
Archives of Virology 58, 29--34 (1978) 
Archives of Virology 
© by Springer-Vertag 1978 

In vitro Growth Characteristics and Heterofleneity 
of Mouse Hepatitis Virus Type 3 

By 

N. TAKA¥~MA and A. K m ~  
Laboratoire de Virologic et Groupe de Reeherches U 74 sur la PathogGnie des Infections 

Virales, 
Strasbourg, France 

With 2 Figures 

Accepted April 4, 1978 

Summary 

The in vitro virus yield of MHV3 reached 107 PFU/ml  in mouse DBT cells 
infected with a virus suspension in HEPES-buffered medium containing DEAE- 
dextran. The virus titer was 106 PFU/ml  in the presence of 10 ~zg actinomycin 
D/ml. MHV3 grown in DBT cells gave three peaks of density (1.10--1.14 g/cm 3, 
1.18--1.20 g/cm 8, and 1.25--1.31 g/cm 8) in sucrose gradients. All these peaks 
retained infectivity. 

Introduction 

The similarities in the host-parasite relationship between hepatitis produced 
in mice by  the murine coronavirus, mouse hepatitis virus type 3 (MHV3) (13), 
and human serum hepatitis have encouraged several laboratories to s tudy both 
the pathological and immunological MHV3-infection of n~fice (5, 7, 8). Some of 
the biochemical properties of MHV3 have been determined (10, 11), although little 
is known about  the molecular events during replication. (7). This is undoubtedly 
clue to difficulty in growing MHV3 in cell cultures, although the growth of MHV 3 
in some cells has been described (6, 7, 10). We previously reported a plaque assay 
in a mouse cell line (12) and in this paper  we describe an improved cultivation 
method of MHV3 in the same cell line. Furthermore,  we show heterogeneity of 
MHV3 particles by  sucrose gradient analysis. 

Materials and Methods 

Cell Culture, Virus Strain, and In/ectivity Assay 
The cell-line SId-CDF1-DBT (DBT), originating from a mouse brain tumor (2) 

was grown in Eagle's minimum essential medium (MEM) supplemented with 10 to 
15 per cent calf serum (CS) and 10 per cent tryptose phosphate broth. MEM was buffered 
with sodium bicarbonate or N-Hydroxyethylpiperazine-N'-2-Ethanesulfonie Acid 
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(HEPES) .  The  Amer ican  Type  Collection Strain of M H V  3 was used af ter  three cycles 
of p laque puri f icat ion in our  laboratory.  P laque  assays were per formed on D B T -  
monolayers  in 3.5-em diameter  petr i  dishes as described previous ly  (12). 

Growth Experiment at Various Temperatures 
DBT-monolayers ,  g rown in 30-ml plast ic bottles,  were infected wi th  M H V 3  at  a 

mul t ip l ic i ty  of infection (MOI) of 0.1 P F U  per cell in the  presence of 25 ~g/ml diethyl-  
aminoe thy l -dex t r an  (DEAE-D) .  The  addi t ion  of 25--100 ~g D E A E - D / m l  to  the  virus  
inocutum increased the  virus yield twofold (data  no t  shown). After  a 45-minute  adsorp-  
tion a t  37 ° C, the  monolayers  were covered wi th  4 ml of H E P E S - b u f f e r e d  MEM (pH 7.2) 
containing 2 per  cent  CS, and incuba ted  at  var ious tempera tures .  Incuba t ion  was 
performed in a wa te r -ba th  control led to ~ 0 . 1  ° C. Af te r  the  selected t ime  dupl ica te  
DBT-bo t t l e s  were collected and the  cul ture  fluids were pooled, centr i fuged and the  
superna tan t  was assayed for infec t iv i ty  (celLfree virus t i te r  ; CFV ti ter) .  The  remaining  
monolayers  were covered wi th  4 ml of phospha te  buffered saline, f rozen and  thawed  
twice, and assayed for infec t iv i ty  (cell-associated virus  t i t e r ;  CAV titer).  

