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Summary. - Structural changes of insect cells Spodoptera friigiperda in the baculovirus expression sys­
tem after expression of v-myb oncogene and c-myb protooncogene inserts were studied by means of electron 
microscopy. Expression of v-myb gene insert was accompanied by extensive changes in cell structure, when 
compared with those of the noninfected and wild-type virus-infected cells. Enormous increase in nuclear 
content was apparent within 48 hrs after infection, along with changes in nucleolus appearance. Large ring-
shaped nucleoli, compact nucleoli and nucleoli with nucleolonemas were detected together with dense nucleo­
lus of normal appearance and small nucleolar structures localized in the nuclear periphery. The cytoplasm 
practically disappeared 72 hrs after infection. Morphological changes of insect cells expressing the c-myb 
gene were significantly less distinct, but more frequent unraveling of nucleoli was observed. Both v-Myb and 
c-Myb proteins were localized in the nucleus of infected cells as was revealed by fluorescence microscopy and 
electron microscopy. c-Myb marker decorated distinctly the ring-shaped area of nucleolus with some less 
intensive labelling of the inner part of nucleolus and proximal area on nuclear membrane. v-Myb protein 
revealed predominantly more compact and homogeneous distribution inside the nucleolus but a small propor­
tion of it was also detected outside the nucleolus in the nuclear compartment. The data obtained on insect cells 
suggest that Myb proteins may participate also in the processes in which the nucleolus plays a role. 
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Introduction 

A M V  is  a n  acutely oncogenic  vi rus  causing myeloblastic 

leukemia  in  chickens  (Moscovici ,  1975). I t  contains t h e  

v-myb oncogene,  which  is responsible f o r  the  transformation 

o f  myelomonocytic haematopoietic cells in vitro and  repre­

sents a t runcated and  point-mutated version o f  t he  cellular 

proto-oncogene  c-myb (Lipsick a n d  Baluda,  1986; Shen-

Ong,  1990). T h e  protein p roduc t  o f  this  proto-oncogene,  

A b b r e v i a t i o n s :  A M V  = avian myeloblastosis  v i rus ;  
BSA = bovine serum albumin; FITC = fluorescein isothiocyanate; 
PBS = phosphate buffered saline; TRITC = tetramethylrhodamine 
isothiocyanate 

p75c-myb; j s  involved j n  t h e  regulat ion o f  differentiat ion a n d  

p r o l i f e r a t i o n  o f  h a e m a t o p o i e t i c  c e l l s  ( G e w i r t z  a n d  

Ca l labre t t i ,  1988) .  T h e  p r o t e i n  p r o d u c t  o f  t h e  v-myb 

oncogene, p48v"myb, possesses t he  characteristics o f  transcrip­

t ion factors .  Both  c - M y b  and  v - M y b  products  are  nuclear  

transactivating proteins containing three ( c -Myb)  a n d  two  

(v-Myb)  repeats  o f  52  amino  acids,  highly conserved, which  

are  responsible fo r  their DNA-binding activity (Klempnauer  

and Sippel, 1987; Biedenkapp  et al., 1988). T h e y  contain 

also several domains  responsible f o r  t he  regulation o f  their  

transactivating funct ion  (Klempnauer  et al., 1989; Garr ido  

et al., 1992).  However ,  on ly  f e w  targets  o f  v - M y b  a n d  

c - M y b  regulation in  vertebrate cells  a re  k n o w n  (Ness  et al., 

1989; Nicolaides  et al., 1991; Cogswell  et al., 1993). T h e  

exact  mechanism o f  action o f  t he  v-myb oncogene  in  mal ig-
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nant transformation and o f  c-myb proto-oncogene in nor­

mal  cell development  still remains  to  b e  elucidated. 

