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DNA D #IlRBEFR A& Abn Hb O#S&RIFICENR FBR &K >TaY, Hb Taka-
matsu [£120 (GH3) Lys—GIn], Hb Riyadh [8120 (GH3) Lys—Asn] & Hb D
Los Angeles (3121 (GH 4) Glu—GIn] @ 31D Abn Hb OQiEBiTNRRK SN,

Hb Takamatsu ORE#® DNA % #IIRE% Bal I THLL, "P-F~LL7 FIVS 2
probe & hybridize $3&, EHAICHSNS 2.1kb @ fragment band D(EMIC,
1.5kb OFH L\ fragment band HiNF=. Sh(FSD Abn Hb D7 3 /EE#H 8120
Lys—GIn (2 &% 73/Ba kD AAA (Lys) /5 CAA (GIn) ~D T D #E,
Bal 1 D lianfis (5-TGG!CCA-3) higfik Lz LERTHDTHo7%. LoL, Rl
BO7 I /EBE#H%E 5> Hb Riyadh TE Lys—Asn OERO -5 Bal I QYLD
HEFAONT, EHEELFEL DNA fragment pattern Z5EL 7-.

Hb D Los Angeles {#E:%#5? DNA & EcoRI/SIVS2 QMETIE, E#75.2kb
@ fragment band (I 8.8kb Dk =7 fragment band piEh7-. 73/ BE
#lE Eco RI OERMPHDEEAERITHEBTOHEEERIC LI DO TH - 1.
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Structural Analysis of Abnormal Hemoglobin with Restriction
Endonuclease

Teruo Harano, Keiko Harano, Naomi Ohmori* and Satoshi Ueda*

DNA restriction endonuclease mapping is useful for study of the structural
analysis of abnormal hemoglobins. This paper describes deduction of the struc-
ture of three abnormal hemoglobins, Hb Takamatsu [8 120(GH3)Lys—GIn], Hb
Riyadh [8120(GH3)Lys—Asn], and Hb D Los Angeles [ 8 121(GH4)Glu—GIn].

"When DNA from the carrier heterozygous for Hb Takamatsu was digested
with Bal I and hybridized to a 3?P-labelled B IVS 2 probe, an abnormal 1.5kb
fragment band together with the normal 2.1kb fragment band was observed on
an autoradiogram, showing the production of a new restriction site (5-TGG'!CCA-
%) for Bal I owing to the alteration of the 8120 codon from AAA (Lys) to CAA
(GIn). However, Hb Riyadh, which has the amino acid substitution of Lys—Asn
(AAT or AAC) at g120, showed no abnormal fragment bands, when the same
procedure was used.
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Although normal DNA digested with Eco RI and hybridized to a BIVS2 prebe
gives only a 5.2kb fragment band, the DNA from a subject carrying the
(3D Los Angeles mutation revealed an additional 8.8kb fragmant band, an abnormal

fragment band caused by loss of the Eco RI restriction site. (Accepted on Decem-
ber 6, 1988) Kawasaki Igakkaishi 15 (1) : 102—108, 1989
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DNA o #lfEEEsE# X D {ER %> RFLP (re-
striction fragment length polymorphism) 43
Wi, SEEEREOREEOFE, FHCH AR
SWNCIIER i TH S, LaL, RFLP 4r
FoOBEE, REREIRS ZEDOTERVE
HThh, FEBEHRISIL-ED Lig& Zi,
B BMERTHI LD S, BEEEREDE
ETENC L 2203, BRLEZ TEETH
BT OR B, HIFREESE O F R AL OH
R MERR CTHAT, HIREERS Y L
Maze 32P— 5~ L Lz probe & o hybridization
X o THEMCITS 2 &N TE 5.

foxr, HAAHAOREmER (Abn Hb)
<, WE - SRR ERRC R S hic Hb
Takamatsu [8120 (GH3) Lys—GIn]V =,
ARG AL AL TS & Wwbh3 Hb D
Los Angeles [8121 (GH4) Glu—GIn]» =2
W, BRI X 2EEBRHYRAACDOT
HET 5.

MR EFE

st & BYsreE VIR T I BB Y R
- L7 Hb Takamatsu, Hb Riyadh [B120
(GH3) Lys—Asn}® &+ Hb D Los Angeles
DIRRE.