Radioactive Labelling and Centri/ugation of Virus 
To label virus  R N A ,  D B T  cells, grown in 2000-ml roller bott les,  were infected 

with M H V 3  at  MOI  of 0.02 P F U  per  cell. Af te r  a 45-minute  adsorpt ion a t  37 ° C the  
cells were g iven H E P E S - b u f f e r e d  MEM (pH 7.2) containing 5 ~g ac t inomycin  D / m l  
and incubated  at 37 ° C for 6 hours. The cul ture fluids were then  r emoved  and cells 
were covered wi th  ME~I conta ining 2 per  cent  dialysed CS, 5 ~g ac t inomyein  D/ml ,  
and 5 ~.Ci/ml of ~I-Iouridine (sp. act .  = 24 Ci/m~),  and incuba ted  for 12 hours at  37 ° C. 
To label virus protein,  D B T  cells were infected as described above and were incuba ted  
at 37°C for 17---18 hours in I - IEPES-buffered MEM containing ei ther  meth ion ine  
reduced to 10 per  cent  of the  usual concent ra t ion  and 3sS-methionine (2 ~Ci/ml, 
sp. act .  = 575 mCi/mM), or a mix tu re  of sIt- leueine (2 ~LCi/ml, sp. act.  = 30 Ci/m.'vl), aI-I- 
vMine (2 ~tCi/ml, sp. act. = 26 Ci/m~i), ~H-phenylalanine (2 ~Ci/mI, sp. act.  = 30 Ci/ 
msI), and atI-lysine (1 ~Ci/ml, sp. act.  = 22 Ci/m~i). 

The  virus  was pel leted by  centr i fugat ion at  23,000 × g for 40 minutes  in a Beckman  
42.1 ro tor  and was resuspended in T N E  buffer (0.01 3~ Tris-hydroehtoride,  0.1 ~ NaC1, 
and 0.001 ~ E D T A ,  p H  6.8). This was layered on a 15--65 per  cent  l inear sucrose 
gradient  (w/w) and centr i fuged a t  40 ,800×g  for 90 minutes  in a Beckman  SW27 
rotor  (velocity centrifugation).  Some fractions were pooled, dialysed, layered  on a 
15--65 per  cent  sucrose gradient  and centr i fuged a t  40,800 × g for 16--18 hours  in 
an SW27 rotor.  I n  Exp .  3 (see ?Cable 2) cul ture  fluids were layered on to a cushion 
consisting of 10 mI of 15 per  cent  sucrose made  in T N E  buffer  and centr i fuged at  
40,800 × g for 60 minutes  in an SW 27 rotor  to r emove  fine cellular debris prior  to vMoeity 
eentr ifugat ion.  The  fract ions were collected f rom the  bo t tom of the  tube  and  assayed 
for aeid-preeipi table  rad ioac t iv i ty  and infect ivi ty .  The densities were de te rmined  
by  weighing 100-mieroliter samples. 

Results 

Virus Yields and One-Step Growth Curves at Various Temperatures 

I t  has  b e e n  r e p o r t e d  t h a t  t h e  y ie lds  of a v i a n  a n d  po rc ine  co ronav i ruses  were  
se r ious ly  i n f luenced  b y  t h e  p H  of t h e  m e d i u m  a n d  t h a t  t he  v i rus  y ie ld  was  i nc rea sed  

b y  us ing  a m e d i u m  bu f f e r ed  w i t h  H E P E S  (1, 9). Our  p r e l i m i n a r y  e x p e r i m e n t s  
h a v e  shown t h a t  a H E P E S - b u f f e r e d  m e d i u m  ( p H  7.2) p r o d u c e d  a b o u t  a t 0 - fo ld  

increase  in v i rus  y ie ld  in D B T  cells c o m p a r e d  w i t h  a m e d i u m  buf fe red  wi th  
s o d i u m  b e c a r b o n a t e  (pH 7.2). T h e  C A V  a n d  C F V  of M I t V 3  g r o w n  in  D B T  cells 
were  h igher  us ing  M E M  c o n t a i n i n g  20 m~f I - IEPES  a t  p i t  7.2 t h a n  a t  p H  6.6 (da t a  

n o t  shown) .  F o r  th i s  r ea son  I t E P E S - b u f f e r e d  m e d i u m  (pH 7.2) was  used.  
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The viral yield was compared a t  various tempera tures  between 31°--42° C 
(Table 1), in order to determine the opt imal  tempera ture  of MIIV3-growth  in 
DBT cells. The highest tiger in culture fluids was obta ined  when the infected 
cells were incuba ted  a t  35 ° C. One-step growth exper iments  were performed 
at  35 °,  37 °,  40 °,  and  42 ° C. No virus was obta ined  at  42 ° C. Both CFV and  CAV 
were highest a t  35 ° C at  12 and  18 hours after incubat ion ,  a l though the difference 
between the yield a t  35 ° and  at  37 ° C was no t  large. The CFV tiger was slightly 
Mgher t h a n  the CAV tiger a t  35 ° and  37 ° C after  an  18-hour incuba t ion  (Fig. 1). 

