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1. Introduction 

Ciliates contain two types of nuclei: a diploid trans- 
criptionally inactive micronucleus and a DNA-rich 
transcriptionally active macronucleus. After sexual 
reproduction of these cells the old macronucleus degen- 
erates and a new macronucleus is formed by a micro- 
nuclear derivate. In hypotrichous ciliates (i.e., Stylo- 
nychiu, Oxytricha, k’uplotes) macronuclear develop- 
ment includes the formation of polytene chromo- 
somes, elimination of >90% of the DNA and the spe- 
cific fragmentation of the macronuclear genome into 
gene-sized DNA molecules with a size of -0.3-20 
kilobases [ 1 -lo]. All of the macronuclear DNA mole- 
cules carry the same 20 basepairs terminal inverted 
repeat sequence which seems to be not only identical 
within the same species but in all hypotrichous ciliates 
examined [ 11-l 41; Swanton et al., personal commu- 
nication; unpublished results). This terminal sequence 
is 5’-Cq&C4A4C4. These terminal sequences may be 
able to aggregate with each other forming multistranded 
DNA complexes [ 151. This observation together with 
the high sequence conservation made it interesting to 
examine its organization in the chromatin of the macro- 

nucleus. We first examined the DNAase I sensitivity 
of this sequence and compared it to that of bulk macro- 
nuclear DNA. Since most of the macronuclear DNA 
molecules probably represent structural genes [S-9,16] 
our study deals with the DNase I sensitivity of a DNA 
sequence adjacent to the coding region of eucaryotic 
genes. 

2. Material and methods 

Culture of Stylonychia my tilus and isolation of 

macronuclei was performed as in [2,17]. For DNase 
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l-digestion macronuclei in 10 mM Tris (pH 7.5) 
100 mM NaCl, 3 mM MgClz were adjusted to an AZ6e 
of 40 and 15 units DNase I (Worthington) were added 
per 40 A. Digestion was performed for various time 
intervals (see figure legends). Reaction was stopped 
by the addition of 10 mM EDTA and 0.5% SDS and 

the DNA was isolated as in [6]. Electrophoresis of 
macronuclear DNA was performed on 1% agarose gels 
[ 181. DNase I sensitivity of macronuclear DNA was 
determined by precipitation the DNA at various time 
intervals after digestion with 10% perchloric acid 

(PCA). The precipitate was hydrolyzed in 1 N PCA 
for 1 h at 8O”C, the DNA concentration was deter- 
mined by the diphenylamine reaction. 

Isolation of the terminal inverted repeat sequences 
of macronuclear DNA followed essentially the method 
in [ 131. It includes 5’-phosphorylation of macronu- 
clear DNA [ 191, denaturation of the DNA followed 
by short reannealing and subsequent digestion with 
single-stranded specific nuclease Sl . Purity of the diges- 
tion product was determined on 10% acrylamide gels 

[201. 
For hybridization studies 0.5-2 1.18 DNA isolated 

from DNase l-digested nuclei were loaded onto nitro- 
cellulose filters. The amount of filter bound DNA W&S 

determined by the diphenylamine reaction. Hybridi- 
zation to this DNA with the 20 basepairs terminal 
repeat sequence was performed for 2-4 hat 50-60°C 
in 4 X SSC using 0.25-0.5 pg/ml 32P-labeled terminal 
repeat sequence. Following hybridization filters were 
extensively washed with 4 X SSC and then counted in 

a Packard scintillation counter. 

3. Results 

The DNA pattern of macronuclei digested for var- 

ious time intervals with DNase I is shown in fig.la. 
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Fig.1 (a) DNA pattern of macronuclei digested with DNase I 

as in section 2. Samples were digested (from left to right): 

0 min, 5 min, 10 min, 20 min. The % DNA remaining is under 

these conditions: 5 min 85%; 10 mm 75%; 20 min 60-65% (b) 
Macronuclei were incubated under identical conditions but 

without DNase I. Incubation time (from left to right): 0 min, 

10 min, 20 min. 

