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o f  Colorado Medical Center, Denver, Colorado 5 0 L c ? .  
Un l i ke  o the r  animal mi tochondr ia l  (mt)  DNA, mtONA from Paramecium i s  a l i n e a r  Inolecule, 14 uni 
i n  l eng th  ( 1 ) .  
synthes is  v ia  a l a r i a t  in termediate,  t e rm ina t i ng  i n  a l i n e a r  dimer ( 2 )  which i s  processed t o  
y i e l d  two semi-conservat ive ly  c o n s t i t u t e d  mnomer l eng th  molecules ( 3 ) .  Several species of 
Paramecium e x i s t  and Beale and Knowles ( 4 )  have u t i l i z e d  d i r e c t  m i c r o i n j e c t i o n  o f  i s o l a t e d  
mi tochondr ia  t o  study the a b i l i t y  o f  mi tochondr ia  from one species t o  su rv i ve  and reproduce 
i n  the nuc lear  environment o f  another. 
although t o  d i l ~ c i w t  extents ,  i n  the  nuc lear  environment o f  t he  o the rs  bu t  species 4 can 
w i t h e r  cupport the growth o f  o the r  species of mi tochondr ia  nor  can i t s  in i tochondr ia  su rv i ve  
when used as a donor i n  i n i c r o i n j e c t i o n  i n t o  o the r  species. 

Previous r e s u l t s  from our l abo ra to ry  have demonstrated t h a t  each species o f  Farameciuni 
imitochondrial DNA has a c h a r a c t e r i s t i c  EcoRl r e s t r i c t i o n  enzyme p a t t e r n  ( 5 ) .  We used t h i s  
r e s u l t  t o  show t h a t  h y b r i d  c e l l s  cons t ruc ted  by m i c r o i n j e c t i o n  con ta in  the  mtDNA o f  t he  donor 
( 5 ) .  I n  the  present study, we have u t i l i z e d  these unique fragmentation pa t te rns  t o  determine 
the l o c a t i o n  of the r ibosomal RNA genes i n  each species and t h e  homology o f  these endonuclease 
generated DNA fragments w i t h  each o the r .  
appear t o  be l oca ted  on one fragment, o f  molecular  weight  3.8 x 106 dal tons o r  5700 base 
Pai rs .  
r ibosomal gene i s  represented once and t h a t  t he  two genes are c lose  toge the r  on the genome. 
For species 4 and 7, t he  r ibosomal RNA hyb r id i zed  t o  two DNA fragments, whose combined 
molecular  weights  amounted t o  10,600 and 7,500 base p a i r s ,  respec t i ve l y .  De ta i l ed  ana lys i s  
O f  these fragments i s  i n  progress bu t  i t  i s  poss ib le  t h a t  t he  genes coding f o r  t he  r ibosomal 
RNA l i lolecules are c lose  together  fo r  some species bu t  separated i n  others.  DNA-DNA molecular  
h y b r i d i z a t i o n  s tud ies  us ing the  Southern b l o t t i n g  technique showed as expected, t h a t  t he re  i s  
good honiology between the  rRNA gene-cont i n i n g  fragments i n  each species. Other DNA fragments 
were n o t  a l l  homologous however. Using P25I- labeled species 4 m t O N A ,  we found homology t o  
o n l y  one a d d i t i o n a l  fragnlent froni species 1 ,  two from species 5 and one from species 7. 
assunling t o t a l  hoinoloyy t o  a l l  the fragments detected, species 4 mtDNA was homologous t o  
species 1 t o  on l y  41:”, t o  species 5, 65%, and species 7, 71%. 

ANALYSIS OF I N T E R S P E C I E S  HOMOLOGY AN0 THE LOCATION OF RIBOSOMAL RNA GENES I N  M I T O -  
CHONDRIAL DNA FROM PARAMECIUM, Donald , I .  Cunmings and Richard A .  Maki, U n i v e r s i t y  

Rep l i ca t i on  i s  i n i t i a t e d  by c losu re  a t  one end, f o l l owed  by u n i d i r e c t i o n a l  

I n t e r e s t i n g l y ,  species 1, 5 o r  7 can func t i on ,  

We found t h a t  f o r  species 1 and 5 ,  both r R N A  genes 

The t o t a l  number o f  bases i n  rRNA i s  about 4400 so these r e s u l t s  suggest t h a t  each 

Even 

(1 )  Goddard, J.M. and Cumnings. D . J .  J .  Pol .  B i o l .  97 (1975) 593-609. 
( 2 )  Goddard, J.M. and Cuimings, D.J. J .  Mol. B i o l .  m9 (1977) 327-344. 
( 3 )  Cumnings, O.J. J. Mol. B i o l .  117 1977 273-777.- 

151 Maki,’R.A. and Cumnings: D.J. 
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The polypeptide gene products expressed i n  and by the mitochondria of respiration-competent 
eukaryotic cells appear to be few in number and conserved in kind: they consist of three 
subunits of cytochrome oxidase and cytochcome b of the respiratory chain and a more variable 
number (32) of subunits of the membrane-integrated (Fo) portion of the ATP synthase (oligo- 
mycin-sensltive ATPase). In spite of this apparent invariance, the resident genophore and 
its means of expression appear to have been - and perhaps still are - subject to profound 
and relatively rapid evolutionary changes. This is the inference drawn from variations. i n  
the first instance, i n  the size and base composition of mitochondria1 (mt) DNA and its RNA 
gene products: rRNAs, tRNAs and &As. Similar trends are also evident in the base se- 
quences of  these W A S  and, in the nature. expression and processing of the primary tran- 
scriptional units. A particularly instructive example is provided by various yeast strains 
of the species Saccharomyces cerevisiae and carlsbergensis in which the mtDNA, although topo- 
logically and functionally homologous, can vary in size by as much as 15 kbp (20% of the 
total). The consequences of the presence of such insertionsldeletions - which vary from 2 5 -  
5 0  bp, found throughout the genome,to 900-3000 bp i n  specialized regions (including at least 
two structural genes) - are generally not known. However, i n  two instances they have been 
shown to be expressed and correlated with specific alterations in the gene product: i) the 
conferral of polarity (factor w) in the 21 S rRNA and ii) the variation in size of the gene 
product V a r l  (see Butow. this symposium). 
intensively investigated by three groups (see Slonimski, this symposium) - the situation is 
more complex: three non-coding regions (introns) appear to be interspersed among s i x  coding 
regions (exons), with the former accounting for 5 4  kbp of the total sequences in the gene. 
I n  this regard then the sequence organization resembles that found i n  nuclear and viral 
eukdryotic denes. Unlike these instances, however, mutations in introns can readily be iso- 
lated and have been shown tb result in i) the appearance of novel polypeptides not present in 
the wild type and ii) regulation of the expression of a second, unlinked mt gene, i.e. the 
one responsible for the specification of the largest subunit of cytochrome oxidase. 
gene as well m y  exhibit a complex sequence organization. However, other mt genes may not 
share this property. Thus the mt genophore in this organism may be unusual i n  several 
respects, among them i) 
non-contiguity of genes for rRNA precursors, and iii) the simultaneous presence of genes 
exhibiting both a pro- and an eukaryotic pattern of sequence Organization. 
work in this laboratory by D. Miller and D. Hanson, supported by Research Grant GM 12228 frm 
NIH-NIGMS; some investigations i n  collaboration with P.S. Perlman, Dept. Genetics. Ohio State 
University, Columbus.) 

MITOCHONDRIAL BIOGENESIS: EVOLUTION AND REGULATION, Henry R. Mahler. Department of 
Chemistry, Indiana University, Bloomington, Indiana 4 7 4 0 5  

In the case of the cytochrome b region - a gene 

This 

an unusually large proportion and length of AT-rich sequences, ii) 

(Experimental 
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THE EXTRACHROMOSOMAL RIBOSOMAL RNA GENES I N  S T R A H Y M E N A ;  STRUCTURE 
AND EVOLUTION. J. Engberg, Biochemical I n s t i t u t e  B ,  Un ive r s i ty  of  
Copenhagen, DK-2200 Copenhagen N ,  Denmark. 

309 

The macronuclear rDNA from a number of s t r a i n s  w i t h i n  s e v e r a l  s p e c i e s  of 
Tetrahymena have been cha rac t e r i zed  t o  provide i n s i g h t  i n  t h e  degree o f  
sequence divergence which e x i s t s  i n  a s p e c i f i c  gene among c l o s e l y  r e l a t e d  
lower eukaryotes .  

R e s t r i c t i o n  enzyme a n a l y s i s  r evea led  t h a t  i n d i v i d u a l  s t r a i n s  a l l  contained 
e n t i r e l y  homogenous popu la t ions  of extrachromosomal rDNA. The l i n e a r  r D N A  
molecules  w e r e  shown t o  be  g i a n t  palindromes, varying i n  s i z e  from 18 k i l o -  
bases  (kb) t o  2 1  kb i n  d i f f e r e n t  s t r a i n s ,  and t o  c o n t a i n  two genes f o r  r R N A  
sepa ra t ed  by a c e n t r a l l y  loca t ed  s p a c e r .  A d e t a i l e d  gene map o f  t h e  r eg ions  
coding f o r  t h e  d i f f e r e n t  i n t e rmed ia t e s  i n  rRNA ma tu ra t ion  was deduced i n  some 
s t r a i n s  and i t  w a s  f u r t h e r  shown t h a t  t h e  mature 17S, 5.8s and 265 r R N A  spe- 
c i e s  were t r a n s c r i b e d  i n  t h e  l i s t e d  o r d e r  w i th  t h e  17s c l o s e r  t o  t h e  5 '  end 
of t h e  primary t r a n s c r i p t .  The s i z e s  of t h e  c e n t r a l l y  l o c a t e d  space r  and of 
t h e  genes were approximately t h e  same i n  a l l  s t r a i n s  i n v e s t i g a t e d  and a l t o -  
t e t h e r  an extended s t r u c t u r e  homology was shown t o  be  maintained throughout  
a l l  t h e  s p e c i e s .  Neve r the l e s s ,  d i f f e r e n c e s  both i n s i d e  and o u t s i d e  t h e  gene 
r eg ion  could be d e t e c t e d  when r D N A  from d i f f e r e n t  s p e c i e s  w e r e  compared. The 
d i f f e r e n c e s  were m o s t  pronounced i n  t h e  space r  r eg ions .  I n  one o u t  of  f i v e  
d i ' f f e r e n t  s p e c i e s  ( t h e  T. pigmentosa g roup) ,  i n t e r b r e e d i n g  s t r a i n s  w e r e  found 
which e x h i b i t e d  d i f f e r e n t  r e s t r i c t i o n  p a t t e r n  of t h e i r  r D N A .  These s t r a i n s  
w i l l  be u s e f u l  i n  i n v e s t i g a t i n g  recombinat ional  even t s  i n  t h e  r D N A  du r ing  
sexua l  crosses, b u t  t h e i r  demonstrat ion q u e s t i o n s  t h e  use fu lness  o f  comparing 
r e s t r i c t i o n  p a t t e r n s  i n  e s t i m a t i n g  r e l a t e d n e s s .  
De ta i l ed  r e s t r i c t i o n  mapping of r D N A  from s t r a i n s  wi th in  t h e  T. piqmentosa 
group gave evidence of  an in t e rven ing  non-ribosomal MA sequence w i t h i n  t h e  
s t r u c t u r a l  gene for 265 r R N A  i n  some of t h e  s t r a i n s .  The s i z e  of  t h i s  i n t e r -  
vening sequence is  about  350 bp and it occur s  a t  a p o i n t  about t h r e e  fou r th  
of t h e  d i s t a n c e  of t h e  i n t a c t  26s  coding region c l o s e r  t o  the  3 '  end of  t he  
26s t r a n s c r i p t .  

Genetic Capacity and Structure of Chloroplast DNA 

310 METHYLATION AND RESTRICTION OF CHLOROPLAST DNA, Ruth Sager, W i l l i a m  G .  Burton, 
Hiroshi  Sano, Sidney Farber Cancer I n s t i t u t e ,  Boston, MA. 02115. 
Some time ago we pos tu l a t ed  t h a t  mod i f i ca t ion - re s t r i c t ion  (M-R) of DNA may be a 

general  mechanism f o r  p r e f e r e n t i a l  "s i lencing" o r  r egu la t ion  of gene expression i n  eukaryotes  
( l ) ,  as we l l  as the  s p e c i f i c  mechanism underlying maternal inhe r i t ance  of ch lo rop la s t  DNA 
(chlDNA). In previous s t u d i e s  (2-3) we showed t h a t  1) chlDNA of zygotes undergoes a bouyant 
dens i ty  s h i f t ,  b e c o d n g  about 0.005 gm/cc l i g h t e r  i n  C s C l  than the  chlDNA of p a r e n t a l  c e l l s ;  
and 2) chlDNA of the g- (male) parent  i s  l o s t  during zygote maturation as shown by pre- 
l a b e l i n g  with 15N.  
cytosine t o  5-methylcytosine. 
-thymidine, and -cyt idine as a p re l abe l  i n  pa ren ta l  c e l l s .  Only 3H-cytidine con t r ibu ted  
r a d i o a c t i v i t y  t o  the  5-meC peak. 
an HPLC column by chromatography over Aminex A-6. 
e t a t i v e  c e l l s  of Chlanrydomonas with s i te  s p e c i f i c i t y  t h a t  could determine the methylation 
seen i n  zygotes.  P rope r t i e s  of t h e  enzyme and its r o l e  i n  methylat ion w i l l  be  discussed.  

1. Science (1975) 189: 426-433. 
2. Proc. Natl. Acad. Sc i .  (1972) 69: 2410-2414. 
3 .  Adv. Genet. (1977) 19: 287-340. 
Supported by research g ran t s  GM 2287404 and ACS RD30. 

Here we r epor t  t h a t  t h e  dens i ty  s h i f t  is  the r e s u l t  of methylation of 
The p a t t e r n  of methylation has  been s tud ied  using 3H-adenine, 

Af t e r  formic ac id  hydro lys i s  the bases  were sepa ra t ed  on 
A methylase has  been i s o l a t e d  from veg- 
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Recognit ion s i t e s  f o r  severa l  r e s t r i c t i o n  endonucleases have been loca ted  on the  85 x l o 6  
da l ton  c i r c u l a r  chromosome o f  t he  Zea mays c h l o r o p l a s t  ( 1 ) .  Genes f o r  1 6 ,  23 and 5s rRNAs 
have been loca ted  on the  two inve r ted  repeated segments o f  t h i s  chromosome by R-loop ana lys i s  
w i t h  ch lo rop las t  DNA and by molecu la r  h y b r i d i z a t i o n  o f  rRNAs w i t h  fragments o f  a c h l o r o p l a s t  
DNA sequence cloned i n  E . N  (2 ) .  S t r u c t u r a l  genes have a l s o  been loca ted  f o r  t he  l a rge  
subun i t  o f  r i bu lose  bisphosphate carboxylase (3,4,5) and a photoregu la ted  32,000 d la ton  
photosynthe t ic  membrane p r o t e i n  (6,7,8). 
carboxylase has been used t o  s tudy  the  r e g u l a t i o n  o f  express ion  o f  t he  gene(9).  

ORGANIZATION AND EXPRESSION OF THE M A I Z E  CHLOROPLAST GENOME, Lawrence Bogorad, 
Department o f  B io logy ,  Harvard U n i v e r s i t y ,  Cambridge, Massachusetts 02138. 

The cloned DNA sequence f o r  r i b u l o s e  bisphosphate 

Bedbrook, J.R. and Bogorad, L. (1976) Proc. Nat. Acad. Sc i .  U.S.  73: 4309-4313. 
Bedbrook,J.R., Kolodner, R. and Bogorad, L. (1977) Ce l l  11: 739-750. 
Coen, D.M., Bedbrook, J.R., Bogorad, L. and Rich, A. (1977) Proc. Nat. Acad. Sc i .  U.S. 

Bedtrook, J.R., Coen, D.M., Beaton, A.R., Bogorad, L. and Rich, A .  (1979) J .  B i o l .  Chem. 
In press. 
L ink ,  G. and Boqorad, L. Unpublished. 

- 74:5487-5491. 

Bedbrook, J.R.,-Link, G.L.,'Coen, D.M., Bogorad, L. and Rich, A. (1978) Proc. Nat. Acad 
Sc i .  U.S. 75: 3060-3064. 
Grebanier,T.E.,  Coen, D.M.,  Rich, A .  and Bogorad, L. (1978) J .  Ce l l  B i o l .  78:734-746. - 
McIntosh, L. and Bogorad, L. Unpublished. 
L ink ,  G.L., Coen, D.M. and Bogorad, L .  (1978) Ce l l  fi:725-731. 

312 
Chlorop las t  mutat ions of Chlamydomnas r e s i s t a n t  t o  a n t i b i o t i c s  which b lock  p r o t e i n  syn thes is  
on 70s ribosomes c o n s t i t u t e  a ribosomal reg ion  o f  7 l i n k e d  l o c i  i n  the  c h l o r o p l a s t  genome 
based on mapping and a l l e l e  t e s t i n g  experiments ( I ) .  As i n  bac te r ia ,  the  c h l o r o p l a s t  
mutat ions confer  s t rep tomyc in ,  spect inomycin and neamine res is tance on the  smal l  subun i t  o f  
the 70s ribosome, and ery th romyc in  res is tance on the l a rge  subun i t  ( 2 ) .  We have now i s o l a t e d  
f o r  the f i r s t  t ime (3) c h l o r o p l a s t  mutat ions w i t h  a spectrum o f  de fec ts  i n  photosynthes is ,  
using the thymidine analog 5- f luorodeoxyur id ine  (FdUrd). Treatment w i t h  FdUrd causes a 
reduc t ion  i n  the  anwunt o f  ch lo rop las t  DNA per  c e l l  (4)  and increases the  frequency of a l l  
known classes o f  ch lo rop las t  gene mutat ions w i t h  no concomitant increase i n  the  frequency o f  
nuc lear  mutat ions w i t h  s i m i l a r  phenotypes (5,6).  S ix teen nonphotosynthe t ic  c h l o r o p l a s t  
mutants cha rac te r i zed  thus f a r  comprise 9 recombina t iona l l y  d i s t i n c t  l o c i  (3,7). Mutants i n  3 
l o c i  a re  miss ing  c h l o r o p h y l l - p r o t e i n  complex 1 (CPI) from c h l o r o p l a s t  mehranes ;  mutants i n  3 
other  l o c i  have l o s t  a t  l e a s t  3 o f  the  po lypept ides  assoc ia ted  w i t h  c h l o r o p l a s t  coup l i ng  
fac to r  (CF]) ;  w h i l e  mutants i n  2 l o c i  a re  de fec t i ve  i n  assembly o f  the  smal l  subuni t .of  the 
ch lo rop las t  ribosome. One C F I  locus has been mapped some d is tance from the  l o c i  t h a t  de f i ne  
the  ribosomal reg ion  of the c h l o r o p l a s t  genome, and mapping o f  the  o t h e r  8 l o c i  i s  now i n  
progress.  Recently, Bennoun e t  a l .  (8) have used ou r  FdUrd method t o  i s o l a t e  a d d i t i o n a l  
ch lo rop las t  mutants w i t h  defects i n  photosynthe t ic  e l e c t r o n  t ranspor t .  These mutants have 
no t  ye t  been a l l e l e  tes ted ,  so the number o f  l o c i  they represent i s  unknown, as i s  t h e i r  
r e l a t i o n s h i p  t o  the  9 ch lo rop las t  l o c i  we have de f ined.  

GENETIC ANALYSIS OF CHLOROPLAST DNA FUNCTION IN CHLAMYDOMONAS. N.W. G i  IIham, 
J.E. Boynton, H . S .  Shepherd, E.H. Ha r r i s ,  Duke Un ive rs i t y ,  Durham, NC 27706 

1 .  

2 .  
3 .  
4 .  
5. 
6 .  

7. 
8. 

E.H. Ha r r i s ,  J.E. Boynton, N.W. Gi l lham, C.L. T ing le ,  S .B .  Fox, 1977. b l e c .  gen. Genet. 
- 155: 249-265. 
S . B .  Fox, C.T. Grabowy, E . H .  Ha r r i s ,  N.W. Gi l lham, J.E. Boynton, 1977.J.  Ce l l  Biol . f i :307a 
H.S .  Shepherd, J.E. Boynton, N.W. Gi l lham, 1977. J .  Ce l l  B i o l .  7 5 :  30&.-- 
E.A. Wurtz, J.E. Boynton, N.W. Gi l lham, 1977. Proc.  Nat.  Acad. Sc i .  U.S. 74: 4552-4556. 
E . A .  Wurtz, H . S .  Shepherd, J.E. Boynton, N.W. m h a C 1 9 7 8 .  G & t i ~ s - 8 E ~ s l l 3 .  
E . A .  Wurtz, 6 . 6 .  Sears, D . K .  Rabert, H.S. Shepherd, N.W. Gi l lham, J.E. Boynton, 1978. 
Molec. E. Genet. i n  press.  
H . S .  Shepherd, J.E. Boynton, N.W. Gi l lham, 1978. &. s. Acad. Sc i .  Y.L. i n  press. 
P. Bennoun, A. Masson, R.  P i c c i o n i ,  N.-H. Chua, Proceedings o f  the  I n t e r n a t i o n a l  Congress 

- 

O f  Chlorop las t  Development, Spetsa i ,  1978. Elsev ie r -Nor th  Ho l land,  i n  press.  
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Emil M. OKOZCO, JK., and Patrick W. Gray, Department of Chemistry, University of Colorado, 
Boulder, CO 80309. 
A restriction nuclease map of the 140 kbp ctDNA, with the location of 31 cleavage sites 

of the enzymes BalI, BamHI, PstI, SalI, and XhoI, has been reported (1). The ctDNA contains 
three tandemly repeated 5.6 kbp segments, each coding for 165 and 23s KRNA. This map has 
been extended to include the 4 KpnI and 6 PvuII sites, and 16 of 28 EcoRI sites. Twenty 
EcoRI fragments have been cloned on the plasmid pMB9. Recombinant plasmids were used in 
detailed mapping studies of ct transcripts. Purified ct5S. 165, and 235 KRNAs, and tRNAs 
were labeled in vitro and hybridized by the Southern method to DNA restriction fragments. 
Ct tRNAs hybridize t o  7 EcoRI fragments, including EcoP in the KRNA coding region. EcoP 
contains the entire 16s gene, an intercistronic region, and the beginning of the 235 gene. 
TaqI cleaves EcoP into 4 fragments, in the order: a(320 bp)-b(1010 bp)-c(760 bp)-d(360 bp). 
165 KRNA liybridizes to b and c, tRNA(s) to c. and 235 rRNA to d. 5S,  16S, and 235 KRNAs, 
and tRNA(s) all hybridize to the same DNA strand in the 5.6 kbp repeated DNA. Each repeat- 
ed DNA may contain a single transcription unit, which is initially transcribed into a 
precursor PNA of ca. 5000 nt. This RNA would be subsequently matured to tRNA(s) and KRNAs. 
The RNA product transcribed in vim0 (cRNA) by chloroplast RNA polymerase if a purified 
transcriptionally active chromosome (TAC; 2 )  has been characterized. [y- PIATP incorpor- 
ated into cRN.4 is alkali labile, protease resistant, and migrates with 13H1UTP labeled 
cRNA in denaturing sucrose gradients. Initiation of  RNA synthesis is inhibited only 25% 
in 1 mg/ml heparin, and is not detectably inhibited in 100 uglml rifampicin. 
hybridizes predominately to DNA restriction fragments from the 5.6 kbp KRNA repeats. 
Hybridization is obtained only to the DNA strand coding for KRNA in vivo, and is completely 
inhibited by an excess of in vivo synthesized chloroplast RNA. Evidence for selectivity 
of initiation and for nuclease resistance of the 5'-end of the cRNA was obtained by the 
analysis of nuclease digestion products from [y-32P]ATP labeled cRNA on denaturing 
polyacrylamide gels. One major oligonucleotide was observed following a limit S1 nuclease 
digest. Exhaustive T1 or RNAse A digestion resulted in one or two oligonucleotides in 
each case. 
KRNA from the ct KRNA transcription units. 

1. P. W. Gray and R. B. Hallick, Biochemistry 17, 284-289 (1978). 
2 .  R. B. Hallick, C. Lipper, 0 .  C. Richards, and W. J. Rutter, Biochemistry 15, 3039- 

CHLOROPLAST DNA OF EUGLENA G R A C I L I S :  GENE MAPPING AND SELECTIVE r N  VITRO 
TRANSCRIPTION OF THE RIBOSOMAL RNA REGION. Richard B. Hallick, Keith E. Rushlow, 

cRNA 

In summary the TAC carries out the selective initiation and transcriptic7 of 
(Supported by NIH GM 21351 and 1-K04-00372). 

3045 (1976). 

Models for Viral Replication and Function 
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The temperate bacteriophage Mu presents a remarkable model o f  virus-host i n te rac t i on .  
During i t s  passive phase, Mu rep l i ca tes  as a pa r t  o f  the host chromosome. bu t  dur ing i t s  
ac t i ve  phage, i t  acts as an autonomously r e p l i c a t i n g  transposable element. 
o f  Mu DNA and i t s  i n teg ra t i on  are a t  l e a s t  s u p e r f i c i a l l y  synonymous since the r e p l i c a t i o n  
event normally cannot be separated from the i n teg ra t i on  event. 
o f  Mu DNA have been c l e a r l y  observed so far .  We have e a r l i e r  shown t h a t  upon induct ion 
prophage Mu rep l i ca tes  i n  s i t u  and the products o f  t h i s  reac t i on  are transposed t o  d i f f e r e n t  
locat ions (1).  mutants o f  prophage Mu can be excised a t  a low 
frequency from the host DNA (2). A model f o r  Mu t ransposi t ion must resolve t h i s  apparent 
paradox. That i s .  although a mechanism f o r  Mu excis ion ex i s t s ,  exc is ion does not  appear 
t o  be a normal course o f  events. We have used A. B and X mutants (which have inse r t i ons  
i n  the 5 gene) o f  Mu and small plasmids containing-the Mi ends t o  study the process o f  Mu 
transposit ion. We w i l l  describe experiments tha t  have l e d  us t o  the fo l l ow ing  postulate. 
Recognition o f  the ends o f  Mu by the A gene product can lead t o  d i f f e r e n t  consequences 
depending upon the presence o r  absence o f  the B gene function. I f  the B gene product i s  
funct ional ,  the process i n i t i a t e d  by the A gene culminates i n  the r e p l i c a t i o n  and t rans-  
p o s i t i o n  o f  Mu DNA. I f  the B gene i s  nonfunctional then the ac t i on  o f  the A gene a t  the 
ends o f  Mu may leave the proEhage i n  s ta te  susceptible t o  excision. 

1. Ljungquist.  E. and A. Bukhari. 1977. Proc. Natl .  Acad. Sci. 74, 3143. 

2. Bukhari, A. 1975. J. Mol. B io l .  96, 87. 

REPLICATION AND INTEGRATION OF BACTERIOPHAGE MU DNA, Ahmad I .  Bukhari, George C. 
Chaconas, Hajra Khatoon and Michael DuBow, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y. 11724 

The r e p l i c a t i o n  

No f r e e  r e p l i c a t i n g  copies 

We know however tha t  the 
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315 INTEGRATIONS OF DNA INSERTION ELEMENTS I N  BACTERIA, N i g e l  0. F .  G r i n d l e y ,  Department 
o f  B i o l o g i c a l  Sciences, U n i v e r s i t y  o f  P i t t s b u r g h ,  P i t t s b u r g h ,  PA 15260. 

DNA i n s e r t i o n  elements a r e  s t r e t c h e s  o f  DNA t h a t  can t ranspose from one s i t e  t o  another i n  the  
genomes o f  b a c t e r i a ,  t h e i r  p lasmids and v i r u s e s .  These elements i n c l u d e  t h e  smal l  IS e l e -  
ments, t h e  t ransposable d rug- res is tance elements ( t ransposons)  and some temperate b a c t e r i o -  
phages t h a t  i n t e g r a t e  i n t o  t h e i r  hos t  genome. 

I n t e g r a t i o n  of  severa l  of  these elements has been analysed by sequencing the  j u n c t i o n s  
between h o s t  DNA and t h e  i n s e r t e d  element and a l s o  t h e  corresponding t a r g e t  s i t e s  on the  hos t  
genome b e f o r e  i n t e g r a t i o n  occur red  (1 -4) .  From these and o t h e r  s t u d i e s  c e r t a i n  g e n e r a l i z a -  
t i o n s  can be made. 

1) The two ends o f  an i n d i v i d u a l  I S  element o r  t ransposon have i d e n t i c a l  o r  very  s i m i l a r  
sequences, suggest ing t h a t  b o t h  ends may be recognized by a s i n g l e  e l e m e n t - s p e c i f i c  p r o t e i n .  

2 )  The t e r m i n a l  sequences of an element a re  comple te ly  conserved d u r i n g  t r a n s p o s i t i o n  
and d u r i n g  the  format ion o f  e lement-associated d e l e t i o n s .  

3 )  I n t e g r a t i o n  o f  a t ransposab le  element i n t o  a new s i t e  r e s u l t s  i n  d u p l i c a t i o n  o f  a 
s h o r t  ( 5  o r  9 base p a i r )  h o s t  sequence t h a t  p r e - e x i s t s  a t  t h e  s i t e .  
occurs a t  each end o f  t h e  i n s e r t e d  element. 

One copy o f  t h i s  sequence 

* --- 
Target  s i t e  I n s e r t e d  element 

No o t h e r  a l t e r a t i o n s  i n  h o s t  sequences are  observed. 
Based on these observa t ions ,  models f o r  t h e  t r a n s p o s i t i o n  process ( 5 )  w i l l  be presented 

1) Calos, M .  P., L. Johnsrud and J .  H. M i l l e r  (1978) C e l l  13, 411-418. 
2 )  Gr ind ley ,  N. D. F. (1978) C e l l  13, 419-426. 
3 )  Kleckner, N. and D .  G .  ROSS (19 f8 )  Cold Spr ing  Harb. Symo. 43, I n  p ress .  
4 )  Ohtsubo, E., H. Ohtsubo and H. Ohmori (1978) Cold Spr ing  H a x .  Symp. 43, I n  press. 
5 )  Gr ind ley ,  N .  D. F .  and D .  J .  S h e r r a t t  (1978) Cold Spr ing  Harb. Symp. g,  I n  p ress .  

and discussed. 

