Vol. 64, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

SPECIFIC FRAGMENTATION OF MITOCHONDRIAL DNA FROM NEUROSPORA

CRASSA BY RESTRICTION ENDONUCLEASE ECO R I

U. Bernard, E. Bade and H. Kintzel

Max-Planck-Institut flir experimentelle Medizin, Abteilung
Chemie, and Institut fir Mikrobiologie, Abteilung Molekulare
Genetik, GSF, 34 Gottingen, Germany.

Received April 9, 1975

SUMMARY: Linear, size—heterogenous mitochondrial DNA from Neurospora crassa
was cleaved by the restriction endonuclease Eco R I into eleven specific frag-
ments. According to their contour lengths the fragments have molecular weights
between 1.1 and 14 x 10®, The sum of the fragments lengths is identical with
the contour length (19.8 um, 41 x 10 daltons) of the few circular molecules
detectable in purified DNA preparations.

The results suggest sequence homogeneity of mitochondrial DNA and further de-
monstrate that restriction enzymes can be used to establish a physical map of
an unspecifically-fragmented DNA molecule.

Introduction
Restriction endonuclease Eco R I recognizes the relatively large sequence

3
.. .GAATTC. .. . .
and therefore introduces only a limited number of double strand

...CTTAAF...

breaks into most DNA molecules. Together with the restriction endonuclease
Hind III this enzyme represents one of the most useful tools for physical and
transcriptional mapping of DNA and for studying homology between related DNA
molecules (1).

The technigue of specific fragmentation has not only been applied to vi-
ral DNA (1) but also to animal mtDNA+ (molecular weight 10 x 106) in order to
localize the origin and direction of replication (2,3) and to follow the in-
heritance of mtDNA in donkey/horse crosses (4).

In contrast to animal mtDNA which can be easily isolated in intact cir-

cular form, attempts to physically map the four- to five-times larger mitochon-

drial genome of lower eukaryotes like yeast and Neurospora have been unsuccess-

+ A . .
Abbreviation: mtDNA, mitochondrial DNA.
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ful so far, mainly because no one has been able to isolate this DNA in intact
form and to separate single strands (5). Purified mtDNA from Neurospora con-
sists of linear molecules of rather even size distribution between 0.1 and
20 uym contour length, and only about 1 % of the DNA is recovered in circular
form (19.8 um, mass = 41 x 106 daltons). We demonstrated by denaturation map-
ping that the linear molecules derive from the circular genome by random
breaks during isolation (6).

Here we report that such a randomly-fragmented DNA can be successfully

analyzed by the restriction endonuclease Eco R I.

Methods

Growth of Neurospora crassa (wild type strain 5256) and purification of

I

Fig. 1: Agarose gel electrophoresis of Neurospora mtDNA before (gel 2) and
after (gel 4) treatment with Eco R I. The resolution of fragments
F and G is sometimes difficult to visualize. Eco R I fragments of
lambda DNA were used as standards (gels 1 and 3). Gel 1 contains
two bands of partially digested material between the upper two
main bands.
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mitochondria has been described (7). mtDNA was purified by phenol extraction
and CsCl density gradient centrifugation according to Nass (8). Peak fractions
of the CsCl gradient were dialyzed against 1 x standard saline citrate (150 mM
NaCl, 15 mM sodium citrate),10 mM Tris-HCl pH 8, 1 mM EDTA, and centrifuged in
the above buffer (1:10 diluted) at a concentration of 27 A26o/ml.

Restriction endonuclease Eco R I was purified by a slightly modified
procedure described by Yoshimori (9). The preparation contained neither detec-
table exonuclease activity nor other endonucleases because prolonged digestion
of lambda DNA did not alter the pattern of specific fragments in gels. mtDNA
(2.7 pg/ml) was incubated for 12 hours at 37° in a medium containing 0.1 M Tris-
HCL pH 7.6, 0.01 M MgSO4, 0.02 x standard saline citrate and 7 mM B-mercapto-
ethanol with 5-fold the amount of enzyme needed to completely digest lambda DNA
as determined by the disappearance of bands of partially digested material.

Analytical agarose gel electrophoresis in the presence of ethidium bromide

was performed essentially as described (10). DNA was recovered from gel bands by
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Fig. 2: Contour length histogram of mtDNA digested with Eco R I. Only frag-
ments longer than 1.5 um are shown. The bar width to the left of the
vertical line is O.14 um, to the right 0.28 um. The contour lengths
of the black areas were used for calculating the data of Table 1
(fragments A to D).

785



Vol. 64, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

electrophoresis, precipitated with ethanol and dissolved in 0.2 M ammonium

acetate. Electron microscopy procedures were performed as described (11).

