
Thermochimica Acta 407 (2003) 113–116

Short communication

The difference of energy metabolism between persistent
and cytocidal virus infections

Liu Yuwena, Zhang Henga, Wang Cunxina, Li Jiea, Li Huitin a,
Li Zhaoyangb, Wu Jibinb, Zheng Congyib,∗

a College of Chemistry and Molecule Science, Wuhan University, Wuhan 430072, PR China
b College of Life Science, Wuhan University, Wuhan 430072, PR China

Received 20 December 2002; received in revised form 10 April 2003; accepted 12 April 2003

Abstract

In this study, microcalorimetric measurements were carried out on PK-15 cell line persistently infected by cholera swine
fever virus (CSFV) and BHK-21 cell line infected by foot and mouth disease virus (FMDV). The aim of this investigation
was to investigate the difference of energy metabolism between the different kinds of virus infections—persistent infection
and cytocidal infection. The thermogenesis curves determined by using a LKB 2277 Bioactivity Monitor were significantly
different. From these thermogenic curves, the maximum heat production ratePm and total heat outputQ are obtained. The
results show that energy metabolism is different between persistent infection and cytocidal infection.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

When viruses infect cells, two general outcomes are
possible. Either the infected cells are killed, but pro-
duce a large yield of virus (a lytic interaction) or the
cell continues to multiply while making small amounts
of virus [1]. Virus infections thus can be classified
into cytocidal infection (lytic interaction) or persis-
tent infection based on their effects on the host cells.
The most easily recognized is a destructive or cy-
tocidal effect characterized by extensive damage to
many different cell organelles. In persistent infection,
cells continue to function for some time after infec-
tion and at least in one case to grow and divide while
producing virus. Because of the ease with which the
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virion-specific material can be followed and the slower
development of knowledge and methods that allow a
detailed comparison of cellular processes in normal
and infected cells, investigations of the events follow-
ing virus infection of animal cells have dealt more
with the synthesis of new virion components[2] than
with effects on host cells.

In this study, a PK-15 cell line persistently infected
by a field-isolated strain of classical swine fever
virus (CSFV39) (CSFV39-PK-15 cell line)[3] and
a BHK-21 cell line with cytocidal virus infection by
foot and mouth disease virus (FMDV)[4] were inves-
tigated by microcalorimetry. The metabolic processes
of normal PK-15 and BHK-21 cells were also investi-
gated. The shapes of the thermogenesis curves of per-
sistent infection and cytocidal infection processes are
significantly different. The maximal thermal power
(Pmax), the mean thermal power (Pmean) and total heat

0040-6031/$ – see front matter © 2003 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0040-6031(03)00263-6



114 L. Yuwen et al. / Thermochimica Acta 407 (2003) 113–116

production during the measurement period (Q), all
are indicators that the multiplication mechanisms of
virus in these two kinds of infections are significantly
different.

2. Materials and methods

2.1. Instrument

An LKB-2277 Bioactivity Monitor (Thermometric
AB, Sweden) was used in this experiment. The detec-
tion limit is 0.15�W and the baseline stability (over a
period of 24 h) is 0.2�W. The performance of this in-
strument and the details of its construction have been
previously described[5].

2.2. Materials

PK-15 cells, PK-15 cells persistently infected with
CSFV39 (CSFV39-PK-15 cell line), BHK-21 cells,
and FMDV were provided by China Center for Type
Culture Collection, Wuhan University. Cultures in
exponential growth phase are obtained by seeding
105 cell ml−1 PK-15 cells into T-25 plastic flask con-

Fig. 1. Thermogenesis curves of PK-15 cells and CSFV39-PK-15 cells (persistent infection).

taining 8 ml medium at 37◦C, 5% CO2 for 2 days. The
medium consists of 90% DMEM medium (GIBCO
Co., USA), 10% heat-inactivated fetal calf serum
(GIBCO Co., USA) with 100 IU ml−1 penicillin and
100�g ml−1 streptomycin added (pH= 7.2–7.3).
The same medium was used for the calorimetric ex-
periments. Cells were counted by using a Thoma’s
hemocytometer.

