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Summary. The effect  of auxins,  cytokinins ,  gibberel l ins and  phenol ics  on the  incorpora t ion  of ur idine and t h y m i d i n e  
into the  nucleic acids of h u m a n  leukocytes  was examined .  B o t h  the  s t imula t ion  and  inhib i t ion  of the  incorpora t ion  
of the  precursors  was noted .  The auxins  cons i s ten t ly  p r o m o t e d  the  incorpora t ion  of uridine.  

Most  p l a n t  ho rmones  and  associa ted  compounds  
inh ib i t  or s t imula te  nucleic acid syn thes i s  in p l an t  sys- 
t ems  ~. Li t t le  is known  a b o u t  these  c o m p o u n d s  in h u m a n  
sys tems,  beyond  the  work  of RATItBONE and  HALL 2, and  
i t  would  be of in te res t  in e lucidat ing  the  mode  of ac t ion 
of the  p l an t  g rowth  subs tances  to  f ind if t h e y  affect  
nucleic acid syn thes i s  in o the r  sys t ems  such as a h u m a n  
leukocyte  sys tem.  

In  th is  pape r  we repor t  the  effect  of cer ta in  p l a n t  
ho rmones  and associa ted  subs tances  on R N A  and  D N A  
synthes i s  in h u m a n  leukocytes .  We uti l ized the  micro-  
screening sy s t em deve loped  by  FARROW and  VA~ DYKE ~ 
which  is based  upon  the  uptake ,  phospho ry l a t i on  and  
incorporation of thymidine-methyl-~H into DNA of the 
leukocytes of human whole blood or the uptake, phos- 
phorylation and incorporation of uridine --5'3H into 

R N A  of the  leukocytes  of h u m a n  whole  blood. Al though  
t h e  screening sys t em was  deve loped  to  t e s t  an t i - leukemic  
drugs  i t  can also t e s t  any  type  of subs tance  t h a t  ac ts  a t"  
a n y  s tep  in t he  syn the t i c  p a t h w a y  of nucleic acids. We 
have  screened the  c o m m o n  p l a n t  g rowth  subs tances  and  
several  na tu ra l  p roduc t s  to f ind if increases or decreases  
of incorpora l ion  of t he  nucleosides {nto nucleic acid 
occurs. 

The subs tances  used in th is  s t u d y  included gibberellic 
acid, auxins,  cytokinins ,  and  phenolics .  4 doses of each 
subs tance  were  used:  10 -4 M, 10 -5 M,  10 -6 M, and 10 -7 M 
for each t h y m i d i n e  methyl-SH and  uridJne-5'-~H set. 

J. L. KEY, A. Rev. Plant PhysioL 20, 449 (1969). 
2 IV[. P. RATHBO~E and R. H. HALL, Cancer Res. 32, 1647 (1972). 
3 M. G. FARROW and K. VAN DYKE, Chemotherapy 16, 76 (1971). 

Effect of various substances on uridine or thymidine incorporation 

6-Methoxy-benzoxazolinone Gibberellic Acid (K +) Indole-acetic acid Indole-butyric acid cr acid 
(%) (%) (%) (%) (%) 

Thymidine 
(M) 

10 .4 34.8 $ 
10 .5 21.9 $ 
10 -6  3 1 . 2  $ 
10 .7 20,7 $ 

U r i d i n e  (M) 

10 -4 61.0 
10 -5 52.7~ 
10 -6 51 .8  + 
10 7 62.0 

33.7 "I, 40.2 ]' 53.6 ]" 49.3~J" 
40.7 $ 49.5 '[' 53.8 J' 54.9 ]' 
42.2 t 53.7 ~ 61.7 ]" 62.1 
54.5 61.8 J" 57.2 ~ 67.6 ]" 

Dihydrozeatin (%) Zeatin ( % ) Kinetin (%) N-6Benzyl adenine (%) Kinetin riboside ( % ) 

Thymidine (M) 

10 4 
10-5 
10 6 
10-7 

Uridine (M) 
10-4 
10-~ 
10-6 
10-7 

18.14, 31.6~ 
- -  17 .0  j' 
12.5 ~, 49.2 t 

66.6 ~, 22.0 J' -- 11.8 $ 50.6 $ 
55.8 + 15.8 ~" - 10.3 ~ 21.3 I' 
60.1 + 36.3 $ 43.7 ]' -- 18.0 J' 
65.6 ~, 64.5 ~' -- 72.8 J" 47.2 ~' 

