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The plasma ceruloplasmin (CP) of 22,367 children
of atomic bomb survivors in Hiroshima and
Nagasaki was examined for variants by electro-
phoresis. The sample was composed of 14,964
unrelated children and 7,403 siblings of the
unrelated persons. A total of seven types of
electrophoretic variants were detected; four
migrating anodally and three cathodally to the
normal B band. We have reported two of these
variants, CP Ayg; and CP Cyngp, previously
but the other five, CP ANga, CP Agry, CP Alra,
CP Cyry, and CP Cyrs, are newly identified.
The allelic frequency of CP*CNGI was 0.00916,
so that the variant is considered to be a poly-
morphic allele. Homozygosity for the CP*CNG1
allele was detected in five individuals. This is the
first report of a homozygous phenotype for a CP
variant in a Japanese population. Family study
of the new five variants all demonstrated patterns
of codominant inheritance.

INTRODUCTION

CP, first isolated from pig serum by Holmberg
and Laurell in 1948, is a copper-containing
protein which electrophoretically comigrates
with the as-globulin fraction. McAlister et al’
reported the first electrophoretic variant of CP
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CP Aygr;, CP Appz, CP Cygry, CP Cype @ 5 fliff
FHALIIRwREshzZbo0ThS. CP*CNGI @
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TRUERAFIZ &> THESEEBEERERL .

# =

1948412 Holmberg & O Laurell (2 & - THRME A 5
MOHToRES N7 CP 3, BAKM L Ta, 707
VY REIIHAEEHEREAWTH S, MceAlister 51
i, B M T CP oW Akl LoERE

*Department of Internal Medicine, Mihara Medical Association Hospital

=I5 R 1 20 B A R

Approved 7&K 38 26 March 1985

Printed FIR August 1985



RERF TR 4-85

in humans, a fast (more anodally) migrating
variant termed 1F.  Shreffler et al®> then
identified various types of CP variants in
American Negroes and Caucasians and showed
that these variants could be explained if three
kinds of alleles, CP*4, CP*B, and CP*C,
associated respectively with a fast migrating, the
normal, and a slow migrating phenotype, are
presumed to exist. Subsequently, Shokeir and
Shreffler,® Tanis et al,* Neel et al,’ and
Mohrenwiser and Decker® identified new variants.
To date, nine types of variants which migrate
anodally to normal CP B, namely, CP Michigan,
CP A-MAC-1, CP A-YAN-1, CP A, CP A-CAY-1,
CP A-WAP-1, CP Th, CP Bpt, and CP Ajg,, and
six which migrate cathodal to normal CP B,
namely, CP NH, CP CAnnArbor-1, CP C-WAP-1,
CP C, CP C-WAP-2, and CP Cpngj, have been
reported. Four of these alleles achieve poly-
morphic proportions, CP*4 in Negroid, Caucasoid,
and Indians,>®"® CP*NH in Negroids®
CP*Michigan 1in Caucasoids and Negroids,®
and CP*C in Mongoloids.®

In an earlier study of 4,026 Japanese adults
residing in Hiroshima and Nagasaki, we detected
one case each of CP Cng; and CP Ang;.” In
the present study, we extend this series,
reporting on the findings in 22,367 children born
to A-bomb survivors in Hiroshima and Nagasaki,
as a part of a study whose purposes were
described in detail in the first report of this
series.!?

MATERIALS AND METHODS

Population, Sample Preparation, Family Study,
and Nomenclature of Variants. The general
procedures employed in our study were
described in detail in the earlier paper.!® Briefly,
blood samples were obtained from a total of
22,367 children (Hiroshima: 11,996; Nagasaki:
10,371) including those born to proximally
exposed survivors (one or both parents exposed
to A-bomb within 2,000m from the hypocenter)
and those born to distally exposed survivors (one
or both parents exposed to A-bomb more than
2,500m from the hypocenter). So far, no
measurable genetic effect due to A-bomb
exposure of the parents has been observed.'®
Therefore, in this report, data obtained from the
children of the both groups are combined. About
30% of this sample consisted of siblings. When
only one child was selected from one family
using the same method described in the first

