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By means of thin-layer ion-exchange chromate_mphy, human hemoglobins A, 
S, and C in various combinations can be distinctly separated. Also, hemoglobin F can 
be separated from the A, S, and C components of cord bIood samples from infants 
and in a&_& blood samples with a rdativety high percentage of F (15 oA or more). The 
procedure uses CM-celEuIose and solutions of Tris-llCi, NaCI, and KCN A O-3-mg 
sample in 5-10 ,uI of solvent is required_ Development can be compfeted in 3Q43 min. 

lNTRODt3CTiON 

Akhough the thin-layer chromatography (TLC) of hemoglobins on such sup- 
ports as SephadexzJ and Bio-GeP has been reported, these procedures would not 
separate norma! from abnormal hemoglobins because mokcular weights are virtually 
identical. There seem to be no descriptions of theTLC of hemoglobins on ion-exchange 
substances despite the fact that many procedures are known for the ion-exchange 
separation of hemoglobins in columns 44_ h%crochromatographic column methods 
have been describedX* +-I I_ Th e experiments to be reported here were designed to deter- 
mine whether ion-exchange TLC of hemogIobins ofYered advantzges in speed, re- 
duced quantity of material required, etc., in the qualitative detection of common 
abnotmai hemoglobins. 

Samples were obtained from the Los Angeles Sickle Cell Center and the Los 
An&es County Health Department. They included both cord blood and adult speci- 

. kens wit& various combinations of hemoglobins A, S, C, and F. 

=ForPartZV,secrcf_l. 
*l Contribution No. I127 from the Division of Chemistry azd Chemical Engineer&. 



Satisfactory dutim~ fm chromatography may be prepared in one of the four 
ways given in Tabfe 1. SamDIes thus prepareti were stored at I” unti! Use. 

_Aftho&~ microchro&togra$~ic method+ +-IL use hemolysates that are pre- 
Fazed from whole blood zzther than washed cells, such hemoiysateswere tmsatisfactory 
for TLC. 

Wshinng of cells Suspend cells in 10 vol.’ of cold 0.9 “/, Nacl, centrifuge, aid discard ;;luhings. 

Kemalpis Add 1.5 VOL Add 1.5 vol.’ Add I vol.’ Add I.5 vol.’ 
warer, end stir skater and 0.4 water, stir 30 water and dia- 

I miri vol. ccl& see, and add iyze agzinst 

1 stir f _mh, 0.5 vof. 0.024 M seteckd de- 
zzd centri- maIe!c acid vefoper at 4” 
ft!ge ceE dropwise v&E; overnigkt 
debris much s&r@ 

* Vol. refers to vohme of pa&d red &Is. 

Preparcm-on of solutions 
Soiz~tio~ for equiiibration of the ion exchanger and for chromatographic 

development corrtained T&--HCI, NaCI, and potassium cyarzide. Ml soh~tions were 
0.3 ~%fin Tiis (3.63 g/r) and 0.05 7; KCK(O.1 g/!r) with varyi~gmckirfties OfNaCfand 
were adjusred to pH 6.1 with 6 N HCI. 

T&e carboxymethyfceiluIose was CM-52 (microgannlar and preswollen, 
manufactrrred by Whatman, Maidstone, Great Britain, and marketed in the 
United States by Whatman, CIifto~1, NJ.). For equilibration of CM-cefIutose, the 
desired developer is added to 100 g of ion exchangr until the total volume is 300 ml. 
After masual stirring for about I min, the pH isadjusted to B.fO with 6 N HCI, the 
snsper;sion is ailowed to settle, aizd the supernatazt liquid is decanted off. This eqnili- 
br&Zon procedure is then repeated three times (the pH need no’. be readjrrsted until tfif 
!ast equilibraEi,oon). Si~pernatant 6Gd is then removed until the ratio of settled ior 
exchanger to superrra*hct volume is about 3:I. The siuny may be stored at ~OOE- 
temgeraiure in a covered container for as much as three weeks after preparation with 
out any apparent change in its chromatographic properties. 

Prepration of piaies 

PI&e @ass sections 5 x 20 cm in dimezzsion were carefully ckaaned bg soakin. 
in chRJmic-Std_frrFic acid solution for 1 h and, after rinsing, by scrubbing vigorousf 
with an abrasive-tyype cleanser and a moderately stiff brush. After rinsing7 the plate 
nu.zst be thorottghfy dried before app!ication of the slnv. 

