of a stream of pure air with odor by bubbling the air
through odorous liquid, maintenance of the saturated
gas at constant pressure and temperature to reach
equilibrium, and the release—under very slight pres-
sure—of specified amounts of odorous air whenever
desired by means of a combination of valves and an
electronic timer. Given these conditions, the number
of odorous molecules in any stated volume of gas can
be calculated if an acceptable value for the vapor
pressure of the odorous compound at 20°C ean be
determined. The concentration of the stimulus can
then be expressed as a stated number of odorous
molecules added to a given amount of pure air.
The idea of natural breathing in an atmosphere
where amount of odor can be controlled was essen-
tially untried for threshold studies. Experience with
it has now shown its success in traditional threshold
measurement. Figure 1 shows a curve obtained for
one subject for measurement of the difference thresh-
old. The data were collected in three 45-min sessions,
with 30 judgments per point, using a modification of
the method of single stimuli, as was previously de-
seribed (7). In the standard method, the subjeet is
presented with a number of variable stimuli in ran-
dom order for judgment concerning intensity without
a standard stimulus for comparison. In the present
procedure, only one pair of stimuli was used at a
time, each pair being equidistant about the same mid-
point. The subject was uninformed about the pro-
cedure but was given four sample stimuli before each
session to illustrate the range of strength he might
encounter. About every 30 sec, one member of the
pair was added to the pure background air and the
subject judged it as “strong” or “weak.” If the pair
with the largest difference (1.34 and 2.25x10'7) is
called 4, the next largest (1.54 and 2.05) B, and the
smallest (1.64 and 1.94) C, the order of the pairs over
the 3 days was 4B, CC, BA. A rest of 1 min, when
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Fig. 1. Relative discrimination data, using phenyl ethyl
aleohol and a modified method of single stimuli. The
method of plotting transforms the original ogive into a
straight line by converting the percentages of “strong”
judgments (obtained p values) to 2 scores.
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no odor was added, was given after every five stimuli.

Curves of comparable regularity have been obtained
in measuring the absolute threshold by the method of

limits.

The principal advantages of this type of system
are (i) the similarity of the subject’s task to normal
smelling conditions, as contrasted with the extreme
artificiality of the blast injection method; (ii) the ease
with which subjects take to the task, which requires
no special training; (iii) control of the environment
around the subject’s head, the only body region di-
rectly involved in study of olfactory sensitivity; and
(iv) the feasibility of using standard psychophysical
procedures since each stimulus is quickly removed by
means of the continuous flow of pure air. The method
is worthy of consideration for use in studies of thresh-
olds, adaptation, mixtures, and a number of other
problems, using any human subject who can under-
stand the simple task, and even using reasonably small
animals that can be trained to give an indicator re-
sponse (8).
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Bio-oxygenation of Progesterone
by Mushrooms

J. F. Roland, Jr., and B. A. Weiner

Research Division, Armour and Company,
Chicago, Illinois

In recent years the ability of filamentous fungi. to
form hydroxyl functions on various steroids and at
differing carbon positions of these molecules has been
a subject of considerable interest. Details of work
involving studies on the class Phycomycetes and the
class Fungi Imperfecti have been well summarized
by Peterson (1).

In this light it became of interest to determine
whether a similar enzymatic mechanism could be ob-
served to funection among members of the class Ba-
sidiomycetes. For this study we have cultured various
mushroom species under submerged fermentation con-
ditions, as were first described by Humfeld (2) and
later extended by Humfeld and Sugihara (3). Pre-
liminary results of these studies with some of the
various mushroom species are presented here.

Conventional fermentation procedures using a ro-
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Table 1. Biomodifications of progesterone by various mushroom species.

Mushroom speeies Culture * Filter-paper chromatographyt E.f Infrare((l)fs %iitgr:slt:;%iﬁcatmns
Agaricus campestris NRRL2334 0.15 0.25 041 0.69 2.5 Strong —OH, other changes at
6.1 and 9.0y regions
(0]
s ) Y
garicus rodmanii M21 Weak —OH, at 5.8u, other
changes at 6.1
Lepiota naucina NRRI2368 0.12 Weak —OH
Lepiota procera M44 Weak —OH, other changes not
now identified
Lepiota rachodes M76 0.04 0.12 1.7 Strong —OH
Pleurotus ostreatus NRRL2366 0.15 0.50 0.72 1.6 Strong —OH
Cantharellus cibarius NRRI1.2370 2.2 Moderate —OH
Armillaria mellea M6a 0.19 0.38 Strong —OH, new bands
5.8-6.0u, changes at 6.2
Hebeloma sinapizans M84 0.19 Strong —OH
Tricholoma nudum NRRI.2371 0.16 _2_9’_ Strong —OH, other changes
at 9.0
Lycoperdon wmbrinum  NRRL2372 0.10 0.37 K Weak —-%)H
Morchella crassipes NRRL2369 2.1 Weak —OH

