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ABSTRACT

IMMORTALIZATION AND CHARACTERIZATION OF HUMAN FIBROBLASTS 
TRANSFORMED WITH AN ORl" SV40 GENOME

by

David S. N e u fe ld  

A d v i s e r :  P r o f e s s o r  Harvey L. Ozer

Human d i p l o i d  c e l l s  d e r i v e d  from norm a l  t i s s u e  undergo  

a c h a r a c t e r i s t i c  p a t t e r n  o f  g row th  in  c e l l  c u l t u r e , e n d i n g  

i n  a n o n - r e p l i c a t i v e  p h a s e  (Phase  I I I ) ,  an d ,  f i n a l l y ,  c e l l  

d e a t h .  Human d i p l o i d  f i b r o b l a s t s  i n f e c t e d  in  v i t r o  by t h e  

o n c o g e n i c  DNA v i r u s ,  SV40, become im m or ta l  a t  an enhanced  

f r e q u e n c y .  C o n s i d e r a b l e  v i r a l  DNA s y n t h e s i s  i s  a l s o  

e v i d e n t .  To p r e c l u d e  v i r a l  DNA r e p l i c a t i o n ,  HS74BM (a  

no rm a l  human d i p l o i d  f i b r o b l a s t )  was t r a n s f o r m e d  w i t h  an  

o r  i "  m u t a n t  o f  S V 4 0 .  S u c h  o r i ”  t r a n s f o r m e d  hum an  

f i b r o b l a s t s  have  an e x t e n d e d  l i f e s p a n  i n  c u l t u r e ,  b ey o n d  

t h a t  s e e n  in  human f i b r o b l a s t s  t r a n s f o r m e d  w i th  a v i r a l  DNA 

( o r i + ) ,  b u t  e v e n t u a l l y  a l s o  s e n e s c e .  However, a number o f  

c o n t i n u o u s  c e l l  l i n e s  w e r e  i s o l a t e d  w i t h  t h e  o r  i "  

t r a n s f o r m e d  human f i b r o b l a s t .  T h i s  c o u ld  n o t  be d u p l i c a t e d  

w i t h  o r i  + t r a n s f o r m e d  human f i b r o b l a s t .  Three  c e l l  l i n e s  

w e re  o b t a i n e d  by b l i n d  p a s s a g i n g  t h e  c e l l s  an d  p i c k i n g  

c o l o n i e s  w h ic h  g re w  o u t  o f  m ass  c u l t u r e s .  A nother  t h r e e  

c e l l  l i n e s  w e r e  i s o l a t e d  b y  p e r f o r m i n g  a c l o n i n g  

e x p e r i m e n t .  I  t h e n  i n v e s t i g a t e d  t h e  SV40 i n t e g r a n t s ,  and 

f o u n d  o n l y  on e  o r  two i n t e g r a n t s  f o r  e a c h  l i n e ,  o n e  o f  

which had a p p a r e n t l y  been  c o n s e r v e d  in  a l l  t h e  i m m o r t a l i z e d
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l i n e s .  I  c o n c e n t r a t e d  ay  e f f o r t s  on C l - 3 9 ,  which c o n t a i n e d  

o n l y  o n e  i n t e g r a n t .  S o u t h e r n  a n a l y s i s  was  p e r f o r m e d  t o  

c h a r a c t e r i z e  t h e  i n t e g r a t e d  s e q u e n c e s .  Most  o f  t h e  l a t e  

r e g i o n  a n d  p a r t  o f  t h e  e a r l y  r e g i o n  w e r e  fo u n d  t o  be  

m i s s i n g .  C o n s i s t e n t  w i t h  a b s e n c e  o f  p a r t  o f  t h e  e a r l y  

r e g i o n /  a  t r u n c a t e d  l a r g e  T a n t i g e n  was found .



V

ACKHOWLEDGMEHTS

I t  i s  w i th  t h e  g r e a t e s t  a p p r e c i a t i o n  t h a t  I  e x p r e s s  my 

g r a t i t u d e  t o  t h e  f o l l o w i n g  p e o p l e  f o r  t h e i r  s u p p o r t  and  

a s s i s t a n c e  i n  t h i s  e n d e a v o r :

D r .  H a r v e y  L .  O z e r #  my m e n t o r #  f o r  h i s  p a t i e n c e #  

g u i d a n c e #  a n d  d i r e c t i o n #  e n a b l i n g  me t o  g r o w  a s  a 

s c i e n t i s t .

T h e  m e m b e r s  o f  my l a b o r a t o r y  ( f e l l o w  g r a d u a t e  

s t u d e n t s #  p o s t  d o c t o r a l  f e l l o w s #  u n d e r g r a d u a t e s #  a n d  

t e c h n i c i a n s ) # e s p e c i a l l y  Ms. Yvonne Caton# whose e f f o r t s  on 

my b e h a l f  and  f r i e n d s h i p  I  h a v e  c h e r i s h e d  t h i s  p a s t  y e a r  

and a h a l f . .  I  w i l l  m is s  you a l l .

Ms. S a l l y  R ip l e y #  w hose  a s s i s t a n c e  w i t h  k a r y o t y p i n g  

and i n - s i t u  h y b r i d i z a t i o n  was i n v a l u a b l e .

My d a u g h t e r s #  P ' n i n a  a n d  S u r i #  who showed me t h e  

t r u e l y  w o n d e r fu l  p o t e n t i a l  o f  human g e n e t i c s .

Las t#  b u t  n o t  l e a s t #  I  would l i k e  t o  t h a n k  my m o t h e r  

and  my i n - l a w s #  whose  s u p p o r t #  p a t i e n c e  and u n d e r s t a n d i n g  

have f a c i l i t a t e d  t h e  c o m p l e t i o n  o f  t h i s  a c c o m p l i sh m en t .

T h i s  t h e s i s  i s  d e d i c a t e d  t o  my w i f e #  G i t t i e #  f o r  h e r  

s u g g e s t i o n s #  u n d e r s t a n d i n g #  s u p p o r t #  a s s i s t a n c e #  

e n c o u r a g e m e n t#  p e r s e v e r a n c e #  e d i t i n g #  t y p i n g  . . . t h e  

l i s t  i s  t o o  l o n g  f o r  t h e  l i m i t e d  s p a c e  a v a i l a b l e .  Thanks 

e v e r  so  much —  I w i l l  t r y  t o  r e c i p r o c a t e .



v i

TABLE OP COMM I TS

CHAPTER 1

INTRODUCTION 1

CHAPTER 2

MATERIALS AND METHODS 33

2 .1  C e l l  C u l t u r e  P r o c e d u r e s  33

2 . 1 . 1  C e l l  l i n e s  and t i s s u e  c u l t u r e  

c o n d i t i o n s  33

2 . 1 . 2  E f f i c i e n c y  o f  c o lo n y  f o r m a t i o n  in  

a g a r o s e  35

2 .2  D e t e r m i n a t i o n  o f  SV40 DNA se q u e n c e s  35

2 . 2 . 1  I s o l a t i o n  o f  h ig h  m o le c u la r  w e ig h t  

c e l l u l a r  DNA 35

2 . 2 . 2  V i r a l  DNA 37

2 . 2 . 3  I s o l a t i o n  o f  low m o le c u la r  w e ig h t  

c e l l u l a r  DNA 37

2 . 2 . 4  R e s t r i c t i o n  e n d o n u c l e a s e  d i g e s t i o n

and a g a r o s e  g e l  e l e c t r o p h o r e s i s  38

2 . 2 . 5  T r a n s f e r  o f  DNA from a g a r o s e  g e l s

t o  n i t r o c e l l u l o s e  41

2 . 2 . 6  Nick t r a n s l a t i o n  o f  DNA 42

2 . 2 . 7  H y b r i d i z a t i o n  and a u t o r a d i o g r a p h y

o f  S o u th e r n  f i l t e r s  44

2 . 2 . 8  Removing o l d  p r o b e s  f o r  h y b r i d i z a t i o n  45

2 .3  C y t o l o g i c a l  H y b r i d i z a t i o n  46



v i i

2 . 3 . 1  S l i d e  p r e p a r a t i o n  46

2 . 3 . 2  G -banding  and chromosome

i d e n t i f i c a t i o n  47

2 . 3 . 3  Removal o f  endogenous  RNA 47

2 . 3 . 4  Nick t r a n s l a t i o n  o f  DNA f o r  i n  s i t u

h y b r i d i z a t i o n  48

2 . 3 . 5  In  s i t u  h y b r i d i z a t i o n  49

2 .4  A ssays  f o r  V i r a l  P r o t e i n s  50

2 . 4 . 1  Im m u n o f lu o re sc en t  s t a i n i n g  o f

monolayer  c e l l s  50

2 . 4 . 2  I m m u n o p r e c i p i t a t i o n  52

2 . 4 . 3  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s

(PAGE) 53

2 . 4 . 4  Im m u n o b lo t t in g  p r o c e d u r e  54

CHAPTER 3

RESULTSi I s o l a t i o n  o f  Im m o r t a l i z e d  L in e s  57

CHAPTER 4

RESULTS: C h a r a c t e r i z a t i o n  o f  I m m o r ta l i z e d  L in e s  94

CHAPTER 5

DISCUSSION 181

BIBLIOGRAPHY 200



40

51

61

62

64

67

68

70

71

72

73

75

78

79

80

83

88

89

91

93

LIST OF TABLBS

D e s c r i p t i o n  o f  r e s t r i c t i o n  enzymes 

D e s c r i p t i o n  o f  a n t i b o d y  s o u r c e  and s p e c i f i c i t y  

P a s s a g e  h i s t o r y  o f  IF1A-2 i n  10% FBS

P a s s a g e  h i s t o r y  o f  IF1A-2 in  10% NCS

P a s sa g e  h i s t o r y  o f  HS74BM

P a s s a g e  h i s t o r y  o f  IF4A-1 in  10% FBS

P a s sa g e  h i s t o r y  o f  IF4A-1 i n  10% NCS

P a s s a g e  h i s t o r y  o f  IF5A-2 in  10% NCS

P a s sa g e  h i s t o r y  o f  IF5A-2 in  10% FBS

P a s s a g e  h i s t o r y  o f  IF6A-1 in  10% FBS

P a s s a g e  h i s t o r y  o f  IF6A-1 in  10% NCS

Comparison o f  l i f e s p a n s  o f  v a r i o u s  c e l l  l i n e s  

P a s s a g e  h i s t o r y  o f  IF5A-2 in  su p p lem en ted  media

P a s s a g e  h i s t o r y  o f  IF5A-2 i n  s u p p lem en ted  media

P a s s a g e  h i s t o r y  o f  IF5A-2 in  su p p le m en ted  media

P a s s a g e  h i s t o r y  o f  IE52

L i f e s p a n  o f  c l o n e s  p i c k e d  from IF5A-2 F ^ q/P ^  

P a s s a g e  h i s t o r y  o f  IE51

Comparison o f  l i f e s p a n  o f  c l o n e s  p i c k e d  in  

c o lo n y  a s s a y

Comparison o f  l i f e s p a n  o f  c l o n e s  p i c k e d  in  

c o lo n y  a s s a y  from IF5A

E f f i c i e n c y  o f  c o lo n y  f o r m a t i o n  in  d i f f e r e n t  t y p e s  

o f  media

Compar ison o f  e f f i c i e n c y  o f  c o lo n y  f o rm a t io n



i x

23.  Doubl ing  t im e s  o f  C l -3 9  a t  d i f f e r e n t  t e m p e r a t u r e s  120

24.  S a t u r a t i o n  d e n s i t y  o f  human c e l l  l i n e s  121



LIST OP FIGURES

x

1.  S t r u c t u r e  and f u n c t i o n  o f  t h e  c o n t r o l  r e g i o n  o f  

SV40

2. SV40 genome map

3.  Comparison o f  g rowth  p a t t e r n s  o f  HS74BM and IF5A-2

4.  Graphs  o f  e f f i c i e n c y  o f  c o lo n y  f o r m a t i o n  in

monolayer  and a g a r o s e

5. T a n t i g e n  im m u n o f lu o re sce n ce  o f  HS74BM

6. T a n t i g e n  im m u n o f lu o rescen ce  o f  IF5A and t h e

im m o r t a l i z e d  l i n e s  99

7. T a n t i g e n  im m u n o f lu o re sce n ce  o f  C l - 3

8.  T a n t i g e n  im m u n o f lu o re sce n ce  o f  COS 7 c e l l s

9. Comparison o f  g rowth  c u r v e s  f o r  C l - 2 ,  C l - 3 ,  and

C l - 5  c e l l s  a t  37°  C

10 .  Comparison o f  g row th  c u r v e s  f o r  C l - 3 7 ,  C l - 3 8 ,

C l -3 9  P 12 ( e a r l y  p a s s a g e )  and C l -3 9  P 0q ( l a t e  

p a s s a g e )  a t  37° C

11.  Comparison o f  g row th  c u r v e s  f o r  C l -3 9  ( e a r l y  

p a s s a g e )  a t  35° C, 37° C, and 3 8 . 5 °  C

12.  Comparison o f  g rowth  c u r v e s  f o r  C l -3 9  ( l a t e  

p a s s a g e )  a t  33° C, 35° C, 37°  C, and 

3 8 . 5 °  C

13.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from 

IF5A, C l - 3 9 ,  C l - 5 ,  C l - 3 7 ,  C l - 3 8 ,  C l - 2  and 

C l - 3 ,  d i g e s t e d  w i th  Bgl I

14.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

4

8

65

86

97

102

105

107

112

114

116

118

124



x i

15.

16 .

17.

18.

19.

2 0 .

2 1 .

2 2 .

23.

24.

IF5A, C l - 3 9 ,  C l - 5 ,  C l - 3 7 ,  C l - 3 8 ,  C l - 2  and

C l - 3 ,  d i g e s t e d  w i th  Xho I

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

C l - 3 7 ,  C l - 3 8 ,  C l - 3 9 ,  C l - 2 ,  C l - 3 ,  C l - 5  and

IF5A, d i g e s t e d  w i th  S s t  I

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

I F 5 a ,  C l - 3 9 ,  C l -3 7  and C l - 3 ,  d i g e s t e d  w i th  Ava I

L i n e a r  r e s t r i c t i o n  map o f  t h e  SV40 genome

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

C l - 3 7 ,  C l - 3 8 ,  C l - 3 9 ,  C l - 2 ,  C l - 3 ,  C l - 5  and

IF5A, d i g e s t e d  w i th  Bam HI

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

C l - 3 9 ,  C l - 2 ,  C l - 3 ,  C l - 5  and IF5A, d i g e s t e d  w i th

Eco Rl

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNA from

IF5A d i g e s t e d  w i th  S s t  1 ,  Xho 1 ,  Bgl  1 ,  Kpn 1,

Bam Hi and Eco Rl

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from 

C l -3 9  and IF5A

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from 

C l -3 9  d i g e s t e d  w i th  B e l  1 ,  Be l  1 and Kpn 1 ,

Kpn 1 ,  B e l  1 and Bam H i ,  Bam HI,  B e l  1 and Eco R l ,  

and Eco Rl

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

C l-3 9  d i g e s t e d  w i th  P s t  1 ,  P s t  1 and Kpn 1 ,  P s t  1

and Hae I I ,  and Pvu I I

S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

126

128

130

134

136

138

143

145

148

151



x i i

155

159

161

163

166

169

171

173

175

177

179

195

IP5A, C l - 3 9 ,  C l - 5 ,  C l - 3 7 ,  C l - 3 8 ,  C l - 2  and C l - 3 ,  

d i g e s t e d  w i t h  P s t  1

Immunoblot a n a l y s i s  f o r  SV40 l a r g e  T a n t i g e n  o f  

C l -3 9  and IF5A

Immunoblot a n a l y s i s  f o r  SV40 s m a l l  t  a n t i g e n  o f  

C l -3 9  and IF5A

S o u th e rn  a n a l y s i s  o f  F ig u r e  19 r e - p r o b e d  w i th  

pBR322

S o u th e rn  a n a l y s i s  o f  H i r t  l y s a t e s  from IF5A, 

C l - 3 7 ,  C l - 3 8 ,  C l - 3 9 ,  C l - 2 ,  C l - 3  and C l - 5  

G-banded k a r y o t y p e  o f  IF5A w i t h  a  p s e u d o d i p l o i d  

chromosome number

G-banded k a r y o t y p e  o f  IF5A w i t h  a  p o l y p l o i d  

chromosome number

G-banded k a r y o t y p e  o f  C l -3 9  w i th  a p o l y p l o i d  

chromosome number

G-banded k a r y o t y p e  o f  C l -3 7  w i th  a p o l y p l o i d  

chromosome number

G-banded k a r y o t y p e  o f  C l - 3  w i t h  a  p o l y p l o i d  

chromosome number

G-banded m i t o t i c  c e l l  o f  IF5A showing v a r i o u s  

chromosome a b e r r a t i o n s

L i n e a r  map o f  t h e  SV40 s e q u e n c e s  i n t e g r a t e d  in  

C l -3 9



1

CHAPTER I t  INTRODUCTION

T h is  t h e s i s  w i l l  a t t e m p t  t o  a s s e s s  t h e  r e l a t i o n s h i p  

b e t w e e n  s i m i a n  v i r u s  40 ( S V 4 0 ) , t r a n s f o r m a t i o n ,  and  

i m m o r t a l i z a t i o n  i n  human d i p l o i d  c e l l s  i n  c u l t u r e .  Toward 

t h i s  g o a l ,  I  w i l l  r e v i e w  r e l e v a n t  l i t e r a t u r e  on SV40 a s  a 

p r e l u d e  t o  e x a m i n a t i o n  o f  s t u d i e s  i n  t h e  a r e a  o f  i t s  e f f e c t  

on p r o l i f e r a t i o n  o f  human f i b r o b l a s t s .  The p a p o v a v i r u s e s  

c o n s t i t u t e  one o f  t h e  s i m p l e s t  g r o u p s  o f  DNA tumor v i r u s e s .  

Of t h e s e ,  t h e  b e s t  s t u d i e d  has  been  SV40. A r e v ie w  o f  t h e  

e x t e n s i v e  work done w i t h  SV40 i s  b ey o n d  t h e  s c o p e  o f  t h i s  

t h e s i s ;  I  w i l l  t h e r e f o r e  o n l y  s u m m a r i z e  t h e  s a l i e n t  

f e a t u r e s  ( se e  Tooze ,  1 9 8 1 ) .

Monkey c e l l s  s u p p o r t  p r o d u c t i v e ,  o r  l y t i c ,  i n f e c t i o n  

w i t h  SV40. I n  c o n t r a s t ,  mouse  c e l l s  d o  n o t  s u p p o r t  t h e  

p r o d u c t i o n  o f  v i r u s  ( o r  v i r a l  DNA) and  t h e  i n f e c t i o n  i s  

s a i d  t o  b e  a b o r t i v e .  A f t e r  s u r v i v i n g  t h e  i n f e c t i o n ,  

however ,  some mouse c e l l s  d e v e l o p  new p r o p e r t i e s  and  a r e  

t h e n  s a i d  t o  be " t r a n s f o r m e d . "  R a th e r  t h a n  e x h i b i t i n g  t h e  

a l t e r n a t i v e  r e s p o n s e s  o f  p e r m i s s i v e  o r  n o n p e r m i s s i v e  

i n f e c t i o n ,  v i r u s  p r o d u c t i o n  i n  human c e l l s  o c c u r s  a t  

a p p r o x i m a te ly  1% o f  t h e  l e v e l  p ro d u ced  by p e r m i s s i v e  monkey 

c e l l s .  Thus ,  human c e l l s  a r e  s a i d  t o  be " s e m i p e r m i s s i v e "  

f o r  SV40 (Tooze,  1981;  Ozer e t  a l ,  1 9 8 1 ) .

I n f e c t i o n s  b e g i n  w i t h  a d s o r p t i o n ,  p e n e t r a t i o n  and  

u n c o a t i n g  o f  t h e  v i r u s .  A l t h o u g h  t h e  e x a c t  p a t h w a y  o f  

p e n e t r a t i o n  and  u n c o a t i n g  i s  unknow n,  i t  i s  c l e a r  t h a t
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i n t a c t  v i r a l  DNA must  e v e n t u a l l y  r e a c h  t h e  n u c l e u s , w h e re  

i t  i s  t r a n s c r i b e d  an d  r e p l i c a t e d .  The v i r a l  genoae  i s  a 

c o v a l e n t l y  c l o s e d  s u p e r h e l i c a l  c i r c l e  (F o ra  I )  DNA. During 

t h e  f i r s t  few h o u r s ,  t h e  e a r l y  p r o a o t e r  e f f i c i e n t l y  d i r e c t s  

t h e  s y n t h e s i s  o f  t h e  v a r i o u s  e a r l y  aRNA s p e c i e s .  S y n t h e s i s  

o f  t h e  l a t e  aRNAs o c c u r s  s l u g g i s h l y  a t  t h i s  s t a g e  b u t  

b e c o a e s  d o a i n a n t  a s  v i r a l  DNA r e p l i c a t i o n  g e t s  underway,  12 

t o  18 h o u r s  a f t e r  i n f e c t i o n .  V i r a l  DNA r e p l i c a t i o n  th en  

p r o c e e d s  i n  a s e m i - d i s c o n t i n u o u s  m anner ,  w i th  f o r k s  growing 

f r o m  t h e  u n i q u e  o r i g i n  i n  o p p o s i t e  d i r e c t i o n s  a t  

a p p r o x i m a t e l y  e q u a l  r a t e s .  The v i r a l  DNA i s  a s s o c i a t e d  

w i t h  h o s t  h i s t o n e s  H i ,  H2A, H2B, H3, and  H4, w h ic h  fo rm  a 

c h r o a a t i n - l i k e  s t r u c t u r e .

The SV40 e a r l y  t r a n s c r i p t i o n  u n i t  i s  t r a n s c r i b e d  in  

p r o d u c t i v e l y  i n f e c t e d  p e r m i s s i v e  c e l l s  i n t o  two aRNAs w i t h  

i d e n t i c a l  5 '  and 3 '  t e r m i n i  b u t  d i f f e r e n t  s p l i c e  j u n c t i o n s  

(See F i g u r e  1 ) .  The s m a l l e r  2 .3  k i l o b a s e  (kb)  (16S)  mRNA 

e n c o d e s  l a r g e  T a n t i g e n ,  a p r o t e i n  o f  9 4 , 0 0 0  d a l t o n s  

a p p a r e n t  m o le c u la r  w e ig h t  (MW) which i s  found p r e d o m in a n t l y  

i n  t h e  n u c l e i  o f  i n f e c t e d  c e l l s  a n d  i s  e s s e n t i a l  f o r  

r e p l i c a t i o n  and  t r a n s f o r m a t i o n .  The l a r g e r  2 .6  kb (19S) 

mRNA encodes  s m a l l  t  a n t i g e n ,  a p r o t e i n  o f  1 7 , 0 0 0  d a l t o n s  

a p p a r e n t  MW w h i c h  i s  n o t  e s s e n t i a l  f o r  r e p l i c a t i o n  o r  

t r a n s f o r m a t i o n  in  c u l t u r e ,  b u t  which h a s  an e n h a n c i n g  r o l e  

i n  s o ae  c i r c u m s t a n c e s  (Topp and R i f k i n ,  1 9 8 0 ) .

The  f i r s t  m a j o r  v i r a l  p r o t e i n  t o  a c c u m u l a t e  i n  

i n f e c t e d  c e l l s  i s  t h e  l a r g e  T a n t i g e n  ( a l s o  te rmed  t h e  A
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F i g u r e  1. SV40 genome map showing v a r i o u s  SV40 landm arks  

and key r e s t r i c t i o n  enzyme r e c o g n i t i o n  s i t e s .  

(From F i e r s  e t  a l ,  1 9 7 8 ) .
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p r o t e i n ) .  The p r o t e i n  i s  a  p l e i o t r o p i c  e f f e c t o r  w i t h  

m u l t i p l e  b i o l o g i c a l  and b i o c h e m i c a l  f u n c t i o n s .  I t  c o n s i s t s  

o f  708 am in o  a c i d s ,  and i s  r e q u i r e d  f o r  v a r i o u s  b i o l o g i c a l  

p r o c e s s e s .  These i n c l u d e  (a) i n i t i a t i o n  and m a i n t e n a n c e  o f  

c e l l  t r a n s f o r m a t i o n ,  (b)  i m m o r t a l i z a t i o n  o f  p r im a r y  r o d e n t  

c e l l s ,  ( c ) i n i t i a t i o n  o f  v i r a l  DNA r e p l i c a t i o n ,  ( d ) i n d u c t i o n  

o f  h o s t  c e l l  DNA s y n t h e s i s ,  ( e ) a u t o r e g u l a t i o n  o f  SV40 e a r l y  

r e g i o n  t r a n s c r i p t i o n ,  ( f )  s t i m u l a t i o n  o f  SV40 l a t e  r e g i o n  

t r a n s c r i p t i o n ,  ( g ) s t i m u l a t i o n  o f  c e l l u l a r  mRNA and  rRNA 

t r a n s c r i p t i o n ,  and  ( h ) f a c i l i t a t i o n  o f  g r o w t h  o f  hum an  

a d e n o v i r u s e s  i n  monkey c e l l s .  The T a n t i g e n ' s  b i o c h e m i c a l  

a c t i v i t i e s  c o n s i s t  o f  ( a ) h i g h  a f f i n i t y  b i n d i n g  t o  a  s i t e  i n  

o r  n e a r  t h e  o r i g i n  r e g i o n  o f  r e p l i c a t i o n ,  ( b ) l o w  a f f i n i t y  

b i n d i n g  t o  m a m m a l i a n  DNA, ( c ) A T P a s e  a c t i v i t y ,  

( d ) a s s o c i a t i o n  w i th  a 5 3 , 0 0 0 - d a l t o n  c e l l u l a r  p r o t e i n  ( p 5 3 ) , 

a n d  ( e ) f o r m a t i o n  o f  o l i g o m e r i c  f o r m s .  T a n t i g e n  

a c c u m u l a t e s  m a i n l y  i n  t h e  n u c l e u s  b u t  i s  a l s o  p r e s e n t  i n  

s m a l l  a m o u n t s  i n  c e l l u l a r  m e m b r a n e s .  E s s e n t i a l  c o d i n g  

r e g i o n s  f o r  many o f  t h e  b i o c h e m i c a l  a n d  b i o l o g i c a l  

a c t i v i t i e s  o f  T a n t i g e n  a r e  l o c a l i z e d  on d i f f e r e n t  p o r t i o n s  

o f  t h e  T a n t i g e n .  T h i s  s u g g e s t s  t h a t  T a n t i g e n  may be 

composed o f  s e v e r a l  dom ains  t h a t  c a n  f u n c t i o n  i n d e p e n d e n t l y  

(S u g an o  and  Y a m a g u c h i ,  1 9 8 4 ) .  I n  o r d e r  t o  c l a r i f y  t h i s  

model o f  s e p a r a t e  f u n c t i o n a l  d o m a i n s ,  w h ic h  a c c o u n t s  f o r  

t h e  v a r i o u s  b i o l o g i c a l  a n d  b i o c h e m i c a l  a c t i v i t i e s  

a t t r i b u t e d  t o  t h i s  p r o t e i n ,  a  s e r i e s  o f  m u t a n t s  o f  SV40 

have been  c o n s t r u c t e d  w i th  d e l e t i o n s  i n  t h e  c o d in g  s eq u en ce
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f o r  l a r g e  T - a n t i g e n .  The m u t a n t  DNAs w ere  a n a l y z e d  t o  

d e f i n e  t h e  m u t a t i o n a l  c h a n g e s  a t  t h e  n u c l e o t i d e  s e q u e n c e  

l e v e l ,  and w ere  t h e n  t e s t e d  f o r  t h e  v a r i o u s  a c t i v i t i e s  

a t t r i b u t e d  t o  T a n t i g e n .  At t h e  b i o l o g i c a l  l e v e l ,  t h e  

s t u d y  o f  m u t a n t s  h a s  i d e n t i f i e d  d i s t i n c t  dom ains  f o r  v i r a l  

DNA r e p l i c a t i o n ,  c e l l u l a r  DNA s y n t h e s i s ,  a c t i v a t i o n  o f  rRNA 

g e n e s ,  c e l l  t r a n s f o r m a t i o n ,  h e l p e r  f u n c t i o n  f o r  

a d e n o v i r u s e s  a n d ,  p o s s i b l y ,  a u t o r e g u l a t i o n  ( P ip a s  e t  a l ,  

1 9 8 3 ;  S o p r a n o  e t  a l ,  1 9 8 1 ;  C l a r k  e t  a l ,  1 9 8 1 ) .  T h e s e  

r e g i o n s  h a v e  b e e n  f u r t h e r  d i s s e c t e d  by a l a r g e  number o f  

b a s e  s u b s t i t u t i o n  m u t a n t s  ( S h o r t l e  a n d  N a t h a n s ,  1 9 7 8 ,

1 9 7 9 ) .

The SV40 v i r u s  l a t e  r e g i o n  c o d e s  f o r  t h r e e  p r o t e i n s ,  

VP1, VP2, and VP3, which a r e  t h e  s t r u c t u r a l  c o m p o n e n t s  o f  

t h e  v i r i o n s  ( F i g u r e  1 ) .  These  p r o t e i n s  a r e  s y n t h e s i z e d  in  

a p p r e c i a b l e  amounts  f o l l o w i n g  v i r a l  DNA r e p l i c a t i o n  a t  l a t e  

t im e s  d u r i n g  i n f e c t i o n  o f  p e r m i s s i v e  o r  s e m i - p e r m i s s i v e  

c e l l s .  As w i t h  o t h e r  v i r a l  p r o t e i n s ,  t h e  c a p s i d  p r o t e i n s  

a r e  s y n t h e s i z e d  i n  t h e  c y t o p l a s m .  They a r e  t r a n s p o r t e d  

r a p i d l y  t o  t h e  n u c l e u s  f o r  a s s e m b l y  i n t o  p r o g e n y  v i r u s  

p a r t i c l e s .  T o g e t h e r ,  t h e  t h r e e  g e n e s  c o d i n g  f o r  t h e s e  

p r o t e i n s  o c c u p y  m o s t  o f  t h e  r e m a i n i n g  h a l f  o f  t h e  v i r a l  

genome and a r e  a r r a n g e d  i n  o p p o s i t e  o r i e n t a t i o n  t o  t h e  

e a r l y  g e n e s .  The l a t e  r e g i o n  c o d e s  f o r  mRNAs t h a t  a r e  

h e t e r o g e n e o u s  a t  t h e i r  5 '  e n d s .  The m a j o r  s t r u c t u r a l  

p r o t e i n ,  VP1, i s  c o d e d  by an  u n i n t e r r u p t e d  s e q u e n c e  o f  

1 ,0 9 2  n u c l e o t i d e s .  An u p s t r e a m  l e a d e r  o f  a b o u t  200
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F i g u r e  2. S t r u c t u r e  and f u n c t i o n  o f  t h e  c o n t r o l  r e g i o n  o f  

SV40. The T - a n t i g e n  b i n d i n g  s i t e s  a r e  i n d i c a t e d  

a s  T l ,  T2, and T3. The o r i g i n  o f  DNA 

r e p l i c a t i o n  l i e s  w i t h i n  t h e  r e g i o n  spanned  by 

n u c l e o t i d e s  34 and 5202.  The A T - r i c h  r e g i o n  

r e l a t e d  t o  t h e  TATA box c o n c e n s u s  seq u en c e  i s  

i n d i c a t e d ,  a s  i s  t h e  c l e a v a g e  s i t e  o f  

r e s t r i c t i o n  enzyme Bgl 1 .  (From Tooze ,

1 9 8 0 ) .
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n u c l e o t i d e s  i s  a d d e d  t o  t h e s e  s e q u e n c e s .  The  c o d i n g  

s e q u e n c e s  f o r  VP2 a n d  VP3 r o u g h l y  c o r r e s p o n d  t o  t h e  

i n t e r v e n i n g  s e q u e n c e s  n a p p in g  be tw een  t h e  l e a d e r  and c o d in g  

s e q u en ce s  o f  VP1. However,  t h e  common t e r m i n a t i o n  s i g n a l  

f o r  VP2 and  VP3 l i e s  110 n u c l e o t i d e s  beyond t h e  i n i t i a t i o n  

c o d o n  f o r  VP1. Hence t h e  t h r e e  g e n e s  o v e r l a p ,  a n d  a n  

e x a m in a t io n  o f  t h e  s eq u en ce  shows t h a t  t h i s  s m a l l  r e g i o n  o f  

t h e  SV40 genome c o d e s  f o r  p a r t s  o f  t h r e e  p r o t e i n s  i n  two 

d i f f e r e n t  r e a d i n g  f r a m e s .  The e n t i r e  s e q u e n c e  o f  VP3 i s  a 

s u b s e t  o f  VP2. The e x a c t  s t r u c t u r e  a t  t h e  5 '  end o f  VP3 i s  

n o t  y e t  known.  A s m a l l  p o l y p e p t i d e ,  t h e  a g n o p r o t e i n ,  has  

been i d e n t i f i e d  a s  encoded  w i t h i n  t h e  l e a d e r  s e q u e n c e .  I t  

h a s  b e e n  s h o w n  t o  h a v e  p r o p e r t i e s  r e l e v a n t  t o  v i r u s  

a s se m b ly  ( i n t e r a c t i o n  w i t h  VP1) a n d  v i r a l  t r a n s c r i p t i o n  

(Jay  e t  a l ,  1 9 8 1 ) .

The s e g m e n t  o f  t h e  SV40 genome s u r r o u n d i n g  t h e  o r i g i n  

o f  DNA r e p l i c a t i o n  i s  a c o m p le x  r e g u l a t o r y  r e g i o n .  I t  

c o n t a i n s  s e v e r a l  c h a r a c t e r i s t i c  f e a t u r e s ,  i n c l u d i n g  t h r e e  

t a n d e m  T a n t i g e n  b i n d i n g  s i t e s ,  tw o  p r e c i s e  a n d  o n e  

im p r e c i s e  copy o f  a  g u a n i n e - p l u s - c y t o s i n e - r i c h  2 1 - b a s e - p a i r  

(bp)  r e p e a t ,  and  two c o p i e s  o f  a  72-bp  r e p e a t  (F ig u r e  2 ) .  

The s p e c i f i c  s e q u e n c e s  w i t h i n  t h i s  r e g i o n  t h a t  a r e  r e q u i r e d  

f o r  v a r i o u s  v i r a l  f u n c t i o n s  have been  a n a l y z e d  e x t e n s i v e l y  

b o t h  i n  v i v o  and i n  v i t r o . B r i e f l y ,  most  o f  t h e  T a n t i g e n  

b i n d i n g  s i t e s  I  and  I I  a r e  r e q u i r e d  f o r  e f f i c i e n t  DNA 

r e p l i c a t i o n .  A s i t e  f o r  t h e  r e s t r i c t i o n  enzyme Bgl  1 l i e s  

w i t h i n  b i n d i n g  s i t e  I I .  The  p r o m o t e r  f o r  e a r l y  g e n e
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t r a n s c r i p t i o n  l i e s  l a r g e l y  w i t h i n  t h e  t h i r d  T a n t i g e n  

b i n d i n g  s i t e  and t h e  two 21 -bp  r e p e a t s .  I t  h a s  a l s o  b e e n  

shown t h a t  a t  l e a s t  o n e  i n t a c t  c o p y  o f  a  72-bp  r e p e a t  i s  

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

e n h a n c i n g  f u n c t i o n  o f  t h e  72-bp  r e p e a t  o c c u r s  even  when i t  

i s  i n s e r t e d  a t  l o c a t i o n s  d i s t a n t  f r o m  t h e  s i t e  o f  

t r a n s c r i p t i o n  i n i t i a t i o n  o r  i n  e i t h e r  o r i e n t a t i o n .  In  a l l  

c a s e s #  t r a n s c r i p t i o n  was i n i t i a t e d  a t  t h e  same l o c a t i o n  a s  

w i t h  t h e  n o r m a l  s e q u e n c e  o r g a n i z a t i o n .  A l t h o u g h  t h e  

s e q u e n c e s  o f  t h e  72 -bp  r e p e a t s  a r e  n o t  e s s e n t i a l  f o r  l a t e -  

r e g i o n  e x p r e s s i o n #  t h e i r  p r e s e n c e  i n c r e a s e s  t h e  l e v e l  o f  

l a t e - r e g i o n  e x p r e s s i o n  (Fromm and Berg# 1982;  1 9 8 3 ) .

R a t h e r  t h a n  t h e  a l t e r n a t i v e  r e s p o n s e s  o f  l y t i c  

i n f e c t i o n  o r  t r a n s f o r m a t i o n #  human c e l l s  u n d e rg o  n o t  o n ly  

m o rp h o lo g ic  t r a n s f o r m a t i o n  b u t  a l s o  c o n t i n u e  p r o d u c t i o n  o f  

i n f e c t i o u s  v i r u s .  I n  t h e  i n i t i a l  s t a g e s  o f  i n f e c t i o n #  10 

t o  20% o f  t h e  i n f e c t e d  c e l l s  a p p e a r  t o  l y s e  w h i l e  t h e  

s u r v i v i n g  c e l l s  c o n t i n u e  t o  p r o l i f e r a t e  a t  a b o u t  t h e  same 

r a t e  a s  t h a t  o f  u n i n f e c t e d  c e l l s .  A second  l a t e r  s t a g e  i s  

e v i d e n t  by r a p i d  p r o l i f e r a t i o n  o f  c e l l s  ( " t r a n s f o r m e d  

c e l l s ” ) i n  t h e  c u l t u r e s  ( G i r a r d i  e t  a l #  1 9 6 5 ) .  U n l i k e  

S V 4 0 - t r a n s f o r m e d  c e l l s  o f  o t h e r  s p e c i e s  ( e . g . #  mouse o r  

r a t ) #  t h e  p r o l i f e r a t i v e  c a p a c i t y  o f  hum an  c e l l s  a f t e r  

i n i t i a l  t r a n s f o r m a t i o n  i s  o f t e n  l i m i t e d  by a p h a se  te rm ed  

" c r i s i s "  ( G i r a r d i  e t  a l #  1 9 6 5 ) .  C r i s i s  i s  m a r k e d  by 

a b n o r m a l  m i t o t i c  f i g u r e s #  l o s s  o f  a t t a c h m e n t s  t o  t h e  

g rowth  s u r f a c e #  r e d u c e d  p r o l i f e r a t i v e  c a p a c i t y #  and t h e
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o c c a s i o n a l  f o r m a t i o n  o f  m u l t i n u c l e a t e d  o r  g i a n t  c e l l s .  

T rans fo rm ed  c e l l s  w i t h  an  o l d e r  i n  v i t r o  p a s s a g e  h i s t o r y  

e n t e r  c r i s i s  so o n e r  t h a n  t h o s e  d e r i v e d  from younger  l i n e s .  

However, SV40 t r a n s f o r m a t i o n  i n c r e a s e s  t h e  g rowth  p o t e n t i a l  

o f  human f i b r o b l a s t s ,  and c e l l s  t r a n s f o r m e d  n e a r  t h e  end o f  

t h e i r  n o r m a l  i_n v i t r o  l i f e  s p a n  a r e  a g a i n  a b l e  t o  

p r o l i f e r a t e  t r a n s i e n t l y .  Some c e l l s  c an  s u r v i v e  c r i s i s  and 

grow w i t h  a p p a r e n t l y  u n l i m i t e d  l i f e  s p a n s .  Few s t u d i e s  

have i s o l a t e d  i n d i v i d u a l  t r a n s f o r m a n t s  in d u c ed  by SV40 and 

s t u d i e d  t h e  p r o g r e s s i o n  o f  t h e i r  g row th  p r o p e r t i e s  (Sack ,

1 9 8 1 ) .

T r a n s f o r m a t i o n  by SV40 i n  b o th  human and r o d e n t  c e l l s  

i n  c u l t u r e  h a s  b e e n  d e f i n e d  by s e v e r a l  b i o l o g i c  c r i t e r i a .  

These  i n c l u d e  l o s s  o f  c o n t a c t  i n h i b i t i o n ,  l o s s  o f  d e n s i t y -  

d e p e n d e n t  i n h i b i t i o n  o f  m onolayer  g r o w th ,  r ed u ced  a n c h o r a g e  

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

m e th o c e l  s u s p e n s i o n ) , g rowth  in  media c o n t a i n i n g  low s e ru m  

c o n c e n t r a t i o n s ,  g row th  in  a l e s s - o r i e n t e d  manner t h a n  t h a t  

s e e n  in  normal  c e l l s ,  g row th  on m o n o lay e r s  o f  norm al  c e l l s ,  

r e l e a s e  o f  p r o t e a s e s ,  and t h e  p r e s e n c e  o f  SV40 T a n t i g e n  in  

t r a n s f o r m e d  c e l l  n u c l e i .  S V 4 0 - t r a n s f o r m e d  c e l l s  commonly 

f o r m  t u m o r s  u p o n  i n j e c t i o n  i n t o  s u s c e p t i b l e  a n i m a l s -  

a n c h o r a g e  i n d e p e n d e n c e  i s  t h e  in v i t r o  a l t e r a t i o n  w h ic h  

b e s t  c o r r e l a t e s  w i th  t h i s  .in v iv o  b e h a v i o r .

C e l l s  s t a b l y  t r a n s f o r m e d  by SV40 c o n t a i n  v i r a l  DNA 

c o v a l e n t l y  i n t e g r a t e d  i n t o  t h e  chromosomal  DNA o f  t h e  h o s t  

c e l l  (Sam brook  e t  a l ,  1 9 6 8 ) .  O r i g i n a l l y ,  Croce (Croce e t
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a l ,  1 9 7 3 ;  C r o c e  a n d  K o p r o w s k i ,  1 9 7 4 )  p r o p o s e d  t h e  

a s s i g n m e n t  o f  c h r o m o s o m e  7 a s  t h e  u n i q u e  s i t e  o f  

i n t e g r a t i o n  o f  SV40 in  human c e l l s ,  b a s e d  on  s o m a t i c  c e l l  

h y b r i d s  ( b e t w e e n  mouse c e l l s  and  S V 4 0 - t r a n s f o r m e d  human 

c e l l s )  which s e g r e g a t e d  human chromosomes. T h i s  c o n c l u s i o n  

was p r e d i c a t e d  on t h e  f a c t  t h a t  t h e  e x p r e s s i o n  o f  SV40 T 

a n t i g e n  and  t h e  r e s c u a b i l i t y  o f  t h e  SV40 genome s e g r e g a t e d  

c o n c o r d a n t l y  w i t h  t h e  p r e s e n c e  o f  hum an  c h r o m o s o m e  7 .  

H ow ev er ,  i t  was  l a t e r  shown by C r o c e  and  o t h e r s  (C ro ce ,  

1977; K u c h e r l a p a t i  e t  a l ,  1978) t h a t  i n t e g r a t i o n  c o u l d  be 

d e m o n s t r a t e d  on  d i f f e r e n t  human chromosomes in  d i f f e r e n t  

SV40 t r a n s f o r m a n t s ,  l e a d i n g  t o  t h e  r e v e r s e  h y p o t h e s i s ,  t h a t  

t h e r e  i s  no s p e c i f i c i t y  f o r  i n t e g r a t i o n .  The S o u t h e r n  

t r a n s f e r  h y b r i d i z a t i o n  t e c h n i q u e  has  been used  t o  a n a l y z e  

t h e  s t r u c t u r e  o f  t h e  i n t e g r a t e d  v i r a l  DNA i n  S V 4 0 -  

t r a n s f o r m e d  r a t  (Botchan  e t  a l .  1 9 7 6 ) ,  human (Campo e t  a l .  

1 9 7 8 ) ,  h am ste r  ( C h e p e l in sk y  e t  a l .  1980) and mouse  ( K e t n e r  

and  K e l l y  1 9 7 6 ;  R i g b y ,  1979) c e l l s .  The r e s u l t s  i n d i c a t e  

t h a t  t h e r e  a r e  no s p e c i f i c  i n t e g r a t i o n  s i t e s  a t  t h e  l e v e l  

o f  r e s t r i c t i o n  e n d o n u c l e a s e  c l e a v a g e  s i t e s  i n  t h e  h o s t  o r  

v i r a l  genome (Hwang and  K u c h e r l a p a t i ,  1 9 8 3 ;  C l a y t o n  and  

R i g b y ,  1 9 8 1 ) .  M o r e o v e r ,  i n t e g r a t i o n  p a t t e r n s  a r e  

f r e q u e n t l y  c o m p l e x ,  a n d  c o m p l e t e  o r  p a r t i a l  t a n d e m  

d u p l i c a t i o n s  o f  v i r a l  s e q u e n c e s  a r e  common ( C l a y t o n  and 

R igby ,  1 9 8 1 ) .  A n a l y s i s  by DNA r e a s s o c i a t i o n  k i n e t i c s  h a s  

s h o w n  t h a t  t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  b e t w e e n  

t r a n s f o rm e d  c e l l  l i n e s  in  t h e  number o f  c o p i e s  o f  v i r a l  DNA
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(Sambrook e t  a l*  1 9 7 5 ) .  In  a d d i t i o n ,  t h e  r e p r e s e n t a t i o n  o f  

d i f f e r e n t  s e g m e n t s  o f  v i r a l  g e n o a e  i s  n o t  n e c e s s a r i l y  

u n i fo rm  (Botchan e t  a l ,  1 9 7 4 ) .

S e v e r a l  r e p o r t s  h a v e  shown t h a t  two d i f f e r e n t  g e n e  

p r o d u c t s  a r e  r e q u i r e d  f o r  t h e  t r a n s f o r m a t i o n  o f  p r i m a r y  

r o d e n t  c e l l s  b y  a d e n o v i r u s  (A d )  a n d  p o l y o m a v i r u s  

( P y ) ( H o u w e l i n g  e t  a l , 1 9 8 0 ;  R a s s o u l z a d e g a n  e t  a l ,  1 9 8 2 ;  

T r e i s m a n  e t  a l ,  1 9 8 1 ;  Van d e n  E l s e n  e t  a l ,  1 9 8 3 ) .  Ruley  

(1983) and Land (Land e t  a l ,  1983) e x t e n d e d  t h e s e  f i n d i n g s  

a n d  s h o w e d  t h a t  tw o  d i s t i n c t  c l a s s e s  o f  o n c o g e n e s  a r e  

r e q u i r e d  f o r  s u c h  t r a n s f o r m a t i o n .  One c l a s s  ( t y p e  A ) , 

i n c l u d i n g  t h e  Ad E1A r e g i o n ,  m y c , p53  and  Py l a r g e  T 

a n t i g e n  g e n e s ,  i s  r e q u i r e d  f o r  c o l o n y  f o r m a t i o n  a n d  

p r e s u m a b l y  i m m o r t a l i z a t i o n  o r  e s t a b l i s h m e n t  o f  p r i m a r y  

c e l l s  i n  c u l t u r e .  The o t h e r  c l a s s  ( ty p e  B ) , i n c l u d i n g  t h e  

Ad E1B r e g i o n ,  a c t i v a t e d  r a s ,  and  Py m i d d l e  T a n t i g e n  

g e n e s ,  i s  r e q u i r e d  f o r  t h e  f u l l  e x p r e s s i o n  o f  t h e  

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

t y p e  o f  e s t a b l i s h e d  c e l l s  ( e . g . ,  3T3) i n  t h e  a b s e n c e  o f  t h e  

f o rm e r .  Because  T a n t i g e n  i s  t h e  s o l e  p r o d u c t  o f  t h e  v i r a l  

gene  e s s e n t i a l  f o r  t r a n s f o r m a t i o n  o f  e s t a b l i s h e d  c e l l  l i n e s  

by SV40, and i s  c a p a b l e  o f  i m m o r t a l i z i n g  r o d e n t  c e l l s ,  b o th  

o f  t h e  a c t i v i t i e s  may be p r o v i d e d  by T a n t i g e n  (S u g an o  and  

Yamaguchi,  1 9 8 4 ) .  I n d e e d ,  b o th  t y p e  A and B p h e n o ty p e s  a r e  

s i m u l t a n e o u s l y  o b s e r v e d  when SV40 v i r u s  i s  used  t o  i n f e c t  

e a r l y  p a s s a g e  r o d e n t  c e l l s .

F u r th e r m o r e ,  i t  can  a l s o  be shown t h a t  m a i n t e n a n c e ,  a s
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w e l l  a s  i n i t i a t i o n #  o f  t r a n s f o r m a t i o n  by  SV40 c l e a r l y  

r e q u i r e s  a t  l e a s t  one o f  t h e  e a r l y  f u n c t i o n s #  namely# t h a t  

o f  t h e  A g e n e  p r o d u c t #  w h ic h  c o d e s  f o r  l a r g e  T a n t i g e n  

(B ru g g e  an d  B u te l#  1975;  Kimura and I t a g a k i #  1975;  C la y t o n  

e t  a l #  1982)  . P e t i t  e t  a l  (1983)  # i n  s t u d i e s  i n  w h ic h  

r o d e n t  c e l l s  w e re  " i m m o r t a l i z e d "  w i th  a  m u ta n t  en c o d in g  a 

h e a t - l a b i l e  t e m p e r a t u r e  s e n s i t i v e  A p r o t e i n  ( t s A  

m u t a n t )  showed t h a t  m a in te n a n c e  o f  t h e  t r a n s f o r m e d  s t a t e  i s  

d e p e n d e n t  o n  T a n t i g e n .  T h e y  d e m o n s t r a t e d  t h a t  a 

t e m p e r a t u r e  s h i f t  t o  3 9 °  C ( t h e  r e s t r i c t i v e  t e m p e r a t u r e )  

c au sed  t h e  i m m o r t a l i z e d  c e l l s  t o  r e v e r t  t o  a " m o r t a l ” o r  

s e n e s c e n t - l i k e  p h e n o t y p e .  M u l t i p l e  s t u d i e s  h a v e  

d e m o n s t r a t e d  t h a t  t h e  t r a n s f o r m e d  p h e n o t y p e  i s  d e p e n d e n t  

on T a n t i g e n  when e s t a b l i s h e d  r o d e n t  c e l l s  ( e . g . #  3T3) a r e  

t r a n s f o r m e d  by  t s A  m u t a n t s  a n d  s t u d i e d  a t  d i f f e r e n t  

t e m p e r a t u r e s  ( M a r t i n  and  Chou# 1 9 7 5 ;  O s b o rn  and  Weber# 

1975;  Tegtmeyer# 1 9 7 5 ; ) .

