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b e t w e e n  the  a rms  of t he  f rame  is cut  away.  The  lower  
inner  edge of t he  f r ame  is r e b a t e d  to  enable  a 2 × ~5/16 
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in. covers l ip  (C) to  be inse r t ed  a n d  ac t  as the  floor of 
t h e  c h a m b e r .  The roof  cons is t s  of two  ~/8 in. covers l ips  or 
a single 2 × 15/1G in. covers l ip  these  be ing  l ight ly  
c e m e n t e d  in pos i t ion  wi th  smal l  spo t s  of a lanol in- res in  
cemen t .  Inocu la t ion ,  f inal  isolat ion,  and  o t h e r  mac ro -  
m a n i p u l a t i o n  is car r ied  ou t  b y  s l iding ou t  t h e  basal  
covers l ip  to  t h e  r equ i r ed  d i s tance .  

P. A. DlXO~ 

Birkbeck College, University o/ London, March 1.0, 
7957. 

Rdsumd 

Une  c h a m b r e  h u m i d e  pour  la m i c r o m a n i p u l a t i o n  a 
6t6 cons t ru i t e  en Pe r s p e x .  Elle es t  munie  d ' u n  p l a n c h e r  
inf6rieur mobi le  en verre ,  qui  faci l i te  l ' i nocu la t ion  initiale, 
la m a c r o m a n i p u l a t i o n  in te rm6dia i re  e t  l ' i s o l e m e n t  final.  

I n £ o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

S T U D I O R U M  P R O G R E S S U S  

T h e  M e t a b o l i c  P r o d u c t s  o f  Penicillium pat,,lnm 
a n d  t h e i r  P r o b a b l e  I n t e r r e l a t i o n s h i p  I 

By E. W. BASSETT and S. ~V. TANENBAUM 2 

Dur ing  the  course  of a s t u d y  of t he  b iosyn thes i s  of 
p a t u l i n  in Penic i l l ium urticae, Bainier  (syn. P .  patulum) 
s t ra in  2159A s, severa l  closely r e l a t ed  c o m p o u n d s  were  
found  to a c c u m u l a t e  in t he  g r o w t h  f i l t ra te .  M a n y  of t he  
me tabo l i c  p r o d u c t s  h a d  p rev ious ly  been  ident i f ied ,  in- 
c luding gent i s ic  acid, gen t i s a ldehyde ,  and  gen t i sy l  
a lcohol  b y  BIRKENSnAW et al. 4, and  6-methylsa l icy l ic  
acid by  EHRENSVARD 5. i n  our  e x p e r i m e n t s  using th is  
n o n p i g m e n t e d  m u t a n t  s t ra in ,  t he  fol lowing add i t i ona l  
c o m p o u n d s  have  been  iden t i f i ed :  6-formylsal icyl ic  acid,  
3 - h y d r o x y p h t h a l i c  acid, pyrogal lo l ,  p - h y d r o x y b e n z o i c  
acid, an th r an i l i e  acid, and  an  a l ipha t i c  s u b s t a n c e  wh ich  
we h a v e  t e n t a t i v e l y  n a m e d  ' p r e -pa tu l i n ' .  

P a t h w a y s  for t he  b io syn thes i s  of pa tu l i n  h a v e  been  
p r o p o s e d  f i rs t  by  BIRKENSHAW s a n d  la te r  b y  EHRENS- 
VXRD ~. The i r  sa l ien t  f ea tu res  invo lve  t h e  ox ida t ive  
r u p t u r e  of g e n t i s a l d e h y d e  fol lowed by  r e a r r a n g e m e n t  
a n d  closure to  pa tu l in .  EnRENSVXRD'S scheme  places  

1 Supported by a grant (NSF-G2914) from the National Science 
Foundation. 

2 Department of Microbiology, CollegeofPhysicians and Surgeons, 
Columbia University, New York, N.Y. 

3 We should like to thank Dr. C. "W. HESSELTINE Of the NRRL, 
Peoria, Ill., for sending us this culture. 
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6 -methylsa l icy l ic  acid as t he  p r o d u c t o f  a side r eac t ion  and  
does no t  recognize  a d i rec t  r e l a t ionsh ip  b e t w e e n  th is  C s 
m e t a b o l i t e  and  the  C7 a roma t i c s  p o s t u l a t e d  as p a t u l i n  
precursors .  W i t h  the  f ind ing  of 6-formylsal icyl ic  acid 
and  3 - h y d r o x y p h t h a l i c  acid, he re to fo re  u n r e c o r d e d  in 
biological  sys tems ,  we are able to fi t  all of t he  k n o w n  
me tabo l i c  p r o d u c t s  of th is  mold  in to  a logical sequence .  

