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I N A PREVIOUS study,l a partially purified dust allergen fraction was found to 
consist predominately of a heterogeneous mixture of acidic polysaccharides 

with about 5 per cent polypcptidc. This fraction contained about equal amounts 
of uranic acid (probably glucuronic acid), D-glucose, n-galactose, n-mannose, 
and lesser amounts of L-rhamnose and L-arabinose. 

TZimington and co-workers’ have studied t,he clectrophoretic properties of 
a purified dust allergen fraction. They found their fraction to consist of two 
main peaks (phosphate buffer, pH 8, ,LL = 0.2) of about equal skin reactivity. 
The material in the fast peak was colored while that in the slow was colorless. 
I3y removing the fast and slow materials from t,he ascending and descending 
limbs. respectively, of a free boundary cell and analyzing for t,otal hcxosc and 
for nitrogen content, it was found that the two materials were chemically 
similar. 

In general it has been found that aqueous dust extracts and their fractions 
arc electrophoretically quite heterogeneous. The starch block electrophoresis 
methotl:‘, ” l)rorides a semipreparative procedure for fractionat,ing the dust 
cstracts predominately on the basis of the electrophoretic mobility of the 
components. With t,his in mind, we carried out the following experiments 
to study the relationship between the distribution of components producc~tl 
by starch block electrophoresis and the distributions of the t,otal carbohydrate, 
uranic acid, nitrogen, color, monosaccharide composition, and skin reactirity 
of four dust extracts. Furthermore, by varying the composition of the buffer 
used for the elcctrophorcsis experiments, SOIYIC information was obtaincxtl W- 
garding the nature of the linkage between the polysaccharide and polypeptidc 
l)ortions of the dust cxt,racts. 

Two of the (lust extracts studied were l)repared in this laboratory a11t1 
two w(‘rc commcrcia.1 prcpnratious commonly nscd by allergists. 
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RL\TERIALS AND METHODS 

Preparation of Dust Extract #110.-A pooled mixture of approximately 
equal parts of house dust,* and mattress dust? was wet with 1.5 m. sodium 
hydroxide and, after twenty-four hours at 4’ C., tho liquid was removed with 
a mechanical press. The yH of the dust extraction misturc was 9.5 two 
hours after mixing the dust and the sodium hydrosidc solution and 8.5 after 
twenty-four hours when the mixture was pressed. The residue was rc- 
extracted with the sodium hydroxide solution and pressed as before, and the 
liquid was removed and pooled with the first liquid extract. The pooled 
solution was filtered through a cotton plug and then ccntrifugcd with a 
Scharplcs Super-Centrifuge. The volume was reduced to one seventh of the 
initial volume by vacuum distillation, keeping the temperature of the dust 
solution below 40° C. The concentrated dust solution was dialyzed against 
distilled water and then pcrvaporated to dryness to recover the solid material. 

Preparation of Dust Extract #125.-Mattress dustt was wet with water, 
frozen in the deep freeze, allowed to thaw, and the fluid expressed by a 
hydraulic press at 16,000 pounds per square inch. The extract was filtered 
through glass wool, concentrated to one fourth the initial volume by perrapo- 
ration, and centrifuged at about 2,000 g for about forty-five minutes. The 
supcrnatant was pervaporated to about one half the initial volume and an 
equal volume of saturated ammonium sulfate added. The mixture was allowed 
to stand at room temperature for approximately twelve hours, centrifuged as 
before, and the supernatant stored at 4O C. As the dust extract was needed, 
a portion was centrifuged, as above, and then exhaustively dialyzed against 
distilled water until the dialysate gave a negative test for ammonia with 
Ncsslcr’s reagent. The dust extract was dialyzed against 1 per cent sodium 
chloride for twenty-four to forty-eight hours and dialyzed against distilled 
water to remove the sodium chloride. The solution was concentrated for USC 
by l)crvaporation. 

Ilollister-Stier Acetone Precipitated Dust Extract.$-One gram of the dust 
extract was mixed with 100 ml. of distilled water, allowed to stand at room 
temperature twenty-four hours, and dialyzed against distilled water for four 
to five days with two or three changes of dialysis bath per day. The product 
was centrifuged to remove a small amount of insoluble material. About 30 
per cent. of the dust extract was found to be soluble and nondialyzablc while 
about 5 per cent was water insoluble. The solution of nondialyzablc material 
was concentrated for used by pervaporation. 

Endo House Dust Concentrate.$-The material was supplied as a 2.5 per 
cent, solution of dust extract in 50 per cent aqueous glycerol. The solution 

*Collected and donated by various members of the American Academy of Allergy. 
tA pool of about 200 pounds of mattress dust from a mattress cleaning establishment in 

Atlanta, Georgia, was sent to us by Dr. David McK. Pipes. 
iobtained from Hollister-Stier Laboratories, Inc 
IObtained from Endo Laboratories, Inc. 



The I~olypcptitlc content is bawd on nitrogen analysis and the assntnpl-ion t’hat 
the ~~olypeptitlc contained al)ord 16 per ecnt nitt*ogen. The nitrogen aualysc~s 

w(~r(’ carrietl out by tligcstion with sulfnt*ie acid ant1 hydrogen l)crositlc fol- 
lowetl hy ncsslerization.” Nitrogen standards and I,lanks wcrc inclntlctl a.tt(l 
the optical density of the samples, after ncsslcrizat~ion and waiting at least 
thirty-fire trtinutcs, were dctcrminctl at 440 mp in the 13eckman Motlcl Ii 
sl)cct~rophototnet~~. The hcsosaminc tlrtcrrttinat,iorrs wc’rc pcrfortrrctl using a 
modification of t hc 13lson-Morgan procedure.“, ’ Known amounts (5 to 7 mg.), 
l~scd on dry weight tlct(~t.mirtatiorrs of solutions of the dust fractions cs- 
haustively tlialyzctl against distilled water, were hydrolyzed in sealed tubes 
with 1.0 trrl. of 2 N h,drochlor*ic acid for eight hours (at 105’ C.).” IIischc’s 
cat~hnzol(~ mcthotl”~ !’ was rrse(l for the uranic acid determinations. The I’<‘- 
suits ;trc r*c~~)ortetl as per cent equivalent glucuronolactorre. In our previous 
study of a purified dust ftaction,’ WC found that the uranic acid content de- 
tc~rttritretl 1)y this mtrthotl was in r~~t~sorral~lc agt~cetnent with the total numltct~ 
of acidic gronps tletc~txAriet1 Ity tlifYc~t~entin1 titration. ‘1%~ sugar cotnpositiori 
indicat(~d itt ‘l’al~lc I is l~sc~l OII hytlrolysis antI l)apc’r ~ht,onratog~nl)hy of th(b 
dust, csttxcts. Th(> sattrl)lcs (nl)l)t.osittt;rtc~ly :i tttg. ) WOYC hydt*(tlyzed 1)~ hc*ilt- 