No a n a lo g o u s  s t u d i e s  have  been  r e p o r t e d  on  e x p r e s s i o n  

o f  o n c o g e n e s  i n  e a r l y  p a s s a g e  human f i b r o b l a s t s .  Sager  e t  

a l  (1983) r e p o r t e d  no e v i d e n t  e f f e c t  o f  i n t r o d u c i n g  t h e  EJ 

g e n e  (a  m u t a n t  fo rm  o f  t h e  c e l l u l a r  Harvey r a s  gene)  i n t o  

such  c e l l s .  I n f e c t i o n  o f  human c e l l s  by t s A  m u t a n t s  o f  

SV40 h a s  b e e n  shown t o  be a s s o c i a t e d  w i th  c o n t i n u e d  c e l l  

g row th  and  e x p r e s s i o n  o f  t h e  t r a n s f o r m e d  p h e n o t y p e  i n  a 

t e m p e r a t u r e - d e p e n d e n t  m anner  (Chou# 1 9 7 8 ;  S t e i n b e r g  and 

D e f e n d i ,  1 9 7 9 ) ;  how ever#  no e s t a b l i s h e d  c e l l  l i n e s  h a v e  

b e e n  d e s c r i b e d  i n  t h e  l i t e r a t u r e  c o n t a i n i n g  such  a v i r a l
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g e n o m e .  N o n e t h e l e s s *  t h e  f a c t  t h a t  h u m a n  d i p l o i d  

f i b r o b l a s t  c u l t u r e s  c a n  be  t r a n s f o r m e d  by SV40 v i r u s  

( J e n s e n  e t  a l *  1 9 6 3 ;  G i r a r d i  e t  a l *  1965)  i n t o  c u l t u r e s  

t h a t  d i s p l a y  an  i n d e f i n i t e  p r o l i f e r a t i v e  c a p a c i t y *  a l b e i t  

a t  low f r e q u e n c y  ( s e e  r e v i e w  by S a c k *  1 9 8 1 ) *  h a s  b e e n  

e x p l o i t e d  i n  an  e f f o r t  t o  f u r t h e r  c l a r i f y  t h e  l i m i t e d  l i f e  

span  o f  b o th  norm al  an d  v i r a l  t r a n s f o r m e d  human c e l l s  i n  

c u l t u r e .  The i n t e r a c t i o n  o f  s u c h  t r a n s f o r m e d  c e l l s  w i th  

norm al  c e l l s  h a s  been  s t u d i e d  by c e l l  f u s i o n  e x p e r i m e n t s .  

I n i t i a l l y *  t h e  t r a n s f o r m e d  p h e n o t y p e  a p p e a r e d  t o  be 

d o m in an t .  F o l lo w in g  t h e  f u s i o n  o f  s e n e s c e n t  n o r m a l  c e l l s  

w i th  t u m o r - d e r i v e d  o r  SV40 t r a n s f o r m e d  c e l l s *  DNA s y n t h e s i s  

was r e i n i t i a t e d  i n  t h e  s e n e s c e n t  n u c l e i  (Norwood e t  a l*  

1 9 7 5 ) .  S t e i n  and Y an ish ev sk y  (1981) have  shown t h a t  e n t r y  

i n t o  DNA s y n t h e s i s  may be  n e g a t i v e l y  c o n t r o l l e d  i n  b o th  

q u i e s c e n t  and s e n e s c e n t  human d i p l o i d  f i b r o b l a s t s .  They 

f u s e d  q u i e s c e n t  o r  s e n e s c e n t  c e l l s  t o  r e p l i c a t i n g  c e l l s  and 

f o u n d  t h a t  w h i l e  t h e  i n i t i a t i o n  o f  DNA s y n t h e s i s  was 

t e m p o r a r i l y  i n h i b i t e d *  o n g o i n g  DNA s y n t h e s i s  w a s  

u n a f f e c t e d .  T h e i r  r e s u l t s  s u g g e s t  t h a t  b o th  q u i e s c e n t  and 

s e n e s c e n t  c e l l s  p o s s e s s  an i n h i b i t o r  t o  t h e  i n i t i a t i o n  o f  

DNA s y n t h e s i s .  I n  t h e s e  s t u d i e s *  how ever*  i t  i s  n o t  

p o s s i b l e  t o  d e t e r m in e  i f  t h e  q u i e s c e n t  and s e n e s c e n t  c e l l s  

a r e  b l o c k e d  a t  t h e  same p o i n t  i n  t h e  c e l l  c y c l e *  w i th  t h e  

q u i e s c e n t  c e l l s  a b l e  to/ e x i t  f o l l o w i n g  a n  a p p r o p r i a t e  

s i g n a l *  w h i le  t h e  s e n e s c e n t  c e l l s  r em a in  b l o c k e d .

Human c e l l s  t r a n s f o r m e d  by t h e  DNA tumor v i r u s e s  SV40
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and  a d e n o v i r u s  w e r e  a b l e  t o  i n d u c e  t h e  i n i t i a t i o n  o f  DNA 

s y n t h e s i s  i n  s e n e s c e n t  f i b r o b l a s t  n u c l e i  i n  

h e t e r o d i k a r y o n s .  I n  c o n t r a s t ,  h o w e v e r ,  c a r c i n o g e n -  

t r a n s f o r m e d  c e l l s  w e r e  u n a b l e  t o  s t i m u l a t e  e n t r y  i n t o  S 

p h a s e  i n  t h e  s e n e s c e n t  n u c l e i ,  and in  f a c t  were  t h e m s e l v e s  

i n h i b i t e d  from s y n t h e s i z i n g  DNA i n  h e t e r o d i k a r y o n s  ( S t e i n  

e t  a l ,  1982)  . F u s i n g  HeLa c e l l s  ( S t e i n ,  1983) o r  L c e l l s  

( N e t t e  e t  a l ,  1982) l e a d s  t o  DNA s y n t h e s i s  i n  t h e  s e n e s c e n t  

n u c l e i  o f  t h e  h y b r i d s ,  h e t e r o d i k a r y o n s ,  o r  c y b r i d  f u s i o n  

p r o d u c t s .

E a r l y  s t u d i e s  i n v o l v i n g  t h e  f u s i o n  o f  n o r m a l  and  

t r a n s f o r m e d  c e l l s  h a v e  r e p o r t e d  t h e  i s o l a t i o n  o f  

i n d e f i n i t e l y  p r o l i f e r a t i n g  h y b r i d  c l o n e s  ( G o l d s t e i n  and 

L in n ,  1972;  Croce and Koprowski ,  1 9 7 4 ;  S t a n b r i d g e ,  1 9 7 6 ) .  

H o w e v e r ,  Bunn and  T a r r a n t  (1980) and M u g g le t o n - H a r r i s  and 

DeSimone (1980)  h a v e  shown t h a t  t h e  m a j o r i t y  o f  h y b r i d  

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

In  t h e s e  l a t t e r  s t u d i e s ,  h o w e v e r ,  t h e  f i n i t e  l i f e s p a n  o f  

m o s t  h y b r i d  c l o n e s  may h a v e  b e e n  d u e  t o  t h e  l o s s  o f  

s p e c i f i c  HeLa c e l l  c h ro m o so m e s  o r  SV40 s e q u e n c e s .  T h i s  

q u e s t i o n  was d i r e c t l y  a d d r e s s e d  by t h e  work o f  P e r e i r a -  

Smith  and  S m i th  ( 1 9 8 1 ) .  They s t u d i e d  t h e  p r o l i f e r a t i v e  

p o t e n t i a l  o f  h y b r i d  c l o n e s  f o r m e d  f ro m  t h e  f u s i o n  o f  

p r e s e n e s c e n t  o r  s e n e s c e n t  human c e l l s  w i th  S V 4 0 - t ran s fo rm ed  

human c e l l s .  E i g h t y - f i v e  p e r c e n t  o f  t h e  h y b r i d  c l o n e s  

i s o l a t e d  s h o w e d  f i n i t e  . in  v i t r o  l i f e s p a n s ,  w h i l e  15% 

d i s p l a y e d  i n d e f i n i t e  l i f e s p a n s .  M o s t  s i g n i f i c a n t l y ,
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h o w e v e r ,  a l l  o f  t h e  h y b r i d  c l o n e s  e x p r e s s e d  t h e  v i r a l  T 

a n t i g e n .  T h e r e f o r e ,  even  tho u g h  t h e  v i r a l  genome was b e in g  

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

p h en o ty p e  was o f t e n  e v e n t u a l l y  d o m in a n t .

An e a r l y  i d e a  p r o p o s e d  by Weisman, Minot  and o t h e r s ,  

s t r e s s e d  t h e  p o s s i b i l i t y  t h a t  a g in g  m ig h t  be t h e  p r i c e  p a id  

f o r  c e l l u l a r  d i f f e r e n t i a t i o n ,  and t h a t  c e l l s  rem oved  f rom  

t h e  c o n s t r a i n t s  o f  t h e  a n i m a l  body m i g h t  be i m m o r t a l .  

C a r r e l  and E b e l i n g  b e l i e v e d  t h a t  t h e y  had  d e m o n s t r a t e d  

i m m o r t a l i t y  i n  i s o l a t e d  c e l l s  by k ee p in g  c u l t u r e s  o f  c h i c k  

h e a r t  f i b r o b l a s t s  a l i v e  and p r o l i f e r a t i n g  f o r  34 y e a r s ,  a 

p e r i o d  l o n g e r  t h a n  t h e  c h i c k  l i f e  s p a n ,  b e f o r e  v o l u n t a r i l y  

t e r m i n a t i n g  t h e i r  e x p e r i m e n t  ( C a r r e l  and  B u r r o w s ,  1 9 1 1 ;  

C a r r e l ,  1 9 1 2 ,  1 9 1 4  1 9 3 5 ;  E b e l i n g ,  1 9 1 3 ) .  S u p p o r t  f o r  

C a r r e l ' s  o b s e r v a t i o n s  came from t h e  i s o l a t i o n  o f  a number  

o f  c e l l  l i n e s ,  i n c l u d i n g  "L" c e l l s  d e r i v e d  f ro m  mouse  

mesenchyme ( E a r l e ,  1943)  and  HeLa c e l l s  d e r i v e d  f ro m  a 

human c e r v i c a l  ca rc in o m a  (Gey e t  a l ,  1 9 5 2 ) ,  which c o u ld  be 

g r o w n  c o n t i n u o u s l y  i n  c u l t u r e  w i t h o u t  a d e c l i n e  i n  

p r o l i f e r a t i v e  v i g o r .  T h u s ,  t h e  n o t i o n  t h a t  " c e l l s  were 

im m o r ta l ,  o rg a n i sm s  m o r t a l "  seemed r e a s o n a b l e .  I t  was n o t  

u n t i l  1 9 5 7 ,  when Swim a n d  P a r k e r  r e p o r t e d  a l i m i t e d  

l i f e s p a n  f o r  human em bryon ic  and a d u l t  t i s s u e  f i b r o b l a s t s  

i n  c u l t u r e ,  t h a t  t h e r e  was i n d i c a t i o n  t h a t  c e l l s ,  l i k e  t h e  

p a r e n t  o rg a n i sm ,  m igh t  a c t u a l l y  a g e .  In  1961, H a y f l i c k  and 

M oorehead 's  c l a s s i c  s t u d y  d e m o n s t r a t e d  t h a t  c e l l s  f ro m  a 

v a r i e t y  o f  no rm a l  human t i s s u e  p r o l i f e r a t e d  in  c u l t u r e  f o r
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v a r i o u s  p e r i o d s  o f  t i m e  b u t  e v e n t u a l l y  d e g e n e r a t e d  a n d  

d i e d .  A f t e r  o u tg ro w th  f r o *  t h e  e x p l a n t ,  a  p e r i o d  o f  r a p i d  

m u l t i p l i c a t i o n  f o l l o w e d ,  d u r i n g  w h i c h  f r e q u e n t  

s u b c u l t i v a t i o n s  were  p o s s i b l e .  L a t e r ,  t h e  p r o l i f e r a t i v e  

c a p a c i t y  o f  t h e  c e l l s  d e c r e a s e d ,  i n t r a c e l l u l a r  d e b r i s  

a c c u m u l a t e d ,  n u c l e a r  a b n o r m a l i t i e s  a p p e a r e d ,  a n d  t h e  

c u l t u r e  d i e d .  T h e s e  w o r k e r s  l a t e r  p r o p o s e d  t h a t  t h e  

l i m i t e d  r e p l i c a t i v e  p o t e n t i a l  o f  human c e l l s  . in v i t r o  was 

an e x p r e s s i o n  o f  s e n e s c e n c e  a t  t h e  c e l l u l a r  l e v e l  ( H a y f l i c k  

1 9 6 5 ) .  H a y f l i c k ' s  o b s e r v a t i o n s  were c o n f i rm e d  by Hayakawa 

(196-9) and s u b s e q u e n t l y  by numerous  l a b o r a t o r i e s  f o r  c e l l s  

from a v a r i e t y  o f  t i s s u e s  and o r g a n i s m s .

By c o n t r a s t ,  a t t e m p t s  t o  r e p r o d u c e  C a r r e l ' s  f i n d i n g s  

have n o t  been  s u c c e s s f u l .  Even when t e c h n i q u e s  s i m i l a r  t o  

t h o s e  employed by C a r r e l  were used  (Gey e t  a l .  1 9 7 4 ) ,  c h i c k  

c u l t u r e s  c o u l d  n o t  be m a i n t a i n e d  f o r  more t h a n  44 m onths .  

H a y f l i c k  (1970,  1975,  1977) h a s  s u g g e s t e d  t h a t  C a r r e l ,  i n  

p r e p a r i n g  h i s  c h i c k  e m b r y o  e x t r a c t  s u p p l e m e n t  t o  t h e  

c u l t u r e  medium, may h a v e  i n t r o d u c e d  new v i a b l e  c e l l s  a t  

e a c h  r e f e e d i n g .  A l l  human c e l l  l i n e s  t h a t  r e p o r t e d l y  have 

an  i n d e f i n i t e  l i f e  span  have  been  shown t o  e x p r e s s  a t  l e a s t  

one o f  t h e  c h a r a c t e r i s t i c s  o f  t r a n s f o r m e d  c e l l s  ( C r i s t o f a l o  

and S t a n i l u s - P r a e g e r , 1 9 8 2 ) .

F u r t h e r  s u p p o r t  f o r  t h e  H a y f l i c k  v i e w  h a s  come f ro m  

t h e  f i n d i n g s  o f  s e v e r a l  r e s e a r c h e r s  who h a v e  shown t h a t  

a g in g  .in v i t r o  i s  r e f l e c t e d  in  c e l l  c u l t u r e .  A number  o f  

i n v e s t i g a t o r s  showed t h a t  t h e  t im e  be tween  i n t r o d u c t i o n  o f
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em bryon ic  t i s s u e  i n t o  c u l t u r e  and c e l l  m i g r a t i o n  f ro m  t h e  

e x p l a n t  i n c r e a s e d  w i t h  a g e  o f  t h e  em bryo  ( C a r r e l  and  

Burrows# 1911;  Cohn and Murray# 1925;  Medawar 1940# L e f f o r d  

1 9 6 4 ) .  In  a d d i t i o n #  s e v e r a l  i n v e s t i g a t o r s  ( S o u k u p o v a  and  

H o le c k o v a #  1 9 6 4 ;  W a t e r s  an d  W a l f o r d #  1970) have  r e p o r t e d  

t h a t  t h e  o u tg ro w th  o f  c e l l s #  p a r t i c u l a r l y  f i b r o b l a s t s #  from 

r a t  and human t i s s u e  e x p l a n t s  d e c r e a s e d  w i t h  t h e  i n c r e a s i n g  

age  o f  t h e  d o n o r .  In  1975# Ooka e t  a l  r e p o r t e d  a  s i m i l a r  

d e c r e a s e  i n  t h e  r a t e  o f  m i g r a t i o n  o f  r a t  e p i d e r m a l  c e l l s  in  

c u l t u r e  a s  t h e  d o n o r  a g e  i n c r e a s e d .  H a y f l i c k  (1965)  

a d d i t i o n a l l y  fo u n d  t h a t  when m i x t u r e s  o f  young  and  o l d  

p o p u l a t i o n s  o f  human f e t a l  l u n g  f i b r o b l a s t s  w e re  g rown 

t o g e t h e r  i n  t h e  same c u l t u r e  v e s s e l #  t h e  o l d e r  p o p u l a t i o n  

d i e d  f i r s t  a t  t h e  same num ber  o f  p o p u l a t i o n  d o u b l i n g s  a s  

" o l d "  matched c o n t r o l s .  The young p o p u l a t i o n s  c o n t i n u e d  t o  

g row  v i g o r o u s l y  u n t i l  r e a c h i n g  a p p r o x i m a t e l y  t h e  s am e  

num ber  o f  t o t a l  p o p u l a t i o n  d o u b l i n g s #  a t  which t im e  th e y  

a l s o  d i e d .  T h i s  e x p e r i m e n t  s e e m e d  t o  r u l e  o u t  t h e  

p o s s i b i l i t y  t h a t  l i f e s p a n  l i m i t a t i o n  m i g h t  be  c a u s e d  by 

d e f i c i e n c i e s  i n  t h e  medium# m i c r o b i a l  c o n t a m i n a t i o n #  o r  

t o x i c  w a s t e s  p r o d u c e d  by t h e  c e l l s #  and i n d i c a t e d  t h a t  i t  

was# i n s t e a d #  i n t r i n s i c  t o  c e l l s .  A d d i t i o n a l l y #  when 

p o p u l a t i o n s  o f  c e l l s  w e re  f r o z e n  i n  l i q u i d  n i t r o g e n  a t  a 

c e r t a i n  p o p u l a t i o n  d o u b l i n g  l e v e l  an d  l a t e r  t h a w e d  a n d  

r e c u l t u r e d #  t h e  c e l l s  c o n t i n u e d  t o  d i v i d e  u n t i l  t h e y  had 

r e a c h e d  t h e  a v e r a g e  t o t a l  n u m b e r  o f  d o u b l i n g s  

c h a r a c t e r i s t i c  o f  t h a t  l i n e  ( H a y f l i c k #  1 9 6 5 ) .  T h e se



20

e x p e r i m e n t s  c o l l e c t i v e l y  I n d i c a t e d  t h a t  s e n e s c e n c e  i n  

d i p l o i d  c e l l s  i n  v i t r o  seemed t o  be i n t r i n s i c  t o  t h e  c e l l s  

and p r e c i s e l y  t im ed .

I t  i s  p o s s i b l e  t o  compare t h e  p r o l i f e r a t i v e  c a p a c i t i e s  

o f  c e l l s  g rown i_n v i t r o  f ro m  d o n o r s  o f  d i f f e r e n t  a g e s .  

H a y f l i c k  ( 1 9 6 5 )  s h o w e d  t h a t  a n  a v e r a g e  o f  20 ( 1 4 - 2 9 )  

d o u b l i n g s  o c c u r r e d  in  c u l t u r e s  o f  a d u l t - d e r i v e d  human l u n g  

f i b r o b l a s t s ,  w h e r e a s  an  a v e r a g e  o f  48 (35-63)  o c c u r r e d  in  

c u l t u r e s  d e r i v e d  from human embryo.  G o l d s t e i n  e t  a l  (1969) 

r e p o r t e d  an  i n v e r s e  c o r r e l a t i o n  b e t w e e n  t h e  a g e  o f  t h e  

d o n o r  and  t h e  number  o f  p o p u l a t i o n  d o u b l i n g s  a t t a i n e d  by 

c e l l s  from a s e r i e s  o f  s k i n .  M a r t i n ' s  l a b o r a t o r y  ( M a r t i n  

e t  a l ,  1 9 7 0 ;  M a r t i n ,  1977) a l s o  c o n f i rm e d  t h i s  o b s e r v a t i o n  

by c u l t u r i n g  f i b r o b l a s t s  from b i o p s i e s  o f  u p p e r  arm t i s s u e  

o b t a i n e d  f ro m  human d o n o r s  r a n g in g  from embryos t o  p e r s o n s  

90 y e a r s  o f  a g e .  A s i g n i f i c a n t  i n v e r s e  c o r r e l a t i o n  between 

p r o l i f e r a t i v e  l i f e s p a n  and donor  age was f o u n d .  E x t e n s i v e  

s t u d i e s  by S c h n e i d e r  and  M i t s u i  (1976)  o f  t h e  . in v i t r o  

g row th  o f  u p p e r  arm s k i n  f i b r o b l a s t s  f ro m  o l d  an d  young  

human d o n o r s  have shown a s i g n i f i c a n t  d e c r e a s e  i n  t h e  r a t e  

o f  f i b r o b l a s t  m i g r a t i o n ,  l e n g t h  o f  i n  v i t r o  l i f e s p a n ,  r a t e  

o f  c e l l  r e p l i c a t i o n ,  and c e l l  number  a t  s t a t i o n a r y  p h a s e  

when c e l l s  from o l d  d o n o r s  (63-92  y e a r s )  w e re  c o m p a re d  t o  

c e l l s  from young d o n o r s  (21-36  y e a r s ) . No change  was found 

i n  c e l l  vo lum e o r  m a c r o m o le c u l a r  c o n t e n t .  The p e r c e n t a g e  

o f  r e p l i c a t i n g  c e l l s  and p e r c e n t a g e  o f  c e l l s  a b l e  t o  fo rm  

c o l o n i e s  o f  m o re  t h a n  16 c e l l s  a l s o  d e c r e a s e d  w i t h
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i n c r e a s i n g  donor  age  ( S c h n e i d e r ,  1 9 7 9 ) .  S i m i l a r l y  B ie rm a n  

( 1 9 7 8 )  f o u n d  a  d e c r e a s e  i n  r e p l i c a t i v e  c a p a c i t y  w i t h  

i n c r e a s i n g  donor  age  f o r  17 l i n e s  o f  human a r t e r i a l  sm o o th  

m u s c l e  c e l l s ,  a s  d i d  L e G u i l l y  e t  a l  (1973) f o r  human l i v e r  

c e l l s ,  and Rheinwald  and Green (1975) f o r  e p i d e r m a l  c e l l s .  

Ryan and  c o w o r k e r s  (1981)  r e p o r t e d  f i n d i n g s  t h a t  s u p p o r t  

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

They fo u n d  t h a t  s k i n  f i b r o b l a s t s  f r o m  t h r e e  p a i r s  o f  

m o n o z y g o t i c  t w i n s  sh o w e d  no  s i g n i f i c a n t  d i f f e r e n c e  i n  

r e p l i c a t i v e  l i f e s p a n  w i t h i n  e a c h  t w i n  p a i r ,  b u t  d i d  show 

s u c h  d i f f e r e n c e s  among p a i r s .  I t  h a s  a l s o  been  s u g g e s t e d  

t h a t  t h e  p o p u l a t i o n  d o u b l i n g  maxima o f  n o r m a l  e m b r y o n i c  

f i b r o b l a s t s  in v i t r o  a r e  p r o p o r t i o n a l  t o  t h e  mean maximal 

l i f e s p a n  o f  t h e i r  donor  s p e c i e s  ( P h i l l i p s  an d  C r i s t o f a l o ,  

1 9 8 5 ) .  Rohme (1981)  h a s  f u r t h e r  d e m o n s t r a t e d  t h a t  t h e  

l i f e s p a n s  o f  c i r c u l a t i n g  mammalian e r y t h r o c y t e s  i n  v iv o  a r e  

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

A v e r y  i n t e r e s t i n g  s e t  o f  e x p e r i m e n t s  h a s  b e e n  

r e p o r t e d  f ro m  D a n i e l ' s  l a b o r a t o r y .  Some t i m e  a g o  t h e y  

( D a n ie l  e t  a l ,  1 9 6 8 ) ,  showed t h a t  s m a l l  p i e c e s  o f  mouse  

mammary t i s s u e  c o u l d  be s e r i a l l y  t r a n s p l a n t e d  i n t o  donor  

m i c e .  F o l l o w i n g  t r a n s p l a n t a t i o n ,  t h e  t i s s u e  w o u l d  

p r o l i f e r a t e  t o  f i l l  t h e  h o s t  f a t  pad and become c a p a b l e  o f  

most  normal  d i f f e r e n t i a t e d  f u n c t i o n s .  With e a c h  s u c c e s s i v e  

t r a n s p l a n t  g e n e r a t i o n ,  h o w e v e r ,  a p p r o x i m a t e l y  15% o f  t h e  

p r o l i f e r a t i v e  c a p a c i t y  was l o s t  u n t i l ,  a f t e r  a b o u t  s i x  

g e n e r a t i o n s ,  t h e  t r a n s p l a n t e d  t i s s u e  was m a i n t a i n e d  b u t  d i d



22

n o t  g r o w .  B e r g t c  a n d  D a n i e l  ( 1 9 8 3 )  s u b s e q u e n t l y  

d e m o n s t r a t e d  t h a t  t h e  d u c t a l  e l o n g a t i o n  i n  t r a n s p l a n t e d  

young p r o l i f e r a t i n g  mouse mammary g l a n d  i s  a s s o c i a t e d  w i t h  

a zo n e  o f  DNA s y n t h e s i s  i n  t h e  s t ro m a  s u r r o u n d i n g  t h e  end 

bud .  In  c o n t r a s t  t o  t h i s ,  h o w e v e r ,  s e r i a l l y  a g e d  t i s s u e  

f a i l e d  t o  e l i c i t  t h i s  s t r o m a l  r e s p o n s e .  They p o i n t  o u t  t h e  

p o t e n t i a l  i m p o r t a n c e  o f  t h e s e  t i s s u e  i n t e r a c t i o n s  i n  t h e  

a g i n g  o f  mammary e p i t h e l i u m s  .in v i v o . M o s t  e x c i t i n g ,  

h o w e v e r ,  i s  t h e i r  r e c e n t  s t u d y  ( D a n i e l  e t  a l ,  1 984)  

i n v o l v i n g  c h o l e r a  t o x i n .  Mammary t i s s u e  w as  s e r i a l l y  

t r a n s p l a n t e d  u n t i l  i t  was s e n e s c e n t  and  t h e n  e x p o s e d  in  

v i v o  t o  p l a s t i c  i m p l a n t s  t h a t  s l o w l y  r e l e a s e d  c h o l e r a  

t o x i n .  New end buds  d e v e l o p e d ,  which i n d i c a t e d  a tem p o ra ry  

r e i n i t i a t i o n  o f  g row th  l a s t i n g  a b o u t  t e n  d a y s .  A f t e r  t h i s  

t i m e ,  t h e  e f f e c t s  w e re  l a r g e l y  e x h a u s t e d .  The end  b u d s  

r e g r e s s e d ,  and  t h e r e  was no  e v i d e n c e  o f  a b n o r m a l  growth  

s t a t e s .

S e v e r a l  l a b o r a t o r i e s  h a v e  f o c u s e d  t h e i r  s t u d i e s  on 

v a r i o u s  f u s i o n s  be tween  young and s e n e s c e n t  c e l l s  and t h e  

g e n e r a l  o b s e r v a t i o n  t h a t  t h e  y o u n g  c e l l  n u c l e i  a r e  

i n h i b i t e d  f ro m  e n t e r i n g  S p h a s e  i n  s u c h  h e t e r o d i k a r y o n s .  

The i n h i b i t i o n  o f  DNA s y n t h e s i s  a l s o  o c c u r s  i n  y o u n g  c e l l s  

when th e y  a r e  f u s e d  w i th  c y t o p l a s t s  p r e p a r e d  from s e n e s c e n t  

c e l l s  ( D r e s c h e r - L i n c o l a  and  S m i t h ,  1 9 8 3 ) .  F u r t h e r m o r e ,  

t h i s  s e n e s c e n t - c e l l - d e p e n d e n t  i n h i b i t i o n  i s  s e n s i t i v e  t o  

e i t h e r  c y c l o h e x i m i d e  o r  puromycin  (Burmer e t  a l ,  1982) and 

can  be o p t i m a l l y  b lo c k e d  by b r i e f  (one hour)  c y c l o h e x i m i d e
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t r e a t m e n t  d u r i n g  t h e  f i r s t  t h r e e  h o u r s  a f t e r  f u s i o n .  T h i s  

i m p l i e s  a l a t e  b lo c k  in  s e n e s c e n t  c e l l s  (Burmer  e t  a l ,  

1 9 8 4 ) .

S e v e r a l  l i n e s  o f  e v i d e n c e  from C r i s t o f a l o ' s  l a b o r a t o r y  

a l s o  s u p p o r t  a  l a t e  b l o c k  i n  s e n e s c e n t  c e l l s .  F i r s t ,  

t h e y  ( C r i s t o f a l o ,  1973) found t h a t  t h e  l e v e l  o f  t h y m i d i n e  

k i n a s e  a c t i v i t y  i n  o l d ,  s l o w l y  p r o l i f e r a t i n g  c u l t u r e s  o f  

WI-38 c e l l s  was s i m i l a r  t o  t h a t  o f  young,  r a p i d l y  d i v i d i n g  

p o p u l a t i o n s .  T h i s  a n o m a ly  f i r s t  r a i s e d  t h e  p o s s i b i l i t y  

t h a t  s e n e s c e n t  c e l l s  r e t a i n  t h e  a b i l i t y  t o  p h o s p h o r y l a t e  

t h y m i d i n e  and  t h u s  may be a r r e s t e d  i n  l a t e  G^. Olashaw e t  

a l  (1983) found t h a t  t h y m id in e  t r i p h o s p h a t e  (TIP) s y n t h e s i s  

i s  n o t  im p a i re d  i n  s e n e s c e n t  c e l l s .  The a d d i t i o n  o f  s e ru m  

t o  d e n s i t y - a r r e s t e d  p o p u l a t i o n s  o f  young  and  o l d  c e l l s  

induced  TIP s y n t h e s i s  t o  a  s i m i l a r  e x t e n t  a f t e r  12 h o u r s  in  

b o th  p o p u l a t i o n s .  H o w e v e r ,  a  f a r  g r e a t e r  p e r c e n t a g e  o f  

y o u n g  c e l l s  s u b s e q u e n t l y  i n i t i a t e d  ONA s y n t h e s i s  a s  

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

k i n a s e  a c t i v i t y  and TTP s y n t h e s i s  a r e  c e l l - c y c l e - d e p e n d e n t  

e v e n t s  t h a t  n o r m a l ly  o c c u r  i n  l a t e  G^, s e n e s c e n t  c e l l s  may 

n o t  be  b l o c k e d  i n  G q ,  a s  a r e  q u i e s c e n t  c e l l s .  F i n a l l y ,  

a d d i t i o n a l  s u p p o r t  f o r  a  l a t e  b lo c k  comes from exam in ing  

n u c l e a r  f l u o r e s c e n c e  f o l l o w i n g  s t a i n i n g  w i t h  q u i n a c r i n e  

d i h y d r o c h l o r i d e  (Gorman and  C r i s t o f a l o ,  1 9 8 4 ) .  As se ru m -  

s t i m u l a t e d  c e l l s  t r a v e r s e  Gx and  r e a c h  S ,  t h e  s t a i n i n g  

p a t t e r n  c h a n g e s  f rom  b r i g h t  and homogeneous t o  dimmer and 

s e g r e g a t e d .  The f l u o r e s c e n c e  p a t t e r n  o f  s e n e s c e n t  c e l l s  i s
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t y p i c a l  o f  l a t e  G^.

For  t h o s e  few c e l l s  i n  s e n e s c e n t  c u l t u r e s  t h a t  a r e  

s t i l l  c a p a b l e  o f  s y n t h e s i z i n g  DNA* t h e  r e p l i c a t i v e  s y s tem  

seems t o  work n o r m a l l y .  G r i f f i t h s  e t  a l  (1983)  r e p o r t e d  

t h a t  t h e  r a t e  o f  DNA c h a i n  e l o n g a t i o n  was t h e  same in  young 

and  o l d  WI38 and  MRC-5 c e l l s .  Kraus  and L in  (1982) found 

t h e  DNA p o l y m e r a s e - 0^ ( s e m i c o n s e r v a t i v e  DNA s y n t h e s i s )  

d e c l i n e  w i t h  a g e  i n  IMR-90 c e l l s ,  a s  would be p r e d i c t e d .  

However,  p o l y m e r a s e - ^  (DNA r e p a i r  s y n t h e s i s )  was unchanged .  

R e s u l t s  e s s e n t i a l l y  t h e  same a s  t h e s e  were r e p o r t e d  by F ry  

e t  a l  (1984)  f o r  r e g e n e r a t i n g  l i v e r  c e l l s  from young and 

o l d  m ice .

S e v e r a l  i n v e s t i g a t o r s  h a v e  e x a m i n e d  s e n e s c e n c e  by 

a t t e m p t i n g  t o  e x t e n d  t h e  p r o l i f e r a t i v e  p o t e n t i a l  o f  t h e  

c e l l s .  H o w e v e r ,  o n c e  t h e  c e l l s '  b a s i c  n u t r i t i o n a l  

r e q u i r e m e n t s  h a v e  b e e n  m e t ,  o n l y  two r e p r o d u c i b l e  methods  

o f  e x t e n d i n g  t h e  p r o l i f e r a t i v e  c a p a c i t y  o f  h u m a n  

f i b r o b l a s t s  have  been  d e s c r i b e d  t o  d a t e ,  nam ely ,  i n f e c t i o n  

w i th  a tu m o r  v i r u s  a s  SV40, a s  d i s c u s s e d  p r e v i o u s l y ,  o r  

s u p p l e m e n t a t i o n  o f  medium w i t h  g l u c o c o r t i c o i d s  ( e i t h e r  

h y d r o c o r t i s o n e  [HC] o r  t h e  s y n t h e t i c  g l u c o c o r t i c o i d  

d e x a m e t h a s o n e  [DEX]) .  I n  1970, C r i s t o f a l o  d e m o n s t r a t e d  a 

40% e x t e n s i o n  in  t h e  p r o l i f e r a t i v e  c a p a c i t y  o f  WI-38 c e l l s ,  

a s  w e l l  a s  o t h e r  f e t a l  l u n g - d e r i v e d  f i b r o b l a s t s ,  when HC or  

DEX w ere  u s e d .  R o s n e r  and  C r i s t o f a l o  (1981)  h a v e  shown 

t h a t  t h e  a b i l i t y  t o  t r a n s l o c a t e  t h e  t e m p e r a t u r e - a c t i v a t e d  

h o r m o n e - r e c e p to r  complex from th e  c y to p la s m  i n  t h e  n u c l e u s
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i s  i n p a i r e d  i n  s e n e s c e n t  c e l l s .  In  a d d i t i o n ,  t h e y  showed 

t h a t  a s  t h e  WI-38 c e l l s  a g e ,  th e y  l o s e  a p p r o x i m a te ly  40% o f  

t h e i r  s p e c i f i c  DEX r e c e p t o r s .  T h e s e  d a t a  a r e  c o n s i s t e n t  

w i t h  t h e  f a c t  t h a t  w h i l e  l o n g t e r a  e x p o s u r e  t o  t h e  

g l u c o c o r t i c o i d  e x t e n d s  t h e  p r o l i f e r a t i v e  l i f e s p a n s  o f  t h e s e  

f i b r o b l a s t s ,  t h e  c e l l s  e v e n t u a l l y  s e n e s c e  i n  a l l  c a s e s .

D id in sk y  and Rheinwald  (1981) s t u d i e d  t h e  e f f e c t s  o f  

s e v e r a l  f a c t o r s ,  i n c l u d i n g  t h e  a d d i t i o n  o f  h y d r o c o r t i s o n e  

t o  c u l t u r e s  t h a t  w e re  p a s s a g e d  a t  low d e n s i t y  and  n e v e r  

a l lo w e d  t o  r e a c h  d e n s i t i e s  t h a t  i n h i b i t  g row th  o r  promote  a 

q u i e s c e n t  s t a t e  i n  t h e  c e l l s .  Under t h e s e  c o n d i t i o n s ,  t h e  

g l u c o c o r t i c o i d  had  no e f f e c t  on  p r o l i f e r a t i v e  l i f e s p a n .  

W h i l e  t h e s e  r e s u l t s  would ap p e a r  t o  c o n t r a d i c t  t h e  work o f  

C r i s t o f a l o  ( 1 9 7 0 ) ,  C r i s t o f a l o  e t  a l  (1979)  s u g g e s t e d  a 

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

t h a t  when s u b c u l t i v a t e d  f ro m  h i g h  t o  low d e n s i t y  i n  t h e  

p r e s e n c e  o f  HC o r  DEX, WI-38 f i b r o b l a s t s  t e m p o r a r i l y  modify  

t h e  medium i n  s u c h  a way a s  t o  i n c r e a s e  t h e  s a t u r a t i o n  

d e n s i t y  o f  t h e  mass c u l t u r e  i n  a  c u m u l a t i v e  f a s h i o n  a c r o s s  

t h e  c e l l s '  l i f e s p a n ,  r a t h e r  t h a n  i n c r e a s i n g  t h e  l e n g t h  o f  

t im e  t h a t  t h e  c e l l s  a r e  c a p a b l e  o f  p r o l i f e r a t i o n .  The mode 

o f  a c t i o n  a p p e a r s  t o  be s t i m u l a t i o n  o f  DNA s y n t h e s i s  i n  

c e l l s  t h a t  m igh t  n o t  o t h e r w i s e  be b r o u g h t  i n t o  t h e  a c t i v e l y  

p r o l i f e r a t i n g  p o p u l a t i o n  ( P h i l l i p s  e t  a l ,  1 9 8 2 ) .  T h i s  

e f f e c t  h a s  now been  s t u d i e d  i n  some d e t a i l .  I t  a p p e a r s  t o  

be  m e d i a t e d  by t h e  e l a b o r a t i o n  o f  a low m o le c u la r  w e ig h t  

( l e s s  th a n  1 ,000  d a l t o n s )  h e a t - s t a b l e ,  p r o t e a s e - r e s i s t a n t
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m o le c u le  ( P h i l l i p s  and C r i s t o f a l o ,  1985)  . S i n c e  D i d i n s k y  

a n d  R h e i n w a l d  (1 9 8 1 )  i n t e n t i o n a l l y  d i d  n o t  a l l o w  t h e i r  

c u l t u r e s  t o  r e a c h  h i g h  d e n s i t i e s ,  e i t h e r  t h i s  e f f e c t  was 

n o t  a p p a r e n t  o r  t h e  medium was n o t  m o d i f i e d .

S e v e r a l  i n v e s t i g a t o r s  have examined t h e  e f f e c t s  o f  t h e  

a d d i t i o n  o f  v a r i o u s  o t h e r  g rowth  s t i m u l a t o r s  t o  t h e  medium. 

D i d i n s k y  and  v a r i o u s  a s s o c i a t e s  ( D i d i n s k y  and Rhe inw a ld ,  

1 9 8 1 ;  R h e i n w a ld  and  G r e e n ,  1 9 77)  s t u d i e d  t h e  a c t i o n  o f  

e p i d e r m a l  g r o w th  f a c t o r  (EGF) and f i b r o b l a s t  g rowth  f a c t o r  

(FGF) i n  m o d u l a t i n g  t h e  p r o l i f e r a t i v e  c a p a c i t y  o f  

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

g r o w t h  f a c t o r s  had  an y  s i g n i f i c a n t  e f f e c t  on  l i f e s p a n .  

O t h e r  i n v e s t i g a t o r s  (Ohno,  1 9 8 1 ;  D i d i n s k y  and R heinw ald ,

1981) e x a m i n e d  t h e  a c t i o n  o f  a n o t h e r  p o l y p e p t i d e  g r o w t h  

f a c t o r ,  p l a t e l e t - d e r i v e d  g r o w t h  f a c t o r  (PDGF) and  a l s o  

found no m o d u la t io n  o f  l i f e s p a n .  When s o m a t o m e d i n - c  was 

u s e d  a s  t h e  g r o w t h  s t i m u l a t o r  i n  human c e l l s  (Clemmens, 

1983;  Clemmens and Shaw, 1 9 8 3 ) ,  an i n c o n c l u s i v e  r e s u l t  was 

o b t a i n e d .  R e c e n t l y ,  C a r l i n  e t  a l  (1983) r e p o r t e d  a d e f e c t  

i n  t h e  a u t o p h o s p h o r y l a t i o n  o f  t h e  E G F - r e c e p t o r  i n  W I -3 8 ,  

a l t h o u g h  t h e  l e v e l  o f  r e c e p t o r  and i t s  a b i l i t y  t o  b in d  EGF 

were u n a l t e r e d .

A number o f  r e s e a r c h e r s  ( P h i l i p  and C r i s t o f a l o ,  1 9 8 0 ;  

1 9 8 1 ;  W a l t h a l l  and  Ham, 1981 ;  B e t t g e r  e t  a l ,  1981;  Yamane 

e t  a l ,  1981;  Kane and Yamane, 1982)  h a v e  d e v e l o p e d  s e r u m -  

f r e e  m e d ia  and  s u c c e s s f u l l y  p a s s a g e d  p r im a r y  and s e c o n d a ry  

f i n i t e  human f i b r o b l a s t - l i k e  c e l l  l i n e s  i n  c u l t u r e .
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A l t h o u g h  t h r e e  d i f f e r e n t  c u l t u r e  media  were  u sed  in  t h e s e  

e x p e r i m e n t s ,  t h e  v a l u e  o f  a l l  o f  t h e s e  media  l i e s  i n  t h e i r  

u s e  a s  a t o o l  f o r  s t u d y i n g  t h e  r e g u l a t i o n  o f  c e l l  

p r o l i f e r a t i o n .  S e v e r a l  l a b o r a t o r i e s  h a v e  now b e g u n  

s y s t e m a t i c  s t u d i e s  o f  t h e  r e s p o n s i v e n e s s  o f  young  and  

s e n e s c e n t  c e l l s  t o  t h e  s p e c i f i c  m i to g e n s  i n  v a r i o u s  s e r u m -  

f r e e  media  f o r m u l a t i o n s .  C r i s t o f a l o ' s  l a b o r a t o r y  ( P h i l l i p s  

e t  a l ,  1984)  h a s  shown t h a t  a s  c u l t u r e s  o f  WI-38 c e l l s  

s e n e s c e ,  t h e y  become p r o g r e s s i v e l y  l e s s  r e s p o n s i v e  t o  

m i t o g e n i c  s t i m u l a t i o n .  H o w e v e r ,  t h e r e  i s  no change  a s  a 

f u n c t i o n  o f  age  i n  t h e  c o n c e n t r a t i o n  o f  EGF, i n s u l i n  ( INS) ,  

t r a n s f e r r i n  (T R S ) , a n d  DEX t h a t  e l i c i t e d  t h e  maximum 

p r o l i f e r a t i v e  r e s p o n s e .  C h i g e r  and  K a j i  (1 9 8 3 )  fo u n d  

s i m i l a r  r e s u l t s  w i t h  INS when w o r k i n g  w i t h  IMR-90 c e l l s .  

H o w e v e r ,  r e s u l t s  w i t h  PDGF w e re  n o t  a s  c l e a r ,  and  may 

i n d i c a t e  t h a t  h i g h e r  c o n c e n t r a t i o n s  o f  m i to g en  a r e  r e q u i r e d  

f o r  a  maximum p r o l i f e r a t i v e  r e s p o n s e .

R esea rch  in  o u r  l a b o r a t o r y  h a s  a t t e m p t e d  t o  c l a r i f y  

t h e  r o l e  o f  S V 4 0  g e n e s  i n  t r a n s f o r m a t i o n  a n d  

i m m o r t a l i z a t i o n  o f  d i p l o i d  f i b r o b l a s t s .  A l t h o u g h  SV40 

i n f e c t i o n  r e s u l t s  i n  t r a n s f o r m a t i o n  o f  human c e l l s ,  t h e  

f r e q u e n c y  i s  l o w e r  t h a n  t h a t  o b s e r v e d  upon  i n f e c t i o n  o f  

r o d e n t  c e l l s .  F u r t h e r m o r e ,  a s  a l r e a d y  d i s c u s s e d ,  o n l y  a 

r a r e  SV40 t r a n s f o r m e d  human c e l l  becomes e s t a b l i s h e d  i n t o  a 

p e r m a n e n t  c e l l  l i n e  ( i . e . ,  b e c o m e s  i m m o r t a l ) ,  i n  m a rk e d  

c o n t r a s t  t o  r o d e n t  c e l l s ,  w h e r e  v i r t u a l l y  a l l  SV40 

t r a n s f o r m a n t s  becom e i m m o r t a l .  We p o s t u l a t e d  t h a t  a
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s i g n i f i c a n t  f a c t o r  i n  t h e  i n e f f i c i e n t  t r a n s f o r n a t i o n  o f  

human c e l l s  was t h e  s e m i - p e r m i s s i v e  v i r u s - c e l l  i n t e r a c t i o n .  