Table t. E//eet o~ temperature on the virus yield 

Hours after Incubation temperature (° C) 

incubation. 31 ° 33 ° 35 ° 37 ° 39 ° 40 ° 41 ° 42 ° 

18 hours I04.15a i0 s-45 i0 TM 106-41 I05.57 i04-s5 i02.°° n.d. b 

Cell-free virus tiger (PFU/ml) 
b Not detected 
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Fig. 1. One-step growth  curves of M H V  3 at various gemperat~es 
At selected times duplicate DBT-monolayers infected with MHV 3 at MOI of 0.1 PFU 
per cell were collected and the culture fluids pooled, centrifuged, and assayed for 
infectivity (celI-free virus tiger, left panel). The original volume of phosphate-buffered 
saline was added to the monolayers, which were then frozen and thawed twice and 

assayed for infectivity (cell-associated virus tiger, right panel) 
Symbols: Virus growth at 35 ° C (o & .), 37 ° C (v & ,), 40 ° C (~ & ~), and 42 ° C (4 & , )  

E//ects o /Ac t inomycin  D on Cellular R N A  Synthesis and Virus Production 

The t ime course and  the dose response of act, inomycin  I) on l~NA-synShesis in  
DBT cells were studied. I~NA-synthesis in D B T  cells was decreased b y  over 
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95 per  cent a t  one hour  and  b y  over 98 per  cent a t  two hours af ter  incubat ion ,  
when 2.5 or 5 ~g/ml  of ae t inomye in  D was a d d e d  to the  med ium (Fig. 2, left). 
The yie ld  of 3/IHV3 in D B T  cells was reduced  b y  up to 10-fold in  the  presence of 
ac t inomye in  D (1- -10  fxg/ml) (Fig. 2, r ight) .  However ,  the  inh ib i to ry  effect of 
the  drug  seemed to be secondary  to  an adverse  effect on D B T  cells. 
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Fig. 2. Effect of actinomyein D on the cellular gNA-synthes is  and virus yield 
Left  : DBT ceils in wells of a microplate (Nunclon ; Roskilde, Denmark) were incubated 
at  37 ° C in MEM containing both sI-I-uridine (4 ~Ci/ml) a, nd aet inomyein D, or tV[EM 
containing aI-[-uridine alone. At  the indicated times cells were (tisrupfed by adding 
sodium dodeeyl sulfate (final concentration = 1 per cent) and the aeid-precipitable 

radioact ivi ty was determined 
Right  : DBT (',ells were infected with MttV 3 at  M e [  of 0.1 P F U  per cell and covered 
with MEM containing different concentrations of aetinomycin D. After  incubation 

for 18 hours at  37 ° C, the cell-free virus t i ter  was determined 
Symbols; no acfinomycin D (.); actinomyein D at  0.5 ~zg/ml ('0, 2.5 Ixg/ml (.), and 

5 ~g/ml (o) 

Sucrose Gradient Analysis o~ MII V 3 

One peak  of r ad ioac t i v i t y  (CPM-peak) a t  1.25 g /em 3 and  two peaks  of in fec t iv i ty  
(PFU-peak)  a t  1.25 and 1.20 g/cm 3 were obta ined ,  when concen t ra ted  M H V 3  
was centr i fuged in a 15--65  per  cent sucrose g rad ien t  a t  40,800 × g for 16 hours.  
The  d i sc repancy  be tween the  densit ies  of the  P F U -  and  CPM-peaks  sugges ted  
t h a t  the  M H V 3  samples  were composed of heterogeneous vi rus  part ic les .  Veloc i ty  
cen t r i fuga t ion  was t hen  done pr ior  to  equi l ibr ium centr i fugat ion.  The  peak  frac- 
t ions f rom the  b o t t o m  and  top  of ve loc i ty  cent r i fugat ion  tubes  were t aken  and  
centr i fuged a t  40,000 × g for 1 6 - - t 8  hours  in a 15--65  per  cent  sucrose gradient .  
Resul t s  are  shown in Table  2. The b o t t o m  fract ions p roduced  single CPM-peaks  
corresponding to P F U - p e a k s  of dens i ty  1.26--1.131 g/cm~. The top  fract ions 
p roduced  2 - - 4  CPM-peaks  and  3 - - 4  P F U - p e a k s  a t  the  b o t t o m  (1.25--1.31 g/cma), 
middle  (1.18--1.20 g/em3), and  top  (1.10--1.14 g /cm a) of the  gradients .  These 
CPM- and  P F U - p e a k s  coincided wi th  each other,  



