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Antigens from Thermopolyspora polyspora Involved in Farmer’s Lung.” 
(34080.5) 

DONALD E. LABERGE~ AND MARK A. STAHMANN 
Department of Biochemistry, University of Wisconsin, Madison 

Farmer’s lung is a disease of hypersensi- 
tivi ty which occurs among agricultural work- 
ers, and it is associated with inhalation of 
dust from moldy plant materials. The symp- 
toms appear several hours after exposure to 
moldy hay or grain and increase in severity 
after repeated exposures ( 1-3). Farmer’s lung 
patients usually possess circulating antibodies 
which form precipitins with antigens from 
moldy hay(4’5). We have shown( 6 )  that tri- 
chloroiacetic (TCA) extracts of H- 1 moldy hay 
contain three antigens and that these anti- 
gens are composed of peptides and carbohy- 
drates which were not separated by alcohol 
fractionation or by DEAE-cellulose column 
chromatography. Aerosol inhalations of these 
TCA-soluble antigens from moldy hay pro- 
duced symptoms in patients identical to those 
of acute farmer’s lung disease( 7 ) .  

Gregory et  aZ(8-10) have studied moldy 
hays and found that 2 thermophillic actino- 
mycetes, Thermopolyspora polyspora and 
Micromonospora vulgaris, are particularly 
characteristic of hay associated with farmer’s 
lung. Pepys and coworkers( 11) have shown 
that T .  polyspora is the principal source of 
farmer’s lung antigens. Emanuel et aZ( 12) 
have isolated T .  polyspora from lung tissue 
obtained by biopsy from a farmer’s lung pa- 
tient, and Pepys and Jenkins (13) have re- 
ported that inhalation of the TCA-soluble and 
TCA-insoluble antigens from T .  polyspora 
produced symptoms of farmer’s lung in af- 
fected subjects. Thus, it seems likely that T. 
polyspora is a causative agent of farmer’s 
lung disease. 
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Gregolry( 14) examined our H-1 moldy hay 
sample and found that it contained 28.361 
million actinomycete and bacterial spores per 
g dry weight as compared to 1.883 million 
fungal sporesjg. Isolates of microorganisms 
were obtained in culture by an Andersen 
sample (8) , and 5 79 colonies of T .  polyspora 
and 69 collonies of M .  vulgaris were identified 
on 6 agar plates incubated at 60°C. These 
were the principal organisms identified. Two 
isolates of T.  polyspora, A 91 from our H-1 
moldy hay and A 94 from an English hay 
sample, were obtained from 
This paper describes some of 
of the TCA-soluble antigens 
spora and their similarity to 
moldy hay. 

Methods and results. The 
this study was the same as 
previously ( 6 ) .  Farmer’s lung 

Dr. Gregory. 
the properties 

from T. poly- 
antigens from 

serum used in 
that described 
antigens were 

tested with this serum by double diffusion 
in agar gel ( 15) and by immunoelectrophoresis 

T .  polyspora was grown for 48 hours at 
60°C and at  pH 7 on purified Difco Bacto 
agar containing mineral salts and 1% glu- 
cose. The agar slants were extracted with 
10% TCA for several days. The TCA ex- 
tracts were pooled, filtered, and dialyzed with 
distilled water and then freeze-dried. This 
material was dissolved in 50 ml of distilled 
water and fractionally precipitated by etha- 
nol between the limits of 01 to 2570, 25 to 
50%’ and 50 to 75% alcohol. The antigens 
which were not precipitated by 75% ethanol 
were recovered by dialyzing the solution )to 
remove the alcohol, and the preparati4on was 
freeze-dried. Most of the antigens were found 
in the material precipitated by 5 0  to 75% 
ethanol and in the material not precipitated 
by 75% ethanol. 

The immunologic identity of these TCA- 
soluble antigens from isolate A 91 of T. PoEy- 
spora and from H-1 moldy hay(6) is sholwn 
in Fig. 1. The fusion of the precipitin lines 

(16). 
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FIG. 1. Immunologic identity of the trichloroacetic 
acid (TCA-) soluble antigens from T .  polysporu and 
H-1 moldy hay. The material extracted by TCA was 
fractionally precipitated by ethanol; 1 mg of each 
sample was placed in the outer wells. Well S con- 
tained 0.05 ml of farmer’s lung serum; 1 and 4, 
antigens from moldy hay precipitated by 50 to 90% 
alcohol; 2 and 5, antigens from T .  polysporu not 
precipitated by 75% alcohol; 3 and 6, antigens pre- 
cipitated by 50 to 7 5 %  alcohol. 

suggests that the antigens from moldy hay 
and from T .  polyspora are identical serologi- 
cally. The precipitin lines did not cross one 
another, nor were any spurs of partial iden- 
tity observed. 

