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Droplets appear in the kidney cells of urodeles and mammals after intraperitoneal injection of egg white or certain other proteins (l-3).
They have
been extensively studied by Oliver (4) and Oliver, MacDowell,
and Lee1
who have examined their cytological and histochemical properties.
According to these investigators,
the formation of the droplets is a part of the
reabsorption
and metabolism of the proteins which, after passing through
the glomerular filter, are absorbed in mammals in the mid portion of the
proximal convoluted tubules.
Judging from histochemical reactions, they
conclude that the droplets are composed not only of the absorbed proteins,
but contain also cytoplasmic constituents such as phospholipides and ribonucleic acid. From the cytological changes that are observed and the fact
that the droplets stain supravitally
with Janus green in high dilution, they
have also concluded that these cytoplasmic components are derived from
the materials of mitochondrial rodlets, which were observed to disintegrate
and disappear during the formation of the droplets.
The writer has attempted to separate the droplets from the cells in order
to examine their chemical and enzymatic properties and to compare them
with other particulate fractions that can be prepared from the cells of rat
kidney.
It proved impossible to isolate the droplets in sufficient purity and
yield by the current method of preparation of particulate fractions, i.e. by
differential centrifugation
(5, B), since most of the droplets sediment at low
centrifugal force, together with nuclei, blood cells, whole kidney cells, and
cellular dgbris.
It was found, however, that, if such a mixture was filtered
through a column of non-absorbent
cotton, most of the nuclei and other
large particles were retained, while almost pure droplets passed into the
filtrate.
It was also observed that homogenates from the kidneys of untreated rats
always contain a certain number of droplets which, though smaller in size,
resemble those appearing in the kidneys after intraperitoneal
injection of
egg white.
These smaller granules were found concentrated in a thin, dark
brown layer at the bottom of the centrifuge tube when mitochondria were
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prepared from a kidney homogenate according to the method of Hogeboom,
Schneider, and Palade (5). The similarities in pigment,ation, staining properties, and chemical and enzymatic composition of the two types of droplets
and their comparison with the other cytoplasmic fractions will be described
below.
Materials

