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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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f i g  6 

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. 
1024 (1973). 
L. B. HENDRY, R. J. GILL, A. SANTORA and R. O. MUMMA, 
submitted (1974). 
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Number of oak leaf roller moths caught with various baits over a 5-day period in vane traps 
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Sample c~ ~) Total Net ~ increase 

Cis-9-tetradecenyl acetate (500 ng) 
Cis-lO-tetradecenyl acetate (500 ng) 
Cis-ll-tetradecenly acetate (500 ng) 
Blank 

3596 251 3847 580 
6426 289 6715 3410 
3946 264 4210 930 
3016 383 3399 -- 

Number of oak leaf roller males trapped minus the number of males caught in the blank. 

ac t ive  SE 30 peak  was t h e n  re in jec ted  on a polar  gas 
ch roma tog raph ic  co lumn : 10 % D E G  S (Diethylene Glycol 
Succinate)  on 80/100 mest~ Chromosorb  W;  6', 2 m m  I.D. 
glass U- tube  co lumn;  oven, 135~ i so thermal ;  he l ium 
carrier  gas, 35 ml /min.  Several  f rac t ions  were again 
collected and  bioassayed.  Only 1 f ract ion elut ing at  21.0 
min  a t t r a c t e d  males in the  l abo ra to ry  f l ight  chamber .  A 
second fract ion,  as ye t  unident i f ied ,  exci ted  bu t  did no t  
a t t r a c t  males  in the  f l ight  chamber  ~. The micro IR-  
spec t rum  of t he  a t t r ac t i ve  f rac t ion  was ind ica t ive  of an 
u n s a t u r a t e d  ace ta te  : 5.79 ~, 

O 
II 

8.11 ~x (OC--CH~), 6.12 ~ (C --  C). To de t e rmine  its ca rbon  
skeleton,  the  f rac t ion  was t h e n  sub jec ted  to  on-co lumn 
hyd rogena t i on  s on a 10% D E G S  glass U- tube  co lumn 
conta in ing  a pre  co lumn h y d r o g e n a t o r  (1% pa l lad ium 
ace ta te  on ch romosorb  P). A single peak  was de t ec t ed  
which  had  a r e t en t i on  t ime  ident ical  to t h a t  of an au then-  
t ic sample  of t e t r adecy l  ace ta te  ind ica t ing  the  act ive  
f rac t ion  con ta ined  an ace ta te  hav ing  a 14 carbon chain.  

Micro ozonolysis  4 located  the  pos i t ion  of unsa tu ra t ion  
in the  chain.  The act ive  D E G S  f rac t ion  was ozonized, 
and  t h e  p roduc t s  were analyzed on a 6', 2 m m  I . D .  
P o r a p a k  Q glass U- tube  co lumn a t  150~ (35 m l / m i n  
he l ium carr ier  gas). The r e t en t ion  t imes  of t he  p roduc t s  
were compared  wi th  those  of s t a n d a r d  a ldehydes .  A 
p r o m i n e n t  peak  which  cor responded  in r e t en t ion  t ime  to  
b u t y r a l d e h y d e  was observed;  th is  requi red  t h a t  a double  

bond  be p resen t  in the  10 posi t ion.  Moreover,  t he  re ten-  
t ion t ime  of the  act ive  D E G S  f rac t ion  fell be tween  those  
of au then t i c  samples  of cis-9 and  cis-l l- tetradecenyl  
ace ta te  5 suggest ing t h a t  the  act ive  pr inciple  was cis-lO- 
t e t r adeceny l  ace ta te  (I). 

0 
II 

CH3CH~CHgCH = CH(CI-I~)sCHeOC-- CH 3 
cis 

To conf i rm our speculat ion,  I was synthes ized .  Bromina-  
t ion of 1,10-decanediol in 48% H B r  p roduced  10-bromo- 
decanol  in good yield. 6 Subsequen t  ace ty la t ion  wi th  
acetyl  chloride and ox ida t ion  using t r i m e t h y l a m i n e - N -  
oxide in chloroform yielded 10-acetoxy decanaU.  Con- 
densa t ion  of the  a ldehyde  wi th  the  Wi t t i g  salt  of bromo-  
b u t an e  using sodium me thox ide  as a ca ta lys t  in D M F  
yielded cis-lO-tetradecenyl acetate .  The p r o d u c t  was 
pur i f ied  on a silica geI-silver n i t r a t e  co lumn and  shown to 
be be t t e r  t h a n  99% the  cis i somer  (silica gel-AgNO 3 TLC, 
GC). The spect ra l  da ta  for the  cis-lO-tetradecenyl ace ta te  
are:  MS m/e 194 (M-HOAc), 166, 152, 138, 82 (base peak);  
and  I R  (CH2CI~) 5.79 iz, 6.12 ix, 8.11 ~x. Syn the t i c  cis-lO- 
t e t r adeceny l  ace ta te  had  ident ical  IR-,  MS-, t h in  layer  
and  gas ch roma tograph ic  p roper t ies  as the  act ive  D E G S  
GC fract ion.  