V i r u s  p r o d u c t i o n  c o u l d  b e  r e l e v a n t  t o  c e l l  l e t h a l i t y  

r e s u l t i n g  i n  e i t h e r  a r e d u c e d  i n c i d e n c e  o f  t r a n s f o r m a t i o n  

o r  t h e  s u b s e q u e n t  d e a t h  o f  t r a n s f o r m e d  c e l l s .  Our ap p ro a ch  

e m p h a s i z e d  t h e  u s e  o f  d e f e c t i v e  v i r a l  g e n o m e s #  

n e c e s s i t a t i n g  D N A - m e d i a t e d  g e n e  t r a n s f e r  r a t h e r  t h a n  

i n f e c t i o n  by v i r u s  p a r t i c l e s .  The e f f e c t i v e n e s s  o f  DNA- 

m e d i a t e d  g e n e  t r a n s f e r  f o r  t h e  s t a b l e  e x p r e s s i o n  o f  c e l l  

and v i r u s  s e q u e n c e s  was i n i t i a l l y  d e m o n s t r a t e d  by s e v e r a l  

g r o u p s  ( H i g l e r  e t  a l#  1977 ; M a i t l a n d  and McDougall# 1977; 

B a c c h e t t i  an d  Graham# 1 9 7 7 ;  M i n s o n  e t  a l #  1 9 7 8 ) #  who 

a d a p t e d  t h e  c a l c i u m  p h o s p h a te  c o p r e c i p i t a t i o n  t r a n s f e c t i o n  

method o f  Graham and Van d e r  Eb ( 1 9 7 3 ) .  DNA i s  m ixed  i n  

a q u e o u s  s o l u t i o n  w i t h  c a l c i u m  an d  p h o s p h a t e  i o n s  w h ic h  

t h e m s e lv e s  form a p r e c i p i t a t e  when mixed;  t h e  DNA m o le c u le s  

a r e  t h e n  c o - p r e c i p i t a t e d  in  t h e  m a t r i x .  I n  t h i s  p h y s i c a l  

s t a t e #  t h e y  a r e  m o re  r e s i s t a n t  t h a n  d i s s o l v e d  DNA t o  

e n z y m a t i c  d e g r a d a t i o n  and  m e c h a n i c a l  s h e a r i n g #  and t h e y  

a p p e a r  t o  be  r e a d i l y  t a k e n  up ( v i a  a  p o o r l y  u n d e r s t o o d  

mechanism) by a v a r i e t y  o f  c e l l s .  W i g l e r  a n d  o t h e r s  ( s e e  

a b o v e )  r e p o r t e d  s u c c e s s  i n  u s i n g  p u r i f i e d  DNA from Herpes  

S im plex  v i r u s  (HSV)# re d u c ed  t o  n o n i n f e c t i o u s  f r a g m e n t s  by 

m e c h a n i c a l  s h e a r i n g  o r  d i g e s t i o n  w i th  c e r t a i n  r e s t r i c t i o n  

e n d o n u c le a s e s #  t o  t r a n s f e r  t h e  HSV-encoded th y m id in e  k i n a s e  

( tk )  gene t o  mouse L c e l l s  (LMtk~) l a c k i n g  t h e i r  own c e l l -  

e n c o d e d  t k  ( K i t  e t  a l#  1 9 6 3 ) .  The HSV t k  gene  p r o d u c t  can
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be b i o c h e m i c a l l y  and im m u n o lo g ic a l ly  d i s t i n g u i s h e d  from t h e  

t k  gene  p rod u ced  by m am m alian  c e l l s .  Gene t r a n s f e r r e n t s  

w e r e  d e t e c t e d  b y  s e l e c t i o n  i n  HAT ( h y p o x a n t h e n e -  

a m i n o p t e r i n - t h y m i d i n e )  medium , w h ic h  p e r m i t s  o n l y  t h o s e  

c e l l s  making an a c t i v e  t k  t o  grow. The p r e s e n c e  o f  HSV DNA 

se q u e n c e s  i n  t h e  c e l l u l a r  genome o f  t h e s e  t r a n s f o r m a n t s  was 

v e r i f i e d  by n u c l e i c  a c i d  h y b r i d i z a t i o n  t e c h n i q u e s  ( P e l l i c e r  

e t  a l ,  1 9 7 8 ) .  W i g l e r  e t  a l  (1 9 7 8 )  d e m o n s t r a t e d  t h a t  HSV 

s e q u e n c e s  were i n t e g r a t e d  i n t o  h i g h  m o l e c u l a r  w e i g h t  DNA, 

w h ic h  c o u l d  be s e q u e n t i a l l y  t r a n s f e r r e d  by  DNA-mediated  

gene  t r a n s f e r  t o  a second  LMtk” c e l l .  S u b s e q u e n t  s t u d i e s  

d e m o n s t r a t e d  t h a t  t h e  t r a n s f o r m e d  s e q u e n c e s  were a c t u a l l y  

i n t e g r a t e d  i n t o  t h e  ch rom osom e o f  t h e  r e c i p i e n t  c e l l s  

( R o b i n s  e t  a l ,  1981)  . T h i s  a p p ro a c h  h a s  been  e x t e n s i v e l y  

u t i l i z e d  f o r  m u l t i p l e  exam ples  o f  v i r a l ,  r e c o m b i n a n t ,  and 

c e l l u l a r  DNA's and t h e  s u b j e c t  h a s  been  r e p e a t e d l y  rev iew ed  

( P e l l i c e r  e t  a l ,  1 9 8 0 ;  S c a n g o s  and  R u d d l e ,  1 9 8 1 ;  G r a f ,  

1 9 8 2 ) .  B r i e f l y ,  DNA may be  t r a n s i e n t l y  e x p r e s s e d  i n  a 

v a r i a b l e  p r o p o r t i o n  o f  c e l l s  a s  a n  e x t r a c h r o m o s o m a l  

e l e m e n t .  S t a b l e  e x p r e s s i o n  i s  m o s t  commonly a s s o c i a t e d  

w i t h  i n t e g r a t i o n  o f  t h e  i n p u t  DNA i n  a much l o w e r  

p e r c e n t a g e  o f  c e l l s .  In  c a s e s  i n  which d i f f e r e n t  v i r a l  and 

p l a s m id  o r  c e l l u l a r  s e q u e n c e s  ( e . g .  h i g h  m o l e c u l a r  w e i g h t  

c a l f  t h y m u s  o r  s a l m o n  s p e rm  DNA a s  " c a r r i e r " )  a r e  c o ­

p r e c i p i t a t e d ,  t h e  v i r a l  s e q u e n c e s  c a n  become a s s o c i a t e d  

w i t h  o t h e r  v i r a l  s e q u e n c e s  ( e . g .  c o n c a t a m e r s  t h r o u g h  

homologous r e c o m b in a t io n )  a n d / o r  w i th  h e t e r o l o g o u s  DNA, a s
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a n  e x t r a c h r o n o s o a a l  i n t e r n e d  l a t e . T h i s  i n t e r m e d i a t e  

t y p i c a l l y  becomes i n t e g r a t e d  i n t o  a  chromosome a s  a  s i n g l e  

i n s e r t .  T h i s  method was u sed  t o  t r a n s f o r m  a human d i p l o i d  

f i b r o b l a s t  c e l l ,  HS74BM, u s i n g  a f r a g m e n t  o f  SV40 DNA 

c o n t a i n i n g  an  i n t a c t  e a r l y  r e g i o n  and t h e  o r i g i n  o f  v i r a l  

r e p l i c a t i o n ,  b u t  d e v o i d  o f  s e q u e n c e s  e n c o d i n g  t h e  l a t e ,  

v i r a l  s t r u c t u r a l  p r o t e i n s  (Z o u z ia s  e t  a l ,  1 9 8 0 ) .  From t h i s  

s t u d y ,  a S V 4 0 - t r a n s f o r a e d  human f i b r o b l a s t  was i s o l a t e d  in  

a g a r o s e .  I t  s h o w e d  p r o p e r t i e s  t y p i c a l  o f  S V 4 0  

t r a n s f o r m a t i o n .  V i r u s  p r o d u c t i o n  and  v i r u s  s p r e a d  was 

p r e c l u d e d .  B i o c h e m i c a l  a n a l y s i s  s h o w e d ,  h o w e v e r ,  t h a t  

c e l l s  w e re  s y n t h e s i z i n g ,  on t h e  a v e r a g e ,  10 ,0 0 0  c o p i e s  o f  

t h e  SV40 genome p e r  c e l l .  S u b c l o n e s  o f  t h e  t r a n s f o r m a n t  

w e re  u n a b l e  t o  be i s o l a t e d  b e c a u s e  o f  t h e  l i m i t e d  l i f e s p a n  

o f  t h e  human c e l l  d e s p i t e  t h e  f a c t  t h a t  a  r e l a t i v e l y  e a r l y  

p a s s a g e  w a s  u s e d  f o r  t h e  o r i g i n a l  t r a n s f o r m a t i o n .  No 

im m o r t a l i z e d  d e r i v a t i v e s  were o b t a i n e d .  I t  was f e l t  t h a t  

t h e  h ig h  l e v e l  o f  v i r a l  DNA r e p l i c a t i o n  was r e s p o n s i b l e  f o r  

t h e  l i m i t e d  v i a b i l i t y .  T h e r e f o r e ,  a n o t h e r  s e r i e s  o f  

t r a n s f o r m e d  c e l l s  w e re  s o u g h t  i n  HS74BM ( S m a l l  e t  a l ,

1982)  . DNA t r a n s f e c t i o n  o f  SV40 s e q u e n c e s  was p e r fo rm ed  

u t i l i z i n g  pMK-SV40-Bgl I R (SV ori - ) , i s o l a t e d  by Gluzman e t  

a l  ( 1 9 8 0 a ;  1 9 8 0 b ) ,  i n  w h i c h  t h e  o r i g i n  f o r  i n i t i a t i o n  o f  

SV40 DNA s y n t h e s i s  was i n a c t i v a t e d  d u e  t o  a  6 b a s e  p a i r  

(bp)  d e l e t i o n  a t  t h e  B g l  1 s i t e .  A c o m p a r i s o n  b e t w e e n  

SV o r i -  and v i r i o n ,  o r  pMK-SV40, c o n t a i n i n g  an i n t a c t  o r i g i n  

(SVori '1') a s  t h e  t r a n s f o r m i n g  DNA i n  HS74 showed S V o r i -  t o
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be t h e  most  e f f i c i e n t .  T h i s  was p a r t i c u l a r l y  t h e  c a s e  when 

t r a n s f o r m a n t s  w e r e  i d e n t i f i e d  b y  t h e  m o s t  s t r i n g e n t  

c r i t e r i o n  o f  an ch o ra g e  in d ep en d en ce  (by c o lo n y  f o r m a t i o n  in  

a g a r o s e ) .  The f r e q u e n c y  o f  t r a n s f o r m a n t s  was l o w e r  w h e t h e r  

a c o m p l e t e  v i r a l  genome was u sed  o r  a DNA f ra g m en t  d e v o id  

in  l a t e  s e q u e n c e s ,  as  p r e v i o u s l y  u t i l i z e d  by Z o u z i a s  e t  a l  

(1980)  . T h e se  r e s u l t s  t a k e n  t o g e t h e r  were c o n s i s t e n t  w i th  

t h e  h y p o t h e s i s  t h a t  t h e  r e l a t i v e l y  low f r e q u e n c y  o f  SV40 

t r a n s f o r m a t i o n  o f  human c e l l s  was due  t o  t h e  l o s s  o f  some 

t r a n s f o r m a n t s  b e c a u s e  o f  v i r u s - m e d i a t e d  c e l l  d e a t h .  

A l t e r a t i o n  o f  t h e  c a p a c i t y  o f  a u t o n o m o u s  r e p l i c a t i o n  o f  

v i r a l  DNA w a s  m o s t  r e l e v a n t  t o  t h e  e f f i c i e n c y  o f  

t r a n s f o r m a t i o n .

I n  t h i s  t h e s i s ,  I  p r o p o s e  t o  e x a m i n e  t h e  g r o w t h  

p r o p e r t i e s  o f  HS74 t r a n s f o r m e d  by SV o r i “  a s  c o m p a r e d  t o  

t h o s e  o b t a i n e d  w i t h  a w i l d - t y p e  genome. The a v a i l a b i l i t y  

o f  human c e l l s  t r a n s f o r m e d  by a r e p l i c a t i o n - d e f i c i e n t  SV40 

genome p e r m i t s  t h e  a s s e s s m e n t  o f  t h e  e f f e c t s  o f  t h e  v i r a l  

g e n e  p r o d u c t s  i n d e p e n d e n t  o f  t h e  c o m p l e x i t i e s  o f  

e x t r a c h r o m o s o m a l  v i r a l  r e p l i c a t i o n  and c e l l  k i l l i n g ,  t h u s  

m i m i c k i n g  t h e  s t a t e  commonly  s t u d i e d  i n  SV40 i n f e c t e d  

r o d e n t  c e l l s .  I n  p a r t i c u l a r ,  I  p r o p o s e  t o  a s s e s s  t h e  

" i m m o r t a l i t y "  o f  s u c h  human t r a n s f o r m a n t s  t o  d e t e r m i n e  

w h e t h e r  t h e  c o n c o r d a n c e  o f  i m m o r t a l i z a t i o n  a n d  SV40 

t r a n s f o r m a t i o n  i n  r o d e n t  c e l l s  and  t h e i r  d i s c o r d a n c e  i n  

human f i b r o b l a s t s  i s  d u e  t o  t h e  s e m i - p e r m i s s i v e  S V 4 0 - c e l l  

i n t e r a c t i o n  o f  t h e  l a t t e r .  E x p e r i m e n t s  w i l l  be p e r f o r m e d
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t o  d e t e r m i n e  w h e t h e r  t h e y  a r e  a l r e a d y  i m m o r t a l #  o r  more 

l i k e l y  t o  become i m m o r t a l i z e d  t h a n  w i l d - t y p e  t r a n s f o r m a n t s .  

I f  n e i t h e r  o f  t h e s e  p r o v e s  t o  be t h e  c a s e ,  I  w i l l  a t t e m p t  

t o  d e v e l o p  a t e c h n i q u e  t h a t  w i l l  f a c i l i t a t e  i s o l a t i o n  o f  

im m o r t a l i z e d  c e l l  l i n e s .  I  i n t e n d  t o  compare n o n - i m m o r t a l  

and  i m m o r t a l  c e l l  l i n e s  w i th  r e g a r d  t o  t h e  i n t e g r a t e d  SV40 

s e q u e n c e s .  Such an a n a l y s i s  would t e s t  t h e  h y p o t h e s i s  t h a t  

i m m o r t a l i z a t i o n  o f  SV40 t r a n s f o r m a n t s  i s  a s s o c i a t e d  w i t h  a 

s p e c i f i c  r e a r r a n g e m e n t  o f  t h e  v i r a l  s e q u e n c e s .  No s t u d i e s  

have d e s c r i b e d  t h e  co m p ar i so n  o f  i m m o r t a l i z e d  d e r i v a t i v e s  

f r o m  c l o n a l l y  i s o l a t e d  S V 4 0 - t r a n s f o r m a n t s . One p r i o r  

a t t e m p t  f a i l e d  t o  i s o l a t e  any im m o r t a l i z e d  d e r i v a t i v e s  from 

90 SV40 t r a n s f o r m a n t s  i s o l a t e d  a s  f o c i  i n  m o n o l a y e r  (Gotoh  

e t  a l ,  1 9 7 9 ) .
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CHAPTER 2: MATERIALS AND METHODS

2 . 1  CELL CULTURE PROCEDURES

2 . 1 . 1 .  C e l l  l i n e s  and t i s s u e  c u l t u r e  c o n d i t i o n s

C e l l s  were grown i n  D u l b e c c o ' s  m o d i f i e d  E a g l e s  medium 

(DME, M.A. B i o p r o d u c t s )  and  H am 's  F10 medium ( F 1 0 ,  M.A. 

B i o p r o d u c t s )  i n  a  1 : 1  m i x t u r e .  The medium was g e n e r a l l y  

s u p p l e m e n t e d  w i t h  10% F e t a l  B o v i n e  S e r u m  (F B S ,  M.A. 

B i o p r o d u c t s )  o r  10% N e w b o r n  C a l f  S e r u m  (N C S ,  M. A . 

b i o p r o d u c t s ) ,  e x c e p t  w h e n  n o t e d .  The a n t i b i o t i c s  

p e n i c i l l i n  " 6 ” p h o s p h a t e  ( G i b c o ,  0 . 0 5  g m / L )  a n d  

s t r e p t o m y c i n  s u l f a t e  (G ibco ,  0 .0 5  gm/L) were a l s o  added t o  

a l l  m ed ia .  C u l t u r e s  were r o u t i n e l y  i n c u b a t e d  a t  37°  C in  a 

7.5% CO2 a tm o sp h e re  .

C e l l s  were p a s s a g e d  by b r i e f  t r e a t m e n t  w i t h  a t r y p s i n -  

EDTA m i x t u r e  ( 0 . 5  gm/L t r y p s i n  an d  0 . 2  gm/L EDTA, M. A. 

B i o p r o d u c t s ) .  A f t e r  t h e  t r y p s i n - E D T A  was r e m o v e d ,  t h e  

c e l l s  were removed from t h e  d i s h  i n  medium w i t h o u t  serum.

C e l l  c o u n t s  w e re  o b t a i n e d  w i t h  a Royco T i s s u e  C e l l  

C o u n te r  a f t e r  d i l u t i o n  i n  p h o s p h a t e - b u f f e r e d  s a l i n e  (PBS 

[150 mM NaCl, 3 mM NaH2P04 , 7 mM Na2HP04 , pH 7 . 4 ] ) .

C e l l  l i n e s  w e r e  s t o r e d  i n  Nunc C r y o t u b e s  f r o z e n  i n  

l i q u i d  n i t r o g e n  o r  in  a - 7 0 °  C f r e e z e r  i n  medium c o n t a i n i n g  

10% d i m e t h y l  s u l f o x i d e  (DMSO) and 20% serum.

HS74BM, a d i p l o i d  human f i b r o b l a s t  d e r i v e d  f ro m  f e t a l  

bone  m arrow  c e l l s  t h a t  d i s p l a y s  a d i p l o i d  k a r y o ty p e  (Smith
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b o n e  m ar ro w  c e l l s  t h a t  d i s p l a y s  a  d i p l o i d  k a r y o t y p e  (Smith 

e t  a l ,  1 9 7 6 ) ,  was t r a n s f o r m e d  by SV o r i “ . F o u r  i s o l a t e s  

w e re  c h o s e n  f ro m  a h o s t  o f  v a r i o u s l y  t r a n s f o r m e d  human 

f i b r o b l a s t s ,  w h i c h  h a d  b e e n  i s o l a t e d  a s  c o l o n i e s  i n  

a g a r o s e .  One was  t r a n s f o r m e d  w i t h  pSV o r i ” fo rm  I  DNA 

( IF 4 A - 1 ) , a second  was t r a n s f o r m e d  w i t h  pSV o r i ” fo rm  I I I  

DNA ( IF 6 A -1 )  , a  t h i r d  had  i t s  p l a s m i d  s e q u e n c e s  s e p a r a t e d  

from t h e  SV40 s e q u e n c e s  p r i o r  t o  t r a n s f o r m a t i o n  ( IF 5 A -2 )  , 

and  a  f o u r t h  (an  SV40 v i r a l l y  t r a n s f o r m e d  human c e l l )  was 

u s e d  a s  a c o n t r o l  ( I F 1 A - 2 ) .  The  s e p a r a t i o n  o f  t h e  

t r a n s f o r m i n g  DNA o f  t h e  t h i r d  t r a n s f o r m a n t  ( IF 5 A -2 )  was 

a c c o m p l i s h e d  by r e s t r i c t i n g  t h e  m o l e c u l e  w i t h  Bam H I ,  

( w h i c h  i s  t h e  e n z y m e  t h a t  w as  u s e d  when  t h e  p l a s m i d  

s e q u e n c e s  were j o i n e d  t o  t h e  SV40 s e q u e n c e s )  f o l l o w e d  by 

a g a r o s e  g e l  e l e c t r o p h o r e s i s  and e l e c t r o e l u t i o n .

I t  s h o u l d  b e  n o t e d  t h a t  a l l  t h e  c u l t u r e s  ( I F 1 A - 2 ,  

I F 4 A - 1 ,  I F 5 A - 2 ,  I F 6 A - 1 )  h a d  u n d e r g o n e  a n u m b e r  o f  

g e n e r a t i o n s  p r i o r  t o  f r o z e n  s t o r a g e  (14 g e n e r a t i o n s  b e f o r e  

t r a n s f o r m i n g  t h e  c e l l s ,  3 g e n e r a t i o n s  d u r i n g  t h e i r  

t r a n s f o r m a t i o n ,  8 g e n e r a t i o n s  w h i l e  i n  a g a r o s e ,  and 17

g e n e r a t i o n s  from t h e  t im e  c o l o n i e s  w e r e  p i c k e d  i n  a g a r o s e
2

u n t i l  t h e y  had grown t o  c o n f l u e n t  75cm f l a s k s ) . R e fe r e n c e  

c u l t u r e s ,  w e r e  t h a w e d  t o  i n i t i a t e  my e x p e r i m e n t s  and  

d e s i g n a t e d  a s  P g .  T h e r e f o r e ,  42 g e n e r a t i o n s  s h o u l d  be 

added t o  a l l  p a s s a g e  h i s t o r i e s .  I n  t h e  c a s e  o f  t h e  p a r e n t ,  

HS74BM, one s h o u ld  add a p p r o x i m a t e l y  20 g e n e r a t i o n s  f o r  t h e  

f i r s t  t e n  p a s s a g e s  p r i o r  t o  t h e  b e g in n in g  o f  i t s  r e c o r d e d
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p a s s a g e  h i s t o r y .

2 . 1 . 2 .  E f f i c i e n c y  o f  c o lo n y  f o r m a t i o n  i n  a g a r o s e

A s o l u t i o n  o f  2X DME/F10 w i t h  20% s e r u m  a n d  a  1 .4% 

a g a r o s e  s o l u t i o n  w e r e  p r e p a r e d .  These  two s o l u t i o n s  were 

c o m b in e d  1 * 1 ,  s o  t h a t  t h e  f i n a l  s o l u t i o n  c o n s i s t e d  o f  

DME/F10 w i t h  10% s e r u m  and  0.7% a g a r o s e .  4 . 5  ml o f  t h i s  

combined s o l u t i o n  was added t o  e a c h  60 mm p e t r i  d i s h  a s  a 

b a s a l  l a y e r  and  a l l o w e d  t o  s o l i d i f y  b e f o r e  t h e  n e x t  l a y e r  

was added .  The c e l l s  t o  be p l a t e d  w e re  s u s p e n d e d  i n  4 ml 

o f  normal  g row th  media  ( s e e  above)  and added t o  4 ml o f  t h e  

DME/F10 ,  s u p p l e m e n t e d  w i t h  10% s e ru m  and  0.7% a g a r o s e .  

T h is  8 ml o v e r l a y  was s p r e a d  o v e r  t h e  b a s e  l a y e r  and  now 

c o n s i s t e d  o f  0.35% a g a r o s e .  The p l a t e s  were  l e f t  o v e r n i g h t  

a t  3 3 °  C t o  a l l o w  t h e  o v e r l a y  t o  s o l i d i f y  and t h e n  s h i f t e d  

t o  3 7 °  C. The d i s h e s  w e re  f e d  b i - w e e k l y  w i t h  2 ml o f  

o v e r l a y  s o l u t i o n  t o  p r e v e n t  them from d r y i n g  o u t .

2 .2  DETERMINATION OF SV40 DNA SEQUENCES

2 . 2 . 1 .  I s o l a t i o n  o f  h ig h  m o l e c u l a r  w e ig h t  c e l l u l a r  DNA 

( P e l l i c e r  e t  a l . ,  1978)

C e l l s  w e re  grown t o  c o n f l u e n c e  in  100 mm P e t r i  d i s h e s .  

M onolayers  o f  5 d i s h e s  w ere  w ashed  t h r e e  t i m e s  w i t h  PBS, 

a n d  s c r a p e d  w i t h  a r u b b e r  p o l i c e m a n ,  o r  a  r a z o r  b l a d e  

c o v e re d  w i th  t e f l o n ,  i n t o  2 ml o f  l y s i s  b u f f e r  (50 mM T r i s ,  

pH 7 . 5 ,  20 mM Na2EDTA, 100  mM N a C l ) .  S o d i u m  d o d e c y l
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s u l f a t e  (SOS) was added t o  a f i n a l  c o n c e n t r a t i o n  o f  0 .1% ,  

a n d  t u b e s  w e r e  i a a e d i a t e l y  i n c u b a t e d  a t  6 5 °  C f o r  15 

■ i n u t e s  t o  i n a c t i v a t e  e n d o g e n o u s  n u c l e a s e s .  T u b e s  w e re  

c o o l e d  t o  r o o a  t e a p e r a t u r e  an d  P r o t e i n a s e  K ( B o e h r i n g e r  

M annheia ,  5 a g / a l  s t o c k )  was added t o  a f i n a l  c o n c e n t r a t i o n  

o f  5 0 - 1 0 0  u g / a l .  T u b e s  w e re  t h e n  i n v e r t e d  t o  a i x ,  and 

i n c u b a t e d  a t  3 7 °  C o v e r n i g h t .  The  c e l l  l y s a t e  was  

e x t r a c t e d  w i t h  a n  e q u a l  v o l u a e  o f  b u f f e r - s a t u r a t e d  

r e d i s t i l l e d  p h e n o l ;  p h a s e s  were s e p a r a t e d  by c e n t r i f u g a t i o n  

a t  2 0 0 0  r p a  f o r  15 a i n u t e s  a t  r o o a  t e a p e r a t u r e .  The 

aqueous  p h ase  was r eao v ed  w i th  a  w id e - b o r e  p i p e t t e  and  r e ­

e x t r a c t e d  w i th  p h e n o l t c h l o r o f o r a i i s o a a y l  a l c o h o l  ( 4 8 :4 8 x 2 ) ,  

f o l l o w e d  by an  e x t r a c t i o n  w i th  c h l o r o f o r a t i s o a a y l  a l c o h o l  

( 2 4 t l ) .  The v i s c o u s  aqueous  p h a se  was t r a n s f e r r e d  t o  a new 

t u b e ;  2 . 5  v o l u a e s  o f  i c e  c o l d  951 e t h a n o l  w ere  a d d e d ,  and  

t h e  a i x t u r e  w as  i n v e r t e d  s e v e r a l  t i a e s  u n t i l  t h e  DNA 

p r e c i p i t a t e d  i n t o  a w h i t e  a a s s .  The DNA was p i c k e d  up w i th  

a  hooked P a s t e u r  p i p e t t e  and washed once  w i th  70% e t h a n o l .  

I t  was t h e n  t r a n s f e r r e d  t o  a new t u b e  c o n t a i n i n g  2 a l  o f  

s t e r i l e  TE (10 aM T r i s  pH 7 . 5 ,  1 aM EDTA). P a n c r e a t i c  

RNase ( W o r t h i n g t o n )  , w h ic h  had been  b o i l e d  f o r  10 a i n u t e s  

t o  i n a c t i v a t e  t r a c e  a a o u n t s  o f  DNase, was ad d ed  t o  a f i n a l  

c o n c e n t r a t i o n  o f  10 u g / a l ,  and  t h e  s o l u t i o n  i n c u b a t e d  a t  

37°  C o v e r n i g h t .  The RNase was r ea o v e d  by e x t r a c t i o n  w i t h  

o r g a n i c  s o l v e n t s  a s  a b o v e .  DNA was p r e c i p i t a t e d  w i th  2 .5  

v o l u a e s  o f  i c e - c o l d  95% e t h a n o l  by i n v e r t i n g  t h e  t u b e  a 

number  o f  t i m e s  u n t i l  t h e  DNA b e g a n  t o  p r e c i p i t a t e  a s  a
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w h i t e  mass# and i t  was r e c o v e r e d  by c e n t r i f u g a t i o n  a t  2000 

r p a  f o r  f i f t e e n  a i n u t e s  a t  r o o a  t e a p e r a t u r e .  The DNA 

c o n c e n t r a t i o n  was d e t e r a i n e d  by d i l u t i n g  t h e  s a a p l e  1 :5 0  in  

TB an d  r e a d i n g  t h e  UV a b s o r p t i o n  a t  260  n a  (1  O .D .  i s  

e q u i v a l e n t  t o  50 u g / a l  d o u b l e - s t r a n d e d  DT*A).

2 . 2 . 2 .  V i r a l  DNA

P u r i f i e d  SV40 v i r u s  was p r o v i d e d  by D r .  ~ .  L.  O x e r .  

The v i r a l  DNA was i s o l a t e d  f o l l o w i n g  h i s  p r o c e d u r e  ( O z e r ,  

1 9 7 2 ) ,  u s i n g  a  low a u l t i p l i c i t y  o f  i n f e c t i o n .  The v i r a l  

DNA was t h e n  p u r i f i e d  by b a n d i n g  o n  a c e s i u a  c h l o r i d e  

g r a d i e n t .  S e p a r a t i o n  o f  t h e  f o r a  Z DNA on an a g a r o s e  g e l  

f u r t h e r  p u r i f i e d  t h e  DNA. R e c o a b i n a n t  SV40 DNA was  

o b t a i n e d  f r o a  Dr. Y. Gluzaan (Gluzaan  e t  a l ,  1980a ;  1 980b) ,  

and  m a i n t a i n e d  i n  a c c o r d a n c e  w i th  NIH g u i d e l i n e s .  P la sm id  

s e q u e n c e s  w e r e  p u r i f i e d  by  c o n v e n t i o n a l  m e t h o d o l o g y  

( M a n i a t i s  e t  a l ,  1982) .

2 . 2 . 3 .  I s o l a t i o n  o f  low m o le c u la r  w e ig h t  DNA

The m e th o d  o f  H i r t  (1967)  was u s e d  i n  an  a t t e m p t  t o  

i s o l a t e  c o v a l e n t l y  c l o s e d  c i r c u l a r  DNA f r o m  t h e  

i a a o r t a l i z e d  c e l l  l i n e s .  The a e d i u a  f ro m  e a c h  i n f e c t e d  

c u l t u r e  was a s p i r a t e d  and m o n o lay e rs  were washed o n c e  w i t h  

PBS. One a i l l i l i t e r  o f  H i r t  l y s i s  b u f f e r  (HLB (0.6% SDS, 

10 aM EDTA, lOaM T r i s - H c l ,  pH 7 . 6 ] )  was added t o  each  d i s h ,  

and  t h e  c e l l s  w e re  l y s e d  by g e n t l e  r o c k i n g .  The  c e l l  

l y s a t e  was p o u r e d  i n t o  Oak Ridge p o l y c a r b o n a t e  c e n t r i f u g e
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t u b e s .  Sodium c h l o r i d e  ( a s  a 5 M s o l u t i o n )  was a d d e d  t o  a 

f i n a l  c o n c e n t r a t i o n  o f  1 M; t u b e s  w e re  g e n t l y  m ix ed  by 

i n v e r s i o n  and i n c u b a te d  a t  4°  C o v e r n i g h t .  The l y s a t e  was 

c e n t r i f u g e d  a t  2 5 , 0 0 0  rpm f o r  40 m i n u t e s  a t  4 °  C i n  a 

B e c k m a n  T y p e  50 T i  r o t o r ,  a n d  t h e  s u p e r n a t a n t  w a s  

t r a n s f e r r e d  t o  p o l y p r o p y l e n e  c e n t r i f u g e  t u b e s .  The 

s u p e r n a t a n t  was e x t r a c t e d  w i th  H L B - e q u i l i b r a t e d  p h e n o l  and  

e x t r a c t e d  o n c e  w i t h  c h l o r o f o r m s  i s o a m y l  a l c o h o l  ( 2 4 : 1 ) ,  

f o l l o w e d  by an  e x t r a c t i o n  u s i n g  i s o a m y l  a l c o h o l  a l o n e .  

Sod ium  c h l o r i d e  was a d d e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  200 

mM, and  DNA was p r e c i p i t a t e d  w i t h  tw o  v o l u m e s  o f  95% 

e t h a n o l  o v e r n i g h t  a t  - 2 0 °  C.  DNA w as  r e c o v e r e d  by 

c e n t r i f u g a t i o n  in  a  S o r v a l l  SS34 r o t o r  a t  1 5 ,0 0 0  rpm.  f o r  

45 m in u te s  and r e su s p e n d e d  in  TE.

2 . 2 . 4 .  R e s t r i c t i o n  e n d o n u c le a s e  d i g e s t i o n  and a g a r o s e  

g e l  e l e c t r o p h o r e s i s ( S o u th e r n .  1980)

R e s t r i c t i o n  e n d o n u c l e a s e s  u s e d  i n  t h e s e  s t u d i e s  were 

s u p p l i e d  by  New E n g l a n d  B i o l a b s ,  B e t h e s d a  R e s e a r c h  

L a b o r a t o r i e s ,  and  I B I .  The op t im u m  b u f f e r  c o n d i t i o n s  f o r  

each  e n z y m e ,  a s  d e s c r i b e d  i n  t h e  m a n u a l s  o f  t h e s e  t h r e e  

co m p an ie s ,  a r e  g i v e n  in  T ab le  1 .  Low s a l t  b u f f e r  c o n t a i n e d

10 mM M g C l j ,  l  aM d i t h i o t h r e i t o l  (DTT), and 10 mM T r i s - H C l  

pH 7 . 5 .  Medium s a l t  b u f f e r  c o n t a i n e d  t h e  ab o v e  p l u s  50 mM 

N a C l .  H i g h  s a l t  b u f f e r  c o n t a i n e d  100 mM N a C l ,  10 mM 

M s C l j . l  mM DTT, and 50 mM T r i s -H C l  pH 7 . 5 .  V ery  h i g h  s a l t  

b u f f e r  c o n t a i n e d  150 mM NaCl, 10 mM MgCl2 , 1 mM DTT, 50 mM
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T r i s - H C l  pH 7 . 5 .  R e a c t i o n s  w e re  g e n e r a l l y  p e r f o r m e d  i n  

v o lu m e s  o f  2 0 - 1 0 0  u l  c o n t a i n i n g  10 ug o f  DNA i n  TE, 0 .1  

volume o f  10X r e a c t i o n  b u f f e r  ( lo w ,  m ed ium ,  h i g h ,  o r  v e r y  

h ig h )  and 1 -2  u n i t s  o f  enzyme p e r  ug DNA. Two ug o f  lambda 

DNA w ere  a d d e d  t o  e a c h  r e a c t i o n  t u b e  t o  i n s u r e  t h a t  t h e  

r e a c t i o n  had  p r o c e e d e d  t o  c o m p l e t i o n .  R e a c t i o n s  w e r e  

p e r fo rm e d  a t  37° C o v e r n i g h t  and t e r m i n a t e d  by t h e  a d d i t i o n  

o f  EDTA t o  a f i n a l  c o n c e n t r a t i o n  o f  10 mM, u n l e s s  o t h e r w i s e  

i n d i c a t e d .

For  p r e p a r a t i o n  o f  0 . 6 - 1 . 0 %  a g a r o s e  g e l s ,  t h e  c o r r e c t  

amount o f  powdered a g a r o s e  (S eak em ,  ME) was a d d e d  t o  t h e  

m e a s u r e d  am oun t  o f  T r i s  p h o s p h a t e  (TPE) e l e c t r o p h o r e s i s  

b u f f e r  ( 0 . 0 8  M T r i s - p h o s p h a t e , 0 . 0 0 2  M EDTA pH 8 . 0 ) .  

A g a r o s e  w as  m e l t e d  by  b r i e f  a u t o c l a v i n g  i n  a p r e s s u r e  

c o o k e r ,  a l lo w ed  t o  c o o l  t o  50° C and pou red  i n t o  t h e  a g a r -  

s e a l e d  bed  o f  a h o r i z o n t a l  e l e c t r o p h o r e s i s  a p p a r a t u s .  A 

w e l l - f o r m i n g  comb was im m e d ia te ly  s e t  i n t o  p o s i t i o n  and th e  

g e l  a l l o w e d  t o  h a r d e n  a t  room t e m p e r a t u r e ,  a f t e r  w h ich  

enough TPE was added t o  t h e  a p p a r a t u s  t o  c o v e r  t h e  g e l  t o  a 

d e p t h  o f  1 mM ( e t h i d i u m  b r o m i d e ,  0 . 5  u g /m l ,  was added to  

t h e  g e l  s o l u t i o n  o f  TPE i n  some c a s e s )  . The w e l l - f o r m e r  

was c a r e f u l l y  removed and t h e  g e l  was c o n n e c t e d  t o  a  power 

s u p p ly  and p r e - r u n  a t  50 V ( c o n s t a n t  v o l t a g e )  f o r  a t  l e a s t  

15 m i n u t e s .  DNA sam ples  were mixed w i th  0 .1  volume o f  10X 

g e l  l o a d i n g  b u f f e r  (0 .25% b r o m o p h e n o l  b l u e ,  5% SDS, 25% 

g l y c e r o l )  and  a p p l i e d  t o  t h e  s l o t s  o f  t h e  submerged g e l  a t  

5 V w i t h  a m i c r o p i p e t t e r . 10 ug o f  c e l l u l a r  DNA w e r e
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T a b le  1. D e s c r i p t i o n  o f  R e s t r i c t i o n  Enzymes

Enzyme S a l t
c o n c e n t r a t i o n

I n c u b a t i o n
t e m p e r a t u r e

R e c o g n i to n
s e q u en ce

Bam HI medium 37° C G'GATCC

B el  I medium 50° C T'GATCA

Bgl I medium 37° C GCCNNNN'NGGC

Eco RI h ig h 37° C G'AATTC

Hae I I low 37° C PuGCGC'Py

Hind I I I medium 37° C A'AGCTT

Kpn I low 37°  C GGTAC'C

P s t  I medium 37° C CTCGA'G

Pvu I I medium 37° C CAG'CTG

S s t  I  (Sac I ) 1 low 37° C CCGC'GG

Xho I h ig h 37° C C'TCGAG

* an i s o s c h iz o m a r
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l o a d e d  p e r  s l o t .  E l e c t r o p h o r e s i s  was c o n d u c te d  a t  40 V fo r  

s i x t e e n  t o  t w e n t y  h o u r s  a t  r o o a  t e a p e r a t u r e ,  u n l e s s  

o t h e r w i s e  n o t e d .  Laabda phage  DNA c l e a v e d  by Hind I I I  was 

used  a s  a m o l e c u l a r  w e ig h t  a a r k e r .  G e l s  r u n  in  t h e  ab se n c e  

o f  e t h i d i u m  b r o n i d e  w e re  s t a i n e d  i n  t h e  r u n n i n g  b u f f e r  

c o n t a i n i n g  0 . 5  u g / a l  e t h i d i u a  b r o a i d e  f o r  45 a i n u t e s  a t  

room t e a p e r a t u r e .  DNA i n  t h e  g e l  was v i s u a l i s e d  on  an 

u l t r a v i o l e t  t r a n s i l l u m i n a t o r  l i g h t  box  and  p h o t o g r a p h e d  

w i t h  a P o l a r o i d  c a m e r a  u s i n g  Type 57 o r  T y p e  667  f i l m  

(Kodak) .

2 . 2 . 5 .  T r a n s f e r  o f  DNA from a g a r o s e  g e l s  t o  n i t r o c e l l u l o s e  

( S o u th e r n ,  1975)

A f t e r  e l e c t r o p h o r e s i s ,  g e l s  w e re  s o a k e d  in  250 ml o f  

0 .2 5  M HC1 f o r  f i f t e e n  a i n u t e s  a t  r o o a  t e a p e r a t u r e  w i t h  

c o n s t a n t  s h a k i n g  t o  p a r t i a l l y  d e p u r i n a t e  t h e  DNA and 

f a c i l i t a t e  s u b s e q u e n t  t r a n s f e r  o f  l a r g e  f r a g m e n t s .  The 

g e l s  w ere  r i n s e d  t w i c e  w i t h  d i s t i l l e d  w a t e r  an d  t h e  DNA 

d e n a t u r e d  by a d d in g  a  250 ml s o l u t i o n  o f  0 . 5  N NaOH and 1 .5  

M NaCl f o r  on e  h o u r  a t  r o o a  t e a p e r a t u r e  w i t h  c o n s t a n t  

s h a k i n g .  F o l l o w i n g  t h i s ,  t h e  g e l s  were r i n s e d  t w ic e  w i th  

d i s t i l l e d  w a t e r  and  n e u t r a l i z e d  by s o a k i n g  i n  a  250 ml 

s o l u t i o n  o f  0 . 5  M T r i s - H C l  (pH 7 . 5 - 8 . 0 )  and 1 . 5  M NaCl f o r  

o n e  h o u r  a t  room t e m p e r a t u r e  w i t h  c o n s t a n t  s h a k i n g .  A 

s h e e t  o f  Whatman 3MM p a p e r ,  c u t  t o  s i z e ,  was p l a c e d  o v e r  a 

r a i s e d  p l a s t i c  s u p p o r t  s i t t i n g  i n  a r e s e r v o i r  f i l l e d  w i t h  

20X SSPE ( 3 . 6  M N aC l ,  20 mM NaHjPO^ 20 mM EDTA, pH 7 . 4 ) ,



42

w i t h  t h e  e n d s  o f  t h e  f i l t e r  i n  c o n t a c t  w i t h  t h e  s a l t  

s o l u t i o n .  The g e l  was t h e n  p l a c e d  on t o p  o f  t h e  s a t u r a t e d  

f i l t e r  p a p e r ,  and any a i r  b u b b l e s  w e re  c a r e f u l l y  r e a o v e d  

by r o l l i n g  a  g l a s s  t u b e  o v e r  i t .  A p i e c e  o f  n i t r o c e l l u l o s e  

p a p e r  ( S h l e i c h e r  and S c h u e l l  BA 8 5 ) ,  c u t  t o  t h e  s i z e  o f  t h e

g e l ,  was p r e - w e t  i n  H jo  f o r  a t  l e a s t  f i f t e e n  a i n u t e s  and 

p l a c e d  w i t h  f o r c e p s  on t o p  o f  t h e  g e l ,  r e a o v i n g  a i r  b u b b l e s  

a s  d e s c r i b e d  p r e v i o u s l y .  S a ran  Wrap was p l a c e d  a r o u n d  t h e  

f i l t e r ,  s t a r t i n g  f r o a  t h e  e d g e s  o f  t h e  n i t r o c e l l u l o s e  

f i l t e r  t o  t h e  o u t s i d e  o f  t h e  r e s e r v o i r ,  t o  e n s u r e  an  e v e n  

f l o w  o f  SSPE t h r o u g h o u t  t h e  f i l t e r .  F o u r  p i e c e s  o f  3MM 

p a p e r ,  a l s o  c u t  t o  s i z e ,  w e r e  p l a c e d  o n  t o p  o f  t h e  

n i t r o c e l l u l o s e .  The p i e c e  c l o s e s t  t o  t h e  n i t r o c e l l u l o s e  

had been  p r e - w e t  i n  w a t e r .  A s t a c k  o f  p a p e r  t o w e l s  (one t o  

two i n c h e s  h i g h ) , c u t  t o  t h e  s i z e  o f  t h e  g e l ,  was p l a c e d  on 

t o p  o f  t h e  3MM p a p e r .  A g l a s s  p l a t e  was p u t  on t o p  o f  t h e  

s t a c k  and  w e ig h e d  down w i t h  a  one-kg  w e i g h t .  T r a n s f e r  o f  

t h e  DNA was a l l o w e d  t o  p r o c e e d  f o r  f o u r t e e n  t o  t w e n t y  

h o u r s .  The s t a c k  was t h e n  d i s a s s e a b l e d ;  t h e  n i t r o c e l l u l o s e  

f i l t e r  was p e e l e d  o f f  t h e  d e h y d r a t e d  g e l  and r i n s e d  f o r  t e n  

a i n u t e s  i n  2X SSPE. The wet f i l t e r  was sandwiched  be tween  

two p i e c e s  o f  3MM p a p e r  and  b a k e d  f o r  two h o u r s  a t  8 0 °  C 

u n d e r  v a c u u a .  The b a k e d  f i l t e r  was p l a c e d  i n  a h e a t -  

s e a l a b l e  p l a s t i c  bag ( ”S e a l - a - M e a l , " D az e y ) .
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2 . 2 . 6 .  Nick t r a n s l a t i o n  o f  DNA

22P - l a b e l l e d  DNA p r o b e s  w i t h  a  s p e c i f i c  a c t i v i t y  

g r e a t e r  t h a n  10^ cp m /u g  w e re  p r e p a r e d  by  t h e  m e th o d  o f  

Rigby e t  a l  ( 1 9 7 7 ) ,  a s  a o d i f i e d  by  M a n i a t i s  e t  a l  ( 1 9 8 2 ) .  

The n i c k - t r a n s l a t i o n  r e a c t i o n  was s e t  up by t h e  a d d i t i o n  o f  

t h e  f o l l o w i n g  r e a g e n t s  t o  a  1 . 5  a l  Epp en d o rf  t u b e :  1 nmole 

o f  each  u n l a b e l l e d  dNTP (dGTP and dTTP), 180 p a o l e s  o f  each  

( -  32P) dNTP (New England N u c l e a r ,  s p e c i f i c  a c t i v i t y  800 

C i / a a o l e  [dCTP and  dA T P ]) , 1 ug o f  DNA, 5 u l  o f  10X n i c k -  

t r a n s l a t i o n  b u f f e r  (0.5M T r i s - H C l  ph 7 . 2 ,  0.1M MgSO^, lmM 

EDTA, 500 u g / a l  BSA), and d e i o n i z e d  HjO t o  f i n a l  v o lu a e  o f  

43 u l .  One u l  o f  a 0 . 1  u g / a l  s o l u t i o n  o f  D N a s e  I 

( W o r t h i n g t o n )  i n  50% g l y c e r o l  was a d d e d ,  f o l l o w e d  on e  

a i n u t e  l a t e r  by 1 u l  ( 6 .7  u n i t s )  o f  E^ c o l i  DNA p o l y m e r a s e  

I  (B o e h r in g e r  Mannheim). The n i c k - t r a n s l a t i o n  r e a c t i o n  was 

p e r f o r m e d  a t  1 6 °  C f o r  60 a i n u t e s .  The r e a c t i o n  was 

t e r m i n a t e d  by t h e  a d d i t i o n  o f  2 u l  o f  0 . 5  M EDTA. The 

n i c k - t r a n s l a t e d  DNA was  s e p a r a t e d  f ro m  u n i n c o r p o r a t e d  

dNTP's  by " s p u n - c o l u m n "  c h r o a o t o g r a p h y , a s  d e s c r i b e d  i n  

M a n i a t i s  e t  a l  ( 1 9 8 2 ) .  The b o t t o a  o f  a 1 a l  t u b e r c u l i n  

s y r i n g e  was p l u g g e d  w i t h  s a a l l  a m o u n t  o f  g l a s s  w o o l .  

S e p h a d e x  G-50 ( P h a r m a c i a )  w h ic h  had  b e e n  s w e l l e d  i n  STE 

(100 aM NaCl, 10 aM T r i s - H C l  ph 8 . 0 ,  1 aM EDTA) was p a c k e d  

i n  t h e  s y r i n g e  b y  c e n t r i f u g a t i o n  i n  a  15 a l  c o n i c a l  

c e n t r i f u g e  t u b e  a t  1500x g f o r  fo u r  a i n u t e s  u n t i l  t h e  t u b e  

p a c k e d  c o lu m n  v o lum e  was 0 .9  a l .  One hundred  a i c r o l i t e r s  

o f  STE w ere  a d d e d  t o  t h e  c o lu m n  and  r e c e n t r i f u g e d  u n d e r
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i d e n t i c a l  c o n d i t i o n s .  T h i s  s t e p  was r e p e a t e d  o n c e .  The 

n i c k - t r a n s l a t i o n  r e a c t i o n  was b r o u g h t  t o  a volume o f  100 u l  

w i th  STE, and was t h e n  a p p l i e d  t o  t h e  column which was t h e n  

c e n t r i f u g e d  e x a c t l y  a s  b e f o r e ,  c o l l e c t i n g  t h e  100 u l  o f  

e f f l u e n t  from t h e  s y r i n g e  i n  a  decapped  E p p e n d o r f  t u b e  ( t h e  

u n i n c o r p o r a t e d  [ ^ P ]  dNTP's  rem ained  in  t h e  s y r i n g e ,  w h ic h  

was d i s c a r d e d ) .  The r e c o v e r e d  p ro b e  DNA was d i l u t e d  w i th  

TE t o  a f i n a l  volume o f  0 .3  m l ;  1 u l  was u sed  t o  d e t e r m i n e  

s p e c i f i c  a c t i v i t y  o f  t h e  p r o b e  by s c i n t i l l a t i o n  c o u n t i n g .

2 . 2 . 7 .  H y b r i d i z a t i o n  and a u t o r a d i o g r a p h y  o f  S o u th e rn  

f i l t e r s

The h y b r i d i z a t i o n  p r o c e d u r e  d e s c r i b e d  by Wahl e t  a l .  

(1979) was f o l l o w e d  w i t h  s l i g h t  m o d i f i c a t i o n s .  A h e a t -  

s e a l a b l e  p l a s t i c  bag c o n t a i n i n g  t h e  d r i e d  f i l t e r  was opened 

a n d  10 ml o f  2X SSPE was a d d e d  f o r  two m i n u t e s .  T h i s  

s o l u t i o n  w as  d e c a n t e d  a n d  10 ml o f  p r e h y b r i d i z a t i o n  

s o l u t i o n  ( c o n s i s t i n g  o f  50% fo rm a m id e  [MCB], 5% d e x t r a n  

s u l f a t e  [ P h a r m a c i a ] ,  2 .5X  SSPE,  0.1% SDS, IX D e n h a r d t ' s  

r e a g e n t  [0.1% F i c o l l ,  0.1% p o l y v i n y l  p y r r o l i d o n e ,  0.1% BSA] 

and  150 u g / m l  s o n i c a t e d ,  s h e a r e d  s a lm o n  t e s t i s  DNA) were 

added t o  t h e  b a g ,  w h ic h  was t h e n  r e s e a l e d .  I t  was t h e n  

i n c u b a t e d  f o r  a t  l e a s t  t h r e e  h o u r s  i n  a  w a te r  b a t h  a t  45°  

C .  T h e  c o r n e r  o f  t h e  b a g  w a s  c u t  o f f  a n d  t h e  

p r e h y b r i d i z a t i o n  s o l u t i o n  w as  d e c a n t e d .  F i v e  ml o f  

h y b r i d i z a t i o n  s o l u t i o n  ( c o n s i s t i n g  o f  50% fo rm a m id e  (MCB) 

10% d e x t r a n  s u l f a t e ,  2X SSPE,  0.1% SDS, 5 mM Na2EDTA, 50



ug/m l  s o n i c a t e d  salmon t e s t i s  DNA, and  0 . 5 - 1 . 0 x l 0 7 cpm o f
32h e a t - d e n a t u r e d  P - l a b e l l e d  p r o b e  DNA) were added t o  t h e  

b a g .  Excess  a i r  was r em oved  f ro m  t h e  b a g ,  w h ic h  was t h e  

h e a t - s e a l e d  and i n c u b a t e d  f o r  16 t o  20 h o u r s  by su b m e rs io n  

i n  a w a te r  b a t h  a t  45° C. The h y b r i d i z a t i o n  s o l u t i o n  was 

s q u e e z e d  o u t  o f  t h e  bag and t h e  f i l t e r  was p l a c e d  f o r  f i v e  

m in u te s  i n  a  g l a s s  t r a y  c o n t a i n i n g  a  250 ml s o l u t i o n  o f  2X 

SSPE and 0.5% SDS a t  room t e m p e r a t u r e .  The f i l t e r  was t h e n  

t r a n s f e r r e d  f o r  f i f t e e n  m i n u t e s  t o  a new g l a s s  t r a y  

c o n t a i n i n g  2 5 0  ml o f  2X S S P E  a n d  0 .1 %  SDS a t  r o o m  

t e m p e r a t u r e ,  a n d  o c c a s i o n a l l y  a g i t a t e d .  F i n a l l y ,  t h e  

f i l t e r  was t r a n s f e r r e d  f o r  two h o u r s  t o  a t r a y  c o n t a i n i n g  

400 ml o f  0 .1X SSPE and  0.1% ( o r  0.5%) SDS a t  50° C w i th  

c o n s t a n t  g e n t l e  a g i t a t i o n .

The f i l t e r  w a s  b l o t t e d  o n  a  s h e e t  o f  3MM p a p e r ,  

wrapped in  S a ran  Wrap, and mounted in  an X-ray  f i l m  h o l d e r ;  

a s i n g l e  s h e e t  o f  Kodak X-Omat AR-2 f i l m  was p l a c e d  be tween  

t h e  f i l t e r  a n d  t h e  i n t e n s i f y i n g  s c r e e n  (D uPont  C ro n e x  

L i g h t n i n g - P l u s ) ,  f o l l o w i n g  t h e  m e th o d  o f  L a s k e y  an d  M i l l s  

( 1 9 7 7 )  . The f i l m  h o l d e r  was p l a c e d  a t  - 7 0 °  C f o r  t h e  

d u r a t i o n  o f  e x p o s u r e .  The X -ray  f i l m  was d e v e l o p e d  u s i n g  

c o n v e n t i o n a l  p h o t o g r a p h i c  p r o c e s s i n g  m ethods .