and Methods

Male rats of the Sherman strain, 300 to 450 gm. in weight, were used.
For the preparation of “ large droplets,” the rats were injected intraperitoneally with a mixture of 7 ml. of egg white and 7 ml. of saline,’ and the kidneys were removed under ether narcosis 18 hours later.
The tissue was
chilled and subsequently manipulated at temperatures
not higher than 6”.
A homogenate of kidney cortex, after removal of the medullae and capsules, was prepared by grinding the tissue in a motor-driven
steel homogenizer; the homogenate was suspended in 0.88 M sucrose solution, adjusted
with NaOH to pH 8.5, and brought to about twice the weight of the tissue,
and the suspension was strained through cheese-cloth.
The procedure for
the isolation of the droplets from the homogenate is described below.
Mitochondria and microsomes were isolated according to Hogeboom, Schneider,
and Palade (5).
Acid-soluble
P, phospholipide P, ribonucleic acid P, and desoxyribonucleic acid P were determined according to Schneider (7) and Schmidt and
Thannhauser (8). P was determined according to Fiske and Subbarow (9)
and N by the micro-Kjeldahl
method.
Alkaline and acid phosphatase and adenosinetriphosphatase
(ATPase)
were determined by measuring the amount of P split off by the enzyme with
p-glycerophosphate
and adenosinetriphosphate,
respectively,
as substrates
after incubation for 1 hour at 37”. The following concentrations
of the
reagents were used: for acid phosphatase,
sodium P-glycerophosphate,
3.2 X 10e2 M; acetate buffer, pH 5.0, 5 X lop2 M; for alkaline phosphatase,
5.0 X 10V3 M;
sodium @-glycerophosphate,
3.2 X low2 M; MgC12.6H20,
glycine buffer, pH 9.2, 5 X 10V2 M; for ATPase, adenosinetriphosphate
(Schwarz), 5 X 10d3 nf; MgC1,.6HzO,
5.0 X 10e3 M; diethyl barbiturate
buffer, pH 7.2, 2 X lo-’ M. Suspensions of the cell fractions containing
15 to 50 y of N were added for each test.
Catalase was determined according to von Euler and Josephson (10) by
measuring, by titration with KMn04 , the Hz02 decomposed by the enzyme
at different intervals of incubation at 0”. The 1~(velocity constants) were
calculated from the formula k = l/t log a/(a - x), where t is the time of
incubation, and a and x the concentIrations of H202 at the beginning and
end of t,he int>erva,l. The 1~values were extrapolated to the time zero and
referred to mg. of total S of the samples.
For each test, a suspension of
the cell fraction containing 100 to 300 y of N was added.
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Succinic dehydrogenase was determined according to the Thunberg technique; the time of decolorization of methylene blue by the enzyme was
measured during incubation at 37” in evacuated Thunberg tubes.
The
activities were expressed in reciprocal times of incubation in minutes per
100 y of total N. The following concentrations
of the reagents were used:
sodium succinate, 2.6 X 1O-2 M; methylene blue, 1.5 X 10e4 M; KCN,
2 X 10e3 M; phosphate buffer, pH 6.8, 1.8 X lo-’ M. Samples of cell suspensions contained 50 to 200 y of total N for each test.
Cytochrome oxidase was determined by measuring the amount of indophenol blue formed from ac-naphthol and dimethyl-p-phenylenediamine
hydrochloride
after 5 minutes incubation at 37”.2 The dye was extracted
with chloroform-alcohol
mixture (9: I), and the color intensity was measured in the Evelyn photoelectric calorimeter
(filter No. 540). The particulate suspension contained 10 to 35 y of total N. The possible interference by reducing substances was tested by adding the heated samples
to a mitochondrial
suspension of known activity, and corrections were made
when interference was found.
Autolytic (catheptic) activity was determined by measuring the protein
N liberated after 18 hours of incubation at 37” at pH 4.1 in acetate buffer.
Toluene was added to prevent bacterial contamination.
Isolation

of “Large

Droplets”

Appearing

After Iniection

of Egg White

Preliminary
Puri$cation of Droplets by Diflerential
Centrifugation-The
kidney homogenate, prepared as described above, was centrifuged in the
refrigerator for 3 minutes at 1000 r.p.m. (about 116 X g), and the sediment,
containing whole cells, nuclei, tissue fragments, and droplets, was discarded.
The supernat,ant fluid was centrifuged for 20 minutes at 1500 r.p.m. (about
260 X g). The sediment from this centrifugation
containing most of the
droplets, but contaminated with many nuclei, whole cells, and large mitochondria, was retained, while the supernatant fluid, with some droplets and
most of the mitochondria,
microsomes, and the non-particulate
matter of
the kidney extract, was discarded.
The sediment was resuspended by
transferring and shaking it in a stoppered flask with cold 0.88 M sucrose solution.
The suspension was subjected twice more to differential centrifugation as described above, thus eliminating most mitochondria,
microsomes, whole cells, and a part of the nuclei and further concentrating the
droplets, along with many nuclei. The sediments of the short centrifugations at 1000 r.p.m. were at times resuspended in sucrose solution and centrifuged a second time, 3 minutes at 1000 r.p.m., to obtain additional droplets in the supernatant
material.
Filtration through Cotton-The
droplet concentrate in 0.88 M sucrose soz Straus,

W.,

unpublished

work.
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lution was now filtered through a column of cotton prepared in advance.
A
glass tube, 19 X 330 mm., with a constricted
end, was connected to a
suction flask with a rubber stopper.
The tube was filled with dry pieces of
non-absorbent
cotton, and the cotton was washed with 0.88 M sucrose solution and chilled in the refrigerator.
The impure droplet suspension was
poured on the column and mashed through with 0.88 M sucrose solution
without suction.
As soon as the filtrate became cloudy, the flask was exchanged and the filtrate collected until it became almost clear again. If the
filtrate was found by microscopic examination still to contain nuclei, the
filtration was repeated through a fresh column of cotton.
The large drop-

