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The total nondialyzable solids (TNDS) of nor-
mal human urine have been found to have an ap-
proximate composition of 47 per cent protides,
16.6 per cent glucides, 9.7 per cent sialic acid, 6.2
per cent hexosamine, 3.3 per cent lipids, 12.2 per
cent bound water and 8.5 per cent ash (1). The
mean TNDSexcretion in two series of determina-
tions has been found to be 433 mg. and 505 mg.
per 24 hours, with a value of 472 (S.D. ± 108)
mg. per 24 hours for the combined series (1, 2).
Methods have been described for separation of
the TNDS into three reproducible fractions (2).
Figure 1 is a flow sheet illustrating the technique
and approximate percentage weight distribution of
each fraction. Boundary electrophoretic studies,
at pH 8.6, have demonstrated the presence of
concentration gradients in the RS-l fraction which
have mobilities closely approximating each of the
gradients of normal blood plasma under similar
conditions (3). The Cohn Method 10 for frac-
tionation of plasma proteins has been modified by
Lever and co-workers to permit separation of
small quantities of plasma proteins (4). The
present report concerns the application of this
technique to the fractionation of RS-l solids from
normal human urine.

MATERIALS AND METHODS

Subjects. Ten to 12 subjects (seven male and five fe-
male) submitted 24 hour urine specimens, which were
pooled daily for rapid processing (2).

Reagents. The reagents were prepared from stock
solutions at room temperature and cooled to -50 C.
immediately before use. The reagents A and A' of Lever
gave an initial precipitation medium of pH 5.8. r/2 of
0.04 and 19 per cent ethanol when added to the requisite

* Supported by Public Health Service Grants A-259
and H-2820, National Institutes of Health, and by grants
from Mary Reynolds Babcock Foundation and from the
American Urological Research Foundation.

amount of acid-citrate-dextrose (ACD) plasma. The
aqueous solution of RS-1 urinary fraction was found to
lack the buffering action of ACDplasma; hence, in order
to achieve the above conditions for urinary RS-1, the
reagents A and A' of Lever and co-workers were com-
bined to form Reagent I.

Reagent I. This reagent contained 250 ml. 95 per cent
ethanol, 20 ml. of Msodium acetate, 1.75 ml. of M acetic
acid and water to make 1,000 ml. When necessary, the
pH of this solution was adjusted to pH 5.80 ± 0.05 by ad-
dition of approximately 0.05 ml. of 10 M acetic acid.

Zinc reagent. This reagent contained 54.8 Gm. of zinc
acetate dihydrate dissolved in 500 ml. of water, to which
200 ml. of 95 per cent ethanol was added and then suffi-
cient water to make 1,000 ml. The final pH was 6.5 ±
0.1 when stored at 30 C.

Veronal buffer. This was prepared by dissolving
11.188 Gm. of analytical grade 5,5-diethylbarbituric acid
and 82.4 Gm. of the sodium salt of this acid in 3,900 ml.
of CO2-free warm distilled water with final adjustment to
a volume of 4,000 ml. at 200 C. This buffer had a
specific conductivity of 3.11 (+ 0.05) X 10' mho and a
pH of 8.65 (±+ 0.03) at 00 C.

Apparatus. The fractionation was performed at - 5°
C. in a cold bath of 50 gallon capacity equipped with a
pump stirrer and with the temperature regulated to - 5.0
± 0.50 C.'

All centrifugation was with a Servall superspeed re-
frigerated centrifuge set at - 50 C. with SS-1 350 angle
rotor of radius 10.8 cm., providing a relative centrifugal
force of 7,710 X G at 8,000 rpm.

Technique of fractionation. After much experimental
variation in technique, the following procedure was
adopted as the standard. Exactly 1.55 Gm. of pooled
lyophilized RS-1 solids are suspended in 25 ml. of dis-
tilled water by gentle stirring for one minute and al-
lowed to stand at 30 C. overnight. The resulting solu-
tion is dark brown in color, but clear. Centrifugation for
20 minutes at - 50 C. may give a sediment having a ly-
ophilized dry weight approximating 2 to 4 per cent of
the original RS-1 solids. The supernate is adjusted to
exactly 25 ml. at - 50 C. by addition of distilled water
and cooled to approximately 10 C.

Step 1. Five plastic centrifuge tubes of 40 ml. ca-
pacity are suspended in the bath and 2 ml. of precooled

1American Instrument Company, Bath No. 4-86 G.
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TOTAL NONDIALYZABLE SOLIDS
474 mg./24 hrs. (s. e. 4 27)

Ultrafilter, 50C.. 40 p. s. i.
Collodion membranes, a. p. d. 20 mu

I

I
Residue
R-O

-33 % of TNDS

Extract Veronal buffer
0.1 M, pH 8.6

Centrifuge 1000 x 9.