O n e  o f  the  approaches  to  ful l  understanding o f  t he  func­

tion o f  v-myb o n c o g e n e  a n d  c-myb p r o t o - o n c o g e n e  is  

a precise  determinat ion o f  subcellular  distribution o f  their 

products  a n d  s tudy o f  interactions o f  these products with 

cellular  s tructures a n d  their components .  Previous studies 

have shown that  a nuclear fraction isolated fromAMV-trans-

f o r m e d  myeloblasts  contains  the  p48v  myb protein (Boyle  et 

al., 1984) which  is at tached t o  the  nuclear matrix-lamina 

complex (Boyle  et al., 1985). However, i n A M  V-transformed 

myeloblasts a fraction o f  this protein was  detected also in the 

perinuclear region o f  the cytoplasm and if the myeloblasts 

were induced to  differentiate to macrophages, most  o f  v -Myb 

was  detected in t he  cytoplasm (Klempnauer  et al., 1984). 

Recombinan t  baculovirus expression system containing 

v-myb oncogene  a n d  c-myb proto-oncogene inserts was  con­

structed a t  this institute (Vranovský  et al., 1992). Obtained 
protein products were  electrophorctically identical to those 
o f  the authentic c-Myb and v-Myb proteins from chickcn 
cells. 

Our  preliminary studies have shown some changes in 
appearance and morphology o f  insect cells as a consequencc 
o f  the expression o f  v-myb and c-myb genes (Korb et al., 
1994). The aim o f  this work w a s  to analyze in more detail 
the ef fect  o f  c-myb proto-oncogene and v-myb oncogene 
expression on the structural changes o f  insect cells and to 
study the topographic localization o f  their products in the 
insect cel ls  by means o f  both fluorescence microscopy and 
immunoelectron microscopy. 

Mater ia ls  a n d  M e t h o d s  

Viruses and cells. Recombinant baculoviruscs NPV v-myb and 
c-myb carrying v-myb and c-myb genes, rcspcctivcly, were obtained 
as dcscribcd elsewhere (Vranovský et al., 1992). Experiments were 
performed with SÍ9 (Spodoptera frugiperda) cells infcctcd with 
these viruses. Non-infected cells and those infected with wild-
type virus were used as a control. 

Antibodies. Anti-v-Myb antibody (rabbit, polyclonal) recog­
nizing v-Myb and c-Myb protein products and antibody ILI9 (rab­
bit, polyclonal) recognizing 19 amino acids of v-Myb and c-Myb 
protein products were obtained from Dr. M. Dvořák of this insti­
tute. Anti-fibrillarin antibody (S4 human autoantibody) recogniz­
ing fibrillar structures of the nucleolus and nucleus (Ochs et al., 
1985) and anti-DNA antibody (mouse, monoclonal IgG) recogniz­
ing DNA structures were a gift from Dr. I. Raška (Institute of Ex­
perimental Medicine AS CR, Prague). 

Immunofluorescence. Cells grown on poly-L-lysinc-trcated 
(Roth, 1986) glass covcrslips were fixed with mcthanol-acctone. 
Fixed cells were then incubated with primary antibody (rabbit anti-
v-Myb antibody and S4 human anti-fibrillarin autoantibody or 

mouse anti-DNA monoclonal IgG), washed thoroughly in PBS 
pH 7.2 and stained with secondary antibody (FITC-conjugated 
goat anti-rabbit IgG (Sigma) and TRITC-conjugated anti-human 
polyvalent IgG (Sigma), or TRITC-conjugated goat anti-mouse 
IgG (Sigma)). 

Electron microscopy. Ultrastructural analysis was performed 
on ultrathin sections of material fixed in 3% glutaraldehyde in 
0.1 mol/1 cacodylate buffer pH 7.5, postfixed in 1% osmium 
tetroxide in veronal buffer and embedded in Epon 812, or fixed in 
3% paraformaldehyde and 0.1% glutaraldehyde in 0.1 mol/1 
cacodylate buffer pH 7.5, and embedded in Lowicryl K4M resin. 
Ultrathin sections were cut and stained with uranyl acetate and 
lead citrate. 

