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Fig. 3. Humidity profile derived from IRIS data near Brownsville, Texas, on 22 April
1969 at 1737 G.M.T. Humidity data from a radiosonde at 1800 G.M.T. are

shown for comparison.

research tasks may be listed, but the
list may easily be expanded.

How well can the humidity in the
lowest atmospheric layers be deter-
mined in the tropics?

How well can tropospheric tempera-
ture inversions in the polar regions be
recognized?

How well can one obtain the surface
temperatures of the oceans from space?

Is it possible to see residual ray
phenomena in desert areas where min-
erals are exposed? Can minerals be
identified by this technique?

50

Height (km}

Total ozone in the
atmosphere = 0.321 c¢m at S.T.P.

1 1 1
.005 010 .015
Ozone concentration (cm at S.T.P./km)

Fig. 4. Ozone profile [expressed in terms
of centimeters at standard temperature
and pressure (S.T.P.) per kilometer of
aititude] derived from the same data as
the temperature and humidity profiles
(Figs. 2 and 3). The values above 30 km
are extrapolated. The ozone profile was
derived by C. Prabhakara.
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Can air pollutants be detected?

These examples show the broad
scope of scientific investigations made
available by measurement of the ther-
mal emission spectrum.

If present plans go well, calibrated
spectra will be deposited in the Na-
tional Space Science Data Center (I)
in the near future. Details on the for-
mat of the magnetic tapes may be ob-
tained from the Nimbus 3 User’s
Guide (2).

An improved IRIS experiment will
be flown on the next Nimbus (D).
The improvements include an extended
spectral range toward longer wave-
length, 200 to 1600 cm—1, and a spec-
tral resolution of 3 instead of 5 cm—1,
Increases in the signal-to-noise ratio
and a decrease in the field of view to
a cone of about 2.5° half angle will
also be implemented.

R. HANEL
B. ConNrATH
National Aeronautics and Space
Administration, Goddard Space
Flight Center, Greenbelt, Maryland

 References and Notes

1. Interested researchers may obtain these data
by writing to the National Space Science Data
Center (Code 601), Goddard Space Flight Cen-
ter, Greenbelt, Maryland 20771.

2. This guide was prepared as part of the Nimbus
Project, R. R. Sabatini, editor.

3. Even though only a few people can be men-
tioned, many have contributed to the success
of the experiment. L. Chaney (University of
Michigan) helped in the early instrument de-
velopment, which culminated in a 1966 bal-
loon flight. B. Schlachman (Goddard Space
Flight Center) and the group at Texas Instru-
ments under J. Taylor and C. Prokesh con-
tributed to the production of the flight instru-
ment. C. Prabhakara, V. Kunde, M. Forman,
A. Simmons, and G. Wolford helped in the
analysis and data reduction. Credit goes to
the Nimbus team for placing the instrument
in a perfect orbit.
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Heterogeneity of Presumably

Homogeneous Protein Preparations

Abstract. Some highly purified glyco-
Iytic enzymes have been subjected to
isoelectric focusing and found to con-
tain a number of enzymatically active
species. Crystalline aldolase A and glyc-
eraldehyde-3-phosphate dehydrogenase
from rabbit muscle were resolved into
five components, crystalline aldolase
from yeast was resolved into three com-
ponents, pyruvate kinase from rabbit
muscle yielded four components, and
yeast enolase was resolved into two
components. Rabbit muscle lactate de-
hydrogenase (M) gave one major peak
of protein and enzymatic activity. The
profiles of aldolase, glyceraldehyde-3-
phosphate dehydrogenase, and yeast
aldolases suggest random combinations
of two closely related subunits into
tetramers and dimers, respectively. The
molecular heterogeneity of the other
enzymes is not so easily related to
subunit structure.

Multiple forms of enzymes (isoen-
zymes) have been detected and isolated
by a variety of procedures. Each iso-
lated species may appear homogeneous
by conventional criteria (sedimentation,
electrophoretic, and immunological
properties, as well as crystallizability);
such behavior is compatible with, but
does not prove, homogeneity. The de-
gree of heterogeneity of an enzyme
population is of considerable interest
on chemical, physiological, and genetic
grounds. For example, studies of the
molecular and catalytic properties of
enzymes as well as their regulatory
characteristics usually require or as-
sume a homogeneous population of
molecules.

The technique of electrofocusing,
which involves separation of proteins of
differing isoelectric points by electro-
phoresis in a pH gradient, has extra-
ordinary resolving capability (/). Using
this technique, we showed that crystal-
line aldolase A (E.C. 4.1.2.7) from
rabbit muscle, homogeneous by stan-
dard criteria, was composed of five cata-
lytically active major components (2).
This result suggested that the two sub-
units previously detected in this enzyme
(2, 3) interacted randomly to form aldo-
lase tetramers. This five-membered hy-
brid “subset” then seems analogous to
the five-membered hybrid sets previously
produced from binary combinations of
aldolase A, B, and C subunits (4). This
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supposition has been confirmed (2).
Using the electrofocusing procedure, we
now have evidence of significant hetero-
geneity in other enzyme preparations
that appear homogeneous by conven-
tional methods.

