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6 - E t h y l - 5 - H y d r o x y - 2 , 7 - D i m e t h o x y n a p h t h o q u i n o n e ,  a M e t a b o l i t e  of  Hendersonula toruloidea N a t t r a s  s 

A yellow pigment ,  m.p. 187 ~ has  been isolated in small  
yield (ca. 10 rag/l) f rom Hendersonula toruloidea Nat t rass  
(IMI 135205). The  organism was grown on a nu t r ien t  
solution conta ining cerelose (dextrose monohydra te)  
(5~ a m m o n i u m  t a r t r a t e  (1%), KH2PO ~ (0.25%), 
MgSO4.TH~O (0.05%), minor  e lements  concent ra te  1 
(0.1%), and yeas t  ex t rac t  (0.1%) a t  na tura l  pH.  500 ml 
flasks conta ining 200 ml sterilised nut r ien t  solution were 
inocula ted wi th  H. toruloidea and then  incubated  on a 
ro ta ry  shaker  at  25 ~ for from 12-16 days. The  contents  
of 20 flasks (3.7 1) were combined,  ad jus ted  to p H  2, and 
then  ext rac ted  wi th  e thyl  acetate .  A solution of the  crude 
ex t rac t  (2 g) in e ther  was washed successively wi th  5% 
aqueous sodium bicarbonate ,  1 N  sodium hydroxide,  1 N  
hydrochlor ic  acid, and then  water .  The  remaining ethereal  
solution afforded the  neut ra l  f ract ion (690 mg) of the  
init ial  ext rac t .  This  neut ra l  f ract ion was st irred wi th  
l ight  pe t ro leum (b.p. 40-60 ~ and sufficient e ther  to dis- 
solve the g u m m y  mater ia l  bu t  leave the  crude p igment  
(53 rag) as a solid. The  p igment  was purified by  chro- 
ma tog raphy  on a lumina  (Grade l I I ,  neutral) using l ight  
pe t ro leum (b.p. 60-80 ~ as elut ing solvent,  and then  as 
crystall ising solvent.  Pur i f ica t ion  was moni tored  by  TLC 
on silica gel GF  plates.  The  p igment  was visible as a 
yellow spot  R f  0.6 when the  plates  were developed wi th  
e thyl  acetate,  and R i  0.8 wi th  methanol -ch loroform (1:9). 

The mass spec t rum revealed tha t  the  p igment  had 
mol. wt.  262, and molecular  formula  C1~H140 ~. N M R -  
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signals (CDCI~, TMS) were assigned as follows 6 12.50 
(singlet, OH, 1), 7.30 (singlet, Ar-H,  1), 6.04 (singlet, 

H 
/ C - C ~ -  / , 1), 4.00 (singlet, OCH3, 3), 3.92 (singlet, 
OCHa, 3), 2.75 (quartet ,  J = 7.5 cps, -CH2CH 3, 2), and 
1.13 (triplet, J = 7.5 cps, -CH~CH 3, 3). The C10 carbon 
skeleton, the  colour of the  compound,  and the  na tu re  
of the  subs t i tuents  suggested a naph thoquinone  s t ructure,  
and the  evidence could be accommoda ted  by e i ther  of 
s t ructures  (1) and (II) 2. (I) has recent ly  been obta ined  3 
by  me thy la t ion  of 6 -e thy l -2 ,5 ,7 - t r ihydroxynaphthoqui -  
none, a p roduc t  of the  sodium borohydr ide  reduct ion  of 
spinachrome A. Comparison of NMR-spec t ra  suggested 
tha t  the  p igment  f rom H. toruloidea was in fact  (I), and 
this was confirmed by  comparison of mass spectra, by  
TLC, and by  mixed  m.p. wi th  a sample of (1) k indly  
supplied by Professor P. J. SCHEUER. Thus (I), a l though 
a known compound,  is a new na tura l  product .  This  
appears  to be the  first  isolation f rom a microorganism 
of an oxygena ted  naph thoqu inone  containing a C-ethyl  
subst i tuent ,  a class of compound  h i ther to  character is t ic  
of echinoderms.  2, 7-Dimethoxy-5-hydroxy-1 ,  4-naphtho-  
quinone (11t) has recent ly  been isolated from a s train 
of Streptomyces 4. 