ing in sealctl tultcs with 0.5X sulfut*ic acitl for tht*cc, hours at 105’ (‘. The 
paper cll~otllato~~ap11~- Illc!tllods W(‘1’0 the same iis those previously described.’ 
The t*ol;tti\~c~ sLlgw ~orrtlmsitiott is l~ascd OII a visual appraisal of the spot in- 
tensities in ~otnparisoti with it statrilar~tl SLLgilV ttrist~ure of a similar sugar* 

c*omposition as the dust cbstrad hytlrolysatcs ; it, is thcrcxforc a \-cry crude 
r~stitirate. Thr srrgirr c~orrfignr~;ttiorrs itrtlic~ntctl at’o hasc~l ott th(l ~~olaritnetrr 
iti(~:isrr~(~tit(~rits l)tx~vicmsly tl(~sc~ril)c~tl.’ 

*In our previous p;~per.’ it AI-as erroneously reported that the hydrolysis for the hexos- 
amine &termination WRS carried out in O..iN sulfuric acid. In all cases we have used SN hy- 
(lrochloric acid. 
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A’tnvch Block E~lec:tlo~~ho~~~~,si.s.“~ ‘- The apparatlls c*onsisted of two ruhical 
IJncrito hfFcr vessels (18 cm. on each edge) and il Lucite tray (1.5 cm. dcel). 
9 cm. wide, and 44 cm. long) that rontained the starch block. Each of th(s 
buffer vessels, containing about 3 II. of solution, was divided into four colll- 
partments by perforated Lucite partitions. The outermost partitions had 
platinum wires intertwined through the perforations that were connected to 
the power supply. The other Lucite partitions were to diminish mixing of 
the solution in t,he buffer vessels and thus to keep electrode products away from 
the starch block. The tray was lined with a sheet of polyethylene and a double 
thickness of cloth towel placed at each end of the tray before pouring the 
starch. The ends of the cloth towels provided contact between the starch 
block and the solution in the buffer vessels. The potato starch was allowed 
to soak overnight in 1 per cent sodium chloride solution. Before pouring the 
block, the starch was washed, on a Biichner funnel, twice with 1 per cent 
sodium chloride and two to four times with the solution to bc used as the 
supporting electrolyte for the electrophoresis run. During the course of wa.sh- 
ing the starch some of the lighter starch particles were removed by dccants- 
Con. The washed starch was mixed with the electrophoresis solution to form 
a suspension of consistency such that it would just flow. The block was 
l~urcd and the starch grains allowed to settle. The excess solution was rc- 
111ovc~1 with blotters. A hole, I cm. wide and 7 cm. long, was cut at right. 
angles to the length of the starch block at a position of from 12 to I6 cm., 
tlcpcnding on the particular cxperimcnt, from the end of the starch block to 
be attached to the negative terminal of the power supply. Starch was rc- 
placed to form a layer of 1 to 2 mm. thickness so the sample did not come 
in contact with the polyethylene sheet on the bottom of the tray. The sample 
to be fractionated, in a volume of 5 to 7 ml., was mixed with dry starch and 
placed in the hole cut in the starch block. After all the sample had been 
applied to the starch block, the hole was filled to the level of the top of the 
block with starch wet with the electrophoresis solution. The starch clcctro- 
phoresis runs were carried out in a coldroom at 4O C. To ensure that the 
solution levels in each vessel were the same height, a rubber tube connectrd 
the two buffer vessels below the solution level. The starch block and the 
buffer vessels with the electrophoresis solution were allowed to equilibrate in 
the coldroom at least one hour before clamping the rubber tube connecting the 
buffer vessels and starting the current. After the current had run the desired 
length of time, the starch block was removed from the tray and cut into forby- 
four 1 cm. segments and each portion elutecl with the same volume of distilled 
water. Each eluatc was then analyzed and the distribution of various com- 
ponents or properties of the sample on the starch block studied. 

Color Determination.-The optical density of each of the cluates was 
measured at 400 m/k in a Beckman Model B spcctrophotometer. A 1 cm. Cores 
cell was used. 

Determination of l’otal Carbohydrate.‘O- A 0.1 ml. volume of each eluate 
was mixed with 0.4 ml. of distilled water. Standards containing 10, 20, 30, 40, 



li?Ymi~ ,Icicl l%fc rnlinution.s.‘~ !‘- A 1.0 ml. volume of c>ach eluate was 
analyzed for uranic acid following the carbazole sulfuric acid method of Dische.” 
The optical densities of each of the eluates’, standards (10, 20, 30, 40, 50, 70, 
and 100 y of glucuronolactone) and blanks were determined at 535 m/l. in the 
Heckman Model Jj s])c~trophotornc:t(~~. Since a brown color is generated by 
heating the samples with thtr acid alone, the determinations wcrc set up in 
duplicate and the carhazolc added to only one series of tubes. The optical 
tlcnsitics at 5::5 nip dctermincd for the samples with no added carbazolc were 
subtracted ~IWIII the values obtained for the corresponding samples in th(l 
complete test. The dat,a were plotted as y oi’ cquivalcnt glucuronolactone per 
milliliter of eluatc. 