Immunoelectron microscopy. Fixed cells (3% paraformaldehyde 
and 0.1% glutaraldehyde in 0.1 mol/1 cacodylate buffer pH 7.5) 
were dehydrated at low temperature in a graded series of ethanols 
and embedded in Lowicryl K4M resin. Ultrathin sections mounted 
on nickel grids were pretreated on drops of blocking solution con­
taining 1% BSA and 5% normal goat serum in PBS prior to 
immunostaining with primary antibody (anti-v-Myb). After wash­
ing in PBS containing 1% BSA, the grids were stained with sec­
ondary antibody (GAR G5) (Agar Scientific) in PBS containing 
1% BSA. The grids were rinsed with PBS, followed by distilled 
water, and stained with uranyl acetate and lead citrate. The sam­
ples were observed with a JEM 1200 EX electron microscope. 

Results  and Discussion 

Effect of v-myb and c-myb gene expression on the cell 

structure 

Expression o f  both  v-myb oncogene and  c-myb proto-

oncogene in the  baculovirus expression sys tem was  accom­

panied by  extensive changes  in the  cell  s t ructure o f  insect 

cel ls .  A l t h o u g h  i n f e c t i o n  o f  t h e  c e l l s  w i t h  w i l d - t y p e  

baculovirus (without  v-myb o r  c-myb g e n e  inserts) ref lects  

s o m e  structural changes,  the  e f fec t  o f  v-myb oncogene  and 

c-myb proto-oncogene expression o n  the  cellular  s tructure 

was  quite distinct. 

T h e  morphology o f  non-infectcd insect  cells  Spodoptera 

frugiperda is shown in Fig. 1. Structural changes  observed 

af ter  infection o f  cells wi th  wi ld- type virus  resemble the  

effect  o f  s o m e  pathogens and a re  apparent  namely o n  the  

chromatin and nucleolus appearance (Fig. 2). Infected cells 

d o  not show any regression changes.  It is well known that 

nucleoli o f  plant  and  invertebrate cells d i f f e r  in their mor­

phology f r o m  that  o f  the  mammal ian  cells.  T h e  large nu­

cleus frequently reveals the presence o f  typical fibrillar struc­

tures (Fig. 2,  arrows) which  a re  accumula ted  also in the  

cytoplasm of  S f 9  cells. Such large f ibri l lar  masses  have been 

described to  b e  associated wi th  Autographa californica nu-

clcar polyhedrosis v i rus  p l O  protein (van der  Wilk  et al., 

1987; Will iams  et al., 1989). 
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Fig. 1 
Morphology of intact non-infected insect cells Spodoptera frugiperda 

Bar = 1 |^m. 

Fig. 2 
Morphology of insect cell Spodoptera frugiperda in the baculovirus expression system infectcd with wild-type v i r u s  

Arrow indicates typical fibrillar structures, double arrow indicates polyhedra (bar = 1 nm). 
•J 
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Chromatin w a s  in some cases  higly condensed and its 
perinuclear localization was more frequently observed, when 
compared with the non-infected cells. The nucleolus usu­

ally h a s  a compac t  appearance containing numerous  granu­

lar components ,  but  unravelling was  occassionally observed, 

a p r o p e r t y  t y p i c a l  o f  t h e  e f f e c t  o f  e n d o t o x i n s .  

Nucleo lonemas  were  frequently very distinct. M a n y  viral 

nucleocapsids  a n d  non-occluded virus were  present  in the  

nuclear  area. N u m e r o u s  polyhedra (occlusion bodies)  con­

taining virions embedded  in crystalline protein matrix, com­

posed  primari ly o f  polyhedrin,  were  the  typical structures 

present  in cell nucleus  (Fig. 2,  double  arrow).  

T h e  expression o f  t h e  v-myb oncogene was  accompanied 

by extensive structural changes  in the  cells when compared  

with  those  o f  the  non-infected and  wild- type infected cells. 

These  changes  were  apparent  a s  soon as  4 8  hrs  af ter  infec­

tion (Fig. 3), particularly a cytotoxic e f fec t  on  the  cells w a s  

usually observed.  Ultrastructural analysis  revealed an  enor­

m o u s  increase in nuclear  content  accompanied  by changes  

in the  cytoplasm which  w a s  substantially diminished.  How­

ever, t he  amoun t  o f  r ibosomcs was  no t  significantly differ­

ent  f r o m  that  observed in normal  cells. This  suggests  that  

proteosynthesis  may  b e  only little affected.  T h e  condensa­

tion o f  chromatin  as  a marker  o f  functional inactivation was  

se ldom observed. A typical feature was  the  accumulat ion 

o f  interchromatin granules .  

