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Monoclonal antibody affinity chromatography was used to purify two homologous mite 
allergens, Der f II from Dennatophagoides farinae and Der p II from D. pteronyssinus. They 
have the same molecular weight (MW) (15 kd) on sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, they have similar amino acid compositions, and their N-terminal amino acid 
sequences d@er in only four of the jirst 35 residues. An e.xcellent correlation was observed 
between IgE antibody to Der f II and Der p II measured in sera from 65 mite-allergic patients 
(r = 0.94; p < 0.001) and between quantitative intradermal skin tests to both allergens. A 
third allergen (Der f III, MW 29 kd) was purijied from D. farinae by repeated gel jiltration. In 
sera from 51 mite-allergic patients, IgE antibody to Der f II, Der f III, and previously pur$ed 
Der f I (MW 24 kd) was detected in 92%, 16%, and 78% of the sera by radioimmunoassay, 
respectively. Most patients, 41 I51 (80%), demonstrated IgE antibody to more than one allergen. 
With monoclonal antibodies fully cross-reactive with Der F II and Der p II, a two-site 
immunoassay was developed for measuring absolute quantities (nanograms or micrograms) of 
these allergens. In extracts rich in mite-fecal material (n = 5), Der f I and Der p I (group I 
allergens) and Der f II and Der p II (group II allergens) were measured in ratios of 11 :I to 
35:l. Lower ratios (1 .l :l to 7:l) were observed in mite body extracts (n = 6). These 
exper>iments clearly define a second group of major dust mite allergens that demonstrate 
extensive structural and antigenic homology. (J ALLERGY I~LIN IMMUNOL 1989;83:1055-67.) 

Sensitization to allergens produced by house dust 
mites of the gen.us Dermatophagoides is commonly 
associated with :symptoms of asthma and rhinitis in 
many parts of the world.‘, * Three species, D. pter- 
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onyssinus, D. far&e, and D. microceras, are rec- 
ognized as important sources of allergen in house 
dust.3*4 With immunoelectrophoretic techniques (e.g., 
CRIE and Western blotting), a number of IgE-binding 
proteins have been identified in extracts of D. pter- 
onyssinus and D . farinae.5-7 A limited number of these 
allergens, however, have been fully isolated. The first 
mite allergens to be purified to homogeneity were Der 
p I from D. pteronyssinus and Der f I from D. fari- 
rue.‘. 9 These allergens have the same MW (24,000) 
and are structurally homologous, as judged by amino 
acid composition and N-terminal amino acid sequence 
comparisons. ‘O The full cDNA sequence of Der p I 
has recently been published,” and we have obtained 
-80% of the protein sequence for DerfI (unpublished 
data). Extensive cross-reactivity in binding human IgE 
and IgG abs has been demonstrated between Der p I 
and DerfI.” Der m I (Dm 6), an homologous allergen 
produced by D. microceras, has also been reported.” 
Collectively, these allergens have been described as 
the group I mite allergens to which most mite-allergic 
patients(-80%) have measurable IgE abs.13 Strik- 
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Abbreviations used 
BBS,: Borate-buffered saline, pH 8.0 
BSA.: Bovine serum albumin 
CIE:: Crossed immunoelectropho- 

resis 
CRIE:: Crossed radioimmunoelectro- 

phoresis 
Group I allergens: Derf I, Der p I, and Der m I 

Group II allergens: Derf II and Der p II 
IEF: Isoelectric focusing 

Mab: Monoclonal antibody 
PBS-T: Phosphate-buffered saline, pH 

7.2-Tween 20 
SAS Saturated ammonium sulfate 

ab: Antibody 
MW: Molecular weight 
RIA : Radioimmunoassay 
i.p.: Intraperitoneally 

SDS-PAGE,: Sodium dodecyl sulfate- 
polyacrylamide gel electropho- 
resis 

CFA: Complete Freund’s adjuvant 
pl : Isoelectric point 

HPLC: High-performance liquid chro- 
matography 

TFA : Trifluoroacetic acid 
A?,,,: Absorbance at 280 nm 

ingly, most Mabs produced against the group I aller- 
gens are species specific, as are the Mab immuno- 
assays that have been developed to measure these al- 
lergens in dust samples and extracts.14. I5 

Lind16 initially described the partial purification of 
a second D. pteronyssinus allergen, antigen DpX, 
which reacted strongly on CRIE with IgE abs in 
pooled sera from mite-allergic patients. In addition, 
Holck et al. ” and Yasueda et al. ‘* reported the puri- 
fication of a major allergen from D. farinae (MW 
= 14 to 15,000) that in skin tests and RAST analyses 
bound IgE abs in :sera from ~90% of mite-allergic 
patients. With Mab-affinity chromatography, we have 
purified two allergens having an identical MW 
(15 ,OOO), Der f II from D. farinae and Der p II from 
D. pteronyssinus. A third allergen, Der f III (MW 
29,000), was purified by repeated gel filtration. The 
purification of these allergens to homogeneity has 
made it possible to make structural, antigenic, and 
allergenic comparisons of these proteins with the 
group I mite allergens. Mabs have been produced 
against DerfII and DerfIII, and a Mab immunoassay 
for quantitative measurements of Der f II and Der p 
II in dust samples and extracts has been developed. 
Because Der f II and Der p II demonstrate extensive 
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structural and antigenic homology, they can be rec- 
ognized as a second group (group II) of major mite 
allergens. 

