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The inact ivat ion of tobacco mosaic v i rus- r ibonuc le ic  acid i n f e c t i v i t y  by 
near (320-400 nm) or middle (290-320 nm) u l t r a v i o l e t  l i gh t  was promoted by 
sulfani lamide and ch lor te t racyc l ine ,  as well as acetone, hydroquinone, AgN03, 
and HgCl 2. Sulfanilamide was an especia l ly  e f fec t i ve  sens i t iz ing agent. 
Sulfanilamlde and possibly ch ior te t racyc l ine,  l i ke  acetone, induced the 
formation of cyclobutadipyrimidines in the RNA. Damage to nucleic acids may 
resul t  from c l i n i ca l  use of sulfani lamide and ch lor te t racyc l ine and may p a r t i a l l y  
explain the skin photosensit izat ion associated with such use. 

The presence of sens i t iz ing agents can increase many-fold the rate at 

which near- and middle-wavelength u l t r a v i o l e t  l i gh t  damages nucleic acids. 

Recent work has ident i f ied  several agents and mechanisms by which DNA (I-9) and 

RNA (10-11) can be sensit ized to photoreactions. Sensi t izat ion can occur in 

v ivo,  and sensi t izers can great ly  increase the damage induced in tissues by the 

u l t r a v i o l e t  components of sunl ight (1). 

I have recently observed that two compounds with pharmaceutical uses, 

sulfani lamide and ch lor te t racyc l ine,  sensi t ize TMVI-RNA to u l t r a v l o l e t - l i g h t  

induced inact ivat ion.  The observation is pa r t i cu la r l y  s i gn i f i can t ,  since i t  

suggests that RNA (and possibly DNA) damage may account in part for c l i n i ca l  

evidence (12) that these compounds sensi t ize human skin to sunl ight.  This report 

describes the sensi t izat ion of TMV-RNA by sulfani lamide and ch lor te t racyc l ine 

and compares th is  with sens i t izat ion by four other agents, acetone, hydro- 

quinone, and Ag + and Hg ++ ions. 

IAbbreviation: TMV, tobacco mosaic v i rus.  
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MATERIALS AND METHODS 

TMV-RNA assay. Procedures for the growth of TMV, the preparation of TMV- 
RNA, and the determination of TMV-RNA infectivity were followed as described 
by Murphy and Gordon (13). Nicotiana tabacum var Xanthi nc was used as host 
plant for local-lesion assays of infectivity. Inactivation of infectivity was 
measured by applying irradiated and control preparations of RNA to opposite 
halves of a leaf. Relative numbers of lesions on the different leaf-halves, 
corrected for differences in RNA concentration in the two preparations, indi- 
cated relative survival of the irradiated RNA. Statistical analysis of results 
from replicate leaves was performed according to a non-parametric method (]4). 
Each value reported represents results from approximately 30 replicate leaves 
and 3-4 independent experiments. With this sample, a variation of ± 20% of 
the reported value gave a 95% confidence interval for the median of the popu- 
lation. 

Irradiation. Samples of RNA (l-5 ml, 5 ~g TMV-RNA per ml) were irradiated 
in O.l M potassium phosphate buffer, pH 7, at O°C and with continuous stirring. 
The samples were placed 54 cm from two Westinghouse FS40 fluorescent sunlamps, 
filtered either with a 5 mil (0.13 mm) Kodacel (Eastman) plastic film or with 
a lO mil (0.25 mm) Mylar Type A plastic film. The emission peak of the lamp 
is at 360 nm. Kodacel absorbs > 90% of radiation below 293 nm; Mylar Type A 
absorbs > 90% below 321 nm. The total incident irradiance was 3.5 W/m 2 
(KodaceITor 3.1 W/m 2 (Mylar). Samples were irradiated in open lO0 ml beakers, 
unless oxygen was to be excluded, in which case they were irradiated in quartz 
cuvettes sealed after the solutions were bubbled with N 2 gas. 

Photoreactivation. All leaves were inoculated with TMV-RNA in a room 
illuminated only with F40R (red) fluorescent lamps, which do not photoreacti- 
rate ultraviolet-light-damaged TMV-RNA (13). To test for photoreactivation, 
inoculated plants were placed under three F4OWW (warm white) fluorescent lamps 
(15 W/m 2 irradiance) for lO min, then were placed in the dark overnight. The 
survival of the irradiated RNA, as measured on these illuminated plants (YL), 
was compared with the survival of the same preparation of irradiated RNA, 
as measured on control plants kept in the dark after inoculation (YD). The 
extent of photoreactivation ("photoreactivated sector", fo) was calculated 
by the formula, fp = l - (log YL/log YD). This formula is strictly valid only 
when values for survival, wlth and without photoreactivation, are exponential 
functions of dose. 