L72#', FHIEHEED® W (L) EigA) ZRE T,
1F &g ahi. #0%, Shreffler 52 2 HFHD
BARUVBACH A0 CPERE4ERL, Fhsb
DERMIBHED “Fe", “Fi", “Bun" %@
RlEHs+ 3 3o xSl {EF, CP*A, CP*B R U
CPACOBRHELRRET A& LEHHTELZ L %
Bl 5 212 L 7. £®i#%, Shokeir & UF Shreffler,?
Tanis 5,* Neel 595 3 (|2 Mohrenwiser & !
DeckerS IZL > TH L WERBM BT S hi HiE
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#FEF, +7%4b%H, CP Michigan, CP A-MAC-1,
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WAP-1, CP Th, CP Bpt AU CP Ayg;, HFiz,
EHTCP Bk & EBANICENT 26 Mozmiy,
4+ %4 b %, CP NH, CP CAnnArbor-1, CP C-
WAP-1, CP C, CP C-WAP-2 % 1 CP Cyg;, #
MEENTVS, Zh s OMIBIETFO I b 4 FHE,
Thbb, #2704 F, AARUVIARA v 741 7~
D CP*A, 28 2 70 FdO CP*NH, >  BEARY
F704 Ko CP*Michigan® ¥ 12T ¥ Tuf Fo
CP*C® WERDKELRL T 5.

IRE - BWFFEIED 4,026 A0 HAAMRAZE T 5378
DIFFET, 415 CP Cyet BV CP Aygy 2% 1 171
FTOMBLA. S 4EIE, CORIY-Zkiik
L, MIRO—BE L TES - RGO RBHREO T %
22,36TANIZDWTHOhARRAMET 2. & &,
FIFROBMIE, ZOPY-ZXOE1IRIZFLRLT
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report of this series, the number of unrelated
children accounted for 14,964 (8,548 for
Hiroshima, 6,416 for Nagasaki). The frequency
of alleles which code variant types was calculated
for this latter population. Blood samples were
collected using ammonium-potassium oxalate or
acid citrate-dextrose (ACD) solution as anti-
coagulants, centrifuged at 1,500xg, and the
plasma stored at —70°C or in liquid nitrogen.
Variants have been named by mobility class
(A, fast; C, slow), place (HR or NG), and sequence
(1,2...) of discovery.

First Screening and Comparison of Variants, As
the first screening, vertical starch gel electro-
phoresis, an improvement of the method of
Weitkamp et al,'! was conducted at 4°C using
0.0285 M boric acid-LiOH, pH 8.05, as bridge
buffer and 0.061 M tris-citric acid and 0.0285 M
boric acid-LiOH, pH 8.6, as gel buffer. Poly-
acrylamide slab gel electrophoresis (PAGE)
was employed for confirmation and comparison
of variants. PAGE was performed at 4°C with a
gel composed of running gel (T, 7.2%, C; 2.8%)
and stacking gel (T; 4.0%, C; 5%) and tank-gel
buffer of 0.04 M tris-glycine, pH 8.5, employing
the Pharmacia Mark II electrophoresis apparatus.
Staining was conducted on the basis of oxidase
activity of CP using dianisidine as a substrate
following the method of Shreffler et al.?

Tests on Storage Effects on Migration Rate.
Samples were stored at 4°C and —20°C, and one,
two, three, and four weeks thereafter, PAGE
was carried out. After dianisidine staining, the
gel was examined to measure the concentration
ratio of each band, using a densitometer. A
second identically prepared gel underwent
immunofixation as follows: 1) A cellulose
acetate membrane was immersed in a solution
containing an  anticeruloplasmin antibody
(Behring Inst.) diluted to 1/6 by 0.15% NaCl,
and this membrane was put on the gel and
allowed to react for five hours at room temper-
ature. 2) Bands of precipitation with Coomassie
blue staining were identified, Protein quantitation
of CP was carried out by single radial immuno-
diffusion (SRID). As controls, dithiothreitol was
added to the samples to make the final concen-
tration 0.1 mM, incubated at 4°C for 30 minutes,
stored at 4°C or —20°C, and electrophoresis was
done one, two, three, and four weeks thereafter.
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IADFHEBRET S &, MEMBFEOLZVFHIE
14,964 A (JEE5 8,548 A, 56,416 A) & % - 7-.
FROHEE 73— F+ 20 lEFoMBEILZ0
BEOEAEBHOTHEMBL 2. OFEERIE, Yo
M7 v EZ L= LRI - T~ R
(ACD) ik & Pl & L THWWTULE L, 1,500 xg
TRLSEEL . 5 Nz —70°C X3k
SFEPICETFELL. FRUE, BIE (A Hu,
C EBw), mHoHir (HR X1k NG) B U % RIEF
(1,2...)Blc#r & L 7.