The TCA-soluble material from T .  poZy- 
spora which was not precipitated by 75% 
ethanol was further purified on a 1.9 X 56.5 

cm column of diethylaminoethyl (DEAE-) 
cellulose equilibrated with 0.05 M Tris (hy- 
droxymethyl) aminomethane-HC1 ( Tris-HC1) 
buffer, pH 8. The sample was eluted at  a 
flow rate of 1 ml/min, and the effluent was 
monitored continuously at 2 2 0  mp. As shown 
in Fig. 2,  the column was washed with Tris- 
HCl buffer, then with 4 M sodium chloride, 
and then with 0.1 M piperazine-HC1 buffer, 
pH 4.5, containing 28% sodium chloride. 
Antigens were detected in pooled fractions 
A and E which were eluted by Tris-HC1 
buffer and by sodium chloride, respectively. 
The properties of these antigens were similar 
to those from moldy hay which precipitated 
between the limits of 70 to 90% ethanol 
when these antigens were purified on DEAE- 
cellulose (6).  

T .  polyspora was grown at  60°C in 15 1 
of nutrient solution containing mineral salts, 
glucose and 0.3% yeast extract by Hartz 
(17). The mycelia were collected by cen- 
trifugation, washed 4 times with M/75 Na2 
HP04 H 2 0  using 2508 ml per wash, and 
the mycelia were freeze-dried. The freeze- 
dried mycelia (20.8 g) were suspended in 
800 ml of cold phosphate buffer (pH 7.4, 
p = 0.15), and SO ml portions of this sus- 
pension were sonicated for 5 min in a Ray- 
theon sonic oscillator. The fragmented my- 
celia were centrifuged for 1 hr at  23,500 
X g, and the sedimented material was washed 
twice with cold phosphate buffer. The wash- 
ings were combined with the original super- 

DEAE - CELLULOSE COLUMN CHROMATOGRAPHY 

VOLUME o‘f COLUMN EFFLUENT (rnls) 

FIG. 2 .  DEAE-cellulose column chromatography of TCA-soluble material from T .  polyspora 
which was not precipitated by 75% ethanol. Sample (100 mg) was eluted from a 1.9 x 56.5 cm COI- 
umn a t  a flow rate of 1 ml/min. Column was washed with 0.05 M Tris-HC1 buffer (pH 8), 4 M 
sodium chloride, and 0.1 M piperazine-HC1 buffer (pH 4.5) containing 20% NaCl as shown. Efflu- 
ent was collected in 15 ml fractions which were pooled as indicated. Shaded pooled fractions A 
and E gave precipitins with farmer’s lung serum. 
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shown by precipitin lines X and Y, which 
were not present in the TCA extract. These 
antigens could be removed from the phos- 
phate buffer extract by adding TCA to the 
extract. The immunoelectrophoretic proper- 
ties of the 3 TCA-soluble antigens were simi- 
lar to the 3 TCA-soluble antigens present in 
H-1 moldy hay(6).  Hot TCA removed an 
additional amount of antigen C from the resi- 
due which remained after cold TCA extrac- 
tion, and more antigen C could be removed 
by treating the residue which remained after 
hot TCA extraction with 1 N NaOH. 

A portion of the nutrient solutioa used for 
growing T.  poZyspora was dialyzed against 
distilled water, and an equal volume of 20% 
TCA was added to the non-dialyzable ma- 
terial. The precipitate was removed by cen- 
trifugation and the supernate was dialyzed 
against distilled water and freeze-dried. 

Fig. 4 shows the immunologic identity of 
the antigens from T .  polyspora and from the 
nutrient solution used for growing T.  Poly- 

FIG. 3.  Immunoelectrophoretic properties of anti- 
gens extracted from T .  polyspora by pH 7.2 phos- 
phate buffer and by cold TCA. Well 1 contained 
125 @g of the material extracted by phosphate buffer, 
and well 2 contained 7.8 pg of the material extracted 
by cold TCA. The anode is at  'top of the gel. Both 
extracts contained 3 antigens, indicated by precipitin 
lines A, B, and C. The phosphate buffer extract 
contained 2 additional antigens shown by precipitin 
lines X and Y. 

nate, dialyzed at 4OC against distilled water 
and freeze-dried. 

