
Vol. 55 MOULD 'GLUCOSACCHARASE' 101

REFERENCES

Adams, M., Richtmyer, N. K. & Hudson, C. S. (1943).
J. Amer. chem. Soc. 65, 1369.

Bacon, J. S. D. (1952). Biochem. J. 50, xviii.
Bacon, J. S. D. & Edelman, J. (1951). Biochem. J. 48, 114.
Bacon, J. S. D. & Loxley, R. (1952). Biochem. J. 51, 208.
Bawden, F. C. & Pirie, N. W. (1942). Brit. J. exp. Path. 23,

314.
Bealing, F. J. & Bacon, J. S. D. (1951). Biochem. J. 49,

lxxv.
Bealing, F. J. & Bacon, J. S. D. (1953). Biochem. J. 53, 277.
Bradfield, A. E. & Flood, A. E. (1950). Nature, Lond., 166,

264.
Durrum, E. L. (1950). J. Amer. chem. Soc. 72, 2943.
Edelman, J. & Bealing, F. J. (1953). Biochem. J. 53, ii.
French, D. (1951). Science, 113, 352.
Gottschalk, A. (1950). In The Enzymqe, vol. 1, pt. i, p. 577.
Ed. by Suzmner, J. B. & Myrback, K. New York: Academic
Press.

Hanes, C. S. & Isherwood, F. A. (1949). Nature, Lond., 164,
1107.

H6rissey, H., Wickstrom, A., Courtois, J. E. & Dizet, P.
(1952). 2nd Int. Congr. Biochem. Abstr. p. 311.

Hestrin, S. (1940). Enzymologia, 8, 193.
Hofmann, E. (1934). Biochem. Z. 273, 198.
Hough, L., Jones, J. K. N. & Wadman, W. H. (1949).

J. chem. Soc. p. 2511.
Kuhn, R. (1923). Hoppe-Seyl. Z. 129, 57.
Kuhn, R. & Miinch, H. (1927). Hoppe-Seyl. Z. 163, 1.
Neuberg, C. & Mandl, I. (1950). In The Enzymes, vol. 1,

pt. I, p. 542. Ed. by Sumner, J. B. & Myrback, K. New
York: Academic Press.

Pan, S. C., Andreasen, A. A. & Kolachov, P. (1950). Science,
112, 115.

Partridge, S. M. (1948). Biochem. J. 42, 238.
Pazur, J. H. (1952). Fed. Proc. 11, 267.
Pazur, J. H. & French, D. (1952). J. biol. Chem. 193, 265.
Pottevin, H. (1903). C. R. Acad. Sci., Paris, 136, 169.
Raybin, H. W. (1933). J. Amer. chem. Soc. 55, 2603.
Raybin, H. W. (1937). J. Amer. chem. Soc. 59, 1402.
Tanret, C. (1902). C. R. Acad. Sci., Paris, 134, 1586.
Trevelyan, W. E., Procter, D. P. & Harrison, J. S. (1950).

Nature, Lond., 166, 444.
Wallenfels, K. (1951). NaturwiWsenschaften, 38, 306.
Weidenhagen, R. (1932). Ergebn. Enzymforsch. 1, 168.

Separation of Uroporphyrin Esters I and III by Paper Chromatography

BY J. E. FALK AND AMY BENSON
Nuffield Unitfor the Investigation of Pyrrole Pigment Metabolism, Department of Chemical Pathology,

University College Hospital Medical School, London, W.C. 1

(Received 17 January 1953)