BIATV - RUTRBOLE. R0
Az ) —=»ZELTIE, Weitkamp 5" D H ik %
R LUAEEXER Y VERKBEEHVAEY, Zh
i, 7V v VSR L LT 0.0285M sk 7§ - LiOH
(pH8.05) %, % /&, 7Y Vvl s LT 0.061M
P A-7 T rEERU0.0285M & % E -LiOH
(pH8.6) 2 W T4°C TiT-/. ZHREOFER
BUHBIEAR)TZ7UNLT I FAT T S EGKD)
#(PAGE) # FH v TiT 2 /2. PAGE &, #H@s v
(T 7.2%, C 2.8%)RUHERESV(T 4.0%,
C S5%)»oMa37YVET0.04M FY A-2
Py @y oV (pH8.5) # v 4°C T,
Pharmacia Mark [T S sk@ @ & (ERA L TiT - 7.
Hufa | Shreffler 52 O FFEIC Y, EHEL T
VF7Zy Vv BwT, CPOA Xy ¥—¥rEtki
HEIWTHFTH .

BHECHTIREOHBICOVTORE. FEFE
4°CRU —20°CrfRHFL, 1,2, 3RV 4:8H
BIZPAGE 21To/k. Y723 YV vitadiTok
th, Ky FOR@RE % densitometer TH#IE L 7.
AR A 2B VIZH LT, kKO kS %
1) #i CP ¥if&k ( Behring
Inst.) # 0.15% NaCl T1/61z#ML 2= #HE 12k
O—2Z 77— bEEFEL, KkiIz, 2Oz
CEEL, ERTOOHMRbs®L 207w — -
TN - TS Sy Faadis e, CPO
E A TR IL single radial immunodiffusion (SRID) %
AW TIT-o e, B A R, EAHRED0.1mM |2
AL TFAALL FP-NEMAL, 4°C T30
A vFaS—F L7, 4°C Xk —20°C CIE7F
L. 1,2, 3RUABAMBICERZDEZT -/,

immunofixation # T - 7=.
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RESULTS

Five rare variants were detected among a total
of 22,367 children in addition to the two
variants reported by Ferrell et al.”, The order of
the migration rate of these variants including
CP Ang; and CP Cngp and normal type B is as
follows (Figure 1): Cypri;<Chxr2<Cngi1<B
<ANG2<AnR; <AHr2<ANgG). Except for five
cases of the homozygous phenotype CP Cygq,
all the other variants encountered were hetero-
zygous for the normal allele, CP#*B, and a variant
allele. Table 1 shows the frequencies of each of
these CP phenotypes and alleles by city for the
populations composed only of unrelated children.
The frequency of CP*CNGI was 0.0095 in
Hiroshima and 0.0087 in Nagasaki, each being
almost in polymorphic proportions. The allelic
frequency of all of the other six variants was
less than 0.001, with no significant difference
between the cities. CP*4HR2 and CP*CHR2
were detected in only one family. As a result
of family studies, the five new types were all
confirmed as genetic variants (Table 2).

i B

E8122,36TAD T A 5, Ferrell 59 At | ~
ZOoOERBOE 2, AOoDF N TR AL
Eh. CP Ay & CP Cygy, LFIZIEHEB %
BOREIhGNERRMOBHEDIEFIRD LS
TdH B (B 1): Chpy < Chre< Cnoi < B <Angz <
Apr1 < Apgre< Angi. FEFHEGEHI CP Cygy D
S5HlEpWT, RbEh 2o+ SToE R,
IE¥ LM {E T CP*B RUZEERMITBET L OA~T T
BHERLAE £11, LBMEEOLZVFHROLD S
AEMIZEITS CP HHBE U LBRETOEAD
HE*HHNIZRLZL0TH%. CP*CNGI O
HEEENE, KB T0.0095, EWT0.0087THD, wi
NICFVWTHLERIICEVWEETO -2, b 6FED
ERAMOMIBEFOHE LT T0.001LLTFT,
MM I EELZER D5 NEh 7=, CP*AHR2
RUCP*CHR2 3 1 EEo it ahiz. ¥k
AEOHRE, ZOS5TMOHLVWERR T NTH#E
MZERETH S LRS- (F2).

