O splicing b Z T4
E# 32— F7 5% Type I, ko> Type I Dt
2 Type M TORUZGHEE TV 9,

CORBNLEEE LD PL2OREIETL
KEARMIKEEEEOHREAD -2 LEZLHNT
B, TOREEEBRRACEXTARALLS
W, COREMLERLLTPLLZEERE
fE&, FRGAEMEEEAE R TREBEERIK
FRIMERAE (hereditary spherocytosis : HS) TH &

(Z) Protein 4.2 (@ Gene analysis

(5) Membrane protein anomalies

hoband3-PL2 HERBELVFANSGNTE
DY, HERBETFEEMESITHS. T
e 75 [ @ S K% 1 BR A 5% R &k & RL7c
P42 BREOHEREBEREEIIODVTHH
LAZENRTWAY, LZAT, HSIZIZE S
£ 1k E M (E (autosomal dominant | AD) Bl %
T REmEEE, JEAD (non-AD) BIHS & LT
i R PERIE (autosomal recessive © AR) Hi
BTRTIEERE, X5100hwaIBEHOFERES
MohTwad, 2 CEBEE, 3 TICEIER
RS TAMA S T b ADRI-HS 27,
non-AD M HS SER B X U2 0l P4.2 £E
JEFNSE LTP42 BN EBAELZEN, o
FEEFMIIBRET A LIILL.

xt ®

YEECRE L MR ImER > 5, X
MARIMERE B AE | 0K R, 17HEP] 2B,
EMFEONRE L7z, /-, BEREEOZIIE,
BRI B9AT R, RIMERIR R Rk E),
PEiE, NalExdiE, EEEBICI SR
HRERER EICE -7 &b, HSIZBWTEHD
MEIMOBEED, BRIEFND L M2
A& AT 2w & 121 non-autosomal dominant
(non-AD) B L Fi2 L 7z,
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¥} ik

1. RMEKEER (ghost) DFBL
Ghost D F#iZ Dodge & O F 512 H# U745,
protease inhibitor & LT ethylenediamine tetraacet-
ic acid (EDTA) & phenylmethylsulfonyl fluoride
(PMSF) % {5 I I #Z @i (lysing buffer) (270 2
7z, ARILER % 0.9% NaCl i #C 3 | 2% %,
1 % @ packed cell {Z%) L T30% 5§ @ lysing
buffer [5 mmol/l Na;HPO,, 1mmol/l EDTA,
0.2 mmol/I PMSF (pH 8.0)] % Fv» C{EARA L
TiTo7z. 107HM, 4 CICTRELARE, &
(30,000x g, 105+, 4T) L, NEFOE VK
G LRMEKEERARS 5L, o~
FOvY g ERGIRELL. ZOBEES ~
SEMHETZLIZL D, »whWw A ghost
#f, CheRmERREELRE L LU T O
TR L 7.
2. RMREHEQOTEEL F&E
o I BR B 2R E S o 5Bk - R
Fairbanks %7 (3.5 ~17 % exponential gradient
gel LT 7UNT I FERNIS% 1 17% =35
8) |2 X % SDS-PAGE (sodium dodecylsulfate-
pelyacrylamide gel electrophoresis) % M7z, %
R4 B o[ E 1 SDS-PAGE ik B, #
# coomassie brilliant blue R-250 T#efa |, %4k
%, Protein + DNA Image Ware Systems (PDI-
Toyobo Co., Tokyo, Japan) |2 Tir-72. HBEE
HoBOEELIL, €E&A5H (band 1 ~
T AEORM) ST AFEEASEE, o
spectrin 7 (band 1) % L < (& band 3 4-Jilij |
HTLEBEEAGEOMALEFFEE LTR
L, REMIZENL ZZFOFHEE FHEEA S
HEE L7
BERIKENIZ W B A R B0 25 g/
lanc & L, EHIREQHIEIZ, Lowry iV (23
< { DC Protein Assay Kit (Bio Rad, CA) #{#
WL, 655nm THEIE L7z, %&b, i
TVMETNT I v EMEH L.
3. Westernblot (2L 5 P4.2 DEE

Western blot |3 Towbin & @ FiEY (ZH# - 7=,
M ER & B % Laemmli 319 (2 X % SDS-
PAGE |Z T4 Bif%, nitrocellulose membrane (BIO-
RAD, CA) 260V, 2BMTEELL. —X
Piib & LT affinity BE S hizv XL b P
4.2 PutE (epitope : exon 2, Asn® ~Thr®®) %
Finst, BTk LC¥4F ke
THHF Gk RIS s E. BEIG
Vectastain ABC Kit (Vector laboratories. Inc., CA)
iz,

4. BIMERA 5 D genomic DNA i

AT IR M A S buffy coat % FRH L,
0.9% NaCl & C 3 Bk L7/, Poncz 5D F
EHACTEV, B (0. 131mol/1 NHLCI,
0.9 mmol/I NHHCO; ) % Mz, 7RI EK % &
1 & 2 7=, BBk s M2 STE % [0.1 mol/1
Tris, 0. 1 mol/1 NaCl, 20 mmol/l EDTA (pH 7.5) ]
9.5 ml, 10% SDS 0.5 ml, proteinase-K (10 mg
/ml) S0ul &BANZ, 37C 1 BRRFE L7, %80
10 mmol/1 Tris-HCI (pHS8.0) ff17 = / — L
BREMZ, 72/ —NVEBFiEEE, sook
Vo (V/2B5FEDAVT7INTha—Lin %
ERINA, KEEBEILL, 3mol/l sodium ace-
tate (pH5.2) ZI/W0FFE2MA, =¥ /-
TDNA #itB & ¥72, 710%x ¥/ — LTk
#, TE ## ¥ [10 mmol/] Tris~-HCI, 1 mmol/]
EDTA (pHB8.0)] 12 s4, RAF& L7

