avauava a2

TECHNICAL REPORT
RERF TR 2-78

B & E

GENETIC HETEROGENEITY WITHIN AN ELECTROPHORETIC PHENOTYPE OF
GLUCOSE PHOSPHATE ISOMERASE IN A JAPANESE POPULATION

AFAERFICERIAT, EX A TRERRALRER E & hi Glucose
Phosphate Ilsomerase O hiZ@BH S5 h - BEHEERICOVT

CHIYOKO SATOH, Ph.D. ZEBET{T
H. W. MOHRENWEISER, Ph.D.

E/
A
RERF
RADIATION EFFECTS RESEARCH FOUNDATION
BEEA M O 8 8 2 M % R

A cooperative Japan - United States Research Organization

B X £ R B % # A4



ACKNOWLEDGMENT
#

We are indebted to many individuals who so generously donated their blood
samples, and without whose cooperation this study would not have been possible.
We are grateful to Drs. Kazuaki Goriki and Takeshi Kageoka for collecting blood
samples of the GPI variants. We thank Dr. James V. Neel for helpful discussion of
this work and Miss Marrianne Morrow for her excellent technical assistance for the
electrophoretic studies.

MFRFZRIBEL LSS EDH LA IZHLT, LASEHESERN-IL, -0
HeDOEBNELIZE, FHELETTE LD 2100 TEH 5. GPITRNO M4 &
RELTLEE LM HAF, HAKLHESIL»SRET S, CoMEd L THE

EMET & A E v L V. Neel i+ & 0 Miss Marrianne Morrow |- & L 2T Rk
St RN L TR RS 5.

RERF TECHNICAL REPORT SERIES
HEHMEABE®E

The RERF Technical Reports provide the official bilingual statements required to

meet the needs of Japanese and American staff members, consultants, and advisory

groups. The Technical Report Series fs in no way intended to supplant regular
journal publication.

M HEMRE &, [REMER, EE, ZAMHMOBERCIGRILHOERBRE
LENABERGTH L. EHNETULRLCENOE LEEH TS 3 LOTHL G,

The Radiation Effects Research Foundation (formerly ABCC) was established in April 1975 as

a private nonprofit Japanese Foundation, supported equally by the Govermment of Japan

through the Ministry of Health and Welfare, and the Government of the United States through
the National Academy of Sciences under contract with the Department of Energy.

B BB EH RS (LABCC) 13, BHISOF4AIIAREAL LTER LA, FOERIH KBGO FRHE
L, BFRRFESEOMBE, RERT Y- EL0RBHIETL RESEROBNE L 2L -THET 3.



RADIATION EFFECTS RESEARCH FOUNDATION
BHH®EA K& B ERBRK XA

RERF TR 2-78

Research Project MIZEREH 4-75 Part 3

GENETIC HETEROGENEITY WITHIN AN EL.ECTROPHORETIC PHENOTYPE OF
GL.UCOSE PHOSPHATE ISOMERASE IN A JAPANESE POPULATION

BEAEARICERSLT, ERABTHRALUFTRE L & h £ Glucose
Phosphate Isomerase @ RIZEB O S W A RMEHTERICDOVT

CHIYOKO SATOH, Ph.D. ( ##F#F )'; H. W. MOHRENWEISER, Ph.']_)_2

- RERF Department of Clinical Laboratories! and
Department of Human Genetics, The University of Ml'ch:;ganz

HRTREE R, ! Michigan KFEREZEABKZEHRE?

SUMMARY

The thermostability of the five kinds of electro-
phoretically variant phenotypes of glucose
phosphate isomerase (GPI) which were found in
Japanese in a previous study by Tanis et al was
examined. The most frequently found variant
phenotype, termed GPI 1—4y, 4, observed in
20 individuals could be divided into three
distinct classes on the basis of thermostability
characteristics. These classes were termed
“stable”, “labile”, and ‘‘very labile”., *Stable”
lost approximately 20% and 60% of its original
activity after heating 10 minutes and 30 minutes
at 52.5 C, respectively, while normal GPI lost
approximately 30% and 70% of its original
activity. “Labile” lost approximately 40% and
80%, and ‘“‘very labile™ lost approximately 55%
and 90% of its original activity under the same
heating conditions. Electrophoresis showed that
thermostability was a characteristic of the variant
protein molecule but not of the electro-
phoretically normal molecule. The order of the
stability of these three kinds of variants against
5M urea was the same as that of their thermo-
stability. No difference against inhibition by
6-phosphogluconate was observed among the
normal and the variant GPI. Family studies
confirmed the genetic nature of the thermo- and
urea-stability differences among the affected
individuals.

