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conditions are sufficient to cause at least epimerization at Cy;
was shown by the following experiment. A mixture of 100
mg. of 6-epidesoxodesacetyldihydroisotenulin,’® 3 ml. of
ethanol and 0.1 ml. of 109, sodium hydroxide solution was
heated on the steam-bath for 30 minutes. Removal of
ethanol followed by cooling and careful dilution with water
caused gradual crystallization of 6-epidesoxodesacetylidi-
hydroalloisotenulin, m.p. 157-158°.
Allotetrahydrohelenalin —A mixture of 0.15 g. of tetra-
hydrohelenalin,* 0.25 g. of sodium carbonate, 3 ml. of water
and 0.5 ml. of ethanol was refluxed for 15 minutes. The
solid tetrahydrohelenalin dissolved within 5-10 minutes.
The alcohol was driven off and the solution was cooled and
acidified with coned. hydrochloric acid. The semi-solid
product was taken up in chioroform, the chloroform layer
was washed, dried and concentrated 4 vacuo. The residual
oil was crystallized from aqueous methanol to give 0.07 g.
of colorless thick prisms, m.p. 161-163°, mixed m.p. with
tetrahydrohelenalin depressed to 140°. Three additional
crystallizations from aqueous methanol gave needles, m.p.
165.5°, {a}?®p 125° (959, ethanol, ¢ 0.56); infrared bands
at 3415 (bonded OH), 1760 (vy-lactone), 1730 (cyclopen-
tanone, shoulder at 1720-bonded?) and 1412 em.™!.
Anal. Caled. for C;3H2O4: C, 68.49; H, 8.03. Found:
C, 68.64; H, 8.33.
Dehydroaliotetrahydrohelenalin.—Chromic acid oxida-
tion of 100 mg. of allotetrahydrohelenalin yielded 80 mg. of
dehydroallotetrahydrohelenalin, m.p. 170°, {«]?p 33.3°
(959% ethanol, ¢ 0.605), mixed m.p. with material from the
oxidation of desacetyltetrahydrobaiduilin A (m.p. 166°)
167-168°. The infrared spectra of the two samples were
superimposable in every detail.
Desoxoaliotetrahydrohelenalin.—A mixture of 0.1 g. of
allotetrahydrohelenalin, 0.15 ml. of ethanedithiol and 0.25
ml. of boron trifluoride-etherate was allowed to stand for
one hour, diluted with water and extracted with ether.
The ether extract was washed with water, aqueous sodium
hydroxide and again with water. Removal of solvent
yielded an oil which refused to crystallize; wt. 0.11 g., in~
frared bands at 3450 and 1760 cm.~!. The oil, wt. 0.31 g.,
was desulfurized with Raney nickel and worked up in the
usual way to give 0.25 g. of an oil which refused to crystallize.
It was purified by chromatography over alumina (solvent
and eluent benzene), [«]?2p —20° (959, ethanol, ¢ 0.53),
infrared bands at 3450 and 1760 cm. 1.

Anal. Caled. for C;sH2O;: C, 71.39; H, 9.59. Found:
C, 71.18; H, 9.47.
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When the thioketal was chromatographed over alumina,
there were some changes in the fingerprint region of the in-
frared spectrum. Desulfurization of 100 mg. of the thio-
ketal, after chromatography and purification in the usual
manner, yielded 80 mg. of a crystalline residue which was
recrystallized from benzene-ligroin and ligroin. The
felted needles melited at 134-135°, [a] 24D 15° (959, ethanol,
¢ 0.28); infrared bands at 3570 and 3450 (non-bounded
and bonded OH) and 1750 ecm.™* (vy-lactone). There were
significant differences in the fingerprint region of the two
hydroxylactones.

Anal. Caled. for Ci;:H203: C, 71.39; H, 9.59. Found:
C,71.96; H, 9.12.

Dehydrodesoxoallotetrahydrohelenalin.—Oxidation of
0.19 g. of the non-crystalline desoxoallotetrahydrohelenalin
in 10 ml. of acetic acid with 5.2 mi. of a 1.33%, solution of
chromic acid in acetic acid was allowed to proceed at 5°
overnight. Excess oxidizing agent was destroyed by add-
ing methanol and the combined solvents were removed.
The residue was diluted with water and extracted with ether.
The ether extract was washed, dried and freed of solvents to
give 0.155 g. of a viscous oil (isomer A) which refused to
crystallize; [a]2p —13.2° (959, ethanol, ¢ 0.295), infrared
bands at 1765 (y-lactone) and 1700 cm. ! (cycloheptanone).
The material gave a positive Zimmermann test.

