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ABSTRACT 
Multiple sequence classes of kinetoplast minicircle DNA from 

i:£.4£bS£I!.l£ ££££S£2l££ were cleaved by mung bean nuclease in the 
presence of formamide, yielding unit length linear molecules 
which retained the anomalous electrophoretic mobility in acryla­
mide characteristic of minicircle DNA. No specific cleavage site 
sequence common to all minicircle sequence classes was apparent, 
although the main region of nuclease cleavage was localized 
approximately 350 bp from the unique Smal restriction site of the 
conserved region found in all minicircle sequence classes. 
Covalent closure of the minicircle substrate was not a 
requirement for cleavage, as linearized network-derived or cloned 
minicircles were also cleaved by mung bean nuclease at similar 
locations. The partial sequences of several new minicircle 
sequence classes released from the network by mung bean nuclease 
are also reported. 

INTRODUCTION 

The structurally unique mitochondrial genome of the hemofla­

gellate protozoa, termed kinetoplast DNA (kDNA), consists of a 

catenated network of 5-20 X 10^ minicircles and 20-50 maxicircles 

(1-3). The maxicircle represents the informational mitochondrial 

DNA of these cells. It consists of a conserved transcribed 

region encoding sequences homologous to known mitochondrial genes 

(4-10) and a nontranscribed region which diverges extensively in 

size and sequence among the various trypanosomatid genera (11-

14). The function of minicircle DNA is not known. Minicircles 

range in size from 465 to 2300 bp, depending on the species (3); 

however, within any one species minicircle size is fairly uni­

form. A single network typically consists of multiple sequence 

classes of minicircles, each containing a small, 150-270 bp, 

region of species-specific, conserved nucleotide sequence (15, 

16). Rapid rates of minicircle sequence evolution have been 
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documented in different strains of Tryganosoma brucei (17, IB) 

and Tr2£anosoma cruzi (19,. 20), and in different species of 

Leishmania (21-23) and Crl.thldia (24, 25). Minicircle DNA is not 

transcribed in detectable amounts and sequences of cloned 

minicircles from T^ klll££i (26), T^ ISHisi (27) and L^ tarento^ 

lae (16) reveal only short open reading frames. There is, 

however, a preliminary report of a possible protein product of 

Crl^Md^a minicircle DNA (28), which, if confirmed and extended, 

would imply a genetic role for at least the large minicircles of 

this species. 

Mung bean nuclease has been used as an endonucleolytic probe 

of altered DNA helix conformation for both prokaryotic and 

eukaryotic DNAs. The sites of mung bean nuclease single strand 

nicking of supercoiled FH2 phage and pBR322 DNAs have been mapped 

to the non-coding iregulatory regions of these molecules (29-32); 

cleavage by mung bean nuclease occurred predominantly within A+T-

rlch regions and at inverted repeat sequences capable of forming 

hairpin structures (31, 32). Hung bean nuclease is capable of 

double strand cleavage of Plasmodium nuclear DNA, and possibly 

nuclear DNA from other lower eukaryotes, at sites before and 

after genes (33). Under partially denaturing conditions cleavage 

occurred on linear Pla^sod^um DNA at A+T-rlch sites, which, 

however, were no more A+T-rlch than surrounding sequences which 

were not cleaved by the nuclease (33). 

We report here the specific double strand cleavage of multi­

ple L^ ̂ ^rento^ae minicircle sequence classes by mung bean 

nuclease. The sites of mung bean nuclease cleavage on the pre­

viously sequenced KSR1/Ltl9 minicircle (16) were mapped. Cleavage 

site specificity was shown to be independent of the nucleotide 

sequence of the cleavage site and the topology of the minicircle, 

but was related, in those cases that could be determined, to the 

distance from the conserved region with the adjacent 

conformational "bend". We also present the partial sequences of 

five additional classes of minicircles released from the 

kinetoplast network by mung bean nuclease. 

MATERIALS AND METHODS 

C^il culture and DNA Isolation 

Cultures of L^ ̂ srento^ae were grown to stationary phase in 
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Brain-Heart Infusion medium (Difco) supplemented with 10 ug/ml 

hemin at 27 C (34). Covalently closed circular kDNA was 

recovered as described (35) and purified by two rounds of 

CsCl/ethldium bromide isopycnic centrifugation. The construction 

and sequence .of the E^ £214 minicircle clone pLtl9 was described 

previously (16). Plasmid DNA was isolated as described 

previously (36). 

Restriction enzyme and mung bean nuclease digestions 

Restriction endonucleases were purchased from New England 

Blolabs and Bethesda Research Labs. Digestions were performed 

under conditions recommended by the suppliers. Hung bean 

nuclease was purchased from P-L Biochemicals. KDNA networks and 

free minicircles were digested with the indicated units of mung 

bean nuclease activity at a DNA concentration of 0.01 mg/ml in 

the reaction buffer of McCutchan et al. (33) to which 0.001% 

Triton X-100 was added to minimize nuclease adsorption to the 

plastic reaction vessel. Hung bean nuclease digestions were 

performed at 50 C for 30 minutes. Samples were incubated for 

five minutes at 50 C prior to the addition of nuclease. 

Reactions were terminated by phenol extraction following the 

addition of an equal volume of 0.02 H Tris (pH 8.0), 0.02 M EDTA, 

and the DNA was precipitated with ethanol. 

Gel electrophoresis and DNA hybridization 

Electrophoresis was carried out in submerged horizontal 

agarose gels and vertical polyacrylamide gels (acrylamide:bis, 

29:1) in a buffer of 0.09 H Trls-borate (pH 8.3), 2 mH EDTA. DNA 

visualization and photography were as described (37). Southern 

transfer methods and I.n v̂ ltro labeling of DNA probes were as 

previously described (12). Hybridization was performed In 0.75 H 

NaCl, 0.075 H Na citrate, pH 7.2, 0.25% w/v nonfat dry milk (38) 

and 50% formamide, or 0.75 H NaCl, 0.075 M Na citrate, pH 7.2, 

0.2% SDS, 0.5 mg/ml sonicated denatured salmon sperm DNA, 0.5 

mg/ml poly(rA), 0.02% Flcoll, 0.02% polyvinylpyrollidlne, 0.02% 

bovine serum albumin and 50% formamide (39) at 37° C for 12-18 

hours. Hybridized filters were washed at 45 C with multiple 

changes of 0.015 H NaCl, 0.0015 H Na citrate, pH 7.2. 

