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1. Introduction

Poly(A) polymerase (EC 2.7.7.19), the enzyme
which appears to be responsible for the polyadeny-
lation of mRNA, has been detected in several
mammalian tissues and is present in nuclear {1—4],
mitochondrial [5—7], microsomal [8,9] and cytosol
[10,11] fractions. We have recently purified this
enzyme to homogeneity from nuclei of rat liver
and a rat hepatoma [12] and from mitochondria of
a rat hepatoma [13]. Likewise, poly(A) polymerase
has been purified from calf thymus tissue [14,15].
Now that the in vitro characteristics of this enzyme
have been defined, it is possible to study the response
of poly(A) polymerase to various physiological
parameters. Indeed, recent studies in our laboratory
indicate that nuclear poly(A) polymerase levels
appear to be altered in response to amino acid supply
[16], glucocorticoid hormone [17] and neoplasia
[12]. In ordeT to evaluate quantitatively the levels
of enzyme in the nucleus, we determined the effect of
different conditions of homogenization of liver tissue
on the resultant levels of poly(A) polymerase obtained
in the nuclear and cytosol fractions. In this report,
we present evidence which indicates that homogenization
of liver tissue with isotonic sucrose, a procedure
usually employed to obtain the cytosol fraction,
results in a loss of almost all the enzyme activity
from nuclei. The release of the nuclear enzyme can
be minimized by replacing isotonic sucrose with
the hypertonic sucrose which is conventionally used
for isolation of pure nuclei from mammalian tissues
[18,19]. These studies demonstrate the need for the
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use of hypertonic sucrose in the isolation of nuclei
in order to prevent loss of free nuclear enzymes.

2. Materials and methods

2.1. Preparation of nuclear and cytoplasmic fractions
Nuclei and cytosol were prepared from rat liver
using hypertonic or isotonic conditions,

2.1.1. a) ‘Hypertonic’ homogenization

Liver was homogenized in 2.2 M sucrose (7 ml/g
liver) containing 15 mM MgCl; and 0.25 mM spermine
essentially as described previously [20]. The homo-
genate was centrifuged at 40 000 g for 75 min to yield
the ‘hypertonic nuclei’. The supernatant was diluted
to 0.44 M sucrose by addition of Buffer I (50 mM
Tris-HCI (pH 7.6), 10 mM MgCl,, 25 mM KCI, 0.5
mM dithiothreitol and 0.1 mM EDTA). Mitochondria,
lysosomes and microsomes were then removed by
centrifugation at 40 000 g for 10 min followed by
centrifugation at 100 000 g for 90 min. The super-
natant was designated as ‘hypertonic cytosol’.

2.1.2. ‘Isotonic’ homogenization

Liver was homogenized in buffer (4 ml/g liver)
containing 50 mM Tris-HCI (pH 7.6), 0.25 M
sucrose, 25 mM KCl and 10 mM MgCl, . After
filtering, the homogenate was centrifuged at 1000 g
for 7 min. The supernatant was centrifuged again
at 1000 g for 7 min. The ‘isotonic nuclei’ from both
pellets were combined, then purified by homo-
genization with 2.2 M sucrose containing ! mM
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MgCl, (2.5 ml/g liver), followed by centrifugation
at 40 000 g for 90 min. The supernatant fractions
from the 1000 g and 40 000 g centrifugations were
combined, adjusted to 0.44 M sucrose by addition
of Buffer I and centrifuged as above to obtain the
‘isotonic cytosol’.

2.2. Preparation and assay of poly(A } polymerase

Poly(A) polymerase was extracted from isolated
nuclei as described previously [12,20,21]. Cytosol
fractions were precipitated with (NH;), S04 (0.42
g/ml). After centrifugation the pellets were re-
suspended and dialyzed overnight against Buffer 11
(50 mM Tris-HCl (pH 7.9), 25% glycerol, 5 mM
MgCl,, 0.1 mM EDTA and 0.5 mM dithiothreitol).
Poly(A) polymerase activity was measured using
poly(A) as primer as described previously [12].
One unit is equivalent to 1 nmol AMP incorporated
per h,