Anal. Caled. for Ci;H20;: C, 71.97; H, 8.86. Found:
C, 72.42; H, 8.91.

Oxidation of 0.35 g. of the solid hydroxylactone in the
same manner gave 0.33 g. of viscous ketolactone, [a]2D
43.2°(95% ethanol, c0.665). Itgavea positive Zimmermann
test. The infrared spectrum of this material (isomer B)
did not differ significantly from that of the isomer A, the
fingerprint region being rich in detail, aithough the rotation
was quite different. In an attempt to prepare the oil for
analysis, it was distilled in a high vacuum. 7Two fractions
were collected: fraction 1, b.p. 135-143° (bath temp.,
0.03 mm.), [«]?D 42° (959, ethanol, ¢ 0.3); and fraction 2,
b.p. 155-160° (bath temp., 0.02 mm.), [a}%D 75.8° (959,
ethanol, ¢ 0.545). It is not clear whether isomerization
occurred during the distillation or whether the original mate-
rial was a mixture. The infrared spectra of the two frac-
tions were practically indistinguishable from each otler and
from the spectrum of isomer A.

TALLAHASSEE, FLA.

[CoNTRIBUTION NO. 2459 rrOM THE DIvIsioN oF CHEMISTRY AND CHEMICAL ENGINEERING, CALIFORNIA INSTITUTE OF
TECHNOLOGY]
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An improved procedure is described for the separation of minor hemoglobin components in hemolysates of red blood cells

and hence for the purification of the main component.

and phenylketonuric individuals has failed to reveal any significant differences in the number or amounts.

A comparison of the minor components of hemoglobin from normal

Thus, the

abnormal amounts of free phenylalanine in the organism have failed to influence the biosynthesis of the hemoglobin signifi-

cantly.

Introduction

It is now well established that the hemoglobin
from a hemolysate of normal adult human red blood
cellsis heterogeneous. This fact, although suspected
earlier on the basis of experiments that did not
permit the isolation of the components,!=3 received
its first unequivocal demonstration when Kunkel

(1) K. Singer, A. I. Chernoff and L. Singer, Blood, 6, 413 (1951).

(2) J. Roche, Y. Derrien and M. Roquer, Compt. rend. Soc. biol., 146,
689 (1952).

(3) A. 1 Chernofi, Biood, 8. 399 (1953).

and Wallenius* separated minor fractions from hu-
man adult hemoglobin by starch block electrophore-
sis. At about the same time, by means of chroma-
tography ou the ion-exchange resin, IRC-50, Mor-
rison and Cook® found a component (109;) that
moved more rapidly and another (69,) that moved
more slowly than the main component. Huisman
and Prins® detected only the faster component with
(4) H. G. Kunkel and G. Wallenius, Science, 122, 288 (1955).

(3) M. Morrison and J. L. Cook, tbid., 132, 920 (1955).
(6) T. H. J. Huisman and H. K. Prins, Nature, 177, 840 (1956).
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different methods of chromatography on IRC-50.
Allen, Schroeder and Balog,” again by chromatog-
raphy on IRC-50, did not detect the more slowly
moving component but were able to show that the
faster component contained at least three heme
proteins and one non-heme protein. None of these
seemed to be identical to fetal hemoglobin.” Crys-
tallized and non-crystallized hemoglobin were
equally heterogeneous.

Huisman, Martis and Dozy® as well as Gutter,
Peterson and Sober® have chromatographed adult
hemoglobin on the cation exchanger, carboxy-
methylcellulose. Their results have much in
common and superficially, at least, resemble those
of Morrison and Cook.® Both groups of workers
observed a more rapidly moving component that
was not very well separated from the major com-
ponent and a more slowly moving component that
was well separated. The latter presumably corre-
sponds to the more slowly moving component that
Kunkel and Wallenius* isolated by starch block
electrophoresis.