Sequence analysis of the sites of mung bean nuclease cleavage 

Unit length, linearized minicircles were electroeluted from 
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agarose following digestion of kDNA networks with mung bean 

nuclease in 45% formamide, and incubated separately with BamHI, 

EcoRI or Hindlll, which cleave various minicircle sequence 

classes at single sites (16). The minicircle fragments were 

subsequently cloned into H13 mplO such that the termini generated 

by mung bean nuclease were ligated to the Hindi restriction site 

adjacent to the annealing site for the oligonucleotide sequencing 

primer (40) of the H13 vector. Clones containing minicircle 

fragments were identified by plaque hybridization (41) and 

analyzed individually by agarose gel electrophoresis. 

DNA sequence analysis was performed using the dideoxy-chain 

termination method (42), employing the modifications described 

previously (4). DNA sequences were analyzed with the Los Alamos 

Sequence Analysis System (43) and the programs of Staden (44) 

running on a VAX 11/780, and the Pustell programs (45) running on 

an IBH PC. 

RESULTS 

Specific c^eava£^ of multiple sequence classes of kinetoplast 

minicircle DNA by mung bean nuclease 

Incubation of L^ ^arentolae kDNA networks with mung bean 

nuclease in the presence of 40-55% formamide (see Materials and 

Methods), resulted in partial disassembly of the network complex 

through double strand scissions of the catenated minicircle and 

maxicircle DNA molecules.• The results of digestions of kDNA at 

various mung bean nuclease/DNA ratios and at various formamide 

concentrations are presented in Fig. lA. The predominant 

cleavage product migrated as a broad band, ranging in size from 

835 to 880 bp. The size and relative abundance of this fragment 

was consistent with that expected for unit length linear 

minicircle DNA (16). Hybridization analysis (results not shown) 

confirmed the minicircle identity of this band and the other 

visible minor bands, and indicated that at a low nuclease to DNA 

ratio and a low formamide concentration, high molecular weight 

maxicircle fragments (possibly unit length; arrow. Fig. lA) were 

also released from- the network. Maximal release of unit length 

minicircle DNA from the kinetoplast network was observed at 10 

units of nuclease per ug of network DNA and at a formamide 
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concentration of 50%. Under these conditions, a portion of the 

kDNA network always remained undigested and was retained at the 

origin of the gel. 

We have previously reported that the migration of unit 

length minicircles and minicircle DNA fragments in acrylamide 

gels is retarded relative to their mobility in agarose (16). 

Evidence has been presented which suggests that this anomalous 

electrophoretic behavior is the result of the presence of a 

static curvature ("bend") within a specific region of the 

minicircle molecule (46-48). Figure IB shows the results of 

electrophoresis in 5% acrylamide of unit length minicircle DNA 

released from network DNA by digestion with mung bean nuclease 

(lane 1) or. BamHI (lane 2). The electrophoretic migration 

profile of the minicircle DNA linearized by mung bean nuclease 

digestion was heterogeneous and had an average, calculated size 

2.IX that observed in agarose. The calculated size of the BamHI-

linearized minicircle was also 2.IX that observed in agarose. 

The L^ ̂ arentolae kinetoplast network contains multiple 

minicircle sequence classes which are distinguishable by 

restriction endonuclease digestion patterns (16). To examine the 

sequence composition of the unit length, linear minicircles 

released from network DNA by mung bean nuclease, aliquots of the 

agarose gel-isolated 835-880 bp band (Fig. lA) were digested with 

several restriction enzymes. The agarose gel shown in Fig. 2 

reveals that various proportions of the kinetoplast minicircle 

DNA linearized by mung bean nuclease digestion were sensitive to 

cleavage by BamHI, Hindlll and EcoRI, implying a heterogeneity of 

mung bean nuclease-released minicircle DNA. Digestion with BamHI 

yielded a predominant 780 bp band and a series of minor, smaller 

sized fragments. Hindlll cleavage resulted in the increased 

mobility of the forward edge of the broad, mung bean nuclease-

linearized, minicircle band. This Increased mobility corresponded 

to a calculated size of 820 bp. Incubation with EcoRI resulted 

in a heterogeneous mixture of minicircle digestion products, the 

two most prominent bands having lengths of 310 and 535 bp. On 

the other hand, incubation of the mung bean nuclease-generated, 

unit length linearized minicircle DNA with Smal, which cuts 

within the conserved region of presumably all minicircle sequence 
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Figure 1. Release of unit'length minicircles from L^ £££2B^£]:££ 
kDNA networks by digestion with mung bean nuclease. (A) Effect 
of varying the enzyme/DNA ratio and the concentration of 
formamide on the cleavage of kDNA. Approximately 1 ug of kDNA 
was digested with 1 (lanes 1, 2 and 3), 10 (lanes 4, 5 and 6) and 
20 (lanes 7, 8 and 9) units of enzyme in the presence of 30% 
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(lanes 1, 4 and 7), 40% (lanes 2, 5 and 8) and 50% (lanes 3, 6 
and 9) formamide, and electrophoresed through 1.2% agarose. 
Note: one half of the sample loaded into lane 5 (10 units mung 
bean nuclease/ug kDNA, 40% formamide) was lost during 
preparation. (B) Electrophoretic migration in 5% acrylamide of 
unit length minicircles, which were eluted from an agarose gel 
following release from the kDNA network by digestion with mung 
bean nuclease (lane 1) or BamHI (lane 2). M, marker DNAs: Hindlll 
digested lambda DNA and Haelll digested )iiX174 RF DNA. The sizes, 
in kilobases, of the ten marker DNA bands are as follows: 23.13, 
9.42, 6.56, 4.37, 2.32, 2.03, 1.35, 1.08, 0.87 and 0.60. 

classes (16), resulted in apparently complete digestion and the 

appearance of two major bands with lengths of 345 and 500 bp. 

The sums of lengths of the major EcoRI and Smal restriction 

products were, respectively, approximately equivalent to 

minicircle unit length. The appearance of discrete sized 

restriction products resulting from the secondary digestions 

implies a specificity of cleavage of minicircle network DNA by 

mung bean nuclease and the complete digestion by Smal Implies 

that the major mung bean nuclease site is located an equivalent 

distance from the conserved region in almost all digested 

minicircle sequence classes. 