DNA o Bi#t: Poncz H kY L T2
ED X5 Tote. #5510 ml OFRM Mm% £
AHEKT PEL, buffy coat # Hbi-. lysing
g [131 mM NHCI, 0.9 mM NHHCO,] <«
B %, md (2,500 rpm) U AIMBRE % &
»tz. 9.5ml o STE %% [10 mM Tris « Cl

(pH 8.0), 10 mM EDTA, 10 mM NaCl], 0.5
ml » 10 % SDS (Sodium dodecy! sulfate)
%y & 50 pl o proteinase K [10 mg/ml 10
mM Tris « Cl (pH 8.0)] @ x %, 37°C,
1% incubate L. FED7 =/ —21, 7 ®
m koL ACIERER, mOHL CEEYED, §
70ml 7L —a1 A, DNA ZFH X%
72, 709% 72— CTEEkL, EEEERL,
TE %% [10 mM Tris - C1 (pH 8.0), 1 mM
EDTA] s L, DNA Ret& L.

probe OFHL: rw—vib Xhi e+ B 7
m & ViEfET% Eco RI-Bam HI (Nippon Ge-
ne Co.) THfLL, BIVS 2 FIRAE &Ly 1 kb
o DNA Wik #a & v L, RUHRERTHL
L7 M13mp 19RFI % vector & L T, T,
Ligase ¢ ligate L7 (12°C, 20meRD.

—%, JM 109 # ® overnight culture %
2x YT s ¢ ODgso~0.512 72 % % THE#
L, CaCl, T T competent cells % JH%l
L,» oLz DNA % transfect L 7.
X-gal, IPTG % & ¥y YT-plate Rt ¥ %,
37°C, 17 incubate L7:. #&f o plaque %
L b, IM 109 #ic infectL, 2xYT B5#brC
BEELI. mOL TEHELED, TAH VLT
MMz DNA #3881 7.9 EcoRI-Bam HI
THEL, 7 He— RA¥ L BRKE—DEAE
paper (Bio Rad Laboratory) WEFE” TH
1kb o DNA Wi J-# [EIZ L, probe (8IVS 2)
L L7z, ¥P-5-~L (% nick translation 3% ¢
f7\>, hybridization probe &1 7c.

DNA D HIFBEE K L % H1k: #95ug D DNA
wE b, HIREEEM 20 unit iz, HESH
T T2 ~4RMICET - . RIGK%
0.8% 7 #r—ABSIKENCAF, 4 DNA #f
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B Globin gene
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Fig. 1. (A): Map of the B-globin gene area showing the position of the cleavage
sites of the restriction endonucleases, Bal I, Hinf T[ and Eco RI.

(B and C): Autoradiogram showing genomic DNA samples, which were
prepared from the carriers of Hb Takamatsu (B), Hb Riyadh (B), and Hb D
Los Angeles (C), digested with the restriction endonuclease and hybridized to
the BIVS 2 probe. Lanes 1 and 6 =normal subjects, lanes 2 and 3=subjects
heterozygous for Hb Takamatsu, lanes 4 and 5=subjects heterozygous for Hb
Riyadh, lane 7=subject heterozygous for Hb D Los Angeles.



B3 A« HIRBER AT & 2 Bw il ta 3R D B dr 105

Fiebhidic., 7Aor ), hRKIGAEE, =t
rE/r—AR Y7L viZ Southern blot L
7.9 TR 4IRE X Bal I (Toyobo
Co.), Eco RI th 57z.

probe hybridization : 32P-3 ~,L | = probe
L salmon sperm DNA > @i+ ¢ 104-fH
mE L, kT A& T5. Zhik dextran-
sulfate-hybridization ¥y (50% formamide,
5x Denhardt’s ¥, 5xSSPE, 0.1 % SDS,
100pg/ml salmon sperm DNA, 10% dextran-
sulfate) Iz Att, & Ha Lo 6xSSC Bk i
L, ZWLEL 7~ salmon sperm DNA #41r
hybridization ¥y CHy 4 B ML 7z £ v
TV VEART, 42°C T o< hiERL et
52085 f5] hybridization %47 - 7-.? washing
%WE (2xSSC, 0.1% SDS) Tt+odk&l, ¥
Bk, X7 4L a2BHNTAH— P TOFT T
74— 1~2®fTHo7.