One may speculate as to the source and function
of these minor components some of which may be
present to the extent of only about 19, of the total
hemoglobin. Certain possibilities are apparent.
Inasmuch as there is a constant turnover of red
cells, the minor components may simply trace the
life history of the cell: some may be precursors of
the mature hemoglobin molecule which is relatively
stable for the most of the life of the cell and others
may be the degenerate products of the aged cell.
On the other hand, each coimnponent niay be geneti-
cally determined. Whether the minor components
arise from one source or the other, their relative
quantity might be influenced by a stress to which
the organism is subjected. The stress might be
reflected either by increasing the production of
one or more of the minor components or by inter-
fering with the formation of the major component.
One miglit expect to find an answer to these ques-
tions in individuals with hematological disorders,
and, indeed, in thalassemia minor, there appears to
be not only an increase in the amount of the minor
components!®!! but also an increase in their nuni-
ber.2 Likewise, in cases of sickel-cell anemia,!? the
minor compornents are present to the extent of 10 to
279, as compared to 10 to 139 in normal individ-
uals’; not only is there an increase in amount but
also some difference in the kind of minor compo-
nents as well as greater individual variation between
sickle-cell anemics. It is not known whether these
additional minor components are the result of the
genetic abnormality which causes anemia, or whether
they are formed as a resuit of the abnormal condi-
tion under which the protein is being synthesized.

One may ask whetlier the presence of abnormal

(7) D. W. Allen, W. A. Schroeder and J. Balog, T'n1s JournaL, 80,
1628 (1958).

(8) T. H. J. Huisman, E. A. Martis and A. Dozy, J. Lab. Clin. Med.,
52, 312 (1958).

(9) F. J. Gutter, E. A, Peterson and H. A, Sober, Arch. Biochem.
Biophys., 80, 353 (1859).

(10) H. G. Kunkel, R. Cepellini, U. Muller-Eberhard and J. Waolf,
J. Clin. Invest., 86, 1615 (1957).

(11) A. M, Josephson, M. S. Masri, L. Singer, D. Dworkin and K.
Singer, Blood, 18, 543 (1938).

(12) M. Morrison and J. L. Cook, Federation Proc., 16, 765 (1937).

(13) R. T. Jones, private communication.
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metabolites during protein biosynthesis will in-
fluence the molecule that is being formed. This
problem might be resolved in a hematologically
normal condition in which a different stress, genetic
or acquired, is present during tlie biosynthesis of
hemoglobin. Such a situation obtains in patients
suffering from phenylketonuria. In these individ-
uals, a biochemical defect, inherited as an auto-
somal recessive gene, prevents the effective conver-
sion of phenylalanine to tyrosine and results in
blood levels of phenylalanine as high as 40 mg. per
100 ml., compared to 1 to 2 mg. per 100 ml. in the
normal individual. The apparent improvement in
mental status of patients on diets low in phenylala-
nine,'#!® and the normal development of infauts
who were born with this deficiency and reared on
low phenylalanine diets suggest a toxic action of the
phenylalanine or of its metabolites. One possible
mode of toxicity would be through increased incor-
poration of phenylalanine into body proteins and
the consequent interference with the proper func-
tion of these molecules. If this is the mode of
action, however, it must have altered the hemo-
globin very little because the phenylalanine content
of whole hemoglobin of normal and phenylketonu-
ric individuals is not significantly different.’® How-
ever, as noted, an amino acid analysis is unlikely
to detect a difference in a small percentage of the
molecules. At the time of this analysis, the full ex-
tent of the heterogeneity of whole hemoglobin was
not realized but, as it becaine more apparent, an
investigation of the minor components in henoglo-
bin from phenylketonuric individuals was clearly
indicated. If the large amount of phenylalanine
alters the biosynthesis of normal protein by iu-
creased incorporation, then minor components other
than those normally present might be found., If it
impairs normal protein biosynthesis, then the rela-
tive proportions of the different components might
be changed. If no difference is observable, the
changes are either below the levels of detection,
or the biosynthesis of hemoglobin is not influenced
by such abnormal conditions.

This investigation was begun to determine
whether or not differences could be detected in the
amount and kind of hemoglobin components in the
blood of normal individuals and of phenylketo-
nurics. It has led to an extension of the methods
of hemoglobin chromatography thiat were in use in
these laboratories and to the detection of additional
minor components in hemolysates of normal red
cells. Differences in hemoglobin from normal and
phenylketonuric individuals liave not been found.

Experimental

Preparation of Hemoglobin Solutions.—Blood, freshly
drawn from laboratory workers, was mixed with 3.29, so-
dium citrate diliydrate (one ml. of citrate solution to 5 ml.
of blood). The cells were separated from the plasma by
centrifugation for 5 min. at 6000 r.p.m. in a refrigerated
centrifuge (0-5°), then stirred with an equal volume of
0.99%, saline solution and centrifuged again as above. The
supernatant saline solution and white cells were carefully

(14) H. Bickel, J. Gerrard and E. M. Hickmans, Acta Paediat., 43,
64 (1954).

