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Fig. 2. Effects of different kinds of treat- 
ment on the probiotic factor produced by 
Colpidium campylum. Maximum growth 
of Tetrahymena after 6 days. A, Control 
(no factor added); B, conditioned medium 
autoclaved 20 minutes; C, nonfilterable 
factor (with membrane filter of 0.1 -, 
porosity); D, filtrate (with membrane filter 
of 0.1-,u porosity); E, factor hydrolyzed 
with iN HC1 at 100?C for 60 minutes; 
F, factor autoclaved at 20 lbs (9 kg) for 
2 hours; G, factor separated by means of 
Sephadex G-25; H, factor hydrolyzed with 
1N NaOH at 100?C for 30 minutes. 
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to prolonged autoclaving (1 hour or 
more) or to Seitz filtration. The active 
material was retained by membrane fil- 
ters (Millipore and Gelman types) of 
fine grades with porosities of 0.1 , 
but not by filters of average porosity. 
Preliminary tests indicated that the 
separated materials contained consider- 
able protein. Ninhydrin tests were posi- 
tive after acid hydrolysis of the residue 
(obtained by filtration) in IN HCl for 
1 hour at 100?C, but this treatment 
did not destroy the probiotic effect. 
On the other hand, alkaline hydrolysis 
with 1N NaOH for 30 minutes at 
100?C resulted in complete destruc- 
tion of the factor. By the use of a 
Sephadex column (G-25) it was possi- 
ble to obtain active fractions after 
elution with 3 to 6 ml of phosphate 
buffer (Fig. 2). 

We could neither increase the pro- 
biotic effect more than 50 percent by 
concentrating the active material, nor 
could we dilute the original concentra- 
tion of the material by more than a 
factor of 50. When probiotic materials 
produced by different species of cili- 
ates were used together, no additive 
effect could be observed. Typical pro- 
teins, such as ovalbumin and casein, 
did not increase growth to any ap- 
preciable extent. 

At present, the chief significance 
of probiotics is their possible mode of 
action in growth regulation. Since the 
logarithmic phase of growth in micro- 
organisms has been significantly pro- 
longed by the action of these products 
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of ciliates, perhaps similar but more 
potent growth regulators will be found 
with even more striking effects. The 
fact that no potentiation or synergistic 
action of probiotics of different origin 
has yet been demonstrated may simply 
mean that these have a common mode 
of action. The somewhat analogous re- 
lation between the protozoan probiotic 
effects and the response of target cells 
to hormones in higher animals sug- 
gests another biological area of in- 
terest. The failure to increase the 
probiotic effect to the dramatic order 
of magnitude seen in the action of 
antibiotics might be explained by low 
responsiveness, in comparison with the 
better understood control mechanisms 
in inhibition, of the control mechanism 
that accelerates growth, or extends the 
period of growth, of microorganisms. 
Perhaps the current interest among 
bacteriologists in peptides with strepo- 
genin activity will result in more in- 
formation about stimulatory mecha- 
nisms in microorganisms generally. At 
least the protozoan probiotics offer 
an approach to the problem of growth 
regulation from the positive or accel- 
erative aspect, rather than the more 
usual inhibitory or decelerative aspect. 

DANIEL M. LILLY 
ROSALIE H. STILLWELL 

Department of Biology, St. John's 
University, Jamaica, New York 
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American Cockroach Sex Attractant 

Abstract. The structure (2,2-dimethyl- 
3-isopropylidenecyclopropyl propionate) 
previously assigned to the sex attractant 
of the American cockroach has now 
been shown by additional physical and 
chemical data and biological inactivity 
of the synthetic preparation to be in- 
correct. The structure of this attractant 
remains to be determined. 

Widespread interest has been exhib- 
ited in the natural sex attractant of the 
American cockroach, Periplaneta ameri- 
cana (L.), whose structure we reported 
earlier (1) to be (I). 

H3C CH3 
\ / 

CC--CC 
/ \/\ 

HRC C CH3 
/\ 

H OCCH.CH3 
II 
o 

(I) 
A compound having this structure has 
now been synthesized by Day and Whit- 
ing (2) and, recently, also in our labo- 
ratory by another procedure (3); it 
does not elicit a sexual response in P. 
americana males and is therefore not 
the sex attractant. 

Day and Whiting suggest structure 
(II) as the correct one. 

H,C CH3 

H-- --OCCH2CH3 

0 
HWC CH3 

(II) 
II has the same formula (CnHsO02) as 
I but differs from it in the position of 
one of the bonds with the corresponding 
transfer of a hydrogen atom. We have 
now obtained additional evidence that 
reflects on the structure of the sex at- 
tractant and that of one of its oxidative 
degradation products, whose melting 
point is 55?C, for which we had sug- 
gested structure (III) (1). 