Nucleotide sequences surrounding the cleavage sites of mung bean 

SH£i2S5£ £S fclnetoplast minicircle DNA 

To define the regions of mung bean nuclease digestion on the 

various L^ ££££S££l££ minicircle sequence classes, the nucleotide 

sequences extending from the cleavage sites were determined for 

unit length minicircles released from kDNA networks by mung bean 

nuclease digestion and subsequently cloned into M13 after a 

secondary digestion with BamHI, EcoRI or Hindlll (as described in 

Materials and Methods). The decameric sequences directly 

downstream of the regions of mung bean nuclease cleavage are 

presented in Table 1. No specific cleavage site sequence could 

be deduced from sequences of the mung bean nuclease generated 

blunt-end termini; however, in every clone examined, nuclease 

digestion terminated adjacent to a pyrimidine, (a thymidine in 26 

out of 27 clones). In terms of the BamHI- and EcoRI-mung bean 

clones that are homologous to the previously described KSR1/Ltl9 

sequence class (16), the majority of duplex cutting occurred near 

nucleotide position 535 from the single EcoRI site (Fig. 3, 

cluster A). This places the cleavage site terminus 348 bp from 
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Figure 2. Restriction analysis of unit length kDNA minicircles 
released from networks by mung bean nuclease digestion. 
Approximately 0.5 ug of gel-isolated minicircle DNA was digested 
with BamHI (lane 1), Hindlll (lane 2), EcoRI (lane 3) or Smal 
(lane 4), and electrophoresed through 2.0% agarose. M, marker 
DNAs: Hindlll digested lambda DNA and Haelll digested 0X174 RF 
DNA. 
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Table 1. Mung bean nuclease cleavage sites on Lj 
kinetoplast minicircle DNA. 

tarentolae 

Clone' 

Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
BIO 
Bll 
B12 

R5 
R6 
R7 
R8 
R9 
RIO 
Rll 
R12 

D2 
D3 
D4 
D5 
D6 
D7 
D9 
D12 

(ATATATATTT) 
(TTTCCAGAAT) 

(TTTTCAATTT) 
(TTACTATATA) 
(TTAAGAGGCA) 

(ATATAAGTTA) 

(TGACATAGTA) 
(TATATATTTT) 
(TACT6TAAAT) 
(TTAAATAACA) 
(ATATAAGTTA) 
(CTATACTATG) 
(ATTTTTCACT) 
(TATATAGTTA) 

Sequence'' 

TGAGGGGCAT 
TTCACTTCAA 
TACCCCGGGG 
TAACGCTTAC 
TCGTGTGAAA 
TGGTAATATA 
TACCCCAGCC 
TGTATATTGA 
TGAGGGGCAT 
TCCAAGGCTA 
TAAGGGCTTA 

TACGATCCGC 
TCACTTCAAC 
TAAAGATAGA 
TCCAGCAAAA 
TAAGGGCTTA 
TCACCGCATA 
TCAACCACAT 
TAAGGGCTTA 

TCCATACTGT 
CGACTCTACA 
TACTGTGTCG 
TCCCTCAGGT 
TGGTCTGTTG 
TGAGGGTCGA 
TACGACTCTA 
TAGGGTTATA 

£KSR1 nt coordinate"^ 

720,721 
193,194 

142,143 
550,551 
518,519 

535,536 

628,629 
721,722 
697,698 
751,752 
535,536 
621,622 
726,727 
535,536 

+ 
-

+ 
-
-

-

+ 
+ 
-
-
-
-
+ 
-

a. The letters B, R and D indicate the restrict! 
BamHI, EcoRI and Hindlll, used to cleave the mung 
linearized minicircles prior to cloning into M13. 
b. Only the first 10 nucleotides downstream of. t 
nuclease cleavage site/Hindi cloning site are sh 
sequences given in parentheses are the 10 nucleot 
lie upstream of the cleavage site based on the in 
homology to the pKSRl minicircle (16). 
c. The nucleotide sequences of the pKSRl and pLT 
clones are identical except that the pLT19 sequen 
from the BamHI site (nucleotide position 631 on t 
sequence). The nucleotide pairs between which th 
cleavage sites were localized are numbered from t 
the pKSRl sequence, +/- indicates strand polarity 
pKSRl sequence reported in ref. 16. 

on enzymes, 
bean nuclease-

he mung bean 
own. The 
ides expected to 
dividual clones 

19 minicircle 
ce is numbered 
he pKSRl 
e nuclease 
he EcoRI site on 
relative to the 

the Smal restriction site and 780 bp from the BamHI restriction 

site on the KSR1/Ltl9 minicircle; these distances agreed with the 

calculated fragment sizes of minicircle DNA linearized by mung 
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Figure 3. Diagrammatic representation of mung bean nuclease 
cleavage sites on the (874 bp) KSR1/Ltl9 minicircle sequence 
class. The individual arrows correspond to the nucleotide 
coordinates given for the "B" and "R" clones of Table 1. (A) The 
cluster of nuclease cleavage sites near KSRl nucleotide position 
535/Ltl9 nucleotide position 779, (B) the cluster of sites near 
720/90, (C) the two sites adjacent to 631/1, (D) the two sites 
near 188/432. The hatched box represents the position of the 
conserved region (16), and the asterisk (*), the position of the 
bend (46, 47). B, BamHI; Bg, Bglll; E, EcoRI; S, Smal. 

bean nuclease and then digested with BamHI or Smal (Fig. 2). 

Five additional KSR1/Ltl9 homologous clones mapped to a region 

surrounding nucleotide position 720 (Fig. 3, cluster B); however, 

these cleavage site termini were distributed over a broader 

range. Two cleavage site termini were located adjacent to the 

unique BamHI restriction site (Fig. 3, cluster C) and two within 

the minicircle conserved region near the unique Smal restriction 

site (Fig. 3, cluster D). 