Nitwyn Ijp,tpl‘))lillCdtiOn.“- Two milliliter volumes of each eluate were 
evaporated to dryness in a vacuum desiccator over calcium chloride. A micro 
method, developed by Lanni and his co-workers,” was used, with slight modifi- 
cation, to determine the nitrogen content, of each tube. A rolurne of 0.14 ml. 
of the diluted sulfuric acid, instead of 0.16 ml., was used for the digestion and 
the tubes wcrc read at 440 111~ in the Beckman Model K spcctrophotorncter 
about :G lllinutes after the addition of the K(xssler’s solution. Blanks and 
standards (IO, 20, 30, 40, 50, and 60 y of nitrogen as ammonium sulfate) wcrc 
car&l through the same analytical proccdurc. The data were plotted as y 
of nitrogen par milliliter of cluatc>. 

EWERIi’v1ENTAI 1 

Starch block experiments, in ;rcotat,e bufter (pH 4.7, ,U = 0.1)) were carried 
out with each of the four dust extracts. I’aryin, p amounts of the dust extract, 
in 5 to 6 ml. of distilled water, were applied to the starch block, 13 to 14 cm. 

from the end of the block connected to the cathode terminal of the power 
supply. Samples dialyzed against the acetate buffer gave the same kind of 
patterns as those in distilled water. There was no insoluble material obtained 
on dialysis of the dust extracts against the acetate buffer. The following 
amounts of dust extract, detcrmincd by analysis for dry weight, were applied 
to t,hese starch blocks: extract #llO, 154 mg.; extract ,#125, 180 mg. ; 
IIollister-Stier extract, 68 rng. ; and Endo extract, 82 mg. After the period of 
equilibration in the coldroom (4’ C.), a potential of 300 volts (constant voltage 
output) was applied to the starch blocks Sor periods of 15.5 to 16.5 hours. 
Each one-ccntimcter xcgment of the block was clutcd with 5 1111. and then with 
2 rd. of clistillcd watw. The pooled oluates WCIY ccnt,rifuged and filtered to 
remove all the starch grains and the anal.yses for total carbohydrate, uranic 
acid, color, and nitrogen carried out on each eluate. The resulting data are 
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plotted in Figs. lA, 2A, 3A, and 4A, along with the data from a blank 01’ 

control starch block run. In the case of the blank starch block experiment, 5 
ml. of distilled water was applied to the block and the current run as usual and 
all elutions and chemical analyses carried out as in the cast of a dust extract 
sample. 

B 

Fig. I.-Dust extract #llO, chemical analyses of starch block eluates. The positive elec- 
trode is to the right and the arrows indicate the position of application of the sample. A, 
Acetate buffer, pH 4.7, 1~ = 0.1. The positions of the letters a, b, c, d, and e indicate the 
eluates pooled for chemical analyses and skin testing. B, KCl-HCl solution, pH 1.8, p = 0.1. 

Starch block experiments in a KCl-IICl solution (KC1 44.7 Gm., conccn- 
trated hydrochloric acid [approximately 12.4N] 16.5 ml., and water to make 
8 L. of solution ; final pH 1.8, ,U = 0.1) wcrc carried out with each of the four 
dust extracts. Each dust extract, in a volume of 5 to 6 ml.. was dialyzed 
against t,ho KCl-HCl solution and a small amount (approxin~ately 5 to 8 per* 
cent) of insoluble material that foi3tlei1, at this low pII, was removed by 
centrifugation. The pH’s of the dialyzed dust extracts were found to be within 
less than 0.1 pH unit of the pH of the KCl-HCl solutions, The sample was 



Fig. Z.-Dust extract #125, chenlical analyses of starch block eluates. The positive elec- 
trode is to the right and the arrows indicate the position of application of the sample. A. 
Acetate buffer, PH 4.7, u = 0.1. The positions of the letters &, b, c, d. e. and f indicate the 
eluntes pooled for chemical analyses and skin testing. B, KCl-HCl solution, pH 1.8, JL = 0.1. 

the starch block for 16 to 20 hours. As before, each one-centimeter segment 
was cluted with 5 ml. and then w&h 2 ml. of distilled water, the starch grains 
removed, and each cluatc analyzed. The resulting data are plotted in Figs. 
IR, 2R, 3K, and JR, along with the data from a blank st,arch block run. In the 
vase of the blank run, 5 ml. of the KCl-HCl solution, instead of a dust sample, 
was applied to tlw starch block and the contlitions iIs well as all analyses wcw 
carried out as in the cast of a dust sample. 

In order to obtain material for hydrolysis and paper chromatography of 
the polysaccharides in various eluates and for skin testing, additional starch 
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block fractionations were carried out. In the case of dust extract #llO, a 
starch run in acetate buffer with a 187 mg. sample was carried out for paper 
chromatography studies and another with a 60 mg. sample for skin testing. 
In each case the cluates were pooled, on the basis of individual total carbo- 
hydrate curves, yicltling fractions a, b. c, d, ant1 e as indicated on t,hc total 
carbohydrate curve in E’ig. 1, 11. The fractions were dialyzed against distilled 
water and concentrated by pcrvaporation. The corresponding eluates from five 
starch block experiments in the acetate buffer, using varying a.mounts of the 

20 
t 

il 
Y NITROGEN 

Fig. 3.-Hollister-Stier extract, chemical analyses of starch block eluates. The positive 
electrode is on the right and the arrows indicate the position of application of the sample. A. 
Acetate buffer, PH 4.7, u = 0.1. The positions of the letters a, b, c, (1, e, and f indicate the 
eluates pooled for chenlical analyses and skin testing. R, KCI-HCl solution. PH 1.X. a = 0.1. 
The positions of the letters A, B, and C indicate the eluates pooled for skin testing. 

