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Determination of the execretion rates of hydroxylysine (Hyl) and its gly-
cosylated -derivatives - glucosylgalactosylhydroxylysine (GlcGalHyl) and galac-
tosylhydroxylysme (GalHyl) has been shown to be useful in assessing the ac-
tivity of diseases which affect collagen metabolism [1-3]. We have developed
a method for measurement of the urinary excretion of GlcGalHyl, Gallyl and
Hyl which is based upon separation of these compounds by chromatography on
Dowex 50W-X8, followed by determination of the Hyl present in that portion
of the column eluate which contsins each compound [4]. The separation of
the individual glycosylated hydroxylysines and Hyl is excellent; however, all
urine. samples. obtained from normal individuals and from patients with a
variety of diseases contain. chromogenic material which is eluted from the
chromatographlc column prior to the elution of GleGalHyl. This material ex-
hibits. chromatographie heterogenexty and is designated Fraction I (Fr I). The
separation of this material from GlcGalHyl on Dowex 50W-X8 is adequate but
the estimation of GleGalHyl present in pooled eluates from calibrated chroma-
tographic columns [4] would be more reliable if the separation of Fr I from
GlcGalHyl could be improved without sacrifice of the separation of the other
compounds . of .interest. This paper descnbes a modified chromatographlc
method which aclneves this goal S

EXPER]MENTAL :

Standard solutzons )
*To ‘whom eor:espondenee should be add:essed



Hydroxylysine (mixed DL and DL-allo) was purchased from Sigma (St.
Louis, Mo., U.S.A.). GicGalHyl and GalHyl were prepared from bovine lens
capsule (Pel-Freez Biologicals, Rogers, Ariz., U.S.A.) collagen by the method
of Spiro [{5]. A 24-h urine sample obtained from a patient with Paget’s disease
was used as a reference urine sample to compare the different Dowex 50W
resins. Aliquots of this urine sample were stored at —20° until chromato-

graphed.

Reagents for column chromatography

Dowex 50W resins having different degrees of cross-linking were purchased
from either Sigma (8% cross-linked) or Bio-Rad Labs., Richmond, Calif., U.S.A.
(2% and 4% cross-linked). All resins were 200—400 mesh and were washed ac-
cording to the procedure of Moore and Stein [6]. The washed resins were
equilibrated with 0.1 M citrate buffer, pH 3.42 [6]. The elufing buffer contain-
ed 69 g citric acid monohydrate, 96 g sodium citrate dihydrate and 8 g disodi-
um ethylenediamine tetraacetate in a final volume of 8 1. The pH of buffer
was adjusted to 5.00 with 10 M NaOH (approximately 4.4 ml/l of buffer).
This buffer is 0.08 M in cifrate and contains 172 mequiv. Na/l. Following
completion of each chromatogram the resin beds were washed with 0.2 M
NaOH and then re-equilibrated with the 0.1 M ciirate buffer, pH 3.42.

Chromatographic procedure

The following 24 X 1 cm ion-exchange columns were prepared: Dowex
50W-X8, Dowex 50W-X4, Dowex 50W-X2 and Dowex 50W-X8: Dowex 50W-
X4 combined 1:1 (wet vol./wet vol.). The columns containing the combination
of Dowex 50W-X8 and Dowex 50W-X4, designated combined-resin columns,
‘were’ prepared either by layering the 4% cross-linked resin over the 8% cross-
linked-resin or by blending equal volumes (wet) of the two resins and then
pouring the slurry into the chromatography column. Either 1 ml of a mixture
containing GleGalHyl, GalHyl and Hyl or a 1-ml aliquot of the reference urine,
pH 23, was washed into the resin bed with the 0.08 M citrate buffer, pH
5.0. The chromatogram was developed at a flow-rate of 8 mi/h which was
‘controlled by a syringe pump (Model 975 Infusion Pump, Harvard Apparatus
Co., Dover, Mass., U.S.A.) fitted with adapters to -hold four 60-ml plastic
‘disposable syzinges. The column effluents were collected in 1- or 2-ml fractions.
Chromatography was carried out at room temperature. The eluate fractlons
were analyzed for the presence of Hyl and glycosylated hydroxylysmes as
descnbed below.