Particularly extensive changes  in the  structure o f  nucleoli 

were  found  by  bo th  electron a n d  light microscopy (using 

spec i f i c  s ta ining wi th  to luidine  b l u e  in  M c l l v a i n  b u f f e r  

p H  5.2) (Fig. 4) .  In mos t  o f  t h e  cells  a large r ing-shaped 

nucleolus was  seen  together  wi th  a dense  nucleolus  o f  nor­

mal appearance.  Besides,  n u m b e r  o f  small  nucleolar  struc­

tures were localized in the  per iphery o f  nuclear  membrane .  

Unravelling o f  nucleoli was  se ldom observed .This  suggests  

that  the  transport  pathway f r o m  nucleoli  t o  t he  cytoplasm 

was  significantly reduced.  Only  a smal l  proport ion o f  un­

ravelled nucleoli was  found  in which  a lso  t h e  presence o f  

microfibri l lar  structures w a s  apparent .  Usual ly  the  intersti­

tial area was  dilated a n d  f ibr i l lar  centers  were  f o u n d  with  

many  viral part icles accumulated in nucleolar  interstices. 

In  contrast  t o  cells  infected wi th  wi ld - type  baculovirus,  

where  the  f ibri l lar  structures were  localized in bo th  the  nu­

cleus and  cytoplasm, localization o f  these  structures af ter  

v-myb gene  expression w a s  qui te  different .  In this case  the  

fibri l lar  bodies  were  markedly enlarged a n d  exclusively lo­

calized in the  nuclear  area. 

O u r  observation o f  nucleolar appearance is in accord with 

previous f indings  that  morpha logy  o f  nucleoli  is o f ten  ab­

errant  in cancer  cells.  Nucleolar  s ize h a s  been  f o u n d  t o  b e  

greater  in progressing mal ignant  t u m o r  cells  o f  m a m m a l s  

(Wachtler  and  Stahl, 1993). A l so  t reatment  o f  experimental  

animals  with azo-dyes, acetylaminof luorene o r  ethionine 

Fig. 3 

Morphology of insect cell of baculovirus expression system containing  v-myb gene inser t  48  h r s  a f t e r  infection 

Arrow indicates enveloped nucleocapsid in cytoplasm (bar = 1 |im). 
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Fig. 4 
Insect cells a f t e r  v-myb gene expression selectively stained for  RNA-containing structures 

Bar = 10 nm. 

t i i  V ^ 

Fig. 5 
Morphology of insect cell of baculovirus expression system containing v-myb gene insert 72 hrs  a f t e r  infection 

Bar = 1 urn. 
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resulted in enlargement of  the nucleoli in liver cells and 
induced hepatomas (Karasaki, 1969). The presence of  small 
nucleolar bodies in the nuclear periphery is not clear, but it 
may be related to changes in RNA synthesis. 

In later stages of  infection (72 hrs), the cytoplasm prac­
tically disappeared and numerous enveloped viral particles 
were  present ,  prevalent ly  in t he  nucleus  in both the  
nucleoplasm and nucleolus (Fig. 5, arrows). In contrast to 
cells infected with wild-type virus, a cytotoxic effect and 
heavy destructive and regression changes were seen on the 
cells in the later stages of infection. On the other hand, the 
nucleolus usually revealed a compact structure and unrav­
elling was seldom observed even in later stages of infec­
tion. In most cases, the nuclear membrane was well pre­
served. It has already been described that compact nucleoli 
are found very rarely in normal cells, but they are quite 
frequently found in malignant cells (Wachtler and Stahl, 
1993). 

