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washed with water until neutral to litmus. Recrystalliza-
tion from alcohol gave a 909, yield of 3,4-dibenzyloxy-
butyrophenone, m. p. 86-87°. It is reported to melt at
88°.10

«-Bromo-3,4-dibenzyloxybutyrophenone.—This bromo-
ketone was prepared by the procedure of Bockmiihl, Ehr-
hart and Stein,? who prepared and used the compound
without isolating and characterizing it. To 335.5 g. (0.93
mole) of 3,4-dibenzyloxybutyrophenone dissolved in 1500
ml. of methylene chloride was added 110 g. (1.1 moles) of
powdered calcium carbonate and then 149 g. (0.93 mole}
of bromine in 400 ml. of methylene chloride. The excess
calciur. carbonate was dissolved with dilute hydrochloric
acid, the methylene chloride layer separated, washed with
water, and dried over sodium sulfate. After removing the
solvent under reduced pressure the residue was recrystal-
lized from alcohol. A 709 yield of cream-colored crystals,
nt. p. 100-101° was obtained.

Anal. Caled. for CyH3z;0;Br:
Found: C, 65.48; H, 5.14.

«-Benzhydrylamino-3,4-dibenzyloxybutyrophenone Hy-
drochloride.—To 57.1 g. (0.13 mole) of a-bromo-3,4-
dibenzyloxybutyrophenone in 175 ml. of absolute alcohot
was added 47.7 g. (0.26 mole) of benzhydrylamine and the
mixture refluxed three hours. The alcohol was completely
removed under reduced pressure and 400 ml. of dry ether
added. The precipitated benzhydrylamine hydrobromide
was filtered and washed with dry ether. The ether solu-
tions were combined and thoroughly shaken with 109,
hydrochloric acid. An oil separated which slowly crystal-
lized. It was filtered off, washed with water and with ether
to remove traces of color. A 759 yield of cream-colored
needles, m. p. 175-176° dec., was obtained.

C, 65.61; H, 528

{10) 1. G. Farbenind. A. G., British Patent 457,824,
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Anal. Caled. for CyHyOsNCI:
Found: N, 2.38; Cl, 6.09.

1-(3,4-Dihydroxyphenyl)-2-amino-1-butanol Hydrochlo-
ride.—To 28.9 g. (0.1 mole) of a-benzhydrylamino-3,4-
dibenzyloxybutyrophenone hydrochloride, dissolved in 150
ml. of absolute alcohol, was added 0.5 g. of palladium
sponge catalyst.l! It was shaken at 55-70° under fifty
pounds pressure until three equivalents of hydrogen had
been used. After the alcohol was removed the residue was
dissolved in water and the toluene and diphenylmethane
removed by extracting with ether. The aqueous solution
was boneblacked and further hydrogenated until the fourth
equivalent of hydrogen had been used. The catalyst was
removed and the solution taken to dryness under reduced
pressure. The residue was boneblacked in absolute alco-
hol, an equal volume of acetone added and then dry ether
until precipitation was complete. A 609, yield of colorless
material was obtained. When completely dry it melted
with decomposition at 199-200° (uncor.).

Anal. Caled. for CHisOsNCl: N, 5.99; Cl, 15.17.
Found: N, 6.17; Cl, 15.08.

N, 242; (], 6.13.

Summary
1. ‘The synthesis and characterization of 1-
(3,4 - dihydroxypheny!) - 2 - amino - 1 - butanol
has been described.
2. It has been shown that the intermediate
benzhydrylaminoketone readily undergoes hydro-
gemnolysis to the desired primary amine,

(11) Willstdtter aud Waldschmidt-Leitz, Ber., 54, 123 (1921).

RENSSELAER, NEW YORK RECEIVED FEBRUARY 24, 1044

{CONTRIBUTION FROM ALLERGEN INVESTIGATIONS, BUREAU OF AGRICULTURAL AND INDUSTRIAL CHEMISTRY, AGRICUL-
TURAL RESEARCH ADMINISTRATION, U. S, DEPARTMENT OF AGRICULTURE, AND THE ALLERGY CLINIC OF PROVIDENCE
HosriTAL ]

The Chemistry of Allergens. IX.

Isolation and Properties of an Active,

Carbohydrate-Free Protein from Castor Beans!

By JoserH R. Spies, E. J. CouLsoN, Dorr1s C. CHAMBERS, HARRY S. BERNTON AND HENRY STEVENS

The method of isolation, amino acid content
and chemical and immunological properties of a
non-toxic, allergenic, protein-polysaccharidic frac-
tion, CB-1A, from castor beans were recorded
in a previous publication.™® '

The importance of the role of carbohydrate in
the immunological specificity of pneumococcus
organisms? and recognition of a possible analogous
relationship in allergenic specificity® led to the
isolation and chemical characterization of an
essentially carbohydrate-free protein (CS-60C)
from cottonseed.* ‘

To determine similarly the significance of the
polysaccharidic portion of the castor bean allergen,

(1) (a) Not copyrighted. (b) For Article VI11 of this series see
Spies and Coulson, TEIS JOURNAL, 65, 1720 (1943).

