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Fig. 3. Experimental design. Before or after photoreaction with trioxsalen, DNA is isolated
from chromatin (or intact nuclei or cells) by incubation at S0°C for § to 12 hours with 1 percent
sarkosyl, 0.1M EDTA, 0.01M tris, pH 8.6, and nuclease-free Pronase (I mg/ml). The DNA is
then banded by equilibrium sedimentation in a gradient of Cs,SO, and dialyzed exhaustively
against 0.01M tris, pH 7.6, 0.001M EDTA prior to preparation for electron microscopy as

described in the text.

Histograms of the (center-to-center)
spacing of loops are more complex.
These data are also more difficult to inter-
pret because of the problem of calibrat-
ing the length of interloop regions of
DNA. These denatured regions have the
appearance of native DNA only because
of frequent cross-links.

We have observed an essentially simi-
lar pattern of alternating cross-linked
and protected regions in many systems,
including interphase and metaphase
HeLa cells, cultured Drosophila cells,
nuclei isolated from Drosophila em-
bryos, isolated HeLa metaphase chromo-
somes, replicating chromosomes of SV40
virus in vivo, and isolated SV40 chromo-
somes in vitro.

The possible perturbation of chroma-
tin structure by the psoralen cross-link-
ing probe itself is unknown. However,
photoreaction with trioxsalen does not al-
ter the pattern of DNA fragment lengths
obtained by subsequent micrococcal nu-
clease digestion of nuclei (7).

An example of subchromosomal varia-
tions in cross-linking pattern is found in
Drosophila nuclei. Fractionation of
Drosophila satellite DNA by density gra-
dient techniques (/8) is still possible after
cross-linking in situ. The several satel-
lites show loop patterns different from
that of main-band DNA and different
from those of each other. We believe
that these differences result from
chromatin structure in centric hetero-
chromatin where these satellite DNA’s
are localized (/9).

In conclusion, the ability of the psora-
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len probe to preserve a linear record of
its interaction sites appears to present
unique potentials in the study of chroma-
tin structure.
CARL VEITH HANSON
CHE-KUN JAMES SHEN
JoHN E. HEARST
Department of Chemistry,
University of California, Berkeley 94720

References and Notes

1. M. A. Pathak, D. M. Kramer, T. B. Fitzpatrick,
in Sunlight and Man: Normal and Abnormal
Photobiologic Responses, T. B. Fitzpatrick et
al., Eds. (Univ. of Tokyo Press, Tokyo, 1975),
p. 335; L. Musajo, G. Rodighiero, G. Caporale,
F. Dall’acqua, S. Marciani, F. Bordin, F. Bacci-
chetti, R. Bevilacqua, inibid., p. 369; L. Musajo
and G. Rodighiero, in Photophysiology, A. C.
Giese, Ed. (Academic Press, New York, 1972),
vol. 7, p. 115; Experientia 18, 153 (1962); M. A.
Pathak, L. R. Worden, K. D. Kaufman, J. In-
vest. Dermatol. 48, 103 (1967).

2. R. S. Cole, Biochim. Biophys. Acta 254, 30
(1971); F. Dall’acqua, S. Marciani, L. Ciavatta,

((;:9 71};)dighiero, Z. Naturforsch. Teil B 26, 561

3. M. A. Pathak and D. M. Kramer, Biochim.
Biophys. Acta 195, 197 (1969); R. S. Cole, ibid.
217, 30 (1970).

. R. Haselkorn and P. Doty, J. Biol. Chem. 236,

2378 (1961).

. A. K. Kleinschmidt, Methods Enzymol. 12B,

125 (1968).

R. W. Davis, M. Simon, N. Davidson, ibid.

21, 413 (1971).

. Theoretical resolution is limited to a minimum
loop size of approximately 50 base pairs by the
dimensions of the stained and shadow-cast cy-
tochrome particles.

8. R. J. Clark and G. Felsenfeld, Nature (London)
i‘{g%)Biol. 229, 101 (1971); Biochemistry 13, 3622

2, R. Axelet al., Proc. Natl. Acad. Sci. U.S.A. 71,
4101 (1974).

10. C. G. Sahasrabuddhe and K. E. VanHolde, J.
Biol. Chem. 249, 152 (1974); M. Noll, Nature
(London) 251, 249 (1974).

11. A. L. Olins and D. E. Olins, Science 183, 330
(1974); J. P. Langmore and J. C. Wooley, Proc.
Natl. Acad. Sci. U.S.A. 72, 2691 (1975); P. Ou-
det, M. Gross-Bellard, P. Chambon, Cell 4, 281
(1975); J. Griffith, Science 187, 1202 (1975).

