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HEMOGLOBIN HUIYAMA ( a, 8 , 120Gly)

A RECENTLY DISCOVERED FAST-MOVING HEMOGLOBIN IN A JAPANESE FAMILY

BAAD—ZRBELSRERREE WA ABDEORZVOLE R

INTRODUCTION

In a previous report from these laboratories, results of a
survey for hemoglobinopathies in the Nagasaki area of
Kyushu, Japan, were presented.] In over 5000 individuals,
one abnormal hemoglobin, Hb E, was detected in a 33-
yearold Japanese male, and subsequently in four other
members of his family.

Reported here are the results of a similar survey among
9262 Japanese residents in the Hiroshima area of Honshu,
Japan, conducted by the Department of Clinical Laboratories
of ABCC in Hiroshima City, in cooperation with the Third
Department of Internal Medicine, Yamaguchi University
School of Medicine, Ube City and the Department of Clinical
Pathology of Kawasaki Hospital in Okayama City.

Two abnormal hemoglobins, both A chain anomalies,
were discovered in this survey. We describe here the
chemical characterization of one of these abnormal
hemoglobins which, on electrophoresis, migrates towards
the anode faster than Hb-A. This abnormal hemoglobin,
named Hb-Hijivama, was first discovered in a 53-year-old
housewife and later in her eldest son. The abnormal
hemoglobin does not seem to be associated with any
unusual clinical findings or hematological abnormalities.

METHODS

Blood samples were obtained from 9262 individuals who
visited the ABCC clinic in Hiroshima between 23 June
1964 and 4 November 1966 as voluntary participants in
the ABCC-JNIH Adult Health Study’ and In Utero
Study.a

Blood drawn in the clinic was transferred to the ABCC
biochemistry labhoratory, where the serum was separated
from the clot. The cells, thoroughly washed in saline,
were hemolyzed with water and toluene to obtain a
hemoglobin concentration of approximately 10 g/100 ml.
A week's accumulation of hemolysates, stored at 4 C were
shipped to the Yamaguchi University Medical School

#

i

EEHELOMBORE T, LIHOBRHFMXCIT S -8
FEMARIEORTEOEREIZ>WTHEELAED 500000 L1
BARE L A RIBEO B A MNBM I8 EFEHD EA
Rahn, 20#, ¥EH4ACEZoR CMEE HER
xh .

SaliE, IR & ABCCOBRBE BZEE AT, 88 di Ll DA IR
FEEE 3 NEH s L U L T R B R ER A S L
T, BEBHBEOBAAREZAZOWTH % - AR ks H
EORAEZHRET 5.

COWETIE, SHEAFLATARFMGEEY 2 BEH
REhA ZITlH, CO2HOREMAEED 1212
WT, FofERERERETS. CoREMAETLE
AkEETH AL D IBHEAE KRB LA FH LIS
N % Hb Hijiyama &% T 11/, ZORFMEeEFELFEHIZ
mollRicERsh, 20#%, HEoRBICLEIEER
7=. Hb Hijiyama (3 5 % 4 ERFE AR £ /2 X M F MR
AfEbT VWL icEbhiL.

xR A&

1964 £ 6 H23H A 51966 £11H 4 B £ i, ABCC—F
W AR 2 & & ORI AR LAY TARMIZRE
L= %?9262 M A 15Jﬂlr&1%¢<&}kf LT&ELL.

SOk CHREL Mk & ABCCO L FRTRIIE - T
&M% omLa FEAREART L0 ) HA THE-S
leARIER F ok & R Y TEM L. 910 g /100ml @i i
WERL. ZommEsd CTRFL, 181 E, FiH
M AR FERFEAE > TERY VERKME(PH 65



laboratories for preliminary screening for abnormal
hemoglobins by agar gel electrophoresis at pH 7.0 and
8.6 using the method of Shibata and luchi.* When an
abnormality was detected, a second sample of blood was
obtained, hand-carried from Hiroshima to Ube, for
confirmation and further characterization of the abnormality.
Upon confirmation of the presence of an abnormal
hemoglobin, family studies were initiated and blood was
obtained from as many of the proband’s relatives as
possible.