Spectrophotometric analysis

Prior to spectrophotometric analysis, the glycosylated hydroxylysmes and
substances present in Fr I were hydrolyzed in order to release free hydroxyly-
sine and Fr I chromogen(s) respectively. One m! of the column eluate fractions
was placed in 100 X 13 mm culture tubes fitted with PTFE-lined screw-caps,
and 1.0 ml of 4 M HCI was added to give a final concentration of ‘2 M HCl.
The tubes were closed and hydrolysis was performed for 4 h at 105°. Following
hydrolysis the solution was neutralized by adding 0.22—0.23 ml of 10 M NaOH
to each ml of the hydrolysate solution. The volume then was adjusted to 5.0 ml
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with 1.2 M Na,HPO,, 0.3 M citric acid -buffer, pH 7.0 [7] and, if necessary,

the final pH was adjusted to between 6.8 and 7.0 by the addition of either 2 M
NaOH or 1 M HC1. Analysis for Hyl was then carried out as described by Blu-

menkrantz and- Prockop [7]. Column eluate fractlons which contained free

Hyl did not require hydrolysm

RESULTS

The elution positions of GlcGalHyl, GalHyl and Hyl standards were deter-
mined on each column. Table I summarizes the volumes of column eluate
which separate Fr I, the glycosylated hydroxylysines and Hyl when 1-ml ali-
quots of the reference urine sample were chromatographed on Dowex 50W
resins of varying cross-linking. The separation of GleGalHyl from Fr I was im-
proved by use. of either a 4% or 2% cross-linked resin. However, there was a
decrease in the separation of GlcGalHyl from GalHyl and of GalHyl from Hyl
on the 4% cross-linked resin and a marked diminution in these two separations
on the 2% cross-linked resin. The elution volume of the chromogenic material
present in Fr I was not changed and the use of resins with fewer cross-linkages
did not result in further fractionation of the substances present in this material.
Analysis of the results obtained with the 8%, 4% and 2% cross-linked resins
suggested that improved separation of GleGalHyl from Fr I might be achieved
by use of a 6% cross-linked resin without a significant decrease in the separa-
tion of the other compounds.

To our knowledge Dowex 50W-X6 resin is not commerc1ally avallable,
therefore chromatographic columns were packed with the 1:1 combination
(wet vol./wet vol.) of Dowex 50W-X8 and Dowex 50W-X4. Fig. 1 shows the
elution paitern obtained when 1 ml of the reference urine was chromato-
graphed .on a layered combined-resin column. There was no significant dif-
ference between the separations obtained on the layered combined-resin

TABLE 1

SEPARATION OF FRACTION 1, GLYCOSYLATED HYDROXYLYSINES AND HY-
DROXYLYSINE ON DOWEX 50W, 200—400 MESH RESINS WITH VARIOUS PER-
CENTAGES OF CROSS-LINKING

Crass-Linking Volume of eluting buffer between Elution

(%) * fractions (ml)* Volume of Hyl**
FrI— GlcGalHyl— GalHyl—
GlcGalHyl GalHyl Hyl
8 8 22 46 180
4 38 14 22 178
2 48 4 6 138
Combined-vesin 26 20 . 34 176

*The resulis are expressed as the number of millimeters between the completion of the
elution of each compound and the beginning of the eluhon of the t'ollowmg compound
and are the average of two determinations. .

**Volume of buffer required to complete the elutxon of Hvl
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columns and the blended combined-resin columns.. Combined-resin columns
were used over a period of months and no significant change in elution pat-
tern of the. substances present in the reference urine sample was observed
during this period. Use of the combined-resin chromatographiec columns result-
ed in improved separation of Fr I from GlcGalHyl, while excelient separation
of GleGalHyl from GalHyl and of GalHyl from Hyl was retained. The volumes
of combined-resin column eluate which separate Fr I, the glycosylated hy-
‘droxylysines and Hyl are shown in Table 1.

