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Summary 

The preparation and maintenance of a culture of bovine turbinate cells is 
described. The cell line is free of bovine viral diarrhea, parainfluenza-3, and infec- 
tious bovine rhinotracheitis viruses ; and although the modal chromosome number 
changed significantly between the 9th passage and the 81st passage, no definite 
morphological changes were observed. Low- and high-passage bovine turbinate 
cells were equally susceptible to bovine viral diarrhea virus. 

1. Introduetion 

Bovine viral diarrhea (BVD) virus can be readily propagated in primary bovine 
kidney or testis cell cultures (3, 4, 7, 8). However, because the virus is widespread 
in the cattle population and readily crosses the placental barrier, it is difficult to 
consistently prepare from calves or fetuses primary cell cultures that  are not 
already infected (1). The degree of susceptibility to BVD may vary with individual 
primary cell cultures, and they are unacceptable for either diagnostic work or 
experimental propagation of virus isolates until they are proven to be free of BVD 
virus. 

Previous investigations with turbinate cells prepared from a 2-year-old 
Hereford indicated that  these cells were uniformly susceptible to BVD and were 
readily passed in continuous culture (1). However, the cell line decreased in 
susceptibility to BVD beyond the 50th passage and did not grow well beyond 
the 70~h passage. Recently, a new continuous line of bovine turbinate (BT) cells 
has been established and is the subject of this paper. 

2. Materials and Methods 
2.1. Cell Culture 

The turbinates from a eolostrmn-deprived "caught calf" (2) from a BVD antibody- 
negative dam were removed aseptically. The turbinate tissue was cut into small pieces 
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and  t ryps in ized  in 0.25 per  cent  t ryps in  for 10 minu tes  a t  room tempera tu re .  The cells 
were al lowed to sett le,  the  t ryps in  was deean ted ,  and  then  fresh t ryps in  was ad d ed ;  
the  process was cont inued  for 30 minutes .  The dispersed cells were deean ted  and  saved,  
and  the  t ryps in iza t ion  proeedure  was r epea ted  on the  remain ing  tissue. The dispersed 
cells were pooled and  washed  twice in Dulbeeeo ' s  phospha t e  buffered  saline (PBS), 
d i lu ted  at  a ra t io  of 1 ml  of packed  eells per  200 ml of med ium,  and  seeded 25 ml  per  
flask in 75 em 2 plast ic  flasks (Falcon Plast ics,  Oxnard ,  CA. 93030). 

The m e d i u m  consisted of F 15 (Grand I s land  Biological Co., Grand  Is land,  New 
York) to which was added  0.11 mg  sodium p y r u v a t e  per  ml of recons t i tu ted  m e d i u m  
0.5 per cent  L A H  and  10 per cent  bovine  serum. The bovine  se rum was known  to be 
free of BVD,  para inf luenza  (PI-3), infect ious bovine rh inot rachei t i s  (IBR),  and bovine 
adenoviruses ,  as well as free of ant ibodies  to these  viruses.  Fe ta l  calf serum was no t  
used because i t  was difficult  to  get  such serum free of BVD virus. 

The cells grew well a t  35 ~ C and  were d iv ided and  passed at  a rat io of 1 to 3 as 
f r equen t ly  as twice a week or a t  in tervals  of several  weeks to several mon ths .  W h e n  the  
cultures were held for more  t h a n  1 mon th ,  the  med i u m was changed  a t  mo n t h l y  inter-  
vals. Low-passage  cells were frozen in l iquid n i t rogen  for fu ture  referenee.  The growth  
m ed ium could e i ther  be left on the  cells for cer ta in  types  of rout ine  work  such as virus 
p ropaga t ion  and  virus neut ra l iza t ion  or the  g rowth  m e d i u m  could be r emoved  and  
the  eells exposed  wi th  viral  inoculum. Medium wi thou t  serum could be used for ma in ten-  
ance. 

2.2. Determination o/ Modal Chromosome Number 

To correlate  a likely change in the  modal  ch romosome n u m b e r  of the  BT cell line 
wi th  possible change in suscept ibi l i ty  to BVD, the  modal  chromosome n u m b e r  for the  
9th and  81st cell passage was de te rmined .  Chromosomal  var ia t ion  in the  BT cell line 
was eva lua ted  as previous ly  descr ibed (5). 

2.3. B V D  Viruses 

Oregon C24V (3), N A D L  (4), and  Singer (isolated f rom an ou tb reak  of BVD in 
Maryland) ,  all ey topa thogen ic  isolates, were used in  the  compar ison  of suscept ib i l i ty  of 
BT cell cultures.  The Oregon C 24V and  Singer isolates were used at  the  10 .5 dilution,  
and  the  N A D L  isolate was used at  the  10 4 dilution.  For  each exper iment ,  adequa te  
volumes of the  s ta ted  dilut ions were made  in a single tube  to inocula te  bo th  low- and  
high-passage cell cultures.  

2.4. Virus Plaque Assays 

For  plaque studies,  the  cells f rom 75 era 2 plast ic  flasks were suspended  a t  a rat io 
of 1 to 50 ml of medium,  and  8 ml of cell suspension was seeded into 60-mm plast ic  
Pet r i  dishes (Faleon Plast ics,  Oxnard,  CA.). Cultures were incuba ted  a t  35~  in a 
humidif ied  a tmosphe re  eonta in ing  3 per  cent  carbon dioxide (CO2). A conf luent  sheet  
fo rmed in app rox ima te ly  2 days,  and  the  cells were used 3 to 4 days  af ter  seeding. 

