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0 NE of the greatest obstacles to progress in allergy is our limited under- 
standing of the nature of antigens. Inherent in this problem is the 

inadequate measure of composition and uniformity. Recent developments in 
physicochemical techniques now permit a more reliable assessment of these 
questions. It has been our purpose, by utilizing such methods as the ultra- 
centrifuge and electrophoresis on filter paper, to pursue this type of investi- 
gation and to submit this preliminary report. We have fractionated four 
selected antigens and have attempted to relate these fractions to clinical sensi- 
tivity in an effort to accomplish further resolution of basic questions. 

The recent literature reflects the trend toward employment of new tech- 
niques of analysis. Abramson and his co-worker+ r established the place of 
electrophoretic and centrifugal techniques in the field of allergy. The studies 
of Spies and those of Cou1son3’ 5, G on the chemical nature of cottonseed and 
castor bean pointed to the necessity of continued chemical studies of antigens. 
Friedmann amplified this subject and stressed the relationship to standard- 
ization. Loveless7 made significant contributions to the understanding of 
antigen fractionation using the Nielson-Kirkwood electrophoresis-convection 
apparatus. Dankner and his associates* and Perlman,” working separately, 
evolved paper chromatographic techniques for fractionation into more basic 
units of pollen antigens. Bookman and Waxlo utilized ion exchange resin 
to fractionate ragweed. SquireI investigated the relationships between horse 
dander and horse serum by free boundary electrophoresis. Beckerl*T I3 showed 
the presence of at least five antigens in ragweed pollen extracts, using agar 
diffusion technique. Stull and his co-workersl’ were able to fractionate ragweed 
pollen on the basis of differing water solubility constants. Scherago, Berkowitz, 
and Reitmanlj studied molecular size of antigens and were unable to relate 
this to clinical activity. Rimington and Maunsel16 found evidence for the 
polypeptide-carbohydrate nature of house dust antigen in their basic chemical 
studies, while Campbell, Silver, and Vannier” utilized paper electrophoresis 
and chromatography in their studies with dust extracts. Stevens and his 
associatesl* fractionated ragweed, utilizing the free boundary electrophoresis 
apparatus. These investigations serve to point out the recent emphasis upon 
a more fundamental approach to the study of allergenic substances, using newer 
physicochemical methods. Each represents a step forward in our compre- 
hension of the nature of the materials used in clinical allergy. 
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MATERIALS 

Four antigens were used in the experiments to hc described. Two of 
these antigens, horse dander and cattle dander, are environmental types and 
two, Cylnodon dactylon (Bermuda grass) and Ambrosia psilostachya (Western 
ragweed), represent important pollens in the Southern California area. The 
environmental material was procured by vacuuming groups of animals, using a 
clean, new bag for each species. The powdery epidermal material obtained was 
mixed in Coca’s solutionlg and frozen and thawed several times to fragment 
any intact cellular substance. The solution obtained after simple filtration 
was precipitated in the cold in 70 per cent acetone according to known tech- 
niques.20 The resulting precipitate was dried in vacuoJ used in these experi- 
ments on a weight by volume basis, and referred to as pure extract. The un- 
precipitated but clarified extracts served as controls and were referred to 
as raw dander. The pollen was collected, cleaned by fine-screen sifting, and 
extracted by grinding 2 grams in 25 ml. of saline in a glass homogenizer. The 
final extract, after clarification by centrifugation and filtration, was used as 
concentrated pollen antigen. 

METHODS 

Nitrogen.-Nitrogen determinations were performed by direct nessleri- 
zation on each solution and on each fraction obtained. No attempt was made 
to differentiate protein nitrogen from nonprotein nitrogen in this study, since 
it was felt that this would contribute no additional information as to the degree 
of antigenicity of each fraction6, lo 

Sedimentation.-All sedimentation data were obtained through the use of 
a Spinco Model L analytical ultracentrifuge. The antigens under observation 
were suspended in a 0.2 molar solution of sodium chloride, which was found 
to give optimal results. Under the conditions of these experiments, it was 
not possible to obtain a Schlieren pattern of the pollen suspensions because 
of their low molecular weight. This is in accord with previous investi- 
gations.l*, 21 As a result, no sedimentation data are reported for these. 