Although there was some variation, the volumes of eluate containing Fr I,
the glycosylated hydroxylysines and Hyl were not. significantly - different
during chromatography on resins of different degrees of cross-linking as com-
pared to their elution volumes on Dowex 50W-X8. Urine samples which con-
tain the amounts of glycosylated hydroxylysines and Hyl excreted by normal
adults [1, 4] can be analyzed on calibrated chromatographic columns by
pooling the "eluate volumes previously demonstirated to contain GlcGalHyl,
GalHyl and Hyl and by analyzing 1-ml aliquots (GlcGalHyl and GalHyl) or
2-ml aliquots (Hyl) of the pools [4].

Spectrophotometric analysis of those portions of the column eluate which
contained Fr I and the glycosylated hydroxylysines without prior acid hydro-
lysis resulted in the detection of only trace amounts of chromogenic material.
Acid hydrolysis of the column eluate fractions which contained Hyl did not
aifect the results of the spectrophotometric analyses of these fractions.

DISCUSSION

Separation of glycosylated hydroxylysines and Hyl on Dowex 50W-X8 is
satisfactory; however, when the column eluates which contained GlcGalHyl,
GalHyl and Hyl were pooled separately [4] and then analyzed, unexpectedly
high -values for GlecGalHyl occasionally were obtained. In these instances,
further testing revealed that a portion of the Fr I chromogenic material had
been included in the GlcGalHyl pool. Moore and Stein [8] demonstrated the
effect of resin cross-linking on the chromatographic behavior of amino acids
and polypeptides and noted that improved separations sometimes could be
achieved by blending resins of different degrees of cross-linking. In order to

Emion\blm\e ) .
Fig. 1. The elution pattern of Fr 1 chromogens GchelHyl GalHyl and Hyl obﬁamed when
the reference urine was ehromatographed ona layered, combmed-Dowex SOW-:esm column
Reembedvolumewalelml e
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improve the separation of Fr I from GlcGalHyl without compromising the
separation of the other Hyl-containing substances, we investigated the use of
resins of different degrees of cross-linking. Among the types tested, this ob-
jective was best attained by use of a resin bed consisting of a 1:1 combination
of 8% cross-linked Dowex 50W and 4% cross-linked Dowex 50W. Use of a
combined-resin column has eliminated the problem of admixture of Fr I
chromogen with the GlcGalHyl-containing portion of the column eluate.

The composition of the buffer was also a factor in the resulis obtained.
Use of a 0.1 M citrate buffer, pH 5.0, which contained 182 mequiv. Na/l
[4] to develop the combined-resin column resulted in good separation of
Fr I from GlcGalHyl but the separation of GlcGalHyl from GallHyl was not as
satisfactory as with the buffer described in this report. Less than optimal
separation of all Hyl-confaining compounds precludes the pooling of fractions
collected from calibrated columns and measurement of the Hyl content of
aliquots of the pools. If individual column eluate fractions are analyzed for
Hyl, the original buffer does yield satisfactory separations and has the ad-
vantage of a shorter total running time since Hyl is eluted at 135—145 ml
rather than at approximately 175 ml. _

These investigations described in this report do not provide an indication
of the nature of the substances present in Fr I. Six percent of the chromogen
present in the Fr 1 component of the reference urine sample employed in this
investigation is accounted for by the presence of peptide-bound hydroxyly-
sine while the remainder of the chromogenic material is due to the presence of
free and peptide-bound proline in this portion of the column eluate [4]. On
the basis of the 16:1 ratio of proline to hydroxylysine in Fr I [4], we believe
this- material represents the collagen-related polypeptides which were described
by Krane et al. [9]. Three percent of the Hyl present in the reference urine
sample was presenft in Fr I. Askenasi has demonstrated that approximately
10% of the total urine hydroxylysme is present in these polypeptides |10, 11].
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