The sedimented material was suspended in 
1 liter of cold 10% TCA and stirred a t  4°C 
for 2 0  hours. The suspensioa was centrifuged, 
and the sediment was washed twice with fresh 
10% TCA.b The supernates were combined, 
dialyzed at  4°C for 30 hours against distilled 
water and freeze-dried. 

The immunoelectr opholre t ic properties of 
the antigens extracted by phosphate buffer 
and by cold TCA are shown in Fig. 3. Three 
precipitin lines, A, B, and C, were observed 
in each extract. The phosphate buffer ex- 
tract had a t  least 2 additional antigens, 

FIG. 4. Immunologic identity of the antigens ex- 
tracted from T .  polyspora and from the nutrient 
solution used for growing T .  polyspora. In  each 
case, the wells contained 0.02 ml of antigen extract, 
and the concentrations (shown in brackets) were so 
chosen that the samples were near antibody-antigen 
equivalence. Well S contained 0.05 ml of farmer's 
lung serum; 1 and 4, an'tigens extracted by NaOlH 
(2000 G g ) ;  2 ,  antigens extracted by pH 7.2 phos- 
phate buffer (200 gg) ; 3, antigens extracted by cold 
TCA (31.2 f i g ) ;  5 ,  antigens extracted by hot TCA 
(2 fig) ; and 6, TCA-soluble, extracellular antigens 
(125 Pug). 
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TABLE I. Effect of Proiiase on TCA-Soluble Antigens. A 50 nig sample of TCA-soluble mate- 
rial was incubated for 24 hours a t  37°C with 0.5 mg of Pronase. The Pronase was precipitated 
by TCA, and the filtrate was dialyzed to remove aiiiino a d s  aiicl peptides. Non-dialyzable 
material was hydrolyzed a11d aiialyzed f o r  aiiiino acids. Values are giveii as pg of amino acid/ 

50 mg of antigen or as % of total amiiio acids. 

Aiitigcii Ail tigeii Pr0ll:lse 
Aiiiiiio acid" (50 mg) and Pronasc (.5 111g) Diff. % 

lysiiie 
hi s t i dine 
argiiiiiic 
aspartic :icitl 
glutaiiiic acid 
th woiii iie 
seriiie 
p r oliiie 
glyc jiie 
alaiiiiie 
valiiie 
:tllo-isolcuciiic 
isoleuciiie 
leuc iii e 

Total 

154.2 
68.1 
28.2 
85.2 
314.9 
44.0 
44.1 

109.9 
44.7 

43.9 
449.1 

l i . 7  
31.5 

1,449.5 

ia4.o 

130.5 
9.3 

5.6 
188.3 

2.8 
6.4 

12.2 
12.2 

160.0 
21.0 

243.2 

- 

- 
- 

4.7 
4.5 

5.0 
4.(j 
2.5 
8.1 

4.5 
4.0 
1.2 
1 .o 
1.4 
1.8 

- 

- 

125.8 
4.8 

.6 
183.7 

.3 

12.2 
7.7 

156.0 
19.8 

242.2 

- 

- 

- 
- 

753.1 

16.7 
.6 

.1 
24.4 
.04 

- 

- 
1.6 
1.0 

20.7 
2.6 

32.2 
- 
- 

* Tyrosiiie aiid plieiiylalaiiiiic. were iiot tlc4ermiiied. 

spora when these preparations were tested 
with farmer's lung serum by double diffusion. 
The precipitin line nearest the outer walls 
is due to antigen C which is present in the 
phosphate buffer extract, cold TCA extract, 
hot TCA extract, and the NaOH extract. 
The nutrient solution contains a TCA-soluble, 
extracellular antigen which does not cross 
react with any of the other antigens. 