MATERIAL AND METHODS 
Affinity purification of Der f II and Der p II 

Mab used to affinity purify Der f II and Der p II was 
produced at Central Laboratory of The Netherlands Blood 
Transfusion Service in a BALB/ b mouse immunized with 
lyophilizecl D. pteronyssinus extract (Beecham Research 
Laboratories, Worthing, U.K.).19 In CIE experiments, spec- 
ificity of this Mab for antigen DpX (Derp II) was confirmed 
by Dr. Peter Lind (The Protein Laboratory, University of 
Copenhagen, Denmark). By RIA, this ab, Mab CLB-DpX, 
also bound allergen in a D. furinae extract and did not react 
with Der c’ I.19 We injected hybridoma cells producing this 
ab into irmdiated BALB / c mice that had been Pristane pre- 
treated and exposed to 500 rad from a ‘j’cesium source 
(Gammacell-40, Atomic Energy of Canada, Ltd., Ottawa, 
Canada). Each mouse was injected i.p. with 4 x IOh 
cells in Iscove’s modified Dulbecco’s medium (Gibco, 
Grand Island, N.Y.). After harvesting ascites, an im- 
munosorbent was prepared by coupling 200 mg of a 
50% ammonium sulfate (SAS) fraction of Mab, CLB- 
DpX, rich ascites to 20 ml of swollen CNBr-activated 
Sepharose 4B (Pharmacia, Piscataway, N.J.) in 0.1 mol/L 
of NaHCO,/O.S mol/L of NaCl, pH 8.3, overnight at 
4” c. 

The extracts from which Der f II and Der p II 
were purified were prepared from either D. farinae or 
D. pteronyssinus spent-growth medium (kindly provided by 
Hollister-Stier Laboratories. Spokane, Wash.), respectively. 
These cultures, from which mite bodies had been removed, 
were rich in fecal material and contained sufficient Derf II 
or Der p 11 for purification (see Table V). Two hundred 
grams of either D. furinae or D. pteronyssinus culture were 
extracted overnight in 2.0 L of BBS at 4” C and then cen- 
trifuged at 5500 g for 30 minutes. With a flow rate of 15 
ml / hr, 100 ml of culture was adsorbed over a 20 ml column 
containing the CLB-DpX immunosorbent. Separate col- 
umns were used to purify Der f II from D. furinae or 
Der p II from D. pteronyssinus. Columns were then washed 
extensively with 400 ml of PBS-T, followed by the same 
volume of PBS per 0.5 mol/L of NaCl. Bound allergen was 
eluted with 0.1 mol/L glycine and 0.15 mol/L of NaCl (pH 
11 .O). Three milliliter fractions were collected, and samples 
were pooled based on protein content (A,,,). The pooled 
allergen was then dialyzed extensively against PBS, lyoph- 
ilized, redissolved in 1 .O ml of deionized water and stored 
at -70” C. 

Purification of a third D. farinae allergen 
(Der f Ill) 

Fifteen milliliters of a 50% to 80% SAS fraction of 
D. furinae spent-growth medium was applied to an upward 
flowing, 100 by 2.6 cm Sephacryl S-200 column equili- 
brated in BBS. Eluted 5 ml samples were analyzed by direct 
RAST with pooled sera from mite-allergic patients and by 
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optical density at 280 nm. Fractions were also analyzed by 
direct RAST with serum from a mite-allergic patient lacking 
IgE abs to Derf I. Samples rich in protein were pooled into 
four fractions (1 to 4) (see Fig. 2A), and then concentrated 
by negative pressure dialysis with Spectrapor 1 (Spectrum 
Medical Industries,, Inc., Los Angeles, Calif.) (MW cutoff, 
8000). Purified allergen (Derf III) was obtained by rechro- 
matographing 5 ml of fraction 2 (29 mg of protein per 
milliliter) over Sephacryl S-200. Eluted samples (5 ml) were 
pooled, based on optical density (A& and analyzed on 
SDS-PAGE. 

Production of Mabs to Der f II and Der f Ill 
Mabs to Derf 11 were raised in an A/J mouse immunized 

i.p. with 40 pg of affinity-purified Der f II in alum and 
boosted twice at intervals of 10 days. Two weeks after the 
final injection, a mouse whose serum demonstrated an IgG 
ab antigen-binding capacity of ~80 pg/ml by RIA was 
administered an intravenous boost of 40 pg of Der f II. 
Spleen cells from this mouse were fused with Sp 2.0 - Ag 
14 myeloma cells.*0 Antibody-producing hybrids were 
cloned by limiting dilution, and supematants were screened 
by ELISA with m:icrotiter plates coated with 2 pg per well 
of a 50% to 80% SAS fraction of D. furinae culture. Clones 
demonstrating good ab titers by ELISA were rescreened for 
abs to radiolabeled Der f II. Anti-Der f II clones were then 
selectively expanded. Ascites containing anti-Derf II Mabs 
were obtained from Pristane pretreated CAF- 1 mice injected 
i.p. with 2 X lo” cells in Iscove’s modified Dulbecco’s 
medium. Anti-Deirf III Mabs were produced with spleen 
cells from an A/J mouse that had been immunized three 
times with 20 l.rg of partially purified Der f III (see fraction 
2, Fig. 2B) in CFA. Microtiter plates coated with 2 kg per 
well of a 50% to 80% SAS fraction of D. farinae were also 
used to screen supematants from ab producing hybrids from 
this fusion. since Der f III was demonstrated to precipitate 
from the D. furime crude starting material at ammonium 
sulfate concentrations >50%. Positive supernatants were 
then rescreened for abs to radiolabeled Derf III, and anti- 
Der ,f III clones were selectively expanded. Isotyping of 
Mabs was carried out, as previously described.*’ Both A/J 
and CAF-1 mice were ordered from Jackson Laboratories, 
Bar Harbor, Maine. A protocol for the care and handling 
of mice was approved by the Animal Research Committee, 
Department of Comparative Medicine, at the University of 
Virginia. 

Physicochemical analyses of 
purified allergens 

Fractions containing 20 to 30 pg of protein were analyzed 
for purity on SDS-PAGE with a resolving gel containing 
15% acrylamide. Before their use on RIAs, radiolabeled 
allergens were also analyzed on SDS-PAGE and were de- 
tected by autoradiography on Kodak X-Omat K film (East- 
man Kodak Co., Rochester, N.Y.) in the presence of an 
image-intensifying screen at - 70” C. Determinations of p1 
were carried out as previously described.” 