Zonal Cent r i fugat ion .  Samples of  i r rad ia ted  RNA were layered on grad- 
ients '(']2.5-50%) Of sucrose dissolved in 0. I  M potassium phosphate bu f fe r ,  
pH 7, and were centr i fuged in an SW 4] ro tor  (Beckman) fo r  240 or 360 min at 
40,000 rpm. A f t e r  cen t r i f uga t i on ,  the d i s t r i b u t i o n  of  RNA in the tubes was 
measured spect rophotometr ica l ly  (A26 O) using a f low-through cuvet te.  

RESULTS AND DISCUSSION 

The radiation from the FS40 lamps, filtered through Kodacel plastic, 

inactivated the infectivity of TMV-RNA (Figure): 15 min of irradiation had 

approximately the same effect as 80 min of summer noontime sunlight in Davis 

(15). The logarithm of the surviving fraction of infectivity dropped more 

strongly as a function of dose for survival above 30% than for survival below 
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Figure. Inactivation of TMV-RNA infectivity by radiation from FS40 fluorescent 
sunlamps, f i l tered with Kodacel ( 0 , 0 )  or with Mylar Type A ( m ) .  Closed 
symbols: no photoreactivation. Open symbol: RNA photoreactivated after 
inoculation. No sensitizing agents were used in these experiments. 

30~, suggesting that  d i f f e r e n t  f rac t ions  of  RNA had d i f f e r e n t  s e n s i t i v i t i e s  to 

the rad ia t ion  or that the s e n s i t i v i t y  of  RNA decreased during i r r a d i a t i o n .  

Radiation from the same lamps, f i l t e r e d  through Mylar p l a s t i c ,  had l i t t l e  i f  

any e f fec t  on the i n f e c t i v i t y ,  demonstrating that most of  the i nac t i va t i ng  

rad ia t ion  passing through Kodacei was at the low end of  the emission spectrum 

(290-320 nm). 

The addi t ion of su l fan i lamide ,  c h l o r t e t r a c y c l i n e ,  and four other compounds 

increased the i nac t i va t i on  of  TMV-RNA by a standard I0 mln dose of  rad ia t ion  

(Table, column A). Among these compounds, su l fan i lamide ,  AgN03, and HgC! 2 were 

most e f f e c t i v e :  concentrat ions on the order of  10 -3 M resul ted in su rv i va ls  a f t e r  

i r r a d i a t i o n  of  approximately 1/10 that of  the control  i r rad ia ted  wi thout  sensi-  

t i z e r .  Acetone, which has been prev ious ly  described as a sens i t i ze r  fo r  both 

DNA (6, 8) and RNA ( !0,  I 1 ) ,  was much less e f f e c t i v e ,  even at a concentrat ion 

as high as 3~ (0.4 M). Hydroquinone and ch l o r t e t r acyc l i ne  were s l i g h t l y  more 

e f f e c t i v e  than acetone at molar concentrat ions approximately iO0-fo ld lower. 

When the rad ia t ion  was f i l t e r e d  through Mylar p l a s t i c  (Table, column B), 

the sens i t i z i ng  e f fec ts  of su l fan i lamlde and acetone were n e g l i g i b l e .  Sensi- 
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TABLE 

Sensitized inactivation of TMV-RNA infectivity. Each value in columns A through 
D represents the fractional survival of infectivity after a lO min treatment 
with FS40 radiation under the conditions described. Conditions: A, Kodacel 
filter, open beaker, no photoreactivation; B, Mylar Type A filter, open beaker, 
no photoreactivation; C, Kodacel filter, closed cuvettes flushed with N2, no 
photoreactivation; D, Kodacel filter, open beaker, photoreactivating light 
given after inoculation. 

A B C D 
Kodacel Mylar Kodacei Kodacel 

Sensi t iz ing Concentration a i r  a i r  N 2 a i r  f 
(M) no PR no PR no PR PR P compound 

sulfani lamide 0.0005 0.078 < 0.02 
0.0015 O.031 0.96 -- 0.062 0.20 

ch lor te t racyc l ine  0.0017 0.32 0.19 
0.005 O.19 0.24 0.32 0.30 

acetone 0.13 0.30 0.076 
0.40 0.23 0.90 0.33 0.25 

hydroquinone 0.001 0.15 0.56 
0.003 0.15 0.32 0.19 0.12 

AgN03 0.O001 0.15 0.12 
0.OO1 0.042 0.63 O.ll 0.30 

HgCl 2 0.O001 0.15 O.21 
O.OOl 0.062 0.26 0.054 -0.05 

t i za t ion  by these compounds must depend on middle u l t r a v i o l e t  wavelengths 

(290-320 nm) emitted by the FS40 lamp. The sensi t iz ing ef fects of AgN03 

and HgCI 2 were also reduced in My la r - f i l t e red  l i gh t .  The ef fects of hydro- 

quinone and ch lo r te t racyc l ine ,  however, were only s l i g h t l y  reduced by the 

use of the Mylar f i l t e r ;  sens i t izat ion by these compounds must involve the 

longer wavelengths emitted by the lamps. 

