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Introduction 

The present system for the classification of viruses is based on their 
chemical and physical properties (25, 30). Information available on the 
transmissible gastroenteritis (TGE) virus of pigs with regard to these 
characteristics is f ragmentary  especially with respect to morphology. 

With the exception of one report (47) ultrafiltration studies (8, 9, 
43, 27) as well as direct measuring of virus particles (42, 35) have indicated 
that  TGE virus is of medium size and measures between 80 and 100 m~ 
in diameter. 

t~istic et al. (42) reported tha t  particles purified from the intestines 
of pigs infected with TGE virus had an envelope and cubical symmetry  
which resembled the members of the herpesvirus group. Okaniwa et al. 
(35) observed in electron micrographs of thin sections of iirfected cell 
cultures particles which had an electron dense nucleoid and a limiting 
membrane with an average diameter of 95 m~. These particles were found 
in the cytoplasm and its related membranous system (35). 

The sensitivity of this virus to ether (17, 8, 42, 39, 5, 43, 27, 46) in- 
dicates the presence of essential lipids. 

1 This investigation was supported in part by funds provided by the 
Research Committee of the Graduate School and Fromm Laboratories, Graf- 
ton, Wisconsin. 
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Expe r imen t s  wi th  DIqA inhib i tors  suggested t h a t  the  nucleic ac id  
of T G E  vi rus  is of the  R N A  t y p e  (5, 43). 

The l a t t e r  f inding is no t  compat ib le  wi th  the  character is t ics  of a 
herpesvirus.  The fact  t h a t  no evidence has  been presen ted  so far  which  
would  ind ica te  t h a t  T G E  virus  repl icates  in t h e  cell nucleus also does 
no t  suppor t  i t s  classif icat ion as a member  of t he  herpesvi rus  group. A 
r e -examina t ion  of the  morphologic  character is t ics  and  nucleic ac id  t y p e  
of T G E  v i rus  a p p e a r e d  therefore  to  be indica ted .  

This  pape r  describes t he  e lec t ron microscopic  observa t ions  of t h in  
sect ions of fe ta l  p ig  t h y r o i d  cells ha rves t ed  a t  var ious  in te rva l s  a f te r  
infect ion wi th  T G E  virus  and  on pa r t i a l l y  pur i f ied  ma te r i a l  f rom infec ted  
cul tures  p r epa red  for e lec t ron  microscopy b y  the  nega t ive  cont ras t  
technique.  I n fo rma t ion  is also p resen ted  on the  na tu re  of t he  nucleic 
acid.  

Materials and Methods 

1. V i r u s e s  
TGE Virus. The Purdue strain, passaged 144 times in fetal pig kidney 

(FPK) cell cultures was used as inoculum in the experiments reported here. 
The isolation and purification of this virus strain has been described (46). 

Vesicular Stomatitis (VS) Virus. The New Jersey serotype of the virus 
was used. This virus was isolated in 1961 by  Dr. M.L .  Kuns from cat t le  
during an outbreak of VS in Jones County, Georgia, and has been passaged 
6 times in mouse brains and once in F P K  cell culture. 

Pseudorabies (PI~) Virus. The Aujeszky strain of pseudorabies virus was 
originally obtained from the American Type Culture Collection and has since 
been passaged 5 times in mouse brains and once in F P K  cell culture. 

2. Ce l l  C u l t u r e s  
F P K  cells were grown in 32 oz. prescription bottles.  Fe ta l  (FPT) and 

adu l t  (APT) pig thyroid cells were gTown in plastic dishes as described pre- 
viously (46). 