FIG. 1. Large droplets,
1 to 5 p in diameter,
mostly
clumped,
neys Qf rats after intraperitoneal
injection
of egg white.
Fixed
with
gentian
violet.
x 400.

isolated
from kidwith 0~04; stained

lets in the final filtrate were then separated by centrifugation for 20 minutes
at about 2000 r.p.m. (about 464 X g).
All purification steps were checked by microscopic observations.
Fig. 1
shows a preparation of “large droplets” purified according to the method
described.
Conditions of Cotton in Filtering Tube-For
successful purification,
the
density of the cotton inside the filtering tube must be carefully controlled,
for, if too tight, many droplets mill be retained and, if too loose, the purification will be incomplete.
The density was regulated in the following way.
After the column had been loosely packed with dry pieces of about 0.4 gm.
each of non-absorbent
cotton and the cotton had been washed with sucrose solution, the tube was filled with sucrose solution and was connected
through a suction flask with the slight vacuum of a water pump.
The
cotton was thereby compressed throughout
the column in a relatively uniform manner.
By alternately com?ecting and interrupting the suction, the

W.

749

STRAUS

cotton was compressed little by little until the desired density was reached.
This was estimated by compressing a constant amount, 4 to 4.5 gm., of
cotton to about the same height, 150 to 170 mm., and by measuring the
amount of sucrose solution, 40 to 60 ml., which dropped without suction in
5 minutes through the column.
The column used for the second filt’ration
was usually somewhat more loosely packed and contained a little less cotton
than the first column.
Yield of PuriJed Large Droplets--Since
the droplets vary greatly in density and size (1 to 5 p diameter), many were lost during each centrifugation
and were discarded with the supernatant material of the 20 minute centrifugations at 1500 r.p.m. and with the sediments of the 3 minute centrifugations at 1000 r.p.m.
The final yield was therefore poor, only 3 to 5 mg.,
as estimated from the N content, of highly purified “large droplets”
obtained from 20 to 25 gm. of kidney cortices of ten to twelve rats.
It was
not found practical to prolong the procedures by trying to retrieve droplets
from the discarded fractions, except as previously mentioned from the sediments of the 3 minute centrifugations
at 1000 r.p.m.
The whole procedure
lasted 4 to 5 hours, including the removal and preparation of the kidneys
from ten to twelve rats.
Isolation

of “Small

Droplets”

from Kidneys

of Untreated Rats

Because of their smaller size, the droplets from the kidneys of untreated
rats sedimented at a higher centrifugal force than the droplets appearing
after egg white injection.
Although most of the latter settled in the centrifuge tube together with nuclei and whole cells, the smaller droplets from the
kidneys of untreated rats tended to sediment with the large mitochondria
and were found concentrated
in the bottom layer of the mitochondrial
pellet.
A small amount of these droplets was isolated in the following way.
An
0.88 M sucrose homogenate prepared from the kidneys of twelve rats, as
described above, was centrifuged for 10 minutes at about 3000 r.p.m. (about
1024 X g), and most of the nuclei, whole cells, and cellular debris were discarded with the sediment.
The supernatant
fluid was centrifuged for 2
minutes at about 15,000 X g. The brown bottom layer of the pellet contained most of the droplets, contaminated with mitochondria, some nuclei,
and whole cells, while the upper light brown layer contained mostly mitochondria.
This upper layer was removed as completely as possible with a
glass rod, and the dark brown bottom layer with the droplets was taken up
This suspension was again cenin about 8 ml. of 0.88 M sucrose solution.
trifuged for 2 minutes at 15,000 X g, and the dark brown sediment taken up
in 5 ml. of sucrose solution.
The suspension was then filtered through a
column of cotton 90 X 22 mm., weighing 3 gm. The filtrate was centri-
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fuged for 15 minutes at 3000 r.p.m. (about 1024 X g), and the sediment was
taken up in about 5 ml. of 0.88 M sucrose solution and centrifuged again for
15 minutes at 3000 r.p.m.
The pellet of this last centrifugation consisted of
small droplets, 0.5 to 1.5 1-1in diameter, as may be seen in Fig. 2.
A shortened procedure was also adopted, in which filtration through
cotton and the second centrifugation’ at 3000 r.p.m. were omitted.
This
resulted in relatively pure suspensions of droplets, contaminated, however,
with some mitochondria.
Since only two short centrifugations
of 2 minutes
and two centrifugations
of 10 and 15 minutes, respectively, were employed,
relatively short time of isolation decreased the danger of alteration and the
yields were larger.
Enzyme tests were also made with these less pure preparations and compared with the highly purified droplets described above.