This arrow indicates percent stimulation of incorporation of tritiated precursor when compared to control without the test substance. $ This 
arrow indicates percent inhibition of incorporation of tritiated precursor when compared to control without the substance. The incorporation 
values, (percentages indicated above), are based on cpm corrected for efficiency and background. All data presented were significantly dif-  
f e r e n t  from the control using the Fisher Exact Probability Test, HUNTSBERaER and LEAVERTON 4, These dashes indicate no significant dif- 
ferences in incorporation of precursor between test substance and control samples. 
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The  sets  were r u n  twice. The  m e t h o d  used is r epo r t ed  in 
de ta i l  in FARROW and  VAN DYKE 3. The  d a t a  were t e s t ed  
s t a t i s t i ca l ly  w i t h  t h e  F i sher  E x a c t  P r o b a b i l i t y  Test ,  
HUNTSBERGER and  LEAVERTON 4. 

Gibberellic acid. I n  p l a n t  sys t ems  gibbere t l ins  reverse  
genet ic  dwar f i sm in corn  a n d  pea. VARNER et  al. 5 sugges t  
t h a t  t he  c o m p o u n d s  affect  de novo  p r o t e i n  synthes is .  

The  p o t a s s i u m  sa l t  of gibberel l ic  acid (GA3) was 
w i t h o u t  effect  on  t h y m i d i n e  incorpora t ion .  However ,  t h i s  
sa l t  i n h i b i t e d  t h e  i nco rpo ra t i on  of ur id ine  down to 30 and  
50% of t he  c o n t r o l w i t h  no  gibberel l ic  acid, in our  leuko-  
cyte  sys tem.  

Auxins. T h e  aux ins  ins t iga te  p l a n t  g r o w t h  b y  celI 
e longat ion .  E v i d e n c e  t h a t  R N A  is d i r ec t ly  invo lved  is 
p re sen ted  b y  K~Y et  al. 6 a n d  NOODEN and  THIMANN 7. 

�9 EVANS and  t~AY s, a nd  EVANS 9 p re sen t  ev idence  t h a t  
po in t s  to an  effect  of a u x i n  on  g r o w t h  v i a  a s y s t e m  o t h e r  
t h a n  or in add i t i on  to t h e  effect  on t he  nucleic  acids. 

Indo le -ace t ic  acid, i ndo le -bu ty r i c  acid and  e - n a p t h a -  
lene-acet ic  acid did  n o t  affect  t h y m i d i n e  i nco rpo ra t i on  
a t  all  doses. All  concen t r a t i ons  of t he  aux ins  s t i m u l a t e d  
u r id ine  i nco rpo ra t i on  b e t w e e n  40 and  60% ove r  t he  
con t ro l  in  t he  l eukocy te  sys tem.  

Cytokinins. The  cy tok in ins  are pu r ine  de r iva t i ve s  t h a t  
are  r equ i red  for cell d ivis ion in m a n y  p l a n t  sys t ems  10-1~. 
Cy tok in ins  occur  in R N A  of m a n y  species ~. ZACHA~ e t  
al. ~6 showed  t h a t  in  t h e  case of b rewers  y e a s t  IRNA the  
cy tok in in  was loca ted  a d j a c e n t  to  t h e  3 ~ end  of t he  an t i -  
codon.  

D i h y d r o z e a t i n  is w i t h o u t  effect  on  t h y m i d i n e  incorpora -  
t i o n ;  however ,  i t  decreases  u r id ine  i nco rpo ra t i on  to 
a b o u t  60% of t he  con t ro l  a t  all  c o n c e n t r a t i o n s  in t h e  
l eukocy te  sys tem.  A t  t he  h ighes t  c o n c e n t r a t i o n  (10 -~ M) 
zea t in  i n h i b i t e d  t h y m i d i n e  i nco rpo ra t i on  down  to a b o u t  
20% of t h e  control ,  whereas  t h e  lower c o n c e n t r a t i o n s  
were  s l igh t ly  s t imu la t o r y .  All c o n c e n t r a t i o n s  of zea t in  
emp loyed  s t i m u l a t e d  u r id ine  incorpora t ion .  

The  s y n t h e t i c  c y t o k i n i n  N 6 - b e n z y l a d e n i n e  was w i t h o u t  
effect  on  t h y m i d i n e  co rpo ra t i on ;  however ,  a t  10 -~ M 
a n d  10 -5 M i t  i n h i b i t e d  u r id ine  i nco rpo ra t i on  down to  
a b o u t  10% of control .  A t  10 -~ M a 75% s t i m u l a t i o n  over  
t he  con t ro l  va lue  was observed .  

