
15. 10. 1971 Speeialia 1171 

Table I. Activities (~tmoles P~ × mg protein -~ x min -~) of the ATP- 
ases of the sarcolemma from normal and 20,25-diazacholesterol 
treated rats 

(Na + + K +) (Mg ++) 
ATPase + ATPase 
(Mg ++) ATPase 

Control rats 14 0.241 0.164 
(0.206-0.260) (0.135-0.200) 

Myotonie rats 14 0.158 0.123 
(0.152-0.165) (0.088-0.I46) 

Conditions of assay: 3 taM [Tris-ATP], 20mM [TES] pH 7.4, 
1 mM [MgCI2] , 65 mM [choline chloride] and 0.1 lug sarcolemmal 
proteinfint in a total volume of 2 ml. T = 37°C. For the determina- 
tion of the (Na + + K +) ATPase + the (Mg ++) ATPase 60 mM [NaCt] 
and 5 mM [KC1] were added to the solution instead of the choline 
chloride 8. After 5 and 10 rain, aliquots were pipetted into an equal 
volume of 10% trichloroacetie acid and the P~ was determined 
according to FISKE and SUBBAROw 1°. n = number of experiments; 
the extreme values are shown in parentheses. 

Table II. Inhibition of the ATPases of the sarcolemma from normal 
and 20,25-diazacholesterol treated rats by 2.5 mM 2,4-dichloro- 
phenoxyaeetate 

(Na+ + K+) (Mg++) 
ATPase + ATPase 
(Mg ++) ATPase 

Control rats 10 54% 64% 
(34-79%) (49-73%) 

Myotonic rats 10 61% 58% 
(44-73%) (36-73%) 

n = number of experiments; the extreme vatues are shown within 
parentheses. 

Table  I gives the  resul ts  of A T Pa s e  de t e rmina t i ons  for 
cont ro l  and  my o t o n i c  rats .  The values  for t he  contro l  r a t s  
are in t he  s ame  region as t he  d a t a  g iven by  PETER s. For  
my o t o n i c  animals ,  however ,  a decrease  is found  in the  
ac t iv i t ies  of b o t h  the  (Mg++) ATPase  and  the  (Na+ + K + )  
+ (Mg ++) ATPase .  The  ac t iv i ty  of t he  fo rmer  is 75% t h a t  
of t he  control ,  while  t he  ac t iv i ty  of t he  ( N a + + K + )  + 
(Mg ++) A T Pa s e  is on ly  66% t h a t  of t he  control .  F r o m  these  
resul ts  i t  can  be conc luded  t h a t  t he  ( N a + +  K+) A T P a s e  
in m y o t o n i c  r a t s  is more  inh ib i t ed  t h a n  the  (Mg++) A T P -  
ase. In  f u r t h e r  e x p e r i m e n t s  we me a s u r e d  t h e  inh ib i t ion  of 
t he  s a rco lemmal  A T Pa s e s  by" 2,5 m M  2, 4 -d ich lorophen-  
oxyace t a t e .  As can  be  seen f rom Table  II ,  t h i s  concen t r a -  
t ion, wh ich  is able to  induce  m y o t o n i a  in ra ts ,  causes  a 
60% inh ib i t ion  of t he  A T Pa s e s  f rom the  sa rco lemma of 
no rma l  a n d  of m y o t o n l c  ra ts .  

This  resul ts  give fu r the r  ev idence  t h a t  t h e  induc t ion  of 
m y o t o n i a  by  20, 25-diazacholesterol  and  by  2, 4-dichloro-  
p h e n o x y a c e t a t e  is connec ted  wi th  a l t e ra t ions  in t he  m e m -  
brane  s y s t e m  of muscle  fibers.  I t  r emains  to  be p roved  
w h e t h e r  t he re  are comparab le  changes  in h u m a n  here-  
d i t a ry  myo ton i a .  

