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18C chemical shifts (b) of (+)-ABA 

Mult. b Carbon 

q 19.1 Me - 2" 
q 21.4 Me - 3 
q 23.1 [ 2Me - 6' 
q 24.3 / 
s 41.7 C - 6' 
t 49.7 C - 5' 
s 79.9 C - 1' 
d 118.1 C 2 
d 127.0 C - 3' 
d 128.3 C - 4 
d 136.8 C - 5 
s 151.4 C - 2' 
s 163.0 C - 3 
s 170.9 C - 1 
s 198.3 C - 4' 

Pure  ( + ) - A B A ,  [a]~ ~ = + 384 ~ (EtOH,  c = 0.23) 
(Milborrow s + 430 ~ was ident i f ied  f rom m.p. ,  UV, IR,  
N M R  and mass  spec t ra  of t he  acid and  of the  m e t h y l  
es ter  (II), which  appeared  ident ical  to those given in t he  
l i te ra ture  2, and b y  compar ison  wi th  a commerc ia l  sample  
of ( •  
The table  lists the  1~C N M R  resonances  (CDC13, 23.6 MHz) 
for I, which have  no t  been r epo r t ed  so far, and m a y  b e  
useful for b iosyn the t i c  s tudies.  
The ass ignment  of t he  carbons  is based on analysis  of t he  
undecoupled  and off- resonance spectra .  In  par t icular ,  
C-3', Me-2', C-4, C-5, C-2 and  Me-3, have  been assigned 
b y  selective decoupl ing for t he  cor responding  1H signals 9 
and  C-2', C-3 have  been d is t inguished  by  compar i son  
wi th  da t a  for ( §  S-dehydrovomifol io l  1% 
If the  p roduc t ion  of ( + ) - A B A ,  as well as t h a t  of auxins  
b y  phyl loplane  fungi  n ,  occurs also in vitro,  th is  would  
suggest  t h a t  fungi  m a y  p lay  a role in g rowth  regula t ion 
wi th in  the  ecosys tem.  

which is f r equen t ly  found  on Rosa sp. ~, p roduces  ( + ) - A B A  
(6 mg/100 ml max imum)  when  grown on a po ta to -aga r  
(PA) medium,  a t  p H  6.5-6.8, 24~ in the  l ight  for 30-40 
days.  Other  cul ture  media,  such as yeas t -g lucose-agar  
(2% yeas t  and 20% glucose), mal t -agar ,  oa tmeal -agar ,  
are also effective.  On s t a t i ona ry  po ta to  broth ,  the  average 
a m o u n t  of ABA decreases  to 2 mg/100ml,  whereas  no 
ABA was found  when  the  fungus  was grown on Sabouraud  
mal tose  agar,  GPA,  (glucose 30%, pep tone  3%, agar), 
Czapek agar  or n u t r i e n t  agar.  P roduc t ion  is much  h igher  
t h a n  the  average  a m o u n t  of ABA in plants2,  L The 
c o m p o u n d  was ob ta ined  f rom cul tures  by  d i rec t  ex t rac-  
t ion wi th  A c O E t  and  c h r o m a t o g r a p h y  t h rough  silica gel 
wi th  h e x a n e - A c O E t  mix tu res  as eluent .  

H 
6' 5 3 

5 ' ~  2 
O ~  H COOR 

IR=H 
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Summary .  The enzyma t i c  hydro lys is  of N-pheny lace ty l  der iva t ives  of racemic amino-ac ids  hav ing  the  chiral  c e n t r e  
r emoved  f rom the  usual  a-posi t ion is examined.  The reac t ion  is found  to have  d i f ferent  degrees of s tereoselect ivi ty .  In  
t he  case of f i-amino-acids and  of y-aminovaler ic  acid, b o t h  enan t iomers  can be ob ta ined  in good yields and h igh  opt ical  
pur i ty .  S-di rec ted  s te reochemica l  preference  was found for all t he  subs t ra tes  examined .  