5. fEFRILERA 5 @ total RNA D

Total RNA @ HiiH 13 Goossens & D J7i P (2t
W, 21l %0.9% NaCl F# T 4 Bk L, B
Tl &, MED S5 FEEMHD 0.144 mol/1 NH,CI
&, dithiothreitol (DTT) B+ R R BEA 3
mmol/l £ B X HIMA, FDU/I0EHED 1
mol/l NH,HCOs # M Z, 304 HEHE L Tam
HEmmsdiz, &8, RETIE NHHCO; &
10mmol/1 TH 5%, EMBFEFHDH L7201
1 mol/l #fEH L7z (J Delaunay #IS#15). &
Ay (3,500rpm, 1043) (2 X B H i Bkl % B
L, EEORMKEFEMELZ, 171058 1.5
mol/1 sucrose-0. 15 mol/1 KCl {&# 2 N £, AR
IRME 530 & 55 (> (4,200 rpm, 6047 - B8,
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LiEZFER L. EEICI0%EEREETLT
pH5.15& L, L (4,200rpm, 40591280,
total RNA % JERE B L 7=. £ total RNA % &
% [0.1mol/1 Tris-HC1 (pH9.0), 0.1 mol/l
NaCl, 1 mmol/1 EDTA, 0.5% SDS]0.5ml (Z 7]
BIEL, 7=/—=N/Z2uokn A 2iTo
72, 1/20%F @ 3 mol/l sodium acetate (pH 5.2)
BREMZ, 23EFROy /- eMAl:
th, —HEEHE (—20C) &, &.0(14,500 rpm,
109) LTk EILL, 70%>5 ) —V T2
Blki% %, total RNA & H,O (WML, #Ask
L7z, ThHDBEEIT<TL4TTITY, #H
TEHREZIIRTLIBER KRB T F L
(diethyl pyrocarbonate | DEPC) ML %475 7z,

6. cDNA @ & 8 * polymerase chain reaction

(PCR)
cDNA OFH %X, First Strand ¢DNA Synthesis
Kit (Pharmacia Biotech, USA) & B\ Ti{T-7-.
Hit, 65T, 1045 MERERE, Z05 L7 ol
RNA G5zl # 15l % RIGRICM A, primer & L
T 0.2 ug @ random hexadeoxynucleotide 1 Z.,
37C, 1MeRmEL 7.
Template & L T cDNA # B804,

PCRIIGFZDEFERIFT0u &3 5—7,

cDNA of P4.2 gene

(H20% $4% 1998)
genomic DNA D& CiE 254 & L7z, HIET
1%, total RNA (245 L T 0.5 ug #H2%4 ® cDNA
ZHwv, %% Ti3, genomicDNA % 0.2 ug H
Wiz GBI FoMiEE, WHE b primer (3 0.2
p mol/ yl, AmpliTag Gold™ (Roche Molecular Inc.,
USA) # 0.03U/ p % vy, GeneAmp PCR™ sys-
tem (model 2400, Perkin-Elmer Co., USA) T,
denaturation 957, 45 sec, annealing 55C, 20sec,
extention 727C, 45 sec, 30~33 cycle D &G T
To7:.
7. Single-strand
(SSCP) i
SSCP |2 Orita 5@ FEP IZHE LA, UT
OEARR L7 a) EXRKEEEBR | KK
61.4mmol/1 Tris, 89 mmol/l borate, 2.5 mmol/]
Na,EDTA (pH7.9) #{Emi L, #RAICEL Tix
B0, 6B BETH V. b) BRKEES
300V, 1M, 500V, 1MR, 700V, 8W
% FREL, 14~16RHT, BERKBREX
20~25CTfTo 7. ¢ Z Wt 4 X 1 50cm & X
17 ¢cm g, 0.4~1.2 mm ¢ wedge spacer % B\
fo. d) ABOME D EHRAE [47.5% for-
mamide, 15 mmeol/l EDTA, 20 mmol/1 Tris (pH
8.0), 0.025% bromophenol blue, 0.01% xylene

conformation  polymorphism

470~559
{ No. of nucleotide) 4 400 800 1200 1600 2000 240D. 2622
1 | [ 1 L | | l | ! !
£ I TR A 1 | | A
ATG TAA
(460nt)
SSCP design 399 1031
1st. portion F t H
Rsal Pstl Rsal
925 1489
2nd. portion
Mscl  Mscl
1420 2106
. L L i i
3rd. portion I Ban | Aval !
2044 2651
4th, portion  F——t——+—"
Styl Styl

Fig. 1.

Design for SSCP analysis for protein 4.2 cDNA.
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| : Design for RT-PCR
AF 1st. portion d*
L |
L 1
C*  2nd. portion g~
P
F* 3rd. portion I*
: J
K*  4th. portion o*
cDNA of P4.2 gene
470~-559
( Ne. of nucleotide) 4 400 800 1200 1600 2000 2400 2622
T | L1y ] ] | | | | | '
5 1 TR A 1 1 f B
ATG TAA
U : Sequencing primers ‘ (460nt)
o —s P Kr —=
H— =
sense B »
primers g JT= NTTZ
E Cd
e * = * e *
antisense =8 g l @
primers W e m
Fig. 2. Design for RT-PCR and sequencing primers for protein 4.2 cDNA.

Table 1. List of RT-PCR and sequencing primers for protein 4.2 cDNA. DORHIZIE Bassam 5 4
primer position Tm annealing iEW R 4T 7,

{ne) © © 8. Protein 4. 2 {5 T @ PCR/
A* : AAGCAACAGTTTGAGAGAGG :399-418  53.2 58 SSCP FE#T
B :GCCCTCACTGCACAAACT 727-744 55.6 58 P 4. 2i8 {5 T mRNA & fE#H
C* : AGGAAGCAACTCCTCTTGG  :925-943 555 58 <

o e B 3
d* : TTCAACAAGTACTCCATGCG :1012-1031 558 58 &, & OB|{ZF O % coding
E  :AAGGACAAGCAGGTAGAG  :1141-1158 48.4 58 region % & & 2265bp % 4 5
F* :ACGTTTGCCTCAGCACAGG  :1420-1438 60.8 62 & 1= 4 .
A se [ 5C

g* :GAAGTCCCTCCTCATTATAG :1470-1489 49.0 58 (25 b mvTe ranqujl‘)[as_e
H  :GGTCAGAGCAGTCAAGGAGG :1650-1669 58.4 64 (RT)-PCR % {7\, HEIE#E(E
i : CCTCCTTGACTGCTCTGACC  :1650-1669  58.4 64 T EHIBEEETHAL B,
J  :GAGAGGGACATCACTCAGAA :1832-1850 53.5 58 g ’
K* : AATCACAGTGAGCAGGA 20442063 48.0 58 SSCPik & fr - 7:. filIREFR
I*  :GTTGTAGTGTACAGCCTGG  :2088-2106 49.7 58 B i, 20 4l R, # 75~
m  : AGTCTAAGGAAGGTGTTCTCG :2220-2240 53.8 60 . s
N :TCTGAATCCAACCTTAGCTG :2260-2279 54.4 58 100 ng DNA _L‘ # L, Mse I
o* : AGGAGAGTGGTGATAGAGC  :2633-2651 49.9 58 33U, oREEE 10~20U

Tm: melting temperature
* :sequencing / RT-PCR primer

cyanole FF] 16 4l (2%f L PCR EEM % 2l I £,
100, 107 BB, 2% L7, kEhkE
lX4ul (2 ~4ngDNA) # w7z e EEF

fEH L, BEREICT 2R
WEE L7 (Fig. 1).