Residue
R-1

-20% of TNDS

Supernate
RS- I

-13% of TNDS

Ultrafiltrate
UF-O

-67% of TNDS

p.s.i.: pounds per square inch
up.dc=overoge pore diameter
s. e. = standard error

FIG. 1. FLOWSHEET ILLUSTRATING THE TECHNIQUEFOR FRACTIONATING
URINARY TOTAL NONDIALYZABLE SOLIDS AND THE NORMAL PERCENTAGE
WEIGHT DISTRIBUTION AMONGTHE FRACTIONS AFTER LYOPHILIZATION

Reagent I added to each. Five ml. of precooled RS-1
solution is then added dropwise with constant stirring fol-
lowed by dropwise addition of 18 ml. of Reagent I and
continued stirring for 15 minutes. The tubes are then
permitted to stand for 60 minutes.

The tubes are transferred directly into the precooled
centrifuge and centrifuged for 30 minutes. The clear
supernatant solution is removed, pooled and stored in the
cold bath at - 50 C. The dark brown precipitate is re-
turned to the cold bath and resuspended by gentle stirring
for 15 minutes in 10 ml. of Reagent I. After standing for
15 minutes, the tubes are recentrifuged as above. The
clear supernate is combined with the original to give a
total volume of 175 ml. The residue, designated fraction
RS-1A, is taken up in 2 ml. of veronal buffer with 1 ml.
of buffer wash for each tube, giving a final volume of 15
ml. of solution. This material is then subjected to ly-
ophilization after dialysis against distilled water at 30 C.
for 72 hours. The lyophilized material is a white, fluffy,
nonhygroscopic powder.

In the initial efforts to fractionate RS-1 solids by the
above technique, the precipitation and filtration through
sintered glass cups of 14,u maximal porosity was at-
tempted.2 This was unsatisfactory because of the high
concentration of mucosubstances in the filtrate. These
molecules adhered to the glass, thus blocking the filter
pores to such an extent that filtration required 24 to 36
hours at a pressure of 38 cm. of mercury. There was a
considerable loss of material by entrapment in the filters,
even though much of this material appeared to be quite
soluble in the precipitating medium, hence the need for
centrifugation rather than filtration in Step 1.

The precipitate RS-1A is comparable to Cohn Frac-
tions I, II and III. Since the quantity of solids in this

2 Corning Glass cups, size M.

fraction was relatively small and only two concentration
gradients were seen by boundary electrophoresis, no
further attempts to fractionate RS-lA were made.

Step 2. The supernate from Step 1 (which should
total 175 ml. at this point) is measured, thoroughly mixed
by gentle stirring, and 5.0 ml. of zinc reagent added drop-
wise for each 50 ml. of supernate, with constant stirring,
at - 5° C. A greyish-brown flocculent precipitate forms
immediately and stirring is continued for 15 minutes. The
solution is allowed to stand in the bath for one hour, then
transferred to six precooled 40 ml. plastic centrifuge tubes
and centrifuged for 30 minutes. The clear and colorless
supernate is removed and returned to the cold bath. A
zinc acetate wash is prepared by addition of 8 ml. of
zinc reagent to 100 ml. of Reagent I. The dark brown
precipitate in each tube is resuspended in 15 ml. of pre-
cooled zinc acetate wash by gentle stirring and, after 15
minutes standing at - 50 C., the centrifugation is re-
peated. The clear supernate is combined with that above
from the first centrifugation. This supernate, designated
fraction RS-1C, is dialyzed against distilled water in
preparation for lyophilization. The lyophilized product
is a cream-colored, fluffy powder. This fraction is com-
parable to Cohn Fraction VI. The residues of each tube
are taken up in 3 ml. of veronal buffer followed by a 2
ml. and 1 ml. wash with veronal buffer. The transfer
funnel is washed with 1 ml. of veronal buffer to give a
final volume of 37 ml. for the residue, which is completely
soluble as a dark brown but clear solution. This fraction,
designated fraction RS-1B, is comparable to Cohn Frac-
tions IV and V. This material is dialyzed against dis-
tilled water and lyophilized for recovery of the solids.
Lyophilization yields a tan, fluffy, nonhygroscopic powder.