INTRODUCTION

Human erythrocyte glucose phosphate isomerase
(GPI), D-lucose-6-phosphate ketol isomerase
{E.C.5.3.1.9), also referred to as phosphohexose
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isomerase or phosphoglucese isomerase, is a
dimeric enzyme with a molecular weight of
132,0’{)0.1 It catalyzes the interconversion of
glucose-6-phosphate and fructose-6-phosphate in
the glycolytic pathway. Detter et al,> studying
several populations, reported eight different
variant phenotypes of human erythrocyte GPI
in addition to the usual pattern detected by
starch-gel electrophoresis. Fitch et al,® studying
English and Asian populations, independently
reported five kinds of wvariant phenotypes.
Subsequently, the frequency of GPI variants was
studied in a variety of populations.*® Although
the incidence of these variants was in general
rare, some ethnic populations showed compara-
tively high frequencies for these wvariant
" phenotypes.® ! In a study of Japanese residing
in Hiroshima and Nagasaki, 5 electrophoretic
variant phenotypes were observed in 35 unrelated
individuals in a sample of 4,029 observations.!!
In the present paper, the thermostability of
erythrocyte GPI from 27 individuals representing
the 5 variant phenotypes will be described.

MATERIALS AND METHODS
Glucose-6-phosphate  dehydrogenase (G6PD),
NADP, dithiothreitol (DTT) were purchased
from Calbiochem. Fructose-6-phosphate, 6-
phosphogluconate, triethanolamine (TEA) and
Triton X-100 were purchased from Sigma.
Buffer grade - HEPES  (N-2-hydroxyethyl
piperazine-N-2-ethansulfonic acid) was purchased
from Pierce, Rockford, lllinois. Hemolysates
were prepared from washed, packed cells by the
addition of four volumes of lysing buffer
(HEPES 5 mM, EDTA 1mM, DTT 1mM, Triton
X-100 0.06%, pH 7.4) and centrifugation at
45,000 X g for 60 minutes,

GPI was assayed in the reverse direction
(fructose-6-phosphate to glucose-6-phosphate) by
coupling the product to glucose-6-phosphate
dehydrogenase and measuring the rate of
reduction of NADP at 340 nm at 30.0 C?
utilizing the Miniature Centrifugal Fast Analyzer
made by Oak Ridge National Laboratory as
described by Burtis et al.¥® The assay mixture
was composed of 1 mM F-6-P, 0.1 M TEA
(pH 8.0), 1 mM NADP, and contained 1.0 IU/ml
of G6PD. Hemoglobin (Hb} content was
measured by a modified cyanmethemoglobin
method.** Levels of enzyme activity are
expressed as UM of product formed per gram
Hb per hour,
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Thermostability of GPI was measured by heating
the hemolysate diluted with 25 mM-TEA buifer,
pH 8.2 (the ratic of packed cells to buffer was
1:29) in glass tubes in a heating block filled
with mineral oil for the indicated period, cooling
it immediately in an ice-water bath, and assaying
10 pl of it for the remaining activity. As
precipitation of denatured hemoglobin was not
observed except for the experiment with added
2-mercaptoethanol, heated hemolysates were
usually directly assayed for GPI activity.

Denaturation by turea was performed by
incubating a mixture of an equal volume of
original hemolysate (ratio of packed cells to
lysing solution was 1:4) and 10 M urea solution
at 30.0 C. At the end of indicated period,
the mixture was diluted with three volumes of
25 mM-TEA buffer, pH 8.2 so that no further
denaturation occurred in the diluted mixture.
No loss of GPI activity was detectable when it
was incubated in the presence of 1.25 M urea
for several hours.

