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SUMMARY

A simple method for the izolation and purification of hemoglobin components
from starch gsl by electrophoresis is dascribed. An inverted bottle with 2 cut off bot-
tom iz used, Pieces of gel conizining the hemoglobin are embedded in potato starch,
wetted with buffer, and placed in the neck of the inverted boitle, the mouth of which
has been closed with filter paper and tape. Connection with the negative tank buffer
is achieved by imserting a layer of starch gel between the potato starch and the nega-
tive tank bufier. By electrophorssis, the hemoglobin migrates and accumulates in 2
dialysing tube tied around the mouth of the bottle and hanging into the positive tank
buffer.

INTRODUCTION

Separation of hemoglobin components can be achieved by various methaods.
Excelfent results are obtained by starch gel electrophoresis, using Tris—-EDTA—boric
acid bufier; however, this method is normally not used for the isolation and purifica-
tion of specific components because they are difficult to elute from the gel.

Several methods for the elution of hemoglobin or other proteins from starch
gels have beem reported® % However, these are all either technically cumbersome,
not very efiective since the recovery of the components is very incomplete, or require
complex equipment to elute the hemoglobin or other proteins from pieces of gel.

A simple method for the purification aznd complete elution of hemoglobin
using uncomplicated equipment is described in the present communication.

MATERIALS AND METHODS

Materials
Hemoglobio components are separated by the standard method of starch gel
electrophoresis®, with a suitable buffer such as Tris—-EDTA-baric acid buffer (pH 5.6}
The equipment for slution coasists of an ordinary inverted houschold bottle
with a smoothly curved neck {(such as a wine or syrup bottle), of which the botiom
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Fig. 1. Diagram of apparatus for elution of hemoglabin from starch gels making use of an inverted
botil=,

Fig. 2. Actnz] set-up of the mathod used for elution of kemoglobin from piecss of starch gek
part has baen cut off (Figs. | and 2) and other items commonly used for starch gel
electrophoresis.

Method
{a) Cut two or three round piecas of filter paper big enough to cover the
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mouth of the bottle and place them over the mouth operning. Secure just the edges
of the filter paper with a piece of strong tape, either by taping over the filter paper and
cutting a hole in the middie of the tape or by taping the edges to the outer sides of the
bottie opening. In either case, the goal is fo expose a large amount of the filter paper,
so that hemoglobin will not be trapped in the corners above the taped portions of the
fifter paper.

{b} Pour hot hydrolysed starch gel prepared in Tris—EDTA-boric acid buffer
{pH 8.6} (degassing is not necessary) on the filter paper, forming a layer of gel gbout
I cm thick. Let the gef cool and solidify.

() Tie a knot in one end of a dialysing tuhe which has heen soaked in water
and which has a diameter greater than that of the bottle mouth. Fill the tuba with
Tris~EDYTA-boric acid bufier (pri 8.6). Invert the botile and immerse its mouth in
the bufier in the dialysing tube. Secure the dialysing tube iightly around the bottle
neck with 2 rubber band, placing it below the buffer surface so that no air is trapped
in the tube. This can be carried out more easily by two persons. Do not discard the
buffer that remains in the dialysing tube above the rubbsr band because it ensurss
that no air will enter the tube.

(d) Mix potato starch powder with Tris-EDRTA-boric acid buffer (pH 8.6} to
make a paste. Neatly cut the specific hemoglobin component to be isolated from the
starch gel or gels in which it has been run. Cut the gel into smaller pieces (crushing or
smashing is ot necessary). Mix the pieces of the gel with the potato paste and place
them in the inverted bottle above the layer of gel already on the filter paper.

{e) After the potato starch has settled, some excess buffer will be seen on the
surface of the potato starch. Add dry potato starch slowly until all gel pieces con-
taining the hemoglobin are embedded. Add more potaio siarch powder until the
susface Iooks damp but fluid is not visible. Because the pieces of starch gel containing
the hemoglobin tend to rise to the surface of the potato starch, do not use too much
starch paste because it will unnecessarily lengthen the path traveled by the hemoglobin
molecuies. If too much dry potato starch is accidentally poured on the surface. add
drops of buffer until the surface is damp.