2 . 2 . 8 .  Removing o l d  p ro b e  f o r  h y b r i d i z a t i o n

F i l t e r s  w e r e  s o a k e d  f o r  10  m i n u t e s  a t  r o o m  

t e m p e r a t u r e ,  w i th  s l i g h t  a g i t a t i o n ,  in  0 .2  M NaOH and  0.1% 

SDS, r i n s e d  w i t h  d e i o n i z e d  HjO, n e u t r a l i z e d  f o r  t h r e e
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m in u te s  i n  0 . 5  M T r i s - H C l ,  pH 7 . 0 ,  and washed i n  0.1% SDS. 

F i l t e r s  were d r i e d  a t  room t e m p e r a t u r e  on 3MM f i l t e r  p a p e r ,  

and e i t h e r  used  im m e d ia te ly  o r  s t o r e d  i n d e f i n i t e l y  i n  h e a t -  

s e a l a b l e  p l a s t i c  b a g s .

2 .3  CYTOLOGICAL HYBRIDIZATION (H enderson ,  1982)

2 . 3 . 1 .  S l i d e  p r e p a r a t i o n s

C e l l s  w e re  s e e d e d  on  t e n  t o  tw e n ty  100 mm p l a t e s  and 

a l lo w e d  t o  grow t o  s u b - c o n f l u e n c e .  One d a y  p r i o r  t o  t h e  

a d d i t i o n  o f  C o l c e m i d  ( G i b c o ) ,  t h e  c u l t u r e s  were  r e - f e d  t o  

e n s u r e  v i g o r o u s  g r o w th .  The c u l t u r e s  w e re  e x p o s e d  t o  0 . 5  

ug C o l c e m i d  f o r  o n e  t o  1 - 1 / 2  h o u r s ,  a f t e r  which t h e  c e l l s  

were d i s l o d g e d ,  c o l l e c t e d  w i t h  t h e  m e d ia  f ro m  t h e  p l a t e s ,  

and c e n t r i f u g e d  f o r  f i v e  m i n u t e s  a t  1000 g .  The medium was 

a s p i r a t e d  and  8 ml o f  0 .0 7 5  M KC1 were g e n t l y  added  t o  t h e  

t e s t  t u b e  t o  s w e l l  t h e  c e l l s .  The tu b e  was t h e n  i n c u b a t e d  

f o r  45  m i n u t e s  a t  3 7 °  C ,  w i t h  o c c a s i o n a l  s h a k i n g .  

S u b s e q u e n t l y ,  2 ml o f  f i x a t i v e  (3 p a r t s  m e t h a n o l :  1 p a r t  

g l a c i a l  a c e t i c  a c i d )  w e re  added t o  t h e  t e s t  t u b e  f o l lo w e d  

by c e n t r i f u g a t i o n  f o r  f i v e  m i n u t e s  a t  1000 g .  The l i q u i d  

was removed and t h e  p e l l e t  r e s u s p e n d e d  in  3 ml o f  f i x a t i v e .  

T h i s  was a l lo w e d  t o  s t a n d  f o r  f i v e  m i n u t e s ,  a f t e r  which th e  

p r e p a r a t i o n  was c e n t r i f u g e d  f o r  f i v e  m i n u t e s  a t  1000 g .  

The f i x a t i v e  was rem oved  and  new f i x a t i v e  was a d d e d  t o  

r e s u s p e n d  t h e  p e l l e t .  The p r e p a r a t i o n  was s t o r e d  a t  4°  C. 

At l e a s t  t h r e e  t im e s  d u r i n g  t h e  n e x t  week,  t h e  p r e p a r a t i o n
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was c e n t r i f u g e d  a t  1000 g f o r  f i v e  m in u te s  and f r e s h l y  made 

f i x a t i v e  w a s  a d d e d  t o  r e s u s p e n d  t h e  p e l l e t ,  t h e r e b y  

removing  a s  much p r o t e i n  a s  p o s s i b l e .

2 . 3 . 2 .  G-Banding and chromosome i d e n t i f i c a t i o n

At t h e  end o f  t h e  week,  t h e  c e l l s  were r e s u s p e n d e d  i n  

f r e s h l y - m a d e  f i x a t i v e ,  an d  s l i d e s  w e re  p r e p a r e d .  These 

s l i d e s  were a l l o w e d  t o  d r y  by p l a c i n g  them  i n  a vacuum a t  

37°  C. At t h e  end o f  one  week,  t h e  s l i d e s  were removed f o r  

b a n d in g .  The s t a i n i n g  s o l u t i o n  (26 ml 0 .0 2  M KjPO^ pH 8 . 6 -  

8 . 9 ,  7 ml M e t h a n o l ,  3 ml T r y p s in - V e r s e n e  [IX EDTA], 0 . 5 5 -  

0 .6  ml Giemsa s t a i n  [ F i s h e r  S c i e n t i f i c ] )  was a d d e d  t o  t h e  

s l i d e  f o r  f i v e  t o  s i x  m in u te s  and t h e n  r i n s e d  o f f .  I f  t h e  

s l i d e s  were n o t  s a t i s f a c t o r y ,  t h e  s t a i n  c o u l d  be  r em oved  

w i t h  70% e t h a n o l  f o r  one m i n u t e ,  and t h e  sample  r e s t a i n e d .  

When t h e  m etap h ase  p l a t e s  were p r o p e r l y  b a n d e d ,  t h e y  w e re  

p h o to g r a p h e d .

2 . 3 . 3 .  Removal o f  endogenous  RNA

The s t a i n  was i n i t i a l l y  removed by wash ing  t h e  s l i d e s  

t w ic e  i n  70% e t h a n o l  ( t h r e e  m in u te s  f o r  each  w a s h i n g )  , and 

o n c e  i n  95% e t h a n o l  f o r  f i v e  m i n u t e s .  The s l i d e s  w e re  

a l l o w e d  t o  a i r - d r y .  They were t h e n  t r e a t e d  f o r  one h our  a t  

37° c w i th  100 ug /m l  RNase A ( p r o t e a s e  f r e e )  i n  2X SSC (0 .3  

M NaCl, 30 mM sodium c i t r a t e  pH 7 . 0 ) .  The s l i d e s  were t h e n  

washed in  2X SSC, fo l l o w e d  by t h r e e  w a s h e s  i n  70% e t h a n o l  

f o r  t h r e e  t o  f i v e  m i n u t e s  e a c h ,  and  two w a s h e s  o f  95%
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e t h a n o l  f o r  t h r e e  m in u te s  e a c h .  The s l i d e s  were d e s s i c a t e d  

f o r  a t  l e a s t  48 h o u r s .

2 . 3 . 4 .  Nick t r a n s l a t i o n  o f  DNA f o r  h y b r i d i s a t i o n
125 I - l a b e l l e d  DNA p r o b e s  w i t h  a  s p e c i f i c  a c t i v i t y  

g r e a t e r  t h a n  10** cp m /u g  w e r e  p r e p a r e d  by  t h e  m e th o d  o f  

Rigby e t  a l  (1 9 7 7 ) .  The n i c k - t r a n s l a t i o n  r e a c t i o n  was s e t  

up by t h e  a d d i t i o n  o f  t h e  f o l l o w i n g  r e a g a n t s  t o  a 1 .5  ml 

Eppendorf  t u b e :  20 uN o f  e a c h  u n l a b e l l e d  dNTP (dATP, dGTP 

a n d  d T T P ) ,  4uM o f  ( 1 2 5 I )  dCTP (New E n g l a n d  N u c l e a r ,  

s p e c i f i c  a c t i v i t y  2 ,2 0 0  Ci/mmole [dCTP]) ,  200 ng o f  DNA, 4 

u l  o f  10X n i c k - t r a n s l a t i o n  b u f f e r  (0.05M T r i s -H C l  pH 7 . 9 ,  

0.005M M g C l j ,  0 .01M M e r c a p t o e t h a n o l , 50 u g / m l  BSA), and 

d e i o n i z e d  HjO t o  a f i n a l  volume o f  28 u l .  One u l  o f  a 0 .1  

ng /m l  s o l u t i o n  o f  DNase I  (W orth ing ton)  in  50% g l y c e r o l  was 

a d d e d ,  f o l lo w e d  f i v e  m i n u t e s  l a t e r  by  1 2 0 u / m l  o f  c o l i  

DNA p o l y m e r a s e  I  ( B o e h r i n g e r  M a n n h e i m ) .  The  n i c k -  

t r a n s l a t i o n  r e a c t i o n  was p e r f o r m e d  a t  1 5 °  C f o r  2 h o u r s .  

The r e a c t i o n  was t e r m i n a t e d  by t h e  a d d i t i o n  o f  EDTA t o  a 

f i n a l  c o n c e n t r a t i o n  o f  lOmM EDTA. The p r o t e i n  i n  t h e  

r e a c t i o n  m ix tu r e  was e x t r a c t e d  by a d d in g  an  e q u a l  volume o f  

p h e n o l - c h l o r o f o r m - i s o a m y l  ( 4 8 :4 8 :2 )  s a t u r a t e d  w i th  column 

b u f f e r  ( 0 . 0 1  M T r i s - H C l  [pH 7 . 8 ] ,  0 . 1 5  M N a C l ,  0 . 0 1  M 

EDTA). A f t e r  c e n t r i f u g a t i o n ,  t h e  aqueous  p h a s e  was a p p l i e d  

t o  a  Sephadex G-25M column e q u i l i b r a t e d  in  t h e  same b u f f e r .  

C a r r i e r  ( b a c t e r i a l )  RNA was a d d e d  t o  e l u a n t  [ 1 2 5 I ]  DNA, 

r e c o v e r e d  by p r e c i p i t a t i o n  w i t h  2 v o l u m e s  o f  e t h a n o l ,
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c e n t r i f u g e d  a t  9 0 0 0  r p m  f o r  30 m i n u t e s *  d r i e d  a n d  

r e d i s s o l v e d  in  column b u f f e r .

2 . 3 . 5 .  I n - S i t u  h y b r i d i s a t i o n

The s l i d e s  were i n c u b a t e d  f o r  two h o u r s  i n  fo rm a m id e  

( F i s h e r )  a t  6 5 - 7 0 °  C. They were t h e n  im m e d ia te ly  p lu n g e d  

i n t o  f r e e z e r - c o l d  70% e t h a n o l *  w h e re  t h e y  w e re  s o a k e d  f o r  

t e n  m i n u t e s *  a n d  t h e n  w a s h e d  i n  70% e t h a n o l  f o r  t e n  

m i n u t e s .  They w e re  w a sh e d  t w i c e *  f o r  f i v e  m i n u t e s  p e r  

washing* w i th  70% e t h a n o l .  F o l lo w in g  t h i s *  t h e  s l i d e s  were 

w ashed  i n  95% e t h a n o l  t w i c e *  w i t h  e a c h  washing  l a s t i n g  5 

m i n u t e s .  They were t h e n  b l o t t e d  b e f o r e  a d d i n g  t h e  p r o b e .  

The s l i d e s  w ere  t h e n  c o v e r e d  w i th  a c o v e r  s l i p  (22 mm x 30 

mm)* and in c u b a t e d  a t  38°  C f o r  a p p r o x i m a t e l y  18 h o u r s .  At 

t h e  e n d  o f  t h i s  p e r i o d *  s l i d e s  w e r e  p u t  i n t o  a d i s h  

c o n t a i n i n g  50% fo rm a m id e  and 3X SSC* and washed in  2X SSC 

and 0 . 1  M KI.  The wash s o l u t i o n  was changed  t h r e e  t o  f o u r  

t i m e s *  w i t h  e a c h  wash l a s t i n g  1 5 - 3 0  m i n u t e s .  The s l i d e s  

were washed in  2X SSC e i g h t  t o  t e n  t imes*  fo l lo w e d  by t h r e e  

washes  i n  70% e t h a n o l  ( f i v e  m i n u t e s  e a c h ) *  and* f i n a l l y *  

two w a s h i n g s  i n  95% e t h a n o l  ( f i v e  m i n u t e s  p e r  w a s h i n g ) .  

The s l i d e s  were a l l o w e d  t o  a i r  d r y  f o r  t h i r t y  m i n u t e s *  and 

t h e n  d i p p e d  i n  50% NTB-2 e m u l s i o n  ( K o d a k ) .  They w e re  

s e a l e d  i n  a l i g h t - p r o o f  box and  s t o r e d  a t  - 2 0 °  C u n t i l  

d e v e l o p i n g .  They were d e v e lo p e d  f o r  2 - 1 / 2  m in u te s  i n  D-19 

d e v e lo p e r *  fo l lo w e d  by a 1 5 - s e c o n d  i m m e r s i o n  i n  1% a c e t i c  

a c i d *  and a 4 - m i n u t e  im m ers io n  in  f i x e r .  The s l i d e s  were
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washed in  r u n n in g  w a te r  f o r  t h i r t y  a i n u t e s  an d  s t a i n e d  (5 

a l  10X E b u f f e r  [40aN T r i s ,  20aM NaOAC, laM EDTA, pH 7 . 7 1 ,  

40 a l  dH20 ,  5 a l  G ie a s a  s t a i n )  f o r  two h o u r s .  The c o n t r o l  

s l i d e s  were s t a i n e d  f o r  t h i r t y  a i n u t e s .

2 .4  ASSAYS FOR VIRAL PROTEINS

2 . 4 . 1 .  I a a u n o f l u o r e s c e n t  s t a i n i n g  o f  a o n o l a v e r  c e l l s

C e l l s  were seeded  on r e c t a n g u l a r  c o v e r s l i p s  (11 aa x 22 

am N o .  2 ,  C a t .  n o .  6 6 6 3 - Q 1 0 ,  T h o a a s  S c i e n t i f i c ) .  

S u b c o n f lu e n t  c o v e r s l i p s  were f i x e d  by t h e  a e t h o d  o f  S o loaon  

e t  a l  (1979) i n  t h e  f o l l o w i n g  B a n n e r .  M ed iu a  was r e a o v e d  

a n d  t h e  c o v e r s l i p s  w e r e  w as h e d  t w i c e  w i t h  PBS a t  r o o a  

t e a p e r a t u r e .  The c o v e r s l i p s  w e re  t h e n  i n c u b a t e d  a t  r o o a  

t e a p e r a t u r e  o v e r n i g h t  i n  a  f r e s h l y  p r e p a r e d  3 .7% 

f o r a a l d e h y d e  s o l u t i o n .  The f o r a a l d e h y d e  s o l u t i o n  was t h e n  

r e a o v e d ,  and t h e  c o v e r s l i p s  were s t o r e d  in  PBS a t  4°  C. To 

p e r a e a b i l i z e  t h e  c e l l s ,  t h e  c o v e r s l i p s  were i n c u b a t e d  f o r  

two a i n u t e s  a t  - 2 0 °  C i n  a c o l d  50% P B S : A c e t o n e  s o l u t i o n ,  

f o l l o w e d  by a f i v e  a i n u t e  i n c u b a t i o n  in  c o l d  100% a c e t o n e  

a t  - 2 0 °  C and a g a i n  2 a i n u t e s  i n  t h e  50% a i x t u r e .  To s t a i n  

th e  c o v e r s l i p s ,  t h e y  were t r a n s f e r r e d  t o  a  d r y  150 a a  P e t r i  

d i s h  w h ic h  s e r v e d  a s  a  h o l d e r .  The a p p r o p r i a t e  p r i a a r y  

a n t i b o d y  ( s e e  T a b l e  2) was a p p l i e d  t o  t h e  c o v e r s l i p s  and 

in c u b a t e d  f o r  45 a i n u t e s  i n  a  h u a i d i f i e d  c h a a b e r  a t  3 7 °  C. 

S u b s e q u e n t l y ,  t h e  c o v e r s l i p s  were washed t h r e e  t i a e s  in  PBS 

b e f o r e  t h e  a p p r o p r i a t e  f l u o r e s c e i n  c o n j u g a t e d  a n t i g l o b u l i n
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T a b le  2. 

A nt ibody

H T

M T
(pAb 101)

M T
(pAb 108)

M T
(pAb 416)

N T
(pAb 419)

R SDS 
d i s r u p t e d  

v i r u s

D e s c r i p t i o n  off A n t ib o d y  S o u rce  and 

Source  S p e c i f i c i t y

SV40 T a n t i g e np o l y c l o n a l
(serum)

m onoclona l
( p u r i f i e d )

SV40 T a n t i g e n  
( c a r b o x y l  t e r m i n a l  
r e g i o n )

m onoclona l
( p u r i f i e d )

SV40 T a n t i g e n  
(amino t e r m i n a l  
r e g i o n )

m onoclona l
( a s c i t e s )

SV40 T a n t i g e n  
(amino t e r m i n a l  
r e g i o n )

m onoclona l
( a s c i t e s )

SV40 T a n t i g e n  
(amino t e r m i n a l  
r e g i o n )

p o l y c l o n a l
(serum)

SV40 VP1 and 
VP 3

S p e c i f i c i ty

L a b o r a t o r y

N . I . B .

E. Gurney

E. Gurney

C. P r i v e s  
R. P o l l a c k

T. K e l ly  

H. L. Ozer

H -  Hamster 
M * Mouse 
R > R a b b i t
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a n d  R h o d a m i n e - B o v i n e  Serum A lb u m in  (NIH R e a g e n t )  w e re  

a p p l i e d  t o  t h e  c o v e r s l i p s ,  and  a g a i n  i n c u b a t e d  f o r  45 

m i n u t e s .  The c o v e r s l i p s  w e re  t h e n  washed t h r e e  t i m e s  in  

PBS and once  in  d i s t i l l e d  HjO b e f o r e  b e i n g  m o u n t e d ,  c e l l  

s i d e  down,  o n t o  a  s l i d e  u s i n g  50% g l y c e r o l  a s  m o u n t i n g  

medium. The s l i d e s  w e re  v i e w e d  o n  a  L e i t z  M i c r o s c o p e  

O r t h o l u x  M o d e l ,  e q u ip p e d  f o r  f l u o r e s c e n c e  m ic ro s c o p y  under  

e p i - i l l u m i n a t i o n .

For p h o t o g r a p h i c  p u r p o s e s ,  c o v e r s l i p s  w e re  m o u n te d  a s  

d e s c r i b e d  by J o h n s o n  e t  a l  (1981) [A ugus t -W ae ld in  method] 

t o  m in im ize  b l e a c h i n g .  T h i s  m ou n tan t  was composed o f  10 ml 

o f  PBS c o n t a i n i n g  100 mg o f  p - p h e n y le n e d ia m in e  and 90 ml o f  

g l y c e r o l .  The f i n a l  pH was a d j u s t e d  t o  a p p r o x i m a t e l y  8 . 0 ,  

w i t h  0 . 5  M c a r b o n a t e - b i c a r b o n a t e  b u f f e r  a t  pH 9 . 0 .  

S o l u t i o n s  c o n t a i n i n g  p - p h e n y l e n e d i a m i n e  r a p i d l y  b e c o m e  

b r o w n  o n  s t a n d i n g  a t  r o o m  t e m p e r a t u r e  a n d  a r e  t h e n  

u n s a t i s f a c t o r y  f o r  u se  i n  c r i t i c a l  m ic ro s c o p y .  T h i s  p ro b lem  

was overcome by s t o r i n g  t h e  m i x t u r e  in  t h e  d a r k  a t  - 2 0 °  C, 

in  a l i q u o t s  s u f f i c i e n t  f o r  one d a y ' s  u s e .

2 . 4 . 2 .  I m m u n o p r e c i p i t a t i o n

Im m u n o p r e c ip i t a t e 8  o f  v i r a l  p r o t e i n s  t o  be a n a l y z e d  by 

p o l y a c r i l a m i d e  g e l  e l e c t r o p h o r e s i s  (PAGE) w e re  p r e p a r e d  

u s i n g  e i t h e r  e q u a l  v o lu m e s  o f  w h o l e  l y s a t e s  o r  v a r i e d  

v o lu m e s  c o n t a i n i n g  e q u a l  T C A - p r e c i p i t a b l e  r a d i o a c t i v i t y .  

These  were added in  a 1 : 3  r a t i o  t o  t h e  e x t r a c t i o n  b u f f e r  

and  t h e n  i n c u b a t e d  f o r  1 h r  a t  4 °  C w i t h  15-20 u l  a n t i - T



serum .  A f t e r  t h e  h o u r ,  75-100 u l  S t a p h  A ( C a l b i o c h e a  10% 

s u s p e n s i o n )  w e re  a d d e d  an d  r e - i n c u b a t e d  f o r  30 m in u te s  on 

i c e .  The p e l l e t s  w e re  c o l l e c t e d  by  c e n t r i f u g a t i o n  f o r  1 

m i n u t e  i n  a m i c r o f u g e  and  w a s h e d  v i g o r o u s l y  3 t i m e s  i n  

p e l l e t  wash ing  b u f f e r  (1 M NaCl, 0 .0 0 2  N EDTA, 1% NP40 and 

0 . 0 0 1  M T r i s  pH 7 . 5 ) .  A f t e r  t h e  l a s t  w a s h ,  20 u l  o f  3X 

sample  b u f f e r  (30% g l y c e r o l ,  1.5% B - m e r c a p t o e t h a n o l ,  0.95% 

SDS, 0 . 1 8  N t r i s ,  pH 6 . 8 ,  and a  few g r a i n s  o f  Bromophenol  

Blue)  and 30 u l  o f  d i s t i l l e d  d e i o i n i z e d  HjO was a d d e d  t o  

e ac h  s a m p le .  The s am p les  were v o r t e x e d  and h e a t e d  a t  90° C 

f o r  2 m i n u t e s  t o  d i s a s s o c i a t e  t h e  i m m u n o p r e c i p i t a t e .  The 

sample  was t h e n  c e n t r i f u g e d  in  a m i c r o f u g e  and  was l o a d e d  

on  a  g e l .  T y p i c a l l y ,  o n e - h a l f  o f  t h e  sample  was used  p e r  

l a n e .

2 . 4 . 3 .  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  (PAGE)

(Laemmli,  1970)

For t h e  p r e p a r a t i o n  o f  a  v e r t i c a l  12.5% p o l y a c r y l a m i d e  

g e l ,  20 ml o f  a s e p a r a t i n g  g e l  s o l u t i o n  was made up in  t h e  

f o l l o w i n g  manner .  A 30% a c r y l a m i d e  ( B i o r a d )  and  0.8% b i s  

( B i o r a d )  s t o c k  s o l u t i o n  was a p p r o p r i a t e l y  d i l u t e d  in  lower 

t r i s  b u f f e r  (0.4% SDS, 0 .0 1 5  M T r i s - H C l ,  pH 8 .8 )  p l u s  60 u l  

f r e s h l y  m ade  10% am m onium  p e r s u l f a t e  ( B i o r a d ) . The 

s o l u t i o n  was p u t  i n t o  a 125 ml s i d e  arm f l a s k  an d  t h e n  

d e g a s s e d .  Nine m i c r o l i t e r s  o f  Temed ( B i o r a d )  w e re  ad d e d  

a n d  m i x e d  t h o r o u g h l y .  Two g l a s s  p l a t e s  w ere  c l i p p e d  

t o g e t h e r  w i th  s p a c e r s  (1mm in  w id th )  on 3 s i d e s  and  s e a l e d



w i th  h o t  1.4% a g a r  (N obel ,  D i f c o ) . The s o l u t i o n  was p oured  

i n t o  t h i s  s p a c e .  A 0.1% SDS s o l u t i o n  was l a y e r e d  on t o p  o f  

t h e  g e l  i n  o r d e r  t o  have a  smooth i n t e r f a c e .  A f t e r  t h e  g e l  

was p o l y m e r i z e d  ( a b o u t  30 m i n u t e s ) ,  a 10ml s t a c k i n g  g e l  

s o l u t i o n  was p r e p a r e d .  The b i s - a c r y l a m i d e  s t o c k  s o l u t i o n  

was d i l u t e d  t o  a  f i n a l  c o n c e n t r a t i o n  o f  3% a c r y l a m i d e  in  

u pper  t r i s  b u f f e r  ( 0 . 0 0 5  M T r i s - H C l ,  pH 6 . 8 ,  0.4% SDS) 

p l u s  60 u l  10% ammonium p e r s u l f a t e  and 20 u l  Temed. A 12 -  

w e l l  (1 mm w id th )  t e f l o n  comb was p l a c e d  i n t o  t h e  s t a c k i n g  

g e l  a f t e r  i t  had been  p o u red  on t o p  o f  t h e  s e p a r a t i n g  g e l .  

I t  was t h e n  a l l o w e d  t o  p o l y m e r i z e  u n d i s t u r b e d .  A f t e r  

p o l y m e r i z a t i o n  had  t a k e n  p l a c e  ( a b o u t  30 m i n u t e s ) ,  t h e  

b o t to m  s p a c e r  was removed and t h e  g l a s s  p l a t e s  were c l i p p e d  

i n t o  a  v e r t i c a l  g e l  a p p a r a t u s  (Aquabogue,  L . I . ) .  The s p a ce  

be tween  t h e  g l a s s  p l a t e  and t h e  w a l l  o f  t h e  a p p a r a t u s  was 

s e a l e d  w i t h  h o t  a g a r .  G e l  r u n n i n g  b u f f e r  ( 0 .0 2 5  M T r i s ,  

0 .1 9  M G l y c i n e ,  0.1% SDS) was added i n t o  t h e  u p p e r  c h a m b e r  

and  c h e c k e d  f o r  l e a k a g e  i n t o  t h e  lower  cham ber .  The lower 

chamber was t h e n  f i l l e d  and  a s y r i n g e  w i t h  a b e n t  n e e d l e  

was u s e d  t o  rem ove  a i r  b u b b l e s  a t  t h e  bo t to m  o f  t h e  g e l .  

The comb was removed and t h e  s a m p l e s  l o a d e d .  T w en ty  f i v e  

m i c r o l i t e r  sam ples  were lo a d e d  p e r  w e l l  and e l e c t r o p h o r e s e d  

f o r  3-5  h o u rs  a t  150 v o l t s .

2 . 4 . 4 .  Im m unoblo t t ing  P r o c e d u r e  (Towbin e t  a l . ,  1979)

A f t e r  t h e  c o m p l e t i o n  o f  e l e c t r o p h o r e s i s ,  t h e  g e l  was 

removed and p l a c e d  i n t o  e l e c t r o b l o t  b u f f e r  (192 mM g l y c i n e ,



20% m ethanol#  24 aM T r i s #  pH 8 . 3 ) .  A p i e c e  o f  3MM f i l t e r  

p a p e r  was p l a c e d  on  t o p  o f  t h e  e l e c t r o p h o r e t i c  t r a n s f e r  

g r i d .  The g e l  was p l a c e d  on  t o p  o f  t h e  3MM f i l t e r  p a p e r  

a n d  a p i e c e  o f  p r e w e t  n i t r o c e l l u l o s e  f i l t e r  (BA 85# 

S c h l e i c h e r  and S c h u e l l )  was p l a c e d  w i t h  f o r c e p s  o n  t o p  o f  

t h e  g e l .  A n o th e r  p i e c e  o f  3MM f i l t e r  was p l a c e d  on t o p  o f  

t h e  n i t r o c e l l u l o s e  p a p e r .  T h i s  e n t i r e  " s a n d w i c h ” was  

s a o o t h e d  o u t  t o  r e a o v e  t r a p p e d  a i r  b u b b l e s .  The 

e l e c t r o p h o r e t i c  t r a n s f e r  g r i d  was p l a c e d  in  t h e  E l e c t r o b l o t  

a p p a r a t u s  ( H o e f e r ) .  The t r a n s f e r  was c o a p l e t e d  in  16 h o u r s  

a t  0 .1  a a p s .

For t h e  b l o t t i n g  r e a c t i o n #  t h e  f i l t e r  was p l a c e d  i n  a 

h e a t - s e a l a b l e  p l a s t i c  b a g  ( " S e a l - a - M e a l " # O azey)  and  

i n c u b a t e d  f o r  o n e  h o u r  i n  b l o c k i n g  b u f f e r  c o n t a i n i n g  3% 

g e l a t i n  i n  T r i s  b u f f e r e d  s a l i n e  (TBS) (50 aM NaCl# 20 mM 

T r i s #  pH 7 . 5 ) .  At t h e  en d  o f  t h e  i n c u b a t i o n  p e r i o d #  t h e  

bag  was o p e n e d  a t  a  c o r n e r  and  t h e  b l o c k i n g  b u f f e r  was 

s q u e ez e d  o u t  and r e p l a c e d  w i t h  a p r i a a r y  a n t i - T  a n t i b o d y  

s o l u t i o n  in  1% g e l a t i n .  The bag was r e s e a l e d  and i n c u b a t e d  

on a s h a k e r  f o r  1 h o u r  a t  r o o a  t e a p e r a t u r e .  The f i l t e r s  

w e r e  t h e n  w ash ed  f o u r  t i a e s  i n  TBS o v e r  a p e r i o d  o f  20 

m i n u t e s #  p l a c e d  i n t o  a new bag  an d  i n c u b a t e d  w i t h  Horse 

R ad ish  P e r o x i d a s e  (Bio Rad) f o r  1 hour  on a s h a k e r  a t  room 

t e m p e r a t u r e .  The f i l t e r  was t h e n  w a sh ed  f o u r  t i m e s  and 

d e v e lo p e d  in  a s o l u t i o n  o f  0.05% 4 c h l o r o - l - n a p t h o l #  0.01% 

H2O2 i n  T B S .  When t h e  f i l t e r  w as  f u l l y  d e v e l o p e d  

( a p p r o x i m a t e l y  15 m i n u t e s ) # i t  was r i n s e d  w i t h  d i s t i l l e d



56

HjO and  p h o t o g r a p h e d .  I t  was t h e n  p o s s i b l e  t o  s t o r e  t h e  

f i l t e r  in  t h e  d a r k  a t  4°  C ( i n  HjO) f o r  s e v e r a l  m onths .
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CHAPTER 3:  RESULTS

ISOLATION OF IMMORTALIZED LINES

Hunan d i p l o i d  c e l l s  d e r i v e d  f r o n  n o r n a l  t i s s u e  undergo  

a  c h a r a c t e r i s t i c  p a t t e r n  o f  g row th  i n  c e l l  c u l t u r e .  A f t e r  

an i n i t i a l  p e r i o d  i n  c u l t u r e  (p h ase  I ) ,  f i b r o b l a s t s  undergo  

a  s t a g e  o f  r a p i d  p r o l i f e r a t i o n  ( p h a s e  I I ) .  At  l a t e r  

s t a g e s ,  c e l l s  show an i n c r e a s e d  c e l l  v o l u n e ,  a l e n g t h e n i n g  

o f  i n t e r d i v i s i o n  t i n e ,  and a d e c l i n e  in  s a t u r a t i o n  d e n s i t y  

f o l l o w i n g  p l a t i n g ,  c u l n i n a t i n g  i n  a  n o n - r e p l i c a t i v e  p h a s e  

( p h a s e  I I I )  a n d ,  u l t i n a t e l y ,  c e l l  d e a t h  ( H a y f l i c k  and  

M oorehead ,  1 9 6 1 ) .  A f t e r  a p p r o x i n a t e l y  5 0 - 6 0  p o p u l a t i o n  

d o u b l i n g s  ( P D ) , t h e  c u l t u r e  b e c o n e s  i n c a p a b l e  o f  f u r t h e r  

p r o l i f e r a t i o n .  The c e l l s  c a n ,  however ,  r e n a i n  v i a b l e  f o r  

s e v e r a l  w e e k s  i n  p h a s e  I I I .  T h i s  p a t t e r n  h a s  b e e n  

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

I n n o r t a l i z a t i o n  o f  n o r n a l  h u n a n  d i p l o i d  f i b r o b l a s t s  i n  

c u l t u r e  h a s  n o t  b e e n  r e p o r t e d .  When h u n a n  d i p l o i d  

f i b r o b l a s t s  a r e  i n f e c t e d  w i th  SV40, t r a n s f o r n e d  f o c i  t h a t  

a r e  c a p a b l e  o f  e x t e n d e d  p r o l i f e r a t i o n  a p p e a r .  A l t h o u g h  

t h e s e  S V 4 0 - t r a n s f o r n e d  c e l l s  h a v e  s e v e r a l  t r a n s f o r n e d  

p r o p e r t i e s ,  t h e y  s t i l l  have a f i n i t e  p r o l i f e r a t i v e  l i f e s p a n  

(Sack and O b ie ,  1 9 8 1 ) .  A f t e r  a p e r i o d  o f  p r o l i f e r a t i o n ,  

w h ic h  i s  o f t e n  2 0 - 4 0  p o p u l a t i o n  d o u b l i n g s  l o n g e r  th a n  t h e  

l i f e s p a n  o f  t h e  u n i n f e c t e d  c o n t r o l  c e l l s ,  t h e  S V 4 0 -  

t r a n s f o r m e d  human d i p l o i d  f i b r o b l a s t s  c e a s e  t o  i n c r e a s e  in
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c e l l  number and e n t e r  t h e  c r i s i s  s t a g e .  Over  m e  e n s u i n g  

w e e k s ,  t h e  number  o f  c e l l s  i n  t h e  p o p u l a t i o n  d e c r e a s e s ,  

a n d ,  u s u a l l y ,  t h e  c u l t u r e  i s  l o s t  ( t e r m e d  " c r i s i s " ) .  On 

r a r e  o c c a s i o n s  ( < 1 0 7 [ H u s c h t s c h a  and  H o l l i d a y ,  1 9 8 3 ] ) ,  a 

v a r i a n t  c e l l  t y p e  s u r v i v e s  c r i s i s  and g i v e s  r i s e  t o  a p o s t ­

c r i s i s  c e l l  l i n e  w i t h  u n l i m i t e d  p r o l i f e r a t i v e  p o t e n t i a l .  

As d i s c u s s e d  i n  t h e  I n t r o d u c t i o n ,  t h i s  phenomenon i s  th e  

r e s u l t  o f  a  complex  s e r i e s  o f  v i r u s - c e l l  i n t e r a c t i o n s .  The 

c o m p l e x i t y  i s  f u r t h e r  c o m p l i c a t e d  by t h e  f a c t  t h a t  t h e  

S V 4 0 - t r a n s fo r m a n t  i s  c a p a b l e  o f  s u p p o r t i n g  e x t r a ch ro m o so m a l  

v i r a l  DNA s y n t h e s i s  and v i r i o n  p r o d u c t i o n ,  e i t h e r  o f  which 

m i g h t  be e x p e c t e d  t o  be  a s s o c i a t e d  w i t h  d e c r e a s e d  c e l l  

g row th  a n d / o r  v i a b i l i t y .  A l th o u g h  t r a n s f o r m a t i o n  f u n c t i o n s  

o f  t h e  genome a r e  n o t  a f f e c t e d  by such SV40 m o l e c u l e s ,  i t  

w o u ld  t h e r e f o r e  be  b e n e f i c i a l  t o  s t u d y  S V 4 0 - m e d i a t e d  

i m m o r t a l i z a t i o n  in  a s y s te m  i n  which v i r a l  DNA r e p l i c a t i o n  

and l y t i c  i n f e c t i o n  a r e  e l i m i n a t e d .  Such a p o s s i b l i l i t y  

was p r o v i d e d  when HS74BM (a f e m a l e ,  n o r m a l  human f e t a l  

bone marrow f i b r o b l a s t )  was t r a n s f o r m e d  by a r e c o m b i n a n t  

SV40 DNA m o l e c u l e ,  pMK-SV40-Bgl  l r  (SV o r i “ ) ,  i n  t h i s  

l a b o r a t o r y  (Small  e t  a l ,  1 9 8 2 ) .  In  t h i s  c o n s t r u c t i o n ,  a 6 

b a s e  p a i r  d e l e t i o n  was i n t r o d u c e d  w i t h i n  t h e  o r i g i n  o f  DNA 

r e p l i c a t i o n  ( 0 . 6 7  map u n i t s )  by ^ n  v i t r o  s i t e - s p e c i f i c  

m u t a g e n e s i s  (Gluzman and Sambrook,  1 9 7 9 ) .  Thus ,  i t  h a s  an 

e f f i c i e n t  t r a n s f o r m i n g  e a r l y  r e g i o n  b u t  i s  u n a b le  t o  e x c i s e  

and  r e p l i c a t e  i t s  DNA e x t r a c h r o m o s o m a l l y  o r  t o  p r o d u c e  

i n f e c t i o u s  v i r u s  i n  s e m i p e r m i s s i v e  hum an  c e l l s ,  a s
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p r e v i o u s l y  d e m o n s t r a t e d  i n  e s t a b l i s h e d  monkey c e l l s  (COS 

[ G l u z m a n #  1 9 8 0 ] ) .  C o n s e q u e n t l y #  s u c h  c e l l s  a r e  

a d v a n ta g e o u s  f o r  s t u d y i n g  t h e  mechanisms o f  i m m o r t a l i z a t i o n  

f o r  s e v e r a l  r e a s o n s .  F i r s t #  t h e y  a r e  c l o n a l  i s o l a t e s  ( a s  

c o l o n i e s  i n  a g a r o s e ) ; seco n d ly #  t h e y  a r e  g e n e t i c a l l y  u n a b le  

t o  r e p l i c a t e  v i r a l  DNA# m in im iz in g  t h e  c o m p l i c a t i o n  due t o  

v i r a l  c y t o p a t h i c  e f f e c t s  ( v i r a l  DNA o r  p a r t i c l e  f o r m a t i o n ) ; 

and t h i r d l y #  t h e  p a t t e r n  o f  i n t e g r a t i o n  o f  v i r a l  DNA w ou ld  

b e  e x p e c t e d  t o  be  more s t a b l e  due t o  r e s t r i c t i o n  o f  v i r a l  

e x c i s i o n #  t r a n s i e n t  e x t r a c h r o m o s o m a l  r e p l i c a t i o n #  a n d  

r e i n t e g r a t i o n .  P u r s u i n g  t h i s  l i n e  o f  r e a s o n i n g #  f o u r  

i s o l a t e s  were s e l e c t e d  from human f i b r o b l a s t s  t r a n s f o r m e d  

b y  v a r i o u s  SV40 s e q u e n c e s #  w h i c h  h a d  b e e n  p r e v i o u s l y  

i s o l a t e d  a s  c o l o n i e s  i n  a g a r o s e  ( S m a l l  e t  a l #  1982)  . One 

was t r a n s f o r m e d  w i th  r e co m b in a n t  p S V o r i -  form I  DNA (IF4A- 

1) # a second was t r a n s f o r m e d  w i t h  p S V o r i -  DNA l i n e a r i z e d  

w i t h i n  t h e  p l a s m i d  s e q u e n c e s  ( IF 6 A - 1 ) # and a  t h i r d  had t h e  

p l a s m id  s e q u e n c e s  s e p a r a t e d  from t h e  SV40 s e q u e n c e s  p r i o r  

t o  t r a n s f o r m a t i o n  ( IF 5 A -2 )  ; t h e  f o u r t h #  t r a n s f o r m e d  by an 

i n t a c t  v i r a l  genome# was u sed  a s  a  c o n t r o l  ( IF 1 A -2 )  . (See  

M a t e r i a l s  and M e th o d s  f o r  a more  d e t a i l e d  d e s c r i p t i o n  o f  

t h e  s e q u e n c e s  i n v o l v e d . )

P r e v i o u s  a t t e m p t s  a t  i m m o r t a l i z i n g  human c e l l s  w i t h  

SV40  w e r e  r e l a t i v e l y  u n s u c c e s s f u l .  A l t h o u g h  SV40 

t r a n s f o r m a t i o n  i n c r e a s e s  t h e  g r o w t h  p o t e n t i a l  o f  hum an 

f i b r o b l a s t s ,  t h e  f r e q u e n c y  a t  w h ic h  c e l l  l i n e s  s u r v i v e  

c r i s i s  h a s  n o t  been found t o  exceed  10“ ® (Sack ,  1 9 8 1 ) .  The



f a c t  t h a t  an  i n t a c t  SV40 genome ( d e s i g n a t e d  S V o r i + ) had  

b e e n  u s e d  may h a v e  b e e n  t h e  r e a s o n  f o r  t h e i r  f a i l u r e s ,  

s i n c e  t h i s  c o u l d  have a l l o w e d  f o r  v i r u s  p r o d u c t i o n .  S i n c e  

t h e  human c e l l s  I  p l a n n e d  t o  u s e  w e re  t r a n s f o r m e d  w i t h  

S V o r i ” , I  f e l t  t h a t  I  w o u l d  h a v e  a  b e t t e r  c h a n c e  a t  

a c q u i r i n g  a n  i m m o r t a l i z e d  l i n e ,  a s  v i r u s  p r o d u c t i o n  was 

p r e c l u d e d .  W i th  t h i s  i n  m i n d ,  t h e  f o u r  i s o l a t e s  w e r e  

s u b c u l t u r e d  ( 1 : 5  d i l u t i o n  w e e k l y  w hen  c o n f l u e n t )  t o  

d e t e r m in e  i f  t h e y  had u n l i m i t e d  l i f e s p a n s  i n  c u l t u r e .  The 

c u l t u r e  medium was s u p p l e m e n t e d  in  s e p a r a t e  c u l t u r e s  w i th  

10% FBS o r  10% NCS f o r  each  t r a n s f o r m e d  f i b r o b l a s t .  IF1A -  

2 ,  t h e  v i r a l l y  t r a n s f o r m e d  c e l l  s t r a i n ,  c o u ld  be p a s s a g e d  

once  w e e k l y  i n  medium s u p p l e m e n t e d  w i t h  10% FBS f o r  t h e  

f i r s t  f i v e  p a s s a g e s  ( s e e  T a b l e  3 ) ,  b u t  r e q u i r e d  11 days  

u n t i l  i t  c o u ld  be p a s s a g e d  a g a i n ,  and c o u ld  n o t  be p a s s a g e d  

f o r  a s e v e n t h  and  f i n a l  t i m e  u n t i l  28 d a y s  had  e l a p s e d .  

A f t e r  t h i s  l a s t  p a s s a g e ,  n o  c o l o n i e s  b e c a m e  v i s i b l e  

a l t h o u g h  t h e  d i s h  was r e - f e d  f o r  a l m o s t  two m o n t h s .  When 

I F l A - 2  was p a s s a g e d  in  medium supp lem en ted  w i th  10% NCS, a 

s l i g h t l y  b e t t e r  r e s u l t  was o b t a i n e d  ( s e e  T a b l e  4 ) .  The 

c u l t u r e  w as  a b l e  t o  b e  p a s s a g e d  o n c e  a w eek  o r  more  

f r e q u e n t l y  f o r  t h e  f i r s t  n i n e  p a s s a g e s ;  however ,  a l m o s t  two 

weeks e l a p s e d  be tween  t h e  n e x t  two p a s s a g e s ,  and more  t h a n  

t h r e e  w e e k s  f o r  t h e  l a s t  p a s s a g e  ( # 1 2 ) .  W i t h  t h i s  

e x p e r i m e n t ,  c l o n a l  g row th  was found a f t e r  t h e  l a s t  p a s s a g e ,  

b u t  once  a g a i n ,  t h e  c u l t u r e  d i d  n o t  s u r v i v e  " c r i s i s . "  I t  

s h o u ld  be n o te d  t h a t  a l l  t h e  c u l t u r e s  ( IF1A-2,  IF4A-1,
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T a b le  3. P a s s a g e  H i s t o r y o f  IF1A-2 in  10% FBSa

P a s sa g e
Number

C e l l s  (x 1 0 6) b 
P e r  Dish

Days Per  
P a s s a g e

T o t a l 0
G e n e r a t i o n s

0 3 .3 --------- — -

1 5 .0 7 3

2 3 .9 7 5

3 6 .8 7 8

4 3 .3 7 9

5 2 .9 7 11

6 3 .2 11 14

7 4 .4 28 17

C u l t u r e s  were thaw ed ,  a l lo w e d  t o  r e a c h  c o n f l u e n c e  and 
th e n  t r y p s i n i z e d .  S u b s e q u e n t l y ,  c u l t u r e s  were p a s sa g e d  

. 1 :5  when c o n f l u e n t ,  r e g a r d l e s s  o f  c e l l  number.
C o r r e sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .
G e n e r a t i o n  number was c a l c u l a t e d  t o  t h e  n e a r e r  i n t e g e r .



T a b le  4. P a s s a q e  H i s t o r y  o f  IF1A-2 i n  10% NCSa

P a s sa g e
Number

C e l l s  ( x l 0 6 ) b 
P e r  Dish

Days Per  
P a s s a g e

Total®
G e n e r a t i o n s

0 3 .3 ----- -----

1 5 .0 7 3

2 3 .7 7 5

3 6 .2 4 8

4 5 .5 6 10

5 3 .5 4 12

6 3 .4 7 15

7 5 .9 7 17

8 4 .9 7 19

9 3 .3 7 21

10 2 .9 12 24

11 4 .0 13 26

12 3 .1 24 28

C u l t u r e s  were thaw ed ,  a l lo w e d  t o  r e a c h  c o n f l u e n c e  and 
th e n  t r y p s i n i z e d .  S u b s e q u e n t l y ,  c u l t u r e s  were p a s sa g e d  
1 :5  when c o n f l u e n t ,  r e g a r d l e s s  o f  c e l l  number .

b C o r re sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .

°  G e n e r a t io n  number was c a l c u l a t e d  t o  t h e  n e a r e r  i n t e g e r .
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IF5A-2,  IF6A-1) had u ndergone  a  number o f  g e n e r a t i o n s  p r i o r  

t o  t h e s e  m a n i p u l a t i o n s .  T h e r e f o r e , 42 g e n e r a t i o n s  s h o u l d  

be a d d e d  t o  a l l  p a s s a g e  h i s t o r i e s .  The p a r e n t ,  HS74BM, 

s e n e s c e s  when i t  r e a c h e s  a p p r o x i m a t e l y  60 g e n e r a t i o n s  a s  

s h o w n  i n  T a b l e  5 ( o n e  s h o u l d  a d d  a p p r o x i m a t e l y  20 

g e n e r a t i o n s  f o r  t h e  f i r s t  t e n  p a s s a g e s  p r i o r  t o  t h e  

b e g i n n i n g  o f  t h e  r e c o r d e d  p a s s a g e  h i s t o r y  o f  HS74BM) . 

Thus ,  b o t h  c e l l  l i n e s  show p a s s a g e  h i s t o r i e s  c o n s i s t e n t  

w i t h  t h e  e x p e c t e d  number o f  g e n e r a t i o n s  f o r  a norm al  human 

d i p l o i d  f i b r o b l a s t  ( s i x t y )  a s  p r e v i o u s l y  r e p o r t e d  ( H a y f l i c k  

and Moorehead, 1961;  H a y f l i c k ,  1 9 8 0 ) ,  and no e x t e n s i o n  was 

o b s e r v e d  f o r  t h e  SV40 t r a n s f o r m a n t  g e n e r a t e d  by t h e  w i l d -  

t y p e  v i r a l  genome. These  d a t a  a r e  g r a p h i c a l l y  d e p i c t e d  i n  

F i g u r e  3.

W i th  t h e  o t h e r  t h r e e  t r a n s f o r m a n t s ,  somewhat b e t t e r  

r e s u l t s  were o b s e r v e d .  IF4A-1,  su p p lem en ted  w i t h  FBS, was 

p a s s a g e d  w i t h i n  a week f o r  most  o f  i t s  f i r s t  16 p a s s a g e s ,  

b u t  t h e  s e v e n t e e n t h  p a s s a g e  r e q u i r e d  a lm o s t  two w ee k s  ( s e e  

T a b l e  6) . A f t e r  i n c u b a t i n g  t h e  c u l t u r e  f o r  s i x  w eek s  

f o l l o w i n g  t h e  s e v e n t e e n t h  p a s s a g e ,  i t  was d i s c a r d e d ,  s i n c e  

n o  l i v i n g  c e l l s  w e r e  e v i d e n t  o n  t h e  d i s h .  When t h i s  

t r a n s f o r m a n t  was su p p le m e n ted  w i th  10% NCS, a  p o o r e r  r e s u l t  

was o b t a i n e d  ( s e e  T a b l e  7 ) .  M o s t  o f  t h e  i n i t i a l  11 

p a s s a g e s  were p e r fo rm e d  w i t h i n  a week.  The f o l l o w i n g  t h r e e  

p a s s a g e s  t o o k  e i g h t  t o  t e n  d a y s ,  and  t h e  f i n a l  ( 1 5 t h )  

p a s s a g e  r e q u i r e d  two weeks .  Once a g a i n ,  t h i s  l a s t  d i s h  was 

c a r r i e d  f o r  n in e  weeks ,  a t  which p o i n t  i t  was d i s c a r d e d .



T a b le  5. PassaQe h i s t o r y  o f  HS74BM*

P a s s a g e C e l l  (x lO6 ) b Days P er Tota l®
Number P e r  Dish P a s s a g e G e n e r a t i o n s

5 5 .9 3 . . .

