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.

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).
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Cilia Isolated from Tetrahymena
after Mlembrane Stabilization by
1,5-Difluoroe-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
the protozoan Tetrahymena pyriformis
(I) 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
10 mM 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. (I). 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-H,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 MgCl,, 10 mM KCl,
0.1 percent sodium deoxycholate, and
tris-HCI buffer (pH 7.2) with 1.2 mM
adenosine-5’-triphosphate  (ATP), or
adenosine-5’-diphosphate (ADP) as sub-
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
(Cya) and from DFF-treated cells (experimental) harvested at 120g (Eis0) anfi 360g (.E.“O)‘
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.

Ciliary . )
Carbo- Nitrogen Protein yield Phosphatase activity CarPo
Cells hydrate (ng/ml) (ug/ml) (mg of B hydrate
(ug/ml) protein) ATP ADP (%)
Ciao 29 6 383 1.52 52=*1.1 2.8%0.8 48*=1.0
(N=10) (N=6) (N=6)
E.u 12 0 383 1.43
Ese 18 .0 383 2.86 48*+1.0 1.9+0.9 3705
(N=4) (N=4) (N=6)

10 or 20 minutes by adding an equal
volume (1 ml) of 3 percent perchloric
acid; after an additional 20 to 30 min-
utes at O to 4°C, the precipitate was
centrifuged out and the content of
ortho-phosphorus in the supernatant
was determined by the method of
Lowry and Lopez (9). Kinase trans-
phosphorylation activity in the cilia
preparation was investigated by detect-
ing the presence of ATP (and AMP)
after cilia had been incubated in the
above reaction mixture for 20 minutes
with 1.2 mM ADP as substrate. The
nucleotides were identified under ultra-
violet light by thin-layer chromatogra-

SOLVENT
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Fig. 1. Drawing of a thin-layer chromato-
gram of nucleotides obtained from a reac-
tion mixture containing cilia and ADP (E)
and knowns (K) that had been treated in a
similar manner. The appearance of AMP
(adenosine monophosphate) and ATP in
the experimental (E) series indicates the
presence of an adenylate kinase.
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phy on cellulose plates; a mixture of
tertiary amyl alcohol, formic acid, and
water (3 :2:1) was used as the sol-
vent, as described by Randerath (10).

These results, for both DFF-treated
and untreated control cells, are sum-
marized in Table 1. Even when the
DFF-treated cells are harvested at three
times the centrifugal force applied to
the control cells, the carbohydrate pres-
ent in ciliary supernatants is reduced.
Nitrogen contamination is insignificant
in the controls and nonexistent in ciliary
preparations pretreated with DFF. Ni-
trogen present in the ciliary supernatants
is accounted for by the ethylenediamine-
tetraacetic acid (EDTA) in the decili-
ating medium. Values shown in Table 1
represent the corrected nitrogen values
after subtracting the EDTA-nitrogen.
Biuret-protein determinations of these
ciliary supernatants do not vary be-
tween experimental and control prep-
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
centrifugal force used for the control.

Phosphatase activity of cilia isolated
from DFF-treated cells is not signifi-
cantly different from that of cilia from
untreated cells. Adenosine triphospha-
tase activity of both control and ex-
perimental preparations is very similar.
The lower phosphatase activity observed
when ADP was used as a substrate in
ciliary preparations from DFF-treated
cells, although not statistically signifi-
cant, led to the investigation of adenyl-
ate kinase transphosphorylation ac-
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.

JoN R. CULBERTSON
Department of Biological Science,
Florida State University,
Tallahassee 32306

References and Notes

1. M. R. Watson, J. M. Hopkins, J. T. Randall,
Exp. Cell Res. 23, 629 (1961); M. R. Wat-
son and J. M. Hopkins, ibid. 28, 280 (1962).

2. I. R. Gibbons, Proc. Nat. Acad. Sci. U.S. 50,

1002 (1963); J. Cell Biol. 25, 400 (1965);
ibid. 26, 707 (196 =+ Science 149, 424 (1965);
Arch. Biol. Liege 176, 317 (1965); J. M.
Hopkins and M. R. Watson, Exp. Cell Res.
32, 187 (1963); M. R. Watson and J. M.
Hopkins, ibid. 28, 280 (1962); , J. B.
Alexander, N. R. Silvester, ibid. 33, 112
(1964); N. R. Silvester, J. Mol. Biol. 8, 11
(1964); J. R. Culbertson, J. Protozool., in
press.

. Cells harvested at centrifugal forces which re-

sult in packing of the cells are very sensitive

to the deciliation medium (12 percent ethanol
and 0.1 percent EDTA, trisodium salt, in

25 mM sodium acetate solution) and will ex-

hibit a high percentage of cell lysis when

1.0M CaCl: is added in the last step of the
isolation procedure.

H. C. Berg, J. M. Diamond, P. S. Marfey,

Science 150, 64 (1965).

. H. Zahn and J. Meienhofer, Makromol. Chem.

26, 153 (1958); P. S. Marfey, H. Nowak,

M. Uziel, D. A. Yphantis, J. Biol. Chem. 240,

3264 (1965); P. S. Marfey, M. Uziel, J.

Little, ibid., p. 3270.

R. L. Conner and S. G. Cline, J. Protozool.

11, 486 (1964).

R. F. Itzhaki and D. M. Gill, Anal. Biochem.

9, 401 (1964).

J. Badin, C. Jackson, M. Schubert, Proc. Soc.

Exp. Biol. Med. 84, 288 (1953).

O. H. Lowry and J. A. Lopez, J. Biol. Chem.

162, 421 (1946).

10.- K. Randerath, Thin-Layer Chromatography
(Academic Press, New York, 1963), pp. 188~
190.

11. J. R, Culbertson and S. D. Banerjee, Progress
in Protozoology (Excerpta Medica Foundation,
Amsterdam, 1965), p. 240.

12. Supported by a contract with the Division of
Biology and Medicine, U.S. Atomic Energy
Commission. The suggestions and comments
of R. W. Hull during the preparation of this
manuscript are gratefully acknowledged.

July 1966

w

RS

© ® 2 9

1

—

1391



	Cit r203_c281: 