1 2 3 4 65

Figure 1.
gel electrophoresis.

M1 ®WET EVT7ILTIFZ7 74 LERAKIEIC L T & R 7%z ceruloplasmin ZER T

7 8 9

0 1

Ceruloplasmin variants encountered in the present study on polyacrylamide slab

1,6 & 11, CPB: 2,CPB/Cyry; 3, CPB/Cyra: 4, CPB/Cngy: 5. CPCngr 7,
CP B/AnGa: 8, CPB/Aygy: 9, CP B/Agga 10, CP B/ANG).
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TABLE1 CERULOPLASMIN PHENOTYPES OBSERVED AMONG CHILDREN OF
HIROSHIMA (HR) AND NAGASAKI (NG) AND ALLELIC FREQUENCIES
AMONG THE UNRELATED CHILDREN

#z1 IR (HR) B U EW (NG) O FH#12#1% &1 /z ceruloplasmin FRE
WO MARBR O & F 12 B0 5 8 {E T A

Unrelated children $ 1
Phenotype Total Allele Combined HR NG
Combined HR NG

CPB 21917 14678 8380 6298  CP*B 99034 9901  .9907
CP B/ANG1 16 10 3 7 CP*ANGI ~ .00033  .0002  .0006
CP B/ANG2 2 1 0 1 CP*ANG2  .00003 0 .0001
CP B/Ayg, 2 2 2 0 CP*4HRI  .00007  .0001 0O

CP B/AyRr2 ) 0§2 0 0 CP*4HR2  0%2 0 0
CPB/Cngy 419 268 159 109

CP CNG 5 3 2 1 CP*CNGI 00916  .0095  .0087
CP B/CHR; 3 1 1 0 CP*CHRI ~ .00003  .0001 O

CP B/CHR2 1 1 1 0 CP*CHR2  .00003  .0001 0

Total 22367 14964 8548 6416

§1 The population of unrelated children was composed of children without siblings and those who
received the first test among their siblings.

MFFFEO & k[, FlRovzusd, RERBOPRTEMICHEX S FHRLEKS.

§2 According to the above-described rule, the brother with normal phenotype (CP B) who fulfilled
the condition was selected as a member of the population and the propositus having variant
phenotype was excluded.

LBz ED, ZoZRtE2MATESRHRY(CP B)2H T332 0Blo—RALLTHALN, 20
FlacERERAE G+ 5 M ERIFL 2.

TABLE 2 FAMILY STUDIES OF NEW CERULOPLASMIN VARIANTS
ENCOUNTERED IN THIS STUDY

# 2 FIFETHM E N L v ceruloplasmin ZR B D

MF No. City Propositus Mother Father Siblings

NG D B/Ang: O (n

HR (D B/Apg2 (] O

HR (D B/Aug, ¢ ] O
HR (B B/Ayp, NT NT

HR (W B/Aygp, ¢ ] O om0
HR (B B/Cyg1 O | O @
HR (W B/Cyg, q ] O

HR [W B/Cyg2 @) 1 |

@@, Heterozygote; OO, Normal; t, Deceased; NT, Not tested
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When plasma samples containing a CP variant
were stored under various conditions, the
electrophoretic pattern changed over time in
some cases. Figure 2 shows the result of PAGE
of plasma samples containing homozygous
CP Cygy; which had been stored at 4°C for
four weeks. After two weeks of storage, in
addition to the CP Cyg,; band, a new band
both dianisidine- and immunofixation-positive
appeared anodal to normal B band. At the
same time, the staining intensity of CP Cygq
decreased almost to the same level as that of the
new band. With further elapse in time, the
staining intensity of the new band increased, and
two weeks thereafter, the pattern was similar
to phenotype CP A/Cngy. As for heterozygous
CP B.,"CNGI, the staining intensity of the CP B
band was always stronger than the CP Cpng,
band. The difference in staining intensity of
the two bands became greater with time, and
three or four weeks later, CP Cyg; band became
undetectable by either dianisidine staining or
immunofixation. On the other hand, the width
of the CP B band became broader on the anodal
side, but the pattern was scored as phenotype
CP B.