3. C o n c e n t r a t i o n  a n d  P a r t i a l  P u r i f i c a t i o n  of T G E  V i r u s  
From Injected F P K  Celt Cultures. Four  liters of cell culture fluid were 

harvested 42 hours after infection with 10 ~.s plaque forming units (p.f.u.) 
p e r  monolayer and clarified by  low speed centrifugation (1000 g at  4~ for 
1 hour. The virus was concentrated by  par t i t ion in an aqueous dextran 1- 
methyleellulose (D-M) and dextranl-polyethylene glycol (D-PEG) system 
as described for the concentration of adeno and influenza viruses (1). A 
precipi tate  was removed from the bot tom phase of the  D-M system by low 
speed centrifugation for 1 hour and discarded. The turbid  interphase of 
the  D-PEG system was added to an equal volume of Eagle's basal  medium 
without  NaHC0a: This mixture,  the pH of which was 6.5, was then homo- 
genized for 2 minutes with a Sorvall Omni-Mixer 2 at speed setting 10 while 

Dextran 2000, Pharmacia  Uppsala, Sweden, was subst i tuted for the 
D 68 dextran fraction. 

Ivan Sorvall, Inc., Norwalk, Connecticut. 
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submersed in ice water. The sediment obtained after low speed centrifugatiou 
for 3 hours was suspended in 3 ml of Hanks'  balanced salt solution (HBSS) 
and sonicated (46). Then 2.5 ml of this preparation were placed on top of 
linear density gradient (10--70% [w/v] sucrose in 0.85% sal ine)in a 1 • 3 in. 
nitrocellulose tube. The tube was filled to capacity with 4 ml of distilled water. 
The gradient was centrifuged in the SW 25.1 rotor of the Spinco model L 
ultracentrifuge at 63,000 g for 8 hours. Fractions of 1.0 ml each were collected 
from the top with an ISCO 1 model D density gradient fractionator and 
titrated. Fractions 18 and 19 (the 4 fractions containing the distilled water 
not counted) were pooled, dialyzed at 4~ against 1000 volumes of phos- 
phate buffered saline (PBS), pH 7.4, and concentrated by pervaporation. 
Densities of the fractions were determined by weighing 50 ~ volumes in a 
mieropipette. 

From Injected F P T  Cell Cultures. FPT cell cultures in 60 • 15 mm plastic 
dishes were inoculated with l0 s p.f.u, of virus and after 2 hours af adsorption 
2 ml of maintenance medium (46) were added. Twenty-seven hours after 
infection 36 ml of cell culture fluid were harvested and clarified by low speed 
centrifugation for 1 hour. The supernatant fluid with a t i ter  of 10 ~-6 p.f.u./ml 
was then centrifuged at 80,000 g for 1 hour in the No. 40 rotor of the Spinco 
ultracentrifuge. The resulting pellets were suspended in 12 ml of PBS and 
subjected to another cycle of low and high speed centrifugation. The final 
pellet was suspended in 0.5 ml of PBS or of 1% ammonium acetate. 

4. E t h e r  T r e a t m e n t  

Equal  volumes of the virus concentrate obtained from FPT cell cultures 
and of absolute ethyl ether (Mallinekrodt) were mixed and shaken in 1 dram 
vials at room temperature for periods of 15 minutes to 3 hours. Subsequently 
the ether was allowed to evaporate. 

5. G r o w t h  C u r v e  in  F P T  Cel l  C u l t u r e s  

FPT  cell monolayers in 35• 10 mm dishes were washed with HBSS and 
exposed to an input multiplicity of 10 -L8 p.f.u, of TGE virus. After 2 hours 
of adsorption at 37~ the monolayers were washed twice with warm (37 ~ 
HBSS and 2 ml of maintenance medium (46) were added. Incubation was con- 
tinued at 37 ~ C. For  the assay of total  virus, cells and medium of one culture 
dish were subjected to sonication (46) followed by low speed eentrifugation 
for 1 hour. For  the assay of spontaneously released virus the medium from a 
second culture dish was centrifuged without prior sonieation. Titers of the 
supernatant fluids were determined by plaque assay in APT cells (46). 

6. D e t e r m i n a t i o n  of N u c l e i c  A c i d  T y p e  

Serial tenfold dilutions of TGE, VS, and PR  viruses were prepared in 
HBSS with lactalbumin hydrolysate (0.5%) -- yeast extract  (0.1%) and a 
plaque test performed as described for TGE virus (46) with the following 
modifications: Mycostatin was omitted from the agar medium. Groups of 
3 culture dishes per virus dilution were overlayed either with regular agar 
medium or agar medium containing 0.2 ~M of 5-iododeoxyuridine 2 (IUDR) 
or 0.2 ~M of I U D R  plus 1.0 ~ I  of thymidine 2 per ml, respectively. Plaques 
were counted 48 hours after inoculation. 