6 3 .9 7 2
7 4 .2 7 5
8 5 .0 7 8
9 3 .5 7 10

10 6 .1 11 13
11 5 .2 6 15
12 2 .2 4 16
13 4 .1 8 19
14 6 .7 10 22
15 6 .4 7 24
16 5 .1 6 26
17 4 .4 8 28
18 3 .8 10 30
19 2 .4 7 32
20 2 .9 11 35
21 4 .0 16 38
22 4 .0 13 40
23 2 .8 22 42

C e l l s  were a c q u i r e d  a t  p a s s a g e  5 ( d e s i g n a t e d  P q) , 
p a s s a g e d  t h r e e  t im e s  f o r  ex p an s io n #  f ro z en #  thawed# 
p a s s a g e d  t w ic e  and r e f r o z e n  ( P - ) .  These c e l l s  were 
thawed and used  f o r  t h i s  e x p e r i m e n t .

b C u l t u r e s  were thawed# a l lo w e d  t o  r e a c h  c o n f l u e n c e  and 
t h e n  t r y p s i n i z e d .  S u b se q u e n t ly #  c u l t u r e s  were p a s s a g e d  
1 : 5  when c o n f l u e n t #  r e g a r d l e s s  o f  c e l l  number.

c G e n e r a t i o n  number was c a l c u l a t e d  t o  t h e  n e a r e r  i n t e g e r .
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F i g u r e  3 Comparison o f  g rowth  p a t t e r n s  o f  HS74BM 

( r e p r e s e n t e d  by c l o s e d  c i r c l e s )  and IF5A-2 

( r e p r e s e n t e d  by open c i r c l e s ) .
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T a b le  6. P a s s a q e  H i s t o r y  o f  IF4A-1 in  10% FBS*

P a s sa g e
Number

C e l l s  (x 106) b 
P er  Dish

Days Per  
P a s sa g e

Total®
G e n e r a t i o n s

0 4 .1 ----- -----

1 1 1 .0 6 4

2 1 0 .0 6 6

3 5 .3 7 7

4 5 .3 3 9

5 8 .6 7 12

6 1 3 .0 6 15

7 5 .7 3 16

8 4 .7 4 18

9 2 .9 7 20

10 6 .9 11 24

11 4 .3 7 26

12 5 .8 10 29

13 4 .3 11 31

14 5 .0 10 34

15 6 .6 7 37

16 5 .5 7 39

17 2 .5 13 40

C u l t u r e s  were th a w e d , a l lo w e d  t o  r e a c h  c o n f l u e n c e  and 
th e n  t r y p s i n i z e d .  S u b s e q u e n t l y /  c u l t u r e s  were p a s sa g e d  
1 :5  when c o n f l u e n t /  r e g a r d l e s s  o f  c e l l  number .

^ C o r re sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .

c G e n e r a t io n  number was c a l c u l a t e d  t o  t h e  n e a r e r  i n t e g e r .
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T a b le  7. P a s s a o e  H i s t o r y  o f  IF4A-1 i n  lO t  NCSa

P a s s a g e
Humber

C e l l s  ( x l 0 6 ) b 
P er  Dish

Days Per  
P a s s a g e

Total®
G e n e r a t i o n s

0 4 .1 ----- -----

1 1 1 .0 6 4

2 6 .5 6 6

3 9 .3 6 9

4 5 .3 3 11

5 5 .8 4 13

6 2 .5 3 14

7 5 .6 6 17

8 8 .8 10 20

9 5 .0 4 22

10 6 .0 7 25

11 6 .3 7 27

12 5 .3 10 29

13 3 .6 8 31

14 4 .1 10 33

15 3 .5 14 35

a C u l t u r e s were thawed# a l lo w e d t o  r e a c h c o n f l u e n c e  and
th e n  t r y p s i n i z e d .  S u b se q u e n t ly #  c u l t u r e s  were p a s s a g e d  
1 :5  when c o n f l u e n t #  r e g a r d l e s s  o f  c e l l  n u n b e r .

** C o r re sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .

Q
G e n e r a t io n  number was c a l c u l a t e d  t o  t h e  n e a r e r  i n t e g e r .
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A lthough  an e x t e n d e d  l i f e  span  (18 g e n e r a t i o n s  b ey o n d  t h e  

e x p e c t e d  s i x t y )  was o b t a i n e d ,  t h e  c u l t u r e s  succum bed  t o  

c r i s i s .

The b e s t  r e s u l t s  w e re  o b t a i n e d  w i t h  I F 5 A - 2 .  The 

c u l t u r e  s u p p l e m e n t e d  w i t h  NCS f a r e d  b e t t e r  t h a n  t h e  one 

s u p p le m e n t e d  w i t h  FBS. The N C S - s u p p le m e n t e d  c u l t u r e  was 

p a s s a g e d  o n c e  a week o r  m ore  f r e q u e n t l y  u n t i l  p a s s a g e  16 

( se e  T a b le  8 ) .  The n e x t  t h r e e  p a s s a g e s  r e q u i r e d  1 0 ,  1 2 ,  

and  13 d a y s  r e s p e c t i v e l y ,  and  t h e  f i n a l  (22nd)  p a s s a g e ,  

t h r e e  weeks .  T h is  l a s t  c u l t u r e  was r e - f e d  f o r  more  t h a n  a 

month and r a r e  s m a l l  c o l o n i e s  were o b s e r v e d ,  b u t  t h e s e  were 

n e v e r  a b l e  t o  b e  g r o w n  t o  m a s s  c u l t u r e .  T h i s  i s  

g r a p h i c a l l y  r e p r e s e n t e d  i n  F i g u r e  3.  When FBS was u s e d  a s  

t h e  s u p p le m e n t ,  t h e  c e l l s  were p a s s a g e d  w i t h i n  one week f o r  

t h e  f i r s t  17 p a s s a g e s ,  b u t  r e q u i r e d  1 - 1 / 2  w eek s  f o r  t h e  

s u b s e q u e n t  two p a s s a g e s  ( s e e  T a b l e  9 ) .  A l t h o u g h  t h e s e  

c u l t u r e s  w ere  m a i n t a i n e d  f o r  more t h a n  two months and many 

s m a l l  c o l o n i e s  w e re  o b s e r v e d ,  t h e  d i s h e s  n e v e r  b e c a m e  

c o n f l u e n t ,  nor  c o u ld  t h e  c e l l s  be p a s s a g e d .

The l a s t  o f  t h e  t r a n s f o r m a n t s ,  IF6A-1,  had a h i s t o r y  

s i m i l a r  t o  t h a t  o f  I F 5 A - 2 .  When  t h e  c u l t u r e  w a s  

s u p p l e m e n t e d  w i th  FBS ( s e e  T a b le  1 0 ) ,  14 p a s s a g e s  o c c u r r e d  

b e f o r e  t h e  g r o w t h  o f  t h e  c u l t u r e  s l o w e d .  The n e x t  f o u r  

p a s s a g e s  r e q u i r e d  f ro m  1 - 1 / 2  t o  t h r e e  w eeks  b e f o r e  t h e  

c u l t u r e  was a b l e  t o  be  p a s s a g e d .  A l t h o u g h  many c o l o n i e s  

a p p e a r e d  t h r e e  w eek s  a f t e r  t h e  l a s t  s u b c u l t u r e ,  t h e y  d i d  

n o t  became s u f f i c i e n t l y  a b u n d a n t  t o  form a mass c u l t u r e .
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T a b le  8.

P a s sa g e
Number

P a s s a a e  H i s t o r y

C e l l s  (x lO6 ) b 
P e r  Dish

o f  IF5A-2

Days Per  
P a s s a g e

i n  10% NCS

T o t a l 0
G e n e r a t i o n s

0 6 .0
1 9 .8 4 3
2 11 .0 5 5
3 6 .2 3 6
4 8 .0 7 9
5 7 .6 4 11
6 1 6 .0 7 14
7 1 8 .0 5 16
8 13 .0 4 18
9 7 .4 3 19

10 6 .5 4 21
11 12 .0 7 24
12 8 .7 4 26
13 5 .6 3 28
14 1 0 .0 7 31
15 7 .4 7 33
16 3 .0 4 34
17 4 .5 7 37
18 4 .4 7 39
19 4 .8 10 41
20 3 .3 12 43
21 4 .0 13 46
22 2 .6 21 48

a C u l t u r e s were thaw ed ,  a l lo w e d  t o  r e a c h  c o n f l u e n c e  and
t h e n  t r y p s i n i z e d .  S u b s e q u e n t l y , c u l t u r e s  were p a s sa g e d  
1 :5  when c o n f l u e n t ,  r e g a r d l e s s  o f  c e l l  number.

C o r r e sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .

G e n era t io n  number was c a l c u l a t e d  t o  th e  n e a r er  i n t e g e r .
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T a b le  9. P a s s a g e  H i s t o r y  o f  IF5A-2 i n  10% FBS*

P a s s a g e
Number

C e l l s ( x l O 6 ) b 
P e r  Dish

Days P e r  T o t a l 0 
P a s s a g e  G e n e r a t i o n s

0 6 .0
1 1 5 .0 5 4
2 8 .4 4 5
3 1 5 .0 7 8
4 1 7 .0 4 10
5 7 .9 3 11
6 7 .0 4 13
7 5 .4 3 15
8 1 0 .0 7 18
9 4 .3 4 19

10 3 .8 3 21
11 5 .8 4 24
12 10 .0 7 27
13 8 .3 7 29
14 8 .0 7 31
15 5 .5 8 33
16 6 .8 6 36
17 3 .7 7 38
18 4 .7 10 41
19 5 .5 11 44

a C u l t u r e s were thaw ed ,  a l lo w e d t o  r e a c h c o n f l u e n c e  and
t h e n  t r y p s i n i z e d .  S u b s e q u e n t l y , c u l t u r e s  were p a s s a g e d  
1 :5  when c o n f l u e n t ,  r e g a r d l e s s  o f  c e l l  number.

C o r r e sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .

G e n e ra t io n  number was c a l c u l a t e d  t o  th e  n ea rer  i n t e g e r .
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T a b le  10.  P a s s a g e  H i s t o r y  o f  IP6A-1 i n  10% FBSa

P a s s a g e  C e l l s  (x 10®)b Days P e r  T o t a l 0
Number P e r  Dish  P a s s a g e  G e n e r a t i o n s

0 5 .7 ----- —
1 5.3 3 2
2 5 .0 4 4
3 12 .0 8
4 4 .6 3 9
5 7 .8 4 12
6 1 3 .0 7 15
7 7 .4 4 16
8 1 3 .0 7 19
9 8 .2 4 21

10 9 .0 7 23
11 1 2 .0 10 25
12 8 .5 7 27
13 3 .8 4 28
14 7 .0 7 27
15 7 .8 10 33
16 11 .0 21 36
17 1 0 .0 14 38
18 5 .3 11 39

C u l t u r e s  were th aw ed ,  a l lo w e d  t o  r e a c h  c o n f l u e n c e  and 
th e n  t r y p s i n i z e d .  S u b s e q u e n t l y ,  c u l t u r e s  were p a s s a g e d  
1 :5  when c o n f l u e n t ,  r e g a r d l e s s  o f  c e l l  number.

b C o r re sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .

c G e n e r a t i o n  number was c a l c u l a t e d  t o  t h e  n e a r e r  i n t e g e r .



Ta b le  11.

P a s sa g e
Number

0 5 .7 ----- . . .
1 5 .3 3 2
2 9 .3 4 5
3 1 2 .0 5 8
4 5 .4 3 9
5 3 .1 4 10
6 11 .0 7 14
7 4 .5 3 15
8 1 2 .0 6 19
9 8 .2 3 21

10 9 .0 4 23
11 1 4 .0 7 26
12 1 1 .0 7 28
13 6 .1 4 29
14 9 .2 7 32
15 7 .4 6 34
16 6 .5 8 36
17 5 .2 10 38
18 6 .2 11 40
19 6 .3 17 42
20 5 .0 18 44
21 2 .5 14 45

C u l t u r e s  were thaw ed ,  a l lo w e d  t o  r e a c h  c o n f l u e n c e  and 
th e n  t r y p s i n i z e d .  S u b s e q u e n t l y ,  c u l t u r e s  were p a s s a g e d  
1 :5  when c o n f l u e n t ,  r e g a r d l e s s  o f  c e l l  number.

^ C o r re sp o n d s  t o  t h e  number o f  c e l l s  on t h e  t r y p s i n i z e d  
d i s h .

c  G en era t io n  number was c a l c u l a t e d  t o  th e  n ea rer  i n t e g e r .

P a s s a g e  H i s t o r y  o f  IF6A-1 in  10% NCSa

C e l l s  (z 1 0 6) b Days P er  T o t a l 0
P e r  Dish  P a s s a g e  G e n e r a t i o n s
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C e l l s  w ere  p a s s a g e d  w i t h  medium c o n t a i n i n g  NCS a t  l e a s t  

o n c e  w e e k l y  u n t i l  p a s s a g e  16 ( s e e  T a b le  1 1 ) .  The n e x t  two 

p a s s a g e s  r e q u i r e d  a week an d  a h a l f ,  and  t h e  l a s t  t h r e e  

p a s s a g e s  r e q u i r e d  2 t o  2-1/2  weeks e a c h .  T h i s  l a s t  c u l t u r e  

c o n t a i n e d  o n l y  r a r e ,  s a a l l  c o l o n i e s  a f t e r  s e v e r a l  weeks .  

I n  s u a a a r y ,  we s e e  t h a t  t h e  S V o r i”  t r a n s f o r a a n t s  showed an 

i n c r e a s e d  l o n g e v i t y  ( f r o a  9 t o  24 g e n e r a t i o n s )  beyond t h a t  

f o u n d  f o r  n o r a a l  h u a a n  f i b r o b l a s t s .  H o w ev er ,  t h e y  a l l  

succum bed  t o  c r i s i s  and  c e l l  d e a t h .  The r e s u l t s  o f  a l l  

t h e s e  T a b l e s ,  s u a a a r i z e d  i n  T a b l e  1 2 ,  i n d i c a t e d  t h a t  

t r a n s f o r m a t i o n  by  a n  SV40 g e n o m e  c o n t a i n i n g  t h e  o r i ~  

m u t a t i o n  was n o t  s u f f i c i e n t  t o  i m m o r t a l i z e  t h e s e  c e l l s .  

T h e r e f o r e ,  c r i s i s  c o u l d  n o t  b e  d u e  s i a p l y  t o  v i r u s  

r e p l i c a t i o n  b u t ,  r a t h e r ,  i n v o l v e d  c h a n g e s  i n  t h e  c e l l s  

t h e m s e l v e s ;  more  e x t e n s i v e  work w o u ld  have t o  be done in  

o r d e r  t o  i m m o r t a l i z e  t h e  c u l t u r e s .  I  d e c i d e d  t o  

c o n c e n t r a t e  my e f f o r t s  on IF5A-2 f o r  t h r e e  r e a s o n s :  f i r s t

(and most i m p o r t a n t l y ) , t h e  t r a n s f o r m a t i o n  was ac c o m p l i sh e d  

w i th  SV40 se q u e n c e s  o n l y ;  s e c o n d l y ,  i t  g rew  t h e  g r e a t e s t  

number  o f  g e n e r a t i o n s ;  a n d ,  t h i r d l y ,  k a r y o t y p e  a n a l y s i s  

i n d i c a t e d  t h a t  a t  l e a s t  40% o f  t h e  m e t a p h a s e  p l a t e s  

c o n t a i n e d  a p s e u d o d i p l o i d  number o f  chromosomes. The o t h e r  

tw o  t r a n s f o r m e d  c e l l  l i n e s  s h o w e d  r a r e  c e l l s  w i t h  a 

p s e u d o d i p l o i d  number o f  chromosomes.

T h e re  w ere  s e v e r a l  p o s s i b l e  c o m b i n a t i o n s  o f  r a t e  o f  

i m m o r t a l i z a t i o n  ( t h e  a b i l i t y  o f  an  i n d i v i d u a l  c e l l  t o  

overcome s e n e sc e n c e )  and r a t e  o f  r e s c u a b i l i t y  ( t h e  a b i l i t y
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Tab le  12. Comparison o f  L i f e s p a n s  o f  V a r io u s  C e l l  L in e s *

C e l l  T o t a l
L ine  G e n e r a t i o n s

HS74BM

IF1A-2

IF4A-1

IF5A-2

IF6A-1

62 

59,  70 

77 ,  82 

86 ,  90 

81,  87

a T h is  T a b le  summarizes  T a b le s  3 , 4 ,  and 6 th ro u g h  11.
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t o  i s o l a t e  such a c e l l  and  s u b s e q u e n t l y  e s t a b l i s h  a c e l l  

l i n e )  t o  e x p l a i n  why e s t a b l i s h m e n t  o f  c e l l  l i n e s  d i d  n o t  

o c c u r  — h ig h  f r e q u e n c y  o f  i m m o r t a l i x a t i o n / l o w  r e s c u a b i l i t y  

(H I/LR) , low f r e q u e n c y  o f  i m m o r t a l i z a t i o n / l o w  r e s c u a b i l i t y  

( L I / L R ) , a n d  lo w  f r e q u e n c y  o f  i m n o r t a l i z a t i o n / h i g h  

r e s c u a b i l i t y  ( L I / H R ) .  H i g h  f r e q u e n c y  o f  

i m m o r t a l i z a t i o n / h i g h  r e s c u a b i l i t y  (HI/HR) would ,  o b v i o u s l y ,  

r e s u l t  i n  an  e s t a b l i s h e d  c e l l  l i n e  and  d i d  n o t  o c c u r  in  

t h i s  s y s t e m ,  b ased  on t h e  above r e s u l t s .

T h e  f i r s t  m o d e l  ( H I / L R )  w a s  i n v e s t i g a t e d  b y  

s u p p le m e n t in g  t h e  s t a n d a r d  growth  medium ( see  M a t e r i a l s  and 

M e th o d s )  w i t h  20% NCS o r  20% FBS, i n  t h e  e v e n t  t h a t  t h e  

t r a n s f o r m a n t s  have a  p r o g r e s s i v e l y  d e c r e a s i n g  a b i l i t y  t o  

r e s p o n d  t o  s e ru m  a s  t h e y  age (a s  l a t e r  r e p o r t e d  by S t e i n ,  

[ 1 9 8 5 ] ) .  S in c e  dexam ethasone  (DEX [ 5 5 0 n g / m l ] ) ,  was shown 

t o  e x t e n d  t h e  l i f e s p a n  o f  human d i p l o i d  f i b r o b l a s t s ,  i t ,  

t o o ,  was u s e d  a s  a  s u p p l e m e n t  f o r  g r o w t h  ( P h i l l i p s  and  

C r i s t o f a l o ,  1 9 8 1 ;  W a l t h a l l  and Ham, 1 9 8 1 ) .  A c o m b in a t io n  

o f  a d d i t i v e s  ( e p i d e r m a l  g row th  f a c t o r  [ l O O n g / m l ] , i n s u l i n  

[ 5 u g /m l ] ,  t r a n s f e r r i n  [ 5 u g /m l ] ,  and DEX [5 5 ng /m l] )  was a l s o  

u s e d  a s  a s u p p l e m e n t  t o  t h e  s t a n d a r d  m ed iu m  b e c a u s e  

M a c ie i r a - C o e lh o  (1966)  and  C r i s t o f a l o  (1970)  showed t h a t  

t h e s e  f a c t o r s  s u p p o r t  t h e  p r o l i f e r a t i o n  o f  n o r m a l  human 

d i p l o i d  f i b r o b l a s t s  a t  a r a t e  and t o  a  d e n s i t y  s i m i l a r  t o  

t h a t  o f  medium s u p p l e m e n t e d  w i t h  10% FBS. S e t s  o f  t h r e e  

60mm d i s h e s ,  c o n t a i n i n g  ea c h  one  o f  t h e  medium v a r i a t i o n s  

d e s c r i b e d  abo v e ,  were s eed ed  w i th  2x10^ c e l l s .  The r e s u l t s
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a r e  s u m m a r i z e d  in  T a b le  13 .  The e x p e r im e n t  was s t a r t e d  a t  

p a s s a g e  21 s i n c e  i t  was f e l t  t h a t  a  s h o r t  e x p o s u r e  t o  o n e  

o f  t h e s e  c o n d i t i o n s  s h o u l d  s u f f i c e  f o r  a n  e f f e c t  on  

r e c o v e r y .  H o w e v e r ,  e v e n  t h o u g h  t h e  c e l l s  w e re  p a s s a g e d  

once  f o r  most  c o n d i t i o n s  ( e x c e p t  2 0 t  NCS), t h e s e  c o n d i t i o n s  

d i d  n o t  e x t e n d  t h e  c e l l s '  l i f e s p a n .  A l t h o u g h  c u l t u r e  

i n c u b a t e d  w i th  20% FBS o r  serum f r e e  medium (SFM, s e e  T a b le  

13) d i d  show an i n c r e a s e  i n  r e p l i c a t i v e  c a p a c i t y ,  no n e  o f  

t h e s e  p a r a m e t e r s  r e s u l t e d  i n  c u l t u r e  which was a b l e  t o  be 

p a s s a g e d  a second  t i m e ,  d e s p i t e  h a v i n g  b e e n  m a i n t a i n e d  i n  

c u l t u r e  f o r  a t  l e a s t  a m o n th .  T h i s  r e s u l t  i n d i c a t e d  t h a t  

e i t h e r  t h e s e  a d d i t i v e s  had  no e f f e c t  on s e n e s c e n c e ,  o r ,  

a l t e r n a t i v e l y  t h a t  t h e  c e l l s  w e r e  e x p o s e d  t o  t h e s e  

c o n d i t i o n s  a t  t o o  l a t e  a s t a g e  t o  be e f f e c t i v e .  To e x p l o r e  

t h e  l a t t e r  p o s s i b i l i t y ,  a d u p l i c a t e  e x p e r i m e n t  was s e t  up 

a t  an  e a r l i e r  p a s s a g e  (as  shown i n  T a b le  1 4 ) .  Once a g a i n ,  

2x 1 0 ^  c e l l s  w ere  i n n o c u l a t e d  p e r  d i s h  i n  t r i p l i c a t e ,  

b e g i n n i n g  a t  p a s s a g e  1 5 .  None o f  t h e  c u l t u r e s  r e a c h e d  

p a s s a g e  19 ,  a p a s s a g e  t h a t  IF5A-2 had r e a c h e d  in  an e a r l i e r  

e x p e r im e n t  ( see  T a b le  7 ) .  (One s h o u ld  n o te  t h a t  u n l i k e  WI- 

38 ,  w h ich  a l w a y s  r e a c h e d  t h e  same p a s s a g e  a f t e r  t h a w i n g  

[ H a y f l i c k ,  1 9 6 5 ] ,  when IF5A was thaw ed ,  i t  d i d  n o t  a lw ays  

r e a c h  p r e c i s e l y  t h e  same p a s s a g e  [ s e e  a l s o  T a b l e  2 0 ] .  We 

a t t r i b u t e  t h i s  v a r i a b i l i t y  t o  t e c h n i c a l  c o n s i d e r a t i o n s . )

C o n c u r r e n t l y ,  a s i m i l a r  e x p e r i m e n t  was s e t  up t o  

e x p l o r e  t h e  s e c o n d  m o d e l  ( L I / L R ) . 7 . 5 x l 0 5 c e l l s  w e r e

seeded  on each  o f  t h r e e  60mm d i s h e s  ( see  T ab le  15) under
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T a b le  13.  P a s s a g e  H i s t o r y  o f  IF5A-2 in  su p p lem en ted  media*

C e l l s (x 1 0 5) P e r  Dish  in b P a s s a g e

NCS FBS NCS DEX.C SFM? Days® Number
10% 20% 20%

1 .9 4 .6 <1 .0 1 . 9 3 .4 14 1

0 0 0 0 0 >14 2

C u l t u r e s  were t r y p s i n i z e d  and c o u n t e d ,  and 2x10* c e l l s  
were seeded  on each  o f  t h r e e  d i s h e s .  I f  p o s s i b l e ,  2x105 
c e l l s  were s e e d e d  in  s u b s e q u e n t  p a s s a g e s .  The s t a n d a r d  
g row th  medium (10% NCS) was su p p lem en ted  w i th  t h e  
a d d i t i v e s  l i s t e d  be low .

^  Average number o f  c e l l s  p e r  d i s h

c 550 ng /m l  d ex am e th aso n e .

d A d d i t i v e s  commonly used  in  s e r u m - f r e e  medium (100 ng /m l  
e p i d e r m a l  g row th  f a c t o r ,  5 ug /ml i n s u l i n ,  5 ug /ml 
t r a n s f e r r i n ,  55 ng /m l  d e x a m e th a s o n e ) .

e Time e l a p s e d  from l a s t  p a s s a g e .



79

T a b le  14.  P a s s a g e  H i s t o r y  o f  IF5A-2 i n  Supplem ented  M e d ia l  

C e l l s  (x 105) P e r  Dish in  b P a s sa g e

NCS FBS NCS DEX.C SFM^ Dayse Number
10% 20% 20%
2 2 .0 2 2 .0 3 0 .7 3 3 .3 5 6 .7 15 1

13 .5 22 .3 1 3 .7
1 6 .3

5 .0

19 — 
27
41 —

— 2

N.D. N.D. 0 .4

2 .0

N.D. 28 — 

29 - -
— 3

C u l t u r e s  were t r y p s i n i z e d  and c o u n t e d /  and 2x10^ c e l l s  
were s eed ed  on each  o f  t h r e e  d i s h e s .  I f  p o s s i b l e ,  2x105 
c e l l s  were s eed ed  in  s u b s e q u e n t  p a s s a g e s .  The s t a n d a r d  
growth  medium (10% NCS) was su pp lem en ted  w i th  th e  
a d d i t i v e s  l i s t e d  be low.

b Average number o f  t h r e e  d i s h e s .

°  550 ng/ml d ex am e th aso n e .

^ A d d i t i v e s  commonly used  in  s e r u m - f r e e  medium (100 ng /m l  
e p i d e r m a l  g rowth  f a c t o r ,  5 u g /m l  i n s u l i n ,  5 ug/ml 
t r a n s f e r r i n ,  55 ng /m l  d e x a m e th a s o n e ) .

e Time e l a p s e d  from l a s t  p a s s a g e .

^ N .D .-  n o t  d e t e r m in e d
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T a b le  15.  P a s s a g e  H i s t o r y  o f  IF5A-2 in  su p p lem e n ted  m e d i a l

C e l l s  (x 105) P e r  D ish  in  ^ P a s s a g e

NCS
10%

FBS
20%

NCS
20%

DEX.C SFM* Days® Number

12 .3 40 .0 30 .0 40 .0 4 8 .7 9 1

18 .0 20 .3
1 9 .7

31 .2 3 1 .0 14------
20
30------

-----2

8 .7

8 .7

1 4 .5

2 2 .0

6 0 .0

12------
14
17
20
24------

-----3

NRf NR

4 .7
2 0 .0

1 .6

12------
17
20

>100-------

----- 4

NR NR NR
2 .6

4 .6
24

>100------
-----5

R e g a r d l e s s  o f  c e l l  number,  7 . 5  x 1 0 5 c e l l s  were 
seeded  on ea ch  o f  t h r e e  d i s h e s .  The s t a n d a r d  medium was 
supp lem en ted  w i th  t h e  a d d i t i v e s  l i s t e d  be low .

Average number o f  t h r e e  d i s h e s  i n  each  c o n d i t i o n .

°  550 ng /m l  d ex am e th a so n e .

d A d d i t i v e s  commonly used  in  s e r u m - f r e e  media  (100 ng /m l  
e p id e r m a l  g row th  f a c t o r ,  5 u g /m l  i n s u l i n ,  5 ug /m l  
t r a n s f e r r i n ,  55 ng /m l  d e x a m e th a s o n e ) .

e Time e l a p s e d  from l a s t  p a s s a g e .

^ These c u l t u r e s  n ev e r  r e a c h e d  t h i s  p a s s a g e  number.
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t h e  d i f f e r e n t  medium c o n d i t i o n s .  Once a g a i n ,  most  o f  t h e  

c e l l s  in  most  o f  t h e  c o n d i t i o n s  became s e n e s c e n t  by p a s s a g e  

2 0 .  An e x c e p t i o n a l  r e s u l t  was o b t a i n e d  w i t h  t h e  c e l l s  

t r e a t e d  w i th  20% NCS. The c e l l s ,  which were i n  a  60mm d i s h  

f o r  more t h a n  100 d a y s  a f t e r  p a s s a g e  19 ,  were t r a n s f e r r e d  

t o  a  35mm d i s h  t o  m a i n t a i n  t h e i r  d e n s i t y ,  and  t h r e e  w eeks  

l a t e r  w e re  t r a n s f e r r e d  b a c k  t o  a 60mm d i s h .  S i x t e e n  d ay s  

l a t e r ,  t h e  c o n t e n t s  o f  t h e  60mm d i s h  were p a s s a g e d  i n t o  two 

100mm d i s h e s .  F iv e  d a y s  l a t e r ,  each  d i s h  was s p l i t  1 :5  and 

t h i s  reg imen was c o n t i n u e d  f o r  a n o t h e r  40 p a s s a g e s .  T h i s  

l i n e  was c a l l e d  C l - 5 .  A few c o l o n i e s  w e re  e v i d e n t  i n  a 

100mm d i s h  t r e a t e d  w i th  20% NCS a f t e r  t h e  c e l l s  had been  in  

c u l t u r e  f o r  a l m o s t  2 m o n t h s .  T h e s e  w e re  p i c k e d  and  p u t  

i n t o  2 4 - w e l l  d i s h e s .  A f t e r  15 weeks had e l a p s e d ,  a l l  t h e  

c e l l s  from two w e l l s  were t r a n s f e r r e d  t o  two s e p a r a t e  35mm 

d i s h e s .  A week l a t e r ,  t h e y  w e re  t r a n s f e r r e d  t o  a 60mm 

d i s h .  A f t e r  s l i g h t l y  more  t h a n  a w e ek ,  t h e  c e l l s  w e re  

t r a n f e r r e d  t o  a 100mm d i s h .  C o u n t i n g  o f  p a s s a g e  number  

b e g a n  a t  t h e  t r a n s f e r  f rom  2 4 - w e l l  d i s h e s  t o  35mm d i s h e s .  

F o l l o w i n g  t h i s ,  t h e y  w e re  p a s s a g e d  a p p r o x i m a t e l y  o n c e  a 

week ( 1 : 5  s p l i t )  u n t i l  p a s s a g e  3 0 ,  and  s u b s e q u e n t l y  once  

weekly  (1 :10  s p l i t )  from p a s s a g e  30 ,  u n t i l  a t  l e a s t  p a s s a g e  

80 ( C l - 2 )  o r  p a s s a g e  100 ( C l - 3 ) . A l t h o u g h  I  h a d  t h u s  

s u c c e e d e d  i n  e s t a b l i s h i n g  im m o r t a l i z e d  l i n e s ,  t h e  p r o c e s s  

o f  a c q u i r i n g  t h e s e  l i n e s  was n o t  v e r y  n o t e w o r t h y  a s  t h i s  

work was r e m i n i s c e n t  o f  work d o n e  i n  o t h e r  l a b o r a t o r i e s  

( H a y f l i c k ,  1977) .  These r e s u l t s  i n d i c a t e d  t h a t  t h e  v a r i o u s
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a d d i t i v e s  had no e f f e c t  on t h e  l i f e s p a n  o f  t h e s e  c e l l s .

The t h i r d  model (LI/HR) was e x p l o r e d  by s e e d i n g  3 x l 0 7 

c e l l s  u n d e r  c l o n i n g  c o n d i t i o n s .  S in c e  t h e  r e s u l t s  t o  d a t e  

w e re  a l l  n e g a t i v e ,  a n o t h e r  t r a n s f o r m a n t ,  IB 5 2  (HS74BM 

t r a n s f o r m e d  w i th  l i n e a r i z e d  p S V o r i '  DNA), was used  f o r  t h i s  

e x p e r i m e n t .  I  c o n s i d e r e d  t h a t  my l a c k  o f  s u c c e s s  was 

p o s s i b l y  due t o  t h e  p a r t i c u l a r  t r a n s f o r m a n t  w i t h  w h ic h  I 

was w o r k i n g ,  r a t h e r  t h a n  t o  t h e  t e c h n i q u e  i t s e l f .  The 

i s o l a t e  IE52 d i f f e r s  from IF6A-1 i n  t h a t  IF6A-1 was p i c k e d  

a s  a  d i s c r e t e  c o l o n y  i n  a g a r o s e ,  w hereas  IE52 came from a 

c u l t u r e  w i th  m u l t i p l e  f o c i  i n  m o n o l a y e r  w hose  c e l l s  w ere  

p o o l e d  a n d  f r o z e n  d o w n .  S i n c e  I E 5 2  was n o t  p a s s a g e d  

th r o u g h  a g a r o s e ,  i t  had  a t t a i n e d  f e w e r  g e n e r a t i o n s  t h a n  

IF6A-1 p r i o r  t o  t h e  i n i t i a t i o n  o f  t h i s  p r o c e d u r e .  The IE52 

c e l l s  were t h e r e f o r e  p a s s a g e d  t o  a t t a i n  49 g e n e r a t i o n s  ( see  

T a b l e  16) b e f o r e  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t ,  so  a s  t o  

have t h e  t h e  c e l l s  a t  a s t a g e  s i m i l a r  t o  t h a t  o f  t h e  o t h e r  

t r a n s f o r m a n t  ( IF 5 A -1 )  when t h e  p r o c e d u r e  was im plem ented .  

Ten T-150 cm2 f l a s k s  were each  s ee d e d  w i th  1x10® c e l l s  and 

t w e n t y  100mm d i s h e s  w e re  s e e d e d  w i t h  5x10® c e l l s ,  f o r  a 

t o t a l  o f  3x10^ c e l l s .  Twenty s i x  c o l o n i e s  were p i c k e d  from 

t h e s e  p l a t e s  and p u t  i n t o  t h e  w e l l s  o f  two 2 4 - w e l l  d i s h e s ,  

b u t  no n e  o f  t h e  c o l o n i e s  c o u l d  be s u b c u l t u r e d  beyond t h i s  

p o i n t .  A f t e r  10 weeks in  c u l t u r e ,  t h e  d i s h e s  were s t a i n e d ,  

and no c o l o n i e s  were o b s e rv e d  on t h e s e  p l a t e s .

At t h i s  p o i n t ,  I  c o n s i d e r e d  a new m o d e l  f o r  t h e  

i m m o r t a l i z a t i o n  phenomenon. I  p o s t u l a t e d  t h a t
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T a b le  16. PaaaaQe h i s t o r y  o f  IE52

P a s s a g e
Number

Day8 P e r  
P a s s a g e

T o t a l
G e n e r a t i o n s

1 8 o«

2 5 8

3 14 13

4 6 13

5 7 16

6 4 17

7 12 22

8 22 25

9 12 28

10 15 29

11 14 32

a P r i o r  t o  t h i s ,  t h e  c e l l s  had gone th ro u g h  a p p r o x i m a te ly  
17 g e n e r a t i o n s  p r i o r  t o  and d u r i n g  t r a n s f o r m a t i o n .
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i m m o r t a l i z a t i o n  was a r a r e  s e l e c t i v e  e v e n t  t h a t  c o u l d  o c c u r  

s o o n  a f t e r  t r a n s f o r m a t i o n  o f  t h e  c e l l s  by SV40. However# 

t i m e  (and  p a s s a g i n g )  was n e e d e d  t o  e l i m i n a t e  t h e  o t h e r  

c e l l s  t h a t  were n o t  i m m o r t a l .  A l though  t h i s  h y p o t h e s i s  was 

v e r y  s i m i l a r  t o  t h e  low i m m o r t a l i z a t i o n - h i g h  r e s c u a b i l i t y  

(LI/HR) model d e s c r i b e d  above# t h e  major  d i f f e r e n c e  was t h e  

t i m i n g ;  t h e  p r o c e d u r e  must  be i n i t i a t e d  a t  an  e a r l y  p o i n t  

i n  t h e  l i f e s p a n  o f  t h e  c e l l .  However# one c o u ld  n o t  s t a r t  

t o o  e a r l y  in  t h e  c o u r s e  o f  e v e n t s #  s i n c e  t h e r e  would be t o o  

many c e l l s  w i t h  w h ic h  t o  d e a l .  To e s t a b l i s h  w hen  t h e  

a p p r o p r i a t e  p o i n t  m i g h t  b e  ( i . e . #  j u s t  p r i o r  t o  t h e  

b e g in n in g  o f  s e n e s c e n c e  o f  t h e  p o p u l a t i o n )  # an  e f f i c i e n c y  

o f  c o l o n y  (EOC) f o r m a t i o n  i n  m o n o l a y e r  and  a g a r o s e  was 

d e t e r m in e d  f o r  IF5A-1 ( s e e  F i g u r e  4 ) .  S t a r t i n g  a t  p a s s a g e  

10 (w h ich  had  an EOC o f  a p p r o x i m a t e l y  10%)# t h e  e f f i c i e n c y  

f e l l  from 3.0% a t  p a s s a g e  11 t o  l e s s  t h a n  0.01% a t  p a s s a g e  

17 i n  m o n o l a y e r #  a n d  f r o m  0 .0 3 %  t o  b e l o w  0 .0 0 1 %  f o r  

a g a r o s e .  The same e x p e r im e n t  was c a r r i e d  o u t  c o n c u r r e n t l y  

on  i m m o r t a l i z e d  LNSV (a c e l l  t r a n s f o r m e d  w i th  SV40 d e r i v e d  

from a Lesch-Nyhan p a t i e n t ) #  a s  a  c o n t r o l .  T h i s  i n d i c a t e d  

t h a t  t h e  b e s t  t i m e  t o  a t t e m p t  t o  i m m o r t a l i z e  t h e  c e l l s  

w ou ld  be a t  p a s s a g e  11# j u s t  p r i o r  t o  t h e  d e c l i n e  i n  

e f f i c i e n c y  o f  c o l o n y  f o r m a t i o n .  T h i s  w o u ld  g i v e  us  t h e  

o p p o r t u n i t y  t o  work w i th  fewer  c e l l s  ( b u t  n o t  t o o  f e w ) # so  

t h a t  we w o u l d  b e  a b l e  t o  p i c k  a  s i g n i f i c a n t  number  o f  

c o l o n i e s  t h a t  would a l l o w  us  t o  i d e n t i f y  an  i m m o r t a l  c e l l  

l i n e .  Ten d i s h e s  were each  seeded  w i th  10^ c e l l s  ( IF 5 A - 2 ) .
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F ig u r e  4. Graphs o f  e f f i c i e n c y  o f  c o lo n y  f o rm a t io n  in  

monolayer  and a g a r o s e .  60mm d i s h e s  were 

seeded  w i th  1 x 102 , 1 x 103 , and 1 x 10* 

c e l l s ,  r e f e d  b iw e e k ly  and c o l o n i e s  were co u n te d  

a t  t h e  end o f  two weeks f o r  monolayer  (F ig u r e  

4A). 1 x 103 , 1 x 10* ,  and 1 x 103 c e l l s  were

seeded  on 60mm d i s h e s  f o r  a g a r o s e  ( F ig u r e  4B) 

(as  d e s c r i b e d  i n  M a t e r i a l s  and M ethods) .

Numbers on g r a p h  r e p r e s e n t  l a r g e r ,  m a c ro sc o p ic  

c o l o n i e s .  A l a r g e  number o f  v e r y  s m a l l ,  

m ac ro sc o p ic  c o l o n i e s  was a l s o  o b s e rv e d  a t  

p a s s a g e s  11 and 12 an d ,  t o  a l e s s e r  e x t e n t ,  in  

p a s s a g e  13.  The o v e r a l l  c o lo n y  f r e q u e n c y  was 

a p p r o x i m a te ly  380 p e r  1 x 103 c e l l s  a t  

p a s s a g e  11.
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EFFICIENCY OF COLONY FORMATION
EFFICIENCY OF COLONY FORMATION
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A f t e r  two t o  t h r e e  weeks#  i n d i v i d u a l  c o l o n i e s  were  p i c k e d  

w i th  s t e r i l e  wooden d o w e l s  and  t r a n s f e r r e d  t o  a 2 4 - w e l l  

d i s h  w h ich  c o n t a i n e d  20% FBS. The c e l l s  were n o t  e x p e c t e d  

t o  be w e l l - d i s p e r s e d .  A f t e r  s e v e r a l  d a y s  t o  a week# c e l l s  

w e r e  d i s p e r s e d  a n d / o r  t r a n s f e r r e d  u s i n g  t h e  f o l l o w i n g  

p r o c e d u r e .  The medium was rem oved#  and  1 e l  o f  t r y p s i n -  

EDTA was a d d e d  f o r  1 /2  t o  1 minute#  and th e n  removed.  The 

c e l l s  were suspended  in  1 ml o f  medium w i t h o u t  s e ru m  w i t h  

g e n t l e  t r i t u r a t i o n #  a n d  i n n o c u l a t e d  i n t o  a 30mm w e l l  

c o n t a i n i n g  medium su p p le m e n te d  w i th  20% FBS. A f t e r  o n e  t o  

f o u r  h o u r s #  c u l t u r e s  w e re  r e - f e d  w i th  medium supp lem en ted  

w i t h  20% FBS. S u b s e q u e n t l y #  t h e  d i s h e s  w ere  s u b c u l t u r e d  

i n t o  60mm and  100mm d i s h e s .  A f t e r  p i c k i n g  a p p r o x i m a te ly  

100 c o l o n i e s #  t h r e e  im m o r ta l  c e l l  l i n e s  were o b t a i n e d  ( s e e  

T a b l e  17)  . These  c e l l  l i n e s  a r e  c o n s i d e r e d  im m orta l  s i n c e  

t h e y  have been s u b c u l t u r e d  ( a t  1x5 u n t i l  r e a c h i n g  p a s s a g e  

30 and 1 : 1 0  f ro m  p a s s a g e  30 onwards)  more th a n  100 t i m e s .  

C o n c u r r e n t ly #  a n o t h e r  e x p e r im e n t  was i n i t i a t e d  u s i n g  IE51  

( a n o t h e r  c e l l  l i n e  s t a r t e d  from a c u l t u r e  which c o n t a i n e d  

m u l t i p l e  t r a n s f o r m e d  f o c i  f o l l o w i n g  t r a n s f o r m a t i o n  w i t h  

l i n e a r i z e d  p S V o r i "  DMA). These c e l l s  were p a s s a g e d  p r i o r  

t o  t h e  b e g i n n i n g  o f  t h e  e x p e r im e n t  i n  o r d e r  t o  a p p r o x i m a t e  

a  s i m i l a r  p a s s a g e  number  a s  t h a t  o f  IF5A-2 ( se e  T a b le s  7 

and 8)# a l t h o u g h  one s h o u ld  n o t e  t h a t  t h e  g e n e r a t i o n  number 

i s  n o t  i d e n t i c a l #  s i n c e  IF5A-2 was c l o n e d  i n  a g a r o s e #  and  

IE51 was n o t .  The p a s s a g e  h i s t o r y  o f  IE51 i s  summarized in  

T a b le  18. Ten d i s h e s  were each  s eed ed  w i th  1x10^ c e l l s  and
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Ta b le  17.  L i f e s p a n  o f  c l o n e s  p i c k e d  froai IFSA-IP^ q/P ^

P e t r i  D ish  S i z e  S u b c u l t u r e

15nma 3 5 m  6 0 m  1 0 0 m  1 :3  1 :5

1 --------------------------------------------------
2 --------------------------------
 3 --------------------------------
 4 ----------------------------------------------------------------------
 5 ----------------------------------------------------------------------
 6  ---------------------------------
 7 ----------------------------------------------------------------------
 8 --------------------------------------------------
9 --------------------------------

1 0 --------------------------------------------------
1 1 --------------------------------------------------
1 2 --------------------------------
1 3 --------------------------------------------------
1  4 --------------------------------
1  5 ----------------------------------------------------------------------
1  6 --------------------------------
1  7 --------------------------------
1 8 --------------------------------
1 9 --------------------------------------------------
2 0 --------------------------------------------------
2 1 ----------------------------------------------------------------------
2 2 ----------------------------------------------------
2 3 ----------------------------------------------------------------------
2  4 --------------------------------------------------
2  5 ----------------------------------------------------------------------
2  6 --------------------------------------------------
2 7 --------------------------------
2 8 --------------------------------------------------
2 9 --------------------------------
3 0 -------------------------------------
3 1 --------------------------------
3 2 --------------------------------------------------
3 3 --------------------------------
3 4 --------------------------------
3 5 --------------------------------
3  6 -------------------------------------
3  7 ---------------------------------------------------------------------------------------------------------------------------------------------------- F D
3 8 ----------------------------------------------------------------------------------------------- FD
3 9 ----------------------------------------------------------------------------------------------- FD
40-103 — c

a T h is  i s  t h e  s i z e  o f  one  w e l l  from a 2 4 - w e l l  d i s h .

^ Some o f  t h e  c e l l s  were f r o z e n  down a t  t h i s  p o i n t .

°  The l a s t  63 c o l o n i e s  c o u l d  n o t  be t r a n s f e r r e d  from a 
2 4 - w e l l  d i s h  t o  a 3 5 m  d i s h .
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Ta b le  18.

P a s s a g e
Number

P a s s a g e  h i s t o r y  o f  IE51

Days P e r  
P a s s a g e

T o t a l
G e n e r a t i o n

1 8 2a

2 5 10

3 14 14

4 8 18

5 12 23

a P r i o r  t o  t h i s *  t h e  c e l l s  had gone t h ro u g h  a p p r o x i m a te ly  
17 g e n e r a t i o n s  p r i o r  t o  and d u r i n g  t r a n s f o r m a t i o n .



115 c o l o n i c s  w e re  p i c k e d  an d  i n n o c u l a t e d  i n t o  2 4 - w e l l e d  

d i s h e s  u s i n g  w o o d e n  d o w e l s  a s  a b o v e .  Of  t h e s e #  109 

c o l o n i e s  were t r a n s f e r r e d  f r o *  t h e  2 4 - w e l l  d i s h e s  t o  35mm 

d i s h e s  ( s e e  T a b l e  19# e x p e r i m e n t  2) . Prom T a b le  19# one 

can  s e e  t h a t  i f  t h e  e x p e r i m e n t  i s  s t a r t e d  a t  t o o  e a r l y  a 

p a s s a g e #  many more  c o l o n i e s  o f  t h e  p i c k e d  c o l o n i e s  can  be 

t r a n s f e r r e d  t o  a  100mm d i s h  and s u b s e q u e n t l y  f r o z e n  down.  

A v e r y  low p e r c e n t a g e #  i f  any# o f  t h e s e  c o l o n i e s  s h o u ld  be 

c o n s i d e r e d  im m o r ta l .  Thus# i f  t h e  c o lo n y  i s o l a t i o n  m ethod  

( C . I . M . )  e x p e r i m e n t  i s  s t a r t e d  t o o  e a r l y #  f u r t h e r  

s u b c u l t u r i n g  m u s t  be  p e r f o r m e d  i n  o r d e r  t o  i d e n t i f y  and  

r e c o v e r  a  c o n t i n u o u s l y  g r o w i n g  c e l l  l i n e #  t h u s  o b v i a t i n g  

t h e  p r e m is e  o f  t h i s  a p p r o a c h .  However# 37 c o l o n i e s  w ere  

t r a n s f e r r e d  a  s e c o n d  t i m e  under  c l o n i n g  c o n d i t i o n s #  s i n c e  

t h e  t o t a l  a m o u n t  w as  t o o  c u m b e r s o m e  t o  w o r k  w i t h .  

U n f o r t u n a t e l y #  e v e n  t h o u g h  126 c o l o n i e s  w e re  a b l e  t o  be 

p i c k e d  from t h i s  second  s e t  o f  d i s h e s #  t h e  e x p e r i m e n t  had  

t o  be  a b o r t e d  d u e  t o  an  i n c u b a t o r  f a i l u r e .  T h i s  p a r t  o f  

t h e  e x p e r im en t#  I b e l i e v e #  i s  c o m p arab le  t o  t h e  e x p e r i m e n t  

d e s c r i b e d  i n  T a b l e  14 i n  w h ic h  t h r e e  im m orta l  c e l l  l i n e s  

were i s o l a t e d .  T h e re fo re #  i t  i s  my b e l i e f  t h a t #  i f  n o t  f o r  

t h e  i n c u b a t o r  f a i l u r e #  a n o t h e r  s e t  o f  i m m o r t a l  c e l l  l i n e s  

would have  been i s o l a t e d .

The s t r i k i n g l y  h i g h  f r e q u e n c y  o f  e s t a b l i s h e d  c e l l  

l i n e s  o b t a i n e d  by t h i s  c o l o n y  i s o l a t i o n  m e th o d  s u g g e s t e d  

t h a t  t h i s  m e t h o d  c o u l d  b e  e x p l o i t e d  t o  q u a n t i f y  t h e  

phenomenon o f  i m m o r t a l i z a t i o n .  I  t h e r e f o r e  a t t e m p t e d  t o
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T a b le  19.  Comparison o f  l i f e s p a n  o f  c l o n e s  p i c k e d  in
c o lo n y ~ a s8 a y

P e t r i  D ish  S i z e  

Expe r im en t  P ic k e d  15aa 35am 60aa  100am FDa

1 52 52 39 23 10 3

2 115 115 109 105 79 56

a The number o f  c o l o n i e s  t h a t  were f r o z e n  down from each  
e x p e r i m e n t .
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r e p e a t  t h e  a b o v e  e x p e r i m e n t  u s i n g  IF 5 A -2  a t  a  number  o f  

d i f f e r e n t  p a s s a g e s .  I  w a s ,  h o w e v e r ,  u n s u c c e s s f u l .  

A l t h o u g h  many c o l o n i e s  w e r e  p i c k e d ,  m o s t  e x p e r i m e n t s  

i n v o l v e d  l e s s  t h a n  100 c o l o n i e s  w h ic h  I  c o n s i d e r e d  t h e  

minimum number  n e e d e d  t o  a c q u i r e  an  i m m o r t a l i z e d  l i n e .  