12. D. R. Hewish and L. A. Burgoyne, Biochem.
Biophys. Res. Commun. 52, 504 (1973); L. A.
Burgoyne, D. R. Hewish, J. Mobbs, Biochem.
J. 143, 67 (1974); R. L. Rill et al., Nucleic Acids,
Res. 2, 1525 (1975); D. K. Oosterhof, J. C.
Hozier, R. L. Rill, Proc. Natl. Acad. Sci. U.S.A.
72, 633 (1975).

13. R. D. Kornberg, Science 184, 868 (1974); J. 0.
Thomas and R. D. Kornberg, Proc. Natl. Acad.
Sci. U.S.A. 72, 2626 (1975); J. E. Hyde and 1.
0. Walker, FEBS Lett. 50, 150 (1975); H. Wein-
traub, K. Palter, F. VanLente, Cell 6, 85 (1975);
R. C. Hardison, M. E. Eichner, R. Chalkley,
Nucleic Acids Res. 2, 1751 (1975).

14. J. E. Hyde and I. O. Walker, Nucleic Acids Res.
2, 405 (1975); K. E. VanHold, C. G. Sahasra-
buddhe, B. R. Shaw, ibid. 1, 1597 (1974); H. J.
Li, ibid. 2, 1275 (1975).

15. Y. V. Ilyin and G. P. Georgiev, Nature (Lon-
don) 250, 602 (1974).

16. Photochemical cross-linking depends on both
drug concentration and amount of irradiation. In
these experiments the drug was held at a very
high constant level—a tenfold excess above its
solubility limit. Extent of reaction is then con-
trolled by the duration of irradiation.

17. G. Wiesehahn and J. Hearst, in Molecular
Mechanisms of Gene Expression, D. P. Nierlich,
W. J. Rutter, C. F. Fox, Eds. (Academic Press,
New York, in press).

18. W. J. Peacock, D. Brutlag, E. Goldring, R.
Appels, C. W. Hinton, D. L. Lindsley, Cold
Spring Harbor Symp. Quant. Biol. 38, 405
(1974).

19. C. K. Shen and J. Hearst, in preparation.

20. C. G. Hatchard and C. A. Parker, Proc. R. Soc.
London Ser. A 235, 518 (1956).

21. S. A. Berkowitz and L. A. Day, Biochemistry
13, 4825 (1974).

22. Supported by NIH grant GM-11180 and Ameri-
can Cancer Society grant NP-185. We thank T.
Cech for suggesting use of in situ cross-
linking by psoralen as a probe for DNA struc-
tures.

8 December 1975; revised 24 February 1976

Karyotype Conservation and Difference in DNA

Amount in Anguilloid Fishes

Abstract. The two Pacific anguilloid fishes Anguilla japonica and Astroconger
myriaster, belonging to the different families, appear to have identical chromosome
numbers (2n = 38) and karyotypes, including one pair of conspicuous heteromorphic
chromosomes in females. Cytophotometric measurements, however, indicate a con-
siderable difference in DNA content between the two species.

Considerably different genome sizes
(DNA content) have been reported in the
divergent fish orders (/, 2). In this con-
nection, Ohno (I) suggested that quan-
tum evolution from fish to mammal was
not accomplished simply by point muta-

tions of already existing gene loci, but
rather through duplicated genes which
made possible the emergence of new
genes with previously nonexistent func-
tions. It is also believed that the primi-
tive teleostean ancestor had approxi-
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mately 48 acrocentric chromosomes (3).
More diverse teleosts arose from this an-
cestor through gene duplication. In some
instances, this did not accompany a
change in number and shape of chromo-
somes. In others, the mechanisms of per-
icentric inversions, Robertsonian trans-
locations, deletions, and polyploidy
were responsible for an increase or a de-
crease in chromosome number and size
(I). The karyotypes of anguilloids are
little known; only two Atlantic species of
the eel family Anguillidae have been ana-
lyzed ¢, 5). Both of them have identical
chromosome number (2n = 38) and simi-
lar heteromorphic pair. Our study estab-
lishes the relation between karyotypes
and genome size of the two Pacific anguil-
loid species Anguilla japonica and As-
troconger myriaster, which belong to the
families Anguillidae and Congridae, re-
spectively. We used only female speci-
mens. The sex of the specimen was deter-
karyotypes of these species are indis-
tinguishable from each other and are
very similar to those of the two de-
scribed Atlantic species.

Adult Japanese eels, Anguilla japo-
nica, and conger eels, Astroconger myri-
aster, were collected from the Han River
in Korea and from the Yellow Sea, re-
spectively. In spite of a considerable
difference in their genome size, the
mined by gonadal histology. Karyotypes
are based on air-dryings of kidney cells
and cultured leukocytes (6) or renal cells
).