Zusammen/assung. Die Aktiviti~t der  (Mg++)- und  der  
( N a + +  K+)-s t imul ie r t en  ATP-ase  des Sa rko lemm yon  
R a t t e n  m i t  Myoton ie  du rch  20.25-Diazacholester in  ist  
gegeni iber  den  I~ont ro l l ra t t en  e indeut ig  erniedrigt .  2, 5 m M  
2 ,4 -Dich lo rphenoxyace ta t  im B e s t i m m u n g s a n s a t z  h e m m t  
beide A T P - a s e n  u m  ungef~ihr 60%.  
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A S t r u c t u r e  R e s e m b l i n g  Proteinpolysaccharide 
f r o m  M o u s e  L i v e r  

The presence  of pol3/saccharides as a c o m m o n  con tami -  
n a n t  in p h e n o l - e x t r a c t e d  D N A  has  b e e n r e p o r t e d b y  var ious  
au thors  t-~. This  also appl ies  to  mi tochondr i a l  D N A  
(M-DNA), which  a f te r  pheno l - ex t r ac t i on  a n d  cent r i fuga-  
t ion  in CsC1 g rad ien t s  has  been  found  to  con ta in  a con ta -  
m i n a n t  of h igh  U V - a b s o r b a n c y  4-6. On t h e  o the r  hand ,  i t  
is also known  t h a t  p heno l - ex t r ac t ed  po lysaccar ides  are 
a lways c o n t a m i n a t e d  b y  D N A  7. Af te r  i sopycnic  cent r i -  
fuga t ion  in CsC1 d e n s i t y  gradients ,  th i s  ma te r i a l  accumu-  
lates  t o g e t h e r  w i t h  M - D N A  a t  a b u o y a n t  dens i t y  of 
1.68-1.71 g]cm 8. However ,  separa t ion  of po lysacchar ides  
f rom M - D N A  has  been  ach ieved  e i the r  b y  t h e  add i t i on  of 
e th id ium b r o m i d e  to  CsC1 dens i ty  g rad ien t s  8, or b y  pur i -  
f ica t ion of M - D N A  t h r o u g h  M A K - c o t u m n s  (MAK = 
m e t h y l a t e d  a l b u m i n  on Kiese lguhr )9  

Dur ing  our  work  on  t h e  e lec t ronmicroscopica l  charac-  
te r iza t ion  of  D N A  e x t r a c t e d  f rom mouse  l iver  mi tochon-  
dria,  we found  a t  a f r equency  of a b o u t  0.5% ' I ampbrush -  
l ike '  s t ruc tu res  showing  a charac te r i s t i c  conf igura t ion.  
They  consis t  of a cen t ra l  f i l ament ,  50/k  thick,  and  un-  
b r a n c h e d  side chains,  80-110 ~_ thick,  wh ich  are ful ly  ex- 
t e n d e d  and  inser t  a t  t h e  cen t ra l  f i l amen t  a t  inervals  of 
200-300/~.  The side cha ins  wh ich  possess  a t e rmina l  
th i cken ing  of 170-210/k  have  a r a t he r  c o n s t a n t  l eng th  
1574 4- 135 ~ (S.D.). On the  o the r  hand ,  t h e  cen t ra l  fila- 

Complexes in Preparations of Mitochondrial DNA 

m e n t s  v a r y  in l eng th  (Figure 1), bu t  there  is a close corre- 
la t ion b e t w e e n  the  l eng th  of the  cent ra l  f i l ament  and  the  
n u m b e r  of a t t a c h e d  side chains  (Figure 2). Since the  me-  
t h o d  of spread ing  leads to  a two-d imens iona l  conf igura-  
t ion  of t he  molecules,  the i r  normal  conf igura t ion  is un-  
known.  Likewise,  i t  is impossible  to  deduce  f rom the  elec- 
t ron  mic rographs  w h e t h e r  or no t  t he  f i l amen tous  s t ruc-  
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Fig. 1. Electron micrographs of 'lampbrush- 
like' structures of different length in prepara- 
tions of M-DNA from mouse liver, a) A small 
unit, presumably due to fragmentation, with 
radially arranged side chains. A circular 
M-DNAmoleeuleisshownontheleft. × 99,000. 
b), c} Longer forms with distinct central fila- 
ment and perpendiculary oriented side chains 
showing a club at their end. × 132,000. Bar = 
100 nm. Purified mitochondrial preparations 12 
were lysed in the presence of sodium lauryl 
sulfate (SLS), and DNA was extracted with 
80% phenol; RNA was removed by treat- 
ment with RNase (50 [zg/ml). DNA was iso- 
lated by centrifugation for 70 h at 33,000g 
in a CsC1 density gradient (3 ml, initial den- 
sity 1.710 g/cm s) using the SW 50.1 rotor of 
the SPINCO L2-50 B centrifuge. For electron 
microscopical analysis, the M-DNA-contain- 
ing fraction was spread by a modified 18 pro- 
tein monolayer technique 14. The solution 
containing 50 % formamide in 0.004M 
NaHCOa (pH 8.6), 0.1M NaCI, 0.001M tris 
(pH 8.4), 0.00IM EDTA, 100btg/ml cyto- 
chrome c and 5 ~tg]ml M-DNA was spread 
on a surface of redistilled water. The mono- 
layer was picked up by carbon-coated grids 
previously coated with pyroxiline. The speci- 
men were dehydrated in ethanol and rotary 
shadowed at a low angle with a Pt-Pd-Au-Ag 
alloy. 
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tu r e s  h a v e  a he l ica l  conf igura t ion .  Since t h e  side cha ins  
are  ful ly  e x t e n d e d  a f t e r  s p r e a d i n g  on  a c y t o c h r o m e  c mo-  
no layer ,  w h i c h  a t  p H  8.6 m u s t  b e  pos i t i ve ly  charged ,  i t  is 
l ike ly  t h a t  t h e  s ide c h a i n s  r e p r e s e n t  po lyan ion ic  mole-  
cules  io, 11. 

