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Dissociation of the succinoxidase systems of Ascaris lumbricoides 
and of rat kidney 

The succinoxidase complex of mammal ian  tissues is considered to consist of a p r imary  de- 
hydrogenase, linked to an electron t ranspor t ing  chain of several const i tuents  terminat ing with 
the cytochronle c-cytochrome oxidase system1, ~,8. Methylene blue can act as an electron acceptnr 
from some const i tuents  of the succinoxidase complex, but  not from a soluble beef heart  succinic 
dehydrogenasO. However,  the lat ter  reacts with phenazine methosulfatO,  5. 

The succinoxidase system of the parasitic worm, A s c a r i s  lumbr ico ides ,  (lifters from tha t  of 
mammal i an  tissues because t ransfer  of electrons to atmospheric  oxygen occurs wi thout  the parti-  
cipation of the cytochrome sys tem 6. Purification of the succinoxidase system of ,4scar is  nmscle 
was carried out  by extract ion of the soluble proteins from the minced tissues, by homogenization 
of the residue in t r i s - (hydroxymethyl ) -aminomethane  (TRIS) buffer (0.04 molar;  pH:  8.9) 
containing succinate (o.o25 molar) and by differential centrifugation of tile homogenate.  The 
succinoxidase sys tem was recovered in the superna tan t  fluid on centrifugation at 4000 r.p.m, for 
3 ° minutes  and in the residue after centrifugation at 70,000 × g for one hour. In contras t  to the 
mammal ian  succinoxidase system, ant imycin A 7 did not inhibit the oxidation of succinate by the 
prepara t ion from A s c a r i s  muscle. I t s  activity was s t imulated by methylene blue and by phenazine 
methosulfa te  (Table I). When the purified succinoxidase preparat ion was treated with p~mcreatic 
lipase*, in the presence of calcium ions, and subsequent ly  was centrifuged at 70,000 × g (one hour), 
succinic dehydrogenase activity in the absence of dye was markedly  reduced; furthermore,  a 
significant decrease in activity occurred when methylene blue was used as the electron carrier. 
On the other  hand, dehydrogenase activity in the presence of the phenazine dye was not altered. 
After freezing and thawing of the lipase-treated preparat ion,  a fraction soluble on centrifugation 
at 70,000 × g (one hour) had succinic dehydrogenase activity in the presence of phenazine metho-  
sulfate, bu t  little or no act ivi ty was detected when methylene blue was used as the acceptor 
(Table I). The same prepara t ion catalyzed the reduction of ferricyanide by  succinate. Our observa- 
t ions indicate that ,  th rough  the action of lipase, the succinic dehydrogenase of A s c a r i s  can be 
dissociated f rom its electron t ranspor t ing  system. 

T A B L E  I 

ENZYMIC ACTIVITIES OF FRACTIONS OF A s c a r i s  SUCCINOXIDASE 

Methylene P henazine 
@ Fraction No dye blue methosulJate 

(0.05 mg per ml) (o.5 mg per mO 

I Ascaris muscle homogenate  2.9 6.4 7.2 
2 Purified succinoxidase 5 ° 86 18 l 
3 :~c2 after t r ea tment  with lipase 19 71 195 
4 :~:3 after  freezing and thawing 

followed by centrifugation at 
70,o00 × g (supernataut)  o I7 252 

Conditions of assay:  0.025 M succinate, 0.04 M T R I S  buffer (pH: 8.3), o.ooi ill MnCI2, 
2 units  catalase, o.05 M ethanol;  total  volume: I ml. Temperature :  37 ° C. Activities are expressed 
as/~1 of oxygen taken up  in io minutes  per mg of protein. 

Similar results  were obtained wi th  the succinic dehydrogenase sys tem of ra t  kidney. With 
a histochemical method for localizing the sys tem using tetrazolium salts 8, modified by the use of 
additional soluble oxidation-reduction dyes", it was found tha t  incubation of frozen sections of 
ra t  kidney wi th  lipase and CaCI~ produced a dissociation of the succinic dehydrogenase system 
in such a manner  t ha t  it could still react with blue tetrazolium via phenazine methosulfate  while 
it no longer reduced blue tetrazolium alone or via methylene blue. These histocheinical fimlings 
were confirmed by  direct measurements  of succinic dehydrogenase activities of part iculate frac- 
t ions obtained from ra t  kidney and from rat  liver 1°. After incubation of these preparat ions  with 
lipase their ability to reduce succinate in the presence of methylene blue was abolished while their 
enzymic acitvity in the presence of the phenazine dye remained unimpaired.  

