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SUMMARY

In a study of 1200 members of the ABCC-JNIH
Adult Health Study living in  Hiroshima, two
individuals were found to have a variant of carbonic
anhydrase I; it was not possible to distinguish one
from the other. These are the first reported
instances of variants of the enzyme in Japan. Each
propositus was a middle-aged asymptomatic female
having no other unusual laboratory findings. The
frequency of the variant in this study is 167 per
10,000, which is higher than that reported for
Caucasian and Black populations, but lower than in
some other populations in this part of the world.
Both variants are tentatively designated CA Ih
Hiroshima until the exact nature of the amino acid
substitutions are determined.

INTRODUCTION

Carbonic anhydrase (carbonate hydro-lyase, EC
4.2.1.1), an enzyme which reversibly catalyzes the
reaction H2C032 CO3+H370, occurs throughout the
human body in erythrocytes, gastric mucosa, kidney,
etc. The concentration of carbonic anhydrase in
erythrocytes is higher than any other non-hemoglobin
protein.! Electrophoretically, it is observed as two
isozymes determined by independent genetic loci.?
One, normally migrating towards the anode on a
pH 8.6 starch gel, is designated carbonic anhydrase
I(CA I or CA B), and the other which migrates to the
cathodal side, is designated carbonic anhydrase II
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(CA II or CA C).2.3 Both are single polypeptide
chains with molecular weights of approximately
30,000, and each contains one atom of zinc per
molecule of enzyme. They differ, however, in their
enzymatic activity and concentration in erythrocytes.
CA II has a CO2 hydration activity 20 to 30 times
greater than CA [, but its concentration in erythrocytes
is only approximately one-fifth that of CA L. 3

Variants of CA I are very rare, and only fourteen
have been reported to date in American caucasians?
and  blacks,? British caucasians,5  Philippine
residents in San Francisco,® and Micronesians,”?
The only variant of CA II thus far known, was found
to exist at polymorphic levels in American blacks.B

We describe here two examples of CA 1 variants,
discovered for the first time in a Japanese population.

MATERIAL AND METHOD

Peripheral blood samples for analysis were obtained
from 1200 residents of Hiroshima, Japan, 444 males
and 756 females who, as voluntary participants in a
biennial health surveillance program,? visited the
outpatient clinic of the ABCC in Hiroshima *in a
I year interval beginning 8 August 1972, Radiation
dose, if any from exposure to the atomic bomb in 1945,
is not considered here, since it would not be related
to the occurrence of CA variants.

Hemolysates were processed according to the method
of Tashian.!0 Vertical starch (Electrostarch Co.,
Madison, Wisc., lot number 146) gel electrophoresis
was based on the method of Smithies, 11 under

conditions described by Tashian.!2

Electrophoresis
20mA/2 gels for 18 hours
at 4 +0.5°C. Following electrophoresis, the gel
was sliced horizontally. One slice was stained for
protein with amido black, and the other was stained
for esterase activity of carbonic anhydrasel2 with
Blue RR salt using a-naphthol acetate as subsrtrate.
After separating the variant band on starch gel,

was carried our at 250V,

its immunoreactivity with anti-human CA I ‘rabbit
sera and anti-human CA II rabbit sera was tested on
agar plates. Plugs of gel, containing the normal
and variant enzyme, were used directly.

RESULTS

Among the 1200 residents of Hiroshima, two
genetically unrelated subjects, both female, were
found to have a carbonic anhydrase | component
with altered electrophoretic mobility. The pattems
for these two cases are shown in Figure 1, compared
with normal CA and another known variant, CA Id
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Figure 1 Starch gel electrophoretic patterns of normal carbonic anhydrase and three varianis, stained with amido
black. Slois 1 and 5, normal CA; slots 2 and 3, CA Ih Hiroshima from NK and SI respectively; slot 4, CA Id
Michigan.

Bl iR e kAR S AT o RV R (R, amido black Hefa. 1 & kOO S LR
HERENN A AER; M2HLURIGETNFANKHELEST #5184 CALh Hiroshima ; #4121 CA 1d Michigan.

Figure 2 Agar gel immunodiffusion. 1'he central wells contain anli-human UA I rabb serum (left, A) and anti-
human CA I vabbit serum (right, Bl Wells labelled CA I and CA II conlain, respectively, normal carbonic an-
hydrase I or 11; those lebelled NK and SI contain the Hiroshima variant CA Th, from the two Japanese propositi.
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Michigan. Both propositi, MF 333701 (age 47)
and MF 326310 (age 53), who had neither remarkable
past history of disease nor any abnormal hematological
findings, lead normal lives.

The variant band, which stained with amido black to
about the same density as normal CA I, showed
electrophoretic  characreristics similar to those
described in previous reports, 6,10 and migrated at
pll 8.6 to a position between the origin and CA II
on the cathode side. The electrophoretic mobility of
the variant in both subjects appeared identical, and
was slightly more cathodal than CA Id Michigan.
The variant band in these two cases stained with
Blue RR salt to about the same density as normal
CA I, and no difference in esterase activity was
apparent between the two variants. The results of
immunodiffusion are shown in Figure 2. Hemoly sates
from both subjects demonstrated a precipitation
reaction with anti-human CA I rabbit serum, but did
not react at all with anti-human CA II rabbit serum.
Normal CA I and CA Il separated by DEAE-Sephadex
column chromatography were used as controls.