(2) First demonstrated by Heidelberger and Avery, J. Expil. Med.,
88, 73 (1923). o

(3) The possible non-protein nature of allergens is discussed by
Coca, Walzer and Thommen, ** Asthma and Hay Fever in Theory and
Practice,” Charles C. Thomas, Baltimore, 1931, pp. 784 et seq.
also Vaughn, ““Practice of Allergy,” C. V. Mosby Co., 5t. Louis, Mo..

1939, p. 607.
(4) Spies and Umberger, THIS JOURNAL, 64, 1889 (1942).

an attempt was made to isolate a carbohydrate-
free protein from CB-1A, by electrophoresis,
analogously to the previously described frac-
tionation of CS-1A from cottonseed.*® How-
ever, the final cathodic fraction, CB-60C, so ob-
tained, contained 0.479, carbohydrate. There-
fore, CB-1A was subjected to a varied and pro-
longed series of procedures involving chromato-
graphic adsorption of the picrate, electrophoretic
recovery of the protein from the picrate, electro-
phoresis of the protein, and solvent fractionation.
The final active fraction, CB-65A, contained
only a trace of carbohydrate as shown by chemi-
cal tests. The present paper describes the isola-
tion of CB-60C and CB-65A and compares their
chemical and immunological properties with those
of CS-60C from cottonseed.

Experimental
Apparatus.—The high voltage electrophoresis apparatus
described and illustrated in papers IV® (Fig. 1) and VI* of
this series was used except that 250, 125, 50 or 25 ml. cells

(&) Spies, Bernton and Stevens, ibid., 68, 2163 (1941).
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SOLUBILITY OF CB-65A AND CB-60C
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Fig. 1.—Solubility curves of CB-60C and CB-65A: weighed quantities of the protein fractions were placed in glass

stoppered tubes.
One ml. of absolute ethanol was added to each solution.

Samples of CB-60C were dissolved in 1.5 ml. of 0.05 M acid potassium phthalate buffered at pH 5.0.
Samples of CB-65A were dissolved in 0.75 ml. of the same buf-

fered solution and 0.75 ml. of absolute ethanol was added to each. The tubes were fastened in a larger stoppered tube
and the suspensions were equilibrated by slowly rotating the tubes in a water-bath at 5 = 0.1° for at least twenty hours.
The excess solid collected on the walls of the tubes during equilibration, leaving a clear supernatant solution, which was

decanted and analyzed for total nitrogen content.

were employed, depending on the quantity of material
fractionated. Cylindrical (10 X 25 mm.) platinum gauze
electrodes were used in terminal cells.

Preparation of CB-60C.—CB-60C was obtained from
CB-1A¢ by an electrophoretic fractionation similar to that
used to obtain CS-60C [4] from the cottonseed allergen,
CS-1A. That portion of CB-1A which migrated toward
the cathode was used as starting material in five successive
fractionations. The principle of the procedure has been
discussed beforet® and, therefore, will not be given in de-
tail here. However, pertinent data are assembled in
Table I. In the initial fractionation a solution of 15.3 g.
of CB-1A dissolved in 200 ml. of water was used. In each

TaABLE I

DaTa CONCERNING THE ISOLATION oF CB-60C By ELEC-
TROPHORETIC FRACTIONATION OF 15.3 6. oF CB-1A
Frac-

tiona- Carbohydrate
tion pH Range® Yield, g. content,* %,
No. Anodich éthodic' Anodic Cathodic Anodic Cathodic
1 2.80-5.40 6.02-11.3 5.92 8.13 4.15 1.61
2 4.39-5.64 6.31- 9.57 3.11 3.27 1.94 0.97
3 4.98-5.68 6.51-10.1 0.86 1.89 1.09 .73
4 4.68-6.70 7.39-10.5 0.80 0.78 0.80 .58
5 4.90-7.43 8.12-10.0 0.26  0.34% 0.51 .47

¢ The pH of solutions was determined with a Beckman
pH meter. * The anodic pH range is for solutions taken
from cells+, 14 and sometimes 2+4. In each case the
anodic fraction was isolated from the combined contents
of these cells. ¢ The cathodic pH range is for solutions
taken from cells —, 1=, 2— and sometimes 2+4. In each
case the cathodic fraction was isolated from the combined
contents. of these cells. 4 This fraction was designated
CB-60C. ¢ Percentages are on an ash and water free
basis.

