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INTRODUCTION ' - ' S ¥
The most striking aspect of the kinetopla.st DHA (K-DKA) of the kinetoplaat:l.d
‘protozoa is the presence of approximately J.O'" catenated covalently closed duplex .
‘minicircles, the molecular weight of which is specles-specific. (J., 2) We hnve
Ip.rev:l.ously reported ‘several methods to isolate closed minicircles rrmn p!wsical'ly
. |ddsrupted L. terentolae K-DRA networks {3) and have studied seversl properties of | '
ithese molecules (4, 5, 6). We obaerved an wnusual triphasic melting curve of -
sonicated total K-DNA (1) and open monomeric minicircles (k). Steinert and | oo
Ven Assel (7) have also reported high resolution melting profiles of K-DHA from . ¢ SR
aevera:l. species of hemoflnge:l.‘l.ates , and 4in each case a unique multi.meric melting- ' . o
pattern was cbserved, We attempted in the case of L. tarentolae K-DNA to
asce.rta:ln whether the sequence heterogeneity was intra-molecular or inter-
molecu:l.a: "ll-) It wae early noted that the isolated network minicireles showed & .
somewha.t nnn-Gaussm distribution of contour 1engf.hs, in that there were more
‘small molecules than large ones (1). Most of the molecules, however, dd it a
unimdal distribution with a standard deviation expected for a ‘homogeneous popula.- Lo
tion of molecules of that size. (0.29 T 0.02 }m) Several other experimntal facts
also indicated to us that the cbserved heterogeneity was mainly intra.-molecula.r ;
1) Renaturation kinetic analysis yielded a complexity of 1.34% X the min.tci.rcle
. mlecu.la.r veight (5); 2) Thermal chromatography on hydroxyapetite of single-
n:l.clned open minjcircles derived from the free or loosely ‘bound class of K-DMA - -
' ahowed a single monopha.sic nelt with no ev:tﬂence of a minor class of molecules .- '
lting at a separate.temperature (4); 3) Pingerprint analysis of ‘a ribosubstitu-; '
ted DNA transcript of randomly nicked minicircles implied a total. complexity of : -
" about 1600 nuclectides, as deduced from the mumber of unique oligonucleotids spots
. " compared to the pattern obtained with a T1 digest of E. coli 16 S ribosomal RNA '
I |(6), L) Annlytical CsCl analysis of the lea.ding and trailing edges of a i
preparative CsC1l equilibrium band of isolated minicircles showed no differences in.
i .Punya.nt density (4). In the case of T. cruzi K-DNA, Brack and Delain (8) also i
- Eonc.uded that all minicircles had the same base sequence. This was deduced from :
a. partisl denaturetion mapping aralysis, in which it was shewn that all minici_'-elas.'
. possessed 4 congruent M!-rich regions. : '
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species a.ud in soma cases the ev:ldence has 1mp1:|.ed an 1nter-mlecula.r sequencel
heterogeneitv. Both Riou and Yot (9) and Kle:!.len, Borst and ﬁeiders (10) ‘have’
reported the resolution of several length classes of open ninicircles a.nd nnee"-
cJ.eaved linears by high resolution gel electrophoresis. However, the maximim -
‘d:l.r:rerence in molecular weight between C. luciliae micirclas only represents hﬁ
of the moncmer mlecula.r weight, a difference which :Ls too snan to be resolved in
the eleetron microscope. In u.dd:l.tion, the AT, of native and renatured K-DNA. B 5
duplue.s of C. luciliae is only 1°C, which :I.npl:lea am.x:l.mmsequm:e hetero- ! . S
‘geneity of 2% of the nucleotide paira. , - TR “
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a i Further evidence for sequence heterogeneity in K-DNA minicircles has ar:lsen
'frcn :I.nterpreta.tions of the elnctrapbnretic fragment pa.tterns ocbtained with nm
|digested with several restriction endonucleases. A hnmgeneoua population of ' -
‘cireular molecules conpletely digested with any single restriction enzyme should -
:present a pattern of homogeneous fragment clesses in molar yields. This would be LT T
visunl:l.zed on a gel as & series of harp bands, the intensities of which ave ' ' ;
'4nearly proportional to the molecular weights. By this criterien, in the absence R
_"oc: partial digestlon products, the K-DNA minicircles of C. luclliae are clearly ) '
heterogeneous in base sequence. Furthermore, Kleisen et al. (10, 11) found that
the sumated molecular weights of the fragments exceeds 12 times the molecular .
weight of i‘.he minicirecle. In addition, some restriction enzymes were found to - o
d.:lgest only a fraction of the minicircle population. They concluded that there . i
m at least 13 different minicircle sequence classes in C. luciliae K-DNA. ,- B U S
Similu' results were ocbtained by Riou and Yot (9) for T. cruzi K-DMA. In'an ' - -
atteqpt to reconcile the restriction enzyme data with the comple:d.t;r datn. and the o
‘small change in the ATy of renatured duplexes, the concept of a "m:l.cro- :
heterpgene:t " has arisen. The exact relationship between the postula.ted 13 -
.sepmte classes of minicircles for c. duciliae, the cbserved four size classes of-' _ R - -
cpen min:l.circlas, and the extensive "microheterogeneity has nct vet been . . . U S ..-_" LW
‘resolved. . , L TLn e i
i : : : - D