(£} Pour a layer of hot hydrolysed starch gel prepared in Tris—-EDTA-boric
acid buffer (pH 8.6) (degassing is not necessary) over the potato starch and let it cool
and solidify, After the gel has scolidified. carefully pour Tris—EDTA-boric acid buffer
(pH 8.6} on it. Then place an clectrode in this negative tank buffer and connect it to
the negative pole of a power supplv.

(g) Place the inverted botile, with the dialysing tube hanging downward, on
& support, putting the bottle neck through a round hole in the support {Figs. 1 and 2}.
Fill & tank with Tris—-EDTA-boric acid buifer (pH 8.6); position the support over the
tank so that the dialysing tube extends into the positive tank buffer, However, do not
immerse the filter paper-covered bottle mouth in the buffer, since this will lead to
incomplete clutions.

(h} Place zan electrode in the positive tank buffer and connect it to the positive
pole of the power supply. Start a potential gradient of 8-10 V/em (volitage usually
around 80-100 V) through the system, and keep it running overnight. The next day
usuzally all kemoglobin will have accumulated in the bufier In the dislysing tube,
leaving the gel and potato starch free of hemoglobin. The elution is now complete.
Slow-moving componenis such as Hb A, take a longer time for elution.
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Cauntion

Do not freeze the gel from which the hemoglobin is to be elnied. Elvtion from
frozen pieces of gel is usually incompleis, as frozen gel has a fbrous consistency and
tends o trap the hemaglobin,

RESULTE AND DISCUSSION

The method currently used for isolation and purificztion of hemoglobin
components is usuzlly performed by ion-exchange column chromatography, in which
difierent types of ion exchangers are used. However, many laboratories have difficuity
obtaining consistent resulis bzeanse success of the procedure depends upon the bagch
of ion exchanger used and proper packing of the column. Hemoglobin components
clu-ed from the column can be contaminated with ofhers, even if the procsdure is

erformed correctly, so that it has to be repeated, preferably usiag a different type of
ion exchanger. Starch gel electrophoresis is usually wsed for the final judgment of
puriiy of the hemoglobin components. Therefore, the most reliable and effective
method of isolating and purifying hemcglobin would be to elute the hemoglobin
from the starch gel afier electrophoretic separation.

As carly as 1950 Gordon e @/ attemptied to elute protein components from
agzr gel slabs by elecirophoresis. By their method, an agar gel slab containing the
protein to be clured is placed on a cellophane membrane, isolating a pool of buffer
at one end of the slab. This is followed by 2 period of electrophoretic eiution into the
pool thus formed. Since the agar slab and the buffer containing the collected protein
are in the same compartment (in our method they are in separate compartments) it
is zlways difficult to keep the buffer from migraring to the opposite side. Moreover,
the buffer level must continuously be adjusted to compensate for eleciro-endosmaosis
and {o prevent the slab from hecoming dry. Tn addition, a particular protein compo-
nent cannot bs cui out from different gels, pooled and placed in 2 small space in their
method. This can easiiy be done in our method. The whole set-up of their method is
also more complicated than the inverted bottle method, and not as flexibic.

In other publications, hemoglobin was reportedly isolated by crushing or
smashing the picces of gel containing the hemoglobin component and efuting it with
buifer or water. However, the isolated hemogliobin is always found to be accompa-
nied by starchk gel in collioidal solution, which cannot be separated by fliering. Re-
peated freezing and thawing is somewhat beneficizl. In our earlier attermpts, we tried
to get rid of starch gei in colioidal solution by freczing and thawing the hemoglobin
soluticn and running and eluting it through a short columsn of DEAE-celiulose with
0.05 Af Tris—HC! buffer (pH 6.5). Smazll amounts of matarial can be handled in this
way, but large amounts will cause blockage of the column because accumulated gel
remains on top of the cclumn.