Inhibition by 6-phosphogluconate was carried
out at a fructose-6-phosphate concentration of
1 mM. Starch-gel electrophoresis was performed
according to the method of Detter et al.2

The 35 propositi demonstrating the variant
phenotypes were ascertained through a popula-
tion survey reported previously.!' For this
study, specimens from first degree relatives
whose electrophoretic phenotypes of GPI were
the same as those of the propositi were available
for 10 of 27 variants. Washed packed cells
which had been stored in liquid nitrogen at
RERF in Hiroshima for a half to 4 years, were
shipped in dry ice to the Department of Human
Genetics, University of Michigan. Some of the
red blood cells containing variant phenotypes
and those of nine Japanese individuals whose
GPI are electrophoretically normal, collected
shortly before the experiment, were frozen and
included among those samples described above.
No effect of length of storage period could be
ascertained on either level of enzyme activity,
heat stability profile, or electrophoretic pattern
when duplicate samples from the same individual,
or samples from first degree relatives sampled at
different times were studied.

RESULTS

Heat Denaturation. The thermostability of
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TABLE 1 PERCENT REMAINING ACTIVITY OF ELECTROPHORETICALLY
NORMAL GPI FROM NINE JAPANESE SAMPLES AFTER HEATING

#£]1 ERFDMTREEEERLAEGPIT, 9AOAEALS
Bonbod, MBKBCRLARFEEOESE

Temperature * Time Remaining Activity*
47.0 (C) 10 (min) 99.5 £0.3 (%)
47.0 30 97.2+04
43.5 10 954105
49.5 30 85.3 0.6
52.5 10 743105
525 30 457%05

*Each of the nine samples was assayed in duplicate at each temperature, and
the mean was calculated from the data pooled for all samples. Mean of total
GPI activities of nine Japanese samples before heating was 1,979 £ 45.5 uMfg

Hbfhr fev=7.2)

IARCHRENERAEDIAThE, FREZLIZ2ETOMBRBNEL, £¥07—4%
—RELTPHAELFRLL, BFAIAOGPIOMMA BEREORYNE, 1,979+45.5

#M /gHb /hr (c.v. =72.2) T h o /.

electrophoretically normal GPI (phenotype 1)
and five variant phenotypes detected by the
starch-gel electrophoresis in the previous popula-
tion study of Japanese!! were examined.
Duplicate aliquots of the samples were heated at
47.0 C, 49.5 C, and 52.5 C for 10 minutes and
30 minutes and the activities remaining were
determined as percentages of the original activity
of the unheated sample. The means of the
remaining activities at each of the six points
measured for normal GPI, phenotype I, in
hemolysates of nine Japanese are shown in
Table 1 and Figure 1. The mean level of GP]
activity in these individuals before heating was
1,979 % 45.5 uM/g Hb/hr. Heat denaturation
curves of normal GPI obtained from hemolysates
of individuals whose enzymes seemed to be the
most stable or the most labile of the nine
individuals and that obtained from a hemolysate
(H) which was subsequently utilized as a normal
control for all the heat denaturation experiments
are also shown in Figure 1.

The thermostability of GPI in 20 unrelated
individuals who showed an identical electro-
phoretic phenotype, named GPI 1—4y;p 4 bY
Tanis et al'! were examined. GPI 4y 1 I8
electrophoretically similar to a phenotype named
1—4 by Detter et al.> Examples of the heat
stability profiles for selected individuals with
those of normal controls (H and I) are presented
in Table 2 and Figure 2. Three distinctly
different profiles are observed. Two individuals
(No. 1 and No. 2} had a variant GPI which
exhibited a thermostability profile very similar

BImfiE L A 0FAEHTOWMEY 12507, B
FUVERBRBBE L TRE WA SHENERR
BEGPLizowT, SEEkEsAEL A, REE,
47.0°C, 49.5°C, 52.5°CC10% R U305/, ¥
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20T, LEEATHEL 22N FAOREFED
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Ao GPI &L, 1,979::45.5uM, g Hb“hr T -
. 2O IADEMBEADIE #E GPLOMEMEF X -
e ARCBoh b EE s Skl s, B
PEELZHERBHBEELITRL L. BRI, 24
FTRTOREREFA MW T, 2OENBEEER
GPlarytu—-NiLTRwEZ ELAEH)®
GPL o BhZEMiMmE L IZRLTH 5,

Tanis 5" #, GPI 1—dyp, L% LA BERKH
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iz, RZRUCM2ITRL . BBEdEES » 10
HEL33WORIHETES. 2% (No. 12 No. 2)
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TABLE 2 PERCENT REMAINING ACTIVITY OF NORMAL AND GPI 1-4¢yp 4
PHENOTYPES AFTER HEATING
%2 IFEEIGPL L GPl 1—dyp ; #BED, MEEOBRIFEEOTHTE