#125 dust extract (82, 82, 141, and 137 mg.) were pooled. Analyses for total 
carbohydrate were made on each set of eluates and the corresponding samples 
from each electrophoresis experiment pooled to yield fractions a, b, c, d, e, and 
f according to the position of the peaks as indicated in Fig. 2, A. These 
fractions were dialyzed and perra.porated, as before, and then skin tested. The 
relative monosaccharide composition was estimated by hydrolysis and paper 
chromatography. In the same way, the eluates from corresponding regions of 
five starch block runs, in acet.ate buffer, were pooled in the cases of the Hollister- 
Stier extract and the Endo dust extract. In each case, the corresponding regions 
of the starch blocks were pooled to form the fractions indicated in Fig. 3, A and 
Fig. 4, A. Samples of about 60 mg. were used in the case of the Hollister-Stier 
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TABLE 11. ESTIMATION 06 TIIE RELATIVE MONOSACCHARIDP; COMPOSITION or TIII’: RTAI~II 
BJ~OCK FRACTIONS (pH 4.7)” 

.-- 
RHAM- 1 1 ARABI- 1 

$ZXiZ&ons 
1 

b” 

: 

#125 frLtions 

t 

Fi 

s 
IIollister-Stier fractions 

b” 

; 
e 

- 

f 
End0 fractions 

1 0 
2 2 

; 3 3 
2 2 
2 0 

1 0 
2 3 
2 3 
; 2 3 

2 trace 

1 0 
2 2 
2 3 
2 3 
2 2 
‘2 1 

0 
2 
2 
2 

trace 
trace 

0 
1 
1 

trace 
0 
0 

2 
1 
2 
2 

0 
2 
1 
1 
2 
2 

0 
trace 
trace 
trace 

1 
trace 

0 
1 
2 
2 
1 
1 

j FIJCOSB; 1 NOSE 1 SYLOSE 

: 0 
trace i 

0 1 0 
trace 2 0 

1 1 0 

0 0 0 
0 1 0 
0 1 txl(Y 

: 1 1 
trace 

0 0 ii i 

0 0 0 
0 1 0 

trace 1 0 
trace 1 trace 

0 trace trace 
0 0 0 

0 0 0 
0 trace 0 
0 1 u 

trace 2 trite 
1 1 0 
0 0 0 

*The relative amounts of the sugars were graded 0, trace, l+, 2+, or 3+. 

extract are valid. The same patient initials always indicate the same indi- 
vidual. The samples were keyed and randomized before testing to remove any 
possible bias in reading the skin tests. All the clinical testing was carried 
out by the direct scratch test method. The skin test da.ta are presented in 
Tables III, IV, V, and VI. All the patients giving a 1+ reaction or bctt,er to 
any of the samples are included in the tables. 

TABLE 111. SKIN TEST DATA WITH #llO EXTRACT AND FRACTIONS OBTAINED BY STARCH 
BLOCK ELECTROPHORESIS (pH 4.7) * 

PATIENT #I10 j a 1 b I c j d ) e 
M. B.t 4 4 3 1 0 
P. J. 4 3 3 1 
ErB; 

R. 4. 

4 2 : 3 0 1 0 1 

3 1 1 
A. G. 1 i 1 I 
S. F. 2 1 0 0 
P. B. 1 1 0 0 
L. B. 2 B 0 s 
T. B. 2 0 0 0 
T. E. 2 0 0 0 
J. C. 0 2 0 0 
s. c. 1 0 B 0 
R. L. 1 0 0 
J. V. L. 1 0 0” 0 
*The concentration of the samples was 0.087 per cent, as equivalent galactose determined 

by the indole test for total carbohydrate, in 50 per cent aqueous glycerol. The skin reactions 
were graded l+ through 4+. The symbol ? indicates a questionable reaction and 0 indicates a 
negative reaction. A blank space indicates no test was carried out. These were scratch tests. 

fThese test results were obtained with aqueous solutions of the dust extracts containing 
no glycerol. 



J’Al’IEST #lZ 1 a. b- c d e f 
P. J. 0 0 7 .> :t 0 II 
c. H. 0 0 ., 

0 
:( 0 0 0 

1’. 11. 2 .) 0 0 0 
G. P. 1 I i 0 0 1 
T. R. I 0 0 0 .> 

A. c:. I ) ) I 1 7 
I’. Ii. I (i I 0 0 I 
S. F. 1 I) 0 II 0 I 
13. 11. ? 2 7 0 0 (I 
.I. c:. 0 n 0 1 0 0 0 
1). I). ? 0 1 0 0 0 0 
.I. v. IA 1 0 0 0 II 0 
s. M. 1 0 0 0 0 0 

*The concentration of the samples was 0.2 per cent, as equivalent aalactose determined by 
the indole test for total carbohydrate. in 50 per cent aqueous glycerol. The skin reactions were 
graded I+ through 4+. The symbol ? indicates a questionable reaction and 0 indicates a nega- 
tive reaction. A blank space indicates no test was carried out. These were scratch tests. 

TAHJ>E \‘. SKIN TEST DATA WITII HOMASTER-STIER EXTRACT mu FKACTIOXS OBTAINED IX 
STARcII khOCK ~LECTROPIIORESIS (I)H 4.7) * 

- PATIENT I II. s. ; a / b I c 1 d 1 e / f 
IA. H. 4 2 1 4 4 :t ? 
‘I‘. IL 1 2 4 4 .> 0 0 0 
I\‘. (i. 2! 1 3 4 4 2 1 
.\. c:. :t I 3 4 3 I 6, 
I’. .I. II 1 1 4 -c 0 0 
(‘. \\‘. 3 0 -I :i I 0 0 
1c. s. .) 0 2 3 2 0 0 
T. I<:. 2 0 2 1 II 0 0 
s. I,‘. 3 0 L’ 3 0 0 0 
1). I). 1 0 L’ 4 0 0 0 
A. 13. 2 0 0 t’ 1 0 0 
c:. 1% 0 0 “-;( L’ II 0 1) 
.I. (‘. 1 0 1 I 0 0 1 
I’. li. 0 :, 0 1 0 1) I 
s. Il. 0 0 0 1 1 0 
IL I.. 0 0 II 1 I) 0 0 
Ii. A. 0 1 0 0 0 0 0 

*Tlrtt concentration of the xuuples \vas 0.2 per cent, as equivalent galactose determined by 
the imlole test for total carbohydrate, in 50 per cent aqueous glycerol. The skin reactions were 
rraded 1 through 4. The symbol 7 intlicates a questionable reaction and 0 indicates a negative 
reaction. These were scratch tests. 

