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1. Ihm)du‘cwtion ,

A special class of cytoplasmic DNA (cDNA = com-
munjcation DNA [1]) is found in some animal cell
lines [Z] . The size of these DNA molecules ranges be-
tween & molecular weight of approx. 3 X 10° (7 8)
12, 3] for chick cells and approx. 3 X 109 (16 S) for
human cells {2, 4, 5]. Therc is considerable evidence
that this cDNA s of muclear origin and that it is trans-
ported o the cytoplasm [4]. The base composition
nf the cDNA izt similar to that of the bulk of the ho-
mologous nuclzar DNA as judged by comparison of
the buoyant densities in CsCl-gradienis [4]. However.
reassociation studies indicate that cDNA isaot a ran-
dom selection of nuclear DNA, rather the cDNA con-
sists almost exchusively of unique nuclear seguencas
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I report here studies employing different cell hnes :

derived - from tissues nf the xyrian hamster which mdi-
caie theat the opcvrrence of cDNA in hamster cells de-
pends on the history of the cell line and on the histo-
ry of the dissue from which the cell line is derived.

- The skze distribution of hamster cDNA centers
around two "naxm]a, ong at 16 8 and the other at-

' I @ S. '

' .’2. Mé-ﬁeﬁa]s canﬁ meihoés :

: Ail hamster cells were gra:)wn in Basa] Medmm
- Eagle supplemented with 1% fetal calf serum, 35}
; pg)( mi~ 2 tetracyclme and 200 pg}( i~ =1 .0

gentamycin {screw cap boitles, monolayers, 37°).
Hamster embryo cells were prepared from 10 day

old whole emabryos. For cultures of hing and kidney
cells 10 day old hamsters were nsed. Polyoma-trans-
formed hamster cell lines BHK wt €l 1a and BHK wi
C] 22 were kindly provided by Dr. K.L. Skoog, Bioke-

- miska Av-ielningen, Karolinska Institutes, Stockholm,

Cells wers labeled with [methyl->H]thymidine (18.4
Ci X mmeole 1) and [2-14C]thymidine {62 mCi X
mmuole~ ! j obtained from the Radiocher sical Centre
Amersham, GB.

The methods of cell fractionation {detergent meth-

~od) and isolation of DNA have previously been de-
- seribed [6,7]. DNA was dissolved in 0.12 M phos-

phate buffer {0.06 M monobasic sodiwm phosphate,
0.06 M dibasic sodium phosphaie), eooled in ice and
sheared by 6 cycles of sunication (10 szc, Bransom
Sonifier J17V). Denaturation was carried out by heat-
ing the DNA sclution foy 15 min ina bclhng water
bath, The DNA was reassociated at 60°, Chromato-
graphy on hydroxyapatite columns was Lsed 1o sepa-

 rate denatured and reassociated DNA us described by

Britten and Kohne {8,9]. All further analytical meth-
ods have heer: described elsewhere [6].

3. Results zm?d dimﬁséioh '. |

The aedunemaimn pattem Of thc ]abﬁled DNA S .

- bemg found in. ﬂxe cytoplasm of a polyoma-trans- -
- 'formed hamster cell line. (BHK wt Cl 1a) depends
strcngly on-the length of time to which the cells are -
o ~expmsed Io [memyl-?’}i] Ehym1dme Thus .zfter short

.Norrh .Hot!and}"ub?whmg Com pan _v Amsrerdam' L



1 NMR spectrum‘a gradual; ange is obseﬁéd from the

broadened spectrum of the ho]m.nzyme to the charac-

teristically sharp spectrum of the diamagnetic protein.
It may therefore be possible to relate the position of
these residues which give rise *o assignable resonances
to that of the copper(ll)} ions.

Such techniques, combining the use of difference
spectroscopy [10] and the intrinsic probe properties
of Cu® should be applicable to any copper protein
which cxists in the paramagne tic and diamagnetic
states.
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Fig. 3. Spdimentation of pulse-chase-pulse labeled cytoplas-
1mic DNA's fTom different hamster cell lines through sucrese
pradients. Cells were Iabeled fer 24 hr with 122 4:(3] thymidine
{0.5 gCiX ml ). The medinm was replaced by a medium
which did not contain the radivisotope for another 24 L. The
cells wers -suhse%umﬂy exposed for & hr to a medham con-
taining [mneithyl-~ H] thy midine {5 uCi X mt™ ). Further ex-
perimenial conditions as described in fig. 1. Acid precipitable
radioactivity: {e—»—=) 120; (a—a—a) 3H. A) Crioplas
mic DNA"s of first passage cells of a primary caltore of kid-
meys from fonz 10 days old hamsters. BY Cytoplasmic DNA®s
- of 2 polyoma-transformed hamster cell Bne {BHK wi C1 1a).
) Cytoplasmic DNA’s of first passage cells of @ primary cnl
tore of five 10 day old whele kamster embryos. D) Cytopla:-
mic DNA"s of a cell line derived from a polyoma induced
hamster tamour.

typs of experiments the distribution of the early 7
pulse vadisactivity and that of the late pulse radioac-
tivity is different in the individual cytoplasmic DNA’s.
Fig. 3 shows a few representative sedimentation pro-
files of cytoplasmic DNA's of different hamster cells
labeled in such 2 way. The sedimentation pattern and
‘the occurrence of ¢DNA wihich is relatively rich in
early pulse radioactivity is = characteristic feature of
- each cell line. Table 1 summarizes the results obtained
- with a number of hemster rells of different history.
Considering these dsta two points ¢an be made. Fist,
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the highest amount of ¢cDNA in the cytonlasm is
found in the ceil lines which are derived from tumour
tissues or from whole embryos. The other extreme is
represented by cell lines which have nol ncguired the
status of @ permanent cell line and ave derived from
fully differentiated tissues. In these cell lines no
cDNA is detectable in the cytoplasm. Virus-trans.

