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1. Introduction

Friend erytholeukemia (FL) cells can be induced
to undergo erythroid differentiation following.
exposure to dimethyl sulfoxide (Me,SO) [1] or
hemin [2] . The differentiation process involves a
series of events which include, production of globin
mRNA [3-5] expression of erythrocyte membrane
antigens [6] and a decrease in the ability of induced
cells to divide [7]. In cells exposed to either Me,SO
or hemin, both a-and B-globin mRNAs are synthesized
[2,5]. It has been shown that the relative rate of
accumulation of - and $-globin mRNAs differs with
different inducing agents [8] . We have utilized this
system to examine the fate of cellular mRNAs during
the course of lytic infection with herpes simplex
virus (HSV). We demonstrated that the de novo syn-
thesis of globin was rapidly shut off early after infec-
tion with HSV and that the abundance of globin
mRNA sequences decreased as the infection proceeded
[9]. In a subsequent analysis of total infected cell
mRNA we provided evidence which suggested that
total polyadenylated cellular mRNA was degraded at
4 h postinfection and that the degradation of globin
mRNA was a stochastic process as judged by the
failure to detect a shift in the kinetics of hybridiza-
tion of total polyadenylated mRNA extracted at
various times postinfection to globin cDNA [10].

To further explore these findings, specific cDNA
probes to a- and f-globin mRNA were prepared and
used to analyze the relative stability of a- and
B-globin mRNAs following infection with HSV. The
results demonstrate that degradation of a-globin
mRNA is more refractile to HSV infection than
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B-globin mRNA in cells fully induced with Me,SO
and hemin.

2. Materials and methods

The conditions for cell culture, induction of globin,
propagation of virus and infection with HSV were as
described {7,9]. Total cytoplasmic RNA was isolated
as described [9], and stored under ethanol until it
was ready to be used. RNA was resuspended in water
and hybridized as described [11] . Specific cDNA
probes for a- and §-globin mRNA were prepared by
reverse transcribing purified a- and f-globin mRNA.
The two mRNAs were separated by preparative poly-
acrylamide gel electrophoresis in formamide according
to Nudel et al. [12].

3. Results

Cultivation of FL cells in the presence of 2% Me,SO
results in the synthesis of both a- and S-globin mRNAs
which code for both a- and g-globins [8] . The relative
rate of accumulation is not the same for the two
messengers. In fact the a-globin mRNA is detectable
after 16 h, whereas, increase in -globin mRNA
sequences isnot detected until 20—24 h after exposure
to inducer [8] . After 3 days exposure to this com-
pound cells contained approximately equimolar
amounts of a- and f-globin, mRNAs as judged

by the relative C, 1 after hybridization to specific
a- and B-globin cDNAs (table 1). These cells were
infected with 10 pfu cell of HSV-1 and at 4 h post-
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Table 1
Fate of a- and g-globin mRNA

Time post- Crt% Crt% Percent remaining

infection a-mRNA g-mRNA 8l @ [}
Experiment 12 0 46 4 1.15 - -

4 6.6 X 10! 5x10* 0.13 7 0.8
Experiment 22 0 12X 100 14X10* 0.86 - -

1 1.2x 100 5.6Xx 10" 0.21 100 25

2 3.0x 10! 2X 10* 0.15 40 7

3 1.2 X 10? 4x10* 030 10 3

4 20x 10? 4% 10* 0.50 6 3

2 Exponentially growing FL cells were exposed to 2% Me, SO and diluted to a constant
cell density in medium containing 2% Me,SO. After 72 h in culture the cells were con-
centrated 10-fold and infected with 10 pfu/cell of HSV-1. After 1 h the cells were
diluted in fresh medium and samples were withdrawn at the indicated times. RNA was
extracted from cytoplasm prepared as previously described [9] and hybridized to

specific - and g-globin cDNA [8]

infection the level of cytoplasmic «- and S-globin
mRNA was analyzed. Our results (fig.1) demonstrate
that both globin mRNAs are degraded during the
course of infection. At 4 h postinfection only 7% of
a-globin and 0.8% of -globin mRNA sequences
persisted (table 1). The ratio of §- to a-globin mRNA
changed from 1.15 to 0.13 suggesting that a-globin
mRNA is more stable in the face of HSV infection
than the mRNA coding for 8-globin.

