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\ b,iollogicallly actiive friaction iiom a cnrde exrracr of moilntain cedar pollen has bcn puriÍied
.:nd patnially chernrically ":haracleùed. ..\,n ammoniurn bicarbonate extract of cornmercia! rlefatted
sc'rllen was firactio^trated iby C-l0O Sephad,ex chrpmatographl,' and the biotogically active fracrion

"*as fslund mo be honogeneorlls by polyacrlla-mide gel elactrophoresis and N-terminal amino
,"crd s€qusnce anaìlysis. Thc bliologicalli, active €om,poncnt is q 5{t,000 dafton protein whose N-
;.e nnin:al unrino acrid xffiilà;s .ripi-$j;--Hì;[IE.{ip.Tfiesenndings provirie a funhe r purified
=olleo, allcrgen for irnmr:nologic studies a.nd th,e first such E+urifieti allergen having clinical signi-
icsrre in a ilímier{ geographic rcgio,n.

$atr'-V. 6rorss. Departm*nt of Vierd-riolog,.v, Deptartmrntt of Intcrnal 1.Íedicine. Universit.v of Te.ras
É{edth Scremce Cemte o:s Dallss, Dallar, TX 7523J. CYSA.

?--:r=rrn of allergens .is ar íurndamental [t3] Altemadvely, the ptants may be grown
=J-- t to cofnìplcter rmder$amding of in a hot-house, but this method limis quantities
IgF-::{=:rd dis€ase- M4ior ardraraces have of pure potrlgll Other antígenic material such as
H =.-hered in under-standing ttn IgE bee verorn may be obtained in grearer
:BEse ÈqEog purified fiernponre$s of shwt amo1nntq but hrge population studies with such
=:rrd. 

"--tlicn [S"-10, l{ 1,8J, amd cormparative proteÉns are diifficu[t ow'ing to the relative
;-ds -*ttg otln€r prcllrr'rs r*ill deterrmine the infrequency of exposure and sensitization [l].
!H:-=*I ::ol'rcabi$ity o{f t}rs{e prirnciples. Purificd The rse of cedar pollen provides a natural
{s:!ss rr,e abo Èsserarial fbr opuirnal standard!- nrethod of ovencorn-1ng these difficulties. The
?r;r.'G ùr atlergsnb e(tracts rseai in the pollen isthe urly one found in ertain collection
;=g:r-t*s a::rd treat$ròent of afiIergic disreass ar€as duriqg the *'inter months [6, l7]. It can be
-:- ::- cabtained in rehtiwty large quantities rvithout

ffi- erìccr{unterùed in previous allergun contÍurniration of odber pollens.
:'---:.3:--: l:r.i been rnrultip{ie- Pollerns of These scudbs *tre undertaken to proride a
Wi :rnÀcal signifrcance whfrch hart ibeeo purfied pollen antigexr rvhich could be used to
;il.,ird .se collected al hirms, *ùen serrenl study ,inuunrmlogic wariables in patients in the
t"t:s glti:rs are preseot iin úne envúronneent" Southwe*- The rebaively restricted gc-ographic
Fd foffd cnnrannirnfiiion rmray dherefon oc-flÌr distributfusr of tÈris poillen provides an adr'litional
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advantage in that it will allow prospective
studies on the acquisition of sensitivity and
symptoms in individuals moving into this area.

M A T E R I A L S  A N D  M E T H O D S

Pollen exîract. Defatted cedar pollen (Juniperus
sabinoides) was kindly provided by Greer Laboratories
(Lenoir, North Carolina). l0 g of defatted pollen was
placed in a 4litre plastic b.?t? with 100 ml of 0.125 r,r
ammonium bicarbonate. This suspension was gently
shaken overnight at 4'C and then centrifuged at 2500
rpm at +ffi:i6'itiil-IT'e sup€rnatant q'as tben centri-
fuged at 10,000 rpm at 4"C for l0 min and this super-
natant conc€ntrated by lyophilization. This preparation
is referred to as 'crude cedar extract'.

