
In an actively metabolizing system the incorporatio 
nucleotides, and other phosphorylated compounds, 
ate processes. In the first, if the system is exposed 
period of time, it is to be expected that all phosphor: 
)ecome labelled owing to the dynamic state of the: 
nuous breakdown and resynthesis the rate of labelli 
:he time required for complete equilibration, is a ft 
studies have been documented in detail by HEVESl 
tly, CORI et al.  a and ZETTERSTROM AND LJUNOGREN 
)synthesize a2P-labelled DPN of high specific activit 3 
['he second type of labelling is realized in a much.,  

connected with the process of oxidative phosphory 
dch may be summarized as follows: during the oxid~ 
tdjacent to, the citric acid cycle, the energy is trap~ 
Lgh the medium of high energy phosphate bonds. T] 
)hate being esterified during the reversible oxidatior 
1 comprise the electron transport system between the., 
"coenzyme phosphates" are assumed to be both tr~ 

-i~.c,i'l lllV~ Utlll/~Eu LIII~ }JIUpt~l 

7. 

shorter period. It  is believ~ 
'lation, the essential featur 

oxidation of certain substrates i 
)ed and stored for future u 

This is accomplished by orth 
oxidation-reduction of the coenzym 

substrate and the oxidantS, 6, 
transient and labile in order 

ibility to achieve their isolation. In the intact syster 
)hosphates" may transfer their high energy phosphate 1 
first step being envisioned as the synthesis of ATP fro 

~rrect, oxidative phosphorylation will result in all of tt 
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The 
to be 
of whi. 
and ad 
throu 
phost 
which com 
Such 
account for the present inabilit, 
however, these "coenzyme phos 1 
more stable substances, the 
ADP or AMP. 

If this hypothesis is correct  
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in our l a b o r a t o r y  has been concerned with  cer ta in  a 
on ~a-ls inc luding the s emi -quan t i t a t i ve  f rac t iona t ion  
ed subs tances  genera ted  in ac t ive ly  metabo l iz ing  cyc  
nt inves t iga t ion  20 is an extens ion  of this  problem,  
ification of the  a~P-labelled nucleot ides .  

RESULTS AND DISCUSSION" 

ical / ract ionat ion 

ni t ia l ly ,  a s t u d y  was made  of the  level  of nucleol 
ining compounds  in cyc lophorase  p repa ra t ions  and  t t  
ona t ion  of the  t ype  employed  by  AI-BAUM ~9. The orig: 
r educed  to  two s imple classif icat ions:  ba r ium- inso lu t  
[s of which are given in the  E x p e r i m e n t a l  section. 
rence of var ious  nuc leo t ides  has  been asce r ta ined  wit  
ty and  b y  means  of specific microbiological  and  enzy: 
?he absolute amoun t  of any  pa r t i cu l a r  nucleot ide,  o: 
:lifferent l iver  p repa ra t ions  (RaL). W i t h i n  a given pre t  
n ts  of different  nucleot ides  were a p p r o x i m a t e l y  cons  
Aour upon f rac t ionat ion .  Because  of the  above  varia 
mi t t ed  and  only the  following qua l i t a t ive  obse rva t io  
the  Pi*, PT, flavins and  ATP were found in the  bar  

am-insoluble  ano etnanol-lnsOlUDle, xr 
Wi th in  these fractions,  t t  

h the  a id  of paper  chromat(  
7mic assays.  
on a d ry-weigh t  basis, varie 

>aration, however,  the  relali~ 

cons tan t  and  showed a consister 
var ia t ions ,  the  absolute  amouw 

:rvations are p resen ted :  Essent ial l  
ba r ium- inso lub le  fract ion,  whi 

n, DPN,  T P N  and  AMP were a lmost  comple te ly  in t t  
ess sharp  separa t ions  were no ted  for A D P  and  CoA, bot  
~e former  f rac t ion while P0 and pan to then ic  acid  were i 
n the  l a t t e r  fract ion.  I t  should be no ted  fu r the r  t ha t  mo~ 
see also Table  V) and  t ha t  the  amoun t  of CoA was roughl 
ae po lyphospha tes .  Inos i to l  and  b io t in  were found in tra( 
- insoluble fract ion.  No majo r  differences were found in t t  
;yclophorase (RsK) rep laced  liver,  or when the l iver  prep: 
subs t r a t e  a t  5 ° in s t ead  of 3 8°. 

)wn tha t  much  of the  va r i a t ion  in absolute  level of tt 

s will be used: Inorganic phospha te  (Pi), 7-minute phospha te  (f '  7 
osine mono-, di- and triphosphates (AMP, ADP, ATP), coenzyme 
, di- and triphosphopyridine nucleotide (DPN, TPN), flavin-adeni~ 
n flavin dinucleotide (FAD-X), flavin mononucleotide (FMN) ar 

occurrence 
g r aphy  

Th( 
wi th  different  l iver  
amoun t s  of 
b e h a w o u r  
are o m i t t e d  
all of 
v i t a m i n  B 6, th iamine ,  niacin, 
e thanol - insoluble  fract ion.  Less 
of which favoured  s l ight ly  the  
sl ight,  to modera t e ,  excess in 
A D P  was found  t han  ATP (see 
equal  to  t ha t  of the  adenosine 
amoun t s  only  in the  ethanol-ins 
above  p ic ture  when k idney  c? 
ra t ions  were i n c u b a t e d  wi th  