3

Figure 2.

CPERAULZECMBEAZEL ORHTHRET S
L, BEOBRIKE S5 — LTRSS
. 2, 4 °CT4HMBRETFEs AL EES
CP Cxai 2 &0 M A& IZ PAGE 21T » iR %
RLEbOTHE. REMBER2ZAMT, 20
CP Cyei SV k21, ¥7=23 ¥V BV immu-
nofixation AW H M TH S 8H L iy FAEHR
DB/ FEOBEMICRAL., Fh &R,
CP Cnoi PHBEBEBEEHLVAY FEIRIFRL LNV
CECETLA FBEMIr 88158, HLL
Ny Fo@gEIs ERL, 2BMEIZEZSE, 20
WNH - ERBMCP A/Cygy ERRERIEZR L /2.
~F T4 CP B/Cy @A, CP B/ KO
REREIXEIZCP Cya1 Y FEDEL-A T h
52oMNNy FORGIBEDE I/ L &b IZHEX
L, 3~4@M#kizlx, CP Cygi /> FiZ, ¥7
Z ¥ ¥ v @ & OF immunofixation W hit k-7
LD EEIZ R -2, —F, CP B/A»y FOIEIE
IR TIRS o724, Z20/%% — v 3 &BE CP B
EHEE R

’5 e

Storage effects at 4°C on a ceruloplasmin variant (CP Cpg 1) shown by poly-
acrylamide slab gel electrophoresis.

2 HKUTIZINTIFRTTHVERKD BT O ceruloplasmin Z R E (CP Cngy ) 12511 3

4" CIRIFORIETHE

1 & 7 control fresh CP B; 2, fresh CP Cyy: 3, CP Cygj after I week; 4, CP Cngy
after 2 weeks; 5, CP Cpgy after 3 weeks; 6, CP C after 4 weeks.

1R U7, #BBA®OHEEL CP B;

2, Hi#f% CP Cnci; 3, 1M#E® CP Cyg s

4, 2WM#EDCP Cyci; 5, 33MHED CP Cygi: 6, 45M%ED CP Cnci



In the electrophoretic pattern of heterozygous
CP B/AnGy, the staining intensity of the
CP Ang; band was slightly stronger than that of
CP B band and no change of migration rate with
time was observed. The band pattern of homo-
zygous CP B also showed no change over time.
At the same time, the protein concentration of
CP Cngi, CP B/Cngi, CP B/Angy, and CP B
quantitated by SRID showed no change over
time. When samples were stored at —20°C,
change of migration rate was not apparent four
weeks later, and those stored in liquid nitrogen
showed no change in migration rate for at least
six years. Storage of samples at 4°C after
dithiothreitol processing prevented a part (not
all) of storage effects on the migration rate of the
cP CNGI band.

