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Oxidat ive  phosphorylat ion in a bacterial  extract  

A t t e m p t s  to d e m o n s t r a t e  a coupl ing  be tween subs t r a t e  ox ida t ion  and phospha t e  es ter i f icat ion 
in bac te r i a l  e x t r a c t s  haxe  been nega t ive  or have  y ie lded  very  low ra t ios  of phospha t e  esterified to  
oxygen  consumed  1. T h a t  a coupl ing s imi lar  to t h a t  of m a m m a l i a n  svs t ems  does exis t  in micro-  
o rgan isms  has, however,  been ind ica ted  by  LIPMANN 'a in his s t u d y  of the  mechan i sm of oxida t ion  
of p y r u v a t e  by  Lactobacilhts delln'ffckii. More recezatly ItRFNKEL 3 repor ted  t h a t  l ight  iuduced  phos- 
pho ry l a t i on  in ex t r ac t s  of a p h o t o s y n t h e t i c  microorganism.  In  the  presen t  e o m n m n i c a t i o n  we wish 
to  repor t  the  exis tence  in crude e x t r a c t s  of :llvcobacterimn phIei of a sys tem which can couple oxida t ion  
to phosphory la t ion .  

When  cell-free ex t r ac t s  were incuba ted  wi th  succ ina te  as e lectron donor, and  wi th  glucose, 
yeas t  hexokinase ,  and  AMI '  as a phospha t e  accep te r  sys tem,  there  was a p ronounced  d i sappea rance  
of o r t h o p h o s p h a t e  (Table 1). This es ter i f icat ion of phospha t e  was dependen t  on the  add i t ion  of the  
p h o s p h a t e  accep te r  sys tem and Mg ++. .qince p r epa ra t i ons  from th is  o rganism conta ined  ATPase, 
i t  was  essent ia l  to add fluoride. Only  43 % inh ib i t ion  of ATPase could be ob ta ined  by the  addi t ion  
of f luoride:  therefore  the  wdues  repor ted  for phospha t e  d i sappearance  p robab ly  represent  a m i n i n m m .  
Never theless ,  i t  was possible  to ob t a in  P/O ra t ios  g rea te r  t h a n  l.O with succinate,  mala te ,  a -ke to-  
g lu ta ra te ,  f l q l y d r o x y b u t y r a t e  and p y r u v a t e  as e lectron donors.  F u r t h e r  evidence  t h a t  th is  phos- 
phory ta t ion  occurred above the  subs t r a t e  level was ob ta ined  by  us ing uncoup l ing  agents.  Gramic id in  
and 2,4-dizl i t rophenol (DNP) 5" lo s M, inh ib i t ed  the  d i sappea rance  of o r t hophospha t e  with all 
subs t r a t e s  inves t iga t ed .  

At  the  end of such e xpe r im e n t s  a l iquo t s  of the s u p e r n a t a n t  were chron]a tographed  in the  
methano l  a m m o n i a  so lvent  descr ibed [)5' B A N 1 ) U R S K I  A N D  A X E L R O D  5. \Vhen the sys tems  conta ined  
only AMP as phospha t e  accepter ,  there  a c c unm la t e d  I T.V. adsorb ing  ma te r i a l  h a v i n g  the same 1Q: 
as ATP. Accepter  sys tems  con ta in ing  . \MP, hexokinase  and glucose showed mate r ia l  c~wresponding 
to . \ I )P.  Control  sys t ems  did not con ta in  any  de tec tab le  ATP or ADP. 

"I'AB1J: I 

O r3'wn I / ' i  
.qysh'~n (p ahmtsJ (1~31) 1' 0 

No add i t ions  0.35 o o 
Aceeptor  sys tem o.55 o. 3 
Succina te  3.26 ,.o 0.3 
Suee ina te  ~ accep te r  sys tem 3.-' 4.O ~.53 
Succiuate  + accep te r  sys t em t- D N P  3.~ o._, o.o 5 

The incuba t ion  m i x t u r e  con ta ined  0. 7 ml crude sonic e x t r a c t  pH 7." (l 9 mg protein),  r 5 !~.11 P e a ,  
15 I ,M MgCI2, "5 /~M KF. The fol lowing add i t ions  were added  as ind ica ted :  5o u M  succinate ,  
2. 5 lt:ll AMP, ] mg  of yeas t  hexokinase ,  -,o 1~31 glucose, 5" lo  5 ~ll, DNP,  and H20  to volume ~.3 ml. 

Reac t ions  were carr ied  out  a t  3 o for io  l l l inutes  af ter  add i t ion  of subs t ra te ,  then s topped 
by  the  addi t ion  of IO (~<, "FC:\ and phospha te  ana lyzed  by the method of F1SKE AND SUBBAROW 4. 