Al though  it  is wel l -known 

* The following abbreviations 
ioo-minute phosphate (P0), adenosine 
(CoA), diphosphothiamine (DPT), 
dinucleotide (FAD), an unknown 
riboflavin (Rb). 
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tb<'lled, al h,ast t rans ien t ly ,  ariel 
>'i isolat ing lhe imcle,~)ti(l('s, howe 
l,' !>hosl,hatc had formed a stab[(' 
u ivocal  pro(d: tha t  tt gix'c:la nuclco( 
be isola ted in t>ure form, and rec( 
, t h¢ '  nucl(,otide and rad ioac t iv i t  
var ious  purilic:ction 1)rocedures. 
s, in m) extens ive  and sys t ema t  

~tion toward  this  l a t t e r  t ype  of J 
con t r ibu t ions  l~, this  group has al 
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Acid  insoluble  
Acid soluble 

VIore extensive schemes of chemical fractionation, 
UM l0 or those devised by LE PAGE 21 and SAcI;s 22, did 
is fundamental  problem of unequivocally assigning 321 
Accordingly, attention was turned toward chromat 
)le of giving more complete separations. 
?aper chromatography, in particular, has been em 
tigations 9, and was used, likewise, throughout the 
dques employed, both with regard to the running ot 
tion of the various substances are described in the E 
s of authentic samples in the different solvent syster 

5% Na~HPO~* 

Experimental Section. The 
'stems are listed in Table I I .  

T A B L E  I I  

S F V A L U E S  O F  C O M P O U N D S  

Phenol~n-butanol*" 

0 . 2 0  

o . I 7  
o .4 I  
0 .79 
0.94 
0.88 
o.o8 
0.03 
O.OO 

0.32 
0.08 
0 . 0 2  

sys tem are marked l y  dependent  upon the numerous  variabl  
raphy:  presence of o ther  salts in the  sample,  temperature ,  p H ,  ef 

1 of the barium- and ethanol-insoluble fractions, m e n t i o n e  

, chromatographing them in the phosphate buffer syster 

v a l u e s  

Compo un d 

F A D  0.35 
F M N  o.45 
F A D  X o.35 
R b  o. 28 
L u m i f l a v i n  o. 18 
L u m i c h r o m e  o.o 7 
A M P  0.70 
AD1 > 0.75 
A T P  o.8o 
D P N  o.72 
T P N  o.85 
CoA (S-S  fo rm)  o.95 
Pi 0.95 

* T h e  R F values  in this  so lvent  
encountered  in paper  ehromatogra  

** Organic phase  saturated w i t h  H 2 0 .  

Further characterization 
above, was accomplished by 

]¢e /erences  p .  4 2 3 ] 4 2 4  . 

inherent variation of the indivk 
ncompleteness of the precipitatior 
ithin a given fraction, and the a t 
re serious disadvantages in the us 
~t CoA, contained in the barium-i 
on upon treatment with acid, as 

T A B L E  I 

o A  B Y  A C I D  T R E A T M E N T  O F  B A R I U M  C 

Total weight Total Units 
(rag) Units CoA ~rag CoA 

2 8 2  0 . 6 2  1 7 5  

112 t.  7 19o 

such as 
not appe~ 

32p-labellin 
chromatographic 

@oyed p 

course o: 

of the chrc 

Collidine** Phenol*" 

o . I  7 0.57 
o.o 4 o.4o 
0.30 --- 
o .69 o.63 
o. 85 o.95 
0.72 --- 
0.05 0.32 
0 . 0 0  0 . 2 0  

O.OO O. 1 0  

0.06 0.74 
o .o [  0.44 
0.o 9 0.66 
0 . 0 7  0 . I 2  

hermore 
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nethods. 
.ction, is 
ble I. 
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ntrat ion to register as a quenching spot. o34 
~ver, the CoA cannot  be designated unequi-  
ly as being labelled since or thophosphate  (Pi) o2 

own to migrate  to the same region. The o, 
ring of radioact iv i ty  between o.2 and x.o, al- [_ 
;h with evident  peaks, appears to be caused 
he introduct ion of excess ions during the 
position of the bar ium precipitate.  In contrast ,  ethm 
:hanoi-insoluble fraction hadsonly two distinct tions 

~" desci 
n the ethanol-insoluble fraction the fluores- 
spot at o.3o corresponds to riboflavin which syste (Q)~ 

during isolation and ch romatography  as a unde 

:down product  of FMN 
cutt i  :hing spot at 0.62 is AMP and does not appear  

labelled. The radioactive area at o.68 m a y  be 
Lo A D P  in this fraction in too small a quan t i ty  t 
;hing spot. The fluorescent-quenching-fluorescent t r  
cteristic of crude CoA fractions (unpublished observ~ 
placed downward  on the paper probably  because o 
~ntrations in the sample. The radioact ivi ty  at o.9o c( 

u n d e r  t i l e  u l t r a v i o l e t  l a m p ,  w l u l e  t l  

were measured 
cut t ing the strip into small segmen 

and counting each directly. 