Ltli Minicircle DNA cloned In E^ coli Is digested bj mung bean 

nuclease in a similar manner as BamHI-linearized minicircle DNA 

£££S t̂ DMA networks 

The sensitivity of native and E^ col^-cloned, BamHI-

linearized, Ltl9 minicircles to digestion by mung bean nuclease 

were compared. Both network-derived and cloned BamHI-linearized, 

minicircle sequences showed similar sensitivities to mung bean 

nuclease, and each was cleaved to yield a 780 bp digestion 

product (Fig. 4). This was the same sized cleavage product 

observed when circular, network minicircles were digested first 

with mung bean nuclease and then with BamHI. At the formamide 

concentrations and nuclease/DNA ratios employed here, only 

approximately 50% of the substrate DNA was cleaved by the 
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Figure 4. Digestion of unit length linear, native and cloned 
BamHI kDNA minicircles with mung bean nuclease. Approximately 
0.5 ug of gel-isolated BamHI released (native) minicircle kDNA 
(lanes 1-4) and pLtl9 (cloned) minicircle insert DNA (lanes 5-8) 
were digested with 10 (lanes 1, 2, 5 and 6) and 20 (lanes 3, 4, 7 
and 8) units of mung bean nuclease In the presence of 40% (lanes 
1, 3, 5 and 7) and 50% (lanes 2, 4, 6 and 8) formamide and 
electrophoresed through 1.5% agarose. M, marker DNAs: Hindlll 
digested lambda DNA and Haelll digested ^X174 RF DNA. 
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nuclease (Fig. 4, lanes 2, 4, 6 and 8). Increasing the time of 

Incubation by a factor of two (to 60 min.) had no effect on the 

extent of cleavage by mung bean nuclease (results not shown). 

In order to map the predominant region of mung bean nuclease 

cleavage at 40-50% formamide on the BamHI-exclsed pLtl9 

minicircle insert, the gel-isolated 780 bp major cleavage product 

was subjected to restriction analysis. Digestion of the 780 bp 

mung bean nucl.ease fragment with Smal resulted in the production 

of two fragments with lengths of 348 and 418 bp, digestion with 

Bglll yielded 135 and 652 bp fragments and digestion with EcoRI 

yielded a 540 bp fragment and a 240 bp fragment (Fig. 5A). These 

data localized the major region of mung bean nuclease cleavage on 

the pLtl9 minicircle Insert at approximately nucleotide position 

780 (Fig. 5B). This corresponds almost exactly to the 

nucleotide position mapped by sequence analysis for the 

predominant cleavage site of mung bean nuclease on native 

KSR1/Ltl9 minicircle DNA (Table 1), considering that nucleotide 

535 of the KSRl minicircle sequence corresponds to nucleotide 779 

on the Ltl9 minicircle sequence (16). We conclude that the major 

site of cleavage by mung bean nuclease at 40-50% formamide is 

essentially identical on both native (circular and linear) and 

cloned (linear) Ltl9 minicircle DNA. 

The results presented in Fig. 4 also demonstrate that the 

cleavage of unit length linearized native and cloned Ltl9 

minicircle DNA by mung bean nuclease is dependent to a greater 

extent on the formamide concentration than on the amount of 

nuclease activity. Moreover, faint low molecular weight bands 

Figure 5. Mapping of the major mung bean cleavage site on the 
pLtl9 minicircle DNA. (A) The predominant digestion product of 
mung bean nuclease treated (50% formamide) pLtl9 Insert (BamHI 
released) was gel-isolated and Incubated with Smal (lane 1), 
Bglll (lane 2) and EcoRI (lane 3) and electrophoresed through 
2.0% agarose. Lane 4 contains the gel Isolated predominant 
digestion product of pLtl9 insert DNA treated with mung bean 
nuclease in 50% formamide. Lane 5 contains EcoRI digested pKSRl 
(unit length minicircle insert). M, marker DNAs: Hlndlll 
digested lambda DNA and Haelll digested (iX174 RF DNA. (B) The 
results are diagrammed such that the lengths of the arrowed lines 
are proportional to the sizes of the corresponding digestion 
products, numbered as in (A). The hatched box represents the 
position of the conserved region on the Ltl9 minicircle (16), and 
the asterisk (*) the position of the bend (46, 47). B, BamHI; 
Bg, Bglll; E, EcoRI; S, Smal. 
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Figure 6. The effect of increasing formamide-concentration on 
mung bean nuclease cleavage of minicircle kDNA. 
(A) Approximately 0.5 ug of Ltl9 Insert DNA was incubated with 10 
units of nuclease In the presence of 50% (lane 1), 55% (lane 2), 
60% (lane 3) and 70% (lane 4) formamide and electrophoresed 
through 1.8% agarose. Lane 5 contains unit length Ltl9 Insert. 
M, marker DNAs: Hlndlll digested lambda DNA and Haelll digested 
0X174 RF DNA. (B) Digestion of Ltl9 Insert with mung bean 
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nuclease performed as outlined in (A) except that the formamide 
concentration was 50% (lane 1), 51% (lane 2), 52% (lane 3), 53% 
(lane 4), 54% (lane 5) and 55% (lane 6). Lane 7 contains unit 
length Ltl9 Insert. 

were also visible in the digests performed in 50% formamide (Fig. 

4, lanes 2, 4, 6 and 8), which are the result of secondary, less 

frequent, mung bean nuclease cleavage events. 

The effect of formamide concentration on the specificity of 

mung bean nuclease cleavage of unit length linear Ltl9 minicircle 

DNA is presented in Fig. 6. The 780 bp, BamHI-mung bean nuclease 

fragment was the predominant product of incubation in 50% 

formamide (Fig. 6A, lane 1); approximately 50% of the input 

minicircle DNA was cleaved by the nuclease (compare with results 

in Fig. 4). All of the unit length Ltl9 substrate DNA was 

cleaved at a formamide concentration of 55%, yielding a diffuse 

band ranging in size from 610 to 620 bp (Fig. 6A, lane 2). At 

formamide concentrations of 60% and 70%, the Ltl9 substrate was 

completely degraded by the nuclease (Fig. 6A, lanes 3 and 4). 

Figure 6B shows that the fraction of Ltl9 substrate resistant to 

mung bean nuclease digestion decreased as the formamide 

concentration was increased to 55%. 

To Identify the secondary regions of mung bean nuclease 

cleavage on the Ltl9 minicircle at 55% formamide, the major 

digestion product (the 610-620 bp band) was gel-isolated and 

subjected to restriction analysis (Fig. 7A). At an agarose 

concentration of 2.2%, the 55% formamlde/mung bean nuclease 

minicircle fragment migrated as a more compact band (Fig. 7A, 

lane 4), with an apparent length of 611 bp. EcoRI digestion of 

this material yielded a fragment approximately 539 bp In length 

and a smaller cognate fragment which has migrated off the gel. 

