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A method is described for quantitation of charged detergents using their 
hmlytic property in an electrophoresis assay in agarose gels containing 
red blood cells. After electrophoresis the zone of herrplysis is directly 
proportional to the concentration of detergent in the sample. Using this 
technigue we havedet ermined the smallest detectable concentration for 
the negatively charged detergents, sodium dcdecyl sulfate (SDS) and Quil 
A to about lOpg/ml and 25pg/ml, respectively and the positively charged 
cetyltrimethylammonium branide (CTAB) to about lOpg/ml. 

Detergents are widely used for the solubilization of biological membrane 

constituents (1). In the irmnunological field membrane protein antigens 

rray be released in active forms by the use of detergents. Lmhocyte anti- 

gens may be prepared in this way. But the most extensive use of different 

detergents has been in the preparation of enzymes and viral antigens. 

Detergents chemically belong to very different types of substances, the 

only common feature being their surface activity. Quantitative assays of 

detergents in biological mixtures are mostly performed by chemical detec- 

tion. Also, when possible radioactive labeling of detergents may be used 

as a precise way of guantitation (2). It may be useful1 however, to make 

use of the biological activity. A comnon characteristic of detergents is 

the ability to lyse red blood cells (RBC s). This property has been used 

only to a limited extent except in plant biochemistry, where hemolysis 

is generally used for the detection of saponin detergents (3). 

In our mrk with the preparation of highly in-muncgenic structures frommem 
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brane proteins of viruses we needed a quantitative assay for the sapmin 

adjuvant Quil A, and wa are here describing an assay for Quil A and other 

detergents using "rocket hemlysis" in agrose gels. 

MATERIALS AND MErmDs 

Chemicals - All chemicals ware Merck analytical grade unless otherwise in- 
dicated. Quil A was prepared as previously described (4). Before electro- 
phoresis the detergents were all dissolved in the electrophoresis buffer 
described below. The detergmts used were: Quil A, cetyltrimethylaium 
bromide &TAB), and sodium dodecyl sulphate (SDS). 
Sheep red blood cells (SRBC s) - Sheep blood cells was collected in iso- 
tonic citrate/glucose buffer. PBC s were washed 3 times in saline. Packed 
cells were kept at 50c for up to one week. 
Electrophoresis - The general equipment for electrophoresis was used. The 
gel used consisted of 1% agarose type BSB, Litex, Glostxup Denmark in a 
buffer having the following composition: Barbitone sodium 4.12 g, Barbi- 
tone 0.8 g, Glucose 43 g, sodium azide 0.2 g and redistilled water to 
make 1 liter. Gels were cast on 10x10 cm glass plates using 15 ml of 
agarose gel, melted and kept at 56oC. SRBC s (1.5~106) were suspended in 
the gel before casting, giving a final concentration of 15000 cells/cm3 
plate. Wells, 4 mn in dianeter were punched in the gel, and 15 ul samples 
were used. Electrophoresis was carried out at 10 V/cm for 1 hour. After 
the run the plates were pressed once without rinsing by Whatman 3 M paper. 
The plates ware dried in a hot air stream and stained with the crccein 
scarlet stain as described by Crowle and Cline (5). 

RESULTS 

Most experiments were made with Quil A and CTAB being negatively and posi- 

tively charged detergents respectively. In Fig 1 these two detergents were 

run together on the same plate. It can be seen that the negatively charged 

detergent migrated towards the positive electrode and visa versa. The zones 

of hermlysis can be clearly seen after staining only. When concentrations 

of the detergents to be assayed were kept relatively low (Fig 2) the 

heightofthe rocket was close to be directly proportional to the concentra- 

tion in the sample, but if higher concentrations were applied the shape of 

the rocket was no longer triangular because of the lateral diffusion. In 

general the area enclosed by the hemolysis zone was directly proportional 

to the concentration. A precise estimate of the area was obtained by 

placing the plate in a photographic enlarger, and projecting the image on 

paper which then was cut and weighed. With uniform paper and the sams en- 

largement, arbitrary units of area me obtained for all hemlysis zones. 

In Fig 3 these arbitrary units were plotted against concentration for the 
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Figure 1. Rocket hemlysis in 1% agarose gel. Layer-thickness 1.5 m, 
4 rmn wells. Gel contained 15000 SRBC s/cm2. Electrophoresis at lOV/cm, 
lh. Positive electrode at the top. Samples of 15 pl wxe applied. left 
to right: Quil A, 200, 100 and 50 Pg/ml; CPAB, 25, 12.5 and 6.25 w/ml. 
Plate stained with crocein scarlet. 

detergents Quil A, Cl'AB and SDS. The values were the mean of 3 estimations. 

Since the correlation lines were straight the sensitivity of the assay for 

a given detergent was read as being the concentration value where the line 

crosses the horizontal axis. For Quil A it can be seen that the smallest 

concentration detectable by the method was about 25 pg/ml. 

DISCUSSION 

The hemlytic property of detergents was used in a quantitative assay by 

electrophoresis in agarose gels containing red blood cells. Several para- 

maters influencing the sensitivity of the assay was taken into consideration 

before the described procedure was finalized. It was considered that there 

might be differences in sensitivity to lysis of RBC s of different origin. 

But after having tested RBC s of several mmnalian and avian species, we 

found no significant difference in sensitivity using rocket hemlysis. We 
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Figure 2. Rocket hemlysis in gel. Same conditions as in fig 1, but 
with negative electrode at the top. Left to right: CTAB, 50,25,12-S, 
6.25 and 3.13 pq/ml. 

therefore used sheep R8c s because they were readily available in the labora 

tory. However, more important was the concentration Of EC s in the agrose 

gel and we found that the lowest possible concentration of RX s gave the 

highest sensitivity. The concentration used (15000 cells/cm3) was chosen 

because it gave a reasonable contrast to the hemlysis zone after staining 

of the plate, whereas the cells could hardly be seen without staining. 

Lower concentrations were difficult to read and higher concentrations of 

REK s decreased the sensitivity. It was considered to increase the sensi- 

tivity by priming the lysis of SRBC s by treating them with sub-lysing 

concentrations of the detergent to be assayed. But this did not seem to 

increase the sensitivity significantly, and it was omitted. Nor did 

slightly hypotonic electrophoresis buffers increase the sensitivity. 

Glucose was chosen to keep the isotonicity in a relatively low molar buffer 

because charged ions would produce excessive heat during electrophoresis. On 
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Figure 3. Rocket hemlysis of 3 detergents. Relationship between hem- 
lysis area and sample concentration. m-----m , cmE3;A- A , SDS; 
a- 0, Quil A. Mean value of 3 assays and vertical lines show 
standard ueviations and dots represent individual values. 

the other hand pH has to be stabilized, and we therefore used. a regular bar- 

bitone electrophoresis buffer. 

In the results only experiments with charged detergents are described, and 

the ideal gel was therefore an agarose oflowelectroendosmosis not inter- 

fering with the migration of the charged detergents in the electric field, 

In scane experiments (not shown) we also investigated the use of highly 

charged agarose gels for the rocket hemolysis of a non-ionic detergent 

(Triton X 100). The idea was that the electroendosnotic cathodic backflow 

would make the non-charged detergents migrate in the gel. This was indeed 

possible, but exact guantitation was difficult mainly due to the fact that 

our samples of Triton X 100 contained as well non-ionic negatively charged 

molecules! 

We have used rocket hemolysis successfully for the quantitation of Quil A 

in viral vaccines where this substance was included as an adjuvant, and we 

conclude that the method is easy, fast and reliable. 
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