Like most of the active or potentially active eucaryotic 

genes [21,22] macronuclear DNA sequences in total 
are very sensitive to DNase I-digestion. Under our 
digestion conditions already after 5 min 15% of macro- 
nuclear DNAis perchloric acid-soluble and after 20 min 
30640% of the DNA is digested. It is of some interest 
that under these conditions and in this organism clear 
nucleosomal bands appear on the gel. To exclude the 
possibility that this pattern is created by endogenous 
nucleases we incubated macronuclei under identical 
conditions but without DNase I. As shown in fig.1 b 
there is little if any endogenous nuclease activity under 
these conditions. 

The DNA of DNase I-digested macronuclei (fig.la) 
was loaded onto nitrocellulose filters and the 32P- 
labeled terminal repeat sequence was hybridized to 
them. Due to the low sequence complexity of this 
sequence [ 13,151 hybridization occurs very fast. Thus 
we did not observe significant differences in the hybrid- 
ization to the different DNA preparations whether 
we hybridized for 2 h or 4 h. The result of this hybrid- 
ization experiment is shown in fig.2a,b. There is a 
dramatic decrease in hybridization to the terminal 
repeat sequence already after very short digestion with 
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DNase I. After a 5 min digest X0% of the terminal 
inverted repeat sequences are lost while only -15% 
of the bulk DNA is digested. After 20 min digestion 
3040% of total macronuclear DNA sequences are 

PCA-soluble but already 80% of the terminal sequences 
are digested. 
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Fig.2. Hybridization of the 20 basepairs terminal inverted 

repeat sequence to the DNA of DNase I-digested (O-20 min) 

macronuclei. (a) DNA (2 pg) was loaded onto nitrocellulose 

filters; 0.25-0.5 @g/ml 32P-labeled terminal repeat sequence 

were hybridized to these filters in 4 X SSC at 55°C for 4 11. 

(b) Comparison of the DNase I sensitivity of bulk macronu- 
clear DNA (o) with that of the terminal inverted repeat se- 
quence (0). 
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4. Discussion 

This report deals with the DNase I sensitivity of a 
specific DNA sequence adjacent to the coding regions of 
structural genes. Hypotrichous ciliates are a particular- 
ily good system for these kind of experiments since the 
DNA of the macronucleus is already in vivo fragmen- 
tated into gene-sized DNA molecules. Since 260% 
of macronuclear DNA sequences are transcribable into 
nuclear RNA [16], most of the DNA molecules repre- 

sent at least potentially active genes. It therefore has 

to be assumed that the gene-sized DNA pieces should 
carry all DNA sequences necessary for its transcrip- 
tion and replication. We choose a defined DNA se- 
quence present on all macronuclear DNA molecules 
since its high sequence conservation throughout evo- 
lution and its ability to form multistranded DNA com- 

plexes with each other suggests that it is important 
for the cell. 

The DNase I sensitivity of active genes is now widely 
found [21,22]. In agreement with this finding total 
macronuclear DNA sequences are very sensitive to 
DNase I when compared for example to micronuclear 
DNA sequences (not shown). Control experiments 
clearly showed that the DNA pattern observed after 
DNase I-digestion is not due to the presence of endog- 
enous nucleases. 

In viral chromatin [23-251 and in some eucaryotic 
geneslike the heat-shockgenes ofDrosophila [26,27], 

chicken globin gene [28] and Drosophila histone genes 
(cited in [29]) there exist DNA sequences adjacent to 
the coding region of the genes which are hypersensitive 
to DNase I-digestion. Such sequences may be impor- 
tant in the regulation of transcription of eucaryotic 
genes [27]. So far, the nucleotide sequence of these 
regions has not been determined and it is not clear 
whether they are related to each other. Our results 
also show that a sequence closed to the coding region 
of the genes is preferentially digested by DNase I, 
suggesting to be in another chromatin configuration 
than bulk DNA sequences. This sequence is very sim- 
ple, furthermore it is present on all macronuclear genes 
ofstylonychia. With these methods we cannot decide 
whether the terminal sequences present on both sides 
of the molecule are equally sensitive to DNase I or 
whether there exists a polarity in the chromatin struc- 
ture of the molecules. However, using the advantages 
of the ciliate macronucleus, the relative ease in isolating 
large amounts of a defined sequence, it should be pos- 
sible to make a more detailed analysis of its organiza- 

tion in chromatin and to analyze the proteins asso- 
ciated to it. 

