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konn t en  dagegen zeigen, dass  sowohl ein ox ida t iver  Abbau  
zum Cotinin oder  Niko t in -N-oxid  als auch ein deme t h y -  
l ierender  zum Norn iko t in  erfolgt. 

Die Un te r suchungen  wurden  am weibl ichen G6t t inger  
Minia turschwein  durchgeff ihr t .  Pro Tier wurden  1,8 mg 
Nikot in  in 0,9~ NaC1-L6sung i.v. oder  i.p. applizier t .  
Mit Hilfe yon  Daue rka the t e rn  wurde  der  Ur in  fiber 6 h 
gesammel t  und  wie folgt  aufgearbe i te t :  Nach  Zusatz  yon 
40 ml  30%iger  N a O H  pro  250 ml Ur in  E x t r a k t i o n  des 
Nikot ins  mi t  3 • 200 ml 7tther, Reduk t ion  des Nikot in-  
N-oxid  mi t  20 ml 14-15%iger  TiC13-L6sung un te r  Zusatz  
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yon  100 ml 5 N t-IC1 und  5 ml  7,3 M N H  4 SCN-L6sung bei 
Z i m m e r t e m p e r a t u r  w/ihrend 15 h, E x t r a k t i o n  des Niko- 
t ins  mi t  3 • 200 ml A the r  nach  Zusatz  yon 100 mI 30%iger  
NaOH,  E x t r a k t i o n  des Cotinins mi t  3 X 200 nil CHC13, 
B e s t i m m u n g  der  Subs tanzen  auf p h o t o me t r i s ch em Weg 
nach  vorher iger  d i innsch ich tch romatograph i sche r  Reini-  
gung s. Auf diese W'eise k o n n t en  e indeut ig  Nikotin,  
Niko t in -N-oxid  und  Cotinin sowie Nornikot in  und  Nor- 
cot inin  nachgewiesen  werden.  

Auf Grund der  bisher  vor l iegenden  Versuchsergeb-  
nisse kann  m a n  offenbar  davon  ausgehen,  dass e twa  5 0  
des appl iz ie r ten  Nikot ins  unve r~nde r t  neben  e twa 10% 
Nikot in -N-oxid  und je 3% Cotinin, Norn iko t in  und 
Norcot in in  im Ur in  ausgeschieden werden.  Genaue 
quan t i t a t i ve  Aussagen sollen in wei teren  Un te r suchungen  
e rmi t t e l t  werden.  

Summary.  In  con t ras t  to earlier exper imenta l  results, 
it  could be d e m o n s t r a t e d  t h a t  swine can also enzymat ica l ly  
metabol ize  nicotine.  An ox ida t ive  me tabo l i sm to cot inine 
or n icot ine-N-oxide  as well as a d eme t h y l a t i o n  to nor- 
nicot ine or norcot in ine  could be observed.  
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A B a s e - P a i r i n g  H y p o t h e s i s  f o r  t - R N A  M e t h y l a t i o n  

Recent ly ,  we e labora ted  syn the t i c  inhib i tors  of me t h y l  
t ransferases  i-~. Whi le  s tudy ing  the i r  ac t ion  oil t he  t rans-  
me thy l a t i on  of t -RNAs ,  we came to  the  conclusion t h a t  
the  adenyl  mo ie ty  of S-adenosy] meth ion ine  (SAM) migh t  
p lay  a role in the  recogni t ion  process be tween  the  me t h y l  
t ransferase  and  i ts  cor responding  si te on the  t -RN A .  
A s t u d y  of t he  sequence of 42 t - R N A s  (including 2 
a l t e rna t ive  sequences) showed t h a t  128 m e t h y l a t e d  
nucleosides out  of abou t  155 are found nex t  to a uridine,  
a pseudour idine ,  a d ihydrour id ine  or, in some minor  
cases, ano the r  der iva t ive  of uridine.  
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Fig. 1. Comparison between the observed number of methylated 
nucieosides [M] adjacent to uridine or a derivative [U] (--) and the 
corresponding calculated frequency (O) within each t RNA. 