Col umn chromffiiff iff icedar extract derived
from 5 g of pollen was dissolved in 13 ml of buffer and
was subjected to gel filtration chromatograpby, using a
200x2.5 cm column of  Sephadex G-100 in 0.125 r ' . t
NH.HCOT. Fractions of 300 drops were collected, and
the optical density at 280 nm was determined. Fractions
representing individual peaks by optical density were
pooled and lyophilized.

Polyacrylamide gel electrophoresis. To assess the
homogeneity of each peak and molecular sizc of the
component, polyacrylamide gel electrophoresis (PAGE)
u'as employed Il l]. Approximately 50 pr.g of protein was
applied to each u,ell of a 1096 poll 'acrylamide slab gel.
Markers of 70,000-dalton ovalbumin, 44,000-dalton
ch1'motrypsinogen, and 25.000-dalton bovine serum
albumin were included. Samples were prepared in
sodium dodecyl sulphate (SDS) gel buffer. and, where
indicated, q'ere reduced in l0 mu dithiothreitol at 56"C
for I h and atkl;laGd'i-ffi
temperature for 30 min. Gels were run on a Bio-Rad
Slab gel apparatus (Model 220) using an initial voltage of
50 for 30 min and then I00 \/ for 240 min, provided by a
Savant power supply (Model CVR 300). Gells were
stained in Coomassie blue in Soi.i acetic acid and
destained in a 45it" ETOH and 6"r'o acetic acid solution.

Skin testing. Multiple samples of whole cedar extract
\4'ere separated by' column chromatography during
initial purification. Fractions from each column were
tested on the volar surface of the forearm in an in-
dividual known to be sensitive to cedar pollen t2l. A
panel of ten subjects who had symptoms of cedar
pollenosis was later tested using pooled fractions
separated by column chromatography and concentrated
by lyophilization. Protein concentrations of these final
test solutions were calculated using an extinction
coeffhcient of 1.0 and optical density (O.O.1 at 280 nm.
Fractions A, B, C and D contained approximately
105, 40, 160 and 25 pg protein per mill i l i tre. Fraction E
\r'as composed of a low molecular *'eight chromophobe
and contained the majorit) ' of O.D. units from the
crude extract. 15 min after the extract was applied
to the skin, the largest diameter of each u'heal was
determined by a technician unau'are of the allergen
content of the test material. Histamine (0. I mglml)
and saline control tests were included.

Sequencing procedurc. The fraction obtained from

G-l0O chromatography, which was shown to be
homogeneous by PAGE and active by skin testing, was
dissolved ia 257. acetic acid. Approximately 1.0 mg
of this material was studied in an automated protein-
peptide sequencer (Beckman Model 890C), utilizing
techniques and programs previously dcscribed from this
laboratory [4]. Phenylthiohydantoin derivatives were
ident i f ied by gas chromatography,  h igh-pressure l iquid
chromatography, and by back h1'drolysis and sub-
sequent amino acid analysis.

Amino acid analysis. Purified cedar pollen allergen
was lyophilized in vocuo u'ith HCP and analysed on a
Durram D-500 amino acid anall 'ser equipped with a 30
min program.

R E S U L T S

Sephadex G-100 separation of crude cedar
extract by column chromatography resulted in
five identifiable peaks. Fractions were pooled as
indicated in Fig. I and tested for activity by
skin test.

The five chromatographic fractions were
analysed by polyacrylamide gel electrophoresis.
Only fractions C and D stained for protein,
with fraction C shou,ing two identifiable bands
(approximately 50,000 and 100,000 daltons)
and fraction D a single band near the dye front.
Whole crude cedar extract shou,ed similar
bands. A polyacrylamide gel of whole cedar
extract and fractions C and D is shown in
Fig. 2. Also shou'n is completely reduced and
alkylated fraction C. which resulted in a single
band of approximately 50,000 daltons.

During initial testing of unconcentrated
fractions of chromatographed cedar extract,
peak C was found to give consistently positive

skin test results in one subject. Ten patients

with positive reactions îo crude cedar extract
and symptoms of cedar pollenosis were there-
fore tested (Table I). Skin test results are ex-
pressed as wheal size in millimetres greater than
saline control and indicate that the major
reactivity resides in fraction C. Fraction A did
not give a positive result in any of the patients

tested. In only one patient (J.C.) did another
of the fractions produce a wheal of comparable
size to that of fraction C. A small group of
nornlal controls was tested and found to have
no cutaneous reactivity to any of the fractions.