Growth  and He te rogene i ty  of M H V 3  33 

Table  2. Equilibrium centrifugation of M H V 3  in 15--65 per cent sucrose gradients 

Peak  of P e a k  of 
rad ioac t iv i ty  infec t iv i ty  

~ u m  - N u m  - 

Exper i -  ber ber 
men ta l  I~adioisotope of Dens i ty  of Dens i ty  
number  used Frac t ion  peaks (g/cm a) peaks (g/em s) 

1 Mixture  of B o t t o m  t 1.26 1 
3I-I-amino acids Top (PFU)a 2 1.19 3 

1.14 

2 at{ -uridine B o t t o m  1 1.30 1 
Top (PFU)  0 2 

3 saS-methionine 

Top (CPM) b 4 1.30 3 
t .20 
1.18 
1.14 

B o t t o m  1 1.31 1 
Top (PFU)  3 t.30 4 

1.19 
1.11 

1.26 
1.20 
1.18 
1.14 

1.30 
1.29 
1.20 
1.30 
1.20 
1.10 

1.31 
1.29 
1.27 
1.19 
t . l l  

Tota l  infect ivi t ies  in s tar t ing materials  : Exp .  1 : 107.~s P F U ,  Exp .  3 : 107.89 P F U  
a Peak  of infec t iv i ty  
b Peak  of rad ioac t iv i ty  

Discussion 

MHV3 did not replicate in DBT cells as efficiently as MHV2 (2), but the 
method we propose is an improvement  on previous methods. By giving DEAE-D 
to DBT cells with the virus suspension, MHV3 reached a higher titer than in 
untreated cells. DBT cells in HEPES-buffered MEN (pH 7.2) produced more 
virus than those in MEN buffered with sodium bicarbonate. Furthermore the virus 
yield reached 106 PFU/ml  even in the presence of 5---10 ~zg/ml of actinomycin D 
which within two hours inhibited cellular RNA synthesis by  over 98 per cent. 
The optimal temperature of virus production was found to be 35 ° C, although 
MHV3 seemed to grow well within the range of 330--37 ° C. Furthermore,  DBT 
cells were easy to handle compared with mouse maerophages and mouse embryo 
cells. Therefore, DBT cells seem to offer a convenient cell system in which the 
biochemical properties of MHV3 can be investigated and so we a t tempted to 
purify MHV3 from them. 

We have not succeeded in purfying MHV3, although our sucrose gradient 
experiments indicated tha t  MHV3 particles were heterogeneous. Two main 
groups of virus particles were separated by  velocity eentrifugation. The bot tom 
peak produced one PFU-peak corresponding to a CPM-peak, but the top peak 
formed two to four further peaks. Thus, MHV3 grown in DBT cells seemed to 
contain particles of different densities; high density (HD; 1.25--1.31 g/cm3), 
intermediate density (ID; 1.18--1.20 g/cm3), and low density (LD; 1.10--i .  14 g/ 
era3). T h e  L D  a n d  I D  pa r t i c l e s  a p p e a r  to  be  m a d e  f r o m  m e m b r a n e - b o u n d  M H V 3  

3 Arch. Virol. 58/1 
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a n d  complete  M H V 3  part icles ,  respect ively ,  because  a subs tan t i a l  a m o u n t  of 
in fec t iv i ty  was de tee ted  in t hem and  the  densi t ies  of LD and  I D  par t ic les  were 
comparab le  to  those of m e m b r a n e - b o u n d  h u m a n  coronavirus  (IteV)/0C43 (3) 
and  of in t ac t  coronavirus  (3, 4, 7). The  H D  group was composed  of unusua l  v i rus  
par t ic les  which were infectious bu t  more  dense than  is usual  wi th  coronaviruses.  
I t  has been r epor t ed  t h a t  HCV/229 E par t ic les  are easi ly depr ived  of thei r  pe ta l -  
l ike pro jec t ions  (4), and  t h a t  t r e a t m e n t  wi th  N P 4 0  increases the  dens i ty  of the  
vi rus  par t ic les  from 1.19 to 1.27 g/em a (4). W e  therefore  pos tu l a t e  t h a t  the  H D  
group migh t  be composed of incomple te  virions which had  been d a m a g e d  dur ing  
centr i fugat ion.  However  the  reason why  the  H D  group r e t a ined  in fec t iv i ty  
remains  unknown.  
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