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Structural Analysis of Abnormal Hemoglobin with Amino Acid Substitu-
tion in the ¥ Globin Chain—HbF-Onoda

Kazuko Doi, Satoshi Ueda, Keiko Harano* and Teruo Harano*

Isoelectric focusing of the hemolysate of cord blood collected from a healthy
Japanese newborn showed the presence of an abnormal hemoglobin band migra-
ting between HbF and HbA bands. The content of the abnormal hemoglobin of
the total hemoglobin was 26.4 %, while that of HbF was 48.7 %. CM-cellulose
column chromatography of globin obtained from the hemoglobin gave an abnormal
v chain. (vX). A structural abnormality in the X chain was found by amino acid
analysis of the abnormal peptide appearing on the fingerprint of the tryptic digest
of the ¥X chain and by determination of the amino acids released by Carboxype-
ptidase-A digestion, of its C-terminal region. The results suggested that the 7X
chain had an amino acid substitution of His—»Tyr at the position of 146 (C-terminal)
of the ¥ chain. In addition, the amino acid residues at the 75 th and the 136 th
positions of the ¥X chain were isoleusine and glycine residues, respectively. This
is the first discovery world wide of hemoglobin possessing the amino acid substitu-
tion of His—Tyr at the 146 th position of the ¥ chain. Therefore, we named it
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HbF-Onoda [a, Gyl, 146 (HC3) His—Tyr] after the city where the cord blood was
collected. (Accepted on April 4, 1989) Kawasaki Igakkaishi 15(2) : 328—333, 1989
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SHETR, BRTRRINERE~E
v (Abn Hb) % 480 KT DIE - T\ 5.,
D5 b DAL E (250 &) 2B SR
o Abn Hb ©h b, a R Abn Hb (1
1BOETHSH. Larl, v #ECEFEOHS Abn
Hb 1250 fa Mz s+ e Shid, $#E
KAh Abn Hb ofifigsd L TIEHIATE
BRIk EYE: (EXR7 v, TASA T VESRK
L) X AMEBRS OBHOREE X, EERH
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Abn Hb OB I LEA IR, 2 RERLH
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A8, B A LR BT A R O R IR 2 H
LR > FEABEIKENECWKEIL, E
#7e HbF & HbA ol i @ xh 5 Hb &%
RUfe. Zo Hb o—kiEEN T 7 4 v —
FY V=T I 2BOWNE, BIO A EFY
RFFH—~FAWL D 7 r VD C—REEAL
T IJBOMERC Y o T fTole. ZOKE, =
@ Hb 3 v $4146 67 (C—KERAL) D 7 3 /R
His 28 Tyr @ B#aL C %D, v 750z lle, v
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THHZENbhole.? @I, HAXZo
B MR O X N IREDO H 2 THAC LA
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MK % B AER TG, MRO 3 FED
AREK, 0.5 fEFoMELREL ML, B,
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3. S¥EAESK KB (IEF) X% Abn Hb
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Co) &L RV T 27 IAT I Frak THY
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(pH 6.8, Na* 4 # v&ft 5 mM—35 mM) #
Aok ®
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X% C-RMMELo 7 3/ BT OPRTE

Bl e v v 248 o 1/200N-NaOH &%
AL, 50mM N-=51 21k ) VEEK (pH
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CPase A=200: 1»
EALRIC S X
5 z. CPase A-DFP
(Sigma Co.) # Jn
%, 25°C, 4RMHIR
G ZRie.” RIGK
IR RIREE S 7 A v
Ry F LRI B
rs5120% Ak
A F AR,
3000 rpm, 1044
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WL, #E7T 3 BERAFEA.

& 2

ZZTHREAN IR, EESH T, 20
BHECIMEFENRERF AR bR ol
JEH L s B B IR o IEF T, HbEF &
HbA oficEH# v FazsBih, £Hbd26.4%
T HoTo. F i HOF 48 1348.7%, HbA
15.3%, *offh §E{k Hb R aging band t#*
zbhd FEB 10 % FELT (RERFC
X %) (Fig. D).

BMKEDORER e —AT7 7~ MEE
KIKEITU, IEH o 8L v g7 R E Vv DEh
R 7 e € VOIS BN 5 T2, 7
rE VDO RECM err—AHFAZr<}
757 4 —TCIIER v 8, BRIV a iy
B EYOERNS, EFy#HI ) RBEHTHE
S0 E R, fast moving v §45EE & 3> HbF

HbA, HbF_HbX HbA
(=) W (+)

Y-233

Control

Control

Fig. 1. Isoelectric focusing of the hemo-
lysates (pH range:6.7~7.7)

Chromatography —

(=) =—— Electrophoresis —— (+)

Fig. 2. Fingerprints of the soluble fraction of the tryptic digest of the
y—chain (A: normal, B: abnormal). X: indicates the position of
the abnormal peptide spot.
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DERMKLTH S L% ~L, IEF o%ghe—
FHL T,