* This prepara t ion  had no demonst rable  proteolytic activity. In  order to insure the absence 
of the latter, soy bean and egg white t rypsin  inhibitors were added during incubation of the succin- 
oxidase complex wi th  the lipase preparat ion.  
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b;vidence has  been ob ta ined  which indica tes  the possit) i l i ty t lmt  dit>h~slH~q}\'ridinc nuch'~,t hh. 
( I )PN)  and f lavine adenine dinucleot ide ( I : . \D)  are c~mstiiucnts ~1 the smciHoxid~sc c,>mplex ~,1 
..lscai, i.¢. This  sys tem was i nac t iva t ed  by incuba t ion  with ;~ mwlcot idc  lwr,,tH~,~st~hat;~c*: hH 
l(~wing th is  t r e a t m e n t ,  r eac t iva t ion  (H" succ ina te  <~xidizing ( :q)neity t imid  I,c ,,I)scr\ cd when 111 'N 
and 1:;\I) were added.  The mldi t ion of 1".\1) al(me genei-~llly did n(~t produt c ~tl]\ <d)s(,r\,alHu rc;t t t i  
\ a t i o n ,  while  both  FAI)  aIld I ) I 'N usual ly  were rcquirc~l l',)r max i ma l  s t imu la i i nn .  Ni~,,tin;imi,h'  
b rough t  abou t  in]~ibiti(m ~)f sm cimlte  oxidati~m in C(ll/t:entl-akJ(lllS c~mHmrable t~ th~sc l(mnd t(, 
i nh ih i t  some known  1)l)N - and TI 'N- l inked  dchydrogcnases  1~.~2. I"urthcrnl,~n', in,,'ul~ati(m ~)1 the 
succ inoxidase  sys te ln  with succ ina te  and puri t ied lactic dchydrogenase  ta resul ted in ;~ :ignil?cant 
r educ t ion  of pyruw~te  to  lactate .  

So far, no meta l  requi re i / len t  of the sys tem has been detec table .  Su¢cini¢ dehydr,~gcnasc 
a c t i v i t y  was s t i nmla t ed  by manganese  as well as by e t h y h m e d i a m i n e t e t r : m c e l n t c  suggestin,< tha i  
n / a n g a n e s e  displaces  an ion which h a s  an inhi l ) i torv  effect on the enzyme.  

This inves t iga t i (m was suppor l ed  by resean  h g ran t s  from the Nati(m;d I~s t i tu tes  ~,f l lcal th ,  
U.S. l 'ub l ie  t l c a l t h  Service. 
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* The source of the  nuc leo t ide  p y r o p h o s p h a t a s e  p r e pa ra t i on  was the  xenom t)f CYolallis ada~a~> 
tus. The enzyme  was p repa red  according to an unpub l i shed  method  of L..\SrRACHAN AND N. O. 
KAPLAN and was  k i n d l y  suppl ied  to us by Mr. F. STOLZENBAC~T. The enzyme has been used for 
c leavage  of bound I )PN from t r io sephospha te  dehydrogenase  by 1,. \STRACtfAN (l:eder~tliolt Prof., 
13 (1954) 172) and for c lcawtge of bound I:.VI) from D-amin~) acid nxidase  by C. I)l,: I .uca  and 
N. (). KAPLAN (personal  c (mmmnica t ion ) .  

Deuterium exchange between ribonuclease and water 

As a l ink  in a recent  series of i so tope-exchange  s tud ies  carr ied  out  in the Carlsberg I ,abora-  
tory1 6 an inves t iga t ion  has  been made  of the  exchange  of deu te r ium be tween  rib~muclease (RNase) 
~tnd water .  The resul t s  will be briefty repor ted  below and compared  wi th  those found f~r insulin ".1.~ 
to which p ro t e in  R N a s e  bears  a r a the r  close resemblence.  

The sample  used (Armour  38159) was p resen ted  to us by  Dr. C. B. :\XEINSEN. The method  
appl ied  in the  exchange  e xpe r im e n t s  is descr ibed in a,'t,'~. 2oo HI of a well-defined I 2 % aqueous  
so lu t ion  of R N a s e  are lyophi l ized  and the  wa te r  replaced by  20o pl  99.73 % 1)20. After  comple te  
exchange  the  D20  is r emoved  by  c ryosub l ima t ion  and  the  sample  dried for 3 hours  by  hea t ing  to 
6o-' aga ins t  a t r a p  a t  - 6 o '  (see 4). The d ry  deu te r ium- loaded  sa inple  of pro te in  is then dissolved in 
2oo HI H 2 0  for b a c k - e x c h a n g e  a n d  t h e  e x c h a n g e  reac t ion  followed by  t a k i n g  out  15 ill  samples  a t  
su i t ab le  in te rva ls ,  r e m o v i n g  the i r  wa te r  by  c r y o s u b l i m a t i o n  and de t e rmi n i ng  i ts  concen t ra t ion  
of d e u t e r i u m  b y  dens i t y  d e t e r m i n a t i o n s  in t h e  grad ien t  tube.  

According to  a n a l y s i s  b y  HIRS, ~IO()RE AND S'FEIN 7, RNase,  Mw 13H95, consis ts  of i2(> 
amino  acids a r r anged  in one p e p t i d e  chain,  wi th  four i n t r acha in  S-S bridges.  I t  has the  all over 
compos i t ion :  ASpl 6 Glul2 Glyla  Alal= Val9 Leu2 Ileua Serl5 Thrl0 Cy% Met 4 Pro s Phea Tyr6 t t iss  
l,ySl0 . \ rg  4 (CON H2)lV a n d  a t  t h e  isoelectr ic  po in t  the  molecule  conta ins  238 theore t i ca l ly  exchange-  
able  oxygen-  and n i t rogen-bound  hydrogen  atoms,  out  of which 12o belong to the CO NH 


