ing with various specific globulins (6).
The production of antiserums with
acrylamide gel used as the adjuvant
and protein carrier is a simple method
which results in rapid production of
high-titer antibody. The antibody which
is produced rapidly after immunization
is more specific for macroglobulins than
is the antibody obtained after continued
immunization. Thus, with continued
immunization, the titer may rise but
the specificity is decreased (8).
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Collagen-Like Protein in
Human Plasma

Abstract. Human plasma contains hy-
droxyproline in a bound form that is
nondialyzable, is precipitable with the
usual protein precipitants, can be ex-
tracted with hot trichloroacetic acid,
and is released on hydrolysis in 6N
HCI. These properties resemble those
of collagen and suggest that small
amounts of this connective tissue pro-
tein (3 to 5 mg per 100 ml), or a very
large peptide derived from it, normally
circulate in the blood. The identifica-
tion and analysis of hydroxyproline in
hydrolyzates of plasma protein were
based on isotope-dilution procedures.

Collagen is the most abundant pro-
tein in animals, representing as much as
25 to 30 percent of the body protein.
The unique abundance of hydroxypro-
line in collagen has made it possible to
study collagen metabolism in the intact
animal by measuring the amount of
free and peptide-bound hydroxyproline
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in blood () and urine (2). The pro-
cedure developed for hydroxyproline
assay (3) has been applied to protein-
free filtrates and to dialyzates of plasma
and yields values of about 1 to 2 pg of
peptide-bound hydroxyproline per mil-
liliter of plasma (7). The possibility of
a circulating form of intact collagen
occurred to us in the course of studies
on the pathology of the endocardial
fibrosis in patients with malignant car-
ciroid tumors (4). Such a possibility
was also supported by the finding of
Houck (5) that hydrolysates of whole
plasma yielded much larger values for
hydroxyproline than did protein-free
filtrates. Further study revealed that
normal human plasma contains a non-
dialyzable substance which is precipi-
table with several protein precipitants,
can be extracted into hot trichloroacetic
acid, and yields free hydroxyproline on
hydrolysis in 6N HCI. These properties
resemble those of collagen and suggest
that small amounts of a collagen-like
protein normally circulate in the blood.

Samples of human serum or plasma
prepared from blood of normal volun-
teers in the fasting state were hydro-
lyzed directly for 3 hours in 6N HCI
at 120°C. When assayed by the method

of Prockop and Udenfriend (3), they .

contained from 15 to 25 ug of ap-
parent hydroxyproline per milliliter.
When .plasma proteins were precipi-
tated or purified by dialysis, the bulk
of the apparent hydroxyproline was as-
sociated with the protein (Table 1).
Other indications of the association of
the hydroxyproline with protein were
(i) precipitation by other protein pre-
cipitants including cold 5 percent tri-
chloroacetic acid, tungstic acid, and
barium hydroxide, (ii) migration with
the plasma proteins on Sephadex-G-25
columns, and (iii) release during acid
hydrolysis of plasma proteins at a rate
comparable to that observed during hy-
drolysis of gelatin. )

Up to this point identification of the
hydroxyproline was based on the color
obtained with Ehrlich’s reagent in the
standard hydroxyproline assay. Com-
parison of the spectra of the chromo-
phores obtained with hydrolysates of
plasma proteins and with authentic hy-
droxyproline showed that both had
peaks at 560 mu. However, the mate-
rial from plasma also exhibited an ab-
sorption peak at 450 mp which was not
present in the spectrum of the authentic
hydroxyproline chromophore. When the
plasma proteins obtained by ethanol

precipitation were extracted with hot
trichloroacetic acid essentially as de-
scribed for collagen (6) and then hy-
drolyzed, the apparent hydroxyproline
content of material extracted was less
than 50 percent of the total found by
direct assay. Furthermore, the spectral
characteristics of the chromophore
formed in the assay more closely re-
sembled those obtained with authentic
hydroxyproline chromophore. Thus,
plasma protein hydrolysates, unlike pu-
rified amino acid mixtures and hydrol-
ysates of other proteins (3), contain
material in addition to hydroxyproline
which reacts with Ehrlich’s reagent in
the standard assay. To measure hy-
droxyproline in the presence of this
interfering material, it was necessary
to use isotope-dilution procedure.
Pooled human plasma (6 to 8 ml)
was treated with four volumes of ab-
solute ethanol and the protein precipi-
tate was centrifuged. The supernatant
was decanted and the precipitate was
resuspended in four volumes of 6N
HCl and hydrolyzed. A measured
amount of radioactive hydroxyproline,

