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Several chromatographic procedures that utilize Amberlite IRC-50 or carboxymethyl- 
cellulose have been described for the detection of heterogeneity and the separation 
of different. hemoglobins l-12. The procedure described by ALLEN, SCWROEDER AND 
BALOG~ has been used successfully in these laboratories for the past five years during 
which time a number of modifications and applications have resulted99 11~13. Several 
important factors which influence the chromatographic behaviour under these con- 
ditions have become apparent. The purpose of this paper is to review briefly the proce- 
dure of ALLEN, SCHROEDER AND BALOG and its modifications, to emphasize factors 
that influence the chromatography of hemoglobins, and to describe a method for 
differentiating very similar hemoglobin components by radioactive tracers. 

ALLEN, SCHROEDER AND BALOG~ employed sodium phosphate buffers of different 
ionic strength and pH as chromatographic developers. All chromatograms used one 
developer throughout but each developer was designed for a specific task. Thus, devel- 
oper No. I was used for the separation of normal adult hemoglobin into two zones, 
designated A.r and Arr in order of elution whereas developer No. 4 was designed to 
resolve the AI zone into its components on rcchromatographing. 

CLEGG AND SCHROIZDER~ in extending the method devised a developer which 
separated normal adult hemoglobin~into 6 hemoglobin fractions in one chromatogram. 
This developer (No. 5) was similar to the weak developers of ALLEN, SCHROEDER AND 

BALOG and effected a resolution of the rapidly moving minor components (AI compo- 
nents) at a temperature of 6”. When the front of the main component, Arr, approached 
the lower end of the chromatographic column, the remaining components were eluted 
rapidly by warming the column to room temperature. With this modified procedure, 
CLEGG AND SCHROEDER demonstrated the presence of a small zone Ai11 that moved 
more slowly than the main component, AII. SCHNEK AND SCHROEDER~~ separated 
this Arrr zone into two components and correlated each component from the entire 
chromatographic separation of normal adult hemoglobin. with the components ob- 
tained by starch block electrophoresis. 

The procedure of ALLEN et ~1.0 and its modificatiot+~ff have also been applied 
’ to studies of the chromatographic behaviour of a number of abnormal hemoglobins 
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including Hbs, C, D, H, and S 1% 14. The problem of identifying hemoglobins on the 
basis of their chromatographic behavior and the factors which influence this behavior 
will be considered in the present paper. 

MATERIALSAND METHODS 
*. .,. .._. 

Oxyhemoglobin solutions were prepared by DRABKIN'S methoclls as modified by 
ALLEN eta1.0 and CLEGG AND SCHROEDERD. Immediately after preparation, all hemo- 
globinsolutionsweredialyzedagainst a chromatographic developer at 4” and stored 
thus until used. 

Ferrihemoglobin cyanide (cyanomethemoglobin) was obtained by dialyzing 
solutions of oxyhemoglobin against 0.01 M K,Fe(CN), in developer No. 4 for 8 h at 4”. 
Excess K,Fe(CN), was then removed by dialysis against one of the chromatographic 
developers. 

Radioactive hemoglobins were prepared by the procedure of BORSOOK et aZ.10 as 
modified by VINOGRAD .%ND HUTGHINSON~~. L-Leucine uniformly labeled with J4C 
was the radioactive, amino acid in all instances’. , 

The concentration of hemoglobin .solutions was determined with a. Beckman 
spectrophotometer, Model, DU, at a wave’length which depended upon the nature 
of the hemoglobin derivative. The concentration of hemoglobin in mg per ml was 
calculated by’multiplying the optical density for a I cm length of solution by an 
appropriate factor shown in Table Il*~rQ. 