Smal and Hpall digestion each generated a diffuse band, 

approximately 264 bp in length, as well as unique fragments with 

sizes of 347 bp and 312 bp, respectively (Fig. 7A, lanes 2 and 

3). Both BamHI ends of the Ltl9 substrate, at 55% formamide, 

were removed by mung bean nuclease digestion (Fig. 7B). One 

cleavage site terminus mapped to the Identical location of mung 

nuclease action detected at 50% formamide (nucleotide position 

780 on the Ltl9 minicircle or 536 on the KSRl sequence. Fig. 3A 
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Figure 7. Mapping of the 55% formamide-mung bean nuclease 
cleavage sites on Ltl9 minicircle DNA. (A) The predominant 
product of mung bean digestion of the Ltl9 insert in the presence 
of 55% formamide was gel-isolated and digested with EcoRI (lane 
1), Smal (lane 2) and Hpall (lane 3) and electrophoresed through 
2.2% agarose. Lane 4 contains the gel-isolated 55% 
formamlde/mung bean digestion product. H, marker DNAs: Hlndlll 
digested lambda DNA and Haelll digested 0X174 RF DNA. (B) The 
results are diagrammed such that the lengths of the arrowed lines 
are proportional to the sizes of the corresponding digestion 
products, numbered as in (A). The hatched box represents the 
position of the conserved region on the Ltl9 minicircle (16) and 
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the asterisk (*), the position of the bend (46, 47). B, BamHI; 
Bg, Bglll; E, EcoRI; Hp, Hpall; S, Smal. Base composition of 
Ltl9 plotted as percent A+T, calculated for every tenth 
nucleotide position using a window size of 20. 

(16)). The other cleavage site terminus mapped to a region 

between nucleotides 169 and 204 on the Ltl9 minicircle (KSRl 

nucleotides 799-834). The relationship of the nuclease cleavage 

site termini to the A+T content of the Ltl9 minicircle sequence 

is Indicated in Fig. 7B. 

Identification of several additional sin^£ir£le sequence classes 

from the L^ tarentolae kDNA network 

The partial sequences of five of the 11 BamHI-mung bean 

nuclease clones and all eight of the Hindlll clones presented in 

Table 1 vary extensively from the three known L^ £a£entolae 

minicircle sequence classes (16). The partial nucleotide 

sequences determined from these independently-derived clones have 

been grouped together on the basis of sequence homology, and are 

presented in Fig. 8. In spite of the fact that complete sequences 

are not yet available, it is clear that these clones represent 

new minicircle sequences. 

The eight Hindlll clones can be separated into three non­

homologous sequence "groups" (Fig. 8A, B and C). The 286 bp 

sequence of group A comprises five of the Hlndlll clones and has 

extensive, but Interrupted, homology with the L^ ££££S££l££ Lt26 

minicircle class (16). The first 135 nucleotides are homologous 

with a portion of the variable region of the Lt26 sequence (Fig. 

9A), the next 79 nucleotides possess no significant homology with 

any of the known L^ ££££S££1B£ minicircle sequences, and the 

remaining 72 nucleotides are homologous with the minicircle 

conserved region and have been aligned with the sequence of this 

portion of the Lt26 molecule (Fig. 10). The 173 nucleotide group 

B sequence (Fig. 8B) was compiled from two Hindlll clones, D5 and 

D7, and is 90% homologous with a portion of the Lt26 minicircle 

conserved region (Fig. 9B). Hindlll clone D12 comprises the 

group C sequence which possesses only limited homology, 30 out of 

34 nucleotides, to the variable region of the KSR1/Ltl9 

minicircle class: nucleotides 55-89 of the group C sequence (Fig. 

8C) and nucleotides 657-692 of the KSRl minicircle (16). 
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A ^ A ' C U C T C T A UtTCTTCCC TATiTTTlTA CCGACTTAAT CTITAACCAC CCICCTACAC tO 
02, ,04 