g . Another type of heterogeneity in K-DNA was evidenced by the discovery of ',.l
'Steinert and Van Assel {7) of & minor class of 12 pm "maxicircles” associated with. _
-K-DNA networks of C. lucilise, We had previously shown that Jong DRA mlecu:l.es '
were a.ssoci.a.ted with purified K-DNMA of L. tarentolae and could be released by . i
‘DNage II digestion (1). We also demonstrated that these long molecules could be | _
lseen in highly purified covalently closed L. tarenmtolae networks and were f o
|ther=fore pot nuclear DNA and were probably closed circular in situ (12). Klelsem :

|et. al. (13) have recently succeeded in releasing linear DNA fragments with a
'm.x:.mm molecular weight of 26 x 106 daltons from purified networks of C. lucilime!
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by treatment vith 81 nuclease. '.Ehey also found that this non ninicircula.r species;
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ould be recovered as a uniq,ue elass of J.-!nen.r Pfragments after digestion \rith any
of geveral d;u’ferent restriction enzames. They identiﬁ.ed this epecies vith the
12 jm "maxi circles” of Stelnert and.Van Assel (7). Hmvex-, it is’ su.u unclear. '::'_.
'ln:ether 211 large circular K-DNA molecules ,are hamogeneous in base seq,uenee. It A
in posaible that some cireu.la.r molecules rep-esent tandem repeats of nd.nicircles. :

; In this paper we wish to report several obsemt.tons on the K-Dia of L. l -
tarentohe - . o [,

‘UL’!.‘S

Gel eleetrgghoresis of purified x—mm minicircles of 1. ta.rentolaa CJ.esed i
monomeric mindcircles were isolated from sonicated closed networks by. m nathod : } -
|1nvolving an ethidium bremide CsCl gradient followed by neutral sucrose eedimente-
‘tion of the lower band. . Closed monomers exhibited o nu:l.tineric banding pattern in’

Ia.crylamide-agerose gels. The pattern is heterogeneous and cannot be entirely
‘accounted for by the separation of circles differing in auperhelical density (1h,
35, 16). Single nicked open monorers (17) ran as a single major band with possibly
twomlnnrbands The major band corresponded to a minor band in the pattern of

. closerl monomers. -

-

We speculate that the heterogeneous pattern of closed monomers is dve to &
eombinati?.n of superhelical density differences and small le:u;th differences. The'

minor bands seen in the gel of cpen monomers may represent minpr gize classes of . '_ S

BODOmers .

' Renaturation kinetics: In vivo H-labeled closed moncmers ‘vere eonicated to
270 nuclectide fragments which were denatured and annealed at 60°C in 0.12 M Na,

phospha.te buffer., The anneallng was measured by hydroxyapetite binding. The COt
curve showed e good single component fit with a complexity of 0.76 X the mind- ’

circle molecular weight, However, when the last 15§ was selected by Cot frection-. .~ - .-
‘ation, the DNA renatured at a slower rate (12.7 X the minicircle molecular weight) K R
which corresponded well with the rate shown by the "high Cot camponent” of total R o SH

.,son:lcated network DNA, Thermal chromatography of the reannealed “high cot. K-DNA“ . )
yielderl a broad multiphasic melt from 70°-88°C, which @iffered strikingly from the - "-
mnophesie melt of unfractionated network fragments. The low melting tesperature '

of the reannealed "high Cot component” could be dué either to the presence of
mismtehed sequences or to a higher mole fraction of A and T in the DNA. We have |
no evidence yet to distinguilh between these poasibilities.