Remaining Activity

Sample Thermostability 49.5C 52.5 C 52.5C Txt;tli‘%};l
30 min 10 min 30 min
(%) (%) (%) (uM/g Hb/hr)
Normal GPI (GPI 1)
H stable 83 73 33 1920
I stable 80 69 30 1745
GPIL 1-41gp 4
No. 1 stable 86 78 39 1816
2 stable 89 76 39 - 1876
2 — Brother stable 87 79 41 1827
3 labile 65 58 19 1510
4 Iabile 73 62 23 1779
5 labile 65 53 22 1866
5 — Son labile 64 47 15 1804
6 labile 66 60 17 1756
6 — Son labile 62 57 15 1605
6 — Daughter labile 66 53 17 1839
7 labile 72 56 18 1949
7 — Daughter Iabile 63 52 15 1528
8 labile 65 52 14 1540
8 — Daughter labile 70 64 21 1425
9 labile 72 65 23 1401
9 — Daughter labile 69 56 18 1433
19 very labile 53 41 10 1577
19 —Sonl very labile 54 47 12 1617
19 - Son 2 very labile 51 44 11 1664
19 — Daughter very labile 53 44 10 .1594
20 very labile 52 46 11 1887
20 - Son very labile 53 46 11 1699

to that observed for normal GPI. In 16 samples
{No. 3 and No. 4), the means of the activities
remaining after heating at 49.5 C for 30 minutes
and at 52.5 C for 10 minutes were 67.4 £ 1.0%
and 59.5 * 1.3%, respectively, less than those
observed in the control samples. The other two
samples (No. 19 and No. 20} were much more
labile than the intermediate group. Accordingly,
the 20 samples of GPI 1—4yp ; phenotype
(electrophoretically homogeneous) can be divided
in three classes based on their thermostability,
that is, stable, labile, and very labile, respectively.

In order to confirm the genetic nature of the
heat stability differences, family studies were

EHERLE. BOBH(FAIE N, 3£ No. 4)T
13, 49.5°CT305 ML AL, 52.5°CT0R
Mkl Ao REEEOEHER, 2hth
67.4%+1.0% ¥ 59.5=1.3%C, EREIGPI Ti##sh
R ED LESo~. G0 2 (No. 19& No. 20) T
3, LtodmMilLnd, BCTEETH2 L.
L7 #oC 200 GPL 1 — 4y | BEIE, BRK
MTER—oBME R4, heEificETeT
FRFh3M, v bLLER, FREH, FHLE
TEESRHUIAETIILENFTES.

Ve oERIBENBETH I L 2H#ET S
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Figure 1. Percent remaining enzyme activities of samples of electrophoretically normal
GPI {phenotype 1) after heating at various temperatures. The average, the highest, and
the lowest values from duplicate determinations of nine normal GPI samples are shown.
H is a sample used as a normal control throughout the study.
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Figure 2, Percent remaining enzyme activities of three classes of GPI 1—4gm
phenotype after heating at various temperatures, compared with a normal control (H).
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carried out for these three classes of GPI. The
remaining activities of variant GPI phenotypes
of the family members which were electro-
phoretically identical with those of the propositi
are shown in Table 2. The heat denaturation
profile of the enzyme {stable phenotype) in the
No, 2 family is consistent with a genetic trait.
Two sons and one daughter of No. 19 (very
labile phenotype) showed similar denaturation
profiles to that of the propositus. The denatura-
tion curve of the son of No. 20 was very similar
to that of the propositus. The thermostability
profiles of the enzymes obtained from the
family studies for the labile GPI 1-4yp
phenotype were also similar to those obtained
from the propositi. Accordingly, the genetic
nature of the differences in thermostabilities
was confirmed. The range of thermolability of
the “labile” class may suggest the possibility of
additional heterogeneity in the protein molecules
within this large group, although it may be
within the range of normal variation for the
methodology.