TABLE I 

FACTORS FOR ESTIiMATION OF HEMOGLOBIN CONCENTRATION’a**D 

Hcnloglobirs Factor 
.- 

522 Carbonmonoxyl~en~oglobin I.77 
522 Fcrrihcmoglobin cyanide I.77 
540 Fcrrihcmoglobin cyaniclc I.44 
54”- Oxyllemoglobin 1.x4 
542 CsLrbonmonosyhemoglobin 1.14 
563 Oxyhemoglobin I.77 
563 Fcrrihemoglobin cyanide I-77 

Pie$aratio9z of clzromatografihic coZwnns 

Amberlite IR&o resin was prepared, and columns were poured according to the 
procedure of ALLEN et a!.fJ. 

Particles of mesh size,2oo-250 and 250-325 have been used in different columns 
without apparent influence on the chromatographic properties of hemoglobin, Columns 
I x ;35 cm in dimension were used for analytical work and 1.5, 2.5; and 3.5 cm in 
diameter by 35 cm in length. for preparative work. These were maintained at 6’ either 
by circulating water through the jackets or by using in a cold room. Before each 
newly poured column was used or when a column’ was’ converted from one’ c.hromato- 
graphic developer to another, the appropriate buffer was passed through at Go at a 
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rate’ef 3-12 ml per cm2 of cross sectional area of resin per hour until, 0.8-1.5 1 p&r cm2 
area. had passed. 1 .’ .’ 

BioiRex 70 ‘(equivalent to Amberlite IRC-50) of, appropriate ,mesh size may be 
obtained from Bio-Rad Laboratories (3znd and Grif5.u Ave., Richmond, Calif. U.S.A.,). 
One lot with a particle range of zoo--230 mesh (sized wet and in the hydrogen (form 
but shipped in the sodium form) was used.as supplied without .further treatment. It 
was simply suspended in developer, the pH was adjusted to the original pH of devel- 
oper (with phosphoric acid in this ,instance), and the column was poured’ and equili- 
brated. 

The least mixing of effluent as it emerges from the column may be obtained with 
the chromatographic columns of SPACKMAN, STEIN AND -MOOR@“; These’may be pur- 
chased from Scientific Glass Apparatus Co., Inc. (catalog No., S J-1665-r-B, item No. 
JC-2800, 45 cm in length above disc). The effluent ,may be led from the column to a 
fraction collector through small-bore Teflon or polyethylene tubing. 

Clzromatograj!&ic develojws 

The chromatographic developers were prepared exactly as described by ALLEN et al.” 
from anhydrous NaiHPO, and NaH,PO,*H;O. Substitution of these reagents by 
other hydrates has given unreliable results. The composition and pH of ,the developers 
which were employed are listed in refs. 6, g and II. In general, the flow of developer 
through the column has been controlled by the hydrostatic head.that was produced 
by raising or lowering the reservoir. It is perhaps more convenient to use a constant 
volume pump such as that manufactured by the Milton Roy Company, Philadelphia; 
Pa. (CHMMl-B-29 WC Simplex Chromatographic Minipump). 

Prior to each chromatogram, the column was carefully adjusted to a vertical position 
with a level. The top I to 3 cm of resin bed was then stirred, the suspended resin was 
allowed to settle, and the supernatant developer was removed. Chromatograms were 
started only if the surface of the freshly settled resin was even and horizontal. Small 
irregularities in the surface often resulted in the formation of distorted zones and there- 
fore poor resolution of components. : 

When developer still remained above the surface of the column to a’depth of 
I to 3 mm, the hemoglobin solution was pipetted slowly down the’side of the glass 
tube onto the resin bed with a bent-tip pipet. This method of.application resulted in 
the least disturbance of the top of the resin bed, but, in the event that the surface 
of the resin was disturbed, the effect could be minimized by restitring the top of the 
column into the overlying hemoglobin solution before the sample had run in. Instead 
of -permitting the sample to drain into the column and then rinsing with developer as 
described by ALLEN .et aZ. 0, the hemoglobin sample was.carefully layered over with one 
or two ,rnl of developer; and the whole was permitted to drain into the columnbefore 
the main development was begun. A sharp interface between hemoglobin, solution 
and developer’ could be obtained if the latter was added very slowly onto the wall of 
the tube several mm above the existing fluid surface; The overlayering has resulted in 
more even zones and more rapi.d application of samples. The sample did not exceed a 
concentration of IOO mg/ml and was applied in a volume of 0.5-2.6 ‘ml/cm2 of cross 
sectional area of resini : .’ ‘, 
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The chromatograms were developed essentially as previously describcdGgD* JJ-. 
The flow rate of developer was generally 5 or 6 ml/h at 6.0” & 0.2~ for the I x 35 cm 
columns and,was often doubled for the elution of slowly moving hemoglobins. When 
the columns were warmed to 28?;the flow rate was maintained at 8-10 ml/h. One to 
IO ml fractions were automatically collected. 