Electron microscopical observations on polysaccharide 
or protein-polysaccharide complexes are very scanty. For 
instance, it has been shown that hyaluronic acid prepared 
from human synovial fluid represents a linear molecule 
without branching x°. However, uranyl-stained protein- 
polysaccharide complexes prepared from bovine nasal 
cartilage have been found to consist of a protein core fila- 
ment with regularly arranged side chains representing the 
chondroitin sulfate moleculesXL Although the structures 
present in M-DNA preparations show the same type of 
configuration, they differ from the molecules obtained 
from cartilage by the greater length ol the side chains 
(3 × ), and the size-distribution of the central filaments. 
In our material there is a continous distribution in length, 
whereas the macromolecules of nasal cartilage fall within 
two distinct size classes, presumably representing mono- 
mers and dimers respectively. 

Owing  to  t h e  sca rc i ty  of th i s  m a t e r i a l  in  ou r  p r e p a r a -  
t ions ,  c h e m i c a l  i den t i f i c a t i on  of these  molecules  is s t i l l  
pend ing .  Never the les s ,  t h e  r egu la r  occur rence  of such  
molecules  in  D N A  e x t r a c t s  of h i g h l y  pur i f i ed  m i t o c h o n -  
d r i a l  p r e p a r a t i o n s  sugges t s  t h a t  p r o t e i n - p o l y s a c c h a r i d e  
complexes  (p ro teoglycans)  m a y  r e p r e s e n t  a genu ine  com-  
p o n e n t  of m i t o c h o n d r i a .  T h i s  v iew is also s u p p o r t e d  b y  
t h e  f i n d i n g  t h a t  i so la ted  m i t o c h o n d r i a  of r a t  l i ve r  a re  
c a p a b l e  of  g l y c o p r o t e i n  s y n t h e s i s  lt, ~s a n d  t h e  r e c e n t  
i den t i f i c a t i on  of t h e  g lycopro te ins  as  c o m p o n e n t s  of  
m i t o c h o n d r i a t  s t r u c t u r a l  p r o t e i n s  x7 E x p e r i m e n t s  des igned  
to  local ize  s u c h  molecules  w i t h i n  s t r u c t u r a l  c o m p o n e n t s  
of m i t o c h o n d r i a  a re  now in  progress .  

Zusammen/assung. I n  hochge re in ig t en  Pr~tpara ten  v o n  
M - D N S  aus  Mausleber ,  die m i t t e l s  P h e n o l  e x t r a h i e r t  u n d  
auf  e i n e m  P r o t e i n f i l m  gespre i t e t  wurde ,  k o n n t e n  p ro teo -  
g l y k a n a r t i g e  Makromolek i i l e  m i t  e iner  H/ iuf igke i t  yon  
0,5% n a c h g e w i e s e n  werden .  Diese b e s t e h e n  aus  e inem 
Z e n t r a l f i l a m e n t  v a r i a b l e r  L~nge  (790-6220 A) u n d  Sei- 
t e n k e t t e n  k o n s t a n t e r  L~Lnge (1574 ± 135/~),  d e r e n  Zah l  
m i t  de r  Li inge  de r  Z e n t r a l f i l a m e n t e  kor re l i e r t  ist.  