On the other hand, the effect of  c-myb proto-oncogenc 

expression was different. Morphological changes of the in­

sect cells expressing the  c-myb gene were significantly less 

distinct in both the nucleus and cytoplasm (Fig. 6). In this 

case, in contrast to the  v-myb gene expression, unravelling 

of  the nucleolus was more frequently observed with many 

viral inclusions in these areas (Fig. 7) and so was the pres­

ence of extremely large fibrillar structures in the nuclei (ar­

rows). However, also in cells expressing the c-myb gene the 

presence of  unusual ring-shaped nucleoli was found in most 

cases. Also in later stages o f  infection (72 hrs) the struc­
tural changes of the cells were not more  distinct when com­
pared with those after 4 8  hrs in contrast to the effect of 
v-myb gene insert. 

Expression of the  v-myb oncogene in the baculovirus 
expression system was about three times higher than that of 
the  c-myb proto-oncogene, as was revealed by immunoblot 
analysis (data not shown). Also c-Myb protein was distinctly 
less stabile in insect cells and was faster degraded than v-
Myb protein. Flowever, the observed differences in cell struc­
ture of the cells expressing the v-myb and c-myb gene, re­
spectively, are apparently due to different interactions o f  
the gene products with cell structures instead of their dif­
ferent amounts. The  v-myb gene product apparently inter­
acts with cell components and affects the cell growth to  an 
extent that the morphology of  the cells is basically changed. 

Localization of v-myb oncogene and c-myb proto-
oncogene products 

To study the interaction of  v-myb and  c-myb gene prod­

ucts with insect cell structures, the  cells infected with 

baculovirus carrying v-myb or c-myb gene inserts were col­

l ec ted  4 8  h r s  p o s t  i n f e c t i o n  a n d  p r o c e s s e d  f o r  

immunofluorescence and immunoelectron microscopy. 

Nuclear components were identified by  both conventional 

optical and immunofluorescence microscopy using specific 

markers. Nuclear and nucleolar fibrillar structures were iden-

Fig. 6 

Morphology of Insect cell of baculovirus expression system containing  c-myb proto-oncogene inser t  48  h r s  a f t e r  infection 

Bar = 1 urn. 
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Fig. 7 
The same as in Fig. 6 in later stages af ter  infection 

Large fibrillar structure is indicated by arrow (bar = 1 (im). 

Fig. 8 
Immunofluorescence localization of c-myb gene product in insect cells 

Arrow indicates the marker decorating ring shaped area, double arrow the marker in proximity of nuclear membrane (bar = 10 |im). 
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t i f ied using anti-fibrillarin antibody (Ochs  et al., 1985) and 
the organization o f  chromatin w a s  studied using anti-DNA 
antibody. 

In insect cells, which had been infected with baculovirus 
containing  c-myb proto-oncogene insert, c-Myb protein was  
found to b e  localized predominantly in the nucleus, simi­
larly as  was  described before  in other cell types (Klempnauer 

et al., 1984; Boyle  et al., 1985). T h e  f luorescence marker  

decorated distinctly the  r ing-shaped area o f  the  enlarged 

nucleolus  in m o s t  o f  t he  cells  (Fig. 8). Less  intensive fluo­

rescence  was  seen inside the  nucleolus.  Poor  f luorescence 

w a s  a lso  observed in t he  proximity o f  nuclear  membrane ,  

suggest ing probably s o m e  weak interaction o f  c - M y b  pro­

tein wi th  lamina.  

T h e  localization o f  v - M y b  protein product  a f te r  v-myb 

gene  expression w a s  di f ferent  in s o m e  aspects  when c o m ­

pared  wi th  c - M y b  protein distribution. v - M y b  protein was  

found  t o  b e  also predominantly localized in the  nuclear area. 