Figure 1 presents typical electrofocus-
ing profiles for several enzymes. The
recovery of the total activity was ex-
cellent; the specific activities of most
of the recovered components were un-
changed or higher than those of the
starting material. The electrofocusing
procedure, therefore, did not appear to
have deleterious effects on the enzymes.

As described (2), five distinct peaks
of protein and enzymatic activity were
resolved on electrofocusing crystalline
aldolase A (Fig. 1a). Experiments with
aldolase C from rabbit brain have in-
dicated that this enzyme also can be
resolved into five active species.

Crystalline  glyceraldehyde-3-phos-
phate dehydrogenase (E.C. 1.2.1.12)
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from rabbit muscle was resolved into
one minor and four major peaks of
activity (Fig. 1b). This enzyme, like
aldolase, is a tetrameric molecule (5).
The profile is consistent with that pre-
dicted from random combination of two
nonidentical subunits in a ratio of 2:1.
Yeast aldolase (E.C. 4.1.2.7), unlike
muscle aldolase, is a dimeric molecule
(6). As shown in Fig. lc, crystalline
aldolase from yeast was resolved into
three major components. This hetero-
geneity is consistent with a random
combination of two different subunits
into dimers.

Some other enzymes showed hetero-
geneity which was not easily related to
their subunit compositions. A sample
of highly purified yeast enolase (E.C.
4.2.1.11), which could be resolved by
analytical polyacrylamide-gel electro-
phoresis into one minor and two major
bands (7), was fractionated by isoelec-
tric focusing into at least seven com-
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ponents in two major groups with iso-
electric points around pH 5.7 and 6.7.
The principal electrophoretic compo-
nent was isolated from this preparation
by tetraethylaminoethyl cellulose chro-
matography and subjected to isoelectric
focusing. It gave two major peaks at
pH 6.7 and 6.8 with shoulders at pH
6.5 and 7.4. This group of peaks cor-
responds to the set detected in fractions
75 to 95 of Fig. 1d.

Rabbit muscle pyruvate kinase A
(E.C. 2.7.1.40) contained four ‘major
peaks of protein and enzymatic activity.
The specific activities for the two major
components were 720 and 550, respec-
tively—somewhat higher than the
values reported (8)—while the minor
peaks have specific activity of 370 and
480. We have also resolved pyruvate
kinase B from rat liver into two com-
ponents that have significantly different
kinetic and regulatory properties.

Of the enzymes tested, only rabbit
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Fig. 1. Isoelectric resolution of (a) aldolase A, (b) glyceraldehyde-3-phosphate dehydrogenase, (c) yeast aldolase, (d) yeast
enolase, (e) pyruvate kinase A, and (f) lactate dehydrogenase A. Isoelectric focusing was performed with synthetic ampholytes
containing 10°M B-mercaptoethanol (10), with the cathode solution at the bottom of the 110-ml column. Activities of the
enzymes are presented in micromoles of substrate reacted per milliliter (11), and specific activities are expressed in micromoles
of substrate reacted per milligram of protein (I2). (a) Crystalline, rabbit muscle aldolase A of specific activity 16 was
electrofused on an ampholine gradient (pH 7 to 9). The specific activities of the peak fractions were: pH 8.2, 12.5; pH 8.3, 14.8;
pH 8.4, 16.7; pH 8.5, 15.2; and pH 8.6, 15.0 (b) Crystalline, rabbit muscle glyceraldehyde-3-phosphate dehydrogenase of
specific activity 50 was electrofocused on a gradient at pH 7 to 9. The specific activities of the peak fractions were: pH 8.1, 71;
pH 8.2, 96; pH 8.3, 86; pH 8.4, 59; and pH 8.5, 49. (¢) Crystalline, yeast aldolase of specific activity 56 was electrofocused
on an ampholine gradient (pH 5 to 8). The specific activities of the peak fractions were pH 5.1, 38; pH 5.2, 64; and pH 5.3, 45.
(d) Yeast enolase of specific activity 120 was electrofocused on an ampholine gradient (pH 3 to 10). The specific activities of
the peak fractions and shoulders were: pH 5.4, 33; pH 5.6, 99; pH 6.0, 46; pH 6.6, 65; pH 6.7, 103; pH 6.8, 92; and pH 7.1, 52.
(e) Rabbit muscle pyruvate kinase of specific activity 300 was electrofocused on an ampholine gradient (pH 3 to 10). The specific
activities of the peak fractions were: pH 7.8, 480; pH 8.0, 370; pH 8.2, 720; and pH 8.6, 550. (f) Crystalline, rabbit muscle
lactate dehydrogenase A (M.) of specific activity 212 was electrofocused on a gradient consisting of equal parts of ampholine of
pH 3 to 10 and 7 to 9. The specific activities of the peak fractions were: pH 8.3, 145; pH 8.4, 161; and the major peak, pH
8.5, 260. Heavy lines, micromoles of substrate reacted per minute per milliliter; light lines, optical density at 280 nm; broken line, pH.
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muscle lactate dehydrogenase A (E.C.
1.1.1.27) appeared to have a low degree
of heterogeneity. The preparation ex-
hibited a single major component (iso-
electric point, pH 8.55) containing more
than 80 percent of the protein and 85
percent of the activity. In addition, two
minor activities and two inactive com-
ponents were detected. The ultraviolet
absorbing material at pH 9.9 is largely
the result of an accumulation of electrol-
ysis products from the cathode and
was found in all electrofocusing experi-
ments.