All the GPI were examined in the hemolysates
heterozygous for normal and variant enzymes
and the existence of three kinds of dimers, that
is, the normal homodimer, a heterodimer, and
the variant homodimer, were observed as three
bands in starch-gel e]ectrophoresis.11 The
remaining activities of GPI after heating are the
sum of the remaining activities of these three
dimers. Starch-gel electrophoretic examination
of the remaining GPI after heating was carried
out for all the samples of GPI 1-dyp
phenotypes. As shown in Figure 3, No. 1,
whose GPI is thermostable, showed a variant
homodimer and a heterodimer which were more
intensely stained than the normal homodimer
before heating. After heating for 30 minutes at

52.5 C, moderate activity was observed in the’

variant homodimer and heterodimer, only a
slight activity being observed in a normal
homodimer. The same result was obtained for
No. 2. On the contrary, the very labile GPI
of No. 19 (Figure 3) or No. 20 showed a variant
homodimer which stained less intensely than the
normal homodimer before heating. The variant
homodimer almost disappeared after heating for
10 minutes at 52.5 C, when the remaining
activity was about 40%. The staining intensities
of the normal homodimer and of the variant
homodimer of the “labile” GPI ¢lass (No. 3 and
No. 4) were almost equal before heating; a
decrease in intensity was observed in the variant
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Figure 3. Starch-gel electrophoresis patterns of normal and three kinds of GPI 1 —4pp ;
variants before and after heating. A: Wells 1 and 8, unheated normal GPI (H); well 2,
unheated No. 4 (labile class GPI 1 —4pyp 1) well 3, same at 52.5 C for 10 minutes, well 4,
same at 52.5 C for 30 minutes, well 5, unheated No. 1 (stable class GPI I—4pp )
well 6, same at 52.5 C for 30 minutes; well 7, normal GPI (H) at 52.5 C for 30 minutes.
B: Wells 1 and 8, unheated normal GPI (H); well 2, unheated No. 3 (labile class
GPI 1-4p ;); well 3, same at 52.5 C for 10 minutes; well 4, same at 52.5 C for
30 minutes; well 5, unheated No. 19 (very labile class GPI 1 —4;n ;)7 well 6, same at
52.5 C for 10 minutes; well 7, same at 52.5 C for 30 minutes.

3 TFHFBGPLE, 3FHOGPI 1 —dyp  ERMOMMGHE s, BBSVTEAEIE. A K
Bl E S, MERROERBGPI (H); ME#2, MO Ne. 4 (GPI 1 — 4y OTLER); HH
3, No. 4 #52.5°C L0 MMEKL~40; #AHhikK 4, No. 4 #52.5° CTI0HMMEL Lt A
#5, MEAFO No. 1(GPI 1— 4y @REM): HEH6, No. 1£52.5°CTIFMHAMMAL 28D,
HELE T, FHEGPI (H) #52.5° CT30m MMz L ~z40, B k%1 & 8, Mo ERE GPI (H);
ARV 2, MBI O No. 3 (GPL 1 — 4y OF%EER); HE% 3, No. 3 £52.5°CTLI05 MAMNEEL 7
Lo, R4, Noo 3%52.5°CT305MMEEL 240, AB#ES, MAMO No. 19(GPI 1 —4 4
OB T EELT) REM6, No. 19%52.5°CTI0HMAMMAL =60 ; REH%T7, No. 19%52.5°C
T30 MMEEL 28D,
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TABLE 3 PERCENT REMAINING ACTIVITY OF VARIOUS GPI PHENOTYPES AFTER HEATING

#3 HFEGPI £#HAD,

MEAH: O 5% 701 0 57 8

Remaining Activity

— Elgtmphoretic Total GPI

henotype 495C 525 C 52.5:¢ Activity
30 min 10 min 30 min
(%) (%) (%) (uM/g Hb/hn)

Normal (H) 1 83 73 i3 1920
No. 21 1-2nGs 1 83 71 46 2165
22 1-2nGs 1 85 73 43 2126
22 — Daughter 1-2nGs 1 86 76 41 2031
23 1-34R 1 79 69 33 1926
24 1-5nGs 1 78 66 27 2461
25 1-Sur 1 78 63 1 2041
26 1-Syr 1 73 62 23 1806
27 1-54ir 1 85 74 34 1432
27 — Daughter 1-5HiR 1 83 74 34 1635

homodimer after 30 minutes at 49.5 C or after
10 minutes at 52.5 C, when the remaining
activity was approximately 60%. The variant
homodimer could not be seen after heating
30 minutes at 52.5 C, when the remaining
activity was about 20%. These observations
coincide with the results obtained in the heat
denaturation experiments and indicate that
thermostability is a characteristic of the variant
GPI and not the normal GPI.