Abnormal hemoglobin content was determined by scanning
agar gel preparations (pH 8.6). Starch gel electrophoresis
consisted of a discontinuous system of tris-EDTA-borate
buffer (pH 8.6) and borate buffer (pH 8,31-8).5 To estimate
the magnitude of the negative charge of Hb Hijivama,
Hb Hofules: 82 1266Wy \as used as control. Singer’s test®
was used to quantitate the alkaline resistant hemoglobin
and Goldberg’s method’ used to examine the solubility of
reduced hemoglobin. Starch block. electrophoresis was
used to purify the abnormal heml:-globin.8 A portion
of the hemoglobin was treated with p-CMB para-
chloromercuribenzoate and subjected to carboxy—méthyl-
cellulose chromatography® in order to separate the e and
A chains. The chain location of the anomaly was deter-
mined by hybridization tests between Hb-Hijivama and
canine hemuglobin‘w Globin was prepared by removing
heme from the purified abnormal hemoglohin and the
abnormal chain by the Anson-Mirsky method."! Urea
dissociation paper electrophoresis was done using veronal
buffer (pH 8.6) containing 7M urea.'* Fingerprinting
was performed by the method of Ingram13 and Baglioni'
and aminoethylation of the chain according to Jones.'®
Tyrosine was detected by spraying a-nitroso-g-naphthol
and nitrous acid on the fingerprints followed by l'tea\tin,tg,r.16
Fingerprints were lightly stained with 0.02% ninhydrin,
the spots were cut out, and the peptides extracted with
6 N HCI and hydrolyzed at 105 C for 22 hours, after which
the amino acid composition was determined by automatic
amino acid analysis (Yanagimoto Automatic Amino Acid
Analyzer, Model LC-5).""**

RESULTS

Family Study The proband, a 53-year-old Japanese
housewife, was in good health when seen in the ABCC
clinic. Her red blood cell count was 4.0 million;’mma;
hemoglobin 12.1 g/100 ml; white blood cell count ()‘Eif;{),v"mm3
(differential normal); hematocrit 37.5; erythrocyte sedi-
mentation rate 14.0 mm/hr; erythrocyte morphology normal;
erythrocyte fragility within normal limits.
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FIGURE 1 PEDIGREE FOR HEMOGLOBIN HUJIYAMA
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Figure 1 is a pedigree of the proband’s kindred. One son,
age 23, a university student in excellent health, was found
to have the abnormal hemoglobin in roughly the same
proportion as his mother. The son’s red blood cell count was
5.5 million,.’mrn?;; hemoglobin 16.0 g/100 ml; erythrocyte
morphology normal. Two daughters of the proband had
normal hemoglobin; a second son was not available for
study. The parents of the proband were dead. Blood
samples from three paternal uncles and a maternal aunt,
all living in Hawaii, were normal.*

Chemical Characterization of Hemoglobin Hijiyama
When a hemolysate of the proband’s blood was subjected
to agar gel electrophoresis at pH 8.6, an additional ab-
normal band appeared migrating more rapidly towards the
anode than Hb A. The abnormal band was not apparent
at pH 7.0. On starch gel electrophoresis at pH 8.6, the
distance between Hb A and Hb Hijiyama was approximately
twice that between Hb A and Hb Hofu (ay 82 1261 ); the
latter, also a fast-moving hemoglobin, was used in the
electrophoresis at the same time for comparison (Figure 2).

The abnormal hemoglobin was readily separated from Hb A
by starch block electrophoresis (Figure 3). The abnormal
hemoglobin content of the proband’s hemolysate was
58.4%. Alkaline resistance and solubility was normal, as
was Hb A, content.
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*We are indebted to Dr. Grant Stemmermann of Kuakini Hospital, Honolulu, Hawaii, for help in obtaining these four blood samples.
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Figure 2 Starch gel electrophoresis of HbA, Hijivama, and Hofu.
pH 8.6. The distance between Hb A and Hb Hijiyama is approxima-
tely twice that between Hb A and Hb Hoju
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In hybridization tests with canine hemoglobin, the hybrid
Can Hijiyama
(a2 A2 )

anode than {agcan g.%), and the migration rate of
(g tiivama 5, €%y was the same as that of (a» Ag 5Ny,

migrated more rapidly towards the

On urea dissociation paper electrophoresis of globin,
A chain migration toward the anode was in the following
order: /A Hijivama, 8 Hofu, g A. On CMC chromato-
graphy of hemolysates treated with p-CMB, g Hijiyama
was eluted more rapidly than 8 A so that the pure ab-
normal chain was easily separable from the normal chain.

Fingerprints of globin of Hb Hijiyama appeared to be
almost identical to those of normal Hb A globin. No
peptide spots seemed to be missing and no abnormal spots
were noted. However, specific staining of the fingerprints
for tyrosine showed that the spot normally formed by an
overlapping of 8 Tp-1 and g Tp-13, though tyrosine
positive in Hb A, was negative in Hb Hijiyama. Aside
from this single difference, staining of fingerprints for
tyrosine and histidine was identical for Hb A and Hijiyama.