(15) M. D. Armstrong and C. I, Tyler, J. Clin. Invest., 34, 565
(1955).

(16) D. W. Allen and W. A. Schroeder, #bid., 36, 1343 (1837).
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removed. This washing was repeated four times before
hemolysing by frequent shaking with an equal volume of dis-
tilled water and 0.4 volume of toluene for 15 minutes at
room temperature. After the hemolysate had been ceutri-
fuged for 1 hr. at 25,000 X g at 0-5°, the middle layer of
oxyhemoglobin solution was drawn off and again centri-
fuged at 25,000 X g to remove any remaining cell debris.
The hemoglobin was used for chromatography after it had
been dialyzed for at least 12 hr. at 0-5° against 100 times
the volume of the developer thiat was to be used for subse-
quent chromatography. . .

The samples of plienylketonuric blood were obtained from
patients at Pacific State Hospital, Pomona, California.
These samples were packed in dce and delivered to these
laboratories within 4 hr. after having been drawmn.

Preparation of Chromatographic Columns.—Amberlite
IRC-50 synthetic cation-exchange resin was prepared and
columns were poured according to the method of Allen,
et al.7 In these experiments only 1 X 35-cm. columns were
used.

Developers.—The developers used were those described
by Allen, ef al.,” with one exception. This new developer,
termed No. 5, was prepared by dissolving 16.56 g. of so-
dium dihydrogen phosphate monohydrate, 7.1 g. of an-
hydrous disodium hydrogen phospliate and 2.6 g. of po-
tassium cyanide in 4 1. of water. The pH at room tempera-
ture was 6.85 %= 0.05 and the sodium ion concentration was
0.055 M. . .

Operation of Columns.—Prior to starting a chromato-
gram, the top 3 cm. of the resin in a column was stirred and
allowed to settle. The hemoglobin to be chromatographed
was diluted to a concentration of 50 to 60 mg. in 3 ml. of
developer and run slowly onto the column with a bent-tip
dropper without disturbing the surface of the resin. The
sample was allowed to flow in under gravity and washed in
with 8 X 1 ml. of developer. The columns equilibrated with
Developer No. 1, 2 and 4 were run as described? at 5-6°.
When using columns equilibrated with Developer No. 5 at
5-6°, the flow rate was regulated initially to deliver 6 ml.
per hr. and 2-ml. fractions were collected. After 120 ml.
of efiluent, the flow rate was increased to 10 ml. per hr. for
the next 500 ml. and 4-ml. fractions were collected. At
this point, the leading edge of the main component had
either reached or was very close to the bottom of the column.
The column was then allowed to warm to room temperature;
the flow rate automatically increased to 15 ml. per hr.
Under these conditions, the remaining zones were removed
from the column rapidly. After the column had been
warmed, it was not used again until 600 ml. of developer had
lreen passed through in the cold in the course of 4 days.

(Since these conditions were first devised and used, it
lias become apparent that a few degrees difference in room
temperature during the last part of the chromatogram
markedly influences the results., Therefore, chromato-
grams of this type are now routinely thermostated at 28°
during that period when the main component and more
slowly moving components are passing from the column.
(Furthermore, reconditioning is now done with 1000 ml. in-
stead of 600 ml. in 4 dayvs.)

Before rechromatography, the pooled fractions of a zone
were concentrated at 0-5° by dialyzing against a 209, solu-
tion of polyvinylpyrrolidone (PVP K-30 from Oxford
Laboratories, San Francisco 4, California) in developer in
order to maintain a suitable pH. By this method, 30 ml.
could be concentrated to 3 ml. in 24 hr. by dialyzing in 300
mi, of PVP solution. The sample was then dialyzed against
the proper developer before use.

Spectrophotometry.—The optical density of each frac-
tion was read in thie Beckman DU spectropliotometer at 280
and 415 my as described by Allen, et al.?