Upon comparing the karyotypes of
two species (Fig. 1), we were impressed
by their apparent similarities in spite of
phylogenetic distance, that is, belonging to
different families. The diploid chromo-
some numbers of both species were
found to be 38, of which 20 were meta-
centric-submetacentric and 18 were acro-
centric chromosomes. Furthermore,
both anguilloids contained one pair of
chromosomes that did not match. This
mismatched heteromorphic pair (ZW?)
was made of the largest and the smallest
metacentrics. The apparently similar het-
eromorphic pair was also found in fe-
males of the American eel, Anguilla ros-
trata (4), as well as in an unspecified sex
of European eel, Anguilla anguilla (5).

Apart from revealing the extremely
conservative trend in karyotypic evolu-
tion within Anguilliformes, our study
suggests an apparent paradox with re-
spect to the genome size. The ratio of nu-
clear DNA in the Japanese eel to that in
the conger eel, as measured by the two-
wavelength method (8), was 2 to 3, that
is, 304 and 426 arbitrary units, respective-
ly. The sizes of cell and nucleus of
erythrocytes in conger eels were also
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Table 1. Comparison of nuclear DNA content and erythrocyte size in females from two species
of Anguilliformes. Each value represents the mean of five specimens. The relative DNA content
was measured from 100 nuclei of the Feulgen-stained hepatocytes in each species (Olympus
microspectrophotometer). The relative cellular and nuclear sizes of 100 cells of each species
were determined from erythrocyte smears stained with Giemsa. Results are given in arbitrary

units (A.U.) = standard deviation (S.D.).

Speci DNA content Erythrocyte size (A.U. = S.D.)

pecies (A.U. £SD) Cell Nucleus

Anguillidae: Anguilla japonica 304 = 29 818 + 88 190 = 30
Congridae: Astroconger myriaster 426 + 45 1170 = 144 280 = 48

SR IPIRY

b3

aflas An

£ %2 o

(Y

Nt AN

b&n

4 ls
"

R KK XK

AR DA AR RO a0
K/
X

Xk BFENE W

MANR QA AL 96 Na MR

'
5

Fig. 1. Karyotypes of females from Japanese eel (a) and conger eel (b) showing the karyotype
conservation, including a conspicuous heteromorphic pair (arrow). The analyses comprised 82
and 34 karyotypes among 685 and 118 countable metaphases from 13 specimens of Japanese eel

and six specimens of conger eel, respectively. Bars, 5 um.

markedly larger than corresponding cells
of Japanese eels (Table 1).

Most fishes have morphologically un-
differentiated sex chromosome, and the
genetic difference between the X and Y
or the Z and the W is usually very small
(9). Under this circumstance, polyploidy
may not invariably disturb the sex deter-
mining mechanism; that is, it is not in-
compatible with fertility. Thus, poly-
ploidy is an important evolutionary
mechanism in some groups of fishes such
as in the orders Cypriniformes (/0) and
Isospondyli (/1). However, hetero-
morphic sex chromosomes of the XX-
XY, XX-XO, and ZW-ZZ types (12), as
well as multiple sex chromosomes (/3),
have been described in certain groups of
fishes. In contrast to genic control, this
well-established chromosomal sex deter-
mining mechanism may negate the possi-
bility of polyploid evolution as it does in
higher vertebrates. From this point of
view, the presence of a heteromorphic
chromosome pair which may reflect dif-

ferentiated sex chromosome of the ZW
type in anguilloid fishes may be one of
the reasons why their karyotype evolu-
tion has been extremely conservative.

There is abundant evidence from iso-
zyme studies in both fishes (/4), and in
other vertebrates (/5), that gene dupli-
cation occurred. The discovery of differ-
ent genome size within the confines of a
conserved anguilloid karyotype suggests
that gene duplication, if it occurred, was
strictly regional (tandem duplication) in
Anguilliformes.

EuN Ho PARK. YUNG SUN KANG
Department of Zoology, College of
Natural Science, Seoul National
University, Seoul 151, Korea
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(+)-a-(N-1-Phenethyl)Urea Stereospecifically Inhibits
Ca?*- but Not ADP-Stimulated Mitochondrial Respiration

Abstract. The (+) isomer of a-(N-1-phenethyl)urea is a moderately potent inhibitor
of Ca**-stimulated mitochondrial respiration of **Ca** uptake (50 percent inhibition
at ~0.18 mM) while having no effect on adenosine diphosphate—stimulated respira-
tion; the (—) isomer is without effect up to 4 mM. B-Phenethylurea does not inhibit
with either stimulus. The data support the involvement of a Ca**-specific protein in

energized mitochondrial Ca*" uptake.

