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Fig. 5. Longitudinal section, p, 
normal prismatic (calcitic) layer. 
• 200. 

Fig. 6. Same section as Figure 5, 
stained for aragonite, p, unstained 
calcite. • 75. 

I n v e s t i g a t i o n s  on  shell  m i n e r a l o g y  d e m o n s t r a t e  t h a t  mos t  
m a r i n e  gas t e ropod  shells are a ragoni t ic .  L o w e n s t a m  2 found  
on ly  5 genera  w i t h  mixed  minera log ies :  Pate l la ,  Hal iot is ,  
Fissurel la ,  Ner i ta ,  a n d  L i t to r ina .  Af te r  W a s k o w i a k  3, 
Thais ,  N e p t u n e a ,  P u r p u r a ,  Tegula ,  Crep idula  m a y  be  
added.  
A f u r t h e r  genus,  compr i s ing  a t  l eas t  1 species w i th  mixed  
minera logy ,  is recorded  in th i s  p a p e r :  the  species Mono-  
d o n t a  (Osilinus) a r t i c u l a t a  L a m a r k  1822 (figures 1, 2 an d  3) 
secre tes  a shell  c o n t a i n i n g  apprec iab le  q u a n t i t i e s  of cal- 
c i te  (figure 4). 
I n  t he  course of an  i nves t i ga t i on  on  shells of M o n o d o n t a  
a r t i c u l a t a  f rom d i f fe ren t  local i t ies  of W e s t e r n  Sicily, per-  
cen tages  of calc i te  v a r y i n g  f rom 7 %  to 25% h a v e  been  
d e t e r m i n e d  t h r o u g h  ca l i b r a t i on  cu rves  p r epa red  follow- 
ing t h e  p rocedu re  p roposed  b y  T u r e k i a n  a n d  A r m s t r o n g  4. 
The  calci t ic  m i c r o s t r u c t u r a l  un i t ,  cha rac t e r i zed  b y  a 
n o r m a l  p r i s m a t i c  s t ruc tu re ,  has  been  ident i f ied  b y  me-  
chan ica l  s e p a r a t i o n  of t he  s t r u c t u r a l  un i t s  of t he  shell  

a n d  b y  s t a in ing  t e c h n i q u e  on  t h i n  sec t ion  (figures 5 and  6). 
Moreover ,  i t  has  been  obse rved  t h a t  t h e  calci t ic  un i t  lies 
an o ma l o u s l y  b e t w e e n  2 a ragon i t i c  layers,  as f igures 5 a n d  
6 c lear ly  show, whereas  i t  is well  k n o w n  f rom l i t e r a tu re  ~-7 
t h a t ,  in shells w i t h  a ragoni te -ca lc i t e  compos i t ion ,  calci te  
fo rms  on ly  t h e  u p p e r m o s t  layer,  t h e  on ly  excep t ion  to  
th i s  rule be ing  some species of H a l i o t i d a e  5. 
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Volatt les  assoc ia ted  wi th  Sco lytus  sco ly tus  beet les  on Engl i sh  e lm 1 
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Summary. a -Mul t i s t r i a t in ,  4 - m e t h y l - 3 - h e p t a n o l  a n d  e -cubebene ,  t h e  c o m p o n e n t s  of t h e  agg rega t ion  p h e r o m o n e  of 
Sco ly tus  m u l t i s t r i a t u s  are  also assoc ia ted  w i t h  v i rg in  female  Sco ly tus  sColytus on E n g l i s h  ehn,  U l m u s  procera .  