In the method of Tsuyuki'? and in all its modifications reported to date, the
gel containing the hemeglobin is cut in small picces or is mashed and suspended in
buffer. It is then piaced in a separate compartment, which has to be connecied to the
negative and positive tank buffers. This poses 2 problem. In order to achieve these
connections, special eqguipment had to be devissd; modifications of Tsuvuki’s method
vary opiy in the equipment devised. Another problem with Tsuyuki's method and its
modifications is that the hemoglobin in the buffer, being free, teads to circulate back
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to the cathode part of the compartment instead of progressing to the anode side. The
resnlt is that recovery is never complete, no matter how long the electrophoresis is
carried out,

In our method, the gel pieces containing the hemoglobin are embedded in
potato starch; therefore, hemoglobin migrating to the anode side cannot circulate
back to the cathode side. Further, the connection between the medium carrying the
hemoglobin and the tank buffer is eastly made by placiog a gel laver on top of the
potato starch and placing the buffer on top of the gel laver. Another advaptage of
our method is that ali dimensions are flexible —for large amounts big hottles can be
used, while for minute guantitics very small bottles (even short stem funnels or plastic
bottlesy can be employed. Furthermore, the layers of potato starch and starch gel
can be varied considerably according to the amount to be eluted. A small layer of
starch gel between the filier paper and petato starch is imporiant for freeing the
hemoglobin from colioidal gel, which would go through filter paper, but not through
starch gel.

The method is also suitable for the isolation of proteins other than hemoglobin.
It is especially useful for the separation of hemoglobin components that migrate very
necar to cach other (such as Hb A and Hb F, or Hb Bart’s aad Hb H} and therefore
are difficult to separate by other methads. We usually obtzin pure components with
the first attempt (Fig. 3). Our method has served in the laboratory for some time
with great satisfaction.
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Fig. 3. Starch gel electrophoretic patterns of purified hemoglobin comporents, pH 8.6. (2} Slot 4,
purified Hb Barts obtzined from newhorn with 3.6% Hb Bart’s; sfots 1, 2. 3, 5, 6 znd 7, normal
hemolysates with Hb A and Hb A,. (b) Slots 1 and 3, purified Hb F; slots 2 and 4, purified Hb A ;
stat 5, normsl cord blood hemolvsats, (¢) Slots [ and 3, purified Hb F componeants; slot 5, nurified
HB Az; slots 2, 4 and 6, normal Hb A results obtzined at first attempt of purification,

ACEKNOWLEDGEMENTS

This work was supported in part by the University of California International
Center for Medical Research {UC ICMR) through research grant AT 10051 zand by
rasearch grant HE 10486, both from the Nationa! Institutes of Hezklth, U.S.P.H.S,,
and by the Commitiees on Research of the University of California, Scheol of
Medicine, San Francisco.



58 L. E. LiE-INIO

REFERENCES

V. Bocet, J. Chromgiogr., 6 (1961) 357,

A. H. Gordon, Bischiim. Blophys. Aciz, £2 {1960} 23.

&. H. Gordon, B. Keit, K. Sehssta, G. Kness! and F. Sorm, Colfecr. Czeck. Chem. Camnue.,
13 (3950} &,

P. Jartidge and G. Lafoscade, Buwfl Soc. Chim. Biof,, £1 (1953} 1187

H. M. Loyd and J. . Meares, Clin. Chim. Acrz, ¢ (1561) 192,

J. Heorl, J. Chromatogr., 94 (1974) 107,
‘K. €. Hoerman, A, Y. Balekjian and V_ I Barzinskss, Anal, Bigchtern., 12 {1965} 4903,
. Moretii, (. Boussier and M. F. Jayle, Bl Sve, Chim, Bisk, 40 {(1958) 59,

A S, Malik end J. M. White, dnaf, Blochzm., £7 (1972} 305.

O. Smithies, Advan. Prorein Chem., 1& (1953} 635,

D). Sulitzeanu end W. F. Goldman, Nafure (Londor}, JOR (1965 1120,

L. Teayuki, Aral. Biochem., & {1953} 205.

Lab [d b

SN DD ey I

b ot
- !

t-



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6