When fingerprints were prepared after amino-ethylation,
the pattern for Hb Hijiyama showed a definite abnormal
spot directly above g Tp-10,11, and the peptide spots in
the positions of 4 Tp-12B and 8 Tp-13 were absent
(Figure 4). Amino acid assay of this abnormal spot,
extracted with 6 N HCl was compared with the amino
acid composition of 8 Tp-12B and 8 Tp-13 obtained from

pH 8.6

Normal
E%¥

Hijivama O

+ Hijivama A Az =

Figure 3 Starch block electrophoresis of Hb A and Hb Hijiyama.
Hb Hijiyama is readily separated from Hb A, migrating more rapidly
towards the anode. Both samples contain about equal emounts of
Hb Ay
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Figure 4 Fingerprints of amino-ethylated beta chains of Hb A and Hb Hijiyama. In Hb Hijiyama 3 Tp-12B and
13 are absent (dotted arrow) and an abnormal spot appears immediately above /3 Tp-10, 11 (solid arrow).
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fingerprints of normal 4 A (Table 1). The abnormal spot
contained one more glutamic acid or glutamine and one
less lysine residue than the two normal peptides, but
otherwise was similar to them.

DISCUSSION

It is clear from the results of electrophoresis and hybrid-
ization tests that Hb Hijivama is a fast-moving abnormal
hemoglobin with a 8 chain anomaly. The migration rate
of the abnormal hemoglobin and the urea denatured
abnormal chain suggests that the abnormal hemoglobin
carries a negative charge four times greater than Hb A
and twice that of Hb Hofu, the latter, in turn, having a
negative charge twice that of Hb A, and that a difference
in the primary structure of the g polypeptide chain is
responsible for the difference in the migration rate.

The amino acid composition of the abnormal spot appearing
on the finger print of the amino-ethylated A chain of
Hb Hijivama is identical with 8 Tp-12B + g Tp-13 of
B A, in other words, corresponds to the residues from
A 113 to 4132 of # A," except that there is one less
lysine and one more glutamic acid or glutamine residue.
Thus, substitution could occur at either 8 120 or 4 132,
the two positions occupied by lysine in the normal
B A chain in this region. The evidence indicates that
the substitution is in fact at 8 120. The C-terminal lysine
at 8120 is normally subject to tryptic hydrolysis, but in
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TABLE 1 COMPARISON OF AMINO ACID CONTENT OF THE ABNORMAL PEPTIDE WITH 8 Tp—12B
AND 3 Tp-13 FROM Hb A (AMINO-ETHYLATED)

#1 AENTFFETI /2 Fnficks TEXLZ H ADS Tp—-12B
HEUBTp-1307 3 / BN O LE;
Hb A Hb Hijiyama
Amino A;{ds ¥ Abnormal 3 Peptide Spot
T3/ i Tp-12B+ o s S A% LA
A Tp-12B 8 Tp-13 ATp13 R 8 ~7F L v
Lys 1 1 2 0.870* 1t
His 2 - 2 2.03 2
Thr . 1 1 1.04 1
Glu - 3 3 3.58 4
Pro - 2 2 1.95 2
Gly 1 : 1 1.19 1
Ala 1 2 3 2.80 3
Val 1 1 2 1.797 2
Leu 1 1 0.96 1
Tyr - 1 1 0.86 1
Phe 1 1 2 2.27 2
Total # 8 12 20 20

* Residues estimated from amino acid analysis

bR, ~

TNearest whaole residue

the abnormal chain, in the absence of lysine, hydrolysis
at this point apparently could not occur resulting in a
combined abnormal peptide corresponding to G Tp-12B
and 8 Tp-13. A further consequence of this substitution
would be that the acid-insoluble “core™ of A Hijivama
would extend from 3 83 to 5132, in contrast to the “core”
of # A which includes residues from 883 to 8 120. Such
an assumption is borne out by the fact that, in ordinary
fingerprints of non-aminoethylated Hb Hijivama, although
3 Tp-13 was missing, an abnormal spot did not appear,
presumably because it was combined with the insoluble
“core”. Arguing against substitution at 3132, on the other
hand, is the fact that 8 Tp-14, the tryptic peptide adjacent
to 2132 (and 8 Tp-13), was in its expected position in the
fingerprint of 8 Hijiyama, which may be taken to indicate
that tryptic digestion had hydrolyzed the C-terminal of
lysine at 5132,

