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A TURBIDO-HAEMOLYTIC ASSAY FOR COMPLEMENT (U)

by

V.L. Di Ninno and V.K. Chenier

ABSTRACT

A method for the haemolytic assay of complement is described.
The method is based on the turbidimetric quantitation of sheep red
blood cells at a wavelength of 640 nm. This approach allows for the
continuous and simultaneous assessment of complement activity and
results in a substantial reduction in the time required to perform
complement assays as opposed to the conventional haemolytic assays.
The turbido-haemolytic assay is used to investigate the anti-com-
plementary activity of « and A carrageenans. Lambda carrageenan,
the more sulphated polymer, is the more potent inhibitor of com-
plement activation. The application of this technique to the detection
and/or identification of microorganisms is presently being investigated.
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STATEMENT OF DEFENCE RELEVANCE

Complement fixation has been used extensively, in a clinical
diagnostic laboratory setting, to quantitate specific antibodies in

sera.

The technique may also be used to quantitate antigen-antibody
reactions and, given a specific antibody, may be applied to the identi-
fication of infectijous agents.

Conventional complement fixation tests may take up to 24 hours
to perform and have never been considered as rapid diagnostic techniques.
In contrast, the turbido-haemolytic assay described in this report re- {
quires only one hour to perform; this includes preparation of reagents,
set up and reading results. The instrumentation used in this report
allows for the simultaneous assay of five different reactions; there is,
however, commercially available instrumentation which could be easily
adapted to this assay and which would allow for the simultaneous moni-
toring of up to 352 reactions.

The turbido-haemolytic technique greatly facilitates the per-
formance of tedious and time-consuming complement fixation tests and
brings these tests into the realm of rapid (agent identification) tech- "#
niques. These are of Defence relevance and interest.

UNCLASSIFIED ¥




UNCLASSIFIED

DEFENCE RESEARCH ESTABLISHMENT SUFFIELD
RALSTON ALBERTA

SUFFIELD MEMORANDUM NO. 1009

A TURBIDO-HAEMOLYTIC ASSAY FOR COMPLEMENT (U)

by

V.L. Di Ninno and V.K. Chenier

INTRODUCTION

Numerous methods for the titration of haemolytic complement
activity have been presented and reviewed (Mayer, 1971). In general,
these techniques quantify the dilution of serum (complement) required
to lyse a given proportion of sensitized sheep red blood cells (SRBC)
under standardized conditions (Mayer, 1971; Williams and Chase, 1977).
Haemolysis is quantitated by measuring the amount of hemoglobin re-
leased after removal of the unlysed SRBC by centrifugation.

We have identified several areas where the procedure could
be significantly improved and in this paper we present a rapid, simple
technique for the quantitation of complement.

UNCLASSIFIED

—

-

-
Rpm——




UNCLASSIFIED /2

MATERIALS

Haemolysin was purchased from Flow Laboratories (Mississauga,
Ontario), guinea pig complement was purchased from Grand Island Biolo-
gical Company (Burlington, Ontario, Canada) and Miles Laboratories
(Elkhart, Ind., USA). SRBC were obtained from the Institut Armand
Frappier (Laval, Quebec) and were used after 1 to 3 weeks aging. Carra-
geenan, « and A fractions, were research preparations supplied by
Marine Colloids Inc. (Rockland, Maine, USA).

METHOD AND RESULTS

Instrumentation

A Beckman DU-8 microprocessor-controlled spectrophotometer
was used for experimentation and data acquisition. Six samples were
monitored continuously and simultaneously throughout the reaction {
period.