The other four variant phenotypes detected by
starch-gel electrophoresis in this population were
also examined for thermostability and the results
are shown in Table 3. Phenotype 1-2ygg ; in
two individuals and a family member of one of
them was more stable than the normal GPIL
After 30 minutes at 52.5 C, the remaining
activity was approximately 10% higher in the
GPI 1-25G5 1 phenotype than that in normal
GPI. GPI phenotypes 1-3;z ; and 1-5ygs 1
seemed to be as stable as the normal GPL
When three samples of the GPlI 1-5y4;
phenotype were examined, enzymes in two of
them (No. 25 and No. 26) showed almost the
same pattern of heat denaturation as that of the
labile GPI | —4;yg ;, while the enzymes in the
third individual (No. 27) and his daughter
showed almost the same denaturation curves as
that of the normal GPI. Because GPI Sygg ¢
and GPI 5pp , have different electrophoretic
mobilities in the presence or absence of added
2-mercaptoethanol,” their thermostability was
determined with and without 0.1% of 2-

METHRBENAA, 49.5°CTI0HMMERL 28
R1352.5° CTI0 ML L 7= 855121, BRefRiGMEE
#60% & &0, TEL2EDQEHE T ¥E0 5 h
f2. 52.5°CT 305 Mo hi#h i 35k TR G113 209% &
LN, ERB2EAOSY FILELEDNELS
. WRAMICE->THEEWAZZNALDOTRIE,
BTN EERTHESNAKEL L —-#L, FIZGPIOD
RLEBEERITERBEGPIORFETIEEC, BR
BGPIIHE4MHTHL 2oL TS,

SE K- 2= EEH B S LS RREIETRK =
FRERRT, GPI 1—dyg Mo EHEOL 045
owTh, B EtdlE LERE HICTL L.
1l — 2 BB 2ANDREHEZOIH LA
OFERIZERsNLY, EHBMGPL LN Ik
LTHETH-T, 52.5°CT 305 HMELE F D5EAF
EER, EHREOBREEELII 0% T o 2.

GPI 1 — 3y #BAE L GPI 1— 5ypg, #IMA,

EHEE FIER L% a2 RL 2. GPI 1— 5y
HRBO 3B o 0T HREEEE M LS, 2
(No. 25& No. 26) (2 GPI 1 — dyp O £ & # R &
FEAYRU &Y 28R ERL 247, 3WB

(No. 27) L 2B EICIE, EHELIEZILAL
6 U B ZHEDRIAR L 7. GPI Sygg & GPI 5,5 ,
¥, 2 —mercaptoethanol ®TFTHE+ 3 L X2 & L W
LELTHEMENI RE2A2YOT, B EfizonTd
0.1%® 2 —mercaptoethanol M & 554

ZuHf
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mercaptoethanol. Although a small amount of
precipitation of denatured hemoglobin was
observed when 2-mercaptoethanol was added
and it was excluded from heated samples by
centrifugation and their electrophoretic patterns
showed the effect of the added reducing reagent,
no difference was observed in their heat
denaturation curves. At present, there are no
other data which clearly confirm that the
observed difference of thermostability within
GPI 1-5y4;p | phenotype is real, because not
encugh packed cells of the first two individuals
remained to carry out other experiments. The
starch-gel electrophoresis of the heated hemoly-
sates again confirmed that stability against heat
is a characteristic intrinsic to the electro-
phoretically variant proteins.

