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acid 4 (in which  the  a symmet r i c  cent re  is r emoved  even 
fa r the r  f rom the  carboxyl) ,  the  difference be tween  the  
ra tes  of hydro lys i s  of the  2 enan t iomers  is no t  grea t  
enough to  allow an opt ical  pu r i t y  useful for p repa ra t ive  
purposes  to be obta ined .  A compar i son  of the  specific 
ro t a t ions  found  wi th  the  respec t ive  m a x i m u m  values  
r epor ted  in the  l i terature ,  shows, in fact,  t h a t  the  opt ical  
pu r i t y  is abou t  40% for the  &amino-ac id  3 and 35% for 
t he  e-amino-acid  4. Pass ing f rom the  y-amino der iva t ive  
to  the  subsequen t  ones seems t h e n  to be cri t ical  for the  
s te reose lec t iv i ty  of the  hydro lys i s  in the  condi t ions  
adop ted .  
E x a m i n a t i o n  of the  da t a  in the  tab le  clearly shows tha t ,  
for all the  subs t ra tes  examined ,  B P A  preferen t ia l ly  
hydro lyzes  the  S-enant iomers .  This  s te reose lec t iv i ty  is 
no t  lost  even in the  case of the  hydro lys is  of the  N-PA-  
der iva t ive  of a-methyl- /%alanine 7, in which  the  acyl- 
amino  group is no t  d i rec t ly  bonded  to  the  chiral  centre.  
A s ignif icant  consequence  of the  above observa t ion  
concerns  the  poss ibi l i ty  of eva lua t ing  the  opposi te  as- 
s ignment s  9-11, made  via  chemical  correlat ions,  of the  
absolu te  conf igura t ion  to y-aminovaler ic  acid 2, a com- 
pound  of cu r ren t  chemical  and biochemical  interest .  
The hydro lys i s  d a t a  of the  table  are in accordance  wi th  
the  conf igura t ional  ass igment  R ( + )  made  previous ly  by  
us 9 ; th is  a s s ignment  is r epor ted  in the  table.  The s t a t e m e n t  

made  by  o ther  au thors  10,11 according to which  in the  
series ' a l an ine , /%aminobutyr ic  acid, y-aminovaler ic  acid ' ,  
the  enan t iomers  possessing the  same sign of opt ical  
ro ta t ion ,  have  the  same configurat ion,  f inds no suppor t ,  
even on b iochemical  grounds.  
As far as the  ra tes  of hydrolys is  are concerned,  2 pre-  
l iminary  observa t ions  can be made  regard ing  the  in- 
f luence of the  d i s tance  of the  amido group f rom the  
carboxyl ic  group and  the  subs t i tu t ions  a t  the  a symmet r i c  
ca rbon  a tom.  The hydro lys is  ra tes  seem to be more  
inf luenced by  the  h indrance  of the  subs t i t uen t s  a t  the  
a symmet r i c  ca rbon  a t o m  t h a n  by  the  progress ive  removal  
of the  same carbon  a tom from the  carboxyl ic  group. This 
effect  becomes ev iden t  if the  incuba t ion  t imes  for com-  
pounds  1 -4  are compared  wi th  those  for c o m p o u n d s  1 
and 6 and  for compounds  1 and 5 (table). 
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Summary. A metabol ic  i n t e rmed ia t e  isolated f rom apple  t issue fed e i ther  me th ion ine  or 5 ' -me thy l th ioadenos ine  has  
been  t e n t a t i v e l y  ident i f ied as a me th ion ine -py r idoxa l  Schiff base. The fo rmat ion  of th is  co mp o u n d  is discussed in 
re la t ion to e thy lene  biosynthesis .  