CITATCAATC CATCTACCGA CAACCTTACA AncCATACT CTGICCCTAC TCAACCAACT 120 
,06 

G6AGATCAAC CCACAATCGA T T G A G G T G T CTTGTATGCT GCCACCTGCA CCAGATGTGT 180 

CAAGAAAATI CCTAAAATTC TCCAAAAAIC CCCAAAAATA GCCCAAAATC CCAAAGTTTT ItO 

TACGTCCCTA CCTAGCGGCG TTCICGAAAC CAAAATGCAT GCAGAA 

05 
B T T T A G A C C C TCAGGTA666 GCGTTCTCCG AAAACCGAAA AATGCAtCCA CAAACCCCGT 60 

tCAAAAAATG CCAAAAATCC CCATTTTTAC GATTTTCGTG TGAAACTAGG CCTIGGtGTA 120 

AAATACCCGT CCGGCTCCGC CCCCGTTTCC CGCCCCTCAG CTTTCGACCC TCA^ 

07 

012 
C ^ACGGTTATA GACGCCTAAC CTATCCATTG TTTTCGTAAA CITTGCCCAA lAGACCTCGC 00 

AGACACTCIA CCTCTAGGGT ACAGTCTATA CGAGATATAA TCAAAGTTAC ATTAGATTAA 120 

CTACGAATAC TGTTTTCATC TCTCTCTCTT ACCICCTAAA CATACACCGA IGGAACAGCC 100 

TCTCAACCCA CATACATGTA AGATCCT 

84 

D ^AACCCTTAC CAtCTCCCAA TCCCICTACC TTCAGCTTTA TCCGCCGTCT AICCTAICCT 60 

TATAAICATI ATCGTCCCCA lAGGIACCIA TACGTCCTAA GCCTAIAGAC ATAACCTATA 120 
B8, ,BI, BIO 

AATTACCCAT ATATAATAIA AIATAAT/IC T A T A A G A C C CCCATAATCC TATACCCCAA ISO 

CCCTAACCCA CCACTCCACC GACTGTCACG CTATCGCATC GCCACAGACC AGCCACGACT 240 

AICAATAATT ICCTAAACCC ICCACACTCT lACAACAACC ACTCCCICTA TATCICCACC 100 

TATCCACAAA CTAGGIAAGC GCCCTTCTCC ATAGCAtCCA CATACCCCTA CCAAGCCAAt 360 

GITTCIGCAT CAAAAAGTTC CATCAIGCCA AGAACACACA GCATAAAAAG GACCAAACAA 420 

TGCCCAAAAA CCTIAGATTT CAAACAIAAG GGTCAGCACC CCITAATTTA CCGAGCATAC 400 

TTAAGCCG 

E 
Bll 

CTCATCTCCC AICAITAACC CCATGCCGCC ACACGCTTAC CACAAACCAC ATGIAGCCAC 120 

TACGTAGGCG TCCTGTCATT ATCCCGACTT TCCAAACACA GCATTACACA CCCTAATCCT 180 

ATCCCTTACA TCCAAAACIT CCACATCIAA tCCGCCTAAA IITAGCCAC6 IGAAAATATA 2*0 

CCGGTCCAAA CGCTTATTTT TGAC6GTCCA AACTGA6CGC CCGCTATAGC CCGGTA6CCC 300 

CACCCCTATT TTACA 

Figure 8. Partial sequences of nucleotides of several additional 
L. tarentdae minicircle sequence classes. The sequences were 
compiled on the basis of cross-homdogy from the independently-
derived, mung bean nuclease-generated clones described in Table 
1. The position of the mung bean nuclease cleavage sites on the 
minicircle sequences are Indicated by arrows along with the 
corresponding clone designation. (A) the contiguous sequence 
obtained from mung bean nudease-Hlndlll clones D2, D3, D4, D6 
and D9. (B) the reverse complement of the sequence of mung bean 
nudease-Hlndlll clone D7. This sequence encompasses the entire 
sequence obtained from the mung bean nudease-Hlndlll clone D5. 
(C) the sequence obtained from the mung bean nudease-Hlndlll 
clone D12. (D) the contiguous sequence obtained from mung bean 
nudease-BamHI clones Bl, B4, B8 and BIO. (E) the sequence 
obtained from the mung bean nudease-BamHI clone Bll. 
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the asterisk (*), the position of the bend (46, 47). B, BamHI; 
Bg, Bglll; E, EcoRI; Hp, Hpall; S, Smal. Base composition of 
Ltl9 plotted as percent A+T, calculated for every tenth 
nucleotide position using a window size of 20. 

(16)). The other cleavage site terminus mapped to a region 

between nucleotides 169 and 204 on the Ltl9 minicircle (KSRl 

nucleotides 799-834). The relationship of the nuclease cleavage 

site termini to the A+T content of the Ltl9 minicircle sequence 

Is indicated in Fig. 7B. 

Identification of several additional minicircle sequence classes 

& £ 5 the L. tarentolae kDNA network 

The partial sequences of five of the 11 BamHI-mung bean 

nuclease clones and all eight of the Hlndlll clones presented in 

Table 1 vary extensively from the three known L^ .££££I>.£2l££ 

minicircle sequence classes (16). The partial nucleotide 

sequences determined from these independently-derived clones have 

been grouped together on the basis of sequence homology, and are 

presented in Fig. 8. In spite of the fact that complete sequences 

are not yet available, it is clear that these clones represent 

new minicircle sequences. 

The eight Hindlll clones can be separated into three non­

homologous sequence "groups" (Fig. 8A, B and C). The 286 bp 

sequence of group A comprises five of the Hlndlll clones and has 

extensive, but interrupted, homology with the L^ ££££S££l££ Lt26 

minicircle class (16). The first 135 nucleotides are homologous 

with a portion of the variable region of the Lt26 sequence (Fig. 

9A), the next 79 nucleotides possess no significant homology with 

any of the known L^ .££££S££l££ minicircle sequences, and the 

remaining 72 nucleotides are homologous with the minicircle 

conserved region and have been aligned with the sequence of this 

portion of the Lt26 molecule (Fig. 10). The 173 nucleotide group 

B sequence (Fig. 8B) was compiled from two Hlndlll clones, D5 and 

D7, and is 90% homologous with a portion of the Lt26 minicircle 

conserved region (Fig. 9B). Hlndlll done D12 comprises the 

group C sequence which possesses only limited homology, 30 out of 

34 nucleotides, to the variable region of the KSR1/Ltl9 

minicircle class: nucleotides 55-89 of the group C sequence (Fig. 

8C) and nucleotides 657-692 of the KSRl minicircle (16). 
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09 03 

