
ISOLATION OF ALLERGENS FROM TIMOTHY POLLEN 

M UCH of the modern efforts at isolation and characterization of allergens 
have been devoted to ragweed pollen. We elected to investigate timoth)- 

grass pollen for two reasons. First, grasses, rather than ragweed, are the 
major pollen allergens of the Pacific Northwest and, second, previous investiga- 
tions by others had indicated that grass pollen might not have the allergenic 
complexity of ragweed. Blaclrley’ was the first to suggest that chemical in- 
vestigation of grass pollen would be fruitful, but it was not until the present 
century that this investigation was productive. The studies prior to 1952 were 
extensively reviewed by Augustin-Friedman’ and will not be reviewed here. 
In summary, they indicated that the allergenic activity was associated with a 
protein fraction precipitated by saturated ammonium sulfate, and that proteo- 
lytic enzymes did not destroy the activity. The allergc~~ was stable to t’recw. 

drying but was denatured by heating and was on the border line of dialyzabilit: 
through scmipcrmrable membranes. 

Augustin2-” has reported the results of her own investigations on the allcr- 
genie material of timothy pollen. With paper chromatography of whole l)ollen 
extracts developed with butanol/acetic acid/water mixtures, she demonstrated 
the existence of free amino acids, peptides, carbohydrates, proteins, and a num- 
bcr of pi,gments. The biologically active material rrmained at the base line. 
After hydrolysis this protein mixture contained at least 15 amino acids. By a 
t,echnique of isoelectric precipitation followed by sodium chloride frac~tionation, 
she obtained a strongly pigmented carbohydrate-rich fraction which could 1)~ 
separated from a colorless carbohydrate-poor fraction. Both of these fractions, 
however: provrd to he about equall;T active on a weight, basis. From latpt 
studies, Augustin concluded that the allergens are primarily protein in nature 
and that carbohydrates are inactive. Membrane diffusion and ultrafiltration 
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experiments intlicatec1 that the allergens of timotlly n ~mss ~wllen arc rlorrtlial~-x- 
able and indicated an arcrage molecular weight of about 14,000 arid an clongatcd 
i~iolccular shape. She ~lcnronstratctd that t,he biologic~ activity was destr*oJ-c>d 
I)y pcpsirl and tq-psin hut not by autOClilYi1lg 15 minutes at 20 irt,lrlOS~~l~~~~‘cS. 

1’. ,Johnson and co-workers1’J-L4 have studied ry, c 7: grass pollrn In- variolis l)hysio- 
c~hemical tcchniqnes. ‘l’lr~>~ pcport that thca ;Ictivc Ill>it(‘ri;ll in cr*llde cxst,racts is 
not dialyxablo but 1 hat coirsideral~lc loss through dialysis ~ucw~l~rarws 0w11rs 

claring elcetropliorcsis con\cction. Fractionation was attc~inptcd lry scvclxl 
t ochniques and highest specific activity was obtained in 111~ fraction prccipitatcd 
l))- 100 per cclnt, saturation with iunn~oniunr sulfalc but was ilot l)rccipitatc4 by 
50 per cent saturation. S;oIllC cwiwwtrat ion \VilS aIS0 achicvcltl b)- ildSOlJ)t i0ll to 

cl Icinm ~llOS]?lliLtC! gels. Xlcctrophoresis of thcsc various fractions intlicatc>tl that 
1 lrcly cant aincd a mixturca of proteins. From tests on a lill’~C l~lllul~c~l~ 0l’ patients 
1 hey c~mcludcd that thcro is more than onr allt~rgyir in p-0 gi*ass l~)ll~ir vstixds. 

Aloore and ;\1ooi~c’” rqor?cd isolation OS a Havonoid Roni 1 irnothy pollcri, 
which they named dactylin. Il. (:. ~IOll~lSO11 ZlJltl :tssociilt(~s”’ I’Olllltl Illilt il. 
minority OF I)ationls gave a positivcl skin iwc+ioir to this flnronoicl l)rbt A\ugustiri 
l*cportetl that it was inactivca. 

