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SUMMARY

Whole mouse serum was placed on columns of Sephadex G-25 ‘“Fine”’ or ‘“Super-
fine” equilibrated with distilled water or 0.0001 M phosphate, and eluted with o. o1 M
phosphate, pH 7. 4, containing o0.15 M NaCl. Proteins were eluted in two peaks. The
first emerged in approximately the void volume of the column; the second emerged
with and slightly in advance of the salt front. IgM was almost entirely.confined to the
2nd peak, which also contained 30-50 % of the IgG, 15-35 % of the IgA, some ﬂ-zC
and occasionally small amounts of other non-immunoglobulin proteins. Most of the
IgA, 50~70 % IgG, and sometimes small traces of IgM appeared in the 1st peak, which
also contained the bulk of the non-:mmunoglobuhn proteins. Further purification of
the 2nd peak proteins was capable of yielding IgM free of contaminants detectable
by immuno-diffusion. The best results were obtained with “Superfine”-grade Sephadex

G-os

INTRODUCTION

The differential solubility of serum proteins in distilled water or solution of low
ionic strength has long been known, and permits the selective precipitation of euglobu-
lins by dialysis. The advent of dextran gels (Sephadex) has made it possible to change
the salt concentration of protein solutions with greatly increased speed and efficiency,
and may facilitate the separation of proteins on the basis of solubility differences.
This possibility has been to some extent explored by EpsTEIN AND TAN®2 and FJELL-
STROMS3, who passed human serum through columns of Sephadex G-25 in solutions of
low ionicity, and by PoraTH* who employed a gradient of increasing concentrations
of ammonium sulphate. =

In the present paper we describe a s1mp1e method for fractlonatmg mouse
serum proteins by passage through a column of Sephadex G-25 equilibrated with
distilled water or o.000r M phosphate, phosphate-buffered NaCl being used for
elution. ‘Euglobuhns are selectively retarded on the column. By means of thlS‘
technique it is possible to obtain immunoglobulins free from the bulk of other serum
proteins. In particular IgM may be obtained free of azM-globulin in such a way that
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it can be completely punﬁed by subsequent passage through a column of Sephadex
G-zoo moreover, IgA can be obtained completely free of IgM - : :

ME’l HODS

Sera
L Mouse serum was obtained from adult A/H and C57BL/H ammals Usually
the nnce_ lad prev1ously received two subcutaneous injections of Bordetella pertussis
vaccine (4 X 108 organisms), which were given to boost the serum 1mmunoglobuhn
levels. The two injections were separated by a week and the mice were bled 10'days
after the second.

- Unless otherwise specified sera were separated and used w1th1n 5 h of- bleedmg

GeZ ﬁltmtwn : : SRR

Sephadex G-2 5 (Pharmac1a) was suspended in tw1ce-d1st111ed water and packed '
in columns of the following dimensions: 1.5 X go cm, 2.5 X 85 cm, and 5 X 100-cm.
In1t1ally “Fine’’ grade Sephadex (particle size 20-80 u) was used, but for most of the
work we employed “Superfine’’ (particle size 10-40 u), the grade pr1mar11y intended
by the makers for thin-layer chromatography. Before use, the bed was washed w1th
at least 2 1 of twice-distilled water or phosphate. buffer (0.0001 M ; pH 7. o) '

Freshly prepared serum was applied to the top of the column—about T. 5 ‘ml for
a I.5 X 9o cm column, 1—-3 ml for a 2.5 X 85 cm column and 810 ml for a5 X 10O
cm column—and eluted with o.or M phosphate buffer, pH 7.4, containing o.x15 M
NaCl. The flow rate was adjusted to between 10 ml/h and 30 ml/h according to the
size of the column, although higher rates were obtainable even with superﬁne Sephadex
and did not seem seriously to affect the separation.

Separation proceeded at room temperature. A column could be used several
times provided that it was thoroughly washed with at least 3—4 1 of 0.0001 M phos-
phate or distilled water.

Fractions of 2-6 ml were collected and the1r protem content was estlmated
spectrophotometrically at 280 mu. Until the characteristics of a.given column were
established the specific resistance of each fraction was determined w1th a P111111ps
PR g500 conductivity measuring bridge (cell constant = 1.3).