Analytical methods. Analyses of the lyophilized solids
for total nitrogen, hexose, "sialic acid," hexosamine,
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TABLE I

Distribution of recovered solids in fractions of RS-1, expressed as per cent of lyophilized dry weights

Human
Pool No. 12* 13 14 15 16 plasmat

Fraction
RS-1A 4.3 1.4 0.9 6.4 3.8 32.8
RS-1B 75.4 65.8 68.4 68.5 72.3 65.6
RS-1C 20.3 32.7 30.8 25.1 23.8 2.2

Per cent of
totairecovered 48 57 79 78 52

RS-1/R-Ot 0.33 0.51 0.38 0.31 0.31

* Fractions from Pool 12 weighed after recovery from electrophoresis cell.
t Reference 4.
t Average for 7 pools, 0.36. R-O is the total nonultrafiltrable fraction of TNDS.

hexuronic acid (naphthoresorcinol method) and lipids
were by previously described methods (1, 2). Sulfhydryl
analyses were by the method of Ellman (5).

RESULTS

The electrophoretic analysis of RS-1 and of the
three subfractions will be presented in a subse-
quent report.

Table I presents the percentage distribution by
weight of the recovered solids in each fraction, the
total recovery in terms of per cent of initial lyo-

philized RS-1 solids, and the ratio of RS-1 to

R-O solids in each of five pools (representing 162
individual 24 hour urine volumes).

Table II presents some analytical results with
fractions from three pools of RS-1. These pools
were collected during the months of December
through February for Pool 13, March through
May for Pool 14 and June through July for Pool
15 as a part of the program for evaluation of sea-

sonal variations in urinary TNDS excretion.
After correction for loss during fractionation, the
sums of the glucides, protides (N X 6.25) and
total lipids in each fraction account approximately

TABLE II

Analyses of starting samples of RS-1 and of their respective Cohn fractions, expressed as per cent of lyophilized dry weight

Total fatty
acids plus

Hexose* Hexu- Total unsaponi- Total
Pool "Sialic Hexosa- ronic Total phospho- fiable choles-

Fraction No. Anthrone Orcinol acid" minet acidl N lipids§ lipids material terol

Total (RS-1) 13 11.7 11.3 5.2 8.9 10.6
15 13.0 9.1 2.6 7.5 0.21 10.6

(12.2)¶ (10.9) (1.7) (7.8)

RS-1A 13 9.2 6.5 0.0 5.1 9.0
15 11.8 8.9 0.0 3.6 11.6

(11.3) (9.9) (0.0) (3.8)

RS-1B 13 7.9 5.1 0.0 5.7 11.5 9.84 0.38 4.70 0.67
14 8.8 5.3 0.0 5.5 11.7 12.2 0.63 3.60 1.01
15 9.8 6.4 4.7 5.0 0.18 11.8

(6.0) (5.3) (3.5) (7.7)

RS-1C 13 20.4 13.7 7.8 14.5 9.5 7.86 0.27 4.97 0.15
14 24.2 18.8 6.8 15.4 7.3 14.77 0.29 0.43
15 22.0 20.0 9.0 13.0 8.0

(24.1) (20.0) (7.3) (13.5)

* Standard was galactose and mannose, 1 :1 by weight.
t Expressed as glucosamine HC1.
t Naphthoresorcinol method.
§ Chloroform extract. Insufficient A fraction was obtained to permit lipid analysis.
] Petroleum ether extract after saponification.

Figures in parentheses are analyses obtained after redialysis and relyophilization of sample of Pool 15.
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for their respective contributions to the composi-
tion and weight of RS-1 solids (2).

The isoelectric precipitation of the total RS-1B
was complete within the pH range of 4.0 to 4.2.
The RS-1C fraction behaved as a mixture of
substances with isoelectric points varying be-
tween pH 2.2 and 3.5, although precipitation was
never complete between the range 1.0 to 10.0

Both intact and hydrolyzed RS-1 solids con-
tained less than 0.1 per cent sulfhydryl sulfur.

DISCUSSION

The system of fractionation used here requires
critical control of pH, temperature, ionic strength
and zinc concentrations. Deviations in technique
to improve the rate of recovery are hence limited
in scope. The precipitated mucosubstances tend
to adhere to glass and even plastic surfaces so
tenaciously that they cannot be removed by rinsing
with the precipitating medium. In separate ex-
periments these invisible films were recovered
from the stirring rods and other apparatus by
copious distilled water rinses which were subse-
quently lyophilized and weighed. The mechani-
cal loss thus determined under optimum condi-
tions was approximately 0.6 per cent of the 1.55
Gm. of starting solids.

The lyophilized RS-1 solids contained approxi-
mately 2 per cent of insoluble material which was
lost in the initial centrifugation; this is not neces-
sarily denatured protein, but may instead be traces
of incompletely separated fraction R-1 (2).
After lyophilization, approximately 4 per cent
of RS-1 became dialyzable. It was found pos-
sible to increase the percentage of recovered solids
to 89 per cent of the starting total by removing
these substances in the initial step of this proce-
dure. This was readily accomplished by redialy-
sis of the aqueous suspension of RS-1 prior to the
initial precipitation, but had the disadvantage that
approximately half of the mucosubstances of
RS-1B then appeared in the RS-IA precipitate.