The curves, shown in Fig. 3, B, of the eluate analyses from the Rollistcr- 
Stier dust cxt,ract run on a starch block with the KCl-HCl solution (pIi 1.8, 
p = 0.1) showed some relatirc separation of materials differing in nitrogen 
contents. In order to detcrminc whether a correlation could bc established 
between the relative nitrogen contents of the matSerials and the skin rclactivity, 
four such starch block experiments wcrc carried out using varying amounts of 
the dust extract (65, 65, 65, and 91 mg.). As before the samples were dialyzed 
against the KCl-HCl solution and a slight residue (5 to 8 per cent) was dis- 
carded. The current was ap])lictl at a potential of 200 volts for I6 to 17 hours, 
the starch block cut L~I in one-centimeter scgmcnts and clutcd three times with 
5 ml ., 2 ml., and 2 ml. volumcls of distilled water and then the three eluates 
from ea,ch segment combined and analyzctl for total carbohydrate by the 
indole-sulfuric acid procedure. The eluatrs from the corresponding regions 
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TABLE VI. SKIN TEST DATA WITI~ ENIIO EXTRACT ANI) P~nc~rorss OBTAINED BY STAR~!I~ RIMX 
ETZPTROPHORESIS (‘H 4.7) * 

~-~ 
PATIENT 1 END0 1 a I b I c I d I e I f 
A. G. ‘4 1 I 2 3 I 3 

E: 3 2 0 I 3 3 3 3 3 2 3 2 2 0 

z: 71 2 a 0 1 4 3 4 1 4 2 0 1 0 1 

aI c". c.’ f. s. 

2 0 2 2 3 0 

0 2 0 0 0 1 3 2 3 0 1' 
0 
0 

I<. N. 0 0 3 0 3 ,” 0 
s,. c. 1 0 0 0 3 1 0 
P. B. 0 1 0 1 0 1 0 
I). 1). ? 0 ? 1 1 2 0 
H. M. 0 0 0 0 1 0 1 
c. w. 0 ? 0 2 2 P 0 

!i. :i. 1 0 0 0 0 0 1 0 0 2 0 0 0 0 0 
G. P. 0 0 0 0 0 0 1 
Sylvia M. 0 0 0 I 0 0 I) 
T. E. 1 0 0 0 0 0 0 

*The concentration of the samples was 0.2 per cent, as equivalent galactose determined by 
the indole test for total #carbohydrate, in 50 per cent aqueous glycerol. The skin reactions were 
grade(1 l+ through 4+. The symbol ? indicates a questionable reaction and 0 indicates a new- 
tive ma&ion. These were scratch tests. 

of the starch blocks were pooled to form fractions A, I$ and C as indicated 
in the total carbohydrate curve of E’ig. 3, B. These fractions and a sample of 
the unfractionated Hollister-Sticr extract were dialyzed against distilled water, 
concentrated by pervaporation, diluted to the same concentration, and then 
made up in 50 per cent glycerol and skin tested as previously described. The 
data arc presented in Table VII. 

TABLE VTT. SKIN TEST DATA WITH HOLLISTER-STIER EXTRACT AND FRACTIONS OBTAINED BT 
STARCH BLOCK ELECTROPIIORES~S (pH 1.9) $!- 

PATIENT I II. s. 1 A 1 II 1 (‘ 

I'. J. 2 3 4 3 
T. B. 2 (I 
R. G. ii i 2 1 
I,. B. 3 2 2 II 
E. T. a 2 0 0 
A. G. 3 1 1 *! 
It. A. 1 0 1 0 
P. B. 0 0 1 0 
.r. v. L. 0 1 0 0 

*The concentration of the samples was 0.08 per cent, as equivalent galactose determine<1 
by the indole test for total carbohydrate (0.15 per cent by dry weight), in 50 per cent aqueous 
glycerol. The skin reactions were graded 1+ through 4+. The symbol ? indicates a ques- 
tionable reaction and 0 indicates a negative reaction. These were scratch tests. 

Two starch block runs were carried out with the #I25 clust extract (180 
mg. for the first run and 229 mg. for the second) in a KCL-HCl solution 7M in 
urea (pH 2.5). The solution was prepared by dissolving 3,360 Gm. of urea 
(reagent grade), 44.7 Gm. of potassium chloride, and 75 ml. of concentrated 
hydrochloric acid (12.5M) in water, and diluting to a final volume of 8 I,. 
with distilled water. The samples were placed 75 to 16 cm. from tha negative 
or cathode end of the starch blocks and a potential of 200 volts applied for 



I’orty-(tight IUIUIX ‘I’IIIL (~olot. LV;IS (list ril)utcvl I’IYIIIL lhc: sl.at.tittf ltceit.iott to it 
tlislartw 01’ ;llN~llt I.7 (‘111. iO\\.ilI'tl tll(s t*iglrl 01’ iIllOtl(’ c*ll~l 01’ 1110 I)lOC’li. III 
c~Fl(~ll c~sl)~~iGic~lll 111(~ slill?itlg Ilosiiioll ;IIICI ;I sc~~trtc~lit otI(’ ,~t~lllitilvt,(ll. witlc 0Ii 
cac:h sitk was c*ttt OIII ;ttt(l ctlr~tc~l with Y?(H) 10 :I()0 ttti. 01’ n~;ttc~r OII ;I I:ii(~htl(‘r 
l’II?lll~LI. This (!lLliltC \V>lt; tl~9igll;Lll’Cl I’rilCti()ll il. Tlic pot*tioli 01 tllc: stal.cll 
block i’rottl 11 t~stontling 16 (*tll. to th(> right \vas also rut out illrtl elutc’cl itI th(l 
same way. 1 This was tlcsignatctl fraction 1:. The A and 1: fractions WC’IY 
tlialyzed against distillccl water for 6 clays and the corrrlspontling fractiolls. A 
and 12, from the t,\vo starch block esperimcnts were pooled, pervaporated to a 
volume 0C about 10 nil.: and tlialyzcd against 10 L. of distilled water for a11 
additional six days. In each case the dialysis bath was changed two to thrc,c 
times per day. l)ry weight and nitrogen determinations showed a nitrogen con- 
tent of 1.0 per cent for the A fraction and 1.5 per cent for the B fraction. The 
solutions were analyzed for t*cGdual urc:a by the diacctyl nlonosinlc-arsc~llic 
acid method oC Rosenthal.” The tlata obt:rinecL indicated that less than 5 
IX:I’ rent of the nitrogcIn in the (lust fractions could be accounted for l)y the 
possible presence of urea. The solutions were also concentrated, adjusted to 
the same concentration in 50 pc’r cent aqueous glycerol, and clinically tcstotl. 
‘l’hc data arc prcscnted in Table VII 1. 

