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Table III. 1-Methyladenine-containing sequences (from 41) 

Base residues Methylation Endogenous 
per tRNA chain in vitro 1-Methyladenine 

E. coli Yeast Yeast Liver 
tRNA tRNA tRNA tRNA 
0.9 0.2 0.55 0.90 

Sequences 
Py-A-1MA-U - 4% 0.05 0.05 
Py-G-1MA-U - 35 % 0.20 0.20 
Py-G-1MA-C - 8% 0.05 0.10 
Py-A-1MA-A-U 10% 20% 0.10 0.30 
Py-G-1MA-A-U 90% 23% 0.10 0.20 
Py-G-1MA-A-C - 10% 0.05 0,05 

the problem why sonic tRNAs are methylated and 
others are not. Of the known yeast tRNAs, for instance, 
tyrosine-, valine-, isoleucine- and phenylalanine-tRNA 
contain m~A, whereas the three others don't, although 
they can be methylated by rat liver methylase. Thus 
as yet no clear picture as to the reason for the dif- 
ferent extent of methylation emerges. From our knowl- 
edge of the specificity of tRNA methylases and from 
the known sequences it appears only that the question 
to be raised should not be anymore: why have some 
nueleotides been modified, but rather: why has the 

modification not occurred in all tRNAs, since there 
are apparently enzymes capable of modifying the 
parent residues in these positions ? 

Zusammenfassung. Aus einem Vergleich der be- 
schriebenen Sequenzen verschiedener Transferribonu- 
kleins~iuren lassen sich Schltisse tiber die allgemeine 
Struktur dieser Molekiile ziehen. S~imtliche Sequenzen 
lassen Basenpaarungen zu, die sich zweidimensional 
in einer Kleeblattform darstellen lassen. Die bisher 
bekannten Transferribonukleins~iuren lassen sich in 3 
Klassen aufteilen, je nachdem, ob sie 3-4 Basenpaare 
im DHU- und einen kurzen oder langen Extra-Arm 
besitzen. Die Verteilung der seltenen Nukteotide weist 
eine auffallende Regelmitssigkeit auf. MethylierteBasen 
kommen meistens nur an einer bestimmten Stelle des 
Molektils vor, nur vier wurden an zwei Stellen beschrie- 
ben. Dihydrouridin und Pseudouridin wurden an 6 
bzw. 9 Stellen gefunden. Dies dtirfte darauf hinweisen, 
dass die Enzyme, die Nukleotide in der Transfenibo- 
nukleinsiiure modifizieren, nicht spezifische Transfer- 
ribonukleinsfiuren erkennen, sondern spezifische Stellen 
in den verschiedensten Molektilen. Anhand der serin- 
spezifischen Transferribonukleins~iuren aus Ratten- 
leber wird gezeigt, dass multiple Species vorliegen, die 
zum Teil das gleiche Codon erkennen kSnnen, sich aber 
in der Prim~irsequenz unterscheiden. 

S P E C I A L I A  
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Modifications of Lichen Substances and Morphology  Induced by Mechanical Shock in Cladonia pacifica 

Microchemica l  a n d  c rys ta l l ine  t es t s  of t ha l l i  of shocked  
Cladonia paci/ica revea led  a d d i t i o n a l  s u b s t a n c e s  n o t  
k n o w n  to  occur  in  t h i s  l i chen  a n d  w h i c h  d id  n o t  occur  
in  t h e  controls .  T h e  on ly  morpholog ica l  a l t e r a t i o n  a f t e r  
shock  was t h e  color  of t he  tha l lus .  Con t ro l  t h a l l i  were  
whi te ,  whe reas  shocked  t h a l h  were  t a n  to  k h a k i  in  color.  

L i chens  are  cons idered  to  be  h a r d y  p l a n t s  because  of  
t h e i r  wide  geograph ic  d i s t r i b u t i o n  a n d  t h e i r  a d a p t a t i o n  
to  xer ic  h a b i t a t s ,  b e i n g  v e r y  r e s i s t en t  to  e x t r e m e s  of 
t e m p e r a t u r e  a n d  drying.  T h e y  are, however ,  h i g h l y  
r e spons ive  to  e n v i r o n m e n t a l  f ac to r s ' -% T h e  p r e s e n t  
s t u d y  e x a m i n e s  t h e  gross morpho logy  of l ichen  tha l l i  
a n d  l i chen  s u b s t a n c e s  a f t e r  expos ing  t he  l ichens  to  
m e c h a n i c a l  shock ,  where  shock  is def ined as a fas t -  
r i s ing  p ressure  pulse  of severa l  seconds du ra t i on .  The  
p r e s e n t  work  s t ems  f rom a n  in te res t  in  t he  poss ibi l i t ies  
for  us ing  p l a n t s  as e x p e r i m e n t a l  b io - ind ica to rs  of unde r -  
g r o u n d  shock  ~. 