STRUCTURE AND REPLICATION OF PARVOVIRUS DNA. 
C .R .  Astel12 and M .  Smith.' Dept.  of Human G e n e t i c s ,  Yale U n i v e r s i t y ,  New Haven, 
Conn. 06510 and Dept. of Biochemis t ry ,  U n i v e r s i t y  of  B r i t i s h  Columbia, Vancouver, 
B . C . ,  Canada V6T 1W5 

D . C .  Ward,' M . B .  Chow,' E.  F a u s t , '  316 

Mammalian p a r v o v i r u s e s  c o n t a i n  l i n e a r ,  s i n g l e - s t r a n d e d  DNA genomes of 1 . 5  x l o6  d a l t o n s .  
adeno-assoc ia ted  v i r u s  (AAV) subgroup, which e n c a p s i d a t e s  b o t h  (+) and (-) s t r a n d s  i n  sepa- 
rate v i r i o n s ,  a r e  h e l p e r  dependent and r e q u i r e  a c o i n f e c t i n g  Adenovirus t o  i n i t i a t e  AAV 
r e p l i c a t i o n .  In c o n t r a s t ,  t h e  autonomous p a r v o v i r u s e s  (AP) r e p l i c a t e  i n  t h e  a b s e r c e  of 
h e l p e r  v i r u s  (a l though only  i n  h o s t  c e l l s  which a r e  i n  S-phase) and e n c a p s i d a t e  a unique (-) 
s t r a n d  of DNA. The 3'- and 5 ' - t e r m i n i  of bo th  t y p e s  of genomes p o s s e s s  palendromic nuc leo-  
t i d e  sequences which e x i s t  a s  s t a b l e  h a i r p i n  s t r u c t u r e s .  The 3 ' - t e r m i n a l  h a i r p i n  [of  b o t h  
(+) and (-) s t r a n d s ]  c a n  b e  used a s  a pr imer  t o  i n i t i a t e  DNA s y n t h e s i s .  T h i s  produces r e p l i -  
c a t i v e  DNA i n t e r m e d i a t e s  i n  which (+) and (-) s t r a n d s  a r e  c o v a l e n t l y  l i n k e d .  Progeny DNA is  
s y n t h e s i z e d  in a cont inuous  f a s h i o n  v i a  s t r a n d  d isp lacement  s y n t h e s i s  from b o t h  monomeric and 
conca temer ic  DNA duplexes .  S i t e - s p e c i f i c  n u c l e o l y t i c  c l e a v a g e s ,  " h a i r p i n  rearrangement" and 
" h a i r p i n  t r a n s f e r "  p r o c e s s e s  are r e q u i r e d  t o  conserve  and mature t h e  genome t e r m i n i  d u r i n g  
r e p l i c a t i o n .  

f o u r  s e r o l o g i c a l l y - d i s t i n c t ,  autonomous, rodent  v i r u s  genomes (KRV, MVM, H-1  and H-3). The 
te rminus  of each DNA e x i s t s  a s  a Y-shaped h a i r p i n  s t r u c t u r e  i n v o l v i n g  115  o r  116 n u c l e o t i d e s .  
The sequence o f  t h i s  r e g i o n  of DNA is  h i g h l y  conserved  and shows no ev idence  of  sequence 
h e t e r o g e n e i t y ,  a C h a r a c t e r i s t i c  which is observed i n  t h e  t e r m i n a l  n u c l e o t i d e  sequence of AAV 
DNA. In a d d i t i o n ,  we have c h a r a c t e r i z e d  two c l a s s e s  of  d e f e c t i v e  AP v i r i o n s  which c o n t a i n  
l e s s  than  20% of t h e  normal v i r a l  genome. One c l a s s  a p p e a r s  t o  c o n t a i n  recombinant DNA mole- 
c u l e s  which have s e l e c t i v e l y  r e t a i n e d  both  t e r m i n i  of t h e  genome. These p a r t i c l e s  a r e  s e l e c -  
t i v e l y  a m p l i f i e d  when s e r i a l l y  passaged i n  t h e  p r e s e n c e  of w i l d  type  v i r u s .  The second 
c l a s s ,  which c o n t a i n s  only  sequences  from t h e  ex t reme 5'-end of  t h e  genome, a p p e a r s  t o  a r i s e  
a s  end products  of r e p l i c a t i o n  e r r o r s .  The i m p l i c a t i o n s  of  t h e s e  r e s u l t s  w i t h  r e s p e c t  t o  t h e  
models of DNA r e p l i c a t i o n  w i l l  be d i s c u s s e d .  

The 

We have de termined  t h e  sequence f o r  t h e  f i r s t  450 n u c l e o t i d e s  from t h e  3 ' - te rmini  of 
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REGULATORY MUTANTS OF SIMIAN VIRUS 40: CONSTRUCTED MUTANTS WITH BASE SUBSTITUTIONS 
AT THE ORIGIN OF DNA REPLICATION, David Shortle and Daniel Nathans, Department of 31 7 

Microbiology, Johns Hopkins University, School of Medicine, Baltimore, MD 21205. 
Mutants of Simian Virus 40 (SV40) with base substitutions at or near the origin of 
replication of the viral genome have been constructed by bisulfite mutagenesis at the 
restriction site of SV40 DNA, followed by transfection of cells with the B& I-resistant 
(BJ& 1') DNA so generated. Based on plaque morphology at different temperatures, the 
resulting Class I mutants (designated 
- ar for "altered restriction") were indistinguishable from wild type SV40; class I1 mutants 
(designated for "sharp plaques") produced small, sharp-edged plaques; class I11 mutants 
(designated SJ for "small plaque") produced small plaques at 3292, 37'C and 40°C; and class 
IV mutants (designated for "cold sensitive") produced small plaques at 32-C and wild type 
plaquesat 37'C and 4OOC. That the altered plaque morphology of x and mutants was 
related to mutation at the 
type of the plaque phenotype and I sensitivity. The nucleotide sequence around the 
originalw I site was determined in the DNA from one mutant of each class. 
different base pair substitution was found, at a site outside sequences coding for SV40 
proteins. When rates of replication of mutant DNA's were measured during productive infec- 
tion, %mutant DNA was synthesized at a rate comparable to that of wild type SV40 DNA, % 
mutant DNA was made at a rate exceeding that of wild type, 9 mutant DNA was synthesized at a 
lower rate than that of wild type, and mutant DNA synthesis was reduced at 32'C, but about 
the same as the wild type rate at 4OoC. 
unaltered in cells co-infected with mutant and wild type virus, i.e., the defects in DNA 
synthesis were not x-complementable. 
base pair changes in a 
presumably within the origin signal itself. 

I 

Ir mutants could be classified into four groups. 

I restriction site was demonstrated by co-reversion to wild 

In each case a 

These patterns of mutant DNA synthesis were 

We conclude that the defective mutants have single 
element that determines the rate of viral DNA replication, 

Sequence Analysis of Viral Nucleic Acids 

318 
Weissman ,  V. Bhaskara Reddy, Prabat K . Ghosh.  Michael  Piatak,  Department  of Human 
Gene t i c s ,  Paul  Lebowitz,  Department of Internal  Medicine.  Yale Universi ty  School  of 
Medicine,  New Haven, Ct. 06510. 
W e  have determined the  nucleot ide s e q u e n c e s  of many of the SV40 mRNAs produced in  
transformed cells, ea r ly  i n  the ly t i c  cyc le ,  and l a t e  i n  the  ly t i c  cyc le .  Late cy top la smic  
mRNAs exh ib i t  a large mult ipl ic i ty  of 5 '  e n d s ,  most of wh ich  have the i r  t empla t e s  
lying within a region of approximately 10% of the v i r a l  genome. 
l a t e  mRNA encoding the  major s t ructural  protein,  VP1, may con ta in  a s e c o n d  s p l t c e  within 
the  leader.  
and VP3) have t h i s  s econd  s p l i c e ,  so tha t  t h e  s p l i c e s  a r e  not randomly d i s t r ibu ted  wi th  
r e s p e c t  t o  one  another.  SV40 ea r ly  mRNA made i n  ly t i ca l ly  infected or transformed cells 
exh ib i t s  a l imited degree  of 5 '  end  heterogenei ty .  Additional ev idence  h a s  been obtained 
for 2 and probably 3 other  sp l i c ing  e v e n t s  t ha t  occur  within SV40 e a r l y  RNA derived from 
s e q u e n c e s  nea r  t he  3 '  end  of large T and small t mRNA. Some of t h e s e  va r i an t  RNAs may 
ht presen t  i n  quan t i t i e s  approaching or e v e n  exceed ing  the  abundance  of the  mRNA e n -  
coding the  known ea r ly  proteins ,  large T and small t ant igen.  

COMPLEX STRUCTURES AND NEW SURPRISES IN SV40 mRNA. Sherman M. 

Some forms of SV40 16 S 

None of the  forms of 19 S mRNA (encoding the  minor s t ruc tu ra l  p ro t e ins  VP2 
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Transformat ion by human adenoviruses i s  a process i n  which o n l y  a smal l  p a r t  o f  t he  genome 
(about 10%) i s  invo lved.  The t rans forming  segment i s  l o c a l i z e d  a t  the  l e f t - h a n d  end o f  t he  
v i r a l  DNA, between 1 and 11%, which corresponds t o  the  e a r l y  reg ion  #l. This  was found t o  ho ld  
t r u e  f o r  some representa t ives  o f  subgroups A, B and C o f  t he  adenoviruses. 

Transformat ion s tud ies  w i t h  DNA fragments have shown t h a t  i n  a d d i t i o n  t o  fragments con- 
t a i n i n g  the  e n t i r e  l e f t - h a n d  e a r l y  reg ion ,  a l so  smal le r  fragments represent ing  var ious  pa r t s  
o f  t h i s  e a r l y  reg ion  con ta in  t rans forming  a c t i v i t y .  When the  p r o p e r t i e s  o f  baby r a t  k idney 
c e l l s  t ransformed by fragments o f  var ious  s i zes  were compared, i t  was observed t h a t  t he  c e l l s  
were n o t  i d e n t i c a l  i n  t h e i r  p r o p e r t i e s  and cou ld  be d i v i d e d  i n t o  a t  l e a s t  3 categor ies :  

1 .Ce l ls  t ransformed by the  e n t i r e  l e f t -hand  e a r l y  reg ion  (0 - l l%) .These c e l l s  a re  s i m i l a r  i n  
p roper t i es  t o  c e l l s  t ransformed by i n t a c t  Ad5 DNA or  v i r u s .  The c e l l s  con ta in  two major  T 
ant igens o f  65 K and 19 K ,  and i n  add i t i on ,  a number o f  minor species o f  T an t igen ("Stan- 
dard" t ransformed c e l l s ) .  

2.Cel ls t ransformed by E d 1 1 1  (&I) G fragment (04%). These c e l l s  d i f f e r  f rom the  stan- 
dard t ransformed c e l l s  i n  t h a t  they  l a c k  the  major 65 K T an t igen  and a re  s l i g h t l y  more 
con tac t  i n h i b i t e d  i n  t h e i r  e a r l y  passages, bu t  o therw ise  a re  i d e n t i c a l .  

3.Cel ls t ransformed by the  WI E fragment (0-4.5%). These c e l l s  l ack  bo th  the  19  K and the  
65 K major T an t i gen  and c l e a r l y  d i f f e r  i n  t h e i r  growth p roper t i es  and c e l l  morphologyfrom 
the  c e l l s  o f  t he  o the r  two ca tegor ies .  

STRUCTURE AND FUNCTIONS OF AOENOVIRUS 5 TRANSFORMATION GENES, A.J. van der  Eb, 
P. van den Elzen, H. Jochemsen, J.H. Lupker, J. Maat, H. van Ormondt,and P.I.Schrier, 
Sy l v ius  Labora tor ies ,  U n i v e r s i t y  o f  Leiden, The Nether lands. 

Our r e s u l t s  ob ta ined w i t h  i n  v i t r o  p r o t e i n  syn thes is ,  immuno p r e c i p i t a t i o n  and nucleo- 
t i d e  sequence ana lys i s  w i l l  be discussed i n  t h e i r  r e l a t i o n s h i p  t o  data on RNA s p l i c i n g ,  as 
repor ted  by Berk & Sharp and Chow e t  a l .  I t  w i l l  be shown t h a t  the  l e f t -hand  4.5% of t he  Ad5 
genome codes f o r  a se r ies  o f  ( p a r t i a l l y )  over lapp ing  p ro te ins  present a t  r e l a t i v e l y  low con- 
cen t ra t i ons  i n  t ransformed c e l l s .  These p ro te ins  apparent ly  a re  ab le  t o  t rans form a d i p l o i d  
c e l l  w i t h  a l i m i t e d  l i f e - s p a n  i n t o  a permanent c e l l  l i n e  s t i l l  l a c k i n g  some o f  the  p roper t i es  
found i n  o the r  Ad5 transformed c e l l s .  The ad jacent  segment (4.5-9 o r  10%) codes f o r  a t  l e a s t  
2 major T ant igens o f  19 K and 65 K which apparent ly  a re  respons ib le  f o r  t he  i nduc t i on  o f  
a number o f  a d d i t i o n a l  changes i n  growth p roper t i es  and c e l l  morphology. 

320 STRUCTURAL V A R I A T I O N  IN  HERPESVIRUS GENOMES, P. SHELDRICK, I n s t i  t u t  de Recherches 
S c i e n t i f i q u e s  s u r  l e  Cancer, B .  P. no 8, 94800 V i l l e j u i f ,  France. 

V i r i o n  morphology has been found t o  vary l i t t l e ,  i f  a t  a l l ,  among the  herpesviruses. 
and i s  one o f  several  v i r a l  charac ters  genera l l y  taken t o  i l l u s t r a t e  an under l y ing  u n i t y  i n  
the group. Genome s t ruc tu re ,  on the  o t h e r  hand, e x h i b i t s  an impressive v a r i a b i l i t y  among 
group members. Mo lecu la r  weights o f  herpesv i rus  (duplex) DNAs range from 83 mgada l tons  (Md) 
f o r  channel c a t f i s h  v i r u s  (CCV) t o  150 Md i n  the  case o f  human c y t o m g a l o v i r u s  (HCMV). 
A1 1 herpesv i rus  genoms s tud ied  thus f a r  ( t h i r t e e n )  harbor  repeated nuc leo t i de  sequences 
account ing f o r  from 5 % t o  30 % o f  the t o t a l  genome mass. 
way i n  which repeated sequences are  organ ized i n  the  genome, i t  i s  poss ib le  t o  recognize 
s i x  d i s t i n c t ,  b u t  re la ted ,  s t r u c t u r a l  types. O f  these, t he  s t r u c t u r a l  t ype  represented by  
CCV i s  s implest ,  being a unique sequence arrangement o f  70 Md t o  which a d i r e c t  t e rm ina l  
redundancy o f  13 Md has been added ; a s t r u c t u r a l  type ak in  t o  t h a t  o f  bacter iophage T5, 
f o r  example. A second s t r u c t u r a l  t ype  i s  t h a t  o f  H .sa im i r i  ( l ) ,  i n  which a 70 Md unique 
sequence i s  bounded by m u l t i p l e  tandem (n.40) repeats o f  0.8 Md. The genome o f  Eps te in -Bar r  
v i r u s  (2) descr ibes a t h i r d  s t r u c t u r a l  t ype  w i t h  mu1 t i p l e  (5-10) i n t e r n a l  tandem repeats 
( 2  Md) l oca ted  between long  (73-80 Md) and s h o r t  (8 Md) unique sequence reg ions .  A f o u r t h  
type i s  seen i n  equine abor t i on  v i r u s  and pseudorabies v i r u s  (3) ; both  conta in  a l o n g  
unique reg ion  (70-75 Md) and a s h o r t  unique reg ion  (5-10 Md), on l y  the  l a t t e r  o f  which i s  
f lanked by ex tens ive  i n v e r t e d  repeat  sequences (8-12 Md). The pro to type g f  t he  f i f t h  s t r u c -  
t u re  i s  herpes simplex v i r u s  (4), wherein long unique (70-75 Md) and s h o r t  unique (9-10 Md) 
regions are bo th  f lanked by i n v e r t e d  repeats ( 6  Md and 4 Md, r e s p e c t i v e l y ) .  I n  the  s i x t h  
s t r u c t u r a l  type. exemp l i f i ed  by HCMV and H.aotus 1, an owl monkey herpesv i rus ,  the g loba l  
arrangement o f  nuc leo t i de  sequences i s  e s s e n t i a l l y  t h a t  o f  HSV, b u t  the l o n g  and s h o r t  
unique reg ions  are  g r e a t l y  expanded (114 Md and 21 Md, respec t i ve l y ) .  F i v e  o f  the s i x  
s t r u c t u r a l  types are fo rma l l y  re1a:ed by the  presence o f  a 70-80 Md unique sequence region. 
suggest ing i t s  poss ib le  r o l e  as a f u n d a m n t a l "  b lock  o f  v i r a l  f unc t i ons  conserved i n  
herpesv i rus  evo lu t i on .  

1. Bornkamm, e t . a l .  (1976) J. V i r o l .  19, 154-161. 
2. Given and K i e f f  (1978) J. Vi ro l . ,  Ti'i press .  
3. Steve ly  (1977) J. V i r o l .  22, 232-234. 
4. She ld r i ck  and B e r t h e l o t  (m74). Cold  Spr ing  Harbor Symp. Quant. B i o l .  39, 667-678. 

I n  t e r m  o f  genome mass, and the  
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The Epstein-Barr-Virus genome, t he  molecular weight of which i s  approxinately 100 x l o 6  
da l tons ,  p e r s i s t s  i n  non-virus-producing c e l l s  i n  a s t a b l e  regulated s t a t e .  In t h e  Burki t t -  
Lymphoma-cell l i n e ,  Ra j i ,  t he re  a r e  50-60 copies  of EBV genomes pe r  c e l l .  The EBV DNA is  
s i t u a t e d  i n  the  nucleus and it i s  chromosomally a s soc ia t ed ,  bu t  no t  covalent ly  in t eg ra t ed  
i n t o  hos t - ce l l  DNA. A t  l e a s t  two-thirds of t he  v i r a l  DNA can be recovered i n  a supercoi led 
form with contour lengths  approximating 100 x l o 6  da l tons .  Such molecular forms e x i s t  i n  
B u r k i t t ’ s  lymphoma t i s s u e  and nasopharyngeal carcinomas i n  vivo.  

Supercoiled forms of EW DNA have also been recovered from t h e  EBV-producing B u r k i t t ’ s  
lymphoma cell l i n e ,  P3HR-1, by suppression of v i rus  production with t h e  a n t i v i r a l  drug, 
acycloguanosine,  and from the  EBV-producing marmoset lynphocyte l i n e ,  B-95-8, with t h e  use 
of phosphonoacetic ac id .  The contour length of P3HR-1 supercoi led genomes appears t o  be 
l e s s  than t h e  length of Raj i  EBV genomes. Restriction-endonuclease d iges t ion  analyses  of 
these forms of t h e  EBV genome a r e  now becoming ava i l ab le .  

THE EPSTEIN-BA,W VIRUS EPISOPB, Joseph S. Pagano, M.D., Cancer Xesearch Center,  The 
Universi ty  of North Carol ina,  Chapel H i l l ,  North Carol ina 27514. 

This form of EBV DNA, which has been c a l l e d  t h e  EBV plasmid o r  episome, appears t o  be 
r e p l i c a t e d  by hos t  DNA polymerases r a t h e r  than by virus-induced polymerases, can be induced 
t o  a l imi t ed  ex ten t  with I U D R ,  bu t  cannot be cured by any known treatment .  The funct ion of 
the  s t a b l e  EBV episome, whether it i s  expressed, p a r t i c u l a r l y  i n  r e l a t i o n  t o  lymphocyte 
p r o l i f e r a t i o n  and t ransfornat ion,and i t s  r e l a t i o n  t o  poss ib l e  in t eg ra t ed  v i r a l  DNA sequences 
a r e  probably c e n t r a l  i s sues  i n  the  c e l l u l a r  biology and pathobiology of EBV-associated 
d i seases .  

Mitochondria1 DNA from Yeast 

T H E  INFLUENCE OF T H E  NUCLEAR G E N O M E  O N  THE EXPRESSION OF M I T O C H O N D -  
322 RIAL DNA I N  S A C C H A R O M Y C E S  C E R E V I S I A E .  A n t h o n y  W .  L i n n a n e ,  
D e p a r t m e n t  o f  B i o c h e m i s t r y ,  Monash U n i v e r s i t y ,  C l a y t o n ,  V i c t o r i a , 3 1 6 8 .  A u s t r a l i a  
The b iosyn thes i s  o f  t he  mi tochondr ia l  o rgane l l e  i nvo l ves  the  co-opera t ive  a c t i v i t i e s  o f  bo th  
the  nuc lear  and mi tochondr ia l  genet ic  systems ( f o r  review ’ ) .  The present  paper w i l l  be 
concerned w i t h  exp lo r i ng  t h i s  i n t e r a c t i o n .  

From bo th  genet ic  and phys i ca l  s tud ies  o f  yeas t  mtDNA i t  has become apparent t h a t  t he re  a re  
s i g n i f i c a n t  d i f f e rences  ( i n s e r t i o n s ,  d e l e t i o n s )  i n  t h e  mi tochondr ia l  genomes o f  d i f f e r e n t  
s t r a i n s  o f  Sacchmomyce, cehevaLae. 
assoc ia ted  w i t h  the  fo rmat ion  o f  v a r i a n t  po lypept ides .  
sequence d i f f e rences  i n  the  mtONA i n  p a r t i c u l a r  grande s t r a i n s  can l e a d  t o  d i f f e r e n t  gene 
produc ts  be ing  produced, and concomi tan t ly ,  does the  appearance o f  p o t e n t i a l l y  new m i  tochond- 
r i a l  gene produc ts  depend on p a r t i c u l a r  nuc lea r  genomic i n f l uences  on the  m i tochondr ia l  DNA? 

We have addressed ourselves t o  these ques t ions  by cons t ruc t i ng  se ts  o f  new yeas t  s t r a i n s  
con ta in ing  s p e c i f i e d  mtDNAs and s p e c i f i e d  nuc lear  genomes. 
cons t ruc t i ng  se ts  o f  i sonuc lea r  s t r a i n s  con ta in ing  d i f f e r e n t  mi tochondr ia1  genomes, making 
use o f  t he  nuc lear  mu ta t i on  kah l -1 .  Th is  muta t ion  leads t o  de fec ts  i n  the  f u s i o n  o f  hap lo id  
n u c l e i  du r ing  zygote fo rmat ion .  
hap lo ids  o f  oppos i te  mat ing  type t o  produce heterokaryons, which subsequent ly segre ta te  
hap lo id  c e l l s  con ta in ing  one o f  t he  pa ren ta l  hap lo id  nuc le i  toget!er w i t h  the  mixed cytoplasm 
from both  parents .  I f  one o f  t he  parents  i s  a p e t i t e  o f  t he  t h o  type, l a c k i n g  mtDNA, and 
the  o t h e r  paren t  i s  a r e s p i r a t o r y  competent (grande o f  t h o + )  s t r a i n ,  then i t  becomes poss ib ie  
t o  t r a n s f e r  the  mtONA o f  t he  nho s t r a i n  t o  hap lo id  c e l l s  con ta in ing  the  nucleus o f  t he  kho 
s t r a i n .  

The r e s u l t s  o f  exper iments which demonstrate t h a t  d i f f e r e n t  nuc lea r  genomes modulate m i to -  
chondr ia l  gene express ion  w i l l  be discussed; s p e c i f i c a l l y  t h a t  c e r t a i n  p roduc ts  encoded i n  
c e r t a i n  mi tochondr ia l  genomes a re  o n l y  syn thes ized i n  the  presence o f  p a r t i c u l a r  nuc lear  
genomes . 
I t  i s  a l s o  in tended t o  discuss our  recen t  r e s u l t  on the  reg ion  o f  mtDNA cod ing  f o r  t he  
OS-ATPase and cytochrome b .  

’. Linnane, A.W. & Nagley, P .  P - h m i d ,  I, 324-345 (1978) 

Sequence d i f f e rences  have been shown by Butow t o  be 
I t  may be f u r t h e r  asked whether 

Th is  has been achieved by 

Hap lo id  c e l l s  con ta in ing  the  k m l - I  mu ta t i on  can mate w i t h  
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ORGANIZATION AND TRANSCRIPTION OF YEAST MITOCHONDRIAL DNA. 
David Levens and Murray Rabinowitz, Departments of Medicine and Biochemistry, The 323 

University of Chicago, Chicago, Illinois 60637. 

We have derived a detailed restriction map of the 70 to 76 kb yeast mitochondrial genome, and 
localized genetic loci and rRNA and tRNA genes on this map. The map provides a basis for the 
physical analysis of mitochondrial recombination and for detailed examination of transcript- 
ion. Yeast mtDNA is extensively transcribed asymmetrically. RNA-DNA hybridization shows 
that at least 60% of a single strand equivalent is transcribed; less than half of this 
required to code for the known gene products. Asymmetrical transcription is suggested by 
complete transcription of one, and negligible transcription of the other separated strand 
of plasmid-Eco R1 fragment 7 recombinant DNA. High molecular weight transcripts are 
visualized on agarose-urea and agarose-methyl mercury gel electrophoresis, which may 
represent intermediates in the processing of large primary transcripts. 
been localized to genetic markers by analysis of their presence in genetically characterized 
petite strains and by hybridization of labeled DNA to electrophoretically separated RNA 
immobilized on diazobenzyloxymethyl paper. 

Promoter function of yeast mtDNA has been examined by analysis of a mitochondrial tran- 
scription complex, and by the use of purified yeast mitochondrial RNA polymerase. The 
transcription complex primarily synthesises RNA from the same regions and same from the 
strand as code for the in vivo KRNA's. Since the 215 and 14s  rRNA genes are widely separated, 
transcription occurs from at least two promoters. 
isolated from either the transcription complex, or from soluble protein fractions. Both 
enzyme fractions express similar properties. 
purified by a variety of chromatographic techniques. 
a 45,000 molecular weight peptide. 
65,000 molecular weight peptide is  associated with the enzyme activity in molar ratio. 
enzyme from the glycerol gradient is  extremely labile. 
weight band precipitate that peptide, and inhibit the RNA polymerase activity. Promoter 
function and mapping is being carried out using in vitro transcription of mtDNA, as well as 
binding of the purified RNA polymerase to restriction fragments. 

Transcripts have 

Template dependent RNA polymerase has been 

The soluble polymerase has been extensively 
The purified enzyme is associated with 

Prior to a final glycerol gradient centrifugation a 
The 

Antibodies to the 45,000 molecular 

324 TRANSCR:PTS OF YEAST MITOCHONDRIAL DNA AND THEIR PROCESSING. 
L.A. G r i v e l l ,  A . C .  Amberg*, P.H. de Boer, P. Bors t ,  J.L.  BOS, G.S.P. Groot, L.A.M. 
Hensgens, G.J.B. van Ommen and H.F. Tabak. Sect ion f o r  Medical Enzymology and Molecu- 

l a r  Biology, U n i v e r s i t y  o f  Amsterdam and *Laboratory o f  E lec t ron  Microscopy, U n i v e r s i t y  o f  
Groningen, The Netherlands. 

Transcr ip ts  o f  t he  m a j o r i t y  o f  m i tochondr ia l  genet ic  l o c i  have been i d e n t i f i e d  and mapped. I n  
nea r l y  a l l  cases, these RNAs a re  much longer  than m in ima l l y  necessary t o  spec i f y  the  known 
p r o t e i n  product o f  t he  locus concerned. I n  the  o l i - 2  and OXi-3 regions, processing o f  t rans-  
c r i p t s  i s  i nd i ca ted  by the  presence o f  several  RNAs d i sp lay ing  over lapp ing  h y b r i d i z a t i o n  
behaviour.  

I n  two cases, e l e c t r o n  microscopy has prov ided d i r e c t  evidence f o r  s p l i t  genes i n  mtDNA. 
A t  l e a s t  4 i n s e r t s  i n t e r r u p t  t he  sequences spec i f y ing  an 18 S RNA (2200 nuc l . ) ,  which conta ins  
mRNA sequences f o r  cytochrome b .  The gene f o r  21 S r R N A  i s  i n t e r r u p t e d  c lose  t o  i t s  3 ' -end by 
a 1160 bp i n s e r t .  which may be- ident ical  w i t h  the  wt a l l e l e  o f  t he  mi tochondr ia l  p o l a r i t y  
1 ocus. 

Unusual features o f  mi tochondr ia l  gene o rgan isa t i on  and t r a n s c r i p t i o n  have a l s o  been 
revea led  by DNA sequencing. The gene f o r  ATPase subun i t  9 i s ,  i n  con t ras t  t o  the  neighbour ing 
genes f o r  cytochrome b and 21 S rRNA,  cont inuous. I t  i s  f lanked by sequences, which conta in  
l ess  than 4 mole percent G+C and which extend a t  l e a s t  250 bp i n  bo th  d i r e c t i o n s .  The AT-r ich 
sequences upstream o f  t he  s t r u c t u r a l  gene are  t ransc r ibed  and form p a r t  o f  a long leader  
sequence i n  a 12 S RNA (850 nuc l . ) ,  which i s  the  major t r a n s c r i p t  o f  t h i s  reg ion  o f  t he  genome. 
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ORGANIZATION AND EXPRESSION OF INTERSPERSED GENE SEGMENTS IN MITOCHONORIAL DNA 
CODING FOR CYTOCHROME B AND CONTROLLING CYTOCHROME OXIDASE. Piotr P. Slonimski. 
Centre de Genetique Moleculaire du C.N.R.S. - 91190 Gif sur Yvette, France. 

325 

Yeast mitochrondrial DNA is 75,000 bp long. A region, called COB-BOX, situated in the sector 
S3 of the genetic map and between the 14,000 bp and 24,000 bp positions of the physical map 
has particulary interesting properties. 
analysis of cloned DNA segments, displays a mosaic organization of genetic information, 
i.e., coding and regulatory sequences controlling cytochrome b (of the cytochrome c reductase 
complex) and subunit I (of the cytochrome c oxidase complex) are interspersed (1,2,3). 
at least, unlinked genetic loci represent cytochrome b exons. 
and drug resistant mutants (7) are located in them. 
by chain termination mutations, of a single cytochrome b polypeptide chain ( 2 3 )  and 
constitute a single unit of complementation (1). Within this cistron other mutations 
controlling cytocnrome reductase and oxidase are located in introns. They constitute 
distinct units of complementation, present characteristic features o f  mitochondrially 
translated new polypeptides and a specific pattern o f  regulation (1.2.3). 
region of mitochondrial DNA constitutes a particularly favorable model system for the 
analysis of function and genetic regulation in the intervening sequences of a split gene. 
1 .  Slonimski, P.P., Pajot, P., Jacq. C., Foucher, M., Perrodin, G., Kochko, A, Lamouroux, 

A., in "Biochemistry and Genetics of Yeast". Eds M. Bacila. B.L. Horecker and A.O.M. 
Stoppani (1978) Academic Press, pp. 339-368. 