I n  t h e  U S A  t h e  m a i n  vec to r  of Cera tocys t i s  ulmi,  t h e  
causa l  fungus  of D u t c h  e lm disease,  is t he  smal le r  Euro-  
p e a n  e lm b a r k  bee t le  Scoly tus  m u l t i s t r i a t u s  2. W h e n  
p ioneer  v i rg in  females  bore  in to  A m e r i c a n  elm, U l m u s  
amer i cana ,  a n  agg rega t ion  p h e r o m o n e  is p roduced  wh ich  
resu l t s  in t h e  s e c o n d a r y  a t t r a c t i o n  of b o t h  sexes a. This  
a t t r a c t a n t  is now k n o w n  to  cons is t  of a t  leas t  3 corn- 

1 We thank Dr J. F. Grove for advice and encouragement, Mrs J. 
Allsop for technical assistance, Dr J. W. Peacock for authentic 
samples of multistriatin, 4-methyl-3-heptanol and 0r 
and the Parks and Gardens Dept., Brighton Corporation, for 
supplies of English elm. 

2 G.T. Pearce, W. E. Gore, R. M. Silverstein, J. W. Peacock, R. 
A. Cuthbert, G. N. Lanier and J. B. Simeone, J. chem. Ecol. 1, 
115 (1975). 
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stein, Ann. ent. Soc. Am. 64, 1143 (1971). - J. W. Peacock, 
R. M. Silverstein, A. C. Lincoln and J. B. Simeone, Environ. 
Entomol. 2, 355 (1973). 
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p o u n d s  2 : 2, 4-dimethyl- 5-ethyl-6,  8-d ioxabicyclo  (3.2.1) 
o c t a n e  (e -mul t i s t r i a t in ,  I), 4 - m e t h y l - 3 - h e p t a n o l  (II) and  
~-cubebene  (II I ) .  I a n d  I I  are bee t le  metabo l i t e s ,  while 
I I I  is a h o s t - p r o d u c e d  synergis t .  A s y n t h e t i c  m i x t u r e  of 
these  subs tances ,  mul t i lu re ,  is n o w  be ing  used  experi-  
m e n t a l l y  in  t h e  U S A  for p o p u l a t i o n  sampl ing  a n d  control~. 
Since t h e  r e - i n t r o d u c t i o n  of a n  aggress ive s t r a in  of 
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Mass spectra of authentic and natural compounds associated with S. scolytus beetles on English elm. Az, natural 4-methyl-3-heptanol; Az, 
authentic 4-methyl-3-heptanol; B1, natural ~-multistriatin; B2, authentic ~-multistriatin; C1, natural cc-cubebene; C2, authentic a,cubebene. 

C. u lmi  in to  E n g l a n d  in t h e  la te  1960's 5 a p p r o x i m a t e l y  
9 mi l l ion  elms h a v e  died 6. T he  m a j o r  v e c t o r  of t h e d i s e a s e  
in t h e  U n i t e d  K i n g d o m  is t h e  la rger  E u r o p e a n  e lm b a r k  
beet le ,  Sco ly tus  scolytus .  As p a r t  of a s t u d y  of t he  chemi-  
ca l ly  m e d i a t e d  b e h a v i o u r  of S. scoly tus  we are  inves t i -  
g a t i n g  i t s  s e c o n d a r y  a t t r a c t a n t s .  W e  r e p o r t  he re in  resu l t s  
w h i c h  show t h a t  I, I I  a n d  I I I  are  a m o n g  t he  vola t i les  
p r o d u c e d  b y  v i rg in  female  S. scoly tus  b o r i n g  in Eng l i sh  
elm, U. procera .  
Mater ia l s  and methods. Vola t i les  f rom a c h a m b e r  con-  
t a i n i n g  v i rg in  female - in fes ted  U. p roce ra  were col lected 
on  P o r a p a k  Q 7. The  P o r a p a k  was  e x t r a c t e d  w i t h  pur i f ied  
p e n t a n e  a n d  t he  ex t rac t ,  w h i c h  induced  responses  f rom 