DNA T X, 459
bp @ promoter FHiH & 1318 @ & exon 2D\ T i
#T L 7. Exon fHI O MAT X, A9z
Takaoka %' @ primer % {#f L 7-%%, exon3 T

Genomic
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|3 sense primer :
L\IG),

15, antisense primer : K 3 % H
¥ 7zexon 10 Tidexon % 2 5E L, 5
{77 4= $H 3% 0D antisense  primer & L C primer-
I* %, 3"l #FMHEEosense primer & LT
primer-K % i v» 7= (Fig. 2, Table 1). Promot-
er fEN L, &fk% 3 45% LLT @ primer TH
#T L 7-. Sense 3 X U¥ antisense primer M NF{Z,
(a) : 5'-TGG ATA TGG GAC TCC TGT TTG
-3" (1~21nt), 5°-TAC TGG GAG TAA CCC
TGT TC-3' (216~234nt), (b) :5°-GGC TIC
TCT AGT TGG CAG G-3’ (120~138nt), 5'-
ACT ACT CCT GTG AGC ACC C-3’ (288~306
nt), (¢c) :5-CAG GGT TAC TCC CAG TAA
CTG G-3' (219~240nt), 5°-CAT ACA GTC
CAG CAA GCC CTG TC-3* (489~511nt) (3R
FEF5 (I Korsgren 57 DRI 7).
9. Band 3 & {= T ¢ PCR/SSCP f#4T
2018 @ 4= exon X 482 bp @ promoter FIH I D
v» T genomic DNA % F\» T Table 2 IZ/RF
primer & PCR & TR L7 GREF T
Sahr 5% @ FELIZHET ). B, exonT,
8, 19TiZ PCR o standard buffer (Z R AR{RE &
LT FIZRT formamide & MgCl, %Nz 7-.
Exon 7 : 2.5 mmol/l MgCly, exon & 1% formamide,
2.5 mmol/1 MgCl,, exon 19 : 2 mmol/1 MgCl,
(EREF B L Tanner 51 ORFLUIZET V),
10, Za—=y¥Ei—r s
# 0 —= > #Z1% TA Cloning Kit (Invitrogen,
CA) #HwTIiTo/. BIH, HIEL 7/ DNA
fragment % B3 pCR™ TI vector ~ T4 ligase (4
Weiss units) T, 14T, 16HHIBEE LEAZRA
7%, # R % calcium 32 T competent cell (INV
BB L7, 2% X-gal (5-bromo-4-
chloro-3-indolyl-B-D-galactopyranoside) # & ¥»
LB 7L — L [LB#:H#i 1L : tryptone 10 g,
extract 5 g, NaCl 10 g, bacto agar 15 g, ampicil-

yeast

lins50mg (pH7.0)] (Z¥&AF L, 37C, 1M
B Aftgo=-—%#FN LA, LBEHETER
B (225rpm) L &A35637C, I6RFMIEEEL,

plasmid % Wizard Plus Minipreps DNA Purifica-
tion System (Promega, USA) TUL - FH L 7.

N B

% & gk

(242 547 1908)

L —4 v AT Ampli Cycle™ Sequencing Kit
(Applied Biosystems, USA) Z W T 4 7 0 —
v ##E L7z, RT-PCR LI L % P4.2% band
SEEFDY—2 T A21%, Firure 3 5L TF
Table 3 {27 L 7= primer % F W T 4T L 72,
100 fmoles @ plasmid {2, primer % 18 p moles &,
[a-**P], deoxy-ATP (74kBg, NEN Life Sci-
ence Products, Inc., Boston, MA) # N2 TEHKL
7= (denaturation 95°C, 30 sec, annealing 587,
15 sec, extention 72°C, 30sec, 2Z2cycle). ¥
2 6%7 717 2 F7 L [8mol/l urea JiN0. 1
mol/1 Tris-borate-20 mmol/l EDTA #Eifi% (pH
8.3) /Sequagel Sequencing System ; National Diagnost-
ics, England] #HWEBE (1,700V) TEA
RED (2ERRIS LXK M) 21772, 10%
FEfE —10% 2 ¥/ — Vil CRERERFEL, FUIl
Imaging Plate (Fuji Photo Film : Tokyo) (Z—[
ZFEFe#, Fujix BAS2000 (BIO Imaging Analyzar
System : Fuji Film Co., Tokyo, Japan) T#iT %
Tz,

B ]

1) SDS-PAGE I X % % R4 7k Ml BRI B 5
TO protein 4.2 BFIZO2WT

HEHA 7 ) —= v 72 iie Lo e R R
HIEREAE, 805 %k, 179EFIT, TOHNFI,
AD #I HS : 135 %, 334iEf, Non-AD EIHS :
20K %, 66JEHI, P4.2doublet Nagano (72/74
kD) 1 1 RR, 4%EP), PA2RERME: 2K
%, 4 4E50, ankyrin BEAE | 1 KR, 3EH,
hereditary stomatocytosis (HSt) : 8 &%, 21AEH,
C1ERR, 4 AER,
D35k, 5IEH,
4 %%, 6IEM, heredi-
tary high red cell membrane phosphatidylcholine
hemolytic anemia (HPCHA) : 1 &%, 1 fEH,
band 6 RiEME 1 1 K%K, 14EH), chorea
2% %, 24EW, McLeod JEfEEE
1 E#, dystrophy % f¥ 5
1RF, 5HEH,

hereditary xerocytosis (HX) :
hereditary elliptocytosis (HE) .
hereditary ovalocytosis |

acanthocytosis :
1R R,

stomatocytosis .

muscular

congenital dy-
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Table 2. List of SSCP analysis for genomic DNA of the band 3 gene.