2. Claisse, M.L., Spyridakis, A., Wambier-Kluppel. M.L.. Pajot, P., and Slonimski. P.P. in 
op. cit. 1 pp. 369-390. 

3. Slonimski, P.P., Claisse, M.L., Foucher, M . ,  Jacq, C.. Kochko, A., Lamouroux, A., Pajot. 
P. Perrodin, G., Spyridakis, A., Wambier-Kluppel, M.L. in op. cit. 1 pp. 391-402. 

4. Kotylak, Z., and Slonimski, P.P. in "The Genetic Function o f  Mitochondrial DNA". Eds 
C.Saccone and A.M. Kroon (1976). Elsevier/North Holland Biomedical Press, Amsterdam, 

5. Kotylak, Z. and Slonimski, P.P. in "Mitochondria 1977" Eds W. Bandlow, R.J. Schweyen, K. 
Wolf, and F. Kaudewitz (1977) Walter de Gruyter, Berlin, pp. 161-172. 

6. Pajot, P., Wambier-Kluppel, M.L., and Slonimski, P.P. in op. cit. 5, pp. 173-183. 
7. Colson, A.M. and Slonimski, P.P. in op. cit. 5, pp. 185-198. 
8 .  Claisse, M., Spyridakis, A. and Slonimski, P.P., in op. cit. 5, pp. 337-344. 

This region. as shown by corsses and restriction 

Three, 
Deficient mutants (4.5.6) 

They modify the structure. particularly 

The COB-BOX 

pp. 143-154. 
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326 NUCLEOTIDE SEQUENCES OF MITOCHONDRIAL GENES IN SACCHAROMYCES CEREVISIAE. 
Alexander Tzagoloff, Francisco Nobrega and Giuseppe Macino, Department of 

Biological Sciences, Columbia University, New York, N.Y. 19027. 
Mitochondria1 DNA (mitDNA) of several cytoplasmic 0- mutants of Saccharomyces cerevisiae 
have been characterized by restriction endonuclease analysis and by DNA sequencing. One o f  
the mitDNA's was obtained from a p- clone (DS400/A3) whose only detectable mitochondrial 
genetic markers are the 
of DS400/A3 has a unit repeat length of 1,800 base pairs with restriction sites for AluI, 
HpaII and HaeIII. The nucleotide sequence of the DS400 mitDNA has revealed the presence of 
the proteolipid gene plus two adjoining sequences rich in A/T. Even though yeast mitochondria 
utilize the expected codons of the universal code as evidenced by the excellent agreement 
between the primary structure and the nucleotide sequence of the ATPase proteolipid gene, 
there is an unusually marked preference for certain codons, indicating that the code is 
highly non-degenerate. A comparison of the restriction maps of mitDNA's from a series of 

containing p- mutants has permitted the retained segment o f  DS400/A3 to be localized 
precisely on the restriction map of the parental wild type strain, D273-108. 
The second p- mutant (DS400/M8) studied has mitDNA with a repeat length o f  1,300 base pairs. 
This segment contains genetic markers in the cob2 locus which is believed to be included 
in the structural gene of cytochrome b. One of the strands of the DS400/M8 mitDNA has a 
reading frame with codons that are ve?y similar to those used for the proteolipid gene and 
is presumably a region that codes for cytochrome b. 

and phoe loci of the ATPase proteolipid gene. The mit DNA 
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327 GENETIC AND BIOCHEMICAL ANALYSIS OF THE YEAST MITOCHONDRIAL GENE VAR~ AND ITS POLY- 
PEPTIDE PRODUCT, R. A .  Butowl, R. D. Vincent2, P. S. PerlmanZ, P.=pstral, and 

R. L. Strausbergl, Department of Biochemistry, The University of Texas Health Science Center 
at Dallas, Dallas, Texas 752351 and Dept. of Genetics, Ohio State University, Ohio 432102. 
The protein product of the yeast mitochondrial gene is found in all yeast strains 
examined by us and shows strain-dependent size polymorphism with molecular weights ranging 
from about 40,000 to 44,000. The gene maps to a segment of the wild-type mitochondrial 
genome between the markers Physical mapping studies have located a to a DNA 
fragment about 2 kb long in the ery olil span. The absolute size of this fragment varies 
directly with the size of varl polypeptide.From these results and from additional biochemical 
data, we conclude that the size polymorphism of varl polypeptide can be accounted for by 
variations in the size of its structural gene. We have analyzed the generation of different 
forms of the & gene in crosses. These forms arise by asymmetric gene conversion involving 
the insertion of discrete, genetically and physically defined DNA segments located within the 
structural gene. These DNA segments can insert independent of one another and may include as 
much as 15% of the entire structural gene (1). Biochemical studies have confirmed and 
extended the conclusion of Groot Gal. (2) that varl polypeptide is a protein associated 
with the 375 mitochondrial ribosomal subunit. It appears by Coomassie Blue staining to be 
roughly stoichiometric with the other ribosomal proteins of the small subunit. The bulk of 
varl polypeptide labeled in vivo in the presence of cycloheximide (CHX) appears in a particle 
sedimenting between 15-20s. After a cold chase in the absence of CHX, varl polypeptide 
sediments at 375. Thus, the 15-20 particle may be a precursor to the mature 37s subunit. 
When wild-type cells are grown in the presence of 2 mg/ml erythromycin or when syn- strains 
are grown in the absence of antibiotics, the amount of 375 subunit recovered from mito- 
chondrial lysates is reduced by at least 6-fold compared to the recovery of the large mito- 
chondrial ribosomal subunit. From these data, we tentatively conclude that varl polypeptide 
is required for the assembly of the small mitochondrial ribosomal subunit. 
1. Strausberg, R .  L., Vincent, R. D., Perlman, P.S. and Butow, R. A. Nature 1978 (in press) 
2. Groot, G.S.P., Grivell, L . A . ,  Van Harten-Loosbroek, N., Kreike, S., Moorman, A.F.M. and 

Van Ommen, G.J.B. (1977) In: Structure and Function of Energy Transducing Membranes (Van 
Dam K. and Van Gelder, B. G. eds.). 

and &. 

This work was supported by Grants GM 22525, GM 19090 and GM26546 from the USPHS. 

328 IDENTIFICATION AND SEQJFNCING OF YEAST PlITOCHONDRIAL tW GENES. 
University of  Minnesota, Minneapolis, !IN 55455, Ilennis Miller and .John E. Donelson, 
University of Iowa, Iowa City,  Iowa 52242. 

Nancy C. Elartin, 

We have cloned yeast mitochondrial DNA i n  the  t .  c o l i  plasmid pBR322 by the poly dA:dTtailing 
method and ident i f ied  f i f t y - e i g h t  clones t h a t  carrymitochondria1 tRNA genes by hybridization 
with 32P labeled tRNA. 
gene products, we screened the  recombinants with nick t rans la ted  DNA i so la ted  from p e t i t c s  
ho rn  t o  carry chloraphenicol (C) , erythromycin (E) , paramomycin (P )  or oligomycin (0) markers 
as well as a l imited subset of  tRNA genes. 
sequences with respect t o  a n t i b i o t i c  res i s tance  makers and predict  which tRNA genes they were 
mst l ike ly  t o  carry.  Twelve clones t h a t  showed pos i t ive  hybridizat ion t o  p e t i t e  DNAcarrying 
the 01 marker have been analyzed i n  more d e t a i l .  
t ransfers  of Hpa I1 r e s t r i c t i o n  enzyme d iges ts  of DNA from some of these 01 pos i t ive  clones 
we ident i f ied  a 320 base p a i r  fragment i n  some and a la rger  f r a p  n t  i n  others  tha t  contained 

enabled us t o  cor re la te  the presence of the 320 base p a i r  fragments with t h e  se ry l  tRNA gene 
and the  la rger  f ragmnt  with the  glutamyl tFN.4 gene. 
Hpa I 1  fragment and the  corresponding mitochondrial se ry l  tW. 
90 nucleotides long, has a G+C content of 38%, and the anticodon UGA. 
tRNA and DNA sequence show t h a t  they a r e  co l inear  and tha t  the CCA end is not encoded. 
DNA sequence surrounding the s t ruc tura l  gene is l e s s  than 10% GC. 

In order  t o  cor re la te  t h e  cloned mitochondrial tKNA genes with t h e i r  

In t h i s  way we were able  t o  map the  inser ted 

When 32P tRNA was hyhridized t o  Southern 

tRNA genes. Screening of the  recombinant DNAs with 3H s e r y l  and 5 H glutamyl aminoacyl tW 

We have sequenced t h e  320 base p a i r  
This mitochondrial t R N A  is 

The 
A comparison of the  
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329 STRUCTURE AND FUNCTION OF YEAST 2-pm DNA, Cornelis P. Hollenberg and 
Hans-Dieter Royer, Max-Planck-Institut fiir Biologie, Abt. Beermann, 

7 4 0 0  TLibingen I .  Federal Republic of Germany, 

Yeast 2 - y m  DNA is a closed circular extra-chromosomal DNA element of which 
50-100 copies are normally found in several strains of Saccharomyces cerevi- 
siae. N o  gene product6 of this DNA element are known and n o  direct function 
has yet been established. Yeast 2-ym DNA contains a non-tandem inverted 
duplication (id), 600 base pairs long, which is involved in intramolecular 
recombination leading to the inversion of the enclosed unique DNA segment. 
Earlier analysis of the resulting two types of 2-ym DNA suggested that the 
recombinational event does not take place over the entire id sequence but is 
confined to its right arm, and probably t o  the border between the id sequence 
and the unique L-segment. Recently, we have started to analyze this recombi- 
national process by using several recombinant 2-ym DNA plasmids introduced 
into yeast cells by transformation. 
Progress in the analysis of the expression in Saccharomyces cerevisiae of 
foreign. pro- and eukaryotic, genes integrated in Z-ym DNA vector6. will also 
be discussed. 

Genetics and Biogenesis of Mitochondria1 DNA from Higher Eucaryotes 

330 ORGANIZATION AND EVOLUTION OC ANIMAL MITOCHONDRIAL DNA. Igor B. Dawid and Eva Rastl, 
Laboratory of Biochemistry, National Cancer Institute, NIH, Bethesda, Maryland 20014 

Mitochondria1 DNA in all metazoan animals is a circular molecule of 15 to 18 kilobase pairs. 
Earlier work has shown the location of the sites coding for the two mitochondria1 KRNA mole- 
cules and for about 20 45 KNAs ,in Hela (1)  and Xenopus ( 2 )  DNA. A comparison of these two 
maps shows that the overall arrangement of s i t e s i t e  similar in the two species even 
though the primary sequence of mitochondrial DNA has diverged extensively. 

In addition to rRNA and t M A  the mitochondrial DNA codes for a set of poly(A)-containing KNA 
molecules that are probably mRNAs. A map far seven such RNAs in mause L cells has been pub- 
lished ( 3 ) .  
it at least nine poly(A)-containing and two nonribosomal p o l y 6 k i n g  WAS. These results 
show that a very large portion of the total DNA is transcribed into distinct RNA species. 
The map for Xenopus will be compared to the L cell map. 

(1) Angerer, L., Davidson, N., Murphy, W . ,  Lynch, D., and Attardi, G. ( 1 9 7 6 ) .  Cell 2, 81-90. 
(2) Ohi, S., Ramirez, J.L., Upholt, V . H . ,  and Dawid, I.B. (1978). J. Mol. Biol. 121, 299-310. 
( 3 )  Battey, J., and Clayton, D.A. (1978). Cell 5, 143-156. 

We have derived a map for mitochondria1 RNAs in Xeno us and have localized on 
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331 QUANTITATION OF INTRAPOPULATION VARIATION BY RESTRICTION ENDONUCLEASE ANALYSIS OF 
HUMAN MITOCHONDRIAL DNA, Wesley M. Brown, University of California,Berkeley,CA 94720 

Mitochondria1 DNA samples from 21 humans 
In this study the technique of restriction endonuclease analysis of mitochondrial DNA has 
been applied to the field of population genetics. 
of diverse racial background were analysed by gel electrophoresis after digestion with eight 
restriction endonucleases. The mitochondrial DNA population within each individual appeared 
to be highly homogeneous. 
individuals. Thirteen of the 21 samples were identical to one another at the 64 restriction 
endonuclease recognition sites examined. The remaining eight samples differed from the 
wild type and from each other at one or more restriction sites. 
these data indicate that mitochondrial DNA from randomly chosen pairs of humans differs, on 
an average, at 32 base pairs per mitochondrial genome (16,500 base pairs), or at one base 
pair in 500. This degree of difference is consistent with other evidence indicating that 
the rate of evolution of mitochondrial DN~A i s  very rapid. 
analyses of mitochondrial DNA will thus be especially valuable for studies of genetic 
variability within and among populations and among closely related species. 

By contrast, mitochondrial DNA was observed to differ among the 

Calculations based on 

Restriction endonuclease 

ORGANIZATION AND INFORMATION CONTENT OF MITOCHONORIAL ONA'S OF H I G H E R  PLANTS, 
C.  S. Levings, I I I . ,  Department of Genetics, North Carolina S ta te  University, 

332 
Raleigh, NC 27650 and D .  R .  Pring. Department of Plant Pathology, University of Florida, 
Gainesville, FL 32611. 
The s i z e  and organization of the mitochondrial ( m t )  ONAs of higher plants vary 
the d i f fe ren t  plant  taxa. Plant m t  ONAs w i t h  molecular weights ranging from 70-165 x l o G  
daltons have been observed; these a r e  the la rges t  m t  DNAs found i n  nature. Although i t  
d i f f e r s  i n  i t s  degree, molecular heterogeneity i s  comnonplace among plant  mitochondrial 
genomes. 
a re  30pm i n  length and a minor c lass  which a re  less  than 511111, minicircles  ( 1 ) .  In cont ras t ,  
maize mitochondria contain several c lasses  of large c i rcu lar  molecules, 15, 2 1 ,  and 30m,  as 
well as  minicircles. 
soybean, and teos in te  i n  our laboratory and reported by others in potato and Virginia creeper 
(2) .  
have observed supercoiled molecules of m t  DNA i n  maize, soybean, teosinte  and f lax .  
resu l t s  suggest t h a t  the native configuration for  plant  m t  ONAs i s  t h a t  of a covalently 
closed c i rcu lar  molecule. 

The large s i z e  of the m t  DNAs suggests t h a t  additional information may be coded by these 
genomes which i s  unique t o  higher plants .  Cytoplasmic male s t e r i l i t y  appears t o  be an example 
of a t r a i t  unique t o  plants  which i s  encoded by the mitochondrial genome. 
ported by res t r ic t ion  endonuclease fragment analyses of m t  O N A s  from f e r t i l e  and male-s ter i le  
cytoplasms, by s tudies  of the e f f e c t  of pathotoxin T on mitochondria, and by histological 
s tudies  of anthers from f e r t i l e  and s t e r i l e  types. 

The S cytoplasm of maize has associated w i t h  i t s  mitochondria two plasmid-like DNAs 
which  have molecular weights of 4.10 and 3 . 4 5 ~ 1 0 ~  daltons and a r e  i n  addi t ion to  the usual 
high molecular weight m t  DNAs. Electron microscopy has revealed tha t  these molecules e x i s t  in 
a l inear  configuration and contain terminal inverted repeats. A causal re la t ionship between 
the plasmid-like ONAs and the S type of male s t e r i l i t y  has been indicated by s tudies  of stable 
and unstable sources of the S cytoplasm. 

Diversity among mitochondrial genomes has been assayed by res t r ic t ion  endonuclease frag- 
men t  analyses of t h e i r  m t  DNAs. Investigations with maize, sorghum, soybean and teosinte  have 
detected substantial heterogeneity among m t  ONAs from di f fe ren t  cytoplasmic backgrounds. 
These s tudies  have revealed tha t  d ivers i ty  among m t  ONAs of a species complex is  a comnon 
condition. 

widely among 

For example, pea mitochondria contain a major c lass  of c i rcu lar  D N A  molecules which 

Molecular heterogeneity has a l s o  been observed i n  m t  ONAs from f lax ,  

We 
These 

Possible explanations f o r  the molecular heterogeneity phenomenon are  discussed. 

T h i s  view i s  sup- 

1) Kolodner, R. and Tewari, K . K .  (1972) Proc. Natl. Acad. Sci (USA) 69, 1830-1834. 
2 )  Quet ie r ,  F. and Vedel, F. (1977) -268,365-368. - 
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Structure and Replication of Mitochondria1 DNA from Higher Eucaryotes 

SIRUCIURE AND F U l K T I ~  OF 'RIE ?pR) hIxIsE MIVXKNDFUAL I N A  RFPLICATICN ORIGIIS, 
David A. Clayton, Amanda M. G i l l m  and P h i l l i p  A. Martens, Departnent of Patholcgy, 
Stanford University, Stanford, Cal i fornia  94305 

333 

'Ihe q i o r  form of muse L cell ndtochondrial IWA (mtINA) contains a -11 displacenent loq, 
at the heavy s t rand (H-strand) repl icat ion or ig in ,  created by synthesis of a 500-600 nuclm- 
t i d e  portion of t h e  H-strand. 
s t rand and are temwxl 7s m t I N A .  
function as a primer i n  the  repl icat ion of  full-lenfih H - s t r a n d s .  Ribonucleotides have been 
detected a t  t h e  5'-end of sde of these mlecules .  Using 5'-end i n  vitm label ing,  we have 
determined t h a t  these ribonucleotides occur at several d iscre te  pasitims along the nuclm- 
t i d e  sequence of the  or inin region. 

ed past  the  L s t r a n d  or inin.  
tha t  of the  H-strand, m l e c u l e s  can be isolated in which there  exist l m g  single-stranded 
regions of parental  H-strands separat inp the duplex m i o n  s t a r t i n g  at the L s t r a n d  origin 
fmn the  H-strand repl icat ion fork. Using a var ie ty  of techniques, it has been possible  to 
locate t h e  Gst rand  or igin at a p i t i o n  55 to 90 bases f m  a HpaI cleavage site 0.67 gen- 
me lenfih f m n  the  H-strand o r i ~ n .  
ire: the  Gst rand  or ig in  has been detennined usinF chemical sequencing techniques. It  has 
also been d w n s t r a t e d  tha t  a large h e r  of mtINA m l e c u l e s  contain a lka l i - lab i le  sites 
near the  or ip ins  of repl icat ion.  
nucleotides incorporated i n t o  t h e  DNA. A cluster of ei&t such sites, represent im eight 
adjacent nucleotides, has been located in the L s t r a n d  a t  or near the L s t r a n d  or igin.  

syrmetry required for the  formation of three hair-pin loops. The l a m s t  of these has 
twelve perfect ly  matched base p a i r s  i n  the  stem and a th i r teen  base loq,. I f  f o d  by the  
H-strand te rp la te ,  t h i s  loop aauld w n t a i n  eleven consecutive thymidine nucleotides. 
sequence sumundinF the  L s t r a n d  or ig in  has been found to  possess a p a t  deal of h l o g y  
wi th  several other orirrin sequences. 

? h e  species r m a i n  hydmpen-bmded to the parental  light 
The unique location of t h i s  7s mtINA swgests t h a t  it may 

Replication of the L s t r a n d  or ig in  &es not b e d n  u n t i l  H-strand synthesis has proceed- 
Because L s t r a n d  synthesis  pmceeds i n  the  d i rec t ion  m i t e  

The nucleotide sequence of a 318 base -on surround- 

Such sites are t h w h t  to  be due to the presence of r i b  

The nucleotide sequence of t h e  retrion containinp t h e  L s t r a n d  or in in  possesses the 

'Ihe 

334 
Biology, California Institute of Technology, Pasadena, CA 91125. 

The position of the origin of replication in a physical map of HeLa cell mitochondrial DNA 
has been precisely localized and the nucleotide sequence of a segment that contains it, 
determined. The organization of the genes in the human mitochondrial genome and their mode 
of transcription are being investigated by a fine mapping analysis of the sequences coding 
for the various discrete poly(A)-containing and non-poly(A)-containing RNA species. 
approaches, involving different RNA-DNA hybridization techniques and sequencing methods, 
are being used in this work. 
different restriction fragments of mitochondrial DNA have led to the identification in 
this DNA of a region containing a point of initiation of transcription. 

UPPING OF TRANSCRIPTS AND GENES IN HeLa CELL MITOCHONDRIAL DNA, Giuseppe Attardi, 
Palmiro Cantatore, Stephen Crews, Christian Merkel and Deanna Ojala, Division of 

Several 

Experiments of hybridization of nascent RNA chains with 
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l i i  order t o  dctcrmine i t s  inuclrot idc  sequence, human mitochondria1 D N A  (mtDNA) p u r i f i e d  from 
tL'l'ni p lacentae  h;is cloncd i n  1. c o l i  us ing  the  vec to r  pBR322. 
IiindII I + Uarnll1 and I co!<1 + RarnH1 was f i rs t  l i g a t e d  us ing  T4 DNA l i g a s e  wigh pBR322 s i m i l a r l y  
r c s t r i c t c d .  l'lrc l i ga t ed  USA was used t o  t ransform C c o l i  HB101 and Amprtet 
t:iiiicd. ' 1 1 1 ~ 5 ~  were found t o  con ta in  the  800 base  p y i x b p )  HindII I  fragment,  t h e  1,75kb 
linmll-IIindIII fragmcnt, t h e  1 , l k b  EcoRI fragment and the  1,7kb BamH1-EcoRI fragment.  MboI c u t s  
imtl>!,A i n  2.3 f r a  ments of  s i z e s  of 2,800 t o  2 5  hp and such a d i g e s t  was l i g a t e d  with BamH-cut 
pUR.22. Amp'tcr' c lones  obtained upon t ransformat ion  were screened by agarose  ge l  e lec t ropho-  
r e s i s  of  colony l y s a t e s  and f u r t h e r  cha rac t e r i s ed  by r e s t r i c t i o n  a n a l y s i s .  Clones conta in ing  
a l l  but two fragmcnts ((12 and 5 )  were obta ined  i n  t h i s  way but  750 Amprtets c lones  had t o  be 
screened b!. colony hybr id i sa t ion  t o  f i n d  a c lone  conta in ing  fragment 5 .  None were found t o  
conta in  fragmcnt 2 and only one conta ined  fragment 8 .  A l l  o the r  fragments were equal ly  r ep re -  
sented in  the  popula t ion  o f  c lones .  S ince  MboI fragment 2 (2,4kb) ove r l aps  with t h e  prev ious-  
ly cloned Bamlll/HindIII fragments,  i t  i s  no t  needed f o r  complete sequencing o f  m t D N A .  Clones 
r ep resen ta t ive  o f  each Elbo fragment were shown t o  be omplementary t o  m t D N A  by hybr id i sa t ion  
with Southern b l o t s  of  m t D N A  d i g e s t s  and were t h e r e b y r p a r t i a l l y  mapped. Fur ther  mapping was 
obtained by r e s t r i c t i o n  a n a l y s i s  o f  m t D N A  s e q u e n t i a l l y  degraded by exonuclease 111. A c o l l e c -  
t i o n  of recombinant c lones  has thus  been obta ined  us ing  t h e  m t D N A  i s o l a t e d  from a s i n g l e  
p lacenta  and i s  now being used t o  ob ta in  a complete DNA sequence o f  human m t D N A .  

CI.OS!\( :  01' 11111.12S ~IIlOCIIOSIlRI-\I. D Y j ,  .Jacques Drouin and Robert H .  S p a n s ,  
PIRC L;ihor;itory of  hloleciilm. Riology, Cambridge, England. 

m t D N A  cleaved w i t h  H indI I I ,  

c lones  were oh- 

336 STRUCTURE AND REPLICATION OF MITOCHONDKIAL DNA FROM THE GENUS DROSOPHILA, David R. 
Wolstenholme. Judy M. Goddard and Chr i s t i ane  M.-R. Fauron, Department o f  B io logy ,  
U n i v e r s i t y  o f  Utah, S a l t  l a k e  City, Utah 84112. 

Mitochondr ia1 DNA (mtDNA) molecules f rom d i f f e r e n t  species o f  the  melanogaster group o f  t he  
genus Drosophi la d i f f e r  i n  s i z e  f rom 15,000 t o  18,700 base p a i r s  (bp ) .  
a lmost completely accounted f o r  by d i f f e rences  i n  s i z e  (940 t o  5,150 bp) o f  a s i n g l e  reg ion  
i n  each molecule which denatures a t  a lower s p e c i f i c  temperature than the  r e s t  o f  t he  
molecule due t o  an unusua l ly  h igh  adenine t thymine (A+T) conten t .  
molecules o f  o t h e r  Drosophi la species a re  w i t h i n  the  narrow range 15,000 t o  16,000 bp and 
con ta in  an A tT - r i ch  reg ion  o f  750-950 bp. 
t he  r e s t r i c t i o n  enzyme EcoRI r e l a t i v e  t o  the  A+T-r ich reg ion  on the  m t D N A  molecules f rom D .  
v i r i l i s ,  D. takahashi, 6;- akuba, and 0. melano a s t e r .  The A+T-rich reg ions  o f  these mtDmA 
m e s - a r e  950 bp, 2;10&'&-1,400 bp & r e s p e c t i v e l y .  A l l  m l e c u l e s  examined 
have 3 N R I  s i t e s  i n  comnon. Using t h i s  mapping i n fo rma t ion  we have cons t ruc ted  a v a r i e t y  
o f  heteroduplexes between mtDNA molecules o f  each of  t he  four  species.  
complete p a i r i n g  o f  reg ions  o f  r o l e c u l e s  ou ts ide  the  A+T-r ich reg ions  was found i n  a l l  
species combinations, A+T-rich reg ions  from the  d i f f e r e n t  species completely f a i l e d  t o  p a i r ,  
suggest ing t h a t  they  d i f f e r  ex tens i ve l y  i n  t h e i r  nuc leo t i de  sequences. Fur ther ,  denatura t ion  
and rena tu ra t i on  o f  EcoRI and A l u I  r e s t r i c t i o n  fragments o f  D. melano a s t e r  mtONA which 
con ta in  the  e n t i r e  A T r i c h  ref in,  r e s u l t e d  main ly  i n  p e r f e c t  duplex% the  l e n g t h  o f  t he  
o r i g i n a l  r e s t r i c t i o n  fragments. Molecular forms suggest ing t h a t  t he  A+T-r ich reg ion  conta ins  
repeated sequences were n o t  observed. We have s tud ied  the  var ious  s t r u c t u r a l  forms o f  
p a r t i a l l y  rep1 i c a t e d  mtDNA molecules f rom D. melano a s t e r  observed i n  the  e l e c t r o n  microscope 
and concluded t h a t  most molecules a re  rep lTcated  byga h i g h l y  asymmetrical mode i n  which 
syn thes is  on one s t rand  can be up t o  99% complete be fore  syn thes is  on the  second s t rand  i s  
i n i t i a t e d .  Rep l i ca t i on  of  o the r  molecules i nvo l ves  a more near l y  symmetrical syn thes is  o f  
t he  two complementary s t rands .  Observat ions o f  p a r t i a l l y  r e p l i c a t e d  molecules o f  0. yakuba, 
- 0. takahashi and D. v i r i l i s  mtDNA a re  cons is ten t  w i t h  the re  be ing  an asymmetrical and 
symmetrical mode zf syn thes i s  employed i n  each case. 
cleavage s i t e s  as markers we have determined t h a t  i n  mtDNA o f  D. melano as te r ,  D. yakuba, 0. 
takahashi and D. v i r i l i s  r e p l i c a t i o n  i s  i n i t i a t e d  i n  the  A+T-rTch regio: and proceeds 
un id i rec t i ona lTy  G%GTthe molecule towards the  neares t  EcoRI s i t e  comon t o  the  mtDNA o f  
a l l  f o u r  species.  I n  g. melanogaster mtONA t h e  o r i g i n  o f r e p l i c a t i o n  l i e s  near  the  cen te r  o f  
t he  A+T-rich req ion .  
o r i g i n  l i e s  c lose  t o  t h a t  end o f  t he  A+T-r ich reg ion  d i s t a l  t o  the  neares t  common & R I  s i t e .  

These d i f f e rences  a re  

The s i zes  o f  t he  mtDNA 

We have mapped the  s i t e s  s e n s i t i v e  t o  cleavage by 

While ex tens ive  o r  

Using the  A+T-r ich reg ion  and EcoRI 

However, i n  mtDNA molecules of t he  o t h e r  th ree  species s tud ied  the  
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337 ANALYSIS OF MITOCHONORIAL DNA I N  HUMAN-MOUSE H Y B R I D  CELLS : CHARACTERISATION OF 
R E S T R I C T I O N  DIGESTS W I T H  COMPLEMENTARY PROBES. S.E. Kearsey and I . W .  C ra ig ,  Genet ics 
Labora tory ,  Oxford. 

Mitochondr ia1 ONAs from se lec ted  human-mouse somatic c e l l  hyb r ids  have been examined by 
ana lys i s  o f  the  DNA fragments produced by d i g e s t i o n  w i t h  r e s t r i c t i o n  enzymes. 
were detected, a f t e r  t h e i r  t r a n s f e r  t o  n i t r o c e l l u l o s e  f i l t e r s ,  by h y b r i d i z a t i o n  t o  probes 
prepared by n i c k  t r a n s l a t i o n  o f  p u r i f i e d ,  paren ta l - type ,  m i tochondr ia l  DNA. 

DNA were predominant, a l though some mouse sequences may have been present  a t  l ow  l e v e l s .  
P re l im ina ry  evidence suggests t h a t  bo th  human and mouse sequences a r e  present  on the  same 
r e s t r i c t i o n  enzyme fragment o f  m i tochondr ia l  DNA f rom one o f  these hyb r ids .  

M i  t ochondr ia l  DNA f rom human and mouse c e l l  l i n e s  c a r r y i n g  extrachromosomal l y  i n h e r i t e d  
determinants con fe r r i ng  res i s tance  t o  chloramphenicol  have been examined by a s i m i l a r  approach. 