In  th is  communica t ion ,  we propose  a hypo thes i s  
imply ing  the  pai r ing  of t he  adenyle  mo ie ty  of SAM to a 
uridylic t ype  res idue (U, g~, hU .. .)  ~UJ of the  t -RNA.  
The nex t  nucleoside to a EU] being me thy l a t ed .  

Methods. The sequences of the  t - R N A s  conta in ing  
m e t h y l a t e d  nucleosides s tud ied  in th is  communica t ion  
were reviewed up to  19714 . The sequence of the  o the r  
t - R N A s  s tudied  are the  following: t-RNAArg E. coli 5 
t -RNATyrsulII  m u t a n t  A 1 E. coli 6 t-IRNA tonI E. coli 7, 
t - R N A  GInlI E. coli7 t_RNAarglI yeas t s  t_RNASerln. 
E. coli 9 t -RNAaIy yeas t  10 t - R N A s ,  f i)11 t-RNAm~t yeas t  le. 

For  2 ad jacen t  nucleosides X and M (M s t and ing  for any  
m e t h y l a t e d  nucleoside),  w i th in  a given sequence,  the  
p robab le  f requency  XM or MX is given by  the  re la t ion:  

2 r162 F --  (N-I) where m s tands  for the  n u m b e r  of m e t h y l a t e d  

1 j .  HILDESHEIM, R. HILDESHEIM and E. LEDERER, Biochimie 53, 
1067 (1971). 
J. HILDESHEIM, R. HILDESHE1M and t~. LEDERER, Biochimie 54, 
431 (1972). 

3 j .  I'IILDESHEIM, R. HILDESHEIM, J. YON and E. LEDERER, Bio- 
ehimie 5d, 989 (1972). 

4 j .  WEISSENBACH, C. WERNER and G. DIRHEI1VIER, Biochimie 54, 
111 (1972). 

5 K. CHAKRABURTY, unpublished results, personal communication 
from J. P. WALLER. 

6 j .  D. SMITH and J. E. CELLS, Nature New Biol. 2d3, 66 (1973). 
7 W. R. FOLK and M. YANIV, Nature New Biol. 237, 165 (1972). 
8 j .  WEISSENBACH, R. IVfARTIN and G. DIRHEIMER, FEBS Lett. 28, 

353 (1972). 
9 y. YAMADA arid H. ISHIKURA, FEBS Lett. 29, 231 (1973). 

10 M. YOSHIDA, Biochem. biophys. Res. Commun. 50, 779 (1973). 
i1 D. RIDDLE and J. CARSON, Nature New Biol. 2d2, 2030 (1973). 
1~ M. SINSEK and U. L. RAIBHANDARY , Biochem. biophys. Res. 

Commun. dg, 508 (1972}. 



t5. 8. 1974 Speeiatia 885 

nucleosides (M). x s tands for the  number  of nucleosides 
(X), N stands for the  to ta l  number  of nucleosides including 
x and m. This analysis was performed on each t - R N A  
studied and the  results were compared  to the  cases XM or 
MX actual ly  observed. The  results are p lo t ted  in Figures  
1-5. 

Results and discussion. Figure  1 shows t h a t  general ly a 
me thy la t ed  nucleoside (M) is more often ad jacen t  to [U] 
than  predic ted  by the  F calculated values. For  guanosine, 
cyt id ine  and adenosine (not shown here), the  results fall 
wi th in  or below these values. 

Direc t  observa t ion  of the  clover leaf s t ructures  of the  
t - R N A s  shows t h a t  general ly me thy la t ed  nucleosides are  
located in non-paired regions. They are also found at  the  
f ront ier  of paired region and a loop, wi th  one except ion so 
far reported1~ yeas t  t-RNAGly shows a Cm at the  4th 
posi t ion f rom the  pG end, r ight  in the middle of the  stem. 
Therefore  the  analyses were repea ted  by t ak ing  into 
account  only those sequences of nucleot ides found in 
non-paired regions of the  t - R N A s  (where me thy la t ed  
nucleosides are usual ly  found) and conta ining a t  least 
1 M, including the  base pai red  nucleosides a t  the ex t rem-  
ities of these sequences (where me thy la t ed  nucleosides are 
somet imes found). This  different  sampling leads to 
s imilar  conclusions to those resul t ing f rom the  sampling 
per formed on the  whole t - R N A  sequences (Figures 2-5). 
The  above  analysis  suffers, however,  f rom some un- 
cer ta int ies  concerning the  publ ished sequences in some 
t -RNAs,  for instance, the  corrected nucleot ide  sequence 
of yeas t  t -RNAaly  has recent ly  been repor ted  by  CHAIV6 
et al. 13: m~C adjacent  [U] instead of C was found in the  
ant i -codon loop. 