(8) Isolation and properties of CB-1A from castor beans have been
deseribed.!> CB-1A contained 18.4% nitrogen, 2.33% sulfur and
8.129%, polysaccharidic carbohydrate.

fractionation the starting solution was placed in cell 2— of
a 6-cell apparatus and an equal volume of distilled water
was placed in each of the other cells, The volumes of the
cells used were 250, 125, 50, 50 and 25 ml. for fractionations
numbered one to five, respectively. Direct current at
voltages ranging from 2500 to 7500 was employed. Tem-
perature within the cells was maintained .at 15 to 25°.
Anodic and cathodic fractions were precipitated by pour-
ing the respective solutions into five volumes of ethanol
followed by adjustment of the pH to 6.0-6.5 with dilute
acetic acid or sodium hydroxide. Fractions, separated by
centrifuging, were dried in a vacuum over phosphorus
pentoxide. The dried fractions were ground to pass
a 100-mesh sieve and were equilibrated with air before
analysis.

Preparation of CB-65A.—CB-65A was obtained from
CB-1A by a prolonged series of procedures involving
chromatographic adsorption of the picrate, electrophoretic
recovery of protein from its picrate, electrophoresis of the
protein and solvent fractionation.

Picrate Formation.—A 10-g. composite sample, consist-
ing of 3.6 g. of CB-1A and 6.4 g. of anodic fractions of
CB-1A (obtained in preparing CB-60C), was dissolved in
200 ml. of water. To the solution was added 300 ml. of a
saturated water solution (25°) of picric acid. The result-
ing suspension was stored overnight at 5° and the picrate
was separated by centrifuging at 5°. The yellow picrate
was washed once by stirring it up with 75 ml, of cold water
followed by centrifuging. The solid (CB-3) was dried
in a vacuum over phosphorus pentoxide. The yield of
CB-3 was 12.43 g.

Chromatographic Adsorption.—CB-3 (12.43 g.) was dis-
solved in 1500 ml. of 509, ethanol (volume concentration)
by warming and stirring. The slightly turbid solution,
obtained by filtering, was passed slowly through a 44 X 185
mm. column of activated aluminum oxide (Brockmann).”
The column was washed with 100 ml. of 509, ethamol. The
picrate was adsorbed in a well-defined 30 mm. layer at the
top of the column. Two smaller 2-mm. layers formed

(7) Obtained from Merck and Co., Rahway, N. J.
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under the main one3® but these were not separated.
The aluminum oxide-picrate adsorption compound was
removed and dried over phosphorus pentoxide (yield 67 g.).

Elution of the Picrate.-—Sixty-seven grams of the alumi-
num oxide—picrate adsorption compound was suspended in
150 ml. of water (pH of the suspension was 5.0) and 0.5 N
sodium hydroxide was added dropwise with mechanical
stirring until the pH was 9.0.°® The suspension was cen-
trifuged and the solution was removed and filtered through
a hardened paper. The residue was similarly re-extracted
five times using 100 ml. porticns of water. The final pH
of each extract was 9.5, 9.5, 9.5, 9.7, and 10.0, respectively.
The extracts were combined (650 ml.) and 300 m!. of
saturated picric acid solution (excess) was added. The re-
sulting suspension was stored overnight at 5°. The pic-
rate was separated by centrifuging and washed once with
50 ml. of cold water. After drying in a vacuum desiccator
over phosphorus pentoxide, 6.99 g. of yellow pierate, CB-5,
was obtained.!t

Recovery of Protein by Electrophoresis.—It was previ-
ously observed, with a cottonseed allergenic picrate, that
the protein could be recovered by elecirophoresis.!* The
protein picrate was soluble in 509, dioxane but the freed
protein was insoluble in this solvent. Under the influence
of a direct current picric acid migrated toward the anode
and the protein moved to the cathodic cell where it was
partially precipitated. A similar recovery of protein was
carried out on CB-5 as follows:?

A solution of 6.80 g. of CB-5 in 200 ml. of 50%, aqueous
dioxane was placed in cell 2~ (250 ml. Yolume) of a 6-cell
apparatus. An equal volume of 50% dioxane was placed
in each of the other cells. Direct current at 4000 to 5000
volts was applied at the electrodes for twenty-seven hours.
The current, initially at 5.1 ma., increased to a maximum
of 18.5 ma. The temperature in the cells was kept at 14
to 21°. After the electrophoresis, the orange solution in
anodic cell + was removed and replaced with 200 ml. of
fresh solvent. Electrophoresis was continued at 4000
volts for twenty-six hours. The orange solution in cell +
was again replaced with fresh solvent and electrophoresis
continued for twenty-two hours. Solution in cells + an_d
1+ was then replaced with fresh solvent, Electrophoresxs
was continued at 5000 volts. At twenty-six, twenty-two
and twenty-six hour intervals solvent in cells +, 1+ and
2+ was replaced with fresh solvent. . After a final seventy-
two hour period at 6000 volts, during which the current
was 4.0 to 4.1 ma., the electrophoresis was stopped. Solu-
tions in cells +, 14-, 2+ and 2 were discarded. Solu-
tions in cells — and 1-— were deca'nted and poured into
600 ml. of cold ethanol. Precipitation occurred when the
pH was adjusted to 6.0-6.5 with dilute sodium hydroxide.
The suspension was cooled to 10° and the solid was sepa-
rated by centrifuging. . This solxq was corpbmed with t}}e
gummy substance which had precipitated in cell — and in

(8) A similar layering was observed in a previous study of CS-5,
the analogous picrate of the cottonseed allergen, Spies, Coulson,
Bernton and Stevens, THIS JournaL, 63, 1420 (1940). No differ.
ence was demonstrable in clinical activity of the three layers from
C8-5. ‘Therefore, in this study the layers were not separated.