All of the enzymes thus far subjected
to isoelectric focusing have exhibited
some degree of heterogeneity, even
though most of them were crystalline
proteins and homogeneous by com-
monly accepted criteria. Some of the
heterogeneity detected here is probably
the result of degradation or modification
of the proteins during isolation. We be-
lieve, however, that many of the mul-
tiple forms occur intracellularly. The
molecular heterogeneity of glyceralde-
hyde-3-phosphate  dehydrogenase and
yeast aldolase revealed by electrofocus-
ing can be explained by the random
formation of tetrameric and dimeric
molecules, respectively, from two simi-
lar, but nonidentical subunits, as for
aldolase A. The heterogeneity observed
in the other enzyme preparations is not
so obviously related to the subunit com-
position. Molecular heterogeneity may
arise by selective modification, as for
ribonucleases A and B (9), or by com-
binative or conformational variation.
Alternatively, these variants could be
the products of separate nonallelic
genes or simply distinct allelomorphic
products derived from a heterozygote.
The latter would be more easily recon-
ciled with their apparently strong struc-
tural and catalytic similarity and the
lack of an obvious physiological func-
tion. We consider translational infidelity
or ambiguity an unlikely mechanism
because of the restricted number of
specics detected.

Regardless of the origin or function
of this molecular heterogeneity, it
should be given careful consideration
when studying enzyme mechanisms
(kinetics) or structure, since interpre-
tations of such studies often depend on
homogeneous molecular populations.

WALTER A. SUSOR*
MariON KOCHMANT
WiLLiaM J. RUTTER*
Departmments of Biochemistry
and Genetics, University of
Washington, Seattle 98105
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Diphosphonates Inhibit Hydroxyapatite Dissolution in vitro

and Bone Resorption in Tissue Culture and in vivo

Abstract. Two diphosphonates containing the P-C—-P bond, Cl,C(PO;HNa),
and H,C(POgHNa), retard the rate of dissolution of apatite crystals in vitro.
They inhibit bone resorption induced by parathyroid extract in mouse calvaria in
tissue culture and in thyroparathyroidectomized rats in vivo.

Inorganic pyrophosphate inhibits the
precipitation (Z, 2) and the dissolution
(3) of hydroxyapatite crystals in vitro.
Because pyrophosphate is present in
plasma (4), teeth (5), and bone (6),
we have suggested (2) that it might
regulate both the formation and de-
struction of mineralized tissues in vivo.
Although pyrophosphate and longer-
chain condensed phosphates can inhibit
the deposition of calcium phosphate in
chick embryo femurs in tissue culture
(7) and in the aorta (8) and skin (9)
of the rat, it has not yet been possible
to demonstrate an effect on the re-
sorption of living bone. This failure to
influence bone resorption may be due
to hydrolysis of the P-O—P bond locally
in the bone by pyrophosphatase be-
fore it can reach its site of action.

Substances were therefore sought
that would be related in structure to
pyrophosphate but resistant to chemical
and enzymatic hydrolysis. Various com-
pounds containing the P-C-P bond
have been synthesized and found to
have an effect similar to that of con-
densed phosphates on the precipitation
of hydroxyapatite in vitro and on cal-
cification in vivo (10). In addition, they
were also active when administered
orally (10). We now describe the ef-
fect of two such compounds con-
taining a P-C-P bond, namely, sodium
dichloromethylenediphosphonate [Cl,C-
(PO;HNa),] and sodium methylenedi-
phosphonate [H,C(PO;HNa).], on the
dissolution of apatite crystals in vitro
and on bone resorption induced by
parathyroid extract in tissue culture and
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