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Fig. 2. The packing of the molecules 
about an iodine atom, as seen down the 
a axis. The dashed lines indicate the 
closest intermolecular contacts to the 
iodine atom. 
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drolysis of acetylcholine by acetylcholi- 
nesterase postulated by Wilson et al. 
(7). Similar reasoning can be readily 
extended to the present structure, es- 

pecially in light of the similarity in 
the kinetic rates of hydrolysis of the 
two molecules in the presence of 

acetylcholinesterase. 
The C-Se-C angle of 97? ? 

1? agrees favorably with that found 
in dimethyl selenide, 98?. Within ex- 
perimental error, all the other intra- 
molecular bond distances and angles 
agree with their commonly accepted 
values. 

The packing of the molecules about 
the iodine atom is shown in Fig. 2. 
All the intermolecular contacts about 
this atom are greater than the normal 
van der Waals distances between the 
respective atoms. Such packing is in 
agreement with the relatively large 
thermal motion found for the mole- 
cule; the average isotropic temperature 
factor for the molecule is 8 A2. There 
were no short intermolecular con- 
tacts found in the structure, which 
suggests that intermolecular forces are 
not responsible for the trans conforma- 
tion. 

In conclusion, the results tend to 
indicate that in order for a molecule 
to bind to the cholinergic receptor site 
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of the electroplax preparation, it should 
be able to assume the gauche confor- 
mation. This requirement does not 
seem to be necessary for the hydroly- 
sis of the molecule by acetylcholines- 
terase. The latter is also consistent 
with the findings of Wilson and Quan 
(8). 

ELI SHEFTER 

Department of Pharmaceutics, State 
University of New York at Buffalo, 
and Crystallographic Center, Roswell 
Park Memorial Institute, Buffalo 

OLGA KENNARD 

Medical Research Council 
External Scientific Staff, 
University Chemical Laboratory, 
Cambridge, England 

References and Notes 

1. H. G. Mautner, E. Bartels, G. D. Webb, 
Biochem. Pharmacol. 15, 187 (1966). 

2. J. K. Krackov, L. Van Orden, H. G. Mautner, 
unpublished data. 

3. H. T. Evans, Jr., Acta Cryst. 14, 689 (1961). 
4. F. G. Canepa, P. Pauling, H. Sorum, Nature 

210, 907 (1966). 
5. M. Sundaralingam, in preparation. 
6. E. Goldish, K. Hedberg, R. E. Marsh, V. 

Shoemaker, J. Am. Chem. Soc. 77, 2948 
(1955). 

7. I. B. Wilson, F. Bergman, D. Nachmansohn, 
J. Biol. Chem. 186, 781 (1950). 

8. I. B. Wilson and C. Quan, Arch. Biochem. 
Biophys. 73, 131 (1958). 

9. We are indebted to Prof. H. G. Mautner for 
the sample of the compound and his interest 
in the problem, to Dr. Frank Cole for his 
valuable assistance in the data collection, to 
Dr. M. Sundaralingam for an enlightening 
discussion, and especially to Prof. David 
Harker for making available to us the 
Roswell Park x-ray facilities. We are also 
thankful to the Computing Center of the State 
University of New York for a gift of a large 
amount of computing time. Part of this work 
was supported by USPHS grant No. 1-F2- 
GM-22, 830-01. 

27 June 1966 

Cilia Isolated from Tetrahymena 
after Membrane Stabilization by 
1,5-Difluoro-2,4-Dinitrobenzene 

Abstract. The tendency for Tetrahy- 
mena pyriformis cells to lyse when they 
are centrifuged at speeds above 120g 
and then exposed to an ethanolic de- 

ciliating medium is inhibited by treat- 
ment with 1,5-difluoro-2,4-dinitroben- 
zene. This treatment facilitates greater 
yields and purer preparations of isolated 
cilia. Cilia from treated and untreated 
cells do not differ in some of their bio- 
chemical properties. 