The separation of free porphyrins according to the
number of carboxyl groups on their substituent
side chains has been achieved by paper chromato-
graphy (Nicholas & Rimington, 1949, 1951a). This
method is very sensitive, and has already revealed
the presence of hitherto unknown porphyrins in
pathological urines (McSwiney, Nicholas & Prunty,
1950; Nicholas & Rimington, 1951a; Rimington &
Miles, 1951); it does not, however, separate the
position isomers coproporphyrins I and III or
uroporphyrins I and III. The method of Chu,
Green & Chu (1951), in which the porphyrin esters
are used, allows the identification ofprotoporphyrin,
coproporphyrin I, coproporphyrin III and uropor-
phyrin I in mixtures. But these workers did not
study uroporphyrin III and we have found that the
uroporphyrin isomers do not separate under their
conditions.
The identification of a uroporphyrin isolated

from natural sources as the series I or series III
isomer has relied in the past mainly on comparison
of the melting point of the esterified specimen with

the melting points of the supposedly pure isomers.
Only since the isolation by Nicholas & Rimington
(1951b) of unequivocal uroporphyrin III from
turacin, has the melting point (2640) of pure uro-
porphyrin III ester been established beyond doubt.
Even so, reliable estimates of the composition of
a specimen from natural sources cannot be made
simply from melting-point comparisons, because of
the unexpected form of the mixed melting-point
curve recently established in this laboratory for
uroporphyrin esters I and III (Nicholas & Riming-
ton, 1953). A powerful tool has been provided,
however, by the use of this curve coupled with the
specific decarboxylation of uroporphyrin mixtures
to the corresponding coproporphyrins, with sub-
sequent determination of the proportions of the
latter (cf. Rimington & Miles, 1951).
In this paper we describe a paper-chromato-

graphic method which gives good separation of the
uroporphyrin esters I and III. By a combination of
this method with that of Chu et al. (1951) all five
main natural porphyrins (uroporphyrins I and III,
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coproporphyrins I and III and protoporphyrin) can
be separated on a single paper square (see prelimi-
nary note, Falk & Benson, 1953).
Some results of the application of the method to

the analysis of natural uroporphyrin mixtures are
described, the significance of the results being dis-
cussed more fully by Nicholas & Rimington (1953).

EXPERIMENTAL

Materials
Solvents. The kerosene was commercial heating paraffin,

distilled over CaCl; the fraction boiling at 190s250' was
used. Chloroform, B.P., was washed three times with water
and dried over CaCl2. Ethanolic chloroform: to chloroform
treated as above, ethanol was added to a concentration of
1% (v/v). Dioxan was purified by the method of Eigen-
berger (1931). n-Propanol was redistilled and had b.p.
95-970. Melting points were corrected.

I953
Specimen8 from pathological sources. Sample 4 (Table 1)

was collected from band Ci of Fig. 1 of Rimington & Miles
(1951); sample 2 was material B of Table 1 of the paper of
Rimington & Sveinsson (1950). Samples 5-9 were all
'Waldenstrom' esters prepared from the urine of cases of
acute porphyria in relapse, as described by Nicholas &
Rimington (1953). The isolation from a case of porphyria
cutanea tarda of sample 10 was described by Macgregor,
Nicholas & Rimington (1952). Sample 11 was isolated from
the urine of the same patient during a different attack.

Method8

Chromatography was by the ascending method in
closed glass jars, at 22-23°. The solvent to saturate
the atmosphere was put in the bottom ofthe jar and
the developing-solvent mixtures in a Petri dish in
which the paper square, rolled into a cylinder, was
stood. 20 cm. squares ofWhatman no. 1 paper were
used, the porphyrin esters being applied from

Fig. 1. Fig. 2.

Fig. 1. Paper chromatogram obtained using method A. (1) Uroporphyrin I, (2) uroporphyrin III, (3) equal quantities
of uroporphyrins I and III. Broken lines show positions of spots before final development. (For details of method,
see text.)

Fig. 2. Paper chromatogram obtained by application of method A to a series of mixtures of pure uroporphyrin esters
I and III. (For details of method, see text.)