Resul t s . - -The  i den t i f i ca t ion  of 6-formylsal icyl ic  acid 
(6-FSA) was  m a d e  b y  c o m p a r i s o n  wi th  a u t h e n t i c  8 
ma te r i a l  syn thes i zed  b y  the  m e t h o d  of ELIEL, RIVARD, 
and  BURGSTAttLER 9. A list  of the  phys ica l  and  chemica l  
cha rac te r i s t i c s  of t he  i so la ted  and  a u t h e n t i c  ma te r i a l s  is 
g iven in t he  Table  (p. 40). The  u l t r av io le t  a b s o r p t i o n  spec-  
t r a  are p r e s e n t e d  in the  Figure .  By  c o m p a r i s o n  wi th  syn-  
t he t i c  ma te r i a l  p r e p a r e d  f rom 3 -aminoph tha l i c  acid, 3-hy- 
d r o x y p h t h a l i c  acid was ident i f ied .  :Both the  syn thes i zed  
and  i so la ted  c o m p o u n d s  had  the  s ame  proper t i es ,  i.e., m.p.  
154°, J.max = 323 m/2, a swe l l  as i d e n t i c a l p a p e r c h r o m a t o -  
g raph ic  and  color reac t ions .  F u r t h e r  f r ac t i ona t i on  of t he  
cu l ture  f i l t ra tes  a f fo rded  pyrogal lo l  in good yield  (m.p. 
134 °, m.p.  of t r i a c e t a t e  162°); whi le  tS-hydroxybenzoic  
acid and  an th ran i l i c  acid were  d e t e c t e d  by  p a p e r  
c h r o m a t o g r a p h i c  and  s p e c t r o p h o t o m e t r i c  analys is .  
These  las t  two  acids h a v e  long been  k n o w n  to  be in- 
t i m a t e l y  re la ted  to a r o ma t i c  b iosyn thes i s  f rom sh ik ima te  
b o t h  in Aerobacter l° and  in Neurospora ll. To the  au- 
t ho r s '  knowledge ,  pyrogal lo l ,  t he  classic e x a m p l e  of the  
h ighe r  p l a n t  aglycones ,  has  no t  p r ev ious ly  been  found  
a m o n g  t h e  fungi .  

F r o m  cul tures  g rown on glucose in t he  p resence  of 
CaCOa and  wh ich  fai led to  show ev idence  of pa tu l in  
f o r m a t i o n  b y  the  usual  cr i ter ia ,  a w a x y  ma t e r i a l  (~max 

8 We are indebted to Prof. E. L. ELIEL for a generous supply ot 
this compound. 

9 E. g. ~[~LIEL, D. E. RIVARD, and A. W. BURGSTAHLER, J. org. 
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= 280 m/t) was obtained. This substance was free of 
aromatic phenolic acids and reacted readily with 2, 4-di- 
nitrophenylhydrazine to give a derivative with an RI and 
melting point which differed from those for patulin- 
2,4-dinitrophenylhydrazone. Yet, this waxy substance 
could be converted to patulin by recrystallization in 
anhydrous solvents with a trace of acid. Conversely, 
patulin, by manipulat ion with mild base was trans- 
formed into the uncharacterized mater ia l .  We have 
reason to believe therefore that  this product of blocked 
metabolism is the open chain precursor of the anti- 
biotic. 
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Finally, we wish to record at this time an interesting 
neutral substance (m.p. 218-219 °, 2max = 292 m/t) which 
has been isolated from P. patulum 2159A broth. This 
substance migrates as a single spot in several chromato- 
graphic systems, and upon acid hydrolysis gives rise to 
6-methylsalicylic and 6-formylsalicylic acids. The mole- 
cular weight by the Rast  method gives a value of 326, 
which is not  inconsistent with values calculated for 
various combinations of these two moieties in depsidic, 
depsidone, or diester linkages. The exact chemical 
nature of this material  is under investigation. 