. Position Tm  Annealing Size

AR it my () (o) (bp)

Pro-1 GTGAGTGCTGAGCAGTTCCCTGTGGAG 769 66 56.0 250
GGETTCTCCTGACTCTTCCTTTGTGGATGAAGG ~1018 65

Pro-2 AGAGGCAGGACAGGGRACCTCTGRAG 910 66 g 230
CTCCCACTGGGTGOCCAGTA ~1139 62

Pro.3  CCAGACTCACAGCTGICCAGATG 1076 61 556 a7
AGCCTCAGGGTCCCTTGETGAAGTCCTGCAGC ~1322 70

Ex-2 AGGACCAGGAGACCCTGGGATG 6397 63 54.0 214
CGAAGATAGGAGTCTAGGACC ~6610 58

Ex-3 TGTTCCCTGGCATCAGCAGTGC 6543 61 56.0 260
GTCTAGGGCTCAGCAGCTCATC ~6802 61

Ex-4  GCTCACAGTGGATGGTGAAGAGC 7682 61 ccqg 267
CCTCACTCCTCTATCTGCTGCAGG ~7948 63

Ex:G CTATGCCTGATGAACTAACTCAGGCG 8543 61 53.0 266
ACAATCCTCATCTGCAGGAGGTCCAG ~8808 63

Ex-6 TCTGGACCTCCTGCAGATGAGGA 8781 61 54.0 256
CCCACTGGATATGGAATCCAGG ~9036 60

Ex.7  TCAGOCTGAACAGCTTACTCAG 9420 58 45 o
GCACAGGAGTGCTTCTGGTC ~9710 60

Ex-8 CTCAGGTCTOCCAGGTCAGACT 9761 61 57.5 218
AGGCTGAGGGAAAGACAGGCTGAG ~9978 63

Ex-9 TCCTCGGCCTGGCCTGATCTTCT 10021 63 56.5 274
AGCCACCATGCAGGTCCCAAGCT ~10294 63

Ex-10 AGCTCTGACCCTGTCTCCTG 10750 60 57.0 270
CTCAGAAAGCCTCAGCTGEGA ~11019 60

Ex-11 TCCAGCTACTCCCTCTGACCAT 11173 60 52.0 283
CAGAGGGTCAGAGECAAGAGT ~11455 60

Ex-12 AGCCTGACCACTGGACTTGCTCTAT 11510 61 56.0 296
AGGCACCATGCATCAGGCAGGTGGET ~11805 65

Ex-13 CAAGACCCTTTGACTGACCG 11811 58 54.0 280
TACACAACCTCCOGTGTGCAT ~12090 58

Ex-14 AGCCCAAGICAAAGCTGGGAGAGAA 13498 63 57.0 270
GGATAGGGCAGTGT TGGCAAGGALCA ~13767 63

Ex-15 GTGACTGGGCACTGACCACT 14062 60 g5 245
GTAGTCCCAGCTGGCTTCAG ~14306 60

Ex-16 CTGCOCTTGGCATTCTTACCTGCTA 14698 61  4¢¢ 285
TCTTGOCTGCCTGGGAGAATGCCAG ~14982 65

Ex-17 GAGAACCCTGCTTACCCCTCACC 15994 56 55.0 328
AGGAGGATGGTGAAGACGOGAC ~16321 55

Ex-18 TCGGGCAACCTGGGCTGAGAGT 17765 55  5sg 304
GGTCTTCACCTGCTGECGRAGEC ~18068 56

Ex-19 TTCTGGCTGCCCAGCCTG 17987 60 57.5 292
CGCATGCTCCCAGCTCTTGT ~18278 60

Ex-20 CAAGGTTCAAGACAGOCAG 18737 55 56.0 278
GGTGOCCATGAACTTCTGCT ~19014 62

Tm: melting temperature
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(24 S4% 1998)

| - RT-PCR design | G  g* d*
Frg. C2 Frg. A
A* a* N* n* M* m*
Frg. C1 Frg. D Frg. B
(No. of nucleotide) 1 500 1000 1500 2000 2500 2886
' 1| ] | | | | | '
. 1 | | 1 | | | 3
ATG TGA
(150nt)
Il : Sequencing primers
" A* — B —>
sense
primers c >
L D* — E ——>
- PR— e —
antisense
DR ' g* ‘K
<—h i e
- P

Fig. 3. Design for RT-PCR and sequencing primers of cDNA of the band 3 gene.

serythropoietic anemia : 2 %%, 4Ef, MEAS
W 105%, 19EBITH- 7.

WEREGIOPF T, FEmE BUEH) (22T
BaE, filsholEaRERIL3HER, 44%
LB BN, F0HH P42 RIBAES (F
HRIBEE T AEFIDT4%) iR EEFE»-
7o, FIT, PL.2BEORA T SDS-PAGE %
FAVCRE L. ZO¥E, 10% EoRER
WL EBDLEEEL, BARBEELTHETS
E, I7, BMEF L LTURERIBE (2
B, (QP%EELLEEKEBE (30%Ph L4
D1), BMREERIER! (10~30%4 @ 2361),
KIEHMEELLTYHWREPL2ERBETLE
(P4. 2 doublet Nagano : 72/74kD) @ 4 B |2 5
BehrIeHFTEL (Fig 4).

P4.2 #RBIEVWTR S HSERIZED S
1, 512 Non-AD #I HS Z5u #2094 TiZ P4.2
B /R 481160 (38%), P4.2 + band 3 EE K
30 (10%), MHEHLET8% L EHCHE
I P A

BT OS S E LT, Non-AD %I HS

295 R 22%E ], P 4.2 doublet Nagano & % @ 38
WE, P4.2 RERIER 2 KR 2 EF & Eiz
FENTICHE L 72,
2) Band 3 {5 FHEHT

PL2RHERENDTERELY 9 5 band 3 [2DW
T, FTHEAband 3 BIETFICHTHERD
AL fRE L.
(a) Non-AD #I HS

Genomic DNA % B \» 7z PCR/SSCP X 7 1) —
YTk T, UTO4ABOMNEIETFRE
A3%& B X 17z, Frameshift mutation 1 ff ; Band
3 Kagoshima ; exon 4, codon 56, AAG— AG,
166ntH L< 2 167t O—3R IR B &7 D 7z,
Missense mutation 3 f : Band 3 Nara ! exon 18,
codon 808, CGC— CAC (Arg — His), Band 3
Philadelphia " ; exon 19, codon 837, ACG—
ATG (Thr—Met) &, Band3Fukuoka * :
exon 6, codon 130, GGA — AGA (Gly — Arg)
DERNERL SN (Fig 5). F=HLwE
P 4.2 + band 3 &K 3 Blli~T O EET,
#3% @ Band 3 Fukuoka iz P B ~FEP4.2
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Table 3. List of RT-PCR and sequencing primers of cDNA of the band 3 gene.