Meth ion ine  has  been es tab l i shed  as a precursor  of e thy lene  
in a n u m b e r  of f ru i t  and vege ta t ive  tissues, b u t  it  is no t  
the  i m m e d i a t e  precursor  2. In  apple  t issue recen t  evidence 
suggests  t h a t  me th ion ine  is conve r t ed  in to  S-adenosyl-  
me th ion ine  pr ior  to its convers ion  to e thy lene  3-~, t h a t  
py r idoxa l  p h o s p h a t e  is involved as coenzyme 4-6, and t h a t  
5 ' -me thy l th ioadenos ine  is a f r agmen t  nucleoside prod-  
uct*, ~, 7. The fo rma t ion  of 5 ' -me thy l th ioadenos ine  is con- 
s i s ten t  w i th  the  obse rva t ion  t h a t  no volat i le  sulfur com- 
pounds  are recovered dur ing  the  convers ion  of me th ion ine  
to e thy lene  s, 9. 
A l though  me th ion ine  is an excel lent  precursor  of e thy lene  
in f rui t  t issue,  the re  is a lag per iod of abou t  40 min  before 
a s t e ady  ra te  of e thy lene  p roduc t i on  f rom meth ion ine  is 
observed  1~ I t  has  beeen not iced t h a t  apple  t issue pro-  
duced  l i t t le  e thy lene  in a n i t rogen  a tmosphere ,  bu t  t h a t  
e thy lene  p roduc t ion  was grea t ly  s t imula ted  upon  t rans fe r  
to air 11. These resul ts  suggest  t h a t  an in termediate(s)  is 
(are) involved in the  convers ion  of me th ion ine  to e thy lene  
which  accumula tes  in the  presence  of n i t rogen and  is 
degraded  rap id ly  in air. A l t hough  there  has been specula-  
t ion as to  the  possible in termedia te(s)  in e thy lene  syn- 
thesis  f rom meth ion ine  3, there  have  been  no repor t s  con- 
cerning isolat ion and  ident i f ica t ion  of the  in termedia te(s) .  
This  pape r  descr ibes  the  fo rma t ion  of me th ion ine -pyr i -  
doxal  Schiff base f rom ei ther  methionine-[Me-14CJ or 5'- 
methylthioadenosine-ERIe-l*C] fed to  apple tissue. 
Materials and methods. Apples  (cv. Golden Delicious) were 
purchased  f rom a local marke t .  S -Adenosy l -L-meth ion ine-  

[Me-14CJ was purchased  f rom New E n g l an d  Nuclear.  5'- 
Methyl thioadenosine-[Me-l*Cl  was p repa red  by  hydrolys is  
of S-adenosyl-L-methionine-[Me-l*Cj  for 20 min  at  100~ 
in di lute HOAc, p H  4.012. Veri f icat ion t h a t  only  labelled 
5 ' -me thy l th ioadenos ine  was p resen t  in the  hydro lyza t e  
was done  by  pape r  c o - c h r o m a t o g r a p h y  and co-electro-  
phoresis  w i th  au then t i c  sample  as descr ibed previously  5. 
Methionine-[Me-l*CJ was a p roduc t  of Amersham/Sear le .  
Apple  plugs (1 cm in d i ame te r  and 2 cm in length) were cu t  
f rom the  f rui t  w i th  a cork borer  and razor  blade.  The 
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Table 1. Distribution of 14C label in metabolites isolated from apple 
tissue Ied 5'-methylthioadenosine-[Me-14C] 

Percent of total z4C recovered 
Compound R, Exp. 1 Exp. 2 

Unknown A 0.04 9.8 10.9 
Methionine 0.42 37.4 38.0 
5'-methylthioadenosine 0.66 40.1 36.5 
Unknown B 0.87 11.6 14.6 

Apple plugs (1 • 2 cm) were fed 100 [zl 2% KC1 solution containing 
0.6 [zCi 5'-methylthioadenosine-[Me-14C] and incubated 3 h in air 
at 20 ~ 

Table 2. Distribution of 14C label in metabolites isolated from apple 
tissue fed methionine-[Me-14C] 

Amount of 14C relative to air 
Compound Air N 2 Air+0.1 mM Air+0.1 mM 

eanaline DNP 

Unknown A 1.00 1 .47  0.65 1.41 
5'-methylthioadenosine 1.00 0 .32  0.61 0.38 

Apple plugs (1 • 2 em) were fed 100 [zl 2% KC1 solution containing 
2.8 p~Ci methionine-[Me-X4C] or methionine-[Me-14C] plus inhihitors 
of ethylene synthesis. The tissue was incubated 5 h in air or N 2 
at 20~ 