Electrophoretic Fractionation.-Our apparatus was essentially that de- 
scribed by KunkeP for filter pap er work, with minor modifications dict,ated 
by experience. A Spinco-Durrum unit2” was also used on several occasions, 
but none of the patterns derived are used in this report. After a run, the 
paper strips were stained and read in a continuous scanning device developed 
in this laboratory, the details of which will be reported elsewhere.24 Essentially, 
this consisted of a Beckman Model B spectrophotometer, in which a specially 
designed unit continuously scanned a series of paper strips and inscribed the 
changing optical density on an Esterline-Angus strip chart recorder. In a 
typical experiment, Whatman #3MM paper was used. After the paper had 
been allowed to equilibrate with the buffer solution, 50 Lambda of allergen, 
representing 0.5 mg. of nitrogen, was placed at the starting point of each 
of two strips, which were then superimposed. The buffer solution was Verona1 
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at pH 8.6, 0.1 ionic strength. Tt was found, after repeated attempts, that a 
run of six hours at 200 volts and 12 milliamperes produced satisfactory sepa- 
ration. All runs were made using the double thickness of paper described. 
One layer was saved for clinical trial, while the other was dried and stained 
for reading. The two epidermal materials were stained with Brom-Phenol-Blue 
as described by Block, Durrum, and Zweig.*s The pollen strips were dried 
and sprayed with 1 per cent ninhydrin in water-saturated butanol to which 
pyridine was added to 5 per cent of the final volume. This method was used 
since it was not possible to prevent spontaneous elution of the pollen material 
from the paper, despite attempts to fix the antigen by various means. The 
treated pollen strips were dried in an oven at 100° C. for ten minutes to 
develop color. It was found that the color was further intensified and stabilized 
after remaining in total darkness for twenty-four hours. The strips to be 
used for skin testing were dried and cut into half-inch (12.7 mm.) segments. 
Drying did not affect results, yet simplified manipulation. Each segment was 
eluted overnight in the cold in 2 ml. of saline solution. A positive control for 
each antigen, consisting of routine test material, was eluted from filter paper 
but not otherwise treated. All eluates were placed in capped vials under 
sterile conditions and intradermal testing was performed on skin-sensitive 
persons. All samples were checked for sterility by bacteriologic culture in 
peptone broth prior to testing. The test samples were coded so as not to 
prejudice the results. The skin reactions were graded from 0 to a maximum of 
4, which represented a wheal at least 1 cm. in diameter. Only Grade 3 and 
4 reactions were accepted as valid, since the electrolyte buffer could con- 
ceivably induce small wheals as the result of nonspecific irritation. 

RESULTS 

Epidermd Antigens .-Both the cow and horse dander antigens, raw or 
acetone-precipitated, yielded an intensely colored dark brown solution when 
dissolved in saline. This color could not be removed by dialysis against saline 
for forty-eight hours. The color seemed to be related to protein components 
in that, after precipitation, the supernate became clear. Unfortunately, this 
color interfered with the transmission of light through the optical system of 
the analytical ultracentrifuge unless the sample was greatly diluted. As a. 
result, it is possible that some components were present in concentrations too 
small to be resolved as peaks in the Schlieren patterns. Contrariwise, this 
same color intensity enabled us to follow the progress of migration on the filter 
paper strips in electrophoretic studies for the greater part of the run. At the 
end of the run, the color would become diffused due to binding, etc. This 
colored component, however. did not necessarily correspond to the area of the 
paper electrophoretic strips which would take up the Brom-Phenol-Blue stain, 
nor did it correspond to areas which gave the greatest skin test activity. 
Actually, our observations tended to associat,e those components in the strip im- 
mediately preceding the naturally colored areas with maximum response in 
skin test trials. 
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Another interesting general observation noted in the results of nitrogen 
analysis was that the nitrogen content of the precipitated epidermal antigens 
was always about three times that of t,he raw, unprecipit,ated material when 
compared on a basis of original weight (Table I). The significance of this 
will be discussed later. 

TABLE I 

ANTIGEN PREPARATION 
~ N;z;N !yGJYi~;~~;y 1 :tg!g 

Acetone-precipitated 1.5 mg./ml. 1 2 major 1 active 
horse dander 

40,000 

Raw extract of 
horse dander 

0.59 mg./ml. 2 plus Multiple dif- 
fuse 

Acetone-precipitated 
cattle dander 

2.3 mg./ml. 1 2 major 1 active 33,000 

Raw extract of 0.83 mg./ml. 2 pus 1 
cattle dander 

Multiple dif- 
fuse 

Cynodon dactylon 
extract 

0.24 mg./ml. Diffuse 6 with nin- At least 3 Less than 
hydrin active 10,000 
stain 

