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Mkmchmmato&phic pracedmzs on columns of DEAE- or C&eMose are described 
for the separation of the more eomxnon abaorm4 hexm@obixs S and C from other. often 
UILCOIIMO~). varianh n~ch 85 J, N, 1, K-W~lwieb, Hope, D, E. 0, rand Deer Iodge. Tkro pro- 
cedures on cozmx&ioa&y sized columns of Ckkelluiose permit the quantitative deterxnine- 
tion of E%h-A* in the pnxence of i-b-C in a day. 



MmERIALs 

,~loocr sampks 
l[nformed consent was obtained from individ&s whose i&xxi was examined. 

Specimens were obtained through the Sickle Cell Centers at Augcrsta and Los 
Angeles or had been sent to Augusta or Pasadena for further evaluation. The 
blood was collected in ethylene diaminetetraacetic acid or heparinized microhe- 
matocrit tubes. 

Of the uncommon abnormal hemoglobins that were used in this investiga- 
tion, hemoglobins N-Baltimore @95, Cys-+Glu), J-Baltimore (816, Gly+Asp), 
K-Woolwich.- (gI32, LyeGIn), Hope @136, Gly+Asp), I-Philadelphia (~~16, 
Lys+GIu),andDeerLndge@2,3Z~Arg) were identi&d by chemical study of the 
aberration. Hemogiobi D-Los Angeles (8121, Glu+Gln), E @326, Glu+Lys), 
and O-Arab (g121, Glu+Lys) were not so identified but had the proper electro- 
phoretic behavior at both acid and alkaline pH znd derived from the ethnic 
group aC risk. 

For most procedures, whoie blood was used for the chromatograms. When 
hemolysates were used, they were prepared from wsshed cells by hemolysis 
with water equal to 1.5 times the packed cell volume plus 0.4 volume of car- 
bon tetracbloride for 20 min at room temperature after which cellular debris 
mas removed by centrifugation. In some instances, the sampie was dialyzed 
against a large volume of the appropriate developer ovemight at 4”. 

Developers 
The solutions for the several procedures to be described were made up with 

the quantities and to the molarities that are given in Table I. Some of these 
developers have been designated by Ietters or Roman numerals in other papers 
(1,2,41- 

TABLE1 

COMPOSITIONOFD~VEM?ERS* 

Demdoper Bis-kis N&l . Glycine NaH,PO, -E&O PI-I 
No. 

M Ial M g/l M g/l M izD 

0.2 15 Unadjusted** 
0.015 0.66 0.2 15 UilZtdjWMi*f 
0.02 1.17 0.2. 15 

0.03 6.28 0.03 1.75 
UKSdjUSt$d*f 
6.1*** 

0.03 6.28 0.12 7.01 6.1-* 
0.03 6.26 0.04 2.34 6.2*'* 
0.03 6228 0.05 2.92 62**' 

0.01 l.38 7:oa 
0.01. 1.36 w= 



l%i?pcmttin of ion erchangers -, 
tB%CeHtiase or DEAEkeUukxe as CM-52 or DE-52 (microgranular and gke- 

swol.Ien) &am WbaWaa (Clifton, N.J., U.S.A.) was used in ~28 experrimenfs, 
DE52 ~8s prepared in developer No. L and equilibrated as described previ- 

ously v&b t&e pH adjusted for ~ptimd sepuation of IS-AZ and Hb-!S [I]. 
CM-52 was prepared and equilibrated either with developer Nos. 4, 6, 7, or 8 
8s previously described for similar solutions [2,4J. 

Procedure. A 0.5 X 8 cm column of DE-52 which has been equilibrated with 
developer No. 1 and adjusted in pH was poured in a Pasteur pipette. One dmp 
of blood or undialyzed hemolysate was mixed with eight drops of water. If 
blood is ttsed, hemolysis should proceed for at least 5 min before the stun- 
ple is @plied to the column. After the sample had been applied, development 
was made with developer No. 1 at a flow-rate of about 15 ml/h until the ef- 
fluent equaled 5 ml. Developer No. 1 was then repkced by developer No. 3 and 
15 ml were passed through the column. 