r)uring the piirification 0E an allcrytrr I’ronr tiiirot II>- Iwllc~rr, tlrch ~il~o\-;il 
ol inactive 1lI~ltO~iil~l nrust lead to an iricrcasc in t Ilc spcyific biolo$c~ ilc~tivit!- of 

the purified fraction cornparctl to whole pollen cstract. AI I’ailuw to ol~c~~c 
this increase in spcCfic activity IIIC:I~IS that, no pn~~ific;~tiou has JW(W ;I(~lric~ed 
or thilt denaturation 1~s wcnmetl. Tt, must also 1~3 kopi irr nrincl th;rt lwticwis 
may bc srnsitivc to diffcr%ig proteins in the crude pollen crl~ict, so that the 
relative activities of different fractions map he diffcrcnt in sonic l)ilt~iClItS tlriur 
in the majority. Thcrcfo~*c a numhcr of patients must bc tcstctl. Thcsc prin- 
ciples have guided our isoliltion of allcrgcns From titnothp pollen. 

With this background, we began the isolation of a biologically active :rll(~qcn 
from timothy pollen. ~1s a war;king lrgwt,hcsis WC iIssltlrred tlrat tlrc l,iologicall~- 
active material was i i protein, and we used tli(l standard nwtliods of protein 
Frart~ionation. An essential t’c>aturr of 0111’ plan of iSOliltic~l1 was a comparisoil of 

i’ractions obtained bg csach procedure with CilCll other ilrltl wit,h the wllolc ]~ollCii 
clstvact by testing thclnr in the skin of’ timoth?-=scnsitivo vollurtc~crs. (hly tllosct 

procedures l\Tliicll yieldctl significant incrwsc in :rc+ivit>- will lw clcscr4wd. 

.\I I”I’t Ions , , 

In the early stages of allergen pul3ication we tlid not, wisli to ovcrlool; thcl 
possibility t,hat, an allergen might be some substance other than protein. and 
we measured the concentrations of the fractions for skin testing b\- the dichrx- 
mate reduction method of 31. J. ?Johnsonl’ which measures I hc tot,al organic 
solid content. However, as our work lprogressed, it bccarnc c,\-ident Cat the 
allergens were largely polypcptidc in composition. ant1 we began using tlio 
biuret reaction7s to estimate protein content of each fraction. Thr fractions 
obtained at each time were compared to the whole pollen castrxrt (\\TJ’) arid to 
each other b:- direct skin tc3ting. ,211 fractions ~PI’C tested in the snrnc’ l)aticWt 



at the same time. Since the threshold varies bctweca patients and since patients 
might vary in their sensitivity to the fraction in question, several patients were 
tested and the results averaged. These individuals were selected from a groul) 
of timothy-sensitive patients. Most had received injection treatment. A soh- 
tion containing 0.1 mg. of protein per milliliter of buffered isotonic saline: at. 
pH 7.4 was sterilized by Seitz filtration and decimal. dilutions were pr(ll)ilrctl. 
l~~ach dilution was tested in the skin of sensitive pat,ients by intradcrmwl ill- 
jection of 0.02 ml. The activity of each fraction was csprcssccl as t,lrc most 
dilutr solution evoking a threshold response. 

Timothy (Yhleum pratense) pollen was obtained commercially” and defattcd 
by cthcr extraction in a Soxhlet apparatus for 24 hours, dried at low pressure, 
and stored under low pressure at -1~ r” C. until needed for further use. one 
hundred grams of dried defatted timothy pollen were cxtractcd with 300 ml. 
of 0.127 M phosphate buffer and pH 10.4 The solution contained 10 per cent. 
glucose. The suspension was continually agitated by magnetic stirring I’or 2-l 
hours at 2” to 4’ C. and the residue rcmovcd by filtration t,hrough a Kuchnt~~ 
funnel. The pH of the filtrate (WI?) was adjusted to 10.0 by the slow addition 
of 0.1 N sodium hydroxide. 

TBKJ,E 1. AMMONIUM SULFATE FRACTIONATION PROCEDURE FOR TI~~IIS POI,IZN 

&fatted Pollen (100 Gm.) 

I 
Residue 

I 
Residue 
0-480/c saturated ammonium 

rnlfatc fraction 

Extract with 300 ml. of 0.127 M phosphate 
bufier, pH 10.4, containing 10% glucose. 
Filtrr suspension t,hrough a Ruchner funwl 

Filtratcx (250 ml.) WP 
Adjust pH to 10.0 and add 28 Gm. ammonium 

sulfate per 100 ml. 

Supernatant 
Add 5 Gm. ammonium sulfate per 100 ml. 