to be detected visually as 
tr iad at o.77, o.85 and o.9o 

observations in this laboratory) an 
of the presence of high sa 
coincides with the uppermo 

~temonstrated tha t  several classes of nucleotides may  l 
,rption ch romatography  on Florisil columns 2a. Even  wil 
leotides available from a single rabbit  liver, the meth(  
typical  experiment,  whose details are described more ful 

, a liver homogenate was allowed to oxidize [,-glutamate 
@late,  and the nucleotides were examined for radioactivi t  
fluent, five fractions were obtained, as shown in the fie 
, also, some of the principal const i tuents  in each eluat 
y" in such an experiment  is shown in Table I I I .  Essential 
A-soluble (c/. 2 with I) and very  little of this radioactivil 
with 2). The radioact iv i ty  in eluates I I I ,  IV and V is du 

l have become labelled during the oxidative processes. / 

quenching st~ 
to be 
due to 
quenching 
characterist ic  
is dis 
concentrat ions 
of these spots. 

Chromatographic/ractionation 

Previous studies have demons1 
separated by means of adsor 
the smaller amounts  of nucleotides 
proved to be applicable. In  a t 
in the Exper imenta l  Section 
the presence of a2P-orthophosF 
Including the initial TCA effluent 
diagram, Fig. 2, which lists 
The recovery of radioact ivi ty  
all of the radioact ivi ty  is TCA-solub 
is lost on the columns (c/. Io 
largely, to nucleotides which 

Re/ere~ces  p.  423 /424  . 

~. I. The r~Ldioactive ~rcas were t 
unting of the segmented paper, a. ~ 
01! the fluorescent RF 

and o.43 are at tr i-  091 
MN, respectively, 
ring spots at o.67 o s 
l(l ATP and both ozJ 
ring or fluorescent o61 
f o.95 where con- 
CoA may  be de- o5 1 

. I 

3ut is in too low a o4t [ 
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Fig. 2. Flow diagram for florisil colu 

' n u c l e o t i d e  r a d i o a c t i v i t y " ,  w h i c h  m a y  be  d e f i n e d  

es I I I ,  I V  a n d  V, is 8. 4 t i m e s  l a r g e r  in  t h e  e x p e r i m e n  

:. I n  a s i m i l a r  t y p e  e x p e r i m e n t  w h e r e  t h e  T C A  e x t r m  

t 9,1 t i m e s  a s  m u c h  l a b e l l i n g  in  t h e  e x p e r i m e n t a l  san  

R A D I O A C T I V I T Y  IN C H R O M A T O G R A P H I C  FRAC 

No Fraction 

Haepo  4 
TCA extract  
Protein residue 

Sum: 2 and 3 
TCA effluent (i) 
2 % HOAc eluate (If) 
H20  eluate (I l i )  
0. 5 % Pyr. eluate (IV) 

O/ 5 /0 Pyr. eluate (V) 

Sum: 5, 6, 7, 8 and 9 

ISON OF E X P E R I M E N T A L  A N D  B L A N K  R U N S  

Experimenta Blank* Blank* * 

5 . 6 2 -  1 0  6 

0.65 • lO'5 

[ .8  4 • lO 6 

0 . 5  • 1 0  6 

-2 added after deproteinization. 

I 

2 

3 

4 
5 
6 
7 
8 
9 

IO 

C O M P A R I S O N  

Fraction 

I I I  

IV 

V 

Sum I I I ,  IV, V 

* Gassed with N 2 
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is  c o n t a i n  s i g n i f i c a n t l y  l a r g e r  amo~ 

s t e d  t o  t h e  t w o  b l a n k  r u n s  w h i c h  

te  w a s  m a i n t a i n e d  u n d e r  a n a e r o b i  

w a s  a d d e d  af ter  d e p r o t e i n i z a t i o n .  

TCA Extroct 

III I~ r ~r Fractic 

H20 0 . 5 %  Pyr. j 5~'o Pyr  E luont  
t 

1 
CoA F~, D Substc 

e lu t  

AMP 
ADP 
ATP 

DPN 
TPN 

:olumn. 

as  t h e  su  

) e r i m e n t a l  r u n  t] 

e x t r a c t s  w e r e  ( 

s a m p l e  a s  in 

TABLE I I I  

F R A C T I O N A T I O N  

Total Radioactivity 
counts~rain 

-2 added initially 2.29. lO 8 
2.56- lO s 
2.6o. 106  

2 . 5 8 .  1 0  8 

3.67 • ~o 7 
1.39. to s 
1.76. lO 7 
3.6o- lO 6 
7.o2. lO '5 

1.99" lO 8 

T A B L E  IV 

1.76. lO 7 2.i 4. lO 6 

3"6o' 1°6 t 4.39" lo b 

7.02. lO 5 ( 

21. 9 .lO 6 2.6 . i o  6 

, ,  Ha2po a 

3c :~  LL V I L~' 

~1 e x c e p t  

s, a n d  in  

r e s t  t h a t  

o u n t s  in 

n a e r o b i c  
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/ , O l - ,  ~ (1 . I lk l .  l~.~,~.a ~ / 0  t / l  L t l ( ;  C I , ' . _ I b l I I I I ~ ;  fl, l l t l  . t la ,  U I ' O O . b L I V I L )  , 1 

ccessful attempts were made to elute the material re 
on 5 using solvents up to 5o% acetic acid. Taking 1 
y-bound material could be eluted slowly if the colu 
ct with I N HC1. 