Alternatively, a 0.5 x 15 cm colmnn may be used at a flo~-rate of about 10 
ml/h_ After development with 5 ml of developer No. I,60 ml of deveioper No. 
2vasusea 

ResuRs. Development xvi&& developer No. 1 on the shork~ COiUmn is the Pro- 

cedure for the quantitative determination of Hb-A2 [I]. Therefore, Epb-&, s 

MAE-CELLULOSE Cld-CELLULOSE 



W& a3 any m_ passes through virtually unretarded. By the time that 5 ml of 
developer No. 1 has been used, Hb-S has moved to the middle of the column 
but any I&-A, HbF, and electzophoretically fast moving hemoglobins at alka- 
line pH adhere to the top of the cohunn. Aftar development with develop= 
No. 3 is complete, Hb-A and Hb-F are at the bottom, Hb-J in the middle and 
Hb-N still at the top of the column. Fig. la and b show the results when the 
method was applied to AN43dth0~ and A&Bdtinao~ -pk. 

Experiments with other fast moving hemogloblns gave these results. Hb-K- 
?V~olwich moved more rapidly down the mickxohunn than N but more sIow- 
ly than J. Hemoglobin Hope moves between A and J. On the other hand, Hb-N 
and Hb-I were indistinguishable. Hb-A and Hb-F did not separate. 

When a compkx artificial mixture of hemoglobins C, S. A, F, J, and N was 
applied to the longer column and developed as indicated, the hemoglobins 
emerged as well separated zones (Fig. Zc). 

Comments. The procedures will clearly distinguish a wide variety of known’ 
or potential heterozygosities for hemoglobins. The study has included hemoglo- 
bins A, S; C, F, J, N, I, K-Woolwich, and Hope. Of the possible combinations, 
only that of N and I would not be identified, and Hb-F and Hb-Hope might be 
confused on microehromatographic .evidence alone. 

Samples of blood or hemolysate should be no older than three weeks or al- 
teration products of Hb-A (that la, Hb-A, ) will interfere with identification of 
Hb-F or even possibly Hb-J. 

Separation of Hb-S and Hb-C from eikcirophoretically similar Aemoglobins 
Procedure. A 0.5 X 15 cm column of CM-52 which has been equilibrated 

with developer No. 6 (or 7) was poured. The sample was prepared from 0.02 ml 
of blood, 0.2 ml of 0.004 M malek acid, and 0.3 ml of 0.05% saponin (Calbio- 
them, Los Angeles, Calif., U.S.A.) in developer No. 6 (or 7). At least, 5 mm 
was allowed for hemolyais. After the semple had been applied, the chromato- 
gram was developed with developer No. 6 (or 7) at a flow-rate of about 10 ml/h. 
Developers Nos. 6 and 7 differ only in molarlty of sodium chloride and were 
chosen in specific cases to provide a reasonable movement of the hemoglobins. 

Resulfs. When the blood of an individual with SD disease was chromatograph- 
ed aa above with 60 ml of developer No. 6, two zones were apparent on the 
column although not completely separated (Fig. Id). The inter-zone was appa- 
rent but not clean. 

Similarly, when blood of an S-Deer Lodge (DE) case [5] was chromatograph- 
I+ with 25 ml of developer No. 7, the hemoglobins occupied positions shown 
in Fig. le. On starch gel electrophoresls at pH 9, hemogloblns S and Deer 
Lodge produce a band that is broader in the anodal direction but distinct 
from Hb-S eIone. This slight difference in charge is no doubt responsible for 
the better cluumatographic separation of E&-S and KbTDeer Ldge ascompared 
tothatofHbSandHh-D. 

‘rae sepamtion of HbC and Hb-E ia read&y sccompliked. When AC, AS, and 
AE samplea wem ehromatqgraphed on parallel columns end developedwith 56 
ml of developer No, 6, thq final positiona are shown in c~ompositein l?ig. 1f. 
. l&-0-Arab can be di&llgu&lxkdfkozu EhC but the.sepsmtio&~& nO+asgreat 

: as that of Hb-C and IilM:Thus;when 75.~-oedff~~perNo,.7.~-been~ 



in parallel chromategrams, the mzsu.lk shwm in ccmpc&e in Fig. Ig were pb- 
ttpined. 

Commenti. The distinction beween the SS and SD gerzctsrpes or betvz& 
the CC and GE or CO genotypes is commonly dune by citrate-agar electrcpho- 
r&is IS] in which hemcgicbins A, S, and C take distinctive positions but hem* 
globins D and E behave like Hb-A, and Mb-0 moves betwe&n the hemcglcbins 
A and S. Micrcchrcmatcgxaphy under these conditions provides more definite 
distinctions because Hb-D and B-Deer Ledge not only separate fram Hb-S 
and, likewise, Hb-E and Hb-O-Arab fmnr IS-C but they do not mimic EIb-A. 

