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Specific Determination of Hydroxy-L-Proline in Biological Materials.*
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(Introduced by F. P. Nagler.)

Laboratory of Hygiene, Department of National Health and Welfare, Ottawa, Canada.

Paper chromatographic studies en the
amino acid metabolism of animal tissues in
vitro(1) have shown that marked changes in
amino acid content of synthetic medium M
150(2,3) occur during the cultivation period.
Medium M 150 contains 60 ingredients, in-
cluding 20 amino acids, in a modified Ty-
rode’s solution(4) and its complexity made it
difficult to detect changes in amino acids that
were present in low concentrations or that did
not separate completely on the chromato-
grams. Particular difficulty was encountered
with hydroxyproline, which reacted only
slightly on development with ninhydrin(5),
isatin(6), vanillin(7) or isatin and p-dime-
thylaminobenzaldehyde(8). For this reason,
an effort was made to develop a selective
method for hydroxyproline that could be ap-
plied in the presence of high concentrations
of other amino acids. The present communi-
cation reports such a specific method, based
on a modification of the conventional ninhy-
drin procedure. The application of this
method to complex synthetic media and to de-
proteinized chick embryo extract is presented.

Methods. Samples of media for analysis
(5.0 ml) were concentrated to dryness in
vacuo over HoSOy, reconstituted in 0.2 ml of
deionized water and 10 7 portions used with-
out desalting. One-dimensional descending
chromatograms (Schleicher and Schuell No.
597 or Whatman No. 1 paper) were devel-
oped for 2 successive 18-hour periods in
either s-butanol-acetic acid-water or mn-bu-
tanol-ethanol-water.  The chromatograms
were dried at 110°C for 2 to 3 minutes and
spraved with 0.4% ninhydrin in water-sat-
urated z-butanol or 95% ethanol. Full de-
tails of the chromatographic procedures have
been reported previously(1.9,10). Chick em-
bryo extract was prepared by grinding 11-

* The cooperation of Mr. C. E. Kerr, of this De-
partment, in making the photographic preparations,
is gratefully acknowledged.

day-old embryos and centrifuging off the tis-
sue pulp(11). The supernatant extract was
adjusted to pH 4.0 with 1 N H.SO,, precipi-
tated proteins removed by centrifuging, and
the pH readjusted to 7.2. Two volumes of
acetone were added, the mixture allowed to
stand overnight in the refrigerator, and cen-
trifuged. The final supernatant was concen-
trated to dryness in the usual manner and
used for analysis. Synthetic medium M 150
was prepared as described previously(2,3).
All chemicals and reagents were of the high-
est purity obtainable. Spectrophotometric
measurements were made by cutting appro-
priate areas from the developed chromato-
grams and fixing them to the inner walls of
1 cm Corex cells. Determinations were then
made in a Beckman, Model DU. Ultraviolet
examinations were carried out with a labora-
tory hand lamp (short wave model, 2537
A).

Results. Development of a specific color
with hydroxy-L-proline and ninkvdrin. Pre-
vious studies on the determination of phenyl-
alanine in synthetic medium M 150(10)
showed that dipping ninhydrin-developed
chromatograms in 1% sodium bicarbonate
produced a stable blue color characteristic of
this amino acid. At the same time, this alkali
treatment converted the faint vellow hydroxy-
proline chromogen to a bright pink spot that
faded within 5 minutes. Further studies on
this reaction have now shown that dipping
the chromatograms into 1 N HCI, within 2
minutes of the bicarbonate treatment, inten-
sifies and stabilizes the pink hydroxyproline
chromogen, and discharges the characteristic
phenylalanine color. The hydroxyproline
chromogen was firmly bound to the paper
chromatograms and could not be eluted with
water. Washing of the chromatograms with
water removed the majority of other ninhy-
drin and amino acid colors and left the hy-
droxyproline chromogen as a clear and dis-
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FIG. 1. Absorption curve of nmew hydroxyproline
chromogen. Measurements made in Beckman,
Model DU, using 1 em Corex cells containing area

cut from developed chromatogram. 25 ug hydroxy-
L-proline.

tinct spot. The absorption curve of this new
hydroxyproline color is presented in Fig. 1
and shows an absorption maximum at 550 to
560 mp. It is evident that the alkali and acid
treatment has caused a major shift in the
absorption maximum away from the charac-
teristic yellow imino acid and ninhydrin color
(absorption maximum at 440 mu).
Application to synthetic media and depro-
teinized embryo extract. The application of
the method to synthetic medium M 150 con-
taining different levels of hydroxyproline and
proline and to deproteinized chick embryo
extract is illustrated in Fig. 2. This figure
shows 2 identical chromatograms, both devel-
oped by the conventional ninhydrin procedure
but the second subsequently treated with bi-
carbonate and hydrochloric acid. By the con-
ventional ninhydrin method (Fig. 2, 1 to 6),
the presence of hydroxyproline in these ma-
terials is almost impossible to detect, due to
the faintness of the yellow color produced and
overlapping by more strongly-reactive amino
acids. Application of the new procedure (Fig.
2, 1, to 64) removes the interfering amino
acids, and hydroxyproline can now be de-
tected readily by its characteristic color. As
little as 5 to 10 ug of hydroxyproline can be
demonstrated, either alone or in synthetic
medium M 150. At the same time, the fail-

ure of proline to react increases the specificity
of the method. The chromatogram also shows
(Fig. 2, 34) that hydroxyproline is one of the
major components of deproteinized chick em-
bryo extract.