I 
Residue Su crnatant 
49-55s saturated ammonium 

1 

(265 ml.) 

wlfate fraction 
Add 5 Gm. ammonium sulfate 1,~ 100 ml. 

Risidw Supernat,ant discarded 

55-62s saturated ammonium 
sulfate fraction. Dissolved in 
phosphate buffer (20 ml.) and 
any 49-55s fraction present 
reprecipitatcd. 

For preliminary fractionation we used salt precipitation (Table I). Twenty- 
eight grams of ammonium sulfate were added for every 100 ml. of the filtrate. 
The precipitat,e, which contains the hemagglutinating antigen,l” was removed 
by centrifugation at 3,000 r.p.m. at 4” C. TO the supernatant of this fraction, 
an additional 5 am. of ammonium sulfate per 100 ml. of solution was added. 

*Sharp ancl Sharp Company, Everett, Washington. 



‘1’1~0 prcvipitate (19 to 55 per cent saturated ammonium sulfate) was collected 
1)~ centril’ugation at, 3,000 r.p.m. at -Lo C. and represented 7.5 per cent of the 
protein in the whole pollen estract. There was a significant increase in biologic 
;rctivit\- as a result of the ammonium sulfate frilct ionntion (Table II). The 
r(9iairiing material was discarded bccausc it, yossessed little or no biologic a&iv- 
ity. I<aeh precipitat,e was tlissolvcd in a minimum of phosphate buffer at pII 
10.4, I,c~l’rc~cipitatccl, rcdissolvcd in phosJ)hate buffer, and dialyzed against run- 
ning taj) water to remove the ammoiii~1m sulI’atc. The sanlplcs mere concen- 
trntrd )I' pcrvilporation. 

‘ro’r.\i, ORGA1NIC 
sol~lm (GM.) 

38.4 
0.69 

0.271 

BIOI.OGIC 
‘ro’~al. I’IXW~ I s I’Eli CENT ACTIVITY 

(G1l.) ’ PROTICTN (MG./XL. ) 

3.1 -iiT 1 o-2 
0 "'1'1 .i. . 34.0 ] O-3 

0.158 38.0 10-s 

The 49 to 55 per cent saturated ammonium sulfatr fraction lvils diluted 
with distilled water to tuakc a 2 per cent J)rotein solution ;Lnd different volumes 
of ctlianol containing 10 J)cr cent glucose and 0.02 Jt barinm acctatc added 
(Table III). li:acl~ pr(‘cipitatc was ccntvifuged ilt, a tcmperaturc slightly abo~ 
Ihc frcvzing point, dissolved in chillctl mater, dialyzed against running tall 
Watc~r, ant1 c*onccntratcd 11.v l’(‘rvilpOl’atiOl1. Tlic fraction which possessed the 
majority of the biologic activity was found to bc soluble in 40 per cent c$hanol, 
10 JW vc,nt glucose, and 0.02 M barium acctato at pR 9.0. This frac+tion ~011. 
I-ninefl *> [)(‘r cent of tlrc protein of the wliolc ~~llcii extract, and was considerahl> 
1noi.v i(vtivcl than the 4:) to 5.5 J)(‘l’ c2c11t. i>mmoniuln sulfate fraction (Tt\hl~ II 
iIll(l I\’ I. 

-It several stages in the purification of timot,hy pollen allergens we at- 
tempted to take advantage of clectroJ,horctic properties of proteins to achieve 
additional purification. X7\\‘c tried c~lcctrophorcsis on cellulose filter paper, glass 
fiber filter paper, and starch blocks, and moving houndnr\- clcctrophorcsis. Each 



Further purification of the allcrgcns of timothy pollen was achic,\-(vl 1)~ 
Sephades column chrom;~togray~h~-. Three hund~*cd and sixty nlilligranls of t h(: 
proteins soluble in 40 per cent ethanol was dissol\-cd in 3 ml. of 0.9 per cent 

saline and placed on a Scphadcs (i-75 column I”/1 (( inches in diairicl(~r ant1 30 
inches in length. The column was developed in the cold labor;ltory i(t -t” C. 
1~s elution with 0.9 per cent sodium cliloi~idc. I’rotcin concvritration \VilS detur- 
mined by absorption at -IO0 nl/.~ on each sall?plc obtaiilcd OVCT the nest :16 hours 
(Fig. 2). Two peaks wcrc obt;lin(d. IIow(~~r, (~sanlination of the ma,jor peak 
in the Spinco Model H clect~rophorcwis al)par;lt(~s in a 0.05 M tit rat(B l)l~ff<lr at 

*Assays showing definite increase in activity in the ethanol supernatant fmction. 