ATP PPi+Pi 

CH#_S_CH2_CH~_CH_CO ~ L ~_ CH3_~_CH2_CH2_CH_CO ~ 
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CH 
H 
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radioact ive  subs t ra tes  in 2 % KC1 solut ion were in t roduced  
into the  plugs by  a v a c u u m  inf i l t ra t ion technique  as. Af te r  
incubat ion,  the  t issues were ex t r ac t ed  w i t h  10 ml  cold 
80% e thanol  con ta in ing  0.2% mercap toe thano l  and  0.1 
mmoles  sod ium borohydr ide ,  which  reduces any  Schiff 
base t h a t  m a y  have  been  formed into  the  s table  secondary  
amine  a4. The ex t r ac t  was  incuba ted  overn igh t  a t  40~ 
wi th  mercap t o e t h an o l  to  conver t  any  meth ion ine  sulfoxide 
to  meth ione ,  and  then  the  volume was reduced to abou t  
2 ml  in vacuo.  
An a l iquot  of the  ex t r ac t  was s t reaked  on W h a t m a n  
1 paper  and  developed overn igh t  in BuOH-HOAc-H~O 
(4:1:5, v /v /v) .  The c h r o m a t o g r a m s  were dried and 
scanned  for r ad ioac t iv i ty  wi th  a Packa rd  r ad iochromato -  
gram scanner.  Specific rad ioac t ive  peaks were located and  
ident i f ied by  c o - c h r o m a t o g r a p h y  wi th  au then t ic  samples  

a n d  by  use of n inhyd r in  or I2-NaN a sprays.  The p e r cen t  
14C recovered in each peak  was e s t ima ted  by  de t e rmin ing  
the  peak  area  and  compar ing  to  the  to ta l  14C recovered.  
Results and discussion. W h e n  5 ' -me thy l th ioadenos ine -  
[Me 14C] was fed to pos t -c l imacter ic  apple t issue four  radio-  
act ive compounds  were i sola ted  af ter  a 3 h incubat ion,  
wi th  the  ma jo r  me tabo l i t e s  being meth ion ine  and  5'- 
me thy l th ioadenos ine  (table 1). The incorpora t ion  of 14C 
into  me th ion ine  f rom 5 ' -methy l th ioadenos ine  was con- 
s i s ten t ly  90 % higher  t h a n  t h a t  r epor ted  previously  5. A b o u t  
20% of t he  r ad ioac t iv i ty  was recovered in 2 u n k n o w n  
metabol i tes ,  1 which  remained  near  the  origin (Rf = 0.04) 
and 1 which  migra ted  near  the  so lvent  front .  Compound  
B appears  to  be a degrada t ion  p ro d u c t  of 5 ' -me thy l th io -  
adenosine.  Our in te res t  cen te red  on the  u n k n o w n  near  the  
origin since i ts  migra t ion  in th is  so lvent  sys tem was similar 
to t h a t  of chemica l ly  syn thes ized  meth ion ine -pyr idoxa l  
Schiff base, a p roposed  in t e rmed ia t e  be tween  me th ion ine  
and  e thy lene  4-6. 
In  order  to de te rmine  if the  u n k n o w n  could be an in ter-  
media te ,  methionine-[Me-14C] was fed to  the  t issue and 
incuba ted  in air or N 2. 2 inh ib i tors  of e thy lene  synthes is  
were also inc luded : L-canal ine,  an inhib i tor  of pyr idoxa l -  
med ia t ed  react ions ,  and  2 ,4-dini t rophenol  (DNP), a res- 
p i r a to ry  uncoupler .  3 rad ioac t ive  compounds  were isolated 
and ident i f ied as meth ionine ,  5 ' -me thy l th ioadenos ine  a n d  
the  u n k n o w n  c o m p o u n d  (table 2). In  the  presence  of N~ 
or air and  0.1 mM D N P  the  amo u n t s  of u n k n o w n  and 
nucleoside re la t ive  to  air  were increased and decreased,  
respect ively.  In  the  presence of air and  0.1 mM canal ine the  
amoun t s  of these  p roduc t s  re la t ive  to air were decreased 
in a similar manner .  The radioac t ive  spot  f rom Rf 0.04 
was ident i f ied as a me th ion ine -pyr idoxa l  Schiff base ac- 
cording to  the  following cr i ter ia  : on paper  e lect rophoresis  
a t  p H  1.9, 6.8, and  10.0 and  on pape r  ch roma tography ,  t he  
r ad ioac t iv i ty  migra ted  the  same dis tance  as chemical ly  
syn thes ized  ~4C-labelled and  nnlabel led  meth ion ine -pyr i -  
doxal  Schiff base.  
I t  has  been  suggested t h a t  me th ion ine  is f i rs t  conver t ed  
to S-adenosy lmeth ion ine  pr ior  to  b ind ing  wi th  pyridoXal 
co-enzyme in e thy lene  syn thes i s  4, 5 (figure). This is based 
on the  obse rva t ion  t h a t  D N P  inh ib i ted  the  fo rma t ion  of 
label led e thy lene  by  80% in apple t issue fed radioact ive  
me th ion ine  4. I f  A T P  is required in the  fo rmat ion  of S- 
adenosy lmeth ion ine  pr ior  to b inding  wi th  pyr idoxa l  co- 
enzyme,  i t  would  be expec ted  t h a t  t he  level of b o t h  the  
Sehiff base and  5 ' -me thy l th ioadenos ine  (a p ro d u c t  of 
e thylene  synthesis)  would  be decreased by  ap p ro x i ma te ly  
the  same a m o u n t  in the  presence of DNP.  However ,  b o t h  