FIG. 2. Small
mal,

untreated

droplets,
0.5 to 1.5 p in diameter,
isolated
from the kidneys
of norrats.
Fixed
with 0~04; stained
with gentian
violet.
X 400.

The yield of small droplets from 20 to 25 gm. of kidney cortices (twelve
rats) varied from 2 to 10 mg. according to the degree of purification, and the
isolation lasted 2 to 3 hours.
Properties of Isolated Large and

Xmall

Droplets

Sediments of isolated large and small droplets show a characteristic dark
brown color, differing markedly from that of mitochondrial sediments,
which are a light yellow brown, and from microsomal sediments, which are
a pink translucent white. Another characteristic property of the droplets
is their sticky nature. In the purified state they adhere to the surface of
the centrifuge tube or form clumps with each other (Fig. 1). The isolated
droplets, both large and small, suspended in sucrose solution are stained
supravitally by neutral red, Janus green, and methylene blue. After fixation with 2 per cent Os04, they are stained strongly by pyronine and less
strongly by Gram’s stain. The same staining properties were observed by
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Oliver (4) and Oliver, MacDomell, and Lee’ for the droplets in situ. In the
dark field, both types of isolated droplets show a refractive rim and a darker
center.
Since accurate I’ determinations
can he made colorimctrically
with minute amounts of material, the fractionation of P in the droplets into acid1

TABLE

Fructionution

OJ” P in Large

Droplets,

and Snaall

Acid-soluble

-

Mitochondria,

P

Lipide

y P f~ernap. N

Large
droplets.
Small
“
Mitochondria
Microsomes.........

TABLE
Specijk

P

Ribonucleic

rPfiarmg.N

6.2
10.2
10.8
14.7

.

and Microsolnes

y P )ermg.N

30.6
23.6
55.5
80.2

8.9
7.6
11.5
24.1

II

Enzymatic
Activities
of Large und Small Droplets
Cytoplasmic
Fractions
,Jrom Eat Kidneys

and

Other

-

Alkaline
phospha.a~; 1 hr
xubation
pH 9.2;
18. P per
“lg. N

Large
droplets.
Small
“
Mitochondria
Microsomes

_.

Supernatant
fluid.
Total
homogenate..

0.35
0.32
0.12
(2.7)*
7.9
0.30
0.83

* The figures in parentheses
ment.
t Velocity
constant
of Hz02

soluble P, lipide P,
analysis.
In Table
compared with that
that both large and
acid, as demonstrated
and Lee.’
The possibility of

.cid phos,hatase; 1
r. incuba
tion , pH
i.0; “lg. P
,er “lg. N

1.11
1.62
0.14
0.25
0.18
0.23
represent,
decomposition

-.
acid I’

.TPase; 1
r. incubation , pH
.3; “lg. P
er “lg. N

0.51
0.76
1.94
(2.3)
3.6
1.35
1.39
the

Cyto-

chrome
(:atakise; oxidase;
ndopheno
kt per
"lg. N
31~ unit:
xr “lg. ii
3er 5 min

0.09
0.10
0.76
(0.21)
0.08
0.97
0.89
activity

1.1
2.4
27.6

g~zi;
tion time
f,nm,exper 0.1
mg. N

2.5

0.10
0.28
1.34
(0.43)
0.15

6.7

0.33

(6.1)

of the

Succinic
dehydro-

lower

layer

4utolytic
activity;
per cent
Ixotein N
rutolyzed
i n 18 hrs.,
3 ?‘, pH 4.1

32
35
42
22

of the sedi-

reaction.