Studies  were conduc ted  to  evalua te  t he  a t t r ac t iveness  
of cis-lO-tetradecenyl ace ta te  on oak roller males in the  
field. Large vane t r aps  were cons t ruc ted  of a 90 cm 
square  wood f rame of 9 cm • 2 cm pine,  covered on 1 side 
wi th  window screen. The screen was a t t a ch ed  in 2 sect ions  
w i th  a gap in the  center  t h ro u g h  which  ano the r  s l ight ly  
smaller  f rame could be inser ted.  The t r ap  was suppor t ed  
120 cm above the  ground by a pole inser ted  t h ro u g h  the  
center  of the  f rame (see Figure),  and  the  ent i re  t r ap  was 
coa ted  wi th  Tack Trap  s, a viscous s t icky mater ia l  sui table  
for ca tch ing  and re ta in ing  insects.  The t r aps  were ba i ted  
wi th  var ious  samples  and set  in areas of h igh oak leaf 
roller dens i ty  immed ia t e ly  before t he  five day  per iod  t h a t  
oak leaf roller males were f lying in t he  field. The oak leaf 
roller m o t h s  which  were t r a p p e d  were sexed and  counted.  
The da t a  are compi led  in t he  Table,  

Vane trap used to test attraction of oak leaf roller males to various 
baits in the field. 

3 M. BEROZA, Analyt. Chem. 34, 1803 (1962). 
4 l~. BEROZA and B. A. BIERL, Analyt. Chem. 39, 1131 (1967). 
.5 We thank Dr. M. JAcoBso~, USDA, Beltsville, 1Vfd., for kindly 

providing samples of these acetates. 
6 F. L. M. PATTISON, J. B. STOTHERS and R. G. WOOLFORD, J. Am. 

chem. Soc. 78, 2255 (1956). 
V. FRANZEN and S. OTTO, Chem. Ber. 94, 1360 (1961). 
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Oak  leaf rol ler  males  were c a u g h t  in  all t r a p s  inc lud ing  
those  ba i t ed  w i t h  k n o w n  sex a t t r a c t a n t s  of o t h e r  mo ths ,  
i.e. cis-9-tetradecenyl ace t a t e  9 and  c i s -11- te t radecenyl  
ace t a t e  10. However ,  s y n t h e t i c  cis-10-tetradeceny1 ace t a t e  
c a u g h t  3 to  6 t imes  more  oak  leaf rol ler  males  t h a n  e i the r  
of t he  k n o w n  a t t r a c t a n t s  a f te r  s u b t r a c t i n g  t he  n u m b e r  of 
males  t r a p p e d  in t h e  b lank .  The  s izable  n u m b e r  of males  
c a u g h t  in  the  b l a n k  was expec t ed  due  to t he  large n u m b e r s  
of males  r a n d o m l y  f ly ing  in t he  t e s t  areas,  and  t he  a t t r ac -  
t ion  of males  b y  p h e r o m o n e  p r o d u c i n g  females  wh ich  h a d  
been  c a u g h t  in  t he  t raps .  

I n  s u m m a r y ,  cis-lO-tetradecenyl ace t a t e  is a m a j o r  
c o m p o n e n t  of t he  chemica l  message  wh ich  a t t r a c t s  oak  
leaf rol ler  males  to  t he i r  mates .  To our  knowledge,  t h i s  is 
the  f i rs t  r epo r t ed  iden t i f i ca t ion  of th i s  c o m p o u n d  in a n  
insect .  Large  scale syn thes i s  of th i s  a t t r a c t a n t  will enab le  
ex tens ive  field t e s t i ng  a n d  s u b s e q u e n t  ana lys i s  of i ts  
p o t e n t i a l  as an  effect ive con t ro l  for  t he  oak  leaf roller. 
F u r t h e r  chemica l  ana lyses  of t he  female  e x t r a c t s  for  
a d d i t i o n a l  chemica l  messengers  inc lud ing  sexua l  e x c i t a n t s  
are  be ing  c o n d u c t e d  ~. 

Zusammen/assung. ~Weibchen der  Oak Leaf  Roller ,  
Arehips semi/eranus Walker ,  b e n u t z e n  ein Geschlechts-  
phe romon ,  u m  die M g n n c h e n  der  A r t  zur  P a a r u n g  zu lockeD. 

