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S h o r t  C o m m u n i c a t i o n s  
i 

The release of nucleotides from mitochondria during 
ultraviolet irradiation* 

,~ARACFIEK AND TOWNSEND 1 have reported a swelling of mitochondria  of yeast  cells during u.v. 
i rradiat ion and CANZANELLI gt a l .  g have shown an inhibition of succinic and cytochrome oxidase of 
irradiated isolated rat-liver mitochondria.  Recently,  DALLAM AND ANDERSON 3 have reported a 
lowered oxidative phosphoryla t ion  after  u.v. irradiation of rat-liver mitochondria,  and BRoom 
el  al .  4 have reported complete loss of oxidation and phosphoryla t ion  in bacterial particles after 
irradiation.  

In view of the apparen t  central  role of ATP in the coupled oxidative phosphoryla t ion  sys tem 
of mi tochondr ia  s,6 and the  correlation between the physical  s tate  of mitochondria  and their  
phosphoryla t ive  capacity e, we have measured the release of mitochondrial  nucleotides during u.v. 
irradiation. The results  indicate a preferential  release of nucleotides and inorganic phospha te  f rom 
n.y . - t rea ted  mitochondria .  

Rat-l iver  mitochondria  were isolated and t reated as previously described 7. Mitochondria 
f rom one liver were irradiated in either quar tz  (irradiated) or pyrex  (control) tubes.  A ro ta ry  
i r radiator  containing 14 General Electric 15 W, 18 in. Germicidal lamps arranged in a circle a round 
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Fig. z. E26 . and radioact ivi ty ( = 
Ezs 0, radioactivity) values of 
chromatographic  fractions of HCIO 4- 
soluble fracti~m ~f rat-liver mitochondria  
incubated with Hz321'Oa . The radio- 
act ivi ty scale represents  the num ber  of 
counts/min/5o/~1. ATP, adenosine tri- 
t)hosphate;  ADP, adenosine diphos- 
phate  ; AMP, adenosine monophospha te ;  
I)PN, D P N H ,  oxidized and reduced 
diphosphopyridine  nucleotide; T P N H ,  
reduced t r iphosphopyr id ine  nucleotide; 
AD, acid-conversion product  of D P N H ;  
AD-X,  acid-conversion product  of 
T P N H ;  UMP, uridine monophospha te ;  
FMN, flavine mononucleot ide;  FAD, 
llavine-adenine dinucleotide ; F-A, 
formic acid; A-F, am m on i um  formate.  
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* This work was (hme under the te rms of Contract  A'l'(3o-i}-Olt of the l~hysiology l )epar t -  
ment ,  Tuf ts  University School of Medicine, wi th  the Atomic Energy  Commission. 
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the  ro ta t ing  tubes  was  employed. The distance between lamp surface and tube  surface was  i cm. 
Each lamp emit ted approx imate ly  62 ergs/m2/sec when measured at  8 ft. Following 45 rain 
i rradiat ion a t  0-2 °, the particles were reisolated, and the supe rna t an t s  filtered. The filtrates were 
deproteinized wi th  HC104 and, after  neutral izat ion wi th  K O H  and centrifugation,  the supe rna t an t s  
were applied to two columns (io × 15o mm) of Dowex- i ,  formate  form, 2oo-4oo mesh, io ~o cross 
linkage, washed wi th  wa te r  and elution of the various nucleotide fract ions accomplished according 
to HURLBERT et al. 8. The control and irradiated samples were eluted s imul taneous ly  f rom a c o m m o n  
mixing flask and the drop ra te  f rom the columns maintained at  equal rates. Approx imate ly  Io-ml 
fract ions were collected and the  ext inct ion at  260, 275 and 29o ml~, as well as the radioact ive 
level, of each fraction was determined.  Each peak was analyzed qual i tat ively according to the 
criteria of BEYER el al. 7 and quant i ta t ive ly  by  the use of molar  absorbancy  indices. 

Fig. I contains typical  plots  of the  s imul taneous  c h r oma tog r aphy  of irradiated and control  
samples.  A D P  and ATP are easily identified by  their  labelling wi th  radioactive phosphate .  I t  m a y  
be seen t h a t  D P N  is entirely absent  f rom the control superna tan t ,  bu t  appears  in the  irradiated.  
The peaks labelled Ad and AD-X have been reported to represent  HC104-conversion produc ts  of 
D P N H  and T P N H  respectively 9 and appear  in bo th  supe rna tan t s  a l though in greater  quan t i t y  
in the  irradiated.  The UMP level appears  to be higher  in the  irradiated supe rna t an t  while the  yellow 
fraction (Y) appears  to be approx imate ly  equal in bo th  cases. This lat ter  fraction, p resumably  
flavin in character  bu t  corresponding to nei ther  FMN nor  FAD 7, has recently been implicated in 
the mitochondrial  inhibit ion of glycolysis TM. I t  m a y  be noted t ha t  slightly more ATP appears  in 
the  s u p e r n a t a n t  of the  control  mitochondria .  However,  the AMP, A D P  and inorganic phospha te  
levels are considerably higher in the irradiated superna tan t .  This may  be interpreted as a hydrol -  
ysis of ATP by the  i r radiated mitochondria  and a subsequent  release as breakdown produc ts  
of ATP. 

Table I contains  the quant i t ies  of the various nucleotides which are released as calculated 
f rom molar  absorbancy  indices. I t  is evident tha t  in all fractions except  AP, there is a significantly 
greater  release of nucleotides f rom the i rradiated mi tochondr ia  than  from the control. The simple 
addi t ion of these nucleotides to irradiated mitochondria,  however,  does not  restore either the 
oxidat ive  or phosphory la t ive  capacity of these particles 11. 

T A B L E  I 

NUCLEOTIDE LEVELS OF SUPERNATANTS FROM IRRADIATED AND NON-IRRADIATED MITOCHONDRIA 

Amount (moles × zo 8) 
Fraction I/C" 

Control Irradiatvd 

Ad 4-3 8.1 1.89 
D P N  o 25.3 - -  
AMP 27.8 99.4 3.58 
UMP 37-7 53.6 i .42 
A D P  33.9 66.6 1.96 
A D - X  35.4 47 .2 i .33 
ATP 39.3 35 .8 o.92 

* Rat io  of values for irradiated and control  supe rna t an t s  
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