When zones were to be rechromatographed, the effluent was collected in chilled 
vessels and then refrigerated. Prior to rechromatographing,. pooled fractions were 
concentrated by ultracentrifugation according .to a procedure of VINOGRAD AND 

HUTCWINSON~~ and SCHNEX AND SCHROEDER=, and then dialyzed against fresh 
developer. Recently, fractions have been concentrated by ultrafiltration according 
to a method described by SMITH. 21, .The latter procedure is more convenient than 
concentrating by ultracentrifugation. 

Analogous procedures were used for the larger preparative columns., In prepara- 
tive work, especially if only one hemoglobin is to be isolated, the desired hemoglobin 
frequently may be isolated in fairly coxrcentrated solution by the following procedure. 
The desired hemoglobin is chromatographed normally at 6” until its leading’edge 
approaches the lower end of the column and all less strongly adsorbed material has 
been eluted. If more, strongly adsorbed hemoglobins are present, the resin that con- 
tains them is removed from the column. The portion of. the column that remains is 
then warmed. to 40’ for zo min after which the desired hemoglobin is.washed from 
the column in a few minutes at the maximum flow rate of developer. 

~jwctro~lzotollzctry awd meas~remem! of radioactivity 

The optical density of each.fraction of the chromatogram was measured in a I-cm 
cuvette either in a Beckman model DU spectrophotometer at 280 and 415 m,u or in a 
Beckman model B spectrophotometer at 415 rn[C. In certain cases, optical density 
at 522, 542, or 563 m,u was also measured. The transfer of fractions to and from the 
spectrophotometer cuvette has been facilitated by the use of an “automatic trans- 
ferator” (Gilson Medical Electronics, Middleton, Wis.) . 

Radioactivity was measured with one of. two counting systems. Some radio- 
active countings were made’ with Nuclear-Chicago model ClOOB automatic sample 
changer equipped with a model D-47 gas flow geiger counter. Other countings were 
made with a Nuclear-Chicago model C115 low background automatic sample changer. 
“Micromil” windows were used in,both detector systems. Volumes of 0.5-1.0 ml of 
hemoglobin solution were pipetted onto aluminum, stainless steel, or copperplanchets. 
These samples were,then evaporated to dryness with an infra red lamp. In, general, 
less than 0.5 mg of protein was placed on these planchets so that correction for 
self absorption was unnecessary 17# Corrections were not made for the absorption 
by the .buffer salts or for the absolute counting efficiency of the system. However, 
the same kind- and volume of developer and the same counting equipment were used 
for any one experiment. Therefore, the relative activity of all samples within any 
given, experiment ,was comparable. . 

RESULTSAND DISCUSSION ., I 

Factws iutfEzce9+ng the chrbm@ogYa$36y, ofhemog~obirts 

The chromatographic behavior of hemoglobins when studied by the procedure of 
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ALLEN, SCHROEDER AND BALOG is dependent upon the pH and ionic concentration 
of the chromatographic developers, the state of equilibrium of the ‘IRC-50 resin 
with the developer, and the temperature during equilibration and, chromatog- 
raphy~~“~ 11. Observations which will not be presented confirm the importance of these 
factors. In addition, it has now beerrnoted that the amount of hemoglobin on the 
chromatogram influences the rate of movement during chromatography. This effect 
of load was apparent when differences were observed in two chromatograms that 
were identical except for the amount of hemoglobin applied. When 50 mg of sickle 

