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NUCLEOSIDES & NUCLEOTIDES, 7(5&6), 751-755 (1988) 

SYNTHESIS OF DUMBBELL-SHAPED CIRCULAR DNA-MOLECULES. 

H. Schieferdecker, G.L. Igloi, and H. Kossel*; Institut 
fGr Biologie 111 der Universitat Freiburg, Schanzlestr. 1, 
3 - 7 5 0 0  Freiburg, B.R.D. 

Abstract. The syntheses of two dumbbell-shaped circular 
D!,lA-xoleculzs of chair, lengths l4G and 150 nt are des- 
cribed. They are forncd by enzymic ligation of chexically 
synthesized oligonucleotides containing self-complementary 
5' protruding z n d s .  

Ws have  i n v o s t .  igated the possibility of synthesizing 
dilr:S b i3 1 1 - s hap e d c i r c u 1 a r ?3RA -no 1 e (3 II 1 e s a c c o r d i n g t o the 
fcllowi~g steps: 

invei-rs6. arrows and t h e  r&specti~e f o l d - b a c k  structures 1 
#and I1 are d.r.p.1 cted schematically ir: the phosphorylated 
forr. L:: F l g .  1. 
2 .  Enzymic phc\sphos--;lation cf the 5' en6s. lntrnduction cf 
.7 2 n-7 ,abellsd 5' ghosphates fro:: [ f 2  P:AT? catalyzed by Td - 

polynuclzotide I r inase  is a prerequisite: f o r  ths s u b s e q u e n t  

ligation st2p and a l l o w s  charactsrisation of' the ligation 
pr~ducts by phosphatazf sensitivity, nearest neighbour 
analysis and by restriction endonuclease cleavage at si 
contained in the S ~ ~ I T S  s?: ir, t h ~  cew1.y formzd doxble stran- 
ded regions such as the BanHI sitc: ii;  struct:-,re I L 2  arid thy; 

EgllI site in structure I I L o .  Gel eisctrophoretic charac- 
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752 SCHIEFERDECKER, IGLOI AND KOSSEL 

'PCGGGATCCCG I I I I I 1 I I I I 
GCCCTAGGGC p5'+ 3' 

I 

I n t r a -  Annea l ing  Fo l l owed  

molecu la r  
Annea 11 ng 

b y  Two L i g a t i o n  Steps  

1 
CGGGATCCCGr ,  1 I 1 1  1 1  I I 
G C C C T A G G G C  38nt 

u I One 
L i g a t i o n  1 Step 

Barn HI 

I L 2  

Format ion  of Mu1 t imer1  c Forms 
b y  Severa l  I n t e r m o l e c u l a r  L i g a t i o n  Steps  i 

CCTCTAGAGGG P ti' 

CC TC TA G AG G G p5'+ 

I n t e r m o l e c u l a r  Anneal 1 ng F o l l o w e d  I by Two l i g a t i o n  Steps  

GGAGATCTCCC 
C C T C TAGAGW 
U 

Bgl lI 

L 2  
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DUMBBELL-SHAPED cDNA MOLECULES 753 

terisation of the phosphorylated chains I and I1 is shown 
in FIG. 2, lanes Ia and IIa. 

