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VERSATILE tETHOWLOGY FOR THE CONSTRUCTION OF 
ARTIFICIAL GENES 

O.G.Chakhmakhcheva, V.A.Efimov and Yu.A.Ovchinnikov 
Shemyakin Institute of Bioorganic Chemistry USSR Academy 
of Sciences, ul.Miklukho-Maklaya 16/10, Moscow 117871,USSR 

genes has been carried out with the use of a versatile 
approach to the assembling long DNA duplexes. 

In the course of investigations on the chemical-enxy- 
matic synthesis, cloning and expression of DNA fragments, 
a versatile methodology for assembling double-stranded po- 
lynucleotides,which permits preparation of synthetic DNAs 
of practically unlimited lengths, have been worked out in 
our laboratory lV2. This methodology is based on the DNA 
construction from preliminary cloned subfragments and the 
use of temporary restriction sites for cloning individual 
subfragments and assembling the target polynucleotide.The 
places for temporary restriction sites can be chosen arbit- 
rarily during experiment planning, and they form the fron- 
tiers of the modules from which the gene will be finally 
assembled. Such supplementary sites may be inserted at any 
place of DNA sequence containing a pair of self-complemen- 
tary nucleotides: AT, TA, CG or GC. To achieve the inserti- 
on , the sequence of 8 gene is as if pushed apart and a 
tetra- or pentanucleotide is incorporated between the se- 
lected pair of nucleotides to supplement the fragment up to 
the sequence of the desired restriction site. Thus, to con- 
struct an EcoRI restriction site a tetranucleotide (AATT) 
had to be inserted between the nucleotide residues of the 
GC pair in both DNA strands. 

tion with plasmids (or phages) containing polylinker region. 

Abstract. The chemical-enzymatic synthesis of several 

This methodology is particularly applicable in conjunc- 
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Two such plasmid vectors,pPLEl and pPLE2, conta in ing  14 
unique s i tes  f o r  r e s t r i c t i o n  endonucleases, have been con- 
s t r u c t e d  by u s  e a r l i e r  293 .  

g e t  gene could be prepared by any of t h e  known methods: by 
l i g a t i o n  of chemically produced o l igonucleo t ides  4, o r  by 
-.- in - v i t r o  r e p a i r  synthes is  of p a r t i a l  duplexes formed by 
o l igonucleo t ides  possessing s t r e t c h e s  o f  complementary se- 
quences a t  t h e i r  3'-ends 5, o r  by combination of these  me- 
thods. For b e t t e r  r e s u l t s ,  before  j o i n i n g  the  duplexes had 
t o  be p u r i f i e d  by cloning. I n  order  t o  minimize t h e  synthe- 
t i c  work, these  procedures can be s impl i f ied .  Thus, i t  i s  
possible  t o  synthesize chemically and clone only one of t h e  
chains  of t h e  t a r g e t  DNA duplex. This s ingle-s t randed poly- 
nucleot ide i s  i n s e r t e d  i n t o  a vec tor  molecule between two 
r e s t r i c t i o n  s i t e s ,  one of them having 5 '  -protruding end and 
the  o ther  having 3 ' -protruding end, and e f t e r  l i g a t i o n  
cloned without r e p a i r i n g  & v i t r o .  
s i t e s  chosen f o r  t h e  subfragment c loning have only 5 ' - ( 0 r  
3 ' - ) p r o t r u d i n g  ends, the pa r t i a l  duplex formed by two long 
o l igonucleo t ides  having s t r e t c h e s  of complementary sequen- 
c e s  a t  t h e i r  3 ' - ( o r  5 '-)ends can be used w i t h  the same per- 
pose and cloned without r e p a i r i n g  i n  v i t r o  a l so .  These pro- 
cedures shown in Scheme 1 w a s  used i n  our  labora tory  i n  t h e  
syntheses of a Aq, promoter reg ion  and i t s  mutants and a l -  
s o  
ze in  from maize endosperm 