The fragments 

I n  two hyb r ids  which r e t a i n e d  ma in l y  human chromosomes, sequences o f  human m i tochondr ia l  

Extrachromosomal DNA from Other Fungi and Trypanosomes 

338 
and Claude Grandchamp, CNRS, Centre de Genetique Molecu la i re ,  G i f  s u r  Yvette,  France. 
Some twenty years  ago, R ize t  (1 )  and Marcou (2 )  repo r ted  t h a t  a l l  races o f  Podospora anser ina  
undergo vege ta t i ve  death o r  senescence. 
i n h e r i t e d  and appears t o  i n v o l v e  a t ransmiss ib le  cy top lasmic  f a c t o r  [Marcou and Schecroun 
( 3 ) ;  Smith and Rubenstein (4 ) ] .  More recen t  work w i t h  i n h i b i t o r s  o f  m i tochondr ia l  f u n c t i o n  
and w i t h  cy top lasmic  mutants i m p l i c a t e  mi tochondr ia  i n  the  senescent process [Tudzyn isk i  and 
Esser ( 5 ) ;  Be lcour  and Begel (6 ) ] .  Consequently, we s e t  about t o  i s o l a t e  m i tochondr ia l  DNA 
from w i ld - t ype ,  mutants and senescent myce l ia  and cha rac te r i ze  i t  w i t h  respec t  t o  d e n s i t y  
i n  CsCl, con tour  l eng th  and r e s t r i c t i o n  enzyme ana lys i s .  

and cons is ted  o f  c i r c u l a r  molecules 31 pm i n  l eng th .  R e s t r i c t i o n  enzyme a n a l y s i s  showed t h a t  
each o f  t he  f o u r  races examined o f  Podos o ra  anser ina  e x h i b i t e d  c h a r a c t e r i s t i c  EcoRl f ragment 
pa t te rns .  No apparent r e l a t i o n s h i p  o f  tEese patterns were no ted  w i t h  respec t  t o  t h e  l i f e  
span f o r  each o f  t he  races. 
m i tochondr ia l  DNA had the  same dens i t y  i n  CsCl as d i d  w i l d - t ype .  E lec t ron  mic roscop ic  exam- 
i n a t i o n  showed t h a t  each o f  t he  mutants had a c h a r a c t e r i s t i c  con tour  l e n g t h  DNA rang ing  f rom 
about 3 pm t o  25 pm w i t h  no apparent monomer l e n g t h  u n i t .  R e s t r i c t i o n  enzyme a n a l y s i s  w i t h  
EcoRl showed t h a t  these mutants d i f f e r e d  from w i l d - t y p e  i n  o n l y  0 t o  3 bands o u t  o f  16 
fragments, suggest ing t h a t  e s s e n t i a l l y  t he  f u l l  complement o f  DNA was present .  Ana lys is  o f  
t he  mi tochondr ia l  DNA from senescent myce l ia  showed dramat ic  d i f f e rences  w i t h  respec t  t o  
w i l d - t y p e  and t o  mutants. 
g/cm3 and a m i n o r i t y  a t  1.699 g/cm . 
se t  o f  c i r c u l a r  molecules rang ing  i n  s i z e  f rom the  monomer 0.9 pm t o  about 15 urn. EcoRl 
d i g e s t i o n  i n d i c a t e d  t h a t  t he  heavy dens i t y  DNA had no EcoRl s i t e s .  D iges t i on  w i t h  H a e I I I  
enzyme y i e l d e d  one fragment o f  about 2600 base pa i r s ,  cor respond ing  t o  the  0.9 pm contour  
l e n g t h  monomer c i r c l e  descr ibed above. 

MITOCHONDRIAL DNA AND SENESCENCE IN  PODOSPORA ANSERINA, Donald J .  Cummings, 
U n i v e r s i t y  o f  Colorado Medical Center,  Denver, Colorado 80262, and Leon Be lcour  

Furthermore, t h i s  senescence i s  c y t o p l a s m i c a l l y  

We found t h a t  mi tochondr ia l  DNA from young w i l d - t ype  myce l ia  had a d e n s i t y  o f  1.694 g/cm3 

F ive  m i tochondr ia l  mutants f rom race  s were s t u d i e d  and t h e i r  

F i r s t ,  5”” d e n s i t y  species o f  DNA were noted, t h e  m a j o r i t y  of 1.694 
The heavy dens i t y  popu la t i on  cons is ted  o f  a mu l t imer i c  

These r e s u l t s  w i l l  be discussed w i t h  respec t  t o  the  r h o - p e t i t e  muta t ion  i n  yeas t  ( 7 ) .  
(1 )  R ize t ,  G. (1953) Comptes Rendus Acad. Sci: 237, 838-840. 
(2 )  Marcou, D. (1961) Ann. Sc i .  Natur.  Botany 1 1 6 5 3 - 7 6 4 .  
( 3 )  Marcou, 0. and Schecroun, J .  (1959) CompteyRendus Acad. Sc i .  3, 280-283. 
(4 )  Smith, J.R. and Rubenstein, I .  (1973) J. Gen. M i c r o b i o l .  76, 297-304. 
( 5 )  Tudzynski, P and Esser, K. (1977) Molec. gen. Genet. 153, 111-113 
( 6 )  Belcour,  L. and Begel, 0. (1978) Molec. gen. Genet. 163,  113-123. 
( 7 )  S lon imsk i ,  P.P. and Ephrussi ,  B. (1949) Ann. I n s t .  P a e u r ,  7J. 47-63. 
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339 MITOCHOND9IAL tRNAs OF NEUROSPORA CRASSA: SEQUENCE STUDIES, GENE MAPPING AND CLONING. 
U . L .  RajBhandary, J. Heckman, S. Y n  Alzner-DeWeerd and E. Ackermann. 
Dept. o f  B io logy ,  M . I . T . ,  Cambridge, MA 02139 

Using simple two-step p u r i f i c a t i o n  schemes, we have p u r i f i e d  and sequenced f o u r  mi tochondr ia l  
tRNAs: the  i n i t i a t o r  methionine, t y ros ine ,  a lan ine  and v a l i n e  tRNAs. I n t e r e s t i n g l y ,  every one 
of these tRNAs conta ins  unusual s t r u c t u r a l  fea tures  which d i f f e r  f rom normal tRNAs and each 
mitochondr ia1 tRNA d i f f e r s  f rom the  o the r  i n  these fea tures .  

By Southern-hybr id iza t ion  o f  5 ' -32P- labe led  i n i t i a t o r  methionine tRNA t o  r e s t r i c t i o n  d iges ts ,  
we have found t h a t  t he  m i to  DNA conta ins  two gene copies f o r  t he  i n i t i a t o r  tRNA. DNA fragments 
corresponding t o  bo th  these genes have been c loned i n  E. c o l i  as P s t I  fragments 365 and 400bp 
long and as Hind111 fragments 2 and 3 Kbp long. The 1 a ~ g e ~ n d I I ~ f r a g m e n t  a l s o  codes f o r  
a lan ine  tRNA: the  DNA corresponding t o  t h i s  t R N A  has been separa te ly  c loned as a 195 bp l ong  
- P s t I  fragment. 
Using s i m i l a r  hyb r id i za t i ons ,  we have found t h a t  t he  gene f o r  t y r o s i n e  tRNA maps between the  
small and la rge  ribosomal RNAs. We have c loned DNA fragments f rom t h i s  reg ion  and have shown 
t h a t  bo th  17s rRNA and t y r o s i n e  t R N A  h y b r i d i z e  t o  the  same s t rand  o f  t he  c loned DNA fragment. 
Thus, i f  bo th  the  rRNAs a re  synthesized as p a r t  of  a s i n g l e  t r a n s c r i p t i o n a l  u n i t ,  as proposed 
by Kuriyama and Luck, t he  t y ros ine  t R N A  amy represent  a t ransc r ibed  spacer i n  therRNA c i s t r o n .  

340 
U n i v e r s i t y  of Amsterdam, J a n  Swammerdam I n s t i t u t e ,  P.0.Box 60 .000 ,  1005 G A  Amsterdam 

F u n c t i o n a l  k i n e t o p l a s t  D N A  c o n s i s t s  o f  n e t w o r k s  o f  10' c a t e n a t e d  c i r c l e s ,  m a i n l y  m i n i - c i r c l e s  
v a r y i n g  i n  s i z e  between 1 k b  i n  Trypanosoma b r u c e i  t o  3 kb i n  C r i t h i d i a ,  t h e  r e m a i n d e r  maxi- 
c i r c l e s  v a r y i n g  i n  s i z e  f rom 20 kb i n  T .  b r u c e i  t o  34 k b  i n  C r i t h i d i a .  M i n i - c i r c l e s  a r e  mic ro -  
h e t e r o g e n e o u s  i n  s e q u e n c e  and unde rgo  r a p i d  s e q u e n c e  e v o l u t i o n ,  m a x i - c i r c l e s  n o t  ( 1 ) .  

We have h y b r i d i z e d  t o t a l  c e l l  R N A  f rom C r i t h i d i a  w i t h  S o u t h e r n  b l o t s  o f  r e s t r i c t i o n  d i g e s t s  
o f  k D N A .  A t  low i n p u t ,  o n l y  a 1500 bp segmen t  o f  t h e  m a x i - c i r c l e  b i n d s  RNA; a t  h i g h  i n p u t  most  
o f  t h e  m a x i - c i r c l e  b u t  no m i n i - c i r c l e  f r a g m e n t s  h y b r i d i z e ,  even  t h o u g h  t h e s e  a r e  p r e s e n t  a t  
100- fo ld  e x c e s s  o v e r  m a x i - c i r c l e  s e q u e n c e s  ( 2 ) .  

The 20  kb m a x i - c i r c l e  o f  T .  b r u c e i  b a n d s  a t  1.682 glcm3 i n  C s C 1 ,  i t  c o n t a i n s  a 6 . 5  kb s e g -  
ment o n l y  c u t  by Alu I  and MboI I ,  b u t  n o t  by 20  o t h e r  r e s t r i c t i o n  e n d o n u c l e a s e s  and  t h i s  seg- 
ment v a r i e s  i n  s i z e  i n  d i f f e r e n t  T. b r u c e i  s t r a i n s .  I t  may b e  AT-rich (cf. D r o s o p h i l a  m t D N A ) .  
D i g e s t i o n  o f  T .  b r u c e i  m i n i - c i r c l e s  w i t h  T a q I  g i v e s  a l a r g e  number of d i s c r e t e  b a n d s ,  wh ich  
d i f f e r  i n  d i f f e r e n t  s t r a i n s .  T h i s  i n d i c a t e s  t h a t  s e q u e n c e  h e t e r o g e n e i t y  i s  p r e s e n t  b u t  less 
e x t e n s i v e  t h a n  i n f e r r e d  from r e n a t u r a t i o n  s t u d i e s  ( 3 ) .  E l e c t r o n  m i c r o s c o p i c a l  s p r e a d s  o f  
T .  b r u c e i  kDNA show d o u b l e t  n e t w o r k s  t h a t  a p p e a r  t o  b e  s e g r e g a t i n g ;  s p r e a d i n g  i n  t h e  p r e s e n c e  
o f  e t h i d i u m  shows t h a t  t h e s e  n e t w o r k s  c o n t a i n  o n l y  open  c i r c l e s .  A l l  f o rms  o b s e r v e d  f i t  a 
model ( 1 )  i n  which d o u b i e - s i z e d  e l o n g a t e d  n e t w o r k s  are p i n c h e d  i n  t h e  m i d d l e  and  segregate by 
r e c o m b i n a t  i o n  i nvo l  v i  ng open  c i r c l e s .  

I n  A f r i c a n  t r y p a n o s o m e s ,  u n a b l e  t o  m a k e  f u n c t i o n a l  m i t o c h o n d r i a ,  we f i n d  a l l  s o r t s  of kDNA: 
' n o r m a l '  kDNA ( 1  T .  b r u c e i ) ,  ' n o r m a l '  m i n i - c i r c l e  n e t w o r k s  w i t h o u t  m a x i - c i r c l e s  ( 1  T. e q u i p e r -  
dum, 1 T. e v a n s i ) ,  no kDNA a t  a l l  ( 1  T. b r u c e i ,  2 T. e v a n s i ) .  Hajduk ( p e r s o n a l  communica t ion )  
h a s  found o n e  T .  equ ipe rdum s t r a i n  w i t h  ' n o r m a l '  n e t w o r k s  h a v i n g  m a x i - c i r c l e s  w i t h  a 7 kb 
d e l e t i o n ,  and o n e  s t r a i n  c o n t a i n i n g  o n l y  m a x i - c i r c l e - t y p e  m o l e c u l e s .  I n  t h e  two s t r a i n s  w i t h -  
o u t  m a x i - c i r c l e s  we f i n d  no s e q u e n c e  h e t e r o g e n e i t y  i n  t h e  m i n i - c i r c l e s .  

We c o n c l u d e  t h a t  t h e  m a x i - c i r c l e s  a r e  t h e  e q u i v a l e n t  o f  m t D N A  i n  o t h e r  o r g a n i s m s ,  t h a t  t h e  
r i b o s o m a l  R N A s  of  t rypanosome  m i t o c h o n d r i a  a r e  v e r y  small, t h a t  m i n i - c i r c l e s  a re  n o t  t r a n s -  
c r i b e d  and t h a t  r e c o m b i n a t i o n  between m i n i - c i r c l e s  and m a x i - c i r c l e s  may c o n t r i b u t e  t o  rnini-  
c i r c l e  s e q u e n c e  h e t e r o g e n e i t y .  

R e f e r e n c e s  
1 .  B o r s t ,  P .  B H o e i j m a k e r s ,  J .H . J .  ( 1 9 7 8 )  P l a s m i d ,  i n  p r e s s .  
2 .  Hoe i jmaker s ,  J .H . J .  & B o r s t ,  P .  ( 1 9 7 8 )  B ioch im.Biophys .Ac ta  z, 407-411. 
3. S t e i n e r t ,  M . ,  Van Assel, S . ,  B o r s t ,  P .  B Newton, B . A .  ( 1 9 7 6 )  i n  The G e n e t i c  F u n c t i o n  o f  

STRUCTURE A N D  FUNCTION OF KINETOPLAST D N A ,  P i e t  B o r s t  and  J a n  H . J .Hoe i jmaker s ,  
S e c t i o n  f o r  Med ica l  Enzymology and M o l e c u l a r  B i o l o g y ,  L a b o r a t o r y  of B i o c h e m i s t r y ,  

-~ 

M i t o c h o n d r i a 1  D N A  ( S a c c o n e ,  C. & Kroon,  A . M . ,  E d s ) ,  Nor th -Hol l and ,  Amsterdam, pp.  71-81. 
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341 REPLICATION AND TRANSCRIPTION OF KINETOPLAST DNA, L a r r y  Simpson, A.M. Simpson, 
H. Masuda and H.  Rosenblat t ,  B io logy  Dept., U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, 

CA 90024. 
The k i n e t o p l a s t  DNA (KDNA) o f  t he  hemof lage l la te  protozoa cons is ts  o f  a s i n g l e  l a r g e  network 
o f  thousands o f  ca tenated  m i n i c i r c l e s  and a sma l le r  number o f  ca tenated  l a r g e r  m a x i c i r c l e s .  
Rep l i ca t i on  o f  t he  KDNA i s  l i m i t e d  t o  the  nuc lear  S phase. 
network DNA showed t h a t  newly r e p l i c a t e d  molecules a re  l o c a l i z e d  a t  two pe r iphe ra l  l o c i  and 
l a t e r  somehow become dispersed throughout the  network ( 1 ) .  
du r ing  the  S phase (1 ) .  
t he  end o f  S o r  i n  G2 (2 ) .  Completely r e p l i c a t e d  networks con ta in  e x c l u s i v e l y  open c i r c u l a r  
molecules ( 3 ) .  
The m a x i c i r c l e  DNA seems t o  represent  the  analogue o f  t he  mi tochondr ia1  DNA found i n  o t h e r  
eukaryotes.  T ransc r ip t i on  o f  t he  two major  s t a b l e  k i n e t o p l a s t  RNA species ( 9  and 12 S RNAs) 
f rom the  m a x i c i r c l e  DNA has been demonstrated (4 ) .  
i d e n t i f i e d .  M a x i c i r c l e  DNA has been i s o l a t e d  by re lease  from the  network by cleavage w i t h  
a r e s t r i c t i o n  enzyme and separa t ion  on a buoyant dens i t y  bas is  i n  the  presence o f  t he  dye, 
Hoechst 33258. A 
r e s t r i c t i o n  map o f  t he  m a x i c i r c l e  o f  Leishmania ta ren to lae  has been cons t ruc ted  and the  9 
and 12 S RNA genes l o c a l i z e d  wi th in a smal l  f ragment bounded by a H ind  111 s i t e  and a Hpa X I  
s i t e .  Several m a x i c i r c l e  fragments o f  L.  t a ren to lae  have been cloned i n t o  the  b a c t e r i a l  
plasmid, pBR322, i nc lud ing  a 4.4 X 10 da l ton  Eco RI-Barn H I  fragment con ta in ing  the  9 and 
125 RNA genes. An in t ramo lecu la r  base r a t i o  he terogene i ty  was found, rang ing  from 74% AT t o  
85% AT. 
pBR322. Mapping and 
sequencing o f  t he  several  m i n i c i r c l e  sequence classes i s  i n  progress.  
S i m i l a r  s tud ies  have been performed on the  KDNA o f  t h e  r e l a t e d  species,  Tr anosoma bruce i ,  
which undergoes a c y c l i c a l  regress ion  and biogenesis o f  t he  mi tochondr ion  ::ring t h e l i f e  
cyc le .  Cloning o f  KDNA fragments i n  pBR322 has been c a r r i e d  ou t .  The c loned fragments a re  
being used a s  h y b r i d i z a t i o n  probes t o  examine t h e  a c t i v a t i o n  o f  t h e  mi tochondr ia l  genome 
du r ing  the  l i f e  cyc le .  

1 .  Simpson L . ,  A .  Simpson and R.  Wesley (1974).  Biochim. Biophys. Acta 349, 161-177. 
2. Simpson, L. and A. Simpson (1976). 
3. England, P .  (1978).  Ce l l ,  14, 157-168. 
4.  Simpson, L. and A .  Simpson v 9 7 8 ) .  Ce l l ,  14, 169-178. 

Pu lse - labe l i ng  o f  r e p l i c a t i n g  

M i n i c i r c l e s  r e p l i c a t e  once 
Rep l ica ted  m i n i c i r c l e s  a re  n icked and cova len t  c losu re  occurs a t  

No m i n i c i r c l e  t r a n s c r i p t  has y e t  been 

I n  general  t h e  m a x i c i r c l e  DNA i s  h ighe r  i n  %AT than the  m i n i c i r c l e  DNA. 

U n i t  l e n g t h  m i n i c i r c l e s  c leaved a t  t he  Hind 111 o r  Barn HI l o c i  were a l s o  c loned i n  
A r e s t r i c t i o n  map o f  one c lass  o f  m i n i c i r c l e s  has been cons t ruc ted .  

J. Protozoo l .  2, 583-587. 
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342 T H E  I D E N T I T Y  O F  THE PROTEINS ASSOCIATED WITH CYTOCHROME S I N  YEAST. 

M e d i c i n e ,  New Y o r k ,  N . Y .  10029 .  
Two u n i d e n t i f i e d  p r o t e i n s  w i t h  m o l e c u l a r  w e i g h t s  r a n g i n g  f r o m  4 5 , 0 0 0  t o  60 ,000 
a r e  p r e s e n t  i n  i m m u n o p r e c i p i t a t e s  fo rmed  when l a b e l e d  y e a s t  m i t o c h o n d r i a  a r e  
i n c u b a t e d  w i t h  t h e  s p e c i f i c  a n t i s e r u m  a g a i n s t  y e a s t  c y t o c h r o m e  ( L i n , C l e j a n  
a n d  B e a t t i e ,  Eu r . J .B iochem.  87, 171,  1 9 7 8 ) .  These  p r o t e i n s  a r e  p r o d u c t s  o f  
m i t o c h o n d r i a l  p r o t e i n  s y n t h e c s  as  t h e y  a r e  l a b e l e d  i n  t h e  p r e s e n c e  o f  c y c l o -  
h e x i m i d e  b u t  n o t  c h l o r a m p h e n i c o l  and a r e  a b s e n t  i n  p e t i t e s .  They  a r e  n o t  i d e w  
t i c a l  w i t h  t h e  c o r e  p r o t e i n s  o f  a p u r i f i e d  c o m p l e x  I 1 1  n o r  d o  t h e y  c o p u r i f y  
w i t h  c y t o c h r o m e  b .  R e s u l t s  o b t a i n e d  when t h e  t i m e  c o u r s e  o f  l a b e l i n g  was v a r -  
i e d  f r o m  3 t o  30-min f o l l o w e d  b y  a c h a s e  i n d i c a t e d  t h a t  t h e s e  p r o t e i n s  a r e  n o t  
p r e c u r s o r s  o f  c y t o c h r o m e  b. By c o n t r a s t ,  l a b e l i n g  o f  c y t o c h r o m e  b and a p r o -  
t e i n  o f  50,000 d a l t o n s  r e a c h e d  a maximum a f t e r  3 m i n  a n d  t h e n  d e c r e a s e d .  F u r -  
t h e r m o r e ,  a f t e r  t r a n s l a t i o n  o f  p o l y ( A ) - c o n t a i n i n g  R N A  f r o m  y e a s t  m i t o c h o n d r i a  
i n  a w h e a t  ge rm s y s t e m ,  a p r o d u c t  o f  31 ,000  d a l t o n s  as w e l l  as a p r o d u c t  o f  
50,000 d a l t o n s  i s  p r e s e n t  i n  t h e  i m m u n o p r e c i p i t a t e s  f o r m e d  b o t h  d i r e c t l y  and 
i n d i r e c t l y .  C u r r e n t l y ,  p e p t i d e  m a p p i n g  a f t e r  l i m i t e d  p r o t e o l y s i s  i s  u n d e r w a y  
t o  d e t e r m i n e  w h e t h e r  t h e s e  p r o t e i n s  r e p r e s e n t  c y t o c h r o m e  m i g r a t i n g  i n  g e l s  
as  a d i m e r  o r  as  i t s  t r u e  m o l e c u l a r  w e i g h t  as c a l c u l a t e d  f r o m  F e r g u s o n  p l o t s  
o r  w h e t h e r  t h e y  a r e  c o m p l e t e l y  d i f f e r e n t  p r o t e i n s .  

D i a n a  S. B e a t t i e ,  L i v i u  C l e j a n ,  Yu -Sh iaw Chen, Moun t  S i n a i  S c h o o l  o f  

343 RAKDOLI DRIFT UF G L K t .  FKFQIIKKCILS IK Ihl'RtACELLllLAR POPULATTOSS OF ORGAJ'ELLF GENES 
C .  h i l l i a m  Rirky ,  ,Jr.,  l i ep t .  o f  G e n e t i c s ,  The Ohio S t a t e  i l n i v e r s i t y ,  Columbus 43210 

Crosses i n v o l v i n g  mi tochondr ia1  genes i n  y e a s t ,  o r  c h l o r o p l a s t  genes  i n  Chlamydomonas o r  t h e  
ger:iniiini, produce both  u n i p a r e n t a l  and b i p a r e n t a l  zygotes  (IIPZ and BPI).  D i f f e r e n t  BPZ from 
a s i n g l e  c r o s s  produce v e r y  d i f f e r e n t  p r o p o r t i o n s  o f  progeny c e l l s  homozyjious f o r  a l l e l e s  
from t h e  ' " p a t e r n a l "  p a r e n t .  T h i s  can  he  secn  by  p l o t t i n g  f r e q u e n c i e s  o f  z y g o t e s  v e r s u s  gene 
f r e q u e n c i e s  i n  t h e i r  p rogeny.  In y e a s t ,  such d i s t r i b u t i o n s  a r e  o f t e n  U -  o r  L-shaped, wi th  
n e a r l y  uniform d i s t r i b u t i o n s  o f  gene f r e q u e n c i e s  among t h e  RPZ and a s i n g l e  very  broad  mode 
o r  none ;it a l l  ( D i r h y  1975 blolec. Gen. Genet .  1 4 1 : 1 1 ) .  T h i s  o b s e r v a t i o n  h a s  been  ex tended  t o  
Chlamydomonas (Ri rky ,  San Winkle-Swift ,  S e a r s ,  Shepherd,  Boynton, F, Gillham) and geraniums 
(Uirhy  and T i I n e y - B a s s e t t ) ,  Delay ing  c e l l  d i v i s i o n  o f  t h e  Chlamydomonas zygote  c a u s e s  some 
BPZ t o  hecome ill': ( S m  ly inkle-Shi f t  1978 h a t u r c  275:7411; S e a r s e t  n l .  1977 G e n e t i c s  R6:sS7) .  
Ye.ist I y g o t c s  h e l d  i n  water  a l s o  show :in increase i n  UP: and i n  v a r i a n c e  o f  gene f r e q u e n c i e s .  
These o b s c r v a t  i o n s  s t r o n g l y  i n d i c a t e  t h a t  a11  t h r e e  o r g a n e l l e  gene sys tems a re  i n t r a c e l l u l a r  
p o p u l a t i o n  sys tems.  g c r i c t i c n l l y  a s  wel l  *IS p h y s i i . a l l y .  They f u r t h e r  s u g g e s t  a s t r o n g  r o l e  
f o r  r e p e a t c d  s t o c h a s t i c  e v e n t s  rrliich modify gene f r e q u e n c i e s  i n s i d e  i n d i v i d u a l  zygotes  and 
t h e i r  progeny, :tiinlogoits t o  rzindom d r i f t  i n  l l ende l inn  p o p u l a t i o n  g e n e t i c s .  Such s t o c h a s t i c  
e v e n t s  might i n c l u d e  gene c o n v e r s i o n ,  icliich i s  r e p e a t e d  and random i n  y e a s t  m i t o c h o n d r i a ;  
rep1 ic ; i t ion  o f  1 X A  m o l e c u l e s ,  which i s  randoiii i n  mouse c e l l  mi tochondr ia  and some p l a s m i d s ;  
or degr:iJ: i t ion o f  DS4 ~i io lec i i les .  (Supported hy N l t l  CE119hO;) 

344 CONSERVATION OF THE CHWROPLAST GENOME: PRELIMINARY EVIDENCE FOR CONSERVED, REPEATED 
SEQUENCES, Gayle K. Lsmppa, U n i v e r s i t y  of Washington, Sea t t le ,Wa 98195 

The e x t e n t  of sequence  c o n s e r v a t i o n  of t h e  c h l o r o p l a s t  genome was i n v e s t i g a t e d .  R e a s s o c i a -  
t i o n  o f  l a b e l e d  pea c h l o r o p l a s t  ( c t )  DNA w i t h  a 5800-fo ld  e x c e s s  of t o t a l  c o r n  DNA i n d i c a t e s  
that 30'1. ( S 1  a s s a y )  t o  4% (HAP a s s a y )  of t h e  pea c h l o r o p l a s t  genome is conserved  i n  corn .  
S i m i l a r  a n a l y s e s  were performed f o r  o t h e r  h i g h e r  p l a n t s  i n c l u d i n g  broad  bean ,  watermelon 
and b a r l e y .  S t u d i e s  t o  l o c a t e  t h e  conserved  sequences  i n  pea and c o r n  c t  DNA5 have been  
made u s i n g  Southern  b l o t s  of r e s t r i c t i o n  enzyme f ragments  s e p a r a t e d  by a g a r o s e  g e l  e l e c -  
t r o p h o r e s i s .  32P-pea c t  D M  h y b r i d i z e s  t o  12/25 Eco R I  f ragments  of corn  c t  DNA. 32P-Corn 
c t  DNA is hanologous t o  sequences  i n  13/28 pea c t  DNA RI f ragments .  An e s t i m a t e  of t h e  
t o t a l  amount of DNA hanologous b e t w e n  genomes is  40 X lo6  d ,  a l t h o u g h  t h i s  is  c o n s i d e r e d  
a n  upper l i m i t  s i n c e  t h e  percentage  o f  c o n s e m e d  sequences  i n  e a c h  f r a p e n t  is  as y e t  un- 
known. The R I  d i g e s t i o n  p a t t e r n  of Chlamydomonas c t  DNA shows tw major  bands of homology 
wi th  32P-pea c t  DNA. P22 DNA does  not  h y b r i d i z e .  Bam H I  p a t t e r n s  %ere a l s o  ana lyzed .  
I n d i v i d u a l  c o r n  f ragments ,  B a m  H I  4, 7 and 9 show p r e f e r e n t i a l  h y b r i d i z a t i o n  t o  d i f f e r e n t ,  
s i n g l e  f razments  o f  t h e  pea genome and h y b r i d i z e  t o  a s  many a s  s e v e n  o t h e r s .  Bam H I  4 ,  7 
and 9 a l s o  h y b r i d i z e  t o  o t h e r  f ragments  of c o r n  c t  DNA a l t h o u g h  t h e  d e g r e e  o f  h y b r i d i z a t i o n  
v a r i e s .  Thermal d e n a t u r a t i o n  o f  t h e  h y b r i d s  formed between Dam H I  9 and o t h e r  f ragments  
from c o r n  i n d i c a t e  sequence f i d e l i t y .  T h i s  s u g g e s t s  t h e r e  a r e  r e p e a t e d  sequences  in c o r n  
c t  DNR. Work is be ing  performed t o  de te rmine  t h e i r  n a t u r e ,  l o c a t i o n  and c o n s e r v a t i o n  
be:ween s p e c i e s .  
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345 RESTRICTION ANALYSIS O F  MT-DNA FROM OENOTHERA BERTERIANA 
Axel B r e n n i c k e ,  I n s t i t u t  f u r  B i o l o g i e  I ,  D-7400 T u b i n q e n  

O e n o t h e r a  ber te r iana  i s  one o f  t h e  f e w  h i g h e r  p l a n t  species, f o r  w h i c h  
e x t r a c h r o m o s o m a l  i n h e r i t a n c e  has been shown  t h r o u g h  c r o s s b r e e d i n q  ex e r i m e n t s  
and seems a l i k e l y  object  f o r  e x t r a c h r o m o s o m a l  molecular biology i n  f i g h e r  
p l a n t s .  T o  o b t a i n  homogenous  mater ia l  t i s s u e  c u l t u r e s  w e r e  e s t a b l i s h e d .  
M i t o c h o n d r i a 1  DNA w a s  i s o l a t e d  f r o m  DNAse treated m i t o c h o n d r i a  b y  c e n t r i f u g i n g  
i n t o  a C s C l  c u s h i o n  and f u r t h e r  p u r i e f i e d  i n  a C s C l / E t B r  g r a d i e n t .  L e n g t h  
o f  c i r c u l a r  molecules w a s  de te rmined  b y  e l e c t r o n  m i c r o s c o p y  t o  be 6025 x 1 0  
d a l t o n .  R e s t r i c t i o n  f ragments  w e r e  obtained w i t h  E c o  R I ,  Bam H I  a n d  S a l  I .  
B e t w e e n  3 0  a n d  4 0  f ragments  could  be separated and measured on agarose a n d  
a c r y l a m i d e  ge ls  of var ious c o n c e n t r a t i o n s .  T h e 6 a d d e d  l e n g t h s  of t h e s e  
f r a g m e n t s  a m o u n t e d  i n  a l l  cases t o  100+10 x 10 d a l t o n .  T h e s e  d a t a  seem t o  
i n d i c a t e  a t  l eas t  t w o  p a r t l y  d i f f e r e n t - m t  DNA popu la t ions  i n  O e n o t h e r a .  
C u r r e n t  e x p e r i m e n t s  are d e s i g n e d  t o  s t u d y  t h e  d i s t r i b u t i o n  a n d  i n h e r i t a n c e  
m e c h a n i s m s  of t h e s e  m t  DNA’s. 