Standkard reference substances. Uroporphyrin I ester,
m.p. 2930 (Table 1, sample 3) was fraction Ai shown in
Fig. 1 of the paper by Rimington & Miles (1951); further
data concerning it are given by Rimington & Sveinsson
(1950). Uroporphyrin III ester, m.p. 2640 (sample 1), was
prepared from turacin by Nicholas & Rimington (1951b).
Coproporphyrin I ester, m.p. 250-2510, was isolated from
calf meconium and coproporphyrin III ester, m.p. 160/1780
from Corynebacterium diphtheriae. Protoporphyrin IX
ester, m.p. 2300, was prepared from haemin by the method of
Grinstein (1947).

freshly prepared solutions in chloroform as spots
along a base-line 2 cm. from one edge. The positions
ofspots after development were determined by their
fluorescence in ultraviolet light.

A. Chromatography of methyl esters ofuroporphyrins
(Figs. 1 and 2)

(1) Kerosene-ethanolic chloroform (see Materials
section) development (atmosphere, chloroform). The,
paperwas developedbyamixture of kerosene (4 ml.)
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and ethanolic chloroform (6 ml.), untilthe porphyrin
spots had moved about a third of the way up the
paper. This was then removed and dried. Uro-
porphyrin esters I and III and mixtures of them
move at the same rate, and no separation is achieved
in this process, which merely serves to move the
porphyrin esters away from the base-line and from
traces of free porphyrins or other non-mobile
impurities. The base of the paper was now cut off
0 5 in. below the spots to eliminate non-mobile
material and to save time in the next development.

(2) Kerosene-dioxan development (atmosphere,
dioxan). The cut-down square was developed in the
same direction as before, with a mixture of kerosene
4 ml. and dioxan 1 5 ml., the solvent front being
allowed to reach the top of the paper.
With different batches of dioxan, in spite of the

most careful purification and fractionation, it was
necessary to determine experimentally the pro-
portion ofdioxan to kerosene for optimal separation
of the isomers.

Fig. 3. Paper chromatogram obtained using method B.
(1) Uroporphyrin I, (2) uroporphyrin III, (3) copro-

porphyrin I, (4) coproporphyrin III, (5) protoporphyrin.
Developed in direction (a) after Chu et al. (1951) and the
lower portion then developed in direction (b) with kero-
sene-dioxan. (For details of method, see text.)

B. Chromatography of mixtures of uroporphyrins,
coproporphyrins and protoporphyrin (Fig. 3)

The above methodwas combinedwith the method
of Chu et al. (1951) to analyse mixtures of the esters
of the uroporphyrin isomers, the coproporphyrin
isomers and protoporphyrin on a single paper

square. After development by the method of Chu,
the uroporphyrins remained together near the base-
line. The paper was cut off parallel with the base-
line, just above the uroporphyrins, leaving the
separated coproporphyrins I and III and proto-

porphyrin on the top portion of the paper. The
lower portion was then developed with kerosene-
dioxan as above, but in a direction at right angles to
the direction of the previous developments.
The method of Chu et al. (1951) involves develop-

ment with kerosene-chloroform (without addition of
ethanol) followed by a kerosene-propanol develop-
ment. Since the uroporphyrins are moved just clear
of the base-line in this process, it was not necessary
to include the kerosene-ethanolic chloroform
development, though this can be done if desired.

RESULTS

Uroporphyrin esters I and III move in the above
processes with RF values of about 0-02 and 0'5
respectively, the ratios being calculated from the
positions of the spots before and after the last
(kerosene-dioxan) development. Uroporphyrin I
forms a relatively small, round, spot, very strongly
fluorescent, while the uroporphyrin III spot is
elongated and rather fan-shaped (Fig. 1); since the
material occupies more space on the paper the
fluorescence is less intense. In mixtures of the pure
isomers, a 15% admixture of either was easily
distinguished (Fig. 2).

Table 1 compares the chromatographic assess-
ment of the proportions of isomers in uroporphyrin
mixtures from pathological sources with that
deduced from the melting point of the mixture.