Mixed Electro-
phoretogram

Radioactive
Hydroxypraline

Plasma Protein
Hydroxyproline

63.5 cm.

64 cm

A - C A+C

Fig. 1. Diagram of electrophoretograms
of authentic and plasma-protein hydroxy-
proline. Samples containing plasma-
protein hydroxyproline (4) (purified by
column chromatography), tritium- (B) or
C*. (C) labeled hydroxyproline stan-
dards, or mixtures of 4 +B or A+ C
were placed in spots on Whatman No. 3
MM paper and subjected to high-voltage
electrophoresis in 4 percent formic acid
at 4700 v, 250 ma, for 4 hours at 20°C.
The migration of all samples was identical
with that of authentic hydroxyproline.
Radioactive peaks coincided with hydroxy-
proline spots developed with an isatin-
Ehrlich’s spray. Specific activity (in counts
per minute per microgram) is given for the
actual strip from which it was determined.
Strips represented by shaded areas con-
tained radioactivity but there was insuffi-
cient material for colorimetric assay.
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Table 1. Distribution of apparent hydroxy-
proline in human plasma.

Apparent hydroxyproline (ug/ml plasma)

Super-
natant  Retained
Subject Etha.n(.)l after after Dialy-
PIECIPl  ethanol  dialy-  zable
tate * precipi- sis
tation
D.D. 16.7 0.8
M.M. 16.9 1.0
P.R. 16.4 1.5
R.T. 18.0 1.0
L.C. 22.5 0.9
Pooled
plasma % 17.4 1.5 14.4 3.0

* Absolute ethanol (2 ml) was added to 0.5
ml of heparinized plasma at 0°C. After 30
minutes the precipitate was separated by cen-
trifugation at 4°C and the supernatant was de-
canted. The supernatants were evaporated to
dryness and taken up in a measured volume of
water. 1 Heparinized plasma (1 ml) was
dialyzed twice against 250 ml of distilled water
at 4°C for 24 hours. Dialyzates were evaporated
to dryness and taken up in a measured volume of
water. i The plasma was obtained from “‘out-
dated” blood. Values shown represent the averages
of from three to nine determinations.

either C*- or tritium-labeled (7), was
added to a sample of the hydrolysate.
The subsequent procedures were then
applied to samples, both with and with-
out added labeled hydroxyproline. Pri-
mary amino acids were reacted with
2,4,6-trinitrobenzene-1-sulfonic acid by
the method of Satake er al. (8); excess
reagent and a-amino acid derivatives
were removed on a Dowex-1 column
(acetate form). Imino acids do not re-
act with the reagent and pass through
the Dowex-1 column. This effluent was
desalted by adsorbing on a Dowex-50
(H*) column, and then by eluting from
the column with 1IN ammonium hy-
droxide (9). Ammonia was removed by
repeated evaporation to dryness and the
residue was taken up in 1IN HCI and
chromatographed on a Dowex-50 col-
umn equilibrated and developed with
1IN HCI (9). Hydroxyproline is eluted
from this column very early and is
completely separated from the much
larger amounts of proline.