Affinity-purifie’d allergens (Der f II, Der p II, or Der f 

FIG. 1A. SDS-PAGE analysis of Mab affinity-purified mite 
allergens, Df, crude D. farinae extract; Df SAS, 50% to 80% 
SAS cut of D. farinae; F,, Der f Ill (MW 29,000); F,, Der f I 
(MW 24,000); F,, Der f II (MW 15,000); PI, Der p II (MW 
15,000) Separate columns containing 20 ml of the Mab 
CLB-DpX immunosorbent were used to purify Derf II from 
D. farinae and Der p II from D. pteronyssinus. 

III) were chromatographed with reverse-phase HPLC before 
amino (acid analysis and N-terminal sequencing. Approxi- 
mately 2 to 3 nmol of the allergen was loaded on a 5 km, 
300A C-8 column (Pierce Chemical Co., Rockford, Ill.) 
and developed with a 1% per minute gradient of buffer A 
(0.1% TFA in H,O) to buffer B (0.1% TFA in acetonitrile 
[CHCh,]) over 0% buffer B to 60% buffer B at a flow rate 
of 1 ml/min. The effluent was monitored at 214 nm, and 
the peaks were concentrated and analyzed by SDS-PAGE. 
For amino acid analysis, samples (in triplicate, 20 p,g 
each) were subjected to gas-phase hydrolysis by 5.7 N HCl 
containing 0.3% phenol and 0.2% 2-mercaptoethanol at 
100” C for 24, 48, and 72 hours. The hydrolysates were 
derivanzed with phenylisothiocyanate and the resulting 
phenylthiocarbamyl-amino acids were analyzed according 
to the method of Heinrikson and Meredith.*’ N-terminal 
amino acid sequencing was performed on approximately 
1 nmol of protein with an Applied Biosystems, Inc. 
(Foster City, Calif.) 470A gas-phase sequenator, and the 
PTH-amino acids were analyzed on an on-line Applied Bio- 
systems, Inc. 120 analyzer.22 

lodination of proteins 

Iodination of Mabs, goat antihuman IgE, Der f I, and 
Der f III was carried out with a modification of the 
chlorarnine-T technique.23 In each case, 20 pg of protein 
was used for radiolabeling with 1 mCi of ‘*‘I (Amer- 
sham Corp., Arlington Heights, Ill.), resulting in a specific 
activity of 20 to 30 pCi/ pg of protein. Before radiolabeling, 
Mab CLB-DpX and 7Al were purified on preparative IEF 
and had p1 values of 6.5 and 6.2, respectively. DerfII was 
radiolabeled with ‘2SI-labeled Bolton and Hunter reagent 
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FIG. IB. Reverse-phase HPLC of affinity-purified Derp II. Column, C8, 5 km; buffer A, 0.1% TFA 
in H20; buffer B, 0.1% TFA in CHCN,; gradient, 0% buffer B to 100% buffer 6 at 1% per minute; 
flow rate, 1 ml/min. 

(-2000 Ci/rnmol) (Arnersham Corp.). Ten micrograms of 
Derf II in 10 pl of 0.1 mol/L of borate buffer, pH 8.5, 
was labeled as described,24 and the specific activity of la- 
beled allergen was 12 to 18 pCi/ pg. 

Skin testing 

As judged by the allergen-specific Mab immunoassays, 
purified preparations of Der f II and Der p II used for 
quantitative skin testing lacked any Der f I or Der f III. 
Similarly, Der f I was also demonstrated to lack Der f II 
and Der f III. Each allergen, sterilized as previously de- 
scribed,“’ and a D. fizrirzae whole body extract (Hollister- 
Stier Laboratories) was prepared in serial tenfold dilutions 
(10-l through 10m6 kg/ml) in 0.05% human serum albumin 
in phenol saline. Test sites were examined 15 minutes after 
injecting 0.05 ml intradermally. Skin testing of patients was 
approved by the Human Investigation Committee of the 
University of Virginia. 

Assays for serum IgE and IgG abs 

Sera from mite-allergic patients were obtained from pa- 
tients with asthma and/or rhinitis who gave an immediate 
skin response (24 by 4 mm wheal in I15 minutes) to prick 
tests with 1: 20 wtlvol of D. farinae (Hollister-Stier Lab- 
oratories) (containing 37 pg/ml of Der f I and 6.2 pg/ml 
of Derf II) and D. ptemnyssinus (Bencard, Ltd., Brentford, 

Middlesex, U.K.) (containing 82 pg/ml ofDerp I and 31.5 
pg/ml of ,Der p II) glycerinated extracts. Both IgE and IgG 
abs to Der f I, Der f II, or Der f III were determined by 
antigen-binding assay.” Serum dilutions of 116 and 1124 
in 1% of bovine serum albumin/PBS-T were used in the 
IgE ab assays, and dilutions of 1112 and l/36 were used 
to measure IgG ab binding. Sera binding >50% of radio- 
labeled Der f I, Der f II, or Der f III in the IgG ab assays 
were used to establish control curves for the quantification 
of each allergen in binding activity units per milliliter. 

For RAST determinations of antimite IgE ab, CNBr- 
activated filter paper disks (grade 541, 0.6 cm in diameter, 
Whatman International Ltd., Maidstone, U.K.) were coated 
with D. farinae or D. pteronyssinus extracts.26 Results were 
quantitatecl relative to a reference serum pool University of 
Virginia 87-01, which had been substandardized from the 
National Institute for Biological Standards and Control se- 
rum pool (82/528) in units described previously.27 In sep- 
arate experiments, disks were coated with 2 pg per disk of 
either Der f II or Der p II purified by Mab affinity chro- 
matography followed by reverse-phase HPLC. Serial two- 
fold dilutions of serum pooled from eight patients with 
high titers of IgE anti-Derf II ab were used to form a control 
curve to measure IgE ab to Der f II or Der p II. For mea- 
surements of mite allergen eluting from gel filtration exper- 
iments, 0.1 ml from each fraction (diluted 1 / 10 and 1 / 100 
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FIG. 2A. Gel filtration of a 50% to 80% SAS fraction of D. farinae over Sephacrvl S-200. The 
elution pattern of proteins (A,,) (0) is illustrated. The concentration of allergen distinct from Der 
f I was assessed by direct RAST (al with serum from a mite-sensitive patient with no detectable 
IgE ab to radiolabeled Der f I (0). With pooled serum from mite-allergic patients, direct RAST 
(bJ demonstrated fractions that were strongly positive for total mite allergen (+ J. Fractions (Fr) 
1, 2, 3, and 4 were pooled, as indicated, and samples were applied to SDS-PAGE for analysis 
(Fig. 2B). 

in 0.1 mol/L of NaHCO,, pH 8.3) was incubated with a 
CNBr-activated disk overnight at 4” C. 