\ ,,lu,rre i i ~II,T,ER(;ENH FROM T I NO’I’ITY I’OT,I,EN S!) I\ IIillh I 

pII 8.0 showed that this peak coutaiued two ovcrlappiug components. Similar 

examination of the material in siugle tubes of the aseending and descending 

liuihs of the curve (tuhcs 15 and 5) indicated ttic prcscrice of only one protein 

in (weti tnbc wtiilc tlie tuatcrial in tnlw 20 contained hot11 proteins, the majot 

cwnponcwt in tnhc 20 corrcqm~ding to the sole material in tube 15 aud t,lie 

minor winpontwt in tube 20 corrcspoudiiig to the sole llliltP~i~1 in tube 25. 
AI series of patients were testctl with tuhcs 16: and 26 (Table 1’). It mu 

1x: swn that in G of the I2 paticiits ttie iiratcrial in tube 1 fi w21s niore actirc thilll 

that ii i tuhc ‘16 hi- a factor (gcomctric uican) of cightecn. The ntaterial in tube 

‘LO \VilS Iilorc active in X patients, hy a factor of ten. Three iiiorc paticrlts rcactctl 

c:c~nall~ to hot11 tnhcs. 1 t is notworthy that wc found no paticuts who reacted 

to Olll)- one of the tubes. Tticsc wsults iiii])~~* that tlic two proteins haw slightlp 

difYcwut specificity hut cross react. TMinitiw clarificatiou of this l)oiut, must 

;lwvait [j;tssivc> trarrsfcr Iientr,iIIizatioll tctstiug. 
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The results of the clcctro~~l~orc~sis c~slwrilncnts SII ggl%t tht t.hCS~! i\V4, l’I”J- 
tcius il1’C OK quite high purity Ibut. it lY~lllilillS I’or .I’~~rlher illvCSti~il.l.iol1 to c!sl;il)lisll 
their IioiiiogCncity. 

Yoinc Of tllC Cll~rilct(!ristie propcd iw 01: 1 Ilc ;Illrr*gcn l.N~CillllC! cvi(le1it. (I uring 
isolation proccdo~*cs. 111 otlc cx]winJcilb fl1.c flX(~tiOll Solul~lC in 40 JW* wilt 
etlkllld I\‘% dialyzed ilg:lillSt. 0.02 A1 lJ+-ilVCt:ltC IJllfTer ill: I)11 !).O illlcl Tiscliils 
clcctrophorcsis WilS CillTiCd Out S IlOUJx. UsiiJg llw Lcclinicluc! OT cOlll~~~~llsiltiOll, 
thC faster moving COl~l]WJClJtS \\‘cI’C iSOlilt(Vl in t Ii(l iWCC!lldillg liinlb 01: i l l’wkin- 
ISlmer St~IldililIYl clcet~*opl~orcsis ccl1 and 111011 cs;iilliilctl iii l.lw 8piiwo 1111 I’iJCCll- 
trifugC in lllc SiIlll(! IJuflh ;It. 6” (A ilt il. s])c’c’~ sc!tlillg (Jf s!), iS0 1’.1J.lll. I’OI’ ;:; 
hours. The protein did IIO~ pull il\\‘ily f1*0n1 t.1~ initial bolm(larJ- ;III~~ WUNC- 
~~1l~Iltl~ II0 sCdil~lc~lJt.itliOll ~ocffieioiit 01’ lllOlCClllil~ WCight C*Ollld IIC ~~ill~lllilt~?tl. 
This result. suggested, Iw\\‘Hw~, t.lM t.hc ~~rol~~Jl;~r n-\-cigM is ICSS tlr;lll IXO(J(J illl(l 
that no highw n~olcciilar wtiglit. ilupiiril iw wwc pnwwt. 