The most  f requent  me thy la t ed  nucleoside, thymine ,  is 
general ly s i tua ted  in the  GT T loop, which is in agreement  
wi th  the  hypothesis .  On the  o ther  hand, and a l though it  
was included in our  s tandard  calculations,  N2-methyl  
guanosine is a lways found ad jacent  to a cyt id ine  residu, a 
[U] being found general ly a t  a fl-position. We can not  
yet  expla in  this  apparen t  exception.  

The hypothesis  which we propose concerning a possible 
mechan ism of the  me thy la t ion  of t-IRNAs implies the  
pair ing of the  adenine mo ie ty  of SAM to a uridylic  
acid residue of the  t - R N A .  I t  is improbable  tha t  this 
binding would be sufficient to produce a recognit ion for 
the  methylase  to its site. I t  could represent  an addi t ional  
l ink be tween the  enzyme and the  t - R N A  subst ra te  
th rough  the  SAM molecule. 

A model o~ SAM-enzyme-t-RNA ternary complex. The 
above hypothesis  is also suppor ted  by some of our 
previous  studies on the  inhibi t ion of t - R N A  me thy l  
transferases by synthe t ic  analogs of S-adenosyl  homo-  
cysteine 14. W e  have  shown recent ly  tha t  S-(N0-methyl  
adenosyl) homocys te ine  is a good compet i t ive  inhibi tor  
of t - R N A  methy l  t ransferases of rabb i t  liver, whereas 
S-inosyl homocys te ine  lacking the  6-amino funct ion  is 
v i r tua l ly  devoid of inh ib i to ry  ac t iv i ty .  These facts 
suggest t h a t  only  one of the  protons  of the  N 6 adenyl  of 
SAM is l inked to the  enzyme,  the  o ther  being invo lved  in 
the  pai r ing of a [U] as shown in Figure  6. 

The representa t ion  of the  SAM bound enzyme in 
Figure  6 wi th  the  adenine lying above  the  p lane  of the  
r ibofuranose (syn conformation)  is just if ied by  N M R  
studies and calculat ions of charge densi t ies  in pur ine  
systems is, 16. The resul t ing electron delocal izat ion would 
be stabil ized when the  N a charge solves the  sulfonium 
pole, faci l i ta t ing thus  the  pair ing wi th  [U]. This  (N ~) -->(S+) 
in te rac t ion  would lower the  energy level  of the  t rans i t ion  
s ta te  during the  demethy la t ion  process of the  sulfonium. 
In te res t ing ly  enough, when the  sulfonium pole is inter-  
act ing wi th  the  1g 3 atom, the  resul t ing conformat ion  wi th  

1~ S. H. CHANG, S. KUO, E. HAWKINS and N. R. MILLER, Biochem. 
biophys.  Res. Commun.  51, 951 (1973). 

14 j. HILDESIIEINI, R. HILDESHEII~I, P. BLANOHARD, G. FARRUGIA and 
R. MICHELOT~ Biochimie 55, 541 (1973). 

15 p. A. HART and J.  P. DAvIs, J. Am. chem. Soe. 91, 512 (1969). 
16 F. JORDAN and H. D. SOSTMAN, J. Am. chem. Soc. 91, 7898 (1972). 
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Fig. 2-5. Comparison between the 
observed number of methylated 
nueleosides [M] (--) adjacent to 
[U] (Figure 2), to [GI (Figure 3), 
to [A] (Figure 4) and to [C] 
Figure 5) and the corresponding 
caleulated frequencies (O) within 
each t-RNA. The calculations were 
performed by taking into account 
only these portions ol t-RNA which 
contain at least one [M] as defined 
in the text. 
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respec t  to  t he  C(5')-(S +) b o n d  would be  t he  so-cal led 
'gauche,  gauche ' ,  a c o n f o r m a t i o n  k n o w n  to  be  pre-  
d o m i n a n t  in  free nucleosides  1~. 