1 Instrumentat ion Specialities Company, Lincoln, Nebraska. 
California Corporation for Biochemical Research, Los Angeles, California. 
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7. N e g a t i v e  S t a i n i n g  of P a r t i a l l y  P u r i f i e d  T G E  V i r u s  
One drop of virus suspension in PBS was placed on carbonized Formvar- 

coated grids. The specimens were blotted dry and washed with 1% ammonium 
acetate to remove residual salts. One drop of 2 % phosphotungstic acid adjusted 
to pH 7.0 with normal potassium hydroxide (potassium phosphotungstate -- 
PTK) was then placed on the grids and the excess fluid was blotted dry. 
Virus suspensions in 1% ammonium acetate were mixed with equal parts 
of PTK and then mounted onto the glids. Some specimens were fixed with 
formaldehyde or treated with ethyl ether prior to staining with PTK. The 
grids were examined with a Hitachi HU-11 B type electron microscope at an 
instrumental  magnification of 40,000 or 60,000 using double condenser 
illumination. 

8. T h i n - s e c t i o n i n g  T e c h n i q u e s  for  C u l t u r e d  Cel ls  
FPT cell cultures, infected as described for the growth curve experiment 

were harvested 4, 6, 10, 14, 21 and 33 hours after inoculation. The cultured 
cells were detached from the plastic dish with a "rubber policeman" and 

Table 1. C o n c e n t r a t i o n  of T G E  V i r u s  b y  P a r t i t i o n  in  A q u e o u s  
D e x t r a n - M e t h y l c e l l u l o s e  a n d  D e x t r a n - P o l y e t h y l e n e  G l y c o l  

Preparation 

1. F P K  cell culture fluid, clarified 

2. D-M system, bottom phase 

3. D-PE G system, interphase 

4. Interphase of 3, homogenized; se- 
diment after low speed centrifuga- 
tion 

Volume 
(ml) 

7.5 

] Infectivit~ 
Infectivity] recovered] Concen- 
~log,0 p.f.u./](% of origi- I tration 

ml) nal focal ~ factor 
infectivity) I 

6.9 

7.6 

8.2 

4000 

440 

15 

9.4 

100 

50 

8 

63 

1 

5 

20 

316 

centrifuged at a low speed for 5 minutes to form a pellet. The cell pellets were 
fixed in buffered 1% osmium tetroxide solution, dehydrated with graded 
alcohols, and embedded in a plastic mixture according to Mollenhauer (31). 
Thin sections were cut with glass knives using a Porter-Blum ultramicro- 
tome and double stained with uranyl  acetate (45) and lead citrate (41). 
Uninoculated cultures were similarly harvested and processed, and used as 
controls for possible nonspecific cellular changes. 

Results  

Concentration and Partial Puri/ication 

The virus was effectively concentra ted from F P K  cell cultures by  
pa r t i t ion  in  the  D-M and  D - P E G  systems as demons t ra ted  by  the da ta  
presented in  Table 1. A concentra t ion  of a t  least 2.5 log10 was ob ta ined  
and  63% of the  infectious virus present  in  the  original preparat ion was 
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recovered. The lower infectivity yields in steps 2 and 3 of the procedure 
(Table l) are probably caused by aggregation of the virus particles. The 
sedimentation of the infectious virus by low speed eentrifugation of 
the interphase obtained in step 3 was unexpected and probably was 
due to adsorption of the virus to an impurity. Separation from this 
impurity was, however, possible by sonication followed by equilibrium 

> 

v 

c 

c 

o 

25 

20 

15 

10 

/ 

J 
p,/  

f 
f 

f I '  
S' Jl 

4 8 12 16 20 24 

F r a c t i o n  No. 
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F i g .  1. S e d i m e n t a t i o n  of T G E  v i r u s  b y  e q u i l i b r i u m  z o n a l  c e n t r i f u g a t i o n  in  a suc rose  g r a d i e n t .  
�9 i n f e c t i v i t y ;  O d e n s i t y .  

zonal eentrifugation (7). Three heavy bands, not associated with infec- 
tivity, formed in the upper third of the liquid column. The peak infec- 
t ivi ty was recovered at a level just below a broad slightly opalescent 
zone in the bottom third of the column at a density of 1.]925 (Fig 1). 