Scheme proposed by Yang and Baur 6 for biosynthesis of ethylene 
from methionine mediated by pyridoxal phosphate, and subsequently 
modified by Murr and Yang 4 to indicate a role for ATP in the for- 
mation of S-adenosylmethionine. 
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D N P  and N~ great ly  increased the  level of Schiff base and 
decreased the  level  of nucleoside in the  tissue. These results 
suggest t h a t  the  role of A T P  in e thylene  synthesis  m a y  
occur after  the format ion  of a meth ionine-pyr idoxal  com- 
plex. 
Oxygen  is required for the  convers ion of methionine  to 
ethylene,  bu t  i t  has been found t h a t  the  lag period observed 
in the  conversion of meth ionine  to e thylene is oxygen-  
independen t  10. This suggests t h a t  conversion of me- 
th ionine  into e thylene  proceeds in 2 steps: the  first step 
is the  oxygen- independent  convers ion of meth ionine  to an 
in te rmedia te  and the  second step is the oxygen-dependent  
convers ion of the  in te rmedia te  to ethylene.  One m a y  ex- 
pec t  t ha t  the  level  of t h e  in te rmedia te  would increase 
under  a N,  a tmosphere  as compared  to air. According to 
the  react ion scheme proposed for the  convers ion of 
e thylene  4 (figure), the  oxygen- independent  step would 
be the  conversion of a pyr idoxa l  phospha te  enzyme into 
a pyr idoxal -methionine  Schiff base. If  this is correct,  i t  
would be expected t h a t  the  Schiff base would accumula te  
under  a N2 atmosphere. Since L-canal ine  binds stoichio- 
met r ica l ly  wi th  pyr idoxa l  phospha te  15, i t  would follow 
t h a t  the format ion  of pyr idoxa l -meth ion ine  Schiff base 
would be decreased in the  presence of canal ine (table 2). 
The  impor tance  of moni tor ing  the  levels of 5 ' -methyl th io-  
adenosine s tems from observat ions  t h a t  no volat i le  sulfur 
compounds  are released dur ing e thy lene  synthesis  s, 6, and 
the  conclusion t h a t  the  me thy l th io  group must  be retained 
and recycled into meth ion ine  in order  to sustain e thylene 