In order to determine the time course of degrada-
tion of the two messengers, the amount of each
globin mRNA species was determined throughout the
early course of infection with HSV. A single culture
of 3-day Me, SO induced FL cells was infected at an
moi=10 and aliquots were withdrawn at 1-h intervals
postinfection. Total cytoplasmic RNA extracted from
each sample was hybridized to a- and B-globin cDNAs
and the relative amount of each mRNA which persisted
was determined from the C.#: of the reaction. The
mRNA coding for a-globin becomes more abundant
relative to that coding for 8-globin during the course
of infection (table 1, experiment 2). The f-globin
mRNA is rapidly and preferentially degraded during
HSV infection. By 2-h postinfection only 7% of
B-globin mRNA persists whereas, 40% of the original
a-globin mRNA sequences remain. In this experi-
ment, the relative ratio of §- to a-mRNA sequences
has decreased from 1.15 to 0.13. Thereafter, the rate
of degradation of f-globin mRNA decreases and
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a-globin mRNA is preferentially degraded. At 4-h
postinfection 3% of the - and 6% of the original
a-globin mRNAs remain. The kinetics of degradation
of a- and S-globin following infection with HSV
demonstrate that the a-globin mRNA is initially more
stable in the infected cell than §-globin mRNA. As
the infection proceeds and after the bulk of §-globin
mRNA is degraded the a-globin mRNA is also destroyed

FRACTION HYBRIDIZED

LOG C,t

Fig.1. Hybridization of purified «- and g8globin cDNA probes
with total cellular RNA. Between 1 mg and 20 mg of RNA
was hybridized to 178 pg of human globin cDNA (specific
activity 14 X 10° cpm/ng). The time for incubations for all
the experiments reported was4 h. (o- -0- - - -0) a-cDNA at
zero time postinfection; (0-—0———0) g-cDNA at zero time
postinfection; (v- - -¥- - - -¥) a-cDNA at 4-h postinfection;

(v- - -v——v) g-cDNA at 4-h postinfection.
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Fig.2. Kinetics of degradation of a- and $-globin mRNAs
from induced FL cells after infection with HSV. The frac-
tion remaining was calculated from the ratio of the C,¢1 of
a- or B-cDNA at zero time. (0——o0——0) @-mRNA, ~

(o ——e——o) B-mRNA.

(fig.2). Similar results were observed when FL cells
induced with hemin were infected with HSV (data
not shown).

4. Discussion

In this communication we have analyzed the fate
of the mRNAs which code for a- and §-globin in FL
cells exposed to 2% Me,SO after infection with HSV.

In differentiating fetal mouse erythroid cells there
is a balanced accumnulation of globin mRNAs [13] as
in FL cells exposed to 2% Me,SO for 72 h (fig.1). The
results of Aviv [14] demonstrate that total globin
mRNA has a half'life of 17 h in cultured FL cells.
While there is no available data on the stability of
the individual a- and B-globin mRNAg, it is reasonable
to assume that individually these messengers have a
half-life approximating that of the total globin mRNA

popu ulation which is far in excess of the duration of
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these experiments. In previous studies, we utilized
¢DNA prepared from total unfractionated globin
mRNAs and demonstrated that the globin mRNA was
degraded throughout the course of infection with
HSV.with a halfife of approximately 2 h [9,10].
These same studies showed that polyribosomes were
rapidly dissociated into monoribosomes and that the
synthesis of cell specific polypeptides was turned off
in favor of synthesizing virus specified polypeptides.
We have employed a similar approach in this study
and observed that the mRNAs coding for «- and
B-globin are degraded at different rates in FL cells
fully induced with either Me ;SO or hemin. In each
instance, the relative amount of a-globin mRNA that
persisted after HSV infection was greater than the
amount of persisting §-globin mRNA.

The mechanism responsible for preferential degra-
dation of the p-51uuu1 mRNA and the apparent
refractile nature of the a-globin mRNA is at present
unknown. However, there are a number of interesting
observations which might be considered to help
account for this phenomenon. The data of Lodish
[15—17] demonstrate that - and S-globin mRNAs
possess different affinities for ribosome binding sites.
These studies suggest that §-globin mRNA has a
stronger affinity for ribosome binding sites. Thus a
ribosome mediated protection mechanism cannot be
invoked to account for the refractile nature of a-globin
mRNA. Alternatively, our observation might be a
reflection of the fact that g-globin mRNA resides on
larger polyribosomes [18] and that these larger poly-
ribosome structures appear to be more rapidly dis-
sociated after HSV infection than the smaller a-globin
containing polyribosomes [10] . In either case, the
rapid decrease in the absolute content of the globin
mRNAs, and the ability of HSV to shut off cell-specific
transcription provides us with an interesting model
system with which we can examine the stability rather

than the turnover of the two messenger species.
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