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THE SV40 "ENHANCER TRAP" 

Frank Weber, Micha e l Boshart, Jean de V i l l i e r s , J u l i a n 
B a n e r j i , C h r i s t o p h Α. Gehring and Walter S c h a f f n e r 

I n s t i t u t für M o l e k u l a r b i o l o g i e I I der Universität Zürich, 
Hönggerberg, CH-8093 Zürich, S w i t z e r l a n d 

INTRODUCTION 
T r a n s c r i p t i o n a l enhancers are s h o r t DNA segments t h a t 

a c t i v a t e t he t r a n s c r i p t i o n o f l i n k e d genes, i n e i t h e r 
o r i e n t a t i o n and over d i s t a n c e s of many k i l o b a s e p a i r s 
( k b ) , which were o r i g i n a l l y d i s c o v e r e d i n v i r a l genomes 
( B a n e r j i e t a l . , 1981; de V i l l i e r s and S c h a f f n e r , 1981; 
Moreau e t a l . , 1981; f o r r e c e n t reviews see Khoury and 
Gruss, 1983, and a l s o Gluzman and Shenk, 1983). T i s s u e -
s p e c i f i c c e l l u l a r enhancers have r e c e n t l y been found i n 
immunoglobulin genes ( B a n e r j i e t a l . , 1983; G i l l i e s e t 
a l . , 1983; Neuberger, 1983; Queen and B a l t i m o r e , 1983; 
P i c a r d and S c h a f f n e r , 1983). 

We reasoned t h a t i t i s p o s s i b l e t o g e n e r a l l y s e l e c t 
f o r f u n c t i o n a l enhancers by assaying f o r t h e r e s u r r e c t i o n 
of enhancerless SV40, a f t e r c o t r a n s f e c t i n g i t w i t h s h o r t 
random DNA fragments i n t o monkey c e l l s . I n t h i s way we 
c o u l d s e l e c t f o r the growth o f recombinant v i r u s e s which 
had i n c o r p o r a t e d DNA w i t h enhancer f u n c t i o n . T h i s 
technique o f f e r s c l e a r advantages over t h e d i r e c t and 
i n d i r e c t approaches used p r e v i o u s l y t o i d e n t i f y enhancers 
( B a n e r j i e t a l . , 1981; Lusky e t a l . , 1983; F r i e d e t a l . , 
1983; Folger e t a l . , 1983). 

RESULTS 
We have t r a n s f e c t e d monkey CV-1 c e l l s w i t h non

i n f e c t i o u s , l i n e a r SV40 DNA, l a c k i n g t h e 72 bp repeated 
enhancer r e g i o n . I n f e c t i o u s v i r u s was re c o v e r e d from t h i s 
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"enhancer t r a p " upon c o - t r a n s f e c t i o n w i t h enhancer DNA 
segments from v a r i o u s v i r u s e s such as SV40, polyoma, 
c y t o m e g a l o v i r u s and Rous sarcoma v i r u s . The enhancer DNA 
segments a p p a r e n t l y became i n t e g r a t e d i n t o t h e 
enhancerless SV40 DNA by i n t r a c e l l u l a r r e s e c t i o n / l i g a t i o n / 
r e p a i r processes. A t r u n c a t e d polyoma "semi-enhancer" 
( B e l l t o P v u I I fragment; de V i l l i e r s and S c h a f f n e r , 1981) 
was i n c o r p o r a t e d as a dimer and r e t a i n s t he host c e l l 
p r e f e r e n c e (de V i l l i e r s e t a l . , 1982) of the complete 
polyoma enhancer. C o - t r a n s f e c t i o n o f the "enhancer t r a p " 
w i t h fragmented DNA of mouse, monkey or human o r i g i n , 
y i e l d e d no recombinant v i r u s w i t h i n t e g r a t e d c e l l u l a r 
sequences, w i t h one p o s s i b l e e x c e p t i o n . This i n d i c a t e s 
t h a t t h e r e are no more than a few hundred segments per 
mammalian genome w i t h the s t r o n g enhancer a c t i v i t y 
demanded by our assay. I n some t r a n s f e c t i o n experiments 
w i t h o u t added v i r a l enhancer DNA, SV40 v a r i a n t s were 
generated which have a segment of t h e i r f l a n k i n g " l a t e " 
DNA d u p l i c a t e d t o s u b s t i t u t e f o r the d e l e t e d 72 bp r e p e a t . 
I n one o f these v a r i a n t s (SV7.2, see Fi g u r e 1) an 88 bp 
d u p l i c a t i o n c r e a t e s a s t r o n g enhancer from t h i s p r e v i o u s l y 
i n a c t i v e DNA r e g i o n . Both the polyoma enhancer fragment 
and t h e spontaneously c r e a t e d enhancers l a c k the p h y s i c a l 
sequence f e a t u r e s which have been a s s o c i a t e d w i t h enhancer 
elements, namely the "GTGG(A/T)-box" (Khoury and Gruss, 
1983), the "CACA-box" (Lusky e t a l . , 1983) or s t r e t c h e s of 
a l t e r n a t i n g p u r i n e s - p y r i m i d i n e s (Nordheim and Rich, 1983). 
I t t h e r e f o r e appears t h a t these sequence m o t i f s are not 
u b i q u i t o u s l y a s s o c i a t e d w i t h , and may even be redundant 
f o r , t h e f u n c t i o n of t r a n s c r i p t i o n a l enhancers. 
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LEGEND TO FIGURE 1 
SVA50: This v a r i a n t v i r u s has a 54 bp d e l e t i o n around t h e 
Kpnl s i t e . I t was o b t a i n e d from a c o t r a n s f e c t i o n of 
enhancer t r a p DNA w i t h the enhancer b e a r i n g r e s t r i c t i o n 
fragment and an excess of s o n i c a t e d c a r r i e r DNA. 

SVP2M2: This v a r i a n t was o b t a i n e d from an experiment u s i n g 
the mixed-in s o n i c a t e d p l a s m i d pPySVklOO- where the SV40 
enhancer was p r o v i d e d f l a n k e d by polyoma v i r u s sequences 
(de V i l l i e r s e t a l . , 1982). 

S V 1 5 - : This i s a v i r u s c o n t a i n i n g t h e SV40 enhancer i n t h e 
o p p o s i t e o r i e n t a t i o n , o b t a i n e d from an experiment w i t h t h e 
same t r a n s f e c t i o n p r o t o c o l as i n t h e case of SVA50. 

SVFE2 and S V 7 . 2 grew out of c e l l s t r a n s f e c t e d w i t h SV40 
enhancer t r a p and c a r r i e r DNA w i t h o u t enhancer added. The 
t r a n s f e c t e d SV40 DNA was c i r c u l a r i z e d in. v i v o . 77 bp and 
88 bp o f the v i r a l " l a t e " r e g i o n around t h e H p a l l s i t e 
were d u p l i c a t e d i n SVFE2 and SV7.2, r e s p e c t i v e l y , t h e r e b y 
g i v i n g r i s e t o v a r i a n t s which grow s l o w l y (SVFE2) or i n t e r 
m e d i a t e l y f a s t (SV7.2). 
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FIGURE 1 : Maps o f SV40-derived enhancers 
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