(c)Exon sl 2 BT %

RT-PCR primers Position (nt)

Tm (*C) Annealing (C)

polymorphism

5t
A* GGAACGAGTGGGAACGTA

1-18
a* AAACCTGTCTAGCAGTTGGT 548-567
G* TCTATGTGGAGCTGCAGGA 320-338
g* TTCCAGATGGTGAGTGCC 779-796
N* CCAACACTCCTCACTGGAGAC 720-730
n* TCCGACACTCCCATCTGGTT 1447-1466
D* CAGGACTCCAGCTTCTACAAG 1211-1230
d* GTTGGACACCTTGAAGCCAT 2057-2076
M* CATTCAGGATACCTACACCC 2019-2038
m* GTGCCCATGAACTTCTGCTT 2946-2965

&k @ polymorphism 4%
55.3

525 46 ERIN Thbb,
56.4 S Darmstadt ¥ : codon 38,
gg:; GAC — GCC(Asp — Ala),
61.3 ® Memphis I I codon 56,
ggj S6# AAG — GAG(Lys — Glu),
52.9 _— Okayama : codon 72, GAG
58.7 —+GAT (Glu— Asp),

Sequencing primers Position (nt)

Tm () Annealing (C)

Diego ® : codon 854, CCG

5
GGAACGAGTGGGAACGTA

—+CTG {(Pro —~Leu),

A* 1-18 553 58 . : -
f AAACCTGTCTAGCAGTTGGT 548-567 52.5 58 epdon 4id, 106G —~TE4
g* TTCCAGATGGTGAGTGCC 779-796 56.3 58 (Ser— Ser) Th-7:.
h GCAACACAAAGAGGAAGCGT 936-955 58.9 58 3) P4.2 B T-HT
B GGCACTCACCATCTGGAA 779-796 56.3 58
c ACATCGATTACACCCAGCTTG 974-994 58.5 62 (a)P 4.2 doublet Nagano
D* CAGGACTCCAGCTTCTACAAG 1211-1230 55.3 59 9 i)
i CACCATCAACACGTTGTAGTT 1810-1830 54.5 58 s
j GTTGGACACCTTGAAGCCAT 2057-2076 58.4 59 A HE Bl T 1% SDS-
k TTGACCATCTTGCGCTCAGG 2224-2243 632 60 PAGE I, IEH® 72kD |Z
I GTAGAGGAAGATGCCAAACAGT  2510-2532 56.0 62 M, BB 74kD D P 4.2
E AAGAGCAGCGGATCAGTGGA 2420-2439 61.8 60 ) -
m* GTGCCCATGAACTTCTGCTT 2946-2965 58.7 60 PITHEEIZEHL, W
! EOBMIEIERAIET
Tm: melting temperature o T
A*.g*,D* m*: sequencing/RT-PCR primers % 72kD @ P4.2 B %
a small letter indicates antisense primer LIFIFE L 7. RT-
#: added to f id .
RECRACR IOMAmICS PCR/SSCP ff#7 & ¢DNA
B RIEEI S TSR TR O, D=y TR D5, exon 10, codon
FEEFEOPL2 BHMKIB (-5%) &9 488, CGT — CAT (Arg — His) @ &% % (Fig.

Band 3 Fukuoka $E 7l CiX, & &{Z RT-PCR &E|C
& D band 3 B1EF D £ coding region % fEHT L
T, O EERZFE - L7, TOHE
FANZ O W THIREEFE = H W /2 F R W linkage
study DR (Fig. 6) 6, #EERITE R
BAEETHLIEFHHLL. &b, KRW
AT OEEETIRERR I I R 2 320§,
ok PL2KIBLEDH LN LD -7,
(b)P 4.2 doublet Nagano £ ffl 55 & (FP4.2 52 &
KABHE B

Genomic DNA % Jfl\» 7z PCR/SSCP A 7 1) —
= ¥ 7R A7 Ti%, band 3 #E 1% T @ promoter 1A
B L exon IZIZHAS L REABGETREE
EELE T R A

7) WEEEIN, ~FOHEEERTHL I LA
L7 2B, PA.2D T —4 » AT Korsgren '
B & U Sung &2 oyl & —FMHES RS
HNADT, #1% Table 42572 AN
linkage study O AT&E . (Fig. 8) TlE, FHu
LRE 74D ORE PA2 B L ONITEHH

Mo, HEEBREIEREEEL: L
BALA. EE A EE, S0f (100 alleles) @

P2 n TICiRAM o g 2Rz 6k
o t.

P4.2 mRNA {251 % isoform O FEH %, RT-
PCREFHTEHIT LR To#{sTHE
fREWOTH A AL BBy -V ZIERTH -1z,
EHIC, RETAKDEA*FELZ L EEF
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Fig. 4. Various abnormalities of protein 4.2 detected by sodium dodecylculfate polyacrylamide gel electrophoresis,
N : control, P1 : complete deficiency of protein 4.2, P2 ! partial, but moderate deficiency of protein 4.2, P3 ! partial, but

mild deficiency of protein 4.2, P4 [ P 4.2 doublet Nagano

P : protein 4.2 PP band3
Proband
G
Val | T :
G =
A e
Arg | G o0
A .
Ala| C
G
5!
G T A C
Fig. 5. Nucleotide sequence of ¢cDNA of the band 3 gene in

Band 3 Fukuoka.
A nucleotide substitution (G —A I codon 130 Gly —
Arg in exon 6)

isoform Typel #5% F %&b H exon 1 &K (100
bp) #H T LHEETORBIRED L7z
(Fig. 9).
(b) P 4.2 Se 4 RIBIEH

e E 2 JEf & b exon 3, codon 142 GCT —

ACT (Ala—Thr) OFTEHEEGET, wbWw5
Nippon type” ' L Wb TV A HIETRETH
A LML,

(c)Non-AD %I HS 4 7l

Genomic DNA # H V2 7= PCR/SSCP A 7 ) —

= ¥ ZF T, P4.2 &5 T promoter
B X U4 exon (B 5 A A K8 (R TR
FHENG D o7, Non-AD £l HS TH 5
Band 3 Fukuoka % ] T %, ¥ & {2 RT-PCR/
SSCPEIZ TR 21T - 7224%, PA.2 HIZFR
FiERH Lo,

4) P 4.2 doublet Nagano JEf| 123817 5 P4.2 D

b5 i

(a)SDS-PAGE (Laemmli i) @ 47 )b % 85 12 doe %
WEREAT 3 ~Tmol/l DIRFE A NATE ghost DFE
RikB it/ 25, ZARALNIZT2KD/
74kD ® P 4.2 1, 4mol/l DRFEFMTEDS
BEAEZ, EHEMU—-ARIZEILL (Fig
10).