The hypoglycemic agent phenethylbi-
guanide, an organic base that is positive-
ly charged at physiologic pH, com-
petitively inhibits nonenergized mito-
chondrial Ca*" binding and blocks
energized Ca®' uptake, exactly in paral-
lel with inhibition of adenosine diphos-
phate (ADP)-stimulated respiration (/).
We therefore explored the structure-
function relationships of the phenethylbi-
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guanide molecule, in particular to assess
the role of the positive charge as com-
pared to that of the hydrophobic moiety.
In the course of our studies, we have
found that (+)-a-(N-1-phenethyl)urea is
a potent inhibitor of Ca**- but not ADP-
stimulated mitochondrial respiration,
while the (—) isomer is entirely without
activity toward either stimulus. The high
degree of structural specificity of this
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Fig. 1. Inhibition of mitochondrial Ca?*-linked functions by a-(N-1-phenethylureas. (A) Oxygen
uptake rates. Incubation medium for studies of O, uptake contained 0.25M sucrose, 10 mM
HEPES (sodium salt) buffer (pH 7.4), and 10 mM glutamate. Mitochondrial protein concentration
was 4.5 mg/ml, and respiration was initiated with either 0.25 pumole of ADP plus 0.25 umole
sodium potassium phosphate, or 0.5 umole of Ca?*, in a final volume of 1.6 ml at 30°C. Uptake
rate of O, was calculated as the stimulated rate minus the state 2 rate (13). (&---8), (+)-a-
(N-1-phenethyl)urea, Ca?*; (O-:-O), (—)-a-(N-1-phenethyljurea, Ca?"; (O——0), (+)-o-(N-1-
phenethyljurea, ADP; and (0---0), (—)-a-(N-1-phenethyl)urea, ADP. (B) Rate of ¥Ca®* uptake.
The suspension contained 1.0 mg of mitochondrial protein per milliliter, and uptake was initiated
with 0.1 mM #Ca?*. Concentrations of (+)-a-(N-1-phenethyl)urea are indicated on curves.
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pair of compounds is further emphasized
by the observation that B-phenethylurea
is completely inactive, while n-alkyl-
ureas of medium chain length and the
homologous monoguanidinium com-
pounds are moderately effective inhib-
itors of both ADP- and Ca®*-stimulated
respiration.

Guinea pig liver mitochondria were
prepared and O, uptake was measured as
described (7); *°Ca?" uptake was ana-
lyzed by a rapid filtration method (2).
The (+)- and (—)-a-(N-1-phenethyl)ureas
(K and K Laboratories) were dissolved
in a mixture of ethanol and water without
heating and recrystallized twice. Both
compounds moved as single components
on thin-layer chromatography (TLC) in a
butanol, acetic acid, H,O system. Specif-
ic rotations [a]p**® of the two com-
pounds were +43.6° and —44.6°, respec-
tively. Gas-liquid chromatography re-
vealed the presence of two minor peaks
of low molecular weight that were identi-
cal in the two stereoisomers; these peaks
constituted less than 6 percent of the to-
tal mass of each isomer. Mass spectros-
copy of each major and minor com-
ponent revealed no differences between
the stereoisomers (3). n-Alkylureas were
obtained from commercial sources.
B-Phenethylurea was synthesized as de-
scribed (4); the twice-crystallized prod-
uct melted sharply at 112°C and moved
as a single component on TLC. B-Phen-
ethylguanidine was synthesized as de-
scribed (5). The (+)- and (—)-a-(N-1-
phenethyl)guanidines were provided by
R. Fielden (6).

In an experiment showing the effect of
(+)- and (—)-a-(N-1-phenethyl)urea on
Ca?*- and ADP-stimulated respiration
(Fig. 1A), 50 percent inhibition of Ca**-
stimulated respiration by the (+) isomer
was seen at 0.28 mM Ca**, but the con-
centration required varied somewhat
from experiment to experiment around a
mean of about 0.175 mM (Table 1). The
complete lack of effect of the (+) isomer
on ADP-stimulated respiration and the
total inactivity of the (—) isomer are also
easily apparent. The maximal rate of O,
uptake with saturating concentrations of
ADP (more than 0.25 mM) was less than
the rate obtained with Ca?*; the (+) iso-
mer differentially inhibited Ca** but not
ADP-stimulated respiration at these max-
imally stimulated rates. S-Phenethylurea
and N-benzylurea were entirely without
effect on either Ca?*- or ADP-stimulated
respiration. In contrast, both the (+) and
(—) isomers of a-(N-1-phenethyl)guani-
dine were moderately potent respiratory
inhibitors, slightly more effective with
ADP than with Ca?" as the respiratory
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