Epitope specificity of Mabs 
The epitope specificities of Mab CLB-DpX and Mabs 

raised against Der f II were compared in a solid-phase RIA 
for binding to group II allergens. Polyvinyl chloride micro- 
titer plates (Dynatech, Alexandria, Va.) were coated with 
serial dilutions (10-l to 10w7) of ascites containg Mabs in 
0.1 mol/L of bicarbonate buffer, pH 9.6, overnight at 
4” C. Residual binding sites were blocked with 0.1 ml 1% 
of bovine serum albumin/PBS-T. Each well was then in- 
cubated for 2 hours with 0.1 ml of a 50% to 80% SAS 
fraction of D. farinue or D. pteronyssinus containing 1 p,g 
per well of Derf II or Der p II, respectively. After washing 
five times with PBS-T, wells were incubated with 0.1 ml 
of 3 ng 1*51-labeled Mab (either CLB-DpX or anti-Derf II, 
7Al) for 2 hours. Wells were then washed, dried, and 1 2 s 4 
counted on a gamma counter (Micromedic 4/200, Mi- 
cromedic Systems, Inc., Horsham, Pa.). The epitope spec- 
ificity of the Mabs was established from the antibody com- 
binations giving positive binding in the two-site assay. 
Epitope analysis of Mab to Der f III was carried out by 
cross-inhibition RIA, as previously described.‘4 

B b 

Mabs were also used in a modification of the RAST 
technique (Mab-modified RAST) to detect human IgE ab to 
specific mite allergen. CNBr-activated disks were coated 
with 10 mg of a.50% SAS fraction of ascites per gram of 
disks in 0.1 mol/L of NaHCO,, pH 8.3. As judged by the 
quantities of purified Mab obtained on preparative IEF, the 

FIG. 28. SDS-PAGE analysis of pooled fractions (1 to 4) 
from gel filtration (Sephacryl S-200) of the 50% to 80% 
SAS cut of D. farinae. Fractions 1, 2, 3, and 4 are pooled 
from gel filtration (see Fig. 2A); (al Der f Ill after repeated 
gel fikration of fraction 2 over Sephacryl S-200; /bJ Mab 
affinitypurified Der f Ill. 

50% SAS cuts of ascites have been calculated to contain 
-7 mglml of Mabs.” Each Mab-coated disk was washed, 
blocked, and then incubated for 2 hours with 0.1 ml of a 
50% to 80% SAS fraction of D . farinae or D. pteronyssinus 
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TABLE 1. Specificit\/ of Mabs to D. farinae allergens* 

Clone Allergent Derf I Der f II Der f Ill 

4Cl$ Derf I 27,546 656 1,121 
6A8$ Derf I 15,175 984 1,195 
CLB-DpX$ Der p II 1,399 5,465 848 
7Al§ Der f II 586 4,512 974 
4E5Q: Derf II 749 11,681 1070 
6D6§ Derf II 655 4,106 987 
5A12/1 Der f III 775 596 10,767 

*Results in counts per minute of ‘*’ I-labeled allergen bound by Mab-diluted 10e4. 
tAllergem to which Mabs were raised. 
$Previously reported Mabs produced against Der f I.9 Sixteen Mabs (represented 'by 6A8) are species specific for Der f I. Two Mabs 

(represented by 4C 1) also bind Der p I from D pteronyssinus. 
SAlso bind the homologous allergen, Der p II, from D. pteronyssinus. 
IlSeven Mabs (represented by 5A12) were raised against Derf III. Antibody 5A12 also binds D. pteronyssinus allergen, as judged by Mab- 

modified RAST 

extract (containing 1 kg of either Der f II or Der p II, 
respectively) per disk. After washing disks five times with 
PBS-T, 0.1 ml of sera (diluted l/4 and l/IO) from mite- 
allergic patients was added. After 4 hours, disks were 
washed again, and radiolabeled goat antihuman IgE ab was 
added to detect bound allergen. Serial twofold dilutions of 
pooled sera from patients known to contain IgE ab to the 
bound allergen were used to establish a control curve. Serum 
pools were arbitrarily defined as containing 1000 IgE ab 
units per milliliter. 

Mab two-site RlAs 

Mab RIAs for measuring Der f I and Der p I allergens 
were carried out as previously described.” A two-site mono- 
clonal immunoassay for measuring group II allergens was 
developed with an anti-Derf II Mab, 7A1, coupled to CNBr- 
activated filter-paper disks, together with a second radio- 
labeled anti-Der f II Mab, 6D6, of different epitope spec- 
ificity or radiolabled anti-Derp II Mab, CLB-DpX, to detect 
bound allergen. Disks used in this assay were coated with 
1 (*g per disk of a 50% SAS cut of Mab 7Al ascites, 
as described above for the Mab-modified RAST assay. 
Weighed samples of affinity-purified Der f II or Der p II 
were used to establish standards for quantitation of this 
assay. Control curves were formed with doubling dilutions 
of either the Der f II or Der p II standard (range 0.4 to 400 
rig/ml). 

RESULTS 
Purification of Der f II and Derp II 
(group II allergens) 

Derfll was affinity purified from an aqueous extract 
of D. furinae culture with Mab CLB-DpX coupled to 
CNBr-activated Sepharose. On SDS-PAGE, Der f II 
had the same MW (15 kd) as Derp 11 that was purified 
from D. pteronyssinus with the same technique (Fig. 
1A). As determined by RIA, with a two-site Mab assay 
for group II allergens, this single-step procedure re- 
sulted in 2.1 mg of Der f 11 purified from 100 ml of 

D. furinat! extract (containing 6.4 mg of Der f II). 
Similarly, 3.4 mg of Der p II was purified from 100 
ml of D. pteronyssinus extract (containing 8.8 mg of 
Der p II). Reverse-phase HPLC of affinity-purified 
Der f 11 or Der p 11 demonstrated a single prominent 
peak of prtotein eluting at 43% CHCN, (Fig. 1B). 