Fifty mg of the material extracted from 
T.  polyspora by cold TCA were dissolved in 
1 ml of 0.05 M Tris-HC1 buffer, pH 7.5. The 
sample was centrifuged to remove insoluble 
material. One ml of the proteolytic enzyme, 
Pronase (0.5 mg/ml Tris-HC1 buffer), and 
a drop of toluene were added to the solution, 
and the tube was incubated for 24 hours at  
37°C. Two control tubes were also incubated 
for 24 hours; one contained 50 mg of TCA- 
soluble material in 2 ml of Tris-HC1 buffer, 
and the other contained 0.5 mg of Pronase 
in 2 ml of Tris-HC1 buffer. After 24 hours, 
2 ml of 208% TCA were added to each tube, 
and each solution was filtered through a 0.45 
p Millipore filter. The filtrates were dialyzed 
at 4OC against pH 7.2 phosphate buffer ( p  
= 0.15). The samples were made to 5 ml; 
one ml was used to test for antigenicity, 4 ml 
of 12 N HCl were added to the remaining 
4 ml of extract. These samples were hydro- 
lyzed and analyzed for amino acids on a 

Beckman/Spinco Model 120 analyzer( l8,19). 
The antigens extracted by cold TCA were 

not destroyed after 24 hours digestion by 
Pronase. Table I shows the amino acid com- 
position of this material before and after Pro- 
nase digestion. Prior to digestion, the anti- 
genic material contained large amounts of 
lysine, glutamic acid, alanine and allo-isoleu- 
cine which comprised 10.6, 23.8, 12.7, and 
17.2% of the total amino acids, respectively. 
Following Pronase digestion, these were vir- 
tually the only amino acids remaining, and 
they comprised 16.7, 24.4, 20.7, and 32.2% 
of the total amino acids, respectively. 

The sugar content of the various extracts 
from the mycelia of T.  poZyspora was de- 
termined by means of thin layer and paper 
chromatography, using 80% phenol o'r ethyl 
acetate: acetic acid: water (3 : 1 : 3)  a s  solvents 
and o-aminodiphenyl as the spray reagent 
(20). Galactose and arabinose were readily 
identified in all of the extracts. Glucosamine 
was also identified in these extracts using 
column chromatography on a 150 cm Dowex 
sulfonated resin operated at  50°C( lS,19). 

Discussion. We have examined the anti- 
gens from T .  poZyspora associated with farm- 
er's lung disease and have found them to 
be similar to the antigens extracted from 
moldy hay. Trichlorolacetic acid (TCA) ex- 
tracts of moldy hay(6) and of T .  polyspora 



THERMOPOLYSPORA ANTIGENS IN FARMER’S LUNG 

grown on synthetic media contained 3 anti- 
gens which produced 3 precipitin lines with 
the serum used in these studies. Fig. 3 shows 
the immunoelectrophoretic properties of these 
antigens. Only 2 precipitins could be dis- 
tinguished by double diffusion (Fig. 1) ; the 
diffuse precipitin which occurred near the 
inner well probably was produced by 2 
antigens. 

The immunoelectrophoretic behavio’r of the 
antigens from moldy hay and from T.  poly- 
spora were similar, and the ethanol fraction- 
ated antigens from the two sources gave lines 
of identity on double diffusion plates (Fig. 1). 
Furthermore, the antigens from moldy hay 
and from T. polyspora which were not pre- 
cipitated by 70 to 75% alcohol displayed the 
same behavior on DEAE-cellulose columns 
(Fig. 2 ) .  Thus, it seems likely that all of 
the farmer’s lung antigens in our H-1 moldy 
hay sample were due to 2’. PoZyspora. Micro- 
monospora vulgaris, which was also isolated 
from this hay, gave no precipitins with farm- 
er’s lung sera( 2 1 ) .  

One of the problems concerning farmer’s 
lung antigens from T.  polyspora was whether 
they were produced extracellularly or were 
of cellular origin. This problem could best 
be solved by growing the organism in liquid 
culture, and this was done successfully by 
Hartz( 17) .  Phosphate buffer extracts of my- 
celia produced 5 precipitins with the serum 
used in this study; 2 of these precipitins 
could be eliminated by treating the extract 
with TCA. Additional amoants of the 3 TCA- 
soluble antigens were extracted by cold TCA, 
and additional amounts of antigen C (Fig. 
3) were extracted from the mycelial residue 
with hot TCA and with NaOH. Another 
TCA-soluble antigen was found in the growth 
medium which did not cross react with any 
of the other TCA-soluble antigens. This anti- 
gen was not observed in extracts of moldy 
hay or in extracts of T.  polyspora grown on 
agar. 