The o n e  e x c e p t i o n  t o  t h i s  was e x p e r i m e n t  2 ,  begun a t  e a r l y  

p a s s a g e  ( see  T a b le  2 0 ) .  However,  s i n c e  t h i s  p r o c e d u r e  was 

i n i t i a t e d  a t  a v e r y  e a r l y  p a s s a g e ,  i t  i s  l i k e l y  t h a t  t h e s e  

c o l o n i e s  w e r e  n o t  i m m o r t a l .  T h u s ,  i t  s e e m s  t h a t  t h i s  

t e c h n i q u e  i s  e x t r e m e l y  d i f f i c u l t  t o  r e p r o d u c e .
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T a b le  20.  Comparison o f  l i f e s p a n  o f  c l o n e s  p i c k e d  in
c o l o n y  a s s a y  from IF5A—

P e t r i  Dish  S i z e

E x p e r im en t  C e l l s  P a s s a g e  15mm 35mm 60mm 100mm
Number Seeded Number

1 l . l x l O 5 Pl l / P 2 71 9 1 —

2 1.0x10* Pl / P l / P 2 161 67 26 3

3 6 . OxlO5 Pl l / p l / p 3 56 1 — —

4 l . l x l O 5 Pl / P l / P 8 87 15 2 —

5 l . l x l O 5 Pl / P l / P 8 52 16 1 —

6 2.0X10* Pl / p l / p 7 84 13 2 1

A lthough  some o f  t h e  c o l o n i e s  p i c k e d  were a b l e  t o  be 
p a s sa g e d  t o  100mm d i s h e s , none s u r v i v e d  long  enough t o  
be f r o z e n  down.
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CHAPTER 41 RESULTS 

CHARACTERIZATION OF THE IMMORTALIZED LINES

In  t h e  p r e c e d i n g  C h a p t e r ,  I  d e s c r i b e d  t h e  i s o l a t i o n  o f  

s i x  i m m o r t a l i z e d  l i n e s  from IF5A-2 .  These c e l l  l i n e s  w e re  

s t u d i e d  f u r t h e r  i n  an  e f f o r t  t o  d e v e l o p  p o s s i b l e  i n s i g h t s  

i n t o  t h e  mechanism o f  i m m o r t a l i z a t i o n .  The f a c t  t h a t  t h e s e  

c e l l  l i n e s  were im m or ta l  was c o n c lu d e d  on t h e  b a s i s  o f  t h e  

f a c t  t h a t  t h e s e  r a r e  d e r i v a t i v e s  h a v e  b e e n  c u l t i v a t a b l e  

c o n t i n u o u s l y  f o r  many a d d i t i o n a l  months o r  y e a r s  (more t h a n  

50-100 p a s s a g e s  b e f o r e  t h e y  w e r e  d i s c o n t i n u e d )  , and  h a v e  

b e e n  s u c c e s s f u l l y  f r o z e n  and r e c u l t u r e d .  As a p r e l u d e  t o  

d e t a i l e d  a n a l y s i s ,  I  f e l t  i t  a p p r o p r i a t e  t o  f i r s t  v e r i f y  

t h a t  t h e  c e l l  l i n e s  were in d e e d  d e r i v e d  from IF5A-2.  T h i s  

c o n c e r n  was b a s e d  on t h e  low f r e q u e n c y  w i t h  w h ic h  t h r e e  

c e l l  l i n e s  ( C l - 2 ,  C l - 3 ,  and C l - 5 )  were o b t a i n e d  f o l l o w i n g  

p r o lo n g e d  i n c u b a t i o n ,  a s  w e l l  a s  t h e  n o n - r e p r o d u c i b l e  h i g h  

f r e q u e n c y  w i th  which t h e  t h r e e  o t h e r  c e l l  l i n e s  ( C l - 3 7 ,  C l -  

38 and  C l - 3 9 )  w e re  o b t a i n e d ,  and t h e  known h i s t o r y  o f  t h e  

c e l l - l i n e  c r o s s - c o n t a m i n a t i o n  i n  t h e  l i t e r a t u r e  ( N e l s o n -  

R e e s  e t  a l ,  1 9 8 1 ) .  The f i r s t  a r e a  o f  i n v e s t i g a t i o n  was t o  

d e t e r m i n e  i f  t h e  c e l l s  w e re  r e a l l y  hum an ,  o r  w h e t h e r  a 

mouse  l i n e  had  b e e n  i n a d v e r t e n t l y  i s o l a t e d .  Towards t h a t  

e n d ,  m e t a p h a s e  p l a t e s  f o r  a l l  s i x  l i n e s  w e re  s t u d i e d  t o  

d e t e r m i n e  w h e t h e r  m o s t l y  m e t a c e n t r i c  and  s u b m e t a c e n t r i c  

chromosomes c o u l d  be fo u n d ,  a s  i s  t y p i c a l  o f  human c e l l s ,
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o r  w e re  t h e  m a j o r i t y  a c r o c e n t r i c  ch rom osom es ,  t y p i c a l  o f  

mouse c e l l s  ( com m only  u s e d  i n  t h i s  l a b o r a t o r y ) . The 

m a j o r i t y  o f  t h e  c h ro m o so m es  were found t o  be m e t a c e n t r i c .  

G-banding  was s u b s e q u e n t l y  p e r f o r m e d ;  t h e  b a n d i n g  p a t t e r n  

c o n f i r m e d  t h a t  t h e s e  were  human c e l l s  ( d i s c u s s e d  in  d e t a i l  

l a t e r ) .

Once I  had d e t e r m in e d  t h a t  I  was d e a l i n g  w i t h  a human 

c e l l ,  t h e  n e x t  p a r a m e t e r  t o  be s t u d i e d  was p r o d u c t i o n  o f  

l a r g e  T - a n t i g e n .  T h i s  would i n d i c a t e  i f  t h e  SV40 genom e,  

o r  a t  l e a s t  p a r t  o f  i t ,  was p r e s e n t  i n  t h e s e  c e l l s .  C e l l s  

from each  o f  t h e  i s o l a t e d  l i n e s  ( C l -3 7 ,  C l - 3 8 ,  C l - 3 9 ,  C l - 2 ,  

C l - 3 ,  C l - 5 )  and  t h e i r  p a r e n t  ( IF 5 A -2 )  w e re  e x a m i n e d  by 

i n d i r e c t  i m m u n o f l u o r e s c e n c e  w i t h  s e v e r a l  a n t i b o d i e s  ( see  

T a b l e  2 ,  M a t e r i a l s  an d  M e t h o d s ) .  I n i t i a l l y ,  a h a m s t e r  

a n t i - T  a n t i b o d y  was u s e d ,  b u t  i t  was found t o  show a h ig h  

b ackground  f o r  HS74 c e l l s ,  a s  w e l l .  M onoc lona l  a n t i b o d i e s  

( p A b ) , w h i c h  a r e  m o r e  s p e c i f i c ,  w e r e  u s e d  f o r  a l l  

s u b s e q u e n t  s t u d i e s .  pAb 416 was u t i l i z e d  most  o f t e n ,  a s  i t  

p roduced  a  c l e a r  n e g a t i v e  r e a c t i o n  in  HS74 ( s e e  F i g u r e  5) , 

a  c e l l  l i n e  t h a t  c o n t a i n s  no T - a n t i g e n .  With  a l l  f o u r  o f  

t h e  a n t i b o d i e s ,  a p o s i t i v e  r e a c t i o n  ( p r e s e n c e  o f  f a i n t  

g r e e n  n u c l e i )  was  o b s e r v e d ,  w h i c h  w as  m o s t  c l e a r l y  

v i s u a l i z e d  i n  t h e  p r e s e n c e  o f  a r h o d a m i n e - a l b u m i n  

c o u n t e r s t a i n . At  l a t e r  p a s s a g e s  ( >70 ) ,  t h e  n u c l e i  

a p p e a r e d  b r i g h t e r ,  s u g g e s t i n g  more T was b e i n g  p r o d u c e d  

( s e e  F i g u r e  6 ) .  At  a n  e a r l y  p a s s a g e  (P15)  a f t e r  t h e  

i s o l a t i o n  o f  t h e  im m o r t a l i z e d  d e r i v a t i v e s ,  100% o f  t h e
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F i g u r e  5. P h o to g ra p h s  o f  im m un o f lu o re sce n ce  a s s a y  f o r  

HS74BM. C e l l s  were s eed ed  on c o v e r  s l i p s #  

a l lo w e d  t o  become s u b c o n f l u e n t #  h a r v e s t e d #  

s t a i n e d  w i th  a n t i b o d y  pAb 416# and mounted 

f o r  p h o to g ra p h y  and p h o to g ra p h e d  f o r  20 

s e c o n d s  a s  d e s c r i b e d  in  M a t e r i a l s  and 

Methods.
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F i g u r e  6. P h o to g ra p h s  o f  im m unof luo rescence  a s s a y :

(A) IF5A p h o to g ra p h e d  f o r  10 seconds#

(B) C l -3 7  p h o to g ra p h e d  f o r  30 seconds#

(C) C l -3 8  p h o to g ra p h e d  10 seconds#

(D) C l -3 9  p h o to g ra p h e d  f o r  20 seconds#

(E) C l -2  p h o to g ra p h e d  f o r  5 seconds#

(F) C l - 3  p h o to g ra p h e d  f o r  20 s e c o n d s (

(G) C l - 5 p h o to g ra p h e d  f o r  30 s e c o n d s .

C e l l s  were seeded  on c o v e r  s l i p s #  a l lo w ed  t o  

become s u b c o n f l u e n t #  h a r v e s t e d #  s t a i n e d  w i th  

a n t i b o d y  pAb 416# and mounted f o r  p h o to g ra p h y  

a s  d e s c r i b e d  in  M a t e r i a l s  and Methods.



F i g u r e  6A



F i g u r e  6C
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F i g u r e  6B

F ig u r e  6F





103

c e l l s  d i s p l a y e d  p o s i t i v e  r e a c t i o n s .  One i n t e r e s t i n g  

phenomenon, t h a t  d i d  n o t  seem t o  be o f  s p e c i a l  s i g n i f i c a n c e  

w i th  r e l a t i o n  t o  i m m o r t a l i t y ,  was t h e  s t i p p l e d  e f f e c t  found 

i n  some c e l l s  ( s e e  F i g u r e  7 ) .  Throughou t  t h e s e  s t u d i e s ,  a 

C h in e s e  Hamster Ovary  c e l l  l i n e  c o n t a i n i n g  a n  i n t e g r a t e d  

SV40 genome o r  COS 7 (a  monkey c e l l  l i n e  t r a n s f o r m e d  w i th  

S V or i” ) was used  a s  a p o s i t i v e  c o n t r o l ;  b u t  a lw ay s  p rod u ced  

100% b r i g h t  p o s i t i v e  n u c l e i  ( s e e  F i g u r e  8 ) .  The p r e s e n c e  

o f  T - a n t i g e n  ( a l b e i t  a t  low l e v e l s )  i n d i c a t e d  t h e  p r e s e n c e  

o f  an  SV40 genome i n  t h e s e  c e l l s .  The  c e l l s  w e r e  a l s o  

t e s t e d  f o r  t h e  p r o d u c t i o n  o f  v i r a l  s t r u c t u r a l  p r o t e i n s  by 

im m u n o f lu o re sc e n c e ,  b u t  no p o s i t i v e  r e s u l t s  w e re  o b t a i n e d ,  

a s  e x p e c t e d  ( se e  M a t e r i a l s  and M eth o d s ) .

T h e r e  was o n e  o t h e r  human c e l l  l i n e  w i th  which I was 

w o rk in g ,  a  Lesch-Nyhan c e l l  t r a n s f o r m e d  w i t h  SV40 (LNSV) , 

w h ic h  had  t o  be r u l e d  o u t .  LNSV i s  a t h i o g u a n i n e  (TG) 

r e s i s t a n t  c e l l  l i n e .  U s i n g  t h i s  c h a r a c t e r i s t i c ,  t h e  

i s o l a t e s  c o u l d  be d i s t i n g u i s h e d  f ro m  LNSV by i n c u b a t i n g  

them in  media  c o n t a i n i n g  TG and n o t i n g  i f  g r o w th  o c c u r r e d ,  

a s  w o u ld  be  e x p e c t e d  o f  LNSV. T a b l e  21 i n d i c a t e s  t h a t  

t h e s e  i s o l a t e s  were n o t  d e r i v a t i v e s  o f  LNSV, a s  t h e y  w e re  

a l l  s e n s i t i v e  t o  t h i o g u a n i n e .  I  t h e r e f o r e  c o n c lu d e d  t h a t  

t h e s e  i m m o r t a l  c e l l  l i n e s  w e re  n o t  d e r i v e d  f r o m  known 

c o n t a m i n a n t s ,  and were t h e r e f o r e  d e r i v a t i v e s  o f  IF5A-2.

I  i n i t i a t e d  c h a r a c t e r i z a t i o n  o f  t h e s e  c e l l s  by 

exam in ing  t h e i r  g r o w th  p r o p e r t i e s .  No s t u d i e s  h a v e  b e e n  

r e p o r t e d  o f  an S V 4 0 - t ran s fo rm e d  human f i b r o b l a s t  and
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F i g u r e  7. P h o to g ra p h s  o f  im m unof luo rescence  a s s a y  f o r  

C l - 3 .  C e l l s  were seeded  on c o v e r  s l i p s , 

a l lo w e d  t o  become s u b c o n f l u e n t , h a r v e s t e d , 

s t a i n e d  w i th  a n t i b o d y  pAb 416,  and mounted 

f o r  p h o to g ra p h y  a s  d e s c r i b e d  in  M a t e r i a l s  

and Methods .  (A) p h o to g ra p h e d  f o r  30 seco n d s  

(B) p h o to g ra p h e d  f o r  10 s e c o n d s .



F i g u r e  7A
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F i g u r e  8. P h o to g r a p h s  o f  im m u n o f lu o resce n ce  a s s a y  f o r  

COS 7 c e l l s .  C e l l s  were s eed ed  on c o v e r  

s l i p s # a l l o w e d  t o  become s u b c o n f l u e n t #  

h a r v e s t e d #  s t a i n e d  w i t h  a n t i b o d y  pAb 416# and 

mounted f o r  p h o to g ra p h y  and p h o to g ra p h e d  f o r  20 

s e c o n d s  a s  d e s c r i b e d  i n  M a t e r i a l s  and 

Methods .
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T a b le  21.  E f f i c i e n c y  o f  c o lo n y  f o r m a t i o n  i n  d i f f e r e n t
t y p e s  o f  medla=

C e l l
Line

Type
DME

o f  Media
1 0 " 5M tg

C l-2 c o n f l u e n t 0

C l -3 c o n f l u e n t 0

C l -5 c o n f l u e n t 0

C l-37 c o n f l u e n t 0

C l -3 8 c o n f l u e n t 0

C l -3 9 c o n f l u e n t 0

LNSV c o n f l u e n t c o n f l u e n t

LNSV . . . 7%b

a For each  p a r a m e t e r , 5x10* c e l l s  were seeded  on a 60mm 
p l a t e  in  t r i p l i c a t e .

u  2
One s e t  was s eed ed  w i th  2x10 c e l l s  and 14 c o l o n i e s  
were found .
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c l o n a l l y  i s o l a t e d  i m m o r t a l i z e d  d e r i v a t i v e s .  The r e s u l t s  

a r e  shown in  T a b le  22 and F i g u r e s  9 t o  12.  As IF5A-2,  a l l  

t h e  c e l l  l i n e s  were c a p a b l e  o f  c o lo n y  f o r m a t i o n  a t  low c e l l  

d e n s i t y  in  m o n o la y e r .  The e f f i c i e n c y  o f  c o l o n y  f o r m a t i o n  

(EOC) v a r i e d  among t h e  c e l l  l i n e s .  I n t e r e s t i n g l y # no 

r e l a t i o n s h i p  w i t h  t h e  m e th o d  o f  i s o l a t i o n  was o b s e r v e d .  

The EOC o f  C l - 2 ,  f o r  e x a m p le #  was o n l y  5%. Indeed# HS74 

and IF5A-2# e a r l y  i n  t h e i r  r e s p e c t i v e  p a s s a g e  h i s t o r i e s #  

h a v e  a s  h i g h  o r  h i g h e r  EOC. I t  s h o u ld  be em phas ized  t h a t  

a l l  t h e  i m m o r t a l i z e d  c e l l  l i n e s #  o f  c o u r s e #  g a v e  

c o n s i d e r a b l e  h i g h e r  EOC t h a n  I F 5 A - 2  a t  t h e  t i m e  a t  a 

co m p a ra b le  number o f  g e n e r a t i o n s .  The a p p a r e n t  p a r a d o x i c a l  

EOC among t h e  d i f f e r e n t  c e l l  l i n e s  may be  e x p l a i n e d #  in  

p a r t #  by  p o s s i b l e  v a r i a b i l i t y  a t  d i f f e r e n t  p a s s a g e s  a s  

i n d i c a t e d  by t h e  c o m p a r i s o n  o f  C l - 3 9  a t  two p o i n t s  p o s t ­

i m m o r t a l i z a t i o n ;  t h e  EOC i n c r e a s e d  from 1% t o  26% between  

p a s s a g e  20 and 90 .  High EOC is#  t h e r e f o r e #  n o t  a n e c e s s a r y  

c o n seq u e n c e  o f  i m m o r t a l i z a t i o n .  I t  s h o u l d  a l s o  be  n o t e d  

t h a t  C l - 3 9  a l s o  r e t a i n e d  t h e  t r a n s f o r m e d  p h e n o t y p e  o f  

a n c h o r a g e - in d e p e n d e n c e  e x p e c t e d  f o r  a d e s c e n d a n t  o f  IF5A-2# 

which had been  i s o l a t e d  in  a g a r o s e .  When t e s t e d  a t  l a t e r  

p a s s a g e  (p 8 0 ”p 9 0 ) • t h e  EOC i n  a g a r o s e  was a p p r o x i m a t e l y  

0 .3% (3 0  c o l o n i e s  p e r  1 0 *  c e l l s ) .  S y s t e m a t i c  EOC 

d e t e r m i n a t i o n s  were n o t  p e r fo r m e d .

G r o w t h  c u r v e s  w e re  p e r f o r m e d  a t  d i f f e r e n t  p a s s a g e  

l e v e l s  f o r  e a c h  o f  t h e  i m m o r t a l i z e d  c e l l  l i n e s .  The 

p o p u l a t i o n  d o u b l in g  t im e s  v a r i e d  be tween  26 and 48 h o u r s ;
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T a b le  22. Comparison o f  e f f i c i e n c y  o f  c o lo n y  f o r m a t i o n

C e l l
L ine

P a s s a g e
Number

E f f i c i e n c y  o f  Colony 
F o rm a t io n  ( P e rc e n t )

D oubling  
Time® (37

C l -2 78 5b 42 h r s

C l - 3 52 48b 43 h r s

C l - 5 51 29b 26 h r s

C l -3 7 42 N.D.C 48 h r s

C l -3 8 42 59b 48 h r s

C l -3 9 20-23 l d 42 h r s

C l -3 9 80-90 10-26d 30 h r s

IF5A-2 10 3-10d 42 h r s

HS74 10 5-20d 38 h r s

a 60mm d i s h e s  were se ed ed  w i th  5 x 10* c e l l s and c e l l
number d e t e r m in e d  o v e r  s e v e r a l  d a y s  f o r  t r i p l i c a t e  
d i s h e s .  Doub l ing  t im e  was c a l c u l a t e d  from t h e  s l o p e  o f  
t h e  f i t  c u r v e  g e n e r a t e d  by i n s p e c t i o n  a s  shown in  F i g u r e s  
9 and 10.

b D ish e s  were s eed ed  w i th  2 x 102 c e l l s  i n  t r i p l i c a t e  
and c o u n te d  two weeks l a t e r .

°  N .D .-  Not D e te rm ined
j  2

D ish e s  were s eed ed  w i th  1 x 10 c e l l s  i n  t r i p l i c a t e  
and c o u n te d  two weeks l a t e r .
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F i g u r e  9.  Compar ison  o f  g ro w th  c u r v e s  f o r  C l - 2 ,  C l - 3  and 

C l - 5  c e l l s  a t  37°  C. C u l t u r e s  were s eed ed  w i th  

5 x 10* c e l l s  p e r  d i s h  and i n c u b a t e d  a t  37° C. 

A f t e r  t h e  i n i t i a l  s e e d i n g ,  a t  eac h  t im e  p o i n t  

i n d i c a t e d ,  t h e  c e l l s  i n  t r i p l i c a t e  c u l t u r e s  were 

c o u n te d  a s  d e s c r i b e d  in  M a t e r i a l s  and Methods .
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L
S

COMPARISON OF GROWTH CURUES OF, 
DIFFERENT CLONES INCUBATED AT 37* C

D

S
H

2 . 6 .e . 4 . 8 . IB . 1 2 . 14 .
DAYS

- O -  C L -2 
—A— CL—3  
- o -  CL-3

F ig u r e  9
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F i g u r e  10.  Comparison o f  g rowth  c u r v e s  f o r  C l - 3 7 ,  C l - 3 8 ,  

C1-39P12 ( e a r l y  p a s s a g e )  and Cl-39Pgg ( l a t e  

p a s s a g e )  a t  37°  C. C u l t u r e s  were s eed ed  w i th  

5 x 10* c e l l s  p e r  d i s h  and i n c u b a t e d  a t  37°  C. 

A f t e r  t h e  i n i t i a l  s e e d i n g ,  a t  e a c h  t im e  p o i n t  

i n d i c a t e d ,  t h e  c e l l s  i n  t r i p l i c a t e  c u l t u r e s  

were c o u n te d  a s  d e s c r i b e d  in  M a t e r i a l s  and 

Methods.
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C
E
L
L
S

COMPARISON OF GROWTH CURUES OF DIFFERENT CLONES ISOLATED BY C.I.H. INCUBATED AT 37*1

12.S. B.2 .B. 4.
DAYS

-O- CL-37 -O- CL-38 CL-39P12 CL-39PBB

F ig u r e  10
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F i g u r e  11.  Comparison o f  g row th  c u r v e s  o f  C l -3 9  ( e a r l y  

p a s s a g e )  a t  35°  C# 37°  C and 3 8 . 5 °  C.

C u l t u r e s  were s eed ed  w i th  5 x 10* c e l l s  p e r  

d i s h  and i n c u b a t e d  a t  t h e  v a r i o u s  t e m p e r a t u r e s .  

A f t e r  t h e  i n i t i a l  s eed in g #  a t  each  t im e  p o i n t  

i n d i c a t e d #  t h e  c e l l s  i n  t r i p l i c a t e  c u l t u r e s  

were c o u n te d  a s  d e s c r i b e d  in  M a t e r i a l s  and 

Methods.
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COMPARISON OF GROWTH CURIES OF CL-39 <EARLY PASSAGE) INCUBATED AT

C P 0 E E I L R S L H S

DIFFERENT TEMPERATURES

0. 2. 4. 6. 8. 10. 12. IS.
DAYS

—O —  j £ c  
-O -  37*c 
—A— 3B.S*C

F ig u r e  11
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F i g u r e  12 .  Compar ison  o f  g row th  c u r v e s  o f  C l -3 9  ( l a t e  

p a s s a g e )  a t  33°  C# 35°  C# 37°  C and 

3 8 . 5 °  C. C u l t u r e s  were  s eed ed  w i t h  5 x 10* 

c e l l s  p e r  d i s h  and i n c u b a t e d  a t  t h e  p r o p e r  

t e m p e r a t u r e s .  A f t e r  t h e  i n i t i a l  s e e d in g #  a t  

each  t im e  p o i n t  i n d i c a t e d #  t h e  c e l l s  i n  

t r i p l i c a t e  c u l t u r e s  were c o u n te d  a s  d e s c r i b e d  

in  M a t e r i a l s  and Methods .
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COMPARISON OF GROWTH CURVES OF CL>39

C P D E E I L R S L H S .

DIFFERENT TEMPERATURES

a A

0.
0AV8

- I -  33t C  -o- 35* C -A- 37*C -O- 38 .5*0

F ig u r e  12
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t h e  p a t t e r n  was c o n s i s t e n t  w i t h  t h e  r e s u l t s  o b s e r v e d  f o r  

t h e  EOC. The i m m o r t a l i s e d  c e l l  l i n e s  o v e r l a p p e d  t h e  v a l u e s  

o b s e r v e d  f o r  HS74 and  I F 5 A - 2 ,  w h ic h  were  38 h o u r s  and 48 

h o u r s  r e s p e c t i v e l y .  The g row th  r a t e  improved w i t h  p a s s a g e  

f o r  C l - 3 9  ( f r o m  42 h o u r s  t o  30 h o u r s  be tw een  p a s s a g e s  20 

a n d  9 0 ) .  I t  c o u l d  t h e r e f o r e  b e  c o n c l u d e d  t h a t  

i m m o r t a l i z a t i o n  was n o t  a lw ay s  a s s o c i a t e d  w i th  an  i n c r e a s e d  

g row th  r a t e .  A l l  t h e  above r e s u l t s  were o b t a i n e d  a t  37° C. 

C l - 3 9 ,  a t  two d i f f e r e n t  p a s s a g e s ,  was a l s o  e x a m in e d  a t  

d i f f e r e n t  t e m p e r a t u r e s ;  t h e  r e s u l t s  a r e  summarized  in  T ab le  

23.  At l a t e r  p a s s a g e ,  t h e  g row th  r a t e  was re d u c e d  a t  33°  C 

(48 h o u r s )  and 35°  C (38 h o u r s )  a s  compared t o  37° o r  3 8 .5 °  

C, w hich  w ere  i n d i s t i n g u i s h a b l e .  The EOC was s i m i l a r l y  

u n a f f e c t e d  a t  3 8 . 5 °  C,  a s  c o m p a r e d  t o  3 7 °  C. At e a r l y  

p a s s a g e ,  t h e  g row th  r a t e  was r e d u c e d  a t  a l l  t e m p e r a t u r e s .  

C l - 3 9  a l s o  s h o w e d  a n  i n c r e a s e d  s a t u r a t i o n  d e n s i t y  a t  

c o n f l u e n c e  f o r  c e l l  g r o w t h  ( a s  e x p e c t e d  f o r  a n  S V 4 0 -  

t r a n s f o r m e d  c e l l  l i n e ) , a s  shown i n  T a b l e  24 .  S i m i l a r  

r e s u l t s  were o b t a i n e d  a t  3 5 °  C, 3 7 °  C, and  3 8 . 5 °  C ( d a t a  

n o t  shown) . The o v e r a l l  b e h a v i o r  i s  c o n s i s t e n t  w i th  t h a t  

e x p e c t e d  f o r  I F 5 A - 2 ,  s i n c e  a w i l d - t y p e  T a n t i g e n  w as  

i n v o l v e d  i n  t h e  i n i t i a l  t r a n s f o r m a t i o n .  These d a t a  a l s o  

s e r v e d  a s  a c o n t r o l  f o r  g r o w t h  s t u d i e s  w i t h  a s e r i e s  o f  

t r a n s f o r m a n t s  s u b s e q u e n t l y  i s o l a t e d  i n  t h e  l a b o r a t o r y .  

T h e s e  w ere  o b t a i n e d  a f t e r  t r a n s f e c t i o n  w i t h  an  o r i g i n -  

d e f e c t i v e  d e r i v a t i v e  o f  t s A  5 8 ,  a  m u t a n t  which en co d e s  a 

h e a t - l a b i l e  T a n t i g e n .
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T a b le  23.  Doubling  t i m e s  o f  C l -3 9  a t  d i f f e r e n t
t e m p e r a t u r e s

Number 33 38 .5
P a s s a g e  T e m p e ra tu r e s  ( C)

P12/P4 N .D .b 4 5 .6  42 43

P80/P4 48 38 28 30

60mm d i s h e s  were each  s eed ed  w i t h  5 x 10* c e l l s .  Three  
d i s h e s  were c o u n te d  a t  ea ch  t im e  p o i n t .  The a v e r a g e  o f  
t h e  t h r e e  c e l l  c o u n t s  was u sed  t o  p l o t  t h e  c u r v e  a s  shown 
in  F i g u r e s  11 and 12.

b N.D.« Not Dete rm ined
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T a b le  24. S a t u r a t i o n  d e n s i t y  o f  human c e l l  l i n e s

C e l l  l i n e  C e l l  number

HS74 1.5x10®

IF5A-2 4.0x10®

C l-3  5.9x10®

C l-3 7  >2.9x10®

C l-3 8  5.3x10®

C l-3 9  5.5x10®

60mm.dishes  o r  1 2 - w e l l  d i s h e s  (C l-39)  were s eed ed  w i th  5 
x 10 c e l l s .  D ish e s  were i n c u b a t e d  u n t i l  c o n f l u e n c e  was 
o b t a i n e d  and c e l l  number was d e t e r m in e d  in  t r i p l i c a t e  
s e v e r a l  d a y s  a f t e r  c o n f l u e n c e .
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The SV40 s e q u e n c e s  i n  IF 5 A -2  and  t h e  i s s o r t a l i  z e d  

c e l l s  w e re  e x a m i n e d  t o  d e t e r m i n e  t h e  n u a b e r  and s t a b i l i t y  

o f  t h e  v i r a l  genoae  (and a s s o c i a t e d  n o n - v i r a l  s e q u e n c e s )  . 

T y p i c a l l y #  c e l l  l i n e s  t h a t  a r e  t r a n s f o r m e d  w i t h  SV40 

c o n t a i n  m u l t i p l e  p a r t i a l  c o p i e s  o f  t h e  v i r a l  g e n o m e  

i n t e g r a t e d  i n t o  t h e  c e l l u l a r  genoae  (Sack# 1 9 8 1 ) .  However# 

s u c h  t r a n s f o r m e d  human f i b r o b l a s t s  had been  o b t a i n e d  a f t e r  

i n f e c t i o n  b y  SV 40#  w h i c h  h a d  a n  i n t a c t  o r i g i n  o f  

r e p l i c a t i o n  and T a n t i g e n  ( u s u a l l y  a s  i n f e c t i o u s  v i r i o n s ) .  

On t h e  o t h e r  hand# t h e  t r a n s f o r m a t i o n  in  t h e s e  e x p e r i m e n t s  

was d o n e  w i t h  S V o r i " #  t h u s  e x c l u d i n g  r e p l i c a t i o n #  so  t h e  

p o s s i b i l i t y  e x i s t e d  t h a t  t h e r e  would n o t  be m u l t i p l e  c o p i e s  

o f  t h e  SV40 genome. C o n v e r se ly #  s i n c e  t h e  t r a n s f o r m a t i o n  

w a s  d o n e  b y  t h e  c a l c i u m  p h o s p h a t e  c o - p r e c i p i t a t i o n  

t e c h n iq u e #  t h e r e  was a  ch a n c e  t h a t  c o n c a t a m e r s  w e re  fo rm ed  

which i n v o lv e d  m u l t i p l e  c o p i e s  o f  SV40. F i n a l l y #  s i n c e  t h e  

m a j o r i t y  o f  t h e  DNA t a k e n  up by  c a l c i u m  p h o s p h a t e  c o ­

p r e c i p i t a t i o n  s u f f e r s  d e g r a d a t i o n #  t h e  p r o b a b i l i t y  o f  l o s s  

o f  t h e  t e r m i n a l  s e q u e n c e s  o f  t h e  i n t e g r a t i n g  DMA a l s o  

e x i s t e d .  To a s s e s s  t h e s e  p o s s i b i l i t i e s #  e x p e r i m e n t s  w e re  

d o n e  i n  w h ic h  t h e  same s e q u e n c e - s p e c i f i c  e n d o n u c l e a s e  was 

used  t o  d i g e s t  h ig h  m o l e c u l a r  w e i g h t  DNA f ro m  e a c h  o f  t h e  

c e l l  l i n e s  and S o u th e rn  a n a l y s i s  p e r fo r m e d .

A s e r i e s  o f  enzymes which do n o t  c u t  t h e  i n p u t  SV40 — 

s p e c i f i c a l l y #  B g l  1 ( F i g u r e  13)# Xho 1 ( F i g u r e  14)# S s t  1 

( F ig u r e  15) and Ava I  ( F ig u r e  16) —  were u s e d .  A l t h o u g h  

Bgl 1 d i g e s t s  w i ld  ty p e  SV40 DNA# t h e  S V o r i” m u tan t  c - 6
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F i g u r e  13.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

(3) IF5A, (4) C l - 3 9 ,  (5) C l - 5 ,  (6) C l - 3 7 ,  (7) 

C l - 3 8 ,  (8) C l - 2 ,  (9) C l - 3 .  Each DMA sample  was 

d i g e s t e d  w i th  Bgl  1 and e l e c t r o p h o r e s e d  in  a 

0.7% a g a r o s e  g e l  a t  40 v o l t s  f o r  16 h o u r s .  The 

DNA was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e ,  

h y b r i d i z e d  t o  1 x 10^ cpm o f  ^ p - l a b e l e d  

SV40 and e xposed  f o r  a u t o r a d i o g r a p h y  f o r  1 day .

(1) SV40 d i g e s t e d  w i th  Eco R l .  (2) pMKSV40ori~ 

d i g e s t e d  w i th  Xho 1.
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F ig u r e  14. S o u th e r n  a n a l y s i s  o f  c e l l u l a r  DNAs from

(3) IF5A, (4) C l - 3 9 ,  (5) C l - 5 ,  (6) C l - 3 7 ,  (7) 

C l - 3 8 ,  (8) C l - 2 ,  (9) C l - 3 .  Each DNA sample  was 

d i g e s t e d  w i t h  Xho 1 and e l e c t r o p h o r e s e d  in  a 

0.7% a g a r o s e  g e l  a t  40 v o l t s  f o r  16 h o u r s .  The 

DNA was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e ,  

h y b r i d i z e d  t o  1 x 10^ cpm o f  ^ p - l a b e l e d  

SV40 and exp o sed  f o r  a u t o r a d i o g r a p h y  f o r  a 

week. (1) SV40 d i g e s t e d  w i th  Eco R l .

(2) pMKSV40ori“ d i g e s t e d  w i th  Xho 1.
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F i g u r e  15 .  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

(3) C l - 3 7 ,  (4) C l - 3 8 ,  (5) C l - 3 9 ,  (6) C l - 2 ,  (7) 

C l - 3 ,  (8) C l - 5 ,  (9) IF5A. Bach DNA sample was 

d i g e s t e d  w i th  S s t  1 and e l e c t r o p h o r e s e d  i n  a 

1.0% a g a r o s e  g e l  a t  30 v o l t s  f o r  16 h o u r s .  The 

DNA was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e ,  

h y b r i d i z e d  t o  1 x 10^ cpm o f  ^ p - l a b e l e d  

SV40 and exposed  f o r  a u t o r a d i o g r a p h y  f o r  3 

d a y s .  (1) pMKSV40ori~ d i g e s t e d  w i th  Xho 1.

(2) SV40 d i g e s t e d  w i th  S s t  1.
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F i g u r e  16.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DMAs from

(3) IF5A, (4) C l - 3 9 ,  (5) C l - 3 7 ,  (6) C l - 3 .

Each DNA sample  was d i g e s t e d  w i th  Ava 1 and

e l e c t r o p h o r e s e d  in  a 0.7% a g a r o s e  g e l  a t  40

v o l t s  f o r  16 h o u r s .  The DNA was t r a n s f e r r e d  t o

n i t r o c e l l u l o s e ,  h y b r i d i z e d  t o  1 x 1 0 7 cpm o f  
32p - l a b e l e d  SV40 and exposed  f o r  

a u t o r a d i o g r a p h y  f o r  3 d a y s .  (1) SV40 d i g e s t e d  

w i th  Eco R l .  (2) pMKSV40ori~ d i g e s t e d  w i th  

Xho 1 .
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( w h i c h  was  u s e d  i n  t h e  i n i t i a l  t r a n s f o r m a t i o n  s t u d i e s )  

c o n t a i n e d  a  d e l e t i o n  a t  t h e  Bgl  I  s i t e  a n d ,  t h e r e f o r e ,  t h a t  

s i t e  c o u l d  n o t  be  p r e s e n t  i n  t h e  r e s i d e n t  v i r a l  g en o m e .  

T h e s e  e n zy m es  d i g e s t  c e l l u l a r  s e q u e n c e s  a d j a c e n t  t o  t h e  

p u t a t i v e  i n t e g r a t e d  v i r a l  g e n o m e ( s ) ,  s u c h  t h a t  e a c h  

d i s c r e t e  b a n d  o f  v i r a l  s e q u e n c e s  w o u ld  be e x p e c t e d  t o  

r e f l e c t  a s e p a r a t e  s i t e  o f  i n t e g r a t i o n .  The r e s u l t s  

i n d i c a t e  t h a t  t h e  SV40 s e q u e n c e s  a r e  in  two s i t e s .  F i g u r e  

13 shows two DNA f r a g m e n t s  n o t  o n l y  f o r  IF5A ( l a n e  3) b u t  

a l s o  f o r  C l - 3 7 ,  C l - 3 8  a n d  C l - 3  ( l a n e s  6 ,  7 a n d  9 

r e s p e c t i v e l y ) . F i g u r e  14 a l s o  i n d i c a t e s  two DNA f r a g m e n t s  

f o r  IF5A; h o w e v e r ,  i t  i s  d i f f i c u l t  t o  be  c e r t a i n  o f  t h e  

p r e s e n c e  o f  more t h a n  one  c l e a r l y  d e f i n e d  DNA f r a g m e n t  f o r  

any o f  t h e  i m m o r t a l i z e d  c e l l  l i n e s ,  a s  i n d i c a t e d  i n  l a n e s  4 

t h r o u g h  9 .  I n  F i g u r e  1 5 ,  l a n e  3 ,  o n e  f i n d s  tw o  DNA 

f r a g m e n t s  f o r  C l - 3 7 ,  w h ereas  l a n e s  4 th ro u g h  9 i n d i c a t e  one 

DNA f r a g m e n t  f o r  a l l  o t h e r  l i n e s ,  i n c l u d i n g  t h e  p a r e n t  

I F 5 A .  A l t h o u g h  I F 5 A  a p p e a r s  t o  c o n t a i n  o n l y  o n e  

i n t e g r a t i o n  s i t e  i n  t h i s  g e l ,  t h e r e  i s  a p o s s i b i l i t y ,  i n  

v iew o f  t h e  o v e r a l l  f a i n t  i n t e n s i t y  o f  t h e  v i r a l  s e q u e n c e s ,  

t h a t  t h e  l a n e s  w e r e  u n d e r l o a d e d  and  t h e r e f o r e  m i s t a k e n l y  

i n d i c a t e  o n l y  one DNA f r a g m e n t .  The p r e s e n c e  o f  two DNA 

f r a g m e n t s  w i t h  B g l  1 ,  Xho 1 ,  and  S s t  a r e  c o n f i r m e d  (and 

b e t t e r  documented)  a s  d i s c u s s e d  l a t e r  ( s e e  F i g u r e  2 0 ) .  The 

b e h a v i o r  o f  C l - 3 8  ( F i g u r e  1 5 ,  l a n e  4) i s  a b e r r a n t ,  a s  

e v i d e n c e d  f rom  t h e  e t h i d i u m  b r o m i d e  s t a i n i n g  o f  t h e  g e l  

( d a t a  n o t  shown).  D i g e s t i o n  o f  t h e  DNA p r e p a r a t i o n s  w i t h



132

Ava I  ( F i g u r e  16) shows one i n t e g r a t i o n  s i t e  f o r  IF5A, C l -  

3 9 ,  C l - 3 7  and  C l - 3  ( l a n e s  3 ,  4 ,  5 and  6 r e s p e c t i v e l y ) . 

D i f f e r e n c e s  am ong t h e  v a r i o u s  e n z y m e s  f o r  IF 5 A -2  a r e  

c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  o t h e r s ,  s i n c e  t h e  l o c a t i o n s  

o f  s i t e s  f o r  d i g e s t i o n  w i t h  a n y  g i v e n  e n z y m e  w o u l d  be  

e x p e c t e d  t o  be  f o r t u i t o u s ,  and  n o t  e v i d e n t  i n  a l l  c a s e s .  

T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  a  m in i m u m  o f  t w o  

i n t e g r a t i o n  s i t e s  f o r  SV40 in  IF5A-2.  One s h o u ld  n o t e  t h a t  

lambda-DNA was a d d e d  t o  e a c h  o f  t h e  r e a c t i o n  t u b e s  f o r  

F i g u r e s  13 and  16 t o  v e r i f y  t h a t  c o m p l e t e  d i g e s t i o n  had  

t a k e n  p l a c e .  T h i s  i s  o b s e r v e d  on  an  e t h i d i u m - b r o m i d e -  

s t a i n e d  g e l ;  i . e . ,  DNA f r a g m e n t s  c o r r e s p o n d i n g  t o  t h o s e  

s e e n  when o n ly  lambda-DNA was d i g e s t e d  were n o te d  ( d a t a  n o t  

s h o w n )  . One s h o u l d  n o t e  t h a t  C l - 3  a l s o  c o n t a i n e d  two 

c o p i e s  o f  SV40; however ,  one o f  i t s  c o p i e s  m u s t  h a v e  moved 

t o  a d i f f e r e n t  p o s i t i o n  t h a n  t h a t  o f  C l -3 7  and C l - 3 8 .  T h i s  

was shown t o  be t r u e  b e c a u s e  one o f  t h e  DNA f ra g m e n t s  upon 

B g l  1 d i g e s t i o n  d i d  n o t  m a t c h  w i t h  e i t h e r  o f  t h e  DNA 

f r a g m e n t s  o f  C l - 3 7  and  C l - 3 8 .  I n  a l l  t h e  l i n e s ,  one o f  

t h e i r  r e s p e c t i v e  DNA f r a g m e n t ( s )  matched  t h o s e  o f  IF5A ( see  

F i g u r e  1 3 ) .

I  n e x t  e x a m in e d  t h e  DNA f r o m  e a c h  c e l l  l i n e  w i t h  

en zy m e s  t h a t  c l e a v e  w i l d  t y p e  SV40 DNA once  ( F ig u r e  1 7 ) .  

Such an  a n a l y s i s  w ou ld  be e x p e c t e d  t o  r e s u l t  i n  two DNA 

f r a g m e n t s  p e r  i n t e g r a t e d  v i r a l  s e q u e n c e s ,  a s s u m i n g  an  

i n t a c t  genome. The en zy m e s  u s e d  w e re  Bam HI ( F i g u r e  18) 

and Eco Rl (F ig u r e  1 9 ) .  Bam HI d i d  n o t  ap p e a r  t o  c u t
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F i g u r e  17 .  A l i n e a r  r e s t r i c t i o n  map o f  t h e  SV40 genome 

showing r e l e v a n t  r e s t r i c t i o n  enzyme s i t e s .
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F ig u r e  18. S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

(1) C l - 3 7 , (2) C l - 3 8 ,  (3) C l - 3 9 ,  (4) C l - 2 ,  (5) 

C l - 3 , (6) C l - 5 ,  (7) IF5A. Each DNA sample  was 

d i g e s t e d  w i th  Bam HI and e l e c t r o p h o r e s e d  in  a 

1.0% a g a r o s e  g e l  a t  30 v o l t s  f o r  16 h o u r s .  The 

DNA was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e , 

h y b r i d i z e d  t o  1 x 10^ cpm o f  ^ p - l a b e l e d  

SV40 and exposed  f o r  a u t o r a d i o g r a p h y  o v e r n i g h t .



136

1 2 3 4 5 6 7
kbp

—  5.2

F ig u r e  18



137

F i g u r e  19.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

(2) C l - 3 9 ,  (3) C l - 2 ,  (4) C l - 3 ,  (5) C l - 5 ,  (6) 

IF5A. Bach DNA sample  was d i g e s t e d  w i th  Eco R1 

e l e c t r o p h o r e s e d  in  a  1.0% a g a r o s e  g e l  a t  30 

v o l t s  f o r  16 h o u r s .  The DNA was t r a n s f e r r e d
7

t o  n i t r o c e l l u l o s e ,  h y b r i d i z e d  t o  1 x 10 cpm 

o f  22p - l a b e l e d  SV40 and exposed  f o r  

a u t o r a d i o g r a p h y  f o r  1 week.  (1) SV40 d i g e s t e d  

w i th  Eco R l .
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w i t h i n  t h e  SV40 s e q u e n c e s ,  s i n c e  o n l y  v e r y  h i g h  m o l e c u l a r  

w e ig h t  DNA f r a g m e n t s  were fo u n d :  two i n  C l -3 7  ( l a n e  1) and  

C l - 3 8  ( l a n e  2 ) ,  and  a  s i n g l e  DNA f r a g m e n t  i n  t h e  o t h e r s .  

I t  i s  d i f f i c u l t  t o  comment on IF5A b e c a u s e  o f  a p p a r e n t  poor  

t r a n s f e r .  T h i s  was n o t  s u r p r i s i n g  p e r  s e , a s  t h e  SV40 DNA 

h a d  b e e n  l i n e a r i z e d  a t  t h e  Bam HI s i t e  b e f o r e  i t  was 

i n t r o d u c e d  i n t o  t h e  human c e l l .  S in c e  r e c o m b i n a t i o n  t a k e s  

p l a c e  upon  i n t e g r a t i o n ,  one  would e x p e c t  b o th  en d s  o f  t h e  

m o le c u le  t o  have l o s t  some s e q u e n c e s ,  t h u s  e l i m i n a t i n g  t h e  

Bam Hi s i t e  ( K e t n e r  and  K e l l y ,  1 9 7 6 ;  C l a y t o n  and  R igby ,  

1 9 81)  . A l t e r n a t i v e l y ,  e x o n u c l e a s e  d i g e s t i o n  o f  t h e  

t e r m i n a l  n u c l e o t i d e s  c o u ld  have  r e s u l t e d  i n  l o s s  o f  t h e  Bam 

HI r e c o g n i t i o n  s e q u e n c e s  p r i o r  t o  i n t e g r a t i o n  ( se e  F i g u r e  

1 7 ) .  More s u r p r i s i n g l y ,  Eco Rl ( F ig u r e  19) d i d  n o t  seem t o  

d i g e s t  w i t h i n  t h e  SV40 s e q u e n c e s  e i t h e r .  O n ly  o n e  DNA 

f r a g m e n t  was f o u n d  f o r  IF5A ,  C l - 3 9 ,  C l - 2 ,  C l - 3  and  C l - 5  

( l a n e s  6, 2 ,  3 ,  4 ,  and 5 r e s p e c t i v e l y ) .  The DNA f r a g m e n t s  

o b t a i n e d  w i t h  t h e s e  e n z y m e s  (B g l  1 ,  X h o l ,  S s t  1 ,  Bam HI 

and Eco R l)  w e re  much l a r g e r  ( 1 0 k b - 2 3 k b )  t h a n  on e  w ou ld  

e x p e c t  w i t h  an  enzyme t h a t  c l e a v e s  i n t e r n a l l y .  Data  w i l l  

be p r e s e n t e d  l a t e r  which b e a r  f u r t h e r  on t h i s  p o i n t .

Comparison o f  t h e  p a t t e r n  o f  t h e  v i r a l  s e q u e n c e s  among 

t h e  DNA f ro m  t h e  d i f f e r e n t  c e l l  l i n e s  d i g e s t e d  w i t h  t h e  

s e v e r a l  en zym es  i n d i c a t e d  t h a t  one copy o f  v i r a l  s e q u e n c e s  

was c o n s e r v e d ,  w h i l e  t h e  s e c o n d  c o p y  i n  IF 5 A  c o u l d  be  

a l t e r e d .  F o r  e x a m p l e ,  C l - 3  (B g l  1 ,  F i g u r e  13) showed an 

a l t e r e d  p o s i t i o n  o f  t h e  lower  m o le c u la r  w e ig h t  DNA f ra g m e n t
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i n  IF5A; i t  was n o t  d e t e c t a b l e  i n  C l - 2 ,  C l - 5  o r  C l - 3 9 .  By 

i n f e r e n c e ,  t h e r e f o r e ,  t h e  p r e s e n c e  ( o r  p o s i t i o n )  o f  t h a t  

DNA f rag m e n t  was i r r e l e v a n t  t o  t h e  i m m o r t a l i z a t i o n  o f  IF5A. 