DISCUSSION i

Variants of human CA [ are rare, and as far as the
author is aware, a rtotal of 16 (see Table 1),
including the two described here, are known. All
cases are heterozygous for normal CA 1 and the
variant. The male-female ratio for those cases
where sex was reported is 5:7 (of the 16 reported
cases, 4 are sex unknown). Transmission is
consistent with autosomal codominant inheritance.?
There appears to be a racial difference in the
frequency with which variants occur in various
populations, although the numbers surveyed in some
groups are quite small. The frequency is low in
Europe and North America, and higher in Pacific and
Iiast Asian populations. The wvariant frequency,
166 per 10,000, observed in the present study is
intermediate.

Recent reports have established the amino acid
sequency of CA [.13-15 The site and amino acid
substitution have been determined for six CA 1
variants (Table 1), and according to the current
concept of the genetic code, all are explicable in
terms of a single base (i.e., DNA) substitution.
The amino acid substitutions involve changes from
acid to neutral, acidic to basic, or neutral to basic
residues; hence these variants all have an increased
net positive charge. The electrophoretic mobilities
of the other variants, whose amino acid substitutions
have not been determined, suggest an increased net
positive charge, inasmuch as they all exhibit greater
cathodal migration than normal CA I at pH 8.6,
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TABLE 1 WORLD DISTRIBUTION OF ELECTROPHORETIC VARIANTS OF CARBONIC ANHYDRASE I

#l RENEABELHOE

Sk EREONREHICH T Z 5T

Number

Population & Location T o T F(rf(qlugg;:y Variant Name S‘jggi:.‘titﬁff Reference
USA White 2714 2 74 Ib Michigan 4,13
Pmutt** 235 Asp = Val 15
USA Black 923 1 108 Id Michigan 100 Thr = Lys 2.6,16
USA American Indian 366 0 2
British White 8500 3 35 le Portsmouth 254 Thr = Arg 5
Te Hull 224 Glu +Lysor Arg 5
If Londan 102 Glu - Lys 17
Filipine 120 2 1667 Ie Filipino 6
Indonesian 375 2 533 le 18
Chinese in Indonesia 87 1 18
Mieronesian ( Chamorro &
Carolinian) 490 4 815 Ie Guam 2562 Gly = Arg 7
Japanese Hiroshima 1200 2 167 Ih Hiroshima This Report

* Residue number; standard abbreviations for amino acids used

** Motation of Funakoshi (ref. 15)

Similarly, although the substitution in our variants
is not yet known, their behavior on starch gel, on
which they move more rapidly towards the cathode
than CA Id Michigan, also suggests a positive
charge increase. Until the chemical structure has
been determined, both variants are tentatively termed
CA 1h Hiroshima. Family studies of the variants

are now in progress.

The concentration of carbonic anhydrase in erythro-
cytes, gastric mucosa and kidney is higher than
elsewhere in the human body, presumably indicating
an important function of the enzyme in those tissues.
Nonetheless, to date there is no evidence relating
CA variants with specific disease. Though such a
relationship might be more likely to occur in an
individual homozygous for a CA variant, as is
often true for the hemoglobinopathies, no cases of
homozygosity in the CA system are known. Further,
of the known CA variants that have been studied in
some detail, none have substitutions that appreciably
Tashian 7,10 and
Lie-Injo® report no difference in CO2 hydration or
esterase activity between normal CA [ and CA Ic
Guam, CA Ie Hull or CA Ic Filipino. Although we
have not estimated precisely the enzyme activity

effect their enzyme activity.

of our variants, staining with @-naphthol acetate as
substrate demonstrates no apparent difference between
them and normal CA I. Moreover, our variants show
a precipitation reaction only with anti-human CA I
rabbit serum (but not with anti-CA II), an indication

that, aside from their altered electrophoretic

WADT, BEFEOENF&sLEbha. bhbh
DERFIHE, 73/ BERMTEESRESA T
Gud, BV EOEEILZCALd Michigan £ 1 £ k&
fl~OBEEHFE 0T, BEFEOEIFSLE0L
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L2wTOEKRAETIHTHES TV A
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3, wIhizb 7 I /EEBO LD OBEREE~D, #
o ad kI & BEIL v, Tashian 7" & & OF Lie-
InjoS iz X h(f, CAlc Guam, CATle Hull °CATec
Filipino @ CO, Ak HlifftE & = 2 7 7 — i ILIEH &
CAL:ZFmaiw. bhbhofltd, BFERIEMEE
HIGE LT v n f)f, a — naphthol acetate & F 8 & L 7=
PETIEFZCALI o RiE oM EA6RE
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mobilities, our variants probably do not differ greatly
from normal CA I. However, until the physiological
function is better understood, and the three dimen-
sional structure, including side-chain orientation,
is fully worked out for carbonic anhydrase, further
speculation about the possible effects of amino

acid substitutions on the properties of the enzyme

ERFELVEELNE. LaLAHs, RERKEE
DEBREREF T SICEBE N, ToMMEmE YOI
FBEHAELENSE TR, T/ BEROZDHIZZO
BEEOWEIL 22 sENFEINI G, EILC

SBTIhL BT AZLEMARIIRHETH A .

are clearly premarture.
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