The movement of hemcglcbins in these developers as stressed previously 141 
is very dependent upon scdium chloride concentration. The examples pnmided 
ilh&rate the altered movements that change in sodium chloride concentration 
brings abc~t. NC doubt by increase in scdium chloride concentration, Hb-C and 
Hb-0 could be more completely separated. 3ecause of the sensitivity ta sodium 
chloride concentration, parallel chrcmatograms of known and unknown hemc- 
globins prcvlde a more 8ccurat.e comparison of chrcmatographic behavior. 

Quantitative determination of Hb-A2 in the presence of Hb-C 
Procedure. Two prccedwes are available for this determination. 
One procedure has been described [4] and uses the full gradient of sodlm 

chloride in N,N-bis(2-hydroxymethyl)iminotris(hydroxymethyl)methane (Bis- 
tris) at pH 6.1 on CM-52. The chrcmatogram was complete in 24 h. 

The second procedure is a modification of the method of Huisman [7]. 
CM-52 was eqtibrated with developer NC. 8 and poured intca column 1 X 32 
cm in dimension which shrank to 30 cm in length during equilibration with the 



@use developer at 50 ml/h. A 40-mg sample which bad been di&md against 
d&eloper No. 8 was applied. Development was made with a &m-vessel gradient 
system that contained 500 mI of deveIope0Io. 8 In the mixer a.qd 500 mf of 
developer No. 9 in the second w6t3SSL & a flow-rate of 50 mI/h, tlte chromata- 
gmn was cOmplete in 20 h. The absorbance of t&e 5-d fix&ions was read at 
415 nm. The cohmn tiay be used again after equilibration with 100 ml of de- 
veloper No. 8. 

Redts. Fig_ 2 depicts the application of these procedures to the hemoglo- 
bin of an individual v&b C-HPFH (hereditary persistence of few hemogiobi). 
The application of the Bis-ti procedure to an AC sample has been presented in 
Fig. 3E of ref. 4. 

In order to test the validity of the new procedures, they have, in addition, 

TABLE Il 

RESULTS OF THE APPUCATiON OF SEVERAL METHODS FOR THE: DETERJ!dINA- 
TLON OF Hb-4 

Condition Glycine micro kp CM-Cellulose DEAE- kamun0ff’ 
Bis-tris Phosphate Sepkadex** 

cc 4.6 4.8 
C~+-Tbd 6.8 6.8 
C-HPFH 2.7 3.0 
AC 3.7 3.3,3.1 
AC 3.6 3.9 
AC 4.0 3.9 
AC 4.2 4.0 
AC 3.9 4.1 
AC 3.9 4.4 

A+Tlzd 
A+Thal 

5.3 
4.9.4.8 5.4 

l-6,1.6 2.8 
2.0 2.8 
.2.9 3.1 
2.5 4.4 
2.5 
2.5 
2.6 
2.7 4.2 
Z-4.2.3 3.5 
2.3,2.5,2_4,2.6 3.6 
2.5,2.6,2.4,2.1 3.3 
2.9 3.5 
2.6 3.1 

5.9 
5.0 

2.3 
2.4 

2.7 
3.1 
3.5 
2.9 
2.6 
2.0 
3.3 
26 
2.9 
2.6 

3.1 2.6. 

4.5 

2.9 
3.0 
3.1 

4.7 

3.0 
2.3 
2.1 



been applied to non-HbCcontaining samples so that other chromatogmphic 
-methods could be used for comparison Em, 8,9] _ Some samples with Iib-C where 
also tested by a newly developed radioimmunoassay [lo] _ The resuks are pre- 
sented in Table II. AEhougb some sampks gave discrepant results for undefer- 
mined reasons, the data are generally concordant and show that the two 
methods here described provide means for tie rapid determination of Hb-A2 in 
the presence of Hb-C. 

Comments. Tbe prime consideration in the design of these procedures has 
been a good and rapid separation of Hb-A2 from other hemoglobin compo- 
nents. The phosphate procedme has been started at a higher pH than original- 
Iy [7] and hemoglobins that precede Hb-A2 move out quickly. H-&A will co- 
incide with Hb-F in the phosphate mettrod but will occupy the indicated po- 
sition in the Bis-tris method. The separation of Hb-A and Hb-AZ, therefore, is 
markedly different in the two procedures. The fast flow-rate that is used re- 
duces the time required to one-fourth that of the previously described chromato- 
graphic method 17 ] _ 
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