Following growth of strain 2159A on Czapek-Dox 
medium with 4% glucose at room temperature, maxi- 
mum patulin accumulation occurred on the seventh to 
ninth day. The following acidic carbonyl compounds 
could be detected in the filtrate and were separated and 
identified as their  2,4-dinitrophenylhydrazones: pyru- 
vic, glyoxylic, c~-ketoglutaric, and oxaloacetic acids, 
and 'pre-patulin ' .  The first component to appear on the 
second day of growth in cultures with CaCO a and glu- 
cose was 6-methylsalicylic acid ; this substance increased 
steadily in concentration until the sixth day, at which 
time gentisic acid began to accumulate and 6-methyl- 
salicylate diminished progressively. At this point gentis- 
aldehyde and 'pre-patulin '  were also present in high 
concentration, probably owing to the trapping of these 
C 7 acids as their calcium salts. 

In replacement experiments with eight-day-old ex- 
haustively washed mycelial pads, glucose readily gave 
rise to patulin within 48 h. Glucose-grown pads convert- 
ed acetate exclusively to 6-methylsalicylic acid in this 
interval. In  turn, replacements with 6-methyl-salicylate 
as substrate Iormed gentisic acid, gentisaldehyde, 
3-hydroxyphthalic acid, and patulin. The replacement 
experiments wi th  gentisaldehyde produced patulin and 
gentisic acid in small yield, with most of the substrate 

decomposing to dark colored oxidation t)ro(lucts. ][ow- 
ever, gentisic acid was converted pronqltly to patulin 
by this technique. \Vifh shikimic acid as supplement, 
p-hydroxyhenzoic acid was the sole dctcctal)le aro- 
matic substance. 

The first indication of the effect of trace metal con- 
ccntration on the protmrtion of mctab(flic products from 
P. palM,on came from the experiments of BRACK lz. 
Similar exl)erimcnts i,1 this lal)oratory with strain 
2159A have shown that cohalt and manganese at I0 -~ 21I 
favor patulin formatkm, whereas zinc in this c(mccntra- 
tion causes the cquilit)rium to shift towards ()-methyl- 
salicylic acid accunmlation. Again, when tilt.' iron con- 
ccntration in Czapck-I)ox medium is reduced to 1 mg 
FcSO~ • 7 1120/1, reduction in yichl of patuliu occurs with 
concurrent increase of tile C 7 and Ca aromatic  acid con-  
centration. Contrary to tile results of t{RACK la and t}f 
EHRI';NSV,~RI) $, neither gentisyl alcohol nor tohuluinol 
was detected in any of the above experiments. 
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Discussion.-U;y consideration of the chemical nature 
of the substances f(mnd ill the growth filtrale and from 
the sequeuce in which they have appeared in growing 
and ill replacement cultures, the following scheme is 
proposed for their biogenetic interrelali(mship (Formula). 

12 A. 1),RACK, Ilclv. chim. Acta .'to, t (19.17}. 
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Comparison of 6-FSA Properties 

Isolated Authentic 

m.p. 
FeClz Test 
* Rf (Uvl. Color) 

Diazo Spray 
2,4-dnp m.p: 
* Rf 2, 4-dnp 

134 ° 
red 
(a) 0,60 (yel) 
(b) 0.82 (bl) 
Light brown 
265 ° 
0-75 

134-137 ° (134 ° mixed) 
red 
(a) 0.60 (yel) 
(b) 0-82 (bl) 
Light  brown 
272 ° (265 ° mixed) 
0-75 

