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Observations on the Immunochemical Analysis of Human
Immunoglobulins
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Department of National Health and Welfare, Ottawa, Canada

The use of human immunoglubulin has been in-
creasing markedly in recent years. Therapeutically,
it is much more effective in man than heterologous
immunoglobulin, and there is no danger of sensitivity
or anaphylactic shock following its use. In its
control, a great deal of attention has been devoted to
ensure that it contains adequate levels of antibody
and that the yG fraction as separated by conventional
electrophoresis is reasonably pure. More sophis-
ticated techniques, e.g., immunoelectrophoretic
(IEP) analysis and gel filtration as developed in
recent years, however, have shown clearly that many
immunoglobulin preparations are structurally un-
stable on storage. Structural changes in the yG
immunoglobulin in outdated preparations have been
observed by Skvaril,a who identified two atypical
fragments immunologically related to yG immuno-
globulin, but with different electrophoretic mobili-
ties. These fragments appeared to be identical with
the Fab and Fc fragments obtained by papain
digestion of yG immunoglobulin.C. b This in-
stability is attributed to the lability of the disulfide
bond linking the Fab and Fc fragments of yG
immunoglobulin, which is more pronounced in
highly purified preparations than in cruder ones.c
The present study was undertaken to determine

more fully the nature and composition of human
immunoglobulin solutions sold on the Canadian
market.

RESULTS AND DISCUSSION

Human immunoglobulins of commercial origin,
referred to here as Ig solutions, are examined routinely
in 'this laboratory by IEP analysis. "Splitting" of
the yG immunoglobulin has been observed in some
of the preparations, in agreement with observations
reported by others.b

a Skvaril, F. (1960) Nature (Lond.), 185, 475.
b James, K., Henney, C.S. & Stanworth, D.R. (1964)

Nature (Lond.), 202, 563.
c Fudenberg, H.H. (1965) Ann. Rev. Microbiol., 19, 312.

Fig. 1 shows the IEP patterns of a group of un-
diluted Ig solutions containing approximately 16%
protein, selected at random. The precipitin bands on
the slides were developed using goat anti-normal-
human serum. It may be noted that Ig solutions 2,
3 and 4 showed atypical splitting of the yG pre-
cipitin line, with formation of a cathode-oriented
"spur ", i.e., an additional precipitin line on the
extreme right of the slide.

Ig preparations 2, 3, 4 and 9 were selected for
detailed examination by gel filtration and IEP
analysis. To obtain more detailed information on
the relative amounts of the various fragments, the
immunoglobulins were passed thrdugh a column
of Sephadex G-200. The use of this procedure for
the fractionation of human yG immunoglobulin
fragments has been described by James et al.b To
provide a control, normal human serum (NHS) was
fractionated on the Sephadex column and the posi-
tion of the yG immunoglobulin peak was established
by IEP analysis of the contents of the separate
tubes, using goat anti-human yG immunoglobulin
antiserum (" anti-yG ") to develop the precipitin
bands. The gel-filtration patterns of the Ig solutions
are shown in Fig. 2. The pattern for NHS is not
shown; it may, however, be remarked that the C
peak of each Ig sample corresponded exactly to the
yG peak of the NHS. IEP analysis of the C peak
gave a single line of apparently undergraded protein
when anti-yG was used for development. The yG
fragments of lower molecular weight, which are thus
eluted more slowly from the column, are found in
peak D.
IEP analysis of the D peak, with anti-yG to

develop the precipitin lines, revealed two compo-
nents in the D peaks, one " faster " than the intact
yG immunoglobulin and one " slower ". This is
shown in Fig. 3 for Ig solution 4. The "slow"
component is identical with the " spur " observed in
IEP analysis of the unfractionated Ig of Fig. 1. In
Fig. 3, this component is shown in the IEP slides of
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NOTES

FIG. 1
IMMUNOELECTROPHORESIS OF HUMAN

IMMUNOGLOBULINS a

a (1) Pertussis Ig, (2) Ig, (3) Pertussis Ig, (4) Ig, (5) Ig,
(6) Pertussis Ig, (7) Mumps Ig, (8) Tetanus Ig, (9) Ig and NHS
normal human serum, used as a control.