I  c o n s e q u e n t l y ,  f o c u s e d  my a t t e n t i o n  on t h e  s t r u c t u r e  o f  

t h e  o t h e r  v i r a l  s e q u e n c e  ( w i t h i n  t h e  h i g h e r  m o l e c u l a r  

w e ig h t  Bgl  1 DNA f r a g m e n t ) . I  d e c i d e d  t o  work o n l y  w i t h  

C l - 3 9 ,  a s  i t  had  a  s i n g l e  i n t e g r a t e d  c o p y .  I  s o u g h t  t o  

d e t e r m in e  w he the r  t h i s  copy had moved t o  a new p o s i t i o n  in  

t h e  c e l l u l a r  g e n o m e  o r  i f  i t  had  r e m a i n e d  i n  t h e  same 

p o s i t i o n  a s  one o f  t h e  c o p i e s  o f  IF5A. I f  i t  had moved t o  

a new s i t e ,  t h e  p o s s i b i l i t y  e x i s t e d  t h a t  i m m o r t a l i z a t i o n  

w a s  a d i r e c t  c a u s e  o f  t h i s  m o v e ,  a n d  t h a t ,  u p o n  

r e i n t e g r a t i o n ,  a gene  was d i s t u r b e d  in  such  a  f a s h i o n  t h a t  

t h e  c e l l  now became im m o r ta l .  However,  i f  t h e  i n i t i a l  copy 

rem ained  in  t h e  o r i g i n a l  p o s i t i o n ,  t h i s  would i n d i c a t e  t h a t  

t h e  p o s i t i o n  o f  i n t e g r a t i o n  h a s  n o  s i g n i f i c a n c e  w i t h  

r e l a t i o n s h i p  t o  i m m o r t a l i z a t i o n .  I f  t h i s  w e re  n o t  t h e  

c a s e ,  a l l  IF5A c e l l s  would be i m m o r t a l ,  c o n t r a d i c t i n g  t h e  

r e s u l t s  o b t a i n e d  in  t h e  p r e c e d i n g  C h a p t e r .  T h e r e f o r e ,  i f  

t h e  DNA f r a g m e n t  o f  C l - 3 9  m a tc h e d  up  t o  on e  o f  t h e  DNA 

f r a g m e n t s  o f  IF5A, and t h e  o n l y  a p p a r e n t  d i f f e r e n c e  be tween 

t h e  p a r e n t  and C l -3 9  was t h a t  C l -3 9  had l o s t  one SV40 co p y ,  

on e  w ou ld  be h a r d  p r e s s e d  t o  u se  a l o s s  such  a s  t h i s  a s  a 

s p e c i f i c  mechanism f o r  i m m o r t a l i z a t i o n .  To a s s e s s  t h i s ,  

DNAs f ro m  b o t h  C l -3 9  and IF5A were d i r e c t l y  compared a f t e r  

d i g e s t i o n  w i t h  a v a r i e t y  o f  en z y m e s  t h a t  e i t h e r  d i d  n o t  

c l e a v e  w i l d  t y p e  SV40 DNA, o r  o n l y  c l e a v e d  i t  o n c e .  These
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i n c l u d e d  S e t  1 /  Xho 1 ,  B g l  1 ,  Ban H i ,  Eco  R l  ( a l r e a d y  

d i s c u s s e d )  and Kpn 1 .  These two g e l s  ( s e e  F i g u r e  20 [IF5A] 

and F i g u r e  21 [ C l -3 9 ] )  were e l e c t r o p h o r e s e d  under  i d e n t i c a l  

c o n d i t i o n s  ( 0 .7 %  a g a r o s e ,  40V, f o r  16 h o u r s ) .  I f  one  

compares  t h e  m arker  DNA's o f  t h e  two g e l s  ( F i g u r e  2 0 ,  l a n e  

2 ,  and  F i g u r e  21,  l a n e  1 [w i ld  t y p e  SV40 d i g e s t e d  w i th  Eco 

Rl]  and F i g u r e  20 ,  l a n e  4,  and F i g u r e  21,  l a n e  2 [pMKSVori-  

d i g e s t e d  w i th  Xho) , one f i n d s  an  e x c e l l e n t  a g r e e m e n t .  When 

l a n e s  4 and 5 o f  F i g u r e  21 a r e  compared (b o th  d i g e s t e d  w i th  

S s t  1 ) ,  one s e e s  t h a t  one o f  t h e  two DNA f r a g m e n t s  o f  IF5A 

f o u n d  i n  l a n e  4 m a t c h e s  e x a c t l y  t o  t h e  s i n g l e  CL-39 DNA 

f ra g m en t  i n  l a n e  5. In  a d d i t i o n ,  t h e  p a t t e r n  i n  F i g u r e  21 

c o r r e s p o n d s  t o  t h e  o n e  s e e n  i n  F i g u r e  2 0 ,  l a n e  5 .  

S i m i l a r l y ,  i n  a l l  c a s e s ,  t h e  C l -3 9  DNA f ra g m e n t  m a tch es  one 

o f  t h e  IF 5 A  DNA f r a g m e n t s ,  t h u s  e n a b l i n g  me t o  b e  

r e a s o n a b l y  c e r t a i n  t h a t  t h e  i n s e r t  i n  C l -3 9  had n o t  moved 

f ro m  i t s  p l a c e  i n  IF5A.  T h i s  c o n c l u s i o n  was b a s e d  on  a 

co m p a r i so n  o f  t h e  f o l l o w i n g :  Xho 1 ( F ig u r e  20 ,  l a n e  6 w i th

F i g u r e  21,  l a n e  6 ) ,  Kpn 1 ( F ig u r e  20,  l a n e  8 and F i g u r e  21, 

l a n e  1 0 ) ,  Bam HI ( F i g u r e  2 1 ,  l a n e  9 w i t h  F i g u r e  21 ,  l a n e  

8 ) ,  and Eco Rl ( F ig u r e  20,  l a n e  10 and F i g u r e  2 1 ,  l a n e  9 ) .  

I n s t e a d ,  C l - 3 9  had  o n l y  l o s t  one o f  t h e  SV40 c o p i e s  found 

in  IF5A. One a p p a r e n t  e x c e p t i o n  t o  t h i s  was t h e  B g l  1 DNA 

f r a g m e n t  ( F i g u r e  2 0 ,  l a n e  7 j F i g u r e  21 ,  l a n e  7) which was 

n o t  p r o p e r l y  c u t  i n  F i g u r e  21 ( C l - 3 9 ) , a s  can  be  s e e n  f rom  

a n o t h e r  g e l  ( d a t a  n o t  shown) where lambda-DNA was added a s  

an i n t e r n a l  c o n t r o l .  When t h e  lambda-DNA from t h i s
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F i g u r e  20.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DMAs from

IF5A. Ten m icrogram s  o f  DNA were d i g e s t e d  w i th

(5) S s t  1 ,  (6) Xho 1 ,  (7) Bgl 1 ,  (8) Kpn 1 ,  (9) 

Bam HI,  (10) Eco R l ,  e l e c t r o p h o r e s e d  in  a 0.7% 

a g a r o s e  g e l  a t  40 v o l t s  f o r  16 h o u r s .  The DNA 

was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e ,  h y b r i d i z e d  

t o  1 x 107 cpm o f  32p - l a b e l e d  SV40 and exposed  

f o r  a u t o r a d i o g r a p h y  f o r  1 week.  (1) SV40 

u n d i g e s t e d .  (2) SV40 d i g e s t e d  w i th  Eco R l .  (3) 

pMKSV40ori~ u n d i g e s t e d .  (4) pMKSV40ori“ 

d i g e s t e d  w i t h  Xho 1 .



F i g u r e  20
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F i g u r e  21. S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

C l-3 9  and IF5A. Ten m icrogram s  o f  IF5A DNA

were d i g e s t e d  w i th  (4) S s t  1 .  Ten m icrogram s  o f

C l -3 9  DNA were d i g e s t e d  w i th  (5) S s t  1 ,  (€) Xho

1 ,  (7) Bgl  1 ,  (8) Bam HI,  (9) Eco R l ,  (10) Kpn

1 ,  e l e c t r o p h o r e s e d  in  a 0.7% a g a r o s e  g e l  a t  40

v o l t s  f o r  16 h o u r s .  The DNA was t r a n s f e r r e d  t o

n i t r o c e l l u l o s e ,  h y b r i d i z e d  t o  1 x 10^ cpm o f  
32p - l a b e l e d  SV40 and exposed  f o r  

a u t o r a d i o g r a p h y  f o r  5 d a y s .  (1) SV40 d i g e s t e d  

w i th  Eco R l .  (2) pMKSV40ori“ d i g e s t e d  w i th  

Xho 1 .  (3) SV40 d i g e s t e d  w i th  Tag 1 and Hae I I .
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d i g e s t i o n  ( d a t a  n o t  shown) i s  o b s e r v e d  i n  an  e t h i d i u m -  

b r o n i d e - s t a i n e d  g e l ,  on e  f i n d s  t h e  e x p e c t e d  m o l e c u l a r  

w e i g h t  DNA f r a g m e n t s ,  w h ic h  w o u ld  i m p l y  t h a t  t h e  h i g h  

m o le c u la r  w e ig h t  DNA was d i g e s t e d  p r o p e r l y .  I f  t h e  DNA was 

d i g e s t e d  p r o p e r l y ,  t h e  m o l e c u l a r  w e ig h t  o f  t h e  DNA f ragm en t  

c a n  be  a s su m ed  t o  be c o r r e c t .  S i n c e  t h e  DNA f ra g m e n t  in  

t h e  o t h e r  g e l  m a tches  o n l y  t h e  DNA f r a g m e n t  i n  F i g u r e  20 

and  n o t  t h e  DNA f ra g m e n t  i n  F i g u r e  21 ,  one can  assume t h a t  

o n l y  t h e  DNA f r a g m e n t s  i n  F i g u r e  21 a r e  c o r r e c t .  I 

t h e r e f o r e  c o n c l u d e d  t h a t  no r e a r r a n g e m e n t  had o c c u r r e d  in  

t h e  c o n s e r v e d  SV40 s e q u e n c e s  i n  t h e  i m m o r t a l i z a t i o n  o f  

IF5A.

I  th e n  t r i e d  t o  more c o m p l e t e l y  map t h e  SV40 i n s e r t  in  

C l - 3 9 .  From t h e  S o u t h e r n  a n a l y s i s  p r e v i o u s l y  d e s c r i b e d ,  

d i g e s t i o n  o f  C l -3 9  DNA w i t h  Eco Rl  o r  Bam Hi r e s u l t e d  i n  

l a r g e  (>10 kb) DNA f r a g m e n t s .  S in c e  o n l y  one DNA f ragm en t  

was found when Bam Hi and Eco Rl were used  t o  d i g e s t  C l - 3 9  

DNA, Bam Hi and  Eco Rl  p r o b a b l y  d i d  n o t  c u t  i n t e r n a l l y .  

Kpn 1 ,  on t h e  o t h e r  h and ,  seemed t o  c u t  i n t e r n a l l y ,  a s  two 

DNA f ra g m e n t s  were found ( F ig u r e  21 ,  l a n e  1 0 ) .  S p e c u l a t i n g  

t h a t  a  s m a l l  p a r t  o f  t h e  SV40 g e n o m e  w as  m i s s i n g ,  I  

d i g e s t e d  t h e  DNA w i t h  B e l  1 a n d  Eco  R l  a s  a d o u b l e  

d i g e s t i o n  ( F i g u r e  2 2 ) .  when t h e  DNA was d i g e s t e d  w i th  Bel  

1 a l o n e ,  one l a r g e  (~15kb) s i n g l e  DNA f r a g m e n t  c o n t a i n i n g  

SV40 s e q u e n c e s  was f o u n d  ( F i g u r e  2 2 ,  l a n e  2 ) .  When t h e  

h ig h  m o le c u la r  w e i g h t  DNA was d i g e s t e d  w i t h  Eco Rl a l o n e  

( F ig u r e  22, l a n e  1 0 ) ,  a  s i n g l e  DNA f rag m en t  was found o f
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F i g u r e  22 .  S o u th e r n  a n a l y s i s  o f  c e l l u l a r  DNAs from

C l - 3 9 .  Ten m icrogram s  o f  DNA were d i g e s t e d  

w i th  (2) B e l  1 ,  (3) B e l  1 and Kpn 1 ,  (4) Kpn 1 ,

(6) B e l  1 and Bam H i ,  (7) Bam H i ,  (9) B e l  1 and 

Eco Rl (10) Eco R l ,  e l e c t r o p h o r e s e d  in  a  0.7% 

a g a r o s e  g e l  a t  50 v o l t s  f o r  8 h o u r s .  The DNA 

was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e ,  h y b r i d i z e d  

t o  1 x 10^ cpm o f  ^ p - l a b e l e d  SV40 and exposed  

f o r  a u t o r a d i o g r a p h y  f o r  1 week.  (1) SV40 

d i g e s t e d  w i th  Eco Rl and pMKSV40ori~ d i g e s t e d  

w i t h  Xho 1 .  (5) SV40 d i g e s t e d  w i th  B el  1 and 

Bam H i .  (8) SV40 d i g e s t e d  w i t h  B e l  1 and Eco 

R l .
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a p p r o x i m a t e l y  t h e  s a m e  s i z e  ( * * 1 5 k b ) .  When a d o u b l e  

d i g e s t i o n  was p e r f o r m e d  w i t h  b o t h  B e l  1 a n d  E co  R l#  a 

s i n g l e  DNA f r a g m e n t  o f  a b o u t  9 . 0  k i l o b a s e s  was f o u n d  

( F ig u r e  22# l a n e  9) # i n s t e a d  o f  t h e  e x p e c t e d  f r a g m e n t  o f  

s u b g e n o m i c  s i z e  (SV40 genome in  F i g u r e  22# l a n e  8 ) .  T h i s  

s u g g e s t e d  t h a t  a t  l e a s t  one# i f  n o t  both#  o f  t h e  s i t e s  was 

m i s s i n g .  One would e x p e c t  more t h a n  one DNA f ra g m e n t  (two 

o r  p o s s i b l y  t h r e e ) #  i f  one o r  b o th  o f  t h e  enzym es  d i g e s t e d  

t h e  e x p e c t e d  v i r a l  s e q u e n c e s .  A d d i t i o n a l l y #  i n s t e a d  o f  

f i n d i n g  t h e  e x p e c t e d  4 . 3  kb DNA f r a g m e n t  (SV40 genome i n  

F i g u r e  22# l a n e  8)# t h e  o b s e r v e d  DNA f r a g m e n t  was much 

l a r g e r  (8 k b ) .  Ana logous  r e s u l t s  were  o b t a i n e d  when I  d i d  a 

d o u b le  d i g e s t i o n  w i th  B e l  1 and Bam HI ( s e e  F i g u r e  22# l a n e  

6 ) .  The s i z e  o f  t h e  s i n g l e  DNA f r a g m e n t  was s t i l l  much 

l a r g e r  t h a n  t h e  5 . 0  kb p i e c e  one  would e x p e c t  from such  a 

d i g e s t i o n  ( F ig u r e  22# l a n e  5)#  a l t h o u g h  t h e  f r a g m e n t  was 

s m a l l e r  t h a n  e i t h e r  Bam HI a l o n e  ( l a n e  7) o r  B e l  1 a l o n e  

( l a n e  2 ) .  T h i s  r e s u l t  would i n d i c a t e  t h a t  p o s s i b l y  n e i t h e r  

o f  t h e  r e s t r i c t i o n  s i t e s  were p r e s e n t  in  t h i s  SV40 i n s e r t .  

To c l a r i f y  t h i s  p o s s i b i l i t y  f u r t h e r #  a number o f  a d d i t i o n a l  

d o u b l e  d i g e s t i o n s  w e re  p e r f o r m e d :  f i r s t #  Bel  1 and Kpn I 7 
s e c o n d ,  P s t  1 and  Kpn 1 ;  t h i r d #  P s t  1 a n d  Hae I I #  a n d  

f i n a l l y #  Pvu I I .  When a d o u b l e  d i g e s t i o n  o f  C l - 3 9  DNA was 

p e r fo r m e d  w i t h  B e l  1 and  Kpn 1 ( s e e  F i g u r e  22# l a n e  3) # 

o n l y  o n e  DNA f r a g m e n t  o f  4 . 0 k b  l e n g t h  was f o u n d .  Once 

aga in#  t h e  e x p e c t e d  DNA f r a g m e n t  ( 2 . 8 k b )  was n o t  f o u n d .  

F ig u r e  23 shows a n o t h e r  s e r i e s  o f  d o u b le  d i g e s t i o n s .  When
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F i g u r e  23.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

C l - 3 9 .  Ten m icrogram s  o f  DNA were d i g e s t e d  

w i th  (3) P s t  1 ,  (5) P s t  1 and Kpn 1 ,  (7) P s t  1 

and Hae I I#  (9) Pvu I I /  e l e c t r o p h o r e s e d  in  a 

0.6% a g a r o s e  g e l  a t  40 v o l t s  f o r  16 h o u r s .  The

DNA was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e /
7  3 2h y b r i d i z e d  t o  1 x 10 cpm o f  p - l a b e l e d

SV40 and exposed  f o r  a u t o r a d i o g r a p h y  f o r  3

d a y s .  (1) pMKSV40ori“ d i g e s t e d  w i th  Xho 1.

(2) SV40 d i g e s t e d  w i th  P s t  1 .  (4) SV40

d i g e s t e d  w i th  P s t  1 and Kpn 1. (6) SV40

d i g e s t e d  w i th  P s t  1 and Hae I I .  (8) SV40

d i g e s t e d  w i th  Pvu I I .
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a d o u b l e  d i g e s t i o n  was p e r f o r m e d  u s in g  P s t  1 and Kpn 1 on 

w i ld  ty p e  SV40 ( F ig u r e  23 ,  l a n e  4 ) ,  t h r e e  DNA f r a g m e n t s  a r e  

found ( 2 .3 k b ,  1 .7 k b  and 1 . 2 k b ) ,  a s  e x p e c t e d .  DNA f ro m  C l -  

39 was d i g e s t e d  w i t h  t h e s e  enzymes ( se e  F i g u r e  23 ,  l a n e  5 ) ,  

and  o n l y  t h e  2 . 3 k b  f r a g m e n t  was f o u n d .  D i g e s t i o n  w i th  

b o th  en z y m e s  i s  v e r i f i e d  by c o m p a r i s o n  w i t h  P s t  1 a l o n e  

( s e e  l a n e  3 ) .  T h i s  f r a g m e n t  c o v e r e d  m o s t  o f  t h e  e a r l y  

r e g i o n  from n u c l e o t i d e  3144 t o  n u c l e o t i d e  2 3 4 .  A s i m i l a r  

r e s u l t  was found w i th  a n o t h e r  c o m b in a t io n  o f  enzymes ,  P s t  1 

and  Hae I I ,  w h ic h  i n  w i l d  t y p e  SV40 ( s e e  F i g u r e  23 ,  l a n e  

6 ) ,  g e n e r a t e d  2 . 8 7 k b ,  1 . 2 k b  and  1 . 1 6 k b  f r a g m e n t s .  When 

t h i s  d o u b l e  d i g e s t i o n  was c a r r i e d  o u t ,  o n l y  t h e  2 . 8 7 k b  

f r a g m en t  was found in  C l -3 9  ( F ig u r e  23 ,  l a n e  7) . When C l -  

39 DNA was d i g e s t e d  w i t h  P v u ' I I  ( s e e  F i g u r e  23,  l a n e  9 ) ,  

o n l y  t h e  2 .0 k b  f r a g m e n t  was f o u n d ;  n e i t h e r  t h e  1 . 4 5 k b  n o r  

t h e  1 . 8 k b  was p r e s e n t  ( s e e  l a n e  8 ) .  For  c o m p a r i s o n ,  SV40 

DNA was a l s o  d i g e s t e d  w i t h  o t h e r  e n zy m es  t o  s u b s t a n t i a t e  

t h e  s i z e  o f  t h e  r e l e v a n t  f r a g m e n t s .  A l l  t h e  above r e s u l t s  

i n d i c a t e d  t h a t  t h e  m a j o r i t y  o f  t h e  e a r l y  r e g i o n  was p r e s e n t  

b u t  t h e  g r e a t e r  p a r t  o f  t h e  l a t e  r e g i o n  was a b s e n t .  T h i s  

f i n d i n g  was n o t  d i f f i c u l t  t o  u n d e r s t a n d ,  s i n c e  o n l y  t h e  

e a r l y  r e g i o n  i s  n e e d e d  t o  t r a n s f o r m  t h e  c e l l s .  The more 

s i g n i f i c a n t  f i n d i n g  w as  t h a t  t h e  B e l  1 s i t e  w as  n o t  

p r e s e n t .  T h i s  was d e t e r m i n e d  by t h e  f a c t  t h a t  a 2 . 8 k b  

f r a g m e n t ,  w h ich  s h o u l d  be  g e n e r a t e d  by c u t t i n g  C l -3 9  DNA 

w i th  Be l  1 and Kpn 1 ,  was n o t  f o u n d  ( F i g u r e  2 2 ,  l a n e  3) . 

Lambda DNA had  been  added t o  t h i s  l a n e ,  v e r i f y i n g  t h a t  t h e
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DNA was c u t  p r o p e r l y  ( d a t a  n o t  s h o w n ) . S i n c e  t h e  B e l  1 

s i t e  (bp 2706) i s  o n l y  a few b a s e  p a i r s  f r o a  t h e  end o f  t h e  

l a r g e  T - a n t i g e n ,  we c a n  be  c e r t a i n  t h a t  a t  l e a s t  p a r t  o f  

t h e  c a r b o x y l  end o f  t h e  p r o t e i n  was a i s s i n g .  The n e a r e s t  

c o n v e n i e n t  r e s t r i c t i o n  s i t e  i s  t h a t  o f  P s t  1 a t  3144. P s t  

1 h a s  two r e s t r i c t i o n  s i t e s  i n  w i l d  t y p e  S V 4 0 ,  w h i c h  

p r o d u c e  a 4 . 0 k b  f r a g a e n t  and  a  1 . 2 k b  f r a g a e n t .  When DNA 

f r o a  a l l  s i x  o f  t h e  i a a o r t a l i z e d  c e l l  l i n e s  and IF5A-2 were 

d i g e s t e d  w i t h  P s t  1 a l o n e  ( se e  F i g u r e  24) , a DNA f r a g a e n t  

which a a t c h e d  one  o f  t h e  IF5A DNA f r a g a e n t s  was d e t e c t e d  in  

a l l  c a s e s  ( c o a p a r e  l a n e  3 w i th  l a n e s  4 t h ro u g h  9 ) .  When 

t h e  P s t  1 d i g e s t i o n  was r e p e a t e d  f o r  C l -3 9  a l o n e ,  t h e  s i z e  

o f  t h i s  DNA f r a g a e n t  was a p p r o x i a a t e l y  4 .2 k b  ( s e e  F i g u r e  23 

l a n e  3 ) .  I f  t h i s  i n f o r a a t i o n  i s  t a k e n  t o g e t h e r  w i t h  

p r e v i o u s  d a t a  f r o a  t h e  a b o v e  d o u b l e  d i g e s t i o n s ,  i t  w ou ld  

a p p e a r  t h a t  t h e  P s t  1 s i t e  b e i n g  d e t e c t e d  i s  t h a t  i n  t h e  

e a r l y  r e g i o n ,  s i n c e  t h e  o n e  i n  t h e  l a t e  r e g i o n  ( a t  b a s e  

p a i r  1988)  i s  d i s t a l  t o  t h e  Eco Rl s i t e  an d  s h o u l d  have 

been  d e l e t e d .  The s i z e  o f  t h e  P s t  1 DNA f r a g a e n t  fo u n d  i n  

t h e  i a a o r t a l i z e d  c e l l  l i n e s  i s  f o r t u i t o u s l y  s i a i l a r  t o  t h e  

w i ld  ty p e  P s t  1 f r a g a e n t .

I  c o u l d  n o t  a s c e r t a i n  how a u c h  o f  T - a n t i g e n  i s  

a i s s i n g  by s u c h  a  r e s t r i c t i o n  en z y a e  a n a l y s i s ,  s i n c e  t h e r e  

a r e  no c o n v e n i e n t  r e s t r i c t i o n  s i t e s  be tween  t h e  P s t  1 s i t e  

a t  3144 and  t h e  B e l  1 s i t e  a t  2706.  An a l t e r n a t e  ap p ro ac h  

would be t o  d i r e c t l y  e x a a i n e  t h e  s i z e  o f  t h e  T a n t i g e n  

s y n t h e s i z e d  in  C l -3 9  and IF5A. A P o l y a c r y l a m i d e  g e l
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F i g u r e  24.  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from

(3) IF5A, (4) C l - 3 9 ,  (5) C l - 5 ,  (6) C l - 3 7 ,  (7) 

C l - 3 8 ,  (8) C l - 2 ,  (9) C l - 3 .  Each DNA s a n p l e  was 

d i g e s t e d  w i t h  P s t  1 and e l e c t r o p h o r e s e d  i n  a 

0.7% a g a r o s e  g e l  a t  40 v o l t s  Cor 16 h o u r s .  The 

DNA was t r a n s f e r r e d  t o  n i t r o c e l l u l o s e ,  

h y b r i d i z e d  t o  1 x 107 cpm o f  22p - l a b e l e d  

SV40 and exposed  f o r  a u t o r a d i o g r a p h y  f o r  5 

d a y s .  (1) SV40 d i g e s t e d  w i th  Eco R l .  (2) 

pMKSV40ori~ d i g e s t e d  w i th  Xho 1.
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e l e c t r o p h o r e s i s  (PAGE) a n a l y s i s  w o u l d  be  e x p e c t e d  t o  

r e f l e c t  t h e  f a c t  t h a t  a s i g n i f i c a n t  d e l e t i o n  had  o c c u r r e d .  

Upon im m u n o b lo t  a n a l y s i s  I  i n d e e d  f o u n d  a s i g n i f i c a n t l y  

t r u n c a t e d  l a r g e  T m o l e c u l e  ( a s  d e s c r i b e d  i n  t h e  n e x t  

p a r a g r a p h )  , i n d i c a t i n g  t h a t  t h e r e  i s  a  s i s a b l e  p o r t i o n  o f  

t h e  SV40 genome m i s s i n g  a t  t h e  end o f  t h e  e a r l y  r e g i o n ;  i t  

i s  p o s s i b l e  t h e  e a r l y  r e g i o n  e n d s  j u s t  a f t e r  t h e  P s t  1 

s i t e .

I  a t t e m p t e d  t o  d e t e r m i n e  t h e  s i z e  o f  t h e  T a n t i g e n  

s y n t h e s i z e d  i n  C l - 3 9  and  IF5A .  C e l l s  w e re  h a r v e s t e d ,  

i m m u n o p r e c i p i t a t e d , and  s u b j e c t e d  t o  p o l y a c r i l a m i d e  g e l  

e l e c t r o p h o r e s i s .  The p r o t e i n s  w e re  t r a n s f e r r e d  from t h e  

g e l  t o  a n i t r o c e l l u l o s e  f i l t e r  and T was d e t e c t e d  u s i n g  t h e  

m onoc lona l  a n t i b o d y  416 ( im m u n o b lo t ) .  Cos 7 c e l l s ,  w h ic h  

a r e  o r i g i n - d e f e c t i v e  b u t  p r o d u c e  a  normal  s i z e  T - a n t i g e n ,  

w e re  u s e d  a s  a  p o s i t i v e  c o n t r o l .  I  f o u n d  t h a t  a l l  t h e  

m u t a n t s  p r o d u c e d  a l a r g e  T - a n t i g e n  t h a t  was c o n s i d e r a b l y  

s m a l l e r  t h a n  t h e  w i l d - t y p e  p r o t e i n ;  i t s  s i z e  w a s  

a p p r o x i m a t e l y  80 ,000  d a l t o n s  ( d a t a  n o t  shown).  The p a r e n t  

o f  a l l  t h e s e  m u t a n t s ,  IF5A, p ro d u ced  two d i f f e r e n t  s i z e d  T- 

a n t i g e n s ,  n e i t h e r  o f  w h ic h  was o f  n o r m a l  s i z e .  H o w ev er ,  

o n e  o f  t h e s e  a n t i g e n s  m a t c h e d  t h e  T - a n t i g e n  found in  a l l  

t h e  i m m o r t a l i z e d  c e l l  l i n e s .  T he  o t h e r  b a n d  o f  IF 5A  

c o r r e s p o n d e d  t o  a p r o t e i n  w i t h  an  a p p r o x i m a t e  m o l e c u l a r  

w e i g h t  o f  85 k i l o  d a l t o n s .  T h u s ,  t h e  w e s t e r n  b l o t  

c o n f i r m e d  w h a t  h a d  b e e n  s u r m i s e d  f r o m  t h e  S o u t h e r n  

a n a l y s i s ,  nam ely ,  t h a t  C l -3 9  c o n t a i n e d  a t r u n c a t e d  l a r g e  T.
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To b e  s u r e  t h a t  a hum an  p r o t e a s e  w as  n o t  p a r t i a l l y  

d e g r a d i n g  t h e  l a r g e  T - a n t i g e n  (and t h u s  r e d u c i n g  i t s  s i z e ) , 

e x t r a c t s  o f  b o th  Cos 7 and C l -3 9  c e l l s  were mixed t o g e t h e r , 

i m m u n o p r e c i p i t a t e d ,  and a n a ly z e d  by immunoblot  ( F ig u r e  25, 

l a n e  4 ) .  Two bands  were found —  one which m atched  t h e  Cos 

7 p o l y p e p t i d e  ( l a n e  5 ) ,  and a n o t h e r  which matched  t h e  C l -3 9  

band ( l a n e  3 ) .  T h is  i n d i c a t e d  t h a t  t h e  T - a n t i g e n  p r o d u c t  

i n  t h e  i m m o r t a l i z e d  l i n e s  was t r u l y  s m a l l e r  t h a n  w i ld  t y p e  

T - a n t i g e n .  A n o t h e r  im m u n o b lo t  a n a l y s i s  was p e r f o r m e d  

u s i n g  m o n o c l o n a l  4 1 9 ,  w h ic h  r e a c t s  w i t h  b o th  l a r g e  T and 

s m a l l  t - a n t i g e n .  F i g u r e  26 show s  t h a t  IF5A ( l a n e  2) , a s  

w e l l  a s  C l - 3 9  ( l a n e  3 ) ,  d i d  in d e ed  p ro d u ce  a norm al  s i z e d  

s m a l l  t - a n t i g e n ,  s i n c e  t h e  b a n d s  o f  C l - 3 9  and  Cos 7 c o ­

m i g r a t e d  ( s e e  F i g u r e  26 ,  l a n e s  3 and 4 r e s p e c t i v e l y ) .  A l l  

t h i s  i n f o r m a t i o n  f i t  w e l l  w i t h  t h e  d a t a  o b t a i n e d  f r o m  

S o u th e rn  a n a l y s i s  d e s c r i b e d  above .  S p e c i f i c a l l y ,  t h e  e a r l y  

r e g i o n  was in c o m p le te  and ended somewhere be tween  t h e  P s t  1 

s i t e  (3144)  and  t h e  B e l  1 s i t e  ( 3 4 4 4 ) ,  t h u s  p r o d u c i n g  a 

t r u n c a t e d  p r o t e i n .

To s e e  w he the r  o r  n o t  any o f  t h e  p l a s m id  s e q u e n c e s  o f  

pMK-16 w e re  i n c o r p o r a t e d  i n  t h e  i m m o r t a l i z e d  c e l l  l i n e s ,  

S o u t h e r n  b l o t s  w e re  p r o b e d  w i t h  pBR 3 2 2 ,  t h e  p a r e n t a l  

p l a s m i d  o f  pMK-16 ( s e e  F i g u r e  2 7 ) .  No p l a s m id  s e q u e n c e s  

were d e t e c t e d  a l t h o u g h  t h e  c o n t r o l  l a n e s  ( l a n e s  3 and  4) 

h y b r i d i z e d  q u i t e  w e l l .  From p r e v i o u s  d a t a ,  i t  a l s o  became 

o b v io u s  t h a t  t h e r e  were no tandem r e p e a t s .  Tandem r e p e a t s  

would g e n e r a t e  a f rag m en t  w i th  a  m o le c u la r  w e ig h t  between
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F ig u r e  25. Immunoblot a n a l y s i s  o f  C l -3 9  and IF5A f o r

SV40 l a r g e  T a n t i g e n .  50 u l  o f  e x t r a c t  were 

lo a d e d  on a g e l .  P r o t e i n s  were t r a n s f e r r e d  

o n t o  a  n i t r o c e l l u l o s e  f i l t e r  and 

im m u n o b lo t ted ,  a s  d e s c r i b e d  i n  M a t e r i a l s  and 

Methods ,  w i th  m onoc lona l  a n t i b o d y  pAB 416 

a g a i n s t  SV40 l a r g e  T a n t i g e n .  Lane (1) HS74BM,

(2) IF5A, (3) Cos 7 ,  (4) C l -3 9  and Cos 7 ,  (5) 

C l - 3 9 ,  (6) m o l e c u l a r  w e ig h t  m a r k e r s .
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F i g u r e  26. Immunoblot  a n a l y s i s  o f  C l -3 9  and IF5A f o r

SV40 s m a l l  t  a n t i g e n .  50 u l  o f  e x t r a c t  were 

lo a d e d  on a g e l .  P r o t e i n s  were t r a n s f e r r e d  

o n t o  a n i t r o c e l l u l o s e  f i l t e r  and 

im m u n o b lo t ted ,  a s  d e s c r i b e d  in  M a t e r i a l s  and 

M ethods , w i th  m on o c lo n a l  a n t i b o d y  pAB 419 

a g a i n s t  SV40 s m a l l  t  a n t i g e n .  Lane (1) 

m o l e c u l a r  w e ig h t  m arkers#  (2) IF5A, (3) C l -3 9  

(4) Cos 7.
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F i g u r e  27 .  S o u th e rn  a n a l y s i s  o f  c e l l u l a r  DNAs from IF5A.

The f i l t e r  was d e h y b r i d i z e d #  in c u b a t e d  w i th

1 x 107 cpm o f  ^ p - l a b e l e d  pBR322# and

exposed  f o r  a u t o r a d i o g r a p h y  f o r  1 d a y .  (1) SV40 

u n d i g e s t e d .  (2) SV40 d i g e s t e d  w i t h  Eco R l .  (3) 

pMKSV40ori” u n d i g e s t e d .  (4) pMKSV40ori~ 

w i th  Xho 1 (5) S s t  1# (6) Xho 1 ,  (7) Bgl  1# (8)

Kpn 1# (9) Bam HI# (10) Eco R l .
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2 . 8 7 k b  ( t h e  s i z e  o f  t h e  P s t l / H a e  I I  f rag m e n t )  and 4 .1 k b ,  

t h e  s i z e  o f  t h e  f r a g m e n t  t h a t  would span  t h e  d i s t a n c e  f rom  

t h e  B e l  1 s i t e  t o  t h e  Pvu I I  s i t e  a t  1654,  b o th  o f  which 

a r e  a b s e n t  from t h e  p r o p o s e d  SV40 i n t e g r a n t .  F i g u r e  21 ,  

l a n e  1 0 ,  i n  w h ic h  DNA f ro m  C l - 3 9  was d i g e s t e d  w i t h  Kpn 1, 

c o n f i r m s  t h i s ,  a s  d o e s  F i g u r e  2 3 ,  l a n e  4 ,  w h e re  DNA f ro m  

C l - 3 9  was d i g e s t e d  w i t h  P s t  1.  Both o f  t h e s e  enzymes c u t  

once  w i t h i n  t h e  SV40 DNA c o n t a i n e d  in  C l - 3 9 ,  and would t h u s  

be e x p e c t e d  t o  r e v e a l  tandem r e p e a t s .

H i r t  l y s a t e s  were a l s o  made f o r  t h e  p a r e n t ,  IF5A ( s e e  

F i g u r e  2 8 ,  l a n e  3 ) ,  and a l l  o f  t h e  i m m o r t a l i z e d  c e l l  l i n e s  

( l a n e s  4 t h r o u g h  10)  t o  d e t e r m i n e  i f  f r e e  v i r a l  DNA was 

b e in g  p r o d u c e d .  T h i s  p ro v ed  n o t  t o  be t h e  c a s e ,  and a g r e e s  

w i t h  t h e  f a c t  t h a t  t h e  t r a n s f o r m i n g  DNA w as  o r i g i n  

d e f e c t i v e .  The DNA f r a g m e n t  s e e n  i n  t h e  h i g h  m o l e c u l a r  

w e i g h t  r e g i o n  i s  c o n s i s t e n t  w i t h  c o n t a m i n a t i n g  i n t e g r a t e d  

( c e l l u l a r )  DNA.

The p o s s i b i l i t y  e x i s t e d  t h a t  a l a r g e  p i e c e  o f  DNA had  

moved upon  i m m o r t a l i z a t i o n  w h ic h  i n c l u d e d  t h e  i n t e g r a t e d  

SV40 s e q u e n c e s  and a l a r g e  p o r t i o n  o f  c e l l u l a r  DNA. Such 

an  e v e n t  m i g h t  n o t  be  e x p e c t e d  t o  be d e t e c t e d  by S o u th e rn  

a n a l y s i s .  T h e r e f o r e ,  k a r y o t y p e  a n a l y s i s ,  G - b a n d i n g  a n d ,  

u l t i m a t e l y ,  l n - s i t u  h y b r i d i z a t i o n  were p e r fo rm e d  on IF5A, 

C l - 3 9 ,  C l -3 7  and C l - 3 .  C l -3 9  was c h o s e n  t o  r e p r e s e n t  t h e

i m m o r t a l i z e d  l i n e s  w i t h  o n e  i n t e g r a t i o n  s i t e .  C l -3 7  was 

cho sen  a s  a r e p r e s e n t a t i v e  o f  t h o s e  w i t h  two i n t e g r a t i o n  

s i t e s ,  and C l - 3  was c h o se n  b e c a u s e  (based  on S o u th e rn
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F i g u r e  28. S o u t h e r n  b l o t  a n a l y s i s  o f  H i r t  l y s a t e s  from

(3) IF5A, (4) C l - 3 7 ,  (5) C l - 3 8 ,  (6) C l - 3 9 ,  (7)

C l - 2 ,  (8) C l - 3 ,  (9) C l - 5  (10) C l - 5 .  The g e l  was

e l e c t r o p h o r e s e d  i n  a  0.7% a g a r o s e  g e l  a t  40

v o l t s  f o r  16 h o u r s .  The DNA was t r a n s f e r r e d  t o

n i t r o c e l l u l o s e ,  h y b r i d i z e d  t o  1 x 10^ cpm o f  
32p - l a b e l e d  SV40 and exposed  f o r  

a u t o r a d i o g r a p h y  f o r  1 d a y .  (1) SV40 d i g e s t e d  

w i th  Eco R l .  (2) pNKSV40ori** d i g e s t e d  w i th  

Xho 1.
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a n a l y s i s )  i t  c o n t a i n e d  an  i n s e r t  t h a t  h ad  m oved .  These 

were a l l  compared t o  t h e  p a r e n t # IF5A. K a r y o ty p e  a n a l y s i s  

o f  IF5A i n d i c a t e s  t h e y  a r e  a  b im o d a l  c e l l  p o p u l a t i o n #  w i th  

a  g r o u p  o f  p s e u d o d i p l o i d  c e l l s  ( [ F i g u r e  29] ch rom osom e 

r a n g e  42-46# modal I  *44) and a  second  g ro u p  o f  h e t e r o p l o i d  

c e l l s  (F ig u r e  3 0 ) .  The t h r e e  c o n t i n u o u s  c e l l  l i n e s  s t u d i e d  

( F ig u r e s  31# 32 and 33) do n o t  c o n t a i n  a s t a b l e  k a r y o t y p e ;  

random  b r e a k a g e  and t e l o m e r i c  c h a i n i n g  i s  fo u n d .  We found 

j o i n i n g  o f  i n t a c t  chromosomes in  e n d - t o - e n d  a s s o c i a t i o n s  by 

d i f f u s e  n o n - b a n d i n g  m a t e r i a l  f o r m i n g  p s e u d o s t r u c t u r a l  

a b n o r m a l i t i e s #  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  r e p o r t e d  by 

N i c h o l s  e t  a l  ( 1 9 8 5 ) .  C h a n g e s  i n  ch rom osom e num ber  and  

s t r u c t u r e  w e re  f o u n d  i n  t h e s e  c e l l s #  a s  h a s  been  found by 

o t h e r  i n v e s t i g a t o r s  (Koprowski e t  a l#  1962;  N i c h o l s  e t  a l #

1 9 7 8 ) .  C h rom osom al  a b n o r m a l i t i e s  s u c h  a s  t h o s e  shown in  

F i g u r e  34 a r e  t y p i c a l  o f  e a ch  o f  t h e  c o n t i n u o u s  c e l l  l i n e s  

s t u d i e d .  I t  would seem t h a t  t h e  h e t e r o p l o i d  g r o u p  o f  c e l l s  

f o u n d  i n  IF5A g i v e  r i s e  t o  t h e  i m m o r t a l  l i n e s #  b e c a u s e  

some o f  t h e  h e t e r o p l o i d  I F 5 A  c e l l s  c o n t a i n  a l p +  

r e a r r a n g e m e n t  w h ic h  i s  f o u n d  i n  a l l  o f  t h e  i m m o r t a l i z e d  

l i n e s .  K aryo type  a n a l y s i s  o f  t h e s e  im m o r ta l  c e l l  l i n e s  h a s  

a l s o  d e t e r m in e d  t h a t  one chromosome 16 i s  a b s e n t  f ro m  m o s t  

o f  t h e  i m m o r t a l  c e l l s #  a l t h o u g h  a low f r e q u e n c y  o c c u r r e n c e  

o f  t h e  i n t a c t  ch rom osom e i n  i s o l a t i o n  o r  i n  c o m b i n a t i o n  

w i t h  a n o t h e r  c h r o m o s o m e  i s  f o u n d .  T h i s  i s  i n  g o o d  

a g r e e m e n t  w i t h  t h e  l i t e r a t u r e  w h ic h  h a s  fo u n d  t h a t  SV40 

im m orta l  c e l l s  do n o t  c o n t a i n  a norm al  ( d i p l o i d )  k a r y o t y p e
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F i g u r e  29.  A G-banded k a r y o t y p e  o f  IF5A w i th  a 

p s e u d o d i p l o i d  chromosome number. 

U n i d e n t i f i a b l e  abnorm al  chromosomes shown a t  

t h e  t o p  o f  t h e  F i g u r e .
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F i g u r e  30.  A G-banded k a r y o t y p e  o f  ZF5A showing a 

h e t e r o p l o i d  chromosome number. 

U n i d e n t i f i a b l e  abnorm al  chromosomes 

t y p i c a l l y  found i n  t h e  h e t e r o p l o i d  c e l l s  

shown i n  t h e  upper  p a r t  o f  t h e  F i g u r e .
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F i g u r e  31 .  A G-banded k a r y o t y p e  o f  C l - 3 9  showing a 

h e t e r o p l o i d  chromosome number . 

U n i d e n t i f i a b l e  abnorm al  chromosomes 

t y p i c a l l y  found in  t h e  h e t e r o p l o i d  c e l l s  

shown i n  t h e  u ppe r  p a r t  o f  t h e  F i g u r e .



iV IS
•

1 2 3 4

'ii h i -i u i3î  •!$
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F i g u r e  32 .  A G-banded k a r y o t y p e  o f  C l -3 7  showing a 

h e t e r o p l o i d  chromosome number. 

U n i d e n t i f i a b l e  abnormal  chromosomes 

t y p i c a l l y  found in  t h e  h e t e r o p l o i d  c e l l s  

shown i n  t h e  u pper  p a r t  o f  t h e  F i g u r e .
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F i g u r e  33.  A G-banded k a r y o t y p e  o f  C l - 3  showing a 

h e t e r o p l o i d  chromosome number . 

U n i d e n t i f i a b l e  abnorm al  chromosomes 

t y p i c a l l y  found in  t h e  h e t e r o p l o i d  c e l l s  

shown in  t h e  u ppe r  p a r t  o f  t h e  F i g u r e .
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F i g u r e  34 .  G-banded m i t o s i s  showing v a r i o u s  a p p a r e n t  

chromosome a b e r r a t i o n s  i n c l u d i n g  d o u b le  

m i n u t e s .
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( H a y f l i c k ,  1977; C r i s t o f a l o ,  1 9 8 2 ) .

When t h e s e  c e l l  l i n e s  w e r e  s u b j e c t e d  t o  i n - s i t u  

h y b r i d i z a t i o n ,  no s i g n i f i c a n t  g r a i n  c o u n t s  were found a t  

t h e  t e l o n e r i c  j u n c t i o n s .  T h i s  i n d i c a t e d  t h a t  t h e  v i r u s  

w a s  n o t  i n v o l v e d  w i t h  t h e s e  e n d - t o - e n d  a s  o c i a t i o n s .  

N i c h o l s  e t  a l  (1985) s u g g e s t e d  t h a t  v i r u s - i n d u c e d  u n c o i l i n g  

and s t i c k i n e s s  o f  t h e  t e l o n e r i c  a r e a s  n a y  be  a p o s s i b l e  

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

o n ly  p o s s i b l e  e v i d e n c e  o f  c y t o l o g i c a l  s i g n i f i c a n c e  t h a t  

c o u l d  be d e t e r n i n e d  f r o n  t h e  i n - s i t u  h y b r i d i z a t i o n s  was on 

ch rom osone  1 5 ;  h o w e v e r ,  s i n c e  an  i n s u f f i c i e n t  n u n b e r  o f  

n e t a p h a s e  p l a t e s  were e x a n i n e d ,  no d e f i n i t e  c o n c l u s i o n  can  

be drawn f r o n  t h e s e  d a t a .
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CHAPTER 5: DISCUSSION

Human d i p l o i d  c e l l s  d e r i v e d  from no rm a l  t i s s u e  undergo  

a c h a r a c t e r i s t i c  p a t t e r n  o f  g rowth  in  c e l l  c u l t u r e # e n d i n g  

w i t h  a n o n - r e p l i c a t i v e  p h a s e  and# f i n a l l y #  c e l l  d e a t h .  

T r a n s f o r m a t i o n  w i th  SV40 c an  a l t e r  t h i s  p a t t e r n  in  two ways 

— f i r s t #  e x t e n d i n g  t h e  n o r m a l  l i f e s p a n  and  s e c o n d l y #  i n  

r a r e  c a s e s #  r e s u l t i n g  i n  t h e  a p p e a r a n c e  o f  i m m o r t a l i z e d  

d e r i v a t i v e s .  I  have  e x a m i n e d  b o t h  p h en o m en a  i n  a n o r m a l  

d i p l o i d  f i b r o b l a s t  d e r i v e d  from f e t a l  bone marrow# HS74BM# 

and a s e r i e s  o f  t r a n s f o r m a n t s  g e n e r a t e d  w i th  n o n - d e f e c t i v e  

a n d  r e p l i c a t i o n  d e f e c t i v e  v i r a l  g e n o m e s .  The r e s u l t s  

c o n f i r m  and e x t e n d  many o f  t h e  f i n d i n g s  i n  t h e  l i t e r a t u r e .  

F u r t h e r m o r e #  my d a t a  s u p p o r t  t h e  p r e m is e  t h a t  t h e  c a p a c i t y  

o f  human c e l l s  t o  s u p p o r t  SV40 DNA r e p l i c a t i o n  i s  r e l e v a n t  

t o  t h e  e f f i c i e n c y  w i th  which im m o r t a l i z e d  S V 4 0 - t ra n s fo rm e d  

human c e l l  l i n e s  can  be o b t a i n e d .  One o f  t h e  g o a l s  o f  t h i s  

t h e s i s  was t o  d e t e r m i n e  w h e t h e r  c e l l s  t r a n s f o r m e d  w i t h  

S V o r i "  w e re  a t  an  a d v a n t a g e  o v e r  c e l l s  t r a n s f o r m e d  w i th  

SV40 w i th  a c o m p le t e  genome w i th  r e g a r d  t o  t h e i r  a b i l i t y  t o  

b e c o m e  i m m o r t a l .  As p r e v i o u s l y  m e n t i o n e d  i n  t h e  

I n t r o d u c t i o n #  c e l l s  t r a n s f e c t e d  w i t h  S V o r i ” show  an  

e n h a n c e d  t r a n s f o r m a t i o n  e f f i c i e n c y  o v e r  w i l d - t y p e  SV40 

( S m a l l  e t  a l #  1 9 8 2 ) .  My r e s u l t s  d e m o n s t r a t e  t h a t  t h e  

l i f e s p a n  o f  c e l l s  t r a n s f o r m e d  w i th  an o r i g i n - d e f e c t i v e  SV40 

m o le c u le  i s  a l s o  i n c r e a s e d .  A l t h o u g h  o t h e r  i n v e s t i g a t o r s  

( J e n s e n  e t  a l #  1 9 6 3 ;  G i r a r d i  e t  a l #  1 9 6 6 ;  G o toh  e t  a l #
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1979) h a v e  shown t h a t  SV40 t r a n s f o r m a t i o n  i n c r e a s e s  t h e  

g r o w t h  p o t e n t i a l  o f  human f i b r o b l a s t s ,  my r e s u l t s  i n d i c a t e  

t h a t  t h i s  i n c r e a s e  c an  be e x t e n d e d  e v e n  f u r t h e r  i f  S V o r i "  

i 8 u s e d  a s  t h e  t r a n s f o r m i n g  DNA. When t h e  l i f e s p a n s  o f  

HS74 t r a n s f o r m e d  w i t h  S V o r i 4' ( T a b l e s  1 and  2) and HS74 

t r a n s f o r m e d  w i th  SVori*  (T a b le s  4-9)  a r e  com pared ,  n e a r l y  a 

d o u b l i n g  o f  t h e  number o f  g e n e r a t i o n s  i s  e v i d e n t .  T a b le s  1 

and 2 show t h a t  t h e  g r e a t e s t  number o f  g e n e r a t i o n s  t h a t  can  

be  a c h i e v e d  w i t h  S V o r i 4' a s  t h e  t r a n s f o r m i n g  a g e n t  i s  27 

g e n e r a t i o n s .  When one com pares  t h i s  t o  a t  l e a s t  35 ,  and as  

many a s  48 ,  g e n e r a t i o n s  t h a t  c a n  be  a t t a i n e d  w i t h  S V o r i - , 

i t  i s  c l e a r  t h a t  S V o r i -  i s  t h e  t r a n s f o r m i n g  a g e n t  o f  c h o i c e  

t o  i n c r e a s e  t h e  l i f e s p a n  o f  t h e  c e l l  l i n e .  The l a c k  o f  

d i f f e r e n c e  i n  l i f e s p a n  be tw een  t h e  SVori*  t r a n s f o r m a n t  and  

HS74 may be a r t i f a c t u a l ,  b e c a u s e  o f  t h e  i n h e r e n t  d i f f i c u l t y  

i n  e s t i m a t i n g  g e n e r a t i o n  num ber  i n v o l v i n g  v e r y  d i f f e r e n t  

p a s s a g e  m e t h o d o l o g i e s .  T h i s  d i f f i c u l t y  w o u l d  b e  l e s s  

r e l e v a n t  t o  t h e  c o m p a r i s o n s  among t h e  t r a n s f o r m a n t s  s i n c e  

t h e y  w e r e  p a s s a g e d  s i m i l a r l y  a n d  i n  p a r a l l e l .  