0 

C CH3 
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H 

(III) 
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molecular weight of the roach attract- 
ant as 182, and peak matching on a 
double-focusing high resolution instru- 
ment has confirmed the elemental for- 
mula as CnHiO02. A prominent peak, cor- 
responding with C:H-, by peak match- 
ing (mass/electron charge, mle = 57), 
is consistent with a propionate. However, 
the nuclear magnetic resonance (NMR) 
spectrum at 100 mcy/sec (5) (Fig. 1) 
contradicts this assignment even though 
propionic acid was obtained as one of 
the degradation products in both the 

saponification and oxidation experiments. 
The -CH-- group of a propionate should 
appear as a quadruplet equivalent to 
two protons at about 7.7 T (7 being 10 
minus the parts per million); instead we 
found at 7.68 r a multiplet equivalent 
to only one proton. Decoupling at- 
tempts indicated that the triplet at 9.14 
r was coupled with the 8.75 r peak or 
the 8.39 r multiplet. Irradiating at 7.68 
r did not collapse the 9.14 7 triplet to 
a singlet. 

We were also able to obtain a mass 
spectrum of the oxidation product, m.p. 
55?C. An intense peak appearing at 
m/e 98 gave a molecular formula of 
C5H6002 (Beynon's tables, 6) and suggests 
1,1-dimethylcyclopropanedione (IV) (7) 
as a possibility. 

0 

C GCH3 

C 

C CH3 

0 

(IV) 

Other peaks of the mass spectrum were 
also consistent with structure IV (8). 
Considering that dimethylmalonic acid 
was obtained by periodic acid oxidation 
of the degradation product, that the 
infrared spectrum shows two carbonyl 
bands (1715 and 1680 cm '), and that 
a red color test for o-diketones (9) is 
positive, structure IV is possible for the 
degradation product; but the dimer 
whose structure is shown (V) is not 
ruled out if the 98 peak is not the par- 
ent one. 

O O 
11 11 

H3C C-C CHG 
\/ \ 

C C 

H3C C-C CIH 
II II 

0 0 

(V) 
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Fig. 1. Nuclear magnetic resonance spectrum of naturally occurring cockroach sex 
lure in CDC13. 

Structure I had been based partially 
on the identity of infrared spectra of 
hydrogenated I (one mole hydrogen up- 
take) and a synthetic saturated prepara- 
tion, and on their gas chromatographic 
analysis by the method of Wharton et 
al. (10). Both preparations were sub- 
sequently found to be mixtures. Gas 
chromatography (11) of each mixture 
gave five peaks in nearly identical pro- 
portion with corresponding retention 
times. Infrared spectra of the synthetic 
mixture run before and after chroma- 
tography were identical, and this indi- 
cates that decomposition had not oc- 
curred on the column. Two of the 
constituents of the mixture obtained by 
synthesis were identified as diethyl ma- 
leate and diethyl fumarate. Saponifi- 
cation of the hydrogenated attractant 
mixture and of the synthetic saturated 
product gave propionic acid in both 
cases. These results indicated that the 
sex attractant readily undergoes a com- 
plex rearrangement whose nature and 
mechanism we do not yet comprehend. 

The roach attractant is exceptionally 
unstable and will decompose in a few 
days if kept undiluted, even in the cold. 
If kept under nitrogen and well diluted 
in cold hydrocarbon solution, the com- 
pound is stable for at least 6 months. 
During the isolation the active frac- 
tion was always stored in this manner. 
Just before any of the spectra were run 
or oxidations carried out, the compound 
was chromatographed on silicic acid 
and steam-distilled (1) to remove any 
material that might have polymerized 
or that might have been otherwise de- 
graded. This procedure, which presum- 
ably prevents intermolecular reactions, 
is useful for sensitive compounds. 

Although we had considered II as a 
possible structure for the natural at- 
tractant, because (i) the strong peak 
at 8.75 r is roughly equivalent to 12 
protons, (ii) the compound lacked op- 

tical activity, (iii) the strong C-H 
stretching vibrations in the infrared 
spectrum (2960 and 2873 cm~-), and 
(iv) the unusual instability of this highly 
strained structure made this choice 
seem logical, the nuclear magnetic reso- 
nance spectrum and decoupling experi- 
ments do not support this possibility. 
However, we have been attempting to 
synthesize a compound having structure 
II. The structure of the sex attractant 
remains to be determined. 

MARTIN JACOBSON 

MORTON BEROZA 

Entomology Research Division, 
U.S. Department of Agriculture, 
Beltsville, Maryland 
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