Urea Denaturation. Two samples from each of
the three classes of GPI 1-4yp ; phenotypes
with different thermostability and two with
normal GPI were examined for the loss of
activity of the GPI by 5M urea denaturation.
The denaturation procedures were carried out
in three replicates and GPI was assayed three
times for each replicate. The possibility of heat
denaturation at 30.0 C was excluded since no
difference in activity of GPI was observed in a
mixture of a hemolysate and water and a
hemolysate in 1.25 M urea solution at 0 C and
at 30.0 C for 45 minutes (Table 4). The order of
the remaining activities at 15 minutes and at
45 minutes is the same as that which obtained
for thermostability. Nevertheless, when the
values obtained from two persons with normal
GP! phenotype were compared with those
obtained from variant GPI phenotypes, one
normal GPI (H) was similar to stable
GPI 1—44;1p ; phenotype and the other (I) was
similar to labile GPI 1-4y,p ;. When nine
phenotype GPI 1 samples (including those of
H and I) were examined for the denaturation of
their GPI by urea, remaining activities at 45
minutes were observed to be in a range of 47%
to 61%. GPI of H, which retained 61% of
original activity in the previous experiment,
again retained 61% of the original activity,
while GPI of I, which retained 51% of original
activity in the previous experiment, retained
55%. When the remaining activities of these
two normal GPI samples (H and I) after heat
denaturation were compared, the values of H
were usually higher than those of I, but the
differences were 3% to 4% of the original
activity at 52.5 C, and they seemed to be in the
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OmMATHEL ~. 2 —mercaptoethanol % 4 3
thROFERAT IO Yy FRES LAY, Shik
BOFEELTRVE., MBBZCT-2BAKET
BOSKARIZIE, MA-ABRAODRINERT
BAH, BRERIIHLTEHEEERDShs k.
GPI 1— 5y | #REOBPIZED 5 BREEE 0
HVWHFEETCHIEEVRTEL L ILTF—51E,
BWEOLZAERPIIEE Y, LnIidid, BP0 2
EoWTIRMO EERET I+ o2 RMERA, Lk
BoTwhwhoThd. ThoOERRGPIZE
ARBMAEIZ>BT, MBRFBICF- BRI VER
Wk ST, REFHOBVWREREANEARO
HETHIZZLFYEURR L.

REICLDIEM. GPL 1—dyp, ZHE St E
EOBRVIIE-TIHIRFELAY, s 30
Fh—F&, EHERGPIOH &% 2fF 2% %
U, SM—ERERTOERIILS GPI &G L
La(F4). FEFEILL2EENERIT 1 REIZO &
3FEDERBETCTY, L& 3EHFD GPLiE
MoRIELIT- . BEOFHEERKEBEELABEE,
BMTE LM —REGEHE LBmAIL, ThFh
455 M 0°C £ 30.0°CIZ{R 5 GPIiEHE & E L 22 47,
EiLD G p o0, 30.0°CIc T (EERE
FRID)BMEEFEBI SRR 2. 150465
BOBRGFEEOR S SOIERE L REEEOBEF L
FLTHa/. LALENFSERNBOGPIR2RL
2, BERERVERLAGAET, BohiBEE
ol kB LTH2E, EEEOILH1H (H) @
BAFEEIRERO GPI 1 — 4y | P L IRIFEL <,
o 1 (1) BEITiE, RLEERGPI 1 — 4y, &
BIEFLTH-o7. FIZ, GPI1ERHD9H (H 2
[2EBDHTIE20T, REDPTOLUEREIT-
LbZhH, BHBROBRFERII%H»S61%ET
L. MEOREE T %DHRFEEEZ T L A2HIL,
SEINEBRTEHEL% LR L AN, T0RIFERE G E
DREBTE6%, SEWBE%THo~. ZASER
HGPI 2 (H e 1)OBRERBZOBREEE + i
LTHdL, BiHOFF@mWEERLAY, 20
$52.5°CORMT, MBAMOEEOI%HI 5 4%z
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TABLE 4 PERCENT REMAINING ACTIVITY OF NORMAL AND GPI 1—41yp
PHENOTYPES AFTER TREATMENT WITH 5SM UREA AT 30C

#4 FHBGPl & GPI 1—4yp  #HE L, N°CTRFELLBL LHD

BREEE0ESE
Remaining Activity
Samples Thermostability
15 min 45 min
Normal (H) stable 81 (%) 61 (%)
Normal (I} stable 76 51
No. 1 stable 82 62
2 stable 81 62
3 labile 77 52
4 labile 76 48
19 very labile 64 30
20 very labile 66 40

range of experimental error. All of these results
indicate that the stability of the enzymes to
denaturation with SM urea in the conditions we
used, was similar to the heat stability profile of
the various proteins.

Inhibition by 6-phosphogluconate. GPI of the
same eight individuals whose samples were
examined for denaturation by urea were assayed
in the presence of various concentrations of
6-phosphogluconate. No differences were
observed in the percent inhibition among the
normal and the three classes of the GPI 1 —4y,0 |
phenotype.