‘I-be slurq wz~s +@d by means of a Desaga/Brinkmann Standard Adjustabl . 
b?pfk~to~. 1x1 mkr to prepare fonr FIates at cne time, they are fastened with Ion, 
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sides adjacent by two-sided masIcing tape onto a plastic or giass bzw_ A fifth plate 
is placed in contact with one of the short sides of the four plates. Its purpose is to catch 
the initial flow of sIurry from the applicator and thus to a.llow a more even fiow of 
the thin slurry to be established before the applicator reaches the edges of the four 
primary plates. Prior to application, 100 ml (which contains approximately 35 g of 
CM-52) of thoroughly suspended sherry is transferred into the applicator, and the 
plates are poured at a thickness settir;g of 2 mm. The plates may be dried overnight 
at room temperature or in l-2 h in a stream of air. The thickness of ion exchanger 
on the dried pIates is somewhat less than 1 mm. The plates can be stored at room tem- 
perature in the open air or wrapped in cetlophane. AIthough the plates teed to crack on 
drying, this does not impair development or otherwise change their chromatographic 
properties. 

Appkz tioiz of sample 
About 0.3 mg of hemoglobin in S-15 ,~l should be spotted. Consequently, it is 

convenient to adjust the concentration of hemolysates to about 30 mg/ml and to use 
10 & A lo-,~l portion of each of the samples to be spotted is drawn into a disposable 
micropipet and placed on the bench top. Shortly before all samples are ready for 
spotting, the plate to be used is placed in 1he development chamber (see below:) and 
the developer is allowed to ascend about 3 cm because it is essential that the samples 
be spotted on a wet surface. When the developer reaches this point, the piate is re- 
moved from the chamber, placed flat on the lab bench, and the samples in the micro- 
pipets are spotted as quickly as possibre about E-5 cm below the developer front. The 
plate is then returned to the chamber. 

En these experiments, ascending development was carried out in a glass jar 
with a tightly fitting Iid. The liquid Ievel in the jar was about: 5 mm. The rate of devei- 
opment which varied to a small extent from plate to pfate averaged about 0.7 cm/mine 

After a chromatogram has been completed, it may be kept as a permanent rec- 
ord, or photographed, etc. Whez a gentle stream of water is passed over the plate, the 
parts which have hemoglobin adhere firmly and the other Chif-cellulose rinses off 
zsify. This is, therefore, a method of detecting spots that might otherwise be difficult 
to see. Removal of these tighdy adhering spots is achieved with a hard stream of water 
md gentle scrubbin, _ D with a soft brush. The plate is then ready for further use after 
zteansing with abrasive cieaaser and brush, rinsing, and thorough drying. 

Typical resuIts of the ion-exchange TLC of hemoglobins by the methods de- 
cribed are depicted in Fig. I_ CM-cellulose was equilibrated with 0.03 M Tris-O.10 M 
4aCf-O.OE % KCN at pH 6.10 and the plates were developed with 0.03 M Tris-&085 
:f NaCl-O.Ol % KCN at pH 6.10. 

The prepai&on of the sample is a criticzI step. The obvious hemoglobiil at 
he solvent front in Figs. la 2nd lb is caused by the high PI-X of the hemolysate, which 
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is &out 7 when Methods 1 and 2 arc used. At this pK, hemoglobin is not stron& 
fixed on CM-ceE!ulose in these Tris-N&f-KCN soIvents. Consequently? when 
hemofysates with unadjusted pit ;zre used, the system is unable to compensate cum- 
$eteIy for the high $3, Eind a portion of sample apparentfy rem&s at the higher pK 
and ctrrumatographs abnormally. Even when the pK of the sample is unadjnsted, the 
movement of +&e main body of Ehe hemoglobin isnormal. However, if the pH of the 
sample is adjusted by dizdysis agaicst the devetoping solvent (Method 4) as it was for 
the chromatogram in Fig. Ed, hemoglobin is not present at the solvent front. Adjust- 
ment of pH G+B aEso be made by dropwise addition of acid (Method 31, which afs~ 
eliminates the ei%xt (Fig. Is)_ 

Figs. la and Ib show the distinct separation of hemo~lobiris F, A, S, and C. 
Mb-F moves with the front of solvent and has co&cted at the upper Ieft-hand corxe - 
in Fig. Ia in addition to other hemcglobin that moved with the solvent front. Tb : 
amount of Mb-A in this szmpIe of cord blood was so small that it was barely deter - 
abZe on the origkl chromatopm azd is nazt evident in the Egslrc. The RF value c f 
I-&-A in the AA sampfe was 0.7 2, that of Hb-A in the AS sam@e 0.70, and that c ? 
Hb--4 in the AC sampfe 0.68. The RF vaiues of Hb-S from the SS and AS sampk; 
were 0.31 and 0.29, res_pectlveEy_ The RF values of Hb-C wa 0.17. 

The behatior of hemogkbins A and F is shown in Fig. Id, w&h used Methc i 
4 for sampk preparatioc. fn this chromatogram, the sample was spotted 5 cm befiin 1 



the solvent front because of the-rapi movement of hemo@obiR F. Nevertheless, the 
RF vahX of Hb-A Was o-68, which WAS in sood agreement with values of 0_68_0_~2 
obtained in Fig- ta- The R, value of Hb-F WAS 0.93. 