Differential eentrifugation of the virus propagated in F P T  cells resulted 
in a 10 fold concentration (titer of final suspension :10 s.6 p.f.n./ml). 
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Growth Curve in F P T  Cell Cultures 

New infectious virus was firsb demonstrable between 3 and 4 hours 
after infection (Fig. 2). Spontaneously released virus appeared approxi- 
mately 1 hour later and continued to be released at, approximately the 
same rate that new virus was formed. One growth cycle was apparently 
completed within 6 hours. A eytopathie effect visible by light micro- 
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Fig.  2. Growth  curve  of T G E  virus  in F P T  cell cultures.  �9 to ta l  v i rus ;  
re lease4 virus .  

0 spontaneous ly  

scopy was first, noted 7 hours after infection, and all cells were either 
destroyed or had signs of degeneration by 24 hours after infection. 

E//ect o] D N A  Inhibitor 

The number (Table 2) and size of plaques were not reduced when 
TGE virus was propagated in the presence of IUDR, an inhibitor of 
DNA viruses (18). The same was true for VS virus, known to be a RNA 
virus, while plaque production by the DNA containing P g  virus was 
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suppressed in the presence of the inhibitor. The inhibitory effect was 
completely reversed in the presence of a 5 fold concentration of thy- 
midino. The results of this experiment suggest, as have previous ex- 
perimonts by other workers (5, 43) that  the nucleic acid of TGE virus 
is I~NA. 

The Structure o/TGE Virus as Observed by the Negative Staining Technique 

Numerous particles thought, to be virions were seen, either singly 
or in clusters, in preparations partially purified and concentrated from 
both kinds of infected cell cultures. They were variable in size and shape 
but were predominantly spherical in outline and with an over-all diameter 
of 75--120 m~. Most of them were intact, and neither an outer membrane 
nor an internal structure could be demonstrated (Fig. 3). In  some spon- 
taneously disrupted particles, however, as a result of some penetration 
of phosphotungstate to the interior, an outer membrane approximately 

Table 2. Ti te rs  1 of TGE,  VS, and PR Viruses in the  Absence  
and P resence  of I U D R  

Virus 

TGE 
VS 
PR 

1 log10 p.f.u./ml 

Concentration of nncleosidc/ml 

6.5 
6.1 
6.3 

0 . 2 ~ I U D R  

6.7 
6.2 

<0 

0.2 ~M IUDR 
1.0 ~M thymidine 

6.7 
6.2 
6.1 

10 m~ in thickness was observed, and a concentric arrangement of the 
interior was suggested. Prefixation with formaldehyde tended to pre- 
serve the spheroidal form of virus particles and allowed phosphotungstate 
peneLration, revealing a well-defined outer membrane and some aspects 
of internal structure. Some particles had parallel or concentric filaments 
wkich were found to consist of a series of spherical units with a diameter 
of approximately 2.5 m~ (Fig. 4). Ether treatment resulted in p~rtial 
or complete disruption of virus particles, and the particles tended to 
aggregate. In partially disrupted particles, the outer membranes were 
broken at one or more points, and the contents of some particles were 
released. The particles became more irregular in shape and larger in size, 
and the parallel or concentric arrangement of the beaded filaments was 
visible within them (Figs. 5 and 6). On treatment with ether for 3 hours, 
most particles were completely disintegrated, the internal structure was 
hardly recognizable, and only fragments of the outer membrane remained. 



Fig.  3. Vi rus  was  pur i f ied  b y  phase  p a r t i t i o n  a n d  dens i ty  gcad ien t  c e n t r i f u g a t i o n  a n d  s t a i ned  
with PTI~. Some spontaneously disrupted particles are penetrated by PTIC and show an 

onter membrane. • 200,000. 