The  s y n t h e t i c  cy tok in in ,  k ine t in ,  i n h i b i t e d  t h y m i d i n e  
i n c o r p o r a t i o n  a t  10 -~ M ;  whereas  a lower  c o n c e n t r a t i o n  
(10 -6 M) s t i m u l a t e d  t h y m i d i n e  incorpora t ion .  K i n e t i n  
was e i t he r  w i t h o u t  effect  or s t i m u l a t o r y  (10 -6 M) t o  
u r id ine  incorpora t ion .  K i n e t i n  r ibos ide  was w i t h o u t  effect  
on  t h y m i d i n e  i nco rpo ra t i on ;  h o w e v e r  a t  10 -4 M i t  in-  
h i b i t e d  u r id ine  i nco rpo ra t i on  to 50% of t he  control .  
Lower  c o n c e n t r a t i o n s  (10 -~, 10 -6 a n d  10 -7 M) s t i m u l a t e d  
u r id ine  incorpora t ion .  

Phenolics. The  p h e n o l i c s  are a d iverse  g roup  of p l a n t  
s econda ry  p r o d u c t s  lL I t  ha s  been  sugges ted  t h a t  in  
c e r t a i n  cases these  c o m p o u n d s  m a y  ac t  as inh ib i to r s .  
I n t e r e s t i n g l y  enough  n a r i n g e n i n  a n d  ferul ic  acid i n h i b i t e d  
i n c o r p o r a t i o n  of p recursors  on t he  order  of 50% of t h e  

, c o n t r o l i n  ce r t a in  expe r imen t s .  6 -Me thoxybenzoxazo l i none  
is a b r e a k d o w n  p r o d u c t  of 2, 4 - d i h y d r o x y - 7 - m e t h o x y - 2  H-  
1, 4-benzoxazine-3- (4) -one  w h i c h  occurs  in  e~iolated Zea 
mays seedlings is. I n h i b i t i o n  of t h y m i d i n e  i n c o r p o r a t i o n  
was decreased  to  a b o u t  34% of con t ro l  whi le  u r id ine  
i nco rpo ra t i on  was decreased  to a b o u t  60% of t h e  con t ro l  
a t  t he  10 -* M.  All o t h e r  doses also p roduced  a n  i n h i b i t i o n  
of i nco rpo ra t i on  of t he  nuc leos ide  p recurso r  in  t h e  leuko-  
cy te  sys tem.  

The  c o m p o u n d s  s tud ied  m a y  af fec t  nucle ic  acid 
m e t a b o l i s m  in p lan ts .  No specific m e c h a n i s m s  h a v e  been  
es tabl i shed.  P r o b a b l y ,  in order  to  i n h i b i t  or s t i m u l a t e  t h e  
i nco rpo ra t ion  of t h y m i d i n e - m e t h y l - 3 H  or ur id ine-5 ' -~ t t  
i n to  D N A  or R N A  of t he  leukocyte ,  t h e  c o m p o u n d  m u s t  
h a v e  ac ted  a t  some p o i n t  in p a t h w a y  leading  to  syn thes i s  
of t h e  nucleic  acids. The  poss ib i l i ty  of nonspeci f ic  inh ib i -  
t i on  of t he  u p t a k e  of nucleos ides  as r e p o r t e d  in  HILL a n d  
WIIqGo 19 seems unl ikely ,  because  b o t h  s t i m u l a t i o n  a n d  
i n h i b i t i o n  were obse rved  2~ 2i. 
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Summary. The  D N P  f ibres  y - i r rad ia ted  u n d e r  aerobic  cond i t ion  showed  a r educ t i on  of t h e i r  d iamete r ,  whi le  no  re-  
m a r k a b l e  changes  were obse rved  in t he  D N P  f ibres  i r r ad i a t ed  u n d e r  hypox i c  cond i t ion  b y  s c a n n i n g  e lec t ron  micro-  

scopy.  

I n  general ,  t h e  r ad iosens i t i v i t y  of macromolecu les  a n d  s tudies  on  th i s  p h e n o m e n o n .  A s f a r  as t h e  a u t h o r s  are  
biological  sys tems  i r r ad ia t ed  in t h e  presence  of oxygen  is aware ,  however ,  no l i t e r a tu re  of e lec t ron  microscopic  
h igher  t h a n  w h e n  t h e y  are i r r ad ia t ed  in t h e  a b s e n c e  of i nves t iga t ions  p e r t a i n i n g  to  th i s  sub j ec t  is accessible.  
oxygen,  as rev iewed  b y  DERTINGER a n d  JuNG ~. T h e r e  are The  p r e s e n t  s t u d y  ha s  been  u n d e r t a k e n  w i t h  t he  hope  
a cons iderab le  n u m b e r  of phys icochemica t  a n d  biological  of e luc ida t ing  t h e  s t r u c t u r a l  changes  of deoxyr ibonuc leo -  