Since l ichens  a re  such  slow growing p lan t s ,  on ly  
obv ious  changes  in  t h e i r  a p p e a r a n c e  a n d  obv ious  micro-  

chemica l  changes  were obse rved  in t he  p r e s e n t  s t u d y  in 
w h i c h  u n s h o c k e d  p l a n t s  were used as  cont ro l s .  Because  
t h e  l i chen  ac ids  a re  m o s t l y  pheno l i c  de r iva t ives ,  2 pos t -  
shock  per iods  were  se lected to  a l low for  a c c u m u l a t i o n  of 
a n y  newly  fo rmed  ac ids  or  d e g r a d a t i o n  p r o d u c t s  of  t h e  
ex i s t i ng  acids.  
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Results of the microcrystal tests in Ctadonia paci[ica for control thalli (A, E, and I) and thalli shocked at 50~ rj 2 weeks after shock (B, F, 
and J) and 5 weeks after shock (C, D, G, H, and K), where A-D were treated with GE, E-H with GAW, and I-K with GAAn (A) and (B), 
usnic acid; (C) and (E) unidentified substance; (D), evernic acid; (F), novocblorophaeic acid; (G), lobaric or didymic acid; (H), atranorine 
or cryptx)chlorophaeie acid; (I), atranorine; (J) and (K), usnic acid. 

Mater ia l s  and  methods. An Alaskan  l ichen f rom A m -  
ch i t ka  was col lected b y  Dr.  H.  T. SHACKLETTE a n d  iden-  
t i f ied  b y  Dr.  W.  A. WEBER as Cladonia paci]ica. THOM- 
SON S t r e a t e d  th is  t a x o n  as a s y n o n y m  of C. i m p e x a  H a r m .  
b u t  AHTI g r e t a ined  i t  as sepa ra te  species.  The  l iving 
l ichens  were  cu l tu red  a t  r o o m  t e m p e r a t u r e  on  mo i s t ened  
soil mix  and  unde r  12 h of low-level  (about  10 foot  
candles)  ind i rec t  l ight  each  day.  Several  weeks  a f t e r  
cul tur ing,  t he  cort ical  areoles of t he  thal l i  in m a n y  p l an t s  
took  on a greenish  hue ;  however ,  in m o s t  p l an t s  t h e y  
r ema ined  white .  The  l ichens were  al lowed to  accl imat ize  
to  l abo ra to ry  condi t ions  for a b o u t  6 weeks,  t h e n  t h e y  
were sub jec ted  to  shock t r e a t m e n t .  The  cul ture  was  sub- 

d iv ided  in to  a con t ro l  a n d  2 t e s t  f ract ions .  The  t e s t  
f rac t ions  were  shocked  a t  50 p o u n d s  per  square  inch  
(~; 3.52 kg/cm*) in an  air  loader  1°, t h e  second t e s t  be ing  
3 weeks  a f t e r  t h e  f i rs t  tes t .  The  pressure  du ra t ion  was  
a p p r o x i m a t e l y  4 -6  sec. 
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The  techniques  for t he  tha l l ine  color tes t  and crys ta l  
tes ts  as out l ined  by  HALE 11 were  used. The  l ichen sub- 
s tances  were ex t rac ted  f rom tha l lus  t ips  w i th  warm 
acetone.  2 or  3 ex t rac t ions  of each  shock group and the  
cont ro l  were prepared  for each  reagent  used in the  
microcrys ta l  tests.  All of the  tes ts  for each cul ture  group 
were done in t i m e  sequence. The  slides were observed 
i m m e d i a t e l y  af ter  t he  reac t ion  and a t  per iodical  in tervals  
up to  6 mon ths  t ime.  The  react ions  were immed ia t e  and 
stable,  and no new substances  formed dur ing this  period. 

Results and discussion. Thal l i  of the  shocked lichens 
appeared  t an  to khak i  in color compared  to the  white  
color of the  cont ro l  lichens. The  noted  color change was 
observed several  days  af ter  shock. No  o ther  morphological  
changes were observed  in t he  shocked plants.  

The  tha l l ine  tes ts  were per fo rmed  on specimens con- 
sist ing of half  a l ichen tha l lus  and were observed under  
low magnif icat ions .  The  results  of the  thal lus tests agree 
w i t h  those  l is ted by  THOMSON s for C. impexa, There  
were no changes in t he  color tests  af ter  shock. 

The  results  of the  microcrys ta l  tests  were compared  
wi th  pic tures  and descript ions of crystal l ine acids as 
g iven  by  ASAHINA lZ, EVANS x3, HALE 11,1~ and THOMSON s. 
3 reagents,  namely ,  glycer in-acet ic  acid, 1:1 (GE), gly- 
cer in-95% alcohol-water ,  1 : 1 : 1 (GAW), and glycerin- 
a lcohol-ani l ine 2 : 2 : 1  (GAAn) gave  posi t ive  crystal  tes ts  
for al l  groups.  No crystals  were observed wi th  glycerin- 
alcohol-o-toluidine,  2: 2:1 (GAo-T), or  glycerin-alcohol-  
quinol ine,  2 : 2 : 1  (GAQ). The  results of c rys ta l  tes ts  are 
indica ted  in the  Figure.  Row 1 (A, E,  I) represents  crys- 
ta ls  occurr ing in the  control  lichens, row 2 (B, F, J) 
2 weeks post  shock, and rows 3 and 4 (C, D, G, H, K) 
5 weeks post  shock. All those in co lumn 1 were t rea ted  
ident ica l ly  wi th  G E  reagent,  whereas  those in co lumn 2 
were t rea ted  wi th  G A W  and co lumn 3 wi th  GAAn. 