Fractions were pooled and concentrated by vacuum dialysis, cl1a1y51s against
polyethylene glycol (mol. wt. 40,000: SL‘RVA) or Aquacid I (Calb1ochem)

Immunochemical analysis : :

Fractions were analysed by 1mmunoelectrophore51s5 in agar or agarose, by
double diffusion in agar®, and by single radial diffusion?. Antisera for the analysis were
prepared in rabbits against whole mouse serum; mouse IgA; mouse IgM; mouse
IgG1; mouse IgGz. The specific anti-mouse-Ig sera were prepared‘as described by
Bazing, The same nomenclature for mouse immunoglobulins is employed as . 1n
prev1ous papers8 o bemg based on that 1ntrocluced by I‘AI-I]:Y et al 10 -

Protem ‘concentration . o e e :

- The Biuret method as. descmbed by GORNALL and cow01kers11 was used 1or all
‘protem determinations with a standard preparatlon of bovme serum albumm tltrated
by the Kjeldahl method. : S - IR CLn
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RESULTS

The proteins of mouse serum emerged from a column of Superfine-grade
Sephadex equilibrated with distilled water or o.0coox M phosphate buffer, pH 7.0 in
two well-separated peaks (Fig. 1). The first peak corresponded to the void volume of
the column (z.e. that part of the total bed volume which lies outside the dextran gel
granules), as measured by the passage of coloured Dextran 5000 (Pharmacia). The
proteins of this peak had no tendency to precipitate even after prolonged storage.
The second main protein peak emerged just before, and with, the salt front. The
proteins in the earliest fractions of the second peak, ¢.e. those in which the salt
concentration was lowest, tended to precipitate after a few hours in the tube at room
temperature, but this could easily be prevented by the addition of a small amount of

NaCl, or by using a refrigerated fraction collector.

S
al-

T3 I}‘rl

0.D. 280mp—n

T
No g A70 236 290 350 2410

Fig. 1. Protein concentration (absorbance at 280 mu) and specific resistance (cell-constant 1.3) of
fractions eluted from a 2. 5 X 85 cm column of Sephadex G-25 ‘‘Superfine’’ equilibrated with

distilled water. 2 ml mouse serum eluted with o.or M phosphate, pH 7.4, 0.15 M NaCl.

At its best the sepa.ratlon effected by fine-grade Sephadex was sm‘ular to the
above. However, results with this grade were very much less reproducible. Some or
even all of the water-insoluble proteins normally present in the second peak would
often arrive with the first peak and form a dense cloudy precipitate in the collecting-
tubes. The addition of NaCl to such tubes within one or two hours caused the precip-
itate to dlssolve 1mmed1ately :

: Immunoelectrophoretlc analyses showed that most of the serum protems
appeared in: the first. peak. These included pre-albumin, albumin, x,-macroglobulin,
transferrin, some IgG and many less easﬂy ‘recognizable proteins (Fig. 2a). It also
contained some IgA. IgM was never detectable in nnmunoelectrophoretlc analyses
of the first peak, although traces were occasionally discernible in OUCHTERLONY
plates. and by the technique of single radial diffusion. The second peak consisted
principally of- 1mrnunoglobuhns (IgM, IgG1, IgGza, IgGzb) together with p-2C (part
of the third component of complement), some IgA and sometimes traces of some other
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Upper e t'peak:f :
peak from’ column, lower well unfractmnated mouse serum.

unldentlﬁed protems (Plg 2b) The small amount of matenal eluted between the two
main peaks (Fig. 1) consisted of proteins characteristic of the first peak.

‘ Quantitative investigation, by single radial diffusion, of the immunoglobulins
in the two peaks of five separated sera gave the approximate values shown in Table I.