A reliable technique for obtaining 
pure preparations of cilia isolated from 
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Abstract. The tendency for Tetrahy- 
mena pyriformis cells to lyse when they 
are centrifuged at speeds above 120g 
and then exposed to an ethanolic de- 

ciliating medium is inhibited by treat- 
ment with 1,5-difluoro-2,4-dinitroben- 
zene. This treatment facilitates greater 
yields and purer preparations of isolated 
cilia. Cilia from treated and untreated 
cells do not differ in some of their bio- 
chemical properties. 

A reliable technique for obtaining 
pure preparations of cilia isolated from 
the protozoan Tetrahymena pyriformis 
(1) has led to several studies on the 
biochemical properties of these orga- 
nelles (2); the studies have revealed 

the protozoan Tetrahymena pyriformis 
(1) has led to several studies on the 
biochemical properties of these orga- 
nelles (2); the studies have revealed 

some insight into the possible mecha- 
nisms that underlie the function of the 
cilia. The protozoa used for the isola- 
tion of cilia must be harvested from 
their growth medium at a very low cen- 
trifugal force (120g) to prevent cell 
lysis during subsequent treatment with 
the ethanolic deciliating medium; any 
appreciable cell lysis results in ciliary 
preparations that are contaminated with 
cellular debris (3). At such a low cen- 
trifugal force, less than half of the cells 
can be harvested from the cultures; this 
is usually accommodated by processing 
large volumes of cell culture (8 liters or 
more) to obtain sufficient quantities of 
cilia (tens of milligrams) for biochemi- 
cal analyses. 

The report that erythrocytes do 
not lyse in distilled water after treat- 
ment with 1,5-difluoro-2,4-dinitroben- 
zene (DFF) (4) suggested that the di- 
fluoro compound might stabilize the 
Tetrahymena cell membrane in a man- 
ner analogous to the proposed strength- 
ening by cross-links between membrane 
elements and the difluoride in erythro- 
cytes (4, 5). Experiments described 
here (i) illustrate the ability of DFF to 

prevent lysis of Tetrahymena during the 
procedure for isolating cilia and (ii) 
compare purity and some biochemi- 
cal properties of cilia from untreated 
cells with those from cells treated with 
DFF. 

Tetrahymena pyriformis, strain W, 
cultured in sucrose (0.8 percent) and 

proteose-peptone (1.2 percent) medium 

supplemented with iron for maximum 

growth (6), was exposed to 0.1 ml of 
1OmM DFF per 50 ml of cell culture 
for 1 hour at 4?C with gentle agitation. 
Cells were harvested immediately there- 
after by centrifugation (4?C) at either 
120g or 360g and washed, and cilia 
were isolated by the method of Watson 
et al. (1). Control cells were treated in 
a similar manner and harvested at 120g, 
but pretreatment with DFF was omitted. 
Cilia and the supernatant above the 

ciliary sediments were assayed for (i) 
nitrogen by the microkjeldahl method, 
(ii) protein by a microbiuret method 
(7), and (iii) carbohydrate by the tryp- 
tophan-H2,SO technique (8). Phos- 

phatase activity of the isolated cilia was 
determined by incubating the cilia at 
24?C in the presence of (final concen- 
trations): 3 mM MgCl2, 10 mM KC1, 
0.1 percent sodium deoxycholate, and 
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strate. The reaction was stopped after 
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Table 1. Comparison of the organic constituents of ciliary supernatants and some biochemical 
properties of cilia isolated from untreated cells (control) of T. pyriformis harvested at 120g 
(C,2o) and from DFF-treated cells (experimental) harvested at 120g (E120) and 360g (E,80). 
Values given for ciliary supernatants represent averages from three different experiments. Ciliary 
yield represents material obtained from 150 ml of cell culture in each experiment. Phosphatase 
activities of isolated cilia are given in micromoles of ortho-phosphorus per milligram of nitro- 
gen per 10 minutes. N represents the number of experimental values. Micrograms of carbohy- 
drate, nitrogen, and protein are given per milliliter of supernatant. 