E i n  Locks to f fbe s t and t e i l  i m  P h e r o m o n  wurde  von  den  
g a u e h e x t r a k t e n  der  W e i b c h e n  isot ier t  u n d  als cis-lO- 
Te t r adeceny l -Ace t a t ,  eine in I n s e k t e n  b i she r  u n b e k a n n t e  
Ve rb indung ,  ident i f iz ie r t .  F a n g v e r s u c h e  im Fre ien  m i t  
dem s y n t h e t i s c h e n  P h e r o m o n  b e s t g t i g t e n  seine Rolle  als 
Lockstoff .  
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H y p o g r a v i t y - I n d u c e d  Inhib i t ion  of CO 2 Produc t ion  

The  effect  of h y p o g r a v i t y  on t he  g r o w t h  a n d  phys io logy  
of h ighe r  p l a n t s  ha s  been  s i m u l a t e d  b y  m e a n s  of t he  
h o r i z o n t a l  r o t a t i o n  of t he  p l a n t  on  a c l i nos t a tL  The  
a p p e a r a n c e  of leaf ep inas ty  has  been  t he  on ly  c r i te r ion  
ut i l ized for d e t e r m i n i n g  w h e n  h y p o g r a v i t y  has  af fected 
t he  n o r m a l  phys io logy  of t h e  p lan t .  W e  h a v e  been  in- 
ve s t i ga t i ng  t he  effect  of s imu la t ed  h y p o g r a v i t y  on  t he  
m e t a b o l i s m  of ce r t a in  a m i n o  acids in  h igher  p lan t s .  
L-prol ine-U-~C was i n f i l t r a t ed  b y  use of a wick ~ in to  
50-day-old mar igo ld  p l a n t s  (Tagetes patula) m o u n t e d  on  
ver t i ca l  a n d  h o r i z o n t a l  c l inos ta t s  r o t a t i n g  a t  4 r p h  
( revolut ions  pe r  h). N o r m a l  p l a n t s  were s imi la r ly  infil- 
t r a t ed .  Af te r  24 h of i n c u b a t i o n  t he  va r ious  t i ssues  of the  
p l a n t s  were e x t r a c t e d  w i t h  aqueous  e t h a n o l  and  t h e  free 
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Fig. 1. The production of 1~C20 from control plants compared to 
those rotated on horizontal clinostats after infiltration of 5 b~Ci of 
L-glutamic aeid-U-14C (specific activity 175 mCi per mmole). 42-day- 
old plants were rotated on the clinostats for 4 days before infiltra- 
tion. The results are given on a fresh weight basis. 

f r o m  A m i n o  Ac ids  in Higher  P lants  

amino  acid f rac t ion  e x a m i n e d  b y  two-d imens iona l  p a p e r  
c h r o m a t o g r a p h y  and  r a d i o a u t o g r a p h y .  A m a j o r  rad io-  
ac t ive  c o n s t i t u e n t  in eve ry  case was } , -aminobutyr ic  acid. 
Since the  convers ion  of pro l ine  to  g l u t a m a t e  is a well- 
k n o w n  rou te  of pro l ine  m e t a b o l i s m  3, t he  presence  of an  
ac t ive  g l u t a m a t e  deca rboxy lase  was ind ica ted .  

The  in r i v e  convers ion  of L-proline-U-14C to 14CO2 in 
n o r m a l  and  h y p o g r a v i t y  p l a n t s  u n d e r  c o n t i n u o u s  illu- 
m i n a t i o n  was t h e n  measu red  and  c o m p a r e d  w i t h  p l a n t s  
s imi la r ly  t r e a t e d  w i t h  L-g lu tamic-U- t :C and  o the r s  w i th  
I_-valine-U-14C. Marigold p l a n t s  (var.  P e t i t e  Gold), 
be tween  30 to 50 days  old, were m o u n t e d  on  ho r i zon ta l  
c l inos ta t s  r o t a t i n g  a t  a speed of 15 r p h  and  left  for a t  
leas t  4 days.  Cont ro l  p l a n t s  were r o t a t e d  on ve r t i ca l  
c l inos ta ts .  The  label led  amino  acid was in jec ted  in to  
t he  s t em of t he  p l a n t  a t  t he  desi red t i m e  b y  m e a n s  of a 
syringe.  I m m e d i a t e l y  a f te r  t he  in j ec t ion  t he  p l a n t s  
were p laced  in c l inos ta t  gas exchange  c h a m b e r s  m o u n t e d  
on  t he  c l inos ta ts .  The  c h a m b e r s  were swep t  w i t h  com- 
pressed  a i r  f rom a cyl inder .  The  a i r  pass ing  over  t he  
p l a n t  was b u b b l e d  t h r o u g h  5 ml  of a 1 M so lu t ion  of 
h y a m i n e  h y d r o x i d e  so as to  t r a p  t he  re leased ~4CO2. The  
t r a p p i n g  so lu t ion  was rep laced  eve ry  10 rain  w i t h  f resh 
hyamine .  Al iquo t s  of t h e  h y a m i n e  so lu t ions  were mixed  
in 10 ml  B r a y ' s  so lu t ion  * and  t h e n  assayed  for radio-  
a c t i v i t y  in  a l iquid  sc in t i l l a t ion  counter .  A t  t he  conclus ion 
of t he  e x p e r i m e n t  the  p l a n t s  were cu t  jus t  a b o v e  t he  
p o i n t  of labe l  app l i ca t i on  a n d  weighed.  

The  resul t s  of F igures  1 and  2 d e m o n s t r a t e  ve ry  c lear ly  
t h a t  14CO 2 p r o d u c t i o n  is m u c h  h igher  in  t h e  con t ro l  
p l a n t s  t h a n  in those  sub j ec t ed  to  h y p o g r a v i t y .  Since 
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