Fig. 4. Virus was purified by phase partition and density gradient centrifugation, fixed with 
formaldehyde, and stained with ]?TIC. All particles are penetrated by PT~[ and show a distinct 

outer membrane; internal beaded filaments run parallel or concentrically. • 
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The Morphology and Development o/ TGE Virus Observed in Thin Sections 

Well defined particles, presumed to be those of TGE virus, were 
found in occasional cells prepared 4 hours after infection. The particles 
were observed individually within cisterns and tubnfi of the granular 
and agranular endoplasmic reticulum, and in vacuoles bordered by 
double membranes.  The origin of the vacuoles was obscure (Fig. 7). 

F i g .  5. V i r u s  w a s  p u r i f i e d  b y  d i f f e r e n t i a l  
e e n t r i f u g a t i o n ,  t r e a t e d  w i t h  e t h e r  for  45 m i n -  
u tes ,  a n d  s t a i n e d  w i t h  P T K .  P a r t i c l e s  a r e  
p a r t i a l l y  d i s r u p t e d  a n d  c o n t e n t s  of s o m e  

p a r t i c l e s  a r e  r e l ea sed .  • 200,000.  

F i g .  6. V i r u s  w a s  p u r i f i e d  b y  d i f f e r e n t i a l  
c e n t r i f u g a t i o n ,  t r e a t e d  w i t h  e t h e r  for  60 m i n -  
u tes ,  a n d  s t a i n e d  w i t h  P T I ~ .  A c o n c e n t r i c  
a r r a n g e m e n t  of  f i l a m e n t s  c a n  be  seen.  

• 320,000. 

Thereafter, the number of involved cells and virus particles per cell 
increased progressively with the lapse of time. In  specimens harvested 
6 hours or more after infection, the particles were found in both the 
cytoplasm and extracellular space (Figs. 9 and 10). They were circular 
or ellipsoidal in profile, varied in size, ranging from 50 • 63 to 76 • 87 m~. 
Since the axes of lesser diameter corresponded to the direction of the 
knife marks on the sections, the apparent  flattening of the particles might 
be interpreted as an artifact caused by  knife compression. 



Fig. 7. Part of the cytoplasm of a cell 4 hours after inoculation. Several particles are seen 
within the cavities of endoplasmic retieuhim and vacuoles. IViitochondria are swollen and 

their cristae are disintegrated. • 21,000. 

Fig. 8. A portion of a cell i0 hours after infection. Four particles are contained within the 
perinuelear cisterna of the nucleus which occupies the lower right corner of the picture. 

Several particles are also seen within cytoplasmic vacuoles. • 20,000. 
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The particle was composed of a dense central nucleoid, viroplasm 
and limiting membrane. The nucleoid was roughly circular in outline 
with a max imum diameter between 40--60 m~. Most of them had a 
central region of diminished opacity, and some had the appearance of 
a doughnut, but others were uniformly dense (Figs. 10 and 11). The 
limiting membrane, approximately 8 m~ thick, had a unit membrane 
structure, consisting of two dark lines each about 3 m~ thick and separated 
by an intermediate electron-lucent line of about 2.5 m~ in thickness 

Fig.  9. A por t ion  of a cell 33 hours  a f te r  infection.  The cell m e m b r a n e  wi th  i r r egu la r - shaped  
microv i l l i  is seen across the  r i gh t  por t ion  of the  m i e r o g r a p h  a n d  the  c y t o p l a s m  con ta in ing  
numerous  par t ic les  is left.  Some cy top la smic  par t ic les  are  in  appos i t ion  wi th  the  vacuo la r  
membranes .  M a n y  ext race l lu lar  par t ic les  can  be seen be tween  the  mierovi l l i ,  x 20,000. 

(Fig. 11). The viroplasm was a less electron-dense zone about 5in~z 
in thickness, separating the nucleoid and the limiting membrane (Fig. 11). 
The majori ty  of the particles were lodged, either singly or in a cluster, 
within the above-mentioned vacuoles or canaliculi and not infreqnently 
in the perinuclear cisterna (Fig. 8). A few particles, especially those in 
cells at advanced stages of infection, were scattered in *he cytoplasmic 
matrix, and their presence there may  be due to disruption of the vacuoles. 
In  the lumina of the vacuoles, some pal%icles were observed to lie free, 
but some others were int imately associated with the inner surface of 
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the membrane bordering the vacuoles. The limiting membrane of the 
particles often appeared to be continuous with the vacuolar membrane 
(Fig. 10). Sometimes vacuoles were filled with the particles and amorphous 
material  of moderate density. 