iI l~lOlC!Culil~ wiglit ol 15,000 SllggCstc!tl tllc ~wssibility that Illct all(:l*yclJ 
lllight PilSS th~Ollgl1 il CliillySis J11CJllI)l’illlC’. ‘I?iIIy milligrams 01 1 III: I)i*otctiih 

fract.ion soluble in 40 ]wr cent. Ct~llilllOl tlissolwcl in distilled water was ])lacecl 
in Yiskiug ,X0. 24 tliillpk tubing ;Intl tliill\-4 ilg:;lillS(; distillctl WatCr I’ol* 7 
&I\-S iI t. ‘1’ t0 4” (:. TllC (liillySi1t.C \VilS Cllilll#Yl tlilil~, COlWClJtKltCd llv l~c~l~liiliza- 
tion, and rctlissolvcd in 3 ml. 01: distillctl witw. .\SSiljYj 0E protein CollCC~lli l*iltiOll 
alid biologic activity wcrc JJJJltk! On iL ]wJ*tioll 01: each fractioll. A-OIN! 01’ the 
scvcn didyS:~tCS S~IO\W(~ iII1y protein 01’ ilJl?- hhpic ilet i&y. \VC il IS0 fll’l(‘Ct(!(l 
no loss 01 protcGn or oE l~iologic acbivity I’roln 1 IIC lUiltrl’i;ll in tlw cli;iIJAs ]Jily. 
ly\‘c COJ~C]UC~(!C~ I’rOltl 1 Ilk IIIiIt l.ht%f ilIICl*~‘c’llS O[ ~illlOlIlJ’ POIICll d(J JlOt ])ilSS 
t.hrOUg]l \%kiJlg 30. 2-c dialysis tdJilJg. 

The highly purified allcrg:cn is quite unstable in dilute solutions, partiwllarly 
at room tcmpcraturc although bot.h the whole pollen cstract and the -I!) to 55 
per cent ammonium frwtion sl~owctl considerably mow stability (SIX Tahl~ IV). 
Conccntratcd solutions ol’ tlic purifictl :dlcrgml arc stable for pwiods 111) lo 
several wccle when stored in a d.rigwator and l’or lol~ger periods when storccl 
at -15O C. after l~ot)l~ilisa.tioJ1. The loss 01: activitg in di1ut.c solutions a1141 cwn 
conccnt.ratcd solutions during clcctroplww4s on ccllulo~c or glaSS fil)c:l* 1)a1)cr 
may bc the result of dCllirtlll+ilt i011. 1 Ioww~, w hire found that tlw pui*ificcl 
pollen protein tagged wit.11 rilcliOiodinc is firlnly adsorbctl to ccllulosc and glass 
and, thcrcforc, the 10s~ of activity Jmy IJC chw to atlsolptiok Th iJdS(Jl*]>t.i(Jll IO 
glass is prcvcntcd by a silkonc Coating. 

Dactylin \VilS Ol~til.ilWd I)$ lowwin F Ill(! 1’11’ 0): tllc? WllOlC ~~OlICll f!Stl’ilCt to 

3.0 with citric acid buffer. The (+~~stills ww tliSsolvcd in sodium h.wl rosidc 
and recrystallized with the citric acid I.n~ffw. iI Si\tUWt(!d SOlutiOI~ 01: it \VilS 

prepared ill buffcrcd saline, pII 7.4, a11c1 tcatctl intradcrmally. So posit.ive 
reactions wcrc obtained. BIisturcs of tl;\ct.~lil~ ;Ind pollen protein frnct ions hat1 
no grcatcr activity than t.hc protein fl+ilCtiOllS illOllC. 

Three milliliters of 40 per cent, ethanol solnblo u~at(?rid wwc csmid in 
a spectrofluorimeter, using cscitation cncrgiw of i’(iO mp and 300 mp. .\ I>lrgc 
fluorescent peak was obserccd at 450 mp, cvcn usin, m filters to rcmovc cwitation 
wave lengths show 440 mp. 
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Although the question of the homogcncity of these allergcna of timothy grass 
pollen has not been answered fully, considcrxblc progress in this direction has 
been made. By ammonium sulfate and ethanol fractional ion wc have rqcatcdl~ 
obtained a fraction which is niorc active than whole pollen extract. E’lwtllPr 
purification l,- mwns of rarious elwtroplioretic tcchniqucs were, in g~~ncral, 
unsatisI’actor~-. Howvx~~r, Sq~hades (i-75 column clr~orrrntog~aplr~- al~pcs~s to 
have provided a separation ot’ the rwrainin g conrponcnts of the fraction soluble 
in 40 per cent etlr;lrrol. Thcl rcsrrlts of clwtrophoresis of tlw t’rirctiorrs collected 
from the scphadcs colunm in citrate phosplratc buffer at plT S.0 suggests that. 
thcrc are two highly active allergens of approsinratcly tllr sanlr size illld clia rgc, 
possibl)- differing only sligllt,ly in their composition. 