M o s t  o f  f luorescence w a s  observed in the  nucleolus,  bu t  in 

contrast  t o  c - M y b  protein a f luorescence marker  revealed 

a s ignif icant ly  m o r e  compac t  and  homogeneous  distribu­

tion in the  nucleolus.  Al though mos t  o f  f luorescence was  

detected in the  nucleolar  area,  small  but  numerous  distinct 

domains  were  observed a lso  outs ide the  nucleolus in the  

n u c l e a r  c o m p a r t m e n t  (F ig .  9 )  usua l ly  loca l ized  in t h e  

perinuclear  membrane  area. These  domains  corresponded 

to  the  nucleolar structures found in the perinuclear area when 

toluidine blue staining in Mcl lva in  b u f f e r  p H  5 .2  w a s  used 

(not  shown).  This  staining revealed markedly  enlarged n u ­

clear content  which occupied  m o s t  o f  t he  cell  area.  Results  

o f  immunoelectron microscopy c o n f i r m e d  the  f luorescence 

data .  T h e  gold marker  decorated usually the  nucleolar  struc­

tures (Fig. 10), where  dense  f ibr i l lar  componen t s  were  pre­

dominantly labelled (Fig. 10, insert).  N o  marker  in the  in­

terstices was  observed.  

O u r  results o n  nuclear  localization o f  myb g e n e  products  

in insect cells a r e  in good  agreement  wi th  publ ished data  

fo r  other  cell types. Both  v-myb and  c-myb g e n e  products  

have been described t o  b e  associated wi th  cell  nuclei  (Boyle 

et al., 1984; Klempnauer  et al., 1984). However,  t he  data  o f  

their  interactions with chromat in  a n d  nuclear  matr ix  d i f fer  

substantially (Shen-Ong,  1990). I t  is expected  that  a large 

fraction o f  the  M y b  protein is probably associated with  the  

nuclear matrix under  physiological condit ions (Klempnauer  

et al., 1984), indicating that  i t  m a y  b e  involved in  D N A  

replication and/or  transcription. 

Surprisingly, the  obtained data  indicate also preferential  

interaction o f  M y b  proteins wi th  nucleolar  structures o f  in­

sect cells. T h e  f luorescence marker  decora ted  especially 

large ring-shaped nucleolus  which  is typical  o f  cancer  cells 

( B u s c h  a n d  Sme tana ,  1970), w h e r e a s  i ts  in tens i ty  w a s  

smaller  in the  dense  nucleolus o f  normal  appearance  as  well 

a s  in small nucleolar  structures in t he  nuclear  periphery. 

Based on electron microscopic  data  these  products  seem t o  

Fig. 9 

Immunofluorescence localization of v-myb gene p roduc t  in insect cells 

Arrow indicates homogeneous distribution of marker, double arrow the marker outside the nucleolus (bar = 10 |.im). 
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Fig. 10 
Immunoelectron microscopic localization of v-Myb protein in insect cells 

Bar = 1 nm. Insert: selected area visualized at high magnification (bar = 100 nm). 

have a f f in i ty  f o r  the dense f ibr i l lar  components o f  the nu­

cleolus. Th i s  w a s  a l so  i n  ag reemen t  w i th  the  resul ts  o f  f luo­

rescence  microscopy,  w h e r e  m o s t  o f  t h e  c - M y b  a n d  v - M y b  

pro te in  label  revea led  t h e  s a m e  local izat ion as  f ibr i l lar in  

marker .  T h i s  3 4  K pro te in  is  k n o w n  t o  b e  a typica l  p ro ­

te in  o f  f i b r i l l a r  cen te r s  a n d  d e n s e  f ib r i l l a r  c o m p o n e n t s  

( R a š k a  et al., 1989). However, s o m e  f luorescence o f  M y b  
proteins a l so  did not correspond to f ibri l larin marker, s u g ­

ges t ing  the i r  poss ib le  addi t ional  local izat ion si te in  t h e  

nuc leo lus .  

D e n s e  f ibri l lar  components  contain huge  amounts  o f  p ro­

teins, s o m e  o f  wh ich  are  involved also in  transcription o f  

r ibosomal  genes  (Ra ška  et al., 1989; Raška  and Dundr, 
1992). The localization o f  M y b  proteins in the nucleolus 
and small  nucleolar structures in the nuclear periphery sug ­

ges t  that  they m i g h t  part icipate in  t h e  processes  in  which  

the  nucleolus  plays  a n  important  role. Deta i led  studies o f  

the  mutua l  interactions o f  M y b  proteins  wi th  nuclear  m a ­

trix a n d  nucleolar  proteins  are  in  progress.  
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