346 Cl!LOIXlT’LASl 30s KIUnSO!!AL PROTEINS FNCIDEn I N  CIILOROPLAST DNA OF C. REINIIARDI, S t e fan  
Surzycki and F ranc i s  T .  Chandler,  Ind iana  Un ive r s i ty ,  Rloomington, Ind iana  47402 

Tnforniationnl conten t  or ch lo rop la s t  nN.4 of  C. r e inha rd i  was s tud ied  usinp: a n t i b o d i e s  aga ins t  
the  s n a l l  nuhunit  p r o t e i n s  of ch lo rop la s t  ribosomes and an i n  v i t r o  wheat germ p r o t e i n  syn- 
t h e s i s  qystem. Two independent methods w e r e  used (1) t h e  HART (hybr id-ar res ted  c e l l - f r e e  
t r a n s l a t i o n ;  B.:l. Pe te rson  e t  a l .  PNM E : 4 3 7 0 )  and, ( 2 )  t he  c e l l - f r e e  l i nked  t r a n s c r i p t i o n -  
t r a n s l a t i o n  method (S.Kozenblatt  e t  al .  PNAS 12:?747) .  In t h e  Hart exper iments ,  RNA from t h e  
c e l l s  was i s o l a t e d  and hybr id ized  t o  ch lo ron la s t  DNA in a concen t r a t ion  of formamide t h a t  
favor Formation of DSA.JWA hybr ids  but  e s s e n t i a l l y  prevents  DNA.RNA reannea l ing .  DNA.RNA by- 
b r i d s  a r e  n o t  t r a n s l a t e d  i n  e u c a r i o t i c  cell-free system, whi le  hea t  d i s s o c i a t i o n  of t h e  hy- 
b r i d s  r e i n s t a t e s  complete t r a n s l a t i o n a l  a c t i v i t y .  The synthes ized  i n  v i t r o  p r o t e i n s  were 
twice p r e c i p i t a t e d  wi th  antibodv and pansorb in  and analyzed on SDS g rad ien t  E e l s .  Three pro- 
t e i n s  d isappeared  from the  hybr id ized  r e a c t i o n s  which were not heated ,  and w e r e  p re sen t  in 
heated r eac t ions .  This i nd ica t ed  t h a t  t hese  p r o t e i n s  a r e  encoded i n  ch lo rop la s t  DNA. The 
sane r e s u l t s  were obta ined  i n  t h e  c e l l - f r e e  l inked  t r a n s c r i p t i o n - t r a n s l a t i o n  system when 
-~ E. c o l i  MA polymerase w a s  used f o r  t r a n s c r i p t i o n  of ch lo rop la s t  DNA, followed by t r a n s l a t i o n  
us ina  the  wheat germ system. The experiments were c a r r i e d  out us ing  HART and l i nked  systems 
wi th  separa ted  EcoRl framnents of ch lo ron la s t  DNA t o  e s t a b l i s h  t h e  p r e c i s e  l o c a l i z a t i o n  of 
these  genes. Pre l iminary  experiments i n d i c a t e  t h a t  t he  genes f o r  ch lo rop la s t  r ibosomal pro- 
t e i n s  i n  ques t ion  a r e  not  l oca t ed  on t h e  fragments con ta in ing  ch lo rop la s t  r ibosomal RNA 
zenes.  

347 
The t r a n s c r i p t i o n  of ch lo rop la s t  DNA durinp, t h e  c e l l  cvc le  06  synchronously prowinp Chlamvdo- 
m n a s  s t r a i n  CW15and regreening  o f  yellow mutant Y - 1  were examined. The c e l l s  were pu l se  l a -  
beled with 32P-orthophosphate a t  d i f f e r e n t  t imes  dur ing  t h e  cel l  c y c l e  or development of chlo- 
rop la s t .  A t o t a l  RNA w a s  i s o l a t e d  and hybr id ized  t o  Southern h l o t s  of FcoRl o r  Barn frapments 
of ch lo rop la s t  DNA. The r e s u l t s  i n d i c a t e  t h a t  t he re  a r e  a t  l e a s t  t h r e e  c l a s s e s  of DNA f rap-  
m a t s  wi th  r e spec t  t o  t h e i r  t r a n s c r i p t i o n  (1) a f r a w e n t s  which a r e  t r ansc r ibed  cont inuous lv  
throughout t h e  cell  cyc le  and ch lo rop la s t  development, ( 2 )  a Fragments f o r  which express ion  
v a r i e s  dur ing  ce l l  growth and/or res reening ,  and ( 3 )  a frapments which are not  t r ansc r ibed  a t  
a l l  a t  any s t a g e  of ce l l  cyc le  or ch lo rop la s t  development (EcoR1 frapments of Pfl! 2.14,1.9,  
1.2 x lo6 ). The phys ica l  map of EcoRl fragments o f  ch lo ron la s t  DNA (Rochaix,l978),  i n d i c a t e  
t h a t  t hese  unt ranscr ibed  fragments are loca ted  i n  a 

fl%*r6fge8f t o t a l  RNA syn thes i s  dur inp  t h e  cel l  cycle =as a l s o  measured. The r e s u l t s  ind i -  
c a t e  t h a t  t o t a l  RNA w a s  synthes ized  a t  d i f f e r e n t  r a t e s  durinp the  cel l  c v c l e  with maximum “vn- 
t h e s i s  between 4 and 6 h r .  of l i g h t .  The exhaus t ion  hybr id i za t ion  experiments w i th  excess  
ch lo rop la s t  DNA showed t h a t  ch lo rop la s t  RNA syn thes i s  w a s  c.a 
syn thes i s  in t h e  cells. 
t o t a l  RNA syn thes i s .  
t o  6 hr .  of l i g h t .  The syn thes i s  of ch lo rop la s t  ribosomal RNA however a t  t h i s  time is r e l a -  
t i v e l y  decreased as ind ica t ed  by Southern b l o t  hybr id i za t ion .  

CHLOROPLAST GENE EXFRESSION I N  CHLAMYDOElONAS WINFARDI, Yoshihiro Yatsuda and S te fan  
Surzycki ,  Ind iana  Univers i ty ,  Bloomington, Ind iana  47402 

c l u s t e r  near  t he  end of  t he  one of two 

2.5 percent  of t o t a l  RNA 
This i n d i c a t e s  t h a t  ch lo rop la s t  RNA svn thes l s  i s  p ropor t iona l  t o  the  

Therefore  maximum rate of ChlOroplaSt RNA syn thes i s  a l s o  occurred a t  4 
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The c h l o r o p l a s t  genomes of h i g h e r  p l a n t s  have been shown t o  be c i r c u l a r  molecules  of  approxi -  
mately 90 m i l l i o n  d a l t o n s  M. W t .  To d a t e ,  on ly  green  a l g a l  c h l o r o p l a s t  DSA (ctDNA) has  been 
s t u d i e d  with regard  t o  s i z e  and t h e  M . W t ' s  r ange  from 90-200 m i l l i o n  d a l t o n s  dependent u p o n  
t h e  organism. P r e l i m i n a r y  s t u d i e s  w i t h  t h e  w a l l - l e s s  u n i c e l l u l a r  non-green a l g a  , Olisti to- 
_ _ ~  d i s c u s  l u t e u s ,  an  organism whose c h l o r o p l a s t  b i o g e n e s i s  is under i n t e n s e  i n v e s t i g a t i o n ,  
i n d i c a t e  a c h l o r o p l a s t  genome s i z e  s m a l l e r  than  any o t h e r  so f a r  examined. Ue have i s o l a t e d  
c h l o r o p l a s t  DNA from i n t a c t  c h l o r o p l a s t s  of  0. m. C e l l  homogenates were DNAse t r e a t e d  
t o  remove n u c l e a r  DNA (nDNA) and t h e  DNAse r e s i s t a n t  c h l o r o p l a s t  p e l l e t s  o b t a i n e d  fo l lowinl :  
c e n t r i f u g a t i o n  of t h e  homogenate were r e p e a t e d l y  washed t o  e l i m i n a t e  mi tochondr ia1  contaminn- 
t i o n .  DNA was e x t r a c t e d  from t h e  c h l o r o p l a s t s  and was f r a c t i o n a t e d  bv CsC1-ethidium bromide 
g r a d i e n t  c e n t r i f u g a t i o n .  The s i n g l e  ban.1 o b t a i n e d  r h n r P r t e r i s t i c n l l y  <(,!it . i r * < J  I 5 P  ctnNA 
(hnnvent d c n s i t y  1.691) m d  25X nDNA (buoyant d e n s i t y  1.702)  and c o n s i s t e d  of  s h o r t  l i n e a r  
DNA and open c i r c u l a r  DNA.  The open c i r c l e s  had avg. contour  l e n g t h s  of  11, 2 2  and $ 4  L m  
cor responding  t o  M. W t .  of 22, 44 and 88 m i l l i o n  d a l t o n s  wi th  t h e  2 2  m i l l i o n  d a l t o n  c i r c l e  
s i z e  be ing  t h e  l a r g e s t  s i z e  c l a s s .  Recent ly ,  i s o l a t i o n  of c t l "  f r e e  of  nDNA contaminat ion  
has  been achieved by u s e  of Hoechst dye - C s C l  g r a d i e n t  C e n t r i f u g a t i o n .  l ' rel iminarv r e s t r i c -  
t i o n  enzyme a n a l y s i s  w i t h  t h i s  DNA i n d i c a t e s  a genome s i z e  of a t  most 60 m i l l i o n  d a l t o n s  !1. 
W t .  Denatura t ion  mapping w i l l  be employed t o  a s s e s s  r e l a t e d n e s s  among c i r c l e s .  The s m a l l e r  
c h l o r o p l a s t  genome s i z e  of  0. l u t e u s  may r e l a t e  t o  the e v o l u t i o n a r i l y  p r i m i t i v e  p o s i t i o n  o f  
t h i s  organism. 

CHARACTESIZATION OF THE CHLOROPLAST GENOME OF THE M A R I N E  A K A ,  OLISTHODISCUS w, 
Jane Aldr ich  and Rose Ann C a t t o l i c o ,  U n i v e r s i t y  of  Washington, S e a t t l e ,  WA. 98195. 
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DNA q y r a s e  i s  capable  o f  i n t r o d u c i n g  s u p e r h e l i c a l  t u r n s  i n t o  DNA and i s  r e q u i r e d  i n  s e v e r a l  
m i c r o b i a l  sys tems which r e p l i c a t e  n e g a t i v e l y  s u p e r c o i l e d  c l o s e d  c i r c u l a r  DNA. S i n c e  i s o l a t e d  
m t D N A  p o s s e s s e s  t h e s e  p r o p e r t i e s ,  w e  have sought  ev idence  f o r  t h e  involvement o f  t h i s  enzyme 
i n  m t D N A  r e p l l c a t i o n  employing an i n  v i t r o  mtDNA r e p l i c a t i o n  s y  t e m  developed i n  o u r  l a b o r a -  
t o r y  (J. B i o l .  Chem., 248,1912 (1973". The i n c o r p o r a t i o n  o f  ( H)dATP i n t o  m t D N A  by 1%- 

l a t e d  mitochondria was s t u d i e d  i n  t h e  presence  o f  known E. c o l i  g y r a s e  i n h i b i t o r s ,  namely 
novobioc in ,  coumermycin, n a l i d i x i c  a c i d  and o x o l i n i c  a c i d .  A l l  showed concent ra t ion-depend-  
e n t  i n h i b i t i o n  of i n c o r p o r a t i o n ,  and 50% i n h i b i t i o n  was a t t a i n e d  a t  c o n c e n t r a t i o n s  which g i v e  
e q u i v a l e n t  i n h i b i t i o n  o f  DNA r e p l i c a t i o n  i n  t h e  E .  c o l i  system. A n a l y s i s  o f  t h e  mtDNA S p e c i e s  
s e p a r a t e d  upon s u c r o s e  g r a d i e n t  c e n t r i f u g a t i o n  showed a g r e a t e r  i n h i b i t i o n  o f  s y n t h e s i s  o f  
c l o s e d  t h a n  of open c i r c u l a r  mtDNA and t h e s e  r e s u l t s  w e r e  suppor ted  by t h e  a n a l y s i s  of  upper  
and lower band m t D N A  a f t e r  CsC1-ethidium bromide c e n t r i f u g a t i o n .  These r e s u l t s  a r e  c o n s i s t e n t  
w i t h  t h e  involvement o f  t h e  DNA g y r a s e  i n  rntDNA r e p l i c a t i o n .  Sucrose  g r a d i e n t  a n a l y s i s  of  
m t D N A  l a b e l e d  a s  above and subsequent ly  d e n a t u r e d  t o  l i b e r a t e  t h e  7 5  i n i t i a t o r  s t r a n d  shows 
t h a t  t h e  above i n h i b i t o r s  d e p r e s s  dATP i n c o r p o r a t i o n  i n t o  h i g h  molecular  weight  m t D N A  rmre 
t h a n  t h r e e  t i m e s  a s  s t r o n g l y  a s  i n t o  75 DNA, s u g g e s t i n g  t h a t  t h e  s i te  o f  a c t i o n  o f  t h e  i n h i b -  
i t o r s ,  and t h e r e f o r e  of t h e  presumed q y r a s e ,  may be o n  t h e  e l o n g a t i o n  o f  t h e  7 s  s t r a n d .  
Supported by NIH(GM223331, American Cancer Soc.!NP87J), and an NRSA (GMD6873) t o  F.J.C. 

EVIDENCE FOR A DNA GYRASE I N  RAT L I V E R  MITOCHONDRIA, Frank J. C a s t o r a  and 
Melvin v .  Simpson, S U . N . Y .  a t  S tony  Brook, Stony Brook, N . Y .  11794 
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The chromatin s t r u c t u r e  of t h e  a m p l i f i e d ,  extrachromosomal r R N A  genes  of Tetrahymena thermo- 
phila h a s  been s t u d i e d  by photochemical c r o s s l i n k i n g  of t h e  rDNA i n  v i v o  w i t h  t r i m e t h y l -  
psora len .  The DNA 
w a s  then  p u r i f i e d  and t h e  rDNA s e p a r a t e d  from t h e  bulk  DNA. 
l i n k s  were determined by e l e c t r o n  microscopy of t h e  DNA under t o t a l l y  d e n a t u r i n g  c o n d i t i o n s .  
The non-ribosomal DNA showed c r o s s l i n k s  s e p a r a t e d  by i n t e r v a l s  of 200 and 400 b a s e  p a i r s ,  a 
p a t t e r n  t h a t  i s  c o n s i s t e n t  w i t h  a nucleosome s t r u c t u r e  f o r  t h e  chromat in .  
d e f i n e d  r e g i o n  of  t h e  rDNA showed a d i s t i n c t i v e  c r o s s l i n k i n g  p a t t e r n .  
r e g i o n s  had c r o s s l i n k s  spaced a t  i n t e r v a l s  of about  220 and 440 b a s e  p a i r s ,  which could  
r e p r e s e n t  a nucleosome s t r u c t u r e .  The c e n t r a l  spacer  r e g i o n  w a s  h i g h l y  p r o t e c t e d  from psor- 
a l e n  c r o s s l i n k i n g  i n  v ivo .  
between a d j a c e n t  c r o s s l i n k s  showed peaks a t  210, 335, and 460 base  p a i r s .  
p a t t e r n s  observed upon i n  v i t r o  p h o t o r e a c t i o n  of d e p r o t e i n i z e d  rDNA e l i m i n a t e d  t h e  
p o s s i b i l i t y  t h a t  t h e  i n  v ivo  c r o s s l i n k i n g  p a t t e r n s  were simply a r e f l e c t i o n  of t h e  
DNA base  sequence. 
n o t  c l o s e l y  resemtie t h a t  of :he b u l k  chromat in ,  and t h a t  t h e r e  a r e  s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  s t r u c t u r e s  of t r a n s c r i b e d  and n o n t r a n s c r i b e d  r e g i o n s .  

CHROMATIN STRUCTURE OF AN EXTRACHROMOSOMAL GENE, Thomas Cech. U n i v e r s i t y  of Colorado, 
Boulder,  Colo. 80309, and Kathleen Karrer, Indiana  U n i v e r s i t y ,  Bloomington, I n .  47401. 

Liv ing  c e l l s  were t r e a t e d  w i t h  p s o r a l e n  p l u s  360nm r a d i a t i o n  f o r  40 s e c .  
The l o c a t i o n s  of  p s o r a l e n  c r o s s -  

Each f u n c t i o n a l l y -  
The t e r m i n a l  s p a c e r  

I n  t h e  t r a n s c r i b e d  r e g i o n s ,  t h e  d i s t r i b u t i o n  of d i s t a n c e s  
The c r o s s l i n k i n g  

Weconclude  t h a t  t h e  i n  v i v o  chromat in  s t r u c t u r e  of t h e  rDNA does  
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351 KESTRICTION ENDONUCLEASES USED TO MEASURE MITOCHONDRIAL DNA SEQUENCE DIVERSITY IN 
NATUML POPULATIONS, Robert A. Lansman, John C. Avise and Rosemary Shade, Un ive r s i ty  
of  Georgia,  Athens, Ga., 30602. 

Sequence he te rogene i ty  i n  mitochondria1 DNA (mtDNA) can be e a s i l y  de t ec t ed  by examining t h e  
s i z e s  of fragments produced by c leavage  wi th  r e s t r i c t i o n  endonucleases.  
enzymes t o  d i g e s t  a l a r g e  number of mtDNA samples from n a t u r a l  popula t ions  of two rodent  
genera,  Peromyscus and Geomys. Ind iv idua l s  c o l l e c t e d  wi th in  a s i n g l e  geographic l o c a l e  show 
l e s s  than 0.5% sequence d i v e r s i t y  wh i l e  those  c o l l e c t e d  from popula t ions  sepa ra t ed  by 50-500 
m i l e s  d i f f e r  by approximately 1.5%. Two s i b l i n g  spec ie s  wi th in  the  genus Peromyscus have a 
13% sequence divergence wh i l e  non-s ib l ing  spec ie s  d i f f e r  by more than  20%. 
t h a t  t h e  r a t e  o f  mtDNA sequence divergence may be g r e a t e r  than  t h a t  of nuc lea r  DNA and t h a t  
r e s t r i c t i o n  a n a l y s i s  of mtDNA may become the  most s e n s i t i v e  technique  y e t  a v a i l a b l e  f o r  re- 
cons t ruc t ing  evolu t ionary  r e l a t i o n s h i p s  between conspec i f i c  popula t ions .  

The usefu lness  of t h e  technique  is  demonstrated by a comparison of mtDNA sequences i n  Geomys 
colonus and an "endangered spec ies"  Geomys p ine tus .  Since r e s t r i c t i o n  a n a l y s i s  does n o t  
d e t e c t  any d i f f e r e n c e s  between & i n e t u s  and G. colonus from t h e  same l o c a l e  and sequences 
d i f f e rences  between geographica l lyfsepara te  pozl-of G. colonus are e a s i l y  d e t e c t a b l e ,  
w e  be l i eve  the  spec ie s  s t a t u s  of  G. p ine tus  should be r e c o n x d e r e d . S u p p o r t e d  by N . I . H .  
Grant G M 2 3 2 4 6 ) .  

We have used s i x  

These d a t a  sugges t  

352 O R G h X I Z B X O l J  AND EVOLUTION OF RIBOSOMAL DNA IN PAHA:.ECILM, R .  Cra ig  Findly* and 
Joseph G .  G a i l ,  Department of  Biolopy, Yale Un ive r s i ty ,  New Haven, Conn. and 
*WorcastPr Foundation ?or Experimental b io lom,  Shrewshury, Mass. 

The Benes coding fo r  ribosomal HNA ! r D N A )  i n  t h e  macronucleus of Paramecium t e t r a u r e l i a  e x i s t  
a s  r e l a t i v e l y  small, extrachromosomal molecules w i t h  both l i n e a r  and c i r c u l a r  forms. Elec t ron  
microscopy and r e s t r i c t i o n  enzyme a n a l y s i s  revea led  t h a t  t h e  r D N A  i s  ar ranped  as nonpalindrom- 
i c ,  tandem repea t s  wi th  an averafie r epea t  s i z e  of 5.5 x 106 da l tons  (F ind ly  & Gall ,  PNAS E, 
3312 [19781).  
of r D N A  i n  seven a l l o p a t r i c  s t o c k s ,  which were o r i g i n a l l y  c o l l e c t e d  on f i v e  con t inen t s .  
Severa l  of t h e  s tocks  have probably been e e n e t i c a l l y  separa ted  s ince  t h e  l a t e  Mesozoic. Wtiole 
c e l l  DNA from each s tock  w a s  diEested with EcoRl o r  Hind I11 and a f t e r  e l ec t rophorec i s  i n  
a,carose c e l l s  t h e  DNA was e l u t e d  onto n i t r o c e l l u l o s e  f i l t e r s  and hybr id ized  w i t h  32P-cRNA 
made from p u r i f i e d  r D N A ,  o r  wi th  3PP-rRNA. 
from t h e s e  s tocks  are very s imi l a r  i n  r e s t r i c t i o n  p a t t e r n  and poss ib ly  i n  sequence, althou(7h 
l i m i t e d  he te rogenei ty  i n  t h e  s i z e  of f r a p e n t s  conta in ing  spacer  sequences was observed. 
These r e s u l t s  i n d i c a t e  t h a t  t h e  r D N A  r e p e a t ,  i nc lud inp  space r ,  has been conserved dur ing  t h e  
evo lu t ion  of t h e s e  s tocks .  It  i s  sue:i:ested t h a t  i n  some spec ie s  s e l ec t io i i  p re s su re  may a c t  
t o  conserve t h e  s t r u c t u r e  of space r s  of tandemly repea ted  r D N A  cenes .  The conserva t ion  may 
be r e l a t e d  t o  t h e  number of  r D N A  copies  i n  t h e  perminal nuc leus .  

To s tudy  t h e  evolu t ion  of r D N A  i n  5. t e t r a u r e l i a ,  w e  compared t h e  o rcan iza t ion  

T h e  cRNA hybr id i za t ions  revea led  t h a t  t h e  r D N A  

353 
The primary purpose of my work and t h a t  of my s tuden t s  is t o  ana lyze  the  p l a s t i c i t y ,  con t r i -  
bu t ion  and i n t e r a c t i o n  of the  "cell  cycle" and "organel le  cycle" dur ing  ch lo rop la s t  bio- 
genes is .  Ol i s thodiscus  -, a member of t h e  Chloromonadaceae which i s  considered t o  be a 
p r imi t ive  a l g a l  d iv i s ion ,  has been used i n  our  s t u d i e s .  This m u l t i p l a s t i d i c  organism has a 
number of  unique experimental  a s s e t s :  both c e l l  and ch lo rop la s t  d i v i s i o n  occur a s  s epa ra t e  
and d i s c r e t e  even t s  dur ing  synchronous growth, ch lo rop la s t  number per  c e l l  can be va r i ed  by 
manipula t ion  of environmental  cond i t ions ,  t h e  smal l  d i s c o i d a l  ch lo rop la s t s  can be coucted by 
d i r e c t  microscopic observa t ions  ( thus  allowing s t r i n g e n t  s t a t i s t i c a l  c r i t e r i a  t o  be app l i e?  
t o  popula t ion  a n a l y s i s ) ,  and the  c e l l  is  n a t u r a l l y  wa l l - l e s s ,  which f a c i l i t a t e s  o rgane l l e  
i s o l a t i o n .  We have co r re l a t ed  genome and plastome p lo idy  l e v e l s  using r eas soc ia t ion  k i n e t i c  
da t a ,  demonstrated a v a r i a b i l i t y  i n  ctDNA l e v e l s  which is  dependent upon o rgane l l e  complement, 
and have shown t h a t  t h i s  organism conta ins  a covalen t ly  c losed  c i r c u l a r  ctDNA which is 
probably s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  observed i n  a l l  o the r  p l a n t  spec ie s  s tud ied  t o  
d a t e  ( see  Aldr ich  and Ca t to l i co  a b s t r a c t ) .  Parasextua l  fu s ion  experiments,  c t D N A  r e s t r i c t i o n  
mapping, cyc le  dependent induct ion  of ch lo rop la s t  d i v i s i o n  response,  and cDNA r e p l i c a t i o n  
are re sea rch  a reas  i n  which w e  are a c t i v e l y  engaged. I welcome the  oppor tuni ty  of  t h i s  
symposium t o  sha re  our  m n s t  r ecen t  s t u d i e s  wi th  t h i s  spec ia l i zed  group of co l leagues .  

ORGANELLE BIOGENESIS I N  A MARINE CHLOROMONAD, R . A .  Ca t to l i co ,  Univers i ty  of Washing- 
ton ,  S e a t t l e ,  WA. 98195. 
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Ohio, 44106. 
Chloroplast DNA (cpDNA) from Chlam domonas eu ametos and C. moewusii are s u f f i c i e n t l y  
d i f f e ren t  i n  sequence t h a t  they g i i e  dist ingugshable d i g e E t i m r n s  w i t h  a number o f  
r e s t r i c t i o n  endonucleases. These two species can mate t o  produce f e r t i l e  hybr id  zygotes, 
and the r e s t r i c t i o n  pat tern differences have been used as markers f o r  f o l l ow ing  the 
inheritance o f  cpDNA sequences. 
i s  i nhe r i t ed  i n  a non-Mendelian pat tern which corre la tes w i t h  the inher i tance o f  a 
Uniparental genetic marker present i n  the same cross. These r e s u l t s  demonstrate tha t  cpDNA 
could carry  the Uniparental genome of these species, but  o ther  extrachromsomal DNA's 
are no t  excluded as poss ib le  ca r r i e rs .  

INHERITANCE OF CHLOROPLAST DNA SEQUENCES I N  IHTERSPECIFIC HYBRIDS OF CHLAMYDOMONAS, 
Laurens J. Mets, Department of Biology, Case Western Reserve Univers i ty ,  Cleveland, 

I n  complete te t rads germinated from hybr id  zygotes, cpDNA 

355 EXPRESSION OF CAULIFLOWER MOSAIC VIRUS DNA IN PLANT CELLS, Joan T. Ode11 and Stephen 
H. Howell, Biology Department, Univ. Calif. San Diego, La Jolla. Calif. 92093. 

We are studying the transcription and translation of the cauliflower 
mosaic virus (CaMV) genome which may be important to the use of this virus 
as a vehicle for carrying foreign DNA into plant cells. 
a region of the viral genome, apparently dispensible to the multiplication 
of the virus, into which foreign DNA might be inserted and extensively ex- 

CaMv (Cabb B-J.I.) infected 
ment c of the CaMV genome. Q2P-labeled cDNA produced from infected cell 
poly A+ RNA hybridizes with CaMV R1 fragments c and b. When the cDNA is 
size fractionated, the small cDNA pieces (<0 .3  kb) hybridize almost ex- 

We are examining 

.pressed in the infected plant cell. An abundant poly A+ RNA found in the 
lant is largely derived from the EcoRl frag- 

a 0 
clusively to b, suggesting that poly A+ RNA extends from c to its 3' terminus in b. 

viral coat protein, may be encoded in the same region of the CaMV genome. 
this by hybrid-arrested translation (Paterson g g., PNAS 74, 4370, 1977) in which the 
vitro translation of p66 from infected plant poly A+ RNA is suppressed by hybridization to 
DNA from plasmid pLWlll, which contains fragment b, c and d inserted into pMB9. Further evi- 
dence suggesting that p66 is derived from fragment c was obtained by analyzing plants infect- 
ed with CM4-184, a non aphid-transmitted isolate in which 5% of the genome is deleted in 
fragment c (Hull and Howell Virology as, 482, 1978). Plants infected with (244-184 do not 
produce ~ 6 6 .  

A new protein, p66, produced in great abundance in infected leaves, but unrelated to the 
We have shown 

356 
Brookhaven National Laboratory, Dept. of Biology, Upton N.Y. 11973 
RNase I11 of 1.- was originally described as an enzyme that nonspeciffcally 
degrades double-stranded RNA. but its physiological role appears to be as an RNA 
processing enzyme, which cuts specifically primary transcripts for ribosomal RNAs, 
some tRNAs. and perhaps other M A S .  Since it is widely believed that chloroplasts 
are of prokaryotic origin it was of interest wether chloroplast rRNAs are processed 
by an enzyme similar to RNase 111. *en the DNA of the plasmid pZm 134 which 
contains the chloroplast rDNA (Bedbrook et al. Cell 11. 739 (1977)) is transcribed -- in vitro with E.Coli RNA polymerase two major RNA products of about 45s and 50s 
are produced. The 50s  RNA contains chloroplast rRNA sequences as judged by 
competition hybridisation with isolated chloroplast rRNA. When the 45s and 505 
RNAs are incubated with RNase I11 under conditions known to promote a cleavage of 
high fidelity ( h n n  J., J.Biol.pem. 211. 3807 (1976)) the 45 S species is not 
cleaved but the 50s species is cut into three major fragments of approximately 
235, 17s and 14 S. Studies wether these cleavage products are related to in vivo 
chloroplast rRNA of Zea Mays are under way. 

SYNTHESIS AND PROCESSING OF RNA ' S  SYNTHESIZED FRflM A PLASMID CONTAINING 
THE CHLOROPLAST RIBOSOMAL DNA OF ZEA MAYS, Gerhard C. Gross and John J. Dunn; 
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Los Angeles, Ca. 90007 
Chromatins from muse Ehrlich ascites t u m r  cells, chicken retlculocvtes, and chicken liver 
have been purified and subsequently extracted with 2 M NaCl. 
high-speed centrifugation consisted of essentially two components, protein-free DNA and 
protein-bound DNA. The protein-DNA complexes (DNA-P) were then separated from the protein- 
free DNA (DNA-S) by low-speed centrifugation. 
but still showed some resistance to micrococcal nuclease digestion when compared to total 
DNA or DNA-S; however continued digestion of DNA-P did result in complete degradation. 
Digestion of the fractionated DNA's with restriction enzymes Eco RI and Hae I l l  revealed 
some differences between electrophoretic migrations of repeating sequences in the ONP-S and 
DNA-P obtained from Ehrlich ascites cells. Eco R I  digestion revealed no differences in the 2wo 
fractions from chicken reticulocytes; digestion with other restriction enzymes resulted in the 
absence of detectable banding. Reticulocyte and liver chromatins were fractionated into DNA-S 
and DNA-P: these two fractions as well as whole chromatin were deproteinized, sheared, and 
hybridized to a globin cDNA probe. The Cot values suggest that in reticulocytes virtually 
a l l  of the globin gene sequences are present in DNA-P, while DNA-S shows negligible hybridi- 
zation to globin cDNA. In liver the reassociation of the cONA probe to DNA-S was essentially 
the same as for total DNA, while the DNA-P showed negligible reassociation. The data suggests 
that the proteins bound to DNA after 2 M NaCl extraction may act as regulatory mlecules. 