The fractions containing hydroxypro-
line were pooled, concentrated, and
subjected to high-voltage electrophoresis
on paper along with hydroxyproline
standards. Radioactivity on the paper
was detected in a windowless gas flow
counter (Vanguard 4 pi). As shown in
Fig. 1 all hydroxyproline samples mi-
grated approximately 64 cm. To ascer-
tain homogeneity, the hydroxyproline
area in the mixed electrophoretogram
(Fig. 1, A+ B and A + C) was cut
into 0.6-cm strips; each strip was eluted
with distilled water and the specific ac-
tivity was determined (10). The con-
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stancy of specific activity within the
hydroxyproline areas (Fig. 1) is in-
dicative of homogeneity, and it estab-
lished the presence of hydroxyproline in
the protein hydrolysates. The amount
of hydroxyproline in the plasma-protein
hydrolysates could be calculated from
the extent of dilution of the added ra-
dioactive hydroxyproline (Table 2).

The results of three separate isotope-
dilution determinations on the pooled
plasma indicated 6.4 to 7.3 ug of pro-
tein hydroxyproline per milliliter of
plasma. In contrast, by colorimetric as-
say of the precipitated plasma proteins
there was about 15 to 20 ug of ap-
parent hydroxyproline per milliliter of
plasma which confirmed the presence
of some other Ehrlich-reacting sub-
stance or substances, and indicated the
extent of the interference. Although
colorimetric assay of hot trichloroacetic
acid extracts (6) of plasma-protein pre-
cipitates yielded values close to .those
obtained by the isotope-dilution pro-
cedure, this agreement was partly co-
incidental since significant amounts of
the impurity were also extractable by
hot trichloroacetic acid and the extrac-
tion of hydroxyproline-containing pro-
tein was not complete. A tentative pro-
cedure based on hot trichloroacetic acid
extraction of ethanol-precipitated pro-
teins has been applied to plasmas from
ten patients. The values obtained range
from 3.5 to 6 pg of protein-bound hy-
droxyproline per milliliter of plasma
and are generally comparable to those
obtained by isotope-dilution assay of
the pooled plasma. If the hydroxypro-
line represents collagen or a protein of
similar amino acid composition, this
value would indicate approximately 3
to 5 mg of the protein per 100 ml of
plasma.

Tissue proteins other than collagen
de occur in human plasma. Tissue en-
zymes such as the transaminases, amy-
lases, and peptidases have been ob-
served repeatedly in both normal and
pathological plasma. The source of this
circulating “collagen” is unclear and
warrants further investigation. The
source may be “leakage” from cells
which are rapidly synthesizing collagen
or may be the result of collagens slow-
1y becoming soluble. Houck (/1) ob-
served that dermal injury led to the
mobilization of collagen from distant
uninjured sites where it was released
presumably into the circulation and to
the site of injury, thus implicating a
circulating collagen in the processes of

Table 2. Isotope dilution assay of plasma-
protein hydroxyproline in three separate
samples of pooled plasma. Hydroxy-L-proline-
5-H?® hydrochloride was added to acid hydroly-
zates of pooled plasma-protein precipitates.
The final specific activity in each case repre-
sents the average of at least three deter-
minations on elutions from paper strips; each
strip contained 1.1 to 8.3 ug of hydroxy-
proline by colorimetric assay and 2000 to
12,000 count/min. The following equation was
used to calculate the amount of authentic

hydroxyproline (E) in plasma protein:
E=B[(C/D) —1]/A.
Hydroxyproline
Amount Specific activity ~ Authen-
(H3- (per ug) tic, by
Plasma labeled) - . 7 isotope
(ml) added Initial Final  4iution
(n2) Got 90 (ug/m)
count/ count/
min) min)
A B C D E
55 045 1615 1.96 6.6
15 .48 1.695 1.469 7.3
7.2 .48 1.695 1.771 6.4

inflammation and repair. Zucker and
Borrelli (/2) have shown that connec-
tive-tissue suspensions and purified col-
lagen produce platelet clumping which
implies a relation between collagen and
hemostasis. The cardiac lesions of ma-
lignant carcinoid (4) could result from
the deposition of circulating collagen
on the endocardial surfaces of the
valves rather than from exudation of
intracellular collagen. Finally, circu-
lating soluble collagen may be a factor
in the excessive fibrosis of many dis-
orders of connective tissue.
H. KEI1ser, E. C. LERoy

S. UDENFRIEND, A. SJOERDSMA
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