Pre fe ren t ia l  hydrolys is  of N-acyl  der iva t ives  of a va r i e ty  
of L e-amino-ac ids  b y  enzymes  has  been  explo i ted  for 
the  resolut ion of racemic  mixtures ,  as well as for the  
a s s ignment  of the  abso lu te  configurat ion.  
To our  knowledge,  no d a t a  are avai lable concerning 
enzymat i c  hydro lyses  of N-acyl  der iva t ives  of amino-  
acids hav ing  the  chiral  cent re  progress ively  r emoved  
f rom its usual  pos i t ion  a to  the  ca rboxyl  group.  In  an 

effor t  to explore t he  syn the t i c  ut i l i ty,  the  l imi ta t ions  
as well as the  ra te  and  the  s te reose lec t iv i ty  of the  hy-  
drolyses  of these  subs t ra tes ,  we have  examined  the  
enzymat i c  hydro lys i s  of the  N-pheny lace ty l  der iva t ives  
(N-PA-der ivat ives)  of amino-ac ids  1-7.  

1 Istituto di Chimica Farmaceutica dell'Universit& di Catania, 
1-95125 Catania, Italy. 
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Compound R n 

R 
1 Me 1 

I 2 Me 2 CH:~-NH2 
CH-NH2 3 Me 3 [ 
[ 4 Me 4 CH-CH3 

(CH~)n 5 Et 1 I 
] 6 Ph 1 C00H 
C00H 7 

The choice of the  subs t ra tes  was res t r ic ted  to amino-  
acids hav ing  known absolute  configurat ion.  Benzyl -  
penici l l inacylase (BPA) f rom Escherichia coli A.T.C.C. 
9637 was selected as the  deacy la t ing  enzyme.  I t  is well- 
es tab l i shed  t h a t  B P A  shows a high degree of s tereo-  
se lec t iv i ty  in hydro lyz ing  N-PA-e-amino-ac ids  2-5 toge the r  
w i th  a low degree of subs t r a t e  specificity2, 8, 5-7. 
Material  and methods. N-PA-de r iva t ives  were syn thes ized  
b y  t r ea t ing  the  cor responding  amino-acid  wi th  pheny l -  
ace ty l  chloride in di lute  aqueous  sodium hydrox ide  and  
were crysta l l ized f rom AcOEt -hexane .  The B P A  used 
showed a specific ac t iv i ty  of 2000 uni ts /mgS;  detai ls  of 
t he  pur i f ica t ion m e t h o d  adop t ed  by  us will be r epor ted  
elsewhere.  
Hydro lys i s  expe r imen t s  were accompl ished as follows. 
10 mmoles  of N-PA-de r iva t i ve  in 200 ml of wa te r  con- 
t a in ing  6.6 mmoles  of CaCO 3 and 6.0 mg of B P A  were 
br ief ly  ag i ta ted  to  a t t a in  comple te  solut ion of t he  sub- 
s t r a t e  and incuba ted  a t  37 ~ The incuba t ion  was con- 
t inued  unti l  the  a m o u n t  of the  released phenylace t ic  acid 
accoun ted  for 50% hydrolys is  of the  s t a r t ing  racemic  
subs t r a t e  and was then  s topped.  The t ime  course of 
p roduc t ion  of phenylace t ic  acid was followed by  gas- 
c h r o m a t o g r a p h y  ( internal  s t anda rd  m e t h y l  benzoate)  by  
es te r i fy ing  wi th  d i azome thane  al iquots  a t  sui table inter-  
vals.  Oxalic acid (6.6 mmoles)  was added  to  the  reac t ion  