Ambrosia psilostachya 0.33 mg./ml. Diffuse 7 with nin- At least 3 Less than 
extract hydrin active 10,000 

stain 

In the analytical ultracentrifuge studies, the raw cow dander gave evi- 
dence of at least two major peaks only one of which could be demonstrated 
in the precipitated cow dander solution. The color density previously referred 
to can be seen sedimenting with the major component (Fig. 1) as a dark area 
occupying the right side and greater portion of the photographic film. The 
less intensely colored horse dander antigen shows only one clearly defined 
peak in both the raw and precipitated states (Fig. 1) , 

Through calculation of the sedimentation constants for the precipitated 
epidermal antigens, the average molecular weight was approximately 32,000 
for cattle dander and 40,000 for horse dander. This cannot be regarded as 
much more than theoretical inasmuch as the calculations make assumptions 
as to molecular size, density, and a spherical shape which is rather unlikely 
in the case of large molecular weight proteins. Due to lack of a separatory 
cell, we were not able to obtain the individual components for skin test 
correlation studies. 

A series of experiments were carried out using paper electrophoretic 
techniques. The results contained in this article cannot reflect the time and 
trials required before it was possible to obtain controlled behavior of the 
materials under study. The number of variables is considerable; these range 
from the type of apparatus itself to variations in current, buffer, time, etc. 
Various dyes were tried in order to obtain the most clear-cut definition. Even 
fluorescence was attempted, with interesting but not constant results. The 
automatic scanning device previously mentioned converted the stained strips 
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into curves of intensity against distance with more rapid interpretation of 
results. Under the conditions used, at least three major peaks were obtained 
with the precipitated cattle dander, while the precipitated horse dander showed 
two major components. Eluates of one-half inch segments of the strips were 
tested for skin reactivity in sensitive patients. It was found that positive 
skin test activity could be correlated with the eluates corresponding with the 
slowest moving major fraction (Figs. 2 and 3). No electrophoretic data are 
presented for the raw epidermal material, since patterns obtained with these 
were diffuse and undifferentiated. 

Big. 1. 

During the course of this study, the question of a possible correlation 
between the precipitated epidermal antigens and the whole serum of both 
cattle and horse concurrently arose (Figs. 2 and 3). It can be seen that the 
precipitated antigens tend to .follow the migration rate of albumin components 
of the respective sera. 

Pollen Antigens.-Our results indicate that pollen antigens are quite 
different from the epidermal type. The protein nitrogen content of the pollen 
extracts was found to be much lower than the nitrogen content in an equal 
weight of epidermal antigen. Thus, the extract of Ambrosia psilostachya con- 
tained 0.33 mg. nitrogen per milliliter and C$nodon ci!actyZon 0.24 mg. nitrogen 
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CATTLE DANDER 

SWRMOSED PATTERNS 
-CATTLEDANKR 
---me BOVINE SERUM 

Fig. 2. 

HORSE DANDER 

SWTESJ I I I I I I I I I I I 1 ~f~+l+l+f+lfl 1 1 
M0Lw3-1 1 1+1+1+1+1 1 1 1 1 1 ~t~+~+~+~t~+~ 1 1 1 

SUPERIMPOSED PATTERNS 

-HORSE DANDER 
-----HORSE SERUM 

Fig. 3. 
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per milliliter of solution as compared with 1.5 to 2 mg. nitrogen per milliliter 
in the epidermal antigen extracts. These and subsequent studies were carried 
out on undialyzed material, since we were interested in the whole substance 
and its behavior upon paper electrophoresis. 

Using paper electrophoretic techniques, we obtained six components with 
extracts of Ambrosia psilostachya and seven components with extracts of 
Cynodon dactylon. Several of the more slowly migrating components which 
remained near the original point of application showed similar rates of mi- 
gration in the case of both pollens. This similarity was not reflected in anti- 
genicity of the eluted fractions. On skin testing of the fractions, however, 
it was found that no single electrophoretic component was clearly implicated 

AMBROSIA FSILOSTACHYA 

I 
Pwn OF 
LCpLlCLTlQl 

SKIN-EST \+I I+_l+l+l 1+1+1 1 1 1 \ 1 1 1 1 1 1 I+l+l+l ! 
e I I i+l+l+l+l I I+l+l+l+l+l I 

CYNDOON DACTYLON 

MaJsc~I+Itltlcltl+l ItltItItI+I+lt[tlt]-II I I+l+ltltl 
Fig. 4. 

as a location of major antigenicity. Usually, two or more strip segments 
showed skin test activity (Fig, 4). Since considerable attention has been 
focused upon the existence of polysaccharide complexes in these materials, we 
routinely performed a Molisch test on all eluates. Generally, strongly positive 
Molisch reactions occurred in material which showed skin test activity or 
which showed as stained components on the paper strip. Significant reactions 
did not occur in either antigenically inactive or unstained areas of the strips. 
It should be noted that such tests were similarly positive when applied to the 
active areas of epidermal antigen paper strips. 
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DIS(‘lJYSION i ,L 