F R A C T I O N S  F R O M  D O \ V E X - I  C O L U M  

°/o ofT,  
Fraction Component 

260 roll Absorption 

A d e n o s i n e  
2 A d e n i n e  
3 A M P  
4 A D P ,  P i  

5 
Recovery o 

* 13ased u p o n  T o t a l  A m o u n t  e lu ted  t r o m  c o l u m n .  

.~he above evidence indicates that a bound nucleotide 
d to a smaller fragment which was elutable under aci 
engthened by the observation that AMP, as judged 
:agment finally discharged from the column. It  is k: 
as CoA, DPT, DPN and TPN are adsorbed on, and 

A T P ,  P P  1.9 5 .4  

was being hydrolyzed slow 
acid conditions. This hypothes 

by paper chromatography, 
known that other nucleotide 

not elutable from a Dowex 
ions; other experiments described in this paper, howeve 
eotides are unlabelled and cannot account for the residu 

eleotide might also be an adenosine polyphosphate. Cot 
n suggested in other investigations ~2, and, in fact, ALBAU~ 
(No. 6 in his nomenclature) which was devoid of AMP b 
ivity in the hexokinase-myokinase-deaminase test systm 
7e been ADP or ATP, as such, since the barium salt w 
• partially brought into solution by treatment with sodiu 
hat in this investigation when fraction I I I a  was original 
alt of fraction I I I  (see above), not all of the radioactivi 
~radually removed by repeatedly washing the mixed bariu 
md barium nucleotides) with acid. 
L that in fraction I I I a  the relative amounts of the adeni 

The 
in acid 
is stres 
the fra 
such 
column under similar conditions 
show that the pyridine nucleotides 
activity on the column. 

The bound, labelled nucleotide 
pounds of this type have been 
obtained a labelled fraction 
had ADP and ATP-like activit~ 
This material could not have 
both acid-insoluble and only 
sulfate. I t  should be noted that 
prepared from the barium salt 
went into solution, but was graduall 
precipitate (barium sulfate a 

From Table V it is seen 

R e / e r e n c e s  p .  4 2 3 / 4 2 4  . 

CoA, contained in fraction III ,  xv~ 
combination of ctmmical and chl 

~'cted from the eluatc bv barium-a 
ded into two parts. The first, I1 
nge column, and the adenine m 
nethod of COliN ~\N> (;.~RTER 2t. T 
a fraction are given in Table V. F 
d radioactivity art  calculated on t 
terms of the amounts originally pl 
nine and radioactivity, respectiv( 

remaining 
radioactb 

,lumn was 

T A  P iLE V 

q ~ U M N  

• Total* 

Radioaztiv 

2.8  S.8 
o .o  t .7  

8"2.5 47 .0  
2 .8  3 6 .5  

74.5 82.3  

all 3 

ated and 
lit; tot;t> 
ipitati,m 
,ed from 
eparated 
tata and 
:tion the 
the total 
column. 
covered. 
mn after 
ide, this 
stand in 

slowly 
)othesis 

is 
leotides, 

) w e x -  I 

however, 
residual 
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J 

)hate. 

;5,me A 

['he remainder of the water eluate, fraction II Ib ,  wa 
ned to separate CoA from the adenosine phosphates. 

FAD and CoA may be extracted into phenol fron 
ammonium sulfate, while AMP, ADP and ATP are lef 
:dingly, fraction I I Ib  was freed from barium with sodi 

into phenol and returned to water. This fraction w 
nic analysis and an aliquot chromatographed on I: 
m. A single "quenching" spot was observed at R F o 4 
ion when sprayed with nitroprusside-cyanide =8 or iod 
ed that this spot was labelled. Since orthophosphate 
is solvent system, the above evidence is not conelusiv 
ever, reference to the original phenol extraction yiel 
:ition coefficient", K, may be defined as the ratio o 
al phase relative to that remaining in the aqueous p 

indicator, K is equal to 76. io -a. Although very li 
al-soluble it is indicative, nonetheless, of a radioactJ 
of orthophosphate carried through the identical proc 

the above evidence does not permit a distinction to 

likewise migrates to l@ o. 
conclusive that the CoA is a2P-labelle 

7ields additional information. 
of material extracted into t' 
?hase. Using the radioactivi 
little of the radioactivity \v 

radioactive nucleotide since K, in t] 
)rocedure, was found to be mu 

be made between labelling 
rivative, possibly S-phosphoryl CoA a°. Obviously, the fin 
or one of its derivatives is, or is not, labelled must awa 
oying on a small scale the methods recently described f 
ied CoA al,a2. It  should be mentioned also that during tt 
ts made to control the multiple oxidation-reduction forr 
;. As isolated by the above procedures, the CoA appear, 
;ince it did not react with nitroprusside until treated wi 

'idine eluate from the Florisil column, contained the flav 
1 Table IV, only a relatively small amount of radioactivit 
ed and chromatographed on a partition column of phen( 
; the supporting phase according to the method of DIM,X~ 

Howev( 
"partition 
phenol 
a S  a I l  

phenol-solubh 
case of 
smaller, namely, 5" IO-a. 