The 3 antigens extracted fro’m 2’. polyspora 
by TCA were not destroyed by Pronase di- 
gestion. After digestion, the sample still con- 
tained a peptide composed primarily of lysine, 
glu tamic acid, alanine and allo-isoleucine. 
This peptide appeared to be related to part 

of a cell wall glycopeptide which has 
reported in many other Gram-positive 
nisms ( 2 2 ) . Glycopeptides extracted 
several Gram-positive organisms have 
shown to be antigenic in rabbits(23). 
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been 
orga- 
from 
been 

Anti- 
genic preparations from T. polyspora which 
we have purified by DEAE-cellulose, Sepha- 
dex and Bio-Gel column chromatography ( 2  1 ) 
also contained from 1 to 8% protein or pep- 
tide in addition to large amounts of poly- 
saccharide. The plysaccharide was composed 
primarily of galactose, arabinose and glucos- 
amine. These sugars occur widely in the cell 
walls of Gram-positive organisms( 22,24), and 
they were also detected in extracts of moldy 
hay( 6).  Our studies have indicated that the 
antigens responsible for farmer’s lung disease 
are glycopeptides and that the peptide may 
be part of the structural cell wall of T. poly- 
spora. 

Summary. The trichloroacetic acid (TCA-) 
soluble antigens from T.  polyspora had the 
same immunoelectrophoretic properties as the 
3 farmer’s lung antigens in a moldy hay 
sample from which this organism was iso- 
lated. The antigens cross reacted with one 
another and had similar properties on DEAE- 
cellulose columns. T.  polyspora was grown 
in liquid culture. The mycelia were broken 
by sonication and extracted in order with 
p H  7.2 phosphate buffer, cold TCA, hot TCA 
and NaOH. Three antigens were extracted 
by cold TCA, and the phosphate buffer ex- 
tract contained 2 additional TCA-insoluble 
antigens; the hot TCA and NaOH extracts 
were also antigenic. An extracellular, TCA- 
soluble antigen was found in the growth me- 
dium which did not cross react with the 
other TCA-soluble antigens. Pronase diges- 
tion did not destroy the 3 TCA-soluble anti- 
gens, but a residual peptide remained which 
was composed primarily of lysine, glutamic 
acid, alanine and allo-isoleucine. This pep- 
tide appeared to be part of a cell wall glyco- 
peptide. The antigenic fractions were com- 
posed primarily of plysaccharides contain- 
ing galactose, arabinose and glucosamine. 
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Acceptance of Walker 256 Carcinosarcoma by Neonatally 
Thymectomized C57 BL/6 Mice. (30806) 
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The significance of the thymus in the de- 
velopment of immunologic competence in 
many animals is well documented( 1). The 
thymus also plays a role in the growth of 
certain tumors in rodents, Some experimental 
leukemias in mice are dependent on the pres- 
ence of the thymus( 2 ) .  Conversely, after neo- 
natal thymectomy, the incidence of tumor 
formation in rats inoculated with the polyoma 
virus is increased(3,4), and the natural re- 
sistance of C57 BL mice to the oncogenic 
effects of this virus is decreased( 5) .  Thymec- 
tomy performed in mice 3 days of age is 
followed by an increased incidence of skin 
tumors induced by benzopyrene (6) .  Neo- 
natally thymectomized 2 (C, H) mice accept 
allogeneic grafts of a mammary tumor from 
A strain mice despite histo-incompatibility 
between these strains a t  the H-2 locus( 7 ) .  

The Jensen sarcoma, transplanted allogene- 

ically to neonatally thymectomized Sprague- 
Dawley rats, “takes” more often and grows 
more rapidly than in control rats(8). Rejec- 
tion of xenografts of the mouse sarcoma 1 
ascites tumor by neonatally thymectomized 
inbred Lewis rats is delayed( 9).  On the other 
hand, neonatal thymectomy in Sprague-Daw- 
ley and Long-Evans rats does not alter the 
incidence, rate of growtli, or development of 
metastases of transplanted Walker 256 tumor, 
a neoplasm that grows well in this species in 
any case( 10). 

Extracts of thymus have been shown to 
contain both tumor-promoting and tumor-in- 
hibiting substances, the latter, a t  least, being 
not specific for thymic tissue( 1 1 ) .  

The present work was undertaken in search 
of a combination of tumor and host that 
would delineate sharply and reasonably rap- 
idly the role of the thymus in mice with 