Cls Carbo- Ntoe Poe Ciliary Phosphatase activity Carbo- 
Nitrogen Protein yield hydrate 

Cells hydrate (,g/ml) (ig/ml) (mg of hydat 
c (ell g/ml) &% ^m protein) ATP ADP 

C120 29 6 383 1.52 5.2 + 1.1 2.8 ? 0.8 4.8 ? 1.0 
(N=10) (N=6) (N=6) 

E120 12 0 383 1.43 

E360 18 0 383 2.86 4.8 ? 1.0 1.9 ? 0.9 3.7 ? 0.5 
(N=4) (N=4) (N=6) 

10 or 20 minutes by adding a 
volume (1 ml) of 3 percent pe 
acid; after an additional 20 to 
utes at 0 to 4?C, the precipit 
centrifuged out and the con 

ortho-phosphorus in the sup( 
was determined by the met 

Lowry and Lopez (9). Kinas 

phosphorylation activity in ti 

preparation was investigated by 

ing the presence of ATP (and 
after cilia had been incubated 
above reaction mixture for 20 
with 1.2 mM ADP as substra 
nucleotides were identified und 
violet light by thin-layer chror 

0 
K 

Fig. 1. Drawing of a thin-layer c 
gram of nucleotides obtained fror 
tion mixture containing cilia and t 
and knowns (K) that had been trc 
similar manner. The appearance 
(adenosine monophosphate) and 
the experimental (E) series indi 
presence of an adenylate kinase. 
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n equal phy on cellulose plates; a mixture of 
rchloric tertiary amyl alcohol, formic acid, and 
30 min- water (3:2: 1) was used as the sol- 
ate was vent, as described by Randerath (10). 
tent of These results, for both DFF-treated 
ernatant and untreated control cells, are sum- 
thod of marized in Table 1. Even when the 
e trans- DFF-treated cells are harvested at three 
he cilia times the centrifugal force applied to 

detect- the control cells, the carbohydrate pres- 
AMP) ent in ciliary supernatants is reduced. 

I in the Nitrogen contamination is insignificant 
minutes in the controls and nonexistent in ciliary 
ite. The preparations pretreated with DFF. Ni- 
er ultra- trogen present in the ciliary supernatants 
natogra- is accounted for by the ethylenediamine- 

tetraacetic acid (EDTA) in the decili- 

ating medium. Values shown in Table 1 

represent the corrected nitrogen values 
SOLVENT after subtracting the EDTA-nitrogen. 

FRONT Biuret-protein determinations of these 

ciliary supernatants do not vary be- 
tween experimental and control prep- 

AMP arations. Thus, the ciliary supernatant 
from DFF-treated cells contains less or- 

ganic contaminants than the ciliary 
supernatant from untreated cells; never- 

theless, the yield of ciliary protein is 

approximately doubled (Table 1) by 
harvesting the cells at three times the 

ADP centrifugal force used for the control. 

Phosphatase activity of cilia isolated 
from DFF-treated cells is not signifi- 

ATP cantly different from that of cilia from 
untreated cells. Adenosine triphospha- 
tase activity of both control and ex- 

ORIGIN perimental preparations is very similar. 
The lower phosphatase activity observed 

hromato- when ADP was used as a substrate in 
n a reac- ciliary preparations from DFF-treated 
ADP (E) cells, although not statistically signifi- 
eated in a cant, led to the investigation of adenyl- of AMP 

ATP in ate kinase transphosphorylation ac- 
icates the tivity. Kinase activity is known to be 

present in cilia from normal untreated 

cells (1.1). The presence of this enzyme 
was shown by thin-layer chromatogra- 
phy, which also shows that activity of 
the enzyme is uninhibited in cilia from 
cells treated with the difluoro compound 
(Fig. 1). 

Although the carbohydrate content of 
cilia isolated from DFF-treated cells is 

slightly lower than that of cilia from 
untreated cells, this difference is also not 

statistically significant. 
It has been shown that pretreatment 

of the cells of T. pyriformis with DFF 
will allow the isolation of cilia in greater 
quantities and in purer quality. Al- 

though there was no significant differ- 
ence, in the biochemical properties 
studied, between cilia isolated from 
treated or untreated cells, some modifi- 
cations of cilia are to be expected from 
this treatment, because of the reactivity 
of DFF with various protein side groups 
(5). Such alterations, however, may be 
limited to the ciliary sheath and leave 
the enzymes associated with the axo- 
neme and matrix unaffected. 
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