and ribonucleic acid P was chosen as the first step of
I the P fractionation
of the large and small droplets is
of the mitochondria and microsomes.
It can be seen
small droplets contain phospholipides and ribonucleic
histochemically
by Oliver (4) and Oliver, MacDowell,
studying

the enzyme content of the droplets was limited
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by the availability of methods which would permit determination in a few
mg. of test material.
With this limitation, it was decided to begin the
analysis by a study of the following enzymes: alkaline and acid phosphatase, ATPase, cytochrome oxidase, succinic dehydrogenase,
catalase, and
autolytic (catheptic) enzymes.
The same enzymes were determined in the
mitochondrial, microsomal, and supernatant fractions and in the total homogenate from the kidney cortices of untreated rat.s. The enzymatic activities were referred to the total N of the samples.
The figures thus represent specific activities, not the enzyme content of whole fractions.
Table II summarizes the results of the enzyme analysis.
The figures are
averages of three to five determinations in which there were only small deviations, except in the microsomal fraction.
A marked inhomogeneity
of this
fraction was revealed when the upper and lower layers of the sediment were
analyzed separately.
The inhomogeneity was notable, especially in the alkaline phosphatase content of the two layers.
This enzyme probably originated to a large extent from disintegrated material of the brush border,
since alkaline phosphatase has been shown histochemically
by several
investigators to be strongly concentrated there.
In Table II the figures for
the lower layer of the microsomal sediment appear in parentheses.
DISCUSSLON