mixtures .  N-PA-der iva t ives ,  t oge the r  wi th  the  phenyl -  
acetic acid, were then  sepa ra ted  by  cont inuous  ex t rac t ion  
wi th  ether.  The aqueous  phases  were fi l tered. E v a p o r a t i o n  
under  vacuum,  and  crys ta l l iza t ion  of the  residues,  gave 
the  amino-ac ids  released by  the  enzyme.  
The e therea l  phases  were evapo ra t ed  to dryness  and  the  
residues sub jec ted  to co lumn c h r o m a t o g r a p h y  on silica 
gel (30 g of silica per  g of residue).  E lu t ion  wi th  benzene  : 
A c O E t  (8:2) gave pheny lace t i c  acid. On subsequen t  
elut ion wi th  AcOEt ,  the  unreac ted  N-PA-der iva t ives  were 
recovered in prac t ica l ly  q u a n t i t a t i v e  yield. The N - P A -  
der iva t ives  were hydro lyzed  by  ref luxing for 24 h in 
10 ml of 2 N hydrochlor ic  acid. Phenylace t ic  acid was 
separa ted  by  wash ing  the  acidic aqueous  solutions wi th  
ether.  E v a p o r a t i o n  of the  aqueous  phases  and t r ea t ing  
of the  residues wi th  Amber l i t e  IR-4B gave the  amino-  
acids. 
Results and discussion. The d a t a  in the  table  show t h a t  
the  enzymat i c  hydrolys is  of t he  N-PA-de r iva t ives  w i th  
B P A  is a va luable  m e t h o d  for the  p roduc t ion  of opt ical ly  
act ive f l-amino-acids l ,  5, 6 and  for the  y-aminovaler ic  
acid 2. Indeed  b o t h  enan t iomers  can be ob ta ined  in good 
yields w i th  a h igh degree of opt ica l  pur i ty .  These advan-  
tages  are rare ly  exper ienced  when  resolut ion based upon  
the  crys ta l l iza t ion  of d ias te reomer ic  der iva t ives  is used. 
In  the  case of t he  &amino-ac id  3 and  of the  e-amino- 

2 M. Cole, N a t u r e  203, 519 (1964). 
3 W. K a u f m a n n  u n d  K. Bauer ,  N a t u r e  203, 520 (1964). 
4 G. Lucen te ,  A. R o m e o  a n d  D. Rossi,  E x p e r i e n t i a  21,317 (1965). 
5 M. Cole, B iochem.  J .  775, 741 (1969). 
6 N . S .  B o n d a r e v a ,  M. M. L e v i t o v  a n d  M. S. Rab inov ich ,  Bio- 

c h e m i s t r y  (USSR)  34, 378 (1969). 
7 A. Romeo,  G. Lucen te ,  D. Rossi  a n d  G. Zano t t i ,  T e t r a h e d r o n  

Le t t .  1971, 1799. 
8 One un i t  of e n z y m e  a c t i v i t y  is def ined as the  a m o u n t  of e n z y m e  

r equ i r ed  to  h y d r o l y z e  1.0 [xmoles of N - p h e n y l a c e t y l - L - a l a n i n e  
per  h,  a t  37~ in  0.1 M p h o s p h a t e  buffer ,  p H  7.0. 

S u b s t r a t e s  e x a m i n e d  a n d  resul ts  of the  hydro lys i s  expe r imen t s  

C o m p o u n d  M.p .  of I n c u b a t i o n  [CC]D of the  A m i n o - a c i d  re leased  A m i n o - a c i d  o b t a i n e d  [~]D 
the  s t a r t i n g  t ime (h) a r ecovered  b y  the  e n z y m e  c b y  HC1 hyd ro ly s i s  of M a x i m u m  l i t e ra tu re  va lue  
r acemic  N-PA-  deri-  the  recovered  N - P A -  (absolute  conf igura t ion)  
N-PA-de r i -  va t i ve  b d e r i v a t i v e  c 
vative 

[~]D Yield  a [~D Yield  a 

1 fl-Aminobutyrie 107-108 ~ 9 +13.0 ~ +34.8 ~ 78% --36.0 ~ 75% +35 ~ (S) 1~ 
acid (c = 1) (c = 1) (c = 1) 