Purification of a third D. farinae allergen 

When ~1 50% to 80% SAS cut of D. farinae was 
applied to a Sephacryl (S-200) column, eluted samples 
were pooled into four fractions (Fig. 2A). By direct 
RAST, fractions 2, 3, and 4 contained samples that 
were strongly positive for mite allergen. Fraction 4 
demonstrated a strong band of protein at MW 24 kd 
on SDS-PAGE (Fig. 2B) and was rich in Derf 1, as 
judged by immunodiffusion against rabbit anti-Der f 
I serum (data not presented). Fraction 3 contained the 
highest concentration of allergen detected by RAST 
with serum from a mite-allergic patient with no de- 
tectable IgE to Derf 1. This serum was subsequently 
demonstrated to contain a high IgE ab titer to Derf 
II. When fraction 3 was radiolabeled with the 
chloramine-T technique, the fraction bound IgE ab in 
11 of 29 (41%) additional sera selected from mite- 
allergic patients lacking IgE ab to Der f 1 (data not 
presented). Autoradiographic analysis of radiolabeled 
fraction 3 demonstrated that most of the radiolabel 
bound to a 29 kd protein. This protein was present in 
purer form in fraction 2 (Fig. 2B). By rechromato- 
graphing fraction 2 over Sephacryl S-200, this protein 
(referred to as Der f III) was further purified and 
demonstrated a single band on SDS-PAGE (Fig. 2B). 
Seven Mabs to Derflll were raised from spleen cells 
from an A/J mouse immunized with fraction 2. With 
one of these Mabs, 5A12 (Table I), coupled to CNBr- 
activated Sepharose, Der f III was affinity purified 
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Der f Ia = l? SACRINSVNVPSELDLRSL 
20 

MRTVTPIR$’ 

Jkr f II = D1QVDVKD?ANBEIKKVaV@G2’ 

&r D 11 = D1QVDVKD?AN~EIKKV~V~G20 

?HGS@P?IIHRGKPFQLEAV 
40 

rkr f III = I’VGGVKALAGD?PYEISLEV 20 

FIG. 3. N-terminal amino acid sequence analysis of D. fwinae allergens, Der f I, II, and Ill, and 
Derp II from D. pferonyssinus. Data previously reported (,s) for Derf I? Residues in the sequence 
that could not be identified are indicated by a question mark (?). Der f II and Derp II differ in 
sequence at only four residues that are enclosed in squares. 

TABLE II. Amino acid analysis of Der f I, Der f II, Derp II, ancl Der f III (residues per 100 residues of 
amino acids) 

Amino acids Der f I* Der f Ilt Der p Ilt Der f Ill 

Aspartic acid 12.1 13.5 11.3 11.6 
Threonine 5.9 6.1 4.0 5.9 
Serine 6.8 4.9 4.6 8.8 
Glutamic acid 7.9 11.8 12.4 9.7 
Pfoline 5.9 6.1 7.4 5.2 
Glycine 11.0 8.5 8.9 11.4 
Alanine 7.4 8.1 8.6 6.6 
% Cystine 0.7 NA NA NA 
Valine 6.9 8.7 10.6 6.7 
Methionine 1.5 1.7 1.4 2.1 
Isoleucine 8.7 7.4 8.0 6.3 
Leucine 5.4 8.8 7.3 7.4 
Tyrosine 7.8 1.7 2.0 3.8 
Phenylalanine 1.4 3.6 2.8 2.3 
Histidine 2.2 2.9 3.5 2.2 
Lysine 1.4 3.4 3.7 6.6 
Arginine 6.9 2.6 2.4 3.4 

NA. Not analyzed. 
*Previously reportecl analysis of a purified Der f I fraction that concentrated ori IEF at pI 6.6 to 6.95.9 
tWith the equation proposed by Marchalonis and Weltman” for proteins of equal size, Der f II and Der p II differ by 19 SAQ units and 

are judged to be closely related. 

under the same elution conditions used to purify the terminal amino acid sequences (Fig. 3) differed in 
group II allergens (Fig. 2B). only four of the first 35 amino acid residues (com- 

Amino acid composition and N-terminal 
prising approximately one third of the full sequence 

amino acid sequences of purified allergens 
based on MW). By contrast, the amino acid compo- 
sitions of Der f I, Der f II, and Der f III demonstrate 

The amino acid compositions of Der f II and significant differences, and comparison of their N- 
Der p II were very similar (Table II), and their N- terminal amino acid sequences suggests that they are 



1062 Heymann et al. J. ALLERGY CLIN. IMMUNOL. 
JUNE 1989 

TABLE III. Quantitative skin tests with 0. farinae, Der f I, Der f III, and Der p II 

Quantitative intradermals (pg/mll* 

Patient D. farinae Derf I Der f II Der p II 

c. w. 
P. J. 
B. P. 
M. A. 
M. H. 
M. H. 
S. F. 
V. D. 
K. K. 
P. T. 
F. M. 
M. W. 
Control subjects x 3$ 

1o-6 
lo-’ 
lo-’ 
1o-6 
1O-5 
1o-8 
lo-’ 
lo-* 
lo-’ 
lo-’ 
1o-6 
lo-’ 

‘1 I% 

>lO-’ 
>lO-’ 

1o-5 
10-5 
1o-4 
10-e 

>lO-’ 
1o-5 
1o-6 
1o-4 
10m6 
1o-5 

‘1 I% 

lo-3 
>lO-1 

1o-6 
1o-5 
lo-’ 
1O-5 
lo-” 
lo-’ 
1o-6 
lo-4 
1o-5 
1O-4 

‘1 I4 

10-z 
10-l 
lo-’ 
lo-’ 
lo-* 
1o-4 
1o-3 
10-l 
1o-5 
1o-5 
1om4 
lo-) 

>1 I-Q 

*Values represent end point dilutions eliciting an 8 by 8 mm wheal. Negative skin tests are noted as > 1 pg. 
tD. farime whole body extract (Hollister-Stier Laboratories) containing 37 pg of Der f I and 6.2 pg of Derf II by Mab immunossays 

for group I and group II allergens, respectively. 
#Control subjects are nonallergic individuals. 