DISCUSSION

The variant designated as CP Cyg; which
migrates cathodal to normal CP B band was
identified in 268 individuals as the heterozygous
phenotype CP B/Cyng; and in three as the
homozygous phenotype CP Cyg; among 14,964
unrelated children studied. Therefore, the
frequency of the CP*CNGI allele was 0.00916.
However, our previous study conducted on
4,026 subjects in Hiroshima and Nagasaki, the
same cities of the present study, which included
many parents of these children, identified only
one case of this variant.” This apparent disparity
between the two investigations merits further
comment., There seems to be essentially no
difference in the character of the previous
and present study populations. Furthermore,
conditions of starch gel electrophoresis were
basically the same. We have experienced a
difference between starch lots in the ability to
separate CP variants. In the starch gel electro-
phoresis of the present study, even when
separation of variants was poor, confirmation
could be made by PAGE. A second important
factor is judged to be the effect of freeze-thawing
conducted on samples used for the confirmation
studies of variants. Since the storage effect
observed in CP Cyg; (Figure 2) became apparent
after freeze-thawing, it is thought that, of the
two bands of the heterozygote, CP Cyg; band
showed remarkable decrease of staining intensity
as well as its change of migration rate, and
it could be mistaken for the CP B. In the
detection of CP variants, full consideration
should be given to the selection of the supporting
gel and the storage and treatment of samples.
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AT OHE CP B/Ang @SRRI X% — v 2k T,
CP ANt DRBIREEIZCP B /Sy FEOEFH L,
PHEOCEBMNTLEBEShE 7. FE
HECP BOAY Pty — > § BIEMEL % 5 &
%o, B2, SRID CEMRE N7~ CP Cya,
CP B/Cyai, CP B/Angi RUSCP B 0B i (-
EEBAELIBREs o2 HxE: —20°C ¢
BEFELAHE, 4BMBCBHEOE{ERAL
rofl, BESEULRFLAEERTIE, P2<
L6 EMIIBHE CELARO AL VT
ARALA P—NTRELEELALC TEEERET 3
L, RTFH CP Cyei /N> FOBWE IZRIFETHEEFED
HEEHOBRE(FRIITREV)BSILHFTE L.

£ B

EHERMCPBAY FAnLEGERA RT3
CP Cngi & W& & NZERITE, #EL 14,964 A
OMBEHEOEVTFHROI L, BBAIZATOHES
FHECP B/Cyy »', $h3 ALK EHAERT
CP Cygy #WHEFR & h7. LA ->T, CP*CNGI
WOARET OBER0.00916TH -7 LAL, IO
FHsOME L FUEBA U EED4,026 A % T
L7234 LBEIORAEFIcHLTIE, ZOFRRIFER
shroubFr 1t "HBHEROZO
PR 2 ZEizowTid, BICHMHEMA 20EFH 3.
9, MEESEORMEEROERTICEIRENS
ZixsunriicBbha, 20k, By VEIKD
NDEEFIERANMIBLTH -2 R1 3, BRO
Oy bMilk-»T, CPERBOGHRIZEZNH2
ZEEROHTVA. SO OB VE KT TIE,
EREOSTHRENEVWEETYE, PAGE I2L-5T
MEREITIZEPTEL, RIIEELEREIE, ¥2
BIORMERICHV 2RI LT - A 8EMED
WETHLLEILGNS. CP Cyg It h s
RIEOME (K 2) 3 HAEMALIIME 2 IE>T
WAENT, ZOANTUEREOZ 2D/ FD I b,
CP Cygy /¥ FId @i B 2 & T AR F iz B 6
EoZE{LamRL, TOkH, CP B LH#EZ 5 ik
tEZLGNE. CPERMOBBOBRIZNE, HESNL
ORGP AORER LB ICHLOER &
BHOLENFSH 5.
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The polymorphic allele of CP, CP*4 was observed
in American and African Negroid populations in
a frequency of 0.041-0.147 and in Caucasoid
populations (Greeks, Germans, and Irelanders)
in a frequency of 0.01-0.068.7 However,
Mohrenweiser and Decker,® in a detailed exami-
nation on 1,853 Caucasians and 199 Blacks in
the United States by PAGE using a combination
of three types of buffers and gradient gel,
reported that the Negroid population had two
types of variants with migration rate faster than
CP B, CP A and CP Michigan, with the allele
coding for each variant being in polymorphic
frequencies of 0.033 and 0.010. In the Caucasoid
population, the CP A phenotype which was
detected in Blacks was not identified, and only
CP Michigan was observed, the allelic frequency
being 0.012. They suggested that as the frequency
of the CP Michigan was quite similar to that
reported for CP*4 in FEuropean Caucasian
populations by Kellermann and Walter,7 the
CP A variant which had been previously reported
in the Caucasoid population was actually
CP Michigan. Its migration rate is slightly slower
(more cathodal) than that of CP A, the variant
of Blacks. CP Michigan was thought to be the
more ancient of the two because it was common
to both populations.