3. Results

Poly(A) polymerase was extracted from nuclei
prepared by using hypertonic or isotonic sucrose.
Enzyme was also obtained from the corresponding
cytosol fractions. Because of the presence of nuclease
activity which interferes with the poly(A) polymerase
assay, the enzyme preparations were subjected to
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Fig.1. DEAE-Sephadex chromatography of nuclear poly(A)
polymerase. Nuclei were prepared from 14 g rat liver using
either hypertonic or isotonic sucrose as described in the
Methods. Enzymes were extracted and applied to a DEAE-
Sephadex column as described previously [21]. The column
(0.9 X 8 ¢cm) was washed with Buffer II containing 10 mM
(NH,), S50, and a linear gradient was attached. Aliquots of
30 ul were taken to analyze for poly(A) polymerasc activity
as described previously [12,16]. (e ®) ‘Hypertonic
nuclei’. (o ©) ‘Isotonic nuclei’.

DEAE-Sephadex chromatography. Fig.1 shows the

activity profile for the nuclear enzymes. It should be
noted that because the ‘isotonic nuclei’ were further
purified through 2.2 M sucrose, the protein and DNA

Table 1
Poly(A) polymerase from nuclei and cytosol

Specific
Extract protein Column protein Total units activity
Preparation (mg) (mg) (nmol/h) (nmo}/mg/h)
Hypertonic nuclei 8 1.4 227 176
Isotonic nuclei 8 1.0 2 2
Hypertonic cytosol 204 94 219 2
Isotonic cytosol 200 87 456 5

Fractions from individual groups were prepared as described in Methods. Recovery of DNA and
protein were identical for both groups of nuclei. ‘Extract protein’ was determined after (NH,),
SO, precipitation followed by dialysis prior to DEAE-Sephadex chromatography and respresents
the total from 14 g liver. ‘Column protein’ was determined for the pooled fractions after DEAE-
Sephadex chromatography following dialysis against buffer containing 50 mM Tris-HC1 (pH 8)
and 50% (v/v) glycerol. Protein was estimated as described by Bennett [24] using bovine serum
albumin as a standard.
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Fig.2. DEAE-Sephadex chromatography of cytosol poly(A)
polymerase. Cytosol was prepared concurrently with

nuclei from 14 g liver using hypertonic or isotonic sucrose

as described in Materials and methods. The dialyzed prepara-
tions were applied to 1.5 X 16 cm DEAE-Sephadex column
equilibrated in Buffer I11. After washing with Buffer 11
containing 10 mM (NH,), SO, a linear gradient was
attached. Aliquots of 30 ul were taken to analyze for
poly(A) polymerase activity. (e @) ‘Hypertonic cytosol’.
(o o) ‘Isotonic cytosol’.

content were almost identical to the nuclei prepared
by direct homogenization with 2.2 M sucrose, and
thus similar amounts of protein were extracted and
subjected to ion exchange chromatography (see table
1). As described previously [4,12,16,17,21], an
active poly(A) polymerase is obtained from ‘hyper-
tonic nuclei’. However, almost no activity was

detected in the enzyme extract from ‘isotonic nuclei’.

Thus, a simple homogenization with 0.25 M sucrose,
results in virtually complete loss of poly(A) poly-
merase from the nuclei. If a transfer of enzyme from
nuclei to cytosol has occurred by homogenization

in isotonic sucrose, one would expect to find a
greater level of enzyme in the ‘isotonic cytosol’ than
in the ‘hypertonic cytosol’. As shown in fig.2,
‘isotonic cytosol’ contained approximately twice

as much activity as ‘hypertonic cytosol’.

To determine if the increase in total poly(A)
polymerase activity in the ‘isotonic cytosol’ cor-
related quantitatively with the decrease in activity
from the ‘isotonic nuclei’, fractions from the
columns were pooled, dialyzed and assayed using
excess poly(A) as primer. As indicated in table 1,
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the total poly(A) polymerase activity recovered
(calculated from the average of several enzyme
concentrations) was 227 units in the ‘hypertonic
nuclei’, whereas only 2 units were recovered from
the “isotonic nuclei’. Correspondingly, the poly(A)
polymerase activity in the ‘hypertonic cytosol’ was
219 units compared with 456 units in the ‘isotonic
cytosol’. A reduction of 225 (227-2) units of
poly(A) polymerase activity occurred in nuclei when
isolated using isotonic conditions and an increase of
237 (456—219) units of activity was observed in
the ‘isotonic cytosol’ relative to the ‘hypertonic
cytosol’. Thus, a quantitative transfer of enzyme
activity occurs from nuclei to cytosol when the
isolation media is changed from hypertonic to
isotonic,