BuOH-0-5 N NH4OH-EtOH 70[20/10 

Thus ,  we env i s ion  t h a t  a r o m a t i z a t i o n  t a k e s  p lace  f i r s t  
e i t h e r  f rom glucose or  f r o m  a c t i v a t e d  a c e t a t e  to  give 
6 - m e t h y l s a l i c y l i c  ac id  (I), w h i c h  in t u r n  b y  a t w o  s t ep  
o x i d a t i o n  a t  t h e  m e t h y l  g r o u p  b e c o m e s  6 - fo rmylsa l i cy l i c  
ac id  (II) .  T h e  f i nd ing  of 3 - h y d r o x y p h t h a l i c  ac id  (VII )  in  
f i l t r a t e s  a n d  in  r e p l a c e m e n t  m e d i a  is t a k e n  s i m p l y  as a 
r e s u l t  of f u r t h e r  o x i d a t i o n  of (II)  a t  t h e  f o r m y l  g roup ,  
w h i c h  y ie lds  a n  a d d i t i o n a l  c a rboxy l .  T h e  h y p o t h e t i c a l  
5 - h y d r o x y - 6 - f o r m y l s a l i c y l i c  ac id  ( I I I )  is p o s t u l a t e d  to  
ar ise  b y  n u c l e a r  h y d r o x y l a t i o n  13 of (II) .  A l t h o u g h  t h i s  
i n t e r m e d i a t e  h a s  y e t  to  be  d e t e c t e d ,  i t s  s t r u c t u r e  is n o t  
un l ike  t h e  'o rse l l in ie  u n i t s '  f o u n d  in t he  l i chen  deps ides  14. 
D e c a r b o x y l a t i o n  of ( I I I )  a f fo rds  g e n t i s a l d c h y d e  ( V I I I )  
d i rec t ly ,  w h e r e a s  o x i d a t i v e  d e c a r b o x y l a t i o n  w o u l d  g ive  
r ise to  gen t i s ic  ac id  (IV). T h e  m e c h a n i s m  of t h e  con-  
ve r s i on  of ( I I )  to  t h e  gen t i s ic  series b y  w a y  of ( I I I )  is 
s u b j e c t  to  e x p e r i m e n t a l  e x a m i n a t i o n  w i t h  i so top ic  
c a r b o n ,  s ince  in  e a c h  of t h e  fo rego ing  p a t h w a y s  a differ-  
e n t  c a r b o x y l  c an  be  lost .  

I t  is n o t  ye t  c lea r  w h e t h e r  g e n t i s a l d e h y d e  or  gen t i s ic  
ac id  is c loser  to  t h e  open  c h a i n  ' p r e - p a t u l i n '  (V or  Va) .  
F r o m  the  r e p l a c e m e n t  e x p e r i m e n t s  i t  wou ld  a p p e a r  t h a t  
gen t i s ic  acid is more  d i r ec t l y  r e l a t e d  to  p a t u l i n  (VI) 
t h a n  is t h e  a l d e h y d e ,  as m i g h t  well  b e  e x p e c t e d  f rom t h e  
fac t  t h a t  t h e  ac id  a n d  p a t u l i n  h a v e  t h e  s a m e  e m p i r i c a l  
f o rmu la .  Ce r t a in ly ,  howeve r ,  BIRKENSHAW'S a t t r a c t i v e  
h y p o t h e s i s  s or some  v a r i a t i o n  t h e r e o f  seems  a t  t h i s  
p o i n t  to  h a v e  p romi se  of e x p l a i n i n g  t h e  a c t u a l  m e c h a n i s m  
of t h i s  i n t e r c o n v e r s i o n .  

T h e  ef fec ts  of t r a c e  m e t a l s  in  a l t e r i n g  t h e  r a t i o s  of 
m e t a b o l i c  p r o d u c t s  a re  p r o b a b l y  e x e r t e d  a t  t h e  fol low- 
ing  p o i n t s :  e i t h e r  t h e  tw o  s t ep  o x i d a t i o n  of (I) to  (II) ,  
b l o c k i n g  of w h i c h  can  r e s u l t  in  t h e  a c c u m u l a t i o n  of 6- 
m e t h y l s a l i c y l a t e  in  t h e  m e d i u m ,  or  a t  t h e  o x i d a t i v e  vs 
s t r a i g h t  d e c a r b o x y l a t i o n  of ( I I I ) ,  w h i c h  r e s u l t s  in  t h e  
p r i m a r y  a c c u m u l a t i o n  of e i t h e r  g e n t i s a l d e h y d e  or  of 
gen t i s i c  acid.  T h e  a c c u m u l a t i o n  of t he  l a s t  m e n t i o n e d  
m e t a b o l i t e s  u n d e r  low i ron  c o n c e n t r a t i o n  m a y  be  
r e l a t e d  t o  t h e  f i nd ing  t h a t  t h e  a n a l o g o u s  h o m o g e n t i s i c  
ac id  ox idase  of a n i m a l  t i s sues  ~5 is a n  i ron  r e q u i r i n g  
e n z y m e .  R e d t i c t i o n  of g e n t i s a l d e h y d e  b y  g lyco ly t i c  
f r a g m e n t s  or  e n z y m a t i c  d i s m u t a t i o n  of t h i s  c o m p o u n d  
wil l  p r o d u c e  gen t i sy l  a lcohol  ( IX) ,  w h i c h  was  o r ig ina l l y  
f o u n d  as a m e t a b o l i t e  in  P .  p a t u l u m  aS. 