males  a n d  females  in a l a b o r a t o r y  a r r e s t a n t - e x c i t a n t  
b ioa s say  8, was c o n c e n t r a t e d  b y  f r ac t iona l  d is t i l la t ion.  
A con t ro l  e x t r a c t  of e lm volat i les  was  o b t a i n e d  u n d e r  
iden t i ca l  condi t ions .  
The  e x t r a c t s  were  e x a m i n e d  b y  gas c h r o m a t o g r a p h y  
(GC) us ing  a P y e  104 gas c h r o m a t o g r a p h  equ ipped  w i t h  
a f l ame  ion i sa t ion  de tec tor .  The  co lumns  used were a 
57 m •  m m  i.d. glass OV-17 s u p p o r t - c o a t e d  open  
t u b u l a r  co lumn  a n d  a 50 n ] x  0.5 m m  i.d. glass OV-225 
porous - l aye r  open  t u b u l a r  co lumn.  Coupled  gas c h r o m a -  
t o g r a p h y - m a s s  s p e c t r o m e t r y  (GC-MS) ana lyses  were 
pe r fo rmed  us ing  t he  57 m •  m m  i.d. glass OV-17 
s u p p o r t - c o a t e d  open  t u b u l a r  c o l u m n  coupled  t h r o u g h  a 
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variable  je t  separa to r  to a Var ian  MAT CH5D mass  
spec t rometer .  Spec t ra  were processed and recorded by  a 
Var ian  620/L compute r .  
Results and discussion, e-Mul t i s t r ia t in  and e-cubebene  
were ident i f ied  in the  ex t r ac t  of female- infes ted elm vola- 
tiles by  compar i son  of the i r  mass  spect ra l  f r agmen ta t i on  
p a t t e r n s  wi th  those  of au then t i c  specimens  ( f igure)  and  
by  accura te  mass  m e a s u r e m e n t  of the  molecular  ions. 
4 -Methyl -3-heptanol  (which shows no molecular  ion) was 
ident i f ied in the  same e x t r a c t  f rom its mass spect ra l  
f r agmen ta t i on  p a t t e r n  (figure). These  ass ignments  were 
conf i rmed by  co- inject ions  of t he  P o r a p a k  Q ex t r ac t  wi th  
au then t i c  samples  on b o t h  the  capi l lary GC columns.  
GC and GC-MS e x a m i n a t i o n  of the  ex t r ac t  of U. procera  
volat i les showed t h a t  of t he  above 3 compounds  only  
e -cubebene  was present .  
A l though  the  c o m p o n e n t s  of the  aggregat ion  p h e r o m o n e  
p roduced  by  S. mul t i s t r i a tus  on U. amer icana  are also 

p roduced  by  S. scolytus  virgin females on U. procera  i t  
is no t  ye t  known  w h a t  p a r t  t h e y  p lay  in the  aggregat ion 
behav iour  of S. scolytus.  Multi lure does no t  appear  to 
a t t r a c t  S. scolytus  in large n u m b e r s  in the  field 9. F u r t h e r  
work  on the  c o m p o n e n t s  of the  secondary  a t t r ac t ion  in 
S. scolytus  is now in progress.  

5 J .N.  Gibbs and C. M. Brasier, Nature 2dl, 381 (1973). - C. M. 
Brasier and J. N. Gibbs, Nature 242, 607 (1973). 
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I-I. M. S. O., London, 1977). 

7 J .W. Peacock, R. A. Cuthbert, W. E. Gore, G. N. Lanier, G. T. 
Pearee and R. M. Silverstein, J. chem: Ecol. 7,149 (1975). 

8 J .H .  Borden, R. G. Brownlee and R. M. Silverstein, Can. Ent. 
100, 629 (1968). 

9 J .P .  Vit~, R. L(ihl, B. Gerken and G. N. Lanier, Z. PflKrankh.- 
PflSchutz 83, 166 (1976). 

F u r t h e r  i n f o r m a t i o n  on the  m e c h a n i s m  of the  c y s t a t h i o n i n e - 7 - s y n t h a s e  c a t a l y z e d  r e a c t i o n s  f r o m  
the  a s s i g n m e n t  of the  1 H _ N M R  s p e c t r u m  of h o m o s e r i n e  
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Summary .  U n a m b i g u o u s  a s s ignment  of the  ~H-NMR. resonances  due to  the  hydrogen  a t o m s  in the  /~-position of 
homoser ine  indicates  t h a t  the  hydrogen  which  is exchanged  and  r emoved  in the  cy s t a t h i o n i n e -7 - s y n t h a s e  ca ta lyzed  
reac t ions  holds  the  p r o - R  conf igurat ion.  