*The concentration of the samples was 0.28 per cent, as equivalent galactose determined 
by the indole test for total carbohydrate (0.36 per cent by dry weight), in 50 per cent aqueous 
glycerol. The skin reactions were graded l+ through a+. The symbol 7 indicates a questionable 
reaction and 0 indicates a negative reaction. These were scratch tests. 

The four dust extracts that WC ha\re stutlied by starch block electro- 
phoresis arc similar in general chemical composition (Table I) to the purified 
fraction previously rcp0rted.l The nitrogen contents of these materials arc 
higher, however, and they are colored, whereas the purified fraction was 
colorless. Other differences demonstrated are a positive Elson-Morgan color 
reaction for hexosaminc in the case of all four dust extracts and chromato- 
graphic evidence for the prcsencc of xylose and fucose in some of the extracts, 
while the purified fraction appeared to be devoid of these components. Except 
for the fact that the Hollistcr-Stier cxt,ract has a higher nitrogen content than 
the other three extracts, the chemical composition of all the extracts is q&e 
similar. Our #llO and #125 extracts have somewhat higher uranic acid 
contents than the other materials. Possibly this may be due to the fact that 
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our fractions were derived in part or totally from mattress dust as opposed 
to house dust. The #llO extract was obtained from half mattress and half 
house dust while the #125 extract was obtained cntircly from n&tress dust. 

The eluate analysts from the starch block clectrophoresis csperiments 
carried out in acetate buffer (pH 4.7, p = 0.1) show considerable variation 
in the relative amounts of slow, nearly “isoelectric,” materials and rapidly 
moving, negatively charged, materials. The #125 extract is largely composed 
of the rapidly moving fraction while the IIollister-Stier ext,ract is largely 
composed of the slow moving or “isoelectric” fraction and the two other 
extracts, #llO and Endo, present an intermediate picture. This is shown by 
a comparison of the total carbohydrate curves in Figs. IA, 28, 34, and 4~1. 
The uranic acid components are almost exclusively associat,ed with the fast 
peak in tho case of the #llO, #125, and Endo extracts, while in contrast the 
Hollister-Stier ext,ract shows some association of uranic acid containing materials 
with the slow peak, as shown in the uranic acid curves of Figs. lA, 28, 38, and 
-IA. The nitrogen curves in the same figures show that in the case of the #llO 
and #125 extracts the nitrogen is found to be primarily associated with the fast 
peak; however, there is some with the slow peak. In the case of the Hollister 
Stier and Endo extracts, the nitrogen is found associated with both the fast 
and slow materials. The nitrogen content of the Hollister-Stier extract is much 
higher than that of the other extracts and this, in addiCon to the preponderance 
of slow material in this extract, possibly explains the much higher association 
of uranic acid containing components with the slow peak. The polypcptidc 
moiety in the slow fraction of the Hollister-Stier extract possibly provides 
positive charges to slow down some of the materials in the complex, contain- 
ing uranic acid, so that they remain in the slow peak. It should be noted that 
in the case of the Hollister-Stier extract the fast fract,ion has the highcl 
nitrogen content, while in the case of the Endo extract the fast and slow 
fractions have more nearly equal nitrogen contents. The distribution of color 
is shown in the same figures (IA, 2A, 3A, and 44). Tn general, the color is 
associated with the fast peak. Even in the case of the Hollister-Stier extract, 
where most of the material is in the slow fraction, the color is predominately 
associated with the fast moving materials. There is some evidence, especially 
from the #125 and Endo analyses (Figs. 2, A and 4, A), that the color is moving 
faster than the bulk of the nmterial in the fast peak. This would suggest that 
the colored material is not linked through covalent bonds to most of the dust 
cstract. molecules. This is in a.greemcnt with the fact that we were able to 
easily separate the colored components from the bulk of the material by basic 
lead acetate precipitation in tho preparation of our purified fracti0n.l 

The data from the paper chromntographic study of the relative mono- 
saccharide composition of pooled eluatcs from the various regions of the sta.rcb 
blocks (as indicated on Figs. I-1 , 211, 3/l, and 4,l) are presented in Table II. 
The gc~ncral pattern is about the sanle for all the cstracts. I~‘raction a, in a11 
cases, came from a base line region of the starch block and was found to contain 
only ~~UCOSC. Fractions C, d, and e gcncrally contain the greatest number of 



diffemtt Il~O~l~~~;l~~~~ll~it~~~~~~s, \\illi ~lllc*OSc~, g:iI;lc~l,tsc’. lllillltlOS(‘. iltttl l’lIiIIlltIOS~’ [)I’(‘- 

doitriitatii~~. It is c\itlmt flwttt 1toil1 T;t~)1~5 I iltltl I1 111;ii tltc I lollistc~r-Sticat. 
tttatei*ials arc lowc~t+ itt t+atwow 1 Itatt tltc~ olltc~r mttxc~ls. .\ t*;1l,i110sc: \vits t’orlrltl 

itt ;tll c>str;tets. 1)itt*ti(*ttlitt~l~ it1 t’tqctiott d which c*c)ttt;tittml ttt;ttc~tGls itttcbt,- 
ntediate in nioltilitj-, 011 tltct stntacdlt hlo~k, ltc~lwc~t tltc> slow atld fast lmtks atttl 
the slow cdgc of the fast peak. I IPSSCI’ ~i,l~lOl~lltS Of .fllCOSC? ilIl(\ X?-lOSe W(‘I’C fOll~l(l 

cspccially in the c, d, attd e I’ractiotts. ‘1’1~0 l’t*;tetioit f ~olttilitlillg Olll!C thC f;LSt(‘l 

tltoviug ttzttct*i;tls showctl a tttuch sitrtplrt* SII gal< caotttl)ositiotr thatt thv factions 
c. d. e. Escc~pt~ fotd th(l #I% ft*actiou, the mat~nos~: s(v’tjIs to Iw cwnwntrntc~tl 

in the slower rnntcrials. It shot~ld he noted that these results wct’c ohtaitml 
hy hydrolysis of an approrintatc~l~ c*onststtt~ antouttt ol’ Itolys;tcchat*iclc atttl that 
when t,hc cluatc~s wcw ohtaincd fro~r~ a t~~giotl OF the sbamh block low in dust 
polysaccharidc the l)ooled eluittcls hat1 to lte (~ot~cetlt~at~c~tl tttot’( and the ~IUC*OSC~ 

mntribution front the starch lmatttc: gt’c~atc~t*. Th(h tttcthotl ctttploycd t’ol 
hydrolysis and ch~otnato~t.a.lthy tlcstroycd umnic acids. th(at.cafot*c the motto- 
saccharidc composition prescntcd in Tabln I I is incomplete and should incluclc~ 
uranic acids followiii~ the distrihutioti indicated in Figs. l-1. 21, Xl, and 1,l. 