This change of some component(s) of RS-1
from nondialyzable to dialyzable form (or other
source of loss) apparently involves fractions RS-
1B and RS-1C to an approximately equal extent,
otherwise the proportions of these two fractions
should vary with the per cent of total recovery.
The proportional relationship among the three

fractions was far more constant than the total re-
covery (Table I). Electrophoretic studies of
RS- 1 indicated the alpha components and the
immobile component to be quantitatively the most
variable (3). The former appear in both RS-1B
and RS-1C, the latter in RS-1C only.

We have been unable to detect any seasonal
variation in the amount or composition of RS-1
urinary solids.

The data of Table II demonstrate some chemi-
cal differences in the three fractions. The glucide
content suggests a high concentration of muco-
substances in all fractions, being much the great-
est relative to nitrogen content in RS-1C.

The detection of hexuronic acid only in the
RS-lB solids is not evidence that it is absent from
RS-1C. The hydrolytic conditions for the method
used here are inadequate to release the hexuronic
acid from (e.g.) chondroitin sulfuric acid (2),
while interference prevents a reliable determina-
tion by the carbazole technique. Paper electro-
phoresis of these fractions, with commercial chon-
droitin sulfate as a control and color develop-
ment with aqueous. toluidine blue 0, indicated
the presence of metachromatic material with the
mobility of chondroitin sulfate. The majority of
this material appeared in RS-1B, although a trace
was consistently present in RS-1C and none was
detected in RS-1A. There was a suggestion that
more than one metachromatic substance was pres-
ent but trailing prevented a clear evaluation of the
number of components.

The absence of sulfhydryl groups after hydro-
lysis of RS-1 solids is an indication of the
absence of sulfur-containing amino acids. This,
together with the low isoelectric points, the re-
latively high carbohydrate contents and the low
albumin to "globulin" ratio is further evidence
that materials having electrophoretic mobilities
at pH 8.6 like serum globulins are chiefly muco-
substances and not primarily proteins which have
escaped into the urine. The results of a number
of other workers indicate that the situation is
probably quite different with certain pathologi-
cal urines [e.g., (6)].

The results of Webb, Rose and Sehon (7, 8)
indicate that the mucosubstances of RS- 1 have
molecular weights on the order of 10,000. This
would be consistent with current ideas concern-
ing the general relationship between molecular
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size and selective appearance of materials in the
urine. However, these workers are dealing with
a combination of both the RS-1 and UF-O por-
tions of the TNDS, which makes it difficult to
compare their results with our own.

Total cholesterol in RS-1C was lower than in
RS-1B. Values for "total lipids" and "fatty acids
plus unsaponifiable matter" were of the same
order of magnitude in the two subfractions and
were also similar to, or only somewhat lower than,
the values previously determined on the unfrac-
tionated material, RS-1 (2). However, in both
subfractions figures for "total phospholipids"
were considerably smaller than in RS-1 (one-
half to one-eighth in RS-1B, and one-fourth to
one-tenth in RS-1C), a finding which definitely
suggests that phospholipids are to a large extent
split and/or removed during the separation pro-
cedure.3

SUMMARY

The nonultrafiltrable, buffer-soluble fraction
(fraction RS-1) of the total nondialyzable solids
of normal human urine was subjected to the first
steps of Cohn's Method 10 for the separation of
plasma proteins. Three distinctly different and

3 The low phospholipid values and the sizable differences
between the "total lipids" and the "total fatty acids plus
unsaponifiable matter" indicate that the chloroform ex-
tracts of RS-1B and RS-1C included substances other
than phospholipids, which were insoluble in petroleum
ether or which, upon saponification, yielded a large pro-
portion of products insoluble in this solvent. Some of
these products might be hydroxyacids resulting from the
oxidation of unsaturated fatty acids in the course of the
manipulations. On the other hand, from the acidimetric
titration of the petroleum ether extracts and from the
weight of these extracts (corrected for the weight of
cholesterol) the maximum possible values for the average
molecular weight of fatty acids can be calculated. The
figures so obtained (201 for RS-1B, Pool 13; 241 for
RS-1B, Pool 14; and 232 for RS-1C, Pool 13) are
distinctly below the corresponding values for the mix-
tures of fatty acids extracted from serum or tissues (276
to 284) and therefore suggest the presence of some or-
ganic acid soluble in petroleum ether, but with a' rather
short carbon chain and relatively nonvolatile.

apparently reproducible fractions were obtained.
It has not been possible to separate mucosub-
stances from proteins by this method. The low
isoelectric points, high glucide content and ab-
sence of sulfhydryl groups suggest that the RS-1
solids are composed almost entirely of mucosub-
stances.
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