The precipitin lines were developed with goat anti-NHS'
antiserum. Electrophoresis was carried out with veronal buffe
of pH 8.6 and ionic strength 0.05. The slides were stained with
Amido Black 10-B. The anode Is on the left. I

tubes 44 and 46. The typical undegraded yG com-

ponent is shown in Fig. 3 in the tubes between 26 and
40, its immunoelectrophoretic line having a mobility

between those of the two degraded fractions. The
presence of the D peak is thus evidence of yG
immunoglobulin degradation. It is ofinterest that one
of the samples, Ig 9, yielded no D peak (Fig. 2).
The corresponding spur in Fig. 1 was also
lacking.
A pronounced fragmentation was found in Ig

solution 4, as evidenced by the prominent D peak
(Fig. 2, Fig. 3) and the IEP analysis (Fig. 3). Storage
of Ig solutions 3, 4 and 9 at room temperature
(approximately 250C) for 30 days did not produce
any detectable change in the gel-filtration patterns.
Ig solution 2, however, showed evidence of consider-
able degradation under these conditions. TheD peak
was enlarged, presumably by the further fragmenta-
tion of yG immunoglobulin, as indicated by a
significant reduction in the size of the C peak.

Preliminary IEP analysis of the B peak of sample 9
in Fig. 2 suggested the presence of yG immunoglobu-
lin distinct from that present in peak C. To confirm
this, the B fraction was recycled through Sephadex in
order to obtain as complete a separation as possible
from the C fraction. IEP analysis was carried out
on the recycled B fraction. Using anti-yG to de-
velop the lines, we were able to demonstrate a
y-G component with higher mobility than that
present in the C peak. This component probably
represents a polymer of yG immunoglobulin, all or
part of which may be in the form of the dimer, which
has been reported as a component of degraded
yG immunoglobulin.a According to James et
al.,b the formation of the dimer may be the initial
step in the degradation of yG immunoglobulin.
Gel filtration can thus indicate the extent to which the
degraded and undegraded protein fractions are pre-
sent, and possibly even the presence of protein
marking the initial stages of degradation. In this
connexion, the absence of the B peak in highly
modified solution 4 (Fig. 2) is of interest in as much
as it may represent a late stage of alteration.
The observations made in this work show clearly

the presence of altered yG immunoglobulin in com-
mercial immunoglobulin preparations. However,
only one of the solutions examined for stability
revealed evidence of active fragmentation during the
observation period, which suggests that the diversity
of structural components present in the Ig solutions
could be, in part at least, a result of production
techniques.
The present evidence suggests that fragmentation

of the yG immunoglobulin molecule does not
seriously influence the amount of specific antibody
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FIG. 2

GEL FILTRATION OF IMMUNOGLOBULIN SOLUTIONS a
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a Immunoglobulin samples of volume 0.5 ml were passed through a Sephadex G-200 column 115 cm long and 2.1 cm In
diameter, with 0.1 M phosphate buffer of pH 7.2 being used to prepare the column and for elution. Aliquots of 5 ml were collected
with the aid of a fraction collector. About 2 cm of Sephadex G-25 were layered on top of the G-200 to reduce packing of the gel bed.



3 NOTES

FIG. 3
GEL FILTRAT ION OF Ig SAMPLE 4 AND IMMUNOELECTROPHORESIS OF THE FRACTIONS COLLECTED
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remaining.a Other factors, however, which require
clarification relate to the catabolic fate and half-life
of the fragmented products which could, of course,
influence effectiveness; the possibility of altered
antigenicity resulting in deleterious immune res-

ponses has also been mentioned.b There is no actual
evidence of the latter, however.

* *
*

The technical assistance of Mr Brian Sparkes in the
early part of this study is appreciated.

360