Fluorescence under ultraviolet light. Ex-
amination of the chromatograms under a
hand ultraviolet lamp showed that the new
hydroxyproline chromogen exhibited a strong
pink fluorescence. This property could not
be detected after the conventional ninhydrin
development nor after subsequent alkali
treatment but appeared immediately on acid
and water treatment. In Fig. 3 is shown
the hydroxyproline region of the previous
chromatogram (Fig. 2) photographed under
ultraviolet light. The marked fluorescence of
the hydroxyproline chromogen is clearly
shown in the chromatogram developed by the
present procedure while only a faint fluores-
cence is visible in the areas developed by the
conventional ninhydrin method. As little as
5 pg of hydroxyproline exhibits strong fluor-
escence (Fig. 2, 6,). In additional experi-
ments 1 to 5 pg were detected readily.

Discussion. Studies on the hydroxypro-
line content of foods(12) and biological ma-
terials generally have been handicapped by
the lack of a specific method that can be ap-
plied to the analysis of complex mixtures and
by the unavailability of a microbiological
method for this amino acid(13). The ma-
jority of the methods so far devised either fail
to distinguish clearly between hydroxypro-
line and proline or cannot be applied to ma-
terials in which the hydroxyproline concen-
tration is low in proportion to that of other
amino acids. The present method overcomes
these difficulties through the formation of a
characteristic chromogen specific for hydroxy-
proline but not proline. Moreover, the
method was found suitable for the analysis
of synthetic media in which hydroxyproline
represented only 1% of the total amino acids
present. Because the specific hydroxyproline
chromogen remained fast to the paper chro-
matograms, it became possible to wash away,
with water, overlapping spots and determine
this amino acid under conditions of poor sepa-
ration. In this way, deproteinized chick em-
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FIG. 2. Duplicate chromatograms, both developed by ninhydrin, but chromatogram on right

subsequently treated with 1 N NaHCO,, 1 N HCl and washed with water. 1 and 1,, synthetic

medium M 150, containing 5 ug of hydroxyproline and 20 ug of L-proline; 2 and 2,, M 150 eon-

taining 25 ug of hydroxyproline and proline; 3 and 3, deproteinized chick embryo extract; 4

and 4,, 25 ug of hydroxyproline and proline in water; 5 and 5,, 10 ug of hydroxyproline and
proline in water; 6 and 6,, 5 ug of hydroxyproline and proline in water.

FIG. 3. Hydroxyproline region of Fig. 2 photographed under ultraviolet light.
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bryo extract was found to contain a relatively
high concentration of hydroxyproline. This
observation is in marked contrast to the low
level reported by Westfall, Peppers and Earle
(14), who used the conventional isatin
method.

This procedure for hydroxyproline has
been used successfully in studies on the amino
acid metabolism of tissues cultivated in syn-
thetic medium M 150(1). This precludes
interference by approximately 60 compounds

of biological importance, including amino

acids, vitamins, purines and pyrimidines, salts
and certain accessory growth factors. The
only compound observed to form a somewhat
similar compound was phenylalanine but this
chromogen was discharged by the acid treat-
ment used to stabilize the hydroxyproline
color. An unusual feature of the method is
that it can be applied to paper chromatograms
previously developed with ninhydrin for the
measurement of other amino acids. The
chemical nature of the hydroxyproline chro-
mogen has not been determined, although
there appears to be some resemblance to the
benzene-soluble red compound observed by
Troll and Cannan(15). It should be noted,
however, that the chromogen isolated by these
workers was formed by proline as well as by
hydroxyproline. The intensity of the specific
chromogen and its fluorescence varied with
the concentration of hydroxyproline and at-
tempts to develop a quantitative method are
now in progress.

Summary. A new, specific method for hy-
droxyproline is reported, based on the devel-
opment of a characteristic chromogen through
ninhydrin development of paper chromato-

grams followed by rapid treatment with dilute
alkali and dilute acid. The new chromogen
has an absorption maximum at 550 to 560
my and fluoresces strongly under ultraviolet
light. Application of the method to complex
biological media showed that 5 to 10 ug of
hydroxyproline could be detected. A high
level of this amino acid was shown in chick
embryo extract for the first time.
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