The 
CoA, as such, and a CoA derivative 
decision as to whether CoA 
further work, possibly employing 
the isolation of highly purified 
investigation no attempt was 
which CoA may assume aa-a~. 
to be in the disulfide form since 
cyanide. 

Flavin  nucleotides 

Fraction V, the a- O//o pyridine 
nucleotides, and, as shown in 
The fraction was concentrated 
butanol/water with Celite as 
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ATP. Since the adenine nucleotid 
)n IV), the amounts here do not 
sting in the original homogenate, a 
ngs ~'~. No explanation can be adval 
:action, since other experiments, n- 
nvestigations 9, ~9 have shown that 
ated other phosphorylated comp 
ion considered above, glucose-6-1 
;KS =~ has shown that glucose-6-pt 
rporates radioactive phosphate, t 
tioactivity in the AMP fraction m 

was worked 
Dinucle( 

from a wate~ 
ATP are left, largely 

from barium with sodium sulfat 
was showy 
paper in t 
)5, which 

iodine-azide 
likewise 

~L ¢Li~u ill 

f course, 
relative 

te nature 
eviously 
labelled. 
c l e a n s  o f  

S a COIl-  

; well as 
ty exists 
o hexose 

rocedure 
as DPN,  
t turated 
er phase. 
lcleotide 
CoA by 

te buffer 
itive S-S 
atograph 

R o.95 
dled. 

A 
:he 

aactivity 
\ v a S  
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much 

in 
final 

await 
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this 
)rms 

)eared 
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VAD 
FAD-X 

Recovery of fiavin after partition chromatol 

* Ratio of light absorption at 260 and 45 ° in# 

ol - so lub le  n u c l e o t i d e s  

In their invest igation of this same problem, HUMME 
led on paper  the "phenol-soluble" nucleotides and det. 
mr the coincidence of radioact ivi ty  with the various 
,' is capable of affording considerable information,  esp 
el in certain nucleotides, it was employed likewise in 
ks a prel iminary experiment,  a rabbi t  liver homogen~ 
ly according to the directions of HUMMEL AND LINDB 

ehromatographed on : 
nt systems and several addit ional ones. Substances w, 
if the shape of the rad ioautograph  spot coincided wit 
rhe  results with three of the solvent systems employe( 
utanol/acetic acid/water,  (b) butanol/phenol,  and (e) ] 
reement with their findings the nucleotides are not  r 
:wo systems, while in the lat ter  case, the residual py 
ing the paper with chloroform, obscures the quenchir 

enate was prepaueu auttt ue~ttt 
AND LINDBERG. Aliquots of the "phenc 

paper using certain of the 
Substances were assumed to be radioacti~ 

with the visually observed spo 
zed by  HUMMEL AND LINDBER 

pyridine) are not  given, sine 
moved  beyond  R F o.Io in tt 
eridine, even after repeated] 

quenching and fluorescent spots. 
radioactive areas are observed, the lowest one being le 

Fhis is in agreement  with the pa t te rn  observed by  HUMM~ 
Lheir spots have much higher R~ v a l u e s - - a  finding whic 
ine from different sources is known to show variat ions i 
Direct observat ion of the paper revealed only one yello 

esponding to the upper  radioactive spot. The second sp( 
aigrates near tha t  area while the lowest spot was too ne~ 

• one quenching spot could be observed visually, and th 
vity. No second radioactive spot, lower on the paper, w~ 
dings of HUMMEL AND LINDBERG. None of the flavins ha 
orresponding to the radioactivi ty.  
1 is demonst ra ted  fur ther  by chromatography  in Na2HPO 
near the solvent front  corresponding to the known locatio 

soluble" nucleotide fraction were 
solvent s~ 
only if 

Tt  
(a) butanol  
in age 
first two 
washin 

In  collidine/water three 
intense than  the upper  two. This is iJ 
AND LINDBERG except tha t  their 
is not  surprising since collidine 
chromatographic  behaviour.  
fluorescent spot (FAD) correspondi~ 
may  be due to ATP which mi 
the origin to be identified. 

Wi th  phenol/water  only 
coincided with the radioact iv i t  
detected,  cont ra ry  to the fire 
an R F value in this system corn 

That  FAD is not  labelled 
This only radioactive area is 
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collected separately and found to 
data, given also in Table VI for th~ 
r batches of rabbit  liver. No ribofl 
he tissue in agreement  with previ 

T3, l~l.l'i VI 

I'ION OF VLAVIN NUCLP2OT[DES 

Total Cfs. Total Flavin R value* 
(f,g) 

7.02. Io:' 906 5.7 
o 458 0.9 
o 76 4.5 
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~ x  

a n c e  w o u l d  p r o b a b l y  n o t  s u r v i v e  t h e  i s o l a t i o n  p r o c e &  

~ I s e w h e r e .  F u r t h e r m o r e ,  w h i l e  s e v e r a l  n e w  f l a v i n  n u  

ibedae,87,  a ,  a l l  s e e m  t o  p o s s e s s  n o r m a l  p h o s p h a t e  1: 

VIN. 

ials 

XMP, ADP,  ATP,  DP N,  T P P ,  F M N and  the  var ious  vitamin,. 
repared  by  the  m e t h o d  of DIMANT el al. 23, while purified C( 
d different  p rocedures  31,a2, a9 or were generous ly  suppl ied  by  D 
' t hophospha t e  was  ob ta ined  f rom the  Uni ted  Sta tes  A tomic  
il, a m a g n e s i u m  silicate adso rben t  (3o•6o mesh)  was a prod 
~ylvania. 