two d i f f e r e n t  r o u t e s  (Scheme 2 ) .  One r o u t e  involves  succes- 
s i v e  cloning of t h e  DNA subfragments in  a suitable cloning 
vehic le ,  s o  t h a t  f i n a l l y  a complete gene which c a r r i e s  i n  
i t s  sequence a l l  the  i n s e r t e d  r e s t r i c t i o n  s i t e s  can be as- 
sembled i n  t h e  vector .  To remove these  temporary s i t e s , t h e  
plasmid DNA can be success ive ly  d iges ted  by corresponding 
r e s t r i c t i o n  endonucleases, t r e a t e d  by S1 nuclease and. 
blunt-end l i g a t e d .  Temporary s i t e s  can be a l s o  removed by 
oligonucleot ide-directed mutagenesis ' . This  p a t t e r n  of 

The subfragments requi red  f o r  t h e  s y n t h e s i s  of t h e  tar- 

i f  botn r e s t r i c t i o n  

i n  the syntheses of fragments o f  a gene f o r  Mr 22,000 

Synthe t ic  gene can be assembled from subfragments by 
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..... .......... ..... CA~TGGTTGCAG CAATGGTTTCAGAAGCTT Gene sequence ..... GTTACCAACGTC..........GTTACCAAAGTCTTCGAA. .... 
I Planning of the synthesis 
t ..... CAA;AG_CTTGGTTGCAG .......... CAATGGTTTCAG~GCTT..... Gene sequence bearin ..... GTTT&hCCAACGTC .......... temporary restrictio 

site 

3d subfragment 
AATTCAGAAGCTT. .... 

GTCTTCGAA. 

1st subfragment 2nd subfragment 

..... GTTTCGA A CCAAC GTC .......... GTTACCAAA .... 
EcoRI 

additional 
sequence / I 
/ and cloning of subfragments 

.... 
t 

.cAA AGCTTGGTTGCAG..........CAATGGTTT 

1. DNA ligase, cloning 

2. HlndIII 
3 .  S1 nuclease 

S1 nuclease 

.... TGGTTGCAG..........CAATGGTTT CAGAAGCTT.. ... .... ACCAACGTC .......... GTTACCAAA GTCTTCGAA 
.cAA 
.GTT ..... 

DNA ligase 1. DNA ligase 
2. Cloning 

H indI I1 

..... ..... GTTACCAACGTC .......... GTTACCAAAGTCTTCGAA.. ... polynucleo tit 
4 

joining point 
k 

I 
CAATGGTTGCAG.........,CAATGGTTTCAGAIIGCTT..... The target 

j o i n i n g  point 

S C H E M E  2 

DNA assembling is particularly advantageous when aiming at 
production of several vertions of a gene, that can be 
achieved by replacement of certain subfragments of a gene 
by modified sequences encoding mutant proteins. Another 
assembling route involves consecutive joining of subfrag- 
ments with simultaneous removal of temporary restriction 
sites. In this case, immediately after ligation at the 
joining point of two subfragments a sequence corresponding 
to the exact structure of a gene is formed.With t h i s  route 
it does not matter which nucleotide pair residues is at 
the blunt-ends of subfragments connected; so that division 
of a target gene sequence into subfragments can be effec- 
ted at any place, and not only between self-complementary 
nucleotide pairs (Scheme 2 ) .  The use of synthetic oligonuc- 
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ARTIFICIAL GENE CONSTRUCTION 325 

leotides as specific hybridization probes is effective for 
determination of correctness of module joining in the as- 
sembled molecule. The effectiveness of the above described 
methods was demonstrated in our laboratory on the syntheses 
of several functionally active DNAs, such as 8 gene co- 
ding 198-231 segment of bacteriorhodopsin 7 ,  a gene coding 
for human preproinsulin,md these methods are used now for 
the construction of a gene for maize zein protein. 
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