Method

There exists a definite relationship between the number of
cells in suspension and the amount of light that passes through it.
Turbidity (optical density) has long been exploited to quantitate, very
accurately, bacterial cell densities and, likewise, may be used to
quantitate red blood cell concentrations. Hirst and Pickels (1942)
have described a quantitative spectrophotometric assay for haemag-
glutination reactions. The turbido-haemolytic assay reported here is
based on the turbidimetric quantitation of intact red blood cells
during the complement activation process. The assay is conducted at
a wavelength of 640 nm. One observes an exponential decrease in tur-
bidity with reaction time since the cells which are lysed no longer
contribute to the total light absorption of the red blood cell popu-
Tation (fig. 1). The dynamics of SRBC lysis by activated complement
can thus be followed without the necessity of centrifugation as is '
required for the assay of haemoglobin or Cr3! release (Weinrach, 1958; f
Mayer, 1971; Liske, 1980). f
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Procedure 4

The assay consists of mixing 100 uL of a 1% SRBC suspension
with 100 uL of a 1/160 dilution of haemolysin (i.e. an excess quantity
of haemolysin) and varying amounts of (100 uL to 1 mL) a complement
dilution, previously determined to be in the complement-limiting range.
The total volume is adjusted to 1.2 mL with Veranol Buffered Saline,
pH 7.4 (VBS). A1l reagents are diluted with VBS and are held and
mixed at 0°C (ice bath). The reaction is initiated by heating the cell
holder to 37°C.

For the quantitation of haemolysin, complement is used in

excess and varying amounts of haemolysin are mixed with 100 yuL of a
1% SRBC suspension.

Complement inactivation by carrageenan was quantitated by
mixing optimal concentrations of complement and haemolysin with varying
amounts of carrageenan and 100 ul of a 1% SRBC suspension. Complement
was used at 1/20 dilution (100 ul) and haemolysin at 1/1280 dilution
(100 uL). The volume is adjusted to 1.2 mL by the addition of VBS.

In all reactions, a 400 uL aliquot of the 1.2 mL reaction
mixture is assayed in Beckman microcuvettes.

RESULTS

Complement Limiting Assays

The relationship between the amount of complement present
and the proportion of cells lysed as determined by our technique (fig. 2)
follows the typical sigmoidal curve. A more rapid parameter obtained
by the turbido-haemolytic assay is the rate of change in 0.D. with
time. The relationship between the Vmax expressed as AA640/min and

complement concentration is shown in fig. 3 for two complement pre-

parations obtained from different commercial sources. The relation-

ship is seen to follow a sigmoidal curve but is not as steep as the % ]
haemolysis curve in the central region of the curve.
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Effeet of SRBC Presensitization

Haemolytic assays described to date always utilize presensi-
tized SRBC (Williams and Chase, 1977). This is not the case with the
turbido-haemolytic assay described in this paper. Experiments were
carried out in parallel with SRBC presensitized with haemolysin in
order to determine the effects of SRBC presensitization on the reaction
as followed by the turbido-haemolytic assay. As can be seen in fig. 4A
and 4B, no significant difference is observed.

Haemolysin-Limiting Assays

The rate of SRBC lysis when increasing amounts of haemolysin
are used with complement excess are shown in fig. 5. The relationship

between the Vma and haemolysin concentration is shown in fig. 6. The

X
total curve is biphasic, the first part showing a linear but steeper
slope than the latter part of the haemolysin titration curve (fig. 6
inset).

Effect of Carrageenan on Complement

The turbido-haemolytic assay was used to rapidly evaluate
the effects of « and A carrageenan on complement activation. The
kinetics of complement activation in the presence of varying amounts
of « and A carrageenans are shown in figs. 7A and 7B, respectively.
Lambda carrageenan, the more sulphated polymer, is the more potent
inhibitor of complement activation (fig. 8A and 8B).

DISCUSSION

The reaction of haemolysin with SRBC is known to activate
the complement cascade. Activation of complement results in the lysis
of the red blood cells and subsequent release of haemoglobin into the
media. If a spectrophotometer is used to monitor the number of red i
blood cells in a standardized suspension (turbidimetrically), then one
should expect an exponential decrease in turbidity with time. Such a
relationship is shown in fig. 1 and can only be obtained if one choses
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a wavelength at which haemoglobin, released into the media, does not
absorb and interfere with the turbidimetric assay. A wavelength of
640 nm is chosen for this purpose. Setting up the reaction monitoring |
system as described in this paper serves two functions: a) it allows '
for the continuous monitoring of the reaction kinetics; and b) it
eliminates the need for centrifugation of unlysed SRBC, which is
necessary in techniques requiring haemoglobin quantitation, thus re-
sulting in a substantial saving of time.