2.3. Procedure

The thermogenesis curves of PK-15 and BHK-21
cell lines both uninfected and infected were recorded
with the ampoule method with 3 ml glass ampoules.
The reference ampoule contained 1 ml of culture
medium, and the other contained 1 ml of sample.
Each ampoule also contained 2 ml of air. The initial
cell number was 105 cell ml−1 in all experiments.
The measurement was carried out at 37◦C. All ex-
periments have been repeated three times. All the
procedures are the same except for an extra procedure
of FMDV infection. BHK-21 cells cultured in the
ampoule for 24 h were infected with 0.05 ml of virus.
Following 30 min at 37◦C, the cells were washed
twice with fresh DMEM and the 1 ml original medium
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was put back into the ampoule. The ampoule was then
sealed and put into the microcalorimeter with a refer-
ence ampoule to determine the thermogenesis curves.

3. Results

The thermogenesis curves of PK-15 cells and
PK-15 cells persistently infected by CSFV39
(CSFV39-PK-15 cells) at 37◦C are shown inFig. 1.
Fig. 1shows that the thermal power of CSFV39-PK-15
cells (persistent infection) is higher than that of PK-15
cells.

The total metabolic heat released during the experi-
ment is given inTable 1. The maximum thermal power
and the mean thermal power are also given inTable 1.

The thermogenesis curves of BHK-21 cells and
BHK-21 cells infected by FMDV (cytocidal infection)
at 37◦C are shown inFig. 2. The shape of the thermo-
genesis curves of BHK-21 cells infected by FMDV
is significantly different from that of normal BHK-21
cells. The exponential increasing phase and exponen-
tial declining phase clearly seen in the thermogenesis
curves of BHK-21 cells infected by FMDV are not
seen with normal BHK-21 cells. The exponential in-

Fig. 2. Thermogenesis curves of BHK-21 cells and BHK-21 cells infected by FMDV (cytocidal infection).

Table 1
Analysis of themogenesis curves of PK-15 and BHK-21 cell lines
both uninfected and infected

Q (J) Pmean (�W) Pmax (�W)

PK-15 cells 1.12± 0.05 6.47± 0.29 7.83± 0.39
CSFV39-PK-15

cells
1.34 ± 0.07 7.71± 0.40 8.49± 0.42

BHK-21 cells 4.10± 0.24 10.10± 0.60 13.65± 0.71
BHK-21 cells

infected by
FMDV

9.16 ± 0.41 27.5± 1.22 69.00± 3.58

crease of thermal power with time cannot be explained
by the growth of cells, it can only be caused by the
action of FMDV on BHK-21 cells. The total heat re-
leased during the experiment, the maximum thermal
power, and the mean power are given inTable 1.

4. Discussion

FromFig. 1, the shapes of the thermogenesis curves
of normal PK-15 cells and CSFV39-PK-15 cells
(persistent infection) are very similar, except that the
curve of CSFV39-PK-15 cells is a little higher than
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that of the normal PK-15 cells. The total metabolic
heat, the mean thermal power and the maximum ther-
mal power of CSFV39-PK-15 cells are all about 20%
larger than those of normal PK-15 cells. This indicates
that virus which cause persistent infection accelerate
many biochemical processes, but the action of the
virus on the host cells is not severe on the whole.
In Fig. 2, the shape of the metabolic thermogenesis
curve of BHK-21 cells infected by FMDV is signif-
icantly different from that of normal BHK-21 cells.
The total metabolic heat and the mean thermal power
are three times that of the normal BHK-21 cells, and
the maximum thermal power is fives times of that
of the normal BHK-21 cells, showing the severity
of cytocidal infections on the host cells. Though the
changes in biochemical reactions in the host cells
are very complicated after being infected by virus,
microcalorimetry can be used to monitor the overall
processes. The thermogenesis curves not only give
information about metabolic heat, but also informa-
tion about the thermokinetics of virus replication.
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