(9) The filtrate from the adsorption was evaporated to dryness
and 845 mg. of yellow powder (CB-10) was obtained. Clinical tests
on castor bean sensitive subjects, using solid obtained from previous
similar adsorptions, showed that CB-10 was completely inactive,
The golid (CS-10) similarly obtained from cottonseced also showed
no clinical activity, and was not antigenic.

(10) A commercially available pH meter employing a glass eiec-
trode with mechanical stirrer was used.

(11) CB-b from another similar adsorption contained 18.9% total
nitrogen and 81.8% picric acid. See Spies, Bernton and Stevens,
THEIs JOURNAL, 62, 2793 {1940), for the method used for determining
picric acid.

{12) Spies, ibid., 68, 1168 (1941},

(13) Tha rapid method of recovering the allergenic protein from
its picrate by ethanol precipitation at the isoelectric point, reference 8,
was not used, in this case, because protein recovered from CB-5 by
this method contained 0.98% rarbohydrate whereas that recovered
& d 0.41%.

by el horasis
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the rubber tube connecting cells — and 1—. The com-
bined solids were stirred up in 200 ml. of water. The pH

of the suspension was adjusted to 6.4 with dilute sodium
hydroxide. The suspension was then centrifuged and a
small amount of insoluble matter was discarded. The
clear brownish-yellow solition was poured into five vol.
umes of cold ethanol and precipitation occurred when the
pH was adjusted to 6.2 with a few drops of 109, acetic acid.
The suspension was cooled to 5° and the solid was separated
by centrifuging at 5°. The solid was washed once with 150
ml. of cold 809, ethanol aud dried in a vacuum over phos-
phorus pentoxide. The yield was 4.82 g. of brownish solid
which contained 18.7%, nitrogen and 0.41% carbohydrate.

Chromatographic adsorption and elution of the 5.77 g.
of picrate obtained from this recovered solid was then re-
peated as described before. A yield of 3.97 g. of eluted
picrate was obtained. This picrate was dissolved in 200
ml. of 509, dioxane and the protein was recovered electro-
phoretically by esseutially the same procedure as just de-
scribed. This electrophoresis required two hundred and
sixteen hours. The voltage employed was 4000 and the
temperature in the cells was maintained at 7 to 12°.  After
the final run, solutious in cells +, 14, 2+ and 2— were
discarded. The solid, isolated as previously described from
the solution in cells — and 1—, was combined with the
gummy precipitate in cell —. The combined solids were
then dissolved in 200 ml. of water. A small amount of
insoluble matter, separated by centrifuging, was discarded.
Solid was isolated from the solution by ethanol precipita-
tion and centrifugation. A yield of 3.01 g. of brownish
colored substance containing 18.9%, nitrogen and 0.319
carbohydrate was obtained.

Electrophoresis of the Protein.—A solution containing
2.91 g. of solid, recovered from the picrate and containing
0.319} carbohydrate, in 50 ml. of water (pH of the solution
was 5.63) was placed in cell 2~ (50 ml. volume) of a 6-cell
apparatus, Fifty ml of water was placed in each of the
other cells and direct current at 3500 volts was applied to
the system for twenty-three hours. The temperature was
keptat15t019°, A smallamount of dark-colored precipi-
tate separated in all of the cells. After the electrophoresis
the pH of solutions in the cells was: -+, 4.94; 14, 5.30;
2+4,544; 2—,593; 1—,6.33; —, 7.00. The solutions in
cells + and — were replaced with 50 ml. of water and elec-
trophoresis was continued at 6000 volts for forty-eight
hours at a temperature of 16 to 17°. The pH of solution
in the cells was then: +-,4.63: 1+, 5.17; 24, 5.39; 2,
573, 1—,625; —,7.19.

‘T'he solution removed from cell —, after the first run, and
the solution from cells —, 1—, 2— and 2+ of the second
ruy were combined (pH 5.92). The combined solution,
after boiling for fifteen minutes with 1 g. of activated char-
coal, was cooled and centrifuged. Then it was filtered
through a hardened paper and solid was isolated from the
filtrate by ethanol precipitation. A yield of 1.45 g. of solid
containing some colloidal carbon was obtained.