product ion  dur ing frui t  r ipening ~. In  yeas t  i t  has been  
shown t h a t  5 ' -methyl th ioadenos ine  is first  conver ted  to  
meth ionine  prior  to format ion  of S-adenosyl-L-me-  
th.ionine 16. The  present  exper iments  fur ther  suppor t  the  
hypothesis  t h a t  in apple tissue 5 ' -methyl th ioadenosine  acts 
as the  donor  compound  in cycling the  me thy l th io  group 
back into meth ionine  5, v. As ye t  i t  is not  known whether  
this step is a t r ansmethy l th io la t ion  or if t ransfer  of the  
me thy l  group occurs independen t  of the  sulfur atom. As 
well, the  acceptor  compound  remains unknown.  We are 
present ly  inves t iga t ing  this step as i t  m a y  regulate  t he  
ra te  of e thylene  format ion  since re tent ion  of sulfur in the  
t issue is necessary for cont inued synthesis  of e thylene  
f rom methionine.  
Caution mus t  be exercised in the in te rpre ta t ion  of this  
data,  since meth ionine  can react  wi th  o ther  pyr idoxa l  
enzymes and the me thy l th io  group m a y  be t ransferred 
into o ther  sulfur amino acids as well as meth ionine  which 
m a y  not  be involved  in e thylene  synthesis.  However ,  i t  
has been repor ted  t h a t  conversion of exogenously  suppl ied 
methionine into e thy lene  is the major  metabol ic  p a t h w a y  
for meth ionine  in pos tc l imacter ic  apple  tissue, p rovided  
the  a m o u n t  os meth ion ine  supplied is ve ry  small  s. 

15 E.L.  Rahiala, M. Kekom/iki, J. Janne, A. Raina and N. C. R. 
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I d e n t i f i c a t i o n  of  t h r o m b o x a n e  B 2 in g u i n e a - p i g  u t e r i n e  h o m o g e n a t e s  I 

N. L. Poyser  

Department o/ Pharmacology, University o/ Edinburgh, 1, George Square, Edinburgh EH8 9JZ (Scotland), 23 May 7977 

Summary. On the  basis of gas chromatograph ic  and mass spec t rometr ic  evidence,  t h romboxane  B 2 has been identif ied 
in incubates  of homogenised  guinea-pig uterus. 

Homogena tes  of gu inea -p ig  uterus  synthesize prosta-  
glandin F,~ (PGFs) and smaller  quant i t ies  of pros taglandin  
E ,  (PGE2) f rom endogenous precursors  when incuba ted  
in v i t ro  4. This  result  has been confirmed using a 
uter ine microsomal  enzyme prepara t ion  and exogenous 
precursors  ~. More recent ly,  i t  has been found t h a t  ho- 
mogenized guinea-pig u ter i  also synthesise 6-oxo-pros- 
tag landin  Fi~ (6-oxo-PGF1~) in v i t ro  a. This pros taglandin  
is the  more stable metabo l i t e  of pros tacycl in  (PGI~). In  
this  s tudy,  guinea-pig uter ine homogenates  have  been 
fur ther  inves t iga ted  to see whe ther  t hey  also produce 
th romboxanes  dur ing incubat ion.  
Material and methods. 9 guinea-pigs in dioestrus (vagina 
closed) were killed by  s tunning  and incising the  neck. 
Each  uterus  was removed,  homogenised in 15 ml  Krebs '  
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Methyl ester, butyloxime, trimethysilyl ether (Me-BuO-TMS) deri- 
vative of thromboxane B v Some fragments produced on mass 
spectrometry. 

solution, and incubated  at  37 ~ for 90 min, being aera ted 
wi th  5% carbon dioxide  in oxygen.  Prostaglandins  and 
any  th romboxanes  formed were solvent  ex t rac ted  4. The  
3 samples were pooled into 3 groups of 3 extracts ,  and 
fur ther  purif ied by  silicic acid colum chromatography*.  
Th romboxane  B~ (TXB2) is eluted in the  'p ros taglandin  
E fract ion '  f rom the  column. Consequently,  this  f ract ion 
was conver ted  to the  me thy l  ester, t r imethyls i ly l  e ther  
de r iva t ive  (Me-TMS), me thy l  ester, bu ty loxime,  tr i-  
methyls i ly l  e ther  de r iva t ive  (Me-BuO-TMS) or  the  me thy l  
ester, methoxime,  t r imethyls i ly l  e ther  de r iva t ive  (Me- 
MO-TMS) for analysis by  combined gas ch roma tog raphy  
and mass spec t romet ry  (GC-MS) by  methods  described 
previous ly  5. 
Results. The Me-TMS der iva t ive  of the  pos t -co lumn 
ex t rac t  p roduced  a GC peak a t  carbon va lue  (C value) 
24.6, the  repor ted  va lue  for this  der iva t ive  of TXB~ e. 
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