Extracellular particles were identical in size and morphology with 
those seen in the cytoplasm. Some of them were free between microvilli 
and some were closely attached, to the external surface of the cell mem- 
brane (Figs. 9 and 10). 

F i g .  10. P a r t  os a cei l  10 h o u r s  a f t e r  i n o c u l a t i o n .  N u m e r o u s  e x t r a c e l l u l a r  p a r t i c l e s ,  s o m e  of 
w h i c h  a re  i n t i m a t e l y  a t t a c h e d  to  t h e  e x t e r n a l  s u r f a c e  of  t h e  cel l  m e m b r a n e ,  a r e  i n  t h e  u p p e r  
b o r d e r  of t h e  p i c t u r e .  S e v e r a l  i n t r a c y t o p l a s m i c  p a r t i c l e s  a r e  a lso  s e e n  w i t h i n  v a c u o l e s .  T h e  
c y t o p l a s m i c  o r g a n e l l e s  a r e  d i s i n t e g r a t e d .  A t  a h i g h e r  m a ~ i f i c a t i o n  (see i n s e r t )  t h e  l i m i t i n g  
m e m b r a n e  of a c y t o p l a s m i c  p a r t i c l e  a p p e a r s  to  be  c o n t i n u o u s  w i t h  t h e  v a c u o l a r  m e m b r a n e .  

x 45,000.  I n s e r t ,  x 100,000, 

Various cytopathic changes were observed in the infected cells. Cyto- 
plasmic alterations were characterized by  vacuolization and condensation 
of the cytoplasm, swelling and disintegration of mitochondria, dilatation 
and fragmentation of endoplasmic reticulum, and rupture of the cell 
membrane. Within the nucleus there were disturbance of the chromatin 
pattern,  displacement or loss of the nucleo]us, and rupture of the nuclear 
envelope. In  spite of such nuclear changes, no virus particles could be 
identified within the nucleus. 
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Discussion 
The particles which we have observed and described are believed 

to be TGE virus. This belief is supported by the following: 

1. the particles seen i~l partially purified material and in thin sections 
have been found only in preparations made from cell cultures infected 
with TGE virus; 

2. the concentration of the particles seen in the purified material 
could be correlated with the infectivity titers. In  thin sections, the number 

F i g .  11. A p o r t i o n  of t h e  c y t o p l a s m  of  a cel l  10 h o u r s  n i t e r  i n o c u l a t i o n .  F o u r  p a r t i c l e s  w i t h i n  
t h e  d i l a t e d  e i s t e r n a e  of  g r a n u l a r  r e t i c u l u m  a r e  s h o w n  a t  a g r e a t e r  m a g n i f i c a t i o n .  I n s e r t  
s h o w s  t w o  e x t r a c e l l u l a r  pa r t i c l e s .  T h e  l i m i t i n g  m e m b r a n e  w i t h  a u n i t  m e m b r a n e  s t r u c t u r e ,  

V i r o p l a s m  a n d  n u e l e o i d  a re  c l e a r l y  v i s ib le .  • 160,000. 

of particles appeared to increase as the t ime of incubation increased. The 
increase in the number of particles could be correlated with the rise in 
infective titer in both the cellular and fluid phases of the cultures; 

3. the particles demonstrated by both methods, negative staining 
and thin sectioning, were similar in shape and size. The size was in ~gree- 
ment  with that  reported by  others (8, 9, 42, 43, 27, 35); 

4. the morphology of the particles and possible mode of replication 
were similar to those of some other animal viruses. 