ASAHINA'S microcrys ta l  tes ts  x2 are useful in deter-  
min ing  which substances occur  in the  thallus.  An a t t e m p t  
was made  to  s tandard ize  th is  t echn ique  in t he  present  
s tudy  by  holding the  slides one inch above  the  f lame and 
to  r emove  t h e m  as soon as a bubble  formed.  The  slides 
were air  cooled. 

The  p r e d o m i n a n t  acids  in the  control  were usnic and 
a t ranor ine .  I t  is possible t h a t  the  concent ra t ion  of these  
acids was depressed a f te r  shock, the reby  p e r m i t t i n g  the  
de tec t ion  of o the r  substances.  Perhaps  in the  p resen t  
s tudy,  var ious  reactions,  such as oxidat ions ,  recombina-  
t ions and o the r  react ions  15 were  in i t ia ted  by  shock. 
However ,  such substances  which  were observed af ter  
shock t r e a t m e n t  were  no t  observed  in the  controls  and 
are no t  typ ica l ly  found in C. impexa or p re sumab ly  
C. pacifica. C. pacifica mus t  con ta in  t he  same substance  
as C. impexa since appa ren t l y  there  is no con t r ad ic to ry  
in format ion  on this  l ichen. Therefore,  the  modif ica t ion  
in t he  crys ta ls  are  a t t r i bu t ed  to  shock t r e a t m e n t  le. 

Rdsumd. Une a u g m e n t a t i o n  rap ide  de  la pression pro-  
du isan t  c o m m e  une  rafa le  d ' a i r  dans  un tube  de  choc 
fi t  appara i t re  des subs tances  addi t ionel les  e t  des modif i -  
ca t ions  de couleur  dans  les ta l les  du l ichen Cladonia 
paci/ica. 
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Anthraquinone in Plant Surface Waxes 

The  mos t  a b u n d a n t  cons t i tuents  of t he  surface waxes  
of  p lan ts  are a t iphat ic  compounds,  for example  hydro-  
carbons,  esters, aldehydes,  ketones,  acids and alcohols  1. 
A l though  terpenoid  and steroidal  compounds  * are  present  
in some waxes,  few waxes are  known to con ta in  a romat i c  
s t ructures .  We  wish to repor t  the  occurrence of an thra -  
qu inone  in a cut icular  wax  [Lolium perenne L. (perennial  
rye  grass)]. 

Lolium perenne L. was grown in seed boxes under  
v a r y i n g  condi t ions  of l ight  and tempera ture ,  ha rves ted  
and ex t r ac t ed  wi th  chloroform to  r emove  the  surface 
w a x  (0.1-0.2% by weight  of the  freshly ha rves ted  grass). 
Separa t ion  of the  surface w a x  by  th in  layer  ch romato -  
g raphy  (TLC) on silica gel w i th  a solvent  of 5% die thyl  
e the r :  l ight  pe t ro leum (40-60°C) revealed a smal l  spot  
on v isua l iza t ion  wi th  dichlorofluorescein, of R f  0.16. 
This  f rac t ion was isolated by  p repara t ive  TLC, and GLC 
analysis  gave  a componen t  of re ten t ion  Index  (I) ~- 2150 
on 5% Apiezon L a t  235°; this componen t  had  I = 2430 
on 3% OV-17 a t  235 °. GLC analyses  a t  higher  t empera -  
tures  showed components  of greater  re ten t ion  indices 

present  in th is  fract ion,  and these  are  still under  invest iga-  
t ion.  

GC/MS de te rmina t ion  of t he  peak  wi th  re t en t ion  
Index  = 2150 on Apiezon L on an A E I / M S  902 gave  a 
pa ren t  ion a t  208 role and f ragments  a t  180, 152 and  
76 m/e, which suggested an thraquinone .  A sample  of 
au then t ic  an th raqu inone  was found to h a v e  s imilar  
chromatograph ic  character is t ics  to those  quo ted  above,  
and the  UV-spec t rum ()lma~ 252.5 nm, 264 nm, 273 nm, 
324 nm) of the  compound  f rom Lolium pevenne L. was 
ident ical  to  t h a t  of an thraquinone .  The  ex t inc t ion  coef- 
f icients  showed t h a t  an th raqu inone  accounts  for 0 .2% 
of t he  to t a l  wax.  

I n  addi t ion,  t he  I R - s p e c t r u m  of the  t o t a l  f ract ion,  
run  as a po tass ium bromide  disc, showed absorp t ion  a t  
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2 G. EGLISTON and R. J. HAMILTON, Science 156, 1322 (1967). 