FRACTIONATION OF THE CHICKEN GENOME INTO DNA SEGMENTS DEPLETED AND ENRICHED IN GLOBIN 
GENE SEQUENCES, Carol Hirell and Isaac Bekhor, University of Southern California, 

The pellets remaining after 

The DNA-P was determined to be free of histones 

358 
Cibacron Blue F3GA, a polyaromatic dye covalently cross-linked to agarose, was recently shown 
to afford a rapid, single-step purification of four different restriction endonucleases (Baksi 
et al., Biochemistry 17, 4136, 1978). The enzymes so obtained were free of contaminating 
nucleic acids and other nucleases, and yielded fragments that could be ligated. Pal I was found 
in a very large amount, ranging from 128,000- 190,000 units per gram of frozen cells. Chroma- 
tography on Cibacron Blue, Heparin agarose and Sephacryl S-200 was employed to purify Pal I 
1650-fold with a yield of 33%. The enzyme moved as a single band on polyacrylamide gel electro- 
phoresis, and had a mol. wt. of 30,000 upon SDS-polyacrylamide gel electrophoresis and of 
32,000 upon gel filtration on Sephacryl 5-200. Other properties of Pal I and applications of 
the blue dye procedure to the purification of other restriction enzymes will be presented. 

PURIFICATION OF PAL I AND ITS PROPERTIES, Krishna Baksi and George W. Rushizky, 
National Institutes of Health, Bethesda, MD 20014 

359 
A preparation of hybrid plasmids generated by insertion of Hind I11 digested Tetrahymena DNA 
into the &&d I11 site of pBR 322 was used to transform E. coli. 
sulting clones were screened by colony hybridization for sequences complementary to 
Tetrahymena 32P labeled 4s RNA; 12 positives were detected by autoradiography. 
the complexity of the Tetrahymena genome (-1.5 x 10l1d) and the repetition frequency of tRNA 
genes (-1000/haploid genome) and assuming that the cloning process does indeed give a random 
sampling of the Tetrahymena genome, this proportion of positive clones is much lower than 
would be expected for sequences dispersed throughout the genome. 
isolated from each of the 12 candidates, it was found that 9 of the hybrid plasmids contained 
either one or both Hind I11 fragments of a doublet of 2300 and 2134 bp. Four of these clones 
contained the doublet together in the same absolute orientation, as determined by restriction 
endonuclease cleavage mapping. 
- Hind I11 fragments. 
minimum of 8 tRNA genes included within the DNA of the Hind I11 doublet, and possibly many 
more. 
has been found to contain tRNA genes. 
nucleases has failed to show any regular spacing of the kind associated with the 5s  RNA gene 
clusters of many organisms. including Tetrahymena. 
in Tetrahymena are highly 
with little, if any, of the lower order regularity often associated with gene clusters. 

CLUSTERING OF TRANSFER RNA GENES IN TETRAHYMENA THEMOPHILA. Richard Jefferson, 
Eduardo Orias, and John Carbon, University of California, Santa Barbara, CA 93106. 

Two thousand of the re- 

Considering 

Upon analysis of plasmid DNA 

Seven of the 9 clones also contained additional Tetrahymena 
Further analysis of the clones by Southern gel hybridizations has shown a 

Thus far, every region of the doublet accessible to analysis by Southern hybridizations 
Detailed restriction mapping with 12 restriction endo- 

These results indicate that the tRNA genes 
clustered within a discrete repeating unit of at least 4.1 kb, but 
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360 RAPID EVOLUTION OF MITOCHONDRIAL DNA, Matthew George, Jr., Wesley M. Brown, and 
Al lan C. Wilson, Un ive rs i t y  o f  Ca l i f o rn ia ,  Berkeley, CA 94720. 

The mitochondrial DNA o f  f i ve  primate species (human, green monkey, rhesus, baboon, and 
langur) was digested w i t h  each o f  eleven r e s t r i c t i o n  endonucleases. 
lyzed by agarose gel electrophoresis and e lect ron microscopy, and cleavage maps were prepared 
f o r  each o f  the f i v e  species. 
Nucleic Acids Research, 4, 1257), we ca lcu lated s ,  the f r a c t i o n  o f  shared r e s t r i c t i o n  s i tes,  
an The r e s u l t s  i nd i ca te  t h a t  mrtochon- 
d r t a f  DNA has been evolv ing about 10 times f a s t e r  than single-copy nuclear DNA. Rate ana- 
l y s i s  ind icates t h a t  about 80% o f  the s i t e s  evolve very rap id ly ,  whi le  approximately 20% of 
the s i t e s  evolve a t  a much slower ra te.  
re la t i onsh ip  between e and divergence time. 
po r t i on  o f  the genome t h a t  does no t  code f o r  ribosomal RNA, and t h e i r  evolut ionary pe rs i s t -  
ence may ind icate t h a t  a func t i ona l l y  important sequence i s  located i n  t h i s  region. 
general ly high r a t e  o f  mitochondrial DNA evolut ion could be due e i t h e r  t o  a high r a t e  o f  muta- 
t i o n  o r  t o  a high r a t e  o f  f i xa t i on .  
chondrial DNA may prove t o  be an extremely useful t oo l  f o r  probing re la t ionships among species 
tha t  diverged w i th in  the past 10 m i l l i o n  years. 

The digests were ana- 

With a mathematical approach s i m i l a r  t o  Upholt 's (1977, 

, percent sequence a i f ference among the f i v e  DNAs. 

This i s  i n fe r red  from the non- l i nea r i t y  o f  the 
Several o f  the conserved s i t e s  are located i n  a 

The 

Regardless o f  the reason f o r  i t s  rap id  evolut ion, mito- 

361 
The r e p l i c a t i o n  and t r a n s c r i p t i o n  o f  closed c i r c u l a r  DNA's, such as mtDNA, requi res a swivel 
which could be produced by a n ick ing-c los ing enzyme (topoisomerase). 
(Fed. Proc., 35, 1595 (1976) ) and have now p u r i f i e d  3000-fold such an enzyme from r a t  l i v e r  
mitochondria. However, i t s  spec i f i c  a c t i v i t y  a t  t h i s  
p o i n t  i s  roughly 1/4 t h a t  reported f o r  the most a c t i v e  n ick ing-c los ing enzyme.M.Luteus type I 
topoisomerase. It i s ,  i n  comnon w i t h  several o ther  such enzymes, sens i t i ve  t o  NEM. The 
p r inc ipa l  evidence t h a t  the enzyme i s  mitochondrial and d i s t i n c t  from the r a t  l i v e r  nuclear 
enzyme, i so la ted  by Champoux and i n  t h i s  laboratory ,  i s  as fo l lows:  (a) Well-washed inner  
membrane-matrix preparations ra the r  than i n t a c t  mitochondria have been used as the enzyme 
source, thus reducing the p o s s i b i l i t y  o f  advent i t ious contamination. (b) The mitochondria1 
enzyme i s  a t  l e a s t  ZOO-fold more sens i t i ve  t o  i n h i b i t i o n  by ethidium bromide than i s  the 
nuclear enzyme. a s i t u a t i o n  which p a r a l l e l s  the s e n s i t i v i t y  t o  t h i s  agent o f  the mitochon- 
d r i a l  and nuclear DNA polymerases. 
s i t i v i t y  t o  the trypanosomal drug be ren i l ,  which i s  known t o  i n h i b i t  mtDNA r e p l i c a t i o n  i n  
cu l tured human c e l l s  and t o  increase the propor t ion o f  t he  re laxed form o f  mtDNA. 
bereni l  i s  the on ly  s p e c i f i c  i n h i b i t o r  found f o r  a n ick ing-c los ing enzyme and i t  may prove 
useful i n  e luc ida t i ng  the r o l e  o f  t h i s  enzyme i n  the i n t a c t  c e l l .  
GM22333 ( t o  MVS) and GM21175 ( t o  WRB) and Amer. Cancer SOC. grant  NP87J ( t o  MVS) ) .  

EVIDENCE FOR A DISTINCT DNA TOPOISOMERASE I N  MITOCHONDRIA, F.R. F a i r f i e l d ,  
W.R. Bauer, and M.V. Simpson, SUNY, Stony Brook, New York 11794. 

We have detected 

The enzyme i s  no t  y e t  homogenous. 

( c )  The two enzymes show a marked d i f f e r e n t i a l  sen- 

Thus fa r ,  

(Supported by NIH grants 

Sequence Analysis and Viral Replication and Function 

362 STRUCTURE AND FXPRESSION OF MITOCHONDRIAL DNA IN RESPONSE TO ONCOGENIC VIRUS l"SF0R- 
tiATION AND DRUGS, Margit M. K. Nass. Univ. of Penna. Sch. of Med., Phila., Pa. 19104 

The question of whether a gene alteration in mtDNA is essential for expressing malignancy 
has been tested using induction of malignancy by oncogenic viruaes as a model. 
lated from over 20 cell types of hamster. avian and reptilian origin. 
either in vivo or in vitro by polyoma virus, SV40. adenovirus, RSV. or spontaneously. 
used were cells resistant to ethidim. harboring intramitochondrial virions. treated with 
N-methyl-"nitro-N-nitrosoguanidine or with methylglyoxal-bis(guany1hydrazone). a potent 
antimitochondrial drug. 
Hpa 11, Hind 111, Hind 11. B a n  HI, Eco RI and Pst I. 
itDNA8 within the same animal type. 
by analysis of alkaline denaturation and psoralen-crosslinking sites, S1 endonuclease sensi- 
tive sites in heteroduplsx molecules, and D-loop structure. 
The mobilities of mt 12s and 165 rRNA in native and denaturing gels did not differ in control 
and transformed cells. 
mtDNA and RNA synthesis and methylation, properties of isolated mtDNA polymerase and methyl- 
ase, and sensitivity to tranacriptional and other inhibitors. 
major deletions. insertions or base substitutions are present in mcDNA of transformed cells 
under the conditions tested, (2) the results do not rule out the possible presence of a minor 
fraction of very muall but potentially significant base changes, (3) the multiple alterations 
in mitochondria1 biogenesis patterns observed here and earlier suggest complu interactions 
between nuclear and mitochondrial genetic systems in trnnmformation. Supported by NIH and NSF. 

HtDNA was iso- 
Cells vere transformed 

Also 

Restriction cleavage patterns were compared using Hae 111, Hpa 1, 
No differences were detected between any 

Some control and transformed cells were further compared 

Only minor differences were noted. 

Differences were found with respect to mtDNA-protein association, 

It is concluded (1) that no 
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363 CHROMOSOMAL LOCATION OF BACTERIOPHAGE MU DNA REPLICAS, Martin L .  Pato, Nancy Tyler 
and Barbara T. Waggoner, National Jewish Hospital and Research Center, Denver, CO 
80206 

Bacteriophage Mu i s  novel in that i t s  DNA can be integrated essentially a t  random into the 
host chromosome and integration events occur throughout the ly t ic  cycle. We are trying to 
quantitate the extent of integration and t o  determine the location of Mu DNA replicas a f te r  
induction of a lysogen. Most. if not a l l ,  of the replicas cosediment with isolated bacterial 
nucleoids for a t  least  20 min a f te r  induction. The Mu DNA replicas are n o t  released from the 
nucleoids a f t e r  treatment with SDS and heating t o  70' C,  suggesting t h a t  they are covalently 
integrated into the host chromosome from which they are packaged into mature virus particles. 

364 THE METHYLATION OF HERPESVIRUS SAIMIRI DNA IN CULTURED TUMOR CELLS, R .  Desrosiers, C .  
Mulder, C.  Kaschka-Dierich and B. Fleckenstein, N . E .  Regional Primate Research Ctr., 

Harvard Medical School, Southboro, MA. 01772 and Ins t i tu t  fur Klinische Virologie, Erlangen, 
West Germany. 
Herpesvirus saimiri ( H .  saimiri) causes lymphoma and death in several species of N e w  World 
monkeys and a number of continuous lymphoid cell lines hav been established from H. saimiri 

region of 71 X 10 daltons (L-DNA 35% m s i t i o n e d  between a variable number of units of 
repetitive DNA a t  each end (H-DNA 71% G+C). A t  l eas t  a portion o f  the viral DNA in the non- 
producer cell l ine  1670 is present as covalently closed circular episomal DNA. The use of 
restriction enzyme digestion, Southern transfer and hybridization of the viral specific DNA 
has produced evidence that H-sequences present in total  1670 DNA and i n  isolated episomes are 
extensively methylated. 9 1  (recognition sequence CCGG) cleaves H-sequences i n  1670 DNA 
identical t o  virion DNA. &I1 has the same recognition sequence as MI but unlike Q I  i t  
f a i l s  to cleave when the C of the CG dinucleotide i s  methylated. H-sequences of 1670 DNA are 
refractory to cleavage by H a I I ;  less than 10% of the H a11 cleaved H-DNA is t h e  same size as 
the Q I  cleaved H-DNA. Sdklar ly ,  H-sequences of 1 6 h N A  are refractory to  cleavage by SmaI 
(CCCGGG) and Sac11 (CCGCGG) b u t  not SacI, PvuII or PstI which lack the dinucleotide CG in - 
the i r  recogniGn sequence. 
residues in the dinucleotide CG. 
l ines revealed no evidence of methylation of viral H-sequences. 

induced tumors. ihe virion DNA of H .  saimiri ( 4 1 0 0  X 10 b daltons) consists of a u n T  

MethylaKn o f m l i T D N A  i s  known to  occur exclusively a t  C 
Analysis of total  cell  DNA o f  two virus producing lymphoid 

365 SEQUENCE AT 5'-TERMINoS OF SPRING VIFEVZA OF CARP VIRUS MRNA SYNTHESIZED IR VITBO 
K.C. Cupta and Polly Roy, Department of Microbiology, University of Alabama Kedical 

Center, Birmingham, Alabama 55294. 
Sequence analyses of the  5*-terminC of R I A  species  synthesized I n  v i t r o  by spr ing viremia of 
carp (SVCV) v i r ion  associated t raacr ip tase  have been determined. 
ption process, unlike t h a t  of VSV is stimulated by the  presence of S-adenosyl-L-methionine 
(SAM) i n  react ion mixture. 
SAM. 5'-l'eninua s t ruc tures  were analyced by DEAE ce l lu lose  column chromatography, paper 
e lectrophoresis  and paper chromatography. O u r  r e s u l t s  suggest t h a t  there is a basic  capped 
s t ruc ture  at the  5'-terminus, CpppApAp. This s t ruc ture  can be modified by methylations at 
t h e  2-0-ribose of the  penultimate adenosine and at the  7 posi t ion of guanosine. 
t o  many other viral and eukaryotic mRNAs, t h e  penultimate adenosine is methylated pr ior  t o  
methylation o f  guanosine. 
and 7nGpppAmplp. I n  the presence of SAM an increased amount of WpppBmpAp is synthesized. 
No evidence f o r  in te rna l  methylation w a s  found. On comparing t h e  r e s u l t s  obtained with SVCV 
t o  thoae reported f o r  VSV it is evident t h a t  the  bas ic  s t ruc ture  and the  sequence of methyla- 
t i o n  i n  RHIL t ranscr ip ts  is conserved for  d i f fe ren t  rhabdoviruaes. 
Supparted by USPAS G r a n t #  N I A I D  13686-01. 

The SVCV in vitro t r a n s c r i -  

were synthesized i n  the presence or absence I n  v i t r o  t ranscr ip ts  

I n  contrast  

Three 5'-termini have been recognized I CpppApAp.. . , CpppAmpAP.. . , 
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366 CLONING OF TOBACCO CLOROPLAST RIBOSOMAL RNA GENES. Masahiro SUgiura, 
Jun Kusuda and Kazuo Shinozaki, National Institute of Genetics,Mishima 
411, Japan. 

Tobacco chloroplast DNA was digested with EcoRI. The DNA fragments were 
fractionated by agarose gel electrophoresis and transferred to a millipore 
filter according to Southern. The (5'3ZP)rRNAs hybridized to the two 
fragments of MW of 1.9 x l o 6  and 2.8 x l o 6  daltons. Total EcoRI fragments Of 
chloroplast DNA and pMB9 digested with EcoRI followed by phosphatase treatment 
were joined using T4 DNA ligase, and the ligated DNA was used to transform 
_ -  E. coli HB101. 373 Tcr transformants were screened for the presence of the 
rDNA using the colony hybridization. The recombinant plasmids containing a 
1.9 x l o 6  fragment (TC1) and a 2.8 x lo6 fragment (TC309) were selected by 
agarose gel electrophoresis followed by Southern image hybridization. The 
chloroplast DNA was digested partially with EcoRI in the presence of 
distamycin A .  The partial fragments of MW of ca. 5 x l o 6  daltons were 
extracted and cloned. 12 clones containing the rDNA were screened from the 
271 transformants. Ten out of the 12 clones contained the 1.9 x l o 6  and 
2.8 x l o 6  fragments and an extra 0.46 x l o 6  fragment. One of the plasmids 
(TCP6) was purified and digested with EcoRI. The Southern image of the 
fragments hybridized separately to the "P-23s and 16s rRNA. The 23s rRNA 
hybridized to the 2.8 x l o 6  fragment and the 16s rRNA to the 1.9 x l o 6  
fragment . 

COPY NUMBER MVTATIONS OF THE COL E l - D E R I V E D  VECTOR PLASMID, pBGP120, M. Shepard, 
B. Po l i sky ,  Indiana Univers i ty ,  Bloomington, Ind. 47401, and D. Gelfand, Cetus Corp., 
Berkeley, Ca l i f .  94710. 

367 

The ColEl-derived pBGP120 plasmid (11.5MD;15 copies  per chranosome equ iva len t )  has been 
employed as a model system f o r  the  s tudy  of  plasmid r e p l i c a t i o n  con t ro l .  Two copy number 
(cop) mutants have been i s o l a t e d  and s t u d i  d.  POP1 (11.5MD; 74 copies  per  chromosome 
equ iva len t )  i s  uns tab le  i n  an  E. a (ga) background, and breaks down t o  an  a r r a y  of 
smaller plasmids which r e t a i n  the Cop phenotype. 
210 copies  per chromosome equ iva len t )  and has been used i n  a c i s - t r a n s  t e s t  with the pBGP1ZO 
plasmid. - t r a n s  by a product s p e c i f i e d  by the  wild-type plasmid. 
con t ro l  func t ion ,  and the s i t e  a t  which i t  a c t s  have been loca l i zed  t o  a s m a l l  r eg ion  of 
DNA surrounding the  C o l  E l  o r i g i n  of r e p l i c a t i o n .  
is  cu r ren t ly  be ing  sequenced, and experiments a r e  underway t o  fu r the r  cha rac t e r i ze  the 
pu ta t ive  r ep res so r  func t ion .  

0 
One of  these  is  des igna ted  pOPlV6 (4.6MD; 

These experiments have shown t h a t  the  Cop muta t ion  of  pOPlV6 is complemented i n  
The sequences encoding the nega t ive  

This plasmid r e p l i c a t i o n  c o n t r o l  r eg ion  

368 RARE CYTOPLASMIC TRANSP.IISSION OF SV40 TRANSFORMATION I N  MOUSE CYBRIDS, N e i l  
Howell and Ruth Sager ,  Sidney Farber  Cancer I n s t i t u t e ,  Boston, MA. 02115 

Cybrids formed by fus ion  of  SVTZ (SV40-transformed mouse c e l l s )  c y t o p l a s t s  and 3T3 c e l l s  
were analysed for  cytoplasmic t ransmiss ion  of t ransformat ion  phenotypes (T-antigen, growth 
i n  low serum, anchorage independence and tumor igenic i ty) .  To d e t e c t  t r a n s i e n t  or r a r e  
cytoplasmic t ransmiss ion ,  cybr ids  were s e l e c t e d  i n  medium wi th  1% serum, a concent ra t ion  
i n  which only transformed c e l l s  can grow. Colonies were recovered a t  a frequency of about 

serum, cybr id  y i e l d  was about Some of these  r a r e  i s o l a t e s  are cybr ids  i n  which the re  
has  been cytoplasmic t ransmiss ion  of  SV40 genes. when f i r s t  i s o l a t e d ,  c e l l s  o f  t hese  cybr id  
l i n e s  were heterogeneous for T-antigen express ion .  
T-antigen p o s i t i v e  when grown i n  1% serum f o r  30 popula t ion  doublings.  
c u l t u r e  w a s  grown in 10% serum and the  growth r a t e  i nc reased ,  t he  percent  of T-antigen 
p o s i t i v e  cells  decreased .  
SV40 genome i n  these  cybr ids .  
chromosomal i n t e g r a t i o n  l ead ing  t o  c e l l  t ransformat ion  occurs  r e a d i l y .  
a new phenomenon i n  which SV40 r e p l i c a t i o n  and express ion  of t ransformat ion  appa ren t ly  occur  
i n  t h e  absence of chromosomal i n t e g r a t i o n .  

i n  th ree  independent experiments bu t  were n o t  observed i n  c o n t r o l  p l a t i n g s .  ( In  10% 

C e l l s  of one cybr id  suhclone were 100% 
However, when t h e  

This  and o t h e r  evidence sugges ts  an episomal loca t ion  of  t h e  
Mouse c e l l s  are non-permissive f o r  SV40 DNA r e p l i c a t i o n  bu t  

Our s t u d i e s  r e v e a l  

Supported by N I H  research  g ran t  CA-21365. 
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pAATTCCACA 
GGTGT 

TGTGfJATTGTGAGCCGATAACAAlT TGTGG (3 '  1 
ACACCTTAACACTCGCCTATTGTTAA ACACCTTAAp (5 '  ) 

370 5 ' -  AND J'-TERMINAL NUCLEOTIDE SEQUENCES OF KILHAM RAT VIRUS DNA,1 P. Jagadeeswaran' 
and Sankar Mitra, University o f  Tennessee-Oak Ridge Graduate School o f  Biomedical 
Sciences and Biology Division, Oak Ridge National Laborator , Oak Ridge, TN 37830 

We have been interested i n  the repl icat ion of Kilhm R a t  Virus (KRVY because o f  the unique 
hairpin s t ructures  that apparently e x i s t  a t  both ends of  the l inear ,  single-stranded v i r ion  
DNA. 
but the self-priming of KRV DNA i n  v i t r o  with DNA polymerases indicates  that the 3'-terminal 
nucleotide i s  i n  duplex form, and the a b i l i t y  of E. &DNA l igase  t o  join the 3 ' -  and 5 ' -  
termini of the DNA repl icated i n  v i t r o  indicates t h a t  t h i s  is also t rue of the 5'-terminus. 
The obvious conclusion regarding the biological  role  of the 3'-hairpin i s  t h a t  it functions 
as a primer f o r  DNA repl icat ion,  but the biological  role  of the 5'-hairpin i s  not c lear .  
help elucidate the functions of the hairpin structures, we have begun s tudies  t o  determine 
the primary sequence of both the 3 ' -  and the 5 ' - teminus of KRV DNA. 
experiments showed that the f i r s t  nucleotide ded during repl icat ion of KHI DNA i n  v i t r o  i s  
dAMP, we used T5 phage DNA polymerase and [a3 PIATP i n  the absence of other deoxynucleotide 
triphosphates t o  labe l  the 3'-end. 
the 5'-end end t o  es tab l i sh  the sequence of a s t re tch  of 70-odd nucleotides on both hairpins. 
We a l s o  determined the terminal nucleotide of each. (l0perated by Union Carbide Corporation 
under contract W-7405-eng-26 w i t h  the U. S. Department of Energy. 2Postdoctoral Investigator 
supported by contract No. 3322 from the Biology Division of the O a k  Ridge National Laboratory 
t o  the University o f  Tennessee.) 

It is  not c lear  whether these structuxes are l inear  or multiple ("rabbit-ear") hairpins, 

To 

Because preliminary 

9 
The procedures of M a x a m  and Gilbert were used t o  labe l  

371 A NOVEL MECHANISM OF THE CONTROL OF GENE EXPRESSION BY ENDOGENOUS 
CHROMATIN AND POLY(A)-mRNA PEFTIDES, Marian H i l i a r  and Gian L. 

Gianfranceschi, Texas Southern Universi ty ,  Houston, TX 77004 
Two groups of low molecular weight pept ides ,  one assoc ia ted  with chromatin 
and t h e  o ther  with poly(A)-mFtNA, were i s o l a t e d ,  p u r i f i e d  and charac te r ized  
w i t h  respec t  t o  t h e i r  amino acid composition, molecular weight, migration 
on t h i n  layer  chromatography on s i l i c a  g e l  and HPLC on pBondapak C 
I s o l a t e d  pept ides  c o n t r o l  a t  very low concentrat ions transcriptionl%nd t rans-  
l a t i o n  i n  recons t i tu ted  peptide-free, c e l l - f r e e  systems, s t a b i l i z e  double 
stranded s t r u c t u r e  of DNA and pro tec t  it from DNase d iges t ion .  Transcr ip t ion  
and t r a n s l a t i o n  a r e  n o t  a f fec ted  i n  endogenous s y s t e m s  (without  p r i o r  
e x t r a c t i o n  of pept ides) .  There pept ides  are decreased and t h e i r  c o n t r o l  
is l o s t  i n  neoplas t ic  t i s s u e  preparat ions (Novikoff hepatoma, mouse f i b r o -  
sarcoma, mouse lymphosarcoma). Therefore added exogenously they may exert  
t h e  same e f f e c t  as i n  recons t i tu ted  systems prevent ing t i s s u e  dedi f fe ren t ia -  
t i o n  and growth of tumor. 

A postulated theory of the  gene cont ro l  of  t i s s u e  d i f f e r e n t i a t i o n  and 
carcinogenesis  is discussed. 

Supported by a g r a n t  f rom National  Cancer Insti tute No RR 08061 

. 
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312 IDENTIFICATION AND I N  VITRO TRANSLATION OF THE "SARC" mRNA OF MSV 124. 
Ehund  Benz and Bernard0 Nadal-Ginard, Albert  E ins t e in  College of Medicine, New York, 
New York 10461. 

Din0 Dina, 

C e l l  c lones in fec t ed  wi th  Moloney MSV 124 have been shown t o  con ta in  t h r e e  main species  o f  
v i r u s  s p e c i f i c  mRNA. Three RNA spec ie s  of 305. 22s and 15s have been i d e n t i f i e d .  The 305 
mRNA is i d e n t i c a l  t o  mature vRNA and codes in v i t r o  f o r  l a r g e  polypept ides  (72K, 62K) con- 
t a in ing  "gag" information. 
"sarc" information and 3' conanon information. 
containing both 5 '  and 3 '  gene t i c  information. 
not  been establ ished.  
i n  v i t r o ,  t he  22s f r a c t i o n  s p e c i f i c a l l y  mdes f o r  t h r e e  polypeptides which cannot be imuno-  
p rec ip i t a t ed  with anti-MuLV ant ibodies .  
RNA and appear t o  be non-structural  "MSV spec i f i c "  proteins .  Both t h e  s i z e  and informational  
content  of t he  22s RNA and t h e  lack of fnmunoprecipitation by anti-MuLV a n t i s e r a  suggest t h a t  
t h e s e  polypeptides may be r e l a t e d  t o  t h e  transforming gene product of Moloney MSV. The pos- 
s i b i l i t y  that t h e  v i r i o n s  may e f f i c i e n t l y  package mature "sarc" mRNA and t h e  r e l a t i o n s h i p  of 
t h e  MSV s p e c i f i c  polypeptides t o  t h e  s r c  gene product made i n  vivo w i l l  be discussed.  

A second IuRNA. sedimenting a t  22s has  been shown t o  contain 
Several  mRNA preparat ions con ta in  a 15s mRNA 
The r o l e  of t hese  two messages i n  vivo has 

When v i r i o n  RNA is f r ac t iona ted  on sucrose g rad ien t s  and t r a n s l a t e d  

These polypeptides a r e  not coded f o r  by MuLV v i r i o n  

373 RESTRICTION MAPS OF FELINE LEUKEMIA VIRUS FROM SUBGROUPS A,  B. 6 C AND COMPARISON TO THE 
ENDOGENOUS FELV-RELATED SEQUENCES I N  CATS. F. Wong-Staal, R. Koshy, K. Green and R.C .  
Gal lo ,  Laboratory of Tumor Ce l l  Biology, National Cancer I n s t . ,  Bethesda, Md. 20014 

There s r e  epidemiological and se ro log ica l  da t a  ind ica t ing  t h a t  t he  ho r i zon ta l ly  t ransmit ted 
f e l i n e  leukemia v i ruses  (FeLV) a r e  the  causa t ive  agents  in a t  least some leukemias snd lymphomas 
of domestic c a t s .  Three se ro typ ica l ly  d i s t i n c t  groups of FeLV have been i s o l a t e d ,  subgroups A. 
B & C ,  wi th  FeLV-A being the  most commonly occurr ing.  Examination of DNA from c a t  t i s s u e s  f o r  
FeLV prov i r a l  sequences has  been hampered by the presence of endogenous DNA sequences (pu ta t ive  
virogenes) bear ing homology t o  the  prototype FeLVs. 

s e rva t ion  and v a r i a b i l i t y .  For these  experiments unintegrated proviruses  of each subgroupwere 
harvested from in fec t ed  canine thymus c e l l s  s i x  hours post- infect ion.  
d iges t ion  with var ious r e s t r i c t i o n  endonucleases were i d e n t i f i e d  by b l o t  hybr id i za t ion  t o  125 I- 
FeLV RNA. Similar  experiments were performed with c e l l u l a r  DNA from a l a r g e  number of "virus- 
negative'' c a t  t i s s u e s  (normal or leukemic). Several  conclusions can be drawn fromthese s tud ie s :  
(1) The endogenous FeLV-related sequences i n  normal c a t s  have a complexity p a t t e r n  cons i s t en t  
with a non-tandem arrangement of mul t ip l e  copies  of a virogene i n  c a t s .  (2) The endogenous FeLV- 
r e l a t e d  "virogene" is d i s t i n c t  from t h e  prototype FeLVs. (3) Differences in t he  r e s t r i c t i o n p a t -  
t e r n s  were observed with DNA from t i s s u e s  of t he  same c a t ,  or from d i f f e r e n t  c a t s  (heal thy or 
leukemic), i nd ica t ing  t h a t  e i t h e r  rearrangement of  t h e  virogene sequence can occur insome t is-  
sues or t h a t  some of t he  t i s s u e s  of v i r u s  negat ive c a t s  have acquired FeLV sequences b y i n f e c -  
t ion. 