4. Discussion

We have presented data indicating that the
recovery of poly(A) polymerase activity is dramati-
cally altered depending upon the conditions of the
isolation. Only 1% of the total nuclear enzyme
was retained in ‘isotonic nuclei’. This result is
consistent with our earlier finding that a large pro-
portion of the nuclear poly(A) polymerase is ‘free’
in the nucleoplasm and that less than 1% of the
nuclear poly(A) polymerasc is bound to the
chromatin [4]. The ‘free’ enzyme can be released
from the nuclei either by initial homogenization of
the tissue with isotonic sucrose or by rehomogeniza-
tion of the ‘hypertonic nuclei’ with isotonic media.
It is thus evident that measurements of levels of
nuclear poly(A) polymerase can only be undertaken
using nuclei isolated in hypertonic sucrose. ‘Iso-
tonic nuclei’ are useful therefore largely in deter-
mining the amount of chromatin-bound enzyme.

In addition, the most commonly used methods
(isotonic) of preparing the cytosol fraction yield an
overestimate of enzyme in that fraction due to
nuclear leakage.

The data in the present report do not rule out
the existence of a separate poly(A) polymerase in
the cytosol fraction. The presence of a cytoplasmic
poly(A) polymerase is certainly conceivable in
view of the additional polyadenylation of mRNA
known to occur in the cytoplasm [22,23]. However,
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since 2.2 M sucrose is an aqueous medium, albeit
hypertonic, it is possible that even some of the poly-
(A) polymerase observed in the ‘hypertonic cytosol’
might be due to nuclear leakage. Assuming the data
from the ‘hypertonic cytosol’ does represent an
accurate estimation of enzyme activity, a pattern of
enzyme distribution in the liver cell can now be
presented. Based on the data in this report for
‘hypertonic cytosol” and ‘nuclei’ together with our
previous data for poly(A) polymerase in the other
organelies (following one ion exchange chromato-
graphy, see [4,7,9,12,21]), we find the following
approximate ratio exists for poly(A) polymerase
activity in the liver cell; nuclear sap*: chromatin**:
mitochondria**: membrane-bound ribosomes**:
cytosol as 100:1:3:25:100. It is not yet known
whether the enzymes in the different cellular
fractions are identical.

It should be noted that the specific activity of
the poly(A) polymerase in the ‘hypertonic nuclei’ is
75 times greater than in the ‘hypertonic cytosol” or
34 times greater than the ‘isotonic cytosol’ (see
table 1). Thus, a considerable purification of the
enzyme is achieved by using nuclei as a source.
Indeed, poly(A) polymerase can be easily purified
to homogeneity (as determined by acrylamide gel
electrophoresis) from isolated nuclei by a series of
ion exchange chromatographies [12], whereas the
same scheme of purification applied to a cytosol
fraction results in a preparation which is only 40%
pure (Rose and Jacob, unpublished observations). At
this point, we have not detected any differences in
characteristics of the ‘free’ nuclear and cytosol
enzymes.

[t should be pointed out that although poly(A)
polymerase decreased almost to zero in ‘isotonic
nuclei’, the protein content of this fraction was
essentially unaltered. Thus, in all probability only
a small percentage of the total nuclear proteins are
‘free’ to leak out into the cytosol and that poly(A)
polymerase is one of these proteins. Indeed, large
scale studies indicate that nuclear poly(A) poly-
merase accounts for 0.01 mg/g liver [12] and thus
a complete loss of enzyme protein would not be

* Nuclear sap refers to chromatin-free nucleoplasm; see [4].

** Enzyme activity still bound after several isotonic washings
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detected in the present investigation. An equilibrium
may cxist between nuclear and cytosol enzymes
which could allow for a rapid buildup of poly(A)
polymerase in the nucleus in response to physiological
stimuli which call for increased polyadenylation.
Although the levels of poly(A) polymerase present
in ‘hypertonic nuclei’ appear to respond to various
physiological parameters [12,16,17], it is not yet
known whether the amount of enzyme detected in
the ‘hypertonic cytosol’ is altered in a similar
manner to these parameters or whether the two
pools of enzyme are regulated independently. Such
studies are now in progress.
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