The p o s s i b i l i t y  that a f ract ion of the damage might occur through the 

induction of chain breaks was tested by zonal centr i fugat ion of i r radiated 

TMM-RNA. Samples of RNA were i r radiated for 10 min in open beakers and in 

the presence of the higher concentration of each sensi t iz ing agent indicated 
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in the Table. In each case, the RNA appeared p r i m a r i l y  in a s ing le  peak. 

I r r a d i a t i o n  (unsensit ized) did not change the amount of  RNA in the peak or the 

rate of sedimentation. In the presence of  each s e n s i t i z e r ,  the recovery of 

RNA in the main peak was 80-85~ of  that found wi th unsensi t ized,  i r rad ia ted  

samples. In the presence of  AgN03 and HgC12, the peak sedlmented 1.7 and 2.5 

times fas te r  than normal, ind ica t ing  the formation of  Ag-RNA and Hg-RNA 

complexes; in a l l  other cases, sens i t i z i ng  agents did not a f f ec t  the rate of  

sedimentation of  the RNA. Sens i t i za t ion  apparent ly produced only a small 

degree of breakage of  the RNA molecules. 

To tes t  fo r  the presence of  cyc lobutad ipyr imid ines,  I measured the photo- 

reac t i va t ion  of  inact ivated THV-RNA; photoreact ivat ion of  UV-damaged RNA has 

been corre la ted wi th these photoproducts ( i 1 ) .  I observed photoreact ivat lon of 

TMV-RNA inact iva ted in the presence of  each of the sens i t i z i ng  agents tested,  

except HgC12 (Table, compare Columns A and D, see Column f ).  The photoreac- 
P 

t i va ted  sectors ranged from 0.,12 (hydroquinone) to 0.30 (AgN03 and c h l o r t e t r a -  

cyc l i ne ) .  These sectors represent an est imate of  the f rac t i on  of  the damage 

a t t r i b u t a b l e  to cyc lobutad ipyr imid ines,  but the est imate is probably low, 

since i t  is l i k e l y  that not a],1 cyc iobutadipyr imid ines are photoreact ivable.  

These sectors are comparable to those reported for  THV-RNA inac t iva ted (unsensi- 

t i zed)  at 254 nm ( re f .  13, f = 0.30) and for  THV-RNA inac t iva ted in the 
P 

presence of  acetone at 313 nm ( re f .  ]1, f = 0.21). The data fo r  surv iva l  of  
P 

THV-RNA i r rad ia ted  (unsensit ized) for  15 min or less wi th the FS40 lamps sug- 

gested an unusual ly large sector of  0.75 (Figure) ,  though th is  sector decreased 

wi th longer i r r a d i a t i o n  times. 

The induction of cyc,1obutadipyrimidines is thought to occur through 

t r i p l e t  exc i t a t i on .  The exclusion of  02 , a t r ip, let-quenching agent, has been 

shown to increase the rate of  formation of cyc lobutadipyr imid ines in acetone-, 

acetophenone-, and benzophenone-sensitized DNA (8). I f  t rans fe r  of  t r i p , l e t  

energy from sens i t i ze r  to nucle ic acid represents a mechanism of damage of 

THV-RNA, then the exclusion of  02 should lead to increased i nac t i va t i on .  
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Such increased inactivation of TMV-RNA was found when acetone, sulfanilamide, 

and chlortetracycline were used as sensitizing agents, but was not observed 

with the other compounds (Table, compare Columns A and C). The exclusion of 

02 strongly inhibited sensitization by hydroquinone. A l imi t ing role for 

oxygen in hydroquinone sensitization would explain why an increase in the con- 

centration of hydroquinone from 0.001 to 0.003 M did not increase the rate of 

inactivation (Table, Column A). 

The various compounds tested apparently act in diverse ways. Acetone 

probably transfers t r i p l e t  energy to TMV-RNA, thus inducing the formation of 

cyclobutadipyrimidines, though several other reactions may also occur ( I I ) .  

Ag + and Hg ++ both form complexes wlth TMV-RNA. Ag + seems to stlmulate forma- 

tion of cyclobutadipyrimidines in TMV-RNA, as i t  does in DNA (7). However, Hg ++- 

++ 
complexes with TMV-RNA act d i f ferent ly  from those with DNA, since Hg protects 

DNA by stimulating dipyrimidine reversal (16). Hydroquinone apparently acts 

through some oxygen-dependent mechanism, perhaps by promoting formation of singlet 

oxygen. None of these compounds cause any appreciable chain breakage. 

The effects of sulfanilamide are l ike those of acetone; thus sulfamilamide 

probably transfers t r i p l e t  energy to RNA. The effects of chlortetracycline are 

in part similar to these, but the differences suggest the chlortetracycline action 

may be more complex. Further experiments are needed to determine the exact nature 

of the sensitized photoreactions and to identi fy the RNA bases involved. Since 

sulfanilamide and chlortetracycIine are used c l i n i c a l l y ,  i t  seems especially 

important to determine whether they affect DNA as they do RNA. 
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