The skin test data for t,he #IlO extract and its fractions arc presented in 
‘I’ahlc III. Unfortunntc~ly thcrc was not suWcient material of the c fraction t’ot. 
c~oitiplctc testing. Most of the activity scctns to 1~: confined to b and probaltly 
c! which a.rc the trailing and leading portions of the slow peak. None of th(b 
fractions seem to lx as active as the unfrnctionatcd extract, with the possiltl~~ 
c~sq~tion of c \vh(~t*c tlata ;IW lacking. ‘I’itl)le IV lists the c.ot.t~c~sl,otttlinC’l~ tl;tt;t 
l’ot’ (lstritc’t #-I 25. In this t’:ls(: fraction b, th(l slow lt(‘;tk, a.ttd ft*action C. 

tttaterial intertttcdiate lwtwecw the fast ant1 slow pclak, contain most of th(h 
ilctivity. The #l% cst,t*act a1ti1 its ft*;tctiotls arc all 1~~s active that1 the oth(‘t* 
tttatc~t?als studicltl. This may 1~ rclatctl to the observation that prolong~~l cott- 
tit<*t, with itttttjtonium sulfate solut,ion clcsstroys sotttc activit,y.l” (The # 12.5 
(astract was stored in anitttoniutti sulfate at 50 per cent of saturation for mart>- 
Irtctttths.) ‘I’h(b skin tc’st tlatit l’ot* thcl llollistor-Stir]. tttat(>t*ials itt’(! pt*esotttc~tl itt 
‘I’ill~lC v. The trtost. active tnaterials arc found, itt this case, in both the ttxil- 
ittg ant1 leading edge of th(l SIOW p(‘;tk (ftxctiotts b ittl(l c). These tttittctiitls 
a t’c both appart~ntly a lit,tle moth t’(l;tctivct than the mtfr~tctiott~tt~~~l c>str;tets. 
‘I’h(l itttc~rtttc&~tt~ tltat(b&l itt ft*ac+c)tt d s(l(ltIts to IW of’ about th(a satlte activity 
its tha unfractionatctl extract. 111 th(’ (‘ils(t of th(l Ettt10 cadr:t(at ;~tttl its 
I’ta;tc+otts, tttost of th(l ;trtivit,y is ~ottfittc~tl to ft*;tctiotts b. C, itttd d, whicdh (‘Ott- 
tain the slow lx’ak and sottte of the ntatct~ial of intcrtrtediatc~ tttobility. Th(hs(’ 
three fractions seem to he of about the same activity as the unfractionatccl 
extract. Tt should bc pointed out that statements about the relative reactivity 
of the various fractions are bascvl on the rclatirc~ intensity of scratch test I’(‘- 
actions made at only one concentration. Much more precise waps to measure this 
would 1~ to Parr?- tltc reactions to ~(1 point, use the passi\-c transfer techniyuc 
or possibly an allergen nclut,t~alixatiort or clrsensitixation trst.14 It, is evident front 
these data that the ntatc>rials contained itt thr fast peak, high itt uranic ncitl 
ant1 containing almost all the colot., are trtuch less active than t,he slow ant1 
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intermediate materials. The clata also show considerable patient variation with 
regard to the fraction showing the greatest reactivity. This may be due to 
the possible prescncc of a ntultiplicity of Inatcrials of difierent allcrgcn 
specificity moving at different rates on the starch block. This is in agreement 
with our previous observation7 that some dust-sensitive individuals who gave 
strong reactions to the less purified extracts did not give any appreciable r+ 
action to the purified fraction. 

The problem of trying to correlate the skin reactivity of the fra.ctions 
with the components as determined by chemical analysis is difficult. Ill 
general, it is fairly clear that a high uranic acid content or the presence of 
color is not necessary for act,ivity. The question arises as to what arc the 
diffcrrnces evident in our monosaccharide composition data between fractions 
d and e of the Hollister-Xtier and Endo extracts that could he correlated with 
thr greater skin reactivity of d as compared with e. Thcrc is less mannosc 
ant1 arabinose in e than in d; however, these diffcrenccs do not seem great. It 
is more probable that if the differences in activity are to be correlated with 
the monosaccharides present, the uranic acid content and the way the mono- 
saccharides are linked to form polysaccharides arc the determining factors. 
It is also possible that the determinant for allergen specificity resides in the 
polypeptide rather than the polysaccharide portion of the materials. Riming- 
ton and colleagues2 have suggested this on the basis of data correlating the 
loss of skin reactivity of their allergen fraction, on acid hydrolysis, with the 
appearance of free amino acids in the hydrolysatc. 

Dust allergen fractions have been found to bc composed of a heterogenc- 
ous mixture of acidic polysaccharidcs with varying amounts of polypepticlr 
components.l. ?, I5 There arc a number of possibilities as to the type of bonding 
between the polysaccharidc and polypeptide components. There may bc no 
linkage between the materials, i.e., the polypeptides and polysaccharides may 
be present as separate independent molecules in solution. Ionic bonds, such 
as might exist between the carboxylate ion of a uranic acid residue and a 
prot,onated amino group of the polypeptide, may be involved. Covalent bonds 
such as amide, glycoside, or ostcr bonds may be present or the two types of 
materials may be held together by multiple hydrogen bonds, for example, be- 
tween thr carboxylatc ion and hydroxyl group of the polysaccharide and the 
C-0 and N-II groups of the amide linkages of the polypeptide. 