A ^A'CCACTCTA CAAIGTICCC TAIATTTATA CCGACTTAAT GTTTAACCAC GCTCCTACAC 60 
02, ,04 

GTTATGAATC CATCTACGGA CAACCTTACA AACCA'TACT CTCTCCCTAC TCAACCAACT'. 120 

I?* 
GGACATCAAC CCACAATCGA TTc/lGGTCT CTTGTATCCT CCCACCTGCA CCAGATGTGT 180 

CAAGAAAATT CCTAAAATTC TCCAAAAATC CCCAAAAATA GCCCAAAATC CCAAACTTTT 240 

TACGTCCCTA CCTAGCGCCC TTCTCGAAAC CAAAATGCAT GCAGAA 

05 
B TTTAcAcCC TCAGGTAGGG GCGTTCTCCG AAAACCGAAA AATGCATCCA CAAACCCCGT 60 

TCAAAAAATG CCAAAAATCC CCATTTTTAC CATTTTCCIG TGAAACTAGG GGTTGGTCTA 120 

AAATAGCGGT GCCGCTCCCC GGGCCITICC CGCCCCTCAG CTTTCGACCC TCA^ 

07 

012 

C "TAGGGTTATA GACGCCTAAC CTATGGATTC TTTTCGTAAA CTTICGGCAA TACACGTCCC 60 

ACACAGTCTA CGTGTACGCT ACAGTCTATA CGAGATATAA TCAAAGTTAC ATTAGATTAA 120 

CTACGAATAC TGTTTTCATC TCTCTCTCTT ACCTGCIAAA CATACACCGA TCCAACAGCC 180 

TCTCAACCCA CATACATGTA ACATCCT 

B4 

D "TAACCCTTAC CATCTCGCAA TGCCTCTACC TTCAGCTTTA TCCGCCGTCT ATCCTATCCT 60 

TATAATCATT ATCCICCGCA TACCTACCTA TACGTCCTAA CCCTATAGAC ATAACCTATA 120 
B8 Bl 810 

AATTACCCAT ATATAAIATA A T A T A A T A G T A T A A C A G G GGCATAATCC TATACCCCAA ISO 

CCCTAACCCA CCACTCCACC CACTCTCACC CTATCGCATC CCCACACACC ACCCACCACT 240 

ATCAATAATT ICCTAAACCC TCCACACTCT TACAACAACC ACICCGTCTA TATCTCCACC 100 

TATCCACAAA GTACCTAAGG GCCCTTCTCC ATAGCATCCA CATACCCCTA CCAAGCCAAT 160 

CTTTCTCCAT CAAAAAGTTC CATCATGCCA AGAACACACA GCATAAAAAG GACCAAACAA 420 

TGCCCAAAAA GCTTAGATTT GAAACATAAG GGTCAGCACC CCTTAATTTA CCGAGCATAC 480 

TTAAGCCG 

Bll 

E 'TCCAAGCCTA ACCACGTCGA TAGTCATCAA CCCACTCACC TAACACCCAT AAGCTTCCAT 60 

CTCATCTCCC ATCATTAACC CCATGCCGCC ACACGCTTAC CACAAACCAC ATGTAGCCAC 120 

TACGTAGGGG TCCTGTCATT ATCCCGACTT TCCAAACACA GCATTACACA CCCTAATCCT 180 

ATCCCTTACA TCGAAAACTT CCACATCIAA TCCGCCTAAA IITAGCCACG IGAAAATATA 240 

CCGGTCCAAA CCCTTATTTT TGAGGGTCGA AACTGAGGCC CCCGIAIACC CGGGTAGCCC 300 

CACCCCTATT TTACA 

Figure 8. Partial sequences of nucleotides of several additional 
L. tarent£lae minicircle sequence classes. The sequences were 
compiled on the basis of cross-homology from the independently-
derived, mung bean nuclease-generated clones described in Table 
1. The position of the mung bean nuclease cleavage sites on the 
minicircle sequences are Indicated by arrows along with the 
corresponding clone designation. (A) the contiguous sequence 
obtained from mung bean nudease-Hlndlll clones D2, D3, D4, D6 
and D9. (B) the reverse complement of the sequence of mung bean 
nudease-Hlndlll done D7. This sequence encompasses the entire 
sequence obtained from the mung bean nudease-Hlndlll clone D5. 
(C) the sequence obtained from the mung bean nudease-Hlndlll 
clone D12. (D) the contiguous sequence obtained from mung bean 
nudease-BamHI clones Bl, B4, B8 and BIO. (E) the sequence 
obtained from the mung bean nudease-BamHI clone Bll. 
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A 
241 

TACCACTCTACA'-TCTTCCCTATATTTATACCGACTTTAATGTTTAACGAGGCCTCCTAGACCTTTAIGA 
TACGACTCTACAATGTTCCCTATATTTATACCGAGTT-AATGTTTAACGAGGC-TCCTAGACGTT-ATGA 
1 • • * • 

ATCCATCTACCCAGAACTCCTTTICACTTCCATACTGTCITTCCGCTACTGA-CCA-CTGCTCTAT-AAC 
ATCCATCTACCCAGAA—CCTT-ACAACICCATACTGTCT—C-GCTAGTCAAGCAACTGCAC-ATCAAC 

• • * •• •* • * • • * * 
3S1 

CCAGA 
CCAGA 

lis 

AAAATAGCGCAAAATCCCAAACTTTT-AGGTCCCTAGCTAGGGGCTCTC-CGAAACCGAAAAATCATGCA 
AAAATACCCCAAAATCCCAAACTTTTTAGGTCCCTAGGTAGGGGCCTTCTCGAAAC-GAAAATGCATGCA 

21S * • • * * * * 

*S« 
GAA 
GAA 
2(6 

419 
TTTAGGTCCCT-AGGTAGGGGC-T-CTCCGAAA-CCGAAAAAT-CATGCAGAAACCCGGTTCAAAAAAAT 
TTTAGGTCCCTCACGTAGCCGCGTTCTCCGAAAACCGAAAAATGCAIGCAGAAACCCCGTTCAAAAAA-T 
I * • * * * • * 

GCCAAAAAATCGTCCATTTTTTACGATTTTTCTATAAAACTTAGGG6TTGGTGTAAAAATAGCCGTGGGG 
GCCAAAAA-TCC-CCATTTTT-ACCATTTTCGTGTGAAACT-AGGGGTTCGTGTAAAA-TACGGGTGGGG 

* * * • • * * * • 
611 

CTCCCCGGGGATTTCCCGGCCCCTCAGGTTTCCACCCTCA 
CTCCCCGGGGGTTTCCCG-CCCCTCAGGTTTCGAGCCTCA 

• * 171 

TGTAAAAATAGGGGTGCGGGTCCCCGGGGATTTCCGGGCCCCTCAGCTTICGACCCTCAAAAATAAGGCC 
TGTAAAA-TAGGGGTC6GGCTACCCGGGTATA-CCGG-CCCCTCAG-TTTCGACCGTCAAAAATAAG-CC 
1 * * * * • * « * 

TTTGGACCC-TATATTTTGCACGTGGCIAAATTTAGCCGCATTAGAATGGIGGCT-TTTICCATCTAAGG 
TTTGGACCCGTATATTTT-CACCTGGCTAAATTTAGGCGCATTA6A-TC-TGGAAGTTTTCCATCTAACG 

• • « * ••• 

CATAGGATTAGGCCTGTGTAATGCTGGTGTIICGAGATGTCGGGATAGTGACAGCTACCCCTACCTAGCT ' 
CATAGCATTAG-CCTGIGTAATGCTG-TGTTTGCAAA-GTCGGGATAAIGACAGG-ACCCCTACCTA-CT 

• • • • • * * * 
S26 

GGCTAGCATGTGCTTTCTGGTAAGCCTGTGGCGGCATGGGGTTAATCATCCGAGATGATCATGG 
GGCTA-CATCTGGTTT6T6GTAAGCGTGTGGCGCCATGGGGTTAATGATGCGAGATGA-GATCG 

• • 299 

1 57 
AACCTTATCGGTGTTAGGIGAGTGCGTTGATGACTATCGACGTTCCTTAGCCTTGGA 
AAGCTTATCGGIGITACCTGACTGCGITGATGACTATCGACGT-CCTTAGCCTTGCA 

260 • 1 1 5 • • 

Figure 9. Locally homologous regions between the Lt26 minicircle 
and the minicircle sequences reported in Fig. 8A, (A); 8B, (B); 
8E, (C). The non-homologous base pairs are indicated by 
asterisks (*) and single character pads by a dash (-). The Lt26 
sequence is presented on the upper line and numbered as in Kidane 
S.1 §1 (16). The minicircle sequences reported in this study are 
presented on the lower line and are numbered as in Fig. 8. 