We have observed the exponential decrease in turbidity even
upon the simultaneous mixing of SRBC, haemolysin and complement. This
suggests that perhaps presensitization of SRBC was not a necessary
step as indicated by the use of sensitized SRBC in haemolytic assays
described to date (Williams and Chase, 1977). It can be seen from the
results shown in fig. 4 that the same reaction kinetics are obtained
whether one uses presensitized SRBC or simply adds an excess amount l'
of haemolysin to the reaction mixture. These results show that, in
the turbido-haemolytic assay, one can dispense with SRBC presensiti-
zation which again results in a substantial time saving in the assay
of complement.

The turbido-haemolytic assay was then used to titre guinea-
pig complement. A % haemolysis versus amount of complement curve shows
the typical sigmoidal shape. For the complement preparation, obtained
from GIBCO, 350 uL of a 1/6400 dilution contained 1 CHgg unit (amount
of complement required for lyses of 50% of the SRBC in the mixture).
This corresponds to a Vmax of .02 AA640/min (fig. 3). Since a more

practical and sensitive part of the the VmaX curve occurs in the ﬁ
central area, we suggest that when using the Vmax curve to quantitate
complement, that the amount of complement resulting in a Vmax of 0.1
AA640/min be defined as one unit of complement activity. This value
corresponds closely to 1 CHygp unit on the % haemolysis curve. The

Vmax curve is more rapidly obtained than the % lysis curve but is less
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sensitive than the latter in the central area.

Haemolysin is quantitated by the turbido-haemolytic assay
by using an excess of complement in the reaction mixture. The relation

between Vmax and haemolysin concentration consists of a biphasic curve.

The first part of the curve is more sensitive to changes in haemolysin
concentration than the second part. This is expected as one approaches
the saturation of haemolysin receptors (antigenic determinants) on the
SRBC.

Davies (1963; 1965) demonstrated that carrageenan could
inhibit the activation of complement by inhibiting Clq. The carrageenan
preparation used by Davies in his experiments was later shown to consist
of two distinct structural polymers (McCandless et al., 1973) termed

« and A carrageenan. We used the turbido-haemolytic assay to rapidly
assess the ability (relative potency) of « and A carrageenan to inhibit
complement activation. The results graphed in figs. 8A and 8B indicate
that A carrageenan, the more sulphated polymer, is more potent than

k carrageenan. Similarly, the turbido-haemolytic assay may be used,
with the proper reagents (Mayer, 1971; Williams and Chase, 1977), to
measure the haemolytic activity of individual components in isolated

form or in serum.

In summary, complement activity is generally measured by
assessing the ability of a serum dilution to l1yse SRBC sensitized with
haemolysin. Haemolytic assays by virtue of the various steps involved
are time consuming and tedious. The availability of antibodies to most
of the major components of complement has allowed the application of
immunochemical techniques to the determination of complement components
and these are summarized by Williams and Chase, 1977. These immuno-
chemical assays have received wide usage because of their simplicity.
Unfortunately, these assays are independent of and therefore not repre-
sentative of the biologic function of complement. The haemolytic assays
are still the most valuable tools in the evaluation of the complement

UNCLASSIFIED



UNCLASSIFIED /7

system as it represents an assay of complement function and provides an
overall measure of the integrity of the classical complement pathway
and of the membrane attack mechanism. Of the haemolytic assays, the
turbido-haemolytic assay described in these pages, best combines the
features of simplicity, speed, sensitivity, convenience and repro-
ducibility.
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Fig. 1: Lysis of SRBC in the presence of complement and haemolysin
as followed by turbidity.
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Fig. 2: Percent SRBC lysed by varying amounts of complement in the
presences of excess haemolysin. (i.e., error bars represent
the S.E. of the mean of 3 independent experiments.)
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