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Photodynamic inactivation of transforming principle 

P h o t o d y n a m i c  ac t ion is the dye-sensi t ized au tox ida t ion  of a biological  subs t ra te  
acce lera ted  by  the act ion of visible l ight t. Using an a romat ic  amine as the  suhs t ra te  
we have  demons t r a t ed  tha t  the dye-sensi t ized pho to -ox ida t ion  in this  case involves 
the' react ion of oxygen with  the dye molecules in the long-l ived (triplet) exc i ted  s ta teL 
M~my types  of dyes, such as azo dves or t r i phenyhne thane  dyes (in the  free s tate)  
do not  undergo t rans i t ions  to the  t r ip le t  s tate ,  and  hence are not  photosensi t izers .  I t  
is of in teres t  to de te rmine  whether  those dyes,  which are sensit izers for the syn the t i c  
subs t ra te ,  are also effective for a biological  subs t ra te .  

We  have inves t iga ted  the  dye-sensi t ized pho to - inac t iva t ion  of t r ans forming  
principle since it is a re la t ive ly  pure substance which loses its biological ac t iv i ty  when 
no physical  changes in i ts s t ruc ture  are evident .  DNA* was p repared  from a rough 
s t ra in  of I)iplococcus pneumoniae which was res is tant  to s t r ep tomyc in  a. 

Assays  for the  t r ans forming  ac t iv i ty  of the D N A  were carr ied out  in a manner  
ident ica l  with tha t  descr ibed b y  ROSENI~ER(; et al). I t  was found t ha t  a t  DNA con- 
cen t ra t ions  greater  than  2 ~g/ml  the t rans forming  ac t iv i ty  was independent  of con- 
centra t ion.  All subsequent  de te rmina t ions  were made  at  three different D N A  concen- 
t ra t ions  grea ter  than  this value.  The average percentage  of cells t r ans formed  was 
about  5.6 %. 

Fo r  the de te rmina t ion  of the  pho todynamic  inac t iva t ion  of the t rans forming  
ac t i v i t y  of DNA,  pa r t  of a solut ion conta in ing  23 t*g D N A / m l  was used as a control ,  
and  dye was added  to the remainder  to give a final dye concent ra t ion  of 5"1o " M. 
Al iquots  of these solutions were i r r ad ia t ed  for va ry ing  lengths  of t ime,  using a 5oo-W 
tungs ten - l amp  pro jec tor  with a u.v.-cut-off  filter (Coming No. 3-74) to e l iminate  
rad ia t ion  below 4oo m>. The samples  were i lhnnina ted  at  a d is tance  of 15 cm from 
the front surface of the pro jec tor  lens so as to e l iminate  hea t ing  effects. In  each case 
a sample not  conta in ing  dye  was also i l luminated ,  and  served as a second control  
sample :  in no case d id  those samples  differ in t rans forming  ac t iv i ty  from samples  
which did not  conta in  dye,  and  which had  not  been i r rad ia ted .  All  samples  were 
then  tes ted  for t ransforming  ac t iv i ty ,  each inoculum tube conta in ing 2.3, 3.5, and  
4.~) >g DNA/ml ,  with 5" IO-V, 7.5" IO 7 and IO --" M dye,  respect ively.  Where  photo-  
dynamic  inac t iva t ion  occurred the remaining  t ransforming  ac t iv i ty  was in all cases 
still  independen t  of DNA concent ra t ion  in the  concent ra t ion  range chosen. The 
t rans forming  act iv i t ies  given in Table  I represent  the average of t r ip l ica te  assays at  
the  three different DNA concent ra t ions  and  are in error  by  no more than  IO %. 

In Fig. I it is seen tha t  abou t  half the original ac t iv i ty  (5399 cells t r ans fo rmed  
per ml of suspension) is lost af ter  I5-min i r rad ia t ion  in the presence of me thy lene  
blue. There  is no pho todynamic  effect in the absence of dye,  and  the dye  has no 
effect in the dark.  In  Table  I are l is ted the results  for I s - m i n  i r rad ia t ion  with  var ious  
dyes. The dyes  were used in 5" IO 6 M concent ra t ion  in the original  solut ions so t ha t  
upon add i t ion  to the inoculum the v iab i l i ty  of the cells was un impai red .  This was 
checked by  per forming to ta l  counts  on inocula with and wi thout  dye present .  Al though  