Results and Discussion

Fig. 1 shows the results of agarose gel electrophoresis of Neurospora
mtDNA before and after cleavage with Eco R I. The absence of defined bands
in the untreated sample (gel 2) confirms our previous finding that circular
mtDNA is almost completely and randomly degraded during isolation (6). How-
ever one expects not only the few intact molecules but also the larger unspe-
cific fragments to be processed by the restriction enzyme into specific frag-
ments. Indeed, the endonuclease-treated sample (gel 4) exhibits eleven sharp
bands designated by letters A to K in the order of decreasing size (12). The
DNA sample treated with Eco R I was also analyzed by electron microscopy.
Fig. 2 shows a histogram of the contour length range between 1.5 and 7 um.
The contour lengths of the four maxima A to D, which are not found in the un-
treated sample, correspond to molecular weights of 14, 7.7, 6.1 and 3.4 x lo6

(13). From the calibration plot of Fig. 3, it is obvious that the four maxima

of the histogram represent the four largest fragments A to D (Fig. 1, gel 2),
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Fig. 3: Molecular weights of Eco R I fragments of Neurospora mtDNA ( O ) and
lambda ( O ) plotted against the electrophorectic mobility in agarose
gels.
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because the same molecular weights are obtained from the electrophoretic mobi-
lity relative to lambda DNA fragments (14). The maxima corresponding to bands
E to K were not sufficiently resolved in the histogram; the contour lengths of
these fragments were therefore measured after re-isolation from gel bands. The
molecular weights of all eleven fragments are summarized in Table 1. Since an
unspecifically-fragmented DNA was used for sequence-specific endonuclease clea-

vage, it is clear that not all DNA molecules found in the histogram maxima or

Table 1: Mean molecular weights of circular mtDNA and of Eco R I fragments
of linear mtDNA.

Species number of measured molecular weight
molecules (x 107)
circular DNA 22 41.0 + 1.9
fragments:
A 14 14.0 + 0.4
B 8 7.7 + 0.1
Cc 17 6.1 + 0.2
D 32 3.4 + 0.2
E 13 2.1 + 0.1
F + G 16 2.0 + 0.1 (2 x)
H 12 1.7 + 0.1
I 14 1.5 + 0.1
J 16 1.3 + o.1
K 21 1.1 + 0.1
42.9 + 0.6

The molecular weights were calculated from the contour lengths using the
factor 1 um = 2.07 x 109 (13). The contour lengths of fragments A to D
were taken from the histogram maxima of Fig. 2, fragments E to K were
measured after re-isolation from gel bands (Fig. 1).
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recovered from gel bands are specific fragments. However, denaturation mapping

of the four largest fragments revealed that more than 80 % of the molecules withii
a given size class had identical sequences (Bernard, Pihler and Kiintzel, manus-
cript in preparation).

In Fig. 3 we have plotted the electrophoretic mobility of all eleven
mtDNA fragments and four lambda DNA fragments (14) against the log of their
molecular weights. This plot is linear for fragments smaller than 1.6 x 106
daltons: resolution then decreases with increasing fragment size.

The results reported here demonstrate sequence homogeneity of mtDNA be-
cause the sum of the molecular weights of the eleven restriction fragments
is not significantly larger than the molecular weight of the circular mole-
cule (Table 1). The results further demonstrate that the two techniques of
specific fragmentation and denaturation mapping can be applied to establish
a physical map of an unspecifically-degraded DNA molecule. The positions of
the four largest fragments A to D on the circular genome have already been
determined by denaturation mapping (Bernard et al., manuscript in prepara-
tion). By molecular hybridization of restriction fragments with RNA it should

be possible to map mitochondrial genes coding for rRNA, tRNA and mRNA.

Acknowledgement

This study was supported by the Deutsche Forschungsgemeinschaft. One of us
(U.B.) is a predocteoral fellow of the Studienstiftung des Deutschen Volkes.

References

1. salser, W.A. (1974), Ann. Rev. Biochem. 43, 870 - 965.

2. Robberson, D.L., Clayton, D.A. and Morrow, J.F. (1974), Proc. Nat. Acad. Sci.,
Wash. 71, 4447 - 4451.

3. Brown,_W.M. and Vinograd, J. (1974), Proc. Nat. Acad. Sci., Wash. Zl, 4617 -
4621.

4. Hutchinson, S.A., Newbold, J.E., Potter, S.S. and Edgell, M.H. (1974), Nature
251, 536 - 538.

5. Borst, P. (1972), Ann. Rev. Biochem. 41, 333 - 376.

6. Bernard, U., Pihler, A., Mayer, F. and Klntzel H., Biochem. Biophys. Acta, in
press.

7. Schéfer, K.P., Bugge, G.,Grandi, M. and Kintzel, H. (1971), Eur. J. Biochem.
21, 478 - 488.

8. Nass, M.M.K. (1969), J. Mol. Biol. 42, 529 - 545.

9. Yoshimori, R. (1971), Ph. D. Thesis, Univ. of San Francisco.

788



Vol. 64, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

10.
11.
12.
13.
14.

Sharp, P.A., Sudgen, B. and Sambrock, J. (1973), Biochemistry 12, 3055 - 3063
Lang, D. and Mitani, M. (1970), Biopolymers 9, 373 - 379.

Smith, H. And Nathans, D. (1973), J. Mol. Biol. 81, 419 - 423.

Lang, D. {1970), J. Mol. Biol. 54, 557 - 565.

Allet, B., Jeppensen, P.G.N., Karagiri, K.J. and Delius, H. (1973), Nature
241, 120 - 123.

789