Results and Discussion

Chromatographic Methods.—A first comparison
was made by separating the combined more
rapidly moving minor components from the major
component with Developer No. 2, followed by re-
chromatography of the minor components with
Developer No. 4 for further analysis. However, the
separation by Developer No. 2 was less satisfactory
than previously described” and this method was
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found to be unsuitable because the quantity of zone
Ar1c'" was not reproducible in duplicate chromato-
grams with the same sample. Apparently, a vari-
able quantity of the minor components trailed into
the major zone with Developer No. 2. Furthermore,
on rechromatography with Developer No. 4, a small
amount of a slowly moving component which re-
mained on the top of tlie column suggested the pres-
ence of still another minor component. The quan-
tities of zones A1. and A1, were in satisfactory agree-
ment in duplicate chromatograms and these two
zones were found in a constant ratio to each other in
normal and phenylketonuric individuals.

Inasmuch as the main difficulty with this proce-
dure lay in the inability to achieve a complete initial
separation of the major and minor components, a
procedure with a new developer, No. 5, was devised
to eliminate the problems of rechromatography by
permitting whole hemoglobin to be chromato-
graphed and the entire analysis to be completed
with one chromatogram. A typical chromatogram
is shown in Fig. 1. Zones A1a and Ay, emerge as a
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Fig. 1.—Chromatogram of whole aduit oxyhemoglobin on
a1l X 35-cm. column of IRC-50 with Developer No,5. The
inset shows that portion of the chromatogram near 700
ml. of efluent volume on a reduced vertical scale. The
chromatogram was warmed from 5-6° to room tempera-
ture (28°) after 675 ml. of effluent.

single zone which is well separated from Ar.. More
strongly adsorbed minor components still remain on
the column and are removed more rapidly by dou-
bling the flow rate after 120 ml. of effluent; zones A4
and Are are eluted with peaks at 140 = 10 and 300
£ 20 ml. The chromatogram is continued until
the front of the main component reaches the bot-
tom of the column (about 6350 to 700 ml.'¥). At
this time, the main zone is spread over the lower
two-thirds of the column. A slowly moving zone is
faintly visible near the top of this region. If now
the column is warmed to room temperature (bet-
ter 28°), the major component moves off the col-

(17) The system of nomenclature used in this paper follows that
of Allen, et al.” When the identities of the minor zones as isolated by
chromatography and by starch block electrophoresis have been corre-
lated, a definitive nomenclature can be established.

(18) This volume applies when the total hemoglobin on the column
is 50 mg. It will be greater or less in reverse relation to the quantity on
the chromatogram,
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umn in 50 ml. of effluent. A zone, Arn, more
strongly adsorbed than the major component
shows up distinctly. If the chromatogram had
been continued in the cold, zone Anr would, no
doubt, have trailed so much as almost to mask zone
A but by warming the column, the separation of
zones Arr and Ajn is enhanced. Zone Arnr usually
appears as a single zone, but occasionally it seems
to be formed by two poorly separated zones.!'® This
type of chromatogram is reproducible in the posi-
tion and amount of each zone present.

Allen, et al.;” have demonstrated that zones Aj,,
An, and Are are not artifacts. Two experiments
were carried out to ascertain whether or not the
minor components, including the very slowly mov-
ing zone, were artifacts of this method of chroma-
tography. In the first experiment, whole hemoglo-
bin was chromatographed with Developer No. 1.
On this type of column, there is very little separa-
tion between the rapidly moving minor components
and the major fraction; the peak of the combined
rapidly moving minor components (zone Ar) comes
out at 17 ml. and the peak of the major fraction
(zone Am) at 24 ml. Approximately 759, of the
major fraction emerges in the 10 ml. after the peak.
The fractions that contained zone Ar as well as the
first 12 ml. of the effluent that contained zone An
were combined, dialyzed against Developer No. 5,
and rechromatographed with Developer No. 5.
Zones A1 through Ajle were present in the usual
amounts whereas zone A1 was present to the extent
of about 157, of the usual amount. A decrease in
the amount of zone Arr was to be expected if this
zone was not formed on the column because the
trailing portion of the main component was dis-
carded at an arbitrary point before rechromatog-
raphy. The conclusion may be drawn that chro-
matography does not produce the minor compo-
nents or increase their amounts.

In the second experiment, about twice the usual
amount of whole hemoglobin was chromatographed
with Developer No. 5. As zone Ay emerged from
the column, the fractions were immediately chilled
and the five most concentrated fractions which
contained about 909, of the amount usually
chromatographed were pooled and rechromato-
graphed with Developer No. 5. All of the minor
zones were eliminated by this procedure. Zone Ap
trailed less obviously as it moved down the column.
About 19, of the total material was present in an
ill-defined zone between zone Ay and the usual po-
sition of zone Apr. Thus, chromatography is not
responsible for the minor components.