L] *

Bal I {4y ® BIVS 2 probe iz k % #idk:
#IPREESE Bal 112 5-TGG ' CCA-3 i HAELF
PREET A @x, Jho G-C ik
T5. 20X REARINIIEE B/ rE Y
BfEF o Exon ficidfFfERd, Y-B&IETF
EHo 75 v v rEHBcH B CCAAT box
fz & 3" 4o poly A AL & » TUl#Y 4004
#xf (bp) DfBCHAETZ (Fig. 1A). =
DFEE, IEH A DNA o Bal I (k4o BIVS 2
probe hybridization ¢i3# 2, 100 #53Ex%f (2.1
.~ kb) o fragment »3@Zxh 5. LaL, Hb
Takamatsu ® 7 3 /EE#HR B120 Lys—Gln
1Z, Lys =2 Fv AAA ® Gln =2 v v CAA ¥
7ok CAG ~DEHBRTH HH, —HERERD
AAASCAA OFBMNRZ o1 b DL FHEA
5. COFBMARIE, ToOFEETo Bal I
TERENL © Fidk & %2 Hh, Bal [-BIVS 2
probe hybridizationC % 1460 bp (#1.5kb)
o fragment BB h 3z g 5. FHE, Hb
Takamatsu © ~ 5 e #E&4& TX, 2.1kb D
fragment sz, 1.5kb o fragment 23

Bh, CoOBEKBROEZ - TW5I E%RL
7= (Fig. 1A,B). zhik®yL, FU 8120 L
T D73 /BB 3> Hb Riyadh [8120
Lys—Asn] Ci%, B120 7 3 /= F vE#T
AAA—AAT %7-13 AAC Th D, Bal I{EH
ML OB ER b, = OSSR, Hb Riyadh
REZOH AL, EHALFAL DNA frag-
ment pattern # 5% 7= (Fig. 1 A, B).

Eco RI {4 k4 © BIVS 2 probe i X % &
F: B mv VvBEFHEE D EcoRl OffH
Wiz (-G AATTC-3) 1%, B&EF Exon3
D B121-122 2.7 3 /g (Glu-Phe) =2~ F
T AT 5-GAA-TTC-3 HETS. ¥
fo, ZOEWE LD EWS.2kb o frE &, T
3.6kb o i iz b5 (Fig. 1A). EHEA
DNA o Eco RI-BIVS 2 probe hybridization
T, FHED 5.2kb o fragment DL AE
Z3xhs. Lal, 8121 Glu—»Gln o7 3/
fpE# O - 5T\ 5 Hb D Los Angeles %
HETIE, Gludo= FYGAARGIn D=2 Fv
CAA (%7:1% CAG TH 5, CAA 2MENL)
~OEHAEZ bh, Eco RI {ERMALOWHEE
MLz 5. Zoi®, Hb D Los Angeles {f
HE» 5 D DNA o EcoRI/BIVS 2 LB T
%, 5.2kb & 3.6kb o fragment 23EA&L T
41 7- 8.8kb » DNA fragment pHZEXh
7= (Fig. 1 A, O).

% 2®

DNA D HIRE R % & #2475 probe & D
HRT L 5T LD Abn Hb DOREEHEEMT
&5 &, BRZHY EER HARTZENC
FHEhS. Lal, 48, BArBERFENS
WEFIHTE 2BRCIBCR Y 235D, T
TD Abn Hb ORgERHEE T 5 & LIIARARET
% %. Hb Takamatsu (XUE « Exdiic
HEPORRENRBRINTED, i, RAME
TO7 I /BER Y- L Hb Riyadh 4 H
Az TcRAIhTWS (Fig. 2). 2hb2
o Abn Hb OBERIKEIFIEE R HEERE D
B 7 4 vH—FY VO 3AZE L UTE
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h (Fig. 3), Fi, MEO 74 vH—FY v
P EMSDRFESTF PR BT S 2 Lk
BIFHLL, 7I/7BoMbERBECT S LE
MnH5. DNA OERFHSILZ OMELH
BT 5 ETCENRFBRELS.

Hb Takamatsu 0 X 51c, HEEEHE (73
JBREWR) HHIREER © (ERMA & T3

Fig. 2. Distribution of Hb Takamatsu (@)
and Hb Riyadh ([n]). n : indicates the
frequencies.

e

BE3, ToESHRENESTHHA, Hb D
Los Angeles 0 X 5ic, HIBBEFEHL O
HHEE 7 3 VB % BETHZ LI TER
\». Hb Riyadh X B120 207 3 /R EH L
T\vz, Bal Lizidine7 B O HIRE
%% Auvisidhud 7 b7gyv. Hb Riyadh o
B120 Lys—Asn @ 7 3 /[RE# 75, AAA—
AAC DigHE#TIn{, AAA—-AAT Thh
VF, 4IEEZEE Hinf M (5-CGAAT-3) (2 &
L, IE#A DNA o Hinf M-BIVS 2 probe
hybridization ¢ 4.4kb o fragment % &
2 A%, Hb Riyadh % 0.8kb o fragment
RETHILNTES.® 7 I VBOERE
FIRAC, EHE = F v RMb 2 LN TE 5.
LaL, BfEDLE A, H4ix Hinf I # A
F, FHTHZ LIETER.