)ds 

AMP, A D P  and  A T P  were de t e rmined  by  the  hexok inase -  
KAR40; D P N  and  T P N  by  alcohol dehydrogenase  41 and  isocit 
by  D-amino acid oxidase  43 and  CoA by  ace ty la t ion  of su l fan i l a  
I c o n v e n t i o n a l  microbiological  me thods .  The  procedure  recom 

Cyclophorase p repa ra t i ons  of r abb i t  liver and  k idney  RaL 
?ds p rev ious ly  descr ibed f rom th is  laboratory4~, 47. The  proto 
'-labelled o r t h o p h o s p h a t e  was  essent ia l ly  t he  same  as t h a t  de'. 
The reac t ion  m i x t u r e  was  deprote in ized by  add ing  an  equal  
n a t a n t  recovered by  cen t r i fuga t ion  in t he  cold a t  4000 × 
t ions  were l ikewise carr ied ou t  in the  cold (5 ° C). The  resi& 

hexok ina se -myok inase -deaminase  m e t h o d  
isocitric dehydrogenase  42, respect ive  

,lation of su l fan i lamide  44. The  v i t a m i n s  were a s say  
r e c o m m e n d e d  by  KING .5 was  employ  

and  R a K  were ob ta ined  by  t 
~rotocol for expos ing  the  p repa ra t i c  

descr ibed by  AL~AUM 19. 
vo lume  of cold IO ~o TCA and  t 
g for 15 minu te s .  All subsequ(  

(5 ° ). residue was  ex t r ac t ed  once aga in  w 
m a t a n t s  pooled and  a d j u s t e d  to p H  8.2, o . i  vo lume  of 2o % baril 
t nd i ng  2o minu tes ,  t he  prec ip i ta te  was  recovered by  cen t r i fuga t i  
)r s u b s e q u e n t  use. The  prec ip i ta te  was  dissolved in o . i  N HCI a 
p H  to 8.2 a n d  add ing  one drop of b a r i u m  ace ta te .  The  precipit~ 
l and  0.2 21~r sod i um sul fa te  was  added  in smal l  por t ions  to precipit~ 
d. Af te r  r emova l  of the  b a r i u m  sul fa te  by  cent r i fuga t ion ,  the  sup  
n) was  neu t ra l i zed  to p H  7.o and  lyophilized. 
ini t ia l  b a r i u m  prec ip i ta t ion  (pH 8.2) was  t r ea ted  wi th  4 v o l u m e s  
ld ing  for 3 ° minu tes ,  t he  prec ip i ta te  was  recovered by  centr i fugat i (  
n o. i  N HC1 and  the  resu l t ing  solut ion neut ra l ized  and  lyophili~ 

were p repared  and,  in t he  expe r imen t a l  run ,  were exposed  to a 
t ts /min) exac t ly  accord ing  to t he  direct ions of HUMMEL AND LI~ 
l iquor of the  h o m o g e n a t e  was  checked  m a n o m e t r i c a l l y  for ac t  
ing in the  large-scale exper iment ,  and,  a l t h o u g h  the  ra te  of ox ida t  
to the  h igh  level of fluoride present ,  it was sufficient  to insure  
ipat ing nucleot ides .  

I ~ A L C K A R  a u  

F A D  
for by 
for t he  e s t ima t i on  of Pi, Pv and  "P0. 

Chemical /ract ionat ion  studies 

C 
m e t h o d s  
to aeP-labelled 

The  
s u p e r n a t a n t  
opera 
20 ml  of 5 % TCA and  t he  s u p e r n a t a n t s  
ace ta te  was  added,  and  af te r  s t a n d i n  
and  the  s u p e r n a t a n t  r e t a ined  for 
r ep rec ip i t a t ed  by  a d j u s t i n g  t he  
was  aga in  d issolved in o. I N HC1 
Ba  +2. Excess  su l fa te  was  avoided.  
n a t a n t  (bar ium-insoluble  f ract ion 

The  s u p e r n a t a n t  f rom the  initi~ 
cold 95 % e thano l  and,  a f te r  s t and in  
The  p rec ip i t a te  was  dissolved in 
(e thanol- insoluble  fract ion).  

Chromatographic/ract ionat ion studies 

R a b b i t  l iver h o m o g e n a t e s  
o r t h o p h o s p h a t e  (about  lO s coun t s  
BERG 9. I n  addi t ion ,  a i .o  ml  alic 
ox ida t ion  u n d e r  condi t ions  exis t in  
was low for h o m o g e n a t e s ,  due  
a d e q u a t e  t u r n o v e r  of t he  par t ie i  t 
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• F u r t h e r m o r e ,  i n  t h e  s y s t e m  p h  