The knowledge  of t he  absolu te  conf igura t ion  of t he  
hyd rogen  a t o m  in t he  /~-position of L-homoser ine  which  
is s tereospecif ical ly  exchanged  and  r emoved  in the  con- 
vers ion of O-succ inylhomoser ine  in to  eys ta th ion ine  or, in 
the  absence  of cyste ine ,  in to  ~ -ke tobu ty ra t e  by  cys ta -  
th ion ine -y - syn thase  f rom Salmonel la  t y p h i m u r i u m  1 has  
been  t h o u g h t  to be useful for a p roper  mechanis t i c  in ter-  
p re t a t i on  of the  isotopic s tudies  2 carried on wi th  th is  
py r idoxa l  p h o s p h a t e  d e p e n d e n t  enzyme.  

We have  unambiguous ly  ass igned the  ~I-I-NMR signals 
re la t ive  t o  t he  /%hydrogen a t o m s  of homoser ine  using 
s tereospecif ical ly  deu te r i a t ed  mater ia l s  3, and found t h a t  
the  upfield absorb ing/~-pro ton ,  which  has  been  repor ted  2 
to be exchanged  and  r emoved  in the  cys ta th ion ine-y-  
syn tha se  ca ta lyzed  react ions ,  holds  the  p r o - R  configura-  
t ion.  This  means  t h a t  in the  me thy l ene  in te rconvers ion  
occurr ing in t he  enzymic  t r a n s f o r m a t i o n  of O-succinyl-  
homoser ine  in to  a -ke tobu ty ra t e ,  p r o t o n a t i o n  of t he  in ter-  
med i a t e  leading to  t he  la t t e r  c o m p o u n d  takes  place f rom 
the  same side f rom which  the  hyd rogen  had  been r emoved  
in the  homoser ine -coenzyme  in t e rmed ia t e  Schiff 's  bases.  
The r e t en t ion  of conf igura t ion  therefore  suppor ts ,  m o s t  
economical ly ,  the  previous  idea schemat ized  in the  re- 
po r t ed  reac t ion  p a t h  4 t h a t  a single po lyhydr ic  base is 
p r e sen t  on the  enzyme  act ive  side to remove  b o t h  the  
and  the  /5 p r o - R  hyd rogen  a toms  in the  fo rma t ion  of t he  
e n z y m e - b o n d e d  vinylglycine  der ivat ive .  The la t t e r  picks 
up  a p ro ton  into the  y -me thy lene  group f rom the  same 
p r o t o n a t e d  base  in t he  t au tomer i za t i on  to  the  (Z)-amino- 
c ro tona te  derivat iveS,  as shown f rom the  in t ramolecu la r  
hyd rogen  t rans fe r  f rom the  ~ and  /~ to t he  y posi t ion of 
t he  C 4 f ramework .  The la t t e r  i n t e rmed ia t e  is p r o t o n a t e d  
in the /3-pos i t ion  f rom the  ident ical  r e p r o t o n a t e d  base to  

give, eventual ly ,  a f ter  hydrolysis ,  ~ -ke tobu ty ra t e  wi th  
overal l  r e t en t ion  of conf igura t ion  in t he  /3-methylene 
group.  
This p ic ture  would be in line w i t h  t he  resul ts  of s tudies  
on t h e  mechan i sm of py r idoxa l  p h o s p h a t e  d e p e n d e n t  
enzymes  ~, and  wi th  recen t  views on the  general  signifi- 
cance of the  e n z y m e  reac t ion  s tereospecif ic i ty  7. The as- 
s ignmen t  of the  1H-NMR resonances  due to t h e / % m e t h y -  
lene group of homoser ine  ob ta ined  b y  s tereoselect ive 
deu te ra t ion  is in ag reemen t  w i th  t h a t  r ecen t ly  repor ted  
based  on i n s t r u m e n t a l  m e t h o d s  8. 
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