B 7w ¥ VviEETFD Exon 4, Ball ©
TERALAS FiAET % X 5 7e —HEEBRY EY
AD B 7w & VBIETHEO HERHN® & EE
L TCHETHZ &N TES (Table 1), Hb
Takamatsu D\, 1o silent mutation
L 6fD Abn Hb 4EFnRELOLRS. Zh
HD5H, FTTRHERINI Abn Hb (% Hb

— Chromatography

(-4—-; E1ecﬁtrophresv1's —P(’;)

Fig. 3. Fingerprints of the tryptic digests of the aminoethylated @Takamatsu (A) and
BRiyadh (B) chains. The BT-12b and BT-13 peptide spots disappeared are shown by
the dotted circles, and the abnormal peptide spot (8XT-12 b+8 T-13) is indicated

by the arrow.
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Table 1. Hemoglobin variant produced by addition of restriction site of Bal I
(5>-TGGCCA-3") due to the point mutation in the region of exons 1,2, and
3 of the B globin gene.

& W Substitution of Variant

Amino acid seq. “Abnormal amino acid
Mﬁ?gﬁf Asn é?(j (_}G(i ‘/}[}9 B 56 Gly—Ala not detected
Hig-?}glg?Lys 9[}? (_}Sr(_) Aé‘ _ 865 Lys—Gln Hb J-Cairo
As%?(?})igLeu (_}I_V.I_\ ?99 SX(_; B 75 Leu—Gln not detected
Lg?g?;%%sn cTG ?89 AAC £107 Gly—Ala not detected
Lo CTG GCC CAT 8116 His»Asn | not detected
Pli}ézlg;rl—%oys ’_I"E‘:l_‘ 9(_}9 Aéé B120 Lys—Gln Hb Takamatsu
Vﬁ_lﬂ;igsn (_}rf(_} 9(_:T éé‘? B 138 Ala—Ala Silent mutation
Lgfﬂﬂfq’is (_:?9 999 gé(_: £ 143 His—Asn not detected

J—Cairo [865 Lys—GIn]" v % 5. Hb J-
Cairo {3 [H % DNA o Bal I-BIVS 2 probe
hybridization T X 1660 bp (# 1.7kb) o
fragment 2AMHEINB EFHIND. BED
K ik, 0.1kb o> DNA fragment 215§
Hel KEXTHY, ZOHKL X-T Hb
Takamatsu & Hb J-Cairo X X Fl I h 5.
¥7-, JIFED probe, flzi¥ B /' r € VBET
o Exon 1% 41y DNA /¥ % probe
ELTENE, SHI ZDHPNIEH LD
(Hb J-Cairo: 450 bp, Hb Takamatsu: 1460
bp »% fragment 23HEL). LaL, Zhic
B aWEixie .

DNA o HlfREERSHT T X 5 B X, i
ZVRBUSATHRHEOI T AL Abn Hb
CEMTHS. HlziE, K7 v 7 KT a—y
S+ I THEERAYE T % Hb Quong Sze [a125
(H8) Leu—Pro]® 1%, mRNA 3 JEEICARZ
Eictedic, Hb 4T & L TR £ DFFLE

X

BEADBHZ EDTEM\ Abn Hb TH 5. L
nL, 207 3/ BEEEREHEMsp 1(5-
CiCGG-3) o {ERIMNL % ¥4 3 5 /c Hb
Quong Sze DFEEEM E S hDHTENEHIT
T Tw5 .1 %7, HATIE, HbShowa-
Yakushiji [8110 (G12) Leu—Pro] »FE R X
Tk b, Hb Quong Sze L[EIKEIC 45+ 3
THIERAEL, HIRREESR Msp I ORI
DFENLELNS O 24 HRWCHET o7
MR %% 5 Hb E [826 (B8) Glu—Lys]
THIREEE Mnl I (3-GGAG-Y) o EHFIRAL
DEERIRHZ LI BRI C XD AL
oo TWn5 10

LB O THEYFEOREL, EEFRCBEFE
DECRNT, EORMEIVRIRTED, #
R TREENI CORNFE» v 252 L5 &
LTWw5.

AL, NKERKY: 7 = 2 2 - BF5e% (62-
401, 62-402) D—HIC & - TiTbhI.
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