P rev ious  e x p e r i m e n t s  us ing  s y n t h e t i c  i nh ib i t o r s  3 h a v e  
shown t h a t  t he  t e r m i n a l  a m i n o  group of S-adenosy l  
homocys t e ine  is i m p o r t a n t  for b i n d i n g  to  a t - R N A  

. . .  /% 

. . . . . . . . . .  t _ R N A  ~ - 

m e t h y l  t ransferase ,  whereas  t he  c a r b o x y l a t e  p roduces  
on ly  a smal l  c o n t r i b u t i o n  to t h i s  b ind ing .  

Careful  obse rva t i on  of a molecu la r  model  of t he  proposed  
t e r n a r y  complex  suggests  t h a t  t he  n l e thy l  group b o u n d  to 
s u l p h o n i u m  of SAM should  p o i n t  o u t w a r d s  f rom the  
e n z y m e  in order  t he  mee t  t he  t - R N A  si te of m e t h y l a t i o n .  
P r e l i m i n a r y  e x p e r i m e n t s  w h i c h  will  be  r epo r t ed  later ,  
h a v e  shown  t h a t  chemica l  r e p l a c e m e n t  of t he  m e t h y l  
g roup  in SAM b y  g r o u p m e n t s  such  as allyl, m e t h a n o i c  or 
benzyl ,  led to  c o m p o u n d s  d i sp l ay ing  a f f in i ty  for a t - R N A  
m e t h y l  t r ans fe r a se  f rom r a b b i t  l iver,  c o m p a r a b l e  to  SAM 
or close to  t he  a f f in i ty  d i sp layed  b y  SAM. 

Fina l ly ,  i t  would  be  of i n t e r e s t  to  check  t he  v a l i d i t y  of 
th i s  base -pa i r ing  h y p o t h e s i s  b y  s t u d y i n g  t he  sequences  
found  in ' h y p e r m e t h y l a t e d  t - R N A ' .  Th i s  t y p e  of s t u d y  was 
u n d e r t a k e n  on ly  in a few cases, the re fore  no t  a l lowing  a n y  
s t a t i s t i ca l  obse rva t ions .  

Rdsumd. L ' e x a m e n  s t a t i s t i que  des s6quences des t - A R N  
ind ique  q u ' u n  nucl6oside m6 thy l6  est  g6n6ra lement  
a d j a c e n t  5, une  u r id ine  ou ~ u n  ana logue .  Ces obse rva t i ons  
sugg6ren t  que  le processus  de m 6 t h y l a t i o n  du  t - A R N  se 
fe ra i t  p a r  l ' i n t e rm6d ia i r e  d ' u n  complexe  t e rna i r e  d o n t  les 
impl i ca t ions  confo rmat ionne l l e s  son t  discut6es.  
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Fig. 6. Hypothetical model of the interaction between a uridine of 
t-RNA and the S-adenosyl methionine-enzyme complex. The adeno- 
syl methionine molecule is drawn with heavy lines. For the sake of 
clarity, neither the oxygen functions of ribose or phosphate are 
represented, nor the various hydrogen atoms attached to carbon or 
phosphorus. 

1T See for instance the review of W. SAE~OER, Angew. Chem. int. 
Edn. 72, 591 (1973) and references cited therein. 
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Cis-lO-Tetradecenyl Acetate,  an Attractant  C o m p o n e n t  in the Sex  P h e r o m o n e  of the Oak 
Leaf Rol ler  Moth (Archips semi.feranus Walker)  