P.  WELLAUER a n d  R. W E B E R  lS 
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Coze filament lengm [A~IO ~) 
Fig. 2. Correlation between the length of central filaments and tl~e 
number of side chains. The data are based on measurements of 26 
well defined structures. The electron micrographs were taken at a 
magnification of 30,000 x.  The structures were enlarged to a final 
magnification of 635,000 ×, traced on paper and the length deter- 
mined by tracing with a map ruler. 
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Th e  M e t a b o l i s m  of Biphenyl  by  P s e u d o m o n a s  p u t i d a  ~ 

I n  a p r e v i o u s  r e p o r t  o n  t h e  mic rob ia l  d e c o n t a m i n a t i o n  
of w a s t e  wate rs ,  c o n t a i n i n g  a r o m a t i c  h y d r o c a r b o n s  used  
as  n u c l e a r  r e a c t o r  coolants ,  we h a v e  isola ted,  b y  en r i ch -  
m e n t  cu l tu res ,  a s t r a i n  of Pseudomonas putida ab le  to  
grow on  b i p h e n y l  as  sole c a r b o n  a n d  ene rgy  source  2. I n  t h e  
p r e s e n t  w o r k  r e sea rch  on  t h e  d e g r a d a t i o n  of b i p h e n y l  b y  
Ps. putida is r epor t ed .  

Materials and methods. The  cells were  g rown a n d  har -  
v e s t e d  a n d  t h e  cell-free e x t r a c t  was  o b t a i n e d  as p r ev ious ly  
desc r ibed  for  Ps. desmolyticum 3. P r o t e i n s  were  d e t e r m i n e d  
b y  t h e  m e t h o d  of WARBURG a n d  CHRISTIAN 4. T he  spect ro-  
p h o t o m e t r i c  d e t e r m i n a t i o n s  were  ca r r ied  o u t  in  a Zeiss 
P.M.Q. I I .  A mode l  137 I n f r a c o r d  s p e c t r o p h o t o m e t e r  
( P e r k i n - E l m e r  Ltd . )  was  used  to  o b t a i n  I R - a b s o r p t i o n  
spec t ra .  Mass s p e c t r a  were  r u n  b y  a L K B  9000 spect ro-  

g raph .  TLC a n d  GLC were p e r f o r m e d  as  desc r ibed  in  t h e  
e x p e r i m e n t a l  resul ts .  B i p h e n y l  was  supp l i ed  b y  Merck ;  
2-, 3- a n d  4 - h y d r o x y b i p h e n y l s  b y  B D H ,  K a n d  K L a b o -  
r a to r i e s  a n d  E a s t m a n ,  r e s p e c t i v e l y ;  3 , 4 - d i h y d r o x y b i -  
p h e n y l  b y  E a s t m a n ;  benzo i c  ac id  b y  B D H .  E a c h  p r o d u c t  
was  f u r t h e r  pur i f i ed  b y  c rys t a l l i za t ion .  

Results. 14-16  h cu l t u r e s  of Ps. putida i n c u b a t e d  w i t h  
b i p h e n y l  showed  pos i t i ve  t e s t  for  diols  s. W h e n  t he  diol  
c o n c e n t r a t i o n  in  20 1 glass  j a r s  cu l tu re s  was  a t  a m a x i m u m ,  
t h e  cu l t u r e  f lu id  was  co l lec ted  a n d  m a d e  a lka l ine  (pH 8) 
w i t h  aqueous  p o t a s s i u m  c a r b o n a t e .  I no rgan i c  p h o s p h a t e  
p rec ip i t a t e ,  r e s idua l  b i p h e n y l  a n d  cells were r e m o v e d  b y  
f i l t r a t i o n  a n d  3 e x t r a c t i o n s  were  p e r f o r m e d  w i t h  e t h y l  
e t h e r ;  t h e  s o l v e n t  was  dr ied  ove r  a n h y d r o u s  m a g n e s i u m  
s u l p h a t e  a n d  e v a p o r a t e d  in t h e  cold u n d e r  r educed  pres-  