TABLE IV. IgE ab to 0. farinae allergens 

Single 
No. allergen 

MW positive* % rt specificity* 

Derf I 24,000 40 78 0.68 1 
Der f II 15,000 48 94 0.81 8 
Der f III 29,000 8 16 - 1 

*Number of sera with IgE ab specific for radiolabeled allergen 
(‘“I-labeled Der f I, II, or III) identified by screening 51 sera 
from mite-allergic patients. No IgE abs to these three allergens 
was detected in sera from 10 skin test-negative control subjects. 

Worrelation coefficient determined by linear regression analysis of 
IgE abs to purified allergen and D. farinae extract. 

‘$.Number of sera with IgE abs specific for one allergen, but not the 
other two allergens. 

structurally distinct (Fig. 3). Analysis on IEF dem- 
onstrated p1 ranges of 5.5 to 8.2 for DerfII, 4.1 to 
4.7 for DerfIII, and, by comparison, 5.7 to 6.95 for 
Derf I. 

IgE abs to Der f I, II, and Ill 

Quantitative intradermal skin testing in 12 adult 
mite-allergic patients demonstrated a good correlation 
between end points for Der f II and Der p II (Table 
HI). Positive reactions were obtained in nine of 12 
patients to Derf I and 11 of 12 patients to Derf II at 
concentrations I 10m3 p.g/rnl. 

In sera from 51 mite-allergic patients, IgE ab to 
Der f1. Der f II. and Der fII1 were measured bv RIA. 

Autoradiography of these allergens radiolabeled was 
used to confirm their purity before their use in RIAs. 
Der f I, Der f II, and Der f III demonstrated single 
bands of radioactivity at 24, 15, and 29 kd, respec- 
tively (Fig. 4). IgE abs to Derf I and Derf II were 
detected in 40 of 51 (78%) and 48 of 51 (94%) sera, 
respectively (Table IV). Linear regression analysis of 
IgE abs to these allergens demonstrated an excellent 
correlation between IgE abs to DerfII and a D .furinae 
crude extract (r = 0.81;~ < 0.001) and between Der 
f1 and D. furinae (r = 0.68; p < 0.001). IgE abs to 
Der f III were demonstrated in eight of the 51 sera 
(16%). Most patients (i.e., 41/51) demonstrated IgE 
abs to more than one allergen. An IgE ab response to 
only one of the three allergens (i.e., single allergen 
specificity) was demonstrated in one patient to Derf 
I, eight patients to Der f II, and one patient to Der f 
III (Table IV). 

Cross-reactivity between Der f II and Der p II 

In keeping with their structural homology, the quan- 
titative correlation between IgE ab to DerfII and Der 
p II by RAST (n = 28) was close to unity (r = 0.94; 
p < 0.001). Similarly, in a Mab-modified RAST with 
the CLB-X>pX cross-reacting Mab coupled to CNBr- 
activated disks, the same correlation (r = 0.94; 
p < 0.001) was observed with sera from 65 mite- 
allergic patients (Fig. 5). When disks coated with the 
same Mab were incubated with D. microceras extract, 
the correlation of IgE ab to Der f II, Der p II, and 
D . microceras allergen bv multinle reeression analvsis 
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IgE anti Der f II (units/ml) 
FIG. 5. Comparison of human IgE abs to Der f II and Der 
p II with sera from 65 mite-allergic patients. Determina- 
tions were made with the Mab-modified RAST assay. Ac- 
tivated (CNBr) disks coated with a cross-reacting anti- 

Pl Fl F3 F2 
group II Mab were incubated with a 50% to 80% SAS 
fraction of either 0. farinae or 0. pteronyssinus to measure 
IgE abs to Der f II or Der p II, respectively. IgE abs to Der 

FIG. 4. Autoradiograph of radiolabeled (lz51) allergens an- f II and Derp II were undetectable (~2 units per milliliter) 

alyzed on SDS-PAGE. P,, Der p I, F,, Der f I; F3, Der f Ill; in sera from six patients who were skin test negative to 

fl, Der F II. mite allergen. 

was r = 0.80 andp < 0.001, with the same 65 sera. 
On immunodiffusion, Der f II and Der p II demon- 
strated complete cross-reactivity with polyclonal an- 
tisera from A/J mice hyperimmunized with affinity- 
purified Der f II (data not presented). When quanti- 
tative intradermal skin tests with purified Derf II and 
Der p II were compared in 12 mite-allergic patients, 
similar end points for both Derf II and Der p II were 
noted (Table III). 

Mab two-site RlAs for measuring 
mite allergens 

CLB-DpX, which was raised aginst Der p II, also 
demonstrated binding to Der f II and D. microceras 
allergen in both the Mab-modified RAST and two-site 
monoclonal assay for group II allergens (data not pre- 
sented). Three Mabs raised against Derf II also bind 
Derp II, and two of these Mabs (6D6 and 7Al) define 
two separate epitopes distinct from that recognized by 
Mab CLB-DpX . 

A two-site RIA for quantitative measurements of 
group II allergens was developed with anti-Der f II 
Mab, 7A1, on CNBr-activated paper disks and ra- 
diolabeled anti-Der p II Mab, CLB-DpX, to detect 
bound allergen. This assay elicited parallel control 

curves for dilutions of purified Der f II and Der p II 
(Fig. 6). Ratios of group I to group II allergens were 
compared in extracts from isolated D. farinae fecal 
particles and isolated mite body extracts from both D . 
farinue and D. pteronyssinus with two-site Mab assays 
specific for allergen in each group (Table V). Nine 
other extracts from different source materials were 
also analyzed. Group I allergens were more concen- 
trated than group II allergens in all extracts. In whole 
culture, spent culture, and fecal particle extracts 
(n = 5), group I and group II allergens were mea- 
sured in ratios of 11: 1 to 35 : 1. In isolated mite and 
mite body extracts (n = 6), group I to group II al- 
lergens were detected in ratios of 1.1: 1 to 7 : 1. 