Experiments were not made to determine whether
the minor components are produced during the
preparation of the hemoglobin solution. However,
the experiments of Kunkel, ¢t al.,® and Allen, ef al.,
suggest that they are not so produced. It seems
probable, therefore, that the minor components ex-
ist in the red blood cell.

Comparison of Hemoglobin from Normal and
Phenylketonuric Individuals.—Five samples of
normal hemoglobin and six of phenylketonuric

(18) Recent unpublished experiments suggest that the separation of
A1yl into two zones is a yet undetermined function of the chromato-
graphic conditions. It is consistently obtained with Developer No. §
O |oINe COIHm]lS hut not on otlhers
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hemoglobin were compared chromatographically;
two normal samples were repeated with fresh
specimmens of blood after two months had elapsed.
Only one chromatogram, that of a normal hemoglo-
bin, no. 3, differed from all the others. In addition
to all the other minor components, another, the
peak of which was eluted at 530 ml., preceded zone
An. This slow minor component was detected
again when a fresh sample of the hemoglobin was
checked two months later. (In later samnples, it
has not been detected i indeed, zoue Are is not very
apparent in most samples.)

Not only the number but also the quantity of
the minor components was the same in the phenyl-
ketonurics and the normal individuals as Table 1
clearly shows. Comparison of the average amounts
of corresponding zones in the two kinds of hemoglo-
bin with the spread of results in each group sug-
gests that the differences are well within the error
of the method. It would therefore seem that the
presence of high levels of phenylalanine in the blood
does not alter the biosynthesis of hemoglobin in
amount or type. The minor components are not
changed by the presence of an excessive anount of a
normal constituent of the blood.

TaBLE I

THE AMOUNT OF FAcH OF THE CHROMATOGRAPIICALLY
SEPARATED COMPONENTS OF HEMOGLOBIN FROM NORMAL
ADULT AND PHENYLKETONURIC INDIVIDUALS EXPRESSED AS
A PERCENTAGE OF THE TOTAL OPTICAL DENSITY AT 415 mu

Normal

Alasy Al Axd Al.? Al A
1 1.9 5.5 1.5 4.6 81.7 4.8
2 2.1 6.3 1.8 3.9 811 4.8
3 2.0 57 1.3 3.9 82.8 4.6

19 52 1.5 3.6 R1.7 5.7
4 1.9 5.6 1.8 4.7 [0.8 H.5H

1.7 5.4 1.7 4.3 82.0 h.b
5 2.4 6.3 1.9 5.6 9.5 4.3
Av 0 5.7 1.6 4.4 [1.3 5.0

Plienyliketonuric

1 1.9 6.1 1.6 5.6 77.8 7.0
2 2.0 5.7 1.4 3.8 83.0 4.7
3 1.8 4.0 1.4 3.5 84, 4.6
4 1.9 5.2 1.4 2.8 85.1 3.7
3 2.1 5.4 1.3 3.5 3.9 3.8
6 2.2 5.2 1.3 3.7 83.4 4.2
Av, 2.0 5.3 1.4 3.8 83.0 4.7

¢ This zone is ratlier arbitrarily taken to be all material
above the blank reading from the lowest point between
zones A1g and Aje and the point of emergence of zone Asg.
» In this case A, is the sum of two separate zones. Sce text.

Conclusions

The results of this investigation bear ou three
topics: (1) the chromatography of hemnioglobin,
(2) the detection of minor components in the
hemoglobin from hemolysates of red blood cells,
and (3) the effect of abnormal conditions on the
biosynthesis of hemoglobin.

Continued use of the chromatographic methods
for hemoglobin that were described by Allen, ef al.,”
has shown that very satisfactory separations cau be
obtained by judicious modification of the condi-
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tions of pH, sodium ion concentration and tempera-
ture. However, reproducible results require the
very careful control of all conditions and the re-
equilibration of the column if any condition is al-
tered. Thus, when Developer No. 5 is used and the
column is warmed, re-equilibration for 4 days at 6°
with 1000 ml. of developer is required.