*z 
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9 
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Fig. I. The effect of the amount of hemoglobin SIX on the migration bate of the zone. Different 
qusntities of hemoglobin were chromatogrsphed .with developer No. I on a I x 35 cm column. 

cell hemoglobin (Hb S) was chromatographed with developer No. I on a I x 35 cm 
column, the peak of the main component Srr .(see refs. 13 and 22) emerged at an 
effluent volume of 94 ml whereas with IO mg of Hb S the peak emerged at 130 ml. 
The effect of the amount of hemoglobin Srr on the migration rate of the zone on the 
chromatographic column is depicted in Fig. I. Similarly, the rate of movement of 
Frr, the main component in cord blood hemoglobin, is dependent upon the load on 
the column and this effect was confirmed by MATSUDA cl ~1.2~. Observations with 
other hemoglobins indicate that, the influence of load on the rate of movement under 
the conditions described is a general phenomenon which must be considered when 
chromatographic movement is used to characterize an unknown hemoglobin. 

Foymatiogz of double zones of shgle lzemoglobi~z comfionents 

An apparent but probably false heterogeneity of hemoglobin is best illustrated. in 
chromatograms of hemoglobin S. For example, each of,more than twenty samples of 
hemoglobin S exhibited the formatiori of two zones in the region of themain component 
as.depicted in Fig. 2. This heterogeneity of the main component is readily apparent 
as the zone moves down the column. If an excessively large amount, of. hemoglobin 
(200 mg on a.1 x 35 cm column) is chromatographed, the main zone appears*.to be 
homogeneous. The formation of double zones of component Frr has not been observed 
although both the amount of hemoglobin and conditions of’development have been 
varied. The main components of hemoglobins A, C, D; H; as .well as, S and,some minor 
components such as Arc (ref. 6) have been observed to form double zones. 

Since the initial report of this apparent heterogeneityss, further experiments 
indicate’ that this phenomenon may be similar to the “double zoning” which occurs 
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with simpler compounds% and which has recently been reviewed by KELLER AND 

GIDDINGS~~. This conclusion is based in the main on experiments with hemoglobin Sm. 
Although the formation of two zones of hemoglobin Sn was observed on a I x 35-cm 
column when 5-200 mg were chromatographed with developer No. I, the detection 
of two peaks in the effluent fractions was generally found only when 40-100 mg were 

I I I I I 

SI (Minor comp6nenls) 

SJI (Main component) 

J, I I I 

2 IO0 II30 
Effluent Volume in ,Mlllililers 

=J 

Fig. 2. Double zoning of hemoglobin SII. A 50 mg sample of hemoglobin from a patient with 
sickle cell anemia was chromatographed on a I x 35 cm column of IRC-30 at 6O with developer 

No. I. A slowly moving minor component, SIII, is not shown. 

used. The more rapidly moving of the two zones proceeded down the column at an 
essentially constant velocity (depending upon the load), but the more slowly moving 
zone proceeded at a continually decreasing velocity. In a few experiments, the more 
rapidly moving zone appeared to divide into two new zones. Conversely, when small 
amounts were chromatographed, the demarcation between the more rapidly and the 
more slowly moving zones often disappeared before the front of the faster zone had 
been eluted from the column. A complete separition of the two zones has never been 
observed. These observations indicate a possible conversion of the main component 
from one chromatographic form to another (see ref. 25 for discussion of interconvert- 
ing species). 

When portions from each peak of the two zones of hemoglobin SII were rechro- 
matographed separately, each again produced two zones. Although a reversible 
change in solution is thus probable, the conversion which takes place during chro- 
matography appears to be dependent upon interaction between hemoglobin and the 
resin and occurs principally during chromatographic development. For example, 
when the development of a chromatogram of hemoglobin S was interrupted for several 
hours and then continued, the behavior of the two zones was at least grossly similar 
to that of chromatograms in which the development had been continuous. 

