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m a y  be t i le  resul t  of a non-enzymic  ele~ tron t ransfer  from reduced DPN to TI 'X via HV. This con- 
t en , ion  is fur ther  suppor ted  t)y t i le  observa t ion  t h a t  ca t a ly t i c  amoun t s  of HV do not  s t i m u l a t e  
the  rate  of I )PN reduct ion.  

F u r t h e r  suppor t  for the  con ten t ion  t h a t  a py r id ine  nucleot ide  media tes  a secondary  reduct ion  
of these (,tiler H-accep te rs  is g iven by the effect of nuc leo t ide  p y r o p h o s p h a t a s e  (NPP)* on the 
reduc t ion  of MB by a crude hydrogenase  p r e p a r a t i o n  (l:ig. "). This crude enzyme  p repa ra t ion  
ca ta lyzes  a rap id  MB reduct ion.  The add i t ion  of XPI  ) m a r k e d l y  inh ib i ted  t i le  ra te  of dye reduct ion,  
and the  inh ib i t ion  was reversed l)v a ca t a ly t i c  a m o u n t  of DI 'N.  
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Isolation and properties of succinic dehydrogenase* 

In p rev ious  c ,munun ica t ions  t i le  au tho r s  have  descr ibed the  solubi l izat ion,  assay, and pa r t i a l  
pur i f ica t ion  of succinic dehydrogenase  I a. The purpose  of t i le  p resen t  note  is to out l ine  the p repara t ion  
of the enzyme in an e s s e n t i a l l y  h o m o g e n e o u s  s ta te  and to des igna te  its sa l i ent  propert ies .  This  enzyme 
is the p r i m a r y  dehydrogenase  in the  chain of p ro te ins  which l ink  the  ox ida t ion  of succinate  to the 
re(lucti ,m of cv tochrome  c ill m i tochondr i a l  or purif ied pa r t i cu l a t e  p r epa ra t i ons  4. Since th i s  de- 
hydrogenase  c a t a l y z e s  the  one-step ox ida t i on  of succ ina te  to f u m a r a t e  in the  presence of a suital)le 
(lye (phenazine m e t h o s u l f a t e )  and shares  all the  i m p o r t a n t  charac te r i s t i cs  usua l ly  associa ted with 
succinic dehydrogenase  action,  the  demons t r a t i (m t h a t  th is  reac t ion  is ca t a lyzed  by  a single, discrete  
pro te in  molecule  pe rmi t s  the iden t i t i ca t ion  of th is  pro te in  its succinic dehydrogenase .  A corol lary 
of th is  conclusion is t h a t  t i le  o ther  componen t s  (protein or otherwise)  which func t iona l ly  l ink  the  
~xidat i (m ~f succ ina te  to ferr icyanide,  cytochronle ,  me thy l ene  blue, el(. are members  of an electron 
t r anspor t  cha in  in t i le  or iginal  par t ic le .  

The enzyme has  been isoluted from beef hear t  ln i tochondr iu l  acetone powders  1,2, l ;ol lowing 
ex t r ac t i on  with o.o~)M tr is(hydr~)xymetl ,  y l ) a m i n o m e t h a n e  lmffer, pH  8.9 and the remova l  of 
impur i t i e s  by  p r ec ip i t a t i on  with p r o , a m i n e  sulfate, the  enzyme  was p rec ip i t a t ed  by o. 5 sa tura ted  
(NH4)~SO 4. After  a brief d ia lys i s  t i le  p r o t a m i n e  and (NI-I4)2504 p rec ip i t a t ion  s teps  were repea ted ;  
t i le  enzyme was aga in  dialyzed,  and then subjec ted  to two cycles ()f t ' ract ionution w i t h  calc ium 
phospha t e  gel. The p rec ip i t a t e  ob ta ined  be tween o. 3 and o.M~ sa tu r a t ed  (Ntla)2504 was u l t ra  
cent r i fuged for 4 hours a t  t44,ooo • ,~* and the brown pel le t  was di luted,  y ie ld ing  a clear, amber  
solut ion of the dehydrogenase .  

E x a m i n a t i o n  in the ana ly t i ca l  u l t racen 
t r i fuge revealed the presence of a s ingle com- 
ponent  (Fig. ,). l ' ; lectrophoret ic  ana lys i s  a t  
pH 7.~) confirmed the above conclusion : only 
a trace  of i m p u r i t y  was detec table .  The sedi- 
m e n t a t i o n  ve loc i ty  (.S'2~ -- ~.5 S, de t e rmined  
a t  several  pro te in  concent ra t ions)  ul ld  u pre- 
l im inu ry  e s t ima t ion  of the diffusion c o n s t a n t  
ind ica te  a molecular  we igh t  of t i le c~rder of 
t to ,ooo  to I4O,ooo. The q)()2 of the best  prc- 
parat i(ms,  i sola ted from fresh acet(me pew- 
tiers, is 14,oOO u n d e r  the  condi t ions  of assay 
(mtline(I elsewhere a, and such p repa ra t i ons  
conta in  two a toms  of I:e per  mole of enzyme 
(i a tom l=e per 68,o0o g protein) .  On the o ther  
| l a n d  a , lunll)er ()f p r epa ra t i ons  have  l)een 
ob ta ined  from s o m e w h a t  older acetone pew 
ders wi th  a (?o2 of 7,5oo and con ta in ing  r a tom 