If the whole pollen extract contains several different, allrrgens and l)atients 
Tar>- in their sensitivit>- to them, one would predict that, as purification pro- 
gresscs fewer of the total population of grass-scnsitivc individuals would react 
to the purified allergen. For example, it will bc notcct on Table I\’ that 2 
patients (IX. F. and I-T. (‘I.) were more sensitive to tlic crude extract than to 
an;- of the purifictl materials. It is likely that tlicy aw allwgic to sonic snb- 
stance in the pollen other than the conmrorr allcrgcns with which me arc working. 
In calculating the incyeasc in spwific activity of tlrc purified fraction, it, thcre- 
fore, secms p~opw to considw only tliow patients showing a ilefinitc inc~rcase 
in activity, particularly since Iligh dilntiorrs of the purified allergen rxpidly 
low activity on storage. 

It, can be seen from Table IV that if only those assays” giving a elearl,v 
higher activity for the ethanol supernatanb are selected and the increase in 
activity is exprcsstd as the end-point dilution of startin g material divided by 
11re end-point dilut,ion of the purified fraction, then the geometric mean of these 
figures shams the product to bc eighty-eight times as actiw as the a&ire arn- 
nionimii sulfate fraction. IIomercr, the et~lianol soluble fract,ion contains a 
full two thirds of the protein in the ammonium sulfate product. Thus, the 
activity 1lilS incrwscd -far niorc than tlic amount of purification woi~lcl cq&riii, 
:lnd thcrc may be sonr(’ substance among the impmitics removed by ethanol frac- 
tionation which blocks antibody combining sites on the allergen molecule. This 
hypothesis was tested by noising the fractions precipitated by 5, 15, arid 30 
per cent c~tlinnol with tlic fraction soluble in 40 per cent ethanol. .\ssay of 
thcsc mixtures slrowed that the activity of the prrrificd fraction had lwen re- 
duced ten to one hundred times. It, thcrcforc, seems likely that protein interxc- 
tions of crude pollen extracts block some of the allergenically nctirc sites of 
the allergen molecule. 

One of the pmposes ol’ the pur+firation of allergen is to have available 
a wagent for the study of the irriinuiioclic~niistr~ of pollen allergy. The fcnsi- 
bility of radioiodine labellin g of the molecule opens up an inrpor*tant series of 
future espcrimcnts. Another interesting possibility presents itself from the 

*Markcvl xvith an asterisk in the table. 
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spectrum of timothy pollen allergen. In addition to the usual protein absorp- 
tion maxirnum at 280 mp, we found another maximum at 400 111,~. It would 
seem possible, therefore, to follow the interactions of allergen and timothy 
antibodies using spectrofluorometric methods. Tryptophane possesses a fluores- 
cent peak at 350 rnp and its emission can be quenched by dipole-dipole interac- 
tion with another molecule possessing an absorption maximum in the region 
between 300 and 400 m,~. Since the purified timothy pollen allergen satisfies 
this criterion, me examined it for its fluorescent chara&r. The existence of 
fluorescent emission had previously been reported in timothy pollen by lnglctt 
and associates”’ and was attributed to the dactylin component. It, thrreiore, 
seems that spectrofluorometrie analysis of rcacfions between timothy allergen 
and reagin is feasible and may provide information concerning the equilibrium 
constants, number of combining sites, and reaction kinetics of thtlsc antigen- 
antibodv reactions. 

One of our results that has immediate practical application is the confir- 
mation of Hjorth’s’l. 22 observations that the allergen is strongly adsorbed to 
glass. This adsorption becomts cspccially significant at high dilutions. OUI 

finding that it can be greatly reduced by silicone coaGng of the glasswarc~ leads 
to the recomnlcndntion that plasswarc used for storage of dilldc sollltions of 
grass allergens be silicone coated. 

Two highly purified allcrgcns have been isolated from timothy pollen. The?- 
are low molecular weight proteins, veq- similar in their specificity and physico- 
chemical properties. They are very strongly adsorbed to cellulose and glass. 
The adsorption to glass can be prcvcntcd by silicone coating. 
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