TABLE I

DISTRIBUTION OF IMMUNOGLOBULINS BETWEEN THE TWO MAIN PROTEIN FRACTIONS ELUTED FROM
SEPHADEX G-25 ‘‘SUPERFINE’’ COLUMNS, ESTIMATED BY SINGLE RADIAL DIFFUSION (5 POOLS OF
SERUM) : ‘ . ‘

Ist peak’ 2nd peak
IgaA 65-85 % 15-35%
IgG1 . about65% - about35%
IgG2 50-80% - 30-50%
IgM traces or none 100'%,

-The best separatlons were obtamed with" fresh serum. Storage at —-—20 for
three weeks or-at 4° for one week resulted in trailing of the first peak. -

The results were similar whether the column was: equilibrated with d1st111ed
water or with 0.0001 M phosphate, pH 7.0. It is possible that manipulation of the
buffering conditions and/or salt concentrations may produce further refinements in
the technique. However, preliminary experiments indicate that columns equlhbrated
with 0.0001 M phosphate at pH 5.2 or 7.4 yield less useful separations. :
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Purther purification of IgM on S ephadex G-zoo followed by Sucrose. gmdwnt ultm-
cemnfugatzon T,

. The : second peak eluted from a G-25 column was'- concentrated and passed
through a’ column of Sephadex G-zoo equlhbrated with- 0.1 M Tris—=HCl buffer, pPH
8.2, contammg I M NaCl. The same buffer' was used for elution. The first half of the
first. ‘peak’so obtamed cons1sted of IgM as ]udged by 1mmunoe1ectrophores1s or: double |
diffusion against a rabb1t serum’ agamst whole mouse serum (Fig.. 3): The y1e1d of the-
recovered IgM was 1 5-20 % ‘of the quantity in the ongmal serum. before all chromato-
graphy It was. sometimes: contammated ‘with' a: ‘small. amount 'of oc.,-hpoprotem‘
However, v1rtua11y complete punﬁcatmn, as ]udged from. OUCHTERLON’Y plates, was‘

'Fig. 3./ Purification of mouse: IgM ‘Rabbit'antiserum’to:whole mouse'serimiin:trough:: Upper well:
unfractionated mouse serum, lower well: IgM prepared from 2nd peak of a G-25 “Superﬁne
column by filtration through Sephadcx G-200 (concentratmn of protein: 12 mg/ml) R

DISCUSSION

~ In principle the technique described resembles ordinary dialysis against distilled

water. Proteins move down the Sephadex G-25 column faster than do salts until they
reach a zone of such low jonicity that some begin to precipitate. Once precipitated,
the water-insoluble proteins may be arrested until redissolved at the arrival of the
sdltfront. This process may be envisaged as occurring repeatedly down the length of
the column, with the euglobulins being continually precipitated and redissolved
within a narrow zone of low ionicity. The critical salt concentration at which the
precipitates begin to redissolve corresponds to a measured resistance of about 5,000
ohms/cm (representing an approximately 0.002 M solution of NaCl). However, not
all the proteins remain stably in solution at this ionicity, since, as noted above,
reprecipitation tends to occur unless the ionic strength is raised.

The critical ionicity zone may well not be the same for all the proteins in the
second peak. During elution of the second peak the ionicity of the eluate was rising
rapidly. Possible differences between proteins emerging at the.beginning and end of
the; second peak were not investigated. : :

The two main advantages of the present method over standard d1a1y51s are,
ﬁrst that protems are not held for protracted periods in the precipitated state, and
second, that they have no opportunity. to form large aggregates. Both factors should
tend to reduce denaturation: of the molecules, It is possible that reversible adsorption
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of some protem molecules onto the surface of the Sephadex granulesl3-1% may have
been a minor complicating factor; such a phenomenon could account for the gradual
emergence of a small quantity of protein between the first and second main peaks,
and for-the occasional contamination of the second peak with small amounts of
material characteristic of the first peak. -

The best and most reproducible results were obtalned W1th Superﬁne-grade
Sephadex. This may be due to a more complete arrest of fine protein prec1pates by the
smaller size dextran particles.

The method described effects, simply and rapidly, separations which can usefully
be employed in the punﬁcatlon of immunoglobulins. In particular, since «y-macro-
globulin appears ‘entirely in the first peak, the method can be used in conjunction
with Sephadex G-z00 to prepare nearly pure IgM.

Most of this work was performed while one of us (H.B.) was a visiting worker
at the Medical Research Council’s Radiobiological Research Unit, Harwell, and was
in receipt of a grant from Euratom.
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