(b) 7 v )L (pH 11, 37T 304 M%), ik
FEALEE (10% trichloroacetic acid, 25°C, 3047 M),
non-ionic detergent ALH (Triton-X100, Tween
-20, Nonidet P-40: % 1 %. 25T, 307 F##
ff), 2 mol/l hydroxylamine (pH7.0) LB [37
T, 305 MIFM], N-glycanase WLFE (0.3 UN-
glycanase, 37C, 16WF[EIHF{E), O-glycanase(4
mU O-glycanase, 37C, 16HF[EHFE) L,
Z O {i % T @ ghost & SDS-PAGE TZ-#T L
7275, BET4KD EHO 5 EEE KT 72/74kD @
il AN UL [ A E St SR=F (R iAol Al
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Bpm | digestion

Fig. 6. The linkage study for a nucleotide substitution at exon 6 {codon 130,

GGA — AGA) on the amplified band 3 ¢cDNA by Bpm 1 digestion in an
affected family with moderate protein 4.2 dificiency (Band 3 Fukuoka) .
The Bpm I restriction site of exon 6 in the band 3 gene was disappeared
by the presence of a nucleotide substitution (codon 130, GGA — AGA).
M ! molecular weight markers, N I normal control, II-1 ! proband (130
GGA —AGA | homozygote), [- 1 : Father(130 GGA—AGA | heterozygote}. T -
2 1 Mother {130 GGA — AGA | heterozygote) .

5’ Normal allele Mutant allele 5-,

G G
Glu A A |Glu
A A
C c
Arg| G pr— A | His
T e T
G G
Glu|A - A |Glu
G G
G I A B G T A C
3 3
Fig. 7. Nucleotide sequence of cDNA of the protein 4.2 gene in P 4.2 doublet

Nagano.
A nucleotide substitution (G — A : codon 488 Arg — His in exon10)
VB,

Tl E LT 4T, 200 LA, BE ghost *55
B L, [BRIC SDS-PAGE % 11-7-%%, £
’r%";' 74 kD ﬁﬂﬂ)%éﬂlﬁil?ftiim&’) Lo

253

2T P 4.2 &£ @ promoter
$HIE X U, 4 coding region
D= ryrFETV,
exon 1(), codon 488 : CGT —
CAT (Arg — His) (R 488 H)
DEERPAT O EER TR
Mahs, i, TONER
R T4KD EAEBLE OB
2D v TH R linkage
study 247V, FOEE TR
WERBEEABHOMIZHS
i EEEAGEA 2 N, EIEE
NT WG EErEEE L E 2
bRtz B0, B:‘Fri‘}\50{5fll
W ZDORNERFRDL NI
A6, R48BH MIZFRHE 13
AAEFIC BT B IR R L HEE S
i, 22T, EBIIET
7T4kD & H WA R 488 H &
EFEEIOERLZZILTS
HIE)BERUTOHREE
KL, #ahliz.
()P 4.2 {5+ mRNA @
% splicing : IE® 72kD @D P 4.2
(&, whp b wild type, B,
FOEET®exonl (25T
% alternative splicing (2 X -
T 90 bp & &K% L 72 mRNA
CH#ELTWwWA, E# P42
BTl wide type H 58
7 Fo isoform 25 ST

Sung 5%, IEW AIZEB VT exon ]
B, BFEARIMFER% ACD (acid citrate dextrose) EE®*I—F75%
FEZOHNA T4KD EFA T MEICKE
Heyot@iEL TS, DEORENS, K

SEFIZBITARE 74KDP 4.2 D3EBIHHAE &

P 4.2 isoform(Type 1) (2

7z TlE, P4.2 @i T O EYE isoform, 3 L <X
H: BRI 72 isoform T2 A Type 1 D EFEH AT F -

E s L7z, AIE

CMLTIE, PA2EIETOEE

ASBEL, FRENIZDODWT RT-PCR 1T

1. P 4.2 doublet Nagano (72/74 kD) it {7 5 ¥ 12 Vi, EIEGE

EFEPOF 4 XEBE L, R
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Table 4. Difference of nucleotide sequence among several reports of the protein 4.2 gene.

i 28 38-39 65 147 159-160 422-423 B877-879 988-992 1552-1554
nucleotide |
Du-r stud | del. “G"  ins. A" del. “G" dsl. “G” ins. “G” ins. "T" Ala Val Thr
Y | (TEC (CAG) (C A) (C A) (TGC) (77T) GG GIG ACG
Sung et al 2 gel. *G” & del, “G" del, “G” T ins. "T" Ala Val Lys
(1990) | (T Q) (c A (c A) (TTT) GCA GTG AMG
, U . . =20 S i
Komgren | Ala val Thr
etal | TGC CG GA GA TC TT piae ! AcE
(19390) ‘ G 1 s
Noof | 1555- 1558- 1561- 1564- 1567- 1594- 1597- 1672- 1675-
nuclectide | 1557 1560 1563 1566 1569 1596 1599 1674 1677
i Arg Pro Ala Leu Pro Leu His Thr  Leu
Owstdy | e  cr g M oL G o A cT6
sugetal® | A Gy  Leu Pro Cys Leu His Thr Leu
(1990) ce GGT 16 ccr TeC c1e CAG AG CT16
ijg:n Arg Pro Ala Leu Pro Leu Asp Thr Leu
B
116G cce cTC GAC A GG
(1990) Ce6 [elo1) GeC G cee [ G C G
Nla Ill digestion HAbtR, Btk THRENL 72
I | #%, Type I @ isoform (74 kD)
M N N 11 1-2 11-3 1I-4 1I-5 R S o 7, — A

P 4.2 phenotype (kD) P4.2 {51 Tld exon 1 fH1%

% & ATZRT-PCR 2175 72
B, wild type 232 FRLED
b & 100 bp K & v HIE E
PR ENSG. FOEE T
H 4 X 5 Type I isoform
LEZohTwizd®, Kif
%y restriction enzyme ALFR
FEEMGE A 6, ORI
@ isoforms @ KR EW
EHERz a7z, AR