Therefore, it seems most likely that at £ 120, lysine has
been replaced either by glutamic acid or glutamine. In
view of the rapid migration rate described above,
replacement is most probably glutamic acid, since its
additional negative charge would contribute towards the
enhanced electrophoretic mobility of the abnormal
hemoglobin towards the anode, in contrast to glutamine,
which, being a neutral substituent, would exert less or no
effect on this property of the molecule.
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At least two other abnormal hemoglobins have been
reported in which glutamic acid is substituted for lysine.
In Hb I, the substitution is in the « chain at the 16th
residue,? %21 4nd in Hb N3 * in the B chain at the 95 th

2 Thus, Hb Hijiyama is yet another example to

residue.’
be added to the expanding list of abnormal hemoglobins.
According to present conventions Hb Hijiyama is designated

120Gl
as.a@ 3 5

Whether the abnormality has any clinical effect is not
clear. The proband has occasionally suffered from mild
iron deficiency anemia, readily corrected with short-term
iron therapy. Her son, on the other hand, has a high
normal hemoglobin and red blood cell count, which could
conceivably represent a polycythemic reaction similar to
that reported for Hb Chesapeake.”® Unfortunately blood
samples are not available to test this supposition. Indi-
viduals homozygous for the trait would offer convincing
evidence one way or the other regarding clinical effects,
but considering the rarity of the gene, it is extremely
unlikely that such individuals will be found, even in Japan
with its relatively high frequency of consanguinity.

The trait is apparently mediated by a gene at the B chain
locus, allelic to the normal gene. Beale and Lehmann®
noted that, according to the generally accepted concepts
of the genetic code,” single base mutations in the triplet
codons for amino acids in proteins account for all currently
known hemoglobin variants. Hb Hijivama is no exception.
Thus, in messenger RNA, where either AAA or AAG
codes for lysine, substitution of G in the first position
produces GAA or GAG, either of which specifies glutamic
acid (G-guanine, A-adenine in RNA).

The fact that the hemolysate of the proband contains 58 %
of the abnormal hemoglobin raises some intriguing
questions. Hb Hijivama, in fact, stands at the top of the
list of /4 chain variants with respect to the relative
proportion in the heterozygote blood.*® Lehmann and
Huntsman“® pointed out that in an individual heterozygous
for an abnormal hemoglobin, the proportion of Hb A might
be taken as an indication of the functional ability of the
variant. That this might be expressed in terms of relative
affinities of the two globins for heme is suggested by recent
observations in sickle cell anemia carriers with iron
deficiency anemia, in whom the excess of Hb A over
Hb S can be obliterated by iron therapy. One might then
infer a slight superiority of Hb Hijiyvama over Hb A with
respect to affinity for heme, but arguing against this is the
fact that the son of the proband, with a normal or slightly
elevated red blood cell count and hemoglobin, has,
nonetheless, an excess of the abnormal hemoglobin.

vy i vBELE s TEBESATVRAREEME
EoFliziEricbarefmEshTws. Hbl I
BFuTilt, Efite $ol6FH IS D20 Hb NE* Tl
A#EmBEHIZHZ. 2 LA T, Hb Hijivama (L]
KlTwrzREnEaEo) 2 Micllzshd~i, L
VWREEMBETHL. HAEOHG I CENEL, Hb Hijiyama
'&a’zﬁzlzﬂﬁ"’éﬁhd‘:kﬁf‘% %’.

CTOREAFEE R, BB EIPETRTH S
GEyEr, LEFIBOBRRZMOBMELT LS
Ao ERMosEETER ICHR LA, —F, X
DEFOMBERs L URMERETEEME LRI IZ
# 7. ZHitHb Chesapeake®* [z oW THFEh T
L3 n tMEBMEREOUTEGEEEGRT LICEDNS
ArRThH 2, Ao LT, comdiEEd#A~<zL2boM
WERLIATFTTERD . COREEL - TWVEEE
Hoker@~s :, FOEEABEOAEIZODVWT, M
LR h3ThaasYd, COBETFERICE
NThaIEhrELALE, OKTMERSEDRE L
MEwEitni, FEESEOAFZOLS I LITRE
AEELZENE L.

ZoOWEIR, FERET IS TEETOMEFEICZS 58
BT AREFFAAAELTVE LI ICE R 5.
Beale & & (fLehmann ?° (3, B7ER (R 2 h T v 3 38(E
2 — F (Genetic code 2+ Ot ZIZ L hI1E, HEMS N
TuiMEEoZFRIwTFhsEO-EPhOT I/ BIZH
+4232—Fv (codon) 3HOEROhO L 2128135
IRk, THMTE S &M~ T 5. Hb Hijiyama
LS Tt v, LAEAST, mRNAICEWTAAA S
AZWIEAAGTHEDLENDZ )V yDeodon IZDWVTED
F-HBOMBEOAFGIZE - TEBRENS L, GAA
FLIEGAGOERIIELRL, zhixkdicrvy sy
BaiEteodon & 2, VY OB NIZILY I VR
MO BZAZLILES (RNALBWHAG=F 7=
BEUPA=77F=V).