At  the  t ime of inoculat ion,  the  med ium was removed,  and  0.1 ml  of a p r ed e t e rmi n ed  
virus di lut ion t h a t  would  give countable  plaques  was added  to each plate.  Viral inoculum 
was allowed to adsorb  for 1 hour  a t  room tempera tu re .  Agar  over lay  was ~hen added ,  
the  agar  was allowed to solidify, and the  plates  were inve r t ed  and  r e tu rned  to the  CO2 
incubator .  The agar  over lay consis ted of equal pa r t s  of 1.5 per  cent  Ionaga r  No. 2S 
and 2 • Eagle ' s  essential  amino acids, v i tamins ,  and  glutamine,  w i t h  0.5 per  cent  L A I t  
in Ear le ' s  ba lanced salts  solutions,  and  wi thou t  serum. Ten plates  were used for each 
virus dilut ion,  and  the  plaque-frowning uni ts  per  0.1 ml of virus suspension were de~er- 
mined.  F ive  ml of 1 per  cent  Noble agar  conta in ing  0.015 per  cent  neut ra l  red was 
added  to the  pla tes  af ter  4 days '  incubat ion ,  and  the  plaques  were coun ted  1 to  2 days  
later.  

2.5. Determination o/ 50 Per Cent End-Poin~ 

Low- and  h igh-passage  cell cul tures  were seeded in roller t u b e s  held in s t a t iona ry  
racks;  t he  viruses were t i t r a t ed  when  the  cell sheet  became confluent,. Cytopa tho-  
genic BVD viruses in BT cells cause vacuole fo rma t ion  wi th in  3 to 5 days  of inoculat ion 
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and complete destruction of the cell sheet within 5 to 6 days. When the cytopathic 
effect (CPE) was complete, the 50 per cent endpoint was calculated by the method of 
REED and MVENCE (6). 
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Fig. 1. Histogram of 9th passage of bovine turbinate cet[s 
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Fig. 2. Histogram of 81st passage of bovine turbinate cells 

3. Results 

3.1. Modal Chromosome Number tot the Low- and High-Passage B T  Cells 

Figure 1 shows the modM n u m b e r  of chromosomes for the 9th passage. Ap- 
proximate ly  65 per cent of the cells had a diploid chromosome n u m b e r  of 60, 
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whereas 12 per cent had 59, and  5 per cent had 61 and  62 chromosomes per cell, 
suggesting t ha t  changes from the diploid chromosome n u m b e r  of 60 had  already 
begun. 

Figure 2 shows the modal  n u m b e r  of chromosomes for the 81st passage. Changes 
in numbers  of chromosomes per cell were significant;  only 30 per cent of the cells 
had 60, 25 per cent had 61, and  5 per cent had 120 chromosomes per cell. 

Table 1. Plaque Production o] Selected Isolates o] B VD Virus 
on Low- and High-Passage Bovine Turbinate Cells 

Experiment Cell passage 
No. No. Virus isolate PFU/0.1 ml 

1 8 Singer 6.4 
1 83 Singer 6.5 
2 12 NADL 5.6 
2 85 NADL 6.0 
2 12 C24V 6.8 
2 85 C24V 6.9 
3 16 NADL 5.5 
3 87 NADL 5.7 
3 16 C24V 6.8 
3 87 C24V 7.0 
3 16 Singer 6.6 
3 87 Singer 6.7 
4 19 NADL 5.4 
4 89 NADL 5.5 
4 19 C24V 6.8 
4 89 C24V 6.8 
4 i 9 Singer 6.5 
4 89 Singer 6.5 

Expressed as log base 10. 

Table 2. Fij ty  Percent End-Points o] Selected Isolates 
o] B V D  Virus on Low- and High-Passage Bovine 

Turbinate Cells 

Cell passage Fifty percent 
No. Virus isolate end-point S 

19 NADL 5.5 
89 NADL 5.6 
19 C24V 6.6 
89 C24V 7.3 
19 Singer 6.5 
89 Singer 6.6 

Expressed as the log base t0. 

3.2. Comparison o /Low-  and High-Passage Bovine Turbinate Cells 
in  Their Abi l i ty  to Propagate Selected Isolates o[ B VD Virus 

Table 1 compares the t i ters of plaque-forming virus from stocks of NADL,  
C24V, and  Singer isolates on low- and  high-passage BT cells. Table 2 compares 
the 50 per cent end-points  of these viruses t i t ra ted  on low- and  high-passage cells. 
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There appea r s  to be no s ignif icant  difference in suscept ib i l i ty  to BVD between 
the  low- and  high-passage  cells. Resul t s  of v i rus  a s say  b y  enumera t ion  of p laque-  
forming uni ts  or  b y  the  50 pe r  cent  end-po in t  me thod  were comparable .  

4. Diseussion 

Al though  there  is a defini te  change in the  moda l  chromosome n u m b e r  as the  
BT cell line is passed  cont inuously,  there  is no observable  change in cellular  
morpho logy  or  in g rowth  character is t ics ,  nor  is there  a t r e n d  t o w a r d  resis tance 
to  repl ica t ing  ]3VD viruses. The cells r ead i ly  s u p p o r t e d  IBR,  PI -3  viruses,  and  
bovine adenovi ruses  t ypes  1, 3, 5, and  6 and  an  u n t y p e d  adenovi rus  i sola ted  
f rom sick calves. However ,  s e n s i t i v i t y  of the  BT cells of these viruses a t  low- and  
high-passage levels has  no t  been compared .  
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