* M-numbered cultures were kindly supplied by 7. F. Sugihara, Western Utilization Research Branch, Albany, Calif.
NRRL cultures were obtained through the courtesy of C. W. Hesseltine, Northern Utilization Research Branch, Peoria, Il

T Resolved in propylene glycol-toluene, 18 hr at 25°C, spots were detected by ultraviolet scanning, and 2,4,DNPH spray
reagent. In some instances small amounts of unconverted progesterone were observed using the solvent systems described by

Bush (7).

i Rate of movement of steroid/rate of movement of compound “S.”

§ CH,C1, extracts of fermentation beers.

tary shaker unit were employed for the growth of the
mushroom mycelia and for the steroid conversion
studies. In general, the conditions employed for the
conversions paralleled those deseribed by Murray et
al. (4). In the present work, 30 to 50 mg of crystal-
line progesterone dissolved in 1.0 ml of methanol was
added to the growing mushroom myecelia (48-hr
growth) cultivated in 250-ml erlenmeyer flasks con-
taining 50 ml of nutrient broth and 2 percent glucose.
After an additional 24 hr of growth, the culture beers
were filtered on Whatman No. 1 paper and both the
beer filtrate and the mycelia were extracted three
times with methylene chloride and were pooled. The
solvent was then evaporated to dryness with a warm
air blower followed by vacuum desiceation. The re-
covered steroid residues were then freed of fatty
materials by a Girard separation procedure and were
examined by paper-chromatographic methods (5) in
order to detect the formation of oxygenated produects.
Further examination of the recovered steroid prod-
ucts by means of infrared spectrometry was per-
formed (6). For this study preparations were dis-
solved in chloroform at 10-percent concentration and
were examined in a Baird double-beam spectrometer
equipped with a sodium chloride prism.

The data obtained from the paper-chromatographic
and infrared-spectral interpretations are presented in
Table 1. It is interesting to observe that, although
compounds with similar mobilities are present in the
fermentation extracts of several different species, in
no instance is the pattern of spots identical. Likewise,
it is evident that exposure of the progesterone sub-
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strate to the growing mushoom cultures results in the
production of a variety of steroidal components with
greatly decreased paper-chromatographic mobilities,
consistent with the oxygenation of progesterone.

When the fermentation extracts were examined by
infrared spectrometry, a large number of the spectra
showed the presence of a band at the 3-u region in-
dicative of the formation of hydroxyl functions in the
steroid extracts. A control specimen of heat-killed
myecelia failed to provide any changes in the absorp-
tion spectrum of progesterone when it was treated
under similar conditions.

From the data provided it is evident that the fungi
of the class Basidiomycetes can readily perform oxy-
genation and other biomodifications of steroids. A
more detailed description of the isolation and char-
acterization of some of the steroid produects is being
prepared and will be submitted for publication else-
where.

References and Notes

D. H. Peterson, Research G, 309 {1953).

H. Humfeld, Science 107, 373 (1948).

H. Humfeld and T. F. Sugihara, Mycologia 44, 605 (1952).

H. C. Murray et al., J. Am. Chem. Soc. Papers I-XII, 74,

5983 (1952) ; ibid. 75, 55, 408, 412, 414, 416, 421, 5768

(1958) ; ibid. 76, 3174, 4050 (1954).

5. A. Zaffroni, R. B. Burton, E. H. Keutmann, Science 111,
6 (1950). We are indebted to R. R. Herr and ‘G. Levin,
Armour Laboratories Division, for the paper-chromato-
graphic data presented.

6. The infrared spectrophotometric studies were conducted
by A. E. Brake, Analytical Section, Research Division,
Armour and Company.

7. 1. E. Bush, Biochem. J. 50, 370 (1952).

gt

16 February 1955.

SCIENCE, voL. 121



http:5.8-6.0u