Solvent Fractionation and Reprecipitations.—The solid
obtained by electrophoresis (1.45 g.) was dissolved in 50 m].
of water and boiled with 300 mg. of carbon. The carbou,
removed by centrifuging, was washed with 10 ml. of water.
The wash solution was combined with the main solution
which was filtered through a Seitz sterilizing pad.!4 Solid
was separated from the clear slightly yellow solution by
precipitation with five volumes of ethanol. A yield of 1.27
g. was ohtained. This solid was dissolved in 50 ml. of
water and decolorized with carbon. This combined solu-
tion and washings (75 ml.) was passed through a Seitz
sterilizing pad and 25 ml. of ethanol was added to the fil-
trate. This solution was kept at —6° overnight. The
white suspeunsion which formed on standing was decanted
from a small amount of gummy solid that had collected on
the bottom of the container. This residual solid, which
contained most of the color, was discarded. The decanted
suspension was poured into 350 ml. of cold ethanol. The

{14} Seitz pads were washed before use by filtering through them
100 ml. of boiling water and 130 ml. of cold water to remove traces
af ssluble carbohydrate.
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resulting suspension was cooled to 4° and centrifuged.
The solid was washed once with cold 809, ethanol and dried
as usual, A yield of 601 mg. of almost colorless material
was obtained. This solid was dissolved in 35 ml. of water
and stirred at room temperature with 200 mg. of carbon.
‘The carbon was removed and the solid was isolated as usual.
A yield of 503 mg. of solid containing 19.0% nitrogen and
0.229%, carbohydrate was obtained. i

Four hundred and twenty-two mg. of this solid was dis-
solved in 25 ml. of water. The practically clear, colorless
solution was filtered through a washed hardened filter
paper into a 250 ml. conical centrifuge cup. To this solu-
tion was added 8.3 ml. of ethanol. The solution, which
remained clear at room temperature, was cooled at —7°
for three hours. The resulting suspension was centrifuged
at —7° The supernatant solution was discarded. The
solid was washed once with 25 ml. of cold 809, ethanol and
dried in a vacuum over phosphorus pentoxide. A yield
of 314 mg. of white solid (CB-65A) was obtained. This
solid was ground to pass through a 100-mesh sieve and
equilibrated with air before analysis.

CB-65A was completely soluble in water. Results of
color tests on a 17, solution of CB-65A were: pinkish
biuret, deep purple ninhydrin, positive Millon, and Bene-
dict test for reducing sugars, negative.

Determination of Carbohydrate.——Carbohydrate was de-
termined on protein fractions by the orcinol method of M.
Sgrensen and Haugaard® as modified by Heidelberger and
Kendall.® Galactose, [a]®p +79.7; C, 3.00 g./100 ml.,
was used as a standard and color comparison was made with
a Duboscq colorimeter. Test showed that no color (blank)
developed on heating protein fractions in the acid solution
without orcinol.

Carbohydrate in CB-65A was determined by the orcinol
method, using a photoelectric colorimeter for measuring
the color developed. Twenty-eight mg. of CB-65A was
placed in a 125-ml. Erlenmeyer flask with 1.0 ml. of water,
2.0 ml. of a 29, orcinol solution in 25%, sulfuric acid, and
15.0 ml. of 609, sulfuric acid. The solution was heated in
a water-bath, in the dark, at 80° for twenty-five minutes.
After cooling at —7° the solution was warmed to room
temperature and the intensity of the color was read on an
Evelyn photoelectric colorimeter using filter No. 520. The
reagent (blank) contained 1.0 ml. of water, 2.0 ml. of the
orcinol reagent and 15.0 ml. of 609, sulfuric acid. Negli-
gible color developed when a blank was run on a solution
containing 27.8 mg. of protein,’” 1.0 ml. of water, 2.0 ml.
of 259, sulfuric acid and 15.0 ml. of 607, sulfuric acid.
The carbohydrate content of CB-65A, calculated from
color readings in comparison with the curve obtained with
solutions containing 0.01, 0.05, and 0.10 mg. of galactose
was 0.11%,.

A Molisch test on a 19, solution of CB-65A, while diffi-
cult to read, was considered doubtfully positive.

Comparison of Antigenic Potency of CB~1A and CB-654,
Using Guinea Pigs.—Comparison of CB-1A and CB-65A
with regard to the median sensitizing dose (SD-50) and the
median lethal dose (LD-50) in previously sensitized
guinea pigs, was made from dosage-respon§e curves accord-
ing to the method of computation of Bliss.1¥ The Bliss
method, originally developed for the evaluation of toxi-
cological studies, has been adapted to the quantitative com-
parison of antigenic potency of cottonseed allergenic frac-
tions.1®

The SD 50’s of CB-1A and CB-65A were 63.6 = 13y and
746 =240~ (on ash and water free basis), respectively.
From the complete dosage response curve the LD 50 of
CB-1A was found to be 2.38 = 0.36+. Owing to the lim-
ited quantity of CB-65A available the mortality ratio was
determined at only the critical level. Each of 10 guinea

(15) M. Sgrensen and Haugaard, Comp. rend. iras. lad. Carlsberg,
19, no. 12 (1933).