DISCUSSION

Although the electrophoretic approach has
represented a very major step in the detection of
variability at the protein level, its limitations are
well known. The major constraint is the
necessity for the amino acid substitution to
involve a charge alteration, a constraint which is
estimated to occur in only one of four amino
acid changes. Hemoglobin is an excellent
example of single electromorphs concealing
many different amino acid substitutions. Until
recently, variation within an electromorph was
detected almost exclusively by fingerprinting
and sequencing technigues which are only useful
when purified protein is available in relatively
large amounts.

The present study on identification of previously
undetected variation within a single electro-
phoretic class of GPI variants demonstrates the
utility of heat stability studies in detecting
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TEF, RROBEBBEAOBEELShE. Ths
BENREREBSE, BrOACEEETHEM—
RECLIBEOEEM S, BEEHOREIRE
FLeEis.

6 — phosphogluconate (& BRAE. RTEIL 3T
DEEBRIZHGS N8O GPLIzowT, BHBED
6 — phosphogluconate ®IF A T TOREME & 8~/
EXBIGPL Y, GPl 1— 4y ZBBD 37 720
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EREBEE, BEABV NV TOERSERT 26
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4Eiz> 5 1RITH EFF ATV S, Baik
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FOBR®=RELT 5.
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amino acid substitutes which do not alter the
clectrophoretic mobility of the variant protein.
The demonstration of three classes of variants
within the GPI 1—4yp , group and the sug-
gestion of two classes within the GPI [ -5y
group is similar to the results obtained by
others who utilized heat stability techniques to
subdivide e¢lectromorphs in other enzyme
systems in Drosophﬂa.ls“w

The susceptibility to 5M urea of the various
GPl 1-4yp , variants parallels their suscepti-
bility to heat denaturation, although the
magnitude of the differences are not as large.
The data on wurea and heat stability would
indicate that the amino acid substitutions,
although conferring similar charge changes to
each of the variant proteins, results in altered
conformation of the protein molecule in each
instance. The difference in stability was always
manifested in the variant protein band when
treated samples were examined by electro-
phoresis. The lack of effect on the kinetic
properties of the enzyme would indicate the
structural alteration does not affect the active
sites of the enzyme. Similarly, others have
reported that no changes in the kinetic properties
were observed in GPI variants detected by
electrophoresis although these individuals were
characterized by GPI deficiency and non-
spherocytic hemolytic anemia. 222

This study demonstrates that stability studies
designed to detect structural alterations mani-
fested by changes in protein conformation are
helpful in determining further variation within
electrophoretic classes of proteins.

LI aBEOT I/ BRERFRET I 0, BE
FEHEFANS L IEREFETHE AL D
CEh, FAETE, BREHEEGPL 1— 4R,
Lahhyv—7omiz, 3HECERIFLETR
Zr®RL, GPI 1— 5y PPICE 2HHENE R
HMIFET A2 TEEMLREL 24, FAHLERIhC
HHY 5P L ae Yy NIOBEET, GPITHR
AwHFERKES LRA—-BHMERZRT V- T %,
BEEREOBR VI L TEIIHA L AHL TV S,

GPI 1— 4HIR 1%&@% NFNOEM—ERIZHT 3
Bk, ST 3REHEETLTVLEN, &
RIABpHFELAE Ay, BEEE L RELXHTS
HFEHII2WTEBEShATF-%I12E-T, T2/ 8
BRAFEzNE, TOBRELIEREHAS T
2EoBEHOFRECCE-TEH, ZRATMEELC
i, ThFnEzrdisTIeARENATVRS L
HEAohs, NMBROBEERIIODVWTHRAXRD
fToTHBE, BRI T2EERDBOERC, B
BREAHEO/AY FOERELTERLTVE. RIEEE
FOEECEELN RS- OT, BREOFEEAAC
i, S EOFLEEE Lot 0l ER
sh3. ORI EHRBOAERELEHELTHY,
GPI &% fE & e 3RIR o ML 2R 45 5 10 14 IR M D EEIR %
MLEA4»SHEs A BERKE Lo GPI EEE S,
FIGHEE hofi#iciEikesRe ot b v 3
s h w3 1%

FEAROoME LoZE (73 /BEFIOEL) I, &
ARAOZRTHEECERE L TRBERLIOT, Th
¢y RET B L EEEHELT S
WM, EndmtFA—oBmEiRT—¥o%a
Hodiz, FLZ{oER:ERTIEDILHEALE
FETHBZEN, FBIo Lo THE I EL 2.
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