t e l l - d e f i n e d  a r e a s  b e t w e e n  t h e  or ig  

l u e - f l u o r e s c i n g  s u b s t a n c e  o f  u n k n  

l e d  a s  i s  a l s o  t h e  f a i n t  s p o t  o f  F A  

i n  t w o  o f  t h e  s o l v e n t  s y s t e m s  e m  

a n d  F A D  m i g r a t e  t o  t h e  s a m e  a~ 

m l v e n t s  t h e  r a d i o a c t i v i t y  a n d  F A I  

n o b t a i n e d  t h a t  C o A  i s  a t  l e a s t  

g r o u p .  I t  s e e m s  d o u b t f u l  t h a t  

, l a b i l e  p h o s p h a t e  b o n d  n e e d  b e  i 

el  w i t h  f l a v i n  i n  s o m e  i n s t a n c e s ,  

d u r e s  u s e d  

n u c l e o t i d e s  

l i n k a g e s  c 

EXPERIMENTAL 

v i t a m i n s  were con  
CoA concenl 
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s idue  w a s  w a s h e d  once  w i t h  2 m l  of d i l u t e  s u l f u r i c  a c i d  (pH  3.~ 
e l l o w  in  color ,  h a d  b e e n  a d j u s t e d  t o  pl-I 8. 5 t h e  n u c t e o t i d e s  " 
t a c e t o n e ,  w a s h e d  w i t h  a c e t o n e  a n d  e t h e r  a n d  d r i e d  in vacuo. 
m l  of i ,,14 N H 4 O H  a n d  c h r o m a t o g r a p h e d  on  a r × 2 cm.  I 

[ inked) u s i n g  t h e  m e t h o d  of COHN AND CARTER 24. F o r  e a c h  e k  
:ed u n t i l  b o t h  t h e  " a d e n i n e "  m a t e r i a l ,  d e t e r m i n e d  b y  l i g h t  
m t i v i t y  h a d  dec ] ined  to  zero  or a s y m p t o t i c a l l y  to  low v a l m  
a d i o a c t i v i t y  a re  s m n m c d  o v e r  e a c h  f r a c t i o n .  

chromatog'¢aptly 

~11 p a p e r  c h r o m a t o g r a m s  w e r e  r u n  in one  d i r e c t i o n  ( a s c e n d i n g  
3 ° 35 cm)  on  s h e e t s  of W h a t m a n  No.  i p a p e r ,  T h e  solve  

PO44S, phenol /butanol /H202a,  t ) h e n o l / H 2 0 9  a n d  c o l l i d i n e / H 2 (  
ined u n d e r  u l t r a v i o l e t  l i g h t *  ; t h e  f l a v i n s  w e r e  l o c a t e d  b y  mea  
w h i l e  a d e n i n e - c o n t a i n i n g  c o m p o u n d s  w e r e  d e t e c t e d  as  d a r  

ne  or  p h e n o l  w e r e  n s e d  as  s o l v e n t s ,  i t  w a s  n e c e s s a r y  t o  w a s h  1 
n o r d e r  t o  see t h e  f l uo re sc ing  or  q u e n c h i n g  spo t s .  P h o s p h o r y  
.~ m o l y b d a t e  s p r a y i n g  m e t h o d  of AXELROD AND ]3ANDURSKY 

n i t r o p r u s s i d e  2s or  i o d i n e - a z i d e  s p r a y s  ~9, a n d  t h e  p y r i d i n e  
'~ - -  a n a m o n i a  m e t h o d  50. 
n c e r t a i n  e x p e r i m e n t s  t h e  s p o t s  w e r e  e l u t e d  f r o m  t h e  p a  
t i ca l ly  or c o u n t e d  for  r a d i o a c t i v i t y  (see Fig .  i ) .  I t  s h o u l d  
~s a s p o t  on a p a p e r  c h r o m a t o g r a m  c a n n o t  be  k e p t  a t  roon  
dc a c t i v i t y :  75 o/,,.o of t h e  o r i g i n a l  a c t i v i t y  r e m a i n s  a f t e r  [ (ta] 

d a y s .  W h e n  s t o r e d  a t  2o ° C, h o w e v e r ,  t h e  e n t i r e  a c t i v i  

~F v a l u e s  g i v e n  in  T a b l e  I I  a re  averages of n u m e r o u s  d e t e r  
n a n y  f a c t o r s  (e.g., t e m p e r a t u r e ,  c o n t a m i n a t i n g  sa l t s ,  t i m e  o 
l, etc.)~ a l l  i d e n t i f i c a t i o n s  r e f e r r e d  t o  in  t h i s  p a p e r  w e r e  mad(  

;~adioanto ,ara l )hs  w e r e  m a d e  b v  ext~osin,J t h e  na~)er c h r o m a t  

}3ANDURSK149, S H  c o m p o u n d s ,  s u c h  as  C o :  

u u c l e o t i d e s  b y  t h e  m e t h y l  e th:  

,aper  a n d  t h e  c o n t e n t s  e s t i m a t e  
be  n o t e d  in  t h i s  c o n n e c t i o n  th~ 

r o o m  t e m p e r a t u r e  w i t h o u t  l o s i n g  i 
y w h i l e  o n l y  a b o u t  o o/ 5 /o r e m a i r  

a c t i v i t y  w a s  p r e s e r v e d  for p e r i o d s  u 

d e t e r m i n a t i o n s .  S ince  R F v a l u e s  va I  
of e q u i l i b r a t i o n ,  age  of t h e  so lve r  

m a d e  u s i n g  i n t e r n a l  s t a n d a r d s  on tl: 

e b y  e x p o s i n g  t h e  p a p e r  c h r o m a t o g r a m s  to  N o - S c r e e n  X - r a y  fil 

,re d e t e r m i n e d  b y  p l a t i n g  2o or  5 ° ), a l i q u o t s  ,m t h i n  a l u m i n u  
t ed  w i t h  a B e r k e l e y  A u t o  Sca le r  a n d  c o r r e c t e d  for  t h e  s m a l l  b a c  

d to Professor DAVI£) E .  G R E E N  f o r  his interest and helt)fl 
e of this investigation. 