! Deasity evid.ence for o high AT component in network DNA: We previously
ireported that the density of purified K-DFA networks was 1.703 g/p (1), whereas
ithe density of purified moncmeric minicircles was 1.705 g/ce (4). These experi-
;.ments were recently repeated with similar results, and the small difference in
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presence of & less dense or higher AT cemponent in the network DNA

ey et

buayant densities wae eon.fimed by a mixins experiment. The method of. ieohtion :
of the mnomeric mi.nicircles ha.d nn erfect on the buoye.nt density obta.ined._ )
B The increase in buoyairt density or the isolebed minicirele nay inpl;r the

i Restriction of L. te.rentole.e K-DNA: CI.oeed K-DNA networks and elosed
monomerie minicircles were digested extensively vi.th 10 different restriction .

. endnnuc.‘l.ea.ses (Eco RT, Eco RIT, Hind IT, Hind I]'I Hpa. I, Hpa II, Bam ii'E, Hae II, .- '
Hoe III, Eco RI*) and the digests separated by electrophoreais on e.crylemd.de gels.
We found the same three basic phenomena reported by Kleisen et al. (10, 11, 13):

- ;J.. ‘Certain enzymes only digested a partion of the netwu-k DNA or the minicirelee :
(Eeolu, Hind II, Hind III, Hae II, Bam HI, npa::) o o
2. Other enzymes produced complete fragmentation of networks and minicircles, -_
but the gel patterns were clearly heterogenecous in that the bands were not im - '
molar vields and the sum of the molecular weights of the bands was, gree.ter than
the minicircle molecular weight (Hpa II, Hae III). -
3. Several high molecular weight bands, composed of linear INA as chown by elec- -
tron microscopy, were seen in network digests and were absent in minicircle '
digests (Hpa II, Hae IIl). '

; The frac :‘.ou of closed networks and closed monomers resieta.ut to digestion

with each enz.;rme was memsured by ethidium bromide CsCl ‘equilibrium banding of -

digested 32p-labeled DNA. The relative amount of DNA in each band was measured by

autoradiography of-dried gels. It is clear that there are mejor. banis and minor

bands with no relationship between band intensity and mleeular' weight., It 'is

also interesting that there are bands with mobllities 1ﬁplyins molecular weights
- . greater than wnit minicirele size. Some of these banda were shown te eonsiet of -

I J.‘I.neur DNA molecules, but others may possibly, be reeistant catenanes or clee.vage
: products of fused. dimers or fused oligomers. ] N

OONCHBIO .
. . We censider several possible expla.ne.tions for our ninicirele results au.d .
thoge discussed in the Introduction. - : !
. 1, There is a minor class or seversl minor classes of minicircles which differ :I.n
base sequence from the majority of minicireles in the network., -
2. All minicircles possess identicsl base sequences, but a portien of the
Im:l.nicire.‘l.el possess blocked or modified restriction sites, glving rise to
'"pa.t'tiale" vhich are resistant to further digestion.
|3 ‘A1l minicircles share intramolecular repetitious eequencel in addition to
.re,gions of sequence heterogeneity.

These hypotheeee need not be mutually emclusive. Hypothesis 3 is ati;reetive'
because the presence of internal repetitious eequences would increase the
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{;.-: ““““ prcba.‘nility of” reoombina.tion betveen a.d;]a.cent minicircles ; as hn.s been repnrte:l by :

' mmﬂ.ng and Wolstenholne (18} for c. a.canthocgmi. SR, N

The existence of several distinct lehgth classés of minicircles :i.ngpltes a.n ‘ . .Ij Ty
i.nter-mleeulnr heterogeneity, but in no case has ‘Aa exact correlation between =
n:l.nicirc.le gize and sequence complexity been. established. As suggested 'by K.‘l.eisen ; ]

‘ot al. (10), the observed length heterogeneity and sequence heterogeneity could be .' L Lo .-
dus to frequent insertions and deletions. One possible mechanism for the R S

N PR R e .

‘introduction and maintenance of sequence diveraity into & homogeneous popula.tieei
‘of molecules is unequal crossing-over (19) cambined with the a.ccmula.tion of point

mta.ticns. _ _ ) -

i The additional non minicircular bands that we hn.ve seen with restricted o S '.-: . -
network DNA conflm the results of Kleisen et al. (13) and most likely arise from . . - ... . :
[ s

‘the "high Cot" component of the network DNA. Hnmvar, this must be shown directly N

hy isolation and characterization of this DNA. : ’
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