The experimental procedures and the results we have described permit 
us to form some definite, alt,hough limited, opinions regarding the character 
of the several antigens which were st,udied. In the case of the epidermal 
antigens, the purification by precipitation resulted in more homogeneous mate- 
rial. These purified substances appear to be protein in nature with a molecular 
weight and an electrophoretic migration suggesting that they resemble serum 
albumin. Comparisons of the electrophoretic fractions with skin tests show 
that activity resides primarily in one component. However, presence of other 
major but relatively inactive components in the purified extracts points out 
the failure of complete isolation of a specific skin-reactive fraction. As noted 
in our results using the ultracentrifuge, it was necessary to dilute the material 
in solut:on in order to reduce the optical density. This procedure may have 
diluted certain components beyond the resolving power of the Schlieren optics. 
While we do not believe that this has resulted in the loss of significant fractions 
of the antigen, the possibility does exist. The threefold increase in nitrogen 
concentration in the purified epidermal extracts is more apparent than real, 
since the raw material contained much insoluble matter, such as hair, dirt, etc., 
which probably contained relatively little nitrogen. The main skin-reactive 
fractions in the purified epidermal extracts represent only a portion of the 
total nitrogen content, as can be deduced from examination of the electro- 
phoret,ic curves, since other main nitrogenous components were not skin reac- 
tive. This raises the question of the value of nitrogen as a standard of potency 
without specific reference to procedures and interpretation. 

We are satisfied that filter paper electrophoresis is a valuable tool in this 
type of study. However, certain features of the final pabterns require explana- 
tion. It should be noted that all the curves presented are not a truly linear 
representation of the stained strips. This is due to the mechanical nature of 
the recorder in which the pen writer describes an arc instead of a straight line. 
Thus, there is a displacement of the upper portions of the curves to the left. 
The initial peak at the point of application represents pigmented, insoluble 
material which was clinically inactive in all instances. This fraction, therefore, 
may be regarded as an artifact. Also, it is necessary to realize that the patterns 
we have obtained were produced under highly specific circumstances which 
gave most clear-cut results in our hands. The electrophoretic patterns of all 
antigens studied could be reproduced quite consistently. In view of the rela- 
tively simple procedure involved, it, suggests a better approach to standardiza- 
tion. The same material should yield the same pattern under standardized 
conditions in t,he hands of different workers. 

Our studies with pollen antigens were limited to filter paper electrophoresis 
primarily. The value of the ultracentrifuge in this instance was unfortunately 
limited to more easily resolved substances which have molecular weights of 
the order of 10,000 or more. On electrophoretic separation, t,he pollens char- 
acteristically possessed more fractions than the epidermal antigens. This is a 
quite logical result of the use of crude pollen extracts, whereas the epidermal 
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antigens were subjected to purification procedures. There appeared to be no 
component specificity in that positive skin tests could be elicited with several 
fractions. This would support the validity of using crude pollen extracts 
clinically with our present limited knowledge of their composition. These 
observations suggest that there are inherent pitfalls in applying purification 
procedures to pollen extracts, Alteration or loss of the multiplicity of active 
components can occur; yet this loss may conceivably be masked by the remain- 
ing active fractions. 

As a supplement to these observations, we have begun an investigation 
of the role of polysaccharides as factors in antigenicity. The stimulus for 
these supplementary studies is derived from the observation that skin test 
activity was as intimately related to carbohydrate content of electrophoretic 
fractions as it was to protein. 

SUMMARY AND CONCLUSIONS 

1. Two epidermal antigens and two pollen antigens in common clinical 
use were studied with particular emphasis upon ultracentrifuge and filter paper 
electrophoresis. 

2. Fractionation of the epidermal antigens was achieved by ultracentrifuge, 
but the low molecular weight of the pollen antigen did not permit fractiona- 
tion by this method. The molecular weight of horse dander antigen was 
estimated to be approximately 40,000 and that of cattle dander antigen 32,000. 
Molecular weights for the pollen antigens were found to be less than 10,000. 

3. Electrophoretic separation was accomplished with all four antigens, the 
epidermal type showing fewer components than the pollen type. In relating 
skin sensitivity to electrophoretic components, activity appeared to be con- 
centrated in a rather narrow area in the epidermal antigens, whereas the 
activity of the pollen antigens was more widely distributed. 

4. The significance of these findings is discussed. 
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