TA BLE 1I 

(J U <en I t ' i  l" v 
.~,'~'shm (1~ ~loms ,/1111) P 0 (pMJ 

No add i t ions  0.43 o o o. i (> 
~ -Hydroxy l )u ty r i c  t AMI '  3.9 3.9 t.o t . i 0  
~ - H y d r o x y b u t y r i c  I . \MI '  

k yeas t  hexokinase ,  glucose 4 .o 4.9 i._,o o.O 7 
3 - H y d r o x y b u t y r i c  - : \Mt '  

: yeas t  hexokinase ,  glucose-4- I )NP  3.9 l .o  o.4i  o 

The i ncuba t ion  sys tem conta ined  0. 7 mI crmle sonic ex t rac t ,  p H  7. z (l 5 mg protein),  1o/~3/ 
of l'O~, 15 /t31 MgCI2, - '5/~M KF, 5 ° / t M  f i -hyd roxybu ty r i c  acid where indicated,  -'.5 /¢.1/ AMP, 
z m g  of yeas t  hexokinase ,  glucose, 5 " i o  a 3/  DNP, and I-][20 tO volume 1.3 ml. The reac t ion  was 
carr ied  out  a t  3o '  for [o rain, and  s topped  by the  addi t ion  of 1o% TeA.  An a l iquot  was removed 
and Pi de te rmined .  Ac t iva ted  nor i t  was added to ano the r  a l iquot ,  mixed  well, then  cent r i fuged 
and washed  4 t imes  with dis t i l led  water .  The adenosine po l yphospha t e s  adsorbed on the  nori t  were 
hydro lyzed  in N HCI and the 1>~ de te rmined .  
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The superna tan t s  from the sys tems were also t reated with norit  to adsorb any ATP or ADP 
formed and the P,,* assayed from the thoroughly  washed norit. Wi th  AMP as the sole acceptor  
system, ATI > was formed and detected in the P7 fraction ('Fable II) .  No ATP was fornled in the 
presence of DNP.  The am oun t  of P7 was reduced 5 ° % in the presence of a complete acceptor sys tem 
(AMP, hexokinase, and glucose). The lower value for P; in the complete sys tem was due in pa r t  
to the formation of glucose-6-phosphate,  which was  detected by  Zwischenferment.  

By the addition of a2p labeled o r thophospha te  to the reaction mixture,  the incorporat ion of 
phospha te  into the P7 fraction eluted from norit  could be demonst ra ted  in the presence of AMP 
as acceptor system. In  this system 9 %  of the total  act ivi ty of the a2p was incorporated into l '  7 
whereas less than 1 ° o was incorporated in the presence of dini t rophenoh 
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* l'v, o r thophospha te  liberated by  7 minute  hydrolysis  in N HC1 at IOO ° after t r ea tmen t  with 
act ivated norit. 
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Paper chromatography of mixtures of amino acids 
containin 9 glutamic or aspartic acid 

111 a recent paper  BECK AND I~BREY 1 record having observed " in teres t ing phenomena  inhibit ing 
the exact qual i tat ive and quant i ta t ive  evaluat ion of amino acid ch romatograms" .  The observat ion 
is tha t  when certain mixtures  of glycine and glutanlic acid are subjected to paper  chromatography,  
using phenol as the solvent, the glycine sweeps along an appreciable a moun t  of the glutamic acid 
leading to incorrect quant i ta t ive  results. \Vith butanol-acetic acid as solvent three spots  appear.  
They report  tha t  other pairs of amino acids behave similarly. Their  explanat ion is tha t  the "amino  
acids react with each other, depending upon the ratio of their  concentrat ion and medium, t hus  
tile chromatograms  show not  only tile spots  corresponding to the free amino acids, bu t  also those 
of tile products  of the indicated react ion".  If this  explanat ion is correct then the in terpre ta t ion of 
paper  chromatograms  wouhl become extremely complicated, results of earlier workers might  have 
to be reassessed and the usefulness of paper  ch romatography  for the quant i ta t ive  and qual i ta t ive  
analysis  of amino acids would be considerably reduced. 

From the information published we est imate  t ha t  they  are using amino acid concentrat ions  
of up to something like o.o5 molar. In an endeavour  to repeat  their  work the following chromatogra lns  
were run in 80 % aqueous phenol bv the ascending technique:  

o.oi33 3I glycine ] o.o125 31 glutanlic acid, 0.0667 3I  glycine + o.o125 31 r glutaulic acid and 
o.o133 3I  glycine + O.O625 3I  glutamic acid using 5 H 1 spots 

(estimated to be half tha t  used by BECK AND r~'~BREY) and \Vhatmall  No. 1 filter paper.  Tile RF values 
of the spots  as detected by ninhydr in  are given in Table I, exper iments  1, 2 and 3. The spot  of 1@ o.4o 
is tha t  given by glycine~ while the renlaining spots, which overlapped, are given by  the glutamic acid. 
Of the glutamic acid spots in exper iment  3 tha t  of RF o.35 is by far the most  intensely coloured. 
There was no difference between the intensities of the colour of the glycine spots in exper iments  
1 and 3 nor between the intensit ies of the colour of the glutamic acid spots (t~ y 0.22) in exper iments  
1 and 2. Tile other results given in the table serve to explain the results given in the first three ex- 
periments .  F rom the results of experinlents  1 to 7 it is clearly seen tha t  there is no interaction between 
the glycine and the glutanlic acid as the spot occupying the posit ion of serine (our RF o.35), claimed 
by BECK AND EBREY to be the reaction product,  is found when glutamic acid is run alone. Experi-  
ments  8 to 15 indicate tha t  the spot  of RF 0.22 observed in exper iments  i to 7 is given by  g lu tamate  
(although the free base of glutamic acid gives the same RF value) and the spot  of RF o.27 is given 