(16) Heidelberger and Xendall, J. Immunol., 80, 267 (1936).

(17) This sample was an intermediate fraction obtained from CB-
1A.

(18) Bliss, Ann. Appl. Biol., 22, 134 (1935); 23, 307 (1935).

(19) Coulson and Spies, J. Immunol., 48, 367 (1943).
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pigs (previously sensitized with 1.0 mg. of CB-1A) was
injected intravenously with 2.7y of CB-65A. The mor-
tality ratio was six fatal to four non-fatal anaphylactic re-
actions. This mortality ratio was identical with that pre-
viously observed when similarly sensitized animals were
injected with 2.7y of CB-1A. The shocking capacity of
CB-65A is, therefore, very close to that of CB-1A.

Discussion

Results of elementary analyses and some prop-
erties of CB-65A and CB-60C are compared, in
Table I, with those of the analogous protein frac-
tion CS-60C, from cottonseed. The nitrogen con-
tent of CS-60C was higher than that of CB-60C
or CB-65A, probably because of the higher pro-
portion of arginine in the cottonseed allergen.!®
Carbon and hydrogen contents of the three frac-
tions were of the order of magnitude usually
found in proteins. Like CS-60C, both CB-60C
and CB-65A were levorotatory. There was,
however, no marked difference between the ro-
tatory power of CB-60C and CB-65A. This
indicated that changes which might have oc-
curred in CB-65A as a result of the more drastic
fractionation had not taken place in that part
of the molecule which determines optical rotation.
The solubility curves of CB-60C and CB-65A,
Fig. 1, indicated that neither was chemically
homogeneous. CB-65A, however, was more
nearly homogeneous, by this critericn, than was
CB-60C.

Eighty-seven per cent. of the nitrogen of CS-
60C was precipitable by trichloroacetic acid
(TCA) in contrast with only 279, for CB-60 and
none for CB-65A. No radical change in con-
stitution or composition of CB-60C appeared
to have occurred as a result of fractionation be-
cause 22.5%, of the nitrogen of precursor fraction
CB-1A was precipitable by TCA. However,
some change appeared to have occurred in CB-
65A either by molecular rearrangement as a
result of the drastic fractionation or by the

TaBLE II

ComparisON OF CHEMICAL COMPOSITION AND PROPERTIES
oF CB-65A anp CB-60C with CS-60C°

r—+——————Fraction ~—-———
CB-65A

Determinationbd CB-60C CS-60C
Nitrogen 19.0 19.1 20.4
Nitrogen pptd. by 5%

trichloroacetic acid at

20 = 0.1°° 0.0 26.7 86.6
Carbon 47.6 50.1 48.2
Hydrogen 6.95 6.36 6.58
Sulfur® 2.57 2,53 2.35
[¢]®D 1% water solution —49.5 —45.0° —140

¢ The carbohydrate-free allergenic fraction, CS-60C, ob-
tained from cottonseed has been previously described (ref.
4). ® All analyses are expressed on an ash- and water-free
percentage basis. CB-65A and CB-60C contained 1.0
and 0.13% ash and 7.30 and 7.099, water, respectively.
Analyses were made by micro methods. ¢ See Paper 1V
of this series, Table I, for the method used. 4 In precursor
fractions cystine sulfur accounted for 909, of the total sul-
fur. ¢ Optical rotation of CB-60C was determined with a
29, water solution.
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TaBLE II1

COMPARISON OF THE THRESHOLD QUANTITY OF CB-65A aND CB-1A REQUIRED TO PRODUCE POSITIVE PASSIVE TRANSFER
ReacrioNs UsiNG SERUM FROM A CASTOR BEAN SENSITIVE SUBJECT®
Recipientsd (wheal diameter in mim.)

Quantity of fraction injected.? ‘ ) =,
Millimicrogram, m~° CB-1A CB-65A CB-1A CB-65A CB-1A CB-65A
10 12X 13 13 X 13 16 X 22 16 X 21 16 X 16 16 X 17
1 11 x"i2 12 X 12 10 X12 12 X 18 11 X 12 13 X 15
0.1 10 X 10 10 X 11 9x 8 9 X 13 10 X 11 11 X 12
0.01 =" & B 0 o =

+ This serum (A. M.) gave positive passive transfer reactions to test with castor bean allergen when diluted 1:102 but
not when diluted 1:108; ¢f. Coca and Grove, J. Immunol., 10, 445 (1925). ® Quantity of fraction (contained in 0.025 ml.
of sterile physiologic salt solution) injected into each sensitized site. ¢ Chemical and Engineering News, 18, 491 (1940).
4 Subjects who reacted uegatively to cutaneous test with powdered de-fatted castor bean meal and also negatively to
intracutaneous test with 0.1 v of CB-1A were used as recipients. Recipients were uniformly sensitized with 0.05 ml. of
serumn in each of four sites on the upper arms. All tests of a series were conducted simultaneously. The size of the
wheals which formed in fifteen to thirty minutes are in mm. A negative control test was made on the unsensitized skin

of the recipient at the time of the passive transfer tests.
= regction,

removal of constituents precipitable by TCA.
Whichever possibility occurred CB-65A suffered
uno demonstrable loss in capacity to produce
positive passive transfer reactions as compared
with precursor fraction CB-1A. Results of this
clinical comparison, Table III, show that 1 X
101 g. of both CB-1A and CB-65A produced
positive passive transfer reactions of equal size,
However, alteration in the antigenic potency of
CB-65A was demonstrable, using guinea pigs
us test animals. The median lethal dose of
CB-65A was the same as that of CB-1A but the
median sensitizing dose of CB-65A was more
than eleven times as great as that of CB-1A.