T h e  second  g r o u p  of c o m p o u n d s ,  p y r o g a l l o l  ( X I I I ) ,  
p - h y d r o x y b e n z o i c  ac id  ( X I I ) ,  a n d  a n t h r a n i l i c  ac id  are  
m o r e  c lose ly  a l l ied  to  t h e  wel l  c h a r a c t e r i z e d  c o m p o n e n t s  

13 j .  I{. WEISBURGER, E. K. WEISBORGER, and H. P. MORRIS, 
Science 1~5,503 (1957). 

14 T. R. SESHADRI, Exper. Suppl. II, 258 (1955). 
15 D. I. CRANDALL, A Symposium on Amino Acid Metabolism 

(Baltimore 1955), p. 867. 
1~ j .  H. BIRKENStIAXV, A. BRACKEN, S. A. MICHAEL, and H. RAI- 

STRICK, Lancet 245, 625 (1943). -- A. BRACK, Helv. ehim. Acta 30, 1 
~1947). 

of t h e  a r o m a t i c  a m i n o  acid p a t h w a y  f rom sh ik imic  acid 17. 
Accord ing ly ,  we h y p o t h e s i z e  t h a t  py roga l lo l  m a y  arise 
f rom s h i k i m a t e  v ia  gal l ic  ac id  (XI) .  The  l a t t e r  c a n  be 
conce ived  of c o m i n g  e i t h e r  b y  some d i r ec t  a r o m a t i z a t i o n  
of sh ik imic  acid,  or  more  l ike ly  f rom o x i d a t i o n  of 
p - h y d r o x y b e n z o a t e .  I ndeed ,  p r e l i m i n a r y  e v i d e n c e  b y  
p a p e r  c h r o m a t o g r a p h i c  a n d  color  t e s t s  i n d i c a t e d  t h a t  
ga l l a t e  a n d  s h i k i m a t e  c an  be  f o u n d  in t h e  b r o t h  of s t r a in  
2159A, a n d  t h e  c o n v e r s i o n  of sh ik imic  ac id  to  p - h y d r o x y -  
b e n z o a t e  in  r e p l a c e m e n t s  ha s  a l r e a d y  b e e n  m e n t i o n e d .  

I n  t h i s  connec t i on ,  i t  m u s t  be  p o i n t e d  o u t  t h a t  
BIRCH et al. 18, w o r k i n g  w i t h  t h e  r e l a t e d  _P. g r i s e o / u l v u m ,  
conc lude  t h a t  6 -me thy l sa l i cy l i c  ac id  ar ises  f rom the  
d i r e c t  ' h e a d  to  t a i l '  c o n d e n s a t i o n  of a ce t a t e .  Th i s  is t o  
a m e a s u r e  b o r n e  o u t  b y  ou r  e x p e r i m e n t s  w i t h  a c e t a t e  in 
r e p l a c e m e n t  med ia .  H o w e v e r  t h e  a c e t a t e  h y p o t h e s i s  
c a n n o t  be  d i r e c t l y  i n v o k e d  to  e x p l a i n  py roga l lo l  fo rma-  
t i on  s ince  c o n d e n s a t i o n  fol lowed b y  cyc l i za t i on  of C 2 
u n i t s  r e su l t s  in  m e t a  o r i e n t a t e d  p o l y p h e n o l i c  c o m p o u n d s .  
N o r  does  t he  c o n v e r s i o n  to  py roga l lo l  f r om a n y  of the  
p r o d u c t s  r e l a t e d  to  6 - m e t h y l s a l i c y l i c  ac id  a p p e a r  a n y  
t h e  m o r e  l ikely.  A n  ou t s ide  a l t e r n a t i v e  is t h a t  pyroga l lo l  
is f o r m e d  f rom n u c l e a r  h y d r o x y l a t i o n  of resorc inol .  The  
poss ib i l i t y  of such  o r t h o  o x i d a t i o n s  in  n a t u r e  h a s  b e e n  
cons ide red  b y  SESHADR114 in  a d i scuss ion  of t h e  Ca l i chen  
s u b s t a n c e s .  A sea rch  for  t h e  p r e sence  o f  r e so rc ino l  or 
for m e t a  h y d r o x y l a t e d  acids  in  P .  p a t u l u m  h a s  fa i led  to  
u n c o v e r  e v i d e n c e  for  t h i s  t y p e  of s u b s t a n c e .  