The N-terminal peptides .from each zone of hemoglobin SII as examined by the 
DNP-prodedure 2o showed the normal ratio of a to /3 chain in both zones. Thus, dis- 
sociation into asymmetric subunits such as aca, Bz or individual a and fl.chains with 
gross separation of these subunits ,is not an explanation for this phenomenon. Dis- 
sociation <into asymn&tric subunits .without .gross separation of the subunits also 
does not seem to be involved. This was concluded from an experiment in which hemo- 
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globin SCI was applied to a cdlumn and allowed tb form the, two ‘zones. Radioactive 
hemoglobin All was then applied in such a way that it formed double zones which 
passed through the region of the two Srr zones and were eluted from the.column before 
the $1 component. Because no transfer of radioactivity to’ the. hemoglobin ,S was 
detected, dissociation into subunits which are free to transfer ,between the hemoglo- 
bins17 apparently did not occur. Because the ferrihemoglobin cyanide forms of $1 
and AIT likewise produce two zones, the partial conversion of oxyhemoglobin to 
this form can be eliminated as an explanation of the effect. 

Thus, although many possible causes for the .double zone phenomenon may 
be eliminated, the basic cause has not yet been identified. Nevertheless. these studies 
do indicate that the two zones are probably a single molecular species, in primary 
structure which undergoes a reversible change from one chromatographic form to 
another. 

Radioactive hemoglobim as chromatogra#& refemwes 

Differences in the.chromatographic behavior of hemoglobins such as A, C, F, H, and S 
are so great under appropriate conditions of development that they may be easily 
differentiated from one another and identified simply by inspection of the column 
during development or by gross comparison of the elutiou diagrams. Ho+vever, ‘.when 
two hemoglobins from different sources are very similar or identical in chromato- 
graphic behavior, proof of their identity or non-identity may be difficult to ‘obtain. 
Small differences in chromatographic movement between an “unknown” and a 
reference hemoglobin cannot be detected with confide&e by.comparing two different 
chromatograms because of variations due to ‘differences in ‘load, temperature, and 
other factors which effect the chromatographic behavior of hemoglobins. Such factors 
obviously cannot inffuence the comparison if the hemoglobins are chromatographed 
together in a single or mixed chromatogram: Such.a.comparison is very sensitive if 
one of the two’ hemoglobins contains a radioactive label which does not significantly 
influence its chromatogi-aphic behavior. Thus, if a radioactive hemoglobin and a non- 
radioactive hemoglobin are mixc’d and chromatographed; chromatogtiaphic identity 
rejuires that the Specific radioactivity be constant throughout the zone..If it is not, 
the two obviously are different, and the slope of the curve of specific activity through 
the zone, whether positive or negative, will .tell- the relative movement of the two. 

This principle has been applied in several instances to determine whetheror not’a 
hemoglobin component was identical with an appropriately labelled known hemo- 
globin. For example, the chromatographic behavior of the original hemoglobin D2’s 25 
(hemoglobin D ~~~ Angeles) has been compared with that of hemoglobin S. This hemo- 
.globin D is indistinguishable from hemoglobin S in its chromatographic movement 
when separate chromatograms of each hemoglobin are examined. This result was 
anticipated from the electrophoretic identity of these hemoglobins as reported by 
1~~~027. However, a detectable difference in the chromatographic movements of 
hemoglobins D and S became apparent when samples containing hemoglobin D were 