The  oak  leaf roller, Arch@s semi/eranus W a l k e r  
(Lep idop te ra :  Tor t r ic idae) ,  is a d e s t r u c t i v e  fores t  insect  
wh ich  has  r ecen t ly  r eached  d a m a g i n g  p o p u l a t i o n  levels 
in  t he  N o r t h e a s t e r n  U n i t e d  Sta tes .  I n  P e n n s y l v a n i a  
alone, t he  oak  leaf rol ler  i n f e s t a t i on  has  sp read  to  more  
t h a n  1 mi l l ion  acres, and  t ree  m o r t a l i t y  due  to t h e  pes t  has  
c l imbed  as h i g h  as 90%. The  use of pes t ic ides  to  con t ro l  
t he  oak  leaf rol ler  has  n o t  been  economica l ly  feasible  nor  
e n v i r o n m e n t a l l y  adv i sab le  ; t h i s  ha s  p r o m p t e d  our  
search  for a n a t u r a l  chemica l  a l t e rna t ive .  

A d u l t  oak  leaf rol ler  males  h a v e  been  shown  to  r e spond  
to a sex p h e r o m o n e  p roduced  b y  t he  female  m o t h  1. 
Moreover,  p r e l i m i n a r y  s e p a r a t i o n  of t he  ac t ive  pr inc ip les  
of t he  p h e r o m o n e  has  revea led  t h a t  two  c h r o m a t o g r a p h i -  
cal ly isolable f rac t ions  are i nvo lved  in t he  female ' s  
sexual  message  2. E a c h  f r ac t ion  elicits a sepa ra te  beha -  
v io ra l  r esponse  f rom male  m o t h s  in  l a b o r a t o r y  a n d  field 
assays,  namely ,  sexual  exc i t a t i on  and  sexual  a t t r a c t i on .  
W e  wish  to  r e p o r t  here  on  t he  ident i f ica t ion ,  syn thes i s  and  
a c t i v i t y  of t he  m a j o r  a t t r a c t a n t .  

Crude p h e r o m o n e  e x t r a c t s  were o b t a i n e d  f rom 2-day- 
old, adul t ,  v i rg in  female  oak  leaf rollers b y  excis ing t he  
las t  a b d o m i n a l  segments  and  hom ogen i z i ng  t h e m  in a 
t i ssue  g r inder  w i t h  redis t i l led  spec t rograde  m e t h y l e n e  

chloride.  The  h o m o g e n a t e  was f i l tered t h r o u g h  a m e d i u m  
poros i ty  f r i t t ed  glass f i l ter  a n d  c o n c e n t r a t e d  on  a r o t a r y  
evapora to r .  I n i t i a l  s e p a r a t i o n  was ach ieved  b y  t h i n  layer  
c h r o m a t o g r a p h y  on  silica gel ( B r i n k m a n n  Si lp la te  F-22) 
us ing  a 50 : 50 m e t h y l e n e  ch lo r ide -hexane  so lven t  sys tem.  
An  ac t ive  region was obse rved  a t  IRf 0.46-0.67 us ing  a 
l a b o r a t o r y  f l igh t  c h a m b e r  b ioassay  1. The  ac t ive  TLC 
b a n d  was ana lyzed  b y  gas- l iquid  c h r o m a t o g r a p h y  (GC): 
5% SE 30 on 80/100 m e s h  c h r o m o s o r b  Q; 6', 2 m m  I.D. 
glass U - t u b e  co lumn ;  oven,  p r o g r a m m e d  f rom 125 ~ to 
200 ~ a t  l~  ; he l ium car r ie r  gas, 40 ml /min .  The  gas 
c h r o m a t o g r a p h  was equ ipped  w i t h  a f l ame ion iza t ion  
de t ec to r  a n d  a n  e f f luen t  sp l i t t e r  a d j u s t e d  to  a 25:75 
de tec to r :  e f f luent  spl i t  ra t io .  Smal l  f r ac t ions  were arbi-  
t r a r i l y  col lected f rom the  GC in glass cap i l l a ry  tubes  
cooled in l iqu id  n i t rogen .  All  f r ac t ions  were l a b o r a t o r y  and  
field b ioas sayed l ,  2 a n d  a c t i v i t y  was found  in  on ly  1 
f rac t ion  wh ich  h a d  a r e t e n t i o n  t i m e  of 10.1 rain.  The  

z L. B. HENDRY, L. Ro~zAx and R. O. 1VfUMMA, Envir. EntomoI. 2. 
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