V~Te are  faced  t h e r e f o r e  w i t h  t h e  c o n s i d e r a t i o n  t h a t  
w i t h i n  t h e  s a m e  m i c r o o r g a n i s m  two  p a t h w a y s  t o w a r d  
a r o m a t i z a t i o n  m i g h t  co -ex i s t :  t h e  one  f r o m  h e x o s e  to 
sh ik imic  ac id  a n d  t h e n c e  to  pyroga l lo l ,  p - h y d r o x y -  
benzo ic  a n d  t h e  a r o m a t i c  a m i n o  acids,  a n d  t h e  o t h e r  
f r o m  hexose ,  pos s ib ly  t h r o u g h  a c e t a t e  to  6 - m e t h y l -  
sal icyl ic  ac id  a n d  to  p a t u l i n .  I f  b o t h  p a t h w a y s  are  
p r e s e n t  we m i g h t  also e x p e c t  to  f ind  t h a t  t h e r e  are  one 
or  more  p o i n t s  of conve rgence .  W e  arc  p l a n n i n g  to  reso lve  
some of t h e s e  q u e s t i o n s  b y  m e a n s  of m u t a n t ,  i so top ic  
t r ace r ,  a n d  e n z y m o l o g i c a l  t e c h n i q u e s .  

Z u s a r n m e n [ a s s u n g  

Ausse r  P a t u l i n ,  G e n t i s i n s ~ u r e  u n d  6 -Methy l sa l i cy l -  
s'Xure w u r d e n  die f o l g e n d e n  V e r b i n d u n g e n  als  Me tabo l i -  
t e n  y o n  P .  p a t u I u m  S t a m m  2159A g e f u n d e n :  6 - F o r m y l -  
salicylsi~ure, 3 - O x y p h t h a l s i t u r e ,  Pyroga l lo l ,  p - O x y b e n -  
zoesS.ure u n d  A n t h r a n i l s £ u r e .  E i n e  a l i p h a t i s c h e  V o r s t u f e  
y o n  P a t u l i n  u n d  eine S u b s t a n z  y o r e  D e p s i d t y p u s  k o n n -  
t e n  n o c h  n i c h t  n / ihe r  i den t i f i z i e r t  we rden .  Die m 6 g l i c h e n  
S t o f f w e c h s e l z u s a m m e n h ~ i n g e  zwischen  d iesen  V e r b i n -  
d u n g e n  w u r d e n  d i s k u t i e r t .  

17 B. D. DAVIS, A Symposium on Amino Acid Metabolism (Balti- 
more 1955), p. 799. - D. B. SPRINSON) A Symposium on Amino Acid 
Metabolism (Baltimore 1955), p. 817. 

18 A. J. BIRCh, R. A. MASSEY-WESTROPP, and C. J. 3lovE, Austral. 
J. Chem. 9, 539 (1955). 
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S y m p o s i u m  on the Eco logy  of Soil  Fungi  
Live rpoo l ,  19 th  to  21st  of A u g u s t  1958 

A s y m p o s i u m  on  t h e  Eco logy  of Soil F u n g i  will be 
he ld  in  t h e  H a r t l e y  B o t a n i c a l  L a b o r a t o r i e s ,  T h e  Un i -  
ve r s i t y ,  L iverpoo l ,  E n g l a n d ,  o n  t h e  1 9 t h  to  21s t  of 
A u g u s t  1958. De ta i l s  of t h e  s y m p o s i u m  m a y  be  o b t a i n e d  
f r o m  Dr.  D.  PARKINSON, T h e  H a r t l e y  B o t a n i c a l  L a b o r a -  
tor ies ,  T h e  U n i v e r s i t y ,  L iverpoo l ,  E n g l a n d .  