T r a n s f o r m a t i o n  w i t h  S V o r i -  a l s o  seem s  t o  f a c i l i t a t e  t h e  

e s t a b l i s h m e n t  o f  c e l l  l i n e s .  T h i s  c o n c l u s i o n  i s  b a s e d  on 

t h e  r e l a t i v e  e a s e  w i t h  w h ic h  o u r  l a b o r a t o r y  was a b l e  t o  

i s o l a t e  n o t  o n e ,  b u t  s e v e r a l ,  i m m o r t a l  c e l l  l i n e s .  The 

f i r s t  i m m o r t a l i z e d  c e l l  l i n e s  ( C l - 2 ,  C l - 3  and C l -5 )  were 

d e v e l o p e d  by s i m p l y  l e a v i n g  t h e  c e l l s  i n  c u l t u r e  f o r  an  

e x t e n d e d  p e r i o d  o f  t i m e .  The c l o n e s  t h a t  g re w  o u t  w ere  

p i c k e d  and p a s s a g e d  i n d e f i n i t e l y .  T h i s  e x p e r i m e n t  was



u n a b l e  t o  be d u p l i c a t e d  w i t h  c e l l s  t r a n s f o r m e d  w i th  SVori*  

(SVHF-A), a l t h o u g h  an e q u a l  o r  g r e a t e r  num ber  o f  c e l l  was 

u s e d  i n  t h e  e x p e r i m e n t  ( Z o u z i a s  e t  a l ,  1 9 8 0 ;  d a t a  n o t  

show n) . The second  s e t  o f  i m m o r t a l i z e d  l i n e s  were o b t a i n e d  

by p e r fo r m in g  a  c l o n i n g  e x p e r i m e n t  i n v o l v i n g  10* c e l l s  ( see  

T a b le  1 7 ) ;  t h r e e  o f  t h e  c o l o n i e s  p i c k e d  becam e i m m o r t a l .  

T h i s  c a l c u l a t e s  t o  an  e x t r a o r d i n a r i l y  h ig h  f r e q u e n c y  o f  

0.03% o f  t h e  c e l l s  which were p l a t e d  f o r  c o l o n y  i s o l a t i o n .  

T h i s  w o u ld  a g a i n  c o n c u r  w i t h  t h e  n o t i o n  t h a t  S V o r i ” i s  

s u p e r i o r  o v e r  S V o r i '1' i n  i t s  a b i l i t y  t o  e s t a b l i s h  c e l l  

l i n e s .  A l though  I  was u n a b le  t o  r e p r o d u c e  t h a t  r e s u l t ,  two 

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

s u p p o r t  t h e  o v e r a l l  c o n c l u s i o n .  I n  o n e  e x p e r i m e n t ,  IF5A 

w as  t r e a t e d  w i t h  5 x 1 0 “ * M g r i s e o f u l v i n .  S i x  i m m o r t a l  

c o l o n i e s  were r e c o v e r e d  a f t e r  t r e a t i n g  2 . 2 x 1 0 *  c e l l s  and  

s u b s e q u e n t  b l i n d  p a s s a g e .  I n  t h e  s e c o n d  t y p e  o f  

e x p e r i m e n t ,  HS74 w as  t r a n s f e c t e d  w i t h  p S V o r i “ t s A 5 8 . 

T rans fo rm ed  f o c i  were i d e n t i f i e d  a t  35° C, p i c k e d  and grown 

i n t o  m ass  c u l t u r e s .  In  t h e  c a s e  o f  one  t r a n s f o r m a n t  which 

h a s  b e e n  s t u d i e d  e x t e n s i v e l y ,  a p p a r e n t l y  i m m o r t a l i z e d  

d e r i v a t i v e s  have  been  r e p e a t e d l y  i s o l a t e d .  My e x p e r i m e n t s  

(and t h o s e  which were p e r fo rm e d  s u b s e q u e n t l y  by o t h e r s  i n  

t h e  l a b o r a t o r y )  a r e  t o  be c o n t r a s t e d  w i th  p r i o r  e x p e r i e n c e  

in  t h e  l i t e r a t u r e .  B l i n d  p a s s a g e  o f  c u l t u r e s  c o n t a i n i n g  

m u l t i p l e  t r a n s f o r m a n t s  y i e l d s  v a r i a b l e ,  and t y p i c a l l y  v e r y  

low, s u c c e s s  r a t e s  ( H u s c h t s c h a  and  H o l l i d a y ,  1983)  . Two 

s t u d i e s  i n v o l v i n g  c l o n e d  SV40 t r a n s f o r m e d  f i b r o b l a s t s  were
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c o m p l e t e l y  u n s u c c e s s f u l ,  i n c l u d i n g  one  from t h i s  l a b o r a t o r y  

(Gotoh e t  a l ,  1979;  Z o u z ia s  e t  a l , 1 9 8 0 )  a s  i n d e e d  w e r e  my 

own e x p e r i m e n t s  w i th  IF1A. I n t e r e s t i n g l y ,  t h e  SV40 genome 

r e c o v e r e d  f r o m  i m m o r t a l i z e d  SV40 t r a n s f o r m e d  h u m a n  

f i b r o b l a s t s  i s  o f t e n  d e f e c t i v e  due t o  a m u t a t i o n  i n  t h e  A 

g e n e  s e q u e n c e  r e s u l t i n g  i n  a  r e p l i c a t i o n  d e f i c i e n t  T 

a n t i g e n  which i s  s t i l l  a b l e  t o  t r a n s f o r m  c e l l s  (Gluzman and 

A h r e n s ,  1 9 8 2 ;  N anos  an d  Gluzman,  1984;  1 9 8 5 ; ) .  I t  i s  n o t  

known w h e th e r  t h e  o r i g i n a l  t r a n s f o r m a t i o n  e v e n t  i n v o l v e d  

s u c h  a  d e f e c t i v e  genome o r  w h e th e r  t h e  a l t e r a t i o n  o c c u r r e d  

s u b s e q u e n t l y .  I t  s h o u l d  b e  n o t e d  t h a t  SV40 v i r u s  s t o c k  

u s e d  f o r  t r a n s f o r m a t i o n  s t u d i e s  i n  t h e  1 9 6 0 ' s  commonly 

c o n t a i n e d  d e f e c t i v e s ,  s i n c e  h ig h  m u l t i p l i c i t y  i n f e c t i o n  was 

t y p i c a l l y  u sed  t o  g e n e r a t e  and m a i n t a i n  v i r u s  s t o c k s  ( L a v i  

an d  W i n o c o u r ,  1 9 7 2 ;  W in o c o u r  e t  a l ,  1 9 7 5 ) .  I t  s h o u l d ,  

however ,  be e m p h a s iz e d  t h a t  t r a n s f o r m a t i o n  by  an  o r i g i n -  

d e f e c t i v e  b u t  o t h e r w i s e  c o m p e t e n t  SV40 genome d o e s  n o t  

i n v a r i a b l y  r e s u l t  i n  t h e  r e c o v e r y  o f  i m m o r t a l i z e d  c e l l  

l i n e s .  I n d e e d ,  I  was u n s u c c e s s f u l  i n  any e x p e r i m e n t  w i th  

IF 4 A  o r  I F 6 A .  H o w e v e r ,  my c o n c l u s i o n  t h a t  S V o r i "  

t r a n s f o r m a n t s  a r e  a v a l u a b l e  a p p r o a c h  h a s  r e c e n t l y  been  

a l s o  n o t e d  by  t h r e e  o t h e r  l a b o r a t o r i e s .  M urnane  e t  a l ,  

(1985) s u c c e s s f u l l y  e s t a b l i s h e d  c e l l  l i n e s  from f i b r o b l a s t s  

w i t h  t h e  h e r e d i t a r y  human d i s e a s e  a t a x i a - t e l a n g i e c t a s i a  

(AT). I m m o r t a l i z e d  d e r i v a t i v e s  w e re  o b t a i n e d  i n  o n e  o f  

f o u r  i n d i v i d u a l  t r a n s f o r m a n t s .  C a n a a n i  e t  a l  (1986)  

r e p o r t e d  t h a t  i m m o r t a l i z e d  c e l l  l i n e s  w e re  o b t a i n e d  w i t h
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two o f  s e v e n  t r a n s f o r m a n t s  i n  f i b r o b l a s t s  w i th  Xeroderma 

pigmentosum (XP). G a l l im o r e  ( p e r s o n a l  c o m m u n i c a t i o n )  h a s  

made t h e  m o s t  e x t e n s i v e  s e r i e s  o f  s t u d i e s  o v e r  s e v e r a l  

y e a r s .  Only one o f  200 i n d i v i d u a l  t r a n s f o r m a n t s  g e n e r a t e d  

w i t h  w i l d - t y p e  SV40 becam e e s t a b l i s h e d #  w h ereas  20 o f  200 

t r a n s f o r m a n t s  g e n e r a t e d  w i t h  S V or i”  have  been  s u c c e s s f u l l y  

e s t a b l i s h e d .  O t h e r  l a b o r a t o r i e s  have documented t h e  f a c t  

t h a t  p S V o r i "  c a n  b e  a n  e f f e c t i v e  v e h i c l e  f o r  t h e  

d e v e l o p m e n t  o f  p e r m a n e n t  m o n o c y t e / m a c r o p h a g e  c e l l  l i n e s  

(Nagata  e t  a l#  1983) o r  human f e t a l  g l i a l  c e l l s  (M a jo r  e t  

a l #  1 9 8 5 ) .  T h e  e n h a n c e d  l i f e s p a n  a n d  s u b s e q u e n t  

e s t a b l i s h m e n t  o f  t h e  t r a n s f o r m e d  c e l l s  i s  p r o b a b l y  d u e  t o  

t h e  v i r a l  D NA's  i n a b i l i t y  t o  e x c i s e  and  r e p l i c a t e  i n  

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

s t a b i l i t y  o f  t h e  t r a n s f o r m e d  p h e n o t y p e .  F u r the rm ore#  i t  

p r e v e n t s  t h e  p o s s i b i l i t y  o f  c e l l  d e a t h  m e d i a t e d  b y  

u n c o n t r o l l e d  v i r a l  DNA s y n t h e s i s  o r  p r o d u c t i o n  o f  v i r u s  

p a r t i c l e s .

An i n t e r e s t i n g  phenomenon t h a t  was fo u n d  w i t h  S V o r i*  

was t h a t #  u n l i k e  t h e  t y p i c a l  i n t e g r a t i o n  p a t t e r n s  found 

w i th  S v o r i*  ( tandem r e p e a t s #  e x t e n s i v e  a m p l i f i c a t i o n s  and  

r e a r r a n g e m e n t s ) #  a s i m p l e r  a r r a n g e m e n t  was f o u n d .  I  

o b s e r v e d  t h i s  w i t h  IF5A and  t h e  i m m o r t a l i z e d  c e l l  l i n e s  

( s e e  F i g u r e  13) # w h e re  o n e  o r  two i n t e g r a t i o n  s i t e s  were 

f o u n d .  O t h e r  i n v e s t i g a t o r s  a l s o  f o u n d  o n e  o r  t w o  

i n t e g r a t i o n  s i t e s  i n  t h e i r  c e l l  l i n e s  t r a n s f o r m e d  w i t h  

SVori*  (Van Doren and Gluzman# 1 9 8 4 ;  M urnane  e t  a l #  1 9 8 5 ;
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Canaan!  e t  a l ,  1 9 8 6 ) .

The b i o c h e m i c a l  and g e n e t i c  b a s i s  f o r  i m m o r t a l i z a t i o n  

c o u ld  n o t  be d e t e r m i n e d ,  a l t h o u g h  t h e  d a t a  which I  o b t a i n e d  

b e a r  on many p o s s i b l e  h y p o t h e s e s .  I n v e s t i g a t o r s  h a v e  

s p e c u l a t e d  t h a t  " c r i s i s ” i n  S V 4 0 - t r a n s f o r m e d  hum an  

f i b r o b l a s t s  i s  r e l a t e d  t o  s e n e s c e n c e .  S t e i n  ( 1 9 8 5 )  

d e m o n s t r a t e d  t h a t  A 6 3204 ,  a p r e - c r i s i s  S V 4 0 - t r a n s f o r m e d  

IMR-90 (human f e t a l  lung  f i b r o b l a s t ) , showed an a g e - r e l a t e d  

i n c r e a s e d  serum r e q u i r e m e n t ,  a s  Ohno (1979) had  p r e v i o u s l y  

s h o w n  f o r  IM R-90  i t s e l f .  S u c h  f i n d i n g s  w e re  u s e d  t o  

s u p p o r t  t h e  m o d e l  t h a t  c h a n g e s  a r e  o c c u r r i n g  w h ic h  a r e  

o b s c u r e d  by c o n v e n t i o n a l  m ass  c u l t i v a t i o n .  I  have found 

a d d i t i o n a l  e v i d e n c e  t o  s u p p o r t  t h a t  v i e w ,  s i n c e  t h e  

e f f i c i e n c y  o f  c o l o n y  f o r m a t i o n  i n  10% serum o f  IF5A f e l l  

p r o g r e s s i v e l y  b e t w e e n  p a s s a g e  11 and  p a s s a g e  15 ( i . e . ,  

g e n e r a t i o n s  24 t o  3 3 ) ,  e v e n  t h o u g h  t h e  o v e r a l l  g r o w t h  

p a t t e r n  a p p e a re d  unchanged u n t i l  41 g e n e r a t i o n s .  M oreover ,  

t h i s  p a t t e r n  o f  EOC was o b s e r v e d  w h e th e r  c e l l s  w e r e  p l a t e d  

i n  m onolayer  o r  i n  s e m i - s o l i d  a g a r o s e .  S in c e  t h e  l a t t e r  i s  

a s t r i n g e n t  c r i t e r i o n  f o r  t h e  t r a n s f o r m e d  p h e n o t y p e ,  t h e  

r e s u l t s  would a p p e a r  t o  be a p p l i c a b l e  t o  a l l  members o f  t h e  

p o p u l a t i o n .  A l though  EOC i s  a  c o m p le x  p h e n o t y p e  w h ic h  i s  

d e p e n d e n t  on a d d i t i o n a l  f a c t o r s ,  t h e  r e s u l t s  a r e  c o n s i s t e n t  

w i t h  t h e  i n c r e a s e d  r e q u i r e m e n t s  f o r  g r o w t h  f a c t o r s ,  a s  

d e s c r i b e d  by S t e i n  (1 9 8 5 ) .

I n  a d d i t i o n ,  I  h a d  i n i t i a l l y  c o n s i d e r e d  s e v e r a l  

p o s s i b l e  m o d e l s  f o r  t h e  i n c i d e n c e  and  i d e n t i f i c a t i o n
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( r e s c u a b i l i t y ) o f  i m m o r t a l i z e d  d e r i v a t i v e s  w i t h i n  IF5A.  

S i n c e  no  r e p r o d u c i b l e  m e th o d  was o b t a i n e d ,  i t  was  n o t  

p o s s i b l e  t o  c o n c lu d e  t h a t  any o f  t h e  models  (H I /L R ,  L I /H R ,  

L I /L R )  was c o r r e c t .  However ,  my o b s e r v a t i o n s  s u p p o r t  t h e  

i d e a  t h a t  t h e  c e l l  d e n s i t y  a t  t h e  o n s e t  o f  s e n e s c e n c e  

w i t h i n  t h e  c u l t u r e  was i m p o r t a n t .  I f  t h e  c e l l  d e n s i t y  i s  

t o o  l o w ,  o n e  may n o t  h a v e  s u f f i c i e n t  c e l l s  f o r  a n  

i m m o r t a l i z e d  d e r i v a t i v e  t o  be p r e s e n t .  I f  t h e  d e n s i t y  i s  

t o o  h i g h ,  t h e  p r e s e n c e  o f  a l a r g e  num ber  o f  d e a d  o r  d y i n g  

c e l l s  m i g h t  be  e x p e c t e d  t o  be t o x i c  f o r  t h e  f l e d g l i n g  

i m m o r t a l  c e l l .  I  s i m i l a r l y  s t r o n g l y  s u s p e c t  t h a t  

t r y p s i n i z a t i o n  r e s u l t i n g  i n  c e l l  d a m a g e  a n d  ( o f t e n )  

s i g n i f i c a n t  d e c r e a s e  i n  c e l l  d e n s i t y  may b e  i m p o r t a n t  

v a r i a b l e s  i n  r e c o v e r y .  Both  c o n s i d e r a t i o n s  were r e l e v a n t  

t o  t h e  c l o n a l  i s o l a t i o n  method ( C . I . M . ) ,  a s  d e s c r i b e d ,  and  

t h e  r e c o v e r y  o f  t h e  r a r e  i m m o r t a l i z e d  d e r i v a t i v e s .  R a p id ly  

g r o w i n g  i m m o r t a l i z e d  d e r i v a t i v e s  h a v e  b e e n  o n l y  r a r e l y  

o b s e rv e d  in  t h i s  l a b o r a t o r y  (O z e r  and  C a t o n ,  u n p u b l i s h e d  

d a t a ) .  I t  i s  u n c l e a r  w he the r  t h e  C . I .M .  ( s e e  e x p e r i m e n t a l  

p r o c e d u r e  f o r  T a b le  17) i s  a t e c h n i q u e  t h a t  c a n  be  u s e d  t o  

c o n s i s t e n t l y  i s o l a t e  i m m o r t a l i z e d  c e l l  l i n e s .  A l th o u g h  t h e  

t e c h n i q u e  seemed e f f e c t i v e  f o r  t h e  e x p e r im e n t  d e s c r i b e d  in  

T a b le  17 ,  t h e  u n s u c c e s s f u l  e x p e r i m e n t s  d e s c r i b e d  i n  T a b l e  

20 i n d i c a t e  t h a t  t h i s  i s  n o t  a r e l i a b l e  m ethod .  Another  

s e t  o f  i m m o r t a l i z e d  c e l l  l i n e s  w e re  i s o l a t e d  w i t h  p S V o r i ” 

t s A  ( t s A /H F )  w i th  t h i s  method;  however ,  o t h e r  im m o r t a l i z e d  

l i n e s  were i s o l a t e d  by s im p ly  p a s s a g i n g  t h e  c e l l s  o f  t h i s
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t r a n s f o r m a n t  (Radna# C a t o n  an d  O zer#  u n p u b l i s h e d  d a t a ) .  

S e v e r a l  a t t e m p t s  were made w i t h  IF5A o v e r  more  t h a n  a o n e  

y e a r  p e r i o d .  I n  each  c a se #  a  new c u l t u r e  was s t a r t e d  from 

a f r o z e n  s t o c k .  The  p a s s a g e  h i s t o r y  p r i o r  t o  f r o z e n  

s t o r a g e  v a r i e d #  b u t  most  s t u d i e s  were p e r fo rm e d  w i t h  c e l l s  

p r e d i c t e d  t o  be a t  a c o m p a ra b le  s t a g e  i n  t h e i r  l i f e s p a n  a s  

i n i t i a l l y  u s e d .  I t  m u s t  be emphasized# however# t h a t  t h e  

number o f  g e n e r a t i o n s  e s t i m a t e d  by c o n t i n u o u s  p a s s a g e  c a n  

be  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  i n v o l v i n g  i n t e r v e n i n g  

f r e e z i n g  and thaw ing  due  t o  v a r i a b l e  r e c o v e r i e s .  One m u s t  

a t  l e a s t  c o n s i d e r  t h a t  t h e  t h r e e  i m m o r t a l i z e d  c e l l  l i n e s  

d e r i v e d  by th e  C . I .M .  were t h e  r e s u l t  o f  a  s i n g l e  ( r a r e r )  

e v e n t #  a n a l o g o u s  t o  t h e  r e s u l t s  o b t a i n e d  in  a  f l u c t u a t i o n  

t e s t  (L u r i a  and Delbruck# 1 9 4 3 ) .  Such i m m o r t a l i z e d  c e l l s  

w ou ld  be a b s e n t  i n  o t h e r  c u l t u r e s  o f  IF5A. No d e f i n i t i v e  

s t a t e m e n t  can  be made. The c e l l  l i n e s  C l - 3 7 ,  C l -3 8  and C l -  

39 s h a r e  s e v e r a l  f e a t u r e s  b u t  a r e  a l s o  d i s t i n g u i s h a b l e .  

F i r s t #  S o u t h e r n  a n a l y s i s  shows c o n s e r v a t i o n  o f  one  o f  t h e  

o r i g i n a l  i n t e g r a t i o n  s i t e s  f o r  C l - 3 7 #  C l - 3 8  a n d  C l - 3 9 #  

c o n s i s t e n t  w i t h  a  common o r i g i n  ( see  F i g u r e s  1 3 - 1 5 ) .  Two 

c o p i e s  a r e  fo u n d  i n  C l - 3 7  and  C l - 3 8 ;  how ever#  C l - 3 9  h a s  

l o s t  one copy .  T h i s  l o s s  c o u l d  have  o c c u r r e d  s u b s e q u e n t l y ;  

h o w e v e r #  b o t h  c o p i e s  i n  C l - 3 7  and  C l - 3 8  a r e  s t a b l e  t o  

r e p e a t e d  p a s sa g e #  e v e n  t h o u g h  o n e  o f  t h e  c o p i e s  i n  C l - 3 7  

and C l -3 8  moved sometime be tw een  t h e  t r a n s f o r m a t i o n  o f  IF5A 

and  t h e  t i m e  t h e  c e l l s  becam e  i m m o r t a l  ( s e e  F i g u r e  1 4 ) .  

Second ,  IF5A and t h e  i m m o r t a l i z e d  d e r i v a t i v e s  h a v e  b e e n
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e x a m in e d  f o r  m u l t i p l e  s u r f a c e  a n t i g e n s  u s i n g  m o n o c lo n a l  

a n t i b o d i e s  i n  c o l l a b o r a t i o n  w i t h  D r .  B. K l e i n  a t  S l o a n -  

K e t t e r i n g  I n s t i t u t e .  A n u m b e r  o f  a n t i g e n s  h a v e  b e e n  

i d e n t i f i e d  a s  i n c r e a s e d  i n  IF5A a s  c o m p a r e d  t o  t h e  n o r m a l  

p a r e n t  HS74. An a d d i t i o n a l  a n t i g e n  h a s  been  found t o  be 

e x p r e s s e d  in  C l - 3 7 ,  C l - 3 8 ,  and  C l - 3 9 ,  b u t  n o t  i n  IF5A o r  

H S 7 4 .  H o w e v e r ,  i t  i s  a l s o  e x p r e s s e d  i n  t h e  o t h e r  

i m m o r t a l i z e d  c l o n e s  t h a t  I  h a v e  i s o l a t e d  i n d e p e n d e n t l y  

( i . e . ,  C l - 2 ,  C l - 3 ,  and  C l - 5 ) . I t  i s  n o t  e x p r e s s e d  in  a l l  

im m or ta l  c l o n e s  o f  HS74 t r a n s f o r m e d  by SV40 ( e . g . ,  t s A /H F ) , 

and i s  a l s o  e x p r e s s e d  in  some, b u t  n o t  a l l ,  i m m o r t a l  SV40- 

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

co n c lu d e d  t h a t  e x p r e s s i o n  o f  t h i s  a n t i g e n  i s  a common b u t  

s e c o n d a r y  c o n s e q u e n c e  o f  SV40 t r a n s f o r m a t i o n .  T h u s ,  

a l t h o u g h  S V or i"  c o n f e r s  i m m o r t a l i t y  t o  c e l l s  a t  a h i g h e r  

f r e q u e n c y  t h a n  d o e s  w i l d  t y p e  SV40,  t h e  C . I . M .  d o e s  n o t  

r e l i a b l y  e s t a b l i s h  a  c o n t i n u o u s  c e l l  l i n e .  H o w e v e r ,  I  

r e m a i n  o p t i m i s t i c  t h a t  t h e  C . I . M .  c a n  be used  t o  enhance  

t h e  i s o l a t i o n  o f  i m m o r t a l  c e l l  l i n e s ,  p r o v i d e d  t h a t  t h e  

e x p e r i m e n t  i s  s t a r t e d  a t  t h e  r i g h t  p o i n t  i n  t im e  a l l o w i n g  

g r e a t e r  th a n  100 c o l o n i e s  t o  be p i c k e d .

S in ce  I  had i s o l a t e d  m u l t i p l e ,  p u t a t i v e l y  i n d e p e n d e n t ,  

c l o n e s  from IF5A, i t  was a l s o  p o s s i b l e  t o  a s s e s s  w h e t h e r  

a n y  com m o n  f e a t u r e s  o f  g r o w t h  w e r e  s h a r e d  b y  t h e  

im m o r t a l i z e d  d e r i v a t i v e s .  A l l  i m m o r t a l i z e d  c e l l  l i n e s  h a d ,  

o f  c o u r s e ,  a c q u i r e d  t h e  a b i l i t y  t o  g row  i n d e f i n i t e l y ,  i n  

c o n t r a s t  t o  IF5A o r  HS74. H o w ev er ,  when t h e  g row th  r a t e
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and EOC o f  t h e  i m m o r t a l i z e d  c e l l  l i n e s  w e re  c o m p a r e d  w i t h  

t h e  n o n - i m m o r t a l  p a r e n t s  a t  e a r l y  p a s s a g e ,  no d r a m a t i c  

d i f f e r e n c e s  were  e v i d e n t .  D i f f e r e n c e s  among t h e  c e l l  l i n e s  

w i th  r e s p e c t  t o  t h e i r  g r o w t h  r a t e  an d  EOC w e r e  o b s e r v e d .  

I t  was so m ew h a t  s u r p r i s i n g  t h a t  when C l -3 9  was i n i t i a l l y  

i s o l a t e d  a s  a c o l o n y ,  i t  had a r e l a t i v e l y  low EOC, a s  w e l l .  

T h i s  f u r t h e r  s u g g e s t s  t h a t  t h e  method o f  i s o l a t i o n  d i d  n o t  

r e s u l t  i n  a p a r t i c u l a r  g r o w t h  p h e n o t y p e .  More s t r i k i n g  

w e re  s e c o n d a r y  c h a n g e s  w h ic h  w e re  e v i d e n t  on  c o n t i n u e d  

p a s s a g e  o f  t h e  a l r e a d y  i m m o r t a l i z e d  c e l l  l i n e s  ( e . g . ,  C l -  

3 9 ) .

C e l l s  s t a b l y  t r a n s f o r m e d  by SV40 c o n t a i n  v i r a l  DNA 

w h ic h  i s  c o v a l e n t l y  i n t e g r a t e d  i n t o  t h e  chromosomal DNA o f  

t h e  h o s t  c e l l  (Sam brook  e t  a l ,  1 9 6 8 ) .  A n a l y s i s  by DNA 

r e a s s o c i a t i o n  k i n e t i c s  h a s  shown t h a t  t h e r e  i s  c o n s i d e r a b l e  

v a r i a t i o n  b e t w e e n  t r a n s f o r m e d  c e l l  l i n e s  i n  t h e  number o f  

i n t e g r a t e d  c o p i e s  o f  v i r a l  DNA (Sambrook e t  a l ,  1975)  , and 

t h a t  t h e  r e p r e s e n t a t i o n  o f  d i f f e r e n t  s egm en ts  o f  t h e  v i r a l  

genome i s  n o t  n e c e s s a r i l y  u n i f o r m  ( B o t c h a n  e t  a l ,  1 9 7 4 ) .  

The S o u th e rn  t r a n s f e r  h y b r i d i z a t i o n  t e c h n i q u e  h a s  been  used  

t o  a n a l y z e  t h e  s t r u c t u r e  o f  t h e  i n t e g r a t e d  v i r a l  DNA a s  

r ev iew ed  i n  t h e  I n t r o d u c t i o n ,  and t h e  r e s u l t s  i n d i c a t e  t h a t  

t h e r e  a r e  no s p e c i f i c  i n t e g r a t i o n  s i t e s  on  e i t h e r  c e l l u l a r  

o r  v i r a l  DNA. I n t e g r a t i o n  c a n  a l s o  o c c u r  i n  d i f f e r e n t  

chromosomes.  More d e t a i l e d  a n a l y s i s  m igh t  r e v e a l  p r e f e r r e d  

s i t e s  o f  i n t e g r a t i o n  o r  n u c l e o t i d e  s eq u en ce  s p e c i f i c i t y ,  a s  

s u g g e s t e d  by t h e  f i n d i n g s  o f  S t r i n g e r  (1982)  i n  w h ic h  he
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r e p o r t e d  t h e  e x i s t e n c e  o f  f i v e  b a s e - p a i r s  o f  homology a t  

t h e  v i r u s - h o s t  j u n c t i o n .  T h i s  same s e q u e n c e  (T -G -T -G -T )  

was found by Mounts and K e l l y  (1984) ,  f o u r  n u c l e o t i d e s  from 

t h e  r i g h t  v i r u s - h o s t  j u n c t i o n  o f  t h e i r  mouse t r a n s f o r m a n t  

(SVB400). Hasson e t  a l  (1984) fo u n d  s h o r t  d i r e c t  r e p e a t s  

a r e  p r e f e r e n t i a l  s i t e s  f o r  i l l e g i t i m a t e  r e c o m b i n a t io n  in  

SV40 DNA.

Comparison o f  t h e  i n t e g r a t i o n  p a t t e r n  o f  IF5A and  t h e  

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

t h a t  r e a r r a n g e m e n t  o f  t h e  SV40 ( an d  a d j a c e n t  c e l l u l a r )  

s e q u e n c e s  was a n e c e s s a r y  s t e p  i n  i m m o r t a l i z a t i o n .  T h i s  

d i d  n o t  a p p e a r  t o  be t h e  c a s e ,  s i n c e  a l l  c e l l  l i n e s  showed 

c o n s e r v a t i o n  o f  o n e  o f  t h e  SV40 c o p i e s  a n d  a d j a c e n t  

s e q u e n c e s  w i t h i n  t h e  l i m i t a t i o n  o f  t h e  S o u t h e r n  a n a l y s e s .  

An e f f o r t  was made t o  e x t e n d  t h e  a n a l y s i s  by t h e  .in s i t u  

h y b r i d i z a t i o n  t e c h n i q u e  ( i n  c o l l a b o r a t i o n  w i t h  Ms. S a l l y  

R i p l e y )  t o  a s s e s s  w h e t h e r  a  r e a r r a n g e m e n t  o f  a  l a r g e  

subchromosoma1 segment  was a s s o c i a t e d  w i th  i m m o r t a l i z a t i o n .  

T h i s  a n a l y s i s  was made e x c e e d i n g l y  d i f f i c u l t  by t h e  number  

o f  c h r o m o s o m a l  a b n o r m a l i t i e s  i n  IF5A a t  t h e  t im e  a t  which 

t h e  i m m o r t a l i z e d  d e r i v a t i v e s  w e re  i s o l a t e d .  The r e s u l t s  

s t r o n g l y  i n d i c a t e  t h a t  t h e  s i t e  o f  i n t e g r a t i o n  c a n n o t  be 

d e t e r m in e d  unam biguous ly  i n  IF5A, a n e c e s s a r y  p r e r e q u i s i t e  

t o  f u r t h e r  a n a l y s e s .

The r e s u l t s  I  o b t a i n e d  a r e  c o n s i s t e n t  w i t h  t h e  

f i n d i n g s  o f  o t h e r s  t h a t  m u l t i p l e  p a t t e r n s  o f  i n t e g r a t i o n  

c a n  be o b s e r v e d .  I  a l s o  d e t e c t e d  d i f f e r e n c e s  among my
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im m o r ta l i z e d  c e l l  l i n e s ,  even  though  t h e y  were  a l l  d e r i v e d  

f rom  a s i n g l e  c l o n e d  t r a n s f o r m a n t .  They v a r i e d  i n  t h e  

number o f  i n t e g r a t i o n  s i t e s ;  one s i t e  was f o u n d  f o r  C l - 2 ,  

C l - 5  and C l -3 9  and two i n t e g r a t i o n  s i t e s  were n o t e d  f o r  C l -  

3 ,  C l - 3 7  and C l - 3 8  ( F i g u r e  13) . I n  a d d i t i o n ,  one o f  t h e  

SV40 i n t e g r a n t s  i n  C l - 3 ,  seem ed  t o  h a v e  moved t o  a  new 

p o s i t i o n  d i f f e r e n t  f ro m  t h a t  o f  o n e  o f  t h e  i n t e g r a n t s  o f  

C l -3 7  and C l - 3 8 .  When o n e  e x a m i n e s  t h e  l o w e r  m o l e c u l a r  

w e i g h t  DNA f r a g m e n t s  i n  F i g u r e  13 ( l a n e  9 ) ,  one f i n d s  one 

in  C l - 3  t h a t  d o e s  n o t  h a v e  t h e  same m o l e c u l a r  w e i g h t  a s  

t h a t  f ra g m e n t  o f  IF5A ( l a n e  3 ) ,  w hereas  t h e  lower  m o le c u la r  

w e i g h t  DNA f r a g m e n t s  o f  C l - 3 7  and  C l - 3 8  ( l a n e s  6 and  7 

r e s p e c t i v e l y ) ,  a s  w e l l  a s  t h e  h i g h e r  m o l e c u l a r  w e i g h t  DNA 

f r a g m e n t s  o f  a l l  t h e  c o n t i n u o u s  c e l l  l i n e s ,  a r e  

i n d i s t i n g u i s h a b l e  f ro m  t h a t  o f  IF5A.  H o w ev e r ,  F i g u r e  14 

i n d i c a t e s  t h a t  one o f  t h e  DNA f ra g m e n t s  h a s  a l s o  moved f o r  

C l - 3 7  a n d  C l - 3 8  ( s e e  F i g u r e  1 4 ,  l a n e  6 a n d  l a n e  7 

r e s p e c t i v e l y )  b e c a u s e  i f  one  exam ines  t h e  lower  m o le c u la r  

w e ig h t  DNA f rag m en t  o f  IF5A ( l a n e  3) on e  d o e s  n o t  f i n d  a 

m a t c h i n g  DNA f r a g m e n t  f o r  e i t h e r  C l - 3 7  ( l a n e  6) o r  C l -3 8  

( l a n e  7 ) .  A l though  Botchan  e t  a l  (1976)  r e p o r t e d  t h a t  i n  

s e v e r a l  e s t a b l i s h e d  l i n e s  t h e  i n t e g r a t i o n  p a t t e r n  was 

s t a b l e  o v e r  s e v e r a l  hundred  c e l l  g e n e r a t i o n s ,  H i s c o t t  e t  a l  

(1980) found b o th  a m p l i f i c a t i o n  and  r e a r r a n g e m e n t  o f  t h e  

i n t e g r a t e d  SV40 DNA i n  a  t r a n s f o r m e d  mouse l i n e .  T h i s  

l a t t e r  o b s e r v a t i o n  h a s  b e e n  c o n f i r m e d  b y  o t h e r  

i n v e s t i g a t o r s  ( C l a y t o n  and  R igby ,  1981; Mounts and K e l l y ,
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1 9 8 4 ) .  T h u s  t h e  r e s u l t s  o f  my r e s e a r c h  a g r e e  w i t h

p r e v i o u s l y  r e p o r t e d  d a t a ;  n a m e l y ,  I  a l s o  f o u n d

r e a r r a n g e m e n t s  t o  be r e l a t e d  t o  t h e  num ber  o f  g e n e r a t i o n s

i n  t i s s u e  c u l t u r e .  T h e s e  r e a r r a n g e m e n t s  i n c l u d e d  l o s s  o f  

one o f  t h e  i n t e g r a t i o n  s i t e s  a s  w e l l  a s  movement o f  a  s i t e  

t o  a new l o c a t i o n .

S o u th e rn  a n a l y s i s  was a l s o  used  t o  d e t e r m i n e  in  d e t a i l  

t h e  i n t e g r a t i o n  p a t t e r n  o f  o n e  o f  t h e  c o p i e s .  From t h e  

i n f o r m a t i o n  d e r i v e d  from F i g u r e s  22 and 23 ,  i t  i s  a p p a r e n t  

t h a t  a t  l e a s t  t h e  SV40 s e q u e n c e s  from b a s e  p a i r  1654 (a Pvu 

I I  s i t e )  t o  2 7 7 0  ( a  B e l  1 s i t e )  a r e  m i s s i n g .  The

r e s t r i c t i o n  enzyme a n a l y s i s  i s  i n t e r p r e t a b l e  a s  a c o l i n e a r  

map  o f  a s u b g e n o m i c  r e g i o n ,  a s  s h o w n  i n  F i g u r e  3 5 ,  

e x t e n d i n g  from t h e  Hae I I  s i t e  (772 bp) i n  t h e  l a t e  r e g i o n  

th ro u g h  t h e  o r i g i n  t o  t h e  P s t  1 s i t e  (3144 bp) i n  t h e  e a r l y  

r e g i o n .  T h u s ,  a l t h o u g h  a  c o m p l e t e  l i n e a r  SV40 m o l e c u l e  

(which was l i n e a r i z e d  a t  t h e  Bam Hi s i t e )  was u s e d  f o r  t h e  

i n i t i a l  t r a n s f e c t i o n ,  t h e  i n s e r t  m u s t  h a v e  u n d e r g o n e  

ch a n g e s  p r i o r  t o  i t s  p r e s e n t  s t a t e .  O t h e r  i n v e s t i g a t o r s  

( C l a y t o n  and  R i g b y ,  1 9 8 1 ;  M oun ts  an d  K e l l y ,  1984)  h a v e  

found t h a t  i n t e g r a t i o n  p a t t e r n s  a r e  f r e q u e n t l y  com plex ,  and 

co m p le te  o r  p a r t i a l  tandem d u p l i c a t i o n s  o f  v i r a l  s e q u e n c e s  

a r e  common. These  r e s e a r c h e r s  have  a l s o  found t h a t  l o s s  o f  

s e q u e n c e s  o c c u r  i n  b o t h  t h e  i n t e g r a t i n g  DNA and t h e  h o s t  

DNA upon i n t e g r a t i o n .  E x o n u c l e a s e  d i g e s t i o n  i s  known t o  

o c c u r  when c a l c i u m  p h o s p h a te  c o p r e c i p i t a t i o n  i s  used  a s  t h e
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F i g u r e  35.  L in e a r  r e s t r i c t i o n  nap  o f  t h e  p o s s i b l e  SV40 

genoae  s e q u e n c e s  i n t e g r a t e d  in  C l - 3 9 .  The 

s o l i d  l i n e  i n d i c a t e s  s e q u e n c e s  i n t e g r a t e d  in  

C l -3 9  which have been  c o n f i rm e d  by S o u th e rn  

a n a l y s i s .  The wavy l i n e  i n d i c a t e s  s e q u e n c e s  

whose p r e s e n c e  in  C l -3 9  has  n o t  y e t  been  

c o n f i rm e d .
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mode o f  DNA t r a n s f e r .  E i t h e r  o f  t h e s e  two p o s s i b i l i t i e s  

would have  r e s u l t e d  i n  a  d i f f e r e n t  p i e c e  o f  DNA i n t e g r a t i n g  

t h a n  was o r i g i n a l l y  u s e d  i n  t h e  t r a n s f o r m a t i o n .  The 

e a s i e s t  way t o  e x p l a i n  i t s  i n t e g r a t i o n  p a t t e r n  i n  l i g h t  o f  

t h e s e  f i n d i n g s  i s  t h a t  a  "d o u b le  c r o s s o v e r "  o c c u r r e d ;  t h e r e  

was one  r e c o m b i n a t i o n a l  e v e n t  i n  t h e  e a r l y  r e g i o n  an d  a 

s e c o n d  o n e  i n  t h e  l a t e  r e g i o n ,  t h e r e b y  d e l e t i n g  t h e  

s e q u e n c e s  b e t w e e n  1 7 1 6  a n d  t h e  B e l  1 s i t e  a t  2 7 7 0 .  

H o w ev er /  o n e  may a l s o  p o s t u l a t e  t h a t  e x o n u c l e a s e  d i g e s t i o n  

o c c u r e d  p r i o r  t o  i n t e g r a t i o n .  The e x t e n t  o f  t h i s  d i g e s t i o n  

may be a s  l i t t l e  a s  a few n u c l e o t i d e s  ( e n o u g h  t o  d e s t r o y  

t h e  Bam Hi s i t e )  o r  a s  many a s  1054 n u c l e o t i d e s  ( t h e  e n t i r e  

r e g i o n  t h a t  i s  m i s s i n g ) .

R e g a r d l e s s  o f  t h e  mechanism# some p a r t  o f  t h e  l a r g e  T 

a n t i g e n  c o d in g  r e g i o n  i s  m i s s i n g .  Thus# i f  we l o o k  a t  t h e  

s i z e  o f  t h e  l a r g e  T# we would e x p e c t  t o  f i n d  a t r u n c a t e d  T 

(p ro v id e d  enough o f  t h e  T i s  m i s s i n g )  . T h i s  c a n  be s e e n  

f ro m  t h e  im m unob lo ts  ( F ig u r e  25) where one f i n d s  two bands  

f o r  IF5A ( F ig u r e  25# l a n e  2) c o r r e s p o n d i n g  t o  t h e  two SV40 

i n t e g r a n t s  w h ic h  p r o v i d e  two d i f f e r e n t  s i z e d  m o l e c u l a r  

w e ig h t  p r o t e i n s  and C l -3 9  ( l a n e  5)# where o n l y  o n e  b a n d  i s  

found c o - m i g r a t e d  w i th  one o f  t h e  ZF5A bands# and s e em in g ly  

c o r r e s p o n d i n g  t o  o n e  i n t e g r a n t  and  o n e  p r o t e i n .  A l s o  

c o n f i r m in g  t h e  S o u th e rn  b l o t  a n a l y s i s  i s  t h e  f a c t  t h a t  t h e  

C l - 3 9  b an d  c o r r e s p o n d s  t o  a t r u n c a t e d  T a n t i g e n  p r o t e i n  o f  

a p p r o x i m a te ly  80#000 d a l t o n s .  The m o le c u la r  w e i g h t  o f  t h e  

w i l d - t y p e  p r o t e i n  i s  94 ,000 d a l t o n s .  Thus# th e  p r o t e i n  o f
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t h e  im m o r t a l i z e d  l i n e s  i s  14 ,000  d a l t o n s  s m a l l e r  t h a n  t h e  

w i l d  t y p e  p r o t e i n .  The  m a x i m a l  d e l e t i o n  o f  t h e  SV40 

s e q u e n c e s  would p r e d i c t  a s m a l l e r  p o l y p e p t i d e ;  h o w e v e r ,  i t  

f a l l s  w i t h i n  t h e  r a n g e  o f  p o s s i b i l i t i e s .  T a n t i g e n  h a s  708 

am ino  a c i d s  o f  w h ic h  558 a r e  p r o x i m a l  (amino end) t o  t h e  

P s t  I  s i t e .  There  a r e  o n l y  26 amino a c i d s  b e t w e e n  t h e  B e l  

I  s i t e  a n d  t h e  c a r b o x y l  e n d .  The  d e l e t i o n  w o u l d  be 

e x p e c t e d  t o  i n c l u d e  t h e  t e r m i n a t i o n  s e q u e n c e s  a n d  

p o l y a d e n y l a t i o n  s i t e s  o f  t h e  T p o l y p e p t i d e .  C o n s e q u e n t l y ,  

t h e  p r o t e i n  s y n t h e s i z e d  i n  C l - 3 9  ( o r  IF 5 A )  w o u l d  be  

e x p e c t e d  t o  be a f u s i o n  p r o t e i n  w i t h  a m in o  a c i d s  a t  i t s  

c a r b o x y l  e n d  c o n t r i b u t e d  b y  t h e  a d j a c e n t  c e l l u l a r  

s e q u e n c e s .  Such w o u ld  n o t  be  o f  a n y  p r e d i c t a b l e  l e n g t h .  

A c c u r a t e  a s s e s s m e n t  would r e q u i r e  s e q u e n c in g  t h e  i n t e g r a t e d  

SV40 and c e l l u l a r  s e q u e n c e s  u s i n g  s u i t a b l e  r e c o m b i n a n t  DNA 

c l o n i n g  m e t h o d o l o g y .  Such e x p e r i m e n t s  have n o t  y e t  been  

p e r f o r m e d .  One s h o u l d  a l s o  n o t e  t h a t  t h e s e  p u t a t i v e  

c e l l u l a r  s e q u e n c e s  need  n o t  be h u m a n -d e r iv e d .  The i n i t i a l  

t r a n s f o r m a t i o n  i n v o l v e d  SV40 DNA and  c a l f  th y m u s  DNA ( a s  

c a r r i e r ) .  The v i r a l  s e q u e n c e s  c o u ld  have  become i n t e g r a t e d  

i n t o  t h e  l a t t e r  DNA and  t h a t  i n t e r m e d i a t e  s u b s e q u e n t l y  

became i n t e g r a t e d  i n t o  t h e  h o s t  c h ro m o so m e .  As m e n t i o n e d  

i n  t h e  I n t r o d u c t i o n ,  T a n t i g e n  i s  b e l i e v e d  t o  be composed 

o f  s e v e r a l  domains  t h a t  c a n  f u n c t i o n  i n d e p e n d e n t l y .  L e w is  

e t  a l  (1983)  i s o l a t e d  a m u t a n t  i n  w h ic h  t h e  l a s t  9 , 0 0 0  

d a l t o n s  w e r e  i n c o r r e c t l y  t r a n s c r i b e d  b e c a u s e  o f  a n  

i n c o r r e c t  r e a d i n g  f r a m e .  T h i s  m u tan t  c o u l d  n o t  t r a n s f o r m
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mouse c e l l s ;  h o w e v e r , t h e  i n c o r r e c t  a m in o  a c i d s  may h a v e  

b e e n  d e l e t e r i o u s  t o  t h e  p r o t e i n  an d  n o t  a l l o w e d  i t  t o  

t r a n s f o r m  t h e  c e l l s .  Colby and Shenk (1982) r e p o r t e d  t h a t  

t h e  i m m o r t a l i z a t i o n  a c t i v i t y  may be l o c a l i z e d  on t h e  am ino-  

t e r m i n a l  h a l f  o f  t h e  T a n t i g e n .  P i p a s  e t  a l  (1983) showed 

t h a t  p o r t i o n s  on b o t h  o f  t h e  a m i n o -  and  c a r b o z y - t e r m i n a l  

h a l v e s  a r e  r e q u i r e d  f o r  t h e  t r a n s f o r m a t i o n  o f  a r a t  l i n e  

(REF 5 2 ) .  However,  C l a y t o n  e t  a l  (1982)  and  S o m p a y ra c  e t  

a l  (1983) showed t h a t  t h e  a m i n o - t e r m i n a l  h a l f  i s  s u f f i c i e n t  

f o r  t h e  t r a n s f o r m a t i o n  o f  e s t a b l i s h e d  r a t  and mouse c e l l s ,  

a l t h o u g h  a t  r ed u c e d  f r e q u e n c y  ("1% o f  t h e  w i l d - t y p e  c e l l s ) . 

T h e s e  r e s u l t s  may b e  i n t e r p r e t e d  a s  i n d i c a t i n g  t h a t  

d i f f e r e n t  f u n c t i o n a l  d o m a i n s  o f  t h e  T a n t i g e n  i n d u c e  

d i f f e r e n t  g row th  p h e n o ty p e s  i n  d i f f e r e n t  c e l l s .  I n  l i g h t  

o f  t h e s e  f i n d i n g s  and t h o s e  r e p o r t e d  by P e t i t  e t  a l  ( 1 9 8 3 ) ,  

i n  w h ic h  t h e y  c o n c l u d e d  t h a t  an  a c t i v e  A gene  p r o d u c t  i s  

n e e d e d  t o  m a i n t a i n  i m m o r t a l i z a t i o n ,  I  b e l i e v e  t h a t  t h e  

l a r g e  T a n t i g e n  fo u n d  i n  C l - 3 9  i s  s u f f i c i e n t  t o  m a i n t a i n  

t h e  t r a n s f o r m e d  p h e n o ty p e  o f  t h e s e  c e l l s .  Our l a b o r a t o r y  

h a s  c o n t i n u e d  t o  i n v e s t i g a t e  t h i s  a r e a  by t r a n s f e c t i n g  HS74 

w i th  SV40 s e q u e n c e s  which c o n t a i n  d o u b le  m u t a t i o n s :  o r i g i n -  

d e f e c t i v e  f o r  r e p l i c a t i o n  and a p o i n t  m u t a t i o n  r e s u l t i n g  in  

a t e m p e r a t u r e - s e n s i t i v e  T a n t i g e n  ( t s A 5 8 ) . T r a n s f o r m e d  

f o c i  were p i c k e d ,  p r o p a g a t e d ,  and p a s s a g e d  c o n t i n u o u s l y  a t  

3 5 °  C .  T h e s e  t r a n s f o r m a n t s  h a v e  b e e n  s h o w n  t o  b e  

t e m p e r a t u r e - s e n s i t i v e  f o r  c e l l  g r o w t h ,  s i n c e  t h e y  a r e  

c a p a b l e  o f  c o n t i n u o u s  g r o w t h  a t  3 5 °  C and a r e  u n a b l e  t o
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grow a t  3 9 °  C. Thus  t h e s e  c o n t i n u o u s  c e l l  l i n e s  c a n  be 

u s e d  t o  i n v e s t i g a t e  t h e  r o l e  o f  T i n  i m m o r t a l i z a t i o n  o f  

human f i b r o b l a s t s .
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