72 7214 T2 7274 72 72

Fig. 8. The linkage study of a nucleotide substitution at exonl) (codon 488
CGT— CAT) by Nla IT digestion in the amplified protein 4.2 ¢cDNA in a

family with protein 4.2 doublet Nagano (72/74kD). LR TAKD O P42 B E
4 The Nla I restriction site of exonl0 in the protein 4.2 gene was F % 79 kD o #%FH E
3 (& D P42 5E
created by the presence of a nucleotide substitution (codon 488CGT — IR 72 42588
CAT) LIZIFFEETHD, o, £
M : molecular weight markers, N I normal control, I -1 : proband (72/ DO EOEFNT TS BT
74kD), 1-2: brother of proband (72kD), I[I1-3: the first daughier of ’ e
proband (72/74kDJ, T -4 : the second daughter of proband (72kD), T % P4.25EHE L 2ITE L L
=5 ! the third daughter of proband (72kD). S, KERORET
kDﬁHMﬁE?émMAw
Hoasoform LNz, BE T, B, EH72KD 0O mRNA, Hit,
exon 1 @ alternative splicing fH % % & A 77 RT- wild type DZEBREIZITH LW EEZHNS

PCR |Z X D IIE L, restriction enzyme |2 X - T L 7z2#4%- T, restriction enzyme Liﬁ%!’:&@)lﬁwjﬂ
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(A)

PCR products

(C)

Wild type P4.2:
72kD

P4.,2 without exon1
splicing : 74kD

o]
(=)
o

(B)

Digested
PCR products

M N P

(bp)

N P
B
08—/ wtie (281)
.
R e
234 | = 235
194 == e wwm—191
118~ -
=107
exonl 90bp splice out
Rsal Pst| Rsal
LB oy TR | H
399 470 559 1031
e e e e L e P U m e e 2 e o el b (No: of nucleotide)
191 235 107 9
281 235 107 g
s =====-=-="- VAT o e & g n
f Rsal Pst | Rsal
| | | | | [
[ [ | | i)
399 470 559 1031

Fig. 9. No expression of protein 4.2 full length of mRNA corresponding to 74kD protein in P4.2 doublet Nagano (72/74kD).
The experiments were carried out under these conditions © (A)1.5% agarose gel stained by ethidium bromide. (B)non-

denaturing 7%

% polyacrylamide gel stained by silver. M I molecular markers, N : control, P ; P4.2 doublet Nagano. (C}

When full length of exon 1 is translated, a 281 bp band expected to appear in non-denaturing 7% polyacrylamide gel. The

281bp band, however, was not present in P4.2 doublet Nagano.
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No treatment

Boi G ank

(A)

(B)

(#24% F4 5 1998)

e T m 72kD

Fig. 10. Changes of clectrophoretic properties of protein 4.2 (72 kD and 74 kD) in the presence of 4M urea in P4.2 doublet

Nagano.

C : control, P : P4.2 doublet Nagano, (A)immuno blot with anti-P4.2 antibody. (B)SDS-PAGE with coomassie blue stain.
Under untreated conditions, two protein bands of 72kD and 74 kD of protein 4.2 were present in P4.2 doublet Nagano. After
the addition of 4M Urea, however, the 72kD band and the 74kD band appeared to merge together to form one band,

RGNS XIZ, SHEAEIIBWTIERES
Rz HWEEOME Type Iisoform Tl, E#
72kDP4.2 L ERICERIAEHEIIHY £
GuwlEZ L.
(2) P4.2 DEBEMBE, b LIEERCEE
WEARICL S EBEOEL (PL2 SO
iz Z I T AWEEMEE LT, BIFMEICL
% 8 1 2 v T i hydroxylamine ML H# {2 L 5
palmitic acid Mg 3, T/, #HHIC X A58
DT, glycosidase LB % 4T - 72 A%, P4.2
OBEER72/74kD OEKIZIIE/LEED
ot BEdG, ShbDP4L2OENE
SiE AL, REIZED LN PL.2DEEIED
FlhrzERTHLEZZ 0RL 70

—F, EHO—7 3 /BEHL L IERK
L oT, HRAKE L, YEEHOSHBIENIEL
THRBII W oPFMEENR TR, T h
SOBRRIIMEMER KLY, TOEEHE
DIEEIEET A DG, —T3I/BERIC
S BH I AREREFTEREEZ STV A,
AREBNZ BT, REMBLAKIICT, 72/74
kDD ADP42B—RIZELA-Z T,

deamidation |2 2WTIZFERIIBFEIZTTE v
7, BE 4D HEORRIL P42 VIFEEE
fk, Bl %, exon 10, codon 488 : CGT — CAT
(Arg —~His) BEFRECERATLIEZZL
hi.

2. P4.2 ERor KABSERIZ DV T

P 4.2 RIBRE DI HBEEF EMFEL-FHR
PAL2 REDESGVITHIEL T, £ OREHEER
TARLLZ LR SN,

FThbbh, DTOLICFLodohsb,

QHEFRED S HE P 4.2 A RIBEIZD VT
&, PA2EETEMKTIEEL, BLAPL2D
HEAEEBEHTH A band3 EHOBEEZETFEREITT
T3 5.

AFETPL2 BERBO—HIZHEE S 7
4 F B % Band 3 Fukuoka (band 3 . exon 6,
codon 130 Gly — Arg, FEH &) i, band3
HEHOMPBE F A4 IZHY T, ZhET
2, #MRBEF AL 05 FREIE Band 3 Tus-
caloosa 2!, Band 3 Montefiore ) @ 2 #if 5] 2331
XN T3, Band 3 Tuscaloosa 330% P 4.2
RIEF 2T 5 HS T, band 3 & & F codon 327
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CCC — CGC (Pro — Arg) & Band 3 Memphis
& &4 5 A7z polymorphism T # % codon 56
AAG —GAG (Lys— Glu) @ EAF o4k
TdhAH. 72, Band 3 Montefiore (388% P4.2
RIBE ET 5 HS T, Band 3 & {ZF codon 40
GAG — AAG (Glu—Lys) =EBEGHTHA.
WIS REHEEERD LAEZE~T oESK
ELTHREL, ~NTHESERTIZERIMLEER
REPEDL V.