Acknowledgement 

This work was supported by the Deutsche 
Forschungsgemeinschaft . 

References 

[II 

I21 

[31 
[41 

151 

[61 

[71 

ISI 

[91 

[lOI 

[Ill 

[I21 

[I31 

[I41 

1151 

[I61 
[I71 

[I81 

1191 

[201 

[211 

[=I 

Ammermann, D. (1971) Chromosoma (Berlin) 33, 

209-238. 

Ammermann, D., Steinbeck, G., Van Berger, L. and 
Hennig, W. (1974) Chromosoma (Berlin) 45,401-429. 

Kloetzel, J. A. (1970) .I. Cell Biol. 47, 395-407. 

Prescott, D. M., Bostock, C. J., Murti, K. G. and 

Gamow, E. (1971) Chromosoma (Berlin) 34, 355-366. 

Prescott, D. M., Murti, K. G. and Bostock, C. J. (1973) 

Nature 242,596-600. 

Elsevier, S. M., Lipps, H. I. and Steinbriick, G. (1978) 

Chromosoma (Berlin) 69,291-306. 

Lawn, R. M., Herrick, G., Heumann, J. and Prescott, 

D. M. (1978) Cold Spring Harb. Symp. Quant. Biol. 
42,483-492. 

Lipps, H. J. and Steinbriick, G. (1978) Chromosoma 

(Berlin) 69,21-26. 

Lipps, H. J., Neck, A., Riewe, M. and Steinbrtick, G. 
(1978) Nucleic Acids Res. 5, 4699-4709. 

Meyer, G. 1:. and Lipps, H. J. (1980) Chromosoma 
(Berlin) 77, 285-295. 

Wesley, R. D. (197.5) Proc. Natl. Acad. Sci. USA 72, 
678-682. 

Lawn, R. M. (1977) Proc. Natl. Acad. Sci. USA 74, 

4325-4328. 

Herrick, G. and Wesley, R. D. (1978) Proc. Natl. Acad. 

Sci. USA 76,2626-2630. 

Oka, Y., Shiota, S., Nakai, S., Nishida, Y. and Okubo, 

S. (1980) Gene 10,301-306. 

Lipps, H. J. (1980) Proc. Natl. Acad. Sci. USA 77, 

4104-4107. 

Neck, A. (1981) Chromosoma (Berlin), in press. 
Lipps, H. J., Sapra, G. R. and Ammermann, D. (1974) 

Chromosoma (Berlin) 45,273-280. 

Lipps, H. J. and Morris, N. R. (1977) Biochem. Bio- 

phys. Res. Commun. 74,230-234. 

Maxam, A. M. and Gilbert, W. (1977) Proc. Natl. Acad. 

Sci. USA 74,560-564. 

Maniatis, T., Jeffrey, A. and Van de Sande, H. (1975) 

Biochemistry 14,3787-3791. 

Weintraub, H. and Groudine, M. (1976) Science 193, 

848-856. 

Garel, A. and Axel, R. (1976) Proc. Natl. Acad. Sci. 

USA 73,3966-3970. 

221 



Volume 126, number 2 FEBS LETTERS April 1981 

[23] Scott, W. A. and Wigmore, D. J. (1978) Cell 15, 

1511-1518. 

[24] Varhavsky, A. J., Sundin, 0. and Bohn, M. (1979) Cell 

16,453-466. 
[25] Waldeck, W., Fohring, B., Chowdhury, K., Gruss, P. and 

Sauer, G. (1978) Proc. Natl. Acad. Sci. USA 75, 

5964-5968. 

[26] Wu, C., Bingham, P. M., Livak, K. J., Holmgren, R. and 

Elgin, S. C. R. (1979) Cell 16, 797-806. 

[27] Wu, C. (1980) Nature 286, 854-860. 

[28] Stalder, J., Larsen, A., Engel, J. D., Dolan, M., 

Groudine, M. and Weinstraub, H. (1980) Cell 20, 
451-460. 

[29] Nature (1980) 288, 210-211. 

222 