DISCUSSION

The provision of a paper-chromatographic method
for the separation of the isomeric uroporphyrins I
and III is a considerable help in the study of the
porphyrins excreted by patients with porphyria.

Uroporphyrins I and III have not yet been
synthesized, and thus for the standard markers it
was necessary to use carefully purified materials
from natural sources. The constitution of these pig-
mentshadbeenestablishedbypart-decarboxylation
and characterization of the resulting copropor-
phyrins.

It was found better to apply the materials to thd
paper in solution in newly washed and dried chloro-
form than in acetone solution. If acetone is used
(cf. Chu et al. 1951) it is important that the solutions
be freshly prepared. Decomposition sufficient to
show on the chromatograms may occur within
24 hr. and becomes spectroscopically obvious after
a few days.
From the paper chromatograms it is possible to

make a rough estimate of the proportions of the
isomers present in a natural mixture. The limit of
sensitivity is about 10%; a 15% admixture of
either isomer is clearly distinguishable.

Application of the method to a number of
'Waldenstr6m' esters, the esterified uroporphyrin
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Table 1. Compoaition of naturally occurring uroporphyrin8

Composition deduced from position of
melting point on melting-point curves

M.p. Interpretation ,
Source of (corr.) of paper Uroporphyrin Coproporphyrin

Sample material* (0) chromatograms curvet curvet
1 Turacin 264 III only III only

Congenital porphyria
2 Bone 293 I only I only
3 Lev. 293 I only I only
4 Lev. 244 1> III

Acute porphyria
5 Beres. 253-4 25% I 15-20% I 20-25% I
6 Salisb. 255-7 20% I 15-20% I 20% I
7 Glasg. 260 Trace I 15% I 15% I
8 Evan. 245-58 Little I 18-36% I
9 McLaugh. 257-8 10% I 15-20% I 20-23% I

Porphyria cutanea tarda
10 L. Walk. 259-61 III only 5% I
11 L. Walk. 256-60 25% I 14-24% I 20-25% I

* Abbreviations apply to patients' names; these are included for ease of cross-reference to the accompanying papers
(Nicholas & Rimington, 1953; Kennard & Rimington, 1953).

t Cf Nicholas & Rimington (1953).
t Coproporphyrin from decarboxylation of corresponding uroporphyrin sample; composition by comparison with the

melting-point curve of Jope & O'Brien (1945).

fraction from acute porphyria urines, showed the
presence of both isomers, with uroporphyrin III
always predominating in this type of porphyria
(samples 5-9). In the case of porphyria cutanea
tarda studied, the III isomer was again present in
the higher proportion (samples 10 and 11), while in
the congenital porphyrias (samples 2-4) mainly
uroporphyrin I was excreted.
By reference to Fig. 1 ofthe paper ofRimington &

Miles ( 1951) it will be seen that fractionA i (sample 3
of the present paper) was the main uroporphyrin
fraction, and that fraction Ci (sample 4 here), a
relatively very much smaller fraction, separated
from the main band., The isomer analysis of these
two fractions shows not only the predominance
of uroporphyrin I in congenital porphyria but
provides an interesting example of the behaviour of
certain mixtures of the isomers as an entity, per-
haps due to 'molecular compound' formation (cf.
Nicholas & Rimington, 1953).

It is evident that the proportion of the two
isomers varies somewhat between different cases of
acute porphyria. The samples from a case of por-
phyria cutanea tarda show clearly that the pro-
portions ofthe uroporphyrins excreted may vary, in
this disease, from one attack to another.

SUMMARY

1. A paper-chromatographic method is described
which separates the isomeric uroporphyrin esters I
and III.

2. In conjunction with the method described by
Chu, Green & Chu (1951), this new method allows
the identification, on a single paper square, of the
main natural porphyrins: uroporphyrins I and III,
coproporphyrins I and III and protoporphyrin.

It is a pleasure to acknowledge the encouragement we
have received from Prof. Rimington and his kindness in
providing the pure samples and the natural mixtures.
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