DISCUSSION 
Our study demonstrates the purification of Der f II 

and Der p II dust mite allergens with the use of Mab- 
affinity chromatography. The Mab used to affinity pu- 
rify these allergens was previously demonstrated to 
bind antigen DpX by CE.19 In the present studies, 
we have demonstrated that this Mab and the Mabs to 
Derf II also bind the D. farinae allergen, Ag 19120, 
purified and provided to our laboratory by Dr. Siri 
Dale (Oslo, Norway). ” Immunochemical analyses of 
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Two Site Monoclonal immunoassay 
for Group ll Mite Allergen 

10” 10-4 10-S 106 
Allergen Dilution 

FIG. 6. Binding curves for affinity-purified Der f II (2 
mg/ml), with Derp II (0.5 mg/ml), and 0. microcerascrude 
extract with the Mab two-site assay for group II allergens. 
Serial twofold dilutions of allergen were tested with CNBr- 
activated disks coated with Mab, 7A1, and radiolabeled 
Mab CLB-DpX, to detect bound allergen. Dilution concen- 
trations of Derf II and Derp II were transformed by natural 
logarithm to linearize the relationship between the counts 
per minute of 1251-labeled Mab bound and the allergen 
concentration per dilution. Least-squares linear regres- 
sion was performed to estimate slopes. Pair-wise signif- 
icance of differences between the slopes was determined 
by Z statistic demonstrating no significant difference be- 
tween slopes for Der f II and Der p II (p < 0.05). 

purified Der f II and Der p II in our experiments 
establish that they are structurally and antigenically 
homologous, and, therefore, they can be recognized 
as a second group of major mite allergens (group II 
allergens). 

The structural and biochemical properties of Der f 
II and Der p II are clearly different from the group I 
allergens. On SDS-.PAGE, the group I allergens have 
MWs of 24,000, whereas the group II allergens have 
apparent MWs of 15,000.8~ lo, “. ” On gel filtration, 
Der f II migrates at a higher MW (-20 to 22,000) in 
keeping with the findings of Lind16 who demonstrated 
overlapping elution patterns for DpX and Der p I and 
reported apparent MWs of 18,000 for both allergens, 
as judged by gel filtration. Higher ammonium sulfate 
concentrations (z 80%) are required to precipitate the 
group II allergens than the group I (~50%) allergens. I6 
Although the p1 ranges for both groups are heter- 
ogeneous and overlap an IEF, the group II allergens 
focus over a broader p1 range, up to 8.3.“. I73 I8 
Der f II, which has a low tyrosine content (1.7/ 100 
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amino acid residues), did not radiolabel well with 
the chloramine-T technique but was successfully 
iodinated with the ‘251-labeled Bolton-Hunter reagent. 
Clear differences between Der f I and Der ,f II were 
apparent in their amino acid compositions and N- 
terminal amino acid sequences. The complete amino 
acid sequence for Der p I has recently been deduced 
from a cDNA clone,” and our data on the amino acid 
sequence of Der f I protein indicate approximately 
80% homology between these group I allergens (un- 
published data.) 

A third D. furinae allergen, Derf III, was initially 
purified from D. farinae by repeated gel filtration 
and, subsequently, by Mab-affinity chromatography. 
In judging its MW, amino acid composition, and 
N-terminal amino acid sequence, this protein is struc- 
turally unrelated to Der f I and Der f II. On immu- 
nodiffusion, serum from an A/J mouse immunized 
with a mixture of Der f I, II, and III demonstrated no 
evidence for cross-reactivity between any two of these 
three proteins, and Mabs to each were allergen spe- 
cific. Although the extent of homology and cross- 
reactivity between Der f III and an equivalent D. pter- 
onyssinus allergen has yet to be established, one 
anti-Der ,f III Mab, 5Al2, does bind protein in 
D. pteron,yssinus, and sera from patients in London 
who were exposed predominately to D. pteronyssinus 
contain IgE abs that bind Derf III (data not presented). 

Measurements of IgE abs to the three D. farinae 
allergens in mite-allergic patients revealed that most 
individuals had IgE abs to Der f I and Der f II. In- 
dividual differences in IgE ab binding to these aller- 
gens were also noted, and most sera contained IgE 
abs to more than one mite allergen. In RAST- 
absorption experiments, IgE ab to Der p I has been 
demonstrated to account for a high proportion of anti- 
D. pteronyssinus IgE abs in highly selected sera from 
mite-allergic patients.’ We are now in a position to 
compare the proportion of antimite IgE ab to each 
allergen, to define further their relative importance in 
stimulating IgE ab, and to assess whether other im- 
portant mite allergens remain. In studies of cellular 
immune responses, a proliferative response to Der p 
I has been demonstrated in peripheral blood mono- 
nuclear cells, predominately of the helper T cell phe- 
notype, from D . pteronyssinus-allergic patients. 3o In 
addition, 1’ cell recognition of a lower MW, D. furinue 
polypeptide, which migrates with serologically de- 
fined Der f II, has recently been described.” Com- 
parative studies of T cell recognition and proliferative 
responses to the group I and group II allergens should 
therefore be possible. Such studies are of interest in 
examining factors that may influence differences in 
specific IgE ab production to mite allergens in indi- 
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TABLE V. Concentrations of group I and group II allergens in D. farinae (Df) and D. pteronyssinus 
(Dpt) extracts* 

Extracts rich in fecal material? 
Fecal particles (I) 
Fecal particles (II) 
NIBSC (821518) (Dpt) 
Dpt spent cultured 
Df spent cultures 

Extracts rich in mite bodies3 
Llf mite bodies 
Dpt mite bodies 
Dpt (OBRR/FDA E I-Dp) 
Df (OBRR/FDA E l-DjJ 
Dpt whole body 
Df whole b’ody 