, chromatographed with asmall amount ,of radioactive hemoglobin S. Figs. 3, 4, and 5 
illustrate three chromatograms which bear on this problem. Fig. 3 depicts the results 
from the chromatography of a mixture of radioactive hemoglobin SII and non- 
radioactive hemoglobin S. The specific ,activ&y should be constant throughout the 
hemoglobin SII zone of this chromatogram. However, these experiments were per- 
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formed before it was recognized that the ferrihemoglobin cyanide migrates more 
slowly than the oxyhemoglobin. (see. following section) ; the fact that .the radioactive 
hemoglobin Srr was present partly as ferrihemoglobin Srr cyanide probably accounts 
for the small.positive slope in the specific ,activity curve. Fig. 4 represents a chromato- 
gram of a mixture of radioactive Srr and hemoglobin from an individual who is 

l.25- 

h I.OO- 

-ii 0.75 - 

B -== 0.50 - 

0 

0.25 - 

c 

Effluent Volume in Milliliters 

250 

Fig. 3. Chromatogram of a mixture of 25 mg Fig. 4, Chromatogram of a mixture of 50 mg 
of hemoglobin S and 2.5 mg of radioactive he- of hemoglobin, from a patient hctcrozygous 
moglobin SII on a I x 35 cm column of IRC- 
50 at 6O with developer No. I; - optidal den- 

for hemoglobin A and D genes and 2.5 mg of 
radioactive hemoglobin $1, Conditions and 

sity at 542 rnp ; - 0 -0 - specific activity in 
counts per min per mg of hemoglobin. 

representation as in Fig. 3. 

heterozygous for hemoglobin D and hemoglobin A genes%. Roughly equal amounts of 
hemoglobins D and A were present, The slope of the specific activity curve in, this 
chromatogram is far different than that in Fig. 3 and indicates that hemoglobin D 
migrates more rapidly than Srr. Fig. .5 illustrates the chromatographic results from a 
mixture of radioactive hemoglobin. SII and hemoglobin from an individual with 
sickle cell-hemoglobin D disease (heterozygous for hemoglobin D and hemoglobin S 
genes=). The slope of the specific activity curve is intermediate between those shown 
in Figs. 3 and 4, and ,one may conclude that roughly equal amounts of hemoglobins 
S and D are present. The method clearly is a sensitive way .to determine whether 
two hemoglobins are actually identical chromatographically. In this instance, other 
method.s had showed that the two hemoglobins differed. When a radioactive reference 
was used, they were also shown to .differ chromatographically. 

Effluent Volume in Miltilit&s 

Fig. 5. Chromatogram of a mixture of 25 mg of heqoglobin from a patient with sickle cell-herno-. 
globin D disease and 2.5 tig of radioactive hemoglobin SII. Conditions and representation as in 

Fig. 3. 
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Radioactive reference hemoglobins have been useful in showing the chromato- 
graphic similarity of the “adult” hemoglobin from an individual with ,thalassemia- 
hemoglobin W disease with that of normal adult hemoglobinl3, in investigating 
several minor components from hemogldbins A and S”, and in comparing a gorilla 
hemoglobin with human adult hemoglobin’4. 

Fig. 6. Chromatogram of a mixture of zg mg of umbilical cord blood oxyhemoglobin and 7 mg of 
radioactive fcrrihemoglobin FII cyanide on a I x 35 cm column of IRC-50 at 6O with developer 

No. 4. - optical density at 415 rnp ; -‘O-- -O- specific activity. 
,’ 

Difleremes ivy the chromatogra$hic behavior of oxyhemoglobin ad fewihemoglobiqt cyanide 

The introduction of cyanide ion into chromatographic developers in order to eliminate 
the formation of slowly moving extraneous zonks due to the presence or formation of 
ferrihemoglobin (methemoglobin) during the zhromatography of oxyhemoglobin 
was first used by ALLEN, SCHROEDER AND BALOG 0. During the course df the’present 
study, it: became evident that the chromatographic movements of the ferrihemoglobin 
cyanide forms of hemoglobins AII, SIX, and Fil are detcctcibly different from their 
oxyhemoglobin forms. Although mixtures of ‘these two fornis of any one of these 
hemoglobins cannot be resolved into two separate zones and therefore appear to be 
the same in chromatographic behavior, small differences, in their chromatographic 
movement can be demonstrated by radioactive tracers. Figs. 6 and 7 illustrate the 
results of two experiments with fetal hemoglobin. Fig.., 6 depicts a chromatogram ‘of a 
mixture of the oxyhemoglobin and ferrihemoglobin cyanide forms; of hemoglobin FII. 
Clearly, ferrihemoglobin FIX cyanide was not uniformly distributed throughout the 