The amino acid composition of fraction C is
shown in Table lI, and preliminary amino acid
sequence analysis of 20 nmol of this matenal
revealed a homogeneous sequence: Asp-Asn-
Pro-Ile-Asp.
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T{BLE t. Skin tests with cedar fractions

Wheal size of skin test greater than
control (mm)

Parient
Fraction Fraction Fraction

B C D
Fraction

E

\f _s_
L.S.
F-S-
c.s-
E. \ f  .
E- \ .
cJ.
G.G.
\f .E-
J .C .

6
t 9
7 .5
6
6

t 0
4
7
4
5

J

6
0
J

0
J

0
5.5
r . 5
5

J

4

0
J

0
J

I
t . 5
1 . 5
0

)
0
0
0
0
0
?
0
5

Ftc. 2- l0lí polyacryla*nidc slab gd su.rurg .,rlce
cedar extract, frrcgi,om C and D f.rofi. Cr-.1{ Sqorirr
column and 'fffrion C aftcr coE:ietc =.:r.r=r:n E:c
alkylation(C.RAi Markcrs oforalLumir Ìf\r =.:it:r: .
chymortrypcinogro (MW 4{,001 e.ud 

'ì-.t1EE 
tflm

alburni..n (MW n800) are includoi on cds s(E

D I S C U S S I O N

This study demonstrates that a relatively small
{5O,0OO daltons) fraction of crude mountain
cedar pollen extract accounts for the pollen's
major allergenicity. The results of polyacryl-
arìide gels indicate that the active fraction
consists of a single polypeptide chain after
reduction and alkylation, but may forrn dimers
under other conditions. This active fraction
has been subjected to preliminary amino acid
sequencing; which indicates its N-terminal
stnrcture to be homogeneous.



4.{O G. .V. Grurs, .f- ltl. Zimburean & J. D. Copru

T.r,nlr II. Es"tirnatred amino acid analysis of the purified
allergen fror.n ccd:ar pollen

Amino ac id Resid.r.res/molecule Percentage
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Asp
T h r
Ser
C l u
Pro
Glr '
A la
Va l
Nfet
I l e
Leu
Tyr
Phe
H i s
Lys
Arg
Trp

Total

I  1 . 0
66.-i
30.4
18 .5
, t J .  {

8..t
47.8
_ì5.9
19.5
I 1 . 4
12.4
27 .1
lz.6
18 .4
19 .5
2 1 . 6
12 .6
N D
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2 .45
14 .7  7
6 .71
8 . 5  7
r'.44
1 . 8 7

|  0 .65
7 .99
6 . 5 1
2 .98
4 .99
6.08
2 . 8 1
4 . 1 0
4 .34
4 . 8  r
2 . 8  r
N D
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CM C :carbory,':methy à cysteine,

The applicatlon of such methods of protein

isolation and puritication have been used
previously for other al lergens [13], and the

availabilit3r of purifred allergens has led to a

clearer understanding of the basic immunologic

mechanisriTìs of fgE-rnediated events [3, 7].

Optimail diagnosis and treatment of allergic

disease is depe,ndent upon the availability of

such puri$ed, saandardized reagents [5, l2], and
modificatircns elf sp€cific antigenic sites may

lead to inrprowed modal;ties in therapy [5].
Cedar proilen extract has been shown to be

effective ira limiting s!"mptoms of patients having

cedar allergy [rO and this antigen can therefore

be used irr the study of immunologic events

associated wittr bene{tcial immunotherapy.
A furthrer rnajor role of purified allergens is

the study of dhe geneîics of the immune re-

sponse [t.3]. hq this regard a purified cedar

allergen offers exceptional advantages. The

relatively limited dnstribution of this antigen

to the southwestern United States provided an

opportunity for the s€nsitivity to and subsequent

sensitizatir'Dn by the allergen to be examined in

large groups cuf individuals moving into this

area. The adq/anta€es of a pure allergen,
previously shown to. be clinically effective and

having lirrnited distribution, should allow further

studies oif bosh cll-nical and immunological

events of iimportance in allergic diseases.
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