-formed cell lines cccupy an intermediate position.

Secondly, in cell lines derjved from whole embryos or
irom virus-induced tumours the ¢DNA Is by far the
most proiminently lzbeled DNA species in the cyto-
plasm. Because of the abundance of ¢cDNA labeled
mitochondrizl DNA is hardly deteciable in these cell
lines even after short Iabeling periods.

The informational content of DNA cun be esii-
mated from reassogiation raie measarements [8). An
umeven distribution of repetitive and unigue se-

- quencss in ¢DNA and in nuclear DINA is revealed by

measuring the extent of reassociation of trace
amounts of labeled cDNA in the presence of large
amounts of nuclear DNA {fig. 4). The cDNA of poly-
oma-transformed BHK cells reassociates almost in its
entirety with the non-repetitive fraction {cp2ypy =

103 M X sec)} of the nuclear DNA of untransformed
BHX cells. This ety m-value is within the range of val-
nes expecied for the single-copy DNA of 2 mammali-
an genome. :

The observation thai ¢DNA is not a random seiec-
tion of anclear DNA minimizes arguments about
¢DMA being a mere artifact created by damaging nu-
alei dniring cell fractionation. Furthermore, this ob-

~ servation sugpests a significant role of this DNA in the

transfer of information across the nuclear membrane,
However, this supgestion raises again the gquestion why
a DNA species with such a fundamental task is not
found in al! animal cells under study [2]. From the ob-
servations described in this report and our earlier ob-
servations [2] a general pattern seems to emerge about
the species speeificity and the cell specificity of

- ¢DNA. The size distribution is species specific and

c¢DNA is fourd in at least some fetal tissues and in
cancer tissues which both are, io varying degrees, com-
posed of vadifferentiated cells. On the other hand,
fully differenriated embryonic tissues such as human

- embryonic luug and human embryonic kidney as well
-as adult tisszes do not contain.¢DNA. This analogy be-

tweer fetal and cancer tissues has 2 remarkable
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: Tehle 1
@cm:rrance of x;DNA and amomt of rdioactivity recovered in the cyoplasm of pulss—chass—puls:s labeled hamsier cells,

% of total radivactivity
{=arly pulse)
Celt ling

Ly topipsm Hucled

% of 10821 radipraiivity ]
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158 ond 1D 5 DXA

Cyioplasm Nuoeled
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{10 day obd himsier)

Passaze No, I n15s 9985
Hamster Embryo

{10 4ay old embrya)

Passage No. 1 .22 99.78

BHK 21113

{ATCC, COCL 100

Passage No. nnknown Q.10 09.90
BHE wi {1 =

{Polyoma transiormeg)

rassage No. nnknown 0.33 9987
BHE wi {1 2

{Pplvoms ransformed)

Pazsage No. unknown .12 S0.RB
Polyoma induced

Hamster Tumour

Passasr No. 17 .30 9070
5% 40 induced

Hamsater Tumony

Pasraze No. 83 0.57 09,43

0.35 99.54 -

068 99.32 e
0.16 | 99,84 +
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0.27 $%.73 4+
0.49 95.55 e

.76 9L 24 4 4t

Cell: were Inbeled and oy toplasmic DNA’s were analyzed as deseribed in fig. 3
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Fig. 4. Reassociation kinetids of trace amonnis of cDMNA in
presence of noclear DNA. r.DNA was isolased from BHX wi
] 1a cells 1abeled with 1m31hy1- Hithymidine (1000 % o J
for 24 hr as deseribed in fig. 1 and furtiser purified by RNAase
treatment and phenol exiracton, Nuglear DNA from BRK 21
cells labeled with [2-1° C] thymidine was used. The concentra-
tion of cDNA was indeterminate but negligible iy eomparison
1o that of the auclear DNA. Conssguently, the extent of the
zeassociation js plotted against the rp? of nuclear DNA.
{a—a—2n), Reassociation of <DNA. {s—e—e), Reassotm-
tion of muclear 'DNA :

3. Ocenrrernce of «DNA: —, not delectadle; +, wea s

parallel in some tumour speific fetal amtigensie. o-
fetoglobulin {10} and carciacembryonic antigen [11]
which are present iz some fetal tissues, disappear
shorily before or after birth and recur in associatioa
with malignancy. Whether this parailel is mersly coin-
cidental or hos a czusal relationship cannst be de-
cided at present.

The transport of nuclear DINA nto the oviopiasn
calls for a mechanism of gene amplification in the nu-
claws. Oiherwise, the wicleus of a diffezentizting era-
bryonic cell or of 2 cancer cell would necessarily sul-
fer 2 Joss of information. There Is en increasing
amount of evidence that gene amplification is neither
restricted to the rDNA {ribusomal DNA) in the covyie

7. 12] nor to the yDNA itself {13} Gene anplifica-

tion might he an important regulation mechanism in
the nﬁﬂgffemntmtad cell or during the process of o1l
Tular differeniiation and rapid growth. Consequent'y,
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our data suggesi that this mechanism may be normal-
ly repressed in 2 fully differentia*ed cell, but can be
reestablished by a cell transforming agent, i.e. an on-
cogenic vinus,

cDNA molecules have approximate molecular
weights between 4 X 103 {chick 7 8 <DNA) and
3 X 105 {huynan and hamster 16 S ¢DNA) containing
sufficient genetic information to code for one to five
polypeptide chains of average length. The data accn.
mulated so far do not indicate the type of information
that cDNA may contain. The fact ihat unique nuclear
sequences are observed does not rigorously exclude
the possibility that viruss-specific sequences are also
present in cDNA isolated fromn wirns induced tomours.
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