Here we attempt t o  construct  r e s t r i c t i o n  maps of FeLV-A, B, & C t o  evaluate  regions of con- 

The v i r a l  f r agmen t sa f t e r  

374 ORGANIZATION OF THE ENDOGENOUS RD114 VIROGENOb I N  DONESTlL L A L ~ .  
and F. Wong-Staal, Laboratory of Tumor Ce l l  Biology, National Can&%- 
Bethesda, Maryland 20014 

R 

The domestic ca t  (Fe l i s  ca tus )  is one of four  c lose ly  r e l a t e d  spec ie s  of t h e  genus F e l i s .  
which has  mul t ip l e  endogenous virogenes of t he  RD114 v i rus .  
mal f e l i n e  c e l l s  i n  cu l tu re .  
ness  t o  the  baboon endogenous v i ruses  (BaEV), but  none t o  t h e  f e l i n e  Leukemia Viruses (FeLV) 
which have been shown t o  be the  causa t ive  agents  i n  a t  l e a s t  someleukemias and lymphomas of c a t s .  
The poss ib l e  r o l e  of RD114 v i r u s  i n  leukemias of c a t s  has  been pos tu l a t ed ,  bu t  no t  subs t an t i a t ed .  
Nevertheless ,  t he  r e t en t ion  of t hese  virogenes i n  t h e  germ-line aga ins t  s e l e c t i v e  pressures  
suggests  t h a t  they may have a r o l e  i n  some normal c e l l u l a r  processes .  

t eg ra t ion  of RD114 provirus  i n  RD c e l l s  (a human rhabdomyosarcoma c e l l  l i n e ) .  by means of re- 
s t r i c t i o n  endonucleases and "blot" hybr id i za t ion .  
unintegrated RD114 provirus  obtained from canine thymus c e l l s  (A7573) in fec t ed  wi th  RD114 v i r u s .  

The r e s u l t s  i n d i c a t e  t h a t  t h e  8-10 copies  of RD114 virogenes a r e  not  arranged i n  a tandem 
fashion in t he  c a t  genome. Also. t h e r e  appears  t o  be very l i t t l e  divergence among t h e  d i f f e r e n t  
copies  of  RD114 virogenes,  s i n c e  a homogeneous p a t t e r n  corresponding t o  t h a t  of t heun in teg ra t ed  
provirus  was observed. 
f o r  provirus  i n t e g r a t i o n  and some of t hese  sites may be p re fe r r ed  over o the r s .  
these c e l l s ,  some unintegrated form of t h e  provirus  is presen t .  
t i o n  of RD114 genes were observed between d i f f e r e n t  t i s s u e a  of normal and leukemic ca t s .  Thus 
leukemia i n  c a t s  is  not  co r re l a t ed  with rearrangements of RD114 virogenes.  

The v i r u s  can be e l i c i t e d  from nor- 
Hybridizat ion and s e r o l o g i c a l  d a t a  have shown i t s  p a r t i a l  r e l a t ed -  

In t h i s  s tudy,  we examined the  organizat ion of t he  RD114 virogenes i n  cat t i s s u e s  and the  in- 

W e  a l s o  s tud ied  t h e  r e s t r i c t i o n  p a t t e r n s  of 

In  the  heterologously in fec t ed  RD c e l l s ,  some two t o  f i v e  s i t e s  e x i s t  

No d i f f e rences  in theorganiza-  
I n  add i t ion ,  i n  
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375 MUTATIOFIAL ALTERATIOtlS WITHIi,l THE S I M I A N  VIRUS 40 LEADER SEGMEI4T GENERATE ALTERED 
16s and 19s mRNA's, Luis P. V i l l a r r e a l ,  R. White, and P. Berg, Stanford Univers i ty ,  
Stanford, Ca l i f o rn ia  94305 

We have analyzed the s t ruc tu re  o f  the l a t e  cytoplasmic R:IAs made a f t e r  i n f e c t i o n  w i t h  wi ld-  
type simian v i rus  40 and a se t  of v iab le mutants, f ou r  o f  uh ich have delet ions and one an 
i n s e r t i o n  w i t h i n  the nucleotide sequence specifying the leader segment o f  the 16s and 19s 
mRNA's. The p r i n c i p a l  f ind ings are: (i) simian v i rus 40 16s and 19s mRrlA's made dur ing 
i n fec t i ons  w i t h  wild-type v i rus  are heterogeneous w i th  respect t o  the map loca t i on  o f  t h e i r  
5' ends ( i i )  "Spliced" 16s and 19s mRrIA's are made during i n fec t i ons  w i t h  each o f  tl!e. 
mutants although, i n  some cases, the r a t i o  o f  19s t o  165 mR:.IA species i s  reduced. (111) The 
de le t i on  o r  i nse r t i on  o f  nucleotides w i t h i n  the DNA segment defined by map pos i t i on  0.70 t o  
0.75 causes s t r i k i n g  a l te ra t i ons  i n  the types o f  leader s t ructures i n  the l a t e  rnR:IA's. ( i v )  
Ivlany of the l a t e  RNA leader segments produced a f t e r  i n f e c t i o n  w i t h  the mutants appear t o  be 
mu l t i p l y  spl iced. 

376 ANOMALOUS BK PAPOVAVIRUS GENE EXPRESSION I N  PERSISTENTLY INFECTED AND TRANSFORMED HU- 
MAN FETAL BRAIN CELLS, Hawley K. Linke, Kenneth K. Takemoto, Tatsuo Miyamura andGeorge 

C. Fareed, Molecular Biology Ins t .  and Dept. o f  Micro. and Imnunol., UCLA, CA. 90024; and Lah 
o f  V i ra l  Diseases, Nat. I ns t .  o f  A l l e rgy  and In fec t .  Diseases, NIH,  Bethesda, MD 20014. 

The continuous c e l l  l i n e  designated BKHFB was recovered subsequent t o  a l y t i c  i n fec -  
t i o n  o f  primary human f e t a l  b ra in  c e l l s  w i t h  the papovavirus BKV. A f t e r  three years i n  cu l -  
ture, these c e l l s  e x h i b i t  many transformed growth propert ies; are tumorigenic i n  athymic nude 
mice; and are p e r s i s t e n t l y  i n fec ted  and shed BKV. 
BKV antiserum establ ished cloned l i n e s  which were a l l  i n i t i a l l y  T-antigen negative and v i rus  
free. 
t e n t l y  i n fec ted  wh i l e  others remained v i rus  and T-antigen negative (by imnunofluorescence) i n -  
d e f i n i t e l y .  Analysis o f  a l l  clones demonstrated existence o f  the BKV genome as episomal, pro- 
totype DNA and we were unable t o  detect  evidence o f  v i r a l  i n t e g r a t i o n  i n t o  the host genome. 
Analyses o f  the polyadenylated RNA produced i n  the cloned l i n e s  i nd i ca te  the production of 
e a r l y  t ransc r ip t s ,  even i n  the absence of detectable T-antigen. 
t i o n  from normal t ransc r ip t i on  and t ransc r ip t i ona l  mod i f i ca t i on  w i l l  be presented, as wel l  as 
invest igat ions i n t o  the d i s t r i b u t i o n  o f  v i r a l  induced e a r l y  prote ins detectable by imnunopre- 
c i p i t a t i o n .  

I f the i n i t i a l  transforming events i n  the BKHFB c e l l s  were due t o  BKV o r  i t s  DNA, then 
t h i s  represents the f i r s t  t ime t h a t  t h i s  v i rus  has transformed human c e l l s  i n t o  s tab le  c e l l  
1 ines. Furthermore, t he  apparent absence o f  immunofluorescence-detectable T-antigen represents 
a unique, heretofore unrecognized type o f  transformation by papovaviruses. 

Cloning experiments i n  media conta in ing 

A f t e r  removal o f  the antiserum some clones began t o  release BKV and again become pers is-  

Analyses o f  apparent devia- 
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The Salk I n s t i t u t e ,  San Diego, Ca. 92112 and Heiner Westphal and Sing-Ping 
Lai ,  National I n s t i t u t e s  of Health, Bethesda, Md. 20014. 
SV40 T-antigen r e l a t e d  pro te ins  of 42K, 56K, 60K, 64K, 74K. and 95K a r e  
expressed i n  cells  infec ted  with the nondefective Ad2-SV40 hybrid v i r u s  
Ad2+ND4. W e  have previously shown t h a t  these pro te ins  have overlappmg 
amino acid sequences with t h e i r  C-terminal sequences i n  common. W e  have 
i so la ted  sv40 s p e c i f i c  RNAfrom c e l l s  infected with Adz'ND4 and shown t h a t  
each T-antigen r e l a t e d  pro te in  i s  coded by a s p e c i f i c  mRNA species .  These 
RNAs have been f u r t h e r  analyzed by heteroduplex mapping i n  the EM and were 
found t o  be complex mosaics of Ad2 and SV40 RNAsequences. 
RNA has anAd2 leader  sequence cons is t ing  of from three  t o  f i v e  non- 
contiguously coded p a r t s .  The sv40 sequences of these W A S  exhibi ted four  
d i f f e r e n t  types of sequence arrangements. 
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MOSAIC ADENOVIRUS 2-SV40 RNA SPECIFIED BY THE NONDEFECTIVE ADZ-SV40 
HYBRID VIRUS Ad2+ND4. Charles Lawrence, Tony H u n t e r  and Gernot Walter. 

Each SV40 s p e c i f i c  
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Synthesis o f  virus-associated (VA) RNA was studied i n  KB c e l l s  i n fec ted  w i t h  adenovirus type 
12 (Ad 12). I t s  synthesis begins ea r l y  but  markedly increases l a t e  a f t e r  i n fec t i on .  The VA RNA 
i so la ted  from nucle i  and cytoplasm o f  the i n fec ted  c e l l s  was analyzed by two-dimensional gel 
electrophoresis and by a sequence o f  three d i f f e r e n t  gel electrophoresis separations. Each o f  
these procedures resolves two VA RNA species i n  group C adenoviruses, but  no minor species was 
resolved i n  Ad 12-infected KB c e l l s .  VA RNA synthesized by RNA polymerase I 1 1  i n  i so la ted  nuc- 
l e i  i n  v i t r o  also showed only  one d i s t i n c t  species upon e lect rophoret ic  analys is .  

-=gene f o r  VA RNA was mapped on Ad 12 genome by b l o t  hyb r id i za t i on  experiments. I t 
hybridizes t o  the fo l l ow ing  DNA fragments obtained by cleavage w i t h  the r e s t r i c t i o n  endonucle- 
ases: Eco R I  fragment B ; Sma I fragment D ; Bgl I 1  fragment A ; Xho I fragment 0. Hybridiza- 
t i o n  was a lso detected w i t h  Bam H - I  fragments G and H. These r e s u l t s  i nd i ca te  t h a t  the gene 
f o r  Ad 12 VA RNA maps a t  p o s i t i o n  0.304 o f  the u n i t  map. The T1 ribonuclease o l lgonucleot ide 
f i n g e r p r i n t  analysis o f  RNA selected by hyb r id i za t i on  t o  fragments G H o f  the Bam H - I  
d igest  o f  Ad 1 2  DNA so f a r  f a i l e d  t o  provide evidence fo r  two species o f  VA RNA o f  d i s t i n c t l y  
d i f f e r e n t  s t ruc tu re  i n  adenovirus type 12. Supported by PHS Grant CA-21196 from the National 
Cancer I n s t i t u t e .  

VA RNA I N  ADENOVIRUS TYPE 12 INFECTED KB CELLS , Bernd Fbhring, Arnold Geis 
Raska, Jr.,  Dpt.of Pathology, CMDNJ-Rutgers Medical School, Piscataway, N. J. 08854 

and Karel 

o r  
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Sakakenny, J o i n t  Center f o r  Radiation Therapy, Department of Radiation Therapy, and Sidney 
Farber Cancer I n s t i t u t e ,  Harvard Medical School,  Boston, MA 02115 
The c e l l - s p e c i f i c  and v i rus - spec i f i c  requirements f o r  leukemogenesisby RNA type-C v i ruses  
( r e t rov i ruses )  a r e  unknown. Conticuous i n  v i t r o  hemopoiesis i n  corticosteroid-stimulated 
bone marrow c u l t u r e  der ived from mouse s t r a i n s  with a low incidence of lymphoid leukemia; 
produced r:.re preleukemic t ransformation morphology i n  2-102 of Eranulocyt ic  c e l l s  generated 
b.,tween weeks 1 and 12. I n  cu l tu re s  from high-incidence s t r a i n s ,  a 100% incidence of spontan- 
eous generat ion of preleukemic c e l l  morphology was detected i n  c e l l s  removed a t  week 12. In  
this- c u l t u r e s  high titers of eco t rop ic  endogenous r e t r o v i r u s  were de t ec t ed  as e a r l y  as week 6 .  
a s h i f t  t o  >30% d y s p l a s t i c  myeloid c e l l s  by week 6 and >80% d y s p l a s t i c  cells by week 12. 
There w a s  no de t ec t ab le  lymphocyte d i f f e r e n t i a t i o n  and transformed c e l l s  r e l eased  v i r u s  aud 
c o n s t i t u t i v e l y  expressed granulocyte  marker enzymes ly sozm and peroxidase.  Both strmal 
macrophage, f i b r o b l a s t ,  and endo the l i a l  c e l l s  as we l l  as non-adherent hemopoietic c e l l s  re- 
leased v i rus .  These da t a  i n d i c a t e  t h a t  hemopoiecic stem c e l l s  d i f f e r e n t i a t i n g  i n  a granulo- 
p o i e t i c  microenvironment a r e  t a r g e t s  f o r  t ransformation by v i ruses  which normally cause thymic 
lymphoma & %.-p_. This  s y s t e n  provides  a unique opportuni ty  t o  analyse the v i rus - spec i f i c  and 
eukaryot ic  c e l l u l a r  s p e c i f i c  genes f o r  leukemogenesis. 

INDUCTION OF ECOTROPIC ENDOGENOUS MURINE LEUKEMIA VIRUS IN BONE MARROW CULTURES FROM 
HIGH LEUKEMIA-INCIDENCE MOUSE STRAINS, J o e l  S. Greenberger. Diane Donahue, and Mary A. 

380 NUCLEOTIDE SEQUENCES FOR THE O R I G I N  OF DNA REPLICATION AND THE RIBOSOMAL RNA GENE I N  
RAT MITOCHONDRIA GENOME. K. Koike, M. Kobayashi & *T. Sekiya. Cancer I n s t i t u t e ,  

JFCR, Toshima-ku, Tokyo 170 & *National Cancer Center Research I n s t i t u t e ,  Chuo-ku, Tokyo 104. 

ribosomal, t rans fe r  and messenger RNAs as well  as the speci f ic  nucleotide sequences f o r  i t s  
rep l i ca t i on .  The r e s t r i c t i o n  enzyme EcoRI cleaves mtDNA i n t o  seven d i s t i n c t  fragments, and 
a l l  o f  the DNA fragments were cloned i n  E. c o l i  by using the A phage vector XgtWES.AB. 
recombinant DNA contains the outer  l e f t  and r i g h t  arms from the vector DNA fragmented by EcoRI 
and one o r  few DNA fragments separated from EcoRI-digested mtDNA. 

enzyme cleavage s i t e s  as in the EcoRI fragment prev ious ly  determined by r e s t r i c t i o n  mapping 
o f  the mtDNA. The resu l t s  permitted us t o  determine the DNA sequence o f  any po r t i on  o f  the 
mitochondria genome f o r  the study o f  r e p l i c a t i o n  and speci f ic  gene systems. 

prev ious ly  presented, we would l i k e  t o  present f u r the r  Progress o f  DNA sequencing o f  the rep- 
l i c a t i o n  o r i g i n  and the ribosomal gene. 

The r a t  mtDNA has a molecular length o f  about 16 ki lobase pa i r s  conta in ing genes f o r  

Each 

DNA ampl i f ied i n  the recombinant phage Agt-mt was shown t o  conta in  the same r e s t r i c t i o n  

As a p a r t  o f  the nucleotide sequences surrounding the L-strand r e p l i c a t i o n  o r i g i n  was 
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381 STRUCTURE AND DISTRIBUTION OF INVERTED REPEATS (PALINDROMES) IN DNA OF DROSOPHILA 
MELANOGASTER AND MOUSE, Naomi Biezunski, Dept. of Anatomy, Hebrew University Medical 

School, Jerusalem, Israel, and Dept. of Biology, Case Western Reserve University. Cleveland. 
Ohio, 44106. 

Studies on the structure and distribution of inverted repeats (palindromes) in DNA of Dros- 
pphila melanogaster and mouse revealed similarities in the size of inverted repeated s e g m z  
but distinct and different patterns in their distribution. 
analyzed by electron microscopy after the DNA was denatured and allowed to renature to a very 
low Cot. In DNA of mouse 54% of palindromes were looped, containing a renatured stem and a 
single stranded loop. About45X of the palindromes appeared as renatured double stranded re- 
gions lacking a discernible single stranded loop. The palindromes were usually widely spaced 
and only rarely occurred in clusters. In contrast, DNA molecules of the same size (about 18kb) 
from Drosophila yielded palindromes of which about 79% were unlooped and about 20% verelooped. 
Unlike inverted repeated sequences in mouse DNA, the inverted repeats in Drosophila were ar- 
ranged in distinct clusters. The spacing of palindromes within clusters in Drosophila DNA and 
in mouse DNA,when observed,was often less than lkb. Although the distribution of inverted re- 
peats in the 2 species is different, their length distributions are similar. The majority of 
renatured repeats in looped and unlooped structures of both species are about 100 b.p. in 
length. However longer inverted repeated sequences, up t o 6 M  were seen m r e  frequently in 
mouse than in Drosophila. 
tion of DNA with respect to palindromic sequences from mouse and Drosophila is quite similar, 
they are sufficiently different that they can be distinguished upon inspection by E.M. 

Inverted repeated sequences were 

From the above observations it is clear that although the organiza- 

Yeast and Protozoan 

CHARACTERIZATION OF T. BRUCE1 KINETOPLAST DNA USING RECOMBINANT DNA TECHNIQUES. 
John E. Donelson*+, Phe l i z  A. 0. Majiwa*, and Richard 0. Wi l l iams*.  *I.L.R.A.O., 

382 
Box 30709, Na i rob i ,  Kenya and +Department o f  Biochemistry,  U n i v e r s i t y  o f  Iowa, Iowa City, 
Iowa 52242 U.S.A. 

K ine top las t  DNA (kONA) o f  T r  anosoma b ruce i  i s  composed o f  a network o f  m a x i - c i r c l e  DNA 
(about 24 kb) and m i n i - c i r h . v o f  d i f f e r e n t  sequences. We have d iges ted  p u r i -  
f i e d  T. b ruce i  kDNA w i t h  12 d i f f e r e n t  r e s t r i c t i o n  enzymes and cons t ruc ted  a cleavage map o f  
4 o f  these enzymes on the  m a x i - c i r c l e  sequence. Each o f  t he  12 r e s t r i c t i o n  enzymes makes a 
s i n g l e  cleavage i n  a d i f f e r e n t  subset o f  the  1.1 kb m i n i - c i r c l e  sequences. I n d i v i d u a l  m in i -  
c i r c l e  DNA molecules, c leaved once by e i t h e r  Hae 111, Hpa 11, A lu  I ,  Hha I, Pst  I o r  Hind 111, 
were c loned i n  E. c o l i  v i a  the  plasmid pBR322 and the  poly(dG):(dC) t a i l i n g  technique o r  t he  
DNA l i g a s e  t e c h i i i q r  The cloned m i n i - c i r c l e  DNAs were compared by rena tu ra t i on  k i n e t i c s ,  
f i l t e r  hyb r id i za t i on ,  heteroduplex ana lys i s  and DNA sequence de terminat ion .  The i n d i v i d u a l  
c loned molecules have a sequence complex i ty  about 1/275 t h a t  o f  t he  t o t a l  m i n i - c i r c l e  sequence 
popu la t ion .  
o t h e r  as determined by the  f i l t e r  h y b r i d i z a t i o n  procedures o f  Southern o r  Gruns te in  and 
Hogness. None possess sequerices i n  comnon w i t h  m a x i - c i r c l e  DNA. 
t o  determine the  complete nuc leo t i de  sequence of 2 o f  t he  c loned m i n i - c i r c l e  sequences. 

A l l  o f  t he  c loned m i n i - c i r c l e  molucles possess sequences i n  comnon w i t h  each 

Experiments a re  i n  progress 

383 AEPLICATION OF CIKXJIAR DIMER MI’JDXWDIUAL DNA, Cl i f fon- l  Lnw11, Daniel WenhRpen 
and David A. Clayton, S t a n f o r d  U n i v e r s i t y  Schml of lkdicine, S t a n f o M ,  CA 94305. 

We have carpared aspects of the replication of unicircular M r  mitochondria1 W A  (mtIWA) 
in muse ID cel ls with previous studies of replication of mnareric mime L cell mtlTlA. 
Whereas n u m r i c  &DNA reqilires about one hour for ir round of ml ica t ion ,  the dimric 
nuleeulffi require alzmst three how.  b t h  tyrwts of mtTNA r e p l i c a t e  by m rtsynchmnous 
displacenent mechanisn i n  *ich replication of the li&t strand of the DNA rtuplex laps 
significantly behind that of the heavy strand. Denatur inrr  apmxe el electrophoresis 
o f  replication in te rmed ia tes  reveals that replication of unicircular dire= occurs with 
discontinuities in t h e  rate of daxghter strand synthesis. ”he milts indicate thnt the 
sarre set of control sequences is functional in both dimr md mawt m t m A  replication. 
Inmediately following a mund of replication, the majority of dimttr mlecules c o n t a i n  dis- 
placerent loops, as judped by their sensitivity to  nickin? hy s inv le -s t rand  mA s p e c i f i c  
S1 nuclease under conditions which  leave .sqx?rcoiled TNA intact (1). 
contrast t o  the confonration of newly - rep l i ca te r l  mcnaner ic n t m A  m o l e c ~ l e s ,  wh ich  lack both 
superhelical tuns  and displacement loop. 
of dimer CNA replication contain displacement lmps vhich remain intact fo1lcWlry. cl0sru-e 
of the fu l l - lewh daughter strands. 

1. 

‘!Xis reslat i s  i n  

We postulate that intermediates at l a te  s taees  

Lowel l ,  C., Ryenhat?en, D. and D.A. Clayton (1W8), Anal. Flicchm. 91, i n  Dress. 
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I rv ine ,Co l lege o f  Medicine, I r v i n e  92717 
Erythromycin r e s i s t a n t  mutants o f  lower  eukaryotes have been descr ibed where the  muta t ion  i s  
m i tochondr ia l l y  encoded. 
human c e l l  popu la t ion .  HeLa c e l l s  were t r e a t e d  w i t h  l ow  concent ra t ions  o f  e th id ium bromide i n  
order  t o  s u b s t a n t i a l l y  decrease the  t a r g e t  s i z e  o f  f u n c t i o n a l  mi tochondr ia  and then were muta- 
genized w i t h  e t h y l  methane su l fona te  o r  n i t rosoguan id ine .  
se lec ted  i n  rowth  medium con ta in ing  309 u g h 1  erythromycin.  Several c lones arose a f t e r  incu-  

con f i rm  t h a t  t he  s i t e  o f  drug res i s tance  l a y  i n  the  m i tochondr ia l  apparatus r a t h e r  than be ing  
due t o  a pe rmeab i l i t y  muta t ion  c e l l - f r e e  m i tochondr ia l  p r o t e i n  syn thes is  assays were performed 
us ing  a mod i f i ed  A t t a r d i  procedure. P r o t e i n  syn thes i s  was r e s i s t a n t  t o  e ry th romyc in  and car -  
bomycin, b u t  re ta ined  s e n s i t i v i t y  t o  chloramphenicol .  I n  o rde r  t o  e s t a b l i s h  cy top lasmic  
i nhe r i t ance  HeLa 200 c e l l s  were enucleated and the  anuc lea te  cytoplasms fused w i t h  an HGPRT- 
v a r i a n t  o f  HeLa. 6-thioguanine and 300 u g h 1  e ry th ro -  
mycin. Su rv i v ing  c lones were analyzed for  chromosomal con ten t  and were found t o  con ta in  the  
same number o f  chromosomes as  the  HGPRT parent .  
HeLa 200 represents  the  f i r s t  r e p o r t  o f  an ery th romyc in  r e s i s t a n t  phenotype i n  mammalian 
c e l l s  which i s  cy top lasmica l l y  i n h e r i t e d .  

CYTOPLASMIC INHERITANCE OF ERYTHROMYCIN RESISTANCt I N  HeLa CELLS. Claus-Jens Doersen 
ana E r i c  J .  Stanbr idge, Dept. o f  Medical  M ic rob io logy ,  S tan ford  u n i v e r s i t y  School o f  
Medicine, Pa lo  A l to ,  CA 94305; Dept. o f  Medical M ic rob io logy ,  U n i v e r s i t y  o f  C a l i f o r n i a  

Th is  r e p o r t  descr ibes  our  i s o l a t i o n  o f  an ery th romyc in  r e s i s t a n t  

Erythromycin r e s i s t a n t  c e l l s  were 

ba t i on  a t  37 a C f o r  severa l  weeks. One c lone,  HeLa 200, was examined i n  d e t a i l .  I n  o rde r  t o  

Cybr ids were then se lec ted  i n  8 

These r e s u l t s  suppor t  t he  con ten t i on  t h a t  
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Illinois 60637. 

and t ransfer  of RNA from gels t o  diazobenzyloxpethyl paper with subsequent hybridization of 
label led mtRNA. 
In the  grande, over 40 di f fe ren t  species of rntRNA molecules have been characterized, includ- 
h g  at l e a s t  7 species larger  than 21s RNA, and ranging from 4400-9500 nucleotides. Such 
high mlecular  weight molecules are presumed t o  be precursor; of mture processed RNA. Manv 
petites show f u l l y  processed RNA molecules and also a subset of the high molecular weight 
nulecules present in the grande. Thus these FNA species could be mapped by p e t i t e  deletion 
analysis. Some new bands are found 
only in individual s t r a i n s  and probably r e s u l t  from the spec i f ic  deletions of these s t ra ins .  
Other new bands are associated with specif ic  regions of the p e t i t e  genome, and as such, m y  
represent intermediate rmlecules tha t  are  turned over more rapidly i n  the grande, or al tered 
control of t ranscr ipt ion in pe t i tes .  
processed mature tM is  present only i n  p e t i t e s  tha t  contain a spec i f ic  region of the genome 
tha t  maps near the P marker and 14s rRNA. 
absence of protein synthesis remains t o  be c la r i f ied .  
mapphg the t ranscr ip ts  of the grande genome, and for  defining several different  types of 
post-transcriptional RNA processing. 

ANALYSIS OF MTTOMONDFUL RNA FROM GRANDE AND PETITE YEAST, Joseph Locker, Richard 
kb rb to ,  Richard Synenki, and Murray Rabinowitz. The University of Chicago, Chicago 

MtRNA has been analyzed using 6M urea-agamse ge ls ,  methyl mercuric hydroxide-agarose gels 

21s and 14s rRNA are calibrated t o  3800 and 1800 nucleotides respectively. 

Pe t i tes  a l so  show new bands not present i n  the grande. 

tRNA's are frequently transcribed i n  p e t i t e s ,  but 

How such a gene locus functions in  pe t i tes  in  the 
Thus, p e t i t e  RNA can be used f o r  

386 CHARACTERIZATION OF POLY(A)-CONTAINING RNA FROM XENOPUS LdEVIS OVARIAN MITOCHONDRIA, 
Andrew C. Webb and Josephine A. Wegert, Department of Biological Sciences, Wellesley 
College, Wellesley, MA 02181. 

The Xenopus oocyte provides a model system for the study of mitochondrial biogenesis. The 
accumulation of mtDNA is completed half-way through oogenesis, apparently due to termination 
of DNA synthesis rather than acquisition of steady-state kinetics. It was therefore decided 
to examine the associated production of mitochondrial poly(A)-containing RNA during oocyte 
growth. Poly(A)-RNA was purified from ovarian mitochondria by oligo(dT)-cellulose affinity 
chromatography and was found to comprise 1.5% of the total mtRNA. 
RNase resistant poly(A)-RNA revealed four discrete fractions. Comparison with poly(A) stan- 
dards of known lengths indicated the predominant size class (50%) to be 50 NT long, with the 
remainder being equally distributed between fractions with poly(A) sequences of 30, 60 and 
80 NT in length. 
ase. The mean length of this cDNA in alkaline sucrose gradients was 900 NT (range 300-1400), 
using Hpa I restriction endonuclease fragments of ax174 RF-DNA as molecular weight markers. 
The 13H]cDNA hybridized only to Xenopus mtDNA, with no detectable binding in the presence of 
a 50-fold excess of Xenopus nuclear DNA. These data suggest that our poly(A)-RNA preparation 
is (i) transcribed exclusively from mtDNA and (ii) does not contain any nuclear-derived tran- 
scripts (either contaminating or naturally occurring). The data also lend support t o  previous 
conclusions that Xenopus nuclear DNA does not harbour a complete or even partial copy of the 
mitochondrial genome. Studies utilizing the cDNA probe to analyze the temporal appearance of 
mitochondrial DO~V(A)-RNA during Xenopus oogenesis will also be reported. 

PAGE of f3H]NaBH4-labeled, 

A f3H]cDNA copy of the poly(A)-RNA was synthesized using reverse transcript- 
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387 FOBNATION OF INTERSPECIFIC MITOCHONDRIAL HYBRIDS IN AMPHIBIAN OOCYTES, Andrew C. Webb, 
Department of Biological Sciences, Wellesley College, Wellesley. MA 02181. 

The successful construction of viable interspecific populations of mitochondria within eu- 
karyotic cells would provide an invaluable system for the study of the interactions between 
nuclear and mitochondria1 genomes. 
amphibian oocytes by microinjecting mitochondria from one species of frog into the oocytes of 
a closely related species. Several Rand species were found t o  have readily distinguishable 
mt MDH iaoenzyme profiles on isoelectric focusing gels, but this method of detecting micro- 
injected mitochondria was too insensitive. Attention was directed towards utilizing a more 
sensitive hybridization assay between radioactive complementary RNA (cRNA) and its mtDNA 
template. Within the genus Xenopus. species differ sufficiently in their mtDNA sequences 
that species-specific mt-cRNAs can be used to distinguish them. With this methodology, it has 
been possible to detect X.tropicaIis (Xt) mitochondria in the cytoplasm of full-grown x.laevis 
(XI) ooc tee up to 20h after their microinjection. 
and XI[' CIcRNA t o  extracts of injected oocytes, the ratio of host (XI) t o  donor (Xt) mtDNA 
can be monitored. 
following mitochondrial injection, whereupon the level of Xt mtDNA declined progressively over 
the next 12-15h. 
"alien" mitochondria over an extended period resides in some inherent incompatibility between 
the host cytoplasm and the microinjected mitochondria. or alternatively is merely an artefact 
of the experimental procedure is being investigated. 
(supported bv a eranr f r o m  Research Corporation) 

Attempts have been made to form mitochondrial hybrids in 

By simultaneously hybridizing Xt[3H]cRNA 1 
It was found that this ratio remained essentially constant for about 5h 

The question of whether this failure of oocytes to support a population of 

388 
Tarrago-Litvak, C. Desgranges and 5. Litvak. Dept.Biochem. University of Bordeaux 11. 33405 
Talence. France. 

MITOCHOYDRIAL DNA POLYMERASE FROM ANIMAL CELLS. INTERACTIONS WITH INTERCALATING DRUGS 
AND PROPERTIES OF THE ENZYME FROM ANUCLEATED CELLS ( HUMAN PLATELETS). A.Araya. L. 