An interpretation analogous to the conclusions
drawn from more exhaustive studies of cottonseed
allergenic fractions may explain these observa-
tions. From chemical evidence previously pre-
sented,® it was suggested that the cottonseed
allergenic fraction, CS-1A, was a mixture con-
taining principally a specifically active protein and
compounds of this same protein chemically com-
bined with varying proportions of polysaccharidic
carbohydrate. Later the active, essentially car-
bohydrate-free protein, CS-60C, was isolated.*
Antigenic studies on excised uterine muscle from
sensitized guinea pigs substantiated the view that
carbohydrate did not determine antigenic speci-
ficity.® Carbohydrate, however, had a marked
influence on antigenic potency? of fractious
separated from CS-1A which, as in the cases of
CB-1A and CB-65A, was manifested only in the
sensitizing capacity. Thus the median lethal
doses of CS-51R? and CS-56R,* which contained
0.9 and 35.29, carbohydrate, respectively, was
5.61 = 0.39 v of nitrogen and 6.75 = 0.77 ¥ of
nitrogen, respectively. The median sensitizing
dose of CS-51R was 91.7 = 15.7 v of nitrogen or
more than eight times as high as that of CS-
56R which was 11.0°= 2.0 v of nitrogen. Fraction
CB-65A retained the same antigenic specificity
as characterized CB-1A. Therefore the decreased

(20) Coulson, Spies and Stevens, J. Immunol., 46, 347 (1943).
(21) Antigenic activity of & compound of two able
manifestations, capacity to sensitize snd capacity to shock.

¢ See Paper VIII, footnote ¢ of Table V for comments on the

sensitizing capacity of CB-65A niay be owing to
the removal of protein-polysaccharidic compounds
from CB-1A having relatively high molecular
weight and being, therefore, more effective in
sensitizing power.

An alternate explanation of the decreased sen-
sitizing power of CB-65A is that sensitization
and shock may be produced by different func-
tional groupings in the antigenic molecule. One
grouping might therefore be altered without caus-
ing change in the other.

It is noteworthy that analogous manifestations
of antigenicity in humans (capacity to incite
positive passive transfer reactions) and in ani-
mals (shocking power) were unaffected by the
fractionation required to obtain CB-65A. No
comparison of the sensitizing capacity of this
fraction for human subjects and animals was
attempted because of the hazard of establishing
in human subjects a permanent hypersensitivity
to castor bean allergen.

Final decision as to whether protein or carbo-
hydrate is responsible for the allergenic speci-
ficity of such highly purified substances as CS-
60C and CB-65A cannot be made on the basis
of chemical tests for carbohydrate. Even if
tests for carbohydrate were unequivocally nega-
tive the possibility would still remain that suffi-
cient carbohydrate was present to produce clinical
reactions. As shown in Table III, solutions of
CB-65A containing 4.0 X 10~° g./ml. were
clearly detectable by passive transfer technique.
This is beyond the sensitivity of chemical tests
on solutions of pure sugars. If the activity of
CB-65A were owing to the 0.19, carbohydrate
indicated by the orcinol method, then the con-
centration of active substance in CB-65A detect-
able by passive transfer would be 4.0 X 10—
g./ml. At present there is no basis for accepting
either 4.0 X 10~® or 4.0 X 10~ g./ml. as the
approximate sensitivity of a castor bean allergenic
preparation by the passive transfer technique.
More decisive than chemical tests is the fact that
CB-1A, which contained at least thirty times as
much carbohydrate as did CB-65A, was not
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demonstrably more effective in producing passive
transfer reactions, or in shocking sensitized guinea
igs.
P gThe obvious fact that biological tests on castor
bean allergenic preparations are more sensitive than
chemical tests for a given comstituent provides
Justification for having employed the involved pro-
cedures used to isolate CB-654. That CB-65A
was obtained by such prolonged, varied, and
drastic fractionation must be regarded as sub-
stantiating evidence that its activity is inherent
and not owing to the presence of a difficultly
removable contaminant. Osborne, Mendel and
Harris?? used similar reasoning in deciding that
the powerful toxic action of ricin, from castor
beans, was inherent in the albumin fraction
exhibiting maximum toxicity and not owing to a
difficultly removable contaminant.
Summary

An essentially carbohydrate-free allergenic pro-
tein, CB-65A, has been isolated from fraction CB-

(22) Osborne, Mendel and Harris, Am. J. Physfol., 14, 259 (1905).
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1A from castor beans by a prolonged series of
procedures involving chromatographic adsorption
of the picrate, electrophoretic recovery of the
protein from its picrate, electrophoresis of the
protein, and solvent fractionation. Elementary
analyses and properties of CB-65A are compared
with those of an analogous fraction CS-60C from
cottonseed.