* Suppor ted  by a research g run t  from the  

2 r 

l:ig. t. 5e t l in len ta t ion  pa t t e rn  of suecinic dehydro-  
g e n a s e  i,1 the  u l t racent r i fuge .  Protein concent ra t ion ,  
9. '  mg per ml;  buffer, o.I 31 NaC1 0.005 . l l  phos- 
phate ,  p H  7.6; t empera tu re ,  4.()5 ; speed, 59,77'  
r .p.m. ; bar  angle, 45' .  Cen t r i fuga l | on  was cont inued  
un t i l  the  s ed imen t ing  peak  reached t i le  bo t tom of 
the  ceil. Each ()f t i le four exposures  was spaced l0  

m i nu t e s  apar t .  
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l,'e per 135,ooo g protein. Such prepara t ions  appeared none the less homogeneous by physical criteria. 
The significance of these findings will be discussed in the following note 6. 

The Q02 of I4,OOO, referred to above, does not  necessarily reflect the maximal  act ivi ty  of the 
enzyme for two reasons. First,  the dehydrogenase is quite unstable in the more purified stages and 
some inact ivat ion may  occur in the course of preparat ion.  Second, with phenazine methostflfate as 
the carrier, the rate of reduction of the dye may  well be the limiting factor. I t  is certainly possible 
tha t  when the prosthet ic  group of the dehydrogenase donates electrons to hemin derivatives, as 
in part iculate  preparat ions,  its tu rnover  may  be greater. 

The behavior  of the pure dehydrogenase with respect to the effect of pH, inhibitors, and its 
affinity constants  are essentially the same as in mitochondrial  prepara t ions  of heart.  The /£M for 
succinate is 1.3. ro-a M; the p H  op t imum is about  7.6, and the enzyme is highly sensitive to inhibition 
by all types  of - S H  reagents (mercaptide-forming, oxidizing, and alkylating agents), p-Chloromercuri- 
benzoate appears  to react almost  stoichiometrically with the dehydrogenase and the resulting 
inhibit ion is completely reversible by glutathione. The subs t ra te  protects  the enzyme froln the effect 
of -SH conlbining substances.  The inactive p-chlori)mercuribenzoate derivative of the enzyme may 
be fractionated by the procedure outlined above in the same way as the intact  enzyme and the 
activity may  tie completely regenerated at any stage of purification by t r ea tment  with HCN which 
dissociates the mercurial compound.  As would be expected from past  knowledge of the part iculate 
enzyme, malonate  is a conlpetit ive inhibitor,  whereas cyanide, BAI., and antimvcin. A are wi thout  
effect on the enzyme. The effect of i ron-complexing agents is described ii1 the succeeding note 6. 

One impor t an t  distinction between the isolated, soluble dehydrogenase and part iculate prepa- 
ra t ions  of the "succinic dehydrogenase complex"  is the unique requirement  of the solul)le enzyme 
for inorganic phospha te  '~. The possible reasons for this interest ing behavior  have been discussed 
elsewhere 5. 

The isolated dehydrogenase is less stable than  its part iculate  counterpar t  and appears  to undergo 
several types of inactivation, which are at present  not well understood.  At 2o '  as much as 2o% 
of the activity may  be lost in 24 hours  and prolonged dialysis at o ~ results in variable loss of activity. 
Ethylenediaminetetraacetate ,  glutathione, and cysteine neither protect  to a significant extent  froni 
inact ivat ion on storage nor do they reverse the loss (if activity. The p-chloroinercuribenzoate deriva- 
tive undergoes inact ivat ion on storage to the same extent  as the intact  enzyme. Thus,  this  type of 
inactivation does not appear  to be due to a loss of essential SH groups. 
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On the density and the optics of silk fibroin 

in  their  impor t an t  invest igat ion of the s t ructure  of silk fibroin MARSH, COREY AND ['AUI.ING 1 
assume a density of 1.45 g/c ma for a crystalline polypeptide consisting only of glycine, alanine and 
serine in the propor t ions  3:2 : I. Tha t  figure is derived from the densities of crystals of glycine (t .607) , 
D,L-alanine (I.4O), D,L-serine (L537) and some simple peptides of glycine and alanine (I .28o-I.57).  

Silk fibroin is a porous  sys tem 2 with such small submicroscopic interfibrillar spaces tha t  
imbibi t ion with penet ra t ing  liquids is accompanied by  considerable swelling. Therefore, it is difficult 
to verify experimental ly  the predicted density. But  it can be derived from the molecular refraction, 
since the refractive indices of silk fibroin have been measured accurately in this laboratory a,4. The 
result  of such a calculation includes the influence of the tyrosine component  in silk fibroin. 

Tile refractive indices of the highly anisotropic silk fibroin, considered as an optically uniaxial 
body, are at 25°C (riD)* = 1.596o and (nD)oJ = 1.5454. They yield a medium refractive index s 