Figs. 1b-d permit a Comparison between Methods 2, 3, and 4 of sample 
?reparatiofL The Separation ofthe hemoglobins is perhaps better by Method-2 althou& 
he extraneous bemogiobin at the satvent front is a disadvantage. The ss sample iR 
Fig- LC had about 25% of hemoglobin F, which is present in the indicated position_ 
The RF vafues of the hemoglobins in Fig. Id are: Ifb-S = 0.30; Hb-A = 0.~0; H~_F 
= (1.95. 

The spots of the hemogIobins are diffuse and smeared in thesechromatograms, 
And it has not been possible to devise conditions that produce more Compact and 
.ktiRct spats. 

The fiterature provides surprisingly little guidance for devising suitable condi- 
tions for ion-exchange TLC. For cohma chromatography, the equilibrated ion ex- 
changer is always in contact with solvent. However, if ascending TLC is to be used, 
the TLC pIates must be dried. Consequently, many preliminary experiments were 
necessary before conditions of a satisfactory procedure were approached. In This, we 
were eded by data from microchromatograpbic proceduresl, Some aspects of these 
experiments will be discussed. 

Preparariort of plates 
The physical characteristics of CM-telltzlose have required that the layers be 

formed from a rather thin slurry which, after application, tends to run ofF the edges 
of the plates. Thicker slurries produce uneven Iayers. The dried layers before use usual- 
fy have cracks such as are visible in Fig. t. However, these close durin,o development 
and appear not to infiuence the chromarographic behavior. 

The conentration of NaCI in equilibrating solvent for the ion exchanger and 
i!~ the &v&per is of Critical importance in controlEin,o the modon of the hemoglobin. 
The s&ifimnt value is the SUM of the salt concentrations in the ion exchanger and in 
E!-_= developer. AS this SUM increses, the RF values of the samptes also increase. Once 
t: :s optima5 sum has been determined, the clearest atid most distinct (least smeared) 
s_ its oCCur when the sagt IS divided fairly equally between the #ate and the devefoper. 
F ~zr ~RStaRce, if the optimal SUM is 0.25 &f NaCf, far better resufts are obtained if ;be 

t CoRCeRtratiOR in-the exchanger iS 0.1 1 k$ and that in the developer 0.10 Al, 

.R if they are 0.17 and 0.04 M, respectivefy. 

. gf sampie 

As already noted, the pH of the sample is important in preventing the move- 
nt of hemoglobin with the solvent front. fn adult sampIes in which Kb-F is normsl- 
:bsent, this a&fact could be i_mored. However, it woukf certainly interfere with the 
33ioR of an eEectrophoreticaIly fast-movin, a hemo$obin. Consequerrt~y, pH adjust- 

fit of the sample is desirabIe_ 



Tkis could create $robIsnG of ov&iapping apd‘di&culty of ident%cation. @tempti 
to remedy- this situ&ion -by tke use cf carbonmonoxykemoglobin to lessen an: 

oxidation during skromatography, by reducing rhe temperate to 4” in order tc 
-6s$ei unwanted diE’sIon, by the use of muitiple d&elopment =i& the~stie and d% 
fereot developers, by substituting phosphate for Tris Sti%~$ etc.- hue ~XXII UIMX 

CessftrI. 

Trjs is 1+.Ca21Iy w$~out b*&ering c2pcity at pH 6.1. Variabiiity in results ir_ 
most instances p_gsbabl_v is dare to unexpected _nM vzriation. Endeed, diEerence in pk 
meters and electrodes seems to be s~Bliicr,~ ‘a-t to introduce varia6on. Substifuti~~n of 

his-Tris: wbiclrr has a pX, of about 0.5, should permir better control of pH. Although 
a system with Es-Tris buEers was devised, it was not as sati$factory as the T‘ris system. 
Reproducible rest&s, therefore, require much care in the preparation of solutions and 
the eqrrilibration of ion exchanger. 

These experiments were perfo_rmed to ascertain the usefulness of the method 
for the qualitative detection of common abnormal kemodobins. Tnd&d, the common 
abnorm& hemoglobins can be successfully~ separated by ion-exchange TLC in less 
time than by any previously devised method. However, this method has disadvantages 
in comparison with microckromato,~pkic methods 1*9--11_ For one, the required szmpk 
size is as iage as or Parser than that for microchromatogaphic separation. The prepa- 
ration of TLC piates got o&y is rnol- Inwli-ed tbn the pouring of microchromato- 
graphic wIumns but also tke amuunt of ion exchanger per sample is grea’ler_ Fina&, 
+&e diEuse spots of TLC are more diEcult to see than the compact zone% on the micro- 
CG3iUlIXlS. 

Thereforee, t&e pracridity of ion-exchange TLC for the separation ofhemo- 
gobins wii1 depend Iargely upon the par&~&r conditions under which the method is 
to be applied (speed, sample size, etc.). 
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