Positive passive ‘transfer reactions were pro-
duced by 1 X 10— g, of CB-65A. Fraction CB-
65A was antigenic as shown by tests using guinea
pigs. CB-65A was as potent as precursor fraction
CB-1A in producing passive transfer reactions
and in shocking guinea pigs, but its sensitizing
capacity was approximately one-eleventh that of
CB-1A. Available evidence indicates that the
principal allergenic and anaphylactogenic speci-
ficities of both CB-1A from castor beans and CS-
1A from cottonseed are inherent in the essentially
carbohydrate-free protein fractions CB-65A and
CS-60C obtained from them.
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The Action of Ultraviolet Light upon Cellulose. I.

Irradiation Effects. II. Post-

Irradiation Effects’

BY ROBERT A. STILLINGS®® AND ROBERT J. VAN NOSTRAND®.?

Irradiation Effects?.b

Although a number of studies of the effect of
ultraviolet light on cellulose have been reported,
the results are in many ways contradictory and
incomplete, especially with respect to the role
of oxygen and the mechanism of the reaction.
The objectives of this investigation were to clear
up existing discrepancies and to gain information
as to the reaction mechanism.

Apparatus, Materials and Methods

Irradiation Apparatus.—The apparatus used in this
investigation (Fig. 1) consisted of a gas purification train,
an expostre chamber with a magnetic stirrer and capable of
being evacuated, a mercury vapor larpp, ?.nd a gas q.naly-
sis train with provision for the quantitative estimation of
water, carbon dioxide, formal_dehyde, hydrogen, carbon
monoxide and organic combustibles. )

The gas used as the atmosphere surrounding the cellu-
lose sample during the experiment was passed first throu_gh
a calibrated flowmeter of the orifice type. The gas line
leading from the flowmeter had a side connection leading
to a bubbler, in which the water level was maintained about
two inches above the gas outlet. This side tube served as

(1) Original manuscript received December 14, 1942

(2) {(a) A portion of a thesis submitted in partial fulfillment of the
requirements of The Institute of Paper Chemistry for the degree of
Doctor of Philosophy from Lawrence College, Appleton, Wis. This
work was carried out under the direccion of Emil Heuser., Presented
before the Division of Cellulose Chemistry at the 106th Meeting of
the American Chemical Society, Pittsburgh, Pa., Sept., 1943,

(2) (b) Present address. Kimberly-Clark Corporation, Neenah,
Wis,

(8) Present address, Brown Co., Berlin, N. H,

a safety valve, never permitting the gas pressure in the
exposure chamber torise above two inches of water, From
the flowmeter, the gas passed through a calcium chloride
tower to remove water vapor, a copper gauze furnace to
remove oxygen, an Ascarite-Anhydrone bottle to remove
carbon dioxide and the last traces of water vapor and,
finally, through a three-way stopcock into the exposure
chamber. The copper gauze furnace was of the type de-
scribed by Savage and Ordal*; it consisted of 40-mesh
copper wire gauze wound on a Calrod heating element
(General Electric Company), the assembly being encased
in a tight-fitting Pyrex tube. When oxygen was used as
the gaseous atmosphere, the furnace was turned off; other-
wise, the gas received the same purification treatinent.

The outer shell of the exposure chamber consisted of an
open-top brass cylinder 2.25 inches high by 10.25 inches in
diameter (inside dimensions). Inside of this was a con-
centric, rotatable, open-top brass cylinder 1.5 X 10 inches
(outside dimensions) supported on ball bearings. Two
pieces of soft iron were fastened to the bottom of the inner
cylinder, so that it might be turned by a motor-driven elec-
tromagnet rotating in a horizontal plane below the outer
shell. Direct current was fed to the coils of the magnet
by means of slip rings, about 50 watts being required for
satisfactory operation of the agitator. The cellulose was
placed in the inner cylinder. When the latter rotated, the
material was mixed by stationary plows attached to the
upper rim of the outer shell. The plow holder was re-
movable, allowing the inuner cylinder to be taken out. A
mercury-in-glass thermometer, shielded from direct radia-
tion, was attached to the plow holder. To keep the tem-
perature down during irradiation, a fan blew air over the
expesure chamber.

The cover consisted of four pieces (each 5.625 inches
square) of Vycor high-silica ultraviolet-transmitting glass
(Corning Glass Works), sealed in place with beeswax-

(4) Savage and Ordal, Science, 91, 223 (1040).