Z 15 @FEH T inside-out vesicle 1¢) band 3
[ E P 4.2 @ re-binding study A7 88
FOFER P 4.2 KB AIIHIAS L 72 band 3 {23
T5PAL2DEEEOKTAFHINL TS,
ZHEDFREA, band 3BIEF LOBETEY
PRETHAIEDEFITE ATV

PL2RIEOEEDO—2 L LT, UTD kS
LfEATES, Tbb, Band3 EHIIEN
KA 5 codond0d T TOMBEF AL ~ 12
KA BALOHGHEET AY. 0T
L NEKGA» 5457 I /BEEFTOYS FAWME
PHTAMNEIILD, TIAMEEFOP
4.2L DV T — RN EBEET L L E 2
BT A IR & SERIT % 4T - 7 codon
130 % R #*Y, Band 3 Tuscaloosa®, 3 L Of
Band 3 Montefiore 3 (X, TOERD/LDIZT
I/ BOBRNEFEE 77 AWEICE/ILIES.
DT LHFPLZLEOMEIIHEELRIZL, &
& LT P4.2 DARMERPR~ DML A A A % B
TAHUGEREIEZELZONA.

@EE P42 HARIBIEIZ2VTIEIP4L2E
fFBLUband3 Bz TOWTFNIZHHEETF
RENFEEL 2WHIPFET 5.

Band 3 RIBSEIZHE D B P 4.2 TR /KABIEL
BwTid, band 3 BET LOGTFEELHES
NT 54, BEEE P4.2 HAU/RIBO 104ER O %
HiIZBWT, PA2B LU band 3 iz OV
Nz TFEEEIROeh 7. —F, B
B P4.2 RIBIZband 3 RIBAED 3HlIZHB VT
i, VWRD band 3 Wi T FICHABETFR
EhED LR

SRS OREP, GEE P42 B S KIEE

[

57

ORFEIE P 4.2 $ 7213 band 3 BIEF LS
TAHILLEZLBNS

SO PA2 T RBRENS A, HWIKEY
ICHS OEZELTwa. HEOE I 5,
HS O 5 8R% & LT, spectrin, ankyrin,
band 3, PA2 MM Tw A, LT, &
B S 245 FE2% % band 3 B LU P4.2 BIE
FIZHRH L Ao 72 P 4.2 8 RIBEANZDWT
4 spectrin, ankyrin |24 T REE 7 A REME
IREETE v, T4bb5, P4.2d band3 L
H4Z b spectrin ¥ & L { (T ankyrin (2 LT ¥
—2FEoMEEENH B L EZ SR
3. P42 e RIBEE

P42 EXRBED2ERIT, wThdP
4.2 38 1% F @ Nippon type (codon 142 Ala — Thr)
THY, FMBEEFOFEEABTH-/2. B
EECIZPL2REREDHNBEFIE 7
DOPA2EBEFRENHESINTED), wTh
bEgmkdMEEEZA %R L, Nippontype
OFEEBEAFERNRLSHEETHLY. TOMIZ,
“HEATOEEEERTEAFRESIATY
U4, HEFTHOL I B3 1 Nippon
type 2 — 4 @ allele (2528 5TV 4. Nippon
type G LARVIEf b A SR Tw54, £
OBEBD T L. PA2EERIBERHA
NI WS, 20HEME LT, BEA
{Z31F % Nippon type # AT OHESEICHRE T
DHHAMEI3H 2 ~ 3% T, polymorphism & LT
FHBNEHETHAILFEZLN TV,
AFEIZBOWTRRSAZENOmMLS, HEA
LBV TPL2EERIBEZ R LGS0,
39" Nippontype # £#ETXETHA .

3 & &

ARIFFEIZ BT 5 P 4.2 EHEIED phenotype &
genotype DR Z, HEHLFHROFMEIZOW
THERI L7z (Table 5).

(1) PA2 OHMERFETIE, HWAELETIZIPL2
BIETEHBTHY, FRICHETZREHON
HYESEH L Twv 7. P4.2 doublet Nagano 4
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Table 5. Characteristics of phenotypic and genotypic features of protein 4.2 anomalies in hereditary red cell membrane

disorders.

P4.2 anomaly Mutant gene Phenotype Heredity
Qualitative anomaly
Expression of abnormal _ P4.2 _ P4.2 doublet Nagang AD
pa.2 [ missense mutation ] (72/74 kD)
P4.2
complete homozygous missense P4.2 complete AR
defect mutation; deficiency
Quantitative _ mostly-Nippon type
anomaly
Wetitary| TRdeEte ) BandS HS: Band 3 Fukuoka AR
P42 defect (missense mutation)
deficiency T
mild Sporadic
k HS
defect b { non-AD)
AD: autosomal dominant, AR: autosamal recessive, P4.2: protein 4.2
HS: hereditary spherocytosis
BZDEFTHY, RETLKD EHPFIEE O
50% % CHBL, TOHRAIXPL2EETOA ] 23

ERTATOEGRTH -T2,

(2) P42 DEHBEEE, HbH, BRE&EAIZIEE
ALREBIET, EHPAL2ORBBIT LSS
Thsb. ERUTHLPL2ORBESHLS
¥4 5L, PL2uERBETHRKEBETIZ
PAL2BEEFEAKTHY, FHEELU ELORIET
X P4.2 A ENTdH A5 band 3 DBEETRHE &
Zz ok, —7J, BEP42 BMRKIBTI,
P42 F7- 3G ENTH S band 3 DEEFR
TS OhLh-23FHh s, FRUAOEN
DEEFEREOFELEZ SN

Ll HEBEFHELIIS N h o
BE) P42 M RBIZOWTI, %5
ankyrin 3 DRI EKIEE [ O FEEFHE, €L
TaEMl 722 R A linkage study L ETHA .

X

fReBZBIIHIY, WARE, MEHELE- Ik
R KM AR A AR, MRSBERRAEET, )
WP R A L HE  RE MR L 5
BEHELIV. 34, HEDZEHCCIFERAAZL
AR ITHEARKISRECBHeLET.

AL, LWTFORBOLETITbRLA0OTHS,

LIERFATR RIS EREFEHNEITE (06044212,
08044328, 09044346, 10044329), [ — #% #f 92 (B)
(07457236), [HEMIIZE (B) (2) (09470235), [Fl—#k
WEgE (C) (2) (07670180, 09670164), I[Fl 2k 8% 6F %% C
(09670164}, HAEMiREL 2 0 MR 205 L L= Ht
98, LA s R R MR AR (R
T-94F), A MR i B AR CRRE104E),
NIEER K 7a ¥« 7 SR (7-104, 8107, 9-
109, 9-310, 9-809, 10-111, 10-305, 10-809).

R
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119-137, 15993
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