3 .  Intermolecular anhealina of the sinsle stranded protrud- 
ins 5' ends. Due to the self-complementarity of the single 
stranded protruding 5 '  ends, two molecules of I and 11, 
respectively, can form dimers by intermolecular base pair- 
ing. They correspond to the structures ILz and IILz except 
that they still contain two single strand breaks. Alterna- 
tive structures, however, can be formed by intramolecular 
base pairing of the protruding 5' ends such as structure 
IL1 unligated) or by opening of the fold-back structures 
and ntermolecular head-to-tail reannealing as depicted in 
structure 1 1 2 .  
4. Formation of dumbbell-shaped circular DNA-molecules bv 
enzymic liaation. Formation of the products ILz and IILz 
requires two ligation steps catalyzed by T4-DNA ligase in 
the presence of ATP. Incomplete ligation and/or incomplete 
phosphorylation during step 2 leads to dumbbell structures 
containing one unligated position (ILz* and IILz'). Other 
side products are self ligated monomeric circles such as 
structure IL1 and multimeric forms (IILn) derived from 
ligation of the dimeric annealing products 112. Both these 
types of side products are formed from both the chains I 
and I1 in variable amounts depending on, for example, the 
concentration of the monomers. Product patterns of the 
ligation reactiohs, analyzed by denaturing polyacrylamide 
gel electrophoresis are shown in FIG. 2 . ,  lanes Ib and IIb. 
Besides unligated starting material I and 11, several 
ligation products are observed. Their characterization and 
structural assignment was achieved as follows. 

Product IL2 is completely resistant to phosphatase 
and, after degradation with micrococcal and spleen phos- 
phodiesterase leads to [32Pl-3'-dCMP as the sole radioac- 
tive product. The latter observation is consistent with the 
CpC nearest neighborhood expected for an end t o  end liga- 
tion. Cleavage with BAMHI produces a single product of 
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154 SCHIEFERDECKER, IGLOI AND KOSSEL 

F I G P R E  2. Characterization 
cf ligation products by 
2lEctrophoresis on 5% p o l y -  
acrylamide gels containing 
7 M urea. In lanes Ia and 
I I a  t h e  unligated chains I 
2nd 11, rcspectively, in 
the [ 3 2  PI -5’-phosphorylatzd 
f o m  are shown. In lanes Ib 
and IIb products of the 
respective ligation reac- 
tions are shown. The desig- 
nation of the products, 
given alongside, is accor- 
ding to FIG. 1. 
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DUMBBELL-SHAPED cDNA MOLECULES 755 

. .  cc;1~n length identical with the original starting naterial 
I. These obsfrvations and %hi-- position of the product 
relative to the starting r?aterial has led us to conclucle 
that pr-od:ict TL2 is the fully ligated circular du!~hbell- 
shape2 DNA-molecule as d.3picted in FIG. 1. 

Product- :L2*, in contrast, is not completely resistant 
to phosphatase but a g a l r ,  shows CpC nearest neighborhood and 
partial cleavage by BaaHI. Fro-c. this and frorr; its relative 
r.c::ility with respect to IL;! we conclude that I L z *  represents 
2 :?ixture of nicked dumbbe:l-shaped DNA-molecules which are 
either not phosphorylated at the nicE; position ar,d therefore 
>iavz escaped the second ligatiori step or are phosphorylated 
k,:t nct co-rpletely ligated. The latter species would cause the 
c 1 b ~ e r v e d  partial degradation by phosphatase. The existellce of 
a n i c k  in t h e  double stranded region W0:ild. cause the ~ o l e c u l e  

to unfol .7  under denaturing conditions to the linear sing1.e 
s-ranc?ec! form, which is in agreement with its slower nobility 
in the denaturing electrophoretic system. 

. .  

Fro? the resistance to phosphatase and its high~r r?obi- 

lity as conpared with the unligated star%ing material, product. 
I>: is concluded to SE the closed circular 2onomeric forn: of 
r S e  o r i g i n a l  fold-back structure as  depicted in FIG. 1. 

Si?%ilar analyses have led to the tentative assignrents of 
the main products derived fro? ligatioc of oligonucleotldc- 17: 
(see lane IIb of FIG. 2). This product pattern shows a weak 
ladder of slower moving products (IILn) which are intrrpreted 
as the multirers of the alternatively annealed dimeric form 

(112 ) as depicted in FIG. 1. 
Support from the Deutsche Forschungsgemeinschaft (SFB 

2 0 6 )  and the Fonds der Chemischen Industrie is gratefully 
acknowledged. 
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