Fast migrating variants present in polymorphic
frequencies have not been identified in Japanese
and Korean populations. On the other hand,
in addition to CP Cyg, reported here, the CP C
variant was reported as polymorphic in a Korean
popt,llation.8 They examined 115 Koreans using
horizontal starch gel electrophoresis and detected
one homozygote CP C and one heterozygote
CP B/C. The frequency of the CP*C allele was
thus 0.013. Unfortunately we have not had the
opportunity to compare CP Cygy and the
Korean CP C variant on the same gel. However,
it seems possible that these variants may be
identical. If this is so, as is the case with TF Dgy;,
these CP variants may be useful markers for
Mongoloid populations. Therefore, identification
of these variants is of more than routine interest.

We already reported that on PAGE when the
CP Ang; and CP Cyng; variants detected in our
population were compared with the CP A and
CP C variants detected in a Negroid population,
the order of the migration rates was CP Ang;
>CP A and CP Cyg,;>CP C°  However,
comparison between the newly detected five

CP @ 2 RIM MRAEF CP*A 1, JERBUT 7Y H
DA7a{ FEFITI120.041~0. 1470 E T, % 7~
BALFH (FVITA, FAYARUTANLT R
A) TIX0.01~0.068MEHETHMEE AT L A L.y
Mohrenweiser % ©f Decker® |, 3 FrH#EH5HE &
DRIV EHEAE b PAGE 2w, kEO
BALSSIABRURBAIOAIZHL T L WHE
v, 2704 FEMATIE, CP BihiyBHED
M2 oL RT, CP A KU CP Michigan #°
HN, TN5%code T 5HTMWMETIS £ EHE
0.033&£0.010TH 3z &EWELE. AANEFTI,
BAICHE S CP A Bz 2 h', CP Michigan
DHEABEEEN, £ OXEEFHEIZ0.012TH -
7=. #£51%, CP Michigan M8 A Kellermann & (F
Walter " {2k > THE s hARIMNAAD CP*A DOHE
LEEULTVE0T, DA AE@RIC>w THRE
Eh/: CP A ZERENIFEIFIL CP Michigan T& 5
LR L 7. CP Michigan OB @EI1Z, BAOER
BTHh5CPADBEE LD PLBw (X0 EEEHY
I2F @) . CP Michigan I3 S 12d5m L T30 6 1
DT, ZONERBOI LT, HLALTFEET S
LOTHHEELS N

EROBEETRD LN 2 OWEREL, HERRY
MEOEMAIz3BBEshE k. —F, 22T
HELZCP Cygy 2z T, MEALRTIECP C
EREFERE: LTHEEEATV .2 Z0 B 4111,
KBS VE R R B TS AOEBE AL
DWTHAEET W, FEHESFCP C 1fHli~T o
BAEECP B/C LEHMHBLT A, LA#FST,
CPAC L BETDHEHEIZOOL3TH - /2. Ba
AHFEMAITE, CP Cngy &H#EO CP CZERE 4
Fl—#% v kel + 28a83tr-4 LAL, Z2h
HOERBIFRELOTHINERIETHZ2 B b0
2. L2 TcdhiE, TF Dy d k312, 2 hb
DCPEREL, ErTuq F#Mizct-THAL
v—H—hbLhiw. LANoT, ZhoOERT
DEMI/BOD TRRFEVLOTH 3.

A OWEEATHE & 12 CP Aygy B U CP Cray
L, A7uf FEMATHEENAZCP ARUCP C
&% PAGE 12k->CTHBIL 28 &, BIEDEREY
CP Angt >CP A BU' CPCyg >CPC & % 3
CEEEITBMELELDL, e hs



variants and those detected in other populations
was not possible. Since CP is a large molecule
composed of 1,046 amino acids,'? the probability
that electrophoretically identical rare variants
detected in only two or three families result
from the same type of amino acid substitution
at the same site appears to be quite small.
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Lo0ZERBLoER IR s A ZERBO
BITIZL3TEL Lo CPIZ1, 46D T 3 /
BArORARELEDTTHE225,2 2, ZOFKIC
DAt EhAB AR IZE L Eh EEREY,
FUHroRBO7T 3/ Rk, SFEFEIL
obThaswetEbha.
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