Commerical mite extracts// 
W 
Dfl 

Mab affinity-purified allergens 
DerpI 
DerfI 
Der f II 
Der p II 
Der f III 

T. putrescentiae# 
A. siro# 

Protein Group I Group II 
(mglml) (&ml) (w/ml) 

ND 38 2.8 
0.2 18.5 1.7 
0.48 14 0.4 

> 10.0 1134 96 
9.1 1450 75 

6.9 621 87 
1.3 187 36.5 
2.3 46 41 
2.0 35 21 
5.6 111 39 
4.2 122 18 

2.6 82 31.5 
3.1 37 6.2 

ND 2000 co. 1 
ND 2000 co. 1 
ND co. I 2000 
ND co.1 500 

2.0 co. 1 co. I 
2.5 co. 1 co.1 
2.7 co. I co.1 

Ratio 

Gpl/Gpll 

1311 
11/l 
3511 
1211 
19/l 

7/l 
511 

1.1/l 
1.711 
2.811 
6.811 

2.611 
611 

>2000/ 1 
>2000/ 1 
<I 12000 
<I 1500 

GpliGpll. Groups I and II; ND, not determined; OBRR, Office of Biologics Research and Review; FDA, Food and Drug Administration. 
*Allergen concentra.tions were determined with two-site monoclonal immunoassays specific for group I (Der f I or Der p I) and group II 

(Derf II and Der p II) allergens. Protein concentrations (milligrams per milliliter) were determined with the Bradford assay.” 
?Fecal particles were identified under a dissecting microscope in a D. furinae culture grown in our laboratory. Their identification was 

confirmed in a sample of isolated particles by electron microscopy. National Institute for Biological Standards and Control 
(8215 18) is the World Health Organization/International Union of Immunological Societies international reference preparation of D. 

p&ron~~inus.~” Spent-culture extracts (i.e., mite cultures from which mite bodies have been removed) were obtained from Hollister- 
Stier Laboratories. 

&Same as the spent.-growth media used for the purification of Der p II or Der,f II, described in Material and Methods. 
$0. farinae and D. ,oteronyssinus mite bodies were kindly provided by Dr. Wen (Shanghai Medical University, China) and Commonwealth 

Serum Laboratories (Parkville and Melbourne, Australia), respectively. Mite bodies (50 mg) were homogenized (overhead stirrer, Wheaton 
Instruments, Millville, NJ.) and extracted in 2.5 ml of BBS in 50% glycerol. Reference preparations of Dpt and Df whole body extracts 
were obtained from the Office of Biologics Research and Review, Bethesda, Md. Two other whole body extracts were obtained from 
Hollister-Stier La.boratories. 

IlDpt and Df extracts are prick test reagents obtained from Bencard, Ltd. and Hollister-Stier Laboratories, respectively. 
FSame as the D. furinae extract used for intradermal skin testing (Table III). 
#Tyrophagus putrescentiue and Acarus sire extracts were provided by Dr. W. Rolfsen, Pharmacia, Uppsala, Sweden.‘” 

vidual patients and may include (1) differences in the 
structural properties of each allergen, (2) genetic or 
immunoregulatory differences among individual pa- 
tients, and (3) exposure to different concentrations of 
each allergen. 

In studies with CIE, CRIE, and electroblotting, dif- 
ferences between extracts rich in mite bodies versus 
mite fecal material have been demonstrated with re- 
spect to their composition of allergens and anti- 
gens.5, 7 Previous measurements of mite allergen in 

extracts evaluated during the selection of an intema- 
tional standard for D. pferonyssinus suggested that 
DpX (i.e., Der p II) may be relatively more concen- 
trated in whole mite bodies than in fecal material.32 
With ,the two-site Mab immunoassays, group I aller- 
gens were demonstrated to be considerably more con- 
centrated in extracts rich in mite-fecal material than 
the group II allergens. By contrast, the group II al- 
lergens were found to be relatively more concentrated 
in whole body extracts. Because of the variability 
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observed in the group I to group II allergen ratios in 
these extracts, it may be necessary to measure both 
groups in the process of assessing the allergen potency 
of extracts derived from different source materials. 
The Mabs used in the two-site assay to measure group 
II allergens bind strongly to allergens within the 
group. In contrast, the Mab immunoassays for the 
group I allergens are species specific for measure- 
ments of either Der f I and Der p I.15 Thus, species 
identification of dust mites in epidemiologic studies 
can be accomplishe:d with the Mab assays for the 
group I allergens that is less time consuming than 
identifying mites microscopically and does not require 
a detailed understanding of mite morphology. In con- 
trast, the Mab assay for group II allergens, because 
it is cross-reactive, may have greater usefulness in 
monitoring mite-allergen exposure irrespective of 
which Dermatophagoides species is present. 

Human IgE ab from mite-allergic patients has pre- 
viously been demonstrated to cross-react extensively 
with the group I allergens, Der 1 I and Der p I.” 
Similarly, in skin tests and antigen-binding assays, an 
excellent correlation between IgE ab to the group II 
allergens is apparent in keeping with the structural 
homology demonstrated between Der f II and Der p 
II. In contrast, the murine IgG ab response to the group 
I allergens is primarily species specific and is strik- 
ingly different from the cross-reactive immune re- 
sponse observed for polyclonal and monoclonal mu- 
rine ab raised against the group II allergens. In ad- 
dition to these differences in epitope specificity in 
mice, the behavior of the group I and group II aller- 
gens is clearly different with respect to immunoge- 
nicity. When BALB,/c mice were immunized with 10 
pg of either Der p I or Der f I in CFA, high titers 
(Z 1 / 10,000) of IgG ab to the immunizing allergen 
were detected. We were unable, however, to detect a 
significant immune response to 40 pg of Der f II in 
BALB / c mice with either alum or CFA (data not pre- 
sented). Mabs raised against Der f II and Der p II 
were raised in A/J and BALB/b mice, respectively. 
Further structural analyses (e.g., full amino acid se- 
quencing, x-ray crystalography, molecular modeling) 
and antigenic analyses of purified peptide fragments 
should provide a better understanding of the molecular 
determinants of humoral and cellular immune re- 
sponses to these allergens. 
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