(I) is not  act ive  at  100 p p m  in v i t ro  against  Staphylo- 
coccus aureus and Salmonella dublin, and i t  has no anti-  
coagulant  act ivi ty .  

Zusammen/assung. Ein  neuer  Naturstoff ,  6-Ethyl-5-  
hydroxy-2 ,7 -d ime thoxynaph toch inon  ist aus H. toru- 
loidea isoliert  worden. Dieses P roduk t  wurde fri iher bet 
der Methyl ie rung des 6 -Ethy l -2 ,5 ,7 - t r ihydroxynaphto-  
chinons, welches bet der Reduk t ion  des Spinachroms A 
mit te ls  N a t r i u m  Borhydr id  anfiel, erhalten.  
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I n d u c e d  P e r o x i d a s e  I s o e n z y m e  P a t t e r n s  in  C i t r u s  L e a v e s  

Decreased peroxidase ac t iv i ty  of citrus leaves was sug- 
gested as an indicator  for diagnosing iron deficiency in 
ci trus leaves 1, ~. Inf i l t ra t ion  of iron sulphate  solution into 
excised bu t  in tac t  i ron-deficient  ci trus leaves caused par t  
or full res torat ion of the  enzyme ac t iv i ty  in these leaves. 
This  i ron-restored or induced enzyme ac t iv i ty  was nega- 
t ive ly  associated wi th  the  iron level  of the substra te  and 
the  growth response of the  trees, and i t  was therefore  
proposed as a measure  for the  de te rmina t ion  of the iron 
r equ i remen t  of ci t rus  t rees a. The  occurrence of peroxidase 
in mul t ip le  molecular  form was recognized long ago 4, 
and more recent ly  the molecu la r  he terogenei ty  of this  

enzymes was s tudied in fur ther  details 5,6. Hence, i t  wa 
though t  t ha t  a s tudy  of the  physico-chemical  propert ies  
of the  enzyme by  means  of the  separat ion of its var ious 
isoenzymes, migh t  improve  the  applicat ion of the enzyme 
assay as a diagnost ic  agen t and br ing about  a be t te r  
unders tanding  of the process tak ing  place during the  
induct ion procedure  of the  enzyme.  

Excised,  in tac t  citrus leaves were placed in 0.5% fer- 
rous sulphate  solution, or  in water  as a b lank t rea tment ,  
in Buchner  flasks under  vacuum suct ion wi th  slight 
bubbling,  for 3 min. Af te r  this, t hey  were removed  from 
the  solution and placed in pet r i  dishes on Saran nets laid 
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on wet  fi l ter  p ap e r  and  held  for 48 h in i n c u b a t i o n  a t  
30 ~ A t  the  end  of t he  i n c u b a t i o n  period,  3 g leaf m a t e -  
r im were frozen in l iquid  air  a n d  t h e n  pu lver ized  in 5 ml  
buf fe r  p h o s p h a t e  0 . 0 5 M  p H  7.4 c o n t a i n i n g  pure  q u a r t z  
sand.  The  s lu r ry  was f i l tered t h r o u g h  a double  l ayer  of 
cheesec lo th  a n d  cen t r i fuged  for 20 m i n  a t  18,000 g a t  
20~ Th e  e x t r a c t  was  d i lu ted  in 25% sucrose  so lu t ion  
to a p ro te in  c o n t e n t  of 300 ~g/0.1 ml  a n d  was  sub j e c t e d  
to e lec t rophores is  in p o l y a c r y l a m i d e  gel as descr ibed b y  

Fig. 1. Anionic peroxidase isoenzylncs of Ienlon leaves. A, control 
(full nutrient) water infiltrated; B, control ferrous sulphate solution 
0.5 % infiltrated; C, iron deficient water infiltrated ; D, iron deficient, 
ferrous sulphate solutiou 0.5% infiltrated. 

DAVIS 7 for the  an ionic  s y s t e m ,  a nd  by  REISFELD et  al. s 
for t he  cat ionic  s y s t e m .  

Pe rox idase  a c t i v i t y  was  de t ec t ed  on t he  gel sur face  
by  a m i x t u r e  of benz id ine -gua ico l  a nd  H~O 2 solut ion% 
The  pe rox idase  ac t iv i ty ,  which  p roduc e d  coloured bands ,  
was  p h o t o g r a p h e d  for p e r m a n e n t  records.  