It was not possible to make a direct comparison of the total enzyme contents of whole fractions in addition to specific activities, since many dropWhile the “large droplets” from rats
lets were lost during the isolation.
injected with egg white constitute a small percentage of the total homogenate, the “small droplets” from the kidneys of untreated rats represent an
even smaller proportion.
The properties of such small cell fractions could
be easily overlooked if the enzyme content of different fractions were compared.
However, by comparing specific activities, the properties of very
small fractions will be detected.
Acid phosphatase, for example, was found
to be 8 times more concentrated in the small droplets from the kidneys of
untreated rats than in mitochondria and microsomes, although the total acid
phosphatase, which the relatively few droplets of the normal kidney cells
contain, is small compared with the acid phosphatase present in low concentration in the bulky mitochondrial,
microsomal, and supernatant
fractions.
The possibility of the loss of substances through diffusion, or of the contamination of the fractions by adsorption or by imperfections of techniques
in separation, always has to be borne in mind when cell fractions are isolated
and analyzed (6). The critical evaluation of the homogeneity and alteration that may have occurred during the procedure was facilitated in our
experiments by the possibility of comparing two different types of drop-
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lets, those from animals injected with egg white and those from untreated
animals.
The two types of droplets mere obtained by quite different procedures of isolation: different times and speeds of centrifugation,
different
types of contamination,
necessity for filtration through cotton in one case
only. Since the two fractions isolated under such different conditions
showed similar results on repeated analysis, this may be taken as an indication that the two fractions were relatively homogeneous and unaltered
by the procedure.
The most striking result of the enzymatic analysis is the high acid phosphatase content of both types of droplets.
They were also found to contain
alkaline phosphatase and ATPase, although in lower concentrations
than
the total homogenate.
The presence of proteolytic enzymes can be inferred
from the autolytic activity of the droplet suspension at pH 4.1. Oliver,
MacDowell,
and Lee1 have studied in kidney slices in vitro the alterations
and gradual disappearance of droplets which occur after the injection of egg
white and other proteins and have also concluded that proteolytic enzymes
may be active in these phenomena.
Our analyses have indicated a low content of cytochrome oxidase and succinic dehydrogenase in both large and small droplets. These observations
need confirmation, since the method employed for the estimation of succinic dehydrogenase is only approximate and the method for cytochrome
oxidase was applied for the first time. This latter method2 becomes inaccurate if test samples contain low concentrations of cytochrome oxidase
and high concentrations of reducing agents. The degree of this interference
can be estimated by destroying cytochrome oxidase in the samplesby heat
and adding the heated samples to a mitochondrial suspension of known
activity.
This was done with a ‘<smalldroplet ” suspension,and about 20
per cent inhibition of indophenol blue formation by mitochondria was observed. Presumably, a similar interference would be found with suspensions of large droplets. A correction of 20 per cent was therefore made in
the figures for cytochrome oxidase of the droplets in Table II. The corrected figures thus may be interpreted as indicating a low concentration of
cytochrome oxidase in the droplets or as expression of contamination by
mitochondria. The latter of these possibilities seemsmore likely, since little indophenol blue formation by the droplets was observed microscopically
when optimal concentrations of ac-naphthol and dimethyl-p-phenylenediamine hydrochloride were added to a purified droplet suspensionin 0.88 M
sucrosesolution.
The characteristic high acid phosphatase content of the droplets may aid
in the elucidation of their origin and function. It is interesting to compare
the droplets with certain other cellular fractions that are known to have a
high acid phosphatase content. Novikoff, Podber, Ryan, and Noe (11)
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have shown recently that suspensions of isolated mitochondria
and microsomes from rat liver cells are not homogeneous, and that a “dense microsome” fraction contains much acid phosphatase.
Palade (12) and Berthet
et al. (13) had previously indicated the presence of acid phosphatase in mitochondria of rat liver.
As will be shown in a later communication,
the large droplets isolated
after intraperitoneal
injection of egg white contain these proteins, estimated serologically, to about 6 per cent of their mass, thus confirming
Oliver’s hypothesis concerning the function of these cellular constituents in
the reabsorption of proteins.
The small droplets, isolated from the kidneys
of untreated rats, were found to be similar to the large droplets in chemical
and enzymatic composition and in staining properties, and thus probably
Small droplets with the same
are related to them in origin and function.
staining properties have been observed by Oliver (4) in the kidneys of untreated rats and to increase greatly in number after intraperitoneal
injection
of various amino acids. Lee3 has been able to demonstrate
histochemitally that the injected amino acids are concentrated in these small droplets.
Granules of various sorts have been described by many investigators
in
kidney cells and have recently been studied and reviewed by SjGstrand (14).
The staining of the droplets by neutral red recalls similar staining properties
of Golgi’s bodies (15), in which acid phosphatase has been demonstrated
histochemically
(16-18).
It may also be noted that the clumps formed by
the sticky droplets in the isolated state (Fig. 1) resemble somewhat so called
Golgi networks.
The question also arises whether a relationship exists between the droplets from kidney cells and the basophilic inclusions observed
by Lagerstedt
(19) in liver cells during protein incorporation,
and the
neutral red-stainable
“secretory
granules” discussed by Claude (20) and
Hogeboom, Schneider, and Palade (5). The demonstration
of high concentrations of phosphatases jn these liver granules might clarify this point.
SUMMARY

1. The droplets appearing in the kidney of rats after intraperitoneal
tion of egg white have been isolated in relatively high purity, but in
yield, by means of filtration through a column of non-absorbent cotton
preliminary purification by different~ial centrifugation.
2. Smaller droplets were isolated from the kidneys of untreated
which resemble the larger ones, appearing after egg white injection, in
ing properties, pigmentation, and chemical and enzymatic properties.
3. Both types of droplets contain phospholipides
and ribonucleic
They are stained supravitally
by neutral red, Janus green, methylene
and, after 0~0~ fixation, by pyronine.
3 Lee, Y. C., J. Exp. Med., in press.

injecsmall
after
rats,
stainacid.
blue,
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4. A characteristic
property is their high concentration of acid phosphatase. They also contain alkaline phosphatase, ATPase, and proteolytic
enzymes.
With the methods used, only small amounts of catalase, succinic
dehydrogenase, and cytochrome oxidase were found.
I am greatly indebted
and advice.

to Professor

Jean Oliver for his constant

interest
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