RmEOELERORENGERERIBRTHIZ LI
BEFEVEMAREST . $4bhb, ~TulEsgitom
HWippREnERsRE, S &01E, Hb Hijiyama (28 8
TR OhTEIMEHEFH T WS, Lehmann# £ TF,
Huntsman? |3, BEmM@aEO0A~ATo0BESETHIANLE
W, Hb ASEOEE&R, +0TROBENENIOE
WMEELLENATHASLERLTVRAE. ZHiIE N4
Lt a2o0soe vofidmEMEI L TED
T EHATERZOTI AWMLY Z LD, BRIME
MzH+T2HRUAMEBMBMEEECRT 28IE08ET
TMEhTWE., T4bb, BRIEELE AT 5 HTY
FRMERBMMEEE TIZ, HbASEEFH bSO Eh &
Kewnd, FhESHEHEIILITHEBETZ 48D
4. LA T, ~alizt+ 281, Hb Hijiyama
DOFHAPHbA KW RTHELHEEERS, LAL, 20
MEBIIGTARELH L. LEAEEBBEORTORM
HRMreaEREIEEF -3 F20 RBTHZIZE DB
5F, PhoElfoRFnEEsaX I H ADE
FEE-TwE0THS.

*Also known as Hb N Baltimore or Hb N Memphis  Hb N Baltimore # #- [iHb N Memphis & LT &R 6H TV S,



Another explanation for the high proportion of the variant
hemoglobin, and one that seems more likely, may be that
the production of the & chain variant is more efficent
than normal. Given the degeneracy of the DNA triplet
code, Lehmann and Huntsman®® suggested that of two
or more codons specifying an amino acid, one may be
more efficient than the others in protein synthesis. Plainly
we cannot choose between these and other alternatives
now, but recent rapid progress in biochemical genetics
may well provide answers to some of these questions in
the near future.

SUMMARY

An abnormal hemoglobin found in two generations of a
Japanese family residing in Hiroshima has been named
Hb Hijivama. The individuals with this variant are
asymptomatic and have no abnormal hematologic findings.
Hybridization test with canine hemoglobin and urea
dissociation paper electrophoresis of the globin showed
the abnormality to be in the 4 chain. Fingerprints were
prepared of trypsin digested globin and of the /8 chain,
both directly and after amino-ethylation. An abnognral
peptide which appeared in the amino-ethylated fingerprint
was extracted, hydrolysed and analysed for amino acid
content. The 120th residue of the A chain of Hbh Hijivama,
lysine, was replaced by glutamic acid. Thus, the notation
for Hb Hijivama, a newly discovered variant hemoglobin,
is ay B, 00

EEMmMBEZEHb ALV LEFNBEOEFEOTIFN
ZEIMLTIE, §9—2d st OH S HENFE
ibha, thbt, SHEREMGEIEFMEELY
LEbEpcE E R O TIEA S E v A, Lehmann & X F
Huntsman® |3, DNA triplet code @ degeneracy #°
H30ELT, HEO IHEOT I /BN LTENE
fFETE22F 1320l Edcodon HFFEEL, FOH
D12FOEOLVHHICEAEERETEIZ &N
Hasrdlhgwvidi~NTwns, FE6IE, Zhonl
MOVFNAIE LuaiiE Tt 2wy, BEOBEAEL
Z0HEF Lttt chsoERO 15, Ev
FRicikzahad Ttdar) LHEFELTVS,

E &

REAFO 1 FRR2EHEMRCEATMEREERL, 2hi
Hb Hijiyama & @ & L=, ZOERE2H L TWwiEEIL,
BAER T, MBCEMIZEREAMMBRE L TwE & k.
A 2MEFELOEMNEEERXBELITFOrOE >
OIRFEREHERE kB S A St R AR L.
Fuv¥rybLUB HEEHESLUNE-TT I/ ZF—0
LTy Ty L7 2 HF—F) > bR L.
Fi/sxdF—Nik74 »F—FIV AR ¥
NRTFFRERAMBA L, MAKSMLTT I/ BIFET
Tl ZOFEE, Hb Hiiyama (2HwT 1328 #0120% 8
DT TS I VEBIIE S TEBEATVAE EED
7z. Hb Hijiyama {e,8,22°" b HEh S h 28 LR HE A~
EFOEYTHSL.
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