Studies with DNA polymerase y purified from mice cells mitochondria showed that the 
dramatic inhibition of the enzyme by intercalating drugs, like ethidium bromide or acrifla- 
vine, is specific, since DNA polymerases a and 6 were much less affected under the same con- 
ditions of inc'ibntion . A study with different analogs of ethidium bromide has given some 
indications on the part of the intercalating molecule responsable of the inhibition. This in- 
hibition is at the enzyme level, most probably at the deoxynucleoside triphosphate site of 
the protein. 

ses. One is found in the mitochondria and has the same properties than DNA polymerase y from 
nucleated cells, while the other,found in the extramitochondrial cytoplasm, is different to 
DNA polymerases a , 6 or y from normal cells. The effect of inhibitors of mitochondria1 or 
cytoplasmic protein synthesis has been used with nucleated cells and platelets, and their ef- 
fect on mitochondrial DNA polymerase will be discussed. 

Studies with anucleated cells has shown that human platelets posses two DNA polymera- 

Supported by CNRS. INSERM and the University of Bordeaux 11. 

389 CHARACTERIZATION OF YEAST MITOCHONDRIAL DNA DURING CELL AND PETITE MUTANT RECOVERY 
FROM ULTRAVIOLET IRRADIATION, Sharon C. Hixon, Ricky L. Irons and Harold L. Franks, 
Department of Biochemistry. University of Alabama in Birmingham, B'ham. Ala. 35294 

Previous studies have verified a dose and time dependent degradation of tritium prelabelled 
yeast mitochondrial DNA (mDNA) following the ultraviolet irradiation of exponential phase 
cells. 
media following irradiation. Cells that were withdrawn at increasing time intervals during 
LH and spread onto complete media plates exhibited a recovery of irradiation induced petite 
mutation. 
those events which take place during LH followed by new DNA replication after a return to  
nutrient media. 
lrradiation have been determined on neutral sucrose gradients. 
Irradiation dose of 1500 ergs W (10% cell survival) the molecular weight distribution of 
recovered mDNA exhibited a minor population at a control value of 255 while most of the 
tritium prelabelled DNA had been reduced t o  an average value of 18s. 
24 and 40 hrs LH had stabilized to  an average S value of 18. 
nicks and gaps in control apd irradiated mD" during LH is currently underway employing the 
S1 nuclease from As er illus orpzae (Miles). 
in new growth m e d m - a d e n i n e .  Mitochondria1 DNA from previously irradiated cells 
gradually shifted from 18s toward a normal recovery value of 25s during the first cell 
doublings in complete media. 

These observations were made during a liquid holding (LH) period in non-nutrient 

It has been postulated that recovery of irradiation damage for mDNA requires 

The S values of mDNA at different times during the LH period following 
Itmediately following an 

Samples recovered at 
A quantitation of the number of 

Cells which had been LH for 2 days were placed 
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390 BIOCHEMICAL AND GENETIC ANALYSIS OF OLIGOmCIN RESISTANT CHO CELLS. Gail A. M. 
Breen and ~nmo E. Scheffler, Dept. of Biology, B-022, University of California, 
San Diego, La Jolla, California 92093 

We have isolated oligomycin-resistant clones from Chinese hamster ovary cells (CHO) after 
treatment with ethidium bromide and mutagenesis with ethylmethane sulfonate, followed by 
selection in oligomycin. Resistant clones grew up after 2-3 weeks in selective medim. 
'Ihe doubling time of several clones varied from 13 to 16 hours, with or without oligomycin, 
colnpared to 13 hours for the parental cells. The oligomycin-resistant cells are stable 
when g r m  for several generations in the absence of the drug. Studies on the mitochon- 
drial ATPase indicated that the enzyme from the mutant cells is more resistant to inhibition 
by oligomycin than the enzyme from wild type cells, although both have similar total ATPase 
activities. 
resistance behaves as a dominant trait. Experiments are in progress to determine whether 
oligomycin resistance is due to a mutation in a nuclear or cytoplasmic gene. 

In hybrid cells made by fusing resistant and wild type cells, oligomycin 

391 STRACTURE AN0 FUNCTION OF A+T RICH REGION I N  DROSOPHILA MITOCHDNDRIAL DNAs, 
Akio Sugino, D i l i p  M. Shah and Charles H. Langley, National I n s t i t u t e  o f  Environmental 

Health Sciences, NIH, Research Triangle Park, N.C. 
Mitochondria1 DNAs from three species o f  the genus Droso h i l a  (D. melano aster ,  D. simulans. 
and D. v i r i l i s )  were compared by r e s t r i c t i o n  endonu&ge&-roii-mme 
heterod-apping. 
o f  these mtDNAs has undergone q u i t e  extensive base sequence divergene. whereas the remainder 
o f  the molecule was found t o  share apparently complete base sequence homology I n  a l l  three 
species. The dif ferences i n  the sizes o f  the A+T-rich regions completely account f o r  the 
dif ferences i n  the t o t a l  sizes o f  these mtDNAs. I n  order t o  get more complete in format ion 
about A+T-rich regions. we have cloned the r e s t r i c t i o n  endonuclease segments containing A+T- 
r i c h  region and DNA r e p l i c a t i o n  o r i g i n  i n t o  E. c o l i  plasmid pBR322DNA. and cu r ren t l y  been 
determining the nucleotide sequence. We w i l f  present nucleotide sequence o f  A+T-rich reg ion 
of these DNAs. Using t h i s  chimeric DNA, we have also been developing a soluble i n  v i t r o  
mtDNA r e p l i c a t i o n  system whfch i s  able t o  complement w i t h  exogenous p ro te in  factors- 

27709 

Analysis of heteroduplex molecules revealed t h a t  the A+T-rich reg ion 

3Q 
Matings between Saccharomyces cerevisiae respiratory deficient strains (petites) and respira- 
tory sufficient strains (grandes) have identified two basic mitochondrial phenotypic trans- 
mission typea: 1- a neutral petite, and 2- a suppressive petite. When a neutral petite is 
mated to a grande (type 1 mating). the progeny cells are almost exclusively grande. However, 
a cross between a suppressive petite and a grande (type 2 mating)can yield varying percentages 
of grand and petite progeny, depending upon the degree of suppressiveness of the petite . 
Since the molecular behavior of mitochondrial DNA (mt-DNA) in such crosses was unknown, an 
investigation of the mt-DNA composition of zygotes and zygotic buds from type 1 and 2 crosses 
was undertaken. Large scale synchronous mating6 of both types were carried out. The parental 
straini in each cross contained mt-DNA of different intrinsic buoyant densities as well as 
different mitochondrial genetic markers. The molecular data showed that both types of zygotes 
contain mt-DNA from grande and petite parents during first zygotic bud initiation,houever. 
first zygotic buds type 1 crosses contained mostly grande mt-DNA, while early 
zygotic buds from a 55% suppressive type 2 cross contained mt-DNA predominantly from the 
petite parent. These data suggest that neutrality or suppressivity of certain mitochondrial 
genomes may be directly correlated with the subsequent transmission of these molecules into 
zygotic buds. The mitochondrial DNA composition of aging zygotes from both types of crosses 
is presently under investigation. 

MOLECULAR BASIS OF MITOCHOKDRIAL TRANSMISSIONAL TYPES,Elissa P. Sena, Case Western 
Reserve University. Cleveland, Ohio 44106 

from 
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The DNA coding for ribosomal RNA in Physarum polycephalum exists as extrachromosomal 
palindromic molecules (1) that replicate independently of chromosomal DNA. 
investigated the sensitivity of rDNA in purified nuclei to digestion by DNase I .  
transcribed genes in animal cell nuclei are known to be degraded selectively in this 
procedure ( 2 . 3 ) .  
presumably non-transcribed spacer portions of the rDNA were labeled by nick translation, 
and the reannealing of these fragments was driven by DNA isolated from DNase I-treated 
nuclei. 
shifted no more than a factor of two when DNA from nuclei digested with the nuclease to the 
extent of 5% to 35% acid solubility of total DNA was compared with DNA from undigested nuclei. 
As controls for these experiments, we have used two radioactive probes from DNA sequences not 
present in the rDNA. 
few copies and appears not to be transcribed. The other is complementary DNA synthesized 
in vitro from total poly A-containing RNA. 
sequences equally, and the slight shifts of the reannealing curves are identical to those 
for rDNA. 
susceptibility of transcribed sequences in animal cells may not be present in Physarum. 
References: 
Zolan and R. Axel, PNAS 74 4867 ( 7 7 ) ;  (3)  Weintraub,. and M. Groudine, Science 193  848  ( 7 6 ) .  

LACK OF DNASE I SENSITIVITY OF RIBOSOMAL DNA IN PWSARLM, Volker M. Vogt and Linda 
Swofford, Section of Biochemistry, Cornell University, Ithaca. NY 14853 .  

We have 
Several 

Restriction fragments corresponding to the transcribed and the large, 

The curves describing the reannealing kinetics. or "Cot curves," for both fragments 

One is a random clone of Physarum DNA that is present in the genome in 

DNase I treatment of nuclei degrades these 

These results suggest that the features of chromatin structure that enhance 

(1) Vogt, V.M. and X. Braun, J .  s. Biol. 106. 567 ( 7 6 ) ;  (2)  Garel, A., M. 

394 ANALYSIS QF KINETOPLAST DNA OF TRYPANOSOMA BRUCE1 110 AND TRYPANOSOMA RHODESIENSE 
1895. Gerald Keilman, Rance Lelebvre. E. Jay Bienen and George C. Hill, Colorado 

State University. Fort Collins, CO 80523  
During the course of cellular tqqsfomC&opn from the Infective Bloodstream trypomastigote 
( o m  to the npndnfective procyclic trypomastigote form, the African trypanosomes 2. h c e i  
and r. rhodesiense undergo biochemical changes. After two days of incubation in SM medium 
at 27 C ,  100% of the bloodstream trypomastigotes had morphologically transformed into 
procyclic trypomastigotes. 0 utilization changed from azide-insensitive to 18-20% azidev 
sensitive. Proline stimulate? 0 consumption after two days of incubatton. The loas of 
surface coat integrity was measuged by agglutination with concanavalin A. 
was also observed after the 48 hours in SM medium. In our studies to determine the relationv 
ship of the kinetoplast DNA to these metabolic changes, characterization of these DNAts has 
been initiated. A l l  of the purified networks of kDNA's showed an apparent bouyant denslty of 
1.691 gm/cc equivalent to a G+C content of 33%. 
similar between the different forms of these cells showing a value of about 70 C and a G+C 
content of 39%. 
endonucleases was made on 0.4% agaroae gels. Pst I, h m  I, Sal I, and Pvu I nucleases were 
active and caused the release of a single polynucleotide approximately 18.7 kbp in length. 
Eco RI. Hind 111, and Hae I1 enzymes yielded 3 high molecular weight fragments less than 
1 8 . 7  kbp. Hha I yielded at least 5 polynucleotides. Currently, the posf.t$ww of these 
cleavage aites are being determined to obtain a cleavage map of maxtccircles released by the 
restriction enzymes. 

Reacthrfty to Con A 

Tm determinations in 0.lxSSC were also 

Analysis of the intact networks by their sensitivities to various restriction 

3% 
Two types of mtDNA, A and 6. distinguishable by restriction enzyme analysis, and diverging 
in sequence by 0.9%. occur in the laboratory rat population, any individual possessing a 
single type (FEBS. LETT. 79. 291 (1977) 1. Our cleavage maps of type A and B DNA should dis- 
pel the prevailing confusEn regarding published rat mtDNA maps. 
absence o f  translocation or of intermediate forms whose presence would suggest genetic 
reconbination. We and others have used these two DNA's to demonstrate maternal inheritance 
in manmals and we are now studying its mechanism. Since oocytes contain many more mito- 
chondria than spermatozoa. passive dilution of male mtDNA could lead to maternal Inheritance. 
However the presence of male parental mtDNA was not detected in any tissue of the offspring 
o f  heterologous crosses, nor in liver even when analytical sensitivity was increased to 
1 molecule In 5000. This suggests the operation of some other mechanism. 
higher sensitivity to confirm this are in progress. Why have we uncovered the same two 
mtDNA types in all rat strains examined? As explanation.considerations of maternal inheri- 
tance suggest that the first laboratory Rattus norwegicus colony was started with two wild 
norwegicus females and that all other laboratory strains of this species were derived from 
this colony, without further introduction of other wild females. Alternatively, only two 
mtDNA types exist in the wild population, and this possibility is being investigated. 
Supported by NIH ( W 2 3 3 3 )  and American Cancer SOC. (NP87J). 

INTRASPECIFIC mtDNA POLYMORPHISM AND THE MECHANISM OF MATERNAL INHERITANCE, 
Gregory 6. Brown and Melvin V.  Simpson. SUNY. Stony Brook, N.Y. 11794 

In addition, they show the 

Experiments at 
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3% 

i so la ted  fo l lowing the mutagenesis o f  D98 (HeLa) w i t h  N-methyl-N-ni tro-N-nitrosoguanidine i n  
the presence o f  cycloheximide. 
antimycin A, a concentrat ion ten times greater than t h a t  which k i l l s  a l l  parenta l  c e l l s  (Webb, 
M. and Craig, I., 1978, Gen.Soc. ABS). The growth r a t e  and oxygen consumption o f  the va r ian t  
l i n e  i n  the presence o f  15 u g h 1  antimycin A are s i m i l a r  t o  those o f  the parenta l  c e l l  i n  the 
absence o f  the drug. 
preparations from the va r ian t  was s i m i l a r  t o  t h a t  o f  t h e p a r e n t a l  c e l l  and showed f u l l  
s e n s i t i v i t y  t o  the i n h i b i t o r .  No cross resistance t o  t r i e t h y l  t i n  o r  t o  D-threo 
chloramphenicol was observed. 

These proper t ies o f  the va r ian t  were found t o  be s tab l y  propagated i n  the absence o f  
se lect ion f o r  two and a h a l f  months. 

The mi tochondr ia l ly  synthesized p ro te ins  o f  the va r ian t  have been compared w i t h  those o f  
D98 and other human c e l l  l i n e s .  The va r ian t  i s  characterized by an apparent increased 
production o f  one mitochondrial p ro te in  o f  molecular weight (apparent) 29.000 ( i soe lec t r ' c  
po in t  4.45 ) .  A r e l a t i v e  increase i n  l a b e l l i n g  o f  t h i s  p r o t e i n  was observed w i t h  both 3k-S 
methionine and 14-C leucine. 

The determinant f o r  antimycin res is tance has been shown t o  be cytop lasmical ly  i nhe r i t ed .  

RESISTANCE TO ANTIMYCIN A :.A NEW EXTRACHROMOSOMAL GENETIC MARKER I N  MAWLIAN CELLS. 
I .  Craig and M. Webb, Genetics Laboratory, Oxford. 

A c e l l  l i n e  which i s  r e s i s t a n t  t o  the i n h i b i t o r  o f  e lect ron t ranspor t ,  Antimycin A has been 

The va r ian t  c e l l  l i n e  has been cloned twice i n  15 u g h 1  

Howeter, the succinate cytochrome c reductase a c t i v i t y  o f  membrane 

391 PHYSICAL MAP AND NUCLEOTIDE SEQUENCE OF BOVINE MITOCHONDRIAL DNA FROM AN INDIVIDUAL 
ANIMAL. P h i l i p  J. Laip is  and Wi l l iam W. Hauswirth, Univers i ty  o f  Florida', Gainesvi l le. 

F lo r i da  32610. 
Mitochondria1 DNA has been i so la ted  from the l i v e r  o f  
an i nd i v idua l  Hols te in  cow and a physical map has been 
derived f o r  the 38 cleavage s i t e s  made by r e s t r i c t i o n  
endonucleases: Ava I ,  Bam H I ,  Bgl 11, Bst E I I .  Eco R I ,  
Hha I, Hin d I I I ,  Hpa I ,  Kpn I ,  Pst I, Sac I, Sal I ,  
Xba I, and Xho I. S u f f i c i e n t  mitochondria1 DNA 
(ca 16 mg) could be iso la ted,  al lowing t h i s  map t o  
serve as the basis f o r  de ta i l ed  physical,  genetic and 
nucleotide sequence studies i n  an i nd i v idua l  mamnal. 
I n i t i a l  sequence studies on a region near the 3 ' -  
terminus o f  the l a rge  ribosomal gene (clockwise from 
95.6 map u n i t s )  revealed 1 i m i  ted sequence hetero- 
geneity between re la ted  animals. Add i t i ona l l y  
r e s t r i c t i o n  endonuclease s i t e  comparisons al lows an 
independent estimate o f  nucleotide sequence d i ve r -  
gence o f  about 1% between these animals. 

398 GENETIC MAPPING OF MITOCHONDRIAL DNA FROM AN INDIVIDUAL ANIMAL, Wi l l iam W. Hauswirth 
and P h i l i p  3. Laip is ,  Un ive rs i t y  o f  Florida, Gainesv i l le ,  F lo r i da  32610. 

Using a physical map o f  bovine mitochondiral DNA derived 
from the l i v e r  o f  a s ing le  Hols te in  cow, we have deter- 
mined the l oca t i on  o f  the genes speci fy ing the l a rge  and 
small ribosomal RNAs by hyb r id i za t i on  analysis and elec- 
t r o n  microscopic observations o f  R-loop forms. The 
loca t i on  o f  the o r i g i n  o f  DNA r e p l i c a t i o n  (D-loop) has 
been located by e lec t ron  microscopy. Add i t i ona l l y ,  
the d i r e c t i o n  o f  0-loop expansion and the p o l a r i t y  o f  
the l a rge  ribosomal RNA gene were determined. From 
i n i t i a l  DNA sequence studies, the l o c a t i o n  o f  a 
poss ib le  promoter s i t e ,  a "Pribnow box", has been H-493 
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The replication of 2 pm plasmid DNA molecules was examined in two ways. A density-transfer 
experiment with an asynchronous population of cells revealed that all 2 wu duplexes were of 
hybrid density one generation after transfer from dense to light medium. A majority of the 
duplexes had single strands which were fully dense or fully light. We interpret these obser- 
vations to mean that each of the plasmid molecules in a cell replicates once each cell cycle. 
This pattern of replication is in contrast to the random distribution of replication events 
found for bacterial plasmid DNAs and mannnalian mitochondrial DNAs. Replication of 2 urn DNA 
was also examined with synchronous populations of cells obtained by arrest with the yeast 
pheromone a-factor, followed by temperature arrest with a cell cycle (cdc 7) mutant. No 2 pm 
DNA replication occurred during the arrest periods, but the population of molecules doubled 
during the synchronous S-phase at the permissive temperature. Moreover. most of the 2 pm DNA 
replication occurred in early S .  
cell cycle, and this activation is probably limited to the S phase. 

The replication of the double-stranded RNAs (dsRNAs) and mitochondrial DNA was also 
investigated in synchronous cells. The replication of these elements, unlike that of nuclear 
and 2 pm DNA, continued during the arrest periods. When the cells were allowed to enter the 
S-phase. replication of mitochondrial DNA continued, but replication of the dsRNAs stopped 
abruptly. We conclude that controls over the replication of 2 pm DNA are similar to those for 
nuclear DNA. In contrast, the replication of mitochondrial DNA and dsRNAs can be uncoupled 
from each other, and both can be uncoupled from the replication of nuclear DNA and 2 pm DNA. 

REPLICATION OF YEAST EXTRACHROMOSOMAL GENETIC ELEMENTS, Virginia A. Zakian, Bonita J. 
Brewer and Walton L. Fangman, University of Washington, Seattle, WA 98195 

Thus, each 2 pm replication origin is activated one time per 

-400- A NUCLEAR GENE CONTROLLING ASSEMBLY OF THE YEAST ENERGY TRANSDUCING MEM- 
BRANE, Michael G. Douglas, Phyllis C. McAda and Richard D. Todd. The University of Texas Health 
Science Center, San Antonio, Texas 78284. 

To examine the role of nuclear genes in the expression and assembly of the mitochondrial ATPase complex a 
detailed analysis of yeast nuclear mutants lacking measurable F1-ATPase activity has been initiated. The F 1-ATPase 
is  synthesized by the nucleocytoplasmic system and is assembled with partner subunits of mitochondrial origin 
during biogenesis of the functional complex. Single nuclear mutants which are devoid of mitochondrial F1-ATPase 
activity have been characterized to determine the level of ATPase subunits expressed in the mutant. Quantitative 
immunoprecipitation analysis of one mutant revealed that the mitochondrial membrane of the mutant contained 15% 
of the level of ATPase antigenic determinants found in the parental strain. Direct comparison of the ATPase immuno- 
precipitates by electrophoretic analysis on non-reducing SDS slab gels revealed that all the nuclear gene products of 
the parental enzyme were also present in the mutant in the same stoichiometry. In addition, an in vitro cell free 
protein synthesizing system was developed to quantitate the relative level of F1-ATPase messenger RNA in the 
mutant and parental strain. Chantitation of the F1-ATPase mRNA from the two strains revealed that the amount of 
translatable messenger RNA was the same (2.05% and 1.96% of the total poly A RNA for the parental and mutant 
strains, respectively). Similar analysis of another inner membrane enzyme, cytochrome oxidase, revealed that although 
the level of enzyme present in the mutant is  58% that of the parental strain the level of translatable cytochrome 
oxidase mRNA was the same. These data indicate that the biogenesis of two major complexes of the membrane 
are similarly repressed as a result of a single nuclear mutation. Furthermore, conservation of the stoichiometry of the 
individual cytoplasmically synthesized subunits in the ATPase assembly defective mutant suggests a mechanism of 
F1-ATPase subunit synthesis that is coordinated a t  the translational level. Experiments to assess the mechanism of 
this control will be provided. Supported by grant GM-25648 from the National lnstitues of Health. 

401 THE SEQUENCE OF THE INVERTED REPEATS OF YEAST PLASMID DNA, James L. Hartley, Brian 
P .  Nichols, and John E. Donelson, University of Iowa, Iowa City, Iowa 52242. 

Most yeast strains carry 50-100 copies per cell of an extrachromosomal circular DNA 
element with a contour length of about 2 um (about 6000 base pairs). 
for several proteins and does not appear to integrate into the nuclear or mitochondrial 
chromosomes. 
&I circle contains 2 copies of a 600 base pair sequence which are located on 
sides of the circle and are inverted with respect to each other. 
may play a role in intra-molecular recombination, in replication, or in other unknown 
functions of the plasmid. 

Using a recombinant plasmid containing 7-p DNA, we have isolated and sequenced an 
801 base pair DNA fragment containing one of the inverted repeats. 
about 113 of the other repeat was determined by sequencing portions of other restriction 
enzyme fragments. 
located and the repeat length was determined to be 597 base pairs. 
region near the center is rich in repeated and inverted sequences, while the boundaries 
are not distinguished by major symmetries or other unusual features. The portions of 
the 2 inverted repeats which have been analyzed show 100% homology, indicating a high 
degree of sequence conservation and suggesting that the repeat sequences have an 
important functional role. 

This 2p DNA may code 

It has been used as a cloning vehicle in yeast transformations. Each 
opposite 

The inverted repeats 

The sequence of 

By comparing the sequence data, the inverted repeat boundaries were 
A 120 base pair 

1 69 



Extrachromosomal DNA 

4 2  TRANSLATIONAL ANALYSIS OF THE CYTOPLASMIC dsRNA GENOMES OF KILLER YEAST, Donald 
Tipper, U. Mass. Medical School, Worcester, Ma., Kei th  Bostian and James Hopper, 

Brandeis Univers i ty ,  Waltham, Ma. and Dave Rogers, McGil l  Un ive rs i t y ,  Montreal, Quebec. 
K i l l e r  (K+) s t ra ins  o f  Saccharom ces cerev is iae produce an e x t r a c e l l u l a r  t o x i n  (12,000 dal -  
tons) and contain L and- JsRNA, (.  3 andl.4 m i l l i o n  dal tons)  separately encapsu- 
l a ted  i n  cytoplasmic v i r u s - l i k e  pa r t i c l es .  
p ro te in  (88,000 daltons). 
res i s tan t  t o  tox in  (R+).  
s t ra ins  contain an S dsRNA derived from M by an i n te rna l  de let ion.  
denatured L dsRNA produces the capsid p ro te in  as the only  i d e n t i f i a b E  s c t .  Trans lat ion 
o f  M dsRNA from e i t h e r  k i l l e r  o r  neutra l  s t r a i n s  produces a 32,000 dal ton polypeptide tha t  
cross reacts w i t h  a n t i t o x i n  antibody and appears t o  contain the t o x i n  peptide sequence. 
Translat ion o f  S dsRNAs gives an 8,000 dal ton peptide tha t  a l so  i n te rac ts  w i t h  a n t i t o x i n .  
These data support the hypothesis t h a t  M from k i l l e r  s t ra ins  codes f o r  tox in .  t h a t  M from 
neutral s t ra ins  codes for  a missense mutant product t h a t  f a i l s  t o  mature i n t o  a c t i v e  toxin, 
t ha t  the de le t i on  i n  S covers pa r t  o f  the t o x i n  coding sequence and tha t  L i s  requi red f o r  M 
maintenance because i t  provides the capsid prote in .  
produced i n  vivo, i t  could be a precursor o f  both t o x i n  and an imnunity f a x 0 7  

These p a r t i c l e s  contain a s ing le  major capsid 
Neutral s t ra ins  do no t  k i l l  (K-), but  l i k e  k i l l e r  s t ra ins ,  are 

They contain ind is t inguishable L and M dsRNA's. Suppressive 
I n  v i t r o l t r a n s l a t i o n  o f  

I f  the 32,000 dal ton i n  v i t r o  product i s  

EXPRESSION OF YEAST RIBOSOMAL K N A  GENES I N  E .  COLI. Richard A .  Kramer, Nat iona l  
Cancer I n s t i t u t e ,  N I H ,  Be thesda ,  Maryland T O O r  403 

The e x p r e s s i o n  o f  t h e  y e a s t  r ibosomal  RNA c o d i n g  r e g i o n  c a r r i e d  i n t o  E .  c o l i  on a b a c t e r i o -  
phage 
i z a t i o n  t o  c loned  rDNA and was shown t o  be i n  t h e  same d i r e c t i o n  a s  normal t r a n s c r i p t i o n  i n  
y e a s t  by h y b r i d i z a t i o n  t o  s e p a r a t e d  DNA s t r a n d s .  The t r a n s c r i p t i o n  i s  independent  o f  RNA 
s y n t h e s i s  a s  shown by s e v e r a l  c r i t e r i a  i n c l u d i n g  d e t e c t i o n  o f  y e a s t  KRNA sequences  i n  a X 
lysogen  s u p e r - i n f e c t e d  w i t h  t h e  recombinant phage. H y b r i d i z a t i o n  t o  r e s t r i c t i o n  f ragments  
o f  y e a s t  r D N A  and mapping by e l e c t r o n  microscopy o f  r - loops  formed on t h e  recombinant phage 
show t h a t ,  whi le  t h e  y e a s t - s p e c i f i c  t r a n s c r i p t s  i s o l a t e d  from E .  c o l i  a r e  q u a l i t a t i v e l y  d i f -  
f e r e n t  from t h e  mature  rRNA s p e c i e s  found i n  y e a s t ,  t h e r e  i s  szme-cificity i n  t h e  syn- 
t h e s i s .  The y e a s t  sequences  made i n  E. c o l i  a r e  b e i n g  c h a r a c t e r i z e d  f u r t h e r  t o  d e t e r m i n e  
whether o r  no t  any o f  t h e  s t e p s  i n  t r a n s c r i p t i o n  and p r o c e s s i n g  have been c a r r i e d  o u t  

v e c t o r  h a s  been examined. T r a n s c r i p t i o n  o f  t h e  y e a s t  r D N A  was  d e t e c t e d  by h y b r i d -  
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Mitochondr ia1  DNA o f  metazoan an imals  codes  f o r  2 KRNAs, about  20 tRNAs and a number o f  
po ly(A)-conta in ing  RNAs t h a t  a r e  presumably mRNAs.  
rRNAs  and t N N A s  i n  Xeno u s  l a e v i s  h a s  been de termined  p r e v i o u s l y  i n  o u r  group.  I s h a l l  
p r e s e n t  a map of t h & A F c x a i n i n g  RNAs  which we o b t a i n e d  u s i n g  two approaches .  

(1) R-loop-mapping o f  po ly(A)-conta in ing  RNA on c l o n e d  m i t o c h o n d r i a l  DNA, u s i n g  m i t o c h o n d r i a l  

HAPPING OF HITOCHONDRIAL RNA I N  XENOPUS LAEVIS. 
chemi s t r y  , N a t i o n s  1 Cancer I n s t  i tu tc ,NI=chesda ,  Maryland 20014. 

Eva R a s t l ,  L a b o r a t o r y  of Bio- 

The l o c a t i o n  o f  t h e  s i t e s  c o d i n g  f o r  

r R N A s  as  o r i e n t a t i o n  m a r k e r s .  

( 2 )  S e p a r a t i n g  f u l l y  d e n a t u r e d  ( g l y o x y l a t e d )  m i t o c h o n d r i a l  RNAs on g e l s ,  t r a n s f e r i n g  them 
t o  RNA b i n d i n g  diazobenzyloxymethyl-paper and h y b r i d i z i n g  them t o  d i f f e r e n t  r e s t r i c t i o n  
f ragments  o f  m i t o c h o n d r i a l  DNA. 

We have  l o c a l i z e d  a t  l e a s t  9 poly(A)-conta in ing  RNAs as w e l l  a s  2 nonriboaomal poly(A)-lack- 
i n g  RNAs and  have  de te rmined  t h e i r  m o l e c u l a r  w e i g h t s .  We have  a l s o  found r a r e  RNA m o l e c u l e s  
o f  h i g h e r  m o l e c u l a r  weight t h a t  o v e r l a p  t h e  mRNA p o s i t i o n s  and t h a t  might be  p r e c u r s o r s .  
Host RNAs a r e  t r a n s c r i b e d  from t h e  heavy s t r a n d  of t h e  DNA m o l e c u l e .  
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