l 

Fig. 
and 

0 1 

Effl,uen? Volume in, Milliliters 

7. Chromatogram of a mixture of zg mg of’ umbilical ‘c&d blood ferrihomoglobin cyani& 
7 mg of raclioactivc ferrihemoglobin FIX cyanide. Conditions and &presentation as in Fig.’ 6. 
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Frr zone. Fig, 7 represents a control experiment, in which the same mixture was 
first oxidized completely. to ferrihemoglobin cyanide before chromatography. The 
distribution of the radioactivity is essentially uniform throughout the main portion 
of ,the Fir zone in this control. Although themigration rates of the oxyhemoglobin 
and ferrihemoglobin cyanide forms in the experiment shown in Fig. 6 may have been 
influenced by the difference in the load of the two forms, the experiments do indicate 
a definite difference in the chromatographic behavior of these two forms of fetal 
hemoglobin. 

Analogous experiments have been made with hemoglobin AIL and Developer No, z 
and with hemoglobin Srr and Developer No. I. In each of these experiments, equal 
amounts of the two forms were compared and positive slopes in the specific activity 
curves similar to Fig,’ 6 were observed. Probably the ferrihemoglobin cyanide form 
of each hemoglobin is more strongly adsorbed than its corresponding oxyhemoglobin 
form, However, because the difference in chromatographic behavior of the two forms 
is so small, the practice of adding potassium cyanide to the chromatographic devel- 
opers in order to eliminate the extraneous zones of free ferrihemoglobin is certainly 
still useful. 

Cominerits on the +ye of various a?eveZoj5ers 

The chromatographic procedures which are under discussion here have been applied 
to many problems in the study of hemoglobin. They are based largely upon the premise 
that the chromatograms should be carried out under equilibrium conditions if at all 
possible. because of the slowness with which the columns of IRC-50 come to equilib- 
rium; As aresult, gradient elution has never been used, and specific developers have 
been devised to solve specific problems. In, conclusion, it seems desirable to indicate 
the way in which various developers may be most usefully applied. 

Developer No. I is the strongest developer. It is useful for the separation of 
hemoglobins with grossly different behavior such as F, A, S, and C. It may be used to 
separate the minor components of hemoglobins S and C from the major component. 

Developer. No. z produces a more complete separation than developer No. I of 
F from A and. also of the AI components (the nomenclature of minor components is 
given ,in refs.. 6 and g) from AII. 

Devel,oper, No. 4 resolves umbilical cord hemoglobin into Fr and FII while the 
hemoglobin A that is .present is, very strongly fixed. It is especially useful in the 
resolution of AI and Sr into their components. 

Developer No. 5 was devised for and is largely used for the separation of the 
minor components of hemoglobin A from the main component, AIL, in a single 
chromatogram. 

Developer No. 6 is the weakest of the developers and is designed to retard rapidly 
moving components. It is especially useful in the isolation of hemoglobins yd, H, Fr, 
and AIc. 
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SUMMARY 

A procedure for the chromatographic separation of human hemoglobins on Amberlite 
IRC-50 is reviewed, Important factors which influence the chromatographic behavior 
of hemoglobins with this procedure include temperature, pH and ionic concentratiok 
of developers, state of equilibrium of the resin, amount of hemoglobin, and oxidation 
state of the heme in the hemoglobin applied. 

A procedure for the comparison of hemoglobins with similar or identical chro- 
matographic’behaviors using l*C-labeled hemoglobins is’presented.:,Differences in the 
chromatographic behavior of hemoglobins S and D and of the ferrihemoglobin cyanide 
and oxyhemoglobin forms of hemoglobin F were demonstrated by this radioactive. 
tracer technique. 
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