2 v-Aminovaleric 118-119~ 19 + 6.8 ~ --12.5 ~ 80% +13.0 ~ 75% +13.9 ~176 (R) 9 
ac id  ( c = 4 )  ( c = l )  ( c - - l )  

3 O - A m i n o c a p r o i c  9 0 - 9 2 ~  30 + 2.1 ~ - -  2.0 ~ 72% + 2.1 ~ 75% + 5 ~ (R) 9 
ac id  ( e = 3 )  ( c = 4 )  ( c = 4 )  

4 e - A m i n o h e p t a n o i c -  100-102~  35 + 3.5 ~ - -  0.7 ~ 76% + 0.9 ~ 78% + 2.4 ~ (R) 12 
acid (e=4) (e=5) (c=5) 

5 fl-Aminovaleric 96- 98~ 29 +21.0 ~ +38.0 ~ 75% --38.7 ~ 72% +38.5 ~ (S) 12 
acid (c = 5) (c = 2) (c = 2) 

6fl-Phenyl-fl-alanine 134-136~ 45 --66.0 ~ + 7.5 ~ 88% -- 7.4 ~ 70% -- 6.9 ~ (R) 13 
(c=5) (c=1.5) (c=1.5) 

7oc-Methyl-f l -a lanine l l 0 - 1 1 1 ~  1.2 - -  1.8 ~ + 1.1 ~ 74% - -  0.5 ~ 75% - - 1 5 . 3  ~ (R) 1. 
( e = 1 0 )  ( e = 7 )  ( c = 1 0 )  

See t ex t  for  full expe r imen t a l  detai ls .  All[eel. d e t e r m i n a t i o n s  p e r f o r m e d  a t  20 ~ so lven t  is abso lu te  E t O H  for  the  N-PA-de r iva t i ve s  a n d  w a t e r  
fo r  the  amino-ac ids .  All the  p r o d u c t s  o b t a i n e d  b y  chemica l  m e t h o d s  or b y  e n z y m a t i c  hyd ro ly s i s  showed  cor rec t  e lementa l  ana lys i s  a n d  spec-  
t roscop ic  d a t a .  *Corresponding to  50% hydro lys i s  of the  s t a r t i n g  race ln ic  subs t r a t e ,  bThese c o m p o u n d s ,  c h r o m a t o g r a p h i c a l l y  pure ,  were  no t  
c rys ta l l i zed ,  cOpt ica l  r o t a t i ons  a n d  yields  are  re fe r red  to the  amincL-~cids o b t a i n e d  a f t e r  one c rys ta l l i za t ion .  C o m p o u n d s  1 -5  a n d  7 were c rys -  
ta l l ized f rom MeOH - EtzO;  c o m p o u n d  6 was  c rys ta l l i zed  f rom H 2 0  - E t O H .  aR-  or  S - e n a u t i o m e r  in  the  s t a r t i n g  r acemic  m i x t u r e  = 100%.  
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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). 

9 G. Lucente, G. Cagnetta, G. Fiorentini and A. Romeo, Gazz. 
chim. itaI. 95, 1335 (1965). 

10 K. Balenovic and D. Cerar, J. chem. Soc: 1955, 1631. 
11 A.T. Austin and J. Howard, J. chem. Soc. 1961, 3278. 
12 G. Lucente, G. Piccinni and A. Romeo, Gazz. chim. ital. 96, 

1380 (1966). 
13 E. GraI and H. Boeddeker, J'ustus Liebigs Annln Chem. 613, 111 

(1958). 
14 Y. Kakimoto and M. D. Armstrong, J. biol. Chem. 236, 3283 

(1961). 

Methionine metabol i sm in apple tissue 

D. P. M u r r l  

Department o[ Horticultural Science, University o/Guelph, Guelph (Ontario, Canada NIG 2W1), 17 May 1977 

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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