A r c h i v  f. V i r u s f o r s c h u n g ,  Bd .  23, I t .  1 - -2  5 
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Ristic et M. (42), based on the structural and biochemical properties 
of virus particles, indicated that  TGE virus had similarities to both 
herpesviruses and myxoviruses. The present results obtained by examining 
negatively stained particles suggest that  TGE virus bears some resemblance 
to the myxoviruses in that  it is nearly in the same range of size as influenza 
virus and shows a considerable variation in size and shape (22). However, 
neither surface projections nor internal helical structure characteristic 
of myxoviruses could be recognized. Virus particles fixed with formal- 
dehyde or disrupted with ether had a definite outer membrane and in~ernM 
beaded filaments which ran parallel or concentrically. However, such 
treatments of TGE virus did not result in the visualization of helix and 
the formation of rosette-like structure. Our findings appear similar to 
those described for some oneogenic (15, 26, 6, 38, 23, 13), infectious 
bronchitis (4), and visna viruses (44). In these viruses, the symmetry 
of the i nternM structure has not been definitely established as being of 
the helical type. 

From the data obtained by observing thin sections of infected cul- 
tured cells, TGE virus particles seem to differentiate at the inner surface 
of the membrane of endoplasmic reticulum, perinuclear cisterna and 
cytoplasmic vacuole of unknown origin. After maturation, it is presumed 
that  virus particles detach from the membranes and then migrate by 
way of the cytoplasmic canalicular system to the surface of the cell, 
from where they are released. Similar observations of virus development 
have been made in cells infected with viruses of western equine ence- 
phMomyelitis (33), Venezuelan equine encephMitis (34), Japanese ence- 
phalitis (37), yellow fever (2, 29), and Rift Valley fever (28), and in various 
types of neoplastic cells (3, 24, 32, 12, 40, 10, 19, 16, 20, 21, 36, 11, 14). 
There is a possibility that  virus pal%icles may also mature at the surface 
of cells, because of their intimate at tachment to the external cell surface. 
I t  should be emphasized, however, that  extracellular particles are identical 
in size and morphology with intracytoplasmic particles. A budding 
process, as described in various types of neoplastic cells, could not be 
clearly demonstrated in stages of virus differentiation. This might be 
explained by assuming that  the budding process of TGE virus occurs 
quickly. 

Okaniwa et  M. (35) suggested the presence of precursor particles 
in the cytoplasm of cells infected with TGE virus. We could not de- 
monstrate such particles in the host cell. 

Thus TGE virus bears, with regard to nucleic acid type, morphology, 
and possible mode of development, some similarities to some of the 
myxoviruses and some oncogenic viruses. However, further information 
is necessary to definitely classify this virus. 
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Summary 
The morphology and development of transmissible gastroenteritis 

(TGE) virus of pigs have been studied with the electron microscope. By 
the negative contrast technique characteristic particles were found in 
preparations concentrated and partially purified either from infected 
fetal pig kidney cell cultures by  phase parti t ion in dextran-methylcellulose 
and dexfran-polyethylene glycol followed by  equilibrium zonal centri- 
fugation or from infected fe~al pig thyroid (FPT) cell cultures by  dif- 
ferential centrifugation. Most of the particles had a spherical shape and 
were between 75 and 120 m~ in diameter. In  some particles disrupted 
spontaneously, fixed with formaldehyde or split with ether, an outer 
membrane and internal beaded filaments were demonstrated. 

In  thin sections of cultured F P T  cells infected with the virus, a small 
number of intracytoplasmic virus particles could be detected 4 hours 
after infection. The particles increased in number, both intra- and extra- 
cellularly, with the lapse of time, concomitant with the increase in amount  
of infective virus in cultures. The virus particle consisted of a dense 
nucleoid 40--60 m~ in diameter separated by a zone of lesser density 
from a limiting membrane 56--81 m~ in diameter. On the basis of morpho- 
logical observations, it was suggested tha t  the virus particle matures 
at the inner surface of the membrane which lines the cisternae of endo- 
plasmie reticulum, perinuelear cisterna, and cytoplasmic vacuoles of 
unknown origin. Multiplication of TGE virus was not inhibited by 5- 
iododeoxyuridine suggesting that  its nucleic acid is RNA. Similarity 
between TGE virus and some of the myxoviruses, as well as some onco- 
genie viruses was discussed. 
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