Starch block electrophorcsis experiments were carried out in a strongly 
acidic solution (KCl-HCl solution, pH 1.8, p = 0.1) to determine whether the 
materials were present as separate components in solution or whether they 
were link4 through ionic bonds. In either case, it would be unlikely for the 
polysaccharide and polypeptiile to remain together on the starch block at both 
pH 4.7 and pI1 1.8. At the low l)H, the polysaccharitle, due to the protonation 
of its carboxylatc ions, should bccomc isoelectric and the polypeptide should 
become more positively charged, due to protonation of amino groups as well 
as less negatively charged, due to the protonation of its free carboxylate ions. 
The data from these experiments are presented in Figs. lB, ‘LB, 3B, and 4B. 



‘l’li(~ ml ract. # I 25 illl(l tII(: l’:llfi~~ c>st l’il(‘l slio\V Ilo wl);lr;lliori (II’ Ilit I’Ogc’ll I’l’Olll 

tll(’ ~~~Il~l~Oh~~tll~~l~~~. TII(’ #I IO I’\1 l’il(‘t ;lllfl t II(’ I Iollislc~i~-Sticsi* fb\-t l’il(‘l SlII)\f 
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IlO\VCVC’l’, iI1 l)Otll IlltW’ (‘iIS(‘S t II(’ ~~ill~t~~~tl~~tll~~ll~~ [l(‘;lliS iItS (sYICbllti t0 t Il(: Itl’t. ‘jlll(’ 

Ilollistc~r-SiticBr (~stl*il~t. IIIOIY tllilll ihc~ oth(sl* (ssIl,:\vts, S~OLVS thcb pt*c’sct~c(~ 01’ 
materials of different nitrogwl contents, ml&r thcsc contlitions (l)H 1.X). 
I<;luates from various regions 01’ t hc starch block, li’ig. 3, B, were pooled and 
skin tested. The data art! presctntetl in Table VII. Fractions d and B and the 
nnfractionatcd extract arc of abollt equal activity while fraction (’ sfwiis 
tlcfinitcly less activcl. 11’rom thcsc tlat,a it would appear that the materials oi 
the higher nitrogen content were the most a&w; however, the starch block 
clectrophorcsis fractionation of this est,ract in acetate buffer (pl-I 4.7) yicltlctl 
ft*nctions (d ant1 e) that, W’CIX’ also t~olativcly high iu nitrogen wutcnt but XV(~I*C 
I~SS active thall I’tsactions of IOWC’I’ tlitrogcn vorltrllt (b :111tl C) :IS sholvn in 
Fig. 3, A and Table V. It is possible that small amounts of nitrogeneons 
materials have rapidly migratctl to the left and off the end of the starch block; 
however, most of the polypel)tidc components have remained linked to the pol.v- 
saccharides under these conditions. Therefore it is unlikely that the polypept,idcs 
arc primarily present as separate eomponent,s or are linked to the polysaccharides 
through ionic bonds. 

In order to test the hypothesis that the polysaccharide and polypeptido 
moieties were linked by multiple hydrogen bonds, a &arch block electrophoresis 
experiment was carried out in 731 urea at pII 2.5. The use of concentrated urea 
solution (6 to 7M) is the classical way to separate into subunits macromoleculrs 
that are held together by multiple hydrogen bonding. Concomitant clectro- 
phoresis at pH 2.5 should serw to separate any dissociated polypeptide from the 
polysaccharidc. Fractions A and B obtained by the starch block electrophoresis 
of samples of #la5 extract under these conditions had nitrogen contents of 1.0 
and 1.5 per cent respectively. The unfractionat,ed dust extract had a nitrogen 
content of 1.5 per cent. Tl icsc data indicate that no separation of the two 
moict,ies was obtained and that t,he polysaccharide and polgpeptide are probabl) 
not linked bp multiple hydrogen honds. 

As n result of these erpctinaents, it is evident thut ihe polysaccharide- 
polypeptide bo&ing is prirnnrily c,owilent. 

The control experiments carried out, with both the acetate buffer and the 
IlCl-KC1 solution show that some solnblc carbohydrate as well as a little soluble 
nitrogcnons m:lt(~ri:ll were cstravtcd fror11 the starch along with t,he dust extract 
fraction. 111 most vases this does not confuse the interpretation of the CIUI’VPS 

since the patt>erns obtained with the dust eluates were either fairly high or down 
close to base line. No peak shonld bc considered significant, if it is based on OIIC 

point alone. As an example, the high nitrogen content found in tube numbcJ 
10 of Fig. 1, 11 p~*obabl>- has no significanw. 

The final pattern obtained by- starch block clectrophoresis is the end result 
of a number of processes. By rar the most important of these is clectrophoretic 
transport of the materials; however, clcctroosmosis, adsorption, and ion ex- 
change also play some part. 
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SUMMARY 

1. The approximate chemical compositions of four dust extracts, including 
the Hollister-Stier and Endo commercial preparations and two extracts prc- 
pared in our laboratory, were determined. These materials were found to 
consist of a heterogeneous mixture of acidic polysaccharides with varying amounts 
of polppeptide. 

2. The materials were investigated by starch block clcctrophoresis in acetate 
buffer (pII 4.7, ,U = 0.1). In general, a fast (negatively charged) and a slow 
peak were found. The allergen activit.y was predominately associated with the 
materials of slow or intermediate mobility. In some cases the fractions seemed 
to be more active than the unfractionatcd extract. 

3. No simple relation was evident between the monosaccharide composition 
or the nitrogen content of the fractions and the allergen activity. 

4. The color moved slightly faster than the fast peak and was dcfinitcly 
separated from the more active fractions. 

5. Experiments were presented that indicated that the polypeptidc moict,.v 
of the dust extract was linked to the polysaccharides by covalent bonds. 

The authors are indebted to Marie Stanley for superb technical assistance and to Drs. 
E. M. Heimlich and A. M. Targow for skin testing the dust allergcln fractions. We wish 
to thank Mr. Morris Webb and the Hollister-Stier 1,aboratories for the gift of their acetone 
precipitated dust extract. 
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