I t  can  be seen t h a t  4 i s o e n z y m e s  A 1, A2, A 3, A 4 m o v e d  
t o w a r d s  the  a node  (Figure 1) a n d  5 t o w a r d s  t he  c a thode  
(Figure  2). T h e  q u a n t i t a t i v e  di f ferences  w h ic h  a p p a r e n t l y  
ex is t  be tw e e n  t h e  cont ro l  (full nu t r i en t )  a n d  i ron-def ic ient  
leaf  e x t r a c t  were no t  me a su re d ,  a nd  we refer  on ly  to  t he  
more  o u t s t a n d i n g  q u a n t i t a t i v e  differences.  In  th i s  regard  
it is i n t e r e s t i ng  to  no te  t h a t  t he  los s of pe rox idase  a c t i v i t y  
due  to  iron def ic iency is no t  u n i f o r m  a m o n g  the  d i f fe rent  
i soenzymes .  T h e  d i m i n u t i o n  of ca t ionic  pe rox idase  is 
a l m o s t  t o t a l  and,  on t he  con t ra ry ,  s o m e  of t he  anionic  
i soe nz yme s  were a p p a r e n t l y  una f f e c t e d  or a f fec ted  on ly  
s l ight ly .  However ,  one of t he  an ionic  i soenzymes ,  A a, 
was c omple t e ly  mi s s ing  in t he  i ron-def ic ien t  leaves.  I t  
a ppe a r s  also t h a t  t he  i n d u c t i o n  of pe rox idase  a c t i v i t y  
by  m e a n s  of iron, res tores  a l m o s t  t he  full a c t i v i t y  of 
anionic  i s o e n z y m e s  whi ls t  on ly  p a r t l y  t h a t  of the  cat ionic  
i soenzymes .  The  dif ferences  ind ica te  t h a t  the  i soe nz yme  
m i g h t  be of i m p o r t a n c e  for d i agnos t i c  pu rpose s  of nu t r i -  
t ion  disorders .  F r o m  a theore t i ca l  po in t  of v iew it is r a t h e r  
un l ike ly  t h a t  the  d i f fe rent  p a t t e r n s  s t e m  f rom differences  
in m e t a l  r e qu i r e me n t s ,  s ince it  h a s  been  s h o w n  t h a t  all 
t h e  pe rox idase  i soenzymes ,  a t  l eas t  in t he  case of t he  
ho r se rad i sh  p lan t ,  con ta in  p r o t o h e m i n  as t he  p ros the t i c  
g roup  6, a nd  a p p a r e n t l y  t h e y  are n o t  d i f f e ren t i a t ed  in 
s u b s t r a t e  specif ic i ty  5. 

A t  a n y  rate,  the  i nduced  pe rox idase  i s o e n z y m e s  b y  
m e a n s  of iron in f i l t ra t ion  in to  i ron-def ic ien t  leaves  m a y  
help in c lar i fy ing  the  ques t ion  as to  w h e t h e r  the  e n z y m e  
induc t i on  invo lves  de novo  s y n t h e s i s  of t he  mi s s ing  iso- 
e n z y m e s  or is me re ly  t he  conve r s ion  of some  p r e f o r m e d  
molecule  or molecules  of p ro te in  a nd  p o r p h y r i n  g roups  
in to  an  ac t ive  e n z y m e  by  m e a n s  of the  add i t ion  of iron to 
the  p ros the t i c  g roup  10, n.  

Rdsumd. D a n s  des ex t r a i t s  de feuilles de c i t ronnie r  
n o r m a l e s  et  p a u v r e s  en fer, les i s o e n z y m e s  de pe rox idase  
isol6s au  m o y e n  du gel d '61ectrophor6se,  on t  m o n t r 6  des 
diff6rences q u a n t i t a t i v e s  et  qua l i t a t i ves .  L ' i n f i l t r a t i on  de 
so lu t ion  de sel de fer da ns  des  feuilles d6tach6es ,  ma i s  
in tac tes ,  a r6 tabl i  l ' 6 ta t  p r e sque  n o r m a l  en ce qui  con- 
cerne les i soenzymes .  
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Fig. 2. Cationic peroxidase isoenzymes of lemon leaves. A, control 
(full nutrient) water infiltrated; B, control ferrous sulphate solution 
0.5 % infiltrated; C, iron deficient water infiltrated; D, iron deficient, 
ferrous sulphate solution 0.5% infiltrated. 
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