The 488 nucleotides of group D (Fig. 8D), were assembled 

from the sequences obtained from four of the five BamHI clones 

which do not map to the KSR1/Ltl9 minicircle class and lack 
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1. 
r 

Lt26 

35 

139 V 72 
Kv.SVVvV.V.'v.^ a«.rMd 

Group A 

Figure 10. Dlagramatlc representation of the homology existing 
between the group A sequence and a portion of the Lt26 minicircle 
sequence class. The upper portion of the figure represents 242 
bp of the Lt26 minicircle (nucleotides 241-381 and 416-486, ref. 
16) and the lower portion of the figure the 286 bp of the group A 
sequence (Fig. 8A). The hatched box represents minicircle 
conserved region sequence, the open box represents minicircle 
variable region sequence, and the stippled boxes denote the 
nonhomologous minicircle sequences. The arrowheads correspond to 
the positions of point mutations within the group A sequence as 
compared to the Lt26 sequence. 

significant homology to any of the known L^ taren^oiae minicircle 

classes. Nevertheless, BamHI clones Bl, B4, B8 and BIO all 

yielded positive signals In plaque hybridization assays with a 

nick-translated kDNA probe (data not shown). Computer assisted 

(SEQH program from the Los Alamos sequence analysis package (43)) 

sequence homology searches failed to identify significant 

similarities between the sequences of these clones and either L. 

tarentolae maxicircle or M13 vector sequences. The reverse 

complement of the 315 nucleotide sequence obtained from the BamHI 

done Bll (Fig. 8E) encompasses sequences homologous with 87 

nucleotides of the Lt26 minicircle conserved region and 228 

nucleotides of the Lt26 minicircle variable region (Fig. 9C). The 

organization of the group E sequences Is similar to the Lt26 

conserved/variable region Junction (16); however, single base 

substitutions are present throughout both the conserved and 

variable region homologous sequences resulting in a base mismatch 

value of 8.25%. 

DISCUSSION 

Mung bean nuclease has been shown to cleave at small, single 

stranded gaps in duplex DNA (29), and to nick supercoiled DNAs at 
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A 
241 
TACCACTCTACA'-TGTTCCCTATATTTATACCGAGTTTAATGTTTAACCACGCCTCCTAGACGTTTATGA 
TACGACTCTACAATGTTCCCTATATTTATACCGAGTT-AATGTTTAACGAGGC-TCCTAGACCTT-ATGA 
1 • • • • 

ATCCATCTACGGAGAAGTCCTTIACACTTCCAIACTGTGTTTCCGCTACTGA-GCA-CTGCTCTAT-AAC 
ATCCATCTACGGAGAA—CGTI-ACAACTCCATACTGTGT—C-CCTACTGAAGCAACTGGAC-ATCAAG • • • •• •• • * * * * * 

ISl 
CCAGA 
CCAGA 

119 

416 
AAAATAGCCCAAAATCCCAAACTTTT-AGGTCCCTAGGTAGGGGCTCTC-CGAAACCGAAAAATCATGCA 
AAAATAGCCCAAAATCCCAAACTTTTTAGGTCCCTAGGTAGGGGCGTTCTCGAAAC-GAAAATGCATCCA 

219 * * * * * * * 

486 
CAA 
GAA 
2S6 

439 
. TTTAGGTCCCT-A6GTAGCCCC-T-CTCCGAAA-CCGAAAAAT-CATGCACAAACCCGGTTCAAAAAAAT 

TTTAGGTCCCTCAGGTACCGCCGTTGTCCGAAAACCGAAAAATGCATGCAGAAACCCCGTTCAAAAAA-T 
I * * * * • - * * 

GCCAAAAAATCGTCCATTTTTTACCATTTTTCTATAAAACTTAC6GGTTGGTGTAAAAATAGGGGTGGGG 
GCCAAAAA-TCG-CCATTTTT-ACGATTTTCGTGTGAAACT-ACGGGTTGGTGTAAAA-TAGGGGTGGGG * * * ***** * 

611 
CTCCCCGGGGATTTCCGGGCCCCTCAGGTTTCGACCCTCA 
CTCCCCGGGGCITTCCCC-CeCCTCAGGTTTCGAGCCTCA 

• * 171 

355 
TGTAAAAATAGCGGTCGG6CTGCCCGGGGATTTCCGGGCCCCTCAGGTTTCGACCCTCAAAAATAAGGCC 
TGTAAAA-TAGGGGTGGGGCIACCCGGGTATA-CCGG-eCCCTCAG-TTTCGACCCTCAAAAATAAG-CC 
I * * * * * * * * 

TTTCCACCC-TATATTTTGCACGTGCCTAAATITAGGCGGATTAGAATGGTGGCT-TTTTCCATCTAAGG 
TTTCGACCCGTATATTTT-CACGTGGCTAAATTTAGGCGCATTAGA-TG-TGGAAGTTTTCCATCTAACG 

• * * * *** 
CATAGGATTAGGCCTGTGIAATGCTGCTGTTTCCAGATGTCGGGATA6TGACAGGTAGCCCTACCTAGCI 
CATAGGATTAG-CCTGTGTAATGCTG-TGTTTGGAAA-GTCGGGATAATGACAGG-ACCCCTACCTA-CT * * * * * * • * 

826 
GGCTAGCATGTGGTTTGTCGTAACCGTGTGGCGGCATGGGGTTAATGATGCCAGATGATGATCG 
GGCTA-CAT6TGGT1T6TGGTAACCGTG1GGCG6CATGGGGTTAATGATGCGAGATGA-GATCG 

* * 299 

1 97 
. AAGCTTATCGGTGTTAGGTGACTGCGTTGATGACTATCGACGTTCCTTACCCTTGGA 
AAGCTTATCGGTGTTAGGTGAGTGCCTTGATGACTAICGACGT-CGTTAGCCTTGGA 

260 • 319 . 

Figure 9. L o c a l l y homologous r e g i o n s between the Lt26 m i n i c i r c l e 
and the m i n i c i r c l e sequences repor ted in Fig . 8A, (A); 8B, (B); 
8E, (C). The non-homologous base p a i r s are i n d i c a t e d by 
a s t e r i s k s (*) and s i n g l e c h a r a c t e r pads by a dash ( - ) . The Lt26 
s e q u e n c e i s p r e s e n t e d on t h e upper l i n e and numbered as i n Kidane 
££ ^1 (16)- ^he m i n i c i r c l e sequences repor ted in t h i s s tudy are 
p r e s e n t e d on the lower l i n e and are numbered as in Fig . 8. 

The 488 n u c l e o t i d e s of group D (Fig . 8D), were assembled 

from the sequences o b t a i n e d from four of the f i v e BamHI c l o n e s 

which do not .map to the KSR1/Ltl9 m i n i c i r c l e c l a s s and l a c k 
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