V-4I ,  s u p p l i e d  b y  / ! l t r a - V i o l e t  P r o d u c t s  C o r p o r a t i o n ,  S o u t h  l 'as~ 

k e t o n e  
I n  

e n z y m i c a l l y  
CoA as  
e n z y m i c  
a f t e r  3 
t o  t o  d a y s .  

R 
w i t h  m a n ,  
s y s t e m ,  
s a m e  p a p e r .  

R a d i o a u t o g r a p h s  w e r e  m a d  
for p e r i o d s  of 1-  3 d a y s .  

Radioaclivily ~easuremenls  
All  r a d i o a c t i v e  s a m p l e s  wer0  

p l a n c h e t s ,  w h i c h  w e r e  t h e n  c o u n t e d  
g r o u n d .  

The authors  are indebted 
suggestions during the course 

* " M i n e r a l i g h t "  l a m p ,  M o d e l  
d e n a ,  Ca l i fo rn ia .  

le_e/e~'ences p. 4:3/424 . 

( r  c o n d i t i ( m s  i d e n t i c a l  w i t h  t hose  al) ,  
d w i t h  95 '~,  N , , -  5 ~ )  C() 2 i u s t e a d  (, 

?s t )ha le  w a s  a d d e d  a f t e r  TCA ( lepro to in  
- x t r a c t  was  p a s s e d  th roug] /  a cohl l l ]n  ()f 
, in (n'dcr. w i t h  2 l i t e r s  o f  5(I,, zLcctic 
adred ml ,)f 5 0~, p y r i d i n e  r e m o v e d  lh¢, t: 

a c t i o n  111, f rom the  t : lo r i s i l  e o l u n m  wc 
l o w e d  b y  4 l i t e r s  of cold  a c e t o n e ,  a n d ,  a 

s c o l l e c t e d  f i r s t  b y  s i p h o n i n g  off t h e  ( 
a c e t o n e  a n d  e t h e r  a n d  d r y i n g  i~z 'e,ac 

hy ,  an  a l i q u o t  (1.8 g) of t h e  a b o v e  LI 
9 g of a n h y d r o u s  s o d i u m  su l f a t e ,  5 m l  
• T h e  s u p e r n a t a n t  w a s  r e c o v e r e d  b y  cen  

3.o). A f t e r  t t  
w e r e  p r e c i  1 

T h e  wh i t (  
D o w e x - i  c( 

e l u t i n g  f rac t i  
a b s o r p t i o  

v a l u e s .  In  T a b  

w i t h  t h e  
s o l v e n t  s y s t e m  

,O u. A f t e r  d 
m e a n s  of t h e i r  
d a r k  b l u e  "q 

the papers 
~la ted  corn: 

A C K N O W L E D G E M E N T  

l ie m 1 } , ,  

I 7 CIH  , 

! ( O I U l U l /  , 

) l ) l t  5.5. 
)~ e r n i g h t  
a n d  t h e n  
t a i n e d  ns 

i t a t e  xva~ 
s u ~ i c i e n t  
h e r e u p o n  
~rna tan ts ,  
} V O  h l  1 l ' t e s  

d i s s o l v e d  
!orm, 8 '};i, 
uo t s  were  
, a n d  the  
l a d e n i n e  

t r a v e l l i n g  
vere:  5 % 
pe r s  w e r e  
w f iuores-  
o t s . \ V h e n  
t h  ch lo ro -  
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e t h y l  

~ s t ima ied  
t h a t  

i t s  
r e m a i n s  

up  

v a r y  
s o l v e n t  

t h e  

fihn 

U l l l  
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]uc, et pa r  chronlatographie  sur  colonne et sur  papier. 
• Le inarquage des flavine et pyridine nucldotides n 'a  pu 6trc 
re marqud;  au contraire A D P  et ATP le sent.  CoA, ou Fun 
td. 
• Un corps non identifid, peut-~tre un addnosine polyphosph~ 

• Chemische Frakt ionierung,  S~iulen- und Papierchromatog 
suchung  des Kurzzei t -Einbaues  yon 32P-Orthophosphat  in ve 
horylierte Verbindungen in respirierenden Kaninchenleberho 
!. Es konnte  kein Beweis ffir die Markierung von Flavin- 
n. AMP scheint nicht markier t  zu werden im Gegensatz zu AZ 
der eines seiner Derivate  wird wahrscheinlich markiert .  
;. F ine  nicht  identifizierte Verbindung,  m6glicherweise AdeE 

.~IEvESY, Radioactive Indicators, Interscience, New York, 194 l 
IZAMEN, Radioactive Tracers in Biology, Academic Press, Ne~ 
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