HEE 7o yflirm v b Y 7y Vil
HEERS D7 4 vi—~7 Y v (Fig. 2) i3,
v T-16 75 F O Hk % RL, TOfRbD
i, vy T-9 X7+ FAAE, bD EH I BEES
7 FAHR, P OFEFEERLI (Fig. 2B, X:
BESNTFFARy ). v T-9 75 FOR
AZBEFDH LY ol X T F FEDO
7 3 7 ERMEBE, EE, v T-16 (v-145-146) i
His & Tyr B » OSBRI N T T E 00
bbF, Tyr oxDFEX R LI (Table 1),
O RER D, BE v $4 v-146 fz D His
N Tyr @B I Nizhy, HDHL y-146 Lo
His 23 L, SN R 7D 28D
BNEZBRI., ZOZEEPELNTBITHIT
Sl v $42°m € v CoRIEREEIER © 7 3/ BEEL
Fla kBT 5 = & Lfo. CPase A 3B D
~_7F NI Pro, Arg BENFET S L, £
D7 3 /RO C-KMALT RIGD B1ET 5 &
SHRWNRDZ.V EFBIC FHINDRYE
Yy e €O C-RKmBEEO 7 1 BEREFIL:

140 141 142 143 144 145 146

IE#: —Ala-Leu-Ser-Ser-Arg-Tyr-His

2¥: — — — — — — -Tyr

or ik

Table 1. Comparison of the amino acid
components of the «T-16 peptide
from the normal y—chain and the
abnormal peptide (X on Fig.2B)
from the abnormal y—chain

Found (nmol)

amino Expected for

acids normal abnormal vT-16
Tyr 10. 51 3.33 1
His 14. 48 — 1

Table 2. Amino acids released from the
abnormal and normal y-chains (zmol/
pmol of ¢-chain)

Histidine  Tyrosine Arginine
normal - 0.79 0.81 —
abnormal 0. 06 1.62 —

THHZ L, CPase A ML X b HEHES
57 3 BESOEEERF TS L, LORM
R THILNTESLEE L. EFEBIV
B o e v v CPase ABERRINC X -
TS« LI 7 3 R0 ERE D o
ISeCVICRTHARR Y HETHE, EE v
B DBEREL 72 Tyr, His offf (pmol 7 3/
fit/pmol v ) T IHTZL VO KL, £
Hoy B Tyr oL \EREL, v 8470
2D HEY4 1L 7 (Table 2). ZoDZ &iX v
146 His—»>Tyr Ol & m~BT5 $ DT Ho
fo. XBI, yT5fLE v 136(L D T 3 /B
WET DD, v T-9 & ¢T-150 XFF FD
7 37 B & 4T L (Table 3), 75 Ile
L y136 Gly # E L. BlEDZ Ehb,

C DR v 84513 Gyl 146 His—»Tyr T H 5 &
St sh, o Abn Hb % HbF-Onoda
[tz Gyly 146 (HC3) His—Tyr] &L,

£ =
HbF-Onoda [a, Gyl, 146 (HC3) His—Tyr]
13y 840 C—KiRfz (v-146) T 7 3 / [REH:
Z#C Lic HbF nZERGgc, HAKENLHR
H#4EX T 5 50 f o HbF-ZERAR 1TIT A
Table 3. Amino acids components of

¢T-9 (v67-76) and yT-15 (v133-144)
peptides of the abnormal ¢-chain

(nmol)
amino yT-9 yT-15
. Found Expected Found Expected

acids (¥75Ile) (y136Gly)

Asp 1.0 1

Thr 0.8 1 1.0 1

Ser 1.1 1 3.1 3

Gly 1.3 1 1.3 1

Ala 1.0 1 2.0 2

Val 0. 6% 1 1.8 2

Met 0. 4* 1

Ile 0.8 1

Leu 1.8 2 1.2 1

Lys 0.9 1

Arg 1.0 1

* indicates N-terminal amino acid of the
peptide
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bhitwel FLVWHOZERETH P &
RETHAR HBHVX HEAANLD RN R -
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Asn—Lys]) % b, HbF-Onoda (k559 &FH D
HA#% T35 Hb F-ER{kL 85D

Hb F-Onoda D {RRHE T H - I LR
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C—RWLT 7 3 /A% B L 7 Abn Hb 1
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(Arg) 7 3 VRE# % %> Hb Cochin-Port
Royal [g 146 His—Arg® [t o 53—
#: (Asp) b B\ ik (Pro, Leu) 7 3 /B
#1% 4, > Hb Hiroshima [ 8 146 His—Asp], ®
Hb York [8 146 His—»Pro],1 Hb Cowtown
(B 146 His—»Leul'V ix, WFh i RHEE X

X
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