This investigation has added three minor heme-
containing components to the three that were de-
tected by Allen, et al.,” in normal adult hemoglobin.
Although Allen, et al., failed to observe a compo-
nent that moved more slowly than the main zone,
such a component is apparent under the conditions
employed here. Presumably, it is the same as the
more slowly moving component observed by Morri-
son and Cook,® Huisman, et al..® and Gutter, ef al.®
It may well be that undetected minor components
are hidden in the main component or that the zones
of some minor components may be heterogeneous.
Zones Ar. and A move through the column so
rapidly even with Developer No. 4 that heteroge-
neity could well be hidden. The ratio of the heme to
protein as derived from the ratio of the optical densi-
ties at 415 to 280 mpu is constant in all zones ex-
cept zone Ara+b. A non-heme protein has been
found to be eluted immediately ahead of Ay, and
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there are indications that either another non-heme
protein is present in the region of Ay or that there
are fewer hemes in this hemoglobin component.
The point has not been pursued further.

The biosynthesis of hemoglobin does not seem to
be influenced by the mass action effect of an exces-
sively large amount of one of the constituents that
goes to make it up. In the phenylketonuric indi-
vidual, the presence of 30 to 40 times the normal
amount of phenylalanine in the blood does not al-
ter the nature of the hemoglobin components.

Although the present procedures are time con-
suming, they offer a sensitive method for the
study of the hemoglobin components in hemato-
logical disorders.
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Isolation of a New Acidic Aromatic Amino Acid (m-Carboxy-«-phenylglycine) from Iris
Bulb

By C. J. Morris,! J. F. THoMPSON, S. ASeN AND F. IRREVERRE
RECEIVED JUNE 11, 1959

A new acidic aromatic amino acid, m-carboxy-a-phenylglycine was isolated from iris bulbs (Irés tingitana var. Wedge-

wood) by the use of ion-exchange resins and column chromatography.
elemental analysis, melting point and infrared absorption spectra.
m-Phthalic acid and m-phthalaldehydic acid were identified after

and found to be identical with the isolated material.

Its structure was determined from oxidation studies,
Synthetic m-carboxy-a-phenylglycine was prepared

oxidation of the amino acid, respectively, with alkaline permanganate and chloramine-T. The amount of this amino acid
in the iris bulb was determined by quantitative paper chromatography with isolated material as the standard.

Introduction

Plant materials contain many amino acids which
do not occur in proteins. In recent years, many
new amino acids have been isolated from plants and
characterized.? Storage organs have been particu-
larly rich sources.

In an investigation of the non-protein nitrogen
fraction of the iris bulb (Iris tingitana var Wedge-
wood), B-aminoisobutyric acid was isolated and
identified.? In the isolation procedure, the acidic
amino acids were removed by absorption on the
salt form of an anion-exchange resin. Paper
chromatography of this acidic fraction revealed
several unknown compounds. One of them occu-
pied the spot marked unknown No. 18 in Fig. 1 of
our previous paper. This compound has been iso-
lated and identified as m-carboxy-a-phenylglycine,
an amino acid hitherto undescribed in the literature.

(1) United States Plant, Soil and Nutrition Laboratory, Ithaca,
New York.

(2) J. F, Thompsen, S. I. Honda, G. E. Hunt, R. M. Krupka, C. J.
Morris, L. E, Powell, O. O. Silberstein, Jr., G. H. N. Towers, R, M.
Zacharius, Botan. Rew., 26, 1 (1959).

(3) S. Asen, J. F. Thompson, C. J. Morricand F. J. Irreverre, J. Biol.
Chem., 234, 343 (1959).

Discussion

The acidic fraction from our previous isolation?
was chromatographed on the acetate form of Dowex
1 and eluted with acetic acid. This process purified
an unknown amino acid which was uncontaminated
by any other ninhydrin active substance. After
several recrystallizations from hot water, 400 mg. of
a pure white crystalline material was obtained.
Elemental analysis established an empirical formula
of CoH¢OsN. The compound remained unchanged
when heated with 6 V HCI for 24 hr. at 120°. Re-
action with ninhydrin on paper produced a yellow
color which gradually changed to the normal blue
violet complex. When the ninhydrin reaction was
performed in the test-tube under quantitative con-
ditions, the color yield was 909, of theory.*

Migration of the isolated substance toward the
anode in paper electrophoresis at pH 7 further con-
firmed the acidic nature of this compound. The
rate of migration indicated no strongly acidic
groups. With four oxygen atoms in the empirical
formula, a dicarboxylic acid was likely.

(4) W. Troll and R. K. Cannan, i5id., 200, 803 (1053).