Abbreviations: DNA, deoxyribonucleic acids. 
* The preparations of DNA having transforming properties and its assay were carried out in 

the laboratory of Dr. D. L. HUTCHINSON at the Sloan Kettering Institute in cooperation with 
Dr. F. M. SIROrNAK, whose many helpful suggestions are hereby gratefully acknowledged. 
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none of the dyes are bactericidal  at the concentrat ions  employed,  both Thioflavin TG 
and Proflavine decrease the t ransforming act ivi ty ,  even in the absence of light, 

and any photo- inac t iva t ion  phenomena  are thus masked. These observat ions may  

possibly be correlated with the known mutagenic  ac t iv i ty  of acriflavine, of which 

TABLE 1 

Control (no dye) Activily and cantrol 
Dye Transfc*rming 

activily * Dye alone ~ ) ( f  Dye and lighl 

Rose bengal 12 t 2 100,5 59.8 
Methylene blue 5368 95.6 44.0 
Proflavine 1682 68.2 64.z 
Neutral red 1682 i io.t 4o.¢) 
Crystal violet 1682 i o 1.4 72.1 
Thioflavine TG 1682 71 .o 63.2 
Cresyl violet 1055 ~ o5.3 93.o 
Methyl orange 1433 100.5 98.9 
Alizarin red 1641 96.2 97.9 
1Riboflavin 9120 89-9 51.9 

* "Transforming activity", the number of cells transformed per ml of suspension under the 
conditions of assay as outlined in the text. 
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Fig. I. Rate of photodynamic inactivation of Transforming Principle. 3.5" ~°-6 M methylene blue 
was used as sensitizer. The oridinate indicates the remaining activity as a percentage of the 

original activity. 

proflavine is the principal  const i tuent .  Our failure to demonst ra te  photodynamic  
inac t iva t ion  with  proflavine is in agreement  with the observat ion tha t  acriflavine 

failed to photosensit ize the inac t iva t ion  of the t ransforming principle of Hemophihts 
influenzae 5, al though here no dark effect was observed. 

The an throquinone  dye alizarin red, the azo dye methyl  orange, and the oxazine 
dye  cresyl violet  are wi thout  pho todynamic  effect on the t ransforming principle, as 
they  are when p- to luenediamine  is employed as a substrate.  The t r iphenylmethane  
dye crystal  violet  acts as a sensitizer because it is bound to the nucleic acid, and, again 
in conformi ty  with prior observat ions using the aromat ic  amine as substrate,  it can 
act as a photosensi t izer  in the bound state.  Rose Bengal  (a xan thene  dye), methylene  
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blue (a thiazine dye), and riboflavine, are as efficient sensitizers for the inactivation 
of transforming principle as they are for the photosensitized oxidation of p-toluene- 
diamine. Contrary to our previous report 2, we have since found that in the strict 
absence of oxygen, and using ethylenediaminetetraacetic acid as electron donor, 
neutral red (an azine dye) can be photoreduced. In the presence of no more than a 
trace of oxygen it can sensitize the photopolymerization of acrylamide. Our failure to 
control the oxygen level accounts for the difference between the present results and 
those obtained earlier. Spectrophotometric studies also show that neutral red is a 
sensitizer for the photodynamic oxidation of p-toluenediamine. In conformity with 
these findings the present study shows that neutral red is also able to act as sensitizer 
for the photodynamic inactivation of transforming principle. 

Thus, in every case the ability of the dyes to photosensitize the autoxidation of 
the organic substrate is paralelled by their ability or inability to sensit:ze the inactiva- 
tion of transforming principle• 

The first author is a Public Health Service Research Fellow of the National 
Cancer Institute. 
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The isolation of bacterial mutants defective in amino acid transport 

Many bacterial strains accumulate amino acids trom the surrounding medium z ~. 
The mechanism is obscure, but the phenomenon clear. SCHWARTZ, MAAS AND SIMON ~' 
have reported that mutants of Escherichia coli W with an impaired concentrating 
mechanism for arginine can be isolated by selection on canavanine-supplemented 
plates, and for glycine by selection on D-serine-supplemented plates. 

We have successfully used another method for isolation, and have obtained 
three mutant types of E. coli W which are defective in the ability to accumulate 
either histidine, proline or glycine. The first two are new; the last one presumably 
sirnilar to that isolated by SCHWARTZ et al. 5. 

For simplicity, these mutants are referred to below as transport-negative (Tr) .  
These mutants may be analogous to the permease mutants of the fLgalactoside 
system 4,6, but we prefer the general term "transport" because the process is not 
understood. 

The isolation procedure starts with the use of an auxotroph, e.g., His-, deficient 
in some step in histidine biosynthesis, but capable of accumulating histidine from 

• - r  + the medium. The wild type (with respect to the transport character), hence His "I hi~, 
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